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Research Laboratory
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Further advances in l'l0S LSI des'igns towards the reduction in device dimensions could cause

a significant increase of the electric,field. Impact ionization in the higher drain electric

field resu'lts in nnre substantial substrate current, and the holes accelerated towards the sub-

strate can orig'inate the secondary impact ionjzat'ion. It is wel'l-known that the breakdown in

short channe1 MOS transistors is in conjunction with the forward biasing of the source junction

due to the substrate current, and authors have reported the minority carrier injection into the

substrate during the transistor saturat'ion operation and the resulting decradat'ion of the device

characteristics(l). Therefore, the quantitative analysis of the substrate current including its

secondary effects is very important for MOS LSI design consideratjons. In this paper, we de-

scribe a two-dirpnsional analysis of those effects and their experimental verifications. Design

limitations are also discussed based on theoretical and experimental results.

A schematic diagram of an Nl'l0S transistor i'llustratjng the impact ionization cuments is

shown in Fig.l, and the dependences of the impact ionization rates on the effective channe]

length, iunction depth and gate oxide thickness are shown in Fig.2. The reduction of the tran-

sistor dimensions results'in a sjqnifjcant jncrease in the'inrpact ionjzation rate. Thetwo-

djmensional numerjcal ana'lysis, which qives accurate djstributjons of the electric field and the

current, enabled us to obtain the impact ionization rate besides the drain cument. As shown in

Fig.3, the calcri'tatea va]ues showed qood agreement with the experimenta'l resu'lts. ll|ith this

model ' substrate currents were accurately estimated for the first tine.

The nndel of the minority camier injection into the substrate is also shown in Fig.1. The

generated holes flow to the substrate, and ga'in kinetic energies from the electric field in the

depletion region. If they exceed impact ionization threshold, electron-hole pairs can be gene-

rated again. Due to the potent'ia'l profile in this reqion, the electrons flow into the drain and

the holes flow to the substrate. flowever, a fraction of the generated electrons near the dep-

tion edge can run into the substrate and then diffuse in the neutral bulk region. The measured

spatial distribution of the injected electron current is shown in Fig.4 for various gate vo'ltages.

The excess electrons will decay by recombination process in the substrate, and the results in

Fig.4 support the npde'l wjth the diffusion length Ln=56pm. Fiq.5 shows the substrate electron

current at the position of the generation, as a function of the substrate hole current. The

m'inority carrier inject'ion ratio (=In,r*/Ir*)'is about 4xl0-5, which is reasonably est'imated by

the cal cu'lation.

Iiased on our nndels and experinental results, limitjng vo'ltages for punch-through, parasitic

bipo'lar breakdown, excess electrons and hot electron trapp'ing are summarized in F'ig.6. Inpact
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ioni zed excess el ectron limi tat'ion

generated electrons at the nearest

LSI wi'll be also presented.

f) J. Matsunaga and S. Kohyama:

SOURCE GATE

is determined as the camier level exceeds the thennally

neiqhbour. The result of a failure analysis of an actual
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Fig.l Schematic diagram il'lustratinq
substrate currents and secondary
impact ionj zation electrons.
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DISTANCE FROM INJECTION
SOURCE (pml

F'ig.4 Substrate electron currents
as a function of the distance
from the generation source.

0        5        :o
EFFECTivE CHANNEL LENGttH,Leff(μ h甫

Fi g。 6 Limiting drain voltage as a function
of the effective channel length.

SUBSTRATE CURRENT,Isx lμ A)

F19.5  Substrate electron current
as a function of the substrate
current。

10‐Ъ 5        :o
DRAIN VOLTAGEi vDS{V)

Fi g.3  Measured and calculated
impact ionizatlon rates。
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