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$ EVW U DFW _ 'LoH UH QWLDO DPSOLpH UV DUH XVH G LQ DXWRPDWLF�

JDLQ�FRQWURO DPSOLpH UV DQG OLPLWLQJ DPSOLpH UV LQ pEH U�RSWLF

UH FH LYH UV� + H UH ZH SUH VH QW D GLoH UH QWLDO DPSOLpH U IDEULFDWH G

LQ WKH WUDQVIH UUH G�VXEVWUDWH + %7 , & WH FKQRORJ\� 7 KH DP�

SOLpH U KDV D JDLQ RI �� G% DQG WKH ��G% EDQGZLGWK LV JUH DWH U

WKDQ �� *+ ]� 7 ZR JDLQ VWDJH V ZLWK '& LQWH UVWDJH FRXSOLQJ

DUH XVH G� %LDVLQJ LV WKURXJK DFWLYH FXUUH QW PLUURUV DQG D

VLQJOH QH JDWLYH SRZH U VXSSO\� $ EDQGZLGWK RI �� *+ ] LV WKH

KLJKH VW EDQGZLGWK H YH U UH SRUWH G IRU D EURDGEDQG GLoH UH Q�

WLDO DPSOLpH U LQ DQ\ WH FKQRORJ\�

. H\ Z RU GV_ + %7 � WUDQVIH UUH G�VXEVWUDWH � , Q3 � EURDGEDQG�

GLoH UH QWLDO�

,� ,QW U RGXF W LRQ

%52$'%$1' DPSOLpHUV DUH NH\ FRPSRQHQWV LQ pEHU�

RSWLF UHFHLYHUV >�@�>�@� 7KH\ DUH XVHG LQ WKH PDLQ DP�

SOLpHU WR DPSOLI\ WKH ZHDN VLJQDOV UHFHLYHG IURP WKH SUHDP�

SOLpHU� 7KH RXWSXW DPSOLWXGH RI WKH PDLQ DPSOLpHU PXVW

EH FRQVWDQW LUUHVSHFWLYH RI WKH ZLGH LQSXW G\QDPLF UDQJH�

WKXV UHTXLULQJ D DXWRPDWLF�JDLQ�FRQWURO �$*&� W\SH RU D

V\PPHWULF OLPLWLQJ W\SH DPSOLpHU� /LPLWLQJ DPSOLpHUV DUH

DOVR XVHG LQ WKH FORFN UHFRYHU\ FLUFXLW WR SURYLGH D FRQ�

VWDQW DPSOLWXGH UHFRYHUHG FORFN� $SDUW IURP NHHSLQJ WKH

RXWSXW OHYHO FRQVWDQW� WKH PDLQ DPSOLpHU PXVW KDYH KLJK

EURDGEDQG JDLQ� qDW JDLQ FKDUDFWHULVWLFV IURP '& WR |

�� � RI WKH ELWUDWH DQG FRQVWDQW JURXS GHOD\� 2IWHQ� D

GLoHUHQWLDO DPSOLI\LQJ VWDJH IRUPV WKH FRUH LQ VXFK DPSOL�

pHUV� 7KH DGYDQWDJHV RI GLoHUHQWLDO RSHUDWLRQ FRPSDUHG WR

VLQJOH�HQGHG RSHUDWLRQ DUH LPSURYHG LPPXQLW\ WR HOHFWUR�

PDJQHWLF FURVVWDON� JRRG FRPPRQ PRGH VXSSUHVVLRQ� HDVH

RI '& ELDVLQJ DQG V\PPHWULF QRQ�VDWXUDWLQJ OLPLWLQJ FKDU�

DFWHULVWLFV� 7KH DPSOLpHUV FRXOG EH LPSOHPHQWHG LQ HLWKHU

OXPSHG RU GLVWULEXWHG FRQpJXUDWLRQ� 'LVWULEXWHG DPSOL�

pHUV JHQHUDOO\ REWDLQ D KLJKHU EDQGZLGWK LQ D JLYHQ WUDQ�

VLVWRU WHFKQRORJ\� +RZHYHU� JRRG ORZ�IUHTXHQF\ UHVSRQVH LV

GLrFXOW WR DFKLHYH� LQ�EDQG JDLQ ULSSOH LV RIWHQ SUHVHQW DQG

GLH DUHDV DUH ODUJH� /XPSHG DPSOLpHUV FDQ EH '&�FRXSOHG�

KDYH VPDOOHU GLH DUHDV DQG VPRRWK JDLQ�IUHTXHQF\ FKDUDF�

WHULVWLFV� 7KH EDQGZLGWK RI DPSOLpHUV UHSRUWHG LQ OLWHUDWXUH

LV RIWHQ OLPLWHG HLWKHU E\ LQWULQVLF GHYLFH EDQGZLGWK RU E\

WHFKQRORJLFDO OLPLWDWLRQV �OLNH SRRU KHDW�VLQNLQJ RU ZLULQJ

FDSDFLWDQFH� RU D FRPELQDWLRQ RI ERWK� )XWXUH KLJK�VSHHG

pEHU�RSWLF V\VWHPV ZLOO UHTXLUH DPSOLpHUV ZLWK YHU\ KLJK

EDQGZLGWKV�

7KLV SDSHU SUHVHQWV D EURDGEDQG OXPSHG GLoHUHQWLDO DP�

SOLpHU LQ WKH $O,Q$V�*D,Q$V WUDQVIHUUHG�VXEVWUDWH +%7 ,&

WHFKQRORJ\� 7KLV WHFKQRORJ\ KDV GHPRQVWUDWHG GHYLFHV ZLWK

!��� *+] EDQGZLGWK >�@� DQG UHVLVWLYH IHHGEDFN DPSOLpHUV

7 K H DX WK RU V DU H Z LWK WK H 'HS DU WP HQ W RI ( OHFWU LFDO DQ G & RP S X WHU

( Q JLQ HHU LQ J� 8 Q LY HU VLW\ RI & DOLIRU Q LD� 6 DQ WD % DU E DU D� & $ ������
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)LJ� �� 6 FK HP DWLF FU RVV�VHFWLRQ RI WK H ,& IDE U LFDWLRQ S U RFHVV�

ZLWK �� *+] EDQGZLGWK >�@� +HUH ZH SUHVHQW D WZR VWDJH

'&�FRXSOHG GLoHUHQWLDO DPSOLpHU� 7KH ORZ IUHTXHQF\ JDLQ

LV �� G% DQG WKH ��G% EDQGZLGWK LV JUHDWHU WKDQ �� *+]�

%LDVLQJ LV GRQH ZLWK DFWLYH +%7 FXUUHQW PLUURUV DQG D VLQ�

JOH QHJDWLYH SRZHU VXSSO\� $ EDQGZLGWK RI �� *+] LV WKH

KLJKHVW EDQGZLGWK HYHU UHSRUWHG IRU D EURDGEDQG GLoHUHQ�

WLDO DPSOLpHU LQ DQ\ WHFKQRORJ\�

,,� 7 HF KQRO RJ\

7KH HSLWD[LDO OD\HU VWUXFWXUH DQG IDEULFDWLRQ SURFHVV LV

GHVFULEHG LQ RXU HDUOLHU ZRUN >�@� )LJ� � VKRZV D VFKHPDWLF

FURVV�VHFWLRQ RI WKH ,& SURFHVV� 'HYLFHV ZLWK HPLWWHU GL�

PHQVLRQV RI ���� d �� zP

�

DQG FROOHFWRU GLPHQVLRQV RI

DERXW ��� d �� zP

�

ZHUH IDEULFDWHG RQ WKLV ZDIHU� )URP

'& FRPPRQ�HPLWWHU FKDUDFWHULVWLFV� WKH VPDOO VLJQDO FXU�

UHQW JDLQ DW '&� p� LV ��� %9&(2 LV DERXW � 9� EXW UHGXFHV

WR ��� 9 DW ��

�

$�FP

�

� %9&%2 LV � 9� )URP WKH PHDVXUHG

FXUUHQW JDLQ DQG WKH XQLODWHUDO SRZHU JDLQ YV� IUHTXHQF\�

WKH H[WUDSRODWHG I� DQG IPD[ DUH ��� *+] DQG ��� *+]

UHVSHFWLYHO\� )LJV� ��D� DQG �E� VKRZ YDULDWLRQ RI I� DQG

IPD[ ZLWK HPLWWHU FXUUHQW GHQVLW\ -( DQG FROOHFWRU�HPLWWHU

YROWDJH 9&( UHVSHFWLYHO\� 3HDN I� LV ��� *+] DQG LV RE�

WDLQHG DW -
(
 ��� d ��

�

$�FP

�

DQG 9
&(

 � 9� 3HDN

IPD[ LV ��� *+] DW -(  ���d ��
�

$�FP

�

DQG 9&(  ���

9� 7KH DPSOLpHU LV GHVLJQHG WR RSHUDWH FORVH WR SHDN I�

DQG IPD[ ELDV�

,,,� & LU F XLW 'HVLJQ

)LJ� � VKRZV D VFKHPDWLF FLUFXLW GLDJUDP RI WKH DP�

SOLpHU ZLWK WKH HOHPHQW YDOXHV� $ YDULDWLRQ RI WKH FODV�

VLF WUDQVDGPLWWDQFH�WUDQVLPSHGDQFH GHVLJQ E\ &KHUU\ 	

+RRSHU >�@� ZLWK �� n LQWHUVWDJH LPSHGDQFHV LV XVHG KHUH�

7KH pUVW VWDJH KDV D HPLWWHU�FRXSOHG SDLU ZLWK LQSXW HPLW�

WHU IROORZHU EXoHUV DQG HPLWWHU GHJHQHUDWLRQ� �� n VKXQW
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)LJ� �� 9 DU LDWLRQ RI I� DQ G IPD[ Z LWK �D�HP LWWHU FX U U HQ W G HQ VLW\ -(

DQ G �E �FROOHFWRU �HP LWWHU Y ROWDJH 9
&(

�

LQSXW UHVLVWRUV VHW WKH LQSXW LPSHGDQFH RI WKH RYHUDOO DP�

SOLpHU� �� n RXWSXW UHVLVWRUV DUH XVHG LQ WKH FROOHFWRUV�

VHWWLQJ D �� n RXWSXW LPSHGDQFH RI WKH pUVW VWDJH� 7KH

VHFRQG VWDJH HPSOR\V WUDQVLPSHGDQFH ORDGLQJ WR REWDLQ D

�� n LQSXW LPSHGDQFH DQG �� n RXWSXW LPSHGDQFH� /HYHO�

VKLIWLQJ GLRGHV DUH XVHG WR ELDV DOO WUDQVLVWRUV EHORZ EUHDN�

GRZQ� $FWLYH ELDVLQJ ZLWK WUDQVLVWRU FXUUHQW PLUURUV DQG

D VLQJOH QHJDWLYH VXSSO\ LV XVHG� ,QSXW DQG RXWSXW '& OHY�

HOV DUH GHVLJQHG WR EH WKH VDPH WKXV HQDEOLQJ '& FRXSOLQJ

EHWZHHQ VXFFHVVLYH VWDJHV RI WKH DPSOLpHU� )LJ� � VKRZV D

SKRWRPLFURJUDSK RI WKH DPSOLpHU� $ WRWDO RI �� WUDQVLVWRUV

DUH XVHG� 7KH FKLS GLPHQVLRQV DUH ���� PP d ���� PP�

Vout

-VEE

Vin

Q1
Q2 R

e1

R
f

R
e2

Q1 = 1 X 20 µm2

Q2 = 1 X 15 µm2
Rf = 250 Ω
Re1 = 4.5 Ω
Re2 = 6 Ω

)LJ� �� 6 FK HP DWLF FLU FX LW G LDJU DP RI WK H DP S OLp HU �

)LJ� �� 3 K RWRJU DS K RI WK H G LoHU HQ WLDO DP S OLp HU ,& ����� P P d ����

P P ��

0

4

8

12

16

0 10 20 30 40 50 60

s 21
, d

B
frequency, GHz

11 dB gain, 40-50 GHz bandwidth

V
EE

 = -2.5 V

V
in
 = -0.3 V

I
total

 = 96 mA

)LJ� �� 0HDVX U HG IRU Z DU G JDLQ V�� RI WK H DP S OLp HU �

,9� 5HVXO W V

7KH DPSOLpHU SHUIRUPDQFH ZDV PHDVXUHG ZLWK D QHWZRUN

DQDO\]HU IURP �� 0+] � �� *+]� 2QO\ VLQJOH�HQGHG FKDU�

DFWHULVWLFV �WZR�SRUW� ZHUH PHDVXUHG� ZLWK WKH RWKHU SRUWV

WHUPLQDWHG Ro�FKLS LQ �� n� 7KH QHJDWLYH VXSSO\ ZDV DW

���� 9 DQG WKH LQSXW '& OHYHO RI ���� 9 ZDV DSSOLHG ZLWK

D LQGHSHQGHQW VXSSO\� 7KH WRWDO ELDV FXUUHQW WKURXJK WKH

DPSOLpHU ZDV �� P$� 7KH ,& FRQVXPHV ��� P:'& SRZHU�

)LJ� � VKRZV WKH IRUZDUG JDLQ V
��

RI WKH DPSOLpHU� 7KH

ORZ�IUHTXHQF\ JDLQ LV �� G% DQG WKH ��G% EDQGZLGWK LV

!�� *+]� 7KH GDVKHG FXUYH VKRZV WKH JDLQ RI D GLoHUHQW

DPSOLpHU DW GLoHUHQW ELDV FRQGLWLRQV� $ ORZHU EDQGZLGWK

DQG D PRUH qDW UHVSRQVH LV REWDLQHG� 7KH ELDV YROWDJHV

DQG RYHUDOO FXUUHQW LV WKH VDPH� EXW WKH UHIHUHQFH FXUUHQW

LQ WKH pUVW JDLQ VWDJH LV UHGXFHG �IURP �� WR �� P$� DQG

WKDW RI WKH VHFRQG JDLQ VWDJH LV LQFUHDVHG� 7KH ORZ IUH�

TXHQF\ JDLQ LV WKH VDPH� EXW WKH LQ�EDQG JDLQ YDULDWLRQ LV
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OHVV WKDQ � G%� DQG WKH EDQGZLGWK LV �� *+] IRU WKH GDVKHG

FXUYH� 6XFK qDW JDLQ UHVSRQVH LV LPSRUWDQW IRU DFFHSWDEOH

ELW�HUURU�UDWHV LQ KLJK�VSHHG V\VWHPV� 7KH JDLQ ULSSOH DW

KLJK IUHTXHQFLHV LV D UHVXOW RI XVLQJ D WZR�SRUW FDOLEUDWLRQ

ZLWK Ro�FKLS WHUPLQDWLRQV RI WKH WZR XQXVHG SRUWV� )LJ� �

VKRZV WKH LQSXW DQG RXWSXW UHWXUQ ORVVHV DQG WKH UHYHUVH

LVRODWLRQ RI WKH DPSOLpHU�

9� & RQF O XVLRQV

:H KDYH GHPRQVWUDWHG D EURDGEDQG '&�FRXSOHG GLoHU�

HQWLDO DPSOLpHU ZLWK $O,Q$V�*D,Q$V WUDQVIHUUHG�VXEVWUDWH

+%7V� 7KH DPSOLpHU DFKLHYHV �� G% JDLQ DQG !�� *+]

��G% EDQGZLGWK� $ EDQGZLGWK RI �� *+] LV WKH KLJKHVW

EDQGZLGWK HYHU UHSRUWHG IRU D EURDGEDQG GLoHUHQWLDO DP�

SOLpHU LQ DQ\ WHFKQRORJ\� +LJKHU GHYLFH EDQGZLGWKV� DQG

KHQFH KLJKHU FLUFXLW EDQGZLGWKV DUH SRVVLEOH E\ VFDOLQJ WKH

HPLWWHUV DQG FROOHFWRUV RI WUDQVIHUUHG�VXEVWUDWH +%7V WR

VXEPLFURQ GLPHQVLRQV� 9DULDEOH�JDLQ RSHUDWLRQ LV SRVVLEOH

LQ WKLV FRQpJXUDWLRQ E\ YDU\LQJ WKH HPLWWHU FXUUHQWV RI WKH

HPLWWHU�FRXSOHG SDLU LQ WKH pUVW VWDJH� 7KLV ZLOO EH DG�

GUHVVHG LQ IXWXUH� PRUH VRSKLVWLFDWHG GHVLJQV� 7KH XVH RI D

PLFURVWULS ZLULQJ HQYLURQPHQW� DORQJ ZLWK ORZ�LQGXFWDQFH

JURXQG YLDV DQG D JURXQG SODQH PDNH ,&V LQ WKLV WHFK�

QRORJ\ VXLWDEOH IRU SDFNDJLQJ� $PSOLpHUV ZLWK WKHVH KLJK

EDQGZLGWKV ZLOO EH XVHIXO IRU IXWXUH KLJK�VSHHG FRPPXQL�

FDWLRQ V\VWHPV�

$F N QRZ O HGJP HQW V

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 215 XQGHU JUDQW

1���������������� WKH $)265 XQGHU JUDQW )����������

����� D &DOLIRUQLD +XJKHV 0LFUR QR� ������� DQG WKH

'$53$ XQGHU WKH 0267 SURJUDP�
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