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WHY NOISE IS IMPORTANT?

TO UNDERSTAND THE SIGNIFICANCE OF
NOISE, LET’S FIRST DEFINE IT.

NOISE IS AN INTERNALLY GENERATED

INTERFENCE WHICH CAUSES THE CIRCUIT
OPERATION TO BE DEGRADED FROM

A ALK R A WS AT R

THEORETICAL PREDICTIONS. ~
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SIMILARLY; AT THE FRONT END OF A
RECEIVER:

Receiver System

A

Small Impertect Signal Larger,
Signal Amplifier But Noisier
+
NOISE
(KTB)

- NOISE ADDED AT THE FRONT END OF AN
RF/MW SYSTEM GREATLY INFLUENCES THE
COST OF THE OVERALL SYSTEM



NOISE REDUCTION

HIGH ECONOMIC RETURN

ALLOWS
F
WIDER LESS BETTER
REPEATER TRANGS- SENSITIVITY
SPACING MITTER TO WEAK
POWER SIGNALS
$55%5
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ORIGINS OF NOISE

NOISE ADDED TO
THE PROPAGATING
SIGNAL

NOISE GENERATED
WITHIN THE
RECEIVER SYSTEM

ATMOS-
PHERIC
NOISE




NOISE TEMPERATURE (KELVINS)

ATMOSPHERIC NOISE
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RECEIVER NOISE
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- NFIS A COMMON LANGUAGE OF NOISE
PERFORMANCE FOR ALL LEVELS:

SYSTEM

RECEIVER SUBSYSTEM
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II. NOISE MEASUREMENT

NF = NOISE FIGURE = -2/ N1 _ 1 L Na/KToBG
~ (S/Njo |
. ) K78 [?\Kﬁ-ﬂf%‘ﬂa _
é z, l//m_a (Te)

ALSO NF CAN BE WRITTEN AS:

NE =4+ 18 {Te: Equiv. Noise Temp.

TO VTO - 2900 k

- | NOISE FIGURE (NF) IS A FICTITIOUS
FIGURE OF MERIT DESCRIBING THE
NOISINESS OF A TRANSDUCER. IT DOES
NOT TRULY EXIST IN THE SAME SENSE AS
CURRENT AND VOLTAGE DO.

- | NOISE FIGURE IS UNIQUE, PERMITTING
NOISE PERFORMANCE SPEC. INDEF. OF

OTHER PARAMETERS (SUCH AS GAIN, BW
ETC.)
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EXAMPLE OF SYSTEM
NOISE PERFORMANCE

wGapks:
Transmitler;
ERP +55 dBm
Path Losses -200 dB
Hevr. Anl Gain £0 4B
Power to Receiver -85 dBm
le S5,

“ceiver. -
~..oise Floor @ 290K -174 dBnv/Hz
Noise in 100 MHz BW +80 dB
Receiver N.F, +5 dB

.Hece{'va Sensitivily -89 dBm

Link Margin: 4 dB

Increase Margin by 3 dB
1. Double transmitter power

2. Increase size of antennas by 3 dB

3. Lower the receiver N.F. by 3 dB

Frequency; 12GHz2
Powar (o Anlenna: +40 dBm
Antenna Gain; +15 dB

Bassiiases

Anienna Gain: 60 dB
Recelver NF: 5 dB
Bandwidth: 100 MHz



A BASIC MEASUREMENT SET-UP
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NOISE GENERATORS

—r
THERMAL GAS- SOLID
NOISE DISCHARGE STATE
SOURCES NOISE NOISE
(OR HOT/ TUBES SOURCES
COLD
STANDARDS)
VERY ACCURATE - HIGH TEMP. -VHIGH
ACCURACY:+0.1dB - WHITE NOISE O/P ENK
: - - NEEDS - LOW ON/OFF
MODULATOR VSWR
--ENR =15dB - LOW MIS-
MATCH
ERROR
- USES

IMPATTS




A Waveguide Gas-Discharge Noise Tube

* Waveguide Gas-Discharge

e Stable with Power Source

- o Flat with Frequency

* Significant Mismatch Change On to Off
¢ High Voltage Power Supply Required

¢ Cold Termination Heating

Cathode

~ .Tube Mount
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T SOLID STATE NOISE SOURCES
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8. IMPATT Diode (Impact Avalanche and
Transit Time): a Pn junction diode
with a depletion region adjacent to
the junction (for carrier drift).
The diode is biased to be in
Avalanche breakdown.
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II. NOISE THEORY

Noise Power Spectral Density Function for
an IMPATT:

W(f) = a2 (Vo/l) (RL/[Rsc + Rsp + RLI2)/
(1-f2/§,2)2

where:
fa = [7.61fAVy)]1/2

Assumptions:

1. smali transit angie
2 . no external reactive element

POWER SPECTRUM PLOT
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Fig, 1: Plot of W(f) versus f/f,.



V. MICROWAVE AND MILLIMETER WAVE
IMPATT DIODES

A-Assembly and proper packaging of
IMPATTSs:

.8 mm
0.25 mm

@_L PMETALIZED { )
T DIAMOND
COINED
COFPPER
HEAT SINK

—ezzzza—) DAMOND
SOLDERED

IN MEAT SINK  §

w2 DIODE
BONDED

TO DIAMOND

METALIZED

INSULATING | EEE TR, \
AING WITH | R :
AIBBONBOND | A

TO DIODE

Fig.3a : Assembly and proper packaging of millimeter-wave

diodes.



C- Variation of total package inductance
versus the number of radial connections

HALF STRAP FULL STHAP CROSSED STRAPS

ol N
~—

01 L

1] ! 1 1
0 1 2 3 4

NO. OF RADIAL CONNECTIONS

Lg (nH)

Fig.3c : Variation of total package inductance versus the

number of radial connections.



Cross section of the final package for
a half-strap IMPATT diode.

0.001 x 0.003 INCH
SOLDER CAP oo pRIBBON -
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Fig.3p ¢ Cross section of the final package for a haif-strap

diode.
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TERMINATION

TRANSFORMER IMPATT CAVITY
C C
0 — I
‘ Jc L
1. OUTPUT p p
~—  NOISE
H C = L % RL
POWER
L
_ pin
C 3 _I_
FROM NOISE
. FIGURE ANALYZER . . RFC
N ‘} .
= 6B 0
+28V NAA
BNC M2l O
1000 2000
AN —— A AN ——]
A I

(]
e —o —

Fig. 3de: nolse source équivalent circuit



l  DC current regulator @

2 Repulator printed circuit board
3 Side cover

4 IMPATT cavity housing

T L 1 L ) F T I
5 Spring mechanism I | O
I
] -
6 V-band integral flange ~--t-4 |abc 4
O, T
L Ja 'L
’ b
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Fig 3d: Prototype of the Y-band noise source with build—in DC current regulator.




VIl - CONCLUSIONS

MAIN CHARACTERISTICS AND IMPORTANT
ADVANTAGES:

:.;"'isﬁ,‘

1- Large B.W.

2 - La*rg-e; -bperating Temperature -Range
3 - Higher Noise Output

4 - Lower power consumption

5 - Pulsed Operation (sub-nsec)

6 - Higher Reliability

7 - Variable Noise.gutput-ENﬁ 5 to 30 dB
8 - anal?er size and lower weight |

9 - Full Waveguide Bands (26.5 to 110 GHz)

10 - Internal Modutator/Output matching
(VSWR<1.2)



PHOTO OF THE MEWLY DEVELOPED SGLID STATE NOISE SOURCE

P.0O. Box 2840, Torrance, CA 90508-2940
MM BLTA100



VI. EXPERIMENTAL RESULTS
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Fig. 7: Photograph of ENR plot in the Ka-Band u
in a RH-RM waveguide cavity mount.
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VI. EXPERIMENTAL RESULTS

EBTTT7

SPD49

FREQUENCY {GHz}

Figure 11 Photograph of ENR plot over the V-band in an
RH-RH cavity mount (Ip. = 40 mA).

FREQUENCY (GHz)

Figure 12 Photograph of ENR plot over the V-band in an
RH-RH cavity mount (IDC = 40 mA).
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2d8/dy

£ We D‘fﬂ-. Apise Tube (50-75)

ENR PLOT OF THE NOISE TUBE ( VERT: 3 dB/DIV ; HORZ: 50-75 GHZ)



IV, Measurement setups

/ S L
Manual Automatic
noise noise
measurement measurement
| . _ .
“|-Calculation - NF is a display
readout

at each freq.
| -tedious for
muitiple meas.

-lends itself to
multiple meas.




Manual measurement

Noise measurement setup #1

In general: | NF=ENR -lolog (N2/N1 - 1)

ENR =lolog IN-To
To

- TN = equivalent noise temp
To=290°K

Manual measurement: twice-power method

NF = atienuated excess noise ratio

INPUT EXCESS VARIABLE

‘ NOISE
TERMINATION SOURCE ATTENUATOR

POWER RECEIVER

DETECTOR | 3 a8 UNDER
PAD

The “‘twice power™ method.of manual noise figure §
measurement, '




Noise measurement setup # 2

- A more popular method for
manual measurement: y - Factor method

1. Noise source off N1

2. Noise source on N2

. N
NF gz = ENR —.lﬂlog(N—z-—l)

Y= Nz2fw,

KoUT PRECISION

VARIABLE
f . TERMINATION ATTENUATOR

rert EQUIPHENT
GERERATOR | ; -
' UNDER TEST DETECTOR /

B Block diagram of equipment setup for determining noise
{ figure (Y-foctor),
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AUTOMATIC NOISE MEASUREMENT

Hps97ob/
EATON 2075.
AMALYZER

w1 SCILLOSCOPE

HP 8350

|MM—WAVE

HUGHES
PLUG-IN

26.5-40 GHz

HUGHES
KA=-BAND

— 1

HP-6234A

RE HWEAD

X-Y
RECORDER

NOISE POWER SUPPLY

EATON 7175

NOISE DRIVE

WAVEGUIDE
SWITCH

DC POWER SUPPLY

|

A0 _
— N Pou— NOISE TUBE [
F
ISOLATOR ISOLATOR
MIXER LOAD
KA BAND
YARIABLE
ATTENUATOR
IMEATT
% NOISE SDURCE
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Mo SE
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Automatic Noise measurement

Modular approach

P — = ——— N
| WAVEGUIDE
y SHITCH I
YIG-TUNED
' M L — 7N DOUSLER SWEEP
] 6.0 - 378 GHz ‘ ) AF OUT
| .
] ISOLATOR
2 0- 175 GHa
|
!
I CONTROL MIXER
| ELICTAONICS v BAND : RAF I
|
| HODULATOR DRIVE SIGHAL i V-BAND I
PaRs I —~ NOISE
) | = MODULATOR
N
I IF.ouUY
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T
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noise/gain test set RP assembly and noiss source



Automatic Noise measurement

Modular approach

MICAOWAVE
,___J\ ’:‘:ﬁi{f;;: 3 o QCILLOSCOPE
’ (%1
__/ (EATON 2075 OR
HP B970]
iR
INPUT
geiae i
NOISE DRIVE
+ 2B VI
He-53508 HUGHES +28Y
SWEEPER Maew
MANERAME | TLUG-IN
ISGIH State
(2) iHois. Source j
ru:
HUGHES EVICE HUGHES
NOISE/GAIN TEST SET NOISE/GAIN TEST SET
RF ASSEMBLY B unoR <=-1 NOISE SOURCE

(1) ?

MOCULATOR DRIVE

Noise/gein teat sec block diagram
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Measurement uncertainties

1) Instrumentation uncertainty
-noise generator ENR accuracy
-noise figure meter reading accuracy

2) mismatch
-primary (noise generator/DUT)

-secondary (noise generator/analyser,
DUT/analyser)

-system B.W. mismatch

N
L

DEVICE
UNDER TESTY

SWEZP GENERATOR

- ) Y O
<F
o RECORDER 'y o

_‘i DETECTOR

|

DIRECTIONAL
COUPLER

"(SWEEP VOLTAGE)

Sinent nanitomatier nafes Faonrs cofun



3) Image & spurious inaccuracy
For a broadband noise source:

operating NF = NF (Reading) + lo log (BT/Bop

H F2,8;
2nd St

4) correction accuracy
-2nd stage noise contribution

F=F1+ (F2-1) &
G »

‘ 1st Stage

age

e b e meky. el e

-connector integrity
-consistent connection
-cable loss correction
-DUT linearity

NOISE
(NOISE SDURCE POWER)

FIGURE b—
( METER
3
NOTSE L
{ SOURCE e T T T T f— :ﬁl
l R I
| | M |
f po l\ |1
| i
L
DEVICE PRE-AMPLIFIER |
wpeR TEST | L — o — o — =
SWEZP GENERATOR
— - | ey Y Ot
5 RECORDER 4 o
? . ;
{ZDETECTDR
{
DIRECTIONAL
™ cotpLer
(SWEEP VOLTAGE)




SUMMARY:

UNCERTAINTY vs. F2
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Figure 3. Lowering ENR, mismafck and

instrumentation uncertainties shifts curog]
down and decreases upward. Slope" e
overall uncertainty results.: A ]
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SUMMARY:

Example of Measurement Unceriainties

RF Micro-
wave

Second stage correction 0.01 dB 0.10dB
uncertainty o

Second stage noise figure 6 dB 10 dB
T, correction unccrtainty 0.01 0.0
ENR uncertainty 0.10 0.15
Mismatch uncertamty 0.15 _ 0.15

Source SWR I <L10 <[.13

DUT SWR 1<l40 <L.5
Instrumentation
uncertainty 0.10 0.10
Total uncertainty (Root-
sum-of-the-squares) 0.21 dB 0.25dB
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