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Untd recently lownolse figure mixer diodes for operation above 80 gc were very difficult to achieve

and had short llfe times. This paper describes the procedures and results that evolved from a devel-

opment program that ellmmated these dmadvantages.

The three major areas to be mvestigatedm developing a low noise figure diode were selectlonof

an intermediate frequency for muumum crystal noise ratm, selection of a semiconductor material

that gave low conversion loss, andmountingtbe diode sucb that package parasltics have ammimal

effect. (The term lownolse flgurent h18d1scuss10n1 nferscrystaln oisef1Sre, i.e.. the product of

the conversion loss (Lc) and the nmse ratm. It M assumed that tie noise figure of tbe IFampllfler,

whether it be transistor, tunnel d~ode or TWT, will remain relat~vely constant through the low micro-

wave frequencies. )

The semmonductor materml finally chosen for this applmatmn was gallium arsen~de uoth amob~lity

of 4100 cm2/volt. seconds and a resist,”lty of 13.4 x 10-3 ohm-cm.

To muumlze the effects of package parasltics the diode was constructed m a section of waveguide.

Forming the Diode. An mterestmgtecbnique is being used for forming dmdes. The wh~sker.

crystal contact M made m an RF setup with the klystron square wave amplltude modulated at 1 kc.

Inadditmna 60 cps curve tracer (Tektronix Type 575) M connected to the lFoI. detector port for

formmg the welded contact. When contact is establmhed between the whmker and crystal, the curve

tracer voltage M varied vntd atypical I-V curve appears on the scope. However, two cur”es are pres-

ent, one from the 60 cps sweep of tbe curve tm.cer and one from rect~ficatlon of the 1 kc modulated

94 gc s~gnal (see F~gure 1). The 1 kc curve M actually the sum of the rectified Recurrent and the

current from the 60 cps sweep, ~.e., the 60 cps curve can be thought of as being a family of varmus

DC bias points for detection of the RF s~gna.1. Therefore, the greater the separation between the

curves the better the rectification effmlency of the dmdes. Thm measure of RF detection efficiency

provides a qualltat~ve measure of the devme degradat~on due to the parasitic elements (spreading

resistance and ~unction or barmer capamtance). By adjusting the contact presmu”e whfie applying the

60 cps diode fomnmgvoltage tbe resulting welded contact can be opt,mlzed for dual trace separatmn.

To date a large variation m curve separation has been obtained for dmdes with slmdar 60 CPS traces.

The conversion loss varmt?onobtamed on these d,odes has correlated mcely w~th the amount of trace

Sepai-atlon.

*This work was sponsored by the U. S. Army Electronics Research and Development Laboratory,
Fort Monmouth, N. J., under Contract No. DA36-039-AMC.02347 (E).
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F~gure 1. Dual Trace Charactermtlcs of Miner Dmde

Ci-ystal Noise Ratio, The advantages of using ah~gh mtermed~ate frequency with regard to

crystal noise (mcludmg the local oscdlator noise mntmbutmn) m well known (References 1, 2 and 3).

Avadable local oscdlator sources have extremely large nome s~deband levels wb~ch substantmlly in.

crease the effective noise ratm of the m~xer d~odes. Presently, the state of the art for the construc -

tlonof convent~onal m~xers m such tbat the usual method of local oscdlator nome e.uppressmn by the

use of a balanced mmer M not feamble. Inaddltlonto the lmpract~cabllltyof makmgpams of crystals

whose electrmal properties at RF and IF are dym.m~cally balanced, It would be very d~ff~cult to ccm-

struct tbe requmed hybrid ~unctlons. In an effort to establlsh the mmlmum mtermed~ ate frequency

for slow nome f,gure m~xer at 94 gc, crystal nmse rat~o measurements were made from 750 mc

through 4 gc. By the term mmlmum mtermedlate frequency meant that frequency at wh~ch the

local oscdlator nome becomes negl~g~ble m comparmon to the crystal nowe.

The curves m Figure 2 were constructed after averaging the results obtained ona number of low

convers~on loss (<12 db) d~odes. As tb~s f~gure mdwates, the minimum mtermedlate frequency that

should be used m approximately 2 gc. The basin for this statement m that m the region where the

conversum loss reaches a mm~mum and is essentmlly constant, +3 to +7 dbm of local oscillator

power, no Slgmflcant Improvement mcrystal nome ratm m gamed bygomgto ahlgher intermedmte

frequency than 2 gc, However, If abroad bandwidth mtermedlate frequency M desmed, for example

1 gc, thena center frequency sl~ghtlyh~gher than 2 gc should be used to insure that the low s~de of

thmi frequency band has a low crystal nome rat,o. For bandwidths up to 200 or 300 mc though a cen-

ter intermedmte frequency of 2 gc IS sufflclent,

Conversion Loss. Conversion loss measurements have been made on a number of dmdes.

TypmaUy these chodes have a conver~um lmsof appmmmately 8 to 9 db. One of the diodee, how-

ever, was exceptional m that ,t had .s conversion loss of 4.7 db.
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Figure 2. Crystal Noise Ratio versus Local Oscillator Power

In an effort to better understand the proper operating condlt~ons for the mixer, a series of mess.

Urements were made on the 4.7 db commrsmn 10SS diode wlti vai-mus fm.ward bias and lc,c~ ~scillator

power levels. F1gui-e 3 shows the famtiy of curves that resulted from these measurements. As ob.

served from OMs figure no measurements were made with a forward bms greater than 0.5 vdc. The

reason for th~s IS that exper~ence has shown that the l~fe tune and stability of the dmde m greatly

reduced when operating at 0.75 vdc. With thm consideration the optimum diode operating conditions

aPPear to be 0.5 vdc forward bias with a local oscillator power of 5 mill~ watts (+7 dbm).

Below +3 dbm of local oscillator power, the 0.5 vdc curve has a conversmn loss slope of approx-

imately 1 db per db of local osmllator power. Thm gradual increase in conversion loss wltb reduced

local oscillator drme indicates the possibility of usmgalowlevellocti oscillator drive wbde still
maintammg a nmderatelY re~pe.table .G~v~.si~~ 10SS.

Tbe family of curves m Figure 3 M representative of gallmm arsenide-phosphor bronze diodes.

As mentrcmed above, however, the mmimum conversion loss value of 4.7 db does not represent a

typical mmer diode. To use these curves for a typ,cally “good” d~ode the minimum conversion loss

point of 4.7 db shcnddbe sh~fted up to 8.5 db.

Diode Structure. Figure 4 shows a photograph of one of the exper~mental diodes. The dmde .s

formed in a. section of RG.99 waveguide to mimmize the effects of package parasitms. The semi.

conductor wafer m mounted to the center conductor extension of the coaxial connector. After a good

mixer diode bas been obtained vm the technique described above a dlfferentml screw tool pg, for ad-

~ustmg the diode, s co”tact pressure, m removed andtbe integral diode-waveguide sectmn of the

mount is sealed with dry mtrogen. A 0.001 inch mica window IS used to seal tie waveguide port.

Sealing the dmde in dry nitrogen has greatly increasedtbe life time of these diodes.
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Figure 3. Conversion Loss versus Local Oscillator Power and Bias

Figure 4. Sealed 94 gc Mixer Diode with uG-387 Flange Mounting
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Stanford Industrml Park, Palo Alto, Cahfornm

Mmmture Microwave Fermte Devices
Microwave Falters and Mult>plexers

Versatile .5 to 10 Gc M,ci-owave Laboratory Rece,vers
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