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Does Ultrasonic Cleaning of PCBs Cause
‘Component Problems: An Appraisal

By B.P. Richards, P. Burton and P.K. Footner, GEC-Hirst Research Center, Middlesex, England

 Abstract

An investigation of the use of ultrasonic agita-
tion for cleaning printed circuit boards using
CFC-based solvents has shown that under the
standard conditions required (o produce clean
assemblies, no damage will occur to the compo-
nents studied. Damage can only be induced by
use of anomalously longer times or higher
power densities. In all cases in which damage
has been induced, it is of a purely mechanical
nature due to fatigue, and is located on the
device bond-wires and/or the package legs.
Cleaning using CFC-based solvents under stan-
dard ultrasonic conditions of power density and
time eic., is readily achieved within 2 minutes,
even with a minimum standoff heights. The pre-
liminary results obtained using aqueous and
semi-aqueous solvents support the apparently
benign nawre of the ultrasonic agitation in caus-
ing component damage.

1.0 Introduction

It has long been recognized that effective clean-
ing of printed circuit boards (PCBs) presents a
major problem, especially with the advent of
surface mount technology (SMT) and more
complex package types. One of the most effec-
uve means of cleaning PCBs. especially under
components where excess flux and flux residues
are held by capillary action, is 10 subject them
to ultrasonic agitation. and its use has been sup-
poried [1.2) for many years. Indeed. the tech-
nique is uscd routinely in many market sectors.
However, in the past. it has been suggested that
the ultrasonic process might give rise o irre-
versible damage in the devices and soldered
joints, and/or to long term reliability problems.
The two major effects 10 the components them-
selves were expected to be breaking of internal
bond wires as a result of forced vibration (pos.
sibly exacerbated by resonance effects deter-
mined by lead length and ultrasonic frequency),
and fatigue fractures of the legs or soldered
joints.

On these grounds the use of this technique in
the military context has been effectively prohib-
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ited [3.4]. These worries appear 10 have been
based on early work [5.8) in which the data
were obtained using now obsolete ulitrasonic

equipment operation at 25 kHz, and on devices

and boards. of old technologies (including ger-
manium transistors). Since those early papers,
there has been 2 dramatic improvement in the
situation, with the introduction of improved
bonding technologies, a general change to alu-
minum bond wires, 2 much tighter distribution
of both bond strengths and quality of joints, and
replacement of ultrasonic cleaners with new
equipment operating at about 40 kHz. However,
apparently adverse reports have appeared [9,10)
relatively recently.

On the other hand, extensive evaluations of
failed components at the Hirst Research Centre

have not provided any unambiguous data sup-.

porting the notion that sensibly used ultrasonic
agitation causes component problems. However,
they have shown that it would highlight compo-
nent quality problems (e.g. by enlarging pre-
existing micro-cracks in passive components,
detaching unsatisfactary bonds). The evidence
in the literature is both scant and ambiguous. So
the question to be addressed was clearly, “*Does
ultrasonic agitstion damage components?”

]
In an uttempt {o aysess the current situation,

therefore, a prugram has been carried out to
obtain data relating to potential degradation of
the device and/or the soldered joint. The pro-
gram congentrated in two complimentary topics:
the identification of any physical damage lead-
ing to device malfunction resulting from expo-
sure to ultrasonics (the major topic), and the
efficiency of cleaning using ultrasonic tech-
niques (the sccondary objective). The purpose
of this paper is 1o report briefly the results of
the investigation.

2.0 Objectives

The program has comprised two tasks. The
first, which has now been essentially completed.
was w explore the effect of ultrasonic agitation
using CFC solvents. since these are extensively
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used in the industry at the present time. The second task com-
prised a study of the use of aqueous and semi-aqueous sol-
vents (likely CFC replacements for some applications). In both
tasks the main aims were as follows: -

(a) to identify the type of nature of any damage induced in a
chosen range of components by ultrasonic agitation using
CFC-based solvents.

(b) to assess the damage in those components and determine
the effects of exposure time and power density on the
accumulation of damage.

(<) to assess the regimes of safe ultrasonic operation consistent
with adequate cleaning.

'3.0 Task Investigation

'3.1 Equipment and Components Used

The full program schedule has been described elsewhere
{10.11). However, in order to reduce sensibly the “‘cleaning
matrix™ and to provide useful data in an acceptable timescale,
a number of decisions were made at the outset:

(i) 10 concentrate on obtaining data relating to any compo-

nent damage. and not on aspects of cleaning:

(i) 10 use state-of-the-art equipment which is currently used
in the industry; ‘

(1ii) 10 use only one frequency i.e. 38 kHz which is industry
standard and cxtensively used: lower frequencies are
known to cause cavitation damage more readily. and
hence are rarely used. and higher frequencies (e.g. 100
kHz) are seldom used for cleaning operations:

{iv) 10 use a range of components typical of that used in the
industry i.¢. not to aitempt to identify those that might be
most prone 1o dumage on the basis of unproven hypothe-
S€8.

]

(v) 10 use only one representative CFC solvent (i.e. Arklone
AM), since the primary topic was the study of damage
accumulation and not aspects of cleaning. It was expected
that the acoustic properties of CFC solvents would show
little variation form ¢ach other.

With the full cooperation of the suppliers. two different ulira-
sonic cleaning units have been used. both operating at 38 kHz:
an ICI Cleanline 2 type R2818UV28. and a Kerry KS 451
fank with a class D driver unit with variable power output.
Both are siatc-of-the-art machines typical of those used in the
microelectronics industry. The ICI machine operated at a
mean output electrical power density of about 11 watts/litre.
while the Kerry machine was capable of operation over a range
of power densities with 4 maximum of 32 watts/litre. Package
componemt tvpes used in this investigation were: [Cs in DIL
packages. buth plustic and ceramic in large and small sizes:
SOICs: PLCCs: pin grid arrays: SOT-23 diodes: SM LEDs:
chip resistors and capacitors: and TO-18 packaged transistors.

All the components used were from batches qualified 1o either
MIL or commercial standards. Examinations were carried out
on examples of the as-received components to ensure that the
quality of the components was consistent With their purchase
specifications, and that any failures would not be due to ques-
tionable quality. The components were stressed in three ways.
as appropnate:

(i) mounted on test boards designed and fabricated to accom-
modate a range of representative leaded and SM compo-
nents (active and paisive). The architecture of this board
was designed to allow self-diagnosis.

(ii) mounted on boards to give large numbers of the same
device type on a particular board.

(iti) loose in a basket in the ultrasonic tank, in order to
incrcase markedly the stress and, therefore. damage for a
given exposure, and hence gather more information about
the type of damage and its statistical distribution.

'3.2 Assessment Techniques Employed

Assessment of the damage accumulation was made using
essentially clectrical techniques and the self-diagnosing test
board [!1,12]). The nature and type of the damage and ity
generation were established using a range of analytical und
microscopical techniques as appropriate. In order (o assess the
effect of ultrasonic agitation on weakening bond strengths. and
hence on the possibility of compromising future field life. the
strengths of many (>5000) bonds have been measured. The
individual wire-bond strengths were measured using a spe-
cially designed and built bond-wire puller (a modification of a
GEC Meniscrograph wetting balance solderability tester).
which provided not only the ultimate failure strength. but also
a complete stress-strain curve for every bond studied. In addi-
tion, in order to explore the possibility that the ultrasonic agi-
tation may have been inducing incipient damage that would
have manifested itself in later life leading to poor field perfor-
mance, accclerated testing was underiaken. Many devices
were baked at 150°C for 124 hours, following 10 houss expo-
sure at high power densities.

For cleaning studies, glass slides mounted onto a special flux
test board with interdigitated patterns were uscd allowing both
surface conductivity and visual inspection to determine the
degree of cleanliness. Moreover, following removal of the
slides, analytical measurements of the cleanliness of both the
slides and the corresponding areas on the board were under-
taken using Fourier transform infrared (FTIR) and X-ray photo-
electron spectroscopic (XPS) techniques.

4.0 Task 1 Resuits and Discussion

It became clear at un carly siage of the investigation that
present day components are robust and difficult 1o damage
using ultrasonic cleaning lechniques under normally acceptablc
exposure times and power densilies (a tew minutes at 10-11
watts/litre). In order to sigaificantly stress the componeats,
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much of the work has been undertaken -
using power densities (up to 32 watts/litre)
and liu.\es (greater than 100 hours) consid- o losse ®  Mounted
erably in excess of those normally used for —T . o S
effective cleaning of PCBs. The relation- 99.9 = I ! ' i 1 Il I -
ship between power density and damage o 9.5 R 4
rate has also been investigated. Y gg - -
4.1 individual Component Types - ]

. —
4.1.1 TO-18 Transistors -l —
These devices were stressed both soldered: 2 = e
10 circuit boards and lying loose in a wire ERRd = o —
cage, for periods up to 100 hours and 2 ¥ o o
power densities up to 32 waus/litre. The 0o 2 ° -
results clearly demonstrated that even with E e . @ . o
high power density long term exposure was 2 5 L & e
required 10 damage these components. E - f x i o
For example, at normal power density 6 :“? A e
exposure (11 waus/litre) it has not proved ' it
possible 10 cause damage in TO-18 transis- 10 100
tors after continuous exposure for 27 Exposure time (hr)
hours. However, damage could be induced ‘ .
i shorter periods at high power densitics,  Fiure 1 Failure of TO-can transisiors at high power dzm -
and Figure | shows the cumulative failure
percentage for both mounted and loose TO- A consists of the first three points (for loose components)
18 transistors plotted against exposure time. The curve for the from Figure | plotied on the assumption that they represent 2
loose devices consists of three separate portions, a central lin- population containing & out of the 100 transistors. Group B
ear region bounded by two curved regions. It was suspected likewise consists of the next 15 failures and represents the

that these regions comprised separate populations of failures central portion of Figure 1. The other 77 devices, group C.

and an attempt was made to separate them. In Figure 2. group

99.9 ' ® t
99.5 —~— -
9

Cumulalive foilure percentage

10
Exposure time (hr)

Figure 2 Failure of TO-can rransistors ut high power density

1P Pealaical Dadme: | Lana 1000

comprise a third disiribution in which 2
failures had occurred afer 70 hours. and no
further failures up to 100 hours (i.c. the
time to 3 failures was greater than 100
hours). The distributions A and B lie on
reasonably straight lines, the A population
consisting of transistor bonds which are the
casiest to break with 2 mean life of abow
1.5 hours, and the B distribution being
more robust with a mean life of about 2§
hours. However. the majority of the devices
(77%) have a very long life (only 2 having
failed at 70 hours., and no more at 100
hours). implying a mean life for this distri-
bution of greater thaan 1000 hours.

In all cascs. examination of the failed bond
wires confirmed that failure had occurred.
as expected, af the heel of the bond due 1o
mechanical fatigue. The sites of the failure

. were at either the wire-bond to pad joint

(see Figure 3). or at the wire-terminal post
joint. .

17
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4.1.2 Plastic DIL Devices

DIL packaged devices were stressed in a similar manner to the
TO-18 transistors. Not unexpectedly the devices proved even
more robust, since the bond leads are heid captive by the plas-
tic molding. No failures of bond leads were encountered at
normal power densities for cxposure times up to 100 hours. or
at high power densities for test periods of up to 25 hours. It
was noted, however, that many legs on board-mounted ICs
subjected to the higher power densities had been damoaged to
varying degrees including in some cases complete breaks.

Further work was. therefore, initiated to examine the damage
to the legs and its genesis. Twenty 741547 ICs were mounted-

onto cach of 2 boards and exposed for up to 4 hours, one at
normal and one at high power densities. After 0.5, 1. 2, and
4 hours. five ICs were unsoldered and carcfully examined

th)

Figure 3 ) und (b) SEM micrographs showing nvpical fracture of
wire hewd .

—— s

using an SEM, Damage of the legs was ¢vident, and could be
conveniently, though not rigorously. classified into four levels.

broken—a complete break

major cracks—a significant crack
minor cracks—just visible

no cracks—no visible damage

Typical micrographs are shown in Figure 4, and it is evident
that erosion of the leg material had taken place typical of that
expected from cavitation damage. The results demonstrated
that although little significam damage 1o the IC legs will occur
for times up 10 4 hours at normal power density, some dam.
age is induced after half an hour at high power density (see
Figure 5).

(b} S .
Figure 4 (a) and (b} SEM micrographs illustrating progressive
Jatigue damage on legs of DIP devices
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"4.1.3 Ceramic DIL Devices

In ceramic packaged devices, the internal bond wires between
the package legs and the silicon chip surface are free to
vibrate: hence it is possible that damage could occur. Conse-
quently, both small (4116-type 18 pin RAM and 4001-type 14
pin CMOS) and large (27C256 28 pin EPROM) packaged
CMOS devices were subjected to ultrasonic agitation. and two
essentially different measurement schemes were used 1o assess
the damage.

For 4001 CMOS and 4116 RAM devices, ten at a time were
mounted onto boards which were then ultrasonically stressed
for various periods of time. Electrical testing showed that
while the 4001 parts did not exhibit any damage afier 100
hours exposure (i.e. no bond wire had been broken). some
failures were encountered with the 4116 parts. Subsequently.

. 25KV WD:22mR . S:H09e9 P

)
Figure 8 (¢) and (d) SEM micrographs illustrating progressive
Jatigue damuge on legs of DIP devices
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the devices were delidded and the strengths of a large number
of bonds mecasured. The resulting bond strength distributions
were then compared with similar distributions for virgin
devices. Figures 6 and 7 present the distributions for the vir-
gin 4001 and 4116 parts respectively. All the bonds are above
the specification value [13) of 1.8 gm for the 30 um diameter
aluminum. wires of these devices.

The bond strength results for the siressed 4001 devices
reflected the electrical measurements (i.e. no zero gram fail.
ures, and no statistical change from the virgin bond strength
distribution). although a singlc bond (0.7%) failed at 1.8 gm
after 100 hours. The 4116-type memory devices. however. did
incur failures of the bond wires at times greater than one hour
(at high power densities) rising to about 10% at 100 hours.
Figure 8 shows the distribution for these devices after 100
hours stress. It may be conjectured that there is a sub-
population of intrinsically weak bonds within the population of
virgin devices. and that these fail during the ultrasonic agita-
tion. The fact that the distribution of non-failed bonds after
stressing was identical to the initial distribution indicawes that
the bond failures occur randomly in the initial distribution: it
is not a subset of weaker bonds that is failing. The implication
of these results is that the factor affecting susceptibility 10
failure is not apparent in the initial bond strength distribution:

. it may be related to the surface condition of the wire (nicks.

etc.), or it may be related to bond position within the package.
the corner bonds being more prone to failure. However. these
4116-type devices were about 10 years old, and although
many similar devices are still in use, they are not representa-
tive of present-day quality. But the lead lengths and diameters
are similar to those of the 4001 series devices. so there should
be no difference in geometrical terms.

The cumulative failure percentage for mounted 4116-type
devices for strengths <}.8 gm is shown in Figure 9 as a func-
tion of exposure time at high power density. It is evident that
there are two (essentially straight line) sections—the failure
rate increases from zero at 6 minutes (0 about 10% after one
hour, and thereafier (at least to 100 hours) remains approxi-
mately constant. Using the scaling factor of 1000 (see Section
4.2 below) implies that no failures would be incurred after 100
hours exposurc at standard power densitics.

An additional set of data was gathered for unmounted $116-
type devices i.c. loose in a basket in the ultrasonic cleaning
equipment. In this case the “‘constant™ percentage failure
regime (i.e. 10%) had already been reached by six minutes.
and still continued to 100 hours (see Figure 9). The fact that
the **constant” level was the same for both captive and loose
devices implies that the failure mechanism was the same in
both cases. The difference between the loose and captive
devices was that in the former case the susceptible bonds were
eliminated faster. However. whether in loose or capnvc
devices the other bonds remained unaffected.

There was clearly a difference between the 4116- and 4001-
type devices in terms of the damage accumulation. although
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stress regions; these would not affect

. the pull strength of good devices, but
_ A Brakan B Mojor crack + broken @ Minor, major crocks v broken could make bonds susceptible to ultra-
99.9 - i — T T3 sonic damage.
o ——— : w—-{_- - ' r_.‘
g "% — — i 4.1.4 EPROM Devices
g 98 H T ‘ The EPROMs were preloaded with
o % — — code such that the integrity of each pin
g zg 7 " ; - (_..‘-r could easily be measured by re?ding
S 4 : 1 .,-‘,‘_'l_-‘ out the contents of the devices.
o , _L_‘—‘"_ . L J,F"':] Although boards containing ten
o . aar
= 0 e -— L EPROMs were stressed at both normal
S 0 F+—= - r';;'—"" s ‘—_..-1.4" 1 and high power densities for periods
v X [y - ; i up to 100 hours, no damage was cvi-
A ""———:"—"'——*— : I 1 dent and all the devices continued to
3 s et 7 4 ,
=re PN__ i work satisfactorily.
§ o!s — - H— 4.1.5 Plastic SOIC Devices
0.1 . - o b ; Plastic encapsulated SOIC devices (in
L amian e — = "l 16-pin narrow body packages with
0.5 1 o 4 gull-wing leads) stressed for up to 8
Exposure time (hr) hours at high power densities on
PCB, displayed the same behavior as

“Figure 3 Damage 10 DIL legs ar high power densiry

plastic DIL packages i.e. some crack-
ing of the legs but no internal damage.

Again four levels were used 10 assess
this cracking ranging from no visible

Bond Strength_i(groms)

- 26 _Virgin Davicas damage 10 a complete break (sce Fig-
] ure 10), but the level of damage for a
2 ~ - N given exposure was much less than
n : e | that experienced by the larger DIL
20 packages, and for short times no sig-
3 18 ‘ i nificant amount of damage had been
S i ; | incurred.
P-SRL . - 1
5 M - - 4.2 Effect of Ultrasonic Power
o 12 dfm— i . Density
2 10 e s e To gain a fuller understanding of the
g . L damage induced at high power densi-
z ties, the variation of damage with
¢ N ) power density was studicd using loose
. - } S traasistors since these had proved to be
2 v - .- the devices most sensitive to damage.
o l | , Power densities of 32 watts/litre, 26
0.00 “1.20 2.40 3.60 .80 " 6.00 “7.20 watts/litre and 16 watts/litre were

used. and the time required 1o produce
8 given failuce rate measured.

“Figure 6 400! bond strength distribution

~they had similar virgin bond strength distributions: hence, the
difference is thought to be unrelated to the bond strength per
se. but is a function of unother characteristic of the bond wire
which makes the vlder devices more susceptible. It is clear
from the mworphology of the damage that the failure was due
to fatigue which had been initiated at surface defects at high

FProm the previous data a 7% failure

rate was chosen as representing the lin-
ear failure rate cegion. A log-log plot of time to fatlure against
power gave a straight line (see Figure 11). and extrapolating
this to 11 watts/litre (the power density normally used in
cleaning PCBs) gave a time of 2000 hours for 7% damage
compared to 2 hours at the high power density used. in this
study, Hence the power density/time relationship is such that
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for a factor of 3 increase in power den-
sity, the time required to accumulate
the somoe level of damage is reduced by -

a factor of 1000, The only other com- 0

ponents for which failures were

Wirgin Devives

obtained at both normal and high

power density were the SM LEDs.
The relevant data are included in Fig-

ure 11 and indicate that the accelera-

tion factor of 1000 is again appropri-
ate, although the 1weo types of devices

were radically different, as were the
modes of failure rate.

&

4.3 Yeut Boards
These boards, which contained a mix

Number of bonds

of surface raount and through-hole

components, were designed 1o be
essentially seif-diagnosing [11.12]. By

exercising the microprocessor devices
{(in three different packages—DIL
ceramic, J-leg plastic, and PGA

8.00 7.20

260

2.40
Bond Strength (grams)

ceramic) via an off-board EPROM, it
was possible 10 determing whether any

Figure 7 4116 bond sirengihs distribution

of the bond wires were broken: tach
lead was monitored by a pair of LEDs
and their status during the electrival

S0 B axponure 32 Watts /e

8
testing of the board contained the ;
information required.
22
4.3.1 LEDs and SOT-23 Devices 0
A selection of boards was exposed at o 8
both normal and high power densities 5 s
for times up tw 124 hours: boards ks
stressed for times less than 15 hours =
were exposed singly. while the other D
boards were stressed three at a time. 2o
The apparently benign effect of normal [SERPA I
power density operation was again @ o B
confirmed, the only adverse effects
peing that un average of 0.3% SM o
LEDs were detached {(at the solder b
joints) from the boards exposed for o -
124 hours. However. more serious 0.00

damage could be induced by increas-
ing the power density to 32 wans/lire,

e e O+

040 380 &.00 7.20

Bond Strength (grams)

120 B

after which many LEDs and S0T-23
dipdes sheared off at their legs. As an
example. a plot of the cumulative dam-
age for the LEDs is shown in Figure 12 as a percentage of the
otal number of mounted LEDs. The fact that these devices
proved o be the most fragile parts of the boards essentially
precluded the use of on-board clectrical assessment 10 deter-
ming fadure.

Figure 8 4116 bond sirength distribution

4.3,2 Passive Devices

Even at the high power density many componenis remaince
unaffected. For example, there were never any failures of the
chip capacitors or chip resistors: the failures were confinee
essentially 1o the LEDs and SOT-23 packages or 1o metal lid:
ded devices which exhibited occusional loss of hermeticity,
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©4.3.3 68000-type Microprocessors -

On cach board the two ceramic packaged
68000-type devices were opened and bond

8 Locse A Mountss

A

* ——

Jo il

gt

S e e —— s

ol —_- . .-

pull strengths mcasured for all bonds. 99.9
Under normal power density conditions © 99.5 —-
there were no broken bonds and the bond g 99
strength distributions remained unaltered. T o
Under high power density conditions a S

small number of bonds had failed after 124 S g0

hours, and the results were Similar to those e 70 —
for the 4116-type devices. Interms of dam- | £ |
age accumulation, as with the 4116 data, = -
there were two sections to the curve (see 2 30—
Figure 13); an initial portion in which the 4 ‘zg .
failures rise from 0.7% after 10 minutes to 5 s ‘
about 5% after 30 minutes, and a second 9 2 |-
portion remaining essentially unchanged up E 7

to 100 hours. From this data and the power 3 0.5 —
scaling factor of 1000: 1. it is predicted that 0.1 .
at normal power densities 0.7% failures 01

would occur at about 170 hours.

4.4 Accelerated Testing

R 1 10
Exposure time (hr)

In order to explore the possibility that the
ultrasonic agitation could give rise to incip- -

“Figure 9 Failure of 4116 devices ut high pow er densiry

ient damage with consequential degradation
of field performance. accelerated tests have
been carried out. There are two broad cat-

_ A Broken W Major crack + broken

@ Mojor. minor crocks + broken

egories of accelerated tests: those based on © 999 I\ r] — ———

a thermal stress and those which give rise Y, 99.50" . - : M :

10 a mechanical stress. Since the exposure 8 g: O

10 ultrasonic agitation gives rise to mechan- S es

ical effects. further mechanical siress ° ol . . - . ]

would only continue the same process. and 2 a0

generate no new information, Hence, o 700 "

although it was considered unlikely that any 5 s0 | —

thermally activated failure processes were |, 5 — R FO oY il

involved. for completeness a thermal expo- alined b e e e

sure stress exercise was undertaken. A _qg’ 20 _f_--'"‘! "

group of the 4116-type RAM devices were 5 ~ o i "=“‘;’_':.‘='~"“ T T

basked at 150°C for 124 hours following 10 3 2 PR I e e

hours exposure at high power densities, but § P Pl A

no change in the bond wire strength distri- O 05—~ = P

bution was observed at any stage (virgin: of— - — --ee -

after ultrasonic exposure: after accelerated s e - =
1 4 8 10

testing).

4.5 Efficlency of Cleaning

2
Exposure time (hr)

To assess the efficiency of ultrasonic agita-
tion for cleaning fluxes from PCBs a sim-
ple test board with interdigitated combs to facilitate measure-
ment of surface insulation resistance (SIR) was used.
Structures for cleaning trials were made by coating the boards
with a flux. covering the flux with a square glass slide spaced
Irom the board with C-shaped shims. and passing the assem-

Figure 10 Damage 10 SOIC legs ai high power density

“bly through an IR reflow machine with known temperature
profile. The bourds were cleaned under standard power den-
sity exposure for various times. the cleanliness being assessed
in-situ both visually and using SIR measurements. and after
removal of the glass slide using several analytical echniques.
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A scries of fluxes (RMA 6381/35, -
SA701 and RA PC29/17) was used and

in all cases cleaning was effected in less 100
than two minutes. Trials to ascertain
cleaning time as a function of standoff
height (from touching to 0.005 ") for the
hardest of the fluxes to remove (RMA
6381/35) were conducted after passing
¢ach board twice through IR reflow to
ensure a worst-case condition. Again
cleaning under standard power density
conditions was complete within two
minutes even for the minimum standoff
height used. The results, which are pre-
sented graphically in Figure 14 with cor-
responding results generated [14] with
and without ultrasonic agitation, are in
broad agreement with those of other

Tank power depnsity (Watts/litre)

work. -

) 10 ) i s s o .

4.5 Resonance 1 1 . 10 . 100 1000
It is often assumed that the leads within Exposure time (hr)

integrated circuits exhibit a significant
resonance at an appropriate frequency.  Figure 11 Time to fuilure vs, tank power density
which depends on lead length and mate- - E

rial. Hence, it has been suggested that at
a given frequency this resopance may ]
give rise to early bond wire breakages. R RS HII I N R
Calculation of the resonant frequencies o 995 A ' ' " ' : L R — 7
o be expected in the absence of any o 9 F——" ‘ ———
damping have been carried out [15.16) g o R Lo T
by a number of workers (including the . 3 %0 |— L ‘ R — -
authors) based on vibrating beam the- s P ! ]
ory. These calculations indicate that for - i = R S e -
both Al and Au wires (diameter 30 um) . hd - 1 l' - e - =]
the resonant frequency is <10 KHz for ER G PR B 4 . —
lead lengths of approximately 3 mm. the S 0 - - ; - —
latter being the maximum length o 20 ~ @Y
eacountered in the packages used in this = 0 N =
study. % S — .

2 2, R
Attempts were made to observe reso- S B X —
nance occurring in bond wires of this O L . - o —_—]
length using a vibration table driven at oV~ 4T /]
variable frequency (up to 10 kHz) and 1 1 10 100
constant amplitude. The device leads Exposure time (hr)

were viewed in a microscope using siro-

boscopic illuminz.nion whose frequency Figure 12 Failure of SM LEDs ar high power density
was set slightly different from that of the

1able such that the vibrational amplitude , package lid was monitored for amplitude modulation during
could be observed. No resonance was detected in this experi- {and following) each mechanical impulse. The resultant signal
ment, the amplitude of vibration being essentially ‘constant was of short duration and showed no sign of resonance (i.c.
over the sweep frequency range. An alternative method of the logarithmic decrement was significantly shorter than the
observing resonance using u mechanical impulse technique period of vibration of the wire).

was also employed. in which an r.f. signal was applied to the
bond wire and the capacitatively coupled signal from the metal

IPC Tacnhnical Review / June 1990 21
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* That no resonance occurred is not surpris-
ing in view of the fact that for both Al and ‘
Au the intemnal energy losses are high and = 1 17
hence their mechanical Q-factor is low. 899 i _ b

This is particularly true for bond wires

99.5 I—
99

since they will have been fully annealed by

the package sealing heat-treatment

(>400°C for CERDIP packages). On the

other hand, long wires. because of the
higher ratio of inertia to stiffness, are capa-

ble of larger amplitude of vibration for a
given encrgy input. This larger amplitude
can give rise to large strains at the point of

bond attachment. Large strains associated
with long wires (compared to short wires)
may result in the elastic limit of the wire

being exceeded. leading to fatigue failures.
This is the situation thought to occur in
hybrid packages, and may explain the

Cumulative failure percenlage

i
¢ i

[ .. .
Vil . e e Vol e—

sometimes reported extreme sensitivity of 1
hybrids 10 the ultrasonic vibration (not '
examined in this work).

1 10
Exposure time (hr)

Whether or not resonance (or high ampli-

Figure 13 Failure of 68000 DIL devices ai high power densiry

tude vibration) occurs. the failure mode
will be the same: fatigue at the high strain

site on the bond attachments, as displayed 71 00

.7 GEC results B A Chinc Lake reaults
——

==

in Figure 3.

5,0 Task 1 Conclusions

For potential users of ultrasonic cleaning of

Withbut dJltraslonic

PCB:s. the findings of this work are encour-

Ame s Cwe

o

aging. and suggest that there is a large mar-

gin of safety when employing currently

accepted regimes of operation. This safety

margin is shown schematically in Figure
15. The resuits retute only to the range of
components studied, and a summary of the

With ultr

-

pson

CS,

Cleaning time (min)

I/

damage observed on these components is

given in Tuable 1. Salient points are as fol-

lows:

(a) Using currently accepted regimes of
ultrasonic cleaning of PCBs (i.c. a few 1

minutes at {1 wats/litre. no damage 0
has been encountered with the range of
clectronic components studied.

1 o 2 3 4
Stand—off height (1/1000 in)

{b) Using abnormally high power densities
(i.c. about three times that normally
used) damage can be induced in some cases but only after
more than 10 minutes exposure time (usually much

longer).

(¢) Using abnormally long ultrasonic exposure times (about
100 hours ut standard power densities). damage can be

induced in some components.

24

Figure 14 Cleaning time as a function of standoff height

(d) In all cases the observed damage was of a purely mechan-
ical nature due to fatigue. and is located on the device
bond-wire and/or the package legs.

(¢) Ultrasonic cleaning using a CFC-based solvent under
standard conditions of power density and time, is readily

1PC Techniral Rewiews I tina 100N
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achieved within two minutes, even
with standoff heights below 0.001
inch.

6.0 Task 2 Investigation

8

6.1 Equipment and Components Used

The same cleaning units used in Task |
were again employed, but the solvents were

[ I
RS

—

] f
SEVERE DAMAGE

as follows:

]
o

Agueous Aguin. since the primary topic was
the swdy of damage accumulation and not of
ckaning, only onc saponifier was used (Syn-
peronic NP12). Owing to the poorer acoustic
coupling properties of the water, the maxi-
mum power density obtainable with the Kerry
equipment was 22 waus/litre.

Semi-aqueous The solvent chosen was the

-
w

Power density (Watts/litre)
o

ARD EXPOSURE

DuPont hydrocarbon material Axarel 38, con-
sidered by many people 10 be a potential
direct FC replacement for cleaning PCBs.

R

- 1000
u/s _

o 10 100
exposure time (hr)

The power density required to clean boards
was 24 waus/litre,

The components siudied and the ass:ssmerﬁ techniques employed
were chosen from those already discussed sbove.

7.0 Task 2 Resuits and Discussion )

At this stage Task 2 is on-going: all the results have not yet
been obtained. and those that are available have not yet
received full interpretation. However. the early results arc
encouraging and the general trends give good support to those
obtained using CFC solvents.

Figure IS Zones of damage and cleaning

——

7.1 Agqueous Solvents ) .

The effects of cavitation-induced damage 1o the components.
although not serious, were more pronounced than those
observed when using CFC solvents. For example. the metal
lids of some ceramic components on the test boards displayed
a cosmetic pautern of surface aspenitics,

Table 1 Summary of Results of Fallure Mechanisms as a Function of Package Type

- . Plastic ) Caramic Matal Other
oiP 'SM | SMLED | SOT23 | SO%23 | 4v6 4001 68000 | 68000 | TO-18 M SM
) ' A1 A8 o | owp PGA | Resistor |- Capac-
' ior
Bond NIA N/A NA N/A NIA 0% 0% 1% 0% mount- |  NIA N/A
Wirg H ‘ 05ne | 100he | 10min [ 1hr | ed—2%
S% ) S%. 6% |. 40N
100 hr 100hr | 20m | loosa—
. 28%
100 he
Bond N/A NA | NA N/A NIA — - 0% 0% 0% NIA NA
Wwire L . - : . 120 | 12atw | 27w
LegH | 34% 1% 1% 0% 0% - - - 0% 0 | 0% 0%
4 8nc | 10min | OSh | —0S5Hh 100n¢ | 100K | 100N | 100N
: T4% 16% .| 80%
15 e 15 hr 15 hr ’ .
Leg L 0% 0% 05% | O% 0% - - - 0% 0% 0% 0%
4nr anr 126 hr | 12ahr | 12410 ' 24 ne 27 | 124bhr | 124t
Horme | A NiA Na | A na | tond [3100ne| 30 | 30m | >100n | NA NiA
ticity M : : : g
H = High power densily 32 wans/iitre
L = Low power density 11 walts/itre
Tomba.aml Mo, .. P oo = WA
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7.1.1 TO-18 Transistors

’_I‘hcse devices have been stressed both 1005; "0 Loote - Aquecus @ Loose = CFC [l Mounted ~ Aausous I Mounted — GFC
in a basket and mounted on boards for peri- B

ods ip excess of 50 hours at a powerdensity | 999 | AR ]
of 22 waus/litre. Failures have been experi- o 995 ' -—
enced for the loose devices. but the results e 2r —
arc comparable to those expected from the T g5

Task 1 results with CFC solvents i.e. 1% % ok —
failures within 2 hours. The individual % a0
. results are shown in Figure 16 and com- & ok —]
pared with the earlier data. The slightly 2 oL —]
lower rate of sccumulation of damage as " = ~ : . ‘
compared to the CFC results is a direct | 2 0 s oW
reflection of the lower power density used. v P

2 0 PR ) ®

During the course of this study another T s ¥ £ 5

failure mode becume apparent on some E 2 F 08 8 o » —
devices after approximately {0 hours expo- 3 ot_sc i - ]
sure at the high power density. Some of the © .k _ E
packages clearly failed as a result of | S .
cavitation-induced erosion and penctration R ‘ 10 100
of the can. The process originates in the Exposure time (hr)

production (or enhancemenmt) -of defects in )

the can plating. followed by ultrasonically-

promoted corrosion of the underlying metal
can. complete peneiration of the can itself,
and ingress of water and rust.

7.1.2 Plastic DIL Devices

The initial results on these devices (mounted on PCBs) have
shown that although only 10 hours have yet been accumulated
at high power density. no failures have becn detected using
optical and SEM appraisal techniques. The results appear bet-
ter than those obtained using CFC solvents at 32 wauts/litre.

7.1.3 Test Boards

These bourds have been stressed for in excess of 10 hours at
high power density, and in common with the plastic DIL
devices no fatlures have yet been detected.

7.2 Semi-aqueous Solvent

A separate exiensive exercise has been undertaken within
GEC to evaluate the cleuning etficiency of the Axarel 38 using
a range of boards (buth test and production). and the Kerry
Aquaclens cleaning equipment. The results. which will be
reported elsewhere. have demonstrated that ¢leaning is
achieved within 3 minutes using cither ultrasonic agitation or
cyclic dipping. In the light of those promising data. therefore.
it was important that the possibility of damage accumulation
be examined. and the same cleaning equipment has been used
for this purpose. Although the tests using Axarel 38 have so
far ceached only 15 hours. they arc continuing and will be ter
minated only when the exposure times exceed 100 hours.

7.2.1 TO-18 Transistors

A series of 100 transistors was stressed loose in a baskat as
described above. However. after a total of 1S hours exposure

Figure 16 Fuilure of TO-can transisiors at high power density

at a power deasity of 24 waus/litre there were no electrical (or
optical) failures.’

'7.2.2 Test Boards

Test boards exposed for similar periods have again failed to
produce failures as assessed optically.

8.0 Task 2 Interim Conclusions

The early results of this study of possible ultrasonic damage
using aqueous or semi-aqueous solvents, have done nothing to
dispel the encouraging view based on the results using CFC
solvents. The preliminary data indicate that the type of dam-
age and its accumulation are no worse than those associates
with CFC solvents. The large margin of safety when employ-
ing currently accepted regimes of cleaning. again appears 1o
be operative.
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