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Human Color Detection
1. Motivation
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Color Sensitive Photodiodes
1. Motivation

Conventional approach

Color Filters:
C l  fil  l   h di d  i    (RGB B  )

Color Sensitive Photodiodes

n n n

• Color filter layers on photodiode active area  (RGB Bayer pattern)

• Transmission of filters defines color response

Multiple Junction diodes:

p

p
• Wavelength dependent absorption of Si works as color filter

• Depth of junctions defines color response

Transverse Field Detector:
• Wavelength dependent absorption of Si works as color filter

• Color response can be tuned by applied voltages

- High technical effort for color filter

- Sensor response fixed by hardware
G. Langfelder, et al. IEEE Trans. El. Dev. 56, 2563 (2009)
A. Longoni, et al.     IEEE EDL 29, 1306 (2008)
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Conventional approach

Color Filters:
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Color Sensitive Photodiodes
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• Color filter layers on photodiode active area  (RGB Bayer pattern)

• Transmission of filters defines color response

Multiple Junction diodes:

p

n p
• Wavelength dependent absorption of Si works as color filter

• Depth of junctions defines color response

NEW APPROACH: 

Photodiode with tunable space charge region

Transverse Field Detector:
• Wavelength dependent absorption of Si works as color filter

• Color response can be tuned by applied voltages

- High technical effort for color filter

- Sensor response fixed by hardware
G. Langfelder, et al. IEEE Trans. El. Dev. 56, 2563 (2009)
A. Longoni, et al.     IEEE EDL 29, 1306 (2008)
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- Limited color space 
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Principle of Color Resolution
2. Sensor Concept with Tunable Photodiode
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Principle of Color Resolution
2. Sensor Concept with Tunable Photodiode
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Principle of Color Resolution
2. Sensor Concept with Tunable Photodiode
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Principle of Color Resolution
2. Sensor Concept with Tunable Photodiode
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Variability of Spectral Response of Photodiode

2. Sensor Concept with Tunable Photodiode

Model assumption:
• Photo current contribution:

Variability of Spectral Response of Photodiode
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Variability of Spectral Response of Photodiode

2. Sensor Concept with Tunable Photodiode
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Variability of Spectral Response of Photodiode

2. Sensor Concept with Tunable Photodiode
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Variability of Spectral Response of Photodiode

2. Sensor Concept with Tunable Photodiode
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Variability of Spectral Response of Photodiode

2. Sensor Concept with Tunable Photodiode
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Requirements on Photodiode

2. Sensor Concept with Tunable Photodiode

Features enabling color resolution
• Tunable SCR for drift carriers:

Requirements on Photodiode
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Tuning of Space Charge Region

3. Functionality of Photodiode Hardware
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Verification of Spectral Response 

3. Functionality of Photodiode Hardware

Electrical-optical measurements:
• Without activation of competing sink

Verification of Spectral Response 
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Verification of Spectral Response 

3. Functionality of Photodiode Hardware
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3. Functionality of Photodiode Hardware
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Modeling of Human Receptor Functions

4. Color Detection Based on Single Photodiode

Sensor Calibration:

• Measurement of photodiode sensitivities (Sj(λ)) 

Modeling of Human Receptor Functions
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Modeling of Human Receptor Functions

4. Color Detection Based on Single Photodiode

Color Detection:
• Serial photocurrent measurement with varying 

Modeling of Human Receptor Functions
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• Data post processing for adapted cone response:

− Weighting photocurrents with linear 

combination factors of sensor calibration
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Sensor System for Optimization of Measurement

4. Color Detection Based on Single Photodiode

Sensor System for Optimization of Measurement

Demonstrator built with standard electronic modules:
Topics:

12-Bit DAC

• Compensation of dark current

• Determine temperature dependence 

− x(λ) = x’(λ) = ∑ aj(T)· Sj(λ,T)

12-Bit DAC

j j

• Optimum: measurement time ↔ color resolution

− Integration time (tin)  (typ. 20ms)

− Number of applied biases (j) (typ. 10) 16-Bit ADCµ-Controller Photodiode

− Limit of fit parameter (aj (T) ,max) (typ. <30)

• Target:

− Color resolution ~10 nm

µ
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New Color Sensor Concept Based on 

5. Summary
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