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Accurate Inverse RIAA Network

Andrew C Russell November 2016

An Inverse RIAA Network (IRN) allows the RTAA equalization conformity of a phono amp to be

tested directly using a signal generator that covers the extended audio bandwidth of circa 2 Hz to 100
kHz.
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Figure 2 - lJung-Lipshitz Improved Network (From original TAA article)

This IRN is based upon the original 1971 Reg Williamson design but with the Jung-Lipshitz
modifications as published in TAA in 1980, which improved the accuracy. The design includes a single
sided PCB layout that can easily be etched at home by the DIY enthusiast. This project uses 0805 and
1206 SMD components and is designed for use with audio generators with Zout of 50 Q or less for
maximum accuracy. Included in this write up is a short discussion on practical RIAA EQ circuit testing
using a square wave stimulus

Obpammnas cemv RIAA (IRN) nozeonsem nanpsamyio mecmuposams coomeemcmaue RIAA-
9KBANU3AYUU POHOKOPPEKMOPA C NOMOWbIO 2EHEPAMOPA CUSHATIO8, KOMOPbIUL 0X68AMblEaem
pacuiuperuyro 38ykosyto noaocy nponycxkarus om 2 I'y 0o 100 xly.

Oma IRN ocnosana Ha opueunanvrou koncmpykyuu Peca Yunvsamcona 1971 200a, Ho ¢
mooupurayusmu FOuea-Jlunwuya, onyonuxosannvimu 6 TAA 6 1980 200y, umo nosvicuio mouHocme.
Koncmpykyusa exaouaem 00HOCMOPOHHIOW NEeYAmHYI0 NAAMYy, KOMOPYIo MONXCem 1e2K0 GblMpasumy
ooma sumyzuacm DIY. B smom npoexme ucnonvsyromes komnonenmol SMD 0805 u 1206, u on
npeoHasHayeH OJisl UCNONb308aHUs ¢ ayouoceHepamopamu ¢ Zout 50 Om unu meHee 0Jis1 MAKCUMATbHOU
mounocmu. B smy cmamvio 6xknoueno kpamkoe 06cysHcoenue npakmuyecko2o mecmupo8anisl Cxemul
axeanuzayuu RIAA ¢ ucnonvzosanuem npsamoy2oibH020 UMNYIbCA.

General Description Accurate Inverse RIAA Network (IRN) for testing frequency response
conformity of RIAA Equalizer amplifiers. This design used SMD components arranged in parallel/series
to improve the overall accuracy of the network using standard 1% or better components. The use of
tighter tolerance components by the constructor will improve the accuracy further. Based upon the
original Reg Williamson design published in TAA with Jung-Lipshitz modifications to improve accuracy.
The IRN output is switchable between MM and MC modes

Response Conformity 20 Hz to 20 kHz Using 0.5% tolerance components: Worst case 0.5%,
typically 0.025% - see write-up for details

Required Generator Zsource 50 Q; Use of 600 L Source impedance can degrade accuracy
by a factor of 3 worst case —i.e. 1.5%
Output impedance MM - ~600 Q

MC - ~40 Q
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Max Input 10V pk ~ pk
Network Attenuation factor at 1 kHz MM: ~500mV for 3 mV output = -44 dB
MC: 1.1V for 500 uV output = -68 dB

Obwee onucanue Tounas oopamnas RIAA-cemo (IRN) 015 mecmuposanus coomeemcmeus
4acCmMomHOU Xapakmepucmuxu ycuaumeneu sxeanauzepa RIAA. B smoti koncmpyKyuu ucnonis308ambl
komnonenmul SMD, pacnonoscentvle napanienbHo/nociedo8amenbto, 01 NogbluleHus obujel
MOYHOCIMU CeMU C UCNOIb308AHUEM CINAHOAPMHBIX KOMHOHEHmog ¢ oonyckom 1% unu evluie.
Hcnonvsosanue KOHCMPYKMopom KOMNOHEHMO8 ¢ boilee HeCmKUMU 0ONYCcKamu ewje DObuLe NO8bICUM
mouHocmyv. OcHo8ano Ha opucunaibhou Koncmpykyuu Peca Yunvamcona, onyonuxoseannoii 6 TAA, ¢
mooupurxayuamu FOuza-/Ilunwiuya ons nogviuenus mournocmu. Beixoo IRN nepexntouaemcs mexncoy
pexcumamu MM u MC
Coomeemcmaue omxauxka om 20 'y 0o 20 kly Ipu ucnonvzosanuu komnonenmog c¢ oonyckom 0,5%:
6 xyowem cayuae 0,5%,; obwviuno 0,025% —
NnOOPOOHOCMU CM. 8 ONUCAHUU

Tpebyemwiii cenepamop Zsource 50 Om; Ucnonvzosanue umnedanca ucmouruxa 600
Om modrcem yxyowums moyHocmy 6 3 pasa 6 xyouiem
cayuae, m. e. Ha 1,5%

Buixoonoii umnedanc MM - ~600 Om
MC - ~40 Om
Maxcumanvhwiii 6x00 10 B nuk ~ nux
Kosgh. samyxanus cemu na wacmome 1 xl'y MM: ~500 mB ons evixoonozo cuenana 3 mB = -44 ob

MC: 1,1 B ona evixoonozo cucnana 500 mxB = -68 0b

An alternative and more robust method in my view is to set the generator to square wave output. If
you then monitor your RIAA EQ amplifier output with a scope, you should see the square wave
accurately reproduced. If any overshoot or undershoot is present, the response of your RIAA amplifier
does not conform to the RIAA standard. Additionally, a lot of important information about the response of
the RIAA EQ beyond the standard audio range of 20 Hz to 20 kHz can be gleaned using this
methodology.

Anvbmepnamusnulil u Ooee Ha0eHCHbIU Memoo, Ha MOl 8327150, 3AKAUAEMCsl 8 HACMPOUKe
2eHepamopa Ha 8bIX00 NPAMOY20bHOU 801HbL. Ecau 6bl 3amem npoKoHmMponupyeme 6b1x00 YCUIUMENs
RIAA EQ ¢ nomowwro ocyunnocpagha, vl 00miCHbL Y8UOEmb MOYHO 80CNPOU3BEOEHHYIO NPAMOY2ONbHYIO
eonny. Ecnu npucymcemeyem xaxou-aubo 6blopoc unu npoean, omkauk eauezo ycuiumens RIAA ne
coomeemcmeyem cmanoapmy RIAA. Kpome moeo, ¢ nomowsbto 5moti Memooonocuu MO#CHO NOYEPNHYMb
MHO20 8adxcHol uHghopmayuu 06 omxauxe RIAA EQ 3a npederamu cman0apmuo2o 36yK08020 OUANA30HA
om 20 'y 0o 20 xly.
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Figure 6 - Typical RIAA EQ Amplifier Sine Wave Excitation Test Setup



Ilpumeuanue. Cuenan cenepamopa nooaemcs Ha 6x00 YK 6e3 kaxux 1ub6o 0onoiHumenbHuix
nemenmo8 (UHOYKMusHoCmy, U op.)

Square Wave Testing

An alternative and more robust method in my view is to set the generator to square wave output. If
you then monitor your RIAA EQ amplifier output with a scope, you should see the square wave
accurately reproduced. If any overshoot or undershoot is present, the response of your RIAA amplifier
does not conform to the RIAA standard. Additionally, a lot of important information about the response of
the RIAA EQ beyond the standard audio range of 20 Hz to 20 kHz can be gleaned using this methodology

Tecmuposanue npamoyzoivbHOU 6071HbL

Anvmepramugnwiil u O0j1ee HAOEHCHBIN MeMO0, HA MOU 8327150, 3AKI0UAEMCsl 8 HACMPOUKe
2eHepamopa Ha 8bIX00 NPAMOY20TbHOU 60IHbL. Ecu 6bl 3amem npoKOHmMpOoIupyeme bixo00 YCUIUMENs
RIAA EQ ¢ nomowwio ocyunnozpagha, 8bl 00I4CHbL YBUOEmb MOYHO 80CNPOUIEBEOCHHYIO NPIMOY2OIbHYIO
sonny. Eciu npucymemeyem xaxou-1ubo 6blopoc uiu Hedocmamox, Omxauk eawueco ycunumensi RIAA ne
coomeemcmeyem cmanoapmy RIAA. Kpome mozo, ¢ nomowbto 3moii Memooonocuu MO*CHO NOJYUUnb

MHO20 8adxcHou ungopmayuu 06 omxauxe RIAA EQ 3a npedenamu cmanoapmuozo 38yK08020 OUana3ona
om 20 I'y 0o 20 kl'y.
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Figure 7 - 100 Hz Square Wave Response of RIAA EQ Phono Amp
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Figure 8 - 1 kHz Square Wave Response of RIAA EQ Phono Amp

The two plots above cover 100 Hz and 1 kHz testing. The rise and fall slopes are accurately
reproduced. (The 100 Hz testing waveform tops slope because of the large coupling caps used and are
expected at LF). The waveforms shows no HF roll off, and that immediately implies that the RIAA phono
amp under test conformity between 100 Hz, 1 kHz and up to 10 kHz is accurate. If the square wave
harmonics were not replicated accurately there would be undershoot (gain drops off too rapidly vs the



required RIA A response) or overshoot (gain is greater than the required RIAA response). To reiterate, in
the 100Hz and 1 kHz square wave tests, there should be no over or undershoot present — if there is, the
RIAA EQ amp response is not accurate.

ea epagpuxa sviuwe oxeamviearom mecmuposanue 100 I'y u 1 xl'y. Haxnonvl noovema u cnaoa
mouno eocnpoussedensl. (Tecmosas gpopma eonnwt 100 [y umeem HaKIOH c8epxy uz-3a OONLUIUX
COCOUHUMENLHBIX KOHOEHCAMOopo8, Komopble, Kak oxcuoaemcs, Haxooamcs na HY). @opmwl onn He
nokaswiearom cnada va BY, u smo cpa3y o3nauaem, umo coomeemcmeue mecmupyemozo yCuiumens-
gonokoppexmopa RIAA mexcoy 100 I'y, 1 kl'y u oo 10 kl'y aersemcs mounvim. Ecau 6v1 capmonuxu
NPAMOY207IbHOU B0JIHbL He ObLIU B0CHPOU3EE0eHbl MOYHO, MO OblLIl Obl NPO8a (VCuienue naoaem CiuuKkom
Ovicmpo no cpasueHuro ¢ mpedyemvim omrauxom RIAA) unu evibpoc (ycunenue bonvuie mpebdyemozo
omxauka RIAA). Ilosmopum, ¢ mecmax npsamoyeonvrotl 6onnvl 100 1y u 1 kly ne dondcno Ovims
npoeana unu 8bl6poca — eciu OH eCmv, Mo OMKIUK ycunumens sxeanaizepa RIAA nemouen.
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Figure 10 - 100 kHz Square Wave Response of RIAA EQ Phono Amp

In these scope shots, we see the response conformance at 10 kHz (upper shot) and then one at 100
kHz.

Looking at the performance at these frequencies tells the designer a lot about the response beyond
the 20 kHz upper audio band limit. In the case of this phono amp design (a single NE5534 based active
stage), the 10 kHz response is clean and accurately reproduced indicating good RIAA conformance well
beyond 20 kHz. As is the case with the 100 Hz and 1 kHz square wave plots, any overshoot would be a
sure indication that the phono amp gain was erring on the high side vs the RIAA requirement.

As a minimum requirement, a well designed RIAA EQ stage should reproduce a 10 kHz square
wave input stimulus via the IRN with little or no under or overshoot. This would imply accurate
reproduction of harmonics i.e. response conformity out to 50 kHz or so. Fig. 10 shows the response at 100
kHz. I have included this since at 100 kHz, you want to see the response start to roll off at this stage



indicating some bandwidth limiting.

Ha smux cnumkax ocyunnozpammul Mol 8uoumM coomeemcemeue omrauxka Ha yacmome 10 xl'y
(6epxnutl cHumoxK), a 3amem 00ut na wacmome 100 xly.

Paccmompenue npouzgooumensnocmu Ha 2mux Yacmomax MHO20e 2080pum papadbomyuxy oo
OMKIUKe 3a npedenamu 8epxue2o npeoena 38yko8ozo ouanasona 20 kl'y. B cnyuae smoii koncmpykyuu
¢onokoppexmopa (00un akmuenwlil kKackao Ha ochose NE5534) omxnux na wacmome 10 kl'y wucmoiti u
MOYHO 80CNPOU3BEOEH, YUMo yKasvlieaem Ha xopoutee coomeemcmesue RIAA danexo 3a npedenamu 20 kl'y.
Kaxk u 6 cnyuae ¢ epagpuxamu npamoyeonvrvix 6oin 100 I'y u 1 xl'y, 110601 6b16poc 6yo0em eepHbvim
NPUBHAKOM MO20, YMO yCUleHue (hoHOKOppeKmopa Ovlio OuUbOOYHbIM 8 CIOPOHY 8bICOKOL NO CPABHEHUIO
¢ mpebosanusimu RIAA.

Kax munumanvrnoe mpebosanue, Xxopoulo cnpoekmuposantulil Kackao sxkeanauzepa RIAA donxcen
80CNPOU3BOOUMb BXOOHOU CIMUMYI NPAMOY20abHoU eonHbl 10 Iy uepes IRN ¢ nebonvuum unu Hyneavim
HeOo- U nepexocom. Imo 6yoem noopazymesanms MOYHOe BOCHPOU3BEOEHIUE 2APMOHUK, M. e.
coomeemcmeue omraurxa 0o 50 kly wmu oxono moeo. Ha puc. 10 nokazan omxnux na yacmome 100 xl'y.
A exmouun smo, nockonvky na wacmome 100 kl'y 661 Xomume y8udems, KaK OMKIUK HAYUHAEM CnA0amy
Ha 3mom dmane, YKasvledsi Ha HEKOMOpoe 02paHuyeHue noi0Cbl NPONYCKAHUS.
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