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SUMMARY OF RESEARCH

.

During the period 16 November 1968 through 14 February 1969,

advances have been made on both experimental and theoretical under-
standing of avalanche diodes.

Theoretical calculations of static n. gative resistance in avalanche
diodes were done during the previous six months. ]hiring the past three
months, emphasis has been more on the transient.case. A computer
program has been written and refined, to simulate the behavior of such
a diode as a function of time. It is possible to excite the diode with an
arbitrary current waveform and view not only the resulting voltage but
also electron and hole profiles and electric.-field profiles. A collection
of the resulting profiles shows how the transient behaves, and studies
have been made on a variety of diodes and currents. It is also possible
to consider the diode as excited through a circuit, and work has begun
on writing the appropriate programs to simulate this.

We expect that these programs can be used to justify a lumped-circuit
model for the -diode. This model can then be used to design practical
circuits such as oscillator

An example of the use of these programs is shown in Fig. 1. Each
line represents a profile of electron current density at a specific time
(the time in psec and the corresponding voltage are printed at the left).
Each symbol represents a range of electron- current values; thus, higher
numbers represent higher values of electron current, and letters still
higher values. The diode is a p-i-n diode with base width 10 µ, excited
with a constant current of 2 x 10 6 A/m2.

A series of runs for various driving currents (all constant) shows
that the amount of voltage breakback produced by the transient, depends
upon the current. Fox stronger currents the breakback is much higher,
and for currents not much larger than the current for Fig. 1, the break-
back is so large that the computation cannot be trusted, and a more elab-
orate program. will be necessary;

Experimentally, an TMPATT. avalanche-diode oscillator has shown
noise and power improvement at the fundamental as the higher (second
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AVALAVCHE `rRV'S 1 EMT 	 03/19/69	 1340.4

J N'Q- 1.000~ 00, JPO	 1.000E: . 00,	 E0=	 2.000E 07 9 	40 STEPS.
OPPOPO= .00OE: 00,	 OX=	 .250	 MICR 1, NS,	 DT= 2.50 PS.

I ^'DEX: -	 J N ' LESS	 THAN' 1000 A SPS /SQUARE	 " ICTER.	 OTHER SYMBOLS:
SYVII L: 0 1 ? 3 4 5 6 7 P 9 A B C	 0EFCH	 I J 	 LMU N0PQR

P ;'R	 2 F 10 ;	 3 3 3 3 3	 4 It	 4	 It
	

It 5 5	 5 5 5	 6 6 6 6 6	 7 7 7 7 7 8 8 8

TIME Y-,0	 10.0 MURCMJS
(PS > VOLTAGE ..

00 200.000 ------------	 -------------------------------
25 20^	 P,

4'^
.S4

50 2.09. 736 --------------------------------------------
75 214.605 ..,-.,-_-_r-:-----------------------------

100 21964 73 -	 -	 _	 _.r..____..__..___.
125 224.341 ----------	 .-a,	 ------------«..._w...,
150 229.209 --_--a•------r..___r....,-
175 234.077 ----------------- ----------------------------

200 239.9 116 -----	 ---- -	 _	 .. - .- •.-- rrr__--«-. . - «_-- .y- --__
225 2 ►13.n14 -	 ----»rr_.._.-.. r__.._r.,.... - _r «- «__....r..r«.,.._..

?.50 2 tr	 .6E'2 -_------- ---..-r--- rr-_--r_-rr-r-_.._r_r-

275 253.550 -----------------	 r....------------------..__
300 258. 4 1
325 263.?P7 ------------------------------------------
350 2(8.155 ---_w.._	 _r...	 _	 ___r_..w.___«_-r___r------
375 273.022 -w--r--_	 .r--------------------«- r	 .. r.
400 2 77 F90 -	 -	 --	 r	 __ _-w.•-..__	 ___--_w.._-_-r
425 262.756 110000--«....w._^...«_.,....-.._.,__w__..rr_«. rw... r
450 ?87.620 33322221111000--_--rr_r«_„,r-r_-rr--------
475 292 . 1 1 75 C6555544It4333222111000------
500 29'.293 99988P777766655544433322.11100--••«__ . -----
525 301.93 1 OCCCCBBBAPA999ES877766555443322110--_-_r-
550 305.50'2 HtiGGFFFEEEED1 1 DCCBRBAA99988776655433210~--

^z 575 303.463 KKJJJJIIIIHHHGGGFFFEF-DDGCCFiLIAA9887765431-
600 282 .04 fi. LLL LY.KKKKKKKJJJJJ I I I I HHGGGFFEEDDCRBf, 9875-
62.5 239.331 LLKKKKKKKKKKK,KKJJJJJJJJJ I i I I HHHGGFFEDCB 9-
650 1CC. 700 Y,KKKKKKJJJJJJJJJJJJJJ I I I I I I I HHFIHGGGFEECB-
675 1LB,376 JJJJJJJJJJJJIIIIIIIHHHHHGGGFFEEDDCBBA986-
700 130;.1” JJIIIIIIIHHHHHGGGFFEEJJCPBA9876543210----
725 122.820 HHHHGGCFFEEDUBBA9876543210--------------
750 133.512 ED DCSBA98765K3210---------___.._r.,-__«___-_-
775 13P.56 1 6543210--------------------------------r_
8001 143. 146 -----------------------------------------
S25 '4^	 : 71	 8 . 25 a / --------------------_rr__,_	 -_r-_-------	 E:

850 153.205 ------- - --------------------------------- 	 9

875 1,8.07 , _--r -_r---r __-_------.,-..r-_w-_-r--r__r-
900 162.942 ------------------------------------------
92,5 167.510 -----------------------------------------
950. 172.E7? -----------------r-----------------------
975 177.547 ----------- --------------------	 ---------

1000 182.415
i

Fig. 1,	 Computer simulation of avalanche transients.
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and third) harmonics were tuned. The variation in noise performance
appears to be the important result, and a quantitive measure has shown
that the tuning produced a 6-8 dB noise figure change when the oscillator
was used as the local oscillator for a balanced mixer.

Incremental measurements of the avalanche impedance of the diode
junction have been made as a function of the avalanche current in the
range of frequencies from 4 G,Hz to 12 GHz. The negative real part still

`	 exists at 4 GHz, but is of little consequence, since the bulk series resis-
tance of the diode overwhelms it. Considering both the real and imaginary
parts of the impedance, there appears to be an optimum frequency at
which to use the device as an oscillator. From these measurements, a
small-signal model has been formed leading to a large-signal model of
frequency-independent elements which we hope will predict the observed
behavior regarding harmonic terminations.
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