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SSM 2015 MICROPHONE PREAMPI.IFIER
DESCRIPTION

The SSM 20'15 is an ul tra low noise audio preampli f ier part icuiar iy sui ted to microphone preampli f icat ion. Gains from 10 to
over 2000 can be selected with wide bandwidth and low distortion over the full gain range.

True differential inputs with high common mode rejection provide easy interfacing to floatation transducers such as bal-
anced microphone outputs, as wel las single ended devices.

The very low voltage noise performance (1.3nV'\  f tz;  is enhanced by a programmable input stage which al lows overal l
noise to be optrmized for source impedances up to 4kO.

FEATURES

I  Ul tra Low Voltage Noise (1.3nV/\ 'Flz)
t Wide Bandwidth (700kHz rrr G : 100)
f High Slew Rate (6VrpS)
I VeryLow Distortion (0.00791, rir G : 100)
I  Fu l lD .C.  Coup l ing

I True Differential Inputs
I High Common Mode Reject ion (1OOdB)
I Programmable Input Stage
I No Crossover Distortion
I Svmmetric Slew Rates
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FIGURE 1.  BLOCK DIAGRAM
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PARAMETER (SYMBOL) M I N TYP MAX UNITS CONDITIONS

Total Harmonic Drstortion (THD)
(Note 1)

G - 1000
(u lkt-l.z
tu 10kHz

G = 1 0 0
(u lkHz
(a 1OkHz

G = 1 0
fa I kHz
fa 10kHz

0.007
0 . 0 1 5

0.007
0.007

0 . 0 1
0.01

c.01
o.o2

0.01
0.01

0 . 0 1 5
0 . 0 1 5 "/"

Vou' = 7V RMS
Vour : 7V FMS

Vour = 7V RMS
Vour : 7V RMS

Vou = 7V RMS
Vou: -  7V BMS

Input Referred Voltage Noise (E^)
(Note 1)
Rn,s = 33k()

G = 1000
G = 1 0 0
G = 1 0

Rox = 150k{)
G = 1000

G = 1 0

0.2
0.31
1 . l

0.28
0.41
1 . 1

0.3
0 .5
1 a

0 4 5
0.65
1 . 7

pV RMS
pV RMS
pV RMS

pV RMS
pV RMS
pV RMS

Inputs Shorted to GND
20kHz Bandwidth
20kHz Bandwidth
20kHz Bandwidth

20kHz Bandwidth
20kHz Bandwidth
20kHz Bandwidth

Input  Current  Noise (1")  (Note 1)
Rsrre = 33k{)
Re,rc = 68ko
Rs're : 150ko

250
200
1 3 0

380
300
200

PA RMS
pA HMS
pA RMS

20kHz Bandwidth
20kHz Bandwidth
20kHz Bandwidth

Gain Equation (G) I
G - 2 0 k O + 3 . 5

RG
R , = R , = 1 0 k 0

SPECIFTCATIONS* OPERATING TEMPERATURE STORAGE TEMPERATURE
-10"Cto +55"C -55"Cto +125'C

The following specifications apply for V. : + 15V, Tr : 25"C, Re,as : 33kO, unless otherwise noled.

Note 1. Parameter is sample tesled to maxrmum limits.
Note 2. Output is protected from short circuits to ground or either supply
'Final specifications may be sublecl to change.

\

Error From Gain Equation (,lG)
G = 1000
G = 1 0 0

0 . 1
0. '1
0 .2

U . J

0.3
0 .8

dB
dB
; a

R , - R : - 1 0 k 1 )
R , - R z - 1 0 k o
R , = R , - 1 0 k o

Inpul Otfset Voltage (Vos)
G = 1000
G = 1 0 0
G = 1 0

0 2 5
n 2

t . 3

1 . 5
1 q

MV
MV
MV

R , = R z = 1 0 k o
R, -- R, - 10k{)
R , - R , - 1 0 k o

Input Bias Current ( lo)
Rares = 33kl)
Re,s = 150k()

A F

1

pA
p^

Vcv " 0V
Vcu = 0V

Input Ottset Currenl ( l6s)
Rs,15 = 33kO
Re,s = .t50ko

0.5
0 . 1  5

1 . 5
o .4

pA
pA

Vcv - 0V
Vcu = 0V

Common Mode Rejection Ratio (CMRR)
G = 1000
G = 1 0 0
G - 1 0

90
70
OU

1 0 0
95
75

dB
dB
dB

R , = R z = 1 0 k O
R , = R r = 1 0 k o
R , = R z = 1 0 k f )

Power Supply Rejection Ratio (PSRR) 1 0 0 dB V. = ,t 12lo + 17V

Common Mode Voltage Range (CMVR) . t 4 *  5 .5

Common Mode Input lmpedance 50 M 1 )

Differenlial Mode Inpul lmpedance
G :  1 0 0 0
G = 1 0 0
G = 1 0

n q

5
20

Mo
Mo
Mo

Output Vollage Swing +  1 0 . 5 1  1 2 . 5 Rr 2ko
Outpul Currenl (l*) (Note 2)

Source
Stnk

1 5
8

25
1 4

MA

MA

- 3dB Bandwidth (GBW)
G = 1000
G = 1 0 0
G = 1 0

1 5 0
700
1 000

kHz
kHz
kHz

Slew Rate (SR) o vrrS

Supply Current (l.r) 12 MA
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FIGURE 2. TYPICAL APPLICATION

Principle of Operation

The 2015 operates as a true differential amplif ier with feedback returned directly to the emitters ol the input stage transistors
by R,.  This system produces both opt imum noise and common mode reject ion whi le retaining a very high input impedance.

An internalfeedback loop maintains the input stage current at a value controlled by R",o".This provides a programmability
function which allows noise to be optimized for a wide range of source impedances.

Gain Setting

The nominal gain of the 2015 is given by:

o 

{ 'n* , ,  

' , .

 ^  R , - R ,  R . ' R z . 4

" =  R o  
r  g k o  - or  G :  ?$" I  + 3.5for  R, ,R,  : '19L11

R, and R, should be equal to 10k0 for best results. lt is vitalthat good quality resistors be used in the gain setttng network,
since low quality types (notably carbon composition) can generate significant amounts of distortion and, under some
conditions, low frequency noise. The 2015 will function at gains down to 3.5, but will yield a degraded performance at gains
below 10. The table below gives convenient Ro values for commonly used gains.

GAIN RG ERROR

10 3ko
50 4300

100 2000
s00 390

1000 20ft

+ 0. ' l4dB
+ 0.002dB
+ 0.3d8
+ 0.z8dB
+ 0.03dB

Frequency Compensation

Referring to figure 2, C. (50pf) provides compensation for the input stage current regulator, while C, and C, compensate
the overall amplif ier. The latter two depend on the value of Ru^, chosen, and the following table gives recommended values
which are val id for al l  oains:



a
I  I B I A S v 2

27ktr-47kQ

47kO-68kO

68kO-1 50kf)

1 5pF

1 5pF

30pF

1 5pF

1 OpF

5pF

The 2015 has a bandwidth of more than 70kHz under worst case conditions (G : 1000, R",o, *- 150kf)) and considerably
greater at higher set currents and lower gains. This excel lent performance is supplemented by a highly symmetr ic slew rate
for opt imum large signal audio performance.

The output of the 2015 is not intended to dr ive ionq l ines: capacit ive loads greater than 150pf should be decoupled with
100f) in ser ies with the output (R, in Figure 2 should remain connected to pin 3).

Noise

Unfortunately, low noise amplifier design is always a trade-off between noise voltage and noise current. Normally, a com-
promise is chosen which produces opt imum perlormance over a l imited range of source impedances.

The programmabi l i ty of  the 2015 provides close to opt imum performance for source impedances up to 4k(),  and is within
1dB of the theoret ical  mrnimum value between 500O and 2.5k( l .

Figure 3 shows the recommended bias resistor versus source impedance. Note that s ingle ended sources have a di f ferent
value f  rom balanced ones. This is due to the uncorrelated nature of the input noise currents of the 2015.

2015Inputs

Although the 2015 inputs are ful ly f loat ing, care must be exercised to ensure that both inputs have a DC bias connect ion
capable of maintaining them within the input common mode range. The usual method of achieving this is to ground one
side of a transducer as in f igure 4(a),  but an al ternat ive way is to f loat the transducer and use two resistors to set the bias
point as in f igure a(b).  The value of these resistors can be up to 10k or so, but they should be kept as smal l  as possible to
l imit  common mode noise. Noise generated in the resistors themselves is negl igible since i t  is at tenuated by the transducer
impedance. Balanced transducers give the best noise immunity.  and interface drrect ly as in f igure 4(c).

g

cf 51.

f

F-

)  500 1k

SOUBCE RESISTANCE (OHMS)

2 5 k

BtrrANctt_r tNPul

SINGLE ENDED I I ' JP I J -

FIGURE 3. OPTIMUM R",^, vs SOUBCE BESISTANCE
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FIGURE 4. THREE WAYS OF INTERFAC]NG TRANSDUCERS FOR HIGH NOISE IMMUNITY

(a)Singleended.  (b)Pseudodi f ferent ia t .  (c)Truedi f ferent ia l .

Phantom Power

A recommended circuit for phantom microphone powering is shown in f igure 5. Z1 through Z4 provide transient overvoltage
protection for the 20.15 whenever microphones are plugged in and out.
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F]GURE 5. 2015 WITH PHANTOM POWER



Trimming the 2015

The gain ol the 2015 can be easily trimmed by adjustment of Ro. However. two further trims may be desirable: offset voltage
and common mode rejection; although the 2015 provides excellent untrimmed performance in both respects.

Figure 6 shows a method of trimming both these parameters.

VR, is the CMRR tr im, and should be adjusted for minimum output with an 8Vp-p ampl i tude 60Hz sine wave common lo
both inputs.

VR. is the offset voltage trim, and should be selected from the following table:
I  r B r A S

47k-68kf)V*, 27k-47k{l 68k-1s0k()

G : 1 0

G : .100

G :  1 0 0 0

500ko
250ko

100ko
100ko

250ko
100ko
50kf)

500k0 250kf)

The offset t r im should fol low the CMRR tr im, since there is a smal l  (non-reciprocal)  interact ion.

The offset trim can also be used to null out the gain control feedthrough. The output offset at low gains is determined by the
matching of the feedback resistors while at high gain it is determined by the matching of the input transistors. lf the gain
setting is changed rapidly, the output shift can cause an (audible) click or thump. To reduce or eliminate this, the offset at
high gains is adjusted to be equal to the offset at iow gains.
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FIGUBE 6.  TRIMMING THE 2015
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Solid State Micro Technology cannol assume responsibility lor use of anv circuitry descr jbed other than the circuitry entrrely embodied in an SSMT product. No other circuil
ltcenses are tmphed. Solld Stale Micro Technology reserves the nght, al any tjme wtthoul notrce. io change said ctrcuitry.
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