Noise Source A'P\MKR!SW
TIFR, B}ake
A 15 MHz white Gaussian noise source was designed and

fabricated. Thermal noise in the resistors is the fundamental
source. The noise source is useful for testing communication
links. With a fast Qnalogﬁe Lo Digital Converter ( ADC ) it
can be used as an hardware random number generator. This is
use%ul in digital simulation work where it is time consuming
to generale Gaussian distributed random numbers using

sofitware methods.

Operating Principle

All references to components are with respect to tLhe
circuit diagram in Appendix—1.

Thermal noise is white Gaussian. Noise voltage in the

& R, 1is amplified to the desired level by

resistors R a

l
amplifier chain comprising ICI,Icl,IC?,& IC¢ . ICi to IC3 are
differential video amplifiers ( LM 733 ). They have - a
bandwidih of 120 MHz. Differential configuratinn is used
throughout to reduce ekte}nal 'noise’ and interference.
bi??erential configuration .alsa reduces coupling problems.
Total required gain is distributed throughout the stages for
oplimum bandwidth and stability. The final stage { ICg4.) is

primarily used to convert the balanced input to single ended

low impedance output.



Automatic Level <Control ( ALC ) is incorporated for
stability. The Field Effect Transistor ¢ FET ) acts as a
voltage controlled resistar. The FET is a BEL BFW 10. The
effective reistance between pins 12 & 7 of IC, determines the
gain of that stage and thus the.averall gain. The ALC control
voltage can also be given from outside the board permiting
the extension of the ALC loop to include the final element ¢
for example ADC ),

All precaultions required qu high frequency circuits
aré téken. PCB layoul is compact, 5rdered and symmeprical.
Ground and power supply lines are properly laid. Power
supplies to the IC's are decoupled. Voltage regulators are on
the oulside of the enclosure. Feedthrough capacitors are used

at the powersupply entry points.

Enhanments

1. The final output voliage can be compared with a ﬁreciaion
valtage vreference and the error voltage can be wused to
tontrol the FET . This would prdvide grealer aﬁplitude
stability.

2. A wideband Operational Amplifier can be used in the final

stage to provide Jrater bandwidth.



Conclusion

The noise source has béen used wilh the flash aDC cafd
and the.PC Interface. The Probability'Distribution Function
( PDF ) has been determined and when averaged is found to

closely approach the Gaussian function.

Appendices
1. Circuit Diagram
Z. PCE Layout
3. Brief Data on LM 733.

4. Brief Data on LF 357. .
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uA733

GENERAL DESCRIPTION — The pAT33 15 a monanthic wwo-stage Dilferential Input, Chiferanual
Ouinut Vided Amphler consiiucieg using the Fairchald Planar~ epiraxial process. hneernal series-shunt
{eedback ¢ used 10 OB1AIN wede bandwidth, fGw Phase cisiernon, ang excelleny gain staB:hiy . Emuitier
follower oulDuls enable the device 10 drive capatiive 10aos and all slages are current-source brased to
ob1aN NiEn Dower w‘unlv and COMMonN Mmaae rejection 1anos 1 offers fixed garns ot 10, 300 ar 400

without external fompanents, and adjustable gains lrom 10 10 400 by 1he use of a singie external’

reps1ar Mo external frequency campensation cempanenis are regquired lar any gan opuen. The
dewice 18 pariiculaely wselul in magnetic 1a20e ar dise (e sysiems using phase or NRZ encoding and in
Mgh speed tun fitm. or plaled wire memones. Dihes apohicatons incluoe general purpose video and
Pulte amaihen where wide bastwid |, oy phase sndi, ang excallent gany stalnwiny are requared

* 120 MH BANDWIDTH

* 250 WIINPUT RESISTANCE

= SELECTABLE GAINS OF 10, 100, AND 400

+ NO FREQUENCY COMPENSATION REGQUIRED

ABSOLUTE MAX IMUM ARATINGS

Supoly Vasiage A8V
Dhtferential inpul Volage 15 v
Common Mpde tnpul Vallage +6 VvV
Output Currem 10 mA

Interng Power Dissapanion INate 1}

Mezal Can 500 mW
Fraropak - S70mw
ow B0 mw

Operaisng Temperature Range
Malitary A7)

DIFFERENTIAL VIDEO AMPLIFIER
FAIRCHILD LINEAR INTEGRATED CIRCUITS

—55"C10 +126°C

CONNECTION DIAGRAMS

10-LEAD METAL CAN
[TOF VIEW)

PACKAGE CUTLINE 5N

PACKAGE CODE H

7A
GArd SELECT

Nota. Pin & connecias 10 caw

OROER INFORMATION

TYPE PART NO.
HATID #ATIIHM
HAT33C WATIIHC

I0-LEAD FLATPAK
ITOP VIEW)

PACKAGE QUTLINE 3F
PACKAGE CODE F

1 12
Commercial (uAT3IC) S"C o +70°C ™ 2!"'"_:7: - na
Starage Temperature Aange -85°C o +150:C g0 ] F——on
Lead Temperature {Saigenng, 60 second 1ime imit) 300°C o F) [] o
4 7
EQUIVALENT CIRCUIT v- "
| laur 2 a——
OROER INFORMATION
TYPE PART NO.
Re s fz sPg whA733 wAT33FM
i Paaz S2an b3 -
i 13 Gg 14-LEAD DIP
{TOP VIEWI
FACKAGE OUTLINE 6A
PACKAGE CODE D
NPT Y NPUT 2 A
I QuTraY 1
Uaa C
3N fh SAIN OuUTALT 2
slf::rl Jsu:cw E’:? Q
el
o ! . ]u. L~ Jﬂ.u I)"H
Ry Rig g Az Fra
il e oo - o ORDER INFORMATION
‘ (L TYPE PART NO.
* uA733 uATIZDM
v- uA733C #AT33DC ]

Nowss on follgwing pagses

o

FAIRCHILD e uA733

UAT33
ELECTRICAL CHARACTERISTICS {Ta=25C. Vg ~ £60 V unless otherwise specitied)

PARAMETER (see definitions}

CONDITIONS Mik TYP MAX
Differentiol Voltage Gain
Gain 1 iNate 20 300 400 SO0
Gain 2 {Note 3| a0 100 110
Gain 3 (Note 4} 8.0 L] 11
Bandwidth’ Ag = 500} '
Gain 1 40
Gain 2 90
Gain 3 120
Riserime Rg = 500, vpyr =1 Vpp
Gain 1 : . 105
Gain 2 4.5 10
Gain 3 26 . ne
Prapagation Detay Rg = 5002, Vgt =1 Vpp o
Gain 1 1.6 "
Gan 2 G0 10 ™
Gain 3 Jd6 e
inpul Resistance -
Gain 1 a0 kir o
Gain 2 20 30 kit ’\;‘:
Gein 3 250 ki
fnput Capmostance Gain 2 2.0 p"ﬂ
Input Olisas Currant 0.4 30 nr
Input Bigs Currant 9.0 20 HA
Inpu1 Nowe Voliage Rg =500, BW = { xHz 10 10 MHz 12 uVrm
Ilnput Voliage Range +1.0 ;v
Comman Mode Rejection Hata i =
Gain 2 Vem = 1V, 15100 kHz -~ B0 86
Gain 2 Vom = 21V, £« 5 MHz 60
Supply Valiage Rejection Asno
Gain 2 : Avg = 205V 50 70 dB
Ouiput Offsey Voltage .
Gein 1 D& 1.8 v
Gain 2 and Gain 3 0.35 1.0 v
Curput Common Mode Voltage 24 2.9 3.4 v
Cutpu Volage' Swing 30 4.0 Vpp
Qutput Sk Current 2.5 1.6 mA
Ouiput Resistance 20 1
Power Suppiv Current 18 24 mA
The following specifications epply for —58°C QTaS+125°C
Ditierential Vottage Gain
Gain 1 {Nate 2} 200 BOO
Gain 2 {Note 3) a0 120
Gein 3 (Nows 4) B.O 12
Input Resistance ‘
Gain 2 80 ko
Ingut Ofiset Currant 5.0 A
Inpu1 Bias Cureant a0 HA
Input Voliage Rangs 410 Voo
Comman Mods Rejection Ratio 50 dB
Supply Valtape Rejection Rajio ) dB
Ouiput Dffser Voltags
Gain 1 1.6 v
Gain 2 and Gein 3 1.2 v
Quiput Swing 25 Vpp
Quiput Sink Current 2.2 mA
Positive Supply Current 27 mA




LF 365N : | |
LF 356N ' A : ‘
CF 357N Siemens Siemens

JFET aximum ratings Characteristics
ol o VY r et .
Amplifiers Output short-circuit duration IQSDC el : Ys= i Coamb c i _Eyp max
These operational amplifiers | S'O729€ temperature range Ts —B51a 125 :C COpen lcop supp_iy. LF 356 N Is 2 4 mA
have JEET input transistors | Junction temperatu re T 100 c current consumption LF 356 N, LF 357 N Is 5 10 mA
and fsature very low input and | Thermal resistance system — _ ) Input offset voltage (Rg = 50 () Vio 3 10 my
offset currents. The output is ambient air Rihsamb 175 KW Input oHfset current ho 3 50 pA
! designed. for high capacitive Input current A 30 200 pA
Lﬁiiler:'sfhc’”t any  stability input resistance _ R, 1012 Q
: Open loop voltage gain Avo 80 106 dB
Additianal features: Rate of rise
‘ * Extremely high input Pin configuration ' tE ggg :: 2\" - : dvg ?2 5?19
: resistance TV dtr Hs
I * Slight drifting at tem- ' LF357N:4y =5 50 Vins
1 perature changes G4t adjustt bu ne Performance II:F 352 E fo 25 MHz
* Wida bandwidth ) _ bandwidth LF366N__ B [MHZ
" & High input vaoltage up to toput ! D—LJ] s @:_3§1N ‘H“fg '''''''' T |20 MHZ)
+V permitted sloeut o 3y- ]6 0utpur i Transient time (for 0.01%) R ] : ‘ :
# Internal frequency com- v, & Js Offset adjushm LF 3568 N L 4 1s
pensation LF 356 N, LF 357 N 4, 15 us
o ; Input noise voltage i
Circuit diagram : © Rg=100;f=100 Hz: LF 355 N Vin 25 nV/yHz
, i LF 356 N, LF 3687 N vy 15 nvV/y/ Hz
Bfsat adjustmant | Rs=100Q,f=1000 Hz:LF 355 N Vin 20 nv/y Hz
I i LF 356 N, LF 357 N V), 12 nV/y Hz
| Input noise current
_ : = 100 Hz, or 1000 Hz Iin 0.01 | pANY Rz
Input capacitance G 3 pF
Characteristics
Vs =215V, T, =0 to 70 °C,
‘E‘ unless otherwise specified
- B Input offset voltage Ag = 50 0 Vio 14 my
5 Temperature coetficient of Vig: Ag = 50 §} ayig 5 pV/K
72 Change of ay
o~{= | 7} after a change of Vg adjustment!! dayig 05 per mv
‘l fnput offset current T, =70°C ho 2 nA
O i input current? =70 h 8 nA
5 A “‘lf Open loop voltage gain :
£ A= 2k, Vg, = £10V Avo 163 dB
) Qutput voltage A = 10k0 Vapp . |12 +13 -12 Y
_ : RL=2kQ Vaps |10 12 =10 |y
S S} SN A NN S S N input common mode range Vic +11 +12 -1 v
= — Common mode rejection kempp 180 100 B
[:I_ g IJ ‘L' » ' Supply voltage rejoction Ksvi 80 100 dB
7 bt
oo \ 'FK Remarks:
= ol o 33 ) ¥ | ool e A Bl s Uttt ot of st ot et ot
T ) o¥ ‘t o $:_”‘_':ncl:::m_f\_?:1_v!1:\tide rejection and open-loop voltage qain.




