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่յʹͬͯൃੜ͢ΔཅిࢠͷΤω
ϧΪʔɻ ۃͷภࢠཻ ɺ͢ͳΘͪ

ͱͯ͠͞ࢉܭΕ͍ͯΔɻ ͦΕ
ͧΕ ʹରԠ͢Δɻ
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���

�������

എܠΨϯϚઢͷΤωϧΪʔɻઢཅిࢠͷඈߦ
தରফ໓ ϛϡʔཻࢠͷ੩ࢭλʔήοτʹ͍ͭͯɺҰఆ
ͷ࣭ྔΛԾఆ͍ͯͯ͠͠ࢉܭΔɻ

ਤ ͷࣄܠతഎൃۮͷݧ࣮

എࣄܠͰͷ ͷ എܠཅిࢠͱഎܠΨϯϚઢͷൃੜݯͱͳΔϛϡʔཻ͕ࢠผʑͰ͋ΔͨΊɺͦΕͧ

Εಠཱʹൃੜ͢ΔɻͦͷͨΊɺഎࣄܠͷ߹ʹ Ұ༷ͱͳΔɻΑͬͯɺ ͷղͷൣғ

ͰཅిࢠͱΨϯϚઢ͕ಉݕʹࠁ࣌ग़͞ΕΔࣄͷ૯ ʹൺྫ͢Δɻ͞Βʹɺ֯ղͷൣғ

ͰཅిࢠͱΨϯϚઢ͕ਖ਼ରʹ์ग़͞ΕΔׂ߹ղʹରԠ͢Δཱମ֯ɺ͢ͳΘͪ ʹൺྫ͢Δɻ

എܠཅిࢠͷΤωϧΪʔ Δͱɺ͢ࢉܭͯ͠ࢹΛແྔ࣭ࢠిʹɺ͞Βݩ݅ͷݧଌఆ͞Εͳ͍࣮͕ۃͷภࢠి

ཅిࢠͷඍ่յ෯ɺҎԼͷࣜͷΑ͏ʹ༩͑ΒΕΔ

ͨͩ͠ ɺ ϛϡʔཻࢠͷภํۃͱిࢠͷӡಈྔํͷͳ֯͢ɺ ϛϡʔཻࢠͷภۃΛͦΕͧΕද

͢ɻ͜ͷࣜʹ͍ͯͮجɺ ཅిࢠͷεϖΫτϧΛϓϩοτͨ͠ͷ͕ɺਤ Ͱ͋Δɻ

ਤ ͷ ͷઢ Ͱ ۙͰ༗ݶͳେ͖͞Λͭ࣋ͱͳ͓ͬͯΓɺݕग़ثղͷൣғͰ

ͱॏͳΔׂ߹ ʹൺྫ͢Δɻ

എܠΨϯϚઢͷΤωϧΪʔ എܠΨϯϚઢ่ࣹյɺ͓Αͼཅిࢠͷඈߦதରফ໓ʹΑͬͯੜ͡Δ͕ɺΤω

ϧΪʔਤ ʹࣔ͢ɻ่ࣹյʹ͏ΨϯϚઢʹ͍ͭͯৄࡉ ʹ͕ࣔ͢ɺਤ ഁઢͰࣔ͢ͱͳ

ΔɻҰํɺཅిࢠͷඈߦதରফ໓ʹ͏ΨϯϚઢʹ͍ͭͯɺݕग़ثϛϡʔཻࢠϏʔϜͷ੩ࢭλʔήοτͷ࣭

ྔʹΑͬͯൃੜස͕มΘΔɻͨͩ͠ɺҰఆͷ࣭ྔΛԾఆͯ͠͞ࢉܭΕͨਤ ઢͷΑ͏ʹͳ͍ͬͯ

Δɻ͍ͣΕͷ߹ ۙͰස͕མͪΔܗঢ়ͱͳ͓ͬͯΓɺͬͯΨϯϚઢͷׂ߹ ʹൺྫ͢Δɻ

ʹͷΛ͑ΔͨΊɺ࣮ޮతࢠ่ͬͯյཅిʹϏʔϜ͕༻͍ΒΕΔ͕ɺશํͨ͠ۃภʹࡍ࣮ ͷΛ༻͍Εྑ͍ɻঘɺภۃ
ʹ͍ͭͯɺ ʹࡍͷݧ࣮ ͱଌఆ͞Εͨ

ୈ ষ ݧ࣮

�

ਤ ่յࣄͷಛ

�

�
ͷಛࣄܠతഎൃۮ

�

�
Πϕϯτͷਤ

ਤ ʹؔ࿈͢ΔΠϕϯτͷਤࣄܠͷഎݧ࣮

ࣄܠతഎൃۮ

ɺʹࡍͰ͋Δɻ࣮ࣄܠతഎൃۮͷ͏ͪओཁͳͷࣄܠͰͷഎݧ࣮ ͷલͰ͋Δ ݧ࣮

Ͱɺൃۮతഎࣄܠͷ࣮ޮతͳ่յذൺ Ͱ͋ͬͨ ɻຊम࢜จͷओɺൃۮతഎࣄܠΛ

੍͠ɺ Ͱ͋ΔͨΊɺ·ͣ͜Εʹ͍ͭͯৄ͘͠հ͢ΔɻڀݚΔ͜ͱΛతͱ্ͨͤ͠͞Λײͷݧ࣮

ͷ༝དྷࣄܠతഎൃۮ˙ എࣄܠओʹਤ ʹࣔͨ͠ɺഎܠཅిࢠͱഎܠΨϯϚઢʹΑΔൃۮతͳίΠϯγσ

ϯεʹ༝དྷ͢Δɻഎܠཅిࢠ ͷࢠཻ ่յ ʹ༝དྷ͢ΔɻഎܠΨϯϚઢʹ͍ͭͯɺҎԼͷ

ͭͷൃੜ͕͋ݯΔɻ

ཅిݕ͕ࢠग़ث෦Λඈߦதʹݕग़ثΛߏ͢Δ࣭தͷిࢠͱରফ໓Λ͜͢͜ىͱʹΑͬͯΨϯϚઢ͕ൃ

ੜ͢Δࣄ

ਤ ʹࣔ͢Α͏ͳϛϡʔཻࢠͷ่ࣹյ ʹΑͬͯΨϯϚઢ͕ൃੜ͢Δࣄ

ͷࣄܠతഎൃۮ˙ తഎൃۮதͷؒظݧΔɻ݁Ռ͔Βड़Δͱɺ࣮͢ߟ͍ͯͭʹࣄܠɺ͜ΕΒͷഎʹ࣍

ͷ૯ࣄܠ
Nacc ∝ R2

µ ×∆E2

γ ×∆Ee ×∆Θ
2

eγ ×∆teγ × T

ͷΑ͏ʹॻ͘͜ͱ͕Ͱ͖Δɻ ͦΕͧΕݕग़ثͷղ ͢ͳΘͪɺ ઢΤωϧΪʔ ɺཅిࢠΤωϧΪʔ ɺ

ͷͳ֯͢ ࠩؒ࣌ ʹର͢Δଌఆͷղ Ͱ͋Δɻ ࣜͱ ࣜΛൺֱ͢Δͱɺഎࣄܠ

ʹൺྫ͕ͯ͠૿͑Δ͜ͱ͕͔ΔɻϏʔϜ͕ྲྀͰͳ͍߹ɺ ͷ͕ؒ࣌มಈ͢Δ͜ͱʹͳΔ͕ɺॠؒతʹ

ͳΔ͜ͱͰ͘ߴ͕ ͰৼΔ͏എࣄܠͷ͕ྲྀͷ߹ͱൺͯଟ͘ͳΔɻͦͷͨΊɺ Ͱݧ࣮

ྲྀͷϏʔϜΛ༻͍Δɻ ࣜɺഎࣄܠͰͷ ɺ ɺ ɺ ͷʹΑܾͬͯ·͍ͬͯΔɻ
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Լྲྀଆͷݕग़ث

่ࣹյಉఆ༻ݕग़ثͰͷཅిݕࢠग़ؒ࣌ͱΨ
ϯϚઢݕग़ثͷݕग़ؒ࣌ͷࠩͷ

Energy (MeV)
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5−10

4−10

3−10

2−10

1−10

่ࣹյಉఆ༻ݕग़ثͰଌఆ͞ΕΔཅిࢠͷΤ
ωϧΪʔͷ

ਤ Լྲྀଆ่ࣹյಉఆ༻ݕग़ثͰͷଌఆύϥϝʔλͷγϛϡϨʔγϣϯ ɻͦΕͧΕઢൃۮత

എࣄܠͷ߹ͷɺ੨ઢ ৴߸ࣄͷ߹ͷΛද͢

खલଆʹؒ࣌ଌఆ༻ͷϓϥενοΫγϯνϨʔ
λɺԞʹΤωϧΪʔଌఆ༻ͷ ݁থ͕͋Δɻ

खલଆʹ͑ݟΔͷ͕ϓϥενοΫγϯνϨʔλ

ਤ Լྲྀଆ่ࣹյಉఆݕग़ثͷ֓೦ਤ ࠨ ͱࣸਅ ӈ

Լྲྀଆͷݕग़ث

ͷਤؒ࣌ग़ݕͷΤωϧΪʔͱࢠग़͞ΕΔཅిݕͰثग़ݕ༺ͷ߹ʹɺ่ࣹյಉఆࣄܠతഎൃۮ ͷ

ઢͷΑ͏ʹͳΔɻΨϯϚઢͱཅిࢠͷࠩؒ࣌ʹ͍ͭͯཅిݕ͕ࢠग़ثʹ౸ୡ͢Δ·Ͱͷඈ͕͋ؒ࣌ߦΔͨΊɺ

ਤ ͷΑ͏ʹͳΔɻΤωϧΪʔʹ͍ͭͯɺઌड़ͷΑ͏ʹ่ࣹյࣄ༝དྷͷཅి͕ࢠΤωϧΪʔͰ͋

Δͱ͍͏ಛ͕ݱΕ͍ͯΔɻͦ͜ͰɺԼྲྀଆͷݕग़ثͰɺ่ࣹյʹ͏ཅిࢠͷΤωϧΪʔͱݕग़ؒ࣌Λଌఆ

͢Δɻཅిࢠͷݕग़ؒ࣌ʹ͍ͭͯɺϓϥενοΫγϯνϨʔλΛ༻͍ͯɺΤωϧΪʔʹ͍ͭͯ ݁থΛ༻

͍ͯଌఆ͢Δ ਤ ɻ

Լྲྀଆͷݕग़ث

 (s)γT - RDCT
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่ࣹյಉఆ༻ݕग़ثͰͷཅిݕࢠग़ؒ࣌ͱΨ
ϯϚઢݕग़ثͷݕग़ؒ࣌ͷࠩͷ

่ࣹյಉఆ༻ݕग़ثͰଌఆ͞ΕΔཅిࢠͷΤ
ωϧΪʔͷ

ਤ Լྲྀଆ่ࣹյಉఆ༻ݕग़ثͰͷଌఆύϥϝʔλͷγϛϡϨʔγϣϯ ɻͦΕͧΕઢൃۮత

എࣄܠͷ߹ͷɺ੨ઢ ৴߸ࣄͷ߹ͷΛද͢

खલଆʹؒ࣌ଌఆ༻ͷϓϥενοΫγϯνϨʔ
λɺԞʹΤωϧΪʔଌఆ༻ͷ ݁থ͕͋Δɻ

खલଆʹ͑ݟΔͷ͕ϓϥενοΫγϯνϨʔλ

ਤ Լྲྀଆ่ࣹյಉఆݕग़ثͷ֓೦ਤ ࠨ ͱࣸਅ ӈ

Լྲྀଆͷݕग़ث

ͷਤؒ࣌ग़ݕͷΤωϧΪʔͱࢠग़͞ΕΔཅిݕͰثग़ݕ༺ͷ߹ʹɺ่ࣹյಉఆࣄܠతഎൃۮ ͷ

ઢͷΑ͏ʹͳΔɻΨϯϚઢͱཅిࢠͷࠩؒ࣌ʹ͍ͭͯཅిݕ͕ࢠग़ثʹ౸ୡ͢Δ·Ͱͷඈ͕͋ؒ࣌ߦΔͨΊɺ

ਤ ͷΑ͏ʹͳΔɻΤωϧΪʔʹ͍ͭͯɺઌड़ͷΑ͏ʹ่ࣹյࣄ༝དྷͷཅి͕ࢠΤωϧΪʔͰ͋

Δͱ͍͏ಛ͕ݱΕ͍ͯΔɻͦ͜ͰɺԼྲྀଆͷݕग़ثͰɺ่ࣹյʹ͏ཅిࢠͷΤωϧΪʔͱݕग़ؒ࣌Λଌఆ

͢Δɻཅిࢠͷݕग़ؒ࣌ʹ͍ͭͯɺϓϥενοΫγϯνϨʔλΛ༻͍ͯɺΤωϧΪʔʹ͍ͭͯ ݁থΛ༻

͍ͯଌఆ͢Δ ਤ ɻ
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ୈ ষ ্ྲྀଆഎࣄܠಉఆ༻ݕग़ثͷ։ൃ՝

่ࣹյಉఆ༻ݕग़ثͰͷཅిݕࢠग़ؒ࣌ͱΨϯϚઢ
ͷࠩͷؒ࣌ग़ݕͷثग़ݕ

่ࣹյಉఆ༻ݕग़ثͰଌఆ͞ΕΔཅిࢠͷΤ
ωϧΪʔͷ

ਤ Լྲྀଆ่ࣹյಉఆ༻ݕग़ثͰͷଌఆύϥϝʔλͷγϛϡϨʔγϣϯ ɻͦΕͧΕઢൃۮతഎ

ͷ߹ͷɺ੨ઢࣄܠ ৴߸ࣄͷ߹ͷΛද͢

खલଆʹؒ࣌ଌఆ༻ͷϓϥενοΫγϯν
ϨʔλɺԞʹΤωϧΪʔଌఆ༻ͷ ݁থ͕͋
Δɻ

खલଆʹ͑ݟΔͷ͕ϓϥενοΫγϯνϨʔ
λ

ਤ Լྲྀଆ่ࣹյಉఆݕग़ثͷ֓೦ਤ ࠨ ͱࣸਅ ӈ

্ྲྀଆͷݕग़ݕ͕ثग़ޮ ͔ͭɺؒ࣌ղ ΛୡͰ͖ͨ߹ʹ ͷվળ

Լྲྀଆͷݕग़ث

ͷਤؒ࣌ग़ݕͷΤωϧΪʔͱࢠग़͞ΕΔཅిݕͰثग़ݕ༺ͷ߹ʹɺ่ࣹյಉఆࣄܠతഎൃۮ ͷ

ઢͷΑ͏ʹͳΔɻΨϯϚઢͱཅిࢠͷࠩؒ࣌ʹ͍ͭͯཅిݕ͕ࢠग़ثʹ౸ୡ͢Δ·Ͱͷඈ͕͋ؒ࣌ߦΔͨΊɺ

ਤ ͷΑ͏ʹͳΔɻΤωϧΪʔʹ͍ͭͯɺઌड़ͷΑ͏ʹ่ࣹյࣄ༝དྷͷཅి͕ࢠΤωϧΪʔͰ͋Δ

ͱ͍͏ಛ͕ݱΕ͍ͯΔɻͦ͜ͰɺԼྲྀଆͷݕग़ثͰɺ่ࣹյʹ͏ཅిࢠͷΤωϧΪʔͱݕग़ؒ࣌Λଌఆ͢

Δɻཅిࢠͷݕग़ؒ࣌ʹ͍ͭͯɺϓϥενοΫγϯνϨʔλΛ༻͍ͯɺΤωϧΪʔʹ͍ͭͯ ݁থΛ༻͍

ͯଌఆ͢Δ ਤ ɻ
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ୈ ষ ͚ٞͨʹઃݐػ࣮

ਤ ఆ͍ͯ͠ΔετϦοϓܕಡΈग़͠ͷߏɻ͕ࠨΞϊʔυଆɺӈ͕ΧιʔυଆͷߏɻਤதͷύΠϧ

Ξοϓ͢ΔΑ͏ͳཻࢠͷೖࣹύλʔϯΛද͢ ຊจ

่ࣹյཅిࢠ

Entries  46884
 / ndf 2χ  1.255e+06 / 591

Constant  5.961e+01± 4.715e+05 
Mean      0.000209± 0.005876 
Sigma     0.000± 2.039 

y (cm)
15− 10− 5− 0 5 10 150

100

200

300

400

500

310×
Entries  46884

 / ndf 2χ  1.255e+06 / 591

Constant  5.961e+01± 4.715e+05 
Mean      0.000209± 0.005876 
Sigma     0.000± 2.039 

ϏʔϜ ࢠཻ

ਤ ่ࣹյཅిࢠͷͱϏʔϜ ͷҐஔࢠཻ

ϓͰཅిࢠͱॏͳͬͨ߹ ਤ ͷؙ͍ͷͱܗ֯ࡾ͍ࠇͷ

Ҏ্ͷ छྨͷՄੑʹ͍ͭͯߟΛ͍ߦɺશମͷύΠϧΞοϓͷ֬Λੵݟͬͨɻ

ύΠϧΞοϓ֬ͷํࢉܭ๏

ਤ ͷΑ͏ʹ͢ΕಡΈग़࣮͠ޮతʹ ׂ͞ΕΔɻ֤ྖҬͰͷύΠϧΞοϓ֬Λ ɺͦͷྖҬʹࣹ

่յཅి͕ࢠώοτ͢Δ֬Λ ͱͯ͠શମͷ֬ Λͨ͠ࢉܭɻ ʹ͍ͭͯɺਤ ʹ͋ΔΑ͏

ʹɺ่ࣹյཅిࢠͷ͕Γ Ͱ͋Δɻ

ୈ ষ ͚ٞͨʹઃݐػ࣮

ਤ ఆ͍ͯ͠ΔετϦοϓܕಡΈग़͠ͷߏɻ͕ࠨΞϊʔυଆɺӈ͕ΧιʔυଆͷߏɻਤதͷύΠϧ

Ξοϓ͢ΔΑ͏ͳཻࢠͷೖࣹύλʔϯΛද͢ ຊจ

Entries  59976

 / ndf 2χ  406.4 / 77

Constant  11.0±  2106 

Mean      0.01157±0.07088 − 

Sigma     0.009± 2.813 

y (cm)
15− 10− 5− 0 5 10 150

200
400
600
800

1000
1200
1400
1600
1800
2000
2200

Entries  59976

 / ndf 2χ  406.4 / 77

Constant  11.0±  2106 

Mean      0.01157±0.07088 − 

Sigma     0.009± 2.813 

่ࣹյཅిࢠ ϏʔϜ ࢠཻ

ਤ ่ࣹյཅిࢠͷͱϏʔϜ ͷҐஔࢠཻ

ϓͰཅిࢠͱॏͳͬͨ߹ ਤ ͷؙ͍ͷͱܗ֯ࡾ͍ࠇͷ

Ҏ্ͷ छྨͷՄੑʹ͍ͭͯߟΛ͍ߦɺશମͷύΠϧΞοϓͷ֬Λੵݟͬͨɻ

ύΠϧΞοϓ֬ͷํࢉܭ๏

ਤ ͷΑ͏ʹ͢ΕಡΈग़࣮͠ޮతʹ ׂ͞ΕΔɻ֤ྖҬͰͷύΠϧΞοϓ֬Λ ɺͦͷྖҬʹࣹ

่յཅి͕ࢠώοτ͢Δ֬Λ ͱͯ͠શମͷ֬ Λͨ͠ࢉܭɻ ʹ͍ͭͯɺਤ ʹ͋ΔΑ͏

ʹɺ่ࣹյཅిࢠͷ͕Γ Ͱ͋Δɻ
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Pole-zero cancellationP attenuator
SiPM chain
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1.2 k1.2 k

1.2 k

100 nF
10 k50

150 100 nF
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chip can be mounted in a flip-chip assembly, avoiding bond

wires completely.
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Figure 2 Image of the 4.2 mm x 4.2 mm DRS4 chip inside a prototype

package.

Figure 1 Functional Block Diagram of the DRS4 chip

A. Theory ofOperation

The DRS4 chips implements 9 channels each having 1024

sampling capacitors on a single chip (see Figure 1), fabricated

in the 0.25 Jlm 1P5M MMC process by UMC (Figure 2).

A so-called Domino Wave Circuit generates a write pulse

which opens analog switches at the sampling cells of each

channel. The inputs are differentially to reduce the inter-

channel crosstalk. The usage if input buffers has been avoided,

since they would either limit the bandwidth or the linear range

with current chip technologies. To minimize the bandwidth

limiting effect of the bond wires, a QFN-64 lead-less package

has been chosen as a chip housing. Alternatively, the DRS4

II. ARCHITECTURE

Abstract- The high demands of modern experiments in fast
waveform digitizing led to the development of the DRS4 chip,
which is a radiation hard switched capacitor array (SCA)

fabricated in a 0.25 Jlm CMOS process. It is capable to digitize
8+1 input channels at sampling rates up to 6 Giga-samples per
second (GSPS) with an individual channel depth of 1024 bins and
a effective range of 11.5 bits. A novel cascading scheme allows the
combination of several channels or even chips to deliver very
deep sampling depths or interleaved sampling with up to 48
GSPS. An on-chip PLL ensures high timing accuracy over a wide
temperature range. The high analog bandwidth of 850 MHz, low
power consumption of 40 mW/channel and fast readout time
make this chip attractive for many experiments, replacing
traditional ADCs and TDCs.

I. INTRODUCTION

IN many fields there is a demand of high speed waveform

digitizing in the GHz range. Particle physics faces the

problem of pile-up at high rate experiments such as the MEG

experiment [1], and in cosmic gamma ray astronomy there is

the need for pulse shape discrimination at high channel

densities and low power consumption at affordable costs. An

alternative to flash-ADCs is the usage of switched capacitor

arrays (SCA). These chips store an analog waveform from a

photomultiplier or photodiode at multi-GHz sampling rates in

a series of capacitors. These capacitors are then either read out

and digitized externally or digitized directly on the chip. The

DRS4 chip is the fourth version in a series of developments at

the Paul Scherrer Institute, Switzerland. Originally targeted for

the MEG experiment, this chip finds now applications in

several other fields.
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