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l lote to 0.E.1,1.  Users . . .  Fron Ual ley Feople '  Inc.

lr can be seen by a revl*u of tht materlal hereslth thE urlley People TA-103
array {s capablc af r uarlcty 0f configurit lonr requlrlng closely nrtchcd PttP
tFartslstoru possesslng extrenely clsse thartal coupling.

The most  popular  usc of  the TA-103 ls  ln  low nolse,  low dls tor t lon n lcrophone
preanpllf lar$ and hlgh fupedance dlfferentlal input itagei for l inc level and
nusicr l  lnst runent  use.

l fGr at  Val ley People,  uFge the 0,E. l t -  user  to d lscuss in  deta i l  h i r  par t lcu lar
use and lararEters he yisher to achi€vc ulth the product so that our engincer-
ing staff nay offer speclflc reconnendations for obtalning hls goEl.

Plea:e do not hesltate to confer ulth our strff for rsrlstailce ln developing
circuiti rhlch use the TA-103 ilrrry.

For your convenlrncE He can Frovldr a TA-103 arrry rtounted on a prlnted clrcult
board vith plns configured so thrt th€ package rory be rounted lnto a conventlonal
. [00 x .500 (?t l -posl t ion)  D. I .P.  LC.  socket  for  prototyplng purposes.  Addl t lon-
ally. oprqug tran=fer patttrns for draftlng th+ TA-IO3 package onto clrcult borrd
l rputs ore aval lable f ree-qf-charge.

VALLEY PEOPI^EINc.
lP.O, Bor |ffit?ffi EricePlrc
tt'tr*rlqnnn- rZZOr
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vAtt EY PE0PLE I I t{C I

APPLICATION NOTE 4H154 :

TOIJ NOISE AC AI' IPTIFIERs FOR

LOI{ I I{FE DANCE TRANSNUCERS

ruponr*ur rrur0nttATI0N IAB0UI T!! I*-103 TRANSISToR AR :

T h e  V a l 1 e y  P e o p l e  T A - 1 0 3  t r a n s i s t c r  a r r a y  c o n t a l n s  e i g h t  m e d i u t t t  g e o m e t r y  a n n u l a r
P N P  s i l  i c o n  t r a n s i s t o r s .

Fropr le ta ry  march ing  techn iques  prov ide  c lcse  t rack i f tg  0 f  base- to -en i t te r  vo l tages
( V b e )  o f  a l l  e l g h t  d e v i c e s .  T y p i c a l  V b c  u a l u l t l n g  i s  +  4 0 0  I V  i n  t h e  c u r r e n t
r d n g e  o f  t 0  p A  t o  I  n A .  n l t h  t r a c k i n g  t e s t e d  f o r  u o F s t - c d s e  v a l u e s  o f  + l  d V .

B y  u s i n g  s p e c i a l l y  d e v e l o p e d  f a b r i c a t l o n  t e c h n i q u e s ,  a l l  e i g h t  d e v i c e s  a r e  v e r y
closely-therrru' l  1y bonded. Further thernta' l  bondlng exlsts beteteen se' l  e€ted palfs
o f  t r a n s i s t o r 3 ,  n h e r H  a  n * a r  i E t a l - t o - m E t e l  b o n d  e x i E t s ,  p r o v i d i n g  j u n c t l o n
t e r n p e r a t u r e  m a t c h i n g  t o  0 . 1 ' C .

B o t h  t h b  V b e  m a t c h i n g  a n d  c l o i e  t h e m a l  c o u p l i n g  a r e  d e s i r a b l e  i n  c o n f i g u r i n g
d i f f e r e n t i a l  i n p u t  s t a g e s .

The TA-103 t ransls tor  erray p in-out  is  complete ly  syni le t r lca l .  so that  the i r ray
may  be  connec ted  i n  i t s  c { r cu1 t  l n  any  o r i en ta t i on -

l , lhen us ing the TA-103 array,  the designer  should b€ aware that  a l though the t ight
thef lnal  coupl  {ng of  the t ransis tors cor f lpensates for  changes In Vbe lnduced by
ambient  ternperature changes,  thermal  gradients tcross the array Should be avoid-
ed by locat ing conponentr ' l tke ly  t0 genernte heat  (p0HEr res is torst  Fouer t r in-
s ls tors,  etc , )  a suf f ic lent  d is tance away f rom the array so that  d l f ferences in
temperd tu re  ac ro i s  t he  a r ray  r r i l l  no t  ex i s t .

A l t houEh .  t he  TA-103  a r ray  i s  d rs igned  p r { rna r {1y  f o r  uEe  i n  con f i gu r i ng ,  l ou  no i se
di f ferent ia ' l  AC arnpl i f iers.  i ts  re lat ive ly  h lgh operat inE vol tage and current
cdFdb l l l t y  ma*e  f t  Eu i t ab le  l n  o the r  app l i ca t i ons  uhe re  o rd ina ry  nona l l t h i c  a r r€y i
can  no t  be  used .

L0l' l  l i0ISE AHPLIFIERS FOR LOH IHPE0ANCE TRAIISDUCERSI

l {hen  us ing  l ow  impedance  t ransduce rs  such  as  dynamic  E l c raphone$ .  va r i db le  re luc -
tance p ick-ups snd other  e lect ronagnet ic  sensors desiqned to del iver  AC s lgnals
rep resen t i ng  e lec t r i ca l  ana logs  o f  dynamic  p rocesses ,  t he  no i se  con t r i bu ted  by
the lnput  galn b lock usuai ly  is  r tuch greater  than the res idual  noise generated
by  the  t rd i l sdu€e r .  Th ts  i s  e rpec la l l y  t r ue  o f  t r . nsducs rs  hov ing  l a rge l y  res l t -
t i ve  i n t r i ns i c  imFedances  o f  50  to  500  oh rn .  So rne  pa r t i cu la r l y  r t o i se  sens i t i ve
appl icat ions inc lude hydrophoner,  lnst rumentat ion recorders,  low level  widebano
amp ' l  i f t - e r s t  sLud io  sound  equ ipmen t  and  sound  l eve l  su rvey  equ ipmen t .

IRA!.ISDUCER NOISE I4OOEL :

I n  t yp i f y i ng  t r ansduce r  no i se r  one  mus t  v i e i l  t he  L ransduce r  and  connec t i ng
as a iumped noise source.  Transducer noise can be d iv ided into t r ro major
t r f bu t l ng  sou rces ,  t he  t he r rna l  no l se  o f  t he  t r ansduce r ,  and  i nduced  no i se .

l e a d s
cDt'l -

Thermal  noise is  cJused by thennal  agi tat ion of  f ree e lect rons in  a condrrctor .
The  resu l t  0 f  t h i s  ag t ta t i on  l i  a  randon l y  vany lnq ,  n inu te  vo l t age  d t ve loped
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across the terminals of  the condqctor .  This  phenornenon Yi5 demonstrated by

J0hf ison,  and thus ls  sonet imes referred to rs  Johnsqn l {o ise.

Nyquist  shorred,  us lng r  s tat is t lca l  therrnodynamic rnodel ,  that  the mean-square
t 'herma' l  noi$e vs l tage generated fn any impedan6e Caf l  be erpre55ed i5:

^ rz,
( Forrnul a 1) u,f = or!/r, Etil.r I

r he re  vn2  -  ne in -squa re  o f  t he rma l  no i re  vo l t age  n i t h i n
the f requency band f t  to  f t  {n | /

16  r  Bo l  tm tann  I  s  cons tan t  (1 .38  x  19 -23  l ou le /Ke l v i n  !
f  r  absolute tenperature of  R in xelv lns (0 l ( )
R( f ) -  re$ls t lve coi lpof lcnt  of  Inpedance r t  f requency

f  i n  Ohm+
f = f reqr tnncy ln  Hertz

Hhen the res is t ive cof lponent  of  the inpedance ls  lndependent  of  f requencJ,  the
cquat iOrt  reduces to:

-----
(Formufa e)  vna = 4r f f 'nq

l there f6n is  the nolse bandwidth f2 -  f1  ln  f ler t r .  The terrn fgn ls  considered

to  be  equa l  t o  t he  -<odB  pO in t s  o f  t he  sys te t t |  unde r  en i l ys i s ,  and  l n  aud io  ap -
p l icat ion ls  taken to be the band of  f requencies f rom 20 Hz to 20 kHr.

s imp ' l  i f l ed  f u r t he r ,  t he rna l  r r o i se  vo l t age  i l ay  be  ea i cu la ted  r s r

( Formu I u I (J-o o r i vl lt+r-

thus,  d t ransducer having an in t r {ns ' l  c  res i t r t lve lmp€dance cof iponent  equa[o
150  ohm w i l l  p roduce  a  vo l t age  o f  1 .58x  I0 -v  V rms / roo t  hc r t r .  { 1 .58  n  V / ' /Hz ) .
I n  aud io  app l i ca t i on ,  t h ' l s  wdu ld  equa te  t o  an  abso lu te  m in imum no i sE  lEve l  o f
-130 .8  dB ; t  300oK  re fe r red  to  0  dE  a t  0 . / 75  V rms  i n  t he  ?0  Hr  t o  ?0  kHz  aud io
bandwi  dth .

In  addi t ion to the thenHl  noise gerrerated by the t ransducer,  the leads connect-
l ng  t he  t ransduce r  t o  t he  sys tem undEr  cons ide ra t i on  con t r j ' bu te  i nduced  no i se
caused  by  man-nade  sou rcEs ,  such  es  hum '  RF .  e l c .

8y  co r rec t l y  con f l gu l i ng  a  d i f f e ren t i a l  ba lanced  amp l r f l e r ,  t he  use r  CA t l  h0 th
g iea t t y  a l t enua te  t he  i nduced  no i se  f r on  the  l eads  and  ma ln ta in  reasonab le  no i se
perforrnance,  or  noise f lgures,  in  the input  gain b lock of  d 5 l '5 ten.

AIELI FIER [q]!E r'l0pE!_ :

L€ t  us  exan ine  a  c l ass i c  no i se  n rode l  f o r  an  amp ' l i f i e r  f ed  by  a  Sou rce  vo i t age
generator ,  Es ,  having a res ls l ive i rnpedance component ,  Rs ,  as Flqure I  shows.
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where Es is  the input  s igna' l  vo l tage

R5 is  the  source  impedantd  reg is t i ye  compon€nt

E11"  l s  a  no lse  vo l tage generd tor  hav l r tg  0  ohm imFedance

Inu  is  a  no ise  cur ren t  genera tor  hav ing  in f jn i te  in rpedance

A y  i s  t h e  v o l t a g e  g a i n  o f  a n  i d e a l  n o l s r l e i s  a r r t p l l f l e r

The no ise  genera tor  Enr ,  b t  inspec t lon ,  l s  see t  to  be  the  equ iva len t  shor t -c i rcu i t

inpu t  no{se  yo l tage.  In  p rac t lce ,  th ls  no{se  vo l tage app€r rs  in  ser ies  w i th  the
thermal  no ise  source  represented  by  Rs The no lse  cur ren t  genera tor ,  116,  causes

i lo ise  cunrents  to  f low th rough Rs,  thus  induc ing  an  add l t iona l  no ise  vo l tage to

rppear  tc r053 Rr .  Both  En6 lnd  ( ln1  x  [ ,g ]  must  be  added fn  quadra ture  to . . lhe

thc f lna l  no l5e  genera ted  by . .n3r  The: tharma}  no iso ,  En4r  dnd I In  x  R5 ]  rnay  be  ex-

i n  ( n o n o J  V o l t s  p e r  r o q l  h e r t z ,  n u /  m ;  a t  i  i i v e , i  f r e q u e n c y " o r ' { n  (  y )  v o l t s
over  a  g iven band o f  f requenc ies .  The to ta l  no lse  vo l tnge is  ca lcu la ted  by  the
formql a :

(Formula 4)  ,nr=f f i

Ent  =  t o ta l  no i se  vo l t age
En^  -  sho r t  c i r cu i t  i npu t  no i se  vo ] tEge
En* '  therrnal  noJse of  R (Fonnula 3)

In.  = ampl i f ien noise current

Hhere

l n s p e c t i o n  o f  t h e  f o r r n q ' l a  i n d i c a l e e  l h a t  f o r  l o n  v a l u e s  o f  R 5  ,  n o i s e  v o l t a g e
p r e d o m i n a t e s ,  w h i l e  a t  h l 9 h  v d l u e i  0 f  R s  ,  n o i s e  c u r r e n t  b e c o m e s  p r e d o m i n a t e
due to  ( In^x  R.  ) .  thus ,  fo r  lov  impedance t ransducers ,  b fpo ' la r  t rans is to rs  fo r
input  rmpTTf ieFs  have a  d is t inc t  advantage.  rh l le  FET{s ,  hav ing  essent ia l l y  no
I 1 . ,  h o l d  a  d l i t l i l c t  e d v e n t r E e  * h e n  u s i n g  h i g h  i m p e d a n c e  t r a n s d u e e r $ .

I n  c o n f i g u r i n g  a  l o H  n o i s e  a m p l i f i e r  s t a q e  v r i t h  b i p o l a r  t r + n s i $ t o r s ,  o n e  m u s L  b e
concerned * i th  thc  en i t te r -base vo l tage no ise .  The theore t ica l  va lue  o f  th is
no ise  vo ' l tage  ls  a  fudc t lon  o f  abso lu te  tempera ture  and co ' l ' l ec to r  cur ren t  a lone.

t-T-
(Formul a 5) En = Jfr ,  ,r

where En =  emi t te r -base vo l tage In  V  t le  . ,
[  =  B o l t z i l r a n n ' s  c o i l s t a n t  ( 1 . 3 8  x  t O ' * r  J / K )
I  =  l u r t c l i o n  l e m p e r a t u n e  i n  K e l v i n s  r A
q =  cnarge on  an  e lec t ron  ( - I .60  x  l0 - r tC)

.  16 = [o]  lector current i t t  A

The fo r rnu la  ind ica tes  rha l  the  no ise  may be  reduced to  lo r *  leye ls  by  s imp ly  in -
c r e a s i n g  t h e  c o l l e c t o r  c u r r e n t .  T h i s  i s ,  i n  f a c t ,  w h a t  h a p p e n s  u n t l l  t h e  c o l l e c t o r
cur re f l t  reaches  a  leve l  nhere  paras i t i c  t rans is to r  no lse  l in l t s  €ny  fu r ther  re -
d u c t i o n .  T h i s  n o i s e  i s  g e n e r a l J y  c r e a t e d  b y ,  a n d  r e p r e s e n t e d  a s r  r n  e q u l v a l e n t
r u s l l t o r  { r b ' }  i n  $ E r i e t  t i i t h  t h e  b a S e .  L o w  p d r d s l t i c  b d r e  r e s i i t i l n c e  i s  l h r n
i n p o r t a n t  i n  l o w  n o i s e  a p p l  i c a t { 0 n 5 .

A n o t h e n  f a c t o r  a f f e c t i n E  n o l s e  f n  b i p o l a r  t r a n s j s t o r  r n p l i f i e r s  j s  b a s e  c r l r r e n t
n 6 i s e .  B a s e  c u r r e n t  n o i s e  c d n  b e  d e f f i l e d  a s :

(For rnu la  6 )  , -=  E-r. 
V hFE



nherc In r bise current noi$€ 'rn A/ y'  l rz
q  =  the  charge o f i  an  e lec t ron
I .  z  c o l l e c t o r  c u r r e n t  i n  A
hFe =  cur ren t  ga tn  o f  dev ice  a t  I .

T o  f i n d  t h e  c o l l e c t o r  c u r r e n t  w h i c h  y i e l d i  t h e  m i n j r n u m  i n F u t  n o i s e  f o r  a  g f v e n
source  inpedance,  the  tq ta l  no ise  fo rmula  nay  be  d i f fe ren t i r ted  n i th  respec t  to
I c  t o  e q u a l  0 .

(Formura 7) 
# 

'- -zr l t r  +  zq+s? :o
Q l ca  t r r

Thererore , lc (+t) a +Sf FS (Fs rmu la  8 )

CALCULATTHE 1r0.r_5E FlGuRE, N.F.

The  no {se  f i gu re .  N .F . ,  o f  any  amp l l f i e r  may  be  cn lCu la ted  us ing  En t  f r om Fonnu ' l a
4 rnd En f rom Formu' la  3,

(Formula 9) tr,F. - tD roe* 
+F 

(;n d1t

lhen rb '  ls  lnoxni  of  c1rr  be appror lnated,  the notse f lgure of  thc anpi l f ier  may
be  p red i c ted  to  * i t h l n  I  dB ,

UST}IG THE VALLEY PEGI'LE TA-103 l r . o t v * . I m r ? ' ' d o s l  f

The Va l ley  Prop l r  TA-103 t r i ln3 l - , to r  t r ray  conta lns  I  med iun  grgmet ry  lpns l4 r  PNP
s i l ' l c o n  t r B n s l s t o r $ ,  P r o p r l e t a r y  m a t c h l n g  a n d  f a b r i c a t i o n  t e c h n i q u e s  p r o v i d e
V b e  v r l u e s  a n d  J u r r C t i o n  t e m p e r a t u r e s  w h i c h  t r a c k  x i t h i n  1 0 0  l V  a n < f  0 . I d  C  r e s -
pec t ive ly  th roughtou t  the  range o f  cond i t ions  cncountered  in  even the  nos t  $ t r in -
ger r t  ind  demand inq  a fp l i ca t ionE.

The TA-103 is  p r lnnr { l y  in tended fo r  r , l se  in  lo r i  no{5E,  ba lanced d l f fe ren t ia l  AC
a n p l l f l e n s .  T h €  F r e f e r r e d  c o n f l g u r a t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  2 .

F] GURE 2
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Figure  2  shons  a  conrnon ly  used lo r  no i fe  ba lanced d i f fe rer r t ia l  ampl f f le r  s . tage.
TrJns is to rs  Q l  and qZ may be  s ing le  un i ts .  o r  tuo  o f  f i i o rc  t ranr ls to r r  t 'n  th r

i r iay  i snn" . ted  in  para l ie l ,  U$e d i th  t ransducer t  hay t r tg  lnpedqnces  less  than

6 0 0 ; h m  u s u a l l y  r e q u i r e 3  l h a t  t h e  l n p u t  d e v i C e s  b e  p a r a l l e d ,  t h u s  r e d u c i n g  t h e
vr lue  o f  the  paras i t i c  reS is to r$  rb r l  and rb '2 -  The e i l iLL€r  cur ren t  sourceg
are  ind ica ted  as  prov ld ing  Ic r  nh ich  in  Fr ic t l ce  v i l l  be  rough ly  equ. l  to
0 .99+X Ig  Ampl i t ie r  A l  ampl r ' f ies  the  d i f fe ren t io l  vo l tage acro3s  load res is -
to re  RL and R1 '  as  l re ' l  

' l  
as  p rov id ing  AC feedback  th rough F f !  tS  Ql .  ,Lmpl i f ie r

A Z  l s  J  u n i t y - g a i n  i n v e r t e r .  a n d  p r o v l d e s  f e e d b a c k  t h r o u g h  R f b '  t o  Q 2 '  R e s i s -
td rs  Ra and ip -prov ide  DC s tab i l i t y  fo r  A l ,  nh i ' le  R6 and Rd $€ t  the  ga in  o f  42 .
Re l is te rs  RpEf  and Rre f '  f i x  the  vo l tage o f  thE bases  o f  Q l  and Q!  a t  near  0 -
vo l ts r  in  p r i i t i ce ,  abou!_+- l_V re fe renced to  g round.  Inp [ t  CApaCl tOrs  C1 and
c2 shou ld  le  re la t i ve-Ef ra rse .  lo i r - leakage e lec t ro ly t l c r .  uh i le  C3 and c4  r r tay
be 0 .5  uF tan ta lums.  The ga in  se t  res is to ry  Rg '  shou ld  be  kept  as  low as
poss ib le  and Js  ca lcu la ted  us ing  the  fo r rnu la :

Etr
(Forrrrula l0) lr '  -  - : :  ;  R6 =F15'

Hq

where  Av  .  d l f fe ren t ia ]  vo l tage ga in

Anrpl i f iers Al and A2 rnay bE BIFET types, such as TL07l,  TL07?

The res is to r ,  Rg6 i  sebs  t l le  conmon{ode re jec t ion  r :a t lo .  In  rpp l i ca t lens  re -
qu f r inq  commoo-mode reJec t ion  be t te r  than 50  d8 ,  add{ t tona l  res is to rs  snd t rJm-
rners  may be  added a t  the  inputs  b€ t8een Lhe input  capac i to rs .  C l  and C2,  and
t h 6 i r  r e s p e c t i v e  b a s e s .  A  t y p i c a l  c o r t f i g u r r l i o n  w o u l d  u s e  a  l 0  o h m  r e s i s t o r
fn  one input ,  and a  50  ohm t r impot  l r  the  o ther  input .  The 50  ohm t r impot  rmu ld
then be used to s€t corf lnon-mode reject lon at high gsins.

A r 1  i d v a n t a g e  o f  t h i s  p a r t i c u l a r  c o n f i g u r a t l o n  1 s  t h a t  b o t h  t h e  n o r n a l . i n - p h a s e
s igna ' l  and the  reversed phase { -180o i  s lgna l  a r€  a6ce33 ib le  rnd  e i ther  Ery  be
us id  as  an  ou tpu t  re fe renced to  g round n l th  a  ou tpu l  leve l  loss  o f  6  dB ( re f -
e r e n c e d  t o  t h €  d i f f e r e n t i a l  o u t p u t  I e v e l . )

OPTIMIZING THE A} IPLI  F IER

Le l  us  nou use the  appropr ia te  fo rmulae  to  op t in i re  lh€  ampl l f le r  in  F igure  ?
f o r  o p e n a t i o n  r i l h  r  1 5 0  o h m  s o u r c e  i m p e d a n c e ,  a n d  p r e d f c l  l t t  n o i s e  p e r f o r m a n c e ,

qTt rO T

C a l c u l a t e  t h e  o p t i n u m  c o ! l e c t o r  c u r r e n t  I c  ( o p t )  u s i n g  F o r m u l a  8 .

rc (opt) ^ tf; l tffs
S e t  R s  t o  e q u a l  t h e  1 5 0  o h m  s o u r c b  i r n p e d a n c e .  T .  3 0 0 o K  a n d  1 5 0  f o r  h p f
( typ ica l  fo r  TA-103)

r  i - - t \  -  r t JBtE-ZJ I  Soot f  JT to  I  =  -z , t t t t6 iaig  loPtJ  =  |  468; j6= ! -J t1 -soJ

STEP Z

C a ' l c u l a t B  l h e  S h o r t - c i r c u i t  i n p u t  n o i s e  o f  t h e  l n F u t  s t a g e ,  [ 1 u ,  u s i n g  F o r m u l a  5 .
t 2

Enu = krlol u/fr

= {ard'dzr) (soo)rffi,
= J.rer rc- Io y7,797 

_6-



S i n c e  i n  t h e  d i f f e r e n t l a l  c o n f i q u r a L i o n ,  b o t h  i n D u L  d e v i c e s  c o n t r l b u t e  l o
E66 mul t ip ly  the  answer  bv  , /T  ,  o r  E11;  a '5xw ' lov f im

STEP.  l

C a l c r r l a t e  t h e  b a s e  c u r r e n t  n o 1 s e ,  I 6 u ,  u s i n g  F o r m u l a  6 .

lna =

= ZtZ xto-t? a/rfri

Fo r  d i f f e ren t i a l  I nu  u i i ng  bo th  sec t l on f  mu l t i p l y  nyJ I  o r  I 1s ' 2 .99 t to - tZ  t / , f r

STFP 4

Ca lcu la te  t he  add i t i ona l  no i se  vo l t age  wh ich  w i l l  be  i nducdd 'ac ross  R5  by  I nu -

( lnu x f t t )  -  +sat ,o- to,k f i j

STEP 5

To predict  the appror imate value of  the noise f igure of  th€ erhpl l f ler ln  F lEUre
2 ,  $e  mus t  i n t roduce  t *o  add i t i ona l  t e rms j  rb r r  o r  t he  spu r {ous  base  res i t t ance .
corrs idered to be in  ser ies r r i th  Rs ,  €ed Rr ,  a lso considered to be ln  ser jes
r r i l h  Rs  The  re r i s to rs ,  R re f  and  R"u ; l  n5y  be  i gno red  i n  t h i s  con f i gu r l t i on .

Fq r  t he_TA-103 . ,  r b ' ^may  be  ss t ima ted . r t  50  t o  100  ohm pe r  dev i ce .  A  good ' va lue
to use is  80 ohm, Sl f ice he are conf igur lng the input  i tage for  a souice i rnpedance
o f  150  ohm.  l e t  us  a t su r l e  t ha l  bo th  Q t  and  Q2  a re  con f i gu red  us lng  i r o  dev i t es  i n
pa ra l l e ) .  The  spu r i ous  base  re t l s tance  te rn ,  r b ' ,  t hqn  can  be  es i ima ted  a t  B0
ohm. or  4I l  ohm per devlce.  The spur ious terrn rb '  apperrS d i f ferent ia l ly  ln  Ser ieS
w i t h  R 5 ,  s 0  t h d l  t h e  t o t a l  s p u r i o u s  b a s r  r e s i s t a n c e  n g l s e  E n r b , H i l ' l  D e ,  f r q m
Formul  a 3.

Enrb, = vfff iEA

Enrb '= l t1 , r l1g V/ , / t l i

RO for  60 dB of  gain [Au = 1000),  assuming values of  l0  kohnr for  R15 and R;6, ,
y l f t l  be  l 0  ohm.  Ca l cu ia te  EnRn  r s l ng  Fo rmu la  3 .

EnRn . .ffi

EnRn : t.otrtdlo v/fri

S ince  th ' l s  pa r t i cu la r  a f l p l i t j e r ' s  f eedback  con f i gu ra t i o r  cance l s  Fos t  o f  t he
e f fec t s  o f  I su  on  the  sp r r i ous  t e rms  rb ' and  Rg ,  t hey  nay  be  sa fe l y  l gno red ,

ca]  c r r ' l  a te  the  pred lc , ted  no ise  f ig r , r re ,  i l .F , ,  o f  the  C i rcu i t  shor , {n  in  F igure
use Fonnul a 9.2 ,

7 ika' p- t s 1 1- a, t t x t otJ j
t50



firt I. - 3fl1$5t

?:he tot* l  f tg j  sp,  f ,or  ChB anpl" i  f ier" .  E ' . t+tn,r . , i l l  he r : l re surn 0f ,  a l l  t l re rzo ' i  se

vo1 tage:  addsd ' i  r r  c luadr*tu r*  ,  ur

t

1,, .  -  J  LnZ -  Ln$ !  .  t tnaf tsJZ + twk I+ ! - l . rc l

( l . s s x t o  t i  :  ;  1 . ; . 5 6 * 1 6 r  i ' J .5d  r ]  0  j u  
) '  , '  I , f . f l  / rJd

[ r r -?.o l ] . r r t t l " f r  vJ&

t f ruE r  f ,he precl ' i  c ted no' l  s*  f , i  gur"e is

!. i l irul$ 
's 

v J-fri
i l r  * f , f l l , { *Ju.tr. -.?tr ,l*!l ,O t r . 5 s a t o  $  v J t l z

lfl {+i

lbe acEu{r ' l  heasured cl ' i  f fsre,Bt ' i  a' l  f tn' i  se
a tu kt*a l*atlrlx"i dtl+ 'slren rtrv * Iii00 arud

il

* .irr4 3 t{I:

f i gu. ru r:1!' Lhe, amp f i f 'l e r
t{,s - l"5t} ohm 'is i.|:3 ttl

stegs 'i n fft* vbl ts
I . &  r l t ! .

Ftct".lll.ll 3 Sfl{EribYtLC Nl z'h"I()'i X,.l{ L$'$ l,l$ts[ l,{I{ltfr}lrct"lE FttHll''lt'Lllilltrl{

l ' i  gu , r ' *  r i  i l l us t ra tes  tx  lo ,s , ruo ' i  se ,  m ' i  t ruphr rne  pr ' *a tn rp l i f  ie r  us ' i  nq 'uhe l r t+ -103 as
the  input .  ge ,c t : inn ,  l ' he  oper i r t : iu r  a l  ampl ' i  f  ie r *  mav be  l ' , i l i  : i 5 . i?  $ r  NL 55 :14  - i  bp  l  i *u
of, rhu t i  Lpl? sl:crtrn, r-huc a' l  l r :* ' i  f tg rhe r l  r f , i l - i  r  to r: j r i  v* {! f l0 ol ' rnr [r 'alutrred l ines,

A "plr*nt:crm praer" dicrr" l  bur' j r .rr  neL',qri t 'k consis.r i*g r: f  r l rrue &.{t l  kulrm reslgtnre
" i  s  inc luded a t  tk *  n l i  c rup l rune- i  npuf ,  te rm ' i  n l r l  I  ro  p rnv id*  pu1 ar ' ie l  r rg  vo l ta {ge
f or rhr:se mi r:rugrhomer. r'equ"i ri rr,q ext*t'tza1 ptl,si{u r ' 1 ll* irlpur ,:apuc itors ai'e I o*r
leakagle elecfrolye' i  rs, a1 r l ' rou6h ra.r*tt t lum ci lpacitr:rs may he used irr th* f l resertce
af tls* pu1 n ri xi tag vo1 tag* '

The j i  . : l  k . r :hm I  r : t rd fs* . l  $f f i re xr*  s* l  er t*d [ . r :  p l  are the col  I  * r ! :ors nf  t l te,  input :
pa" i (s,  f . l . I  ,  e l  i t l  i rb0ut  I i /Z V( i  w' i  f l l  t l te,  col l * :c tor  (u l" rant  uss: i '  i rFrFfuximafe ' l  Y

?  mA.

Curre6r 5DUr.c(s Q. i  arad Q!,  p ' ror . ' ' i  d ' i  r rg I*  t  l r re t l i i l5 .ed I ly ,  t rarz*diuda E4" l " . i ls*  r l t

.u inrvF rur .  re i lL sources al lo, r 's  the e ' i  r (u ' i  t  to oF*rata ' . "* ' i  th ext : renrely 1,*r*  d ' i  * tor-

[ : lb& produ:{ : t ! i .
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F igu re  4  shov rS  one  ha l f  o f  a  s te reo  i npu t  con f i gu red  us ing  one  fA* I03 '  Th l s

in i lu t  t taOe may b€ fed by microphgnesr  musiGal  inst rumentSr 0f  l ine leve ' l  de-
r i t c s  b y  i e l e c l i n g  t h e  r p p r o p r i a t e  P o s l t i o n  s f  5 w i t n h  S I ,  t h r r r  c h a n g i n g  t h e
qa ln  an i  co l l ec toF  cu r ren t  t h rough  the  i npu t  pa i r ,  T rans iS to r r  Q1  th rough t  Q4 '
i s  ne t l  as  t he i r  coun te rpa r t s  (Q5)  t h rougn  (Q8)  i n  t he  o the r  h4 l f  a f  t he  s te reo
inp r i  u .e  con ta ined  i n  a ' s i ng le  TA :M,  T ransd iodes  q9  and  (Q10)  rnay  be  a t y
FU i ' s r l i con  t ype .  ope ra t i on i l  o rnp l i f i e r s  l J l a ,  U lb ,  U l ( c )  and  U l [d )_nay  be  a
s lng le  qudd  pd i kdge  i uch  i t  t hE  T1074 ,  Ee  su re  t h l t  t he  l l l une t i i ca l  pa i r s t
i . e ;  Q I /QZ ,  A3 /q4 ;  e t c ,  cons i s t  o f  t he r rna l  pa l r s  as  i den t i f i ed  I n  A t l  149
' ' The rma l  Pa i r  I . 0 , "  f 0 r  bes t  t he rma l  r t ab i l  i t y .

The  c i r c r r i t  o f  F igu re  4  u i I I  pe r fo rm

Input  ImPedance

Equ i  Yal  ent  In  put  l t lo  i  se Vol  tage

0 u t p u t  N o i s e  a n d

THD or SllPTf If,l0

Hum Vo'l tage

l {ax l rnum 0utput  Vol tage Level

Gai  n Range

wl  th I  n  the fo 1 lowi  ng t  pec I  f l  ca t lons :

200 kohm balanced
100 kohm un ba ' l  anced

200 ohm source lmpedance,  0 40 dE
gain ,  " t t t ic , ' '  se lected N-126 dB
( N ,  F .  A r  i . 5  d B )
50 kohm source impedance,  G ZU dB
oi i  n  -  r r  i  nst  .  ' '  se l  ectedg -104 dB
[ r u . r . a r  l - s  d B )

0 to L0 kohrn source {mFedance, uTri ty
gai n,  ' ' I  I  r re ' '  se' lected A*.90 dB

less  than 0 .051 a t  any  ga in  u i th  dny
s0urce

+26 dB irr to 2 tohm or grEdter

t ' g i  c  ,  "  se  l  ec  ted  ,  f ron  +26 to  + t l0  dB
' '  i nt t . ' ' reI ected , fi xed S +20 dB
' ' l i ne"  se lec ted ,  f j xed  Q 0  dB

meas urernents no d€ d i  f fe  rent i  a i  I  y ,
made  i n  20  l l r  t o  ?0  k l t r  bandx id th ,

Th i s  l npu t  r i r cu i t  may  be  $ou rced  by  ba lanced  o r  unba lanced  dev i ces .  and  the
output  may be taken unbalanced f rom ei ther  opamp output  r r i th  a resul t i r rE level
drop of  6 dB ref€rred to the d l f ferent ia l  output  level  '

H 0 T E 5 :  U n l e s s  o t h e r n i s e  : P e c i f l e d
Nol se vol tage nteo sut'Hiltert ts
0  dB  re fe rs  t o  0 -775  V rns .

cpJcLt/,s I 0H AHp sYt'loPsl S

The Val ley People,  L lc .  TA-103 t ransis tqr  array of fers the desigf ler  i ln  excel ' lent
cost  ef fect ive device for  tne conf igurat lon 0f  low noise AC arnpl i f iers.  Some
o f  t he  bene f i t s  d re  t he  c lose  ma tch {nq  o f  Vbe  and  ex t reme ly  t f gh t  t he r rna l  coup l i ng ,
es  r *e l l  as  a  cos t - t o -pe r fo rmance  adv rn tage  ovEr  nos t  nono l i t h i c  PE i r s  and  d r ra l s
having less impressive per formance panameters.

By  us lng  the  re la t i ve l y  s lmp le  p rocedu res  ou t l j ned  i n  t he  t ex t ,  t he  des igne r  n+y
e i s i l y  i o r r f i g r r re  and  c lose l y  Bpp rox ina te  t he  no i se  pe r fo r r t ance  o f  ba lanced  d l f -
f e ren t i a l  1ow  no i se  AC amp l i f i e r s  r r l t hou t  t he  necess i t y  o f  p ro to t yp ing .

T h e  0 - E . H -  u s e r  i s  u r g e d  t o  c o n t d c t  t h e  e n g i n e e r i n g  s t s f f  a t  v a l l e y  P e o p l e '  I n c .
f o r  a s s i s t l n c e  i n  s p e c i f i c  a p p l i c a t i o n s  o f  t h e  T A - 1 0 3 .
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