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Ê¹äÂ2, ¾Î�|ò¼R�Ú9íj¶¦�·uUàø Š�¤Í$, �¤jKuUàø_Ý(

4í (¹äÂ) �¶Âu* [11]Fê[í�d2T|� …ı�ql¾Î¹äÂ,íR�Ú9íÚ˜-

Z, 1‹JZG@àÊ GPS ä01.575GHz ,�

4.1 ¾ÎR�Ú9íŠ�¤Í$

Ê [11]d.2FT|í^k¹äÂíR�Ú9Ú˜àÇ4.1, …Ú˜¨Ö GPS ¹äÂDR�

Ú9^kÂ (Offset Compenstae)� LO signal â…ËPÓßÞímU�RF signal Ñ¹äÂâÙ

(FQYƒímU� R�Ú9^kÂ6uø_¹äÂ, w3bíŠ?uøR�Ú9m7i¦-V(‹

J[×1�fƒ¹äÂ (Mixer) 2, FJ^kÂ³¨Ö�¶ÂDòÓï[×Â, ¹äÂ†uø RF

mUD LO mUd¹äíŠ?� ¤Ú˜ZAø_Š�¤Í$, ñíuø�pmUíR�Ú9Áü�

Ç 4.1: Uàø Ý(4^kR�Ú9í¹äÂ-Z
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cq�ps �R�Ú9ímU�pƒ¹äÂ2, s�pmU LO signal�RF signal }�JH

UVin1¸Vin2[ý, 7VOUT=(Out+)-(Out−)�

Vin1 = Asinw1t + VOS1 (4.1)

Vin2 = Bsinw2t + VOS2 (4.2)

¹äÂíÓïÑAV 1, %¬¹äÂ¹ä(, Bbùàð„¬í (3.24) �, ªJ)ƒ�|Ú9

VOUT = AV 1Vin1 · Vin2 (4.3)

= AV 1[VOS1VOS2 + BVOS1sinw2t + AVOS2sinw1t

+
1

2
ABcos(w2 − w1)t− 1

2
ABcos(w1 + w2)t] (4.4)

(4.4) �2�(í¥s_bç�äÖ�VOS1¸VOS2uBb;ø−íR�m7, ÖÍVOS1VOS2¥ø

á6¨Ö7s mUíR�Ú9, .¬à‹Vin1mUíR�Ú9VOS1ÑÉv, †Vin2mUíR�Ú

9VOS2BbøÌ¶¦), ÄÑÊ�|«,uVOS1VOS2=0, à‹Vin2mU,�R�Ú9ím7, [ý

BbAVOS1sinw2t�=0, BbªJø¥_VOS2ím7%âŠ�¤,í^kÂ�fƒVin2mU«dŠ

�¤^k, ¤�|«�ø_R�Ú9mUÑAVOS2sinw1t, ªJø¥ mUDVin1mUT¹ä, ßÞ

ò¼Ú9, 1%¬ø_Q¦˙šÂ˙ÎÆm,7Š�¤,í^kÂÓïÑAV2, �¤« RF-ÿªJ)

ƒø_¨ÖVOS1íò¼Ú9¸ø_œQä(w1 − w2)ímU�

RF− = AV 2 · VOUT · Vin1 (4.5)

=
1

2
AV 1AV 2A

2VOS2 +
1

2
AV 1AV 2ABVOS1cos(w2 − w1)t (4.6)

c_Ú˜ªJ�“A(4íj)Ç4.2�

1V1

V22

OUT

1

2

INPUT

LOWPASS FILTER

LOWPASS FILTER

Ç 4.2: ^k¹äÂíR�Ú95(4“j)Ç
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âj)ÇªJ)ƒ�|í��ƒb (4.7) �,Input Ñ,�píR�Ú9JVOS,total,

VOUT =
AV 1

1 + AV 1A + V 2
VOS1 +

AV 1AV 2

1 + AV 1AV 2
VOS2 (4.7)

VOUT = AV 1VOS,total (4.8)

VOS,total =
1

1 + AV 1AV 2
VOS1 +

AV 2

1 + AV 1AV 2
VOS2 (4.9)

VOS1íR�Ú9¾Á7( 1
AV1AV 2

), 7VOS1¦�·'ü, �à,�píR�Ú9.u'×, AV 2Ñ^

kÂíÓï, ^kÂ¦�.}b°bGßí(4�, Éb®ƒ�¶D[×íŠ?� à‹¹äÂ.u@

àÊòä, †^kÂÚ˜ªJUà MOS �ñ õÛ�

4.2 @àÊ500KHzä0,í^kR�Ú9í¹äÂqlD_Ò

qlø_@àÊ500KHzªJ^k�pR�Ú9í¹äÂ, ¹äÂÚ˜àÇ4.3, ^kÂÚ˜

àÇ4.4� RF�pmUÑ0.1 · sin(2πf1)t�LO �pmUÑ0.2 · sin(2πf2)t, ¥s�pmUíä0

uf1Df2, 7ä0}�Ñ505KHz¸500KHz, Ç4.3RfilterDCfilterÑø_Q¦˙šÂ, wñíu

øf1-f2í2ämU˙|� Bbql¹äÂíÓïÑ40V/V , ^kÂíÓï2500V/V , â^kÂí�

|�¤#RF-«� Ç4.5 Ñ^kÂÂä ×	Ê200KHz˝¬, çÑ LOmU�100mV íR�Ú9,

�¤« RF-Ú9ív�Ç4.6,[ý� RF-«í�áÚ9Ñ1.391V �RF+ «íò¼R9Ñ1.4V ,RF

s«�100mV íR�Ú9� %¬1msec, RF-«ímUQ¡1.4V , 7Ê1.4V ,*�íä0Ñ (f1-

f2) íä0mU� 7�|Ú9š$àÇ4.7, š$×üÑ700mV ä0Ñ5KHz� à‹Bb Z‰�¤

Úñí×üC1, ªJ˙ÎQäá(f2 − f1) í G*�Ûï� ƒ® GvÈ6ªœÅ� àÇ4.8 ÑZ

‰�¤Úñ(í�¤Ú9, Úñ×10I� �|í GvÈ6M10I˝¬, ¤Ú˜ql,u¾�íŠ

0Ñ1.2599mW �
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Ç 4.3: ¹äÂDQ¦˙šÂ

Ç 4.4: ^kR�Ú9íÚ˜Ç
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4.3 @àÊ GPS ä0,í^kR�Ú9í¹äÂql

Bbø,�qlíÚ˜@àÊ GPS ä0,, ¤Ú˜ÍTä0Ê1.575GHz� âk MOS ^k

Âíä }.D , û_ MOS ^kÂíÓï§ƒ�àÇ4.5, FJBbø^kÂÚ˜2, �òä�

pí MOS �ñZÑ NPN BJT Ú�ñàÇ4.9, 1/BbªJå|^kÚ˜íä0à@š,Ç,

àÇ4.10GPS ^kÂíä ×	10MHz˝¬� Bb RF �pmUÑ0.1 · sin(2πf1)t,LO �pm

UÑ0.1 ·sin(2πf2)t, w2f1Df2íä0}�Ñ1.57542GHz¸1.571424GHz�7òÓï
íjK

Uà MOS �ñ, OÓï}ªUà BJT Ú�ñQø<, ¹äÂ¹ä(ímUä0×	4MHz, 7

Óï×	Éu5dB, �|}|ÛÓïÑ5dBí4MHzmU� FJ RF-«í GÚ9D RF+ «}ó

Ïø_R�Ú9 (3.24) �, ¥_R�Ú9×üD¹äÂ£^kÂíÓïóÉ�%¬_Ò(Ç4.11 Ñ

RF-«�¤«íš$, ×	R�74mV ˝¬, à‹bU)R�¾Áü.â±QÓ‹^kÂíÓï,7

�¤ÚñMu�àš$í ìvÈ¸*�í×ü, /*�ä0}�à¹äÂ…™í4?� 7Ç4.12

Ñ¹äÂí�|š$�

feedback

Ç 4.9: UàBJT dÑ^kÂ5Ú˜
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4.4 @àÊ GPS ä0,Uàs Š�¤^kí¹äÂql

ô/,ø�íh1, àø_^kÂ�¤^k RF mUíR�Ú9, ó°íBb6ªJyUà

ø GPS ^kÂ^k LO mUíR�Ú9, U) RF mU«D LO mU«·�Š�¤−„

Ú˜í^k� Uàs �¤^kíiõu.ÛÄÑŠ-C�ñí.®ßÞçÕíR�Ú9, âŠ�

¤−„Í$ JÓs�p RF «¸ LO «í�pò¼Ú9� Ú˜-ZàÇ4.13 uUàs ^k

Â� cqBb LO �pmUÑ0.2 · cos(2πf1)t�RF �pmUÑ0.1 · cos(2πf2)t,f1Df2ä0}�

Ñ1.57542GHz¸1.571424GHz� %â Hspice _Ò, BbhôÊ³�Uà�¤^kÂÚ˜v, à

‹ RF mUD LO mU�R�Ú9150mV�|š$àÇ4.14, ¹äÂ�|íš$PÙÁý25I,

ªJì2Ñ³�£�í�T� Bbyhô�Uà�¤^kí¹äÂÚ˜, JBb�píò¼Ú9D

^kÂí�áÚ9ó¡, †�¤s« LO-«D RF-«í�|š$, àÇ4.15,4.17 }�Ñ RF-¸

LO-�¤«í�| GÚ9, ×	Ê6usecv, sš$ ìÊø_ìM, Ç4.16�4.18 Ñ RF mU

D LO mU�¤^k(í GÏÏ×	Ê3mV ˝¬, 7¹äÂ�|š$àÇ4.19, �|š$Ñ×

ü1VP /ä0Ñ4MHzímU, �|íò¼R�Ú940uV ˝¬� Bb¿tƒ LO mU?«w§R

�Ú9í¸ˇâ2.7V ƒ0.86V , ¹äÂEÍªJ£��T� ¿t RF mU«w§R�Ú9í¸ˇ,

Ê3.3V ƒ1.61V í¸ˇq¹äÂEÍªJ£��T,RF «í,ÌR�Ú9Ç4.20,RF «í-ÌR

�Ú9Ç4.22, 7Ç4.21�4.23 }�¹äÂÊ RF «�p,� -ÌÚ9v�|š$�

�p« ,ÌÚ9 -ÌÚ9 ¸ˇ �pä0

LO+ 2.7V 0.86V 1.84V 1.571424GHz
RF+ 3.3V 1.61V 1.69V 1.57542GHz

[ 4.1: �pmURF�LO íÚ9¸ˇDä0[

33



� 4 ı ¾ Î ¹ ä Â , í R � Ú 9 D _ Ò

Q3

EE

f

f

f

f

Ç 4.13: Uàs �¤Í$, ¾ÎR�Ú9¹šÂí-Z

Vo
lt

ag
es

 (
li

n)

-40m

-20m

0

20m

40m

Time (lin) (TIME)
0

1u

Ç 4.14: „^k150mV R�Ú9í�|«š$

ç�pR�Ú9×k150mV , †¹äÂíÚ¼~².êr, û_¹äÂíPÙ-±25I, ,Ç

Ñ¹äÂí�|š$, w2ä0Ñ4MHz�

34



� 4 ı ¾ Î ¹ ä Â , í R � Ú 9 D _ Ò

Vo
lt

ag
es

 (
li

n)

1.32

1.34

1.36

1.38

1.4

Time (lin) (TIME)

0 2u 4u 6u 8u 10u 12u 14u
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Ç 4.20: ^k(RF «�pí|òÚ9
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Ç 4.22: ^k(RF «w§�pí|QÚ9
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