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$EVWUDFW

/HDUQ�ZK\�VSHFWUXP�DQDO\VLV�LV�LPSRUWDQW�IRU�D�YDULHW\�RI
DSSOLFDWLRQV�DQG�KRZ�WR�PHDVXUH�V\VWHP�DQG�GHYLFH
SHUIRUPDQFH�XVLQJ�D�VSHFWUXP�DQDO\]HU���7R�LQWURGXFH�\RX
WR�VSHFWUXP�DQDO\]HUV��WKH�WKHRU\�RI�RSHUDWLRQ�ZLOO�EH
GLVFXVVHG���,Q�DGGLWLRQ��WKH�PDMRU�FRPSRQHQWV�LQVLGH�WKH
DQDO\]HU�DQG�ZK\�WKH\�DUH�LPSRUWDQW�ZLOO�EH�H[DPLQHG�
1H[W��\RX�ZLOO�OHDUQ�WKH�VSHFWUXP�DQDO\]HU�VSHFLILFDWLRQV
WKDW�DUH�LPSRUWDQW�IRU�\RXU�DSSOLFDWLRQ���)LQDOO\��IHDWXUHV�RI
D�VSHFWUXP�DQDO\]HU�WKDW�PDNH�LW�PRUH�HIIHFWLYH�LQ�PDNLQJ
PHDVXUHPHQWV�ZLOO�EH�LQWURGXFHG�

$XWKRU

&KULVWLH�%URZQ�LV�D�%XVLQHVV�'HYHORSPHQW�(QJLQHHU�DW�WKH
0LFURZDYH�,QVWUXPHQWV�'LYLVLRQ�RI�+HZOHWW�3DFNDUG���6KH
UHFHLYHG�KHU�%6((�IURP�6DQ�-RVH�6WDWH�8QLYHUVLW\�LQ������
DQG�KHU�0%$�06�(QJLQHHULQJ�IURP�&DOLIRUQLD�3RO\WHFKQLF
8QLYHUVLW\��6DQ�/XLV�2ELVSR��LQ��������&KULVWLH�ZRUNHG�DV�D
7HVW�(QJLQHHU�IRU�/RFNKHHG�0LVVLOHV�	�6SDFH�&RPSDQ\�IRU
WZR�DQG�D�KDOI�\HDUV��DQG�DV�D�7HFKQLFDO�6DOHV�(QJLQHHU�IRU
&RKHUHQW��,QF���D�ODVHU�PDQXIDFWXULQJ�FRPSDQ\��IRU�WZR�DQG
D�KDOI�\HDUV���&KULVWLH�MRLQHG�+HZOHWW�3DFNDUG�LQ������DV�D
5HJLRQDO�6DOHV�(QJLQHHU��DQG�LV�QRZ�ZRUNLQJ�RQ�YDULRXV
SURMHFWV�LQ�WKH�ZLUHOHVV�FRPPXQLFDWLRQV�PDUNHW�



6OLGH���

7KLV�SDSHU�LV�LQWHQGHG�WR�EH�D�EHJLQQLQJ�WXWRULDO�RQ�VSHFWUXP�DQDO\VLV���,W�LV�ZULWWHQ�IRU�WKRVH�ZKR�DUH�XQIDPLOLDU
ZLWK�VSHFWUXP�DQDO\]HUV��DQG�ZRXOG�OLNH�D�EDVLF�XQGHUVWDQGLQJ�RI�KRZ�WKH\�ZRUN��ZKDW�\RX�QHHG�WR�NQRZ�WR�XVH
WKHP�WR�WKHLU�IXOOHVW�SRWHQWLDO��DQG�KRZ�WR�PDNH�WKHP�PRUH�HIIHFWLYH�IRU�SDUWLFXODU�DSSOLFDWLRQV���

,W�LV�ZULWWHQ�IRU�QHZ�HQJLQHHUV�DQG�WHFKQLFLDQV��WKHUHIRUH�D�EDVLF�XQGHUVWDQGLQJ�RI�HOHFWULFDO�FRQFHSWV�LV
UHFRPPHQGHG���

:H�ZLOO�EHJLQ�ZLWK�DQ�RYHUYLHZ�RI�VSHFWUXP�DQDO\VLV���,Q�WKLV�VHFWLRQ��ZH�ZLOO�GHILQH�VSHFWUXP�DQDO\VLV�DV�ZHOO�DV
SUHVHQW�D�EULHI�LQWURGXFWLRQ�WR�WKH�W\SHV�RI�WHVWV�WKDW�DUH�PDGH�ZLWK�D�VSHFWUXP�DQDO\]HU���

)URP�WKHUH��ZH�ZLOO�OHDUQ�DERXW�VSHFWUXP�DQDO\]HUV�LQ�WHUPV�RI�WKH�KDUGZDUH�LQVLGH��ZKDW�WKH�LPSRUWDQFH�RI�HDFK
FRPSRQHQW�LV��DQG�KRZ�LW�DOO�ZRUNV�WRJHWKHU�

,Q�RUGHU�WR�PDNH�PHDVXUHPHQWV��RQ�D�VSHFWUXP�DQDO\]HU�DQG�WR�LQWHUSUHW�WKH�UHVXOWV�FRUUHFWO\��LW�LV�LPSRUWDQW�WR
XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�WKH�DQDO\]HU����6SHFWUXP�DQDO\]HU�VSHFLILFDWLRQV�ZLOO�KHOS�\RX�GHWHUPLQH�LI�D
SDUWLFXODU�LQVWUXPHQW�ZLOO�PDNH�WKH�PHDVXUHPHQWV�\RX�QHHG�WR�PDNH��DQG�KRZ�DFFXUDWH�WKH�UHVXOWV�ZLOO�EH�

6SHFWUXP�DQDO\]HUV�DOVR�KDYH�PDQ\�DGGLWLRQDO�IHDWXUHV�WKDW�KHOS�PDNH�WKHP�PRUH�HIIHFWLYH�IRU�SDUWLFXODU
DSSOLFDWLRQV���:H�ZLOO�GLVFXVV�EULHIO\��VRPH�RI�WKH�PRUH�LPSRUWDQW�DQG�ZLGHO\�XVHG�IHDWXUHV�LQ�WKLV�VHFWLRQ�

$QG�ILQDOO\��ZH�ZLOO�ZUDS�XS�ZLWK�D�VXPPDU\�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
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$JHQGD

● 2YHUYLHZ�
● :KDW�LV�VSHFWUXP�DQDO\VLV"
● :KDW�PHDVXUHPHQWV�GR�ZH�PDNH"

● 7KHRU\�RI�2SHUDWLRQ�
● 6SHFWUXP�DQDO\]HU�KDUGZDUH

● 6SHFLILFDWLRQV�
● :KLFK�DUH�LPSRUWDQW�DQG�ZK\"

● )HDWXUHV
● 0DNLQJ�WKH�DQDO\]HU�PRUH�HIIHFWLYH

● 6XPPDU\
● $SSHQGL[
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6OLGH���

/HW
V�EHJLQ�ZLWK�DQ�RYHUYLHZ�RI�VSHFWUXP�DQDO\VLV�
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$JHQGD

● 2YHUYLHZ
● 7KHRU\�RI�2SHUDWLRQ
● 6SHFLILFDWLRQV
● )HDWXUHV
● 6XPPDU\
● $SSHQGL[
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6OLGH����

,I�\RX�DUH�GHVLJQLQJ��PDQXIDFWXULQJ��RU�GRLQJ�ILHOG�VHUYLFH�UHSDLU�RI�HOHFWULFDO�GHYLFHV�RU�V\VWHPV��\RX�QHHG�D�WRRO
WKDW�ZLOO�KHOS�\RX�DQDO\]H�WKH�HOHFWULFDO�VLJQDOV�WKDW�DUH�SDVVLQJ�WKURXJK�RU�EHLQJ�WUDQVPLWWHG�E\�\RXU�V\VWHP�RU
GHYLFH���%\�DQDO\]LQJ�WKH�FKDUDFWHULVWLFV�RI�WKH�VLJQDO�RQFH�LWV�JRQH�WKURXJK�WKH�GHYLFH�V\VWHP��\RX�FDQ�GHWHUPLQH
WKH�SHUIRUPDQFH��ILQG�SUREOHPV��WURXEOHVKRRW��HWF���

+RZ�GR�ZH�PHDVXUH�WKHVH�HOHFWULFDO�VLJQDOV�LQ�RUGHU�WR�VHH�ZKDW�KDSSHQV�WR�WKHP�DV�WKH\�SDVV�WKURXJK�RXU
GHYLFH�V\VWHP�DQG�WKHUHIRUH�YHULI\�WKH�SHUIRUPDQFH"��:H�QHHG�D�SDVVLYH�UHFHLYHU��PHDQLQJ�LW�GRHVQ
W�GR�DQ\WKLQJ�WR
WKH�VLJQDO���LW�MXVW�GLVSOD\V�LW�LQ�D�ZD\�WKDW�PDNHV�LW�HDV\�WR�DQDO\]H�WKH�VLJQDO���7KLV�LV�FDOOHG�D�VSHFWUXP�DQDO\]HU����
6SHFWUXP�DQDO\]HUV�XVXDOO\�GLVSOD\�UDZ��XQSURFHVVHG�VLJQDO�LQIRUPDWLRQ�VXFK�DV�YROWDJH��SRZHU��SHULRG�
ZDYHVKDSH��VLGHEDQGV��DQG�IUHTXHQF\���7KH\�FDQ�SURYLGH�\RX�ZLWK�D�FOHDU�DQG�SUHFLVH�ZLQGRZ�LQWR�WKH�IUHTXHQF\
VSHFWUXP��

'HSHQGLQJ�XSRQ�WKH�DSSOLFDWLRQ��D�VLJQDO�FRXOG�KDYH�VHYHUDO�GLIIHUHQW�FKDUDFWHULVWLFV��)RU�H[DPSOH��LQ
FRPPXQLFDWLRQV��LQ�RUGHU�WR�VHQG�LQIRUPDWLRQ�VXFK�DV�\RXU�YRLFH�RU�GDWD��LW�PXVW�EH�PRGXODWHG�RQWR�D�KLJKHU
IUHTXHQF\�FDUULHU���$�PRGXODWHG�VLJQDO�ZLOO�KDYH�VSHFLILF�FKDUDFWHULVWLFV�GHSHQGLQJ�RQ�WKH�W\SH�RI�PRGXODWLRQ�XVHG�
:KHQ�WHVWLQJ�QRQ�OLQHDU�GHYLFHV�VXFK�DV�DPSOLILHUV�RU�PL[HUV��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�KRZ�WKHVH�FUHDWH
GLVWRUWLRQ�SURGXFWV�DQG�ZKDW�WKHVH�GLVWRUWLRQ�SURGXFWV�ORRN�OLNH���8QGHUVWDQGLQJ�WKH�FKDUDFWHULVWLFV�RI�QRLVH�DQG
KRZ�D�QRLVH�VLJQDO�ORRNV�FRPSDUHG�WR�RWKHU�W\SHV�RI�VLJQDOV�FDQ�DOVR�KHOS�\RX�LQ�DQDO\]LQJ�\RXU�GHYLFH�V\VWHP���

8QGHUVWDQGLQJ�WKH�LPSRUWDQW�DVSHFWV�RI�D�VSHFWUXP�DQDO\]HU�IRU�PHDVXULQJ�DOO�RI�WKHVH�W\SHV�RI�VLJQDOV�ZLOO�KHOS
\RX�PDNH�PRUH�DFFXUDWH�PHDVXUHPHQWV�DQG�JLYH�\RX�FRQILGHQFH�WKDW�\RX�DUH�LQWHUSUHWLQJ�WKH�UHVXOWV�FRUUHFWO\�
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2YHUYLHZ
:KDW�LV�6SHFWUXP�$QDO\VLV"
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6OLGH����

7KH�PRVW�FRPPRQ�VSHFWUXP�DQDO\]HU�PHDVXUHPHQWV�DUH��PRGXODWLRQ��GLVWRUWLRQ��DQG�QRLVH�

0HDVXULQJ�WKH�TXDOLW\�RI�WKH�PRGXODWLRQ�LV�LPSRUWDQW�IRU�PDNLQJ�VXUH�\RXU�V\VWHP�LV�ZRUNLQJ�SURSHUO\�DQG�WKDW�WKH
LQIRUPDWLRQ�LV�EHLQJ�WUDQVPLWWHG�FRUUHFWO\���8QGHUVWDQGLQJ�WKH�VSHFWUDO�FRQWHQW�LV�LPSRUWDQW��HVSHFLDOO\�LQ
FRPPXQLFDWLRQV�ZKHUH�WKHUH�LV�YHU\�OLPLWHG�EDQGZLGWK���7KH�DPRXQW�RI�SRZHU�EHLQJ�WUDQVPLWWHG��IRU�H[DPSOH��WR
RYHUFRPH�WKH�FKDQQHO�LPSDLUPHQWV�LQ�ZLUHOHVV�V\VWHPV��LV�DQRWKHU�NH\�PHDVXUHPHQW�LQ�FRPPXQLFDWLRQV���7HVWV
VXFK�DV�PRGXODWLRQ�GHJUHH��VLGHEDQG�DPSOLWXGH��PRGXODWLRQ�TXDOLW\��RFFXSLHG�EDQGZLGWK�DUH�H[DPSOHV�RI�FRPPRQ
PRGXODWLRQ�PHDVXUHPHQWV�

,Q�FRPPXQLFDWLRQV��PHDVXULQJ�GLVWRUWLRQ�LV�FULWLFDO�IRU�ERWK�WKH�UHFHLYHU�DQG�WUDQVPLWWHU���([FHVVLYH�KDUPRQLF
GLVWRUWLRQ�DW�WKH�RXWSXW�RI�D�WUDQVPLWWHU�FDQ�LQWHUIHUH�ZLWK�RWKHU�FRPPXQLFDWLRQ�EDQGV��7KH�SUH�DPSOLILFDWLRQ
VWDJHV�LQ�D�UHFHLYHU�PXVW�EH�IUHH�RI�LQWHUPRGXODWLRQ�GLVWRUWLRQ�WR�SUHYHQW�VLJQDO�FURVVWDON���$Q�H[DPSOH�LV�WKH
LQWHUPRGXODWLRQ�RI�FDEOH�79�FDUULHUV�WKDW�PRYHV�GRZQ�WKH�WUXQN�RI�WKH�GLVWULEXWLRQ�V\VWHP�DQG�GLVWRUWV�RWKHU
FKDQQHOV�RQ�WKH�VDPH�FDEOH���&RPPRQ�GLVWRUWLRQ�PHDVXUHPHQWV�LQFOXGH�LQWHUPRGXODWLRQ��KDUPRQLFV��DQG�VSXULRXV
HPLVVLRQV�

1RLVH�LV�RIWHQ�WKH�VLJQDO�\RX�ZDQW�WR�PHDVXUH���$Q\�DFWLYH�FLUFXLW�RU�GHYLFH�ZLOO�JHQHUDWH�QRLVH���7HVWV�VXFK�DV�QRLVH
ILJXUH�DQG�VLJQDO�WR�QRLVH�UDWLR��615��DUH�LPSRUWDQW�IRU�FKDUDFWHUL]LQJ�WKH�SHUIRUPDQFH�RI�D�GHYLFH�DQG�RU�LWV
FRQWULEXWLRQ�WR�RYHUDOO�V\VWHP�QRLVH�

)RU�DOO�RI�WKHVH�VSHFWUXP�DQDO\]HU�PHDVXUHPHQWV��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�RSHUDWLRQ�RI�WKH�VSHFWUXP
DQDO\]HU�DQG�WKH�VSHFWUXP�DQDO\]HU�SHUIRUPDQFH�UHTXLUHG�IRU�\RXU�VSHFLILF�PHDVXUHPHQW�DQG�WHVW�VSHFLILFDWLRQV�
7KLV�ZLOO�KHOS�\RX�FKRRVH�WKH�ULJKW�DQDO\]HU�IRU�\RXU�DSSOLFDWLRQ�DV�ZHOO�DV�JHW�WKH�PRVW�RXW�RI�LW�

� Spectrum Analysis Basics
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2YHUYLHZ
7\SHV�RI�7HVWV�0DGH

.

0RGXODWLRQ

'LVWRUWLRQ

1RLVH
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6OLGH����

�

7UDGLWLRQDOO\��ZKHQ�\RX�ZDQW�WR�ORRN�DW�DQ�HOHFWULFDO�VLJQDO��\RX�XVH�DQ�RVFLOORVFRSH�WR�VHH�KRZ�WKH�VLJQDO�YDULHV�ZLWK�WLPH���7KLV
LV�YHU\�LPSRUWDQW�LQIRUPDWLRQ��KRZHYHU��LW�GRHVQ
W�JLYH�\RX�WKH�IXOO�SLFWXUH���7R�IXOO\�XQGHUVWDQG�WKH�SHUIRUPDQFH�RI�\RXU
GHYLFH�V\VWHP��\RX�ZLOO�DOVR�ZDQW�WR�DQDO\]H�WKH�VLJQDO�V��LQ�WKH�IUHTXHQF\�GRPDLQ��7KLV�LV�D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH
VLJQDO
V�DPSOLWXGH�DV�D�IXQFWLRQ�RI�IUHTXHQF\��7KH�VSHFWUXP�DQDO\]HU�LV�WR�WKH�IUHTXHQF\�GRPDLQ�DV�WKH�RVFLOORVFRSH�LV�WR�WKH
WLPH�GRPDLQ����,W�LV�LPSRUWDQW�WR�QRWH�WKDW�VSHFWUXP�DQDO\]HUV�FDQ�DOVR�EH�XVHG�LQ�WKH�IL[HG�WXQH�PRGH��]HUR�VSDQ��WR�SURYLGH
WLPH�GRPDLQ�PHDVXUHPHQW�FDSDELOLW\�PXFK�OLNH�WKDW�RI�DQ�RVFLOORVFRSH��

7KH�ILJXUH�VKRZV�D�VLJQDO�LQ�ERWK�WKH�WLPH�DQG�WKH�IUHTXHQF\�GRPDLQV���,Q�WKH�WLPH�GRPDLQ��DOO�IUHTXHQF\�FRPSRQHQWV�RI�WKH
VLJQDO�DUH�VXPPHG�WRJHWKHU�DQG�GLVSOD\HG���,Q�WKH�IUHTXHQF\�GRPDLQ��FRPSOH[�VLJQDOV��WKDW�LV��VLJQDOV�FRPSRVHG�RI�PRUH�WKDQ
RQH�IUHTXHQF\��DUH�VHSDUDWHG�LQWR�WKHLU�IUHTXHQF\�FRPSRQHQWV��DQG�WKH�OHYHO�DW�HDFK�IUHTXHQF\�LV�GLVSOD\HG���

)UHTXHQF\�GRPDLQ�PHDVXUHPHQWV�KDYH�VHYHUDO�GLVWLQFW�DGYDQWDJHV���)RU�H[DPSOH���OHW
V�VD\�\RX
UH�ORRNLQJ�DW�D�VLJQDO�RQ�DQ
RVFLOORVFRSH�WKDW�DSSHDUV�WR�EH�D�SXUH�VLQH�ZDYH���$�SXUH�VLQH�ZDYH�KDV�QR�KDUPRQLF�GLVWRUWLRQ���,I�\RX�ORRN�DW�WKH�VLJQDO�RQ�D
VSHFWUXP�DQDO\]HU��\RX�PD\�ILQG�WKDW�\RXU�VLJQDO�LV�DFWXDOO\�PDGH�XS�RI�VHYHUDO�IUHTXHQFLHV���:KDW�ZDV�QRW�GLVFHUQLEOH�RQ�WKH
RVFLOORVFRSH�EHFRPHV�YHU\�DSSDUHQW�RQ�WKH�VSHFWUXP�DQDO\]HU���

6RPH�V\VWHPV�DUH�LQKHUHQWO\�IUHTXHQF\�GRPDLQ�RULHQWHG���)RU�H[DPSOH��PDQ\�WHOHFRPPXQLFDWLRQV�V\VWHPV�XVH�ZKDW�LV�FDOOHG
)UHTXHQF\�'LYLVLRQ�0XOWLSOH�$FFHVV��)'0$��RU�)UHTXHQF\�'LYLVLRQ�0XOWLSOH[LQJ��)'0����,Q�WKHVH�V\VWHPV��GLIIHUHQW�XVHUV�DUH
DVVLJQHG�GLIIHUHQW�IUHTXHQFLHV�IRU�WUDQVPLWWLQJ�DQG�UHFHLYLQJ��VXFK�DV�ZLWK�D�FHOOXODU�SKRQH���5DGLR�VWDWLRQV�DOVR�XVH�)'0��ZLWK
HDFK�VWDWLRQ�LQ�D�JLYHQ�JHRJUDSKLFDO�DUHD�RFFXS\LQJ�D�SDUWLFXODU�IUHTXHQF\�EDQG���7KHVH�W\SHV�RI�V\VWHPV�PXVW�EH�DQDO\]HG�LQ�WKH
IUHTXHQF\�GRPDLQ�LQ�RUGHU�WR�PDNH�VXUH�WKDW�QR�RQH�LV�LQWHUIHULQJ�ZLWK�XVHUV�UDGLR�VWDWLRQV�RQ�QHLJKERULQJ�IUHTXHQFLHV���:H
VKDOO�DOVR�VHH�ODWHU�KRZ�PHDVXULQJ�ZLWK�D�IUHTXHQF\�GRPDLQ�DQDO\]HU�FDQ�JUHDWO\�UHGXFH�WKH�DPRXQW�RI�QRLVH�SUHVHQW�LQ�WKH
PHDVXUHPHQW�EHFDXVH�RI�LWV�DELOLW\�WR�QDUURZ�WKH�PHDVXUHPHQW�EDQGZLGWK���

)URP�WKLV�YLHZ�RI�WKH�VSHFWUXP��PHDVXUHPHQWV�RI�IUHTXHQF\��SRZHU��KDUPRQLF�FRQWHQW��PRGXODWLRQ��VSXUV��DQG�QRLVH�FDQ�HDVLO\
EH�PDGH���*LYHQ�WKH�FDSDELOLW\�WR�PHDVXUH�WKHVH�TXDQWLWLHV��ZH�FDQ�GHWHUPLQH�WRWDO�KDUPRQLF�GLVWRUWLRQ��RFFXSLHG�EDQGZLGWK�
VLJQDO�VWDELOLW\��RXWSXW�SRZHU��LQWHUPRGXODWLRQ�GLVWRUWLRQ��SRZHU�EDQGZLGWK��FDUULHU�WR�QRLVH�UDWLR��DQG�D�KRVW�RI�RWKHU
PHDVXUHPHQWV��XVLQJ�MXVW�D�VSHFWUXP�DQDO\]HU���
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2YHUYLHZ
)UHTXHQF\�YHUVXV�7LPH�'RPDLQ

WLPH

$PSOLWXGH
�SRZHU� IUHT

XHQF
\

7LPH�GRPDLQ
0HDVXUHPHQWV )UHTXHQF\�'RPDLQ

0HDVXUHPHQWV
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6OLGH����

1RZ�WKDW�ZH�XQGHUVWDQG�ZK\�VSHFWUXP�DQDO\]HUV�DUH�LPSRUWDQW��OHW
V�WDNH�D�ORRN�DW�WKH�GLIIHUHQW�W\SHV�RI�DQDO\]HUV
DYDLODEOH�IRU�PHDVXULQJ�5)�

7KHUH�DUH�EDVLFDOO\�WZR�ZD\V�WR�PDNH�IUHTXHQF\�GRPDLQ�PHDVXUHPHQWV��ZKDW�ZH�FDOO�VSHFWUXP�DQDO\VLV���)RXULHU
WUDQVIRUP�DQG�VZHSW�WXQHG���

7KH�)RXULHU�DQDO\]HU�EDVLFDOO\�WDNHV�D�WLPH�GRPDLQ�VLJQDO��GLJLWL]HV�LW�XVLQJ�GLJLWDO�VDPSOLQJ��DQG�WKHQ�SHUIRUPV�WKH
PDWKHPDWLFV�UHTXLUHG�WR�FRQYHUW�LW�WR�WKH�IUHTXHQF\�GRPDLQ
��DQG�GLVSOD\�WKH�UHVXOWLQJ�VSHFWUXP���,W�LV�DV�LI�WKH
DQDO\]HU�LV�ORRNLQJ�DW�WKH�HQWLUH�IUHTXHQF\�UDQJH�DW�WKH�VDPH�WLPH�XVLQJ�SDUDOOHO�ILOWHUV�PHDVXULQJ�VLPXOWDQHRXVO\�
,W�LV�DFXWDOO\�FDSWXULQJ�WKH�WLPH�GRPDLQ�LQIRUPDWLRQ�ZKLFK�FRQWDLQV�DOO�WKH�IUHTXHQF\�LQIRUPDWLRQ�LQ�LW���:LWK�LWV
UHDO�WLPH�VLJQDO�DQDO\VLV�FDSDELOLW\��WKH�)RXULHU�DQDO\]HU�LV�DEOH�WR�FDSWXUH�SHULRGLF�DV�ZHOO�DV�UDQGRP�DQG�WUDQVLHQW
HYHQWV���,W�DOVR�FDQ�SURYLGH�VLJQLILFDQW�VSHHG�LPSURYHPHQW�RYHU�WKH�PRUH�WUDGLWLRQDO�VZHSW�DQDO\]HU�DQG�FDQ
PHDVXUH�SKDVH�DV�ZHOO�DV�PDJQLWXGH���+RZHYHU�LW�GRHV�KDYH�LWV�OLPLWDWLRQV��SDUWLFXODUO\�LQ�WKH�DUHDV�RI�IUHTXHQF\
UDQJH��VHQVLWLYLW\��DQG�G\QDPLF�UDQJH���:H�VKDOO�GLVFXVV�ZKDW�WKHVH�WHUPV�DUH�DQG�ZK\�WKH\�DUH�LPSRUWDQW�LQ�D�ODWHU
VHFWLRQ�

)RXULHU�DQDO\]HUV�DUH�EHFRPLQJ�PRUH�SUHYDOHQW��DV�DQDORJ�WR�GLJLWDO�FRQYHUWHUV��$'&��DQG�GLJLWDO�VLJQDO�SURFHVVLQJ
�'63��WHFKQRORJLHV�DGYDQFH���2SHUDWLRQV�WKDW�RQFH�UHTXLUHG�D�ORW�RI�FXVWRP��SRZHU�KXQJU\�GLVFUHWH�KDUGZDUH�FDQ
QRZ�EH�SHUIRUPHG�ZLWK�FRPPHUFLDO�RII�WKH�VKHOI�'63�FKLSV��ZKLFK�JHW�VPDOOHU�DQG�IDVWHU�HYHU\�\HDU���7KHVH
DQDO\]HUV�FDQ�RIIHU�VLJQLILFDQW�SHUIRUPDQFH�LPSURYHPHQWV�RYHU�FRQYHQWLRQDO�VSHFWUXP�DQDO\]HUV��EXW�RIWHQ�ZLWK�D
SULFH�SUHPLXP�

* The frequency domain is related to the time domain by a body of knowledge generally known as Fourier theory (named for Jean Baptiste Joseph Fourier,
1768-1830).  Discrete, or digitized signals can be transformed into the frequency domain using the discrete Fourier transform.
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2YHUYLHZ
'LIIHUHQW�7\SHV�RI�$QDO\]HUV

3DUDOOHO�ILOWHUV�PHDVXUHG
VLPXOWDQHRXVO\

&57�VKRZV�IXOO
VSHFWUDO�GLVSOD\

$
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)RXULHU�$QDO\]HU
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6OLGH�����

7KH�PRVW�FRPPRQ�W\SH�RI�VSHFWUXP�DQDO\]HU�LV�WKH�VZHSW�WXQHG�UHFHLYHU����,W�LV�WKH�PRVW�ZLGHO\�DFFHSWHG�
JHQHUDO�SXUSRVH�WRRO�IRU�IUHTXHQF\�GRPDLQ�PHDVXUHPHQWV���7KH�WHFKQLTXH�PRVW�ZLGHO\�XVHG�LV�VXSHUKHWHURG\QH�
+HWHURG\QH�PHDQV�WR�PL[���WKDW�LV��WR�WUDQVODWH�IUHTXHQF\���DQG�VXSHU�UHIHUV�WR�VXSHU�DXGLR�IUHTXHQFLHV��RU
IUHTXHQFLHV�DERYH�WKH�DXGLR�UDQJH���9HU\�EDVLFDOO\��WKHVH�DQDO\]HUV��VZHHS��DFURVV�WKH�IUHTXHQF\�UDQJH�RI�LQWHUHVW�
GLVSOD\LQJ�DOO�WKH�IUHTXHQF\�FRPSRQHQWV�SUHVHQW���:H�VKDOO�VHH�KRZ�WKLV�LV�DFWXDOO\�DFFRPSOLVKHG�LQ�WKH�QH[W
VHFWLRQ���7KH�VZHSW�WXQHG�DQDO\]HU�ZRUNV�MXVW�OLNH�WKH�$0�UDGLR�LQ�\RXU�KRPH�H[FHSW�WKDW�RQ�\RXU�UDGLR��WKH�GLDO
FRQWUROV�WKH�WXQLQJ�DQG�LQVWHDG�RI�D�GLVSOD\��\RXU�UDGLR�KDV�D�VSHDNHU���

7KH�VZHSW�UHFHLYHU�WHFKQLTXH�HQDEOHV�IUHTXHQF\�GRPDLQ�PHDVXUHPHQWV�WR�EH�PDGH�RYHU�D�ODUJH�G\QDPLF�UDQJH�DQG
D�ZLGH�IUHTXHQF\�UDQJH��WKHUHE\�PDNLQJ�VLJQLILFDQW�FRQWULEXWLRQV�WR�IUHTXHQF\�GRPDLQ�VLJQDO�DQDO\VLV�IRU�QXPHURXV
DSSOLFDWLRQV��LQFOXGLQJ�WKH�PDQXIDFWXUH�DQG�PDLQWHQDQFH�RI�PLFURZDYH�FRPPXQLFDWLRQV�OLQNV��UDGDU�
WHOHFRPPXQLFDWLRQV�HTXLSPHQW��FDEOH�79�V\VWHPV��DQG�EURDGFDVW�HTXLSPHQW��PRELOH�FRPPXQLFDWLRQ�V\VWHPV��(0,
GLDJQRVWLF�WHVWLQJ��FRPSRQHQW�WHVWLQJ��DQG�VLJQDO�VXUYHLOODQFH���

)RU�WKH�UHPDLQGHU�RI�WKLV�SDSHU��WKH�WHUP�VSHFWUXP�DQDO\]HU�ZLOO�UHIHU�RQO\�WR�WKH�VZHSW�WXQHG�DQDO\]HU���7KLV�LV
WKH�W\SH�RI�DQDO\]HU�WKDW�ZH�ZLOO�OHDUQ�DERXW�LQ�GHWDLO�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
�

2YHUYLHZ
'LIIHUHQW�7\SHV�RI�$QDO\]HUV

$

II� I�

)LOWHU�
VZHHSV
�RYHU�UDQJH
RI�LQWHUHVW

&57�VKRZV�IXOO
VSHFWUDO�GLVSOD\

6ZHSW�$QDO\]HU
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6OLGH����

%DVHG�RQ�WKH�SUHYLRXV�VOLGH��\RX�PLJKW�EH�SLFWXULQJ�WKH�LQVLGH�RI�WKH�DQDO\]HU�FRQVLVWLQJ�RI�D�EDQGSDVV�ILOWHU�WKDW
VZHHSV�DFURVV�WKH�IUHTXHQF\�UDQJH�RI�LQWHUHVW���,I�WKH�LQSXW�VLJQDO�LV�VD\����0+]��WKHQ�ZKHQ�WKH�EDQGSDVV�ILOWHU
SDVVHV�RYHU���0+]��LW�ZLOO��VHH��WKH�LQSXW�VLJQDO�DQG�GLVSOD\�LW�RQ�WKH�VFUHHQ���

$OWKRXJK�WKLV�FRQFHSW�ZRXOG�ZRUN��LW�LV�YHU\�GLIILFXOW�DQG�WKHUHIRUH�H[SHQVLYH�WR�EXLOG�D�ILOWHU�ZKLFK�WXQHV�RYHU�D
ZLGH�UDQJH���$Q�HDVLHU��DQG�WKHUHIRUH�OHVV�H[SHQVLYH��LPSOHPHQWDWLRQ�LV�WR�XVH�D�WXQDEOH�ORFDO�RVFLOODWRU��/2���DQG
NHHS�WKH�EDQGSDVV�ILOWHU�IL[HG���:H�ZLOO�VHH�ZKHQ�ZH�JR�LQWR�PRUH�GHWDLO��WKDW�LQ�WKLV�FRQFHSW��ZH�DUH�VZHHSLQJ�WKH
LQSXW�VLJQDO�SDVW�WKH�IL[HG�ILOWHU��DQG�DV�LW�SDVVHV�WKURXJK�WKH�IL[HG�EDQGSDVV�ILOWHU��LW�LV�GLVSOD\HG�RQ�WKH�VFUHHQ�
'RQ
W�ZRUU\�LI�LW�VHHPV�FRQIXVLQJ�QRZ���DV�ZH�GLVFXVV�WKH�EORFN�GLDJUDP��WKH�FRQFHSW�ZLOO�EHFRPH�FOHDUHU��

/HW
V�QRZ�JR�LQWR�PRUH�GHWDLO�DV�WR�KRZ�WKH�VZHSW�VSHFWUXP�DQDO\]HU�ZRUNV�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
�

$JHQGD

● 2YHUYLHZ
● 7KHRU\�RI�2SHUDWLRQ
● 6SHFLILFDWLRQV
● )HDWXUHV
● 6XPPDU\
● $SSHQGL[
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7KH�PDMRU�FRPSRQHQWV�LQ�D�VSHFWUXP�DQDO\]HU�DUH�WKH�5)�LQSXW�DWWHQXDWRU��PL[HU��,)��,QWHUPHGLDWH�)UHTXHQF\�
JDLQ��,)�ILOWHU��GHWHFWRU��YLGHR�ILOWHU��ORFDO�RVFLOODWRU��VZHHS�JHQHUDWRU��DQG�&57�GLVSOD\���%HIRUH�ZH�WDON�DERXW�KRZ
WKHVH�SLHFHV�ZRUN�WRJHWKHU��OHW
V�JHW�D�IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�HDFK�FRPSRQHQW�LQGLYLGXDOO\�

� Spectrum Analysis Basics
CMB   12/96  

7KHRU\�RI�2SHUDWLRQ
6SHFWUXP�$QDO\]HU�%ORFN�'LDJUDP

3UH�6HOHFWRU
2U�/RZ�3DVV

)LOWHU

&U\VWDO
5HIHUHQFH

/RJ

$PS

5)�LQSXW
DWWHQXDWRU

PL[HU
,)�ILOWHU

GHWHFWRU

YLGHR
ILOWHU

ORFDO
RVFLOODWRU

VZHHS
JHQHUDWRU

,)�JDLQ

,QSXW
VLJQDO

&57�GLVSOD\
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$�PL[HU�LV�D�GHYLFH�WKDW�FRQYHUWV�D�VLJQDO�IURP�RQH�IUHTXHQF\�WR�DQRWKHU���7KHUHIRUH��LW�LV�VRPHWLPHV�FDOOHG�D
IUHTXHQF\�WUDQVODWLRQ�GHYLFH���

%\�GHILQLWLRQ��D�PL[HU�LV�D�QRQ�OLQHDU�GHYLFH��IUHTXHQFLHV�DUH�SUHVHQW�DW�WKH�RXWSXW�WKDW�ZHUH�QRW�SUHVHQW�DW�WKH
LQSXW���7KH�ORFDO�RVFLOODWRU�VLJQDO��I/2��LV�DSSOLHG�WR�RQH�SRUW�RI�WKH�PL[HU�DQG�WKH�VLJQDO�WR�EH�FRQYHUWHG��IVLJ��LV
DSSOLHG�WR�WKH�VHFRQG�SRUW���7KH�RXWSXW�RI�D�PL[HU�FRQVLVWV�RI�WKH�WZR�RULJLQDO�VLJQDOV��IVLJ�DQG�I/2��DV�ZHOO�DV�WKH
VXP��I/2�IVLJ��DQG�GLIIHUHQFH��I/2�IVLJ��IUHTXHQFLHV�RI�WKHVH�WZR�VLJQDOV����

,Q�D�VSHFWUXP�DQDO\]HU��WKH�GLIIHUHQFH�IUHTXHQF\�LV�DFWXDOO\�WKH�IUHTXHQF\�RI�LQWHUHVW����7KH�PL[HU�KDV�FRQYHUWHG�RXU
5)�LQSXW�VLJQDO�WR�DQ�,)��,QWHUPHGLDWH�)UHTXHQF\��VLJQDO�WKDW�WKH�DQDO\]HU�FDQ�QRZ�ILOWHU��DPSOLI\�DQG�GHWHFW�IRU�WKH
SXUSRVH�RI�GLVSOD\LQJ�WKH�VLJQDO�RQ�WKH�VFUHHQ����:H�ZLOO�VHH�KRZ�WKLV�LV�GRQH�VKRUWO\�

�

� Spectrum Analysis Basics
CMB   12/96  

7KHRU\�RI�2SHUDWLRQ
0L[HU 0,;(5

IVLJ

/2I

IVLJ /2I

/2I IVLJ�
/2I IVLJ�5)

/2
,)
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7KH�,)�ILOWHU�LV�D�EDQGSDVV�ILOWHU�ZKLFK�LV�XVHG�DV�WKH��ZLQGRZ��IRU�GHWHFWLQJ�VLJQDOV���,W
V�EDQGZLGWK�LV�DOVR�FDOOHG
WKH�UHVROXWLRQ�EDQGZLGWK��5%:��RI�WKH�DQDO\]HU�DQG�FDQ�EH�FKDQJHG�YLD�WKH�IURQW�SDQHO�RI�WKH�DQDO\]HU���

%\�JLYLQJ�\RX�D�EURDG�UDQJH�RI�YDULDEOH�UHVROXWLRQ�EDQGZLGWK�VHWWLQJV���WKH�LQVWUXPHQW�FDQ�EH�RSWLPL]HG�IRU�WKH
VZHHS�DQG�VLJQDO�FRQGLWLRQV��OHWWLQJ�\RX�WUDGH�RII�IUHTXHQF\�VHOHFWLYLW\��WKH�DELOLW\�WR�UHVROYH�VLJQDOV��
VLJQDO�WR�QRLVH�UDWLR��615���DQG�PHDVXUHPHQW�VSHHG��

:H�FDQ�VHH�IURP�WKH�VOLGH�WKDW�DV�5%:�LV�QDUURZHG��VHOHFWLYLW\�LV�LPSURYHG��ZH�DUH�DEOH�WR�UHVROYH�WKH�WZR�LQSXW
VLJQDOV����7KLV�ZLOO�DOVR�RIWHQ�LPSURYH�615���7KH�VZHHS�VSHHG�DQG�WUDFH�XSGDWH�UDWH��KRZHYHU��ZLOO�GHJUDGH�ZLWK
QDUURZHU�5%:V����7KH�RSWLPXP�5%:�VHWWLQJ�GHSHQGV�KHDYLO\�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�VLJQDOV�RI�LQWHUHVW�

� Spectrum Analysis Basics
CMB   12/96  

7KHRU\�RI�2SHUDWLRQ
,)�)LOWHU ,)�),/7(5

D ispla y
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6OLGH�����

7KH�DQDO\]HU�PXVW�FRQYHUW�WKH�,)�VLJQDO�WR�D�EDVHEDQG�RU�YLGHR�VLJQDO�VR�LW�FDQ�EH�YLHZHG�RQ�WKH�LQVWUXPHQW
V
GLVSOD\���7KLV�LV�DFFRPSOLVKHG�ZLWK�DQ�HQYHORSH�GHWHFWRU�ZKLFK�WKHQ�GHIOHFWV�WKH�&57�EHDP�RQ�WKH�\�D[LV��RU
DPSOLWXGH�D[LV���

0DQ\�PRGHUQ�VSHFWUXP�DQDO\]HUV�KDYH�GLJLWDO�GLVSOD\V�ZKLFK�ILUVW�GLJLWL]H�WKH�YLGHR�VLJQDO�ZLWK�DQ�DQDORJ�WR�GLJLWDO
FRQYHUWHU��$'&����7KLV�DOORZV�IRU�VHYHUDO�GLIIHUHQW�GHWHFWRU�PRGHV�WKDW�GUDPDWLFDOO\�HIIHFW�KRZ�WKH�VLJQDO�LV
GLVSOD\HG���

7KH�SRVLWLYH�SHDN�GHWHFWRU�PRGH�FDSWXUHV�DQG�GLVSOD\V�WKH�SHDN�YDOXH�RI�WKH�VLJQDO�RYHU�WKH�GXUDWLRQ�RI�RQH
WUDFH�HOHPHQW���7KLV�PRGH�LV�JRRG�IRU�DQDO\]LQJ�VLQXVRLGV��EXW�WHQGV�WR�RYHU�UHVSRQG�WR�QRLVH�ZKHQ�QR�VLQXVRLGV�DUH
SUHVHQW��6LPLODUO\��WKH�QHJDWLYH�SHDN�GHWHFWRU�PRGH�FDSWXUHV�WKH�PLQLPXP�YDOXH�RI�WKH�VLJQDO�IRU�HDFK�ELQ�

,Q�VDPSOH�GHWHFWLRQ�PRGH���D�UDQGRP�YDOXH�IRU�HDFK��ELQ��RI�GDWD��DOVR�FDOOHG�D�WUDFH�HOHPHQW��LV�SURGXFHG���7KLV
GHWHFWRU�PRGH�LV�EHVW�IRU�FRPSXWLQJ�WKH�UPV�YDOXH�RI�QRLVH�RU�QRLVH�OLNH�VLJQDOV��EXW�LW�PD\�PLVV�WKH�SHDNV�RI�EXUVW
VLJQDOV�DQG�QDUURZEDQG�VLJQDOV�ZKHQ�WKH�5%:�LV�QDUURZHU�WKDQ�WKH�IUHTXHQF\�VSDFLQJ�RI�WKH�ELQV���

)RU�GLVSOD\LQJ�ERWK�VLJQDOV�DQG�QRLVH��D�GHWHFWRU�PRGH�FDOOHG�WKH�QRUPDO�GHWHFWRU�PRGH��RU�VRPHWLPHV�WKH
URVHQIHOO�GHWHFWRU��LV�XVHG���,Q�WKLV�PRGH��LI�WKH�YLGHR�VLJQDO�LV�PRQRWRQLFDOO\�LQFUHDVLQJ�RU�GHFUHDVLQJ�GXULQJ�WKH
SHULRG�UHSUHVHQWLQJ�RQH�WUDFH�HOHPHQW��WKHQ�LW�LV�DVVXPHG�WKDW�D�VSHFWUDO�FRPSRQHQW�LV�EHLQJ�PHDVXUHG��DQG
SRVLWLYH�SHDN�GHWHFWLRQ�LV�XVHG���,I�WKH�VLJQDO�OHYHO�LV�FKDQJLQJ�QRQ�PRQRWRQLFDOO\�GXULQJ�WKLV�WLPH��L�H��LW�URVH�DQG
IHOO���WKHQ�LW�LV�DVVXPHG�WKDW�QRLVH�LV�EHLQJ�PHDVXUHG��DQG�WUDFH�SRLQWV�DOWHUQDWH�EHWZHHQ�SRVLWLYH��DQG
QHJDWLYH�SHDN�GHWHFWLRQ���:KHQ�D�PLQLPXP�YDOXH�LV�GLVSOD\HG��WKH�PD[LPXP�YDOXH�LV�VDYHG�DQG�FRPSDUHG�WR�WKH
PD[LPXP�YDOXH�IRU�WKH�QH[W�WUDFH�HOHPHQW���7KH�KLJKHU�RI�WKH�WZR�YDOXHV�LV�GLVSOD\HG��7KLV�WHFKQLTXH�SURYLGHV�D
EHWWHU�YLVXDO�GLVSOD\�RI�UDQGRP�QRLVH�WKDQ�SHDN�GHWHFWLRQ�\HW�DYRLGV�WKH�PLVVHG�VLJQDO�SUREOHP�RI
VDPSOH�GHWHFWLRQ�

� Spectrum Analysis Basics
CMB   12/96  

7KHRU\�RI�2SHUDWLRQ
'HWHFWRU '(7(&725

         
          
 

 

1HJDWLYH�GHWHFWLRQ��VPDOOHVW�YDOXH

�LQ�ELQ�GLVSOD\HG

3RVLWLYH�GHWHFWLRQ��ODUJHVW�YDOXH

�LQ�ELQ�GLVSOD\HG

6DPSOH�GHWHFWLRQ��ODVW�YDOXH�LQ�ELQ�
GLVSOD\HG

�ELQV�

DPSOLWXGH
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7KH�YLGHR�ILOWHU�LV�D�ORZ�SDVV�ILOWHU�WKDW�LV�ORFDWHG�DIWHU�WKH�HQYHORSH�GHWHFWRU�DQG�EHIRUH�WKH�$'&���7KLV�ILOWHU
GHWHUPLQHV�WKH�EDQGZLGWK�RI�WKH�YLGHR�DPSOLILHU��DQG�LV�XVHG�WR�DYHUDJH�RU�VPRRWK�WKH�WUDFH�VHHQ�RQ�WKH�VFUHHQ�

The spectrum analyzer displays VLJQDO�SOXV�QRLVH so that the closer a signal is to the noise level, the more the noise makes
the signal more difficult to read.��%\�FKDQJLQJ�WKH�YLGHR�EDQGZLGWK��9%:��VHWWLQJ��ZH�FDQ�GHFUHDVH�WKH�SHDN�WR�SHDN
YDULDWLRQV�RI�QRLVH���7KLV�W\SH�RI�GLVSOD\�VPRRWKLQJ�FDQ�EH�XVHG�WR�KHOS�ILQG�VLJQDOV�WKDW�RWKHUZLVH�PLJKW�EH
REVFXUHG�LQ�WKH�QRLVH��

� Spectrum Analysis Basics
CMB   12/96  

7KHRU\�RI�2SHUDWLRQ
9LGHR�)LOWHU

9,'(2�
),/7(5
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$QG�ILQDOO\��D�EULHI�GHVFULSWLRQ�RI�WKH�ODVW�IHZ�FRPSRQHQWV�

7KH�ORFDO�RVFLOODWRU�LV�D�9ROWDJH�&RQWUROOHG�2VFLOODWRU��9&2��ZKLFK�LQ�HIIHFW�WXQHV�WKH�DQDO\]HU���7KH�VZHHS
JHQHUDWRU�DFWXDOO\�WXQHV�WKH�/2�VR�WKDW�LWV�IUHTXHQF\�FKDQJHV�LQ�SURSRUWLRQ�WR�WKH�UDPS�YROWDJH���7KLV�DOVR
GHIOHFWV�WKH�&57�EHDP�KRUL]RQWDOO\�DFURVV�WKH�VFUHHQ�IURP�OHIW�WR�ULJKW��FUHDWLQJ�WKH�IUHTXHQF\�GRPDLQ�LQ�WKH
[�D[LV�

7KH�5)�LQSXW�DWWHQXDWRU�LV�D�VWHS�DWWHQXDWRU�ORFDWHG�EHWZHHQ�WKH�LQSXW�FRQQHFWRU�DQG�WKH�ILUVW�PL[HU���,W�LV�DOVR
FDOOHG�WKH�5)�DWWHQXDWRU���7KLV�LV�XVHG�WR�DGMXVW�WKH�OHYHO�RI�WKH�VLJQDO�LQFLGHQW�XSRQ�WKH�ILUVW�PL[HU���7KLV�LV
LPSRUWDQW�LQ�RUGHU�WR�SUHYHQW�PL[HU�JDLQ�FRPSUHVVLRQ�DQG�GLVWRUWLRQ�GXH�WR�KLJK�OHYHO�DQG�RU�EURDGEDQG�VLJQDOV���

7KH�,)�JDLQ�LV�ORFDWHG�DIWHU�WKH�PL[HU�EXW�EHIRUH�WKH�,)��RU�5%:��ILOWHU���7KLV�LV�XVHG�WR�DGMXVW�WKH�YHUWLFDO�SRVLWLRQ
RI�VLJQDOV�RQ�WKH�GLVSOD\�ZLWKRXW�DIIHFWLQJ�WKH�VLJQDO�OHYHO�DW�WKH�LQSXW�PL[HU���:KHQ�FKDQJHG��WKH�YDOXH�RI�WKH
UHIHUHQFH�OHYHO�LV�FKDQJHG�DFFRUGLQJO\���6LQFH�ZH�GR�QRW�ZDQW�WKH�UHIHUHQFH�OHYHO�WR�FKDQJH��L�H��WKH�YHUWLFDO
SRVLWLRQ�RI�GLVSOD\HG�VLJQDOV��ZKHQ�ZH�FKDQJH�WKH�LQSXW�DWWHQXDWRU��WKHVH�WZR�FRPSRQHQWV�DUH�WLHG�WRJHWKHU���7KH
,)�JDLQ�ZLOO�DXWRPDWLFDOO\�EH�FKDQJHG�WR�FRPSHQVDWH�IRU�LQSXW�DWWHQXDWRU�FKDQJHV��VR�VLJQDOV�UHPDLQ�VWDWLRQDU\�RQ
WKH�&57�GLVSOD\��DQG�WKH�UHIHUHQFH�OHYHO�LV�QRW�FKDQJHG��

� Spectrum Analysis Basics
CMB   12/96  

7KHRU\�RI�2SHUDWLRQ
2WKHU�&RPSRQHQWV

&57�',63/$<

6:((3�
*(1

/2

,)�*$,1
5)�,1387�

$77(18$725

IUHTXHQF\
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/HW
V�VHH�KRZ�WKHVH�FRPSRQHQWV�ZRUN�WRJHWKHU�WR�PDNH�D�VSHFWUXP�DQDO\]HU���1RWH�WKDW�ZKLOH�WKH�5)�LQSXW
DWWHQXDWRU��,)�JDLQ��DQG�YLGHR�ILOWHU�DUH�LPSRUWDQW�FRPSRQHQWV��WKH\�DUH�QRW�FULWLFDO�ZKHQ�GHVFULELQJ�KRZ�WKH
DQDO\]HU�ZRUNV�

)LUVW�RI�DOO��WKH�VLJQDO�WR�EH�DQDO\]HG�LV�FRQQHFWHG�WR�WKH�LQSXW�RI�WKH�VSHFWUXP�DQDO\]HU���7KLV�LQSXW�VLJQDO�LV�WKHQ
FRPELQHG�ZLWK�WKH�/2�WKURXJK�WKH�PL[HU��WR�FRQYHUW��RU�WUDQVODWH��LW�WR�DQ�LQWHUPHGLDWH�IUHTXHQF\��,)����7KHVH
VLJQDOV�DUH�WKHQ�VHQW�WR�WKH�,)�ILOWHU���7KH�RXWSXW�RI�WKLV�ILOWHU�LV�GHWHFWHG��LQGLFDWLQJ�WKH�SUHVHQFH�RI�D�VLJQDO
FRPSRQHQW�DW�WKH�DQDO\]HU
V�WXQHG�IUHTXHQF\���7KH�RXWSXW�YROWDJH�RI�WKH�GHWHFWRU�LV�XVHG�WR�GULYH�WKH�YHUWLFDO�D[LV
�DPSOLWXGH��RI�WKH�DQDO\]HU�GLVSOD\���7KH�VZHHS�JHQHUDWRU�SURYLGHV�V\QFKURQL]DWLRQ�EHWZHHQ�WKH�KRUL]RQWDO�D[LV�RI
WKH�GLVSOD\��IUHTXHQF\��DQG�WXQLQJ�RI�WKH�/2���7KH�UHVXOWLQJ�GLVSOD\�VKRZV�DPSOLWXGH�YHUVXV�IUHTXHQF\�RI�VSHFWUDO
FRPSRQHQWV�RI�HDFK�LQFRPLQJ�VLJQDO����/HW
V�XVH�WKH�ILJXUH�DERYH�WR�LOOXVWUDWH�WKLV�SRLQW�

7KH�KRUL]RQWDO�DUURZV�DUH�LQWHQGHG�WR�LOOXVWUDWH�WKH��VZHHSLQJ��RI�WKH�DQDO\]HU���6WDUWLQJ�ZLWK�RXU�/2�DW�����*+]��WKH
RXWSXW�RI�WKH�PL[HU�KDV�IRXU�VLJQDOV��RQH�RI�ZKLFK�LV�DW�����*+]��I/2����1RWLFH�WKDW�RXU�,)�ILOWHU�LV�DOVR�DW�����*+]��LW
V
VKDSH�KDV�EHHQ�LPSRVHG�RQWR�WKH�IUHTXHQF\�JUDSK�IRU�FODULW\����7KHUHIRUH��ZH�H[SHFW�WR�VHH�WKLV�VLJQDO�RQ�WKH
GLVSOD\���$W���+]�RQ�WKH�&57��ZH�GR�LQGHHG�VHH�D�VLJQDO���WKLV�LV�FDOOHG��/2�)HHGWKURXJK����1RZ�OHW
V�YLVXDOL]H�RXU
VZHHS�JHQHUDWRU�PRYLQJ�WR�WKH�ULJKW��FDXVLQJ�RXU�/2�WR�VZHHS�XSZDUG�LQ�IUHTXHQF\���$V�WKH�/2�VZHHSV��VR�WRR�ZLOO
WKUHH�RI�WKH�PL[HU�RXWSXW�VLJQDOV��WKH�LQSXW�VLJQDO�LV�VWDWLRQDU\����$V�RXU�/2�)HHGWKURXJK�PRYHV�RXW�RI�WKH�,)�ILOWHU
EDQGZLGWK��ZH�VHH�LW�WDSHU�RII�RQ�WKH�GLVSOD\���$V�VRRQ�DV�RXU�GLIIHUHQFH�IUHTXHQF\��I/2�IV��FRPHV�LQWR�WKH�VNLUW�RI
WKH�,)�ILOWHU��ZH�VWDUW�WR�VHH�LW���:KHQ�LW�LV�DW�WKH�FHQWHU��H�J������*+]��ZH�VHH�WKH�IXOO�DPSOLWXGH�RI�WKLV�VLJQDO�RQ�WKH
GLVSOD\���$QG��DV�LW�PRYHV�IXUWKHU�WR�WKH�ULJKW��LW�OHDYHV�WKH�ILOWHU�VNLUW��DQG�QR�VLJQDO�LV�VHHQ�RQ�WKH�GLVSOD\���

6R�WKHUH�LW�LV���:H
YH�MXVW�VHHQ�RXU�VLJQDO�EHLQJ�VZHSW�WKURXJK�WKH�IL[HG�,)�ILOWHU��DQG�EH�SURSHUO\�GLVSOD\HG�RQ�WKH
DQDO\]HU�VFUHHQ���7KDW
V�KRZ�LW�ZRUNV��

� Spectrum Analysis Basics
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7KHRU\�RI�2SHUDWLRQ
+RZ�LW�DOO�ZRUNV�WRJHWKHU

���
�*+]�

I
/2

I
V

�*+]�

� � �� � � �

� �� �

���

� �� �

���

�*+]�� �� �

I
,)

6LJQDO�5DQJH /2�5DQJH

I
V

I
V

I
/2

�
I
V

I
/2

�

VZHHS�JHQHUDWRU

/2

&57�GLVSOD\

LQSXW

PL[HU

,)�ILOWHU

GHWHFWRU

$

I

��� ���

I
/2

������

6SHFWUXP�$QDO\VLV�%DVLFV



6OLGH�������

%HIRUH�ZH�PRYH�RQ��LWV�LPSRUWDQW�WR�NQRZ�ZKDW�ZH�FDQ�FRQWURO�RQ�WKH�DQDO\]HU�YLD�WKH�IURQW�SDQHO�NH\V���

7KH�WKUHH�SULPDU\�KDUGNH\V�RQ�DQ\�VSHFWUXP�DQDO\]HU�DUH��IUHTXHQF\��DPSOLWXGH��DQG�VSDQ���2EYLRXVO\��ZH�QHHG�WR
EH�DEOH�WR�VHW�XS�WKH�DQDO\]HU�IRU�RXU�SDUWLFXODU�PHDVXUHPHQW�FRQGLWLRQV���)UHTXHQF\�DQG�DPSOLWXGH�DUH
VWUDLJKWIRUZDUG���6SDQ�LV�VLPSO\�D�ZD\�WR�WHOO�WKH�DQDO\]HU�KRZ�ELJ�RI�D��ZLQGRZ��LQ�IUHTXHQF\�ZH�ZDQW�WR�YLHZ�

2WKHU�LPSRUWDQW�FRQWURO�IXQFWLRQV�LQFOXGH�VHWWLQJ�WKH�UHVROXWLRQ�EDQGZLGWK��VZHHSWLPH��LQSXW�DWWHQXDWRU�DQG�YLGHR
EDQGZLGWK���0RGHUQ�DQDO\]HUV�KDYH�ERWK�KDUGNH\V�DQG�VRIWNH\V��QH[W�WR�WKH�&57�GLVSOD\����7KH�VRIWNH\V�DOORZ�\RX
WR�DFFHVV�VHYHUDO�GLIIHUHQW��IXQFWLRQV�IHDWXUHV�XQGHU�RQH�KDUGNH\����)RU�H[DPSOH��WKHUH�ZLOO�W\SLFDOO\�EH�D�KDUGNH\
ODEHOHG��%:���ZKLFK�ZKHQ�SUHVVHG�JLYHV�\RX�WKH�FKRLFH�RI�FKDQJLQJ�HLWKHU�WKH�5%:�RU�WKH�9%:�GHSHQGLQJ�XSRQ
ZKLFK�VRIWNH\�\RX�SUHVV���

0RVW�DQDO\]HUV�DOORZ�\RX�WR�HQWHU�YDOXHV�E\�HLWKHU�SXQFKLQJ�LQ�WKH�YDOXH�RQ�WKH�QXPEHU�SDG��RU�E\��GLDOLQJ��XS�RU
GRZQ�WR�WKH�GHVLUHG�YDOXH�XVLQJ�WKH�IURQW�SDQHO�NQRE�

� Spectrum Analysis Basics
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7KHRU\�RI�2SHUDWLRQ
)URQW�3DQHO�2SHUDWLRQ

85 63A
SP E C TRU M  AN ALY ZE R      9  kH z -  26 . 5  G Hz

5)�,QSXW 1XPHULF
NH\SDG

&RQWURO�IXQFWLRQV
�5%:��VZHHS�
WLPH��9%:�

3ULPDU\�IXQFWLRQV
�)UHTXHQF\��

$PSOLWXGH��6SDQ�
6RIWNH\V

������
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6OLGH����

8QGHUVWDQGLQJ�WKH�FDSDELOLWLHV�DQG�OLPLWDWLRQV�RI�D�VSHFWUXP�DQDO\]HU�LV�D�YHU\�LPSRUWDQW�SDUW�RI�XQGHUVWDQGLQJ
VSHFWUXP�DQDO\VLV���7RGD\
V�VSHFWUXP�DQDO\]HUV�RIIHU�D�JUHDW�YDULHW\�RI�IHDWXUHV�DQG�OHYHOV�RI�SHUIRUPDQFH�
5HDGLQJ�D�GDWDVKHHW�FDQ�EH�YHU\�FRQIXVLQJ���+RZ�GR�\RX�NQRZ�ZKLFK�VSHFLILFDWLRQV�DUH�LPSRUWDQW�IRU�\RXU
DSSOLFDWLRQ�DQG�ZK\"��

6SHFWUXP�DQDO\]HU�VSHFLILFDWLRQV�DUH�WKH�LQVWUXPHQWV�PDQXIDFWXUHU
V�ZD\�RI�FRPPXQLFDWLQJ�WKH�OHYHO�RI
SHUIRUPDQFH�\RX�FDQ�H[SHFW�IURP�D�SDUWLFXODU�LQVWUXPHQW���8QGHUVWDQGLQJ�DQG�LQWHUSUHWLQJ�WKHVH�VSHFLILFDWLRQV
HQDEOHV�\RX�WR�SUHGLFW�KRZ�WKH�DQDO\]HU�ZLOO�SHUIRUP�LQ�D�VSHFLILF�PHDVXUHPHQW�VLWXDWLRQ��

:H�ZLOO�QRZ�GHVFULEH�D�YDULHW\�RI�VSHFLILFDWLRQV�WKDW�DUH�LPSRUWDQW�WR�XQGHUVWDQG�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

$JHQGD

● 2YHUYLHZ
● 7KHRU\�RI�2SHUDWLRQ
● 6SHFLILFDWLRQV
● )HDWXUHV
● 6XPPDU\
● $SSHQGL[

������
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6OLGH����

:KDW�GR�\RX�QHHG�WR�NQRZ�DERXW�D�VSHFWUXP�DQDO\]HU�LQ�RUGHU�WR�PDNH�VXUH�\RX�FKRRVH�RQH�WKDW�ZLOO�PDNH�\RXU
SDUWLFXODU�PHDVXUHPHQWV��DQG�PDNH�WKHP�DGHTXDWHO\"��9HU\�EDVLFDOO\��\RX�QHHG�WR�NQRZ����ZKDW
V�WKH�IUHTXHQF\
UDQJH"����ZKDW
V�WKH�DPSOLWXGH�UDQJH��PD[LPXP�LQSXW�DQG�VHQVLWLYLW\�"����WR�ZKDW�OHYHO�FDQ�,�PHDVXUH�WKH
GLIIHUHQFH�EHWZHHQ�WZR�VLJQDOV��ERWK�LQ�DPSOLWXGH��G\QDPLF�UDQJH��DQG�IUHTXHQF\��UHVROXWLRQ�"�DQG����KRZ
DFFXUDWH�DUH�P\�PHDVXUHPHQWV�RQFH�,
YH�PDGH�WKHP"

$OWKRXJK�QRW�LQ�WKH�VDPH�RUGHU��ZH�ZLOO�GHVFULEH�HDFK�RI�WKHVH�DUHDV�LQ�GHWDLO�LQ�WHUPV�RI�ZKDW�WKH\�PHDQ�DQG�ZK\
WKH\�DUH�LPSRUWDQW���

�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

6SHFLILFDWLRQV

8563A SPECTRUM  ANALY ZE R      9 kHz - 26.5 GHz

➤)UHTXHQF\�5DQJH
➤$FFXUDF\��)UHTXHQF\�	�$PSOLWXGH
➤5HVROXWLRQ
➤6HQVLWLYLW\
➤'LVWRUWLRQ
➤'\QDPLF�5DQJH

������
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6OLGH�����

2I�FRXUVH��WKH�ILUVW�DQG�IRUHPRVW�VSHFLILFDWLRQ�\RX�ZDQW�WR�NQRZ�LV�WKH�IUHTXHQF\�UDQJH�RI�WKH�DQDO\]HU���1RW�RQO\
GR�\RX�ZDQW�D�VSHFWUXP�DQDO\]HU�WKDW�ZLOO�FRYHU�WKH�IXQGDPHQWDO�IUHTXHQFLHV�RI�\RXU�DSSOLFDWLRQ��EXW�GRQ
W�IRUJHW
KDUPRQLFV�RU�VSXULRXV�VLJQDOV�RQ�WKH�KLJK�HQG��RU�EDVHEDQG�DQG�,)�RQ�WKH�ORZ�HQG��

$Q�H[DPSOH�RI�QHHGLQJ�KLJKHU�IUHTXHQF\�FDSDELOLW\�LV�LQ�ZLUHOHVV�FRPPXQLFDWLRQV���6RPH�RI�WKH�FHOOXODU�VWDQGDUGV
UHTXLUH�WKDW�\RX�PHDVXUH�RXW�WR�WKH�WHQWK�KDUPRQLF�RI�\RXU�V\VWHP���,I�\RX
UH�ZRUNLQJ�DW�����0+]��WKDW�PHDQV�\RX
QHHG�DQ�DQDO\]HU�WKDW�KDV�D�KLJK�IUHTXHQF\�RI����
�����0+]� ���*+]���$OVR��DOWKRXJK�ZH�DUH�WDONLQJ�DERXW�5)
DQDO\]HUV��\RX�ZDQW�LW�WR�EH�DEOH�WR�PHDVXUH�\RXU�ORZHU�IUHTXHQF\�EDVHEDQG�DQG�,)�VLJQDOV�DV�ZHOO�

� Spectrum Analysis Basics
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6SHFLILFDWLRQV
)UHTXHQF\�5DQJH

0HDVXULQJ�KDUPRQLFV
���*+]�DQG�EH\RQG�

/RZ�IUHTXHQFLHV
IRU�EDVHEDQG�DQG�,)

������
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6OLGH����

7KH�VHFRQG�DUHD�WR�XQGHUVWDQG�LV�DFFXUDF\��KRZ�DFFXUDWH�ZLOO�P\�UHVXOWV�EH�LQ�ERWK�IUHTXHQF\�DQG�DPSOLWXGH"
:KHQ�WDONLQJ�DERXW�DFFXUDF\�VSHFLILFDWLRQV��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�WKHUH�LV�ERWK�DQ�DEVROXWH�DFFXUDF\
VSHFLILFDWLRQ��DQG�D�UHODWLYH�DFFXUDF\�VSHFLILFDWLRQ���

The absolute measurement is made with a single marker.  For example, the frequency and power level of a carrier for
distortion measurements is an absolute measurement.  

The relative measurement is made with the relative, or delta, marker.  Examples include modulation frequencies, channel
spacing, pulse repetition frequencies, and offset frequencies relative to the carrier.  Relative measurements are more accurate
than absolute measurements.  

Let’s begin by discussing frequency accuracy.

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
$FFXUDF\

Abso lu te
A m plitude

in  dB m

R ela tive
A m plitude
in  dB

R elative
Frequency

Frequency

������
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6OLGH�����

)UHTXHQF\�DFFXUDF\�LV�RIWHQ�OLVWHG�XQGHU�WKH�)UHTXHQF\�5HDGRXW�$FFXUDF\�VSHFLILFDWLRQ�DQG�LV�XVXDOO\�VSHFLILHG�DV
WKH�VXP�RI�VHYHUDO�VRXUFHV�RI�HUURUV��LQFOXGLQJ�IUHTXHQF\�UHIHUHQFH�LQDFFXUDF\��VSDQ�HUURU��DQG�5%:
FHQWHU�IUHTXHQF\�HUURU���

)UHTXHQF\�UHIHUHQFH�DFFXUDF\�LV�GHWHUPLQHG�E\�WKH�EDVLF�DUFKLWHFWXUH�RI�WKH�DQDO\]HU���7KH�TXDOLW\�RI�WKH
LQVWUXPHQW
V�LQWHUQDO�WLPHEDVH�LV�DOVR�D�IDFWRU��KRZHYHU��PDQ\�VSHFWUXP�DQDO\]HUV�XVH�DQ�RYHQL]HG�
KLJK�SHUIRUPDQFH�FU\VWDO�RVFLOODWRU�DV�D�VWDQGDUG�RU�RSWLRQDO�FRPSRQHQW��VR�WKLV�WHUP�LV�VPDOO�

7KHUH�DUH�WZR�PDMRU�GHVLJQ�FDWHJRULHV�RI�PRGHUQ�VSHFWUXP�DQDO\]HUV���V\QWKHVL]HG�DQG�IUHH�UXQQLQJ���,Q�D
V\QWKHVL]HG�DQDO\]HU��VRPH�RU�DOO�RI�WKH�RVFLOODWRUV�DUH�SKDVH�ORFNHG�WR�D�VLQJOH��WUDFHDEOH��UHIHUHQFH�RVFLOODWRU�
7KHVH�DQDO\]HUV�KDYH�W\SLFDO�DFFXUDF\
V�RQ�WKH�RUGHU�RI�D�IHZ�KXQGUHG�KHUW]���7KLV�GHVLJQ�PHWKRG�SURYLGHV�WKH
XOWLPDWH�LQ�SHUIRUPDQFH�ZLWK�DFFRUGLQJ�FRPSOH[LW\�DQG�FRVW����6SHFWUXP�DQDO\]HUV�HPSOR\LQJ�D�IUHH�UXQQLQJ
DUFKLWHFWXUH�XVH�D�VLPSOHU�GHVLJQ�DQG�RIIHU�PRGHUDWH�IUHTXHQF\�DFFXUDF\�DW�DQ�HFRQRPLFDO�SULFH���)UHH�UXQQLQJ
DQDO\]HUV�RIIHU�W\SLFDO�DFFXUDF\
V�RI�D�IHZ�PHJDKHUW]���7KLV�PD\�QRW�EH�D�KLQGUDQFH�LQ�PDQ\�FDVHV���)RU�H[DPSOH�
PDQ\�WLPHV�ZH�DUH�PHDVXULQJ�DQ�LVRODWHG�VLJQDO��RU�ZH�QHHG�MXVW�HQRXJK�DFFXUDF\�WR�EH�DEOH�WR�LGHQWLI\�WKH�VLJQDO
RI�LQWHUHVW�DPRQJ�RWKHU�VLJQDOV���

6SDQ�HUURU�LV�RIWHQ�VSOLW�LQWR�WZR�VSHFV��EDVHG�RQ�WKH�IDFW�WKDW�PDQ\�VSHFWUXP�DQDO\]HUV�DUH�IXOO\�V\QWKHVL]HG�IRU
VPDOO�VSDQV��EXW�DUH�RSHQ�ORRS�WXQHG�IRU�ODUJHU�VSDQV����7KH�VOLGH�VKRZV�RQO\�RQH�VSDQ�VSHFLILFDWLRQ��

5%:�HUURU�FDQ�EH�DSSUHFLDEOH�LQ�VRPH�VSHFWUXP�DQDO\]HUV��HVSHFLDOO\�IRU�ODUJHU�5%:�VHWWLQJV��EXW�LQ�PRVW�FDVHV�LW
LV�PXFK�VPDOOHU�WKDQ�WKH�VSDQ�HUURU���

�����6SHFWUXP�$QDO\VLV�%DVLFV��&0%��6$���SSW
��

6SHFLILFDWLRQV
$FFXUDF\��)UHTXHQF\�5HDGRXW�$FFXUDF\

7\SLFDO�GDWDVKHHW�VSHFLILFDWLRQ�

6SDQV�����0+]�������IUHT��UHDGRXW�[�IUHT��UHI��DFFXUDF\
�������RI�IUHTXHQF\�VSDQ
��������RI�UHVROXWLRQ�EDQGZLGWK
�������+]��UHVLGXDO�HUURU��

�B

Frequency

������
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6OLGH����

/HW
V�XVH�WKH�SUHYLRXV�HTXDWLRQ�LQ�DQ�H[DPSOH�WR�LOOXVWUDWH�KRZ�\RX�FDQ�FDOFXODWH�WKH�IUHTXHQF\�DFFXUDF\�RI�\RXU
PHDVXUHPHQW���

,I�ZH
UH�PHDVXULQJ�D�VLJQDO�DW���*+]��XVLQJ�D�����N+]�VSDQ�DQG�D���N+]�5%:��ZH�FDQ�GHWHUPLQH�RXU�IUHTXHQF\
DFFXUDF\�DV�IROORZV�

)UHTXHQF\�UHIHUHQFH�DFFXUDF\�LV�FDOFXODWHG�E\�DGGLQJ�XS�WKH�VRXUFHV�RI�HUURU�VKRZQ��DOO�RI�ZKLFK�FDQ�EH�IRXQG�RQ
WKH�GDWDVKHHW��

IUHT�UHI�DFFXUDF\� �����[�������DJLQJ��������[�������WHPS�VWDELOLW\��������[�������VHWDELOLW\�
�����������[����������ZDUP�XS�� �����[������\U��UHI�HUURU

7KHUHIRUH��RXU�IUHTXHQF\�DFFXUDF\�LV�

���[�����+]��[������[������\U�� ������+]

���RI�����N+]�VSDQ ��������� �����+]

����RI���N+]�5%: ��������� ��������+]

���+]�UHVLGXDO�HUURU ��������� ����������+]

BBBBBBBB

7RWDO������������ � ������+]±
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6SHFLILFDWLRQV
$FFXUDF\��)UHTXHQF\�5HDGRXW�$FFXUDF\�([DPSOH

6LQJOH�0DUNHU�([DPSOH�

���RI�����N+]�VSDQ
����RI���N+]�5%:
���+]�UHVLGXDO�HUURU

�B

��*+]
����N+]�VSDQ
��N+]�5%:

&DOFXODWLRQ��������[����+]��[�����[������\U�UHI�HUURU��� ��  
 
 
 

����+]
�����+]
����+]
���+]

�����+]7RWDO� 

������

6SHFWUXP�$QDO\VLV�%DVLFV



6OLGH�����

/HW
V�QRZ�GLVFXVV�DPSOLWXGH�DFFXUDF\�

0RVW�VSHFWUXP�DQDO\]HUV�DUH�VSHFLILHG�LQ�WHUPV�RI�ERWK�DEVROXWH�DQG�UHODWLYH�DPSOLWXGH�DFFXUDF\���6LQFH�WKH
UHODWLYH�SHUIRUPDQFH�RI�WKH�DQDO\]HU�HIIHFWV�ERWK�W\SHV�RI�DFFXUDF\��ZH�ZLOO�GLVFXVV�WKLV�ILUVW�

:KHQ�ZH�PDNH�UHODWLYH�PHDVXUHPHQWV�RQ�DQ�LQFRPLQJ�VLJQDO��ZH�XVH�VRPH�SDUW�RI�WKH�VLJQDO�DV�D�UHIHUHQFH���)RU
H[DPSOH��ZKHQ�ZH�PDNH�VHFRQG�KDUPRQLF�GLVWRUWLRQ�PHDVXUHPHQWV��ZH�XVH�WKH�IXQGDPHQWDO�RI�WKH�VLJQDO�DV�RXU
UHIHUHQFH���$EVROXWH�YDOXHV�GR�QRW�FRPH�LQWR�SOD\��ZH�DUH�LQWHUHVWHG�RQO\�LQ�KRZ�WKH�VHFRQG�KDUPRQLF�GLIIHUV�LQ
DPSOLWXGH�IURP�WKH�IXQGDPHQWDO��

5HODWLYH�DPSOLWXGH�DFFXUDF\�GHSHQGV�XSRQ�VXFK�LWHPV�DV�VKRZQ�DERYH���'LVSOD\�ILGHOLW\�DQG�IUHTXHQF\�UHVSRQVH
ZLOO�GLUHFWO\�DIIHFW�WKH�DPSOLWXGH�DFFXUDF\���7KH�RWKHU�IRXU�LWHPV��RQ�WKH�RWKHU�KDQG��LQYROYH�FRQWURO�FKDQJHV�PDGH
GXULQJ�WKH�FRXUVH�RI�D�PHDVXUHPHQW��DQG�WKHUHIRUH�DIIHFW�DFFXUDF\�RQO\�ZKHQ�FKDQJHG���,Q�RWKHU�ZRUGV��LI�RQO\�WKH
IUHTXHQF\�FRQWURO�LV�FKDQJHG�ZKHQ�PDNLQJ�WKH�UHODWLYH�PHDVXUHPHQW��WKHVH�IRXU�XQFHUWDLQWLHV�GURS�RXW���,I�WKH\�DUH
FKDQJHG��KRZHYHU��WKHLU�XQFHUWDLQWLHV�ZLOO�IXUWKHU�GHJUDGH�DFFXUDF\�

�����6SHFWUXP�$QDO\VLV�%DVLFV��&0%��6$���SSW
��

● Display fidelity
● Frequency response
●     RF Input attenuator
●     Reference level
●     Resolution bandwidth
●     CRT scaling

6SHFLILFDWLRQV
$FFXUDF\��5HODWLYH�$PSOLWXGH�$FFXUDF\

Relative
Amplitude
in dB

������
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6OLGH�����

'LVSOD\�ILGHOLW\�FRYHUV�D�YDULHW\�RI�IDFWRUV���$PRQJ�WKHP�DUH�WKH�ORJ�DPSOLILHU��KRZ�WUXH�WKH�ORJDULWKPLF
FKDUDFWHULVWLF�LV���WKH�GHWHFWRU��KRZ�OLQHDU���DQG�WKH�GLJLWL]LQJ�FLUFXLWV��KRZ�OLQHDU����7KH�&57�LWVHOI�LV�QRW�D�IDFWRU
IRU�WKRVH�DQDO\]HUV�XVLQJ�GLJLWDO�WHFKQLTXHV�DQG�RIIHULQJ�GLJLWDO�PDUNHUV�EHFDXVH�WKH�PDUNHU�LQIRUPDWLRQ�LV�WDNHQ
IURP�WUDFH�PHPRU\��QRW�WKH�&57���7KH�GLVSOD\�ILGHOLW\�LV�EHWWHU�RYHU�VPDOO�DPSOLWXGH�GLIIHUHQFHV��DQG�UDQJHV�IURP�D
IHZ�WHQWKV�RI�D�G%�IRU�VLJQDO�OHYHOV�FORVH�WRJHWKHU�WR�SHUKDSV���G%�IRU�ODUJH�DPSOLWXGH�GLIIHUHQFHV���

$�WHFKQLTXH�IRU�LPSURYLQJ�DPSOLWXGH�DFFXUDF\�LV�WR�SODFH�WKH�ILUVW�VLJQDO�DW�D�UHIHUHQFH�DPSOLWXGH�XVLQJ�WKH
UHIHUHQFH�OHYHO�FRQWURO��DQG�XVH�WKH�PDUNHU�WR�UHDG�DPSOLWXGH�YDOXH��7KHQ�PRYH�WKH�VHFRQG�VLJQDO�WR�WKH��VDPH
UHIHUHQFH�DQG�FDOFXODWH�WKH�GLIIHUHQFH���7KLV�DVVXPHV�WKDW�WKH�5HIHUHQFH�/HYHO�8QFHUWDLQW\��FKDQJLQJ�WKH�UHIHUHQFH
OHYHO��LV�OHVV�WKDQ�WKH�'LVSOD\�)LGHOLW\�8QFHUWDLQW\�

�����6SHFWUXP�$QDO\VLV�%DVLFV��&0%��6$���SSW
��

● $SSOLHV�ZKHQ�VLJQDOV�DUH�QRW�SODFHG�DW�WKH
VDPH�UHIHUHQFH�DPSOLWXGH

● 'LVSOD\�ILGHOLW\�LQFOXGHV
–/RJ�DPSOLILHU�RU�OLQHDU�ILGHOLW\
–'HWHFWRU�OLQHDULW\
–'LJLWL]LQJ�FLUFXLW�OLQHDULW\

● 7HFKQLTXH�IRU�EHVW�DFFXUDF\

6SHFLILFDWLRQV
$FFXUDF\��5HODWLYH�$PSOLWXGH�$FFXUDF\���'LVSOD\�)LGHOLW\

Relative
Amplitude
in dB

������
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6OLGH�����

7KH�IUHTXHQF\�UHVSRQVH��RU�IODWQHVV�RI�WKH�VSHFWUXP�DQDO\]HU��DOVR�SOD\V�D�SDUW�LQ�UHODWLYH�DPSOLWXGH�XQFHUWDLQWLHV
DQG�LV�IUHTXHQF\�UDQJH�GHSHQGHQW���$�ORZ�IUHTXHQF\�5)�DQDO\]HU�PLJKW�KDYH�D�IUHTXHQF\�UHVSRQVH�RI�� ����G%���2Q±
WKH�RWKHU�KDQG��D�PLFURZDYH�VSHFWUXP�DQDO\]HU�WXQLQJ�LQ�WKH����*+]�UDQJH�FRXOG�ZHOO�KDYH�D�IUHTXHQF\�UHVSRQVH�LQ
H[FHVV�RI� ���G%�±

The specification assumes the worst case situation, where frequency response varies the full amplitude range, in this case
plus 1 dB and minus 1 dB.  The uncertainty between two signals in the same band (the spectrum analyzer’s frequency range
is actually split into several bands) is 2 x ± 1 dB = ± 2 dB since the amplitude uncertainty at each signal's position could fall
on the + and - extremes of the specification window.

� Spectrum Analysis Basics
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6SHFLILFDWLRQV
$FFXUDF\��5HODWLYH�$PSOLWXGH�$FFXUDF\���)UHT��5HVSRQVH

- 1  dB

+1 dB

0

BAN D  1

S pecifica tion : ±  1  dB

Signals in the  Same Harmonic Band
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6OLGH�����

As we mentioned before, the four items listed above involve control changes made during the course of a measurement, and
can be eliminated if they can be left unchanged.  

Because an RF input attenuator must operate over the entire frequency range of the analyzer, its step accuracy, like
frequency response, is a function of frequency.  At low RF frequencies, we expect the attenuator to be quite good; at 20 GHz,
not as good.  

The IF gain (or reference level control) has uncertainties as well, but should be more accurate than the input attenuator
because it operates at only one frequency. �

6LQFH�GLIIHUHQW�ILOWHUV�KDYH�GLIIHUHQW�LQVHUWLRQ�ORVVHV��FKDQJLQJ�WKH�5%:�FDQ�DOVR�GHJUDGH�DFFXUDF\���

)LQDOO\��FKDQJLQJ�GLVSOD\�VFDOLQJ�IURP�VD\�����G%�GLY�WR���G%�GLY�RU�WR�OLQHDU�PD\�DOVR�LQWURGXFH�XQFHUWDLQW\�LQ�WKH
DPSOLWXGH�PHDVXUHPHQW�

�����6SHFWUXP�$QDO\VLV�%DVLFV��&0%��6$���SSW
��

●     RF Input attenuator
●     Reference level
●     Resolution bandwidth
●     CRT scaling

6SHFLILFDWLRQV
$FFXUDF\��5HODWLYH�$PSOLWXGH�$FFXUDF\

Relative
Amplitude
in dB
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Absolute amplitude measurements are actually measurements that are relative to the calibrator, which is a signal of known
amplitude.  0RVW�PRGHUQ�VSHFWUXP�DQDO\]HUV�KDYH�D�FDOLEUDWRU�EXLOW�LQVLGH���7KLV�FDOLEUDWRU�SURYLGHV�D�VLJQDO�ZLWK�D
VSHFLILHG�DPSOLWXGH�DW�D�JLYHQ�IUHTXHQF\���6LQFH�WKLV�FDOLEUDWRU�VRXUFH�W\SLFDOO\�RSHUDWHV�RQ�D�VLQJOH�IUHTXHQF\��ZH
UHO\�XSRQ�WKH�UHODWLYH�DFFXUDF\�RI�WKH�DQDO\]HU�WR�H[WHQG�DEVROXWH�FDOLEUDWLRQ�WR�RWKHU�IUHTXHQFLHV�DQG�DPSOLWXGHV�
$�W\SLFDO�FDOLEUDWRU�KDV�DQ�XQFHUWDLQW\�RI�� ����G%���)RU�ORJ�GLVSOD\V��WKH�WRS�OLQH�RI�WKH�JUDWLFXOH��5HIHUHQFH�/HYHO�±
LV�JLYHQ�DEVROXWH�FDOLEUDWLRQ���2WKHU�SRLQWV�RI�WKH�GLVSOD\�DUH�UHODWLYH�WR�WKDW�OHYHO�

Since our unknown signal to be measured is at a different frequency, we must change the frequency control.  Since it is at a
different amplitude, we may change reference level to bring it to the reference level, for best accuracy.  Hence, absolute
amplitude accuracy depends on calibrator accuracy, frequency response, and reference level uncertainty (also known as IF
gain uncertainty).

�����6SHFWUXP�$QDO\VLV�%DVLFV��&0%��6$���SSW
��

6SHFLILFDWLRQV
$FFXUDF\��$EVROXWH�$PSOLWXGH�$FFXUDF\

Absolute
Amplitude

in dBm

● &DOLEUDWRU�DFFXUDF\

● )UHTXHQF\�UHVSRQVH

● 5HIHUHQFH�OHYHO�XQFHUWDLQW\

������
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5HVROXWLRQ�LV�DQ�LPSRUWDQW�VSHFLILFDWLRQ�ZKHQ�\RX�DUH�WU\LQJ�WR�PHDVXUH�VLJQDOV�WKDW�DUH�FORVH�WRJHWKHU�DQG�ZDQW
WR�EH�DEOH�WR�GLVWLQJXLVK�WKHP�IURP�HDFK�RWKHU���:H�VDZ�WKDW�WKH�,)�ILOWHU�EDQGZLGWK�LV�DOVR�NQRZQ�DV�WKH�UHVROXWLRQ
EDQGZLGWK��5%:����7KLV�LV�EHFDXVH�LW�LV�WKH�,)�ILOWHU�EDQGZLGWK�DQG�VKDSH�WKDW�GHWHUPLQHV�WKH�UHVROYDELOLW\�EHWZHHQ
VLJQDOV�

,Q�DGGLWLRQ�WR�ILOWHU�EDQGZLGWK��WKH�VHOHFWLYLW\��ILOWHU�W\SH��UHVLGXDO�)0��DQG�QRLVH�VLGHEDQGV�DUH�IDFWRUV�WR�FRQVLGHU
LQ�GHWHUPLQLQJ�XVHIXO�UHVROXWLRQ���:H�VKDOO�H[DPLQH�HDFK�RI�WKHVH�LQ�WXUQ���

� Spectrum Analysis Basics
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6SHFLILFDWLRQV
5HVROXWLRQ

R eso lu tion  
B andw id th

R es idua l F M

R E S B W  Type  
and Se lectiv ity N o ise  S idebands

:KDW�'HWHUPLQHV�5HVROXWLRQ"
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2QH�RI�WKH�ILUVW�WKLQJV�WR�QRWH�LV�WKDW�D�VLJQDO�FDQQRW�EH�GLVSOD\HG�DV�DQ�LQILQLWHO\�QDUURZ�OLQH���,W�KDV�VRPH�ZLGWK
DVVRFLDWHG�ZLWK�LW���7KLV�VKDSH�LV�WKH�DQDO\]HU
V�WUDFLQJ�RI�LWV�RZQ�,)�ILOWHU�VKDSH�DV�LW�WXQHV�SDVW�D�VLJQDO���7KXV��LI
ZH�FKDQJH�WKH�ILOWHU�EDQGZLGWK��ZH�FKDQJH�WKH�ZLGWK�RI�WKH�GLVSOD\HG�UHVSRQVH���+3�GDWDVKHHWV�VSHFLI\�WKH���G%
EDQGZLGWK���6RPH�RWKHU�PDQXIDFWXUHUV�VSHFLI\�WKH���G%�EDQGZLGWK�

7KLV�FRQFHSW�HQIRUFHV�WKH�LGHD�WKDW�LW�LV�WKH�,)�ILOWHU�EDQGZLGWK�DQG�VKDSH�WKDW�GHWHUPLQHV�WKH�UHVROYDELOLW\�EHWZHHQ
VLJQDOV�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
5HVROXWLRQ��5HVROXWLRQ�%DQGZLGWK

3  dB
3  dB BW

LO

M ixer

IF  F ilte r/
R e solution Ba ndwidth F ilte r 

(R BW )
S weep

D etecto r

Input
S pe ctrum

D ispla y

R BW
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When measuring two signals of equal-amplitude, the value of the selected RBW tells us how close together they can be and
still be distinguishable from one another (by a 3 dB ’dip’).  For example, if two signals are 10 kHz apart, a 10 kHz RBW
easily separates the responses.  However, with wider RBWs, the two signals may appear as one.

In general then, two equal-amplitude signals can be resolved if their separation is greater than or equal to the 3 dB bandwidth
of the selected resolution bandwidth filter.

NOTE:  Since the two signals interact when both are present within the RBW, you should use a Video BW about 10 times smaller than the
Res BW to smooth the responses.

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
5HVROXWLRQ��5HVROXWLRQ�%DQGZLGWK

3  dB

���N+]

1 0  kH z  R BW
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6HOHFWLYLW\�LV�WKH�LPSRUWDQW�FKDUDFWHULVWLF�IRU�GHWHUPLQLQJ�WKH�UHVROYDELOLW\�RI�XQHTXDO�DPSOLWXGH�VLJQDOV�
6HOHFWLYLW\�LV�WKH�UDWLR�RI�WKH����G%�WR���G%�ILOWHU�EDQGZLGWK���7\SLFDO�VHOHFWLYLWLHV�UDQJH�IURP������WR������IRU�DQDORJ
ILOWHUV��DQG�����IRU�GLJLWDO�ILOWHUV�

Usually we will be looking at signals of unequal amplitudes.  Since both signals will trace out the filter shape, it is possible
for the smaller signal to be buried under the filter skirt of the larger one.   7KH�JUHDWHU�WKH�DPSOLWXGH�GLIIHUHQFH��WKH�PRUH
D�ORZHU�VLJQDO�JHWV�EXULHG�XQGHU�WKH�VNLUW�RI�LWV�QHLJKERU
V�UHVSRQVH���7KLV�LV�VLJQLILFDQW��EHFDXVH�PRVW�FORVH�LQ
VLJQDOV�\RX�GHDO�ZLWK�DUH�GLVWRUWLRQ�RU�PRGXODWLRQ�SURGXFWV�DQG��E\�QDWXUH��DUH�TXLWH�GLIIHUHQW�LQ�DPSOLWXGH�IURP
WKH�SDUHQW�VLJQDO���

� Spectrum Analysis Basics
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6SHFLILFDWLRQV
5HVROXWLRQ��5%:�7\SH�DQG�6HOHFWLYLW\

3 dB

60 dB

60  dB
B W

S electiv ity     =
60  dB  B W

3 dB  BW

3 dB  BW
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)RU�H[DPSOH��VD\�ZH�DUH�GRLQJ�D�WZR�WRQH�WHVW�ZKHUH�WKH�VLJQDOV�DUH�VHSDUDWHG�E\����N+]���:LWK�D����N+]�5%:�
UHVROXWLRQ�RI�WKH�HTXDO�DPSOLWXGH�WRQHV�LV�QRW�D�SUREOHP��DV�ZH�KDYH�VHHQ���%XW�WKH�GLVWRUWLRQ�SURGXFWV��ZKLFK�FDQ
EH����G%�GRZQ�DQG����N+]�DZD\��FRXOG�EH�EXULHG���

/HW
V�WU\�D���N+]�5%:�ZKLFK�KDV�D�VHOHFWLYLW\�RI��������7KH�ILOWHU�ZLGWK����G%�GRZQ�LV����N+]�����[���N+]���DQG
WKHUHIRUH��GLVWRUWLRQ�ZLOO�EH�KLGGHQ�XQGHU�WKH�VNLUW�RI�WKH�UHVSRQVH�RI�WKH�WHVW�WRQH��,I�ZH�VZLWFK�WR�D�QDUURZHU�ILOWHU
�IRU�H[DPSOH��D���N+]�ILOWHU��WKH����G%�EDQGZLGWK�LV����N+]�����[���N+]���DQG�WKH�GLVWRUWLRQ�SURGXFWV�DUH�HDVLO\
YLVLEOH��EHFDXVH�RQH�KDOI�RI�WKH����G%�EDQGZLGWK�LV�����N+]��ZKLFK�LV�OHVV�WKDQ�WKH�VHSDUDWLRQ�RI�WKH�VLGHEDQGV����6R
RXU�UHTXLUHG�5%:�IRU�WKH�PHDVXUHPHQW�PXVW�EH� ���N+]�≤

7KLV�WHOOV�XV�WKHQ��WKDW�WZR�VLJQDOV�XQHTXDO�LQ�DPSOLWXGH�E\����G%�PXVW�EH�VHSDUDWHG�E\�DW�OHDVW�RQH�KDOI�WKH����G%
EDQGZLGWK�WR�UHVROYH�WKH�VPDOOHU�VLJQDO���+HQFH��VHOHFWLYLW\�LV�NH\�LQ�GHWHUPLQLQJ�WKH�UHVROXWLRQ�RI�XQHTXDO
DPSOLWXGH�VLJQDOV���

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
5HVROXWLRQ��5%:�7\SH�DQG�6HOHFWLYLW\

���N+]

5%:� ����N+]5%:� ���N+]
6HOHFWLYLW\�����

���N+]

GLVWRUWLRQ�
SURGXFWV

���G%�%:�
 ����N+]

����N+]

��G%

���G%
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$QRWKHU�IDFWRU�DIIHFWLQJ�UHVROXWLRQ�LV�WKH�IUHTXHQF\�VWDELOLW\�RI�WKH�VSHFWUXP�DQDO\]HU
V�ORFDO�RVFLOODWRU���7KLV
LQKHUHQW�VKRUW�WHUP�IUHTXHQF\�LQVWDELOLW\�RI�DQ�RVFLOODWRU�LV�UHIHUUHG�WR�DV�UHVLGXDO�)0���,I�WKH�VSHFWUXP�DQDO\]HU
V
5%:�LV�OHVV�WKDQ�WKH�SHDN�WR�SHDN�)0��WKHQ�WKLV�UHVLGXDO�)0�FDQ�EH�VHHQ�DQG�ORRNV�DV�LI�WKH�VLJQDO�KDV�EHHQ
�VPHDUHG����<RX�FDQQRW�WHOO�ZKHWKHU�WKH�VLJQDO�RU�WKH�/2�LV�WKH�VRXUFH�RI�WKH�LQVWDELOLW\���$OVR��WKLV��VPHDULQJ��RI�WKH
VLJQDO�PDNHV�LW�VR�WKDW�WZR�VLJQDOV�ZLWKLQ�WKH�VSHFLILHG�UHVLGXDO�)0�FDQQRW�EH�UHVROYHG��

7KLV�PHDQV�WKDW�WKH�VSHFWUXP�DQDO\]HU
V�UHVLGXDO�)0�GLFWDWHV�WKH�PLQLPXP�UHVROXWLRQ�EDQGZLGWK�DOORZDEOH�
ZKLFK�LQ�WXUQ�GHWHUPLQHV�WKH�PLQLPXP�VSDFLQJ�RI�HTXDO�DPSOLWXGH�VLJQDOV���

3KDVH�ORFNLQJ�WKH�/2V�WR�D�UHIHUHQFH�UHGXFHV�WKH�UHVLGXDO�)0�DQG�UHGXFHV�WKH�PLQLPXP�DOORZDEOH�5%:���+LJKHU
SHUIRUPDQFH�VSHFWUXP�DQDO\]HUV�DUH�PRUH�H[SHQVLYH�EHFDXVH�WKH\�KDYH�EHWWHU�SKDVH�ORFNLQJ�VFKHPHV�ZLWK�ORZHU
UHVLGXDO�)0�DQG�VPDOOHU�PLQLPXP�5%:V�

� Spectrum Analysis Basics
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6SHFLILFDWLRQV
5HVROXWLRQ��5HVLGXDO�)0

5HVLGXDO�)0
�6PHDUV��WKH�6LJQDO
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7KH�UHPDLQLQJ�LQVWDELOLW\�DSSHDUV�DV�QRLVH�VLGHEDQGV��DOVR�FDOOHG�SKDVH�QRLVH��DW�WKH�EDVH�RI�WKH�VLJQDO�UHVSRQVH�
7KLV�QRLVH�FDQ�PDVN�FORVH�LQ��WR�D�FDUULHU���ORZ�OHYHO�VLJQDOV�WKDW�ZH�PLJKW�RWKHUZLVH�EH�DEOH�WR�VHH�LI�ZH�ZHUH�RQO\
WR�FRQVLGHU�EDQGZLGWK�DQG�VHOHFWLYLW\���7KHVH�QRLVH�VLGHEDQGV�DIIHFW�UHVROXWLRQ�RI�FORVH�LQ��ORZ�OHYHO�VLJQDOV���

3KDVH�QRLVH�LV�VSHFLILHG�LQ�WHUPV�RI�G%F�RU�G%�UHODWLYH�WR�D�FDUULHU�DQG�LV�GLVSOD\HG�RQO\�ZKHQ�WKH�VLJQDO�LV�IDU
HQRXJK�DERYH�WKH�V\VWHP�QRLVH�IORRU���7KLV�EHFRPHV�WKH�XOWLPDWH�OLPLWDWLRQ�LQ�DQ�DQDO\]HU
V�DELOLW\�WR�UHVROYH
VLJQDOV�RI�XQHTXDO�DPSOLWXGH���7KH�DERYH�ILJXUH�VKRZV�XV�WKDW�DOWKRXJK�ZH�PD\�KDYH�GHWHUPLQHG�WKDW�ZH�VKRXOG�EH
DEOH�WR�UHVROYH�WZR�VLJQDOV�EDVHG�RQ�WKH���G%�EDQGZLGWK�DQG�VHOHFWLYLW\��ZH�ILQG�WKDW�WKH�SKDVH�QRLVH�DFWXDOO\
FRYHUV�XS�WKH�VPDOOHU�VLJQDO�

1RLVH�VLGHEDQG�VSHFLILFDWLRQV�DUH�W\SLFDOO\�QRUPDOL]HG�WR�D���+]�5%:���7KHUHIRUH��LI�ZH�QHHG�WR�PHDVXUH�D�VLJQDO���
G%�GRZQ�IURP�D�FDUULHU�DW�D����N+]�RIIVHW�LQ�D���N+]�5%:��ZH�QHHG�D�SKDVH�QRLVH�VSHF�RI� �����G%F��+]�5%:�DW���≤
N+]�RIIVHW�  1RWH�����G%F�LQ�D���N+]�5%:�FDQ�EH�QRUPDOL]HG�WR�D���+]�5%:�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��������G%F��
>��
ORJ��N+]��+]�@�� ��������>��@�� �����G%F�

� Spectrum Analysis Basics
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6SHFLILFDWLRQV
5HVROXWLRQ��1RLVH�6LGHEDQGV

1RLVH�6LGHEDQGV�FDQ�SUHYHQW�
UHVROXWLRQ�RI�XQHTXDO�VLJQDOV

3KDVH�1RLVH
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:KHQ�ZH�QDUURZ�WKH�UHVROXWLRQ�EDQGZLGWKV�IRU�EHWWHU�UHVROXWLRQ��ZH�PXVW�FRQVLGHU�WKH�WLPH�LW�WDNHV�WR�VZHHS
WKURXJK�WKHP���6LQFH�WKHVH�ILOWHUV�DUH�EDQGZLGWK�OLPLWHG��WKH\�UHTXLUH�D�ILQLWH�WLPH�WR�UHVSRQG�IXOO\���1DUURZHU
EDQGZLGWKV�UHTXLUH�D�ORQJHU�WLPH���:KHQ�WKH�VZHHSWLPH�LV�WRR�VKRUW��WKH�5%:�ILOWHUV�FDQQRW�IXOO\�UHVSRQG��DQG�WKH
GLVSOD\HG�UHVSRQVH�EHFRPHV�XQFDOLEUDWHG�ERWK�LQ�DPSOLWXGH�DQG�IUHTXHQF\���WKH�DPSOLWXGH�LV�WRR�ORZ�DQG�WKH
IUHTXHQF\�LV�WRR�KLJK��VKLIWV�XSZDUGV��GXH�WR�GHOD\�WKURXJK�WKH�ILOWHU�

6SHFWUXP�DQDO\]HUV�KDYH�DXWR�FRXSOHG�VZHHSWLPH�ZKLFK�DXWRPDWLFDOO\�FKRRVHV�WKH�IDVWHVW�DOORZDEOH�VZHHSWLPH
EDVHG�XSRQ�VHOHFWHG�6SDQ��5%:��DQG�9%:���,I�WKH�VZHHSWLPH�PDQXDOO\�FKRVHQ�LV�WRR�IDVW��D�PHVVDJH�LV�GLVSOD\HG
RQ�WKH�VFUHHQ�

6SHFWUXP�DQDO\]HUV�XVXDOO\�KDYH�D������RU�D��������VHTXHQFH�RI�5%:V��VRPH�HYHQ�KDYH�����VWHSV���0RUH�5%:V�DUH
EHWWHU�EHFDXVH�WKLV�DOORZV�FKRRVLQJ�MXVW�HQRXJK�UHVROXWLRQ�WR�PDNH�WKH�PHDVXUHPHQW�DW�WKH�IDVWHVW�SRVVLEOH
VZHHSWLPH���)RU�H[DPSOH��LI���N+]�UHVROXWLRQ����VHF�VZHHSWLPH��LV�QRW�HQRXJK�UHVROXWLRQ��D��������VHTXHQFH
DQDO\]HU�FDQ�PDNH�WKH�PHDVXUHPHQW�LQ�D�����+]�5HV�%:�����VHF�VZHHSWLPH���ZKHUHDV�WKH������VHTXHQFH�DQDO\]HU
PXVW�XVH�D�����+]�5HV�%:������VHF�VZHHSWLPH��

 

� Spectrum Analysis Basics
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6SHFLILFDWLRQV
5HVROXWLRQ��5%:�'HWHUPLQHV�0HDVXUHPHQW�7LPH
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2QH�WKLQJ�WR�QRWH�EHIRUH�ZH�FORVH�WKH�WRSLF�RI�UHVROXWLRQ�LV�WKDW�'LJLWDO�5%:V��L�H��VSHFWUXP�DQDO\]HUV�XVLQJ�GLJLWDO
VLJQDO�SURFHVVLQJ��'63��EDVHG�,)�ILOWHUV��KDYH�VXSHULRU�VHOHFWLYLW\�DQG�PHDVXUHPHQW�VSHHG���7KH�IROORZLQJ�WDEOH
LOOXVWUDWHV�WKLV�SRLQW���)RU�H[DPSOH��ZLWK�D�����+]�5%:��D�GLJLWDO�ILOWHU�LV�����WLPHV�IDVWHU�WKDQ�DQ�DQDORJ���

5%: 6SHHG�,PSURYHPHQW�

����+] ���

���+] ����

���+] ����

��+] ���

��+] ��
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6SHFLILFDWLRQV
5HVROXWLRQ��'LJLWDO�5HVROXWLRQ�%DQGZLGWKV

D IG ITAL F ILT E R
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2QH�RI�WKH�SULPDU\�XVHV�RI�D�VSHFWUXP�DQDO\]HU�LV�WR�VHDUFK�RXW�DQG�PHDVXUH�ORZ�OHYHO�VLJQDOV���7KH�VHQVLWLYLW\�RI
DQ\�UHFHLYHU�LV�DQ�LQGLFDWLRQ�RI�KRZ�ZHOO�LW�FDQ�PHDVXUH�VPDOO�VLJQDOV���$�SHUIHFW�UHFHLYHU�ZRXOG�DGG�QR�DGGLWLRQDO
QRLVH�WR�WKH�QDWXUDO�DPRXQW�RI�WKHUPDO�QRLVH�SUHVHQW�LQ�DOO�HOHFWURQLF�V\VWHPV��UHSUHVHQWHG�E\�N7%��N %ROW]PDQ
V
FRQVWDQW��7 WHPSHUDWXUH��DQG�% EDQGZLGWK����,Q�SUDFWLFH��DOO�UHFHLYHUV��LQFOXGLQJ�VSHFWUXP�DQDO\]HUV��DGG�VRPH
DPRXQW�RI�LQWHUQDOO\�JHQHUDWHG�QRLVH�����

6SHFWUXP�DQDO\]HUV�XVXDOO\�FKDUDFWHUL]H�WKLV�E\�VSHFLI\LQJ�WKH�GLVSOD\HG�DYHUDJH�QRLVH�OHYHO��'$1/��LQ�G%P��ZLWK
WKH�VPDOOHVW�5%:�VHWWLQJ���'$1/�LV�MXVW�DQRWKHU�WHUP�IRU�WKH�QRLVH�IORRU�RI�WKH�LQVWUXPHQW�JLYHQ�D�SDUWLFXODU
EDQGZLGWK���,W�UHSUHVHQWV�WKH�EHVW�FDVH�VHQVLWLYLW\�RI�WKH�VSHFWUXP�DQDO\]HU��DQG�LV�WKH�XOWLPDWH�OLPLWDWLRQ�LQ�PDNLQJ
PHDVXUHPHQWV�RQ�VPDOO�VLJQDOV���$Q�LQSXW�VLJQDO�EHORZ�WKLV�QRLVH�OHYHO�FDQQRW�EH�GHWHFWHG���*HQHUDOO\��VHQVLWLYLW\�LV
RQ�WKH�RUGHU�RI�����G%P�WR������G%P�

,W�LV�LPSRUWDQW�WR�NQRZ�WKH�VHQVLWLYLW\�FDSDELOLW\�RI�\RXU�DQDO\]HU�LQ�RUGHU�WR�GHWHUPLQH�LI�LW�ZLOO�DGHTXDWHO\�PHDVXUH
\RXU�ORZ�OHYHO�VLJQDOV�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
6HQVLWLYLW\�'$1/

S w e e p
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M ixe r
R F

Input
R E S  BW

F ilte r

D e te ctor

$�6SHFWUXP�$QDO\]HU�*HQHUDWHV�DQG�$PSOLILHV�
1RLVH�-XVW�/LNH�$Q\�$FWLYH�&LUFXLW
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6OLGH�����

2QH�DVSHFW�RI�WKH�DQDO\]HU
V�LQWHUQDO�QRLVH�WKDW�LV�RIWHQ�RYHUORRNHG�LV�LWV�HIIHFWLYH�OHYHO�DV�D�IXQFWLRQ�RI�WKH�5)
LQSXW�DWWHQXDWRU�VHWWLQJ���6LQFH�WKH�LQWHUQDO�QRLVH�LV�JHQHUDWHG�DIWHU�WKH�PL[HU��SULPDULO\�LQ�WKH�ILUVW�DFWLYH�,)�VWDJH��
WKH�5)�LQSXW�DWWHQXDWRU�KDV�QR�HIIHFW�RQ�WKH�DFWXDO�QRLVH�OHYHO����5HIHU�WR�WKH�EORFN�GLDJUDP���+RZHYHU��WKH�5)
LQSXW�DWWHQXDWRU�GRHV�DIIHFW�WKH�VLJQDO�OHYHO�DW�WKH�LQSXW�DQG�WKHUHIRUH�GHFUHDVHV�WKH�VLJQDO�WR�QRLVH�UDWLR��615��RI
WKH�DQDO\]HU���7KH�EHVW�615�LV�ZLWK�WKH�ORZHVW�SRVVLEOH�5)�LQSXW�DWWHQXDWLRQ�

1RWH�LQ�WKH�ILJXUH��WKDW�WKH�GLVSOD\HG�signal level does not fall with increased attenuation.  Remember from the theory of
operation section that the RF input attenuator and IF gain are tied together.  Therefore, as we increase the RF input
attenuation 10 dB, the IF gain will simultaneously increase 10 dB to compensate for the loss.  The result is that the on-screen
signal stays constant, but the (amplified) noise level increases 10 dB.

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
6HQVLWLYLW\�'$1/��5)�,QSXW�$WWHQXDWRU

10 dB

A ttenuation  =  10  dB A ttenuation  =  20  dB  

Signal-To-Noise Ratio Decreases as 
RF Input Attenuation is Increased

(IIHFWLYH�/HYHO�RI�'LVSOD\HG�1RLVH�LV�D�
)XQFWLRQ�RI�5)�,QSXW�$WWHQXDWLRQ

VLJQDO�OHYHO
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7KLV�LQWHUQDOO\�JHQHUDWHG�QRLVH�LQ�D�VSHFWUXP�DQDO\]HU�LV�WKHUPDO�LQ�QDWXUH��WKDW�LV��LW�LV�UDQGRP�DQG�KDV�QR�GLVFUHWH
VSHFWUDO�FRPSRQHQWV���$OVR��LWV�OHYHO�LV�IODW�RYHU�D�IUHTXHQF\�UDQJH�WKDW�LV�ZLGH�LQ�FRPSDULVRQ�WR�WKH�UDQJHV�RI�WKH
5%:V���7KLV�PHDQV�WKDW�WKH�WRWDO�QRLVH�UHDFKLQJ�WKH�GHWHFWRU��DQG�GLVSOD\HG��LV�UHODWHG�WR�WKH�5%:�VHOHFWHG���6LQFH
WKH�QRLVH�LV�UDQGRP��LW�LV�DGGHG�RQ�D�SRZHU�EDVLV��VR�WKH�UHODWLRQVKLS�EHWZHHQ�GLVSOD\HG�QRLVH�OHYHO�DQG�5%:�LV�D
WHQ�ORJ�EDVLV���In other words, if the RBW is increased (or decreased) by a factor of ten, ten times more (or less) noise
energy hits the detector and the displayed average noise level (DANL) increases (or decreases) by 10 dB.

The relationship between displayed noise level and RBW is:

noise level change (dB) =  10 log(RBWnew)/(RBWold)

Therefore, changing the RBW from 100 kHz (RBWold) to 10 kHz (RBWnew) results in a change of noise level:

noise level change = 10 log (10 kHz/100 kHz)  = - 10 dB.     

Spectrum analyzer noise is specified in a specific RBW.  The spectrum analyzer’s lowest noise level (and slowest sweeptime)
is achieved with its narrowest RBW.�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
6HQVLWLYLW\�'$1/��,)�)LOWHU��5%:�

'HFUHDVHG�%:� �'HFUHDVHG�1RLVH

'LVSOD\HG�1RLVH�LV�D�)XQFWLRQ�RI�
,)�)LOWHU�%DQGZLGWK

����N+]�5%:

���N+]�5%:

��N+]�5%:

���G%

���G%
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,Q�WKH�7KHRU\�RI�2SHUDWLRQ�VHFWLRQ��ZH�OHDUQHG�KRZ�WKH�YLGHR�ILOWHU�FDQ�EH�XVHG�WR�VPRRWK�QRLVH�IRU�HDVLHU
LGHQWLILFDWLRQ�RI�ORZ�OHYHO�VLJQDOV������6LQFH�ZH�DUH�WDONLQJ�DERXW�PHDVXULQJ�ORZ�OHYHO�VLJQDOV��ZH�ZLOO�UHSHDW�LW�KHUH�
7KH�9%:��KRZHYHU��GRHV�QRW�HIIHFW�WKH�IUHTXHQF\�UHVROXWLRQ�RI�WKH�DQDO\]HU��DV�GRHV�WKH�5%:���DQG�WKHUHIRUH
FKDQJLQJ�WKH�9%:�GRHV�QRW�LPSURYH�VHQVLWLYLW\���,W�GRHV��KRZHYHU��LPSURYH�GLVFHUQDELOLW\�DQG�UHSHDWDELOLW\�RI�ORZ
VLJQDO�WR�QRLVH�UDWLR�PHDVXUHPHQWV�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
6HQVLWLYLW\�'$1/��9%:

9LGHR�%:�6PRRWKV�1RLVH�IRU�(DVLHU�
,GHQWLILFDWLRQ�RI�/RZ�/HYHO�6LJQDOV

������

6SHFWUXP�$QDO\VLV�%DVLFV
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$�VLJQDO�ZKRVH�OHYHO�LV�HTXDO�WR�WKH�GLVSOD\HG�DYHUDJH�QRLVH�OHYHO��'$1/��ZLOO�DSSHDU�DSSUR[LPDWHO\�DV�D�����G%
EXPS�DERYH�WKH�GLVSOD\HG�DYHUDJH�QRLVH�OHYHO���7KLV�LV�FRQVLGHUHG�WR�EH�WKH�PLQLPXP�PHDVXUDEOH�VLJQDO�OHYHO�
+RZHYHU��\RX�ZRQ
W�EH�DEOH�WR�VHH�WKLV�VLJQDO�XQOHVV�\RX�XVH�YLGHR�ILOWHULQJ�WR�DYHUDJH�WKH�QRLVH���

6SHFWUXP�DQDO\]HU�VHQVLWLYLW\�LV�VSHFLILHG�DV�WKH�'$1/�LQ�D�VSHFLILHG�5%:���

��

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
6HQVLWLYLW\�'$1/

6LJQDO
(TXDOV
1RLVH

2 .2  dB

6HQVLWLYLW\�LV�WKH�6PDOOHVW�6LJQDO�7KDW�
&DQ�%H�0HDVXUHG
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%DVHG�RQ�ZKDW�ZH
YH�OHDUQHG��ZH�FDQ�VHH�WKDW�WKH�EHVW�VHQVLWLYLW\�LV�DFKLHYHG�DW��

�����QDUURZHVW�5%:�

�����PLQLPXP�5)�,QSXW�$WWHQXDWLRQ�������������������������������

�����XVLQJ�VXIILFLHQW�9LGHR�)LOWHULQJ��������������������������������

�������9%:�� �����WR������5%:�≤

1RWH�KRZHYHU��WKDW�EHVW�VHQVLWLYLW\�PD\�FRQIOLFW�ZLWK�RWKHU�PHDVXUHPHQW�UHTXLUHPHQWV���)RU�H[DPSOH��VPDOOHU
5%:V�JUHDWO\�LQFUHDVH�PHDVXUHPHQW�WLPH���$OVR��]HUR�G%�LQSXW�DWWHQXDWLRQ�LQFUHDVHV�PLVPDWFK�XQFHUWDLQW\
WKHUHIRUH�GHFUHDVLQJ�PHDVXUHPHQW�DFFXUDF\�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
6HQVLWLYLW\�'$1/

)RU�%HVW�6HQVLWLYLW\�8VH�

1DUURZHVW�5HVROXWLRQ�%:

0LQLPXP�5)�,QSXW�$WWHQXDWLRQ

6XIILFLHQW�9LGHR�)LOWHULQJ
�9LGHR�%:�������5HV�%:�

������

6SHFWUXP�$QDO\VLV�%DVLFV
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$OWKRXJK�GLVWRUWLRQ�PHDVXUHPHQWV��VXFK�DV�WKLUG�RUGHU�LQWHUPRGXODWLRQ�DQG�KDUPRQLF�GLVWRUWLRQ��DUH�FRPPRQ
PHDVXUHPHQWV�IRU�FKDUDFWHUL]LQJ�GHYLFHV��WKH�VSHFWUXP�DQDO\]HU�LWVHOI�ZLOO�DOVR�SURGXFH�GLVWRUWLRQ�SURGXFWV��DQG
SRWHQWLDOO\�GLVWXUE�\RXU�PHDVXUHPHQW���

7KH�GLVWRUWLRQ�SHUIRUPDQFH�RI�WKH�DQDO\]HU�LV�VSHFLILHG�E\�WKH�PDQXIDFWXUHU��HLWKHU�GLUHFWO\�RU�OXPSHG�LQWR�D
G\QDPLF�UDQJH�VSHFLILFDWLRQ��DV�ZH�ZLOO�VHH�VKRUWO\�

%HFDXVH�PL[HUV�DUH�QRQ�OLQHDU�GHYLFHV��WKH\�ZLOO�JHQHUDWH�LQWHUQDO�GLVWRUWLRQ���7KLV�LQWHUQDO�GLVWRUWLRQ�FDQ��DW�ZRUVW�
FRPSOHWHO\�FRYHU�XS�WKH�H[WHUQDO�GLVWRUWLRQ�SURGXFWV�RI�WKH�GHYLFH���%XW�HYHQ�ZKHQ�WKH�LQWHUQDO�GLVWRUWLRQ�LV�EHORZ
WKH�GLVWRUWLRQ�ZH�DUH�WU\LQJ�WR�PHDVXUH��LQWHUQDO�GLVWRUWLRQ�RIWHQ�FDXVHV�HUURUV�LQ�WKH�PHDVXUHPHQW�RI�WKH��H[WHUQDO�
GLVWRUWLRQ�RI�WKH�'87���

$V�ZH�ZLOO�VHH��WKH�LQWHUQDOO\�JHQHUDWHG�GLVWRUWLRQ�LV�D�IXQFWLRQ�RI�WKH�LQSXW�SRZHU��WKHUHIRUH��WKHUH�LV�QR�VLQJOH
GLVWRUWLRQ�VSHFLILFDWLRQ�IRU�D�VSHFWUXP�DQDO\]HU���:H�QHHG�WR�XQGHUVWDQG�KRZ�GLVWRUWLRQ�LV�UHODWHG�WR�WKH�LQSXW
VLJQDO��VR�WKDW�ZH�FDQ�GHWHUPLQH�IRU�RXU�SDUWLFXODU�DSSOLFDWLRQ��ZKHWKHU�RU�QRW�WKH�GLVWRUWLRQ�FDXVHG�E\�WKH
DQDO\]HU��ZLOO�HIIHFW�RXU�PHDVXUHPHQW�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'LVWRUWLRQ
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7KH�FULWLFDO�TXHVWLRQ�LV��KRZ�PXFK�LQWHUQDO�GLVWRUWLRQ�LV�WRR�PXFK"��7KH�PHDVXUHPHQW�LWVHOI�GHWHUPLQHV�KRZ�PXFK
GLVWRUWLRQ�LV�WRR�PXFK���,I�WKH�WHVW�LWVHOI�VSHFLILHG�WKDW�\RX�PXVW�EH�DEOH�WR�YLHZ�VD\��WZR�WRQH�GLVWRUWLRQ�SURGXFWV
�WKLUG�RUGHU�SURGXFWV��PRUH�WKDQ����G%�DQG�VHFRQG�RUGHU��KDUPRQLF��GLVWRUWLRQ�PRUH�WKDQ����G%�EHORZ�WKH
IXQGDPHQWDO��WKHQ�WKLV�ZRXOG�VHW�WKH�PLQLPXP�OHYHOV�QHFHVVDU\�IRU�WKH�DQDO\]HU�VSHFLILFDWLRQV���7R�UHGXFH
PHDVXUHPHQW�HUURU�FDXVHG�E\�WKH�SUHVHQFH�RI�LQWHUQDO�GLVWRUWLRQ��WKH�LQWHUQDO�GLVWRUWLRQ�PXVW�DFWXDOO\�EH�PXFK
ORZHU�WKDQ�WKH�WHVW�VSHFLILFDWLRQV���

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'LVWRUWLRQ

Two-Toned  In te rm od H arm on ic D isto r tion

0RVW�,QIOXHQWLDO�'LVWRUWLRQ�LV�WKH�
6HFRQG�DQG�7KLUG�2UGHU

< -50dBc <  -50dB c< -40dBc
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7KH�EHKDYLRU�RI�GLVWRUWLRQ�IRU�DQ\�QRQOLQHDU�GHYLFH��ZKHWKHU�LW�EH�WKH�LQWHUQDOO\�JHQHUDWHG�GLVWRUWLRQ�RI�WKH
VSHFWUXP�DQDO\]HU
V�ILUVW�PL[HU�RU�WKH�GLVWRUWLRQ�JHQHUDWHG�E\�\RXU�GHYLFH�XQGHU�WHVW�LV�VKRZQ�LQ�WKH�VOLGH���7KH
VHFRQG�RUGHU�GLVWRUWLRQ�LQFUHDVHV�DV�D�VTXDUH�RI�WKH�IXQGDPHQWDO��DQG�WKH�WKLUG�RUGHU�GLVWRUWLRQ�LQFUHDVHV�DV�D
FXEH���7KLV�PHDQV�WKDW�RQ�WKH�ORJ�VFDOH�RI�RXU�VSHFWUXP�DQDO\]HU��WKH�OHYHO�RI�WKH�VHFRQG�RUGHU�GLVWRUWLRQ�ZLOO
FKDQJH�WZLFH�DV�IDVW�DV�WKH�IXQGDPHQWDO��DQG�WKH�WKLUG�RUGHU�GLVWRUWLRQ�ZLOO�FKDQJH�WKUHH�WLPHV�DV�IDVW���

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'LVWRUWLRQ

'LVWRUWLRQ�3URGXFWV�,QFUHDVH�DV�D�
)XQFWLRQ�RI�)XQGDPHQWDO
V�3RZHU

Second O rder : 2  dB /dB  o f  Fundam enta l
Th ird  O rde r:   3  dB /dB  o f  Fundam en ta l
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0RVW�GLVWRUWLRQ�PHDVXUHPHQWV�DUH�PDGH�UHODWLYH�WR�WKH�IXQGDPHQWDO�VLJQDOV��WKH�FDUULHU�RU�WZR�WRQHV����:KHQ�WKH
IXQGDPHQWDO�SRZHU�LV�GHFUHDVHG���G%��WKH�VHFRQG�RUGHU�GLVWRUWLRQ�GHFUHDVHV�E\���G%��EXW�UHODWLYH�WR�WKH
IXQGDPHQWDO���WKH�VHFRQG�RUGHU�GLVWRUWLRQ�GHFUHDVHV���G%���7KHUH�LV�D�RQH�IRU�RQH�UHODWLYH�UHODWLRQVKLS�EHWZHHQ�WKH
IXQGDPHQWDO�DQG�VHFRQG�RUGHU�GLVWRUWLRQ�

:KHQ�WKH�IXQGDPHQWDO�SRZHU�LV�GHFUHDVHG���G%��WKH�WKLUG�RUGHU�GLVWRUWLRQ�GHFUHDVHV���G%��EXW�UHODWLYH�WR�WKH
IXQGDPHQWDO��WKH�WKLUG�RUGHU�GLVWRUWLRQ�GHFUHDVHV���G%���7KHUH�LV�D�WZR�IRU�RQH�UHODWLYH�UHODWLRQVKLS�EHWZHHQ�WKH
IXQGDPHQWDO�DQG�WKLUG�RUGHU�GLVWRUWLRQ�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'LVWRUWLRQ

5HODWLYH�$PSOLWXGH�'LVWRUWLRQ�&KDQJHV�
ZLWK�,QSXW�3RZHU�/HYHO
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8QGHUVWDQGLQJ�WKLV�FRQFHSW�LV�XVHIXO�LQ�GHWHUPLQLQJ�GLVWRUWLRQ�ZLWKLQ�WKH�DQDO\]HU���+HUH�ZH�SORW�WKH�OHYHO�RI�WKH
VHFRQG��DQG�WKLUG�RUGHU�GLVWRUWLRQ�SURGXFWV�UHODWLYH�WR�WKH�VLJQDOV�WKDW�FDXVH�WKHP���7KH�[�D[LV�LV�WKH�VLJQDO�SRZHU
DW�WKH�ILUVW�PL[HU��LQ�WKLV�FDVH�WKH�OHYHO�RI�WKH�WRQH�RU�WRQHV����7KH�\�D[LV�LV�WKH�VSHFWUXP�DQDO\]HU
V�LQWHUQDOO\�
JHQHUDWHG�GLVWRUWLRQ�OHYHO�LQ�G%F���G%�EHORZ�WKH�VLJQDO�OHYHO�DW�WKH�PL[HU���7KHVH�FXUYHV�DUH�VLJQDO�WR�GLVWRUWLRQ
FXUYHV���

1RWH�WKH�VORSHV�RI�WKH�VHFRQG��DQG�WKLUG�RUGHU�FXUYHV���7KH�VORSH�LV�XQLW\�IRU�WKH�VHFRQG�RUGHU��EHFDXVH�HYHU\�G%
FKDQJH�LQ�IXQGDPHQWDO�OHYHO�HTXDOO\�FKDQJHV�WKH�OHYHO�RI�WKH�VHFRQG�KDUPRQLF�GLVWRUWLRQ�FRPSRQHQW�UHODWLYH�WR�WKH
IXQGDPHQWDO���7KH�WKLUG�RUGHU�FXUYH�KDV�D�VORSH�RI�WZR�EHFDXVH�WKH�UHODWLRQVKLS�EHWZHHQ�IXQGDPHQWDO�DQG
WKLUG�RUGHU�GLVWRUWLRQ�SURGXFWV�FKDQJHV�WZLFH�DV�IDVW�DV�WKH�IXQGDPHQWDO���7KXV��LI�DQDO\]HU�GLVWRUWLRQ�LV�VSHFLILHG
IRU�RQH�VLJQDO�OHYHO�DW�WKH�PL[HU��GLVWRUWLRQ�DW�DQ\�RWKHU�OHYHO�FDQ�HDVLO\�EH�GHWHUPLQHG���7KLV�H[DPSOH�VKRZV�WKDW
IRU�D�OHYHO�RI�����G%P�DW�WKH�PL[HU��WKLUG�RUGHU�GLVWRUWLRQ�LV�����G%F�DQG�VHFRQG�RUGHU�GLVWRUWLRQ�LV�����G%F���

7KH�PL[HU�OHYHO�DW�ZKLFK�WKLUG�RUGHU�GLVWRUWLRQ�HTXDOV�WKH�IXQGDPHQWDO����G%F���D�FRQGLWLRQ�ZKLFK�FRXOG�QHYHU
KDSSHQ�EHFDXVH�FRPSUHVVLRQ�LQ�WKH�PL[HU�ZRXOG�RFFXU�ILUVW��LV�XVHIXO�WR�NQRZ�EHFDXVH�D�VLPSOH�H[SUHVVLRQ�WKHQ
SHUPLWV�FRPSXWDWLRQ�RI�WKLUG�RUGHU�GLVWRUWLRQ�DW�DQ\�PL[HU�OHYHO���7KLV�UHIHUHQFH�SRLQW�LV�FDOOHG�WKH�WKLUG�RUGHU
LQWHUFHSW�RU�72,���7KLV�LV�D�FRPPRQ�VSHFWUXP�DQDO\]HU�VSHFLILFDWLRQ��DQG�LV�XVHG�WR�GHWHUPLQH�WKH�PD[LPXP
G\QDPLF�UDQJH�DYDLODEOH�IRU�D�SDUWLFXODU�PHDVXUHPHQW���,Q�WKH�DERYH�ILJXUH��72,� ����G%P��

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'LVWRUWLRQ

'LVWRUWLRQ�LV�D�)XQFWLRQ�RI�
0L[HU�/HYHO
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%HIRUH�OHDYLQJ�WKLV�VHFWLRQ�RQ�GLVWRUWLRQ��WKHUH�LV�D�WHVW�WKDW�VKRXOG�EH�GRQH�IRU�DOO�GLVWRUWLRQ�PHDVXUHPHQWV���7KH
WHVW�LV�JRLQJ�WR�WHOO�XV�ZKHWKHU�RU�QRW�ZKDW�ZH�DUH�VHHLQJ�RQ�WKH�VFUHHQ�LV�LQWHUQDOO\�JHQHUDWHG�GLVWRUWLRQ��RU
GLVWRUWLRQ�FDXVHG�E\�WKH�'87���

5HPHPEHU�IURP�RXU�GLVFXVVLRQ�RQ�WKH�FRPSRQHQWV�LQVLGH�WKH�VSHFWUXP�DQDO\]HU��WKDW�WKH�5)�LQSXW�DWWHQXDWRU�DQG
WKH�,)�JDLQ�DUH�WLHG�WRJHWKHU�VXFK�WKDW�LQSXW�VLJQDOV�ZLOO�UHPDLQ�VWDWLRQDU\�RQ�WKH�VFUHHQ�ZKHQ�ZH�DGMXVW�WKH�5)
LQSXW�DWWHQXDWLRQ�IRU�KLJK�OHYHO�LQSXW�VLJQDOV��WR�SUHYHQW�WRR�PXFK�SRZHU�LQWR�WKH�PL[HU����7KLV�LV�EHFDXVH�WKH�,)
JDLQ�DXWRPDWLFDOO\�FRPSHQVDWHV�IRU�WKHVH�FKDQJHV�LQ�LQSXW�DWWHQXDWLRQ���

,I�WKH�GLVWRUWLRQ�SURGXFW�RQ�WKH�VFUHHQ�GRHV�QRW�FKDQJH�ZKHQ�ZH�FKDQJH�WKH�5)�LQSXW�DWWHQXDWLRQ��ZH�FDQ�EH�VXUH�LW
LV�GLVWRUWLRQ�IURP�WKH�'87��L�H��SDUW�RI�WKH�LQSXW�VLJQDO����7KH����G%�DWWHQXDWLRQ�DSSOLHG�WR�WKH�VLJQDO�LV�DOVR
H[SHULHQFLQJ�WKH����G%�JDLQ�IURP�WKH�,)�JDLQ�DQG�WKHUHIRUH��WKHUH�LV�QR�FKDQJH���

,I�KRZHYHU��ZKHQ�ZH�FKDQJH�WKH�5)�LQSXW�DWWHQXDWLRQ�WKH�VLJQDO�RQ�WKH�VFUHHQ�GRHV�FKDQJH��WKHQ�ZH�NQRZ�LW�PXVW
EH�EHLQJ�JHQHUDWHG��DW�OHDVW�LQ�SDUW��VRPHZKHUH�DIWHU�WKH�LQSXW�DWWHQXDWRU���L�H��WKH�DQDO\]HU
V�LQWHUQDOO\�JHQHUDWHG
GLVWRUWLRQ�IURP�WKH�ILUVW�PL[HU���DQG�QRW�WRWDOO\�IURP�WKH�'87���7KH����G%�DWWHQXDWLRQ�LV�QRW�DSSOLHG�WR�WKLV�LQWHUQDO
VLJQDO��VLQFH�LW�LV�DFWXDOO\�JHQHUDWHG�DIWHU�WKH�DWWHQXDWRU���\HW�WKH����G%�JDLQ�LV�DSSOLHG�WR�LW��WKHUHIRUH�LQFUHDVLQJ�LWV
OHYHO�E\�DV�PXFK�DV����G%�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'LVWRUWLRQ

'LVWRUWLRQ�7HVW�
,V�LW�,QWHUQDOO\�RU�([WHUQDOO\�*HQHUDWHG"

,)�*$,1
5)�,1387�

$77(18$725

1R�FKDQJH�LQ�DPSOLWXGH� �
GLVWRUWLRQ�LV�SDUW�RI�LQSXW�
VLJQDO��H[WHUQDO�

&KDQJH�LQ�DPSOLWXGH� �DW�
OHDVW�VRPH�RI�WKH�GLVWRUWLRQ�LV�
EHLQJ�JHQHUDWHG�LQVLGH�WKH�
DQDO\]HU��LQWHUQDO�

&KDQJH�,QSXW�
$WWQ�E\����G%

� :DWFK�6LJQDO�RQ�6FUHHQ��

������
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6OLGH����

'\QDPLF�5DQJH�LV�GHILQHG�DV�WKH�PD[LPXP�UDWLR�RI�WZR�VLJQDO�OHYHOV�VLPXOWDQHRXVO\�SUHVHQW�DW�WKH�LQSXW�ZKLFK
FDQ�EH�PHDVXUHG�WR�D�VSHFLILHG�DFFXUDF\���<RX�FDQ�LPDJLQH�FRQQHFWLQJ�WZR�VLJQDOV�WR�WKH�DQDO\]HU�LQSXW���RQH
ZKLFK�LV�WKH�PD[LPXP�DOORZDEOH�OHYHO�IRU�WKH�DQDO\]HU
V�LQSXW��UDQJH�DQG�WKH�RWKHU�ZKLFK�LV�PXFK�VPDOOHU���7KH
VPDOOHU�RQH�LV�UHGXFHG�LQ�DPSOLWXGH�XQWLO�LW�LV�QR�ORQJHU�GHWHFWDEOH�E\�WKH�DQDO\]HU���:KHQ�WKH�VPDOOHU�VLJQDO�LV�MXVW
PHDVXUDEOH��WKH�UDWLR�RI�WKH�WZR�VLJQDO�OHYHOV��LQ�G%��GHILQHV�WKH�G\QDPLF�UDQJH�RI�WKH�DQDO\]HU���

:KDW�HIIHFWV�PLJKW�PDNH�LW�XQGHWHFWDEOH"��$OO�WKH�WKLQJV�ZH
YH�MXVW�GLVFXVVHG���6XFK�WKLQJV�DV�UHVLGXDO�UHVSRQVHV�RI
WKH�DQDO\]HU��KDUPRQLF�GLVWRUWLRQ�RI�WKH�ODUJH�VLJQDO��GXH�WR�DQDO\]HU�LPSHUIHFWLRQV���DQG�WKH�LQWHUQDO�QRLVH�RI�WKH
DQDO\]HU���7KHVH�ZLOO�DOO�EH�ODUJH�HQRXJK�WR�FRYHU�XS�WKH�VPDOOHU�VLJQDO�DV�ZH�GHFUHDVH�LWV�DPSOLWXGH���7KH�G\QDPLF
UDQJH�RI�WKH�LQVWUXPHQW�GHWHUPLQHV�WKH�DPSOLWXGH�UDQJH�RYHU�ZKLFK�ZH�FDQ�UHOLDEO\�PDNH�PHDVXUHPHQWV�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'\QDPLF�5DQJH

'\QDPLF
5DQJH

������
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6OLGH����

2Q�SDJH�����ZH�SORWWHG�WKH�VLJQDO�WR�GLVWRUWLRQ�FXUYHV���7KLV�JUDSK�LV�DFWXDOO\�FDOOHG�D�G\QDPLF�UDQJH�JUDSK��DQG�MXVW
DV�ZH�SORWWHG�GLVWRUWLRQ�SURGXFWV�DV�D�IXQFWLRQ�RI�PL[HU�SRZHU��ZH�FDQ�DOVR�SORW�VLJQDO�WR�QRLVH�UDWLR��615��DV�D
IXQFWLRQ�RI�PL[HU�SRZHU�

7KH�VLJQDO�WR�GLVWRUWLRQ�FXUYHV�WHOO�XV�WKDW�PD[LPXP�G\QDPLF�UDQJH�IRU�GLVWRUWLRQ��PLQLPXP�GLVWRUWLRQ�LQ�G%F�
RFFXUV�DW�D�PLQLPXP�SRZHU�OHYHO�WR�WKH�LQSXW�PL[HU���:H�NQRZ��KRZHYHU��WKDW�VSHFWUXP�DQDO\]HU�QRLVH�DOVR�DIIHFWV
G\QDPLF�UDQJH���7KH�G\QDPLF�UDQJH�JUDSK�IRU�QRLVH��DERYH��WHOOV�XV�WKDW�EHVW�G\QDPLF�UDQJH�IRU�QRLVH�RFFXUV�DW�WKH
KLJKHVW�VLJQDO�OHYHO�SRVVLEOH�

:H�KDYH�D�FODVVLF�HQJLQHHULQJ�WUDGH�RII���2Q�WKH�RQH�KDQG��ZH�ZRXOG�OLNH�WR�GULYH�WKH�OHYHO�DW�WKH�PL[HU�WR�EH�DV
ODUJH�DV�SRVVLEOH�IRU�WKH�EHVW�VLJQDO�WR�QRLVH�UDWLR���%XW�RQ�WKH�RWKHU�KDQG��WR�PLQLPL]H�LQWHUQDOO\�JHQHUDWHG
GLVWRUWLRQ��ZH�QHHG�DV�ORZ�D�GULYH�OHYHO�WR�WKH�PL[HU�DV�SRVVLEOH���+HQFH�WKH�EHVW�G\QDPLF�UDQJH�LV�D�FRPSURPLVH
EHWZHHQ�VLJQDO�WR�QRLVH�DQG�LQWHUQDOO\�JHQHUDWHG�GLVWRUWLRQ�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'\QDPLF�5DQJH
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'LVSOD\HG�1RLVH�
LQ�D�����+]�5%:

6LJQDO�WR�1RLVH�5DWLR�&DQ�%H�*UDSKHG
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/HW
V�SORW�ERWK�WKH�VLJQDO�WR�QRLVH�DQG�VLJQDO�WR�GLVWRUWLRQ�FXUYHV�RQ�RQH�G\QDPLF�UDQJH�JUDSK���0D[LPXP�G\QDPLF
UDQJH�RFFXUV�ZKHUH�WKH�FXUYHV�LQWHUVHFW��WKDW�LV��ZKHQ�WKH�LQWHUQDOO\�JHQHUDWHG�GLVWRUWLRQ�OHYHO�HTXDOV�WKH�GLVSOD\HG
DYHUDJH�QRLVH�OHYHO����7KLV�VKRZV�WZR�RI�WKH�G\QDPLF�UDQJH�VSHFLILFDWLRQV���:H�ZLOO�VHH�WKDW�WKHUH�DUH�RWKHUV�ODWHU�

7KH�RSWLPXP�PL[HU�OHYHO�RFFXUV�DW�WKH�SRLQW�RI�PD[LPXP�G\QDPLF�UDQJH���,I�RXU�WHVW�WRQHV�DUH�DW���G%P�DQG�RXU
DWWHQXDWRU�KDV����G%�VWHSV��ZH�FDQ�FKRRVH�PL[HU�OHYHOV�RI�����������������������G%P��HWF���0DQ\�RI�WKHVH�PL[HU�OHYHOV
ZLOO�JLYH�XV�HQRXJK�G\QDPLF�UDQJH�WR�VHH�WKLUG�RUGHU�GLVWRUWLRQ�SURGXFWV�DW�����G%F���+RZHYHU��NHHSLQJ�WKH�LQWHUQDO
QRLVH�DQG�GLVWRUWLRQ�SURGXFWV�DV�ORZ�DV�SRVVLEOH�ZLOO�PLQLPL]H�HUURUV���$�GULYH�OHYHO�WR�WKH�PL[HU�EHWZHHQ�����DQG
����G%P�ZRXOG�DOORZ�XV�WR�PDNH�WKH�PHDVXUHPHQW�ZLWK�PLQLPXP�HUURU���

6R��ZKLFK�PL[HU�OHYHO�GR�ZH�FKRRVH"��)RU�����G%�XQFHUWDLQW\�LQ�\RXU�PHDVXUHPHQW��WKH�VLJQDO�WR�LQWHUQDO�GLVWRUWLRQ
PXVW�EH����G%��ZKHUHDV�WKH�VLJQDO�WR�QRLVH�RQO\���G%���7KLV�WHOOV�XV�WKDW�LW�LV�EHVW�WR�VWD\�FORVHU�WR�WKH�QRLVH��VR�ZH
ZRXOG�VHW�PL[HU�OHYHO�WR�����G%P��WKH�PL[HU�OHYHO�WR�WKH�OHIW�RI�WKH�WKLUG�RUGHU�SRLQW�RI�LQWHUVHFWLRQ�����7KLV�UHVXOWV
LQ�D��VSXULRXV�IUHH�GLVSOD\����

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'\QDPLF�5DQJH

'\QDPLF�5DQJH�&DQ�%H�3UHVHQWHG�*UDSKLFDOO\
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6OLGH����

7KH�ILQDO�IDFWRU�LQ�G\QDPLF�UDQJH�LV�WKH�SKDVH�QRLVH��RU�QRLVH�VLGHEDQGV��RQ�RXU�VSHFWUXP�DQDO\]HU�/2���

$Q�H[DPSOH�DSSOLFDWLRQ�ZKHUH�ZH�FDQ�VHH�KRZ�ERWK�WKH�QRLVH�VLGHEDQGV�DQG�WKH�GLVSOD\HG�DYHUDJH�QRLVH�OLPLWV
G\QDPLF�UDQJH�LV�ZKHQ�PDNLQJ�VSXU�PHDVXUHPHQWV���$V�FDQ�EH�VHHQ�RQ�WKH�VOLGH��WKH�G\QDPLF�UDQJH�IRU�WKH
FORVH�LQ��ORZ�OHYHO�VSXUV�LV�GHWHUPLQHG�E\�WKH�QRLVH�VLGHEDQGV�ZLWKLQ�DSSUR[LPDWHO\�����N+]�WR���0+]�RI�WKH�FDUULHU
�GHSHQGLQJ�RQ�FDUULHU�IUHTXHQF\����%H\RQG�WKH�QRLVH�VLGHEDQGV��WKH�G\QDPLF�UDQJH�LV�WKH�FRPSUHVVLRQ�WR�QRLVH
�GLVSOD\HG�DYHUDJH�QRLVH��UDWLR���

$QRWKHU�H[DPSOH�LV�ZKHQ�WKH�VLJQDOV�DUH�VR�FORVH�WRJHWKHU�WKDW�QRLVH�VLGHEDQGV�OLPLW�G\QDPLF�UDQJH��H�J��D
WZR�WRQH�PHDVXUHPHQW�ZKHUH�WKH�WRQHV�DUH�VHSDUDWHG�E\����N+]��WKHUHIRUH�SURGXFLQJ�WKLUG�RUGHU�GLVWRUWLRQ
SURGXFWV����N+]�IURP�WKH�WHVW�WRQHV����,Q�WKLV�FDVH��LQVWHDG�RI�����G%�G\QDPLF�UDQJH��WKH�QRLVH�VLGHEDQGV�LQ�D���N+]
5%:�OLPLW�RXU�DFKLHYDEOH�G\QDPLF�UDQJH�WR�����G%F�SHU���N+]�5%:��IRU�VSHFLILHG�QRLVH�VLGHEDQGV�RI�����G%F�+]�DW
D����N+]�RIIVHW�����)RU�GLVWRUWLRQ�WHVWV��WKH�SKDVH�QRLVH�FDQ�DOVR�EH�SORWWHG�RQ�WKH�G\QDPLF�UDQJH�JUDSK�DV�D
KRUL]RQWDO�OLQH�DW�WKH�OHYHO�RI�WKH�SKDVH�QRLVH�VSHFLILFDWLRQ�DW�D�JLYHQ�RIIVHW��

NOTE:  The dynamic range curves we’ve just dicsussed are needed only for distortion tests.

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'\QDPLF�5DQJH

N oise S idebands

D ynam ic R ange 
L im ited By N oise S idebands

dBc/H z

D isp layed Average
N oise Leve l

D ynam ic  R ange

C om press ion/N oise
L im ited By

100 kH z
to

1 M H z

'\QDPLF�5DQJH�IRU�6SXU�6HDUFK�'HSHQGV�
RQ�&ORVHQHVV�WR�&DUULHU
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6OLGH����

:H�KDYH�VHHQ�WKDW�WKH�G\QDPLF�UDQJH�RI�D�VSHFWUXP�DQDO\]HU�LV�OLPLWHG�E\�WKUHH�IDFWRUV��WKH�EURDGEDQG�QRLVH�IORRU
�VHQVLWLYLW\��RI�WKH�V\VWHP��WKH�GLVWRUWLRQ�SHUIRUPDQFH�RI�WKH�LQSXW�PL[HU��DQG�WKH�SKDVH�QRLVH�RI�WKH�ORFDO
RVFLOODWRU����7KH�ILUVW�WZR�IDFWRUV�DUH�XVHG�WR�FDOFXODWH�PD[LPXP�G\QDPLF�UDQJH���7KHUHIRUH��DFWXDO�G\QDPLF�UDQJH
LV�WKH�PLQLPXP�RI����WKH�0'5�FDOFXODWLRQ�DQG����WKH�QRLVH�VLGHEDQGV���

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'\QDPLF�5DQJH

$FWXDO�'\QDPLF�5DQJH�LV�WKH�0LQLPXP�RI�

1RLVH�VLGHEDQGV�DW�WKH�RIIVHW�IUHTXHQF\

0D[LPXP�G\QDPLF�UDQJH�FDOFXODWLRQ

&DOFXODWHG�IURP�
GLVWRUWLRQ
VHQVLWLYLW\

������
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6OLGH�����

7KHUH�DUH�VHYHUDO�UDQJHV�DVVRFLDWHG�ZLWK�WKH�VSHFWUXP�DQDO\]HU���7\SLFDOO\�WKH�WHUP��G\QDPLF�UDQJH��RQO\�UHIHUV�WR
WKH�DELOLW\�WR�PHDVXUH�WZR�VLJQDOV�DW�WKH�VDPH�WLPH���

'LVSOD\�UDQJH�UHIHUV�WR�WKH�FDOLEUDWHG�DPSOLWXGH�UDQJH�RI�WKH�&57�GLVSOD\���)RU�H[DPSOH��VRPH�DQDO\]HUV�ZLWK�D
GLVSOD\�KDYLQJ�HLJKW�GLYLVLRQV�PLJKW�RQO\�KDYH�D����G%�GLVSOD\�UDQJH�ZKHQ�ZH�VHOHFW����G%�SHU�GLYLVLRQ�EHFDXVH�WKH
ERWWRP�GLYLVLRQ�LV�QRW�FDOLEUDWHG���

0HDVXUHPHQW�UDQJH�LV�WKH�UDWLR�RI�WKH�ODUJHVW�WR�WKH�VPDOOHVW�VLJQDO�WKDW�FDQ�EH�PHDVXUHG�XQGHU�DQ\
FLUFXPVWDQFHV���EXW�QRW�DW�WKH�VDPH�WLPH���7KH�XSSHU�OLPLW�LV�GHWHUPLQHG�E\�WKH�PD[LPXP�VDIH�LQSXW�OHYHO�����
G%P����:DWW��IRU�PRVW�DQDO\]HUV���6HQVLWLYLW\�VHWV�WKH�RWKHU�HQG�RI�WKH�UDQJH�

7KH�RWKHU�IRXU�UDQJHV��VLJQDO�QRLVH��VLJQDO�WKLUG�RUGHU�GLVWRUWLRQ��VLJQDO�VHFRQG�RUGHU�GLVWRUWLRQ��DQG�VLJQDO�QRLVH
VLGHEDQGV��DUH�ZKHQ�PHDVXULQJ�WZR�VLJQDOV�DW�WKH�VDPH�WLPH��DQG�WKHUHIRUH�DUH�FDOOHG�G\QDPLF�UDQJH
VSHFLILFDWLRQV���7R�VXPPDUL]H�ZKDW�ZH
YH�OHDUQHG�DERXW�G\QDPLF�UDQJH�WKHQ��ZH�FDQ�FRPSDUH�WKH�IRXU�G\QDPLF
UDQJH�YDOXHV�DERYH���:H�VHH�WKDW�WKH�QRLVH�VLGHEDQGV�OLPLW�WKH�G\QDPLF�UDQJH�WKH�PRVW��ZKHUHDV�WKH�VSHFWUXP
DQDO\]HU�QRLVH�IORRU��VHQVLWLYLW\��OLPLWV�LW�WKH�OHDVW���7KLV�DJUHHV�ZLWK�ZKDW�ZH
YH�OHDUQHG�IURP�WKH�G\QDPLF�UDQJH
JUDSKV�DQG�DERXW�QRLVH�VLGHEDQGV�

� Spectrum Analysis Basics
CMB   12/96  

6SHFLILFDWLRQV
'\QDPLF�5DQJH

+30 dBm
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6OLGH�����

1RZ�WKDW�ZH�KDYH�D�IDLUO\�EDVLF�XQGHUVWDQGLQJ�RI�WKH�LPSRUWDQW�FKDUDFWHULVWLFV�RI�D�VSHFWUXP�DQDO\]HU��OHW
V�WDNH�D
ORRN�DW�VRPH�IHDWXUHV�DQG�VSHFLDO�IXQFWLRQV�WKDW�PRVW�DQDO\]HUV�KDYH�DYDLODEOH��HLWKHU�VWDQGDUG�RU�RSWLRQDO���WKDW
FDQ�LQFUHDVH�WKH�XVHIXOQHVV��HIIHFWLYHQHVV��DQG�HDVH�RI�XVH�RI�WKH�DQDO\]HU�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

$JHQGD

● 2YHUYLHZ
● 7KHRU\�RI�2SHUDWLRQ
● 6SHFLILFDWLRQV
● )HDWXUHV
● 6XPPDU\
● $SSHQGL[

������
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6OLGH����

7KH�IHDWXUHV�DUH�FDWHJRUL]HG�LQWR�DSSOLFDWLRQ�DUHDV��LQ�RUGHU�WR�EHWWHU�GHVFULEH�WKHLU�IXQFWLRQ���7KH�ILUVW�JURXS�
XQGHU�%DVLF�2SHUDWLRQ��DUH�VRPH�RI�WKH�NH\�IHDWXUHV�WKDW�HQKDQFH�WKH�XVH�RI�WKH�DQDO\]HU�IRU�DQ\�DSSOLFDWLRQ����7KH
RWKHUV�UHIHU�WR�D�VSHFLILF�DSSOLFDWLRQ��DOWKRXJK�WKH�IHDWXUH�LV�QRW�QHFHVVDULO\�XVHG�RQO\�LQ�WKDW�DSSOLFDWLRQ�

'HWDLOV�RI�WKH�DSSOLFDWLRQV�WKHPVHOYHV�ZLOO�QRW�EH�JLYHQ�KHUH��DV�WKLV�LV�QRW�WKH�SXUSRVH�RI�WKLV�SDSHU����

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

)HDWXUHV

8563A SPECTRUM  ANALY ZE R      9 kHz - 26.5 GHz

➤ %DVLF�2SHUDWLRQ
✓ UHPRWH�RSHUDWLRQ
✓ PDUNHUV
✓ OLPLW�OLQHV

➤1RLVH�0HDVXUHPHQWV
✓QRLVH�PDUNHU
✓DYHUDJLQJ

➤0RGXODWLRQ�0HDVXUHPHQWV
✓ WLPH�GRPDLQ
✓ ))7
✓ $0�)0�GHWHFWRU
✓ WLPH�JDWLQJ

➤6WLPXOXV�5HVSRQVH�0HDVXUHPHQWV
✓ WUDFNLQJ�JHQHUDWRU

������
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$XWRPDWHG�UHPRWH�RSHUDWLRQ���&RPSXWHUV�FDQ�EH�XVHG�WR�GLUHFWO\�FRQWURO�WKH�RSHUDWLRQ�RI�VSHFWUXP�DQDO\]HUV�RYHU
+3�,%���&RPSXWHUV�FDQ�DOVR�EH�XVHG�WR�GHYHORS�GRZQORDGDEOH�SURJUDPV��'/3V��IRU�VSHFWUXP�DQDO\]HUV���7KH
DQDO\]HU�FDQ�WKHQ�VWRUH�WKHVH�SURJUDPV�LQ�QRQ�YRODWLOH�PHPRU\���7KHVH�FXVWRP�PHDVXUHPHQW�URXWLQHV�DUH�WKHQ�DV
HDV\�WR�XVH�DV�DQ\�RI�WKH�VWDQGDUG�LQVWUXPHQW�IHDWXUHV���&XVWRP�PHDVXUHPHQW��SHUVRQDOLW\��FDUGV�DUH�DYDLODEOH�IRU
PDQ\�VSHFWUXP�DQDO\]HUV��IRU�PDNLQJ�PHDVXUHPHQWV�VXFK�DV�QRLVH�ILJXUH��SKDVH�QRLVH��DQG�VHYHUDO�GLJLWDO
FRPPXQLFDWLRQV�WHVWV��IDU�IDVWHU�DQG�HDVLHU��

,Q�DGGLWLRQ��VSHFWUXP�DQDO\]HUV�ZLWK�SDUDOOHO�RU�56�����FDSDELOLW\�FDQ�GLUHFWO\�FRQWURO�D�SORWWHU�RU�SULQWHU��HQDEOLQJ
D�KDUG�FRS\�RI�WKH�&57�GLVSOD\�WR�EH�PDGH�ZLWKRXW�WKH�XVH�RI�D�FRPSXWHU����$QDO\]HUV�ZLWK�+3�,%�FDSDELOLW\�FDQ
HDVLO\�EH�XVHG�ZLWK�WKH�DGGLWLRQ�RI�DQ�+3�,%�WR�SDUDOOHO�FRQYHUWHU�

$SSOLFDWLRQ�DUHDV�WKDW�UHTXLUH�DFFXUDWH��KLJK�VSHHG��UHSHWLWLYH�URXWLQHV��SK\VLFDO�VHSDUDWLRQ�RI�WKH�RSHUDWRU�DQG�WKH
DQDO\]HU��XQDWWHQGHG�RSHUDWLRQ�RU�RSHUDWLRQ�E\�SHUVRQQHO�ZLWK�OLPLWHG�WHFKQLFDO�VNLOOV���DOO�DUH�FDQGLGDWHV�IRU
DXWRPDWLRQ����

0DUNHUV���0DUNHUV�DOORZ�\RX�WR�TXLFNO\�DQG�DFFXUDWHO\�ILQG�WKH�DPSOLWXGH�DQG�IUHTXHQF\�RI�VLJQDO�SHDNV��DQG
GHWHUPLQH�WKH�GLIIHUHQFHV�EHWZHHQ�SHDNV���

/LPLW�OLQHV���0RGHUQ�VSHFWUXP�DQDO\]HUV�SURYLGH�HOHFWURQLF�OLPLW�OLQH�FDSDELOLW\���7KLV�DOORZV�\RX�WR�FRPSDUH�WUDFH
GDWD�WR�D�VHW�RI�DPSOLWXGH�DQG�IUHTXHQF\��RU�WLPH��SDUDPHWHUV�ZKLOH�WKH�VSHFWUXP�DQDO\]HU�LV�VZHHSLQJ�WKH
PHDVXUHPHQW�UDQJH���:KHQ�WKH�VLJQDO�RI�LQWHUHVW�IDOOV�ZLWKLQ�WKH�OLPLW�OLQH�ERXQGDULHV��WKH�DQDO\]HU�GLVSOD\V�D�3$66
PHVVDJH���,I�WKH�VLJQDO�VKRXOG�IDOO�RXW�RI�WKH�OLPLW�OLQH�ERXQGDULHV��D�)$,/�PHVVDJH�ZLOO�DSSHDU���7KLV�PDNHV�JR�QR�JR
WHVWLQJ�D�VQDS�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

)HDWXUHV
%DVLF�2SHUDWLRQ��5HPRWH�2SHUDWLRQ��0DUNHUV�	�/LPLW�/LQHV

8563A SPECTRUM  ANALY ZE R      9 kHz - 26.5 GHz

MARKER
1.025 MHz
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,W�ZDV�PHQWLRQHG�EULHIO\�WKDW�DOWKRXJK�D�VSHFWUXP�DQDO\]HU�LV�SULPDULO\�XVHG�WR�YLHZ�VLJQDOV�LQ�WKH�IUHTXHQF\
GRPDLQ��LW�LV�DOVR�SRVVLEOH�WR�XVH�WKH�VSHFWUXP�DQDO\]HU�WR�ORRN�DW�WKH�WLPH�GRPDLQ���7KLV�LV�GRQH�ZLWK�D�IHDWXUH
FDOOHG�]HUR�VSDQ���7KLV�LV�XVHIXO�IRU�GHWHUPLQLQJ�PRGXODWLRQ�W\SH�RU�IRU�GHPRGXODWLRQ�

7KH�VSHFWUXP�DQDO\]HU�LV�VHW�IRU�D�IUHTXHQF\�VSDQ�RI�]HUR��KHQFH�WKH�WHUP�]HUR�VSDQ��ZLWK�VRPH�QRQ]HUR�VZHHS
WLPH���7KH�FHQWHU�IUHTXHQF\�LV�VHW�WR�WKH�FDUULHU�IUHTXHQF\�DQG�WKH�UHVROXWLRQ�EDQGZLGWK�PXVW�EH�VHW�ODUJH�HQRXJK
WR�DOORZ�WKH�PRGXODWLRQ�VLGHEDQGV�WR�EH�LQFOXGHG�LQ�WKH�PHDVXUHPHQW����7KH�DQDO\]HU�ZLOO�SORW�WKH�DPSOLWXGH�RI�WKH
VLJQDO�YHUVXV�WLPH��ZLWKLQ�WKH�OLPLWDWLRQV�RI�LWV�GHWHFWRU�DQG�YLGHR�DQG�5%:V���$�VSHFWUXP�DQDO\]HU�FDQ�EH�WKRXJKW
RI�DV�D�IUHTXHQF\�VHOHFWLYH�RVFLOORVFRSH�ZLWK�D�%:�HTXDO�WR�WKH�ZLGHVW�5%:�

7KH�VOLGH�LV�VKRZLQJ�XV�DQ�DPSOLWXGH�PRGXODWHG�VLJQDO�XVLQJ�]HUR�VSDQ���7KH�GLVSOD\�LV�VRPHZKDW�GLIIHUHQW�WKDQ
WKDW�RI�DQ�RVFLOORVFRSH���7KH�VSHFWUXP�DQDO\]HU�XVHV�DQ�HQYHORSH�GHWHFWRU��ZKLFK�VWULSV�RII�WKH�FDUULHU���+HQFH��RQO\
WKH�EDVHEDQG�PRGXODWLQJ�VLJQDO��WKH�GHPRGXODWHG�VLJQDO��LV�VHHQ�

7KH�GLVSOD\�VKRZV�D�GHOWD�PDUNHU�RI����PV���6LQFH�WKLV�LV�WKH�WLPH�EHWZHHQ�WKH�WZR�SHDNV��WKH�SHULRG�7�LV����PV�
5HFDOO�WKDW�SHULRG�7� ���I

PRG
���ZKHUH�I

PRG
� �PRGXODWLRQ�IUHTXHQF\���+HQFH��I

PRG
�LV�����+]���

7KLV�IHDWXUH�FDQQRW�EH�XVHG�IRU�TXLFNO\�YDU\LQJ�VLJQDOV��VLQFH�WKH�PLQLPXP�VZHHSWLPH�RI�PRVW�DQDO\]HUV�LV
W\SLFDOO\�VORZHU�WKDQ�ZRXOG�EH�QHFHVVDU\���=HUR�VSDQ�RSHUDWLRQ�LV�QRW�OLPLWHG�WR�PRGXODWLRQ�PHDVXUHPHQWV���,W�FDQ
EH�XVHG�WR�FKDUDFWHUL]H�DQ\�VLJQDO�WKDW�LV�VORZO\�YDU\LQJ�LQ�DPSOLWXGH��VXFK�DV�D�EURDGFDVW�VLJQDO�H[SHULHQFLQJ
DWPRVSKHULF�IDGLQJ�

� Spectrum Analysis Basics
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)HDWXUHV
0RGXODWLRQ�0HDVXUHPHQWV��7LPH�'RPDLQ

L IN

M AR KE R  
10  m sec
1.000  X

C EN TE R  100  M H z SPAN  0  H z
R E S  B W  1 M H z         V B W  3 M H z          S W P  50 m sec
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Another common measurement made on an AM signal (besides determining the modulation frequency) is modulation index,
which tells us the degree of modulation (0 to 100%).  

The graph on the left is a typical swept-frequency-domain plot of the amplitude modulated signal.  Remember that we need
the RBW to be << fmod in this case, so that the sidebands can be clearly observed.  In the frequency domain, fmod is the
frequency separation of the sidebands.  The amplitude of these sidebands, relative to the carrier, tells us the level of
modulation.  The equation that allows us to convert this relative sideband amplitude back to modulation index is:  m = 2 x
10(AdB/20), where AdB is the sideband amplitude relative to the carrier, expressed in decibels.  For this example then, m = 0.1
or 10%.  

Using the FFT (Fast Fourier Transform) function is another way to make this measurement.  Remember in the very
beginning we talked about Fourier analyzers.  We mentioned that they basically take the time-domain information and
convert it to the frequency-domain via mathematical relationships.  Some spectrum analyzers have a function that does this
same thing.  While in the time-domain (now, RBW should be > fmod to include sidebands), the FFT function can be accessed.
This causes the analyzer to display the frequency-domain based on the FFT of the time-domain (not by directly measuring
it).  The graph on the right is an example of what you would see in the FFT-frequency-domain.  The carrier is at the left edge
because it is at 0 Hz relative to itself.  The baseband modulating signal (upper sideband) is to the right of the carrier, offset
from the carrier by fmod.  The frequency range (span) depends on sweeptime.  Just like in the swept-frequency-domain, the
markers can be used to measure carrier amplitude, m, and fmod.  As shown, the delta marker reads 1000 Hz and -26 dBc.   
Hence fmod = 1 kHz and m = 10%.

� Spectrum Analysis Basics
CMB   12/96  

)HDWXUHV
0RGXODWLRQ�0HDVXUHPHQWV��))7

LIN

C E N TE R  100 M H z S PAN  0  H z

M AR KE R 
1  kH z
-26  dBc

10  dB /

C EN TE R   100  M H z SPA N  10 kH z

M A RK ER  
1 kHz
-26  dB c

6ZHSW�)UHTXHQF\�'RPDLQ ))7�)UHTXHQF\�'RPDLQ
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:H
YH�MXVW�VHHQ�KRZ�PRGXODWLRQ�IUHTXHQF\�DQG�$0�GHSWK�RI�PRGXODWLRQ�PHDVXUHPHQWV�XVLQJ�D�VSHFWUXP�DQDO\]HU
FDQ�EH�PDGH�LQ�ERWK�WKH�VZHSW�IUHTXHQF\�GRPDLQ�DQG�WKH�))7�IUHTXHQF\�GRPDLQ���6R�ZK\�ZRXOG�\RX�ZDQW�WR�XVH
WKH�))7�IXQFWLRQ"

7KLV�VOLGH�VKRZV�D�FDUULHU�WKDW�KDV�ERWK�$0�DQG�)0��I
PRG
�LV���N+]����7KH�DPRXQW�RI�)0�LV�PXFK�ODUJHU�WKDQ�WKH

DPRXQW�RI�$0��VR�LW�LV�LPSRVVLEOH�WR�PHDVXUH�WKH�SHUFHQW�$0�RI�WKLV�VLJQDO�LQ�WKH�VZHSW�IUHTXHQF\�GRPDLQ���

+RZHYHU��LQ�WKH�))7�IUHTXHQF\�GRPDLQ�DQG�XVLQJ�D�ZLGH�5%:��ZH�FDQ�HDVLO\�PHDVXUH�WKH�$0�LQ�WKH�DERYH�VLJQDO�
7KLV�LV�EHFDXVH�XVLQJ�D�ZLGH�5%:�LQ�FRPELQDWLRQ�ZLWK�HQYHORSH�GHWHFWLRQ��VWULSV�RII��WKH�)0��)0�EHFRPHV�D�OLQH
RQ�WKH�GLVSOD\�VLQFH�WKHUH�DUH�QR�DPSOLWXGH�YDULDWLRQV���OHDYLQJ�RQO\�WKH�$0���0HDVXUHPHQW�ZLWK�WKH�))7�\LHOGV�WKH
VDPH�UHVXOW�DV�VKRZQ�LQ�WKH�SUHYLRXV�VOLGH���

,Q�DGGLWLRQ��WKH�))7�IUHTXHQF\�GRPDLQ�JLYHV�XV�EHWWHU�DPSOLWXGH�DFFXUDF\��IUHTXHQF\�UHVROXWLRQ��DQG
RUGHUV�RI�PDJQLWXGH�LPSURYHPHQW�LQ�VSHHG���7KH�RQO\�GLVDGYDQWDJH�RI�WKH�))7�LV�WKDW�UHODWLYH�IUHTXHQF\�DFFXUDF\
LV�QRW�DV�JRRG�DV�LQ�WKH�VZHSW�IUHTXHQF\�GRPDLQ�

� Spectrum Analysis Basics
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)HDWXUHV
0RGXODWLRQ�0HDVXUHPHQWV��))7

S PA N 50 kH zC E N TE R 100 M H z
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0RVW�PRGHUQ�VSHFWUXP�DQDO\]HUV�KDYH�DYDLODEOH�$0�)0�GHWHFWLRQ�ZLWK�VSHDNHUV���7KH�EXLOW�LQ�$0�)0�GHWHFWRUV
ZLWK�VSHDNHU�DOORZ�\RX�WR�KHDU�WKH�PRGXODWLRQ���,Q�RWKHU�ZRUGV��WKH\�DOORZ�\RX�WR�KHDU�WKH�VRXUFH�RI�LQWHUIHUHQFH
DV�ZHOO�DV�VHH�LW��IRU�IDVWHU�LGHQWLILFDWLRQ�RI�LQWHUIHULQJ�VLJQDOV�LQ�FRPPXQLFDWLRQ�QHWZRUNV��HWF���

�6HHLQJ��D�VLJQDO�LQ�WKH�IUHTXHQF\�GRPDLQ�GRHV�KHOS�LQ�LGHQWLI\LQJ�DQ�LQWHUIHULQJ�VLJQDO���+RZHYHU���KHDULQJ��WKH
VLJQDO�LV�PXFK��PXFK�PRUH�KHOSIXO�LQ�GHWHUPLQLQJ�ZKHWKHU�D�VRXUFH�RI�LQWHUIHUHQFH�LV�DQ�$0�UDGLR�VWDWLRQ��)0�UDGLR
VWDWLRQ��79�VWDWLRQ��DPDWHXU�UDGLR�RSHUDWRU��HWF�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

)HDWXUHV
0RGXODWLRQ�0HDVXUHPHQWV��$0�)0�'HWHFWRU�ZLWK�6SHDNHUV

856 3A SPECTRUM  ANALY ZE R      9 kHz - 26.5 GHz
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,Q�RUGHU�WR�H[SODLQ�WKH�WLPH�JDWLQJ�IHDWXUH�RI�D�VSHFWUXP�DQDO\]HU��ZH�ZLOO�XVH�D�GLJLWDO�FRPPXQLFDWLRQV
DSSOLFDWLRQ��7LPH�'LYLVLRQ�0XOWLSOH�$FFHVV��7'0$����7KLV�LV�D�FRPPRQ�PHWKRG�XVHG�LQ�FRPPXQLFDWLRQV�LQ�RUGHU�WR
LQFUHDVH�FKDQQHO�FDSDFLWLHV�LQ�WKH�VDPH�IUHTXHQF\�EDQGV���7'0$�GLYLGHV�XS�WKH�IUHTXHQF\�FKDQQHOV�LQWR�WLPH�VORWV�
VR�WKDW�XVHUV�FDQ�RFFXS\�WKH�VDPH�IUHTXHQF\��EXW�XVH�GLIIHUHQW�WLPHVORWV���

0DLQWDLQLQJ�WKH�TXDOLW\�RI�GLJLWDO�VHUYLFH�UHTXLUHV�PHDVXULQJ�WKH�7'0$�VLJQDO�LQ�ERWK�WKH�WLPH�DQG�IUHTXHQF\
GRPDLQV���7KH�WLPLQJ�RI�WKH�EXUVWV��DV�ZHOO�DV�WKH�ULVH�DQG�IDOO�WLPHV�PXVW�EH�WHVWHG�WR�YHULI\�WKDW�EXUVWV�LQ�DGMDFHQW
WLPHVORWV�GR�QRW�RYHUODS���,Q�WKH�IUHTXHQF\�GRPDLQ��WKH�TXDOLW\�RI�PRGXODWLRQ�FDQ�EH�FRQILUPHG�E\�H[DPLQLQJ�WKH
5)�VSHFWUXP���

:KHQ�H[DPLQLQJ�WKH�VSHFWUXP��LW�LV�LPSRUWDQW�WR�PHDVXUH�WKH�RYHUDOO�SXOVH�PRGXODWLRQ�HIIHFWV�RQ�WKH�ZKROH
FKDQQHO�VLJQDO��WKDW�LV��WKH�HIIHFWV�RI�WXUQLQJ�RQ�DQG�RII�WKH�WUDQVPLWWHU���,W�LV�DOVR�LPSRUWDQW�WR�XQGHUVWDQG�WKH
HIIHFWV�GXH�WR�FRQWLQXRXV�PRGXODWLRQ��RQO\�ZKHQ�WKH�SXOVH�LV�
RQ
����7KH�WLPH�JDWLQJ�IHDWXUH�RQ�D�VSHFWUXP�DQDO\]HU
DOORZV�XV�WR�GR�MXVW�WKDW�

� Spectrum Analysis Basics
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)HDWXUHV
0RGXODWLRQ�0HDVXUHPHQWV��7LPH�*DWLQJ
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7LPH�'LYLVLRQ�0XOWLSOH�$FFHVV��7'0$�
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7LPH�JDWHG��RU�WLPH�VHOHFWLYH�VSHFWUXP�DQDO\VLV�RIIHUV�D�VROXWLRQ�WR�PHDVXUHPHQW�GLIILFXOWLHV�LQ�WKH�WLPH�DQG
IUHTXHQF\�GRPDLQV���7LPH�JDWLQJ�SHUPLWV�SUHFLVH�\HW�IOH[LEOH�FRQWURO�RI�WKH�SRLQW�DW�ZKLFK�D�WLPH�GRPDLQ�VZHHS
EHJLQV��DOORZLQJ�WKH�VZHHS�WR�EH�FHQWHUHG�RYHU�WKH�GHVLUHG�WLPHVORW���$Q\�WLPHVORW��RU�SRUWLRQ�RI�D�WLPHVORW��PD\�EH
H[DPLQHG�DW�PD[LPXP�WLPH�UHVROXWLRQ���

7KH�LPSOHPHQWDWLRQ�LQ�WKH�DQDO\]HU�LV�IDLUO\�VWUDLJKWIRUZDUG���$�YLGHR�JDWH��RU�VZLWFK��LV�LQVHUWHG�EHWZHHQ�WKH
HQYHORSH�GHWHFWRU�DQG�WKH�YLGHR�ILOWHU���,I�ERWK�WKH�VWDUW�RI�WKH�PHDVXUHPHQW�VZHHS��JDWH�GHOD\��DQG�WKH�GXUDWLRQ�RI
WKH�PHDVXUHPHQW���JDWH�OHQJWK��DUH�FRQWUROOHG��WKH�VLJQDO�ZLOO�UHDFK�WKH�VDPSOLQJ�KDUGZDUH�RQO\�GXULQJ�WKH�VHOHFWHG
WLPH�LQWHUYDO���6SHFWUXP�DQDO\VLV�FDQ�WKHUHIRUH�EH�GLUHFWHG�WR�D�WLPH�GXULQJ�ZKLFK�WKH�WUDQVLHQW�VSHFWUD��WXUQLQJ�RQ
DQG�RII�RI�WKH�WUDQVPLWWHU��DUH�SUHVHQW����2U��WKH�WUDQVLHQW�VSHFWUDO�SRZHU�PD\�EH�H[FOXGHG��RU�WLPH�ILOWHUHG�RXW�
UHYHDOLQJ�WKH�VSHFWUD�GXH�WR�FRQWLQXRXV�PRGXODWLRQ�

� Spectrum Analysis Basics
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)HDWXUHV
0RGXODWLRQ�0HDVXUHPHQWV��7LPH�*DWLQJ

(QYHORSH

'HWHFWRU

9LGHR

)LOWHU

*$7(

7LPH�*DWHG�0HDVXUHPHQWV�LQ�WKH�
)UHTXHQF\�'RPDLQ

)UHTXHQF\

WLPH

�WLPH�JDWLQJ�
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:KHQ�PDNLQJ�PHDVXUHPHQWV�RQ�QRLVH��WKHUH�DUH�D�FRXSOH�RI�IHDWXUHV�RQ�D�VSHFWUXP�DQDO\]HU�WKDW�FDQ�PDNH�WKH
PHDVXUHPHQWV�HDVLHU�DQG�PRUH�DFFXUDWH���

7KH�ILUVW�LV�D�QRLVH�PDUNHU���:KHQ�WKH�QRLVH�PDUNHU�LV�VHOHFWHG��WKH�VDPSOH�GHWHFWLRQ�PRGH�LV�DFWLYDWHG��WKH�YDOXHV
RI�D�QXPEHU�RI�FRQVHFXWLYH�WUDFH�HOHPHQWV��RU�ELQV��WKH�QXPEHU�GHSHQGV�XSRQ�WKH�DQDO\]HU��DERXW�WKH�PDUNHU�DUH
DYHUDJHG��DQG�WKLV�DYHUDJH�YDOXH�LV�QRUPDOL]HG�WR�DQ�HTXLYDOHQW�YDOXH�LQ�D���+]�QRLVH�SRZHU�EDQGZLGWK���7KH
QRUPDOL]DWLRQ�SURFHVV�DFFRXQWV�IRU�GHWHFWLRQ�DQG�EDQGZLGWK�SOXV�WKH�HIIHFW�RI�WKH�ORJ�DPSOLILHU�ZKHQ�ZH�VHOHFW�WKH
ORJ�GLVSOD\�PRGH����7KLV�GLUHFW�UHDGLQJ�PDUNHU�LV�D�JUHDW�FRQYHQLHQFH�ZKHQ�PDNLQJ�QRLVH�PHDVXUHPHQWV���

$QRWKHU�IHDWXUH�WKDW�LV�XVHIXO�ZKHQ�PDNLQJ�PHDVXUHPHQWV�RQ�UDQGRP�QRLVH��LV�YLGHR�DYHUDJLQJ���7KLV�LV�D�GLJLWDO
DYHUDJLQJ�RI�D�VSHFWUXP�DQDO\]HU
V�WUDFH�LQIRUPDWLRQ�DQG�LV�RQO\�DYDLODEOH�RQ�DQDO\]HUV�ZLWK�GLJLWDO�GLVSOD\V���7KH
DYHUDJLQJ�LV�GRQH�DW�HDFK�SRLQW�RI�WKH�GLVSOD\�LQGHSHQGHQWO\�DQG�LV�FRPSOHWHG�RYHU�WKH�QXPEHU�RI�VZHHSV�VHOHFWHG�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

)HDWXUHV
1RLVH�0HDVXUHPHQWV��1RLVH�0DUNHU�	�9LGHR�$YHUDJLQJ

8563A S PE CTRUM  ANALYZER      9 kHz - 26.5 GHz

1.025 MHzMKR
-135.75 dBm/Hz

AVG
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6WLPXOXV�UHVSRQVH�PHDVXUHPHQWV��RU�QHWZRUN�PHDVXUHPHQWV��LQYROYH�DSSO\LQJ�D�VLJQDO�WR�WKH�LQSXW�RI�RXU
GHYLFH�V\VWHP�DQG�PHDVXULQJ�WKH�UHVSRQVH�DW�WKH�RXWSXW���7KHUHIRUH��WKH\�UHTXLUH�D�VRXUFH�WR�VWLPXODWH�WKH�'87
DQG�D�UHFHLYHU�WR�DQDO\]H�WKH�WUDQVIHU�FKDUDFWHULVWLFV�RI�WKH�'87���&RPPRQ�PHDVXUHPHQWV�LQFOXGH�IUHTXHQF\
UHVSRQVH��UHWXUQ�ORVV��FRQYHUVLRQ�ORVV��DQG�JDLQ�YHUVXV�IUHTXHQF\���

7KH�WZR�PDMRU�LQVWUXPHQWV�FDSDEOH�RI�PDNLQJ�D�VWLPXOXV�UHVSRQVH�PHDVXUHPHQW�DUH�D�QHWZRUN�DQDO\]HU�DQG�D
VSHFWUXP�DQDO\]HU���,I�SKDVH�LQIRUPDWLRQ�LV�UHTXLUHG��D�YHFWRU�QHWZRUN�DQDO\]HU�PXVW�EH�XVHG���7R�XVH�D�VSHFWUXP
DQDO\]HU�IRU�PDNLQJ�VWLPXOXV�UHVSRQVH�PHDVXUHPHQWV��D�WUDFNLQJ�JHQHUDWRU�PXVW�EH�XVHG�

$�WUDFNLQJ�JHQHUDWRU�LV�W\SLFDOO\�EXLOW�LQWR�WKH�VSHFWUXP�DQDO\]HU�DQG�SURYLGHV�D�VLQXVRLGDO�RXWSXW�ZKRVH�IUHTXHQF\
LV�WKH�VDPH�DV�WKH�DQDO\]HU
V�LQSXW�IUHTXHQF\���,W�WKHUHIRUH�IROORZV��WUDFNV��WKH�WXQLQJ�RI�WKH�VSHFWUXP�DQDO\]HU�DQG
DOORZV�WKH�VSHFWUXP�DQDO\]HU�WR�SHUIRUP�EDVLF�QHWZRUN�PHDVXUHPHQWV���7KH�RXWSXW�RI�WKH�WUDFNLQJ�JHQHUDWRU�LV
FRQQHFWHG�WR�WKH�LQSXW�RI�WKH�'87�DQG�WKH�UHVSRQVH�LV�PHDVXUHG�E\�WKH�DQDO\]HU���$V�WKH�DQDO\]HU�VZHHSV��WKH
WUDFNLQJ�JHQHUDWRU�LV�DOZD\V�RSHUDWLQJ�DW�WKH�VDPH�IUHTXHQF\�DQG�WKH�WUDQVIHU�FKDUDFWHULVWLFV�RI�WKH�GHYLFH�FDQ�EH
PHDVXUHG�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

)HDWXUHV
6WLPXOXV�5HVSRQVH��7UDFNLQJ�*HQHUDWRU
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$V�\RX�FDQ�LPDJH��WKHUH�DUH�HQWLUH�ERRNV�GHVFULELQJ�VSHFWUXP�DQDO\VLV�DV�ZHOO�DV�WKH�YDULRXV�DSSOLFDWLRQV�WKDW�XVH
VSHFWUXP�DQDO\]HUV�DV�D�PHDVXUHPHQW�WRRO���+RSHIXOO\��WKLV�WZR�KRXU�VHPLQDU�KDV�JLYHQ�\RX�D�EDVLF�XQGHUVWDQGLQJ
RI�VSHFWUXP�DQDO\VLV��DQG�SURYLGHG�\RX�ZLWK�D�IRXQGDWLRQ�IRU�ZKLFK�\RX�FDQ�QRZ�FRQWLQXH�WR�EXLOG�PRUH
NQRZOHGJH�RI�PDNLQJ�PHDVXUHPHQWV�LQ�\RXU�SDUWLFXODU�DSSOLFDWLRQ�DUHD���

7KH�NH\�PHVVDJH�ZH�KRSH�WR�OHDYH�\RX�ZLWK��LV�WKDW�VSHFWUXP�DQDO\]HUV�DUH�H[WUHPHO\�XVHIXO�WRROV�IRU
FKDUDFWHUL]LQJ�DQG�DQDO\]LQJ�D�YDULHW\�RI�GHYLFHV�DQG�V\VWHPV���$OO�LW�WDNHV�LV�D�EDVLF�XQGHUVWDQGLQJ�RI�KRZ�WKH\
ZRUN�DQG�WKHLU�FKDUDFWHULVWLFV��LQ�RUGHU�WR�XVH�WKHP�HIIHFWLYHO\�ERWK�IRU�PDNLQJ�DFFXUDWH�PHDVXUHPHQWV�DV�ZHOO�DV
SURSHUO\�LQWHUSUHWLQJ�DQG�DQDO\]LQJ�UHVXOWV�

�����6SHFWUXP�$QDO\]HU�%DVLFV��&0%��6$���SSW
��

$JHQGD

● 2YHUYLHZ
● 7KHRU\�RI�2SHUDWLRQ
● 6SHFLILFDWLRQV
● )HDWXUHV
● 6XPPDU\
● $SSHQGL[
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6KRZQ�KHUH�LV�D�VXPPDU\�RI�+3
V�5)�DQG�0LFURZDYH�VSHFWUXP�DQDO\]HUV�

������

6SHFWUXP�$QDO\VLV�%DVLFV

� Spectrum Analysis Basics
CMB   12/96  

+3�6SHFWUXP�$QDO\]HU�3URGXFW�)DPLOLHV

+3����;�IDPLO\
����WR����*+]
KLJK�SHUIRUPDQFH
PLOLWDU\�UXJJHG
:�&'0$�WHVW�VHW
IDVW��GLJLWDO���+]�5%:

+3����;�IDPLO\
����WR����*+]
HFRQRPLFDO��IOH[LEOH
DSSOLFDWLRQ�IRFXVHG�
VROXWLRQV
H[SDQGDEOH
HDV\�WR�XVH

(6$�/����$
����*+]�SRUWDEOH
5)�EDVLF�WRRO
ORZ�FRVW��UXJJHG��
IXOO\��V\QWKHVL]HG
JHQHUDO�SXUSRVH
IDVW�DQG�DFFXUDWH

+3�������IDPLO\
'&�WR������*+]
YHFWRU�VLJQDO�DQDO\]HUV
GLJLWDO�PRGXODWLRQ
FRPSOH[��WLPH�YDU\LQJ�
VLJQDOV
VSHFWUXP�DQG�WLPH�
ZDYHIRUP�DQDO\VLV
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$JHQGD

● 2YHUYLHZ
● 7KHRU\�RI�2SHUDWLRQ
● 6SHFLILFDWLRQV
● )HDWXUHV
● 6XPPDU\
● $SSHQGL[
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7KLV�LV�D�OLVW�RI�RWKHU�VRXUFHV�RI�XQFHUWDLQW\�WKDW�\RX�VKRXOG�EH�DZDUH�RI��VRPH�RI�ZKLFK�DUH�GXH�WR�WKH�VSHFLILF
PHDVXUHPHQW�DQG�QRW�WKH�DQDO\]HU�LWVHOI���

,I�ZH�VWHS�EDFN�DQG�WDNH�D�ORRN�DW�DOO�RI�WKH�XQFHUWDLQWLHV�ZH
YH�PHQWLRQHG�DQG�KRZ�WKH\�FRQWULEXWH�WR�WKH
LQDFFXUDF\�RI�WKH�PHDVXUHPHQW��ZH�PLJKW�ZHOO�EH�FRQFHUQHG����$QG�HYHQ�WKRXJK�ZH�WHOO�RXUVHOYHV�WKDW�WKHVH�DUH
ZRUVW�FDVH�YDOXHV�DQG�WKDW�DOPRVW�QHYHU�DUH�DOO�IDFWRUV�DW�WKHLU�ZRUVW�DQG�LQ�WKH�VDPH�GLUHFWLRQ�DW�WKH�VDPH�WLPH�
VWLOO�ZH�PXVW�DGG�WKH�ILJXUHV�GLUHFWO\�LI�ZH�DUH�WR�FHUWLI\�WKH�DFFXUDF\�RI�D�VSHFLILF�PHDVXUHPHQW���

7KHUH�DUH�VRPH�WKLQJV�WKDW��\RX�FDQ�GR�WR�LPSURYH�WKH�VLWXDWLRQ���)LUVW�RI�DOO��\RX�VKRXOG�NQRZ�WKH�VSHFLILFDWLRQV�IRU
\RXU�SDUWLFXODU�VSHFWUXP�DQDO\]HU���7KHVH�VSHFV�PD\�EH�JRRG�HQRXJK�RYHU�WKH�UDQJH�LQ�ZKLFK�\RX�DUH�PDNLQJ�\RXU
PHDVXUHPHQW���$OVR��EHIRUH�WDNLQJ�DQ\�GDWD��\RX�FDQ�VWHS�WKURXJK�D�PHDVXUHPHQW�WR�VHH�LI�DQ\�FRQWUROV�FDQ�EH�OHIW
XQFKDQJHG���,I�VR��DOO�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�FKDQJLQJ�WKHVH�FRQWUROV�GURS�RXW���<RX�PD\�EH�DEOH�WR�WUDGH�RII
UHIHUHQFH�OHYHO�DJDLQVW�GLVSOD\�ILGHOLW\��XVLQJ�ZKLFKHYHU�LV�PRUH�DFFXUDWH�DQG�HOLPLQDWLQJ�WKH�RWKHU�DV�DQ
XQFHUWDLQW\�IDFWRU���,I�\RX�KDYH�D�PRUH�DFFXUDWH�FDOLEUDWRU��RU�RQH�FORVHU�WR�WKH�IUHTXHQF\�RI�LQWHUHVW��\RX�PD\�ZLVK
WR�XVH�WKDW�LQ�OLHX�RI�WKH�EXLOW�LQ�FDOLEUDWRU���

$QG�ILQDOO\��PRVW�DQDO\]HUV�DYDLODEOH�WRGD\�KDYH�VHOI�FDOLEUDWLRQ�URXWLQHV�ZKLFK�PD\�EH�PDQXDO�RU�DXWRPDWLF�
7KHVH�URXWLQHV�JHQHUDWH�HUURU�FRHIILFLHQWV��IRU�H[DPSOH��DPSOLWXGH�FKDQJHV�YHUVXV�UHVROXWLRQ�EDQGZLGWK��WKDW�WKH
DQDO\]HU�XVHV�ODWHU�WR�FRUUHFW�PHDVXUHG�GDWD���$V�D�UHVXOW��WKHVH�VHOI�FDOLEUDWLRQ�URXWLQHV�DOORZ�XV�WR�PDNH�JRRG
DPSOLWXGH�PHDVXUHPHQWV�ZLWK�D�VSHFWUXP�DQDO\]HU�DQG�JLYH�XV�PRUH�IUHHGRP�WR�FKDQJH�FRQWUROV�GXULQJ�WKH�FRXUVH
RI�D�PHDVXUHPHQW�
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6SHFLILFDWLRQV
$FFXUDF\��2WKHU�6RXUFHV�RI�8QFHUWDLQW\

Mismatch 

Compression due  to overload 

Distortion products

Amplitudes be low the  log amplifier range

Signals near noise

Noise  causing amplitude  variations

Two signals incomplete ly resolved

�5)�LQSXW�SRUW�QRW�H[DFWO\����RKPV�

�KLJK�OHYHO�
LQSXW�VLJQDO�
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0D[LPXP�G\QDPLF�UDQJH�LV�HDV\�WR�FDOFXODWH��DV�VKRZQ�RQ�WKH�VOLGH�

0'5�� �PD[LPXP�WKLUG�RUGHU�G\QDPLF�UDQJH
0'5�� �PD[LPXP�VHFRQG�RUGHU�G\QDPLF�UDQJH

72,� �7KLUG�RUGHU�LQWHUFHSW
62,� �6HFRQG�RUGHU�LQWHUFHSW

'$1/� �'LVSOD\HG�DYHUDJH�QRLVH�OHYHO

0L[HU�OHYHO� �VLJQDO�OHYHO���DWWHQXDWLRQ

2SWLPXP�PL[HU�OHYHO� �PL[HU�OHYHO�IRU�PD[LPXP�G\QDPLF�UDQJH

5HPHPEHU�WKDW�72,�DQG�'$1/�DUH�W\SLFDO�VSHFWUXP�DQDO\]HU�VSHFLILFDWLRQV�IRXQG�RQ�WKH�GDWDVKHHW���/HW
V�GR�DQ
H[DPSOH�FDOFXODWLRQ�
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6SHFLILFDWLRQV
'\QDPLF�5DQJH

W he re  T O I   =    M ixe r Le ve l -  dBc/2

      S O I   =    M ixe r Le ve l -  dBc

O ptim um  M ixe r Le ve l   =    D AN L -  M D R

Atte nua tion   =    S igna l -  O ptim um  M ixe r Le ve l

M D R      =    2 /3  (D AN L - T O I)
3

M D R      =    1 /2  (D AN L -  S O I)
2

&DOFXODWHG�0D[LPXP�'\QDPLF�5DQJH
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For example, let’s say we have a spectrum analyzer with a DANL = -115 dBm  (1 kHz RBW),  and TOI = +5 dBm. This
slide shows how to calculate maximum third-order dynamic range (MDR3), optimum mixer level, and attenuation.

Remember that for every order of magnitude decrease in RBW, the DANL decreases by 10 dB (page 40).  Therefore, DANL
= -135 for a 10 Hz RBW, and third-order dynamic range improves by 13 dB, [2/3(-140)] = 93 dBc.  
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6SHFLILFDWLRQV
'\QDPLF�5DQJH

W he re  T O I   =    ( -3 0 )  -  ( -7 0 ) /2

       =    +  5  dBm

3
M D R      =    2 /3  [( -1 1 5 ) -  (+ 5 )]

    =    -8 0  dBc (1  kH z  R BW )

([DPSOH�&DOFXODWLRQ

O ptim um  M ixe r Le ve l   =    ( -1 1 5 ) -  ( -8 0 )
       =    -3 5  dBm

Atte nua tion   =    (0 )  -  ( -3 5 )
       =    + 3 5  dBm



5HIHUHQFHV

+HZOHWW�3DFNDUG�&RPSDQ\��6SHFWUXP�$QDO\VLV�%DVLFV��$SSOLFDWLRQ�1RWH������+3�SXEOLFDWLRQ�QXPEHU�����������
1RYHPEHU���������

+HZOHWW�3DFNDUG�&RPSDQ\����+LQWV�WR�%HWWHU�6SHFWUXP�$QDO\]HU�0HDVXUHPHQWV����+3�SXEOLFDWLRQ�QXPEHU
���������(��'HFHPEHU�������

+HZOHWW�3DFNDUG�&RPSDQ\��$PSOLWXGH�DQG�)UHTXHQF\�0RGXODWLRQ��$SSOLFDWLRQ�1RWH��������+3�SXEOLFDWLRQ�QXPEHU
�����������-DQXDU\�������

:LWWH��5REHUW�$���6SHFWUXP�DQG�1HWZRUN�0HDVXUHPHQWV��3UHQWLFH�+DOO��,QF�������
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