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INTERNATIONAL ELECTROTECHNICAL COMMISSION  132 

____________ 133 

 134 

SEMICONDUCTOR DEVICES  135 

 136 

Part 16-9: Microwave integrated circuits –  137 

Phase shifters 138 

 139 

FOREWORD 140 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 141 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 142 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 143 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 144 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 145 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 146 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 147 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 148 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.  149 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 150 
consensus of opinion on the relevant subjects since each technical committee has representation from all 151 
interested IEC National Committees.  152 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 153 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 154 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 155 
misinterpretation by any end user. 156 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 157 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 158 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  159 

5) IEC itself does not provide any attestation of conformity. Independent certificati on bodies provide conformity 160 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 161 
services carried out by independent certification bodies.  162 

6) All users should ensure that they have the latest edition of  this publication. 163 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 164 
members of its technical committees and IEC National Committees for any personal injury, property damage or 165 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 166 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 167 
Publications.  168 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 169 
indispensable for the correct application of this publication.  170 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent  171 
rights. IEC shall not be held responsible for identifying any or all such patent rights.  172 

IEC 60747-16-9 has been prepared by subcommittee 47E: Discrete semiconductor devices, of 173 

IEC technical committee 47: Semiconductor devices. It is an International Sta ndard.  174 

The text of this International Standard is based on the following documents:  175 

Draft Report on voting 

47E/XX/FDIS 47E/XX/RVD 

 176 

Full information on the voting for its approval can be found in the report on voting indicated in 177 

the above table. 178 

The language used for the development of this International Standard is English.  179 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 180 

accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 181 

at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 182 

described in greater detail at www.iec.ch/publications. 183 

A list of all parts in the IEC 60747 series, published under the general title Semiconductor devices, can 184 
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be found on the IEC website. 185 

The committee has decided that the contents of this document will remain unchanged until the 186 

stability date indicated on the IEC website under webstore.iec.ch in the data related to the 187 

specific document. At this date, the document will be  188 

• reconfirmed, 189 

• withdrawn, 190 

• replaced by a revised edition, or 191 

• amended.   192 
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SEMICONDUCTOR DEVICES 193 

 194 

Part 16-9: Microwave integrated circuits –  195 

Phase shifters  196 

 197 

1 Scope 198 

This part of IEC 60747 specifies the terminology, essential ratings and characteristics, and 199 

measuring methods of microwave integrated circuit phase shifters.  200 

2 Normative references 201 

The following documents are referred to in the text in such a way that some or all of the ir content 202 

constitutes requirements of this document. For dated references, only the edition cited applies. 203 

For undated references, the latest edition of the referenced document (including any 204 

amendments) applies. 205 

IEC 60747-1:2006, Semiconductor devices – Part 1: General  206 

IEC 60747-1:2006/AMD 1:2010 207 

IEC 60747-4, Semiconductor devices – Discrete devices – Part 4: Microwave diodes and 208 

transistors  209 

IEC 61340-5-1, Electrostatics – Part 5-1: Protection of electronic devices from electrostatic 210 

phenomena – General requirements  211 

IEC TR 61340-5-2, Electrostatics – Part 5-2: Protection of electronic devices from electrostatic 212 

phenomena – User guide  213 

3 Terms and definitions 214 

For the purposes of this document, the following terms and definitions apply.  215 

ISO and IEC maintain terminology databases for use in standardization at the following 216 

addresses:  217 

• IEC Electropedia: available at https://www.electropedia.org/ 218 

• ISO Online browsing platform: available at https://www.iso.org/obp 219 

3.1  220 

reference state 221 

state where the phase difference between input and output of the phase shifter is a particular 222 

value 223 

Note 1 to entry: The condition for the reference state shall be specified.  224 

Note 2 to entry: Though the phase difference at the reference state is usually maximum, median, or minimum value 225 
of all available phase differences of the phase shifter, the other value can be acceptable.  226 

3.2  227 

phase shift state 228 

state except for the reference state 229 

3.3  230 

transmission loss 231 

Ltrans 232 

ratio of the input power to the output power, in the linear region of the power transfer curve 233 

Po(dBm)=f(Pi) 234 

Note 1 to entry: In this region, ∆Po(dBm)=∆P i(dBm). 235 

Note 2 to entry:  Usually the transmission loss is expressed in decibels. 236 
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3.4  237 

 insertion loss 238 

Lins 239 

ratio of the input power to the output power, in the linear region of the power transfer curve 240 

Po(dBm)=f(Pi) in the reference state 241 

Note 1 to entry: In this region, ∆Po(dBm)=∆Pi(dBm). 242 

Note 2 to entry: Usually the insertion loss is expressed in decibels. 243 

[SOURCE: IEC 60747-16-4:2004/AMD 1:2009, 3.1, modified – “at the switched on port” has been deleted and “in the 244 
reference state” has been added.] 245 

3.5  246 

phase shift value 247 

Sph 248 

difference between the phase in the phase shift state and that in the reference state  249 

3.6  250 

phase shift range 251 

Rph 252 

difference between the maximum and minimum phase among all phase shift states and 253 

reference state 254 

3.7  255 

phase shift accuracy 256 

Sacc 257 

difference between the measured and the nominal phase shift value 258 

3.8  259 

phase shift accuracy root mean square 260 

Sacc(RMS) 261 

root-mean-square value of the maximum differences between the measured and the nominal 262 

phase shift values 263 

3.9  264 

input return loss 265 

Lret(in) 266 

ratio of the incident power at the input port to the reflected power at the input port  267 

[SOURCE: IEC 60747-16-6:2019, 3.4] 268 

3.10  269 

output return loss 270 

Lret(out) 271 

ratio of the incident power at the output port to the reflected power at the output port  272 

[SOURCE: IEC 60747-16-6:2019, 3.5] 273 

3.11  274 

amplitude flatness 275 

Famp 276 

difference between the maximum and minimum insertion loss value in working frequency range 277 

3.12  278 

transmission loss ripple 279 

Lrip 280 

difference between the maximum and minimum transmission loss value among all phase shift 281 

states 282 
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3.13  283 

input power at 1 dB compression 284 

Pi(1dB) 285 

input power where the transmission loss increases by 1 dB compared with transmission loss in 286 

linear region 287 

[SOURCE: IEC 60747-16-4:2004, 3.4] 288 

3.14  289 

intermodulation distortion 290 

Pn/ P1 291 

ratio of the nth order component of the output power to the fundamental component of the output 292 

power 293 

Note 1 to entry: The abbreviation “IMDn” is in common use for the nth order intermodulation distortion. 294 

[SOURCE: IEC 60747-4:2007/AMD1:2017, 7.2.19] 295 

3.15  296 

power at the intercept point (for intermodulation products)  297 

Pn(IP) 298 

output power at intersection between the extrapolated output powers of the fundamental 299 

component and the nth order intermodulation components, when the extr apolation is carried 300 

out in a diagram showing the output power of the components (in decibels) as a function of the 301 

input power (in decibels) 302 

[SOURCE: IEC 60747-16-1:2001, 3.8] 303 

3.16  304 

switching time 305 

3.16.1  306 

turn on time 307 

ton 308 

interval between the lower reference point on the leading edge of the control voltage and the 309 

upper reference point on the leading edge of the envelope of output voltage in the linear region 310 

of the power transfer curve Po(dBm)=f(P i) when the state of phase shifter changes from the 311 

reference state to the phase shift state 312 

Note 1 to entry: In this region, ∆Po(dBm)=∆P
i
(dBm). 313 

Note 2 to entry: Usually the reference is 50% of the amplitude.  314 

[SOURCE: IEC 60747-16-4:2004, 3.6, modified — Note 2 to entry has been added] 315 

3.16.2  316 

turn off time 317 

toff 318 

interval between the upper reference point on the trailing edge of the control voltage and the 319 

lower reference point on the trailing edge of the envelope of the output voltage in the linear 320 

region of the power transfer curve Po(dBm)=f(Pi) when the state of phase shifter changes from 321 

the reference state to the phase shift state 322 

Note 1 to entry: In this region, ∆Po(dBm)=∆P
i
(dBm). 323 

Note 2 to entry: Usually the reference is 50% of the amplitude.  324 

[SOURCE: IEC 60747-16-4:2004, 3.7, modified — Note 2 to entry has been added] 325 

4 Essential ratings and characteristics 326 

4.1 General requirements 327 

4.1.1 Circuit identification and types 328 

The identification of type (device name), the category of circuit and technology applied shall be 329 

given. 330 
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Microwave phase shifters comprise two categories: 331 

- Type A: Digital phase shifters； 332 

- Type B: Analog phase shifters. 333 

4.1.2 General function description 334 

A general description of the function performed by the microwave integrated circuit phase 335 

shifters and the features for the application shall be made. 336 

4.1.3 Manufacturing technology 337 

The manufacturing technology, e.g. semiconductor monolithic integrated circuit, thin film 338 

integrated circuit, micro-assembly, etc. shall be stated. This statement shall include details of 339 

the semiconductor technologies such as PIN diode, heterostructure field effect transistor 340 

(HFET), pseudomorphic high electronic mobility  transistor(PHEMT), etc. 341 

IEC 60747-4 shall be referred to for terminology and letter symbols, essential ratings and 342 

characteristics and measuring methods of such microwave devices. 343 

4.1.4 Package identification 344 

The following statements shall be made: 345 

a) chip or packaged form; 346 

b) IEC and/or national reference number of the outline drawing, or drawing of non -standard 347 

package including terminal numbering; 348 

c) principal package material, for example, metal, ceramic, plastic. 349 

4.2 Application description 350 

4.2.1 Conformance to system and/or interface information 351 

It should be stated whether the integrated circuit conforms to an application system and/or an 352 

interface standard or a recommendation. 353 

Detailed information concerning application systems, equipment and circuits such as radar 354 

systems, communication systems, Wifi wireless network systems, etc. should also be given. 355 

4.2.2 Overall block diagram 356 

A block diagram of the applied systems should be given if necessary.  357 

4.2.3 Reference data 358 

The most important properties that permit comparison between derivative types should be given.  359 

4.2.4 Electrical compatibility 360 

It should be stated whether the integrated circuit is electrically compatible with other particular 361 

integrated circuits, or families of integrated circuits, or whether special interfaces are required.  362 

Details should be given concerning the type of input and output circuits, e.g. input/output 363 

impedances, DC block, open-drain, etc. Interchangeability with other devices, if any, should 364 

also be given.  365 

4.2.5 Associated devices 366 

If applicable, the following should be stated:  367 

- devices necessary for correct operation (list with type number, name and function);  368 

- peripheral devices with direct interfacing (list with type number, name and function).  369 

4.3 Specification of the function 370 

4.3.1 Detailed block diagram – Functional blocks 371 

A detail block diagram or equivalent circuit information of the integrated circuit microwave   372 

phase shifters shall be given. The block diagram shall be composed of the following:  373 
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