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1. motivation 
 Ultrafast charge transport and its control by electromagnetic fields in 
semiconductors are desired in the viewpoint of faster signal processing. First 
electrical current switching in large bandgap dielectric media using optical pulses 
is demonstrated by Schiffrin, et. al. It suggested feasibility of optoelectronic 
devices operate at a rate of PHz regime.  
 We  studied  response  of  calcium  fluoride  single  crystal against  intense  
optical  field and compared it to other large band gap dielectrics. It  undergoes  
transition  into semimetal,  ensured  by  detecting  optical-field-induced current.  
The  transient  conductivity  of calcium fluoride jumps  by  16  orders  of 
magnitude within sub-femtosecond time scale. The similar observation is 
repeated in other large band gap dielectrics and the aspect are very much alike, 
implying that this phenomenon is universal. 

• crystal in electric field : Wannier-Stark localization 
                                               (electrons localized at lattice sites) 
 

• As the field strength becomes higher (F~1V/Å), electrons may migrate 
from VB to CB via Zener type interband tunneling with a significant 
probability, being detected as electric current by an ammeter circuit.  
 

• At even higher field strength near the critical field (F~Fc),  
intraband transition within VB and CB also becomes non-negligible. 
 

• The length of localization is comparable or less than the unit cell size 
(LWS~5Å) at field strength of  F~1V/Å. 
  no contribution from long-range structure  universality 

2. Light source & Experimental setup 

3. Results 

5. Summary & conclusion 
• When calcium fluoride is exposed to few-cycle optical pulses, charges are separated across the dielectric medium between two electrodes 
by electric field and net current is detected in an external circuit. The current is dependent on instantaneous field. Conductivity of calcium 
fluoride increases by 16 orders of magnitude under the influence of electric field within 1fs time scale. 
 

• It can be explained by formation of Wannier-Stark states localized at neighboring lattice sites. Then, both interband and intraband 
transition become probable depending on the applied field strength. At lower field regime, interband tunneling dominates and intraband 
transition is negligible. However, under stronger field near the critical field, intraband transition plays a role. 
 

• The response of various dielectric materials to strong optical field is compared. Despite their physical properties are not alike, they behaved 
in the similar manner to electric field. Since the length of Wannier-Stark localization is comparable to unit cell size, long-range structure does 
not contribute to this phenomena, which implies the universality. 
 

•We have gained control on light-field-induced current by manipulating CEP of optical pulses, which suggests possibility of dielectrics as  
applications for high speed (PHz domain) signal processing devices.  

1. CEP-dependent current 

2. Time delay & CEP dependence 

- Periodicity of  2π 
- Sensitive to polarization direction 
 Current is induced by instantaneous electric field 

-periodic to carrier frequency near temporal overlap 
- sign is reversed as ΔφCE

(d)=π 
 samples the electric field of the laser 
- transient a.c. conductivity increase of 16 orders of magnitude within 1fs  
 semi-metallization induced by light field (at optical frequency) 

3. Comparison to other dielectrics : sapphire and quartz 

- Despite dissimilar properties of the three crystals, qualitative response 
 to light field can be understood by the common physics. 
 general feature of high field response of dielectric media  

CEP jitter 0.1rad 

CEP-stabilized sub-2-cycle optical pulses 

- According to a new calculation which contains interactions among four subbands, 
old Zener’s formula is not valid any longer for field strengths near the critical field. 
 At stronger fields, intraband transition begins to contribute substantially. 
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4. Physical interpretation 
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