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To	operate	in	the	microwave	bands	you	typically	use	an	antenna	system	that	requires	converting	
from	coax	to	waveguide.	In	this	paper	I	will	refer	to	these	devices	as	converters	but	they	are	also	
known	as	transitions and adapters.	Converters	can	be	found	in	flea	markets	and	on	eBay.	If	you	find	
converters	they	typically	range	in	price	from	$20	to	$250.	A	few	examples	of	converters	available	
on	eBay,	as	of	this	writing,	are	shown	in	Figure	1. 
	

	
	

Figure	1	
	



	
When	you	make	a	purchase	of	one	of	these	you	are	sometimes	surprised	to	find	the	part	is	
advertised	as	WR90	but	the	dimensions	of	the	waveguide	or	the	mounting	holes	do	not	match	
other	WR90	waveguide	pieces	you	have.	In	addition	you	have	no	idea	what	the	real	performance	
of	the	converter	is	until	you	test	the	device.	
	
The	purpose	of	this	paper	is	to	detail	a	method	of	building	your	own	converters	using	readily	
available	materials.	If	you	have	access	to	surplus	waveguide	this	can	be	used	as	well.	In	some	cases	
the	inside	surface	of	the	waveguide	is	plated	usually	with	silver	and	this	will	result	in	an	
improvement	in	performance	by	a	few	tenths	of	a	dB.		If	you	want	to	consider	plating	your	own	
waveguides	I	have	added	a	couple	of	references	about	plating.		If	you’re	near	an	industrial	area	
you	can	find	a	business	that	does	silver	plating.	
	
Paul	Wade,	W1GHZ	published	an	excellent	article	(1)	on	building	converters	which	covered	his	
experience	and	gives	details	on	an	approach	which	may	be	used	to	build	a	microwave	converter.	I	
used	Paul’s	article	to	help	guide	me	in	my	efforts.		Paul’s	approach	was	to	start	with	a	piece	of	
waveguide	made	for	the	target	band,	WR	90	for	10	GHz	as	an	example.	If	you	want	to	follow	Paul’s	
approach	you	might	look	for	waveguide	or	waveguide	parts	like	the	one	shown	in	Figure	2	found	
on	eBay.	Then	you	could	cut	the	waveguide	section	into	two	pieces	and	place	a	plate	over	the	end	
of	each	of	the	pieces	and	add	SMA	connectors.	The	result	would	be	two	converters.	Since	you	
inherit	the	flanges	from	the	existing	piece	this	minimizes	machining	and	effort.	Finding	a	
economical	part	to	start	with	may	be	difficult.	
	
	

	
	

Figure	2	
	
	
Another	approach	to	this	is	to	use	brass	rectangular	or	square	tubing	and	make	your	own	flanges.		
Brass	is	chosen	because	it	can	be	soldered.		There	are	metal	distributors	like	McMurry	Metals	in	



Dallas	Tx	(2)	or	OnlineMetals.com	(3).	Selling	various	sizes	of	brass	tubing,	bar	stock	and	other	
shapes.	You	can	likely	find	a	distributor	in	a	city	near	you	if	not	you	can	order	the	material	on	line.	
	
To	determine	what	size	tubing	will	work	for	a	particular	band	I	studied	David	Pozars’	book	
Microwave	Engineering	(5).	In	Section	3.3	he	discusses	Rectangular	waveguide	giving	the	detail	
formulas	and	physics	involved.	He	also	covers	circular	waveguide.	From	this	reference	I	developed	
an	Excel	spread	sheet	to	calculate	the	cutoff	frequencies	of	various	rectangular	tubing	sizes.	By	
using	the	Excel	spreadsheet	as	a	guide	I	was	able	to	consider	the	standard	sizes	of	brass	tubing	
made	in	industry	today.	Table	1	shows	my	results	with	some	of	these	sizes	along	with	the	cutoff	
frequencies	and	the	examples	from	the	Pozar	book.	The	goal	is	to	select	tubing	with	a	cutoff	
frequency	below	your	desired	operating	point.	The	upper	limit	of	the	tubing	will	be	two	times	the	
cutoff	frequency.	At	two	times	the	cutoff	frequency	multiple	emission	modes	can	occur.	
	

	

	
	

Table	1.	
	
	
I	have	included	the	Excel	file	in	the	MUD	2019	data	disk.	If	you	would	like	to	determine	frequency	
cutoff	for	additional	sizes	of	rectangular	or	circle	tubing	it	is	easy	to	expand	the	Excel	file.	You	
could	also	look	at	cutoffs	of	standard	sizes	of	WR	waveguide	like	WR90	which	is	1.00”	X	0.50”	with	
wall	thickness	of	0.050”	making	inside	dimensions	0.90”	X	0.40”.	
	
After	you	have	selected	a	tubing	size	that	will	propagate	your	wavelength	you	will	need	to	build	
the	proper	size	flange.		My	initial	goal	was	10	GHz	and	I	will	explain	the	process	used	to	build	a	
converter	for	this	band.		I	purchased	flat	pieces	of	brass	stock	cut	from	a	strip	of		1	5/8”	X	1/8”	bar	
stock.	The	pieces	received	were	1.68”	X	1.68	X	.132”.	I	also	purchased	a	2	foot	length	of	
rectangular	brass	tubing	with	outside	dimensions	of	1.0”	X	0.5”	and	wall	thickness	was	specified	
as	1/16”.	So	the	inside	dimensions	of	the	waveguide	will	be	0.875”	X	0.375”.	The	dimensions	of	the	
tubing	I	received	was	actually	0.875	X	0.380	X	0.058”.	
	
The	distributor	sheared	the	flat	stock	into	1.68	by	1.68-square	pieces	for	me.	The	next	step	to	
make	a	flange	is	to	cut	the	slot	in	the	center	and	add	the	holes.	I	also	used	a	file	to	round	off	the	
sheared	edges	and	to	break	all	the	edges	and	corners	around	the	outside	of	the	part	to	make	the	
flange.		The	best	way	to	get	the	slot	is	to	have	them	machined	in	by	someone	that	has	a	milling	



machine.	If	this	is	too	costly	or	difficult	you	could	mark	the	slot	and	drill	holes	inside	the	area	that	
must	be	removed	and	using	a	small	flat	file	remove	the	material	so	the	rectangular	tubing	will	fit	
into	the	slot.	I	have	included	a	drawing,	Figure	13,	with	dimensions	for	a	finished	flange	that	will	
fit	1”	X	0.5”	brass	tubing.		If	the	slots	are	machined	there	is	typically	a	radius	(end	mill	radius)	in	
the	corners.	This	will	need	to	be	filed	square	or	the	corners	of	the	rectangular	tubing	will	need	to	
be	rounded	to	fit	into	the	flange.	
	
For	the	rectangular	tubing	I	used	a	miter	guide	and	a	small	tooth	saw	to	cut	the	tubing	to	length.	
Then	I	marked	drilled	and	tapped	the	holes	needed	in	the	tubing.		The	finished	part	needed	is	
shown	in	Figure	11.	The	length	on	my	tubing/waveguide	was	to	help	me	handle	it	and	mount	later	
in	front	of	a	dish.	The	length	can	be	short	as	long	as	you	or	more	than	one	wavelength	in	front	of	
the	probe	on	the	flange	end.	At	high	power	there	can	be	some	internal	surface	resistance	causing	a	
small	loss	but	we	are	typically	not	using	so	much	power.	
	
From	brass	bar	stock	I	purchased	which	was	1”	X	0.375”	I	machined	a	plug	that	would	slip	into	the	
rectangular	tubing.	The	finished	drawing	for	this	is	shown	in	Figure	12.	A	hole	was	drilled	and	
tapped	at	2-56	in	the	back	of	the	plug	to	add	a	screw	to	use	as	a	handle	for	adjusting	its	position	
and	tuning.	
	
If	you	study	Paul	Wades	paper	and	Table	4	in	Paul’s	paper	you	will	see	the	back	wall	of	the	WR90	
converter	ends	up	so	close	to	the	insertion	probe	that	you	may	hit	any	screws	that	protrude	inside	
the	cavity	or	burrs	from	the	holes	drilled	and	tapped	for	the	screws.	To	avoid	this,	clean	away	any	
burrs	and	be	careful	with	your	screw	length.	Try	not	to	scratch	up	the	inside	of	the	tubing	more	
than	necessary.	
	
The	next	step	is	to	solder	the	front	flange	on	the	rectangular	tubing.		You	can	do	this	by	lightly	
burnishing	the	surfaces	that	will	receive	solder	with	some	fine	sand	paper	or	scotch	bright.	Then	
insert	the	tubing	in	the	flange	and	using	a	flat	surface	make	sure	the	front	face	of	the	tubing	and	
the	flange	is	well	aligned.	Using	a	square	make	sure	you	can	get	the	flange	face	to	be	perpendicular	
to	the	length	of	the	tubing.	Then	wrap	about	8	turns	of	.025”	diameter	solder	(adjust	the	turns	for	
the	solder	size	you	have	on	hand)	around	the	tubing	and	keep	the	solder	close	to	the	backside	of	
the	flange.	The	process	I	used	was	to	double	check	the	flange	surfaces	perpendicularity	then	place	
the	assembly	on	a	hot	plate	I	purchased	at	Walmart	for	less	than	$20.	Next	I	placed	a	bead	of	flux	
(Chipquik	SMD291)	around	the	solder.	Then	turn	on	the	hot	plate	at	a	high	setting	and	let	it	begin	
to	heat	up.	The	flux	will	smoke	so	do	this	in	a	ventilated	area	or	outside.	When	it	gets	hot	enough	
you	will	see	the	solder	wet	and	flow.	Some	of	the	solder	will	wick	down	in	the	space	between	the	
flange	and	tubing	and	make	sure	you	have	enough	solder	to	fill	the	void	in	the	mating	space.	Add	
more	solder	by	hand	if	needed.	This	can	be	a	bigger	issue	if	you	hand	milled	the	slot.		
	
Don’t	touch	anything	while	the	solder	is	molten	and	as	soon	as	you	see	the	solder	has	melted	well	
you	can	turn	off	the	hot	plate	and	let	things	cool	down.	If	you	must	touch	the	assembled	
waveguide	wait	until	the	solder	solidifies	then	use	plyers	or	something	to	pick	it	up.	Don’t	burn	
yourself	and	wear	some	safety	glasses!!	Several	photos	are	shown	in	Figure	3	illustrating	this	
process.	
	



														 																								 	
	
	

														 	
	

Figure	3.	
	
When	things	have	cooled	down	you	should	clean	the	part	using	a	tooth	brush	or	similar	and	some	
water	or	alcohol.		I	used	some	Q-Tips	to	clean	the	inside	of	the	tubing.	An	alternative	for	cleaning	
would	be	to	dip	the	part	in	toilet	bowl	cleaner	for	a	few	seconds	and	then	clean	the	part	
thoroughly	with	fresh	water.	The	bowl	cleaner	is	a	mildly	acidic	and	it	will	shine	up	the	brass.	
	
The	next	step	is	to	prepare	the	insertion	probe	on	the	SMA	connector.	If	you	can	find	an	SMA	
connector	with	a	0.625”	diameter	pin	more	than	0.30”	in	length	this	will	be	ideal.	If	not,	you	may	
need	to	purchase	some	.0625”	mm	round	brass	tubing	and	solder	this	on	a	SMA	connector	that	has	
a	pin	diameter	which	will	fit	inside	your	purchased	round	tubing.	The	goal	is	to	get	the	pin	to	a	
length	of	0.285”	with	a	small	flange	of	Teflon	that	is	0.056”	extending	from	the	base	of	the	SMA.	I	
have	a	drawing	showing	the	finished	SMA	with	probe	in	Figure	4.	



	

																																																										 	
Figure	4.	

	
	
Apply	the	probe	to	the	waveguide	and	secure	it	with	screws.	Make	sure	the	plug	will	slide	into	the	
backside	of	the	waveguide	freely.		The	tuning	plug	which	will	become	the	back	wall	of	the	
waveguide.	This	plug	must	go	down	into	the	waveguide	so	the	front	face	of	the	plug	is	very	near	
the	probe	pin.	You	will	position	this	by	holding	the	screw	placed	in	the	back	of	the	plug.	The	
conductivity	of	this	plug	to	the	walls	of	the	waveguide	is	critical.	For	adjustments	you	are	using	
low	power	levels	and	may	see	some	variation	in	readings	but	you	can	determine	the	best	
operating	point.	Later	the	plug	will	be	soldered	in	place	and	conductivity	will	be	good	and	support	
high	power.	
	
For	testing	and	adjustment	I	attached	a	waveguide	dummy	load,	purchased	on	eBay,		to	the	flange.	
You	could	use	something	like	this	or	you	might	attach	another	waveguide	converter	with	a	50	ohm	
dummy	load	attached	to	the	SMA	connector.	For	a	signal	generator	I	used	an	HP8350A	with	plugin	
83592A	set	to	scan	from	about	9.5	GHz	to	11	GHz	and	output	+7	dBm	of	power.	Then	I	monitored	
the	reflected	power	using	a	directional	coupler	and	a	HP853A	with	plugin	8559A	spectrum	
analyzer.	I	show	this	arrangement	is	Figure	5	block	diagram	and	the	photo	in	Figure	6.	I	placed	a	3	
dB	attenuator	in	front	of	the	directional	coupler	to	be	sure	the	signal	generator	would	see	a	50	
ohm	impedance	load.	I	also	used	a	6	dB	attenuator	in	front	of	the	spectrum	analyzer	to	protect	the	
input	and	to	make	sure	again	that	I	had	a	50	ohm	impedance.	
	
The	test	equipment	shown	was	used	because	I	have	it	available	but	you	should	be	able	to	tune	up	
the	converter	with	a	10	GHz	power	detector	of	some	sort	to	detect	the	power	coming	from	the	
directional	coupler	and	a	W1GHZ	personal	Beacon	setup	for	10.304	GHz.	You	may	also	just	leave	
the	flange	end	open	to	the	air	and	tune	for	minimum	reflected	power.	
	
You	will	see	my	parts	in	the	photos	are	machined	for	a	SMA	connector	with	four	screw	mount	
holes.	I	have	included	this	drawing	in	the	drawing	files	if	you	want	to	use	this	type	of	SMA.	The	
two-screw	mount	SMA	will	be	better	for	staying	away	from	the	tuning	plug.	This	may	depend	on	
the	SMA	connectors	you	can	find.	
	



																													 	
Figure	5	

																																																														 	
	
	
	

Setup	with	converter	dummy	load	and	directional	coupler.	
Figure	6	

	
	

	



With	everything	connected	I	proceeded	to	adjust	the	location	of	the	plug	in	the	back	of	the	
waveguide	looking	for	the	lowest	possible	power	level	for	the	reflected	power.	Note	my	photo	in	
Figure	6	has	the	directional	coupler	configured	for	forward	power	measurements.	It’s	important	
to	measure	the	reflected	power	first	so	the	directional	coupler	would	be	reversed.	When	I	found	
the	lowest	reflected	power	level	I	tightened	the	holding	screw	on	top	of	the	waveguide	down	
against	the	adjustment	plug	to	lock	the	plug	in	place.	Then	I	rechecked	the	power	level	to	be	sure	
the	power	remained	the	same.	Very	small	movements	can	make	a	lot	of	difference	in	the	process	
so	you	have	to	just	be	patient	and	carefully	adjust	things.	
	
	

	
	

Image	of	HP853A/8559A	with	center	at	10.304	GHz	and	200	MHz	per	cm.	
Figure	7	

	
Next	I	reversed	the	directional	coupler	and	measured	the	forward	power	delivered	into	the	
converter.	With	the	reverse	power	measured	in	dB	and	the	forward	power	measured	in	dB	I	can	
calculate	the	SWR.	My	results	were	a	power	difference	of	12	dB	which	according	to	a	table	I	found	
(3)	is	an	VSWR	of	1.68.	
	
	I	then	measured	the	distance	from	the	back	of	the	plug	to	the	back	end	of	the	waveguide.	With	this	
measurement	and	knowing	the	dimensions	of	my	plug	I	could	determine	the	distance	from	the	
probe	pin	to	the	effective	back	wall	of	the	waveguide.	I	was	impressed	to	find	the	distance	was	
0.125	inches,	which	was	very	close	to	Paul	Wade’s	table	4	numbers	shown	in	his	paper.	
	
To	check	my	setup	I	inserted	an	HP	X281A	converter	I	had	and	measured	its	VSWR	and	found	it	to	
be	2.0	similar	to	the	one	I	just	built.	This	was	2.0	using	the	waveguide	dummy	load.	With	the	
dummy	load	an	ideal	match	would	read	very	low	SWR.	
	
I	should	be	able	to	improve	the	SWR	of	the	finished	converter	by	adding	a	tuning	screw	between	
the	probe	and	the	waveguide	flange.	This	screw	would	add	capacitance	to	the	converter.	If	I	tune	
with	the	screw	using	a	waveguide	dummy	load,	which	should	have	an	impedance	of	377	ohms,	I	
can	lower	the	SWR	more.	I	may	be	able	to	reduce	the	SWR	to	near	1/1,	which	would	be	an	
improvement	in	the	signal	of	0.47	dB.	



	
Now	that	I	had	this	working	I	tried	different	connectors	and	probe	lengths	but	did	not	see	any	
significant	improvement	in	performance.	In	most	cases	it	was	worse.	However,	this	process	
showed	me	that	there	might	be	a	way	to	improve	performance	later	by	better	targeting	the	
converter	physical	dimensions	for	a	frequency	of	10.304	GHz.	This	may	be	a	subject	for	a	later	
paper.	
	
The	last	step	was	to	apply	solder	to	the	plug	to	lock	the	plug	into	position	and	seal	the	back	of	the	
converter.	I	applied	a	bead	of	the	same	flux	used	earlier	around	the	back	parameter	of	the	plug.	
Next	I	used	a	1500	Watt	Dual	Temperature	Heat	Gun	I	purchased	from	Harbor	Freight	for	about	
$15	to	heat	the	part	hot	enough	to	flow	solder.	I	place	the	part	on	a	metal	table	and	propped	it	up	
using	a	large	diameter	screw	head	while	heating.	Important	not	to	hold	the	part	with	a	vice	or	
something	that	will	sink	heat	away.	When	the	plug	and	the	waveguide	were	hot	enough	I	hand	
feed	solder	around	the	seam	and	filled	it	in.	Turned	off	the	heat	gun	and	let	the	part	air	cool.	
	

																																																													 	
	

Figure	8.	
	
Finally,	I	retested	the	part	and	verified	its	performance.	The	waveforms	from	testing	the	final	part	
are	shown	in	Figure	7.	
	

															 	



	
Figure	9.	

	
I	enjoy	building	things	like	this	and	I	think	others	do	as	well.	I	have	found	several	converts	are	
needed	for	dish	antennas	and	testing	as	I	expand	my	operating	capability	and	knowledge	in	the	
microwave	bands.	I	will	try	to	build	converts	for	several	more	bands	and	hope	to	improve	on	their	
performance	as	time	permits.	
	
All	the	drawings	needed	to	build	the	10	GHz	waveguide	shown	here	are	included	in	the	
distribution	thumb	drive	for	MUD	2019.	Multiple	cad	file	formats	and	PDF	files	are	included.	
	
Special	thanks	to	Harold	Reasoner,	K5SXK	for	reviewing	this	paper	and	the	discussion	and	
suggestions	that	resulted.		
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Figure 10. 

                                  
Figure 11.	

	



																																			 	
Figure	12.	

																																	 	
Figure	13.	

	
	


