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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
SYNTHETIC QUARTZ CRYSTAL –  

SPECIFICATIONS AND GUIDELINES FOR USE 
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn i cal  Commi ss i on  ( I EC)  i s  a  worl dwi de  organ i zat i on  for  s tan dard i zati on  compri s i ng  
al l  nati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Commi ttees) .  The  ob j ect  o f  I EC  i s  to  promote  i n tern ati onal  
co-operat i on  on  al l  qu esti ons  concern i n g  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  th i s  en d  and  i n  
add i t i on  to  other  act i vi t i es ,  I EC  publ i shes  I n ternat i onal  S tandards ,  Techn i cal  Speci f i cat i ons ,  Techn i cal  Reports ,  
Publ i cl y  Avai l abl e  Speci f i cati ons  (PAS)  and  Gu i des  (hereafter  referred  to  as  “ I EC  Pu bl i cati on (s) ”) .  The i r  
preparati on  i s  en tru sted  to  techn i cal  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  i n  the  subject  deal t  wi th  
may part i c i pate  i n  th i s  preparatory  work.  I n ternati onal ,  g overnmen tal  and  n on -governmen tal  organ i zat i ons  l i a i s i ng  
wi th  the  I EC  al so  parti ci pate  i n  th i s  preparati on .  I EC  co l l aborates  cl osel y  wi th  the  I n ternat ional  Organ i zati on  fo r 
S tan dard i zati on  ( I SO)  i n  accordance  wi th  con d i t i ons  determ i ned  by  ag reemen t  between  the  two  organ i zati ons .  

2 )  Th e  form al  deci s i on s  or  ag reem en ts  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ibl e,  an  i n ternat i onal  
consensus  o f  op i n i on  on  th e  re l evan t  subjects  s i nce  each  tech n i cal  com m i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati on s  have  th e  form  of  recommen dati ons  for i n ternati onal  u se  and  are  accepted  by  I EC  Nat i onal  
Commi ttees  i n  that  sense.  Wh i l e  al l  reasonable  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  of  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cann ot  be  hel d  responsi bl e  for  the  way i n  wh i ch  they are  used  or  for  an y 
m i s i n terpretati on  by any end  u ser.  

4)  I n  order  to  prom ote  i n ternati on al  u n i form i ty,  I EC  Nati on al  Commi ttees  un dertake  to  appl y  I EC  Pu bl i cati ons  
transparen tl y  to  the  maximum  exten t  poss ibl e  i n  th e i r  n ati on al  and  reg i onal  publ i cat i ons .  Any d i vergence  between  
any I EC  Publ i cat i on  and  the  correspond i n g  nat i onal  o r  reg i onal  pu bl i cati on  sh al l  be  cl earl y  i n d i cated  i n  the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestat i on  o f  con form i ty.  I ndependen t  cert i f i cati on  bod ies  provi de  con form i ty  
assessmen t  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  no t  responsi bl e  for  an y 
servi ces  carri ed  ou t  by  i n dependen t  certi f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  th at  they h ave  the  l atest  ed i t i on  o f  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servan ts  or  agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
mem bers  o f  i ts  tech n i cal  comm i ttees  and  I EC  Nati onal  Com mi ttees  for  any personal  i n j u ry,  property  damage  or  
o ther  damag e  of  any natu re  whatsoever,  whether  d i rect  o r  i nd i rect,  o r  for  costs  ( i ncl ud i ng  l egal  fees)  and  expen ses  
ari s i ng  ou t  o f  th e  publ i cati on ,  u se  o f,  o r  re l i ance  u pon ,  th i s  I EC  Publ i cati on  or  an y o th er I EC  Publ i cati ons.   

8 )  Atten ti on  i s  d rawn  to  the  N ormati ve  references  ci ted  i n  th i s  publ i cat i on .  U se  o f  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  o f  th i s  publ i cati on .  

9 )  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  th at  some  of  the  e l em ents  o f  th i s  I EC  Publ i cati on  may be  the  subj ect  o f  paten t  
ri g h ts .  I EC  shal l  not  be  hel d  responsi bl e  for  i den ti fyi ng  an y or  al l  such  paten t  r i g h ts.  

I n ternational  Standard  IEC  60758  has  been  prepared  by I EC  techn ical  commi ttee  49:  
P iezoelectric,  d ie lectri c  and  e lectrostati c  devices  and  associated  materials  for  frequency 
con tro l ,  se lection  and  detection .  

Th is  f i fth  ed i t ion  cancels  and  replaces  the  fou rth  ed i t ion ,  publ i shed  i n  2008.  Th is  ed i t ion  
consti tu tes  a techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fo l lowing  s i gn i fi can t  techn ical  changes  wi th  respect  to  the  previous  
ed i tion :  

•  order rearrangement  and  review of  terms  and  defin i ti ons;  

•  abol i t ion  as  a  standard  of  the  i n frared  absorbance  coefficien t  α3  41 0;  

•  add i ti on  of  the  α  val ue  measurement  explanation  by FT- IR  equ ipment  i n  annex;  

•  add i ti on  of  the  syn thetic  quartz  crystal  s tandards  for  optical  appl ications.   
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The  text  o f  th i s  s tandard  i s  based  on  the  fo l l owing  documents:  

FDI S  Report  on  vo ti ng  

49/1 1 85/FDI S  49/1 1 90/RVD  

 
Fu l l  i n formation  on  the  voting  for  the  approval  of  th is  s tandard  can  be  found  i n  the  report  on  
voting  i nd icated  i n  the  above  table.  

Th is  publ i cation  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di rectives,  Part  2 .  

The  commi ttee  has  decided  that  the  con ten ts  of  th i s  publ icati on  wi l l  remain  unchanged  un ti l  the  
stabi l i ty  date  i nd icated  on  the  IEC  websi te  under "h ttp: //webstore. iec. ch"  i n  the  data re lated  to  
the  speci fi c  publ i cation .  At  th is  date,  the  publ i cation  wi l l  be   

•  recon fi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i t i on ,  or  

•  amended .  

A bi l i ngual  version  of  th i s  publ i cation  may be  i ssued  at  a  l ater date.  
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INTRODUCTION  

The  reason  for  add ing  syn theti c  quartz  crystal  for  optical  appl ication  to  th i s  I n ternational  
Standard  i s  as  fo l lows.  

Quartz  crystal  produced  for  optical  appl icati ons  i s  produced  by many of  the  same suppl iers  
manu factu ring  quartz  for e lectron ic  appl i cations.  The  equ ipment and  methods  to  produce  
optical  quartz  are  s im i lar to  those  used  i n  the  production  of  e lectron ic  quartz .  Also,  wi th  a  few 
exceptions  the  characterizati on  methods  of  e lectron ic  and  optical  material  are  s im i lar.  
Therefore,  IEC  60758  serves  as  the  proper basis  for  i nclud ing  addenda re lated  to  quartz  crystal  
for  opti cal  appl ications.  
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SYNTHETIC QUARTZ CRYSTAL –  
SPECIFICATIONS AND GUIDELINES FOR USE 

 
 
 

1  Scope 

Th is  I n ternational  Standard  appl ies  to  syn thetic  quartz  s i ng le  crystals  i n tended  for 
manu facturing  piezoelectric  e lements  for  frequency con tro l ,  se lection  and  opti cal  appl ications.   

2  Normative references 

The  fo l l owing  documents,  i n  whole  or  i n  part,  are  normati vely referenced  i n  th is  document  and  
are  i nd ispensable  for  i ts  appl i cation .  For dated  references,  on ly  the  ed i t ion  ci ted  appl ies.  For 
undated  references,  the  l atest  ed i ti on  of  the  referenced  document  ( i nclud ing  any amendments)  
appl i es.  

I EC  60068-1 :201 3,  Environmental testing – Part 1: General and guidance 

IEC  601 22-1 :2002,  Quartz crystal units of assessed quality – Part 1: Generic specification  

IEC  6041 0 ,  Sampling plans and procedures for inspection by attributes  

I EC  61 994 (al l  parts) ,  Piezoelectric and dielectric devices for frequency control and selection – 
Glossary  

3  Terms and  defin i tions  

For the  pu rposes  of  th is  document,  the  terms  and  defin i t ions  g iven  i n  I EC  61 994  and  the  
fo l l owing  apply.   

3.1   
hydrothermal  crystal  g rowth  
crystal  g rowth  i n  the  presence  of  water,  e levated  temperatu res  and  pressures  by a  crystal  
g rowth  process  bel ieved  to  proceed  geolog ical l y  wi th in  the  earth 's  crust  

Note  1  to  en try:  The  i n dustri al  syn th eti c  quartz  g rowth  processes  u ti l i ze  al kal i ne  water  so l u ti ons  con fi ned  wi th i n  

au toclaves  at  su percri t i cal  temperatu res  (330  °C to  400  °C)  and  pressu res  (700  to  2  000  atmospheres) .  

Note  2  to  en try:  The  au tocl ave  i s  d i vi ded  i n to  two  ch ambers:  the  d i ssol vi ng  chamber,  con tai n i ng  raw quartz  ch i ps  at  
the  h i gher temperatu re;  th e  g rowin g  chamber,  con tai n i n g  cu t  seeds  at  the  l ower  temperatu re  (see  7 . 1 . 2 ) .  

3.2   
synthetic  quartz  crystal  

sing le  crystal  o f  α  quartz  g rown  by the  hydrothermal  method  

Note  1  to  en try:  Cu l tu red  quartz  has  the  same  m ean i ng  as  syn theti c  quartz  crys tal .  

3.3   
as-grown  synthetic  quartz  crystal  
state  of  syn thetic  quartz  crystal  pri or  to  g ri nd ing  or  cu tting  

3.4   
as-grown  Y-bar 
crystals  wh ich  are  g rown  by us ing  l ong  sti ck seed  i n  the  Y-d i rection  
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3.5   
as-grown  Z-bar 
crystals  wh ich  are  g rown  by us ing  Z-cu t  seed  

3.6   
synthetic  quartz  crystal  batch  
syn thetic  quartz  crystals  g rown  at  the  same time  i n  one  au toclave  

3.7   
seed  
rectangu lar paral le lepiped  quartz  p late  or  bar  to  be  used  as  a  nucleus  for  crystal  g rowth  

3.8   
g rowth  zones 
reg ions  of  a  syn thetic  quartz  crystal  resu l t ing  from  g rowth  along  d i fferen t  crystal log raph ic  
d i recti ons  

SEE:  Figu re  2 .  

3.9   
orientation  of  a  synthetic  quartz  crystal  
orien tation  of  the  seed  of  a  syn thetic  quartz  crystal  wi th  respect  to  the  orthogonal  axes  speci fied  
i n  3 . 7  

3.1 0   

orthogonal  axial  system  of  α  quartz  crystal  
orthogonal  axi s  system  consisting  of  th ree  axes  wi th  a  mu tual l y vertical  X axis ,  Y axis  and  Z  axis  
as  i l l ustrated  i n  Figure  1  

Note  1  to  en try:  The  z -cu t  seed  m ay be  ori en ted  at  an  ang l e  of  l ess  than  20°to  the  Y-axi s ,  i n  th i s  case  th e  axial  system  
becomes  X,  Y' ,  Z ' .  

3.1 1   
AT-cut  plate  

rotated  Y-cu t  crystal  p late  orien ted  at  an  ang le  of  abou t  +35°  around  the  X-axis  or abou t −3°  from  
the  z  (m inor rhombohedral ) - face   

SEE:  Figu re  3   

3.1 2   
X-cut  plate 
crystal  p late  perpend icu lar to  the  X-axis  

SEE:  Figure  3b  

3.1 3   
Y-cut  plate 
crystal  p late  perpend icu lar to  the  Y-axis  

SEE:Figure  3b  

3.1 4   
Z-cut  plate 
crystal  p late  perpend icu lar to  the  Z-axi s   

SEE:Figure  3b  

3.1 5   
z  (minor rhombohedral )-cut  plate 
crystal  p late  paral le l  to  the  z  (m inor rhombohedral ) - face   
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SEE:  Figu re  3a 

3.1 6   
d imensions 
d imensions  pertain ing  to  g rowth  on  Z-cu t  seed  rotated  less  than  20°from  the  Y-axis  

3.1 7  
effective  Z-d imension  
as-g rown  effecti ve  Z  d imension  defined  as  the  m in imum  measure  i n  the  Z  (휃 = 0°)  or Z'  d i rection  
i n  usable  Y or Y'  area of  an  as-g rown  crystal  and  described  by Zeff   

SEE:  Figure  2  

3.1 8   
m in imum  Z-d imension  
min imum  d istance  from  seed  su rface  to  Z-surface  described  by Zmi n   

SEE:  Figu re  2d  

3.1 9   
i nclusions   
any foreign  material  wi th in  a  syn theti c  quartz  crystal ,  vi s ible  by examination  of  scattered  l i gh t  
from  a  bri gh t  source  wi th  the  crystal  immersed  i n  a  refracti ve  i ndex-match ing  l i qu id  

Note  1  to  en try:  A  parti cu l arl y  common  i ncl us i on  i s  mai n l y  the  m i n eral s  cal l ed  acm i te  and  emeleu si te .   

3.20   
seed  vei l  
array of  i nclus ions  or  voids  at  the  su rface  of  the  seed  upon  wh ich  a  crystal  has  been  g rown   

3.21   
etch  channel  
rough ly  cyl indrical  void  that  i s  presen t  along  the  d i s location  l i ne  after  etch ing  a  quartz  crystal   

3.22   
dopant  
add i ti ve  used  i n  the  g rowth  process  wh ich  may change  the  crystal  habi t,  chemical  composi t ion ,  
physical  or  e lectri cal  properties  of  the  syn theti c  quartz  batch   

3.23   
pre-d imensioned  bar 
bar whose  as-g rown  d imensions  have  been  al tered  by sawing ,  g rind ing ,  l apping ,  etc. ,  to  meet a  
particu lar d imensional  requ i rement   

3.24   
impuri ty concentration  
concen tration  of  impuri ties  re lati ve  to  s i l i con  atoms   

3.25   
d islocations   
l i near defects  i n  the  crystal  due  to  m isplaced  planes  of  atoms   

3.26   
autoclave 
vessel  for  the  h i gh -pressure  and  h i gh- temperatu re  cond i t ion  requ i red  for  g rowth  of  a  syn thetic  
quartz  crystal  
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3.27  
right-handed  quartz  or  left-handed  quartz   
handedness  of  quartz  crystal  as  determ ined  by observing  the  sense  of  handedness  of  the  
optical  rotation  i n  the  polarized  l i gh t  

Note  1  to  en try:  R i g h t-han ded  quartz  i s  the  crystal  o f  dextrorotatory and  l e ft-h anded  quartz  i s  the  crystal  o f  
l evorotary  

3.28  
twins  
two  or  more  same  si ng le  crystals  wh ich  are  combined  together by the  l ow of  symmetrical  p lane  
or  axis  

Note  1  to  en try:  The  fo l l owi ng  twi n  types  have  been  i den ti f i ed  i n  syn th eti c  qu artz  crystal s:  

a)  E l ectri cal  twi ns  

Quartz  crystal  i n  wh i ch  reg i ons  wi th  the  common  Z-axi s  exi s t  showi ng  a  po l ari ty  reversal  o f  th e  e l ectri cal  X-axi s .  

b)  Opt i cal  twi ns  

Quartz  crystal  i n  wh i ch  reg i ons  wi th  the  common  Z-axi s  exh i bi t  han dedness  reversal  o f  the  opti cal  Z-axi s .   

3.29   

i n frared  absorption  coefficient  α  value 
coefficien t  (referred  to  as  the  α  value)  establ i shed  by determin ing  the  relati onsh ip  between  
absorpti on  of  two  wave  numbers  

Note  1  to  en try:  On e  wave  num ber  i s  m i n imal  absorpti on  du e  to  OH  i mpuri ty,  th e  o ther i s  h i gh  absorpti on  due  to  
presence  o f  OH  impu ri t i es  i n  the  crystal  l att i ce .  Th e  OH  impu ri ty  creates  m echan i cal  l oss  i n  reson ators  an d  i ts  

presence  i s  corre l ated  to  the  presence  o f  o th er l oss- i nduci ng  impu ri t i es .  The  α  val ue  i s  a  measu re  o f  OH  con cen trati on  
and  i s  correl ated  wi th  expected  mech an i cal  l osses  due  to  materi al  i mpu ri t i es .   

Note  2  to  en try:  For  the  coeffi c i en t  def i ned  here,  the  l ogari thm  base  1 0  i s  u sed .  The  i n frared  absorpti on  coeff i ci en t  

val u e  α  i s  determ i n ed  u s i n g  the  fo l l owi ng  equati on :   

α =
1

푡 푙푙푙10 �푇1푇2�  

where   

α  i s  the  i n frared  absorpti on  coeff i c i en t;   

푡  i s  the  th i ckness  o f  Y-cu t  sample ,  i n  cm ;   

T
1  

i s  the  per  cen t  transm iss i on  at  a  wave  number o f  3  800  cm –1  o r  3  979  cm –1 ;   

T
2  

i s  the  per cent  transmission  at  a wave number of  3  500  cm–1 ,  or 3  585  cm–1 .   

3.30   
l umbered  synthetic  quartz  crystal  
syn theti c  quartz  crystal  whose  X-  and  Z-  or  Z' -  su rfaces  i n  the  as-g rown  cond i ti on  have  been  
processed  flat  and  paral le l  by sawing ,  g ri nd ing ,  l apping ,  etc. ,  to  meet  speci fi ed  d imensions  and  
ori en tation   

3.31   
reference surface 
surface  of  the  l umbered  bar prepared  to  speci fi c  f l atness  and  orien tation  wi th  respect  to  a  
crystal lograph ic  d i rection  ( typical l y  the  X-d i rection )   

3.32   
synthetic  quartz  for  optical  appl ications 
synthetic  quartz  wh ich  satisfies  the  requ i rements  for  the  use  of  opti cal  p i ckups,  opti cal  l owpass  
fi l ters  (OLPF)  and  wave  plates  for d ig i tal  s i ng le- lens  reflex  camera,  mon i tori ng  camera,  d ig i tal  
vi deo  camera and  opti cal  commun ication  modu le  operating  i n  the  300  nm  – 1  700  nm  wave  
leng th  (5  882  cm -1 -33  333  cm -1 )  
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3.33   
i n ternal  transmittance 
i n ternal  transmi ttance  wh ich  does  not  i nclude  loss  of  su rface  refraction  

Note  1  to  en try:  Th i s  defi n i t i on  appl i es  to  syn th eti c  qu artz  for  opt i cal  appl i cat i ons  on l y.  I n ternal  transm iss i on  val ues  
requ i re  s tatemen t  o f  sample  th i ckness  for  wh i ch  the  val u e  i s  cal cu lated ,  e . g .  2  mm .  

3.34  
striae  
short  range  deviati ons  of  refractive  i ndex i n  quartz,  g rowing  defects  i n  wh ich  the  refractive  i ndex 
fl uctuates  wi th  a  typical  period  of  fractions  of  one  m i l l imetre  to  several  m i l l imetres  

Note  1  to  en try:  Th i s  defi n i t i on  appl i es  to  syn th eti c  quartz  fo r  opti cal  appl i cati ons  on l y.  

3.35   
g rowth  band  
con trasting  densi ty  band  that  can  be  observed  i n  the  Y-cu t  crystal  by  Sch l ieren  and  s im i lar  
optical  method  

Note  1  to  en try:  The  cause  o f  th i s  con trast  i s  that  e l emen ts  such  as  al um in i um ,  sod i u m ,  l i th i um  and  i ron  are  trapped  
i n  th e  crystal  wh en  a  crystal  i s  g rowi ng .  

Note  2  to  en try:  Larger  amoun ts  o f  t rapped  impu ri t i es  typi cal l y  cause  an  i n crease  i n  α .  

Note  3  to  en try:  G rowth  bands  cannot  be  observed  when  α3  585  i s  l ess  than  0 , 1 60  or  α3  500  i s  l ess  than  0 , 1 20 .  

Note  4  to  en try:  Th i s  defi n i t i on  appl i es  to  syn theti c  quartz  for  opti cal  appl i cati ons  on l y.  

4 Speci fication  for synthetic  quartz  crystal  

4.1  Standard  values   

4. 1 .1  Shape of  synthetic  quartz  for  optical  appl ications 

A seed  crystal  i s  removed  and  the  g rowth  faces  are  mach ined  to  a  speci fi ed  un i form  su rface  
roughness  and  to  a  speci fi ed  flatness  wi th  the  speci fi ed  crystal log raph ic  orien tation .  

4.1 .2  Orientation  of  the  seed   

Standard  orien tation  for  the  seeds  are  Z-cu ts  and  rotated  X-cu ts,  m inor rhombohedral  (z-m inor)  
cu t,  1 °30'  rotated  Z-cu t,  2 °rotated  Z-cu t,  5 °rotated  Z-cu t,  and  8 °30'  rotated  Z-cu t,  the  Z' -axi s  of  the  
l atter  th ree  seeds  being  rotated  as  shown  i n  Figure  1 .   

4.1 .3  Inclusion  densi ty 

4. 1 .3.1  Inclusion  densi ty of  synthetic  quartz  for  piezoelectric  appl ications 

The  i nclus ion  densi ty (measured  as  i n  4. 2 .5.3)  for each  g rade  shal l  not  exceed  the  fi gu res  i n  any 
requ i red  s i ze  range  for  that  g rade  l i sted  i n  Table  1 .  
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Table  1  – Inclusion  densi ty g rades for  piezoelectric  appl ications 

Grade/size  
Range  

Densi ti es  per  cm3  

µm  1 0-30  >30-70  >70-1 00  >1 00  

I  a  2  1  0  0  

I  b  3  2  1  1  

I  6  4  2  2  

I I  9  5  4  3  

I I I  1 2  8  6  4  

 

Users  requ i ri ng  a  g rade  i n  on ly  one  or  more  of  the  s i ze  ranges  may designate  thei r  requ i rement 
as  the  g rade  fo l lowed  by the  appropriate  s i ze  range.  

4.1 .3.2  Inclusion  densi ty of  synthetic  quartz  for  optical  appl ications   

The  i nclusion  densi ty  g rade  of  syn theti c  quartz  for  opti cal  appl i cations  shal l  be  shown  at  Table  2 .  

Table  2  – Inclusion  densi ty g rades  for  optical  appl ications 

Grade/size  
Range  

Densi t i es  per  1 00  cm3  

µm  1 0-1 00  

OPT I  0 -9  

OPT I I  1 0 -20  

OPT I I I  21 -39  

 

4.1 .4  Striae  in  synthetic  quartz  for  optical  appl ications 

A s ize,  con trasting  densi ty  and  quan ti ty  shou ld  not  exceed  a  l im i t  sample.  A l im i t  sample  shou ld  
be  defined  between  the  manu factu rer and  the  user.  

4.1 .5  In frared  qual i ty ind ications  of  α3  500  and  α3  585  for  piezoelectric  appl ications 

An  in frared  exti nction  coeffi cien t  value  (α  value)  of  syn theti c  quartz  (measured  as  i n  4. 2 . 6)  shal l  

be  as  l i s ted  under the  appropriate  heading  for  α3  500  or  α3  585  i n  Table  3  for  the  various  g rades:   

Table  3  – Infrared  absorbance coefficient  g rades for  piezoelectric  appl ications  

Grade  
Maxima Pre-1 987a  

Q・ 1 06un i ts  α
3  500

 α  
3585

 

Aa  0 , 026  0 , 01 5  3 , 8  

A  0 , 033  0 , 024  3 , 0  

B  0 , 045  0 , 050  2 , 4  

C  0 , 060  0 , 069  1 , 8  

D  0 , 080  0 , 1 00  1 , 4  

E  0 , 1 20  0 , 1 60  1 , 0  

a  These  Q  val ues  were  obtai ned  from  α  measu remen ts  an d  empi ri cal  corre lat i on ,  and  were  i n  common  usage  
pri or  to  1 987.  Th ese  are  i ncl uded  here  as  the  previ ou s  l abel s  to  mai n tai n  con t i nu i ty  th rough  the  change  i n  

em phas i z i ng  α  l abe l s .  α  i s  the  ph ys i cal  m easu remen t  now used  to  con tro l  and  speci fy  qual i ty  i n  syn thet i c  
qu artz .   
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The  test  l im i ts  above  e i ther correspond  to  or  are  unchanged  (except i n  the  cases  of  g rades  B  and  

D)  from  the  α3  500  I im i ts  that  correspond  to  the  Q  value  g rades  l i s ted  IEC  60758:1 983.  Th is  fi fth  
ed i ti on  of  I EC  60758  designated  some  of  the  same  g rades  i n  terms  of  m in imum  ind icated  Q's  i n  
1 06  u n i ts ,  as  fo l lows:   

Aa =  3 , 8;  

A =  3 , 0 ;   

B   =  2 , 2  (basis  used  herein ) ,  changed  from  2, 4  i n  the  1 983  ed i t ion ;  

C   =  1 , 8;   

D   =  1 , 4  (revised) ;   

E   =  1 , 0  ( the  same as  the  earl ier  D-g rade) .  

4.1 .6  Grade classi fication  by α  value  and  Sch l ieren  method  for  optical  appl ications 

Grade  classi fi cation  i s  shown  at  Table  4.  

Table  4  – Infrared  absorbance coefficient  g rades 
and  Sch l ieren  method  for  optical  appl ications 

Grade  α
3  500

 α
3  585

 Sch l i eren  method  

OPT A <0, 033   <0 , 024   –  

OPT B  <0, 060   <0, 069  – 

OPT C  <0, 1 20   <0 , 1 60   – 

OPT D  ≥0, 1 20  ≥0 , 1 60  
not  observed  g rowth ban d  

by  Sch l i eren  method   

 

4.1 .7  Frequency-temperature  characteristics  of  synthetic  quartz  for  piezoelectric  
appl ications   

The  frequency- temperatu re  characteristi cs  of  syn theti c  quartz  crystal  un i ts  shal l  be  assessed  
by determ ination  of  the  fractional  frequency deviation  measured  at  1 5  °C and  35  °C wi th  
respect  to  the  series  resonance  frequency at  25  °C.  The  fractional  deviation  shal l  sati sfy  the  
fo l l owing :   

•  fractional  frequency deviation  at  1 5  °C:  +0,5  to  +1 , 5  ×  1 0–6;   

•  fractional  frequency deviation  at  35  °C:  –0,5  to  -1 , 5  ×  1 0–6.   

Measurement  shal l  be  made  i n  accordance  wi th  4. 7.3  of  IEC  601 22-1 :2002.   

4.1 .8  Etch  channel  density ρ   

4 . 1 .8.1  Etch  channel  density ρ  for  piezoelectric  appl ications 

When  requ i red ,  the  etch  channel  densi ty,  ρ ,  per cm2  (measured  as  i n  4. 2 . 8)  for each  g rade,  
shal l  comply wi th  the  l i s t ings  i n  Table  3 .   
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Table  5  – Etch  channel  densi ty g rades  for  piezoelectric  appl ications 

Grade  Maximum  number  ρ  per  cm 2  

1 aa 2  

1 a  5  

1  1 0  

2  30  

3  1 00  

4  300  

 

4.1 .8.2  Etch  channel  density ρ  for optical  appl ications  

Etch  channel  densi ty  (measured  as  i n  4. 2 .8)  shou ld  be  ρ  ≦  1 00  per  cm2 .  

4.1 .9  In ternal  transmittance for  optical  appl ications 

At the  waveleng ths  400  nm ,  550  nm ,  650  nm  and  1  550  nm ,  i n ternal  transmi ttance  shou ld  be  
0 , 998  or  more  for  a  2  mm  th ick sample.   
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Figure  1  – Quartz  crystal  axis  and  cut  d i rection  

4.2  Requi rements  and  measuring  methods   

4.2.1  Orientation   

The  orien tation  of  the  seed  shal l  be  along  speci fi ed  d i rections,  wi th  a  deviation  of  l ess  than  
30  m in  from  nominal .  
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4.2.2  Handedness   

The  handedness  of  the  seed  shal l  be  speci fi ed ,  e i ther ri gh t-hand  or  l eft-hand  (see  Figu re  1 ) .  

4.2.3  Synthetic  quartz  crystal  d imensions   

4.2.3.1  General  

The  d imension  shal l  be  measured  by cal l i pers  or  po in t  cal l ipers  wh ich  enable  the  hol l ow poin t  
of  a  syn thetic  quartz  crystal  to  be  measured  (see  Annex D) .  

4.2.3.2  Dimension  along  Y or  Y'-  axis   

The  d imension  shal l  be  as  speci fi ed  (see  Figure  2d) .  

4.2.3.3  Dimension  along  Z  or  Z' -axis  

The  d imension  along  the  Z  or  Z' -axi s  shal l  be  measured  by a  poin t  cal l i per  and  i t  shal l  be  
speci fied  as  the  maximum  d imension  along  the  Z  or  Z' -axis  i n  the  g reater  X zone  (see  
Fi gu re  2c) .  

4.2.3.4  Dimension  Zeff  or  Z'eff   

The  Zeff  or  Z'eff  d imension  shal l  be  speci fi ed  as  the  m in imum  d imension  along  the  Z  or  Z' -axis  
(see  Figu re  2c) .   

4.2.3.5  Dimension  Zmin  or  Z'min   

The  d imension  shal l  be  as  speci fi ed  (see  Figu res  2c  and  2d) .  
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a )  – Section  ⊥  to  Y-axis  b)  – Section  ⊥  to  X-axis  

 

 

c )  – I l l ustration  of  d imensions  Z  and  Z
eff

 d )  – I l l ustration  of  d imension  Z
min

 

Figure  2  – Ideal ized  sections of  a  synthetic  quartz  crystal  g rown  on  a  Z-cut  seed  

4.2.3.6  Dimension  along  X-axis   

The  g ross  d imension  along  the  X-axis  shal l  be  as  speci fied  (see  Figure  2c) .   

4.2.4  Seed  d imensions  

4.2.4.1  Z  or  Z'  d imension   

The  Z  or  Z' -d imension  ( i . e .  th ickness)  of  the  Z-cu t  or  rotated  Z-cu t  seed  shal l  be  less  than  3  mm,  
un less  otherwise  speci fied .   

4.2.4.2  X-d imension   

The  d imension  X of  the  seed  shal l  be  as  speci fi ed .   

4.2.5  Imperfections  

4.2.5.1  Twinn ing   

There  shal l  be  no  e lectrical  or  optical  twinn ing  i n  the  usable  reg ion .  The  existence  of  twinn ing  
shal l  be  checked  by visual  i nspection .   

4.2.5.2  Cracks and  fractures   

There  shal l  be  no  cracks  or  fractures  i n  the  usable  reg ion .  The  existence  of  cracks  and  
fractu res  shal l  be  checked  by visual  i nspection .   
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4.2.5.3  Inclusion  densi ty  

4.2.5.3.1  General  

The  fo l lowing  two  measuring  methods  are  used  and  e i ther one  may be  chosen :  

a)  Method  1  

I nclus ions  wi th in  stated  ranges  are  coun ted  visual l y  per cm3  i n  sample  vo lumes  wi th in  a  

crystal  us ing  a  stereo  binocu lar  m icroscope  operating  at  30×  to  40×  magn i fi cation  equ ipped  
for  coun ti ng  wi th in  e i ther a  ci rcu lar  or a  square  fi e l d  and  wi th  a  cal ibrated  reti cu le  scale  for 
determin ing  particle  s i zes,  i n tense  s ide  i l l um ination  (such  as  halogen  lamps)  over a  
recessed  black matt  background,  an  i ndex match ing  l i qu id  (n  =  1 , 55,  approximately)  for  
transparency,  and  means  of  measuring  the  d imensions  of  the  sample  vo lumes  counted .  An  
example  for  the  reference  sample  se lection  procedure  i s  g i ven  i n  Annex B.  

b)  Method  2  

I n  case  i t  i s  d i ff i cu l t  to  apply method  1 ,  crystals  are  compared  wi th  reference  samples  
appropriate ly  representing  each  g rade  range,  immersing  wi th in  an  i ndex match ing  l i qu id  
(n  =  1 , 55  approximately)  for  transparency,  or  applying  such  l i qu id  to  the  surface.  The  
reference  samples  shal l  be  agreed  upon  between  the  suppl ier  and  the  user.  An  example  for 
the  reference  sample  se lection  procedure  i s  g i ven  i n  Annex C.   

4.2.5.3.2  Sampl ing   

Because  of  the  considerable  costs  i n  t ime,  l abour and  money,  some plan  for  sampl ing  both  bars  
and  reg ions  wi th in  the  bars  i s  normal ly  used  by ag reement  between  the  suppl ier  and  the  buyer 
when  qual i ty  con tro l  o f  e i ther  i nclus ion  densi ty  or etch  channel  densi ty  i s  requ i red .   

C learly,  the  preferable  l ow-cost  i nspection  s i tuation  i s  the  one  i n  wh ich  the  densi ti es  of  
i nclus ions  or  etch  channels  are  wel l  be low the  test  l im i ts ,  and  i n frequen t  samples  can  be  
j usti fi ed .  S ince  such  s i tuations  are  not  always  attainable,  more  ri gorous  i nspection  strateg ies  
wi l l  sometimes  be  requ i red  for  appropriate  densi ty  contro l ,  and  shal l  be  found,  worked  ou t,  and  
ag reed  upon  between  the  suppl ier  and  the  user.   

Sound  statisti cal  methods  are  requ i red  i n  order  to  meet  appropriate  ag reed-upon  assured  
qual i ty  l evel  tests  and  ensure  that  the  crystals  and  the  vo lumes  counted  wi th in  them  are  
su ffi cien tl y  represen tative.  S ince  sampl i ng  procedures  and  statisti cal  con fi dence  tests  are  
described  i n  the  l i terature,  the i r  principles  wi l l  not  be  repeated  here.   

4.2.5.3.3  Batch  sampl ing   

I n  most  batch  sampl ing ,  a  su i table  sample  bar or  g roup of  bars  i s  chosen  to  represent  the  batch  
popu lation .  The  number of  bars  shal l  depend  on  the  number i n  the  batch ,  the  type  of  crystal ,  
the  i n tended  appl ication ,  the  separation  between  the  mean  and  the  target  i nclus ion  densi ti es  
and  the  AQL (acceptable  qual i ty  l evel )  con fi dence  level  requ i rement needed  to  provide  
su ffi cien t  assu rance  that  the  batch  i nclus ion  densi ty  i n  each  s i ze  range  shal l  be  below thei r  
appl icable  g rade  test  l im i ts .  The  sample  bar  g roup  shal l  reasonably  represen t  the  batch  wi th  
respect  to  i nclus ion  densi t i es.  Deviations,  i f  any,  are  al l owed  and  shal l  be  towards  h igher,  not  
l ower,  i nclusion  densi t ies  for  safe  assurance.  

4.2.5.3.4  Volumes with in  a  bar  

A g roup of  vo lumes  wi th in  each  sample  bar i s  next  chosen  for  i nclus ion  counting .  The  
boundaries  of  the  volumes  are  defined  by the  area of  the  focal  fi e ld  of  the  m icroscope  (or  the  
ou tl i ne  of  a  square  reticu le)  and  e i ther  the  heigh t  o f  the  bar or  the  leng th  range  of  the  depth  
ad justment  of  the  m icroscope  chosen  for  use.  I t  i s  necessary to  determ ine  and  total  the  
vo lumes  th roughou t  wh ich  counts  are  accumu lated .  The  volumes  selected  for  coun ting  shou ld  
i nclude  main ly  reg ions  (usual l y  Z-g rowth  zones  as  i n  Fi gu re  3)  whose  material  wi l l  be  present  
and  acti ve  i n  the  fi n ished  devices  and  shou ld  not  avoid  dense  i nclusion  vo lumes  wi th in  these  
reg ions.  The  number of  vo lumes  per  bar shal l  be  at  l east  s i x  or more  for  reasonable  statistical  
con fidence.   
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The  sample  vo lume  l ocations  wi th in  a  bar shal l  be  appropriate ly  d istri bu ted  i n  i ts  X- ,  Y- ,  Z-axes  
to  i nclude  the  variations  of  the  i nclus ion  densi ty  wi th  these  i ndependent  variables.  Typical  
syn thetic  quartz  bars  (Figure  3a)  are  l ong  i n  the  Y-  and  smal l  i n  the  X-  and  Z-axes  d imensions.  
Normal ly,  the  g reatest  variati on  of  i nclus ion  densi ty  appears  over a  zone's  g rown  d i rection ,  for  
example  the  Z-d imension  i n  the  Z-zone  (Figures  1 a  and  3) .  Thus,  for  large  Z-crystals ,  the  
sampled  reg ions  shal l  be  l ocated  at  varied  Z-d istances  from  the  seed  to  ensure  that  the  bar's  
range  of  Z  i s  wel l -represen ted  by the  g roup  of  sample  vo lumes.  Sim i larly,  any noted  variations  
over Y or  X shal l  be  sampled ,  i f  such  variati ons  are  presen t.  

 

a)  – Location  of  AT-cut  p late  i n  ri gh t-handed  syn thetic  

 

b)  – Location  of  X-cut  p late,  Y-cu t  pl ate  and  Z-cu t  p late  

Figure  3  – Typical  example  of  cutting  wafers  of  AT-cut  plate,  m inor  
rhombohedral -cut  plate,  X-cut  plate,  Y-cut  plate  and  Z-cut  plate 

To  aid  i n  d istribu ti ng  sample  vo lumes  wi th in  a  typical  bar,  i ts  l esser X-su rface  i s  marked  wi th  
transverse  Z' - l i nes,  perpend icu lar to  the  seed  at  regu lar 1 0  mm  i n tervals  over the  Y- leng th  of  
the  surface.  Sample  vo lumes  for  i nclus ion  coun ting  are  chosen  as  needed  from  wi th in  each  
rectang le  formed  by the  marks  and  the  crystal  su rfaces.  To  l ocate  the  sample  vo lumes  at  varied  
d i stances  from  the  seed,  i n  smal l  crystals  (where  a  Z-zone  measures  less  than  double  the  f ie ld  
d iameter of  the  m icroscope) ,  they shou ld  be  al ternated  near and  far  from  the  seed .  For l arger  
crystals ,  the  vo lumes  shou ld  be  sequenced  i n  Z  over  i ts  range  to  ensure  that  each  i nclus ion  
band  i s  represen ted  i n  the  sample  vo lumes.  Several  frequen tl y  used  sampl ing  plans  are  
i l l ustrated  i n  Annex A.   
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4.2.5.3.5  Inclusion  counting   

The  ci rcu lar or  square  fi e l d  of  vi ew chosen  for  coun ting  wi th in  i ts  marked  rectang le  i s  scanned  
vertical l y  over  i ts  chosen  X-heigh t  wi th in  the  m icroscope's  range  of  depth  ad justment,  as  
fo l l ows.  

I f  the  sample  i s  a  Y-bar wi th  a  re lati vely  smal l  X-heigh t,  the  scans  wi l l  be  at  a  series  of  s i tes  
varied  i n  Z  along  i ts  l eng th  (under s ide  i l l um ination ,  wi th  i ts  l esser X-surface  up) .  Beg inn ing  i n  a  
rectang le  posi ti oned  at  one  end  of  the  usable  zone,  an  i nclus ion  coun t  i s  taken  i n  an  X-cyl inder 
(or  paral le lel i piped)  vo lume.  Starti ng  s l i gh tl y  below the  l esser X-surface  (and  not  coun ting  
su rface  material ) ,  al l  vi s ible  i nclus ions  i n  focus  are  categori zed  and  coun ted  i n  each  of  the  s i ze  

categories  requ i red  by the  customer's  order:  1 0  µm to  30  µm,  30  µm to  70  µm,  70  µm to  

1 00  µm,  and  g reater than  1 00  µm.  The  m icroscope  i s  then  l owered  and  the  newly focused  
i nclus ions  coun ted  and  added  i n to  thei r  s i ze  categories.  Th is  process  i s  con ti nued  th rough  the  
chosen  X-heigh t;  the  procedure  i s  repeated  at  the  next  sample  posi t ion ,  and  so  on .  

The  counts  from  the  bar's  sample  s i tes  i n  each  of  the  fou r s i ze  categories  are  summed  by 
category and  d i vided  by the  calcu lated  total  o f  the  sampled  vo lumes,  to  obtain  an  average  
count  per  cm 3  for  each  category i n  one  bar.  The  count  averages  i n  each  category from  al l  the  
sample  bars  from  a run  are  averaged  and  recorded  as  requ i red  to  represen t  the  s ize  
d istribu ti on  for the  run .  Maximum  and  m in imum  bar averages  may also  be  recorded ,  i f  desi red  
or requ i red .  A numerical  example  i s  g i ven  i n  Annex B.  

4.2.6  Evaluation  of  in frared  qual i ty by α  measurement   

4.2.6.1  General  

The  i n frared  absorption  per cen timetre  at  one  or  more  of  3  500  or  3  585  wave  numbers  i s  
measured  i n  a  Y-cu t  s l i ce  scan  as  the  d i fference  between  the  absorption  at  the  chosen  wave  
number and  absorption  i n  the  background  ou ts ide  the  band ,  at  3  800  cm–1  or at  3  979  cm –1  
when  using  a  s ing le  beam  instrument.  S ince  those  α  are  known  to  vary d i rectly wi th  the  total  
Z-growth  s ize  d i stribu tion  of  the  crystals  i n  one  batch ,  a  maximum  Z-crystal  ( for  worst-case  

maximum  α  measurement)  i s  used  to  characterize  the  batch .  Other crystals,  the  average  
Z-crystal  for  example,  may be  measured  to  fu rther characteri ze  the  batch .  

Two  methods  have  been  used  for  IR  measurements  i n  quartz.  The  fi rst  was  d i spersive,  a  set-up  
i n  wh ich  a  monochromator resu l ts  i n  the  exposure  of  the  test  sample  to  a  s ing le  beam  spectrum  
of  speci fi ed  waveleng th  (wave  number) .  Later,  Fourier  transform  in frared  spectrophotometers  
(FTIR)  were  developed  al lowing  al l  relevan t  waveleng ths  to  be  sampled  s imu l taneously.  Th is  
method  uses  an  i n terferometer  to  co l lect  transmission  across  a  wide  spectrum.  The  detector 
s ignal  i s  sen t  to  a  compu ter i n tegrated  i n to  the  test  setup,  and  an  algori thm  cal led  a  Fourier 
transform  i s  performed  on  the  i n terferogram  to  convert  i t  i n to  a  s ing le  beam  spectrum,  wi th  the  
transmission  data so  obtained  used  to  estimate  the  alpha extinction  coefficien t.  Today,  the  
FTIR  i s  used  more  widely than  d i spersive  IR  equ ipment.   

Both  the  d i spersive  I n frared  Spectrometer and  FTIR  methods  may be  used  to  measure  the  
whole  sample  at  a  s ing le,  f i xed  wave  number.  I n  th i s  option ,  the  sample  i s  scanned  abou t  the  Z  
d i recti on  us ing  a  narrow beam  to  measure  i n frared  absorption  poin t-by-poin t,  then  constructing  
a  map of  absorption  versus  Z-posi t ion .  

4.2.6.2  Preparation  of  the  Y cut  sl ice   

The  syn thetic  quartz  crystal  to  be  sampled  i s  moun ted  on  a  substrate  then  s l i ced  wi th  a  quartz  
saw to  yie ld  at  l east  one  Y-cu t  s l i ce  whose  th ickness  after  l apping  and  po l i sh ing  wi l l  fal l  i n  the  

range  of  5  mm  to  1 0  mm.  The  5  mm  th ickness  i s  appropriate  for  h i gh  α-material ,  to  resolve  i ts  

α-variati ons;  the  m id-range  for  med ium  α ;  and  the  1 0  mm  th ickness  i s  appropriate  for  the  

l owest  α-material  to  measure  i ts  smal l  absorption .   
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After sawing ,  the  s l i ce  i s  l apped  on  both  major su rfaces:  f i rst,  wi th  a  homogen ized  m ixtu re  of  

25  µm abrasive;  second ,  wi th  a  homogen ized  m ixtu re  of  3  µm abrasive.  Further  lapping  to  

pol i sh  i s  optional  and  i s  preferred  for l ow α .   

4.2.6.3  Cal ibration  of  a  standard  Y-cut  sl ice  in  an  infrared  spectrophotometer  

The  i n fra-red  spectrophotometer i s  tu rned  on ,  al l owed  to  warm  and  fu l l y  s tabi l i ze,  then  
cal ibrated .  The  normal  dai l y  cal i bration  i ncludes  i ts  transmission  (0  % – 1 00  %)  or  absorbance  
( log  T =  1 , 0  – 0)  l im i t  setti ngs,  chart  speed  and  synchron ized  sample  scann ing  arrangement.  
For evaluation  and  normal  use,  a  1 , 5  mm  wid th  aperture  i s  l ocated  i n  the  sample  beam.  For the  

l owest  α  value  measurements,  a  5  mm  wid th  apertu re  may be  requ i red .  The  apertu re's  heigh t  
shal l  not  exceed  the  X-d imension  of  the  seed  or  5 , 0  mm.  A pol i shed  Y-cu t  s tandard  reference  
s l i ce  i s  placed  fi rst  i n  the  sample  holder,  wh ich  i s  then  mounted  i n  the  scann ing  device.  

The  wave  number con trol  i s  set  at  a  background  setti ng  (ou ts ide,  bu t  near the  OH  absorption  

band) ,  usual l y  (3  800  ±  3 )  cm–1 ,  and  the  sample  i s  translated  th rough  the  beam  wi th  
synchron ized  chart  advance  at  the  fi xed  wave  number.  Such  scann ing  i s  done  on ly  i n  the  
Z-growth  zones  of  the  Y-cu t  s l i ce  ( i l l ustrated  i n  Fi gures  1  and  3) .  I n  certain  cases  where  
background  noise  may be  a  problem,  such  as  s ing le  beam  operati on ,  a  h igher background  

wave  number (3979  ±  3 )  cm–1  may be  used  for  l owered  background  noise.  I f  the  background  
scan  trace  i s  not  reasonably  flat  ou tside  the  orig inal  seed 's  boundaries,  a  th in  f i lm  of  f l uoro lube  
g rease  shal l  be  appl ied  to  both  major  su rfaces  of  the  semi -pol i shed  Y-cu t  s l i ce.  Basel ine  
changes  shal l  not  exceed  1 , 0  percen t  absorption  un i ts  during  a  background  scan .  After  the  
sample  has  completed  a  successfu l  scan  at  background ,  the  wave  number i s  ad justed  to  the  

chosen  (3  500  ±  3 )  cm–1 or (3  585  ±  3 )  cm –1 .  The  sample  i s  retu rned  to  i ts  ori g inal  posi ti on  and  
the  chart  paper rerol led  to  the  posi t ion  where  i ts  wave  number scan  began .  The  sample  i s  then  
scanned  to  p lot  i ts  i n fra-red  absorption  at  th i s  wave  number i n  the  absorption  band .  

The  cal ibration  α  val ues  (maximum  and  m in imum)  are  calcu lated  from  th i s  reference  scan ,  
us ing  the  equation  below:  

훼＝ log10퐼1 − log10퐼2푡  

where   

I1  i s  the  absorbance  measured  at  the  chosen  reference  wave  number of  3  800  cm–1  or  
 3  979  cm–1 ,   

I2  i s  the  absorbance  measured  at  the  chosen  wave  number of  3  500  cm–1 or 3  585  cm–1 ,  

t i s  the  th ickness  of  the  measurement  sample  (cm) .  

NOTE  Th e  absorbance  i s  cal cu l ated  from  the  sample  transm i ss i on  푇  u s i ng  th e  l og ari thm  base  1 0  accord i ng  to  
A  =  log

1 0
(1 /T) .  To  convert  th i s  val ue  to  l i near  absorpti on  coeff i c i en t,  as  defi ned  i n  I EV 845-04-78,  correspond i ng  to  th e  

i ncrease  i n  absorpt i on  coeffi ci en t  at  the  speci fi ed  wavel en g th ,  α  i s  mu l t i pl i ed  wi th  a  factor 1 00* ln(1 0)  =  230 , 3 .  The  
factor  1 00  converts  from  cm –1  to  m –1  and  ln(1 0 )  =  1 /log

1 0
(e)  from  base  1 0  to  e .   

The  spectrophotometer i s  considered  i n  proper cal ibration  i f  i ts  αmax  and  αmi n  read ings  are  

repeatable  wi th in  ±0,004  un i ts  of  the  standard 's  values  for  them.  A standard ization  correction  
may be  calcu lated  as  needed  to  bri ng  the  i nstrument's  read ing  on  a standard  s l i ce  to  an  
accepted  value  and  used  wh i le  cu rren t.   

4.2.6.4  Test  measurement  of  a  Y-cut  sl ice   

After successfu l  cal ibration ,  each  prepared  (preferably  pol i shed)  unknown  s l i ce  i s  scanned  at  
the  background  and  chosen  OH  absorption  band  wave  numbers,  us ing  a  th i n  fi lm  of  o i l  as  

needed  i n  cases  where  there  i s  on ly  a  sem i -pol i sh .  Thei r  perti nen t  α  values  are  calcu lated  

us ing  the  equation  above.  Reg ions  excluded  from  th is  determ ination  are  ±2,0  mm  from  the  
seed  cen tre  and  the  excess  g rowth  beyond  the  appropriate  pre-d imensioned  bar d imensions.   
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4.2.6.5  Compensation  of  α  value  by standard  sample   

Correlation  between  the  test  equ ipment  of  each  manu factu rer cannot  be  assured  by strict  
adherence  to  un i form  measuri ng  cond i ti ons  and  procedures.  Therefore,  i t  i s  necessary to  

establ i sh  a compensation  value  for  α .  The  recommended  compensation  value  i s  determ ined  by  
each  manu facturer referencing  the  procedure  described  i n  Annex E.   

4.2.7  Frequency versus  temperature  characteristics  for  piezoelectric  appl ications   

The  speci fi cations  for  the  quartz  crystal  un i t  for  evaluating  the  frequency-versus-  temperature  
characteri stics  shal l  be  as  fo l l ows,  and  measurements  shal l  be  made  as  speci fi ed  i n  
I EC  601 22-1 :   

•  frequency 1 0  MHz  ± 1 0  kHz  ( fundamental ) ;   

•  I ocati on  of  specimen   Z-zone;   

•  o ri en tation  of  p late   AT cu t  35°  1 5 '  ±  30" ;   

•  shape  of  plate   square  fl at  and  paral le l  p late  wi th  one  edge  along  the  
X-axis;   

•  I ateral  d imensions  of  p late   8  mm  ×  8  mm;   

•  d iameter of  e lectrodes   4  ±  0 , 1  mm;   

•  p late  back of  frequency deviati on  70  +20/-0  kHz;   

•  e lectrode  material   s i l ver  or  go ld ;   

•  supporti ng  po in ts   at  two  po in ts  on  opposi te  corners;   

•  f i n i sh  of  su rface  l apped  (average  particle  s i ze  of  abrasive  shal l  be  l ess  

than  3  µm) ,  then  etched  by 200  kHz;   

•  f l atness  of  su rface   when  i l l um inated  wi th  monochromatic  l i gh t  th rough  an  
optical  f l at  g lass  and  examined  wi th in  a  ci rcu lar zone  
of  6  mm  d iameter,  the  product  of  the  fringe  cu rvatu re  
and  the  frequency expressed  i n  MHz  shal l  not  exceed  
5  i f  measured  wi th  ye l low l i gh t  or  6  i f  measured  wi th  
g reen  l i gh t;   

•  paral le l i sm   both  su rfaces  of  the  plate  shal l  be  paral lel  wi th in  1 0";   

•  seal   hermetical l y  enclosed  i n  a  dry  n i trogen  atmosphere  at  
s tandard  atmospheric  cond i ti ons  for  temperatu re  and  
pressure  (see  4. 1  of  I EC  60068-1 :201 3) .  

The  speci fi cation  shal l  s tate  the  m in imum  and  maximum  s lope  of  frequency-temperatu re  
characteri sti cs  (Fi gure  4) .   
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Figure  4  – Frequency-temperature  characteristics   
deviation  rate  of  the  test  specimen  

4.2.8  Striae  in  synthetic  quartz  for  optical  appl ications 

Striae  i n  l umbered  quartz  crystal  are  observed  i n  the  wh i te  l i gh t  wi th  the  l i qu id  of  wh ich  refractive  
i ndex i s  almost  the  same  as  that  of  quartz ,  such  as  s i l i con  o i l .  Lumbered  quartz  crystal  i s  
posi tioned  between  the  cross  n i co l  polarizers  and  striae  can  be  observed  from  Z  d i rection .  The  
quan ti ty,  s i ze  and  co lour streng th  of  the  striae  shou ld  be  compared  wi th  those  l im i t  samples.  
They can  be  also  observed  i n  the  pol i shed  Y-cu t  sample  of  several  m i l l imetres  th ickness  by 
us ing  sch l ieren  or  s im i lar equ ipment.  Typical  optical  set-up  for testi ng  of  sch l ieren  i s  shown  at  
Fi gu re  5 .  

 

Figure 5  – Typical  sch l ieren  system  setup 

4.2.9  Growth  band  in  synthetic  quartz  for  optical  appl ications 

Sample’s  cu tti ng  d i rection  i s  perpend icu lar to  Y axi s  and  i ts  both  Y face  shou ld  be  po l i shed .  By 
us ing  sch l i eren  or  s im i lar equ ipment  g rowth  band  shou ld  be  observed.  
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4.2.1 0  Etch  channel  densi ty  

4.2.1 0. 1  General  

The  etch  channel  densi ty  i s  measured  by coun ting  channels  i n  an  etched  AT-cu t  sample  s l i ce  of  

the  sampled  quartz  crystal  as  seen  under a  b inocu lar  m icroscope  at  up  to  35×  magn i fi cation .   

4 .2.1 0.2  Sampl ing  the  crystals  from  a  batch   

Sampl ing  a  batch  to  ach ieve  a  speci fi ed  statisti cal  con fidence  l evel  requ i res  the  use  of  AQL 
con fi dence  stati sti cs  appropriate  i n  th i s ,  the  etch  channel  case,  because  the  etch  channel  
popu lation  depends  on  both  the  channels  i n  the  seeds  and  the  process  that  g rows  the  material  
on  the  seeds.  I t  i s  preferable  to  pre-sort  and  g roup  seeds  for thei r  etch  channel  densi ti es  and  
record  thei r  g roup l ocations  i n  au toclaves  or ensu re  that  there  i s  an  adequate  sample  of  the  
seeds  as  wel l  as  the  g rowth  on  them,  because  of  the  possibi l i ty  that  some  of  the  seeds  may 
d i ffer  g reatly  from  the  others,  un less  i n ten tional l y  con trol led  du ring  plan ti ng .   

4.2.1 0.3  Preparation  of  AT cut  sl ice  for  etch ing   

A sample  syn theti c  quartz  crystal  i s  cu t  to  yie ld  an  AT-cu t  s l i ce  (at  35,25°  ±3°  to  the  Y-plane)  of  
a  th i ckness  to  f i n i sh  at  1 0  mm.  The  s l i ce  shou ld  preferably con tain  fu l l  seed  heigh t,  al though  
th inner s l i ces  and  lesser seed  heigh ts  may be  used  i n  special  cases,  provided  the  speci fi ed  
amoun t  of  material  i s  removed  i n  each  lapping .  The  s l i ce 's  i den ti ty  shou ld  be  marked  wi th  a  
d iamond  scribe,  preferably  on  i ts  l esser X-surface,  to  an  adequate  depth  to  ensure  that  the  
i den ti ty  wi l l  not  be  l ost  i n  lapping  and  etch ing .   

After sawing  and  marking ,  the  s l i ce  i s  l apped  on  both  major  su rfaces;  f i rst,  wi th  a  homogen ized  

m ixtu re  of  25  µm abrasive,  then  on  a  cleaned  lap  wi th  a  homogen ized  m ixture  of  1 1 , 5  µm 
abrasive.  A m in imum  of  0 , 25  mm  total  th ickness  of  quartz  shal l  be  removed  i n  the  fi rst  abrasive  
lapping ,  and  of  0 , 1 0  mm  total  th ickness  i n  the  second  abrasive  l apping .  The  s l i ce  i s  then  
cleaned  to  ensure  a  un i form  etch ing  rate  over i ts  su rfaces,  as  evidenced  by i ts  un i form  matt  
appearance  after etch ing .   

4.2.1 0.4  Etch ing  procedure for  lapped  AT-cut  sl ice   

With in  a  fume  hood ,  usi ng  appropriate  safety  equ ipment  ( i nclud ing  apron ,  g l oves,  eyeg lasses,  
and  splatter sh ie lds) ,  an  excess  of  ammon ium  bi fl uoride  i s  added  to  deion ized  water i n  a  

su i table  con tainer to  make  a  saturated  solu tion  at  75  °C  ±  2  °C.  The  ammon ium  bi fluoride  i s  

main tained  at  the  75  °C  ±  2  °C  temperatu re,  wi th  the  use  of  a  constan t  temperature  l i qu id  bath .  
A polytetrafluoroethylene  (PTFE) -coated  thermometer  i n  the  so lu tion  i s  used  for  mon i toring  the  
temperatu re.  I f  d i fferent  etch  temperatures  are  preferred ,  the  etch  t ime  wi l l  be  ad justed  
appropriate ly to  comply wi th  the  stock removal  requ i rement  below.  

The  lapped  and  cleaned  AT-cu t  s l i ce  i s  immersed  i n to  the  saturated  ammon ium  bi fl uori de  
solu tion  us ing  PTFE-coated  tongs  or an  i nert  etch ing  s l i ce  ho lder.  The  so lu tion  shou ld  be  
ag i tated  or  the  sample  s lowly  moved  (approximately  25  mm  per second)  during  the  etch ing  
process.  An  etch ing  t ime  of  abou t  4  h  shou ld  be  su ffi cien t,  depend ing  on  the  ag i tation  and  the  
number of  s l i ces,  to  remove  not  l ess  than  0 , 1 0  mm  (m in imum)  or  more  than  0 , 1 2  mm  (maximum)  
total  th i ckness.  Un i form  etch  rate  i s  a  requ i rement.  The  quartz  s l i ce  shal l  be  checked  
period ical l y  for  etch  un i form i ty  both  i n  t ime  and  over the  area of  the  s l i ce.  After etch ing  i s  
completed ,  the  s l i ce  i s  removed  from  the  etch  so lu tion  wi th  the  PTFE-coated  tongs,  ri nsed  wi th  
hot  water (85  °C) ,  then  cleaned  wi th  acetone  and  other clean ing  agents,  i f  needed,  to  prepare  
the  sample  for unobstructed  vi sual  i nspection .  

4.2.1 0.5  Etch  channel  counting  procedure  

A square  g rid  of  known  d imensions  i n  the  range  of  0 , 25  cm  ×  0 , 25  cm  to  0 , 50  cm  ×  0 , 50  cm  i s  
marked  on  the  AT-cu t  s l i ce  wi th in  the  Z-g rowth  zone  as  i den ti fi ed  i n  Figu re  3a.  I f  preferred ,  the  
g ri d  pattern  may be  drawn  on ly  over the  rectangu lar  portions  of  the  Z-zones  match ing  the  
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heigh t  o f  the  seed .  No  g ri d  squares  shou ld  be  coun ted  that  fal l  wi th in  ±2  mm  of  the  cen tre  l i ne  
of  the  seed.   

Each  s l i ce  i s  vi ewed  wi th  a  binocu lar m icroscope  us ing  30×  to  40×  magn i fi cation ,  and  a  strong  
l i gh t  source  d i rected  i n to  the  s l i ce  i n  i ts  l esser X-d i rection .  Care  shal l  be  taken  to  focus  the  
m icroscope  on  the  upper su rface  of  the  sample,  thus  avoid ing  coun ting  the  etch  channel  
i n tersections  wi th  the  l ower sample  su rface.  The  etch  channels  are  counted  and  recorded  i n  
each  and  every square  area wi th  the  m icroscope's  zoom  ad justment  set  for  a  conven ien t  
vi ewing  magn i fi cation .  After al l  the  g rid  areas  i n tended  for  coun ting  are  coun ted ,  thei r  average  
coun t  i s  calcu lated ,  and  converted  to  an  average  per cm2 ,  ρ,  by  mu l tiplying  by 1 6  for  

0 , 25  cm  ×  0 , 25  cm ,  or  4  for 0 , 50  cm  ×  0 , 50  cm ,  etc. ,  the  number of  g ri d  squares  i n  1  cm 2 .   

4.2.1 1  In ternal  transmittance for  optical  appl ications 

I n ternal  transmi ttance  i s  measured  by the  fo l l owing  procedure.   

a)  Two  samples  are  cu t  from  the  same  quartz  bar;   

b)  D i rection  of  cu tti ng  i s  perpendicu lar  to  Y-axis  ±  60 ’ ;  

c)  Th ickness  of  samples  are  5  mm  and  1 0  mm;  

d )  Both  Y-face  of  two  samples  i s  m i rror  pol i shed ;  

e)  Transmission  i s  measured  th rough  both  samples  us ing  a  spectrophotometer at  the  
waveleng ths  400  nm ,  550  nm ,  650  nm ,  and  1  550  nm .  I n ternal  transmi ttance  i s  measured  by 
a  spectrophotometer  at  waveleng th  400  nm ,  550  nm ,  650  nm  and  1  550  nm.  

f)  The  i n ternal  transmi ttance  for  a  5  mm  long  sample  i s  calcu lated  us ing  the  fo l l owing  formu la:  

휏 =
푇1푇2  

where  

τ  i n ternal  transmi ttance  for  sample  th ickness  5  mm;  

T1  transmi ttance  i nclud ing  su rface  refraction  loss  of  5  mm  sample;  

T2  transmi ttance  i nclud ing  su rface  refraction  loss  of  1 0  mm  sample;  

I n ternal  transmi ttance  values  for  o ther  th i cknesses  can  be  calcu lated  us ing  the  fo l l owing  
formu la:  

휏(푡) = exp � 푡
5 mm

× ln(휏)�  

where  

ln the  natural  l og ;  

exp the  natu ral  exponent  function ;  

5  mm  the  th i ckness  for  wh ich  τ  was  orig inal l y  calcu lated;  

t the  th ickness  of  sample  for  wh ich  the  i n ternal  transmi ttance  i s  calcu lated  (e. g .2  mm) .  

4.3  Marking  

4.3.1  General  

Each  syn theti c  quartz  crystal  shal l  have  the  fo l lowing  i n formation  clearly  marked  on  a  major or  
l esser X-surface:  

a)  manu factu rer's  name  or  trade  mark;   

b)  orien tation  of  material ;   
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c)  handedness  of  material ;   

RH  stands  for  ri gh t-handed  quartz;   

LH  stands  for  l eft-handed  quartz .  

d )  o ther i n formation ,  i f  speci fi ed ,  to  be  marked  such  as;   

1 )  batch  i den ti fi cation ;   

2 )  α  g rade;  

for  pi ezoelectric  appl icati ons:  Aa,  A,  B ,  C,  D  or  E ;   

for  optical  appl ications:  OPT A,  OPT B,  OPT C  or  OPT D .  

3 )  i nclus ion  densi ty;  

for  pi ezoelectric  appl icati ons:  I a,  I b,  l ,  I l  or  I I I ;  

for  optical  appl ications： OPT l ,  OPT I l  or  OPT I I I .  

4)  etch  channel  densi ty;  

for  pi ezoelectric  appl icati ons:  1 aa, 1 a, 1 ,  2 ,  3  or  4;   

for  optical  appl ications:  1 aa, 1 a, 1 ,  2  or 3 .  

4.3.2  Sh ipping  requ irements 

These  requ i rements  shal l  be  speci fied  upon  agreement  between  the  suppl i er  and  the  user.   

5  Speci fication  for l umbered  synthetic  quartz  crystal   

5.1  Standard  values   

5. 1 .1  Tolerance of  d imensions  

Deviations  from  the  speci fi ed  d imensions  along  the  X-  and  Z-  or  Z' -  axes  shal l  be  l ess  than  
0 , 2  mm (see  Figure  6) .  
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a)  – Smal l  X-d imension  seed  

 

b)  – Large  X-d imension  seed  

Figure  6  – Lumbered  synthetic  quartz  crystal  ou tl ine   
and  d imensions  along  X-,  Y-  and  Z-axes 

5.1 .2  Reference surface flatness 

Reference  su rface  shal l  be  flat  to  wi th in  0 , 2  mm  or as  speci fied .  Care  shou ld  be  exercised  i n  
the  se lection  of  the  method  of  measurement to  i so late  measures  of  reference  su rface  
deviations  from  those  of  the  opposi te  s ide  (paral le l i sm) .  

5.1 .3  Angu lar tolerance of  reference surface 

Angu lar  deviations  of  the  reference  su rface  shal l  be  l ess  than  1 5’  from  the  speci fi ed  
crystal log raph ic  d i rection  (see  Fi gu re  7) .  
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Figure  7  – Angu lar deviation  for  reference surface 

5.1 .4  Central i ty of  the  seed  

Seed  posi tion  i n  l umbered  syn theti c  quartz  crystal  i s  shown  i n  Figure  8 .  
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Figure  8  – Central i ty of  the  seed  with  respect  to  the  d imension  
along  the  Z-  or  Z'-axis  

5.2  Requi rements  and  measuring  methods 

5.2.1  As-grown  quartz  bars  used  for  lumbered  quartz  bars  

Raw materials  for  l umbered  syn theti c  quartz  crystal  shal l  be  i n  accordance  wi th  the  standard  
values,  re lated  requ i rements  and  measuring  methods  of  C lause  4  of  th is  s tandard .  

5.2.2  Dimensions of  lumbered  synthetic  quartz  crystal  

Dimensions  and  to lerances  shal l  be  determ ined  us ing  cal l i pers  or  m icrometers  by measuring  at  
l east  at  3  poin ts,  one  at  the  approximate  m idpoin t  o f  the  Y-axis,  and  others  symmetrical l y  
d istribu ted  along  the  Y-axis .  

5.2.3  Identi fication  on  reference surface 

I den ti fi cati on  shal l  be  marked  on  the  reference  su rface  and  i ts  presence  con fi rmed  by visual  
i nspection .  The  con ten t  of  the  i den ti f i cation  mark and  the  method  of  marking  shal l  be  
determined  by agreement  between  the  suppl ier  and  the  customer.  

5.2.4  Measurement  of  reference surface flatness 

A flatness  of  reference  su rface  shal l  be  measured  by fl atness  measuring  equ ipment  as  agreed  
between  suppl ier  and  customer.  

5.2.5  Measurement  of  reference surface ang le  tolerance 

The  deviati on  of  the  reference  su rface  ang le  shal l  be  measured  by X-ray ang le-measuring  
equ ipment.  

5.2.6  Central i ty of  the  seed  

The  cen tral i ty  of  the  seed  i s  determ ined  by measuri ng  the  d istance  between  l umbered  su rfaces  
and  the  nearest  seed  edge.  An  i ndex match ing  l i qu id  may be  appl i ed  to  the  X su rface  to  
faci l i tate  the  measurement.  
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5.3  Del ivery condi tions 

5.3.1  General  

The  del i very cond i t ions  are  to  be  implemented  by ag reement between  the  manu facturer and  
the  user.  

5.3.2  Marking  

I n  the  marking  code  of  l umbered  syn theti c  quartz  crystals ,  the  crystal  g rowth  batch  number 
shal l  be  stated .  

5.3.3  Packing  

Quartz  crystal  users  shal l  receive  i n  a  s i ng le  package  a  quanti ty  of  l umbered  syn theti c  quartz  
crystals  having  s im i lar  d imensions  along  the  X-  and  Z-  or  Z' -axes  and  made  from  crystals  of  a  
s ing le  batch .  

5.3.4  Making  batch  

I t  i s  recommended  that,  when  users  are  suppl ied  wi th  l umbered  syn thetic  quartz  crystals  i n  
large  quan ti ti es,  they shal l  be  made  from  quartz  crystals  of  a  s i ng le  batch .  

6 Inspection  ru le  for synthetic  quartz  crystal  and  lumbered  synthetic  quartz  
crystal  

6.1  Inspection  ru le  for  as-grown  synthetic  quartz  crystal  

6. 1 .1  Inspection  

The  i nspection  of  syn theti c  quartz  crystal  comprises  l ot-by- lot  tests.   

6.1 .2  Lot-by-lot  test  

6. 1 .2.1  General  

The  lot-by- lot  test  consists  of  g roup  A and  g roup  B  i nspection .  

6.1 .2.2  Group A inspection  

The  test  schedu le  for  g roup  A i nspection  i s  g i ven  i n  Table  6.  The  statisti cal  sampl ing  and  the  
i nspection  shal l  be  i n  accordance  wi th  I EC  6041 0  or  as  otherwise  agreed  between  buyer and  
sel ler.  The  samples  used  for  tests  i n  g roup  A may be  used  as  the  samples  for  g roup  B  tests.  
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Table  6  – Test  condi tions  and  requ irements  for  the  lot-by-Iot  test  for  g roup  A 

Test  D  or  ND  
Test  

cond i ti on  
IL  

AQL  
Performance  
requ i rements  

% 

M in i mum  and  maxim um  speci f i ed  
syn theti c  quartz  crystal  d im ens ions  

N D  4 . 2 . 3 . 1  l l  0 , 1  4 . 2 . 3 . 2  

Twi n n i ng   4 . 2 . 5 . 1    4 . 2 . 5 . 1  

Cracks  and  fractu res   4 . 2 . 5 . 2    4 . 2 . 5 . 2  

I ncl us i ons  N D   l l  0 , 4  4 . 1 . 3  

N OTE  Su bclause  n umbers  of  test  con d i t i ons  and  performance  requ i remen ts  refer  to  C lause  4  o f  th i s  s tandard .   

D  destructi ve   

N D  n on -destructi ve  

I L  i nspecti on  l evel  

AQL acceptabl e  qu al i ty  l evel   

 

6.1 .2.3  Group B  inspection  

The  test  schedu le  for  g roup B  i s  g i ven  i n  Table  7  or  as  otherwise  agreed  between  the  buyer and  
the  se l l er.  

The  samples  for  g roup  B  may be  selected  from  the  samples  tested  i n  g roup  A.  

Table  7  – Test  condi tions  and  requ irements  for  the  lot-by-lot  test  for  g roup  B  

Test  
D  or  
ND  

Test   
cond i tion  

Sample  si ze  cri terion  
of  acceptabi l i ty  Performance   

requ i rements  
N C 

Eval uati on  o f  i n frared  
qu al i ty  by 

α-measurement  

D  4 . 2 . 6 . 1  One  or  more  as  ag reed  between  bu yer and  
sel l er provided  one  sample  represen ts  the  
l arg e  s i ze  g roup  i n tended  for  appl i cati on  

0  4 . 1 . 3  

E tch  chan nel  dens i ty  D   On e  or  m ore  as  ag reed  between  buyer and  
se l l er 

0  4 . 1 . 5  

N OTE  Subclause  n umbers  o f  test  con d i t i ons  and  performance  requ i remen ts  refer  to  C lause  4  o f  th i s  s tandard .   

N sam ple  s i ze  (Z-bar  or  Y-bar)  

C  acceptan ce  cri teri on  (perm i tted  number o f  defecti ves)  

D  destructi ve   

N D  non -destructi ve   

 

Etch  channel  and  α-measurement  may be  performed  on  the  same  samples.   

6.2  Inspection  ru le  for  l umbered  synthetic  quartz  crystal   

6 .2.1  General  

The  i nspection  of  l umbered  syn thetic  quartz  crystal  comprises  l ot-by- lot  tests.   
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6.2.2  Lot-by-lot  test   

6.2.2.1  Inspection  lot  

An  i nspection  lot  shal l  consist  o f  al l  the  l umbered  syn theti c  quartz  crystals  produced  and  
offered  for  i nspection  at  one  t ime.  

Raw material  for  l umbered  syn thetic  quartz  crystal  shal l  be  i n  accordance  wi th  the  standard  
values,  re lated  requ i rements  and  measuring  methods  of  th i s  s tandard .  

6.2.2.2  Inspection  requ irements   

The  schedu le  for  the  lot-by- lot  test  i s  g i ven  i n  Table  8 .  

The  statisti cal  sampl ing  and  i nspection  shal l  be  i n  accordance  wi th  I EC  6041 0  or  as  otherwise  
ag reed  between  the  buyer and  the  se l ler.  

Table  8  – Test  cond i tions  and  requ irements  for  the  lot-by-lot  test  

Test  D  or  ND  
Test  

cond i t ion  
I L  

AQL  
Performance 
requ i rements  

% 

Di mensi ons  and  to l erances  N D  5 . 2 . 2  l l  0 , 4  5 . 1 . 1  

Reference  su rface  f l atness   5 . 2 . 4    5 . 1 . 2  

Ang u lar  to l erance  of  referen ce  su rface   5 . 2 . 5    5 . 1 . 3  

Cen tral i ty  o f  the  seed   5 . 2 . 6    5 . 1 . 4  

Veri f i cati on  o f  reference  su rface  i den ti f i cati on   5 . 2 . 3  l l  0 , 1  5 . 2 . 3  

NOTE  Subclause  numbers  of  test  cond i t i ons  and  performance  requ i remen ts  refer  to  C lause  5  o f  th i s  s tandard .   

D  destructi ve   

ND  non -destructi ve   

I L  i nspecti on  l evel  

AQL acceptabl e  qual i ty  l eve l   

 

7 Gu idel ines for  the use of  synthetic  quartz  crystal  for piezoelectric  
appl ications  

7.1  General  

7. 1 .1  Overview 

The  gu idel i nes  have  been  prepared  i n  response  to  a  general ly  expressed  desi re  on  the  part  o f  
both  users  and  manu factu rers  for  gu idel i nes  to  the  best  use  of  syn theti c  quartz  crystal .  These  
gu idel i nes  do  not  aim  at  explain ing  the  practi cal  techn iques  of  manu factu ring  a  crystal  un i t  from  
quartz  crystal ,  nor at  attempting  to  cover al l  the  properti es  of  syn theti c  quartz  crystal .  

7.1 .2  Synthetic  quartz  crystal   

Synthetic  quartz  crystals  are  g rown  by the  hydrothermal  temperature  g rad ien t  method.  

A pressure  chamber (au toclave)  i s  partial l y  f i l l ed  wi th  the  alkal i ne  ( for example,  Na2CO3  o r  
NaOH)  g rowing  so lu tion  at  room  temperatu re.  Seeds  are  placed  i n  the  upper space,  and  
nu trien t  quartz  fragments  are  placed  i n  the  bottom  of  the  au toclave,  wh ich  i s  then  sealed  and  
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heated .  The  temperatu re  i n  the  upper space  i s  kept  l ower than  the  temperatu re  at  the  bottom.  
Hence,  the  so lu te  nu tri en t  i s  transferred  by convection  cu rren ts  and  deposi ted  on  the  seeds.  

Shapes,  d imensions  and  physical  properties  of  g rown  crystals  depend  on  the  ori en tation  and  
d imensions  of  the  seeds  and  on  g rowing  cond i t i ons.  A good  con tro l  of  g rowing  processes  
ensures  un i form i ty  i n  shapes  and  d imensions  and  homogenei ty i n  qual i ty.  

7.2  Shape and  size  of  synthetic  quartz  crystal   

7.2.1  Crystal  axis  and  face  designation   

I n  textbooks  and  i n  national  standards,  d i fferences  exist  i n  the  choice  of  axes,  handedness  and  
axial  systems  for  describing  a quartz  crystal .  Figu re  9a shows  a quartz  crystal  wi th  al l  the  
natu ral  faces.  These  are  not  always  presen t  on  syn thetic  quartz .  Figu re  9b  g ives  the  
correspond ing  syn theti c  quartz  faces,  bu t  s i nce  these  crystals  are  g rown  from  speci fi cal ly  
ori en ted  seeds,  thei r  physical  appearance  d i ffers  material l y  from  those  shown  i n  Figures  9a 
and  9b.  

 

a )  –  Natural  quartz  crystals  
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b)  – Synthetic  quartz  crystals  

Figure  9  – Quartz  crystal  axis  and  face  designation   

7.2.2  Seed  

Several  s tandard  orientations  of  seeds  are  chosen  so  that  the  most  frequen tl y  used  crystal  
un i ts  can  be  economical ly  manu factu red .  Crystals  made  from  Z-cu t  and  m inor rhomb (z-minor)  
cu t  seeds  are  main ly  for  manu factu ring  h i gh - frequency crystal  un i ts  vibrating  i n  th ickness  shear 
modes  and  med ium-frequency un i ts  vi brating  i n  face  shear modes.  Crystals  made  from  Z' -cu t  
seeds  are  for  manu factu ring  l ow-frequency crystal  un i ts  vibrating  i n  extensional  or  f lexural  
modes.  A seed  i n  a  g rown  crystal  i s  usual l y  surrounded  by a  th in  vei l ,  wh ich  consists  of  bubbles  
and  i nclus ions.  

7.2.3  Shapes  and  d imensions   

As-grown  syn thetic  quartz  crystals  are  covered  wi th  the  characteri sti c  g rowth  su rfaces.  
Figu re  1 0  shows  the  typical  shape  for  a  crystal  g rown  on  a  Z-cu t  seed  of  smal l  X-d imension .  
Crystals  of  other shapes  are  produced  when  the  Z-cu t  seed  i s  o f  other proportions  or  seeds  of  
o ther cu ts  are  used.  

The  s ize  of  syn theti c  quartz  crystals  i s  speci fied  by th ree  nominal  d imensions:  X,  Y (or  Y' )  and  
Z  (or  Z' ) .  They are  the  d imensions  along  the  X-axis,  Y-(or  Y' - )  axis ,  and  the  Z-  (or  Z' - )  axis  
respecti vely,  as  shown  i n  Figu re  1 0 .  The  d imensions  are  so  chosen  that  both  economy i n  the  
g rowth  process  and  good  yie ld  i n  the  producti on  of  crystal  e lements  may be  ach ieved ,  bu t  i t  
shou ld  be  appreciated  that  d imensions  are  a  matter for  d iscussion  between  the  user  and  the  
manu factu rer.  

S i nce  as-g rown  crystals  exh ibi t  such  g rowth  surfaces  as  m-face  or  z- face  at  the  ends  of  the  Y-  
or  Y'-axis ,  the  effective  d imension  wh ich  may be  used  for  fabricating  crystal  e lements  i s  shorter 
than  the  nom inal  l eng th .  

An  exact  measurement  of  the  m in imum  d imension  Z'  may be  troublesome in  practi ce,  because  
of  non- flatness  and  possible  non -paral le l i sm  of  the  Z-surfaces.  I t  i s  al so  d i ffi cu l t  to  ach ieve  
close  d imensional  to lerances.  For these  reasons,  i n  cases  where  the  user's  to lerances  on  
d imensions  are  closer than  the  manu factu rer  can  supply,  the  use  of  partl y  processed  material  
shal l  be  considered  ( th i s  i s  sometimes  described  as  pre-d imensioned  or  l umbered  quartz) .  
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Figure  1 0  – Synthetic  quartz  crystal  g rown  on  a  Z-cut  seed  of  smal l  X-d imensions 

7.2.4  Growth  zones 

Deposi ti on  of  so lu te  on  each  g rowth  su rface  i s  continuous  and  sometimes  substan tial l y  un i form,  
bu t  the  manner of  deposi ti on  d i ffers  from  zone  to  zone.  Hence,  d i fferen t  reg ions  resu l t  from  
g rowth  along  d i fferen t  d i recti ons  and  those  reg ions  have  d i fferen t  properties.  Among  the  
common  g rowth  zones  men tioned  i n  th is  s tandard ,  the  Z-zone  exh ibi ts  the  h i ghest  qual i ty,  and  
then  the  g reater  X-zone  and  S-zone  fo l l ow.  Hence,  i t  i s  recommended  that  th i ckness  shear and  
face  shear crystal  e lements  shou ld  be  cu t  en ti rely  or  mostl y  from  the  Z-zone  and  that  on ly  
Z-zone  material  be  i ncluded  under the  e lectrode  of  the  fi n i shed  crystal  un i t.  The  lesser X-zone  
exh ibi ts  the  l owest  qual i ty  and  i s  usual l y  d i scarded  i n  the  production  of  h igh - frequency crystal  
un i ts .  

Fi gu res  3a and  3b  show typical  examples  of  cu tting  wafers  of  AT-cu t  p late  and  X-cu t  p late  from  
appropriate  g rowth  zones.  

7.3  Standard  method  for  evaluating  the  qual i ty of  synthetic  quartz  crystal  

The  degree  of  s tructural  and  chemical  imperfection  of  a  syn thetic  quartz  crystal  depends  on  
g rowth  cond i ti ons,  dopan ts  used ,  and  especial ly  on  g rowth  rate  resu l ting  i n  two  importan t  

practical  consequences.  Fi rst,  the  exti nction  coefficien t  α  o f  crystal  may be  degraded  ( to  l arger 
values) .  Second ,  the  ang le  of  cu t  to  yie ld  a  certain  frequency/temperatu re  characteristic  may 
not  be  un i form.  

The  Q-value  of  a  crystal  un i t  was  fi rst  used  as  a  gu ide  to  the  qual i ty of  the  material .  A crystal  
un i t  manu factu red  as  a  5  MHz  fi fth  overtone  frequency standard  crystal  resonator  ensu res  that  
the  Q-value  refl ects  the  i n ternal  l oss  bu t  not  the  moun ting  l oss  and  m inor d i fferences  i n  
fabrication  techn iques  between  manu factu rers.  The  s ize  of  th i s  crystal  un i t  i s  l arge  and  
sometimes  impossible  to  cu t  from  the  Z-zone.  

When  coeffi cien ts  of  exti nction  α  became  accepted  and  used  for  thei r  Q- ind icati ons,  they soon  
replaced  d i rect  Q-measurements  almost  completely,  due  to  thei r  capabi l i t ies  and  advan tages  
as  a  characterizati on  tool .  Smal l  g rowth  zones  can  be  measured ,  detai l s  o f  g rowth  band  
structures  can  be  resolved ;  the  tests  are  almost  non-destructive,  l ess  costl y,  and  much  qu icker.  
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The  spread  of  the  optimum  ang le  of  cu t  becomes  very smal l  and  comparable  to  the  spread  i n  

natural  quartz  crystals ,  when  the  α3  500  i s  l ess  than  0 ,06/cm  (g rade  C) .  Hence,  such  crystals  
are  recommended  for the  production  of  h i gh -frequency crystal  un i ts  having  good  temperature  
characteri sti cs.  

Wi th  good  con tro l  of  the  g rowth  process,  un i formi ty  of  α  values  wi th in  one  batch  of  production  
i s  ensured .  A sample  from  one  production  batch  shal l  i nclude  a  syn thetic  quartz  crystal  having  

the  maximum  th ickness  along  Z-  or Z' -axis .  A choice  of  th is  sample  re lates  to  the  fact  that  the  α  
values  are  proportional  to  the  g rowth  rate.  Hence,  the  crystal  wi th  maximum  th ickness  wi l l  have  

the  largest  α  value  i n  the  batch .  Hence,  tests  on  a  sampl ing  basis  wi l l  su ffi ce  for  most  
appl icati ons.  

As  an  add i ti onal  measure  for  evaluati ng  syn theti c  quartz ,  a  test  crystal  un i t  i s  speci fi ed  i n  the  
standard  for testing  frequency-versus-temperatu re  characteri stics.  The  speci fi cation  for  the  
ang le  of  cu t  i s  so  chosen  that  frequency-versus-temperatu re  characteri sti cs  have  l i near s lope  
and  sensi ti ve  dependence  on  ang le  of  cu t.  The  speci fi ed  shape  and  d imensions  of  the  test  
e lement  are  su i table  to  determine  an  accurate  ang le  of  cu t.  The  Q-value  of  th i s  crystal  un i t  
depends  considerably  on  the  mounting  and  fabrication  processes  and  shou ld  not  be  used  to  
evaluate  the  Q  of  a  crystal .  

7.4  Other  methods  for  checking  the  qual i ty of  synthetic  quartz  crystal  

7.4.1  General  

There  are  various  methods  for  checking  the  structu ral  perfection  of  syn theti c  quartz  crystal ,  bu t  
quan ti tati ve  correlations  wi th  e lectrical  characteri stics  of  crystal  un i ts  have  not  been  completely 
establ i shed .  An  exception  i s  the  i n fra-red  absorpti on  method  described  above,  wh ich  i s  usefu l  
for  estimating  the  qual i ty.  

7.4.2  Visual  inspection  

Excessive  amoun ts  of  i nclus ions  i n  crystal  e lements  shou ld  be  avo ided .  

7.4.3  In frared  radiation  absorption  method  

Some rad icals,  i ncluded  i n  the  crystal  l atti ce,  absorb i n frared  rad iation  at  certain  wave  numbers.  
The  most  common  impuri ty  rad ical  i n  syn thetic  quartz  i s  hydrogen  bonded  OH ,  the  amoun t  of  
wh ich  can  be  estimated  by the  i n frared  exti ncti on  coeffi cien t  at  a  se lected  wave  number i n  the  
range  between  3  400  cm–1  and  3  600  cm–1 .  

The  concentrati on  of  OH  rad icals  i s  re lated  to  the  mechan ical  energy losses  i n  a  quartz  crystal  
and  hence  there  i s  a  correlati on  between  the  absorption  and  the  Q  value.  Fi gure  1 1  shows  a  
typical  cal ibrati on  cu rve  together wi th  measured  po in ts.  A recent  recal ibration  [25] 1  reports  

that a  −0, 01  sh i ft  i n  the  α  coord inate  of  th is  cu rve  ad justs  i t  to  yie ld  real i stic  5  MHz  resonator 
Qs.  

___________ 

1   F i gu res  between  square  brackets  re fer  to  the  B i bl i og raphy.   
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Figure  1 1  – Example  of  a  relation  between  the  αvalue  and   
the  Q  value at  wave number 3  500  cm -1  

The  i n frared  absorption  i s  usual l y  measured  i n  the  Z-zone  of  the  crystal  s tructu re  and  the  
absorpti on  i n  the  l esser X-zone  d i ffers  from  those  i n  the  Z-zone.  

I t  shou ld  also  be  noted  that  the  i n frared  exti ncti on  coefficien t  measurement  may vary,  due  to  
the  choice  of  

•  the  d imensions  of  the  window placed  on  the  i n frared  beam;  

•  the  posi tion  of  the  poin t  where  the  measurement  i s  made  i n  re lation  to  the  posi t ion  of  the  
seed ;  

•  the  plane  of  polarization ;  

•  the  hum id i ty  and  temperatu re  envi ronment of  measurement;  

•  the  i nd ivi dual  i n frared  spectrophotometer  i nstrument  b ias.  

An  i n ternational  Round  Robin  on  the  measurement  of  the  i n frared  exti ncti on  coefficien t  α  i n  
syn thetic  quartz 2  showed  clearly  that  i nd ividual  spectrophotometers  each  show a 

characteristi c  b ias,  wh ich  can  be  corrected  wi th  the  use  of  s tandard ized  α  quartz  s l i ces 3.  I t  i s  
advisable  to  perform  the  correlation  measurements  cooperatively  between  the  quartz  suppl ier 
and  user  wi th  reference  to  cal ibration  s l i ces  from  the  Round  Robin .  

7.4.4  Miscel laneous 

The  chemical  etch  method  of  i nspection ,  wh ich  i s  widely  used  for  detecting  twins  i n  natu ral  
quartz ,  i s  not  requ i red  i n  the  case  of  syn thetic  quartz ,  where  twins  are  very rare.  The  method  
may be  used  to  reveal  etch  pi ts  and  channels  as  a  measure  of  the  number of  d i s locations.  
Gamma or X-ray i rrad iation  i s  used  for  observing  overal l  d i stribu ti on  of  impuri ti es.  The  
darken ing  due  to  i rrad iati on  depends  on  impuri ty  concen tration  and  g rowth  zone.  

___________ 

2 Th i s  Round  Robi n  was  conducted  between  1 990  an d  1 992  by  I EC  tech n i cal  commi ttee  49  (worki ng  g roup  5) .  

3  For  more  i n formati on  abou t  th i s  process  and  the  avai l abi l i ty  o f  standard  α -s l i ces ,  con tact  I EC  techn i cal  comm i ttee  
49  (worki ng  g rou p  5 )  o r  a  part i ci pati ng  nati onal  comm i ttee.   
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A recent recal ibration  of the Q/α3 500 relationship [26]  concludes that for α3 500 measured on  modern  
spectrophotometers without a beam condenser,  a good approximation  to real istic Qs from an  old  curve,  such  as shown 

here,  is  given  by adding  a 0,01  α3 500 Unit adjustment to the measured α  and  taking  the Q corresponding  to that sum.  

Although this adjustment appears smal l  in  α,  i ts effect on  the Qs becomes significant in  the low-α,  h igh-Q range.  
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X-ray d i ffracti on  patterns  g ive  usefu l  i n formation  on  the  perfection  of  crystals .  The  l ow α  value  
resu l ts  i n  sharper Laue  patterns  us ing  a  d i vergen t  X-ray beam.  X-ray topography by the  Lang  
method  i s  usefu l  i n  detecting  the  d istribu ti on  of  structu ral  defects.   

However,  i t  shou ld  be  noted  that  al l  o f  these  methods  l ack quan ti tati ve  correlation  wi th  
e lectrical  characteri stics  of  completed  quartz  crystal  un i ts .   

7.5  α  g rade for  piezoelectric  quartz  

Six g rades  are  speci fied .  Grades  Aa,  A and  B  are  requ i red  for  the  h ighest  qual i ty  crystal  un i ts .  
Grade  C  i s  mostly  su i table  for  h i gh -frequency crystal  un i ts ,  wh ich  requ i re  good  temperatu re  

characteristics  as  wel l  as  l ow α  val ues.  Grades  D  and  E  are  mostl y  for  l ow-frequency crystal  
un i ts ,  for  wh ich  a  large  s i ze  of  crystal  at  l ow cost  i s  the  prime  concern .   

7.6  Optional  g rad ing  (on ly as  ordered),  in  i nclusions,  etch  channels,  Al  content  

7.6.1  Inclusions 

Five  g rades  are  speci fied .  Grades  la,  I b  and  I  are  requ i red  for  photol i thograph ic  processing .  

Grade  l l  i s  general l y  requ i red  for  h igh -frequency/h igh -qual i ty  bu lk wave  or  su rface  acousti c  
wave  (SAW)  resonators.  

Grade  l l l  i s  re levan t  for most  of  the  professional  and  i ndustrial  uses  of  quartz  crystal  un i ts .  

7.6.2  Etch  channels  

Six  g rades  are  speci fi ed .  Grade  1 aa or  Grade  1 a  i s  requ i red  for  a  th i ck quartz  sensor device  
that  needs  a chemical  etch ing  process  of  l ong  period .  Especial l y,  Grade  1 aa can  be  used  for  
th ree  d imensional  chemical  etch ing .  Grades  1  and  2  are  requ i red  for  speci fi ed  h igh -qual i ty  
quartz  crystal  un i ts ,  such  as  h igh -frequency fundamental  or  h igh- frequency SAW devices,  or 
for  speci fi c  processing  such  as  chemical  etch ing .  Grade  3  i s  appropriate  to  most  of  the  
techn ical  uses  of  quartz  crystal  un i ts .  Grade  4  i s  appropriate  to  most  of  the  common-use  quartz  
crystal  un i ts .  

7.6.3  Al  content  

Low Al 3+  (a  substi tu ti on  impuri ty  occupying  a  S i 4+  si te)  concen tration  also  reduces  the  charge  
compensating  monovalen t  i ons  that  accompany Al  (ch iefl y  Na+  and  Li+) .  Con trol  i s  therefore  
sometimes  requ i red ,  as  when  resistance  to  rad iati on  darken ing  or  frequency change  i s  needed .  

The  concen tration  of  Al  i s  i n  the  un i ts  of  AI  atoms  per m i l l i on  S i  atoms  i n  the  quartz  material .  
The  sample  clean ing  procedure  shal l  not  i nclude  the  use  of  quartz  etchants,  to  make  su re  that  
impuri ti es  are  not  preferen tial l y  removed  by etch ing .  

The  Al  con ten t  of  quartz  can  be  successfu l l y  determined  by both  spectrochemical  methods  and  
physical  methods.  The  former i nclude,  i n  the  order of  thei r  development,  atom ic  absorption  
(AA) ,  i nductively  coupled  plasma ( ICP)  and  d i rect  cu rren t  p lasma (DCP) .  Al l  these  methods  can  
also  yie ld  analysis  of  many metals  as  wel l  as  Al .  They requ i re  the  exercise  of  carefu l  l aboratory 
ski l l s  for  accu rate  resu l ts,  especial l y  when  the  Al  con ten ts  are  l ow.  The  sensi t i vi ty  of  al l  these  
methods  i s  improved  by pred igesti ng  the  S iO2  samples  i n  HF so lu tion  (wh ich  removes  the  Si  by  
the  evolu tion  of  S iF  gas) ,  wi th  the  use  of  blank runs  to  con tro l  for  unwanted  add i ti ons  of  
impuri ti es  from  the  HF  used .  

The  physical  methods  i nclude  e lectron  spin  resonance  (ESR) ,  al so  cal led  e lectron  
paramagnetic  resonance  (EPR) ,  and  i n frared  absorption  of  a  swept  sample  at  l i qu id  n i trogen  
temperatu re.  I n  add i ti on ,  at  l east  qual i tati ve  i n formation  can  be  obtained  from  comparisons  of  
i rrad iati on  darken ing  of  X-g rowth  reg ions.  
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The  spectrochemical  and  physical  methods  both  i nvolve  the  use  of  special i zed  equ ipment of  
such  cost  that  i t  i s  normal l y  i nstal led  on ly i n  laboratories  expecting  a vo lume usage  of  the  
equ ipment.  For Al  determ inations  i n  quartz ,  the  user shal l  search  for  e i ther a  wel l -equ ipped  
spectrochemical  laboratory wi th  wel l -qual i fi ed  techn icians  or a  physical  l aboratory equ ipped  
wi th  EPR.  I t  shou ld  be  possible  to  obtain  reasonable  resu l ts  from  e i ther.  

Care  i s  requ i red  i n  the  preparation  of  samples  for  Al  analysis  to  ensure  no  unwanted  material  i s  
i ncluded .  For example  usual l y  on ly  one  g rowth  zone  and  no  seed  material  i s  desi red .  
Frequently,  the  desi red  zone  i s  Z-g rowth  material .  

7.6.4  Swept  quartz  

7.6.4.1  General  

Quartz  processed  th rough  the  sweeping  i s  cal led  swept  quartz .  Sweeping  i s  an  e lectrolytic  
d i ffus ion  process  i n  wh ich  Z-g rowth  quartz  i s  subjected  to  a  strong  e lectri c  fi e ld  appl ied  i n  the  
Z-d i rection  at  e levated  temperature  un ti l  the  cu rren t  s tabi l i zes.  During  th is  process,  the  
dominan t  process  i s  the  transformation  of  Al3+-M +  (a  monovalen t  charge  compensati ng  i on )  
defect  i n  quartz  to  Al3+-OH  when  the  alkal i  i on  i s  d i ssociated  by rad iation .  The  source  of  OH  i s  
water i n  as-g rown  crystal .  As  the  OH  depletes,  the  dom inant  transformation  becomes  Al3+-e - .  
The  M+  i s  d i ffused  to  the  negati ve  e lectrode  by the  e lectric  f i e ld .  Swept  quartz  has  been  used  
widely  to  reduce  frequency sh i ft  caused  by exposure  to  i on iz ing  rad iati on ,  to  reduce  etch  
channel  densi ty,  and ,  for  certain  opti cal  uses,  to  reduce  darken ing  caused  by exposure  to  
rad iation .  

7.6.4.2  Prevention  of  frequency sh i ft  

I n  e i ther of  the  above  mentioned  transformations  the  e lasti c  re laxation  i n  Al3+-M+  cen tre  i s  
e l im inated  and  the  change  i n  e lastic  constan t  i s  reduced.  Thus,  the  frequency sh i ft  by rad iation  
can  be  reduced  i f  alkal i  i ons  i n  quartz  are  removed  i n  advance  by sweeping  to  cause  
transformation  from  Al3+ -M +  to  Al3+-OH  or Al3+-e - .  Swept  quartz  i s  used  i n  crystal  un i ts  for  
satel l i tes  operating  i n  a  space  rad iati on  envi ronment  where  frequency-ageing  sh i ft  tends  to  be  
caused .  

7.6.4.3  Reduction  of  etch  channels  

Sweeping  quartz  was  though t  to  be  a  means  to  reduce  the  m icro-channels  formed  when  
exposing  th in  quartz  wafer  to  strong  etchan ts.  The  m icro-channels  are  the  resu l t  o f  d i s locations  
( l i ne  defects)  and  the  tendency of  impuri ti es  to  concen trate  i n  the  stressed  reg ions  surround ing  
the  l i ne  defects.  The  etchan ts  preferen tial l y  attack the  reg ions  of  h igh  stress.  Sweeping  was  
found  to  passivate  th is  tendency.  The  means  have  not  been  thorough ly  i nvestigated ,  however,  
one  popu lar explanation  i s  that  by removing  the  M+  compensators  i n  the  reg ion  of  s tress  and  
h igh  Al3+  substi tu ti ons  and  mod i fying  them  e i ther from  Al3+-M +  to  Al3+-OH  or Al3+-e,  the  
poten tial  to  react  wi th  the  strong  acid  etchan ts  (HF,  for  example)  i s  e l im inated ,  thus  passivating  
the  channel .  However,  the  d i s location  remains  and  a  pi t  form  on  the  etched  su rface.  I n  some  
appl icati ons,  e l im inati ng  etch  channels  i s  su ffi cien t.  However,  as  devices  con tinued  to  
m in iatu rize,  the  presence  of  the  pi t  proved  problematic  and  led  to  the  requ i rement  that  quartz  be  
produced  wi th  l ow native  d i s location  densi ty  for  the  producti on  of  most  devices  using  
photo l i thograph ic  production  technology.  

7.6.4.4  Reduction  of  darkening  at  quartz  for  optical  appl ication  

Reduction  of  darken ing  i s  the  th i rd  poten tial  appl i cation  for sweeping  and  i s  importan t  i n  some  
opti cal  appl ications.  The  darken ing  resu l ts  from  the  presence  of  Al 3+-e -  pai r.  I n  typical  Z-reg ion  
of  syn theti c  quartz ,  such  pai rs  are  presen t  i n  l ow concen tration .  When  sweeping ,  however,  once  
the  OH  i s  depleted ,  the  Al3+-e -  mechan ism  becomes  dominan t.  Sweeping  fu rther  wi l l  i ncrease  
Al3+-e -  concentration ,  thus  i ncreasing  the  tendency to  darken .  
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7.6.4.5  Substi tu tion  of  swept  quartz  by h igh  qual i ty synthetic  quartz  

Speci fying  syn thetic  quartz  to  resist  the  effects  of  rad iation  and  strong  etchan ts  depends  
s ign i fi can tly  on  the  appl ication  and  i ts  cri ti cal  parameters.  Frequency stabi l i ty,  res istance  to  
etchants,  and  h i gh  opti cal  transmission  general l y  are  the  performance  characteri sti cs  of  
i n terest.  

The  speci fi cation  of  syn theti c  quartz  su i table  for  photo l i thograph ic  processing  has  by 
experience  resu l ted  i n  the  use  of  unswept quartz .  By developing  etch  processes  that  reduce  the  
tendency to  form  etch  pi ts  combined  wi th  h i gh  qual i ty  syn thetic  quartz  wi th  etch  channel  g rade  
1 aa and  i nclus ion  densi ty  1 a devices  are  produced  i n  large  quan ti ty  wi th  h igh  yi eld  and  the  use  
of  swept  quartz  i s  reserved  for  l im i ted  appl ications  most  sensi ti ve  to  mechan ical  imperfections,  
such  as  etch  pi ts .  

Rad iation  darken ing  i n  optical  appl ications  typical l y  can  be  ach ieved  by speci fying  material  wi th  
alpha g rade  Aa,  i nclusion  densi ty  1 a and  etch  channel  g rade  1 aa.  General l y,  such  quartz  i s  o f  
h igh  puri ty wi th  respect  to  al l  common  impuri ti es,  i nclud ing  Al .  However,  i n  some  cases,  
add i ti onal  measures  to  i nsure  low Al  concen tration  may be  necessary.  

Speci fying  syn thetic  quartz  to  m in im ize  frequency sh i ft  du ring  exposure  to  rad iation  i s  more  
complex and  l ess  certain  than  speci fying  the  material  for  photo l i thograph ic  processing  or  opti cal  
uses.  Wh i le  the  phenomena causing  frequency sh i ft  due  to  rad iation  have  been  stud ied  
extensively,  the  empi ri cal  re lationsh ip  between  Al  con ten t,  frequency sh i ft,  and  rad iation  
i n tensi ty  remains  poorly  understood .  The  answer has  been  to  use  swept quartz .  

Due  to  i ts  re lati vely  h i gh  cost  there  i s  i n terest  i n  us ing  unswept  quartz  i n  appl i cations  requ i ring  
frequency stabi l i ty  du ri ng  rad iation  exposure.  Experience  has  shown  that  syn thetic  quartz  wi th  
Al  con ten t  <1  ppm  may be  su i table  for  some  of  these  appl i cations.  As  described  i n  7. 6. 3 ,  there  
are  re l iable  test  methods  to  determ ine  Al  concen tration  i n  syn thetic  quartz.  

The  most  widely used  method  i s  ESR.  However,  ESR has  the  d isadvan tage  of  cost  and  the  
problem  of  sampl ing  to  represen t  a  batch  of  quartz .  To  make  the  speci fi cation  of  l ow Al  quartz  
practical ,  quartz  manu factu rers  have  developed  approaches  appl ied  to  the  batch  that  i nsure  the  
g rowth  of  l ow Al  quartz .  The  basic  approach  i s  to  use  low Al  i npu t  materials ,  then  con tro l  the  
g rowth  rate  to  a  un i form ,  relati vely l ow value,  l ead ing  to  l ow alpha material  (h igh -Q) .  

Wi th  such  methods  i n  p lace  and  combined  wi th  speci fying  alpha g rade  Aa,  i nclus ion  densi ty  1 a  
and  etch  channel  g rade  1 aa some appl i cations  for  rad iation  hard  resonators  may be  met  using  
unswept  quartz .  The  g rowth  process  parameters  and  material  speci fi cations  shou ld  be  settl ed  
between  the  quartz  suppl ier and  resonator manu factu rer.  For add i t ional  i n formation  see  [29] ,  
[30] ,  [31 ] .  

7.7  Ordering   

The  fo l l owing  i tems  shal l  be  speci fi ed  when  ordering  (standard  g rades  and  values  shal l  be  used  
whenever possible) :  

a)  as-g rown  syn thetic  quartz  crystal  or  l umbered  syn thetic  quartz  crystal ;  

b)  type  of  quartz  (RH  or  LH ) ;   

c)  ori en tation  of  seed;  

d )  d imensions;  

e)  α  g rade;  

f)  add i ti onal  g rad ing  speci fi cations  on ly as  requ i red .  
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 Annex A
( in formative)  

 
Frequently used  sampl ing  procedures 

A.1  Complete volume counting   

Th is  method  i s  used  by both  manu facturers  and  users  for  crystals  to  be  used  i n  appl i cations  
where  the  i nclus ion  densi ty  con trol  i s  o f  prime  importance.  

Each  crystal  i s  i nspected  i n  accordance  wi th  the  i nclus ion  coun ting  method  described  i n  
4. 2 .5.3 . 5,  except  that  the  total  usable  vo lume  of  the  crystal  i s  examined .  Care  shou ld  be  taken  
to  ensure  that  when  the  heigh t  o f  the  crystal  i n  the  X-axis  i s  l arger than  the  focal  depth  of  the  
m icroscope,  the  crystal  i s  scanned  by moving  the  focus  over the  necessary range  of  he igh ts  to  
ensure  that  i nclus ions  are  not  m issed .  The  number of  the  i nclus ions  i s  recorded  i n  each  s ize  
range  i n  the  usable  vo lume  of  the  crystal ,  wh ich  i s  then  calcu lated .  

The  i nclus ion  densi ty  of  the  crystal  i s  calcu lated  by d i vid ing  the  number of  i nclus ions  i n  each  
s ize  category by the  usable  volume.  

Th is  calcu lated  i nclusion  densi ty  array wi l l  be  used  to  classi fy  each  i nd ividual  crystal  accord ing  
to  the  user's  requ i rements.  

A.2  Commodi ty Y-bar sampl ing  – Method  1   

Th is  method  i s  used  by both  manu factu rers  and  users  for  the  classi fi cation  of  batches  of  
Y-bars.  

A sample  of  bars,  equ ivalen t  to  one  or  more  bars  per 50  kg  of  quartz ,  i s  se lected .  A h igher or  
l ower sample  l evel  may be  used  i f  h i gher or l ower con fidence  l evels  are  requ i red ,  bu t  i t  i s  
recommended  that  a  m in imum  of  th ree  bars  per batch  be  used .  I f  the  test  i s  performed  by a  
manu facturer,  the  sample  bars  shou ld  be  se lected  from  the  upper,  m idd le  and  l ower reg ions  of  
the  au toclave  batch  and  at  varying  d i stances  from  the  wal l  o f  the  au toclave.  I f  the  test  i s  
performed  by a  user  wi thou t  batch  i den ti t i es,  the  sample  shou ld  be  se lected  at  random.  

The  sample  bars  are  i nspected  us ing  the  i nclus ion  counti ng  method  described  i n  4. 2 .5. 3 . 5.  The  
number and  s ize  category of  the  i nclus ions  wi th in  each  of  the  s i x  l ocations  i n  each  bar i s  
recorded  and  the  total  vo lume  of  these  sample  l ocations  calcu lated .  

I nclus ion  densi ties  for  each  bar  are  calcu lated  by d i vid ing  the  total  number of  i nclusions  i n  i ts  
s i x  l ocations,  for  each  s ize  category,  by  thei r  total  vo lume.  

The  acceptance/rejection  cri teria  for the  batch  shou ld  be  co-ord inated  wi th  the  sampl i ng  l evel  
used .  

A.3  Commodi ty Y-bar sampl ing  – Method  2   

Th is  method  i s  used  by users  for  the  i ncoming  i nspection  of  h igh  vo lume  del i veries  of  Y-bars.  

A random  sample  of  20  bars  i s  se lected  from  a batch .  These  are  i nspected  us ing  the  i nclus ion  
coun ting  method  described  i n  4. 2 .5. 3 .5,  except  that  the  total  usable  l eng th  of  the  bar  i s  
examined ,  bu t  wi th in  the  depth  of  focus  of  the  m icroscope  on ly.  The  user shou ld  j udge  the  
appropriateness  of  th i s  method  by comparing  the  X-heigh t  of  the  cri t i cal  reg ion  of  the  device,  
such  as  i ts  e lectroded  area,  wi th  the  depth  of  focus  of  the  m icroscope.  I f  the  excess  of  the  
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X-heigh t  i s  not  too  g reat,  the  sample  taken  by the  m icroscope's  focus  may be  su ffi cien tl y  
represen tative  to  be  considered  a  reasonable  sample.  

The  total  number of  i nclus ions  (R)  i n  each  s i ze  category i s  recorded .  

The  mean  vo lume  ( )
_

V  for  each  bar  i s  calcu lated  us ing  the  formu la:  

( )
3cm
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+−

=
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_

 

where  

_

Z  i s  the  mean  d imension  of  the  bar  along  the  Z-axis ,  i n  mm;  

S   i s  the  th i ckness  of  the  seed,  i n  mm;  

Y i s  the  usable  l eng th  of  the  bar  along  the  Y-axis,  i n  mm;  

D  i s  the  depth  of  focus  of  the  m icroscope  i n  mm;  

_

Z  i s  calcu lated  by determ in ing  the  m in imum  and  maximum  d imension  of  each  bar along  the  
Z-axis  and  taking  the  ari thmetical  mean  of  al l  40  measurements  recorded.  

The  number of  i nclus ions  per  cm 3  (ρ )  i s  g i ven  by the  formu la:  

V

R
ρ =

 

The  acceptance/rejection  cri teria  for  the  batch  are  determined  us ing  i nspection  l evel  S3  and  an  
AQL of  1 , 0  % (see  ISO 2859-1  [32] ) .   

A.4 Use of  comparative standards for 1 00  % crystal  i nspection   

Th is  method  i s  widely  used  by manu factu rers  where  the  i nclus ion  densi ty  varies  wi th in  a  
producti on  batch  i n  and  ou t  o f  the  acceptance  densi ty  ranges,  or  when  the  desi red  g rade  
requ i res  the  selection  of  crystals .  

Each  crystal  i s  viewed  i n  tu rn ,  the  area of  the  crystal  wi th  the  h i ghest  i nclus ion  densi ty  being  
i den ti f ied .  Th is  i s  then  match-compared  to  one  of  a  set  o f  reference  standards  of  known  
i nclus ion  densi ty.  These  standards  may take  the  form  of  physical  samples  for  wh ich  the  densi ty  
has  been  determ ined  us ing  the  i nclus ion  coun ting  techn ique  described  i n  4. 2. 5. 3 ,  or  
photograph ic  comparison  samples.  

Where  the  i nclus ion  densi ty  i s  clearl y  wi th in  the  boundaries  defi ned  by the  reference  standards  
for  a  particu lar  g rade,  the  crystal  wi l l  be  classi fi ed  wi th in  that  g rade.  Where  the  decis ion  i s  i n  
doubt,  the  densi ty  being  near to  one  of  the  test  l im i ts ,  e i ther the  crystal  wi l l  be  classi fi ed  i n  the  
g rade  al lowing  the  h i gher i nclus ion  l evel ,  or  a  more  precise  determ ination  of  i nclus ion  densi ty  
us ing  an  i nclus ion  counting  techn ique  wi l l  be  performed.  

A variation  of  th is  method  may be  au tomated  wi th  the  use  of  s tops  on  the  up-and-down  
movement  of  the  m icroscope  so  that  i t  can  be  rapid ly  moved  among  two  or  th ree  focal  depth  
l evels.  I n  th is  way,  more  heigh t  may be  sampled  rapid ly  wh i le  scann ing  a  bar.  
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Numerical  example 

When  a  30x stereo  m icroscope,  whose  focal  fi e l d  of  view measured  0 ,6  cm  i n  d iameter  and  
0 , 1  cm  i n  he igh t,  was  used  to  count  i nclus ions  at  s i x  l ocations  over the  fu l l  hei gh t  wi th in  a  
crystal  bar having  an  X measuri ng  2 , 0  cm,  the  total  coun ts  g i ven  i n  Table  B. 1  were  taken .  

Table  B.1  – Commodity bar sampl ing ,  method  1  

Size  range 
Number  of  i nclusions  

µm  

1 0  – 30  1 8  

>30  – 70  5  

>70  – 1 00  4  

>1 00  1 0  

 

The  total  vo lume  counted ,  푉 = 푁푁푁 �퐷2 �
2
 i n  th is  case  =  3 , 39  cm 3 .  

where  

N i s  the  number of  cyl i nders  counted ;   

H i s  the  heigh t  i n  cm  th rough  wh ich  the  m icroscope  i s  l owered  ( i n  th i s  example  the  bar's  
heigh t) ;   

D  i s  the  f ie ld  of  view d iameter  i n  cm  (when  l ess  than  the  fu l l  bar he igh t  i s  sampled ,  complete  

accuracy cal l s  for  l etti ng  H =  R  +  h  cm ,  where  R  i s  the  range  of  m icroscope  heigh t  traversed ,  
and  h  =  the  heigh t  o f  the  m icroscope's  focal  f i e ld ) .   

D ivi d i ng  each  total  coun t  by 3 , 39  yi e lds  the  fou r averages  for  the  crystal  bar  g i ven  i n  Table  B. 2.  

Table  B.2  – Commodity bar  sampl ing  

Size  range 
Number  of  i nclusions  

µm  

1 0  – 30  5 , 3  

>30  – 70  1 , 5  

>70  – 1 00  1 , 2  

>1 00  2 , 9  
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Example of  reference sample selection  

Some appropriate  as-grown  crystal  bars  for  a  reference  sample  of  each  g rade  range  are  
chosen  carefu l l y  as  testing  bars.  When  the  testi ng  bars  have  a  l arge  X d imension  seed ,  Y-cu t  
s l i ces  are  cu t  from  the  bars  and  fi n ished  to  1 0  mm  th ickness  wi th  a  po l i shed  su rface.  Sample  
volumes  are  d i vided  by 1  cm 3  by  d rawing  1 0  mm  squares  on  the  Y surface  wi th in  the  Z  g rowth  
zones,  except  the  seed  crystal .  I n  the  case  of  smal l  X  d imension  ones  l i ke  Y-bar,  X-cu t  s l i ces  
can  be  obtained  by a l umbering  process  and  fi n ished  to  1 0  mm  th ickness  wi th  a  pol i shed  
su rface.  Sample  volumes  are  d i vided  by 1  cm3  by  d rawing  1 0  mm  squares  on  the  X su rface  
wi th in  Z  g rowth  zones,  except  the  seed  crystal .  A d rawn  l i ne  that  i s  the  closest  to  the  seed  
crystal  shal l  be  abou t  0 , 5  mm  away from  the  seed  su rface  to  avoid  coun ting  the  seed  vei l .  

When  i nclus ion  densi ty  changes  by l ocation  i n  a  testing  bar,  several  s l i ces  shal l  be  prepared  to  
tend  coun ts  toward  average  densi ty of  the  testing  bar.  Sample  volumes  shal l  be  randomly 
chosen  from  prepared  squares.  The  sample  vo lumes  shal l  be  se lected  to  tend  counts  toward  
average  densi ty  of  the  s l i ce  when  i nclus ion  densi ty  changes  by location  i n  a  s l i ce.  I nclus ions  
wi th in  stated  s ize  ranges  are  counted  i n  each  chosen  sample  vo lume  under a  stereo  binocu lar 
m icroscope  operating  at  a  magn i fi cation  of  40 .  

Coun ts  from  each  sample  vo lume  are  added  by the  stated  fou r s i ze  ranges,  and  averaged  by 
the  total  chosen  sample  vo lumes  wi th in  a  s l i ce.  I f  several  s l i ces  are  prepared  from  a  testi ng  bar,  
coun ts  shal l  be  averaged  by al l  s l i ces.  An  average  coun t  for  each  s i ze  range  measured  by the  
above-mentioned  method  i s  regarded  as  the  evaluation -count  of  the  testing  bar.  The  reference  
sample  shal l  be  selected  as  having  an  evaluation-coun t  that  i s  closest  to  the  boundary of  each  
g rade.  
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Explanations of point  cal l ipers 

Poin t  cal l i pers  and  d ig i tal  poin t  cal l ipers  have  two  extended  measuring  poin ts  as  shown  i n  
Fi gu res  D . 1  and  D .2  su i table  for  measuri ng  samples  wi th  i rregu lar su rfaces  such  as  observed  
on  the  Z- faces  of  as-g rown  syn theti c  quartz .  

 

Figure  D.1  – Point  cal l ipers 

 

Figure  D.2  – Dig i tal  point  cal l ipers 

IEC 

IEC 
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I nfrared  absorbance α  value compensation  

E.1  General  

I t  i s  wel l  known  that  α  values  measured  i n  d i fferen t  l aboratories  usi ng  the  procedures  
recommended  i n  th is  s tandard  and  us ing  s im i lar  equ ipment  to  each  other resu l t  i n  
measurements  wi th  deviations  between  laboratories  beyond  the  l im i ts  of  accuracy requ i red  to  

assure  con formance  to  the  α  requ i rements  of  th is  s tandard .  To  address  th is  i ssue  and  to  
establ i sh  correlation  between  laboratories,  a  Round  Robin  was  conducted  i nvolving  fi ve  (5)  

samples  wi th  a  wide  range  of  α  values  and  over twen ty (20)  l aboratories.  A procedure  to  
establ i sh  correcti on  terms  based  on  the  d i fferences  between  i nd ividual  resu l ts  and  the  
averages  across  laboratories  at  constan t  wave  numbers  and  samples  was  establ i shed .  The  
same  methods  described  i n  Annex E  may be  appl ied  to  establ i sh  correcti on  terms  i n  the  fu tu re.  
The  Round  Robin  i ncluded  g rating  based  IR  spectrophotometers  us i ng  a  d i spersive  
con fi guration  and  FT- IR  equ ipment,  thus  al l owing  the  process  to  be  appl ied  to  equ ipment us ing  
e i ther measuri ng  method .  

E.2  Sample preparation ,  equ ipment set-up and  measuring  procedure 

E.2.1  General  

To  reduce  the  variation  between  l aboratories,  a  set  of  recommendations  concern ing  sample  
preparation ,  equ ipment  set-up,  and  measuring  procedure  i s  described .  

E.2.2  Sample  preparation   

The  suggested  sample  preparati on  procedure  i s  as  fo l l ows:  

•  sample  cu t  from  the  Z-zone,  not  i nclud ing  any porti on  of  the  seed ;  

•  l i gh t  propagation  i s  along  the  Y-axis .  Y- faces  are  po l i shed  to  a  state  common ly  referred  to  
as  "opti cal  i nspection  g rade";  

•  the  th i ckness  (Y)  shou ld  be  1 0  mm  ± 0,2  mm.  The  d imensions  for X and  Z  shou ld  be  as  
conven ien t  and  establ i shed  i n  consideration  of  the  measuring  apertu re;  

•  the  angu lar deviation  of  the  surface  normal  on  the  X and  Y faces  i s  l ess  than  30 '  from  the  
correspond ing  crystal  axi s;  

•  the  X and  Z  faces  are  g round  to  a  roughness  ach ieved  by mesh  #80  d iamond  g ri t  or  
rougher.  

E.2.3  Equ ipment  set-up 

A d iagram  of  the  usual  i nstrument  con figuration  i s  shown  i n  Fi gu re  E . 1 .  
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Figure E.1  – Schematic  of  measurement  set-up  

The  sample  i s  posi ti oned  so  that  the  beam  exi t  su rface  i s  wi th in  5  mm  of  the  focal  plane  and  the  
focal  plane  i s  between  the  test  sample  and  the  apertu re.  

The  i nstrument  settings  (scan  speed  of  FTIR,  s l i t  wid th  i n  g rati ng  spectrometer)  shou ld  ensu re  

that  the  waveleng th  resolu tion  i s  abou t  6 , 0  cm –1  ±  0 , 5  cm –1  .  

The  aperture  s ize  i s  1 2  mm  ×  2  mm.  The  1 2  mm  d imension  i s  along  the  crystal  X  d i recti on .  

The  apertu re  i s  posi t ioned  between  the  sample  and  the  focal  p lane  i n  such  a  way that  the  
transmission  i s  maxim ized  at  the  reference  wave  number.  

Wi th  the  sample  removed,  the  i nstrument i s  cal ibrated  to  read  1 00  % transmission  at  al l  
reference  and  absorption  wave  number setti ngs.  

The  reference  wave  numbers  are  3  800  cm–1  ± 3  cm–1  and  3  979  cm –1  ± 3  cm–1 .  

The  absorption  wave  numbers  are  3  500  cm–1  ± 3  cm–1  and  3  585  cm–1 ± 3  cm–1 .  The  
absorption  wave  number setting  for the  3  585  cm–1 measurement  shou ld  be  ad justed  to  ach ieve  
the  l ocal  m in imum  value  of  transmission .  

The  measurement temperatu re  i s  1 5  °C－ 25  °C.  

The  measurement re lative  humid i ty  i s  70  % or  l ess.  

E.2.4  Measurement  procedure   

Uncorrected  absorbance  values  at  any of  the  two  absorption  wave  numbers  are  calcu lated  by 
us ing  the  formu la i n  4. 2 .6. 3 .  T1  i s  evaluated  at  the  same  reference  wave  number that  was  used  
to  establ i sh  the  cal i brati on  terms  described  i n  C lause  E.3.  I n  a  g rati ng  spectrometer,  the  
measurements  shou ld  be  made  wi thou t  scann ing  the  wave  number.  The  samples  shou ld  have  
the  beam  centred  i ns ide  the  apertu re.  Consisten t  posi t ion ing  of  the  samples  can  be  ach ieved  
wi th  ded icated  sample-holders.  

E.3  Procedure to  establ ish  correction  terms  

The  procedure  to  establ i sh  correction  terms  i s  performed  i ndependen tl y  for any of  the  two  
absorpti on  wave  numbers,  and  the  example  here  shou ld  on ly  d iscuss  the  case  of  3  500  cm–1 .  
The  samples  used  for  the  Round  Robin  or  an  equ ivalen t  set  o f  samples  are  measured  as  
described  i n  E . 2 .2  and  E. 2. 3 .  

IEC 

Aperture 

Sample 

Detector 

Focal  plane of probe beam 



 – 50  – I EC  60758:201 6  © IEC  201 6  

An  example  of  the  cal i bration  method  i s  shown  below.  A set  o f  fi ve  (5)  standard  samples  was  
tested  by several  laboratories  and  an  average  of  uncorrected  data determ ined  ( i nclus ive  of  al l  
i nstruments)  at  the  two  wave  number combinations  and  label l ed  "averaged"  i n  Tables  E . 1  and  
E . 2.  The  measurements  of  one  laboratory are  shown  and  l abel led  "measured" .  

Table  E. 1  – Example  of  cal ibration  data  at  α3  585  

Averaged  Measured  

0, 01 5  7  0 , 01 5  5  

0 , 038  2  0 , 037  3  

0 , 062  4  0 , 059  1  

0 , 1 55  5  0 , 1 53  8  

0 , 1 36  2  0 , 1 37  8  

 

Table  E.2  – Example  of  cal ibration  data  at  α3  500  

Averaged  Measured  

0, 026  1  0 , 025  1  

0 , 038  3  0 , 036  1  

0 , 051  4  0 , 047  5  

0 , 1 30  6  0 , 1 23  2  

0 , 1 07  7  0 , 1 07  2  

 

Th is  data i s  g raph ical l y  shown  i n  Figu re  E . 2  wi th  the  correspond ing  least  square  fi t  of  a  l i near 
approximation .  

 
 

Figure  E.2  – Graph  relationsh ip  between  averaged  α  and  measured  α  
at  two wave numbers  of  α3  500  and  α3  585   

The  cal ibration  terms  calcu lated  i n  these  two  examples  are  factor a  =  1 , 029  9  and  offset  

b  =  +0,001  0  cm–1  at  α3  500 ,  a  =  0 , 994  1  and  offset  b  =  +0,001  4  at  α3  585 .  
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E.4 Calculation  of compensated  (corrected)  absorbance values 

After the  correcti on  terms  are  known  for  the  measurement  set-up  and  waveleng th  of  i n terest,  
the  sample  to  be  evaluated  i s  measured  accord ing  to  E . 2. 4.  The  corrected  absorbance  value  

αcorrected  i s  calcu lated  from  the  uncorrected  measurement  α  u s ing  the  fo l lowing  formu la and  
the  correcti on  terms  a  and  b  as  defi ned  i n  Clause  E . 3 .   

αcorrected  =  a  α  +  b  
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Di fferences of the orthogonal  axial  system  

for quartz between  IEC standard  and  IEEE standard  

I EEE  revised  I EEE  Standard  1 76-1 946  i n  1 978  and  revised  i t  again  to  i ssue  i t  as  IEEE  

Standard  1 76-1 987  i n  1 987.  The  main  revis ion  poin t  i s  the  +X inversion  of  orthogonal  crystal  
axis  shown  i n  Fi gure  F. 1  and  i t  i s  d i fferen t  from  that  of  the  present  I EC  60758.  

The  d i fferences  between  IEEE  1 76-1 987  and  IEC  60758  are  g i ven  below.  

a)  R igh t-handed  quartz  i s  expressed  by the  ri gh t-handed  orthogonal  axial  system,  also  
l eft-handed  quartz  i s  expressed  by the  left-handed  orthogonal  axial  system  i n  I EC  60758.  
However,  the  ri gh t-handed  orthogonal  axial  system  i s  appl ied  for  ri gh t-handed  and  
l eft-handed  quartz  i n  I EEE  1 76-1 987.  

b)  For ri gh t-handed  quartz ,  the  re lati on  between  IEC  60758  and  I EEE  Standard  1 76-1 987  i s  
that  o f  rotated  1 80  degrees  around  the  Z-axis .  For l eft-handed  quartz ,  the  re lation  between  
IEC  60758  and  IEEE  1 76-1 987  i s  that  o f  reversed  Y-axis .   

c)  Al l  material  constan t  values  of  l eft-handed  quartz  are  the  same  as  the  material  constan t  
values  of  ri gh t-handed  quartz  i n  I EC  60758.  I n  I EEE  1 76-1 987,  however,  e lastic  constan t  of  
ri gh t-handed  quartz  and  l eft-handed  quartz  are  the  same,  bu t  the  plus  or  m inus  s i gn  of  the  
piezoelectri c  constan t  i s  reverse  to  each  other.  

d )  I n  I EC  60758,  the  e lastic  constan t  of  C 1 4  i s  a  negative  quan ti ty  and  the  piezoelectric  
constan t  of  e1 1  i s  a  negative  value  and  that  of  e 1 4  i s  a  posi ti ve  value.  On  the  other hand ,  i n  
I EEE  1 76-1 987,  al l  these  quan ti t i es,  that  i s ,  C 1 4 ,  e 1 1  and  e 1 4 ,  are  posi ti ve  values.  

e)  Accord ing  to  I EC  60758,  for  example  AT-cu t  at  ri gh t-handed  quartz  i s  cal l ed  +35°  rotated  
Y-cu t.  However,  accord ing  to  I EEE  1 76-1 987,  i t  shou ld  be  cal led  –35°  rotated  Y-cu t.  

Now,  i n  al l  i n ternational  academic  papers,  quartz  material  constan ts  are  wri tten  based  on  
I EEE  Standard  1 76-1 987.  Care  shou ld  be  taken  to  avoid  con fusion  wh ich  may be  caused  by the  
expression  d i fferences  of  material  constan ts  and  crystal  axes  between  IEEE  1 76-1 987  and  
I EC  60758.  
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Figure  F.1  – Left-  and  right-handed  quartz  crystals  
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α  value measurement  consistency between  d ispersive infrared  
spectrometer and  fourier transform  infrared  spectrometer  

G.1  General  

Dispersive  i n frared  spectrometer has  been  main ly  conven tional  measuring  equ ipment  for  the  

determination  of  i n frared  absorpti on  of  α  coeffi ci en t.  However,  the  D ispersive  I n frared  
Spectrometer,  wh ich  was  appl ied  for  the  measurement  method  i n  Annex E ,  has  not  been  
common ly  on  the  sale  anymore  for  the  last  decade.  Fourier  transform  i n frared  spectrometer  
(FT- IR)  i s  now avai lable  to  measure  i n frared  absorbance  of  the  material .  

I EC  60758:2008  and  Japanese  National  Standard  J IS  C  6704  [33]  were  revised  i n  1 999.  I n  the  

correspond ing  vers ion ,  α  was  also  measured  by FT- IR  method  and  i ts  resu l t  was  veri fi ed  that  the  
same  resu l t  can  be  obtained  as  one  by I n frared  Spectrometer.  I n  the  measurement,  the  dual  
beam  system  i n  the  FT- IR  system  was  appl ied .  The  dual  beam  system  uses  one  beam  as  a  
reference  l i gh t,  and  s imu l taneously  cal i brates  the  measured  s i gnal  o f  the  sample.  Therefore  the  
base  l i ne  dri ft  was  compensated .  However,  the  correspond ing  system  was  not  a  common  FT- IR  
Spectroscopy.  Common  FT- IR  Spectroscopy i s  general l y  s i ng le-beam  system,  i n  wh ich  the  
stabi l i ty  o f  base  l i ne  i s  be l i eved  to  be  i n ferior  to  a  dual  beam  system.  To  con fi rm  that  the  
conven tional  s i ng le  beam  FT- IR  spectroscopy i s  also  appl icable,  the  re-examination  test  was  
execu ted .  

G.2  Experiment  

The  same quartz  crystal  specimens,  wh ich  were  used  i n  a  Round  Robin  test  i n  Annex E ,  were  
measured  by both  I n frared  spectrometer and  FT- IR  Spectroscopy.  I n  th is  experiment,  FT- IR  
equ ipment  commercial ly  avai lable  of  fou r compan ies  was  employed .  Those  resu l ts  were  
carefu l l y  examined .  The  cri teria  value  to  determ ine  a  satisfying  cond i t i on  was  a  to lerance  value  

of  the  measurement  performed  i n  a  Round  Robin  test  i n  Annex E ,  wh ich  were  ±1 2,5  % for  

3  585  cm –1  and  ±9  % for  3  500  cm –1 .  Measuring  cond i tions  for  FT-IR  measurement  are  
reconsidered  as  fo l l ows  (refer  to  4. 2 .6. 3  and  Annex E) :  

a)  The  sample  shal l  be  placed  under the  cond i t ion ,  where  (a)  the  l i gh t  emergence  plane  i s  
posi ti oned  wi th in  5  mm  from  focal  plane  and ,  (b)  the  focus  po in t  shal l  be  l ocated  between  the  
specimen  and  the  apertu re.  

b)  The  scan  speed  of  FT- IR  shal l  be  ad justed  to  make  the  resolu ti on  of  wave  number i n  a  range  
from  1 , 0  cm–1  to  4 , 0  cm–1 .  

c)  The  apertu re  s i ze  shal l  be  from  2  mmφ  to  5  mmφ .  

d )  The  l i gh t  shal l  be  al i gned  along  Y axi s .  The  X axis  of  specimen  shal l  be  upward .  

e)  The  accumu lation  numbers  for  FT- IR  system  shal l  be  more  than  1 8  times.  

f)  The  apertu re  i s  posi ti oned  between  the  sample  and  the  focal  p lane  i n  such  a  way that  the  
transmission  i s  maxim ized  at  the  reference  wave  number.  

g )  Wi th  the  sample  removed,  the  i nstrument i s  cal ibrated  to  read  1 00  % transmission  at  al l  
reference  and  absorption  wave  number setti ngs.  

h )  The  reference  wave  numbers  are  3  800  cm–1  ± 3  cm–1  and  3  979  cm –1  ± 3  cm–1 .  

i )  The  ai r  i n  a  sample  chamber shal l  be  replaced  wi th  a  d ried  ai r.  
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G.3  Experimental  resu l t  

Japanese  National  Commi ttee  has  performed  a  round  Robin  test  i n  f i ve  quartz  crystal  

compan ies.  Fi ve  samples  wi th  various  α  values,  wh ich  were  exactly  the  same  samples  used  i n  a  
round  Robin  test  i n  1 999,  were  prepared  for  measuring  i n frared  absorption  coefficien ts.  Then  
averaged  values,  Maximum  values,  and  m in imum  values  obtained  from  the  test  were  referred  by 
the  new testing  system.  The  perm issible  levels  were  defined  so  that  the  measured  values  cou ld  
be  plotted  wi th in  the  range  between  the  maximum  and  m in imum  values  of  referred  resu l ts .  

Au tocorrelation  g raph  between  reference  α  and  measured  α  for  wave  l eng th  of  3  500  cm–1  are  
shown  i n  Figu res  G . 1  a)  to  G . 1  d ) .  The  dotted  l i ne  represents  the  recommended  reference  value  

and  the  so l id  l i ne  i s  a  measured  value.  Measured  α  val ues  were  plotted  i n  a  range  between  the  
maximum  and  m in imum  values  of  referred  resu l ts .  Al l  measured  resu l ts  were  i n  perm issible  
l evels  so  that  the  measuri ng  system  using  FT- IR  system  i s  precise  enough  under the  cond i ti on  
shown  i n  C lause  G .2.  

I n  add i ti on ,  Fi gures  G . 1 e) -G . 1 h )  show the  au tocorrelati on  plot  o f  reference  α  and  measured  α  for  

the  wave  l eng th  of  3  585  cm–1 .  Measured  α  values  were  plotted  i n  a  range  between  the  
maximum  and  m in imum  values  of  referred  resu l ts .  Al l  measured  resu l ts  were  i n  perm issible  
l evels  as  i n  the  3  500  cm–1  measurement.  The  precise  measurement was  performed  i n  the  same  
way as  3  500  cm–1  wave  l eng th  case.  

The  absorbance  peak at  3  585  cm–1  i s  d i ff i cu l t  to  detect  wi th  poor wave  l eng th  resolu tion ,  s i nce  
the  peak i s  very sharp  and  narrow.  Therefore  the  measurement  us ing  3  585  cm –1  i s  one  of  the  
most  d i ffi cu l t  methods  by us ing  i n frared  spectrometer.  

Up  to  now,  3  500  cm–1  wave  l eng th  was  rather  chosen  for  obtain i ng  α  values  i n  conven tional  
measurements,  because  th is  absorbance  peak i s  pretty shal low and  easy to  measure  
absorbance.  The  wave  leng th  resolu ti on  i n  FT- IR  measuring  system  i s  theoreti cal l y  very h igh ,  

therefore  measured  peak i n  a  spectrum  at  3  585  cm–1  was  very sharp and  the  measured  α  had  
smal l  errors  after several  measurements.  Al l  measured  values  are  wi th in  the  reference  values  
wi th  smal l  to lerances.  And  the  resu l ts  are  also  i den tical  to  ones  from  I n frared  spectroscopy.  
These  resu l ts  showed  the  FT- IR  measurement  curren tl y  avai lable  was  con fi rmed  to  be  

appl i cable  for  the  determ ination  of  α  values.  
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a)  – Maker  A 20  t imes  accumu lation  α
3  500

 b)  –  Maker  B  1 8  t imes  accumu lation  α
3  500

 

 
 

c )  –  Maker  C  1 8  t imes  accumu lation  α
3  500

 d )  –  Maker  D  20  t imes  accumu lation  α
3  500

 

 
 

e )  –  Maker  A 20  t imes  accumu lation  α
3  585  f)  –  Maker  B  1 8  t imes  accumu lation  α

3  585  
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g )  – Maker  C  1 8  t imes  accumulation  α
3  585

  h )  – Maker  D  20  t imes  accumu lation  α
3  585

 

Figure  G .1  – Relationsh ip  of  α  between  measuring  value  and  reference value   
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