ANALOG Low Voltage Microphone Preamplifier with
DEVICES  variable Compression and Noise Gating

SSM2167

SSM2167

SPECIFICATIONS

Vi=30V.{=1kHe B = 100 kY, Bogue =081, To = 25C, Vi = 100 mV rms, Raae = 2 kL), unless otherwise noted.

PIN CONFIGURATION

FEATURES

Complete microphone conditioner in a 10-lead package
Single 3V operation

Low shutdown current < 2 pA

Adjustable noise gate threshold

Adjustable compression ratio

Automatic limiting feature prevents ADC overload

Low noise and distortion: 0.2% THD + N

20 kHz bandwidth

APPLICATIONS

Desktop, portable, or palmtop computers
Telephone conferencing

Communication headsets

Two-way communications

Surveillanos systems

Karaoke and DJ mixers

GENERAL DESCRIPTION
The 5502167 is a complete and flexible solution for conditioning

microphone inputs in personal electronics and computer audio
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mumnications and public address systems. A low nose voltage
controlled amplifier (VCA) provides a gain that is dynamically
adjusted by a contral keop to maintain a set compression charac-
teristic. The compression ratio is set by :ui.rtsle resistor and can
e varied from 1:1 to over 10:1 relative to the fixed rotation
pank. Siﬁnal's above the rotation paint are limited to prevent
overload and to eliminate popping. A downward expander (noise
gate] prevents amplification of bad;unn.l.rul noise or hum. This
results in optimized signal bevels prior to digitzzation, thereby
eliminating the need for additional gain or attenuation in the
digital domain. The fexibility of setting the compression ratio
and the time constant of the level detector, coupled with two
values of rotation point, make the S8M2 167 easy to integrate in
a wide variety of microphone conditioning applications.

The device is available ina 10-lead MSOP package, and is
guaranteed for operation over the extended industrial
temperature range of —40°C to +B5%C

Figure 2. Generai inpuiAiDuiput Charachensiics

Table 1.
Parameter Symbuol Test Conditions/Comments Min Typ Max Unit
ALDIO SIGMAL PATH
Voltage Moise Density £y 10:1 enrmpredsion i nviyHe
Noise 20 kHz bandwidth, Vi = GND —Ta dBv
Total Harmonic Distartion + Moise THO+M | V=100 mV rrms oz %
Inpat Impedance T 100 kD
Output Impedance Laur 145 ¥}
Load Drive Minirmurm resistive load 5 kK
Maximurm capaditive load 2 nF
Input Voltage Range 0.4% THD + N 600 i Fmd
Output Voltage Range 0.4% THD + N 700 i rmd
Gain Bandwidth Product 1:1 compression, WCA G =18 dB 1 MHz
CONTROL SECTION
VA Dynamic Gain Rangs 40 dB
VCA Fixed Gain i3 dB
Cormpression Ratio, Minimurm 121
Cormpredsion Ratio, Masimam See Table 4 for Rooae 101
Rotation Point 63 m s
Moise Gate Range Maxirmurn threshold —ia dBv
POWER SUPPLY
Supply Voltage v 25 55 W
Supply Current lsy 23 5 mA
D Cutput Voltage 14 W
Power Supply Rejection Ratio PSRR Vi =25VIB6YV 45 dB
SHUTDOWM
Supply Current ley Pin 3=GND 2 E A
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ABSOLUTE MAXIMUM RATINGS

Tahle 2.

Parameter Rating

Supply Vialtage &

Input Voltags &V

Opetating Temperature Rafgpe —40°C e +H85°C
Storage Tem perature Range —G5"C e +1500C
Junction Temperatune 150°C

Lead Temperature (Soldering, 10 sech 3007C

BE3 (Human Body] Madel 500

THERMAL RESISTAMNCE

B &8 specified for worst-case conditions, that ix, 8y is specified
for a device soldered in a 4-layer dreuit board for surface-mount

packages.
Table 3.

Package Type B B Uniit

10-Lead MSOF (RM) 180 35 "o

Stresses above those listed under Absolute Maximum Ratings
may cause permanent da.rn.a.ﬁ,u o the device. This is a stress
rating only; functional operation of the device at these or any
other conditions abave those indicated in the upemlitma]
sectiom of this specification is not implied. Exposure 1o absolute
maximum rating conditions for extended periods may affect
device reliahility,

ESD CAUTION

ESD [electrostatic discharge] sensitive dewice.
I Charged dewices and circwt boards cane decharge

without detection. Although  this product  festures
patented or proprietary peotection driutry, damage
‘E Ii may Goour an dewices subjected 1o Migh energy ESD
Therefare, proper ESD precautions should be taken to

avoid perfomance degradation or loss of functionalitg.

TYPICAL PERFORMANCE CHARACTERISTICS
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APPLICATIONS INFORMATION

The 5562167 is a complete microphone signal conditioning
system on a single integrated cireuit. Designed primarily for
voice-bamd applications, this imtegrated circuit provides ampli-
fication, ]i.111.i|:i.|1.3, variahle uu'nprzssiun.. and nadse gale. Llser
adjustable compression ratio, noise gate threshald, and two
different fixed gains optimize circuil operation for a variety af
applicativns. The S5M2167 also features a low power shutdown
made far bull:r:fvpt.mzmd :'P'pl:imlim'u.

Figure 18, Functiono! Block Démgroem

THEORY OF OPERATION

The typical transfer characteristic for the S8M2167 is shown in
Figure 2 where the output level in dB is plotted as a functien of
the input level in dE. The dotted line indicates the transfer char-
acteristic for a unity-gain amplifier. For input signals in the range
o Ve {downward :J:.pmui.q.m! to Var {rnlz‘l.inn pnin‘l:l. an *r" dB
change in the input level causes a | dB change in the output level.
Here, 115 ﬂzﬁnrduﬂrmmprm ratio. The u:n'rprm ralio
may be varied from 1:1 (e compression) o 101 via a sngle
resastor, Bopae. ]nput :ig:rla]s above Vg a.rzmu'npu':ss:d. with a
fixed compression ratio of approximately 10:1. This region of
operation is the li:mtu'lﬁmsim'l. "-"a.q.'i:lsll'lr compression ratio
has no effect on the limiting region.

The breakpaint between the compression region and the limiting
regim is referred 1o as the Bmiting threshold or the rotation paint.
The term, rotation point, derives from the observation that the
:I.mishlinein ﬂtcm'rl.pu'ﬂit.mrqjmntaiﬂabml this puint an
the input/output characteristic as the compression ratio is changed.
The: gain of the system with an input signal kevel of Var 15 the fixed
F.i.n.. 18 dBY jor the SSM2167, :r:prﬂ]m al the mm'przsnm ralin
|I:|F|I.T|. !-HI'I.I]! bélow Wpg are downward upﬂ.mlﬂ.l: that is, a

-1 dE change in the input signal level causes approximately a
-3dB :I:a.nge:inﬂ'be ourtput level. As a resubt, the Pinuflhz
system is small for very small input signal levels, even though

it may be quite hrgg for small input siﬁn:]s above Vor The
external resistor at Pin 7, Bgarp i used 1o set the downward
E:E.‘FFIJ'ISiuIl threshald If‘l.’n;}.

Fh:lly,ﬂteﬁﬂhillﬂ 'Pru'l.'i.d:s an active low, Chll'_'lﬁvv:mquli)\]:
digital power-down feature that reduces device supply current
to typically less than 2 pA.

SIGNAL PATH

Figure 16 illustrates the block ﬁa.ﬁm'l.dlhz S5M2167. The
audio input signal is processed by the input buffer and then by
the VCA. The imput buffer presents an input impedance of
appraximately 100 ki) to the sowrce. A de voltage of approsimately
400 mV s present at INPUT (Fin 5) of the S5M2167, requiring the
e of a b]n:ls.ing :apaci'l.nr (1) far Srmuu]vrzﬁmﬂ SOMITCEs.
A 0.1 pF capaciter is a good choice for most audie applications.
The mput baffer is a unity-gain stable amplifier that can drive
the kyw impedance input of the ¥CA and an internal rms detecior.
The VCA is a low distortion, variable gain amplifier whose gain
is set by the side-chain control circuitry. An external |:||n|:|r.i.1'|5
capacitor (C2) must be wsed between the buffer output and the
VICA i.|1.|:uL'|']'be 1ki} i.rnpeﬁ:nne between I'I'I.Fl.iEEL'! determines
the value of this capaciter, which @ typically between 4.7 pF and
10 pE An aluminum electrolytic capacilor is an economical dhaice.
The VCA amplifies the input signal current fowing through C2
and comverts this current to.a 1.1.|llaFaJ the oulput pin (Pin %) of
the S5M2167. The net gain from input to output can be as high
as 40 dE, dzperl.d.inﬂ mﬂwﬁa.in set by the control circuitry.
The oulput impﬂhm:: of the S5M2167 is I::rpil:aﬂr less than

145 01, and the external load on Pin 9 should be »5 kil The
nominal ol put d.cvn]l:a“e of the device i a.ppm:imabdr 14%;
therefune, a blocking capacitor for grounded loads must be wsed.
The bandwidth of the S§M2167 is quite wide at all gain settings.
The upper 3 dE point is over | MHz at gains as high as 30 dB.
The GBW plots are shown in Figure 5. The lower 3 dB cutofl
frequency of the SSMZ2167 is et by the input impedance of the
VCA (1 ki) and C2. Whereas the noise of the input buffer is
finedd, the input-referred noise of the VCA is a function of gain.
The VCA input noise is d.z:ign:d. ta be at a minimum when the
gain is at & maximum, thereby maximizing the usable dynamic
range ol the part.

LEVEL DETECTOR

The $5M2167 incorparates a full-wave rectifier and a true rms
lewel detector circuit whaose averaging time constant is set by an
external capacitor (Cavc) connected to the AVG CAPF (Pin 6).
Far n'Pﬁ.n'nl]mv I'rﬂ:rucnc:f operation af the bevel detector down
1o 10 He, the value of the capacitor should be 2.2 pF Some experi-
mentation whhhrﬁp'vﬂu:ﬁxﬂmmn}'be necessary (o reduce
the effects of excessive kow frequency ambsent background noise.
The valwe of the averaging capacitor affects sound q‘l.ﬂl.i'l'!.': oo
smiall a value for this capacitor may cause a pumping effect for
some signals, whereas too large a value can result in slow response
times o signal dynamics. Electrol ytic capacitors are recommaerided
here for lowest cost and shauld be in the range of 2 pF to 22 k.
The rms detector filter time constant is approximately given by
10 % o milliseconds where Cag is in pE This time constant
controls both the steady state averaging in the rms detectar as well
as the release time lor l:m'npmﬂ:inn. that 1%, the time it takes for
the system gain to increase due o a decrease in input signal. The
attack tirne, the time it takes for ﬂuﬁa.in 1o be reduced because
o & sudden increase in input kevel, s controlled mainly by internal
circuitry that speeds up the attack for large level changes. In most
cases, this limits overload time to less than 35 ms.

The performance «f the rms level detector is illustrated in
Figure 14 for a Cave af 2.2 pF and Figure 13 for a Covg of 22 uE
Inn Figure 13 and Figure 14, the input signal (o the 3562167
'[l:u:ﬂ. shown) 5 a series of tone bursts in gix successive 10 dB
steps. The tone bursts range from —66 dBV (0.5 mV rms) to

-6 dBY (0.5 :rrn:}. Asg illustrated in these l'i.ﬁuru. the aitack
time of the rms level detector is dependent only on Ca, but the
release times are linear ramps whose decay times are d.EFE‘.I'Il.lE'I'I.
an bt Cavs and the input signal step size. The rate of release is
:'H:rmi.rnalzl}' 240 dBJs for a Cave of 2.2 pk, amd 12 dBfs fora
Cav of 22 pF

CONTROL CIRCUITRY

The vutput of the rms level detector is a signal propertional w
the log of the true rms value of the buffer output with an added
de edfizet. The control circuitry subtracts a de voltage from this
signal, scales it, and sends the result to the VCA to control the
gain. The gain control of the VCA is logarithmic—a linear change
in control signal cawses a dB change in gain. It i this control
law that albows linear processing ol the |J:|g rms n'un:] o ptm:id.:'
the flat compression characteristic on the input/output charac-
leristic shown in Figure 2.
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Figuee 17 Effect of Warnying tie Compression Satio

SETTING THE COMPRESSION RATIO
Changing the scaling of the control signal fed 1o the VOA causes
a change in the circuit compression ratio, r. This effect is shown
in Figure 17. Connecting a resistor { Reowr) between Pin 8 and
Voo sets the compression ratio, Lowering Focar gives smaller
compression ratios as indicated in Table 4. AGC performamnce is
achseved with compression ratios between 2:1 and 181, and is
dependent on the application. Shorting Reowy disables the AGC
function, wtting the compression equal to 1:1. [ using a compres-
sion resistor, u.inu a value tp':at:rﬂ':m 5 ki) ix recommended.
If a value lower than 5 kC} is used, the device may imterpret this
as a shaort, 000

Table 4. Setting Compression Ratio

Compresdion Ratio Value of Roow
1:1 00 [short ta V)
=1 15 kD

31 3501

51 75 kD

11 175 ki




SETTING THE NOISE GATE THRESHOLD
[DOWNWARD EXPANSION)

The noase gate threshold is a programmable point using an exdernal
residor (Baog) that i connected between Pin 7 (GATE THES)
and Vg, The dowmward expansion threshold may be set between
=40 dEV amd -55 dBV, az shown in Table 5. The downward
expansin threshidd is inversely proportional to the value of this
residance: selting this resistance o 0 (2 sets the threshald at
appraximately 10 mY rms (—40 dBY), whereas a 5 ki resistance
sets the threshold at a.ppm:imabdf 1 m¥ rms (=55 dBV). This
relatiomship is illustrated in Figure 18, It i nat recommended

10 use mare than 5 kO for the Bgog resistor becanse the noise
floor of the S5M2167 prevents the nose gate from being
lowered further without causing 'Pu'nlﬂun'u.

Table 5. Setting Noise Gate Threshold

Moise Gate [dBV) Walue of Roar
=i O (hart 1oW+)
—i48 1 k2

—54 2k

-55 5k

BPUT jal)

Figure 15, Effects of Yarging the Downward
Exponsion (Maise Gare) Threshold

ROTATION POINT (LIMITING)

Input sgnals above a particular level, the rotation peant, are
attenuated (limited) by internal circuitry. This feature allows the
SSMZ167 tar limit the mazimum cutpuat, preventing clipping of
the fn]lumi.nﬁ slage, such as a codee or ADC. The rotation Pni.'n'l.
fior the S5M2167 i set internally 1o —24 dBY (63 m¥ rms).

SHUTDOWN FEATURE

The supply current of the 5502167 can be reduced to under

10 pA h aEEll'.i.nE an active low, 0 V Chll'_'lﬁ-:nn'lp:lib]u inFn.lI.
to the SHUTDHOAWEN pin (Fin 3) o the S5M2167. In this state,
the i.'rrpmmﬂ output circuitry of the S5M2167 assumes a hi.ﬁh
impedance state; as such, the potentials at the input pin and the
output pin are determined by the external circuitry connected
to the S8M2167. The S8M2167 takes spproximately 200 ms Lo
setible from a shutdawn to power-on command. For power-on to
shutdown, the S8M2167 requires more time, typically less than
1 sec. Cycling the power supply to the 55M2167 can result in
quicker settling times: the off-to-on settling time of the SSM2167 is
less than 200 ms, whereas the on-to-off settling time is bess than
1 ms. The 5532167 shutdown current is related 1o both temper-
ature and vollage.

PCB LAYOUT CONSIDERATIONS

Because the 55M2167 is capable of wide bandwidth operation
and can be I:DDFLS,L‘II.‘EE[ for as much as 60 dB of Pin.. sperial care
must be exercised in the layout of the PCE that contains the IC
and its associated companents. The .ﬁ:l]mvhu :'Fpllmim hints
should be considered for the PCE.

The layout should minimize possible capacitive feedback from
the outpul of the 55M 2167 back to its imput. Dvr ot run input
and output traces adjacent to each other.

A simghe-point {star) ground implementation is recommenced
in addition 1 maintaining short lead 'E'IE“'L" and PCB runs. In
applications where an analog ground and a digital ground are
available, the S8M2 167 and its sun'nunﬂinﬁ circuilry should be
connected to the analog ground of the system. As a result of
these recommendations, ur.i.n:—map board connections and

grounding implementations are to be explicitly avoided.
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ORDERING GUIDE
Madel" Temperature Range Package Description Package Dption Branding
S5M2167-1RME-REEL =di0"C 1o +857C 10-Lead MSOPF RM-10 B11
SEM2N167-1RMEI-RT —40°C wo +85°C 10-Lead MSOP RM-10 Bl11
SSM2N167T-EVAL Evaluation Board

' Z = RoHS Compliant Part, £ denotes RoHS compllant product may be top of bottom marked.



