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Introduction 
 For a single layer two-dimensional electron system, fractional quantum Hall (FQH) series terminates at low 
Landau filling factor () in an insulating phase (IP) for ��≤ 1/5. In wide quantum wells (WQWs) when the density 
(n) of the well is large enough, the charge distribution begins to separate into two layers resulting in an onset of 
the IP for  ≤ 1/2 as the system becomes bilayer like [1]. Microwave spectroscopy is ideal for investigation of low  
insulating phases, which exhibit a pronounced resonance, with a peak frequency fpk. This resonance is 
understood as the pinning mode of a solid, which oscillates about a pinning potential. Here we use this technique 
to investigate the IP of the bilayer solid. 
 
Experimental  
 A meandering coplanar waveguide was lithographically patterned on a WQW of width w = 80 nm. The loss 
and phase shift of the waveguide were used to obtain microwave conductivity spectra using the SCM1 and PDF 
systems. 
 
Results and Discussion 
 In Fig. 1 (a) we present measurements of the microwave conductivity, Re (xx), in the (f,)-plane obtained 
from a w = 80 nm sample with symmetric charge 
distribution of carriers at n = 1.26 x 1011 cm-2. For < 
0.5, we observe the onset of a resonance at  ~ 0.44, 
which occurs well above the single layer state onset. 
We attribute this resonance to the bilayer solid. With 
decreasing  within the bilayer solid range��the 
resonance peak frequency fpk begins to increase before 
making an abrupt jump. Further decrease in  results in 
fpk again increasing before performing another abrupt 
jump. Concurrent with these jumps in fpk are sharp 
resonance intensity   reductions, which we attribute to 
phase transitions. We extract the  of these transitions 
over a wide density range and plot them as symbols in 
a phase diagram in Fig. 1 (b) in the (,)-plane, where  
is the ratio of the Coulomb energy to the subband 
separation. Here the measurement range lies between 
the dashed and dotted lines and a resonance is 
observed below the solid line. We observe five well 
defined phase transitions within the bilayer-insulating 
phase. 
 
 
Conclusions 
 Our microwave measurements establish the low  insulator to be a bilayer solid as evidenced by the pinning 
mode resonance, which can be degraded by layer density imbalance. The unexpected, and large number, of 
phase transitions observed in the bilayer solid remain uncertain but are most likely due to structural transitions 
within the insulator. 
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Figure 1: (a) False color plot of microwave spectra in the (f,)-
plane. (b) Phase diagram in (,)-plane. Symbols mark phase 
transition positions, open symbols are from SCM1 and closed


