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The  application of a computer  program, 
SEMM  (Soft-Error  Monte  Carlo  Modeling),  is 
described.  SEMM  calculates  the  soft-error  rate 
(SER)  of  semiconductor  chips  due to ionizing 
radiation.  Used  primarily to determine  whether 
chip  designs  meet  SER  specifications,  the 
program  requires  detailed  layout  and  process 
information  and  circuit GIcrlt values. 

Introduction 
SEMM  is a computer program that calculates the soft-error 
rate (SER) of semiconductor chips from information about 
their design and the ionizing radiation to which they may 
be exposed; only a brief description of the program has 
previously been presented [l, 21. The sources of ionizing 
radiation are radioactive trace contaminants in the chip 
which emit alpha-particles or cosmic rays which collide 
with nuclei within the chip and produce alpha- and other 
particles capable of ionizing  silicon atoms. SEMM  is  used 
primarily to determine whether chip designs meet SER 
specifications and to enable chip designers to make 
changes in order to meet specifications. It is also used 
to determine specifications on the level of radioactive 
contaminants allowable in the materials from which the 
chips are built. Since SEMM uses information about the 
sensitivity of circuits on the chip to the charge collected 
from radiation-generated electron-hole pairs, circuit 

parameter specifications related to soft-error sensitivity 
can be determined iteratively. 

Early methods of SER calculation used explicitly or 
implicitly the concept of the critical volume of a device 
(e.g., [3]). If a given amount of charge (Q,,J collected at 
a device terminal is known to be just enough to cause a 
circuit upset, and if that amount of charge can be produced 
by a given  length of ionizing particle track, the volume 
which could just contain that length of track is a critical 
volume. For a particular semiconductor device structure, 
the frequency of regions adjacent to collecting junctions 
whose volumes exceeded the critical volume was 
typically empirically estimated. Once this frequency was 
determined, estimates of alpha-particle fluxes or cosmic- 
ray-induced secondary-particle fluxes were used to 
calculate the respective SER. This method was inherently 
subjective and made it  difficult to compare different 
devices and circuits consistently. 

The calculation of charge collection in SEMM begins 
with the definition and description of an electrically 
sensitive region of the chip. This requires constructing a 
three-dimensional rectangular mesh  and  assigning to each 
volume element physical properties representative of the 
corresponding portion of the chip. A Monte Carlo method 
is then used to simulate a number of radiation events 
consistent with some u priori estimate of the failure 
probability. In each event primary particles are selected 
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according to the specified type of radiation source, with 
suitably random energies and directions. Each ionizing 
particle has a randomly selected path through the 3D 
array, and generates excess electron-hole pairs in the 
array in accordance with  built-in rangelenergy tables. In 
contrast to the practice of  defining a critical volume and 
estimating the frequency of its occurrence in the chip, 
SEMM in effect averages the charge collected from a 
statistical sample of particles passing through the chip, 
counting only those instances where charge collected in 
a region exceeds the critical charge for that region. This 
makes possible the treatment of complicated chips for 
which the determination of a critical volume would be 
difficult. 

As in many statistical experiments, the number of 
simulated random events required in a SEMM run for 
statistically significant predictions of SER depends 
inversely on the actual failure rate. If the failure rate 
expected from the simulation is for example, 
of the order of 10’ simulated events would be appropriate 
to achieve statistical significance. The sample sizes 
typically needed in SER work preclude the direct use of a 
semiconductor device simulation program. Instead, a 
simplified charge representation is used in which excess 
carriers along  an  ionizing particle track are treated as a 
perturbation of an existing steady state. Their diffusion 
is simulated by using a random walk  model, where the 
diffusivity is doping-dependent and the effect of the built-in 
field associated with doping gradients is included. Minority 
carriers are collected when they cross a junction or enter 
a depletion layer. The funneling effect (see below)  is 
represented by rapid collection of electron-hole pairs from 
tracks which touch a junction region and which would be 
within the funneling  region (separately defined  in a device 
simulation program). Detailed information about the size of 
the funneling  region as a function of doping, junction bias, 
and the angle between the particle track and the junction 
depletion edge is available in the experimental work of 
Hsieh et al. [4, 51. 

Sai-Halasz et al. [6] and successfully applied to calculate 
the SER due to alpha-particle emitters within a chip [7]. 
Calculations were programmed for the topology of one 
specific device at a time, such as a half cell  in a memory 
array. This required each circuit designer to extensively 
modify a computer program and to become deeply 
involved in the details of SER calculations. The 
development of SEMM relieved circuit designers of this 
burden, since within the basic layout unit, a repetitive cell, 
there may be a number of devices of differing rectangular 
solid shapes. Various subregions within a device are 
defined  using rectangular solids or triangular prisms. 
All such regions are specified by the coordinates of 

This charge representation was originally formulated by 
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SEMM has the additional capability of calculating the 
SER caused by cosmic radiation. This component of the 
SER has become more important as increased attention 
to raw-material purity has reduced the SER due to alpha- 
particle emission from radioactive contaminants. To 
simulate the SER caused by cosmic rays colliding  with 
atomic nuclei in the chip, SEMM requires statistical 
information about the ionizing particles created in such 
collisions. This information is obtained from a companion 
program, NUSPA (Nuclear Spallation Reaction 
Model/Codes) [8, 91, which simulates a large number of 
such collisions for cosmic rays of various discrete 
energies between 20  MeV and 900  MeV. This range 
includes all cosmic rays of interest; secondary particles 
from  sub-20-MeV cosmic rays do not induce enough 
carriers to be a significant cause of upsets, and there are 
so few cosmic ray particles above 900 MeV that they 
do not contribute significantly to SER. 

After determining the distribution of the excess carriers 
generated by each ionizing particle, SEMM simulates the 
drift and diffusion of holes and electrons as they move 
through the chip and records in a history file the number of 
carriers collected at each junction or contact as a function 
of time. Later this file is postprocessed to calculate any 
SER effects due to the collected charge, which can be 
greatly affected  by the way the device terminals are 
connected to form a circuit. SEMM uses its own 
waveform-dependent method of postprocessing collected 
charge to determine its impact on circuit operation; the 
postprocessing itself may be statistical, facilitating the 
treatment of process tolerance effects upon SER. 
Since Monte Carlo simulation of the electron-hole 
collection process uses far more computer resources 
than the postprocessing, this is an  efficient 
implementation. 

The SEMM procedure 
The complete SEMM procedure for predicting the SER for 
a particular chip region requires a number of distinctly 
different inputs to several independently executable 
programs, as depicted in Figure 1, where a program is 
represented by the icon for a computer. A geometrical 
description of the semiconductor region to be analyzed is 
used by a preprocessor (pre in the figure) to generate the 
topological input file for the main  program (SEMM in the 
figure). At present, SEMM can treat up to 24 distinct 3D 
devices in a (repetitive) cell. Another file supplies SEMM 
with vertical device profiles (impurity concentration vs. 
depth) and miscellaneous control parameters. A separate 
execution of SEMM is needed for each on-chip source and 
each cosmic ray energy. Alpha-particle emission  from  an 
on-chip source is simulated by SEMM,  using a geometrical 
definition of the source (such as a metallized layer or flip- 
chip solder ball pattern); there may be several of these 
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I Flow diagram for soft-error Monte Carlo modeling program, SEMM. From [2], reprinted with permission; 01994 IEEE. 

sources. In the  case of a cosmic source, for each primary 
nucleon energy a file tabulating the results of many 
thousands of random nuclear collisions is created by the 
NUSPA program if the appropriate file does not already 
exist; files currently exist for enough discrete energies to 
cover the energy range of interest. (The NUSPA icon 
in the figure  is shown with dashed lines, indicating that 
NUSPA need only be run occasionally.) For each primary 
collision event, the energies and directions of resulting 
secondary particles are input  from  NUSPA's cosmic 
history file; these particles include a recoiling nuclear 
fragment and may include one or many alpha-particles. 

Accordingly, SEMM is typically executed with many 
different simulated radiation sources; each simulation may 
require 10000 events (or more, if the SER is low), with 
CPU time measured in hours. For each event resulting 
in  significant charge collection, an entry is made in the 

collection history file; this entry gives transient details of 
the charge collection at all  affected locations on the chip. 
Postprocessing of a saved charge-collection history file, 
which takes minutes, may be carried out at any later time. 
(The postprocessor is called POST in Figure 1.) The 
chip designer uses wiring rules which  define  how charge 
collected at the terminals of the devices along certain paths 
in a circuit combines (positively or negatively) to form a 
composite charge. The definitions of critical charge (Q,,) 
at each of the sensitive terminals must be provided to the 
postprocessor; these are generally dependent on the shapes 
of the current pulses applied to those terminals. A Q,", 
specification may include a (Gaussian) 1cr tolerance 
percentage, in which case the postprocessing is statistical; 
such Qcrit tolerances are often implied by statistical 
variations of chip process parameters or power supplies. 
Definitions of Qcrit are derived from (iterative) circuit 111 
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Example of digitized arrays for a cell (basic repetitive unit). 
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analysis  program  procedures (Circuit in Figure 1). For design 
purposes, one may  wish to change the wiring  rules or Q,, 
definitions  and repeat the postprocessing. By default, the 
result of postprocessing a charge-collection  history file is 
the probability of at least one failure,  given  that  an  alpha- 
particle or cosmic  nucleon has interacted with the defined 
chip  region;  however, one may ask for  the  probability 
of at least two (or more)  failures in the same  event. 

In the case of an on-chip source, this probability is 
converted into an SER by multiplying it by the alpha- 
particle flux (number per unit area per unit time) 
characteristic of the source material. For several sources 
the on-chip SER is the sum of the separate rates, since the 
sources are statistically independent. Calculation of cosmic 
SER requires one additional step, using a simple program 
called SERCALC (not shown in Figure 1). SERCALC has 
a built-in representation of terrestrial cosmic flux as a 
function of energy [lo]. It computes terrestrial cosmic SER 
by integrating (over the discrete set of nucleon energies) 
the product of the cosmic flux and the cosmic failure 
probability from the postprocessor. The total SER is just 
the sum of on-chip and cosmic SERs. 

Chip geometry 
The particular region  on  an actual chip that is to be 
analyzed is henceforth referred to simply as the chip; the 
term cell denotes the basic repetitive unit of a chip layout, 
not necessarily a memory cell. The chip is assumed to 
be covered with identical cells, which are repeated by 
translation. A cell contains one or more sensitive devices, 
usually surrounded by passive areas. A radiation source 
sees the chip boundaries-for example, an alpha-particle 
emitted from a solder ball at a shallow angle  might  miss 
the chip-but once a particle penetrates the chip it  is 
treated by SEMM as if there were no chip boundaries. 
This is a good approximation for layouts of many cells in 
each lateral direction. The chip is treated as a planar layer 
of active semiconductor material on a semiconducting 
substrate. On top of the chip there are layers of metals, 
separated by planar passive layers of oxide; above them 
may be solder balls  and a ceramic header. 

The top (metallized) surface of the chip is assumed to lie 
in the y-z  coordinate plane, as shown in Figure 2. The 
x-axis points downward into the chip. A cell, whose layout 
is described by a planar rectangular grid, contains one or 
more active device areas (up to 24), and  may contain 
passive areas. The latter collect no charge, but allow 
diffusion  and recombination of carriers. Each rectangular 
element in the grid  is  given a one-character device code 
(A or B in the example) or passive-area code (not shown). 
Below each device area is a rectangular solid which has 
the same lateral grid and is divided by a vertical grid into 
rectangular blocks. Each block is  given a one-character 
region code (0, 1, 2, - - , F in the example) that 

identifies the function and  physical properties of its three- 
dimensional  region; currently there may be up to 36 region 
codes. To run SEMM one must obtain the top-view 
coordinates of  all  of the corners of distinct regions within 
the cell, as well as the depths of diffused, implanted, 
and  insulating  regions  in the chip, in order to complete 
the 3D spatial description. One  must also have impurity 
concentration profiles perpendicular to the surface, which 
influence the diffusion and recombination of minority 
carriers, and the thickness  and  composition of each  package 
layer  and the dimensions of solder  balls (if pertinent). 

Region of analysis 
For computational efficiency,  during each event SEMM 
analyzes only a limited  region of the chip surrounding an 
alpha-particle or cosmic ray strike; an  example  is shown 
in Figure 3. A cosmic ray is assumed to produce multiple 
secondary-particle tracks whose horizontal projections lie 
within an area marked off by three cells in each coordinate 
direction. That area, bordered by an extra strip of cells, 
constitutes the region which is analyzed and for which 
charge-collection results are saved. The border allows 
some carriers to diffuse beyond the area originally 
affected. 

On-chip radiation sources 
SEMM  models the emission of alpha-particles from 
sources made up of rectangular bars, cylinders, or spheres, 
which  may be solid or hollow  and are specified by their 
individual positions, thicknesses, and materials. A 
metallized interconnection layer can be represented as a 
pattern of solid bars or (for economy of input) as a single 
solid bar thin enough to have the same volume as the 
patterned layer. Interconnection layers are separated by 
oxide layers. Solder balls are usually treated as solid 
cylinders, and ceramic headers as solid bars. Each 
interconnection layer or other source normally requires a 
separate SEMM execution; any layer between a source 
and the silicon chip acts  as a passive absorber of alpha- 
particle energy. 

Emission of  an alpha-particle occurs at one or more 
discrete energies, depending on the emitting  material. 
Polonium in the lead-tin solder ball emits only at 5.3 MeV; 
the bulk  emission rate for low-contamination  lead is of the 
order of one alpha-particle per cm2 per hour. Aluminum 
in the interconnect layers is assumed to have the same 
discrete energy spectrum as thorium, ranging  from 4 MeV 
to almost 9 MeV;  emission occurs at a rate of about 0.01 
per cm2 per hour, so low as to be difficult to measure. The 
emission spectrum of ceramic material is assumed to be 
equivalent to equal parts of thorium and  uranium, covering 
the same energy range as thorium alone; its emission 
rate has been measured at 30 alpha-particles per cm2 
per hour. 113 
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Cosmic radiation effects 
Cosmic particles in the form of neutrons or protons can 

114 collide randomly with  silicon nuclei in the chip and 
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fragment some of them,  producing alpha-particles and 
other secondary particles, including the recoiling nucleus 
[8, 9, 111. These can travel in  all directions with energies 
which can be quite high (though of course less than the 
incoming  nucleon energy); alpha-particle tracks so 
produced can sometimes extend a hundred microns 
through the silicon.  SEMM  follows  all of the secondary- 
particle tracks in such a point burst. 

Charge creation and particle energy losses 
A high-energy particle penetrating a silicon chip moves 
approximately in a straight line,  losing energy as it moves 
along. Shown in Figure 4 are curves of alpha-particle range 
vs. energy currently used in SEMM and obtained from 
TRIM, a PC program  which simulates ion implantation in 
amorphous materials [12, 131. The track of an  ionizing 
particle  may  extend a fraction of a micron to many  microns 
through the chip  volume of interest,  generating in its wake 
electron-hole  pairs at the rate of one pair  per 3.6-eV 
loss of energy.  In  SEMM the ionization  is  considered 
to be  almost  instantaneous  and  the track width  less  than 
the smallest grid  spacing. A typical track might represent a 
million pairs of holes  and  electrons.  SEMM  simulates  their 
movement  through the chip by drift or diffusion  until they 
recombine  or are collected at device  junctions or contacts. 
The CPU time is proportional to the number  of pairs, 
so each  pair used in the simulation  often  is  chosen to 
represent 1000 or more  actual  electron-hole  pairs  without 
noticeably  affecting the results.  Such a “super pair”  is 
termed a charge packet. 

Charge collection and difision 
The charge generated by a primary-particle strike is 
accounted for by collection or recombination before the 
next (independent) strike occurs. There is no accumulation 
of charge from one strike to the next, since even for high- 
flux sources the time interval between strikes is  long in 
comparison with the switching speed of today’s circuits. 
In a neutral region the electrons and holes generated 
by a particle diffuse  slowly away from their origin. This 
movement does not produce a net electric current because 
the electrons and the holes tend to move together, almost 
maintaining charge neutrality. However, when the 
electron-hole pairs drift into the depletion region of a p-n 
junction, a separation of charges occurs; the electrons 
move to the n-side of the junction, and the holes to the 
p-side. The separation occurs almost instantly for pairs 
initially in or “funneled” (see below) to a depletion region. 

equivalent circuit by a current source connected between 
the external terminals of the n-  and  p-regions.  The positive 
direction of the current is from the n- to the p-terminal. 
Such induced leakage currents can cause unintended 
changes in the state of a cell that serves  as a storage 

This separation of charges is represented in  an 

IBM J. RES. DEVELOP. VOL. 40 NO. 1 JANUARY 1996 



element. For each radiation event simulated in the Monte 
Carlo  portion of  SEMM, a number of entries are made in a 
charge-collection  history file to record the number of charge 
packets in  each  interval of simulation  time  at  each  collecting 
junction or terminal in the  active  chip  area  analyzed. 

In the SEMM approximation of the diffusion of the 
minority carriers in a charge packet, a representative 
carrier from the packet takes a sequence of random steps. 
A step moves the carrier a randomly positive or negative 
distance S in each coordinate direction; S normally has 
a value comparable to the vertical grid spacing near 
the silicon surface. If D is the local carrier ambipolar 
diffusivity, the simulated time for the step is S2 t ( 6 0 )  
[14]. A step  adds its time to the age of the minority carrier 
to determine whether the carrier should recombine, 
terminating the walk. The carrier’s new x-y-z coordinates 
are used to determine whether it has crossed a p-n 
junction; if so, the entire packet is collected, and the walk 
is terminated. The walk is also terminated if the carrier 
has diffused so far from the region of interest that its 
return would be highly  unlikely. The diffusion steps are 
modified  by a factor calculated from built-in electric fields 
perpendicular to the surface; this enhances charge 
transport, sometimes aiding charge collection and 
sometimes reducing it. 

Funneling 
If an  ionizing particle intersects a reverse-biased 
asymmetrically doped p-n junction, the junction’s depletion 
layer is temporarily distorted into the low-doped side by 
the ionized track. The electrostatic equipotentials, initially 
approximately parallel to the junction, become stretched 
out in the vicinity of the track, as shown schematically in 
Figure 5. The  term “funneling” was defined  in 1981 [4, 51 
to describe this effect because of the shape of these 
equipotentials (calculated in transient device analysis 
programs). The modification of the equipotentials is 
strongly affected by background doping and moderately 
affected  by the angle of intersection between the track and 
the plane of the junction [5, 151. If funneling occurs, the 
electric field  in that part of the depletion layer is reduced 
in strength, but acts upon the ionized carriers over a 
greater distance than the initial depletion layer would. As 
the drift field pulls  minority carriers to the metallurgical 
junction and consumes them, the equipotentials return to 
their equilibrium positions. The disturbance builds  up  and 
subsides in fractions of a nanosecond, but despite its 
brevity often represents the  dominant  mode of charge 
collection (as opposed to diffusion). The drift of minority 
carriers to a junction causes a pulse of current into an 
associated terminal; the pulse typically has a short rise 
time and decays exponentially from its peak; this is shown 
in Figure 6 for an alpha-particle penetrating a junction 
on a uniformly  low-doped cm-3) substrate. Vertical 
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3 alpha-particle  emitted  from a chip  package  and  penetrating 
f through a p-n junction into a low-doped substrate [5] .  

funneling depth is  defined for such a planar p-n junction as 
the difference between the abrupt-junction depletion layer 
width  for the amount of charge actually collected by drift 
after a particle strike and the abrupt-junction depletion 
layer width at  an  equilibrium  bias. 

Evaluation of failure  rates 

Critical chalge considerations 
Failure rates are computed from the collected charge by 
postprocessing the Monte Carlo output. Much  of the 
recent development of SEMM has been in the functions of 
the postprocessor, which reads a charge-collection history 
file event by event and counts the failures. For each event, 
it computes an effective charge by  summing the charges 
collected in a cell, using various weights for the various 
terminals. The  weights,  which  may be positive, zero, or 
negative, are supplied by the chip designer; they determine 
the circuit paths, directions, and relative sensitivities, and 
are used in conjunction with the critical charge values for 
those terminals. Each value of Qcri, is  commonly calculated 
with a circuit simulator by  applying a current pulse to a 
terminal and varying its magnitude until its charge is just 
enough to cause an upset [16]. 

For early chip designs, it was commonly accepted that 
the sensitivity to radiation of a typical  memory  cell or a 
latch  could  be expressed with a single value of Qcrit, 
independent of the waveform of the radiation-induced 
pulse of current into a terminal, but possibly using a priori 
weights as just described. For waveform-independent Q,, 
values, the postprocessor reads an event record from the 
collection history file and computes the maximum  effective 
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Waveform of a calculated current pulse influenced by funneling of 
charge after alpha-particle strike into a substrate doped with boron 
at 1015 ~ r n - ~ .  

charge over all  affected cells on the chip. After repeating 
this for all event records, the postprocessor tabulates 
internally the maximum  effective charge as a histogram. Its 
upper partial sum (from  highest to lowest charge) is then 
output as a table of the probability that a particle strike on 
the chip will produce at  least a certain effective charge. 
The designer can then look up  in the table the probability 
corresponding to a particular QcriI. 

For many contemporary applications, however, the 
charge required for an upset is strongly dependent upon 
the waveforms of pulses applied to a sensitive terminal. 
The pulses in general have a rapid rise  followed by an 
exponential decay, and are characterized by their decay 
time-constants. A circuit which recovers quickly from a 
disturbance may have a lower Q,, for a spike of current 
than for a slower pulse. The critical charge may also vary 
from one terminal to another. Therefore, to apply SEMM 
to a typical chip design one must have available the Q,, as 
a function of its exponential decay time-constant at each of 
the sensitive terminals in the circuit. Usually, the QcriI is a 

116 roughly linear increasing function of the time-constant. 

One  must also be aware of the effects of chip process 
parameters and power supply variations on these QcriI 
values. All of these Qcrit effects are discussed at length 
in the companion paper by Freeman [16]. 

If Qcri1 values are waveform-dependent, one also inputs 
for each sensitive terminal a table of Qcrit  vs. time- 
constant. The postprocessor monitors the current arriving 
at each terminal, fits its decay with a time-constant, looks 
up the corresponding Qcit  in the table, and normalizes the 
collected charge by dividing  it  by that QcriI. The normalized 
charges are added as described above, but now a sum of 
normalized charges greater than 1 for any event inherently 
denotes a failure. The postprocessor’s direct output is the 
probability that a particle strike on the chip will produce 
at least one failure. The result of processing a charge- 
collection history file is represented in Figure 7, which 
indicates the probability of being at least a certain amount 
over (or under) the critical value of charge. Primary 
interest is  in the probability defined by (Q - Qcrit) = 0, 
indicated by the dotted line in Figure 7 (in this example 
the probability value is 3 X 

For postprocessing, the Q,, at any terminal is  allowed 
to vary statistically to reflect variations in wafer processing 
or power supplies. (Lithography variations would require 
complete SEMM runs.) In this case, the Qcrit for any 
particular time-constant is assumed to have a Gaussian 
distribution about the nominal value. For each SEMM 
event, the postprocessor nominal calculation proceeds as 
described above. Then the calculation is repeated with 
random Gaussian samples of the QcriI values for the same 
SEMM event. After processing all the events, the program 
prints the mean  and standard deviation of the distribution 
of failure probabilities, which are saved for further 
postprocessing. 

Cosmic SER calculations 
Model verification via particle accelerator SER requires 
the value of the beam  flux, F ,  measured consistently 
with the SER experimental conditions, and the SEMM- 
simulated failure probability, P. The calculated SER in this 
case is just P X F .  

For terrestrial cosmic-induced SER calculations, fluxes 
vary with  altitude  and  geographic  location [lo]; expressions 
for  these  variations are part of the SEMM  package, as 
is a formula  for the energy-dependence of the sea-level 
flux  at  New  York  City [lo]. A program,  SERCALC,  is 
used to compute terrestrial cosmic SER from the failure 
probabilities  previously  calculated  by the postprocessor  for 
a set of individual  cosmic  nucleon  energies.  Assuming  that 
between  tabulated  energies the failure  probability P and 
the flux E: each  behave as some  power of the energy, 
SERCALC  integrates (P X F) over the energy  domain for 
the nominal Q,, results  and  also  for  any  statistically  varied 
Qcit results.  The  principal  input data to SERCALC are 
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the set of  failure statistics saved by the postprocessor. 
Additional  input data items  required are chip  dimensions, 
the number  of bits in the chip  (for  memory arrays), and  the 
altitude,  latitude,  and  longitude of the location at which to 
evaluate  the terrestrial SER. 

On-chip SER calculations 
The output from the postprocessor run for a particular 
radiation source is the probability P of failure, given that 
the chip area has been struck. To calculate chip SER (fails 
per unit time), one multiplies P by the number of particle 
strikes per unit time.  The number of particle strikes per 
unit  time  is the chip area multiplied by the flux impinging 
on that area. Usually, the flux from a bulk sample of a 
package material is measured with a large-area zinc 
sulphide detector and reported as so many particle strikes 
per cmz per hour or per thousand hours. The detector has 
a typical threshold energy (minimum particle energy for 
detection) of 1 or 2 MeV.  An uncertainty exists for the 
value of the flux from  package materials, either because 
their radioactive contamination level varies or because the 
emission rate is so low that it  is masked by background 
noise. Therefore, up-to-date and suitably authenticated 
flux values must be obtained. Modeling  may be required 
in order to convert the bulk material flux on the detector 
into a particle emission rate for the source as actually 
fabricated (SEMM  itself  may be used for this 
modeling). 

Summary 
SEMM is a computer program at the heart of a state-of- 
the-art soft-error modeling procedure whose goal is to 
predict the SER of semiconductor devices in circuits due 
to on-chip and cosmic ionizing radiation. It accepts a 
detailed 3D chip description and models the transient 
collection of induced holes or electrons at semiconductor 
junctions and contacts. Then, from  user-defined  waveform- 
dependent Q,, values, it calculates the probabilities of soft 
failures due to the radiation sources chosen and evaluates 
the chip SER. The SEMM  program has been associated 
with the IBM chip design process for more than a 
decade. 
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a Example of calculated failure probability curve; failures occur 1 when collected charge Q exceeds critical charge Qcrit (hatched 
I region). 
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