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QSC powerLight 9.0 Amplifier

ON THE BENCH

By ToMm YouNG

ver the vears, 1 have had the

experience of using a variety

of amplifiers in sound rein-
forcement applications. All amplifiers do
not sound the same, even when their
power ratings are identical. The unique
way they sound is one way o sepanite
one product line from another when mak-
ing decisions on whether o purchase a
company’s line of amplifiers
Features, service and reliability
are other determining Factors, In
my expericnce with QSC ampli-
fiers, they rate extremely high in
all catepories, especially in sonic
characteristics. The PowerLight
9.0 is no exeeplion,

Features

The addition to the Q5C
PowerLight series, introduced in 1994, is
the PowerLight 9.0, From a small chassis,
this amplifier is the Godzilla in power o
the PowerLight  series. Commanding only
5 rack spaces high, 19" deep and weigh-
ing 59 Ibs., the PowerLight 9.0 has the
highest rmtio of power 10 Size ever accom-
plished by a professional power amplifier
I have ever seen, In stereo at 8 Ohms,]
kHz. 1% THD, it's rated at minimum 1,950
W, 3.400 W at 4 Ohms, and 4,500 W at 2
Chms per channel, In bridged mona at 4
Ohms, it has an impressive rating of
O (00 W — extraordinary

The front of the amplifier consists of
fan vents that Jet the four variable speed
fans cool the amplifier from rear o front,
The front panel contains a power switch
and wisely recessed volume controls 1o
prevent changing the gain of the amplifi-
er by merely bumping into it. The gain
controls are detented for incremental
2 dB steps, making resetting amp settings
easy and precise, There are also three
LED power supply indicators for each
channel; red for protect, yvellow for
stanclby and green for power-on. The
protect light illuminates during on/ofl
muting for three seconds. This protects
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speakers and drivers during turn ondoff

operation, eliminating loud pops and
clicks in the speaker system. The amplifi-
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er has a user-defeatable clip limiter, with
switches on the front 1o reduce distortion
and provide loudspeaker protection

The rear of the amplifier contains a
well-designed flexible array of termina-
tions. The input connectors P wide a
Eurc-style terminal strip, XLR and 174"
TRS terminations. The outpul connec
tions are achieved by a choice of a
“touch-proof” binding post where all
conducting metal is recessed, allowing
the use of bare wire or banana plug ter-
minations, or Neutrik Speakon connec-
tors. There is a three-way switch for par-

Ar-A-G I‘.;.l NCE

_ t Sound reinforcement
Key Features: Power Factor
Caorrechion cirevitry, 3,400 W at 4
ohms, Euro-style tarminal sirip, XLR
ond 1/4” TRS terminctions, “touch
proof’ binding posts. -

Price: $6.998

Canracr: QNG AURE kT FIAU8Y-7100

allel-stereo-bridge operation. Remote AC
power control availability and a data
port for multisignal processing is provid-
ed. Many times when 1 was in the field
and expericnced problems with an amp,
| had 1o replace it. It would have been
nice o have had an amp this flexible to
get up and running

A power factor correction circuit (PFC)
that lowers peak AC current require-
menis by as much as 40% in the amplifi-
er is o unique feature of this unit. This
feature is said to reduce the strain on AC
distribution and is critical in large
wattage amplifiers where extreme power
requirements exceed available supplies
The PowerLight 9.0 also features line
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and load regulation, making the amplifi-
er's peak power capacily immune o
drops in AC line voliage. The amp also
features a very low line current draw per
wall of Crutput

In use

I had the pleasure of using this amplifier
for a show 1 was doing at the
Metropolitan Club in New York Ciry
where space is a premium. [ needed a
PA but did not have the space in the
room for racks of amplifiers. | was using
a pair of Turbosound THL-2 boxes per
side, which are a 3-way full
range box with a 157 bass that |
ran in the passive mode, | have
used these boxes many tmes
with other amplifiers, however,
none with the power capacity
of the PowerLight 9.0, Powered
by QSC'sPL 9.0, the speakers
had a cerain life 1o them thar 1
had not experienced with these
speakers before, even when used previ
ously in an active mode, The transients
were tight and clear, and the bass
extremely responsive. 1 was not able 1o
get remotely close o amplifier clipping. 1
would like 1o use this amp again power-
ing s the sub bass to lisiten to it work
harder. All in all, 1 was very impressed.

Summary

The PowerLight 9.0 amplifier came 1o
me as an early production unit with a
preliminary spec sheet and no owner's
manual, [ am glad 1o see where the state
of amplifier technology is going. The
ability 10 package a produa this power
ful and fexible in a small package is
going to set the standard For touring
packages in the future, Where size,
weight and power consumption are
always at a premium in terms of cost,
innovative products such as this one will
be welcome. My hat is off to the QSC
PowerLight series and its newest addi-
tion the PowerLight 9.0,

Tom Young bas been a live sound
engineer for more than 20 years, includ-
[ PRy Years .rm_-u.-:u‘-_;_,r'nm;-r_:l.-'.jm“_..—l.;;,r
Frank Sinaira. Young band-mixes for
Tony Bennett and is a confributor to
Pro Audio Review.
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The Osc PL 9.0 (_h THE BENCH

Power Amp:
A Technical Look
at a Novel Design

he PL 9.0 is, in my experience, a

refreshing new approach 1o

high power amplifier design.
Quite a number of the circuit aspects of
this design are patent pending.

Among the numerous technical inno-
vations in the PL 9.0 is itis Power Factor
Correction (PFC) switching power sup-
ply. Apparently in most implementations
of such supplies, a two ter approach
has been used — a boost convener fol-
lowed by the switcher that supplies the
final power supply voltages used by the
amplifier. In the power supply for the PL
9.0, this is all done in one stage, simpli-
fying the circuitry and increasing the
power supply efficiency. The control for
the switching transistors in the power
supply is a function of the product of a
sample of the ourpur DC voltage and the
incoming AC line wave form.

This results in the AC line current
being sinusoidal and in phase with the
AC line voltage. Further, the DC output
voltage that powers the amplifier circuit-
v s regulated with some designed-in
“give” 1o promote overall stability in the
prime AC supply. Even more impressive:
The power supply current will follow
the shape of an arbitrary input AC voli-
age wave form indicating that the AC
input impedance of this unit is essential-
Iy resistive in nature and not some result
of resonance of the 60 Hz frequency

Power factor correction

This amp will work equally well ar 50
or 400 He, again, with the current being in
phase with the voltage. All is not theoreti-
cally perfect in this picture as the AC cur
rent at idle and low output powers lends
to be more like that of a conventional
power supply; cument pulses drawn at the
peak of the AC input voltage, As the
power output from the amplifier incoreas-
es, the current quickly “fills out” 1o a sinu-
soidal shape. This is logical and OK as the
high efficiency and power factor corrected
current is more imporant at high AC cur-
rents when the amp is cranking it out. An
example of the AC line voltage, cumrent,

QSC PL 9.0 POWER AMPLIFIER

Testing power amplifiers as large as the PL 9.0 creates
special challenges, These include large enough Inad resis-
tors to take the power and a source of AC line voliage tha
will deliver the required cument. Not having either a large enough load bank or a stiff enough AC
supply, 1 ook the logical step of testing the amp at the QSC leclory. Their lab was very well equipped
with all the necessary pear to do this. When | areived, the equipment was all set gp in a such a neat
and orderly fashion that | was able o immediately set 1o work measuring the amp,

QSC has a large regulated AC power supply with remole sensing at point of use, This regulates the
AC line voltage so it stays constant as a function of AC cumrent drawn, Al full power into 2-Ohm
loads with both chanmels driven, the PL 9.0 taxed this supply to the max. By setting the no-load volt-
age high enough, it was posaible to maintain close i 1200V at full power output, some 9 kW1

Totul harmanic distortion plus noise as a function of power output and frequency in a 80 kHz mea-
surement bandwidth ix ahown in Figures 1. 2. and 3 for boads of 8, 4, and 2 Ohms. Both channels
were driven in this test and the results shown are for the lefi channel. Alithough distortion does rise
with frequency, as is the case with the majority of amplifier designs, the overall amount of distortion
is satisfactorily low and doesn't increase much for the lower impedance lods.

The PL 9.0 switching power supply's output is regulated but with a calculated amount of give under
load. This helps w keep the power output more constant with AC line voltage changes for 8 and 4
Obm loads, For instance, the smount of power attainable with & Ohm loads for AC line voltages of
132 and 100 V a1 about 0.9% distortion. roughly the visual onset of clipping, was 2,07 and 19 kW
respectively. If the power supply was unrcgulated, but set to produce the 2.07 kW at 132V AC line
inpuuit, the 100V power would have dropped to roughly 1.2 kW,

Frequency response for open circait, £, 4, and 2 Ohm loading on the output is graphed in Figure 4.
Az can be seen, this amp has good load regulation in the audio band and the differences above the
audio range are due 10 the series buffering RL network between the outpot stage and the output termi-
nals. Damping factor as & function of frequency is plotted in Figure 3 for the right channel, which was
the lower of the twa.

The PL 9.0 behnved well on the test bench, especially for such a high power unit. Ome thing that
impressed me was how nicely ihe unit clipped. even at high frequencies, There wis no sticking, just
smoath virtually perfect clipping behavior. Sticking is the phenomens where the wave form stays
clipped beyond where it shouwld, and then abrupily comes down with a step 1o become a sine wave again.

andl instantanecus power, the procuct of

the voltage and current, is shown in
Figure | for a PL 9.0 running at 1,2 power
into i 2-ohm load. In this plod, the largest
wave is the AC line voliage, the next larg-
er wave is the AC current waveform, and
finally, the smallest wave, running at twice
the line frequency, is the product of the
current and voltage. Note the essentially
sinusoidal shapes of the waves. In con-
trast, a similar set of waveforms for a
more conventional non-power factor cor-
rected power supply in another power
amplifier is shown in Figure 2. Here, the
AC line vohage is severely clipped due 1o
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by Bascom H. King

the current being drawn more at the
peaks with the cument wave form being
typical of this conventional power supply

Crutput circuitry for the PL 9.0 consists
of a four quadrant full bridge topology
with one side of the load grounded
Thus, the power supply for this outpu
stage, of a single polarity without a center
tap reference, could move with respeat
signal ground. Each side of the bridge
uses twi large-geometry N channel MOS-
FET power devices in parallel. It is in the
drive to these output devices that much
of the circuit innovation of the PL 9.0
residles. Each output device is included in
a servo circuit that forces its output cur-
rent 1o be a linear function of the control-
ling input current. This way, the paral-
leled pairs of devices in each side of the
bridge share current equally. The drive 1o
each comer of the Dridge is symmetrical
and thus the controlled current "cells®
behave in a l;.'i:ln‘ll‘sh.'n'u':‘:r'.lrgr manner
using output devices of the same polariry,

A current processor
One consequence of the current-oper-
ated nature of the outpur stage is that the
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Bench Measurement of QSC PL 9.0 Power Amplifier
OUTPUT POWER (ElA}

At clipping. B ohm load 2,020 W
Clipping headroom re: 1,950 W raling 0.15 4B,
Dynamic power, B ohm load 2020 W
Dynamic headroom re: 1,850 W rating 0.15dB
At clipping, 4 ohm load 3,500 W
Clipping headroom re: 3,400 W Rating 0.124d8
Dynamic power, 4 ohm load 3,816 W
Dynamic headroom re: 3,400 W Rating 0.64dB
At clipping, 2 ohm load 4,500 W
Clipping headroom re; 4,500 W rating 0 dB
Dynamic power, 2 ohm load 6,642 W
Dynamic headroom re: 4,500 W rating 1.7 dB

INPUT CHARCTERISTICS {average of both channels)

For 1 W output, 8 ohm load 54.3 mV
Far 1950 W output, B ohm load 31V
Voltage gain, 8 ohm load 321 dB
Channel balance 0.06 dB
Input impedance At 1 kHz 200 K

COMMON MODE REJECTION RATIO

Laft channal  -70 dB, 20 - 500 Hz, rizing to -84 dB at 20 kHz

Right channel -71 dB, 20 - 500 Hz, rising to -568 dB at 20 kHz

FREQUENCY RESPONSE
20 Hz to 20 kHz, 8 ohm load +0.05dB, -0.18 dB
-3 dB8 points < 10 Hz, 60 kHz

MOISE LEVELS (Input levals at maximum)
A-wid residual (leftiright) 454 uV, -7B.1 dBW

339 uV, -78.4 dBW
Wideband residual (left/right) 6.9 mV, -52.3 dBW
7.63 mV, -51.5 dBW
A-wid signal to noise

re; 1,950 W, 8 ohm (left/right) -111.0,-111.3 dB

TOTAL HARMONIC DISTORTION PLUS NOISE
(4 ohm loading, left channel)

At 2W, 1 kHz, 20 Hz to 20 kHz 0.032

< = [.051%
0011 <= 0.10%
0.015< = 0.11%

At 20 W, 1 kHz, 20 Hz 1o 20 kHz
at 200 W, 1 kHz, 20 Hz to 20 kHz

at 3000 W, 1 kHz, 20 Hz to 20 kHz 001 <= 0.11%
SMPTE INTERMODULATION DISTORTION

At 1.B kW, 8 ohm load = = 0.005%
At 3.3 kW, 4 ohm load < = 0.007%
At 4.0 kW, 2 ohm load < = 0,012%

CHANMEL SEPARATION
L > Rat1kHz 20 Hz 1o 20 kHz
R = L at 1 kHz, 20 Hz to 20 kHz

83.7dB,> = 82,1 dB
B4.2dB,> = T4.6dB

DAMPING FACTOR (RE: 8 OHM LOAD)

One amp RMS injected currant, 50 Hz

{leftiright) - = 3,500/2,800
One amp AMS injected current, 20 Hz to 20 kHz

{leftiright) ~ = 33.1/31.8

Notes:

1. All measurements made with balanced inputs and in sterec
mode uniess otharwise noted

2. Inputs terminated with 300 ohmiphase for noise and channel
saparation.

3. AC line current at idie, about 2.5A.

4. Dynamic power levels are at beginning of the 20 ms burst.
Power levels at end of burst were somawhat less, more So with
tha lower impedance loads.
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stage has a high dynamic output imped-
ance, This is reduced to very low values
in the overall amplifier circuit by several
nested feedback loops enclosing the ow-
put stage, Another major difference in
this ourput stage and virually all others is
that it is not self-conmuting within itself.
Meaning, in typical complementary-sym-
metry oulput stages, the transfer of cur-
rent from one outpul device 1o the other
OCCUrs r'l'.I[LIr'.I.”!.' Llhir'lg a common drive
signal for both halves, In the PL 9.0, the
drive signals for the four sides/comers of
the bridge have the same nominal ampli-
tuche, but the polarities differ so that sepa-
rate drive signals must be delivered by
the preceding stage. The circuit that does
this (termed a Class A to Class B current
processor) lakes the differential ourpur of
the preceding stage and, for 4 sine wave
input, outputs shaped half-wave sinu-
soids, Thus, in the PL 9.0, the drive sig-
nals for the four comers of the bridge
output stage are separale appropriate
polarity but nominally egual amplitude
signals of a special nature created by the
preceding circuitry,

PL 9.0, the commutation
between half evele signals is done
before the output stage. With this
approach, one can define the transfer
characteristics of the output stage to get
the best transfer berween half cycles of
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the output signal for lowest distortion.

Power supply voltage for the output
stage is actually arranged in four
switched voltage levels, nominally 50,
104, 150, and 200 V. This is commonly
called Class H. It has the distinct advan-
tage of creating less output stage dissipa-
tion and greater overall efficiency at low
1o moderate OULpUl powers Vel permit-
ting much higher peak output stage lev-
els when the signal demands it. The
power supply voltage switches are four
of the same type of devices used in the
output stage itself. Control circuitry for
switching to the higher levels ol supply
voltage is obviously output signal level
knowledgeable. A Bessel low-pass filter
in the signal input amplifier provides
enough delay so that the level switching
can take place in a timely manner

REVIEW

More stages

The description thus far is for the main
circuit block of the PL 9.0, which is
armanged as a mansconductance amplifier
All stage mansfers are in a currem mode
with little voltage appearing at the varous
nodes except al the final amplifier output
This main portion of the circuitry is
enclosed in a feedback loop 1o reduce
output impedance and extend banclwichh
Ancther amplifier stage preceding this is
configured to provide an integrating
response (a 6 dBfoctave incredase in gain
as frequency decreases). An overall fegd-
back loop from the main oulput comes
back 10 the inverting input of this stage

All of this, being what | would define
as the power amplifier circuit proper, is
PTL‘L‘L‘L[L'd |‘l'!.' a separale front-end
acdjustable gain stage that accepts with
equal facility either balanced or unbal-
anced signal signals.

Great attention to circuit lavout and
shielding is required in a design such as
this to minimize RFl generation and to
get the overall performance in terms of
distortion and noise to the level desired.
Mot to be dismissed, but not 10 be elab
orated upon here, are the sophisticated
protection and control circuitry that help
to make this all function as the innova-
tive high power amplifier that it is

— Bascom H. King
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Figure {; Total harmonic distortion versus power
and frequency, S-ohm loads. Ar 1 kW from bottom
to top, 20 M f EHz § Mz 10 kHz 20 kHz
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Figure 2: Total hurmonic distortion versus prower
and frequency, 4-chm loads, At 1 kW from batrom
o top, 20 Hz 1 kHz 5 kMz 10 bWz 20 kH:.
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Figure 3: Tongl harmonic distortion versus power
and frequency, 2-ofm loads, Ar | KW from botrom
iy b, 20 Hz, 1 kMz §kNz, 10 kHr 20 kHz
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Figure 4; Freguency response for open circuil, 8, 4,
and 2 ohm laads. Ar 100 RHz. from botiom o top, 2
obum, 4 pifun, 8 ok, open circuir,

Figure 5: Damping facror versus frequency,



