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2.1 �¶ÂŸÜD@à

Ê GPS íQYÂ2, ¦ämUl%¬QÆm[×Â (LNA) Ó#mU#�(, Ê%¬¹ä

Â (Mixer) ±äÑ!ämUÇ2.1� ¹šÂÊQYœÑø_±ä�²íŠ?jK, 6ª˚Ñ�¶Â
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Ç 2.1: GPS QYÂí-Z

(multiplier), N¬¹ä¹šÂªJésmUdó�, ßÞä0¸Dä0ÏV®ƒZ‰�|ä0íñ

í, Ç2.2 Ñø_¹äÂ�

¹äÂ (�¶Â) Ú˜Ñú«jK, �p« X,Y }��psš]UA1cosw1t,A2cosw2t, ¹š

Â�|« Z Ñ

Z = A1cosw1t · A2cosw2t (2.1)

=
A1A2

2
(cos(w1 + w2)t + cos(w1 − w2)t) (2.2)
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Ç 2.2: ¹äÂj)Ç

â (2.2) �)ƒ¹šÂ�|]U¨Ö7s�p]Uíä0¸Dä0Ï, ä0¸ªJç¯ä� ä0Ïç

±ä, �|í¥s ä0ÏøOVz'×, ‡ú.°í@àñí¦|;bí]U, †Çø ä0ªJ

Uà˙šÂøw¾Î, 6ÓO@àä0í¸ˇ²Ï.°í`˙, TSMC 0.35um SiGe BiCMOS `

˙TX7 NPN �í BJT jK,BJT jKíÀøÓïä0 (unity gain frequency) ×�50GHz,

BJTjKª MOS jK_¯àÊ GPS òä2�

2.2 BJTùïÌéª�¶Â

âøOt�íÂ«Ï�[×ÂàÇ2.3,

EE

Ç 2.3: Â«Ï�[×Â
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w2BbcàÚ�ñíη = 1,IC1¸IC2DIEEíÉ[�ªJ�“A (2.5) í$�,

IC1 = IEE

1+e
(

Vin1
VT

)
(2.3)

IC2 = IEE

1+e
(
−Vin1

VT
)

(2.4)

Â«Ï�[×Âí�|íÚ¼ÑIC1-IC2, ¹ªJ)ƒø Vin1ÑΔI íƒb íbç� (2.7) �.

ΔIout = IC1 − IC2 (2.5)

= IEE tanh(
Vin1

2VT

) (2.6)

JBbcqVin1Ñü]UÚ9/±ük2VT , ¹Vin1

2VT
<<1, †Â«Ï�[×Âí�pÚ9Vin1D�|

Ú¼ªJ¡NÑ(4íj˙�

ΔIout = IEE(Vin1

2VT
) (2.7)

Ç2.4 ÑÏ�úíΔIDVin1í�(_ÒÇ, ®Ú¼qlÊÑIEE=320uA, �pVin1=±50mv ¸ˇ

œÑ(4�
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Ç 2.4: ÑÏ�úíΔIDVin1í�(
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â (2.7) �2, ı��pÚ9Vin26Ñ®Ú¼IEEíƒb, ÿªJvƒø s�p]Uó��í

É[, w2‚àÚ9Vin2−„®Ú¼IEEíj¶õÛ, àÇ2.5.

Ç 2.5: BJT ùïÌéª�¶Â

cq Q1D Q2íÚ�ñÔ4ó°, Â«Ï��|Ú¼ªJ®ƒs�p]U�¶íŠ?, w

2VBEonÑ Q3Ú�ñ!¦”íû¦Ú9�

ΔIout = Vin1(
Vin2−VBEon

2VT R
) (2.8)

âkVin2í�p]U.âUàÚ�ñ Q3�T, FJVin2í]UbÑ£íÚ9M, 7Vin1]UÑø 

Â«Ï�úí�pÚ9mªJÑ£6ªJÑŠ, FJVin1DVin2íÉ[cÑs_ïÌ, ˚¤Ú˜Ñù

ïÌíéª�¶Â (Two-quadrant analog multiplier) C˚Ñª‰Óï[×Â (VGA), ùïÌ

�¶ÂÚ˜@àÊ�p]U×ü‰“'×íÍ$2�

2.3 BJTûïÌéª�¶Â

Ê�¶Â‹,Ú9−„®Ú¼íÚ˜-Z2, cÌks_ïÌí@à, Ú9ÓïÑŠM; ı

�Ú9ÓïªJ�£ŠM� ‚às_[×Âí�|¸VõÛÇ2.6, ,�|Ú9�s_Ï�[ÂíÓ

ïA1,A2íÉ[,

Vout = Vout1 + Vout2 (2.9)

= A1Vin1 + A2Vin1 (2.10)
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Ç 2.6: �|Ú9¸5s_[×Âíj)Ç

ÓïM¸Ú¼í×üªJàVcon1¸Vcon2−„, Vcon1 − Vcon2½hì2ÑVin21øÚ�ñ Q5-

Q6âøúÏ�úH�Ÿ…íÚ9−„Ú¼í_0Ç2.7, ¤Ú˜˚Ñ Gilbert Multiplier Cell /Ñ

ûïÌ�¶,

2

1 2 3 4

5 6

3 2 4

1

Ç 2.7: Glibert Cell
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…íò¼}&ªJRû|

IC1 = IC5

1+e
(
−Vin1

VT
)

(2.11)

IC5 = IEE

1+e
(

Vin2
VT

)
(2.12)

(2.11)�(2.12) �¯9°|IC1

IC1 = IEE

(1+e
(
−Vin1

VT
)
)(1+e

(
Vin2
VT

)
)

(2.13)

°ÜªJ)ƒIC2�IC3�IC4bç�

ΔI = (IC1 + IC3) − (IC2 + IC4) (2.14)

= IEE tanh(
Vin1

2VT
) tanh(

Vin2

2VT
) (2.15)

çVin1�Vin2<<VT , BbªJø(2.15) ¡NÑ (2.16)

ΔI ≈ IEE(
Vin1

2VT

)(
Vin2

2VT

) (2.16)

�¶Âí�|Ú¼Ñs�p]U��� Ê>¼}&_Ò2, BbqlIEE=320uA, s�pmU

×üVin1=0.1V ¸Vin2=0.01V , wä0}�Ñ100KHzD110KHz, 1/U Q1�Q2�Q3�Q4û_

Ú�ñdÚ¼í~², Ç2.8 Ñ_Ò Gilbert cell �|íš$, wÚ9Óï Av=-30V/V, ªJ)Q

ä]U×üÑ300mV ä0Ñ10KHz7òäí]Uä0u210KHz�

Vo
lt
ag
es
 (
li
n)

-300m
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-200m
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Time (lin) (TIME)
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Ç 2.8: ÊÓïÑ30v/v, ¹äÂí�|š$Ç
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2.4 ‹,¦”¢“Ú®í BJT �¶Â

Ê�¶Âí@à2, QYƒí]U×üî.Øó°, O·ı��pƒ�¶Âí]UªJÍTÊœ

(4í¸ˇ, J�p]UØ×}�àƒ�|í(4�, Ê (2.16) �2í¡N!‹.}A�,V1>2VT ,

�¶Â�|Ú¼ΔIDVin1¸Vin25ÈYÍÑÝ(4 (2.15) �� Ñ7ªJÓ‹ Gilbert multiplier

cell í�p(4¸ˇ, Bbø Q1�Q2s_Ú�ñí¦”�,Ú®REÇ2.9, ªJRû|Vin1DΔIí

Ç 2.9: ‹pRE Ú®Ï�úÚ˜Ç

bç� (2.18), â (2.19) j˙�ø−, �ìΔIDVT ( IC1

IC2
)íM, †Vin1DREA£ª

Vin1 = VBE1 − VBE2 + (IC1 − IC2)RE (2.17)

= ΔIRE + VT (
IC1

IC2
) (2.18)

Bbql,Ú¼ÊIEE=320uA, �(}�ÑRE=0Ω�100Ω�250Ω�500Ω�1KΩ, çREÚ®q

lÊ1K v, �p(4¸ˇªJ®ƒVin1=700mV , Ç2.10 Ñ_Ò¤Ú˜í(4É[�

7Ê>¼}&2, ‹,¢“Ú®í�¶Â}�àÚ9Óï, JJü]U}&Vn	‹,¢“Ú

®(í�¶ÂÚ9ï,

AV =
−R

( 1
gm

) + RE
(2.19)

Ó‹(4�Ou±Q7Ú9Óï, ¤Ú˜Ñ¦”¢“Ú®�¶ÂÇ2.11.
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Cu
rr

en
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Ç 2.10: ‹p.°Ú®MRE,Vin1¸ΔICí�(Ç,XWÑVin1�Y WÑΔIC

EE

E E

Ç 2.11: ‹,¦”¢“Ú®íûïÌ�¶Â
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2.5 ‹,¥…�í BJT �¶Â

‹,¢“Ú®í�¶Âu?Ø×�p(4¸ˇÓ‹(4�, Ou�àƒ�¶ÂíÓï� Ê (2.16)

�2, „‹,¢“Ú®í�¶Âb®ƒGßí(4��p, ]U×üb±ük2VT , à‹ÊGilbert

cell �¶Âí�p«‡‹,¥…�Ú˜ (Inverse hyperbolic tangent circuit) Ç2.12, .ÉªJ

ø�¶Â5�pú�|íÝ(4 tanh ƒbJ¾ (2.15) �, ¹U�p]U×k2VT , ÉbÚ�ñª

J£��T, �pD�|íEÍu×Û(4íÉ[, ‹,¥…�í�¶ÂÇ2.13, ¥…�Ú˜Rûà

-

Ç 2.12: ¥…�Ú˜íj)Ç

ΔVin′ = VBE1 − VBE2 (2.20)

= VT ln(
IO + KVin

IS
) − VT ln(

IO − KVin

IS
) (2.21)

= VT ln(
IO + KVin

IO − KVin
) (2.22)

˛øtanh−1 X=1
2
ln(1+X

1−X
), FJªJø (2.22) «“�Ñ (2.23)

ΔVin′ = 2VT tanh−1(
K1Vin

IO
) (2.23)

ΔI = IEE
(K1Vin1)(K2Vin2)

IO1IO2

(2.24)
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* (2.23) �.âÅ—IO± KVin> 0, ªJ)ƒVin1 Vin2�pÌ„¸ˇÑ

−IO

K1
< Vin1 <

IO

K1
(2.25)

−IO

K2
< Vin2 <

IO

K2
(2.26)

EE

Ç 2.13: ‹,¥…�Ú˜í�¶Âj)Ç
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2.6 MOSÀ«�©¹äÂíä0}&D�TŸÜ

À«�©�¹äÂ (single-balanced mixer) 6u MOS ùïÌ�¶ÂàÇ2.14� �pVRF ]U%

â M1�û
 (transconductance stage) øVRFÚ9]U�ÑÚ¼]U,7M2-M3íÏ�úÑÚ

¼~²
 (switch stage) øVRF�pÚ¼]UT~²àÇ2.15 wVLO]UU)~²
í~²ä0

ÑwLO, %âŠ-
 (Load stage) øü]UÚ¼�²ÑÏ��|Ú9, cqVRF (t)=vRF coswRF t

,IRF =IBIAS+gm1vRF coswRF t,7VLOmUVLO±=±vLOcoswLOt. Ü;Ú¼~²íŸÜàÇ2.15

LO

RF

LO

RF

BIAS

Ç 2.14: À«�©�¹äÂ

[ý~²íš$¡Njš/ä0ÑwLO.

LO

Ç 2.15: Ü;Ú¼~²š$
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VLO(t) =
4

π
[coswLOt +

cos3wLOt

3
+

cos5wLOt

5
+ ....] (2.27)

= sgn[coswLOt] (2.28)

À�©¹äÂí�|Ú9VIFÑ,

VIF = VIF+ + VIF− (2.29)

= IRF R · sgn[coswLOt] (2.30)

= IRF R · 4

π
[coswLOt +

cos3wLOt

3
+

cos5wLOt

5
+ ...] (2.31)

= (IBIAS + gm1 · vRF coswRF t)R · 4

π
[coswLOt +

cos3wLOt

3
+ ..] (2.32)

VIF ≈ 4

π
IBIASR · coswLOt

+
2

π
gm1 · vRF R · [cos(wRF − wLO)t + cos(wRF + wLO)t] (2.33)

â (2.34) �ªJ)ƒÀ�©¹äÂÓï 2
π
gm1R, /Ê (2.33) �2ªJõ|�|«VIF �wLOmU

æÊ, 6[ý LO mU}òQ¢Õƒ IF «�

2.7 MOSÂ«�©¹äÂíä0}&D�TŸÜ

Â«�©�¹äÂ (single-balanced mixer) 6u MOS ûïÌ�¶ÂàÇ2.16� cq RF �pm

UÑVRF±(t)=±vRF · coswRF t£ LO mUÑVLO±(t)=±vLO · coswLOt, Ú�ñ M1�M2íÚ¼

}�Ñ.

IM1 = IBIAS + gmvRF coswRF t (2.34)

IM2 = IBIAS − gmvRF coswRF t (2.35)

Ú�ñ M3�M4�M5�M6íÍT�à~²ÇÉøO, ]ªR)¼%Ú¼Ñ

IM3 = IM1(0.5 + 0.5sgn[coswLOt]) (2.36)

IM4 = IM1(0.5 − 0.5sgn[coswLOt]) (2.37)

IM5 = IM2(0.5 − 0.5sgn[coswLOt]) (2.38)

IM6 = IM2(0.5 + 0.5sgn[coswLOt]) (2.39)

Ä¤�|«íÚ¼IIFÑ

IIF = IIF+ + IIF = (IM1 − IM2) · sgn[coswLOt] (2.40)
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Ç 2.16: Â«�©�¹äÂ

ø (2.27) �	p1øsgn[coswLOt]àZ‚s
b
Ç

IIF = 2gm · vRF coswRF t · 4

π
[coswLOt +

cos3wLOt

3
+ ......] (2.41)

VIF = IIF R

≈ 4

π
gmR · vRF · [cos(wRF − wLO)t + cos(wRF + wLO)t] (2.42)

ª)Â«�©íÚ9ÓïÑ 2
π
gmR, 7/Â�©�|VIF³� LO íä0æÊ, Ä¤Â�©¹äÂ

í½×�œÀ«�©¹äÂ7�
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