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DESCRIPTION
The S5M 2015 is an ultra low noise audio preamplifier parbicularly suited to microphone preampiification. Gains from 10 1o
over 2000 can be selected with wide bandwidth and low distortion ovar the full gain range.

True differential inputs with high comman mode rejection provide easy interfacing o floatation transducers such as bal-
anced microphone outputs, as well as single ended devices.

The very low valtage noise performance (1.3nV:\/'Hz) 1s enhanced by a programmable input stage which allows overall
naise to be optimized for source impedances up to 4kL

FEATURES
B Ulira Low Voltage Noise (1.3nv v Hz) B True Ditferential inputs
B Wide Bandwidth (700kHz e G = 100} B High Commaon Mode Rejection (100d8)
B High Slew Rate (8WLS3) B Programmable Input Stage
B Very Low Distortion (0.007%: (0 G = 100] B Mo Crossover Distortion
B Full .G Coupling B Symmetric Slew Rates
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FIGURE 1. BLOCK DIAGRAM
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SPECIFICATIONS! OPERATING TEMPERATURE STORAGE TEMPERATURE
—10°C to +55°C —-55°Cto +125°C

The following specifications apply for Vo = =15V, T, = 25°C. Raw: = 3310, unless otherwise noted.

PARAMETER (SYMBOL) [ M TYP | max UNITS | CONDITIONS

Tatal Harmonic Disteehon (THO} |

[Mede 1)

G- 1000
I TkHz 0.007 0. L Vo = TV AMS
e 10kHz Q.015 n.o2 % Vo = IV AMS
G- 100
i 1kHz 0.007 | 0.0 b Vaur = TV HMS
i 0kHz | 0.007 0.or o Vagr = TV AMS
G o=
A 1kHz 0. 015 % Vo = TV AME
e 10kHz 0. 001G ] Vaur = TV AMS

Irput Heterred Yolagse Mose (E.)

Motz 1)

Hpes = D3RE Inputs Shoeled 1o GHD
G- 000 e 0.3 e S 20kHz Dandwicl
3 = 100 (k31 {131 it FRS 20k Dandwicih
G- 10 11 1.7 i RS 20k Bandwicih

R = 150KET |
G- 1000 | 025 0.45 1N BME 20kHz Bandwidib
G- 100 (G 0.65 v BME 20kHz Bandwidih
5o~ 11 1.7 pY RMS 20kHz Bandwidih

Irput Cureent Maise (L) iMate 1)

My JdkLD 2h0 sl P S 20 Bandwidih

Iy Hitkiy 0 Kl i FARAS 20HE Bandwidih

Fyps = 150K 130 20K |'5uf'. FinS 20KHz Bandwilth
G o= 20k — 3.5

Giain Enuation (G) | R R = R = 10ki)

Errar From Gain Equatinn (A0}

Go= o0 0.7 03 dR R, = A = DKLt
Go= 10 0. na ful] A, = M. = 10=lt
Go= 10 0.2 na I ] Ay = A = 1okl

Input 250 Waltigo (Y
G - 1000 025 15 m A, « R, - 10kil
G ~ 100 0.3 15 my R, = R; = 10kil
G =10 3 15 mi Ry = R, = kil

Input Biaa Currant {1}

Fluws = S9kIE 45 12 . Vo = OV
Flipas = 130k11 | il (I _ Mew = aw B

Input Crllsal Current (1=
Rian — 33kl 03 1.5 [T Viw = OV
Fipas — 150k11 s o4 1y Wow = OV

Common Mode Rejeation Ratio (CMAR)

G o= 1000 an 100 & [o= A, - 10kt
G o= 100 7o ah i3] R = A, = 10kt
G = 10 G 75 fil=] A, = A~ 10k

Fawer Suapy Feection Ratio (PSHEE] 110} B O I P T

Comimon Mode Vollago Hango {Ch*'l.-'HI w4 thh v

Commoan Mode Inpul Impedance 50 (1Y)

Ditferenbal Moce fnput Impecance
Go= A0 b hAgl
Go= 10 4 L
G- 10 2l L1

Crutpul Vollage Swing L1050 125 W A, Z2ki}

Cruatpud Currenl {1, -1 {Rate 2)

Source 15 25 m#H,

Sirik i 14 ma

Fo b Bandwidth (GHEW)

G- 1000 150 kI

G- 100 yoi LI

Go= 10 1008 L 0 C1IH
Slew Falu (58] G Vs
Supply Current (1.1 12 16 i

Mate 1. Pammeates s sample ested to masimoum mils
Mate . Chalpud is protectad faom shorl Creuits o grouand o aither supply
"Final specihicabons may he subyect o change
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FIGURE 2. TYPICAL APPLICATION

Principle of Operation

The 2015 operates as a true differential amplifier with feedback returned directly to the emitters of the input stage transistors
by R, This system produces bolh optimum noise and common mode rejection while retaining a very high inputimpedance,

Aninternal feedback loop maintains the input stage current &t a value controlled by Ry,s. This provides a programmability
tunction which allows noise to be optimized for a wide range of source impedances.

Gain Setting
The nominal gain of the 2015 s given by:
R.+R. H,+H; 20k11
= - = = 4+ 1 G= + 3.51orR,.R, = 10kt
Ao Bk - Fe o

M, and A, should be equal to 10k{} for best resulls. It is vital thal good guality resistors be used in the gain setting network,
since low quality types (notably carbon composition) can generate significant amounts of distortion and, under somse
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 A values for commaonly used gains,

GAIN Ra EARCAH
10 Jkil 10,1448
50 43041 = 0.0o02de

100 2001 —0.3d48
500 3a41 = (.284d8
1000 2040 ~0.03d8

Frequency Compensation

Refarring to figure 2, G, (50pf) provides compensation for Lthe input stage current regulator, while C, and G, compensate
the overall amplifier. The latter lwo depend on the value of Ry, chosen, and the following table gives recommended values
which are valid for all gains:
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FtFII.-\.FE Cl C?
2T hE-4TkL 15pF 15pF
47 kEI—BBKD 1 5pF 10pF
BEHII—150k1} 30pF SpF

The 2015 has a bandwidth of more than 70kHz under worst case canditions (G = 1006, .. = 150k and cansiderably
greater at higher set currents and lower gans. This excellent performance is supplemented by a highly symmedric slew rate
tor optimum large signal audio perlormance.

The outpul of the 2015 is nol intended Lo drive long lines: capacilive loads greater than 150pf should be decoupled with
10058 in series with the autput (R, in Figure 2 should remain connected fo pin 3).

MNoise

Unforiunately, low noise amplifier design is always a trade-off between noise voltage and noise current, Mormally, a com-
promise is chosen which produces optimum performance over a limited range of source impedances.

The programmability of the 2015 provides close to optimum performance for source impedances up to 4k0, and is within
1dB of the theoretical minimum value between 50000 and 2.5k,

Figure 3 shows the recommended bias resistor versus source impedance. Note that single ended sources have a differant
value from balanced cnes. This is dus to the uncarrelated nature of the input neise currents of the 2015.

2015 Inputs

Althugh the 2015 inputs are fully floating, care must be exercised 1o ensure that bath inputs have a DC bias cannection
capable of maintaining them within the input comman mode range, The usual method of achieving this is to ground one
side of a transducer as in figure 4(a), but an alternative way is to float the transducer and use two resistors to set the bias
point asin figure 4l). The value of these resistors can be up to 10k or so. but they should be kept as small as possible to
lirmit commeon mode noise. Noise generated in the resistors themselves is negligible since itis attenuated by the transducer
impedance. Balanced fransducers give the best noise immunity, and interface directly as in figure 4{c).

BALAMCLED

ey}

OPTIMUM Ty (K1)

SDURCE RESISTANCE [OHMS]

FIGURE 3. OPTIMUM R,.., vs SOURCE AESISTANGE
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FIGURE 4, THREE WAYS OF INTERFACING TRANSDUCERS FOR HIGH NOISE IMMUNITY

(a)Single ended.  (b)Pseudo differantial.  (c)True diftarantial,

Phantom Power

& recommended circuit for phantom microphone powering is shown infigure 5. 21 through 24 provide transient overvoltage
protection for the 2015 whenever microphones are plugged in and oul.

b _,_/ e
1 7,
& | 000
2 el -
0 1 B TF‘ B % puT
1 =
5 woff
'i-r.- R.=a 8« 1% §
gl B |D — -
g :l L7 -ZA e AW G, Do arplF 60 TARTALLIN

FIGURE 5. 2015 WITH PHANTOM POWER
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Trimming the 2015

The gain of the 2015 can be easily trimmed by adjustment aof R, However, Lo further trims may be desirable; offselvoltage
and common mode rejection; although the 2015 provides excellent untrimmead performance in hath respects,

Figure & shows a method of frimming both these parameters,

WR. is the CMAR trim, and should be adjusted for minimum output with an 8Vp-p ampiitude 60Hz sine wave commaon to
both inputs.

VR, is the offset voltage trim, and should be selected from the following takle;

RHI:‘E
Vi 2Tk—A7REL A7 k—6ak} GBk—150k1}
G=10 500K 260k0 250k
Go= 100 SO0k 100k TOHHeL
G = A000 250k1 100KL S0kt

The offset trim should follow the CWMRAR trim, since there is a small (non-reciprocal) interacticon,

The offset trim can also be used to null out the gain contral feedthrough, The sulput alfset atlow gains is determinad by the
matching of the feedback resistors while al tegh gain it is determined by the matching of the input fransistors, If the gain
sefting is changed rapidly, the cutput shift can cause an (audible) click or thump, To reduce or eliminate this, the offset at
high gains is adjusted 1o be equal to the ofiset at low gains.
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FIGURE 6. TRIMMING THE 2013
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