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Background: Single-Frame HDR Imaging
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1. Dual AG: Dual Analog Gain
2. LOFIC: Lateral Overflow Integration Capacitor
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Background: Single-Frame HDR Imaging
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Background: Single-Frame HDR Imaging

Root Cause: Too many pixel readouts and A/D conversions in a frame period
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Motivation: Low-Power Single-Frame HDR Imaging

Idea: Reduce # of pixel readouts and A/D conversions - single-frame LPTG-HDR' imaging solution
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Key Technology: Pixelwise CG Modulation
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Key Technology: On-Chip Pre-ISP for Gain Regulations

Both CGS data and image data are buffered in a pre-ISP for HDR image synthesis.
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« Chip Design and Operation: On-chip TCG Modulation and Pre-ISP
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Chip Design: Overall Chip Architecture

CMOS Image Sensor
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Chip Design: On-Chip Pixelwise TCG Modulation

CG-Mode signals are determined by comparisons and can be override with user-defined values.
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Chip Design: On-Chip Pre-ISP

All image data are regulated according to the CGS data stored in the LUT".
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Operation: Pixelwise TCG Modulation in Rolling Shuttering

Each pixel experiences CDS and a single full-bit-depth A/D conversion.
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Experimental Results: Prototype CIS Chip
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Experimental Results: Sample Images
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Experimental Results: Measurement Results

SNR Curves in Single CGs
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Conclusion: Comparison Table

This work JSSC 2025 [1] VLSI 2022 [2] lISW 2019 [3]
Process 110nm CIS 350nm CIS 110nm CIS 65nm BSI
Pixel Pitch (um) 5.0 7.2 7.0 2.8
Pixel Array 640 x 320 512 x 320 320 x 320 1280x 514
HDR Frame Rate (fps) 60 60 100 30
'("n?'/‘fm‘"::;:e':’)' 7.9 (Adaptive TCG HDR) 9.9 (Adaptive DCG HDR) 11 (Coded Exposure HDR) N/A
CG (uV/e-) 164 (HCG) | 42(MCG) | 23(LCG) 228 (HCG) 46 (LCG) N/A 160 (HCG) 10 (LCG)
CG Ratio 1:1.8:7.1 1:5 N/A 1:16
Dynamic Range (dB) HDR: 89 HDR: 90.5 HDR: 101.5 HDR: >100
Adaptive Tuning Yes (Pixelwise) Yes (Pixelwise) Yes (Pixelwise) No
In-Pixel Buffer No! Yes (DRAM Signal Buffer) Yes (Charge Storage Diode) No
Charge Modulation No No Yes (2 Tap) No
On-Chip ISP Yes No No? Yes

Imaging Application

Adaptive TCG-HDR Imaging

Adaptive DCG-HDR Imaging

Adaptive Temporal HDR Imaging

DCG-HDR Imaging

1. Use atypical TCG pixel design.

2. CIS and ISP are in different non-stacked chips.
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Conclusion: Remarks and Future Outlooks

Introducing Adaptive TCG-HDR Imaging as a single-frame LPTG-HDR imaging solution

« Enabled by per-frame pixelwise TCG modulation

« Reducing # of pixel readouts and A/D conversions to save power

Presenting a CMOS Imager Design for adaptive TCG-HDR imaging

Using a typical TCG pixel design (no in-pixel memory)
On-chip CGM for pixelwise TCG modulation and on-chip pre-ISP for HDR data synthesis

Adaptive TCG-HDR imaging offers better power efficiency for mobile HDR applications.

Dynamic range can be extended by adding extra CG channels.
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