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Ab stract

Wa fer qual ity in spec tion and de fect anal y sis are cru cial for
im prove ments of the wa fer fab ri ca tion tech nol ogy as well
as for the cor re la tion of de vice prop er ties with the pro -
cesses of wa fer treat ing. This work dem on strates trends of
high-res o lu tion X-ray dif frac tion im ag ing tech niques with
syn chro tron ra di a tion sources and their ca pa bil ity for de -
tailed qual ity in spec tion of wa fers con cern ing their struc -
tural per fec tion. We ap ply these meth ods to visu al ise and to 
char ac ter ise the de fects and de for ma tions in duced by
grow ing, cut ting, grind ing, etch ing and glu ing in the pro -
duc tion of semi con duc tor wa fers (in par tic u lar Si and
GaAs wa fers) and in ul tra-thin wa fers. We pres ent syn -
chro tron to pog ra phy and syn chro tron area diffractometry
meth ods to ana lyse qual i ta tively and quan ti ta tively: dis lo -
ca tions and lin eages, mi cro-de fects and mi cro-cracks, wa -
fer tilts and warpages, ten sors of lo cal lat tice ro ta tions.

1.  De fects and de for ma tions in duced by grind ing and 
     glu ing of ul tra-thin sil i con wa fers

Thin semi con duc tors are used for power de vices, chip card
ap pli ca tions, high fre quency in te grated cir cuits (ICs) and
opto-elec tronic com po nents. Cur rent trends in thin chip
tech nol ogy are tar get ing to ex tremely low pack ag ing
heights and thin and flex i ble ICs for smart la bels and highly 
in te grated chip sys tems for multifunctional de vices. Un til
to day the chip thick ness of the ICs is lim ited to the range of
100 to 200 µm. Com pletely new ap pli ca tions ap pear when
wa fer thin ning, dic ing and die mount ing tech nol ogy are ex -
tended to ul tra thin chips with a re main ing thick ness of
10–30 µm [1]. In this range sil i con sub strates be come me -
chan i cally flex i ble and new prod ucts like lam i nate
mounted “Smart La bels” be come re al ity, see Fig ure 1.

Wa fer thin ning ap proaches rely on a coarse grind ing
pro cess to re move off the wa fer about 300 µm sil i con bulk.
Fur ther mi cro-thin ning (grind ing, spin and plasma etch ing) 
re moves the ad di tional ma te rial and elim i nates the stress
re sult ing from mi cro-de fects. Dam aged subsurface zones

ex tend ing 5–15 µm into the sub strate have to be re moved
by chem i cal etch ing. Finally, the chem i cal-me chan i cal pol -
ish ing step re duces the rough ness and cleans the sur face. 

Syn chro tron X-ray dif frac tion im ag ing tech niques
prove their value for re search and in dus try in char ac teri sa -
tion of grown-in and pro cess-in duced de fects as well as
stresses. Here we study the sur face and vol ume dam age in -

tro duced by the grind ing and the dam age re moval by sub -
se quent sur face treat ment men tioned above, as well as the
de tec tion of lat tice dis tor tion fields gen er ated by the glu ing
of the ul tra-thin wa fer on a tar get wa fer. The main re sults
have been ob tained by: 
a) X-ray mono chro matic sec tion to pog ra phy in Bragg 

case with a high sen si tiv ity, spe cially to (sub-
mi crom e ter), de fects ex ploit ing the vis i bil ity of 
Pendellösung fringes,

b) high res o lu tion mono chro matic dou ble crys tal 
to pog ra phy with a high sen si tiv ity in par tic u lar to strain 
and to dif fuse scat ter ing at the tails of rock ing curves,

c) the quan ti ta tive im ag ing of lat tice de for ma tions and 
mac ro scopic de fects by mi crom e ter re solved tilt maps.
The main re sults con cern ing the grind ing dam age and 

its re moval by spin etch ing are:
1.  Etch ing-off or pol ish ing-off (CMP) only 5 µm thick sur -
face layer af ter grind ing are suf fi cient to re move the sur -
face dam age sig nif i cantly so that the Pendellösung fringes
are re stored to a high de gree. How ever, full res to ra tion of
the vis i bil ity of fringes was not ob served even af ter etch ing
and pol ish ing re moval of 50 µm, see Figure 2.
2. Low den sity (<1000 cm-2) of larger (<20–80 µm) low
con trast de fects (LCD) re mains also af ter etch ing-off
20 µm of sur face layer, see Fig ure 3.

The qual i ta tive and quan ti ta tive im ag ing of lat tice tilt
in duced by the glue at tach ing the thin wa fer to the car rier
wa fer has been per formed by white beam sec tion to pog ra -
phy and by lat tice tilt map ping by the area diffractometry
method dis cussed in more de tails in the fol low ing sec tion.
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Fig. 1. Ul tra-thin sil i con wa fers be come me chan i cally flex i ble.



2. µm-re solved de ter mi na tion of the three-di men sional 
lat tice misorientation for the semi con duc tor wa fers
in spec tion by syn chro tron ra di a tion area
diffractometry

Wa fer fab ri ca tion tech nol ogy of com pound ma te ri als
such as GaAs, InP, SiC, CdZnTe re quires up-to-date struc -
ture char ac teri sa tion meth ods and de fect anal y sis meth ods
in or der to achieve high-qual ity wa fers for mi cro-elec -
tronic ap pli ca tions. GaAs, for ex am ple grown by LEC
method, can form co lum nar struc tures with highly per fect
crys tal line struc ture in side the crys tal lites. This can be ob -
served op ti cally on etched wa fers as a pres ence of lin eages, 
dis lo ca tions, and other de fects at the bound aries. Fur ther -
more, a growth inhomogeneity can lead to nu cle ation of
spe cific misoriented crys tal lite-like de fects with lat tice
planes tilted with re spect to the main sub strate lat tice,
which cause prob lems dur ing sub se quent ep i taxy steps. 

In an ear lier work [2] we de vel oped a method of µm-re -
solved syn chro tron X-ray area diffractometry as a tool for
wa fer qual ity char ac teri sa tion by com bin ing dig i tal to pog -
ra phy and con ven tional wa fer Bragg-dif frac tion rock ing
curves. Re cently we have ex tended this method to re veal
the com plete three-di men sional ten sor of lo cal lat tice
misorientation in wa fers, in clud ing so-called macrodefects

of large ro ta tion an gles with re spect to the un dis turbed re -
gion [3]. 

The pro ce dure is based on mea sur ing Bragg-dif frac tion 
rock ing scan by area diffractometry in three mu tu ally
non-coplanar scat ter ing planes by an area de tec tor such as
the ESRF FReLoN cam era which al lows pixel res o lu tion
up to mi crom e ter. There from the com plete spa tially re -
solved three-di men sional lat tice-ori en ta tion maps are re -
con structed. Be side the ad van tages of µm-res o lu tion and
the use of a fast im ag ing tech nique in stead of con ven tional
X-ray scan ning tech niques in her ent am bi gu ity prob lems
have to be solved. Our re con struc tion al go rithms solve par -
tic u lar prob lems of multi-peak pixel anal y sis and sub se -
quent back pro jec tion from the area de tec tor to the sam ple
sur face. 
The method is ex per i men tally em ployed on re con struc tion
of lat tice tilt misorientation of spe cific mac ro scopic crys -
tal lite-like de fect struc tures in 6-inch GaAs wa fers. The
pro jec tion of the lat tice tilt onto any given plane can be cal -
cu lated from the lat tice misorientation ten sor. Fig ure 4
shows max i mal value of (001)-pro jected lat tice mis -
orientation with re spect to the mean wa fer lat tice mapped
onto a de fec tive wa fer area.
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Fig. 2. Sub-sur face dam age char ac teri sa tion by Pendellösung
fringes vis i bil ity: ref er ence Si wa fer (left), ground wa fer (mid -

dle), ground and 46 mm etched wa fer (right).

Fig. 3. Mono chro matic pro jec tion to pog ra phy of a 80 mm thick
Si wa fer (grounded and etched).

Fig. 4. Dis tri bu tion of max i mum of the lat eral lat tice
misorientation an gle onto a de fec tive area of a GaAs wa fer.


