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$ EVW U DFW _%DVH EDQG DPSOLpH UV KDYH EH H Q IDEULFDWH G LQ WKH

WUDQVIH UUH G�VXEVWUDWH + %7 SURFH VV� $ 'DUOLQJWRQ DPSOLpH U

DFKLH YH G D '& JDLQ RI ���� G% ZLWK ! �� *+ ] EDQGZLGWK�

$ PLUURU GRXEOH U DPSOLpH U DFKLH YH G D '& JDLQ RI ��� G%

ZLWK �� *+ ] EDQGZLGWK� 7 KH VH DPSOLpH UV ZLOO EH XVH IXO IRU

IXWXUH ZRUN LQ $'&V� '$&V� DQG pEH U�RSWLF UH FH LYH UV� DQG

VH UYH WR EH QFKPDUN WKH WUDQVIH UUH G�VXEVWUDWH WH FKQRORJ\�

,� ,QW U RGXF W LRQ

:,'( EDQGZLGWK� '& FRXSOHG DPSOLpHUV DUH EDVLF
EXLOGLQJ EORFNV IRU ODUJHU DQDORJ V\VWHPV>�@� >�@� >�@�

'HVLJQ DQG HYDOXDWLRQ RI VLPSOH �VLQJOH�VWDJH DQG VLQJOH�
HQGHG� EURDGEDQG DPSOLpHUV LV D pUVW VWHS WRZDUGV GHYHO�
RSPHQW RI WKH PRUH FRPSOH[ DPSOLpHUV� $PSOLpHUV VXFK
DV DUH UHSRUWHG KHUH ZLOO EH FRQYHUWHG WR GLoHUHQWLDO IRUP
DQG $*& DGGHG WR SURGXFH D JDLQ VWDJH IRU D pEHU UH�
FHLYHU>�@� 'LoHUHQWLDO YHUVLRQV RI WKHVH DPSOLpHUV ZLWK FD�
SDFLWLYH IHHGEDFN ZLOO EH XVHG DV *P�& DFWLYH pOWHUV DQG
DV WKH LQWHJUDWRUV LQ GHOWD�VLJPD $'&V>�@� 7KHVH UHVLVWLYH
IHHGEDFN DPSOLpHUV WKHQ VHUYH DV PRUH DFFXUDWH DQG XVHIXO
pJXUHV RI PHULW IRU V\VWHP GHVLJQ WKDQ GHYLFH EDQGZLGWK�
:H KDYH IDEULFDWHG WZR UHVLVWLYH IHHGEDFN DPSOLpHUV

ZLWK VLQJOH KHWHURMXQFWLRQ ,Q3 EDVHG +%7V XVLQJ WKH
WUDQVIHUUHG�VXEVWUDWH SURFHVV� 7KHVH DPSOLpHUV GHPRQ�
VWUDWH ORZ SRZHU GLVVLSDWLRQ DQG UHFRUG JDLQ�EDQGZLGWK�
7KH JDLQ DQG EDQGZLGWK RI WKHVH OXPSHG DPSOLpHUV PXFK
UHGXFHV WKH QHHG IRU WUDYHOOLQJ ZDYH VWUXFWXUHV DQG WKHLU
DWWHQGDQW GLrFXOWLHV�

,,� 7 U DQVI HU U HG�6XEVW U DW H +%7 3U RF HVV

$ EULHI UHYLHZ RI WKH WUDQVIHUUHG�VXEVWUDWH +%7 SURFHVV
IROORZV>�@� >�@� 7KLV SURFHVV DOORZV GHpQLWLRQ RI +%7V ZLWK
QDUURZ HPLWWHU DQG FROOHFWRU VWULSHV� &ROOHFWRU�EDVH FDSDF�
LWDQFH �&FE� VFDOHV ZLWK WKH DUHD RI WKH FROOHFWRU FRQWDFW
LQVWHDG RI WKH DUHD RI WKH EDVH PHVD� 7KH +%7 WKHQ KDV
DQ IPD[ ZKLFK LQFUHDVHV DV WKH HPLWWHU�EDVH DQG FROOHFWRU�
EDVH MXQFWLRQ DUHDV DUH UHGXFHG� 7KLV OLWKRJUDSKLF VFDO�
LQJ RI WKH GHYLFH FDQ EH DFFRPSDQLHG E\ WKLQQLQJ RI WKH
HSLWD[LDO OD\HUV WR UHGXFH WUDQVLW WLPH� 7KH FXUUHQW SUR�
FHVV SURYLGHV WKUHH OHYHOV RI PHWDOOL]DWLRQ SOXV D PLFURVWULS
JURXQG SODQH� 0,0 FDSDFLWRUV� 1L&U UHVLVWRUV� DQG WKHUPDO
YLDV IRU KHDW VLQNLQJ� 7KH DPSOLpHUV LQ WKLV ZRUN DUH QRW
WKH UHVXOWV RI KLJKO\ VFDOHG GHYLFHV� EXW XWLOL]H FRQVHUYDWLYH
� zP HPLWWHU VWULSH DQG � zP FROOHFWRU VWULSH JHRPHWULHV�
7KH OD\HU VWUXFWXUH RI WDEOH � LV JURZQ E\ 0%(� 7KH

+%7V UHSRUWHG KHUH XWLOL]HG D 6FKRWWN\ FRQWDFW WR WKH FRO�
OHFWRU� HOLPLQDWLQJ WKH QHHG IRU D VXEFROOHFWRU OD\HU� 7KH
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EDVH DQG HPLWWHU OD\HUV DUH JURZQ XQGHU KLJK $V� qX[ DQG
ORZ JURZWK WHPSHUDWXUH ����r� WR PLQLPL]H EHU\OOLXP RXW�
GLoXVLRQ IURP WKH � d ���� GRSHG EDVH� 7KH EDVH OD\HU
LQFOXGHV DSSUR[LPDWHO\ �� P9 RI FRPSRVLWLRQDO JUDGLQJ WR
UHGXFH EDVH WUDQVLW WLPH>�@� $IWHU 0%( JURZWK RI WKH OD\HU
VWUXFWXUH� SURFHVVLQJ EHJLQV ZLWK GHpQLWLRQ RI WKH HPLWWHU
FRQWDFW� 7KH VHOI�DOLJQHG EDVH FRQWDFW HWFK IROORZV� WKHQ
GHSRVLWLRQ RI WKH EDVH FRQWDFW PHWDO� ,VRODWLRQ PHVDV DUH
WKHQ HWFKHG� 3RO\LPLGH LV VSXQ RQ WKH ZDIHU WR D WKLFNQHVV
RI ��� zP� WKHQ HWFKHG EDFN WR H[SRVH WKH HPLWWHU pQJHU�
)LJXUH � VKRZV D VFKHPDWLF RI WKH SURFHVV DW WKLV SRLQW�
1L&U UHVLVWRUV DUH GHSRVLWHG IRU DQ LQWHQGHG VKHHW UHVLV�

WDQFH RI �� n�VTXDUH� $IWHU UHVLVWRU GHSRVLWLRQ WKH pUVW
OD\HU RI PHWDO �0�� LV GHSRVLWHG� ZKLFK FRQWDFWV WKH H[�
SRVHG HPLWWHU pQJHU DQG EULGJHV RYHU WKH SRO\LPLGH WR IRUP
HLWKHU WKH JURXQG SDG �IRU GHYLFHV� RU DQ LQWHUFRQQHFW� $
OD\HU RI 6L1 LV GHSRVLWHG WKDW IRUPV FDSDFLWRU GLHOHFWULF DQG
SUHYHQWV JURXQGLQJ RI GHYLFH HPLWWHUV� 7KH VHFRQG OD\HU RI
LQWHUFRQQHFW �0�� LV GHSRVLWHG RYHU WKH 6L1�
7KH PLFURVWULS GLHOHFWULF LV WKHQ VSXQ RQWR WKH ZDIHU�

%HQ]RF\FOREXWHQH �%&%� LV XVHG EHFDXVH RI LWV ORZ PL�
FURZDYH ORVV DQG ORZ GLHOHFWULF FRQVWDQW �sU ����� )RU WKLV
ZRUN� WKH WKLFNQHVV RI %&% XVHG ZDV �� zP� 9LDV DUH GU\�
HWFKHG LQ WKH %&% GRZQ WR 0�� 7KHVH YLDV DUH IRU KHDW
VLQNLQJ DQG�RU HOHFWULFDO JURXQGLQJ� :KHUH QHFHVVDU\� GH�
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)LJ� �� 6 FK HP DWLF DIWHU LVRODWLRQ HWFK



YLFH HPLWWHUV DUH JURXQGHG ZLWK D 6L1 HWFK EHIRUH 0� GH�
SRVLWLRQ� *ROG SODWLQJ LV WKHQ SHUIRUPHG WR pOO WKH YLDV DQG
IRUP D JURXQG SODQH �VHH pJXUH ���

gold ground plane
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thermal
    via
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M1 poly M2 SiN NiCr contact

)LJ� �� 6 FK HP DWLF DIWHU JROG S ODWLQ J JU RX Q G S ODQ H

7KH ZDIHU LV WKHQ VROGHU ERQGHG WR D *D$V ZDIHU RI VLP�
LODU VL]H DQG VKDSH WR SURYLGH PHFKDQLFDO VXSSRUW� $Q +&O
HWFK UHPRYHV WKH ,Q3 VXEVWUDWH FRPSOHWHO\� VWRSSLQJ RQ WKH
,Q*D$V FROOHFWRU� &ROOHFWRU PHWDO �0�� GHSRVLWLRQ IROORZV�
WKHQ D VHOI�DOLJQHG UHFHVV HWFK RI WKH FROOHFWRU VHPLFRQGXF�
WRU FRPSOHWHV WKH SURFHVV �VHH pJXUH ���

M1 poly M2 SiN NiCr contact

ground viatransistor resistor capacitor microstrip

gold ground plane

BCB   gold
thermal
    via

GaAs carrier wafer

In/Pb/Ag solder
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)LJ� �� 6 FK HP DWLF DIWHU G HS RVLWLRQ RI FROOHFWRU P HWDO �0��

,,,� $P SO LI LHU 'HVLJQ

$ FLUFXLW GLDJUDP IRU WKH 'DUOLQJWRQ IHHGEDFN DPSOLpHU
LV VKRZQ LQ pJXUH �� $ FKLS SKRWR LV VKRZQ LQ pJXUH �� 3UR�
YLVLRQ LV PDGH IRU LQGHSHQGHQW ELDVLQJ RI WKH FROOHFWRU RI
4�� UHTXLULQJ D WKLUG SDG� 7KH DUHD RI WKH FKLS LV WKHQ SDG
OLPLWHG DW ���� PP ; ���� PP� RU ����� PP�� 6LPXODWHG
YDOXHV RI '& JDLQ DQG � G% EDQGZLGWK DUH ���� G% DQG ��

'HYLFH (PLWWHU &ROOHFWRU %LDV
GLPHQVLRQ GLPHQVLRQ &XUUHQW

4� � d � zP� � d �� zP� ��� P$
4� � d �� zP� � d �� zP� ���� P$
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'HYLF H VSHF LI LF DW LRQV I RU 'DU O LQJW RQ DP SO LI LHU �

OUTIN

BIAS

Q1
Q2

625 Ω 625 Ω

55 Ω

65 Ω

350 Ω

107 Ω
0.94 ps

90 Ω
0.98 ps

107 Ω
0.14 ps

)LJ� �� & LU FX LW G LDJU DP RI 'DU OLQ JWRQ $ P S OLp HU � /LQ H VHFWLRQ FK DU �

DFWHU LVWLF LP S HG DQ FH DQ G HOHFWU LFDO OHQ JWK DV LQ G LFDWHG �

*+]� UHVSHFWLYHO\� 7KH UDGLDO VWXE E\SDVV FDSDFLWRUV KDYH
D �VLPXODWHG� FDSDFLWDQFH RI ��� I)� 7XQLQJ LQGXFWRUV DQG
VKXQW UHVLVWRUV WR JURXQG DUH XVHG RQ LQSXW DQG RXWSXW WR
UHGXFH UHqHFWLRQ ORVV DQG LQFUHDVH EDQGZLGWK� 1R WKHUPDO
YLD LV SURYLGHG RQ WKH GHJHQHUDWLRQ UHVLVWRUV RI 4�� DV WKH
SDUDVLWLF FDSDFLWDQFH IURP WKH YLD GHJUDGHV WKH DPSOLpHU
EDQGZLGWK� $V WKH ,& SURFHVV LV VWLOO XQGHU GHYHORSPHQW�
GHVLJQ UXOHV GR QRW \HW H[LVW SHUWDLQLQJ WR WKH FXUUHQW FDUU\�
LQJ FDSDFLW\ RI UHVLVWRUV ZLWK DQG ZLWKRXW KHDW VLQNV� 7KH
IHHGEDFN SDWK FRQVLVWV RI D ��� n UHVLVWRU LQ VHULHV ZLWK D
VPDOO LQGXFWDQFH� $ WKHUPDO YLD LV SURYLGHG RQ HDFK GH�
YLFH� ZKLFK RQ WKH LQSXW GHYLFH UHSUHVHQWV D VPDOO EXW QRW
QHJOLJLEOH SDUDVLWLF FDSDFLWDQFH IURP WKH HPLWWHU WR JURXQG�
7KLV FDSDFLWDQFH DULVHV IURP WKH RYHUODS RI WKH 0� WR WKH
JURXQGHG 0� WKURXJK WKH 6L1 GLHOHFWULF�

)LJXUHV � DQG � VKRZ D FLUFXLW GLDJUDP DQG FKLS SKRWR RI
WKH PLUURU GRXEOHU DPSOLpHU� 7KLV DPSOLpHU XVHV DQ HPLWWHU
IROORZHU WR GULYH D PLUURU GRXEOHU>�@� $ WKLUG SDG LV DOVR

)LJ� �� & K LS S K RWR RI 'DU OLQ JWRQ $ P S OLp HU



'HYLFH (PLWWHU &ROOHFWRU %LDV
GLPHQVLRQ GLPHQVLRQ &XUUHQW

4� � d �� zP� � d �� zP� ���� P$
4� � d � zP� � d �� zP� ��� P$
4� � d � zP� � d �� zP� ��� P$
4� � d �� zP� � d �� zP� ��� P$
4� � d � zP� � d �� zP� ��� P$
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'HYLF H VSHF LI LF DW LRQV I RU P LU U RU GRXEO HU DP SO LI LHU �

XVHG LQ WKLV GHVLJQ WR SURYLGH LQGHSHQGHQW FROOHFWRU ELDV RI
WKH HPLWWHU IROORZHU� UHVXOWLQJ LQ WKH VDPH FKLS DUHD RI �����
PP�� '& JDLQ DQG � G% EDQGZLGWK VLPXODWH DW ��� G% DQG
�� *+]� 7KH UDGLDO VWXE E\SDVV FDSDFLWRU LV GHVLJQHG WR
KDYH ��� I) FDSDFLWDQFH� 7XQLQJ LQGXFWRUV DUH DOVR XVHG
LQ WKLV GHVLJQ� DV ZHOO DV D VKXQW UHVLVWRU WR JURXQG RQ WKH
RXWSXW� 7KH GLRGH 4� LV IRU '& OHYHO VKLIWLQJ� WR PDLQWDLQ
WKH 9FH RI 4� QHDU WKH UHJLRQ RI SHDN 5) SHUIRUPDQFH�
7KH IHHGEDFN SDWK FRQVLVWV RI D ��� n UHVLVWRU LQ VHULHV
ZLWK D VPDOO LQGXFWDQFH� 7KHUPDO YLDV DUH SURYLGHG RQ
HDFK GHYLFH H[FHSW IRU WKH GLRGH 4�� 7KH GLRGH 4� LV WKUHH
WLPHV ODUJHU WKDQ 4�� 4�� DQG 4� WR PLQLPL]H SDUDVLWLF
UHVLVWDQFH DW WKLV QRGH� 7KH GLRGH LV ELDVHG DW D ORZ ��� d
��� $�FP� FXUUHQW GHQVLW\� UHGXFLQJ WKH QHHG IRU D WKHUPDO
YLD� $ WKHUPDO YLD ZRXOG SUHVHQW DQ LPSRVLQJ SDUDVLWLF
FDSDFLWDQFH WR JURXQG IRU VXFK D ODUJH GHYLFH� DQG VR LW KDV
EHHQ HOLPLQDWHG�

BIAS

IN Q1 OUT

Q2

Q3

Q4

Q5

107 Ω
0.40 ps

107 Ω
0.26 ps107 Ω

0.94 ps

150 Ω

120 Ω

51 Ω
0.59 ps

)LJ� �� & LU FX LW G LDJU DP RI 0LU U RU 'RX E OHU

3RZHU GLVVLSDWLRQ LQ WKH HPLWWHU GHJHQHUDWLRQ UHVLVWRU RI
4� LV D GLrFXOW\� 7KHUH LV QR WKHUPDO YLD RQ WKLV UHVLVWRU�
7KLV UHVLVWRU GHPDQGV WKH KLJKHVW FXUUHQW FDUU\LQJ FDSDF�
LW\ RI DQ\ UHVLVWRU RQ WKH WZR DPSOLpHUV DW ��� P$�zP
XQGHU GHVLJQHG ELDVLQJ FRQGLWLRQV� 7KH UHVLVWRU IDLOV LI 4�
LV ELDVHG DW JUHDWHU WKDQ DERXW �� P$ HPLWWHU FXUUHQW� 'H�
SHQGLQJ XSRQ WKHLU OHQJWK� UHVLVWRUV ZLWKRXW YLDV ZLOO IDLO DW
FXUUHQW GHQVLWLHV LQ WKH UDQJH RI ��� WR ��� P$ SHU PLFURQ
RI ZLGWK� ,Q WKH SUHVHQW GHVLJQ� DGGLWLRQ RI D WKHUPDO YLD
WR WKH UHVLVWRU ZRXOG SUHYHQW WKHUPDO IDLOXUH� EXW WKH YLD
FDSDFLWDQFH ZRXOG VLJQLpFDQWO\ GHJUDGH FLUFXLW EDQGZLGWK�
:LWKRXW WKH YLD� D UHVLVWRU FKRVHQ IRU D VDIH FXUUHQW GHQVLW\
ZRXOG EH DW OHDVW �� PLFURQV ZLGH DQG ��� PLFURQV ORQJ�
GRPLQDWLQJ WKH ,& DUHD�

,Q VHFRQG JHQHUDWLRQ GHVLJQV QRZ LQ IDEULFDWLRQ� WKLV UH�

)LJ� �� & K LS S K RWR RI 0LU U RU 'RX E OHU $ P S OLp HU

VLVWRU LV UHSODFHG ZLWK D FXUUHQW PLUURU ELDV VRXUFH� DYRLGLQJ
GLrFXOWLHV ZLWK GLVVLSDWLRQ� $V WKH HPLWWHU GHJHQHUDWLRQ
UHVLVWDQFH LQ WKH DPSOLpHUV UHSRUWHG KHUH SURYLGHV VKXQW
VWDELOL]DWLRQ RI WKH HPLWWHU IROORZHU� LQ WKH UHGHVLJQHG DP�
SOLpHUV WKH FXUUHQW PLUURU ELDV VRXUFH LV E\SDVVHG DW KLJK
IUHTXHQFLHV E\ D VHULHV 5& QHWZRUN�

,9� 5HVXO W V

7KH DPSOLpHUV ZHUH PHDVXUHG RQ ZDIHU IURP ������ *+]
DQG IURP ������ *+]� 6�SDUDPHWHUV YV� IUHTXHQF\ DUH
SORWWHG LQ pJXUHV � DQG � IRU WKH GDUOLQJWRQ DPSOLpHU DQG
WKH PLUURU GRXEOHU DPSOLpHU� UHVSHFWLYHO\� 7KH '& JDLQ RI
WKH 'DUOLQJWRQ DPSOLpHU LV FORVH WR VLPXODWLRQ DW ���� G%�
ZLWK D � G% EDQGZLGWK WKDW LV JUHDWHU WKDQ �� *+]� 7KH
JDLQ SHDNV DW ���� G%� DQG IDOOV WR ���� G% DW �� *+]� $W
�� *+]� WKH JDLQ KDV IDOOHQ WR ��� G%� SUHYHQWLQJ SUHFLVH
GHWHUPLQDWLRQ RI WKH � G% EDQGZLGWK� 6�� UHPDLQV EHORZ
��� G% IURP '&��� *+]� EXW 6�� ULVHV WR ���� G% DW ��
*+]� $PSOLpHU GHVLJQV ZHUH EDVHG XSRQ GHYLFH PRGHOV
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IURP SUHYLRXVO\�SURFHVVHG ZDIHUV� 7KH GHYLFH FKDUDFWHULV�
WLFV DQG OD\RXW GHVLJQ UXOHV KDYH HYROYHG VLQFH WKDW WLPH�
,Q WKLV FDVH� WKH LQSXW WXQLQJ QHWZRUN LV QRW DSSURSULDWH
IRU WKH LQSXW LPSHGDQFH RI WKH UHDOL]HG GHYLFH� 7KH SRZHU
GLVVLSDWLRQ LV ���� P:�
7KH '& JDLQ RI WKH PLUURU GRXEOHU DPSOLpHU LV ��� G%�

7KH JDLQ VWHDGLO\ ULVHV ZLWK IUHTXHQF\ XQWLO DW OHDVW �� *+]
ZKHUH LW UHDFKHV ��� G%� 7KH IUHTXHQF\ DW ZKLFK WKH JDLQ
KDV GURSSHG WR � G% EHORZ WKH '& JDLQ LV �� *+]� 6��
ULVHV WR ���� G% DW : EDQG� DQG 6�� ULVHV WR �� G%� 7KLV
LV DJDLQ GXH WR LPSURSHU GHYLFH PRGHOLQJ GXULQJ FLUFXLW
GHVLJQ� 7KH SRZHU GLVVLSDWLRQ LV ���� P:�
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9� & RQF O XVLRQV

%DVHEDQG DPSOLpHUV KDYH EHHQ IDEULFDWHG LQ WKH ,Q�
$O$V�,Q*D$V WUDQVIHUUHG�VXEVWUDWH WHFKQRORJ\� 7KH PLU�
URU GRXEOHU DPSOLpHU H[KLELWV YHU\ ZLGH EDQGZLGWK RI ��
*+]� ZKLOH WKH 'DUOLQJWRQ DPSOLpHU GHPRQVWUDWHV UHFRUG
JDLQ�EDQGZLGWK SURGXFW ZHOO RYHU ��� *+] DQG qDW JDLQ�
IUHTXHQF\ FKDUDFWHULVWLFV� 7KH DPSOLpHUV VHUYH WR EHQFK�
PDUN WKLV WHFKQRORJ\� )XWXUH ZRUN LQ WKLV DUHD ZLOO LQ�
FOXGH LPSURYHG YHUVLRQV RI WKHVH DPSOLpHUV ZLWK KLJKHU
JDLQ�EDQGZLGWK �DV WKH GHYLFH LWVHOI LV LPSURYHG� DQG LQ�
WHJUDWLRQ RI DPSOLpHUV RI WKLV NLQG �WKH 'DUOLQJWRQ� ZLWK
D SKRWRGHWHFWRU DV D pEHU�RSWLF UHFHLYHU IURQW HQG� 7KHVH
DPSOLpHUV ZLOO DOVR EH FRQYHUWHG WR GLoHUHQWLDO IRUP DQG
XVHG DV EXLOGLQJ EORFNV IRU YDULDEOH JDLQ DPSOLpHUV �9*$��

$F N QRZ O HGJP HQW V

7KHVH UHVXOWV ZRXOG QRW KDYH EHHQ SRVVLEOH EXW IRU WKH
JXLGDQFH RI %LSXO $JDUZDO� QRZ DW 5RFNZHOO 6HPLFRQGXF�
WRU 6\VWHPV LQ 1HZSRUW %HDFK� DQG 5DMD 3XOOHOD� QRZ DW
/XFHQW 7HFKQRORJLHV� 7KLV ZRUN ZDV VXSSRUWHG E\ WKH
215 XQGHU JUDQWV 1��������������� DQG 1�����������
����� DQG D &DOLIRUQLD +XJKHV 0LFUR QR� ��������

5HI HU HQF HV

>�@ 0� 5RG Z HOO� - � )� - HQ VHQ � : � ( � 6 WDQ FK LQ D� 5� $ � 0HW]JHU � '� % �

5HQ VFK � 0� : � 3 LHU FH� 7 � 9 � .DU JRG RU LDQ DQ G < � .� $ OOHQ � ?���

*+ ] P RQ ROLWK LF FDVFRG H $ O,Q $ V�*D,Q $ V K HWHU RMX Q FWLRQ E LS RODU

WU DQ VLVWRU IHHG E DFN DP S OLp HU �� ,( ( ( - � 6 ROLG� 6 W DW H & LU FXLW V� Y RO�
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