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FOREWORD 130 
(This foreword is not part of the Standard) 131 

 132 
ANSI/TIA-1152, Requirements for Field Test Instruments and Measurements for Balanced Twisted-Pair 133 
Cabling, was published.  ANSI/TIA-1152 addresses 4-pair cabling systems.  This standard will address field 134 
testing of single-pair cabling systems. 135 
 136 
Approval of this Standard 137 
TIA standards documents are developed within the Technical Committees of the TIA and the standards 138 
coordinating committees of the TIA standards board.  Members of the committees serve voluntarily and 139 
without commission.  The companies that they represent are not necessarily members of the TIA.  The 140 
standards developed within the TIA represent a consensu  f th  b d ti   the subject.  This 141 
expertise comes from within the TIA as well as those outs        pressed interest.  142 

143 
and the state of the art at that time.  Users are encouraged       st revision of the 144 
Standard. 145 
 146 
This standard has been prepared by the TR-42.       TIA Engineering 147 
Committee TR-42 and the American National Stan    148 
 149 
ANSI/TIA reviews standards every 5 years. At th      nded, or revised 150 
according to the submitted updates. Updates to       d be sent to the 151 
committee chair or to ANSI/TIA. 152 
 153 
Relationship to other TIA standards   154 
The following are related standards re     d cabling that were developed 155 
and are maintained by Engineering C      diagram of the relationship to 156 
other relevant TIA standards is gi en in   157 

 ANSI/TIA-568      tomer Premises 158 

 ANSI/TIA-568     rastructure Standard 159 

 ANSI/TIA-568     Cabling and Components Standard 160 

 ANSI/TIA-568       ard 161 

       Standard 162 

    r Telecommunications Cabling and Components 163 
  164 

    nd Spaces 165 

   eco u cat o s Infrastructure Standard 166 

   Standard for Telecommunications Infrastructure 167 

   communications Bonding and Grounding (Earthing) for Customer 168 
 169 

  ned Outside Plant Telecommunications Infrastructure Standard 170 

 ANSI/TIA-862, Structured Cabling Infrastructure Standard for Intelligent Building Systems  171 

 ANSI/TIA-942, Telecommunications Infrastructure Standard for Data Centers 172 

 ANSI/TIA-1005, Telecommunications Infrastructure Standard for Industrial Premises  173 

 ANSI/TIA-1179, Healthcare Facility Telecommunications Infrastructure Standard 174 

 ANSI/TIA-4966, Telecommunications Infrastructure Standard for Educational Facilities 175 

 ANSI/TIA-4994, Standard for Sustainable Information Communications Technology 176 

 ANSI/TIA-5017, Telecommunications Physical Network Security Standard 177 
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Figure 1 - Relationship between relevant TIA Standards 179 
 180 
In addition, the following documents may be useful to the reader: 181 
 182 
 National Electrical Safety Code  (NESC ) (IEEE C 2); 183 
 National Electrical Code  (NEC ) (NFPA 70) 184 
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 185 
Useful supplements to this Standard include the BICSI Telecommunications Distribution Methods Manual, 186 
the Outside Plant Design Reference Manual, and the Information Transport Systems Installation Methods 187 
Manual. These manuals provide practices and methods by which many of the requirements of this standard 188 
are implemented.   189 
 190 

Annexes 191 

Annexes A, B and C are informative and are not considered requirements of this Standard. 192 

193 
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1 SCOPE 194 

This Standard specifies requirements for field test instruments and includes procedures for testing  195 
balanced single twisted-pair cabling to meet the specifications in the ANSI/TIA-568.5 and 196 
ANSI/TIA-568.7 standards. This Standard specifies the reporting and measurement accuracy 197 
requirements of field test instruments. This Standard contains methods to verify field test instrument 198 
accuracy by comparing the field test instrument measurements against laboratory equipment 199 
measurements specified in ANSI/TIA-568.5. 200 

2 NORMATIVE REFERENCES 201 

The following documents are referred to in the text in such a way that some or all of their content 202 
constitutes requirements of this document. For dated re      applies. For 203 
undated references, the latest edition of the reference     mendments) 204 
applies. 205 

 206 
ANSI/TIA-568.2 Balanced Twisted-Pair Telecommunica    s Standard 207 
 208 
ANSI/TIA-606 Administration Standard for Co   cture 209 
 210 
ANSI/TIA-568.5 Balanced Single Twisted-P     Components 211 
Standard 212 
 213 

3 DEFINITIONS, ABBREVIATIO      MEASURE 214 

3.1 General  215 

For the purpose of this Standard  t     nd abbreviations and units 216 
of measure apply. 217 

3.2 Definitions 218 

administration: T      ntation, and usage needed for 219 
installation  moves       ns infrastructure. 220 
 221 
cab        , and connecting hardware. 222 
 223 
co        d differential voltage to a common mode 224 
vol       225 
 226 
ins      esulting from the insertion of a component, link or channel (often  227 
ref     228 
 229 
lin     n two points, not including equipment and cords. 230 
 231 
nominal velocity of propagation: The percentage of the speed of light at which signal travels in 232 
a cable.  233 
 234 
output signal balance: The ratio of the output common mode voltage to the output differential 235 
voltage generated by a source port. 236 
 237 
patch cord:  A cord used to establish connections on a patch panel. 238 
  239 
patch panel: A connecting hardware system that facilitates cable termination and cabling 240 
administration using patch cords. 241 
 242 
power sum alien near-end crosstalk: A computation of the unwanted signal coupling from 243 
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multiple uncorrelated transmitters at the near-end into a pair measured at the near-end. 244 
 245 
power sum attenuation to alien crosstalk ratio, far-end: A computation of the unwanted signal 246 
coupling from multiple uncorrelated transmitters at the near-end into a pair measured at the far-247 
end. 248 
 249 
return loss: A ratio expressed in dB of the power of the outgoing signal to the power of the reflected 250 
signal. 251 
 252 
screen: An element of a cable formed by a shield. 253 
 254 
shield: A metallic layer placed around a conductor or group of conductors. 255 
 256 
telecommunications: The transmission and reception of i f ti  b  bl  di  tical or 257 
other electromagnetic systems. 258 

3.3 Acronyms and abbreviations  259 

ANSI American National Standards Institute 260 
CMR Common mode rejection 261 
DMCM Differential mode plus common mo  262 
OSB  Output signal balance 263 
NVP Nominal velocity of propagation 264 
PSAACRF Power sum attenuation to alien cro    265 
PSANEXT Power sum alien near-end crossta  266 
RF Radio frequency 267 
TIA Telecommunications Ind   268 

3.4 Units of measure 269 

dB  decibel 270 
m  meter 271 
MHz megahe  272 
ns nanose  273 

 microse  274 

3.5 Va i bl  275 

f     276 
 277 
 278 

279 
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4 TEST INSTRUMENTS  280 

4.1 General 281 

This Standard specifies the reporting and accuracy performance requirements of field testers and 282 
provides additional guidelines for field testing procedures. Two levels of field testers based on 283 
frequency ranges are defined: 284 
 285 

 286 

 287 

Note that the use of Level SP in the document applies t  b th L l SP I d L l SP-II. 288 
Special requirements apply when testing alien crossta        rmation. 4.8 289 
contains methods to compare the results of field teste     g laboratory 290 
equipment. 291 

4.2 Data reporting requirements 292 

 Parameters to be reported 293 

The field test instrument shall be able to mea       eters for the 294 
permanent link and channel test configuration      295 
 296 

Wire map, including shield    297 
Insertion loss 298 
Length 299 
Return loss, measured from  300 
Return loss, measured from  301 
Transvers       302 
Transvers       303 
Transvers       r-end 304 
Transvers       end 305 
Propagati   306 
DC loop re  307 

       308 

   309 

Th          mination at each end and check for installation 310 
con         d shield if present in the cabling, the wire map 311 
ind  312 
 313 

     nd 314 

     nductors and shield if present 315 

   316 

d) continuity of the screen along the path of the cabling to remote end (if required) 317 

A reversed pair occurs when the polarity of one pair is reversed at one end of the link (also called 318 
a tip/ring reversal). Refer to Figure 2 for an illustration of a reversed pair. 319 

 320 
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 321 

Figure 2 - Reverse Pair 322 
 323 

 Length 324 

This clause contains specific guidelines for determination of length during field tests. 325 

4.2.3.1 Physical length vs. electrical length 326 

The physical length of the permanent link or channel is the sum of the physical length of the cabling 327 
components between the two end points.  Physical length of      may be 328 
determined by physically measuring the length(s) of the ca    om the 329 
length markings on the cable segments when present, or     length 330 
measurement.  The electrical length is derived from the p     ls and 331 
depends on the construction and material properties of the c    332 
 333 
When physical length is determined from electrical        culated 334 
using electrical delay shall be reported and used fo          pass or 335 
fail criteria is based on the maximum length allowed        ecified 336 
in ANSI/TIA-568.5 plus the nominal velocity of prop        337 
 338 

NOTE  Calibration of NVP is c       asurements and can 339 
improve the accuracy. See 4.2.3  340 

4.2.3.2 NVP calibration 341 

NVP calibration is performed by measur        t is longer than 30 m 342 
using a tape measure o         d comparing the physical 343 
length to the measured         the field test instruments. 344 
Field test instruments s        electrical length based on 345 
the shortest delay so          from propagation delay 346 
measurements during s   347 
 348 
 A conve        g  cable segment with jacks 349 
and test         e Figure 3. 350 
 351 

 352 
 353 
 354 

 Pass/fail results 355 

A pass or fail result for each parameter shall be determined by the specified limits for that 356 
parameter.  Refer to 4.4 for detailed information on measurement accuracy requirements.  An 357 
overall pass or fail condition shall be determined by the results of the required individual tests.  Any 358 
fail shall result in an overall fail.  In order to achieve an overall pass condition, all individual results 359 
shall be pass.  Measurements reported by the field tester shall have a specified accuracy.  Accuracy 360 
is the difference between the measured value reported by the field tester from the actual value. The 361 
field test instrument shall be capable of reporting the data at all measured points as defined in 4.2.5 362 

 
  

 
  

  
   

      

  

g    ple of NVP Calibration 
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and uploading the data to a PC or an external system and provide summary results as defined in 363 
4.2.6. 364 
 365 

NOTE  The field tester accuracy equations do not contain an allowance for the plug 366 
variability of different adapters connected to a permanent link under test. 367 

 Detailed results 368 

The field tester shall be capable of reporting all connectivity information, as well as the measured   369 
values of every parameter at every frequency data point.   370 
The detailed results shall include a pass/fail result for each of the parameters, as applicable. In 371 
addition the field tester shall save the measured data for all tested parameters.  372 

 Summary results 373 

Detailed information may be required or desired in ce     al, summary 374 
performance information is sufficient.  The field tester      he summary 375 
information in Table 1 as a minimum.  376 
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Table 1 - Field tester summary reporting requirements 377 

Function 
Measured from either end (if 

measurement from both directions is not 
required) 

Measured from opposite end (if 
measurement from both ends 

is required) 

Wire Map 
All connectivity, including shields (if present) 

pass/fail 
Not Required 

Insertion 
Loss 

Worst case insertion loss 
Test limit at worst case 

Frequency at worst case 
pass/fail 

Not Required 

Length 
Length 

Test limit 
pass/fail 

Not Required 

Return loss 

Worst case margin 
Return loss at worst case margin. 
Test limit at worst case margin. 
Frequency at worst case margin 

pass/fail 
AND 

Worst case return loss  

Test limit at worst case 
Return loss at worst cas  
Frequency at worst cas  

  n 
     margin. 

     margin. 
    margin 

 
 

   ss  

    se 
    case 

   ase 

TCL 

Worst case margin 
TCL at worst   

Test limit at wor    
Frequency at wo    

pass  
AN  
    

     
    

    

  n 
  worst case margin. 

  at worst case margin. 
 at worst case margin 

pass/fail 
AND 

orst case TCL 

est limit at worst case 

TCL at worst case 
equency at worst case 

TC  

   
     

      
     

 
 

    

  at worst case 
  worst case 

 at worst case 

Worst case margin 
TL at worst case margin. 
 imit at worst case margin. 

Frequency at worst case margin 
pass/fail 

AND 
Worst case TCTL  

Test limit at worst case 
TCTL at worst case 

Frequency at worst case 

Propag  
De  

  opagation delay 
  at worst case 

ss/fail 
Not Required 

DC loop 
resistance 

Worst case dc loop Resistance 
Test limit at worst case 

pass/fail 
Not Required 

Due to accuracy considerations, when the measured insertion loss is less than 3 dB, the measured 378 
return loss shall not be used in determining a fail.  Return loss values greater than 25 dB may be 379 

 380 
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4.3 Field measurement procedures 381 

 Consistency checks for field testers 382 

The field tester manufacturer shall make available to the user a simple procedure for verifying, 383 
reporting, and recording the consistency of the field tester in the field.  The following procedures 384 
are recommended. 385 
 386 
1 Repeatability of tests on a reference link 387 
 388 

The owner of the field tester should construct a reference link.  Repeated measurements 389 
on this link should result in the same results within the magnitude of the accuracy 390 
specifications.  The accuracy specification for t       the limit line. 391 
Comparisons should be made at the worst cas      band.  392 

 393 
2 Consistency of tests by testing the same link in   394 
 395 

Any link can be measured at first by c        e end of the 396 
cabling and the remote field tester un           performing a 397 
test, the locations of local field teste         exchanged. 398 
Additionally the units shall be change        e end of test 399 
as the reference measurement, a    ndations for 400 
connection of adapters to field testers  401 

 402 
3 Reproducibility of tests on    403 
 404 

Repeat measurements inc        the field tester (e.g. plug in 405 
and out of the PL adapter).        test at least 10 times. 406 

 407 
All worst case ma        s the accuracy specification of 408 
the test function, e         r return loss and TCL, the local 409 
return loss and TC          compared to the remote return 410 
loss and TCL resu         he remote return loss and TCL 411 
results obtained d          cal return loss and TCL results 412 
dur              1.4 times the relevant accuracy 413 
spe  414 

  415 

In       asured values of test parameters should be 416 
rec    417 

   tors and cords 418 

To   acy, only test cords and adapters that are qualified by the test 419 
equ     hannel or link test configuration shall be used. 420 
 421 
Connecting hardware and test cords have a limited life-cycle and should be periodically inspected 422 
for wear resulting from multiple mating cycles and bending during normal use.  Consult with test 423 
equipment manufacturers for the life cycle of the connectors and cords. 424 
 425 
Any reconfiguration of cabling components after testing may change the performance and thus 426 
invalidate previous test results. If confirmation of performance is desired the cabling shall be 427 
re-tested. 428 
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4.4 Field tester measurement accuracy requirements 429 

 General 430 

Minimum performance levels have been identified for Single Pair field testers applicable to the 431 
baseline, permanent link and channel configuration. The performance requirements for Single Pair 432 
field testers are as further described in this clause. Accuracy is a function of the characteristics of 433 
the field tester and the transmission characteristics of the cabling. Each accuracy level has its own 434 
set of performance requirements as further described in this clause.  Error models for each of the 435 
measurements provide estimates for the measurement accuracy for each parameter to be 436 
measured.  The error models use the most important performance parameters that are expected 437 
to influence measurement accuracy.  However, there may be additional sources of measurement 438 
error, which are not reflected in this error model, depending on the implementation of the 439 
measurement circuitry in the field tester. 440 

 441 
Therefore, in addition to performance requirements for the     hods to 442 
compare the results obtained by field testers with those us     ecified.  443 
Laboratory methods are described in 4.8.  The deviation of       re than 444 
the sum total of the estimated measurement accuracy      imated 445 
measurement accuracy of the laboratory measurem   446 
 447 

 Nominal accuracy 448 

The worst-case accuracy of a field test instrument c       able 449 
channel or permanent link requirements specified in      450 
referenced in 4.6.  In practice, worst cas        requencies are 451 
highly unlikely.  A first order approximatio         worst case computed 452 
accuracy.  The actual accuracy may be b       r detailed accuracy 453 

     culate accuracy of 454 
the field test instrument are specified in T   455 

Table         y (TBD) 456 

 457 
Level of field teste      culate accuracy 

 
   rmanent link limit 

    rmanent link limit 
 Category SP1 channel limit 

 
 [TBD] limit 

  [TBD] limit  
 [TBD] limit  

 458 
  459 
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Table 3 shows the measurement accuracy using a compliant field tester.   460 

Table 3 - Nominal measurement accuracies at pass/fail limits (TBD) 461 

 462 

Level of 
field tester 

 
Test 

parameter 

Freq 
 
 

(MHz) 

Baseline 
accuracy at 

perm. link limits 
(  dB) 

Permanent link 
accuracy at 

perm. link limits 
(  dB) 

Channel 
accuracy at 

channel 
limits  (  dB) 

SP-I 

Insertion loss 
1 0.6 0.7 0.7 

20 0.6 0.7 0.7 

Return loss 
1 1.4  1.5 

20 1.4  1.5 

TCL 
1 1.4  1.5 

20 1.4  1.5 

TCTL 
1 1 4  1.5 

20   1.5 

SP-II 

Insertion loss 
100   0.7 
250   1.3 
600   1.6 

Return loss 
100   1.5 
250   1.9 

  2.2 2.0 

TCL 
  1.7 1.5 
  2.1 1.9 
  2.2 2.0 

 
  1.7 1.5 
  2.1 1.9 
  2.2 2.0 

 463 

        asurement of cabling for 464 
 eters (TBD) 465 

  466 

   
 

 meter 

ne 
y at 

perm. link 
limits 

Permanent link 
accuracy at 

perm. link limits 

Channel 
accuracy at 

channel 
limits 

 

 op 
nce  

 
 

 
DC resistance 

unbalance 
resistance) 

SP-II 

DC loop 
resistance 

 
 

 
DC resistance 

unbalance 
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 Length and propagation delay performance parameters 467 

Field testers shall comply with length, propagation delay, and delay skew performance parameters, 468 
independent of Level as shown in table 5.  469 
 470 
NOTE - The length accuracy does not include the uncertainty of NVP calibration. 471 

Table 5 - Field tester requirements including accuracy for length and propagation delay 472 
(TBD) 473 

Level of 
field tester 

Parameter Length Propagation Delay 

SP-I 

Measurement range 0 m  1000 m 0 s 9 s at 1 MHz 

Resolution    s 

Constant error term 1       s 

Proportional error term 
     

  
 % 

Error at 100 m le     ns 

Error at 1000 m l     227.5 ns 

SP II 

        0 s  1 s at 10 MHz 

   1 ns 

        m 5 ns 

        m 4 % 

     2.2 m 12 ns 

     5 m 27 ns 

  474 
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 Performance parameters for Level SP-I and SP-II field testers 475 

Level SP-I and SP-II field testers shall conform to the requirements in Table 6 and Table 7 for the 476 
baseline, permanent link, and/or channel test configurations. Methods to verify compliance of field 477 
tester requirements are specified in 4.5. 478 

Table 6 - Level SP-I field tester accuracy performance (TBD) 479 

Parameter 
Baseline field 

tester 

Field tester with 
Level SP-I 

permanent link 
ada t  

Field tester with 
Level SP-I 

channel adapter 
 

Dynamic range 3 dB ov     dB 

Amplitude 
resolution 

 dB 

Frequency range 
and resolution 

       MHz 

Dynamic Accuracy 
IL 

  dB 

Source/load return 
loss 

0.1-20 M  
20 d   

 z: 
   

dB 

Random Noise 
Floor 

  
   

 MHz: 
 dB 

dB 

Output Signal 
 

  
   

 MHz: 
 dB   

dB 

  
 

  
    

0.1-20 MHz: 
50 dB   

dB 

R   ± 0.5 dB 

 
 MHz: 

 dB   
0.1-20 MHz: 

30 dB    
dB 

Source Match 
0.1-20 MHz: 

30 dB 
0.1-20 MHz: 

30 dB  
dB 

Return loss of 
Termination 

0.1-20 MHz: 
25 dB 

0.1-20 MHz: 
25 dB  

dB 

  480 
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Table 7 - Level SP-II field tester accuracy performance (TBD) 481 

Parameter 
Baseline field 

tester 

Field tester with 
Level SP-II 

permanent link 
adapter 

Field tester with 
Level SP-II channel 

adapter 
 

Dynamic 
range 

3 dB over test limit  dB 

Amplitude 
resolution 

0.1 dB 

Frequency 
range and 
resolution 

1 - 31.25 MHz : 150 kHz  
31.25 - 100 MHz : 250   
100 - 250 MHz : 500 k   
250 - 600 MHz :1 MH   

z 

Dynamic 
Accuracy IL 

± 0.75  

Source/load 
return loss 

1-600 MHz: 
21- 9log(f/100) dB 

20 dB max   

  
    

     
 

Random 
Noise Floor 

1-600 MHz: 
95 dB 

  
 

 

Output 
Signal 

Balance 

1-600 MHz: 
40-20 log (f/100) dB  

40dB max 

  
     

  
dB 

Common 
Mode 

Rejection 

1-6   
40-20 l     

40   

  
     

  
dB 

Reflection 
Tracking 

  dB 

Direct  
  

   
   

  
7- 9log(f/100)  
30dB max  

dB 

Sour  
Mat  

 
   

-600MHz: 
20 dB  

dB 

Return  
of 

Termin  

 
   

    

1-600MHz: 
19- 9log(f/100) dB  

25 dB max  
dB 

  482 
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 Performance parameters for measurement of cabling for resistance parameters 483 

Field testers capable of measuring resistance parameters shall comply with Table 8. 484 

Table 8 - Performance parameters for measurement of cabling for resistance parameters 485 
(TBD)  486 

SP-I 

DC loop resistance Resolution 0.1  

Constant error term of DC loop resistance 
Ec,dc_r 

1  

Error term proportional to the DC   
Ed,dc_r 

 BD) % 

SP-II 

DC loop resist   1  

Constant error term     
 

  

Error term pr       
 

1% % 

 487 
488 
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4.5 Procedures for determining field tester parameters 489 

 General 490 

Field testers are designed with two units that are attached to opposite ends of the cabling to be 491 
tested.  Internal to these units are source and load ports that are used for measurements.  The 492 
following measurements shall be used to determine compliance with the applicable requirements, 493 
and shall apply to the entire frequency range specified in these tables. The field testers shall include 494 
functionality to make independent verification of field tester parameters. 495 

 Output signal balance (OSB) 496 

This performance requirement is applicable to: 497 
 498 
 TCL measurement and TCTL calculations 499 

 500 
Output Signal Balance (OSB) is defined as the ratio of the     to the 501 
output differential voltage generated by a source port. (Vd /       e value 502 
positive per convention) as shown in Figure 4.  The field t     cted to 503 
ground for the measurement as near as possible to the port       ovide a 504 
low impedance path to instrument ground of the fie       quency 505 
range.  The OSB compliance test shall be conducte        506 
 507 
 508 
 509 
 510 
 511 
 512 
 513 
 514 
 515 
 516 

 517 

 518 

Note: Th          suring the OSB of baluns 519 
used in l        520 
 521 

     522 

This per      523 
 524 
 TCL    lations 525 

 526 
Common      the ratio of the measured differential voltage to a common 527 
mode vo       Vc / Vm is used to make the value positive per convention) 528 
as shown in Figure 5. The field test instrument shall be connected to measurement ground as near 529 
as possible to the port to be measured.  This connection shall provide a low impedance path to the 530 
signal ground of the field tester over the specified frequency range.  The CMR compliance test shall 531 
be conducted without and with a polarity reversal. 532 

 

 

 

  

  
 
  

 

 
 

        

           

         

F         signal balance 
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 533 

 534 

Note: This test configuration differs from the test arran     MR of baluns 535 
used in laboratory measurements. This effect     536 

 Dynamic accuracy 537 

This performance requirement is applicable to  538 
 539 
 Insertion loss measurements 540 

 541 
Dynamic accuracy is the accuracy        voltage input as shown in 542 
Figure 6.  The external voltage sh      e balance (OSB) signal of 543 
40 dB with a minimum return loss o    544 

 545 
Vi c       strument under test and injected into the receiver through a 546 
res     dual crosstalk is 30 dB below the injected signal level. 547 

    548 

Th     applicable to: 549 
 550 
 Insertion loss measurements 551 
 TCL measurement and TCTL calculations 552 

 553 
The source and load return loss of the insertion loss measurement functions shall be measured 554 
with a network analyzer calibrated relative to a reference DMCM resistor network with return loss 555 
of better than 40 dB over the frequency range of interest.  The calibration shall include an 556 
impedance matching transformer/balun with better than 40 dB longitudinal conversion loss as 557 
specified in clause B.2 of ANSI/TIA-568.2.  558 
 559 
 560 

 

 

 

  

  
 
  

 

 
 

        

           

         

    

 
 
 

  

 

Figure 5 - Block diagram to measu    n 

      measuring dynamic accuracy 
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 ( 1 ) 

 Random noise floor 561 

This performance requirement is applicable to: 562 
 563 
 Alien crosstalk parameter measurements 564 

 565 
The random noise floor is the ratio of the measured voltage Vm when the source port voltage is 566 
zero, to the source port voltage Vo under normal measurement conditions.  567 
 568 

 ( 2 ) 

 569 
A procedure measuring voltage with an external voltmeter at t       eptable 570 
if it demonstrates equivalency. 571 
 572 

 Directivity 573 

This performance requirement is applicable to: 574 
 575 
 Return loss measurements 576 
 TCL measurements and TCTL calcu  577 

 578 
Directivity is the signal that couples into t      o the reflected signal 579 
that is measured. It is measured by per      when terminating the 580 
test interface with a DMCM i t  t        eturn loss better than 581 
40 dB relative to a refe         per frequency limit of the 582 
category. 583 
 584 

 585 

 Reflection Tracking 586 

This performance requirement is applicable to: 587 
 588 
 Return loss measurements 589 
 TCL measurements and TCTL calculations 590 

 591 
 592 
Reflection Tracking is the response of the transducer used to determine the reflected signal.  It is 593 
determined from two measurements:  594 

 

 

 

  

  
 
  

 

  
   

 

         

    diagram for measuring directivity 

  25   1 % 
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 595 
 Measurement of return loss with the pair shorted (the actual reflection coefficient is -1), as a 596 

function of frequency, and 597 
 Measurement of return loss with the pair open (the actual reflection coefficient is +1), as a 598 

function of frequency. 599 
 600 
Reflection Tracking error is given by equation ( 3 ) for Level SP field testers. 601 
 602 

 ( 3 ) 

  603 
It should be noted that in equation ( 3 ) the reflection c     uantities and 604 
not dB values. 605 

 Source match 606 

This performance requirement is applicable to  607 
 608 
 Return loss measurements 609 
 TCL measurements and TCTL calculation  610 

 611 
Source match is a measurement f  f        e return loss 612 
measurement circuitry. The field te       raceable SOLT standards, 613 
then Source Match is determined fr      eturn loss with shorted pair 614 
and return loss with open pair.       expressed in linear vector 615 
quantities, the source match error i          P field testers. Any fixturing 616 
required to interfac           the measurement. 617 
 618 

 ( 4 ) 

 619 

      620 

Th       621 
 622 
    623 
    L calculations 624 

 625 
Th      f the remote termination exceed those for the source/load return 626 
los      ment functions.  In order to perform this measurement a network 627 
ana     et, capable of providing one-port calibration, shall be used as 628 
des     urn loss measurement of the insertion loss function.  The return 629 
loss of the termination of each pair shall be separately determined. DMCM terminations shall be 630 
applied. 631 

 Constant error term of the length measurement function 632 

The constant error term of the length measurement function is determined by connecting the local 633 
unit to the remote unit through a short test cable and observing the reported length.  The reported 634 
length shall be less than the constant error term of the length measurement function. 635 

 Error term proportional to length of the length measurement function 636 

The length of cabling with a total length of 100 m +/- 1% shall be measured using a tape measure.  637 
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The NVP calibration shall be performed. Then cabling with a known length of approximately 50 m 638 
shall be measured.  The reported length shall deviate from the actual value by less than 1/2 the 639 
amount of the error constant proportional to length. 640 

 Constant error term of the propagation delay measurement function 641 

The parameters that affect propagation delay accuracy include a constant error term Ec and a term 642 
Ed that is proportional to length of the link.  The constant error term of the propagation delay 643 
measurement function is determined by connecting the local unit to the remote unit through a short 644 
test cable and measuring the propagation delay.  The reported propagation delay shall be less than 645 
the constant error term of the propagation delay. 646 

 Error term proportional to the propagation delay of the propagation delay 647 
measurement function  648 

The propagation delay of cabling with a total length of 100 m      ing the 649 
reference measurement procedure.  The propagation delay a       .  Then 650 
the same cabling shall be connected to the field tester and t    d.  The 651 
reported value by the field tester minus the reported value me      nection 652 
was made to the same field tester shall deviate less from the     onal to 653 
the propagation delay of the propagation delay mea   654 

 Constant error term of dc loop resistanc       655 
resistance parameters 656 

The procedure for determining the constant error te          onnect 657 
a connector to the field tester with shorts across eac        ch case 658 
shall be less than the Ec,dc_r. 659 

 Error term proportional to the     ent of cabling for 660 
resistance parameters 661 

The dc resistance of ca           be measured using a 662 
four-terminal ohmmeter          dc resistance of the same 663 
cabling, measured with        alue with the pair shorted 664 
(constant error term of          onstant term proportional 665 
to the dc resistance. 666 
 667 

 ( 5 ) 

 668 
Ed,DC_r        nce 669 
Ec,DC_r         670 

FieldTeste       p resistance as measured on the field tester 671 
FourWire       p resistance as measured on the four-terminal ohmmeter 672 

 673 

4.6 M    674 

 General 675 

The measurement accuracy for the permanent link and channel is computed using the parameters 676 
in Table 6 and Table 7. The error models used to estimate the baseline measurement accuracy of 677 
the field tester are based upon the 12-parameter error model defined for network analyzer 678 
measurements with modifications and simplifications. There is no assurance that these 679 
simplifications and modifications are appropriate in every circumstance or that the error model is 680 
complete.  Nevertheless, the computed estimated measurement accuracies from the error models 681 
shown in this clause are a reasonable indication of the measurement performance that may be 682 
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expected from a compliant field tester.  The computed estimated mesurement accuracy shall be in 683 
harmony with the results from network analyzer comparisons. 684 

 Error model for the insertion loss measurement function 685 

The error model for the insertion loss measurement function for Level SP field testers is expressed 686 
in equation ( 6 ). 687 
 688 

 

 
( 6 ) 

 689 
where: 690 

 is the estimated accuracy of the inserti     in dB 691 
       is the dynamic accuracy of th         692 

   is the return loss of the field te    693 
     is the return loss of the link in  694 
      is the insertion loss of the link   695 

 696 
Assumptions: 697 
 Dynamic accuracy adds directl       698 
 The error from source/load ret         impact of the source/load 699 

interaction with the return loss      700 
Impact from the test cable for the m      r the channel interface are 701 

expected to have a signific       loss of the field tester. 702 
 703 

 Error mod        704 

The error model fo        tions to inaccuracy at the input, 705 
related to measure        at are the result of reflections at 706 
the           measurement error is given by 707 
equ           708 
 709 

 ( 7 ) 

 710 
wh  711 

     of the return loss measurement function in dB  712 
      amplitude in dB at which the error is computed 713 

  is Reflection Tracking error in dB 714 
   is the directivity in dB  715 
  is the source match in dB 716 

  is the return loss of the remote termination in dB in return loss mode  717 
  is the frequency in MHz 718 

   is the output signal balance of the field tester in dB 719 
   is the common mode rejection of the field tester in dB 720 

 721 
Assumptions: 722 
 The Reflection Tracking error (like dynamic accuracy) is added directly to the remaining error 723 

terms. 724 
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 The error from directivity and source match are added worst case, since the phase of one 725 
component changes slowly while the other changes muc726 
worst case condition is assumed.  The impact from the source match error is practically minor. 727 

 The error caused by the reflection at the remote termination is added in a power sum manner 728 
to the remainder of the error terms.  It is attenuated by the assumed minimum round trip 729 
insertion loss of the link under test.   730 

 731 

 Error model for the TCL measurement function 732 

The error model for the TCL measurement function is expressed in equation ( 8 ). 733 
 734 

 

( 8 ) 

 735 
where: 736 

 is  the estimated accuracy of the TCL     737 
  is the dynamic accuracy of the test      738 

 is the differential mode return loss     739 
 is the common mode return loss of    740 

 is the differential mode r       741 
 is the common mode ret       742 

  is the TCL signal amplitu      743 
  is the TCL random noise      744 

  is the re       745 
 746 

 Error model fo      747 

The error model for the       ation ( 9 ). 748 
 749 

 

 

( 9 ) 

 750 
 751 
 752 
where: 753 

 is the estimated accuracy of the TCTL measurement function in dB 754 
  is the dynamic accuracy of the tester for TCTL in dB 755 

 is the differential mode return loss of tester in dB 756 
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 is the common mode return loss of tester in dB 757 
 is the differential mode return loss of link in dB 758 
 is the common mode return loss of link in dB 759 

  is the TCTL signal amplitude for accuracy in dB 760 
  is the TCTL random noise floor of tester in dB 761 

  is the residual TCTL of tester in dB 762 
 763 

 Error model for the propagation delay measurement function 764 

The error of the propagation delay contains a constant error term and an error that is proportional 765 
to propagation delay of the measured cabling.  For a 100 meter limited distance  this error is 766 
approximately proportional to length; see equation ( 10  767 
 768 

 ( 10 ) 

 769 
where: 770 

 is the constant error term and 771 
 is the error term proportional to the propag      772 

 Error model for the length measure   773 

The error model for length is identic          e length is a 774 
constant times the NVP. 775 
 776 

 Error model for dc loop r  777 

The error model fo           e constant error term of dc 778 
loop resistances (           resistance (Ed,dc_r). 779 
 780 

4.7  Alien cros     ures 781 

  782 

Th          e alien crosstalk properties of installed single-783 
pai     784 

   785 

In a     d in 4.2.1, the field tester shall be able to measure the following 786 
par      and channel test configurations as defined in this document: 787 
 788 

  789 
  790 

 791 
The field tester shall be able to report the following parameters for the permanent link and channel 792 
test configurations as defined in this document: 793 
 794 

PSANEXT loss 795 
PSAACRF 796 
 797 

The field tester shall report results and their associated test orientation (i.e. from the local end or 798 
remote end). 799 
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 Test configurations 800 

Alien crosstalk testing in the field is conducted on the installed permanent link and channel 801 
configurations. The illustrations in this annex show only one disturbing channel for simplicity. 802 
 803 

NOTE - Alien cross-talk requirements for Single Pair channels and permanent links are 804 
specified for bundled configurations containing only Single Pair cabling components.  805 

 Test equipment for measuring alien crosstalk in installed cabling 806 

Figure 8 through Figure 11 illustrate a physical control channel between field testers.  A physical 807 
control channel is not a required implementation of this Standard.  Other implementations are 808 
possible if equivalence is demonstrated. 809 

 Channel alien crosstalk testing 810 

The test interface to the test instrument consists of two jacks     ount of 811 
power sum alien crosstalk between them.  One jack is connec       e other 812 
jack is connected to test instrument B.  Provisions should     control 813 
purposes between the two test instruments.  Refer to the rec    turer of 814 
the test equipment used for the appropriate test implementat  815 
 816 
The reference plane of measurement is at the loca         own in 817 
ANSI/TIA-568.5.  Channels shall be tested with co         kept as 818 
much as possible in their normal use position durin    819 

 Permanent link testing 820 

The test interface consists of two test co        cord is connected to 821 
test instrument A, and the other test cor         Provision should be 822 
made for measurement control purposes       instrument B.  Refer 823 
to the recommendations by the manufac       r the appropriate test 824 
implementation. 825 
 826 
The reference plane of         ed for the permanent link. 827 

 Alien crosstalk   828 

The measurement floor          alues in equation ( 11 ) to 829 
a maxim       830 
 831 

 ( 11 ) 

 832 
The me      nstrument shall be determined using an alien crosstalk 833 
measure     ecified in 4.7.8 or 4.7.9. 834 

     t instrument for the channel test configuration 835 

The mea      ument can be established in the channel test configuration 836 
by terminating the channel with plugs that have DMCM terminations as shown in Figure 8. The 837 
common mode point shall be connected to the shield if present. 838 
 839 
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 840 

Figure 8 - Schematic diagram for testing the me     nel test 841 
con  842 

  843 
The power sum alien crosstalk measurement        mum number 844 
of disturbing channels shall meet the requirem       845 
 846 

 
( 12 ) 

 847 
where: 848 

 is the      easurement floor in dB. 849 
 850 

 is the maximu       851 
 852 
The result of equa          imit by 6 dB.   853 

        ent link adapter test cords 854 

Alie       ing the test cords with jacks that have DMCM 855 
ter         mode point shall be connected to the shield if 856 
pre        8 apply. 857 
 858 

 859 

Figure 9 - Schematic diagram for testing the measurement floor of the permanent link test 860 
configuration  861 
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 Alien crosstalk measurements 862 

4.7.10.1 Measuring ANEXT loss in the channel configuration 863 

The schematic diagram for the ANEXT loss test from one end is shown in Figure 10.  864 
 865 

Test Instrument 
A

Test Instrument 
B

50  ± 0.1% 

   

25 ± 1% 

Schematic 
diagram of Jack 
with terminations 
(100 differential 

and 50 
common mode)

Jack with 
terminations

  

Disturbed Channel

Disturbing Channel

 866 

Figure 10 - Schematic diagram to     867 
 868 
 869 
The test instrument A is connected to the disturbed        nected 870 
to a disturbing channel.  ANEXT loss tes         by swapping the test 871 
instrument with the terminations at the o   872 

4.7.10.2 Measuring AFEXT loss in the   873 

Measuring AFEXT loss from one end       is connected to the 874 
disturbed channel and t          nnel.  875 
 876 
Assuming that test ins         ate measurement control 877 
communication path co       the schematic diagram is 878 
as shown in Figure 11.          ade by swapping the test 879 
instrume         880 
 881 

 
 

Test 
Instrument B

Field Tester Control Channel

Jack with terminations (100 
differential and 50 common mode)

 

Disturbing Channel

Jack with terminations (100 
differential and 50 common mode)

50  ± 0.1% 

50 ± 0.1% 

25 ± 1% 

50  ± 0.1% 

50 ± 0.1% 

25 ± 1% 

 882 

Figure 11 - - Schematic diagram to measure channel AFEXT loss 883 
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4.7.10.3 Measurement of permanent link alien crosstalk 884 

The measurement of ANEXT loss and AFEXT loss in the permanent link configuration is 885 
accomplished in the same manner as for the channel configuration described in 4.7.10.1 and 886 
4.7.10.2 except that permanent link adapters replace the channel adapters and terminating plugs 887 
are used as described in 4.7.8 to terminate the disturbed and disturbing permanent links under test. 888 

 Processing measurement data 889 

The processing of the measured ANEXT loss or AFEXT loss is specified in this clause. 890 

4.7.11.1 Computing PSANEXT loss and PSAACRF 891 

4.7.11.1.1 Computing PSANEXT loss and PSAAC  892 

The PSANEXT loss shall be calculated in accordance   ments.  Only 893 
those ANEXT loss results that satisfy the significance c      ncluded. 894 
 895 
The PSAACRF loss shall be calculated in accordance   ments. Only 896 
those AFEXT loss results that satisfy the sign       ncluded. 897 
 898 

NOTE  Accumulated PSANEXT loss      ntially by the 899 
addition of disturbers to previously me   900 

 901 

4.7.11.2 Significance condition t  902 

This frequency range for Signific      licable to SP-II field test 903 
instruments.  For SP-I, the frequenc       0.1 MHz to 20 MHz (TBD). 904 

 905 
Measurements in            determine the significance 906 
condition. The s       average frequency response 907 
expressed in dB b           easured ANEXT loss or AFEXT 908 
loss between 100          ire ANEXT loss or AFEXT loss 909 
response is exclu          age measured ANEXT loss or 910 
AFEXT loss betwe          e significance condition, 90dB, 911 
the             the power sum computation. 912 

4.7      to alien crosstalk 913 

Th         r sum alien crosstalk floor results may be used 914 
to c       XT loss results.  If the number of alien crosstalk 915 
me         is greater than 6 disturbers (from 6 disturbing 916 
cha     easurement floor contribution to the overall power sum alien 917 
cro     tion ( 13 )  The measurement floor is defined in 4.7.7. 918 

 ( 13 ) 

where: 919 
  is the PSANEXT or PSAFEXT measurement floor in dB determined by 920 

equation ( 13 ). 921 
 922 
  is the number of alien crosstalk measurements included in the power sum calculations that 923 
satisfy the significance condition. 924 
 925 

 is the maximum expected number of disturbing channels. 926 
 927 
The corrected PSANEXT loss result for a pair i is determined using equation ( 14 ): 928 
 929 
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 ( 14 ) 

 930 
The corrected PSAFEXT loss result for a pair i is determined using equation ( 15 ): 931 
 932 

 ( 15 ) 

 933 

4.8 Comparison measurement procedures 934 

 General  935 

This clause describes procedures used to compare the results    ipment 936 
with those obtained with a field tester.  The accuracy of this co      ertainty 937 
in the reference or laboratory measurement and the return lo   de and 938 
common mode-to-differential mode conversion properties of      939 
 940 
Field test requirements include the following para      racy is 941 
specified: 942 
 943 
 Insertion loss (attenuation) 944 
 Return loss 945 
 TCL 946 
 TCTL 947 
 Propagation delay 948 
 DC loop Resistance 949 
 Alien NEXT (ANEXT) 950 
 Alien FEXT (AFEXT) 951 

 General requir  952 

The reference test setu       s described in this clause. 953 

4.8.2.1 Test adapter  954 

4.8.2.1.1  955 

The follo       g link parameters in such a way that 956 
measure         mpared directly with the results obtained 957 
from a fi     958 
 959 
The inte     nt is designed to accept copper cable ends of the balanced 960 
single tw     d or a mating connector.  The interface to a field tester, 961 
however      manent link, channel or the baseline configuration is to be 962 
tested.  963 
 964 
Special       compare the test results from a field tester and reference 965 
test setup and are described in 4.8.2.1.2. 966 

967 
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4.8.2.1.2 Special patch cords 968 

A set of special patch cords may be used in order to be able to compare the results obtained with 969 
laboratory equipment and field testers. The special patch cords have a high quality connection 970 
inserted into the patch cord cable.  This high quality connection consists of a test interface 971 
connector and a mating connector.  This connection is a low insertion loss (< 0.1 dB) connection. 972 
 973 
For the channel and baseline test configurations, the length of the cable between the mating type 974 
connector and the plug mating with the field tester should be 45 mm (1.77 in) maximum.  The 975 
instrument connector should be a modular connector when the channel configuration is tested.  The 976 
instrument connector should be a type that mates directly with the high quality measurement port 977 
of the field tester as shown in Figure 12 978 
. 979 

                          

Apply epoxy

Instrument 
Connector

 

45 mm (1.7   
or less  980 

Figure 12 - Special patch       test comparison 981 
                    982 
For the permanent link test configu       een the modular connector 983 
and the plug matin  ith th  li k         maximum.  The instrument 984 
connector should          y measurement port of the field 985 
tester as shown         d testers for permanent link 986 

987 
adapter (patch cor         ndered invalid if the link adapter 988 
is physically mod          ctors.  Contact the field tester 989 
ma      990 
 991 

Apply epoxy
 

Modular 
Connector

45 mm (1.77 in) 
or less

 r connector

 nector test 
der

 992 

Figure 13 - Special patch cord for permanent link test comparison 993 
 994 
When measuring a reference channel or permanent link with the field tester, the two sections of the 995 
special patch cord should be mated with the test connector and mating connector.  When 996 
measuring the same link with the network analyzer, the two segments should be separated and the 997 
mating connector directly inserted into the test interface as defined for the channel. 998 

4.8.2.2 Comparison methods 999 

Field tester and network analyzer results can be compared using ANSI/TIA-568.5 compliant links 1000 
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whose transmission test performance falls within the dynamic range of the field tester.  It is 1001 
desirable that a number of links be used.  A set of special patch cords that is appropriate for the 1002 
type of comparison as described in ANSI/TIA-568.5 may be used.  The results from the network 1003 
analyzer and the field tester shall be compared using methods described in 4.8.2.2. The results 1004 
shall agree within the sum of the measurement accuracy of the network analyzer measurement 1005 
(See Annex A) and the measurement accuracy of the field tester, (See 4.4).  1006 
 1007 
The requirements of insertion loss and return loss are specified as a function of frequency.  The 1008 
comparison may be applied to all frequency data points as described in 4.8.2.2.2.  The performance 1009 
of length, propagation delay, and dc loop resistance is expressed as a single number and 1010 
comparison of measurement performance is described in 4.8.2.2.1. 1011 

4.8.2.2.1 Comparison method using worst case performance margin 1012 

The results obtained from the network analyzer and field test   th  ifi d f y range 1013 
are compared only at the worst case performance condition        link.  It 1014 
has been shown that small differences in the setup can cau        quency 1015 
spectrum and slight variations in the maximum values     t case 1016 
performance margins shall agree within the sum of the mea     etwork 1017 
analyzer and the field tester at the signal level of th  t   1018 

4.8.2.2.2 Comparison method using full frequ   1019 

For insertion loss a comparison of the difference o       by the 1020 
field tester and network analyzer against the sum of      rement 1021 
accuracies at or near the maximum frequency of th         fficient.  1022 
 1023 
The full frequency response evaluation       This method uses all 1024 
data from the frequency response of t      r that are within the 1025 
minimum reporting range of the field test   1026 
 1027 
The observed accuracy t  f       equation ( 16 ). 1028 
 1029 

 ( 16 ) 

 1030 
where: 1031 

        1032 
         manent link or channel) in dB. 1033 

 1034 
           of the data point in dB. 1035 

 1036 
       nalyzer at the frequency of the data point in dB. 1037 

 1038 
      es the V/V equivalent noise floor from the difference of field 1039 

    dings; adds it to the V/V corresponding to the pass/fail limit; 1040 
      al and equivalent noise signal back into a value in dB, and 1041 

subtracts this value from the pass/fail limit itself to provide the observed accuracy at the 1042 
pass/fail limit of the link under test. 1043 

 1044 
An example of an observed accuracy plot is in Figure 14. 1045 
 1046 
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 1047 

Figure 14 - Example of o     1048 
 1049 
 1050 
 1051 
In Figure 14, the estimated measure      ant Level SP-II field tester, 1052 
the estimated measurement accura       asurement system, as well 1053 
as the sum of netw        curacies have been added 1054 
to the observed m       ata. The nominal measurement 1055 
accuracy of the f           dB of what is predicted from 1056 
computations that       worst case at all frequencies. 1057 
  1058 
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Annex A (informative) - Typical measurement accuracy of reference laboratory 1059 
measurement systems 1060 

 1061 
It is necessary to establish the accuracy of measurements using laboratory equipment when 1062 
comparing measurements from field testers with those obtained using laboratory equipment.  This 1063 
includes test fixture and test interface connections. Measurement accuracy is based upon the 1064 
assumptions for key performance parameters as shown in Table A.1. These are assumed to be 1065 
valid after two-port calibration of the test fixture and test interface connections. The performance at 1066 
key frequencies is shown in Table A.2. The properties for laboratory equipment can be measured 1067 
as described in 4.5. 1068 

Table A.1 - Typical laboratory equipment accurac    1069 

Test 
parameter 

Parameter 
 

 
Insertion loss Dynamic accuracy  

 Source/load Return Loss 
    

   
   

ANEXT loss Dynamic accuracy  

 Source/lo   
   g( )  

  max. 
 Random No    

 Residual  
   g(f/100) 

  max1) 
 dB min1) 

      0 log(f/100) 
      0 log(f/100) 

AFEXT   0.3 

   
  5 log(f/100), 

 dB max. 
    100 

   
90  20 log(f/100) 

94 dB max1) 
70 dB min1) 

    50  20 log(f/100) 
  Mode Rej. 50  20 log(f/100) 

R    Tracking 0.1 

 tivity 
39  15 log(f/100), 

43 dB max. 
20 dB min 

  Match 50 

 RL of termination 
45  15 log(f/100), 

49 dB max. 
20 dB min 

1) Given in TIA 1183 
  1070 
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Table A.2 - Measurement performance parameters at key frequencies (TBD) 1071 

Test parameter Parameter 
Performance at 

0.1 MHz 
(dB) 

20 MHz 
(dB) 

600 MHz 
(dB) 

Insertion loss Dynamic accuracy 0.2 0.2 0.2 
 Source/load RL 43.0 43.0 27.3 
 Random Noise Floor 100.0 100.0 100.0 
 Residual NEXT 94.0 94.0 74.4 
 Output Signal Balance 50.0 50.0 34.4 
 Common Mode Rej.   34.4 

Return loss Reflection Tracking   0.1 
 Directivity   27.3 
 Source Match   50.0 
 RL of termination   33.3 

 1072 
The absolute accuracy of the reference load d       e termination 1073 
resistor, connection to the resistor, and the ca       the absolute 1074 
performance is limited by the RF calibratio       he absolute 1075 
performance is limited by the frequency respo         termination.  1076 
With appropriate care, 2 mm (.1 in) maximum      rement floor 1077 
as shown in Table A.3 can be expe   1078 

Table A.3 - Ab      (TBD) 1079 

F  
 

   case 
 s 

 
  
  
  
  
 43.0 
 43.0 
 43.0 

 43.0 
 42.0 
 39.0 
 36.4 
 34.5 
 33.0 
 28.5 

600    27.3 
 1080 
This performance is used as the value of directivity and return loss of the remote termination in the 1081 
determination of return loss measurement accuracy, and the source/load impedance for the 1082 
determination of measurement accuracy for all other measurements. 1083 

The predicted measurement accuracy will depend on the pass/fail limit of the link or component 1084 
that is tested. An example of the measurement accuracy at key frequencies is shown in Table A.4, 1085 
based on channel limits. 1086 
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Table A.4 - Predicted measurement worst case accuracy using laboratory equipment at 1087 
channel limits (TBD) 1088 

Limits 
Frequency 

(MHz) 
Insertion loss 

(dB) 
Return loss 

(dB) 
TCL 
(dB) 

TCTL 
(dB) 

Level SP-I 
Channel 

0.1 0.2 0.8 0.8 0.8 
1.0 0.2 0.7 0.7 0.7 
4.0 0.2 0.7 0.7 0.7 
8.0 0.2 0.7 0.7 0.7 

10.0 0.2 0.7 0.7 0.7 
16.0 0.2 0.7 0.7 0.7 
20.0 0.2 0.7 0.7 0.7 

Level SP-II 

1.0     
4.0     
8.0     

10.0     
16.0     
20.0     
25.0     
31.25     
62.5     
100.0     
125.0     
150.0     
200.0     
250.0     
300 0     
4      
5      
6      

 1089 
The appropriate pass/fa         asurement accuracy when 1090 
testing p       1091 
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Annex B (informative) - Derivation of Level SP-I and SP-II Source Match and 1092 
Reflection Tracking terms 1093 

 1094 
This annex provides the derivation for the source match and tracking terms used for Level SP-I and 1095 
SP-II field tester accuracy calculations. 1096 

 1097 
Figure B-1 presents a signal flow graph/error model for one port VNA measurement. The model 1098 
contains three error terms.  1099 

 1100 

 1101 

 1102 

 1103 

 1104 

        asurement 1105 

 1106 

 1107 
Fig         1108 
 1109 

 1110 
He      ion coefficient, and S11A is the true/actual reflection coefficient of 1111 
a s       nsformed to, 1112 
 1113 

 1114 
Rearranging   ,  1115 

 1116 
 1117 
When calibration standards, open, short, and load are used, , , and  are their actual 1118 
reflection coefficient, and , , and  are the measured ones.  1119 
 1120 
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Therefore, we can form three equations through open, short and load measurements. 1121 
 1122 
 1123 

 1124 
[ ]-[ ], 1125 

 1126 

 1127 
 1128 
[ ]-[ ], 1129 

 1130 

 

 1131 

 1132 
 1133 

 1134 
 1135 

 1136 

 1137 

 

 1138 
 1139 

, 1140 
 1141 

 1142 

 1143 
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 1144 
Rearranging  & replacing with actual and measured reflection coefficient for OPEN 1145 

standard, 1146 

 1147 

 

 

 

 

Simplifications 1148 

 1149 

 

 

 

 

Fo          1150 

 

 1151 

Th   1152 

 

Final form is,  1153 

 

 1154 
 1155 

 1156 

 

 1157 
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For ideal open, short and load we have  1158 

Due to , 1159 
 1160 
 

 

 1161 
 1162 

Then, 1163 

 

 1164 
 1165 

 1166 

 

For ideal open, short and load we have  1167 

Due to  1168 

 

  1169 
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