
Surface State Electrons on Solid I-Iydrogen Films 

U.ALL~I~EG=HT,  lI.DILGEIt, P. I .E lD~K~l1 ,  F ~ k u l t l t  fi ir Ptjysik, Univertlitit Konstanz, D-7750 Kenstanz, 
West (:crrna~ly t 
li.l<ONO, Cryoger l ics Center,  IJ t i i v e ~ s i l y  of 'l'hk~kuba, 305 Jap*rlt 

\Ve l r lvesl igated the sustace of cluelbcll cor~<!cthserl hydrogen f i l r ~ l s  011 a gl&s substrate by meavuring the 
cc~l l t l l rc l lvr ty of su~facc. slate electrot is (SSEJ between 1.5 a d  4.2 Ii. I r ~ l t i a l l y  the films were very rough (110 
c : t r~~duct lv l ty  sigt~al). t l f t e t  thc~r~lal arirlraling t h e  SSIC cortductiviLy increased drautically, behaving wit11 

L C I I L ~ L ' I ~ U ~ ~  like t l l c ~ ~ r ~ a l l y  d ~ l l v a t c t l  procrab. Saluraked h e l ~ u ~ t ~  l i i ~ n s  0 1 )  lhu hydrogen led to a larRe 
I l l c l e h e  r l 1  the  SSlC ~ t ~ ~ ~ r l u c t i v i l y .  S t i o ~  t l y  t~cforc h c l i u ~ u  i i l t11  c u ~ ~ ~ p l e t i a n  a sharp dip in the c o n d u c t ~ v i t ~  1s 

ubst.~ ved. 

Int roduc tian lw5  
Sol~d hydrogen surfaces have become of considerable qn- 

terest recently [1,2,3] as a substrate for surface state e2ec- 
trons (SSE) alternative t o  l i q u ~ d  helium, where a particu- - - 
larly clean and well deflned 2-d~rnens~ona l  electron system 

I - 
ZL l t J - i  

call be prepared. One r n ~ g h t  hope t o  achieve a high elec- u I. - 
tron denslty on solid hydrogen films, which for Itquid helium 

4 i - 
2s Ilrnrted to i r  = 2. ll)%crrr-' by the  electrohydrodynamic - - + - 
inrtabl l l ty  of the surface id]. This mot ivated us t o  ~nvest i -  x - * 

L, 

gate t h e  surface of quench condensed hydrogen f~ l rns ,  uslng G 10-g 
the  SSE as a tool  t o  probe the surface quality by measuring U- LC 

their ac-conductivity 

E x l ) e r i ~ ~ ~ c ~ l t ; ~ l  
111 I '  

The  hydrogen filrns were quench condensed onto a float- 1 0 2.11 J I1 4.(l 
glass p late of 0 2 mrn thickness at 1.5 K, which was 'l'[A'\ 

mounted onto  two concentrtc copper electrodes. These 12~gure 1: SSE cor~duc~ivity on hydrogen film for various 
were used to ineasure t h e  ac-conduct iv~ty of t he  SSE by a r l l ~ea l i ng  steps (ils described i r ~  the tex t )  

tneans of t he  Sornrner-Tanner met hod (51. We prepared 
f1lu15 of about 2p1n thickuess (measured i l i t r r fe ron~et r l -  n l o b ~ l ~ t y  on the low temperatore end o f  the scans IS due t o  

cally) After preparation the films were charged w l th  elec- the helrum in  the cell, which forms a saturated film of about 

i rons  f rom a tungsten filarucnt. A small amaunt of helium 30 n m  th~ckness below a certain temperature To, depending 

gas ,nside the  cell served t o  reduce the mean free path  of a n  the  amount o f  helium gas In the cell (In the case of fig. 

the electrons in  order t o  prevent them front penetsat~ng the 1 roughly a t  1.9 K). The  conductavtty on such a thick He 

hydrogen f ~ l r n  film IS close to the value on bulk heltum 121. Raising the 
temperature above '12 leads t o  the d~sappearance af the He 
f ~ l m  l r l to the gas phase, and we measure the conduct iv~ty of 

llusults 
the bare hydrogen film The  SSE conduct iv i~y  of the freshly 

A f t e r  c l~drg lng the  surfact the c o ~ l d u c t ~ v ~ t y  o due to the prepared film (scan 1) is below our sensit~vltq threshold o f  
SSE wds llieasured as a function of temperature, which 1 0 - ~ ~ 1 S - '  up t o  about 3.5 K,  wht re  ~t is seen to grow wi th  
was swept at about 2KJhour. Figure 1 shows traces o f  o temperature Thls 1s rnalnly due to annealing efTects a s  can 
versus ' I '  before and after anneatlng of the f ~ l n ~  The  h~gh 

- 
b e  seen in  scan 2 where 7' IS swept back down to 9.5 K 
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right after reaching 4.2 K .  An increase En the signal of a t  

b a s t  two orders of magnrtride 9s observed Scanr 3 and 4 
show the  eVects of further annealing (scan 3 12 ho~rrs a t  

4 2 K ,  scan 4:  annealing u p  to 8 K) Scans 2 to  4 were 

reversible on a scale of about an hour 

Fig 2 show5 the part of interest of these scans In an 
Arrhenius plot. Evidently the conduct~vity is boverned by 
thermal activation The activation energres A E  decrease 
wlth lprogressrve annealing, the lowest obtained being ahotrt 
10 K. Since the condwct~vrty is given by r~ = /in,lle (where 
r is the electron charge, n,jj is the fraction of the electrons 
wh~ch takes part 4n the transport process. and / r  is the 
n~obility of  these electrons), the variation of rr with tem- 

perature can be ascribed to a temperature dependence of 
11 and/or v , j f  (conductivity measr~rements in a magnetic 
held will allow to drstingz~sh between these possibil~ties). 
A~srrming that the main contribution is due to t",,. the 
data reflect the thermal act~vation of electrons from traps 

formed by surface ~rregularities. The observed decrease of 
AE on annealing then grvcs; the reductron of khe average 
trap energy 

There 1s practically no diRerence betwren the annealed 
scans in the helirrm film r e ~ i o n  (1.e.T < T,). Obviowsly the 
stirface strt~ctrrre of these fllrnr does not afFect the strrface 
of t h t  saturated He film to  an extent that wa~tld influence 
the SSE conductivity During growth o l  the He film the SSE 
conductivity does not increase monotonically, but shows a 
sharp dtp shortly before completion of the frlm, as shown 
in f~p, 3 Thrs has been observed befort on other s~lbstrates 
and hulk hydrogen as  well [1,6]. The nature of this effect, 

which has been attrrbuted to enhanced tipplan scattering, 
is stilt speculative, though We are currently setting up 

an ~xperiment to determlnc accuratelv the film thickness, 
where the condrlctivity anomaly occurs 

Conclusions 

We h a v ~  measured the ac-conductivity of surface state elec- 
trons (SSE) on quench condensed hydrogen films. Right 

pr~paration a t  1 5K the films were so ror~ch, that 
the SSE conductivity was below our detection limit of 
10-"11-'. Thermal annealing improved the swrCace qt~al- 
rty drastically. The temperature dependence of the S5E 
c~ndtrctivity showd the characte~~st~cs of a thermally actr- 
vated process, the activation energy decreasing on anneal- 
ing. Hydrogen films thus appear as a promlring substrate 
for 2-drmensional electron systems a t  hrgh densltfes. 

Saturated hellurn films on the hydrogen greatly in- 
creased the SSE conductivity Wc confirmed the appear- 
ance of a sharp dip in the conductwitv shortly before com- 
pletion of the He ftlrn, which had already been reported 
also on other sirhs~rates. 

Figure 3. SSE rnnd~~c t i v i t y  r l r i r i n ~  growth of h r l i ~ ~ i n  film 
nn h y d r o ~ c n  
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