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T he resurrection of mbes in audio 
amplifiers is a very interesting 
trend . Although I have hccn 

designing with semiconductors for the 
last 30 years, I starred my career with 
tubes, and it has alway's been a fond 
memory. I must adm it , though, that I 
never expected tubes would surface 
again as active elements in amplifica-
lion. and when Ed Dell started Glass 
Audio, I thought .it might sun-ive a cou-
pic of years at. most. 

That must have been ten years ago, 
and tubes are now bc<.:oming morc and 
more popular. Not that there is really a 
logic behind this: their advantages 
compared to semiconductors are few, 
and their disadvantages many. Selecting 
purdy on a logical basis) nobody in his 
right mind would ev"e r choose tubes 
now. Dut, lhen again, tubes are fun .. 

The Line-Amp Topology 

J\'luch has been wTirten about the "best" 
tOpology for audiO lise, and I will not 
argue with the proposals made_ One dr-
cuit , the series-connected trjodes, has 
been used in lUany audio circuits since 
its resurrection in Japan. \Vith gocx:t lin-
earity and a reason ably low output 
impedance, it has since tCJWld a popular 
fQllowing in Glass Audio, under thc 
name of SRPP. I am using it mysclflin a 
number of designs, notably as the input 
stage in the 6C33C-B SE power amp. 

A higher·gain \o-ecsion of thiS, called the 
mu-amplifier, is also found in a number 
of c.le..o;ign ... o;. Again, J am using one of these 
3.';; the last stage of my phono preamp. 

In selecting a line-amp topology, I 
look for linearity, overload capability, 
and the possibility of operating it in baJ. 
anced mode. Naturally. it is an advan-
tage to operate it open·loop, with the 
possibility of applying feedback when 
needed. One circuit that satisfies all 
these requirements is the c.lifferential 
amplifier. Well-known to most of us 
from phase splittcrs, it. can produce the 
two hjgh-level, out -or-phase signals 
needed to drive push'pull output stages. 

Figw-e 1 shows the differential amp's 
ba .... ic oonfiguration, which is very simi-
Jar to orie using transistors.! St~n from 
input 1, tube 1 operates in normal rom-
mon-cathode mode, (.'xccpt that the cadl-
od~ is connected to that of the second 
stage, operating it ',"'ith cathode input. 
Seen from input 2, the same tlung hap
pens: tube 2 is in common-cathode 
mode, driving rube 1 in the. catho<k. 

Asswning the twO tubes are exactly 
equal, the sum of the t~\tO anode cur-
rents, which is equal to the current in 
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DIFFERENTIAL LINE 
AMP WITH TUBES 

PHOTO 1: The differentiallina amplifier. 

Rk, is constant. If the two input volt-
ages are either zero or equal and of the 
same pOlarity, the amplifkr r~main .... 
balanced; i.e. , the anode CUtTents and 
voltages both remain equal. 

Inverse Current Changes 

When you drive the grid of tube VlA 
positive ",irh respect to the grid of VIB 
(i.e., when you apply a (Uffert:ntial volt-
age) , the curren't through V-lA will 
in<..:rea.<.;e, with a corresponding decrease 

Ra Ra 

FIGURE 1: Differential amplifier. 

BY ERNO BORBELY 

of current in VIR. This occurs because 
of the constant currell( r.hrough Rk_ 
With IaJ incrf".asing and la2 decreasing, 
the circ.uit develops a voltage differen-
tial between the anodes, w ,ith the VIB 
anode being more positive than that of 
VIA. In other words, the:: differential 
input voltage:: will produce a differential 
uutput voltage. 

,\laturaJly, you can also use the cin:uit 
with a Single input .signal and take the 
output s~gnaI from one anode, instead of 

"1=='-+---+---+ 

AGURE 2: Example 01 different"l amplifier and 
characteristic. 
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FIGURE 3: Differential amp with cathode 
adjustment. 
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FIGURE 4: Differential amp with anode 
adjustment. 
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both .. A typical transfer characteristic 
for a differeotia1 amplifier' is shown in 
Fig. 2. The two anode voltages are not 
quite symmetrical, hut the level of 
matching between the tubes is not 
specified, so you don't know where the 
nonsymmetry is umting from. 

A 1so, for proper operation, the cur-
rent through Rk must really be con-
stant. Using a resistor with a very high 
negative voltage (i.c., several 100V) 
approaches this, because a small 'varia-
tion of the supply voltage will have lit-
tle effect on the current. A better 
approach is to use a constant-current 
generator, which has a very high out-
put impedance and sources a current 
independent of the voltage across it. 
You can make up constant-current 
sources using tubes or transistors, or 
you can use one of the sources of cur-
rent availahle on the market. I have 
chosen the Jast, because it gives me a 
simple solution, 

Rejecting Common-Mode Signols 

One feature of the differential amplifier 
is its ability to reject common-mode sig-
nals. If you increase the input voltages 
Simultaneously-that is, apply a. com-
mon-mode signal~the cathode currents 
remain equal. Because their sum must 
equal the constant current, 1

0
, no 

change in either cathode current 
occurs, Consequently, there is no 
change in the anode voltages, thus giv-
ing the differential amp its ahility to 
reject cotrunon-mode signals. In practi-
cal circuits, you can get approximately 
'iOdB when you measure the common-
mode signal singlc-endedly. 

Now, what happens if the two tubes 
are not identical in mu and r , and the 
current feeding the cathodes is not 
constant? The result is that the outpUt 
voltage will not be zero at zero input 
voltage. You can correct this by 
installing a trimpot in the cathode cir-
cuit (Fig. 3). This will decrease the 

gain somewhat, which is acceptable in 
most cases, 

It is also possible to make the anode 
resistors variahle, as indicated in Fig. 4. 
In either case, the adjustment will 
influence the rejection of common-
mode signals and hence the halanced 
output. I recommend using matched 
triodes for this operation if possible. If 
gain adjustment is required, you can 
accomplish it with the circuit in Fig. 5. 

The typical gain of one stage of a dif 
ferential amplifier is 20-25dB. If you 
need more gain, you can connect two 
differential amplifiers in cascade. By 
operating the first stage from a lower 
supply voltage and the second stage 
from a higher one, you can DC-couple 
the two stages. The second can easily 
drive normal push-pull output stages, 
with feedback connected to input 2 of 
the first stage. Several such circuits have 
previously appeared in Glass Audio. 

The EB-894/211 Amplifier 

The EH-H94/211 is a high-quality bal-
anced line amplifier and power-amp 
driver (Fig. 6), using one ECC83 tube 
as a differential amplifier and two 
ECC81 s as low-impedance output 
stages, It operates without feedback. 
Table 1 is the parts list, and Fig. 7 
shows the component layout. 

Tube VI, the ECC83, is operated as a 
normal differential amplifier. Each half 
is operated at lmA, which is defined 
hy the constant-current diode ])1, or 
D I/D2 in parallel. You can use a 2mA 
constant-current diode for .D1, or two 
ImA diodes for D1jD2. For proper 
biasing, D1 must be connected to a 
negative voltage, which can be derived 
from an independent 12. 6v winding. A 
simple bridge with a capacitor and a 
791.12 TO-92 regulator wiJI work fine. 
If you have problems providing a -12V 
regulated supply, you can use a 9V bat-
tery; the current consumption is only 
2mA, which allows several months of 

r-------r------r---t",---'OII---r--+260 TO 
f<<!1 1'2 IN;;r: co. +300V 

OU1"2 
(-) 

R14 

C7 

HEATER 
12.6"'-

~RC.:...::::+=I1~A..:n~...::L~~"" ...+-.- SGND 

L----~-~±-~-----_b-------~ __ PGND 

FIGURE 5: Differential amp with gain 12V 

adjustment AGURE 6: Balanced line amplifier. 
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operation (I have just changed the hat· 
(eries in mine, after operating it more 
than one year). 

I have provided both cathode and 
anode adjustment for the circuit. PI 

and P2 balance the DC conditions and 
the gain in the differential amplifier. 
Resistors R5 ;md R6 (plus the trimpot 
Pl) introduce local feedback, which 
reduces the gain. However, the feed-

r 

FIGURE 7: Component layout for balanced line amp, 2: f . 
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hack also improves linearit y and large· 
signal handliIlJ\. Used as a single-endcd 
line amp, the amp has a gai n of approx-
im ately 22 dH. Bal an ce d operation 
increa,o;;cs the gain by 6dB. 

TABLEf 

PARTS LIST 

RESISTORS 
At , Al0, RI3, R22, A25 
A2, A7, RB, R20 
R3, A4 
AS, A6 
A9, A2f 
Rlf , R24 
Af2, A23 
Rf4 
RfS,RI6 
A1 7 
A18 
R19 

1M 
l00A 
1201<, lAW, metal oxide 
2k21 
10k, lAW, metal oxide 
562A 
47RS 
f5Ok, I.4W, melal oxide 
470A, 1.1W, metal film 
l 00k,1 .4W,melaloxide 
1 ~ 2.3W, metal o,;de 
l00R,oroptionaifeed:acl< 

resistor 
Resistors are ROE MK-2 O.W, 1% metal jilm, unless oth
erwise noted. They can be replaced with O.SW. 1% tanta
lum resistors, and the 1.4W metal-oxide resistors can be 
replaced with 1W, 1% tantalum resistors. 
TRIMPOTS 
PI 

P2 

CAPACITORS 
Cl ,C9 

C3,Cll 
C4, C12 
C5 
C6 

C7 
C8 
C2,Cl0 
TlJBES 
VI 
V2, V3 
MISCELLANEOUS 
Dl ,02 

16 1 mm sdder pins 
PCB 
6 g·pin noval PCB sockel 

(caram." iJotd·p~led) 

lk, O.5W, Cermet, ROE 
r:;r- 9W 

101<, O.5W, Cennet, ROE 
r:;r.9W 

O.22~, 400V, WIMA 
MKP- l0 

O.Q1~F, 630V, Siemens PP 
l~tF, 250V, WIMA MKp·l0 
10~F, 4&JV, Rubycon 
22t\,lF, 25V, ROEIFROL YT 

EKR 
O.I~, 400V, WIMAMKp·l0 
Feedback cap .. opIional 
22OpF, 630V, Siemens PP 

ECC83, Tungsram 
ECC81, Siemens 

J505or E·l02, lmA current 
diode, or CR200, 2mA 
current clade 

EB·8941211 

TABLE 2 

TYPICAL SPECIACATIONS 

(Measurements were done with a <egUaled power supply 
01 260V.) 
Frequency response 
Gain 
THO at 1kHz 

Risebme 
Ouqlut impedance 
Recommended nin. load 

PCB 

10Hz-1 20kHz 
22dB 
3V: 
10V: 
2OV: 
2IJV: 
4OV: 
o-50V peak: 
appro'. IOiXl 

0.04% 
0.14% 
0.45% 
1.25% 
saturatiCfl 
<2f1S 

20k (~ load is <1 oo~ 
i:1crease Cl, C9loa 
mmu" 011 ~FI250V) 
8Oxl9Omn 



Tube Vl can aL~o operar.e at a lower 
curl'ent. If you use a lmA-current diode 
for D! , each half operates at O.5mA. 
Then you need to change I'csistors R3 
and R4 to establish the same DC condi-
tions as before. Total gain goes up to 
approximately 25d8 , but linearity 
improves as well , especially ai higher 
signal Jevels. 

If you use the driver with a si ngle 
input, you should connect the input 
signal to I NI'! and gl'Ound INP2. If the 
overall gain of the power amp is too 
high, you might want to use some of 

the excess for negative teedback. The 
f~cdbaek must be co'U1eeted to INPl. If 
you have a balanced input signal, con-
nect it to both inputs. 

Varying Tube Quality 

I have tried a number of ECC83s from 
different manufacturers, and they do 
not a.ll perform equally well. I d~vd· 
oped the drcuit around the 'J'ungsram 
ECC83 , but you cou ld u se others 
instt:"'J.d. 'rhe Telefunken and dle L1tron 
were particularly good. I recommend 
matching the twO triodes, but the circuit 

\\'ocks all right with unmatc.hed ones. 
The output impedance of th~ differ· 

enlial amp is ver y high (dose to the 
value of ~he anode resistors) , and you 
c.tn 't load it very much without loss of 
gain and increased distortion. I thcre~ 
fore configured V2 and V3 as White 
cathode followers (WCF),3 which offer 
unity gain, wide bandwidlh, and low 
outpnt impedann.·. They also have 
good linearity and add little of their 
mvn to the amp's total distortion. 

I have DC-coupled the WCFs to the 
differential amp and am operating 
them at approximately 2.9mA. V2 and 

--- ------ ------- ---- -----------, V3 should be FCC8!s or the equivalent. 
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Duc to the low output impedance and 
the drive capability of the WCFs, you 
can urive just about any power amp 
with the EB·894/ 211, induding semi· 
conductor power amps. 

Note that whenever I use a coupling 
<..:apadror, I do so "rith two · capacitors 
in paraliel. Although all my coupling 
capacitors are polypropylene , I use a 
smaller one in parallel with the larger. 
This appears to improve tl)e midrange 
and high-frequency sOlm<.l. 'Inc layout 
accommodates the usc of two eapaci-
tocs. Fed frec to experiment with dif· 
ferent ones to get the best sound from 
-your amplifier. 

The filaments of the tubes are heated 
by DC and biased off ground with the 
voltage di.vider Rl4-R17 to protect the 
tubes from breakdown and. to .. educe 
hum. If this is already done at the 11la-
ment regulators, then leave out the 
·components assodated with it. 

SpecifIcations 

I know it jsnot very popular to quote 
tube-gear specs, for the reason that 
"only the sound cuunts.'" Although I 
don't disagree with the "souJ)d" part , I 

Borbely Audio also offers a simplified 
version of this amp, the EB-11931201, with 
single-ended output. Both kits include 
drilled FR-4 circuit boards, all resistors, 
capacitors and mechanical components 
Ihat go on the board. A tantalum resistor 
upgrade kit is also available. Regulated fil
ament and anode supplies are also part of 
the offering. Mains transformers for 
115/230VI 50-60Hz are avai lable on 
request. 

Borbely Audio reserves the right to 
Improve or otherwise alter any specifica
tion supplied in this documentation or in 
any other supplied hereafter. 

The EB·8941211 and the EB·11931201 
designs are the property of Erno 
BorbelylBorbely Audio. Commercial use is 
not authorized without a license agreement 
with Emo BorbelylBorbely Audio. 



see no reason not to follow. perfectly 
normal engineering practices. In any 
case, I use measurement methods 
when developing the amplifiers, and I 
have thc data available in my note-
books, so I include it (Tuble 2). 

You can use higher supply voltage 
when you necd highcr output voltage, 
for example, when driving output 
stages. I have tried the circuit from 
360v, which further improves Hnearity 
and large-signal handling. Be careful 
'with the pcmrer dissipation, though, for 
the WCFs run quite hot. 

setup Procedure 

If possible, test each amplifier module 
separately before installing it in the box. 
This simplifies measurements, adjust-
ments, and, if neecssary, component 
changes. If you have access to a scope, 
connect it to the output of the module 
and check to see whether rJ.dio frequcn-
<..:y (RF) oscillations are prcsent. If you 
have complete audio instrumentation in 
your workshop, perform the usual gain, 
frequency-response, noise, total-harmon-
ic-distortion (l'Hl)), and intcnnodulation-
distortion (IM) measurements. Inputs 
should be shorted to ground under DC 
measurements and adju~tmento;;_ 

Short the input to ground, and short 
the signal ground to power groun(t at 
the output. Connect a +260V regulated 
anode supply and a I2.6v DC-filament 
supply to the hoard_ Check the anode 
voltages on tube VI; pin 1 and pin 6 
should be approximately + I25V. Anode 
1 of tubes V2A and V3A is ahout 
+225V; the cathode of V2B and V3B, 
pin 8, is at + 1.65V. The DC voltage at 
the output (pins 3 and 6 of V2/V3) is 
around + I38V 

Thc DC adjustment of the circuit is 
simple. Connect a high-impedance DC 
voltmeter alternately to the two anodes 
and adjust PI until the anode voltages 
of V1 are equal. Remove the short from 
the input of the module and connect 
an audio oscillator to the input. 

If you have a duaJ~channel oscillo-
scope, connect the two inputs to the 
two outputs, OUfI and OL'T2. Connect 
the scope to "ADD" and ohserve the 
added signals, which indicatc the differ· 
encc between the two outputs. Adjust 
P2 until the added signal is a flat line, or 
as close to it as you can get. This indi-
cates that thc two outputs have the 
same amplitude, i.e., the gain is the 
same. (Incidentally, this will also indi-
<..:ate distortion at higher levels by show-
ing "bumps" on the flat line.) 

If you have no dual-channel scope, 

you can do this adjustment with an 
audio millivoltmeter_ Connect the 
meter alternately to OUTl and OUT2, 
and adjust P2 until the two outputs 
have the same amplitude. You should 
repeat this adjustment when you install 
the board in thc power amplifier so as 
to compensate for the slight difference 
in the two halves of the output stage. 

Connect a distortion analyzer to th~ 
outputs one at a time, and check the 
distortion at different output levels. If 
you have good balance between the 
two triodes of the ECCR3. the distor-

tion will be low. You might want to 
expcriment "'ith different tubes to get 
the best distortion figures and best 
sound from the circuit. .:. 

REFERENCES 
1. Emo Borbely, "New Devices for Audio from National 
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In this issue, we are pleased to 
present yet another design by 
Erno Borbely. This one is a 

hybrid tube/MOSFET 
a ~!!!!~ line amp that demon-

;; .... strates operation at low-

1
;;;;CXl voltage values ("Low-~ Voltage Tube/MOSFET 

~ Line Amp,» p. 1). 
a No doubt you've run 
!;;: across a variety of tube 
;:: testers in your travels and 

topage6 o 
----------------~ 

Most of today's tube circuits are using a relatively high 
voltage for the anode circuits. The lowest I have seen 
was the phono section of probably one of the most 

famous preamps of the tube era: it was using a pentode with 
about 25V anode voltage. Seeing this reminded me that you can 
also operate high-voltage tubes from lower voltages. 

Low-Voltage Tubes 
Of course, there are tubes that were specifically designed to oper-
ate from low voltages. Car-radio tubes are in this category. If you 
look at your tube catalogs from the late '50s and early '60s, you 
will find a number of tubes whose maximum anode voltage is 
specified at 30V. 

One of these is the ECC86/6GM8. It is a double triode, with sep-
arate cathodes, intended for cascode RF operation. Specs are 
given at 6.3V, 12.6V, and 25V anode voltage. Typical specs at 6.3V 
anode voltage are: 

Continued on page 8 



r------.... -----1--........ + Vee: +24V REG. 

;tC3 +INP.-W. ..... -..--t 

Rl5 
47 

Rll - INP ...... W\o--..-... 
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R1 

R2 

~--~---+~~~.OUTPUT 

Rl5 

-INP. 
C5 

SGND. 

C2 
22pF 

SGND ...... ~ ......... ----t------1~---+-...... "-PGND. FIGURE 3: Balanced-to-single converter. 

DlA 

L-----+---... - .... _-Vcc: -24V REG. 

.... 
l:A)fODE 

2:CATHODE 

IJal2i'1 CR200 

BOTl'OM VIEW 

FIGURE 1: The input stage of the EB-797/203 is a differential amplifier with the ECC86. 

frompagel 

S (sensitivity) = 2.6mA/V 
J.l= 14 

These are indeed very low values, but 
S goes up to about 7.SmA/V at 25V 
anode voltage, which is reasonable. 
Obviously, if you want to use it for 
audio, you should do so at as high an 
anode voltage as possible. By the way, 
the maximum dissipation per system is 
0.6W, so you can drive these tubes at a 
fairly high anode current. 

Hybrid Operation 

I have tried the Ecc86 alone, both as a 
normal common-cathode amplifier and 
as a differential amplifier, with disap-
pointing results. As expected, you can't 
really get much of a useful swing out of 
it compared to normal, high-voltage 
operation. However, because of the low 
anode voltage, it is easy to use the 
ECcs6 in hybrid amplifiers with semi-
conductors. 

MOSFETs, due to their tube-like char-
acteristics, are particularly well suited to 
operate together with tubes. Other 
semiconductors, like constant-current 
diodes, help overcome some of the limi-
tations of tubes and also help interface 
to other devices. 

The EB-797/203 Hybrid Amplifier 

The EB-797/203 is a DC-coupled hybrid 
tubejMOSFET amplifier. It uses a ±24V 
anode supply and 6.3V for heating. Its 
input stage is a differential amplifier 
with the ECC86 (Fig. I), each half of the 
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stage operating at approximately 2mA. A 
constant-current diode (DI) supplies the 
cathode current. Dl is made up of two 
CR200 2mA or two }50S 2.4mA diodes 
in parallel. You can also use one }511 
diode, which delivers 4.7mA. 

The two anodes, which produce two 
out-of-phase signals, are converted to a 
single-ended signal, using a so-called 
current mirror, composed of Ql, D2, 
and resistors R3 and R4. Q2, a P-chan-
nel MOSFET of type 2S}79, is used in 
common-source mode as a Class-A sin-
gle-ended second stage. Its drain resis-

R1 

C2 22pF 

R15 
47 
C5 

-!-330PF 

FIGURE 2: Unity-gain, noninverting buffer. 

The EB-797/203 amplifier design is the intel
lectual property of Erno Borbelyl Borbely 
Audio. Commercial use is not authorized 
without a license agreement with Erno 
Borbely/Borbely Audio. Borbely AudiO 
reserves the right to improve or otherwise 
alter any specification supplied in this docu
ment or any documentation supplied here
after. 

tor has been replaced with a second 
constant-current source supplying 
10mA. This is done to increase its gain 
and improve its linearity. This current 
source is made up of Q3, an N-channel 
MOSFET of type 2SK216, and its associ-
ated components. 

The open-loop gain (OLG) of the 
amplifier is relatively high compared to 
tube amplifiers, but low compared to 
semiconductor amps. 

Open-loop gain: 53dB 
Open-loop (OL) frequency response 

without RI5-C5: 90kHz 
OL frequency response with C5 = 100pF: 

55kHz 
OL frequency response with C5 = 330pF: 

35kHz 
OL THD: 1kHz, IV: 0.15% 

3V: 0.35% 
1OV: 1.2% 

A Unear Amplifier 

As the measurements show, the amplifi-
er is very linear, but more importantly, 
the THD is practically all second har-
monie. However, due to the relatively 
high OLG, you can't use it without feed-
back. You apply feedback through resis-
tors R8 and R9, and you can set the cus-
tomary 20dB line-amp gain with RS = 
10k and R9 = 1.1k. C2 applies phase 
compensation, adjusted for best square-
wave response. Table 1 shows the 
closed-loop gain. 

Naturally, you can also use the ampli-
fier with other gain settings. If you need 
less than 20dB gain for your CD player, 
then all you need do is increase R9. 
Making R9 = 10k will give you just 6dB 
gain. The amplifier is not unity-gain sta-
ble without the R15-C5 network at the 
output. R15-C5 rolls off the open-loop 
response of the amplifier, allowing it to 
work with low gain-setting, so if you 
want to use the amp with 6dB gain or 
less, you need to install RI5-C5. C5 is 
l00pF for 6dB gain, and 330pF for unity 



gain. Figure 2 shows the amplifier 
as a unity-gain buffer. 

The amplifier can also work as a 
balanced-to-single converter (Fig. 
3). Resistors Rl, R2, RS, and R9 are 
all 10k, and capacitor C2 is 22pF. 
Common-mode rejection is about 
SOdB without matching the two 
sides of the ECCS6 and without 
trimming the resistors. Single- INP. 

ended gain, with R9 grounded, is 
unity, while the gain in balanced- C2 22pF 

R15 
47 

to-single configuration is 6dB. If FIGURE 4: Unity-gain, inverting amplifier/mixer. 
you need a higher input imped-
ance for interfacing to tube cir-
cuits, for example, you can increase the 
value of the resistors to about lOOk. 

Since the amplifier behaves like an 
operational amplifier, you can also use it 
with its negative input as an inverter. 
Figure 4 shows the amplifier connected 
as a unity-gain inverter/mixer. More 
importantly, because the negative input 
is a so-called summing point, with very 
low impedance, you can also use the 
amp as a current-to-voltage (I/V) con-
verter (Fig. 5). You can replace the 
SS34-based I/V converter in your CD-
player with this amp, and enjoy an 
entirely new sound. 

TABLE 1 

CLOSED-LOOP PERFORMANCE 

Closed-Loop Gain (CLG): 20dB 
Closed-Loop (CL) frequency response: -1 dB at 700kHz 
CL THO: 1kHz, 0.65V; 0.005% 

2V: 0.009% 
3V: 0.013% 
5V: 0.021% 

10V: 0.045% 
15V: 0.2% (limiting) 

Rise time: 0.51!s @ +1 OV peak 
Equivalent input noise: approximately 1.21!V 
Output impedance: 50n 
Minimum load for 10V output: 10k 
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Other Tubes? 

It is a misconception that normal tubes 
can work only with high anode voltage. 
Insert a 6DJ8/ECC88 instead of the 
ECC86/6GM8 and observe its operation. 
It works very well indeed; in fact, the 
open-loop gain goes up by about 6dB! 
However, it works even better if you 
increase the anode voltage to, say, 
30-40V, but you need to watch the 
power dissipation in the MOSFETs with 
higher voltages. Small heatsinks on the 
MOSFETs are advisable with increased 
supply voltage. 

Setup Procedure 
If possible, test each amplifier module 
separately before installing it in the 
box. This simplifies measurements, 
adjustments, and-if necessary-compo-
nent changes. If you have access to an 
oscilloscope, connect it to the output of 
the amplifier and check to see whether 

TABLE 2 

PARTS LIST 

(All resistors are 0.5W/1 % metallilm, ROE MK-2, or the 
equivalent.) 

Resistors 
R1, R5-7, R13 100 
R2 100k 
R3,R4 499 
R8,R12 10k 
R9 Uk 
R10 200 
R11 47.5 
R14 165 
R15 see text 

Trimpot 
P1 100 multitum cennet 

Capacitors 
C1 1OOpF/630V PP 

radio frequency (RF) oscillations are 
present. If you have a complete audio 
instrumentation setup in your work-

R15 
47 

shop, perform the usual gain, fre
quency-response, noise, total-har-
monic-distortion (fHD), and inter-
modulation measurements (1M). 
You should short inputs to ground 
under DC measurements or 
adjustments. 

C2 22pF/630V PP, PS 
C3,C4 220!!F/63V ROEIFrolyt EKR 
C5 see text 

Tube 
V1 ECC86I6GM8 

Semiconductors 
01 2SA872 
02 2SJ79 
03 2SK216 
01 2 x J508 (in parallel) 
02 1N4148 
03 LM336Z-2.5 

Miscellaneous 
12 x 1mm solder pins 
PCB: EB-797/203 (70 x 8Omm) 

drop. It should be a minimum of 1.6V, 
indicating a current of approximately 
10mA in the second stage. 

If the current is less than 10mA, 
decrease the value of R14, or shunt Rl4 
with a resistor of larger value. If it is sig-
nificantly larger than 10mA, then 
increase the value of R14. To double 
check, measure the voltage across RIO 
(200Q); it should be 2V, + 1 0%, -0%. 

I (Current) 
From DAC C5 

a..-_~M-t----" ~330PF 

Connect a t24V regulated 
anode/drain supply and 6.3V 
heater supply to the amplifier 
module. Connect a DC millivolt-

Remove the short circuit from the 
input and connect an audio oscillator to 
it. Adjust the level to O,5V RMS at 1kHz. 
Connect an audio voltmeter or a distor-
tion analyzer to the output and measure 
the output voltage. It should be 5V. 
Check the distortion, which should be 
less than 0.05%. .:. FIGURE 5: IN converter. 

o 

SGND. 

o 

6.3VDC 

C2 
22pF 

FIGURE 6: Hybrid line amplifier copper side (100%). 

meter to the output and adjust 
the output offset to zero with Pl. 
Connect the DC voltmeter across 
Rl4 and measure the voltage 

6.3V DC 
• 1 1 1·· 

o -.:1'1 C"l 

tVee .® f-R7-T~J 
C·3+ I!I Q2 1 [;)Ql 

• J t;J 
...... ·C2· 

oyTy f -RB-
SGND 
PGND • 

l() 
u 

1 
"'R15-e 

J EQ3 ! 
~ P:: 
~ 1 

• 

• 

® 1 [DD3. 
J I J~. 

· 1 J 
G 111~ 

PI UN J. +INP 

! P::l 

o 

CIl I. 

~ ~ 1 p:: •• 
1 

-Vee • • SGND 99 
• EB-797/203 OlA OlB • 

FIGURE 7: Component side for low-voltage tube/MOSFET line amp 
(100%). 
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I
n Parts 1 and 2 of my JFET articles
in Audio Electronics1,2, I described
the three basic circuits: common-
source, common drain, and the dif-

ferential amplifiers. Using these cir-
cuits you can build up all low-level cir-
cuitry in phono preamps, line amps,
crossovers, mike preamps, mixers, and
so on. In fact, quite a few readers or-
dered small quantities of the JFETs for
experiments. I had the impression that
most of them wanted to make some
simple crossover circuits, but a couple
also experimented with mike preamps. 

Figure 1 shows the common-source
amplifier from Fig. 7A in Part 1, with
minor modifications. Because I intend
to use 24V supplies in this series, I have
redrawn the amp with this in mind. In
order to have maximum voltage swing
at the output, I changed the drain resis-
tor to 5k62. The source resistor has
been increased to 100R, to produce
2mA drain current with the particular
JFET used (IDSS: 7–8mA). The drain is
sitting at approximately 12V DC. 

This simple amp has a gain of 33
times; i.e., 30dB. The frequency re-
sponse is 300kHz! The distortion is
dominated by second harmonics,
which is to be expected from a square-
law device. At 1V RMS I measured 0.4%
and at 3V RMS it increased to just over
1%. The linearity can be improved by in-
creasing the supply voltage, as we have
seen in Part 11.

This very simple amp would probably
make many SE fans happy. Unfortunate-
ly, the circuit is not complete, in that the
output is at a DC voltage of 12V, and re-
quires a capacitor to isolate it from the
next amp in the chain. However, capaci-
tor coupling—whether in tube or in FET

amps—always invites lots of discussion
on the quality of the caps used (especial-
ly from those arm-chair amateurs who
never build anything), so I always try to
avoid them if possible!

Thanks to the availability of comple-
mentary devices in semiconductors
(npn and pnp bipolars, and n-channel
and p-channel FETs), it is easy to de-
sign DC-coupled circuits that do not
use caps in the signal path. This article,
therefore, focuses on DC-coupled amps.

THE TWO-STAGE SE AMP
Figure 2 shows a two-stage JFET amp,
in which the second stage, also a com-

mon-source amplifier, level-shifts the
DC of the first stage to 0V. The drain
voltage of JFET 1 is no longer required
to sit at half of the supply voltage, be-
cause it is not responsible for the out-
put voltage swing. The voltage drop
across the drain resistor should, in fact,
be as small as possible, to allow the sec-
ond stage to work at maximum
drain/source voltage. 

I usually work with about 3V, which
is a compromise between enough volt-
age to turn on the second-stage JFET,
and enough to produce a reasonable
gain. I selected 10mA drain current in
the second stage. A small trimpot is in-
serted in the source circuit of the sec-
ond stage, which allows trimming the
output to 0V. The second-stage JFET
must be selected for IDSS>10mA, to
avoid operating it with positive bias.

The open-loop gain (the feedback re-

This audio expert from Germany shares with us his latest design—this

one an all-FET line amp. By Erno Borbely

The All-FET Line Amp
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PHOTO 1: The EB-1198/116 all-FET
line amplifier with FR-4 PCB and
Caddock/Tantalum resistors. 



sistor RF is open) is about 36dB and the
frequency response is 150kHz. The rea-
son for the relatively small increase of
open-loop gain compared to the single-
stage one is that we have reduced the
gain in the first stage by using a small-
er drain resistor, and the second stage
also operates with a small(ish) gain be-
cause of the small drain resistor and
the local feedback in the source. THD
has been reduced a bit for the same out-
put level, because of the higher avail-
able voltage swing in the second stage:
1V = 0.3%, 3V = 0.93%. Maximum output
voltage before clipping is >10V RMS. 

I have indicated a feedback resistor
RF from output to the source of the first
stage. However, applying a useful feed-
back is not easy, since the source resis-
tor, setting the operating point in the
first stage, is fixed at 100R. If you want
to have, say, a closed-loop gain of 10×,
you would need an RF = 1k, which
would load the second stage too much.
Also, the open-loop gain of the amp is
too low to have a useful amount of gain
applied for feedback. 

OPEN-LOOP GAIN
You can increase the open-loop gain,
and thereby the available gain for feed-
back, by increasing the gain in the sec-
ond stage. The easiest way to do this is
to replace the 2k43 resistor (which sup-
plies 10mA) with a 10mA constant-cur-
rent source, such as the E-103 (Fig. 3).
The E-103 has a dynamic impedance of
>100k and increases the open-loop gain
by 20dB when the amp is loaded with a
10k resistor. Measurements show that
this in itself does not improve the linear-

ity of the stage, but now you have more
gain that you can apply as feedback. 

To address the load capability of the
second stage, I have added a source fol-
lower to the amp (Fig. 4), described in
Part 22 (Fig. 16B). The source follower
adds a number of advantages to the
amp: it isolates the feedback resistor
from the high output impedance of the
second stage, thereby further increas-
ing the open-loop gain, and it provides
a low output impedance to drive the
feedback resistor and outside load.
Closed-loop gain with RF = 1k is 20.9dB.
The closed-loop frequency response is
more than 1MHz! Table 1 shows the
THD measured on this amp. Overall a
simple, but very good, SE line amp!

THE COMPLEMENTARY GAME
Although this SE amp functions well, I
have two issues with it. The first is its
DC stability. As described in Part 11, the
transconductance curve of JFETs is
temperature-dependent, and unless you
operate it at zero tempco, you will have
a temperature drift. Of course, a few mV
of drift is acceptable in most audio ap-
plications; however, here we will try to
minimize this as much as possible. Nat-
urally, the open-loop linearity can also
be improved. Enter the fully comple-
mentary circuitry. 

Consider the circuit in Fig. 3 as half
of such a complementary circuit. Imag-
ine folding down this circuit along the
horizontal ground line, naturally re-
placing the n-channel with p and vice
versa. Figure 5 shows this basic 4-JFET
configuration. The trimpot is used to
adjust the output offset to 0V. 

I have kept the same currents in both
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TABLE 1
THD MEASUREMENTS FOR 

AMPLIFIER SHOWN IN FIG. 4

OUTPUT V RMS RF = 1k (GAIN: 20.9dB)

1kHz THD 10kHzTHD
1V 0.0015 0.0035
3V 0.0024 0.0075
5V 0.005 0.0145
6.5V 0.0075 0.02
8V 0.012 0.027
10V 0.029 0.044

FIGURE 1: The common-source amplifier. FIGURE 2: A level shifter converts it
to a DC-coupled amplifier.

FIGURE 3: The constant-current source increases
the open-loop gain.

FIGURE 4: The source follower adds drive capability.

A-2094-1 A-2094-2

A-2094-3 A-2094-4



input stage and second stage at 2mA
and 10mA as before. Since the second
stage consists of two JFETs connected
together at their drains, they act as con-
stant-current sources to each other. The
amp therefore becomes a transconduc-
tance amplifier, converting input volt-
age to output current. The conversion
back to voltage happens when you con-
nect a resistor from the output to
ground as a load resistor, or back to the
negative input as a feedback resistor. 

Here a feedback resistor is shown,
representing the load at the output. The
open-loop voltage gain is therefore very
much dependent on this load resistor. I
am usually using RF1 = 2k21 feedback
resistor; open-loop gain is equal to
42dB with this load. The open-loop fre-
quency response is about 150kHz, same
as the SE circuit. 

Open-loop distortion is almost an
order of magnitude less than for the SE
circuit, indicating that the complemen-
tary circuit, depending on the matching
of the JFETs used, is cancelling some of
the second harmonic distortion. DC sta-
bility has also improved significantly
due to the use of complementary de-
vices cancelling the drift.

There are many more possibilities in
terms of applying feedback than with
the SE circuit, and you can produce a
number of useful circuits. If you select
RF1 = 2k21 and RF2 = 221R, you will
have a line amp with 20.9dB gain. You
can also make RF2 = 2k21 for a 6dB

amp, which is very useful as a buffer be-
tween your CD player and your power
amp, when you need a volume control
in-between. If you remove RF2 com-
pletely, you will have a unity gain
buffer. Table 2 shows the THD for this
buffer with different gain settings.

REDUCING THE INPUT CAPACITANCE
BY CASCODING
The input capacitance of the basic 4-
JFET circuit in Fig. 5 is about 28pF.

This is normally no problem when the
source impedance is lower than 10k.
However, the input capacitance of the
JFETs is voltage dependent, and when
driven from high impedance it might
cause distortion.

You might recall that we solved this
problem in Part 1 by cascoding the
input JFET with another one (Fig. 9A/B
in Part 1). This circuit is shown in Fig.
6. The cascoding reduces the input ca-
pacitance to less than 2pF, and there is
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TABLE 2
THD MEASUREMENTS FOR THE 4-JFET AMP SHOWN IN FIG. 5

OUTPUT OPEN-LOOP 10×× GAIN 2×× GAIN UNITY GAIN*

THD (20dB) (6dB)

1kHz 10kHz 1kHz 10kHz 1kHz 10kHz 1kHz 10kHz
1V 0.032 0.033 0.0025 0.0047 0.0012 0.003 0.0011 0.0022
3V 0.095 0.097 0.0055 0.015 0.0016 0.0058 0.0016 0.003
5V 0.165 0.17 0.0095 0.021 0.0032 0.012 0.0032 0.0068
6.5V 0.22 0.23 0.013 0.03 0.0048 0.016 0.0047 0.012
8V 0.28 0.3 0.018 0.04 0.007 0.022
10V 0.37 0.4 0.028 0.06 0.0115 0.033
*Measurements limited by HP 339A output voltage.

TABLE 3
THD MEASUREMENTS FOR THE “SUPER BUFFER” SHOWN IN FIG. 8

OUTPUT OPEN-LOOP 10×× GAIN 2×× GAIN UNITY GAIN*

(20dB) (6dB)

1kHz 10kHz 1kHz 10kHz 1kHz 10kHz 1kHz 10kHz
1V Noise Noise 0.0015 0.0025 0.0012 0.0021 0.0012 0.0021
3V 0.025 0.05 0.0011 0.0015 0.0011 0.0015 0.0011 0.0015
5V 0.035 0.084 0.0011 0.0024 0.0011 0.0022 0.0011 0.0022
6.5V 0.05 0.11 0.0011 0.0026 0.0011 0.0022 0.0011 0.0022
8V 0.07 0.15 0.0011 0.0034 0.0011 0.0028
10V** 0.12 0.4 0.0012 0.007 0.0012 0.0047
*Measurements limited by HP 339A output voltage.
**The amp starts clipping at 10V RMS.

FIGURE 5: The basic 4-JFET complementary amp. FIGURE 6: Cascoding the input
reduces the input capacitance.
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no sign of any distortion with high
source impedances. 

Cascoding the second stage as well
(Fig. 7) can make further improvements.
This helps reduce the internal capaci-
tances and capacitance modulation.
However, all these circuits have a high
output impedance and because the
open-loop gain is limited, even the feed-
back cannot reduce it to very low levels. 

Of course, this is not an important
factor in normal line amp applications;
however, when used as a unity gain
buffer in filter applications, it is essen-
tial. I have therefore added a comple-
mentary source follower to the output.
Figure 8 shows the final all-JFET
“Super Buffer.” 

Since there is no load on the second
stage, the open-loop gain is very high.
In fact, it is too high for my liking, and I
usually reduce it with a resistive load
on the second stage. With 50k the open-
loop gain is 67dB. Open-loop frequency
response is close to 20kHz. 

The THD for four different gain set-
tings is shown in Table 3. Note the very
low open-loop distortion indicating very
good linearity. Due to the voltage drop
across the bias circuit in the second-
stage cascode, the amp starts to clip just
around 10V RMS. This is responsible for
the slightly increasing THD levels at
10V. A higher supply voltage would
allow more output without clipping. 

The amp needs a series resistor at
the output (47Ω) for stability. The actual
output impedance of the amp is about

2Ω, and with the series resistor it’s 50Ω.
The amp can drive loads down to 1kΩ,
with no increase in THD. The frequency
response with 10× gain is more than
1MHz! In unity gain it has a rise time of
<100ns, indicating a frequency re-
sponse well into the MHz region. 

The circuit also shows very good
noise performance. Measured in the 10×
gain position with 2k21/221R feedback
resistors, the input noise is <0.4µV over
the audio bandwidth. You can further re-
duce the input noise by paralleling sev-
eral input stages. See the input stage of
the all-FET phono preamp on my home-
page (www.borbelyaudio.com). 

THE ALL-FET LINE AMP 
(EB-1198/116)
I have used the amp shown in Fig. 8 in
many line amp and filter applications
with very good results. It’s simple, inex-
pensive, and has an extremely high res-
olution. However, for a commercial
product I wanted even higher drive ca-
pability. 

My goal was to be able to drive loads
down to about 100Ω in pure Class-A,
also allowing it to be used as a head-
phone amp. To be able to drive 100Ω in
Class-A with up to 10V RMS, you need to
have a bias current of 70mA. There are
no JFETs that can withstand this power
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FIGURE 7: Cascoding the second stage improves the
high-frequency linearity.

FIGURE 8: The “Super Buffer.”

FIGURE 9: The EB-1198/116 all-FET line amp.
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dissipation, and I used MOSFETs as out-
put devices. The schematic of the all-
FET line amp is shown in Fig. 9.

The input JFET-cascode, consisting
of Q1-Q2-Q3 and Q4, is operated at
2mA, and Q1 and Q2 must be matched
to ±10% of IDSS. Q1 and Q2 are selected
from the “BL” group, and, depending
on IDSS, they are adjusted for ID = 2mA
by R5 and R6. (For selection of JFETs
see the test jig described in Part 1.) Q3
and Q4 must have a gate-source volt-
age of minimum 2V at this current, to
provide proper drain-source voltage to
Q1–Q2. 

The second stage, consisting of
JFETs Q6–Q9 and MOSFETs Q7–Q8,
operates at just below 10mA. Select Q6
and Q9, which must be matched to
each other, for IDSS>10mA. It is easiest
to select these from the “V” group, be-
cause the minimum IDSS for this group
is 10mA (IDSS: 10–20mA). I am using
MOSFETs as cascode devices because I
wanted to try the circuit with higher
supply voltages than the JFETs would
allow. The output devices, Q10–Q11 (Hi-
tachi TO-220 MOSFETs), are operating
at approximately 70mA; proper
heatsinking is therefore mandatory. 

Although the DC stability of the amp
is very good, I added a servo to ensure
very low offset voltage, independent of
the ambient temperature. Q5 is a JFET-
input servo amplifier, providing track-
ing of the output offset to less than a
couple of mV. The RC networks of R10-
C6 and R11-C7 filter out all AC signals
over 1Hz. The servo is therefore only
operational under 1Hz, and should not
affect the sound of the amplifier. Never-
theless, if you believe that it does, don’t
hesitate to try different op amps for
this. D1 and D2 are IC shunt regulators,
supplying Q5 with ±10V.

For an all-out line amp, the best resis-
tors are the Vishay S102s and the Cad-
dock MK132s. Personally, I prefer the
Caddocks, which seem to be more neu-
tral than the Vishays. However, you
don’t need to use all-Vishays or all-Cad-
docks to get super sound; only the
input and feedback resistors (R1, R2,
R3, R4, R7, and R8) should be from
these. The rest could be Tantalum (I
have found these give the best combi-
nation with the Caddocks), but DALE
RN60s are also good (but only the ones

using non-magnetic construction). The
frequency compensating capacitors are
polystyrene or Mica caps, the electrolyt-
ics C10 and C11 are ELNA CERAFINE,
and the rest of the caps are WIMA and
Roederstein. 

The open-loop gain of the amplifier is
kept at a relatively low 66dB by the two
resistors R21–R22. Open-loop frequen-
cy response is 20kHz (−3dB)! Open-loop
THD is very low: 0.055% at 1kHz, 3V
RMS and 0.095% at 10kHz, 3V RMS.
This is reduced to below the measure-
ment limit of the HP 339A distortion an-
alyzer when feedback is applied with re-
sistors R8–R3. 

Normally, R8 is 2k and R3 is 221Ω.
This gives a closed-loop gain of 20dB.
Changing the ratio of R8–R3 can re-
duce the closed-loop gain. The rise time
of the amplifier is less than 200ns for
an output of +10V. Closed-loop frequen-
cy response is over 1MHz! Output im-
pedance is less than 10Ω at the “direct”
output and is approximately equal to
R18 at the “normal” output.

The all-FET line amp also has low-
noise, wideband regulators on the PCB
(schematic not shown here). These are
using low-noise JFET-input op amp and
MOSFET outputs. The power-supply re-
quirement is ±29V unregulated voltage
at 100mA per channel. A high-quality
power supply with fast/soft recovery
diodes and high-quality 10,000–
22,000µF electrolytics is recommended.
Two of the line amps can also be con-
nected for balanced operation. 

TESTIMONIALS
Finally, here are a couple examples of
authentic customer feedback from the
US and Canada:

“After living with the line amp for quite
a few weeks now, I would say the fol-
lowing is what I hear:
• incredible resolution in loud, congest-

ed orchestral passages; e.g., locating
triangles on top of full orchestra

• amazing sense of “air,” space, width,
depth; i.e., imaging is holographic

• startling resolution in what I call
“leading edge transients” on, for ex-
ample, brass, drums, and so forth.
I could go on and on, but, you’ll think

I’m hyperbolizing! I can’t imagine im-
proving on your design.”

“It (the all-FET line amp) has extraordi-
nary detail, very accurate harmonic
structure, powerful macro and micro
dynamics, and an extremely low noise
floor allowing effortless transient at-
tack, and vocal intonation and ambient
decay to be vividly portrayed....” ❖
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PARTS LIST FOR EB-1198/116
R1 100R Caddock MK132
R2 100k Caddock MK132
R3 221R Caddock MK132
R4, R7 1k5
R5, R6 Adj. for 2mA drain current
R8, R23 2k21 Caddock MK132 
R9, R21,R22 100k
R10, R11 1M
R12, R14 330R
R13, R15, R17 100R
R16 33k
R18 47R
R19, R20 1k ROE WK2 1.1W
P1 200R COPAL RJ5W
P2 500R COPAL RJ5W
C, C5 10pF/500V PS, MICA
C1, C2 0.1µF/100V ROE MKT-1826
C3, C4 100µF/25V ROE EKO
C6, C7 0.22µF/160V WIMA MKP4
C8 150pF/500V PS, MICA
C9, C13, C14, 0.1µF/100V ROE MKT 1826
C15, C16
C10, C11 47µF/35V ELNA CERAFINE
C12 560pF/500V PS, MICA
Q1 K170BL Matched to Q2
Q2 J74BL Matched to Q1
Q3 K246BL
Q4 J103BL
Q5 AD820AN Analog Devices
Q6 J74V Matched to Q9
Q7 J148
Q8 K982
Q9 K170V Matched to Q6
Q10 K216
Q11 J79
D1, D2 LM4040DIZ
D3, D4 LM336Z-5.0
MISCELLANEOUS
PCB: EB-1198/116/BUFFER45
Heatsinks Fischer SK75 37.5mm

Note: Resistors are Tantalum or Vishay-Dale, unless
otherwise noted.

The EB-1198/116 kit, including power supply, volume
control, connectors, and case is available from: 
Borbely Audio
Angerstr. 9
86836 Obermeitingen, Germany
+49/8232/903616
Fax: +49/8232/903618
Web: www.borbelyaudio.com
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Over the years (well, by now, 
over the decades), I’ve accu-
mulated many recorded for-
mats and an equal number of 

playback devices.  These days everything 
ends up on CDR, and I have an excellent 
burner, the HHb 850. As a result, I’m 
something of a magnet for anyone with 
an older format recording wanting to get 
his/her musical history onto the current 
CD format. 

This all came into solid focus during a 
CD production of the Smoke Blues Band, 
a local group from the 70s. This nostalgia 
project required collecting material from 
cassette, 2-track master reel-to-reel, stan-
dard 4-track reel-to-reel, and even an old 
reel from a 1&7/8 machine. I spent a lot 
of time swapping cables back and forth 
in a system that did not have a sufficient 
preamp to accommodate all the devices.

In search of the  
holy preamp graIl
Most studios solve this cable swap prob-
lem with a patch panel. However, I had 
acquired an old Macintosh 2205 ampli-
fier that played great (love those output 
transformers!). So I needed some sort 
of buffer for the digital devices playing 
through the amp as well as a way to 
connect a lot of playback and recording 
machines together.

I first examined several op-amp de-
signs for a preamp. There were good 
ideas there, but an audioXpress article 
(5/02) by Erno Borbely caught my eye. 
As he described his development of an 

all-FET line amp, he mentioned an in-
termediate step that produced what he 
called a “Super Buffer.” The topology 
looked straightforward, reasonably sim-
ple, and compact, and he offered a kit 
of parts (EB-602/403) on his Web page 
(www.borbely.com). So I ordered the kit 
and received it within a week, shipped 
from Germany.

spare parts, surplus fInds, 
and projects never completed
Now that I had decided on the active 
part of the preamp, I needed switches 
pots, power supplies, cabling, and a 
few whiz-bang features. I acquired a 
couple of 8-position, two-pole Gray-
hill switches from a local surplus store 
that also provided 4-pair phono panels 

This preamp project gives you many options for recording various formats.

Borbely-Clow Super Buffer
so l i d  s t at e By Sherm Clow

PHOTO 1: Front view of the Borbely-Clow Superbuffer 2003.

FIGURE 1: Block diagram (one channel shown).

ABOUT THE Author
Sherm Clow is a Senior Telecommunications 
Analyst and a subscriber to Audio Amateur 
publications all the way back to (just about) 
the beginning. He is currently engaged in a 
desperate attempt to record every note of 
the vibrant underground jazz scene in Salt 
Lake City.
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originally designed for circuit board 
mount but also with screw connections 
for panel mount. 

I already possessed an Alps volume 
control that I had ordered long ago 
from Old Colony. A bunch of raw 
Mogami audio cable was available 
for signal connections. I examined a 
power supply, also purchased years ago 
from Old Colony, designed by Gary 
Galo and Walt Jung in Audio Amateur 
(4/90). The only component I needed 
to purchase was a rack-mount chassis, 
which I obtained from Sescom.

For a whiz-bang feature, I decided 
to adapt a Velleman LED VU meter 
kit to the preamp. My HHb 850 has 
LED meters active during playback. 
I’ve noticed that most modern CDs 
have very little dynamic range; some 
rock CDs show as little as 3dB for 
most of the songs! No wonder people 
complain about CD sound. 

Once in the digital domain, engi-
neers can do anything to the music, 
and I’m actually amazed that some of 
these super-compressed productions 
sound as well as they do. Anyway, I 
wanted some way to monitor the dy-
namic range of recordings with the 
preamp, thus the addition of the Vel-
leman VU meter.

lIttle plastIc bags  
and beefy toroIds
The Borbely super buffer kit arrived 
containing a zillion little plastic bags, 
one for each component value or part 
number! Well, it did speed assembly. 
Everything went together smoothly, 
although there were a couple differ-
ences from the original article. How-
ever, the supplied kit documentation 
included an updated schematic as well 
as a setup procedure for the complet-
ed kit. My only complaint was the 
lack of 6dB gain resistors with the kit. 
Thankfully, I had some available.

The power supply was designed for 
±15V DC but I needed ±24V DC for 
the super buffer. Borbely supplies an 
excellent, but somewhat exotic, power 
supply for the super buffer; however, 
it is quite expensive, and I had the 
Galo/ Jung supply waiting for an ap-
plication. The Avel-Lindberg toroi-
dal transformer was hefty enough to 
supply sufficient rectified voltage so 

I could modify the regulators for a 
higher output to the preamp. With a 
little resistor swapping, I was able to 
get about ±23.5V DC for the super 
buffer.

WIrIng madness
I guess I could have saved some interi-
or space and some hassle using simple 
hookup wire, but I had all this cool 
Mogami around, so I used it for all 
the input and output connections. The 
feed to the output switch was taken 
before the volume control. I used a 
switch for the outputs to avoid several 
simultaneously connected recorders 
loading the signal. One position on 
the switch was left open (null) for 
those pure listening occasions.

The grounds from the input/out-
put connector panels, power supply, 
and super buffer board were taken to 

a single star ground. I also stripped 
a wall wart for the VU meter 12V 
DC supply (switched, for those times 
when I’m tired of flashing lights).

The Alps volume control is 100k. 
Borbely recommended 20k, but the 
larger value doesn’t seem to cause any 
problems.

heavy metal hackIng
The most difficult part of this project 
was the drilling and cutting for the 
connector panels and the VU meter 
display. 

But with a little patience and for-
titude (and powerful drills, saws, and 
large files), the operation was com-
pleted. Everything ended 

up mounting rather nicely. The 
chassis itself was a bit of a puzzle; 
instructions were not supplied. But I 
did finally figure out the system. One 

PHOTO 2: Back view of the unit.

PHOTO 3: Overhead view of the device.
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complaint was the insufficient screws 
supplied by Sescom¾one more bag, 
please!

I used a Brother P-Touch printer 
and computer software for labeling. I 
used white-on-clear tape, which pro-
vided a decent look to the front panel.

lIstenIng to  
the angels sIng
Of course, the best part of this type of 
project is listening to the final product. 
And this super buffer does sound gor-
geous! Very detailed, particularly on 
those CDs produced with sound qual-
ity in mind (Audioquest, Mapleshade, 
and so forth). I do a lot of live record-
ing. This preamp gives me the chance 
to delve deeper into my recordings, 
listening for those things that tell me 
what I did right and what I need to 
improve.

And, as I hook up more equipment 
to the preamp, there is less hassle 
swapping wires around. The switches 
feel solid and have (nearly!) enough 
positions to accommodate the equip-
ment I wish to use.

gIldIng the lIly
There’s always room for improvement. 
Purists will demand a higher quality 
volume control and better switches. 
The I/O panels could be improved (at 
a much greater cost!). However, this 
preamp is already indicating deficien-
cies in other parts of my system, so I 
don’t need to improve parts quality at 
this time.

One feature I neglected in the orig-
inal design is some sort of monitor 
switch so I can compare the signal 
source and the output of the recording 
equipment. This switch is at the top of 
the list of future mods and will involve 
the input of the CDR, the most used 
recording device.

thanks and credIts
A big thanks to Erno Borbely for his 
JFET designs and kits. And thanks to 
Old Colony for supplying significant 
kits and parts. I just wish they would 
bring back some of the old favorites 
(at least a circuit board for the Galo/
Jung power supply). Also thanks to 
Raelco, a parts hound’s heaven. aX
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I
f you have been following my designs 
through articles in Audio Amateur 
publications, you know that my pri-
orities are lowest possible noise, best 

inherent linearity, and DC coupling. Low 
noise, of course, is a necessity in this 
digital age when you are playing CDs 
with >100dB S/N ratio, but to me a low-
noise phono preamp and a low-noise mi-
crophone preamp are even more impor-
tant. My interest in inherent linearity 
stems from my objective of not having 
to use negative feedback to “clean up” a 
bad design. 

I use feedback primarily to stabi-
lize certain DC or AC parameters of 
the amps or to achieve special fre-
quency responses, such as in RIAA 
phono preamps or crossover filters. I 
use DC coupling whenever possible, 

because I don’t like “capacitor sound” 
and also because I am “allergic” to the 
prices of so-called high-end capacitors. 
Of course, all of this should always go 
hand in hand with the overall objective 
in audio: good sound.

Having said that, I also must admit 
that these objectives can drive the prices 
to a level where only a handful of people 
can afford them. And yes, I do design 
such “price no object” custom amps for 
those who have extremely high-resolu-
tion systems. However, I would also like 
people with limited budgets to experi-
ence and enjoy my designs. Consequent-
ly, I have given up some of the highest 
design criteria and have come up with 
designs that are affordable, yet still offer 
high sound quality, carrying the Borbely 
Audio sound signature of high resolu-
tion and transparency! In this context 
I designed a series of new kits called 
Starter kits.

The Starter kits are relatively simple 
and inexpensive JFET or all-FET cir-
cuits. The “secret” of the high-quality 
sound lies not only in the topologies, but 
also in the passive components used. I 
have also included simple discrete all-
FET regulators for each of the circuits, 
because I don’t want you to use 3-pin 
LM317/337 type regulators, which are 
not up to the task required by today’s 
audio amps (see the note on my home 
page under Upgrades).

These circuits are further develop-
ments of the basic ones described in pre-
vious articles (“JFETs: The New Fron-
tiers, Part I and II,” AE 5/99 and 6/99, 
and “All-FET Line Amp,” aX 5/02.) You’ll 
find copies of these articles on my home- 

page under Special Articles. Please print 
out and read these articles because I am 
going to refer to them frequently in the 
description of the new ones.

DEVELOPING THE NEW TOPOLOGY
The differential amplifier, which was 
described in Part II of the JFET articles 
(see Fig. 12A/B, p. 16, in AE 6/99), is the 
basic building block on which manyif 
not allof my amplifiers are based 
(more on “if not all” in Part II).

I’ll give a quick recap of the operation 
of the differential amplifier here, but you 
can find a more thorough description in 
Part II of the JFETs article. Figure 1A 
shows the basic configuration, which  es-
sentially joins two common emitter am-
plifiers by their sources. You can do this 
as long as the two JFETs are identical. If 
the I0 is constant, then ID1 + ID2 is also 
constant because ID1 + ID2 = I0. 

solid state
solid state • tubes • speakers • solid state • tubes • speakers • solid state • tube

Starter Kits, Part I 
EB-604/410 All-JFET Line Amp By Erno Borbely

This noted circuit designer begins his starter kit series with an all-JFET 

line amp.

ABOUTTHEAUTHOR
Erno Borbely received an MSc degree in Elec-
tronic Engineering from the Norwegian Institute 
of Technology, University of Trondheim. In the 
60s he was working as a design engineer for the 
Norwegian Broadcasting Corp., developing studio 
equipment, both in tube and in semiconductor 
technology. In 1969 he moved to the US and 
worked for David Hafler at Dynaco. Mr. Borbely 
was named Director of Engineering for Dynaco in 
1972. He developed the Cascode output stage for 
the Stereo 400 power amplifier, and the Dyna-
tune circuit for the FM5 FM tuner, for which he 
received a US patent. 

In the 70s he worked at Motorola Semiconduc-
tor, developing power amplifiers, low-noise 
preamplifiers, and FM tuners. Some of this work 
was put to good use, when he joined the David 
Hafler Company in 1978 as Director of Engineer-
ing. Mr. Borbely developed the DH101 preampli-
fier and the DH200 power amplifier, which was 
the first one to use MOSFETs in the US.

From 1980 until 1997 he worked for National 
Semiconductor in Germany as its Technical Train-
ing Manager. In 1984 Mr. Borbely and his wife 
Irene started Borbely Audio, which sells high-
quality kits to end-users. Since 1982 he has been 
publishing his designs in the Audio Amateur 
publications (Audio Amateur/Audio Electronics, 
Speaker Builder, Glass Audio, and now in au-
dioXpress). In the last several years Mr. Borbely 
has developed a line of all-FET audio amplifiers. 
Besides the kit business, Mr. Borbely is designing 
audio products for OEM customers.

Mr. Borbely’s web page address is www.
borbelyaudio.com and his e-mail address is 
erno@borbelyaudio.com.

PHOTO 1: THE EB-604/410 LINE AMP WITH 
ON-BOARD REGULATORS.
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The prerequisite for this is that R0 is 
very large. For R0 to be very large −VS 
must also be very large. This is usually 
inconvenient, and instead of making R0 
large, replace it with a constant-current 
source as shown in Fig. 1B.

The operation of the differential or 
balanced amplifier is simple. Holding 
VGS2 constant and increasing VGS1 will 
increase ID1. However, ID1 + ID2 = I0, so 
if ID1 increases, then ID2 must decrease. 
This will cause VD1 to decrease and VD2 
to increase for a differential voltage at 
the output. If you change VGS1 and VGS2 
at the same time, but in opposite direc-
tions, then you achieve the same effect, 
but even more of iti.e., you have more 
differential gain. This is now a truly dif-
ferential amplifier with gain of: 

AV(DD) = (VD1−VD2)/(VGS1−VGS2)

Now, what happens if you increase 
VGS1 and VGS2 in the same direction? If 
both are going positive, then both drain 
currents should increase. However, this 
is impossible, because ID1 + ID2 = I0. Con-
sequently, the differential amplifier can-
not amplify same-polarity or common-
mode signals.

Based on this differential amplifier, 
I designed a balanced/SE all-JFET line 
amp, described in Part II of the article 
(see Fig. 17 on p. 18; also available as a 
kit under the designation: EB-2000/402, 
see my homepage). Many customers, in-
cluding pro audio people, built this amp 
and called it a “very musical” amplifier. 
The only problem I have with this circuit 
is that the outputs are not sitting at 0V 
DC and a capacitor is necessary to cou-
ple the output to the outside world. I gen-
erally don’t like caps in the signal path, 
even if they are made of 99.99% silver. 
(I must admit that part of my dislike is 

caused by the fact that people are charg-
ing outrageous prices for the caps.)

Fortunately, it’s easy to design DC-
coupled amplifiers because of availabil-
ity of complementary devices. Figure 2 
shows how a common-source amplifier 
used as a level shift device can turn the 
differential amplifier into a DC-coupled 
one.

DC COUPLING
Figure 2A shows the basic circuit. The 
input JFETs are closely matched and are 
operated at approximately 2mA each. 
The constant-current source that supplies 
the 4mA is made up of two J508s or two 
E-202s in parallel. The 2mA drain current 
in each JFET causes a voltage drop of 
3V across each of the 1k5 resistors. This 
3V produces about 3.1V across the 332R 
source resistor of the J74, setting up ap-
proximately 9mA in the second stage. 

I tried the circuit first with a resis-
tive drain load of 2k49 in the second 
stage. This resulted in an open loop gain 
(OLG) of only 27dB. The linearity was 
also less than adequate with an open 
loop THD of 0.2% at 3V/1kHz. When I 
replaced the 2k49 with a 10mA constant-
current source, the OLG increased to ap-
proximately 40dB and the linearity also 
improved to 0.075% THD at 3V/1kHz.

The drain of the J74 sits at close to 
zero volts, but a certain offset trimming 

is necessary. The 50R trimpot serves 
this purpose. The 10k-1k1 feedback re-
sistors give a closed loop gain (CLG) of 
10× (20dB). The closed loop THD at 20dB 
gain is 0.0045% at 3V/1kHz and 0.02% at 
3V/10kHz. 

If you operate the amp with a CLG of 
6dB, then you need to put a 22pF cap 
across the feedback resistor. The THD is 
reduced to 0.0017 and 0.0037%, respec-
tively. The circuit is not unity gain stable 
(NUGS), but you can force it by dramati-
cally increasing the cap across the feed-
back resistor to 220pF! Conclusion: don’t 
use it as a unity gain buffer!

You can further improve the linear-
ity by converting the common-source 
second stage to a folded cascode (Fig. 
2B). Here the second stage is driven not 
only by the gate but also by the source. 
The second stage then becomes a part of 
the first stage, coupled to it through the 
drain resistors. 

The 20dB CL THD is 0.0035% at 
3V/1kHz and 0.013% at 3V/10kHz. The 
6dB figures become <0.001 and 0.0017, 
respectively. The high frequencies ben-
efit most from this conversion. The maxi-
mum output swing with ±24V supply is 
about 10V RMS. Minimum load is 10k. 
By the way, the amp is still NUGS!

You can also use these three-JFET 
amps in a unity gain inverting configu-
ration. Connect the + input to ground, 
lift off the 1k1 from ground and use this 
as the −input. I tried it with 10k−10k for 
0.001% THD at 3V/1kHz and 0.0032% at 
3V/10kHz. This is a very simple I/V con-
verter for your CD player.

ENTER COMPLEMENTARY  
SYMMETRY
The three-JFET circuit in Fig. 2B is es-
sentially a simple discrete op amp, with 
very decent performance. However, in 
my experience, complementary symme-
try improves the neutrality and transpar-
ency of the amp. This, I believe, comes 

FIGURE 2: A J74 LEVEL-SHIFTER TURNS THE DIFFERENTIAL AMP INTO A DC-COUPLED AMP.

A-305-2

FIGURE 1: THE BASIC DIFFERENTIAL AMPLIFIER.

A-305-1
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from further improvement of the inherent 
linearity, which manifests itself not so 
much in less measured THD, but in the 
way the distortion products look, indicat-
ing fewer higher frequency components.

I have therefore designed a fully com-
plementary version of the simple amp 
shown in Fig. 2B (see Fig. 3). Consider 
the circuit in Fig. 2B as half of a comple-
mentary circuit. I have folded this down 
along the ground line, naturally replac-
ing the n-channel JFETs with p and vice 
versa. 

You can feed the input stages of this 
new circuit with 4mA constant-current 
diodes as before, but because the sourc-
es of the upper JFETs are sitting at a 
small but positive voltage and the lower 
ones at a negative voltage, they can be 
joined together through a resistor and 
will feed each other with the necessary 
source current. A simple trimpot will 
allow you to adjust this current to the de-
sired level. An offset adjustment is also 
necessary as before.

The second-stage JFETs are connect-
ed together at their drains, acting as con-
stant-current sources to each other. The 
whole amp is now a transconductance 

amplifier, converting input voltage to 
output current. You convert this output 
current back to voltage by connecting a 
resistor from output to ground. Here this 
resistor is connected back to the nega-
tive input of the differential input stage, 
acting both as a load on the output and a 
feedback resistor.

With the same feedback networks as 
before (10k-1k1), the OLG has increased 
to 300×, which is almost 50dB. The OL 
THD at 3V went down to 0.06%. The 
20dB THD figures are 0.002 and 0.0059%, 
which are almost 6dB better than the 
three-JFET circuit. 

Interestingly enough, the transcon-
ductance amp can drive just about any-
thing within its current capability, with-
out much change in the magnitude and 
structure of the THD. This is an advan-
tage, because a simple load resistor can 
change the OLG and the OL frequency 
response of the amplifier without affect-
ing the linearity. Nevertheless, I prefer 
to isolate the transconductance amp 
from the outside world with an output 
buffer, partially to allow low impedance 
loads, but also to control the OLG inde-
pendently of the load. This will be help-

ful in an RIAA phono preamp, as you 
will see later.

THE EB-604/410 LINE AMP
Based on the transconductance cir-
cuit developed in Fig. 3, I designed a 
complete line amp. The Starter kit EB-
604/410 line amp is a high-quality, low-
noise, low-cost all-JFET circuit, with on-
board regulators. It is designed to work 
with 6−20dB gain. For gains up to 12dB, 
you can use single-matched JFETs (de-
livered with the kits). 

FIGURE 3: THE CIRCUIT CONVERTED TO A 
FULLY COMPLEMENTARY DIFFERENTIAL CIRCUIT.

A-305-3
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For DC stability, I recommend dual 
monolithic JFETs at 20dB gain. The PCB 
is 105 × 145mm and contains two com-
pletely independent circuits. The amps 
can be supplied from one common or 
two independent power supplies. The 
schematic is shown in Fig. 4.

The input stage is a complementary 
differential circuit, consisting of Q1–Q4. 
Each of these JFETs is working with 
2mA drain current. Q1−Q2 (K170BL/
V) and Q3−Q4 (J74BL/V) are closely 
matched devices. Alternatively, you can 
use dual monolithic JFETs for Q1–Q2 
and Q3−Q4.

P1 is setting up the drain current to 
2mA and P2 is used to adjust the output 
offset to 0V. The second stage Q5−Q6 
(J74V/K170V) is a folded cascode, cou-
pled to the input stage through resistors 
R3/R4 and R10/R11. It is using matched 
high Idss JFETs, and is operating at 
close to 10mA. John Curl used the same 
folded cascode configuration in his JC-2 
phono preamp module, but he used bipo-
lar transistors for the folded cascode.

The output stage, consisting of Q7−Q8, 
is a complementary JFET follower circuit 
(see description in Part II, p. 18, Fig. 
16B, of the JFETs article). Again, these 

are closely matched 
devices, operating at 
<9mA, to limit their 
power dissipation. If 
you use higher Idss 
devices, you must put 
small TO-92 heatsinks 
on the devices. The 
circuit is not unity 
gain stable without 
the caps C5 and C6 
(100pF). At gains 
>6dB you can reduce 
the caps to 33pF.

You will recall 
from the JFET articles 
that the K170 and J74 
JFETs have relatively 
high input capaci-

tance. Unfortunately, this input capaci-
tance is also voltage dependent, which 
might cause distortion in certain cases. 
This shows up mostly when you drive 
the circuit from high source impedance. 
I checked this for the 410 and found that 
there is no change up to a source imped-
ance of 5kΩ. This is equivalent to a vol-
ume control of 20kΩ.

If you need higher value volume 
control, you can use JFETs with lower 
input capacitance for Q1/Q2 and Q3/Q4. 
The high Vp JFETs have significantly 
lower input capacitance. I have tried 
the K246BL and J103BL for Q1/Q2 and 
Q3/Q4, respectively, and they work fine. 
All you need to change is the resistor 
connecting the two sources together. 
Since the gate-source voltage is much 
higher for the high Vp devices, the resis-
tor must be bigger to set up the same 
drain current as before. For the K246BL/
J103BL it’s about 560R, so use a 332R in 
series with a 500R trimpot. With the 
K246BBL/J103BL you can use a 100k 
volume control without any change in 
distortion.

Why not use the K246BL/J103BL 
in the first place? The high Vp devices 
have higher noise than the low Vp ones, 
and also the inherent linearity is better 
with the low Vp devices. Nevertheless, 
the high Vp devices offer a very good 
compromise between low input capaci-

AFTER 20 YEARS, BORBELY AUDIO IS STILL GOING STRONG
This year marks the 20th anniversary of Borbely Audio, and, al-

though the DIY audio enthusiasts have changed over the years, they 

continue to be the driving force of our business. Needless to say, our 

years of experience studying our customers has given us a wealth of 

information about who they are, why they choose our kits, and what 

more contributions can Borbely Audio make to the audio market.

To give you a better understanding of how we’ve determined these, 

I invite you to view our new online system at www.borbelyaudio.com. 

This year Borbely Audio took advantage of technology and transferred 

all kit documentation, ordering and fulfillment to an online process that 

enables us to cover and segment our kit offerings from the High-Perfor-

mance kits, Pro-Audio kits, and our newly released “Starter Kits.” Over 

the past year or so, we’ve received numerous e-mails, letters, and other 

correspondence from customers requesting additional kits that are tai-

lored for those beginning their quest for high performance audio. 

To that end, Borbely Audio is very proud to release new kits de-

signed to ensure maximum reliability and performance for the new 

kit builder. The “Starter Kits” are based on complementary differen-

tial designs, exacting superior performance with the same superior 

components as our other kits share. All of the Starter Kits have on-

board regulators and newly designed power supplies to complement 

the kit. We’ve been able to design these new kits more reasonably 

priced and yet continue to use the superior components you’ve come 

to expect. DIYers everywhere have learned that not all components 

are made equal. 

Our goal as always is to obtain the best possible performance 

from our components. This is a time-consuming yet worthy task. Com-

ponents found in many “chain” electronic stores are far inferior in 

build quality and tolerance. This is one of the single most important 

aspects for kit builders everywhere. Price is not as strong a factor as 

you might think with today’s DIYers, as we’ve found price was never 

a primary issue when exceptional performance was involved. In most 

cases, price came in fourth behind essentials such as “quality,” “avail-

ability,” and “technical support.” The new “Starter Kits” provide the 

best of both price and performance. During the next few months we’ll 

take an in-depth look at these new kits in the pages of audioXpress.

One final observation before turning you loose on the new kits—

it’s obvious that today’s DIY audio kit builders are still around in 

force. If there is a new design or kit that can be found, they’ll find 

it, simply because they love the experience. The number of online 

forums for kit builders and DIY audio websites indicates that DIYers 

are not going anywhere, despite what some might have you believe. 

And as long as they are interested in building superior audio equip-

ment, we’ll be around to offer it to them.

Larry Black, Audiokits.com

FIGURE 4: EB-604/410 ALL-JFET LINE AMP.

A-305-4
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tance and noise/linearity. I have also 
tried other high Vp devices, such as the 
2N5458 N-channel and the 2N5461 P-
channel devices, which also work satis-
factorily. Don’t hesitate to experiment a 
bit; you have a good chance of getting a 
very good result.

Only high-quality components are 
used in the amplifiers. The resistors are 
non-magnetic DALE CMF−55−143, the 
electrolytic caps are Nichicon FG-type 
“Fine Gold” MUSE, and the rest are 
polypropylene and polystyrene caps. The 
PCB is FR-4, with the component side 
printed. 

Typical specifications with 6dB gain:

Power consumption per channel: 25mA
Open loop gain: 58dB
Open loop frequency response: 20kHz 
(−3dB, C5/C6 open)
Closed loop frequency response: 
>1MHz
Closed Loop THD: 3V/1kHz: 0.0015%
 3V/10kHz: 0.0025%
Equiv. shorted input noise: approxi-
mately 0.3µV* 
Input capacitance: with K170/J74: 45pF
 with K246/J103: 7.5pF
 with 2N5458/2N5462: 4.5pF
Output impedance: <1Ω (approximate-
ly 50Ω with R14)
Minimum load: 1kΩ
*Measured with R12 = 10R, otherwise 
the noise is dominated by resistor 
noise.

ON-BOARD REGULATOR
The schematic of the discrete, on-board 
all-FET regulator is shown in Fig. 5.

The regulators are discrete FET op 
amps; the positive regulator is made 
up of differential JFET pair Q1−Q2 
(K170BL/V) and MOSFET Q5 (J148), the 
negative of Q3−Q4 (J74BL/V), and Q6 
(K982). Q1−Q2 and Q3−Q4 are closely 
matched devices. Due to their relatively 
low breakdown voltage, the maximum 
input voltage to the regulators is limited 
to 31V. If the input voltage is >31V the 
higher-voltage dual JFETs must be used. 
The differential pair JFETs are working 

FIGURE 5: EB-604/415 ALL-FET REGULATOR ON THE EB-604/410 BOARD.
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FIGURE 6: STUFFING GUIDE FOR  
EB-604/410 WITH ON-BOARD REGULATORS.
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at 2mA drain current each, which is set 
up through the 6.9V reference diodes D5 
and D6 and source resistors R3 and R4. 

The reference diodes are fed from 
constant-current diodes D1 and D2. The 
output MOSFETs Q5 and Q6 are TO-92 
devices and are capable of supplying 
maximum 35mA. The minimum input-
output voltage difference is 2V, but I rec-
ommend 4V. If the output voltage is fixed 
at 24V, then adjustment is not necessary, 
and P1 and P2 can be left out (R5 = R6 = 
3k32, P1 and P2 are shorted). The output 
noise of the regulators is <5µV across the 
audio bandwidth.

Stuffing guide for the EB-604/410 line 
amp with on-board regulators is shown 
in Fig. 6. Recommended power supply 
for the 410/415 combination is the EB-
604/263.

SETUP PROCEDURE
If possible, test each amplifier module 
separately before installing it in the 
chassis. This simplifies measurements, 
adjustments, and if necessary, compo-
nent changes. You need only a basic 
digital voltmeter (DVM) for the adjust-
ments. However, if you have access to a 
scope, connect it to the output of the line 

amp and check whether radio frequency 
(RF) oscillations are present. If you have 
complete audio instrumentation in your 
workshop, perform the usual gain, fre-
quency response, noise, total harmonic 
distortion (THD), and intermodulation 
distortion (IM) measurements.

Start the assembly with the regulators. 
Insert the solder pins, then add the re-
sistors and the FETs. Finally, install the 
caps. Connect a 1kΩ/1W resistor between 
the + output and ground and the − output 
and ground. Connect ±29V unregulated 
DC to the regulator inputs and check 
the regulated volt-
age with the DVM. 
The output voltage 
should be ±24V, ±5%.

Next, assemble 
the amps. Start with 
the jumpers, then 
solder the resistors 
and the JFETs. Fi-
nally, add the caps. 
Connect the supply 
jumpers between 
the regulator and 
the amp. Connect 
the +INP of the 
amps to the input 
ground. Apply the 
unregulated supply 
voltage to the regu-
lators. Check the 

voltage drop across R4 (or R11) with the 
DVM. Adjust the voltage drop to 3V with 
P1. Connect the DVM to the output of the 
amp and check the offset. Adjust the off-
set to 0V with P2. The amp is now ready 
to be installed into the chassis. 

APPLICATION NOTES
For 6dB gain connect −INP to ground 
(R12 = R13 = 2k21). For 3dB gain R12 is 
5.6k. If you need 12dB gain, change R12 
to 732R or 750R. For a normal, unbal-
anced, non-inverting line amp, use a 10k 
or 20k volume control in front of it (Fig. 
7). Because of capacitance modulation, I 
do not recommend volume control high-
er than 20k, but rather the ALPS 27mm 
Blue or the 40mm Black potentiometer 
for volume control.

You can also use two of the EB-
604/410s in balanced operation, or as 
unbalanced-to-balanced converter and 

FIGURE 10: PINOUT FOR THE DIFFERENT 
TYPES OF JFETS (BOTTOM VIEW).
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FIGURE 11: THE OUTPUT STAGE IS NOT INCLUDED IN THE GLOBAL 
FEEDBACK LOOP.
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FIGURE 7: EB-604/410 USED AS AN UN-
BALANCED, NON-INVERTED LINE AMP.
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FIGURE 8: TWO EB-604/410 USED IN BAL-
ANCED MODE.
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FIGURE 9: WIRING DIAGRAM FOR THE EB-604/410 LINE AMP WITH THE EB-604/263 POWER SUPPLY.
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balanced-to-unbalanced converter (Fig. 
8). For balanced mode, connect the two 
−INP on the boards together. When used 
as an unbalanced-to-balanced converter, 
connect the +INP of the lower amp to 
ground. For balanced-to-unbalanced op-
eration use the output of the upper amp 
as the output.

Figure 9 shows the wiring of the line 
amp. The vertical ground wire on the 
left-hand side is a bus-bar connecting the 
ground side of all the RCA connectors 
together. This is grounded to the chas-
sis, normally on the back panel. You then 
connect a single insulated wire from this 
point to the SGND on amp 2. If the power 
supply is in the same box as the amp 

then I recommend shielded wire from the 
RCAs to the input selector switch and 
from the switch to the inputs.

EXPERIMENTERS AHOY!
Part of my intention in writing this article 
was to give you a chance to experiment 
with the circuits yourself. I mentioned 
that you could use high Vp devices in the 
input stage, which gives lower input ca-
pacitance. I have not tried high Vp devic-
es for the second stage, but you could try 
some high Idss ones here, too. The K246 
and J103 do not come with high enough 
Idss, so you must find some others. 

On the other hand you can use the 
K246 and the J103 for the complemen-
tary source-follower output. Select the 
highest Idss devices from the “BL” group 
and match them to ±10% of Idss. You will 

lose some inherent linearity using the 
K246BL/J103BL devices, but they are 
nevertheless good alternatives for the 
higher priced K170/J74. Note that the 
pinout is different for the three types of 
JFETs (Fig. 10).

Some readers have asked whether you 
can use the circuit without “global feed-
back.” In this case the global feedback 
means whether or not the output stage 
is included in the feedback loop. Figure 
11 shows the 410 schematic in which 
the feedback is taken from the second 
stage. Compare this circuit with Fig. 3 to 
see that the input and the second stage 
are the same as in Fig. 3, with the addi-
tion of a complementary source follower 
stage. Some people believe it should be 
used this way because the amp sounds 
softer. I suggest you try it both ways, 
and choose the configuration that best 
fits your listening preferences.

The K170BL/J74BL complementary 
JFET source-follower output stage can 
drive loads down to 1kΩ. Should you 
need to drive a 600Ω Sennheiser head-
phone, you can use two pairs of K170BL/
J74BL in parallel. Some customers have 
used four pairs of these in parallel to 
drive 300Ω headphones!

Naturally you can also elevate this 
design into a higher category by using 
some of the upgrades I described in the 
Upgrades notes on the homepage. The 
Dale CMF-55 143 non-magnetic resistors 
are very good sounding, but using Cad-
docks MK-132 instead gives you even 
more resolution and dynamics. The most 
dramatic improvement would come from 
using a stepped attenuator at the input. 
Try the fixed-series/variable shunt at-
tenuator (Fig. 9), and you are getting 
close to my high-performance kits. aX

AUDIOKITS.COM 
36 Applebee Farms Dr. 
Jacksonville, Ill. 62650 
(217) 243-1006 
(217) 245-5694 (Fax) 
1-888-863-3482 (Toll-free) 
sales@audiokits.com 
www.audiokits.com

SOURCES

EB-604/410
RESISTORS, TRIMPOTS
R1, R5, R6 100R
R2 1M
R3, R10 1k5
R4, R11 332R
R7, R14 47R5
R8, R9 75R
R12, R13 2k21
R15 47k5
P1 200R COPAL
P2 50R COPAL

CAPACITORS
C1, C5, C6 100pF, PS
C2, C3 47µF, 35V (LS: 5mm)
C4 100pF, PS
C7, C8 0.1µF, PP (LS: 5mm)

FETS, DIODES
Q1, Q2 K170BL/V (matched to Q3, Q4)
Q3, Q4 J74BL/V (matched to Q1, Q2)
Q5 J74V (Idss: >10mA, matched to Q6)
Q6 K170V (Idss: >10mA, matched to Q5)
Q7 K170BL (Idss: 8−10mA, matched to Q8)
Q8 J74BL (Idss: 8−10mA, matched to Q7)

MISCELLANEOUS
24× 1mm solder pins
PCB: EB-604/410

EB-604/415
RESISTORS, TRIMPOTS
R1, R2, R5, R6 3k09
R3, R4 1k82
R7, R8 8k25
R9, R10 100R
R11, R12 10k
P1, P2 5k COPAL

CAPACITORS
C1, C2, C3, C4 0.1µF, 100V, PP
C5, C6 220µF, 16V
C7, C8, C9, C10 47µF, 35V
C11, C12 Not used

FETS, DIODES
Q1, Q2 K170BL/V (matched, Idss: >9mA)
Q3, Q4 J74BL/V (matched, Idss: >9mA)
Q5 J148
Q6 K982
D1, D2 E202 (2mA)
D3, D4 E102 (1mA)
D5, D6 LM329DZ (6.9V ref.)
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NOTE ON INTELLECTUAL 
PROPERTY RIGHTS
DIY amateurs may build this circuit for their own 
use; however, commercial use or duplication in any 
form is not authorized. Many of my published cir-
cuits have been copied without my permissionnot 
just in the Far East, but also by reputable European 
and US companies and used in commercial prod-
ucts. This is against the international intellectual 
property rights.

All-JFET MM/MC Phono Preamp with regulators Starter Kits
Lt. Type nr. Description Comments Price
1 EB-804/419 All-JFET MM/MC  FR-4 PCB, Dale $349.80
  Preamp w/ regulator Resistors
2 EB-604/265* 2×10VA 22V Power Supply FR-4 PCB $151.80
* Must be mounted in a separate case

All-JFET I/V Converter and Filter for DACs with regulators
Lt. Type nr. Description Comments Price
1 EB-604/417 All-FET I/V Converter FR-4 PCB, $250.80
  and Filter for DACS Dale Resistors
  w/ regulator
2 EB-604/263 2×7VA/18V Power Supply FR-4 PCB $130.68

All-JFET line amp with regulators
Lt. Type nr. Description Comments Price
1 EB-604/410 All-JFET line amp FR-4 PCB, $211.20
   with regulator Dale Resistors
2 EB-604/263 2×7VA/18V AC Power FR-4 PCB $130.68
  Supply
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