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I N T R O D U C T I O N 

P R O J E C T ARRAY™ IS A S E R I E S OF H I G H - P E R F O R M A N C E 
L O U D S P E A K E R S UTILIZING C O M P R E S S I O N D R I V E R 
T E C H N O L O G Y F O R H O M E M U S I C R E P R O D U C T I O N . 
T H E S Y S T E M S A R E D E S I G N E D T O C O M B I N E T H E S P E E D , 
D Y N A M I C S A N D E F F O R T L E S S N E S S OF JBL® C O M P R E S S I O N 
D R I V E R S Y S T E M S W I T H T H E T H R E E - D I M E N S I O N A L 
S O U N D S T A G E O F T H E V E R Y B E S T H I G H - E N D DIRECT-
R A D I A T O R S Y S T E M . 
A major cons iderat ion for high-qual i ty sys tem des ign is uniformity of acous t i ca l power 

radiation from the loudspeaker into the l istening s p a c e . There are two aspec ts here: smooth 

on-ax is response and contro l led ver t ica l and horizontal radiat ion coverage. Studies carr ied 

out by var ious techn ica l groups wi th in the Harman organizat ion have shown a universal 

preference on the part of pro fess iona ls and cr i t ical consumers for loudspeakers that exhibit 

such uniformity. 

The current emphas is on home theater p layback sys tems has resul ted in an ever-stronger 
demand from cri t ical l isteners for lower distortion in their loudspeaker systems. The often high 
p layback levels des i red for movie or concer t v ideo programming make low distort ion a key 
element in avoiding l istener fat igue. Wh i l e there may be severa l app roaches to ach iev ing 
bandwidth extension and uniform power response, there remains only one w a y to ensure high 
playback levels with high dynamic linearity - and that is through the use of careful ly designed 
t ransducers that are capab le of undistorted output levels many t imes greater than wi l l 
normally be required of them. Compress ion dr ivers are ideal for these appl icat ions, but are 
expensive to build. They have a large number of cr i t ical internal parts requir ing extremely 
tight to le rances . The dr ivers used in Project A r ray speakers embody the design and quality 
level of those used in profess ional studio monitors and sound re inforcement systems. They 
have been opt imized for smooth , extended response , w h i c h is essent ia l for maximum quality 
music p layback. 

In cr i t ica l loudspeaker audit ioning sess ions , l is teners become very aware of subtle t imbral 
and spat ia l aspec ts w h i c h are often difficult to measure. Such matters as cone mater ia ls, 
h igh- f requency d iaphragm mater ia ls and d iv id ing-network component integrity become 
important des ign cons idera t ions in defining a modern state-of- the-art loudspeaker system. 

S Y S T E M 
Compression driver systems have long been 

known for their clarity, speed and dynamic 

capab i l i t i es . They have an ef for t less 

cha rac te r that se ts them apart from 

traditional direct-radiator systems. However, 

there tradit ional ly has been a " c l o s e d in" 

feel to the soundstage p roduced by many 

horn sys tems. S ince horns tend to be large, 

they are general ly inc luded wi th in the main 

enc losure and are often sur rounded by a 

lot of baff l ing. M a n y of the best-sounding 

di rect- radiator sys tems have minimal baffle 

areas, part icular ly around the mid- and high-

f requency dr ivers. This is the major concep t 

behind Pro jec t Ar ray . The horn has been 

or iented to minimize w id th and to posi t ion 

the d i f f ract ion slot w i th in the horn in the 

vert ical plane. A l though the Bi-Radial® horn 

has good d ispers ion in both planes, it has 

the smoothest behavior with the slot mounted 

vertically. Next, the top of the LF enclosure has 

been cut away so that the horn is nearly 

freestanding. The horn enclosure is minimal 

and heavily windswept, to minimize baffle 

area. The final major feature is the ability of 

the horn to be moved forward or backward 

without creating baffle discontinuities. This 

allows the horn HF and LF driver to be lined up 

in the depth direction to achieve the best time 

behavior over a large frequency range. This 

also al lows the drivers to be "in polarity" in 

addition to being "in phase" at the crossover 

point. The sum total of these main features 

amounts to a loudspeaker system with the 

speed and dynamics of a compression driver 

system, yet with the smoothness and imaging 

of the best direct-radiator and panel systems. 
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2 - C H A N N E L V S . 
M U L T I C H A N N E L 
A good l oudspeake r is a good loud
speaker . A proper ly des igned and 
constructed loudspeaker system should 
be able to do a credible job w h e n used 
singly, in pa i rs or in a mul t i channe l 
appl icat ion. Wi th that sa id, there are 
a few speci f ic requirements for home 
theater usage that can interfere with 
ideal two-channe l operat ion. The first 
is output level. Home theater systems 
are often p layed at pretty extreme 
levels that c a n e x c e e d the des ign 
pa ramete rs of h igh-qual i ty " s t e r e o " 
systems. Simply beefing up a traditional 
system can lead to losses in detail and 
subtleties. JBL 's use of compress ion 
dr ivers for much of the mid- and 
high-frequency range el iminates this 
problem. A good compress ion driver 
has an operating ef f ic iency of up to 
2 5 % - 3 0 % compared to 1% or less for 
almost all direct radiators. This means 
that they never exper ience more than 
a f ew wa t ts of dr iv ing s igna l even 
at ex t remely high p layback levels. 
Consequent ly , they are a lways 
operat ing in thei r l inear range and 
don't contribute to dynamic distortion 
and l istening fatigue. 

The s e c o n d requ i rement of home 
theater app l i ca t i ons c o m e s from 
the need for f ive, s ix or even seven 
indiv idual l oudspeake rs to make up 
the total system. Ideally, all channels 
should use an identical speaker system, 
plus one or more subwoofer channels. 
This very often is not feasible for both 
cost and space reasons. Project Array 
compr ises five models: one subwoofer, 
one ded i ca ted cen te r channe l and 
three ful l-range loudspeakers. Tremen
dous care has been taken to match 
key parameters of the 800, 880,1000 
and 1400 so that it is possible to mix 
models within a total system and still 
maintain proper decoding of the com
plex sound matrix presented by high-
quality source material (Fig. 1). 

M a t c h i n g the on -ax is f r equency 
response of the ind iv idual speake r 
models is a good start, but is not 
sufficient to guarantee timbre match. 
It is also necessary that the directivity 
and sound power of the systems match. 
This is quite a chal lenge with four dif
ferent shapes and s izes, three different 
horn and driver combinat ions, 

and four different woofer drivers. 
Note the cons is tency of f requency 
and power response between the 
models (Fig. 2). Finally, t imbre match 
is not the single most important crite
rion for proper decoding of a large 
mult ichannel matrix. The phase and 
polarity character is t ics of the systems 
must also be as identical as possible. 
It is we l l known that a proper stereo 
soundstage, including a wel l -def ined 
phantom center, is not likely if the left 
and right speakers are not matched. 
In a mult ichannel p layback system, a 
"phantom channe l " opportunity exists 
between each real speaker pair. If all 
of the speakers are not completely 
ba lanced, the three-dimensional sound 
space wi l l have voids, or gaps, when 
there is movement in the sound 
locat ions. 

E N C L O S U R E S 
The woofer enc losures for all five 
systems are constructed of medium 
density f iberboard, chosen for its 
signif icant weight and good internal 
damping character is t ics . In the case 
of the 1400, the baffle and back are 1" 
thick and the s ides are 1-1/2". The side 
panels for each enclosure are milled 
to give the curved outer sur face. A s 
a result, the panels are much thicker 
in the middle than at the edges, and 
the internal c r o s s sec t i on of the 
enclosure is a t rapezoid. The variable 
wa l l th ickness and nonrectangular 
internal d imensions contribute to good 
resonance damping and minimized 
internal standing wave buildup. The 
tops of the enc losures have a very 
elaborate construct ion, and are very 
secure ly joined to the main body to 
provide mechan ica l stability to the 
shape and provide a solid mounting 
reference for the horn modules. 

The horns are compress ion-molded 
from SonoGlass® under signif icant 
temperature and the force of a 200-ton 
press. The resulting form is very dense 
and inert. The horn housing is molded 
in a s t ruc tura l foam mater ia l that 
provides a smooth acoust ic shell for 
the horn/dr iver comb ina t ion and 
c o n c e a l s the m e c h a n i c a l internal 
componen ts . Each horn module 
contains one of two HF compress ion 
drivers used in Project Ar ray and a 
separate UHF compress ion driver. 

Figure 1 - On-axis response of four Array 
systems level matched to 90(1 B SPL. 

Figure 2 - Power response measurements 
on four Array models. The black curve is 
the on-axis response, the green curve is the 
averaged listening-window response and the 
red curve is the averaged response of the first 
reflections, while the blue curve is the total 
power response. 
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Figure 3 - LE14H-3 low-frequency driver. 

Figure 4 - Second and third harmonic distortion 
products with the systems driven to 96dB SPL at 
1 meter; 0.3% harmonic distortion is equivalent to 
50dFJ below the on-axis curve, and 1% is -40dB. 

T R A N S D U C E R S 
L O W - F R E Q U E N C Y 
DRIVERS: 
There are five unique low- f requency 
dr ivers employed in the Project Ar ray 
models. The des ign and parameters 
of each are spec i f i c to the speaker 's 
appl icat ion. There is a carefu l ba lance 
between enc losure s ize, sensit ivi ty 
and low- f requency extension for 
each model . 

The W1500H driver is a 15"-diameter 
device with a 4" edge-wound voice coil 
and is used in the 1500 Array powered 
subwoofer. It has a 1-13/16"-long coil in 
a 1/2"-thick magnetic gap. A fully vented 
f rame and motor s t ructure is used 
for minimiz ing a c o u s t i c l o sses and 
for coo l ing of internal parts through 
opt imal t ransfer of air into and out 
of the magnet ic structure. This gives 
both super ior l inearity and excel lent 
heats ink ing, w h i c h are n e c e s s a r y to 
prevent ing dynamic compress ion , 

The 1400 Ar ray uses the LE14H-3 low-
f requency driver. It is a 14"-diameter 
woo fe r wi th a 4" edge-wound vo ice coi l , 
This model has a felted paper cone that 
is heav i ly t reated w i th A q u a p l a s on 
both the front and back s ides of the 
cone. This makes a diaphragm assembly 
w h i c h is very stiff and totally inert. A s 
a result, the midband distort ion of this 
dr iver is extremely l ow (Fig. 3). 

A l l of the l ow - f r equency dr ivers in 
Pro jec t A r ray sha re t rad i t ional J B L 
des ign fea tu res w h i c h set them apart 
from typical mass -p roduced units. Each 
of them uses a cast -a luminum frame, 
Symmetr ica l Field Geometry™ (SFG™), 
an a luminum f lux-s tab i l iza t ion r ing, 
opt imized h igh -e f f i c iency magnet ic 
gaps and vented magnet ic assembl ies . 
These features combine to give the 
great dynamic per formance and low 
distort ion required by today 's highly 
act ive source mater ia ls (Fig. 4). 

H I G H - F R E Q U E N C Y 
DRIVERS A N D H O R N S : 
The 1400 A r ray and 880 A r r a y use 
the 435AI-1 c o m p r e s s i o n driver. It 
makes use of a 3"-d iameter a luminum 
diaphragm operat ing into an annular-sl i t 
phasing plug. The dome is coated wi th 
a fine layer of A q u a p l a s for damping 
of spur ious resonances . The use of 
neodymium magnet ic material keeps 

the s ize of the dr iver to a min imum. 
The phas ing plug and ini t ial- f lare 
deve lopment are of the rapid- f lare 
type that r e d u c e s s e c o n d harmon ic 
d istor t ion by up to 6dB relat ive to 
JBL's earlier driver technology (Fig. 5). 
The average midband sensi t iv i ty 
of the 435AI-1 on an A r ray horn is 
114dB S P L for a 2.83V input at 1 meter. 
Approx ima te l y 24dB of at tenuat ion 
is used to match the horn/dr iver 
level w i th that of the l ow - f r equency 
t ransducer . Th is is the reason for 
the t r emendous headroom in the 
A r ray sys tems. 

The 800 and 1000 models use a 175Nd-3 
compress ion driver. It conta ins a 1-3/4"-
d iameter t i tanium d iaphragm that is 
also A q u a p l a s - c o a t e d . This dr iver also 
uses a neodymium magnet ic c i rcui t 
and an annular-s l i t phas ing plug. The 
average sensit iv i ty of the 175Nd-3 is 
110dB S P L for a 2.83V input at 1 meter. 
This still resul ts in around 20dB of 
at tenuat ion relat ive to the woo fe r 
sec t ions of the 800 and 1000 Array. 

The large B i -Rad ia l horn used on 
the 1400 A r ray has a bas i c cove rage 
pattern of 80° horizontal by 80° ver t ica l . 
It provides proper loading to the 435AI-3 
driver down to the 750Hz c rossove r 
point. A smal ler B i -Rad ia l horn is used 
in the 800, 880 and 1000 Ar ray sys tems. 
It too has a bas ic 80°-by-80° pattern, 
and a l lows c rossove r points of 900Hz 
and above. In order to maintain s imi lar 
sound power charac te r i s t i cs be tween 
the var ious sys tems, the c rossover 
f requency must be incrementa l ly 
higher for sys tems wi th smal ler-
d iameter l ow- f requency dr ivers. 

U L T R A H I G H - F R E Q U E N C Y 
DRIVER A N D H O R N : 
The 045Ti UHF is the sma l les t 
c o m p r e s s i o n dr iver that J B L has 
ever built. It uses a 1" t i tanium 
d iaphragm in a 2" neodymium 
magnetic structure. The single-layer, 
aluminum-ribbon vo ice coi l is wound 
without a former and is at tached 
directly to the diaphragm. The driver 
also employs the smal lest annular-
slit phasing plug that J B L has ever 
designed. The extremely low mass of 
the moving system, high magnetic-f lux 
density and rigidity of the diaphragm 
assembly produce high sensit ivity and 
response beyond 40kHz (Fig. 6). 
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The UHF horn is properly s ca l ed to 
maintain a coverage angle of 60° in 
the horizontal plane and 30° in the 
vert ical plane over the interval from 
8kHz to 40kHz. It has been integrated 
into the top ver t ica l wa l l of the main 
horn for best coverage and imaging. 

C O M P O N E N T 
I N T E G R A T I O N 
It is all we l l and good to have the 
f inest t r a n s d u c e r s and e n c l o s u r e s , 
but w i thout proper in tegrat ion, they 
are only a group of r aw parts. The 
dividing network is like a conductor 
for a fine o rches t ra . Its funct ion is to 
divide the f requency spec t rum and 
direct the parts to the appropriate 
driver. The network des ign for all four 
systems is necessar i l y very similar. 
This a l lows the comple ted sys tems to 
sound as ident ica l as poss ib le . The 
c i rcu i t topology, combined wi th the 
acoust ic behavior of the individual 
t ransducers , provides 24dB-per-
octave transit ions between adjacent 
system elements. The response of 
each e lement is - 6 d B at the 
transit ion f requency. These rapid 
t rans i t ions provide more uniform 
sys tem response over a larger 
ver t ica l l is tening angle than that 
provided by lower-order s lopes , and 

this t ranslates into an increased solid 
listening angle for the system. Each 
network cons i s t s of f r equency 
d iv id ing, level a t tenuat ion and 
equal izat ion func t ions . A l l of the 
e lec t r i ca l c o m p o n e n t s are of the 
highest quality and lowest internal 
loss. The majority of the inductors 
used are air core so as to not 
in t roduce non l inear hys te res is 
effects. Capaci tors are constructed 
using po lypropy lene foi l , w h i c h is 
known for having minimal distortion 
c a u s e d by d ie lec t r i c absorpt ion 
nonlinearit ies. Resistors are of w i re-
wound construct ion and are elevated 
on metal legs to permit s igni f icant 
a i r f low to reduce value shift dur ing 
h igh-power operat ion. Every attempt 
is made to present as smooth a 
system impedance curve as possible 
to the dr iv ing amplif ier. Th is des ign 
element is often over looked in many 
loudspeaker systems. Ampl i f iers work 
their best w h e n they are given a 
smooth , level load impedance in 
w h i c h to de l iver current (Fig. 7). 

The aggregate of these attr ibutes 
al lows the Project Array loudspeakers 
to t rans la te the e lec t r i ca l s igna l 
from s o u r c e mater ia l into an 
accura te and u n e n c u m b e r e d three-
d imens iona l sound f ield. 

Figure 5 - The 435AI-1 compression driver. 

Figure 6 - The 045Ti-1 ultrahigh-
compression driver. 

Figure 7 - Magnitude of impedance for the 
1400 Array system. 
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