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Characteristics of High-Frequency Compression Drivers 

1 Introduction: 

When a professional sound contractor or acoust ical 
consul tant specif ies a J B L 2445 driver over a J B L 2425 
driver, he is pay ing 1.5 t imes more. For his extra expend i 
ture, he is get t ing two very impor tant advantages: about 2 
dB more level in power handl ing and signif icant ly lower 
second and th i rd harmonic distor t ion for a given acoust i 
cal power output . It is JBL's content ion that the reduced 
distort ion is the greater of these two benefits, and we 
believe that careful systems designers wil l , after digest ing 
the informat ion conta ined in this Technical Note, be more 
incl ined toward speci fy ing the larger diameter drivers, 
especially w h e n their relatively small price impact on the 
total system cost is taken into account . 

In this Technical Note, we wil l descr ibe the operat ion 
of compress ion drivers in detail, focussing on those 
aspects wh ich are of interest to consul tants and systems 
designers. There is noth ing myster ious about these 
devices, and they can be accurately descr ibed by a 
number of mathemat ical equations. These equat ions and 
the calculat ions made wi th them are included in the 
Appendices of this Technical Note. 

2. Some Basics: 

A. Physical Descr ipt ion: 

Figure 1 shows a detailed drawing of a compress ion 
driver. A cutaway view is shown at A, and an end view of 
the phasing p lug wi th d iaphragm removed is shown at B. 
The signif icant physical and acoustical parameters are 
indicated on the drawings, and they are def ined below: 

R E = voice coi l resistance in o h m s 

I = voice coi l length in meters 

B = magnet ic f lux density in the gap in Teslas 

S T = area of annular slits in phasing p lug in square 
meters 

S D = area of d iaphragm in square meters 

S T / S D = loading factor (normal ly equal to 0.1) 

M M S = mass of moving system (d iaphragm-voice coil 
assembly) in k i lograms 

Figure 1: Detai ls of a C o m p r e s s i o n Dr iver 

A: C ross -Sec t i on V iew 

B: E n d V iew of Phas ing P lug , D i a p h r a g m Removed 

A compress ion driver differs fundamenta l ly f rom 
other loudspeakers in that the d iaphragm does not radiate 
direct ly into the air. It is placed fairly closely to a sol id 
structure k n o w n as a phasing p lug. T h e phasing p lug has 
a number of openings in it, and the area of these o p e n 
ings is usually about one- tenth that of the d iaphragm 
itself. 
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When the d iaphragm is actuated by current th rough 

the voice coi l , h igh pressures are developed in the space 

between the d iaphragm and phasing plug because of the 

relatively constr ic ted openings in the phasing p lug. Such 

high pressures are suitable for dr iv ing horns, s ince the 

h igh acoust ical impedance at the throat of the driver is a 

g o o d match for that encountered in the throat of the 

horn . 

B. C o m m o n Sizes of H igh- f requency 

Compress ion Drivers: 

For compress ion drivers intended for h igh f requency 

use, there are three main sizes: 

Small: 44 - 50 m m (1.75 - 2 in) d iaphragm diameters. 

Examples: J B L 2425H/J: Altec 902,908: T A D TD-2001 ; 

EV DH1506; Renkus-Hesnz SSD1800; 1801; Emilar 

ECH175 

Intermediate: 75 m m (3 in) d iaphragm diameter. 

Examples: Al tec 288,290,291; EV DH1012, DH2012; 

Emilar EC314, 320; Renkus-Heinz SSD 3300,3301 

Large: 100 m m (4 in) d iaphragm diameter. Examples: 

J B L 2 4 4 5 J ; T A D 4001 

In general , the larger a compresss ion driver, the 

greater input power it can handle, because of the larger 

voice coil and greater heat s ink ing. Cont rary to what 

many people believe, the smaller drivers d o not neces

sarily have more extended high f requency response than 

the larger models. 

Other pert inent characterist ics of a compress ion 

driver are its eff ic iency (which translates direct ly into 

sensitivity), extension and smoothness of h igh f requency 

response, and distort ion as a func t ion of acoust ical 

output . 

3. Efficiency: 

The eff ic iency of a driver determines h o w much of 

the electrical input power is conver ted into acoust ical 

ou tput power. The theoret ical m a x i m u m eff ic iency of a 

compress ion driver is 50%. Whi le the parameters of most 

drivers are selected wi th this ef f ic iency goal in mind , 

practical drivers fall shor t of the goal by two or three dB. 

Thus, we c o m m o n l y see drivers wi th 25 or possible 3 0 % 

efficiency. For example, the J B L 2445J has a midband 

eff ic iency of 30%, whi le the 2425H/J design has a m i d -

band eff iciency of 25%. T h e shortfal l in ef f ic iency is for 

the most part qui te negligible, and it is largely due to 

eddy current losses in the top plate and pole piece of the 

driver. 

Figure 2 shows the electrical equivalent c i rcui t of a 

compress ion driver operat ing in its midband range. 

M a x i m u m eff ic iency occurs when the value of radiation 

resistance, R E T , is made equal to the voice coi l resistance, 

R E . The signi f icance of radiat ion resistance is that it is the 

useful acoust ical load reflected back into the electrical 

part of the system, represent ing a resistive load on the 

power ampli f ier in series wi th the voice coi l resistance. 

See Append ix 1 for calculat ions of radiat ion resistance 

and efficiency. 

Figure 2: Equiva lent E lect r ica l C i r cu i t , as seen at 
Terminals , o f a C o m p r e s s i o n Dr iver at 

M i d - F r e q u e n c i e s 

4. High-Frequency Response: 

A. Mass Break-point : 

Al l h igh- f requency drivers begin a rol l -of f in their ou t 

put above what is cal led the mass break-po in t f requency. 

Obviously, the mass of the larger d iaphragm assemblies 

is greater than that of the smaller devices, as is its voice 

coi l resistance. However, the larger magnet st ructure and 

the increased length of wi re in the vo ice coi l prov ide more 

dr iv ing force, and this enables the larger driver to ma in 

tain its mass break-point substantial ly in the same f re

quency range as the smaller driver. 

For most drivers intended for h igh qual i ty sound or 

music reinforcement, the mass break-po in t is in the 3500 

Hz range. Above that frequency, the response falls off at 6 

dB/octave. In many appl icat ions, the fal l-off can be 

ignored, s ince it may cor respond, more or less, to 

accepted system equal izat ion practice. But in the cases of 

s tudio moni tor ing and music re inforcement, the inherent 

rol l-off of the driver wil l have to be compensated for. 

JBL's most recent passive div id ing network designs have 

provision for such compensat ion . Inasmuch as the h i g h -

f requency por t ion of a system is always padded d o w n 

relative to the low- f requency por t ion, there is power to 

spare, thus a l lowing the compensat ion to be made w i t h 

out addit ional power input. 

Figure 3 shows the equivalent c i rcui t of the driver at 

h igh frequencies. Note that there are three reactive 

elements in the circuit . The most impor tant of these three 

is the shunt capacitance, wh ich governs the mass break

point. The element L E is the inductance of the voice coi l , 

and it can result in another h igh- f requency break point in 

response. In JBL's drivers, an electrical "shor ted tu rn " is 

plated direct ly on to the pole piece, and this effectively 

nulls out the voice coi l inductance. T h e circui t e lement 

labeled L C E C is proport ional to the vo lume of air between 

the d iaphragm and the phasing p lug. If this spacing is too 

large, then there wil l be another break point in the fre

quency response. Typically, in most driver designs, this 

Figure 3: Equiva lent Elect r ica l C i rcu i t , as seen at 
Terminals , of a C o m p r e s s i o n Dr iver at 
H i g h - F r e q u e n c i e s 

R E 

R E T 

R E L E i-CEC 

C M E S R E T 

2 



Figure 4: O n - A x i s Response of J B L 2440,2441 a n d 
T A D 4001 Dr ivers o n a J B L 2350 H o r n 

Figure 6: Response of J B L 2425 Dr iver o n 25 .4mm 
(1 in) P W T w i t h 1 Mi l l iwa t t Input 

addit ional break-po in t is qui te far out in f requency and is 
of no consequence. 

B. Secondary Resonances: 

Our neat theoret ical model does little to explain the 
role of secondary resonances. These are cont ro l led break
up modes of the d iaphragm and sur round structure 
wh ich can be used to shape high f requency response in 
a beneficial way. Figure 4 shows the response of three 
100 m m d iaphragm drivers mounted on the same horn, a 
J B L 2350. T h e o ld J B L 2440 driver went out to about 9 
kHz wi thout show ing any apparent mass break point. The 
reason for this was the role of a secondary resonance in 
the sur round wh ich kept the response rising. Recall that 
the 2440 had an a luminum d iaphragm wi th a half-rol l 
sur round. The T A D 4001 driver has basically the same 
kind of sur round treatment, but its bery l l ium material, 
because of its increased stiffness, exhibi ts the same 
characterist ic moved out about an octave. The J B L 2441 
driver, wi th its unique sur round treatment, cont ro ls 
secondary resonances in a different way, p roduc ing an 
extended peak-free, but sl ight ly rolled off, response. For 
fur ther discussion please see the reference at the end of 
this Technical Note. 

5. Measurement and Specification of 
Compression Drivers: 

In order to el iminate the variable loading effects of 
horns, compress ion drivers are usually measured, for the 
sake of compar isons, on a device k n o w n as a plane wave 
tube (PWT). A n example is shown in Figure 5. The tube is 
cyl indr ical , w i th a measurement m ic rophone placed close 
to the end where the driver is at tached. Progressively, as 
sound is propagated d o w n the tube, it encounters a care
ful ly tapered acoust ical resistance wedge. T h e sound has 

Figure 5: Detai ls of a Plane Wave Tube 

Tube Accoustical Damping 

Microphone 

been effectively attenuated by the t ime it reaches the end 
of the tube, and there is no ref lect ion back toward the 
driver. The loading of the tube on the driver is thus qui te 
smooth over a relatively w ide f requency range. 

A typical PWT curve is shown in Figure 6 for a J B L 
2425 driver. Note the locat ion of the mass break point. 

When compar ing data f rom dif ferent manufacturers, 
be careful in not ing the diameter of the PWT used for the 
measurements. All J B L drivers are referred to a diameter 
of 25.4 m m , even if the actual measurement was made on 
a PWT of different diameter. Some manufacturers use a 
PWT wi th a diameter of 19 m m . Th is smaller diameter 
produces a level wh ich is 2.5 d B greater than on a 25.4 
m m tube, and that di f ference should be noted. 

See Append ix III for sample calculat ions involving 
plane wave tubes. 

Cross-sectional Area 

6. Non-Linearities in Compression Drivers: 

High f requency distor t ion in compress ion drivers is 
basically a thermodynamic p h e n o m e n o n . It results f rom 
the existance of high acoustical pressures at the 
d iaphragm-phas ing p lug interface rather than f rom 
mechanical non-l ineari t ies in the mov ing system itself. It 
usually comes as a surprise to many sound contractors 
to f ind out just how little d isplacement there is in a c o m 
pression driver operat ing under normal condi t ions. 

Referr ing to Frank Massa's Acoust ical Design Charts 
(Blakiston Company, Philadelphia, 1942), w e calculate 
f rom chart 78 that a J B L 2445J driver, wi th 10 acoustic 
watts ou tput at 1 kHz, wil l p roduce a peak d iaphragm dis
placement of 0.2 m m , or 0.4 m m peak to peak. For each 
doub l ing of frequency, the displacement wil l d rop in half, 
so it can be seen that normal usage results in quite small 
excursions of d iaphragms in compress ion drivers. Over 
such small ranges of mot ion, the mov ing system itself is 
quite linear; that is, d isplacement is a direct funct ion of 
the dr iv ing force. For normal acoust ical outputs in the 
one to five watt range, it is clear that excursions are 
indeed qui te small . 

Figure 7 shows the basis non- l inear i ty of the vo lume-
pressure relationship in gasses. At the bo t tom of the 
g raph , we represent a linear, s inusoidal dr iv ing funct ion as 
produced by the d iaphragm. The pressure produced by 
this is non- l inear for large changes in volume. In a h o r n -
driver combinat ion , such high pressures develop even 
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Figure 7: N o n - L i n e a r Re la t ionsh ip Be tween Vo lume 
a n d Pressure in a Gas 

Figure 9A: 2445J a n d 2360. D i s to r t i on ra ised 20 dB . 
6.3 Volts at 1 kHz 

Non-linear Output 

Input 

Volume 

greater d istor t ion as the wave propagates d o w n the horn. 
The more rapidly the horn flares ou tward , the lower the 
pressures become, and the lower the distor t ion wil l be. 

In order to compare h igh- f requency drivers, it is 
necessary to moun t them both on the same horn, drive 
them to the same output level, and measure them at the 
same distance. If necessary, their f requency response 
curves may be equal ized dif ferently for their outputs to 
track at h igh frequencies. Using the test set -up shown in 
Figure 8, we compared the second and th i rd harmonic 
distor t ion componen ts of a J B L 2445/2360 combinat ion 
and a J B L 2425/2327/2360 combinat ion . 

Figure 8: Test S e t - u p fo r Dr iver C o m p a r i s o n 

1.5m 

2445 or 
2425+2327 JBL 2360 

Both Drivers 
Equalized for Same 
Response and 
Level at 
Microphone 

Both horn/dr iver combinat ions were driven to the 
same output level and were equalized wi th a 6 dB/ocatve 
boost above 3 kHz in order to maintain flat power 
response and flat axial response on the 2360 horn. The 
results of these measurements are shown in Figures 9 
and 10. Distort ion componen ts in the graphs are raised 20 
dB. In the graph of Figure 9A, we observe that the value 
of second harmon ic d istor t ion at 10 kHz is some 12 d B 
below the fundamenta l , and this corresponds to a distor
t ion of 25%. In the graph of 10A, the second harmonic 
distort ion at 10 kHz is some 8 d B below the fundamenta l , 
cor responding to 4 0 % distor t ion. 

In Append ix IV, we present calculat ions of d istor t ion. 
Note that the calculated values are in g o o d agreement 
wi th the measured values. 

Frequency in kHz 

Figure 9B: 2445J a n d 2360. D i s to r t i on ra ised 20 d B . 
2 Volts at 1 kHz 

Frequency in kHz 

The drive levels used in these measurements are 
typical of horn/dr iver combinat ions w h i c h have been 
equal ized for flat power response. Second harmonic 
componen ts rise fairly gradual ly and are apparent 
th roughou t the midband. For a given intensity, second 
harmonic d istor t ion doubles wi th each doub l ing of 
dr iv ing frequency. 

Th i rd harmonic componen ts become qui te apparent 
at h igher drive levels, and they are most p ronounced in 
the range above 5 kHz. For a given intensity, th i rd har
mon ic d istor t ion rises as the square of the dr iv ing 
frequency. 

We d o not hear the harmonics of h igh frequencies, 
but the same non-l ineari t ies wh ich give rise to second 
and th i rd harmonics wil l also cause in termodulat ion d is
tor t ion of f requency combinat ions in midband, and these 
wil l be qui te audible. 

J B L does not manufacture an intermediate size 75 
m m (3 in) d iaphragm driver, but it should take on ly a little 
extension of the theory verified here to show that the 
intermediate design wou ld exhibi t harmoinc distor t ion at 
some point between that of the large and small drivers. 

7. Summary: 

A. No compress ion driver can be more than 5 0 % 
eff icient in the range below its mass break-point . Typical 
g o o d drivers are usually no greater than 30%. 
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Figure 10A: 2425J a n d 2327/2366. D is to r t i on ra ised 
20 d B . 6.4 Volts at 1 k H z 

Figure 10B: 2425J a n d 2327/2360. D is to r t ion raised 
20 d B . 2.05 Volts at 1 kHz 

F Distort ion in h igh f requency drivers is largely a 
func t ion of acoust ical output , not electr ical input. The 
advantage of a large driver over a smal ler one is reduced 
harmonic distor t ion for the same acoust ical output . 

8. Conclusions: 

For years, many users of J B L p roduc ts have speci f ied 
the larger compress ion driver over the smal ler designs 
s imply on the basis that they sounded better. We have 
s h o w n some of the reasons w h y th is is true, and we 
emphasize again that for appl icat ions where naturalness 
of sound is important , the 2445J driver shou ld be the one 
of c h o i c e — u n l e s s it can be demonst ra ted that there are 
compel l ing budget l imitations. 

B. All h igh f requency drivers wil l begin a rol l-off in 
power output above about 3500 Hz. A l lowance must be 
made for this in system equal izat ion when Bi-Radial 
horns are used. Recent modi f icat ions in JBL's passive 
networks provide the required h igh- f requency boost to 
correct the driver's power response. 

C. For compar isons between compet i t ive drivers, 
PWT data must be careful ly noted. A standard reference 
diameter is 25.4 m m (1 in), and the fo l lowing chart relates 
mid-band PWT sensitivities, wi th one mil l iwatt input, to 
the cor responding eff iciencies: 

1 2 0 d B - S P L 50% efficient 
1 1 9 d B - S P L 40% 
1 1 8 d B - S P L 30% 
117 d B - S P L 25% 

D. D iaphragm diameter of h igh- f requency drivers has 
little to do per se w i th extended high f requency response. 
Choice of d iaphragm material and sur round treatment 
are the signif icant factors contro l l ing response beyond 
8-10 kHz. 

Such drivers as the J B L 2482 have been opt imized 
for high power handl ing in the speech range wi th l imited 
high f requency output above the mass break point. 

E. Field compar isons between drivers should be 
made on the same horn wi th the input signal adjusted 
(and equalized, if need be) for the same response as 
measured at the horn's output . 
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Appendix I: Calculation of 
Theoretical Efficiency: 

Radiat ion resistance, R E T , is def ined as fo l lows: 

R E T = S t ( B I ) 2 / P 0 C ^ 2 

where P0c is the acoust ical impedance of air, 415 N • sec /m. 

Eff iciency is given by the equat ion: 

Eft (%) = 2 R E R E T / ( R E + R E T ) 2 x 100 

We wil l n o w calculate R E T for the J B L 2445J driver: 
S T = .0008 m 2 

Bl = 18 newton /ampere 
S D = .008 m 2 

R E T = (.0008) (18) 2 / (415) (.008) 2 

R E T = .259/.02656 = 9.8 o h m s 

R E for the 2445J driver is 8.5 ohms, and the sum of these 

is very close to the 16 o h m rated impedance of the driver. 

Calculat ing the eff ic iency: 

Eff (%) = 2(8.5) (9.8) / (8.5 + 9.8) 2 x 100 

Eff (%) = 49.7% (see note in text) 

Appendix II: Calculation of 
High-frequency Break-point: 

The mass break-point f requency, fHM> >s given by the 
equat ion: 

f H M = ( B I ) 2 / 7 r R E M M S 

We can calculate the value of f H M for the J B L 2445 driver 

by tak ing the pert inent quant i t ies and enter ing them into 

the above equat ion: 

Bl =18Tes la 

R = 8.5 o h m s 

M = .00346 k i lograms 

fHM = (1B)2 / tt (8.5) (.00346) = 3507 Hz 

Appendix III: Plane Wave Tube Calculations: 

The sound pressure in the tube measured by the mic ro 
phone is given by: 

Pressure = J Power (P0c) I Area, 

where power is in watts and cross-sect ional area is in 
square meters. 

The pressure given by this equat ion wil l be in pascals. In 
order to conver t it to dB-SPL , we use the fo l lowing equa
t ion, not ing that one pascal represents a level of 94 
dB-SPL: 

SPL = 94 + 20 l o g y Power (P0c) I Area 

Let us take a PWT w h i c h is 25.4 m m (1 in) in d iameter 
and in t roduce into it an acoust ical power of one watt. We 
then have: 

SPL = 94 + 20 log 7(1)4157.0005 

SPL = 1 5 3 d B - S P L 

Let us assume that we are excit ing an ideal driver w i th 
one watt. T h e n , because it is on ly 5 0 % efficient, there 
should be on ly 0.5 wat t available into the tube, and we 
wou ld read 150 dB-SPL, (153 - 3 = 150). For a J B L 2445 
driver w i th an eff ic iency of 30%, we wou ld read about 148 
dB-SPL. 

In order to p roduce more moderate levels in the PWT it is 
cus tomary to use an input power of one mil l iwatt, some 
30 d B lower in level than one watt . T h u s , w e w o u l d expect 
typical J B L drivers to p roduce levels of 118 d B in the 25.4 
m m PWT A qu ick survey of J B L speci f icat ion sheets 
shows that typical PWT one mil l iwatt rat ings are 118 d B 
for the 2441J and 2445J drivers and 117 d B for the 2425J 
driver. 

Appendix IV: Distortion Calculations: 

Beranek (Acoust ics, McGraw-Hi l l , N e w York, 1954) 
presents the fo l lowing equat ion for de te rming percent 
second harmonic distor t ion in a compress ion dr iver -horn 
combina t ion : 

% Second Harmonic = 1.73 f / f c yfhx 1 0 - 2 

In this equat ion, f represents the dr iv ing frequency, f c the 
nominal cut -o f f f requency of the horn , and l T represents 
the intensity (acoust ic watts per square meter) at the 
phasing p lug-d iaphragm interface. 

Taking the measurements s h o w n at Figure 9A, w e observe 
that a drive of 6.3 volts was appl ied at 1 kHz. Taking the 
nomina l impedance of 16 ohms, we calcu late the electr ical 
power input as: 

Power in = (6.3) 2 / 16 = 2.5 watts 

Calcu lat ing the acoust ical power at the throat , w e mul t ip ly 

the electrical power input by the ef f ic iency of 30%.: 

Acoust ical power = (2.5) (.3) = 0.75 wat ts 

The intensity, IT, is acoust ical power d iv ided by S T : 

ST = (.75)/.0008 = 0.94 x 10 3 w a t t s / m 2 

We wil l assume that the effective cutof f f requency of the 
horn and throat is 200 Hz, and w e n o w calculate the d is
tor t ion at 10 kHz: 

% 2nd = (1.76) (10000/200) 7 9 . 4x10 2 x 10~2 

% 2 n d = 26% 

For the 2425J driver, we use the fo l lowing values: 

Appl ied potential = 6.4 volts 

Impedance = 16 o h m s 

S T = .0002 m 2 

Eff iciency = 25% 

Using the same cutof f frequency, we calculate a value of 
48% 2nd harmonic d istor t ion at 10 kHz. 

Reference: 

F Murray and H. Durb in , "Three-Dimensional 
D iaphragm Suspensions for Compress ion Drivers," 
Journal of the Aud io Engineer ing Society Vol. 28, No. 10, 
pp. 720-725 (October 1980) 
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