
,((( 75$16 $&7,2 16 2 1 0 ,&52 :$9( 7+(2 5< $1' 7(&+1,4 8(6 � 92 / � ;;� 12 � ;;� ;;;; �

�� * +] ' LVWULEXWHG $PSOLpHUV ZLWK
7UDQVIHUUHG�6XEVWUDWH +HWHURMXQFWLRQ % LSRODU

7UDQVLVWRUV
% � $ J D U ZD O� 4� / H H � ' � 0H Q V D � 5 � 3 X OOH OD � -� *X W K U LH D Q G 0� -� : � 5 R G ZH OO

$ EVW U DFW _ : H UH SRUW GLVWULEXWH G DPSOLpH UV ZLWK �� *+ ]

EDQGZLGWK� ��� G% PLG�EDQG JDLQ� 7 KH VH DPSOLpH UV ZH UH

IDEULFDWH G LQ WKH WUDQVIH UUH G�VXEVWUDWH KH WH URMXQFWLRQ ELSR�

ODU WUDQVLVWRU LQWH JUDWH G FLUFXLW WH FKQRORJ\� 7 UDQVIH UUH G�

VXEVWUDWH + %7 V KDYH YH U\ KLJK IPD[ �!��� *+ ]� DQG KDYH

\LH OGH G GLVWULEXWH G DPSOLpH UV ZLWK UH FRUG JDLQ�EDQGZLGWK

SURGXFW�

. H\ Z RU GV_+ %7 � GLVWULEXWH G� , Q3 � EURDGEDQG� FDSDFLWLYH �

GLYLVLRQ� WUDQVIH UUH G�VXEVWUDWH �

,� ,QW U RGXF W LRQ

75$9(/,1* �ZDYH DPSOLpHUV �7:$V� DUH YHU\ EURDG�
EDQG FLUFXLWV ZLWK DSSOLFDWLRQV LQ LQVWUXPHQWDWLRQ DQG

ZLGH�EDQG UDGDU UHFHLYHUV� %URDG EDQGZLGWK LV DFKLHYHG
E\ DEVRUELQJ WKH WUDQVLVWRU SDUDVLWLFV LQWR V\QWKHWLF LQ�
SXW DQG RXWSXW �� n WUDQVPLVVLRQ OLQHV� )ODW JDLQ LV
DFKLHYHG XS WR WKH %UDJJ IUHTXHQF\ RI WKH GLVWULEXWHG OLQH�
DQG OLPLWHG E\ WKH DYDLODEOH JDLQ IURP WKH GHYLFH� +HQFH�
WKH DPSOLpHU JDLQ�EDQGZLGWK SURGXFW GHSHQGV FULWLFDOO\ RQ
WKH WUDQVLVWRU I

PD[

� 7R GDWH� 7:$V EDVHG RQ +(07V
KDYH GHPRQVWUDWHG FRQVLGHUDEO\ KLJKHU EDQGZLGWKV WKDQ
WKRVH EDVHG RQ +%7V >�@� >�@� >�@� >�@� SULPDULO\ GXH WR WKH
KLJKHU I

PD[

RI +(07V� 7UDQVIHUUHG�VXEVWUDWH +%7V KDYH
KLJK I

PD[

>�@� FRPSDUDEOH WR WKDW RI KLJK�SHUIRUPDQFH ,Q�
*D$V�,Q$O$V�,Q3 +(07V� DQG KDYH GHPRQVWUDWHG IHHG�
EDFN DPSOLpHUV ZLWK YHU\ KLJK EDQGZLGWKV >�@� +HQFH�
7:$V ZLWK YHU\ KLJK EDQGZLGWKV VKRXOG EH SRVVLEOH LQ WKH
WUDQVIHUUHG�VXEVWUDWH +%7 ,& WHFKQRORJ\� +HUH� ZH UHSRUW
pUVW UHVXOWV ZLWK 7:$V IDEULFDWHG LQ WKLV WHFKQRORJ\�
7:$ GHVLJQ ZLWK +(07V KDV EHHQ FRYHUHG LQ GHWDLO LQ

>�@� +%7 7:$ GHVLJQ GLoHUV FRQVLGHUDEO\ IURP WKDW XVLQJ
+(07V� 7KH +%7 WUDQVFRQGXFWDQFH � KHQFH LQSXW FDSDF�
LWDQFH �&

EH
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� � SHU XQLW +%7 HPLWWHU DUHD LV
ODUJH� 7R REWDLQ WKH GHVLUHG %UDJJ IUHTXHQF\� HLWKHU YHU\
VPDOO +%7V PXVW EH XVHG� RU LQSXW FDSDFLWLYH�GLYLVLRQ >�@
PXVW EH HPSOR\HG� 7KH KLJKHU +%7 LQSXW UHVLVWDQFH FRP�
SDUHG WR WKDW RI +(07V �U

EE

YV� U
JDWH

� IDYRUV WKH XVH RI
YHU\ KLJK FDSDFLWLYH�GLYLVLRQ UDWLRV�
,Q DGGLWLRQ WR WKH LQSXW OLQH ORVVHV GXH WR WKH WUDQVLV�

WRU LQSXW LPSHGDQFH� 7:$ JDLQ�EDQGZLGWK DOVR GHSHQGV
RQ WKH RXWSXW LPSHGDQFH RI WKH WUDQVLVWRU� 7KH IUHTXHQF\�
GHSHQGHQW RXWSXW LPSHGDQFH RI +%7V LQWURGXFHV ODUJH RXW�
SXW OLQH ORVVHV� 7KLV LV D VHFRQG IHDWXUH RI +%7 7:$V
WKDW GLoHUV VXEVWDQWLDOO\ IURP +(07 7:$V� 7KH RXWSXW
LPSHGDQFH RI D +(07 LV � WR pUVW RUGHU � 5

GV

� )RU D +%7
GULYHQ E\ D UHVLVWLYH JHQHUDWRU LPSHGDQFH� WKH IUHTXHQF\�
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emitter

base

collector

buffer

GaInAs 1000 Å 1•10
19

 Si

AlInAs 834 Å 1•10
19

 Si

Grade 66 Å

AlInAs 500 Å 8•10
17

 Si
Grade 300 Å

GaInAs 100 Å 3•10
19

 Be

GaInAs 400 Å 2•10
16

 Si

GaInAs 50 Å 1•10
18

 Si

GaInAs 2250 Å 1•10
16

 Si
AlInAs 2500 Å

S. I. InP

GaInAs 300 Å 5•10
19

 Be
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GHSHQGHQW RXWSXW LPSHGDQFH DULVHV IURP IHHGEDFN WKURXJK
&
FE

� &DVFRGH FRQQHFWHG WUDQVLVWRUV JUHDWO\ LQFUHDVH WKH
FHOO RXWSXW LPSHGDQFH� GHFUHDVLQJ FROOHFWRU OLQH ORVVHV WR
WKH SRLQW ZKHUH LQSXW OLQH ORVVHV GRPLQDWH�

7:$ EDQGZLGWK LV VWURQJO\ LQqXHQFHG E\ WKH IUHTXHQF\�
GHSHQGHQW WUDQVPLVVLRQ OLQH ORVVHV� ZKLFK EHFRPH GRPL�
QDQW DW KLJK IUHTXHQFLHV� 7KH WUDQVIHUUHG�VXEVWUDWH +%7
,& SURFHVV LQFRUSRUDWHV ORZ�ORVV PLFURVWULS OLQHV RQ D %HQ�
]RF\FOREXWHQH �%&%� s  ���� VXEVWUDWH� 7KHVH ORZ�ORVV
WUDQVPLVVLRQ OLQHV PDNH KLJK EDQGZLGWKV IHDVLEOH� 7KH
SURFHVV DOVR LQFRUSRUDWHV WKHUPDO YLDV IRU WUDQVLVWRU KHDW�
VLQNLQJ DQG JURXQG YLDV IRU ORZ JURXQG�UHWXUQ LQGXFWDQFH�
:LWK WKHVH GHVLJQ DQG WHFKQRORJLFDO LPSURYHPHQWV� ZH
KDYH IDEULFDWHG 7:$V ZLWK ��� G% JDLQ DQG �� *+] ��
G% EDQGZLGWK �ZKHUH WKH JDLQ JRHV EHORZ WKH PLG�EDQG
JDLQ�� 7KH ��G% EDQGZLGWK LV �� *+]� 7KLV LV WKH KLJKHVW
JDLQ�EDQGZLGWK SURGXFW UHSRUWHG IRU D +%7 GLVWULEXWHG
DPSOLpHU�

7KH WUDQVIHUUHG�VXEVWUDWH +%7 ,& WHFKQRORJ\ LV GH�
VFULEHG pUVW� +%7 7:$ GHVLJQ LV EULHq\ GLVFXVVHG� IRO�
ORZHG E\ PHDVXUHPHQWV DQG FRQFOXVLRQV�

,,� 7 U DQVI HU U HG�6XEVW U DW H +%7 7 HF KQRO RJ\

7KLV VHFWLRQ GHVFULEHV WKH WUDQVIHUUHG�VXEVWUDWH +%7
WHFKQRORJ\ LQ GHWDLO� 7KH IDEULFDWLRQ SURFHVV LV GLVFXVVHG
pUVW� IROORZHG E\ GHYLFH '& DQG 5) FKDUDFWHULVWLFV�
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$� )DEULFDWLRQ

)LJ� � VKRZV WKH 0%( HSLWD[LDO OD\HU VWUXFWXUH XVHG
LQ WKLV ZRUN� 7KH JURZWK LV GRQH RQ D )H�GRSHG VHPL�
LQVXODWLQJ ����� ,Q3 VXEVWUDWH� VWDUWLQJ ZLWK D ���� {$ $O,�
Q$V EXoHU OD\HU� 7KH *D,Q$V FROOHFWRU LV ���� {$ WKLFN� LV
6L�GRSHG DW � d ���� FP� DQG FRQWDLQV D � d ���� FP� 6L
SXOVH�GRSHG OD\HU ��� {$ IURP WKH EDVH� 7KH ��� {$ *D,Q$V
EDVH LV JUDGHG LQ ERWK GRSLQJ DQG EDQGJDS� 7KH ��� {$ RI
WKH *D

����
,Q

����
$V EDVH LPPHGLDWHO\ DGMDFHQW WR WKH FRO�

OHFWRU LV %H�GRSHG DW �d ���� FP�� 7KH UHPDLQLQJ ��� {$
RI WKH EDVH LV %H�GRSHG DW �d���� FP�� %\ LQFUHDVLQJ WKH
*D FHOO WHPSHUDWXUH SURJUHVVLYHO\ GXULQJ JURZWK RI WKH ���
{$ OD\HU� WKH *D�,Q UDWLR LV JUDGXDOO\ LQFUHDVHG� LQWURGXF�
LQJ D | ���� H9 EDQGJDS JUDGLHQW DFURVV WKH ��� {$ OD\HU�
7KH EDVH LV WKHQ JUDGHG LQ ��� {$ WR WKH $O,Q$V HPLWWHU�
7KH pUVW �� {$ RI WKH JUDGH LV %H�GRSHG DW � d ���� FP�

DQG WKH UHPDLQGHU LV 6L�GRSHG DW � d ���� FP�� 7KH $O,�
Q$V HPLWWHU LV DERXW ���� {$ WKLFN� 7KH pUVW ��� {$ DUH
6L�GRSHG DW �d���� FP� DQG WKH UHPDLQGHU LV 6L�GRSHG DW
�d���� FP�� 7KLV LV JUDGHG LQ �� {$ WR WKH ,Q*D$V HPLWWHU
FDS� 7KH HPLWWHU FDS LV Q � GRSHG ZLWK 6L DW �d���� FP��

)LJ� � VKRZV D VFKHPDWLF FURVV�VHFWLRQ RI WKH WUDQVIHUUHG�
VXEVWUDWH +%7 LQWHJUDWHG FLUFXLW SURFHVV� 7KH IDEULFDWLRQ
SURFHVV VWDUWV ZLWK WKH HYDSRUDWLRQ RI 7L�3W�$X HPLWWHU
FRQWDFWV� $ FRPELQDWLRQ RI D GU\ HWFK� D VHOHFWLYH ZHW HWFK�
DQG D QRQ�VHOHFWLYH ZHW HWFK LV WKHQ XVHG WR HWFK GRZQ WR
WKH EDVH HSLWD[LDO OD\HU� 6HOI�DOLJQHG 7L�3W�$X EDVH PHWDO
LV HYDSRUDWHG DQG VLQWHUHG� 7UDQVLVWRUV DUH WKHQ LVRODWHG E\
IRUPLQJ PHVDV� VWRSSLQJ RQ WKH $O,Q$V EXoHU OD\HU� 7KLQ�
pOP 1L&U LV HYDSRUDWHG RQ WKH ZDIHU WR IRUP UHVLVWRUV ZLWK
�� n ( VKHHW UHVLVWLYLW\� 7KH GHYLFHV DUH SDVVLYDWHG DQG
WKH HPLWWHUV DUH SODQDUL]HG ZLWK SRO\LPLGH� 3RO\LPLGH DOVR
VHUYHV DV LQWHUFRQQHFW FURVVRYHUV IRU PXOWLSOH ZLULQJ OHYHOV�
7KH pUVW OHYHO RI PHWDOOL]DWLRQ �0��� LV HYDSRUDWHG DW WKLV
SRLQW� 7KLV PHWDO IRUPV PRVW RI WKH WUDQVPLVVLRQ OLQHV� LQ�
WHUFRQQHFW ZLULQJ� SUREH SDGV� FDSDFLWRU ERWWRP SODWH DQG
UHVLVWRU FRQWDFWV� (PLWWHUV DQG EDVHV DUH DOVR FRQWDFWHG
E\ WKLV PHWDO� 6L1 GLHOHFWULF LV WKHQ GHSRVLWHG RYHU WKH HQ�
WLUH ZDIHU E\ 3(&9'� 7KLV GLHOHFWULF VHUYHV WKUHH SXUSRVHV

metal 1

ground viatransistor resistor capacitor microstrip

BCB

GaAs carrier wafer

In/Pb/Ag solder

polyimide metal 2 SiN NiCr contact

C
B
E

gold ground plane

   gold
thermal
    via ground

    via

)LJ� �� 6 FK HP DWLF FU RVV�VHFWLRQ RI WU DQ VIHU U HG �VX E VWU DWH + % 7 ,&

S U RFHVV�

� LW IRUPV WKH GLHOHFWULF IRU PHWDO�LQVXODWRU�PHWDO FDSDFL�
WRUV� LW IRUPV WKH LQVXODWRU IRU FURVVRYHUV EHWZHHQ 0� DQG
WKH VHFRQG OHYHO RI PHWDOOL]DWLRQ� DQG� LW IRUPV D LQVXODWLQJ
OD\HU RYHU WKH ZKROH ZDIHU SULRU WR WKH SURFHVV RI VXEVWUDWH
WUDQVIHU� 7KH 6L1 LV VHOHFWLYHO\ HWFKHG DZD\ IROORZHG E\
WKH VHFRQG OHYHO RI PHWDOOL]DWLRQ �0��� VLPLODU WR 0�� 0�
DOVR IRUPV WKH WRS SODWH IRU 0,0 FDSDFLWRUV�
7KH VXEVWUDWH WUDQVIHU SURFHVV VWDUWV E\ FRDWLQJ WKH ZDIHU

ZLWK D WKLFN OD\HU RI %HQ]RF\FOREXWHQH �%&%� s
U

 ���� DQG
FXULQJ� 7KHUPDO YLDV RQ WKH HPLWWHUV DQG JURXQG YLDV DUH
IRUPHG E\ GU\ HWFKLQJ RSHQLQJV LQ WKH %&%� 7KLV HWFK DOVR
HWFKHV WKH 6L1 LQVXODWRU OD\HU LQ WKH YLDV� 7KH YLDV DUH WKHQ
pOOHG ZLWK WKLFN $X E\ HOHFWURSODWLQJ� 7KH HOHFWURSODWHG $X
DOVR IRUPV DQ HOHFWULFDOO\ DQG WKHUPDOO\ FRQGXFWLQJ JURXQG
SODQH� WKXV JURXQGLQJ DOO HPLWWHUV� 7UDQVLVWRUV ZLWK QRQ�
JURXQGHG HPLWWHUV �UHTXLUHG LQ ,&V� DUH IDEULFDWHG E\ SUR�
WHFWLQJ WKH 6L1 LQVXODWRU ZLWK 0� EHIRUH DSSO\LQJ %&%
�pJ� ��� 3RZHU VXSSO\ E\SDVV FDSDFLWRUV FRXOG EH IRUPHG
VLPLODUO\� 2Q WUDQVLVWRUV QRW KDYLQJ WKH OD\HU RI 0�� WKH
6L1 LQVXODWRU LV UHPRYHG GXULQJ WKH YLD IRUPDWLRQ HWFK�
WKXV JURXQGLQJ WKH HPLWWHU�
0LFURVWULS LQWHUFRQQHFW OLQHV RQ %&% SURYLGH D ORZ�

FDSDFLWDQFH ZLULQJ HQYLURQPHQW IRU GHQVH FLUFXLWV� *URXQG
YLDV WR WKH WKLFN HOHFWURSODWHG JURXQG SODQH SURYLGH ORZ
JURXQG UHWXUQ LQGXFWDQFH� 7KHUPDO YLDV SURYLGH HrFLHQW
KHDW�VLQNLQJ IRU GHYLFHV RSHUDWLQJ DW YHU\ KLJK FXUUHQW GHQ�
VLWLHV�
7KH ZDIHU LV WKHQ LQYHUWHG DQG ERQGHG WR D *D$V WUDQVIHU

VXEVWUDWH� 7KH ,Q3 VXEVWUDWH DQG WKH $O,Q$V EXoHU OD\HU
DUH UHPRYHG E\ D ZHW HWFK WKXV H[SRVLQJ DOO WKH EXULHG
HOHPHQWV RI WKH ZDIHU� 7L�3W�$X 6FKRWWN\ FROOHFWRU FRQ�
WDFWV DUH WKHQ GHSRVLWHG� 7KLV PHWDO OD\HU FRXOG EH XVHG
DV D WKLUG OHYHO RI PHWDOOL]DWLRQ �0��� LI QHHGHG� ZLWK SRO\�
LPLGH DV WKH LQVXODWRU� 2XWVLGH WKH DFWLYH FROOHFWRU DUHD�
DERXW ���� {$ RI WKH FROOHFWRU GULIW UHJLRQ DUH WKHQ UHPRYHG
E\ D VHOI�DOLJQHG ZHW HWFK WR UHGXFH FROOHFWRU�EDVH IULQJLQJ
FDSDFLWDQFH�
7KLV FRPSOHWHV WKH WUDQVIHUUHG�VXEVWUDWH +%7 ,& SUR�

FHVV� )RU LQWHJUDWHG FLUFXLW DSSOLFDWLRQV� KLJK GHYLFH \LHOG
LV UHTXLUHG� 7KH WUDQVIHUUHG�VXEVWUDWH +%7 ,& WHFKQRORJ\
LV FRQVWDQWO\ EHLQJ LPSURYHG WRZDUGV WKLV JRDO� 7KH WHFK�
QRORJ\ LV FXUUHQWO\ FDSDEOH RI \LHOGLQJ FLUFXLWV ZLWK IHZ WHQV
RI WUDQVLVWRUV�

%� 'HYLFH &KDUDFWHULVWLFV

&RPPRQ�HPLWWHU '& FKDUDFWHULVWLFV RI WKH GHYLFHV DUH
VKRZQ LQ pJ� �� 7KH GHYLFHV KDYH ���� zP d �� zP HPLW�
WHUV DQG ��� zP d �� zP FROOHFWRUV� 7KH VPDOO VLJQDO FXU�
UHQW JDLQ DW '&� p� LV ��� 7KH FRPPRQ�HPLWWHU EUHDNGRZQ
YROWDJH %9

&(2

LV | � 9� GHFUHDVLQJ WR ��� 9 DW ��� $�FP��
7KH ORZ EUHDNGRZQ YROWDJH LV GXH WR WKH QDUURZ�EDQGJDS
,Q*D$V FROOHFWRU PDWHULDO�
'& FKDUDFWHULVWLFV RI WKH GHYLFHV ZLWK ���� zP d �� zP

HPLWWHUV DQG ��� zP d �� zP FROOHFWRUV ZHUH PHDVXUHG LQ
WKH FRPPRQ�EDVH FRQpJXUDWLRQ DOVR� )LJ� � VKRZV WKHVH
FKDUDFWHULVWLFV� 7KH FRPPRQ EDVH FXUUHQW JDLQ o LV �����
7KH FRPPRQ�EDVH EUHDNGRZQ YROWDJH %9

&%2

LV | � 9�
GHFUHDVLQJ WR ��� 9 DW ��� $�FP��
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7KH GHYLFHV ZHUH FKDUDFWHUL]HG E\ RQ�ZDIHU QHWZRUN
DQDO\VLV WR �� *+]� )LJ� � VKRZV WKH PD[LPXP DYDLO�
DEOH�PD[LPXP VWDEOH JDLQ 0$*�06*� WKH VKRUW�FLUFXLW
FXUUHQW JDLQ K

��
� DQG 0DVRQ
V LQYDULDQW �XQLODWHUDO� SRZHU

JDLQ 8 RI WKH WUDQVLVWRU� 3DG SDUDVLWLFV KDYH QRW EHHQ
VWULSSHG� 'HYLFH GLPHQVLRQV DQG ELDV FRQGLWLRQV DUH DV
VKRZQ� ([WUDSRODWLQJ DW ��� G%�GHFDGH� I

PD[

 ��� *+]
DQG I

�

 ��� *+]�

)LJ� � VKRZV WKH YDULDWLRQ RI I
�

DQG I
PD[

ZLWK HPLWWHU
FXUUHQW GHQVLW\ -

(

� 7KH SHDN I
�

LV ��� *+]� )
�

LQFUHDVHV
ZLWK FXUUHQW GHQVLW\ DQG VDWXUDWHV DW KLJK FXUUHQW GHQVLWLHV
GXH WR .LUN HoHFW� 7KH .LUN HoHFW WKUHVKROG LV KLJK GXH
WR WKH SUHVHQFH RI WKH SXOVH�GRSHG OD\HU LQ WKH FROOHFWRU�
FORVH WR WKH EDVH� .LUN HoHFW LQqXHQFHV I

PD[

PRUH VWURQJO\
WKDQ I

�

DV LV VHHQ IURP WKH UHGXFHG I
PD[

DW KLJK FXUUHQW
GHQVLWLHV� 7KLV LV EHFDXVH ZKHQ WKH EDVH ZLGWK LQFUHDVHV�
WKH EDVH WUDQVLW WLPH LQFUHDVHV DQG WKH FROOHFWRU WUDQVLW
WLPH UHGXFHV WKXV NHHSLQJ WKH VXP RI WKH WZR UHODWLYHO\
FRQVWDQW� %XW� WKH UHGXFHG FROOHFWRU WKLFNQHVV LQFUHDVHV
&
FE

DQG GHJUDGHV I
PD[

� %\ SORWWLQJ � �}I
�

YV� � -
(

� LW LV
GHWHUPLQHG WKDW WKH VXP RI WKH EDVH DQG FROOHFWRU WUDQVLW
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WLPHV ��
E

� �
F

� LV ���� SV� )LJ� � VKRZV WKH YDULDWLRQ RI
I
�

DQG I
PD[

ZLWK FROOHFWRU�HPLWWHU YROWDJH� 9
&(

� $W ORZ
9
&(

� WKH FROOHFWRU WKLFNQHVV UHGXFHV GXH WR EDVH SXVKRXW
OHDGLQJ WR LQFUHDVHG &

FE

DQG UHGXFHG I
PD[

� $W KLJK 9
&(

�
I
�

DQG I
PD[

GHFUHDVH� VXJJHVWLQJ D GHFUHDVH LQ WKH FROOHFWRU
HOHFWURQ YHORFLW\ DW KLJK HOHFWULF pHOGV�

6PDOO�VLJQDO K\EULG�} PRGHOV RI WUDQVIHUUHG�VXEVWUDWH
+%7V ZHUH GHYHORSHG IURP ELDV�GHSHQGHQW V�SDUDPHWHUV�
7KLV VLPSOH PRGHO ZDV XVHG WR GHVLJQ DQG VLPXODWH WKH
WUDYHOLQJ�ZDYH DPSOLpHU ZKLFK LV SUHVHQWHG LQ WKH QH[W VHF�
WLRQ�

,,,� & LU F XLW 'HVLJQ DQG ) DEU LF DW LRQ

7KH WKHRU\ RI WUDYHOLQJ�ZDYH DPSOLpHUV KDV EHHQ SUH�
VHQWHG LQ GHWDLO HOVHZKHUH LQ WKLV MRXUQDO >�@� ,W ZDV VKRZQ
WKDW FDSDFLWLYH YROWDJH GLYLVLRQ FDQ EH XVHG RQ WKH LQSXW
OLQH WR DFKLHYH JDLQ�EDQGZLGWK SURGXFWV DSSURDFKLQJ WKH
WUDQVLVWRU I

PD[

IRU DQ\ JLYHQ GHVLJQ EDQGZLGWK� 7R REWDLQ
HYHQ KLJKHU JDLQ�EDQGZLGWK SURGXFWV� D FDVFRGH WUDQVLVWRU
FHOO FDQ EH XVHG LQVWHDG RI D VLQJOH WUDQVLVWRU� 7KH WKH�
RU\ GHYHORSHG LQ >�@ DSSOLHV HTXDOO\ ZHOO WR +%7V� +HUH�
ZH SUHVHQW RQO\ WKH pQDO UHVXOW� 8VLQJ D VLPSOLpHG +%7
K\EULG�} PRGHO ZLWK WKH EDVH UHVLVWDQFH U

EE

� WKH HPLWWHU�
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� ZH REWDLQ IRU D FDVFRGH FDSDFLWLYH�
GLYLVLRQ 7:$�
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ZKHUH $
Y

LV WKH YROWDJH JDLQ� 1 LV WKH QXPEHU RI 7:$ FHOOV�
0 LV WKH FDSDFLWLYH�GLYLVLRQ UDWLR � &

GLY

 �&
GLY

�&
EH

�� DQG
=
R

LV WKH FKDUDFWHULVWLF LPSGHDQFH� 7KH QXPEHU RI VHFWLRQV
LV OLPLWHG E\ WKH LQSXW OLQH ORVVHV �VLQFH RXWSXW OLQH ORVVHV
DUH QHJOLJLEOH�� 7KH LQSXW YROWDJH WR WKH 1 WK VWDJH LV DWWHQ�
XDWHG E\ Hb�1b� ��oE � ZKHUH o

E

LV WKH EDVH OLQH DWWHQXDWLRQ
SHU VHFWLRQ� 7KH PD[LPXP QXPEHU RI WUDQVLVWRUV 1

PD[
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8VLQJ (TV� � DQG �� WKH JDLQ�EDQGZLGWK SURGXFW LV JLYHQ
E\
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P

 0&
EH
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EE

���

,I DJJUHVVLYH FDSDFLWLYH�GLYLVLRQ �VPDOOHU 0� LV XVHG� WKH
QXPEHU RI VHFWLRQV XVHG FDQ EH KLJKHU DQG JDLQ�EDQGZLGWK
LPSURYHV� EXW LV OLPLWHG E\ WKH PD[LPXP DYDLODEOH JDLQ
RI WKH FDVFRGH FHOO� ,Q WKH DERYH GHULYDWLRQ� WKH WUDQV�
PLVVLRQ OLQH VNLQ�HoHFW DQG UDGLDWLRQ ORVVHV KDYH EHHQ QH�
JOHFWHG� 7KHVH ORVVHV GR LPSDFW WKH KLJKHVW DWWDLQDEOH JDLQ�
EDQGZLGWK LQ D JLYHQ WHFKQRORJ\� ,I WKHVH ORVVHV DUH PDGH
QHJOLJLEOH� WKH DYDLODEOH SRZHU JDLQ IURP WKH GHYLFH FDQ EH
DFKLHYHG�
)LJ� � VKRZV WKH VFKHPDWLF FLUFXLW GLDJUDP RI WKH

FDSDFLWLYH�GLYLVLRQ 7:$� &DVFRGH�FRQQHFWHG +%7V 4��4�
DUH XVHG DV H[SODLQHG EHIRUH� 7KH EDVH DQG FROOHFWRU OLQHV
DUH FRPSRVHG RI �� n PLFURVWULS OLQH VHFWLRQV� &

GLY

LV WKH
GLYLVLRQ FDSDFLWRU DW WKH LQSXW RI WKH FRPPRQ�HPLWWHU WUDQ�
VLVWRU 4�� $ VKRUW OHQJWK RI PLFURVWULS LV XVHG DW WKH RXWSXW
RI WKH FDVFRGH FHOO WR LPSURYH YHORFLW\ PDWFKLQJ EHWZHHQ
WKH LQSXW DQG RXWSXW OLQHV� 7KH PLFURVWULS OLQHV� WRJHWKHU
ZLWK WKH GLYLVLRQ FDSDFLWRU DQG WKH FDVFRGH VWDJH V\QWKHVL]H
�� n LQSXW DQG RXWSXW OLQHV� 5

EWHUP

LV WKH �� n EDVH�OLQH
WHUPLQDWLRQ UHVLVWRU� 5

FWHUP

� WKH FROOHFWRU�OLQH WHUPLQDWLRQ
UHVLVWRU LV Ro�FKLS WR VXVWDLQ WKH KLJK FROOHFWRU ELDV FXU�
UHQW� DQG LV FRQQHFWHG WKURXJK D PLFURZDYH SUREH� 5

E�
LV

Input
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  bias
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  bias
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collector bias
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R
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R
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R
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R
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C
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)LJ� �� 6 FK HP DWLF FLU FX LW G LDJU DP RI WK H FDS DFLWLY H�G LY LVLRQ WU DY HOLQ J�

Z DY H DP S OLp HU �

D ODUJH UHVLVWRU WR ELDV WKH LQSXW RI 4�� 7KH EDVH RI WKH
FRPPRQ�EDVH WUDQVLVWRU 4� LV ELDVHG WKURXJK DQ LQGHSHQ�
GHQW VXSSO\� $& JURXQG DW WKLV QRGH LV SURYLGHG E\ ODUJH
E\SDVV FDSDFLWRUV� 5

E�
SURYLGHV GHFRXSOLQJ EHWZHHQ WKH

PXOWLSOH FHOOV DQG SUHYHQWV RVFLOODWLRQV IURP UHVRQDQFH EH�
WZHHQ WKH ELDV SUREH LQGXFWDQFH DQG WKH E\SDVV FDSDFLWRUV�
7KH FROOHFWRU ELDV LV WKURXJK D ELDV WHH DW WKH RXWSXW RI WKH
FKLS� $PSOLpHUV ZLWK � FDVFRGH FHOOV ZHUH IDEULFDWHG� 7KH
VLPXODWHG JDLQ LV DERXW � G% DQG WKH GHVLJQHG EDQGZLGWK LV
�� *+]� )LJ� � VKRZV D SKRWRPLFURJUDSK RI WKH IDEULFDWHG
FKLS� 7KH GLH VL]H LV DERXW ��� PP d ��� PP�

,9� 5HVXO W V

7KH DPSOLpHUV ZHUH WHVWHG RQ�ZDIHU XVLQJ FRPPHUFLDO
QHWZRUN DQDO\]HUV IURP �������� *+] DQG ������ *+]�
)LJ� �� VKRZV WKH IRUZDUG JDLQ RI WKH DPSOLpHU� 7KH PLG�
EDQG JDLQ LV DERXW ��� G%� 7KH ��G% EDQGZLGWK �ZKHUH WKH
JDLQ JRHV EHORZ WKH PLG�EDQG JDLQ� LV �� *+]� 7KH ��G%
EDQGZLGWK LV �� *+]�
)URP WKLV FXUYH� ZH FDQ DOVR REVHUYH JDLQ SHDNLQJ DW

KLJK IUHTXHQFLHV� 7KH JDLQ�IUHTXHQF\ UHVSRQVH RI 7:$V LV
VWURQJO\ LPSDFWHG E\ GHYLFH I

PD[

DQG WKH GHVLJQHG %UDJJ
IUHTXHQF\� 'XULQJ GHVLJQ� D FRQVHUYDWLYH +%7 PRGHO ZLWK
D ��� *+] I

PD[

ZDV DVVXPHG� +%7V RQ WKH FXUUHQW ZDIHU
KDYH ��� *+] I

PD[

ZKLFK UHVXOWV LQ WKH REVHUYHG JDLQ SHDN�
LQJ� *LYHQ WKH ��� *+] I

PD[

� UHGHVLJQLQJ WKH DPSOLpHU
ZRXOG SHUPLW EDQGZLGWKV JUHDWHU WKDQ ����� *+]� 7KH
ORZ IUHTXHQF\ FXW�Ro LV DERXW � *+] DQG LV GHWHUPLQHG E\
WKH WUDQVLVWRU I

�

 p� )LJ� �� VKRZV WKH LQSXW DQG RXWSXW
UHWXUQ ORVVHV DQG WKH UHYHUVH LVRODWLRQ� 7KH DPSOLpHU RXW�
SXW UHWXUQ ORVV V

��
LV SRRU DW KLJK IUHTXHQFLHV EHFDXVH RI

)LJ� �� 3 K RWRP LFU RJU DS K RI WK H DP S OLp HU ,& �
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)LJ� ��� 0HDVX U HG LQ S X W U HWX U Q ORVV V��� RX WS X W U HWX U Q ORVV V��� DQ G

U HY HU VH LVRODWLRQ V�� RI WK H DP S OLp HU �

WKH Ro�FKLS FROOHFWRU�OLQH WHUPLQDWLRQ� 7KH FKLS FRQVXPHV
DERXW ��� P: RI SRZHU�

9� & RQF O XVLRQV

:H KDYH GHVLJQHG DQG IDEULFDWHG GLVWULEXWHG DPSOLpHUV
ZLWK ��� G% PLG�EDQG JDLQ� �� *+] ��G% EDQGZLGWK
DQG �� *+] ��G% EDQGZLGWK� 7KHVH DPSOLpHUV KDYH WKH
KLJKHVW JDLQ�EDQGZLGWK SURGXFW UHSRUWHG IRU D GLVWULEXWHG
+%7 DPSOLpHU� 7KH ,&V GHPRQVWUDWH WKH SRWHQWLDO RI
WUDQVIHUUHG�VXEVWUDWH +%7V IRU SURGXFLQJ YHU\ KLJK VSHHG
LQWHJUDWHG FLUFXLWV� )XUWKHU LPSURYHPHQWV LQ WKH GHVLJQ RI
WKH DPSOLpHU� DV ZHOO DV LQ WKH LQWULQVLF GHYLFH WHFKQRORJ\
ZLOO OHDG WR ZLGHU EDQGZLGWK FLUFXLWV�

$F N QRZ O HGJP HQW V

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 215 XQGHU JUDQW QR�
1���������������� WKH $)265 XQGHU JUDQW QR� )������
��������� DQG D &DOLIRUQLD +XJKHV 0LFUR QR� ��������
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