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> been reperted to date:

CABSTRACT ¢
' \
\\

.

The high eff1c1ency mode of osc111at10n in

A

avalanche dlodes (TRAPATT mode) has been studled
]

'exten31ve1y in recent years Host authors agree'

’b? -basicall§ :5 the theory of the skeady state of such

osc1llatio s, ‘but there exist.ilfferent theorles a

observations concernlng the initiztion of th

)\efficiency mode, i.é. the?process in w “the current
necessary ‘to
r o, . v

den51ty ‘in the dlode rises to a va
the depletion

L3

launch an avalanche shock front 1nt

N . _—

~_<eg1qn.

- ¢
g mechanisms have®

Three different startj

Q\.

voltage swings at

. )
L ]

L i. - The ‘generation o

the TRAPATT (v - transit anglle) frequency by trapp;ng

ii - The buiid‘up fnf spac

‘angle "' o ‘ L/—-\\ o

. C. o ifi- The dlrect launchlng of a shock front

S

* by—application of a. very %f%iy voltage pulse to a
| diode, of which parasitic impe@agees ha&e‘been mini-
mized (15)
. In this study, the triggering behavior eﬁe

the low écst FD 300 TRAPATT/diode has*been 1nvestigated'

*




o - -
in coaxial and microstrip circuits of the Evan's - °
g -

fype: The purpose of thisg study was to determine

the mechanlsms whlch.lnitiate the'T%APATT mode in

-t

this partlcular daode, and to 1dent1fy the cincuit (

a

g

L

1

parameters that. govern ‘the trlggerlng process. No

o

attempt has been made to modify the active part of

the device 1tse1f however, the role-of peckage

- A -

par351t1cs has béen taken into considerationn

| ‘From the analysis of }he observation made
_during the above experlments,_lt has been copcluded
. that the IMPATT osc1llatlons play no 31gn1f1cant
role 1n‘the triggering of the TRAPATT‘;;HE‘in this

particular diode. The mode is efficiently friggered

" by a transit-osciilation with a frequency close to

o . . . - T .
the natural TRAPATT frequency-of the diode. This

trlggering mechanism is enhanced by the dlode

| -

parasitlc series 1ndugtance whlch favdurs the transit
\

o

oscillation in preventing the highest harmonics from

inducing a premature avalanche.
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G ,{ In April 1967, Prager, Chang and Welsbrod

& : (50) Teported agomalous hlgh efficzency osczllatlons .
L1

}1n an IMPATT 5111con diode. Later, Johnston, Scharfetter
. ' ' . ‘. . . 1 h . .
and Bartelink (HO):observed-the;same mode,in a\germanium

Hiode.‘ Thls new high efflciency mode was 1nqon51stemt
with the\IMPATT theory. A number of authors have
developed theories which partlally explaln the ph?51cs
. of- the_hlgh eff1c1ency mode, now generall;‘igoﬁn as Ct
the TRAPATT ‘(Trapped Plasma Avalanche Triggered Tran51t)
'mode A150\a%var1ety\of cipcuit or .resonator crlterla;
éessentlal for the TBAPATT ;mode, have been: elaboratdd.
However, the reeults eported to date do- oot fblly
explain a nggig; of 1mportant dlode c1 puit interaction
S'phenomena, for examplea the essent1a1 triggerlng \
mechanism requirement to establish steady std%e TRAPATT
oscillatidn? in the prominent literature on TRAPATT

oscillations, large IMPATTstlngs at frequencxes hlgher

’ than the fundamental TRAPATT frequency have been con-

- !

sidered necessary for trlggerlng the anomalous or high

efficiency .avalanche condition. For this reason, TRAPATT

o ' v -

oscillators have been equipped with high Q resonant

- . structures for TMPATT triggering (15, 27, 2u4, 40),
However, several "self stertingﬁ TRAPATT circuits ini-
'A,H‘K_tiateﬂoecillations without these structures and .

without the presence of large IMPATT ° ings during th




. | o _ o ' 9
L R : ,
initial state of operation. .
.1-; The purpose of thlS the51s is to study the

trl ering mechanism of thése "self starting” oscil-
Eg

latlons and to optlmlze the condltlons for rellable

trlggerlng in connectlon with maxlmum eff1c1ency in
. L 4

:

the steadﬂ state. .
& . .

o
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o CHAPTER T
\ J -
al

Triggering mechanisms of the TRAPATT mode

e
e

1.1 Literature survey of triggering mechanisms of
the TRAPATT mode .

"In September 1958 Johnston, Schanfetter and -

'Bartelink (uo) observed anomalous high ef’101ency os-
© L}
Cillatione in an IMPATT germanium diode. They recorded

'waveforms‘for differentjlow.frequency modes of operation

_corresponding to different configurations of the RF

circuit in uhxch\the diode was incorporated._ The mode
c,called the "high eff1c1ency mode" by these authors,
is today commonly referred to as the TRAPATT mode. The
TRAPATT waveforms 1ndicate that the oscillation begins
in the normal IMPATT mode and gradually, as the~ampli—”
tude builds up, tranaforms to a two- frequency component
waveform. }g this occurs, the IMPATT frequency is pulled
fo 1oﬂgr values while the high-efficiency load 81gnal
establfghe& itself at one-half the‘louered IH?ATT‘
irequency: Meaaurements‘performed et loner frequencies'
indicate thet Jery fen cycles of IMPATT oscillations.:
;QL needed io-stort the TRAPATT mode. |
.In February IQBQ‘JHoefflinger, Snapp, and

|
‘Stark (35) found another triggering mechanism fornthe

high- efficiency mode. They had observed that TRAPATT

diode circuit combinations ‘could also operate as
,/
amplifiers when triggered by injecting an external

“signal. _Acoording to their experiments, en avalanche

e ' '




A " .
shock front is trlggered 1n the dlode, once the

- - lnﬂected 51gnal exceeds the thresﬁold valde c :
.\‘
' In Beptember 1969, Clorfelne (15) presen- J
! -
R ted a detalled theory~fcr the TRAPATT steady state.

’ "u’/}“He WaS of_the opinion that‘IHPATT osdillations would
-~ in general provide the’ starting mechanism for the
TRAPATT mode, but would not be required if a suffi-

ciently fast rising initial current could be provided:

Py
o
i

"It was ﬁeported that conventional transit-time - .
osctllationa appear to trigger the high-efficiency™
oscillatory -state. - Such would be expected on the -
bagip of the theory presented here. If a eurrent ,
generator with sufficiently small rtag time were
avatlable, then no additicnal starttng mechanism. .
would be required. In the absence of such gene-
ratora, however, it ig the transit-time oscilla-
tions that prpvide the rapid current imerease
‘necessary to trigger the high efficiency mode."

’

- ' . , a

. He' also added that the role of the transit- tlmé oscil-
'\f

lat1ons in the steady state of the high- eff1c1ency
mode must not be lnterpreted as oscillations” that trlgger
the plasma at each cycle, but as essential'harmonics that -
serve the functiots of wave shaping. . g
| In December 1969, Evans (27), .in his paper
"Circuits for High Efficiency Avalanche Diode Oscilla-—
“tors', went further in the descrzpjion of'the triggerlng
mechanism by demonstrating the degeneration of the IMPATT
mode into the TRARATT when the former‘:as reached a

saturPtion.levg;:' ", . .the spage‘charge is depresSing o



. o . .
? I . Tk ’ .
] . v -~ .

‘the fleld/so that the carrier drlft velocity may

drop below: saturatlon and some carrlers mag be trapped

‘for a short time in the low f;eld pegqpn“ " He con-

cluded that to start the TRAPATT osc1llations, very

b

-large IMPATT swings must exist across the diode. o

-t

. Th January 1970, R.J. Chaffin (9) reported

in his- letter that ". . .TRAPATT outputs were observed

/

at.560 MHz and 840 MHz. The TRAPATT outputs were at

the sixth and foubth subharmonics, fespectively, of
. 4 ] _ .

the IMPATT .oscillations." Dther  authors have repofted
L4

similar resuits-for different diodes.

Having simulated the TRAPATT oscillation in

@ silicon avalanche diode on a computer, M. Malsumura

. and H. Abe (47) reportéd in November 1970 that a

large IMPATT swing if,not always necessary to trigger

A . . . :
the mode. The diode wavaﬁﬁ?ﬁs'uere observed, in a

éircuit similar to that -described by Evans, for various

o

AN }the TRAPATT mode is'generally, ,but nct—m%cessp—

e

‘response.” The purpose of these experiments was simply

rily,‘ riggered by large signal Lsc1llat10ns of the
IMPATT mode, and that thg mode starts to osc111ate
easily when a period of the relaxation oscxllatlon 15
approximately equal to the time lag of the blrcuit

|
to obsefve the triggering waveforms as the tuners .
positions were varied. Improvement of the oscillator

efficiency-waa not aimed by the authors.

=

"slug tuner sets and positions. The results indicate that



‘At the samé time, Evans (30) was _ opinion *

. that analytacal treatments of thg/TRAPATT mode “in

avalanche dlodes did not cons;der in sufflclent deta11

the znltial starting coadit;ons for thls mode. He f. =
< . .

examlned thls question in greater detall by ana1y51ng ' ol
\‘
a number of diode structures ualng a large computer .

a

program. : ' < e

that the requirements for efficient TRAPATT
openatton and the requirements for IMPATT opera- - '

. tion divergé with anreaazng frequency. Since

the IMPATT oscillation i8 required to start the

TRAPATT- mode, self-starting ATT oscillators

are tncreaazngly difficult to abricate as the

"operating frequency ie increaged." : ‘ -

"The resulta of these experimente have indicated - Jﬁ

/ _
In order to eliminate the oblem of decrease in

-

efficiency, a new diode structure jas proposed. "The

- new structure is asymmet-ic wlkh a one side optlmlzed

. for the IHPATT escilia ions and the other side optlmlzed

£ -

for efficient TPAPﬁfj/opEration " Howaver, even thh thls/

2

Al

improvement, the TRAPATT efficlency is limited at hxgh .; K

frequeicies.. Evan s computer simulation is a very com%/ o

plete.analygés of the ﬂiodg panameters;h This Qork.coulq_

be Qery valﬁablélto_fqrééast éxperimen;él results on

triggering mechanisms of TRKEATT osciliations.- |
Also 1n.u¢ve@ber¢1970; Praégr, Chang &nd -

Weisbrod (Si) ﬁuilt an amplifier similar to that of

efflinger except thét the input signal was exactly
. , A . ‘



7.

- ically related to the fundamental and it was too low

at the resonance frequency of theidfbde cireuit. 1In

!

“examining the frequeneyﬂepectrum of the amplifier, they,

found that a myéteuious frequency was present in the

- . ) ] : | . i

signal OFF condition. This frequency was not harmon-
) T ' :

-
"

3 to agree with any ?ormal transit-time calgulation. The

exact origin of this osciifhtion is‘still'unﬁjscovered.

In Mey‘lg%l Snepp (58) deyeI;;?3/i technlque
to 1dent1fy the trzggerlng IMPATT frequency present in
the spectrum of a TR\REIT oscillatg& He used the

'varlatlbn of the detected envelope of the\dlpde current
h S
K -.e,};..
due to the insertlon of a bandrstop at the IHPATT

; frequency 1n;o the.detectlng c1rcu1t. 5.deta11ed
.o . o
déscription of ‘this technique 'will be given .in
Chapter .3. - ) T . 7
‘.;. . -,

1'- ~

1.2 Known eff1c1ent t iggering mechanlsms.

Accordlng to. TRAPATT steady state “theory,

L large IHPATT oscillations should trigger the hlgh--

efflciency—mode'(27,-2u 15) . A trbggeriug frequency

;s'often'reported by.authors while qeseribiug the
resuylts’ they have dbtained.during expenimenrs on the
. u :

stedhy-state of the mode, They refer to it as_the
t
tr{ggering IMPATT osczllation. In the oscillator :

used in their experiments, the IHPATT oscillation is

:

emphasized greatly by providipg resonant conditions

at the IHPATEffrequency; 'This‘enhaucement is achieved

B f’-

1]

B,



v
=

®“ either by moajfying-the_diode-etrncture‘(30) or/and
by adding reactive components to the, external circuit
_ , N i

(27), Hoefflinger discovered in his experiments o

hlgh efficiency amplifiers that the TRAPAT
be, stlrted by injecting a signal a frequency close
to the avalanche resonan frequenqy 1nto the diode.

The generaton/g;nvfgzng the triggering signal plays
S

the part of the IMPATT resonator in the free runnlng
A
\Qscillator_ Thus, whenever a signal is injected
. into the avalanche.diode, the-TRAPATT escillators

starts. -

A L . ) .

1.3 Purpose of the thesis :3

In Chudobiak's microstrip oscillator, (13)
hewever,'fheatriggeringfosclllation conﬂi;ions seem
to be satlsfied rhenever the TRAPATT reguirements-
are* met by the cexternal circuit. -ln ins eelf-i
startlng oscillator, no external resonant'circnit o~
is provided for ;he IMPATT frequency. ' ’ -

TWé objectlve of this thesis is Yo study the

;TRAPATﬁ triggering,mechanism of_the self-starting
“type. The study is first.orlented tOHards-the iden-

tificetion‘of the friggefing oscillation and measu-

rement of ite frequency. Then, the circuit and diode
parameters which affect the triggering mechanism of ’

‘ the TRAPATT oscillations are determined



T

1.4 Methods employed to detect the triggering mechanisms

piffépent methodé are employed to de%gct
Athe'friggbring oscillation, to determine its'ffequency
and the way in which it degenerates into the TRAPATT
ﬁode. The‘ﬁifﬁ?rentgméthodsfuséd'(Table'l.l) can be //
—_ " ﬁividéd into.two qoﬁplementary approaches: the fre-
_qﬁency'domain_apprs§ch and the time domaih/apprpach.
The descE;ptiﬁn of those:mefhbds énﬁ the'oﬁtained'

results are reported in chapters 3 and 4.,
‘ ‘ :

©

. . . Lr\ "/
TABLE 1.1 .

Approach used to identify the‘triggering oscillation .

TimeIDomain - - Frequency Domain
Observation of the Search of the transit ‘Elipination of
wvaveforms on a ' oscillation among the steady-state
sampling scope _ the steady-state \goqponents
) ‘ coponents i

Reduced pulse _Snapp's
width * method

Once .the triggering waveéform and frequency are =
{dentified, it is possible-to determine those dfréuiﬁ

.paiameter§ which affect the triggering mechanism. The

methods used to 1dentifj those paramqtérs and the results

"

h




obtained during the experiments are described
| ‘- -~

Chapter 4,. One possible procedure is to vary the

parameters which are suspected to have an influence

13

on the triggering mechanism, | Among them are the
uallty of the line. used in the- circuit and the

parasitic impeddnce of the diode package. Another
method is to evaluate an equivalent circuit of the

diode and to determlne what relat;onshlp it bears

with the ffiggering oscillatloni

—

10




- CHAPTER 2
._’1-.

- The TRAPATT circuit ; L

2.1 .Different functions of the TRAPATT circuit

The purﬁos;?of the TRAPATT osciliator is the».
transformation of DC energy into RF energy.; ThlS ne’
energy gan be supplied in a continuous oY pulsed manner
dependlng on the thermal: llmltations of the ledE.

-

To geneﬁste and sustain a large RF osc1lla~

tion, the TRAPATT circuit must fulfill two ﬁaiﬁ_functions.

: : . e X :
It must provide a fast rising pulse which will _trigger

the amalanche in the .diode and it must.allow the energy

am

of the"\fundamental osctillation to flow outside the re-

sonator structure. - . T .
2 . : |

The object of this section is. to explain the

different parfs of the TRAPATT circuit. The descfiptiow

starts with the RF sectioﬁ which is the heart of the

ciﬁcuit. Then follows a description of the biasing Tee

n o

. and of the power—suﬁp;y pulser whish feeds the circuit.

The block diagram of figure 2:1 shows the ovetall circuit
with the TRAPATT resonator. the probes, the load, the

T _
biasing Tee and the power supply.

)
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Figure 2.1: Block diagram of the TRAPATT cireuit

. *

-~

: %
vy
Pulse ' S
Powear :
' Bias TRAPATT o
Lo?d ' Tee ‘ oscillatqg .Prqbes
e . = . | 5

.
ﬁ . T

2.2 ‘Description of . the resonator T : L "

.\ﬁfﬁe rééonatop ﬁechanism of thé TRAéATT circuit ﬁ
.fs very siﬁple'(appehdix 2). Qﬁhen the junction'fieid
c;ilapsés. the diode terminals voltage dréps to almost
zefo. 'It results in a negative pulse‘which propagates
an‘the fransbigsioﬁ liﬁg togards.the,filfer.- The shorf
circuit ﬁroperty of the low pass filter at harmonics
‘ frequencies causes -the inversion and ;eflection Qf the '_ - ?
negatiéé pulsé'towéngs the diode. The rgflect;dhpqlse - .
has thgn'a ;agnitude.which 15 twice the ﬁrea%down Qa;ue.
At its iﬁcidgpc:::t the diédé. which has'rgcovégtd froq

the low voltage state, it triggers a.new:évafﬁnchg aha;'



o

i
-y

the cyple is bepeéteg. The eléétriéal léhgth of the

llne between the '‘diode and the filter determines the

g 0frequency of th? osc111ator by causzng;the wavelé;gth

delay of the trlgge 1ng pulse.-"J 'Gr ) “
The ?RA ATT osc1llator used in thls woﬁk

was of the type d scribed by Bvans.- The equlvaleht

c1rcu1t of the RF TRAPATT circult is "a half wavelength'

[+
line terminaked’by aTm sectlon low- pass ﬂllter (figure

2. 2) By its position .on the linq, the-}ow pags*fllterr

1nput 1mpgdance almost equals the circuit inbut:

e //
ﬁimpgd%nce._ . .
’ i‘ . ) R ‘ ; N r ’ o
3 . - . T : :
_FigurézZ.Z ?
- T
] .
o N \_\ — =
. : Ry ]
fL.Bza 1ng
- ’ -

I‘) A/2 8 — —a] | _:_ —e

‘ Equtvalant ctrcuzt af tbe reaonator preaented at the diode

a3
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. , s ‘ Tow]1y
y . S \ ' '
_ In the c1rcuf%‘(f1gure 2, 3) the didgde!is )
mounted at one end of ‘a 50 ohm line. At léss than
halfla wavelength from it, tuners constltute the low.
péss‘filter. They fire made of sectlons of 10w charac-

: ¢ [ / 2y - -
':terlstlc-impedance transm1331an line. Thelr number P
iLan ea51ly be reduced to two (or even one) 1f the } e

f
s

quired input/impedance of the c1rch1t is known., .

f ' ' ’ s - - 'q )

Figure 2.3':" RF TRAPATT oseillator ':j
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° ol 3 )
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< - | .
. =2A/2 . o

N , - . . S o
The capacitande C and the inductance L of the equivalent .cir-

3cu£y can be determinqd by using a'Smith”immittanbe Chart

; B 2
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. X T : e 4
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- ) ' e ) ~ .
.and the"equation. ' . . . L

in Farad

'_%»
’)\

“ IR SR ; __ “om in.Henry ‘

Hhere Zén is the_cﬁarac?@ristic impedanée of the sectioq\
of ;ransﬁi?sioq iing,.vp reﬁfeéeptslthg phasetﬁelocifg
and £ is the length of the section (27):

A étudy of'the sténding.wave‘pattern of the

flrst three’ harmOnlcs has shown that the fllter behaves

~

~like’ a SO ohm li .at the fundamental and like a short

.

circuit at higher, frequencies (figures 2.4). \\

. ' . |‘l.._.y R . ) - _\ _ .
The positions of different sets of tuners

-+

choseneto obtaln a maximum eff1c1ency at dlfferent v
frequencies; ar'e given in table 2.1. Also the charac-
teristdc impedance and the geometric d1menszons of

the dlfferent tuners used during this work are re por%ed
i

in table 2.2, ‘{



Table 2. %:

b1the.
mierostrip
cacillation

S

In the air-line

cgctllator

o . Coa
Poaitions of tuners to obtain maximum

.

efficie#cy at different frequencies

\ | Tuner .
Frequency | identifi- \\HEB?{;E;;\
in MAz cation ) em

i 5 A
—
330 BS 17.%5
Bl 23.7
6590 Bl 8.1
. _A2 10.6
830 Bl 6.4
e B7 8.5
1050~ Bl 5.1
B7°' 6.85
1500 B2 2.85
y BY 5.10°
© B6! 7.13
] E
1500 c 7.73
| N D 9.73
D 11.53




iy
17 .. f{
<R
".'f;:.:_:q
Table 2.2: Desgription of the different tuners e f
. -
Mierostrip Type .
Tuner ' . ‘ b"”Z: ' | Physical | Free
identifi- Width W Ao “| Tength Space
cation | em | Rk in ohm A of tuner | length
. - . am om
- Al 2.0 12.6 8.18 3.08 | 1. ' 3.08
Bl | 2.6 16.4 6.08 3.12 1.0 3,12
B2 1.4 8.8 11.1 f 3.03 1.0 | 3.03
B3 0.9 5.7 | 16.0 2.89 0.8 2.27
B3' . | .70.8 - 5.0 | 17.s . 2.82 0.9 2.54
BY’ 0.9 5.7 '16.0/)/x"2.83 0.8 | 2.27
BS | 2.55 16.1 | 6.61 | 3.10 1.0} w.ss
B6 '}  0.45 2.8 |L-25.4 .]. 2.76 0.7 | 1.93
B7 1.35 | q>5(/ 11.8 2.98 0.85 | 2.54
B7' 1.4 ~8.8 11.2 '3.03 - 0.95 2.88 .
;B8 0.9 _{ 5.7 | 1.0 2.83 0.8 2.27
Y | 9,6?/ . 3.8 | 21.9 " d.81 0.8 2.25

The relative dielectric constant = £.8° .
The thickness of the eubstrgte = 0.0625" (0.159 em)
The microstrip equation are given in appendix 3
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Air-line tuner <

Tuner Outaide Inside _ -

identi- | diapmeter | diameter Length | 2o

fiecation - om: , em em . ohm*
) # .
A 1.43 0.67 2.22 3.64 - S
B 1.43 0.67 1.83 3.64 ) b
c 1.43 0.67 1.35% . 3.6% : : )
D 1.43 0.67' L 1.03 a.eu | 7 ¢

Center conductor diameter = 0.25"

L

2.3 Voltage and current probes

o

In order to observe tﬁe.voltage and currént
waveform&,witﬁdut distﬁrbiﬁg the oscillations, two
probe;.wepe inéirteglaf the dicde in the oscillator.
L The voltage probe consisted of a 3kflpre-
cision resistér'(Pyréfilm corp. 62 -375) conngﬁting

the cathode of the diode to the 50 line leading to

I -
the instruments. The attenuation of the probe was

\

nearly constant with frequency (figure 2.5). Hence,.
‘the voltage waveform- tTansmitted by this probe was
} | . . .
a good repl&ca‘of the vdltage at the diode. . ) '

A one ohm disc'resistor (59 ) mounted between
\ _

' B - ) :
the diode and the ground plane constituted the current

. _ : \
probe. The disc resistor was connected to an 0.5.M.

: e _ Pz o
#This_ is the calculated characteristic impeédance. The measyhgd ’
. .value, using the T.D.R., is close to 8 ohms. - N

~ ., o



4 .
~

i
e

- L R ... Qlﬁ'
[T FA i T o Co
e uz : TiriisTd g by
: pazhdbhsddpany Ay F11 i T
u033380d : e i
. bt LY 43 T +
¢ ogong T peasy veii o) i dindeias
. : FREEY g + < -4 34 44
T ody 4...u+ e 154 ot
14 a ] il § - ‘ i 1T 1
= s Emm i pedsy eauss Rya ; S ErTR
nplerd s ot LTIt
] THIE L
{154 44+ 1] I B PRS0 A .
ritrd : + A
ny pi
M 3 : £ H-H : - 11
- + R 1 ; ! SHNHH z
; ¥
4
: 4 4 >
¥ LF i 3
a -+ »a a
agdaalidd ; :
4 1]
3 3 >
3 -+ 2 -y
i : 1t
: ¥
= 5 A
i L+
¥ 1 3
E y LI ' x
: . ¥ i T 3
> > ¥
. - s =
i ¥ i i A
=a . 8 1 " cra " g K
it u el . e *
H N -
) ¥ H 1 T T X H o Al
M i X | a - -
3 o ..#n. M
wa - b T -
:
- it .
T + H sy a 13
y 31 " ¢ 3 re b
it ¥ 3 it r 3 & f
r . gy -
: : »
: e
i n '
3 e = . « b d
angiiee 1 v :
e T
o el gt
- gy g
3 it = et
¥ H
e g - .~ o
| 7 m 4 ot : »
4
v int M
¥ .3 3 et
1 nr‘ H b
v =
) &
" 3 " e I 5 o
¥
> IRGHIIIHE
T bl -
o/re
- g -4 4 » > "u : 4 H N
47
TTH 54 I l vl s
rildn paen pegs 3. ¥ 2 44 R
T
3 I : . 4 -4 v & b e T re 4 Y, » ¥
’e § 2 uaid fu 1
4 z ¥ Mun 4 1 ..A.W.T. ] *w ..,—..VA_W jesi ] 43 444 & &
23 o ER e it g nhn : ; ey 345 K14 £
CETTITEaaN ST PO R S SE TSI T S S D AL IR - byl (e s SR INZIEINS §o.
tF .
23 o
. - .w.".l.. n.
PR . "
dpoiy sy} Pur Jaung ”m T apng 1 duy
. 1t .
. 3ad31f ayz usvazoq uaoszzpd ﬁ .

) aavro Buipupie JLpziolh e Tl .
P2 2unbry . . i _ /.



gt SN
N1

by oy

FEEERE R

heprdd

L+

b 1

e

e

1.
X

y gL s

aavn Buipuvie 28D3704
pez ownbry

m b iy,
EH G :
] ot H i ¥
* : HRY SHHE i
:: : i i ;
: : ‘ 3 :
ur + t i
HH 3 :
: 1
” pupy
-F T -m
H -
m.. 3 m u H i u
H e um :
{ : 2
L
L
: 3
pe
s.wm+ , X ra 4 34 .
stet . apoip 8Yy3 pup Jdauni £ ; EHECEE i
: 18a3f ay3 uaamzaq uagagaoed 33 it 5438 plagypesatl L Eiel

‘auny 37 day
aarzplay



zyn ui Houanbady . Y-e B

gt
07 R 1 i
. pmpes r g g SESTIRIPET Las Rt P T 1
i n I ,t.v\m_..._h i RS
1 ¥ 1T I i
T :
t ) 4 Iy bt b4 iy JF: l\mw
< A y-E 1
] b -k o 4+ -k
; - 4 x
! f i fi1tt bre -
w 3 1 i 11T y o
17 raal +HH
3
T
-
|
L I _ :
:
b -
aEm
: : ] AR
3 tiasy ; rup
f » 1 4
- § &1
+ 41+ : nu ; + a oy
- o - L ) & 43
rf*; 4 i T H-
4 i
x g 4
+ e £5 4+ ¥
+ 17 12
1 ams .
a0l La & =
iy : : i
1o n . 4 T IIELY
$ T r aEn
¥
£ ; £31 ]
: hehy
L e " -._“
» - pr
N -
ax 3 + :
-1 n1
- » 4]
: :
e
u -
.
T H 2
SEiZ3aizd x i
T :
4
AR
: - . v
k1 e s
) 4 &1 |
2 29 + Sl '
e b ,
i +H ; - THI
H + -4 » 4
A
Anpug i bl +
=1t i3 $14 -
RS pAY i e Fr 44T f i a $o [ 31
a5 e phaiRin aspkisasudyis rueds
3t H i . Aouanbauf
T fo uoirgzounf » 8p aqodd
" 4
= abpvzioa ay3z fo uoirzpvnuaijy




Figure 2.6 : Mounting of the one ohm dige resistor ’ -

> o> "
R

Saoxs

- 0OSM connector [

. hi

connector (figure 2.6) so that the oscillation was .
pértufbed‘as little as possible. The voltage appeariné

at the terminals of the\resisto; and the connector was .

thus proportional to the current flowing in the diocde.

%

L 3
—rn e
XWEAIZ™

.y ‘ 2.4 The ioa&
/s R :To ﬁérify the performance and the efficiency
of the TRAPATT oscillator, ‘the funéé. o '}1ation
had to be measured and d{sstated in load. The power
K D generaféd byzthe o;cillétor.was T3 filtered_thrgugh
a.low iasa.filter whicﬁ fejected all higher residual>

harmonics. A 20db directional coupler-allowed the

.: ! . LY - ’ 1 :
P ,qonitoring of the fundamental freguéncy with a spectfngz///
analyser or a érystal detector. Then, the output signal
t . ! Lot - , H . .

of théldirectionél coupler qas‘dissipate& in the therm-~

{stor of a powef meter.
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Figure 2.7: Bias Tee eireutt -
’ j
Na LT \\i !
R
. N
a
| " To the To the N
RF load @1 1—=) TRAPATT .

e IEEITSTI NN, LI ‘.‘”AT, ...... ; - osetllator

. : w
2.5 The bias tee

‘The bias tee consisted of a DC blocking

capacitor and of a RF choke inductor as shown in

(figure 2.7). The bloéklng capacitance was a 50 pf

ATC'capaCitor.l Its capacity was large enough

. ' _,not to attenuate the fundamental oscillation but small

-o.

enough to suffzciently isolate Lhe: pulsed power supply

e e o

from the RF loadi _ The 0.1 yﬁmgnductance isolated the
power supply.from the RF signal”without affecting
signlficantly the rise anad fall time of the biasing

pulsea. Bias currents of 1.25 to 1. 5 amperes with

- a voltage of 300 volts' were used to supply the os~-
clllator.i‘ IS ' o é&%
: . N _ .
. 2.6 The power supplf'pulser ﬂ R i

The DC energy required at the bias “nput of
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|
[

the oscillappr was supplied thpough a pulser designed'«’

by ‘W.J. Chudobiak and R. Burrill (14). This solid

.state pulsé bias source was capable of output voltage
up to 300 volts, and of peak oufpyt pulse currents in .

excess of 4 amperes. The pulse width was continuously
. . : | . o

variable in the range of 50 to 500 nanosecondes.

o=




A ]
9w

- " CHAPTER 3

o .
“The search for a triggering IMPATT osci&lakio - o

¥ nY

a .

3.1 The IMPATT frequency of the FD-300

. " 'As mentioned in the previous ch;pter, many
authors have reported that large IMPATT swxngs trigger
the avalghche shock front in self- starting osc1llators.
Chaffln and Nisse (7,8) have detected, in the spectr .,
qf an FD-300 diode opeFating in_a-TRAPATT circuit,‘;iu\\
harmonic componeﬁf arbund.s.s GHz which they have -
identifiéﬁ as an IMPATT oscillgtion. The natural
IMPATT freqﬁency‘(w tranait-angl 6f the FD-300 is \\

\

found, dccording to Read's theory, to be in the vicinity

. of
Y . . o .
. Vg 107 caysec )
£ " R = 5 GHz
IMPATT 2, 2 x 10-3cm -
where v

ns’ is the saturateéﬁyqlocity‘of the carriers

oo ~T . .
We is the depletion width in the diode

"In order to -evaluate the exact pdlé that. an

-IQEATT'oscillation plays in fhe-triggering of the TRAPATT
mﬁdét.several measurements were m%de”in the frequency and
time‘doéaiﬁ, i;ef.‘tﬁe'fréquency and tﬁe amplitude of the

IHPATT oscillation as well as: the intekval in ‘time during

whlch it is present in the’ output spectrum were’ determlned



_ separated froh‘the spectrnum and the noise of the steady-

- - " L. .t

-

3.2 TRAPATT oscillator spectrum analysis v

This method is the most simg&e approach to <«
finding the triggering oscillation in the spectrum of .

R -4

a pulsed TRAPATT diode.

Hhen the spectrum}of a pulsed eelf startlng
oscillator; (the dlode is a FD-300) was searched,konly @
harmooics of.the fundamental freguency could beudetegted‘
.on a spectrum analysér._ Two possibie'explanations coQ&d
be. given for, this result: either the triggering oscil-"
lations COlncided with one of the harmoﬁic of the
TRAPATT oscillatlon, or theyfiere hzdden in- the noise

: ) ) -

of . the’ oscillator.

s

3.3 Redoced pulse width ﬁethod

S%nce the triggering mechanism occgrs.before.
-the TRAPAIT-G%eady-staie‘oscillations, it is poésible
. . '
to eliminate the steady-state gnd-to limit the&oséil~

1ationo to:{he'triggeping'phase bgjteducing the biasing -

ER

pulse width. Under those conditions, the triggering
oscillation should’ be the only oglillation presént dn

the spectrum and should not be affected by the reduction

in pulse width. " The frequency could then be determlned

Jimply with a spectrum analyseﬁ. ‘ - /\ X
It was hoped that with this approach 5

the initial triggering oscillation could be
' o R

. ) . . Pl
state. The impedance of the TRAPATT circuit which was

Kl

<t



. P - .

P

”.tuneﬂ for a given frequency, was- flPSt ad3u§ted such,

. was establlshed in ‘order to obtain maximum output

that a conjugate complex match between load and dlode
4 ™ ) - "o

" S

power. The steaﬁyjstate oscillations we&e then sup-

G v Fegs 2
pressed by reduc;ng the b1a51ng pulse width untll the

. b

fundamental frequency had dlsappeared from the spectrum.

_of ‘the diode’voﬂiige. "Then the reméﬂning‘oscillation

i -

L)

was identified with'a spectrum analyser.

LT L B . T
» . The experiment has been carried out on .
- several diodes and at véral TRAPATT frequencies.

;The'detected spectral components'Zbrre&ponding-%o;

different TRAPATT tunings are pre ented‘in tablefdﬁlq

) , 1 . . - . A “ i . .
Their frequencies”depended more on the choice of the
L h

dlode than on the tuning of the TRAPATT circuit.

h
n
+

,Durlng the cxperiments, 1t was noted that the aﬂblltude

of”the lnitlal.osc1llétlon found in a given osc111etor

(]

reased as the TRAPATT frequency was raxsed However,

- “ . ]
the amplltude decreased rapldly as” the tunerawhlch

' f.lr/’ .
controlled the TRAPATT frequency wak close to the diode.

A 4

It ‘must be noted that in *educ1ng the pulse

,r

-

- et

- width, ‘the conditions for triggerlng were elxghtly

-

changed the voltage rlsg-tlme 1ncreasedudue to a

f ) .
. reduced power diesipatlon in the output transzstors v

of the pulse% ﬂ?Consequently, the current rise- time

. ’ -r

was not the same for short ‘and 1ong pﬁlses. (Cpmpare
the upper traceS‘mn figures 3 3a and 3 La). _"' 4
After measurxhg the frequency of the signal

R N

-



emltted by ‘the diode, blased w{th a short pulse, the

experlment was carried out further The blaelng pulse

., width was- increased in a stepwlse manner to ohserve
" I

.the behav1or of the measured frequency as the TRAPATT

mode was establlshed. Plgures 3.1 to 3 7 1llustrage

S _the components of the spectrum between 3 and 5 GHz
for-dlfferent pulse wldths ‘ ﬂ'-' | , 7:= : _;:"ﬂh.

) Pzgures 3.1 and 3. 2 show th; bles pulse - . ‘ A
waveforms at the diode. - The pulse duratlongls so Egorto

<

5 - that the mode ‘cannot be established 'Only the small

u N ,—/'
i
1n1tia1 oécillatlon 15 present in the output spectrum

o
. <
Table 3.1
el ‘TRAPATT _INITIAL OSCIL4
.Diode ~. |. "FREQUENCY | LATION FREQ. .
h N in MHz in GH;_
; CE e E v : :
A om0 330 | Cy.18,. T
o 4, .7 880 \\ . 5.46 .
- ' . ' 889 4.2 J
SR B ©o1es0 - w.2
- \ o
B . - 630 - ' 4,24
: | NN *
‘e - T B30, 3.8, 6.7 >
. <o : 690 | . 5.9 L
- S . ; . /o bj
- . 330 3.4 \ . a2
D - | 690 3.6
990 3.6
) ) . ' 5 -
. 330 G P I
S : 690 ' 4.6 s ¢
EY | e 5.0 L
| Y 3.0, 3.3 - ;Jf{
. . F G . 690 2.8 ; 7

Ihttzal oscillation frequency for- eeveral TRAPATT =~
fmquenmea and for several diodes = °° c



. Under the bia%ing conditions of figure 3.3, the aﬁpli;.

-

. ;ude.gf theJt;iggering‘oscillatiqn'is inérgasgd?and the
TRAPATT mode is inﬁtiqted._ In‘figure‘3:4, the‘initial
osciliationvis completly hidden in the fifth_harﬁonic
.(f~= 3.4 GHz). Figures‘a.s show the current and Qélfage

pulses of maximum length fogether with the'cbfgngcnding

o

. spectrum beétween 3 and 5 GHz. This part of the spectrum

seems to contain more components than the TRAPATT

-habméhics.' This is explained bf the fact: that the

+

circuit'glso proaﬁcesla‘fngguehcy half that of the
fundamental frequency. The bef;ected pulse does not
o tnigger thelgvalanche each timé_it is incident on the

‘diode.. The avqlanéhe front can sweep ;the junction

- only after the aYrival of the next reflection. This
. . 2 ' ":.! ) C,_:‘ .
- explains the presence of the 3060, 3740 and 4420 MHz

compcnehts; The oscillations at 3600 and 4800, MHz

are found to be spurious. Finally, figure 3.7 shows

the (sin x/x) ﬁpectﬁhm in the vicinity of the funda-
: - J . :

mental frequency. R

3.4 - Snapp's method

>
According to .C. Snapp (58), the triggering
. 2 . } o\. " . ‘
process lasts - for a very short .interval of time and
tﬁé corfesponding detected current envelope is a’

" ' Y

spike of current which oécufs jus#Tbéfore the drop.

in the biasing voltage due to the;énset‘of the TRAPATT
i Lt . - "‘L . .

29



i
detector, a high-pass filterhwith a cut-off freqqgney
abdee the,fundamental freq:eney, the‘triggerleg osciI;
lation envelope can be observed Then high-pass filters
wlth digher ‘and higher frequenc1es are usgd unt11 the
characteristic’ splke of the trlggerlng OSC1llat10n
dlsappears from the detected envelope The frequency i
range, in which the transit osc1lle}ifn oecurs;'is
then delimited. Finally, this range is swept with
af?udable bandpess.filter.to identify the exact fre-
quency of the initial oscillatiqn. L ’
An experiment similar to that descrihed'Pyr

Snapp was carried out. A\gﬁgnal propor%ional toffhe
' diode ‘current was obéilned by detecting the voltage
drop ecrese a one ohm‘disc,eeeiStor Eanected_;n seeiee
with the diode. A.pack diode (0.S.M. model 20710)
with a frequency ranke.from.2 to 8 GHe was used as a
.detector when the-back diode was termineted by a 200

I

ohm fed-threugh load. 1Its’ signal tq‘eoiee ratio was
of the order of?SSdb}‘s‘ )
The momenf at which the JRAPATT.escillation_
_ begae was determined by détectihg the;voltage across
the disc resistor through:a 2 Gﬁe'low;pass filter
(figure 3.8). For the delimitationfof the frequency
range of the 1nitial 03cillation- bandpass filters
coveriné 4y to 8 GHz end Bhto 12 GHz respectlvelycxere
employed inetead of high-pass filters. Thé detected
. envelope of-the-eignal passing througp:the L to 8 GHz

bandpass filter started before the onset of-the,TRAPkTT
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Figure 3,1a). Average biasing voltage and curnent wilvefonms, -
: b} connesponding spectrum : ' ’
. al - -

Upper trace: current=0.5 amp/div. Ceme:;gfzeq. - 4.{0 Gz ]
Lowen trace: voltage=100 volt/div. Midth - 200 MHz /div. .
Horizontal : time =100 nsec/div. ~ Linear acafe T :

Figure 3.2 a) : ' " Figure 3.2 b)

Upper trace: current «0.5 amp/div, | Centre freq. = 4.0 GHz
Lowen trace: voltage. =100 volt/div. width = 200 MHz /[div.
Horizonkal : time =100 nsec/div. Linean acale ]
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' Figund 3.3 a) Figure 3.3 b)

‘Average biasing. ua!;taqe and . Con}te,apondéng 3pecﬁwn
cuwnent wasg foams : _ : o .

4.0 GHz &

Upper trace: cunnent=0.5 amp/div. Centre ﬁneé. = 4,

. Lowen thace: voltage=100 volt/div. Wwidth = 200 MHz /div.
Horizontal acale =100 nsce/div. Linean scale :

- Fiqure 3'4 a) ' LS Figure 3.4 b}

Average buuuzg ucuage and : Connesponding spectrum

Upper trace: cWeM- 5 amp /div. - Centrne freq. = 4.0 GHz '
Lower thace: voltage=100 volt/div. Width . = 200 MHz /div.

Honizontal scale =100 nsec/div. - Linean scafe 7
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-osc1llations (figure 3. 9} while the envelope of mhe

8 to 12 GHz signal part began at t;e onset of the

TRAPATT node (figure 3.10).' Thus{ the initial

oscillation was between L aﬁafe GHz. . Finally; in

order to identify the ini;ial oscillation more
.preoiSely; this band was swept with a tnnable

bandpass filter. dFigure 3.ll-shows thdt the detected

current increased befure the drop in the input biasing
i ~ ' : . )

voltage occured. The corresponding frequency wae
4.2 GHz." lf was harmoﬁiéallY'related to the funda-
mental frequency. | '

| " since this method used the fact that the
trlggering process must precede the TRf&ATT oscillia-
"tions, %t was a repetition of thé reduced-pulse width’

method. Moreover, because the obtained results

agreed with those of the previous experiment, Snapp's

method was not carried out further.

Tne obtained results could not be conoldered

Is;to oe,very significant when compared-with those of
‘Snapp. He observed a clean envelope cnrrenf spike'of
" the friggening‘fransit oscillation. The onset of the

4 to 8 GHz detected envelope (figure 3.9) was considered

2

to represent the triggering oscillation,but the

detected initial. oscillation envelope at 4.2 GHz

-

(figure 3.11) coﬁtribdted only slightly to' the total
" detected current. Moreover, since no component above
8 CHz appeared before the onset of the mode, the

]
-



Figure 375 a) ' Fingé 3.5 b) | - .33

Average biasing voltage and Comupén&'ng spectrum
cwvent wavegormd -

"\'u,.wpen thace: curnents0.5 amp/div. " Centre freq. = 4.0 GHz - S o

Lowen trace:. voltage=100 volt/div. . Midth = 200 MHz /div.
| Mondzental scale =100 nsec/div. °  Linean 3cale L | '
| o o
; _ ) ("‘
Figure 3.4 a) Figure 3.6 b} -
Average biasing voltage and. Corneaponding spectnum - @ <

cwrent waveforms

g Uppek.bmcc: cwuvent -U.S-Mb/aﬁ._ -~ Centre {req. = 4.0 GHz
" Lower  thace: volfage =100 volt/div, lidth . = 700 MHz /div.
Hord{zontal scalfe =100 mec/ru.\_;. Linear scale

TRAPATT output, spectrum

Centre freq. = 680 MHz
idth = 3 MHz /div.
Linean acale
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Figpre 3.8 - - - o .

L The average biasing voltage - and detectcd diode cunnent
(2 GHz Low- paéb 64£ten) _

f tpper trace: detected cuwrent

Lower trace: aue&gQEﬂbiaAiﬁq
volitage

bower scale = 100 vobts /dio,

Honizontal scafe = 100 nsec /div.

Figure 3 9
The average biasing uoLtage and detected diode current
(4 8 GHz band- ass gilten)

-fUppén thace: defecred-diade '
currnent,

Lowen thace: average biasing
‘ volilage

k]

Lewen stafc » 100/div. j&'

Houzonmf scale = 100 nsec )d,w.

4
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Figure 3. 10 ‘ : : B

. The aucaage biasing voltage and dezecxed diode cuanent
| (8-12 GHz ba.nd—pa,ba filten)

l_Uppen thage: detected diode
~ > cwent thrbdugh a
. 8212 GHz band-pass

u

ﬁi.fiéfl
¥ s e PR Lowe)r trace: average b.LaA,an

: ‘ voltage

Loueﬂ. Acale = 1'00 u/dw

Houzorttaﬁ scale = 100 nsec /div.

Figure 3.11
The average lbmung

voltage and detected dicde curnent | 'i
(Tunable bard-pass §ilten at 4.2 GHz)

Upper trace: detected cuwrent .
envelope through the
tunable band-pass
{ilten at 4.2 GHz

Lowen- thace: average biasing
T voltage '

—

.Lowen vent. scafe = 100 v/div.
Honizontal scafe = 100 nsec/div.
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spectral components of-the-triggering oscillation ﬁad

to be below that frequency. | .4

‘3,5 The importance of the IMPATT oecillation

The search for-the triggering IMPATT oscil-
. , C ‘ ‘_‘," '
lation resulted.in the identification of a small

initial oscillation around 4. GHz. Ifl frequency was
determined by the diode geometry and not by the external
.reéonent circuit. Hdwever, the signel amplitude was

sq small (l db above the noise 1evel corresponding

to a current density in the diode of about 0 lA/cm N

3
that no significant ‘role could be attrlbuted to thee v

: _— , . :
oscillation in ‘the triggering of the avalanche shock’

front which requires 1700A/cm2 e . Lo
. st a " ' T. "
The purpose of this section is to evaluate

the importance of the initial osciilation in the

"~

-triggering process. This is achieved by attenuating
the & GHz initial osciilation in order to- diminishj"'

its effect on the TRAPATT oscillation. If that high-

1

frequency oscillation bears a direct relationship

1

with the TRAPATT mode, then the triggering of the
mode should become more and more difficult with

" increasing losses at 4-GHz. R oLt

This ‘was verifieé by comparing the triggering

behav1or in two differe%f oscillators. - One involved

a high quality air-line (GR)} in which the losses were
g
lou. The other eircuit comprised a microstrip 11ne



¥ . v
.in,lﬁifh the dispersive effectsi were quite significant
above, 2 GHz, particularlf'for thick (h>50 mils) -and

'“high-dielectric ‘constant (e, > 10) substrates (38). }

’ ~

The‘experiment was performed at 1.5 GHz : !
where théjdiode (fnﬁapo) efficiency was léw in the
TRAPATT.que and,wﬁgre Fhe proper adjustment of each
. parameter-bécaﬁe critical. The fésUlts afe reported
‘in table 3.2

I
3

!

Tab ie 3.2: The average power at the fundamental frequency
) - was measured with a power meter through a
‘band-pass filter tuned to 1.5 GHAz -

a7

Av. power |Efficiency o, pdaer in| Efficiency a -7n -
Diode in microa~ | : air-line ' '
Number - | trip /ym W“ '7“
mi N mi -] B %
71 0.96 1.76 1.25 . 2.2 2.0
67 . 0.94 1.72. | 1.24 - 2.27 2.4
66 | .0.31 | . 0.37 . :
s3 - o.80 } 1.1 |- 1.00 |  1.76 270

'hhere'47g is the efficiency in the aip-line - ¢
0 ¢ ! D . s

' A?m " is the efficiency in tﬁelmiéroétrip

~

3 ‘ ‘ ‘ “r 3| .
: The TQE%ATT mode uasﬁis?;iated equally well in |

bdth,ciréuits\ However, the'efficiépcy was lower in the

microstrip oscillator. This was expected and;can be ex-




i

‘ : ~
3.6 Conclusion

Y

plained in the following way. .The harmonics of the

TRAPATTIfréQUency-ih'the microstrip oscillator were

" attenuated and dispersed more than the fundamental.

This, in turn, caused a reduction in the amplitude,
of the refléc:ed pulse which triggered the avalanche
in the diode. 'Hénce, it resulted an.oscillation.

mode which was less efficient fhag;rﬁe’ésciilatfbn- .

'in the air-line. -Thus no'important'ro}efis attributed

-to the'ihjtiai oscillation at 4 GHz, eveh if it in-

N

- . . L .
duced part of the negative resistance necessary to

trigger the TRAPATT mode.

\;

! 'All the observations described in this

[is] H
chapter lead to the following conglusions: ., /
, .

— During the triggering period, a weak signal atf'
about 4 GHz is present in the‘outpﬁt spectrum of

the oscillator. |

— The frequency §f this component is ;ndependent

of the tuning of the resonant circuit, but it varies

slightly from diode to diode. 7

— The amplitude of this component is too sﬁall‘(lldb

above noise level) to. launch an avalanche front which

-is-charééteriqtic of the TRAPATT mpde.

~ Even if the resonant c;rch;f considerably attenuates

the 4.0 GHz oscillation, the TRAPATT mode is easily

t «

triggered. .

KE:
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4,1 Introduétion : : L

!

e . CHAPTER & d

Recording of‘transient'TRAPATT'waveforms

lation. The analysis of the -diode voltage and current

of studying the voltage and current wavé{\rms is to

P

v

In the search for an osc1llat10n at the

T S S

natural IHPATT frequency, a small oscillatlon at ‘ .- v

u 0 GHz was.detected before the establlshment of the
. Ve
TRAPATT mode. H;Lever, its amplitude was so small

that no significant role in the triggering of the
T
avalanéhe shock frqnt was’ attributed to this osc1l-

-

spectrums has.thus.failed to provide the necessary

informatioﬁ‘required.to understand,the'tfiggering Y s

mechanism of the TRA?ATT mode’,
_ . . /"
A more direct approaJ%..the recording of

the. diode #aveforms, was'requiﬁed-to visualize the

triggering of the TRAPATT oscillation * The objectivel

Lobtain cgmplementary information which could Jnot be ©
obtained in th; frequency domain. In recording*the ’
diode oscillations, the fn‘guchy can be evaluated ‘ )
“and it becomes possib;ﬁ-to situate it in the time_
_domain: how the first oscillation st;rts,'hoﬁ it
gnéus'and_hqwtit degenerateé into TRAPATT‘oscillgtionﬁ

f q \-
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. 4,2 . Recording of thegwaveforms A -

- . N ' 4
h\ ”

antarl
. - ‘a . : N ' '
under the following conditions'

~

‘a) " the TRAPATT circuit was tuned for maximui,

output power at the chosen frequency

-

-~ b)_the spectrum had (51n x/x) shape

2

stable drop in the b1a51ng everage voltage was also-
o

e

. To perform the experlment a"samﬁlfng scope

wlth a bandwidth (12 GHz) broad ‘enqugh to 1nc1ude the

:most 1mportant harmonlcs Qf the TRAPATT osc1llatlcn,

.‘uas employed. Because the osc;lloscope had to start

L]

‘ sweeping before the beginnlng‘of the TRAPATT osclila-

s

tlon,.an advanced trtﬁgfrlng.31gnal WAS neededn\ In

order . to’ obtaln a j;rﬁer free display, the oscilloschpe

N had to Be trlggered on the RF slgnal 1tself since the

'start of the RF waveform has a variable delay after‘

the applieh-blas pulse. ‘rurthermore,_51nce the onset
of’ theﬂgscillation itselfjras to be disrlayed,‘tpe-
.ergnal reachiﬁgethe,yertical iaruf;had to be delayedg
vbypﬁﬂ‘napo%econds after the'triggeriné sigﬁal

\ The signal from the di de "'was divided, ]one
part being directly,fed lntb the riggerlng g.nput.,r

the other part reaching ‘the samp11 4 head’after having

T T
The measurements and recongirgs were performed.

R

40
,

travelled through a 100 foot RO 9/v_cable (see flpure u,L).

The dieadvantage of this method was‘ he 1ncrease/1n

S
‘attenuation with frequency, leading

-~

~

o a distortioh of

the .recorded waveform, QFigure ué? shows the attenda-y

‘tion of the liné as a function o?ffreg ency).' gowever“
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Figure 4.1 - | L g a
. . ° , . ) "3'. Q' - b
. . ‘ v ~ . Attenuato
Ogos llator . 5Dtv1de? . By -
E © - . L " i Z . o ‘ «
. , : . "
= ’ i
X
- K
DeZay Zzne o Sampling .- i Trigger .in
(RG ) 1 Fead L
L ' ‘ . , -SAMPLING
= 160 j:eet , . * .| - scope.

Figure 4.1: Set- up useg@ to produce the Jttter free

Py

waveformsg - : ' el

4

el
o
A\

it -was the only mean to: achieve satisfactory resolution.

An attempt to trigger‘the.oscilloscope with an advanced

trlggerlng signal from the b1asxng pulser (see flgure 4.3)
resulted in a jumbled dlsplay _ ) ; -

l:u“ﬁ Once all the conditions which assure a good .
A .

perfcrmance .of the TRAPATT osc111ator and a jltt%r free .
¢ et

display of the divde waveforms on the e'cope were met, the'

experiment was_ performed. The wayefdrms were recprded for P

|
N . A

different diodes and atldifferent frequencies. fﬁﬂgures

“ 4 to 4.9 show the recorded waveforms. . \
]

.

Thg recorded waveforms of figures 4.4~ u 9\(ma1nly

'{‘r AT =

fisure 4.4 show the different phases before the

L] <
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Pigure 4.3
_ , - : g
Chudobiak¥* - . ‘ - Pulse
PULSER - o . Generator
. : K Delayed-
H V. Trigger Pulse Trtgger
Output in Oyt L Oyt
et
Biaging g B o F - Tpigger
input . K : input
SAMPLING . A
TRAPATT . | HEAD | samprmwe
PULSED . - | . SCOPE

mode.. At 330 and 400 MHz, the'small oscillation is at

" twice the fundamental frequency. ‘Above 400 MHz, it
. b} . '

]

Pigure 4.3: . Set-up produczng undistorded but Jumbled
& waveforms..

’/. / : . . i -

establishment of the steady ~state of the TRAPATT mode.

’ i

Flrst, the noise level increases as the dlode reaches .
the breakdown p01nt. Then after the'value’has been
reached a small oscillation, harmonically relaeed to

PN
-

the fundameptal frequency appears ard‘grows exponeni,'

.tially until iF is large enough to initiate the TRAPATT

+

oscillates at the.fundamental frequency- and degenerates

~

very rapidly into the TRAPATT mode. The last phase L \

before the establishment of the TRAPATT mode in the

rs
e

*I-Thiaipuleer vase deaigned by W.J.. Chudobiak
e N T I -

s



-~

Vertical scale

" TRAPATT Frequency

© . Ventical scale

 Figuwe 4.4

Voltage as a 5u{icjt,r;on of time (Freq =-330 MHz)

TRAPATT Frequenciy

330 MHz L
Honizontal scale '

10 nsee /div.
100 volts. /div.

~

ot

Figure 4.5 o L
Voltage as a functicn of time (Freq. - 400 MHz)

400 MHz. - P
10 vsee [div. :
100 voft Jdiv.

Horizontal scale

RN

iy
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. Figure 4.6 a) :
Voltage as a ﬂunc,aon of time: {Fneq - 550 Miz)

Honizontal : ‘time =10 nsec [div.
Vertical = : ~voltage = 100 v/div..
= 58 db of att.
Figuiertebt] |
meent as a 5un¢t£on_o[§ time [Frea = 550 MHz) o )

Honizontal _5ca£e.- 10 nsec /div.
Vertical scale = 1 amp /div.

Y
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Figure 4.8 a) -

T ikt anl
-V Dl -
- e "

— i L .
gt st ci

x S’MQQ/HJLU.

(Freq. 810 MHz)
voltage = the above scafe

&

Voltage wavefomm

o)

Hornizontal : Lime
- Veatical - :

-——

z)

ro-
»

;

Figure 4.8 bl

eq 810 MH

Current waveform

e 5 nsec /div.

Honizontdl time

Ventical cuntent = 0.5 amp /div..
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F,{_Qu_ﬁ_c 4.9 al
‘Uoztage_waueﬁonmé.wheh.tﬁe ﬁncquency.= 980 MHz

a

Eigune

4.9 b} -
Voltage waveforms when the frequency = 980 MHz

. Honizontal scale = 5 nsec /div.

Ampl = VquQEf

P
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‘steady-state is the tranéitidn from the gméli fRAPATT
mode info a hi&h'efficienty mode which ca;ses;thé
‘average voltage to decrease. o

From the above resurfs,'it can be drawn that .
the flrst dlstlnguishable oscillatlon to appear in the
l TRAPATT waveforms is related to- the fundamental fre-
quency.  Houevgr, the fundamental TRAPATT frequency
appears before the mode i%s gompl;tely.esfablishgd.

h'r . -

4.3 The optimum frequencv ‘ ' ) . . \

The ana1y51s of the TRAPATT. process by
Clorfeinésas applied to thé FD-300. by Chaffin shows

that its optimum TRAPATT.frequeﬁcy lies between 625 °

v
¥ -

and 700 MHz.

'p Clorfelne equatzon related the frequency and

©

a

the depletion width. -

. f = 0.Q7 Vns
- n“ . b

4

where WL depletlon width - .
Vns - saturated electg;n drlft veloc1ty

S § - TRAPATT frequency DR : v .- | Ny

/) Inserting the .FD-300 paramete?s'(Appendi 2) . gn.
in the equation, the results is: .

" f = 0.07 x 107 cm/sec = 700MHz

A . ‘ . 10'3cin ' B



S

..,.,,‘ . R L
'

Also, in combinlng two equatlbns.derived by

Clorfeine, Chhffin has obtaiwed a ‘relation betwéen

the frequgngyhand the doping profile f
s ' < .
+f = 0.78 % 1076 ny . -
~.yhere ng = n;fegioh doping density (em~3) .
._____\ ’
Substituting the value of ng, the frequency ) .,

- becomes: , .

o .f = (0.78 x 107%) (8 x 101%) = 625 MHz

L)

The period of this frequency corresponds to one cycle

of plasm; tﬁigéering and extraction at twice the eritical
*“‘*fxsdrrent'density, assuming a rectangulér current waveform.
"Thus, bgeékdoﬁn §ould occur naturally at this rate provided
lth;t.suffiéiegt'current is*delivered promptly by the

'résonant.circuit. ‘The above conditions are closely met

in our clrcuit.

-

‘ﬂ._'

“4.4% Conclusion
~ “i - +
Inspection of figures 4.4 - 4.9 reveals
that in all cases the'oscillation starts at a harmonic _ C s

o which is closest to this natural frequency When the
Y

circuit is tuned to 330 MHz (flgure b.y) the growing

- B
waveform at the second harmonic is.v1rtually,51nusoldal. ) .

L4
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Late in the process, higher harmonics grow and shape
. » ‘ a ) » 1 " -
the signal in the typical TRAPATT fashion. In the ~ -
qin%pit tuned for 550 MHz (figure 4.6), the first ' B

MQ?VQiage swings occur at the fundamenfal ffequency
which is.close to'the-opfimum range. The‘cufren£
‘waveform reveals thaf;the second_ha;monic soon triégefs
a;premafurg breakdown‘of‘limitéd significance until
waveshaping enhancés the first harmonic agaiﬁ. At
‘660 MHz (figure 4.7), the rather clean trlggerlng
waveform at the fundamental frequency underllnes the
-51gnzflcance of this frequency as a matural parameterh
6f the device. At 810 MHz (figure 4. 8), seizable
oscillations occur at the fpndamen;al frequency only.

The secondary breakdown is even more limited than

at 330 MHz and 550 MHz. This is probably due to

the series package inductance Lg, which acts as
_-_-\_—‘. o . .

" a low pass £ilter.

3
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" . CHAPTER 5

. ‘ ¢

" The rolexof'the—paras tic components of the‘dlode

‘tance must be within 20% of a suitable value which;’

-t

e

5.1 _Introducé;gn ¢

1

. i )
for the TRAPATT mode, Evans has included, the diode lead

inductance (27). He attributed to this inductance a’
helpful role in the'shapipg of the TRAPATT voltage:

waveform. He did not consider its size as critical.
: i

~ . .

5.2 'The series inductance
Carroll has developed a theory of operation

3

of avalanche diodes in the circuit first analysed by /
Evans (5,6). 'Using “this theory, Carroll suggested that

the 'package parasitic inductance plays an important

role in giving clean triggering-waveforms.. He also. /
. N /

+~ . . /

found that for a good operation the size of the indu¢-
o s

depeﬁdé on the.totalfcapacity at the‘diodé and on ‘the
delay of. the avalanche in the diode. f

The ﬁead 1qbuctance of the'diode actsfas a

i
/

low pass filter which assignes the respectlve contrl-

bution of each TRAPATT harmonlcs to‘fhe OVeral wave-

form. If the inductagce is too big, the hlghest har-

s

monics are attenuated caysing a decrease ln the

/
trlggering pulse amplitude and an enhaanment of the

' -

¢

[}
.

In the descr;ption“of a gengralyﬁ&rcuit model




lowest harmonics (fig. S.i). On the other hand, if 0

the inductance is too small, theﬁesence of large

high frequency harmonics produces rlnglng in the

e

;. .
voltage (fig. 5.1). In both caaes, the,final result

is the same, the effib}eﬁcy of the mode is coﬁsider-" :
ably decreased. IéLis therefore believed that 4
small ameuut of inductance is beneficial to the

- TRAPATT oscillation.

This theory was verified simultanecusly in

two circuits, in Evans' ClPCUlt and An Chugoblak'

microstrip circuit. The experlment was performed as

a

" described below.
The diodes were eheseh among a hundred Lo

because of their.elegtrical similitudes. Among 'the

. . hY
compared characteristics are the breakdown voltage,

the punch. through capacitance to .breakdown capacitance

-

ratio and the maximum power at the test frequencyu
~

The packaged diode was mounted in both . - ; -

circuits: All the experiments were carried out at

700 Miz. The circuit was tuned for makimum power and |
the current uas maintained at 1.5 amperes in &11 cases.

The output power was measured through a bandpass filter. .

The bandwidth .of the filter was S0 MHz (figure 5.2) 'so .

that if the ‘circuit was properly tuned, all the power

-ofrthe fundamental oscillation fell inside the paégbaﬁﬁ.

’ o

Except for the first set of results, the ON voltage,
: /-

"
"and its duration were noted in order to evaluate the . .

- ) A\
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: Fiaure 5.1 . \

R '  Uo£rage
Y

-0
Contre dneq = 1.5 GHz |
width - - = 100 Mz /div.

Insention Loss 1 db
Tinable bandpass {ilter used te measure the ’ | ‘ i
output powen cf the oscillator. - v _ . ot
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e . 0

peak pulse'pdwer.j:22the-efficiency of the diode.

. Pav T
i T in watts -
) on
: | } c ) b
Whepe _Ppi' is the peak power . S
Pay  is the average power .‘.$
T is the péniod of the pulse (1/PRF3}s

tonl is the RF envelope width or the time
' that the circuit is in the TRAPATT mdde.
. ' ' . d . )

¢
The same ‘experiment was repeéted-for the

4

unpackaged diode with the 1east|p0551ble lnductance
‘ [
and, after, wlth some 1nductan e as shown in figures

.5.3. The figures 501 show the.averagevyoliﬂge and cur-

‘rent of“the*packaged and unpac aged'dibdeﬁmounted

1
-

successively on a microstrip and in an air-line circuit.

- . . o

The tables 5.1,33:2-and 5.3 ar% the reShlts_oﬁfained

spaces were left blank. -

o »

in the ‘xperimgnt described above.

In the,tables, many

R ]

/€:he reqsona‘ére that the smalI dimensions ofgthe
cult to mount the diode,

unpackagedfdiode made it diff

to make good contact and to a 01d arc1ng Lo,

a

The experimentawas carb1ed further in the

' 1
& N 4 *

microstrip circuit'because it is edsier to work with

. ) ‘ _ B ‘
thls cfrcuit. " The length of the inductor was varied

. | |
to see its effect on the performance of the osc1llator.
3! ) -~ ) N\

The reqults are.tabulated 1n-table 5.4. In comparlsoﬁ\q\

f

w

“;LH




”mmmzsm 5.3 b}

. 14

2

J -
\\\\

Lr _ VHF////V ?

E)

=

ha = : -
: '

Moveable short-circuit termination
Gamxmm‘wm%mNNmzalnevvmﬁ
Usomm and diode chip

-G.R. inside ooazmawoﬁ fitled Eﬁwr tin golder

By : . ’ . -

To avoid erown effect and arcing a thin wwws o% mamﬂnoz noaﬁozxm vas mwamnm,
" on the wmawwwﬁxa ecopper

~ :
>
. .=

AITR-LINE CIRCUIT TO HOLD THE UNPACKAGED DIODE

[

G.R. air-line with the outside connector 1mincmm at the end



o

Figure §.3 a) MICROSTRIE CIRCUIT TOLHOLD THE UNPACKAGED DJIODE

m@ﬂ\ view o , ‘. : m.ﬂozf..cmms,
A “ \ g 4
: S ey - . ,
! L
_ A
' _ \. A
: 0-80 sharp-
d ~
. S04 P! | lw\m:m& acrew front end
\ 2 : copper plate
0.0625" . . ! —1H -
- o
I A T e
© ©
, . . - 7. Aluminum block
5 e « ©
. diode chip .
- ‘r ’ . - -
&mwmnwﬁnﬂ ST
ﬂmﬂ. = 9.8 ) -
R IO iy

. growund plane AN GA} i :
0.0€25" - ) , s
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Figure 5.4

b) | i

>

. The avenrage voltage and cuwrrent when the indictdnee is .ua)u'ed.
Frequency 44 kept at 700 MHz '

& Voltage - 100 Lolits /div.

& Current -.7.0.5 amp. [div.
Honizontal scale= 100 nbec/diu.

Packaged Diode mounted in an
airn-Line ' '

Aﬁlean ‘power » 5.2 my
Efdicdency = 15 ¢

Packaged diode mounted.on a
michcstaiy :

N
Voftage (top) = 100-velts [div.
Curnent (Rot.}e 0.6 amp. /div.
Horizental scafe=1 wec/div./

Moan Powenr = 4.6 me
Efficlency = 12 %

e

The TRAPATT B stants cankien in the air-Line than in the miCR0s LD

because the formen ohey has a higher 0 an
osciblations. .

=
-

d this hefps the growing of Zhe




¢)

Unpackaged mounted on a microstnip with a smalf inductarce

. ...‘,,.......i.. - , - ,1“..,1__‘_ :

~ -

Voltage (rop) 100 volts /d&u
Wcunnont (bottom)=0. §amp /div.
Honizontal scale=100 nsec/div,

-----

- : . ’ '
. Medn power = 2.7 my
7 Efdiciency = 11 %
N |
s ~_ /7 1

d) - - . I . . -‘-\/V -

Job‘aqe {rcp) 100 votts /div.
Curnent {bottom)- 0.5 amp /div.
Honizontal scdle= 100 nsec/div.

...............

Mean poweh
Edficiency

O
. s
.-hm

‘ This ef4iclency 48 mean{ngﬁub‘_,

This circuit was Ue)u_[ harnd to e.mmt and the owtpuf impedaiice of the
pufsen had to vary 4n ender to make the diode osciflates.

1t is obvjpd grom those pictunes that without o woth' a amall utduc,tance
the diode &J%&cumu to stant. i
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with the package diode output power, the results are.

similar when the length of the inductor is_6.9_cmw. NP

'T? further demonstrate the.beneficial effect‘

" of the diode series inductance, a last experiment was

performed. W.J. 'Chudobiak had noted in his previous e
' - 1 y €3

'expefiments that when the unpackaged diode was in-

serted between the top conductor and the ground plane
of a microsfpip circﬁit;'it did not-osciilaie. The
experiment was cérfied out again andﬂthe‘TRAPATTi‘
diode did not osci}laté. However, when an inductor

was installed as shown in figure 5.5, the diode

osciilap&d very well.

»

Ground plane '

Diode chip

‘9 ) Lo | : : :\_f?\‘; ,

»

' installed when the dtode is_héld'in
the microstrip. o :

One way in which the inductor can. be (_

- P »
L]

: " When 'the series inductance is reduced to its
AT : - p . .
VN » - . o
min¥fmum, the mean power goes down\fbn51derablyf This .
’ - . . : : . - {: .
) ) ’ . ".i'y
.. _



decrease is mostly dme because the TRAPATT 07'

u

,mode 'is ot turned on at each pﬁlse. The figures.

5.4 compare the biasihg voltage and .current f the Cor

.

same dlode in cases where tH% inductance is redu¢ed

A

and where the inductive package is present,

.
4
] . -

5.3 Measuraement of the diode impedance e

- -» .
. In the above section, it was demonstrated

that the presance of an 1nductance in’ series wlth th&

dlode was benef1c1al if th necessary to the TRAPATT
. 'v'
oscillations._ Measurements;were performed to evaluate,
v .

" this inductance. ;The diode capac1tance has also been

' measured during the experiment. ‘

-

The equivalent circuit of the encapsulated

dlode, biased above breakdown, can be reduced toe the

‘circuit ‘shown in flgure (5.6) -if the resistancesare
. o .
neglected. . \ ‘
. e L . , * ' l - .

— 00—

"_'.'."..:.." C 0

—

B
: .Figure (5.6} simplified’ equzvalent ctrcuzt
> o of the diode \) S

To meaéﬁre the two components of the sim-
* - ‘7

Pllfled equivalent circuit, the following procedures

were followed. First, the diode was forward blased
h . . . ’



-

in order to eliminate the junction capacit&nce

.
-

.Then,'the‘inductance‘L was measured y Afte;//’ne \\x -ﬁﬁ
ers ;

.

capac1tance was evaluated whllﬁ,the daqﬂe was Tev

The experlmen

o

has been repeated at many frequencxes to detect any

- .
+

: /.
. biased at a voltage aboye breakdown. f

[

dependence of the parameters on frequency." o ]

3
'
1

The i@guctance and the capacitance where!

found to be % nH and 0.5 pF. ‘Egsh/éoq?onents show

e .
very lltele ;es;ndence on frequency. Those results
are in agreement with those ob#®ained by W. Chudobiak

!

(13) and R. Chaffin (7). I » )

£ The resonant frequency of the junction

capacitance in series with the lead inductance is

\ . : - '

£ 1 ' 1 . B o
o= = w— =3.9 MHz
awvie 6‘~28\ﬁ4x10-9x5x_10 13 L

Interesting enough, this is the frequency identified

v

in chapter 2, It can, thus be concluded that the small

oscillation was caused by this resonant circuit.

-
L]

‘ : : . ]
S.4 Conclusion - . ' ‘ -

*.

The results of the exnerimenfs described in -

the chapter denonstrated that thpﬂeff1c1ency of the

¢

TRAPATT osc1llation decreases when the lead 1nductance -

is eliminared._ They also showed that the TRAPATT,mode
is not. triggered at each blasxng pulse in the absence
of the inductance. 1t can thus‘?e concluded that a
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g

. .  ' “ . ‘1 \‘ .
certain amount of inductance _,(14‘ nH) in series with
L] »> “ g -
the diode is of double significance: iy shapes the
) i :
{TRAPATT waveform ‘and-e-nhar.xces‘ the triggering process.
. H . 7 N
,Table 5.1 (Evan's eireutt)
Diode Packaged Pp 0.15 in inductar °| No inductance
. . Number . ) ) T : ' -
o in Natts Pp tn Watts Pp in Watte %
100 6 T 0
108 < 12 15°
127 .29 13 8
. 129 30 . 20 1 ' 13 i
: . . . - |
133 30, L1017 10 T
135 - 28 . ’ 12 .
146 32 ' 17 . 12
150 ..9 3 27" '. ' . : £
Table 5.2 (Chudobiak's cibouit)
Diode - | Packaged Pp [®A15 in inductor No inductance
- Nwmber in Watts Pp in Watts Pp in Watts
: _ - . . ‘ « 2 7
101 .30 ~22 *
| 127 26 S *
|9 29 19 15
133 | 27 | -2 S
. ' . L
135 27 |
146 ' 31 . 20 a w,
. 150, ! 29 22 L
* Too much unstable to be measured ' Lo

. The eiperiment was carried further on microstrip. The .Zength of the
* inductor was varied to see its effect. The results are tabulated
in table 5.4. . = o '
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- Table 5.3 ’
: E : @
! .
. Average' pover in the Av. pawer in-
o rrﬁlcmatm’f line (ms)’  airdtine (o)
Taber - | 7T R
Packaged Unpackaged 1bhpackaged Unpackaged |Unpackaged
‘ Diode 1iw0 |li=.35em | lis0 (1= .35em
|
L . NEY
48 : 17
. 1.3 1.6
80 1.3 2.0

. 102 4.3 . 3.3 1.0
103 4.1, ~ ' 0.7 1.3
110 4.3 N 3.6 -

BESE u.20 1.7 1 3. 0.6 0.8
112 o u.3 2.6 3.2 1.3 \1.0
114 4.2 3.9
116 4.6 0.3 3,0 1.1 1.1,
119 3.9 1.5 2.5 .0

L

?

The above table gives the average power

filter, but in-

:used were not

through a bandpass

the caae of the Evan's circuit the tuners

giving the maximum power at that frequency.
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; frequency. Above 500 Hﬂz,,the.oscillatigr would aluays

«FD-300 TRAPATT diode.

‘tion capacitance.and parasitic seriys inductance. This
- r

v

it

65

" coMcpuston N R

/Ebe experlments and the analysis described in
a

the present study give a clear picture of the phy51c31

mechanisms 1nvolved in the triggering process of the
" - ¢

[ . - e

[

- -

: The'triggefing behavior has been iﬁVestigatéd
in the freqdepcy»apd time domain. The a;élysis in the
frequency domain revealed that the IMPATT oscillation
plays no 1mportant role in the triggering of the TD- 300

-

oscillator. A:smalllspectfaf cgmponent in the v1c1n1ty

of 4 CHz which has been oBserved at the onset of the

&

osc;llation was attributed to the?resonance of the junc~

- . I
is rather surprising since ‘many authors have considered

the presence of IMPATT oscillation to be a necessary

° i,

condition for the triggering of1thé TBAPA?T-mode{

" The measurements in the time domain showed
clearly phat.for'auy tuqing in Fhe TﬁA?ATi range of the\
PD-SOOJdiode,'fhe circuit always 5tart§ to oscillate at
the particular harmonic which 1s.c1;sest to 650 MHzZ.
Thus, an oscillator tuned to 350 MHz could start to

oscillatelat 700 MHz before swltchlng to the fundamental '

9 . ) _ .
start at the fundamental frequency. -
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-

There are -two reasons for this: |
v

- thg\fr quency of 660 MHz is the natural TRAPATT . -_° B

B
- ".

frequeﬂcy/for the d;ode, i.e: the period of trat
.frequency covreﬁponds to one cycle of plasma- tr;g-w

'gering and extractlon at“twice the crltlcal current

]

‘den31ty [ oo o . o

. . : >, -
%ﬁeiferies inductance of the package acts as a

. - . . - . f )
low pass filter which prevents ‘higher harmonics .

to trlgger premature agalanche durlng the recoveqy

L
. phase:of the dlode. _ -

., - o

4

Furthermore, it has been observed durlng

all the experlments thqt ‘the tunlng fdr maxlmum

. output power and eff1c1ency prov;ded the cleanest

- N
possible trlggerlng waveforms . This'phenomena un- .

derlines the impoftante of the-triggering process o 4
F a - ) A . - e '

in a pulsed TRAPATT oscillator. Thus, in the design

of an oscillator with a FD-300 diode, the following
“two conditibns hust be‘fulfilled- : : e

‘ " -
— the resonant TRAPATT circuit mist support oscilla--

tion in the v1c1n1ty of the natural frequency of the 1.

diode " _ B
. ) * )
- the'inductanée must be provxded in serles with the

R
i ‘ :

diode to ﬁorm a louvpass fmlter with cut -of £ frequehcy

&
slightly above the natural frequencyﬁof 660 MHz.

o
\_,.;F\- ‘ .
’



APPENDIX 1

The FD-300 TRAPATT diode

Al& experiments repdrted_in.thiS'paper~were

-

carrled out usxng a low cost -commercxally avallable

- -
N .

This p+-n-n+‘struc¢ure (silicon)

¢

_"computer dlode (FD 300}

is capable of oscillating 1n the pulsed TRAPATT mode

at a’ frequencles ranging from about 250 MHz to 1.5 GHz,‘?

. [l

figure I.lashows the doping proflleeqf.the diode.

» digtance

Figure I.1: Doping denszty proftle for TRAPATT
‘ 3 osczZZator diode

i’ -

. © To obtain TRAPATT oscillationms, the lightly . -
. S S
doped epltaxial reglon must be fully depleted at a A

w

voltage less than the breakdoun voltagex The ef‘1c1ency
of the mode is increased when the layer is swepy out«‘

dt about one-half the breakdown woitqge‘or-less‘

(pueeh througﬁ vqltagenf 0.5 breakdown voltage) (15).
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: |
o _?able'1.1‘$ummarizes the'eSSential parameters of a- \“tztbi_,
. ﬂ , - . . X . o ' -
typical FD-300.diode. . l
o0 ' .
gt : . . .
able 1.1 Pardmejers of a typical FD-300 .TRAPATT S
.  dicde (Wfter Chudobiak.(13) and Chaffin (7)) v
Depletlon width (at breakdown) (wc) . 10 um
e Doplng concentratxoniln the h reglon (Ng) 1015/em? *
Junctlon dlameter (Dj) ' 210 um -
Static breakdown'vpltage (Vg) . ‘ o ;o 2300V
Punch-~through voltage (Vp) " _ — 80 V
Saturation cgrpent'xé (25°'C,°10V reverse bias) 50x10"124.
Thermal résiétance (Rjé) e . o ) ' 10@5 /Watt
Package series 1nductance (Ls). : '\~,f=/);“'” nH
_ Junctlon capac1tance C] (below breakdown) ' // — 0.u4pP
. - . -'..I . - _ N SR r}f'- ’
’ . _ Peak'péyér levels approach 100 Watts in.the
. . ~' N ‘*‘- y - : . - V ‘ o ’ ' ‘ -
'" efféctive frequency range. _ ' , R -
) ¥ SR .
; "o . * . T
\ - -~ : .
- . = - ‘Y . ’ "
‘ L ‘ . C e s \
- ] - ., R 4: '. .
’ —— . , . Lo : k - e . L
’ ! . v ks . . .
L : E LT T T B
. - . \ ' v
’ . ,r . : .\ ou : ) i' ’
¥ . .-t" . - : .
’ v . < .J K - - s ?
- . s ) -
- I : > - ' -
v . ° e
" i -/
. Nl
- .. ‘4 ) .7 '
%: n ‘ - 4 :



APPENDIX II

Basic principles of TRAPATT operation.

13

down, the electrlc fleld has the proflle oﬁuflgure (II 1}.

When. the T?APATT dlode is blased near break-

If the b1a31ng voltage is suddenly 1ncreased the fleld
will momentarlly exceed the breakdown value because
avalanchlng does JOt occur instantaneously. The ref
1sult1ng overvoltage rises thelfleld above the cbltlcal

. -value go fast that the avalanche front (point Pa) moves

in the d;ode ‘with a veloc1 Vi exceedlng ‘the scatterlng

aFigure II.1: Field dzstrtbutton in the diode as a
. ) fuhctton of .the distance tn the Junction

-

 E1ectru:f1eui E _ : : ST ' '
ﬂ\ - : : 4 _ _
~ ;1 Ihcggase in ‘biasing voltage : Lot

el
" "B |
o L i Ky//n
! ' P
. » digtance
P, ' represents the avalanche fronf
-— f%eld as it should bé Lf no avalanche occurs

—_ f%eld when “the voltag i8 below the breakdawn value

e
.
|

1
of Fenv o

WA




~——

s limited drift velocity of the carriers. Also, a ,1H

any avalanche Process, a multiplication of carriers

[y
.

occurs wherever the field excdeeds the éritiéal value.
. ' { e

-~

- _ . - , i

This causes the field behird . the avalanchegfﬁont
‘to collapSe and a latge numberjof majorlty carriers
to- be trapped in_the low elé@trlc %1eld region.

Flnally, the voltage across the dlode falls to

wr

nearly zero,and a dense plasma fills the junction.

LThe.terminalxcurrent'slowly removes the plasma, and

the voltage recovers to the breakdown value.

Once the TRABATT mode is started ‘a re-
o )
sonant ‘circuit prov1des the required triggering
. l ’

pulse at each cycle._ ThlS clrcult 1sszsent1ally
2 transm1551on line terminated by a lovw pass filter
actlng as a short 01rcu1t for all freqienc1es above

the fundaméhtal TRAPATT frequency. The voltage drop

[—

s "“%t the dlode termlnals causes a, negatlve 1mpulse to

X

travel towards the fllter.‘ After ref;ectlon, the

‘ 1mpulse lS 1nverted, and it rises theﬁboltage cn the.
llne to about twice the breakdown value. At its in-
- cidence at the-diode, this overvoltage triggers a K

- : . o . ‘ ’ ' LI
new avalanche, and the cycle repeates itself. The

oscillat?gn frequency is thus almost determined by

" the electrical dietance between the diode and the

70

o

filter. The resulting voltage,k and current waveforms
A ,

are shown in figave 11.2. L »

+
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i ‘ ) ‘ 7 .
Figure II.2:. Diode voltage and current waveforms

~

i -

+

Voltage

}
w

r N - - B
a) Voltage waveform at the diode terminals '
é
Current +
A ' -
i
- . - Time
b)  Current waveform at the diode terminals 5
. . - : . T ‘ _,\", -
\\\;\ T o : -
B £ T e
Their similitude with actual voltage and e
current waveforms can be seen in comparing with’figures
I1.3.° “
’ ' i
T r ! -7
° ' \ )
~—
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A@PBNDIX III
* > . %

Microstrip Wheeler's equations_ ” T

“

Calculatlon of the ‘characteristic 1mpedanee

;of mlcrostrlp to’ calculate the characteristic 1mpedance

of a microstrip, one can use Wheeler s equatmo#"g ' g ;

- & a

.o . : ;

For a. narrow strip 4 ' . i
N

e

BN (W/m2 koI
[ln ( >+‘ . - 4-]1/2( )Gn
kg W7 h 32 - Nk+lk -

b

kg |~ (k-1)/2
Lk is the relatiﬁe dielectric'constant
Zo is the characteristic impedance of the line in ohm )
Zd = 377 ohm . _
W = width of the strip - o ‘ \
! o oo o
h is the thickness of the substrate — _
For a wide strip - 3 -7 ; ) -
Sz W k+1 LW | S k-1 - -1
Ze = —A— 40.882 4 ——[ln @.'5—4 0.99 4 1.451 1+ — x 0.164p
- x |n . Tk b | ‘. . . k< .. - . - L.
\? : * - '
5 : o
- - “ ';""‘
- g |
N
"\
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+ In an;k? cases o \ R o '
Ao 2o (1,W/h) . |
am, - Zg (k,W/h) | -
<F3
Ap is the free-space wavelength
" dm is‘the;waﬁelpﬁgth in the.dielectr;c‘—= a T

:

‘“The Valﬁes‘of'characteriSticfimpedance and

y:

bf_thé wavelength ratio. are plo;ted in fﬁngtion of the ’

- 4

W/h rafib'fpr several relatiye dielectric fonstan§s in v
figures ITI.L. _ - _ ) .
. : ’ -
‘ /'N.'/:* 3; A
: S A
{ L
A i
S i h
i .
-
. 5 - 5
e
: “'l
T . . ° -
g o n
. P .
- = .,‘ . ’}
% ;
¢ K
A - N
[ K] 3 J - b
. . ’ \
ﬁ
‘.
» )
t
. 4
e .
N . ) ~
o v




1000

i

Tt -
L

) A4 A_I—Im_mL..

Nt
A

[

'
et - S

1ol

s debf -

1.

|
!

-Fig
WIDE STRIP APPROXIMATION (W/H >.

CR

-

4 SPACE WAVELENGTH (,)-TO MI

RATIO OF FRE

CALCULATED FROM WORK OF W

. . :
-~
nL\I\\Ilil‘
|J1||||h|\. o ”
V39
-
o=
Q.
=z &
© o
O _
o
3
I .
p,.R
) e
..llm..m-L e
S I
o]

| i) i S A

C Nofhm VEMWM,
FOR PARAMETRIC VALUES OF B p

H-.

.0}

NARROW STRIP APPROXIMATION (W/H <1

~1wi.

L‘._'ZI:.'—

1Hl

PN Mt

R

el

i

AT

ey

Jy oy S Rt
s

I

»o/m VS. W

OR PARAMETRIC VALUES '_

I (g

g -

el
e

.—..-1-‘.- ..T:; Dt

-

1

. b

g

RS I -'-k-l{» it -—

bl D A
=

ppegrrAS)
-y

el

I e
A it

et -1

<)
XL
I

g

-
r
o e O

e en
e s vt

|

4

j
1
wamt nanmafp-od = | cmted

A ron
Br

B e o et B

A=

o ageiul

T
et

A

RISt} Sppauspon Ay I

L T T pprperrs &

-

Ty | -

Ty
9NN PEpIRAN

0.Ci




-

MICI}OSTRIP CHKR‘ACTERISTIC IMPEDANCE CALCULATED FROM WORK OF WHEELER
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