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Some of the latest developments in 
the field of commercial microwave 
hybrids have addressed low cost 
manufacturing of transceivers in 
digital radio systems, mainly in the 
frequency range between 18 and 
38GHz. Recent progress has been 
made in the development of a fully 
automated epoxy dispense process 
using conductive adhesive to re-
alise extremely small and accurate 
line and dot patterns. The dispense 
process has been developed in close 
cooperation between the Marconi 
rapid prototype shop (Backnang/
Germany) and Newport-MRSI (Bil-
lerica/USA).

Demand for wireless communi-
cation systems has been growing 
rapidly in recent years, necessitat-
ing the opening of new frequency 
bands. Moreover, very wide band 
frequency ranges are required for 
high speed data communication. 
Ka-band and millimeter wave fre-
quency ranges are applicable for 
present and future data commu-
nication systems, such as Point-
to-Point (PP), Point-to-Multipoint 
(PMP) and satellite communication 
systems. These systems require 
continuously higher integrated and 
cheaper RF components, while re-
taining the existing level of excel-
lent RF characteristics. In addition, 
the higher integration causes more 
complex thermal management of 
the whole radio system and also of 
the microwave modules. 

Developing a new epoxy dispense 
process

Driven by these requirements Mar-
coni’s rapid prototype shop has de-
veloped a new epoxy dispense pro-
cess addressing all issues of an au-
tomated assembly line for high vol-

ume manufacturing of microwave 
modules. The goal is to achieve 
processes at extremely high first 
pass yields which ultimately means 
that only one technician per shift is 
needed to operate the full assembly 
line including epoxy dispense, pick 
and place, cure, plasma cleaning 
and wire-bonding. 

For epoxy dispense this means that 
to stay within the desired volume 
tolerance window, common issues 
like blocked needles, missing dots 
or continuous adjustment of ma-
chine parameters have to be elimi-
nated.

Increasingly, millimeter wave fre-
quencies require a new generation 
of GaAs-MMICs which today are 
only 50 µm thick for lower via in-
ductances to ground and a lower 
thermal resistance. Attach of those 
MMICs by use of conductive adhe-
sive is the cheapest approach but 
requires a high performance epoxy 

dispense process in order to control 
dispense volumes in the range of 1 
nanoliter (nl). The adhesive volume 
has to be carefully predicted accord-
ing to each MMIC’s size. Challenges 
include achieving a final bondline 
thickness after attach of 5-10 µm 
(thermal requirements) and a well 
controlled epoxy fillet at the chip 
edges (i.e. epoxy squeeze out dur-
ing pick and place). +/- 10% vol-
ume control means a fillet variation 
between 0 and 100% of the MMIC 
height. A pattern drawback from 
the edge of the MMIC cannot be al-
lowed at millimeter wave frequen-
cies (RF current flow).

Ultra Low Volume Epoxy 
Dispensing

by Willibald Konrath, Klaus Scholl, Ulf Müller, Haiko Schmelcher, 
Marconi Communications 

Figure 1 (above) - 3D 
topography laser measu-
rement 

Figure 2 (right) - Calcula-
tion of applied adhesive 
volume

Figure 3 (below, right) - 
Pattern dispensing of 
adhesive
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Ultra Low Volume Epoxy 
Dispensing

CAD download

Marconi has developed a method 
for generating the machine pro-
grams in the quickest possible 
way and at the highest level of 
compliance to the original mi-
crowave design data (RF module 
layout). The logical solution is 
a direct and automatic machine 
program generation out of the 
already existing CAD data, which 
can be imported into the MRSI-
175Ag’s database. Using this pro-
cedure it normally takes one hour 
at most after reception of the CAD 
data file from the mechanical en-
gineering department, to be op-
erational on the machine.

Adhesive

Conductive adhesives were cho-
sen with special regard to the fol-
lowing aspects:
• A low to medium viscosity for 
a good dispensability on a robot 
like the MRSI-175Ag.
• Small Silver flake size below 3 
µm in order to achieve especially 
thin bondlines of 5 - 10 µm after 
pick and place for an acceptable 
thermal resistance between MMIC 
and heatsink. The small flake size 
also reduces the risks of blocked 
needles.
• Flexibility to absorb mechani-
cal stress which occurs in case 
of CTE mismatches between 
substrate and baseplate, e.g. on 
Aluminium baseplates and espe-
cially at thin adhesive joints as 
described above.
• The adhesive’s properties 
should not drift too much versus 
pot life in order to maintain the 
volume tolerance window with-
out any operator interaction.
• Pot life should be ideally a 

working week for lowest pump 
cleaning efforts. On the other 
hand, approximately 90 typical 
microwave transceiver modules 
can be built with one 3cc syringe. 
Thus, at a low to medium factory 
loading, a syringe can easily be 
used for several days.

Volume calibration

Often specialists in this field char-
acterise the achieved volumes in 
terms of dot diameter or dot diam-
eter together with height. Height 
is often probed mechanically and 
thus the measurement can only 
be made after cure of the pattern. 
This method is time consuming 
and fairly inaccurate. Gathering of 
statistical data is very painful and 
in practice impossible. Also, this 
method no longer makes sense 
for the volume ranges which are 
required for attach of 50 µm thick 
GaAs MMICs.

The Marconi rapid prototype shop 
uses an extremely accurate vol-
ume characterisation approach 
based on a 3D topography laser 
measurement system with the 
automatic capability to scan the 
dispense pattern height contours 
at an accuracy in the sub-micron 
range (Figure 1). The applied ad-
hesive volumes are calculated by a 
VBA macro within an Excel-sheet 
including automatic statistical 
analysis (Figure 2). 

Installation procedure of an adhe-
sive syringe onto the machine is 
performed as described below:
• The syringe is mounted togeth-
er with the pump onto the MRSI-
175Ag;
• Initial steps like pump filling, 
purge procedure and test pattern 

dispense have been optimised by 
defining sophisticated handling 
steps in order to start production 
directly after volume calibration 
without significant loss of time 
(Figure 3);
• Volume calibration is per-
formed using a test pattern which 
consists of lines at 10nl/mm line 
length as well as dots at 1nl/dot;
• Setup of the machine param-
eters for the desired volume;
• Dispense of the production pat-
tern for verification and if neces-
sary a second 3D measurement 
iteration (Figure 4);
• Production can be started.

The procedure described above 
guarantees a five-day production 
over the full specified pot life of 
the adhesive without any operator 
interaction. This means that none 
of the parameters have to be cor-
rected to compensate for drifting 
viscosity or similar effects. 

Line dispense

Line patterns are used for alumi-
na substrates or mechanical parts 
like waveguide backshorts or mi-
crostrip filter lids. For these appli-
cations, the adhesive joint thick-
nesses are in the range of 25 - 40 
µm, depending on substrate size, 
given the usual placement forces 
of up to 250 g (e.g. MRSI-605). 
The main issues for line dispense 
are the start and end points of a 
line. If the pump stops at the end 
of a line after turning at a high 
RPM rate, a backlash effect within 
the pump cartridge tends to gen-
erate a small drip at the dispense 
needle which normally causes a 
“fat” line endpoint. Because of 
this, the start point of the next 
line in the pattern can also be too 

Figure 4 - Details of the dispense process
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fat. The whole scenario causes the 
substrate to sit artificially high on 
the start- and end-points, which 
leads to unsatisfactory wetting 
under the rest of the substrate. 
These effects are eliminated by 
use of the MRSI-175Ag’s ramp-in 
and ramp-out capability which is 
able to strip off the drip volume 
over the dispensed line length 
(back and forth). 

Dot dispense

Dots are used for attaching very 
small components (single dot) 
and as grids for larger compo-
nents such as GaAs MMICs. The 
dot-grid enables very uniform ad-
hesive distribution which leads to 
a wetting of almost 100%. Needle 
clearance above the substrate 
plane is one of the basic key is-
sues for ultra low volume dot 
dispense especially in order to 
achieve highest possible produc-
tion yields (i.e. no missing dots). 

The three-point plane laser map-
ping feature of the MRSI-175Ag is 
used to maintain correct needle 
clearance.

Stamping option

Die with extremely small ter-
minals like beam lead diodes, 
flip-chip devices or tiny varac-
tors require adhesive volumes 
significantly below 1 nl. These 
dots may be below the capability 
of a dispense pump so the small-
est dots are stamped. Stamping 
uses a steel tip with a cone end 
to transfer epoxy by touching 
down is a material source and 
then again at a substrate location. 
The MRSI-175Ag dispenser has 
dual heads and flexible mounting 
latches which allow operators to 
exchange a pump with a compli-
ant stamping tip holder.

A very useful machine option is 
a motor driven rotary disk with 

grooves containing the adhesive. 
A doctor blade sitting on a stage 
micrometer is adjusted in its 
height above the groove. Thus, 
it provides a defined adhesive 
film thickness. The rotary disk 
rotates continuously and stops 
only as long as the stamping tip 
(robot head) stops above one of 
the grooves to “pick-up” the ad-
hesive.

Conclusions

Marconi’s rapid prototype shop 
has pushed microwave epoxy dis-
pense into a new volume class. A 
nanoliter range ultra low volume 
dispense process for conductive 
adhesives has been developed. 
The process is a key building 
block within the assembly process 
chain for manufacturing of low 
cost microwave and millimeter 
wave modules at 100% first pass 
yield. The next goal is to further 
reduce the volume tolerances. 

Compact And Flexible Die Sorting Tool

Alphasem presents its Easyline 8031T as a tool for 
die sorting into carrier tapes or onto surf tapes for 
Wafer Level Packaging, Chip On Board, Flip Chip 

On Board, and other advanced packaging tech-
niques. Processors, power diodes and LEDs, and 
other components for processing on SMT systems 
can be sorted by different binary code qualities in 
combination with the wafer mapping option, post 
placement inspection and bad die removal opera-
tions.

The compact machine (footprint is only 1m2) is 
based upon a high-speed air bearing die pick and 
place system and a closed loop linear motor pick 
head, providing gentle die handling and place-
ment, as well as outstanding productivity in the 
150 mm and 200 mm areas. The modular concept 
of the Easyline 8031T ensures field upgradeabil-
ity, in order to adapt the machine to possible fu-
ture process and product variations.

Alphasem
Andhauserstrasse 64
CH-8572 Berg/TG
Switzerland
Tel.+41-71-637 63 63
Fax +41-71-637 63 64
contact@alphasem.com
www.alphasem.com
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The jet shoots a fluid stream as
small as 100µm and achieves
wet out areas as small as 250µm
— allowing tighter die spacing.
Jetting has been proven to
deliver higher thoughput
compared to needle dispensing
for die sizes from under
1 mm to over 20mm.

Dispensing problems typically associated
with needles such as die clipping, broken
wires, bent needles and dripping are
eliminated with jetting technology.
With jetting, you have fewer
problems, higher yields and
a better process.

Jetting delivers speed increases
of 400% over needle dispensing
with improved yields and better
accuracies with these fluids:
• Underfills
• Encapsulants
• Flux
• Conductive adhesives
• UV-cure adhesives

FIND OUT MORE NOW:
Americas: +1-760-431-1919
Europe: +31-43-352-4466
Japan: + 81-3-5762-2801
China: +86-21-5899-1879
Email: info@asymtek.com

www.dispensejet.com

Get into production
and to the market
faster with jetting.

Do you need faster, lower cost,
better dispensing?
It’s called, “Jetting.”

Visit Asymtek at Productronica STAND A4.333

Die Attach Adhesive For Stacked Packages 
Henkel announces the availability of Hysol 
QMI538NB, a non-conductive PTFE-filled, die attach 
adhesive with reduced viscosity and resin bleed even 
on open channels, especially suitable for SCSPs or 
other stacked packages. 

According to Henkel, the new formulation (JEDEC 
Level 3 260°C qualified) is hydrophobic and provides 
stability at extremely high temperatures without de-
terioration (for example after multiple exposures to 
reflow temperatures up to 260°C). These character-
istics enable Hysol QMI538NB to produce void free 
bondlines with excellent adhesion strength to a wide 
variety of surfaces, including solder resist, flexible 
tape, bare Silicon, silicon nitride, polyimide and vari-
ous die passivations. The adhesive is PTFE-filled and 
does not scratch even the most delicate die passiv-
ations.

As compared to conventional oven-cured adhesives, 
Hysol QMI538NB can achieve significant cycle time 
improvement due to Henkel’s patented SkipCure pro-
cess. In fact, the adhesive can be SkipCured on the die-
bonder or on the wirebonder preheater, allowing to be-
gin production using conventional oven cure and then 
switch to SkipCure, with significant cost reductions. 

Additionally the product can be converted into a con-
trolled collapse spacer paste (CCSP) to control bond-
lines and fillet heights.

Henkel 
Tel. +49 320 800 1512
alessandra.frommer@henkel.com
www.electronics.henkel.com


