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(Received 26 June 1962 and in revised form 19 March 1963) 

A 105-layered rhombohedral polytype of silicon carbide has been discovered with unit-cell dimen- 
sions a =b =3.078 and c =264.39 A as referred to hexagonal axes. By comparing the calculated 
relative intensities of 10. l reflexions with those observed on Weissenberg photographs, its structure 
has been confirmed to be (333333333332)a in Zhdanov's notation. This polytype thus belongs to the 
[(33)n 32]a series of structures whose existence is expected on the dislocation theory. 

Introduction 

Over 40 different polytypes of silicon carbide have 
been discovered, and their number is continually 
increasing. To understand how such a large number 
of modifications of the same substance occur the 
theories advanced are (a) the impur i ty  theory 
(Zhdanov & Minervina, 1945a, b; Lundqvist,  1948), 
(b) screw dislocation theory (Frank, 1951), (c) polymer 
theory (Ramsdell & Kohn, 1952) and (d) thermo- 
dynamical  theory (Jagodzinski, 1954). But because of 
the complicated nature of growth none of these 
at tempts has been completely successful. Attempts are 
being made here to study the nature of growth of these 
polytypes and for this purpose we are searching for 
new polytypes and studying their detailed structure 
by X-ray diffract ion to ascertain whether the data 
collected in relation to them can be explained on the 
basis of the above theories. During the course of 
above study a new 105-layered polytype was dis- 
covered, and we describe below its detailed structure. 

Structure of the unit cell  

The crystal under investigation was a small dark 
crystal of dimensions 1 ×0.5 ×0.5 mm 3. From a 15 ° 
oscillation photograph about the c axis taken on 
a camera of radius 11.48 cm, the rhombohedral 
symmetry  of the crystal was confirmed since the 
nearest spots (of the 10 . / row)  on either side of the 
zero-layer Laue streak were in the ratio of 1:2. The 
number of layers in the unit  cell was approximately 
determined from the measured ~ value from Fig. 1. 
The number of layers was accurately determined on 
a zero-layer Weissenberg photograph taken about 
the a axis by the method of Kristma & Verma (1962b) 
where the exact number of layers is obtained by 
counting the number of spacings after which the 
intensi ty sequence begins to repeat in the 10.l row. 
Fig. 2 shows this Weissenberg photograph in which 
the above number of spacings was 35. Because of the 
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rhombohedral symmetry  the unit  cell contains 
35 × 3 -- 105 layers. 

The number of layers in the unit  cell of the poly- 
type 105R fits in the series of silicon carbide polytypes 
in the Ramsdell  zigzag sequence [(33)n 32]3. Indeed 
105R was an undiscovered member of this series, 
the known members being 15R, 33R, 51R, 87R, 141R 
and 393R. I t  was therefore suspected that  the structure 
of 105R was [(33)5 32]3 (Zhdanov notation). This was 
further confirmed by comparing the characteristics of 
intensi ty in the 10  1 row with an intensi ty plot given 
by Mitchell (1954) for five other members of this series. 
The structure [(33)5 32]3 in the ABC notation is 

A BCA CBA BCA CBA BCA CBA BCA CBA BCA CB 

A BCA CBCA BA CBCA BA CBCA BA CB 

CA BA CBCA BA CBCA BA CA BCBA CA BCBA CA B 

CBA CA BCBA CA BCBA CA BCB 

which has a centre of symmetry  for the silicon atoms 
at the atom marked by an arrow. Choosing the origin 
on this atom the interval  sequence (Ott, 1925a, b) is 

24242424242433333333333424242424242; 

because of t h e  centre of symmetry  the intensi ty 
calculations are very much simplified. As is generally 
done in silicon carbide to establish the structure, it is 
sufficient to show an agreement between the calculated 
and observed relative intensities in the 10.1 row up 
to l= 105 on the positive as well as the negative side 
(Ramsdell, 1944). The intensities of these l0 1 reflec- 
tions were calculated in the usual manner (Ramsdell, 
1944) and multiplied by the Lorenz polarization factor. 

For the estimation of observed intensities following 
Krishna & Verma (1962a, b), zero-layer Weissenberg 
photographs were taken for 10, 25, 50, and 100 
oscillations of the crystal. A standard intensi ty scale 
was prepared by exposing a part icular intense spot 
for 1, 2, . . . ,  100 oscillations of the crystal. All these 
films were processed under identical circumstances. 
Hence the intensi ty estimations were done with enough 
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Fig .  1. T h e  10 . /  r o w  of s p o t s  as  rc ( ;orded  on  a 15 ° c -ax i s  o sc i l l a t ion  p h o t o g r a p h  of t h e  105R c r y s t a l ,  
on  a c a m e r a  of r a d i u s  11.48 c m .  ( × 1). 
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Fig .  2. Z e r o - l a y e r  a - a x i s  W e i s s e n b e r g  p h o t o g r a p h  t a k e n  w i t h  ~ n f i l t e r e d  C u K ~  r a d i a t i o n  on  a c a m e r a  of d i a m e t e r  5.73 c m .  ( × 1.5). 

[To face p. 4 9  
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Fig. 3. Graphs of relative intensity of 10. l reflexions against 
their l values. Intensity values of different spots are plotted 
as percentages of the value for 10.35. Dotted lines indicate 
very high intensities plotted to half the scale. 

accuracy .  Fig.  3 is the  g r a p h  showing  the  ca lcu la ted  
a n d  observed  re l a t ive  in tens i t i e s  of t h e  10.1 reflexions.  
The  observed  a n d  ca lcu la ted  in t ens i t i e s  for the  10 . l  

Tab le  1. Intensities of 10 • 1 reflexions 

I I I I 
l obs. talc. l obs. calc. 

1 0-0 0.19 2 0-0 0-15 
4 0.0 0.34 5 0.5 3.60 
7 0.0 0.32 8 0.0 0.20 

10 0-7 0.62 11 0.0 0.37 
13 1.9 1.80 14 1.1 1.10 

_ _  

16 20-0 19.78 17 53.3 51.20 
19 26.6 25"60 20 20.8 19"50 
22 3.9 3.93 23 0.0 0.40 
25 2"8 2.52 26 0"0 0"20 

_ _  

28 3-1 2-99 29 0.0 0.10 
31 5"6 5.84 32 0"0 0"10 

_ _  

34 80-0 83.22 35 100.0 100.00 
37 16.7 17.60 38 0"0 0-10 
40 3.1 4.54 41 0.0 0"13 
43 1"7 1.54 44 0"0 0"20 
46 1"4 1.41 47 0"0 0"50 

- - _  

49 2-8 2.50 50 25.0 24.00 
- - _  

52 73-3 73.20 53 73.3 71.50 
55 1.9 2.00 56 1.9 1.94 
58 0-0 0.29 59 1.0 0.90 

_ _  

61 0'0 0.11 62 0'8 0'80 
64 0.0 0.19 65 1.3 1.30 
67 0.0 0.04 68 6.7 6.50 
70 33-3 33.50 71 23.3 24-10 

_ _  

73 0.0 0.03 74 1-7 1-70 
_ _  

76 0.0 0.02 77 0.6 0.70 
79 0.0 0.03 80 0.6 0.70 

_ . _  

82 0"0 0"12 83 1"1 1"10 
_ _  

85 0.0 0.43 86 6.7 6-50 
88 13"3 12.60 89 6.1 5-10 

_ _  

91 0.0 0.30 92 0.0 0.50 
94 0-0 0.09 95 0.0 0-20 
97 0.0 0.08 98 0.0 0.10 

100 0.0 0-04 101 0"0 0.05 
103 0.0 0.09 "104 0.0 0.02 

row are l i s ted  in  Tab le  1. The  close ag reemen t  be tween  
these  es tab l i shes  the  p o s t u l a t e d  s t ruc tu re .  The  
r e l i ab i l i t y  fac tor  is found  to  be 0.14. 

Unit-cel l  d imens ions  a n d  a t o m i c  posit ions 
The space group of 105R is R3m wi th  i t s  cell d imen-  
sions based  on hexagona l  axes :  

a = 3-078, c = 264.39 A_. 

The  zigzag sequence g iven  above  resu l t s  in  t he  
fol lowing a tomic  pos i t ions  in  the  hexagona l  u n i t  cell:  

35 s i l icon a toms  a t  00t, where  

t = 0, 2z, 6z, 8z, 12z, 14z, 18z, 20z, 24z, 26z, 30z, 32z, 
36z, 39z, 42z, 45z, 48z, 51z, 54z, 57z, 60z, 63z, 66z, 
69z, 73z, 75z, 79z, 81z, 85z, 87z, 91z, 93z, 97z, 99z, 
103z 

where  z - 1 / 105 

35 s i l icon a toms  a t  ~a, 1 ~, ½ plus  t he  above  coord ina tes ;  
35 s i l icon a toms  a t  ½, ~}, ~ p lus  t he  above  coord ina tes ;  
105 carbon  a toms  one above  each s i l icon a t o m  a t  00p 

plus  the  coord ina tes  of the  105 si l icon a toms  

where  p = 1 / 140 .  

Discuss ion 
The g rowth  of 105R is expec ted  on d i s loca t ion  theory .  
As sugges ted  b y  Krish.na & V e r m a  (1962a, b), rhombo-  
hedra l  p o l y t y p e s  grow only  w h e n  the  f i r s t  a n d  l as t  
l aye r  of t he  exposed ledge is in  the  same o r i en t a t i on  
(A, B or C). Consider  a screw d i s loca t ion  ledge of 35 
layers  exposed in  the  basic 6H s t ruc tu re ,  ABCACB,  
ABCACB,  . . . ,  w i th  a n  a r r a n g e m e n t  

BCA CBABCA CBABCA CBA 

BCA CBA BCA CBA BCA CB. 

As g rowth  proceeds,  t h i s  would  w ind  up  spi ra l ly ,  
c rea t ing  a s t ruc tu re  

BCA CBA BCA CBA BCA CBA BCA CBA BCA CBA 

BCA CBABCBA CABCBA CABCBA CABCBA C 

A BCBA CA BCBA CA BA CBCA BA CBCA BA CBC 
A BA CBCA BA CBCA BA C.  

Conf i rma t ion  of t he  s t r u c t u r e  of 105R as [(33)532]3 
(Zhdanov  no ta t ion)  shows the  u t i l i t y  of Mi tche l l ' s  

method (1954) for detecting directly the structure 0I 
u n k n o w n  p o l y t y p e s  of s i l icon carbide  be longing  to  
[(33)n3213 series. A s imi la r  i n t e n s i t y  p lo t  was m a d e  b y  
K r i s h n a  & Verma  (1962a, b) for the  d i rec t  de t e rmina -  
t i on  of s t ruc tu res  of the  u n k n o w n  m e m b e r s  of t he  
series [(33)n34]s. These  suggest ions  have  s impl i f ied  
t he  s t r u c t u r e  work  in  s i l icon carbide  to  a large  ex t en t .  
S imi la r  a t t e m p t s  can  be m a d e  for o ther  series also. 

The  above  work  was  conduc ted  u n d e r  a scheme 
sanc t ioned  by  the  Counci l  of Scient if ic  a n d  I n d u s t r i a l  
Resea rch  of Ind ia .  
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A Novel  De terminat ion  of the Structure  of An A n o m a l o u s  Polytype 
of Si l icon Carbide 

BY P. KRISHNA* AND AJIT RAM VERMA 

Department of Physics, Banaras Hindu  University, Varanasi, India  

(Received 2 July 1962 and in revised form 11 February 1963) 

This paper describes an unusual silicon carbide crystal of special crystallographic interest. During 
the growth of this crystal there has occurred a change in the structure, from one region of the crystal 
to another, without a change of space group (P3m) or of the dimensions of the unit  cell. The crystal 
has been identified as type 36H (Ramsdell notation) and its two structures, designated as 36Ha 
and 36Hb, form respectively the upper and lower portions of a single crystal piece. 

In addition to the usual extinctions inherent in all silicon carbide structures, the X-ray diffraction 
photographs of 36Hb show striking structural extinctions. In  the 10.l row the reflexions l = 6n ___ 2 
(n any positive or negative integer) have zero intensity; this imposes on the structure, the conditions 

exp [2~i(6n + 2)z] = ~ exp [2zd(6n _ 2)z] - - ~  exp [2rd(6n _ 2)z] = 0 .  
zA zB zc 

From these, by working backwards in a novel way, the structure has been uniquely determined. 
The polytype has an unexpected structure with the Zhdanov symbol (333334333332), which has 

been confirmed by the excellent agreement between the observed and calculated relative intensities 
of X-ray reflexions. The growth of this structure is discussed on the existing theories of polytypism, 
and it is concluded tha t  none of them is able to provide a completely satisfactory explanation for 
the growth of the crystal. 

Introduction 

In  a previous paper  (Krishna & Verma, 1963) we 
reported on a group of silicon carbide s t ructures  
which show anomalies t ha t  cannot  be explained on 
Frank ' s  screw dislocation theory  of po ly typ ism 
(Frank,  1951). One of the  new polytypes  discussed 
there in  was 36H; i t  was apparen t  t h a t  the s t ructure  
of this po ly type  would have considerable significance 
on account  of the fact  t h a t  its uni t  cell is an  integral  
mul t ip le  of the  uni t  cell of the 6H s t ructure  on which 
i t  is based. However,  no s t ruc ture  based on the usual 
considerations employed in silicon carbide s t ructure  
work could account  for the in tens i ty  d i s t r ibu t ion  
observed on the  X-ray  di f f ract ion photographs  of 
this crystal .  Unlike other  known structures  of silicon 
carbide, this  po ly type  does not  f i t  into any  of the  
expected s t ructure  series. 

I n  addi t ion,  the  crystal  showed several features of 
special crystal lographic interest .  I t  was discovered 
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t h a t  in  the same paren t  single-crystal  piece there 
coexist two different  s t ructures  having the  same space 
group and uni t  cell dimensions. Fur ther ,  one of these 
structures revealed numerous  and  s t r iking s t ruc tura l  
ext inct ions on its  X- ray  diffract ion photographs.  
I t  was therefore considered t h a t  a clue to this  s t ructure  
might  lie in  these ext inct ions.  We have succeeded in 
de termining the s t ructure  by  a novel  method  employ- 
ing the  s t ruc tura l  ext inct ions.  This is perhaps a 
unique case where the  s t ruc ture  of a crystal  has been 
worked out  a lmost  ent i re ly  from a considerat ion of 
the s t ruc tura l  ext inct ions  observed on its X- ray  
diffract ion photographs.  The s t ructure  so determined 
has been confirmed by  comparing calculated relat ive 
intensi t ies  of X- ray  reflexions with those observed on 
Weissenberg photographs.  The s t ructure  and growth 
of this po ly type  are discussed below. 

Exper imenta l  observat ions  

The po ly type  36H was discovered in a mass of com- 
mercial  silicon carbide, as a single-crystal piece with 


