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Talk Outline

 Why 1s modelling avalanche speed
particularly important in APDs?

* Physics of the 10ni1zation process
* Model development
» Results and comparison to experiment

e Summary
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Why is modelling APD speed important?

Light in [ + ; | Z{}
Z:)ZS

Electrical
v signal out
P
SNRpiv = SNRapp =
N .t N Amp

/At high speeds (>2.5Gbs™),

~

it 1s difficult to build low-
noise amplifiers, and so we
need a photodetector with

gain. 4

P
FN,+(N,,, /M?)

*Therefore APDs are used in high-speed applications

*Moreover, 1t 1s expensive to measure the frequency response of an
APD, and so modelling plays a vital role in device design
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Physics of the ionization process 1

ﬂmpact Ionization is thh

process whereby a hot
carrier gives up its
energy to create a further
electron-hole pair

NUSOD 2004

h(z) (x10° m™)

Position z (um)

Ionization path length pdf for
electrons in GaAs at SOMV-!

There is a finite distance over which
the carrier comes into equilibrium,
termed the dead space, d.
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Physics of the ionization process II

ﬂ\/lost models assumh

that carriers travel at
a constant velocity.

However,
simulations suggest
that carriers that
1onize early 1n their
trajectories do so at
significantly higher
mean velocities

Jacob et al, J. Appl. Phys., vol. 91, pp.
5348-5441 (2002). wz)=v,(1-d/ Z)—1
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Model development

Rather than model the transport We use a Monte Ca.rlo
processes directly, we utilize apprcl)lach to detirmme
approximations of the pdfs for W .ere ?md when
ionization to achieve a /0x speed 1onization §Vents
up in simulation time occur, according to the
pdfs below.
i Constant velocity N V'
h,(z,t) =0 e C sl ined
=a*expy—a*(z—d t—z/v z2d, urrent 1S determine
> i ( e i e> < by Ramo’s theorem
Enhanced velocity
e N AR A0
g =a*expl-a*(z—d )o(t—-(z-d, )/v,)z24d, ) ”
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Results: Current impulse response

- " Not including the »
roro effects of enhanced
ot | velocity reduces the

% | \ 3dB frequency by 55%,

1e-3 3

1e-a |

1 e_5 I L L L L 1
0 10 20 30 40 50 60 70 80

t (ps)

Current impulse response due to 10
million pure holes injected into a w
= 0.1um InP device predicted by
the enhanced (red) and constant

velocity (blue) models. Gain = 5 0 20 40 60 80 100 120 140
Frequency (Ghz)

Frequency response (dB)
&




Results: 3dB frequency

N 100 | N 100 T T===

T : T = ~<3

e i o [ TVt TS

> F > L
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> 10t > 10¢F

S : S :

m s m s

e e

1L Decreasing w | 1L Decreasing w
10 10

Gain Gain

Predictions by the a) constant (blue) and b) enhanced (red) velocity
models for InP devices with w = 0.1um, 0.2um, 0.5um, 1.0um and
2.0um.

Dead space slows frequency response, enhanced velocity
more than compensates for this effect.

NUSOD 2004 University of Sheffield, UK %“

4



Results: Gx3dB Bandwidth

1000 ———

GBP (GHz)
S

10 =

/GBP of the avalanche process\

0.1

w (um)

Physics contained within the
models is sufficiently distinct such
that results cannot be made to

coincide by fitting

NUSOD 2004

"

in InP fitted to experimental
data from Campbell ef al [2]
(circle) and Clark ef al [1]
(square) as predicted by the
constant (blue solid) and
enhanced (red solid) velocity

models. /

[1]

2]

W.R. Clark et al., pp. 96
OFC (1999).

J.C. Campbell et al. J.
Lightwave technology, vol.
7, pp- 778 (1989).
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Summary

* A new model 1s presented that uses pdfs to predict
1onization behaviour rather than simulating the
transport directly

» Results in a 10x speed up in simulation time

 Pdfs are based on the latest Monte Carlo
simulations of the 10onization process

 Including the effects of enhanced velocity
significantly speeds up the avalanche process in
APDs with submicron avalanche regions.

» Indeed it overcompensates for the slowing effects of
dead space
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