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Abstract--1t has been shown that for many types of integrated
circuits, the response to total ionizing dose (TID) radiation is
dependent upon the dose rate. Many bipolar products have
been shown to exhibit enhanced low dose rate sensitivity
(ELDRS), where they may pass TID testing at high dose rates,
but fail at lower dose rates. Typically, TID testing and
qualification is done under relatively high dose rate conditions.
ELDRS has been a significant issue for the space community
where the application dose rate is much lower than typical test
conditions. National Semiconductor has made process and
design changes to the classic bipolar amplifier, LM124 and
comparators, LM139 and LM193, reducing their susceptibility
to ELDRS, to where they could be considered “ELDRS free”.
High and low dose rate test data for these products are
presented and compared.

L. INTRODUCTION

The classic bipolar comparators, LM 139 and LM193 and
amplifier, LM124 were designed and released over 30
years ago and have been used in space applications for nearly
as long. These products have been manufactured by a
number of different suppliers. Each supplier may have used a
number of different product layouts, manufacturing locations
and processes to produce these products over the years. Each
combination of variables could result in a different radiation
performance, with some failing Total Ionizing Dose (TID)
testing as low as 15 krad(Si) and others passing above 100
krad(Si) [1] - [3].

Some versions of these classic bipolar products have been
shown to exhibit Enhanced Low Dose Rate Sensitivity
(ELDRS) [1]—[10]. Although a part may pass TID testing at
a high dose rate (HDR), it could fail at a low dose rate (LDR)
that is closer to the dose rate seen in a space application.

National Semiconductor has been a long time supplier of
these products to the space community. Over the years, the
parts supplied by National have had wvariable radiation
performance, depending on the manufacturing conditions and
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the certification levels of the product (commercial, military or
space). Due to changes in the wafer fabrication locations of
these products, the radiation performance degraded during a
period from 1999 to 2002 [1]. A number of process and
layout changes that have incrementally improved the
radiation performance of these products have been
documented [1], [6], [8], [10]. Although each change did
result in some radiation performance improvement, combined
they did not result in returning the products back to the 100
krad(Si) TID level, or in fully eliminating ELDRS.

Since then, National Semiconductor has made additional
process and design changes that have resulted in further
improvement in TID response, where these products now
pass TID testing to 100 krad(Si). At the same time, the low
dose rate response has improved to the extent that there is
little difference from the high dose rate response and that the
parts could be considered “ELDRS-free”, by the definition
supplied in MIL-STD-883G, Test Method 1019.7, section
3.13.1.1 [11]. Unexpectedly, HDR is the worst case
condition for most electrical parameters. The HDR and LDR
drift data for these products is presented here.

II. PRODUCT DESCRIPTIONS

Products covered in this report are the quad comparator,
LM139 [12], the dual comparator, LM 193 [13], and the quad
amplifier, LM124 [14]. They were manufactured in National
Semiconductor’s UK 6 inch wafer fab, using a new, unique
radiation tolerant process flow and unique masksets.
National part numbers, the Defense Supply Center Columbus
(DSCC) Standard Microcircuit Drawing (SMD) numbers and
the wafer lot numbers are listed in Table 1. The data from
this report is only applicable to the part numbers listed, as the
wafer process and masksets are not used on other versions or
assurance levels of these products.

TABLE |
PRODUCT NAMES AND WAFER LOT NUMBERS OF UNITS TESTED

DSCC Part Number Lot Number
5962R9673802VxA IMO051X21

5962R9452603VxA IMO0O6BTO043
5962R9950402VxA JMO0591182

National Part Number
LMI139AXxRLOMLYV
LMI193AXxRLOMLYV
LMI24AxRLOQMLY
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1. TEST METHOD

All units tested were assembled in the ceramic Dual Inline
Package (DIP) and processed through the class V flow in
MIL-PRF-38535[15].

Radiation testing was done using the ELDRS
characterization in MIL-STD-883, Test Method 1019.7,
section 3.13.1.1 as a guide. A four way split was run with
units biased and unbiased during irradiation at LDR and
HDR. The conditions used for irradiation and the number of
units analyzed for each product type are shown in Table II.
For the LM124 and the LM139, the units came from one
wafer each. For the LMI193, the units came from two
different wafers.

TABLE II
TEST CONDITIONS FOR THE FOUR WAY SPLIT
LM193 LM139 LM124
Dose Rate Conditions Number of units Number of units Number of units
LDR Biased 10 5 5
LDR Unbiased 10 5 5
HDR Biased 12 6 5
HDR Unbiased 12 6 5

The HDR irradiation was done between 37 to 45 rad(Si)/s
at National Semiconductor’s radiation facility in South
Portland, Maine. The LDR irradiation was done at 10
mrad(Si)/s at White Sands Missile Range.

The unbiased units had all leads tied to ground during
irradiation. For the biased units, on the LM193 and LM139,
the supply was connected to 28 V, the inverting inputs to 6.4
V, the noninverting inputs to 10 V and the outputs to ground.
For the LM124 the supplies were connected to +15 and -15
V, the inputs were tied together through a 30 kohm resistor,
and the outputs and inputs were ganged together through 10
kohm resistors and connected to ground.

Electrical testing was done with an LTX77 test system at
National Semiconductor’s South Portland radiation facility.
All datasheet and SMD parameters were tested. For the HDR
legs testing was done at 0, 3, 10, 30, 50 and 100 krad(Si)
levels. The LDR legs were pulled at close to the same levels,
but not always exactly at those levels. For instance, on the
LM139, the 50 krad(Si) level was actually tested at 48

krad(Si). For all three products, the LDR testing was taken to
102 krad(Si). For the HDR legs, electrical testing was
completed within an hour of being removed from the gamma
radiation. The LDR legs were shipped overnight from the
test facility at WSMR to National for testing, and shipped
back overnight to WSMR to resume irradiation. Testing time
limits were in accordance with MIL-STD-883G, TM1019.7.

IV. RESULTS

All legs passed TID testing to a radiation level of 100
krad(Si) with all parameters inside the post irradiation limits
on the datasheets and SMDs. The products can be considered
“ELDRS free” based on the definition in MIL-STD-883G,
Test Method 1019.7, section 13.3.1.1. No parameters have
an LDR drift that is 1.5 times greater than the HDR drift and
have the post irradiation values outside the pre irradiation
limits [11].

The average parametric drift and the standard deviation of
the drift for each test for the three products are listed in
Tables III, IV and V. The drift was calculated from the 0
krad test point to the maximum test point, 100 krad(Si) for
HDR and 102 krad(Si) for LDR. The data is shown for the
worst case channel that had the highest amount of drift for
most tests. For the LM139 and LM193, the worst case was
channel 1, while for the LM 124 it was channel 4.

V. DISCUSSION OF THE RESULTS

The worst case test conditions resulting in the highest drift
through irradiation varied from parameter to parameter. In
most cases, HDR resulted in higher drift than LDR. The
impact of biasing during irradiation varied from parameter to
parameter and part to part. Except for the input offset current
on the LM124, there was not much channel to channel
variation in TID radiation response for any of the products.

The average parametric readings at each of the radiation
test points for select tests are plotted in Figs. 1 through 19. In
some cases the results of the four different radiation
conditions are compared, and in other cases, the different
channels are compared for one radiation condition. Unless
otherwise noted, the scale range of the y axis is the pre
irradiation test limits.

TABLE III
DRIFT RESULTS OF SELECTED PARAMETERS FOR LM 193 CHANNEL 1
Conditions LDR HDR
Parameter Vee=5V; Vem=0V Units Bias Unbias Bias Unbias
unless noted otherwise Drift StdDev  Drift StdDev  Drift StdDev  Drift  Std Dev

Supply current mA -0.011 o002 -0.010 o002 -0.017 o002 -0.013 o0.002
Input offset voltage mv 0.085 o033 0143 0017 -0512 o740 0.283 0058
CMRR Vee=30V, Vem=0V to 28.5V dB -2.411 0546 1.323 0231  -8.021 1.209 1738 0272
PSRR Vee=5 to 30V dB -0.224 0143 0437 0475 -2.830 0529 0404 04175
Input bias current nA -20.823 1945 -18.014 1949 -27.373 2272 -38114 4183
Input offset current nA -0.564 o510 -0.713 0587 -1.611 0843 -1.201 0515
Qutput leakage Vee=30V, Vout=-30V UA 0.010 0.003 0.000 0.000 0.036 0.014 0.000 0.000
Qutput sink current Vout=1.5V mA -1.296 o173 -1.237 o120 -1657 0315 -1.641 0097
Qutput sat voltage lo=4mA my 3175 10878 3132 3.901 2.902 5121 2.401 3.214
Response time Vod=50mV us 0.208 0013 -0.002 o008 0273 o007 0.008 0005
Differential input voltage Vee=30V, Vin=0V nA 28.009 2822 25256 2894 37.419 3235 53.242 6176
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TABLE IV

DRIFT RESULTS OF SELECTED PARAMETERS FOR LM 139 CHANNEL 1

LDR HDR
Parameter Conditions Units Bias Unbias Bias Unbias
Drift StdDev  Drift StdDev  Drift StdDev  Drift  Std Dev
Supply current Veec=30V mA -0.059 o014 -0.057 o006 -0.049 o004 -0.074 0010
Input offset voltage Vee=30V, Vem=0V ul' -0.767 0260 0032 0030 -1.277 0079 0247 0039
CMRR Vem=0V to 28.5V dB -18.348 3228 -0.642 1440 -22.243 4224 -3.778 8662
PSRR Veo=5V to 30V dB -8.308 1388 -1.952 0361 -13.140 1992 -1.523  1.151
Input bias current Vee=5V, Vem=0 nA -40.120 23485 -26.900 1.273 -31.367 2052 -44300 1.595
Input offset current Vec=5V, Vem=0 nA 2140 5227 1920 159 -1933 0339 -0.217 0445
Output leakage curent Vo=30V HA 0.000 o000 0.000 o000 0000 o000 0.000 0.000
QOutput sink current Vee=5V, Vo=1.5V mA -2.358 0830 -2.208 0124 -2272 0113 -2.390 o0.118
Output sat voltage Vee=5V, lo=4mA mvV 0.006 o009 0004 o005 0007 0005 0.010 o0.011
Response time Vee=5V, Vod=5mV us 1868 0100 0078 0008 1855 0048 0.148 0010
Differential input voltage Vdiff=36V nA 59.080 34196 40540 2453 44000 2892 63583 2707
TABLE V
DRIFT RESULTS OF SELECTED PARAMETERS FOR LM 124 CHANNEL 4
LDR HDR
Parameter Conditions Units Bias Unbias Bias Unbias
Drift StdDev  Drift StdDev  Drift StdDev  Drift  Std Dev
Supply current Vee=30V mA 0.420 oo0ss -0.038 o0.011 0.706 o036 -0.040 o.004
Input offset voltage +Vee=2.5V, -Vee=-2.5V, Vem=1.1V mVv -0.590 0.118 -0.824 0.034 -0.656 0.030 -1.004 0.024
CMRR Vem=13V to -15V dB 0260 0154 0322 0134 0288 o088 0330 0133
PSRR Vee=5V to 30V, Vcm=-1.4V "y 2278 0357 2746 o088 2500 0295 4.034 0108
Input bias current Vee=30V, Vem=-15V nA -28.956 5203 -27.754 oss9 -31.442 1132 -30.232 o586
Input offset current Vee=30V, Vem=-15V nA 0.628 0.213 0.644 0.432 0.900 1.631 0.542 0.372
Qutput short cicruit current  Vec=30V, Vo=25V \' 0.000 o187 0.040 0568 0540 0055 0.360 0130
OQutput voltage swing Vee=30V, Vo=30V, RL=2KQ \' -0.013  o0.041 0.015 o028 -0.083 o005 0004 0021
Valtage gain Vo=5V to 20V, Vec=30V, RL=2KO VimVy -79.120 24450 3830 4328 -98204 s040 1278 5478
Output voltage Low Vee=30V, RL=10KQ mV 0.203 o271 -0.054 0551 1.061 0022 -0.181 1018
Qutput voltage High Vee=4.5V, -10mA load \ -0.008 o000 -0.002 o000 -0.022 o000 0.006  0.004
Rise time Vee=30V ns 11.162 4747 17.320 3870 10.768 5151 30.034  1.941
Slew rate Vee=30V Vius -0.013 o004 -0.018 0003 -0.010 0002 -0.020 0.001
A LMI193 The HDR drifts are usually larger, sometimes significantly

The parameters with the highest sensitivity to radiation are
the input offset voltage, input bias current, and response time,
which are plotted in Figs. 1 through 3 respectively. The input
offset current and supply current are fairly radiation hard and

larger, than the LDR drifts, as can be seen from Table 3 and

are plotted in Figs. 4 and 5 respectively. The data is all for
channel 1. Little variation was seen between channel 1 and 2.

Figs. 1-3.

For most tests, the unbiased condition resulted in
more drift than when the parts were biased. The major
exception is response time, where the biased conditions were
worst case (Fig. 3).
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Fig. 2 LM193 input bias current vs. radiation exposure for channel 1 with
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Fig. 1 LM193 input offset voltage vs. radiation exposure for channel 1, with
Vee=5Vand Vem =0 V. They axis range is the pre irradiation limits.

Vee=5Vand Vem =0 V. They axis range is the pre irradiation limits.
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For input bias current, under HDR, the direction of the drift
was in opposite directions depending on whether the part was
biased, being in the negative direction when the units were
biased, and the positive direction when unbiased during
irradiation (Fig. 1). There was very little movement in this
parameter under LDR irradiation.
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Fig. 3 LMI193 response time vs. radiation exposure for channel 1 with
Vee =5V and Vod = 50 mV. The pre irradiation limit is 0.8 ps and the post
irradiation limit is 1.0 ps.
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Fig. 4 LM193 input offset current vs. radiation exposure for channel 1, with
Vee=5Vand Vem =0 V. They axis range is pre irradiation limits.

1
0.9
0.8
<07
T 0
£ 06
g
S 05—
S i m-im r - - & n
204
o
203 _
-8~ DR Biased
0.2 +—{ -&LDR Unbiased
HDR Biased
0.1 7~~~ HDR Unbiased
0 . . r r ,
0 20 40 60 80 100 120

Exposure (krad(Si))

Fig. 5 LM193 supply current vs. radiation exposure with Vec =5 V. The y
axis range is the pre irradiation limits.

B. LMI139

The parameters most sensitive to TID radiation are the
input offset voltage, input bias current, and response time.
They are plotted in Figs. 6 - 8 respectively. The input offset
current shows small responses to the radiation (Fig. 9) and

the supply current remains largely unchanged (Fig. 10).
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Fig. 6 LM139 input offset voltage vs. radiation exposure for channel 1. with

Vee =30V and Vem =0 V. The y axis range is the pre irradiation limits.
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Fig. 7 LM139 input bias current vs. radiation exposure for channel 1, with
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Fig. 9 LM139 input offset current vs. radiation exposure for channel 1 with
Vee =5V and Vem =0 V. The y axis range is pre irradiation limits.
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Fig. 10 LM139 supply current vs. radiation exposure with Vec =30 V. The
y axis range is the pre irradiation limits.
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Fig. 11 LM139 input offset voltage vs. radiation exposure for all channels
when biased at LDR with Vec =30 V and Vem = 0 V. The y axis range is
the pre irradiation limits.

In most cases the LDR drift through irradiation was the
same, or sometimes significantly less than the HDR drift. In
the few cases where LDR drift was higher than the HDR
drift, the difference was within the standard deviation of the
drift. The impact of the biasing condition varied by

parameter and dose rate, but the biased condition tended to be
the worst case for many of the tests.
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Fig. 12 LM139 response time vs. radiation exposure for all channels when
biased at LDR with Vcc =5 V and Vod = 5 mV. The y-axis range is the pre
irradiation limits.
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Fig. 13 LMI139 input offset current vs. radiation exposure for all channels
when unbiased at LDR with Vec =5 V and Vem = 0 V The y axis range is
the pre irradiation limits.

The input offset voltage parameter showed multiple types
of variation. In Fig. 6, the LDR biased case shows a brief
upward spike at 13 krad and then a sharp drop followed by
steady degradation. This spike appears on every channel
when testing biased devices at LDR conditions (Fig. 11).
Similar to the LM193, the LM139 input offset voltage drift
under HDR irradiation is dependent on biasing conditions,
with a negative drift seen with the parts biased and a positive
drift with the parts unbiased (Table VI).

TABLE VI
DRIFT RESULTS FOR INPUT OFFSET VOLTAGE FOR LM 139 ALL CHANNELS
Drift (mV)
LDR HDR
Bias Unbias Bias Unbias

Channel

BWN =

-0.767
-0.588
-0.629
-0.510

0.032
-0.020
-0.041

0.011

-1.277
-1.142
-1.188
-1.076

0.247
0.057
0.009
0.044
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Previous versions of the LM 139 were reported to show wide
channel to channel variations in TID response. For instance,
on one older version of the LM 139, the channel 1 input offset
voltage would shift by -15 mV at 30 krad(Si), while the input
offset voltage on the other three channels would shift by less
than 5 mV out to 100 krad(Si) [1]. For this new ELDRS-free
version of the LM139, there is some channel to channel
variation in TID response, but it is not significant (Figs. 11 —
13).

C. LMi24

The parameter showing the most sensitivity to TID
radiation was the input bias current, which is plotted in Fig.
14. The supply current, voltage gain, and input offset voltage
also showed some sensitivity (Figs. 15 - 17). The input offset
current does not show much response to radiation (Fig. 18).

There was not much difference in TID radiation response
between the LDR and HDR conditions. Generally, the biased
condition was the worst case.
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Fig. 14 LM124 input bias current vs. radiation exposure for channel 4 with
Vee =30 Vand Vem = -15 V. The pre irradiation limit is -50 nA and the
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Fig. 15 LM124 supply current vs. radiation exposure with Vec =30 V. The
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Fig. 17 LM124 input offset voltage vs. radiation exposure for channel 4 with
+Vee =2.5V,-Vec=-2.5V, and Vem = 1.1 V. The y axis range is the pre
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Fig. 18 LM124 input offset current vs. radiation exposure for channel 4 with
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The only test with significant channel variation was the input
offset current. Regardless of the biasing or dose rate
conditions, channels 1 and 4 would always drift positively
and channels 2 and 3 would always drift negatively. The
cause for this may be that prior to irradiation channels 1 and 4
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tend to have slightly positive offset currents and channels 2
and 3 tend to have near zero or slightly negative offset
currents.  During irradiation, a channel would drift in
accordance with its initial offset current value. This channel
divergence is not an isolated trend; it appears on other wafers
tested in this wafer lot. The biased HDR case is shown in
Fig. 19.
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Fig. 19 LMI124 input offset current vs. radiation exposure for all channels
when biased at HDR with Vcc =30 V and Vem = -15 V. The pre irradiation
limit is -10 nA to 10 nA.

In general, the variation in drift from channel to channel
was minor compared with unit to unit or wafer to wafer
variation. Typically there was more variation in drift on units
within a wafer than in the average wafer to wafer drift. Table
VII shows the channel to channel, unit to unit and wafer to
wafer standard deviations for the drift from 0 to 102 krad(Si)
for LDR testing. In the Avg. Drift column is the average drift
for channel 4 for the five units used in this study. These units
came from the same wafer. The channel to channel drift
standard deviation was calculated from the four channels of
one unit. The unit to unit drift standard deviation was
calculated for channel 4 for the 5 units tested from the one
wafer used in this study. The wafer to wafer calculation is
from the average drift for channel 4 from 5 units per wafer,
from the one wafer used in this study and five other wafers
from the same wafer lot.

TABLE VII
CHANNEL, UNIT AND WAFER DRIFT VARIATION

Standard Deviation

Channel to  Unitto Wafer to

Parameter Biasing  Units Avg. Drift channel unit wafer
Biased 0590 0015 0119  0.105

Input Offset Voltage ) iaceq ™V 0824 0022 0034 0082
nout Bias Current B384 28956 0716 5203 0931
P Unbiased 27.754 0477 0689 1277
Biased 0628 0604 0213 0603

Input Offset Current 1 ioceq ™ 0.644 0213 0432 0419
) Biased 79120 13.950 24459  4.782

Voltage Gain Unbiased V™ 33830 0967 4328  7.733

VI. CONCLUSIONS

The latest space versions of National Semiconductor’s
bipolar amplifier, LM124 and comparators LM139 and
LM193 do not exhibit ELDRS and are qualified to a TID of

100 krad(Si). In most cases, the low dose rate drift is less
than that for high dose rate. This is for the products
designated “ELDRS-free” and is not applicable to other
versions of these products.

Biasing conditions during irradiation can have a variable
impact TID response, with a biased condition being the worst
case for some parameters and an unbiased condition being
worst case for others. For some parameters, the drift over the
radiation range is not monotonic, with the drift switching
directions at some interim test point. Although other wafers
and wafer lots of these products have been tested and have
passed the low dose rate testing, this study does not
comprehend lot to lot variations in TID response. For this
reason, National continues to test and qualify each individual
wafer under LDR, taking data at the interim radiation points
as was done in this study.

VII. REFERENCES

[11 R. L. Pease, M. C. Maher, M. R. Shaneyfelt, M. W. Savage, P. Baker,
J. Krieg, and T. L. Turflinger, “Total-dose hardening of a bipolar-
voltage comparator,” IEEE Trans. Nucl. Sci., vol. 49, no. 6, pp. 3180-
3184, Dec. 2002.

[2] R. L. Pease, S. McClure, A. H. Johnson, J. Gorelick, T. L. Turflinger,
M. Gehlhausen, J. Krieg, T. Carriere, M. Shaneyfelt, “An updated data
compendium of enhanced low dose rate sensitive (ELDRS) bipolar
integrated circuits,” 2001 IEEE Radiation Effects Data Workshop, pp.
127-133

[3] H.J. Barnaby, C. R. Criba, R. D. Schrimpf, D. M. Fleetwood, R. L.
Pease, M. R. Shaneyfelt, T. Turflinger, J. F. Krieg, M. H. Mabher,
“Origins of total-dose response variability in linear bipolar
microcircuits,” IEEE Trans. Nucl. Sci., Vol. 47, no. 6, pp. 2342-2348,
Dec. 2000

[4] R. L. Pease, “Total ionizing dose effects in bipolar devices and
circuits,” IEEE Trans. Nucl. Sci., Vol. 50, no. 3, June 2003

[5] L. Dusseau, M. F. Bernard, J. Boch, J. -R. Vaill¢, F. Saigné, R. D.
Schrimpf, E. Lorfévre, and J. P. David, "Analysis of total-dose
response of a bipolar voltage comparator combining radiation
experiments and design data," [EEE Trans. Nucl. Sci., vol. 53, no. 4,
pp. 1910-1916, Aug. 2006.

[6] M. R. Shaneyfelt, J. R. Schwank, J. A. Felix, P. E. Dodd, D. M.
Fleetwood, R. L. Pease, and M. C. Maher, “Annealing behavior of
linear bipolar devices with enhanced low-dose-rate sensitivity,” IEEE
Trans. Nucl. Sci., vol. 51, pp. 3172-3177, Dec. 2004.

[71 R.L.Pease, G. Platteter, G. W. Dunham, J. E. Seiler, H. J. Barnaby, R.
D. Schrimpf, M. R. Shaneyfelt, M. C. Maher, and R. N. Nowlin,
“Characterization of enhanced low dose rate sensitivity (ELDRS)
effects using gated lateral PNP transistor structures,” [EEE Trans.
Nucl. Sci., vol. 51, no. 6, pp. 3773-3780, Dec. 2004.

[8] M. R. Shaneyfelt, R. L. Pease, M. C. Maher, J. R. Schwank, S. Gupta,
P. E. Dodd, and L. C. Riewe, “Passivation layers for reduced total dose
effects and ELDRS in linear bipolar devices, /EEE Trans. Nucl. Sci.,
vol. 50, no. 6, pp. 1784-1790, Dec. 2003.

[9] H. J. Barnaby, R. D. Schrimpf, R. L. Pease, P. Cole, T. Turflinger, J.

Krieg, J. Titus, D. Emily, M. Gehlhausen, S. C. Witczak, M. C. Maher,

and D. Van Nort, “Identification of degradation mechanisms in bipolar

linear voltage comparator through correlation of transistor and circuit
response,” IEEE Trans. Nucl. Sci., vol. 46, no. 6, pp. 1666-1673, Dec.

1999.

M. R. Shaneyfelt, R. L. Pease, J. R. Schwank, M. C. Maher, G. L.

Hash, D. M. Fleetwood, P. E. Dodd, C. A. Reber, S. C. Witczak, L. C.

Riewe, H. P. Hjalmarson, J. C. Banks, B. L. Doyle, and J. A. Knapp,

“Impact of passivation layers on enhanced low-dose-rate sensitivity and

pre-irradiation elevated-temperature stress effects in linear ICs,” I[EEE

Trans. Nucl. Sci., vol. 49, no. 6, pp. 3171-3179, Dec. 2002.

MIL-STD-883 Test Method Standard, Microcircuits, Department of

Defense, Defense Supply Center Columbus, Columbus, OH, Junel8,

2004 http://www.dscc.dla.mil/Downloads/MilSpec/Docs/MIL-STD-

883/std883.pdf

[10]

[11]

116



[12]

[13]

[14]

[13]

“LMI139A/LM139QML Low Power Low Offset Voltage Quad
Comparators,” April 2, 2008, National Semiconductor, Santa Clara,
CA, http://cache.national.com/ds/LM/LM139A.pdf
“LMI93A/LMI93QML Low Power Low Offset Voltage Dual
Comparators,” October, 2007, National Semiconductor, Santa Clara,
CA, http://cache.national.com/ds/LM/LM193A.pdf
“LM124A/LM124QML Low Power Quad Operational Amplifiers,”
June 2006, National Semiconductor, Santa Clara, CA,
http://cache.national.com/ds/LM/LM124A.pdf

MIL-PRF-38535 Integrated Circuits (Microcircuits) Manufacturing,
General Specification for, Department of Defense, Defense Supply
Center Columbus, Columbus, OH, Mar 16, 2007
http://www.dscc.dla.mil/Downloads/MilSpec/Docs/MIL-PRF-
38535/prf38535.pdf

117




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


