Part 11

A MOVING COIL PREAMP

Lr.l's LooE AT the complete MC-
preamp schematic [(Fig. 1], 1 have
connected four pairs of FETS in paral-
lel, which become a good compro-
mise as far as total drain current, cost
and input noise are concermed. As |
promised in the noise overview, you
can do without electrolytics in the in-
put stage by using only the lowest
lpss group (GR: 5-10mA| of the To-
shiba FETs. You can use four pairs of
the single devices [2SK14TGR/
I5ITIGR) T described inm the preamp
article or, if vou have access to them,
use two pairs of dwal FETs:
ISK146GR15]73GER. The dual FET=
have matched devices in one com-
mom case [Photo 4), but they only of-
fer an advantage if the M-channel
types are matched to the P-channel
types. If not, the single devices will
work just as well i this circuoit.
Whether vou use singles or duals is
really a question of what vou can
find.

The GR group is specified at
5-10maA, and to get very low noise,
they should be operated at a myini-
mum of SmA. By connecting four in
paralle] without source resistors, you
might get, in the worst case, 20-
40mA total drain current. This 18 too
much variation, and to handle the
drain current, you must get claser to
the low-end than the high-end, Ideal
Iy, you should sclect devices with
Ipss = 5-6mA and connect these in
parallel without source resistors. You
might, however, need to buy many
devices to find four within this range.

Instead, 1 have chosen a source re-
sistor of 680, which slightly in-
creases the input noise but lets vou
use practically all devices from the
GE group. Although this should as-
SUre Proper input stage operation,
check the voltage drop across drain
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PHOTO 1 Borhely's pre-preamp {5 housed in g Swizgs-made modular cabdmet
made by ELMA. The only controls are two gain sslector toggle switches on the

front panel

PHOTC 2: Fromt penel closenp.
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PHOTO 3 The rear pasel containg the power connector (also by ELMA), isolated
inpur and outpoi jacks, and o separate grounding post.

resistors R11 and B26. It should be
-5V (20-25maA total drain cur
rent|, but being 10% outside these
limits doesn’t seem o bt the amp’s
operation.

T avoid excessively high cumrent
[amd powrer dissipation) in the cascode
transistors, connect two of the input
devices' drains and feed separate cas-
codde transistors (OQ9 and Q10 on the
N-channel side, and Q11 and Q12 on
the P-channel side). For minimuwm
noise, | have used exera liltering for
the reference voltage of the cascodes

Actually, 1 should also have reduced
the voltage across the input FETs to
avoid excessively high power dissipa-
tiom. High temperature will reduce
the effective gw and increase the
FETs' gate leakage current, both of
which tend to mcrease noise, The
15V seems to have an insigmificant ef-
fect om the noise, vet helps keep the
input devices in the linear range of
their operation, so [ opted to stay
with the cascodes’ original reference
voltape.

The ampliticr's scoond stage is the
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PHOTO 4: The moving ool preamp boards.

same a5 in the RIAA-1 amp (sec the
preamp article for a detailed descrip-
tion]. The output stage uses the Hi-
tachi MOSFETs (Photo 4), and these
cannot be substituted by the bipolars
used in the RIAA-1 amp. Adjust the
bias with P1 to approximately 20mA
For long-term stability, P1 should be
a Cermet trimpot. A heatsink on the
TO-230 MOSFETS is a muse.

For pickup load switching, 1 added
a DIL switch with up to six poles at
the amp's input. I usually use the
resistors shown in Fig. I, but you can
change these values to suim vour
MCs. You can also leave all switches
im the “off'' position if you need a

high impedance load for your pickup?
[n this case, the load will equal RS,
which [ have chosen to be 47,5k but
which you can select as you wish. If
v change your MCs frequently and
don't want to go inside the amp to
change the load resistor, add a small
switch (gold-plated ELMA 01 or
equivalent] on the back panel and ar
range the load resistors on this
switch. You can also add a second set
of input connectors, conmected in
parallel with the main inputs and in
which you can plug the necessary
load resistors,

[ have chosen a 0.0022uF cap for
the input. This might not bhe opti-

mm for all MCs, so check the man-
ufactares’s recommendations  and
change the value accordingly. The
capacitor must be high-guality film,
preferably polypropylene. The same
goes for cap C, which connects the
groun side of the mpar connecton to
the chassis. [ am using a 0.01xF poly-
propylene [type WIMA FET' 1) in this
position.

As | mentioned earlier, 1 compro
mised on the value of the feedback
resistor (R3] = 2210, This will allow
vl 00 wse 3 430 series feedback re-
sistor for a gain of 2648, and an 860
for 32dB. These values solve the out-
put stage loading problems, but the
offzer problemn remains. There is no
practical way to adjust the atfsco by
putting a trimpot in the source cir-
cuit. [¥ou will notice there is a place
for such a trimpot on the layout, and
I use it in the higher impedance
RIAA-1 version 2 [V.2] amplifier. ]
diom’t ehink yvou can fimd a 308710 numn
Crermyet trimpot needed tor this job.|
S0, you must rely on the servo cir-
cuit. Using the LF411 here, with a
minimum recormmended load of 2kL,
vou can easily calculate the amount
of affset the servo cin compensale

W 1 i 3 :
- ¥ 221=13m¥
Ll

i

¥ rmax {

where Vo ™" is the maximum out-
put swing of the LE411, here assumed
te be 12V. This doesn't sound like
much, but T never had problems
tracking the offset when the input
FETs were Irom the same group. [ am
afraid if the offset is higher, vou must
find either an op amp with higher
current capability, or get FETs with
betver matching.

The equivalent noise circuit bor the
MC-preamp’s input stage is shown in
Fig. 2. The FETs are represented by
their equivalent noise resistance,
which, vou might recall from our
noise theory, is 340. The equivalent
noise resistance of the entire input
stage is calculated to be 9.58, thar is,
the input stage 1% generating the same
amount of noise with shorted input
agq a 950 resistor.

The equivalent input noise versuws
source resistance [B.), as measured on
several prototypes, is shown in Fig,
3. MNotice the curve 15 very close to
the theoretical one, going asymptot
ically to gy, = 56mV, which iz equiva-
lent to the noise of a 100 resistoe.
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Comhimned fromm fpage 51

Although not shown, the noise at
475kl is what is expected from a re-
sistar of that value and with no sign
of shot noise. I'm not claiming this
is the lowest noise MC-preamp on
the market, but it does offer excellent
noise performance for pickups with
sensitivities down o aboge 0.2mV,

Figure 4 shows the MC-preamp
lapout. In accordance with the wishes
of the editor, I have changed the re-
sistor spacing to0.5". This will allow
you to use Resista’s ME-3-type met-
alfilm resistors which Old Colony
plans to standardize for fetare de-
sigms. Mote the “clean” signal ground
on the board. You can connece this
separately to the regulator board, but
you must connect a 0L.01uF/ 160V
polypropylene capacitor directly on
the board between the signal pround
and the power supply ground. This
will avoid problems at high frequen:-
cies. As an alternative, you can con-
nect the two grounds on the board,
as shown on the stuffing guide |Fig.
5], When stuffing the board, be
careful when you insert the input
FETs. The stuffing guide shows the
layout for the dual FETs. When us-
ing the single FETs, carefully consule
the pinout in Fig. 1d.

Power Supply

As mentioned earlier, one of the im-
portant factors in low-noise amplifi-
cation is interference from power
supplics. When you deal with ex-
tremely low levels of an MC-pickup,
there should be practically no in-
terference at all. Consequently, only
the highest quality power supply is
suitable for MC-preamps.

When [ set out to design my power
supply, I looked through my old sup-
ply designs. Instead of trying to up-
date these, however, [ decided o use
one of the excellent Sulzer designs in
TAA. The final circuit is shown in
Fig. &, a modified version of the Sul-
zer circuit published by |. Breakall et

al in TAA 176832

It consists of a preregulator using
the LMA317/337 three-terminal IC
regulators (Photo 5|, and the op amp
regulator using the NES534. Unregu-
lated input to the preregulators
should be about 3¥ higher than their
output, and the input to the op amp
regulator should be about 3V higher
than the final output. To build in
some safety, I adjusted the preregula-

TABLE 2
PARTS LIST

Besisbors

R1 100

2 3010

R3 51.1a

R4, 10, 12, 12

1% 24, 27 37 1000

R& 5114

mE. 11, 28 1k

RT. 3 2.0

] a7 .58

o . 220

R4, X5 0K

F15-22 6.890

F, 30 8660

() 2k

R3Z, 34 1M

R35. 39 I5an

F35, 38 40 47,50

*all VW £ 1% rmatanim, Pesista ME2 /eauiv.

Trimprtentiometer

| 5000 Cermed. Dale
AT F el

Capacitors

C 00HuF B3N 20% PP WIMA
FEP 2 /equie

&1 CLOOR2uFIEDN PP WIRLA
FEF 2 [&guis

C2.5, 6,89 10, OEJF160420% PP

1415, 17,18, 29 WIMA BMEP-10/ eguiv.

1 THXOpFI160%/2.5% PP
Siermens B33063  equiv,

c4, 7 10aF 35V TA Rosdarsialn
ETPW f &quiv.

12 13 IRF/ B0V PP Samians
BE3063/ equiv

£18, 30 220aF M6V EL Rasdaerstain
EE./ &0y,

[ ) T00pF BBV 2 54 PS5
Semens BI1063/equiyv,

o . A7uF 7am Bl Boedersiedn,
EK/equin

€23, 25 1F/55% TA ROederslsn
ETPW emuly.

Semiconductors

a1-4 ZEEAEGR Iu or ISK147GR
4 Tashiba

Qs5-8 ZEITEGR 2w or 251TIGR A%
Toshiba

&4, 10, 15 FEOTEE ROHM

a1, 12, 14 FEATET ROHM

a13 LFA11EN Mational

Q16 FECINT or XEK216 HWitachi

o7 Z53I76 or 25079 Hitach|

1. 02 150 nEnagr, 0.5

tors for an output of approximately
18V for a final output of 24V, The
rectified DC voltage of 32-33V comes
from a transformer with Zx24V BMS
secondary. Just as with the preampli-
fier, I used independent power sup-
plies for the two channels.

Here are the formulas to calculate
the necessary resistor values should
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vou choose woltages ditferent from
the ones shown in Fig. &

F) I =141
] i

Ri[8]= x LIl {10)

143

For a4 Vowl = 28V R1, and RS is
255k

;oz-3
K4|11) = Vo fett 111
5

Formula 11 15 valid when B3 and R10
are 1k and the reference voltage is
aV. For g Vo2 =24V B4, and R11 is
3.8k

The op amp regulators’ reference
voltage i5 supplied by the LM3362-5.0
reference diodes. These '"diodes”
have a tolerance of +4%, so the ab-
golute value of the output voltage can
be 4% off the nominal value: 24V
+ 1V, If vou are concerned with the
absolute value and/or with the plus
and minus sides being equal, vou'll
have to trim resistors B3 and R10

Layout for the regulator is shown
in Fig. 7. You will need two of these
boards for an MC-preamp. The stuff-
ing puide is shown in Fig. 8. Nobe I
have used a common heatsink [Phowo
4] for the preregulator and the series
pass transistor on each side [Fig, 9]
Make sure you mownt these with
mica and nylon screws, and wse a
penmerous amount of silicone grease
on both sides of the mica insularor.

Mo fuses are shown in connection
with the power supply. [ recommend,
however, putting a fuse in the plus
and minus leads, between the power
supply and the MC-preamp. The qui-
escent current consumpiion of the
MC-preamp 15 55-60mA, ot will
rise to approximately 100maA with
full drive. ¥You should, therefore, fuse
the circuit with 200mA medium-
blow fuses

Maturally, you can use this supply
for other projects, such as instru-
ments and crossovers, by scaling the
voltages for your particular applica-
tion. Before you install the power
supply, test it with a load resistor, a
valtmeter, and preferably a scope
The load resistor should reflect your
application’s final current demand. 1
alsp measured the power supply
noise, wsing a low-noise preamp and
a WHz-20kHz noise filter, The BMS
noise cutput was 1-2uV. This should
satisfy just about all audio application
regUITEmEents.,
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FIGURE 3: Measured equivalent input noise Ea versos B for the MO-preamp and
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FIGURE 5: .S'tu,l']’f.ng_glmia for the MC-preamp.

The wiring diagram for the MC-
preamp 15 shown in Fig. 10, T have
been using a one-unit high, 260mm
deep, 19" box for the pre-pre, amd
have considerable space to spare. |
put the gain switches on the front,
and gﬂﬂmm phono connectors for
input and output on the back panel.
The transformer, like the preamp, is
in a separate box, interconmected
with a &-pin LEMO connector [Photo
7 to the pre-pre.

Medium Dutput MCs

Although the previously-described
MC-preamp can take care of just
about all MCs, you do not need it
when you have a medivm-to-high
output pickup and an EB-585 preamp.
A medium output has been defined
as, you will . 0.5mV @ 5cm/sec
RMS lateral velocity. With these
pickups, vou need approximately
20dB extra gain in front of the RIAA
stage o1, as [ propose here, built into
the BIAA stage.

In theory, if vou were only inter-
ested in MCs, vou could use the MC-
preamp in Fig. 11 (TAA 4/86) as an
RIAA-] stage. If you are like me and
prefer to have both MM and MC in-
put, you can't use the MC-preamp
without modifications, Four pairs of
FET3 have an input capacitance of ap-
proximately 250pF, and this might be
too high for some MM-pickups. Also,
the MC-preamp can't drive the feed-
back network in pure class A beyvond
approximately 1V RMS, which is not
enough for the RIAA-1 stage nsed for
MM-pickups. For MMs, the single
pair is the best solution, as used in
the RIAA-1 stage of the preamplifier.
For MCs, the four-pair input circuit
15 the best, as shown in the MC-
preamp. For a4 circuit that must work
with both, a two-pair inpat 15 the best
COMPTOTISE,

Figure 11 shows the complete
schematic of the high-gain version of
the RIAA-1 amplifier. Notice the in-
put stage uses two pairs of single
FETs (25K147/25]72] or one pair of
doal FETs [25K146/15]73). Since the
MC-imput is for medinm-to-high out-
put pickups, it is not necessary to use
very low values for the feedback and
source resistors, The relaxation of the
first makes it easier to drive the feed-
back network and to track the input
offset. The second gives you a wider
choice of mput devices. Although [
recommend you atick to the BL group
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for best low-level linearity, vou can
mix BLs with GRs in your circuwit, [
have also mixed two BLs on the N-
channel side with one GR and one ¥
on the P-channel side, but this 15 a
worst case situation and should be
avoided.

The feedback nevwork, which uses
g 6.8 shunt resistor, allows vou to
select 20, 30 or 4048 gain. The lowest
gain position is for MM-pickups and
tor high output MCs, .-a.né the highest
gain position is for medium OLEpLLE
MCs. With such a closed-loop gain
[40dB), vou might be wondering
about the performance of the RIAA-1
V.2, Maturally, the THD of the RIAA-
1 V.2 deteriorates somewhat at the
highest gain setting becaunse of re-
duced feedback. It's still omly
0.0035% at 5V BMS and 1kHz,
which [ consider negligible, More im-
FOH:I:‘.II:J!.-. I confarmed with extensive
istening tests that there was no
sound quality deterioration.

The BlAA-1 V.2's noise perfor-
mance 15 indicaved i Fig. 3. The
equivalent noise resistance of the in-
Lt £ ﬁ:ﬂfc equals 226, with a thooret-
ical value of e, = 440V, Actual mes-
surements, as shown m Fig. 3, come
very close to confirming this value.

- -

o

figiiiy

R g

PHOTO 5: Separate power supplies for sach channel are provided with full reguls-
vion and individue! fusing for each of the four supplies.

The mmput can be switched be-
tween MM and MC with an on-board
switch (gold-plated, 0.1" spacing|, or
with a switch vou can put on the
fromt panel and wire to the board with

" r‘*lq.'f"l'
=§.&

a three-wire shielded cable [connect
the shield to the input ground on the
board). The MM input has 47.5ki
load, installed permanently. The MC
input, like the MC-preamp, can be

PHOTO &; Full view of the chassis and the four boards. The wnit is standard rack width (197, 1% " kigh by 104" deap,

&6 The Auwdio Amatear 1SRT



FHOTO 7: The row DC power supply is housed in g separate enclosure with o
six-pin locking conmector, @ modular AC power connector with its ondoff switch

on the front end.

loaded with up to six different
resistors. Note that capacitor C1 is
equal 10 Con-Cin, Where Ciond 15 the
recommended load capacivor for your
MM-pickup and Oy iz the input
capacitance of the amplifier [Cu=
120pF). C2 is again 0.00224F, but vou
should adjust it according to the man-
ufgcturer's recommendations. Both
capacitors must be high-guality flm

Lypes
The T5psec high-frequency rolloff
is provided by R36 and C6. T re-
duced this network's impedance to
reduce the source impedance as scen
by the RIAA-2 amplifier, which in
turn reduces the noise in that stage.
As you did with the original preamp,
I suggest you check the RIAA ac
curacy with an inverse RIAA network
when you install thas high-gain ver-
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FIGURE 6; The MC-preamp’s high-guality power supply
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FIGURE 7: Copper side layout for the preamp’s power supply
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FIGURE 8: Power supply stuffing guside.
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gion of the RIAA-1 amplifier. If neces-
gary, trim the accuracy with R36

Layout for the RIAA-1 V.2 is the
same as the MC-preamp |Fig. J). The
stuffing puide is shown in Fig. 12
Again, the stuffing guide shows dual
FETs at the input. If you use single
FETs, carefully soudy the pinoot
diagram in Fig. 1d.

Unfortunately, using the MC-pre
amp layout for the RIAA-1 V.2 has a
drawhback: its size. Because it 15 more
than an inch longer than the orginal
RIAA-1, you might have problems re-
placing it with this larger board in an
existing box, Two possible solutions
immediately come to mind when
vou use the box and mechanical Lay-
put indicated in my preamp article.
[If you don't need the tape buffers,
the problem doesn't exist; the RIAA-1
V.2 and the RIAA-2 boards will fit
nicely in the availahle space.)

[f vou meed the tape buffers and
wiant to use the RIAA-1 V.2 boards,
consider moving the power supply
boards out of the preamp box and in-
tor the separate transformer box. This
will free up an entire column of space
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FIGURE 11: Schematic for the BEIAA-T V. 2 fhigh-gain version of the EB-585 preamp).
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TABLE 5

POWER SUPPLY COMPONENT LIST

TABLE 4
O s e e e, s i g RIAA-1 V.2 COMPONENT LIST
I
. _ I +14V BEG ::ﬂrm* .2
J_.‘; : .l_ﬁ" 1 r2 3010
I‘w 1% | RS 5112
L 1 I B4, 8 52 100
’ " I RS §110
RE, 12, 73 1k
| R? 2 M@
| Bg 47 5k
| P40, 13,1921 3210
I 11, 22 2140
R14, 20 10K
| Bi5-18 i3
| g24 6810
slo I R25 &0
[
I E e , w25 6510
I B38, 29 i
- | ¢ B30, B 33
13 | m'\ 831, 33 4750
’ s #35 =
i | #36 TS0
FESpF I LW 1% mEtalfilm, Reusta MK-2/aa0iv.
i
i | Trimpotentiomater
| P 1041 Cermet. 10 turns
= SO0 Cermet, Dale
| 09T oL
|
= 1
T Capacitars
et | £ LA o/ BB 2064 PR WINLE
50 i FEP 2/equiv.
1 (2] Sew tant
| €2 DLO0Z26F/ 63/ 20% PP WIRMA
|“-"’:I'ﬂ"° FKFP 2/ equiv,
_I_ I TR 8,7, 810, OUERE/ IS0V 0% PP WIMA
F c26 i 11, 15, 16, 18,  MEP-10/equiv.
i 19, 22
T 4 : can gun O 1213 1000DF1EDVIZ5% PP
, 4 : Siemans B33063 equiy.
I 5, 8 104F35% TA Roegerstedn
HJEUF PFLY mf:ﬂ{.ﬂu.
an il BND  £qa, 2% FIODE/BIV/ 2 5% PE
EEBITE I siemens B31063/ equiv.
1284781 | 17, M FILF 6N EL Roederstein
[ EX/equly.
I cx A00OF/E30N ! 2.5% PS
Sleimierid 831068 Ba
I eos, 27 a7uF /a0 EL Roederstein
I EK/aaulv.,
I C24, 18 14F/ 35V TA Roederstein
ETPW/ Bquiv
I [, I 4uFIe3V 1% FP FIFA
| FHEAZS/ &quiv.
I
| Semiconductars
: < oo o3 518601 1x O 25K14TAL 2
-.l_, car ‘1, (] | I e d i
- - 1 o3, 4 ZSIT3AL 1% or 25I726L 2n
I ' T s r Taghiba
| 4 as, 9 L0786 ROHM
B e i g i i i sl o6, 2 A7 ROHM
ar LFA449CH National
] 25213 or 25%216 Mitach
an 5076 or 25079 Hitachi
D1, 2 15V zener, 0.5W

Resistors

1.8 255k

2 4 1214

F3, 1 L

R, 11 3 A3k

RS, 12 &7 501

RE, 13 10k

R? 14 47T 5k

Capacitars

(] QL0 eF T Ceramic

2, 11 TI00F A0V EL ROE0ErEin
B edidiv.

€3 12 LAaF T80 PP WIMA
s PAD eguly,

4,13 10:F {33 TA Boprersiein
ETEW{ equiy,

£s, 14 A0 40V EL ROEEErEeEn
B ) BOLify.

CE 4, 1% 17 181 35Y TA RO208rrn
ET™N/ aquiv,

C7, 16 A T:F 35 TA Rosmarsiedn
ETEW aaulyv.

C9. 18 FAF AN EL Roegersiem
EX BOLif.

10, 19 QUZ2LE 180V PP WIMA
PN aguiv,

Semiconductors

o1 LMI1IT Mational

02. 5 NESSH SIgnetcs

as BO241A MOLoroks, 955

04 LM337T Mational

Q6 BO242A MoLorods, 555

m 14/ 50N Bricige

p2-5 100z
LMSSEZ-S0 Mational

D&, ¥

Comtinued from page 39
height box because you can stack two
boards on top of each other.

Refer to Fig. 13 before wiring the
ElAA-1 V.2 board into the EB-585
preamp. [ included some changes in
this wiring diagram that also apply to
the original preamp, incloding wiring
of the RIAA-Z stage output, the 1k
resistor inm series with the volume
control and the twisted pair of wir-
ing to the line amp input.

Conclusion
[ apologize if vou have already buile
the regular RIAA-] input stage when
yoau really needed the high-gain ver-
sion, At the time | submitted the pre-
amp article, however, | hadn't de-
cided to offer this high-gain version,
I believe the approach presented
here is the best compromise for
sound quality, which is, after all,
what this hobby 15 all about. Build-
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Contimued from page 41

ing the preamp with or without the
MC-preamp, as dictated by your par-
ticular pickup(s], will, I believe, give
you some of the best sound qualicy
available today. Good luck with your
project, |

ACKNOWLEDGMENT

D, Kalean Molnas, consaltant, reniewed the
chapuer on hasic nodse theary and sugpested
many excellent improvemnents. [ greatly ap-
preciate his contribution

REFERENCES

1. TOM, "'The Koctsn Roscwond Signa-
tire Review, ' The Absaliie Sound, Val. 10,
Issue 40, Winver 1986

1. Breakall, |. er af, ""Measuring Power
Supply Qutpat Impedance,” TAA 1/83



ol
*id

ks

IE

—
| 2
| <L =l

ir

| nu.H.. FE2T
I

|

|

|

|

|

|

|

_ LI5S

LT & BFLE

AdafE _ 3]

QRS TEHEHS

Ser
o

2
| ESCER S LR Etin

ra
-1

IFITHET]
LEE LT
e

]

H,f_

Al
Ia

ey

s

2 I
WUIG-95 -FUSWING Jus3ssmg
= RUSEL IS |
AL INOU| DELIBYS I
SINE "I ‘THHOL-ZHOE asiou Induy)
S AL Nt witiep |
55000 THADE |
GEEOD THAL I
BO9Z WD GINA AS ‘OHL
Tt o JO05F asueyseses ndy |
285952°0 ‘Wead AB-0 @ 5 |
HWO'L B ERE - SU0sal Daud "
B0ZE Pue ar WIED _
SHOILYIHDS4S WY Hd-JN |
L 318wl _ﬂ
LELAEE AMATWAR T
WD 00 ANy _
HILIM5 .__n ._.
o T - s, g, o
I |
n R, o g g e o
_
b xid s oo 1% 106 ﬂ_n_l_
. MY, E Fil
| A— —1 |
Y —
LH |
_
HOLLPEI X |
- _
HOELPEE X T 98 D 98 50
[-=TA B3 3 _
e _
HOSFLHEE X 2P0 E6 20 th |
|
|
[
] .rH.l —
£3 I
= |
-} ,H I
& it I
£
4 _

MC-preamplifier schematic



—IIIIIIIIIIIIIIIIIIIIIIIII i —— — — — Ilqlllal.lllllllll11||||4

[ . 1
| . . p+zev nes
1 |_| it w8 ] Ll_..x_ |_|_"E i
&3 i AIE 11z £8 : i 1
_ & b a K H._..u Hﬂuu _
| nal | ! |
_ I o+ |
|
|
I
I 56 AT n1 ®ls _..r._...u_. I
I ImTEE REL bW _ ol
i FEBTAT |
I P | _
1 Ch - cr
| \_H:..n oz =l o I
_ .H— G I
_ = = = _”.-. m ZEHILE 1
[2TAZIGI
| Py I ;
520 5
RiE |
“ L] 117 3 1 IJJ
T8
| 41} :
i 220eF I
B1.GE 1w TERIABL 0N c1
| 2 7ZEL4 0L 1eF i I
| 01, @9 UW IE4OMAL OF g
— 28 IRJTTE 14 _..
I fieeF _ I
_ i I
I LT ]
_ g . .
I e L “
| 1. P I
EL7
A
I Rl i | i 1) 102 "
| iy i i KH T CUTPUT TO
T i 1 H.__..LJ.. s o ) T 1 maaa
| | I N == L 3 I
| L I S ___Hu T Tai |
I 511 m:u._ L Tae 1
9o z = | | | K. &m0
| |_.r~.3 ' ..“
| 1081 g — ﬁ-—.. “_._-._”.m.m.
J CE-LPETAELTE LIS 1T Rl \mf 1 | ah 1
I | P __—H_\m;m.w.u ]
E \
_ i (S e ] o o Lew |
| H . | % ¥ b3 aks |
| | i FITTIE] o s
| be o [ [ o [ o [ X T P “
._. EiL. EwITEH | m —
_ ESWE T R I_.-
EQUIVALEMT |
I i ui3 I
| LT s #r.3 i
| 2 am 1= Al ..._ czl _ car
| il 1id zn azz |
T T ]
_ & r 3 i [ TAY RER
| Lon wltzr ol ocoe !
Tnazz = e I3 !
| I IR
rillIIIlI]IIIIIIIIIIIIIIiL.LI IIIIIIIIIIII U T i m—— — — — — — — — v— — |I-
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