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 Transport Mechanisms in HDIM and Conductivity Model

 Measurement Limits and Critical Times

 Experimental Setup and Sample Preparation

 Results and Comparison
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Brian Wood, David King, JR Dennison
Utah State University

Bulk Conductivity NOT a Constant
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 High Disorder Leads to Localized Defect Trap States 
Within Mobility Gap

 Power Law Distribution of Capture Times

 Dispersive Transport Behavior

R. Zallen, ‘Physics of Amorphous Solids,’ Ney York, Wiley (1983)
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𝝈𝝈𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒕𝒕−(𝟏𝟏−𝜶𝜶)

Pre-Transit Time Post-Transit Time

𝛼𝛼 dispersion parameter describing the
energy width of the Density of Trap States
within the mobility gap

Transit Time

Transit Time for Semiconductors ~𝟏𝟏𝟏𝟏−𝟓𝟓 −
𝟏𝟏𝟏𝟏−𝟐𝟐 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

Transit Time for HDIM ~𝟏𝟏𝟏𝟏𝟒𝟒 − 𝟏𝟏𝟏𝟏𝟔𝟔 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

𝝈𝝈𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕−(𝟏𝟏+𝜶𝜶)

𝝈𝝈𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕−(𝟏𝟏+𝜶𝜶)

𝝈𝝈𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒕𝒕−(𝟏𝟏−𝜶𝜶)



15th SCTC Kobe, Japan 2018 4

𝛔𝛔 𝐭𝐭 = 𝛔𝛔𝐃𝐃𝐃𝐃 + 𝛔𝛔𝐩𝐩𝐩𝐩𝐩𝐩𝐞𝐞
−( 𝐭𝐭
𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩

)
+ 𝛔𝛔𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐭𝐭− 𝟏𝟏−𝛂𝛂 + 𝛔𝛔𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭− 𝟏𝟏+𝛂𝛂 + 𝛔𝛔𝐀𝐀𝐀𝐀 + 𝛔𝛔𝐑𝐑𝐑𝐑𝐂𝐂

 

• σDC ≡ qe ne μe dark current or drift conduction—very long time scale equilibrium conductivity. 

• 𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑(𝒕𝒕) ≡ �(𝝐𝝐𝒓𝒓∞ − 𝝐𝝐𝒓𝒓𝒐𝒐)𝝐𝝐𝒐𝒐 𝝉𝝉𝒑𝒑𝒑𝒑𝒑𝒑⁄ � · e
-t
τpol long time exponentially decaying conduction due to polarization   

• 𝝈𝝈𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅(𝒕𝒕) ≡ �
𝝈𝝈𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒐𝒐 · 𝒕𝒕−(𝟏𝟏−𝜶𝜶)                 ; (𝐟𝐟𝐟𝐟𝐟𝐟 𝒕𝒕 < 𝝉𝝉𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕) 
𝝈𝝈𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕(𝒕𝒕) ≡ σtransit

o · t-(1+α)      ; (𝐟𝐟𝐟𝐟𝐟𝐟 𝒕𝒕 > 𝝉𝝉𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕)
 broadening of spatial distribution of 

space charge through coupling with energy distribution of trap states.   
• σAC(𝛎𝛎) ≡ ∑ ��𝝐𝝐𝒓𝒓 (𝝂𝝂) − 𝝐𝝐𝒓𝒓𝒐𝒐�𝝐𝝐𝒐𝒐

𝟏𝟏
𝟏𝟏+(𝝂𝝂 𝝂𝝂𝒊𝒊⁄ )𝟐𝟐�𝐢𝐢   

frequency-dependent AC conduction—dielectric response to a periodic applied electric field   

• 𝝈𝝈𝑹𝑹𝑹𝑹𝑹𝑹(𝒕𝒕, 𝑫̇𝑫; 𝝉𝝉𝑹𝑹𝑹𝑹𝑹𝑹𝟏𝟏 , 𝝉𝝉𝑹𝑹𝑹𝑹𝑹𝑹𝟐𝟐 ) ≡ σRIC
o (𝐃̇𝐃(𝐭𝐭)) �𝟏𝟏 − 𝒆𝒆−𝝉𝝉𝑹𝑹𝑹𝑹𝑹𝑹

𝟏𝟏 /(𝒕𝒕−𝒕𝒕𝒐𝒐𝒐𝒐)� �𝟏𝟏 + �𝒕𝒕 − 𝒕𝒕𝒐𝒐𝒐𝒐𝒐𝒐�/𝝉𝝉𝑹𝑹𝑹𝑹𝑹𝑹𝟐𝟐 �−𝟏𝟏  
radiation induced conductivity term resulting from energy deposition within the material.  

 

Refer to (Wintle, 1983), (Dennison et al., 2009), and (Sim, 2012)

𝝈𝝈 𝒕𝒕 =
𝑱𝑱(𝒕𝒕)
𝑭𝑭(𝒕𝒕)

=
𝑰𝑰(𝒕𝒕) � 𝒅𝒅
𝑽𝑽 � 𝑨𝑨




· σDC ≡ qe ne μe dark current or drift conduction—very long time scale equilibrium conductivity.

·  long time exponentially decaying conduction due to polarization  

·  broadening of spatial distribution of space charge through coupling with energy distribution of trap states.  

·  

frequency-dependent AC conduction—dielectric response to a periodic applied electric field  

·  

radiation induced conductivity term resulting from energy deposition within the material. 
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• 𝛔𝛔𝐀𝐀𝐀𝐀

• 𝛔𝛔𝐑𝐑𝐑𝐑𝐑𝐑

• ∆𝐼𝐼𝐽𝐽𝐽𝐽 ≈ 4𝑥𝑥10−18𝐴𝐴 →→ 𝝈𝝈 ≈ 𝟔𝟔𝟔𝟔𝟏𝟏𝟏𝟏−𝟐𝟐𝟐𝟐(𝜴𝜴 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

→→ ∆𝑽𝑽 ≈ 𝟎𝟎.𝟎𝟎𝟎𝟎%

→→ 𝝈𝝈 ≈ 𝟒𝟒𝒙𝒙𝟏𝟏𝟏𝟏−𝟐𝟐𝟐𝟐(𝜴𝜴 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

𝝈𝝈 ≈ 𝟑𝟑𝒙𝒙𝟏𝟏𝟏𝟏−𝟐𝟐𝟐𝟐(𝜴𝜴 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

𝛔𝛔 𝐭𝐭 = 𝛔𝛔𝐃𝐃𝐃𝐃 + 𝛔𝛔𝐩𝐩𝐩𝐩𝐩𝐩𝐞𝐞
−( 𝐭𝐭
𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩

)
+ [𝛔𝛔𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐭𝐭−(𝟏𝟏−𝛂𝛂) + 𝛔𝛔𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭−(𝟏𝟏+𝛂𝛂)] + 𝛔𝛔𝐀𝐀𝐀𝐀 + 𝛔𝛔𝐑𝐑𝐑𝐑𝐂𝐂

𝛔𝛔 𝐭𝐭 = 𝛔𝛔𝐃𝐃𝐃𝐃 + 𝛔𝛔𝐩𝐩𝐩𝐩𝐩𝐩𝐞𝐞
−( 𝐭𝐭
𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩

)
+ [𝛔𝛔𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐭𝐭−(𝟏𝟏−𝛂𝛂) + 𝛔𝛔𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭−(𝟏𝟏+𝛂𝛂)]
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𝝉𝝉𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 =
𝜺𝜺𝟎𝟎𝜺𝜺𝒓𝒓
𝝈𝝈

Corresponding Resistivities (𝜀𝜀𝑟𝑟= 1)

1 min  ρ•εo ~𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

1 hr ρ•εo ~𝟑𝟑𝒙𝒙𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

1 day  ρ•εo~𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

Limit------>~1 yr ρ•εo ~𝟑𝟑𝒙𝒙𝟏𝟏𝟏𝟏−𝟐𝟐𝟐𝟐(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

15 yr  ρ•εo ~𝟐𝟐𝒙𝒙𝟏𝟏𝟏𝟏−𝟐𝟐𝟐𝟐(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

500 yr  ρ•εo ~𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏−𝟐𝟐𝟐𝟐(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

τQ < τpol < τtransit < τdecay < τeq < τexp
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Constant Voltage Conductivity
• Time evolution of conductivity
• <10-1 s to >106 s
• ± 𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏𝑨𝑨 resolution
• ∆𝑰𝑰 ≈ 𝟑𝟑𝟑𝟑𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 𝑨𝑨
•~𝟏𝟏𝟏𝟏𝟏𝟏 𝑲𝑲 < 𝑻𝑻 < 𝟑𝟑𝟑𝟑𝟑𝟑 𝑲𝑲

𝝈𝝈 𝒕𝒕 =
𝑱𝑱(𝒕𝒕)
𝑭𝑭(𝒕𝒕)

=
𝑰𝑰(𝒕𝒕) � 𝒅𝒅
𝑽𝑽(𝒕𝒕) � 𝑨𝑨

𝐕𝐕 𝐭𝐭 → 𝐕𝐕 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁
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Polarization

Transitive

Dispersive

Dark Conductivity

𝛔𝛔𝐃𝐃𝐃𝐃 = 𝟖𝟖.𝟒𝟒 ± 𝟎𝟎.𝟑𝟑 𝐱𝐱𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝐜𝐜𝐜𝐜)−𝟏𝟏
@ 𝟐𝟐𝟐𝟐.𝟗𝟗𝟗 𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩 = 𝟐𝟐.𝟒𝟒𝒎𝒎𝒎𝒎𝒎𝒎

Transit Time

Transit Time = 20.5 hours

𝜶𝜶 = 0.6

Removing DC from the data 
exposed the ‘Kink’

𝛔𝛔 𝐭𝐭 = 𝛔𝛔𝐃𝐃𝐃𝐃 + 𝛔𝛔𝐩𝐩𝐩𝐩𝐩𝐩𝐞𝐞
−( 𝐭𝐭
𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩

)
+ [𝛔𝛔𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐭𝐭−(𝟏𝟏−𝛂𝛂) + 𝛔𝛔𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭−(𝟏𝟏+𝛂𝛂)]

𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑 𝟏𝟏𝟎𝟎 = 𝟗𝟗.𝟎𝟎𝟎𝟎𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

Total Fit LDPE

LDPE
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Averages of conductivity taken near end at the same temperature over cycles

Equilibrium defined as when the transitive contribution falls below instrument 
error and when the total fit agrees with the dark conductivity

~24 hrs

LDPEPEEK

Transitive
Dark Conductivity

Dark Conductivity

Total Fit

Temp
Temp
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2 polarization contributions of greater magnitude but smaller time constant than LDPE

𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩 = 𝟐𝟐.𝟒𝟒𝒎𝒎𝒎𝒎𝒎𝒎
𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩 𝟏𝟏 = 𝟎𝟎.𝟏𝟏𝒎𝒎𝒎𝒎𝒎𝒎

𝛕𝛕𝐩𝐩𝐩𝐩𝐩𝐩 𝟐𝟐 = 𝟎𝟎.𝟓𝟓𝒎𝒎𝒎𝒎𝒎𝒎

𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑 𝟏𝟏𝟎𝟎 = 𝟏𝟏.𝟎𝟎𝟎𝟎𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑 𝟐𝟐𝟎𝟎 = 𝟏𝟏.𝟖𝟖𝟖𝟖𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏
𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑 𝟏𝟏𝟎𝟎 = 𝟗𝟗.𝟎𝟎𝟎𝟎𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏(𝛀𝛀 � 𝒄𝒄𝒄𝒄)−𝟏𝟏

Kapton LDPE
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• Low dark conductivity  --> 
Dispersive main contributor

• Polarization and DC similar to 
Kapton

• Transit and equilibrium time similar 
to LDPE of ~18 hours

PEEK
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PPPP

• LARGE Temperature Effects

• Dark Conductivity Right Near the Limit of Measurement           𝜎𝜎𝐷𝐷𝐷𝐷~3𝑥𝑥10−18(𝛺𝛺 � 𝑐𝑐𝑐𝑐)−1

• Very Long Equilibrium Time
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 Bulk conductivity reduces in time, with most of the reduction happening 
within the first few hours of charge injection

 Reduction should be taken into account when modeling charging

 This along with conductivity enhancers should be considered in terms of 
decay time and specific flight and rotational characteristics

 Temperature control as next step for future measurements


	Time-Evolved Constant Voltage Conductivity Measurements of Common Spaceborne Polymeric Materials
	Recommended Citation

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13

