
C o ntr a ct  N o:  

T hi s  d o c u m e nt  w a s pr e p ar e d  i n c o nj u n cti o n wit h w or k a c c o m pli s h e d u n d er C o ntr a ct N o. 
8 9 3 0 3 3 2 1 C E M 0 0 0 0 8 0  wit h t h e  U. S.  D e p art m e nt  of E n er g y  ( D O E) Offi c e o f E n vir o n m e nt al 
M a n a g e m e nt  ( E M).  

 
Di s cl ai m er:  

T hi s  w or k w a s  pr e p ar e d  u n d er  a n  a gr e e m e nt  wit h  a n d  f u n d e d b y  t h e U. S.  G o v er n m e nt.  N eit h er  t h e 
U. S. G o v er n m e nt  or  it s e m pl o y e e s,  n or  a n y  of  it s c o ntr a ct or s,  s u b c o ntr a ct or s  or  t h eir e m pl o y e e s, 
m a k e s  a n y  e x pr e s s  or  i m pli e d: 

1 )  w arr a nt y  or  a s s u m e s  a n y  l e g al li a bilit y f or t h e a c c ur a c y,  c o m pl et e n e s s,  or  f or t h e u s e  or  
r e s ult s of  s u c h  u s e of  a n y  i nf or m ati o n, pr o d u ct,  or  pr o c e s s  di s cl o s e d;  or    

2 )  r e pr e s e nt ati o n t h at s u c h  u s e  or  r e s ult s of  s u c h  u s e  w o ul d  n ot  i nfri n g e  pri v at el y o w n e d  ri g ht s; 
or    

3)  e n d or s e m e nt  or  r e c o m m e n d ati o n of  a n y  s p e cifi c all y i d e ntifi e d  c o m m er ci al pr o d u ct,  pr o c e s s, 
or s er vi c e.   

A n y  vi e w s  a n d o pi ni o n s  of  a ut h or s  e x pr e s s e d  i n t hi s w or k  d o  n ot  n e c e s s aril y  st at e  or  r efl e ct t h o s e 
of  t h e U nit e d St at e s  G o v er n m e nt,  or  it s c o ntr a ct or s,  or  s u b c o ntr a ct or s.  



Hi g h r a di ati o n r esist a nt c r yst als f o r X - r a y a n d γ -r a di ati o n d et e ct o rs

V. S kl y a r c h u k 1 , P. F o c h u k1 , V. P yl y p k o 1 , A. E. B ol ot ni k o v 2 a n d R. B. J a m es 3

1 C h e r ni vtsi N ati o n al U ni v e rsit y, 2, K otsi u b y ns k o h o St r., C h e r ni vtsi, U k r ai n e, 5 8 0 1 2
2 B r o o k h a v e n N ati o n al L a b o r at o r y, U pt o n, N Y, U S A, 1 1 9 7 3

3 S a v a n n a h Ri v e r L a b o r at o r y, Ai k e n, S C, U S A

A B S T R A C T . H g 2 M nI n Te 6 ( M MI T) si n gl e c r yst als a r e of i nt e r est f o r t h e m a n uf a ct u ri n g of r a di ati o n s e ns o rs b as e d as r a di ati o n - r esist a nt m at e ri als .
T h e y w e r e g r o w n b y a m o difi e d  m et h o d of z o n e m elti n g . S a m pl es w e r e p r e p a r e d wit h a t hi c k n ess of 0. 7 m m . Si n gl e c r yst als h a v e n- t y p e c o n d u cti vit y
a n d r esisti vit y of ρ ≈ρ ≈ 5 ·1 0 6 O h m ⋅⋅c m ( at 2 9 3 K) .  P h ot os e nsiti v e s e ns o rs wit h a S c h ott k y r e ctifi e r b a r ri e r w e r e f a b ri c at e d a n d st u di e d. G ol d a n d
c h r o mi u m w e r e us e d f o r t h e r e ctif yi n g c o nt a ct a n d i n di u m f o r t h e o h mi c c o nt a ct . T w o t y p es of st r u ct u r es w e r e o bt ai n e d - A u/ M МІ Т/I n a n d
C r/ M МІ Т/I n . T h e c o nt a ct a r e as w e r e 4 m m 2 . B ot h st r u ct u r es ( A u/ M МІ Т/I n a n d C r/ M МІ Т/I n) h a d a di o d e -li k e I- V b e h a vi o r . T h e i niti al p a rt of I – V
c u r v es c o ul d b e d es c ri b e d b y t h e S a h -N o y c e -S h o c kl e y  m o d el . T h e c u r r e nt  m o n o c h r o m ati c s e nsiti vit y S λλ f o r t h e A u/ H g 2 M nI n Te 6 / I n a n d
C r/ H g 2 M nI n Te 6 / I n st r u ct u r e s r e a c h e d a m a xi m u m at t h e w a v el e n gt h λ ≈λ ≈ 1. 1 5 μ m a n d w e r e e q u al t o Sλλ ≈≈ 1. 2- 1. 3 A/ W . I m p o rt a ntl y, C r/ M MI T/I n p h ot o -
s e ns o rs h a d a si g nifi c a ntl y hi g h e r r e ctifi c ati o n f a ct o r a n d si g nifi c a ntl y l o w e r d a r k c u r r e nts. At a v olt a g e U = 1 V, t h e d a r k c u r r e nt f o r A u/ M MI T/I n
w as I =2 9 n A , a n d f o r  C r/ M MI T/I n t h e d a r k c u r r e nt w as 2 n A . At a v olt a g e U = 1 0 V, r es p e cti v el y, t h e d a r k c u r r e nts w e r e 1 5 0 n A a n d 7 n A . T h e
r e ctifi c ati o n c o effi ci e nt f o r A u/ M MI T/I n at a v olt a g e U = 1 0 V w as e q u al t o  K≈≈ 7, a n d f o r  C r/ M MI T/I n -  K≈≈ 4 0 . T h e b a n d -g a p E g of si n gl e c r yst als w as
e q u al t o 1.1 5 e  V, w hi c h is cl os e t o t h e b a n d-g a p of sili c o n, b ut H g 2 M nI n Te 6 si n gl e c r y st als h a v e m u c h hi g h e r r a di ati o n r esist a n c e.

K e y w o r ds : r a di ati o n-r esist a nt si n gl e c r yst als, A F M -t o p o g r a p hs, o h mi c c o nt a ct, r e ctif yi n g c o nt a ct, C L S C, s u rf a c e n a n ost r u ct u r e, m a n uf a ct u ri n g.

Fi g . 5. S p e ct r al d e p e n d e n c e of t h e c u r r e nt
m o n o c h r o m ati c s e n siti vit y at r e v e rs e bi as U = 3  V
f o r A u/ H g 2 M n I n Te 6 / I n ( mi r r o r s u rf a c e) –
t ri a n gl es, f o r C r/ H g 2 M n I n Te 6 / I n ( m att e s u rf a c e
wit h P N S) – s q u a r es . T h e s oli d li n e s h o ws t h e
t h e o r eti c al d e p e n d e n c e a c c o r di n g t o ( 1).

C O N C L U S I O N
N- t y p e si n gl e c r yst als of H g 2 M nI n Te 6 w e r e g r o w n b y t h e  m o difi e d z o n e m elti n g . C r/ H g 2 M nI n Te 6 / I n p h ot o di o d es wit h a s u rf a c e n a n ost r u ct u r e, w hi c h a r e
s e nsiti v e t o o pti c al r a di ati o n i n t h e r a n g e of 0. 8 - 1. 8 μ m , h a v e b e e n p r o d u c e d . At o mi c f o r c e mi c r os c o p p y  m e as u r e m e nts c o nfi r m e d t h e p r es e n c e of s m all (1 0 -
5 0 n m) p y r a mi d -s h a p e d n a n o g r ai ns i n t h e s u rf a c e l a y e r of t h e s e mi c o n d u ct o r,  w hi c h c a n c o m bi n e i nt o l a r g e r o n es (1 0 0 -3 0 0 n m) . C o m p a r ati v e st u di es of t w o
t y p es of p h ot o di o d es C r/ H g 2 M nI n Te 6 / I n  wit h ( m att e s u rf a c e) a n d A u/ H g 2 M nI n Te 6 / I n ( mi r r o r s u rf a c e) s h o w e d a si g nifi c a nt a d v a nt a g e of p h ot o di o d es wit h
s u c h s u rf a c e n a n ost r u ct u r e . T h e p h ot o di o d es h a d si g nifi c a ntl y s m all e r d a r k c u r r e nts, a hi g h e r r e ctifi c ati o n c o effi ci e nt a n d a hi g h e r c u r r e nt  m o n o c h r o m ati c
s e nsiti vit y at t h e  m a xi m u m v al u e. T h e b a n d g a p of si n gl e c r yst als, w hi c h w as d et e r mi n e d f r o m o pti c al  m e as u r e m e nts, w as f o u n d t o b e E g = 1. 2 1 e  V, w hi c h is
cl os e t o t h e b a n d g a p of sili c o n, b ut H g 2 M nI n Te 6 si n gl e c r y st als h a v e m u c h hi g h e r r a di ati o n r esist a n c e, s o p h ot os e nsiti v e s e ns o rs a n d ot h e r d e vi c es b as e d o n
t his m at e ri al c a n b e of g r e at p r a cti c al i m p o rt a n c e .

Fi g. 1. A F M s u rf a c e t o p o g r a p hs of t h e A u/ H g 2 M n I n Te 6 / I n st r u ct u r e (l eft) 
a n d C r/ H g 2 M n I n Te 6 / I n st r u ct u r e ( ri g ht).

Fi g. 2 . T h e s u rf a c e p r ofil o g r a m of t h e A u/ H g2 M n I n Te 6 / I n st r u ct u r e (l eft) a n d t h e 
C r/ H g 2 M n I n Te 6 / I n st r u ct u r e ( ri g ht).

I- V c u r v e s f o r A u /H g 2 M nI n Te 6 /I n a n d C r /H g 2 M nI n Te 6 /I n

S p e ct r al d e p e n d e n c e of c u r r e nt m o n o c h r o m ati c s e nsiti vit y of A u/ H g 2 M nI n Te 6 / I n a n d C r/ H g2 M n Te 6 / I n p h ot o s e ns o rs

S λλ = 0, 8 0 6 η λη λ Т λλ ( 1)
w h e r e ηη is t h e i nt e r n al q u a nt u m yi el d, a n d
T λλ i s t h e t r a n s mitt a n c e of t h e  m at e ri al of t h e
f r o nt el e ct r o d e .

Fi g . 3 . I- V c u r v e a n d d e p e n d e n c e of diff e r e nti al r esist a n c e o n v olt a g e f o r
C r/ H g 2 M n I n Te 6 / I n st r u ct u r e . Di r e ct bi as – s q u a r es, r e v e rs e – t ri a n gl es. S oli d li n es
a r e t h e t h e o r eti c al r el ati o ns I ∼∼ U 1/ 2 , I∼∼ U, a n d I ∼∼ U 2 r es p e cti v el y (2 9 3 K) .

Fi g. 4 . C o m p a r ati v e I -V c u r v es at i n v e rs e bi as of t h e C r/ n -
H g 2 M n I n Te 6 / I n st r u ct u r e - t ri a n gl es, A u/ H g2 M n I n Te 6 / I n - s q u a r es. 
S oli d li n es a r e t h e t h e o r eti c al d e p e n d e n c es of I ∼∼ U 1/ 2 , I ~ U, a n d I ~ U2 , 

r es p e cti v el y ( 3 0 0 K).

St u di es wit h a n at o mi c f o r c e  mi c r os c o p e s h o w e d t h at t h e
s u rf a c e of C r/ H g 2 M n I n Te 6 /I n st r u ct u r es, w hi c h w as vis u all y
p e r c ei v e d as  m att e, c o nsist e d of s m all (1 0 -5 0 n m) n a n o g r ai ns i n
t h e s h a p e of p y r a mi ds, w hi c h c a n c o m bi n e i nt o l a r g e r o n es
(1 0 0 -3 0 0 n m). N a n o g r ai ns of s m all si z es a r e r es p o nsi bl e f o r t h e
f o r m ati o n of a hi g h -e n e r g y r a di ati o n s p e ct r u m wit h h νν >  E g .
T h e b a n d g a p is e q u al t o E g = 1. 2 1 e V. N a n o g r ai ns of l a r g e si z es
p a rti ci p at e i n t h e p r o c ess es of m ulti pl e r efl e cti o n of t h e
r a di ati o n f alli n g o n t h e s u rf a c e, t h us c a usi n g a n i n c r e as e i n t h e
p r o b a bilit y of a bs o r pti o n of p h ot o ns, es p e ci all y of t h e l o w-
e n e r g y o n es, h νν << E g . T his l e a d s t o a n i n c r e as e i n t h e c u r r e nt
m o n o c h r o m ati c s e nsiti vit y i n t h e r e gi o n of t h e m a xi m u m
s e nsiti vit y. O u r m e as u r e m e nts of t h e p h ot os e nsiti vit y s p e ct r u m
g e n e r all y s u p p o rt t his ass u m pti o n .
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