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proximately 5 dB. Of course, for fixed PP, as 1? deviates that substantial benefits in parametric amplifier perfor-

from 1.1, the negative-resistance level till decrease slightly mance are available by using Read-type or HI– LO varac-

and make the matching problem to achieve a gain G at ~~ tors,

somewhat more difficult.

Another benefit of overdrive is in the fractional sensitiv- IV. CONCLUSIONS

ity of RiB to fractional variations in the pump power. It has beern shown that the performance of parametric
Calculating this sensitivity gives amplifiers can be improved in general and specifically by

dF( R) use of Read-type HI– LO varactors. Optimum values for

dRin/Rin p ‘-;; ‘
doping levels and widths of the LO region and pump drive

levels have been specified which optimize certain perfor-‘(~) = dPP/PP E —
F(p) mance criteria when external limitations can be specified.

As these diodes become more available, their use ‘in para-

/ilsin-’ ~ -~~ metric amplifiers will increase, particularly at millimeter-

wave frequencies where pump power limitations and cir-

Bsin-’;+- ‘ ‘<1

“ (37) cuit losses ar~; most severe

1, /321.
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Absoact-New 40-GHs band dfgitaf radio equipment is described. h

the equipment we adopted a new at configuration consisting of a single

IMPAIT diode osciffator wbieh functions as both transmitter frequency

converter and receiver load oscillator sbnuftammusly. The principal system

deatgo faeto~ a unique IMPAIT diode aseillator mount mnfiitio~

and teat ressdts are described, ‘IW compact radio equipment is designed so

that it ensures ekceflent eo6t performance for eomruunkation systems in

local trunk servfq even in sfmrt hop applications resulting from rainfafi

attenuation to the new band

I. INTRODUCTION

I N INTRACITY and suburban areas, voice and data

business communications are expanding rapidly. In such

areas it is difficult to use buried cables, while there also

exists the problem that the radio spectrum is very con-

gested. Under these circumstances, in late 1974 the FCC
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made the 40-GHz band available for such applications as

local trunk service.

In this paper, newly developed 40-GHz digital radio

equipment is described. For this radio equipment to be

used in local trunk service, it must firstly be of low cost,

since the channel loadings are small, i.e., up to 24 chan-

nels, and the radio span is only up to ten miles. Secondly,

it must interface with the digital signal format, i.e., PCM,

which is economically appropriate for a variety of signals

such as voice, data, FAX, etc. Thirdly, it must be easy to

install and maintain

Considering the above requirements, we have success-

fully developed a unique transmitter-receiver configura-

tion consisting of a single IMPATT diode oscillator which

functions as transmitter oscillator, up converter, and re-

ceiver local oscillator simultaneously. As a result of this,

we achieved considerable cost reduction while obtaining

smaller size, lower power consumption, better reliability,

and easier maintenance. The waveguide circuits, which
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Fig. 1. Block diagram of single locaf oscillator transceiver.

are the most expensive part of such equipment, are re-

duced to about one half those of conventional equipment.

Moreover, we adopted a new IMPATT diode mount

configuration in which the diode is soldered onto a stud

and is directly screwed into the standard waveguide, re-

ducing the mount cost and obtaining stable operation.

II. SINGLE OSCILLATOR TRANSCEIVER

A single oscillator transceiver is preferable from view-

points of simplification and cost reduction of the equip-

ment. In this paper, a unique single oscillator transceiver

is described. The block diagram is shown in Fig, 1. The

radio system uses biphase shift keying (PSK) modulation.

The principal merit of PSK modulation is the better bit

error rate (BER) characteristic as compared with that of

FSK or ASK (Amplitude Shift Keying) modulation for a

given received earner-to-noise power ratio (C/N).

The biphase PSK signal S(t) is expressed as

S(t)=A cos {ut+ [0 or n] +f30} (1)

in which A, co,and /30are the amplitude, angular frequency,

and initial phase of the signal, respectively. The term [0 or

r] denotes the phase modulation, which depends on a

binary code signal to be transmitted.

In the transmitting baseband unit (TBB) in Fig. 1, the

incoming PCM signal of 1.544 Mbit/s is processed to give

a pulse code signal appropriate for radio transmission.

The principal functions are code conversion, differential

logic operation, and nine-stage pseudo random code signal

scrambling. The scrambling suppresses the generation of

line spectrum which has strong power in the transmitted

signal.

In the intermediate frequency modulator (IF MOD)

shown in Fig. 1, a transmitting IF earner signal of 380

MHz is biphase modulated by the code signal from the

TBB. The output signal of the IF modulator is expressed

as in (1). The signal is applied to a bias circuit of an

IMPATT diode oscillator and modulates the magnitude

of the current.

Although in an IMPATT diocle the impedance can vary

with dc current depending on the ratio of operating

frequency to avalanche frequency, Greiling and Haddad

[1] and others [2] have shown that the bias current varia-

tions in an IMPATT diode mainly change the conduc-

tance of the diode and that the device susceptance varia-

tion is relatively small well above the avalanche frequency.

Accordingly, the output signal of the IMPATT diode

oscillator is amplitude modulated by the transmitting IF

signal. Three output signals (jr<, ~~, f~), therefore, come

from the IMPATT diode oscillator, as shown in Fig. 2.

One is the original oscillating signal (j~) and the other

two signals (j~ and j~) are the upper and lower sidebands

due to the amplitude modulation. These two sidebands, f~

and f~, are, respectively, separated by T1~= 380 MHz from

the oscillating signalf~. The upper sideband in this case as

shown in Fig. 2, is utilized as a transmitting signal passing

through the T BPF filter, The lower sideband and other

higher order converted signals are reflected from both the

L BPF and T BPF filters and then absorbed by the

isolator.

on the other hand, oscillating signal j=, of which the

frequency is stabilized by means of a reflection high Q

cavity, is fed to the first mixer as a local signal through L

BPF and attenuator A V. The local signal is a continuous

wave without modulation.

The transmitting and receiving frequencies of the radio

system are in accordance with FCC regulations. The regu-

lations, Docket No. 18920 issued late in 1974, assign the

14 both-way (28) RF charnels between 38.6 and 40 GHz,

as shown in Fig. 3. Each chamcl has a bandwidth of 50

MHz, and the channel separation for a pair of transmitt-

ing and receiving frequencies is 700 MHz. The frequen-

cies are so arranged that the first IF frequency of the

single oscillator transceiver is R1~ = 320 MHz ( = 700 – T1~)

as shown in Fig. 2.

In the receiver, the received signal is converted to the

first IF signal of 320 MHz and then to a second IF signal

of 70 MHz. In the second mixer, a transistorized voltage
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controlled oscillator (VCO) of 390 MHz serves as the local

source to which an AFC signal of about the second IF

frequency is fed back.

The frequency stability of the IMPATT diode oscillator

obtained is about 0.012 percent for a temperature range of

– 20 to + 60°C, and for two IMPAT”T diode oscillators of

two adjacent stations the frequency variation in the worst

case comes to 9.6 MHz. However, the preferred receiver

bandwidth for PSK modulation to obtain a better BER is

approximately equal to the clock frequency of 1.544 MHz.

In order that such a narrow-band IF filter can be used,

the frequency variation of the second IF signal is reduced

to about 100 kHz by the AFC configuration.

The direct frequency discrimination of the PSK signal

modulated by a random code sequence, however, gives no

frequency information, since the signal has no stationary

carrier components. Therefore, the second IF signal of 70

MHz is frequency multiplied to a signal without phase

modulation. The frequency multiplied signal of (1)

becomes

Sd(t)=ll cos {20t+2[Oor7] +20.} (2)

in which B is the amplitude and the argument of the

signal (2) is a doubled replica of that of the signal (l). The
phase modulation term 2[0 or w], therefore, comes to a

value independent of the phase modulation.

The demodulator unit (DEM) demodulates the IF signal

to a baseband pulse code signal by means of synchronous

detection. After the detection, in the receiving baseband

unit (RBB) the detected pulse code signal is regenerated

through polarity decision, retiming, and reshaping in the

usual way. Then the descrambling and logical sum, which

are the reverse of the operations which take place in the

transmitter, take place in the unit. The resulting received

PCM signal is then sent to a pair of cables in the form of

a normal bipolar signal.

111[. IMPATT DIODE OSCILLATOR

A. Diode Mount Configuration

A unique IMPAIT diode oscillator with a simple diode

mount was developed with the criteria of stable operation

with a wide range of working conditions [3]. Fig. 4 shows

a schematic diagram of the IMPAIT diode oscillator. The

IMPATT diode with a soldered disk hat resonator is

mounted on a stud and the stud is simply screwed into a

brass black farming a part of the waveguide of WRJ-320

(WR-28). A biasing post or circuit of the IMPATT diode

sometimes creates difficult implementation problems in

circuit and mechanical designs. In the mount, a biasing
lead wire passed through a tiny hole in the stud to the

outside. With this configuration eliminating a complex

impedance characteristic which often causes spurious

oscillation an,d frequency jumping of the oscillator, we

developed a stable and cost-effective IMPATT diode

oscillator. Recently, a similar configuratio~ called a “pre-

tuned module: was reported [4].
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The frequency of the IMPATT diode oscillator is pri-

marily determined by the radial line resonance of the disk

hat attached to the diode. The electric field at the edge of

the hat couples with the dominant mode of rectangular

waveguide WRJ-320.

An equivalent circuit of the oscillator with the hat is

shown in Fig. 5 [5], [6]. The hat is regarded as a post

projected into the waveguide. In the case of a fine post,

the coupling between the post and the waveguide is repre-

sented by the 7’ circuit consisting of jXc andjXb enclosed

by a dotted line. An adjustable post on the other side of

the waveguide wall can adjust the amount of coupling at

the given frequency, and the equivalent circuit is con-

tained in the same T circuit of the Fig. 5. SusceptancejBa

stands for the electric field concentration near the edge of

the hat.

The IMPATT diode is OKI’s TX-40 and is the silicon

single drift region type of approximately 60-p, junction

diameter. It has minimum output power of 200 mW with
efficiency of 5.5 to 7.5 percent. The typical operating bias

voltage and current are 29 V and 100 mA, respectively.

Fig. 6 shows the diode package of minidisk type and the

typical characteristics of the 11’vfPATT diode.

Fig. 7 shows the diode stud. The disk hat soldered onto

the top of the diode package is of copper plate of O.l-mm

thickness and about 3-mm diameter and the gap between

the hat and the stud is about 0.15 mm. An insulated lead

wire for power supply passes through a hole in the stud.

The bias lead wire inside the waveguide is a fine copper

wire of O.16-mm diameter and about 1.5-mm length. It has
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Fig. 6. IMPA’IT diode package and characteristics.
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Fig. 7. Diode stud with a disk hat resonator.

sufficiently high impedance to separate the bias circuit at

the oscillating frequency. It is, of course, kept away from

the strong electric field in the vicinity of the edge of the
hat resonator. Although a static capacitor formed between

the insulated lead wire and the wall of the stud hole

reduces leakage of RF energy, a microwave absorber of

disk type made of “epo-iron” is provided at the outer end

of the stud to ensure more complete suppression of RF

leakage and suppress reactions from the bias circuit on the

power and frequency of the oscillator.

Fig. 8 shows the output power and the frequency versus

bias current of the IMPATT diode oscillator. The figure

shows the data for two kinds of radial hat: hat no. 1

(D=3.1 mm, t=O.1 mm, G= OI.15 mm), and hat no. 2

(D= 3.4 mm, t=O.6 mm, G=O.15 mm). For hat no. 1 the

dotted curve shows results when the position of the short

plunger is fixed. For hat no. 1 the solid curve shows

results when the position of the plunger is adjusted to set

the frequency at 40.05 GHz for each bias current. The

curves shown for hat no. 2 indicate the situation for fixed

plunger position.

Although the oscillating frequency is determined by the

dimensions of the disk hat, and especially the diameter

thereof, the value of the junction capacitor varies from

diode to diode and requires a hat diameter differing by

0.2–0.3 mm for a given oscillating frequency of each

diode. The gap of the hat and the position of the plunger

of the oscillator are the principal factors permitting ad-

justment of the oscillating frequency of a given hat.

Fig. 9 shows the changes of the output power and

frequency of the oscillator when the gap from the disk hat

to the waveguide is varied by rotating the screw-in stud.
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The frequency changes by about 500 MHz per full ro-

tation. The pitch of the thread of the screw-in stud is 0.5

mm.

Fig. 10 shows the variation of frequency (ordinate) and

output power (abscissa) when the vlumzer vosition is varied. . .-.
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from the position of the maximum output power (=25.2

dBm) at the frequency of 39.10 GHz

B. Frequency stabilization of IMPA TT Diode Oscillator

Frequency stabilization of the IMPA7T diode oscillator

is achieved by means of a reflecting high Q cavity [7], [8].

Fig. 11 shows the mechanical details of the cavity-

stabilized oscillator. In the figure, the oscillator is followed

by a frequency stabilizing cavity. Part of the output power

of the original oscillator is reflected from the cavity and

then injected into the original oscillator, The resulting

equivalent load susceptance represented by the reflected

wave adds to the susceptance of the original oscillator,

When any change in the susceptance of the original oscil-

lator is effected by some cause, it is cancelled by the

susceptance variation of the same amount caused by the

stabilizing cavity in response to the slight variation of

frequency of the stabilized oscillator, since the total sus-

ceptance should be zero.

Since frequency sensitivity i3B/tlti of susceptance B

represented by the stabilizing cavity is much higher than

that of the original oscillator, the resulting frequency

variation is greatly decreased or made negligible as com-

pare with that (of the original oscillator.

The cavity is made of invar iron with expansion coeffi-

cient of about 10–‘/ “C and, furthermore is temperature

compensated b,y provision of a brass section in the tuning
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piston. The cavity is silverplated to a thickness of 4-5

pm. The unloaded Q is about 12000 in the 40-GHz band.

The cavity is hermetically sealed with a mica plate on

both end flanges and it contains silica gel on the reverse

side of the tuning rod, as shown in Fig. 11, to prevent the

tuning frequency from drifting because of alteration of the

dielectric constant by moisture entering into the cavity.

The condition of the silica gel can be monitored through a

small window provided for maintenance.

The electrical angle between the oscillator and the cav-

ity determines the stabilization characteristics, and the

angle is adjusted by a spacer of adequate thickness as

indicated in the next paragraph.

IV. SINGLE OSCILLATOR TRANSCEIVER

A. Bias Modulation and Frequen~ Stabilization

The frequency conversion characteristics in the

IMPATT diode oscillator were studied by Evans and

Haddad [9] and others. As regards the design of this single

oscillator transceiver, it is important to make clear the

mutual relations between the frequency stabilization and

the frequency conversion characteristics of the IMPATT

diode self-oscillating frequency converter.

Shirahata et al. [7] have analyzed the frequency stabili-

zation of an oscillator with a band rejection filter. On the

other hand, Shiota et al. [10] have discussed frequency

conversion in the case of stabilized solid state oscillators

with the aforementioned reflection high Q cavity.

Referring to the above mentioned papers, we next dis-

cuss whether the bias modulation degrades the frequency

stability and whether the stabilizing cavity distorts the

modulation signal, since the IMPATT diode oscillator, in

this radio system, functions as receiver local source as well

as frequency converter and transmitting local oscillator.

Fig. 12 shows the bias modulation circuit for the

IMPATT diode oscillator. Fig. 13 shows a simplified

equivalent circuit of the IMPATT diode oscillator with

the frequency stabilization cavity. The negative conduc-

tance ~ of the IMPATT diode varies in accordance with

the bias current. In the equivalent circuit, the radial line

resonance circuit is shown as a single tuning circuit of L ~

and Cl. Ql denotes the external Q of the IMPATT diode

oscillator, where Q,= tilC1/ YO and YO is the load admit-

tance.

The stabilizing cavity is denoted by a parallel resonance

circuit of Lz, C2, and R ~, which is connected in series to

the original oscillator through a line of electric angle 0,

where Qz and fz are unloaded Q and the resonant

frequency of the stabilizing cavity, respectively.

The coefficient of the coupling of the cavity to the load

is given by R ~YO, and S denotes the VSWR which mea-

sures load YO seen through the cavity at resonant fre-

quency f2.

The electrical angle O is adjusted to O= O or 2n~ (n;

integer) by selecting the spacer between the diode mount

and the stabilizing cavity in order to obtain proper

frequency locking characteristics. The phase lag is negligi-
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Fig. 13. Equivalent circuit of frequency-stabilized IMPATT diode

oscillator with bias current modulation.

ble against the phase given by the stabilizing high Q

cavity, since the integer n is selected as low as possible in

order to get a wide frequency locking bandwidth.

The external Q of the frequency stabilized oscillator in

the case of 6= O or 2nn is approximated by the following

expression:

(3)

and the maximum insertion loss L introduced by the

stabilizing cavity is given by [7]

L= (1+s)’

4“
(4)

The values for this equipment are as follows:

Ql=oIC,/YO=25

Q2=0,c,R,=12000

S= ROYO+1=2

s–1
Ex Q=— S, Q,= 3000

~=(l+s)’=35dB

4“”

Fig. 14 shows a simplified frequency locking character-

istic when the free running frequency fl of the original

oscillator is varied. The output frequency f~ of the cavity-
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stabilized oscillator indicates a well-known hystersis curve.

The pull-in range of the stabilized oscillator is given by

the equation

b

(5)

For the parameters given above, the pull-in range is 146

MHz (*73 MHz) as shown in Fig. 14.

On the other hand, the original unstabilized IMPA’IT

diode oscillator varies about 120 MHz in frequency over

the temperature range of – 20”C to 60”C and the varia-

tion, therefore, is within the pull-in range.

Fig. 15 shows stable frequency versus ambient tempera-

ture for the cavity stabilized IMPATT diode oscillator.

The frequency of the 40-GHz band signal was measured

by using frequency counter system HP E80-5245L.

Experimentally, the frequency variation of the stabi-

lized oscillator over the temperature range of – 20°C to

+ 60”C was 1.6 MHz. On the other hand, the estimated

frequency variation from the analysis is given as follows.

The frequencies of jumping points P of Fig. 14 are

(ps–1

-f” 2Q, )
~f2 .

Assuming that the curve between the jumping points is

linear, the frequency variation corresponding to the free
running frequency drift of 120 MHz is given by

&f’
X 120 MHz=2 MI-Iz.

%fz
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Fig. 15. Characteristics of frequency-stabilized IMPATT oscillator.

This value is of the same order as that of the obtained

value. Fig. 15 also indicates an effect of the temperature

compensated stabilizing cavity. The short brass section of

the cavity piston opposes the expansion of the cavity

made of invar iron.

Both of the sidebands produced by the amplitude mod-

ulation of the oscillating carrier are located far outside the

pull-in range of the stabilized IMPAIT diode oscillator,

since the frequency of the bias modulation is 380 MHz

and higher than the pull-in range.

Therefore, the stabilizing cavity has no effect on either

sideband, and the only weighting of the sideband signals

is provided by the tuning circuit of the original oscillator.

At the same time no harmful effects of the bias modula-

tion on frequency stabilization were detected.

The loaded Q of the original oscillator has the low value

of 25, and the tuning characteristic is so wide that the

amplitude and delay distortions of the sideband signals

are negligible, because the frequency converted signal is a

narrow band signal of 1.544 Mbit/s. The distortions are

definite and can be equalized before modulation or after

demodulation if necessary. Experimentally, no apprecia-

ble distortions were detected.

B. Frequency Conversion Characteristics

The frequency converted output power of the upper

sideband is shown in Fig. 16 as a function of the applied

IF signal power. The maximum output power without

deformation of the output signal spectrum is +8.5 dBm in
the case of + 10 dBm IF input power when biased to 108

mA. The oscillator output power in case of bias modula-

tion is +15 dllm. The conversion loss for the applied IF

power is 1.5 dB. The temperature dependency of the

frequency converted signal power is +8.5 dBm t 0.3 clB

in the —20°C to + 60”C range.
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Fig. 17. Transmitting spectrum shaping considering FCC RR.

With regard to the up-conversion, the spectrum of the

output signal should be limited to meet the FCC Rules

and Regulations. Fig. 17 shows a flow path of the PCM
signal to be transmitted. The waveguide filter in a milli-

meter-wave region can not restrict the spectrum of such a

narrow-band signal of 1.544 Mbit/s. In the system, there-

fore, limitation of the radiation spectrum is performed in

the baseband with a low-pass filter. The filter consists of

an active filter of the order of n= 3 of the feedback

operational amplifier type; filter bandwidth is 600 kHz.

The functions of PSK modulation in the IF stage and

up-conversion to 40 GHz are both designed to act on the

linear portion of the input-to-output characteristics, so as

not to produce distortion or spectrum broadening of the

output signal.

The waveguide bandpass filter is a four-section But-

terworth type with bandwidth of k 70 MHz. This filter

picks up the output signal and also acts to reject the

unwanted radiation other than the transmitting sideband

signal, and thus reflects the unwanted sideband signal to

be absorbed by the isolator and the carrier signal to be fed

to the receiving mixer.

Fig. 18(a) shows the signal spectrum at the output of

the IF modulator. Fig. 18(b) indicates the up-converted

signal spectrum in the 40-GHz band measured on the

spectrum analyzer of HP-8555A (RF section).

The deformation or broadening of the spectrum due to

nonlinearity of the IF input versus RF output characteris-

tic of the self-oscillating up converter is observed below

the – 40-dB level of the main output spectrum. These,
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(a)

(w
Fig. 18. (a) IF output spectrum with BB LPF. (b) RF output spectrum

up-converted to 40 GHz.

however, are tolerable according to the FCC Rules and

Regulations.

The FCC’s emission limitations are given by the follow-

ing equation:

A (dB)=ll +0.4(P–50)+1010g B~ (6)

where A (dB) is the attenuation of radiation power in

l-MHz bandwidth for the output power of the transmitter

measured at the frequency differing by P percent of the

authorized bandwidth B~ from the center frequency of

transmitter. Attenuation A (dB), however, is not required

within the authorized bandwith, i.e., A = O for P< 50 and

does not exceed 56 dB, A <56.

The power spectrum distribution S(~) from the carrier

frequency for the two-phase PSK signal modulated by a

random NRZ (Non Return to Zero) pulse code signal is

given by the next equation:

‘(f)={%=)’
(7)

where T is the pulse duration of a single code length. The

occupied bandwidth BO of 99-percent power of the filtered

signal for this case is

RO= 1.3$ x 1.544 MHz (clock rate) x 2(both sidebands)

= 4.26 MHz.

The necessary bandwidth B~ is given by

B _ 2RK——
N log’s

where

S number of code states;

R maximum transmission speed (bits/s);

K constant,

In this case, constant K is determined to be 3.2 consid-

ering filter design and frequency drift of 2 MHz of the

oscillator. Thus we obtain BN = 10 MHz (R= 1.544

Mbit/s, S= 2, K= 3.2). The authorized bandwidth B~ for

this case is 10I MHz, since the necessary bandwidth is

larger than the occupied bandwidth.

Fig. 19 shows the measured spectrum radiation of the

transmitter and~ also shows the emkion limitation for the

case of B~ =:1 O MHz. In the figure, the maximum

frequency drift of both the IMPATT diode oscillator and

the transmitting IF oscillator is taken into account.

C. Effects on NF of Receiver

The mixer of the receiver is the waveguide-mounted

planar type. The mixer diode is a silicon Schottky barrier

diode of apprcucimately 1O-IJ diameter (MX-40(R), OKI).

The typical conversion loss of the RF mixer at 39 GHz is

6 dB with the local signal power of 7 dBm and without dlc
bias,

The pre-amplifier is constructed with two-stage transis-

tor amplifiers and the gain and NF are 24 dB and 2 dB,

respectively. The amplitude characteristic varies less than

0.2 dB in a bandwidth of 20 MHz.

In the radio system, the IMPATT diode oscillator is

also used as the receiver local source. There are two main

factors which degrade the noise characteristics of the

mixer. One is the intrinsic noise of the IMPA’IT diode

oscillator and the other is the modulation noise produced

by the higher order nonlinear terms of the conductance

variation due 10 the bias modulation.

Without use of a waveguide filter in the mixer local

arm, the NF of the receiver was degraded by 6 dB as

compared with the case of an external clean Gunn local

source. The degradation was improved by providing the

waveguide filter L BPF, which attenuates by more than 45

dB at the frequency of 320 MHz (= IF frequency) apart

from the oscillating frequency. The filter is a four-section

waveguide BPF with 3-dB bandwidth of 140 MHz. From

experimentation it can be deduced that the principal fac-

tor which degrades the NF is the noise accompanying the

local signal,

The other factor due to modulation was examined by

measuring the receiver NF for both cases with and without

bias modulation. The degradation of the NF due to the
modulation was about 0.1 dB for the case with the wave-

guide filter as mentioned above. although the higher even-

order terms, such as the 4th, 6th, 8th, etc., of the power
series expansion of the conductance produce modulation

noise around the oscillator signal. It was ascertained that

the NF degradation due to the bias modulation was small

as long as the up-converter was operated in the range of

almost linear input- output characteristic.
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The value obtained for the mixer NF was less than 8 dB transmitter consisting of a separate varactor up-converter.

including the IF pre-amplifier of NF 2 dB. The total NF The single oscillator transmitter has a slightly better per-

determined from the antenna is less than 12 dB including formance (0.2–0.3 dB better). This is considered to be due

R BPF loss of 2 dB, circulator and isolator losses of about to the low distortion of the modulated PCM signal attri-

0.5 dB each, and waveguide loss of 0.5 dB. butable to the circuit simplicity and wide band character-

. BER CHARACm?RISTIC
istics of the IMPATT diode oscillating up-converter.

On the other hand, Fig. 20 (b) shows the comparison of
Fig. 20 (a) shows the measured bit error rate (BER) the measured BER of the single oscillator receiver with

characteristic versus the receiving power for the single that of the conventional receiver with separate Gunn local
oscillator transceiver in comparison with the conventional source. The single oscillator receiver shows a slight de-
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TABLE I
PERFORMANCE (%ARACI’33RIST2CS OF @JIM3NT

4adio Frequency Band 38.6 - 40.0 GHz

3it Rate 1.544 Mb/s

;apacity 24 Telephone Channels

modulation Bi-phase PSK

authorized Bandwidth 10 MHz

System Gain 177 dB

4nte”na Gain More than 40dB

Beam Width 1.2”

3utput POuer +7 dBm

Frequency Stability 0.012%

Receiver Configuration Double Superheterodyne

1st IF 320 ~Z

2nd IF 70 MHz

Receiver Noise Figure Less than 12 dB

Demodulation Coherent detection

Power COmsumptiOn 50 w (DC-48v)

TAELE II
TYPICAL Il,MN ATTENUATIONAND FREE SPACRLoss (REF. CCIR

RaP. 721, FCC DOCKET 18920)

H
Light Rain Heavy Rain Torrential

Free Space
2. 5mm/s3 12.5mmlR 100dH

dB/km
124.8 1.8 d33tkm 4.5 dBlkm 23 dB&ra

Weight 45 kg

Dimensions 50cm(H) , 50cm(w), 58cm(D’

Fig. 22. Outside view.

Fig. 21. 40GHz single oscillator transceiver RF uait.

terioration of the order of 0.2 dB. This is considered to be

due to the IMPATT local oscillator noise, although an RF

BPF is provided in the local arm, and to the modulation

noise.

These overall characteristics of the BER show that the

single oscillator transceiver has performance comparable

to the conventional transceiver, in spite of its simple

circuit configuration.

VI. EQUIPMENT FEATURES

The outlines of the equipment are shown in Table I.

The photograph of the RF unit of the single oscillator

transceiver is shown in Fig. 21. The dimensions are 7 cm

(H)x 19 cm (W) X23 cm (D). The outside view of the

equipment is shown in Fig. 22. The equipment is covered

with a radome and comprises a 45-cm diameter parabolic

antenna, transceiver units, and a voltage stabilizing unit.

The cabinet can also house a hot standby redundant

transceiver. The dimensions of the cabinet are 50 cm

(H)x50 cm (W) X58 cm (D) and the weight of the

complete equipment without the redundant system is about

45 kg,

The equipment is designed to be mounted on a pole of

4-in diameter on the roof or top of a building. By means

of an attachment between the equipment and the pole, the

direction of equipment can be adjusted vertically and

horizontally.

The minimum receiving power required to obtain the

BER of 10-3 is about – 93 dBm, and – 89 dBm for the

BER of 10-6, as shown in Fig. 20. Consequently, system

gain G, of this digital radio equipment amounts to about

100 dB (BER = 10-3) for the output power of +7 dBlm.

Taking into account the antenna gain of more than 40 dB

and a 2-dB loss margin for the waveguide feeder loss

inside the cabinet and the radome loss on each side, the

total gain is about 176 dB.

The maximum hop length is greatly dependent on the
rainfall statistics of the area concerned and the required

circuit reliability. Table II shows the free space loss and

typical values for the rain attenuation in the 38.6– 40-GHz

band. Heavy rain of 12.5 mm/H is estimated to occur for

0.01 – 0.02 percent of the total time of the year in

California.
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VII. CONCLUSION

In conclusion, the single oscillator transceiver gave good

performance. In spite of its simple circuit configuration, it

had superior characteristics with regard to loss and distor-

tion of the frequency up-conversion function as compared

with conventional equipment having TX-local oscillator,

an up-converter and a RX-local oscillator.

The waveguide circuits, which determine the equip-

ment’s cost, are greatly reduced, to about half those of the

conventional equipment. Furthermore, the newly devel-

oped IMPATT diode mount with disk-hat type resonator

provides stable operation and good adjustability.

The single oscillator transceiver is one solution to the

problem of finding effective low-cost light-density local

trunking radio equipment for intracity applications.
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Practical Considerations in the Design of a
High-Power l-mm Gyromonotron

JOSEPH DOV SILVERSTEIN, MEMBER, IEEE, MICHAEL E. READ, KWO RAY CHU,

AND ADANl T. DI?OBOT

Abstmer— A second harmonic gyromonotron has been deafgned to have

an output of 4 kW at a frequency of 240 G- and to operate with an

overaff efficiency of 14 percent. Tlw dea@ method utilized a detailed

theory of the gyrotron oscillator and an eleetron orbit computer code.

Particular attention was paid to the problem of mode eompetftfon fn the

osciftator cavfty. Afthough a partfcufm ales@ example is consider@ the

method fs of generaf interest.

L INTRODUCTION

D uring the past several years the gyrotron [1] has been

shown to be an efficient source (4–45 percent) of
high-power radiation (1 kW– 1 MW) at wavelengths less

than 1 cm. Although a number of such devices have been

Manuscript received December 10, 1979; revised April 30, 1980.
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Development Command/Harry Diamond Laboratories, Adelphi, MD
20783.
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operated successfully in the U.S. in the 8– 10-mm range,

[2], [3], the only devices operating in the near-millimeter
wave range (=3 mm) are those built in the Soviet Union

[4], [5].

This paper describes results of the design phase of the

first known effort in the U.S. to build an efficient high-

power gyrotron oscillator operating with a wavelength
near 1 mm. Specifically, the design goals for this
gyromonotron (i.e., single- cavity cyclotron resonance
maser (CRM)) were 1– 10 kW (peak) at 1.3. mm and an

overall efficiency of 10– 15 percent. It was to operate at

the second harmonic of the cyclotron frequency (am2t2C)

and with a cavity mode of TE051. Although these last two

facts allow operation at reduced magnetic field and higher

power than would be possible with the fundamental and

lower order modes, they greatly increase the problem of

mode competition; the circumvention of this complication

is one of the main considerations in this design.
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