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Required power capability per channel:

For output voltage: 4Vrms in 600 ohm => 9.4 mApeak

Line stage: 12 mA
RIAA stage: 6 mA
Total: 27.4 mA

(power supply is designed for max 39 mA)
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Attenuator calculator: http://amorgignitamorem.nl/WebPaginas/Attenuator/AttenuatorAccordingToRonEnJacco.html
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1µF
10%

AGND should be connected
to 1uF Cout as short as possible.

C306

100uF_50V

Required power capability:
Filament: 6.3V at 2 x 1.095...1425 mA = 2.19...2.85 A

For 2.5 A ampere one needs 22 K/W thermal resisantce (see datasheet).
This is on a 4 layer 35u thickness board. Cooling size should be 30 cm^2,
 or a square of 5.5 x 5.5 copper area.

The WPMDH footprint should be prepared for hand soldering.

Target voltage 6.2 volt to start with, may be somewhat lower.

R303

620kΩ
1%

Design procedure:
1a. Rfbt/Rfbb = (Vout/0.803) - 1 = 6.72...
1b. Resistors should be between 1k ... 50k
1c. Choose Rfbt = 34k => Rfbb = 5.059 k

2a. Fsw(ccm) should be between 200kHz...800kHz, target 300kHz
2b. Ron = Vout/(1.3e-10 * Fsw(ccm)) => 158k
2c. Check whether Ron equal or greater than Vinmax*150e-9/1.3e-10 => okay!

With Vin = 15, Vout = 6.2 and Fsw = 300k the DCM/CCM boundary is at approx 600 mA.

3a. Worst case input ripple current 0.5*Iout*sqrt(D/(1-D)) => 1.18 A. Input C should be able to withstand this.
3b. Value of Cin is related to the maximum DeltaVin: Cin equal or greater than Iout*D*(1-D)/(Fsw(ccm)*DeltaVin) => 100uF safe choice

C301

100uF_50V
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Expected power consumption:
High Voltage 3...6 mA
Filament: 1 x 365...475 mA = 475 mA worst case
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R = 4818.181818181818 ohm
(becomes 4817.446... ohm)C512
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(106nF for
RIAA-IEC)
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GND

GND
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Add mkp oid Cap

Passive RIAA calculator: http://amorgignitamorem.nl/WebPaginas/passieve_RIAA/passieve_RIAA.html
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3
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GND

6V2
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GND

BusHV

Total Gain = 40 dB

Capacitors: LCR Components FSC(/EX) series
Resistors: TE Connectivity/Neohm H8 (Holco), R series 

Welwyn RC, RC55, PR (low cost) series

Vishay Dale PTF series
http://nl.farnell.com/webapp/wcs/stores/servlet/Search?catalogId=15001&langId=31&storeId=10168&categoryId=700000005447&pageSize=25&showResults=true&sf=432,502,721&pf=110003727,110075262,110101775,110124724,112067013

HVch1( 55) 

Add mkp and polymer Cap

BusMM

MMout1( 80) 

J502

1-534206-0

J503

1-534206-0

Set jumper at desired
input resistance.
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Neohm/TE R series 0.1% 15ppm/K

C503

150pF_630V_PS

C501

220pF_630V_PS

C508

100nF_c

C506

220nF_PP

C504

470nF_PP

Parallel capacitance
at the input:
47pF - 617pF

For typical MM elements.

C502

680nF_PP

C500

1uF_PP

GND

Parallel capacitance
at the input:
100nF - 2.47uF

For high output MC elements.

R515

1MΩ
1%

GND

R507

50kΩ
Key=A

50 %

Zout at anode tube 1 (Id = 525 uA): 41015 ohm according to simulator. With +/-15% tube tolerances Zout = 35k5 ... 46k.
Rseries = 55.37983425414367 kohm - (35k5 ... 46k) = 9.4 ... 19.9 kohm
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Pre-attenuator for unforseen situations.

ColdCh2( 52) 

ColdCh1( 25) 

HotCh1( 27) 

One can choose:
* RK16812M or
* RK27
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DC motor not in use.
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J600

TP-klein

T
P

s
m

a
ll

J601

TP-klein

T
P

s
m

a
ll

J602

TP-klein

T
P

s
m

a
ll

J603

TP-klein

T
P

s
m

a
ll

J604

TP-klein

T
P

s
m

a
ll

J605

TP-klein

T
P

s
m

a
ll

J606

TP-klein

T
P

s
m

a
ll

J607

TP-klein

T
P

s
m

a
ll

J608

TP-klein

T
P

s
m

a
ll

J609

TP-klein

T
P

s
m

a
ll

J610

TP-klein

T
P

s
m

a
ll

J611

TP-klein

T
P

s
m

a
ll

J612

TP-klein

T
P

s
m

a
ll

J613

TP-klein

T
P

s
m

a
ll

J614

TP-klein

T
P

s
m

a
ll

J615

TP-klein

T
P

s
m

a
ll

L600

6.4µH

L601

6.4µH

L602

6.4µH

L603

6.4µH

L604

6.4µH

L605

6.4µH

L606

6.4µH

L607

6.4µH

L608

6.4µH

L609

6.4µH

L610

6.4µH

L611

6.4µH

GND

GND

GND

GND

Relay

RIAA( 207) 

IN1( 211) 

IN2( 212) 
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Source selection by means of 4 switches.
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R711

10kΩ
1%

R700

390Ω
1%

U701A

ECC88

1
P
1

1P2

1P3

U701B

ECC88

2
P
1

2P2

2P3

C701

470nF
2%

C706

470µF 63V
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100Ω
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470µF 63V

R715

390Ω
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47pF
10%

R724

10kΩ
1%

R701

470Ω
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R702

390Ω
1%

R710

470Ω
1%

Audyn Cap Plus, 1341755
D = 25mm, L = 43mm, d2 = 1mm

Audyn Cap Plus, 1341758
D = 25mm, L = 43mm, d2 = 1mm

4u7:
Audyn Cap Plus, 1341762
D = 36mm, L = 63mm, d2 = 1.5mm

C702

470µF 63V

C703

4.7µF
2%

Bandwidth 7 MHz

f = 1 kHz, B = 20 Hz - 30 kHz:
Vin,rms Vout,rms THD+N [%] SNR [dB]
0.0707 0.0645 0.008 82.0
0.707 0.645 0.0023 98.6
2.0 1.82 0.0021 105.1
4.0 3.64 0.0038 101.2

With 50 ohm source and 2.2 kohm load (optimum load).

Vin,dc =  0 mV
Vout,dc =  0 mV

f = 1kHz at -0.92 dB, 20 Hz at -0.96 dB, 20 kHz at -0.92 dB, 100 kHz at -0.94 dB
Without feedback (R23 desoldered): Av = 25.56 dB at 1 kHz.

Rin = 10k4 (1 kHz), Rout = 36 ohm (20 Hz), 12 ohm (1 kHz and 10 kHz).

Expected power consumption:
High Voltage 12 mA
Filament: 2 x 365...475 mA = 950 mA worst case
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C716

470µF 63V

R742

390Ω
1%

C715

47pF
10%

R751

10kΩ
1%

R728

470Ω
1%

R729

390Ω
1%

R737

470Ω
1%

C713

470µF 63V

C714

4.7µF
2%

GND

GND

U701C

ECC88

shield

filament

3P1 3P2

3
P
3

U703C

ECC88

shield

filament

3P1 3P2

3
P
3

U702C

ECC88

shield

filament

3P1 3P2

3
P
3

U700C

ECC88

shield

filament

3P1 3P2

3
P
3

GND

GND

GND

GND

6V2

6.2V

6V2

6.2V

C700

82uF_250V

C711

82uF_250V

J702

TP-kleinTP
small

L701

6.4µH

J703

TP-kleinTP
small

R726

62Ω
1%

D701

WE824501151

D702

WE824501151

GND GND

J700

TP-kleinTP
small

J701

TP-kleinTP
small

C709

220pF
5%

C710

220pF
5%

GND GND

R721

120Ω
1%

R725

2.2kΩ
0.1%

R722

9.1MΩ
1%

R723

9.1MΩ
1%

Network to create
the optimum load
resistance, around 2k2.

L700

6.4µH

D700

WE824501151

C707

220pF
5%

C708

220pF
5%

GNDGNDGND

GND           Outputs            Signal

ESD and RFI protection for polluted
EMC environments and/or (very) long cables.

J706

TP-kleinTP
small

L703

6.4µH

J707

TP-kleinTP
small

R753

62Ω
1%

D704

WE824501151

D705

WE824501151

GND GNDGND GND

GNDGNDGND

J704

TP-kleinTP
small

J705

TP-kleinTP
small

C720

220pF
5%

C721

220pF
5%

R748

120Ω
1%

R752

2.2kΩ
0.1%

R749

9.1MΩ
1%

R750

9.1MΩ
1%

L702

6.4µH

D703

WE824501151

C718

220pF
5%

C719

220pF
5%

GND           Outputs            Signal

ESD and RFI protection for polluted
EMC environments and/or (very) long cables.

Network to create
the optimum load
resistance, around 2k2.

BusAudio

Audio

HotCh1( 27) 

ColdCh1( 25) 

HotCh2( 59) 

ColdCh2( 52) 

HVch1( 55) 

HVch2( 60) 
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Expected power consumption:
High Voltage 3...6 mA
Filament: 1 x 365...475 mA = 475 mA worst case
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L900

6.4µH

J901

TP-kleinTP
small

J900

TP-kleinTP
small

R914

82.5kΩ
1%

R903

33kΩ
1%

R904

180Ω
1%

R908

120Ω
1%

R913

4.7kΩ
0.1%

R909

9.1MΩ
1%

R910

9.1MΩ
1%

C914

680pF_630V_PS

C913

22nF_63V_PS

C916

33nF_63V_PS

C917

33nF_63V_PS

R = 4818.181818181818 ohm
(becomes 4817.446... ohm)C912

MKP4_1u5

1.5uF
(106nF for
RIAA-IEC)

Capacitors: LCR Components FSC(/EX) series
Resistors: TE Connectivity/Neohm H8 (Holco), R series 

Welwyn RC, RC55, PR (low cost) series

Vishay Dale PTF series
http://nl.farnell.com/webapp/wcs/stores/servlet/Search?catalogId=15001&langId=31&storeId=10168&categoryId=700000005447&pageSize=25&showResults=true&sf=432,502,721&pf=110003727,110075262,110101775,110124724,112067013

R916

2.2kΩ
1%

C915

470µF 63V

R900

22kΩ
1%

R911

100Ω
1%

GND

GND GND GND GND GND GNDGND GND GND

GND

GND

R902

120kΩ
1%

C910

82uF_250V

Add mkp oid Cap

Passive RIAA calculator: http://amorgignitamorem.nl/WebPaginas/passieve_RIAA/passieve_RIAA.html

R905

100Ω
1%

R901

39kΩ
1%

R917

560Ω
1%

C918

470µF 63V

Add mkp oid Cap

HighVoltage

RIAA

C911

MKP4_1u5

R906

1.0MΩ
1%

U500B

ECC83

2
P
1

2P2

2P3

U501B

ECC88

2
P
1

2P2

2P3

BusHV

Total Gain = 40 dB

HVch2( 60) 

Add mkp and polymer Cap

BusMM

MMout2( 81) 

R926

100kΩ
0.1%

GND

J903

1-534206-0

Set jumper at desired
input resistance.

R927

110kΩ
0.1%

R925

90.9kΩ
0.1%

R924

78.7kΩ
0.1%

R923

66.5kΩ
0.1%

R921

47.5kΩ
0.1%

R922

56.2kΩ
0.1%

R920

34kΩ
0.1%

R919

21.5kΩ
0.1%

R918

18.2kΩ
0.1%

Neohm/TE R series 0.1% 15ppm/K

C909

47pF_160V_PS

C905

100pF_630V_PS

C907

100pF_630V_PS

GND

J902

1-534206-0

C903

150pF_630V_PS

C901

220pF_630V_PS

C908

100nF_c

C906

220nF_PP

C904

470nF_PP

C902

680nF_PP

C900

1uF_PP

GND

Parallel capacitance
at the input:
100nF - 2.47uF

For high output MC elements.

R915

1MΩ
1%

GND

Zout at anode tube 1 (Id = 525 uA): 41015 ohm according to simulator. With +/-15% tube tolerances Zout = 35k5 ... 46k.
Rseries = 55.37983425414367 kohm - (35k5 ... 46k) = 9.4 ... 19.9 kohm

R907

50kΩ
Key=A

50 %

Parallel capacitance
at the input:
47pF - 617pF

For typical MM elements.
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T401A

LSK389

T401B

LSK389

T401C

LSK389

sub3P1 3P2

T400A

DMMT5401

T400B

DMMT5401

R405

18Ω
1%

R408

2.2Ω
1%

R406

81Ω
1%

R402

2.4kΩ
1%

C401

470µF 63V

C404

MKP4_1u5

R409

1MΩ
1%

GNDGND

R407

10kΩ
1%

GND

X3 (in parallel)

J403

1-534206-0

R419

1.1kΩ
1%

R418

909Ω
1%

R417

681Ω
1%

R416

499Ω
1%

R415

392Ω
1%

R414

301Ω
1%

R413

200Ω
1%

R412

150Ω
1%

R411

102Ω
1%

R410

51Ω
1%

GND GND GND GND GND GND GND GND GND GND

R404

10Ω
1%

L401

6.4µH

J400

TP-kleinTP
small

J402

TP-kleinTP
small

GND

TP401

Test_Point

TP403

Test_Point

Set jumper at desired
input resistance.

C402

470µF 63V

U400

LT3092IST#PBF

P
N

R

5 - 7V

9 - 11mA

40 - 50mA

Iout = 10uA*Rset/Rout =>
Rout set to 10 ohm,
Rset = Rout*Iout/10u

R401

50kΩ
Key=A

50 %

R400

27kΩ
1%

R403

33kΩ
1%

Attenuator calculator: http://amorgignitamorem.nl/WebPaginas/Attenuator/AttenuatorAccordingToRonEnJacco.html

Rout

Rset

C400

33pF
5%

C403

1µF
10%

TP402

Test_Point

MKP4F042205I00KSSD

Voltage gain 31 dB (36x)
Designed for element with 70 uV and 2.5 ohm winding resistance.
Simulation results:

SNR = 61 dB (20 Hz - 16 kHz) incl. 1/f noise, NF = 7.1 dB
at 1kHz: Vn = 0.44nV/sqrt(Hz) no 1/f noise anymore,
THD = 0.003%, mainly second order.

14V3

14.3V

L400

6.4µH

J401

TP-kleinTP
small

J404

TP-kleinTP
small

GND

TP400

Test_Point

14.3V
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T801A

LSK389

T801B

LSK389

T800A

DMMT5401

T800B

DMMT5401

R805

18Ω
1%

R808

2.2Ω
1%

R806

81Ω
1%

R802

2.4kΩ
1%

C801

470µF 63V

C804

MKP4_1u5

R809

1MΩ
1%

GNDGNDGND

GND GND GND GND GND GND GND GND GND GND

GND

R807

10kΩ
1%

X3 (in parallel)

J803

1-534206-0

R819

1.1kΩ
1%

R818

909Ω
1%

R817

681Ω
1%

R816

499Ω
1%

R815

392Ω
1%

R814

301Ω
1%

R813

200Ω
1%

R812

150Ω
1%

R811

102Ω
1%

R810

51Ω
1%

R804

10Ω
1%

L801

6.4µH

J800

TP-kleinTP
small

J802

TP-kleinTP
small

TP801

Test_Point

TP803

Test_Point

Set jumper at desired
input resistance.

C802

470µF 63V

U800

LT3092IST#PBF

P
N

R

5 - 7V

9 - 11mA

40 - 50mA

Iout = 10uA*Rset/Rout =>
Rout set to 10 ohm,
Rset = Rout*Iout/10u

R801

50kΩ
Key=A

50 %

R800

27kΩ
1%

R803

33kΩ
1%

Rout

Rset

C800

33pF
5%

C803

1µF
10%

TP802

Test_Point

T801C

LSK389

sub3P1 3P2

MKP4F042205I00KSSD

Voltage gain 31 dB (36x)
Designed for element with 70 uV and 2.5 ohm winding resistance.
Simulation results:

SNR = 61 dB (20 Hz - 16 kHz) incl. 1/f noise, NF = 7.1 dB
at 1kHz: Vn = 0.44nV/sqrt(Hz) no 1/f noise anymore,
THD = 0.003%, mainly second order.

14V3

14.3V

L800

6.4µH

J801

TP-kleinTP
small

J804

TP-kleinTP
small

GND

TP800

Test_Point

14.3V

Attenuator calculator: http://amorgignitamorem.nl/WebPaginas/Attenuator/AttenuatorAccordingToRonEnJacco.html
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C112

10uF_63V

C114

10uF_63V

C113
100nF

C111
100nF

U104A

LT3042IMSE

IN1
IN2

ENUV

PGFB

I
S
E
T

G
N
D

I
L
I
M

P
G

OUTS

OUT

GND GND

GND GND GND GNDGND

C110

WCAP-AS5H 100uF 35V

U104B

LT3042IMSE

gnd
2P1
2P2 2P3

2P4

GND

R102

143kΩ
1%

C115

100uF_50V

GND

14V3

14.3V

U100

386307802

15V
  0V

15V

15V

Power dissipation LT3042: Pdiss = Iout*(Vin - Vout) + Ignd*Vin
0.11*(18 - 14.3) + 4mA*18 = 0.479 Watt.

U103

LM7818CT

C109
100nF

C107

100uF_50V

GNDGND

C108
100nF

GNDGND

noise: 100 uV (acc. to datasheet) noise: 0.8 uV (acc. to datasheet)

This elco is selected for
stability, ESR reasons.

U101A

MEJ2S1512SC

+Vin

-Vin

+Vout

-Vout

U101B

MEJ2S1512SC

nc4

U102A

MEJ2S1512SC

+Vin

-Vin

+Vout

-Vout

U102B

MEJ2S1512SC

nc4

C102

10uF_63V

L102

BLM21PG331SN1

C103

100nF_NP0

L103

74477826

L101

82473C

R100

4.7Ω
1%

L106

BLM21PG331SN1

L107

74477826

L105

82473C

R101

4.7Ω
1% GND

L100

82473C

C100

10uF_63V

C101

10uF_63V

L104

82473C

C105

10uF_63V

C106

10uF_63V

TP100

Test_Point

TP102

Test_Point

TP101

Test_Point

GND

C104

470µF 63V

Isolated power supply.


