
Condenser Microphone Cartridges types 4160, 4180 

USES: 

• Laboratory standard microphones 

• Flat Frequency Pressure Respon ses up to: 
4160: 8 kHz 
4180: 20 kHz 

• Pressure and Free Field Reciprocity Calibrations • Well-defined operating char acteri stics 
• Coupler measurements • Arti f ic ially aged for long term stabilit y 

• Low sensitivity to environm ental changes 

FEATURES: • Standards: 

• Well defined integral front cav ities fo r co upler 
calibrati ons 

4160: ANSI S1 .12-1967, ANSI S1.10-1966 ( and re
v isions), IEC 327 and 402 
4180: Type M, configur ation 2b, of forthcomin g 
revision of ANSI S1 .12-1967 • Low hydrogen leakage from front cav ity 

Types 4 160 and 4 180 are high qual
ity condenser microp hones int ended for 
use as laboratorv sta ndard microp hones 
and in laboratory coupler app lication s 
where high accu racy and long-term sta
bility are essentia l. 

One-inch diamete r Ty pe 4160 has be
come established as a laborator y stan
da rd microphone for use in the medi um 
and low frequen cy ranges. 

Half-inch d iameter Type 4180 has 
been developed as a labora tory standard 
microphone to meet. t he need for ex
tended frequency calibrat ions. 

Both microphones are designed for 
coupler appl icat ions a nd can be used 
with couplers filled wit h gases other 
than air as th ey both featu re very low 
gas leakage from the front cavity . 

Both microp hones are of the extern al 
polar izat ion type and operate on a po
larizat ion voltage of + 200 Volts . The 
Microphones are individua lly calibrated 
and pressure calibrat ion data are pro
vided with each microp hone . 

Types 4160 an d 4180 a re both h igh 
sta bility condenser microphones 
which find applicat ion as laboratory 
sta ndar ds and in coupler meas u re
ments . 

Type 4160 has been used for some 
time in such ap plicatio ns and con
forms to IEC 327 and 402, ANS I 
Sl.1 2- 1967 and ANS I S l.1 0-1966. It 
has become esta blished as a high pre 
cision reference standard an d is used 
in t he medium freq uency ranges and 
for measur ements at low sound pres
sure levels. 

T here is a grow ing need for a lab
oratory sta ndard 1/J." microphone 
which would ena ble mea suremen ts at 
higher freq uencies an d at higher 
sou nd pressur e leve ls. B & K Type 
4 180 has been developed to meet t his 
need . 

Standar d specificat ions for 1h" lab
orato ry micro phones are un der con
siderat ion and the 4180 has been de 
signed to comp ly with th e most recen t 
d raft s of these st anda rds. 

Ty pes 4 l 60 and 4180 are de livere d 
in mahogany boxes with ind ividual 
ca libra t ion charts. 

Descr iptio n 
Th e high standar ds of design and 

const ruct ion of both micro phones en 
sure a high quality laborat ory micro 
phone which is ext remely reliable with 
respect to enviro nmenta l factor s and 
has exce llent long-te rm sta bi lity . T he 
constru ct ion of th e 4180 and 4160 is 
simi lar to t ha t of othe r B & K con
dense r micro phones but with the ad 
dit ion of well-de fined front volumes to 
facilita te accu rate mounti ng of ca li
bratio n couple rs. A feat ur e of the 
front cavity of t he Ty pe 4180 is its 
shallow dept h , only 0,5 mm. 

F r e q u e n cy Res po n se 
Since the 4160 and 4180 a re de

signed mainly for use in pressu re cali
brations th ey have 11at pressure re
sponse cur ves as ca n be see n in Fig. l. 

4160 4180 

The 4160 has a 11at response up to 
8 kH z and the 4180 ex hibits a flat re
sponse up to 20 kH z. Meas ur ements 
can be made at higher freque ncies, up 
to 20 kH z for T ype 4160, and up to 
40 kHz for Type 4180, bu t with re
duce d sensit ivity. 

Low e r Li m iti n g Fr e q u en cy 
T he pr ess ure frequ ency respo nse of 

Ty pes 4160 an d 4180 a re not limit ed 
in the lower freq uenc ies, since by th e 
de finit ion of pre ssure response th e 
vent is not exposed to t he sound field. 
Howe ver, when the microp hones a re 
used in measur ements where t he pres
sure equili zat ion vent is exposed to 
t he sou nd, for exa mp le in a free field , 
t he se nsit ivity at low freq uencies de
creases . T he lower frequ ency limit 
(-3 dB ), which is dete rmi ned by the 
resista nce of t he pr essur e eq ua liza tion 
vent , lies betwee n 1 and 2 Hz for t he 
4160 and bet ween 1 and 3 Hz for t he 
4180. 

F r ee F ie ld M e a s u r e me n ts 
Type 4180 may find app licat ion in 

free field and diffu se field meas ur e -
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ments. It dist ur bs the sound field less 
than al" microp hone and is less sensi
t ive to angle of incide nce. 

Dy na mi c R a n g e 
T he lower limit of the dy namic 

range for a cond enser microp hone sys
tem is dete rmined by the diaph ragm 
thermal noise and by the electron ic 
noise in the preamplifie r. For the 4160 
connected to a Type 2645 P reamp lifi
er the dynam ic range is from 
11 dB (A) to 146 dB (3% distort ion). 
The 4180 when operated with the 
Type 2645 Preamp lifier has a dynam ic 
range from 21 dB (A) to 160 dB (3 % 
d istortion). 

Envir o nm e nt a l St a bility 
Short-term environmenta l facto rs 

such as te mperatur e an d pressu re 
have only a slight effect on the sensi
tivit ies of the microphones. 

The diap hragm tension and the cri t 
ical spacing between the diap hragm 
and backplate are sta bilized aga inst 
the effects of the rmal expan sion by 
close thermal matc hing of the materi
als of const ruct ion. T he small revers
ible sensit ivity variatio n with tem
perat ure is shown in Fig.3. Although 
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Fig. l. Typic al pressure frequency responses for Types 4160 and 4180 

the temperat ure effect is pred ictab le 
and sma ll it is recommended that lab
oratory standa rd microp hones be kept 
within a narrow temperat ure range. 

Changes in baro met ric pressure pro
duce a change in a ir stiff ness. Most of 
the microp hone st iffness, however, is 
due to mechan ica l st iffness and the 

T he long ter m stabi lity est imates for B & K microphone s are so high , namely less tha n 1 dB in 400 to 1000 years that it is quite diffi-
cult to verify such a figure experimenta lly, as the annual change in sensitivity would not be detectab le using current calibrat ion met hods. 
One can however rule out the possibility of large deviat ions from the predicted stability by di rect measurement. T he grap h below shows 
the results of sensitiv ity measurements which have been carrie d out over a 17 Year per iod on laboratory standa rd microp hones at th e 
B & I< Laborato ry. T he microp hones in question are B & K 1" microphones. The graph shows that there has been no change in 
sensit ivity over the measurement per iod, with in the experime ntal errors. The decre ase in scatter of results since 1977 can be attributed 
to new ca librat ion apparatus and to a change in measureme nt procedure. T hese results are consistent with the predicte d long term 
stabi lity for these microphones. 
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Fig. 2 Measurem ent s mod e on the sensitiviti es of one inch Laboratory standard microphon es at the B & K Lo.boratory f rom 1967 to 1984. 
Microp hone type number s are indicat ed beside each curve 
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micro-

effect of small changes in atmospheric 
pressure is consequently mini mized. 
See Fig.4. In the absence of cond ensa
t ion, var iat ions in relat ive humidity 
will have only a sma ll effect on the 
microphone sensit ivities due to a 
small var iat ion in cav ity air stiffne ss. 
Thi s effect is typically less than, 
0,0025 dB for the 4160, and 0,0008 dB 
for the 4180, for the full range of hu
midity. 

Long -term stab ility 
It is essent ial t hat a laboratory sta n

da rd microphone is extremely stab le 
over long per iods of time. Cha nges of 
sens itivity with t ime could occur due 
to relaxat ion of the diaphragm tension 
or clue to change s in the d istance be
tween the diaphragm and the back
plate. 

The excellent stabi lity of the 4160 
and 4180 is the result of carefu l design 
and years of practical experience. 
Each diaphragm is microscopi cally in
spected to detect any imperfections 
which could affect the performance or 
endange r the long term stab ility. Arti
ficial ageing at high temperatures af
te r the final tensioning of the dia
phragm causes the micr ophone to set 
t le into a state of very high operating 
stab ility. 

Th e predicted long-te rm stabil ity of 
these microphones is a cha nge of less 
than 1 dB in seve ral hun dred years, 
when operated at room temperature. 
Th is figure has been arrived at by ex
t rap olation from measurement s of di
aphragm sta bility carried out at ele
vated temperatures, F ig. 5. The pre
dicted long-term stab ilit ies have been 
supported by act ual meas ureme nts 
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made on labo ratory stan dard micr o
phones over the yea rs at the B & K 
laborator ies; see Fig. 2. 

Coup le r Measurements 
The coupler mountin g surface s of 

the 4160 and 4180 are designed so that 
the tota l effect ive diaphragm area 
faces exactly into the coup ler. Using a 
coupler of diameter equal to the dia
phragm diameter , optimal conditions 
exist for the propagatio n of plane 
waves and the excita t ion of transverse 
waves at higher frequencie s is re
pressed. 

Hydrogen leakage . 
Coupler measurement s are often 

made with a cou pler filled wit h a gas 
ot her than air, such as hydrogen. It is 
important that the leakage of gas from 
the cavity is low so that the usefu l 
measuremen t time can be extended. 
Special consideratio n has been given 
to the quest ion of hydrogen leakage in 
the design of the 4160 and 4180. The 
hydrogen leakages of the 4160 and 
4180 are very low and enab le adequate 
measurement t imes. 

Ca l ibr at ion 
For accurate and convenient cali

bration of laboratory sta ndard micro
phones B & K Reciprocity Calibr at ion 
Appa ratus Type 4143 can be used. An 
adaptor ring UA 0825 is ava ilable 
which can be fitted to B & K 1/2" mi-

crophone Types 4133, 4134 and 4147 
to give them th e same front geome try 
as the 4180 . Adaptor ring DB 0111 is 
ava ilable for converting B & K l " mi
crophone Types 4144 and 4145 to the 
same front geometry as the 4160. 

Preamplifiers 
B & K Preampl ifiers Type 2645 and 

2639 may be used with th e 4160 and 
4180 mic rophones. For fitting thes e 
Preamplifiers to Type 4160, an adap
to r (UA 0786) is required. Type 2645 
has pr ovision for mi croph one calibra
tio n using the ins ert voltage tech
nique. 
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OPEN CIRCUIT SENSITIVITY* (250 Hz): 
-26,5 dB ± 1 dB re 1 V / Pa, 47 mV /Pa 

POLARIZATION VOLTAGE: 
+20 0 Volt s 

FREQUENCY RESPONSE* (press ure): 
up to 8 kHz : ± 1 dB (ref. 250 Hz) 

PRESSURE EQUALIZ ATION SYS TEM : 
Back ve nt ed 

LOWER LIMITING FREQUENCY* (-3 dB): 
1 Hz to 2 Hz (vent exposed to sound) 

PRESSURE EQUALIZATION TIME 
CONSTANT: 
Range : 0.16 to 0.06 s 

DIAPHRAGM RESONANCE FREQUENCY 
(90° phase shi ft ): 
8,5 kHz (typ.) 

INSULATION RESISTANCE (at 85% R.H.): 
> 1015 P. 

POLARIZED CAPAC ITY * (250 Hz): 
55 ± 3 pF 

CARTRIDGE THERMAL NOISE: 
0.6x 10-6 Pal\!Hz 
9,5 dB (A), 10 dB (Jin) 

OPEN CIRCUIT SENSITIVITY* (250 Hz): 
-3 8 dB ± 1,5 dB re 1 V/Pa . 12.5 m V/Pa 

POLARIZATION VOLTAGE: 
+200 Volts 

FREQUENCY RESPONSE* (pressure): 
up to 10 kH z: ± 1 dB 
up to 20 kHz : ± 1,5 dB 
(ref . to 250 Hz) 

PRESS URE EQUALIZAT ION SYSTEM: 
Sid e ven ted 

LOWER LIMITING FREQUENCY* (-3 dB): 
1 Hz to 3 Hz ( ven t ex po sed to so und ) 

PRESSURE EQUALIZATION TIME 
CONSTANT: 
Range: 0.16 to 0,053 s 

DIAPHRAGM RESONANCE FREQUENCY 
(90° phase shift): 
23 kHz (typ .J 

INSULATION RESISTANC E(at 85% R.H .): 
> 1015 !l 

POLARIZED CAPACITY* (250 Hz): 
17,5 pF (typ.) 

CARTRIDGE THERMAL NOISE: 
1,3 x 1 o·6 Pa/ \!Hz , 18 dB (A), 21,5 dB (li n) 
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Specifications 4160 

UPPER LI MIT OF DYNAMIC RANGE (3% dis
tortion): 
146 dB SPL (at 100 Hz, load: 0,5 pF) 

SAFETY LIMIT: 
160 dB (pea k) 

EQUIVALENT AIR VOLUME (of diaphragm , 
250 Hz): 
148 ± 30 mm3 

OPERATING TE MPERATURE RANGE : 
up to 50° C (for use as a laborato ry stand ard 
microphone keep at a consta nt tempe rature) 

TEMPERATURE COEFFICIENT (250 Hz): 
- 0,003 dB / ° C (typ.) fo r the ra nge: -1 o to so•c 

PRESSURE COEFFICIENT (250 Hz): 
-0,0016 dB/ m bar (typ.) 

HUMIDITY COEFFIC IENT (250 Hz). 
0.0025 dB/ 100% R.H. (due to varia tion in air 
stiffne ss ) 

VIBRATION SENS ITIVITY : 
45 x 10-3 Pa/ms -2, 67 dB at 1 ms-2, for ax ial 
acce lerat ion at frequen cies < 1 kHz 

MAGNETIC FIELD SENSITIVITY: 
4 to 24 dB. typ. 18 dB SPL for 80 Alm 50 Hz 
field 

Specifications 4180 
UPPER LIMIT OF DYNAMIC RANGE (3% d is
tor ti on): 
160 dB SPL (at 100 Hz, load: 0.5 pF ) 

SA FETY LIMIT: 
174 dB (peak) 

EQUIVALENT AIR VOLUME (of diaphr ag m, 
250 Hz): 
9,3 mm3 (typ .) 

OPERATING TEMPERATURE RANGE: 
up to 50°C (for use as a labo rat ory standard 
microp hone keep at a constant temperatu re) 

TEMPERATU RE COEFFICIENT (250 Hz): 
- 0.002 dB/ ° C (typ.) for th e ra nge: -10 to so•c 

PRES SURE COEFF ICIENT (250 Hz): 
-0,0007 dB / mba r (typ .) 

HUMIDITY COEFFICIENT (250 Hz): 
0.0006 dB/100% R.H. (due 10 varia ti on in air 
stiff ness) 

VIBRATION SENS ITIV ITY : 
36 x 10...J Pa/ms -2• 65 dB at 1 ms- 2• for axia l 
acce lera ti on at lr eq uenoies < 1 kH z 

MAGNET IC FIELD SENSITIVITY : 
6 to 34 dB. typ. 20 dB SPL lor 80 Alm 50 Hz 
Held 

LONG TER M STABILITY (at 20° C) : 
less th an 1 dB in 1000 yea rs 

HYDROGE N LEAKAGE OF FRONT CAVITY : 
.l fo< 0,05%/m in in 20 cm 3 c oupler w ithou t 
bu ff ers 

DIMENSIONS : 
Di ameter : 23.77 mm (with and witho ut grid ) 
Height : 19,35 mm (with pro tection grid) 

: 19 mm (with out protection grid ) 
Front Cavity Diam eter: 18,6 m m (average) 
Fro nt Cavity Dep th: 1,95 mm 
Thr ead for pr ea mplifier mounting 
23.11-60 UNS 

ACC ESSORI ES AVAILABLE 
Rec ipr ocity Calibration Appara tu s Type 4143 
Pist onp hone ........................................ Type 4220 
Pream plifi er ........................................ Type 2645 
Preamp . Adaptor ................................... UA 0786 
Prea m pli fi er ........................................ Type 2639 
Pream p. Adaptor ................................... DB 0375 
Co upler Adapt or Ri ng 1 " ..................... DB 0111 
Protec ti on Grid ....................................... DD 0168 

Above data vali d at 23° C, 1013 mbar and 
50% RH unless otherw ise specified. 

• Individually calibrated 

LONG TERM STABILITY (at 20 ° C): 
Le ss than 1 dB in 400 years 

HYDROGEN LEAKAGE OF FRONT CAVITY : 
.l lo< 0,3%/ mln in 3 cm 3 coup ler with ou t buff
ers 

DIMENSIONS: 
Di ameter (fro nt): 13,2 mm 
Dia met er (bac k): 12,7 m m 
Heig ht : 12 mm 
Front Cavity Diameter : 9,3 mm 
Front Cavity Depth: 0,5 mm 
Thr ea d for preampl i fier mounting 
11,7-60 UNS 

ACCESSORIES AVAILABLE 
Recip roc ity Calibration Apparatus Type 4143 
Pisto nphone ........................................ Typ e 4220 
Preampll l ier ........................................ Type 2645 
Preamp lll ier ........................................ Type 2639 
Co upl er Adaptor Ring .......................... UA 0825 
Dust cap .................................................. DD 0371 

Above data va lid at 23° C, 1013 mbar and 
50% RH unless oth erwi se specified. 

• Individ ually ca librated 


