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Setting Target for High Performance Image Processing System 
to Guarantee Safety in Automobile Driving Assist  

ÂNumber of camera: 2 
ÂMeasuring distance: 0 100m 
ÂBase line length: 12cm 
ÂFocus length: 6.5cm 
ÂPixel resolution: SXGA 
ÂWindow size: 48 pixels x 31 lines 
ÂReconfiguration points: 30,000 
ÂMatching accuracy: 1/20 Pixel 
ÂZ Axis resolution 
    (Measuring distance accuracy): 
          80cm resolution at  50m ahead 
          3m resolution at 100m ahead 
ÂCalculating ability : 1TFLOPS 

3D-VLSI 

Visual Information Processing 
Unit with 3D Stacked Structure 
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Application of 3D stacked graphics processor to    Obstacle Detection Using Stereo Vision 



Relation between Requirements by Application and Various Technologies 

Target : ISO 26262 ASIL=C 

Application of 3D VLSI to Image Processing VLSI for Automobile 
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Architecture of 3D-DVLSI System 

Block diagram of a processor core 

Configuration of 3D stacked multicore 
processor 

Cross-sectional structure of 3D-VLSI 



Design for 3D Stacked Processor 
 Depending on Granularity 



2D Design vs. 3D Design 
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Highly Dependable 3D-Stacked Multicore Processor 
Using SVP for Image Processing 
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Processing 
Cores 
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  Sys-SVP) 

System-level 
SVP 

Â System management 

Â Allocating processing task 

Â Testing processing cores 

Â Replacing faulty cores 

Memory 

CPU 

Â Sys-SVP maintenance 

Â Migrating Sys-SVP 

JTAG 

UART      RS232 

System SVP 3D Processor  Hardware SVP 
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System-Level 
SVP 

Computing  
Core 1 

Computing  
Core m 

Redundant  
Core 1 

Redundant  
Core (n-m-1) 

Hardware-Level 
SVP (FPGA) 

System Configuration,  
Test System-Level SVP 

Task Allocation,  
Online Self-Test and  
Repair Control 

Test:     BIST controlled through TAP (JTAG) I/F 
Repair: Replacement by another Redundant Core 
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Logging 

Vertically Stacked and Electrically Connected 
by Through-Silicon Vias (TSVs) 
using 3D Integration Technology.  

Repair by replacing  
the failed core with 
redundant core 

Dependability Maintained by SVP 
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RC : Recovery Controller 

Plasma 
Plasma 

Plasma 

Spare  

Selector  
+ Voter  
+ Detector  

Memory 
(ECC protected) 

 

UART 

 

UART 

Memory controller 

UART RC 
ICAP 

FrameECC 

Memory 

ICAP : Internal Configuration Access Port 

RM 

RM : Recovery Module 

Implemented onXilinx Virtex-6 XC6VLX240T 

Dependable HW-SVP 

Â Triplicating processor core and peripheral modules 

Â Implementing RM, RC and Spare 

Â RM and RC control recovery sequence 

Â Spare is used for hard-error avoidance 
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Â Readback and Overwrite reconfiguration (Scrubbing) 

 

ICAP : Internal Configuration Access Port 
*  Frame : Minimum unit of reconfiguration  
               (1 frame = 2,592bit on Virtex-6) 

Readback and error detect 

ICAP 

Frame 
 ECC 

 

FPGA 

 
 
 

(3) Repair readback data 

(4) Overwrite same frame 

Reconfigure to correct error 

Error   
detected 

Apply these sequence for all frames 

ICAP 

Frame 
 ECC 

Frame* 

 

FPGA 

 
 
 

(2) Create syndrome 

(1) Readback configuration data 

Soft-Error Recovery 
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Â Relocate PRB and separate a broken module 

ICAP 
 
 
 

FPGA 

 
 
 

Module_0 

Module_1 

Module_2 

Spare 

Hard error 

Selector 

Voter 

Implementing a copy of Module on Spare 
 to reconstruct TMR configuration 

*  This is realized by uniforming inner configuration of PR region (reported on Dec. 2011)  

Readback 

Reconfiguration 

PRB relocation *   

Hard-Error Recovery 



Block Diagram of Processor Core for 3D- Processor Chip 
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Block Diagram of 3D Microprocessor 
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Functional Design 
  Å ²4 Stacked Dies , Core -Based  

  Å Inter-Connect : TSVs  
  Å Extra-Connect : Pins 

Existing Design- for - Test 
  Å Core: Internal Scan , TDC, LBIST,     

     MBIST ;    
     IEEE 1149.1 wrappers, TAPC 

  Å Stack Product : IEEE Std  1149.1  

3D- DfT Architecture  
   -  Test Wrapper per Die  
  Å Based on IEEE 1149.1  

  Å Two Entry/Exit Points per Die :  

      -  Pre-Bond : Extra Probe Pads  
      -  Post-Bond : Extra TSVs  

3D DfT Architecture 

2nd Tier 

1st Tier 



3D DfT Architecture 
 

Functional Design 

  Å 4 stacked dies, core-based 

  Å Inter-connect: TSVs 

  Å Extra-connect: Pins 

Existing Design-for-Test 

  Å Core: Internal scan, TDC, LBIST, MBIST;    

              IEEE 1149.1 wrappers, TAPC 

  Å Stack product: IEEE Std 1149.1 

3D-DfT Architecture - Test wrapper per die 

  Å Based on IEEE 1149.1  

  Å Two entry/Exit points per die: 

      - Pre-bond : Extra probe pads 

      - Post-bond: extra TSVs 
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New 3D VLSI DfT Architecture for Online Self-Test of Dies 
Based on IEEE 1149.1. 



No  
redundancy  

Repairable TSV  
(16 signals : 20 TSVs)  

Single TSV 

Double TSV  

Quadruple TSV  

Reipairable  TSV 
(4 signals : 6 TSVs)  

Reipairable  TSV 
(8 signals : 10 TSVs)  
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Multiple TSV  Repairable TSV  

A: +100%  
S:     -  

A: +300%  
S:     -  

A: +50%  
S:     3  

A: +25%  
S:     5 

A: +25%  
S:     3  

A �² TSV area cost compared to single TSV  
S �² switch width for a signal  

A:  +0%  
S:     -  


