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ABSTRACT

Hot carriers are generated in self-aligned polysilicon emitter
transistors under reverse bias conditions because of large electric
fields which exist along the periphery of the emitter-base junc-
tion. For our devices, the degradation from constant reverse
current stress can be modeled as Al = AQ" where n = 0.5. The
variation of A with the forward current at which Al is measured
can be modeled as A = BJ¢ where B is independent of reverse
current.

INTRODUCTION

It has been known for some time that reverse biasing the
emitter-base junction can degrade the current gain of bipolar
transistors [1], {2]. In advanced self-aligned transistors, the
heavily doped emitter and extrinsic base regions form the junc-
tion around the periphery of the emitter and create a very large
electric field. Only a few studies have considered hot-carrier
effects of advanced transistors [3]-[5]. It has been observed
under constant current stress conditions [3] that the degradation
of B, AB/By, is a linear function of Q above a critical value of Q.
This work further investigates the modeling of device degrada-
tion under constant current stress for several sizes of devices and
characterizes the dependence of the degradation upon the forward
current at which it is measured.

EXPERIMENT

The measurements were performed on self-aligned, polysili-
con emitter NPN transistors. Figure 1 illustrates the key process-
ing steps for the transistor. The starting wafers are an n-type epi-
taxial layer of 0.5 Q-cm resistivity and of 2-3 pum thickness
grown on an n+ substrate. Silicon nitride is used to define the
intrinsic region of the transistor in a manner similar to the pro-
cess described in [6). After the removal of the nitride, the intrin-
sic base implant is performed. Undoped polysilicon is deposited
and then implanted with arsenic. The implant is then annealed
and the arsenic driven in to form the emitter.

The constant current stress was performed by reverse bias-
ing the emitter-base junction and applying the desired reverse
current with the collector open. The forward characteristics
(Gummel plot) of each device were measured before the device
was stressed and then after each stress. The measurements were
performed using an HP4145 semiconductor parameter analyzer.
A forward current soak was observed to improve the current gain
after each stress. For the devices stressed here, a forward current
soak at Vgg =0.8 V for one minute was found sufficient to
saturate the current gain recovery (which was less than 15%)
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after each stress and thus this soak was adopted into the meas-
urement procedure. The stress measurements were performed on
devices of three sizes, 2X4 ),Lmz, 4X12 umz, and 20X20 um"
over a range of reverse current values.

DEVICE DEGRADATION DEPENDENCE UPON

REVERSE CURRENT

Figure 2(a) shows the degradation in base current for a
4X12 pm? device with a constant reverse current stress of 10 pA
for 100 seconds. Figure 2(b) shows the current gain degradation
for the same device. The degradation of B, AB/Bg, is plotted
against Q in Figure 3 for 4X12 um2 devices stressed at decade
increments in reverse current, Iz. The measured points
correspond to the same collector current density, Jo. Unlike the
results in [3], AB/By for the different Iz do not fall on the same
line and the individual curves are not straight lines. If, however,

Alg (or Al = IAlp), is plotted as a function of Q, Figure 4, the

curves are straight lines with approximately the same slope for
varying Iz. This indicates that Alz can be expressed as a
power-law function of Q,

AIB = A(IR)Qn (1)

where it is noted that A is a function of Iy. Using this empirical
model, A and n can be extracted from the lines shown in Figure
4. For all of the devices tested and over the entire range of Iy
and Jc measured, the value of n varied between .45 and .52. An
average value of n = .49 gave a good fit to the degradation data
as exemplified by the excellent fit to the AP/By points in Figure
3.

Because the value of n remains constant over the range of
Ig, it is possible to then characterize the degradation at a given
Jc by observing how A varies with Iz. Figure 5 shows the A
versus Iz data for all three device sizes. In each case A
increases with a fairly power-law dependence until it saturates at
larger I values. One possible explanation for this phenomena is
that at large values of Iy avalanche multiplication is significant
enough to cause a large change in Iz for only a very small per-
turbation in the electric field. Because A has much less of a
dependence upon the electric field than does Iy [7], A varies
only slightly at large Iz. This leads to the behavior observed in
Figures 3 and 4 in which the degradation curves for the largest
values of Iy coincide with each other.




DEVICE DEGRADATION DEPENDENCE UPON FOR-
WARD CURRENT

The dependence of the Al degradation upon the Jo at
which Aly is measured is illustrated in Figure 6 for a 4X12 pm?
device stressed at Iy = 10 pA. A value of n = .49 gives a good
fit to the Alg characteristics in Figure 6 as well as the AB/By
characteristics in Figure 7. In order to characterize the device
degradation over a range of J, the extracted values of A for
various values of Jc are shown in Figure 8 for the 4X12 um?
devices stressed at different reverse currents. This plot reveals
that A exhibits a power-law dependence upon Jc and can thus be
modeled as

A(g) =BJ¢ 2)

for a device stressed at a given value of I, This power-law
dependence of A on Jc was observed for all values of Iy for
every device size.

One method of completely modeling the degradation is to
determine the dependence of B and ¥ upon Iz. Using Equation
(2), B and 7y can be extracted from the lines shown in Figure 8.
Figure 9 indicates that B has a weak dependence on Iz and thus
B can be treated as constant. Once a value for B is determined
(for a given device size), v is chosen to provide the best fit to the
A versus J¢ data. Figure 10 shows the y versus Ig characteristics
for the different device sizes. At the smaller values of Ig, ¥
decreases as the stress current increases while at the larger Iy
values Y remains fairly constant.

SUMMARY

The degradation of self-aligned, polysilicon emitter transis-
tors is described for a wide range of constant current stress on
several device sizes. The experimental results indicate that Al
can be expressed as AQ", with n = 0.5 for our devices. Except
for large values of Iz, A varies in a power-law fashion with Iz.
The dependence of Alz upon the forward current at which the
device is operating can be expressed as A = BJQ. It is observed
that n is characteristic of all devices and stress current, B is con-
stant for a given device size, and y varies with device size and
reverse current.
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Fig.1 Key processing steps for the NPN self-aligned transistor.
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Fig.2 (a) Gummel plots showing the degradation of the base

current and (b) the current gain degradation for a
4X12 pum? device stressed at Iy = 10 pA for 100 seconds.
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B degradation with constant current stress of 10uA for a
4X12 um2 device. Values for A with n =049 are
extracted using the model of Equation (1) to generate the
fit to the data points. The reverse voltages corresponding
to the reverse currents are: for Iz = 100 nA, Vg = 4.2 V;
for Iz =1 pA, Vg =45V, for Ig = 10 A, Vg =52 V;
for Iz = 100 pA, Vg =5.6 V.
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Fig.4 Degradation of Alg for different stress currents. The line

drawn through the points corresponds to n = 0.49.
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Fig.5 Extracted values of A for three different device sizes over
a range of Ig.
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Fig.8 Extracted values gf A for different collector current densi-

ties for 4X12 pm* devices stressed at different Ig.
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Fig.6 Deg{afiation of Alg measured at different collector current
densities for a constant current stress of 10 HA.
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Fig.7 |3 degradation measured at different collector current den-
sities for a constant current stress of 10 pA.
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Fig.9 Extracted values of B for different values of Iz for
4X12 um? devices. B is fairly independent of Ig.
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Fig.10 Extracted values of y using a constant value of B for each
device size.




