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7KLV�SUHVHQWDWLRQ�FRYHUV�WKH�SULQFLSOHV�RI�PHDVXULQJ
KLJK�IUHTXHQF\�HOHFWULFDO�QHWZRUNV�ZLWK�QHWZRUN�DQDO\]HUV�
<RX�ZLOO�OHDUQ�ZKDW�NLQG�RI�PHDVXUHPHQWV�DUH�PDGH�ZLWK
QHWZRUN�DQDO\]HUV��DQG�KRZ�WKH\�DOORZ�\RX�WR�FKDUDFWHUL]H
ERWK�OLQHDU�DQG�QRQOLQHDU�EHKDYLRU�RI�\RXU�GHYLFHV���7KH
VHVVLRQ�VWDUWV�ZLWK�5)�IXQGDPHQWDOV�VXFK�DV�WUDQVPLVVLRQ
OLQHV�DQG�WKH�6PLWK�&KDUW��OHDGLQJ�WR�WKH�FRQFHSWV�RI
UHIOHFWLRQ��WUDQVPLVVLRQ�DQG�6�SDUDPHWHUV���7KH�QH[W�VHFWLRQ
FRYHUV�DOO�WKH�PDMRU�FRPSRQHQWV�LQ�D�QHWZRUN�DQDO\]HU�
LQFOXGLQJ�WKH�DGYDQWDJHV�DQG�OLPLWDWLRQV�RI�GLIIHUHQW
KDUGZDUH�DSSURDFKHV���(UURU�PRGHOLQJ��DFFXUDF\
HQKDQFHPHQW��DQG�YDULRXV�FDOLEUDWLRQ�WHFKQLTXHV�ZLOO�WKHQ
EH�SUHVHQWHG���)LQDOO\��VRPH�W\SLFDO�VZHSW�IUHTXHQF\�DQG
VZHSW�SRZHU�PHDVXUHPHQWV�FRPPRQO\�SHUIRUPHG�RQ�ILOWHUV
DQG�DPSOLILHUV�ZLOO�EH�FRYHUHG��$Q�DGYDQFHG�WRSLFV�VHFWLRQ
LV�LQFOXGHG�DV�D�SRLQWHU�WR�PRUH�LQIRUPDWLRQ�

$XWKRU

'DYLG�%DOOR�LV�FXUUHQWO\�D�0DUNHWLQJ�(QJLQHHU�IRU
+HZOHWW�3DFNDUG
V�0LFURZDYH�,QVWUXPHQWV�'LYLVLRQ�LQ�6DQWD
5RVD��&DOLIRUQLD���'DYLG�KDV�ZRUNHG�IRU�+3�IRU�RYHU���
\HDUV��ZKHUH�KH�KDV�DFTXLUHG�H[WHQVLYH�5)�DQG�PLFURZDYH
PHDVXUHPHQW�H[SHULHQFH���$IWHU�JHWWLQJ�D�%6((�IURP�WKH
8QLYHUVLW\�RI�:DVKLQJWRQ�LQ�6HDWWOH�LQ�������KH�VSHQW�WKH
ILUVW�WHQ�\HDUV�LQ�5	'�GRLQJ�DQDORJ�DQG�5)�FLUFXLW�GHVLJQ�RQ
D�YDULHW\�RI�0RGXODU�0HDVXUHPHQW�6\VWHP��006�
LQVWUXPHQWV���+H�IROORZHG�WKDW�ZLWK�D�\HDU�LQ�PDQXIDFWXULQJ�
)RU�WKH�SDVW�VL[�\HDUV��KH�KDV�ZRUNHG�LQ�WKH�PDUNHWLQJ
GHSDUWPHQW�GHYHORSLQJ�DSSOLFDWLRQ�QRWHV��PDJD]LQH�DUWLFOHV�
DQG�VHPLQDU�SDSHUV�RQ�WRSLFV�LQFOXGLQJ�7:7�DPSOLILHU�WHVW�
JURXS�GHOD\�DQG�$0�WR�30�FRQYHUVLRQ�RI�IUHTXHQF\�
WUDQVODWLQJ�GHYLFHV��DGMDFHQW�FKDQQHO�SRZHU�PHDVXUHPHQWV�
GHVLJQ�DQG�FDOLEUDWLRQ�RI�5)�IL[WXUHV�IRU�VXUIDFH�PRXQW
GHYLFHV��HIILFLHQW�WHVW�RI�PXOWLSRUW�GHYLFHV��DQG�PRGHUQ
5)�GHVLJQ�PHWKRGRORJ\�
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+HUH�DUH�VRPH�H[DPSOHV�RI�WKH�W\SHV�RI�GHYLFHV�WKDW�\RX�FDQ�WHVW�ZLWK�QHWZRUN�DQDO\]HUV��7KH\�LQFOXGH�ERWK
SDVVLYH�DQG�DFWLYH�GHYLFHV��DQG�VRPH�WKDW�KDYH�DWWULEXWHV�RI�ERWK���0DQ\�RI�WKHVH�GHYLFHV�QHHG�WR�EH�FKDUDFWHUL]HG
IRU�ERWK�OLQHDU�DQG��QRQOLQHDU�EHKDYLRU��,W�LV�QRW�SRVVLEOH�WR�FRPSOHWHO\�FKDUDFWHUL]H�DOO�RI�WKHVH�GHYLFHV�ZLWK�MXVW
RQH�SLHFH�RI�WHVW�HTXLSPHQW�

7KH�QH[W�VOLGH�VKRZV�D�PRGHO�FRYHULQJ�WKH�ZLGH�UDQJH�RI�PHDVXUHPHQWV�QHFHVVDU\�IRU�FRPSOHWH�OLQHDU�DQG
QRQOLQHDU�FKDUDFWHUL]DWLRQ�RI�GHYLFHV��7KLV�PRGHO�UHTXLUHV�D�YDULHW\�RI�VWLPXOXV�DQG�UHVSRQVH�WRROV��,W�WDNHV�D�ODUJH
UDQJH�RI�WHVW�HTXLSPHQW�WR�DFFRPSOLVK�DOO�RI�WKH�PHDVXUHPHQWV�VKRZQ�RQ�WKLV�FKDUW��6RPH�LQVWUXPHQWV�DUH
RSWLPL]HG�IRU�RQH�WHVW�RQO\��OLNH�ELW�HUURU�UDWH���ZKLOH�RWKHUV��OLNH�QHWZRUN�DQDO\]HUV��DUH�PXFK�PRUH
JHQHUDO�SXUSRVH�LQ�QDWXUH��1HWZRUN�DQDO\]HUV�FDQ�PHDVXUH�ERWK�OLQHDU�DQG�QRQOLQHDU�EHKDYLRU�RI�GHYLFHV��DOWKRXJK
WKH�PHDVXUHPHQW�WHFKQLTXHV�DUH�GLIIHUHQW��IUHTXHQF\�YHUVXV�SRZHU�VZHHSV�IRU�H[DPSOH���7KLV�PRGXOH�IRFXVHV�RQ
VZHSW�IUHTXHQF\�DQG�VZHSW�SRZHU�PHDVXUHPHQWV�PDGH�ZLWK�QHWZRUN�DQDO\]HUV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

:KDW�W\SHV�RI�GHYLFHV�DUH�WHVWHG"

'HYLFH�W\SH ActivePassive
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Antennas

Switches
Multiplexers
Mixers
Samplers
Multipliers

Diodes

Duplexers
Diplexers
Filters
Couplers
Bridges
Splitters, dividers
Combiners
Isolators
Circulators
Attenuators
Adapters
Opens, shorts, loads
Delay lines
Cables
Transmission lines
Waveguide
Resonators
Dielectrics
R, L, C’s

RFICs
MMICs
T/R modules
Transceivers

Receivers
Tuners
Converters

VCAs
Amplifiers

VCOs
VTFs
Oscillators
Modulators
VCAtten’s

Transistors
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+HUH�LV�D�NH\�WR�PDQ\�RI�WKH�DEEUHYLDWLRQV�XVHG�DERYH�

5HVSRQVH 0HDVXUHPHQW

����� +3�������KLJK�YROXPH�5),&�WHVWHU $&3 $GMDFHQW�FKDQQHO�SRZHU
'HG��7HVWHUV 'HGLFDWHG��XVXDOO\�RQH�ER[��WHVWHUV $0�30 $0�WR�30�FRQYHUVLRQ
96$ 9HFWRU�VLJQDO�DQDO\]HU %(5 %LW�HUURU�UDWH
6$ 6SHFWUXP�DQDO\]HU &RPSU
Q *DLQ�FRPSUHVVLRQ
91$ 9HFWRU�QHWZRUN�DQDO\]HU &RQVWHOO� &RQVWHOODWLRQ�GLDJUDP
7*�6$ 7UDFNLQJ�JHQHUDWRU�VSHFWUXP�DQDO\]HU (90 (UURU�YHFWRU�PDJQLWXGH
61$ 6FDODU�QHWZRUN�DQDO\]HU (\H (\H�GLDJUDP
1)�0WU� 1RLVH�ILJXUH�PHWHU *' *URXS�GHOD\
,PSHG��$Q� ,PSHGDQFH�DQDO\]HU��/&5�PHWHU� +DUP��'LVW� +DUPRQLF�GLVWRUWLRQ
3RZHU�0WU� 3RZHU�PHWHU 1) 1RLVH�ILJXUH
'HW��6FRSH 'LRGH�GHWHFWRU�RVFLOORVFRSH 5HJURZWK 6SHFWUDO�UHJURZWK

5WQ�/V 5HWXUQ�ORVV
96:5 9ROWDJH�VWDQGLQJ�ZDYH�UDWLR

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

'HYLFH�7HVW�0HDVXUHPHQW�0RGHO
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DC CW  Swept     Swept     Noise   2-tone Multi-      Complex   Pulsed-  Protocol
    freq         power  tone         modulation       RF

Det/Scope

Param. An.

NF Mtr.

Imped. An.

Power Mtr.

SNA

VNA

SA

VSA

84000

TG/SA

Ded. Testers

I-V

Absol.
Power

Gain/Flatness

LCR/Z

Harm. Dist.
LO stability
Image Rej.

Gain/Flat.
Phase/GD
Isolation
Rtn Ls/VSWR
Impedance
S-parameters

Compr’n
AM-PM

RFIC test
Full call
sequence

Pulsed S-parm.
Pulse profiling

BER
EVM
ACP

Regrowth
Constell.

Eye

Intermodulation
DistortionNF

Measurement plane
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:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

$JHQGD
● :K\�GR�ZH�WHVW�FRPSRQHQWV"

● :KDW�PHDVXUHPHQWV�GR�ZH�PDNH"

➨ 6PLWK�FKDUW�UHYLHZ

➨ 7UDQVPLVVLRQ�OLQH�EDVLFV

➨ 5HIOHFWLRQ�DQG�WUDQVPLVVLRQ

SDUDPHWHUV

➨ 6�SDUDPHWHU�GHILQLWLRQ

● 1HWZRUN�DQDO\]HU�KDUGZDUH

➨ 6LJQDO�VHSDUDWLRQ�GHYLFHV

➨ %URDGEDQG�YHUVXV�QDUURZEDQG

GHWHFWLRQ

➨ '\QDPLF�UDQJH

➨ 7�5�YHUVXV�6�SDUDPHWHU�WHVW�VHWV

● (UURU�PRGHOV�DQG�FDOLEUDWLRQ

➨ 7\SHV�RI�PHDVXUHPHQW�HUURU

➨ 2QH��DQG�WZR�SRUW�PRGHOV

➨ (UURU�FRUUHFWLRQ�FKRLFHV

➨ %DVLF�XQFHUWDLQW\�FDOFXODWLRQV

● 7\SLFDO�PHDVXUHPHQWV

● $SSHQGL[
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&RPSRQHQWV�DUH�WHVWHG�IRU�D�YDULHW\�RI�UHDVRQV��)RU�H[DPSOH��5	'�HQJLQHHUV�QHHG�WR�YHULI\�WKHLU�GHVLJQV��DQG
SURGXFWLRQ�HQJLQHHUV�QHHG�WR�YHULI\�SURSHU�SHUIRUPDQFH��:LWKRXW�WHVWLQJ��D�PDQXIDFWXUHU�FDQQRW�WHOO�D�SURVSHFWLYH
FXVWRPHU�KRZ�D�SDUWLFXODU�FRPSRQHQW�ZLOO�EHKDYH�LQ�D�VSHFLILF�HQYLURQPHQW�

,I�D�FRPSRQHQW�LV�XVHG�LQ�D�FRPPXQLFDWLRQV�V\VWHP��GLVWRUWLRQ�LV�RI�SDUDPRXQW��FRQFHUQ��<RX�DUH�SUREDEO\
FRPIRUWDEOH�ZLWK�WKH�FRQFHSW�RI�QRQ�OLQHDU��KDUPRQLF��GLVWRUWLRQ��:KHQ�ZH�GLVFXVV�WUDQVPLVVLRQ��ZH�ZLOO�VHH�WKDW
GHYLFHV�RSHUDWLQJ�OLQHDUO\�FDQ�DOVR�LQWURGXFH�GLVWRUWLRQ�

:H�ZLOO�VWDUW�RXU�GLVFXVVLRQ�RI�PHDVXUHPHQWV�E\�UHYLHZLQJ�WUDQVPLVVLRQ�OLQHV��*HQHUDWLQJ�5)�DQG�PLFURZDYH
HQHUJ\�LV�H[SHQVLYH��ZH�FDQQRW�DIIRUG�WR�WKURZ�LW�DZD\�GXH�WR�XQQHFHVVDU\�ORVVHV��:H�ZLOO�VHH�ZKDW�LV�UHTXLUHG�WR
HIILFLHQWO\�WUDQVIHU�5)�HQHUJ\�IURP�RQH�FLUFXLW��QHWZRUN��RU�V\VWHP�WR�DQRWKHU�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

:K\�GR�ZH�QHHG�WR�WHVW�FRPSRQHQWV"
&RPSRQHQWV�RIWHQ�XVHG�DV�EXLOGLQJ�EORFNV

● 1HHG�WR�YHULI\�VSHFLILFDWLRQV�RQ�
➨ILOWHUV�WR�UHPRYH�KDUPRQLFV
➨DPSOLILHUV�WR�ERRVW�/2�SRZHU
➨PL[HUV�WR�FRQYHUW�UHIHUHQFH�VLJQDOV

:KHQ�XVHG�WR�SDVV�FRPPXQLFDWLRQV�VLJQDOV�� QHHG�WR�HQVXUH
GLVWRUWLRQOHVV�WUDQVPLVVLRQ

● /LQHDU�QHWZRUNV
➨FRQVWDQW�DPSOLWXGH
➨OLQHDU�SKDVH���FRQVWDQW�JURXS�GHOD\

● 1RQOLQHDU�QHWZRUNV
➨KDUPRQLFV��LQWHUPRGXODWLRQ
➨FRPSUHVVLRQ
➨QRLVH�ILJXUH

:KHQ�DEVRUELQJ�SRZHU��H�J��DQ�DQWHQQD���QHHG�WR�HQVXUH�JRRG
PDWFK

�����
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,Q�PDQ\�VLWXDWLRQV��PDJQLWXGH�RQO\�PHDVXUHPHQWV�DUH�VXIILFLHQW��)RU�H[DPSOH��WKH�VLPSOH�JDLQ�RI�DQ�DPSOLILHU�RU
VWRS�EDQG�UHMHFWLRQ�RI�D�ILOWHU�PD\�EH�DOO�WKH�GDWD�WKDW�ZH�QHHG��+RZHYHU��WKHUH�FHUWDLQO\�DUH�VLWXDWLRQV�LQ�ZKLFK
SKDVH�LV�D�FULWLFDO�HOHPHQW�RI�WKH�GDWD��

&RPSOHWH�FKDUDFWHUL]DWLRQ�RI�GHYLFHV�DQG�QHWZRUNV�LQYROYHV�PHDVXUHPHQW�RI�SKDVH�DV�ZHOO�DV�PDJQLWXGH��&RPSOH[
LPSHGDQFH�PXVW�EH�NQRZQ�IRU�SURSHU�PDWFKLQJ��0RGHOV�IRU�FLUFXLW�VLPXODWLRQ�UHTXLUH�FRPSOH[�GDWD��7LPH�GRPDLQ
FKDUDFWHUL]DWLRQ�UHTXLUHV�PDJQLWXGH�DQG�SKDVH�LQIRUPDWLRQ�WR�SHUIRUP�WKH�LQYHUVH�)RXULHU�WUDQVIRUP��)LQDOO\��IRU
EHVW�PHDVXUHPHQW�DFFXUDF\��ZH�QHHG�YHFWRU�HUURU�FRUUHFWLRQ��DV�ZH�ZLOO�VHH�ODWHU�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

7KH�1HHG�IRU�%RWK�0DJQLWXGH�DQG�3KDVH

4. Time Domain 
Characterization

Mag

Time

Vector Accuracy Enhancement

Error

Measured
Actual

5.

Complex impedance needed 
to design matching circuits

Complex values needed 
for device modeling

Complete characterization 
of linear networks

1.

2.

3.

S
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S
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High Frequency 
Transistor Model

Collector
Base

Emitter
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,Q�WKLV�VHFWLRQ�ZH�ZLOO�UHYLHZ�UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�PHDVXUHPHQWV��:H�ZLOO�VHH�WKDW�WUDQVPLVVLRQ�OLQHV�DUH
QHHGHG�WR�FRQYH\�5)�DQG�PLFURZDYH�HQHUJ\�IURP�RQH�SRLQW�WR�DQRWKHU�ZLWK�PLQLPDO�ORVV��WKDW�WUDQVPLVVLRQ�OLQHV
KDYH�D�FKDUDFWHULVWLF�LPSHGDQFH��DQG�WKDW�D�WHUPLQDWLRQ�DW�WKH�HQG�RI�D�WUDQVPLVVLRQ�OLQH�PXVW�PDWFK�WKH
FKDUDFWHULVWLF�LPSHGDQFH�RI�WKH�OLQH�WR�SUHYHQW�ORVV�RI�HQHUJ\�GXH�WR�UHIOHFWLRQV��:H�ZLOO�VHH�KRZ�WKH�6PLWK�FKDUW
VLPSOLILHV�WKH�SURFHVV�RI�FRQYHUWLQJ�UHIOHFWLRQ�GDWD�WR�WKH�FRPSOH[�LPSHGDQFH�RI�WKH�WHUPLQDWLRQ��)RU�WUDQVPLVVLRQ
PHDVXUHPHQWV��ZH�ZLOO�GLVFXVV�QRW�RQO\�VLPSOH�JDLQ�DQG�ORVV�EXW�GLVWRUWLRQ�LQWURGXFHG�E\�OLQHDU�GHYLFHV��:H�ZLOO
LQWURGXFH�6�SDUDPHWHUV�DQG�H[SODLQ�ZK\�WKH\�DUH�XVHG�LQVWHDG�RI�K���\���RU�]�SDUDPHWHUV�DW�5)�DQG�PLFURZDYH
IUHTXHQFLHV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

$JHQGD

● :K\�GR�ZH�WHVW�FRPSRQHQWV"
● :KDW�PHDVXUHPHQWV�GR�ZH�PDNH"
● 1HWZRUN�DQDO\]HU�KDUGZDUH
● (UURU�PRGHOV�DQG�FDOLEUDWLRQ
● 7\SLFDO�PHDVXUHPHQWV
● $SSHQGL[
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7KH�PRVW�IXQGDPHQWDO�FRQFHSW�RI�KLJK�IUHTXHQF\�QHWZRUN�DQDO\VLV�LQYROYHV�LQFLGHQW��UHIOHFWHG�DQG�WUDQVPLWWHG
ZDYHV�WUDYHOLQJ�DORQJ�WUDQVPLVVLRQ�OLQHV���,W�LV�KHOSIXO�WR�WKLQN�RI�WUDYHOLQJ�ZDYHV�DORQJ�D�WUDQVPLVVLRQ�OLQH�LQ�WHUPV
RI�D�OLJKWZDYH�DQDORJ\���:H�FDQ�LPDJLQH�LQFLGHQW�OLJKW�VWULNLQJ�VRPH�RSWLFDO�FRPSRQHQW�OLNH�D�FOHDU�OHQV��6RPH�RI
WKH�OLJKW�LV�UHIOHFWHG�RII�WKH�VXUIDFH�RI�WKH�OHQV��EXW�PRVW�RI�WKH�OLJKW�FRQWLQXHV�RQ�WKURXJK�WKH�OHQV���,I�WKH�OHQV�KDG
PLUURUHG�VXUIDFHV��WKHQ�PRVW�RI�WKH�OLJKW�ZRXOG�EH�UHIOHFWHG�DQG�OLWWOH�RU�QRQH�ZRXOG�EH�WUDQVPLWWHG���7KLV�FRQFHSW
LV�YDOLG�IRU�5)�VLJQDOV�DV�ZHOO�

1HWZRUN�DQDO\VLV��LV�FRQFHUQHG�ZLWK�WKH�DFFXUDWH�PHDVXUHPHQW�RI�WKH�UDWLR�RI�WKH�UHIOHFWHG�VLJQDO�WR�WKH�LQFLGHQW
VLJQDO�DQG�RU�WKH�WUDQVPLWWHG�VLJQDO�WR�WKH�LQFLGHQW�VLJQDO��7KH�GLIIHUHQFH�LV�WKDW�LQ�RXU�GLVFXVVLRQ�WKH�VLJQDO
IUHTXHQF\�LV�LQ�WKH�5)�UDQJH�UDWKHU�WKDQ�WKH�RSWLFDO�UDQJH�DQG�WKH�GHYLFHV�XQGHU�WHVW�DUH�HOHFWULFDO�FRPSRQHQWV�RU
QHWZRUNV�UDWKHU�WKDQ�RSWLFDO�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

/LJKWZDYH�$QDORJ\�WR�5)�(QHUJ\

5)

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

/LJKWZDYH

�����
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7KH�QHHG�IRU�HIILFLHQW�WUDQVIHU�RI�5)�SRZHU�LV�RQH�RI�WKH�PDLQ�UHDVRQV�EHKLQG�WKH�XVH�RI�WUDQVPLVVLRQ�OLQHV��$W�ORZ
IUHTXHQFLHV�ZKHUH�WKH�ZDYHOHQJWK�RI�WKH�VLJQDOV�DUH�PXFK�ODUJHU�WKDQ�WKH�OHQJWK�RI�WKH�FLUFXLW�FRQGXFWRUV��D�VLPSOH
ZLUH�LV�YHU\�XVHIXO�IRU�FDUU\LQJ�SRZHU��&XUUHQW�WUDYHOV�GRZQ�WKH�ZLUH�HDVLO\��DQG�YROWDJH�DQG�FXUUHQW�DUH�WKH�VDPH
QR�PDWWHU�ZKHUH�ZH�PHDVXUH�DORQJ�WKH�ZLUH�

$W�KLJK�IUHTXHQFLHV�KRZHYHU��WKH�ZDYHOHQJWK�RI�VLJQDOV�RI�LQWHUHVW�DUH�FRPSDUDEOH�WR�RU�PXFK�VPDOOHU�WKDQ�WKH
OHQJWK�RI�FRQGXFWRUV��,Q�WKLV�FDVH��SRZHU�WUDQVPLVVLRQ�FDQ�EHVW�EH�WKRXJKW�RI�LQ�WHUPV�RI�WUDYHOLQJ�ZDYHV�

2I�FULWLFDO�LPSRUWDQFH�LV�WKDW�D�ORVVOHVV�WUDQVPLVVLRQ�OLQH�WDNHV�RQ�D�FKDUDFWHULVWLF�LPSHGDQFH��WKDW�LV��DQ�LQILQLWHO\
ORQJ�OLQH�DSSHDUV�WR�EH�D�UHVLVWLYH�ORDG��7KH�JHRPHWU\�RI�WKH�OLQH�GHWHUPLQHV�WKH�LPSHGDQFH��)RU�ORZ�SRZHU
VLWXDWLRQV��FDEOH�79��IRU�H[DPSOH��FRD[LDO�WUDQVPLVVLRQ�OLQHV�DUH�GHVLJQHG�WR�KDYH�D�FKDUDFWHULVWLF�LPSHGDQFH�RI���
RKPV�IRU�ORZ�ORVV��)RU�5)�DQG�PLFURZDYH�DSSOLFDWLRQV��ZKHUH�KLJK�SRZHU�PLJKW�EH�HQFRXQWHUHG��FRD[LDO
WUDQVPLVVLRQ�OLQHV�DUH�GHVLJQHG�WR�KDYH�D�FKDUDFWHULVWLF�LPSHGDQFH�RI����RKPV��D�FRPSURPLVH�EHWZHHQ�PD[LPXP
SRZHU�KDQGOLQJ�����RKPV��DQG�PLQLPXP�ORVV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
�

7UDQVPLVVLRQ�/LQH�%DVLFV

/RZ�IUHTXHQFLHV
● ZDYHOHQJWKV�!!�ZLUH�OHQJWK
● FXUUHQW��,��WUDYHOV�GRZQ�ZLUHV�HDVLO\�IRU�HIILFLHQW�SRZHU�WUDQVPLVVLRQ
● PHDVXUHG�YROWDJH�DQG�FXUUHQW�QRW�GHSHQGHQW�RQ�SRVLWLRQ�DORQJ�ZLUH

+LJK�IUHTXHQFLHV
● ZDYHOHQJWK�≈�RU�����OHQJWK�RI�WUDQVPLVVLRQ�PHGLXP
● QHHG�WUDQVPLVVLRQ�OLQHV�IRU�HIILFLHQW�SRZHU�WUDQVPLVVLRQ
● PDWFKLQJ�WR�FKDUDFWHULVWLF�LPSHGDQFH��=���LV�YHU\�LPSRUWDQW�IRU�ORZ
�UHIOHFWLRQ�DQG�PD[LPXP�SRZHU�WUDQVIHU

● PHDVXUHG�HQYHORSH�YROWDJH�GHSHQGHQW�RQ�SRVLWLRQ�DORQJ�OLQH

,� �

�����
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6OLGH����

%HIRUH�ZH�EHJLQ�RXU�GLVFXVVLRQ�DERXW�WUDQVPLVVLRQ�OLQHV��OHW�XV�ORRN�DW�WKH�FRQGLWLRQ�IRU�PD[LPXP�SRZHU�WUDQVIHU
LQWR�D�ORDG��JLYHQ�D�VRXUFH�LPSHGDQFH�RI�5V��7KH�JUDSK�DERYH�VKRZV�WKDW�WKH�PDWFKHG�FRQGLWLRQ��5/� �56��UHVXOWV
LQ�WKH�PD[LPXP�SRZHU�GLVVLSDWHG�LQ�WKH�ORDG�UHVLVWRU��7KLV�FRQGLWLRQ�LV�WUXH�ZKHWKHU�WKH�VWLPXOXV�LV�D�'&�YROWDJH
VRXUFH�RU�DQ�5)�VLQXVRLG�

)RU�PD[LPXP�WUDQVIHU�RI�HQHUJ\�LQWR�D�WUDQVPLVVLRQ�OLQH�IURP�D�VRXUFH�RU�IURP�D�WUDQVPLVVLRQ�OLQH�WR�D�ORDG��WKH
QH[W�VWDJH�RI�DQ�DPSOLILHU��DQ�DQWHQQD��HWF����WKH�LPSHGDQFH�RI�WKH�VRXUFH�DQG�ORDG�VKRXOG�PDWFK�WKH�FKDUDFWHULVWLF
LPSHGDQFH�RI�WKH�WUDQVPLVVLRQ�OLQH��,Q�JHQHUDO��WKHQ��=R�LV�WKH�WDUJHW�IRU�LQSXW�DQG�RXWSXW�LPSHGDQFHV�RI�GHYLFHV
DQG�QHWZRUNV�

:KHQ�WKH�VRXUFH�LPSHGDQFH�LV�QRW�SXUHO\�UHVLVWLYH��WKH�PD[LPXP�SRZHU�WUDQVIHU�RFFXUV�ZKHQ�WKH�ORDG�LPSHGDQFH
LV�HTXDO�WR�WKH�FRPSOH[�FRQMXJDWH�RI�WKH�VRXUFH�LPSHGDQFH��7KLV�FRQGLWLRQ�LV�PHW�E\�UHYHUVLQJ�WKH�VLJQ�RI�WKH
LPDJLQDU\�SDUW�RI�WKH�LPSHGDQFH��)RU�H[DPSOH��LI��56�� �������M�����WKHQ�WKH�FRPSOH[�FRQMXJDWH�56� �������M����

6RPHWLPHV�WKH�VRXUFH�LPSHGDQFH�LV�DGMXVWHG�WR�EH�WKH�FRPSOH[�FRQMXJDWH�RI�WKH�ORDG�LPSHGDQFH��)RU�H[DPSOH�
ZKHQ�PDWFKLQJ�WR�DQ�DQWHQQD��WKH�ORDG�LPSHGDQFH�LV�GHWHUPLQHG�E\�WKH�FKDUDFWHULVWLFV�RI�WKH�DQWHQQD��$�GHVLJQHU
KDV�WR�RSWLPL]H�WKH�RXWSXW�PDWFK�RI�WKH�5)�DPSOLILHU�RYHU�WKH�IUHTXHQF\�UDQJH�RI�WKH�DQWHQQD�VR�WKDW�PD[LPXP�5)
SRZHU�LV�WUDQVPLWWHG�WKURXJK�WKH�DQWHQQD�
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6OLGH����

/HW
V�UHYLHZ�ZKDW�KDSSHQV�ZKHQ�WUDQVPLVVLRQ�OLQHV�DUH�WHUPLQDWHG�LQ�GLIIHUHQW�LPSHGDQFHV��VWDUWLQJ�ZLWK�D�=R�ORDG�
6LQFH�D�WUDQVPLVVLRQ�OLQH�WHUPLQDWHG�LQ�LWV�FKDUDFWHULVWLF�LPSHGDQFH�UHVXOWV�LQ�PD[LPXP�WUDQVIHU�RI�SRZHU�WR�WKH
ORDG��WKHUH�LV�QR�UHIOHFWHG�VLJQDO���7KLV�UHVXOW�LV�WKH�VDPH�DV�LI�WKH�WUDQVPLVVLRQ�OLQH�ZDV�LQILQLWHO\�ORQJ��,I�ZH�ZHUH
WR�ORRN�DW�WKH�HQYHORSH�RI�WKH�5)�VLJQDO�YHUVXV�GLVWDQFH�DORQJ�WKH�WUDQVPLVVLRQ�OLQH��LW�ZRXOG�EH�FRQVWDQW��QR
VWDQGLQJ�ZDYH�SDWWHUQ���7KLV�LV�EHFDXVH�WKHUH�LV�HQHUJ\�IORZLQJ�LQ�RQH�GLUHFWLRQ�RQO\�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

7UDQVPLVVLRQ�/LQH�7HUPLQDWHG�ZLWK�=R

)RU�UHIOHFWLRQ��D�WUDQVPLVVLRQ�OLQH�WHUPLQDWHG�LQ�=R
EHKDYHV�OLNH�DQ�LQILQLWHO\�ORQJ�WUDQVPLVVLRQ�OLQH

=V� �=R

=R

9UHIO� �����DOO�WKH�LQFLGHQW�SRZHU
LV�DEVRUEHG�LQ�WKH�ORDG�

9LQF

=R� �FKDUDFWHULVWLF�LPSHGDQFH�RI
WUDQVPLVVLRQ�OLQH

������
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6OLGH����

1H[W��OHW
V�WHUPLQDWH�RXU�OLQH�LQ�D�VKRUW�FLUFXLW��6LQFH�SXUHO\�UHDFWLYH�HOHPHQWV�FDQQRW�GLVVLSDWH�DQ\�SRZHU��DQG
WKHUH�LV�QRZKHUH�HOVH�IRU�WKH�HQHUJ\�WR�JR��D�UHIOHFWHG�ZDYH�LV�ODXQFKHG�EDFN�GRZQ�WKH�OLQH�WRZDUG�WKH�VRXUFH��)RU
2KP
V�ODZ�WR�EH�VDWLVILHG��QR�YROWDJH�DFURVV�WKH�VKRUW���WKLV�UHIOHFWHG�ZDYH�PXVW�EH�HTXDO�LQ�YROWDJH�PDJQLWXGH�WR
WKH�LQFLGHQW�ZDYH��DQG�EH����R�RXW�RI�SKDVH�ZLWK�LW��7KLV�VDWLVILHV�WKH�FRQGLWLRQ�WKDW�WKH�WRWDO�YROWDJH�PXVW�HTXDO
]HUR�DW�WKH�SODQH�RI�WKH�VKRUW�FLUFXLW��2XU�UHIOHFWHG�DQG�LQFLGHQW�YROWDJH��DQG�FXUUHQW��ZDYHV�ZLOO�EH�LGHQWLFDO�LQ
PDJQLWXGH�EXW�WUDYHOLQJ�LQ�WKH�RSSRVLWH�GLUHFWLRQ�

1RZ�OHW�XV�OHDYH�RXU�OLQH�RSHQ���7KLV�WLPH��2KP
V�ODZ�WHOOV�XV�WKDW�WKH�RSHQ�FDQ�VXSSRUW�QR�FXUUHQW��7KHUHIRUH��RXU
UHIOHFWHG�FXUUHQW�ZDYH�PXVW�EH����R�RXW�RI�SKDVH�ZLWK�UHVSHFW�WR�WKH�LQFLGHQW�ZDYH��WKH�YROWDJH�ZDYH�ZLOO�EH�LQ
SKDVH�ZLWK�WKH�LQFLGHQW�ZDYH����7KLV�JXDUDQWHHV�WKDW�FXUUHQW�DW�WKH�RSHQ�ZLOO�EH�]HUR��$JDLQ��RXU�UHIOHFWHG�DQG
LQFLGHQW�FXUUHQW��DQG�YROWDJH��ZDYHV�ZLOO�EH�LGHQWLFDO�LQ�PDJQLWXGH��EXW�WUDYHOLQJ�LQ�WKH�RSSRVLWH�GLUHFWLRQ��)RU
ERWK�WKH�VKRUW�DQG�RSHQ�FDVHV��D�VWDQGLQJ�ZDYH�SDWWHUQ�ZLOO�EH�VHW�XS�RQ�WKH�WUDQVPLVVLRQ�OLQH��7KH�YDOOH\V�ZLOO�EH
DW�]HUR�DQG�WKH�SHDNV�DW�WZLFH�WKH�LQFLGHQW�YROWDJH�OHYHO���7KH�SHDNV�DQG�YDOOH\V�RI�WKH�VKRUW�DQG�RSHQ�ZLOO�EH
VKLIWHG�LQ�SRVLWLRQ�DORQJ�WKH�OLQH�ZLWK�UHVSHFW�WR�HDFK�RWKHU��LQ�RUGHU�WR�VDWLVI\�2KP
V�ODZ�DV�GHVFULEHG�DERYH

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

7UDQVPLVVLRQ�/LQH�7HUPLQDWHG�ZLWK�6KRUW�
2SHQ

=V� �=R

9UHIO

9LQF

)RU�UHIOHFWLRQ��D�WUDQVPLVVLRQ�OLQH�WHUPLQDWHG�LQ�D�VKRUW�RU
RSHQ�UHIOHFWV�DOO�SRZHU�EDFN�WR�VRXUFH

,Q�SKDVH�������IRU�RSHQ
2XW�RI�SKDVH���������IRU�VKRUWR

R

������
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)LQDOO\��OHW
V�WHUPLQDWH�RXU�OLQH�ZLWK�D����Ω�UHVLVWRU��DQ�LPSHGDQFH�EHWZHHQ�WKH�IXOO�UHIOHFWLRQ�RI�DQ�RSHQ�RU�VKRUW
FLUFXLW�DQG�WKH�SHUIHFW�WHUPLQDWLRQ�RI�D����Ω�ORDG����6RPH��EXW�QRW�DOO��RI�RXU�LQFLGHQW�HQHUJ\�ZLOO�EH�DEVRUEHG�LQ
WKH�ORDG��DQG�VRPH�ZLOO�EH�UHIOHFWHG�EDFN�WRZDUGV�WKH�VRXUFH��:H�ZLOO�ILQG�WKDW�RXU�UHIOHFWHG�YROWDJH�ZDYH�ZLOO�KDYH
DQ�DPSOLWXGH�����WKDW�RI�WKH�LQFLGHQW�ZDYH��DQG�WKDW�WKH�WZR�ZDYHV�ZLOO�EH����R�RXW�RI�SKDVH�DW�WKH�ORDG���7KH�SKDVH
UHODWLRQVKLS�EHWZHHQ�WKH�LQFLGHQW�DQG�UHIOHFWHG�ZDYHV�ZLOO�FKDQJH�DV�D�IXQFWLRQ�RI�GLVWDQFH�DORQJ�WKH�WUDQVPLVVLRQ
OLQH�IURP�WKH�ORDG��7KH�YDOOH\V�RI�WKH�VWDQGLQJ�ZDYH�SDWWHUQ�ZLOO�QR�ORQJHU�JR�]HUR��DQG�WKH�SHDN�ZLOO�EH�OHVV�WKDQ
WKDW�RI�WKH�VKRUW�RSHQ�FDVH�

7KH�VLJQLILFDQFH�RI�VWDQGLQJ�ZDYHV�VKRXOG�QRW�JR�XQQRWLFHG��2KP
V�ODZ�WHOOV�XV�WKH�FRPSOH[�UHODWLRQVKLS�EHWZHHQ
WKH�LQFLGHQW�DQG�UHIOHFWHG�VLJQDOV�DW�WKH�ORDG��$VVXPLQJ�D����RKP�VRXUFH��WKH�YROWDJH�DFURVV�D����RKP�ORDG�UHVLVWRU
ZLOO�EH�WZR�WKLUGV�RI�WKH�YROWDJH�DFURVV�D����RKP�ORDG��+HQFH��WKH�YROWDJH�RI�WKH�UHIOHFWHG�VLJQDO�LV�RQH�WKLUG�WKH
YROWDJH�RI�WKH�LQFLGHQW�VLJQDO�DQG�LV�����GHJUHHV�RXW�RI�SKDVH�ZLWK�LW��+RZHYHU��DV�ZH�PRYH�DZD\�IURP�WKH�ORDG
WRZDUG�WKH�VRXUFH��ZH�ILQG�WKDW�WKH�SKDVH�EHWZHHQ�WKH�LQFLGHQW�DQG�UHIOHFWHG�VLJQDOV�FKDQJHV��7KH�YHFWRU�VXP�RI
WKH�WZR�VLJQDOV�WKHUHIRUH�DOVR�FKDQJHV�DORQJ�WKH�OLQH��SURGXFLQJ�WKH�VWDQGLQJ�ZDYH�SDWWHUQ��7KH�DSSDUHQW
LPSHGDQFH�DOVR�FKDQJHV�DORQJ�WKH�OLQH�EHFDXVH�WKH�UHODWLYH�DPSOLWXGH�DQG�SKDVH�RI�WKH�LQFLGHQW�DQG�UHIOHFWHG
ZDYHV�DW�DQ\�JLYHQ�SRLQW�XQLTXHO\�GHWHUPLQH�WKH�PHDVXUHG�LPSHGDQFH��)RU�H[DPSOH��LI�ZH�PDGH�D�PHDVXUHPHQW
RQH�TXDUWHU�ZDYHOHQJWK�DZD\�IURP�WKH����RKP�ORDG��WKH�UHVXOWV�ZRXOG�LQGLFDWH�D�����RKP�ORDG��7KH�VWDQGLQJ�ZDYH
SDWWHUQ�UHSHDWV�HYHU\�KDOI�ZDYHOHQJWK��VR�WKH�DSSDUHQW�LPSHGDQFH�GRHV�DV�ZHOO�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

7UDQVPLVVLRQ�/LQH�7HUPLQDWHG�ZLWK����Ω

=V� �=R

=/� ����Ω

9UHIO

9LQF

6WDQGLQJ�ZDYH�SDWWHUQ�GRHV�QRW�JR�WR
]HUR�DV�ZLWK�VKRUW�RU�RSHQ
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1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

7KH�ILUVW�WHUP�IRU�UHIOHFWHG�ZDYHV�LV�UHIOHFWLRQ�FRHIILFLHQW�JDPPD��Γ���7KH�PDJQLWXGH�SRUWLRQ�RI�JDPPD�LV�FDOOHG
UKR��ρ����5HIOHFWLRQ�FRHIILFLHQW�LV�WKH�UDWLR�RI�WKH�UHIOHFWHG�VLJQDO�YROWDJH�WR�WKH�LQFLGHQW�VLJQDO�YROWDJH��)RU
H[DPSOH��D�WUDQVPLVVLRQ�OLQH�WHUPLQDWHG�LQ�=R�ZLOO�KDYH�DOO�HQHUJ\�WUDQVIHUUHG�WR�WKH�ORDG��KHQFH�9UHIO� ���DQG�ρ� ���
:KHQ�=/�LV�QRW�HTXDO�WR�=R���VRPH�HQHUJ\�LV�UHIOHFWHG�DQG�ρ�LV�JUHDWHU�WKDQ�]HUR��:KHQ�=/� �D�VKRUW�RU�RSHQ�FLUFXLW�
DOO�HQHUJ\�LV�UHIOHFWHG�DQG�ρ� ����7KH�UDQJH�RI�SRVVLEOH�YDOXHV�IRU�ρ�LV�WKHQ�]HUR�WR�RQH�

6LQFH�LW�LV�RIWHQ�YHU\�FRQYHQLHQW�WR�VKRZ�UHIOHFWLRQ�RQ�D�ORJDULWKPLF�GLVSOD\��WKH�VHFRQG�ZD\�WR�FRQYH\�UHIOHFWLRQ�LV
UHWXUQ�ORVV��5HWXUQ�ORVV�LV�H[SUHVVHG�LQ�WHUPV�RI�G%��DQG�LV�D�VFDODU�TXDQWLW\��7KH�GHILQLWLRQ�IRU�UHWXUQ�ORVV�LQFOXGHV
D�QHJDWLYH�VLJQ�VR�WKDW�WKH�UHWXUQ�ORVV�YDOXH�LV�DOZD\V�D�SRVLWLYH�QXPEHU��ZKHQ�PHDVXULQJ�UHIOHFWLRQ�RQ�D�QHWZRUN
DQDO\]HU�ZLWK�D�ORJ�PDJQLWXGH�IRUPDW��LJQRULQJ�WKH�PLQXV�VLJQ�JLYHV�WKH�UHVXOWV�LQ�WHUPV�RI�UHWXUQ�ORVV���5HWXUQ�ORVV
FDQ�EH�WKRXJKW�RI�DV�WKH�QXPEHU�RI�G%�WKDW�WKH�UHIOHFWHG�VLJQDO�LV�EHORZ�WKH�LQFLGHQW�VLJQDO���5HWXUQ�ORVV�YDULHV
EHWZHHQ�LQILQLW\�IRU�D�=R�LPSHGDQFH�DQG���G%�IRU�DQ�RSHQ�RU�VKRUW�FLUFXLW�

$V�ZH�KDYH�DOUHDG\�VHHQ��WZR�ZDYHV�WUDYHOLQJ�LQ�RSSRVLWH�GLUHFWLRQV�RQ�WKH�VDPH�PHGLD�FDXVH�D��VWDQGLQJ�ZDYH��
7KLV�FRQGLWLRQ�FDQ�EH�PHDVXUHG�LQ�WHUPV�RI�WKH�YROWDJH�VWDQGLQJ�ZDYH�UDWLR��96:5�RU�6:5�IRU�VKRUW���DQG�LV
GHILQHG�DV�WKH�PD[LPXP�YDOXH�RI�WKH�5)�HQYHORSH�RYHU�WKH�PLQLPXP�YDOXH�RI�WKH�HQYHORSH��7KLV�YDOXH�FDQ�EH
FRPSXWHG�DV����ρ�����ρ���96:5�FDQ�WDNH�RQ�YDOXHV�EHWZHHQ�RQH�DQG�LQILQLW\�
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2XU�QHWZRUN�DQDO\]HU�JLYHV�XV�FRPSOH[�UHIOHFWLRQ�FRHIILFLHQW��+RZHYHU��ZH�W\SLFDOO\�ZDQW�WR�NQRZ�WKH�LPSHGDQFH
RI�WKH�GHYLFH�XQGHU�WHVW��7KH�SUHYLRXV�VOLGH�VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�UHIOHFWLRQ�FRHIILFLHQW�DQG�LPSHGDQFH�
DQG�ZH�FRXOG�SHUIRUP�WKH�FRPSOH[�PDWK�WR�ILQG�WKH�LPSHGDQFH��$OWKRXJK�SURJUDPPDEOH�FDOFXODWRUV�DQG
FRPSXWHUV�WDNH�WKH�GUXGJHU\�RXW�RI�GRLQJ�WKH�PDWK��D�VLQJOH�QXPEHU�GRHV�QRW�DOZD\V�JLYH�XV�WKH�FRPSOHWH�SLFWXUH�
,Q�DGGLWLRQ��LPSHGDQFH�DOPRVW�FHUWDLQO\�FKDQJHV�ZLWK�IUHTXHQF\��VR�HYHQ�LI�ZH�GLG�DOO�WKH�PDWK��ZH�ZRXOG�HQG�XS
ZLWK�D�WDEOH�RI�QXPEHUV�WKDW�PD\�EH�GLIILFXOW�WR�LQWHUSUHW�

$�VLPSOH��JUDSKLFDO�PHWKRG�PD\�EH�ZKDW�ZH�ZDQW��/HW
V�ILUVW�SORW�UHIOHFWLRQ�FRHIILFLHQW��)RU�SRVLWLYH�UHVLVWDQFH��WKH
DEVROXWH�PDJQLWXGH�RI�� YDULHV�IURP�]HUR��SHUIHFW�ORDG��WR�XQLW\��IXOO�UHIOHFWLRQ��DW�VRPH�DQJOH��6R�ZH�KDYH�D�XQLWΓ
FLUFOH��WKH�SRODU�SODQH�VKRZQ�KHUH��$Q�RSHQ�ZRXOG�SORW�DW�����2���D�VKRUW��DW�������2��D�SHUIHFW�ORDG��DW�WKH�FHQWHU��DQG
VR�RQ��+RZ�GR�ZH�JHW�IURP�WKH�SRODU�GDWD�WR�LPSHGDQFH�JUDSKLFDOO\"�,I�ZH�WU\�WR�PDS�WKH�SRODU�SODQH�RQWR�WKH
UHFWLOLQHDU�LPSHGDQFH�SODQH��ZH�ILQG�WKDW�ZH�KDYH�SUREOHPV��)LUVW�RI�DOO��WKH�UHFWLOLQHDU�SODQH�GRHV�QRW�KDYH�YDOXHV
WR�LQILQLW\��6HFRQG��FLUFOHV�RI�FRQVWDQW�UHIOHFWLRQ�FRHIILFLHQW�DUH�FRQFHQWULF�RQ�WKH�SRODU�SODQH�EXW�QRW�RQ�WKH
UHFWLOLQHDU�SODQH��PDNLQJ�LW�GLIILFXOW�WR�PDNH�MXGJPHQWV�UHJDUGLQJ�WZR�GLIIHUHQW�LPSHGDQFHV��)LQDOO\��SKDVH�DQJOHV
SORW�DV�UDGLL�RQ�WKH�SRODU�SODQH�EXW�SORW�DV�DUFV�RQ�WKH�UHFWLOLQHDU�SODQH��PDNLQJ�LW�GLIILFXOW�WR�SLQSRLQW�� �ρ∠Θ

3ORWWLQJ�WKH�SRODU�SODQH�RQWR�WKH�LPSHGDQFH�SODQH�LV�QRW�WKH�DQVZHU��,QVWHDG��LQ�WKH�����
V��3KLOOLS�+��6PLWK�PDSSHG
WKH�LPSHGDQFH�SODQH�RQWR�WKH�SRODU�SODQH��FUHDWLQJ�WKH�FKDUW�WKDW�EHDUV�KLV�QDPH��WKH�6PLWK�&KDUW��6LQFH�XQLW\�DW
]HUR�GHJUHHV�RQ�WKH�SRODU�SODQH�UHSUHVHQWV�LQILQLWH�LPSHGDQFH��ERWK�SOXV�DQG�PLQXV�LQILQLWH�UHDFWDQFHV��DV�ZHOO�DV
LQILQLWH�UHVLVWDQFH��SORW�WR�WKLV�SRLQW��7KH�UHVXOW�LV�WKDW�WKH�YHUWLFDO�OLQHV�RQ�WKH�UHFWLOLQHDU�SODQH�WKDW�LQGLFDWH�YDOXHV
RI�FRQVWDQW�UHVLVWDQFH�PDS�WR�FLUFOHV�RQ�WKH�SRODU�SODQH��WKH�KRUL]RQWDO�OLQHV�WKDW�LQGLFDWH�YDOXHV�RI�FRQVWDQW
UHDFWDQFH�PDS�WR�DUFV�RQ�WKH�SRODU�SODQH��=R�PDSV�WR�WKH�H[DFW�FHQWHU�RI�WKH�FKDUW��
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7R�XVH�WKH�FKDUW��ZH�FDQ�WDNH�WKH�YDOXH�RI�� �IURP�RXU�QHWZRUN�DQDO\]HU�DQG�GUDZ�D�FLUFOH�RQ�WKH�6PLWK�&KDUW��:Hρ
WKHQ�ILQG�WKH�DQJOH�IURP�RXU�QHWZRUN�DQDO\]HU�DQG�SORW�WKH�DSSURSULDWH�UDGLXV�RQ�WKH�FKDUW��)LQDOO\��ZH�UHDG�WKH
LPSHGDQFH�DW�WKH�SRLQW�RI�LQWHUVHFWLRQ�RI�WKH�FLUFOH�DQG�UDGLXV��,Q�JHQHUDO��6PLWK�&KDUWV�DUH�QRUPDOL]HG�WR�=R��WKDW
LV��WKH�LPSHGDQFH�YDOXHV�DUH�GLYLGHG�E\�=R��7KH�FKDUW�LV�WKHQ�LQGHSHQGHQW�RI�WKH�FKDUDFWHULVWLF�LPSHGDQFH�RI�WKH
V\VWHP�LQ�TXHVWLRQ��$FWXDO�LPSHGDQFH�YDOXHV�DUH�GHULYHG�E\�PXOWLSO\LQJ�WKH�LQGLFDWHG�YDOXH�E\�=R��)RU�H[DPSOH��LQ
D����RKP�V\VWHP��D�QRUPDOL]HG�YDOXH�RI�������M�����EHFRPHV������M����RKPV��LQ�D����RKP�V\VWHP���������M������RKPV�

)RUWXQDWHO\��ZH�QR�ORQJHU�KDYH�WR�JR�WKURXJK�WKH�H[HUFLVH�RXUVHOYHV��2XW�QHWZRUN�DQDO\]HU�FDQ�GLVSOD\�WKH�6PLWK
&KDUW��SORW�PHDVXUHG�GDWD�RQ�LW��DQG�SURYLGH�DGMXVWDEOH�PDUNHUV�DQG�FDOFXODWHG�LPSHGDQFH�DW�WKH�PDUNHG�SRLQW�

������
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1RZ�WKDW�ZH�IXOO\�XQGHUVWDQG�WKH�UHODWLRQVKLS�RI�HOHFWURPDJQHWLF�ZDYHV��ZH�PXVW�DOVR�UHFRJQL]H�WKH�WHUPV�XVHG�WR
GHVFULEH�WKHP���:H�ZLOO�VKRZ�KRZ�WR�PHDVXUH�WKH�LQFLGHQW��UHIOHFWHG�DQG�WKH�WUDQVPLWWHG�ZDYHV���&RPPRQ�QHWZRUN
DQDO\]HU�WHUPLQRORJ\�KDV�WKH�LQFLGHQW�ZDYH�PHDVXUHG�ZLWK�WKH�5��IRU�UHIHUHQFH��FKDQQHO��7KH�UHIOHFWHG�ZDYH�LV
PHDVXUHG�ZLWK�WKH�$�FKDQQHO�DQG�WKH�WUDQVPLWWHG�ZDYH�LV�PHDVXUHG�ZLWK�WKH�%�FKDQQHO��:LWK�DPSOLWXGH�DQG�SKDVH
LQIRUPDWLRQ�RI�WKHVH�WKUHH�ZDYHV��ZH�FDQ�TXDQWLI\�WKH�UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�FKDUDFWHULVWLFV�RI�RXU�GHYLFH
XQGHU�WHVW��'87����6RPH�RI�WKH�FRPPRQ�PHDVXUHG�WHUPV�DUH�VFDODU�LQ�QDWXUH��WKH�SKDVH�SDUW�LV�LJQRUHG�RU�QRW��
PHDVXUHG���ZKLOH�RWKHUV�DUH�YHFWRU��ERWK�PDJQLWXGH�DQG�SKDVH�DUH�PHDVXUHG���)RU�H[DPSOH��UHWXUQ�ORVV�LV�D�VFDODU
PHDVXUHPHQW�RI�UHIOHFWLRQ��ZKLOH�LPSHGDQFH�LV�D�YHFWRU�UHIOHFWLRQ�PHDVXUHPHQW��5DWLRHG�UHIOHFWLRQ�LV�RIWHQ�VKRZQ
DV�$�5�DQG�UDWLRHG�WUDQVPLVVLRQ�LV�RIWHQ�VKRZQ�DV�%�5��UHODWLQJ�WR�WKH�PHDVXUHPHQW�FKDQQHOV�XVHG�LQ�WKH�QHWZRUN
DQDO\]HU�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

+LJK�)UHTXHQF\�'HYLFH�&KDUDFWHUL]DWLRQ

Transmitted

Incident

75$160,66,21

Gain / Loss

S-Parameters
S21,S12

Group
Delay

Transmission
Coefficient

Insertion
Phase

Reflected

Incident

5()/(&7,21

SWR

S-Parameters
S11,S22 Reflection

Coefficient

Impedance,
Admittance

R+jX,
G+jB

Return
Loss

Γ, ρ Τ,τ

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG5
%

$

A

R
=

B

R
=

������
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7UDQVPLVVLRQ�FRHIILFLHQW�Τ�LV�GHILQHG�DV�WKH�WUDQVPLWWHG�YROWDJH�GLYLGHG�E\�WKH�LQFLGHQW�YROWDJH���,I�_9WUDQV_�!�_9LQF_��ZH
KDYH�JDLQ��DQG�LI�_9WUDQV_���_9LQF_��ZH�KDYH�DWWHQXDWLRQ�RU�LQVHUWLRQ�ORVV���:KHQ�LQVHUWLRQ�ORVV�LV�H[SUHVVHG�LQ�G%��D
QHJDWLYH�VLJQ�LV�DGGHG�LQ�WKH�GHILQLWLRQ�VR�WKDW�WKH�ORVV�YDOXH�LV�H[SUHVVHG�DV�D�SRVLWLYH�QXPEHU��7KH�SKDVH�SRUWLRQ
RI��WKH�WUDQVPLVVLRQ�FRHIILFLHQW�LV�FDOOHG�LQVHUWLRQ�SKDVH�

7KHUH�LV�PRUH�WR�WUDQVPLVVLRQ�WKDQ�VLPSOH�JDLQ�RU�ORVV��0RVW�VLJQDOV�DUH�WLPH�YDU\LQJ��WKDW�LV��WKH\�RFFXS\�D�JLYHQ
EDQGZLGWK�DQG�DUH�PDGH�XS�RI�PXOWLSOH�FRPSRQHQWV��,W�PLJKW�EH�LPSRUWDQW��WKHQ��WR�NQRZ�WR�ZKDW�H[WHQW�WKH
GHYLFH�XQGHU�WHVW�DOWHUV�WKH�PDNHXS�RI�WKH�VLJQDO�DQG�WKHUHE\�GLVWRUWV�WKH�VLJQDO�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

7UDQVPLVVLRQ�3DUDPHWHUV

VTransmitted
V

Incident

Transmission Coefficient   = Τ =
VTransmitted

V Incident
 =  τ∠φ

DUT

Gain  (dB)   =  20 Log
V Trans

V Inc

 =   20 log τ

Insertion Loss (dB)   =   - 20 Log
V Trans

V Inc

 =   - 20 log τ

������
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%HIRUH�ZH�H[SORUH�WKH�GLIIHUHQW�W\SHV�RI�VLJQDO�GLVWRUWLRQ�WKDW�FDQ�RFFXU��OHWV�UHYLHZ�WKH�GLIIHUHQFHV�EHWZHHQ�OLQHDU
DQG�QRQOLQHDU�EHKDYLRU��'HYLFHV�WKDW�EHKDYH�OLQHDUO\�RQO\�LPSRVH�PDJQLWXGH�DQG�SKDVH�FKDQJHV�RQ�LQSXW�VLJQDOV�
$Q\�VLQXVRLG�DSSHDULQJ�DW�WKH�LQSXW�ZLOO�DOVR�DSSHDU�DW�WKH�RXWSXW�DW�WKH�VDPH�IUHTXHQF\��1R�QHZ�VLJQDOV�DUH
FUHDWHG�

1RQ�OLQHDU�GHYLFHV�FDQ�VKLIW�LQSXW�VLJQDOV�LQ�IUHTXHQF\��D�PL[HU�IRU�H[DPSOH��DQG�RU�FUHDWH�QHZ�VLJQDOV�LQ�WKH�IRUP
RI�KDUPRQLFV�RU�LQWHUPRGXODWLRQ�SURGXFWV��0DQ\�FRPSRQHQWV�WKDW�EHKDYH�OLQHDUO\�XQGHU�PRVW�VLJQDO�FRQGLWLRQV
FDQ�H[KLELW�QRQOLQHDU�EHKDYLRU�LI�GULYHQ�ZLWK�D�ODUJH�HQRXJK�LQSXW�VLJQDO��7KLV�LV�WUXH�IRU�ERWK�SDVVLYH�GHYLFHV�OLNH
ILOWHUV�DQG�DFWLYH�GHYLFHV�OLNH�DPSOLILHUV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

/LQHDU�9HUVXV�1RQOLQHDU�%HKDYLRU

/LQHDU�EHKDYLRU�
●LQSXW�DQG�RXWSXW�IUHTXHQFLHV
DUH�WKH�VDPH��QR�DGGLWLRQDO
IUHTXHQFLHV�FUHDWHG�
●RXWSXW�IUHTXHQF\�RQO\
XQGHUJRHV�PDJQLWXGH�DQG
SKDVH�FKDQJH

Time

A

to

Frequencyf
1

Time

Sin 360   * f * t°

Frequency

A
 phase shift = to

* 360  * f°

1
f

DUT

 A * Sin 360  * f ( t - t   )° °

,QSXW 2XWSXW

Time

Frequency

1RQOLQHDU�EHKDYLRU�
●RXWSXW�IUHTXHQF\�PD\�XQGHUJR
IUHTXHQF\�VKLIW��H�J��ZLWK�PL[HUV�
●DGGLWLRQDO�IUHTXHQFLHV�FUHDWHG
�KDUPRQLFV��LQWHUPRGXODWLRQ�

f
1

������
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1RZ�OHWV�H[DPLQH�KRZ�OLQHDU�QHWZRUNV�FDQ�FDXVH�VLJQDO�GLVWRUWLRQ��7KHUH�DUH�WZR�FULWHULD�WKDW�PXVW�EH�VDWLVILHG�IRU
OLQHDU�GLVWRUWLRQOHVV�WUDQVPLVVLRQ��)LUVW��WKH�DPSOLWXGH��PDJQLWXGH��UHVSRQVH�RI�WKH�GHYLFH�RU�V\VWHP�PXVW�EH�IODW
RYHU�WKH�EDQGZLGWK�RI�LQWHUHVW��7KLV�PHDQV�DOO�IUHTXHQFLHV�ZLWKLQ�WKH�EDQGZLGWK�ZLOO�EH�DWWHQXDWHG�LGHQWLFDOO\�
6HFRQG��WKH�SKDVH�UHVSRQVH�PXVW�EH�OLQHDU�RYHU�WKH�EDQGZLGWK�RI�LQWHUHVW�

+RZ�FDQ�PDJQLWXGH�DQG�SKDVH�GLVWRUWLRQ�RFFXU"��7KH�IROORZLQJ�WZR�H[DPSOHV�ZLOO�LOOXVWUDWH�KRZ�ERWK�PDJQLWXGH
DQG�SKDVH�UHVSRQVHV�FDQ�LQWURGXFH�OLQHDU�GLVWRUWLRQ�RQWR�VLJQDOV�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

&ULWHULD�IRU�'LVWRUWLRQOHVV�7UDQVPLVVLRQ
�����������������/LQHDU�1HWZRUNV

 

&RQVWDQW�DPSOLWXGH RYHU�
EDQGZLGWK�RI�LQWHUHVW

M
ag

ni
tu

de

P
ha

se

Frequency Frequency

/LQHDU�SKDVH RYHU�
EDQGZLGWK�RI�LQWHUHVW
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+HUH�LV�DQ�H[DPSOH�RI�D�VTXDUH�ZDYH��FRQVLVWLQJ�RI�WKUHH�VLQXVRLGV��DSSOLHG�WR�D�EDQGSDVV�ILOWHU��7KH�ILOWHU�LPSRVHV
D�QRQ�XQLIRUP�DPSOLWXGH�FKDQJH�WR�HDFK�IUHTXHQF\�FRPSRQHQW��(YHQ�WKRXJK�QR�SKDVH�FKDQJHV�DUH�LQWURGXFHG��WKH
IUHTXHQF\�FRPSRQHQWV�QR�ORQJHU�VXP�WR�D�VTXDUH�ZDYH�DW�WKH�RXWSXW��7KH�VTXDUH�ZDYH�LV�QRZ�VHYHUHO\�GLVWRUWHG�
KDYLQJ�EHFRPH�PRUH�VLQXVRLGDO�LQ�QDWXUH�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

0DJQLWXGH�9DULDWLRQ�ZLWK�)UHTXHQF\

  

  

F(t) = sin wt + 1 /3  sin 3wt + 1 /5  sin 5wt

Time

Linear 
Network

Frequency Frequency Frequency

M
ag

ni
tu

de

Time
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/HW
V�DSSO\�WKH�VDPH�VTXDUH�ZDYH�WR�DQRWKHU�ILOWHU��+HUH��WKH�WKLUG�KDUPRQLF�XQGHUJRHV�D����R�SKDVH�FKDQJH��EXW�WKH
RWKHU�FRPSRQHQWV�DUH�QRW�VKLIWHG�LQ�SKDVH��$OO�WKH�DPSOLWXGHV�RI�WKH�WKUHH�VSHFWUDO�FRPSRQHQWV�UHPDLQ�WKH�VDPH
�ILOWHUV�ZKLFK�RQO\�DIIHFW�WKH�SKDVH�RI�VLJQDOV�DUH�FDOOHG�DOOSDVV�ILOWHUV���7KH�RXWSXW�LV�DJDLQ�GLVWRUWHG��DSSHDULQJ
YHU\�LPSXOVLYH�WKLV�WLPH�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

3KDVH�9DULDWLRQ�ZLWK�)UHTXHQF\
 

  

Frequency

M
ag

ni
tu

de

Linear 
Network

Frequency

Frequency

Time

0

-180

-360

°

°

°

Time

F(t) = sin wt + 1 /3  sin 3wt + 1 /5  sin 5wt
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/RRNLQJ�DW�LQVHUWLRQ�SKDVH�GLUHFWO\�LV�XVXDOO\�QRW�YHU\�XVHIXO��7KLV�LV�EHFDXVH�WKH�SKDVH�KDV�D�QHJDWLYH�VORSH�ZLWK
UHVSHFW�WR�IUHTXHQF\�GXH�WR�WKH�HOHFWULFDO�OHQJWK�RI�WKH�GHYLFH��WKH�ORQJHU�WKH�GHYLFH��WKH�JUHDWHU�WKH�VORSH���6LQFH�LW
LV�RQO\�WKH�GHYLDWLRQ�IURP�OLQHDU�SKDVH�ZKLFK�FDXVHV�GLVWRUWLRQ��LW�LV�GHVLUDEOH�WR�UHPRYH�WKH�OLQHDU�SRUWLRQ�RI�WKH
SKDVH�UHVSRQVH��7KLV�FDQ�EH�DFFRPSOLVKHG�E\�XVLQJ�WKH�HOHFWULFDO�GHOD\�IHDWXUH�RI�WKH�QHWZRUN�DQDO\]HU�WR�FDQFHO
WKH�HOHFWULFDO�OHQJWK�RI�WKH�'87��7KLV�UHVXOWV�LQ�D�KLJK�UHVROXWLRQ�GLVSOD\�RI�SKDVH�GLVWRUWLRQ��GHYLDWLRQ�IURP�OLQHDU
SKDVH��

� Network Analyzer Basics
DJB   12/96  na_basic.pre

'HYLDWLRQ�IURP�/LQHDU�3KDVH

  

Use electrical delay to remove 
linear portion of phase response

Linear electrical 
length added

+ yields

Frequency

(Electrical delay function)

Frequency

RF filter response
Deviation from 
linear phase

P
ha

se
 1

  /
D

iv
o

P
ha

se
 4

5 
 /D

iv
o

Frequency

/RZ�UHVROXWLRQ +LJK�UHVROXWLRQ
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$QRWKHU�XVHIXO�PHDVXUH�RI�SKDVH�GLVWRUWLRQ�LV�JURXS�GHOD\��*URXS�GHOD\�LV�D�PHDVXUH�RI�WKH�WUDQVLW�WLPH�RI�D�VLJQDO
WKURXJK�WKH�GHYLFH�XQGHU�WHVW��YHUVXV�IUHTXHQF\��*URXS�GHOD\�LV�FDOFXODWHG�E\��GLIIHUHQWLDWLQJ�WKH�LQVHUWLRQ�SKDVH
UHVSRQVH�RI�WKH�'87�YHUVXV�IUHTXHQF\��$QRWKHU�ZD\�WR�VD\�WKLV�LV�WKDW�JURXS�GHOD\�LV�D�PHDVXUH�RI�WKH�VORSH�RI�WKH
WUDQVPLVVLRQ�SKDVH�UHVSRQVH��7KH�OLQHDU�SRUWLRQ�RI�WKH�SKDVH�UHVSRQVH�LV�FRQYHUWHG�WR�D�FRQVWDQW�YDOXH
�UHSUHVHQWLQJ�WKH�DYHUDJH�VLJQDO�WUDQVLW�WLPH��DQG�GHYLDWLRQV�IURP�OLQHDU�SKDVH�DUH�WUDQVIRUPHG�LQWR�GHYLDWLRQV
IURP�FRQVWDQW�JURXS�GHOD\��7KH�YDULDWLRQV�LQ�JURXS�GHOD\�FDXVH�VLJQDO�GLVWRUWLRQ��MXVW�DV�GHYLDWLRQV�IURP�OLQHDU
SKDVH�FDXVH�GLVWRUWLRQ���*URXS�GHOD\�LV�MXVW�DQRWKHU�ZD\�WR�ORRN�DW�OLQHDU�SKDVH�GLVWRUWLRQ�

:KHQ�VSHFLI\LQJ�RU�PHDVXULQJ�JURXS�GHOD\��LW�LV�LPSRUWDQW�WR�TXDQWLI\�WKH�DSHUWXUH�LQ�ZKLFK�WKH�PHDVXUHPHQW�LV
PDGH���7KH�DSHUWXUH�LV�GHILQHG�DV�WKH�IUHTXHQF\�GHOWD�XVHG�LQ�WKH�GLIIHUHQWLDWLRQ�SURFHVV��WKH�GHQRPLQDWRU�LQ�WKH
JURXS�GHOD\�IRUPXOD����$V�ZH�ZLGHQ�WKH�DSHUWXUH��WUDFH�QRLVH�LV�UHGXFHG�EXW�OHVV�JURXS�GHOD\�UHVROXWLRQ�LV�DYDLODEOH
�ZH�DUH�HVVHQWLDOO\�DYHUDJLQJ�WKH�SKDVH�UHVSRQVH�RYHU�D�ZLGHU�ZLQGRZ����$V�ZH�PDNH�WKH�DSHUWXUH�PRUH�QDUURZ�
WUDFH�QRLVH�LQFUHDVHV�EXW�ZH�KDYH�PRUH�PHDVXUHPHQW�UHVROXWLRQ�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

*URXS�'HOD\��*'�

in radians

in radians/sec

in degrees

f   in Hertz  (ω = 2 π f)

φ
ω
φ

Group Delay (t  )g =

−d φ
d ω =

−1

360 o

d φ
d f*

Frequency

Group delay ripple

Average delay

t o

t g

Phase
φ

∆φ

Frequency

∆ω

ω

● *'�ULSSOH�LQGLFDWHV�SKDVH�GLVWRUWLRQ
● DYHUDJH�GHOD\�LQGLFDWHV�HOHFWULFDO�OHQJWK�RI�'87
● DSHUWXUH�RI�PHDVXUHPHQW�LV�YHU\�LPSRUWDQW

➨DSHUWXUH�LV�IUHTXHQF\�GHOWD�XVHG�WR�FDOFXODWH�*'
➨ZLGHU�DSHUWXUH���ORZHU�QRLVH����OHVV�UHVROXWLRQ
➨QDUURZHU�DSHUWXUH���PRUH�UHVROXWLRQ����KLJKHU�QRLVH

������
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:K\�DUH�ERWK�GHYLDWLRQ�IURP�OLQHDU�SKDVH�DQG�JURXS�GHOD\�FRPPRQO\�PHDVXUHG"�'HSHQGLQJ�RQ�WKH�GHYLFH��ERWK
PD\�EH�LPSRUWDQW��6SHFLI\LQJ�D�PD[LPXP�SHDN�WR�SHDN�YDOXH�RI�SKDVH�ULSSOH�LV�QRW�VXIILFLHQW�WR�FRPSOHWHO\
FKDUDFWHUL]H�D�GHYLFH�VLQFH�WKH�VORSH�RI�WKH�SKDVH�ULSSOH�LV�GHSHQGHQW�RQ�WKH�QXPEHU�RI�ULSSOHV�ZKLFK�RFFXU�SHU
XQLW�RI�IUHTXHQF\��*URXS�GHOD\�WDNHV�WKLV�LQWR�DFFRXQW�VLQFH�LW�LV�WKH�GLIIHUHQWLDWHG�SKDVH�UHVSRQVH��*URXS�GHOD\�LV
RIWHQ�D�PRUH�HDVLO\�LQWHUSUHWHG�LQGLFDWLRQ�RI�SKDVH�GLVWRUWLRQ��

7KH�SORW�DERYH�VKRZV�WKDW�WKH�VDPH�YDOXH�RI�SHDN�WR�SHDN�SKDVH�ULSSOH�FDQ�UHVXOW�LQ�VXEVWDQWLDOO\�GLIIHUHQW�JURXS
GHOD\�UHVSRQVHV��7KH�UHVSRQVH�RQ�WKH�ULJKW�ZLWK�WKH�ODUJHU�JURXS�GHOD\�YDULDWLRQ�ZRXOG�FDXVH�PRUH�VLJQDO
GLVWRUWLRQ�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

:K\�0HDVXUH�*URXS�'HOD\"

6DPH�S�S�SKDVH�ULSSOH�FDQ�UHVXOW�LQ�GLIIHUHQW�JURXS�GHOD\

P
ha

se

P
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,Q�RUGHU�WR�FRPSOHWHO\�FKDUDFWHUL]H�DQ�XQNQRZQ�OLQHDU�WZR�SRUW�GHYLFH��ZH�PXVW�PDNH�PHDVXUHPHQWV�XQGHU
YDULRXV�FRQGLWLRQV�DQG�FRPSXWH�D�VHW�RI�SDUDPHWHUV��7KHVH�SDUDPHWHUV�FDQ�EH�XVHG�WR�FRPSOHWHO\�GHVFULEH�WKH
HOHFWULFDO�EHKDYLRU�RI�RXU�GHYLFH��RU�QHWZRUN���HYHQ�XQGHU�VRXUFH�DQG�ORDG�FRQGLWLRQV�RWKHU�WKDQ�ZKHQ�ZH�PDGH
RXU�PHDVXUHPHQWV��)RU�ORZ�IUHTXHQF\�FKDUDFWHUL]DWLRQ�RI�GHYLFHV��WKH�WKUHH�PRVW�FRPPRQO\�PHDVXUHG�SDUDPHWHUV
DUH�WKH�+��<�DQG�=�SDUDPHWHUV��$OO�RI�WKHVH�SDUDPHWHUV�UHTXLUH�PHDVXULQJ�WKH�WRWDO�YROWDJH�RU�FXUUHQW�DV�D�IXQFWLRQ
RI�IUHTXHQF\�DW�WKH�LQSXW�RU�RXWSXW�QRGHV��SRUWV��RI�WKH�GHYLFH��)XUWKHUPRUH��ZH�KDYH�WR�DSSO\�HLWKHU�RSHQ�RU�VKRUW
FLUFXLWV�DV�SDUW�RI�WKH�PHDVXUHPHQW��([WHQGLQJ�PHDVXUHPHQWV�RI�WKHVH�SDUDPHWHUV�WR�KLJK�IUHTXHQFLHV�LV�QRW�YHU\
SUDFWLFDO�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

&KDUDFWHUL]LQJ�8QNQRZQ�'HYLFHV

8VLQJ�SDUDPHWHUV��+��<��=��6��WR�FKDUDFWHUL]H�GHYLFHV�
JLYHV�XV�D�OLQHDU�EHKDYLRUDO�PRGHO�RI�RXU�GHYLFH
PHDVXUH�SDUDPHWHUV��H�J��YROWDJH�DQG�FXUUHQW��YHUVXV�IUHTXHQF\�XQGHU�
YDULRXV�VRXUFH�DQG�ORDG�FRQGLWLRQV��H�J��VKRUW�DQG�RSHQ�FLUFXLWV�
FRPSXWH�GHYLFH�SDUDPHWHUV�IURP�PHDVXUHG�GDWD
QRZ�ZH�FDQ�SUHGLFW�FLUFXLW�SHUIRUPDQFH�XQGHU�DQ\�VRXUFH�DQG�ORDG�FRQGLWLRQV

+�SDUDPHWHUV
9�  �K��,� ��K��9�

,�  �K��,� ��K��9�

<�SDUDPHWHUV
,�  �\��9� ��\��9�

,�  �\��9� ��\��9�

=�SDUDPHWHUV
9�  �]��,� ��]��,�
9�  �]��,� ��]��,�

K��  �9�

,� 9� �

K��  �9�

9� ,� �

�UHTXLUHV�VKRUW FLUFXLW�

�UHTXLUHV�RSHQ FLUFXLW�
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$W�KLJK�IUHTXHQFLHV��LW�LV�YHU\�KDUG�WR�PHDVXUH�WRWDO�YROWDJH�DQG�FXUUHQW�DW�WKH�GHYLFH�SRUWV��2QH�FDQQRW�VLPSO\
FRQQHFW�D�YROWPHWHU�RU�FXUUHQW�SUREH�DQG�JHW�DFFXUDWH�PHDVXUHPHQWV�GXH�WR�WKH�LPSHGDQFH�RI�WKH�SUREHV
WKHPVHOYHV�DQG�WKH�GLIILFXOW\�RI�SODFLQJ�WKH�SUREHV�DW�WKH�GHVLUHG�SRVLWLRQV��,Q�DGGLWLRQ��DFWLYH�GHYLFHV�PD\
RVFLOODWH�RU�VHOI�GHVWUXFW�ZLWK�WKH�FRQQHFWLRQ�RI�VKRUWV�DQG�RSHQV�

&OHDUO\��VRPH�RWKHU�ZD\�RI�FKDUDFWHUL]LQJ�KLJK�IUHTXHQF\�QHWZRUNV�LV�QHHGHG�WKDW�GRHVQ
W�KDYH�WKHVH�GUDZEDFNV�
7KDW�LV�ZK\�VFDWWHULQJ�RU�6�SDUDPHWHUV�ZHUH�GHYHORSHG��6�SDUDPHWHUV�KDYH�PDQ\�DGYDQWDJHV�RYHU�WKH�SUHYLRXVO\
PHQWLRQHG�+��<�RU�=�SDUDPHWHUV��7KH\�UHODWH�WR�IDPLOLDU�PHDVXUHPHQWV�VXFK�DV�JDLQ��ORVV��DQG�UHIOHFWLRQ�FRHIILFLHQW�
7KH\�DUH�GHILQHG�LQ�WHUPV�RI�YROWDJH�WUDYHOLQJ�ZDYHV��ZKLFK�DUH�UHODWLYHO\�HDV\�WR�PHDVXUH��6�SDUDPHWHUV�GRQ
W
UHTXLUH�FRQQHFWLRQ�RI�XQGHVLUDEOH�ORDGV�WR�WKH�GHYLFH�XQGHU�WHVW��7KH�PHDVXUHG�6�SDUDPHWHUV�RI�PXOWLSOH�GHYLFHV
FDQ�EH�FDVFDGHG�WR�SUHGLFW�RYHUDOO�V\VWHP�SHUIRUPDQFH��,I�GHVLUHG��+��<��RU�=�SDUDPHWHUV�FDQ�EH�GHULYHG�IURP
6�SDUDPHWHUV��$QG�YHU\�LPSRUWDQW�IRU�5)�GHVLJQ��6�SDUDPHWHUV�DUH�HDVLO\�LPSRUWHG�DQG�XVHG�ZLWK
HOHFWURQLF�VLPXODWLRQ�WRROV���6�SDUDPHWHUV�DUH�WKH�VKDUHG�ODQJXDJH�EHWZHHQ�VLPXODWLRQ�DQG�PHDVXUHPHQW�

$Q�1�SRUW�'87�KDV�1��6�SDUDPHWHUV���6R��D�WZR�SRUW�GHYLFH�KDV�IRXU�6�SDUDPHWHUV��7KH�QXPEHULQJ�FRQYHQWLRQ�IRU
6�SDUDPHWHUV�LV�WKDW�WKH�ILUVW�QXPEHU�IROORZLQJ�WKH��6��LV�WKH�SRUW�ZKHUH�WKH�VLJQDO�HPHUJHV��DQG�WKH�VHFRQG�QXPEHU
LV�WKH�SRUW�ZKHUH�WKH�VLJQDO�LV�DSSOLHG��6R��6���LV�D�PHDVXUH�RI�WKH�VLJQDO�FRPLQJ�RXW�SRUW���UHODWLYH�WR�WKH�5)
VWLPXOXV�HQWHULQJ�SRUW�����:KHQ�WKH�QXPEHUV�DUH�WKH�VDPH��H�J���6�����LW�LQGLFDWHV�D�UHIOHFWLRQ�PHDVXUHPHQW��DV�WKH
LQSXW�DQG�RXWSXW�SRUWV�DUH�WKH�VDPH���7KH�LQFLGHQW�WHUPV��D���D���DQG�RXWSXW�WHUPV��E���E���DUH�H[SUHVVHG�LQ�WHUPV
RI�YROWDJH�WUDYHOLQJ�ZDYHV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

:K\�8VH�6�3DUDPHWHUV"

● UHODWLYHO\�HDV\�WR�REWDLQ�DW�KLJK�IUHTXHQFLHV
➨PHDVXUH�YROWDJH�WUDYHOLQJ�ZDYHV�ZLWK�D
YHFWRU�QHWZRUN�DQDO\]HU

➨GRQ
W�QHHG�VKRUWV�RSHQV�ZKLFK�FDQ�FDXVH
DFWLYH�GHYLFHV�WR�RVFLOODWH�RU�VHOI�GHVWUXFW

● UHODWH�WR�IDPLOLDU�PHDVXUHPHQWV
�JDLQ��ORVV��UHIOHFWLRQ�FRHIILFLHQW�����

● FDQ�FDVFDGH�6�SDUDPHWHUV�RI�PXOWLSOH
GHYLFHV�WR�SUHGLFW�V\VWHP�SHUIRUPDQFH

● FDQ�FRPSXWH�+��<��RU�=�SDUDPHWHUV
IURP�6�SDUDPHWHUV�LI�GHVLUHG

● FDQ�HDVLO\�LPSRUW�DQG�XVH�6�SDUDPHWHU
ILOHV�LQ�RXU�HOHFWURQLF�VLPXODWLRQ�WRROV

Incident TransmittedS21

S11
Reflected S22

Reflected

Transmitted Incident

b1

a1
b2

a2
S12

DUT

b1 = S11a1 + S12 a2

b2 = S21 a1 + S22 a2

Port 1 Port 2

������
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6OLGH����

6���DQG�6���DUH�GHWHUPLQHG�E\�PHDVXULQJ�WKH�PDJQLWXGH�DQG�SKDVH�RI�WKH�LQFLGHQW��UHIOHFWHG�DQG�WUDQVPLWWHG
YROWDJH�VLJQDOV�ZKHQ�WKH�RXWSXW�LV�WHUPLQDWHG�LQ�D�SHUIHFW�=R��D�ORDG�WKDW�HTXDOV�WKH�FKDUDFWHULVWLF�LPSHGDQFH�RI
WKH�WHVW�V\VWHP���7KLV�FRQGLWLRQ�JXDUDQWHHV�WKDW�D

�
�LV�]HUR��VLQFH�WKHUH�LV�QR�UHIOHFWLRQ�IURP�DQ�LGHDO�ORDG��6���LV

HTXLYDOHQW�WR�WKH�LQSXW�FRPSOH[�UHIOHFWLRQ�FRHIILFLHQW�RU�LPSHGDQFH�RI�WKH�'87��DQG�6���LV�WKH�IRUZDUG�FRPSOH[
WUDQVPLVVLRQ�FRHIILFLHQW��/LNHZLVH��E\�SODFLQJ�WKH�VRXUFH�DW�SRUW���DQG�WHUPLQDWLQJ�SRUW���LQ�D�SHUIHFW�ORDG��PDNLQJ
D
�
�]HUR���6���DQG�6���PHDVXUHPHQWV�FDQ�EH�PDGH��6���LV�HTXLYDOHQW�WR�WKH�RXWSXW�FRPSOH[�UHIOHFWLRQ�FRHIILFLHQW�RU

RXWSXW�LPSHGDQFH�RI�WKH�'87��DQG�6���LV�WKH�UHYHUVH�FRPSOH[�WUDQVPLVVLRQ�FRHIILFLHQW�

7KH�DFFXUDF\�RI�6�SDUDPHWHU�PHDVXUHPHQWV�GHSHQGV�JUHDWO\�RQ�KRZ�JRRG�D�WHUPLQDWLRQ�ZH�DSSO\�WR�WKH�SRUW�QRW
EHLQJ�VWLPXODWHG���$Q\WKLQJ�RWKHU�WKDQ�D�SHUIHFW�ORDG�ZLOO�UHVXOW�LQ�D

�
�RU�D

�
�QRW�EHLQJ�]HUR��ZKLFK�YLRODWHV�WKH

GHILQLWLRQ�IRU�6�SDUDPHWHUV���:KHQ�WKH�'87�LV�FRQQHFWHG�WR�WKH�WHVW�SRUWV�RI�D�QHWZRUN�DQDO\]HU�DQG�ZH�GRQ
W
DFFRXQW�IRU�LPSHUIHFW�WHVW�SRUW�PDWFK��ZH�KDYH�QRW�GRQH�D�YHU\�JRRG�MRE�VDWLVI\LQJ�WKH�FRQGLWLRQ�RI�D�SHUIHFW
WHUPLQDWLRQ���)RU�WKLV�UHDVRQ��WZR�SRUW�HUURU�FRUUHFWLRQ��ZKLFK�FRUUHFWV�IRU�VRXUFH�DQG�ORDG�PDWFK��LV�YHU\
LPSRUWDQW�IRU�DFFXUDWH�6�SDUDPHWHU�PHDVXUHPHQWV��WZR�SRUW�FRUUHFWLRQ�LV�FRYHUHG�LQ�WKH�FDOLEUDWLRQ�VHFWLRQ��

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

0HDVXULQJ�6�3DUDPHWHUV

S 11 =
Reflected

Incident
=

b 1

a 1 a 2 = 0

S 21 =
Transmitted

Incident
=

b
2

a 1 a 2 = 0

S 22 = Reflected

Incident
=

b 2

a 2 a 1 = 0

S 12 =
Transmitted

Incident
=

b
1

a 2 a 1 = 0

Incident TransmittedS 21

S 11
Reflected

b 1

a 1

b 2

Z 0

Load
a 2 = 0

DUT)RUZDUG

IncidentTransmitted S 12

S 22

Reflected

b 2

a2
b

a1 = 0

DUTZ0

Load 5HYHUVH

1

������
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6OLGH����

6�SDUDPHWHUV�DUH�HVVHQWLDOO\�WKH�VDPH�SDUDPHWHUV�DV�VRPH�RI�WKH�WHUPV�ZH�KDYH�PHQWLRQHG�EHIRUH��DV�GHVFULEHG
DERYH���5HPHPEHU��6�SDUDPHWHUV�DUH�LQKHUHQWO\�OLQHDU�TXDQWLWLHV����KRZHYHU��ZH�RIWHQ�H[SUHVV�WKHP�LQ�D
ORJ�PDJQLWXGH�IRUPDW���6���DQG�6���DUH�RIWHQ�GLVSOD\HG�RQ�D�6PLWK�FKDUW�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

(TXDWLQJ�6�3DUDPHWHUV�ZLWK�&RPPRQ�
0HDVXUHPHQW�7HUPV

6��  �IRUZDUG�UHIOHFWLRQ�FRHIILFLHQW��LQSXW�PDWFK�
6��  �UHYHUVH�UHIOHFWLRQ�FRHIILFLHQW��RXWSXW�PDWFK�
6��  �IRUZDUG�WUDQVPLVVLRQ�FRHIILFLHQW��JDLQ�RU�ORVV�
6��  �UHYHUVH�WUDQVPLVVLRQ�FRHIILFLHQW��LVRODWLRQ�

5HPHPEHU��6�SDUDPHWHUV�DUH�LQKHUHQWO\�
OLQHDU�TXDQWLWLHV����KRZHYHU��ZH�RIWHQ�
H[SUHVV�WKHP�LQ�D�ORJ�PDJQLWXGH�IRUPDW

������
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6OLGH����

:H�KDYH�MXVW�VHHQ�KRZ�OLQHDU�QHWZRUNV�FDQ�FDXVH�GLVWRUWLRQ���'HYLFHV�ZKLFK�EHKDYH�QRQOLQHDUO\�DOVR�LQWURGXFH
GLVWRUWLRQ��7KH�H[DPSOH�DERYH�VKRZV�DQ�DPSOLILHU�WKDW�LV�RYHUGULYHQ��FDXVLQJ�WKH�VLJQDO�DW�WKH�RXWSXW�WR��FOLS��GXH
WR�VDWXUDWLRQ�LQ�WKH�DPSOLILHU��%HFDXVH�WKH�RXWSXW�VLJQDO�LV�QR�ORQJHU�D�SXUH�VLQXVRLG��KDUPRQLFV�DUH�SUHVHQW�DW
LQWHJHU�PXOWLSOHV�RI�WKH�LQSXW�IUHTXHQF\�

3DVVLYH�GHYLFHV�FDQ�DOVR�H[KLELW�QRQOLQHDU�EHKDYLRU�DW�KLJK�SRZHU�OHYHOV���$�FRPPRQ�H[DPSOH�LV�DQ�/�&�ILOWHU�WKDW
XVHV�LQGXFWRUV�PDGH�ZLWK�PDJQHWLF�FRUHV���0DJQHWLF�PDWHULDOV�RIWHQ�GLVSOD\�K\VWHUHVLV�HIIHFWV��ZKLFK�DUH�KLJKO\
QRQOLQHDU

� Network Analyzer Basics
DJB   10/97  na_basic.pre

&ULWHULD�IRU�'LVWRUWLRQOHVV�7UDQVPLVVLRQ
�������������1RQOLQHDU�1HWZRUNV

 

Frequency Frequency

TimeTime

6DWXUDWLRQ��FURVVRYHU��LQWHUPRGXODWLRQ��DQG�RWKHU�
QRQOLQHDU�HIIHFWV�FDQ�FDXVH�VLJQDO�GLVWRUWLRQ

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

6R�IDU��ZH
YH�IRFXVHG�RXU�DWWHQWLRQ�RQ�OLQHDU�VZHSW�IUHTXHQF\�FKDUDFWHUL]DWLRQ��XVHG�IRU�SDVVLYH�DQG�DFWLYH
GHYLFHV����2WKHU�LPSRUWDQW�FKDUDFWHUL]DWLRQV�IRU�DFWLYH�GHYLFHV�DUH�QRQOLQHDU�EHKDYLRU�VXFK�DV�LQWHUPRGXODWLRQ
GLVWRUWLRQ�DQG�JDLQ�FRPSUHVVLRQ��

1RQOLQHDU�EHKDYLRU�LV�LPSRUWDQW�WR�TXDQWLI\�DV�LW�FDQ�FDXVH�VHYHUH�VLJQDO�GLVWRUWLRQ���7KH�PRVW�FRPPRQ�QRQOLQHDU
PHDVXUHPHQWV�DUH�KDUPRQLF�DQG�LQWHUPRGXODWLRQ�GLVWRUWLRQ��XVXDOO\�PHDVXUHG�ZLWK�VSHFWUXP�DQDO\]HUV�DQG�VLJQDO
VRXUFHV��DQG�JDLQ�FRPSUHVVLRQ�DQG�$0�WR�30�FRQYHUVLRQ��XVXDOO\�PHDVXUHG�ZLWK�QHWZRUN�DQDO\]HUV�DQG�SRZHU
VZHHSV��

:H�ZLOO�FRYHU�VZHSW�SRZHU�PHDVXUHPHQWV�XVLQJ�D�QHWZRUN�DQDO\]HU�LQ�WKH�W\SLFDO�PHDVXUHPHQWV�VHFWLRQ�RI�WKLV
SUHVHQWDWLRQ�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

0HDVXULQJ�1RQOLQHDU�%HKDYLRU
0RVW�FRPPRQ�PHDVXUHPHQWV�

● XVLQJ�D�VSHFWUXP�DQDO\]HU���VRXUFH�V�
➨KDUPRQLFV��SDUWLFXODUO\�VHFRQG�DQG�WKLUG
➨LQWHUPRGXODWLRQ�SURGXFWV�UHVXOWLQJ�IURP�WZR�RU�PRUH�5)�FDUULHUV

● XVLQJ�D�QHWZRUN�DQDO\]HU�DQG�SRZHU�VZHHSV
➨JDLQ�FRPSUHVVLRQ
➨$0�WR�30�FRQYHUVLRQ

RL  0  dBm        ATTEN    10 dB          10 dB / DIV

CENTER  20.00000  MHz                 SPAN  10.00 kHz
RB   30 Hz               VB 30 Hz                   ST   20 secLPF

8563A S PE CTRUM  ANALYZE R      9 kHz - 26.5 GHz

LPF DUT

������
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6OLGH����

1RZ�WKDW�ZH�KDYH�VHHQ�VRPH�RI�WKH�PHDVXUHPHQWV�WKDW�DUH�FRPPRQO\�GRQH�ZLWK�QHWZRUN�DQG�VSHFWUXP�DQDO\]HUV�
LW�PLJKW�EH�KHOSIXO�WR�UHYLHZ�WKH�PDLQ�GLIIHUHQFHV�EHWZHHQ�WKHVH�LQVWUXPHQWV��1HWZRUN�DQDO\]HUV�DUH�XVHG�WR
PHDVXUH�FRPSRQHQWV��GHYLFHV��FLUFXLWV��DQG�VXE�DVVHPEOLHV��7KH\�FRQWDLQ�ERWK�D�VRXUFH�DQG�PXOWLSOH�UHFHLYHUV��DQG
JHQHUDOO\�GLVSOD\�UDWLRHG�DPSOLWXGH�DQG�SKDVH�LQIRUPDWLRQ��IUHTXHQF\�RU�SRZHU�VZHHSV���$�QHWZRUN�DQDO\]HU�LV
DOZD\V�ORRNLQJ�DW�D�NQRZQ�VLJQDO��LQ�WHUPV�RI�IUHTXHQF\���VLQFH�LW�LV�D�VWLPXOXV�UHVSRQVH�V\VWHP��:LWK�QHWZRUN
DQDO\]HUV��LW�LV�KDUGHU�WR�JHW�DQ��DFFXUDWH��WUDFH�RQ�WKH�GLVSOD\��EXW�YHU\�HDV\�WR�LQWHUSUHW�WKH�UHVXOWV��:LWK
YHFWRU�HUURU�FRUUHFWLRQ��QHWZRUN�DQDO\]HUV�SURYLGH��PXFK�KLJKHU�PHDVXUHPHQW�DFFXUDF\�WKDQ�VSHFWUXP�DQDO\]HUV�

6SHFWUXP�DQDO\]HUV�DUH�PRVW�RIWHQ�XVHG�WR�PHDVXUH�VLJQDO�FKDUDFWHULVWLFV�VXFK�DV�FDUULHU�OHYHO��VLGHEDQGV�
KDUPRQLFV��SKDVH�QRLVH��HWF���RQ�XQNQRZQ�VLJQDOV��7KH\�DUH�PRVW�FRPPRQO\�FRQILJXUHG�DV�D�VLQJOH�FKDQQHO
UHFHLYHU��ZLWKRXW�D�VRXUFH��%HFDXVH�RI�WKH�IOH[LELOLW\�QHHGHG�WR�DQDO\]H�VLJQDOV��VSHFWUXP�DQDO\]HUV�JHQHUDOO\�KDYH
D�PXFK�ZLGHU�UDQJH�RI�,)�EDQGZLGWKV�DYDLODEOH�WKDQ�PRVW�QHWZRUN�DQDO\]HUV��6SHFWUXP�DQDO\]HUV�DUH�RIWHQ�XVHG
ZLWK�H[WHUQDO�VRXUFHV�IRU�QRQOLQHDU�VWLPXOXV�UHVSRQVH�WHVWLQJ��:KHQ�FRPELQHG�ZLWK�D�WUDFNLQJ�JHQHUDWRU��VSHFWUXP
DQDO\]HUV�FDQ�EH�XVHG�IRU�VFDODU�FRPSRQHQW�WHVWLQJ��PDJQLWXGH�YHUVXV�IUHTXHQF\��EXW�QR�SKDVH�PHDVXUHPHQWV��
:LWK�VSHFWUXP�DQDO\]HUV��LW�LV�HDV\�WR�JHW�D�WUDFH�RQ�WKH�GLVSOD\��EXW�LQWHUSUHWLQJ�WKH�UHVXOWV�FDQ�EH�PXFK�PRUH
GLIILFXOW�WKDQ�ZLWK�D�QHWZRUN�DQDO\]HU�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

:KDW�LV�WKH�'LIIHUHQFH�%HWZHHQ�1HWZRUN
DQG�6SHFWUXP�$QDO\]HUV"

.

A
m

pl
itu

de
 R

at
io

Frequency

A
m

pl
itu

de

Frequency

8563A
S PE CTRUM  ANALYZER      9 kHz - 26.5

GHz

0HDVXUHV
NQRZQ
VLJQDO

0HDVXUHV
XQNQRZQ
VLJQDOV

���1HWZRUN�DQDO\]HUV�
● PHDVXUH�FRPSRQHQWV��GHYLFHV�
FLUFXLWV��VXE�DVVHPEOLHV

● FRQWDLQ�VRXUFH�DQG�UHFHLYHU
● GLVSOD\�UDWLRHG�DPSOLWXGH�DQG�SKDVH
�IUHTXHQF\�RU�SRZHU�VZHHSV�

● RIIHU�DGYDQFHG�HUURU�FRUUHFWLRQ

��6SHFWUXP�DQDO\]HUV�
● PHDVXUH�VLJQDO�DPSOLWXGH�FKDUDFWHULVWLFV
FDUULHU�OHYHO��VLGHEDQGV��KDUPRQLFV����

● FDQ�GHPRGXODWH��	�PHDVXUH��FRPSOH[�VLJQDOV
● DUH�UHFHLYHUV�RQO\��VLQJOH�FKDQQHO�
● FDQ�EH�XVHG�IRU�VFDODU�FRPSRQHQW�WHVW��QR
SKDVH��ZLWK�WUDFNLQJ�JHQ��RU�H[W��VRXUFH�V�

������
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6OLGH����

,Q�WKLV�QH[W�VHFWLRQ��ZH�ZLOO�ORRN�DW�WKH�PDLQ�SDUWV�RI�D�QHWZRUN�DQDO\]HU���0RUH�GHWDLOHG�LQIRUPDWLRQ�RI�WKH
KDUGZDUH�LQVLGH�WKH�QHWZRUN�DQDO\]HU�LV�DYDLODEOH�LQ�WKH�$SSHQGL[�VHFWLRQ�RI�WKLV�SDSHU�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

$JHQGD

● :K\�GR�ZH�WHVW�FRPSRQHQWV"
● :KDW�PHDVXUHPHQWV�GR�ZH

PDNH"
● 1HWZRUN�DQDO\]HU�KDUGZDUH
● (UURU�PRGHOV�DQG�FDOLEUDWLRQ
● 7\SLFDO�PHDVXUHPHQWV
● $SSHQGL[

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

+HUH�LV�D�JHQHUDOL]HG�EORFN�GLDJUDP�RI�D�QHWZRUN�DQDO\]HU��VKRZLQJ�WKH�PDMRU�VLJQDO�SURFHVVLQJ�VHFWLRQV��,Q�RUGHU
WR�PHDVXUH�WKH�LQFLGHQW��UHIOHFWHG�DQG�WUDQVPLWWHG�VLJQDO��IRXU�VHFWLRQV�DUH�UHTXLUHG�

���6RXUFH�IRU�VWLPXOXV
���6LJQDO�VHSDUDWLRQ�GHYLFHV
���5HFHLYHU�WKDW�SURYLGHV�GHWHFWLRQ
���3URFHVVRU�GLVSOD\�IRU�FDOFXODWLQJ�DQG�UHYLHZLQJ�WKH�UHVXOWV

:H�ZLOO�EULHIO\�H[DPLQH�WKH�VRXUFH��UHFHLYHU��DQG�SURFHVVRU�VHFWLRQV���0RUH�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�VLJQDO
VHSDUDWLRQ�GHYLFHV�DQG�UHFHLYHU�VHFWLRQ�DUH�LQ�WKH�$SSHQGL[�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

*HQHUDOL]HG�1HWZRUN�$QDO\]HU�%ORFN
'LDJUDP

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)

INCIDENT
(R)

6,*1$/

6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

������
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6OLGH����

7KH�VLJQDO�VRXUFH�VXSSOLHV�WKH�VWLPXOXV�IRU�RXU�VWLPXOXV�UHVSRQVH�WHVW�V\VWHP��:H�FDQ�HLWKHU�VZHHS�WKH�IUHTXHQF\
RI�WKH�VRXUFH�RU�VZHHS�LWV�SRZHU�OHYHO��7UDGLWLRQDOO\��QHWZRUN�DQDO\]HUV�XVHG�D�VHSDUDWH�VRXUFH��7KHVH�VRXUFHV
ZHUH�HLWKHU�EDVHG�RQ�RSHQ�ORRS�YROWDJH�FRQWUROOHG�RVFLOODWRUV��9&2V��ZKLFK�ZHUH�FKHDSHU��RU�PRUH�H[SHQVLYH
V\QWKHVL]HG�VZHHSHUV�ZKLFK�SURYLGHG�KLJKHU�SHUIRUPDQFH��HVSHFLDOO\�IRU�PHDVXULQJ�QDUURZEDQG�GHYLFHV�
([FHVVLYH�SKDVH�QRLVH�RQ�RSHQ�ORRS�9&2V�GHJUDGHV�PHDVXUHPHQW�DFFXUDF\�FRQVLGHUDEO\�ZKHQ�PHDVXULQJ
QDUURZEDQG�FRPSRQHQWV�RYHU�VPDOO�IUHTXHQF\�VSDQV��0RVW�QHWZRUN�DQDO\]HUV�WKDW�+3�VHOOV�WRGD\�KDYH�LQWHJUDWHG�
V\QWKHVL]HG�VRXUFHV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

6RXUFH

● 6XSSOLHV�VWLPXOXV�IRU�V\VWHP
● 6ZHSW�IUHTXHQF\�RU�SRZHU
● 7UDGLWLRQDOO\�1$V�XVHG�VHSDUDWH�VRXUFH

➨2SHQ�ORRS�9&2V
➨6\QWKHVL]HG�VZHHSHUV

● 0RVW�+3�DQDO\]HUV�VROG�WRGD\�KDYH�LQWHJUDWHG��V\QWKHVL]HG�VRXUFHV

,QWHJUDWHG��V\QWKHVL]HG�VRXUFHV

������
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6OLGH����

7KHUH�DUH�WZR�IXQFWLRQV�WKDW�RXU�VLJQDO�VHSDUDWLRQ�KDUGZDUH�PXVW�SURYLGH��7KH�ILUVW�LV�WR�PHDVXUH�D�SRUWLRQ�RI��WKH
LQFLGHQW�VLJQDO�WR�SURYLGH�D�UHIHUHQFH�IRU�UDWLRLQJ��7KLV�FDQ�EH�GRQH�ZLWK�VSOLWWHUV�RU�GLUHFWLRQDO�FRXSOHUV��6SOLWWHUV
DUH�XVXDOO\�UHVLVWLYH��7KH\�DUH�QRQ�GLUHFWLRQDO�GHYLFHV��PRUH�RQ�GLUHFWLRQDOLW\�ODWHU��DQG�FDQ�EH�YHU\�EURDGEDQG�
7KH�WUDGH�RII�LV�WKDW�WKH\�XVXDOO\�KDYH���G%�RU�PRUH�RI�ORVV�LQ�HDFK�DUP���'LUHFWLRQDO�FRXSOHUV�KDYH�YHU\�ORZ
LQVHUWLRQ�ORVV��WKURXJK�WKH�PDLQ�DUP��DQG�JRRG�LVRODWLRQ�DQG�GLUHFWLYLW\��

7KH�VHFRQG�IXQFWLRQ�RI�WKH�VLJQDO�VSOLWWLQJ�KDUGZDUH�LV�WR�VHSDUDWH�WKH�LQFLGHQW��IRUZDUG��DQG�UHIOHFWHG��UHYHUVH�
WUDYHOLQJ�ZDYHV�DW�WKH�LQSXW�RI�RXU�'87��$JDLQ��FRXSOHUV�DUH�LGHDO�LQ�WKDW�WKH\�DUH�GLUHFWLRQDO��KDYH�ORZ�ORVV��DQG
KLJK�UHYHUVH�LVRODWLRQ��+RZHYHU��GXH�WR�WKH�GLIILFXOW\�RI�PDNLQJ�WUXO\�EURDGEDQG�FRXSOHUV��EULGJHV�DUH�RIWHQ�XVHG�

0RUH�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKHVH�VLJQDO�VHSDUDWLRQ�GHYLFHV�DUH�SURYLGHG�LQ�WKH�$SSHQGL[�6HFWLRQ���

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

6LJQDO�6HSDUDWLRQ

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)INCIDENT (R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

0HDVXUHV�LQFLGHQW�VLJQDO�IRU�UHIHUHQFH

6HSDUDWHV�LQFLGHQW�DQG�UHIOHFWHG�VLJQDOV

6HUYHV�WZR�SXUSRVHV�

Test Port

DetectorFRXSOHU

VSOLWWHU EULGJH

������
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6OLGH����

8QIRUWXQDWHO\��WKH�VLJQDO�VHSDUDWLRQ�GHYLFHV�DUH�QRW�SHUIHFW���)RU�H[DPSOH��OHW
V�WDNH�D�FORVHU�ORRN�DW��DFWXDO
SHUIRUPDQFH�RI�D�GLUHFWLRQDO�FRXSOHU��

,GHDOO\��D�VLJQDO�WUDYHOLQJ�LQ�WKH�FRXSOHU
V�UHYHUVH�GLUHFWLRQ�ZLOO�QRW�DSSHDU�DW�DOO�DW�WKH�FRXSOHG�SRUW��VLQFH�LWV
HQHUJ\�LV�HLWKHU�DEVRUEHG�LQ�WKH�FRXSOHU
V�LQWHUQDO�ORDG�RU�WKH�H[WHUQDO�WHUPLQDWLRQ�DW�WKH�HQG�RI�WKH�PDLQ�DUP���,Q
UHDOLW\��KRZHYHU��VRPH�HQHUJ\�GRHV�OHDN�WKURXJK�WKH�FRXSOHG�DUP��DV�D�UHVXOW�RI�ILQLWH�LVRODWLRQ��

2QH�RI�WKH�PRVW�LPSRUWDQW�PHDVXUHG�SDUDPHWHU�IRU�FRXSOHUV�LV�WKHLU�GLUHFWLYLW\��'LUHFWLYLW\�LV�D�PHDVXUH�RI�D
FRXSOHU
V�DELOLW\�WR�VHSDUDWH�VLJQDOV�IORZLQJ�LQ�RSSRVLWH�GLUHFWLRQV�ZLWKLQ�WKH�FRXSOHU��,W�FDQ�EH�WKRXJKW�RI�DV�WKH
G\QDPLF�UDQJH�DYDLODEOH�IRU�UHIOHFWLRQ�PHDVXUHPHQWV��'LUHFWLYLW\�FDQ�EH�GHILQHG�DV�

'LUHFWLYLW\��G%�� �,VRODWLRQ��G%����)RUZDUG�&RXSOLQJ�)DFWRU��G%����/RVV��WKURXJK�DUP���G%�

$V�ZH�ZLOO�VHH�LQ�WKH�QH[W�VOLGH��GLUHFWLYLW\�DGGV�HUURU�LQ�RXU�PHDVXUHG�UHVXOWV��

� Network Analyzer Basics
DJB   10/97  na_basic.pre

'LUHFWLYLW\
'LUHFWLYLW\ LV�D�PHDVXUH�RI�KRZ�ZHOO�D�FRXSOHU�FDQ�
VHSDUDWH�VLJQDOV�PRYLQJ�LQ�RSSRVLWH�GLUHFWLRQV

Test port

�XQGHVLUHG�OHDNDJH�VLJQDO� �GHVLUHG�UHIOHFWHG�VLJQDO�

'LUHFWLRQDO�&RXSOHU

LQFLGHQW�VLJQDO

UHIOHFWHG�VLJQDO

������
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6OLGH����

'LUHFWLYLW\�HUURU�LV�WKH�PDLQ�UHDVRQ�ZH�VHH�D�ODUJH�ULSSOH�SDWWHUQ�LQ�PDQ\�PHDVXUHPHQWV�RI�UHWXUQ�ORVV��$W�WKH�SHDNV
RI�WKH�ULSSOH��GLUHFWLYLW\�LV�DGGLQJ�LQ�SKDVH�ZLWK�WKH�UHIOHFWLRQ�IURP�WKH�'87��,Q�VRPH�FDVHV��GLUHFWLYLW\�ZLOO�FDQFHO
WKH�'87
V�UHIOHFWLRQ��UHVXOWLQJ�LQ�D�VKDUS�GLS�LQ�WKH�UHVSRQVH�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

,QWHUDFWLRQ�RI�'LUHFWLYLW\�ZLWK�WKH�'87���
�:LWKRXW�(UURU�&RUUHFWLRQ�

Data Max

Add in Phase
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6OLGH����

7KHUH�DUH�WZR�EDVLF�ZD\V�RI�SURYLGLQJ�VLJQDO�GHWHFWLRQ�LQ�QHWZRUN�DQDO\]HUV��'LRGH�GHWHFWRUV�FRQYHUW�WKH�5)�VLJQDO
OHYHO�WR�D�SURSRUWLRQDO�'&�OHYHO���,I�WKH�VLJQDO�LV�DPSOLWXGH�PRGXODWHG��$&�GHWHFWLRQ���WKH�GLRGH�VWULSV�WKH�5)
FDUULHU�IURP�WKH�PRGXODWLRQ���'LRGH�GHWHFWLRQ�LV�LQKHUHQWO\�VFDODU��DV�SKDVH�LQIRUPDWLRQ�RI�WKH�5)�FDUULHU�LV�ORVW�

7KH�WXQHG�UHFHLYHU�XVHV�D�ORFDO�RVFLOODWRU��/2��WR�PL[�WKH�5)�GRZQ�WR�D�ORZHU��LQWHUPHGLDWH��IUHTXHQF\��,)����7KH
/2�LV�HLWKHU�ORFNHG�WR�WKH�5)�RU�WKH�,)�VLJQDO�VR�WKDW�WKH�UHFHLYHUV�LQ�WKH�QHWZRUN�DQDO\]HU�DUH�DOZD\V�WXQHG�WR�WKH
5)�VLJQDO�SUHVHQW�DW�WKH�LQSXW��7KH�,)�VLJQDO�LV�EDQGSDVV�ILOWHUHG��ZKLFK�QDUURZV�WKH�UHFHLYHU�EDQGZLGWK�DQG�JUHDWO\
LPSURYHV�VHQVLWLYLW\�DQG�G\QDPLF�UDQJH��0RGHUQ�DQDO\]HUV�XVH�DQ�DQDORJ�WR�GLJLWDO�FRQYHUWHU��$'&��DQG
GLJLWDO�VLJQDO�SURFHVVLQJ��'63��WR�H[WUDFW�PDJQLWXGH�DQG�SKDVH�LQIRUPDWLRQ�IURP�WKH�,)�VLJQDO��7KH�WXQHG�UHFHLYHU
DSSURDFK�FDQ�EH�XVHG�LQ�VFDODU�RU�YHFWRU�QHWZRUN�DQDO\]HUV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

'HWHFWRU�7\SHV

Tuned Receiver

6FDODU�EURDGEDQG��QR
SKDVH�LQIRUPDWLRQ�

6FDODU�QDUURZEDQG
�PDJQLWXGH�RQO\�

9HFWRU
�PDJQLWXGH�DQG�SKDVH�

'LRGH

DC

AC
RF

IF Filter

IF = F LO F RF±RF

LO

ADC / DSP

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)INCIDENT (R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

������
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6OLGH����

7KH�PDLQ�DGYDQWDJHV�RI�GLRGH�GHWHFWRUV�DUH�EURDGEDQG�IUHTXHQF\�FRYHUDJH��������0+]�RQ�WKH�ORZ�HQG�WR�!�����
*+]�DW�WKH�KLJK�HQG��DQG�WKH\�DUH�LQH[SHQVLYH�FRPSDUHG�WR�D�WXQHG�UHFHLYHU��'LRGH�GHWHFWRUV�SURYLGH�PHGLXP
VHQVLWLYLW\�DQG�G\QDPLF�UDQJH���WKH\�FDQ�PHDVXUH�VLJQDOV�WR�����G%P�RU�VR�DQG�KDYH�D�G\QDPLF�UDQJH�DURXQG����WR
���G%��GHSHQGLQJ�RQ�WKH�GHWHFWRU�W\SH��7KHLU�EURDGEDQG�QDWXUH�OLPLWV�WKHLU�VHQVLWLYLW\�DQG�PDNHV�WKHP�VHQVLWLYH�WR
VRXUFH�KDUPRQLFV�DQG�RWKHU�VSXULRXV�VLJQDOV��'\QDPLF�UDQJH�LV�LPSURYHG�LQ�PHDVXUHPHQWV�E\�LQFUHDVLQJ�LQSXW
SRZHU�

$&�GHWHFWLRQ�HOLPLQDWHV�WKH�'&�GULIW�RI�WKH�GLRGH�DV�DQ�HUURU�VRXUFH��UHVXOWLQJ�LQ�PRUH�DFFXUDWH�PHDVXUHPHQWV�
7KLV�VFKHPH�DOVR�UHGXFHV�QRLVH�DQG�RWKHU�XQZDQWHG�VLJQDOV��7KH�PDMRU�EHQHILW�RI�'&�GHWHFWLRQ�LV�WKDW�WKHUH�LV�QR
PRGXODWLRQ�RI�WKH�5)�VLJQDO��ZKLFK�FDQ�KDYH�DGYHUVH�HIIHFWV�RQ�WKH�PHDVXUHPHQW�RI�VRPH�GHYLFHV��([DPSOHV
LQFOXGH�DPSOLILHUV�ZLWK�$*&�RU�ODUJH�'&�JDLQ��DQG�QDUURZEDQG�ILOWHUV�

2QH�DSSOLFDWLRQ�ZKHUH�EURDGEDQG�GLRGH�GHWHFWRUV�DUH�YHU\�XVHIXO�LV�PHDVXULQJ�IUHTXHQF\�WUDQVODWLQJ�GHYLFHV�
SDUWLFXODUO\�WKRVH�ZLWK�LQWHUQDO�/2V���6HH�VOLGH�����IRU�D�GHVFULSWLRQ�RI�UHIHUHQFH�PDWHULDO�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

%URDGEDQG�'LRGH�'HWHFWLRQ

(DV\�WR�PDNH EURDGEDQG
,QH[SHQVLYH FRPSDUHG�WR�WXQHG�UHFHLYHU
*RRG�IRU�PHDVXULQJ�IUHTXHQF\�WUDQVODWLQJ�GHYLFHV
,PSURYH�G\QDPLF�UDQJH�E\�LQFUHDVLQJ�SRZHU
0HGLXP VHQVLWLYLW\���G\QDPLF�UDQJH

10 MHz 26.5 GHz

������
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6OLGH����

7XQHG�UHFHLYHUV�SURYLGH�WKH�EHVW�VHQVLWLYLW\�DQG�G\QDPLF�UDQJH��DQG�DOVR�SURYLGH�KDUPRQLF�DQG�VSXULRXV�VLJQDO
UHMHFWLRQ��7KH�QDUURZ�,)�ILOWHU�SURGXFHV�D�FRQVLGHUDEO\�ORZHU�QRLVH�IORRU��UHVXOWLQJ�LQ�D�VLJQLILFDQW�VHQVLWLYLW\
LPSURYHPHQW���)RU�H[DPSOH��D�PLFURZDYH�YHFWRU�QHWZRUN�DQDO\]HU��XVLQJ�D�WXQHG�UHFHLYHU��PLJKW�KDYH�D���N+]�,)
EDQGZLGWK��ZKHUH�D�VFDODU�DQDO\]HU
V�GLRGH�GHWHFWRU�QRLVH�EDQGZLGWK�PLJKW�EH������*+]��0HDVXUHPHQW�G\QDPLF
UDQJH�LV�LPSURYHG�ZLWK�WXQHG�UHFHLYHUV�E\�LQFUHDVLQJ�LQSXW�SRZHU��E\�GHFUHDVLQJ�,)�EDQGZLGWK��RU�E\�DYHUDJLQJ�
7KH�ODWWHU�WZR�WHFKQLTXHV�SURYLGH�D�WUDGH�RII�EHWZHHQ�QRLVH�IORRU�DQG�PHDVXUHPHQW�VSHHG���$YHUDJLQJ�UHGXFHV�WKH
QRLVH�IORRU�RI�WKH�QHWZRUN�DQDO\]HU��DV�RSSRVHG�WR�MXVW�UHGXFLQJ�WKH�QRLVH�H[FXUVLRQV�DV�KDSSHQV�ZKHQ�DYHUDJLQJ
VSHFWUXP�DQDO\]HU�GDWD��EHFDXVH�ZH�DUH�DYHUDJLQJ�FRPSOH[�GDWD��:LWKRXW�SKDVH�LQIRUPDWLRQ��DYHUDJLQJ�GRHV�QRW
LPSURYH�DQDO\]HU�VHQVLWLYLW\�

7KH�VDPH�EORFN�GLDJUDP�IHDWXUHV�WKDW�SURGXFH�LQFUHDVHG�G\QDPLF�UDQJH�DOVR�HOLPLQDWH�KDUPRQLF�DQG�VSXULRXV
UHVSRQVHV��$V�ZDV�PHQWLRQHG�HDUOLHU��WKH�5)�VLJQDO�LV�GRZQFRQYHUWHG�DQG�ILOWHUHG�EHIRUH�LW�LV�PHDVXUHG���7KH
KDUPRQLFV�DVVRFLDWHG�ZLWK�WKH�VRXUFH�DUH�DOVR�GRZQFRQYHUWHG��EXW�WKH\�DSSHDU�DW�IUHTXHQFLHV�RXWVLGH�WKH�,)
EDQGZLGWK�DQG�DUH�WKHUHIRUH�UHPRYHG�E\�ILOWHULQJ�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

1DUURZEDQG�'HWHFWLRQ���7XQHG�5HFHLYHU

%HVW VHQVLWLYLW\���G\QDPLF�UDQJH
3URYLGHV�KDUPRQLF���VSXULRXV�VLJQDO�UHMHFWLRQ
,PSURYH�G\QDPLF�UDQJH�E\�LQFUHDVLQJ�SRZHU�� �
GHFUHDVLQJ�,)�EDQGZLGWK��RU�DYHUDJLQJ
7UDGH�RII�QRLVH�IORRU�DQG�PHDVXUHPHQW�VSHHG

ADC / DSP

10 MHz 26.5 GHz

������
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6OLGH����

'\QDPLF�UDQJH�LV�JHQHUDOO\�GHILQHG�DV�WKH�PD[LPXP�SRZHU�WKH�UHFHLYHU�FDQ�DFFXUDWHO\�PHDVXUH�PLQXV�WKH�UHFHLYHU
QRLVH�IORRU��7KHUH�DUH�PDQ\�DSSOLFDWLRQV�UHTXLULQJ�ODUJH�G\QDPLF�UDQJH���2QH�RI�WKH�PRVW�FRPPRQ�DUH�ILOWHU
DSSOLFDWLRQV��$V�\RX�FDQ�VHH�KHUH��DW�OHDVW����G%�G\QDPLF�UDQJH�LV�QHHGHG�WR�SURSHUO\�FKDUDFWHUL]H�WKH�UHMHFWLRQ
FKDUDFWHULVWLFV�RI�WKLV�ILOWHU��7KH�SORWV�VKRZ�D�W\SLFDO�QDUURZEDQG�ILOWHU�PHDVXUHG�RQ�DQ�+3������VFDODU�QHWZRUN
DQDO\]HU�DQG�RQ�WKH�+3������YHFWRU�QHWZRUN�DQDO\]HU��1RWLFH�WKDW�WKH�ILOWHU�H[KLELWV����G%�RI�UHMHFWLRQ�EXW�WKH
VFDODU�DQDO\]HU�LV�XQDEOH�WR�PHDVXUH�LW�EHFDXVH�RI�LWV�KLJKHU�QRLVH�IORRU��

,Q�WKH�FDVH�ZKHUH�WKH�VFDODU�QHWZRUN�DQDO\]HU�ZDV�XVHG�ZLWK�EURDGEDQG�GLRGH�GHWHFWLRQ��D�KDUPRQLF�RU
VXEKDUPRQLF�IURP�WKH�VRXUFH�FUHDWHG�D��IDOVH��UHVSRQVH��)RU�H[DPSOH��DW�VRPH�SRLQW�RQ�D�EURDGEDQG�VZHHS��WKH
VHFRQG�KDUPRQLF�RI�WKH�VRXUFH�PLJKW�IDOO�ZLWKLQ�WKH�SDVVEDQG�RI�WKH�ILOWHU��,I�WKLV�RFFXUV��WKH�GHWHFWRU�ZLOO�UHJLVWHU�D
UHVSRQVH��HYHQ�WKRXJK�WKH�VWRSEDQG�RI�WKH�ILOWHU�LV�VHYHUHO\�DWWHQXDWLQJ�WKH�IUHTXHQF\�RI�WKH�IXQGDPHQWDO��7KLV
UHVSRQVH�IURP�WKH�VHFRQG�KDUPRQLF�ZRXOG�VKRZ�RQ�WKH�GLVSOD\�DW�WKH�IUHTXHQF\�RI�WKH�IXQGDPHQWDO��2Q�WKH�WXQHG
UHFHLYHU��D�VSXULRXV�UHVSRQVH�VXFK�DV�WKLV�ZRXOG�EH�ILOWHUHG�DZD\�DQG�ZRXOG�QRW�DSSHDU�RQ�WKH�GLVSOD\�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

&RPSDULVRQ�RI�5HFHLYHU�7HFKQLTXHV

< -100 dBm  Sensitivity 

0 dB

-50 dB

-100 dB

0 dB

-50 dB

-100 dB

-60 dBm  Sensitivity 

%URDGEDQG��GLRGH��
GHWHFWLRQ

1DUURZEDQG��WXQHG��
UHFHLYHU��GHWHFWLRQ

KLJKHU�QRLVH�IORRU
IDOVH�UHVSRQVHV

KLJK�G\QDPLF�UDQJH
KDUPRQLF�LPPXQLW\

'\QDPLF�UDQJH  �PD[LPXP�UHFHLYHU�SRZHU���UHFHLYHU�QRLVH�IORRU

������
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6OLGH����

7KLV�SORW�VKRZV�WKH�HIIHFW�WKDW�LQWHUIHULQJ�VLJQDOV��VLQXVRLGV�RU�QRLVH��KDYH�RQ�PHDVXUHPHQW�DFFXUDF\��7R�JHW�ORZ
PHDVXUHPHQW�XQFHUWDLQW\�GXH��PRUH�G\QDPLF�UDQJH�LV�QHHGHG�WKDQ�WKH�GHYLFH�H[KLELWV��)RU�H[DPSOH��WR�JHW�OHVV
WKDQ�����G%�PDJQLWXGH�HUURU�DQG�OHVV�WKDQ�����GHJUHH�SKDVH�HUURU��RXU�QRLVH�IORRU�QHHGV�WR�EH�PRUH�WKDQ����G%
EHORZ�RXU�PHDVXUHG�SRZHU�OHYHOV��QRWH�WKDW�WKHUH�DUH�RWKHU�VRXUFHV�RI�HUURU�EHVLGHV�QRLVH�WKDW�PD\�OLPLW
PHDVXUHPHQW�DFFXUDF\���7R�DFKLHYH�WKDW�OHYHO�RI�DFFXUDF\�ZKLOH�PHDVXULQJ����G%�RI�UHMHFWLRQ�ZRXOG�UHTXLUH����
G%�RI�G\QDPLF�UDQJH��7KLV�FRXOG�EH�DFFRPSOLVKHG�E\�DYHUDJLQJ�WHVW�GDWD�ZLWK�D�WXQHG�UHFHLYHU�EDVHG�QHWZRUN
DQDO\]HU��+3�QHWZRUN�DQDO\]HUV�RIWHQ�KDYH�D�FOHDU�FRPSHWLWLYH�DGYDQWDJH�E\�SURYLGLQJ�JUHDWHU�G\QDPLF�UDQJH�WKDQ
FRPSHWLWRU
V�QHWZRUN�DQDO\]HUV�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

'\QDPLF�5DQJH�DQG�$FFXUDF\
'\QDPLF�UDQJH�LV�YHU\�LPSRUWDQW�
IRU�PHDVXUHPHQW�DFFXUDF\�

(UURU�'XH�WR�,QWHUIHULQJ�6LJQDO
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6OLGH����

7KHUH�DUH�WZR�EDVLF�W\SHV�RI�WHVW�VHWV�WKDW�DUH�XVHG�ZLWK�QHWZRUN�DQDO\]HUV��)RU�WUDQVPLVVLRQ�UHIOHFWLRQ��7�5��WHVW
VHWV��WKH�5)�SRZHU�DOZD\V�FRPHV�RXW�RI�WHVW�SRUW�RQH�DQG�WHVW�SRUW�WZR�LV�DOZD\V�FRQQHFWHG�WR�D�UHFHLYHU�LQ�WKH
DQDO\]HU��7R�PHDVXUH�UHYHUVH�WUDQVPLVVLRQ�RU�RXWSXW�UHIOHFWLRQ�RI�WKH�'87��ZH�PXVW�GLVFRQQHFW�LW��WXUQ�LW�DURXQG�
DQG�UH�FRQQHFW�LW�WR�WKH�DQDO\]HU��7�5�EDVHG�QHWZRUN�DQDO\]HUV�RIIHU�RQO\�UHVSRQVH�DQG�RQH�SRUW�FDOLEUDWLRQV��VR
PHDVXUHPHQW�DFFXUDF\�LV�QRW�DV�JRRG�DV�WKDW�ZKLFK�FDQ�EH�DFKLHYHG�ZLWK�6�SDUDPHWHU�WHVW�VHWV��+RZHYHU�
7�5�EDVHG�DQDO\]HUV�DUH�PRUH�HFRQRPLFDO�

6�SDUDPHWHU�WHVW�VHWV�DOORZ�ERWK�IRUZDUG�DQG�UHYHUVH�PHDVXUHPHQWV�RQ�WKH�'87��ZKLFK�DUH�QHHGHG�WR�FKDUDFWHUL]H
DOO�IRXU�6�SDUDPHWHUV��5)�SRZHU�FDQ�FRPH�RXW�RI�HLWKHU�WHVW�SRUW�RQH�RU�WZR��DQG�HLWKHU�WHVW�SRUW�FDQ�EH�FRQQHFWHG
WR�D�UHFHLYHU��6�SDUDPHWHU�WHVW�VHWV�DOVR�DOORZ�IXOO�WZR�SRUW�����WHUP��HUURU�FRUUHFWLRQ��ZKLFK�LV�WKH�PRVW�DFFXUDWH
IRUP�DYDLODEOH��6�SDUDPHWHU�QHWZRUN�DQDO\]HUV�SURYLGH�PRUH�SHUIRUPDQFH�WKDQ�7�5�EDVHG�DQDO\]HUV��EXW�FRVW�PRUH
GXH�WR�H[WUD�5)�FRPSRQHQWV�LQ�WKH�WHVW�VHW�

7KHUH�DUH�WZR�GLIIHUHQW�W\SHV�RI�WUDQVIHU�VZLWFKHV�WKDW�FDQ�EH�XVHG�LQ�DQ�6�SDUDPHWHU�WHVW�VHW���VROLG�VWDWH�DQG
PHFKDQLFDO��6ROLG�VWDWH�VZLWFKHV�KDYH�WKH�DGYDQWDJH�RI�LQILQLWH�OLIHWLPHV��DVVXPLQJ�WKH\�DUH�QRW�GDPDJHG�E\�WRR
PXFK�SRZHU�IURP�WKH�'87���+RZHYHU��WKH\�DUH�PRUH�ORVV\�VR�WKH\�UHGXFH�WKH�PD[LPXP�RXWSXW�SRZHU�RI�WKH
QHWZRUN�DQDO\]HU��0HFKDQLFDO�VZLWFKHV�KDYH�YHU\�ORZ�ORVV�DQG�WKHUHIRUH�DOORZ�KLJKHU�RXWSXW�SRZHUV��7KHLU�PDLQ
GLVDGYDQWDJH�LV�WKDW�HYHQWXDOO\�WKH\�ZHDU�RXW��DIWHU���PLOOLRQ�F\FOHV�RU�VR���:KHQ�XVLQJ�D�QHWZRUN�DQDO\]HU�ZLWK
PHFKDQLFDO�VZLWFKHV��PHDVXUHPHQWV�DUH�JHQHUDOO\�GRQH�LQ�VLQJOH�VZHHS�PRGH��VR�WKH�WUDQVIHU�VZLWFK�LV�QRW
FRQWLQXRXVO\�VZLWFKLQJ�

6�SDUDPHWHU�WHVW�VHWV�KDYH�WZR�W\SHV�RI�DUFKHFWLWXUHV����VDPSOHUV�DQG���VDPSOHUV���0RUH�GHWDLOHG�LQIRUPDWLRQ�RI�WKH
WZR�DUFKHFWLWXUHV�LV�DYDLODEOH�LQ�WKH�$SSHQGL[�VHFWLRQ�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

7�5�9HUVXV�6�3DUDPHWHU�7HVW�6HWV

● 5)�DOZD\V�FRPHV�RXW�SRUW��
● SRUW���LV�DOZD\V�UHFHLYHU
● UHVSRQVH��RQH�SRUW�FDO�DYDLODEOH

● 5)�FRPHV�RXW�SRUW���RU�SRUW��
● IRUZDUG�DQG�UHYHUVH�PHDVXUHPHQWV
● WZR�SRUW�FDOLEUDWLRQ�SRVVLEOH

7UDQVPLVVLRQ�5HIOHFWLRQ�7HVW�6HW

3RUW�� 3RUW��

6RXUFH

%

5

$

DUTFwd

3RUW�� 3RUW��

7UDQVIHU�VZLWFK

6RXUFH

%

5

$

6�3DUDPHWHU�7HVW�6HW

DUTFwd Rev

������
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7KH�ODVW�PDMRU�EORFN�RI�KDUGZDUH�LQ�WKH�QHWZRUN�DQDO\]HU�LV�WKH�GLVSOD\�SURFHVVRU�VHFWLRQ��7KLV�LV�ZKHUH�WKH
UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�GDWD�LV�IRUPDWWHG�LQ�ZD\V�WKDW�PDNH�LW�HDV\�WR�LQWHUSUHW�WKH�PHDVXUHPHQW�UHVXOWV��0RVW
QHWZRUN�DQDO\]HUV�KDYH�VLPLODU�IHDWXUHV�VXFK�DV�OLQHDU�DQG�ORJDULWKPLF�VZHHSV��OLQHDU�DQG�ORJ�IRUPDWV��SRODU�SORWV�
6PLWK�FKDUWV��HWF��2WKHU�FRPPRQ�IHDWXUHV�DUH�WUDFH�PDUNHUV��OLPLW�OLQHV��DQG�SDVV�IDLO�WHVWLQJ��0DQ\�RI�+3
V
QHWZRUN�DQDO\]HUV�KDYH�VSHFLDOL]HG�PHDVXUHPHQW�IHDWXUHV�WDLORUHG�WR�D�SDUWLFXODU�PDUNHW�RU�DSSOLFDWLRQ��2QH
H[DPSOH�LV�WKH�+3�����$�WXQHU�DQDO\]HU

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

3URFHVVRU���'LVSOD\

�
ACTIV E

CHANNEL

RESPONSE

STIMULUS

ENTRY

INS TRUMENT
S TATE

 R CHANNEL

R LT S

HP -IB S TAT US

NETWORK ANALYZER
50 MHz-20GHz

PORT 2PORT 1

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)

INCIDENT
(R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

CH1 S21  log MAG 10 dB/ REF 0 dB

CH1 START  775.000 000 MHz STOP  925.000 000 MHz

 

 

 

Cor

Hld

PRm

CH2 S12  log MAG REF 0 dB10 dB/

CH2 START  775.000 000 MHz STOP  925.000 000 MHz

 

 

Duplexer Test - Tx-Ant and Ant-Rx

Cor

Hld

PRm

 

 

1

1

1_ -1.9248 dB

  839.470 000 MHz

               

PASS

2

1

1_ -1.2468 dB

  880.435 000 MHz

               

PASS

● PDUNHUV
● OLPLW�OLQHV
● SDVV�IDLO�LQGLFDWRUV
● OLQHDU�ORJ�IRUPDWV
● JULG�SRODU�6PLWK�FKDUWV

������
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$OO�RI�+3
V�QHWZRUN�DQDO\]HUV�RIIHU�VRPH�IRUP�RI�LQWHUQDO�PHDVXUHPHQW�DXWRPDWLRQ��7KH�PRVW�VLPSOH�IRUP�LV�UHFDOO
VWDWHV��7KLV�LV�DQ�HDV\�ZD\�WR�VHW�XS�WKH�DQDO\]HU�WR�D�SUH�FRQILJXUHG�PHDVXUHPHQW�VWDWH��ZLWK�DOO�RI�WKH�QHFHVVDU\
LQVWUXPHQW�SDUDPHWHUV�

0RUH�SRZHUIXO�DXWRPDWLRQ�FDQ�EH�DFKLHYHG�ZLWK�WHVW�VHTXHQFLQJ�RU�,QVWUXPHQW�%$6,&��,%$6,&���7HVW�VHTXHQFLQJ�LV
DYDLODEOH�RQ�WKH�+3�����������IDPLOLHV�DQG�SURYLGHV�NH\VWURNH�UHFRUGLQJ�DQG�VRPH�DGYDQFHG�IXQFWLRQV��,%$6,&�LV
DYDLODEOH�RQ�WKH�+3�����&�IDPLO\��DV�DQ�RSWLRQ��DQG�SURYLGHV�WKH�XVHU�ZLWK�VRSKLVWLFDWHG�SURJUDPV�DQG�FXVWRP
XVHU�LQWHUIDFHV�DQG�PHDVXUHPHQW�SHUVRQDOLWLHV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

,QWHUQDO�0HDVXUHPHQW�$XWRPDWLRQ

6LPSOH��UHFDOO�VWDWHV
0RUH�SRZHUIXO�

● 7HVW�VHTXHQFLQJ
➨DYDLODEOH�RQ�+3�������������IDPLOLHV
➨NH\VWURNH�UHFRUGLQJ
➨VRPH�DGYDQFHG�IXQFWLRQV

● ,%$6,&
➨DYDLODEOH�RQ�+3������IDPLO\
➨VRSKLVWLFDWHG�SURJUDPV
➨FXVWRP�XVHU�LQWHUIDFHV

ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789 + - / * = < > ( ) & ""  " , . / ? ; : ’ [ ]

  1  ASSIGN @Hp8714 TO 800

  2  OUTPUT @Hp8714;"SYST:PRES; *WAI"

  3  OUTPUT @Hp8714;"ABOR;:INIT1:CONT OFF;*WAI"

  4  OUTPUT @Hp8714;"DISP:ANN:FREQ1:MODE SSTOP"

  5  OUTPUT @Hp8714;"DISP:ANN:FREQ1:MODE CSPAN"

  6  OUTPUT @Hp8714;"SENS1:FREQ:CENT 175000000 HZ;*WAI"

  7  OUTPUT @Hp8714;"ABOR;:INIT1:CONT OFF;:INIT1;*WAI"

  8  OUTPUT @Hp8714;"DISP:WIND1:TRAC:Y:AUTO ONCE"

  9  OUTPUT @Hp8714;"CALC1:MARK1 ON"

10  OUTPUT @Hp8714;"CALC1:MARK:FUNC BWID"

11  OUTPUT @Hp8714;"SENS2:STAT ON; *WAI"

12  OUTPUT @Hp8714;"SENS2:FUNC ’XFR:POW:RAT 1,0’;DET NBAN; *WAI"

13  OUTPUT @Hp8714;"ABOR;:INIT1:CONT OFF;:INIT1;*WAI"

14  OUTPUT @Hp8714;"DISP:WIND2:TRAC:Y:AUTO ONCE"

15  OUTPUT @Hp8714;"ABOR;:INIT1:CONT ON;*WAI"

16  END

������
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6KRZQ�KHUH�LV�D�VXPPDU\�RI�+3
V�KLJK�IUHTXHQF\�IDPLOLHV�RI�YHFWRU�QHWZRUN�DQDO\]HUV�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

+3�)DPLOLHV�RI�+)�9HFWRU�$QDO\]HUV

0LFURZDYH

5)

+3�����&�IDPLO\
����*+]�LQ�FRD[
SXOVH�V\VWHPV
DQWHQQD�PHDV�
7[�5[�PRGXOH�WHVW
KLJKHVW�DFFXUDF\
��6�SDUDPHWHU�GLVSOD\

+3�����'�IDPLO\
���*+]
HFRQRPLFDO
IDVW��VPDOO
WHVW�PL[HUV��KLJK��
SRZHU�DPSV
6�SDUDPHWHU

+3��������&
��*+]
ORZ�FRVW��IDVW
QDUURZEDQG�DQG�
EURDGEDQG�GHWHFWLRQ
7�5�WHVW�VHW�RQO\

+3�����(�IDPLO\
��*+]
��&��7�5�WHVW�VHW
��(��6�SDUDPHWHU
KLJKHVW�5)�DFFXUDF\
2IIVHW�DQG�KDUPRQLF�
5)�VZHHSV

������
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6KRZQ�KHUH�LV�D�VXPPDU\�RI�+3
V�ORZ�IUHTXHQF\�YHFWRU�QHWZRUN�DQDO\]HUV�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

+3�)DPLOLHV�RI�/)�5)�9HFWRU�$QDO\]HUV

+3�(����$�%
����0+]������0+]�
HFRQRPLFDO
IDVW��VPDOO
[WDOV��UHVRQDWRUV��ILOWHUV
HTXLYDOHQW�FLUFXLW

+3�����$
����0+]
IDVW�
DFFXUDWH�

+3�����$
����0+]
QHWZRUN�VSHFWUXP��
LPSHGDQFH��RSWLRQ�
KRW�6�$��SHUIRUPDQFH
SF�IULHQGO\

/)

&RPELQDWLRQ

+3�����%
����*+]
QHWZRUN�VSHFWUXP��
LPSHGDQFH��RSWLRQ�
IDVW��KLJKHVW�DFFXUDF\
WLPH�JDWHG�VSHFWUXP�
�RSWLRQ�

������
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,I�WKH�PDLQ�GLIIHUHQFH�EHWZHHQ�VSHFWUXP�DQG�QHWZRUN�DQDO\]HUV�LV�D�VRXUFH��ZK\�GRQ
W�ZH�DGG�D�WUDFNLQJ�JHQHUDWRU
WR�RXU�VSHFWUXP�DQDO\]HU�������WKHQ�LV�LW�D�QHWZRUN�DQDO\]HU"��:HOO��VRUW�RI�

$�VSHFWUXP�DQDO\]HU�ZLWK�D�WUDFNLQJ�JHQHUDWRU�FDQ�PDNH�VZHSW�VFDODU�PHDVXUHPHQWV��EXW�LW�LV�VWLOO�D�VLQJOH�FKDQQHO
UHFHLYHU���7KHUHIRUH�LW�FDQQRW�PDNH�UDWLR�RU�SKDVH�PHDVXUHPHQWV���$OVR��WKH�RQO\�HUURU�FRUUHFWLRQ�DYDLODEOH�LV
QRUPDOL]DWLRQ��DQG�SRVVLEOH�RSHQ�VKRUW�DYHUDJLQJ���:H�VKDOO�VHH�ODWHU�WKDW�VFDODU�QHWZRUN�DQDO\]HUV�VXFK�DV�WKH���
+3�����&�RIIHU�PRUH�DGYDQFHG�HUURU�FRUUHFWLRQ�RSWLRQV��7KH�DPSOLWXGH�DFFXUDF\�ZLWK�D�VSHFWUXP�DQDO\]HU�LV
URXJKO\�DQ�RUGHU�RI�PDJQLWXGH�ZRUVH�WKDQ�RQ�D�VFDODU�QHWZRUN�DQDO\]HU��G%�YV��WHQWKV�RI�G%����)LQDOO\��D�VSHFWUXP
DQDO\]HU�ZLWK�D�WUDFNLQJ�JHQHUDWRU�FRVWV�PRUH�WKDQ�D�VFDODU�QHWZRUN�DQDO\]HU��EXW�LW�PD\�EH�D�VPDOO�LQFUHPHQWDO
FRVW�WR�DGG�D�WUDFNLQJ�JHQHUDWRU�LI�WKH�VSHFWUXP�DQDO\]HU�LV�QHHGHG�IRU�RWKHU�PHDVXUHPHQWV�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

6SHFWUXP�$QDO\]HU���7UDFNLQJ�*HQHUDWRU

Tracking generator

RF in

TG out

f = IF

Spectrum analyzer

IF

LO
DUT

.H\�GLIIHUHQFHV�IURP�QHWZRUN�DQDO\]HU�
● RQH�FKDQQHO����QR�UDWLRHG�RU�SKDVH�PHDVXUHPHQWV
● 0RUH�H[SHQVLYH�WKDQ�VFDODU�1$
● 2QO\�HUURU�FRUUHFWLRQ�DYDLODEOH�LV�QRUPDOL]DWLRQ
����DQG�SRVVLEO\�RSHQ�VKRUW�DYHUDJLQJ�
● 3RRUHU�DFFXUDF\
● 6PDOO�LQFUHPHQWDO�FRVW�LI�6$�LV�UHTXLUHG�IRU�RWKHU�PHDVXUHPHQWV

8563A S PE CTRUM  ANALYZER      9 kHz - 26.5 GHz

DUT

������
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,Q�WKLV�QH[W�VHFWLRQ��ZH�ZLOO�WDON�DERXW�WKH�QHHG�IRU�HUURU�FRUUHFWLRQ�DQG�KRZ�LW�LV�DFFRPSOLVKHG��:K\�GR�ZH�HYHQ
QHHG�HUURU�FRUUHFWLRQ�DQG�FDOLEUDWLRQ"�,W�LV�LPSRVVLEOH�WR�PDNH�SHUIHFW�KDUGZDUH�ZKLFK�REYLRXVO\�ZRXOG�QRW�QHHG
DQ\�IRUP�RI�HUURU�FRUUHFWLRQ��(YHQ�PDNLQJ�WKH�KDUGZDUH�JRRG�HQRXJK�WR�QRW�UHTXLUH�DQ\�HUURU�FRUUHFWLRQ�IRU�PRVW
GHYLFHV�ZRXOG�EH�H[WUHPHO\�H[SHQVLYH��7KH�EHVW�EDODQFH�LV�WR�PDNH�WKH�KDUGZDUH�DV�JRRG�DV�SUDFWLFDOO\�SRVVLEOH�
EDODQFLQJ�SHUIRUPDQFH�DQG�FRVW��(UURU�FRUUHFWLRQ�LV�WKHQ�YHU\�XVHIXO�WR�LPSURYH�PHDVXUHPHQW�DFFXUDF\�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

$JHQGD

● :K\�GR�ZH�WHVW�FRPSRQHQWV"
● :KDW�PHDVXUHPHQWV�GR�ZH

PDNH"
● 1HWZRUN�DQDO\]HU�KDUGZDUH
● (UURU�PRGHOV�DQG�FDOLEUDWLRQ
● 7\SLFDO�PHDVXUHPHQWV
● $SSHQGL[

:K\�GR�ZH�HYHQ�QHHG�HUURU�FRUUHFWLRQ�DQG
FDOLEUDWLRQ"
●,W�LV�LPSRVVLEOH�WR�PDNH�SHUIHFW�KDUGZDUH
●,W�ZRXOG�EH�H[WUHPHO\�H[SHQVLYH�WR�PDNH�KDUGZDUH
��JRRG�HQRXJK�WR�QRW�UHTXLUH�DQ\�HUURU�FRUUHFWLRQ

������
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:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

&DOLEUDWLRQ�7RSLFV

● :K\�GR�ZH�WHVW

FRPSRQHQWV"

● :KDW�PHDVXUHPHQWV�GR

ZH�PDNH"

● 1HWZRUN�DQDO\]HU
KDUGZDUH

● (UURU�PRGHOV�DQG
FDOLEUDWLRQ

● 7\SLFDO�PHDVXUHPHQWV

● $SSHQGL[

��!�0HDVXUHPHQW�(UURUV
��!�:KDW�LV�YHFWRU�HUURU�

�FRUUHFWLRQ"
��!�+RZ�PXFK�DFFXUDF\�

�ZRXOG�\RX�H[SHFW�ZLWK
�WKH�GLIIHUHQW�W\SHV�RI�

� �FDOLEUDWLRQ"
��!�9DULRXV�&DOLEUDWLRQ�

7HFKQLTXHV
��!�,PSRUWDQW�&DOLEUDWLRQ�

�&RQVLGHUDWLRQV

������
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/HW�XV�ORRN�DW�WKH�WKUHH�EDVLF�VRXUFHV�RI�PHDVXUHPHQW�HUURU���V\VWHPDWLF��UDQGRP�DQG�GULIW�

6\VWHPDWLF�HUURUV�DUH�GXH�WR�LPSHUIHFWLRQV�LQ�WKH�DQDO\]HU�DQG�WHVW�VHWXS��7KH\�DUH�UHSHDWDEOH��WKHUHIRUH
SUHGLFWDEOH���DQG�DVVXPHG�WR�EH�WLPH�LQYDULDQW��6\VWHPDWLF�HUURUV�DUH�FKDUDFWHUL]HG�GXULQJ�WKH�FDOLEUDWLRQ�SURFHVV
DQG�PDWKHPDWLFDOO\�UHPRYHG�GXULQJ�PHDVXUHPHQWV�

5DQGRP�HUURUV�DUH�XQSUHGLFWDEOH�VLQFH�WKH\�YDU\�ZLWK�WLPH�LQ�D�UDQGRP�IDVKLRQ���7KHUHIRUH��WKH\�FDQQRW�EH
UHPRYHG�E\�FDOLEUDWLRQ��7KH�PDLQ�FRQWULEXWRUV�WR�UDQGRP�HUURU�DUH�LQVWUXPHQW�QRLVH��VRXUFH�SKDVH�QRLVH��VDPSOHU�

'ULIW�HUURUV�DUH�GXH�WR�WKH�LQVWUXPHQW�RU�WHVW�V\VWHP�SHUIRUPDQFH�FKDQJLQJ�DIWHU�D�FDOLEUDWLRQ�KDV�EHHQ�GRQH��'ULIW
LV�SULPDULO\�FDXVHG�E\�WHPSHUDWXUH�YDULDWLRQ�DQG�LW�FDQ�EH�UHPRYHG�E\�IXUWKHU�FDOLEUDWLRQ�V���7KH�WLPHIUDPH�RYHU
ZKLFK�D�FDOLEUDWLRQ�UHPDLQV�DFFXUDWH�LV�GHSHQGHQW�RQ�WKH�UDWH�RI�GULIW�WKDW�WKH�WHVW�V\VWHP�XQGHUJRHV�LQ�WKH�XVHU
V
WHVW�HQYLURQPHQW��3URYLGLQJ�D�VWDEOH�DPELHQW�WHPSHUDWXUH�XVXDOO\�JRHV�D�ORQJ�ZD\�WRZDUGV�PLQLPL]LQJ�GULIW�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

0HDVXUHPHQW�(UURU�0RGHOLQJ
6\VWHPDWLF�HUURUV

● GXH�WR�LPSHUIHFWLRQV�LQ�WKH�DQDO\]HU�DQG�WHVW�VHWXS
● DUH�DVVXPHG�WR�EH�WLPH�LQYDULDQW��SUHGLFWDEOH�
● FDQ�EH�FKDUDFWHUL]HG��GXULQJ�FDOLEUDWLRQ�SURFHVV��DQG
PDWKHPDWLFDOO\�UHPRYHG�GXULQJ�PHDVXUHPHQWV

5DQGRP�HUURUV
● YDU\�ZLWK�WLPH�LQ�UDQGRP�IDVKLRQ��XQSUHGLFWDEOH�
● FDQQRW�EH�UHPRYHG�E\�FDOLEUDWLRQ
● PDLQ�FRQWULEXWRUV�

➨LQVWUXPHQW�QRLVH��VRXUFH� SKDVH
QRLVH��,)�QRLVH�IORRU��HWF��

➨VZLWFK�UHSHDWDELOLW\
➨FRQQHFWRU�UHSHDWDELOLW\

'ULIW�HUURUV
● DUH�GXH�WR�LQVWUXPHQW�RU�WHVW�V\VWHP
�SHUIRUPDQFH�FKDQJLQJ�DIWHU�D�FDOLEUDWLRQ�KDV�EHHQ�GRQH

● DUH�SULPDULO\�FDXVHG�E\�WHPSHUDWXUH�YDULDWLRQ
● FDQ�EH�UHPRYHG�E\�IXUWKHU�FDOLEUDWLRQ�V�

Unknown
Device

Measured
Data

6<67(0$7,&

5$1'20

'5,)7

(UURUV�

������
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6KRZQ�KHUH�DUH�WKH�PDMRU�V\VWHPDWLF�HUURUV�DVVRFLDWHG�ZLWK�QHWZRUN�PHDVXUHPHQWV���7KH�HUURUV�UHODWLQJ�WR�VLJQDO
OHDNDJH�DUH�GLUHFWLYLW\�DQG�FURVVWDON��(UURUV�UHODWHG�WR�VLJQDO�UHIOHFWLRQV�DUH�VRXUFH�DQG�ORDG�PDWFK��7KH�ILQDO�FODVV
RI�HUURUV�DUH�UHODWHG�WR�IUHTXHQF\�UHVSRQVH�RI�WKH�UHFHLYHUV��DQG�DUH�FDOOHG�UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�WUDFNLQJ�
7KH�IXOO�WZR�SRUW�HUURU�PRGHO�LQFOXGHV�DOO�VL[�RI�WKHVH�WHUPV�IRU�WKH�IRUZDUG�GLUHFWLRQ�DQG�WKH�VDPH�VL[��ZLWK
GLIIHUHQW�GDWD��LQ�WKH�UHYHUVH�GLUHFWLRQ��IRU�D�WRWDO�RI�WZHOYH�HUURU�WHUPV��7KLV�LV�ZK\�ZH�RIWHQ�UHIHU�WR�WZR�SRUW
FDOLEUDWLRQ�DV�WZHOYH�WHUP�HUURU�FRUUHFWLRQ�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

6\VWHPDWLF�0HDVXUHPHQW�(UURUV

$ %

6RXUFH
0LVPDWFK

/RDG
0LVPDWFK

&URVVWDON'LUHFWLYLW\

DUT

)UHTXHQF\�UHVSRQVH
● UHIOHFWLRQ�WUDFNLQJ��$�5�
● WUDQVPLVVLRQ�WUDFNLQJ��%�5�

5

6L[�IRUZDUG�DQG�VL[�UHYHUVH�HUURU�WHUPV�\LHOGV
���HUURU�WHUPV�IRU�WZR�SRUW�GHYLFHV

������
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7KH�WZR�PDLQ�W\SHV�RI�HUURU�FRUUHFWLRQ�WKDW�FDQ�EH�GRQH�DUH�UHVSRQVH��QRUPDOL]DWLRQ��FRUUHFWLRQV�DQG�YHFWRU
FRUUHFWLRQV��5HVSRQVH�FDOLEUDWLRQ�LV�VLPSOH�WR�SHUIRUP��EXW�RQO\�FRUUHFWV�IRU�D�IHZ�RI�WKH�WZHOYH�SRVVLEOH
V\VWHPDWLF�HUURU�WHUPV��WKH�WUDFNLQJ�WHUPV���5HVSRQVH�FDOLEUDWLRQ�LV�HVVHQWLDOO\�D�QRUPDOL]HG�PHDVXUHPHQW�ZKHUH�D
UHIHUHQFH�WUDFH�LV�VWRUHG�LQ�PHPRU\��DQG�VXEVHTXHQW�PHDVXUHPHQW�GDWD�LV�GLYLGHG�E\�WKLV�PHPRU\�WUDFH��$�PRUH
DGYDQFHG�IRUP�RI�UHVSRQVH�FDOLEUDWLRQ�LV�RSHQ�VKRUW�DYHUDJLQJ�IRU�UHIOHFWLRQ�PHDVXUHPHQWV�XVLQJ�EURDGEDQG�GLRGH
GHWHFWRUV��,Q�WKLV�FDVH��WZR�WUDFHV�DUH�DYHUDJHG�WRJHWKHU�WR�GHULYH�WKH�UHIHUHQFH�WUDFH�

9HFWRU�HUURU�FRUUHFWLRQ�UHTXLUHV�DQ�DQDO\]HU�WKDW�FDQ�PHDVXUH��EXW�QRW�QHFHVVDULO\�GLVSOD\��ERWK�PDJQLWXGH�DQG
SKDVH�GDWD���,W�DOVR�UHTXLUHV�PHDVXUHPHQWV�RI�PRUH�FDOLEUDWLRQ�VWDQGDUGV���9HFWRU�HUURU�FRUUHFWLRQ�FDQ�DFFRXQW�IRU
DOO�PDMRU�VRXUFHV�RI�V\VWHPDWLF�HUURU�DQG�FDQ�JLYH�YHU\�DFFXUDWH�PHDVXUHPHQWV�

1RWH�WKDW�D�UHVSRQVH�FDOLEUDWLRQ�FDQ�EH�SHUIRUPHG�RQ�D�YHFWRU�QHWZRUN�DQDO\]HU��LQ�ZKLFK�FDVH�ZH�VWRUH�D�FRPSOH[
�YHFWRU��UHIHUHQFH�WUDFH�LQ�PHPRU\��VR�WKDW�ZH�FDQ�GLVSOD\�QRUPDOL]HG�PDJQLWXGH�RU�SKDVH�GDWD���7KLV�LV�QRW�WKH
VDPH�DV�YHFWRU�HUURU�FRUUHFWLRQ�KRZHYHU��DQG�QRW�DV�DFFXUDWH���EHFDXVH�ZH�DUH�QRW�PHDVXULQJ�DQG�UHPRYLQJ�WKH
LQGLYLGXDO�V\VWHPDWLF�HUURUV��DOO�RI�ZKLFK�DUH�FRPSOH[�RU�YHFWRU�TXDQWLWLHV��

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

7\SHV�RI�(UURU�&RUUHFWLRQ

7ZR�PDLQ�W\SHV�RI�HUURU�FRUUHFWLRQ�
● UHVSRQVH��QRUPDOL]DWLRQ�

➨VLPSOH�WR�SHUIRUP
➨RQO\�FRUUHFWV�IRU�WUDFNLQJ�HUURUV
➨VWRUHV�UHIHUHQFH�WUDFH�LQ�PHPRU\�
WKHQ�GRHV�GDWD�GLYLGHG�E\�PHPRU\

● YHFWRU
➨UHTXLUHV�PRUH�VWDQGDUGV
➨UHTXLUHV�DQ�DQDO\]HU�WKDW�FDQ�PHDVXUH�SKDVH
➨DFFRXQWV�IRU�DOO�PDMRU�VRXUFHV�RI�V\VWHPDWLF�HUURU

S11M

S11A

SHORT

OPEN

LOAD

thru

thru

������
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9HFWRU�HUURU�FRUUHFWLRQ�LV�WKH�SURFHVV�RI�FKDUDFWHUL]LQJ�V\VWHPDWLF�HUURU�WHUPV�E\�PHDVXULQJ�NQRZQ�FDOLEUDWLRQ
VWDQGDUGV��DQG�WKHQ�UHPRYLQJ�WKH�HIIHFWV�RI�WKHVH�HUURUV�IURP�VXEVHTXHQW�PHDVXUHPHQWV�

2QH�SRUW�FDOLEUDWLRQ�LV�XVHG�IRU�UHIOHFWLRQ�PHDVXUHPHQWV�DQG�FDQ�PHDVXUH�DQG�UHPRYH�WKUHH�V\VWHPDWLF�HUURU
WHUPV��GLUHFWLYLW\��VRXUFH�PDWFK��DQG�UHIOHFWLRQ�WUDFNLQJ���)XOO�WZR�SRUW�FDOLEUDWLRQ�FDQ�EH�XVHG�IRU�ERWK�UHIOHFWLRQ
DQG�WUDQVPLVVLRQ�PHDVXUHPHQWV��DQG�DOO�WZHOYH�V\VWHPDWLF�HUURU�WHUPV�DUH�PHDVXUHG�DQG�UHPRYHG��7ZR�SRUW
FDOLEUDWLRQ�XVXDOO\�UHTXLUHV�WZHOYH�PHDVXUHPHQWV�RQ�IRXU�NQRZQ�VWDQGDUGV��VKRUW�RSHQ�ORDG�WKUX�RU�62/7���6RPH
VWDQGDUGV�DUH�PHDVXUHG�PXOWLSOH�WLPHV��H�J���WKH�WKUX�VWDQGDUG�LV�XVXDOO\�PHDVXUHG�IRXU�WLPHV���7KH�VWDQGDUGV
WKHPVHOYHV�DUH�GHILQHG�LQ�D�FDO�NLW�GHILQLWLRQ�ILOH��ZKLFK�LV�VWRUHG�LQ�WKH�QHWZRUN�DQDO\]HU��+3�QHWZRUN�DQDO\]HUV
FRQWDLQ�DOO�RI�WKH�FDO�NLW�GHILQLWLRQV�IRU�RXU�VWDQGDUG�FDOLEUDWLRQ�NLWV��,Q�RUGHU�WR�PDNH�DFFXUDWH�PHDVXUHPHQWV��WKH
FDO�NLW�GHILQLWLRQ�0867�0$7&+�7+(�$&78$/�&$/,%5$7,21�.,7�86('��

� Network Analyzer Basics
DJB   12/96  na_basic.pre

:KDW�LV�9HFWRU�(UURU�&RUUHFWLRQ"

3URFHVV�RI�FKDUDFWHUL]LQJ�V\VWHPDWLF�HUURU�WHUPV ��
PHDVXUH�NQRZQ�VWDQGDUGV
UHPRYH�HIIHFWV�IURP�VXEVHTXHQW�PHDVXUHPHQWV�

��SRUW�FDOLEUDWLRQ��UHIOHFWLRQ�PHDVXUHPHQWV�
RQO\���V\VWHPDWLF�HUURU�WHUPV�PHDVXUHG
GLUHFWLYLW\��VRXUFH�PDWFK��DQG�UHIOHFWLRQ�WUDFNLQJ

)XOO���SRUW�FDOLEUDWLRQ��UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�PHDVXUHPHQWV�
���V\VWHPDWLF�HUURU�WHUPV�PHDVXUHG
XVXDOO\�UHTXLUHV����PHDVXUHPHQWV�RQ�IRXU�NQRZQ�VWDQGDUGV��62/7�

6RPH�VWDQGDUGV�FDQ�EH�PHDVXUHG�PXOWLSOH WLPHV�
�H�J���7+58�LV�XVXDOO\�PHDVXUHG�IRXU�WLPHV�
6WDQGDUGV�GHILQHG�LQ�FDO�NLW�GHILQLWLRQ ILOH
QHWZRUN�DQDO\]HU�FRQWDLQV�VWDQGDUG�FDO�NLW�GHILQLWLRQV
&$/�.,7�'(),1,7,21�0867�0$7&+�$&78$/�&$/�.,7�86('��

������
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7DNLQJ�WKH�VLPSOHVW�FDVH�RI�D�RQH�SRUW�UHIOHFWLRQ�PHDVXUHPHQW��ZH�KDYH�WKUHH�V\VWHPDWLF�HUURUV�DQG�RQH�HTXDWLRQ
WR�VROYH���,Q�RUGHU�WR�GR�WKLV��ZH�PXVW�FUHDWH�WKUHH�HTXDWLRQV�ZLWK�WKUHH�XQNQRZQV�DQG�VROYH�WKHP�VLPXOWDQHRXVO\�
7R�GR�WKLV��ZH�PHDVXUH�WKUHH�NQRZQ�VWDQGDUGV��IRU�H[DPSOH��D�VKRUW��DQ�RSHQ��DQG�D�=R�ORDG���6ROYLQJ�WKH�HTXDWLRQV
ZLOO�\LHOG�WKH�V\VWHPDWLF�HUURU�WHUPV�DQG�DOORZ�XV�WR�GHULYH�WKH�DFWXDO�UHIOHFWLRQ�6�SDUDPHWHUV�RI�WKH�GHYLFH�IURP
RXU�PHDVXUHPHQWV��

:KHQ�PHDVXULQJ�WZR�SRUW�GHYLFHV��D�RQH�SRUW�FDOLEUDWLRQ�DVVXPHV�D�JRRG�WHUPLQDWLRQ�DW�SRUW�WZR�RI�WKH�GHYLFH��,I
WKLV�FRQGLWLRQ�LV�PHW��E\�FRQQHFWLQJ�D�ORDG�FDOLEUDWLRQ�VWDQGDUG�IRU�H[DPSOH���WKH�RQH�SRUW�FDOLEUDWLRQ�LV�TXLWH
DFFXUDWH��,I�SRUW�WZR�RI�WKH�GHYLFH�LV�FRQQHFWHG�WR�WKH�QHWZRUN�DQDO\]HU�DQG�WKH�UHYHUVH�LVRODWLRQ�RI�WKH�'87�LV�ORZ
�IRU�H[DPSOH��ILOWHU�SDVVEDQGV�RU�FDEOHV���WKH�DVVXPSWLRQ�RI�D�JRRG�ORDG�WHUPLQDWLRQ�LV�QRW�YDOLG��,Q�WKHVH�FDVHV�
WZR�SRUW�HUURU�FRUUHFWLRQ�SURYLGHV�PRUH�DFFXUDWH�PHDVXUHPHQWV��$Q�H[DPSOH�RI�D�WZR�SRUW�GHYLFH�ZKHUH�ORDG
PDWFK�LV�QRW�LPSRUWDQW�LV�DQ�DPSOLILHU��7KH�UHYHUVH�LVRODWLRQ�RI�WKH�DPSOLILHU�DOORZV�RQH�SRUW�FDOLEUDWLRQ�WR�EH�XVHG
HIIHFWLYHO\��$Q�H[DPSOH�RI�WKH�PHDVXUHPHQW�HUURU�WKDW�FDQ�RFFXU�ZKHQ�PHDVXULQJ�D�WZR�SRUW�ILOWHU�XVLQJ�D�RQH�SRUW
FDOLEUDWLRQ�ZLOO�EH�VKRZQ�VKRUWO\�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

5HIOHFWLRQ��2QH�3RUW�0RGHO

S11M =  ED + ERT S11A

1 - ES S11A

ED  = Directivity

ERT  = Reflection tracking

ES  = Source Match

S11M  = Measured

S11A  = Actual

7R�VROYH�IRU�6��$��ZH�KDYH ���
��HTXDWLRQV�DQG���XQNQRZQV

S11M S11AES

ERT

ED

1
RF in

Error Adapter

S11M S11A

RF in
Ideal ,I�\RX�NQRZ�WKH�V\VWHPDWLF�HUURU�WHUPV��

\RX�FDQ�VROYH�IRU�WKH�DFWXDO�6�SDUDPHWHU
$VVXPHV�JRRG�WHUPLQDWLRQ�DW�SRUW�WZR ��
LI�WHVWLQJ�WZR�SRUW�GHYLFHV
,I�SRUW���LV�FRQQHFWHG�WR�WKH�QHWZRUN�DQDO\]HU�DQG�
'87�UHYHUVH�LVRODWLRQ�LV�ORZ��H�J���ILOWHU�SDVVEDQG��
DVVXPSWLRQ�RI�JRRG�WHUPLQDWLRQ�LV�QRW�YDOLG�
WZR�SRUW�HUURU�FRUUHFWLRQ�\LHOGV�EHWWHU�UHVXOWV

������
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6KRZQ�KHUH�LV�D�SORW�RI�UHIOHFWLRQ�ZLWK�DQG�ZLWKRXW�RQH�SRUW�FDOLEUDWLRQ��:LWKRXW�HUURU�FRUUHFWLRQ��ZH�VHH�WKH
FODVVLF�ULSSOH�SDWWHUQ�FDXVHG�E\�WKH�V\VWHPDWLF�HUURUV�LQWHUIHULQJ�ZLWK�WKH�PHDVXUHG�VLJQDO��7KH�HUURU�FRUUHFWHG
WUDFH�LV�PXFK�VPRRWKHU�DQG�EHWWHU�UHSUHVHQWV�WKH�GHYLFH
V�DFWXDO�UHIOHFWLRQ�SHUIRUPDQFH�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

%HIRUH�DQG�$IWHU�2QH�3RUW�&DOLEUDWLRQ

Data Before
Error Correction

Data After
Error Correction
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7ZR�SRUW�HUURU�FRUUHFWLRQ�LV�WKH�PRVW�DFFXUDWH�IRUP�RI�HUURU�FRUUHFWLRQ�VLQFH�LW�DFFRXQWV�IRU�DOO�RI�WKH�PDMRU
VRXUFHV�RI�V\VWHPDWLF�HUURU��7KH�HUURU�PRGHO�IRU�D�WZR�SRUW�GHYLFH�LV�VKRZQ�DERYH���6KRZQ�EHORZ�DUH�WKH�HTXDWLRQV
WR�GHULYH�WKH�DFWXDO�GHYLFH�6�SDUDPHWHUV�IURP�WKH�PHDVXUHG�6�SDUDPHWHUV��RQFH�WKH�V\VWHPDWLF�HUURU�WHUPV�KDYH
EHHQ�FKDUDFWHUL]HG��1RWLFH�WKDW�HDFK�DFWXDO�6�SDUDPHWHU�LV�D�IXQFWLRQ�RI�DOO�IRXU�PHDVXUHG�6�SDUDPHWHUV��7KH
QHWZRUN�DQDO\]HU�PXVW�PDNH�D�IRUZDUG�DQG�UHYHUVH�VZHHS�WR�XSGDWH�DQ\�RQH�6�SDUDPHWHU��/XFNLO\��\RX�GRQ
W�QHHG
WR�NQRZ�WKHVH�HTXDWLRQV�WR�XVH�QHWZRUN�DQDO\]HUV���
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� Network Analyzer Basics
DJB   12/96  na_basic.pre

7ZR�3RUW�(UURU�&RUUHFWLRQ

1RWLFH�WKDW�HDFK�DFWXDO�6�SDUDPHWHU�LV�D�
IXQFWLRQ�RI�DOO�IRXU�PHDVXUHG�6�SDUDPHWHUV

$QDO\]HU�PXVW�PDNH�IRUZDUG�DQG UHYHUVH�
VZHHS�WR�XSGDWH�DQ\�RQH�6�SDUDPHWHU

/XFNLO\��\RX�GRQ
W�QHHG�WR�NQRZ�WKHVH�
HTXDWLRQV�WR�XVH QHWZRUN�DQDO\]HUV���

= Fwd Directivity
= Fwd Source Match
= Fwd Reflection Tracking

= Fwd Load Match
= Fwd Transmission Tracking
= Fwd Isolation

ES

ED

ERT

ETT
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EX

Port 1 Port 2E
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S21

S12

S22

ES
ED

ERT

ETT
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a1

b1
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X

a2

b2

Forward model

= Rev Reflection Tracking
= Rev Transmission Tracking

= Rev Directivity
= Rev Source Match

= Rev Load Match

= Rev Isolation
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Port 1 Port 2

S11

S

S12

S22 ES’
ED’

ERT’

ETT’

EL’

a1

b1
A

A

A

EX’

21A

a2

b2

Reverse model

S a

S m ED
ERT

S m ED
ERT

ES E L
S m E X

ETT

S m E X
ETT

S m ED’
ERT

ES
S m ED

ERT
ES E L E L

S m E X
ETT

S m E X
ETT

11

11 1 22 21 12

1 11 1 22 21 12
=

−
+

−
−

− −

+
−

+
−

−
− −

( )(
’

’
’) ( )(

’

’
)

( )(
’

’
’) ’ ( )(

’

’
)

S a

S m E X
ETT

S m ED
ERT

ES EL

S m ED
ERT

ES
S m ED

ERT
ES EL

21

21 22

1 11 1 22
=

−
1 +

−
−

+
−

+
−

−

( )(
’

’
( ’ ))

( )(
’

’
’) ’ ( )(

’

’
)EL

S m E X
ETT

S m E X
ETT

21 12− −

’S E S E− −
(

’
)( ( ’))

( )(
’

’
’) ’ ( )(

’

’
)

m X
ETT

m D
ERT

ES EL

S m ED
ERT

ES
S m ED

ERT
ES E L E L

S m E X
ETT

S m E X
ETT

S a

12 1 11

1 11 1 22 21 12
12

+ −

+
−

+
−

−
− −

=

(
’

’
)(

(

S m ED
ERT

S m ED
ERT

S a

22

1 11
22

−
) ’( )(

’

’
)

S m ED
ERT

ES E L
S m E X

ETT

S m E X
ETT

11 21 12−
−

− −

+
−

=
ES

S m E D
ERT

ES EL E L
S m E X

ETT

S m E X
ETT

)(
’

’
’) ’ ( )(

’

’
)1 22 21 12+

−
−

− −

1 +

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

$�QHWZRUN�DQDO\]HU�FDQ�EH�XVHG�IRU�XQFRUUHFWHG�PHDVXUHPHQWV��RU�ZLWK�DQ\�RQH�RI�D�QXPEHU�RI�FDOLEUDWLRQ�RSWLRQV�
LQFOXGLQJ�UHVSRQVH�FDOLEUDWLRQV�DQG�RQH��RU�WZR�SRUW�YHFWRU�FDOLEUDWLRQV��$�VXPPDU\�RI�WKHVH�FDOLEUDWLRQV�LV�VKRZQ
DERYH��:H�ZLOO�H[SORUH�WKH�PHDVXUHPHQW�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�YDULRXV�FDOLEUDWLRQ�VFKHPHV�LQ�WKLV
VHFWLRQ�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

(UURUV�DQG�&DOLEUDWLRQ�6WDQGDUGV

●&RQYHQLHQW

●*HQHUDOO\�QRW�DFFXUDWH

●1R�HUURUV�UHPRYHG

●(DV\�WR�SHUIRUP

●8VH�ZKHQ�KLJKHVW

�DFFXUDF\�LV�QRW�UHTXLUHG

●5HPRYHV�IUHTXHQF\

�UHVSRQVH�HUURU

●)RU�UHIOHFWLRQ�PHDVXUHPHQWV

●1HHG�JRRG�WHUPLQDWLRQ�IRU

KLJK�DFFXUDF\�ZLWK�WZR�SRUW

GHYLFHV

●5HPRYHV�WKHVH�HUURUV�

���'LUHFWLYLW\

���6RXUFH�PDWFK

���5HIOHFWLRQ�WUDFNLQJ

●+LJKHVW�DFFXUDF\

●5HPRYHV�WKHVH�HUURUV�

���'LUHFWLYLW\

���6RXUFH��ORDG�PDWFK

���5HIOHFWLRQ�WUDFNLQJ

���7UDQVPLVVLRQ�WUDFNLQJ

���&URVVWDON

UNCORRECTED           RESPONSE               1-PORT                  FULL 2-PORT

   Other errors:
���5DQGRP��1RLVH��5HSHDWDELOLW\�

����'ULIW

DUT

DUT

DUT

DUT

SHORT

OPEN

LOAD

SHORT

OPEN

LOAD

SHORT

OPEN

LOAD
thru

thru

ENHANCED-RESPONSE
●&RPELQHV�UHVSRQVH�DQG���SRUW

●&RUUHFWV�VRXUFH�PDWFK�IRU�WUDQVPLVVLRQ

PHDVXUHPHQWV

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

7KLV�VXPPDU\�VKRZV�ZKLFK�HUURU�WHUPV�DUH�DFFRXQWHG�IRU�ZKHQ�XVLQJ�DQDO\]HUV�ZLWK�7�5�WHVW�VHWV��VXFK�DV�WKH�+3
����&�IDPLO\��DQG�6�SDUDPHWHU�WHVW�VHWV��VXFK�DV�WKH�+3�����������IDPLOLHV��

7KH�IROORZLQJ�H[DPSOHV�VKRZ�KRZ�PHDVXUHPHQW�XQFHUWDLQW\�FDQ�EH�HVWLPDWHG�ZKHQ�PHDVXULQJ�WZR�SRUW�GHYLFHV
ZLWK�D�7�5�EDVHG�QHWZRUN�DQDO\]HU�

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

&DOLEUDWLRQ�6XPPDU\

●7UDQVPLVVLRQ�7UDFNLQJ

●&URVVWDON

●6RXUFH�PDWFK

●/RDG�PDWFK

6�SDUDPHWHU
�������WZR�SRUW�

������������7�5

���������UHVSRQVH�
LVRODWLRQ�

●5HIOHFWLRQ�WUDFNLQJ

●'LUHFWLYLW\

●6RXUFH�PDWFK

●/RDG�PDWFK

6�SDUDPHWHU
������WZR�SRUW�

�������7�5
������RQH�SRUW�

5HIOHFWLRQ

7UDQVPLVVLRQ

7HVW�6HW��FDO�W\SH�

7HVW�6HW��FDO�W\SH�

����������

HUURU�FDQQRW�EH�FRUUHFWHG

 +3�����&�HQKDQFHG�UHVSRQVH�FDO�FDQ

FRUUHFW�IRU�VRXUFH�PDWFK�GXULQJ
WUDQVPLVVLRQ�PHDVXUHPHQWV

HUURU�FDQ�EH�FRUUHFWHG

SHORT

OPEN

LOAD

������
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+HUH�LV�DQ�H[DPSOH�RI�KRZ�PXFK�PHDVXUHPHQW�XQFHUWDLQW\�ZH�PLJKW�HQFRXQWHU�ZKHQ�PHDVXULQJ�WKH�LQSXW�PDWFK
RI�D�ILOWHU�DIWHU�D�RQH�SRUW�FDOLEUDWLRQ��,Q�WKLV�H[DPSOH��RXU�ILOWHU�KDV�D�UHWXUQ�ORVV�RI����G%��DQG���G%�RI�LQVHUWLRQ
ORVV��7KH�UDZ�ORDG�PDWFK�RI�DQ�����&�QHWZRUN�DQDO\]HU�LV�VSHFLILHG�WR�EH����G%��DOWKRXJK�LW
V�RIWHQ�VLJQLILFDQWO\
EHWWHU�WKDQ�WKLV���7KH�UHIOHFWLRQ�IURP�WKH�WHVW�SRUW�FRQQHFWHG�WR�WKH�ILOWHU
V�RXWSXW�LV�DWWHQXDWHG�E\�WZLFH�WKH�ILOWHU
ORVV��ZKLFK�LV�RQO\���G%�WRWDO�LQ�WKLV�FDVH��7KLV�YDOXH�LV�QRW�DGHTXDWH�WR�VXIILFLHQWO\�VXSSUHVV�WKH�HIIHFWV�RI�WKLV�HUURU
VLJQDO��ZKLFK�LOOXVWUDWHV�ZK\�ORZ�ORVV�GHYLFHV�DUH�GLIILFXOW�WR�PHDVXUH�DFFXUDWHO\��7R�GHWHUPLQH�WKH�PHDVXUHPHQW
XQFHUWDLQW\�RI�WKLV�H[DPSOH��LW�LV�QHFHVVDU\�WR�DGG�DQG�VXEWUDFW�WKH�XQGHVLUHG�UHIOHFWLRQ�VLJQDO��ZLWK�D�UHIOHFWLRQ
FRHIILFLHQW�RI��������ZLWK�WKH�VLJQDO�UHIOHFWLQJ�IURP�WKH�'87����������WR�EH�FRQVLVWHQW�ZLWK�WKH�QH[W�H[DPSOH��ZH
ZLOO�DOVR�LQFOXGH�WKH�HIIHFW�RI�WKH�GLUHFWLYLW\�HUURU�VLJQDO���7KH�PHDVXUHG�UHWXUQ�ORVV�RI�WKH����G%�ILOWHU�PD\�DSSHDU
WR�EH�DQ\ZKHUH�IURP������G%�WR������G%��DOORZLQJ�WRR�PXFK�URRP�IRU�HUURU��,Q�SURGXFWLRQ�WHVWLQJ��WKHVH�HUURUV
FRXOG�HDVLO\�FDXVH�ILOWHUV�ZKLFK�PHW�VSHFLILFDWLRQ�WR�IDLO��ZKLOH�ILOWHUV�WKDW�DFWXDOO\�GLG�QRW�PHHW�VSHFLILFDWLRQ�PLJKW
SDVV��,Q�WXQLQJ�DSSOLFDWLRQV��ILOWHUV�FRXOG�EH�PLVWXQHG�DV�RSHUDWRUV�WU\�WR�FRPSHQVDWH�IRU�WKH�PHDVXUHPHQW�HUURU�

:KHQ�PHDVXULQJ�DQ�DPSOLILHU�ZLWK�JRRG�LVRODWLRQ�EHWZHHQ�RXWSXW�DQG�LQSXW��L�H���ZKHUH�WKH�LVRODWLRQ�LV�PXFK
JUHDWHU�WKDQ�WKH�JDLQ���WKHUH�LV�PXFK�OHVV�PHDVXUHPHQW�XQFHUWDLQW\��7KLV�LV�EHFDXVH�WKH�UHIOHFWLRQ�FDXVHG�E\�WKH
ORDG�PDWFK�LV�VHYHUHO\�DWWHQXDWHG�E\�WKH�SURGXFW�RI�WKH�DPSOLILHU
V�LVRODWLRQ�DQG�JDLQ��7R�LPSURYH�PHDVXUHPHQW
XQFHUWDLQW\�IRU�D�ILOWHU��WKH�RXWSXW�RI�WKH�ILOWHU�PXVW�EH�GLVFRQQHFWHG�IURP�WKH�DQDO\]HU�DQG�WHUPLQDWHG�ZLWK�D
KLJK�TXDOLW\�ORDG��RU�D�KLJK�TXDOLW\�DWWHQXDWRU�FDQ�EH�LQVHUWHG�EHWZHHQ�WKH�ILOWHU�DQG�SRUW�WZR�RI�WKH�QHWZRUN
DQDO\]HU��%RWK�WHFKQLTXHV�LPSURYH�WKH�DQDO\]HU
V�HIIHFWLYH�ORDG�PDWFK�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

5HIOHFWLRQ�([DPSOH�8VLQJ�D�2QH�3RUW�&DO

DUT
16 dB RL (.158)
1 dB loss  (.891)

Load match:
18 dB (.126)

.158

(.891)(.126)(.891) = .100

Directivity:
40 dB (.010)

Measurement uncertainty:
  -20 * log (.158 + .100 + .010)
  = 11.4 dB (-4.6dB)

  -20 * log (.158 - .100 - .010)
  = 26.4 dB (+10.4 dB)

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

/HW
V�VHH�KRZ�PXFK�LPSURYHPHQW�ZH�JHW�E\�DGGLQJ�DQ�DWWHQXDWRU�EHWZHHQ�WKH�RXWSXW�RI�WKH�ILOWHU�DQG�RXU�QHWZRUN
DQDO\]HU��,I�ZH�LQVHUW�D����G%�DWWHQXDWRU�ZLWK�D�6:5�RI������EHWZHHQ�SRUW�WZR�RI�WKH�QHWZRUN�DQDO\]HU�DQG�WKH�ILOWHU
XVHG�LQ�WKH�SUHYLRXV�H[DPSOH��RXU�HIIHFWLYH�ORDG�PDWFK�LPSURYHV�WR������G%�����ORJ>��H[S�������������H[S��������@��
7KLV�YDOXH�LV�WKH�FRPELQDWLRQ�RI�D������G%�PDWFK�IURP�WKH�DWWHQXDWRU��6:5� �������DQG�D����G%�PDWFK�IURP�WKH
QHWZRUN�DQDO\]HU��VLQFH�WKH�HUURU�VLJQDO�WUDYHOV�WKURXJK�WKH�DWWHQXDWRU�WZLFH��WKH�DQDO\]HU
V�ORDG�PDWFK�LV�LPSURYHG
E\�WZLFH�WKH�YDOXH�RI�WKH�DWWHQXDWRU���2XU�ZRUVW�FDVH�XQFHUWDLQW\�LV�QRZ�UHGXFHG�WR������G%�������G%��LQVWHDG�RI�WKH
������G%�������G%�ZH�KDG�ZLWKRXW�WKH����G%�DWWHQXDWRU��:KLOH�QRW�DV�JRRG�DV�ZKDW�FRXOG�EH�DFKLHYHG�ZLWK�WZR�SRUW
FDOLEUDWLRQ��WKLV�OHYHO�RI�DFFXUDF\�PD\�EH�VXIILFLHQW�IRU�PDQXIDFWXULQJ�DSSOLFDWLRQV�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

8VLQJ�D�2QH�3RUW�&DO���$WWHQXDWRU

DUT
16 dB RL (.158)
1 dB loss  (.891)

Load match:
18 dB (.126)

/RZ�ORVV�EL�GLUHFWLRQDO�GHYLFHV
JHQHUDOO\�UHTXLUH�WZR�SRUW�FDOLEUDWLRQ
�IRU�ORZ�PHDVXUHPHQW�XQFHUWDLQW\

10 dB attenuator (.316)
SWR = 1.05 (.024)

.158

  (.891)(.316)(.126)(.316)(.891) = .010

(.891)(.024)(.891) = .019

Directivity:
40 dB (.010)

  Worst-case error = .010 + .010 + .019 = .039

Measurement uncertainty:
  -20 * log (.158 + .039)
  = 14.1 dB (-1.9 dB)

  -20 * log (.158 - .039)
  = 18.5 dB (+2.5 dB)

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

/HW
V�GR�DQ�H[DPSOH�WUDQVPLVVLRQ�PHDVXUHPHQW�XVLQJ�RQO\�UHVSRQVH�FDOLEUDWLRQ��5HVSRQVH�FDOLEUDWLRQV�RIIHU
VLPSOLFLW\��EXW�ZLWK�VRPH�FRPSURPLVH�LQ�PHDVXUHPHQW�DFFXUDF\��,Q�PDNLQJ�D�ILOWHU�WUDQVPLVVLRQ�PHDVXUHPHQW
XVLQJ�RQO\�UHVSRQVH�FDOLEUDWLRQ��WKH�ILUVW�VWHS�LV�WR�PDNH�D�WKURXJK�FRQQHFWLRQ�EHWZHHQ�WKH�WZR�WHVW�SRUW�FDEOHV
�ZLWK�QR�'87�LQ�SODFH���)RU�WKLV�H[DPSOH��WHVW�SRUW�VSHFLILFDWLRQV�IRU�WKH�+3�����&�QHWZRUN�DQDO\]HU�ZLOO�EH�XVHG
�QRWH��WKH�+3�����&�DQG�����&�KDYH�FRQVLGHUDEO\�EHWWHU�XQFRUUHFWHG�VRXUFH�PDWFK�WKDQ�WKH�����&���7KH�ULSSOH

FDXVHG�E\�WKLV�DPRXQW�RI�PLVPDWFK�LV�FDOFXODWHG�DV�±�����G%��DQG�LV�QRZ�SUHVHQW�LQ�WKH�UHIHUHQFH�GDWD��,W�PXVW�EH
DGGHG�WR�WKH�XQFHUWDLQW\�ZKHQ�WKH�'87�LV�PHDVXUHG�LQ�RUGHU�WR�FRPSXWH�ZRUVW�FDVH�RYHUDOO�PHDVXUHPHQW
XQFHUWDLQW\�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

7UDQVPLVVLRQ�([DPSOH�8VLQJ
5HVSRQVH�&DO

RL = 14 dB (.200)

RL = 18 dB (.126)

7KUX�FDOLEUDWLRQ��QRUPDOL]DWLRQ��EXLOGV�HUURU�LQWR�PHDVXUHPHQW
GXH�WR�VRXUFH�DQG�ORDG�PDWFK�LQWHUDFWLRQ

Calibration Uncertainty
      = (1 ± ρ  ρ  )

S L

 = (1 ± (.200)(.126)
 =  ± 0.22 dB

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

1RZ�OHW
V�ORRN�DW�WKH�PHDVXUHPHQW�XQFHUWDLQW\�ZKHQ�WKH�'87�LV�LQVHUWHG��:H�ZLOO�XVH�WKH�VDPH�ORVV�DQG�PLVPDWFK
VSHFLILFDWLRQV�IRU�WKH�'87�DQG�DQDO\]HU�DV�EHIRUH��:H�KDYH�WKUHH�PDLQ�HUURU�VLJQDOV�GXH�WR�UHIOHFWLRQV�EHWZHHQ�WKH
SRUWV�RI�WKH�DQDO\]HU�DQG�WKH�'87��7KHUH�DUH�KLJKHU�RUGHU�UHIOHFWLRQV�SUHVHQW�DV�ZHOO��EXW�WKH\�GRQ
W�DGG�DQ\
VLJQLILFDQW�HUURU�VLQFH�WKH\�DUH�VPDOO�FRPSDUHG�WR�WKH�WKUHH�PDLQ�WHUPV��2QH�RI�WKH�VLJQDOV�SDVVHV�WKURXJK�WKH�'87
WZLFH��VR�LW�LV�DWWHQXDWHG�E\�WZLFH�WKH�ORVV�RI�WKH�'87��7KH�ZRUVW�FDVH�LV�ZKHQ�DOO�RI�WKH�UHIOHFWHG�HUURU�VLJQDOV�DGG
WRJHWKHU�LQ�SKDVH��������������������� ��������,Q�WKDW�FDVH��ZH�JHW�D�PHDVXUHPHQW�XQFHUWDLQW\�RI�������G%��������G%�
7KH�WRWDO�PHDVXUHPHQW�XQFHUWDLQW\��ZKLFK�PXVW�LQFOXGH�WKH������G%�RI�HUURU�LQFRUSRUDWHG�LQWR�RXU�FDOLEUDWLRQ

PHDVXUHPHQW��LV�DERXW�±������G%�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

7UDQVPLVVLRQ�([DPSOH��FRQWLQXHG�

Source match = 14 dB
(.200)

1

(.126)(.158) = .020

(.158)(.200) = .032

(.126)(.891)(.200)(.891) = .020

Measurement uncertainty
   = 1 ± (.020+.020+.032)
   = 1 ± .072
   = + 0.60 dB
       - 0.65 dB

        DUT
1 dB loss (.891)
16 dB RL (.158)

Total measurement uncertainty:
     +0.60 + 0.22 = +0 .82 dB
      -0.65  - 0.22 =  - 0.87 dB

Load match = 18
dB (.126)

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

$�QHZ�IHDWXUH�RI�WKH�����&�IDPLO\�RI�5)�HFRQRP\�QHWZRUN�DQDO\]HUV�LV�WKH�HQKDQFHG�UHVSRQVH�FDOLEUDWLRQ��7KLV
FDOLEUDWLRQ�UHTXLUHV�WKH�PHDVXUHPHQW�RI�VKRUW��RSHQ��ORDG��DQG�WKUX�VWDQGDUGV�IRU�WUDQVPLVVLRQ�PHDVXUHPHQWV�
(VVHQWLDOO\��LW�FRPELQHV�D�RQH�SRUW�FDO�DQG�D�UHVSRQVH�FDO�WR�DOORZ�FRUUHFWLRQ�RI�VRXUFH�PDWFK�GXULQJ�WUDQVPLVVLRQ
PHDVXUHPHQWV��5HFDOO�WKDW�D�VWDQGDUG�UHVSRQVH�FDOLEUDWLRQ��VXFK�DV�IRXQG�LQ�WKH�+3�����%������&��RU�����'�
FDQQRW�FRUUHFW�IRU�WKH�VRXUFH�DQG�ORDG�PDWFK�HUURU�WHUPV�

7KH�HQKDQFHG�UHVSRQVH�FDOLEUDWLRQ�LPSURYHV�WKH�HIIHFWLYH�VRXUFH�PDWFK�GXULQJ�WUDQVPLVVLRQ�PHDVXUHPHQWV�WR
DURXQG����G%��LQVWHDG�RI�WKH����G%�ZH�XVHG�LQ�WKH�SUHYLRXV�H[DPSOHV��7KLV�JUHDWO\�UHGXFHV�WKH�FDOLEUDWLRQ�HUURU�

�±������G%�LQVWHDG�RI�±������G%���DV�ZHOO�DV�WKH�WZR�PHDVXUHPHQW�HUURU�WHUPV�WKDW�LQYROYH�LQWHUDFWLRQ�ZLWK�WKH
HIIHFWLYH�VRXUFH�PDWFK��2XU�WRWDO�PHDVXUHPHQW�HUURU�LV�QRZ�±������G%��LQVWHDG�RI�WKH�SUHYLRXVO\�FDOFXODWHG�±�����
G%��

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

7UDQVPLVVLRQ�0HDVXUHPHQWV�XVLQJ�WKH
(QKDQFHG�5HVSRQVH�&DOLEUDWLRQ

Measurement uncertainty
   = 1 ± (.020+.0018+.0028)
   = 1 ± .0246
   = + 0.211 dB
       - 0.216

Total measurement uncertainty:
     0.22 + .02 = ± 0.24 dB

Calibration Uncertainty
      = (1 ± ρ  ρ  )S L

 = (1 ± (.0178)(.126)
 =  ± .02 dB

(IIHFWLYH�VRXUFH�PDWFK� ����G%�

Source match = 35 dB
(.0178)

1

(.126)(.158) = .020

(.126)(.891)(.0178)(.891) = .0018

        DUT
1 dB loss (.891)
16 dB RL (.158) Load match = 18

dB (.126)

(.158)(.0178) = .0028

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

:H�FDQ�IXUWKHU�LPSURYH�WUDQVPLVVLRQ�PHDVXUHPHQWV�E\�XVLQJ�WKH�HQKDQFHG�UHVSRQVH�FDOLEUDWLRQ�DQG�E\�LQVHUWLQJ�D
KLJK�TXDOLW\�DWWHQXDWRU�EHWZHHQ�WKH�RXWSXW�SRUW�RI�WKH�GHYLFH�DQG�WHVW�SRUW�WZR�RI�WKH�QHWZRUN�DQDO\]HU���,Q�WKLV
H[DPSOH��ZH�ZLOO�XVH�D����G%�DWWHQXDWRU�ZLWK�D�6:5�RI�������DV�ZH�GLG�ZLWK�WKH�UHIOHFWLRQ�H[DPSOH���7KLV�PDNHV
WKH�HIIHFWLYH�ORDG�PDWFK�RI�WKH�DQDO\]HU������G%��DERXW�D����G%�LPSURYHPHQW��2XU�FDOLEUDWLRQ�HUURU�LV�PLQXVFXOH

�±����G%���DQG�RXU�WRWDO�PHDVXUHPHQW�XQFHUWDLQW\�KDV�EHHQ�UHGXFHG�WR�±�����G%��7KLV�LV�YHU\�FORVH�WR�ZKDW�FDQ�EH
DFKLHYHG�ZLWK�WZR�SRUW�HUURU�FRUUHFWLRQ���$V�ZH�KDYH�VHHQ��DGGLQJ�D�KLJK�TXDOLW\�DWWHQXDWRU�WR�SRUW�WZR�RI�D�7�5
QHWZRUN�DQDO\]HU�FDQ�VLJQLILFDQWO\�LPSURYH�PHDVXUHPHQW�DFFXUDF\��ZLWK�RQO\�D�PRGHVW�ORVV�LQ�G\QDPLF�UDQJH�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

8VLQJ�WKH�(QKDQFHG�5HVSRQVH
&DOLEUDWLRQ�3OXV�DQ�$WWHQXDWRU

Measurement uncertainty
   = 1 ± (.006+.0005+.0028)
   = 1 ± .0093
   = ± 0.08 dB

Total measurement uncertainty:
     0.01 + .08 = ± 0.09 dB

Calibration Uncertainty
      = (1 ± ρ  ρ  )

S L

 = (1 ± (.0178)(.0366)
 =  ± .01 dB

Source match = 35 dB
(.0178)

1

(.0366)(.158) = .006

(.0366)(.891)(.0178)(.891) = .0005

        DUT
1 dB loss (.891)
16 dB RL (.158) Effective load match = (.316 x .316 x .126 + .024)

                                 = .0366 (28.7dB)

(.158)(.0178) = .0028

10 dB attenuator (.316)
SWR = 1.05 (.024 or 32.4 dB)

Analyzer load match =18 dB (.126)

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

1RZ�OHW
V�ORRN�DW�DQ�H[DPSOH�RI�PHDVXULQJ�DQ�DPSOLILHU�WKDW�KDV�SRUW�PDWFKHV�RI����G%��7KH�PDWFK�RI�RXU�WHVW�SRUWV
UHPDLQV�WKH�VDPH�DV�RXU�LQLWLDO�WUDQVPLVVLRQ�UHVSRQVH�H[DPSOH��:H�VHH�WKDW�WKH�PLGGOH�HUURU�WHUP�LV�QR�ORQJHU
SUHVHQW��GXH�WR�WKH�UHYHUVH�LVRODWLRQ�RI�WKH�DPSOLILHU��7KLV�IDFW�KDV�UHGXFHG�RXU�PHDVXUHPHQW�XQFHUWDLQW\�WR�DERXW
±������G%��2XU�WRWDO�PHDVXUHPHQW�HUURU�QRZ�KDV�EHHQ�UHGXFHG�WR�DERXW�±������G%��YHUVXV�WKH�±������G%�ZH�KDG
ZKHQ�PHDVXULQJ�WKH�ILOWHU���

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

0HDVXULQJ�$PSOLILHUV�ZLWK�D�5HVSRQVH�&DO

Total measurement uncertainty:
       +0.44 + 0.22  = + 0.66 dB
        -0.46  - 0.22  =  - 0.68 dB

Measurement uncertainty
   = 1 ± (.020+.032)
   = 1 ± .052
   = + 0.44 dB
       - 0.46 dB

1

(.126)(.158) = .020

    DUT
16 dB RL (.158)

(.158)(.200) = .032

Source match = 14 dB
(.200) Load match = 18

dB (.126)

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

+HUH�LV�DQ�H[DPSOH�RI�FDOFXODWLQJ�PHDVXUHPHQW�HUURU�DIWHU�D�WZR�SRUW�FDOLEUDWLRQ�KDV�EHHQ�GRQH��+3�SURYLGHV
YDOXHV�RQ�QHWZRUN�DQDO\]HU�GDWD�VKHHWV�IRU�HIIHFWLYH�GLUHFWLYLW\��VRXUFH�DQG�ORDG�PDWFK��WUDFNLQJ��DQG�LVRODWLRQ�
VRPHWLPHV�IRU�VHYHUDO�GLIIHUHQW�FDOLEUDWLRQ�NLWV��7KH�HUURUV�ZKHQ�PHDVXULQJ�RXU�H[DPSOH�ILOWHU�KDYH�EHHQ�JUHDWO\

UHGXFHG��±����G%�UHIOHFWLRQ�HUURU��±�����G%�WUDQVPLVVLRQ�HUURU���3KDVH�HUURUV�ZRXOG�EH�VLPLODUO\�VPDOO��

1RWH�WKDW�WKLV�LV�D�ZRUVW�FDVH�DQDO\VLV�VLQFH�ZH�DVVXPH�WKDW�DOO�RI�WKH�HUURUV�ZRXOG�DGG�LQ�SKDVH���)RU�PDQ\
QDUURZEDQG�PHDVXUHPHQWV��WKH�HUURU�WHUPV�ZLOO�QRW�DOO�DOLJQ�ZLWK�RQH�DQRWKHU���$�OHVV�FRQVHUYDWLYH�DSSURDFK�WR
FDOFXODWLQJ�PHDVXUHPHQW�XQFHUWDLQW\�ZRXOG�EH�WR�XVH�D�URRW�VXP�VTXDUHV��566��PHWKRG���7KH�EHVW�WHFKQLTXH�IRU
HVWLPDWLQJ�PHDVXUHPHQW�XQFHUWDLQW\�LV�WR�XVH�D�VWDWLVWLFDO�DSSURDFK��ZKLFK�UHTXLUHV�NQRZLQJ�RU�HVWLPDWLQJ�WKH

SUREDELOLW\�GLVWULEXWLRQ�IXQFWLRQ�RI�WKH�HUURU�WHUPV��DQG�FDOFXODWLQJ�WKH�± 3σ��VLJPD��OLPLWV�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

&DOFXODWLQJ�0HDVXUHPHQW�8QFHUWDLQW\
$IWHU�D�7ZR�3RUW�&DOLEUDWLRQ

&RUUHFWHG�HUURU�WHUPV�
�����'�������*+]�7\SH�1�

'LUHFWLYLW\������� � ����G%
6RXUFH�PDWFK� � ����G%
/RDG�PDWFK���� � ����G%
�5HIO��WUDFNLQJ� � ������G%
�7UDQV��WUDFNLQJ� ������G%
�,VRODWLRQ��������� �����G%

        DUT
1 dB loss (.891)
16 dB RL (.158)

7UDQVPLVVLRQ�XQFHUWDLQW\

=  0.891 ± .0056 = 1 dB  ±0.05 dB (worst-case)

5HIOHFWLRQ�XQFHUWDLQW\

= 0.158 ± .0088 = 16 dB +0.53 dB, -0.44  dB (worst-case)

S S E S E S S E S Em a D a S a a L a RT11 11 11
2

21 12 11

2 2

1

0158 0045 0158 0158 0 891 0045 0158 0022

= ± + + + −

= ± + + +

( ( ))

. (. . *. . *. . *. )

S S S E S S E S S E E S E Em a a I a a S a a S L a L TT21 21 21 21 11 21 12 22

6 2

1

0 891 0 891 10 0 891 0158 0158 0 891 0158 0045 0158 0045 003

= ± + + + + −

= ± + + + +−

( / ( ))

. . ( / . . *. . *. *. . *. . )
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6OLGH����

/HW
V�ORRN�DW�VRPH�DFWXDO�PHDVXUHPHQWV�GRQH�RQ�D�EDQGSDVV�ILOWHU�ZLWK�GLIIHUHQW�OHYHOV�RI�HUURU�FRUUHFWLRQ��7KH

XQFRUUHFWHG�WUDFH�VKRZV�FRQVLGHUDEOH�ORVV�DQG�ULSSOH��,Q�IDFW��WKH�SDVVEDQG�UHVSRQVH�YDULHV�DERXW�±���G%�DURXQG
ILOWHU
V�FHQWHU�IUHTXHQF\��,V�WKH�ILOWHU�UHDOO\�WKLV�EDG"�1R��:KDW�ZH�DUH�DFWXDOO\�PHDVXULQJ�LV�WKH�VXP�RI�WKH�ILOWHU
V
UHVSRQVH�DQG�WKDW�RI�RXU�WHVW�V\VWHP�

3HUIRUPLQJ�D�QRUPDOL]DWLRQ�SULRU�WR�WKH�PHDVXUHPHQW�RI�WKH�ILOWHU�ZLOO�UHPRYH�WKH�IUHTXHQF\�UHVSRQVH�RI�WKH
V\VWHP��WUDFNLQJ�HUURU��IURP�WKH�PHDVXUHPHQW��7KH�ORVV�WKDW�ZDV�UHPRYHG�ZDV�PRVW�OLNHO\�FDXVHG�E\�WKH�WHVW
FDEOHV��$IWHU�QRUPDOL]DWLRQ���WKH�IUHTXHQF\�UHVSRQVH�RI�WKH�ILOWHU�VWLOO�FRQWDLQV�ULSSOH�FDXVHG�E\�DQ�LQWHUDFWLRQ
EHWZHHQ�WKH�V\VWHP
V�VRXUFH�DQG�ORDG�PDWFK��7KLV�ULSSOH�HYHQ�JRHV�DERYH�WKH���G%�UHIHUHQFH�OLQH��LQGLFDWLQJ�JDLQ�
+RZHYHU��ZH�NQRZ�WKDW�D�SDVVLYH�GHYLFH�FDQQRW�DPSOLI\�VLJQDOV��7KLV�DSSDUHQW�DQRPDO\�LV�GXH�WR�PLVPDWFK
PHDVXUHPHQW�HUURU�

7KH�PHDVXUHPHQW�VKRZQ�DIWHU�D�WZR�SRUW�FDOLEUDWLRQ�LV�WKH�PRVW�DFFXUDWH�RI�WKH�WKUHH�PHDVXUHPHQWV�VKRZQ��8VLQJ

YHFWRU�HUURU�FRUUHFWLRQ��WKH�ILOWHU
V�SDVVEDQG�UHVSRQVH�VKRZV�YDULDWLRQ�RI�DERXW�±�����G%�DURXQG�LWV�FHQWHU
IUHTXHQF\��7KLV�LQFUHDVHG�OHYHO�RI�PHDVXUHPHQW�IODWQHVV�ZLOO�HQVXUH�PLQLPXP�DPSOLWXGH�GLVWRUWLRQ��LQFUHDVH
FRQILGHQFH�LQ�WKH�ILOWHU
V�GHVLJQ��DQG�XOWLPDWHO\�LQFUHDVH�PDQXIDFWXULQJ�\LHOGV�GXH�WR�ORZHU�WHVW�IDLOXUH�UDWHV�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

5HVSRQVH�YHUVXV�7ZR�3RUW�&DOLEUDWLRQ

CH1 S21&M log MAG 1 dB/ REF  0 dB

��

Cor

CH2 MEM log MAG REF  0 dB1 dB/

��

Cor
Uncorrected

After two-port calibration

START 2 000.000 MHz STOP 6 000.000 MHzx2 1 2

After response calibration

0HDVXULQJ�ILOWHU�LQVHUWLRQ�ORVV

������
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6OLGH����

$OWKRXJK�WKH�SUHYLRXV�VOLGH�VKRZHG�PHFKDQLFDO�FDOLEUDWLRQ�VWDQGDUGV��+3�RIIHUV�D�VROLG�VWDWH�FDOLEUDWLRQ�VROXWLRQ
ZKLFK�PDNHV�WZR�SRUW�FDOLEUDWLRQ�IDVW��HDV\��DQG�OHVV�SURQH�WR�RSHUDWRU�HUURUV��7KLV�V\VWHP�FRQVLVWV�RI�D�FRQWURO
XQLW�DQG�YDULRXV�FDOLEUDWLRQ�PRGXOHV��7KH�FDOLEUDWLRQ�PRGXOHV�DUH�VROLG�VWDWH�GHYLFHV�ZLWK�SURJUDPPDEOH�
UHSHDWDEOH�LPSHGDQFH�VWDWHV��7KHVH�VWDWHV�DUH�FKDUDFWHUL]HG�DW�WKH�+3�IDFWRU\�XVLQJ�D�75/�FDOLEUDWHG�QHWZRUN
DQDO\]HU��PDNLQJ�WKH�(&DO�PRGXOHV�WUDQVIHU�VWDQGDUGV��UDWKHU�WKDQ�GLUHFW�VWDQGDUGV����(&DO�SURYLGHV�DFFXUDF\
EHWWHU�WKDQ�62/7��EXW�VRPHZKDW�OHVV�WKDQ�75/�

)RU�WKH�PLFURZDYH�FDOLEUDWLRQ�PRGXOHV��WKH�YDULRXV�LPSHGDQFH�VWDWHV�DUH�DFKLHYHG�E\�3,1�GLRGH�VZLWFKHV�ZKLFK
VKXQW�WKH�WUDQVPLVVLRQ�OLQH�WR�JURXQG���7KH�QXPEHU�RI�GLRGHV�DQG�WKHLU�ORFDWLRQ�YDU\�GHSHQGLQJ�XSRQ�WKH�PRGXOH
V
IUHTXHQF\�UDQJH���$�PXOWLWXGH�RI�UHIOHFWLRQ�FRHIILFLHQWV�FDQ�EH�JHQHUDWHG�E\�DSSO\LQJ�YDULRXV�FRPELQDWLRQV�RI�WKH
VKXQWV���:LWK�QR�VKXQWV��WKH�QHWZRUN�DFWV�DV�D�ORZ�ORVV�WUDQVPLVVLRQ�OLQH���+LJK�LVRODWLRQ�EHWZHHQ�WKH�SRUWV�LV
REWDLQHG�E\�GULYLQJ�VHYHUDO�RI�WKH�3,1�VKXQWV�VLPXOWDQHRXVO\��)RXU�GLIIHUHQW�VWDWHV�DUH�XVHG�WR�FRPSXWH�WKH�HUURU
WHUPV�DW�HDFK�IUHTXHQF\�SRLQW���)RXU�VWDWHV�DUH�XVHG�EHFDXVH�WKLV�JLYHV�WKH�EHVW�WUDGH�RII�EHWZHHQ�KLJK�DFFXUDF\
DQG�WKH�WLPH�UHTXLUHG�IRU�WKH�FDOLEUDWLRQ��:LWK�IRXU�UHIOHFWLRQ�VWDWHV��ZH�KDYH�IRXU�HTXDWLRQV�EXW�RQO\�WKUHH
XQNQRZQV���7R�DFKLHYH�WKH�EHVW�DFFXUDF\�IURP�WKLV�RYHU�GHWHUPLQHG�VHW�RI�HTXDWLRQV��D�OHDVW�VTXDUHV�ILW�DOJRULWKP
LV�XVHG��$GGLQJ�PRUH�LPSHGDQFH�VWDWHV�DW�HDFK�IUHTXHQF\�SRLQW�ZRXOG�IXUWKHU�LPSURYH�DFFXUDF\�EXW�DW�WKH�H[SHQVH
RI�PRUH�FDOLEUDWLRQ�WLPH�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

(&DO��(OHFWURQLF�&DOLEUDWLRQ
�+3�������VHULHV�

,PSHGDQFH�6WDWHV
DFKLHYHG�E\�VKXQWLQJ�WUDQVPLVVLRQ�OLQH�ZLWK�
3,1�GLRGH�VZLWFKHV�LQ�YDULRXV�FRPELQDWLRQV
���UHIOHFWLYH�VWDWHV��IURP�ORZ�WR�KLJK�UHIOHFWLRQ
WZR�WKUX�VWDWHV�SOXV�RQH�LVRODWLRQ�VWDWH
SURJUDPPDEOH�DQG�KLJKO\�UHSHDWDEOH
FKDUDFWHUL]HG�E\�75/�FDOLEUDWHG�QHWZRUN�DQDO\]HU

&DOLEUDWLRQ
IRXU�NQRZQ�LPSHGDQFH�VWDWHV�SUHVHQWHG�DW�HDFK�
IUHTXHQF\��SURYLGLQJ�UHGXQGDQW�LQIRUPDWLRQ�
XVHV�OHDVW�VTXDUHV�ILW�WR�FDOFXODWH�HUURU�WHUPV
\LHOGV�DFFXUDF\�EHWZHHQ�62/7�DQG�75/

Example distribution of 
impedance states for reflection 
calibration at one frequency

1

12

7

5

�

HP 85062A   
Electronic Calibration 
Module   1 - 26.5 GHz

������
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6OLGH����

:KHQ�SHUIRUPLQJ�D�WKURXJK�FDOLEUDWLRQ��QRUPDOO\�WKH�WHVW�SRUWV�PDWH�GLUHFWO\��)RU�H[DPSOH��WZR�FDEOHV�ZLWK�WKH
DSSURSULDWH�FRQQHFWRUV�FDQ�EH�MRLQHG�ZLWKRXW�D�WKURXJK�DGDSWHU��UHVXOWLQJ�LQ�D�]HUR�OHQJWK�WKURXJK�SDWK��$Q
LQVHUWDEOH�GHYLFH�LV�RQH�WKDW�FDQ�EH�VXEVWLWXWHG�IRU�D�]HUR�OHQJWK�WKURXJK��7KLV�GHYLFH�KDV�WKH�VDPH�FRQQHFWRU�W\SH
RQ�HDFK�SRUW�EXW�RI�WKH�RSSRVLWH�VH[��RU�WKH�VDPH�VH[OHVV�FRQQHFWRU�RQ�HDFK�SRUW��HLWKHU�RI�ZKLFK�PDNHV
FRQQHFWLRQ�WR�WKH�WHVW�SRUWV�TXLWH�VLPSOH��$�QRQLQVHUWDEOH�GHYLFH�LV�RQH�WKDW�FDQ�QRW�EH�VXEVWLWXWHG�IRU�D�]HUR�OHQJWK
WKURXJK��,W�KDV�WKH�VDPH�W\SH�DQG�VH[�FRQQHFWRUV�RQ�HDFK�SRUW�RU�D�GLIIHUHQW�W\SH�RI�FRQQHFWRU�RQ�HDFK�SRUW��VXFK
DV������DW�RQH�HQG�DQG�60$�RQ�WKH�RWKHU�HQG�

7KHUH�DUH�VHYHUDO�FDOLEUDWLRQ�FKRLFHV�DYDLODEOH�IRU�QRQLQVHUWDEOH�GHYLFHV���7KH�ILUVW�LV�WR�XVH�D�FKDUDFWHUL]HG
WKURXJK�DGDSWHU��HOHFWULFDO�OHQJWK�DQG�ORVV�VSHFLILHG���ZKLFK�UHTXLUHV�PRGLI\LQJ�WKH�FDOLEUDWLRQ�NLW�GHILQLWLRQ��7KLV
ZLOO�UHGXFH��EXW�QRW�HOLPLQDWH��VRXUFH�DQG�ORDG�PDWFK�HUURUV��$��KLJK�TXDOLW\�WKURXJK�DGDSWHU��ZLWK�JRRG�PDWFK�
VKRXOG�EH�XVHG�VLQFH�UHIOHFWLRQV�IURP�WKH�DGDSWHU�FDQQRW�EH�UHPRYHG��7KH�RWKHU�WZR�FKRLFHV��VZDSSLQJ�HTXDO
DGDSWHUV�DQG�DGDSWHU�UHPRYDO��ZLOO�EH�GLVFXVVHG�QH[W�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

&DOLEUDWLQJ�1RQ�,QVHUWDEOH�'HYLFHV

:KHQ�GRLQJ�D�WKUX�FDO��QRUPDOO\�WHVW�SRUWV�PDWH�GLUHFWO\
● FDEOHV�FDQ�EH�FRQQHFWHG�GLUHFWO\�ZLWKRXW�DQ�DGDSWHU
● UHVXOW�LV�D�]HUR�OHQJWK�WKUX

:KDW�LV�DQ�LQVHUWDEOH�GHYLFH"
● KDV�VDPH�W\SH�RI�FRQQHFWRU��EXW�GLIIHUHQW�VH[�RQ�HDFK�SRUW
● KDV�VDPH�W\SH�RI�VH[OHVV�FRQQHFWRU�RQ�HDFK�SRUW��H�J��$3&���

:KDW�LV�D�QRQ�LQVHUWDEOH�GHYLFH"
● RQH�WKDW�FDQQRW�EH�LQVHUWHG�LQ�SODFH�RI�D�]HUR�OHQJWK�WKUX
● KDV�VDPH�FRQQHFWRUV�RQ�HDFK�SRUW��W\SH�DQG�VH[�
● KDV�GLIIHUHQW�W\SH�RI�FRQQHFWRU�RQ�HDFK�SRUW�
● �H�J���ZDYHJXLGH�RQ�RQH�SRUW��FRD[LDO�RQ�WKH�RWKHU�

:KDW�FDOLEUDWLRQ�FKRLFHV�GR�,�KDYH�IRU�QRQ�LQVHUWDEOH�GHYLFHV"
● 8VH�DQ�XQFKDUDFWHUL]HG�WKUX�DGDSWHU
● 8VH�D�FKDUDFWHUL]HG�WKUX�DGDSWHU��PRGLI\�FDO�NLW�GHILQLWLRQ�
● 6ZDS�HTXDO�DGDSWHUV
● $GDSWHU�UHPRYDO

DUT

������
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6OLGH����

7KH�VZDS�HTXDO�DGDSWHUV�PHWKRG�LV�YHU\�XVHIXO�IRU�GHYLFHV�ZLWK�WKH�VDPH�FRQQHFWRU�W\SH�DQG�VH[��IHPDOH�60$�RQ
ERWK�HQGV�IRU�H[DPSOH���,W�UHTXLUHV�WKH�XVH�RI�WZR�SUHFLVLRQ�PDWFKHG�DGDSWHUV�WKDW�DUH�HTXDO�LQ�SHUIRUPDQFH�EXW
KDYH�FRQQHFWRUV�RI�GLIIHUHQW�VH[HV��)RU�H[DPSOH��IRU�PHDVXULQJ�D�GHYLFH�ZLWK�IHPDOH�60$�FRQQHFWRUV�RQ�ERWK�HQGV
XVLQJ�$3&���PP�WHVW�FDEOHV��WKH�DGDSWHUV�FRXOG�EH���PP�WR�PDOH�����PP�DQG���PP�WR�IHPDOH�����PP��7R�EH�HTXDO�
WKH�DGDSWHUV�PXVW�KDYH�WKH�VDPH�PDWFK��FKDUDFWHULVWLF�LPSHGDQFH��LQVHUWLRQ�ORVV��DQG�HOHFWULFDO�GHOD\��0DQ\�RI
+HZOHWW�3DFNDUG
V�FDOLEUDWLRQ�NLWV�LQFOXGH�PDWFKHG�DGDSWHUV�IRU�WKLV�SXUSRVH��

7KH�ILUVW�VWHS�LQ�WKH�VZDS�HTXDO�DGDSWHUV�PHWKRG�LV�WR�SHUIRUP�WKH�WUDQVPLVVLRQ�SRUWLRQ�RI�D�WZR�SRUW�FDOLEUDWLRQ
ZLWK�WKH�DGDSWHU�QHHGHG�WR�PDNH�WKH�WKURXJK�FRQQHFWLRQ��7KLV�DGDSWHU�LV�WKHQ�UHPRYHG�DQG�WKH�VHFRQG�DGDSWHU�LV
XVHG�LQ�LWV�SODFH�GXULQJ�WKH�UHIOHFWLRQ�SRUWLRQ�RI�WKH�FDOLEUDWLRQ��ZKLFK�LV�SHUIRUPHG�RQ�ERWK�WHVW�SRUWV��7KLV�VZDS
FKDQJHV�WKH�VH[�RI�RQH�RI�WKH�WHVW�SRUWV�VR�WKDW�WKH�'87�FDQ�EH�LQVHUWHG�DQG�PHDVXUHG��ZLWK�WKH�VHFRQG�DGDSWHU
VWLOO�LQ�SODFH��DIWHU�WKH�FDOLEUDWLRQ�SURFHGXUH�LV�ILQLVKHG��7KH�HUURUV�UHPDLQLQJ�DIWHU�FDOLEUDWLRQ�DUH�HTXDO�WR�WKH
GLIIHUHQFH�EHWZHHQ�WKH�WZR�DGDSWHUV��7KH�WHFKQLTXH�SURYLGHV�D�KLJK�OHYHO�RI�DFFXUDF\��EXW�QRW�TXLWH�DV�KLJK�DV�WKH
PRUH�FRPSOLFDWHG�DGDSWHU�UHPRYDO�WHFKQLTXH�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

6ZDS�(TXDO�$GDSWHUV�0HWKRG

DUTPort 1 Port 2

����7UDQVPLVVLRQ�FDO�XVLQJ�DGDSWHU�$�

����5HIOHFWLRQ�FDO�XVLQJ�DGDSWHU�%�

����0HDVXUH�'87�XVLQJ�DGDSWHU�%�

Port 1 Port 2Adapter
A

Adapter
B

Port 1 Port 2

Adapter
B

Port 1 Port 2DUT

$FFXUDF\�GHSHQGV�RQ�KRZ�ZHOO
WKH�DGDSWHUV�DUH�PDWFKHG���ORVV�
HOHFWULFDO�OHQJWK��PDWFK�DQG
LPSHGDQFH�VKRXOG�DOO�EH�HTXDO

������
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6OLGH����

$GDSWHU�UHPRYDO�FDOLEUDWLRQ�SURYLGHV�WKH�PRVW�FRPSOHWH�DQG�DFFXUDWH�FDOLEUDWLRQ�SURFHGXUH�IRU�QRQLQVHUWDEOH
GHYLFHV���,W�LV�DYDLODEOH�LQ�WKH�+3������������DQG������IDPLOLHV�RI�YHFWRU�QHWZRUN�DQDO\]HUV��7KLV�PHWKRG�XVHV�D
WKURXJK�DGDSWHU�WKDW�KDV�WKH�VDPH�FRQQHFWRUV�DV�WKH�QRQLQVHUWDEOH�'87��WKLV�DGDSWHU�LV�VRPHWLPHV�UHIHUUHG�WR�DV
WKH�FDOLEUDWLRQ�DGDSWHU���7KH�HOHFWULFDO�OHQJWK�RI�WKH�DGDSWHU�PXVW�EH�VSHFLILHG�ZLWKLQ�RQH�TXDUWHU�ZDYHOHQJWK�DW
HDFK�FDOLEUDWLRQ�IUHTXHQF\��7\SH�1�������PP��DQG�����PP�FDOLEUDWLRQ�NLWV�IRU�WKH�+3������FRQWDLQ�DGDSWHUV�VSHFLILHG
IRU�WKLV�SXUSRVH��)RU�RWKHU�DGDSWHUV��WKH�XVHU�FDQ�VLPSO\�HQWHU�WKH�HOHFWULFDO�OHQJWK�

7ZR�IXOO�WZR�SRUW�FDOLEUDWLRQV�DUH�QHHGHG�IRU�DQ�DGDSWHU�UHPRYDO�FDOLEUDWLRQ��,Q�WKH�ILUVW�FDOLEUDWLRQ��WKH�WKURXJK
DGDSWHU�LV�SODFHG�RQ�WHVW�SRUW�WZR���DQG�WKH�UHVXOWV�DUH�VDYHG�LQWR�D�FDOLEUDWLRQ�VHW��,Q�WKH�VHFRQG�FDOLEUDWLRQ��WKH
DGDSWHU�LV�PRYHG�WR�WHVW�SRUW�RQH�DQG�WKH�UHVXOWLQJ�GDWD�LV�VDYHG�LQWR�D�VHFRQG�FDOLEUDWLRQ�VHW��7ZR�GLIIHUHQW
FDOLEUDWLRQ�NLWV�PD\�EH�XVHG�GXULQJ�WKLV�SURFHVV�WR�DFFRPPRGDWH�GHYLFHV�ZLWK�GLIIHUHQW�FRQQHFWRU�W\SHV��7R
FRPSOHWH�WKH�DGDSWHU�UHPRYDO�FDOLEUDWLRQ��WKH�QHWZRUN�DQDO\]HU�XVHV�WKH�WZR�VHWV�RI�FDOLEUDWLRQ�GDWD�WR�JHQHUDWH�D
QHZ�VHW�RI�HUURU�FRHIILFLHQWV�WKDW�FRPSOHWHO\�HOLPLQDWH�WKH�HIIHFWV�RI�WKH�FDOLEUDWLRQ�DGDSWHU��$W�WKLV�SRLQW��WKH
DGDSWHU�FDQ�EH�UHPRYHG�DQG�PHDVXUHPHQWV�FDQ�EH�PDGH�GLUHFWO\�RQ�WKH�'87�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

$GDSWHU�5HPRYDO�&DOLEUDWLRQ
● &DOLEUDWLRQ�LV�YHU\�DFFXUDWH�DQG�WUDFHDEOH
● ,Q�ILUPZDUH�RI�+3������������DQG������IDPLOLHV
● $OVR�DFFRPSOLVKHG�ZLWK�(�&DO��+3�������
● 8VHV�DGDSWHU�ZLWK�VDPH�FRQQHFWRUV�DV�'87
● 0XVW�VSHFLI\�HOHFWULFDO�OHQJWK�RI�DGDSWHU�WR�ZLWKLQ�����ZDYHOHQJWK
RI�KLJKHVW�IUHTXHQF\��WR�DYRLG�SKDVH�DPELJXLW\�

1.  Perform 2-port cal with adapter on port 2.
     Save in cal set 1.

2.  Perform 2-port cal with adapter on port 1.
     Save in cal set 2.

4.  Measure DUT without cal adapter.

3.  Use ADAPTER REMOVAL
     to generate new cal set.

[CAL] [MORE] [MODIFY CAL SET]
[ADAPTER REMOVAL]

DUTPort 1 Port 2

Cal Set 1

Port 1 Port 2Adapter
B

Cal
Adapter

Cal
Adapter

Cal Set 2

Port 1 Port 2Adapter
B

Port 2Adapter
B

DUTPort 1

������
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:KHQHYHU�SRVVLEOH��UHIOHFWLRQ�FDOLEUDWLRQV�VKRXOG�EH�GRQH�ZLWK�D�FDO�NLW�WKDW�PDWFKHV�WKH�FRQQHFWRU�W\SH�RI�WKH
'87��,I�DGDSWHUV�QHHG�WR�EH�XVHG�WR�PDWH�WKH�FDOLEUDWHG�WHVW�V\VWHP�WR�WKH�'87��WKH�HIIHFW�RI�WKHVH�DGDSWHUV�RQ
PHDVXUHPHQW�DFFXUDF\�FDQ�EH�YHU\�ODUJH��7KLV�HUURU�LV�RIWHQ�LJQRUHG��ZKLFK�PD\�RU�PD\�QRW�EH�DFFHSWDEOH��$V�WKH
VOLGH�VKRZV��WKH�DGDSWHU�FDXVHV�DQ�HUURU�VLJQDO�ZKLFK�FDQ�DGG�RU�VXEWUDFW�ZLWK�WKH�GHVLUHG�VLJQDO�IURP�WKH�'87�
:RUVW�FDVH�HIIHFWLYH�GLUHFWLYLW\��LQ�G%��LV�QRZ�

����ORJ��&RUUHFWHG�FRXSOHU�GLUHFWLYLW\���ρ
DGDSWHUV

�

,I�WKH�DGDSWHU�KDV�D�6:5�RI�VD\������WKH�OHVV�H[SHQVLYH�YDULHW\���WKH�HIIHFWLYH�GLUHFWLYLW\�RI�WKH�FRXSOHU�GURSV�WR
DURXQG����G%�ZRUVW�FDVH��HYHQ�LI�WKH�FRXSOHU�LWVHOI�KDG�LQILQLWH�GLUHFWLYLW\���,Q�RWKHU�ZRUGV��ZLWK�D�SHUIHFW�=R�ORDG
�ρ/� ����RQ�WKH�RXWSXW�RI�WKH�DGDSWHU��WKH�UHIOHFWHG�VLJQDO�DSSHDULQJ�DW�WKH�FRXSOHG�SRUW�ZRXOG�RQO\�EH����G%�OHVV
WKDQ�WKH�UHIOHFWLRQ�IURP�D�VKRUW�RU�RSHQ�FLUFXLW��6WDFNLQJ�DGDSWHUV�FRPSRXQGV�WKH�SUREOHP��DV�LV�LOOXVWUDWHG�DERYH�
&RQVHTXHQWO\��LW�LV�YHU\�LPSRUWDQW�WR�XVH�TXDOLW\�DGDSWHUV��RU�SUHIHUDEO\��QR�DGDSWHUV�DW�DOO��LQ�\RXU�PHDVXUHPHQW
V\VWHP��VR�V\VWHP�GLUHFWLYLW\�LV�QRW�H[FHVVLYHO\�GHJUDGHG��:KLOH�HUURU�FRUUHFWLRQ�FDQ�PLWLJDWH�WKH�HIIHFW�RI�DGDSWHUV
RQ�WKH�WHVW�SRUW��RXU�V\VWHP�LV�PRUH�VXVFHSWLEOH�WR�GULIW�ZLWK�GHJUDGHG�UDZ��XQFRUUHFWHG��GLUHFWLYLW\�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

$GDSWHU�&RQVLGHUDWLRQV

TerminationAdapter DUT

Worst-case
System Directivity

28 dB

17 dB

14 dB

APC-7 to SMA (m)
SWR:1.06

APC-7 to N (f) + N (m) to SMA (m)
SWR:1.05                 SWR:1.25

APC-7 to N (m) + N (f) to SMA (f) + SMA (m) to (m)
SWR:1.05          SWR:1.25          SWR:1.15

Adapting from APC-7 to SMA (m)

&RXSOHU�GLUHFWLYLW\� ����G%

OHDNDJH�VLJQDO

GHVLUHG�VLJQDO
UHIOHFWLRQ�IURP
DGDSWHU

$3&���FDOLEUDWLRQ�GRQH�KHUH

'87�KDV�60$��I��FRQQHFWRUV

=measured
ρ +adapter

ρ
DUT

ρDirectivity +

������
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:KHQ�SHUIRUPLQJ�D�WZR�SRUW�FDOLEUDWLRQ��WKH�XVHU�KDV�WKH�RSWLRQ�RI�RPLWWLQJ�WKH�SDUW�RI�WKH�FDOLEUDWLRQ�WKDW
FKDUDFWHUL]HV�FURVVWDON�RU�LVRODWLRQ��7KH�GHILQLWLRQ�RI�FURVVWDON�LV�WKH�VLJQDO�OHDNDJH�EHWZHHQ�WHVW�SRUWV�ZKHQ�QR
GHYLFH�LV�SUHVHQW��&URVVWDON�FDQ�EH�D�SUREOHP�ZLWK�KLJK�LVRODWLRQ�GHYLFHV��H�J���VZLWFK�LQ�RSHQ�SRVLWLRQ��DQG
KLJK�G\QDPLF�UDQJH�GHYLFHV��VRPH�ILOWHU�VWRSEDQGV���7KH�LVRODWLRQ�FDOLEUDWLRQ�DGGV�QRLVH�WR�WKH�HUURU�PRGHO�VLQFH
ZH�XVXDOO\�DUH�PHDVXULQJ�QHDU�WKH�QRLVH�IORRU�RI�WKH�V\VWHP��)RU�WKLV�UHDVRQ��RQH�VKRXOG�RQO\�SHUIRUP�WKH�LVRODWLRQ
FDOLEUDWLRQ�LI�LW�LV�UHDOO\�QHHGHG��,I�WKH�LVRODWLRQ�SRUWLRQ�RI�WKH�FDOLEUDWLRQ�LV�GRQH��WUDFH�DYHUDJLQJ�VKRXOG�EH�XVHG�WR
HQVXUH�WKDW�WKH�V\VWHP�FURVVWDON�LV�QRW�REVFXUHG�E\�QRLVH��,Q�VRPH�QHWZRUN�DQDO\]HUV��FURVVWDON�FDQ�EH�PLQLPL]HG
E\�XVLQJ�WKH�DOWHUQDWH�VZHHS�PRGH�LQVWHDG�RI�WKH�FKRS�PRGH��WKH�FKRS�PRGH�PDNHV�PHDVXUHPHQWV�RQ�ERWK�WKH
UHIOHFWLRQ��$��DQG�WUDQVPLVVLRQ��%��FKDQQHOV�DW�HDFK�IUHTXHQF\�SRLQW��ZKHUHDV�WKH�DOWHUQDWH�PRGH�WXUQV�RII�WKH
UHIOHFWLRQ�UHFHLYHU�GXULQJ�WKH�WUDQVPLVVLRQ�PHDVXUHPHQW��

7KH�EHVW�ZD\�WR�SHUIRUP�DQ�LVRODWLRQ�FDOLEUDWLRQ�LV�E\�SODFLQJ�WKH�GHYLFHV�WKDW�ZLOO�EH�PHDVXUHG�RQ�HDFK�WHVW�SRUW�RI
WKH�QHWZRUN�DQDO\]HU��ZLWK�WHUPLQDWLRQV�RQ�WKH�RWKHU�WZR�GHYLFH�SRUWV��8VLQJ�WKLV�WHFKQLTXH��WKH�QHWZRUN�DQDO\]HU
VHHV�WKH�VDPH�LPSHGDQFH�YHUVXV�IUHTXHQF\�GXULQJ�WKH�LVRODWLRQ�FDOLEUDWLRQ�DV�LW�ZLOO�GXULQJ�VXEVHTXHQW
PHDVXUHPHQWV�RI�WKH�'87��,I�WKLV�PHWKRG�LV�LPSUDFWLFDO��LQ�WHVW�IL[WXUHV��RU�LI�RQO\�RQH�'87�LV�DYDLODEOH��IRU
H[DPSOH���WKDQ�SODFLQJ�D�WHUPLQDWHG�'87�RQ�WKH�VRXUFH�SRUW�DQG�D�WHUPLQDWLRQ�RQ�WKH�ORDG�SRUW�RI�WKH�QHWZRUN
DQDO\]HU�LV�WKH�QH[W�EHVW�DOWHUQDWLYH��WKH�'87�DQG�WHUPLQDWLRQ�PXVW�EH�VZDSSHG�IRU�WKH�UHYHUVH�PHDVXUHPHQW���,I
QR�'87�LV�DYDLODEOH�RU�LI�WKH�'87�ZLOO�EH�WXQHG��ZKLFK�ZLOO�FKDQJH�LWV�SRUW�PDWFKHV���WKHQ�WHUPLQDWLRQV�VKRXOG�EH
SODFHG�RQ�HDFK�QHWZRUN�DQDO\]HU�WHVW�SRUW�IRU�WKH�LVRODWLRQ�FDOLEUDWLRQ�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

�&URVVWDON��,VRODWLRQ�

●&URVVWDON�GHILQLWLRQ���VLJQDO�OHDNDJH�EHWZHHQ�SRUWV
●&DQ�EH�D�SUREOHP�ZLWK�

➨+LJK�LVRODWLRQ�GHYLFHV��H�J���VZLWFK�LQ�RSHQ�SRVLWLRQ�
➨+LJK�G\QDPLF�UDQJH�GHYLFHV��VRPH�ILOWHU�VWRSEDQGV�

●,VRODWLRQ�FDOLEUDWLRQ
➨$GGV�QRLVH�WR�HUURU�PRGHO��PHDVXULQJ�QRLVH�IORRU�RI�V\VWHP�
➨2QO\�SHUIRUP�LI�UHDOO\�QHHGHG��XVH�DYHUDJLQJ�
➨LI�FURVVWDON�LV�LQGHSHQGHQW�RI�'87�PDWFK��XVH�WZR�WHUPLQDWLRQV
➨LI�GHSHQGHQW�RQ�'87�PDWFK��XVH�'87�ZLWK�WHUPLQDWLRQ�RQ�RXWSXW

DUT

DUT LOADDUTLOAD

Isolation cal when crosstalk is
dependent on match of DUT

������
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6OLGH����

6R�IDU��ZH�KDYH�GLVFXVVHG�FRD[LDO�FDOLEUDWLRQ�WHFKQLTXHV���/HW
V�EULHIO\�ORRN�DW�75/��D�FDOLEUDWLRQ�WKDW�LV�HVSHFLDOO\
XVHIXO�IRU�WKH�QRQFRD[LDO�HQYLURQPHQW��

:KHQ�SHUIRUPLQJ�D�WZR�SRUW�FDOLEUDWLRQ��ZH�KDYH�VRPH�FKRLFHV�EDVHG�RQ�WKH�W\SH�RI�FDOLEUDWLRQ�VWDQGDUGV�ZH�ZDQW
WR�XVH��7KH�VHFRQG�PRVW�FRPPRQ�W\SH�RI�WZR�SRUW�FDOLEUDWLRQ��DIWHU�62/7��LV�WKUX�UHIOHFW�OLQH��75/���75/�LV�D
WZR�SRUW�FDOLEUDWLRQ�WHFKQLTXH�WKDW�LV�SULPDULO\�XVHG�LQ�QRQFRD[LDO�HQYLURQPHQWV��ZDYHJXLGH��IL[WXUHV��ZDIHU
SURELQJ���,W�VROYHV�IRU�WKH�VDPH����HUURU�WHUPV�DV�WKH�PRUH�FRPPRQ�62/7�FDOLEUDWLRQ��XVLQJ�D�VOLJKWO\�GLIIHUHQW
HUURU�PRGHO��75/�FDOLEUDWLRQ�XVHV�SUDFWLFDO�FDOLEUDWLRQ�VWDQGDUGV�WKDW�DUH�HDVLO\�IDEULFDWHG�DQG�FKDUDFWHUL]HG��

7KHUH�DUH�WZR�YDULDWLRQV�RI�75/��7UXH�75/�FDOLEUDWLRQ�UHTXLUHV�D���UHFHLYHU�QHWZRUN�DQDO\]HU��7KH�YHUVLRQ�IRU
WKUHH�UHFHLYHU�DQDO\]HUV�LV�FDOOHG�75/� �2WKHU�YDULDWLRQV�RI�WKLV�W\SH�RI�FDOLEUDWLRQ��WKDW�VKDUH�D�FRPPRQ�HUURU
PRGHO��DUH�/LQH�5HIOHFW�/LQH��/5/���/LQH�5HIOHFW�0DWFK��/50���7KUX�5HIOHFW�0DWFK��750���SOXV�PDQ\�RWKHUV�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

7KUX�5HIOHFW�/LQH��75/��&DOLEUDWLRQ

:H�NQRZ�DERXW�6KRUW�2SHQ�/RDG�7KUX��62/7��FDOLEUDWLRQ���
:KDW�LV�75/"

● $�WZR�SRUW�FDOLEUDWLRQ�WHFKQLTXH
● *RRG�IRU�QRQFRD[LDO�HQYLURQPHQWV��ZDYHJXLGH��IL[WXUHV��ZDIHU�SURELQJ�
● 8VHV�WKH�VDPH����WHUP�HUURU�PRGHO�DV�WKH��PRUH�FRPPRQ�62/7�FDO
● 8VHV�SUDFWLFDO�FDOLEUDWLRQ�VWDQGDUGV�WKDW DUH�HDVLO\�IDEULFDWHG�DQG
FKDUDFWHUL]HG

● 7ZR�YDULDWLRQV��75/��UHTXLUHV���UHFHLYHUV�
DQG�75/ �RQO\�WKUHH�UHFHLYHUV�QHHGHG�

● 2WKHU�YDULDWLRQV��/LQH�5HIOHFW�0DWFK��/50��� 7KUX�5HIOHFW�
0DWFK��750���SOXV�PDQ\�RWKHUV

75/�ZDV�GHYHORSHG�IRU�QRQ�
FRD[LDO�PLFURZDYH
PHDVXUHPHQWV

������
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6OLGH����

7KLV�VHFWLRQ�ZLOO�FRYHU�VRPH�W\SLFDO�PHDVXUHPHQWV��:H�ZLOO�ORRN�DW�VZHSW�IUHTXHQF\�WHVWLQJ�RI�D�ILOWHU�DQG
VZHSW�SRZHU�WHVWLQJ�RI�DQ�DPSOLILHU�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

$JHQGD

● :K\�GR�ZH�WHVW�FRPSRQHQWV"
● :KDW�PHDVXUHPHQWV�GR�ZH�PDNH"
● 1HWZRUN�DQDO\]HU�KDUGZDUH
● (UURU�PRGHOV�DQG�FDOLEUDWLRQ
● 7\SLFDO�PHDVXUHPHQWV
● $SSHQGL[

������
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6OLGH����

6KRZQ�DERYH�DUH�WKH�IUHTXHQF\�UHVSRQVHV�RI�D�ILOWHU��2Q�WKH�OHIW�DQG�ERWWRP�ZH�VHH�WKH�WUDQVPLVVLRQ�UHVSRQVH�LQ
ORJ�PDJQLWXGH�IRUPDW��DQG�RQ�WKH�ULJKW�ZH�VHH�WKH�UHIOHFWLRQ�UHVSRQVH��UHWXUQ�ORVV��

7KH�PRVW�FRPPRQO\�PHDVXUHG�ILOWHU�FKDUDFWHULVWLFV�DUH�LQVHUWLRQ�ORVV�DQG�EDQGZLGWK��VKRZQ�RQ�WKH�ORZHU�SORW�ZLWK
DQ�H[SDQGHG�YHUWLFDO�VFDOH��$QRWKHU�FRPPRQ�SDUDPHWHU�ZH�PLJKW�PHDVXUH�LV�RXW�RI�EDQG�UHMHFWLRQ��7KLV�LV�D
PHDVXUH�RI�KRZ�ZHOO�D�ILOWHU�SDVVHV�VLJQDOV�ZLWKLQ�LWV�EDQGZLGWK�ZKLOH�VLPXOWDQHRXVO\�UHMHFWLQJ�DOO�RWKHU�VLJQDOV
RXWVLGH�RI�WKDW�VDPH�EDQGZLGWK��7KH�DELOLW\�RI�D�WHVW�V\VWHP�WR�PHDVXUH�RXW�RI�EDQG�UHMHFWLRQ�LV�GLUHFWO\�GHSHQGHQW
RQ�LWV�V\VWHP�G\QDPLF�UDQJH�VSHFLILFDWLRQ�

7KH�UHWXUQ�ORVV�SORW�LV�YHU\�W\SLFDO��VKRZLQJ�KLJK�UHIOHFWLRQ��QHDU���G%��LQ�WKH�VWRSEDQGV��DQG�UHDVRQDEOH�PDWFK�LQ
WKH�SDVVEDQG��0RVW�SDVVLYH�ILOWHUV�ZRUN�LQ�WKLV�PDQQHU��$�VSHFLDO�FODVV�RI�ILOWHUV�H[LVW�WKDW�DUH�DEVRUSWLYH�LQ�ERWK
WKH�SDVVEDQG�DQG�VWRSEDQG��7KHVH�ILOWHUV�H[KLELW�D�JRRG�PDWFK�RYHU�D�EURDG�IUHTXHQF\�UDQJH�

)RU�YHU\�QDUURZEDQG�GHYLFHV��VXFK�DV�FU\VWDO�ILOWHUV��WKH�QHWZRUN�DQDO\]HU�PXVW�VZHHS�VORZ�HQRXJK�WR�DOORZ�WKH
ILOWHU�WR�UHVSRQG�SURSHUO\����,I�WKH�GHIDXOW�VZHHS�VSHHG�LV�WRR�IDVW�IRU�WKH�GHYLFH��VLJQLILFDQW�PHDVXUHPHQW�HUURUV�FDQ
RFFXU���7KLV�FDQ�DOVR�KDSSHQ�ZLWK�GHYLFHV�WKDW�DUH�HOHFWULFDOO\�YHU\�ORQJ��7KH�ODUJH�WLPH�GHOD\�RI�WKH�GHYLFH�FDQ
UHVXOW�LQ�WKH�UHFHLYHU�EHLQJ�WXQHG�WR�IUHTXHQFLHV�WKDW�DUH�KLJKHU�WKDQ�WKRVH�FRPLQJ�RXW�RI�WKH�GHYLFH��ZKLFK�DOVR
FDQ�FDXVH�VLJQLILFDQW�PHDVXUHPHQW�HUURUV�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

)UHTXHQF\�6ZHHS���)LOWHU�7HVW

CH1 S11 log MAG 5 dB/ REF  0 dB

CENTER  200.000 MHz SPAN   50.000 MHz

 
  

  

 

 

 

 
 
 

 

 
 
 

 
 

 

5HWXUQ�ORVV

,QVHUWLRQ�ORVV

log MAG 10 dB/ REF  0 dBCH1 S21�

START   .300 000 MHz STOP  400.000 000 MHz
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SCH1 21 log MAG 1 dB/ REF  0 dB
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START 2 000.000 MHz STOP 6 000.000 MHz

x2 1 2

m1:      4.000 000 GHz   -0.16 dB
m2-ref: 2.145 234 GHz    0.00 dB

1

2ref

6WRSEDQG�
UHMHFWLRQ

������
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6OLGH����

0DQ\�QHWZRUN�DQDO\]HUV�KDYH�WKH�DELOLW\�WR�GR�SRZHU�VZHHSV�DV�ZHOO�DV�IUHTXHQF\�VZHHSV���3RZHU�VZHHSV�KHOS
FKDUDFWHUL]H�WKH�QRQOLQHDU�SHUIRUPDQFH�RI�DQ�DPSOLILHU��6KRZQ�DERYH�LV�D�SORW�RI�DQ�DPSOLILHU
V�RXWSXW�SRZHU
YHUVXV�LQSXW�SRZHU�DW�D�VLQJOH�IUHTXHQF\��$PSOLILHU�JDLQ�DW�DQ\�SDUWLFXODU�SRZHU�OHYHO�LV�WKH�VORSH�RI�WKLV�FXUYH�
1RWLFH�WKDW�WKH�DPSOLILHU�KDV�D�OLQHDU�UHJLRQ�RI�RSHUDWLRQ�ZKHUH�JDLQ�LV�FRQVWDQW�DQG�LV�LQGHSHQGHQW�RI�SRZHU�OHYHO�
7KH�JDLQ�LQ�WKLV�UHJLRQ�LV�FRPPRQO\�UHIHUUHG�WR�DV��VPDOO�VLJQDO�JDLQ���$W�VRPH�SRLQW�DV�WKH�LQSXW�SRZHU�LV
LQFUHDVHG��WKH�DPSOLILHU�JDLQ�DSSHDUV�WR�GHFUHDVH��DQG�WKH�DPSOLILHU�LV�VDLG�WR�EH�LQ�FRPSUHVVLRQ��8QGHU�WKLV
QRQOLQHDU�FRQGLWLRQ��WKH�DPSOLILHU�RXWSXW�LV�QR�ORQJHU�VLQXVRLGDO����VRPH�RI�WKH�RXWSXW�SRZHU�LV�SUHVHQW�LQ
KDUPRQLFV��UDWKHU�WKDQ�RFFXUULQJ�RQO\�DW�WKH�IXQGDPHQWDO�IUHTXHQF\��$V�LQSXW�SRZHU�LV�LQFUHDVHG�HYHQ�PRUH��WKH
DPSOLILHU�EHFRPHV�VDWXUDWHG��DQG�RXWSXW�SRZHU�UHPDLQV�FRQVWDQW��$W�WKLV�SRLQW��WKH�DPSOLILHU�JDLQ�LV�HVVHQWLDOO\
]HUR��VLQFH�IXUWKHU�LQFUHDVHV�LQ�LQSXW�SRZHU�UHVXOW�LQ�QR�FKDQJH�LQ�RXWSXW�SRZHU���6DWXUDWHG�RXWSXW�SRZHU�FDQ�EH
UHDG�GLUHFWO\�IURP�WKH�DERYH�SORW�

,Q�RUGHU�WR�PHDVXUH�WKH�VDWXUDWHG�RXWSXW�SRZHU�RI�DQ�DPSOLILHU��WKH�QHWZRUN�DQDO\]HU�PXVW�EH�DEOH�WR�SURYLGH�D
SRZHU�VZHHS�ZLWK�VXIILFLHQW�RXWSXW�SRZHU�WR�GULYH�WKH�DPSOLILHU�IURP�LWV�OLQHDU�UHJLRQ�LQWR�VDWXUDWLRQ��$�SUHDPS�DW
WKH�LQSXW�RI�WKH�DPSOLILHU�XQGHU�WHVW�PD\�EH�QHFHVVDU\�WR�DFKLHYH�WKLV�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

3RZHU�6ZHHS���&RPSUHVVLRQ

Saturated 
output power

O
ut

pu
t P

ow
er

 (
dB

m
)

Input Power (dBm)

Compression 
region

Linear region  
(slope = small-signal gain)
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6OLGH����

7KH�PRVW�FRPPRQ�PHDVXUHPHQW�RI�DPSOLILHU�FRPSUHVVLRQ�LV�WKH���G%�FRPSUHVVLRQ�SRLQW��GHILQHG�KHUH�DV�WKH�LQSXW
SRZHU�ZKLFK�UHVXOWV�LQ�D���G%�GHFUHDVH�LQ�DPSOLILHU�JDLQ��UHIHUHQFHG�WR�WKH�DPSOLILHU
V�VPDOO�VLJQDO�JDLQ����7KH
HDVLHVW�ZD\�WR�PHDVXUH�WKH���G%�FRPSUHVVLRQ�SRLQW�LV�WR�GLUHFWO\�GLVSOD\�QRUPDOL]HG�JDLQ��%�5��IURP�D�SRZHU
VZHHS���7KH�IODW�SDUW�RI�WKH�WUDFH�LV�WKH�OLQHDU��VPDOO�VLJQDO�UHJLRQ��DQG�WKH�FXUYHG�SDUW�RQ�WKH�ULJKW�VLGH�FRUUHVSRQGV
WR�FRPSUHVVLRQ�FDXVHG�E\�KLJKHU�LQSXW�SRZHU���$V�VKRZQ�DERYH��WKH���G%�FRPSUHVVLRQ�SRLQW�RI�WKH
DPSOLILHU�XQGHU�WHVW�LV������G%P��DW�D�&:�IUHTXHQF\�RI�������0+]�

,W�LV�RIWHQ�KHOSIXO�WR�DOVR�NQRZ�WKH�RXWSXW�SRZHU�FRUUHVSRQGLQJ�WR�WKH���G%�FRPSUHVVLRQ�SRLQW���8VLQJ�WKH
GXDO�FKDQQHO�IHDWXUH�IRXQG�RQ�PRVW�PRGHUQ�QHWZRUN�DQDO\]HUV��DEVROXWH�SRZHU�DQG�QRUPDOL]HG�JDLQ�FDQ�EH
GLVSOD\HG�VLPXOWDQHRXVO\���'LVSOD\�PDUNHUV�FDQ�UHDG�RXW�ERWK�WKH�RXWSXW�SRZHU�DQG�WKH�LQSXW�SRZHU�ZKHUH
��G%�FRPSUHVVLRQ�RFFXUV���$OWHUQDWLYHO\��WKH�JDLQ�RI�WKH�DPSOLILHU�DW�WKH���G%�FRPSUHVVLRQ�SRLQW�FDQ�VLPSO\�EH
DGGHG�WR�WKH���G%�FRPSUHVVLRQ�SRZHU�WR�FRPSXWH�WKH�FRUUHVSRQGLQJ�RXWSXW�SRZHU��$V�VHHQ�DERYH��WKH�RXWSXW
SRZHU�DW�WKH���G%�FRPSUHVVLRQ�SRLQW�LV������G%P��������G%� ������G%P�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�SRZHU�VZHHS�UDQJH�QHHGV�WR�EH�ODUJH�HQRXJK�WR�HQVXUH�WKDW�WKH�DPSOLILHU�XQGHU�WHVW�LV
GULYHQ�IURP�LWV�OLQHDU�UHJLRQ�LQWR�FRPSUHVVLRQ���0RGHUQ�QHWZRUN�DQDO\]HUV�W\SLFDOO\�SURYLGH�SRZHU�VZHHSV�ZLWK���
WR����G%�RI�UDQJH��ZKLFK�LV�PRUH�WKDQ�DGHTXDWH�IRU�PRVW�DPSOLILHUV��,W�LV�DOVR�YHU\�LPSRUWDQW�WR�VXIILFLHQWO\
DWWHQXDWH�WKH�RXWSXW�RI�KLJK�SRZHU�DPSOLILHUV�WR�SUHYHQW�GDPDJH�WR�WKH�QHWZRUN�DQDO\]HU
V�UHFHLYHU�

��7KH���G%�FRPSUHVVLRQ�SRLQW�LV�VRPHWLPHV�GHILQHG�DV�WKH�RXWSXW�SRZHU�UHVXOWLQJ�LQ�D���G%�GHFUHDVH�LQ�DPSOLILHU�JDLQ��DV
����RSSRVHG�WR�WKH�LQSXW�SRZHU��

� Network Analyzer Basics
DJB   12/96  na_basic.pre

3RZHU�6ZHHS��*DLQ�&RPSUHVVLRQ

0

CH1  S21     1og  MAG      1 dB/   REF  32  dB        30.991 dB
                                                                                     12.3 dBm
C2 

IF   BW  3  kHz                                           SWP  420 msec
START  −10 dBm       CW 902.7 MHz       STOP 15 dBm

0

��G%�FRPSUHVVLRQ��LQSXW�SRZHU�
UHVXOWLQJ�LQ���G%�GURS LQ�JDLQ
5DWLRHG�PHDVXUHPHQW
2XWSXW�SRZHU�DYDLODEOH�
�QRQ�UDWLRHG�PHDVXUHPHQW�

������
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6OLGH����

$QRWKHU�FRPPRQ�PHDVXUHPHQW�ZKLFK�KHOSV�FKDUDFWHUL]H�WKH�QRQOLQHDU�EHKDYLRU�RI�DPSOLILHUV�LV�$0�WR�30
FRQYHUVLRQ��ZKLFK�LV�D�PHDVXUH�RI�WKH�DPRXQW�RI�XQGHVLUHG�SKDVH�GHYLDWLRQ��WKH�30��ZKLFK�LV�LQGXFHG�E\
DPSOLWXGH�YDULDWLRQV�LQKHUHQW�LQ�WKH�V\VWHP��WKH�$0����,Q�D�FRPPXQLFDWLRQV�V\VWHP��WKLV�XQZDQWHG�30�LV�FDXVHG�E\
XQLQWHQWLRQDO�DPSOLWXGH�YDULDWLRQV�VXFK�DV�SRZHU�VXSSO\�ULSSOH��WKHUPDO�GULIW��RU�PXOWLSDWK�IDGLQJ��RU�E\�LQWHQWLRQDO
DPSOLWXGH�FKDQJH�WKDW�LV�D�UHVXOW�RI�WKH�W\SH�RI�PRGXODWLRQ�XVHG��VXFK�DV�WKH�FDVH�ZLWK�4$0�RU�EXUVW�PRGXODWLRQ����

$0�WR�30�FRQYHUVLRQ�LV�D�SDUWLFXODUO\�FULWLFDO�SDUDPHWHU�LQ�V\VWHPV�ZKHUH�SKDVH��DQJXODU��PRGXODWLRQ�LV
HPSOR\HG��EHFDXVH�XQGHVLUHG�SKDVH�GLVWRUWLRQ�FDXVHV�DQDORJ�VLJQDO�GHJUDGDWLRQ��RU�LQFUHDVHG�ELW�HUURU�UDWHV��%(5�
LQ�GLJLWDO�V\VWHPV��([DPSOHV�RI�FRPPRQ�PRGXODWLRQ�W\SHV�WKDW�XVH�SKDVH�PRGXODWLRQ�DUH�)0��436.��DQG���4$0�
:KLOH�LW�LV�HDV\�WR�PHDVXUH�WKH�%(5�RI�D�GLJLWDO�FRPPXQLFDWLRQ�V\VWHP��WKLV�PHDVXUHPHQW�DORQH�GRHV�QRW�SURYLGH
DQ\�LQVLJKW�LQWR�WKH�XQGHUO\LQJ�SKHQRPHQD�ZKLFK�FDXVH�ELW�HUURUV���$0�WR�30�FRQYHUVLRQ�LV�RQH�RI�WKH�IXQGDPHQWDO
FRQWULEXWRUV�WR�%(5��DQG�WKHUHIRUH�LW�LV�LPSRUWDQW�WR�TXDQWLI\�WKLV�SDUDPHWHU�LQ�FRPPXQLFDWLRQ�V\VWHPV��

7KH�,�4�GLDJUDP�VKRZQ�DERYH�VKRZV�KRZ�$0�WR�30�FRQYHUVLRQ�FDQ�FDXVH�ELW�HUURUV��/HW
V�VD\�WKH�GHVLUDEOH�VWDWH
FKDQJH�LV�IURP�WKH�VPDOO�VROLG�YHFWRU�WR�WKH�ODUJH�VROLG�YHFWRU��:LWK�$0�30�FRQYHUVLRQ��WKH�DFWXDO�ODUJH�YHFWRU�PD\
EH�DV�VKRZQ�ZLWK�WKH�GRWWHG�OLQH���7KLV�LV�GXH�WR�SKDVH�VKLIW�WKDW�UHVXOWV�IURP�D�FKDQJH�LQ�SRZHU�OHYHO���)RU�D
��4$0�VLJQDO�DV�VKRZQ��RQO\�RQH�TXDGUDQW�LV�GUDZQ���ZH�VHH�WKDW�WKH�QRLVH�FLUFOHV�WKDW�VXUURXQG�HDFK�VWDWH
DFWXDOO\�RYHUODS��ZKLFK�PHDQV�WKDW�VWDWLVWLFDOO\��VRPH�ELW�HUURUV�ZLOO�RFFXU�

$0�WR�30�FRQYHUVLRQ�LV�XVXDOO\�GHILQHG�DV�WKH�FKDQJH�LQ�RXWSXW�SKDVH�IRU�D���G%�LQFUHPHQW�LQ�WKH�LQSXW�SRZHU�WR
DQ�DPSOLILHU��H[SUHVVHG�LQ�GHJUHHV�SHU�G%��R�G%���$Q�LGHDO�DPSOLILHU�ZRXOG�KDYH�QR�LQWHUDFWLRQ�EHWZHHQ�LWV�SKDVH
UHVSRQVH�DQG�WKH�OHYHO�RI�WKH�LQSXW�VLJQDO�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

$0�WR�30�&RQYHUVLRQ

Amplitude

Time

AM
(dB)

PM
(deg)

Mag(AMin)

Test  Stimulus

Amplitude

Time

AM
(dB)

PM
(deg)

Mag(AMout)

Mag(PMout)

Output Response

AM - PM Conversion =

Mag(PMout)

Mag(AMin)
(deg/dB)

DUT

Power sweep

I

Q

$0�WR�30�FRQYHUVLRQ

FDQ�FDXVH�ELW�HUURUV

0HDVXUH�RI�SKDVH�GHYLDWLRQ�FDXVHG�E\�DPSOLWXGH�YDULDWLRQV

● XQGHVLUHG�$0�
VXSSO\�ULSSOH��IDGLQJ��WKHUPDO

● GHVLUHG�$0�
PRGXODWLRQ��H�J��4$0�

������
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$0�30�FRQYHUVLRQ�FDQ�EH�PHDVXUHG�E\�SHUIRUPLQJ�D�SRZHU�VZHHS�ZLWK�D�YHFWRU�QHWZRUN�DQDO\]HU��XVLQJ�WKH�VDPH
WUDQVPLVVLRQ�VHWXS�WKDW�ZH�XVHG�IRU�JDLQ�FRPSUHVVLRQ��7KH�GLVSOD\HG�GDWD�LV�IRUPDWWHG�DV�WKH�SKDVH�RI�6��
�WUDQVPLVVLRQ��YHUVXV�SRZHU��$0�30�FRQYHUVLRQ�FDQ�EH�FRPSXWHG�E\�FKRRVLQJ�D�VPDOO�DPSOLWXGH�LQFUHPHQW
�W\SLFDOO\���G%��FHQWHUHG�DW�D�SDUWLFXODU�5)�SRZHU�OHYHO��DQG�QRWLQJ�WKH�UHVXOWDQW�FKDQJH�LQ�SKDVH��7KH�HDVLHVW�ZD\
WR�UHDG�RXW�WKH�DPSOLWXGH�DQG�SKDVH�GHOWDV�LV�WR�XVH�WUDFH�PDUNHUV���'LYLGLQJ�WKH�SKDVH�FKDQJH�E\�WKH�DPSOLWXGH
FKDQJH�\LHOGV�$0�30�FRQYHUVLRQ��7KH�SORW�DERYH�VKRZV�$0�30�FRQYHUVLRQ�RI������R�G%��FHQWHUHG�DW�DQ�LQSXW
SRZHU�RI������G%P�DQG�DQ�RXWSXW�SRZHU�RI������G%P��+DG�ZH�FKRVHQ�WR�PHDVXUH�$0�30�FRQYHUVLRQ�DW�D�KLJKHU
SRZHU�OHYHO��ZH�ZRXOG�KDYH�VHHQ�D�PXFK�ODUJHU�YDOXH��DURXQG���R�G%��

� Network Analyzer Basics
DJB   12/96  na_basic.pre

3RZHU�6ZHHS���$0�WR�30�&RQYHUVLRQ
1:Transmission Log Mag  1.0 dB/ Ref  21.50 dB

8VH�WUDQVPLVVLRQ�VHWXS�
ZLWK�D�SRZHU�VZHHS
'LVSOD\�SKDVH�RI�6��
$0���30� ������GHJ�G%

Start -10.00 dBm            Stop  0.00 dBmCW 900.000 MHz
Start -10.00 dBm            Stop  0.00 dBmCW 900.000 MHz

2:Transmission /M Phase  5.0 deg/ Ref -115.7 deg 

1

2

1

1

2

 Ch1:Mkr1    -4.50 dBm  20.48 dB

   Ch2:Mkr2     1.00 dB       0.86 deg

������
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7KH�$GYDQFHG�7RSLFV�VHFWLRQ�LV�LQWHQGHG�WR�SURYLGH�SRLQWHUV�WR�UHIHUHQFH�PDWHULDO�ZKLFK�FRYHUV�WKHVH�WRSLFV�LQ
PRUH�GHWDLO���,QVLGH�WKH�1HWZRUN�$QDO\]HU�VHFWLRQ�SURYLGHV�D�PRUH�GHWDLOHG�GLVFXVVLRQ�DERXW�WKH�VLJQDO�VHSDUDWLRQ
GHYLFHV�DQG�UHFHLYHU�VHFWLRQV�RI�WKH�QHWZRUN�DQDO\]HU���

:HGQHVGD\��2FWREHU���������1HWZRUN�$QDO\]HU�%DVLFV��'-%��QD���SSW
��

$JHQGD

● :K\�GR�ZH�WHVW�FRPSRQHQWV"
● :KDW�PHDVXUHPHQWV�GR�ZH�PDNH"
● 1HWZRUN�DQDO\]HU�KDUGZDUH
● (UURU�PRGHOV�DQG�FDOLEUDWLRQ
● 7\SLFDO�PHDVXUHPHQWV

● $SSHQGL[
● $GYDQFHG�7RSLFV

7LPH�GRPDLQ
)UHTXHQF\�WUDQVODWLQJ�GHYLFHV
+LJK�SRZHU�DPSOLILHUV
0XOWLSRUW�GHYLFHV
,Q�IL[WXUH
&U\VWDO�5HVRQDWRUV
%DODQFHG�&DEOHV

● ,QVLGH�WKH�1HWZRUN�$QDO\]HU
● 3RZHU�7UDQVIHU�(IILFLHQF\

������
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7LPH�GRPDLQ�UHIOHFWRPHWU\�LV�D�YHU\�XVHIXO�WRRO�WKDW�DOORZV�XV�WR�PHDVXUH�LPSHGDQFH�YHUVXV�GLVWDQFH��2QH�JRRG
DSSOLFDWLRQ�IRU�7'5�LV�IL[WXUH�GHVLJQ�DQG�WKH�GHVLJQ�RI�FRUUHVSRQGLQJ�LQ�IL[WXUH�FDOLEUDWLRQ�VWDQGDUGV��:H�FDQ
GLVWLQJXLVK�EHWZHHQ�FDSDFLWLYH�DQG�LQGXFWLYH�WUDQVLWLRQV��DQG�VHH�QRQ�=R�WUDQVPLVVLRQ�OLQHV���7'5�FDQ�KHOS�XV
GHWHUPLQH�WKH�PDJQLWXGH�DQG�SRVLWLRQ�RI�UHIOHFWLRQV�IURP�WUDQVLWLRQV�ZLWKLQ�WKH�IL[WXUH��DQG�ZH�FDQ�PHDVXUH�WKH
TXDOLW\�RI�WKH�FDOLEUDWLRQ�VWDQGDUGV��$V�ORQJ�DV�ZH�KDYH�HQRXJK�VSDWLDO�UHVROXWLRQ��ZH�FDQ�VHH�WKH�UHIOHFWLRQV�RI�WKH
FRQQHFWRU�ODXQFKHV�LQGHSHQGHQWO\�IURP�WKH�UHIOHFWLRQV�RI�WKH�FDOLEUDWLRQ�VWDQGDUGV��,W�LV�YHU\�HDV\�WR�GHWHUPLQH
ZKLFK�WUDQVLWLRQ�LV�ZKLFK��DV�WKH�GHVLJQHU�FDQ�SODFH�D�SUREH�RQ�D�WUDQVLWLRQ�DQG�ORRN�IRU�D�ODUJH�VSLNH�RQ�WKH�7'5
WUDFH�

:LWK�WLPH�GRPDLQ�JDWLQJ��ZH�FDQ�LVRODWH�YDULRXV�VHFWLRQV�RI�WKH�IL[WXUH�DQG�VHH�WKH�HIIHFWV�LQ�WKH�IUHTXHQF\�GRPDLQ�
)RU�H[DPSOH��ZH�FDQ�FKRRVH�WR�ORRN�DW�MXVW�WKH�FRQQHFWRU�ODXQFKHV��ZLWKRXW�LQWHUIHUHQFH�IURP�WKH�UHIOHFWLRQV�RI
WKH�FDOLEUDWLRQ�VWDQGDUGV���RU�MXVW�WKH�FDOLEUDWLRQ�VWDQGDUGV�E\�WKHPVHOYHV��

$QRWKHU�DSSOLFDWLRQ�IRU�7'5�LV�IDXOW�ORFDWLRQ�IRU�FRD[LDO�FDEOHV�LQ�FHOOXODU�DQG�&$79�LQVWDOODWLRQV��:H�FDQ�XVH�7'5
LQ�WKHVH�FDVHV�WR�SUHFLVHO\�GHWHUPLQH�WKH�ORFDWLRQ�RI�FDEOH�IDXOWV�VXFK�DV�FULPSV��SRRU�FRQQHFWLRQV��VKRUWV��RSHQV���
DQ\WKLQJ�WKDW�FDXVHV�D�SRUWLRQ�RI�WKH�LQFLGHQW�VLJQDO�WR�EH�UHIOHFWHG�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

7LPH�'RPDLQ�5HIOHFWRPHWU\��7'5�

ZKDW�LV�7'5"
WLPH�GRPDLQ�UHIOHFWRPHWU\
DQDO\]H�LPSHGDQFH�YHUVXV�WLPH
GLVWLQJXLVK�EHWZHHQ�LQGXFWLYH�DQG�FDSDFLWLYH�WUDQVLWLRQV

ZLWK�JDWLQJ�
DQDO\]H�WUDQVLWLRQV
DQDO\]HU�VWDQGDUGV

=R
WLPH

LP
SH
GD
Q
FH

non-Zo transmission line

inductive 
transition

capacitive 
transition

������
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7'5�PHDVXUHPHQWV�XVLQJ�D�YHFWRU�QHWZRUN�DQDO\]HU�VWDUW�ZLWK�D�EURDGEDQG�VZHHS�LQ�WKH�IUHTXHQF\�GRPDLQ���7KH
LQYHUVH�)RXULHU�WUDQVIRUP�LV�XVHG�WR�WUDQVIRUP�IUHTXHQF\�GRPDLQ�GDWD�WR�WKH�WLPH�GRPDLQ��7KH�ILJXUH�RQ�WKH�OHIW�RI
WKH�VOLGH�VKRZV�D�VLPSOLILHG�FRQFHSWXDO�PRGHO�RI�KRZ�D�QHWZRUN�DQDO\]HU�GHULYHV�WLPH�GRPDLQ�WUDFHV��)RU
VWHS�UHVSRQVH�7'5��ZH�ZDQW�WR�HQG�XS�DW�WKH�ORZHU�OHIW�KDQG�SORW��7KH�QHWZRUN�DQDO\]HU�JDWKHUV�GDWD�LQ�WKH
IUHTXHQF\�GRPDLQ��XSSHU�ULJKW��IURP�D�EURDGEDQG�VZHHS��QRWH���DOO�WKH�GDWD�LV�FROOHFWHG�IURP�D�UHIOHFWLRQ
PHDVXUHPHQW����,Q�HIIHFW��ZH�DUH�VWLPXODWLQJ�WKH�'87�ZLWK�D�IODW�IUHTXHQF\�LQSXW��ZKLFK�LV�HTXLYDOHQW�WR�DQ�LPSXOVH
LQ�WKH�WLPH�GRPDLQ���7KH�RXWSXW�UHVSRQVH�RI�RXU�'87�LV�WKHUHIRUH�WKH�IUHTXHQF\�UHVSRQVH�RI�LWV�LPSXOVH�UHVSRQVH�
6LQFH�D�VWHS�LQ�WKH�WLPH�GRPDLQ�LV�WKH�LQWHJUDO�RI�DQ�LPSXOVH��LI�ZH�LQWHJUDWH�WKH�IUHTXHQF\�UHVSRQVH�GDWD�RI�RXU
'87��ZH�ZLOO�KDYH�IUHTXHQF\�GRPDLQ�GDWD�FRUUHVSRQGLQJ�WR�WKH�VWHS�UHVSRQVH�LQ�WKH�WLPH�GRPDLQ���1RZ��ZH�VLPSO\
SHUIRUP�DQ�LQYHUVH�)RXULHU�WUDQVIRUP�WR�JHW�IURP�WKH�IUHTXHQF\�GRPDLQ�WR�WKH�WLPH�GRPDLQ��DQG�YRLOi��ZH�KDYH�WKH
VWHS�UHVSRQVH����1RWH�WKDW�ZH�FRXOG�DOVR�SHUIRUP�WKH�LQYHUVH�)RXULHU�WUDQVIRUP�ILUVW��DQG�WKHQ�LQWHJUDWH�WKH
WLPH�GRPDLQ�GDWD���7KH�UHVXOW�ZRXOG�EH�WKH�VDPH���7KH�DFWXDO�PDWK�XVHG�LQ�WKH�QHWZRUN�DQDO\]HU�LV�VRPHZKDW�PRUH
FRPSOLFDWHG�WKDQ�GHVFULEHG�DERYH��LQ�RUGHU�WR�WDNH�FDUH�RI�RWKHU�HIIHFWV��RQH�H[DPSOH�LV�H[WUDSRODWLQJ�D�YDOXH�IRU
WKH�'&�WHUP��VLQFH�WKH�DQDO\]HU�GRHVQ
W�PHDVXUH�DOO�WKH�ZD\�GRZQ�WR���+]��

7R�JHW�PRUH�UHVROXWLRQ�LQ�WKH�WLPH�GRPDLQ��WR�VHSDUDWH�WUDQVLWLRQV���ZH�QHHG�D�IDVWHU�HIIHFWLYH�ULVH�WLPH�IRU�RXU�VWHS
UHVSRQVH���7KLV�WUDQVODWHV�WR�D�VKDUSHU��QDUURZHU��HIIHFWLYH�LPSXOVH��ZKLFK�PHDQV�D�EURDGHU�LQSXW�IUHTXHQF\�UDQJH
PXVW�EH�DSSOLHG�WR�RXU�'87���,Q�RWKHU�ZRUGV��WKH�KLJKHU�WKH�VWRS�IUHTXHQF\��WKH�VPDOOHU�WKH�GLVWDQFH�WKDW�FDQ�EH
UHVROYHG��)RU�WKLV�UHDVRQ��LW�LV�JHQHUDOO\�QHFHVVDU\�WR�PDNH�PLFURZDYH�PHDVXUHPHQWV�RQ�WKH�IL[WXUH�WR�JHW
VXIILFLHQW�UHVROXWLRQ�WR�DQDO\]H�WKH�YDULRXV�WUDQVLWLRQV��3URYLGLQJ�VXIILFLHQW�VSDFLQJ�EHWZHHQ�WUDQVLWLRQV�PD\
HOLPLQDWH�WKH�QHHG�IRU�PLFURZDYH�FKDUDFWHUL]DWLRQ��EXW�FDQ�UHVXOW�LQ�YHU\�ODUJH�IL[WXUHV���7KH�SORW�DERYH�RI�D
IL[WXUHG�ORDG�VWDQGDUG�VKRZV�WKH�H[WUD�UHVROXWLRQ�REWDLQHG�ZLWK�D����*+]�VZHHS�YHUVXV�RQO\�D���*+]�VZHHS�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

7'5�%DVLFV�8VLQJ�D�1HWZRUN�$QDO\]HU
VWDUW�ZLWK�EURDGEDQG�IUHTXHQF\�VZHHS��RIWHQ�UHTXLUHV�PLFURZDYH�91$�
XVH�LQYHUVH�)RXULHU�WUDQVIRUP�WR�FRPSXWH�WLPH�GRPDLQ
UHVROXWLRQ�LQYHUVHO\�SURSRUWLRQDWH�WR�IUHTXHQF\�VSDQ

CH1 S22 Re 50 mU/ REF 0 U

CH1 START 0 s STOP 1.5 ns

  

  

 

 

Cor
 

 
 
 

 

 
 
 

 

 

���*+]

��*+]

Time Domain Frequency Domain

W

I

 1/s*F(s) F(t)*dt∫
�

W

Integrate

IW

I

TDR
=

��

=
��

������
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*DWLQJ�FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WLPH�GRPDLQ�PHDVXUHPHQWV�WR�VHSDUDWH�DQG�UHPRYH�XQGHVLUDEOH�UHIOHFWLRQV
IURP�WKRVH�RI�LQWHUHVW��)RU�H[DPSOH��JDWLQJ�FDQ�LVRODWH�WKH�UHIOHFWLRQV�RI�D�'87�LQ�D�IL[WXUH�IURP�WKRVH�RI�WKH�IL[WXUH
LWVHOI��7KLV�LV�D�IRUP�RI�HUURU�FRUUHFWLRQ��)RU�WLPH�GRPDLQ�JDWLQJ�WR�ZRUN�HIIHFWLYHO\��WKH�WLPH�GRPDLQ�UHVSRQVHV
QHHG�WR�EH�ZHOO�VHSDUDWHG�LQ�WLPH��DQG�WKHUHIRUH�GLVWDQFH���7KH�JDWH�LWVHOI�ORRNV�OLNH�D�ILOWHU�LQ�WLPH��DQG�KDV�D�ILQLWH
WUDQVLWLRQ�UDQJH�EHWZHHQ�SDVVLQJ�DQG�UHMHFWLQJ�D�UHIOHFWLRQ��VLPLODU�WR�WKH�VNLUWV�RI�D�ILOWHU�LQ�WKH�IUHTXHQF\
GRPDLQ��

7KH�SORWV�DERYH�VKRZ�WKH�SHUIRUPDQFH�RI�DQ�LQ�IL[WXUH�WKUX�VWDQGDUG��ZLWKRXW�QRUPDOL]DWLRQ���:H�VHH�DERXW�D���G%
LPSURYHPHQW�LQ�UHWXUQ�ORVV�DW�����0+]�XVLQJ�WLPH�GRPDLQ�JDWLQJ��UHVXOWLQJ�LQ�D�UHWXUQ�ORVV�RI����G%��7KH�JDWLQJ
HIIHFWLYHO\�UHPRYHV�WKH�HIIHFWV�RI�WKH�60$�FRQQHFWRUV�DW�HLWKHU�HQG�RI�WKH�WHVW�IL[WXUH�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

7LPH�'RPDLQ�*DWLQJ

7'5�DQG�JDWLQJ�FDQ�UHPRYH XQGHVLUHG�UHIOHFWLRQV������ ��
�D�IRUP�RI�HUURU�FRUUHFWLRQ�
2QO\�XVHIXO�IRU�EURDGEDQG GHYLFHV��D�ORDG�RU�WKUX�IRU�H[DPSOH�
'HILQH�JDWH WR�RQO\�LQFOXGH�'87
8VH�WZR�SRUW�FDOLEUDWLRQ CH1 S11&M log MAG 5 dB/ REF 0 dB

    START  .050 000 000 GHz STOP 20.050 000 000 GHz

  

Gate

Cor

PRm

 
 

1

2

2: -15.78  dB   6.000 
GHz

               

1: -45.113 dB   0.947 GHz 

CH1 MEM Re 20 mU/ REF 0 U

CH1 START 0 s STOP 1.5 ns
 

Cor
PRm

RISE TIME
 29.994 ps
 8.992 mm

 

1

2

3

1: 48.729 mU  638 ps 

2: 24.961 mU  668 ps 

3: -10.891 mU 721 ps 

 

7KUX�LQ�WLPH�GRPDLQ

7KUX�LQ�IUHTXHQF\�GRPDLQ��
ZLWK�DQG�ZLWKRXW�JDWLQJ

������
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+HUH�LV�D�VXPPDU\�RI�KRZ�WR�SHUIRUP�7'5�PHDVXUHPHQWV���:LWKRXW�VXFK�D�FKHFNOLVW��LW�LV�HDV\�WR�RYHUORRN�VRPH�RI
WKH�PRUH�VXEWOH�VWHSV��UHVXOWLQJ�LQ�FRQIXVLQJ�RU�PLVOHDGLQJ�PHDVXUHPHQWV���$�RQH�SRUW�FDOLEUDWLRQ�LV�DOO�WKDW�LV
QHHGHG�ZKHQ�FKDUDFWHUL]LQJ�FRQQHFWRUV�DQG�WKH�RSHQ��VKRUW�DQG�ORDG�VWDQGDUGV���$�WZR�SRUW�FDOLEUDWLRQ�LV�QHHGHG
WR�FKDUDFWHUL]H�WKH�UHIOHFWLRQ�RU�OLQH��LPSHGDQFH�RI�WKH�WKUX�VWDQGDUG�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

7HQ�6WHSV�IRU�3HUIRUPLQJ�7'5

���6HW�XS�GHVLUHG�IUHTXHQF\�UDQJH�

�QHHG�ZLGH�VSDQ�IRU�JRRG�VSDWLDO�UHVROXWLRQ�

���8QGHU�6<67(0��WUDQVIRUP�PHQX��SUHVV��VHW�IUHT�ORZ�SDVV�

���3HUIRUP�RQH��RU�WZR�SRUW�FDOLEUDWLRQ

���6HOHFW�6���PHDVXUHPHQW�

���7XUQ�RQ�WUDQVIRUP��ORZ�SDVV�VWHS��

���6HW�IRUPDW�WR�UHDO�

���$GMXVW�WUDQVIRUP�ZLQGRZ�WR�WUDGH�RII�ULVH�WLPH�ZLWK�ULQJLQJ�DQG�RYHUVKRRW



���$GMXVW�VWDUW�DQG�VWRS�WLPHV�LI�GHVLUHG

���)RU�JDWLQJ�

● VHW�VWDUW�DQG�VWRS�IUHTXHQFLHV�IRU�JDWH

● WXUQ�JDWLQJ�RQ�

● DGMXVW�JDWH�VKDSH�WR�WUDGH�RII�UHVROXWLRQ�ZLWK�ULSSOH�

����7R�GLVSOD\�JDWHG�UHVSRQVH�LQ�IUHTXHQF\�GRPDLQ

● WXUQ�WUDQVIRUP�RII��OHDYH�JDWLQJ�RQ��

● FKDQJH�IRUPDW�WR�ORJ�PDJQLWXGH�

��,I�XVLQJ�WZR�FKDQQHOV��HYHQ�LI�FRXSOHG���WKHVH�SDUDPHWHUV�PXVW
EH�VHW�LQGHSHQGHQWO\�IRU�VHFRQG�FKDQQHO

������
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7LPH�GRPDLQ�WUDQVPLVVLRQ��7'7��LV�D�VLPLODU�WRRO�ZKLFK�XVHV�WKH�WUDQVPLVVLRQ�UHVSRQVH�LQVWHDG�RI�WKH�UHIOHFWLRQ
UHVSRQVH��,W�LV�XVHIXO�LQ�DQDO\]LQJ�VLJQDO�WLPLQJ�LQ�GHYLFHV�VXFK�DV�6$:�ILOWHUV��*DWLQJ�LV�DOVR�XVHIXO�IRU�7'7��,Q�WKH
DERYH�H[DPSOH��D�GHVLJQHU�FRXOG�ORRN�DW�WKH�IUHTXHQF\�UHVSRQVH�RI�WKH�PDLQ�VXUIDFH�ZDYH�ZLWKRXW�WKH�HIIHFW�RI�WKH
OHDNDJH�DQG�WULSOH�WUDYHO�HUURU�VLJQDOV�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

7LPH�'RPDLQ�7UDQVPLVVLRQ

CH1   S21  log MAG 15 dB/   REF 0 dB

START -1 us STOP 6 us

Cor RF
Leakage

Surface
Wave

Triple
Travel

RF Output

RF Input

Triple Travel

Main Wave

Leakage

CH1   S21 log MAG 10 dB/   REF 0 dB

Cor

Gate on

Gate off

������
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0RUH�LQIRUPDWLRQ�DERXW�PHDVXULQJ�PL[HUV�DQG�WXQHUV�FDQ�EH�REWDLQHG�IURP�WKH�IROORZLQJ�VRXUFHV�

�,PSURYLQJ�1HWZRUN�$QDO\]HU�0HDVXUHPHQWV�RI�)UHTXHQF\�7UDQVODWLQJ�'HYLFHV����$SSOLFDWLRQ�1RWH��������
�/LWHUDWXUH�1XPEHU����������(�������

�0HDVXUHPHQW�&KDOOHQJHV�RI�)UHTXHQF\�7UDQVODWLQJ�'HYLFHV��������'HYLFH�7HVW�6HPLQDU�KDQGRXW�����������(
��������

�0L[HU�0HDVXUHPHQWV�XVLQJ�WKH�+3������1HWZRUN�$QDO\]HU���+HZOHWW�3DFNDUG�3URGXFW�1RWH�������$������������
�����

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

)UHTXHQF\�7UDQVODWLQJ�'HYLFHV

&RQYHUVLRQ�/RVV

Filter

Reference
mixer

Ref
out

Ref
in

Attenuator

Attenuator

Power
splitter

ESG-D4000A

DUT

Attenuator

Filter

AttenuatorAttenuator

Ref  In

Start: 900 MHz

Stop: 650 MHz

Start: 100 MHz

Stop: 350 MHz

Fixed LO: 1 GHz

LO power: 13 dBm

FREQ OFFS

ON of f

LO

MENU

DOWN

CONVER TER

UP

CONVER TER

RF  >  LO

RF  <  LO

VIEW

MEASURE

RETURN

0HGLXP�G\QDPLF�UDQJH�PHDVXUHPHQWV�����G%�

+LJK�G\QDPLF�UDQJH�PHDVXUHPHQWV������G%�+3�����(

+3�����(

������
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0RUH�LQIRUPDWLRQ�DERXW�PHDVXULQJ�KLJK�SRZHU�DPSOLILHUV�FDQ�EH�REWDLQHG�IURP�WKH�IROORZLQJ�VRXUFHV�

�8VLQJ�D�1HWZRUN�$QDO\]HU�WR�&KDUDFWHUL]H�+LJK�3RZHU�'HYLFHV���$SSOLFDWLRQ�1RWH������������������(�������

�0HDVXUHPHQW�6ROXWLRQV�IRU�7HVW�%DVH�6WDWLRQ�$PSOLILHUV��������'HYLFH�7HVW�6HPLQDU�KDQGRXW�����������(��������

�0RGHUQ�6ROXWLRQV�IRU�7HVWLQJ�5)�&RPPXQLFDWLRQV�$PSOLILHUV��������'HYLFH�7HVW�6HPLQDU�KDQGRXW�����������(
��������

�$PSOLILHU�0HDVXUHPHQWV�XVLQJ�WKH�+3������1HWZRUN�$QDO\]HU���+HZOHWW�3DFNDUG�3URGXFW�1RWH�������
�����������������

�7HVWLQJ�$PSOLILHUV�DQG�$FWLYH�'HYLFHV�ZLWK�WKH�+3������1HWZRUN�$QDO\]HU���+HZOHWW�3DFNDUG�3URGXFW�1RWH
�����������������(�������

�+3�������6HULHV�1HWZRUN�$QDO\]HU�6\VWHPV�IRU�,VRWKHUPDO��+LJK�3RZHU��DQG�3XOVHG�$SSOLFDWLRQV���3URGXFW
2YHUYLHZ������������(��
���

�+3�������6HULHV�+LJK�3RZHU�$PSOLILHU�7HVW�6\VWHP���3URGXFW�2YHUYLHZ�����������(�������

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

+LJK�3RZHU�$PSOLILHUV

Source

B

R

A

+43 dBm max input (20 watts!)

Preamp

AUT

+3�����'�2SWLRQ����

+3������$�+LJK�3RZHU�$PSOLILHU�7HVW�6\VWHP

DUT

Ref In

AUT

Preamp

+3�����(

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

0RUH�LQIRUPDWLRQ�DERXW�PHDVXULQJ�PXOWLSRUW�GHYLFHV�FDQ�EH�REWDLQHG�IURP�WKH�IROORZLQJ�VRXUFH�

�,PSURYH�7HVW�7KURXJKSXW�IRU�'XSOH[HUV�DQG�2WKHU�0XOWLSRUW�'HYLFHV��������'HYLFH�7HVW�6HPLQDU�KDQGRXW�
���������(�������

� Network Analyzer Basics
DJB   12/96  na_basic.pre

0XOWLSRUW�'HYLFH�7HVW

0XOWLSRUW�WHVW�VHWV�
LPSURYH�WKURXJKSXW E\�UHGXFLQJ�WKH�QXPEHU��
RI�FRQQHFWLRQV�WR�'87V�ZLWK�PRUH�WKDQ���SRUWV
DOORZ�VLPXOWDQHRXV YLHZLQJ�RI�WZR�SDWKV �
�JRRG�IRU�WXQLQJ�GXSOH[HUV�
LQFOXGH�PHFKDQLFDO RU�VROLG�VWDWH VZLWFKHV���
�� RU��� RKPV
GHJUDGH�UDZ�SHUIRUPDQFH�VR�FDOLEUDWLRQ LV�D�
PXVW �XVH�WZR�SRUW�FDOV�ZKHQHYHU�SRVVLEOH�

Directional 
CouplerTest Set

3RUW��

3RUW�� 3RUW��

3RUW��

3RUW��

1RWH��XQXVHG�SRUWV�
DUH�WHUPLQDWHG

  

log 
MAG

10 
dB/

REF 0 
dB

1_ -1.9248 
dBCH1 S21  

CH1 START  775.000 000 
MHz STOP  925.000 000 MHz 

Cor

Hld

PRm

CH2 S12  
log 
MAG

REF 0 
dB

10 
dB/

CH2 START  775.000 000 
MHz

STOP  925.000 000 
MHz

 

Cor

Hld

PRm

 

1

1

  839.470 000 
MHz

               

PASS

2

1

1_ -1.2468 
dB

  880.435 000 
MHz

               

PASS

Duplexer Test - Tx-Ant and Ant-Rx

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

0RUH�LQIRUPDWLRQ�DERXW�LQ�IL[WXUH�PHDVXUHPHQWV�FDQ�EH�REWDLQHG�IURP�WKH�IROORZLQJ�VRXUFHV�

�'HVLJQLQJ�DQG�&DOLEUDWLQJ�5)�)L[WXUHV�IRU�6XUIDFH�0RXQW�'HYLFHV��������'HYLFH�7HVW�6HPLQDU�KDQGRXW�
���������(�������

�$FFXUDWH�0HDVXUHPHQWV�RI�3DFNDJHG�5)�'HYLFHV��������'HYLFH�7HVW�6HPLQDU�KDQGRXW�����������(��������

�6SHFLI\LQJ�FDOLEUDWLRQ�VWDQGDUGV�IRU�WKH�+3������QHWZRUN�DQDO\]HU���3URGXFW�1RWH�������$��������������������

�$SSO\LQJ�WKH�+3������75/�FDOLEUDWLRQ�IRU�QRQ�FRD[LDO�PHDVXUHPHQWV���3URGXFW�1RWH�������$�����������(�������

� Network Analyzer Basics
DJB   12/96  na_basic.pre

,Q�)L[WXUH�0HDVXUHPHQWV

0HDVXUHPHQW�SUREOHP� FRD[LDO�FDOLEUDWLRQ�SODQH�
LV�QRW�WKH�VDPH�DV�WKH�LQ�IL[WXUH�PHDVXUHPHQW�SODQH

Error correction with coaxial calibration

E E

E

D S

T  Loss
 Phase shift
 Mismatch

Calibration
Plane

Measurement
Plane

DUT

Fixture

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

0RUH�LQIRUPDWLRQ�DERXW�PHDVXULQJ�FU\VWDO�UHVRQDWRUV�DQG�ILOWHUV�FDQ�EH�REWDLQHG�IURP�WKH�IROORZLQJ�VRXUFHV�

�&U\VWDO�5HVRQDWRUV�0HDVXULQJ�)XQFWLRQV�RI�+3�(����$�%�1HWZRUN�$QDO\]HU���+HZOHWW�3DFNDUG�3URGXFW�1RWH�
����������(�

�+3�(����$�%�1HWZRUN�$QDO\]HU���3URGXFW�2YHUYLHZ������������(�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

&KDUDFWHUL]LQJ�&U\VWDO�5HVRQDWRUV�)LOWHUV

DUT

+3�(����$�1HWZRUN�$QDO\]HU

 1   31.995 MHz

> 2

END

32.008 MHz

32.058 MHz

200

200

0 dBm

0 dBm

200Hz

200Hz

SEG  START          STOP       POINTS    POWER      IFBW

32.052 MHz

Ch1

Cor

Z: R    phase      40   / REF   0     1:  15.621 U

START  31.995 MHz STOP 32.058 MHz

31.998 984 925 MHz
Min

1

([DPSOH�RI�FU\VWDO�UHVRQDWRU�PHDVXUHPHQW

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

0RUH�LQIRUPDWLRQ�DERXW�PHDVXULQJ�5)�EDODQFHG�FDEOHV�FDQ�EH�REWDLQHG�IURP�WKH�IROORZLQJ�VRXUFH�

�+3�����6�5)�%DODQFHG�&DEOH�7HVW�6\VWHP���3URGXFW�2YHUYLHZ������������(�

� Network Analyzer Basics
DJB   12/96  na_basic.pre

5)�%DODQFHG�&DEOH�0HDVXUHPHQWV

80.00 ohm

100.00 ohm

120.00 ohm

140.00 ohm

160.00 ohm

180.00 ohm

200.00 ohm

220.00 ohm

240.00 ohm

260.00 ohm

280.00 ohm

0.01 MHz 0.10 MHz 1.00 MHz 10.00 MHz 100.00 MHz 1000.00 MHz

([DPSOH�RI�FKDUDFWHULVWLF�LPSHGDQFH��=F��
PHDVXUHPHQW�IURP����N+]�WR�����0+]

-140.00 dB

-120.00 dB

-100.00 dB

-80.00 dB

-60.00 dB

-40.00 dB

-20.00 dB

0.00 dB

0.01 MHz 0.10 MHz 1.00 MHz 10.00 MHz 100.00 MHz 1000.00 MHz

([DPSOH�RI��QHDU�HQG�FURVVWDON��1(;7��PHDVXUHPHQW

+3�����6�5)�%DODQFHG�&DEOH�7HVW�6\VWHP

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

7KLV�VHFWLRQ�LV�SURYLGHG�WR�FRPSOHPHQW�WKH�1HWZRUN�$QDO\]HU�+DUGZDUH�6HFWLRQ���,W��JLYHV�PRUH�GHWDLOHG
LQIRUPDWLRQ�DERXW�WKH�LQWHUQDO�KDUGZDUH��VSHFLILFDOO\��WKH�VLJQDO�VHSDUDWLRQ�GHYLFHV�DQG�UHFHLYHU�VHFWLRQ���

+HUH�LV�D�EORFN�GLDJUDP�RI�D�PRGHUQ�YHFWRU�QHWZRUN�DQDO\]HU��,W�IHDWXUHV�DQ�LQWHJUDWHG�VRXUFH��D�VDPSOHU�EDVHG
IURQW�HQG��DQG�D�WXQHG�UHFHLYHU�SURYLGLQJ�PDJQLWXGH�DQG�SKDVH�GDWD�ZLWK�YHFWRU�HUURU�FRUUHFWLRQ��7KH�WHVW�VHW��WKH
SRUWLRQ�RI�WKH�LQVWUXPHQW�WKDW�FRQWDLQV�WKH�VLJQDO�VHSDUDWLRQ�GHYLFHV�DQG�WKH�VZLWFKHV�IRU�GLUHFWLQJ�WKH�5)�SRZHU�
FDQ�HLWKHU�EH�WUDQVPLVVLRQ�UHIOHFWLRQ��7�5��EDVHG�RU�DQ�6�SDUDPHWHU�WHVW�VHW�

0RGHUQ�VFDODU�DQDO\]HUV�OLNH�WKH�����&�DQG�����&�ORRN�YHU\�VLPLODU�WR�WKLV�EORFN�GLDJUDP��EXW�WKH\�GRQ
W�GLVSOD\
SKDVH�LQIRUPDWLRQ�RQ�WKH�VFUHHQ��,QWHUQDOO\��KRZHYHU��WKH\�DUH�HVVHQWLDOO\�YHFWRU�DQDO\]HUV��7KLV�FDSDELOLW\�OHWV
WKHP�PDNH�PXFK�PRUH�DFFXUDWH�PHDVXUHPHQWV�WKDQ�WUDGLWLRQDO�VFDODU�DQDO\]HUV�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

0RGHUQ�9HFWRU�$QDO\]HU

)HDWXUHV�
●LQWHJUDWHG�VRXUFH
●VDPSOHU�EDVHG�IURQW�HQG
●WXQHG�UHFHLYHU
●PDJQLWXGH�DQG�SKDVH
●YHFWRU�HUURU�FRUUHFWLRQ
●7�5�RU�6�SDUDPHWHU�WHVW�VHWVA

B

R 6

6

6

4 kHz

4 kHz

4 kHz

Test
Set

RF

300 kHz
to

3 GHz

Reference

Synthesizer
15 MHz to 60 MHz

MUX

996 kHz

Phase
Lock

Source Receiver

ADC CPU Display

Digital
Control

DUT

φ
detector

Test
Set

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)INCIDENT (R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

,QVLGH�WKH�1HWZRUN�$QDO\]HU�

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

+HUH�LV�D�SLFWXUH�RI�D�WUDGLWLRQDO�VFDODU�V\VWHP�FRQVLVWLQJ�RI�D�SURFHVVRU�GLVSOD\�XQLW�DQG�D�VWDQG�DORQH�VRXUFH��+3
����'�DQG�+3�����%���7KLV�W\SH�RI�V\VWHP�UHTXLUHV�H[WHUQDO�VSOLWWHUV���FRXSOHUV��GHWHFWRUV��DQG�EULGJHV��:KLOH�QRW
DV�FRPPRQ�DV�WKH\�XVHG�WR�EH��VFDODU�V\VWHPV�VXFK�DV�WKLV�DUH�JRRG�IRU�ORZ�FRVW�PLFURZDYH�VFDODU�DSSOLFDWLRQV�

7KH�FRQILJXUDWLRQ�VKRZQ�IRU�UHIOHFWLRQ�SURYLGHV�WKH�EHVW�PHDVXUHPHQW�DFFXUDF\��DVVXPLQJ�WKH�WHUPLQDWLRQ�LV�D
KLJK�TXDOLW\�=R�ORDG���HVSHFLDOO\�IRU�ORZ�ORVV��ELGLUHFWLRQDO�GHYLFHV��L�H���GHYLFHV�WKDW�KDYH�ORZ�ORVV�LQ�ERWK�WKH
IRUZDUG�DQG�UHYHUVH�GLUHFWLRQV����$OWHUQDWHO\��WKH�WUDQVPLVVLRQ�GHWHFWRU�FDQ�EH�FRQQHFWHG�WR�SRUW�WZR�RI�WKH�'87�
DOORZLQJ�ERWK�UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�PHDVXUHPHQWV�ZLWK�D�VLQJOH�VHWXS��7KH�GUDZEDFN�WR�WKLV�DSSURDFK�LV�WKDW
WKH�GHWHFWRU�PDWFK��ZKLFK�LV�FRQVLGHUDEO\�ZRUVH�WKDQ�D�JRRG�ORDG��ZLOO�FDXVH�PLVPDWFK�HUURUV�GXULQJ�UHIOHFWLRQ
PHDVXUHPHQWV�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

7UDGLWLRQDO�6FDODU�$QDO\]HU

([DPSOH���+3�����'
● UHTXLUHV�H[WHUQDO�GHWHFWRUV��FRXSOHUV��EULGJHV��VSOLWWHUV
● JRRG�IRU�ORZ�FRVW�PLFURZDYH�VFDODU�DSSOLFDWLRQV

Detector

DUT

Bridge
Termination5HIOHFWLRQ 7UDQVPLVVLRQ

Detector

Detector

RF R A B
RF R A B

DUT

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)INCIDENT (R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

SURFHVVRU�GLVSOD\

VRXUFH

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

$�PRGHUQ�VFDODU�QHWZRUN�DQDO\]HU�KDV�DOO�RI�WKH�FRPSRQHQWV�QHHGHG�IRU�UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�PHDVXUHPHQWV
EXLOW�LQ�WR�WKH�LQVWUXPHQW��VXFK�DV�D�V\QWKHVL]HG�VRXUFH��D�WHVW�VHW��DQG�D�ODUJH�GLVSOD\��6RPH�VFDODU�QHWZRUN
DQDO\]HUV�HYHQ�KDYH�DWWULEXWHV�RI�YHFWRU�DQDO\]HUV�VXFK�DV�QDUURZEDQG�GHWHFWLRQ�DQG�YHFWRU�HUURU�FRUUHFWLRQ
�RQH�SRUW�DQG�HQKDQFHG�UHVSRQVH�FDOLEUDWLRQ���7KHVH�LQVWUXPHQWV�H[KLELW�YHU\�KLJK�G\QDPLF�UDQJH�DQG�JRRG
PHDVXUHPHQW�DFFXUDF\�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

0RGHUQ�6FDODU�$QDO\]HU

6\QWKHVL]HG�VRXUFH

1DUURZEDQG�DQG
EURDGEDQG�GHWHFWRUV

7UDQVPLVVLRQ�UHIOHFWLRQ
WHVW�VHW

(YHU\WKLQJ�QHFHVVDU\�IRU�WUDQVPLVVLRQ�DQG
UHIOHFWLRQ�PHDVXUHPHQWV�LV�LQWHUQDO�

/DUJH�GLVSOD\

2QH�SRUW��UHIOHFWLRQ��DQG�UHVSRQVH
�WUDQVPLVVLRQ��FDOLEUDWLRQV

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)INCIDENT (R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

,Q�WKLV�VHFWLRQ��ZH�ZLOO�FRYHU�WKH�VLJQDO�VHSDUDWLRQ�EORFN��7KH�KDUGZDUH�XVHG�IRU�WKLV�IXQFWLRQ�LV�JHQHUDOO\�FDOOHG
WKH��WHVW�VHW���7KH�WHVW�VHW�FDQ�EH�D�VHSDUDWH�ER[�RU�LQWHJUDWHG�ZLWKLQ�WKH�QHWZRUN�DQDO\]HU�

7KHUH�DUH�WZR�IXQFWLRQV�WKDW�RXU�VLJQDO�VHSDUDWLRQ�KDUGZDUH�PXVW�SURYLGH��7KH�ILUVW�LV�WR�PHDVXUH�D�SRUWLRQ�RI��WKH
LQFLGHQW�VLJQDO�WR�SURYLGH�D�UHIHUHQFH�IRU�UDWLRLQJ��7KLV�FDQ�EH�GRQH�ZLWK�VSOLWWHUV�RU�GLUHFWLRQDO�FRXSOHUV��6SOLWWHUV
DUH�XVXDOO\�UHVLVWLYH��7KH\�DUH�QRQ�GLUHFWLRQDO�GHYLFHV��PRUH�RQ�GLUHFWLRQDOLW\�ODWHU��DQG�FDQ�EH�YHU\�EURDGEDQG�
7KH�WUDGH�RII�LV�WKDW�WKH\�XVXDOO\�KDYH���G%�RU�PRUH�RI�ORVV�LQ�HDFK�DUP�

'LUHFWLRQDO�FRXSOHUV�FDQ�EH�EXLOW�ZLWK�YHU\�ORZ�ORVV��WKURXJK�WKH�PDLQ�DUP��DQG�JRRG�LVRODWLRQ�DQG�GLUHFWLYLW\�
+RZHYHU��LW�LV�KDUG�WR�PDNH�WKHP�RSHUDWH�DW�ORZ�IUHTXHQFLHV��7KLV�FDQ�EH�D�SUREOHP�LQ�5)�QHWZRUN�DQDO\]HUV�
ZKHUH�ORZ�IUHTXHQF\�FRYHUDJH�LV�LPSRUWDQW�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

1$�+DUGZDUH�
6LJQDO�6HSDUDWLRQ

● 6SOLWWHU
➨XVXDOO\�UHVLVWLYH
➨QRQ�GLUHFWLRQDO
➨EURDGEDQG

0HDVXUHV�LQFLGHQW�VLJQDO�IRU�UHIHUHQFH

6 dB
50 Ω

50 Ω
6 dB

● &RXSOHU
➨GLUHFWLRQDO
➨ORZ�ORVV
➨JRRG�LVRODWLRQ��GLUHFWLYLW\
➨KDUG�WR�JHW�ORZ�IUHT�SHUIRUPDQFH

Main signal

Coupled signal

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)INCIDENT (R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

7KH�VHFRQG�IXQFWLRQ�RI�WKH�VLJQDO�VSOLWWLQJ�KDUGZDUH�LV�WR�VHSDUDWH�WKH�LQFLGHQW��IRUZDUG��DQG�UHIOHFWHG��UHYHUVH�
WUDYHOLQJ�ZDYHV�DW�WKH�LQSXW�RI�RXU�'87��$JDLQ��FRXSOHUV�DUH�LGHDO�LQ�WKDW�WKH\�DUH�GLUHFWLRQDO��KDYH�ORZ�ORVV��DQG
KLJK�UHYHUVH�LVRODWLRQ��+RZHYHU��GXH�WR�WKH�GLIILFXOW\�RI�PDNLQJ�WUXO\�EURDGEDQG�FRXSOHUV��EULGJHV�DUH�RIWHQ�XVHG�

%ULGJHV�DUH�YHU\�XVHIXO�IRU�PHDVXULQJ�UHIOHFWLRQ�EHFDXVH�WKH\�FDQ�EH�PDGH�WR�ZRUN�RYHU�D�YHU\�ZLGH�UDQJH�RI
IUHTXHQFLHV��7KH�PDLQ�WUDGH�RII�LV�WKDW�WKH\�H[KLELW�PRUH�ORVV�WR�WKH�WUDQVPLWWHG�VLJQDO��UHVXOWLQJ�LQ�OHVV�SRZHU
GHOLYHUHG�WR�WKH�'87�IRU�D�JLYHQ�VRXUFH�SRZHU�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

6LJQDO�6HSDUDWLRQ

&RXSOHU
GLUHFWLRQDO
ORZ�ORVV
JRRG�LVRODWLRQ��GLUHFWLYLW\
KDUG�WR�JHW�ORZ�IUHT�SHUIRUPDQFH

Detector

Test Port

6HSDUDWLQJ�LQFLGHQW�DQG�UHIOHFWHG�VLJQDOV

%ULGJH
XVHG�WR�PHDVXUH�
UHIOHFWHG�VLJQDOV�RQO\
EURDGEDQG
KLJKHU�ORVV

������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH����

7KH�GLUHFWLRQDO�FRXSOHU�PHDVXUHV��FRXSOHV��D�SRUWLRQ�RI�WKH�VLJQDO�WUDYHOLQJ�LQ�RQH�GLUHFWLRQ�RQO\��7KH�VLJQDO
IORZLQJ�WKURXJK�WKH�PDLQ�DUP�LV�VKRZQ�DV�D�VROLG�OLQH��DQG�WKH�FRXSOHG�VLJQDO�LV�VKRZQ�DV�D�GRWWHG�OLQH�

7KH�VLJQDO�DSSHDULQJ�DW�WKH�FRXSOHG�SRUW�LV�UHGXFHG�E\�DQ�DPRXQW�NQRZQ�DV�WKH�FRXSOLQJ�IDFWRU���7KLV�LV�PHDVXUHG
E\�SODFLQJ�WKH�FRXSOHU�LQ�WKH�IRUZDUG�GLUHFWLRQ�DQG�PHDVXULQJ�WKH�SRZHU�DW�WKH�FRXSOHG�SRUW��UHODWLYH�WR�WKH
LQFLGHQW�SRZHU�

&RXSOLQJ�)DFWRU��G%�� �����ORJ��3IZG�FSO�3LQ�

,Q�WKLV�H[DPSOH�RI�D����G%�GLUHFWLRQDO�FRXSOHU��WKH�OHYHO�RI�D�VLJQDO�DW�WKH�FRXSOHG�SRUW�LV����G%�EHORZ�WKDW�RI�WKH
LQSXW�SRUW���7KH�ORVV�WKURXJK�WKH�PDLQ�DUP�LV�RQO\������G%��7KHUH�DUH�DOVR�IUHTXHQF\�UHVSRQVH�WHUPV�DVVRFLDWHG�ZLWK
WKH�PDLQ�DUP�UHVSRQVH�DQG�WKH�FRXSOLQJ�IDFWRU��H[SUHVVHG�LQ�WHUPV�RI����G%���

� Network Analyzer Basics
DJB   10/97  na_basic.pre

)RUZDUG�&RXSOLQJ�)DFWRU

Z

Source

0

0 dBm
1 mW

−.046 dBm
.99 mW

-20 dBm
.01 mW

Coupling, forward

([DPSOH�RI����G%�&RXSOHU

Coupling Factor (dB) = -10 log
Pcoupling forward

P incident

�������

1HWZRUN�$QDO\]HU�%DVLFV



6OLGH�����

,GHDOO\��D�VLJQDO�WUDYHOLQJ�LQ�WKH�FRXSOHU
V�UHYHUVH�GLUHFWLRQ�ZLOO�QRW�DSSHDU�DW�DOO�DW�WKH�FRXSOHG�SRUW��VLQFH�LWV
HQHUJ\�LV�HLWKHU�DEVRUEHG�LQ�WKH�FRXSOHU
V�LQWHUQDO�ORDG�RU�WKH�H[WHUQDO�WHUPLQDWLRQ�DW�WKH�HQG�RI�WKH�PDLQ�DUP���,Q
UHDOLW\��KRZHYHU��VRPH�HQHUJ\�GRHV�OHDN�WKURXJK�WKH�FRXSOHG�DUP��DV�D�UHVXOW�RI�ILQLWH�LVRODWLRQ��

7R�PHDVXUH�LVRODWLRQ��ZH�WXUQ�WKH�FRXSOHU�DURXQG�DQG�VHQG�SRZHU�LQ�WKH�UHYHUVH�GLUHFWLRQ���,VRODWLRQ�LV�GHILQHG�DV
WKH�OHDNDJH�SRZHU�DW�WKH�FRXSOHG�SRUW�UHODWLYH�WR�WKH�LQFLGHQW�SRZHU�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

'LUHFWLRQDO�&RXSOHU�,VRODWLRQ�
�5HYHUVH�&RXSOLQJ�)DFWRU�

Z

Source

0

0 dBm  
1 mW

−.046 dBm
.99 mW

-50 dBm
.00001 mW

Coupling, reverse

([DPSOH�RI����G%�&RXSOHU��WXUQHG�DURXQG�

Isolation Factor (dB) =  -10 log
P
coupled reverse

Pincident

WKLV�LV�DQ�HUURU�VLJQDO�
GXULQJ�PHDVXUHPHQWV

�������
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2QH�RI�WKH�PRVW�LPSRUWDQW�PHDVXUHG�SDUDPHWHU�IRU�FRXSOHUV�LV�WKHLU�GLUHFWLYLW\��'LUHFWLYLW\�LV�D�PHDVXUH�RI�D
FRXSOHU
V�DELOLW\�WR�VHSDUDWH�VLJQDOV�IORZLQJ�LQ�RSSRVLWH�GLUHFWLRQV�ZLWKLQ�WKH�FRXSOHU��,W�FDQ�EH�WKRXJKW�RI�DV�WKH
G\QDPLF�UDQJH�DYDLODEOH�IRU�UHIOHFWLRQ�PHDVXUHPHQWV��'LUHFWLYLW\�FDQ�EH�GHILQHG�DV�

'LUHFWLYLW\��G%�� �,VRODWLRQ��G%����)RUZDUG�&RXSOLQJ�)DFWRU��G%����/RVV��WKURXJK�DUP���G%�

,Q�WKH�XSSHU�H[DPSOH�LQ�WKH�DERYH�VOLGH��RXU�FRXSOHU�H[KLELWV�D�GLUHFWLYLW\�RI����G%��7KLV�PHDQV�WKDW�GXULQJ�D
UHIOHFWLRQ�PHDVXUHPHQW��WKH�GLUHFWLYLW\�HUURU�VLJQDO�LV�DW�EHVW����G%�EHORZ�WKH�GHVLUHG�VLJQDO��ZKHQ�PHDVXULQJ�D
GHYLFH�ZLWK�IXOO�UHIOHFWLRQ�RU�ρ� �����7KH�EHWWHU�WKH�PDWFK�RI�WKH�GHYLFH�XQGHU�WHVW��WKH�PRUH�PHDVXUHPHQW�HUURU�WKH
GLUHFWLYLW\�HUURU�WHUP�ZLOO�FDXVH�

7KH�VOLGH�DOVR�VKRZV�WKH�HIIHFW�RI�DGGLQJ�DWWHQXDWRUV�WR�WKH�YDULRXV�SRUWV�RI�WKH�FRXSOHU���7KH�PLGGOH�H[DPSOH
VKRZV�WKDW�DGGLQJ�DWWHQXDWLRQ�WR�WKH�WHVW�SRUW�RI�D�QHWZRUN�DQDO\]HU�UHGXFHV�WKH�UDZ��XQFRUUHFWHG��GLUHFWLYLW\�E\
WZLFH�WKH�YDOXH�RI�WKH�DWWHQXDWRU���:KLOH�YHFWRU�HUURU�FRUUHFWLRQ�FDQ�FRUUHFW�IRU�WKLV��WKH�VWDELOLW\�RI�WKH�FDOLEUDWLRQ
ZLOO�EH�JUHDWO\�UHGXFHG�GXH�WR�WKH�GHJUDGHG�UDZ�SHUIRUPDQFH�

7KH�ORZHU�H[DPSOH�VKRZV�WKDW�DGGLQJ�DQ�DWWHQXDWRU�WR�WKH�VRXUFH�VLGH�RI�WKH�FRXSOHU�KDV�QR�HIIHFW�RQ�GLUHFWLYLW\�
7KLV�PDNHV�VHQVH�VLQFH�GLUHFWLYLW\�LV�QRW�D�IXQFWLRQ�RI�LQSXW�SRZHU�OHYHO�

$GGLQJ�DQ�DWWHQXDWRU�WR�WKH�FRXSOHG�SRUW��QRW�VKRZQ��DIIHFWV�ERWK�WKH�LVRODWLRQ�DQG�IRUZDUG�FRXSOLQJ�IDFWRU�E\�WKH
VDPH�DPRXQW��VR�GLUHFWLYLW\�LV�XQDIIHFWHG��

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
���

Coupling Factor (fwd)  x Loss (through arm)Directivity   =
Isolation (rev)

Directivity (dB)  =  Isolation (dB) - Coupling Factor (dB) - Loss (dB)

'LUHFWLRQDO�&RXSOHU�'LUHFWLYLW\

'LUHFWLYLW\� ����G%������G%������G%� ����G%

'LUHFWLYLW\� ����G%������G%������G%� ����G%

10 dB

30 dB50 dB

10 dB

20 dB60 dB

'LUHFWLYLW\� ����G%������G%� ����G%

20 dB50 dB

Test
port

([DPSOHV�

Test
port

Test
port

�������
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7KLV�LV�RQH�PHWKRG�RI�PHDVXULQJ�GLUHFWLYLW\�LQ�FRXSOHUV��RU�LQ�D�QHWZRUN�DQDO\]HU��WKDW�GRHVQ
W�UHTXLUH�IRUZDUG�DQG
UHYHUVH�PHDVXUHPHQWV��)LUVW�ZH�SODFH�D�VKRUW�DW�WKH�RXWSXW�SRUW�RI�WKH�PDLQ�DUP��WKH�FRXSOHU�LV�LQ�WKH�UHYHUVH
GLUHFWLRQ���:H�QRUPDOL]H�RXU�SRZHU�PHDVXUHPHQW�WR�WKLV�YDOXH��JLYLQJ�D���G%�UHIHUHQFH��7KLV�VWHS�DFFRXQWV�IRU�WKH
FRXSOLQJ�IDFWRU�DQG�ORVV��1H[W��ZH�SODFH�D��SHUIHFW��WHUPLQDWLRQ�DW�WKH�FRXSOHU
V�PDLQ�SRUW��1RZ��WKH�RQO\�VLJQDO�ZH
PHDVXUH�DW�WKH�FRXSOHG�SRUW�LV�GXH�WR�OHDNDJH��6LQFH�ZH�KDYH�DOUHDG\�QRUPDOL]HG�WKH�PHDVXUHPHQW��WKH�PHDVXUHG
YDOXH�LV�WKH�FRXSOHU
V�GLUHFWLYLW\�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
���

2QH�0HWKRG�RI�0HDVXULQJ�&RXSOHU�'LUHFWLYLW\

short

1.0  (0 dB)  �UHIHUHQFH�

Coupler
Directivity

35 dB (.018)

Source

load Assume perfect load (no
reflection)

.018 (35 dB) �QRUPDOL]HG�

Source

Directivity = 35 dB - 0 dB
= 35 dB

�������
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$QRWKHU�GHYLFH�XVHG�IRU�PHDVXULQJ�UHIOHFWHG�VLJQDOV�LV�WKH�GLUHFWLRQDO�EULGJH���,WV�RSHUDWLRQ�LV�VLPLODU�WR�WKH�VLPSOH
:KHDWVWRQH�EULGJH���,I�DOO�IRXU�DUPV�DUH�HTXDO�LQ�UHVLVWDQFH�����Ω connected to the test port��D�YROWDJH�QXOO�LV�PHDVXUHG
�WKH�EULGJH�LV�EDODQFHG����,I�WKH�WHVW�SRUW�ORDG�LV�QRW����Ω��WKHQ�WKH�YROWDJH�DFURVV�WKH�EULGJH�LV�SURSRUWLRQDO�WR�WKH
PLVPDWFK�SUHVHQWHG�E\�WKH�'87
V�LQSXW��7KH�EULGJH�LV�LPEDODQFHG�LQ�WKLV�FDVH��,I�ZH�PHDVXUH�ERWK�PDJQLWXGH�DQG
SKDVH�DFURVV�WKH�EULGJH��ZH�FDQ�PHDVXUH�WKH�FRPSOH[�LPSHGDQFH�DW�WKH�WHVW�SRUW�

$�EULGJH
V�HTXLYDOHQW�GLUHFWLYLW\�LV�WKH�UDWLR��RU�GLIIHUHQFH�LQ�G%��EHWZHHQ�PD[LPXP�EDODQFH��PHDVXULQJ�D�SHUIHFW
=R�ORDG��DQG�PLQLPXP�EDODQFH��PHDVXULQJ�D�VKRUW�RU�RSHQ���7KH�HIIHFW�RI�EULGJH�GLUHFWLYLW\�RQ�PHDVXUHPHQW
XQFHUWDLQW\�LV�H[DFWO\�WKH�VDPH�DV�ZH�GLVFXVVHG�IRU�FRXSOHUV�

�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

'LUHFWLRQDO�%ULGJH

Detector

Test Port

50 Ω50 Ω

50 Ω

���RKP�ORDG�DW�WHVW�SRUW�EDODQFHV�
WKH�EULGJH���GHWHFWRU�UHDGV�]HUR
([WHQW�RI�EULGJH�LPEDODQFH�
LQGLFDWHV�LPSHGDQFH
0HDVXULQJ�PDJQLWXGH�DQG�SKDVH�RI�
LPEDODQFH�JLYHV�FRPSOH[�LPSHGDQFH
�'LUHFWLYLW\��LV�GLIIHUHQFH�EHWZHHQ�
PD[LPXP�DQG�PLQLPXP�EDODQFH

�������
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,Q�WKLV�VHFWLRQ��DGGLWLRQDO�LQIRUPDWLRQ�LV�SURYLGHG�DERXW�WKH�UHFHLYHU�VHFWLRQ�RI�WKH�QHWZRUN�DQDO\]HU���

7XQHG�UHFHLYHUV�FDQ�EH�LPSOHPHQWHG�ZLWK�PL[HU��RU�VDPSOHU�EDVHG�IURQW�HQGV��,W�LV�RIWHQ�FKHDSHU�DQG�HDVLHU�WR
PDNH�ZLGHEDQG�IURQW�HQGV�XVLQJ�VDPSOHUV�LQVWHDG�RI�PL[HUV��HVSHFLDOO\�IRU�PLFURZDYH�IUHTXHQF\�FRYHUDJH�
6DPSOHUV�DUH�XVHG�ZLWK�PDQ\�RI�+3
V�QHWZRUN�DQDO\]HUV��VXFK�DV�WKH�+3�����'�5)�IDPLO\�DQG�WKH�+3�����'
PLFURZDYH�IDPLO\�RI�DQDO\]HUV�

7KH�VDPSOHU�XVHV�GLRGHV�WR�VDPSOH�YHU\�VKRUW�WLPH�VOLFHV�RI�WKH�LQFRPLQJ�5)�VLJQDO��&RQFHSWXDOO\��WKH�VDPSOHU�FDQ
EH�WKRXJKW�RI�DV�D�PL[HU�ZLWK�DQ�LQWHUQDO�SXOVH�JHQHUDWRU���7KH�SXOVH�JHQHUDWRU�FUHDWHV�D��EURDGEDQG�IUHTXHQF\
VSHFWUXP��RIWHQ�UHIHUUHG�WR�DV�D��FRPE���FRPSRVHG�RI�KDUPRQLFV�RI�WKH�/2���7KH�5)�VLJQDO�PL[HV�ZLWK�RQH�RI�WKH
VSHFWUDO�OLQHV��RU��FRPE�WRRWK���WR�SURGXFH�WKH�GHVLUHG�,)��&RPSDUHG�WR�D�PL[HU�EDVHG�QHWZRUN�DQDO\]HU��WKH�/2�LQ
D�VDPSOHU�EDVHG�IURQW�HQG�FRYHUV�D�PXFK�VPDOOHU�IUHTXHQF\�UDQJH��DQG�D�EURDGEDQG�PL[HU�LV�QR�ORQJHU�QHHGHG��7KH
WUDGHRII�LV�WKDW�WKH�SKDVH�ORFN�DOJRULWKPV�IRU�ORFNLQJ�WR�WKH�YDULRXV�FRPE�WHHWK�LV�PRUH�FRPSOH[�DQG�WLPH
FRQVXPLQJ�

6DPSOHU�EDVHG�IURQW�HQGV�DOVR�KDYH�VRPHZKDW�OHVV�G\QDPLF�UDQJH�WKDQ�WKRVH�EDVHG�RQ�PL[HUV�DQG�IXQGDPHQWDO
/2V��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�DGGLWLRQDO�QRLVH�LV�FRQYHUWHG�LQWR�WKH�,)�IURP�DOO�RI�WKH�FRPE�WHHWK��1HWZRUN
DQDO\]HUV�ZLWK�QDUURZEDQG�GHWHFWLRQ�EDVHG�RQ�VDPSOHUV�VWLOO�KDYH�IDU�JUHDWHU�G\QDPLF�UDQJH�WKDQ�DQDO\]HUV�WKDW
XVH�GLRGH�GHWHFWLRQ�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

1$�+DUGZDUH��)URQW�(QGV�
0L[HUV�9HUVXV�6DPSOHUV

,W�LV�FKHDSHU�DQG�HDVLHU�WR�PDNH
EURDGEDQG�IURQW�HQGV��XVLQJ
VDPSOHUV�LQVWHDG�RI�PL[HUV

0L[HU�EDVHG�IURQW�HQG

ADC / DSP

6DPSOHU�EDVHG�IURQW�HQG

6

Harmonic
generator

I

IUHTXHQF\��FRPE�

ADC / DSP

5(&(,9(5���'(7(&725

352&(6625���',63/$<

REFLECTED
(A)

TRANSMITTED
(B)INCIDENT (R)

6,*1$/
6(3$5$7,21

6285&(

,QFLGHQW

5HIOHFWHG

7UDQVPLWWHG

DUT

�������
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$V�DOUHDG\�GLVFXVVHG�WKHUH�DUH�WZR�PDLQ�W\SHV�RI�WHVW�VHWV��WUDQVPLVVLRQ�UHIOHFWLRQ�DQG�V�SDUDPHWHU�WHVW�VHWV���7KH
V�SDUDPHWHU�WHVW�VHW�KDV�WZR�EDVLF�WHVW�VHW�DUFKLWHFWXUHV���RQH�HPSOR\LQJ�WKUHH�UHFHLYHUV��VDPSOHUV�RU�PL[HUV��DQG
RQH�HPSOR\LQJ�IRXU�UHFHLYHUV��7KH�WKUHH�UHFHLYHU�DUFKLWHFWXUH�LV�VLPSOHU�DQG�OHVV�H[SHQVLYH��EXW�WKH�FDOLEUDWLRQ
FKRLFHV�DUH�QRW�DV�JRRG��7KLV�W\SH�RI�QHWZRUN�DQDO\]HU�FDQ�GR�75/�DQG�/50�FDOLEUDWLRQV��PRUH�RQ�WKLV�ODWHU���EXW
QRW�WUXH�75/�RU�/50�

)RXU�UHFHLYHU�DQDO\]HUV�DUH�PRUH�H[SHQVLYH�EXW�SURYLGH�EHWWHU�DFFXUDF\�IRU�QRQFRD[LDO�PHDVXUHPHQWV��:H�ZLOO
FRYHU�WKLV�LQ�PRUH�GHWDLO�LQ�WKH�GLVFXVVLRQ�DERXW�75/�LQ�WKH�QH[W�VHFWLRQ�

� Network Analyzer Basics
DJB   10/97  na_basic.pre

7KUHH�9HUVXV�)RXU�5HFHLYHU�$QDO\]HUV

3RUW��

7UDQVIHU�VZLWFK

3RUW��

6RXUFH

%

5�

$

5�

3RUW�� 3RUW��

7UDQVIHU�VZLWFK

6RXUFH

%

5

$

��UHFHLYHUV
PRUH�HFRQRPLFDO
75/��/50�FDO�RQO\
LQFOXGHV�
+3�����'
+3�����'��VWG��

��UHFHLYHUV
PRUH�H[SHQVLYH
WUXH�75/��/50�FDO
LQFOXGHV�
+3�����'��RSW������
+3�����&

�������
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-XVW�ZKDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�75/�DQG�75/"��75/�DVVXPHV�WKH�VRXUFH�DQG�ORDG�PDWFK�RI�D�WHVW�SRUW�DUH
HTXDO��L�H���WKHUH�LV�SRUW�LPSHGDQFH�V\PPHWU\�EHWZHHQ�IRUZDUG�DQG�UHYHUVH�PHDVXUHPHQWV���7KLV�LV�RQO\�D�IDLU
DVVXPSWLRQ�IRU�D�WKUHH�UHFHLYHU�QHWZRUN�DQDO\]HU��75/�UHTXLUHV�WHQ�PHDVXUHPHQWV�WR�TXDQWLI\�HLJKW�XQNQRZQV�
7UXH�75/�FDOLEUDWLRQ�UHTXLUHV�IRXU�UHFHLYHUV��WZR�UHIHUHQFH�UHFHLYHUV�SOXV�RQH�HDFK�IRU�UHIOHFWLRQ�DQG
WUDQVPLVVLRQ��DQG�IRXUWHHQ�PHDVXUHPHQWV�WR�TXDQWLI\�WHQ�XQNQRZQV��75/�DQG�75/�XVH�LGHQWLFDO�FDOLEUDWLRQ
VWDQGDUGV���7KH�LVRODWLRQ�SRUWLRQ�RI�D�75/�FDOLEUDWLRQ�LV�WKH�VDPH�DV�IRU�62/7�

,Q�QRQFRD[LDO�DSSOLFDWLRQV��75/�DFKLHYHV�EHWWHU�VRXUFH�PDWFK�DQG�ORDG�PDWFK�FRUUHFWLRQ�WKDQ�75/��UHVXOWLQJ�LQ
OHVV�PHDVXUHPHQW�HUURU��)RU�FRD[LDO�DSSOLFDWLRQV��62/7�FDOLEUDWLRQ�LV�DOPRVW�DOZD\V�WKH�SUHIHUUHG�PHWKRG���+3�FDQ
SURYLGH�FRD[LDO�FDOLEUDWLRQ�NLWV�DOO�WKH�ZD\�XS�WR�����*+]��ZLWK�D�YDULHW\�RI�FRQQHFWRU�W\SHV��:KLOH�QRW�FRPPRQO\
GRQH��FRD[LDO�75/�FDOLEUDWLRQ�FDQ�EH�PRUH�DFFXUDWH�WKDQ�62/7�FDOLEUDWLRQ��EXW�RQO\�LI�YHU\�KLJK�TXDOLW\�FRD[LDO
WUDQVPLVVLRQ�OLQHV��VXFK�DV�EHDGOHVV�DLUOLQHV���DUH�XVHG�

2SWLRQ�����IRU�WKH�+3�����'�IDPLO\�DGGV�D�IRXUWK�VDPSOHU��DOORZLQJ�WKHVH�DQDO\]HUV�WR�GR�D�IXOO�75/�FDOLEUDWLRQ�

�����1HWZRUN�$QDO\]HU�%DVLFV��'-%��1D���SSW
��

:K\�$UH�)RXU�5HFHLYHUV�%HWWHU�7KDQ�7KUHH"

75/ 75/

+3�����'�2SW������DGGV
IRXUWK�VDPSOHU��DOORZLQJ

IXOO�75/�FDOLEUDWLRQ
● 75/

➨�DVVXPHV�WKH�VRXUFH�DQG�ORDG�PDWFK�RI�D�WHVW�SRUW�DUH�HTXDO
��SRUW�V\PPHWU\�EHWZHHQ�IRUZDUG�DQG�UHYHUVH�PHDVXUHPHQWV�

➨WKLV�LV�RQO\�D�IDLU�DVVXPSWLRQ�IRU�WKUHH�UHFHLYHU��VDPSOHU��QHWZRUN�DQDO\]HUV
➨75/�UHTXLUHV�WHQ�PHDVXUHPHQWV�WR�TXDQWLI\�HLJKW�XQNQRZQV

● 75/
➨)RXU�UHFHLYHUV�DUH�QHFHVVDU\�IRU�DOO�WKH�PHDVXUHPHQWV�UHTXLUHG�IRU�D�IXOO�75/�FDO
�IRXUWHHQ�PHDVXUHPHQWV�WR�TXDQWLI\�WHQ�XQNQRZQV�

➨75/�DQG�75/�XVH�LGHQWLFDO�FDOLEUDWLRQ�VWDQGDUGV
● ,Q�QRQFRD[LDO�DSSOLFDWLRQV�

➨75/�DFKLHYHV�EHWWHU�VRXUFH�PDWFK�DQG�ORDG�PDWFK�FRUUHFWLRQ�WKDQ�75/
● :KDW�DERXW�FRD[LDO�DSSOLFDWLRQV"

➨62/7�LV�XVXDOO\�WKH�SUHIHUUHG�FDOLEUDWLRQ�PHWKRG
➨&RD[LDO�75/�FDQ�EH�PRUH�DFFXUDWH�WKDQ�62/7�EXW�QRW�FRPPRQO\�XVHG

�������
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7KH�FRUUHFW�DQVZHUV�WR�WKH�FKDOOHQJH�TXL]�DUH�

���(

���&

���$

���%

���&

���$

���'

���%

���(

� Network Analyzer Basics
DJB   12/96  na_basic.pre

&KDOOHQJH�4XL]

���&DQ�ILOWHUV�FDXVH�GLVWRUWLRQ�LQ�FRPPXQLFDWLRQV�V\VWHPV"
$��<HV��GXH�WR�LPSDLUPHQW�RI�SKDVH�DQG�PDJQLWXGH�UHVSRQVH
%��<HV��GXH�WR�QRQOLQHDU�FRPSRQHQWV�VXFK�DV�IHUULWH�LQGXFWRUV
&��1R��RQO\�DFWLYH�GHYLFHV�FDQ�FDXVH�GLVWRUWLRQ
'��1R��ILOWHUV�RQO\�FDXVH�OLQHDU�SKDVH�VKLIWV
(��%RWK�$�DQG�%�DERYH

���:KLFK�VWDWHPHQW�DERXW�WUDQVPLVVLRQ�OLQHV�LV�IDOVH"
$��8VHIXO�IRU�HIILFLHQW�WUDQVPLVVLRQ�RI�5)�SRZHU
%��5HTXLUHV�WHUPLQDWLRQ�LQ�FKDUDFWHULVWLF�LPSHGDQFH�IRU�ORZ�96:5
&��9ROWDJH�LV�LQGHSHQGHQW�RI�SRVLWLRQ�DORQJ�OLQH
'��8VHG�ZKHQ�ZDYHOHQJWK�RI�VLJQDO�LV�VPDOO�FRPSDUHG�WR�OHQJWK�RI�OLQH
(��&DQ�EH�UHDOL]HG�LQ�D�YDULHW\�RI�IRUPV�VXFK�DV�FRD[LDO��ZDYHJXLGH��PLFURVWULS

���:KLFK�VWDWHPHQW�DERXW�QDUURZEDQG�GHWHFWLRQ�LV�IDOVH"
$��,V�RQO\�DYDLODEOH�LQ�YHFWRU�QHWZRUN�DQDO\]HUV
%��3URYLGHV�PXFK�JUHDWHU�G\QDPLF�UDQJH�WKDQ�GLRGH�GHWHFWLRQ
&��8VHV�YDULDEOH�EDQGZLGWK�,)�ILOWHUV�WR�VHW�DQDO\]HU�QRLVH�IORRU
'��3URYLGHV�UHMHFWLRQ�RI�KDUPRQLF�DQG�VSXULRXV�VLJQDOV
(��8VHV�PL[HUV�RU�VDPSOHUV�DV�GRZQFRQYHUWHUV

� Network Analyzer Basics
DJB   12/96  na_basic.pre

&KDOOHQJH�4XL]��FRQWLQXHG�

���0D[LPXP�G\QDPLF�UDQJH�ZLWK�QDUURZEDQG�GHWHFWLRQ�LV�GHILQHG�DV�
$��0D[LPXP�UHFHLYHU�LQSXW�SRZHU�PLQXV�WKH�VWRSEDQG�RI�WKH�GHYLFH�XQGHU�WHVW
%��0D[LPXP�UHFHLYHU�LQSXW�SRZHU�PLQXV�WKH�UHFHLYHU
V�QRLVH�IORRU
&��'HWHFWRU���G%�FRPSUHVVLRQ�SRLQW�PLQXV�WKH�KDUPRQLF�OHYHO�RI�WKH�VRXUFH
'��5HFHLYHU�GDPDJH�OHYHO�SOXV�WKH�PD[LPXP�VRXUFH�RXWSXW�SRZHU
(��0D[LPXP�VRXUFH�RXWSXW�SRZHU�PLQXV�WKH�UHFHLYHU
V�QRLVH�IORRU

���:LWK�D�7�5�DQDO\]HU��WKH�IROORZLQJ�HUURU�WHUPV�FDQ�EH�FRUUHFWHG�
$��6RXUFH�PDWFK��ORDG�PDWFK��WUDQVPLVVLRQ�WUDFNLQJ
%��/RDG�PDWFK��UHIOHFWLRQ�WUDFNLQJ��WUDQVPLVVLRQ�WUDFNLQJ
&��6RXUFH�PDWFK��UHIOHFWLRQ�WUDFNLQJ��WUDQVPLVVLRQ�WUDFNLQJ
'��'LUHFWLYLW\��VRXUFH�PDWFK��ORDG�PDWFK
(��'LUHFWLYLW\��UHIOHFWLRQ�WUDFNLQJ��ORDG�PDWFK

���&DOLEUDWLRQ�V��FDQ�UHPRYH�ZKLFK�RI�WKH�IROORZLQJ�W\SHV�RI�PHDVXUHPHQW�HUURU"
$��6\VWHPDWLF�DQG�GULIW
%��6\VWHPDWLF�DQG�UDQGRP
&��5DQGRP�DQG�GULIW
'��5HSHDWDELOLW\�DQG�V\VWHPDWLF
(��5HSHDWDELOLW\�DQG�GULIW

� Network Analyzer Basics
DJB   10/97  na_basic.pre

&KDOOHQJH�4XL]��FRQWLQXHG�

���:KLFK�VWDWHPHQW�DERXW�75/�FDOLEUDWLRQ�LV�IDOVH"
$��,V�D�W\SH�RI�WZR�SRUW�HUURU�FRUUHFWLRQ
%��8VHV�HDVLO\�IDEULFDWHG�DQG�FKDUDFWHUL]HG�VWDQGDUGV
&��0RVW�FRPPRQO\�XVHG�LQ�QRQFRD[LDO�HQYLURQPHQWV
'��,V�QRW�DYDLODEOH�RQ�WKH�+3�����'�IDPLO\�RI�PLFURZDYH�QHWZRUN�DQDO\]HUV
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