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7KH 67%h8 93 %LV D 9 % : SRZHU VXSSO\ LQ EXFNO VBERSSRCRRIO LR BIWNU KQYRWMHD JH F
7KH HYDOXDWLRQ ERDUG KDV WKH IROORZLQJ FKDUDFWHULVWLFV

t 'LGH LQSXW UDQ4H 9

¥ OHHWYV , (& &ODVV % FRQGXFWHG (0, HYHQ ZLWK D UHGXFHG (0, ILOWHU WKD!
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¥ (PEHGGHG +9 VWDUW XS

t N+] ILITHG VZLWFKLQJ IUHTXHQF\ ZLWK MLWWHULQJ

¥ (PEHGGHG HUURU DPSOLILHU LQWHUQDOO\ UHIHUHQFHG WR 9

¥ &XUUHQW PRGH 3:0 FRQWUROOHU ZLWK GUDLQ FXUUHQW OLPLW SURWHFWLRQ IF
t 6HYHUDO SURWHFWLRQ PHFKDQLVPYV

GHOD\HG RYHUORDG SURWHFWLRQ 2/3

%s FODPS SURWHFWLRQ

WKHUPDO VKXWGRZQ ZLWK K\WVWHUHVLV
$00 SURWHFWLRQV DUH LQ DXWR UHVWDUW PRGH

+ I+

I+

JLIXUHT7(9%/ 93 % HYDOXDWLRQ ERDUG

$1 SHY $SULO
JRU IXUWKHU LQIRUPDWLRQ FRQWDFW \RXIWFHRFDO 670LFURHOHFWURQLFVY VDOHV RI
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$1

&KDUDFWHULVWLFY DQG VSHI

JHDWXUHY DQG VSHFLILFDWLRQV

$1

7TDEOH $/7 0B % HOHFWULFDO VSHFLILFDWLRQV

$& PDLQ LQSXW YROWDJH s &
ODLQ IUHTXHQF\ I/ +]
2XWSXW YROWDJH 9
2XWSXW FXUUHQW $

5DWHG RXWSXW SRZHU
2XWSXW ULSSOH YROWDJH P9
6WDQGE\ LQSXW S&ZHU DW 9 P:

$FWLYH PRGH HIILFLHQF\
$FWLYH PRGH HIILFLHQF\ DW QDPHSODWH 2 3
$PELHQW RSHUDWLQJ WHPSHUDWXUH Z&

7KH SRZHU VXSSO\ LV VHW LQ EXFN WRSRORJ\ 7KH LQSXW VHFWLRQ LQFOX
GLRGHV LQ VHULHV ' DQG ' DQG DQ /& ILOWHU / & IRU UHFWLILFDWLR
7KH ($ ,1 SLQ LV WKH LQYHUWLQJ LQSXW RI WKH L QUDRHUOID WVO\D QN FHRUHIXH
ZKLFK DOORZV WKH VWUDLJKWIRUZDUG VHWWLQJ RXWSXW YROWDJH YDOXF
RXWSXW WHUPLQDO DQG WKH ($ ,1 SLQ DFFRUGLQJ WR WKH IROORZLQJ HT
R4a+R4b)

Voyr =33V - (1 + R3

7TKH 5 & DQG & FRPSHQVDWLRQ QHWZRUN LV FRQQHFWHG EHWZHHQ WKH
DPSOLILHU DQG WKH *1' SLQ

7KH EOHHGHU UHVLVWRU 5EO SURYLGHV DERXW P$ PLQLPXP ORDG LQ R
ORDG LV GLVFRQQHFWHG 71KENWZHMHH ROAVYWES XYW DYR®WDJIJH LQFUHDVH DQG W
XQGHU QR ORDG FRQGLWLRQV

SDJH
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‘,l $1

%LOO RI PDWHULI

%LOO RI PDWHULDOV

7TDEOH $/7 0B % ELOO RI PDWHULDOYV

-m YDOXHHVFULSWLRQ ODQXIDFWXUHU 2UGH

(é,g":% LD PP L+ PP ELWEKRG $: 00& ;
& & &HUDPLF &DSDFLWRU ; 5 OXtEDWBSS + .$ /
Q) 9 |
& ) &HUDPLF &DSDFLWRU ; 5 ‘XUWK (OHNWURGQLN
QRW PRXQWHG &HUDPLF &DSDFLWRU
Q) 9° &HUDPLF &DSDFLWRU & * 0%ODWR + -$
Q) 9
& ) &HUDPLF &DSDFLWRU ; 5 OXUEDWDE + .$ °
—) 9 (/&$3 'LD PP
& 5XE\FRQ =+ 00&
. [+ PP 3LWFK PP
9 % 3RZHU 5HFWLILHU 'LRGH 60$ 21 6HPLFRQGXFWRU 059
v 9 8OWUDIDVW S5HFWLILHU 'LRGH 60$ 67767 $
"DX] 9 6FKRWWN\ 'LRGH 62' 67 %$7 =),/0
& 2110LQH +9 &RQYHUWHU 6623 67 9,3(5 /675
/ P+ - $[LDO ,QGXFWRU 7KURXJK +ROH % (3886 -
/ P+« 5DC;";DO "QGXFWRU LD PR Hy 5/% N

0 o oFp  §:QSXW &RQQHFWRU 2XWSXik EEQAKFWAN

7TKURXJK +ROH PP SL

3RZHU OHWDO 2[LGH )LO v ) , |
. . ZHU 0HWDO 2ILCH )LOR SHRGYWAN vLw  s2; 6 s

N :
5 ) 6WDQG )LOP 5HVLVWRU3D(§§\F/>Rfd&LF (5- (.) 9
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N :
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2XWSXW YROWDJH FKDUDF!

2XWSXW YROWDJIJH FKDUDFWHULVWLFV

JLIXURXWSXW YROWDJH ORDG UHIJXODWLRQ DW QRPLQDO $& LC
20 4
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Vour VI
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(IILFLHQF\ PHDVXUHPHQWYV
$Q\ H{IWHUQDO SRZHU VXSSO\ (36 KDV WR PHHW WKH LQWHUQDWLRQDO UH
7KH (XURSHDQ FRGH RI FRQGXFW (& &R& YHUVLRQ OLPLW LV WDNHQ DV |

7TDEOH (& &R& YHUVLRQ HQHUJ\ HIILFLHQF\ FULWHULD IRU DFWLYH PR
SRZHU VXSSOLHV 7LHU

I1DPHSODWH RXWSXW SRZHU 3Q@RQLPXP DYHUDJH HIILFLHQF\ H[SUHVVHQ({

WR " ZDWW . 30R
I WR " ZDWWYV o> ,Q 3QR @ 3QR
! ZDWWYV .

$FFRUGLQJ WR WKH WDEOH DERYH WKH PLQLPXP DYHUDJH HIILFLHQF\ LV
HILFLHQFLHV DW DQG RI WKH UDWHG RXWSXW; SRZY Y DOMG QRPL

9,1 S
$QRWKHU UHTXLUHPHQW LV WKH HIILFLHQF\ PHDVXUHG DW Rl WKH UDWH

7DEOH (& &R& YHUVLRQ HQHUJ\ HIILFLHQF\ FULWHULD IRU DFWLYH PR
SRZHU VXSSOLHV DW PD[LPXP RXWSXW ORDG 7LHU

I1IDPHSODWH RXWSXW SRZHU 3Q@RQLPXP DYHUDJH HIILFLHQF\ H[SUHVVHQ(Q

WR * ZDWW . 3QR
! WR® ZDWWYV o> Q 3Q0R @ * 30QR

| ZDWWYV .
JRU WKH FRQVLGHUHG DSSOLFDWLRQ WKH PLQLPXP HIILFLHQF\ LV 7KF

PHDVXUHPHQW UHVXOWYV

$1 5HY SDJH




(IMLFLHQF\ PHDVXUHPHC

7DEOMYHUDJH HIILFLHQR\ DW 9

$YHUDJH HIILFLHQF\

/DEOHYHWDJH HIILFLHQR\ DW 9

$YHUDJH HIILFLHQF\

7TDEOKMYHUDJH HIILFLHQF\ DW RI WKH PD[ RXWSXW ORDG

)LIXUH (INTLFLHQF\ YV RXWSXW FXUUHQW ORDG
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1R ORDG FRQVXPSWL

1R ORDG FRQVXPSWLRQ

7TKH LQSXW SRZHU RI WKH FRQYHUWHU KDV EHHQ PHDVXUHG LQ QR ORDG F
WKH DYHUDJH VZLWFKLQJ IUHTXHQF\ LV UHGXFHG PLQLPL]JLQJ WKH IUHTXH

JLIXUHR ORDG FRQVXPSWLRQ YV LQSXW YROWDJH
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Vin [Vl
ILJIKW ORDG FRQVXPSWLRQ

7TKH 67%8 93 %WLQSXW SRZHU XQGHU OLJKW ORDG FRQGLWLRQV LV DOVR V|

7KH ERDUG LV FRPSOLDQW ZLWK (X3 /RW ZLWK DQ HIILFLHQF\ KLIJKHU WK
UHTXLUHG E\ WKH (36
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7\SLFDO ZDYHIRUPYV

3

7\SLFDO ZDYHIRUPV

7KH *1' YROWDJH DQG RXWSXW LQGXFWRU FXUUHQW ZDYHIRUPV LQ IXOO Ol
IRU PLQLPXP DQG PD[LPXP $& LQSXW YROWDJHV

YLIXUH 2XWSXW LQGXFWRU FXUUHQWJUBQG2XWSRWWMRIGHXFWRU FXUUHQW
DW IXO0 OR{G DW 9 DW IXO0O ORRg DW 9

) V] . )

Vexp | Vano

I B O A i

Chi SVidiv  Ch2 100V/div Chd 100mA/div M:10.0 ps/div Chi SWidiv  Ch2 100Vidiv el \div M:10.0 ps/div

7KH *1' YROWDJH DQG RXWSXW LQGXFWRU FXUUHQW ZDYHIRUPV LQ IXOO Ol
IRU WKH WZR QRPLQDO LQSXW YROWDJHYV

JLIXURXWSXW LQGXFWRU FXUUHQW DIQIXBH YRDXWDIXW LQGXFWRU FXUUHC
DW IXO0 OR®REG DW YROWDJH DW IXOQgORDG DW 9

Vour M

Ch1 SVidiv Ch2 100Vidiv =, v M:10.0 psidiv

Ch1 5Vidiv Ch2 100Vidiv =hd omA/d M:10.0 ps/div

7KH RXWSXW YROWDJH ULSSOH DW WKH VZLWFKLQJ IUHTXHQF\ LV VKRZQ L
YROWDJHV

$1 5HY SDJH
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‘"\QDPLF VWHS ORDG UHJXC(

3

JLIXUH2XWSXW YROWDJH ULSSOH DW XX0IQXOWRIDXGVDYWROWDJIH ULSSOH DW IX

98 9 &

ARAA A AAAAAAANAARARAARARAANA ANVAAN \"'"‘ MAVANRANARA _‘.".\.." AMANARMARAMANAANANS
i W I||\il\ i ”] WWII{ i 1”|“|H‘|H|m“m
Ch1 20mvidiv M:100.0 ps/div Ch1 20mVidiv M:100.0 ps/div
Ch1(PK-PK): 30.63mV Ch1(PK-PK): 44.28mV

7KH RXWSXW YROWDJH ULSSOH DW WKH VZLWFKLQJ IUHTXHQF\ LV VKRZQ L
YROWDJHV

J)LIXUH 2XWSXW YROWDJH ULSSOH D\
J)LIXUH 2XWSXW YROWDJH ULSSOH DW QR ORDdspW

9s¢
Vour
Vour :
. = A g
T o Ja T . . e

- f e ) s o ] - - I
Ch1 20mVidiv M:200.0 ps/div

Ch1(Pk-Pk): 21.85mV Ch1 20mVidiv M:200.0 ps/div

Ch1(Pk-Pk): 26.92mV

"\QDPLF VWHS ORDG UHJXODWLRQ

,Q DQ\ SRZHU VXSSO\ LW LV LPSRUWDQW WR PHDVXUH WKH RXWSXW YROW
ORDG YDULDWLRQV LQ RUGHU WR HQVXUH DSSURSULDWH VWDELOLW\ IUHH
7KH WHVW LV SHUIRUPHG E\ YDU\LQJ WKH RXWSXW ORDG IURP WR $
YROWDJHV

,Q WKH WHVWHG FRQGLWLRQV QR DEQRUPDO RVFLOODWLRQV ZHUH REVHU
ZHOO ZLWKLQ DFFHSWDEOH YDOXHV

$1 5HY SDJH




$1

‘"\QDPLF VWHS ORDG UHJXC(

3

YLIXUH "\QDPLF VWgHSURPDGWR )L$XUH'\QDPLF VWHS,3RDBP , WR $
DW 9 DW &
T L. ‘ FOREE SRS
Vouv Vour
-— | | —_—
Ch1 2Vidiv i SOmA/div M:10.0 ms/div Ch1 2Vidiv 4 S0mA/div M:10.0 ms/div
Ch1i(Min): 14.78V Chi(Max): 15.84V Chi(Min): 14.61V  Chi(Max): 15.85V

$1 5HY SDJH
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6WDUWXS

6WDUWXS

KHQ WKH FRQYHUWHU VWDUWYV WKH RXWSXW FDSDFLWRU LV GLVFKDUJHG
'XULQJ WKLV WLPH WKH SRZHU GHPDQG IURP WKH FRQWURO ORRS LV DW L
RSHUDWLQJ PRGH RI WKH FRQYHUWHU

$QRWKHU FRQVLGHUDWLRQ LV WKDW ZKHQ WKH 026)(T EMIRIIHWWKH G RQL ALX/
WLPH;g%, 1 KDV HODSVHG %HFDXVH RI WKH GHHS FRQWLQ)RXM[ERVNLYQH BRI
FXUUHQW ;,GU{FRRQ7VWUHVV WKH FRPSRQHQW RI WKH FRQYHUWHU WKH GHY
2XWSXW LQGXFWRU VDWXUDWLRQ PD\ DOVR RFFXU XQGHU WKHVH FRQGLWL
7R DYRLG WKHVH QHJDWLYH HIPISOWMPHOWKN DQ LQWHUQDO VRIW VWDUW IHD
ZRUN WKH GUDLQ FXUUHQW LV DOORZHG WR LQFUH D VHHILDRIFG THHMY VRR WK HH
ORRS UHTXHVW

7KH VRIW VWHPUWLYWRHQDOO\ VHW DW PV W\SLFDO YDOXH

7KH IROORZLQJ ILJXUHV VKRZ WKH VRIW VWDUW SKDVH Rl WKH SUHVHQW F
YROWDJHYgDQGI g4

JLIXUHE6WDUWXSO9WIXOO ORDG )LIXUH 6WDUWeS IXWO ORDG  ]RRP

v Cl

Vour
Vour

s o

Ch1 5vidiv i M:2.0 ms/div Ch1  SVidiv [ M:2.0 ms/div
At 16.96ms ZiCh1 2.5Vidiv Al r v Zoom Scale:10.0 ps/div

J)LIXUH 6WDUWS IXWO ORDG )LIXUHG6WDUWXS PpWIXO®D ORDG | ]RRP

v )

p : S S —

|

Vour

L

[ 3 i

I i P P

L -
Ch1 SVidiv | M:2.0 ms/div Ch1 5Vidiv " M:2.0 ms/div

At: 15.82ms Zoom Scale:10.0 ps/div

$1 SHY SDJH
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BURWHFWLRQ IHDW:

SURWHFWLRQ IHDWXUHYV

2YHUORDG DQG VKRUW FLUFXLW SURWHFWLRQ

KHQ WKH ORDG SRZHU GHPDQG LQFUHDVHVY WKH IHHGEDFN ORRS UHDFWYV
,Q WKLVWAKH 3:0 FXUUHQW VHW SRLQW LQFUHDVHY DQG WKH SRZHU GHOLYF
ZKHQ WKH GHOLYHUHG SRZHU HTXDOV WKH ORDG SRZHU UHTXHVW

,Q FDVH RI RYHUORDG RU RXWSXW VKRUW FLUFXlgW)RWKH YGWD LFQ FIOXU WK Q W
FRQGLWLRQ LV PHW DQ LQWHUQDO 2&3 FRXQWHU LV LQFUHPHQWHG DQG W
SHUVLVWV IRU PV 7KH SRZHU VHFWLRQ LV WXUQHG RIl DQG WKH FRQYHU
HODSVHG WKH ,& UHVXPHV VZLWFKLQJ DQG WKH SURWHFWLRQ FRQWLQXHV
UHPDLQV 7KLV HQVXUHV D ORZ FRQYHUWHU UHVWDUW DWWHPSW UDWH St
WKURXJKSXW DQG DYRLGLQJ ,& RYHUKHDWLQJ LQ FDVH Rl UHSHDWHG RYHL

JXUWKHUPRUH WKH LOQWHUQDO VRIW VWDUW IXQFWLRQ LV LQYRNHG DW VW
UHPRYHG WKH ,& UHVXPHYV ZRUNLQJ QRUPDOO\ ,I WKH IDXOW LV UHPRYHG
GHFUHPHQWHG RQ D F\FOH E\ F\FOH EDVLVY GRZQ WR JHUR DQG WKH SURWH
UHPRYHG GXULQJ WKH V WLPH WKH ,& ZDLWV XQWLO WKLV WLPH KDV HOD

JLIXUH2YHUORDG HYHQW 2/3 WULSSWIQIYHUORDG HYHQW FRQWLQXRX\

Y O .

\\W\\W\W\N\\\\\\\\ AR A A A

Vour I Vour

e o : :

Ch1 Swidiv Ch3 Swidiv { 200m/ M:10.0 msi/div Ch1 5Vidiv Ch3 Svidiv C mA/div M:200.0 ms/div

RDG HYHQW IDXOW UHPR

2Y
JLIXUH2YHUORDG HYHQW VWHDG\ \)/lV\;é\RIH ]FH\B WRUHVWDUW

Cd Cl

NNV AR A m

Vour
Vour

Ch1 5Vidiv Ch3 5Vidiv C r div M:10.0 ms/div
Ch1 sVidiv Ch3 5Vidiv i M:200.0 ms/div

$1 SHY SDJH




£ $1
Y/ 9&& FODPS SURWHFW

944 FODPS SURWHFWLRQ

$V WKH ORRS IDLOV 5 D DQG 5 E RSHQ RU 5 VKRUWHGY,3WKH RXQSXDW YLRAOV
PD[LPXP FXUUHQW OLPLWDW BQQ TKGV RRIOVF D HD RIPVID ¥g £ WRIOW O U1 8 NHIGU W RJ ¥
GLRGH['

,l YROWRIBPUHDVHV XS WR\FIOD R WHKUG D& RO G 9 PLQLPXP ZLWK D FO
WKH SLQ JUHDWHU WKD Q gWg<H OFDBWHFLKQ WROURH V IDRGGW, RIS BUDWHYV DW LWV GUL
OLPLWDWLRQ D IDXOW VLJQDO LV LQWHUQDOO\ JHQHUDWHG DQG WKH GHY

7KH IDLOXUH Rl WKH ORRS LV VLPXODWHG E\ RSHQLQJ WKH KLJK VLGH UHV
7KH VDPH EHKDYLRU FDQ EH LQGXFHG E\ VKRUWLQJ WKH ORZ VLGH UHVLVW

JLIXUHO9gg FODPS SURWHFWLRQ WULSSIRQJFODPS SURWHFWLRQ VWHD

VOD

TR T

AR

[

Chi SVidiv Ch3 5Vidiv 00mA/div M:50.0 ms/div Ch1 5Vidiv Ch3 5Vidiv 4 200r iy M:200.0 ms/div

Ch1 (Max): 26.3V  Ch3 (Max): 25.8V

SDJH
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$1

&RQGXFWHG QRLVH PHDVXU]I

&RQGXFWHG QRLVH PHDVXUHPHQWYV

$1

7KH 9,3(5IUHTXHQF\ MLWWHULQJ IHDWXUH DOORZV WKH VSHFWUXP WR EH \
EHLQJ FRQFHQWUDWHG RQ VLQJOH IUHTXHQF\ YDOXH (VSHFLDOO\ ZKHQ PF
GHWHFWLRQ PHWKRG WKH OHYHO UHGXFWLRQ FDQ EH VHYHUDO G%—9

$ SUH FRPSOLDQFH WHVW IRU WKH (1 &ODVV % (XURSHDQ QRUPDWLYH
PHDVXUHPHQWY RI WKH FRQGXFWHG QRLVH HPLVVLRQV DW IXOO ORDG DQG
IROORZLQJ ILIXUHV

J)LIXUH &( DYHUDJH PHDYV Xy HXD@W XOMW & ( DYHUDJH PHDV XUH Pgd QYO DW

ORDG ORDG
Mkrl 15.38 MHz Mkrl 15.30 MHz
Ref 75 dBpV #Atten 10 dB 32.18 dBpV Ref 75 dBpV *Atten 10 dB 37.44 dBpY
sEmiAu *EmiAy]
Log Log |
10 [ I T |1
dB/ | ™~ dB/ \w\\\-
Offst | 1 Offst |
10 st "\\ ‘11 g ‘ — : - »
dB 1
Jp n " A‘V" ‘ | & A e m\/‘vkw
Vi - ol ] f
ST PAawiuaas <iim sl I IVULIGRIEY |
WL S2 HL §2
S3FS $3 FS||
f A ;
Start 150 kHz Stop 30 MHz Start 150 kHz Stop 36 MHz
Res BH 9 kHz YBH 38 kHz Sweep 4 ks (1515 pts) Res BH 9 kHz VBH 30 kHz Sweep 4 ks (1515 pts)

SDJH
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7TKHUPDO PHDVXUHPHQ

TKHUPDO PHDVXUHPHQWYV

$ WKHUPDO DQDO\VLV RI WKH ERDUG KDV EHHQ SHUIRUPHG XVLQJ DQ ,5 FD
936 DQG $g9LQ IXOO ORDG FRQGLWLRQ 7KH UHVXOWY DUH VKRZQ EHORZ

JLIXUH7KHUPDO PDS9RWIX0O0O ORDG)LJIXUH 7KHUPDO PRSIRWO OBDG
700 700
c C
B4.4 B4.4
58.8 5.8
531 531
475 475
419 K]
%3 %3
306 306
%0 %0
7DEOHHPIHUDWXUH RI 94@%5 f& HPLVVLYLW\ IRU DOO SRLQV
SHIHUHQFH 3RLQW
9,3(5 $

$1 5HY SDJH
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$1

&RQFOXVLRQV

&RQFOXVLRQV

$1

$ EXFN FRQYHUWHU KDV EHHQ GHVFULEHG DQG FKDUDFWHUL]JHG ZLWK WKt
WHUPV RI OLQH DQG ORDG UHJXODWLRQ

7TKHIHFLHQF\ SHUIRUPDQFH KDV EHHQ FRPSDUHG ZLWK WKH UHTXLUHPHQW\
SURJUDPV IRU HIWHUQDO $& '& DGDSWHUV ZLWK KLJKO\ SRVLWLFHHQHV X® W
DOzD\V KLIJKHU WKDQ WKH UHTXLUHG PLQLPXP

7KH 67(9%/ 93 UMIHUHQFH GHVLJQ PHHWV WKH (1 + &ODVV % (0, UHJXO
DQG ORZ FRVW /& LQSXW ILOWHU

SDJH
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$1

JHHGEDFN ORRS FDOFXODWLRQ

$1

$SSHQGL[ $ )HHGEDFN ORRS FDOFXODWLRQ J

&&0 EXFN FRQYHUWHU WUDQVIHU IXQFWLRQ
7KH FRQWURO WR RXWSXW WUDQVIHU IXQGWD)RQ RIJIWKHQEK\FN FRQYHUWHU

14+ >
wz,
Gyc(s) = Hop -

s GHF(s)
14—
wpq

*DLQ SROHV DQG JHUR DUH GHILQHG EHORZ
Ro 1

“H TRy T
coMP | . 0L S . (05— D)

Ho

1
“Z1 7 Re-Co

1 Ts
“P1=TR,co T L Co
1

-(0.5-D)

GHF(s) = 5
N S
1+——+>

Qo - wp wg

_ T
(.UO—T—S

!
Q=7"(05-D)
7KH Wk GHILQHV WKH KLJK IUHTXHQF\ FKDUDFWHULVWLF ZKLFK LV UHSL

WKH VZLWFKLQJ IUHTXHQF\ DQG LV GHVFULEHG E\ D VHFRQG RAFG\H B | VWAKW H
LQVWDELOLW\ IRU WKH &&0 EXFN ZLWK GXW\ F\FOH KLIJKHU WKDQ

KHQ WKH FURVVRYHU IUHTXHQFGREWKWHXYRKBR® 0D QM LYLOREZOH

&RPSHQVDWLRQ GHVLJQ

7R FRPSHQVDWH WKH &&0 EXFN ZH XVH D W\SH FIRIFFS\H Y RDIWURY ZG W KVWK K |
JDLQ WR PLQLPL]H VWDWLF HUURU DQG D SROH JHUR SDLU WR ERRVW WKH

7KH FRPSHQVDWRU LV GHWHUPLQHG XVLQJ D PDQXDO SROH JHUR SODFHPH!
YLFLQLW\ RI WKH SRZHU VWDJH GRPLQDQW SROH WR FDQFHO LWV HIIHFW |
UHTXLUHG SKDVH PDUJLQ

JROORZ WKH SURFHGXUH EHORZ WR GHVLJQ WKH FRPSHQVDWLRQ ZLWK D W
6WHS 6HOHFW WKH FURVYRIMNOG WHKH SHKKQ&H PDUJILQ

6WHS (YDOXDWH WKH JDLQ DQG SKDVH RI WKH SODQW DW FURVVRYHU IUHT
Gyc(fe) = 1Gve - (2 m-fe)l
Pyc(fe) = arglGyc - (2-m-f¢)]
6WHS 7KH FRPSHQVDWHG RSHQ ORRS JDLQ fpX\LW KO WWIB LLLH WXKIHJ M Q LSK D W HQF

FRPSHQVDWRU PXVW EH GHVLJQHG LQ RUGHU WR KDYH IROORZLQJ JI

Ge(fe) = 1Ge- (2-m-f)l = #(fc)
c(te) = arg[Gc - (2-m-fc)] = 90 — 180

+®m — Pyc(fe)
6WHS &DQFHO WKH SROfp,RI WKEODFRQW WKH JHUR RACWVK® WK PISHIQMRQR U

wz(C
fz(0)= 2-(11) =afp(p)
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6\QWKHVLV RI WKH FRPSHC

6WHS 30DFH WKH SROH RI WKH FRPSHQVDWRU WR ERRVW WKH SKDVH DQG

fc
fpo) = 7 fc
tan[tan 1(%)—43(:@(:)]
6WHS &DOFXODWIKEWKH JDLQ
fc 2
we |1+ |5
Geo = Ge(fe) (f P(C;)
t+{ae)
7KH GHVGJISY) RV FRPSOHWH
$ 6\QWKHVLVY RI WKH FRPSHQVDWRU

7KH IROORZLQJ ILIJXUH VKRZV\WKH UPKBR DWW IUFRXR HEG KIHQ 7W K H

JLIXUHT7\SH FRPSHQVDWRU ZLWK 27$%
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7KH WUDQVIHU IXQFWLRQ RI WKLV FRPSHQVDWRU FDQ EH H[SUHVVHG DV W|
R3-8gm 1+s-Ry-Cq

Ge(s) = .
€7 (Rga +Rap +R3) - (C5 + Cg) s-[1+s-R2-(C6'C5)]
Ce +Csg

7KH ILUVW FRPSRQHQW WR EHpAKQRGHSQ@KLEFK BMVIWBHR BYIK HQRXJK WR UHQ
RIVHW HQWHULQJ LQ WKH LQYHUWLQJ SLQ QHJOLJLEOH EXW ORZ HQRXJK V
QRW KDYH WR EH WRR DW WU GEMARLVWWUNKH '& RSHUDWLQJ §RI:DQ ®ISWKH
SOD\ D UROH LQ GHWHUPLQLQJ WKH JDLQ RI WKH FRPSHQVDWRU
6WHS 6HW WKH YD@X5\W RA 5

Rgq = 71.5kQ

Rygp, = 11kQ

R3 = 22kQ

6WHS &DOFXODWH WKH YDOXH IRU &
_fZ_1. R3-gm
~ fp1 Ggo - (Rga + Rap +R3)
7KH VHOHFWHG YNOXH IRU &

Cs =1.2nF

~ 1.1nF

Cs
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6\QWKHVLV RI WKH FRPSHC
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6WHS &DOFXODWH &

R3-gm
Ce = —Cg =~ 387nF
67 Gco- (Rga+Rap+R3)
7KH VHOHFWHG YMOXH IRU &
Cg = 470 nF
6WHS &DOFXODWH 5
—_— 1 ~

7KH VHOHFWHG YMOXH IRU 5
Ry = 17.4kQ

7KH UHVXOWLQJ FUR¥VRQE UWIKHH BXBIYHDRLHIJIL Q
fc~ 1.7kHz
Py = 79

$1 5HY SDJH




/ID\RXW JXLGHOLQHY DQG GHVLJQ UHFF

$SSHOGUDYRXW JXLGHOLQHY DQG GHVLJQ UHFRP

$Q DSSURSULDWH 3&% OD\RXW LV HVVHQWLDO IRU WKH FRWUH@WX R B M WDK\H-
GHOLYHU\ RI FOHDQ VLIJQDOV WR WKH ,& DQG KLJKHU LPPXQLW\ WR H[WHUC
UDGLDWHG DQG FRQGXFWHG HOHFWURPDJQHWLF LQWHUIHUHQFH DOO RI Z

%YHORZ DUH VRPH JHQHUDO FRQFHSWYV WR NHHS LQ PLQG ZKHQ GHVLJQLQJ
6HSDUDWH VLIJQDO DQG SRZHU WUDFNYV

t 7UDFHV FDUU\LQJ VLIJQDO FXUUHQWY VKRXOG JHQHUDOO\ EH UXQ DW D
FXUUHQWY RU ZLWK UDSLGO\ FKDQJLQJ YROWDJHYV

t 6LIQDO JURXQG WUDFHYVY VKRXOG EH FRQQHFWHG WR WKH ,& VLIQDO JU
FORVH WR WKH ,&

t 3RZHU JURXQG WUDFHV VKRXOG EH FRQQHFWHG WR WKH ,& SRZHU JUR?

t 7KH FRPSHQVDWLRQ QHWZRUN VKRXOG EH FRQQHFWHG WR WKH ($ 287
SRVVLEOH

t ,Q WZR OD\HU 3&%V LW LV D JRRG SUDFWLFH WR URXWH VLIJQDO WUDF
RWKHU VLGH
JLOWHU VHQVLWLYH SLQV DQG FUXFLDO SRLQWYVY RQ WKH FLUFXLW

t $ VPDOO KLJK IUHTXHQF\ E\SDVV FDSDFLWRU WR *1' PLIJKW EH XVHIXO \
SDUW RI WKH ,& DQG SURWHFW WKH ,& LWVHOI GXULQJ ()7 (6' WHVWYV

t $ ORZ (6/ FHUDPLF FDSDFLWRU D IHZ KXQGUHG S) XS WR —) VKRXO(
SODFHG DV FORVH DV SRVVLEOH WR WKH ,&
¥ :LWK IO\EDFN WRSRORJLHV ZKHQ WKH DX[LOLDU\ ZLQGLQJ LV XVHG LW

WKH DX[LOLDU\ UHWXUQ DQG WKHQ WR WKH PDLQ *1' XVLQJ D VLQJOH W

.HHS SRZHU ORRSV DV FRQILQHG DV SRVVLEOH

¥ OLQLPL]H WKH DUHD FLUFXPVFULEHG E\ FXUUHQW ORRSV ZKHUH KLJKO\
SDUDVLWLF VHOI LQGXFWDQFH DQG WKH UDGLDWHG HOHFWURPDJQHWLT
LOQWHUIHUHQFHY SURGXFHG E\ WKH SRZHU VXSSO\ GXULQJ WKH VZLWFK

+ ,Q0 DIO\EDFN FRQYHUWHU WKH PRVW FULWLFDO ORRSV DUH
7KH RQH ZLWK WKH LQSXW EXON FDSDFLWRU WKH SRZHU VZLWFK D
WKH RQH ZLWK WKH VQXEEHU
WKH RQH ZLWK WKH VHFRQGDU\ ZLQGLQJ WKH RXWSXW UHFWLILHU
Q D EXFN FRQYHUWHU WKH PRVW FULWLFDO ORRS LV
+ 7KH RQH ZLWK WKH LQSXW EXON FDSDFLWRU WKH SRZHU VZLWFK W
WKH IUHH ZKHHOLQJ GLRGH
5HGXFH OLQH OHQJWKYV DV DQ\ ZLUH ZLOO DFW DV DQ DQWHQQD

¥ 'LWK WKH YHU\ VKRUW ULVH WLPHV H[KLELWHG E\ ()7 SXOVHV DQ\ DQW
YROWDJH VSLNHV 6KRUWHU OLQHV UHGXFH WKH OHYHO RI UDGLDWHG +
HOHFWURVWDWLF GLVFKDUJHV 7KLV ZLOO DIGHVFRVN HWHRS [E PW®& LPEKWLVWLY

t $00 WUDFHV FDUU\LQJ KLIJK FXUUHQWY HVSHFLDOO\ LI SXOVHG WUDF
DV SRVVLEOH
2SWLPL]H WUDFN URXWLQJ

¥ DV OHYHOV RI SLFNXS IURP VWDWLF GLVFKDUJHVY DUH OLNHO\ WR EH JL
ZLVH WR NHHS DQ\ VHQVLWLYH OLQHV DZD\ IURP WKHVH DUHDV

t ,QSXW DQG RXWSXW OLQHV ZLOO RIWHQ QHHG WR UHDFK WKH 3&% HGJ
IURP WKH HGJH DV VRRQ DV SRVVLEOH ZKHUH DSSOLFDEOH

f B6LQFH YLDV DUH FRQVLGHUHG LQGXFWLYH HOHPHQWV WKH\ VKRXOG E
LQ SRZHU SDWKV

,PSURYH WKHUPDO GLVVLSDWLRQ

f $Q DGHTXDWH FRSSHU DUHD PXVW EH SURYLGHG XQGHU WKH '5$,1 SLQ)

f LWLV QRW UHFRPPHQGHG WR SODFH ODUJH FRSSHU DUHDV RQ WKH *1°
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/ID\RXW JXLGHOLQHYVY DQG GHVLJQ UHFEF

J)LIXUH 5HFRPPHQGHG URXWLQJ IRU EXFN FRQYHUWHU
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SHYLVLRQ KLVWRU\

DEOHREFXPHQW UHYLVLRQ KLVWRU\

2FW ,QLWLDO UHOHDVH
$SU 8SGDWHBWLRQ &KDUDFWHULVWLFYVY DQG VSHFLILFDWLRQV

$1 SHY SDJH
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&RQWHQWYV

ERQWHQWYV
JHDWXUHV DQG VSHFLILFDWLRQV
6FKHPDWLF GLDJUDP
%LOO RI PDWHULDOV
2XWSXW YROWDJH FKDUDFWHULVWLFV
(HLFLHQF\ PHDVXUHPHQWYV
1R ORDG FRQVXPSWLRQ
/LJKW ORDG FRQVXPSWLRQ
7\SLFDO ZDYHIRUPV
'\QDPLF VWHS ORDG UHJXODWLRQ
6WDUWXS
BURWHFWLRQ IHDWXUHV
2YHUORDG DQG VKRUW FLUFXLW SURWHFWLRQ
9¢e FODPS SURWHFWLRQ
&RQGXFWHG QRLVH PHDVXUHPHQWYV
7KHUPDO PHDVXUHPHQWYV
&RQFOXVLRQV
$SSHOQGL)HWHGEDFN ORRS FDOFXODWLRQ JXLGHOLQHV
$ &&0 EXFN FRQYHUWHU WUDQVIHU IXQFWLRQ
$ &RPSHQVDWLRQ GHVLJQ
$ 6\QWKHVLV Rl WKH FRPSHQVDWRU
$SSHQGL[DARXW JXLGHOLQHYV DQG GHVLJQ UHFRPPHQGDWLRQV
5HYLVLRQ KLVWRU\

$1 SHY SDJH
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/ILVW RI ILIXUHV

I[LVW RI ILIXUHYV

JLIXUH 67(%/ 93 % HYDOXDWLRQ ERDUG
JLIXUH 67(9%/ 93 % FLUFXLW VFKHPDWLF

JLIXUH 2XWSXW YROWDJH ORDG UHJXODWLRQ DW QRPLQDO $& LQSXW YROWDJHV
JLIXUH (IILFLHQF\ YV RXWSXW FXUUHQW ORDG

J)LJXUH 1R ORDG FRQVXPSWLRQ YV LQSXW YROWDJH

JLIXUH /LJKW ORDG FRQVYXPSWLRQ DW 3

JLIXUH 2XWSXW LQGXFWRU FXUUHQW DQG *§;, YROWDJH DW IXO0 ORDG DW 9
JLIXUH 2XWSXW LQGXFWRU FXUUHQW DQG *1§gYROWDJH DW IXOO ORDG DW 9
JLIXUH 2XWSXW LQGXFWRU FXUUHQW DQG *14gYROWDJH DW IXOO ORDG DW
JLIXUH 2XWSXW LQGXFWRU FXUUHQW DQG *1§gYROWDJH DW IXOO ORDG DW 9
JLIXUH 2XWSXW YROWDJH ULSSOsid DW IXOO ORDG DW 9

JLIXUH 2XWSXW YROWDJH ULSSOg4 DW IXOO ORDG DW 9

J)LIXUH 2XWSXW YROWDJH ULSSQK DW QR ORDG DW 9

J)LIXUH 2XWSXW YROWDJH ULSSQKH DW QR ORDG DW 9

JLIXUH "\QDPLF VWHSPIRRE® , WR $sDW 9

JLIXUH '"\QDPLF VWHS;DIRRE® , WR $ sDW 9

JLIXUH B6WDUWXS W X0O® ORDG

JLIXUH B6WDUWXSgWX0O® ORDG ]RRP

JLIXUH B6WDUWXS WIXO® ORDG

JLIXUH BWDUWXS aWIXO® ORDG ]RRP

JLIXUH 2YHUORDG HYHQW 2/3 WULSSLQJ

JLJXUH 2YHUORDG HYHQW FRQWLQXRXV RYHUORDG

JLJXUH 2YHUORDG HYHQW VWHDG\ VWDWH ]RRP

JLJXUH 2YHUORDG HYHQW IDXOW UHPRYHG DQG DXWRUHVWDUW

JLIXUH 944 FODPS SURWHFWLRQ WULSSLQJ

JLIXUH 9g4¢ FODPS SURWHFWLRQ VWHDG\ VWDWH

J)LIXUH &( DYHUDJH PHDVXUH®HQ@®OD @R D GI

JLIXUH &( DYHUDJH PHDVXUH@HIQ® D WR D GI

J)LIXUH 7KHUPDO PDSgpWXOMORDG

J)LIXUH 7KHUPDO PDSgWXO® ORDG

JLIXUH 7\SH FRPSHQVDWRU ZLWK 27$

JLIXUH B5HFRPPHQGHG URXWLQJ IRU EXFN FRQYHUWHU
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/ILVW RI WDEOH

/ILVW Rl WDEOHYV

7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

67(9%/ 93 % HOHFWULFDO VSHFLILFDWLRQV
67(9%/ 93 % ELOO RI PDWHULDOV
(& &R& YHUVLRQ HQHUJ\ HIILFLHQF\ FULWHULD IRU DFWLYH PRGH H[FOXGL

(& &R& YHUVLRQ HQHUJ\ HIILFLHQF\ FULWHULD IRU DFWLYH PRGH H[FOXGL
PD[LPXP RXWSXW ORDG 7LHU

$YHUDJH HIILFLHQF\ DW 9

$YHUDJH HIILFLHQF\ DW 9

$YHUDJH HIILFLHQF\ DW RI WKH PD[ RXWSXW ORDG
THPSHUDWXUH RI §3(5 f& HPLVVLYLW\ IRU DOO SRLQWYV
'RFXPHQW UHYLVLRQ KLVWRU\

$1 5HY SDJH
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,03257$17 127,&( + 3/($6( 5($' &$5()8//<

670LFURHOHFWURQLFV 19 DQG LWV VXEVLGLDULHV 367" UHVHUYH WKH ULJKW WR PDNH FKDQJHV FRUU!
SURGXFWV DQG RU WR WKLV GRFXPHQW DW DQ\ WLPH ZLWKRXW QRWLFH 3XUFKDVHUV VKRXOG REWDLQ
SURGXFWYV DUH VRO & WXUWPYDRACGWREOG@GBGLWLRQV RI VDOH LQ SODFH DW WKH WLPH RI RUGHU DFNQRZOHG.

3XUFKDVHUV DUH VROHO\ UHVSRQVLEOH IRU WKH FKRLFH VHOHFWLRQ DQG XVH RI 67 SURGXFWYV DQG 6
3XUFKDVHUVY SURGXFWV

1R OLFHQVH H[SUHVV RU LPSOLHG WR DQ\ LOQOWHOOHFWXDO SURSHUW\ ULJKW LV JUDQWHG E\ 67 KHUHL
5HVDOH RI 67 SURGXFWV ZLWK SURYLVLRQV GLIITHUHQW IURP WKH LQIRUPDWLRQ VHW IRUWK KHUHLQ VKI

67 DQG WKH 67 ORJR DUH WUDGHPDUNYV RI 67 )RU DGGLWLRQDO 227 RW PORWPL R Q [DEHRKINI B ¥ WSWDIDG R WE BN VS
QDPHY DUH WKH SURSHUW\ RI WKHLU UHVSHFWLYH RZQHUV

,QIRUPDWLRQ LQ WKLV GRFXPHQW VXSHUVHGHY DQG UHSODFHV LQIRUPDWLRQ SUHYLRXVO\ VXSSOLHG L
< 670LFURHOHFWURQLFV # $00 ULJKWV UHVHUYHG

$1 SHY SDJH
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