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L3 TRAPATT DIODES
8-3-1 Physical Structures
avalanche triggereq

abbreviati APATT stands for trapped plasma av. ; d
m a mudem:iln:a reported by Prager et al. (7). Tt is a high-efficiency m?%m
gmu;lor capable of operating from several hl_l::;ded ﬂm?:n‘;i;ve{al Zigaber,,

ic operation of the oscillator is a sem uctor p- ction diode r
biw: cm-mm‘::msities well in excess of thoae.cpcountered :n{ m"?" Valangy,
operation. High-peak-power diodes are typically 'SIllCOTl n'-p-p* (o p*-np*)
tures with the 1 type depletion region width varying fomi 23012 . The g
i deplet ion is generally suc . ell *
m?: mﬁ.ﬁm i;. t?:e dc electric field in the depletion region jug i
to breakdown is well above the saturated drift-velocity level. The ?ew'ee'; P* vegion
is kept as thin as possible at 2.5107.5 um. The TRAPATT diode’s diameter
from as small as 50 um for CW operation to 750 pm at lower frequency for high.

peak-power devices.

8.3-2 Principles of Operation
imate analytic solutions for the TRAPATT mode in p™-n-n" diodes haye
mmvdoped bnylorfeine et al. [8] and DeLoach [9] among others. These analy.
<es have shown that a high-field avalanche zone propagates through the diode and
fills the depletion layer with a dense plasma of electrons and holes that become
trapped in the low-field region behind the zone. A typical voltage waveform for the
TRAPATT mode of an avalanche p*-n-n* diode operating with an assumed square-
wave current drive is shown in Fig. 8-3-1. At point A the electric field is uniform
throughout the sample and its magnitude is large but less than the value required for
avalanche breakdown. The current density is expressed by
J=ef | 1)

where €, is the semiconductor dielectric permittivity of the diode.
At the instant of time at point A, the diode current is turned

charge carriers present are those caused by the thermal gene
tially charges up like a linear capacitor, driving the magnitud
above the breakdown voltage. When a sufficient number of carri
particle current exceeds the external current and the electric
throughout the depletion region, causing the voltage to decrease.
cycle is shown by the curve from point B to point C. During th
electric field is sufficiently large for the avalanche to continue, an
electrons and holes is created. As some of the electrons and
ends of the depletion layer, the field is further depressed and
plasma. The voltage decreases to point D. A long time is
plasma because the total plasma charge is large compared to
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Example 8-3-1: Avalanche-Zone Velocity of a TRAPATT Diode
A TRAPATT diode has the following paramelers:

N.=2x 10%em™

Doping concentration:
J = 20 kA/em2

Current density:

Calculate the avalanche-zone velocity.

Solution From Eq. (8-3-4) the avalanche-zone velocity is
a5 e 20 x 10°
Ny 167 7P x 2 % 10"

This means that the avalanche-zone velocity is much larger than the scatterinp.ii
velocity. 1Fring s

= 6.25 x 107 cm/s

—

Thus the avalanche zone (or avalanche shock front) will quickly SWeEp across
most of the diode, leaving the diode filled by a highly conductng plasma of holes and
electrons whose space charge depresses the voltage to low values. Because of the de-
p;ndc&:ce of rl:; ct'arm velocity on the field, the electrons and holes will drift at veloc-
ities determined by the low-field mobilities, and the transit time of iers ca
become much longer than it

r i £
k) (8-3-5)
Whercirzl;, is thﬂ: ;_;tumted carrier drift velocity.
us APATT mode can operate at comparati ies, since
: 5. pe paratively low frequencies, since
the discharge time of the plasma—that is, the rate Q/I of its charge (o its current—

.
e

8-3-3 Power Output and Efficiency

ati i : i
;R:;'gAg";mi;;eq;encws above the oscillation frequency in order to ens
« 11 b djo&“O_date.'the highest pulse power of 1.2 kW has been obtai

e [10], and the highest efficiency of 75% has b

achieved at 0.6 GHz (1 o A
[12). 2 (11). Table 8-3. 1 shows the current state of TRAPATT dio

The TRAPATT ion i )
cver, and requires goo‘:ipemlon 6 @ rather complicated means of oscillation, ¢
control of both device ang circuit properties. In
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rABLE 8-3-1 TRAPATT OSCILLATOR CAPABILITIES
P Peak
Frequency cak power Average power Operating volta ;
(GH2) (W) (W) (ng " Eﬁ'?;imy
Loi
1 0 200 | 110 30
1.0 400 2 110 35
20 100 : e -
20 200 2 80 9
4.0 100 : e =
8.0 50 ! 60 P

rsourcc: After W. E. Wilson [12]; reprinted by permission of Horizon House.
the TRAPATT mode generally exhibits a considerably higher noise figure than the

IMPATT mode, and the upper operating frequency appears to be practically limited
to below the millimeter wave region.
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