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Abstract density ratios o8pp, J;, andJy, respectively.

The forward voltage V; and the reverse recovery *
charge Q; of Silicon PiN power diodes can be controlled
by carrier lifetime or carrier injection control tech-
niquesto minimize the total power loss. The effect of the
two techniques on the relationship between Vi and Q;
was investigated by theoretical analyses. This work
showed that the carrier injection controlled diode could
better minimize the total power loss than the carrier
lifetime controlled diode. N,

Concentration
Doping and Carrier
K9]
=

1. Introduction

Silicon PiN power diodes are widely used in applica dp
tions such as electric home appliances and autdesobi 4
During the on-state of a diode, excess carrierdrgeeted
into the i layer from the P and N layers, and avéod
voltage Vs is applied across the diode. At turn-off, excess
carriers are removed from the i layer, producingerse
recovery charg®,. BothV; andQ; influence the power loss,
and have a trade-off relationship.

To minimize the total power loss, carrier lifetirnen-
trol [1,2] or carrier injection efficiency contr¢8] can be
used to reduce), instead of increasingy;. In previous X

studies, these two techniques had been investigatBd iy 1 schematic of the PN diode with distributioidoping and

V|duaIIy._ ) . excess carrier concentration, and current density.
In this study, we investigate the effects of bdté tar-

rier lifetime and the carrier injection efficienoy the rela-
tionship betweerV; and Q; by theoretical analyses, and
analyze which of the two techniques is better.
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Excess Carrier Density Distributions C;(x)
From Fig. 1, the excess carrier density distribu@gx)
is expressed as [5]

2. Method .

outline C(9=dn " {coshé(/Lia)_B, smh(x/Lia)} 1)
In this section, the method of calculativgand Q; is 20L;, [sinh@d/L;,) cosh@/L,)

describedV; andQ; can both be calculated from the excess 1l 1

carrier density distribution [4]. First, we derivelde for- B'=('u'n Hip + 1 —anJ (2)

mula for the excess carrier density distributioatttakes 1\ i | i +1

into account the effects of the carrier lifetimedahe car-
rier injection efficiency. We then calculat¥dandQ, from
the carrier density distribution.

Figure 1 shows the pattern diagram of the PiN diode
investigated in this studyNp, N;, and Ny are the doping
concentrations of the P, i, and N layers, dpd?d, anddy
are the depths of the layers. respectiv€lyis the excess
carrier densityJ is the total current densityp, is the elec-
tron current density at the P/i interfadeis the recombina-
tion current density in the i layer, adg, is the hole current Vv, =J I 1 dx+|(r|n[c.(—d)'2Q(+d)J(3)
density at the i/N interfaces, 7;, andny, are the current At + £42) G (X) n

wherer; is the carrier lifetimel, is the ambipolar length,
andui» andy, are the mobilities of electrons and holes in
the i layer. The hole injection efficiengy of the P layer
can be represented gs= (1- 7py).

Forward Voltage V;
From Eq. 1, the forward voltagg is calculated as
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where the first term on the right-hand side repres¢he
voltage across the i layer and the second ternesepts the
junction voltage.

Reverse Recovery Charge Q,

If the carrier recombination during turn-off is hegted,
the reverse recovery char@® can be approximately de-
rived as

Q =af G, (x)x @

3. Results and Discussion

The two control techniques were compared using Egs.

1-4. Figure 2 shows the relationship betwagrand Q,
with varyingr andy,. The above equations can be calcu-
lated by moving thé/i—Q, point along the trade-off curve
with the variation ot; andy,. At the lowQ; region,V; with

7; control became higher than that wijthcontrol. This re-
sult implies that decreasing causes an increase in the re-
sistivity.

Figures 3 and 4 show the distribution of the exaess
rier density and the resistivity at the sa@end different;.
The excess carrier density of smalis an order of magni-
tude lower than large around the middle of the i layev;
is inversely proportional to the carrier densityhefefore,
the resistivity of the i layer increases at the s@n

Thus, the carrier injection control is more suitah$ the
Vi—Q, control technique from the perspective of poweslo
suppression.
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Fig. 2 Relationship betwea#) andQ, with varying carrier life-
time7; and hole injection efficiencyp. Np = Ny = 1.0x 10"%/cn?,
N; = 5.0x 10'%cn?, dp = dy = 3pum, and 2 = 140um.

4. Conclusions

The effect of the carrier lifetime and the cariigec-
tion efficiency on the relationship between thexfard
voltageV; and the reverse recovery chaf@ef the silicon

PiN diode was investigated. With the decreaseeérctrrier
lifetime, V; was observed to increase at a gi@nThis is
because the small lifetime causes high resistatityre
middle of the i layer. Thus, carrier injection carts more
suitable than carrier lifetime control from the g@ective of
power loss reduction in PiN diodes.
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Fig. 3 Distribution of excess carrier density withrying carrier
lifetime 7; at a given reverse recovery chatge
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Fig. 4 Distribution of resistivity with varying caer lifetime 7; at
a given reverse recovery chai@Qge
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