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™ 10uF_63V S ner Required power capability per channel:
LT8304 1 For output voltage: 4Vrms in 600 ohm => 9.4 mApeak
M - Line stage: 12 mA M
RIAA stage: 6 mA
50 % Total: 27.4 mA
(power supply is designed for max 39 mA)
N P ﬁ JCAD Project Schematic N
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The Netherlands _
R217 c217 Tite:  High Voltage PS Desc.: DC/DC converter for High Voltage (Isolated)
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19% 33pF Designed by: JCA Dekkers | Rev.date: Aug 15, 2018 Revision: A
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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,

6V2

15V or a square of 5.5 x 5.5 copper area.
Test_Point D
15V The WPMDH footprint should be prepared for hand soldering. TP300 6.2v
Target voltage 6.2 volt to start with, may be somewhat lower.
U300A
F300 WPMDH1302401
——1 1 7
0466003.NR Vin Vout R301 _Lcsoo
S5 —=aonF
5%
2>Ron FB®
EN SS AGND R302 R303
4| c301 C303 L= 0 |:|5‘1|(Q []BZOKQ C304 " C305 4| €306
—=100uF_50V ==C302 —1uF 1% 1% ——1uF —=PSHP 68uF 25V ~=<100uF_50V
10uF_63V 10% 10%
C307
—4.7nF
5%

AGND should be connected

to 1uF Cout as short as possible.
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!

u300B

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*lout*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 lout*D*(1-D)/(Fsw(ccm)*DeltaVin) => 100uF safe choice

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

y ﬁ % % :JCAD ' Project Schematic
e 5.} et ands 0033/RO3 | RO3_A
Sooa
ﬁ;%; Title:  Filament PS Desc.: DC/DC power supply for filaments
;;;g Designed by: JCA Dekkers Rev.date: Aug 15, 2018 Revision: A
WPMDH1302401 Checked by: PCB No: Size: A3
Approved by: Sheet 3 of 10 1st.date: Dec 24, 2017
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Parallel capacitance
at the input: C500 A
47pF - 617pF Il
For typical MM elements. 1 F”PP
ur Parallel capacitance |
at the input:
cs02 100nF - 2.47uF
C501 H For high output MC elements.
B
I} 680nF_PP
220pF_630V_PS
C504 [
€503 |} BusHV
1; 470nF_pP o
150pF_630V_PS c
C506
€505 |}
I} . |
h 220nF_PP R500 Total Gain = 40 dB HighVoltage
100pF_630V_PS — Heht
caoe 22ka b
i I
] 100nF_c R501
100pF_630V_PS GND 39kQ []
N (%
C509 Add mkp oid Cap c511
I} R502 c
47pF 160V _PS Zout at anode tube 1 (Id = 525 uA): 41015 ohm according to simulator. With +/-15% tube tolerances Zout = 35k5 ... 46k MNGUTT (807
pr_T60V. C510 U1§°k0 Rseries = 55.37983425414367 kohm - (35K5 ... 46k) = 9.4 ... 19.9 kohm MKP4_1u5 RIAA
< 6N —82uF_250v | 11% ||
R = 4818.181818181818 ohm R506
C-’”Z R503 R504 (becomes 4817.446... ohm) 1MQ "
1 7 ! 1%
< GND MKP4_1u5 =]
J502 [ |
1-534206-0 1.5uF GND
[l “ | (106nF for R510 BusMM
RIAA-IEC) 9.1MQ I
i 5
L500 R511 R507 1%
! 50kQ 50 %
Gau Key=A 0 R514 L |
C513 C514 82.5kQ
- £ 9
Set jumper at desired ==22nF_63V_PS ——680pF_630V_PS H1 % )
input resistance. ;503
1-534206-0
R515 c515 c517 .| cs518 ]
v 4704F 63V 33nF_63V_PS T33nF_63V_PS ZRATOWF 63V
o
GND GND GND VGND VGND VGND VGND VGND
R518 | R519 | R520 | R521 R522 R527 1
18.2kQL.21.5kQ L 34kQ 1.47.5kQL 56.2k! 110kQ 6V2
0.1% | (0.1% | [0.1% | [0.1% | |0.1% 0.1% Add mi 4 bol c Add mko oid G
mkp and polymer Ca mkp oid Ca J
p and poly P P p [ lsav
uso00C
éGND ECC83 —
Neohm/TE R series 0.1% 15ppm/K filament
AT aPa ——
K
shield
GND 1
uso1C
ECC88
filament
6T 3Pa|—q -
“ shield
M
Expected power consumption: GND -
High Voltage 3...6 mA
Filament: 1 x 365...475 mA = 475 mA worst case ]
7 ﬁ JCAD Project Schematic N
{\ jcad.design
ea 4 The Netherlands 0033/RO3 RO3_A
Capacitors: LCR Components FSC(/EX) series —
Resistors: TE Connectivity/Neohm H8 (Holco), R series Title: MM RIAA stage (left) Desc.: Passive RIAA and Input Impedance Selection
Welwyn RC, RC55, PR (low cost) series . —
Vishay Dale PTF series Designed by: JCA Dekkers | Rev.date: Aug 15, 2018 Revision: A .
http://nl.farnell.com/webapp/wcs/stores/servlet/Search?catalogld=15001&langld=31&storeld=10168&categoryld=700000005447 &pageSize=25&showResults=true&sf=432,502,721&pf=110003727,110075262,110101775,110124724,112067013 Checked by: PCB No: Size: A2
Passive RIAA . http: orem.nl/WebPaginas/passieve_RIAA/passieve_RIAA. html Approved by: Sheet 4  of 10 1st.date: Nov 4, 2017 |
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Current controlled relais circuit. M2012S2A2G40 T NGETI P600D
S603B S600B Designed by: JCA Dekkers Rev.date: Aug 15, 2018 Revision: A
Checked by: PCB No: Size: A2
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] M2012S2A2G40 _| M2012S2A2G40 DC motor not in use. Approved by: Sheet 5  of 10 1stdate: Nov 4, 2017 L
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Bandwidth 7 MHz

BusAudi BusHV
- ‘0 = 1kHz, B =20 Hz - 30 kHz
Vinms Voutrms  THD*N (%] SNR [dB]
00707 0.0645 0008 820
0707 0645 00023 %86
20 182 00021 105.1
atonssey 40 364 00038 1012
J_Cm R701 With 50 ohm source and 2.2 kohm load (optimum load).
Q2F 250V ] 4700
1% Vinde = 0 mv
Voutde= 0 mV
= 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 B at 1 kHz.
Rin = 10ké (1 kHz), Rout = 36 ohm (20 Hz), 12 ohm (1 kHz and 10 kHz).
4u7:
Audyn Cap Plus, 1341762
R709 | R710 D =36mm, L =63mm, d2 = 1.5mm
R708 c702
4700 L
1ma 19 -~ 47OHF B3V Audyn Cap Plus, 1341758
R707 1% D =25mm, L =43mm, d2 = imm
4700
1% Audyn Cap Plus, 1341755
D =25mm, L = 43mm, 42 = Imm
. R711
10k
1%
HighVoltage
c704 [ 100k u7008
Lamer 1% Eecss GND  Outputs Signal
RT15 | R716 rR717  [R7A8 R719 4700 J701 J702 4703
2000 4700+ ‘3778} o 2000 Mo TPlein TPatein @ TP-klein ITP-klein
1% 1% 1% 1%
C L700
| 6.4pH
R720 | cro7 c708 700
100 Network to create 220pF 220pF WE824501151
1% the optimum load | 5% 5%
Rr24 resistance, around 2k2. |
Audio GND e : GND GND GND
. R726 L701
| ) 620 6.4uH
701 1% 709 €710 [p702
WEB24501151 —=220pF 220pF WEB24501151
5% % |
GND GND GND  Lenp
lcm R728 ESD and RFI protection for polluted
82uF_250V [3900 [|4700 EMC environments and/or (very) long cables.
1%
cr12
470nF
=2%
3v
R733 | R734
3900|4700
1%
cr1a
R738
10k
1%
57": 100k 7028 U703
Laer 1% Eccss Eccss GND  Outputs Signal
R742 | R743 R74s  [R745 R746 704 J705 J708 J707
c716 c717 . N @ . ;
3000  [la70n £ se00  [la70a £ 1ma TP-klein tpkiein D TPadein TP-klein
1% 19~ ATOMF 63V 1% 1% -~ ATOMF 63V o
o ro- - -0 Lo
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R747 | R749 | R750 | cr18 c719
9.1M0 [|o.1MQ | 0703
100 | Sima o 2200F 220pF || |wEs2as01151
1% Network to create A 5%
R751 the optimum load |
s resistance, around 2K2. | ! Epociod pover consumpton:
GND 1% | I Leno GND GND Filament: 2 x 365...475 mA = 950 mA worst case
| ! R753 L703
[ ! &0 l 6.4uH l o oo Project Schamatc
1% c720 21 [ ¥ ;'E EJ]" Jead.design
D704 D705 lex It 7
WEB24501151 T=220pF 2200F || weezasor1st e Nemerands 0033/R03 | RO3_A
5% % |
Tide: Line Driver Desc.: 2 Channel SRPP/White with feedback
oND ND a0 Leno Designed by: JCA Dekkers | Rev.dale: Aug 15, 2018 Revision: A
[checked by: PCB No sze Al
ESD and RF protection for polluted [Approved by Sheet 6 of 10 Istdate: Nov 4, 2017
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Parallel capacitance
at the input: C900 A
47pF - 617pF Il
For typical MM elements. 1 F”PP
ur Parallel capacitance |
at the input:
co02 100nF - 2.47uF
coo01 H For high output MC elements.
B
I} 680nF_PP
220pF_630V_PS
C904 [
€903 |} BusHV
1; 470nF_pP o
150pF_630V_PS c
C906
€905 |}
I} . |
h 220nF_PP R900 Total Gain = 40 dB HighVoltage
100pF_630V_PS — \ch2(80)
Ce 22ka b
o I
] 100nF_c R901
100pF_630V_PS GND 39kQ []
N (%
C909 Add mkp oid Cap
I I ! RO02 Co11 E
47pF 160V _PS Zout at anode tube 1 (Id = 525 uA): 41015 ohm according to simulator. With +/-15% tube tolerances Zout = 35k5 ... 46k. MNVGUT2(BT]
pr_T60V. c910 U1§°k0 Rseries = 55.37983425414367 kohm - (35K5 ... 46k) = 9.4 ... 19.9 kohm MKP4_1u5 RIAA
< 6N —82uF_250v | 11% ||
R = 4818.181818181818 ohm R906
C?:Z R903 R904 ‘(becomes‘4817‘446.‘. ohm) 1.0MQ F
] 1%
< GND MKP4_1u5 =]
J902 [ |
1-534206-0 1.5uF GND
- L (106nF for R910 BusMM
RIAA-IEC) 9.1MQ I
i 5
L900 R911 R907 1%
50kQ 50 %
Gau Key=A 0 R914 L |
C913 Cc914 82.5kQ
- £ 9
Set jumper at desired ==22nF_63V_PS ——680pF_630V_PS H1 % )
input resistance. ;93
1-534206-0
R915 co15 co17 ,| cot8 ]
v 4T04F 63V 33nF_63V_PS T—33nF_63V_PS = 4704F 63V
o
GND GND GND VGND VGND VGND VGND VGND
R918 | R919 | R920 | R921 R922 R927 1
18.2kQL.21.5kQ L 34kQ 1.47.5kQL 56.2k! 110kQ
0.1% | (0.1% | [0.1% | [0.1% | |0.1% 0.1%
Add mkp and polymer Cap Add mkp oid Cap J
éGND -
Neohm/TE R series 0.1% 15ppm/K
K
M
Expected power consumption:
High Voltage 3...6 mA
Filament: 1 x 365...475 mA = 475 mA worst case ]
7 ﬁ JCAD Schematic N
{\ jcad.design
ea 4 The Netherlands 0033/RO3 RO3_A
Capacitors: LCR Components FSC(/EX) series —
Resistors: TE Connectivity/Neohm H8 (Holco), R series Title: MM RIAA stage (right) | Desc.: Passive RIAA and Input Impedance Selection
Welwyn RC, RC55, PR (low cost) series . —
Vishay Dale PTF series Designed by: JCA Dekkers | Rev.date: Aug 15, 2018 Revision: A .
http://nl.farnell.com/webapp/wcs/stores/servlet/Search?catalogld=15001&langld=31&storeld=10168&categoryld=700000005447 &page Size=25&showResults=true&sf=432,502,721&pf=110003727,110075262,110101775,110124724,112067013 Checked by: PCB No: Size: A2
Passive RIAA . http: orem.nl/WebPaginas/passieve_RIAA/passieve_RIAA. html Approved by: Sheet 7 of 10 1st.date: Nov 4, 2017 |
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14V3
Test_Point
DTP4oo D14-3V
lout = 10uA*Rset/Rout => 14.3V
Rout set to 10 ohm,
Rset = Rout*lout/10u
40 - 50mA
u400 R402
R C401 C402
LT3092IST#PBF 2.4kQ =0 pud I
[]1% —=470uF 63V —=470uF 63V
C400
5-7v ==33pF
Test_Point 5%
TP401
C403 ?:(014
TuP []1% Rout
10% ou JT4008
1§ DMMT5401
Test_Point R405
TP402 []139
1%
X3 (i 1el) T400A J401
in parallel) | o .
4t DMMT5401 MKP4F042205100KSSD #TP-Klein
T401A T401B 9-11mA C404
L401 [Lsk3so [ Lsk3so 1
T L]
. . 6.4pH
6.4pH I ] ] ] I I ] ] MKP4_1u5
Set jumper at desired [6 0 & & O 0 0 0 0 [0 J403 R406 J404
inout ist | |1-534206-0 . —

1402 put resistance. 0 0 0 0 0 o) o) — .
iy 81Q P-klein
7: TP-klein | R407 R408 TP403 1% R409

[]wkn []2.29 []mn
1% 1% 1%
Test_Point
VGND VGND VGND GND
GND R410 | R411 | R412 | R413 | R414 | R415 R417 R419
[]519 []1029 []1509 []2009 []3019 3920 ]6819 ]1.1kQ
1% 1% 1% 1% 1% 1% 1% 1% .
Voltage gain 31 dB (36x)
Designed for element with 70 uV and 2.5 ohm winding resistance.
Simulation results:
<7 GND ,GND 5, GND ,GND ., GND ., GND <7 GND <~ GND 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.
? ﬁ JCAD Project Schematic
ﬁ :E;i jcad.design
/Ca s The Net;wgerlands 0033/RO3 RO3_A
Title:  MC stage (left) Desc.: Transformer-less jfet based pre stage
T401C Designed by: JCA Dekkers Rev.date: Aug 15, 2018 Revision: A
Checked by: PCB No: Size: A3
LSK389 . .
Attenuator calculator: http://amorgignitamorem.nl/WebPaginas/Attenuator/AttenuatorAccordingToRonEnJacco.html Approved by: Sheet 8  of 10 Tst.date: Nov 4, 2017
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14V3
Test_Point
DTPSOO D14-3V
lout = 10uA*Rset/Rout => 14.3V
Rout set to 10 ohm,
Rset = Rout*lout/10u
40 - 50mA
u8oo R802
R C801 C802
LT3092IST#PBF 2.4kQ =0 pud I
[]1% —=470uF 63V —=470uF 63V
C800
5-7v ==33pF
Test_Point 5%
TP801 R804
[]109
1%
Rout 18008
1§ DMMT5401
Test_Point R805
TP802 []139
1%
) T800A
X3 (in parallel) | t DMMT5401
T801A T801B 9-11mA
L801
!_LSK389 !_LSK389
ARRRRAREA
. . J8o3 R806
Set jumper at desired [& & & & 0 0 0 0 0[O 1-534206-0
input resistance. | 0 0 0 00 0 0 0 o| ) ; ’ LT
81Q
| R807 R808 TP803 1% R809
[]mkn []2.29 []mn
1% 1% 1%
Test_Point
<7 CGND <~ GND L GND
R810 | R811 | R812 | R813 | R814 R819
[]519 []1029 []1509 []2009 []3019 1.1kQ
1% 1% 1% 1% 1% 1% Voltage gain 31 dB (36x)
Designed for element with 70 uV and 2.5 ohm winding resistance.
Simulation results:
GND _L,GND _L,GND _L_GND _L,GND GND 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.

Project Schematic
R ’
~ jcad.design
e Sl The Netherlands 0033/RO3 | RO3_A

Title:  MC stage (right) Desc.: Transformer-less jfet based pre stage

Designed by: JCA Dekkers Rev.date: Aug 15, 2018 Revision: A
T801C Checked by: PCB No: Size: A3
LSK389 Attenuator calculator: http://amorgignitamorem.nl/WebPaginas/Attenuator/AttenuatorAccordingToRonEnJacco.html Approved by: Sheet 9  of 10 Tst.date: Nov 4, 2017
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0 1 3 4 5 6 7 8 9 10 1 12 13 14
15V
Isolated power supply.
15V
u100 L100 U101A L101 R100 L102 L103
15V O YN +Vin +Vout YN I} A YN,
o | = _L 82473C l 82473C 470 BLM21PG331SN1 74477826
386307802 C100 €101 1%
10uF_63V 10uF_63V i voue
MEJ2S1512SC 4| c104
==c102 =—C103 ——470pF 63V
L104 U102A 10uF_63V 100nF_NPO
YN +Vin +Vout
_L 82473C l
C105 C106
L105 R101 L107
10uF_63V 10uF_63V i o - — i‘l_oé P
MEJ2S15125C 82473C 470 BLM21PG331SN1 74477826
- 1% <~ GND
;‘;‘0—: oint ﬁ‘:‘o—fm"‘ Power dissipation LT3042: Pdiss = lout*(Vin - Vout) + Ignd*Vin
0.11*(18 - 14.3) + 4mA*18 = 0.479 Watt.
14V3
u103 U104A D14.3V
LM7818CT noise: 100 uV (acc. to datasheet) LT3042IMSE noise: 0.8 uV (acc. to datasheet)
> > ° IN1 ouT
IN2
Test_Point
TP102 +| €107 J_cms - J_cms J_C110 c111
—=100uF_50V 100nF 100nF WCAP-AS5H 100uF 35V ==100nF ENUV outs
l l l T :
GND VGND GND VGND ] ﬂ E-Ii
This elco is selected for
stability, ESR reasons.
o Cc113 + C115
=——100nF —=cCc114 ==100uF_50V
R102 10uF_63V
[]143k9 c112
0,
1% 10uF_63V
VGND GND VGND VGND 4 VGND
? ﬁ JCAD Project Schematic
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