
0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

0GVYQTM�#PCN[\GT�$CUKEU



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

0GVYQTM�#PCN[UKU�KU�016�

Router

Bridge

Repeater

Hub

Your IEEE 802.3 X.25 ISDN 
switched-packet data stream 
is running at 147 MBPS with 
a BER of 1.523 X 10    . . . 
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#IGPFC

● 9JCV�OGCUWTGOGPVU�FQ�YG�OCMG!
➨ 6TCPUOKUUKQP�NKPG�DCUKEU
➨ 4GHNGEVKQP�CPF�VTCPUOKUUKQP�RCTCOGVGTU
➨ 5�RCTCOGVGT�FGHKPKVKQP

● 0GVYQTM�CPCN[\GT�JCTFYCTG
➨ 5KIPCN�UGRCTCVKQP�FGXKEGU
➨ &GVGEVKQP�V[RGU
➨ &[PCOKE�TCPIG
➨ 6�4�XGTUWU�5�RCTCOGVGT�VGUV�UGVU

● 'TTQT�OQFGNU�CPF�ECNKDTCVKQP
➨ 6[RGU�QH�OGCUWTGOGPV�GTTQT
➨ 1PG� CPF�VYQ�RQTV�OQFGNU
➨ 'TTQT�EQTTGEVKQP�EJQKEGU
➨ $CUKE�WPEGTVCKPV[�ECNEWNCVKQPU

● 'ZCORNG�OGCUWTGOGPVU
● #RRGPFKZ
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6TCPUOKUUKQP�.KPG�$CUKEU

.QY�HTGSWGPEKGU
● YCXGNGPIVJU�  �YKTG�NGPIVJ
● EWTTGPV�
+��VTCXGNU�FQYP�YKTGU�GCUKN[�HQT�GHHKEKGPV�RQYGT�VTCPUOKUUKQP
● OGCUWTGF�XQNVCIG�CPF�EWTTGPV�PQV�FGRGPFGPV�QP�RQUKVKQP�CNQPI�YKTG

*KIJ�HTGSWGPEKGU
● YCXGNGPIVJ�≈ QT�����NGPIVJ�QH�VTCPUOKUUKQP�OGFKWO
● PGGF�VTCPUOKUUKQP�NKPGU�HQT�GHHKEKGPV�RQYGT�VTCPUOKUUKQP
● OCVEJKPI�VQ�EJCTCEVGTKUVKE�KORGFCPEG�
<Q��KU�XGT[�KORQTVCPV�
HQT�NQY�TGHNGEVKQP�CPF�OCZKOWO�RQYGT�VTCPUHGT

● OGCUWTGF�GPXGNQRG�XQNVCIG�FGRGPFGPV�QP�RQUKVKQP�CNQPI�NKPG
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DGJCXGU�NKMG�CP�KPHKPKVGN[�NQPI�VTCPUOKUUKQP�NKPG
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CNN�VJG�KPEKFGPV�RQYGT
KU�CDUQTDGF�KP�VJG�NQCF�

8 KPE
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.KPGCT�8GTUWU�0QPNKPGCT�$GJCXKQT

.KPGCT�DGJCXKQT�
● KPRWV�CPF�QWVRWV�HTGSWGPEKGU�CTG�VJG�UCOG�

PQ�CFFKVKQPCN�HTGSWGPEKGU�ETGCVGF�

● QWVRWV�HTGSWGPE[�QPN[�WPFGTIQGU�
OCIPKVWFG�CPF�RJCUG�EJCPIG
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● ITQWR�FGNC[�TKRRNG�KPFKECVGU�RJCUG�FKUVQTVKQP
● CXGTCIG�FGNC[�KPFKECVGU�GNGEVTKECN�NGPIVJ�QH�&76
● CRGTVWTG�QH�OGCUWTGOGPV�KU�XGT[�KORQTVCPV
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%JCTCEVGTK\KPI�7PMPQYP�&GXKEGU

7UKPI�RCTCOGVGTU�
*��;��<��5��VQ�EJCTCEVGTK\G�FGXKEGU�
● IKXGU�NKPGCT�DGJCXKQTCN�OQFGN�QH�QWT�FGXKEG
● OGCUWTG�RCTCOGVGTU�
G�I��XQNVCIG�CPF�EWTTGPV��XGTUWU�HTGSWGPE[�WPFGT������
XCTKQWU�UQWTEG�CPF�NQCF�EQPFKVKQPU�
G�I��UJQTV�CPF�QRGP�EKTEWKVU�

● EQORWVG�FGXKEG�RCTCOGVGTU�HTQO�OGCUWTGF�FCVC
● RTGFKEV�EKTEWKV�RGTHQTOCPEG�WPFGT�CP[�UQWTEG�CPF�NQCF�EQPFKVKQPU
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9J[�7UG�5�2CTCOGVGTU!

● TGNCVKXGN[�GCU[�VQ�QDVCKP CV�JKIJ�HTGSWGPEKGU
■ OGCUWTG�XQNVCIG�VTCXGNKPI�YCXGU�YKVJ�C�XGEVQT�PGVYQTM�CPCN[\GT
■ FQP	V�PGGF�UJQTVU�QRGPU�YJKEJ�ECP�ECWUG�CEVKXG�FGXKEGU�VQ�QUEKNNCVG�QT�UGNH�FGUVTWEV

● TGNCVG�VQ�HCOKNKCT OGCUWTGOGPVU�
ICKP��NQUU��TGHNGEVKQP�EQGHHKEKGPV�����
● ECP�ECUECFG 5�RCTCOGVGTU�QH�OWNVKRNG�FGXKEGU�VQ�RTGFKEV�U[UVGO�RGTHQTOCPEG
● ECP�EQORWVG *��;��QT�<�RCTCOGVGTU�HTQO�5�RCTCOGVGTU�KH�FGUKTGF
● ECP�GCUKN[�KORQTV�CPF�WUG�5�RCTCOGVGT�HKNGU�KP�QWT�GNGEVTQPKE�UKOWNCVKQP VQQNU
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/GCUWTKPI�5�2CTCOGVGTU
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b
2
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a 2 a 1 = 0
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b
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a 2 a 1 = 0
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'SWCVKPI�5�2CTCOGVGTU�YKVJ�%QOOQP�/GCUWTGOGPV�6GTOU

5�����HQTYCTF�TGHNGEVKQP�EQGHHKEKGPV�
KPRWV�OCVEJ�
5�����TGXGTUG�TGHNGEVKQP�EQGHHKEKGPV�
QWVRWV�OCVEJ�
5�����HQTYCTF�VTCPUOKUUKQP�EQGHHKEKGPV�
ICKP�QT�NQUU�
5�����TGXGTUG�VTCPUOKUUKQP�EQGHHKEKGPV�
KUQNCVKQP�

4GOGODGT��5�RCTCOGVGTU�CTG�KPJGTGPVN[�
EQORNGZ��NKPGCT�SWCPVKVKGU��� JQYGXGT��YG�

QHVGP�GZRTGUU�VJGO�KP�C�NQI�OCIPKVWFG�HQTOCV
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Frequency Frequency

TimeTime

%TKVGTKC�HQT�&KUVQTVKQPNGUU�6TCPUOKUUKQP
0QPNKPGCT�0GVYQTMU

5CVWTCVKQP��ETQUUQXGT��KPVGTOQFWNCVKQP��CPF�QVJGT�
PQPNKPGCT�GHHGEVU�ECP�ECWUG�UKIPCN�FKUVQTVKQP
'HHGEV�QP�U[UVGO�FGRGPFU�QP�COQWPV�CPF�V[RG���
QH�FKUVQTVKQP�CPF�U[UVGO�CTEJKVGEVWTG



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

/GCUWTKPI�0QPNKPGCT�$GJCXKQT
/QUV�EQOOQP�OGCUWTGOGPVU�

● WUKPI�C�PGVYQTM�CPCN[\GT CPF�RQYGT�UYGGRU
➨ ICKP�EQORTGUUKQP
➨ #/�VQ�2/�EQPXGTUKQP

● WUKPI�C�URGEVTWO�CPCN[\GT 
�UQWTEG
U�
➨ JCTOQPKEU��RCTVKEWNCTN[�UGEQPF�CPF�VJKTF
➨ KPVGTOQFWNCVKQP�RTQFWEVU�TGUWNVKPI�

HTQO�VYQ�QT�OQTG�4(�ECTTKGTU
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 sec LPF

����# 52'%647/�#0#.;<'4������� �M*\�� �����)*\

LPF DUT



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

9JCV�KU�VJG�&KHHGTGPEG�$GVYGGP�
0GVYQTM CPF 5RGEVTWO #PCN[\GTU!

�

#O
RN
KVW
FG
�4
CV
KQ

(TGSWGPE[

#O
RNK
VW
FG

(TGSWGPE[

����# 52'%647/�#0#.;<'4������� �M*\�� �����)*\

/GCUWTGU�
MPQYP�UKIPCN

/GCUWTGU�
WPMPQYP�
UKIPCNU

0GVYQTM�CPCN[\GTU�
● OGCUWTG�EQORQPGPVU��FGXKEGU��
EKTEWKVU��UWD�CUUGODNKGU

● EQPVCKP�UQWTEG�CPF�TGEGKXGT
● FKURNC[�TCVKQGF�CORNKVWFG�CPF�RJCUG

HTGSWGPE[�QT�RQYGT�UYGGRU�

● QHHGT�CFXCPEGF�GTTQT�EQTTGEVKQP

5RGEVTWO�CPCN[\GTU�
● OGCUWTG�UKIPCN�CORNKVWFG�EJCTCEVGTKUVKEU
ECTTKGT�NGXGN��UKFGDCPFU��JCTOQPKEU����

● ECP�FGOQFWNCVG�
��OGCUWTG��EQORNGZ�UKIPCNU
● CTG�TGEGKXGTU�QPN[�
UKPING�EJCPPGN�
● ECP�DG�WUGF�HQT�UECNCT�EQORQPGPV�VGUV�
PQ
RJCUG��YKVJ�VTCEMKPI�IGP��QT�GZV��UQWTEG
U�



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

#IGPFC

● 9JCV�OGCUWTGOGPVU�FQ�YG�OCMG!
● 0GVYQTM�CPCN[\GT�JCTFYCTG
● 'TTQT�OQFGNU�CPF�ECNKDTCVKQP
● 'ZCORNG�OGCUWTGOGPVU
● #RRGPFKZ



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

)GPGTCNK\GF�0GVYQTM�#PCN[\GT�$NQEM�&KCITCO

4'%'+8'4���&'6'%614
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4GHNGEVGF

6TCPUOKVVGF
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0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

5QWTEG

● 5WRRNKGU�UVKOWNWU�HQT�U[UVGO
● 5YGRV�HTGSWGPE[�QT�RQYGT
● 6TCFKVKQPCNN[�0#U�WUGF�UGRCTCVG�UQWTEG
● /QUV�#IKNGPV�CPCN[\GTU�UQNF�VQFC[�JCXG�

KPVGITCVGF��U[PVJGUK\GF UQWTEGU



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

5KIPCN�5GRCTCVKQP

6GUV�2QTV

&GVGEVQTFKTGEVKQPCN�
EQWRNGT

URNKVVGT
DTKFIG

OGCUWTG�KPEKFGPV�UKIPCN�HQT�TGHGTGPEG
UGRCTCVG�KPEKFGPV�CPF�TGHNGEVGF�UKIPCNU

4'%'+8'4���&'6'%614

241%'5514���&+52.#;

4'(.'%6'&

#�

64#05/+66'&

$�+0%+&'06�
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5'2#4#6+10
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+PEKFGPV

4GHNGEVGF

6TCPUOKVVGF

&76



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

&KTGEVKXKV[

&KTGEVKXKV[ KU�C�OGCUWTG�QH�JQY�YGNN�C�EQWRNGT�
ECP�UGRCTCVG�UKIPCNU�OQXKPI�KP�QRRQUKVG�FKTGEVKQPU

Test port


WPFGUKTGF�NGCMCIG�UKIPCN� 
FGUKTGF�TGHNGEVGF�UKIPCN�

&KTGEVKQPCN�%QWRNGT



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

+PVGTCEVKQP�QH�&KTGEVKXKV[�YKVJ�VJG�&76���

9KVJQWV�'TTQT�%QTTGEVKQP�

&CVC�/CZ

#FF�KP�RJCUG

&G
XKE
G

&K
TG
EV
KXK
V[

4G
VW
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�.
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U

(TGSWGPE[

�

��

��

&76�4.������F$

#FF�QWV�QH�RJCUG�

ECPEGNNCVKQP�

&G
XKE
G

&KTGEVKXKV[

&CVC���8GEVQT�5WO

&K
TG
EV
KXK
V[ &G
XKE
G

&CVC�/KP



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

&GVGEVQT�6[RGU

6WPGF�4GEGKXGT

5ECNCT DTQCFDCPF

PQ�RJCUG�KPHQTOCVKQP�

8GEVQT

OCIPKVWFG�CPF�RJCUG�

&KQFG

&%

#%
4(

+(�(KNVGT

+(���(�� .1 ( 4(±4(
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0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

$TQCFDCPF�&KQFG�&GVGEVKQP

● 'CU[�VQ�OCMG DTQCFDCPF
● +PGZRGPUKXG EQORCTGF�VQ�VWPGF�TGEGKXGT
● )QQF�HQT�OGCUWTKPI�HTGSWGPE[�VTCPUNCVKPI�FGXKEGU
● +ORTQXG�F[PCOKE�TCPIG�D[�KPETGCUKPI�RQYGT
● /GFKWO UGPUKVKXKV[���F[PCOKE�TCPIG

���/*\ �����)*\



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

0CTTQYDCPF�&GVGEVKQP�� 6WPGF�4GEGKXGT

● $GUV UGPUKVKXKV[���F[PCOKE�TCPIG
● 2TQXKFGU�JCTOQPKE���URWTKQWU�UKIPCN�TGLGEVKQP
● +ORTQXG�F[PCOKE�TCPIG�D[�KPETGCUKPI�RQYGT���
FGETGCUKPI�+(�DCPFYKFVJ��QT�CXGTCIKPI

● 6TCFG�QHH�PQKUG�HNQQT�CPF�OGCUWTGOGPV�URGGF

���/*\ �����)*\

#&%���&52



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

%QORCTKUQP�QH�4GEGKXGT�6GEJPKSWGU

�������F$O��5GPUKVKXKV[�

��F$

����F$

�����F$

��F$

����F$

�����F$

����F$O��5GPUKVKXKV[�

$TQCFDCPF������������������������

FKQFG��FGVGEVKQP

0CTTQYDCPF��������������

VWPGF�TGEGKXGT��FGVGEVKQP

● JKIJGT�PQKUG�HNQQT
● HCNUG�TGURQPUGU

● JKIJ�F[PCOKE�TCPIG
● JCTOQPKE�KOOWPKV[

&[PCOKE�TCPIG���OCZKOWO�TGEGKXGT�RQYGT�� TGEGKXGT�PQKUG�HNQQT



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

&[PCOKE�4CPIG�CPF�#EEWTCE[

&[PCOKE�TCPIG�KU�
XGT[�KORQTVCPV�HQT�
OGCUWTGOGPV�
CEEWTCE[�

Error Due to Interfering Signal
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0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

6�4�8GTUWU�5�2CTCOGVGT�6GUV�5GVU

● 4(�CNYC[U�EQOGU�QWV�RQTV��
● RQTV���KU�CNYC[U�TGEGKXGT
● TGURQPUG��QPG�RQTV ECN�CXCKNCDNG

● 4(�EQOGU�QWV�RQTV���QT�RQTV��
● HQTYCTF�CPF�TGXGTUG�OGCUWTGOGPVU
● VYQ�RQTV ECNKDTCVKQP�RQUUKDNG

6TCPUOKUUKQP�4GHNGEVKQP�6GUV�5GV

2QTV�� 2QTV��

5QWTEG

$

4

#

&76(YF

2QTV�� 2QTV��

6TCPUHGT�UYKVEJ

5QWTEG

$

4

#

5�2CTCOGVGT�6GUV�5GV

&76(YF 4GX
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2TQEGUUQT���&KURNC[

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

● OCTMGTU
● NKOKV�NKPGU
● RCUU�HCKN�KPFKECVQTU
● NKPGCT�NQI�HQTOCVU
● ITKF�RQNCT�5OKVJ�EJCTVU

#%6+8'�%*#00'.

4'52105'

56+/7.75

'064;

+05647/'06�56#6' 4�%*#00'.

4 .6 5

*2�+$�56#675

NETWORK ANYZER
50 MH-20GHz

2146��2146��

C H 1 S 21  log MA G 10 dB / RE F 0 dB

CH 1 S TA R T  775.000 000 MH z S TOP   925.000 000 M Hz

  

  

 

C or

H ld

P Rm

C H 2 S 12  log MA G RE F 0 dB10 dB /

CH 2 S TA R T  775.000 000 MH z S TOP   925.000 000 M Hz

  

 

D uplexer Test -  Tx-A nt and Ant-R x

C or

H ld

P Rm

 

 

1

1

1_ -1.9248 dB

  839.470 000 MH z

               

PA S S

2

1

1_ -1.2468 dB

  880.435 000 MH z

               

PA S S



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

+PVGTPCN�/GCUWTGOGPV�#WVQOCVKQP

5KORNG��TGECNN�UVCVGU
/QTG�RQYGTHWN�

● 6GUV�UGSWGPEKPI
■ CXCKNCDNG�QP������������HCOKNKGU
■ MG[UVTQMG�TGEQTFKPI
■ UQOG�CFXCPEGF�HWPEVKQPU

● +$#5+%
■ CXCKNCDNG�QP������HCOKN[
■ UQRJKUVKECVGF�RTQITCOU
■ EWUVQO�WUGT�KPVGTHCEGU

#$%&'()*+,-./0123456789:;<�����������
�� �������� �
�����������������!�����	�=�?

���#55+)0�"*R�����61����
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���176276�"*R������&+52�#00�(4'3��/1&'�55612��

���176276�"*R������&+52�#00�(4'3��/1&'�%52#0��

���176276�"*R������5'05��(4'3�%'06�����������*<��9#+��
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���176276�"*R������%#.%��/#4-��10��
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����176276�"*R������5'05��56#6�10���9#+��
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0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

#IKNGPV U�5GTKGU�QH�*(�8GEVQT�#PCN[\GTU
/KETQYCXG

4(

����%�UGTKGU
● ����)*\�KP�EQCZ
● JKIJGUV�CEEWTCE[
● OQFWNCT��HNGZKDNG
● RWNUG�U[UVGOU
● 6Z�4Z�OQFWNG�VGUV

����'6�'5�UGTKGU
● �������������)*\
● GEQPQOKECN
● HCUV��UOCNN��KPVGITCVGF
● VGUV�OKZGTU��JKIJ�RQYGT�CORU

����'6�'5�UGTKGU
● �������)*\
● NQY�EQUV
● PCTTQYDCPF�CPF
DTQCFDCPF�FGVGEVKQP

● +$#5+%���.#0

����'6�'5�UGTKGU
● �����)*\
● JKIJGUV�4(�CEEWTCE[
● HNGZKDNG�JCTFYCTG
● OQTG�HGCVWTGU�
● 1HHUGV�CPF�JCTOQPKE�
4(�UYGGRU



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

#IKNGPV U�.(�4(�8GEVQT�#PCN[\GTU

'����#�$
● ���������/*\
● GEQPQOKECN
● HCUV��UOCNN
● VCTIGV�OCTMGVU���ET[UVCNU��TGUQPCVQTU��HKNVGTU
● GSWKXCNGPV�EKTEWKV�OQFGNU
● GXCRQTCVKQP�OQPKVQT�HWPEVKQP�QRVKQP

����#�����$
● ����/*\�
����#�������)*\�
����$�
● KORGFCPEG�OGCUWTKPI�QRVKQP
● HCUV��((6�DCUGF�URGEVTWO�CPCN[UKU
● VKOG�ICVGF�URGEVTWO�CPCN[\GT�QRVKQP
● +$#5+%
● UVCPFCTF�VGUV�HKZVWTGU

.(

%QODKPCVKQP 0#���5#



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

5RGEVTWO�#PCN[\GT���6TCEMKPI�)GPGTCVQT

Tracking generator

RF in

TG out

H���+(

Spectrum analyzer

IF

LO
DUT

-G[�FKHHGTGPEGU�HTQO�PGVYQTM�CPCN[\GT�
● QPG�EJCPPGN �� PQ�TCVKQGF�QT�RJCUG�OGCUWTGOGPVU
● /QTG�GZRGPUKXG VJCP�UECNCT�0#�
DWV�DGVVGT�F[PCOKE�TCPIG�
● 1PN[�GTTQT�EQTTGEVKQP�CXCKNCDNG�KU�PQTOCNK\CVKQP�
CPF�RQUUKDN[�QRGP�UJQTV�CXGTCIKPI�
● 2QQTGT�CEEWTCE[
● 5OCNN�KPETGOGPVCN�EQUV KH�5#�KU�TGSWKTGF�HQT�QVJGT�OGCUWTGOGPVU

����# 52'%647/�#0#.;<'4������� �M*\�� �����)*\

&76



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

#IGPFC

9J[�FQ�YG�GXGP�PGGF�GTTQT�EQTTGEVKQP�CPF�ECNKDTCVKQP!
● +V�KU�KORQUUKDNG�VQ�OCMG�RGTHGEV�JCTFYCTG
● +V�YQWNF�DG�GZVTGOGN[�GZRGPUKXG�VQ�OCMG�JCTFYCTG�
IQQF�GPQWIJ�VQ�GNKOKPCVG�VJG�PGGF�HQT�GTTQT�EQTTGEVKQP

● 9JCV�OGCUWTGOGPVU�FQ�YG�OCMG!
● 0GVYQTM�CPCN[\GT�JCTFYCTG
● 'TTQT�OQFGNU�CPF�ECNKDTCVKQP
● 'ZCORNG�OGCUWTGOGPVU
● #RRGPFKZ



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

%CNKDTCVKQP�6QRKEU

● 9JCV�OGCUWTGOGPVU�FQ�YG�OCMG!
● 0GVYQTM�CPCN[\GT�JCTFYCTG
● 'TTQT�OQFGNU�CPF�ECNKDTCVKQP

● OGCUWTGOGPV�GTTQTU
● YJCV�KU�XGEVQT�GTTQT�EQTTGEVKQP!
● ECNKDTCVKQP�V[RGU
● CEEWTCE[�GZCORNGU
● ECNKDTCVKQP�EQPUKFGTCVKQPU

● 'ZCORNG�OGCUWTGOGPVU
● #RRGPFKZ



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

5[UVGOCVKE�GTTQTU
● FWG�VQ�KORGTHGEVKQPU KP�VJG�CPCN[\GT�CPF�VGUV�UGVWR
● CUUWOGF�VQ�DG�VKOG KPXCTKCPV�
RTGFKEVCDNG�
4CPFQO�GTTQTU

● XCT[ YKVJ�VKOG�KP�TCPFQO�HCUJKQP�
WPRTGFKEVCDNG�
● OCKP�EQPVTKDWVQTU���KPUVTWOGPV PQKUG��UYKVEJ�CPF�EQPPGEVQT TGRGCVCDKNKV[
&TKHV�GTTQTU

● FWG�VQ�U[UVGO�RGTHQTOCPEG�EJCPIKPI�CHVGT C�ECNKDTCVKQP�JCU�DGGP�FQPG
● RTKOCTKN[�ECWUGF�D[�VGORGTCVWTG�XCTKCVKQP

/GCUWTGOGPV�'TTQT�/QFGNKPI

/GCUWTGF�
&CVC

7PMPQYP�
&GXKEG

SYSTEMATI
C

RANDO
M

DRIFT

'TTQTU�

CAL

RE-C
AL



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

5[UVGOCVKE�/GCUWTGOGPV�'TTQTU

A B

5QWTEG
/KUOCVEJ

.QCF
/KUOCVEJ

%TQUUVCNM&KTGEVKXKV[

&76

(TGSWGPE[�TGURQPUG
● TGHNGEVKQP�VTCEMKPI 
#�4�
● VTCPUOKUUKQP�VTCEMKPI 
$�4�

R

5KZ�HQTYCTF�CPF�UKZ�TGXGTUG�GTTQT�VGTOU�[KGNFU�
���GTTQT�VGTOU�HQT�VYQ�RQTV�FGXKEGU



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

6[RGU�QH�'TTQT�%QTTGEVKQP

● TGURQPUG�
PQTOCNK\CVKQP�
■ UKORNG�VQ�RGTHQTO
■ QPN[�EQTTGEVU�HQT�VTCEMKPI�GTTQTU
■ UVQTGU�TGHGTGPEG�VTCEG�KP�OGOQT[�
VJGP�FQGU�FCVC�FKXKFGF�D[�OGOQT[

● XGEVQT
■ TGSWKTGU�OQTG�UVCPFCTFU
■ TGSWKTGU�CP�CPCN[\GT�VJCV�ECP�OGCUWTG�RJCUG
■ CEEQWPVU�HQT�CNN�OCLQT�UQWTEGU�QH�U[UVGOCVKE�GTTQT

5�� O

5�� C

SHORT

OPEN

LOAD

VJTW

VJTW



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

9JCV�KU�8GEVQT�'TTQT�%QTTGEVKQP!

● 2TQEGUU�QH�EJCTCEVGTK\KPI�U[UVGOCVKE�GTTQT�VGTOU
■ OGCUWTG�MPQYP�UVCPFCTFU
■ TGOQXG�GHHGEVU�HTQO�UWDUGSWGPV�OGCUWTGOGPVU

● ��RQTV�ECNKDTCVKQP 
TGHNGEVKQP�OGCUWTGOGPVU�
■ QPN[���U[UVGOCVKE�GTTQT�VGTOU�OGCUWTGF
■ FKTGEVKXKV[��UQWTEG�OCVEJ��CPF�TGHNGEVKQP�VTCEMKPI

● (WNN���RQTV�ECNKDTCVKQP 
TGHNGEVKQP�CPF�VTCPUOKUUKQP�OGCUWTGOGPVU�
■ ���U[UVGOCVKE�GTTQT�VGTOU�OGCUWTGF
■ WUWCNN[�TGSWKTGU����OGCUWTGOGPVU�QP�HQWT�MPQYP�UVCPFCTFU�
51.6�

● 5VCPFCTFU�FGHKPGF�KP�ECN�MKV�FGHKPKVKQP HKNG
■ PGVYQTM�CPCN[\GT�EQPVCKPU�UVCPFCTF�ECN�MKV�FGHKPKVKQPU
■ %#.�-+6�&'(+0+6+10�/756�/#6%*�#%67#.�%#.�-+6�75'&�
■ 7UGT�DWKNV�UVCPFCTFU�OWUV�DG�EJCTCEVGTK\GF CPF�GPVGTGF�KPVQ�WUGT�ECN�MKV



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

4GHNGEVKQP���1PG�2QTV�/QFGN

'& ��&KTGEVKXKV[

'46 ��4GHNGEVKQP�VTCEMKPI

'5 ��5QWTEG�/CVEJ

5��/ ��/GCUWTGF

5��# ��#EVWCN

6Q�UQNXG�HQT�GTTQT�VGTOU� YG�
OGCUWTG���UVCPFCTFU�VQ�IGPGTCVG�
��GSWCVKQPU�CPF���WPMPQYPU

5��/

5��#'5

'46

'&

�4(�KP

'TTQT�#FCRVGT

5��/

5��#

4(�KP +FGCN

● #UUWOGU�IQQF�VGTOKPCVKQP�CV�RQTV�VYQ�KH�VGUVKPI�VYQ�RQTV�FGXKEGU
● +H�WUKPI�RQTV���QH�0#�CPF &76�TGXGTUG�KUQNCVKQP�KU�NQY�
G�I���HKNVGT�RCUUDCPF��

■ CUUWORVKQP�QH�IQQF�VGTOKPCVKQP�KU�PQV�XCNKF�
■ VYQ�RQTV�GTTQT�EQTTGEVKQP�[KGNFU�DGVVGT�TGUWNVU

5��/���'&�
�'46
��� '5 5��#

5��#
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$GHQTG�CPF�#HVGT�1PG�2QTV�%CNKDTCVKQP

FCVC�DGHQTG���RQTV�ECNKDTCVKQP

FCVC�CHVGT���RQTV�ECNKDTCVKQP

�

��

��

��

���� �����

���
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9
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6YQ�2QTV�'TTQT�%QTTGEVKQP

● 'CEJ�CEVWCN�5�RCTCOGVGT�KU�C�HWPEVKQP������
QH�CNN�HQWT�OGCUWTGF�5�RCTCOGVGTU

● #PCN[\GT�OWUV�OCMG�HQTYCTF�CPF TGXGTUG�
UYGGR�VQ�WRFCVG�CP[�QPG�5�RCTCOGVGT

● .WEMKN[��[QW�FQP	V�PGGF�VQ�MPQY�VJGUG�
GSWCVKQPU�VQ�WUG PGVYQTM�CPCN[\GTU���

Port 1 Port 2E

S11

S 21

S 12

S22

ES
ED

E RT

ETT

EL

a 1

b1

A

A

A

A

X

a 2

b2

(QTYCTF�OQFGN

= fwd directivity
= fwd source match
= fwd reflection tracking

= fwd load match
= fwd transmission tracking

= fwd isolation
ES

ED

ERT

ETT

EL

EX

= rev reflection tracking
= rev transmission tracking

= rev directivity
= rev source match

= rev load match

= rev isolation
E S’

ED’

E RT’

ETT’

EL’

EX’
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0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

%TQUUVCNM���5KIPCN�.GCMCIG�$GVYGGP�
6GUV�2QTVU�&WTKPI�6TCPUOKUUKQP

● %CP�DG�C�RTQDNGO�YKVJ�
■ JKIJ�KUQNCVKQP�FGXKEGU�
G�I���UYKVEJ�KP�QRGP�RQUKVKQP�
■ JKIJ�F[PCOKE�TCPIG�FGXKEGU�
UQOG�HKNVGT�UVQRDCPFU�

● +UQNCVKQP�ECNKDTCVKQP
■ CFFU�PQKUG�VQ�GTTQT�OQFGN�
OGCUWTKPI�PGCT�PQKUG�HNQQT�QH�U[UVGO�
■ QPN[�RGTHQTO�KH�TGCNN[�PGGFGF�
WUG�CXGTCIKPI�KH�PGEGUUCT[�
■ KH�ETQUUVCNM�KU�KPFGRGPFGPV QH�&76�OCVEJ��WUG�VYQ�VGTOKPCVKQPU
■ KH�FGRGPFGPV QP�&76�OCVEJ��WUG�&76�YKVJ�VGTOKPCVKQP�QP�QWVRWV

&76

&76 LOAD&76LOAD



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

'TTQTU�CPF�%CNKDTCVKQP�5VCPFCTFU�

● %QPXGPKGPV
● )GPGTCNN[�PQV�CEEWTCVG
● 0Q�GTTQTU�TGOQXGF

● 'CU[�VQ�RGTHQTO
● 7UG�YJGP�JKIJGUV
CEEWTCE[�KU�PQV�TGSWKTGF

● 4GOQXGU�HTGSWGPE[
TGURQPUG�GTTQT

● (QT�TGHNGEVKQP�OGCUWTGOGPVU
● 0GGF�IQQF�VGTOKPCVKQP�HQT�JKIJ�
CEEWTCE[�YKVJ�VYQ�RQTV�FGXKEGU

● 4GOQXGU�VJGUG�GTTQTU�
&KTGEVKXKV[
5QWTEG�OCVEJ
4GHNGEVKQP�VTCEMKPI

● *KIJGUV�CEEWTCE[
● 4GOQXGU�VJGUG�GTTQTU�
&KTGEVKXKV[
5QWTEG��NQCF�OCVEJ
4GHNGEVKQP�VTCEMKPI
6TCPUOKUUKQP�VTCEMKPI
%TQUUVCNM���

70%144'%6'&���������������������4'52105'������������������������ ��2146������������������ (7..���2146

&76

&76

&76

&76

VJTW

VJTW

'0*#0%'&�4'52105'
● %QODKPGU�TGURQPUG�CPF���RQTV
● %QTTGEVU�UQWTEG�OCVEJ�HQT�VTCPUOKUUKQP�OGCUWTGOGPVU

SHORT

OPEN

LOAD

SHORT

OPEN

LOAD

SHORT

OPEN

LOAD



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

● 6TCPUOKUUKQP�6TCEMKPI

● %TQUUVCNM

● 5QWTEG�OCVEJ

● .QCF�OCVEJ

5�RCTCOGVGT

VYQ�RQTV�

6�4

TGURQPUG��KUQNCVKQP�

6TCPUOKUUKQP
6GUV�5GV�
ECN�V[RG�

�
���������

%CNKDTCVKQP�5WOOCT[

● 4GHNGEVKQP�VTCEMKPI

● &KTGEVKXKV[

● 5QWTEG�OCVEJ

● .QCF�OCVEJ

5�RCTCOGVGT

VYQ�RQTV�

6�4

QPG�RQTV�

4GHNGEVKQP
6GUV�5GV�
ECN�V[RG�

GTTQT�ECPPQV�DG�EQTTGEVGF

� GPJCPEGF TGURQPUG�ECN EQTTGEVU�HQT�UQWTEG�
OCVEJ�FWTKPI�VTCPUOKUUKQP�OGCUWTGOGPVU

GTTQT�ECP�DG�EQTTGEVGF

SHORT

OPEN

LOAD
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4GHNGEVKQP�'ZCORNG�7UKPI�C�1PG�2QTV�%CN

&76
���F$�4.�
�����
��F$�NQUU��
�����

.QCF�OCVEJ�
���F$�
�����

����


�����
�����
������������

&KTGEVKXKV[�
���F$�
�����

/GCUWTGOGPV�WPEGTVCKPV[�
������NQI�
�����
������
������
�������F$�
����F$�

������NQI�
������ ������ �����
������ F$�

�����F$�

4GOGODGT��EQPXGTV�CNN��F$�XCNWGU�VQ�
NKPGCT�HQT�WPEGTVCKPV[�ECNEWNCVKQPU�

ρ QT�NQUU

NKPGCT�
���� 
�����F$

��
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7UKPI�C�1PG�2QTV�%CN�
�#VVGPWCVQT

.QY�NQUU�DK�FKTGEVKQPCN�FGXKEGU
IGPGTCNN[�TGSWKTG�VYQ�RQTV�ECNKDTCVKQP
HQT�NQY�OGCUWTGOGPV�WPEGTVCKPV[

.QCF�OCVEJ�
���F$�
�����

&76
���F$�4.�
�����
��F$�NQUU��
�����

���F$�CVVGPWCVQT�
���������
594��������
�����

����


�����
�����
�����
�����
������������


�����
�����
������������

&KTGEVKXKV[�
���F$�
�����

9QTUV�ECUG�GTTQT��������
������
������������

/GCUWTGOGPV�WPEGTVCKPV[�
������NQI�
�����
������
�������F$�
�����F$�

������NQI�
������ �����
������ F$�

����F$�
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6TCPUOKUUKQP�'ZCORNG�7UKPI�4GURQPUG�%CN

4.������F$�
�����

4.������F$�
�����

6JTW�ECNKDTCVKQP�
PQTOCNK\CVKQP��DWKNFU�GTTQT�KPVQ�
OGCUWTGOGPV�FWG�VQ�UQWTEG�CPF�NQCF�OCVEJ�KPVGTCEVKQP

%CNKDTCVKQP�7PEGTVCKPV[
�� 
� v�ρ5�ρ.�

���
��v�
�����
�����
���v������F$
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(KNVGT�/GCUWTGOGPV�YKVJ�4GURQPUG�%CN

5QWTEG�OCVEJ���
���F$�
�����

�


�����
������������


�����
������������


�����
�����
�����
������������

/GCUWTGOGPV�WPEGTVCKPV[
����v�
����
����
�����
����v�����
��
������F$
� �����F$

&76
��F$�NQUU�
�����
���F$�4.�
�����

6QVCN�OGCUWTGOGPV�WPEGTVCKPV[�

�����
��������
������F$
�������� ����������� �����F$

.QCF�OCVEJ���
���F$�
�����
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/GCUWTKPI�#ORNKHKGTU�YKVJ�C�4GURQPUG�%CN

6QVCN�OGCUWTGOGPV�WPEGTVCKPV[�

�����
���������
������F$
�������� ������������ �����F$

/GCUWTGOGPV�WPEGTVCKPV[
����v�
����
�����
����v�����
��
������F$
� �����F$

�
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������������

&76
���F$�4.�
�����
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5QWTEG�OCVEJ���
���F$�
����� .QCF�OCVEJ���
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(KNVGT�/GCUWTGOGPVU�WUKPI�VJG�
'PJCPEGF�4GURQPUG

%CNKDTCVKQP

/GCUWTGOGPV�WPEGTVCKPV[
����v�
����
�����
������
����v������
��
�������F$
� ������F$

6QVCN�OGCUWTGOGPV�WPEGTVCKPV[�
�����
�������v������F$

%CNKDTCVKQP�7PEGTVCKPV[
��'HHGEVKXG�UQWTEG�OCVEJ������F$�

5QWTEG�OCVEJ���
���F$�
������

�
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������������
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�����
������
�������������
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��F$�NQUU�
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(1 ± ρ5 ρ.)
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7UKPI�VJG�'PJCPEGF�4GURQPUG�
%CNKDTCVKQP�2NWU�CP�#VVGPWCVQT

/GCUWTGOGPV�WPEGTVCKPV[
����v�
����
�����
������
����v������
��v������F$

6QVCN�OGCUWTGOGPV�WPEGTVCKPV[�
�����
�������v������F$

5QWTEG�OCVEJ���
���F$�
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�������������

&76
��F$�NQUU�
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�����
������
�����

��������
����F$�
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���F$�CVVGPWCVQT�
������
594��������
�����NKPGCT�QT������F$�

#PCN[\GT�NQCF�OCVEJ�����F$�
�����

%CNKDTCVKQP�7PEGTVCKPV[
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��
��v�
������
������
���v�����F$

(1 ± ρ5 ρ.)
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%CNEWNCVKPI�/GCUWTGOGPV�7PEGTVCKPV[�#HVGT�C�
6YQ�2QTV�%CNKDTCVKQP

%QTTGEVGF�GTTQT�VGTOU�

����'5�������)*\�6[RG�0�

&KTGEVKXKV[ � ���F$
5QWTEG�OCVEJ � ���F$
.QCF�OCVEJ �� ���F$
4GHN��VTCEMKPI �� �����F$���
6TCPU��VTCEMKPI� � �����F$
+UQNCVKQP � ����F$

&76
��F$�NQUU�
�����
���F$�4.�
�����

6TCPUOKUUKQP�WPEGTVCKPV[

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

4GHNGEVKQP�WPEGTVCKPV[

= 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

= ± + + + −
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. (. . *. . *. . *. )

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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4GURQPUG�XGTUWU�6YQ�2QTV�%CNKDTCVKQP

%*�� 5�� �/ NQI�/#) ��F$� 4'(����F$

%QT

%*�� /'/ NQI�/#) 4'(����F$��F$�

%QT
7PEQTTGEVGF

#HVGT�VYQ�RQTV�ECNKDTCVKQP

56#46�����������/*\ 5612�����������/*\
Z� � �

#HVGT�TGURQPUG�ECNKDTCVKQP

/GCUWTKPI�HKNVGT�KPUGTVKQP�NQUU
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8CTKGV[�QH�OQFWNGU�EQXGT����M*\�VQ������)*\
5KZ�EQPPGEVQT�V[RGU�CXCKNCDNG�
���Ω CPF����Ω�
5KPING�EQPPGEVKQP

■ TGFWEGU�ECNKDTCVKQP�VKOG
■ OCMGU�ECNKDTCVKQPU�GCU[�VQ�RGTHQTO
■ OKPKOK\GU�YGCT�QP�ECDNGU�CPF�UVCPFCTFU
■ GNKOKPCVGU�QRGTCVQT�GTTQTU
*KIJN[�TGRGCVCDNG�VGORGTCVWTG�EQORGPUCVGF�
VGTOKPCVKQPU�RTQXKFG�GZEGNNGPV�CEEWTCE[

'%CN��'NGEVTQPKE�%CNKDTCVKQP�
���������UGTKGU�

85093A   
Electronic Calibration Module
30 kHz - 6 GHz

sa

/KETQYCXG�OQFWNGU�WUG�C�
VTCPUOKUUKQP�NKPG�UJWPVGF�D[�2+0�FKQFG�
UYKVEJGU�KP�XCTKQWU�EQODKPCVKQPU
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#FCRVGT�%QPUKFGTCVKQPU

6GTOKPCVKQP#FCRVGT &76

%QWRNGT�FKTGEVKXKV[������F$

NGCMCIG�UKIPCN

FGUKTGF�UKIPCNTGHNGEVKQP�HTQO�CFCRVGT

#2%���ECNKDTCVKQP�FQPG�JGTG

&76�JCU�5/#�
H��EQPPGEVQTU

�������OGCUWTGF��
ρ 
CFCRVGT

ρ
&76

ρ&KTGEVKXKV[�� 


9QTUV�ECUG
5[UVGO�&KTGEVKXKV[

���F$

���F$

���F$

#2%���VQ�5/#�
O�
594�����

#2%���VQ�0�
H��
�0�
O��VQ�5/#�
O�
594����������������������594�����

#2%���VQ�0�
O��
�0�
H��VQ�5/#�
H��
�5/#�
O��VQ�
O�
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%CNKDTCVKPI�0QP�+PUGTVCDNG�&GXKEGU

9JGP�FQKPI�C�VJTQWIJ�ECN��PQTOCNN[�VGUV�RQTVU�OCVG�FKTGEVN[
● ECDNGU�ECP�DG�EQPPGEVGF�FKTGEVN[�YKVJQWV�CP�CFCRVGT
● TGUWNV�KU�C�\GTQ�NGPIVJ�VJTQWIJ�

9JCV�KU�CP�KPUGTVCDNG�FGXKEG!
● JCU�UCOG�V[RG�QH�EQPPGEVQT��DWV�FKHHGTGPV�UGZ�QP�GCEJ�RQTV
● JCU�UCOG�V[RG�QH�UGZNGUU�EQPPGEVQT�QP�GCEJ�RQTV�
G�I��#2%���

9JCV�KU�C�PQP�KPUGTVCDNG�FGXKEG!
● QPG�VJCV�ECPPQV�DG�KPUGTVGF�KP�RNCEG�QH�C�\GTQ�NGPIVJ�VJTQWIJ
● JCU�UCOG�EQPPGEVQTU�QP�GCEJ�RQTV�
V[RG�CPF�UGZ�
● JCU�FKHHGTGPV�V[RG�QH�EQPPGEVQT�QP�GCEJ�RQTV�

G�I���YCXGIWKFG�QP�QPG�RQTV��EQCZKCN�QP�VJG�QVJGT�

9JCV�ECNKDTCVKQP�EJQKEGU�FQ�+�JCXG�HQT�PQP�KPUGTVCDNG�FGXKEGU!
● WUG�CP�WPEJCTCEVGTK\GF VJTQWIJ�CFCRVGT
● WUG�C�EJCTCEVGTK\GF VJTQWIJ�CFCRVGT�
OQFKH[�ECN�MKV�FGHKPKVKQP�
● UYCR�GSWCN�CFCRVGTU
● CFCRVGT�TGOQXCN

&76



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

5YCR�'SWCN�#FCRVGTU�/GVJQF

&762QTV�� 2QTV��

����6TCPUOKUUKQP�ECN�WUKPI�CFCRVGT�#�

����4GHNGEVKQP�ECN�WUKPI�CFCRVGT�$�

����/GCUWTG�&76�WUKPI�CFCRVGT�$�

2QTV�� 2QTV��#FCRVGT�#

#FCRVGT�
$

2QTV�� 2QTV��

#FCRVGT�
$

2QTV�� 2QTV��&76

#EEWTCE[�FGRGPFU�QP�JQY�YGNN�VJG�CFCRVGTU�
CTG�OCVEJGF�� NQUU��GNGEVTKECN�NGPIVJ��OCVEJ�

CPF�KORGFCPEG�UJQWNF�CNN�DG�GSWCN
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#FCRVGT�4GOQXCN�%CNKDTCVKQP

● %CNKDTCVKQP�KU�XGT[�CEEWTCVG�CPF�VTCEGCDNG
● +P�HKTOYCTG�QH������������CPF������UGTKGU
● #NUQ�CEEQORNKUJGF�YKVJ�'%CN�OQFWNGU�
���������
● 7UGU�CFCRVGT�YKVJ�UCOG�EQPPGEVQTU�CU�&76
● /WUV�URGEKH[�GNGEVTKECN�NGPIVJ�QH�CFCRVGT�VQ�YKVJKP�����
YCXGNGPIVJ�QH�JKIJGUV�HTGSWGPE[�
VQ�CXQKF�RJCUG�CODKIWKV[�

&762QTV�� 2QTV��

����2GTHQTO���RQTV�ECN�YKVJ�CFCRVGT�QP�RQTV���
5CXG�KP�ECN�UGV���

����2GTHQTO���RQTV�ECN�YKVJ�CFCRVGT�QP�RQTV���
5CXG�KP�ECN�UGV���

����/GCUWTG�&76�YKVJQWV�ECN�CFCRVGT�

����7UG�#&#26'4�4'/18#.
VQ�IGPGTCVG�PGY�ECN�UGV�

=%#.?�=/14'?�=/1&+(;�%#.�5'6?
=#&#26'4�4'/18#.?

%CN�5GV��

2QTV�� 2QTV��#FCRVGT�
$

%CN�
#FCRVGT

%CN�
#FCRVGT

%CN�5GV��

2QTV�� 2QTV��#FCRVGT�
$

2QTV��#FCRVGT�
$

&762QTV��
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6JTW�4GHNGEV�.KPG�
64.��%CNKDTCVKQP

9G�MPQY�CDQWV�5JQTV�1RGP�.QCF�6JTW�
51.6��ECNKDTCVKQP���
9JCV�KU�64.!

● #�VYQ�RQTV�ECNKDTCVKQP�VGEJPKSWG
● )QQF�HQT�PQPEQCZKCN�GPXKTQPOGPVU�
YCXGIWKFG��HKZVWTGU��YCHGT�RTQDKPI�
● 7UGU�VJG�UCOG����VGTO�GTTQT�OQFGN�CU�VJG�OQTG�EQOOQP�51.6�ECN
● 7UGU�RTCEVKECN�ECNKDTCVKQP�UVCPFCTFU�VJCV
CTG�GCUKN[�HCDTKECVGF�CPF�EJCTCEVGTK\GF�

● 6YQ�XCTKCVKQPU��64.�
TGSWKTGU���TGEGKXGTU��
CPF�64.��
QPN[�VJTGG�TGEGKXGTU�PGGFGF�

● 1VJGT�XCTKCVKQPU��.KPG�4GHNGEV�/CVEJ�
.4/���
6JTW�4GHNGEV�/CVEJ�
64/���RNWU�OCP[�QVJGTU

64.�YCU�FGXGNQRGF�HQT�PQP�EQCZKCN�
OKETQYCXG OGCUWTGOGPVU
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#IGPFC

● 9JCV�OGCUWTGOGPVU�FQ�YG�OCMG!
● 0GVYQTM�CPCN[\GT�JCTFYCTG
● 'TTQT�OQFGNU�CPF�ECNKDTCVKQP
● 'ZCORNG�OGCUWTGOGPVU
● #RRGPFKZ
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(TGSWGPE[�5YGGR�� (KNVGT�6GUV
CH1 S11 log MAG 5 dB/ REF  0 dB

CENTER  200.000 MHz SPAN   50.000 MHz

4GVWTP�NQUU

log MAG 10 dB/ REF  0 dBCH1 S 21

START   .300 000 MHz STOP  400.000 000 MHz

Cor

69.1 dB 5VQRDCPF�
TGLGEVKQP

+PUGTVKQP�NQUU

SCH1 21 log MAG 1 dB/ REF  0 dB

Cor

Cor

START 2 000.000 MHz STOP 6 000.000 MHz

x2 1 2

O������������������)*\���������F$

O��TGH������������)*\���������F$

�

TGH �
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Segment 3: 29 ms 
(108 points, -10 dBm, 6000 Hz)

1RVKOK\G�(KNVGT�/GCUWTGOGPVU�YKVJ�5YGRV�.KUV�/QFG

CH1 S21 log MAG 12 dB/ REF 0 dB

START  525.000 000 MHz

PRm

PASS

STOP 1 275.000 000 MHz

Segment 1: 87 ms 
(25 points, +10 dBm, 300 Hz)

Segments 2,4: 52 ms 
(15 points, +10 dBm, 300 Hz)

Segment 5: 129 ms 
(38 points, +10 dBm, 300 Hz)

.KPGCT�UYGGR������OU

����RVU������*\������F$O�

5YGRV�NKUV�UYGGR������OU

����RVU��XCTKCDNG�$9	U���RQYGT�
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2QYGT�5YGGRU�� %QORTGUUKQP

5CVWTCVGF�QWVRWV�RQYGT

1W
VR
WV
�2
QY
GT
�
F
$O
�

+PRWV�2QYGT�
F$O�

%QORTGUUKQP�TGIKQP

.KPGCT�TGIKQP

UNQRG���UOCNN�UKIPCN�ICKP�



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

%*���5��������QI��/#)��������F$����4'(������F$���������������F$
�����F$O

2QYGT�5YGGR�� )CKP�%QORTGUUKQP

�

56#46������F$O�������%9�������/*\�������5612����F$O

�

��F$�
EQORTGUUKQP��
KPRWV�RQYGT�TGUWNVKPI�
KP���F$�FTQR KP�ICKP
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#/�VQ�2/�%QPXGTUKQP

#/�� 2/�%QPXGTUKQP��

/CI
2OQWV�
/CI
#OKP�


FGI�F$�

&76

#ORNKVWFG

6KOG

#/�

F$�

2/�

FGI�

/CI
#/
QWV
�

/CI
2O
QWV
�

1WVRWV�4GURQPUG

#ORNKVWFG

6KOG

#/�

F$�

2/�

FGI�

/CI
#O
KP
�

6GUV��5VKOWNWU

2QYGT�UYGGR

+

3

#/�VQ�2/�EQPXGTUKQP�
ECP�ECWUG�DKV�GTTQTU

/GCUWTG�QH�RJCUG�FGXKCVKQP�ECWUGF�D[�CORNKVWFG�XCTKCVKQPU

● #/�ECP�DG�WPFGUKTGF�
UWRRN[�TKRRNG��HCFKPI��VJGTOCN

● #/�ECP�DG�FGUKTGF�
OQFWNCVKQP�
G�I��3#/�
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/GCUWTKPI�#/�VQ�2/�%QPXGTUKQP�

● 7UG�VTCPUOKUUKQP�UGVWR
YKVJ�C�RQYGT�UYGGR

● &KURNC[�RJCUG�QH�5��
● #/�� 2/��������FGI�F$

5VQR�������F$O

4GH��������F$

5VQR�������F$O

��6TCPUOKUUKQP .QI�/CI ����F$�

5VCTV��������F$O %9���������/*\
5VCTV��������F$O %9���������/*\

��6TCPUOKUUKQP �/ 2JCUG ����FGI�� 4GH��������FGI�

�

�

�

�

�

%J��/MT�����������F$O��������F$

%J��/MT�����������F$������������FGI
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#IGPFC

● 9JCV�OGCUWTGOGPVU�FQ�YG�OCMG!
● 0GVYQTM�CPCN[\GT�JCTFYCTG
● 'TTQT�OQFGNU�CPF�ECNKDTCVKQP
● 'ZCORNG�OGCUWTGOGPVU
● #RRGPFKZ

● #FXCPEGF�6QRKEU
VKOG�FQOCKP�
HTGSWGPE[�VTCPUNCVKPI�FGXKEGU
JKIJ�RQYGT�CORNKHKGTU
GZVGPFGF�F[PCOKE�TCPIG
OWNVKRQTV�FGXKEGU
KP�HKZVWTG�OGCUWTGOGPVU
ET[UVCN�TGUQPCVQTU
DCNCPEGF�FKHHGTGPVKCN

● +PUKFG�VJG�PGVYQTM�CPCN[\GT
● %JCNNGPIG�SWK\�
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6KOG�&QOCKP�4GHNGEVQOGVT[�
6&4�

● 9JCV�KU�6&4!
■ VKOG�FQOCKP�TGHNGEVQOGVT[
■ CPCN[\G�KORGFCPEG�XGTUWU�VKOG
■ FKUVKPIWKUJ�DGVYGGP�KPFWEVKXG�CPF�ECRCEKVKXG�VTCPUKVKQPU

● 9KVJ�ICVKPI�
■ CPCN[\G�VTCPUKVKQPU
■ CPCN[\GT�UVCPFCTFU

<Q
VKOG

KO
RG
FC
PE
G

PQP�<Q�VTCPUOKUUKQP�NKPG

KPFWEVKXG�
VTCPUKVKQP

ECRCEKVKXG�
VTCPUKVKQP
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● UVCTV�YKVJ�DTQCFDCPF�HTGSWGPE[�UYGGR�
QHVGP�TGSWKTGU�OKETQYCXG�80#�
● WUG�KPXGTUG�(QWTKGT�VTCPUHQTO�VQ�EQORWVG�VKOG�FQOCKP
● TGUQNWVKQP�KPXGTUGN[�RTQRQTVKQPCVG�VQ�HTGSWGPE[�URCP

%*�� 5 �� 4G ���O7� 4'(���7

%*��56#46���U 5612�����PU

%QT ���)*\

��)*\

6KOG�&QOCKP (TGSWGPE[�&QOCKP

V

H

��U�(
U�(
V��FV∫
�

V

+PVGITCVG

HV

H

6&4
F ��

6&4�$CUKEU�7UKPI�C�0GVYQTM�#PCN[\GT

F ��
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6KOG�&QOCKP�)CVKPI
● 6&4�CPF�ICVKPI�ECP�TGOQXG WPFGUKTGF�TGHNGEVKQPU�
C�HQTO�QH�GTTQT�EQTTGEVKQP�
● 1PN[�WUGHWN�HQT�DTQCFDCPF FGXKEGU�
C�NQCF�QT�VJTW�HQT�GZCORNG�
● &GHKPG�ICVG VQ�QPN[�KPENWFG�&76
● 7UG�VYQ�RQTV�ECNKDTCVKQP

%*�� /'/ 4G ���O7� 4'(���7

%*��56#46���U 5612�����PU

%QT
24O

4+5'�6+/'
�������RU
������OO �

�

�

����������O7 ����RU�

����������O7 ����RU�

�����������O7 ����RU�

6JTW�KP�VKOG�FQOCKP

%*�� 5���/ NQI�/#) ��F$� 4'(���F$

56#46���������������)*\ 5612����������������)*\

)CVG

%QT

24O

�

�

�����������F$���������)*\

�����������F$���������)*\�

6JTW�KP�HTGSWGPE[�FQOCKP��
YKVJ�CPF�YKVJQWV�ICVKPI
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6GP�5VGRU�HQT�2GTHQTOKPI�6&4

���5GV�WR�FGUKTGF�HTGSWGPE[�TCPIG�
PGGF�YKFG�URCP�HQT�IQQF�URCVKCN�TGUQNWVKQP�
���7PFGT�5;56'/��VTCPUHQTO�OGPW��RTGUU��UGV�HTGS�NQY�RCUU�
���2GTHQTO�QPG� QT�VYQ�RQTV�ECNKDTCVKQP
���5GNGEV�5���OGCUWTGOGPV��
���6WTP�QP�VTCPUHQTO�
NQY�RCUU�UVGR���
���5GV�HQTOCV�VQ�TGCN��
���#FLWUV�VTCPUHQTO�YKPFQY�VQ�VTCFG�QHH�TKUG�VKOG�YKVJ�TKPIKPI�CPF�QXGTUJQQV��
���#FLWUV�UVCTV�CPF�UVQR�VKOGU�KH�FGUKTGF
���(QT�ICVKPI�

● UGV�UVCTV�CPF�UVQR�HTGSWGPEKGU�HQT�ICVG
● VWTP�ICVKPI�QP��
● CFLWUV�ICVG�UJCRG�VQ�VTCFG�QHH�TGUQNWVKQP�YKVJ�TKRRNG��

����6Q�FKURNC[�ICVGF�TGURQPUG�KP�HTGSWGPE[�FQOCKP
● VWTP�VTCPUHQTO�QHH�
NGCXG�ICVKPI�QP���
● EJCPIG�HQTOCV�VQ�NQI�OCIPKVWFG��

���+H�WUKPI�VYQ�EJCPPGNU�
GXGP�KH�EQWRNGF���VJGUG�RCTCOGVGTU�OWUV�DG�UGV�KPFGRGPFGPVN[�HQT�UGEQPF�EJCPPGN
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6KOG�&QOCKP�6TCPUOKUUKQP

%*����5����NQI�/#) ���F$����4'(���F$

56#46����WU 5612���WU

%QT 4(�.GCMCIG

5WTHCEG
9CXG

6TKRNG
6TCXGN

4(�1WVRWV

4(�+PRWV

6TKRNG�6TCXGN

/CKP�9CXG
.GCMCIG

%*����5�� NQI�/#) ���F$����4'(���F$

%QT

)CVG�QP

)CVG�QHH
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6KOG�&QOCKP�(KNVGT�6WPKPI

&GVGTOKPKUVKE�OGVJQF�WUGF�HQT�
VWPKPI�ECXKV[�TGUQPCVQT�HKNVGTU
6TCFKVKQPCN�HTGSWGPE[�FQOCKP�
VWPKPI�KU�XGT[�FKHHKEWNV�

■ NQVU�QH�VTCKPKPI�PGGFGF
■ OC[�VCMG����VQ����OKPWVGU���VQ�
VWPG�C�UKPING�HKNVGT

0GGF�80#�YKVJ�HCUV�UYGGR�URGGFU�
CPF�HCUV�VKOG�FQOCKP�RTQEGUUKPI
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(KNVGT�4GHNGEVKQP�KP�6KOG�&QOCKP

5GV�CPCN[\GT U�EGPVGT�HTGSWGPE[�
��EGPVGT�HTGSWGPE[�QH�VJG�HKNVGT

/GCUWTG�5�� QT�5�� KP�VJG�VKOG�FQOCKP
0WNNU�KP�VJG�VKOG�FQOCKP�TGURQPUG�EQTTGURQPF�
VQ�KPFKXKFWCN�TGUQPCVQTU�KP�HKNVGT
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6WPKPI�4GUQPCVQT���

'CUKGT�VQ�KFGPVKH[�OKUVWPGF�TGUQPCVQT�������
KP�VKOG�FQOCKP���PWNN�����KU�OKUUKPI
*CTF�VQ�VGNN�YJKEJ�TGUQPCVQT�KU�OKUVWPGF�
HTQO�HTGSWGPE[�FQOCKP�TGURQPUG
#FLWUV�TGUQPCVQTU�D[�OKPKOK\KPI�PWNN
#FLWUV�EQWRNKPI�CRGTVWTGU�WUKPI�
VJG�RGCMU�KP�DGVYGGP�VJG�FKRU�



0GVYQTM�#PCN[\GT�$CUKEU %QR[TKIJV�����

(TGSWGPE[�6TCPUNCVKPI�&GXKEGU
/GFKWO�F[PCOKE�TCPIG�OGCUWTGOGPVU�
���F$�

*KIJ�F[PCOKE�TCPIG�OGCUWTGOGPVU�
����F$�

(KNVGT

4GHGTGPEG�OKZGT

4GH�QWV�

4GH�KP�

#VVGPWCVQT

#VVGPWCVQT

2QYGT�
URNKVVGT

'5)�&����#

&76

#VVGPWCVQT

����'5

(KNVGT

#VVGPWCVQT#VVGPWCVQT

4GH��+P

5VCTV������/*\

5VQR������/*\

5VCTV������/*\

5VQR������/*\

(KZGF�.1����)*\

.1�RQYGT�����F$O

(4'3�1((5

10�QHH

.1

/'07

&190

%108'46'4

72

%108'46'4

4(�� ��.1

4(�����.1

8+'9�

/'#574'

4'6740

����'5

� �

CH1 CONV MEAS log MAG 10 dB/ REF 10 dB

    START  640.000 000 MHz STOP  660.000 000 MHz
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*KIJ�2QYGT�#ORNKHKGTU

5QWTEG

$

4

#


���F$O�OCZ�KPRWV�
���YCVVU��

2TGCOR

#76
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&76

4GH�+P

#76

2TGCOR
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�����#�*KIJ�2QYGT�
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*KIJ�&[PCOKE�4CPIG�/GCUWTGOGPVU

%*� 56#46 ��� � ��� ��� /*\

%QT
#XI
���

24O

%*� /'/ .1) ���F$� 4'(���F$
%*� /'/ .1) ���F$� 4'(���F$

%*� 56#46 ��� � ��� ��� /*\
5612 � ��� � ��� ��� /*\
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%QT
#XI
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24O
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����'5�5RGEKCN�1RVKQP�*��
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/WNVKRQTV�&GXKEG�6GUV

log MAG 10 dB/ REF 0 dB 1_ -1.9248 dBCH1 S 21

CH1 START  775.000 000 MHz STOP  925.000 000 MHz

Cor

Hld

PRm

CH2 S 12 log MAG REF 0 dB10 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

/WNVKRQTV�CPCN[\GTU�CPF�VGUV�UGVU�
● KORTQXG�VJTQWIJRWV D[�TGFWEKPI�VJG�PWODGT�QH�
EQPPGEVKQPU�VQ�&76U�YKVJ�OQTG�VJCP�VYQ�RQTVU

● CNNQY�UKOWNVCPGQWU XKGYKPI�QH�VYQ�RCVJU

IQQF�HQT�VWPKPI�FWRNGZGTU�

● KPENWFG�OGEJCPKECN QT�UQNKF�UVCVG UYKVEJGU�����
�� QT��� QJOU

● FGITCFG�TCY�RGTHQTOCPEG�UQ�ECNKDTCVKQP KU�C�
OWUV 
WUG�VYQ�RQTV�ECNU�YJGPGXGT�RQUUKDNG�

● #IKNGPV�QHHGTU�C�XCTKGV[�QH�UVCPFCTF�CPF�EWUVQO�
OWNVKRQTV�CPCN[\GTU�CPF�VGUV�UGVU

�����*��
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�����'������%�5VCPFCTF�/WNVKRQTV�6GUV�5GVU

(QT�WUG�YKVJ�����'�HCOKN[
���Ω�����/*\�VQ�����)*\��������QT����RQTVU
���Ω�� ��/*\�VQ�����)*\����QT����RQTVU
6GUV�5GV�%CN�CPF�5GNH%CN�FTCOCVKECNN[�KORTQXG�ECNKDTCVKQP�VKOGU
5[UVGOU�QHHGT�HWNN[�URGEKHKGF�RGTHQTOCPEG�CV�VGUV�RQTVU

1PEG�C�OQPVJ�
RGTHQTO�C�6GUV�5GV�%CN YKVJ�GZVGTPCN�
UVCPFCTFU�VQ�TGOQXG�U[UVGOCVKE�GTTQTU�KP�
VJG�CPCN[\GT��VGUV�UGV��ECDNGU��CPF�HKZVWTG

1PEG�CP�JQWT�
CWVQOCVKECNN[�RGTHQTO�C�5GNH%CN WUKPI�
KPVGTPCN�UVCPFCTFU�VQ�TGOQXG�U[UVGOCVKE�
GTTQTU�KP�VJG�CPCN[\GT�CPF�VGUV�UGV

&76
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6GUV�5GV�%CN�'NKOKPCVGU�4GFWPFCPV�
%QPPGEVKQPU�QH�%CNKDTCVKQP�5VCPFCTFU

■ 6GUV�5GV�%CN

■ 6TCFKVKQPCN�80#�%CNKDTCVKQP

0 100 200 300 400

4-port

8-port

12-port

4GHNGEVKQP�%QPPGEVKQPU 6JTQWIJ�%QPPGEVKQPU

0 25 50 75

4-port

8-port

12-port
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+P�(KZVWTG�/GCUWTGOGPVU

/GCUWTGOGPV�RTQDNGO� EQCZKCN�ECNKDTCVKQP�RNCPG�KU�
PQV�VJG�UCOG�CU�VJG�KP�HKZVWTG�OGCUWTGOGPV�RNCPG

'TTQT�EQTTGEVKQP�YKVJ�EQCZKCN�ECNKDTCVKQP

E E

E

D S

6 ● .QUU
● 2JCUG�UJKHV
● /KUOCVEJ

%CNKDTCVKQP
RNCPG

/GCUWTGOGPV
RNCPG

&76

(KZVWTG
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%JCTCEVGTK\KPI�%T[UVCN�4GUQPCVQTU�(KNVGTU

'����#�$�0GVYQTM�#PCN[\GT
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 ��
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'ZCORNG�QH�ET[UVCN�TGUQPCVQT�OGCUWTGOGPV
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$CNCPEGF�&GXKEG�/GCUWTGOGPVU

#60������UGTKGU�
��RQTV�VGUV�UGV�
�UQHVYCTG�

OGCUWTG�VQWIJ�UKPINGF�GPFGF�FGXKEGU�NKMG�EQWRNGTU
OGCUWTG�HWNN[�DCNCPEGF�QT�UKPING�GPFGF�VQ�DCNCPEGF &76U
EJCTCEVGTK\G�OQFG�EQPXGTUKQPU�
G�I��EQOOQP�VQ�FKHHGTGPVKCN�
KPEQTRQTCVGU���RQTV�GTTQT EQTTGEVKQP HQT�GZEGRVKQPCN�CEEWTCE[
YQTMU�YKVJ�����'5�CPF�����'5�CPCN[\GTU
OQTG�KPHQ�CV�YYY�CVPOKETQYCXG�EQO
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'ZCORNG�� ����&�'
● TGSWKTGU�GZVGTPCN�FGVGEVQTU��EQWRNGTU��DTKFIGU��URNKVVGTU
● IQQF�HQT�NQY�EQUV�OKETQYCXG�UECNCT�CRRNKECVKQPU�
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&KTGEVKQPCN�$TKFIG

6GUV�2QTV

&GVGEVQT
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�� Ω

● ���QJO�NQCF�CV�VGUV�RQTV�DCNCPEGU�
VJG�DTKFIG��� FGVGEVQT�TGCFU�\GTQ

● 0QP����QJO�NQCF�KODCNCPEGU�DTKFIG
● /GCUWTKPI�OCIPKVWFG�CPF�RJCUG�QH�
KODCNCPEG�IKXGU�EQORNGZ�KORGFCPEG

● �&KTGEVKXKV[��KU�FKHHGTGPEG�DGVYGGP�
OCZKOWO�CPF�OKPKOWO�DCNCPEG
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2QTV��

6TCPUHGT�UYKVEJ
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5QWTEG
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6TCPUHGT�UYKVEJ

5QWTEG

$

4

#

��TGEGKXGTU
● OQTG�GEQPQOKECN
● 64.���.4/��ECNU�QPN[
● KPENWFGU�

■ ����'5
■ ����'5�
UVCPFCTF�

��TGEGKXGTU
● OQTG�GZRGPUKXG
● VTWG�64.��.4/�ECNU
● KPENWFGU�
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9J[�#TG�(QWT�4GEGKXGTU�$GVVGT�6JCP�6JTGG!

64. 64.�

����'5�1RVKQP�����CFFU�HQWTVJ�
UCORNGT��CNNQYKPI�HWNN�64.�ECNKDTCVKQP

● 64.�
■ CUUWOGU�VJG UQWTEG�CPF�NQCF�OCVEJ QH�C�VGUV�RQTV�CTG�GSWCN

RQTV�U[OOGVT[�DGVYGGP�HQTYCTF�CPF�TGXGTUG�OGCUWTGOGPVU�

■ VJKU�KU�QPN[�C�HCKT�CUUWORVKQP�HQT�VJTGG�TGEGKXGT�PGVYQTM�CPCN[\GTU
● 64.

■ HQWT�TGEGKXGTU�CTG�PGEGUUCT[�VQ�OCMG�VJG�TGSWKTGF�OGCUWTGOGPVU�
■ 64.�CPF�64.��WUG�KFGPVKECN�ECNKDTCVKQP�UVCPFCTFU

● +P�PQPEQCZKCN�CRRNKECVKQPU��64.�CEJKGXGU�DGVVGT�UQWTEG�CPF�NQCF�OCVEJ EQTTGEVKQP VJCP�64.�
● 9JCV�CDQWV�EQCZKCN�CRRNKECVKQPU!

■ 51.6�KU�WUWCNN[�VJG�RTGHGTTGF�ECNKDTCVKQP�OGVJQF
■ EQCZKCN�64.�ECP�DG�OQTG�CEEWTCVG�VJCP�51.6��DWV�PQV�EQOOQPN[�WUGF
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%JCNNGPIG�3WK\
���%CP�HKNVGTU�ECWUG�FKUVQTVKQP�KP�EQOOWPKECVKQPU�U[UVGOU!
#��;GU��FWG�VQ�KORCKTOGPV�QH�RJCUG�CPF�OCIPKVWFG�TGURQPUG
$��;GU��FWG�VQ�PQPNKPGCT�EQORQPGPVU�UWEJ�CU�HGTTKVG�KPFWEVQTU
%��0Q��QPN[�CEVKXG�FGXKEGU�ECP�ECWUG�FKUVQTVKQP
&��0Q��HKNVGTU�QPN[�ECWUG�NKPGCT�RJCUG�UJKHVU
'��$QVJ�#�CPF�$�CDQXG

���9JKEJ�UVCVGOGPV�CDQWV�VTCPUOKUUKQP�NKPGU�KU�HCNUG!
#��7UGHWN�HQT�GHHKEKGPV�VTCPUOKUUKQP�QH�4(�RQYGT
$��4GSWKTGU�VGTOKPCVKQP�KP�EJCTCEVGTKUVKE�KORGFCPEG�HQT�NQY�8594
%��'PXGNQRG�XQNVCIG�QH�4(�UKIPCN�KU�KPFGRGPFGPV�QH�RQUKVKQP�CNQPI�NKPG
&��7UGF�YJGP�YCXGNGPIVJ�QH�UKIPCN�KU�UOCNN�EQORCTGF�VQ�NGPIVJ�QH NKPG
'��%CP�DG�TGCNK\GF�KP�C�XCTKGV[�QH�HQTOU�UWEJ�CU�EQCZKCN��YCXGIWKFG��OKETQUVTKR

���9JKEJ�UVCVGOGPV�CDQWV�PCTTQYDCPF�FGVGEVKQP�KU�HCNUG!
#��+U�IGPGTCNN[�VJG�EJGCRGUV�YC[�VQ�FGVGEV�OKETQYCXG�UKIPCNU
$��2TQXKFGU�OWEJ�ITGCVGT�F[PCOKE�TCPIG�VJCP�FKQFG�FGVGEVKQP
%��7UGU�XCTKCDNG�DCPFYKFVJ�+(�HKNVGTU�VQ�UGV�CPCN[\GT�PQKUG�HNQQT
&��2TQXKFGU�TGLGEVKQP�QH�JCTOQPKE�CPF�URWTKQWU�UKIPCNU
'��7UGU�OKZGTU�QT�UCORNGTU�CU�FQYPEQPXGTVGTU
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%JCNNGPIG�3WK\�
EQPVKPWGF�
���/CZKOWO�F[PCOKE�TCPIG�YKVJ�PCTTQYDCPF�FGVGEVKQP�KU�FGHKPGF�CU�
#��/CZKOWO�TGEGKXGT�KPRWV�RQYGT�OKPWU�VJG�UVQRDCPF�QH�VJG�FGXKEG WPFGT�VGUV
$��/CZKOWO�TGEGKXGT�KPRWV�RQYGT�OKPWU�VJG�TGEGKXGT	U�PQKUG�HNQQT
%��&GVGEVQT���F$�EQORTGUUKQP�RQKPV�OKPWU�VJG�JCTOQPKE�NGXGN�QH�VJG�UQWTEG
&��4GEGKXGT�FCOCIG�NGXGN�RNWU�VJG�OCZKOWO�UQWTEG�QWVRWV�RQYGT
'��/CZKOWO�UQWTEG�QWVRWV�RQYGT�OKPWU�VJG�TGEGKXGT	U�PQKUG�HNQQT

���9KVJ�C�6�4�CPCN[\GT��VJG�HQNNQYKPI�GTTQT�VGTOU�ECP�DG�EQTTGEVGF�
#��5QWTEG�OCVEJ��NQCF�OCVEJ��VTCPUOKUUKQP�VTCEMKPI
$��.QCF�OCVEJ��TGHNGEVKQP�VTCEMKPI��VTCPUOKUUKQP�VTCEMKPI
%��5QWTEG�OCVEJ��TGHNGEVKQP�VTCEMKPI��VTCPUOKUUKQP�VTCEMKPI
&��&KTGEVKXKV[��UQWTEG�OCVEJ��NQCF�OCVEJ
'��&KTGEVKXKV[��TGHNGEVKQP�VTCEMKPI��NQCF�OCVEJ

���%CNKDTCVKQP
U��ECP�TGOQXG�YJKEJ�QH�VJG�HQNNQYKPI�V[RGU�QH�OGCUWTGOGPV�GTTQT!
#��5[UVGOCVKE�CPF�FTKHV
$��5[UVGOCVKE�CPF�TCPFQO
%��4CPFQO�CPF�FTKHV
&��4GRGCVCDKNKV[�CPF�U[UVGOCVKE
'��4GRGCVCDKNKV[�CPF�FTKHV
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EQPVKPWGF�
���9JKEJ�UVCVGOGPV�CDQWV�64.�ECNKDTCVKQP�KU�HCNUG!
#��+U�C�V[RG�QH�VYQ�RQTV�GTTQT�EQTTGEVKQP
$��7UGU�GCUKN[�HCDTKECVGF�CPF�EJCTCEVGTK\GF�UVCPFCTFU
%��/QUV�EQOOQPN[�WUGF�KP�PQPEQCZKCN�GPXKTQPOGPVU
&��+U�PQV�CXCKNCDNG�QP�VJG�����'5�HCOKN[�QH�OKETQYCXG�PGVYQTM�CPCN[\GTU
'��*CU�C�URGEKCN�XGTUKQP�HQT�VJTGG�UCORNGT�PGVYQTM�CPCN[\GTU

���(QT�YJKEJ�EQORQPGPV�KU�KV�JCTFGUV�VQ�IGV�CEEWTCVG�VTCPUOKUUKQP�CPF�
TGHNGEVKQP�OGCUWTGOGPVU�YJGP�WUKPI�C�6�4�PGVYQTM�CPCN[\GT!
#��#ORNKHKGTU�DGECWUG�QWVRWV�RQYGT�ECWUGU�TGEGKXGT�EQORTGUUKQP
$��%CDNGU�DGECWUG�NQCF�OCVEJ�ECPPQV�DG�EQTTGEVGF
%��(KNVGT�UVQRDCPFU�DGECWUG�QH�NCEM�QH�F[PCOKE�TCPIG
&��/KZGTU�DGECWUG�QH�NCEM�QH�DTQCFDCPF�FGVGEVQTU
'��#VVGPWCVQTU�DGECWUG�UQWTEG�OCVEJ�ECPPQV�DG�EQTTGEVGF

���2QYGT�UYGGRU�CTG�IQQF�HQT�YJKEJ�OGCUWTGOGPVU!
#��)CKP�EQORTGUUKQP
$��#/�VQ�2/�EQPXGTUKQP
%��5CVWTCVGF�QWVRWV�RQYGT
&��2QYGT�NKPGCTKV[
'��#NN�QH�VJG�CDQXG
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