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Importance of VLSI TestingImportance of VLSI Testing
Ubiquitous computingUbiquitous computing

Various tasks are performed Various tasks are performed anytimeanytime and and anywhereanywhere

Testing of VLSI circuitsTesting of VLSI circuits
Essential technology to realizeEssential technology to realize dependable ubiquitous dependable ubiquitous 
systemssystems
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Processor TestingProcessor Testing
Processor Testing

Check whether faults exist or not
Test generation

Generating test sequence which output sequences 
are different between non-faulty and faulty processors

Stuck-at-fault
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Design for Testability for ProcessorsDesign for Testability for Processors

The test generation for processors is too difficultThe test generation for processors is too difficult

Design for Testability (DFT)Design for Testability (DFT)
Adding the extra hardware to circuits in order to ease a testAdding the extra hardware to circuits in order to ease a test
In general, fullIn general, full--scan approach is utilizedscan approach is utilized

DisadvantageDisadvantage
Hardware overheadHardware overhead
Delay overheadDelay overhead
Extra power consumption for a testExtra power consumption for a test

CM

CM

Register File

CM

CM CM

CM

Pipeline 
registers

Main Memory

CM : Combinational Module

Test
Controller
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SoftwareSoftware--Based SelfBased Self--Test (SBST)Test (SBST)
[Lai, 01], [Chen, 03], [[Lai, 01], [Chen, 03], [KambeKambe, 04], 04]

Testing a processor by executing a sequence of Testing a processor by executing a sequence of 
instructions called a instructions called a test programtest program
AtAt--speed testingspeed testing

Testing processors at the normal operational speedTesting processors at the normal operational speed

No extra power consumption for a testNo extra power consumption for a test

MemoryMemory

1.LHI R1, 1.LHI R1, ””1111””
2.ADD.I R2, R1, 2.ADD.I R2, R1, ””0101””
3.LHI R3, 3.LHI R3, ””0101””
4.ADD.I R4, R3, 4.ADD.I R4, R3, ””0000””

・
・・
・
・・

Test ProgramTest Program

ProcessorProcessor

ExecutingExecuting
test programtest program

Test responseTest response
Observation of Observation of 
test responsetest response

LoadingLoading
test programtest program
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101011000001101011000001

CompareCompare Expected imageExpected image
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Register Transfer Register Transfer 
Level (RTL) Level (RTL) 
descriptiondescription

ModuleModule
Combinational or Combinational or 
sequential modulesequential module
RegisterRegister

RTL signalRTL signal
A signal with some A signal with some 
bitwidth which connect bitwidth which connect 
the modulesthe modules

BusBus
TriTri--state busstate bus

Processor ModelProcessor Model

CM

CM CM CM

CM

Register
Memory

CM : Combinational Module
SM : Sequential Module

SM
Register

Synthesize with preserving the hierarchy 
of the module
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Test Program Synthesis using Test Test Program Synthesis using Test 
Program Templates (1/2)Program Templates (1/2)

[Chen, 03], [[Chen, 03], [KambeKambe, 04], 04]
Test program templateTest program template

A sequence of instructions A sequence of instructions 
with unspecified operandswith unspecified operands
A data flow under the A data flow under the 
faultfault--free processorfree processor

Propagate test patterns to Propagate test patterns to 
the module under test the module under test 
(MUT)(MUT)
Apply test patterns toApply test patterns to
the MUTthe MUT
Observe test responses toObserve test responses to
the memorythe memory

LHILHI op2, op1op2, op1
ADD.IADD.I op4, op2, op3op4, op2, op3
LHILHI op6, op5op6, op5
ADD.IADD.I op8, op6, op7op8, op6, op7
LHILHI op10, op9op10, op9
ADD.IADD.I op12, op10, op11op12, op10, op11
LHILHI op14, op13op14, op13
ADD.IADD.I op16, op14, op15op16, op14, op15
LWLW op17, op8(op4)op17, op8(op4)
ADDADD op18, op16, op12op18, op16, op12
SUBSUB op19, op20, op21op19, op20, op21
LHILHI op23, op22op23, op22
ADD.IADD.I op25, op23, op24op25, op23, op24
LHILHI op27, op26op27, op26
ADD.IADD.I op29, op27, op28op29, op27, op28
SWSW op19, op25(op29)op19, op25(op29)
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loc1         x1        loc2         x2        loc3
01110  0010  10001  1010  01010
11110  1010  11101  0101  11010
00110  0110  11011  1111  01110
01100  0011  01001  0111  01011

Test Patterns

Test Program Synthesis using Test Test Program Synthesis using Test 
Program Templates (2/2)Program Templates (2/2)

The MUT test generation

Test Program Template
LHI <loc1>,<x1>

ADD.I <loc3>,<loc2>,<x2>
LHI <loc4>, <x3>
ADD.I <loc6>, <loc5>,<x4>
ADD <loc7>, <loc3>,<loc6>

・・
・

Test Program
LHI R14, ”0010”

ADD.I R10, R17, ”1010”
LHI <loc4>, <x3>
ADD.I <loc6>, <loc5>,<x4>
ADD <loc7>, <loc3>,<loc6>

・・
・

M
U

T

・・・

Transfor-
mation
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Test Program ExecutionTest Program Execution
PI1 PIn・・・

M

Modules
0000 1111

1010
Modules

Modules
・・・

1010 0101
M

1011
Modules

Modules
・・・

0100 1111
M

1110
Modules

Modules
・・・

PO1 POm・・・
1011 0101

Justification 
frame

Test frame

Observation 
frame

Memory
Test program

1. LHI R1, ”11”
2. ADD.I R2, R1, ”01”
3. LHI R3, ”01”
4. ADD.I R4, R3, ”00”
5. ADD R5, R2, R4 
6. LHI R6, ”10”
7. ADD.I R7, R6, ”11”
８．LHI R8, ”00”
9. ADD.I R9, R8, ”00”
10. SW R9(R8), R5

Test response
1011

1101 0100

0100

errorerror
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Test Program ExecutionTest Program Execution
PI1 PIn・・・

M

Modules
0000 1111

1011
Modules

Modules
・・・

1010 0111
M

1011
Modules

Modules
・・・

0100 1111
M

1110
Modules

Modules
・・・

PO1 POm・・・
1011 0101

Justification 
frame

Test frame

Observation 
frame

Memory
Test program

1. LHI R1, ”11”
2. ADD.I R2, R1, ”01”
3. LHI R3, ”01”
4. ADD.I R4, R3, ”00”
5. ADD R5, R2, R4 
6. LHI R6, ”10”
7. ADD.I R7, R6, ”11”
８．LHI R8, ”00”
9. ADD.I R9, R8, ”00”
10. SW R9(R8), R5

Test response
1011

1101 0100

0100

errorerror

errorerror
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Error MaskingError Masking
When synthesizing the test program, When synthesizing the test program, 

the behavior under the faulty processor is not the behavior under the faulty processor is not 
taken into considerationtaken into consideration

The behavior under the faulty processor is different The behavior under the faulty processor is different 
from that under the faultfrom that under the fault--free processorfree processor
Justifying test patterns and observing test responses Justifying test patterns and observing test responses 
are not guaranteedare not guaranteed

Error maskingError masking
Some faults detected in the MUT test generation may Some faults detected in the MUT test generation may not not 
be detected by the test programbe detected by the test program synthesized from the testsynthesized from the test
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An Example of Error MaskingAn Example of Error Masking
Errors activated in justification frame Errors activated in justification frame 
disappear in the MUT at test framedisappear in the MUT at test frame

PI1 PIn・・・

MUT

Modules

Modules

Modules・・・

MUT
Modules

Modules・・・

MUT
Modules

PO1 POn・・・

Justification 
frame

Test frame

Observation 
frame

s-a-0
0/10/1

0/0/001/11/1
1/11/1

1/11/1

0/10/1

0/00/0

0/00/0

1/11/1

Error maskingError masking

Observation Observation 
PointPoint

ErrorError
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The Proposed MethodThe Proposed Method

We propose design for testability method We propose design for testability method 
which resolve error maskingwhich resolve error masking

Add a function to initialize the value of all the Add a function to initialize the value of all the 
registersregisters
Add a function to observe some RTL signalsAdd a function to observe some RTL signals

AdvantagesAdvantages
No delay overheadNo delay overhead
AtAt--speed testingspeed testing
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Modules

A Basic Idea of the Proposed MethodA Basic Idea of the Proposed Method
To observe errors on paths such that errors To observe errors on paths such that errors 
are masked, we utilize are masked, we utilize Multiple Input Multiple Input 
Signature Registers (MISR)Signature Registers (MISR)

MUT

Modules

PI1 PIn・・・

PO1 POn・・・

Error maskingError masking

M
IS

R FFFF FFFF FFFF

Input 1Input 1 Input 2Input 2 Input nInput n

・・・・・・

・・・・・・

outputoutput

OutputOutput

Path constructed Path constructed 
RTL signalsRTL signals
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Experimental ResultsExperimental Results

Processor DFTArea of 
original

#OB HOH （％）

SAYEH

Dｌｘ_N

full-scan
Prop. method

full-scan
Prop. method

12389

58696

165
106

1379

268

11.99
25.28

23.23

13.24
HOH: Hardware Over Head
DFT： Design for Testability
OB:    Observable bit

#FF

165

1379

SAYEHSAYEH
NonNon--pipelined processorpipelined processor

DDｌｘｌｘ_N_N
Pipelined processor with 5 pipelinePipelined processor with 5 pipeline--stagesstages
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ConclusionConclusion

We propose design for testability of We propose design for testability of 
softwaresoftware--based selfbased self--test for processorstest for processors

Add a function to initialize the value of all the Add a function to initialize the value of all the 
registersregisters
Add a function to observe some RTL signalsAdd a function to observe some RTL signals

AdvantagesAdvantages
Completely resolve error maskingCompletely resolve error masking
No delay overheadNo delay overhead
AtAt--speed testingspeed testing


