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Pre-amplifier circuit description

The A85 preamplifier is a high-performance, DC coupled design
with microprocessor control of input select, two independent tape



Amplifier & PSU Circuit Description

L882PB isthe printed circuit board that provides the power supply

and output stage amplifiers for the A85 integrated and power

amplifiers.

Itsfunction isto:

1 Drive the loudspeakers(!)

2. Provide an (always on) auxiliary 5VDC supply for the micro
controller and display interface

3. Receive logic signals from the micro controller to turn on
the main amplifier supply relay (mains) and connect either
pair of speaker output sockets

4. Send logic signals to the micro controller pertaining to the
state of the amplifiers (short circuit protection, DC offset
protection, thermal protection)

5. Receive and demodulate RC5 remote style control codes via
the rear panel jack and transmit them to the micro controller

6. Send a 12V trigger output viathe rear panel jack for control
of an auxiliary power amp when the unitison

7. Receive a 12V trigger input from the rear jack (for usein the
power amp only version)

8. Drive a pair of headphones via attenuating resistor networks

The power amplifier is a symmetrical, class B, bipolar junction

transistor output, current-feedback design (of which more later)

with DC-coupled signal and feedback paths, featuring an active

integrating voltage servo to control DC offsets.

It features ‘instantaneous safe operating area protection in
addition to sending a signa to the micro to turn off the output
relays in the event of user or thermal overload. Since it is a DC-
coupled design, the unit senses DC at the output and triggers the
micro to turn off the loudspeaker relays in the event of excessive
levels (possibly due to a faulty source component or short circuit
output transistor).

The output stage uses Sanken specialised ‘audio amplifier'’ power
bipolar Darlington transistors which are optimised for use with this
type of topology. Consequently the unit has excellent measured
performance in terms of noise, slew rate, output impedance and
distortion (harmonic and intermodulated) and is essentialy load
invariant (to afirst order the measured performance is independent
of the load impedance).

L 882 Circuit Sheet 1

The audio input to the amplifier is connected to SK102 (which
connects to the output of the preamp PCB). This signal is passed
on via SK104A which forms the preamp out connection to the
outside world.

SK104B provides the power amp input connection, with switch
SW100 selecting between pre / power and integrated modes. The
unit iswired as a preamp / power amp combination with the switch
depressed, allowing the user to insert a processor or other function
(e.g. graphic EQ) between the output of the preamp and the input
of the power amp. With the switch in the ‘out’ position the power
amp input socket is ignored and the input to the power amp is
connected internally to the output of the preamp. PL100 and
PL101 are ‘handbag’ links fitted to the power amp only version to
connect both pairs of phono sockets in parallel for daisy chaining
(asthere is no preamp output on a power amp).

Relays RLY 100 and RLY 101 switch the two pairs of loudspeaker
output sockets and are controlled by the micro lines describes
above. Transistors TR100 and TR101 operate in ‘constant current
sink’ mode which allow relay current to be approximately constant
athough the main power supply rails will vary with mains input
and load conditions. The current is around 20mA per relay.

Star point SP100 is the ground ‘mecca’ for the entire amplifier
(comprising al three PCBs within the unit). All of the separately
named grounds are joined explicitly at this point. Different named
grounds are used to ensure that no two ‘different’ grounds share
copper, which could compromise the noise, distortion or crosstalk
performance of the amplifier.

The loudspeaker output signals are passed to socket SK106 which
connects to SK107 and onto the headphone output via the
attenuation resistors R103 thru R106.

The hierarchy containing the other sheetsis self explanatory. Each
of the port names shown on the top sheet connects to the port of
the same name on the lower sheets.

L 882 Circuit Sheet 2

This sheet contains the power supplies, the rear panel jack socket
trigger circuits, the standby relay control and the ‘interface
circuits between the output signals of the power amplifiers and the
inputs expected by the micro processor.

The mains input enters the unit at SK203, with capacitors C205
and C206 acting as conducted RF suppression. The earth
connection is passed on to the chassis (for safety reasons the
chassis metalwork remains connected to mains power earth at all
times). Switch SW200 is the voltage selector switch, allowing the
unit to be operated in 230V or 115V mains countries by switching
the dual-primary mains transformers between series and parallel
winding. Varistors VR200 and VR201 act to prevent over-voltage
surges from damaging the unit. If the user selects 115V operation
and then connects the unit to a 230V supply, the varistors will go
to a low impedance and blow the primary fuses. Any very high
voltage line transients will also be suppressed, helping to eliminate
transformer isolation breakdown.

Relay RLY 200 switches the primary side of the mains transformer,
alowing the micro to control the on / off status of the amplifier. Its
contacts are snubbed by capacitors C207 and C208 (to eliminate
switching spark transients and prolong relay lifespan). The primary
windings of the toroidal mains transformer connect to SK204.

PCB mounted transformer TX200 is powered al the time that
mainsis present on SK203, irrespective of the on / off status of the
amplifier. This is to ensure that the micro processor is aways
operational and can thus control the mains switching for the main
amplifier. Secondary fuse F202 limits the current in the event of a
failure mode, as the short circuit primary current of TX200 would
be insufficient to blow the mains fuses.

Diodes D200 thru D203, C227 and IC201 provide the 5VDC
supply which powers the micro and display PCB and the relay
coils. C224 is to reduce diode noise being transmitted back
through the leakage capacitance of TX200.

The mains transformer secondary winding is connected to SK200.
This is a centre tapped winding, and is used with full bridge
rectifier BR200 to produce the main positive and negative supplies
for the power amp. C209 and C210 are the large reservoir
capacitors, with C211 and C212 acting as high frequency
decouplers. The main power supply rails and ground are accessible
on SK205 for future module expansion.

The circuitry around SK201A and 1C200 is to receive and
demodulate remote control commands sent in via the rear panel
jack socket. Thisis for multi-room applications.

L200 and C200 form a parallel resonant circuit at approximately
37kHz. The output from this bandpass filter is passed into IC200A
where it is ‘chopped’ and fed to IC200B to provide the output
signal.



SK201B is a 13VDC signal trigger output which is active
whenever the amplifier is powered up. R218 and DZ207 / C223
provide a reference voltage which is buffered by TR200. TR201
and R217 act as a current limit and prevent damage due to a short
circuit on the output of SK201B. The maximum current is
approximately 65mA.

TR203 and TR202 are a complementary Darlington pair which
turn on mains relay RLY 200 when activated by a signal from the
microprocessor.

TR204 and its associated components are to detect whenever AC
mains is present at the IEC socket. This is to notify the
microprocessor if the user has unplugged the mains cord, so that it
can take the necessary action (muting all the outputs and switching
off the mains relay). The reservoir capacitors should last at least 4
mains cycles which gives the microprocessor plenty of time for a
controlled shutdown.

TR204 forms a monostable circuit. Each cycle of AC turns on
TR204 via R211. TR204 then ‘shunts C229 ensuring that it is
kept at a low potential. If more than one mains cycle is missing,
then R219 charges up C229 sufficiently to trigger Schmitt inverter
1C202E thus passing on a logic signa to the microprocessor. The
use of a Schmitt inverter for 1C202 is to ensure that the micro
receives ‘clean’ logic levels - the hysteresis voltage (about 0.5V) is
sufficient to prevent circuit noise from producing a string of
‘ghost’ signals when analogue levels are near the threshold point.

TH200 is a positive tempco thermistor placed adjacent to the
heatsink on which the output transistors are mounted. When the
temperature of the thermistor exceeds 90 degrees Celsius the
thermistor goes to a high impedance and so the input to IC202F
goes low. This triggers a HIGH output to the micro indicating
thermal overload.

The VI protection signals from the left and right channels pass into
IC202A and IC202B respectively, to be ‘cleaned up’ via the
Schmitt trigger. They are then NOR'd using TR205 which sends a
HIGH signal to the micro in the event of either channel suffering a
short circuit or current overload. Exactly the same approach is
used for the DC fault lines using 1C202C and 1C202D.

L 882 Circuit Sheet 3

This is the main audio power amplifier circuit. The amplifier is a
class B design, which uses SAP ‘audio’ transistors in a
symmetrical current feedback configuration. Input and feedback
paths are DC coupled and there is an active integrating servo to
remove DC offsets from the outpuit.

The basic principle of operation isfollows:

The input signal is amplified by a factor of 2 in IC300A. This
drives a 440] impedance to ground causing the supply pin currents
to change with the signal level. These changing supply pin currents
are then ‘reflected’ by a pair of complementary Wilson mirrors
and passed on to a series of buffer transistors before being
connected to the load. The ‘feedback current’ flows back from the
output terminal via R331 and R332 and attempts to provide the
current necessary to allow IC300A to swing its output without
drawing excessive current from its supply pins, thus making the
change in supply current very small indeed. This is why the term
‘current feedback’ is used - it is the current flowing in the
feedback resistors that sets the overall gain of the amplifier.

IC300B acts as an inverting integrator and its purpose is to remove
DC from the loudspeaker output. Any positive DC offset will
cause the output of IC300B to go negative, thus increasing the
current in its negative supply pin and pulling the output voltage
back towards zero. R330 and C317 set the time constant of this
integrator (0.47 seconds) so that audio frequency components are
ignored and only DC and subsoni ¢ frequencies are removed.

The input to the amplifier is limited to £5.4V via back-to-back
zener diodes DZ302 and DZ303. This is to prevent the user from
grossy overdriving the input to the amplifier and possibly causing
damage. The diodes appear before series resistor R324 so that their
variable capacitance does not introduce high frequency harmonic
distortion.

R324, R327 and C316 act as an input filter - this is a first order
low pass filter with a corner frequency of around 340kHz to
prevent RF signals from being injected into the front end of the
amplifier. The corner frequency was chosen such that the phase
shift introduced is less than 501 at 20kHz (considered by the AES
to be the minimum perceptible relative amount by the human ear).
The input impedance of the amplifier is 23kW at DC, falling to
around 14kW at 20kHz.

Operational amplifier IC300A is acting as a hon-inverting gain of
2, driving the input signal into a 44W impedance to ground via
R322 and R337. Its output voltage will be an accurate
amplification of its input voltage (i.e. the signal on pin 1 should
look identical to that on pin 3 but at twice the amplitude). The op-
amp is used in a dlightly unusual configuration here, in that its
power supply pins are used as a (current) output, and its output pin
isused as a (current) feedback.

Transistors TR311 and TR303 supply the £15V rails to the op-
amp, and act as cascades to pass its supply pin currents through to
the current mirrors, which sit at apotential too high for the op-amp
to be connected directly.

TR300, TR301 and TR321 form a PNP Wilson current mirror,
which reflects the current sunk by the positive supply pin of
1C300. Likewise TR314, TR315 and TR320 form an NPN Wilson
current mirror, which reflects the current sourced by the negative
supply pin of 1C300.

R315 thru R318 provide emitter degeneration of approximately
300mV for the current mirrors (as they pass about 3mA DC in
quiescent conditions), to ensure accurate operation independent of
the small variations between the transistors in the current mirrors.
They also ensure that the current passing down the next stage is
reasonably constant as the internal temperature of the amplifier
changes, swamping out small thermal variations in the Vge of the
mirror transistors.

R319 and R320 dlightly decouple the rails to the current mirrors
from the main power rails of the amplifier, to alow the bootstrap
circuit to operate. The bootstrap consists of C302 and C306 with
metal film power resistors R352 and R353. The bootstrap is
provided to alow the power supply rails of the current mirrors to
go up and down dlightly with the output signal into the
loudspeaker. This enables the driver stage to fully saturate the
output transistors and thus give the greatest power output and best
thermal efficiency for any given power rail voltage. The voltage on
the ‘insde’ end of R319 and R320 will vary by about 12 volts
peak to peak at full output power, rising above the main power
rails during signal peaks.

C307 and C308 with R333 and R335 provide the compensation
necessary to ensure stability when the loop is closed. They are
Miller capacitors which dramatically reduce the transmpedance
(i.e. current to voltage gain) of the current mirrors at high
frequencies. The present value of 47pF provides for a unity gain
open loop bandwidth of around 75MHz, whilst ensuring a closed
loop gain margin of around 6dB (note that gain margin in a current
feedback design is not dependent on system bandwidth to a first
order approximation). R333 and R335 provide a ‘zero’ in the open
loop frequency response which is tailored to give the best time
domain performance (i.e. to make high frequency square waves
look sguare with minimal ringing or overshoat).

DZ304 and C311 provide a fixed 4.7V bias voltage to alow the
following stages to operate correctly. C311 is there to ensure that



both halves of the following stage receive an equal AC signa
component at high frequency.

TR310 and TR307 are the ‘pre-driver’ transistors, which act to
buffer the outputs from the preceding stage and drive the
Darlington output power transistors. TR309 and R321 act as a
current limit, to ensure that the emitter current of TR310 does not
exceed 30mA in a fault condition. TR306 and R323 provide the
same function for TR307.

R338 and R339 are to loosely couple the outputs of the pre-driver
stage to the inputs of the Darlington power output devices. Thisis
so that the inbuilt temperature sensing diodes of the output
transistors can accurately control the quiescent current of the
output stage as the junction temperature of the power devices
varies. C312 and C318 ensure that both halves of the output stage
receive an equal AC signal component.

The output transistors are TR318 and TR319. These are Sanken
SAP15N and SAP15P devices respectively. They are specially
designed for audio power amplifier use. In addition to high current
gain (Darlington with a typical hee of 20,000) they provide an
inbuilt emitter resistor (thick film power resistor of 0W22) and
temperature sensing diodes which closely and rapidly track the
Ve versus temperature characteristic of the power transistors,
allowing for easy, fast-responding and reasonably accurate control
of quiescent current (one of the major headaches of class B
amplifier design!)

RV300 is for fine trimming of the quiescent current. PL300
provides a convenient measuring point for this, which is short-
circuit protected in the event of a slip with the multimeter probe!
All of the remaining circuitry to the right of TR318 and TR319 is
essentially for output stage protection...

Transistors TR312 and TR304, along with the network of resistors
and capecitors to which they are connected, provide instantaneous
overload protection of the output stage. This is a conventional
single slope VI protection scheme, which allows much greater
current to be delivered into a rated load than into a short circuit.
The values allow for 18A peak delivery (at clip) into a purely
resistive load, 7A peak (at clip) into a purely capacitive load and
around 4A peak into a short circuit. R345, C303, R346 and C304
allow these values to be doubled for short transient bursts
(approximately 2.7 milliseconds) so that impulsive musica
transents can be delivered cleanly with minimal risk of damaging
the output transistors.

TR313, TR302 and their associated components send a signal to
the microprocessor when the instantaneous protection circuits are
having to work ‘hard’ to prevent amplifier overload. Thisinstructs
the micro that the user is severely abusing the amplifier and will
switch off the loudspeaker relays to prevent possible permanent
damage. In redlity, if you short circuit the outputs at any
appreciable volume level, this circuit will trigger and the
microprocessor will turn off the loudspeaker relays and send a
signal to the user.

R308, R314 and C320 form a low pass filter from which the DC
detection circuits can sense excessive DC at the loudspeaker
outputs. If there is any positive DC present, then TR316 will turn
on, which turns on TR305 and thus activates the DC protection
line to the micro, turning off the loudspeaker relays.

If there is any negative DC present, then TR308 will turn on,
which turns on TR317 which then turns on TR305 in turn, causing
the same effect.

R350 and C319 are the Zobel network which is provided to ensure
the amplifier ‘sees’ a constant and resistive load at very high
frequencies, to aid stability, although the amplifier will be stable
without the Zobel fitted.

C313 locally couples the ‘high frequency’ and loudspeaker ground
returns together at the output to overcome the effects of track
inductance back to the star point. C309 couples the ‘high
frequency’ and signal grounds together at the input for the same
reason.

D303 and D304 are ‘flyback’ diodes to protect the output
transistors from reverse bias when the amplifier is heavily clipped
into an inductive load (such as aloudspeaker voice cail!)

Sheet 4 is an identical copy of sheet 3 so | will not describe it
Separately.

L 870 Phono Circuit Description

The Phono board is a simple single stage RIAA amplifier. It
consists of two channels of high gain amplification, and switching
between moving magnet (MM) and moving coil (MC) settings.

PSU

The unit derives its +15V regulated rails from the unit it is fitted
into with only local decoupling capacitors on board.

Interface
The unit connects to the host unit viaa 8 way connector:
Amplifier

The left channel has designators beginning with 100, and the right
with 200. For the purposes of this description the left channel will
be described, as the right channel the samein all respects.

The amplifier is a small signal class A voltage feedback amplifier
with switchable gain. The input consists of an actively loaded
differential pair of very low noise PNP transistors (TR106,107).
These transistors are very specific and should only be replaced
with identical parts with the E grade high gain. TR100 & TR101
form a current source for the pair, which sets the quiescent current
for the entire amplifier. The active load consists of TR110 &
TR111, which forms part of a differential current mirror with
TR112,113 & 114. This differentia stage also has an active load
(TR102 & TR103) to keep gain to amaximum.

Both of these differential stages are designed to have as much gain
as possible to enable the single stage design. The RIAA response
is achieved in the feedback network:
C101,110,111,112,119,120,& R115,112. C115 is used to correct
between MM & MC gains as the amplifier is non-inverting.

SW100 switches between MM & MC. Two poles of the switch
change between the different loading required for each type of
cartridge: R108 & C109 for MM, and added in parallel for MC
R104 & C108. The other two poles change the feedback resistor
valueto alter the gain. MM: R105 and in parallel for MC R123.

The DC offset is controlled by a non-inverting servo built around
IC100. The amount of servo current is different for each gain
setting via R111 (MM) & R124(MC) so that the low frequency
high pass point remains the same for both settings. However the
high pass point for the circuit is set by C113. This gives a warp
filter, stops DC startup thumps from upsetting DC coupled
circuitry and an approximation of the RIAA/IEC curve (-2dB @
20Hz).

The output is class A buffered by a dual mirror follower
(TR104,105,108,109). The quiescent current is set up by D100
and R118,119.

Closed loop stability is achieved with C116,117, giving
symmetrical slewing capability.



SK 103 connects to the micro controller and display PCB.
The 14 pin connector is numbered asfollows:

No | Name Type | Description

1 +5vV_D O/P | 5volt digital supply (for micro)

2 ov_D o/P Digital ground

3 +49V o/P Main power supply for VFD (viafusible resistor)

4 STANDBY /P Mains relay control signal (HIGH = ON)

5 SPKR1 ON /P Speaker 1 relay control signal (HIGH = ON)

6 SPKR2 ON /P Speaker 2 relay control signal (HIGH = ON)

7 THERMPROT | O/P | Over temperature protect (HIGH = FAULT)
8 VIPROT O/P | Short circuit protect (HIGH = FAULT)

9 DCPROT O/P | DC offset protect (HIGH = FAULT)
10 |ACPRESENT |O/P |IndicatesAC mainsispluggedin  (HIGH = ON)

11 | TRIGGER O/P | 12V DC trigger input (HIGH = ON)

12 | REMOTE O/P | Demodulated RC5 remote input from rear panel

13 |ov_D O/P | Sparedigital ground pin

14 |+5V D O/P | Spare5 volt digital supply pin

The ground naming convention is asfollows:

Name Description

ov_D Digital ground (used for micro processor circuitry, display and interface)
OV LS R Right channel loudspeaker ground return

ov_SIG Signal ground (thisisthe ‘clean’ precision reference ground)

ov_PSU Power supply ground (high current pulses for the large reservoir caps)
OV_TRIG Ground return for the jack socket trigger and remote control circuit
OV_HF R Decoupling ‘noisy’ ground for the right channel power amp

OV_LS L Left channel loudspeaker ground return

OV_HF L Decoupling ‘noisy’ ground for the left channel power amp




A85, P85, P85/3 Service Guide

Build History

ECO Date Description of Change

Number

00 1089 | 02/10/00 | A85 — Fascia position changed to prevent display buttons sticking

00 1129 | 01/11/00 | A85, P85, P85/3 — Improved stability under heavy clipping of amplifier R345,
R346, R445, R446 changed from 100R to OR link
C307, C308, C407, C408 changed from 47P to 100P capacitors

00 1138 | 27/11/00 | A85, P85, P85/3 — C303, C304, C403 changed from 10uF to 100uf capacitors—
this prevents protection circuit from operating when driving a 4 ohm load at
low frequency

01 1030 | 23/02/01 | A85, P85, P85/3 — RV 300, RV400 changed to 220R presets to make it easier to
adjust the bias settings

01 1068 | 11/04/01 | A85, P85, P85/3 — New output device clamp fitted to heatsink

01_1101 | 04/06/01 | A85, P85, P85/3 — Sensitivity of DC offset detection circuit reduced — Power
amp cct R308, R408 changed to 22K - R314, R414 changed to 10K
PSU surface mount fuse F202 up rated from 500mA to 750mA

01 1142 | 22/08/01 | A85 — Preamp board upgraded from L866 to L937

01 1178 | 12/10/01 | A85, P85, P85/3 — Speaker terminals changed from Camcon to 4mm binding
post

01 EO014 | 28/11/01 | A85 — Preamp board fuses F300, F301 up rated to 2A surface mount

02_E033 | 31/01/02 | A85 — Extra pad FO38 fitted under TX to stop TX coming loose in transit

02_E035 | 04/02/02 | A85, P85, P85/3 — Main 20mm fuse rating changed to 4AT

Softwar e History

ECO Date Version Description of Change

Number

01 1072 | 18/04/01 | 1.1 Remote standby action changed from turning unit completely off
to putting unit into standby

01 1095 | 21/05/01 | 1.2 Delay added to start H8 start up routine (volume control chip)

01 1167 | 12/09/01 | 1.3 Volume chip read/write protocol changed

01 1179 | 26/10/01 | 2.0 Added the processor mode option

01 EO11 | 23/11/01 | 2.1 Corrected the welcome message saving fault. This fault was
introduced with version 2.0 software

02 E048 | 15/02/02 | 2.2 Corrected the processor loop volume jump when v/c adjusted

Current Fuse Ratings (20/02/02)

Fuse Position Fuse Rating

Main Supply fuses - A85, P85, P85/3 2 x 4AT 20mm (Arcam part number C12406)
PSU fuse F202 - A85, P85, P85/3 750mA surface mount (Arcam part number C3751)
Preamp fuses F300, F301 — A85 2A surface mount (Arcam part number C3202)

Quiescent Current Setting

Left channel Measure points indicated on PCB -
Adjust RV 300 for 8.5mV cold or 12 mV when warm
Right channel Measure points indicated on PCB -

Adjust RvV400 for 8.5mV cold or 12 mV when warm




Fault Diagnostics

Fault

Action

No power

Check fuses
Check power supply rails

Unit functions ok but no audio

Check preamp fuses

Check RL100A (volume control mute relay)
Check +5V supply rail

Check mute signal line

Volume control locks up

Check software version is 2.0 or higher

DC offset

Check equipment connected to amp for DC on the audio leads
Check alterations as per ECO 01 1101 have been fitted

Unit fails to respond to commands

Check ribbon cable from display to main board
Check ribbon cable from display to preamp board

Unit gets very hot

Check power stage | Q settings

Hints& Tips

O To check software version press PHONO, TUNER, DVD buttons on the front panel

simultaneously.

O Onissue 2 phono boards only, fit Kapton insulation tape to the phono stage PCB (rear panel
end) to prevent track shorting to chassis.

Oooo

Check all fuses are the correct rating.
Check DC offset alterations are fitted as per ECO 01 1101
To isolate a fault between the pre or power amp section press the PRE/PWR button on the

rear panel to separate the two sections.
O Check R100 on amp/psu board is not shorting to the track underneath (through plated via).
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