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Low-Cost Development Tools

Most of the technology we experi-
ment with is relatively low in cost. The
revolution of the past three decades in
semiconductor integration has provid-
ed us with incredibly compiex chips that
cost a mere pittance. We take advan-
tage of these devices by developing
ever-more-complex applications at
ever-decreasing cost. This is a trend
that’s bound to continue.

Another, related, trend is toward
device programmabiflity. The complexity
that can be packed into a small, low-
power device these days is such that use
of a programmable part often makes
more economic sense than use of a more
direct circuit using nonprogrammable
parts. This is exhibited at various levels of
functionality. For example, simple digital
logic circuits are often implemented with
one-time-programmable (OTP) logic
devices; programmable analog circuits
such as adjustable-gain amplifiers and
programmabile filters are common, too.
At a higher functional level, micropro-
cessors and audio subsystems are
examples of programmable digital and
analog systems.

All of which is wonderful except for
one thing: translating the paper design
to the physical reality often requires
assistance from design and develop-
ment tools. And often, these tools are
hard to find or are prohibitively expen-
sive. There are outstanding software
and hardware tools available to take
the labor out of programming parts and
systems, but most of the best tools
were developed for use in engineering
environments—where paying big
bucks for development tools is just a
cost of doing business.

That’s not to say there are no low-
cost development tools. Amateurs can
develop—and have developed—some
of their own tools, as demonstrated by
the ROM simulator in this issue of QEX.
But you have to gather a number of
tools to put together a toolbox you can
use for serious experimentation and

development.

So, this is a call for information
sharing. Let me know, by writing to me
at the address on the masthead of this
magazine or by sending me electronic
mail at the Internet address listed at the
end of this column, what low-cost
development tools you use and like.
They can be programming aids or other
design tools. We'll compile a summary
of the information we receive and pub-
lish it in QEX. Maybe then we can all
find the tools we need to push our
development activities to new levels,
with new technology.

This Month in QEX

Debugging software that runs on
microcontrollers and microprocessors
is made easier when you can easily
reload the computer’s program memo-
ry. With the “2k x 8 Bit ROM Emulator,”
by Dave Lichtenstein, AA6FJ, and John
Nemec, NS62Z, this becomes a simple
matter of telling your PC to reload the
memory with new data.

In “Reflections on the Reflection
Coefficient: An Intuitive Examination,”
Wes Hayward, W7ZO!, takes a non-
mathematical look at the subject to clar-
ify it and ends up showing why the
Smith chart looks the way it does.

Does your helical antenna have
that drooping look? Maybe its design
just isn’'t up to long-term exposure to
the elements. Ron Lile, KORL, shows
us an almost-all-metal design that will
last years in, “Improved Mechanical
Design for the Helical Antenna.”

Mark Forbes’ “Components” col-
umn this month describes a profes-
sional RF design package he’s been
trying out. In “VHF+ Technology,” Geoff
Krauss explores the results of the June
1992 ARRL VHF contest and other top-
ics discussed at this year’'s Microwave
Update conference, and expounds on
the radial line stub.

—KEB3Z, email: jploom @arr.org (Internet)



A 2Kk x 8 bit ROM Emulator

By Dave Lichtenstein, AA6FJ and
6543 Hampton Drive
San Jose, CA 95120

John Nemec, NS6Z
2707 Estella Drive
Santa Clara, CA 95051

Introduction

Many amateur projects can uti-
lize microcontrollers. A major advan-
tage of this approach is that the
hardware construction can be much
simpler than a discrete logic imple-
mentation. The possibilities range
from simple circuits like an electron-
ic keyer or a frequency counter and
display, to more complex applica-
tions such as station control (local
and remote), repeater control, DSP,
packet TNCs and AMTOR. In all
cases, however, a program must be
developed, integrated with the hard-
ware, and then debugged. With a few
simple tricks and techniques, this
process is quite straightforward. It is far easier to type a
few additional lines of code than to get out the wire-wrap
tool or soldering iron and move wires, add ICs and repro-
gram an EPROM. This article describes an easy-to-build
tool to make the development process painless.

Microcontrollers generally have two ways of access-
ing program instructions. One way stores the instructions
internally using an EPROM or a metal mask coded ROM.
The second way stores the instructions externally, usu-
ally in an EPROM. This article focuses specifically on a
microcontroller using external program storage. From a
socket standpoint this circuit will emulate any 24 or 28 pin
EPROM, i.e., any 2716 through 27256 device, but the
size is limited to 2 kbytes.

From a practical standpoint, the selection of internal
or external program storage is often dictated by the appli-
cation. While attaching an external EPROM for program
store is very direct, the use of the I/O ports may conflict
with the use of external EPROM. If the application uses
many of the 1/O port bit manipulation capabilities, then
giving these up for external EPROM may not be desir-
able. But if the number of I/O ports is not critical for the
application, the external program can be used as is. The
worst case occurs when all of the available I/O ports are
required for the application. In this situation, the emula-
tor can still be used to develop and debug a significant
portion of the code, but the final code debugging will be

done by actually loading the instructions into the on-
board microcontroller ROM and completing the remain-
der of the work using trial and error.

Since this project is generic and can be used to
develop and debug any microcontroller application, some
basic assumptions have been made. First, an applica-
tion (called the “target system”) has been identified.
Second, the application hardware already exists. Third,
an assembler or C compiler that produces an object mod-
ule (the actual binary code interpreted by the microcon-
troller) in Intel HEX format is available. The task at hand
is to integrate the software and hardware for the target
system and get everything working.

The debug process is iterative. Individual sections of
code are run and their results checked. In this way, vari-
ous modules of code are debugged and then put togeth-
er in the main program. One “cheap and dirty" trick
frequently used during this process is to add code specif-
ically for trouble-shooting purposes which is later removed
when the debug is completed. By its very nature, this pro-
cess requires a method which allows the code to be read-
ily changed, re-loaded into ROM and re-run.

In the commercial world, microcontroller manufac-
turers supply in-circuit emulator (ICE) systems with
development software to address this specific issue. This
is usually done with a special integrated circuit (IC) that
uses pins not normally available in the production ver-
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Fig 1—Block diagram of how everything is hooked
together

sion of the chip. In addition to the custom IC, the ICE sys-
tem uses an emulation RAM for storing the system
instructions. The primary functions that all ICE systems
provide are shown in Table 1.

At this point the problem appears to be trivial. Just
go down to your favorite parts distributor and buy an ICE
system. The bad news is that the price for a typical com-
mercial ICE system is about $1500 for one of the popu-
lar microcontrollers. A midrange ICE system or one for a
less common type of microcontroller costs about $3000,
and a high-end system with all of the bells and whistles
could easily carry a $10,000 price tag. Even if you are
willing to part with $1500 or can find a deal on a used
system, there is another catch: These systems are device
specific and require additional attachments or perhaps a
dedicated ICE system for each microcontroller device
type or variant.

A good approach for the experimenter operating on
a limited budget is to use a ROM emulator. The ROM
emulator is a static RAM that is loadable through one port

TABLE 1
ICE Systems and ROM Emulator Features

ICE ROM

Feature System Emulator

Can examine program memory
contents by specific address. Yes Yes
Can dis-assemble binary code
into assembly language. Yes No
Can edit single byte. Yes Yes
Can edit a group of bytes. Yes Yes
Allows program execution to start
at specific location. Yes No
Allows program execution to stop
at specific location (breakpoint). Yes No

4 QEX

and, at the end of a cable, can look to the microcontroller
exactly like any popular EPROM, Fig 1 shows a block
diagram of the ROM emulator. As Table 1 shows, this
emulator does not have all of the features of a full-blown
ICE system. However, it has more than enough capabil-
ity for almost any application.

The schematic diagram for the ROM emulator is
shown in Fig 2. There are four basic sections to the cir-
cuit:

1. Instruction Storage: Provided by the 2K X 8 SRAM.

2. Emulation Mode Section: Isolation circuitry (74LS244
tri-state buffers) used to separate the address and data
lines from the microcontroller in the target system.

3. Learn Mode Section: A 25-bit shift register formed by
the cascaded 74L.S299s to receive the address, data
bit and control bit via the data cable from the printer
port of the personal computer (PC).

4. Logic Circuitry: Various gates to implement the logic
functions.

The JLEM program running on a PC controls the
emulator. This software takes the microcontroller instruc-
tion file coded in Intel HEX format, serializes the data and
downloads it into the emulator RAM. A high-level
flowchart of the program is shown in Fig 3. Bits from the
PC are loaded serially into the shift register with the CON-
TROL line held high. When the register is fully loaded,
the CONTROL line is asserted low. This prevents any
additional bits from shifting through the register and
enables the RAM write enable (WE) signal line. On the
next strobe, data is written into the RAM at the specified
address. The initial load consists of setting the
Learn/Emulate Flag (the last bit of the shift register) to
“0". This disables the EMULATE section and enables the
LEARN section. Next, each address and data combina-
tion is shifted into the register and the data is written into
the RAM. This process is repeated until all instructions
have been stored into the RAM. After the last instruction
is written, data is shifted into the register which sets the
Learn/Emulate Flag to “1”. The D flip-flop, U8, then
switches the circuit into the EMULATE mode. In the
EMULATE mode, the LEARN mode circuitry is tri-stated
and the address drivers that receive the instruction
address from the emulation socket are enabled. At this
point, the microcontroller of the target system can be
manually reset and the program will begin to execute.

Note that the emulator is powered from the target
system via the +5 volt (V) and ground pins of the tar-
get system’s socket. The target system must be powered
in order for the emulator to successfully receive the data
in the LEARN mode. Since the microcontroller address
does not reach the emulation RAM during the LEARN
sequence, the microcontroller is receiving random
instructions at this time. Depending upon the application,
you may want to hold the microcontroller in the reset con-
dition until the EMULATE mode is entered. In any case,
the microcontroller must be reset after the EMULATE




mode is entered to insure that the target system begins
executing instructions from the correct address.

Building the hardware

Circuit construction is not critical and can be done
on a vector board using wire-wrap techniques. Although
the original ROM emulator did not use them, bypass
capacitors should be included. Standard practice calls
fora 0.1 uF capacitor on each socket and a 10 uF capac-
itor across power supply input connections. It is proba-
bly best to keep the emulation buffers as close to the
RAM and emulation socket as possible since the circuit
will be running at the microcontroller's clock rate. The
SRAM socket can be a 28-pin socket wired to permit an
upgrade to 8 kbytes of instruction storage. To do this,
wire pins 3 through 26 of the 28-pin socket as if they were
pins 1 through 24 of a 24-pin socket. A few wiring
changes will effect the upgrade.

The emulation socket should also be 28-pin and wired
according to the schematic. Emulation cables can be pur-
chased or you can make them yourself using ribbon cable
and headers. Two cables should be built (24-pin and 28-

pin) and used for their respective applications. The 24-
pin cable is used to emulate older 24-pin EPROMS such
as the 2716 and 2732, while the 28-pin cable is used for
27C64 and 27C256 EPROMs. Using the 28-pin cable for
the 24-bit applications is awkward and will result in bent

L
Bill Of Materials For 2k ROM Emulator

Identifier Description

U1, U2, U3, U4 Each is ¥ of 74L.S14 (hex inverting
Schmitt trigger)

us, us, U7 74LS299 (8 bit shift register with
tri-state output)

us 2 of 74LS74 (dual D flip-fiop)

ug, U1o, U11 Each is ¥4 of 74LS32 (quad or
gate)

ui2 2016 (2k x 8 SRAM)

U13, U14, U1s 74L.S244 (tri-state buffer)
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Fig 2—Schematic diagram of ROM emulator

January 1993 5



JLEM PROGRAM FLOWCHART
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Fig 3—JLEM overview flowchart (see note 1)

pins or a poor fit in tight places. Provide adequate label-
ing for the emulation socket so that the cables will be
plugged in correctly. The cable should be keyed so that
the 24-pin emulation cabie plugs into the pins opposite
the pin 1/28 end of the socket. Mark the 24/28 pin selec-
tion switch clearly to avoid confusion. The switch should
be guarded to prevent accidental change when the mod-
ule is in use. Having the switch set for 24 pins when emu-
lating 28-pin EPROMs will cause an address line of the
target application to be connected to Vs

Mount the entire unit in a box with an insulated base
so that the emulator can be set on top of the target sys-
tem circuit board without danger of shorting any con-
nections. This will let you keep the emulation cable short
while still allowing access to the target system while
debugging the code.

The only critical components are at the interface to
the PC printer port. It is mandatory that 74L.S14 or
74HCT14 Schmitt triggers are used. These devices pro-

6 QEX

vide hysteresis on the inputs and prevent multiple clock-
ing of the shift registers by slow-rise-time signals. The
remaining components are not critical since all LS or HCT
logic devices are fast compared to microcontroller
speeds. If a high-speed microcontroller is used in the
application, an SRAM with an appropriate access time
should be used. The use of HCT devices in the LEARN
side of the module is recommended because they con-
sume very little power. This minimizes the current drawn
from the target system.

The PC connector can be easily constructed from a
DB25 connector. Only four connections are required: DO,
D1, strobe and ground.

Circuit check-out

Carefully review the wiring to make sure there are
no obvious errors. To gain confidence that the module is
correct, build a “target socket” that has power, pull-up
resistors (4.7kQ is a typical value), switches to ground
on each of the address lines, and the OE and CE pins
grounded. Load the module with code as described
under “Using the emulator.” Turn all of the address
switches on to ground all of the address inputs (input
address 00) and, using a VOM, examine each of the data
output pins DO through D7. Compare the output with the
known content at the address. After verification, walk a
1 through the address bits (up to 1023 decimal) and ver-
ify the data output at each address. If all of the bits match,
the emulator is probably wired correctly. The code con-
tained in each of these locations should be different so
that there are unique contents at each address. The con-
tents should also be varied so that each output bit is exer-
cised, verifying that there are no bits that are miswired.
If everything checks out, a very simple program can be
assembled and run in an application board. The program
should produce some simple, easily observable output
to verify functionality. The next step is to extend this to
jumps throughout the 2k address space to again verify
that all of the address connections are correct.

Should any of these tests fail, you will have to signal
trace the circuit. Start in the LEARN mode and modify
the section of the program containing the “tdly” instruc-
tion. In this part of the code add:

until keypressed;

statements and recompile the JLEM program. This
statement causes the program to wait for any key to be
pressed before continuing. This will let you single-step
through the serial load operation. With a VOM, examine
the DATA, STROBE and CONTROL signals at each
stopping point and verify that they are at the correct logic
levels. Next, follow the data through the shift registers
and verify the contents as the data moves through the
registers. Follow the DATA, CONTROL signal, address
and WE lines all of the way to the SRAM to verify that
the connections are correct.

If this part of the circuit is working, make sure that



the control signals from the output of the Emulate/Learn
flip-flop are correct and appear at all of the connections.
Do this for both the LEARN mode and the EMULATE
mode.

After all of the corrections have been made and you
are confident that the LEARN circuitry is operating cor-
rectly, remove the “until” statements and load the emu-
lator with unique data as previously described. Start at
the target socket and track the address and data signals
at the SRAM socket. With the final debug complete,
return to running short diagnostic programs in an appli-
cation board for the final testing.

Using the emulator

The subject of program debugging is broad and com-
plex. Here are a few tips focusing on the emulator oper-
ation itself that will streamline the process.

Verify that the 24/28 pin selector switch has been
correctly set and that the emulation cable is correctly
plugged into the target system. Connect the PC printer
port cable to the emulator and apply power to the appli-
cation. On the PC keyboard, type JLEM followed by Enter
and wait for the prompt.' At the prompt, enter the name
of the Intel HEX file that contains the object code for the
application. (This code is produced by the microcontroller
assembler and is a common standard to transfer data to
EPROM programmers.) After the file has been read, the
console will display “LOADING SIMULATOR MODULE”
This indicates that the module is in the LEARN mode and

is not free to be accessed by the application. Loading
may take several minutes so be patient. When loading
is complete, the monitor will display “SIMULATION
MODE.” At this point the module has entered the EMU-
LATION mode and the microcontroller should be reset
to start execution at the controller's reset starting
address. Since the module is powered from the applica-
tion, power cannot be turned off without losing the
LEARNED data. Reset the microcontroller by pulling the
external RESET pin to the appropriate level and then
releasing. The microcontrolier will then begin executing
the code contained in the emulator.

There are several program control commands which
can now be utilized. Each command is invoked by enter-
ing one of the command letters summarized in Table 2.
Look at the annotated example session to see what the
display looks like for each command.

Use of the Display command is shown in the exam-
ple session. The left column is the hex address followed
by the data at that address. Successive address contents
(also in hex) are displayed down the row. Note that this
display is actually the image of the emulator contents as
stored in the PC.

At the prompt for the Change command (C:), enter
the hex address of the byte to be changed followed by
Enter. The actual contents will then be displayed. Type
in the new value followed by Enter. If you don't want to
change the contents, simply press Enter to exit the
change routine. If you want to leave the contents unal-

EXAMPLE SESSION FOR ROM EMULATOR

JLEM asks for hex file

e v

Enter Intel hex code file name: a.cdtime [C&]

User input gives file name

Message telling user that
emulator is in LEARN mode

Loading Simulator Module. «—

Simulation mode. €-___
—
4 «—___ Display commend

JLEM echoes {no carriage return)

display command

\
D: 0000 [CR]
0000: 75 0001: B1
0008: 00 0009: 75
0010: 98 0011: DO
0018: 02 0019: 04
0020: 00 0021: 00
0028: 98 0029: 20
0030: 99 0031: 08
0038: 7F 0039: C2
0040: E5 0041: 99
0048: 40 0049: 05
0050: 7F 0051: 80
0058: 32 0059: 00
0060: 00 0061: 00
0068: 00 0069: 00
0070: 00 0071: 00
0078: 00 0079: 00

User enters
starting iocation

0002:
000A:
0012:
001A:
0022:
0024A:
0032:
0034:
0042:
0044A:
0052:
005A:
0062:
006A:
0072:
007A:

OF
89
D2
00
00
9A
EB
D3
C3
B4
EB
00
00
00
00
00

0003:
000B:
0013:
001B:
0023:
002B:
0033:
003B:
0043:
004B:
0053:
005B:
0063:
006B:
0073:
007B:

5
20
BE
00
Co
12
54
DO
33
68
F8
00
00
00
00
00

0004:
000C:
0014
001C:
0024:
002C:
0034:
003C:
0044:
004C:
0054:
005C:
0064:
006C:
0074:
007C:

21

75
D2
00
EQ
20
03
EO
C3
08
C2
00
00

00
00

00

\\\ Message ielling user that

emulator is in EMULATE mode

0005: 00 0006:
000D: 8D O0O0QCE:
0015: AC 00186:
001D: G0 O001E:
0025: D2 0026:
002D: 7F OO02E:
0035; 70 0036:
003D: 32 O003E:
0045: 33 0046:
004D: 40 OO04E:
0055; D3 0056:
005D: 00 OQO5E:
0085: 00 0066
006D: 00 0O0BE:
0075: 00 0076:
007D: 00 D0Q7E:

75
72
DR
00
D3
0A
02
c2
24
04
DO
00
00
00
00
00

0007: 24
000F: 75
0017: AF
001F: 00
0027: C2
002F: A8
0037: D2
003F: 7F
0047: 40
004F: D2
0057: EO
005F: 00
0067: 00
006F: 00
0077: 00
007F: 00

< Microcode (by location) showing
contents in hex

Annotated sample session (continues on following page)
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Change command

no carriage return
JLEM echoes / ( ¢ )
Change command
A User enters
\\‘\ £ starting location
C: 0008 /C'F/

C: 0008: 00 7/ fCRf&————
0008: 75 /spacebar/ <—_
000A: 89 /[spacebar/ €——— =

000B: 20 00 /CRle
000C: 75 /CR] o

\

Display command
{no carriage return)
JLEM echoes

display command

T~

User enters

starting location
D: 0000 [CR]
0000: 75 0001:
0008: 11 0009:
0010: 98 0011:
0018: 02 0019:
0020: 00 00R21:
0028: 98 0029:
0030: 99 0031:
0038: 7F 0039:
0040: E5 0041:
0048: 40 0049:
0050: 7F 0051:
0058: 32 0059:
0060: 00 00861:
0068: 00 0069:
0070: 00 0071:
0078: 00 0079:

81
75
DO
04
00
20
08
ce
99
05
80
00
00
00
00
00

0002:
000A:
0012:
001A:
0022:
00RA:
0032:
003A:
0042:
004A:
0052:
005A:
0062:
00BA:
0072:
007A:

oF
89
D2
00
00
9A
EB
D3
c3
B4
E6
00
00
00
00
00

0003:
000B:
0013:
001B:
0023:
002B:
0033:
003B:
0043: 33
004B: 68
0053: F8
005B: 00
0063: 00
008B: 00
0073: 00
007B: 00

75
00
8C
00
Co
12
54
DO

0004:

0024
0034:
0044:

0054:
005C:
0064:
006C:
0074:

000C:
0014:
001C:
002C:
003C:

004C:

007C:

21

75
DR
00
EO
20
03
EO
C3
06
c2
00
00

00
00

00

EXAMPLE SESSION FOR ROM EMULATOR (cont’d)

Change contents of location 0008 from 00 to 11

Use spacebar to step through next two locations

Change contents of location D0OB to from 20 to 00

Carriage return to exit Change mode

75 0007:
72 000F:
D2 0017
00 O001F:
D3 0027:
0A 002F:
02 0037:
C2 003F:
24 0047
04 Q04F:
DO 0057:
00 0O05F:
00 0067:
00 006F:
00 0077
00 O007F:

24
75

0005: 00
000D: 8D
0015: AC
001D: 00
0025: D2
002D: 7F
0035: 70
003D: 32
0045: 33
004D: 40
0055: D3
005D: 00
0065: 00
006D: 00
0075: 00
007D: 00

00086:
000E:
00186:
001E:
0026:
002E:
0036:
003E:
0046:
004E:
0056:
005E:
0066:
006E:
0076:
007E:

00
CR
AB
D2
7F
40
D2
EQ
00
00
00
00
00

Microcode (by location) showing
< contents in hex

R «—————— Reload command (no carriage return)

Loading Simulator Module.
Simulation mode.

¢ <——— Quit command (no carriage return)

<« Messages from JLEM

DL/IN
11/9/92

Annotated sample session (continued from previous page)

tered but want to step to the next address location, press
the space bar.

When a content change is performed, the emulator
will enter the LEARN mode, receive the new instruction
and return to the EMULATE mode. Since conditions are
the same as during the initial download, the microcon-

TABLE 2
JLEM Program Commands
Letter Command  Description
D Display Display the contents of the
emulation memory to the screen.
C Change Change a byte in the emulator
memory.
R Reload Reload all of the emulation code.
Q Quit Exit JLEM and return to DOS.

8 QEX

troller has once again been disconnected from the emu-
lator address bus and is receiving random instructions.
Consequently, it will most likely be executing in areas of
the memory space that do not exist or do not contain exe-
cutable code. Because of this, it will be necessary to once
again reset the microcontroller after editing the code.

If re-loading the entire emulation module is required,
use the “R” command. This command would be appro-
priate if the power to the application has been interrupt-
ed. As usual, reset the microcontroller after entering the
EMULATE mode.

Use the Quit command to exit JLEM. The PC print-
er port connector may be removed at this time. The cir-
cuit will remain in the EMULATE mode as long as power
is applied.

As you can see, the operation is relatively simple.
Since itis not a true development system, however, there
are a few things you can do to make things simpler.

When debugging the application, add a visual indi-
cator that can be removed later. A typical example would
be a single LED connected to an unused 1/O port. The



LED can be controlled by instructions included in the
source code for debug purposes. The state of the LED
can indicate that a certain portion of the program has
been reached, or a calculated result compares success-
fully to-a predetermined value and so on. Another option
is to add a register connected to a 7-segment LED dis-
play. This would provide more definitive information by
displaying results directly. Another possibility is to con-
nect a switch to one of the I/O pins of the microcontroller

so that its closure can be sensed. This can be used by
special code added for debug purposes to stop at a pre-
determined point and advance when the external switch
is closed.

The ROM emulator will not let you view the internal
registers or, port contents or trace the path of the instruc-
tion execution. The best way to tackle this is to break the
source program into discrete modules which perform a
specific function and execute each one apart from most
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of the other code in the application.
Debug each module separately and
thoroughly so that there is a high
confidence that each is running cor-
rectly. Then proceed to the next
level by combining these modules
into larger segments. The emulator
allows real time edits to the code
either by patching (using the
Change command) or by altering
the source code, reassembling and
downloading the simulator with the
new code. Overall, this approach is
more tedious than use of profes-
sional level development systems,
but it certainly is orders of magni-
tude better than trial and error and
repeated EPROM program and
erase cycles.

Notes:
'The JLEM program, including source code,
may be obtained electronically from
1) CompuServe HAMNET, 2) the ARRL tele-
phone BBS (203 666-0578) or 3) anonymous
FTP from ftp.cs.buffalo.edu (/pub/ham-radio
directory) on the Internet.
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Reflections on the Reflection
Coefficient: An Intuitive Examination

By Wes Hayward, W7Z0I
7700 SW Danielle Avenue

Beaverton, OR 97005
uch of modern electronics is steeped in mathe-
M matics, some of it very complicated and some-
times difficult. The math is powerful, a fact
beyond dispute. The strength is in the generality afford-
ed by a mathematical description; one equation can
describe an entire family of complicated phenomena.

It is easy to become entrenched in the mathematics
of a subject. The utility and even the very structure can
be exciting. However, an overly analytic approach can
cause some things to appear to be more complicated
than they really are. This may be the case with the sub-
ject of this note where we ponder the nature of the volt-
age reflection coefficient.

Power Transfer and Impedance Matching

We begin our discussion with a look at a source of ener-
gy, shown in Fig 1. This could be an ac generator, such as
an RF signal source, or something as simple as a battery.
The source is modeled as a voltage source with a magni-
tude of 2. The gen-
erator has a series
resistance of value
Ro. A typical value
for Ry might be 50
ohms. Our genera-
tor is terminated
with (attached to) a
resistance of value
Ry. The “x” indi-

Ro

Rx

Fig 1

cates that the value might not be known. We assume ini-
tially that the impedances are simple resistances; reac-
tance is re-served for a bit later.

The output voltage is well established. Assume that
Rg is fixed and known, but R, is allowed to vary. The out-
put voltage is found with Ohm’s Law. Some results are
plotted in Fig 2. When the termination resistor, R,, is a
short circuit, the output is zero. A voltage appears when
Ry is nonzero, and the output continues to climb as Ry
gets larger. It does not climb forever; when R, has
become extremely large, V, ; reaches 2 volts.

A corollary result relates to power. The power deliv-
ered 1o the load, Ry, is a function of the load resistance.
The calculation yields the familiar result that the power
is maximum when Ry=Rg. Either larger or smaller val-
ues of Ry will cause less power to be dissipated in R,.
The load is said to be matched to the source. The power
appearing in the matched load is termed the available
power from the generator.

Further Reflections

Fig 3 shows a modified version of the earlier signal
source. A second voltage generator has been added.
The second generator, with a 1-volt strength, floats below
the earlier V4t node, with an output labeled with the
Greek capital letter gamma (T). The polarity of the added
generator is opposite that of the first generator. The volt-
age at gamma is 1 volt less then V4.

The value for gamma (a voltage) is interesting and
useful. Assume that a very high
impedance is attached to the R, port

Ro

of Fig 3. Little current flows, so the
output voltage (Vg ¢ of Fig 1) is 2, the
open circuit value. The corresponding
value for gamma is 1 volt.

if the terminating impedance is
set to Ry, the reference, or source
resistance, the signal across the ter-
mination is 1 volt, causing gamma to
become zero.

The third case of interest is a
short-circuit termination. This causes

Ry or
Zx

Fig 2 Fig 3

10 QEX

gamma to be —1. If the experiment



described was done

with batteries, a neg-

ative voltage would
|—| happen for gamma.
L If the generators
were ac sources, the
short-circuit termina-
Ro tion would yield a
gamma with magni-
tude of 1. It would,
however, have a
phase that is 180
degrees away from
the driving 2-volt
generator.

Gamma has sig-
nificance. Gamma was 0 volts when the perfect
impedance match was present, RX=R0, but was highest
when there was a severe impedance mismatch. Gamma
is, hence, a measure of the degree of mismatch. Energy
that is not transferred from a source to a termination is
said to be reflected. Accordingly, gamma is called the
voltage reftection coefficient.

Our examples have used pure resistance for the ter-
mination. The general case would allow complex termi-
nations: impedances consisting of both resistance and
reactance. The reactance would arise from either induc-
tors or capacitors. Fig 4 is a plot showing a gamma value
resulting from a complex termination.

Consider first the resistances we have already dis-
cussed. Gamma takes on values from —1 to 1 for termi-
nating resistors, Ry, from a short to an open circuit. This
variation is shown on the horizontal axis of Fig 4. This
line, of length 2, is a “map.” All possible resistances from
0 to very large values correspond to points on the hori-
zontal line. The most exciting detail of this result is that
a strictly infinite range of resistance has been mapped
onto a line of finite extent,

Adding reactance to a resistance generates im-
pedances that map to points that are no longer on the
horizontal axis. An inductance with the resistance gen-
erates a reflection coefficient point somewhere above the
horizontal line. Resistor-capacitor circuits generate points
below the line. Recall that a complex impedance is rep-
resented by a complex number, one with a “real” and an
“‘imaginary” part. It is reasonable that a complex im-
pedance would generate a complex reflection coefficient.
Fig 4 is just a polar plot of various complex reflection coef-
ficients.

Just as resistance was allowed to vary over a very
large range, reactance can vary from large capacitive (neg-
ative) values to zero to large inductive (positive) values.
Rather, the behavior is more complicated. What is found
is that any possible impedance, Z=R+jX, will have a cor-
responding gamma value that has a magnitude of 1 or
less. Every possible complex impedance with a positive
value of R will generate a unique point within a circle of

SHORT OPEN

Fig 4

unity radius.

The reader with a mathematical bent can analyze the
circuit of Fig 3 with a complex termination, Z, and show
that

Z-Ry

Gamma= ——2
Z+ Ro

A common variation of this equation divides both the

numerator and the denominator by R to “normalize” the
resuit, producing

z—-1
Gamma =
zZ+1

where the lower case value is the normalized impedance,
z=Z/ Ro.

Circles

Fig 5A summarizes the polar plot of reflection co-
efficients. Associated with a given gamma is a point. A
vector from the origin to that point has a length equal to
the magnitude of gamma. The angle between the vector
and the horizontal line is the angle of the reflection coef-
ficient. The various circles shown in Fig 5A represent
gamma values of 0.2, 0.4, 0.6, 0.8 and 1.

A variation of the polar plot of reflection coefficients
is presented in Fig 5B. The circles of constant gamma
have been eliminated. Instead, they have been replaced

Poi
Gamma Length qumg oint

~— Angle of Gamma

Origin of Polar Plot

x= +1 line
4 —— = 0circle
’ — r= 1 circle
x= —1line

Fig 5A (top), 5B (bottom)
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RE

50-ochm RF detector

J

O Gamma

Fig 6A (top), 6B (bottom)

with smaller circles or circular segments. These repre-
sent lines of constant resistance or reactance. The hot-
izontal line is our earlier map of all possible resistances;
this is a line of impedances with zero reactance. A circle
is shown that passes through the origin. This is a collec-
tion of impedances that all have constant resistance of
Rg, or normalized r=1, at all possible reactance values.
Other circles (missing from Fig 5B) are positioned inside
the “unit circle” and represent other contours of constant
R; all of these pass through the right-hand end of the
center line. Two circular segments are shown. These rep-
resent lines of constant reactance with normalized val-
ues x=1 and x=-1. Even the outside edge is significant.
The unit circle is the map of all possible impedances with
zero resistance. The upper half of the unit circle repre-
sents all possible values of inductive reactance while the
lower half maps all possible capacitive reactance.

Fig 5B is, of course, the familiar Smith Chart. This
design and analysis tool is usually associated with trans-
mission lines. Clearly, that is not required. The Smith
Chart is useful as a generalized view of the impedance
world. It is most useful for the study of transmission lines
that have the same characteristic impedance as the Ry
value of the chart. A mismatched (or matched) trans-
mission line has a constant reflection coefficient along

12 QEX

Ro

V=894

Amplifier Ro

Fig 7

the line. The angle of gamma is related directly to the
length of the line, or the position along the line. This is
the basis for the usual circular plots that are done on the
Smith Chart.

Further Extensions

The figures presented so far have illustrated a way
to view the famous Smith Chart. The circuit forms are
most convenient as a match to standard mathematics.
Shown in Fig 6 is a variation that comes closer to a famil-
iar measurement. Fig 6A has the previous 2-volt source
replaced with a pair of 1-volt sources. The 1-volt sub-
traction that we did with a floating generator in Fig 3 is
now done by measuring the voltage difference between
the V-out node and the tap between the two generators.

Fig 6B shows a practical circuit, the familiar return-
loss bridge. The two left-hand resistors serve to gener-
ate a reference at their junction. The current balun allows
a grounded RF detector to “appear” between the float-
ing nodes where gamma is measured. Other bridges can
be similarly viewed.

Fig 7 is another extrapolation of the same ideas. The
gamma measurement tool of Fig 3 is used to excite an
amplifier or other network of interest. The amplifier out-
put is terminated in a pure impedance, usually the same
Rg that was used for the input “bridge.” The resulting cir-
cuit forms a definition for scattering parameters, the
bread-and-butter tool of the RF engineer. The so-called
forward gain results when the measured output is com-
pared with the 1 volt that would appear across a matched
load at the input generator. The amplifier output could be
driven with a gamma measuring set, or network analyz-
er, while simultaneously terminating the input in Rg. The
resulting reverse signals would then be sp5 and sqo.

Scattering parameters are usually defined in terms
of waves. While the more detailed definitions are
extremely powerful, they often obscure the simplicity
(yes, simplicity!) afforded by the scattering parameter
view of a circuit.



Improved Mechanical_ Design=for the

Helical Antenna

By Ron Lile, KORL
2822 Woodside Drive
Quincy, IL 62301

The helical antenna is an effective way to obtain circular polarization, but the wooden mechan-
ical design of the antenna as typically used by amateurs leaves something to be desired. In this
article, an almost all-metal mechanical structure is presented. It can be made from readily avail-
able material and can be built with common hand tools.

in the amateur community as well as in the profes-

sional world. It is an antenna that can be built easily
and provides good performance since the broadband
nature is very forgiving of dimensional errors.

T he helical antenna is a widely used satellite antenna

Past Techniques

For amateur use, the only shortcoming of the helical
antenna is the mechanical construction. I've spent hours in
local lumber yards trying to find the exact piece of wood for
the antenna element supports.' That is, a piece of wood
without knots and perfectly straight. Once the perfect piece
of wood is found and brought home, antenna construction
is well underway. Protection of the wood from the kind of
weather it will experience on the top of the tower is an art
in itself. Probably the best way to protect the wood is to
apply several coats of a good marine varnish or paint (in a
favorite color). The proper selection of paint or varnish will
allow the antenna to last through several good years of
operation. However, even with the best paint, the antenna
will require repainting every few years.

A hidden defect of the wooden-support approach does
not appear for several months, perhaps a year or so. Most
wood that can be purchased at local lumber yards has not
been thoroughly dried before being cut to the shape or size
the lumber yard sells. So in most cases, the wonderful
antenna begins to twist, sag or bend after a time as the
wood really dries out. Not only does the antenna begin to
look bad, but the bend or twist changes the pattern there-
by losing the gain and circularity which was the reason for
building this type of antenna in the first place.

Okay, so wood is not the best material for the antenna
even though it's readily available. Another recommended
material for the support is fiberglass. Up until recently, (at
least in this area) fiberglass tubing was not easily found.
Paint roller extension handles are now available in approx-

'Notes appear on page 16

imately 4-foot lengths at local paint and discount houses,
but information is not available as to the weatherability of
this material. It is lighter than wood, but equal to or heav-
ier than aluminum of the same size. Splicing for the desired
length and strength can be a problem as well. It is definitely
more expensive than wood or aluminum.

Helical Front (photos courtesy KORL)
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Helical Back View

Why Not All Metal?

What to do? A possible solution would be to build an
all-metal antenna. The reflecting screen for the helical is
already metal wire or screen, and the working radiator is
metal wire or coaxial cable, but what about the radiator sup-
port? Amateur construction techniques reported to date in
the popular magazines have used wood or plastic materi-
als for the radiator support. For a long-life design, why can't
a metal support be used?

| became aware of the possible use of the metal sup-
port while scanning the professional literature for the radi-
ating element design equations. Many professionals
indicted that they used a metal support for the radiating ele-
ment on their antennas.? The reported effects varied with
the size of the suppont, of course. However, at certain diam-
eters of the support, as compared to the radiating element
diameter, little effect was noted. A few questions came to
mind: How big can the support be before major effects are
noted? What is the maximum diameter that the support can
be, relative to the diameter of the radiating element?

In this report, a metal support for the radiating element
is proposed. In fact, the only nonmetal parts of the anten-
na are the radiating element insulators which hold the radi-
ator away from the support.

Calculation of the Radiating Element

Generally, the radiating element for the helical anten-
na is given a circumference of one wavelength.** In an
empirical investigation it was found that the gain would peak
slightly higher if the circumference was approximately 1.13

14 QEX

Satellite Antennas

wavelengths.” The antenna built for the measurements in
Note 5 had an aluminum support tube internal to the radi-
ating element. The diameter of the tube was 1.25 inches,
the diameter of the radiating element was 4.35 inches and
the operating frequency was in the 900- to 1000-MHz
range. The maximum gain occurred at approximately
950 MHz. The pitch angle between turns was 12.5 degrees,
a common pitch used to provide maximum gain.

For the antenna described here, the number of turns
was a trade off between the ability to provide mechanical
support and the desired gain, the gain being determined by
the transmitter/receiver capabilities and the feed line loss-
es. With the support material available and the transmitter
power assumed, it was decided that a twelve-turn helix
would do the job.® The antenna gain was calculated to be
14.5 dB.

The empirical equation used to calculate gain includ-
ed additional gain due to the cup that is part of the reflec-
tor. Many of the helical antenna designs shown in amateur
literature do not use this “-wavelength cup because of the
added difficultly encountered mechanically. It is possible
that amateurs using a helical are giving up 1 or 2 dB of gain
by not using it. | felt that with the decrease in weight of this
design, | could use the cup. (The drawings and pictures
accompanying this article do not show the cup for clarity.)

Support Scaling

Scaling of the support, from the size used in the exper-
iment to the frequency for amateur use, 435 MHz, was done
to obtain the maximum size that could be used for the driv-



en element support. Since the dimensions are linear fac-
tors according to the frequency, a linear scale factor can
be made by dividing the higher frequency (the frequency
of the model) by the desired operating frequency:

f

f

= scale factor

where, f = frequency of operation of the model antenna
f1 = frequency of operation for the antenna to be built
In this case, 435 MHz is the frequency range for the
antenna to be built and the model antenna was operating
on a frequency of 950 MHz, therefore the linear scale fac-
tor is calculated to be:

fo 950
- = 22
4 435

The radiator support dimension of the model antenna
is multiplied by the scale factor to create the actual dimen-
sions for the radiator support at the desired operating fre-
quency. Based on this scale factor, the antenna radiating
element support could be as large as 2.5 inches in diame-
ter.

Design Trade-Offs

The next step was to find out what aluminum tubing was
available for the support construction. Checking local sup-
plies, | found several candidates. Round and square tubing
was available in several diameters up to 1.5 inches. The larg-
er sizes were available in 8- and 10-foot lengths. Larger

sizes and longer lengths are available through mail order
or metal-supply houses in larger cities. The metal grade
(the familiar 6061-T6 given for aluminum is the strength rat-
ing and is reached by alloy composition and heat treatment)
is not given for material in the usual handyman’s store.
Some of the material is soft for easy cutting and use at
home; it is not suitable for antenna building. If the metal
strength can not be determined from the information avail-
able, it would be wise to order an appropriate size tube from
one of the antenna material vendors listed as advertisers
in the back of any ham magazine or purchase it from a dis-
tributor of tubing stock. Reynolds-type 6061-T6 is good,
readily available material suitable for use in this applica-
tion.

In trading off strength against weight, something
around 1 inch in diameter appeared to be reasonable.
About this time | was given a piece of 34e-inch furniture tub-
ing, which was used in the final design. (This just happened
to be very strong square tubing.) Square tubing has been
used before and was found to work satisfactorily.” A previ-
ous author (see Note 7) used Reynolds type 4860 for an
antenna support.

The square tubing also made attaching the rotor boom
and reflecting screen somewhat easier, although the final
brackets used in the design can accommodate a round sup-
port.

Mechanical Design

The final design is shown in Fig 1. The element insu-
lators on this version are made from wooden dowel rods,
but plastic insulating materials could be used. The radiat-
ing element is attached to the dowel rods via short pins and
epoxy. The radiating element was made from flat, aluminum
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Fig 1—Metal supporting structure dimensions for the helical antenna.
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wire stock, and a small
hole was measured and
drilled in each of the
mounting locations at
the circumference dis-
tance used in the design.
This aided in forming the
spiral that the radiating
element makes on the
support. Other attach-
ment methods could be
used depending on the
material used for the
radiating element.

The wooden dowel
rods (after being treated
with paraffin) are at-
tached to the radiator
support using aluminum
sheet metal screws. Here
the square tubing is real-
ly a bit better than round
tubing. When pulling the
screws down tight, the
square tubing is not de-
formed. The round tube
would be flattened and
this would form a weak
spot in the support.

A clearance hole for
each sheet metal screw
was drilled at each of the spacer locations. Then a large
clearance hole for the dowel rod was drilled at 90 degrees
to the screw clearance hole. The hole for the dowel rod was
drilled all the way through the aluminum tube, thus giving
support to the dowel rod so that the screw would tightly
clamp the dowel rod to the support.

The wire-mesh screen is attached to an aluminum
angle frame using pop rivets. Aluminum screen wire was
used for the reflecting screen. Many of the published heli-
cal antennas use hardware cloth or chicken wire. However,
my goal was a long-life antenna without structural failure or
noise generation. The use of galvanized hardware cloth or
chicken wire with aluminum could cause RFI due to the dis-
similarity of metals between the wire and aluminum used
for the frame. Corrosion due to the differing materials would
also shorten the structural life of the antenna.

Helical Radiating Element

Performance

The antenna electrical performance is not easy to ver-
ify without a good antenna range. Crude measurements

SATELLITE T.V.
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Table 1 Antenna Dimensions

435 MHz

68.73 cm (27.06 in.)

Diameter of Reflector 68.73 cm (27.06 in.)

Diameter of Radiating Element ~ 0.006 to 0.05 A

or 0.413 cm to 3.44 cm
(0.162to 1.351in.)
12.5 degrees

Center Frequency
Wavelength

Alpha (pitch angle)
K for maximum gain
circumference of radiator 153
diameter of radiator 24.73cm (9.73in.)
Turn spacing for pitch 17.21 cm (6.778 in.)
Support boom length (12 turns) 206.59 cm (81.336 in.)

made using ground based sources and satellite signals give
pattern results approximately as calculated. Gain compar-
isons between a Cushcraft 416TB and this antenna show
them to be roughly comparable, with the helical averaging
slightly higher numbers (more consistent numbers) when
satellite signals are used for the signal source.

The point of this antenna design was not to verify the
calculations and measurements of the many amateurs and
professional who had built antennas prior to this one.
Rather, the antenna was designed to withstand the ele-
ments and provide many years of reliable performance.
This design has lived up to the expectations desired.

Conclusions

The mechanical structure shown has been in service
for 10 years with no mechanical or electrical failures. The
antenna has suffered through heavy Texas winds and thun-
derstorms and lllinois ice, wind and snow.

The structure is lighter in weight than previous wood-
en supports, reducing wear and tear on the elevation and
azimuth rotors.

This same construction technique should be suitable
for helical designs on the other frequencies used for ama-
teur satellite communications. It can produce a light but
strong mechanical structure sure to give years of mainte-
nance free service.

Notes
'Allen, B., W7US, “A Mode J Helix," AMSAT Newsletter, Vol 12, No. 2,
June 1979, p 30.

“Donn, C.H., “A New Helical Antenna Design for Better On-and-Off
Boresight Azial Ratio Performance,”
IEEE Transactions on Antennas and
Propagation, Vol AP 28, No. 2, March
1980.

*The ARRL Antenna Book, Chapter 19,
pp 22-23.

‘Kraus, J.D, Antennas, New York:
McGraw-Hill, 1950, Ch 7.

*Wong, J.L. and King, H.E., "Character-
istics of 1 to 8 Wavelength Uniform
Helical Antennas," IEEE Transactions
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Components

By Mark Forbes, KC9C
PO Box 445
Rocklin, CA 95677

DESIGN AUTOMATION HEPA-PLUS

Design Automation manufacturers CAD/CAE design
software for RF power amplifiers should be interesting to
some of you who want to design amplifiers for amateur
applications. The program is called HEPA-PLUS (High
Efficiency Power Amplifier-PLUS).

With the program, you can design linear (single
ended or push-pull), class AB, B, or C or switching-mode
amplifiers (class E or F). The program automatically opti-
mizes the proposed design and also identifies and helps
prevent design errors and omissions.

The package consists of four modules. HEPA-SIM
is the simulation program. It directly simulates circuit
steady-state periodic response, input power, output
power, and all power dissipations. According to the com-
pany, simulation computation takes only 280 ms on a
20-MHz 386 computer.

HEPA-OPT (or HEPA-OPT/WB) automatically opti-
mizes the design when used with HEPA-SIM. HEPA-OPT
optimizes at one frequency; HEPA-OPT/WB (wide band)
optimizes at up to sixteen frequencies simultaneously.

HEPA-DES allows you to generate a rapid, prelimi-
nary design to meet your specified parameters. And the
final module, HEPA-TEV, evaluates power transistors to
determine parasitic losses and plot efficiency vs fre-
quency and output power.

| ran the evaluation copy of the program and found
that it could not only save a tremendous amount of time
in BF amplifier design, but it can eliminate many errors
without having to build and troubleshoot the circuit.

The only down side to the program is that it is defi-
nitely not inexpensive. If you are interested in the program,
contact Design Automation, Inc, 809 Massachusetts Ave,
Lexington, MA 02173-3993, or phone 617 862-8998.

3-V DUAL OP-AMP

There is a growing trend toward components that
operate down to three volts. The thrust behind the trend
is the growing number of battery-powered and hand-held
products. Analog Devices have introduced the OP-295
dual op amp that operates on either 3 V or 5 V. Maximum
supply current is only 300 micro amps, and the typical
gain-bandwidth product is 75 kHz.

The parts cost about $2.00. To get more information
on the OP-295, contact Analog Devices, One Technology
Way, Box 2106, Norwood, MA 02062, or call 617 329-
4700.

NEW RF CONNECTORS

Molex, Inc has introduced a new line of RF connec-
tors, including the old favorites PL-259, BNC, and F, and
also connector adapters. They also include some of

the more exotic connectors such as

902, 1269, 1296, 2304,
2320, 2400, 3456 MHz

Write for Free Catalog to:

Bill Olson W3HQT, Box 2310 RR1
Troy, ME 04987 (207) 948-3741

DOWN EAST MICROWAVE

Amateur Microwave Antennas and Equipment

TROPO, EME, WEAK SIGNAL,
OSCAR MODE L, MODES,
ATV, REPEATERS
LOOP YAGIS, POWER DIVIDERS, COMPLETE ARRAYS
KIT FORM OR ASSEMBLED AND TESTED
SOLID STATE LINEAR AMPLIFIERS FOR 902 & 1296 MHz

DOWN EAST MICROWAVE

TNC, Twinax, and Mini-UHF.

All assembly options are includ-
ed...solder on, crimp, and screw on.
They are also available in nickel, sil-
ver, gold, and black chromate plating.
Contact Molex for more information
at 2222 Wellington Ct, Lisle, IL
60532, or phone 708 969-4550.

IN-RUSH CURRENT LIMITERS

Siemens has a new line of ther-
mistors which limit in-rush current in
circuits. These are especially useful
in digital, microprocessor, and CMOS
circuits. The ICL (In-rush Current
Limiters) can handle currents up to
20 amps.

There are six models available:
S153, 8234, 5235, S364, and S464.
Call Siemens to get an information kit
on these valuable power conditioning
components: 800 888-7729.
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VHF+ TECHNOLOGY

By Geoff Krauss, WA2GFP
1927 Audubon Drive
Dresher, PA 19025

GaAsFET, a very low-noise device for microwave
LNAs, and gave two sources for small quantity pur-
chase; | have since been in contact with a helpful young
lady (Sharon) at one of the sources, Garrett Instruments
and Components/IEU Inc (3130 Skyway Drive #701,
Santa Maria, CA 93455, tel 805 922-0594). They have a
$10/order minimum and will take phone orders paid with
MC/VISA; this makes things very easy for ordering one
or two devices, with a single-piece price of $11.
Observant readers will note that the Rohm ads were for
devices with pricing of about $4 or $5, but that was in 10k
lots ($10-15 is about what most GaAsFETs are going for,
in small quantity, today). Should you build any RHF1204
LNAs, we would certainly like to know what sort of per-
formance you get.
| have tended recent columns toward more cover-
age of the UHF/microwave area, because that appears
to be where most new amateur VHF+ work is being done.
A good indicator of this is the number of 902-and-up sta-
tions present in 1992 contests. The June ‘92 VHF
Contest results were finally published in December QST,
and the single/multioperator lists clearly show the results
up to 2304 MHz. Keeping in mind that fantastic E-skip
and tropo conditions were present during both the June
and September contests, which led to some extremely
high station and grid totals on 50-1296, | want to make
sure the growth at even higher frequencies is docu-
mented. Once | found out what some of the scores were,
| requested QST to include them in the box scores, but
there is apparently only so much available space... While
I only have the W25Z/1 September ‘92 numbers, they
are still instructive, even if one figures, keeping in mind
that a goodly percentage are the MGEF's own rover
group, that maybe one-half to two-thirds of the total sta-
tion count are nonaffiliated stations. The maximum num-
ber of rover-attributable grids is about 7 (as shown by the
24-GHz grid total); any number of grids over 6 or 7 is due
to nonaffiliated stations and definitely shows that there
is much more growth above 2 GHz than below:

902 1296 2304 3456 5760 10GHZ 24 GHz
QS0s 73 115 62 46 38 42 28
Grids 29 43 21 15 15 11 7

Obviously, the 2.3/3.4/5.7 GHz work is narrowband,
as is most of the 10-GHz work beyond 7 grids.

It is unfortunate that the contest results do not list
each QSO over a distance greater than some standard,
because that list would certainly tell us how good prop-
agation was and also give us some idea of the station
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I n my last column, | mentioned the Rohm RHF1204

distribution. From what ['ve heard, there are now a good-
ly number of stations on microwave bands with the capa-
bility to make “forward scatter” contacts well beyond the
horizon, but we could use lots more of them. If such a
listing were to be published for each contest, and if it
caused more stations to get on, for any reason, it would
be counted a success. | would certainly like to see any
UHF/microwave (especially 3456 and up) listings for
other stations. Being more indicative of hard work and
good operating than merely being present for skip/tropo
openings, such activities should be acknowledged.
These contest results were much discussed at the
Microwave Update '92 Conference, held October 16-18,
1992, in Rochester, New York, under the sponsorship of
the Rochester VHF Group. The Proceedings of the con-
ference have been published and are available from
ARRL for $12. The book covers most of the talks, which
included two on HEMT LNAs, three on propagation/bea-
cons and several on various systems aspects; missing
from the published text is my lead-off talk on “Microwave
Systems Principles” (see any amateur MW book), which
was designed as a lead-in for the less-than-fanatic
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attendee (of which | personally met several, but very few
who were totally novice), and the 24-GHz operation talk
of Dick Frey, WA2AAU, about the W2SZ/1 work on that
band. Dick’s slides were copied as a hand-out, and con-
tain a lot of interesting atmospheric data that serious
24-GHz workers should review. You can get your copy
by either finding someone who brought back a copy from
Rochester or by sending 'AAU (or me, if you get des-
perate enough) a letter request with a large SASE.

In addition to two days of fine talks (out of which |
have to single out three especially noteworthy presenta-
tions by two very skilled individuals: Kent Britain,
WASVJB, and Paul Shuch, N6TX, both of whom teach
at the college level—Kent’s Stealth bomber presentation
was, to my mind, all by itself worth the price of admis-
sion), door prize drawings and discussions with about
100 of the Faithful, including many of the premier and
well-known MWers of North America and “selected other
locales,” the Thursday Surplus Tour and Friday Evening
One-room Flea Market more than slaked the attendees’
thirst for acquisition and exchange of MW goodies. |
found this conference to be one of the best that | have
attended over the course of something like a third of a
century; | am told that the next conference, Microwave
Update '93, is to be held in Atlanta, Georgia.

Another 1992 conference for which Proceedings are
also available for $12 from ARRL is the 26th Conference
of the Central States VHF Society. This conference incor-
porated the first Worldwide VHF lonospheric Propagation
Symposium, with 3 sessions of 9 papers, covering one
of the few VHF areas which most of us will never know
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enough about, and in which area we can all work simply
by being on-the-air to recognize and report interesting
propagation. There are a number of other interesting arti-
cles in this proceedings in areas as diverse as EME, bea-
cons, microwave and space communications.

The Radial Line Stub

If you have done any work above 50 MHz, you have
probably encountered at least one of the quarter-wave or
half-wave transmission line stubs. The quarter-wave stub
(Fig 1) transforms a low impedance Z1, typically a short cir-
cuit, at one end of a transmission line with a characteristic
impedance Zg, to a high impedance Z2 at the end which
is 90 electrical degrees away; this is the same as saying
that Z1/Zg = Zy/Z2, or 22 = SQR (Zy*Zy/Z1). This config-
uration can be very useful for providing a dc short which
looks to RF signals like an open circuit (or at least a very
high impedance) at the line end. Use as a filter element,
particularly for bandpass filtering, is also well known. Note
that the wavelength of the transmission line does change
with impedance level, so that the quarter wavelength will
also change. Any book on transmission lines should include
the appropriate formulae for calculating wavelength in the
transmission line. Similarly, the half-wave line (Fig 2) is also
used for filters, and for biasing circuitry. The best known
bias configuration (Fig 3) is a half-wave line of two differ-
ent impedances: The first half of the half-wave line (or a
quarter-wave) has a very narrow width, and therefore a
high impedance, and is the line segment having one end
connected to the circuit to be biased. The other quarter-
wave line is a segment of much greater width, and lower
impedance, and has an open circuit at its far end. The open
circuit is reflected back to the attached point P as anoth-
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er open circuit for both RF and dc so there is no distur-
bance, but allows a dc voltage to be impressed at point P
anyway. Again, note that the wavelengths are not the
same in the high and low impedance sections, and these
will be of somewhat different physical lengths for the same
90-degree electrical length. Another problem is that the
resistive transformation effect of a quarter/half wave length
is true only for the one design frequency; a few percent
change in frequency will change the stub into a very reac-
tive load at the attachment point P. As a mater of fact, with
low impedance lines (having broad width) it is not easy to
determine where the attachment P actually occurs, and
small changes in attachment point can often have large
and undesirable effects.

The way around these problems is to use a radial
line stub, which not only has a broad resonance region,
but also has a very well located attachment point. Fig 4
shows the stub: an angular sector, usually with the includ-
ed angle being 60 or 90 degrees. The attachment point
is at the smaller end, where the sector has a radius ry.
The size of the stub is determined by the maximum radius
rp, which is determined by the formula:

ro=1 oAlog(fg V €r )+Blog(h)+Clog(r1)+D

where f is the center frequency in GHz, €, is the dielec-
tric constant of the microstrip material, h is the thickness
of that dielectric and A, B, C and D are constants which
depend on the angle of the stub. For the common 60 and
90 degree stubs, the constants are:

A B C D
60 degrees -0.8232 0.0572 0.1169 -0.8082
90 degrees -0.8510 0.0614  0.0877 -0.8695
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To save you a lot of calculation, for a microwave sub-
strate with €, of 2.2 and h=1/32 inch (0.03125 inch), for
a minor radius rq of 2 mm (0.079 inch), the major radius
rp would be:

60 Degrees 90 Degrees
Frequency mm inches : mm inches
(GHz)
0.902 81.412 3.205 67.995 2.677
1.296 60.412 2.378 49.950 1.967
2.304 37.620 1.480 30.612 1.205
3.456 26.944 1.061 21679 0.853
5.760 17.694 0.697 14.036  0.553
10.368 10.906 0.429 8.511 0.335
24.192 5.430 0.214 4139 0.163

Attachment is as shown in Fig 5.
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Bits

Central States VHF Society: Call for Papers

The Central States VHF Society has announced a call for
papers for their annual conference. The 1993 conference is
scheduled for July 29 through August 1 at the Lincoln Plaza
Hotel in Oklahoma City, Oklahoma. Emphasis this year will be

on the beginner to weak-signal VHF-and-
above operating, with a special session
devoted to this subject.

If you're interested in presenting a
paper or having one published in the
Proceedings, contact Tommy Henderson,
WD5AGO, 12476 E 13th, Tulsa, OK
74128, tel 918 438-0099. Papers must be
received by June 1 for inclusion in the
Proceedings.

Microwave Update '93

| know, you haven't quite recovered
from this year’s conference, but...it's not
too soon to start thinking about
Microwave Update '93! Atlanta will be
hosting the '93 conference and your's
truly had his arm twisted enough to cry
“uncle.” Actually, I'm really excited about
having the conference here in Atlanta.
With help from the conference commit-
tee (KK7B-technical program, WB4MBK-
test equipment, and others), | hope to
bring you one of the best conferences
yet! My goal is to have everyone leave
the conference with a renewed enthusi-
asm for operating, building and experi-
menting with amateur microwave
equipment.

The Northwest Atlanta Hilton has
been selected for the conference which
will be held on September 24-25, 1993. |
hope this date is a good choice, as it is
difficult to find a date that has hotel avail-
ability and does not conflict with fall con-
tests and other conferences. Details on
registration and hotel reservations will be
sent out after the first of the year to all
past attendees. We will handle this as in
the past with you making your own hotel
reservation. | will be taking the confer-
ence registrations. If you want to be sure
that you receive a registration package,
drop me a note or call so that | can be
sure your name is on the mailing list (404
333-2136 [W], 404 998-6971 [H]). A block
of rooms is being held at the Hilton for
$62 a night. Right now, I'm planning that
the conference registration and banquet
cost will remain the same as last year.

Rick, KK7B, has volunteered to put
together the technical program. Since
I've never known Rick to do anything
short of “first class,” | am especially excit-
ed about the program! We would like to
hear from you soon if you have been

working on something of interest to the microwave communi-
ty. Give Rick a call at 906 487-2848 if you have an idea; he can
help you develop it into a talk.

Watch for more details. Hoping to see you in Atlanta next
September!—Jim Davey, WASNLC
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