AN-154
TA-103 HYBRID
TRANSTSTOR ARRAY APPLICATION NOTES
Note te 0.E.M. Users ... From ¥Yalley Peaple, Inc,

As can be seen by a review of the material herewith the Valley People TA-1Q3
array is capable af a variety of configurations requiring closely matched PRP
transistors possessing extremely close thermal coupling.

The most popular use af the TA-103 s in low noise, low distortion microphone
preanplifiers and high impedance differential input stages for line level and
misical 1nstrument use.

we, at ¥alley People, urge the O.E.M. user to discuss in detafl his particular
use and parameters he wishes to achieve with the product so that our engineer-
ing staff may offer specific recommendatiomns for obtaining his goal.

Please do not hesitate ta canfer with our staff for assistance in developing
circuits which use the TA-103 array.

For your conveniance we can provide a TA-103 array mounted on a printed circuit
board with pins canfigured s¢ that the package may be mounted into a conventional
.100 x 600 {24-position) D.T.P. I.C. socket for prototyping purposes. Additian-
ally, opaque transfer patterns for drafting the TA-103 package onto clrcuit board
layouts are available free-of-charge.

[,

A, VALLEY PEOPLE, INC.
: ,:j PO. Box 40306/2820 Erica Place

S

Page 1



VALLEY PEOPLE, INC, .

APPLICATION NOTE AM154:
LOW NOISE AC AMPLIFIERS FOR

LOW THMPEDANCE TRAMSDUCERS

IMPORTANT INFORMATION ABQUT THE TA-103 TRANSISTOR ARRAY:

The Yalley People TA-103 transistor array contains eight medium geometry annular
PNP silicon transistors.

Proprietary matching techniques provide close tracking of base-to-emitter voltages
{vbe) of all eight devices. Typicdl ¥be malehing is + 200 pv in the current
range of 10 uA to 1 mA, with tracking tested for worst-case values of +1 my.

By using specially developed fabrication technigues, all eight devices are very
closely thermally bonded. Further thermal bonding exists between selected pairs
of transistors, where a near metal-to-metal bond exists, providing junction
temperature matching to 0.1°C.

Both the Vbe matching and close thermal ¢oupling are desirable in configuring
differential input stages.

The TA-103 transistor array pin-out is completely symmetrical, so that the array
may be connacted in its ¢ircuit in any orientation.

When using the TA-103 array, the designer should be aware that although the tight
thermal coupling of the transistors compensates for changes in ¥be induced by
ambient temperature changes, thermal gradients across the array should be avoid-
ed by locating components 1ikely to generate heat {(power resistors, power tran-
sistors, ete.) a sufficient distance away from the array so that differences in
temperature across the array will not exist.

Although. the TA-103 array is designed primarily for use in configuring, low noise
differential AC amplifiers, 1ts relatively high operating voltage and current
capability make ft suitable in other applications where ordinary monolithic arrays

can not be used.

LOW NDISE AMPLIFIERS FOR LOW IMPEDANCE TRANSDUCERS:

When using low impedance transducers such as dynamié¢ microphones, variable reluc-
tance pick-ups and other electromagnetic sensors designed to deliver AC signals
representing electrical analogs of dynamic processes, the noise contributed by
the input gain block usually is much greater than the residual noise generated

by the transducer, This is espec¢ialiy true af transducers having largely resis-
tive intrinsic impedances of 50 to 600 ohm. Sgme particularly noise sensitive
applications include hydrophanes, instrumentation recerders, low level wideband
amplifiers, studio spund equipment and sound level survey equipment.

TRANSDUCER NOISE MODEL :

In typifying transducer noise, one must view the transducer and connecting leads
as a lumped noise source. Transducer noise can be divided into two majar con-
trfbuting sources, the thermal noise of the transducer, and induced noise.

Thermal noise is caused by thermal agitation of free electrons in a conductor,
The result of this agitation {s a randomly varying, minute voltage developed



across the terminals of the conductor. This phenomenon was demonstrated by
Juhnson, and thus 1s sometimes referred to as Johnson Noise.

Nyquist shawed, using a statistical thermodynamic model, that the mean-square
thermal noise voltage generated in any impedance can be expressed as:
2

{Formula 1} v = T meeigr
. ()

where yn? = mean-square of thermal noise voltage within
the frequency band fl to fz in ¥
k = Boltzmann's constant (1.38 x 10-23 joule/Kelvin}
T = absolute temperature of R in Kelvins {9 K)
R{f)= resistive companent of impedance at freguency

f in Ohms
f = freaquency Tn HertZz

When the resistive component of the impedance 1% independent of freguency, the
equation reduces to:

{Formula 2) i = 2T 1gn R

Where fg, is the noise bandwidth fp - f3 in Hertz. The term fg, is considered

to be egual to the -c«odB points of the system under analysis, and Tn audic ap-
plication is taken to be the band of frequencies from 20 Hz to 20 kHz.

Simplified further, thermal noise voltage May be calculated as:

{Formela 3](&¢qu)vf¢a;_

thus, a transducer having an intrinsic resfat{ve impadance component equal to
150 ohm will praduce a voltage of 1.58x 107" ¥rms/root hertz. {1.58 n v/ J/Hz).
In audfo application, this would agquate ¢o an absolute mfpimum noise level of
-130.8 dB at 3009K referred to O dB at 0.775 ¥rms in the 20 Hz to 20 kHz audio

bandwidth.

In addition to the thermal noise generated by the transducer, the leads connect-
ing the transducer to the system under consideration contribute induced noise
caused by man-made sources, such as hum, RF, etc.

By correctly configuring a differential balanced amplifier, the user ¢an Bath

greatly attenuate the induced noise from the leads and maintain reasonable noise
performance, or noise figures, in the input gain block of a system.

AMPLIFIER NOTSE MODEL:

Let us examine a classic¢ noise model for an amplifier fed by a source voltage
generator, Eg , having a resfstive impedance component, Rg , as Figure ! shows.

Rs

Es INPUT OUTPUT

NOISY AMPLIFIER
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where Eg s the input signal voltage
Rg is the source impedanca resistive component
Ep, 1s a noise voltage generator having O ohm impedance
Ing is a noise current generator having infinite impedance
Ay 15 the voltage gain of an ideal nofseless amplifier

The nofse generatar E“a’ by inspection, 15 seen to be the eguivalent shart-circuit

input nofse voltage. In practice, this noise voltage appears in series with the
thermal noise source represented by Rs ., The naise current generator, Ina, causes

noise currents to flow through Rs, thus inducing an zdditional noise voltage to
appear across Rs. Both Eng and {Ip; x Rs) must be added in quadrature to-the
thermal noise generated by.Rsu The:tharmat neisa, En,. and t¥n » Rs } may be ex-

in {nano) Yolts per root hertz, n¥/ JHz, at a giveﬂ frequency or fn [ p) volts
over a given band of frequencies. The total nofse voltage is calculated by the
formyla:

(Formula &8}  gar = J(En,,)2+r’fn)2 & (g sm)®

where Ent = total noise voltage
Eng = short cireuit input noise voltage
En = thermal nofse of R (Formula 3}
Inyg = amplifier noise current

Inspection of the formula indicates that for low values of R; , noise voltage
predominates, while at high valuyes of Rg , noise current becomes predominate
due ta (I a% Rg }. thus, for low impedance transducers, bipalar transistors for
input amp?1fiers have a distinct advantage, while FET's, having essentially no
Ina- hold & distinet advantage when using high impedance transducers.

In configuring a 1ow noise amplifier stage with bipolar transistors, one must be
concerned with the emitter-base voltage noisa, The theoretical value of this
noise voltage is a function of absolute temperature and collector cerrent alone.

z
(Formula 8) &n= o= *&7

emitter-base voltage in ¥ Hz 23
Boltzmann's constant (1.38 x 107°~ J/K)
Junction temperature in Kelvins 19
charge on an electron (-1.60 x 107
collector current in A

where

En
k
>
q €
I

nonou an

The formula indicates that the noise may be reduced to low levels by simply in-
creasing the collector current. This is, in fact, what happens until the ¢ollector
current reaches a level where parasitic transistor noise limits any further re-
duction. This noise is generally created by, and represented as, an equivalent
resistor (rb') in series with the base. Low parasitic base resistance is then
important in low noise applications,

Another factor affecting nofse fn bipular transistor amplifiers 15 base current
noise. Base current noise can be deffned as:

24/
Formula 6 —_—
: b=

adla



where I, = base current noise 1n A7 J HZ
q = the charge un an electron
I. = collector current in A
hFE = current gafn of device at I

To find the collector current which yields the minimum input noise for a gfven
source impedance, the tpotal noise formula may be differentiated with respect to

I¢ to equal O,
g'(Em"‘y - yz*Erz 4 zq‘ﬁsz

=0
afie) G5l heE

{(Formula 7)

Therefore, L () 2 (—-%1)(—9——-"‘":%-) {Formula 8)

CALCULATING MOISE FIGURE, N.F.

The notse figure, N.F., of any amplifier may be calculated using Ent from Formula
4 and En from Formula 3.

(Formula 9) N.F, == 20 169, -f_:—' frn o8B!

When rb‘ is known, ar can be approximated, the nofse figure of the amplifier may
be predicted ta within 1 dB,
\’M' = .503' V

K [V
USING THE VALLEY PEGTLE TA-103 HEQ e

The Valley Pegple TA-103 transistar array contains 8 medium ggemetry annular PNP
silicon transistors. Proprietary matching and fabrication techniques provide

Vbe values and Junction temperatures which track within 100 pY¥ and 0.19 C res-
pectively throughtout the range of conditicons encountered in even the most strin-
gent and demanding applications.

The TA-103 is primarily intended for use in low nofse, balanced differential AC
amplifiers, The preferred configuration is ilJustrated in Fiqure 2
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Figure 2 shows a commonly used low noise halanced differential am€1ff1er stage.
Transistars Ql and (2 may be single units. or twe or mora transistors {n the
array cpnnected in parallel, Use with transducers haying impedances less than
600 ohm usually requires that the 1nput devices be paralled, thus reducing the
value of the parasitic resistors rb'l and rb'2. The emitter current sources
are indicated as praviding Ig, which in practice will be roughly equal to
0.99+X Ie . Amplifier Al amplifies the differential voltage across load resis-
tors R|, and RL' as well as providing AC feedback through Rfp to Q1. Amplifier
AZ is a unity gain inverter, and provides feedback through Rep' to Q2, Resis-
tors Ry and Rp provide DC stability for Al, while Rc and Rg set the gain of A2,
Resistors Rref and Rpef' fix the voltage of the bases of QI and f}2 at near O
volts, in practice, about +1 ¥ referenced to ground. Input capacitors Cl and
€2 should be relatively large, low-teakage electrolytics, while €3 and C4 may
be 0.5 uF tantalums. The gafn set resistor, Rg , should be kept as Tow as
possible and 15 catculated using the formula:

Fits
(Formula 10} Av % Rey =Ry

where Ay = differential voltage gain
Amplifiers Al and A2 may he BIFET types, such as TLO?1, TLO7Z

The resistor, Rpal sets the common-mode rejection ratic. In applications re-
quiring common-mode rejection better than 60 dB, additdonal reststors and trim-
mers may be added at the inputs between the input capaciters, CI and €2, and
théir respective bases. A typical configuration would use a 10 ohm resistor

fn ane input, and a 50 ohm trimpot in the other input. The 50 ohm trimpot would
then be used to set common-mode rejection at high gains.

An advantage of this particular configuration 1s that bath the normal in-phase
signal and the reversed phase [-1809) signal are accessible and either may be

used as an output referenced to ground with a output level loss of B dB (ref-

erenced to the differential output level,)

OPTIMIZING THE AMPLIFIER

Let us now use the appropriate formulae to optimize the amplifier in Figure 2
for aperatioen with a 150 ohm source impedance, and predfct 1ts noise performance.

STEP 1
Calculate the optimum collector current Ic (opt) using Formula 8.
Ty A
le {opt} & (D)

Set Rg to equal the 150 ohm sourch impedance, T = 300° K and 150 for hpg
(typical for TA-103)

523
_ 418700575 300y o VIS0 y =34
STEP 2

Calculate the short-circuit input noise of the ipput stage, Ena. using Formula 5,

2
Eng = kT —~74 wA/ Mz

(38x 6%} (Goo) %_ e 19 )z( ~a.xng3)

3.08x10” O v/mr

_6-



Since in the differential configuration, both input devices contribute to
Eng multiply the answer by /2 , or Enyx 4948 “}M44§
STEP 3

Calculate the base current noise, Ing» using Formula 6,

Y 7
na — hEE

(I Ex10E) (-2, 010073}
150

242 xi07 1€ 4 s/ Hz

For differential Ip, using both sections multiply by /2 or Ina = 2.9921072 4//7

STEP 4

Calculata the additional noise valtage which will be induced 'across Rs by Tn,-
(Ina x Re) = 4,50x 10710 vAMHZ

STEP 5

To predict the approximate value of the noise figure of the amplifier 1n Figure
2, we must introduce two additional terms: rb', or the spurfgus base resistance,
considered to be in series with Rg , and Ry , also considered to be in series
with Rg . The resistors, R.a¢ and Rp.¢' may be ignored in this configuration.

For the TA-103, rb' may be estimated at 50 to 100 ohm par device. A good vaTue

to use is 80 ohm, Since we are configuring the input stage for a source impedance
of 150 ohm, let us assume that both Q1 and Q2 are configured using two devices in
parallel.. The spuricus hase resistance term, rb', then can be estimated at 80
ohm, or 40 ohm per device. The spurious term rb' appears differantially in series
with Rg , so that the total spurigus base resistance ngise Enrb' will be, from
Formula 3.

Enrb' = VAxTE0Q

UEIG? LASREZ

]

Enrb!

Ry for 60 dB of gain (A, = 1000), assuming values of 10 kohm for R¢p, and Rep',
will be 10 ohm. Calculate EnRg usfng Formula 3.

EnRg = f2kTi0

EnRy = 0728 0 s

Since this particular amplifier's feedback configuration cancels most af the
effacts of I"a on the spurious terms rb' and Rg, they may be safely ignored.

To calculate the predicted noise figure, N.F., of the c¢ircuit shown in Figure
2, use Formula 9.

=



NE =20l 2
1 En

rhe total noise for the amplifier, ent, will be the sum of all the noise
voltages added in gquadrature, or

Ent = u‘iﬁn L 2+ {.b:ca&‘s;}‘i + el £+ Inra

=V (rsaar0 257+ @00 9% 4 wsomo® 0 aasao $12 4 momao 952

J
Ent=2.00000 7 v Hz
thus, the predicted noise figure s
&
L 2.0%x10 v v Hz ;
N = 20 log 10 5 = 2.4 2dbk
O FLEEXI0 YT v Hz

The actual measured differential noise Figure of the amplifier stage in rms volts
a 20 kikz bandwidth wher Av = 1000 and Rs = 150 obm is 2.3 to 2.8 db.

+mn

I

MNETE
AL TRAKGISTORS ARE Wi iks

FLGURE 3 SCHEMATIC ofF 7a-105 IR LO® NOISE MICROFHONE PREAMPLIF IER

Pigure 3 illustrates a low noise microphone preamplifier using the Ta-103 as
the input section. The operational amplifiers may be ME 5532 or NE 5534 dbr Tieu
of the TLO72 shown, thus allosing the circuit to drive 600 obm balanced Tines.

& Uphantom power” distribution petwork consisting of three .81 kobm resistors
is included at the microphone dnput terminals to provide polarizing voltragge
for those microphones requiring external power. The input capacitors are low
leakage electrolytics, although tantalum capacitors may be used in the presence
of the polarizing voltage.

rhe 3.5 kohm load resistors are selected to place the collectors of the input
pairs, ol, @ at about 172 veo with the collector current uses, approximately
2.

current sources 03 and 0%, providing le |, are biased by transdiode 4. use of
active current sources allows the circuit to operate with extremely low distors
tion products.
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Figure 4 shows one half of a stereo input configured using one TA~103. This
input stage may he fed by microphones, musical instruments, or line leyel de-
vices by selecting the appropriate pesition of switeh S1, thus changing the
ga'n and collector current through the input pair, Transistors Q1 throught (4,
as well as their counterparts {Q5) through {Q8) in the other half of the stereo
input are contained in a single TA-103, Transdiodes (9 and {Q10) may be any
PNP silicon type. Operational amplifiers Ula, Ulb, Ul(c) and U1(d) may be a
sTngle quad package such as the TLO?4, Be sure that the symmetrical pairs,
i.e. Ql702, Q3/04, atc, consist of thermal pairs as identified in AN 149
“Thermal Pair I.0." for best thermal stability.

The ¢ircuit of Figure 4 will perform within the following specifications:

Input Impedance 200 kghm balanced
100 kahm unbalanced

Equivalent Input Noise Yoltage 200 ohm source impedance, @ 40 dB
ain, "mic.” selected RZ-126 4B
?N.FJ&E.ﬁ dB)
50 kohm source impedance, @ 20 dB
?éin, “inst." selectadrs-104 dB

N.F. 2% 1.5 dB)
Qutput Noise and Hum Voltage 0 to 10 kohm source {mpedance, unity
gain, "lTine" selected 7~z-90 dB
THD or SMPTE IMD Less than 0.05% at any gain with any
, sgurce
Haximum”Dutput voltage Level +26 dB into 2 kohm or greater

"mic." selected, from +2& to +40 dB
"inst." selected, fixed @ +20 dB
“lina" selected, fixed @ O dE

Gain Range

This input circuit may be sourced by balanced or unbalanced devices, and the
output may be taken unbalanced from either opamp output with a resulting level
drop of 6 dB referred to the differential output Tevel,

HOTES: Unless otherwise specified measurements wmade differentially,
Noise voltage medsurements made in 20 Hz to 20 kllz bandwidth,
0 dB refers to 0.775 ¥rms.

CONCLUSION AND SYMOPSIS

The Valley People, Inc. TA-103 transistor array offers the designer an excellent
cost effective device for the configuration of low noise AC amplifiers, Some

of the benefits are the close matching of Ybe and extremely tight thermal coupling,
as well as a cost-to-performance advantage over most monolithic pairs and arrays
having tess impressive performance parameters.

By using the relatively simple procedures cutlined in the text, the designer may
easily configure and closely approximate the noise performance of balanced dff-
ferential low noise AC amplifiers without the necessity of prototyping.

The Q.E.M. user is urged to contact the engineering staff at Yalley People, Inc.
for assistance in specific applications of the TA-103,
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