EB-108/435 ALL-JFET I/V converter, Filter and Buffer for DACs.

The EB-108/435 is a very high quality I/V conveffiter/output buffer, developed specifically fdreHB-
DAC1704DAC board (1), but can also be used withlttegDac DAC (2), theRAKK DAC (3) and other
DAC boards. It can operate with current output DAKs the PCM1702, PCM1704, PCM1792/1794,
AD1955, TDA154x, etc., but can also be used for BAfGth voltage output, like the Wolfson 8740/8741
voltage DACs. Due to its excellent linearity and/Ipnoise it is equally suitable for all DAC systems.

Two sets of I/V converter/filter/output buffer deéd out on one dual board, size: 210 x 145mm. Powe
supply requirement is 100mA at +/- (18-24) V pearhel. Independent power supply and regulator is
recommended for the two channels. Only high qualitmponents are used in the circuits: Nichicon FG,
ELNA CERAFINE/SILMIC Il, MICA and polystyrene capand VISHAY-Dale, PRP and Caddock
resistors. The EB-108/435 is only available onotefPCB.

The “analog” circuitry.

A block schematic of this “analog” part of the ciitcy is shown in fig. 1.
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Fig. 1. The “analog” circuitry in a CD player.

The amplifier on the left-hand side is the I/V center that converts the current output from the DiA@
voltage. The block in the middle is the filter, whiis removing the digital noise that remains fritw@
conversion process. Theoretically everything al¥&Hz should be “removed”, and this is what thdyea
CD players did with very steep “brick-wall” filter§hese filters had a very undesirable transiespgrse
and combined with the opamp used the resultingdeowas a very far cry from high-end.

With the present over-sampling systems there isesal for such steep filters and we can use legp ste
ones with much better transient response. Therb@Beplayers are using Bessel filters, with 2-5g30ll
have chosen a 2/3-pole one in this design. Firatldhis is easy to implement and secondly prattiests
show that this is adequate for over-sampling system

The amplifier on the right hand side is an optiamatput buffer that can be used as a unity gaieriiev, or
a balanced-to-unbalanced converter. The outputeofilter buffer is actually a negative output,csrthe
I/V converter inverts the phase. The unity gaireiter restores the phase to “normal”. Of coursdsib
allows you to have a balanced output from your Cayegr, by taking the —OUT from the filter and the
+OUT from the output buffer.

The gain-blocks shown in fig. 1 are usually IC opamThere are a number of suitable ones for these
functions, Analog Devices, National SemiconductafBB are offering good sounding opamps.
Unfortunately a lot of the CD-players are stillngiolder, less suitable ones, like the 5534 fahdyices
and their derivatives.



But even if you use the best ones on the markey, ¢thnnot compete with discrete designs in my opini
And certainly not with the ones made with our ALEEIT/FET technology! Proven through the ALL-
JFET/FET line amps and the ALL-JFET/FET power anips ALL-JFET/FET designs offer
unprecedented resolution.

The ALL-JFET I/V converter.

Fig. 2 shows the schematic of the discrete ALL-JFE&Tconverter.
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Fig. 2. The ALL-JFET I/V converter.

The I/V converter is a high quality, low-noise, aiste opamp. Q1 and Q2 are low-noise complementary
dual JFETs. They are cascoded with single JFETachace input capacitance and to improve lineafihe
second stage is a complementary JFET cascode sgagating at approx. 9mA. The output stage is a
complementary JFET follower, here shown with tw&T§ in parallel on both sides. The second pair is
optional, for normal feedback and load impedanices>2k Ohm, they can be left out, but they aredess
for the DACs with high current output, where thedback resistor has a very low value. Q7 is a JFET-
input opamp, which is sampling the output offsed aarrects it to less than a couple of mV.

For current output DACs the output from the DAC@mnected to the —INP of the converter, with R14
shorted. The feedback resistor R16 determinesaheetsion factor, i.e. the /I, ratio. If the DAC
current is £1.2mA, and you select R16=2k4, themtlagimum output voltage will be M=lin X R16=5.7V
peak-to-peak or 2V RMS. For DACs with higher cutreatput R16 has to be reduced.

For DACs operating with symmetrical + supply (PCWD4, etc.) the + input of the I/V converter is
grounded by jumper J1. When DACs with single suppé/used the + input has to be biased at approx. ¥2
of the supply voltage. Some DACs have a Vref abédlavhich is generated by the DAC chip itself, and
this can be connected to the +INP input on thecid¥verter. If Vref is not available from the DAGeth

this has to be generated from the supply voltagaef/V converter. The +INP is then adjusted byfétl

zero offset at test point T2.



Typical specs for the I/V converter, measured asranal amplifier:

Open Loop gain: 76dB

Open Loop THD: 3V/1kHz: 0.05%
Closed Loop THD: 3V/1kHz: 0.0009%
Input impedance (-INP):| <0.3 Ohm

Rise time: 200nsec.

The ALL-JFET filter.

ALL-JFET DAC FILTER
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Fig. 3. The 3-pole BESSEL Filter.

Fig. 3 shows the 3-pole filter/buffer. The filteufter is a high quality, low-noise, very fast distg opamp.
The input stage is a complementary cascode JFEUitiThe second stage is a complementary JFET
cascode stage, operating at approx. 10mA. The bstage is a complementary JFET follower, here show
with two complementary JFETs in parallel. The secpair is optional, for normal feedback and load

impedances, i.e. >2k Ohm, they can be left outcé&Sthe buffer is working with unity gain, therenis need
for a servo circuit.

Normally the filter is -0.1dB at 20kHz and is -3dB55kHz. With 192kHz DACs the -3dB can be
increased to 100kHz or 150kHz. Also, some newer BAEG not require 3-pole filters, a 2-pole is
sufficient. A 2% order 100 kHz or 150 kHz Bessel filter can be iempented as follows:



100kHz: 150kHz:

R1 = shorted R1 = shorted
C1 =removed C1 =removed
R2 = R3 = 4k75 R2 = R3 = 4k75
C2 =300 pF (150 || 150 pF) C2 =200 pF (100Q|d®)
C3=220pF C3 =150 pF
Typical specs for the filter buffer:

O.L. gain: 48dB

O.L. THD: 3V/1kHz: 0.05%

C.L. THD: 3V/1kHz: 0.001%

Rise time: <200nsec.

Minimum load: 2k

The ALL-JFET output buffer.

ALL—JFET OUTPUT BUFFER
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Fig. 4. The output buffer.

The output buffer is also a very high quality deteropamp, using only JFETs. Since the I/V converte
inverts the phase in active converter mode, thpudwdf the filter buffer is —OUT. The output buffer
restores the correct phase to +OUT. Naturallytwreeoutputs being out of phase you have a balanced

output from the DAC.



When used as a unity gain inverter the +INP hdsetgrounded (Jumper J4), and the output of ther it
connected to the —INP, through jumper J3.

Application options.

The EB-108/435 can be used with dual and singlelgupACs. Fig. 4 shows the application for a dual
supply DAC, like the BB PCM-1704. Since the DC autpf the PCM-1704 is zero Volt with no signal,
the +INP of the I/V converter is grounded. The otifpuffer is connected in inverting mode, produding
+0OUT. A balanced output is available from the otiffthe filter (-OUT) and the output buffer (+OUT)
This application works very well and sounds vergpdavith theHB-DAC1704 DAC board from
BORBELY AUDIO (1) and also with Jim HagermarrkgDac (2).
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APPLICATION OF EB-108/435 FOR DUAL SUPPLY DACS.

Fig. 4. Application of EB-108/435 for dual supphADs.

Dual supply DACs can easily be used with passVectinversion, see fig. 5. The I/V converter is uasc
non-inverting amp with gain. The conversion is darith a resistor, shown as R4 at the +INP. Normally
R4 cannot be chosen arbitrarily, because of theeption diodes at the current outputs, consult the
appropriate DAC datasheet. Typically R4=100 Ohmictviwill produce a voltage of | x R4 at the +input.
With 2mA p-p current available from the DAC, thisltage will be 200mV p-p, or ~70mVRMS. If a
standard 2VRMS is needed at the RCA output, therathp has to have a gain of 28x or 30dB. R16/R14
has to be selected to provide this 30dB gain. Thie Balanced output will provide 6dB more outputrtha
the RCA.
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PASSIVE I/V CONVERSION WITH DUAL SUPPLY DACS.
Fig. 5. Passive I/V conversion with dual supply DAC

Fig 6 shows the application of EB-108/435 for singlipply DACs, like the Philips TDA154x series. The
current output of the single supply DACs is sittatgapprox. %2 of the DAC’s supply voltage, i.e.5\2for
5V DAC:s. If you connect the current output of sihCs to the —INP of the I/V converter with the +INP



grounded, the output of the 1/V converter will 2e5V. In order to eliminate the DC offset from fii¢
output the +input has to be biased up to approthe/DAC’s DC output.
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APPLICATION OF EB-108/435 FOR SINGLE SUPPLY DACS.

Fig. 6. Application of EB-108/435 for single supfihACs.

If a reference voltage is available from the DAt the voltage divider R1/P1/R2 is not needed n€oin
the reference voltage from the DAC to +INP on thard. R3/R4 has to be selected so that the ouffagto
is zero. Consult the appropriate datasheet foRBI®4 values. If a reference voltage is not avélaten
install R1/P1/R2 and adjust P1 for zero offsehatltV output.
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APPLICATION OF EB-108/435 FOR DACS WITH BALANCED VOLTAGE OUTPUT..

Fig. 7. Application of EB-108/435 for single supfiiglanced current output DACs with passive conuersi
and balanced voltage output DACs.

Fig. 7 shows the application of the EB-108/435dioigle supply balanced current output DACs with
passive conversion like tHRAKK DAC using the PCM-1794 (3) and balanced DACs withagstoutput,
like the Wolfson 8740/8741. The I/V converter iedss a balanced-to-unbalanced converter. Theesing|
supply DACs have a DC offset at the output. Usiggat resistor ratios on both inputs (R16/R14 and
R4/R3) normally eliminates the DC offset. (Remembet the input impedance on the —INP is not equal
R14!") Lets assume -V=+V=2.5V. The DC voltage &t #input is 1/2x 2.5=1.25V. Due to the feedback
the DC voltage at the —input is also 1.25V. Thi&utts in zero Volt at the I/V output.

The EB-108/435 can also be used for balanced duotgput DACs using two PCM-1704. Both I/V
converters, filters and output buffers have to $eduon the dual EB-108/435 board for a balancedrefia
i.e. two dual boards are needed for stereo. FaipaBvs one channel of a balanced circuit. For duply
DAC:s like the PCM-1704, the +inputs of the I/V centers are connected to ground.
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PROFESSIONAL I/V CONVERTER AND FILTER WITH HIGH CMRR BALANCED OUTPUT
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Fig. 8. Professional I/V converter and filter wittygh CMRR balanced output.
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The added advantage of using the EB-108/435 ferapplication is the availability of the two output
buffers. These can be wired up as balanced-to-anbeatl converters for both phases. Both of the kffe
also have CMRR trim capabilities, creating high GRIBalanced outputs, which is considered very
important in professional applications. An unbakth®CA output with high CMRR is also available as a

additional benefit.

Regulator and power supply for EB-108/435.

The EB-108/435 needs approx. 100mA at +/-(18-248¥ghannel. Recommended regulators are the ALL-
FET EB- 208/418 dual series regulator or the EB/256 dual shunt regulator. Appropriate power sugpli
are the EB-108/291 dual PS with 4-pole Jensen dapsor the EB-906/275 low ESR power supply.



The EB-108/435 teflon PCB with PRP resistors and EL  NA capacitors. Configured
for parallel coupled PCM-1704s in active conversion

References.

1.BORBELY AUDIO : HB-DAC1704 Ver. 1.01 DAC board with AES, SPDIFJadSB or 12S inputs,
using 4 PCM-1704 DAC chips for balanced or paralfgtration.
http://www.borbelyaudio.com/pics/HB_DAC1704_V1_(Qddif.

2. Hagerman Technology www.hagtech.com/hagdac.html.
HagDac DAC card custom modified for Borbely Audio

3. K&K Audio . http://www.kandkaudio.com/digitalaudio.html
RAKK DAC Mark Il Digital-to-Analog Converter.

Acknowledgements.

My sincere thanks to Miklés Kiss @fhiteful Audio, www.whiteful.ini.hu(Online DIY - magazine in
Hungarian and English) for designing test boardd&danced PCM-1704 and balanced PCM-1794 DACs,
which not just served as test jigs, but also perfas my best-sounding outboard DACs.

Also thanks to Jim Hagerman bfgerman Technologyfor supplying his HagDac card custom modified
for operating the PCM-1704 in active conversion mod



