
FEATURES

 ULTIMATE SONIC CLARITY

+26dBu MAXIMUM SIGNAL HANDLING

DISCRETE BIPOLAR CLASS-A DESIGN

 ULTRA LOW DISTORTION: 0.0003% 

ULTRA LOW NOISE: 1.8nV/  Hz AT 40dB GAIN

SLEW RATE: 8V/us

COMMON MODE REJECTION >80dB

FULL POWER BANDWIDTH: 2MHz 

WIDE SUPPLY RANGE: ±5V to ±24V

Discrete Class-A

TM

AUDIO OPERATIONAL AMPLIFIER 

APPLICATIONS

PROFESSIONAL AUDIO OEM

MIXING CONSOLES

SUMMING AMPLIFIERS

LINE DRIVERS

 LINE RECEIVERS

ACTIVE FILTERS

 PREAMPLIFIERS

EQUALISERS

COMPRESSORS

CROSSOVERS

The information in this document is intended to be accurate but is subject to change without notice and should not be construed as forming part of any contract.
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DESCRIPTION
TMThe TopAmp  is a specialist audio operational 

amplifier that uses pure class-A circuitry from 
input to output, designed to re-capture the clarity 
and character of classic audio recordings from 
the 1960’s and 1970’s.

Derived from a long-held understanding that 
where sonic fidelity is concerned, “less is more”, 

TMthe TopAmp  uses the minimum of components 
necessary to achieve the performance expected 
from a modern op-amp in terms of noise, 
distortion and power supply rejection. Only four 
transistors are actually in the signal path.

Bipolar pnp devices are used to ensure low noise 
TMyet the TopAmp  still has an input impedance of 

over 50Mohm. A matched pair of input transistors 
provides good common-mode rejection, while 
medium-power output transistors combine 
effortless load driving with effective heat 
dissipation.

When operated at ±24V, input and output signals 
of +26dBu are accommodated. Even at 
maximum signal level, distortion is still only 
0.004% and is mostly second harmonic.

TMThe TopAmp  measures just 17.5mm x 15.2mm. 
It has a 6-pin in-line connector with a 0.1" 
(2.54mm) pitch and mounts horizontally to suit 
applications with limited height, such as 1U rack 
enclosures, '500 Modules' and mixer channels. It 
can be soldered directly into a PCB or mounted in 
a turned-pin SIL socket.

TMAn adaptor, the 'TopAmp  99', is available which 
TMallows the TopAmp  to be retrofitted to any 

existing audio equipment designed to accept the 
industry-standard 'API 2520' footprint.

Also available is the TMTE-1 Evaluation Board, 
which facilitates rapid test and measurement of 

TMthe TopAmp  and other 'API 2520' style devices.
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 OPEN-LOOP GAIN: >70dB
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HISTORY: LESS  IS  MORE

Early pro-audio amplifiers used as few as three or 
even two transistors. They did not have 
differential inputs (transformers were used to
de-balance the signals), nor did they have any 
rejection of power supply hum, noise or other 
artefacts. They had relatively high distortion and 
limited headroom but despite that, used within 
their specified range of operation, they sounded 
absolutely superb. Much of the revered clarity 
and character of classic audio recordings is due 
to such amplifiers.

Since the advent of the integrated circuit (IC) or 
'chip', there has been a relentless march away 
from the simplicity of those early circuits, as chip 
designers used more and more transistors to 
fine-tune the performance of their amplifiers. 
Such improvements were variously aimed at 
achieving sufficient bandwidth for video and UHF 
signals, linearity at dc, minimising offset and 
thermal drift and other things that have nothing 
whatsoever to do with perceived audio quality. 
Invariably chip designers slavered after the holy 
grail of ever lower harmonic distortion, seemingly 
without regard to whether that was what really 
mattered. In many cases the overall result 
measures well, yet strangely doesn't sound all 
that great. This is noticeable when the sound of a 
unity gain op-amp is compared with a piece of 
wire; the more amplifiers that are placed in the 
signal path, the more the loss of 'openness' and 
detail becomes apparent.
 
Industry standard audio op-amps such as the 
NE5532 and especially the TL072 (derivatives of 
which are still widely used today), have relatively 
few transistors in their signal path, while some 
modern op-amps have dozens. In any case, 
because all integrated circuits have transistors 
fabricated on silicon substrates, there is potential 
for low level intermodulation between different 
points in the audio path, which causes subtle 
'smearing' of audio detail. Discrete electronics 
avoids the problem of multiple unwanted 
interactions at the microscopic level.

TESTING, TESTING

Double-blind listening tests have been published 
which claim to find no audible difference between 

1various audio components , but generally such 
tests fail to consider the quality of the monitoring 
equipment.  Any audio system is only as good as 
its weakest link, which is invariably the 
loudspeaker;  any experiment which fails to focus 
on using the most accurate loudspeakers 
possible, is flawed, by not accounting for masking 
effects introduced by distortion in the monitors.

During the last twenty five years at Time Machine 
we have conducted innumerable listening tests 
using extremely accurate loudspeakers and 
discrete, reference power amplifiers. We have 
easily and repeatedly found not only distinct 
differences between 'audio' chips, but revealed 
startling differences between all credible audio 
ICs and discrete amplifiers. Despite claims by 
various manufacturers of specialist audio chips, 
little has changed, and if monitoring of sufficient 
quality is used, the best discrete op-amps will still 
sound better than even specialist IC op-amps.

NOISE

The noise that any amplifier introduces is of 
paramount importance in pro-audio and the 

TMTopAmp  performs extremely well in this regard. 
The use of PNP transistors with large base areas 
keeps the noise floor well below -100dBu at unity 
gain. Even with 40dB gain, the noise floor is still 
below -80dBu, which means that when used in 
transformer-coupled microphone preamps, it will 
be the noise due to microphone and transformer 
impedances that will dominate.

DISTORTION

Although the importance of harmonic distortion 
TMcan often be exaggerated, the TopAmp  actually 

produces remarkably little!

Its entirely Class-A design completely eliminates 
cross-over distortion, while the use of metal film 
resistors, COG capacitors and again, large base 
area transistors results in negligible harmonic 
distortion right up to clipping. And when the 

TMTopAmp  approaches the limits of its dynamic 
range, such distortion as does occur, is 
predominantly the more audibly pleasing second 
harmonic. Crucially, inter-modulation distortion is 
vanishingly small for all normal signal levels.

HEADROOM
TMThe ability of the TopAmp  to run at ±24V gives it 

4dB more headroom than '500 Modules' running 
at ±16V and at least 3dB more than almost all 
audio ICs used in the vast majority of pro-audio 
equipment.

1. DA Clark, "Ten years of A/B/X Testing," AES Paper 3167
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Figure 1    simplified circuit diagramTMTopAmp
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SUPPLY VOLTAGE ±27V

±Vs minus 2V

60sec *

DIFFERENTIAL INPUT VOLTAGE

OUTPUT TO GROUND SHORT CIRCUIT
DURATION

o* For output devices to reach 40 C above ambient
NB: Short circuit between output and either supply voltage rail will immediately damage the output devices.
Particular care must be taken as the +Vs pin and the output pin are physically adjacent to one another.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS

MAXIMUM INPUT SIGNAL

MAXIMUM OUTPUT SIGNAL

TOTAL HARMONIC DISTORTION (at 1kHz)

TOTAL HARMONIC DISTORTION (at 10kHz)

INTERMODULATION DISTORTION (at 1kHz)

INTERMODULATION DISTORTION (at 10kHz)

+26dBu

+26dBu

At 0dBu output, load = 10k

At 0dBu output, load = 10k

At 0dBu output, load = 1k6

At 0dBu output, load = 1k6

At 0dBu output, load = 10k

At 0dBu output, load = 10k

At +16dBu output, load = 10k

At +16dBu output, load = 10k

Class-A, load dependent

At 0dB gain

At 40dB gain

At +26dBu output, load = 10k

At +26dBu output, load = 10k

At +26dBu output, load = 1k6

At +26dBu output, load = 1k6

0.0007% 0.0008% 0.0006% 

0.0012% 0.0015% 0.001% 

0.0007% 0.0008% 0.0006% 

0.0012% 0.0015% 0.001% 

0.0002% 

0.0004% 

0.0002% 

0.0002% 

0.0001% 

0.0003% 

0.0001% 

0.0001% 

0.0003% 

0.0005% 

0.0003% 

0.0003% 

0.0008% 0.0009% 0.0007% 

0.0035% 0.004% 0.003% 

0.0035% 0.004% 0.003% 

0.023% 0.025% 0.02% 

EQUIVALENT INPUT NOISE

SLEW RATE 8V/usec

COMMON MODE REJECTION

QUIESCENT CURRENT

OUTPUT CURRENT

INPUT IMPEDANCE

OPERATING TEMPERATURE

OUTPUT DC OFFSET VOLTAGE

INPUT BIAS CURRENT

>80dB

6.8mA

14mA

-22mV

7.8nA

50MW
o40 C o45 Co35 C

38mA

2MHzFULL POWER BANDWIDTH

OPEN-LOOP GAIN >70dB

-110dB -107dB-112dB

-123dB -122dB-124dB

SUPPLY VOLTAGE RANGE

PARAMETER

±24V

At Vs = ±24V

At Vs = ±24V, load   1k6

±27V±5V

MIN TYP MAX NOTE

Vs = ±24V, ambient temperature = +25°C
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MICROPHONE  PREAMPLIFIER
TMFigure 2 shows a TopAmp  used in a typical 

transformer-coupled microphone preamplifier.

TMIn this example the TopAmp  is non-inverting 
and has gain variable from unity to 40dB. When 
used with a microphone transformer with fixed 
20dB gain (eg: Lustraphone M10), the overall 
gain of the preamp ranges from 20dB to 60dB.

BUSS  AMPLIFIER
TMThe TopAmp  also excels when used as the 

amplifier for virtual-earth mixing busses of the 
type  shown in Figure 3.

This example assumes typical resistor values of 
10k, both for the buss feeding resistors RIN and 
the feedback resistor R1.

In this arrangement the effective value of the 
source impedance is the sum of all the buss 
resistors in parallel. For 32 input channels this is 
312 ohm, while for 64 channels it is 156 ohm. The 
equivalent gain is therefore 10,000 312 = 30dB 
for 32 channels and 10,000 156 = 36dB for 64 
channels. It is crucial that a buss amplifier has a 
sufficient gain-bandwidth product to comfortably 

÷ 
÷ 

deliver the maximum output level into (say) a 10k 
load, over the whole of the required frequency 
range, with no increase in distortion.

As can be seen from Figure 4, there is very little 
difference in roll-off between 0dBu output and 
+26dBu output, with -1dB points at 80kHz for 32 
channels and 50kHz with 64 channels. In each 
case distortion remains low right up to clipping.

INS  AND  OUTS

The circuits shown in Figures 5 and 6 are typical 
unity-gain, balanced line input and output stages.

APPLICATIONS

47k

10k REV LOG

470u 100n

10k

47p

100R

10u
2

4

3

TOPAMP

OUT

IN+

IN-

Figure 2   Microphone Preamplifier

Figure 3   Virtual-earth Buss Amplifier

Figure 4   TMTopAmp  as buss amplifier 
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Differential Input
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Balanced Output
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LOADING
TMWith he TopAmp  can drive 

+26dBu into all loads down to 1.6 kohms (it can 
also drive 600 ohm loads, albeit with slightly 
worse distortion at +26dBu). The significance of 
1.6k is that 1.67k is equivalent to six 10k loads in 
parallel, for example when feeding several mixing 
busses at once. It is also equivalent to three lots 
of 10k potentiometers each feeding a 10k buss 
resistor, which is an arrangement commonly 
found in the  Auxiliary sends of mixer channels.

This ability to effectively drive relatively small 
loads will also help when designing active filters 
such as inductive equaliser stages, which can 
sometimes have fairly low input impedances.

HF STABILITY

All op-amps have a tendency to high frequency 
oscillation when driving capacitive loads such as 

TMoutput cables, and the TopAmp  is no exception. 
It is internally compensated with filters designed 
to roll-off the gain-bandwidth product at 
approximately 2MHz. Nonetheless, screened 
coaxial cables can exhibit surprisingly high 
capacitance, with values up to 1 nanofarad being 
entirely possible.

The usual symptom of the problem will be the 
appearance of a low-level oscillation in the range 
of 5MHz to 8MHz superimposed on the output. In 
audio terms this will often be harmless in itself, but 
runs the risk of interacting with other HF signals to 
produce demodulation products close to, or even 
within, the audio band. It is therefore important 
when designing circuits to drive long output 
cables, to take this capacitance into account.

Placing a 100ohm resistor in series with the 
output is usually sufficient to dampen out any HF 
instability and, assuming a typical 10k input 
impedance at the other end of the cable, the 
consequent drop in signal level is less than 
0.1dB.

Some designers prefer to use an inductor in 
series with the output to avoid any attenuation at 
audio frequencies, though the construction of 
inductors can cause them to introduce audible 
artifacts of their own.

A third option is to connect a 'Zobel network' 
TMbetween the TopAmp  output and ground. This 

will typically comprise just a 10ohm resistor in 
series with a 10nF capacitor, as show in Figure 7.

The TMTE-1 Evaluation Board contains both 
output resistors and a switchable Zobel network 
to allow further investigation of this topic.

±24V supply rails t

THERMAL

Note that Class-A amplifiers have a higher 
quiescent current flowing in the output stage than 

TMClass-AB amplifiers. In the TopAmp  the 
quiescent current is set to 4.8mA and means that 
quiescent power dissipation is around 200mW.

Depending on ambient temperature this results in 
a normal operating temperature in free air of 

o o
between 30 C and 40 C. However in confined 

o
spaces, this temperature can rise to over 40 C. 

Although this will not cause any harm, it is good 
practice to allow 'breathing space' between 

TMTopAmps  inside mixer channel modules, to 
avoid heat build up in particular areas of the 
motherboard(s).

As far as possible, use wide PCB tracks and 
TMground planes when connecting to the TopAmp , 

in order to spread the heat evenly around the 
motherboard.

POWER SUPPLY

It is often said that an amplifier is only as good as 
TMits power supply. Although the TopAmp  provides 

good rejection of noise on the power rails, it is 
important to use an appropriately low-noise 
power supply when designing audio equipment. 
Typically a good power supply will have no more 
than a few millivolts of noise on its outputs.

DESIGN CONSIDERATIONS

www.timemachine.biz

Figure 7 Typical Zobel Network
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MECHANICAL DATA

Notes
1. Connector pitch is 2.54mm (0.1")
2. The low-profile design of the  its use in confined spaces such as mixer channels.
In addition, clearance above the motherboard is such that other components, for example through-hole 
resistors and small ceramic capacitors, as well as many common surface-mount components, can be 
mounted underneath the 

TMTopAmp  allows

TMTopAmp .
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