
BASTBASTBASTBAST     ᩘࢺࢵࣅ㌿ࡿࡅ࠾ࣕࢳࢡࢸ࣮࢟ᩘࢺࢵࣅ㌿ࡿࡅ࠾ࣕࢳࢡࢸ࣮࢟ᩘࢺࢵࣅ㌿ࡿࡅ࠾ࣕࢳࢡࢸ࣮࢟ᩘࢺࢵࣅ㌿ࡿࡅ࠾ࣕࢳࢡࢸ࣮࢟
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                  ᪥⏕⏘ᕤ(Ꮫ㒊)  ۑ㝞 ㉖  ᪥⏕⏘ᕤ   ⣽ᕝ  

 
    ࡵࡌࡣࡵࡌࡣࡵࡌࡣࡵࡌࡣ    1111

㏆ᖺ༙ࡢᑟయ㞟✚ᢏ⾡ࡢᛴ㏿࡞㐍Ṍࡾࡼ,

㉸  つ ᶍ 㞟 ✚ ᅇ ㊰ (Very Large Scale 

Integrated circuits 㸸VLSI)ࡀつᶍ,」㞧

ࡿ࠸࡚ࡋ.LSI タィࣥࣕ࢟ࢫࡣࢺࢫࢸࡢ

 Automatic)࣮ࣝࢶᡂ⏕࣮ࣥࢱࣃࢺࢫࢸື⮬

Test Pattern Generator㸸ATPG㸧[1]ࢸࡿࡼ

ࡣᡭἲ࡛ࡢࡇ.ࡿ࠸࡚ࢀࡉ⏝ࡃᗈࡀᡂ⏕ࢺࢫ

ᨾ㞀᳨ฟ⋡ࡣ㧗ࡣᩘ࣮ࣥࢱࣃࢺࢫࢸ,ࡀ࠸ቑ

ࡀ㔞ࢱ࣮ࢹࢺࢫࢸ,ᯝ⤖ࡢࡑ.ࡿ࠶ഴྥࡿࡍ

࡞࠺ࡼࡿࡍ࣮ࣟࣇ࣮ࣂ࣮࢜ࢆ࣓ࣜࣔࡢࢱࢫࢸ

ၥ㢟ࡀⓎ⏕ࢺࢫࢸ,ࡋᐇ⾜㛫ࡀᖜቑࡋ

 .[3]ࡿ࠸࡚

㧗ᨾ㞀᳨ฟ⋡ࢆ⥔ᣢࢱ࣮ࢹࢺࢫࢸ,ࡽࡀ࡞ࡋ

㔞ࢆᖜ๐ῶࡿࡍᡭἲ࡚ࡋࡘ୍ࡢ,⤌㎸ࡳ

⮬ᕫࢺࢫࢸ BIST㸦Built-in Self Test㸧[2]ࡢ

ᢏ⾡ ATPG ࡿ࠶ᡭἲ࡛ࢺࢫࢸࡓࡏࢃྜࡳ⤌ࢆ

BAST㸦BIST Aided Scan Test㸧[3]ࡀᥦࢀࡉ

BAST .ࡿ࠸࡚ 㸪ᨃఝ࡚ࣛ࠸࠾ࣕࢳࢡࢸ࣮࢟

ᡂჾ⏕࣮ࣥࢱࣃ࣒ࢲࣥ PRPG[4]ࡽ⏕ᡂࢀࡉ

ࢆࢺࢵࣅࡿ࠶ࡢ୰࣮ࣥࢱࣃ࣒ࢲᨃఝࣛࣥࡿ

㌿ࡏࡉ㸪ATPG ࡛⏕ᡂࡿࢀࡉỴᐃⓗ࣮ࣥࢱࣃ

ኚࡿࡍ㸬ࡓࡲ㌿ࡢࢺࢵࣅࡓࡋ⨨ࢆグ᠈ࡍ

㸪BASTࡵࡓࡿ ࡀࢻ࣮ࢥࡿ࠸࡚ࢀࡤࢻ࣮ࢥ

㌿ᩘࢺࢵࣅ㸪࡚ࡗࡼ㸬ࡿࢀࡉධຊࡽࢱࢫࢸ

㸪BAST࠸ከࡀ BAST.ࡿࡍቑࡀ㔞ࢻ࣮ࢥ

㸪ࡣࡵࡓࡿࡍ๐ῶࢆ㔞ࢱ࣮ࢹࢺࢫࢸ㸪࡚࠸࠾

㌿ࡢᩘࢺࢵࣅ๐ῶࡀ㔜せࡿ࡞㸬ᩥ⊩[4]࡛

ࢆᨾ㞀࠸࡞ᑡࡀฟᅇᩘ᳨,ࡣ r.p.r ᨾ㞀ࡿࡍ. 

r.p.r ᨾ㞀᳨ࡢࡳࡢฟࢆಖドࣥࢻ࠺ࡼࡿࡍ

r.p.r.ࡓࢀࡉᥦࡀᢳฟἲࢣࢺ ᨾ㞀᳨ฟࢻ

ࢱࣃ࣒ࢲᨃఝࣛࣥࡓ࠸⏝ࢆ⾡ᢳฟᢏࢣࢺࣥ

ࡼἲࢢࣥࣆࢵ࣐ࡢ㌿ᩘ๐ῶࢺࢵࣅࡢ࣮ࣥ

ࡣ㌿ᩘࢺࢵࣅࡢᅇ㊰య,ࡾ 7%㹼37%⛬ᗘ๐

ῶ࡛ࡓࡁ. 

ᮏㄽᩥ࡛ࡽࡉ,ࡣ㌿ࢆᩘࢺࢵࣅ๐ῶࡿࡍ

ᝏࡢᰝᛶ᳨ྍ.ࡿ࠸⏝ࢆࢺ࣏ࣥ ほ,ࡵࡓ

ࡼࡇࡿࡍᤄධࢆࢺ࣏ࣥ ほ⥺ಙྕ࠸

ᤄࢺ࣏ࣥ ほࡿࡁ๐ῶ࡛ࢆᩘࢺࢵࣅ㌿ࡾ

ධἲ᳨ࢆウࡿࡍ. 

 

2 BAST2 BAST2 BAST2 BAST ᇶᮏᴫᛕᇶᮏᴫᛕᇶᮏᴫᛕᇶᮏᴫᛕ    

BAST ATPGࠕ,ࡣ࡚ࡋᇶᮏᴫᛕࡢ ᡂ⏕ࡾࡼ

ࢵࣅࡢ࡚ࡣ࣮ࣥࢱࣃࢺࢫࢸỴᐃㄽⓗࡿࢀࡉ

ከ.ࡿ࠸࡚࠸ᇶ࡙ࠖ࠸࡞ࡣࡇࡿࡍᣦᐃࢆࢺ

ࡢከᩘࡣ࣮ࣥࢱࣃࢺࢫࢸỴᐃㄽⓗ,ࡣሙྜࡢࡃ

ࡽࢺࢵࣅࢣࡢᑡᩘࡧཬࢺࢵࣅࢣࢺࣥࢻ

ᵓᡂࢺࢫࢸ,࡛ࡇࡇ.ࡿ࠸࡚ࢀࡉ⏕ᡂ࡚࠸࠾

㸯ࡣࡓࡲ㸮࡛ᙜ࡚ࢺࢵࣅࢣࢆࢺࢵࣅࡓ,ᮍ

ᙜ࡚ࢺࢵࣅࢣࢺࣥࢻࢆࢺࢵࣅࡢࡪ.୍

⯡ⓗࡢࢺࢵࣅࢣ,ྜࡣ㏻ᖖ㸯㸣㹼㸳㸣࡛

 㸬[3]ࡿ࠶

ᅗ1ࡣBASTࡢᇶᮏᴫᛕᅗࡿ࠸࡚ࡋ♧ࢆ.ᨃఝ

ࣃ࣒ࢲᨃఝࣛࣥࡿࡍ⏕Ⓨࢆ࣮ࣥࢱࣃ࣒ࢲࣥࣛ

ᡂჾ⏕࣮ࣥࢱ PRPG(Pseudo Random Pattern 

Generator㸧[2]ฟຊಙྕࣕࢳࢿࢢࢩࢆᅽ⦰

ࡍ ࡿ MISR[2](Multiple Input Signature 

Register)ࢆᣢࡘ BIST 㸬ࡿ࠸࡚ࢀࡉᵓᡂࡽ

ATPG ࡣ್ࡢᨃఝᩘࡿࢀࡽᙜ࡚ࡾࡼ PRPG 

ᑐ㇟ᅇ㊰ࢺࢫࢸࡾࡼ CUT(Chip Under 

Test㸧ෆ㒊࡛⏕ᡂࢹࢺࢫࢸ,࡚ࡗࡀࡓࡋ.ࡿࢀࡉ

, ࡣࢱ࣮ ࢸ ࢫ ࢱ ATE(Automatic Test 

Equipment) CUT 㛫ࣥࣕࢳࢫ࣮࢙ࣇࢱࣥࡢ

᭦.ࡿࢀࡉ༳ຍ࡚ࡋࢻ࣮ࢥ࡚ࡋ㏻ࢆࣝࢿ

MISR ࡚ࡗࡼ ATE ୰ࡢ࡚ࡍฟຊᮇᚅ್ࢆ

グ᠈ࡿࡍᚲせᛶࡍࡃ࡞ࢆ.MISR ࢢࢩ,ࡣ⏝ࡢ

ࡢែ≦(U)ࣥ࢘ࣀࣥࡢࡁࡴ⤌ࡾྲྀࢆࣕࢳࢿ

ၥ㢟ࡀࡇ࠺ᢅࡾྲྀࢆᚲせࡾ࡞,BAST U,ࡣ

≧ែࡢᙳ㡪ࡿࡍࢡࢫ࣐ࢆᶵ⬟ࡘࡶࡶ. 
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ᅗ㸯 BAST ᴫᛕᅗ 

 

3333    BASTBASTBASTBAST     ࣕࢳࢡࢸ࣮࢟ࣕࢳࢡࢸ࣮࢟ࣕࢳࢡࢸ࣮࢟ࣕࢳࢡࢸ࣮࢟

BAST  㸪 STUMPS(Self-Testࡣࣕࢳࢡࢸ࣮࢟

Using a MISR and a Parallel Shift register 

sequence generator)[3]௦⾲ࣕ࢟ࢫࡿࢀࡉ

ࢫ࣮࣋ࣥ BIST 㸬BASTࡿ࠸࡚࠸ᇶ࡙ ᅗࡣ 2

ධฟຊࡢ࢙ࣥࢳࣥࣕ࢟ࢫ࠺ࡼࡍ♧ PRPG, 

MISR ࢹ,ࢡࢵࣟࣈࢱ࣮ࣂࣥ,ࢀࡉᤄධ㛫ࡢ

ࣟࣈࢡࢫ࣐ែ≦ࣥ࢘ࣀࣥࢡࢵࣟࣈࢲ࣮ࢥ

✲◊㸬ᮏࡿࢀࡉᵓᡂࡽࢡࢵࣟࣈࡢࡘ୕ࡢࢡࢵ

ࢆ⬟ᶵࢡࢵࣟࣈࢡࢫ࣐ែ≦ࣥ࢘ࣀࣥࠊࡣ࡛

 .ࡿࡍ␎┬ࡣㄝ᫂,࡛ࡢ࠸࡞ࡋ⏝

 

 

 
    ᅗ 2 BAST  ࣕࢳࢡࢸ࣮࢟

 

    ࢡࢵࣟࣈࢱ࣮ࣂࣥࢡࢵࣟࣈࢱ࣮ࣂࣥࢡࢵࣟࣈࢱ࣮ࣂࣥࢡࢵࣟࣈࢱ࣮ࣂࣥ    3333.1.1.1.1

PRPG,ࡣࢡࢵࣟࣈࢱ࣮ࣂࣥ ࣥࣕ࢟ࢫࡽ

ࣕ࢟ࢫ,ࡏࡉ㌿ࢆಙྕࡿࡍ㏻㐣࢙ࣥࣥࢳ

ࡢࡑ.ࡘᣢࢆᖜࢺࢵࣅࡢ୍ྠᩘ࢙ࣥࣥࢳࣥ

ㄽ⌮ࡣ XOR ࡍไᚚࢆ㌿,ࢀࡉᵓᡂࡽࢺ࣮ࢤ

ಙྕࡢ(flip flop : FF)ࣉࢵࣟࣇࣉࢵࣜࣇࡿ

ᚑ࠸PRPGࡢฟຊಙྕࢆ㌿ࡿࡏࡉ.ᅗ3ࡢࢆ

ࡢFF,࠺ࡼࡍ♧ Set ࡀ ࡘ1 Reset ࡀ ࡢ0

PRPG,ࡣ PRPG,ࡋ㌿ࢆฟຊಙྕࡢ ฟຊಙྕࡢ

 .ࡿࢀࡉ㌿㸮ࡽ㸯ࡀ

 

 
 

 

ᅗ  ㌿ㄽ⌮ࢺࢵࣅ 3

 

    ࢡࢵࣟࣈࢲ࣮ࢥࢹࢡࢵࣟࣈࢲ࣮ࢥࢹࢡࢵࣟࣈࢲ࣮ࢥࢹࢡࢵࣟࣈࢲ࣮ࢥࢹ    3333.2.2.2.2

ࢆಙྕࡓࢀࡉࢻ࣮ࢥ,ࡣࢡࢵࣟࣈࢲ࣮ࢥࢹ

ࡉ⥆᥋[2]ࣝࢿࣕࢳࢫ࣮࢙ࣇࢱࣥࡿྲྀࡅཷ

ࢫ࣐ែ≦ࣥ࢘ࣀࣥ,ࢡࢵࣟࣈࢱ࣮ࣂࣥ,ࢀ

ࡿࡍᑐᛂࡢࢡࢵࣟࣈࢡ FF ࢱࣥ.ࡿࡍไᚚࢆ

ࢀࡉࢻ࣮ࢥࡿࢀࡉධຊࣝࢿࣕࢳࢫ࣮࢙ࣇ

ࢆ࣮ࣥࢱࣃࢺࢫࢸࡓ BAST  .ࡪࢻ࣮ࢥ

 

4444    BASTBASTBASTBAST     ᡂἲ⏕ࡢ࣮ࣥࢱࣃࢺࢫࢸࡿࡅ࠾ᡂἲ⏕ࡢ࣮ࣥࢱࣃࢺࢫࢸࡿࡅ࠾ᡂἲ⏕ࡢ࣮ࣥࢱࣃࢺࢫࢸࡿࡅ࠾ᡂἲ⏕ࡢ࣮ࣥࢱࣃࢺࢫࢸࡿࡅ࠾

 Ỵᐃⓗࢺࢫࢸ⏕ᡂࡾࡼ CUT ࢱࣃࢺࢫࢸࡢ

࣮ࣥ(TD)ࢆ⏕ᡂࡋ,ྠ LSI ෆ㒊ᇙࡵ㎸ࡲ

ࡓࢀ PRPG ࢲᨃఝࣛࣥࡢ୍ྠࡢࡶࡓࡋᡂ⏕ࡀ

ࣃࢺࢫࢸࡢࡽࢀࡇ.ࡿࡍᡂ⏕ࢆ(TR)࣮ࣥࢱࣃ࣒

ࢺࢫࢸࡿࢀࡉ༳ຍᅇ㊰,ࡏࢃྜࡡ㔜ࢆ࣮ࣥࢱ

ࢆ࣮ࣥࢱࣃ BAST ᮏㄽ.ࡪ࣮ࣥࢱࣃࢺࢫࢸ

ࡓ࠸⏝ࢆ࣒ࢬࣜࢦࣝࣥࣜ࢞ࣥࣁ ,ࡣ࡛ᩥ

ࡓࡋᑡ᭱ࢆᩘࢺࢵࣅἲ[4]࡛㌿ࢢࣥࣆࢵ࣐

BAST ࢸỴᐃⓗ .ࡿࡍᡂ⏕ࢆ㞟ྜ(TB)࣮ࣥࢱࣃ

㌿ࡢ࣮ࣥࢱࣃ࣒ࢲᨃఝ࣮ࣛࣥࣥࢱࣃࢺࢫ

ሗࢆ BAST  .ࡿࡍࢻ࣮ࢥ

 

4444.1 BAST.1 BAST.1 BAST.1 BAST ࣥࣆࢵ࣐ࡢࣥࣆࢵ࣐ࡢࣥࣆࢵ࣐ࡢࣥࣆࢵ࣐ࡢࡵࡓࡿࡍᡂ⏕ࢆࢻ࣮ࢥࡵࡓࡿࡍᡂ⏕ࢆࢻ࣮ࢥࡵࡓࡿࡍᡂ⏕ࢆࢻ࣮ࢥࡵࡓࡿࡍᡂ⏕ࢆࢻ࣮ࢥ

    ἲࢡἲࢡἲࢡἲࢡ

    ᅗ ࣝࢢࣥࣆࢵ࣐ࡓࢀࡉᥦ࡛[4]⫣ᩥ4

ࡳ࡚ࡆ࠶ࢆ࡞ලయⓗ.ࡿ࠸࡚ࡋ♧ࢆ࣒ࢬࣜࢦ

࡚ࣥࣛࡋᑐ㞟ྜTD࣮ࣥࢱࣃỴᐃⓗࡢᅗ5.ࡿ

ࢣࢺࣥࢻᨾ㞀᳨ฟࢺࣥࢱࢫࢪ࣮ࣞࣥࢱࣃ࣒ࢲ

1,࡚࠸⏝ࢆᢳฟᢏ⾡(N=1)[4] ᅇ᳨ฟᨾ㞀㞟

ྜ{f1㸪f8㸪f3㸪f5}᳨ࢆฟ࡛࣮ࢱࣃࢺࢫࢸࡿࡁ

ࣥ TD’ࡀ⏕ᡂࡿࡍ㸬ḟ,⏕ᡂࡓࢀࡉ TD’ᨃ

ఝ࣮ࣛࣥࣥࢱࣃ࣒ࢲ㞟ྜࢆࢢࣥࣆࢵ࣐⾜

BAST,࠸ 㞟ྜ࣮ࣥࢱࣃ TB’ࢆ⏕ᡂࡿࡍ㸬࡛ࡇࡇ㸪
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BAST 㸪ࡽฟᨾ㞀㞟ྜ᳨ࡿࡼ㞟ྜ࣮ࣥࢱࣃ

,ࡁฟ᳨࡛ࡀᨾ㞀{f2㸪f6}࡛࣮ࣥࢱࣃ࣒ࢲࣥࣛ

㌿ᩘ 2  㸬ࡿࢀࡽࡵồ

ᅗ,ࡽࡉ 6 ࡢ BAST 㞟ྜ࣮ࣥࢱࣃ TB’ᑐ

㸪ᨾ㞀㞟ྜ࠸⾜ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ㸪ᨾ㞀ࡋ

㸬ᮍ᳨ࡿࡍᡂ⏕ࢆᮍ᳨ฟᨾ㞀㞟ྜ{f4,f7}ࡽ

ฟᨾ㞀㞟ྜ{f4,f7}ᑐ࡚ࡋ㸪࣮ࣥࢱࣃࢺࢫࢸ

㞟ྜ TU ࡓࢀࡉ㸬⏕ᡂࡿࡍᡂ⏕ࢆ TU 㸪࡚ࡋᑐ

࡛࣒ࢬࣜࢦࣝࣥࣜ࢞ࣥࣁࡧ TB’ࡢ

㸬BAST࠺⾜ࢆࢢࣥࣆࢵ࣐ 㞟ྜ࣮ࣥࢱࣃ TB’

௨ࢺࢵࣅࢣࡢᨾ㞀ࡿࡁ㸪TB’᳨࡛ฟ࡛࡚࠸࠾

እ࣮ࢻࣕࢩࡣ㒊ศࡿ࠸࡚ࡋ♧㸬࣮ࢻࣕࢩ㒊ศ

 㸬ࡿ࠶್࡛࠸Ⰻࡶ࡛ࡽࡕࡢ ”1””0”ࡣ

ᅗ 㸪TUa=X0XX01ࡣ6࡛  TB’3=101101 ࣐ࡀ

 㸪TUb=0X1101ࢀࡉࢢࣥࣆࢵ TB’2=000101

࡛ࢢࣥࣆࢵ࣐㸪࡚ࡗࡼ㸬ࡿࢀࡉࢢࣥࣆࢵ࣐ࡀ

ồ࣮ࣥࢱࣃࢺࢫࢸࡓࢀࡽࡵ㞟ྜ TB={101101㸪

000101㸪101010㸪001001}ࡿ࡞㸬ᅇ㊰యࡢ

ࡣ㌿ᩘࢺࢵࣅ TB’ࡀồࣅࡢࡁࡿࢀࡽࡵ

㌿ᩘࢺࢵ 2  TB ࢀࡽࡵ㸪ồࡁࡿࢀࡽᚓࡀ

㌿ᩘࢺࢵࣅࡓ  㸬ࡿ࠶࡛ࡢ1

1. Mapping(TR,TD) 

2. { 

3.        TD’=Identify X’s for TD using don't care identification for random-pattern

registant faults; 

4.        TB’=map TD’ into TR (Hungarian Method); 

5.    UF=Fault Simulation with TB’; 

6.   TU=Generate test pattern for UF; 

7.        TB=map TU into TB’ under constraint; 

8.        return (TB); 

9. } 

1. Mapping(TR,TD) 

2. { 

3.        TD’=Identify X’s for TD using don't care identification for random-pattern

registant faults; 

4.        TB’=map TD’ into TR (Hungarian Method); 

5.    UF=Fault Simulation with TB’; 

6.   TU=Generate test pattern for UF; 

7.        TB=map TU into TB’ under constraint; 

8.        return (TB); 

9. } 

 
ᅗ  ࣒ࢬࣜࢦࣝࢢࣥࣆࢵ࣐4

 

111101

000101

001000

111011

1XXX0X

X0XXX1

X0X0XX

XXX0X1

TD’

1 2 7

2 6 8

3 4 7

4 5 6

1

8

3

5

 
ᅗ ᳨ࢆࡳࡢᨾ㞀ࢺࣥࢱࢫࢪ࣮ࣞࣥࢱࣃ࣒ࢲࣥࣛ 5

ฟࡿࡍỴᐃⓗ࣮ࣥࢱࣃ㞟ྜ TD’ࡢ⏕ᡂ 

 

1XXX0X

X0XXX1

X0X0XX

XXX0X1

101010

010101

101101

001101

BAST

TB’

0

1

0

1

101101

000101

101010

001001

1 2

6 8

3

5

1

2

3

4

1

2

3

4

 
ᅗ 6 ୍ BAST ࣮ࣥࢱࣃ TB’ࡢ⏕ᡂ 

BAST

TB’

101101

000101

101010

001001

X0XX01

0X1101

TU

101101

000101

101010

001001

4

7

BAST TB

1

2

3

4

a

b

1a

2b

3

4

1

 
ᅗ 7 ࢢࣥࣆࢵ࣐ᚋࡢ TB  ᡂ⏕ࡢ

5555 BASTBASTBASTBAST ࢺ࣏ࣥ ほࢺ࣏ࣥ ほࢺ࣏ࣥ ほࢺ࣏ࣥ ほࡢࡵࡓࡢ๐ῶࢻ࣮ࢥࡢࡵࡓࡢ๐ῶࢻ࣮ࢥࡢࡵࡓࡢ๐ῶࢻ࣮ࢥࡢࡵࡓࡢ๐ῶࢻ࣮ࢥ

ᤄධἲᤄධἲᤄධἲᤄධἲ    

Ỵᐃⓗ࣮ࣥࢱࣃᨃఝ࣮ࣛࣥࣥࢱࣃ࣒ࢲ㛫

࠸ከࡀ✺⾪ࡢ್ࡢ BAST ࡍቑຍࡀ[2]ࢻ࣮ࢥ

ᩘࢺࢵࣅࢣศᕸࡢࢺࢵࣅࢣࡣᩘ✺⾪.ࡿ

BASTࠊ࡚ࡗࡀࡓࡋ.ࡿࡍ౫Ꮡ ࣕࢳࢡࢸ࣮࢟

Ỵᐃⓗ,ࡵࡓࡿࡍ๐ῶࢆᩘࢺࢵࣅ㌿ࡿࡅ࠾

࣏ ほࡿࡍ๐ῶࢆᩘࢺࢵࣅࢣࡢ࣮ࣥࢱࣃ

 .ࡿࡍᥦࢆᤄධἲࢺࣥ
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⦰㏥ᨾ㞀(s-a-0)ࡀᏑᅾࡢࡇ.ࡿࡍᨾ㞀ࡣ

FF2ࡀ ,࡚ࡗࡀࡓࡋ.࠸࡞ࡁฟ᳨࡛ࡤࢀࡅ࡞0࡛
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