
ᣣᧄᯏ᪾ቇળ⺰ᢥ㓸㧔#✬㧕 ේ⪺⺰ᢥ 0Q������,#4�����

©2013 The Japan Society of Mechanical Engineers

 

In electronic packages such as BGA and LGA packages, it is  very important for the reliability of packages to reduce 
the residual stress on the surfaces of semiconductor chips. In recent years, product defects caused by changes in the 
electrical operating characteristics of the semiconductor devices in the chip produced by residual stress generated in 
the semiconductor chip within the semiconductor package have also become a problem. That has resulted in a need to 
accurately estimate residual stress and electronic characteristic changes within the package from the design stage and 
the widespread use of simulation by the finite element method (FEM) or other techniques for that purpose. In this 
research, the authors proposed the evaluation method to predict the electronic characteristic changes of stress-induced 
multilayer chips in resin-molded electronic packages. The developed technique considering the stress singular field 
and the piezoelectric effect made it possible to predict electronic characteristic changes of multilayer chips in 
resin-molded electronic packages accurately. 
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�
(a) Cross section of a package.    �    (b) Edge position of memory chip          � (c) Schematic of stacked chips. 

on an analog circuit block. 
Fig. 1� Schematic of a real chip㸬 

 
Table 1� Number of failured samples for each position of a memory chip.�

 Caseձ Caseղ Caseճ Caseմ Caseյ Caseն

Number of failured samples 1 1 2 3 0 0 

Number of measurement samples 134 45 46 45 48 129 
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(a)Schematic of a test chip.                   (b) Position of a dummy chip on a pMOS transistor.  

� � � � � � � �  
(c) 4-Point bending test. 

Fig. 2� Schematic of a test sample and loading condition㸬 
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Fig. 3� Drain current changing rate with loading force㸬 
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(a) Global FEM model of a test sample.   (b) Zoomed FEM model of a test sample. 

Fig. 4� 3D FEM model for a test sample. 
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Table 2� Components of stiffness matrix for silicon. 
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Fig. 5�Stress distributions around the edge of a dummy chip. 
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Table 3�Piezo constants㸬 
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Fig. 6� Current changing rate near the edge of dummy chip. 
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Fig.10� Current changing rate calculated from the piezo resistance matrix with the distance from the edge of a dummy chip.  

�

� ᛂຊ≉␗ሙࢆ⪃៖ࡤࢀࡍ㸪��QP ௨ୗ࡛㟁ὶኚ໬⋡ࡀ �1 ࡢࣝࣉࣥࢧᦚ㍕ࣉࢵࢳ࣮࣑ࢲ㸪ࡵࡓࡿ࠼㉸ࢆᯝ⤖ࡢ

�1 ࡛኱࡞ࡁ㟁ὶኚືࡀⓎ⏕ࡓࡋヨ㦂⤖ᯝࡌྠ࡜ഴྥࡓࡗ࠿ࢃࡀ࡜ࡇࡍ♧ࢆ㸬ࡋ࠿ࡋ㸪�QP ࡚࠸⏝ࢆ್ࡢ㊥㞳ࡢ

⣙ࡣ⋠㟁ὶኚ໬ࡶ ����⛬ᗘ࡛ࡾ࠶㸪ࡔࡲᐇ㦂್࡜኱࠸࠿࡞ࡁ㞳ࡿ࠶ࡀ㸬࡛ࡇࡑཎᅉㄪᰝ࡟ࡵࡓࡢ ᐃࣥࢧࡓࡋ

ᮇึࡢᐇ㦂㛤ጞ᫬ࡀ㟁ὶ್ࡢࡋ࡞ᯝ㸪Ⲵ㔜⤖ࡢࡑ㸬ࡓࡗ⾜ࢆᐃ ࡛ࡋ࡞Ⲵ㔜࡚ࡋᡠ࡟ែ≦ࡢ෌ᗘᮍ㈇Ⲵࢆࣝࣉ

ࡀࢱࢫࢪࣥࣛࢺ㸪ࡎࡽ࡞࡟್ � Ⅼ᭤ࡢࡆᐇ㦂㏵୰࡛㟁Ẽⓗ࡟ᦆയࡀ࡜ࡇࡿ࠸࡚ࡋศࡓࡗ࠿㸬ࡃࡽࡑ࠾㸪᭤ࡆᐇ

㦂࡚࡟Ⓨ⏕ࣉࢵࢳ࣮࣑ࢲࡓࡋゅ㒊ࡢᛂຊࡀ㸪 ᐃࢆࢪ࣮࣓ࢲ࡟ࢱࢫࢪࣥࣛࢺ୚࠼㸪᏶඲ࡣ࡟࡛ࡲࣥࣉ࣮࢜࡟⮳

ࡀ⨨ᦚ㍕఩ࣉࢵࢳ࣮࣑ࢲࡸࣉࢵࢳࣝࢢࣥࢩࡢ㸬௚ࡓࡋ᥎ᐃ࡜ࡓࡗ࡞࡟㟁ὶ ᐃࡢែ࡛≦࡞୙Ᏻᐃ࠸࡞ࡽ ���Pm
⏕㸪௒ᅇⓎ࡚ࡗࡼ㸬ࡓࡋ♧ࢆ⋠㟁ὶኚ໬ࡌྠࡶ࡚ࡗ⾜ࢆ෌ᐇ㦂ࡢ㸪Ⲵ㔜ࡋ♧ࢆṇᖖ್ࡣ㸪㟁ὶ್ࡣࣝࣉࣥࢧࡢ

�㸬ࡿࡁ᥎ᐃ࡛࡜ࡓࡋᦆ◚ࡀࢱࢫࢪࣥࣛࢺ㸪 ᐃ㏵୰࡛ࡣ್ࡢ⋠㟁ὶኚ໬࡞ࡁ኱࡟≉ࡓࡋ

௒ᅇࡢᐇ㦂ࡣࡽ࠿㸪ᛂຊ≉␗ሙࡀᏑᅾࣉࢵࢳ࣮࣑ࢲࡿࡍ✚ᒙᵓ㐀ࡣࣝࣉࣥࢧࡢ㸪ࣉࢵࢳࣝࢢࣥࢩᵓ㐀࡟ẚ࡭

࡚㸪㟁ὶኚ໬ࡓࡗ࠿ࢃ࡜ࡇ࠸ࡍࡸࡅཷࢆ㸬ୖࣉࢵࢳゅ㒊ࡢࡽ࠿㊥㞳ࡣ㸪ᛂຊ≉␗ሙࢆ⪃៖ࡓࡋ⣙��QP௨ෆࢺ࡟

ᦚ㍕఩ࣉࢵࢳ࣮࣑ࢲ㸪ࡣ࡜ࡇࡢࡇ㸬ࡓࡗ࠿ࢃࡶ࡜ࡇࡿ࠶ࡀᛶ⬟ྍࡿࡅཷࡃࡁ኱ࢆᙳ㡪࡟ሙྜࡿ࠶ࡀࢱࢫࢪࣥࣛ

���Pmࡀ⨨ ����Pm࡜ 㸬ࡿࢀࡉࡅ⿬௜ࡶࡽ࠿ᐇ㦂⤖ᯝࡓࡗ࠿↓࡝ࢇ࡜࡯ࡀᙳ㡪ࡢࣉࢵࢳ࣮࣑ࢲ㸪ࡣ࡛ࣝࣉࣥࢧࡢ

㸪ࡣሙྜࡿࡍゎᯒࢆᛶኚື≉ࡢࢱࢫࢪࣥࣛࢺ㸪ࡣᵓ㐀࡛ࡿࡍ㞟୰ࡀᛂຊ࡟ࣉࢵࢳࡢ࡝࡞ᒙᵓ㐀✚ࣉࢵࢳ㸪࡚ࡗࡼ

ᛂຊ≉␗ሙ࡛ࡲ⪃៖ࡿࡍᚲせࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠶ࡀ㸬ḟ࡟㸪ᮏᡭἲࢆᐇ㝿ࡢ✚ᒙᵓ㐀ࡢࢪ࣮ࢣࢵࣃ㟁Ẽ≉ᛶኚ

�㸬ࡿࡍㄆ☜ࢆ᭷ຠᛶࡢࡑ㸪ࡋ⏝㐺࡟ゎᯒࡢື

�

��� ᐇࢪ࣮ࢣࢵࣃᵓ㐀ࡢ࡬ホ౯ᡭἲࡢ㐺⏝᳨࡜ド�

�࣭�� ᛂຊゎᯒ࡜≉␗ᛂຊሙゎᯒ�

�࣭�࣭�� �࡚࠸ࡘࣝࣉࣥࢧ⏝ᛂຊ್ホ౯ࡓ࠸⏝ࢆࣉࢵࢳࢰ࢚ࣆ

ᐇࡢࢪ࣮ࢣࢵࣃ᭷㝈せ⣲ゎᯒ࠺⾜ࢆ๓ࡢୖࣉࢵࢳࡓ࠸⏝ࢆࣉࢵࢳࢺࢫࢸࢰ࢚ࣆ࡟ᛂຊࡢ ᐃࡓࡗ⾜ࢆ㸬ࢀࢃ

㸪ðࡤࢀࡼ࡟(8)✲◊ࡢ௨๓ࡢࢀࢃ ⬡ᑒṆࢪ࣮ࢣࢵࣃࡓࡋෆ㒊ࡢࣉࢵࢳࡢᛂຊࡣ㸪࡚࠸⏝ࢆࣉࢵࢳࢰ࢚ࣆ ᐃࡿࡍ

㸪࡚ࡗࡼ࡟ᙧ⇕ᛂຊゎᯒ⥺ࡓࡋ࡜‽ᇶࢆᗘ ࣮ࣜࣇⅬ㸪ᛂຊࡿ࡞࡜㸮ࡀᛂຊࡢୖࣉࢵࢳࡓࢀࡽᚓ࡚ࡗࡼ࡟࡜ࡇ

ᛂຊ࣮ࣜࣇ ᗘࡾࡼప࠸ ᗘ࡛ࡢୖࣉࢵࢳࡢᛂຊࢆ⢭ᗘࡃࡼぢ✚ࡿࡁ࡛ࡀ࡜ࡇࡿࡶ㸬ࡵࡓࡢࡇ㸪ᛂຊ࣮ࣜࣇ 

ᗘࢆồ࡜ࡵࡓࡿࡵゎᯒ⢭ᗘ᳨࡞࠿ࡲ࠾࠾ࡢド࡚࠸⏝ࢆࣉࢵࢳࢺࢫࢸࢰ࢚ࣆ࡟ࡵࡓ࠺⾜ࢆ㸪ᶞ⬡ᑒṆࢣࢵࣃࡓࡋ

 㸬ࡓࡋᐃ ࢆᛂຊࡢୖࣉࢵࢳࡢෆ㒊ࢪ࣮
 ᐃࡣ࡟㸪ᅗ �� �㸪ࡣ࡟ࣉࢵࢳ㸬ᶍᨃࡓ࠸⏝ࢆࣉࢵࢳᶍᨃࡓࢀࡉ⨨㓄ࡀࢪ࣮ࢤ᢬ᢠࢰ࢚ࣆࡍ♧࡟ ࢰ࢚ࣆࡢࡘ

᢬ᢠࢪ࣮ࢤ㸦GaugeX1㸪Y1㸧ࡀᙧᡂࡿ࠸࡚ࢀࡉ㸬ࢰ࢚ࣆ᢬ᢠࡶࢪ࣮ࢤ㸪Si ༢⤖ᬗᗙᶆ⣔࡛<001>㠃࡟ᙧᡂ࡚ࢀࡉ

ࢆ<ᐅୖ㸪<110౽ࡍ⾲ࢆࣝࢹ㸪᭷㝈せ⣲ἲࣔࡵࡓࡿ࠸ x ㍈࡟㸪<Ư10>ࢆ y ㍈ࡓࡗ࡜࡟ᗙᶆࡿ࠸⏝ࢆ㸬ヨ㦂∦ࡣ㸪

ṇ᪉ᙧࡢᙧ≧ࡵࡓࡢ㸪GaugeX1 ࡜ Y1 ࡣ㸪௒ᅇ࡛ࡢ࠸ࡋ➼ࡰ࡯㸪ࡣ್ ィࡢ GaugeX1 㸬ࡓࡏࡉ⾲ィ ್࡛௦ࡢ

౑⏝ࡓࡋᶍᨃࡣࣉࢵࢳ㸪ࡢࢪ࣮ࢤ㛗ᡭ᪉ྥ௨እࡢᛂຊᡂศ㸦㛗ᡭ᪉ྥ࡟ᆶ┤࡞ᡂศࡸ㸪᩿ࢇࡏᡂศ㸧࡟㛵ࡿࡍ

ឤᗘࡣᑠࡃࡉ㸪㛗ᡭ᪉ྥ࡟ẚ㍑࡚ࡋ⣙ 1/100㹼1/10 ࠸࡞ࡁศ㞳࡛ࢆᡂศࡢࡽࢀࡇ㸪ࡣ࡛ࣉࢵࢳ㸪ᮏᶍᨃࡀࡿ࠶࡛

࡟㸪 ᐃ್ࡵࡓ 1/100㹼1/10 ⛬ᗘࡢㄗᕪࢆཎ⌮ⓗࡿ࠸࡛ࢇྵ࡟㸬  

0

1

2

3

4

5

㻜㻚㻜㻜㻝 㻜㻚㻜㻝 㻜㻚㻝 㻝 㻝㻜

Loading force 8(N) Single chip

Loading force 5(N) Stacked dummy chip

(%
)

/
ࠉ
ࠉ

G
G

xx
G

r (nm)
1 10 102 103 104

82

― 82 ―



᮸⢽ኽᱛߚࠇߐⓍጀඨዉ૕ߩࡊ࠶࠴ᱷ⇐ᔕജߦ⿠࿃ࠆߔ㔚᳇․ᕈᄌേ⹏ଔᚻᴺ

©2013 The Japan Society of Mechanical Engineers

 

ᅗ࡟��㸪ᶍᨃ࡚࠸⏝ࢆࣉࢵࢳసᡂࡓࡋ✚ᒙᵓ㐀ࣝࣉࣥࢧࡢࢪ࣮ࢣࢵࣃᴫせࡍ♧ࢆ㸬୕ḟඖᵓ㐀ࡢ」㞧࡞ᛂຊ

ᐇࢆࣉࢵࢳ࣮࣓ࣜࣔࡌྠ࡜ࢪ࣮ࢣࢵࣃࡢᒙᵓ㐀✚ࡢᐇ㝿࡟ୖࡢࣉࢵࢳ㸪ᶍᨃ࡟ࡵࡓࡿࡍᐃ ࢆࢀࡑ㸪ࡋ⌧ᐇࢆ

⿦ࢆࣝࣉࣥࢧࡓࡋసᡂࡓࡋ㸬ᅗ���D�࡟ᖹ㠃ᅗ㸪ᅗ���E�᩿࡟㠃ᵓ㐀ᅗࡍ♧ࢆ㸬࣓࣮ࣔࣜࡢࣉࢵࢳᦚ㍕఩⨨ࢆኚ

᭦࡛࡜ࡇࡿࡍ㸪㠀ᑐ⛠୕࡞ḟඖᵓ㐀ࢆࢪ࣮ࢣࢵࣃࡢᶍᨃࡋ㸪ࢰ࢚ࣆ᢬ᢠ㒊ࡢᛂຊ್ࡀ㸪࡟࠺ࡼࡢ࡝ኚ໬࠿ࡿࡍ

㸪ࡣ⨨ᦚ㍕఩ࣉࢵࢳ㸬࣓࣮ࣔࣜࡓࡋᶍᨃࢆᛂຊศᕸ࠸㏆࡟ࢪ࣮ࢣࢵࣃᒙᵓ㐀✚ࡢ㸪ᐇ㝿ࡕࢃ࡞ࡍ㸬ࡓࡋ ィࢆ

ᅗ ���F�ࡍ♧࡟ � ✀㢮㸦Caseձ~Caseմ㸧࡜㸪ࢆࣉࢵࢳ࣮࣑ࢲᦚ㍕ࣝࣉࣥࢧ࠸࡞ࡋ㸦Caseյ㸧ࡢィ � ✀㢮ࢆసᡂ

 㸬ࡓࡋᐃ ࢆᛂຊ್ࡋ
�

�
Fig. 11� Configuration of piezoresistive gauges on a test chip. 
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(a) Schematic of stacked chips. �   (b) Cross section of a package.  � � �  (c) Edge position of a memory 
chips on a piezo chip. 

Fig. 12� Schematic of a test package㸬 
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Piezoresistive gauge(X1,Y1)
Piezo Test Chip

Flash Chip

X1

Y1
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㻯㼍㼟㼑䐟 㻯㼍㼟㼑䐠 㻯㼍㼟㼑䐡 㻯㼍㼟㼑䐢
㻜㻚㻜㻢 㻜㻚㻞㻝 㻝㻚㻟 㻝㻚㻢 Unit: mm

X

Y

Piezoresistive gauge
(X1,X2,Y1,Y2)
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Table 4� Calibration parameters of a piezoresistive gauge. 
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�

� � � � � � � �       (a) Young’s modulus.                         (b) Coefficient of thermal expansion. 

Fig. 14� Temperature dependence of material properties. 

�

�

Fig. 15� Temperature dependence of residual stress㸬 
 

� �

Fig. 16� Comparison between experimental measurements and numerical results㸬 
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(a) Mechanical stress around a chip edge.            (b)�Stress singular field around a chip edge.  
 

Fig. 17�Stress distributions around a chip edge㸬 
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Fig. 18� Current changing rate with the distance from the edge of a dummy chip㸬�

(Pm)

Chip edge

Mold-side Chip-side

St
re

ss
(M

Pa
)

1

10

100

1000

0.0001 0.001 0.01 0.1 1

ıxx-ıxx0_Chip
ıyy-ıyy0_Chip
ızz-ızz0_Chip
ıxx_Calculated_Chip
ıyy_Calculated_Chip
ızz_Calculated_Chip
ıxx-ıxx0_Mold
ıyy-ıyy0_Mold
ızz-ızz0_Mold
ıxx_Calculated_Mold
ıyy_Calculated_Mold
ızz_Calculated_Mold

(nm)

St
re

ss
(M

Pa
)

-140

-120

-100

-80

-60

-40

-20

0

20

40

-200 -150 -100 -50 0 50 100 150

ıxx_case䐢

ıyy_case䐢

ızz_case䐢

ıxx_case䐤

ıyy_case䐤

ızz_case䐤

H xx H yy H zz Ȝ- 1
Chip-side 2.3 5.2 1.8
Mold-side 5.3 11 6.5

-0.3

102 103 104 105 106

Distance from the edge r (nm)Current changing rate near the edge of chip x (Pm)

-15

-10

-5

0

5

10

15

0.001 0.01 0.1 1 10

Gxx䠻pMOS_case䐢_Chip-side

Gxx䠻pMOS_case䐢_Mold-side

Gxx䠻nMOS_case䐢_Chip-side

Gxx䠻nMOS_case䐢_Mold-side

Gxx䠻pMOS_case䐤

Gxx䠻nMOS_case䐤

(%
)

/
ࠉ
ࠉ

G
G

xx
G

Distance from the edge r (nm)

1 10 102 103 104

86

― 86 ―



᮸⢽ኽᱛߚࠇߐⓍጀඨዉ૕ߩࡊ࠶࠴ᱷ⇐ᔕജߦ⿠࿃ࠆߔ㔚᳇․ᕈᄌേ⹏ଔᚻᴺ

©2013 The Japan Society of Mechanical Engineers

 

�❶࡛㏙ࡓ࠸⏝ࢆࣉࢵࢳ࣮࣑ࢲࡓ࡭�Ⅼ᭤ࡆᐇ㦂ࡢゎᯒ⤖ᯝ࡜㸪ᮏ❶࡛ࡢᐇࡓ࠸⏝ࢆࢪ࣮ࢣࢵࣃᐇ㦂⤖ᯝࡢゎ

ᯒ⤖ᯝࡽ࠿㸪ୖࣉࢵࢳ➃㒊ࡢ఩⨨ࡀ㸪ࡢࢱࢫࢪࣥࣛࢺࡰ࡯┤ୖ㸪ලయⓗࡣ࡟���QP௨ෆࡢ㏆ഐ࡟㓄⨨ࡓࢀࡉሙ

ᅇࢢࣟࢼ࢔ࡓࡗ⾜㸪ᐇ㦂࡛ࡣ࡜ࡇࡢࡇ㸬ࡓࡁ᥎ᐃ࡛࡜ࡢࡶࡿࡍ⏕Ⓨࡀᛂຊ≉␗ሙ࡛≉ᛶኚືࡢゅ㒊ࣉࢵࢳ࡟ྜ

㊰࢚ࣜ࢔እ࡟ᐇ⿦ࡓࢀࡉᐇ㦂&DVHյ㸪&DVHն࡛ࡣ㸪඲ືࡃస୙ⰋࡀⓎ⏕ࡿ࠸࡚ࡋ⮴୍ࡶ࡜࡜ࡇ࠸࡞ࡋ㸬ḟ࡟㸪

୙ⰋⓎ⏕ᩘࡢᕪ␗࡚࠸ࡘ࡟⪃ᐹࡓࡋ㸬ᅗ���D�ࢢࣟࢼ࢔࡟ᅇ㊰࢚ࣜࡢ࢔ᅇ㊰ࢡࢵࣟࣈᅗ࡜㸪ୖࣉࢵࢳᦚ㍕఩⨨

㸦&DVHձ㹼&DVHմ㸧ࡍ♧ࢆ㸬ᅗ���E�࡟㐣ᗘ㟁ὶࡿࡼ࡟␗ᖖⓎ᣺ࡢ୙ⰋࡀⓎ⏕3ࡓࡋ//ᅇ㊰ࢡࢵࣟࣈࡢᅗࡍ♧ࢆ㸬

3//ᅇ㊰ࡢ≉ᛶኚືࡀⓎ⏕ࡿࡍせᅉࡣ࡚ࡋ࡜㸪9&2ᅇ㊰ࡀࡢࡶࡢࡑኚືࡓࡋሙྜ࡜㸪ᅗ���E�3/ࡍ♧࡟)㸪'LYLGHU㸪

&KDUJH3XPSࡢ࡝࡞࿘㎶ᅇ㊰ࡢࡽ࠿ධຊಙྕࡀኚືࡓࡋሙྜືࡶస୙ⰋࡣⓎ⏕ࡿࡍ㸬ࡵࡓࡢࡑ㸪௒ᅇࡢᐇ㦂࡛ࡣ㸪

&DVHմࡀ�✀㢮㸦9&2㸪&KDUJH3XPS㸧ࡢᅇ㊰ࡀࣉࢵࢳୖ࡟ୖࢡࢵࣟࣈᐇ⿦ࡾ࡞࡟࡜ࡇࡿ࠸࡚ࢀࡉ㸪ᅇ㊰ኚືせᅉ

㸪୙Ⰻࡵࡓࡿ࡞ࡃ㧗␒୍ࡀᛶ⬟ྍࡿࢀࡉᐇ⿦ࡀゅ㒊ࣉࢵࢳ࡟���QP௨ෆࡢࢱࢫࢪࣥࣛࢺࡢᐃ≉ࡿ࡞࡜୺せᅉࡢ

㸪&DVHࡵࡓࡿ࠶࡟ᅇ㊰ୖ(3/ࡀゅ㒊ࣉࢵࢳࡣ㸪&DVHճࡣ࡚࠸ࡘ࡟‽ᐇ㦂Ỉࡢࡾ㸬ṧࡓࡋ ᥎࡜ࡓࡗ࠿ከ␒୍ࡀᩘ

ձ㸪&DVHղࡣ㸪ࣉࢵࢳゅ㒊ࡀ'LYLGHUᅇ㊰ୖືࡵࡓࡿ࠶࡟స୙ⰋࡀⓎ⏕࡜ࡓࡋ᥎ ࡓࡋ㸬ࢢࣟࢼ࢔ᅇ㊰ࢵࣟࣈ

ࣈᅇ㊰ࡢ㸪'LYLGHUࡵࡓࡓࡗ࠿࡞ࡁධᡭ࡛࡚ࡋ࡜ᶵᐦ᝟ሗࡣᅇ㊰᝟ሗ࡞タィ࣮ࣝࣝ㸪ヲ⣽ࡢ㸪ᅇ㊰㒊ࡣタィࡢࢡ

��㸪ᅗࡾࡼᐇ㦂⤖ᯝࡢ㸪&DVHճ㸪&DVHմࡀࡓࡗ࠶୙࡛᫂ࡣ⨨఩ࡢࢡࢵࣟ�D�ࡍ♧࡟&DVHձ㸪&DVHղࣉࢵࢳࡢゅ

㒊㏆ഐ࡟'LYLGHUᅇ㊰ືࡢస୙Ⰻࢆ㉳ࡣ࡜ࡇࡿ࠶ࡀࢱࢫࢪࣥࣛࢺࡍࡇᐜ᫆࡟᥎ᐃ࡛ࡿࡁ㸬࠾࡞඲ᐇ㦂Ỉ‽࡚࡟

୙ⰋⓎ⏕⋡ࡀపࡣࡢ࠸㸪ୖࡢࣉࢵࢳゅ㒊㏆ഐ≉␗ᛶᛂຊࡢࢱࢫࢪࣥࣛࢺࡾࡼ࡟≉ᛶࡀ୙Ⰻࢆᘬࡁ㉳࡟࡝࡯ࡍࡇ

ኚືࡿࡍ⠊ᅖࡀ㠀ᖖ࡟ࡵࡓ࠸⊂࡟㸪ࡢࣉࢵࢳୖࡲࡓࡲࡓゅ㒊ࡀ㸪ࡢ࣮ࢱ࣐ࣥ࢘ࣉࢵࢳᦚ㍕⢭ᗘ㸦s��PP㸧ࣂࡢ

ᅇ㊰ࢢࣟࢼ࢔㸪ࡋ⏕Ⓨࡀ୙Ⰻ࡟ࡅࡔࡁ࡜ࡓࡋ⨨఩࡟㒊ୖࡢࢱࢫࢪࣥࣛࢺࡢᅇ㊰ࢢࣟࢼ࢔ࡢ㸪≉ᐃࡾࡼ࡟ࡁࡘࣛ

୙Ⰻࡤࢀࡅ࡞ࡋ⨨఩࡟ୖࡢࢱࢫࢪࣥࣛࢺࡢᅇ㊰ୖࢢࣟࢼ࢔ࡀゅ㒊ࡢࣉࢵࢳ㸪ୖࡶ࡚࠸࡚ࡗ㍕ࡀࣉࢵࢳୖ࡟ୖࡢ

㸪ࡋ៖⪄ࢆᛂຊ≉␗ᛶࡢゅ㒊ࣉࢵࢳ㸪ࡣタィ࡛ࡢࢪ࣮ࢣࢵࣃ㸪✚ᒙᵓ㐀ࡾࡼ࡟✲◊㸬ᮏࡿ࠶࡛ࡵࡓ࠸࡞ࡋ⏕Ⓨࡣ

ࡍ㓄៖࡟࠺ࡼ࠸࡞ࡋ⨨఩ࡀゅ㒊ࡢࣉࢵࢳ㒊ୖࡿ࡞࡜Ⅼ␗≉ࡢᛂຊ࡟ୖ┤ࢱࢫࢪࣥࣛࢺࡢෆ࢔ᅇ㊰࢚ࣜࢢࣟࢼ࢔

�㸬ࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠶ࡀᚲせࡿ

�

 �

                  (a) Function block on an analog circuit block.     (b) PLL circuit block. 
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