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T h e  S S M  2 0 1 6  i s  a n  a C v a n c e d  d i f f e r e n f i a l  d e v i c e  w h i c h  c a n  b e  u s e d  r r o t
o n l y  a s  a  h i g h  g a i n  m i c r o p h o n e  p r e a m p l i f i e r ,  b u t  a l s o  f o r  s i g n a l
s u m m a t i o n  a n d  a s  a  d i f f e r e n t i a l  I j - n e  r e c e i v e r  o r  1 o w  g a i n  b a l a n c e d
- i * - , . +  - + ^ - ^  Ir l r 1 1 u u  D U o t s , s .  i e s i g n e d  o n  a  h i g h  v o l t a g e  p r o c e s s ,  t h e  2 0 7 6  c a n  o p e r a t e
^ € €  - * ' l  - l  +v r - L  r y r r  u  - r r p p l i e s  f  r o m  + / - 9  t o  + / - 3 6  v o l t s .  T h e  o u t p u t  s t a g e  c a n
s o u r c e  a n d  s i n k  a  m i n i m u m  o f  4 0 m A  a l l o w i n g  a  j a c k - f i e l d  t o  b e  d r i v e n
d i r e ' c t l y .  T h e  s p e c i a l  p a c k a g e  c a n  d i s s i p a t e  1 . 5  w a t t s .  T h e  i n p u t
r e f  e r r e d  n o i s e  o f  t h e  d e v i c e  i s  B } O p V  / , J T z  y i e l d i n g  a  n o i s e  f  i g u r e  o f  1
c iB  when opera ted  f  rom a  15OJ l  source  inpedance.
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Absolute Maximum Rat ines

S u p p l y  V o l t a g e  R a n g e  + / -  3 8 V
C u r r e n t  l n t o  a n y  P i n  E x c e p t  P i n s  2 ,  1 1  a n d  7 2  4 0 m A
L e a d  T e m p e r a t u r e  (  s o l d e r i n g  6 0  s e c .  )  3 0 0  d e g r e e s  C
S t o r a g e  T e m p e r a t u r e  - 6 5  d e g r e e s  C  t o  + 1 5 0  d e g r e e s  C
P a c k a g e  D i s s a p a t i o n  ( @ 2 5  d e g r e e s  C )  2 W
S h o r t  C i r c u i t  D u r a t i o n  I n d e f i n i t e  p r o v i d e d  d i s s i p a t i o n  l i m i t

i s  n o t  e x c e e d e d .

Recommended Opera t ing  Cond i t ions

Supp ly  Vo l t ,age Rar rE;e  + / -  9  to  + / -  36V DC
A m b i e n t  T e m p e r a i u r e  R a n g e  - 2 5  d e g r e e s  C  t o  +  5 5  d e g r e e s  C

SPECIFICATIONS
F o l l o w i n g  s p e c i f i c a t i o n s  a p p l y  f o r  V s = + / - ! 8 Y ,  T a = 2 5  d e g r e e s  C ,
R 1 = R 2 = S k J L  R 3 = R 4 = 2 k J [ ;  u n ] _ e s s  o t h e r w i s e  s t a t e d .

PARAMETER MIN TYP MAX UNITS CONDITIONS

Tota l  Ha rmon ic  D is to r t i on  (THD)
(No te  1  )

RL=2KJl:
G=1000

@ lkHz
@ 10kHz

G=  100
@ lkHz
@ l0kHz

G:10
@ lkHz
@ 10kHz

RL=6004 ;  \ s=+ / -20Y ;
G=1000

@ lkHz
@ 10kHz

G=100
@ lkHz
@ lOkHz

n - t  n
\ J _ I U

@ lkHz
@  1 0 k H z

0 .009  0 .015  % Vou t=10v  RMS
0 .015  0 .02  % Vou t=1Ov  RMS

0 .003  0 .005  % Vou t : 1Ov  RMS
0 .005  0 .007  % Vou t= lOv  RMS

0 .002  0 .003  % Vou t=1Ov  RMS
0 .003  0 .005  % Vou t=1Ov  RMS

0 .025  0 .04  % Vou t=10v  RMS
0 .06  0 .09  % Vou t=10v  RMS

0 .008  0 .015  % Vou t=10v  RMS
O.02  0 .04  % Vou t=1Ov  RMS

0 .005  0 .008  % Vou t= lOv  RMS
0 .  008  0 .015  % Vou t= lOv  P .MS

Inpu t  Re fe r red  Vo l tage  No ise  (No te  1 )

G=  1  000
G=  100
G=  10

0 .11  0 .16  uV  RMS 20kHz  Bandw id th
A .2  0 .3  uV  RMS 20kHz  Bandw id th
0 .8  7 .2  uV  RMS Z}k l r l z  Bandw id th

Inpu t  Cu r ren t  No i se  ( I n ) (No te  1 ) 350 550 pA RMS 20kHz Bandwidth



PARAMETER MlN TYP MAX UNITS CONDIT IONS

Ga in  Equa t i on  (G ) c  =  10kO +  3 .5

Re

R1=R2= 5kJ l
R3 =R4 = 2kJI

Er ro r  f rom Ga in  Equa t ion  (  G) 0 .1 dB

Inpu t  O f f se t  Vo l t age  (Vos )
G=1000 .
G=  100
G=  10

0 .5  2 .5  mV
1 .5  5  mV

520mV

inpu t  B ias  Cur ren t 25 uA V c m  =  0 V

I npu t  O f f se t  Cur ren t 4 .5 uA Vcm =  0V

Common Mode  Re jec t i on  Ra t io  (CMRR)
G=  1  000
G:1  00
G=  10

dB
dB
dB

70
h t l

r00
O E

75

P o w e r  S u p p l y  R e j e c t i o n  R a t i o ciBa n 100 Ys=+ / ' -9  to  + / -36Y

Common Mode Vo l tage Rar rge  (CMVR) + / -T  + / - tO

Common Mode Input  Imcdedance 20 MO

Di f fe ren t i a l  Mode  Inpu t  Impedance
G=1000 -
G=100
u=  t u

r \ Q

J

1 n

M O

MJI
M-fL

Output  Vo l tage Swing + / -75  + / -17
+ / -L5  + / -L7

R1= 2kJL
RI=600J1 ;  Vs=+/ -zOVV

Outpu t  Cu r ren t  ( I ou t ) (No te  2 )
Source
S ink

40  7A
40  70

mA
mA

-3dB  Bandw id th  (GBW) (No te  3 )
G=  1  000
G<100

500
> I

kHz
MHz

SIew  Ra te  (SR) 10 Y /uS

Supp ly  Cur ren t  ( I sy ) 12  16 mA

Note  1  -  Pa ramete r  i s  samp le  tes ted  to  max imum l im i t s .
No te  2  -  Ou tpu t  i s  p ro tec ted  f rom sho r t  c i r cu i t s  t o  g round  o r  e i t he r  supp ly .
No te  3  -  Bandw id th  w i , I I  be  s lew- ra te  l im i ted  a t  h ieh  ou tpu t  l eve l s .

F i na l  spec i f i ca t i ons  may  be  sub jec t  t o  change



Principle of Operation

The  2016  cpe ra tes  as  a  t rue  d i f  f e ren t i a l  amp l - i f  i e r  w i . t h  f eedback
re tu rned  d i rec t l y  t o  t he  emi t te rs  o f  t he  i npu t  s tage  t rans i s t c rs  by
p l  r l t i '  e t r e f s s l  p r o d u c e . s  b o t h  c - : p t i m u m  n o i - s e  a n d  c o m m o n  m o d e  r e j e c t i o nJ T J

wh i le  re ta in ing  a  ve ry  h igh  i npu t  impedance .  An  i n te rna l  " se rvo "
amp l i f i e r  i s  used  to  con t ro l  t he  i npu t  s tage  cu r ren t  i ndependen t l y  o f
conmon  mode  vo l tage  and  i t s  ou tpu t  i s  access ib le  v ia  p in  12 .  Nc r rna l l y ,
P in  tZ  i s  connec ted  t o  p i ns  4  and  5  by  res i s t o r s  R3  and  R4 .

Gain Sett ing

T h e  n o m i r r a l  g a i n  o f  t h e  2 0 1 6  i s g i v e n  b y :

10 ko
G =  - - - -  +  3 .5  f o r  R1=RZ=5 i I J I ;

R.g R3:R4=2kJL

R1+R2  R l+R2
G: - - - - - - -++ l , o r

Rg  R3+R4

R 1  a n d  R 2  s h o u l d  b e  e q u a l  t o  S k J L  f o r  b e s t  r e s u l t s .  I t  i s  v i t a l  t h a t
g o o d  q u a l i t y  r e s i s t o r s  b e  u s e d  i n  t , k r e  g a i n  s e t t i n g  n e t w o r k ,  s i n c e  l o w
q u a l i t y  t y p e s  ( r r o t a b l y  c a r b o n  c o m p o s i t i o n )  c a n  g e n e r a t e  s i g n i f i c a n t
a m o u n t s  o f  d i s t o r t i o n  a n d ,  i : n d e r  s o m e  c o n d i t i o n s ,  I o w  f r e q u e n c y  n o i s e .
T h e  2 A 7 6  w i l l  f u n c t r o n  a t  g a i n s  d o w n  t o  3 . 5  a t  f u I I  p e r f o r m a n c e .  G a i n
range can be  ex tended f  un i - -her  by  inc reas ing  R3 and R4,  bu t  a t  the
p e n a l t y  o f  r e d u c e d  c o m m o n  m o d e  i n p u t  r a n g e .  G a i n s  b e l o w  2 . 5  a r e  n o t
p r a c t i c a l  u n l e s s  t h e  n e g a t i v e  s u p p l y  v o l t a g e  i s  i n c r e a s e d .

N o t e  t h a t  t h e  t o l e r a n c e  o f  R 1  -  R 4  d i r e c t l y  a f f e c t s  g a i n  e r r o r  a n d
a l s o  t h a t  g o o d  m a t c h i n g  b e t w e e n  R l  a n d  R 2  a n d  R 3  a n d  R 4  i s  e s s e n t i a l
i f  c o m m o n  m o d e  r e j e c t i o n  p e r f , o r m a n c e  i s  n o t  t o  b e  d e g r a d e d .  I n t e r r r a l
l k n  r e s i s t o r s  a r e  p r o v i d e d  t o  r e p l a c e  P , 3  a . n d  R 4  i n  n o n - c r i t i c a l
a p p l i c a t i o n s  w h e r e  d i s t o r t i o n  i s  n o t  t o o  i m p o r t a n t .  T h e  t o l e r a n c e  o f
t h e  i n t e r n a l  r e s i s t o r s  i s  + / -  3 0 ? 6 .

Freguency Compensation

T h e  i n t e r n a l  " s e r v o "  a m p l i f i e r  i s  c o m p e r r s a t e d  b y  C a ,  w h i l e  C 1  a n d  C z
c o m p e n s a t e  t h e  o v e r a l l  a m p l i f i e r .  T h e  v a l u e s  s h o w n  m a i n t a i n  a  v e r y
w i d e  b a n d w i d t h  w i t h  a  g o o d  s y m m e t r i c  s l e w  r a t e .  B a n d w i d t h  c a n  b e
r e d u c e d ,  i f  d e s i r e d ,  b y  i n c r e a s i n g  t h e  v a l u e  o f  C l .

No ise

T h e  2 0 1 6  i s  o p t i m i z e d  f o r  s o u r c e  i m p e d a n c e s  b e l o w  1 k 0  a n d  u n d e r  t h e s e
c o n d i t i o n s  y i e l d s  a  n o i s e  p e r f o r m a c e  e q u a l  t o  t h e  b e s t  d i s c r e t e
c o m p o n e n t  d e s i g n s .  W i t h  1 5 0 O  m i c r o p h o n e s ,  f o r  e x a m p l e ,  t h e  n o i s e
f i g u r e  i s  t y p i c a l l y  1 d B  w h i c h  u n d e r  p r a c t i c a l  c o n d i t i o n s  m a k e s  t h e
2 0 1 6  v i r t u a l l y  t r a n s p a r e n t .  C a r e  m u s t  b e  t a k e n ,  h o w e v e r ,  t o  a v o i d
d e g r a d i n g  t h e  n o i s e  p e r f o r m a n c e .



a  + r r ^ ^ r
t l
t t l

= t i -
I  l o

2 1 5

' 2 1 ' +

4 O i 3

s ln

6 6 1 1

7 1 4

B 9

10k()
v v L r ^ u c u n r r \  -  ^  + 3 5

f{r,

r4zopF cAp rvouNTED closE To PACKAGE
'SEE TEXT

(INVERTING)

t-- -

+
TRANSDUCER F,470pF

t _ _

+ (NON-TNVERTING)

FIGUBE 2.  TYPICAL PREAMPLIFIER APPL]CATION.

TRANSDUCER

TRANSDUCEB

FIGURE 3. THREE WAYS OF INTERFACING TRANSDUCERS FOR HIGH NOISE IMMUNITY.

(a) Single ended. (b) Pseudo dilferential. (c) True differential.
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O b v i o u s l y ,  h i g h  s o u r c e  i , m p e d a n c e s  w i l l  i n c r e a s e  t h e  n o i s e  f i g u r e  o f
t h e  2 0 1 6  a n d  f o r  s u c h  s o u r c e s  t h e  S S M  2 0 1 5  o I :  S S M  2 0 1 1  p r e a m p l i f i e r s
a r e  r e c o m m e n d e d .  A  m o r e  s u b t l e  s o u r c e  o f  d e g r a d a t i o n  i s  p o w e r
d i s s i p a t i o n  s i n c e  a  t e m p e r a t u r e  r i s e  w i l l  i n c r e a s e  t h e  n o i s e  d u e  t o
b a s i c  s e m i c o n d u e t o r  p h y s i c s  ( t h i s  e f f e c t  i s  m o r e  p r o n o u n c e d  a t  h i g h
g a i n s ) .  T h e  2 0 1 6  u s e s  a  c o p p e r  l e a d - f r a m e  p a c k a g e  w h i c h  g r e a t l y  h e l p s
t h e  d i s s i p a t i o n ,  b u t  e v e n  s o  t h e  b e s t  n o i s e  p e r f o r m a n c e  w i l l  b e
o b t a i n e d  a t  l o w  s u p p l y  v o l t a g e s  w h i l e  d r i v i n g  l i e h t  l o a d s .

Drive Capabi l i ty

T h e  2 0 7 6  h a s  a  p o w e r f u l  o u t p u t  s t a g e  d e s i g n e d  t o  d r i v e  a  j a c k - f i e l d
e r ' i r a a r ' l r r  a t t h o u g h  + / -  1 B V  s u p p J - i e s  t f r p i c a l l y  e n s u r e  t h a t  a  6 0 0 J |  l o a ds ! !  e e  v t J  !

c a n  b e  d r i v e n  t o  a  1 0 V  R M S  s i r r e  w a v e ,  2 0 V  o r  g r e a t e r  s u p p l i - e s  a r e
r e c o m m e n d e d  t o  g i v e  a  m o r e  c o m f o r t a b l e  h e a d r o o m .  C a r e  s h o u l d  b e  t a k e n
t o  s t , a y  w i t h i n  p a c k a g e  d i s s i p a t i o n  l i m i t s  a t  h i g h e r  v a l u e s  o f  s u p p l y
v o l t a g e .

2OL6 Inputs

A  l 1 - h a r r o l r  f  l . r a  2 0 1 6  i n p u t s  a r e  f  u 1 ] y  f  l o a t i n g ,  c a r e  m u s t  b e  e x e r c i s e d  t o
e n s u r e  t h a t  b o t h  i n p u t s  h a v e  a  D C  b i a s  c o n n e c t i o n  c a p a b l e  o f
main ta in ing  them wi th in  +-he  input  common mode range.  The usua l -  method
o f  a c h i e v i n g  t h i s  i s  t o  g r o u n d  o n e  s i d e  o f  t i e e  t r a n s d u c e r  a s  i n  f i g u r e
3 ( a ) ,  b u t  a n  a l t e r n a t i v e  w a y  i s  t o  f l o a t  t h e  t r a n s d u c e r  a n d  u s e  t w o
r e s i s t o r s  t o  s e t  t h e  b i a s  p o i n t  a s  i n  f i g u r e  3 ( b ) .  T h e  v a l u e  o f  t h e s e
r e s i s t o r s  c a n  b e  u p  t o  1 0 k O  o r  s o ,  b u t  t h e y  s h o u l d  b e  k e p t  a s  s m a l 1  a s
p o s s i b l e  t o  l i m i t  c o m m o n  m o d e  n o i  s e .  N o i s e  p e r f o r m a n c e  i n  t h e
r e s i s t o r s  t h e m s e l v e s  i s  r r e g l  l S i b I e  s i n c e  i t  i s  a - c t e n u a t e d  b y  t h e
t r a n s d u c e r  i m p e d a n c e .  B a l - a n c e d  t r a n s d u c e r s  g i v e  t h e  b e s t  n o i s e
i m m u n i t y ,  a n d  i n t e r f a c e  d i r e c t l y  a s  i n  f i g u r e  3 ( c )

Phantom Power

A  t y p i c a l  p h a n t o m  p o w e r i n g  c i r c u i t  i s  s h o w n  i n  f i g u r e  4 .  U s u a l l y ,
z e n e r  c l a m p s  a r e  p r e s e n t  a t  t h e  i n p u t s  o f  m i c r o p h o n e  p r e a m p l i f i e r s  t o
p r o v i d e  t r a n s i e n t  p r o t e c t i o n  w h e n  m i c r o p h o n e s  a r e  p l u g g e d  i n  a n d  o u t .
T h e  2 0 1 6 ,  h o w e v e r ,  h a s  i n t e r n a l  c l a m p i n g  a n d  t h e  e x t r a  c l a m p s  a r e  o n l y
n e c e s s a r y  i f  t h e  t r a n s i e n t  c u r r e n t ,  e x c e e d s  4 O m A .

Trimning

G a i n  t r i m  o n  t h e  2 0 1 6  i s  r e a d i l y  a c c o m p l i s h e d  b y  a d j u s t i n g  R g ,  b u t
t h r e e  o t h e r  t r i m s  m a y  b e  d e s i r a b l e ;  h i g h  g a i n  o f f s e t ,  l o w  g a i n
o f f s e t ,  a n d  c o m m o n  m o d e  r e j e c t i o n .  A l l  t h r e e  c a n  b e  a c c o m p l i s h e d  w i t h
t h e  c i r c u i t  o f  f i g u r e  5 .

V R 2  a d j u s t s  h i e h  g a i n  o f f s e t ,  V R 3  l o w  g a i n  o f f s e t ,  a n d  V R 1  c o n m o n  m o d e
r e j e c t i o n .  C o m m o n  m o d e  r e j e c t i o n  i s  b e s t  a d j u s t e d  b y  a p p l y i n g  a n  8 V
p - p  6 0 H z  (  5 0 H z  i n  E u r o p e  !  )  s i n e  w a v e  t o  b o t h  i n p u t s  a n d  a d j u s t i n g  V R 1
f o r  m i n i m u m  o u t p u t .  I n t e r a c t i o n  i s  m i n i m i z e d  b y  t r i m m i n g  h i e h  g a i n
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o f f s e t  f i r s t ,  f o l l o w e d  L r y  C M R R  a n d  f i n a l l y  l o w  g a i n  o f f s e t .  A  t w o - p a s s
t r i m  i s  r e c o m r n e n d e d  f  o r  b e s t  r e s u l - t s .  N o t e  t h a t  t h e  o v e r a l l  g a i n  h a s
b e e n  r e d u c e d  s l l g h t l y  t o  a l I o w  c o n v e n i e n t  v a l u e s  o f  r e s i s t o r .

I f  t h r e  l o w  g a i n  o f f s e t  t r i m  i s  n o t  u s e d ,  t h e n  g a i n  c o n t r o l  f e e d t h r o u g h
c a n  s t i l l  b e  r e d u c e d  b y  a d j u s t , i n g  h i g h  g a i n  o f f s e t  t o  e q u a l  l o w  g a i n
o f f s e t  b y  m e a n s  o f  V R 2 .

Bus Sunming Anplifier

I n  a d d i t i o n  t o  i t s  u s e  a s  a  m i c r o p h c r r e  p r e e r m p l - i f i e r ,  t h e  2 0 1 6  c a n  b e
u s e d  a s  a  v e r y  l " o w  n o i s e  s u m m i n g  a m p l i f i e r .  S u c h  a  c i r c u i t  i s
p a r t i c u l a r l y  u s e f u l  w h e n  m a n y  m e d i u m  i m p e d a r r c e  o u t p u t s  a r e  s u m m e d
t o g e t h e r  t o  p r o d u c e  a  h i g h  e f f e c t i v e  n o i s e  g a i n .

T h e  p r i n c i p l e  o f  t h e  s u m m i r r g  a m p l i f i e r  i s  t o  g r o u n d  t h e  2 0 1 6  i n p u t s .
U n d e r  t h e s e  c o n d i t i o n s ,  p i n s  4  a n d  5  a r e  A . C .  v i r t u a l  g r o u n d s  s i t t i n g
a b o u t  0 . 6 5 V  b e l o w  g r o u n d . A n y  c u r r e n t s  i n j e c t e d  i n t o  t h e s e  p o i n t s  m u s t
f l o w  t h r o u g h  t h e  f e e d b a c k  r e s i s t o r  ( R 1  )  a n d  h e n c e  a r e  a m p l i f i e d  t o
a p p e a r  t h e  o u t p u t .  M o r e o v e r ,  b o t h  p o s i t i v e  ( p i n  5 )  a n d  r r e g a t i v e  ( p i n
6 )  t r a n s f e r  c h a r a c t e r i s t i c s  a r e  a v a i l a b l e  s i m u l t a n e o u s l y  i n  c o n t r a s t
t o  t h e  u s u a l  " i - n v e r t i n g  o r r 1 y "  c o n f i g u r a t , i o n .

T o  r e m o v e  t h e  0 . 6 5 V  o f f s e t .  t h e  c i r c u i t  c ' f  f i e u r e  6  i s  r e c o m m e n d e d .

A Z  f o r m s  a  " s e r v o "  a m p l i f i e r  f e e d i n g  t h e  ( n o r m a l )  2 0 7 6  i n p u t s .  T h i s
p l a c e s  p i n s  4  a n d  5  a t  a  t r u e  D . C .  v i r t u a l  g r - o u n d .  R 6  i n  c o n j u n c t i o n
w i t h  C 6  r e n o v e  t h e  v o l t a g e  n o i s e  o f  A 2  a n d  i n  f a c t  j u s t  a b o u t  a n y  o p -
a m p  w i l l  w o r k  w e l l  h e r e  s i n c e  i t  i s  r e m o v e d  f r o m  t h e  s i g n a l  p a t h .  I f
t h e  D . C . _  o f f s e t  a t  p i n s  4  a n d  5  i s  n o t  t o o  c r i t i c a l ,  t h e n  t h e  s e r v o
l o o p  c a n  b e  r e p l a c e d  b y  t h e  d i o d e  b i a s i n g  s c h e m e  o f  f i g u r e  6 A .  I f  A . C .
c o u p l i n g  i s  u s e d  t h r o u g h o u t  t h e n  p i n s  3  a n d  6  m a y  b e  d i r e c t l y
g r o u n d e d .
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FIGURE 6.  2016 DIFFERENTIAL BUS SUMMING AMP.
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