
III-2. MICROWAVETRANSISTORAMPLIFIERDESIGN

B. T. Vincent, Jr.

Texas Instrumentsr Inc., Dallas, Texas

The high frequency transistor equivalent circuit applicable for our consideration is shown in

Figure 1. Typical values of the psra.meters for a state-of-the-art silicon npn microwave transistor

are given below:
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collector to base capamtance z 0.7 pf

emitter resmtance s # (ma)f2 s 1.3Q at 20 ma
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where fT is the frequency at which tbe common t?mltter current gam is umty,
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Figure 1. Typical High Frequency Equivalent Cmcuit

of Bipolar Transmtor

A summary of performance factors of high frequency bipolar transistors has been green by

Cooke (Reference 1), and only the pertinent relationships will be repeated.

The ‘neutralized power gam obtainable from a single tranmstm can be determmed b~

where fmax m the maxunum frequency of oscfilat~on, l.e., the frequency at which the theoretmal

power gain m umty, and f IS the operating frequency. f ~ax can be determined by

f
Inamc = 200=

where a. m the low frequency alpha of the trans~stor.

From Equations ( 1 ) and (2) one obtains:
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Note again that this IS the neutralized or unilateral power gam and that It IS quite posslhle to obtain

gains less than, or greater than (approaching osclllatmn), this value m an actual ampllfler cmcult.

An expressmn for noise figure (References 2 and 3) wh~ch checks closely with measured values

m the L-band region IS:

(4)

Ci7CUit Configuration. The cho~ce of whether the ba.s~c cirmnt mnf~guratmn should be common

enmtter or common base or, m some cases, common collector, depends upon a detailed analysis in-

vol”mg a number of factors such as the operating frequency, cmcult functron to be reahzed, transistor

parameters, Impedance levels, and the llke. However, for high frequency ampllfmr demgns the fol-

lmwng general comments can be made.

The common base, (C. B,), con f~guratlon IS characterw,ed by a low input and h;gh output mnpedance

and posltme internal feedback due to the collectir capac~tance, Cc, wh~ch makes poss~ble cmcu~t m-

stabdltles If the input and output loading ,s not correct. As the current gain, e, M less than umty,

the power gam is obtained purely by impedance transformatmn,

The common emitter, (C, E.), configuration has a somewhat higher input Impedance and a lower

output Impedance than the common base. The internal feedback due to Cc M negat~ve wh~ch tends to

reduce the gam below that given by Equation (1) unless Cc is neutralized or compensated for. When

the trans~,%or has an fT suitably higher than the operating frequency (m the order of two times or

more) It IS generally preferable to operate m the C.E. con flguratmn because of the inherent stablllty

of this mode of operation.

fT

At the h,ghe r fre quencles (f > ~ t yplcally) the C ,B. configuration becomes more attractive. The

common collector cmmut has a number of llmltatmns and M not generally the best choice for h~gh

fi-equency ampl~fler en-cults.

A number of poss~ble rewmatmg and unpedance matchmg cmcults are poss~ble uuth e~ther the

C.B. or C.E. configuration. Figure 2 showe two useful en-cult arrangements and them transmm -

s Ion lme analogs wh~ch can g~ve near opt~mum gam bandwidth and noise figure performance. C. B,

IS Illustrated but C, E. IS equally applicable.

Circuit Realization. Cmmut design m the microwave frequency range takes on different as-

pects from low frequency desrgn due prlmarlly to the difficulty m reallzing “lumped” inductors and

to the nece sslty of taking mto consideration package inductance and capamtance, and other stray re -

actances which could be Ignored at lower frequencies. At frequencles on the order of 2 gc and below,

It IS poss,ble to fabricate reasonably lumped inductors of moderate Q. Abo”e thm frequency range It

IS generally preferable to utlllze transmission line techmques for achlevmg cmcult resonance and

~mpedance transformation. The transmissmn lme med~vm med can be coaxml, str~pline, etc., or

of course, a combination of these mediums. Single -side d strlplme, or mlcrostrlp geometry, has

proved to be partlctdarly versatde for transistor ampllfler design. Copper-clad board on a number

of high quahty allele ctrlc substrates has been commerc~ally available for some time, and provides a

convement medium which ha6 the advantage of being adaptable to photographic proce ssmg of stmplme

boards. High d~electrx constant substrates such as some of the ceramics can also be used, reaultmg

m a reduced dimensmn of the lines.

Experimental Results. S,ngle stage amphflers m both the C .B. and C. E. con f+yratlons have been

desugned up to approximately 2 gc. Above this range, the C .B. con f~guratton has been used exclus~vely.

Cascaded amplif~ers of up to 8 stages m the L-band range and 3 stages m the S-band range have been
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Figure 2. Typmal Amphfler Equnralent Cmcuits and Transmission Lme Analog

constructed and evaluated. Figure 3 shows the bandpass and nome figure curves for a w~deband L.

band amphf~er using a cmcu~t design similar to that m F~gure 2A and germanium tranalstors of the

2N2 999 type, The same cmmut arrangement was used with SLIICOII transistors type TIX 3016 with a

sunilar bandpass characteristic and a sl~ghtly h~gher no~se f~gm-e.

Figure 4 shows a typical micro str~p cmcuit breadboard used to evaluate cmcmt des~gns. Thm cm.

cult M a three stage C.B. amplifier using specially selected silicon transistors of tie TI L-49 type.

The gam-bandwidth performance obtained m shown in Figure 5, and Figure 6 gmes a plot of the gam

and output power versus input power for th~s amplifier. It should he noted that while famly respect-

able output power can be obtained where the amplifier m drwen m the saturat~on re glen, the maxim-

um power output with any reammable gam wdl be appre clably less than obtainable w~th the same

transistor m an optimized cmmlla.tor cmctut. The power handling capabil~ty of the transmtors can be

increased by paralleling several units and some work has been .conducte d m th~s area. The ampl~frer

noise f~gure was 14 db at 2.25 gc; this could be reduced considerably by Optlmlzmg the frost stage,

The highest frequency ampllfler constz’ucte d to date using the mlcrodtrlp type cmcuitry de scr~bed

has been at 3 gc, Thm was a single stage C .B. ampl~frer wh~ch gave 8 db gam and 100 mc bandwndth

using a special slllcon transistor of the L-49 type. Gain at cons ~derably higher frequencies has been

obtained in coaxial circuits, hut no attempt has been made to date for max~mum gam bandw~dth per.

formance.
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Figure 3. Gain and Noise Figure versus Frequent y for 8-Stage Germamum Transistor Amplifier
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F~gure 5. Gain versus Frequency Curve for 3-Stage SfiIcon Transistor Ampl~fier
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Figure 6. Gain and Output Power versus Input Power for 2.5 gc 3 -Stage Transistor Amplifier
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