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                S-Parameters and Two-port Measurements

                åº”ç”¨æ–‡ç« 

                
                    Introduction 

Network analyzers are the fundamental instrument for the characterization of the devices and components used in RF and microwave systems. Network analyzers were briefly introduced in the previous laboratory for their use in impedance matching; they now will be examined in more detail within the context of component measurement. Transfer functions are more naturally expressed in the Laplace or frequency domain, and swept frequency instruments, like network analyzers, can provide a direct measurement of these transfer functions by sweeping a signal source and a tuned receiver across a range of frequencies. Two-port measurements provide an explicit characterization of linear system blocks with a single input and a single output, by far the most common type of element. A two-port network could be as simple as a section of cable, or as complex as a complete transmitter-receiver link. In its simplest format, a reference excitation is applied to one port, and the response from the other port is recorded as a function of the sweep frequency. More complex elements with more than two ports can be characterized by extension, and the measurement techniques extend easily by simple multiplexing of the stimulus and response ports. Scattering parameters, or S-parameters for short, are the working language of network analyzers (NA). They provide a complete description of any linear, time-invariant element which then fully represents the behavior of that element within any system that it may be connected to. Scattering parameters involve phase information, and they are thus complex phasor quantities, and they are also frequency-dependent. Once known, they can be transformed into other network parameters for circuit design, optimization, or tuning.

A quick overview 

An electrical port is a pair of terminals across which a unique voltage and current can be defined, and through which an electrical signal or power can flow. A two-terminal element such as a resistor, capacitor, or inductor is a one-port device. The characteristics of that element define a relationship between the port voltage and the port current, for example, V = IR, or V = L dI/dt. One of these variables say voltage, can be considered as a stimulus to the element, and the other variable, say current, can be considered as the response. The characteristics of the two-terminal element thus describe an electrical stimulus-response relationship.  

A two-port device or network is the simplest electrical element with a unique input and output. A generic two-port network is illustrated in figure 1 below where the port variables of voltage and current are denoted in their more conventional circuit theory manner.

Because of the larger number of variables (now four), a two-port network requires a more elaborate method of characterization, and several matrix approaches exist for organizing this process. One such method is the impedance matrix, or Z-matrix. The Z-matrix representation of a two-port network can be thought of as having the two port currents, I1 and I 2 , be the independent stimuli, and the two port voltages, V1 and V2 , be the responses that arise from those stimuli.

Reversing the roles of the stimuli and responses gives an alternative representation, the admittance matrix, or Y-matrix.

Simple matrix algebra shows that the impedance and admittance matrices are inverses of each other, Y = Zâˆ’1. Numerous other representations are possible, each with different choices for the stimuli and responses. The more common ones are the G-, H-, and T- or ABCD-matrices, which are developed in other courses on linear network theory.  

When dealing with high-frequency systems where the propagation of signals is better described by traveling waves, the choice of stimuli and responses needs to be modified. The stimuli are best described by waves that are incident upon the ports, and the responses are best described by waves that are reflected back from those same ports. Figure 2 illustrates the same two-port network as in figure 1, but with the port variables now labeled as an incident (in-going, +) and reflected (out-going, âˆ’) voltage waves.
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United Kingdom
Canada
India
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American Samoa
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Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
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Luxembourg
Macau
Macedonia
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Mali
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Mexico
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Morocco
Mozambique
Myanmar
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Namibia
Nauru
Nepal
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Norway
Oman
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Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Samoa
San Marino
Sao Tome/Principe
Saudi Arabia
Senegal
Serbia and Montenegro
Serbia
Montenegro
Seychelles
Sierra Leone
Slovak Republic
Slovenia
Solomon Islands
Somalia
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
St. Vincent and Grenadines
Suriname
Svalbard/Jan Mayen Isls.
Swaziland
Switzerland
Taiwan, China
Tajikistan
Tanzania
Thailand
Timor-Leste
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks/Caicos Isls.
Tuvalu
Uganda
Ukraine
United Arab Emirates
US Minor Outlying Is.
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Viet Nam
Virgin Islands (British)
Virgin Islands (U.S.)
Wallis/Futuna Isls.
Western Sahara
Yemen
Zambia
Zimbabwe
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ç”µå�äº§å“�ç”Ÿäº§å•†
èƒ½æº�/åŸºç¡€è®¾æ–½
é‡‘èž�
æ”¿åºœéƒ¨é—¨
ç‰©è�”ç½‘ç”µå�äº§å“�
åŒ»ç–—/ä¿�å�¥
ç½‘ç»œè®¾å¤‡åˆ¶é€ å•†
é‡�å�æŠ€æœ¯
é›¶å”®/åŒ»ç–—
å�Šå¯¼ä½“
Â è½¯ä»¶å¼€å�‘
è¿�è�¥å•†
æµ‹è¯•å®žéªŒå®¤
äº¤é€šè¿�è¾“
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è¡Œæ”¿ç®¡ç�†
æ€»å·¥ç¨‹å¸ˆ/éƒ¨é—¨ä¸»ç®¡
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æ•°å—ï¼šé«˜é€ŸæŽ¥å�£
æ•°å—ï¼šå…‰é€šä¿¡
IT/ä¿¡æ�¯æŠ€æœ¯
L2-7 ç½‘ç»œè®¾è®¡/è¿�è�¥
ç”µæº�ï¼šä½ŽåŠŸè€—åˆ†æž�
ç”µæº�ï¼šè½¬æ�¢å’Œè°ƒç�†
äº§å“�ï¼šç¡¬ä»¶æµ‹è¯•
äº§å“�ï¼šå¤šç³»ç»Ÿé›†æˆ�
äº§å“�ï¼šè½¯ä»¶æµ‹è¯•
è´¨é‡�ä¿�è¯�
å°„é¢‘ï¼šæ¨¡æ‹Ÿ/æ··å�ˆä¿¡å�·
å°„é¢‘ï¼šå¤–åœºæµ‹è¯•
å�Šå¯¼ä½“æµ‹è¯•
Software: Development
è½¯ä»¶é›†æˆ�
å…¶ä»–ï¼šé�žæŠ€æœ¯äººå‘˜
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åº”ç”¨ç¨‹åº�ç®¡ç�†
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