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Test Detectors

HgCdTe SWIR (2.1µm)

15µm pitch, P/N diodes

SFD ROIC architecture

No nodal capacitance

Persistence :

= Influence from previous illumination

Fit : sum of exponentials

Signification of this fit ?

𝑉𝑜𝑢𝑡 =
𝑄

𝐶

Objectives :

SFD integration ramp

Analytical model for persistence signal 

𝑰𝒅𝒂𝒓𝒌 = 𝟑 𝟏𝟎−𝟐𝒆−/𝒔

[2] M. Regan (2017).
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Modeling of SFD pixel integration ramp

SCR size variation :

[3] : Bezawada N.,Ives D.,Atkinson D., SPIE, 2007

[4] : Weckler G.P, IEEE Journal of Solid-State Circuits,1967

𝑊𝑑𝑒𝑝 size variation

INTRODUCTION | SFD RAMP | PERSISTENCE MODEL | RESULTS | DATA FITTING | CONCLUSION

Pixel capacitance variation

𝑊𝑑𝑒𝑝 𝑡 =
2𝜖𝑀𝐶𝑇

𝑞𝑁𝐷
[𝑉𝑏𝑖 − 𝑉𝑎𝑝𝑝 + 𝑉𝑜𝑢𝑡(𝑡) ]

With  𝐼 𝑡 = −𝐼𝑠𝑎𝑡 𝑒
𝑞 𝑉𝑎𝑝𝑝+𝑉𝑓𝑙𝑜𝑎𝑡

𝑛𝑘𝑇 − 1 + 𝐼𝜙

Then [3] : V𝑜𝑢𝑡 =
𝑄

𝐶
variation

Implies capa variation : 𝐶 = 𝐶𝑖𝑛𝑡 +
𝐴𝜖

𝑊𝑑𝑒𝑝

Open circuit equation [4] : 
𝑑𝑉

𝑑𝑡
=

𝐼 𝑡

𝐶
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Simu VS data and residuals

Measured current estimation

Low residuals (~1%)

Consistant with linear fit (1,5% difference)

Next step for persistance : non linear current
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Modeling of SFD pixel integration ramp – application for fitting

Limits for direct application

Time consuming (VS linear fit)

Accurate values of pixel parameters

Model VS constant gain fitting

Input parameters :

- Doping

- Pixel geometry

- Bandgap Energy

- Dark current
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Usual explanation :

Defects trapping/emission processes

from diode SCR with moving edges

Trap emission dynamics:

𝑒𝑛(𝐸𝑇) = 𝜎𝑛𝑣𝑡ℎ𝑁𝑐exp[−
𝐸𝑐 − 𝐸𝑇
𝑘𝑇

]

And  
𝑑𝑛

𝑑𝑡
= 𝑒𝑛𝑛𝑇(𝑡) et 

𝑑𝑛𝑇

𝑑𝑡
= −𝑒𝑛𝑛𝑇(𝑡)

[5] 𝑛𝑇 𝑡 = 𝑛𝑇 0 0׬
∞
𝑔 𝐸𝑇𝑖 exp −𝑒𝑛 𝐸𝑇𝑖 𝑡 𝑑𝐸𝑇𝑖

𝑔 𝐸𝑇𝑖 =
1

𝜎𝑇 2𝜋
exp −

𝐸𝑇0−𝐸𝑇𝑖
2

2𝜎𝑇
2
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[5] P. Omling, L. Samuelson, and H. G. Grimmeiss, Journal of Applied Physics 54, 5117 (1983)

New hypothesis :

Defects with extended energy level

distribution
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Emission rate function of trap energy for 𝐸𝑔 = 0,6𝑒𝑉

Mid-gap
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𝐼𝑒 𝑡 : Carrier emission from traps

𝐼𝑑(t) : Electric field variation in the SCR due to charge concentration variation

𝐼𝑡𝑜𝑡 = 𝐼𝑒 + 𝐼𝑑 + 𝐼𝑙 = 𝑞𝐴 𝑊 𝑡 −𝑊0 −
𝑊 𝑡 2 −𝑊0

2

)2𝑊(𝑡
𝑒𝑛𝑛𝑇 𝑡

𝐼𝑑 = 𝑞𝐴න
𝑊0

𝑊 (𝑡)𝑑𝑛𝑇
𝑑𝑡

𝑥

𝑊 𝑡
𝑑𝑥 = −𝑞𝐴𝑒𝑛𝑛𝑇 𝑡 [

𝑊 𝑡 2 −𝑊0
2

2𝑊(𝑡)
]

𝐼𝑒 𝑡 = 𝑞𝐴න
𝑊0

𝑊 𝑡 𝑑𝑛

𝑑𝑡
𝑑𝑥 = 𝑞𝐴𝑒𝑛𝑛𝑇 𝑡 𝑊 𝑡 −𝑊0

𝐼𝑡𝑜𝑡 = 𝑞𝐴 𝑊 𝑡 −𝑊0 −
𝑊 𝑡 2 −𝑊0

2

)2𝑊(𝑡
න
0

∞

𝑔 𝐸𝑇𝑖 𝑒𝑛 𝐸𝑇𝑖 𝑛𝑇(0) exp −𝑒𝑛 𝐸𝑇𝑖 𝑡 𝑑𝐸𝑇𝑖

𝑒𝑛 𝑛𝑇(𝑡)
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𝑒𝑛𝑛𝑇 product

Persistence current

Current from this trap emission [6]:

Persistence
Dark

[6] D.K. SCHRODER (2005), ‘Semiconductor Material and Device Characterization: Third Edition’
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𝑊(𝑡) =
2𝜖𝑀𝐶𝑇

]𝑞[𝑵𝑫 − 𝒏𝑻 𝒕
𝑉𝑏𝑖 − ൯𝑉𝑠𝑡𝑟𝑒𝑠𝑠 + 𝑉𝑓𝑙𝑜𝑎𝑡(𝑡

Persistence in an SFD pixel

- Current transient

- And changing V/𝑒− conversion gain (if 
𝑛𝑇

𝑁𝐷
≫ 0)

𝐼𝑡𝑜𝑡 = 𝑞𝐴 𝑊 𝑡 −𝑊0 −
𝑊 𝑡 2 −𝑊0

2

)2𝑊(𝑡
𝑒𝑛𝑛𝑇 𝑡
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But also capacitance variation :

𝐶 = 𝐶𝑖𝑛𝑡 +
𝐴𝜖

𝑊𝑑𝑒𝑝

𝑑𝑉

𝑑𝑡
=
𝐼 𝑡

𝐶
SFD equations: ;

Persistence: ;

Trap density 𝑛𝑇 = 1 1014𝑐𝑚−3

Capacitance variation (2%)
SCR contraction
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Point defect : single exponential signature

Extended defect : multi exponential
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Persistence dynamics : extended defect

Reproduce a muli-exponential shape

No impact on persistance amplitude

Non exponential

signature
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Persistence amplitude : trap density

Increases persistence amplitude

Ratio 
𝒏𝑻

𝑵𝑫
prevails

𝑊𝑑𝑒𝑝 𝑡 =
2𝜖 𝑉𝑏𝑖 − 𝑉𝑎𝑝𝑝 − 𝑉

𝑞𝑁𝐷

1

1 −
𝑛𝑇 𝑡
𝑁𝐷

𝑛𝑇 increases 
𝑛𝑇

𝑁𝐷
constant
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Persistence ramp of one pixel

Fit with exented defect model

Persistence amplitude mapping

Techno 𝟐𝒏𝒅 GEN

Measurement protocole 

Electrical stress (0V  𝑉𝑠𝑡𝑟𝑒𝑠𝑠)

All traps are filled

Maximizes persistence signal

2-3% persistence, eq to 3 k𝑒− emitted

Data fitting (1 pixel) 

White residuals

Trap density 𝑛𝑇 = 1 1014 𝑐𝑚−3 = 𝟏𝟎%𝑵𝑫

Trap level 𝐸𝑇 = 0,31𝑒𝑉 ≅
𝟏

𝟐
𝑬𝒈

Trap band extension 𝜎𝑇 = 26𝑚𝑒𝑉 = 9% 𝐸𝑇

Input parameters :

- Doping

- Pixel geometry

- Bandgap Energy

- Trap energy distribution
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Model limits

High persistence amplitude

Techno 1st gen : 20-30% persistence  𝑛𝑇 = 80% 𝑁𝐷

Techno 2nd gen : 2-3% persistence 𝑛𝑇 = 10% 𝑁𝐷

Persistence amplitude mapping

Techno 1st GEN
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Persistence ramp of one pixel

Fit with exented defect model

Analytical model for persistence

Multi exponential signature

Consistent with measurement on Techno 2nd gen

Needs improvements and high persistence amplitude

SFD integration ramp

Persistence current : trap emission process

Trap properties : extended defects


