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ABSTRACT
‘ Radiation response comparisons of lateral PNP bipolar technologies reveal that device hardening
may be achieved by extending the emitter contact over the active base. The emitter-tied field plate
suppresses recombination of carriers with interface traps.
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I INTRODUCTION

Lateral PNP (LPNP) bipolar junction transistors commonly exhibit a significant increase in base current
upon exposure to ionizing radiation [1,2]. This response causes the current gain (B=I/1p) of the device to
decrease. The primary mechanism responsible for radiation-induced excess base current is the buildup of traps
near the Si/SiO, interface [1-5]. These traps provide recombination centers for free carriers traveling along the
surface near the interface. Moreover, the silicon surface is the principal current path for LPNP devices operating
in the forward active mode. Thus, the combined effects of increased traps and high free carrier densities at the
Si/SiO, interface make the lateral structure extremely susceptible to radiation-induced gain degradation.

Data obtained from irradiated LPNP parts manufactured at VTC indicate that an emitter-tied field plate
above the active base region may suppress recombination current at the Si/SiO; interface [2]. Here the active
base is defined as the base region between the emitter-base and base-collector metallurgical junctions. A
representational cross-section of a LPNP transistor is shown in Fig. 1. The crosshatched region illustrates the
location of the emitter-tied field plate. After 100 krad(SiO,) irradiation at a dose rate of 83 rad(SiO,)/s, the VIC
devices show less than 20% decrease in peak gain. This is significantly less degradation than observed in
devices manufactured by Analog Devices (RF25) without an emitter-tied field plate [1].

The characteristics of the bipolar base oxide and base surface doping concentration are often identified as
~ the most important physical parameters affecting ionizing radiation response [6]. The VTC and RF25
technologies have different doping concentrations, and capacitance-voltage measurements performed on VIC
and RF25 MOS capacitors indicate that there is a significant difference in radiation-induced interface trap
buildup [5]. These are two reasons for the relative hardness of the VTC devices. However, analysis of the
experimental data suggests that the difference in gain degradation is not entirely due to these causes. Another
reason appears to be the presence of the emitter-tied field plate in the VTC devices. Since information regarding
the field plate can be obtained simply by analyzing the device layout, it is useful to examine the effectiveness of
field plates in suppressing gain degradation.

II BACKGROUND

The use of field plates to modify the surface potential in diodes and bipolar junction transistors has been
the subject of numerous studies [2, 6-11]. Indeed, the model developed by Reddi illustrates how metal
electrodes above the emitter-base junction in vertical npn devices can affect the current gain [7]. This theoretical
model “was not developed for the ionizing radiation case but contains the necessary physical dependencies
(surface potential and interface state density) for inclusion in ionizing radiation effects” [6]. Data obtained from
gated diode and transistor structures were used in previous studies to identify and “separate” the mechanisms
responsible for radiation-induced current gain in npn transistors [3,6].

Most of the studies cited above concentrate specifically on the radiation response of npn transistors. The
merit of using field plates to reduce radiation-induced gain degradation in LPNP transistors has not been
reported for modern bipolar technologies. In this paper, a discussion of the physical mechanisms relating to the
field plate and its effects on LPNP radiation response is presented in order to provide an analytical model of
experimental results. The analysis is supported by computer simulations. In these simulations, the I-V
characteristics of pre- and post-irradiation LPNP models are computed for field plates of varying lengths. The
modeling suggests that emitter-tied metallization above the active base may suppress radiation-induced excess
base current and can boost current gain. At present, the modeling does not account for the effect field plates may
also have on the buildup of oxide charge or interface traps during irradiation. Previous studies indicate that field
plates and other metallization runs can have an impact on the buildup of these charges and traps during
irradiation [8-10]. The full paper will consider these effects in detail. The modeling results presented here
provide another potential explanation for the relative radiation hardness of the VTC devices as compared to the
devices examined previously [1], and suggest that devices with field plates may deserve extra attention for
potential use in low dose rate environments.

III. EXPERIMENTAL RESULTS ‘

The data presented in this paper are obtained from total dose experiments on two lateral bipolar
technologies. Results taken from transistors manufactured as part of the RF25 development process from ADI
were previously presented by Schmidt et al. [1]. The VTC devices considered in this paper are from a BiICMOS
process, PolarMOS3 [2]. Both the RF25 and VTC devices were irradiated in a 10-keV x-ray source at Sandia




National Laboratories. The parts were exposed at various dose rates (between 83 and 1670 rad(SiO,)/s) with all
terminals grounded to total doses up to 500 krad(SiO,). The normalized current gain for one sample of each
technology is plotted versus emitter-base voltage in Fig. 2. The figure shows gain characteristics for the parts
prior to irradiation and after total dose exposure. After 100 krad(SiO,), the peak current gain of the RF25 sample
has degraded more than 70 percent, while the peak of the VTC sample has degraded less than 20 percent.

For both technologies, the radiation-induced changes in interface trap densities were measured from MOS
capacitors. After 100 krad(SiO,) exposure, the RF25 capacitors show an increase in trap density of more than
10" cm?, whereas the VTC devices show an increase of slightly more than 10™cm™ [2,5]. This variation in
interface trap buildup is a major reason for the difference in hardness between the two technologies. Another
potential factor limiting gain degradation in the VTC transistors is the existence of a threshold adjust implant,
which alters the doping concentration in the active base near the interface. Previous studies show that radiation
response in transistors is a function of base surface doping [6]. However, these factors do not appear to be the
only reasons for the differences in gain degradation. Analysis of LPNP structures with varying field plate
lengths suggests that an extension of the emitter contact over the active base is also important.

IV DEVICE MODELING

In order to analyze the effects of emitter-tied field plates on LPNP radiation response, computer
simulations were run on two-dimensional virtual test structures. Device modeling is performed with ATLAS
from the SILVACO suite of simulation tools. Fig. 3 shows a cross-section of one of the test structures used in
the analysis. This structure has an aluminum field plate extending over the active base region at a distance of
2.0 pm from the emitter contact. The n-type base region is uniformly doped with a concentration of 10'® cm™
and has an active width of 1.75 pum. A Gaussian distribution of acceptors, with a peak concentration of 10'” cm’
at the interface, defines the emitter and collector regions.

Simulations of the device response prior to radiation exposure were performed with varying lengths of
field plate. These lengths are: 0.0 pm (no field plate), 1.0 um, and 2.0 um. Fig. 4 illustrates the effects of
varying field plate length on current gain. The results indicate that as the length is increased, the pre-irradiation
current gain is reduced, but only slightly.

~ In order to model the effects of emitter-tied field plates on the LPNP transistor’s radiation response,
interface parameters are added to the simulation to model the total dose mechanisms [1-4]. These parameters
are: 1) surface recombination velocity (SRV) to model the increase in interface trap density and 2) a uniform
layer of sheet charge at the interface (Nox) to model the increase in trapped charge in the oxide. For these
simulations SRV is set to 10* cm/s and Nog is set to 10" cm™. Previous studies on modeling radiation effects in
bipolar devices confirm that these interface parameter values are reasonable approximations for total doses of
approximately 100 krad(SiO,) [1-4]. Fig. S illustrates the effects of the same three field plate lengths on current
gain with the added charge densities. Unlike the pre-irradiation modeling, these results indicate that, as the
length is increased, the current gain is increased. Indeed, a field plate extending almost entirely across the active
base region can boost degraded current gain more than 60 percent above that obtained without a field plate.

3

V DISCUSSION

Ionizing radiation-induced gain degradation in the LPNP transistor is due primarily to increased base
current. This excess base current is caused by the recombination of carriers with radiation-induced interface
traps. The majority of recombination takes place near the Si/SiO, interface within the emitter-base space charge
region and the neutral base. The neutral base is defined as the region of active base between both the emitter-
base and base-collector space charge regions.

According to Shockley, Read, Hall (SRH) recombination statistics, recombination current at the interface
within the emitter-base space charge region can be expressed as [1]:

1 V
IBs.a = EqniPEdevswf exp(_z"_f—/i_ . (1)

where g is electronic charge, Pg is the emitter perimeter, n; is the intrinsic carrier concentration, Vr is the thermal
voltage, v,y is the surface recombination velocity (and a function of interface trap density), and xyp is the
approximate length over which the recombination rate is maximized. In most bipolar devices, the effect of
space-charge recombination is only apparent at very low levels of emitter-base voltage. However, space-charge




recombination becomes one of the primary base current mechanisms as v,,,s increases with total dose [1-4]. A
second mechanism for radiation induced excess base current is recombination current at the interface within the
neutral base. Using SRH statistics, neutral base recombination current can be approximated as [11]:

IBn.b, = qPEv.\'urf jp(x)dx (2)
0

where x; is the neutral base width and p(x) is the excess minority carrier concentration across the neutral base.

The emitter-tied field plate suppresses gain degradation by reducing recombination current in the space
charge and neutral base regions. Fig. 6 demonstrates the effect of varying field plate lengths on excess base
current. In this figure, the increase in base current due to the added interface parameters (SRV = 10* cm/s and
Nox = 10" cm™) for three field plate lengths is plotted versus emitter-base voltage. For voltages levels below
0.6V where space-charge recombination current tends to dominate base current response, excess current is
reduced as much as 50 percent when field plates extend over the active base. This is because a field plate over
the space charge region will significantly reduce x 5 in equation (1). The curves in Fig. 6 also show that there is
no apparent difference between the effects of the 1.0 pm and 2.0 pm plates.

For emitter-base voltage levels above 0.6V, where neutral base recombination is dominant, the 2.0 pm
plate reduces excess base current as much as 65 percent over the device without a field plate. The 1.0 pm plate
has less effect, reducing current by 50 percent. The field plate over the active base suppresses neutral base
recombination by decreasing the minority carrier concentration p(x) in equation (2). The 2.0 um field plate has
the greatest effect because it extends almost entirely across the neutral base. The field plate suppresses

recombination current by reducing the number of carriers recombining with radiation-induced interface traps in

both the emitter-base space charge and neutral base regions. Based on the results presented in this paper, future
screening programs for hardness-assurance may find it beneficial to include the relatively inexpensive analysis
of device or circuit metallization layouts. Moreover, future transistor designs for the radiation environment may
benefit from simply extending the emitter contact across the active base region to form an emitter-tied field
plate, thereby enhancing the LPNP device’s resistance to radiation-induced gain degradation.
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