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however	when	using	the	EM	Co-simulation	option	the	mesh	isn’t	shown.	To	avoid	issues,	it’s	best	

to	generate	the	mesh	prior	to	running	any	simulations	to	ensure	an	accurate	mesh	is	used.	

	
Figure	A.1	EM	setup	options	to	avoid	simplifying	the	layout	mesh	

	
Figure	A.2	Mesh	resulting	from	the	“Simplify	the	layout”	option	
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Figure	A.3	Mesh	resulting	from	not	selecting	the	“Simplify	the	layout”	option	

	 The	 other	 options	 didn’t	 cause	 errors,	 they	 are	 just	 recommendations.	 The	 cells	 per	

wavelength	 is	obviously	 important	because	 if	 it’s	 two	 low	the	same	result	will	occur	as	did	 in	

Figure	A.2.	Another	setting	is	the	edge	mesh	option.	This	provides	mesh	spacing	between	the	

edges	and	the	inner	conductor.	It	seems	to	provide	a	more	uniform	mesh.	The	final	option,	which	

is	unchecked,	is	the	“Mesh	reduction”	option.	Although,	it	didn’t	result	in	an	error	in	my	circuit	

use	this	option	with	caution.	Figure	A.4	shows	the	effect	of	using	the	Mesh	reduction.		

	
Figure	A.4	Mesh	resulting	from	selecting	the	“Mesh	reduction”	option	
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A.3	Assembly	and	Fabrication	Techniques	

	 Following	a	few	techniques	in	assembly	can	improve	the	end-product	of	your	design.	The	

first	tip	is	used	when	using	a	milling	machine	to	fabricate	a	design.	Instead	of	the	milling	machine	

removing	 the	 excess	 conductor	 from	 a	 laminate,	 it	 is	 nicer	 to	 just	 route	 the	 traces	 of	 the	

microstrip	lines	and	use	an	Exacto	knife	to	peel	the	excess	conductor	off.	This	isn’t	a	technique	I	

came	up	with,	this	 is	something	taught	to	me	by	Yaniel	Vega.	This	technique	will	 improve	the	

overall	uniformity	of	the	substrate	and	minimize	any	rough	surfaces	around	the	microstrip	lines.		

	 Assembly	with	H20E	sometimes	is	quite	a	challenge.	Having	assembled	over	1000	parts	

myself,	I	know	how	tedious	the	task	can	be.	When	mixing	the	different	parts	of	the	epoxy	it	is	

extremely	 important	 that	 the	 epoxy	 is	 mixed	 well.	 If	 it	 is	 not	 mixed	 properly,	 connectors	

especially,	will	easily	separate	from	the	substrate	and	transmission	lines.	Another	consequence	

of	 not	mixing	 properly	 is	 that	 the	 H20E	 seems	 to	 crack	 a	 lot	 easier.	 This	 cracking	will	 cause	

connectors	 to	become	 intermitted	and	ultimately	 cause	 issues	with	measurement	data.	Cure	

time	and	the	number	of	cycles	in	and	out	of	the	oven	is	also	important.	With	the	glass	transition	

temperature	of	ABS	being	105°C,	the	temperature	used	to	cure	H20E	was	87°C.	Technically	ABS	

is	OK	at	90°C,	but	as	Figure	A.5	shows,	the	adhesion	between	layers	is	often	compromised.	Try	to	

reduce	 the	 number	 of	 cure	 cycles	 for	 the	 part,	 however	 this	 is	 sometimes	 unavoidable.	 If	 a	

mistake	is	made	when	mounting	a	lumped	component	or	connector	(e.g.	shorting	a	transmission	

line	gap),	put	the	part	in	the	oven	for	1hr	at	87°C	or	finish	the	other	components	and	cure	for	the	

full	duration.	Remove	the	mistake	AFTER	the	part	has	been	cured.	This	will	save	a	lot	of	time	and	

trouble.	It	is	a	lot	easier	to	remove	the	hardened	epoxy	that	to	try	to	remove	the	uncured	epoxy	

with	chemicals	or	by	wiping	it	away.		
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Figure	A.5	Top	ABS	layer	separating	from	the	ground	plane	

	 When	assembling	QFN	packages	two	techniques	should	be	considered.	First,	fill	the	via	

holes	with	H20E	prior	to	mounting	the	QFN.	This	will	ensure	all	vias	are	connected	to	ground	

providing	a	thermal	path	for	heat	dissipation.	Cure	the	vias	before	attaching	the	QFN	package.	If	

the	 vias	 aren’t	 cured	 without	 the	 QFN	 attached	 the	 H20E	 may	 not	 fully	 cure	 reducing	 the	

conductivity.	Curing	the	vias	separately	also	ensures	that	the	epoxy	applied	to	the	ground	pad	

will	 be	 used	 for	 the	 attachment	 of	 the	 QFN	 device	 not	 filling	 the	 vias,	 possibly	 causing	 a	

substandard	connection.	Second,	attach	the	QFN	package	and	cure	the	epoxy	again.	If	this	step	

isn’t	 performed,	 it	 will	 be	 extremely	 hard	 to	make	 the	 pad	 connections	without	moving	 the	

package	around.	Ensure	that	the	epoxy	is	spread	in	a	somewhat	thin	layer.	The	epoxy	spreading	

needs	 to	be	 limited	when	pressing	 the	QFN	 into	place,	 to	avoid	shorting	 the	ground	pad	and	

signal	lines.	Ensure	that	the	QFN	package	is	sitting	as	flat	as	possible.	It	isn’t	acceptable	to	have	

it	sitting	off	high	off	the	substrate.	This	will	decrease	the	thermal	diffusion	away	from	the	chip	

and	likely	worsen	the	RF	performance.	Lastly,	make	the	connections	to	the	pads.	Again,	it	is	OK	if	

two	pads	short	together.	 Just	bake	the	circuit	and	remove	the	short	after	the	epoxy	 is	cured.	

Another	advantage	of	assembling	the	QFN	in	multiple	steps	is	that	shorts	between	the	ground	

pad	 and	 signal	 traces	 can	 be	 checked	 prior	 to	 connecting	 the	 pads	 of	 the	 package	 to	 their	

respective	traces.		
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APPENDIX	B:	DDM	CONNECTOR	PRINTING	
	

B.1	3D	Printing	Procedure	

	 A	single	0.1	μm	base	layer	consisting	of	100%	in-fill	ABS	layer	is	printed	with	the	first	layer	

being	50	μm	and	two	subsequent	layers	being	25	μm	each.	The	second	layer	consists	of	a	25	μm	

CB028	microstrip	line	is	micro-dispensed	and	dried.	A	mixture	of	ABS	and	acetone	is	used	to	cover	

the	base	layer	and	microstrip	line.	This	mixture	is	used	to	improve	the	adhesion	between	layers	

containing	micro-dispensed	conductors	and	the	next	ABS	 layer.	The	125	μm	substrate	 layer	 is	

printed	 next	 (100%	 in-fill	 ABS)	 followed	 by	 the	 ground	 plane,	 which	 is	 micro-dispensed	 and	

allowed	to	dry.	The	two	DDM	connectors	(50%	in-fill	ABS)	are	outlined	using	100%	in-fill	ABS.	The	

semi-circular	 transition	 is	printed	 in	a	staircase	fashion	with	a	z-axis	 resolution	of	25	μm.	The	

CB028	paste	is	micro-dispense	over	the	transition	and	dried.	When	the	transition	(100%	in-fill	

ABS)	is	finished,	the	50%	in-fill	layers	are	continued	in	50	μm	steps	to	finish	the	remainder	of	the	

connector.	The	conductive	 ink	on	the	outer	portions	of	the	connectors	and	via	holes	are	post	

processed	 by-hand.	 The	 mechanical	 structures	 are	 printed	 separately	 from	 the	 connector	

structure	and	attached	using	adhesive	for	mechanical	strength.	The	nScrypt	3Dn	printer	can	print	

the	mechanical	structures	in	situ.	The	decision	to	print	the	structures	separately	was	due	to	the	

post	processing	required	to	ensure	the	connectors	fit	was	correct.	


