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are 

of -the lo:ng-time 

repeatero Prior to 

state amplifiers 

had not been available .. 

It is the purpose 

procedure which measures· the. 

· . la tors and .its dependence on.· 

power and noise measurements 

-tics of a model·radio~relay 

model radio-relay system 

the evaluation technique 

conditions 

design for 

study relate· to. the 

six GHz radio band~ 

applicable to other. 
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tant 

circuit" A power-noise. 

presentedo 

2.2 Oscillator 

Figure 2 . ' -· . 

·· oscillator used as 

following the frequency 

exte·mal Qo The outpu.t power 

PLOCK is 

possible altho_ugh a practical 

output 

mined by 

shows typical variations in the 

locking signal is deviated over 
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difference in 
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ation of the input signal o 

10.MHzo 

for the gain., 

-- . in Figure 2. 

low Q oscillator 

noise sidebands.-_--

', · . amplifier since this n.9.is.e 

quency sidebands· 

is .co.nveyedci 

- The 

. coaxial 

of- the -.load 

as a stable 

determined· from 
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~agnitude of the negative 

tonically with increasi.ng RF volt_age .. ··. 

device· behaves as. a .stable 

decreased. be.;low this value 

-the. magnitude -of. the . . 

·With no input signal 

frequency at whi·ch the 

are of equal ~agni tude 

Both G. · · and· ·B w . w 

voltage .9 .. and. frequency 11_ 

• tic impedance Z
0

""', 

F_igure· 311 __ BL· and,.· 

the 

2.3 

. power. generator and. a no.ise . . 
. · . 

and- may be· 

Hence, the 
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as· well as of -the 

by the diodewill.also 

small 

. tion . of circuit. operating· .. conditions Gt · . ' . . 

·in. te-rms 

· resistance . (RL) . and b.i.as. current (I) 

. characteristic 

··the oscillator 

to keep 

in bias 

transformed 



.1". 

, r 
I, 

' --~----------.......... ----------1!111111!-!!=-a-l!!!l!!!!!!ll!!!III __ _ 

the ··dash.ed 

From Figure 
. . . . 

for minimum noise, or. 

Optimum uti li za tion of _the-_ diode re qui res 

ti?g conditions that produce the· most 

and noise for the given application D 

ledge of th.e system characteristics, 
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.SECTION 3 

NOISE MEASUREMENT TECHNIQUE 

3.1·. Summa:cy · of Section .. 3 

· The noise measuring circuit· is 

calibration. procedure . and· a discussion·. of noise units Q · . 
-- . 

· · sources of measurement error are .. identified, 

. accuracy test which incorpo.rates corrections 

shown. 

3.2 Noise Measuring Circuit 

The.FM noise and output· 

cuit shown in the block diagram of Figure 5. . . - . .. . 

Model 618C). 

level of +10 

intended amplifier ·applicationo. 

to-noise ratios (low noise levels) 

·. level of the circuito To increase 

circuit, a carrier suppression 

the phase-locked oscillator is . . 

filtero .. · The filter 

fier 
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·. noise can then be measured more 

unavoidable circuit residual noiseo 

· pression must be accounted for when 

results. 

The suppress.ed carrier, 

converted from. RF to IF and amplified by a 

Model CJC-7-8627 .. 

single-sideband noise figure of 8 dB .. 

within± 0.15 dB over 

fiero A narrow 

used· to prevent local os.cillator noise from .ent~ring .· 
' . . . ' 

.quency with the 

Noise levels 

width of the selective power meter 

across the r~ge of Oo 5 to 10 N.ll-Iz a·.·.· 

· information is carried in 

assumed that the noise is 

· . the sampli~g band, the noise 
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chosen bandwidth.. All 

Hertz band in this··study .. 

The noise power ·measured by 

. to the FM noise_ generated by the .. 

dependent upon the -discriminator sensitivity as 

quency responses of the circuit components .. 

the noise performance of the amplifier in 

noise units, it is necessary to calibrate 

the power meter reading to a known RF power level .. 

to-.noise . power· ratio is determined 

.· .sions may be applied to relate 

Circuit -Calibration 

The FM noise measuring circuit is 

the sideband power of a frequency modulated 

index of modulation, Xa 

.· corresponds to ·a single-sideband carrier.,..to~noise . . . . 
. -

. - . . as determined from the well known small signal FM . 
. 

. .· ·, 

The expression9 for a frequency modulated carrier 

.M(t) = 

_which may be written in 

M(t) ·= Ve {J0 (X) . COS· 

cos 
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V · = carrier volt_age C 

= carrier ~gular 

·J01 2GGO are Bessel 
:; ' 

' of modulationo 

, . ' . 6 .. . rewr1.tten: 

~ V {cos 
C 

X . . 2 . cos [ (we 

· The carrier power, C, is proportional· 

N. . .. . 1 (V X~ 2. power, :; 1s proportiona .. · .. · c 2; .. · 

Therefore: 
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the low index modulated carrier 

observing the frequency spectrum o1 
. deviation is adjusted, the nulls of the carrier 

·· are observedo These correspond to 

coefficients in the expression for a frequency 

(2) o At these points, . the values of the index· of modul.ation., 

are accurately known from the tables of Bessel· functions .; 

Thus calibrated, the circuit will measure the FM 

level at 

output carrier .. power .. 

in dB and will apply specifically 

sideband of one. Hertz wid.tho 

.is known since the output carrier 

may be .. referred to 

known, the device· contribution 

thermal noise to determine the FM noise figure c .·· 
. . 

It must be recognized t:hat 

both in. the measuring circuit ·and. 

double-sideband detectors o. · Hence 

frequency sidebands o 

. - :·. . . FM sense the voltages will add. For uncorrelated sidebands the . . ' - . ' . . . . 

pow.ers addo Since the calibr~ting 



' ' ' 

i 

'. 
i 

I .. 
i 

I . 

I •· 

• .. carrier 

in terms 

the case 

sidebands 

related sidebands giving the 

a C/N f SSB of 3 dB less .. The 

phase-locked oscillator are treated as 

and the circuit calibration is correct 

surements involving thermal nois·e, the 

. equivalent double-sideband carrier-to-noise ·ratio . . 

For -the case of fully- correlated· sidebands: 

c/Nl 088 == (l/4JC/Nlsss 

· due to the voltage addition· of the sidebands o . . 

is the equivalent thermal noise in 

· the ·same detected power level- as 

. related noise.. This noise level· 

. device may be 

·· B · = .1 Hz- bandwidth 

T = equivalent eq 
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noise f.igure., 

carrier-to-noise ratio at the· 

output, expressed in dBo It may 

F = 10 l.og 

.. expressions· 

relationship 

F.igure 6 .. 

·Factors ·Affecting ·Accuracy·. 

a. · ·Circuit Frequency Response 

The calib.ration must be carried 

. of interest across the. rc3:nge of baseband 

the response of the circuit· is flat.,· or well-known. 

determine the 

frequency·and· 

and up- ~onverted to R·o F ~ · This signal wa.s .. then 

· noise measuring circuit for frequencies across 

( .• 5 .to 10 MHz) o. The results .•. are ·shown in 

the 

the bandwidth 
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As previously 
if - t,i'I 

band., - It is, ·therefore, necessary 

bandwidth of this filter., 

_--_ bandwidth since the shape 

ideal o The noise -bandwidth of- the power· meter was determined 

by measuring -the. noise from a broadband random--noise 

having a known spectral density o _ 

The -bandwidth, B, is given 

. -

-selective power meter·-_ 
- -

• 1n 

the carriero _ Figure 8 

Corrections 
0 '• 0 . 

acter1s~1c, are· 

·respectivelyo 
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The characteristic 

If the two sidebands are· 

to the carrier 

reducedo . An asymmetrical-. phase 
. ' 

. . . . . . . . 

tuning of ·the 

.. 

· -the carriero At frequencies well 

nance the· phase characteristic i$ 

.. carrier power minimtm1 with. the .power metero 
. . . . . . . . - .· . . . . . 

.adj-ust · the freq11ency · of the s-uppression·-· .. fil'ter carefully, .. par- .. 
. -• , 

ticular·ly for noise measurements 

Circuit Residual Noise 
. 

. . 
' ' ' . . The residual noise o.f the measuring circuit 

sensitivity of the ·noise measurements ca Obviously., the level 

this. noise must be 11:egl_igible, .. or we.II known., wi-th 

being .. measuredo ·· The -sources of· the circuit .noise include the• .. 
. 

. ,· . . ' . noise of· the receiving system (primari·ly- mixer noise)-, noise intro_;, 

duced from the local oscillator, and the no.ise of the 

source .. · The combined. level· of res·idual· 
. 

. . 

and without the use of carrier suppression~ . 

results ··_ and 

. technique~· 

· reduci!}g the 
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prior to the suppression will 

the locki;ng s_ignal source is. fixed 

·· oscillator contributions which are 

·rier suppression is more effective at frequencies 
. . 

carrier where the locking signal noi·se ·becomes negligi.ble" . . . ' ' . . . . . 

F_igure ·· 9 ·. a.lso shows- the typical resuit for a silicon· 

. IMPATT. diode oscillator measured usi!1g carrier suppressiono 
. . , . ·. · .. · . . : ' ' 

paring· this result to the residual -noise ·measured without carrier· 

suppression it is evident that· the circuit noise would have 

spit.e of the carrie·r suppressiono 
) 

. ,,..-~ 
. tract~ from the measured result the noise -

tor is 

the 

. of ·interest ·is.· repres·entative of 

oscillator~ without the need fo.r 

noise levelo 
. . 

e. · Verification of ·Measurement.- Accura.cy · 
. . / . . 

. ' 

In order to verify the· validity of the 

· cedure and corrections , a signal of known 

was· constructed., and.measurede .. The-known 

. pow~ro· The··.c1ean .. ··carrier ·was 
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. of the c·arrier··is 'readily measured. The noise spectrum was derived 

traveli_n:g-wave tube amplifier with the input. terminated by .. 

loada . The noise level was calibrated., at 

against a noise lamp and increased to the desired level by 

. adjusti:ng a precision attenuatoro The combined· levels were 
a ratio of -130: dB o · · This. test· signal 

. . 

are --shown in Figure· 10 ~ · The measurement· was 

.. carrier suppression a 

· ·Toe measured results· are corrected 

pression· filter:·responseo -They are not corrected for 

residual noise nor the baseband roll~off. v 

. . . 

clearly evident- from the curve~ 

· applied the ·circuit measur'es within 1 

however, that 

noiseo Also,. the ve·ry broad 

frequency of the mixer o The 

· im.age frequency 

and lower sidebands· 

. correction o . 

Measured·· Results•. 



i . 

i 
I 

\ 

I 

" 1 

l . 

' 

I 

) . ' 
I. ·,{ 

of interest 

· function of numerous operating -parameters o 
. . . . 

·.however,. the_ noise at one frequency in the 
' . . . . . . representative o For the studies reported here in the form sijow11. 

Figure 4., the noise at 10 MHz from the carrier was 

only the ro11:..off correction is requiredo 

noise and carrier suppression filte.r· phase 

f·1 
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SECTION.4. 

RADIO SYSTEM CHARACTERIZATION 

4.1 Summary of Section 4 

A model for a single 

equation for its thermal ·noise· contribution. are· pre!5en~ed. 
. 

~. 

Specific val'ues ·for. the operati.ng paramete:rs are taken from a 

·. typical- system and the equation is used to compute 

tours ·for the ·model~-

shown in F_igure 11 o· The' assumed application 

· amplifier replacement in· an existi.ng system des_igno Hence, some 

system parameters are predetermined: 

, Path Loss, LP = 2 x antenna gain -

Ampli £i er Input Power :P -. PIN 

Microwave generator ·noise 

Receiver noise· 

The variable parameters are those de.termined by the 

transmi tte:r amplifier: 

Power Transmitted., POUT (dBm) 

Power Received, PREC (dBm).= 

· Transmitter amplifier noise 

.• I 

I 

·) 
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= test·tone load-capacity 

fm = baseband ·frequency 

= si_p.gle- frequency, __ peak 

respondi_ng -to_ P 8-

= FM noise power at input (dBm/Hz) 

= input power _ (dBm) 

(10) holds for.the thermal noise 

at baseband frequency, __ fm, in a si_ng>le radiq hop using 
. . . ' 

message weighting. ·. Its units are in dBrncO, 11 the standard unit 

·- in the Bell -System· for message- circuit noise_c 

unit of mess_age ··circuit _noise power_expressed 

reference level of. -9.0 dBm ... 

·message·. circuit bandwidth with an. instrument 

~ - --- . ----- -- ----- .. , 
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is ·the pre-emphasis advantage at the baseband frequency, fmo 

Equation -(11) can be applied to the repeater as· a whole 

individua1·· componentso The noise from·the individual· 

.. components. can then be added ·to yield the total repeater noiseo 

that the only significant contributions to noise are 
. . . 

' made at· the low level receivi_ng end and at the h.igh -level output· 
. 

. end of the repeater. .Thus, the ·only noise con.tributors considered 
. 

. - . the transmitting amplifier and the recei-.vero ··. The noise from . . ' . 

microwave. generator is.n_egl_igible for representative modem. 

systemso 

weighted noise • receiver 

NAMP = weighted no·ise 0£ the transmitting amplifier 

= weighted noise of the to.tal repeater 

. N_T· o·.T =.N _vw+vv N .· R AMP 

where ''+'' denotes power ·addition .. 

Calculation. of·· Repeater Per£ormance. 



Receiver noise = -166 o2 dBm/Hz 

. PRE = 2 o 2 dB at · 5 MHz 

Substituting values for P8 , frn, PRE and b,.f into·Equation (11) 1 

simplifyi:ng: 

Applyi_ng ·Equati·on (13}. to the. output. amplifier:. 

.car·rier. 

... ,output .amplifier express.ed • i·n dB taken 

the receiver: 

. . '. . 

.... N ·. = 151 o 68 . .. R ..... 

variables·· 

(12). , . (14) ·!}.· · and C.Is) 
. . 
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· contribution 
. ·. . . . . . . . . ·'· . -' : 

message circuit in terms of the carrier-to-noise ratio 

· power output of the transmitter amplifier., other parameters 

havi_ng been fixed by the system 

· this equation showing the .trade-off between noise and power output. 

for constant values of NTOT rcl!1gi_ng from 18' to 25 dBrnco~· 

curve· approaches· an asymptote alo_ng ·both the ordinate and abscissa. 

scales o Interesti_ngly, the asymptote parallel to the absciSSB: gives· 

the perfonnance of the system when limited by the receiver noise o 

' ,, 
'i! In1provi_ng .the C/N (decreasi_ng the noise) of the transmitter an1pl;i-

fier will not improve the repeater performance e An increase.· in 
. ' 

·. . . . transmitted power is necessary for improved sys tern performance o 

·The. converse is.· true .for, the p·erformance ·represented by the.· 
. •• I 

asymptote parallel to the ordinate. 

transmitter noise is dominarit·o 

It ,must be recognized here . ' ' 

. . . . . . ,. 

mes$_age circuit noise at bas.eband frequencies .in terms. 

l 
' : 

sideband detectoro 

. ·- ' . . . i 
I , 

' .would be added ·on a power basis, 



si.ngle-sideband carri.er-to-noise ratio· is measured 

described in Section 3, it is .also necessary to account. for any 
•. 

· correlation between sidebands before using equation.· (16) to predict 
. . ' - .- . the system performance. · Since the device under i_nvest_igation here 

is basically an oscillator i-t is assumed that the noise side.bands 

are fully cor·relateda Consequently., the sidebands would _add on a 

volt_age basis., i .. e o, an apparent 6 dB increase in detected nojse .. ·. 

sidebando . Hence.,. the mess.age circuit noise 
. . . -. . . ' . . 

device having the same single-. . . . 

This is accounted for in the followi.ng section by offsetting 

scales by_ 



,1•''1 

I. 

:SECTION 5 · 

. THE PREDICTION OF SYSTEM PERFORMANCE 

Summary of Section 5 

It is shown that the power-noise characterization for the 

and the computed system performance· contours may be use.d to 

repeater· performance o -,Additi-onal valuable information and . . 

. ' 

ins.ight is available for optimizi_ng system performanceo 
. 

. . 

. ·Power-Noi-se Characteristi.cs .used to· Predict System Performance 
. 

. . .. The results of the measurements and repeater character-

of the ·two· previous . sections can be combined. to p'redict 

toward th-e .selection ·of operati.ng conditions and optimization of 

For example . ., F.igure J.3 is a plot of F.igures 4 
. . . 

n.oise perfprmance of the di.ode has been. 

to account for the correlation of side-

-band noise as discussed in the previous section o ·. From th.is plot it 

is· clear that neither maximum, output power, nor minimum noise are

the desired conditions for best perfonnance. Some combination of 

these interdependent_._quantities is bettero For a ··given 'diode,· the 

approximate values of· the circuit parameters .(RL' I) which. yield 

the best performance are clearly identified. · Also;· if the_perfor-. 
. 

·· .... · .. man.ce objective was specifi~d as· 22 dBrnc:O, for example, the ranges 

allow. the 

·. I 
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can ·also 

design or to compare diodes 

such· a comparisone 

h_ighest current_ 

for each diode It 

. . 

gallium-arsenide diode·will provide 

mance due to its lower noiseo. 

case in an application where the repe_ater. haq a higher receiver 
. ' . ' " . . '. . . 

. . ,. ' . 

noise figure e Bett.er repeater performance with thci gallium-
. ~ . . 

arsenide diode could most readily be. obtained with 

output power. I 

' . i 

. f 
. ' 

·' 
' 



i 
'. 

I 

' . 

SECTION 6 

CONCLUSIONS 

· The noise performance of IMPATT · 
. . . . . . , . . . . ·. . · oscillators and its dependence .. on .operati.ng · conditions can be 

bility of these devices for applications as 

must, of course, depend· upon the nature and 

intended sys.tern application.a 

· .. ·.··.typical performance objec:tive 

·test~d ·.appear suitable ·~· single-st.age amplifiers.~ .. .... ' . . . ' 
' . 

operationJ)· however~. the nqise p~r hop must.be co.nsiderably 

For such an application 

.required to meet 

ten watts) 0 The first st_age 

operate under the conditions_ 
' ' ·. 

The later st_ages would be optimized 

·d~scribed procedure 

select the requi·red 

s.t_ages to 

diction 



each 

·tern, or set of conditions· for.the same system will ·cause 

in the performance curves. In ,applications where s.ignificant 

conversion· tak,es place a• similar study· of the effects 

should be· tmdertaken. ·· 

t l I 

I'• .. ,. 
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