Linear Versus Nonlinear Behavior
JluHelUHOe U HesluHelUHoOe rnosedeHuUe
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Linear behavior:
- input and output frequencies are the same (no additional frequencies created)
- output frequency (signal) only undergoes magnitude and phase change

Nonlinear behavior:
- output frequency (signal) may undergo frequency shift (e.g. with mixers)
- additional frequencies created (harmonics, intermodulation)

JluHeliHoe nosedeHue:

— B8XOO0HOU U 8bIXOOHOU cuaHarslbl 00UHaK08bI (00rNoHUMeErbHbIE 2apPMOHUKU He c030aromcsl).

—  8bIXOOHOU cue2Halsl USMeHsIemcs mosibKO Mo eenuyuHe u ¢pase (lMpumevaHue. obycriosrneHo Hasu4yuemMm 8 mecmupyemMmom ycmpoulcmee
peakmueHbIX 35IeMeHmos) - cripasednueo 051 2apMOHUYECKUX cuaHano8 8 ycmaHosuswemcs pexume. Ecrnu umerom mecmo
rnepexodHble rpoyecchkl, mo 00 UX OKOHYaHUsI CU2Harl s18/11emcsi Kea3ua2apMOHUYECKUM U 803HUKarom O00MosiHUMe bHbIe
2apMoHu4eckue cocmaerssrowue. Omceroda U nsicku ¢ akycmu4veckumu Kkabernsmu y komopbix 6onbwol pasbpoc RLC-napamempos.

HenuHeliHoe nogedeHue:

— 8bIXOOHOU cuzHarn Moxem rnodesepaambsCs HacmomHoMy cdguay (Harpumep, rnpu MUKuUposaHuu)

— co3daromcsi O0orosIHUMeribHble Yacmombl (2apMOHUKU, UuHMepmodynsayus) (MpumeyaHue.ObycriogneHo Hanu4yuem 8 mecmupyemMmom
ycmpolicmee 351eMEeHMOo8 C HENUHEUHbIMU Xapakmepucmukamu).

Before we explore linear signal distortion, lets review the differences between linear and nonlinear behavior. Devices
that behave linearly only impose magnitude and phase changes on input signals. Any sinusoid appearing at the input will
also appear at the output at the same frequency. No new signals are created. When a single sinusoid is passed through a
linear network, we don't consider amplitude and phase changes as distortion. However, when a complex, time-varying
signal is passed through a linear network, the amplitude and phase shifts can dramatically distort the time-domain
waveform. (which is unacceptable for audio frequency amplifiers)

Non-linear devices can shift input signals in frequency (a mixer for example) and/or create new signals in the form of
harmonics or intermodulation products. Many components that behave linearly under most signal conditions can exhibit
nonlinear behavior if driven with a large enough input signal. This is true for both passive devices like filters and even
connectors, and active devices like amplifiers

[pexde yem mbI uccriedyem nuUHelUHOe UCKaxeHue cuaHarna, dasalime paccmMompum pasnudusi Mexxoy fUHelHbIM U
HesuHelHbIM rnogedeHueM. Yempolicmea, Komopble 8edym cebsi MUHelHO, Haknadblearom mMoribKO U3MEHEHUS
amnnumyoObl U ¢ghasbl Ha 8X00HbIe cueHarbl. JTlobasi cuHycouda, nosiensauascs Ha exode, NosIBUMCS U Ha 8bixode ¢ mou
)Xe yacmomodu. Hoeble cueHarnbl He co30aromcesi. Koeda oOuHOYHas cuHycouda rpoxooum 4Yyepes fUHeUHY cemb, Mbl He
paccmampueaeM U3MeHeHUSs amniaumyobl U ¢hasbl Kak uckaxeHue. O0HaKo, ko20a CHOXHbIU, USMEHSHULULCS 80



8peMeHU cuzHall rnpoxoodum 4dyepes JIUHeUHyo cemb, coguau amnumyoObl U ¢ghadbl MO2ym CUSIbHO UcKa3umb ¢(hopMy
cuzHarna 80 spemMeHHouU obriacmu. (Ymo HexenamesibHO 07151 ycunumerield 38yKo8oU Yacmomeil)

HenuHeliHble ycmpoticmea Mmoaym cdsuzamb 8X00HbIe cu2Haslbl [0 Yacmome (Harpumep, cMecumers) u/unu
co30asamb HO8ble CuaHallbl 8 sUOe 2apMOHUK UsU rMPoOyKkmoe8 UHmepmooyrnsayuu. MHoaue KOMMoHeHMbI, Komopble
eedym cebsi nnuHeuHo rnpu borbwuHCMee ycrioeul cuzHasa, Mo2ym 0eMOoHCcmpuposams HesluHeUHoe rnogedeHue, ecriu
Ha Hux nofaemcsi docmamo4yHo 60s1bwol 8X00HOU cuzHasl. MmO 8epPHO Kak Osisi MacCUBHbIX ycmpolicme, maKkux Kak
unbmpbi u daxke pasbeMbl, maK U OsiI1 akmueHbIX ycmpolcme, makKux KaK ycusaumersu.

lpumeyaHue. DUT - Device Under Test (mecmupyembil KOMIOHeHM/351eMeHm)

Heb6osnbwoe nosicHeHue.
lapmoHu4eckul cuzHarsn ornuckigaemcsi criedyrouwiet opmyrou:

A cos (wot + @o)

20e
A — amnnumyda cuzHana,

Wo = 2rfo — Kpy2oeasi Hacmoma,
(o — HavasbHas a3sa.

I7pu amom A — geriuquHa rnocmosiHHasi, a CrieKmp cueHarsia cocmoum us 00HoU eduHCmMeBeHHoU cocmaernsnuwel ¢
yacmomou Wo — MOHOXpOMaqueCKUU Criekmp.

Bo epewmsi nepexoOHbIX rnpoyeccos cuaHasl cmaHo8umcs KkeasuaapMoHudeckum [1]:
S(t) = A(t) cos [wot + @(t)]

B omnuyue om ycmaHoguswea0cs pexuma amriumyoa cueHana A u HadarnbHasi gpa3a  3agucsim om epeMeHU Ha
ydacmeke repexo0Ho:20 rpouyecca. [pu amom amrnumyoda cueHana A He NocmosiHHa (Kak rpu 2apMOHUYECKOM cuz2Hare),
a criekmp cuaHana cmaHo8UMCS CII0XHbIM (C QONOTHUMENbHbIMU 2apPMOHUYECKUMU COCMaessitouuMu) 3a8ucsauum om
noesedeHus pyHkyuu A(t). Haubonbwum uckaxxeHUsmMm (8 mom 4ucrie U uckaxeHusim rnogopoma (SID) u3-3a KOHeYHO20
8pPEeMEHU MPOXoXX0eHUs cugHarna) nodsepxxeH nepsbit nepuod bypcma. B psde criydaes no0obHbIe UCKaxXeHUs1 8UOHbI
HeBoopyXeHHbIM 2r1a3oM. 1o Mepe 3amyxaHusi rnepexo0HbIX rnpoyeccos (meopemuyecKku ux rnpodormkumeribHOCMb
pasHa beckoHedyHOCmuU) uckaxkeHusi ymeHbuwaromcesi. OOHaKo yxe Co 8Mmopo20o rnepuoda He8OOPYKEHHbLIM 2/1a30M OHU
rnpakmuyecku He 8UdHbI, a uckaxeHusi SID u eoece omcymcmeyrom 6riazodapsi omcymcmeuro rnogopomos cuzHara.

[pumeHumMernsbHo K ycunumerisiMm 38yKogou Yacmomakl 8 bosiee 8b1200HOM MOI0XKeHUU Haxo0simces ycusrnumenu
nocmosiHHo20 moka (YTIT).

[Npu4uHOU dornonHUMeEsbHbIX NePexoOHbIX rnpoueccos (Kpome pasderniumeribHbIX KOHOeHcamopos Ha exode U 8
uerniu OC) yacmo sensaomcsi UHOYKmMuU8HOCMU BKIItoYaeMble Ha 8bIXo0e ycuriumeris rpedHa3HaqYeHHble Orsi obecriedeHus
ycmou4usou pabomel. 3mu uHOyKmugHocmu obpa3sytom riocriedoeamersibHbIlU KoriebamerbHbIU KOHMyp ¢ peakmueHoU
Hazpy3Kou e sude emKkocmu docmuzaruwiel 8 psde criydaeg 8 MKk® (Haripumep, anekmpocmamsl). [Toamomy
ueriecoobpasHo Mo 803MOXXHoCMU paspabambieams ycunumernu He Hyx0arouuecss 8 cmabunusayuu ux pabomsl ¢
MMOMOWbIO UHOYKMU8HOCMU.

[Napy crioe o epemeHu rpoxoxoeHusi cuegHana (time Propagation Delay). B ycunumersix mOCMOSIHHO20 mokKa
epyrnnosoe spemsi 3adepxku (B3) cuaHana umeem 20pU30HMarbHbIU y4acmoK om UHGpaHU3Kux Yacmom (o cymu om
rnocmosiHHo2o moka DC) u nepekpbigaem g8ecb 38ykogol duarna3oH. OYeHb 8a)XXHO 4Ymobbl 3mom y4acmok bbis1 He MeHee
yem 0o 300 Kl'y. Hanee B3 dormkHO umeme rniagHeil criad 0o Hyrs, dornycmum Hebornbwou nodvem B3 ¢ HU3Kou
dobpomHocmbr. 3HadumerbHble nodvemsl B3 criocobecmeyrom pocmy SID uckaxeHuU (UcKaxkeHUs1 803HUKarowue 8
MOMeHMbI U3MeHEeHUS Yacmomabl unu amriumyObl cugHarsna). Haubonee npocmo ux usmepums KOMeHcayUuOHHbIM
MemoOOM C NMoMoWb mecmosbix cugHanoe yacmomou 10 kl'y (cuHycoudaribHbIX unu mpeyaoribHbix 6ypcmos).

Ha 2opusoHmarnbHbix ydacmkax (B3 e2o 3Had4eHue cosrnadaem ro eerniuduHe co 3HadeHuem tPD.

Benu4uHy 8eKmopHbIx rnogpewHocmeu 8 ripedesiax 38yKkoeo2o duara3oHa (a) 07511 cuHycoudarnbHO20 cuaHarsa
gblyucsistom rno gopmyne [2]:

a ~= 2mA*tPD/T
e0e
T — nepuod cueHana, MKc;
A — amninumyda cueHarna Ha ebixo0e ycunumeris, B
tPD — epems 3a0epixKu rpoxXoxX0eHuUs cugHara, MKC

Kpumepuewm ebinonHeHusi mecma SWDT ([.Xacbnepa) sienssemcsi gekmopHasi nogpewHocms He 6ornee -60 0b
(0,17%) Ha yacmome 10 kl'u, u He 6ornee -70 0b (0,01%) Ha cpedHuUX Yacmomax 38yKo8o2o Ouara3oHa [3]. dmomy
mpebosaHuro 0rsi Hacmombi 10 kKI'y coomeemcmeayem tPD = T/1000*21 = 100000/6280 = 16 Hc, a dns yacmombl 20 kl'y
— 8 Hc.

OO0HaKo Kak roka3sbigaem ripakmuka 8 pside criydae8 MOXHO 0o/1y4uUmb 8r10/IHE XOpowue pesyribmamal 1o
Kka4ecmay 38yka ripu tPD He 6onee 100...120 He ((Hanpumep, MIMESIS 9.2. Group Delay =100 nS, constanta from DC to
300 kHz) u omcymcmeuu HeobxoOuMocmu rnPUMeHeHUs1 UHOYKMUBHOCMU Ha 8bIXo0e ycusiumerisi.
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Criteria for Distortionless Transmission
Linear Networks

Constant amplitude over bandwidth of interest
Linear phase over bandwidth of interest

Kpumepuu nepedayu 6e3 uckaxeHul
JluHelHbIEe cemu

lNocmosiHHasi amrinumyOa 8 UHmepecyrouwel rnosioce rnporycKkaHusi
JluHelHas ¢hasa no uHmepecyrow,el rnosioce rnporycKkaHus

Now lets examine how linear networks can cause signal distortion. There are three criteria that must be satisfied for
linear distortionless transmission. First, the amplitude (magnitude) response of the device or system must be flat over the
bandwidth of interest. This means all frequencies within the bandwidth will be attenuated identically. Second, the phase
response must be linear over the bandwidth of interest. And last, the device must exhibit a "minimum-phase response”,
which means that at 0 Hz (DC), there is 0° phase shift (0° £ n*180° is okay if we don't mind an inverted signal).

How can magnitude and phase distortion occur? The following two examples will illustrate how both magnitude and phase
responses can introduce linear signal distortion.

Note. the phase must be either 0° or 180° for the inverted option. Taking into account psychoacoustics, the linear
section of the phase should be from DC to 300 kHz (taking into account the correct transmission of 18 harmonics)

Teniepb Oasalime paccMOmMpPUM, Kak JlUHeUHblIe cemu Mo2ym 8bl38amb UCKa)XeHue cuaHarna. Ecme mpu kpumepus,
Komopble 00/mKHbl 6bimb y0oeriemeopeHsb! 011 fluHelHou rnepedadu 6e3 uckaxeHuu. Bo-nepebix, amrnumyoda
(senuyuHa) omknuka ycmpodlcmea unu cucmembl O0rmKHa 6bimb MI0CKOU 8 UHMepecyrowel rnonoce rnporyckaHus. 3mo
O3Ha4Yaem, 4mo ece Yacmomekl 8 ripedesiax nosiockl rnporyckaHus 6ydym ocrabnsamecs 0OUHakoeo. Bo-emopabix,
¢hazoeas xapakmepucmuka 0o/mkHa bbime NUHEUHOU 8 UHMepecyrowed rnosioce nporyckaHus. A, HakoHeu,
ycmpoulcmeo O0/MKHO OeMOHCmMpuUpo8ame « MUHUMAasIbHYH ¢ha3osyro xapakmepucmuKy», 4mo o3Hadaem, Yymo rpu 0 'y
(mocmosiHHbIU MOK) ¢ha3oanbit cdsue paseH 0° (0° £ n*180° — 3mo HopmaribHO, ecriu Mbl He 8o3paxkaem rnpomues
UHBepmMuUposaHHo20 cuzHara). Kak Mo2ym 803HUKHYMb aMriumyOHble U ¢ha3oeble UckaxxeHusi? Crnedyrowue 0ea
npumepa unmocmpupyrom, Kak amrniumyOHas u ¢gha3oeasi xapakmepucmuKu Mo2ym 8HOCUMb JIUHEUHbIEe UCKaXXeHUs
cuzHara.

lpumeyaHue. ghasza domkHa bbime nubo 0° nubo 180° dns uHeepmupyrowezo sapuaHma. C y4emom



ricuxoaKkycmuku JITUHeUHbIU y4acmok ¢ba3sbl 0ormkeH bbimb om rnocmosiHHo20 moka 0o 300 Ky, (¢ y4emom ripasursibHoU
nepedayu 18-mu 2apMOHUK)

Magnitude Variation with Frequency
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Magnitude Variation with Frequency
U3meHeHue amnnnumydbl ¢ Yacmomou

Here is an example of a square wave (consisting of three sinusoids) applied to a bandpass filter. The filter imposes a
non-uniform amplitude change to each frequency component. Even though no phase changes are introduced, the

frequency components no longer sum to a square wave at the output. The square wave is now severely distorted, having
become more sinusoidal in nature.

Note. The parallel circuit is tuned to the 3rd harmonic, while the 1st and 5th harmonics are attenuated.

Bom nipumep npsamMoy20sibHOU 80J1HbI (Cocmoswel U3 mpex rnepebix 2apMOHUK), MpUMeHeHHOU K r1osiocoeoMy
punbmpy. unbmp Harazaem HepasHOMEPHOe U3MeHeHUe aMumyObl Ha Kaxoyr 4acmomHYy COCMassistowyio.
Hecmompsi Ha mo, ymo u3meHeHus1 ghasbl He 88005IMCS, YacmomHble cocmasrnsrouwue borbuwe He ckradbigaromcs 8

rpsiMoy20/1bHYH 80JIHY Ha 8bixode. [psiMoy20nbHasi 80/1Ha mernepb CUMbHO UCKaXkeHa, cmae boriee cuHycoudarbHOU o
ceoell rpupode.

lMpumeyvaHrue. [NapannensHbIl KOHMYP HACMPOEH Ha 3-t0 2apPMOHUKY, rpu amom 1-g u 5-9 2apmMoHuKa
ocnabnsaromcs.



Phase Variation with Frequency

F)=sinwt+ 1/3 sin 3wt + 1/5 sin 5wt
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Phase Variation with Frequency
U3smeHeHue ¢ha3bl @ 3asucuMocmu om 4Yacmomal

Let's apply the same square wave to another filter. Here, the third harmonic undergoes a 180° phase shift, but the
other components are not phase shifted. All the amplitudes of the three spectral components remain the same (filters
which only affect the phase of signals are called allpass filters). The output is again distorted, appearing very impulsive
this time.

Note. As you can see from the above example, the signal spectrum remained the same (the amplitude of the
harmonics did not change), only the phase of one harmonic changed by 180 degrees.

Laesalime ripumeHUM my e rPsMOy20/IbHY0 8071HY K Opy20My huribmpy. 30ecb mpembsi 2apMOHUKa
npemepriegaem ¢ha3osbili cosuz Ha 180° HO ocmarbHble KOMIOHEHMbI He cO8UHYMbI 10 ¢hase. Bce amnumyOobl mpex
criekmparsibHbIX COCMasIsiouUX 0CMaromcsi HeusMeHHbIMU (Gburibmpabl, eUSOUUE MObKO Ha ghaly cuaHarlos,
Ha3sblearomcs unbmpamu fosIHo20 MNPOorycKaHUsi — ecenponyckarouwue ¢unbmpsl). Boixo0 cHOBa UCKaXXeH, Ha 3mom
pas o4eHb UMIY/1bCUBHO.

lMpumevaHue. Kak sudum u3 ripusedeHHO:20 rpumepa Criekmp cuaHasia ocmarsics rpexxHum (amniaumyoa 2apMOHUK
He U3MeHusiacbk), UsMeHuiacb moJsibKo ¢hasa 0OHOU 2apMOHUKU Ha 180 epadycos.



Deviation from Linear Phase
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Deviation from Linear Phase
Use electrical delay to remove linear portion of phase response

OmkrioHeHuUe om siuHeUHouU ¢ha3bi
Ucrionb3ytme anekmpuyecKyro 3a0epXKy, Ymobbl yOariumb fTUHEUHY Yacmbe ¢ha3o8ou xapakmepucmuKku

Now that we know insertion phase versus frequency is a very important characteristic of a component, let's see how
we would measure it. Looking at insertion phase directly is usually not very useful. This is because the phase has a
negative slope with respect to frequency due to the electrical length of the device (the longer the device, the greater the
slope). Since it is only the deviation from linear phase which causes distortion, it is desirable to remove the linear portion
of the phase response. This can be accomplished by using the electrical delay feature of the network analyzer to cancel
the electrical length (time Propagation Delay) of the DUT. This results in a high-resolution display of phase distortion
(deviation from linear phase).

Tenepb, ko20a Mbl 3HaeM, YmMo ¢hasa 8KIIHOHEHUS 8 3a8UCUMOCMU OM Yacmomakl 18/151emCcsi O4eHb 8aXKHOU
xapakmepucmukoul KoMrnoHeHma, 0agaltime rnocMompumM, Kak Mbl bydem ee usmepsme. 11505 HernocpedcmeeHHO Ha
a3y ecmaeku, 06bIYHO He OYEHb I10/1€3HO. IMO C853aHO C MeM, Ymo ¢haza umMmeem ompuuamesibHbIU HaKI0H 10
OMHOWEHUIO K Yacmome u3-3a ariekmpuyeckoul OruHbl ycmpoucmea (dYem OruHHee ycmpoucmeo, mem 60sbuie HaKIoH).
[ToCKOMbKY UCKa)XeHUe 8bI3bleaem MoJsIbKO OMKIIOHEHUE om JIUHEUHOU ¢hbasbl, XenamesibHO yoanume JUHEUHYH Yacmb
¢ha3080U xapakmepucmuKu. 3moao MOXHO O0bUMbCS, UConb3ys OyHKUUK NIeKMpUYecKoU 3a0epxXKu aHanusamopa
ueneu, 4mobbl KOMeHcUpo8amb ariekmpuyeckyro OnuHy (time Propagation Delay) mecmupyemozo ycmpoticmea. Omo
rnpusooum K omobpakeHuro ¢pa3o8020 UCKaXXeHUS (OMKITOHEHUS om JIUHeUHOoU ¢hasbl) C 8bICOKUM paspeuieHUem.



Group Delay

Frequency tg Group delay ripple
to /= —
‘ Average delay
Group Delay (tg) = FreauenGy
d¢  _ =1 d
d® 360° * df « group-delay ripple indicates phase distortion
¢' in radians « average delay indicates electrical length of DUT
: : « aperture of measurement is very important

(1) inradians/sec

(I) in degrees

f inHertz (w=2xf)
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Group Delay

- group-delay ripple indicates phase distortion
- average delay indicates electrical length of DUT
- aperture of measurement is very important

- nynbcayuu epynnoeoli 3a0epXXKU yKasbiearom Ha (ha3oeble UCKaXeHUsl
- CpeOHsis 3adepXKKa yKasbleaem Ha 3/1eKmpuydecKyto OriuHy mecmupyemozo ycmpoucmea
- anepmypa (OuarnasoH 4Yacmom) UudMepeHUsi O4eHb 8aXkHa

Another useful measure of phase distortion is group delay. Group delay is a measure of the transit time of a signal
through the device under test, versus frequency. (Note: On horizontal sections, it is the same as the delay time of the
signal at the test frequency). Group delay is calculated by differentiating the insertion-phase response of the DUT versus
frequency. Another way to say this is that group delay is a measure of the slope of the transmission
phase response. The linear portion of the phase response is converted to a constant value (representing the average
signal-transit time) and deviations from linear phase are transformed into deviations from constant group delay. The
variations in group delay cause signal distortion, just as deviations from linear phase cause distortion. Group delay is just
another way to look at linear phase distortion.

Lpyaol nonesHol mepol ¢ha3z0o8bix UCKaXeHUU seriiemcsi epynnoeas 3adepixka. [ pyrnosas 3adepxka — 3mo
Mepa epeMeHU rNPoxXoXXO0eHUsi cuaHaria 4epe3 mecmupyemoe ycmpoucmeo 8 3agucuMocmu om 4acmomel.
(lMpumeyaHue. Ha 2opu3oHmMarbHbIX ydyacmkax cogradaem ¢ epemMeHeM 3a0epXXKU MpoxXoX0eHUs cugHarsa Ha Yacmome
mecmuposaHusi). [pyrnnogas 3adepxkKa paccdyumeieaemcsi nymem ouchghbepeHyupo8aHUss OmMKIUKa mecmupyemoao
ycmpoulcmea Ha hba3sy 8KITHOHEeHUsT 8 3agUcUMocmu om Yacmombl. [Jpyaumu crioeamu, 2pyrnnogasi 3adepxxka se/1semcs
MepoU HakioHa ¢ha3o8ol xapakmepucmuku rnepedaqyu. JluHeuHass Yacmb ¢hazoeol xapakmepucmuKku
npeobpa3syemcsi 8 NOCMOsIHHOe 3Ha4yeHue (npedcmaesisiroujee cpedHee 8peMsi NMPOXOXOeHUsI cu2Hana), a
OMKIIOHEeHUS om fiuHeUHoU ¢ha3sbl rpeobpasyomcs 8 OMKIIOHEHUST OmM MoCMOsIHHOU 2pyrnno8ol 3a0epXXKu. MameHeHus 8
2pyrnnosou 3adepxKe 8bI3bI8aOM UCKa)XeHuUe cuaHarsa, mo4yHo mak Xe, Kak OmK/I0OHeHUss om JiuHelUHOoU ¢hba3bl 8bI3blgarom
uckaxeHue. I'pyrnoeas 3adepxxka — 3mo ewe 0OUH crocob 832/1iHyMb Ha fIUHeUHbIe (ha308bIe UCKaXeHUs.

When specifying or measuring group delay, it is important to quantify the aperture in which the measurement is
made. The aperture is defined as the frequency delta used in the differentiation process (the denominator in the group-
delay formula). As we widen the aperture, trace noise is reduced but less group-delay resolution is available (we are
essentially averaging the phase response over a wider window). As we make the aperture more narrow, trace noise
increases but we have more measurement resolution.

lpu ykazaHuu unu usmepeHuU epyrnnoeol 3a0epXXKU 8a)KHO Koru4YecmeeHHOo orpedesniums arnepmypy, 8 Komopou
npouseodumcs usmepeHue. Ariepmypa ornpedesrisemcsi Kak 0eribima Yacmomsi (Af), ucrnonb3yemas 8 ripoyecce



oughgbepeHyuposaHus (3HameHamesib 8 hopmyrie epyrnnoeol 3a0epKKuU).
roi . A
73600 Af

Koz0a mbI pacwupsem arnepmypy, WyM mpacchkl yMeHbwaemcsi, HoO 00CmMyrnHO MeHbuwee pa3speweHue 2pynnosou
3a0epxKu (No cymu, Mbl yCpeOHsieM ¢ha3o8yro xapakmepucmuky o boree wupokomy okHy). 1o mepe mozo, Kak Mbl
Oenaem anepmypy boree y3kol, WyM mpacchkl ygeriudueaemcsi, Ho Mbl riosiydaem bosbwee paspeuweHue usmepeHud.

Why Measure Group Delay?
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Why Measure Group Delay?
Same p-p phase ripple can result in different group delay

3ayem uaMepsimb 2pynnosyro 3a0epKKy?
OO0Ha u ma xe rnynbcayusi ¢hasbl pazmaxa Moxxem rnpueecmu K pas/iu4dHou epyrnnoeoul 3adep)xke

Why are both deviation from linear phase and group delay commonly measured? Depending on the device, both
may be important. Specifying a maximum peak-to-peak value of phase ripple is not sufficient to completely characterize a
device since the slope of the phase ripple is dependent on the number of ripples which occur over a frequency range of
interest. Group delay takes this into account since it is the differentiated phase response. Group delay is often a more

easily interpreted indication of phase distortion. (note. Like in an amplifier Hafler XL-280)

[Noyemy 06bIYHO UBMEPSAIOM KaK OMKI/IOHeHUe om fluHeUHOoU ¢hasbl, mak u epyrnnosyro 3adepxky? B 3agucumocmu
om ycmpotcmea oba mo2ym bbimb 8aXKHbl. YKazaHue MakcuMalsibHO20 3HadyeHuUs pa3maxa ¢pa3osou rnyrnbcayuu
HedocmamoyYHO 07151 MOJSTHOU XapakmepucmuKku ycmpoucmea, NocKOsbKy HakoH ¢ha3oeol ryrnbcayuu 3asucum om
Konu4ecmea rynbcayul, 803HUKaOWUX 8 UHMepecyrwem duarnazoHe Yacmom. [pyrinogasi 3adepxka y4umbieaem 3mo,
MOCKOrbKY 3mo dughgbepeHyupoeaHHas ¢hazosasi xapakmepucmuka. [pyrirnogas 3adepxxka Yacmo sernsgemcs boree
JIe2Ko UHmMeprpemupyemMbsiM rpu3Hakom ¢ha3oso2o uckaxxeHus. (npum. Kak Hanpumep 8 ycunumene Hafler XL-280)

The plot above shows that the same value of peak-to-peak phase ripple can result in substantially different group
delay responses. The response on the right with the larger group-delay variation would cause more signal distortion.

Ha npusedeHHOM 8biwe epaghuke rnokazaHo, 4mo 0OHO U MO Xe 3Ha4YeHue pasmaxa HepagHoMepHocmu ¢hasbi
MOXXem rpueecmu K CywecmeeHHO pa3HbIM xapakmepucmukam 2pyrnnogou 3adepxxku. Omkiuk cripaea ¢ 6osisuwum
u3MeHeHUeM 2pyrnoeou 3adep)XKu 8bi308em bosibliee UCKaXeHuUe cuzaHara.



