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ABSTRACT — Although the use of ultrasonic agitation on quartz crystal devices durln
be detrimantal, little or no dala exist to substentiale or quantity the rosuliant eflects.

tima, and the typas and machanlsms of failure are discussed. Tha results are encoura
are more susceglitle to damage than ICs, once manufacturing defects have baa
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INTRODUCTION

It has long been recognised that eleaning of PCBs can be enhanced
considerably by using ulirasoric agitation. Indeed, resulls from the major
UK collaborative exercise lo evaluaie non-CFC eleaning lechnologiest
clearly indicate that *assisted’ cleaning offers remarkable benefits sither
interms of cleanliness of PCBs or in lerms of time taken to achieve a given
cleanliness level. With the increasing use of surface mount technology
(SMT), components with smaller stand-off heighls, larger and more
complex packages, and the loss of CFCs as the mainsiream solvents, the
aliractions of using ultrasonic agilatior to aid in the eleaning of PCHs are
becaming irresistible.

Until recently, this process had been suspecied of causing irmeversible
damage to cemponents and saldered joints, andyor long-term rcliability
problems. However, the results of an in-depth investigetion of such
demage accumulation®™® have shown that, under standard conditions
required to produce clean assemblies, there is a large margin of safery
before any damage to good qualily components is incurred. /r war
emphasised that this safely margin appiicd only to the range of components
siudied in that investigation, and to components af proven qualivy. If poor
gquality compenents arc used, then nltrasoric agitation will simply highlight
their unocceptability. Damage to good qualily companents can anly be
induced by the use of anomalously longer times or high power densilies.
For potential users of ullrasonic I:l.tlni.l'.l% af PCHS, therefore, the resulls
weie encouraging ond suggest that there {s a large margin of safety when
employing currently accepled regimes of operation,

In spite of these resulis, cancern has persisted regarding the use of
ultrasonics in conjunclion with quanz crysial devices {which wese nol
included in the carlier work). The potential sensitivily of quartz crysial
devices (QCDs) to wltrascnic agilation had long been suspected by
engineers wishing to clean boards containing such devices, since OCDs
were thought (by virlue of their constructian) to be mechanically unstable
under ultrasocic exposure. Consequently, an assessment of the effects of
ultrasonic exposure on quanz erystal deviess was carried out as an
exiension lo the earlier programme. The study addressed a specific
question: daes ulirasonic exposurs damage modern QCDs and, if so, what
are the mades and mechanisms of failure? The purpose of this paper is 12
prescnt the results of these further investigations and 1o suggest & syitgble
device screening protccol.

OBJECTIVES

The main aims mirror those of the earlier stages®? of the programme,
and are as follows:

() toidentify the nature of any changes in the perfarmance of the (CDs
(via certain elecirical parameters) afier ultrasonic exposure;
(i) |oassess the accumolation of these changes ps a funeticn of EXpOSUIE
time and power density;
(i) toidentify the nalure ofany physical damapge induced by the ultrasonic
EXPOSUre
(iv) o assess the regimes of safe operation.

INVESTIGATION

The programme took the form of a short exercise to asceriain the exten
of any delsterious effecis on QCDs, using a relatively small number of
each device wilkina selected range of devices. A specially designed board
{se¢ Figare 1) which accommodated seven devices (six rescnators and an
oscillator) was used, and the components were chosen to provide a rangs
of package styles, crysial gizes, methods of mounting, frequancy of
operation etc., typical of the products used in the indusiry (see Table 1),
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Fig. 1 Photograph of teyt boord and quariz crystal units,

Table 1

Deseription of Devices used on Test Bogrds

Type
Cscillator

A Resotator

B Resonalor

C Resonaber

I Resonstor

E Resanaior

F Resonatar

Operating
Freguency
32 MHz

8192 MHz

1.256 MHz

20 MHz

32.767 kHz

20 MHz
thind
averlons

12 MHz

Puckage
-DIL

HCa31

HC33

HC485H

JxEmm
cylindsical

HEsU
(Tos)

HCITU
{TOE)

Cireular crystal keld harlzonially
using n 3-pi fling and

- silver-losded epaxy 1o provide a

high sheck resisianse mounting,

Chrculor crystal beld veriieally In
sloaied Ni tapes using
silver-lamded epoxy; silver
elecirodes,

As A pold electrodes.

Typical of fow-cosi produst used
in MaCIapIsce ES 0TS,
manafaciured awiomatically in
large volume, Rectangular
cryslal held hesizantally using o
2-pt fixing and silver-lopded
cpoxy; siver elecindes,

Typical of loa-zost produst used
in wabches; manufachared
ausamatically in large volume.
The tuning fark' is nvousted
vertically uxing 4 Sn-Fh alloy;
silver elecleodes.

Hiph-qualily precision resonates
using highly palished minfature
plane-convex crysial; godd
clectrades,

High-quality precision resonalor
using highly pelished erystal;
gold cleclrodes,
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It was appreciated that, by their very nature, products containing high-
cost devices would nol normally be subjected 10 processing involving
ulizaconic agitation, but this type of QCD was navertheless used in order
to provide & more complete piciure of any dumage sccumulation.

e test boards were siressed by mounting them rigidly inz small rack
[:Eib.tu of teking 21 boards) which was suspended into e ullrasonic
tank. A surmmary of the boards examined, the exposures given and ihe
examination invervels is presenied in Table 2. e

Table 2

Detalls of the Bourds, Exposures and Exaninaiion Jutervals

FPewer  Expomre p
Solvent Density Time 3’:;:{“ B:ri;d Elm’n:.:i_ﬁn'.f.'urwu
) (Willive)  (Minwies) . LS
CFC 11 10 3 37 0133510
1l 60 ] 2 5, 10, 20, 30, 40,
3, 60
30 10 4 1720 G 1,335 10
ki ] 450 1 1 O, G0 120, 18U, 240,
30U, 480
Aguedus 4 3 4 -6 0, 1L3,3

Two cleaning unils were vsed, bolh operuting at 38 kHz: wa IC]
Cleanline 2 1ype R2ZE12UVIE operaling 2t a mean oul pul elecirical power
density of about 11 Wlitre, and a Kerry K3451 tank with a Class D driver
it with varlable oulput power 10 a muximum of 32 W/littg. Borh CFC
ind aquecus solvents were used in uhe siudles Inthe firsicase, Frean TS
~as used; It was expectad that the acoustic properiies of CFC solvents
~ould show little varlalion from each ciber, and (he lemperolurg was sel
:230°C. Iathe second, a 1% sodution of ICI Synperonic NP-12 surfacizn
xas added to ensure Lhal the acousiic coupling was equivulent Lo thal
sxpecied In & produciion siuation. The tenperziure was sel to 70°C,
Although the QCDs were exposed 1a both high and lower power densily
sgitation wilh the CFC solvenis, only high power dengily exposure was
used with the aqusous solveal.

FOSSIBLE FAILURE MODES o

. Drwasexpecied that two types of QCD "adlure’ naight acowr? slteration
in the elecirical poramelsrs, andlor catostroplile breakage of eithar the
quartz slice Digelf or its meunt, The test board was therelore deslgaed o
be coinpatible with sulomalic moniloring equipment wmuhils?nnlu
precision measuremeni and evaluailon of erystal resonatons. Uslo this
equi L, any changes in plecirical parameiers could be readily recorded,
In all cuses four main fealures wers monbiored: :

1 Comgplets catasirophic failure. Lo lhese cases the packages wers opened
and examined in crder o denilly the fallure mody wslng sizodard
luilure onalysis maothodalagy/lechaiques, .

2 Any changes in R, the inhereal resislance in the elecirizol path o the
elecirodes. Etpu:ﬁ mee concerning rellabilily aed service performance
has shown thal, for the bow-cost high-volume product, ehanges In By
of > £10% ure indicative of potentlal problems during life, However,
for uther devices in which ihe absolute valus ol B s very low, nchangs
el 10% is <f the order of the conluel resistunce und meqsorcment
sccurccy/repentability. Heaee, inthese cases, changesin R of > +29%
may represent 8 belter indlcation of potential problems during life.

3 The resonanl lrequency, It should be remembered thol, os for s Lhe vast
majorily of users 15 concorned, ihisis e parumeter of prisee imporience,
and simall chunges in R, are of litle signiflzance, However, [ the
majerity of the resulia oblained the freyueney exhibited Hils, I oy,
change froum its initial Wme zero valwe, Such sublle changes as weee
obgervud felluwed clossly tois mase murked chunges sveurring in Ry,

4 The valug of Q. This pacameier bus & sicong Jependancy on R,

L view al these puints, it was decided that in i assossment of resuils
parliculur emphasis would be placed en points | and 2, In sdditlan,
particulur note was taken of those devices (lypes A, B and C) which
exhibited W, changes of > = 10%, sd of those devices (lypes E and F)
which exhiviied R, changes of * & 25%. Th¢ mannsr tn which
chunges wocurred in Ry, (e, steady Joill, sudden increuses, sralic
behaviour gic, ) were also noled o3 & Indlcatien of the likely failurs mods,
The laiker is probably sssoclaled with erecking of the mounling medivm
or the “Pﬁu" tapes. For example, [ there 15 8 steady Increuse in Ry then
it is probuble that micro-crocks will appear In the mounting imedivm, aad
a3 they coalesce andfor propagate, there s & comesponding progressive
increase in Ry Sudden increases in Ry can be altributed o Jarger eracks
suddenly appearing, and consianl (bul nen-increasing) high values might
be associuted with the presence of non-propagating crucks. Finally, the
erralic behavipur noted on $ome devices is probably associated with a
relatively “lovse fit" of the cryaial in iis mounting (possibly following

Tuble 3

Sunmaly of Resulis for Resonatur A

Power il etcilnniis d. Fuli

Time

Sulveni Denghy
(Wilitre)  (wiinuies) No. Fuilure
3
]
CFC 11 10 p v
]
7
11 &0 2
17
L]
30 10 1
U
I’ 30 450 I
L3
! L4
Agueous 2 5 4

iy
Drfi

Caynmncinig

M. § exhibited a severe Ry, drill belween
0-1 minute, and Biled cormplescly between

¥ 223 minwes, On exzminaion no obvious

damage was apparent eliher i the crysial ar
ils Fuppuils,

Severe drift alter M minaes. Mo
¥ obviows damuage was appareal la either the
eryatal or il support medivin,

Mo failures.

Mo Ry, drifts.

Large B deify aler 60 minare, Crypsial

o very luose in suppont — (ebl sway whee i
remaved. The can lod a lurge erach ot ang
cad,

¥ Ho. 15 =10% R, between 2-3 minsles.
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erzcking of the mounting medium), and az ultrasonic agitation accurs the
# crystal ‘rattles” in the mounling, giving rise to erratic variations in R

The measurement technique employed was not appropriate for Lhe
assessment of device D, and herce in this case only limiled studies were
undertaken, with anly the frequency being monilored. In the case of the
oscillators, a simple measurement was mede of the frequency and the
associated wavsform, with any changes (> 0.5%) from the time zero
values being noted.

RESULTS

Quartz Crystal Resonator A

The results are summarisedin Table 3 and the variation of B_ as functions
of eaposure time in CFC are presented in Figures 2 and 3. The salient
features are as follows:

* Using low power density exposure, only one failure was encountered,
The device failed compleiely fairly quickly and {s regarded as an “infant
mortality *(i.c., failure due to manufacturing defects). A second device
exhibited an R, change > 10% afler 10 minutes.

Experiment 3 - FREON TMS - 2100 IC1

=

=2 "]

%
o
-

R, change from R, [t=0]

[Perceatage
Riaks

1 2 3 4 5 .6 7 6 § 10
Tolal exposure lime (mins).

Fig.1 Variation afﬂm ar a function of exposure time for low power
density exporure for rasonator A,

* The majoriiy of devices which survive the first 2 minutes’ exposure
seem subsequently to operate successfully for at least 10 mirutes, This
:Erf esis the possibility of using the techfigue as a quality sereen.
th ane exception, all the-devices subjected to high power density
exposurs (CFC or aqueous solvents) survived for pariods betwesn 10
and 60 minuics. The exception exhibited an R, drift > 10% berween 2
and 3 minutes,
* The mode of failure of one deviee which Failed completely is nat
known, but the inltial severe Ry, drifi suggests a problem associzted
with the crystal suppori(s).

Quartz Crystal Resonator B

The results are summarised in Table 4 and the variations of B as
functions of exposure time are presented in Figures 4 and 5, The salient
features sre a3 follows:

* These devices performed well under all test conditions.
+ There was enly one complele failure (under high power density,
aqueous solvent, between 1 and 2 minutes) which was associated with

10% i
23 - I N— P S - | Board 17
o 6% - - - Board 18
d* ? - - “.:! E I_

PP ST T I R Board

Experiment 4 - FREON TMS - B00W Kerry

[=0]

R, chanpe
o
i

|
B 9 10

r & 7
Total exposure time (mins)

Fig. 3 Varintion af R, as a funcilon of exposure time for low power
denstly exposure for resonator A.

Table 4 '

Summary of Resulis for Resonaior B

Power  Maximum

Solvant | Deasity Tirng
(Wilitre)  (mimires)
| 3
R
ce | on o 5
! &
7
11 60 F 1
17
18
30 10 19
20
m 480 1
» i 13
|
14
Aqueaus 24 k|
15 —
16 v

Bd Full
Mo, Failure Drift

R
- Commienis

¥

—  No.3>10% R, dsift between 1-2 minutes,
then constant (o 10 mimates,
No, 4 was non-operational from time zero:
there was no apparent damage when the

package was opened,

Steady positive Ry, drilt but still <10% afier
60 minubes,

Mo failures.
Mo K, drifts.

Small erratic B, drift,
Mo failure. i

Mo, 14 >10% R, drift between
(-1 mimute. :

¥ Mo, 15 was non-apcrtional from time zero;
no obvious damage 1o ihe erystal or its

—  supporis,

Mo. 16 failed between 1-2 minutes.
Mierocracks apparent in support medivm,
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Eaperiment | - FREON TMS - 210W ICI

Experiment 3 - FREQON TMS - 210W ICI

w =
= &

N
g

= i. < 2%
1 _qlﬁ Y Tt R L
2 ! T
! l_._._ e i r .ﬁ* el - o

- SO -

Percentage R, change from B, [t=0]
3%
il

20 i 50 &0

0%y 40
Total exposure (e (mins.)

Fig. § Voriaiion of Ry asa Juneiion of expasure time for low power
dengily exposure for resonator 8.

—
el

Whe—r—5—5 4 5 ¢ 7. 8 9 10
Total expeosure lime (mins.}
Fig.4 Varlation of Ry, as a funciion of exposure ilme for low power
Xposu 1or B.
sl /ST FaROnRON extensive micro-cracking In the :ul;ﬁml medium (se¢ Figure 6).
« Ouly two devices exhibiled a drift in Ry > 10%.
MOD USC PHASE 3 - QCRs

Experiment 3 - FREON TMS - 210W ICI Quariz Crystal Resonater C
A ' These results are summarised in Table 5 and Figures 7 and 8. The maia

polnts were as follows:

+ These devices performed reasonsbly well under all test conditions, aod
the resulis again suggest that, once infant morialities have bee sereencd
out, the devices will survive for acceplable lengihs of lime.

+ Using low power deasily exposure, only gne com lese failure ocourred.
The failure was o breaking of the erysial itsel! (sec Figure %) and the

7 2
&

from R [1=0]
&

=
&

] ' 1 e location of the break (at one comer) suggesicd thal it was associaied
o & H ; with o munufaciuring defect (i.e., wn infont mortality): the suppor
) 0%k - i N appeured lo be sndamaged.
o ! ol + No device exhibited an R drift in excess of 10% under low power
1 P i1 densily exposare.
5% pet R S + Using high power densily exposure, two coll lete foiluzes were
T boFf experienced. Inone, ihe crystal had Bécome loose due to cracking of the
10% P 4§ support material. The mode of failure of the second device was ogain
0 3 4 5 6& 7 8 9 10 2 breaking of the crysial al one comer
+ There were no failures following expusure using Lhe aquaous golvenl

I ins,
Total exposare e (mirs.) and kigh power densily agitation.

Fig. 6 Variation of Ry, a5¢ function of exposure time for law prower
density cxpusire for resauator C.
Tuble §

Summary of Resulls for Resonaler c

. Power Maximuine bd. Full R

Solvent | Denglyy  Tiwe - Comnients
| (i) ey M O B
3 v No. 3 failed between (-1 minute. The
y 4 crystal had broker, and the posiiion of the
CFC 1 10 3 break suggested it was ussochied with &
’ [ manulucturing defect, The support tnd the
7 mounting medium were undamaged.
11 60 2 Mo Ry, diifs >10%.
17 Ho. 1B >10% drilk between 1'-3 minuies:
30 10 18 W falled betwoen 5-10 minuiss, The erysial
19 was loose In its suppon, and broke as the lid
0 was renoved -
. 3 450 | ) Failed between U-60 minutes,
v 13 )
14 o lailures,
Aqueows M } 15 Mo Ry, drifis >10%.
1]
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s Experiment 1 - FREQN TME - 210W IC] Tokle &
| i i i
f - i | i m Summary of Resulls for Resonater D
= 10% i e © Power  Maximim
of 1 Solveni « Demsly ~ Time oo 4l Comfents
_ P (Wilire)  (minwves) Vo Follure *
g s* WP | v
i 3
058 o H 4
= ! 2 CFC S 10 5
nf ' 6
! 7
5% - " ! O
| i - - :
-10% . - A . ;on 60 2
0 12 20 3 40 50 60 i
Total exposurs Lime (mina.) . ! RETER——
Flig. T Variaten of R, as a function of exposure time for low power 17 No. 19 was
a’m.rTa}- exposire for resonator C, ! 10 10 18 non-operational from
' 19 ¥ time zero. No obvioes
0 damage when opened,
30 480 |
-
| nan-operations.
AN M 3 15 {ime zero. Mo obvious
16 damage when opaned.
Quartz Crystal Resonator E .
The results are summarised in Table 7 and the main polnts were as
follows:-

* The devices performed well under all Lest conditlons. Therg were no
infanl mortalites, and failures wers observed only after quite severe
cxpasures. .

* Using low power deasily (with CFC solvent) the devices performed

very well, with only one complele failure between 20 and 30 minutes.

Mo devices exhiblied excensive Ry, changes.

Devices cxposed to high power densily agitation (with CFC salvent)

still performed well, with R, drifts In excess of 10% occurring only

afterseveral minutes. One complele failure occurred after 300 minutes®
exposure,

+ In both instances of complets fallure, the mode of failure was ong of
cracking of the support material (s2e Pigure 10) between the clip and
the quariz crystal,

Flg. 9 Broken crystal in QC resonator .,

Quartz Crysial Resonator D
Although only the frequency wos measured af each time interval, the
«-data (g&a Table 6) wers sufficient to Indicale that no catastrophic failures
oceurred. The fact that two (of 15) of the devices were tlime zero fallures
probably reflects the manufacturing quality of this iype of high volume,
very low cost device. Once these are eliminated (screened elecirically
whenused inactual sysiems procuction environmenis) the devices appear
“'to be quite rcbust — p-fact clearly reflected in their widespread use
worldwide.

Fig, 10 Cracked support medinm of 3C resonarer E,
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Tuble 7 Quarls Crystal Hesvoator F ‘
The results are summarised in Tuble & and the salien! poinls were a3
Summary of Resulis for Resonalor E follows! < i
" Power Maximwm g, pat R -+ Under low power density in CFC selveats, two of the six devices
Sohvent | Density  Time ..r' Failure Dri Conmrenis " exhibited R, drifts in excess of 10% very quickly (afler less thaz one
No. Failure Drift minute). These may be regarded as infanl mortalities.

o (Wilitre)  (mrinures)

Under high power density agitation in CFC solvents, the performance
of the devices was apparently poor, with four (of five) devices suffori

i No R, R,, changes. In three of these devices, the R,, changs was lasge aa
CFC 1 W P clnges >25%. occurred suddenly. However, in all cases the devices opsraied aceepl-
§ Mo failures. ably after ui least five minutes’ sxposure. _
7 + The mode of failure f the single umsl;_u[;hlc failure was fatigue
through the Lop of the C-clips used for crysial supporl (se¢ Flgure 11).
e Pailed betwy + The resuls under aqueous exposure indicoted Lhat two (of four devices
| allied Betwwen exhiblted R, drifis in excess of 10% in less than one minule.
| 2020 maliules,
n L] z ¥ Cracks apparent
) - i supporl
i medivm.
| f Mo R
0 10 10 drifis »25%.
I 20 Ma (ullures,
=J0% Ry
change afler
120 micles.
»150% Ro
change aller .
- w1 VY g mine
m Failed after -
300 minuies;
supparl medivm
ciuckid
13 ' 4>25% Ry
14 vy Nl X
Aqueous | 3 18 drift belween Fig. 11 Faiigue failure of support mount of OC resonaior F,
1 -1 minuie.
16

Tuble 8

Summasy of Reaults for Resonalor F

I_ Power  Mazinemn 0 R
Salveni | Deusity Time iip_ Fi?lure D:ﬁ"i Coumments
{ (Wilire)  (imieted) _

: 3
| 4
=  CFC (Y 1w : p Hu. 6 >25% drill between 5- 10 mingles,
; 7
I i1 <11 r Mo fuilure; sniall untl;: Rg changes.
T Y Ne.17>25% chunge In Ry betwoon
: 5-10 minutes.
: 18 ¥ Mo, 18 sudden very large increass In Ry
S 10 between 5-10 minutes, probably due lo
i 19 , micro-cracking.
No. 20 sudlen very lurge increase in By
20 v beiwesn S-10minvies.
i — Conlinuous R drift 10 130 minutes.

y  Sudden R, drift efier 180 minutes, Fallzd

P 480 ! v after 300 minutes, Crystal undamagad, but
the metal C-¢lips had broken ﬁviaﬁliluu}.
' 13 Mo, 14 »25% K change beiwecn
14 ¥ 0«1 minuie.
Aguesus 24 3 15 ¥ No. 15>25% R, clange beiween
16 01 wmalowia
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Table 9 '

Summary of Results for QT Osciliator

| Power  Maximum
\ Bd, Full
Solvent Density Time No. Failire

i (Wiliiee)  (minutes}
; : 3

CFC o 10

L= LT Y

17
18

a0 6l 19

Lo30 480 1 W
I

l 13
Aqueaus | 4 3 1;

| 6 ¥

e

Covmmnanis

Mos. 4 and 6 feiled after a few minutzs only, 35 3
result of manufacturing defects. The remaining
three were urallected after 10 minutes,

Fallures: quartz broken along crystallographic

* directions; fragments wers shaitered.

Mo damoge epparent to the erysial supporis or the
meunting medium.

Unaffected after 50 minules.

All failures accurred between 10-60 minutes,
Quartz cracked and broken as above,

Failure accurred between 5-8 hours, Quarlz broken
and pieces were fmgmenied.

Mo, 16 was nen-operational] from time zero.

Quertz Crystal Osclllator

Theresultsofthe simple electrical evaluation of frequency and frequency
waveform are summarised in Table 9. The main poinls were as follows:

+ Under high power density the devices survived for periods belween &
few minules and a few hours.

+ The mode of failure in all cases was cracking and subscquent breaking
of the erystal ilselfalong crystallographic di rections (see Figure 12). In
po instance was there any evidence of degradation of the silver-loaded
epoxy used lo cement the erystal on the tops of the three suppor stubs
(see Figure 13). It seems that there is no compliance in this type of
mounting, and hence any strainistaken by (he crystal, which breaks, Al
high stress levels the crystal breaks and, once broken, the pieces of the
shattered crysial cause further associated damage to olher companents
as 8 result of being shaken around within Lhe package.

-

DISCUSSION

The resulis of this limited survey indicated, as might have been
anticipated, that quariz crystal dyvices are much more sensitive toulirasonic
agitalion than are 1Cs or pmi'u components. However, although a range
of behaviour was exhibited by the chosen devices, the performance of
maost was very encouraging. It is convenicnl 10 consider the results in two
groups: (a) those representing the low-cost, high-volume type of device
which would be the most likely to be subjectzd o ultrasonic agitation
during PCB assembly/processing, and (&) those representing high-cost,
low-volume types of device which, pecause of their intended applications,
would be unlikely to be subjected to ultrasonic agitation.

Law-cast, igh-volume Quartz Crystal Devices

In Wis calegnry, performance was ospecially cneouraging. In the
majorily of applicaticns for this type of device, any drifisin R areof litlle
consequence and the question olrprimc jmportance Is whether o nol the
device fails completely, Bearing this in mind, the results for this type of
devize suggested thal, once infant mortalilies have been screened out, the
devices will survive ultrasonic agitation (at either normal or high power
densitics) for lengths of time well in excess of those required for efficien:
PCB cleaning (i.e., 1-2 minutzs).

There are two further points worthy of note. Firsthy, the fact that infant
martalities were encountered suggests that manufa:lnriuidnfuv:tl may be
present in the devices, but thisls nol surprising inview of the very low cost
of such devices. In addition, it is clear that ultrasonic agitation could be
used as & sereen for such defecis, Secondly, the lime zero ailures are taken
:Is a reflection of the degree of substandard quality in these low-cost

evices.

High-cost, Low-volume Qﬁlrt: Crystal Devices

In the inténded applications for this type of device, any chamges in B,
are of considerable importance. In general, the performance of this
category (fabricated for very high relizbility) is markedly ditferent from
ihatofthe low-cosl ‘dispensable’ counterpart. Firstly, there wers noiofant
mottalilies due to manufacturing defects, and no time zerd failures. This
Is not surprising for devices of this quality, which are subjected both to
siringent manulacturing processes and lo extensive testing. Secondly,
cninstrophic failures occurred anly afier extended ultrasonic exposure
limes (a fealure associated with the enhnnced quality of this type of
device). Thirdly, the devices appeared to be more subject o changes in
R,. & clear reflection of the differences in erystal mounting.
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It is of interest (o consider (the mechanisms of [ailure of the devices, ef
which there are two:

1 Breaking of the crysial (along crystullographic axes, see Figure 1) in
those instances where the style/geometry of the mounting provided
litile or no compliance. The oscillaior was typical of this category.

2 Breaking of the mounting mediumin inslances where the style/geomelry
of the mounting did provide a degree of compliance. In this category,
failure was vis fatigue either of the mounting medium itself (e.g.,
silver-loaded epoxy) or of the metal support. The former oceurred in the
low-cost, high-volume type of device, in whichthe mounting is designed
to be compliant to withsiand the stresses likely 1o be experienced.
The initial fatigue quickly leads to micro-cracking (with an associated
increase in R}, eventual separution (see for example Figure 10) and
device failure, The latier {only one case, se¢ Figure 11) eccurred in a
high-cost, high relisbility device which would not be expected lo be
subject to the same levels of stress. If the mechanism of failure is
fatigue, then il is possible 1o extrapolate™ * the acceleration factor caused
by using the high density agitation. In the earlier work,™ data obtained
fo: 1Cs and LEDs (in which Fatigue was the dominant failure mechaniso)
indicated that the appropriale accelermion facior was 1000. An
acctlerution factor appropriate for the breaking of the quariz crystal
itself due to the non-compliant natare of the mounting is not known.

COMNCLUSIONS

As with results of the earlier work, the present findings are crcouraging
and indicate that ultrasonizally-assisted cleaning of PCBsis not necessarily
detrimental to the performance of QCDs, However, the margin of safety
is not as large as for 1Cs and passive components. Salicat poinls were as
fallows:

» Quartz crystal devices are more susceptible 1o damage from ulirasonic
agilation than are 1Cs or passive components. Hence, ulirsonic clean-

ing of boards containing such devices can be underiuken, but with some
caution. -

v Certain quurte erystal devices sre more susceplible thun_others, this
being due largely 1w the method of mounting the crysials.

' Certaln quanz crystal devices conlain manufaciuring defects which can
be screened out as infant mortalities using ulirasonic agitation as the
sCreen.

+ Many quartz crystal devices (including screened products) will with-
stand ultrasonic exposure withcut any deleterious effects for periods
several times that usually used for cleaning PCBs.
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