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$'9$1&(6 LQ GHYLFH WHFKQRORJ\ IRU KHWHURMXQFWLRQ
ELSRODU WUDQVLVWRUV �+%7V� DUH QHFHVVDU\ WR IXUWKHU

LPSURYH WKH SHUIRUPDQFH RI DVVRFLDWHG KLJK VSHHG DQDORJ
DQG GLJLWDO FLUFXLWU\� 7KH PRVW FRPPRQO\ TXRWHG pJXUHV RI
PHULW IRU WKHVH GHYLFHV DUH FXUUHQW JDLQ FXWRo IUHTXHQF\� I
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DQG SRZHU JDLQ FXWRo IUHTXHQF\� I

PD[

� 7KH WUDQVIHUUHG�
VXEVWUDWH SURFHVV KDV DOUHDG\ \LHOGHG YHU\ KLJK I

PD[
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+%7V� EXW KDV QRW \HW RoHUHG UHFRUG I

�

� :KLOH DSSOLFD�
WLRQV VXFK DV UHDFWLYH WXQHG DPSOLpHUV DQG GLVWULEXWHG DP�
SOLpHUV LPPHGLDWHO\ EHQHpW IURP KLJK I

PD[
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DQG I
PD[

PXVW ERWK EH FRQVLGHUHG IRU GLJLWDO V\VWHPV DV ZHOO DV PDQ\
DQDORJ V\VWHPV>�@�
:H KHUHLQ UHSRUW WKH VLPXOWDQHRXV DFKLHYHPHQW RI UHFRUG

I
�

DQG KLJK I
PD[

RQ RQH GHYLFH� DQG FRPSDUH WKDW OD\HU
VWUXFWXUH DQG SURFHVV WR WZR RWKHU UHFHQW GHYLFH UHVXOWV LQ
WKLV SURFHVV� 7KH GHYLFH SDUDVLWLFV FDQ WKHQ EH FRPSDUHG�
DQG LQIHUHQFHV PDGH DERXW WKH UHODWLYH YDOXH RI YDULRXV
DSSURDFKHV WRZDUG IXUWKHU LPSURYHPHQWV LQ I

�

DQG I
PD[

�
7KH WUDQVIHUUHG�VXEVWUDWH SURFHVV UHQGHUV WKH +%7 VFDO�

DEOH� ZLWK GHYLFH EDQGZLGWK WKDW LPSURYHV DV WKH GHYLFH
DUHD LV VFDOHG� $ FRPPRQ FRQFHUQ LQ VXEPLFURQ ELSRODU
WHFKQRORJLHV LV WKH UDSLG ORVV RI '& FXUUHQW JDLQ DV IXU�
WKHU VFDOLQJ LV SHUIRUPHG� ,PSURYHPHQWV LQ FXUUHQW JDLQ
DUH WKHUHIRUH LPSRUWDQW DV ZHOO DV IUHTXHQF\ SHUIRUPDQFH�
7KH XOWLPDWH XWLOLW\ RI D KLJKO\ VFDOHG GHYLFH VKRXOG QRW EH
GHWHUPLQHG E\ '& FXUUHQW JDLQ� EXW LQVWHDG VKRXOG RQO\ EH
OLPLWHG E\ WKH FDSDELOLWLHV RI H[LVWLQJ OLWKRJUDSKLF V\VWHPV�
:H KDYH DFKLHYHG D VLJQLpFDQW LQFUHDVH LQ '& FXUUHQW JDLQ
RI UHODWLYHO\ FRQVHUYDWLYH � zP HPLWWHU VWULSH JHRPHWU\ GH�
YLFHV� ZKLFK ZLOO WUDQVODWH WR PRUH XVHIXO YDOXHV RI FXUUHQW
JDLQ LQ KLJKO\ VFDOHG GHYLFHV�

,,� 3U RF HVVLQJ DQG ) DEU LF DW LRQ

7KH ZDIHUV ZHUH JURZQ RQ D 9DULDQ *HQ ,, 0%( V\V�
WHP DW 8&6% RQ )H�GRSHG VHPL�LQVXODWLQJ ����� ,Q3 VXE�
VWUDWHV� 7KH OD\HU VWUXFWXUHV DUH DV VKRZQ LQ 7DEOH �� $IWHU
FRPSOHWLRQ RI WKH FROOHFWRU JURZWK VHTXHQFH DW ���r&� WKH
ZDIHU LV FRROHG WR ���r& WR UHGXFH EHU\OOLXP RXWGLoXVLRQ
GXULQJ DQG DIWHU JURZWK RI WKH EDVH>�@� $ KLJK $V� qX[
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LV DOVR XVHG WR PD[LPL]H EHU\OOLXP DV ZHOO DV VLOLFRQ LQ�
FRUSRUDWLRQ� 7KH FRPSRVLWLRQDO JUDGLQJ RI WKH ���{$ EDVH
LV DFFRPSOLVKHG E\ HLJKW ��{$ ?VWDLUVWHS�� UHIHUULQJ WR WKH
GRZQZDUG VWHSV VHHQ E\ HOHFWURQV LQ WKH FRQGXFWLRQ EDQG
DV WKH\ WUDYHUVH WKH EDVH� $IWHU HDFK ��{$ VWHS RI EDVH
JURZWK� WKH WHPSHUDWXUH RI WKH JDOOLXP FHOO LV LQFUHDVHG
WR JLYH D VOLJKWO\ ZLGHU EDQGJDS ,Q

[

*D�b[

$V FRPSRVLWLRQ�
IROORZHG E\ D WZR PLQXWH GHOD\ WR DOORZ VWDELOL]DWLRQ RI
WKH JDOOLXP qX[� 7KH FKDQJH LQ WKH EDQGJDS LV FDOFXODWHG
DVVXPLQJ FRQVWDQW GHQVLW\ RI VWDWHV DQG QHJOHFWLQJ WKH HI�
IHFWV RI WKH WHQVLOH VWUDLQ>�@� 7KH EDVH�HPLWWHU JUDGH LV DQ
,Q*D$V�,Q$O$V VXSHUODWWLFH>�@� ZKLFK WKH WDEOH UHSUHVHQWV
DV DQ DYHUDJH HoHFWLYH FRPSRVLWLRQ� 7KH FRPSRVLWLRQ RI WKH
,Q*D$V LQ WKH JUDGH LV WKH VDPH DV WKDW DW WKH EDVH�HPLWWHU
HGJH� WKH EDVH�HPLWWHU JUDGH LV WKHUHIRUH VWUDLQHG� $IWHU
JURZWK RI WKH ,Q$O$V HPLWWHU DQG KHDYLO\ GRSHG ,Q$O$V
WUDQVLWLRQ OD\HU� WKHUH LV D VKRUW VXSHUODWWLFH WR VPRRWK RXW
WKH FRQGXFWLRQ EDQG GLVFRQWLQXLW\ DW WKH LQWHUIDFH EHWZHHQ
WKH ,Q$O$V DQG WKH ,Q*D$V FDS�

7KH GHWDLOV RI WKH WUDQVIHUUHG�VXEVWUDWH SURFHVV KDYH
EHHQ HQXPHUDWHG LQ SUHYLRXV SXEOLFDWLRQV>�@� 7KH PRWL�
YDWLRQ IRU WKH WUDQVIHUUHG VXEVWUDWH SURFHVV LV WKH IUHHGRP
WR SURFHVV ERWK VLGHV RI WKH HSLWD[LDO pOP� DOORZLQJ OLWKR�
JUDSKLF GHpQLWLRQ RI WKH HPLWWHU DQG WKH FROOHFWRU� 7KLV



\LHOGV UDSLG LPSURYHPHQW LQ I
PD[

DV WKH HPLWWHU DQG FRO�
OHFWRU GLPHQVLRQV DUH VFDOHG� 7KLV ODWHUDO VFDOLQJ FDQ EH
DFFRPSDQLHG E\ DQ DSSURSULDWH YHUWLFDO VFDOLQJ� WKLQQLQJ
RI WKH VHPLFRQGXFWRU OD\HUV WR UHGXFH WUDQVLW WLPH� ,Q WKLV
ZD\� D UHDVRQDEOH I

PD[

�I
�

UDWLR FDQ EH PDLQWDLQHG�

7KLV WUDQVIHUUHG�VXEVWUDWH SURFHVV SURYLGHV D PLFURVWULS�
ZLULQJ HQYLURQPHQW YLD D SODWHG JURXQG SODQH DQG WKH
ORZ�ORVV� ORZ GLHOHFWULF FRQVWDQW �s

U

 ���� VSLQ�RQ GLHOHF�
WULF EHQ]RF\FOREXWHQH �%&%�� ,Q WKLV ZRUN� WZR GLoHUHQW
WKLFNQHVVHV RI %&% ZHUH XVHG� ZLWK ZDIHU $ XVLQJ D � zP
WKLFN OD\HU DQG ZDIHUV % DQG & XVLQJ D ��� zP WKLFN OD\HU�
7KH WKLQQHU %&% DOORZV PRUH GHQVHO\ SDFNHG LQWHUFRQ�
QHFW OLQHV DQG WUDQVLVWRUV� DQG LV DOVR HDVLHU WR SDWWHUQ DQG
HWFK� %HQFKPDUN FLUFXLWV VXFK DV WKH 'DUOLQJWRQ DPSOL�
pHUV RIWHQ UHTXLUH PLQLPDO SDUDVLWLF FDSDFLWDQFH IURP WKH
LQSXW�RXWSXW SDGV DQG LQWHUFRQQHFW OLQHV� DQG IRU WKLV UHD�
VRQ WKH WKLFNHU %&% LV VRPHWLPHV XVHG>�@� 1L&U UHVLVWRUV
DUH XVHG LQ WKH FLUFXLWV ZLWK D �� n�VTXDUH VKHHW UHVLVWDQFH�
6L1 EDVHG 0,0 FDSDFLWRUV DUH UHDOL]HG ZLWK D ���� zP WKLFN
6L1 JLYLQJ DQ HVWLPDWHG ����� I)�zP�� $ VFKHPDWLF RI D
FRPSOHWHG WUDQVIHUUHG VXEVWUDWH SURFHVV +%7 LV VKRZQ LQ
pJXUH ��

M1 poly M2 SiN NiCr contact

ground viatransistor resistor capacitor microstrip
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In/Pb/Ag solder
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7ZR SHUIRUPDQFH�HQKDQFLQJ DVSHFWV RI WKH SURFHVV ZDU�
UDQW GLVFXVVLRQ� 7KHVH DUH WKH XQGHUFXW RI WKH HPLWWHU
DQG WKH FROOHFWRU UHFHVV HWFK� 7KH EDVH FRQWDFW HWFK� GH�
VFULEHG HOVHZKHUH� LV D PHWKDQH�K\GURJHQ�DUJRQ 5,( HWFK�
IROORZHG E\ D VHOHFWLYH ZHW HWFK DQG D QRQVHOHFWLYH ZHW HWFK�
7KH HPLWWHU KDV OLWKRJUDSKLF GLPHQVLRQV RI � d � zP� 7KH
� zP HPLWWHU ZLGWK LV VXEVWDQWLDOO\ XQGHUFXW GXULQJ WKH
VHOHFWLYH ZHW HWFK� DV WKH HWFK DWWDFNV WKH ,Q$O$V HPLWWHU
EXW QRW WKH ,Q*D$V LQ WKH FDS OD\HU� 7KH DPRXQW RI XQ�
GHUFXW LV FRQWUROOHG E\ WKH WLPH WKH ZDIHU LV LPPHUVHG LQ
WKH VHOHFWLYH HWFK� )RU WKLV ZRUN WKH LQWULQVLF HPLWWHU LV
XQGHUFXW WR GLPHQVLRQV FORVH WR ��� d � zP� 7KH UHGXFHG
LQWULQVLF HPLWWHU GLPHQVLRQV UHVXOW LQ D ORZHU EDVH�HPLWWHU
GHSOHWLRQ FDSDFLWDQFH �&

MH

�� )RU WKLV ZRUN WKH UHGXFHG
&
MH

UHVXOWV LQ KLJKHU I
�

VLQFH WKH PD[LPXP XVHIXO FXUUHQW
GHQVLWLHV DUH OLPLWHG E\ .LUN HoHFW LQ WKH FROOHFWRU� 7KH
H[WULQVLF HPLWWHU UHVLVWDQFH 5

H[

LV DoHFWHG OLWWOH E\ WKH XQ�
GHUFXW EHFDXVH LW LV GRPLQDWHG E\ WKH FRQWDFW UHVLVWDQFH DW
WKH PHWDO�VHPLFRQGXFWRU LQWHUIDFH� ([FHVVLYH HPLWWHU XQ�

GHUFXW ZRXOG UHGXFH I
PD[

� KRZHYHU� GXH WR LQFUHDVHG VKHHW
UHVLVWDQFH IRU KROHV WUDYHOLQJ EHWZHHQ WKH EDVH FRQWDFW DQG
WKH LQWULQVLF HPLWWHU�
7KH pQDO VWHS LQ WKH SURFHVV LV WKH VHOI�DOLJQHG UHFHVV

HWFK RI WKH FROOHFWRU� 7KH FROOHFWRU VHPLFRQGXFWRU LV EODQ�
NHW HWFKHG LQ QRQVHOHFWLYH FLWULF DFLG VROXWLRQ LQ RUGHU WR
UHPRYH FROOHFWRU VHPLFRQGXFWRU WR VRPH GHSWK VXUURXQG�
LQJ WKH FROOHFWRU FRQWDFW� 7KLV UHFHVV HWFK RI WKH FROOHFWRU
LV GRQH WR DOORZ WKH PLFURVWULS OLNH IULQJLQJ pHOGV EHWZHHQ
WKH QDUURZ FROOHFWRU FRQWDFW DQG WKH EDVH WR SDVV WKURXJK
ORZ GLHOHFWULF FRQVWDQW PDWHULDO �DLU� LQVWHDG RI WKH KLJK
GLHOHFWULF FRQVWDQW VHPLFRQGXFWRU�
$Q LPSURYHPHQW RYHU SUHYLRXV GHVLJQV LV WKH UHGXFWLRQ

LQ WKH VL]H RI WKH EDVH PHVD� $V D UHVXOW RI WKLV� WKH RYHUODS
RI WKH 0� DQG 0� OD\HUV� ZKLFK FRQWULEXWHV WR &

EH

� KDV
EHHQ UHGXFHG E\ D IDFWRU RI �� 7KH 0� DQG 0� OD\HUV DUH
VHSDUDWHG E\ DSSUR[LPDWHO\ ����{$ RI SRO\LPLGH� )RU WKH
PHVD DVVRFLDWHG ZLWK D � d � XP GHYLFH� WKH UHGXFWLRQ RI
&
EH

GXH WR GHFUHDVHG RYHUODS LV IURP � I) WR DERXW � I)�
7KLV LV D VXEVWDQWLDO LPSURYHPHQW FRQVLGHULQJ WKH DFWLYH
PRGH &MH XVXDOO\ OLHV EHWZHHQ �� DQG �� I) IRU WKLV VL]H RI D
GHYLFH� 7KH VPDOOHU PHVD LV SRVVLEOH GXH WR WKH VZLWFK IURP
SODWHG DLUEULGJHV WR HYDSRUDWHG DLUEULGJHV� $ ODUJH PHVD
ZDV UHTXLUHG IRU WKH SODWHG DLUEULGJH SURFHVV LQ RUGHU WR
DFFRPRGDWH WKH SRVW OD\HU DQG WKH DLUEULGJH OD\HU DV ZHOO DV
DOLJQPHQW WROHUDQFHV IRU HDFK RI WKHP� 7KH LQFRUSRUDWLRQ
RI HYDSRUDWHG DLUEULGJHV KDV HOLPLQDWHG WKH QHHG IRU WKLV
SRVW OD\HU�
$FFXUDWH GHWHUPLQDWLRQ RI GHYLFH SDUDPHWHUV VXFK DV

&
MH

UHTXLUHV NQRZOHGJH RI WKH SDUDVLWLFV LQWURGXFHG E\ WKH
*6* SUREH SDGV� 0HDVXUHPHQW RI VLPLODU RSHQ SDG WHVW
VWUXFWXUHV DOORZV GHWHUPLQDWLRQ RI WKLV SDG FDSDFLWDQFH�
7KLV FDSDFLWDQFH LV WKHQ VXEWUDFWHG Ro RI WKH PHDVXUHG 6�
SDUDPHWHUV DOORZLQJ FDOFXODWLRQ RI GHYLFH SDUDPHWHUV� 7KH
LQSXW DQG RXWSXW SDGV RQ GHYLFHV IDEULFDWHG ZLWK WKH WKLQ�
QHU %&% KDYH FDSDFLWDQFHV RQ WKH RUGHU RI �� I)� ZKLOH
WKRVH ZLWK WKLFNHU %&% KDYH ���� I) FDSDFLWDQFH� 7KH SDG
FDSDFLWDQFH YDULHV VRPHZKDW EHWZHHQ SURFHVV UXQV GXH WR
VPDOO FKDQJHV LQ WKH WKLFNQHVV RI %&% VSXQ RQ DQG WKH HWFK
WLPH� 7KH SDG FDSDFLWDQFH LV WKHUHIRUH PHDVXUHG RQ HDFK
ZDIHU ZLWK WHVW VWUXFWXUHV FRQVLVWLQJ RQO\ RI SDGV RI WKH
VDPH VKDSH� VL]H DQG VSDFLQJ DV WKH\ DSSHDU RQ D GHYLFH�
7KH SDG FDSDFLWDQFH LV QRW VLPSO\ LQYHUVHO\ SURSRUWLRQDO WR
WKH %&% WKLFNQHVV EHFDXVH VRPH SDG FDSDFLWDQFH LV SUHVHQW
RQ WKH FDO VWDQGDUGV XVHG LQ FDOLEUDWLRQ RI WKH QHWZRUN DQ�
DO\]HU� 7KLV DPRXQW RI FDSDFLWDQFH LV FDOLEUDWHG RXW IRU
VXEVHTXHQW PHDVXUHPHQWV�

,,,� 'HYLF H 5HVXO W V DQG 'LVF XVVLRQ

$ VLPSOLpHG K\EULG�SL PRGHO IRU WKH ELSRODU WUDQVLVWRU
LV VKRZQ LQ pJXUH �� 7KH SDUDPHWHUV 5

EE

DQG WKH VSOLW
EHWZHHQ &

FE�LQWULQVLF

DQG &
FE�H[WULQVLF

DUH GLVFXVVHG HOVH�
ZKHUH>�@� 7KH WHUPV LQ WKH H[SUHVVLRQ IRU I

�

DUH FRPSDUHG
DQG GLVFXVVHG� $OO GHYLFHV LQ WKLV ZRUN DUH FRPSULVHG RI �
d � zP HPLWWHU FRQWDFWV SULRU WR WKH EDVH FRQWDFW HWFK DQG
� d �� zP 6FKRWWN\ FROOHFWRU FRQWDFWV� )RU WKLV UHDVRQ�
WKH FRQWULEXWLRQ WR GHOD\ IURP 5

FROO

KDV EHHQ QHJOHFWHG�
7KH YDOXHV RI WKHVH WHUPV DUH VXPPDUL]HG IRU WKH WKUHH
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DQG � P$ IRU :DIHU & VLQFH LW H[KLELWHG VLJQLpFDQW .LUN
HoHFW DW �� P$� &

FE

KDV EHHQ H[WUDFWHG IURP WKH VORSH
RI WKH LPDJLQDU\ SDUW RI <��� 5

H[

ZDV WDNHQ IURP WKH
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FE

VXEWUDFWHG Ro� DQG &
MH

ZDV GHWHUPLQHG IURP
WKH VORSH RI WKDW SORW ZLWK &

FE

VXEWUDFWHG Ro� 7KH GDWD
IRU H[WUDFWLRQ RI IRUZDUG WUDQVLW WLPH DQG &

MH

LV SORWWHG LQ
pJXUH � IRU :DIHUV $ DQG %� 7KH UHGXFHG IRUZDUG WUDQVLW
WLPH DQG &

MH

IRU :DIHU $ DV RSSRVHG WR :DIHU % DUH UHDGLO\
VHHQ� 7KH UHGXFWLRQ LQ &

MH

LV H[SHFWHG GXH WR WKH OLJKWHU
GRSLQJ LQ WKH EDVH�HPLWWHU JUDGH�
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7KH 5) UHVXOWV IRU WKH GHYLFH RQ :DIHU $ DUH VKRZQ LQ
pJXUH �� 7KLV ELDV SRLQW \LHOGHG WKH KLJKHVW VLPXOWDQHRXV
YDOXHV RI I

�

DQG I
PD[

� 7KH YDOXH RI ��� *+] IRU I
�

LV WKH
KLJKHVW \HW IRU D ELSRODU WUDQVLVWRU� 7KH SHDN I

PD[

LV ���
*+]� :DIHU % \LHOGHG VRPHZKDW ORZHU I

�

� SHDNLQJ DW ���
*+]� EXW SHDN I

PD[

ZDV RYHU ��� *+]� 7KLV LV H[SHFWHG
DV :DIHU % KDG D WKLFNHU FROOHFWRU� UHVXOWLQJ LQ ORZHU &

FE

�
EXW KLJKHU �

F

� FROOHFWRU WUDQVLW WLPH� :DIHU & VKRZHG D
SHDN I

�

RI ��� *+] DW 9
FH

 �9 DQG ,
F

 �P$� DQG SHDN
I
PD[

RI ��� *+] DW WKDW VDPH ELDV SRLQW� ,QFUHDVLQJ WKH
FXUUHQW EH\RQG � P$ IRU WKLV GHYLFH GLG QRW LQFUHDVH I

�

DQG GHFUHDVHG I
PD[

� 7KH GHJUDGDWLRQ LQ I
PD[

EH\RQG �
P$ FDQ EH H[SODLQHG E\ WKH ULVH LQ &

FE

ZLWK FXUUHQW� GXH
WR EDVH SXVKRXW� 7KLV GHYLFH DSSHDUV WR H[KLELW D ORZHU
.LUN WKUHVKROG �DERXW � P$� WKDQ :DIHUV $ DQG %� ZKLFK
H[KLELWHG .LUN HoHFW DW DERXW �� DQG �� P$� UHVSHFWLYHO\�
7KLV ZDV QRW H[SHFWHG VLQFH :DIHU & HoHFWLYHO\ KDV VWURQJ
SXOVH GRSLQJ LQ WKH FROOHFWRU DQG D WKLQ �����$� FROOHFWRU
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GHSOHWLRQ UHJLRQ� 7KH SXOVH GRSLQJ LQ WKH FROOHFWRU LQWUR�
GXFHV D VWURQJ HOHFWULF pHOG QHDU WKH EDVH ZKLFK VKRXOG
GHOD\ WKH RQVHW RI .LUN HoHFW� ,W LV SRVVLEOH WKDW WKLV HOHF�
WULF pHOG LQWURGXFHG E\ WKH SXOVH GRSLQJ LV VXrFLHQW WR
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