If that,~was‘ an: *Advanced ,preamphﬁer.é
desngn" in your November 1976 issue then L .
can only hope that when it is fully developed
it will look different- from. . the circuit; =y
publlshed . N

. First a. few fundamentals: [

,1’." Magnetic cartridges’ give output vol-
_tages dependent on the-velocity of the
“needle} keeping the. recorded amphtude
fairly coustant .with frequency, the record’
makers therefore force. the output of the-',_
cartridge to rise at +6dB/octave,, . ... -+
2. Normal cartndges today, because of'
. development in magnetic” materials
(stronger, smaller magnets), give outputs of
much more than 2mV, aroiind 1{)mV at 1kHz
'for5cmlsveloc1ty*‘ wnrd vy St

< 3;- If the disc.is cut ‘Wlbh an overhead of.
+20dB (peaks of 50cm/s) and the.
frequency is 20kHz not 1kHz, giving another
rise. in-output: of.:20dB, -then you- can see-
the stgnal at ZOkHz can be A

~Reality is- notrlas bad as thls since; the
spectral density .of ;music .is not constant
with -frequency, and sfalls. off at; high,
. frequencies. However outputs from car-.
tridges do rise tos 200mVv peaks and do have
fast-slew rates. ~ - = .

~ +1 Mr -Self’s talk of. overload margms is - a

_httle confused. when he.compares. amphfxer_
performance. If the normat operating (0dB),
level of an amplifier is. 10mV input.then to
cope with 1V. inputs there,must be: no,
limiting of distortion anywhere beforea.gain
q,ont"rol‘for signals-of.,+;40dB above normal..
This is best kiiown as an overhead of 40dB .

- and is required-at.20kHz relative to; lkHz -

Now RIAA. amplifiers- have some, peculiar,.
problems. .coping - with the. high transient.
signals . from magnetic . cartridges ju,s,t;,_-
because the output dogs rise with frequericy:’,
this rise. causes a hzgh spectral density. of
h:gh frequency signals.and- high -slew rates..
The .prime requirements in the mput stages.
are therefgre wide bandwidth (to glve fast:
slew rate) and. low transxent dlstortlon when -
handling the excess high frequency- spectra]
density.

" Mr Self's preamplifier does littie for etther
of thesg: the open loop bandwndth is: not ;
clearly defined. .If the second -stage.is-
guessed. at 100- then the stage-has.a —3dB
point of 3kHz The bandwidth of. the.
amplifier is further 'limited by-the <input,
capacitor (1n5) and by the, output. loading-
network R/C, on the .output: -in. fact what.,
. can the amplifier drive into C, at 20kHz to,
give arespectable overhead margin?

More probléms!

The .input.impedarice. will fall, rapjdlyu,to
hlgh frequéncies, because the ‘outpit sngnal ts
‘fed back via 10nF te.the erhitter of Tr) then by,
L6nF to the.input -itself. Therefore ‘the.
magnet won t. be g1vert achance o generate
the-correct HE 'Slgnals for:to*d6 so ‘it must-

- have a rgsistive load nght up to, 20kHz '

More problems' b "
The first two transxstors are, connected m
a'classic'phase. shxft osc:llator configuratlon .
I haye often ‘had "this conﬁguratlon burst

' ;mto It oscﬂlatlons when' fed from’a low’

{impedance (whlch a cartrldge has at lf)“_'
- The reason is stmple there are two ‘phase.
shift’ networks, first the r, of Tr, | and the-‘
: decouplmg el capac1tor R ZZpF
(o=80° below 10Hz) the second the resu:tor
220k and the input. capacxtor lpF (¢=90° at
0. le) Thus towards L.f. even 1f the circuit
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has insufficient lobp gain to oscillate (it

fortunately hés by a factor of about four). it
will have a characteristic 1.£ peak of a few.dB.
All amplifier designs of this type have some

" sort of -Lf. peak; it could be suppressed by

increasing the 22uF; to' 2200|£F thus reducmg

the feedback by 100 times, og best ofall dom’t

use this configuration,
Actually the component values don't seem

’ . to'have been chosén consistently: the input

capacitor of 1pF has a f—3dB point of abput
1Hz but the decoupling’ capacitor has a
f-3dB pomt about 100Hz which is rather the
wreng way round to achieve a proper control

s of the Lf. response. .

"Only one more eyebrow to ralse ot ‘the.
mp_ut amplifier! I quote, “insufficient cut at

frequengies above 10kHz™ (to-give.the .

correct RIAA which should be BdB/oct. fall
from 2.1kHz to >50kHz). I shudder to think’
what is happening to this amplifier's phase.

. response withall the “tricky dicky”, empirica!

networks hung on it, Th1s really is the last -
straw... . = !
Shall I go on to the Lf. amphfier" 0. K 1

- will. But first some comments on the system.

- Idon'tagree with the gain control where it

_is, the amount. of gain following it is olvef

65dB at maximirm bass boost. No matter how
good the noise performance ‘of Tr.l/Trs some
L.t hum and’ nojse will be present dt the

‘output all the tlme By-all means vary the

input preset gain to allow for hlgh output
cartridges But ‘the system volu_me control
mustbe later 'on in the chain, or does Mr Self

-have.another, control onshis power amplifier?

The Lf. boost amplifier is a nightmare: why
not use any one of the perfectly -good
opt an}ps available (L148T1, TBA231)? Why

‘use a .design with' an obvnously wide

bandwxdth' and enormously high gain'to doa
jobthata lowerbandwxdth lower gain (moré
stable) amplifier can do? There isn’t, you see,
the problem in this stage of lots of W
spectral densnty and fast slew rates —. this

has all been removed by the.input ampllﬁer' .

' The design here has the followmg maJor
‘problems: '

. L. The open Ioop gam depends on the

transistor hps (very variable).

2. The .open loop” compensation is ‘not
cdlculated to ensure good transient response.
.and/or stabxhty Isit ca]cu lated?

- 3. Theresponse of the Higtwork 270k + 22k

+ (In3//12nF) does not give ariything like-

_the correct ‘Lf. response for RIAA. This

should start to fall at 50Hz, vall ‘20dB at
6dB/oct. to '500Hz then go flat to

- >20kHz. Mr Self’s circuit, if he wants to

know, starts to:fall at 37. 4Hz and falls at

. 6dB/oct. for 24dB. - I .

Finally, the tone controlt is the' usual -
“Baxandall” horror, for twq reasens. The
first, the lift and cut of *15dB is too large,
giving audible ‘phase shift problems, and
anyway whosé power ampllﬁer can handle
more than 10dB? The other réason is that
the bass lift and cut varies both amplitude
andfrequency at once. On top of which there
is the absurdity of providing: selected treble
roll trequenmes .alongside completely un-
knowr and vanablebass-roll frequencles' N

OK.lam wﬂlmg toaccept the challenge, if -

Wireless- World is. [Yes — Editor.] T will . ‘
‘describe my, alternative version of preampli-
. fier, with details of each design dec131on_ and

performance objective ’

Until then, Mr Se]f
"A. J. Watts, :
SGS-ATES (United ngdom) Ltd, | -
‘Aylesbury, .
Buc‘lgs -

Mr Self replies: & T ’
“To deal with Mr Watts” main. pomts in’s the
order that he makes them: _ .-

" He is correct in statinz that the outplts
from cartridges have high frequency peaks

© and large slew rates, and'that this represents

a potential problem in "the design of RIAA:
equalized disc input stages. However, if the

, treble-cut portion of the RIAA - curve is

incorporated in the first stage, in the form of
frequency- -dependent negatwe feedback, the
“falling high-frequency gain means thatithe
sighal the stage puts out is substantially .-
“tamed” and %o enormaous- slew rates are
, simply not required; the open loop band-

" width .of the puiblished disc mput stage is

quite adequate.

Heis wrong in stating | that the closed loop
bandwidth is’ limited by .the 1n5 input
capacitor;- this component, in con]unctxon
with the associated 820( resistor, forms an
- .f. attenuation network to prevent break-

. through of radio signals, and has no effect

w1th1n the audio’ band.: This is because the
‘input stage isin a series'feedback confzgura-
tion, and -hence almost: the same signal
voltagé appears on the emitter of the first .
transistor, 525, at the -base, due to the high

pen-lpop agam' hence at audio frequencies
the capacttance 1s ‘bootstrapped” and has no
effect

that the. mputxmpedance of this stage will fall .
significantly at high audio frequencies. A.c.

feedback is returned to the emitter of the first

fransistor,” and- not the base; this series
feedback raises the input impedance of the
stage, in accordance with the elementary
laws of feedback; so that it has a négligible-
effect on the 1mpedance seen by -the
cartridge, which is coinpletely-defined by the
paralle! conibination of the 68k and’ 220k -
. resistors. This gives a constant 1mpedance
across the audio band. - :

The first two trafisistors are not connected.

in a classic phase shift oscillator conﬁgura-

tion; fhis -requires three RC networks, not

. two. Hencg the cireuit cannot oscillate at low

frequencies, though it.is, posslble for dimin- .

ishing phase margins at low frequenmes to
cause an 'Lf- liump, if the d.c. feedback time
constants are'poorly chosen. This is \yhy the
input and® decoupling. time' constants ‘are
markedly “different. I-would ‘préefer not:'ts

" comment on ‘Mr Watts’. phase-shifts® and’

frequencies as of course a single pole cannot
ever give a 90° lag; it- can only approach it
asymptotlcally

Slmllarly Mr Watts is incorrect in saymg

If 2 low gain input stage isused to allowa . .

. «very high overload margm, then there wxll

always be a problem in persuadmg the" stage
to, give 1655, than unity gain at the hlghest
extremes of the RIAA curve. The extra'tiéble

eyt network'(SGOSZ and 6n8) does notalter-the

overall phase response, as its extra phase Iag

_is'compensated for by the falling phase lag of

the-input stage due to the h.f. gain levelling

out .at unity. Since we are dealing with a .

.minimum-phase system (in the sense of
having no all-pass filters), then the-ampli-. -

tudelfre(]uency response compIetely defmes
the phase/frequency response In other
words, if the RIAA curve is correct, then the
phase response will be indistinguishable from
that of a more conventional circuit usmg

: only one treble-cut time constant.

And now to the next stage..

Mr Watts appears to have overlooked the
system volume control at thé .end of the
preamphfler chain; one can hardly have a
volume control later in the proceedings than
‘this. Since this control is used for day-to- day
vol'ume manipulation, ‘and hence is“rarely

,“fully: up, . the residual hum and. noise is .

> . ]
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'Tattenuated wnth the sngnal
' suggests; and the desirable “zero’ nonse at
zero volume setting”. condltxon is in. fact"
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attamed

as Mr Watts'

" If this stage is a mghtmare to Mr Watts .
. then’I venture to suggest he will fmd trylng )

to extract the same performance from a .

TBA231'éven more of a bad dréam. Integrat-

_-ed circuit operauona] amplifiers were not

chosen as they give an inferior ‘noise
performance, due to the-processés involved
in integrating theinput stages, and in general
only accept lower supply . voltages. hence

_gwmg Jless ‘'overload margin. As for the
““major problems”:
*certainly. does depend on’ the transistor

1, The opgn- loop gain

current gains. However singe this isthe case
for every amplifier-ever built, I am unrepen-
tant. To return to the laws offeedback one of
the prime motivations of negatlve feedback

is to render closed- loop gain prednctable by ..

making the effect of open-loop gain changes
negligible. -
2. If Mr Watts can- calculate the phase and’

gain stability margins of this stage,-then.I

shall be interested to see his results. 1 fmd a

" flat’ assertion: unconvmcmg and I 1magme

otherswilltoo. =~ . .. :
3. If Mr Watts r‘echecks hls.calculatlons, or

AT AR

‘better still, measures the,ractual circuit *

instead of theorising; he will fmd that the

.

combined response of the first two stages is -

very close indeed to the RIAA curve,
As for the tone control stage, I suggest itis

lprobably 1mpossxble to desngn a tone control

w1thout phase shift. * = .

. As explained-in the text, the vanable
turn-over frequency over the bass contral is
advantageous rather. than otherwise: I fail to
see how this makesthe prowsxon of switched
treble turn-over frequencies * ‘absurd.”: -

In conclusion, T can only.say that I would
like to thank Mr Watts for the friendly and
constructive nature ‘of his comments, I.can

_hardly . wait to see hrs ‘own preamphfler

design.

CITIZENS-BAND - -
INTHE UK?.

1 note w:th regret that R C. S Wlthers
orgamzatlon (UK Citizens" Band Campaugn),
is advocating the use of 27MHz for a citizens™.
band service in the United. ngdom ("Let

" ters” December 1976)

Such @ ‘service is essentially short range

_and therefore the selected frequency range
" “should not be one usable for long distance;
. communication when> the maxxmum usable‘

‘frequency is high: }. -

‘A’ uwhf. band.remote from broadcast‘

televxsnon and amateur frequencnes would be--
a first chaice. ‘Alternatively a”vih.f. band -

could be used but.there would appear to be

many demands for the use of v.h.f, for other,

services.

There, exists a Cm?ens Band Assocmtlon
which is promofing the establishment of a.
v.hi/whf citizens' band service in the

“United Kingdom. They have .published
"proposals for a service, mcludmg a techn:cal
+" specification. - ° - .

H. Turner, - | ) '
Derby. . .
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ADVANCED’ PREAIVIPLI—
: FIER DESIGN"

. “The letter from ‘Mr Watts in your February ’

 issue and the answer from 'Mr Self is notable -

for two factors — the. abraswe language of

the former's cr1t1c1sm and the surpnsmg]y ’

. temperate reply from the latter Frankly, I,
. too, could find..much to fault in' the design
“but, of course, there: are ways of expressmg it,
aren 't there?
My ‘main -criticism of Mr' Se[fs des1gn is
~thatitis over—engmeered concewed byahi- ﬁ

enthusiast who apparently has nét been too

.involved i in the costing process when putting
together the elements. of a circuit The
"principle of Occam’s Razor is also the essénce
of good design technique. He' has also
overlooked the” simple facts. of life — ‘that
{degpite the extremes to-which one may go in

desxgmng equipment of this type, the

-aberrations that are inherent in all pro-
* gramime sources available 1o the domestic
user-are likely to be far grear.er than those
. “introduced by ‘even - the’ most modestly
. designed repmducmg equipment. .
* But Mr Watts is guilty of worse errors m

-dealing with pure theory, opinion, and'

dressmg it up as fact. Let me take one -

-example -— and since’ he seems to invite
;challenges, here’s another from ‘me. If he is
able to produce for me a high grade pickup
-cartridge capable of the sort of ‘amplitude
- lingarity input when correctly loaded that he

b

. insists_should be observed in the equalised -

~Finput” stage and will dehver consistently -

peaks in" excess of 200mV, then- -there is €5
ready in my hand for any chamy he cares to
naine. .

Reg Williamson, ; C
Norwich:”. - - .. - .



lADVANCED s
V PRE-AMPLIFIER DESIGN -

1

In reply to Mr Wllhamson (Letters, April), I
think there are mamly two points to be.made.
One; that’ any pre- -amplifier . should have
adequate signal handling capacity in excess
- of the performance of any pickup cartridge
both dynamically arid in pure consideration of
.. the amplitude.of signals. Second, that as far .

as [ am concerned the two: pickup cartndges
which are capable of giving peaks in excess

of 200mV - are the Ortofon SL15 with- . -

‘appropriate “transformer and the Decca )
London cartridge.
" The referénce to signal peaks of 80 eni/s i
observed on gramophone records came from *
the book “Hi-Fi Systems” by G. King where
there is a graph illustrating the velocities
measured on gramophone tecords at various
frequencies.
I nominate my. favourite charlty as the

Musicians:Union! :

(AL Watts, -

SGS-ATES (United Klngdom) Ltd,

Aylesbury, _ .
‘Bucks.



