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 Introduction
Epitaxial film s  of rare  earth  (RE) s ilicide s  grow n on 
s ilicon surface s  h ave be en th e  subject of a num ber of 
studie s  in recent years .1 Th is  h as  be en m otivated in part 
by th e  good lattice  m atch  of th e  s ilicide  to th e  Si(111) 
surface and th e  us eful electrical and electronic 
propertie s  of th e s e  s ilicide s  (e .g. unusually low  
Sch ottk y barrie rs 2,3 w ith  n-type  Si). In th e  low -
coverage regim e , a scanning tunnelling m icroscopy 
(STM ) study of th e  grow th  of H o on Si(111) h as  be en 
previously reported.4

At a m etal coverage of 1 M L a tw o-dim ens ional 
(2D) s ilicide  m ay be  grow n5 on Si(111) in w h ich  a 
s ingle m onolayer of RE is  located sub-surface beneath  
a buck led surface Si bilayer, as  s e en in Fig. 1(a). Th is  
surface Si layer re s em bles  one  of th e  Si bilayers  th at 
form  bulk  Si, and it s h ow s  a 1×1 reconstruction. Upon 
exposure  to atom ic h ydrogen, th e  2D RE s ilicide  
surface is  m odified such  th at th e  buck ling direction of 
th e  surface Si bilayer is  ch anged6 as  s e en in Fig. 1(b). 

Th e  s ilicon-lik e  expos ed surface of th e  2D RE 
s ilicide s  opens  up th e  pos s ibility of grow ing furth er 
layers  of Si on top so as  to form  a buried Si layer in a s ilicon/s ilicide/s ilicon structure . In th is  
w ork  w e  pre s ent STM  im age s  of Si grow th  on th e  2D H o s ilicide  surface, and also im age s  
from  th e  H -term inated 2D s ilicide  surface both  before  and after Si grow th .

Experim ent
Sam ples  w ere  prepared and ch aracteris ed in-s itu in an ultra-h igh  vacuum  (UH V) ch am ber 
w ith  bas e  pre s sure  < 2×10– 10 m bar. At various  stage s  during th e  preparation, surface order 
w as  as s e s s ed by low -energy electron diffraction. STM  m easurem ents  w ere  obtained us ing an 
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Si grow th  on 2D h olm ium  s ilicide
• Effect of Si depos ition at room  

tem perature  onto th e  2D H o 
s ilicide  surface s h ow n in Fig. 2.
• Si clusters  of diam eter 3 –  8 nm  

and h e igh t 0.5 –  0.8 nm  s e en.
• Betw een clusters , undis rupted 

H o s ilicide  film  s e en.
• Silicide  surface relatively 

pas s ive; Si diffus e s  acros s  
surface form ing clusters  w h ich  
are  pinned by defects  in film  or 
w h en th ey reach  critical s ize .

• H igh  dens ity of clusters  s e en 
near step edge s  (Fig. 2) or 
around defects  (Fig. 3).

• Post-depos ition annealing re sults  
in a fairly rough  surface (Fig. 4) 
featuring island grow th .
• Low e st level of Si islands  

0.4 –  0.6 nm  above th e  s ilicide  
substrate .

• Again, th e  undis rupted 2D 
s ilicide  surface is  still vis ible in 
gaps  in th e  Si film .

• Upperm ost levels of Si islands  
can be  s e en to h ave form ed fragm ents  of  7×7 and 2×1 
reconstructions  ch aracteristic of Si(111) as  s e en in Fig. 5.

• Si depos ition onto th e  h eated 2D H o s ilicide  surface h eld at 
400 °C follow ed by 30 m in annealing leads  to th e  surface 
s h ow n in Fig. 6.
• Island s ize  m uch  larger due  to increas ed diffus ion during 

early stage s  of grow th .
• Th e  expos ed H o s ilicide  surface is  still vis ible in-betw e en 

th e  Si islands .
• Low er levels of th e  Si island s h ow  a “1×1”-lik e  

reconstruction; h igh e r levels h ave reconstructed into 
m ixture  of 2×1 and DAS structure s  
(Fig. 7).

• As  th e  coverage is  increas ed to 8 M L, 
th e  nature  of th e  grow th  rem ains  largely 
unch anged, w ith  an overall increas e  in 
island h e igh ts  com m ensurate  w ith  th e  
h igh e r coverage . Th e  7×7 and 2×1 
reconstructions  on top of th e s e  islands  
can still be  clearly s e en (Fig. 8).

•Grow th  proce s s  illustrated in Fig. 9  w h e re  (a) initial Si 
depos ition is  follow ed by (b) 1×1 and (c) 7×7 island 
form ation and (d) 2×1 regions  form  on cooling.

H -term inated 2D h olm ium  s ilicide
• H ydrogen term ination ach ieved by expos ing 2D s ilicide  to atom ic h ydrogen.
• Atom ic h ydrogen produced by adm itting H 2 gas  to th e  UH V ch am ber and crack ing it on 

w h ite -h ot W  filam ents; dos e  controlled by varying exposure  tim e  —  effect of ch anging 
dos e  s e en in Fig. 10.

• After a 10 m in H  exposure , th e  2D H o s ilicide  surface is  s e en to rough en; furth er H  
exposure  yields  a sm ooth er surface . Th is  can be  understood as  partial h ydrogenation of th e  
surface re sulting in a surface com pos ed of a m ixture  of B-type  and A-type  structure s  
[Fig. 1(a) and (b) re spectively]. Such  m ixture s  h ave be en reported previously for th e  
Ge(111)1×1-Dy-H  surface 7 but th e s e  STM  data indicate a unexpectedly sm all dom ain s ize .

Si grow th  on th e  H -term inated 2D s ilicide
• Th e  greater degre e  of pas s ivation 

of th e  top-m ost Si dangling bond 
after H -term ination of th e  2D H o 
s ilicide  is  expected to re sult in a 
surface w h ich  is  even le s s  reactive .

• Grow th  of Si on th e  H -term inated 
2D s ilicide  surface can be  s e en in 
Fig. 11. Overall, order s e em s  
better w ith  th e  edge s  of Si islands  
follow ing 6-fold directions  of th e  
substrate  rath er th an be ing ragged 
as  found on th e  non-h ydrogenated 
surface . Th is  is  in constrast to th e  effect of H  on Si 
h om oepitaxy w h e re  th e  pre s ence  of H  re sults  in poorer grow th .

• Th e  expos ed 2D s ilicide  surface in-betw e en th e  Si islands  once 
again appears  sm ooth  [in com parison to Fig. 10(c)] sugge sting 
th at th e  H  h as  de sorbed during th e  post-annealing step to leave 
th e  plain 2D s ilicide  surface . Th us  th e  pre s ence  of H  is  
believed to play a role in influencing th e  grow th  proce s s .

• In th e  filled-state s  im age  of Fig. 12 th e  pre s ence  of adatom s  
atop th e  Si islands  can be  s e en.

• Th e  h igh e r re solution im age of th e  Si island surface in Fig. 13 
s h ow s  a 1×1 term ination. Th is  sugge sts  th at grow th  of Si on 
th e  H -term inated 2D H o s ilicide  surface m ay proceed by 
substitution of th e  top-m ost H  atom  by Si, w ith  th e  displaced H  atom  subs e q uently 
available to saturate th e  expos ed dangling bonds  of th e  grow ing Si layer.

Conclus ions
Th e grow th  of Si on th e  2D H o s ilicide  surface h as  be en inve stigated by STM . Island grow th  
h as  be en obs e rved w ith  th e  overlays  eventually form ing 2×1 and 7×7 reconstructions  as  th ey 
becom e th ick e r. Si grow th  on th e  H -term inated surface is  strik ingly different w ith  a tendency 
for m ore  ordered grow th  w ith  le s s  islanding; furth er w ork  is  h ow ever ne eded to e stablis h  
w h eth e r H  rem ains  in th e  re sulting surface .
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Fig. 1. Sch em atic of th e  2D rare  earh  s ilicide  (a) before  and 
(b) after h ydrogen term ination.

Fig. 5. STM  im age of th e  2D H o s ilicide  
surface after grow th  of 2 M L Si at room  
tem perature  follow ed by 15 m in annealing at 
400 °C (30 nm  × 30 nm ).

Fig. 11. STM  im age of surface after grow th  
of 1 M L Si at room  tem perature  on th e  H -
term inated 2D s ilicide  surface; 15 m in post-
annealing at 400 °C (44 nm  × 44 nm ).

Fig. 13. STM  im age of surface after grow th  
of 1.5 M L Si at room  tem perature  on th e  H -
term inated 2D s ilicide  surface; 15 m in post-
annealing at 400 °C (7.8 nm  × 7.8 nm ).

Fig. 3. STM  im age of surface after depos ition 
of 1 M L Si at room  tem perature  on th e  2D 
s ilicide  surface, s h ow ing defect in th e  s ilicide  
film ; no annealing (33.5 nm  × 33.5 nm ).

Fig. 12. Filled state s  STM  im age of surface 
after grow th  of 1.3 M L Si at room  
tem perature  on th e  H -term inated 2D s ilicide; 
15 m in anneal at 400 °C (35.0 nm  × 35.0 nm ).

Fig. 8. STM  im age (20 nm  × 8 nm ) of th e  2D H o s ilicide  surface after grow th  of 8 M L Si onto 
th e  h eated surface at 400 °C follow ed by 30 m in anneal, s h ow ing co-existence  of th e  7×7 and 
2×1. (a) Em pty and (b) filled state s .

(a) (b)

Fig. 10. STM  im age (50 nm  × 50 nm ) of th e  2D H o s ilicide  surface prepared by room  tem perature  depos ition of H o follow ed by 
annealing to 400 °C. (a) Before  H  exposure , (b) after 10 m in H  exposure  and (c) after 20 m in H  exposure .

(a) (b) (c)

Fig. 9 . Propos ed m odel for th e  grow th  
of Si on 2D h olm ium  s ilicide . 
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(b)

Fig. 7. STM  im age of th e  2D H o s ilicide  surface after grow th  of 4 M L Si at 
room  tem perature  follow ed by 30 m in annealing at 400 °C s h ow ing (a) 7×7 
reconstruction (19 .0 nm  × 14.6 nm ) and (b) 2×1 reconstruction (15.0 nm  × 
6.9  nm ).

(a)

Fig. 2. STM  im age of surface after depos ition 
of 1 M L Si at room  tem perature  on th e  2D 
s ilicide  surface; no annealing (200 nm  × 
200 nm ).

Fig. 4. STM  im age of th e  2D H o s ilicide  
surface after grow th  of 2 M L Si at room  
tem perature  follow ed by 15 m in annealing at 
400 °C (100 nm  × 100 nm ).

Fig. 6. STM  im age of th e  2D H o s ilicide  
surface after grow th  of 4 M L Si at room  
tem perature  follow ed by 30 m in annealing at 
400 °C (200 nm  × 200 nm ).
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