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1. INTRODUCTION

A recent RAir Force Weapons Laboratory (AFWL)} document, Electronic
Component Modeling and Testing Program, AFWL-TR-78-62 Pt.1 (March 1980),
contains a new model for predicting bipelar transistor and diode failure
for reverse junction bias. This paper examines the capability of this
model using as a baseline a library of experimental damage data for
devices from the front ends of an array of Army tactical multichannel
radios.

2. EXAMINATION
The new model is implemented as follows:

(1) Calculate doping concentration from room temperature breakdown
voltage:

= 181 5
N, = 4.49 x 10 Vap

D

where

N = doping concentration on lightly doped side of junction
(inverse cubic centimeters),

Vgp = room temperature breakdown voltage (volts).

(2) Calculate breakdown voltage at critical failure temperature:

- 12)q=0+67
Vape 4.07 x 10°“Np
where
Vape = breakdown voltage at critical failure temperature y
(Volts)o m

(3) Calculate space charge resistivity: :

= 25)5™1 8
Psc 2.48 x 10 ND




where

(4)

where

(5)

where

(6)

where

Pgc = space charge resistivity (ohm-square centimeters).

Calculate bulk resistivity:

= 10y=0 81
PRLK = 3.61 x 10 Np

PRLK = bulk resistivity (ohm—-square centimeters).
Calculate failure current density at 100 ns:

Emitter-to-base junction:

= ~11,50-88
Jp = 3.84 x 10 ND

Ip = failure current density at 100 ns (amperes/square
centimeter}.

Collector-to-base or diode junction:

= “ =ily0-88
Jp = 8.25 x 10 Np

Calculate junction area:
Emitter-to-base junction:
Priority 1

Area = 1.47<2.3 x 10'6¢o V%G?)l-os
EB

C =c_ V5 = corrected emitter-to-base capacitance
Op RE RF

(picofarads),

=y



where

where

where

0
1]

RE emitter-to-base capacitance at rated voltage
(picofarads),

Vgp = rated voltage (volts),

|

Vgp = rated emitter-to-base breakdown voltage (volts).

Priority 2

Area = 6,34 x 107413.82"

Iyax = Maximum rated transistor collector current (amperes).

Priority 3

Area = 8.75 x 1073 (2 x 1076c, vJ:83)0-58
cB °VCB

COCB = CRCV%6333 = corrected collector-to-base capacitance }
(picofarads), i
:
Cpe = collector-to-base capacitance at rated voltage i
(picofarads), i
Vge = rated voltage for collector-to-base capacitance (volts), §
Vep = collector-to-base breakdown voltage (volts).
CB
Priority 4

Area = 1.19 x 10'293%‘9“ ,

eJC = junction-to-case thermal resistance (degrees
Celsius/watt).

Priority 5

= =170
Area = 2‘796JA




where

where

63m = junction-to-ambient thermal resistance (degrees
Celsius/watt).

Collector-to-base junction:
Priority 1
= =0 .89
Area = 0.0476 p.
Priority 2
= =310+62
Area 2.72 x 10 Iyuax .
Priority 3
= ~) o447
Area = 3.630 ;3
Priority 4

Area = 1.13 x 1072(2 x 10‘6c0
CB

«8310.39
0 R

Diode junction:

Priority 1
= . =31l+16
Area 8.1 x 10 IM.AX
Iyax = maximum rated diode currents (amperes) for Zener diodes

= IZMV ’
Iom = maximum rated Zener current (amperes),

V, = rated Zener voltage (volts).

Priority 2

Area = 0.458(2 x 10'5(:0 v%683)0-83
D

2]
[

= ¢, Y0333

RD'RD

Cgp = diode junction capacitance at rated voltage (picofarads),

<
[]

Rp = rated voltage (volts).

8

EE
-

s -




| S

Priority 3
= =121
Area 0.4896JL
where
BJL = junction-to-lead thermal resistance (degrees

Celsius/watt).
Priority 4
= ~1.32
Area = 1.9630JA

(7} Calculate bulk resistance, space charge resistance, and failure
current at 100 ns:

Rork = Parx/2¥ed -

X
]

psc/area '

]

I

F 100 ns _ Jp% 3rea .

(8) CcCalculate power to damage for pulse duration t:

2
IF 100 ns IF 100 ns

P, = |V

+ Re~ + R /1000¢0°5
D BDC 3, 462 10 ( sC BLK)

3. RESULTS

Appendix A lists a program used to implement the AFWL model, along
with the input and resultant data. The model predictiong are presented

in figure 1 as

Px/P . for Py > P ’

P/Px , for P > Px ’
where
Px = experimental power to damage,
P = corresponding predicted value,




as a function of the percentage confidence level, The percentage
confidence level is defined as the percentage of data points with a
ratio less than or equal to the given value. The envelope defined by
the five priority models is plotted in figure 2 along with the
predictions of the junction capacitance damage model for comparison and
a plot of the scatter in the experimental data. The scatter in the
experimental data is the ratio of the power to damage for the individual
devices and the experimentally defined damage curve presented in the
mode previously indicated for the AFWL model predictions. The
experimental data base used for this projection includes but is larger
than that indicated in appendix A. The total base of 822 devices
comprised a test population of 82 P-N junction types. This population
includes both germanium devices and specialty devices for which AFWL
model data are unavailable.
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Figure 1. Percentage confidence level versus scatter in data for AFWL
model: 0 = priority 1, (0= priority 2, V = priority 3, | =
priority 4, and - = priority 5.
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Figure 2. Percentage confidence level versus scatter in
data for junction capacitance damage model (solid
circles), limits of AFWL damage model (dashed
curve), and experimental data (solid curve).

4. CONCLUSION AND DISCUSSION

At high confidence levels, the AFWL model represents approximately a
doubled improvement over the junction capacitance damage model based on
the device population employed in this study. One note of caution: The
AFWL model, like all previous damage models, is for junction reverse
bias only. To project from reverse bias failure to failure under
forward bias is fraught with great difficulties. Figure 3 is a
histogram of the experimental ratio of power to failure for forward and
for reverse bias. (All measurements were made at 0.1-, 1-, and 10-us
pulse durations.) Previous studies have shown that, despite the
generally higher power to failure for forward bias, damage is as likely

11




to occur under forward as under reverse conditions for circuits driven
to the failure level,!’? The uncertainty indicated in figure 3 must be
included in the uncertainty of the damage model predictions in
projecting damage characteristics to forward bias.
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Figure 3. Histogram of ratio of experimental power to damage for
forward and reverse junction bias for pulse durations in 0.1-
to 10-us range for 78 percent of P-N junction types included
in appendix A.
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APPENDIX A

DAT(14N)=-12 OI00E JSUNCTION, 0% (-8 JUNCTION, 13 E-B JUNCTIDN
DATL2 N )=BREAKDOWN VOLTAGE (V)
DATE3,N)}= DIODE CAPACITANCE (PF), DEFAULT VALUE=Q
DAT(aoN)=C—B CAPACITANCE, DEFAULT VALUE=C
DATIS N)= E-B CAPACITANCE (PF), LEFAULT VALUE=O
DAT(6oN)=MAXIMUM RATED CULLECTUR QR OIUDE CURRENT (A}
DAY 74N)=JUNCTION-TO ~CASE THERMAL RESISTANCECTHETA JCk ((/k)
DATU8 ¢N)I=JUNCTION-TO-AMBIENT THERMAL RESISTANCECTHETA JA) (C/V¥W)
DAT{9N)=EREAKDOWNN VOLTAGE FOR C-B FOR EMITTER DATA
DATE(IO,N)=EXPERIMENTAL PONER TO LAMAGE AT 0.1US
DAT(11,NY=EXPERIMENTAL POWER TL CLAMAGE AT 1 US
DAT(12,N)=EXPERIMENTAL POWER TO CLAMAGE AT 10 US
DIMENSION DATHI12,68), DOPECLS8), BVI6B), RHOSC(EB), RHUBLK(G6EB)
DIMENSION FAILIC68), AREALS,68), RBLKES ,68), RSC(5,68), CUR(S5,68)
DIMENSIUN Dt5,68), RATICES,3.¢68), BIGEIS), MZ(5]), NZ(5), SET(S5)
DIMENSION BU(S,150), CU5,150), MV (5), RSULT(5,300)
DIMENSION DEVICEL2T72), RAT(5.3,68)
DIMENSION AVGE3,68), 8BL200). CCC200), RSLT{400}
NAMELIST/LISTA/DAT,DEVICE
READ (5,L15TA)
WRITElE,1) :

1 FORMAT 120X y10OHBREAKDOWN ,10H DIQOE L10H c-8 ’
£10H £-B o JOHCOLL. CURR,10H THETA JC ,IOH THETA JA
E£10H BV C-B J1OHDAMAGE » JOHDA MAGE » 10HDAMAGE

WRITELE,2) :

2 FORMAT (20X 410H VOLTAGE ,30H CAP. s10H CAP. ’
L10H CAP. +10H MAX. »30X,10H (0.1US)

C10H (1.0U8) ,L10H §10.US) )
WRITEL6,3)

3 FORMAT (20X +10H §VOLTS) L10M tPF) »10H tPF) ’
L10H {PF) »10H  CAMP) »10H (C/MATTY L300 (C/ZNATTY ,
CIOH (VOLTS) L10H (WATTS) ,L1I0H {(WATTS) ,L10H (WATTS) )

WRITELG,4)
4 FORMAT (2X)
00 201 N=1,65
M=48(N-1)21]
MM =Me]
MMM =MK+]
MMHM =HMM o]
MRITECG 2000 DEVICECM)OEVICE (™M) ,DEVICE tMMM ) ,DEVICEEMNNN),
‘.‘D" (H'N'QH’ZQ‘Zl
200 FORMATL2X,4A448F10.3,3F10.2)
201 CONTINUE
DO 100 N=1,68
IF(DAT(2,N).EQ.0.) GO TC 100
DOPE (N)=( 4 . 49E+181*DAT(2,N}se(-1.5)
100 CONT INUVE
DO 101 N=1,68
IF(DOPELN) .EQ.0.} GO 10 101
BY(N)=(4,0TE+12)9(DOPELN) )2 (-0.67])
101  CONTINUE
DO 102 N=1 .68
IF(DOPEIN) .EQ.O0.) GO TO 102
RHDSCEN) =§2.48E+25)¢(DOPEIN) Jos(~-1,8)
102 CONTINUE
DO 103 N=},68
JF(DOPEIN) .€EQ.0.) 60 YO 103

e
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103
105
10¢

106

108

150

109

151

152

110

153

107

112
111

113
116

116
118
117

KHOBLK (N} =(3.61E41019C00PEIN]})os(-0,.81)

CONT INUE

D0 104 N=1,08

IFEDATLILND)I105,105,106
FAILIIN)=0(8.26E-11)9(DOPEIN))*8(0.88)

60 T0 104

FAILI{N)=(3.B4E-11)2(DOPE(N) }°2(0.88)

CCNT INUE

D0 107 N=1,68

IF(OAT(I,ND})11C,109,108

AREACL NB=1.6T79((2.3E-06)20AT(5,N)ODATI2,N}*¢0.67)}2*).05
AREAC(2,N) =06 .34E-04)8(DATI6,N))®*0.82
AREACINI=(B.T5E~03)192(2.E~D62DAT L4 ,N)®IDATI9,N))220.83)9e0,58
IFIOATt7,N}.EQ.O.) GU TU 150

AREA (4 N) =81 .19E-2)2IDAT(T,N))*2{~-0,.94)
1F(DATI8,N)}.EC.0.) GO TO 107

AREA (S N)=2.79%DAT (B ,N)*%(-1.7)

60 10 107

1IF(DATIT7,N).EQ.O.) GD TD 151
AREA(IZN}=0.00T78IDAT(T,N))®e(-0,89])
AREAC2,N)=42.T72E-03)9{DAT{b,N))2e{0.62)
IFIDATIB,N).EV.0.) GC TO 152
AREA(3,N)=3,63°LDAT(B,N))2*{~1.47)

AREACG  N) =] J13E-02 )0 (2. E-06*DAT {4 N)*DAT(2,N)®20.83)220.39
G0 TO 107

AREACI,N)=(B.IE-O3)9DATLE,NDR®) 16

AREAL2  N)=0.4582(2.E-06*DATI3,N)*DATI2,N)e2(0_.83])230.83
IF(DAT{7,N).EQ.0.) GO TO 153
AREAL3,N)=0.4898DATI7,N) s (-1.21])
IF(DAT(84N).EQ.0.) GO TO 107

AREAC4 ,N)=1.9630DAT(B,N)*2(-]1.32)

CONT INUE

DO 111 N=1,68

D0 112 M=1,5

IFLAREA(M N} EQ.0.) GO TO 112

RBLK (M N) =RHOBLK (N} /AREA (M 4N
RSCLMNI=RHOSCIN)/AREA(M,N)
CURCMoNI=FATLI(NIGAREA(M N}

CONT INUE

CONTINUE

00 116 N=1,68

DO 113 M=]1,5
DUMNI=tBVIN)ISLICURCM,NDI/3.162)0L ICUREN ,NDS02)/710.)°
E(RSCIMNISRBLKIMGND))D/1000.

CONT INVE

CONT INVE

DO 117 N=) .68

D0 118 N=l,3

DD 116 K=1,5

LA R] ]

An=n-1

IF4DIK,N) .EQ.0.) GO TO 114

RATIOEK ;M yNI=DATEMM ,N)/LD{K,NDIS3262.2(10.)**8~-0.5%AM))
RATEK oM N) =RATIOIK (MeN)

IFIRATIOIK M oN) EQ.0.) GO TO 114

IFIRATIOIK MyN).GELLL) GO TO 114

RATIOUK M oN) =) o/RATJOEK, MyN}

CONT INUE

CONT INUE

CONT INUE
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APPENDIX A

WRITELE,15)
15 FORMAT (2X7777)
WRITELG,5) :
5 FORMAT(2X 9123HRATIO GF EXPERIMENTAL POWER TO DAMAGE TD PREDICTED V
EALUE FOR Oaly 1.0, AND 10 USEC PULSE DURATIONS FOR FIVE PRICRITY M
LCDEL S//)
WRITELE,6)
(Y FORMAT (26X 41 2H PRTY 1 o1 2h PRTY 2 el2H PRTY 3 v
L12H PRTY & e12H PRTY 5 /)
DO 312 L=1,3
D0 311 N=1,65
Mz48 (N~1)el
MM =Me]
MMM =MM3]
MMMM=MFMe )
WRETE(O4310JDEVICE(M)4DEVICE(M) o DEVICE(MMM) ,DEVICEIMMMN),
ECRAT I, LyN), K=1,5)
310 FORMAT(I0X ,4A4,5F12 .4)
311 CONTINUE
WRITELI6,313)
313 FORMAT(2X/Z/)
312 CONTINUE
DO 800 N=1,68
00 801 M=],3
AJ=0.
DO 802 K=1,5
AVG(MoN)=RATIO(KsMoN)2AVGIM,N)
IF(RATIOIK 4M,N) .EQ.0.) GC TO 8O2
Ad=1.eA)
802 (ONTINUE
IFLAVGIN,N).EQ.0.} GO TO 801
AVGIM N)=AVG (M NI/AJ
801 CONTINUE
800 CONTINUE
00 803 tL=1,200
DO 804 N=1,68
00 805 M=1,3
IFEAVOIMN)EQ.O0.) GB TC B80S
IF(AVG(M,N).LE.BIGG) GO TO 805
B166=AVG (M 4N}
MAVG =M
NAVG =N
805 CONTINUE
806 CONTINUE
NIAA=1eNZAA
IFISETT.EQ.1.) GO T0 806
JIFIBIGG.NE .O.) GO TO 806
SETT=1.
MYV =NZAA-)
MAVaMVY
806 CONTINUE
BBINZAA)=B 1GG
B166=0.
AVGUIMAVG,NAVG)=0.
803 CONTINUE
DO 808 N=1,200
BN=N-]
ARV=MVY
CCIN)=100.-BN*8100.7AMYV]
808 CONTINUE

17
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APPENDIX A

s 880

809

120
126
123

131

132

133
130

138
140

14}
162

11

—

MM =0

DO 880 N=] 4MVYV
AVERAG=BB IN)*AVERAG
CORTINUE
AVERAG=AVERAG/AMY

D0 809 N=l MVV
MM =] oMM
RSLT (MM )=BB(IN)
MM =] MM

RSLT (MM)=CC(N)

CONT INUE

DO 130 LL=1,150

DO 123 N=1,68

D0 124 M=1,3

D0 120 K=1,5
IF(RATIDI(K MsN).EQ.0.) GO TU 120
IF(RATIOEXK JMoN) LE.BIGEK)) GO 10 120
BIGI(K)=RATIO(K M,4N}
MZ(K)=M

NZ{K =N

CONT INUE

CONT JNUE

CONT INUE

NZA=1eNZA

00 131 KK=1,5
IFU(SET(KK) EQ.1.) 60 TO 131
JFIBIGIKK) NE.O.) GO TO 131
SETL(KK)I=1.
MVIKK])}=NZA~-1

CONT INUE

D0 132 KK=1,5

BUKK ¢NZA)=BIGIKK)
BIGIKK)=0.

CONT INUE

DO 133 KK=1,5
MZZ=MLI(KK)
NZ2=NZ(KK)
RATIO(KKM22,NZIZ)=0.
CONT INUE

CONT INUE

DO 140 N=1,150

D0 135 K=1,5

BN=N-1

AMY=MVIK)
CIKoN)=100.-BN®{100 .74 AMVY+ ,0000001))
CONTINUE

CONTINUVE

DO 142 K=1,5

MYV=MVY (K)

MM =0

00 141 N=1MVY

LLES R, L
RSULTEK MM )=BEK,N)
LLEIRL 1]
RSULTEK MM )=C KN}
CONT INUE

CONT INVE

WRITECS,11)
FORMATL2XZ2//77)
WRITEL6,10)

18
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APPENDIX A

10 FORMAT(2X 128BHRATIO EXPERIMENTAL AND PREDICTED POWER TO DAMAGE VS
CPERCENTAGE CONFIDENCE LEVEL FUR ALL PULSE DURATIGNS FOR FIVE PRIOR b
LITY MODELSY//) :

DO 145 K=1,5 .
MIV=(MV(K)el)s2
WRITEG6,106) (RSULT (K M) M=1,Myv)

166 FORMATIOX 3 2F 9203 Xe02F9.243X02F9,2 ¢3X42F9.292%,2F9.2) :
WRITEL6,12) 4

4 FORMATI2X/ /) !
145 CONTINUE

WRITELE,810) }
B10 FORMAT(2X/2/7) '

WRITEL6,811) 4

811 FORMATI2X,124HRATIC CF EXPERIMENTAL AND PREDICTED POMER TO UAMAGE
EVS PERCENTAGE CONFIDENCE LEVEL FOR AVERAGE VALUE CF FIVE PRIORITY
EMODELS//)

MIV=(MAYe] )e2

WRITEL6,146) SRSLTLIM) M=1,KJV)
WRITEL6,810)
WRITEC6,881)AVERAG

881 FORMAV(1S5X31HARITHMETIC MEAN UF ABOVE DATA =,F9.2)

stap
END

Fdd

//6D SYSIN DD o
ELISTA DAT=0,120,0511900405+0,357.120,140,52,20,
1633,09049440540,357,120,30,16,9,
0!250 '0 .16.0..025 '0 .0.250 '300 |80120'
19274040494.025,0,0,250,100,44,20,
0e544+0417,040,0,1000,54,160,70,30,
1e74040422,0,0,3000,54,625,112,70,
04200 30 ¢4 <3404 05,0 4500,200,50,46 .42,
1"002.0'0|5 c3 ] .05 .0 '500 .200. 160 0‘08'15 [)
0610740 ¢1424041.5,04345,1074115,72084,
107e80040,53,1.500,345,107,590,2554110,
0465,048,04.0300¢500,45,180,74,30,
1¢5¢0¢0500.03,0,500445,230,b60,106,
0¢10840+57,0,0,04476,208,10,10,10,
leTa¢04048,0,0,476,108,53,30,18,
0'93.0913 .0'-6 ’0.‘03‘0 .93|l35.’53.20.
198.5¢0¢00239.64509434,93,110,78,53,
0ed07,051%5,0,.8,0,303,107,220485+32,
1e723¢050431,.8,0,303,107,400,135,40,
~1404040,4041,0,0,0,2800,2300,2100,
-l'o'OQOOOQOQO .0|0|‘0100 .2700. 1600.
~14 06440404050 ¢0504056400,2700+3400,
°l|2.5'°'0.000 |0.0p°|3-’0 |2|l. l.
-!.‘15'5.7.0.0 ..075.0.0.0.‘020 '°0|1S.
" 95-7.40 '0.0'0 .0 .0.0.2300.3‘00.83.
~3435440,0,00049000+043300,1350,510,
~1,38,2320,0,0,0,0,0,0,170000,53320,17000,
~1900040,04240¢040,3000,3000,3000,
-1.6.7.0.0.0.0 '°|0'0'262‘l§6.°3000 '2&‘0"'
~196.840¢0304040,0,0,130000,41079.,13000,
~340,0,0,0,3,0,0,0,80000,25280,8000,
"l '0.0.0'001.0 .132 .0'6700 .2111.670.
0040505190406 40:909,404120016012.4, K
10526400 40 4204 40 4909040 48,2426, B4, 1

0487,0,04041.5,15,0,87,1800,1000,500,
1060604040,1.5015,0,8741300,440,230,

19




APPENDIX A

0s120,040,40,6,2.4,0,120,7000,2300,700,

1,14,0,0,00652.4,0,120,13000,3800.,1300, !
0e3154040,0,5,5,0,315,1200+370,520, ;
109619040,045¢540,315,1000042150,490, L
04364006,05.2474500,364170,50,14, b
106049040 40,.2201500436,304,19,12, [
0!30'0..8 |0|-03 .0 |909‘30 p‘?gl".b’
1¢340¢0404+0340,909+30422,2044.3,
0"’°'°!5|0' .2'0 9500 "00.100.21 .‘-3.
1¢500¢090+.2904500,40,52,3145,20,
0.53.0..58 .0'005.0.200.53'64. 20'5 .8.
1‘701 |°|og.6'005|01200'53'22|10.‘0.
061234002510945+0,222,123,3200,2100,)1400,
14848¢000404.540,222,123,750,340,160,
0:20540404043,7,0,205,1700,1100,700,
1¢1840,0400347,0,205,290000,30000,3100,
0s575¢00040,1,36,0,575,78,27,10,
109.4+0¢090,51436,0,575,2200,620,180C,
0+25,0,6,0,0,0,500,25,93,17,2.8,
1¢5503040,40,0,500,25,50,18,6,8,
~13536,0400¢001240,+0,0,170000,53720,17000,
°l!5.l .265 '0'0 .0'0.0 .0-25500.2500 0260 ’
'1'270.6|0'0t .2 -0 .0 .0|2000|‘035|l°0'
=19364730,0,0¢0,0,0,0,100000,31600,10000,
-l.lbdlo '0 '0!0 to .0 '0'1‘00000'1‘0000 |l‘000.
’1'505 |55 .0 '0|0 .0 .0 '0.‘0‘0 |33 .5 .25'
~143.3,350,0,0,0,0,0,0,153800,200004,2600,
-'l 1725|l1 Io '0. -‘Og0.0.0.leS .580.500'
~195144040+0412,0,0,0,9000,3000,100,
'1.1580 |0 'o '0' .35 .O .0.0.5700'2000 '800'
DEVICECLD) =AH2N32,4HBALL y4¥H~B) ,4H ’
GH2N32 y4HBALE 4H-B) ,4H .

QH2N33 34HS5U(~y4HB) 44H
AH2ZNID J4HSEE~g4HB)  4H
A4HEZN3I J4HESJAS4HNLEC~,4HB)
4H2N3I ¢4HOSJAL4NNLE~,4HB )
4H2N24 q4HBAI( y4H~B) ,4H
4HZN2G y4HBA (E44H~B) ,4H
GH2NIT y4HIGIC 4 H~B) ,44H
4H2N3744H36 (E,4H~B) ,4&H
4HEN93 ,4HOUC-o4HB)} 4K
GH2ZN93,4HOME-94HB) 4N
GH2N24 y4HBLILC 44H-B) 44N
4H2N2h y4HBL (E y4H~B) 44H
GH2ZN29 y4HOTAL y4HC -B ) yaH
GH2N29 ,4HOTAL y4HE~B ) y4H
AH2N22 y4H22A0 44 HC =B J44H

® € W ¢ @ g OO VS 5P P VP T O PP PO e WY PER

GHING3 ,4HBG ,4H shH
6“‘591.‘0“1“34.‘%5 |4N
4HINED 4HS obH s4H
4HINZL ,4MNE ,4H shH
4HIND 1 JAHL4A L4H o 4N
LHLINTS 4H2A o4H L
4HPCL11,4HS e 26H
HIN30,4H26B2 o4 HJAN ,4H
GHIN3b,,4HI1 L4H o H
4HIN39,4H95A L4H v
GHENIO y4H168 L4 H v&H
4HINGT 4HLL  L6N v6H

20




APPENDIX A

4H10D2,4H vhH o
GHZN2B J4HSTEE g4 H=B)} o4H
GH2N33,4HTS(E o4 H-B) 4t
GH2N1G,4HID 24 HANLE y4H~8)
4HZN14.4H90=J.4HANIE'4H~8)
GH2N3S5 ,4HBG((,4H-B) +4H
GH2N35 p4HBGLE yuH-B) ,4H
GH2N28 y4HG4 L 4H-B) »4H
§H2N25,4H9Q(E.6H‘B) voH
GH2N58 ,4H29LC 4 H=B} 4K
GH2NSB ¢4H29LE y4H~BY 4N
GHZN3044H13 204 HANIL 4n-8)
GH2N30,4H132J44HANLE 14H-B)
GHCA30,4H181C,4H~B) 4H
4HC A0 J4HIBIE 44 H-B) HO4H
ﬁHlNX6.%H13=J,4HAN(C.QH'B)
GH2NL6 aH13 244 HANLE J4H~B)
GH2ND G ,4HB5 23, 4HANL( ,4H~B)
QHZNIA.&HBS:J.AHANIE.kH-b)
GH2N34 ,4H33 (L 14H-B) o4t
4H2N34 ,6H39LE4aH-B) ,4H
GH2ZNTO 44HE2JA 4NN TC ~,4HB )
GHINQS y4HEO 4 4H satt
4HINTS s4H1A2J 4 HAR 4N
4HINGB ,4HSB I 4HAN »4H
GHIN29,4HI1B: 4GHJIAN 4H
GHIN30 ,4H25E2 y4HJIAN H64H
4GHMOL1D 4 4H5%  +4H st
GHINT4 4HOAZJo4HAN 4N
GHING L 4HS SSJA L4 HN » At
GHIN12 p4HO2RAAHZJAN 94N
GHINL7.4HILAZ o 4HIAN »4MH
CEND.

/®

/1

..-...-u-'.O.-.Q-Q.!.OQ....CQ"Q‘

21

Ssetestmisndinstnbi it e b DA e -




APPENDIX A

0e°9

[ 24
00" 081
00° 01
00° 001¢
00" 004
00° 091
00° 0041
00° Y
ae* s
00° 02
(14 ]
o€y
00°9
00~ 21
00° »t
00" 06
00° 021
00° 00€1
00°00L
00° 0€2
00" 00%
¥~ 0
0% 21
00° 049
00" 0008
00° 000¢€
00° v9292
00° 000¢
00" 00021
00° 0%s
Q0" €8®
00° $%
o1°1
00° 00%t
00° 0091
00° 0012
00° 0%
00° 2¢
00°€s
00" 02
00" 81
00° 01
00° 91
00° 0t
00”011
00" »y
00°s1
00° 2%
00°0L
00°0¢
00°02
00° 02
00° 6
00°02

{s11vym)
(sn°ov)
39vNva

00°sl
00°21
00 0Z%
00°02
00°0000€
00° 0011
00°0%€
000012
00°01t
00°02
0s°1e
0012
0o0“ot
0021
006
00°0¢
000812
00°0LE
00°008€
00~ 00€2
00° 0%y
00°0001
092
00°91
Qo112
0008252
00°6L01y
00°000¢€8
00°000¢
00~ 024 €S
00°0s€l
00°09¢€
00”09
00°2
00*00L2
00°00L2
00°00€2
00°s€1
00°s¢
00°8¢
00°€$
00°0¢
00°01
00°09
00°%L
00°5s2
00°2¢L
Ll ol 14
00°9y
o0o-21t
00°0L
00° %y
00°0@
00°91
00°2¢

(SLIVR)
(sno° 1)
J9V V0

00° 0s
Q0° €6
00- 0022
00° 8L
00° 000062
00°00L1
00°0sd
00°002¢
00° 22
00" %9
00°2s
00°001%
00° 22
00°Ly
00° 0¢
00" 0Lt
00° 00001
00" 0021
00" 000€1
00°000L
00° 00€1
00" 0081
0z° ¢

00° 021
00° 00L9
00° 00008
00° 0000€
00° 999292
00° 000¢
00° 06000L T
00° 00€€
00°00€2
00° 02Z%
(11 2 3

00° 0099
00°001%
00° 0092
00°00%
00° 022
00°0t11
00° s¢l
00" €S
00° 0t
00°0€2
00° 091
00°06S
00°S1Y
00° 091
00°0$
00° 29
00° 091
00" 001
00° 00€
00° 0€
00° 091

(siavm
tsnt*o)
ERI LA L]

000°s2
000°sZ
000°sLs
000°sLs
000°$02
000°502
000°€21
000°€e2t
000°€S
000°£S
000°0Y
000°0Y
000°0€
000°0¢€
000°9¢
000°9¢
000°S1E
000°51€
000°021
000°021
000°L6
000°L®
000°0%
000°0%
00
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
00
0°0
000°L0t
000°401
000°¢€6
000°€6
000° 901
000°801
000°sY
000°sY
000°401
000°401
000" 002
000°002
000° 9%
000°%S
000° 082
000°0s2
000°02¢
000-021

151704}
§-) A%

000°00s
000° 00%
0°o
00
0°0
0°0
000"222
000°222
000 002
000° 002
000° 00
000~ 00
000° 606
000" 606
000°00S
000°00S
0°0
0°0
0" 0
0°0
0°0
0°0
000° 606
000° 606
000" 2¢1
0°0
0°0

Q00° 9Ly
000° 00S
000°00s
000° $9€
000° 5%
000°00%
000°00%
000° 0001
000* 0001
0°0
0*0
000" LSE
000°LSE

(L1VRZDY
V@ Yi3HL

0°0
0°0
000°9¢
000°9¢€
000°¢L
000°L
0°0
6°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
Q0
000°s
000" s
00%°2
0042
000°s1
000°¢1
0°0
0°0
0°0
0*0
0°0
00
0°0
0°0
(]
9*0
0°0
g°0
0°0
0°0
0°0
0*0
0°0
0°0
0°0
0°0
0°0
00
0°0
00
0°0
00
0°0
0*0
0°0
0" 0
0°0
0*0
0*0

tivnsy)
W viIHL wend C N0

[}

0°0
000°1
000" 1
000°¢
000°€
00$°0
00$°0
0%0°0
0%0°0
002°0
002°0
0€0°0
0€£0°0
00Z°0
00Z°0
000°s
000°s
000°9
000°9
00s°(
00s°1
0%0°0
0%0°0
000°1
000" €

0"0

0*0
000°2

0*0

0°0

0*0
§L0°0

0°0

0°0

0°0
000° 1
008°0
009°0
009°0
009°0

0*0

0%0
0€0°0
0€E0~0
00s~1
00s*1
0$0°0
0%0°0

0°0

0%0
$20°0
$20°0
00" 0
08070

tdny)

XN

- - - - - - - F-N-F-R-N-X-N-N-F-N-N-N-y-Y-RE-N-N-N-N-N-N-N-)
00000 OOROCROVOOO0OOCDOOOOOONOLDODODOO

(44}
°dv)
a-3

000*~1
0°0
0°0
0*0
00
0*0
070

000°2Z%1
0°0
[s10] B
0°0
000°L T
0°0
Q00° 91
0°0
000" 11

(44}
*dv¥)
9-)

LR N R R N

CO0OQOOLOOOOOODDODOCOOLOOVOVOOOOOOO
COQCOOO0O0OOVUOLOOCOONDOCOOVDOOOODOOQ

000°02e2

'8~§
O e s % s 0 o o 3
OOOOOOOQOQOOOOOOOOOOOOM\?O

COQOOO0OO0O0OVOO0ODOO0O0OOD
. e

ti1d)
*dv)
not1a

000°§
000°¢2
00%* 6
000°SLS
000" 91
000°s02Z
008°¢
000~¢e21
oot ¢
000" €S
000°$
000~ 0%
000 €
000" 0€
0099
000" 9¢
001%6
000°sle
200° %1
ggo-ort
000°9
000°L8
[+1h A1
000° 0%
(0]
0°0
008~ 9
0oL
0°o
000° 91
000™ %Sl
00L"$
000" st
00s°2
0%9*0
0°0
0“0
00e°¢
000°201
006°9
000°€6
00e° L
000* 901
000°s
000° s
008°¢
000" 201
002° 01
000° 002
000°¢
000° ¥$
000° 42
000°0s2
000° €€
000° 02zt

(S40A)
17v1104
NAOONYING

(9-IINYF 2904 N2
(9-)INVYP290LIN2
13-3)6EYEN2
(-206E9EN2
(9-INVF2G8YIN2
(=) INVF ISE9ING
(G-INVFSETINZ
(9-DINVFIEI9ING
13-21810€¥)
(3-21910€v)
(9-3INVF € 10EN2
(9-)INVFZET0ENZ
(8-306285N2
(9-16206N2
(8-2)19602ZN2
(9-)19682%
19-3199SENZ,
(9-31995eNT.
(8-3INVF 20 69INT
te-IINVF 2069 INE
(9-31SLEEND
(8-))GLEENZ
te-1Hese2ne
19-))LS82N2
2001
19Tent
9910€NT
VSE6ENT
T19e Nt
NYF28920€NT
sty
v2sent
LAY 1)
InTaNt
91 gnt
S9%€- 11654
20C 9T
(8-3)v2222N2
(9-29v2222N2
(9-30VL062N2
(9-2)¥2062N2
(9-311092N2
19-2118%2N2
(9-710C6N2
(9-)10€ 6N2Z
18-2396LEN2
(9-)19€LEN
(I=319092N2
(9-219%0%2N2
(8~JINVE 29 EN2
(8~ NVPIICEN
(9~3)SEEN
19~21SEEN
(3-3IV02¢€N2
(8-))ve2EN2

A

22




$13004

40" 00%
00° 001
00° 00S
00° 0092
00°§2
00° 00%{
00° 00001
00° 001
00°0%2
00°000L1

AL1¥D1¥d

00°0002
00" 0001
00°08$
00700002
0S°t€
00° 0001
00°0091€
00°SEY
00°00$2
00°02ZLES

0°0

SLLY O
0°0

S ALNd

€0EE" 0
*81L°€
0°0
60€2° €
0~0
99L6°0
0°0
0°0
216%°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0*0
0°0
0°0
0°0
0°0
0°o
0°0
LYSE® 0
00
92002°0
0°0
960G0°0
0*o
&%€EE" D
00
ZLLn®o
0°0
6%€1°0
0*0
L822°0
0°0
(73 L]
0°0
995270

9 A

Lyd

SSLE° 0
¢°0
0°0
0°0
00
0°0
0°0
0°0

€SL9°0
00
0°0
00

0°0

0°0
9%2¢° 0

€ A

1ud

IALI W04 SNOTLYUNG 3STINd I3SN OF ONV “0°1 *1°0 w04 INTVA

00° 0028
00° 0006
00" $291
00" 008€S1I
00° %y
00°0000%(
00" 000001
00° 0002
00° 00552
00° 0000Lt

0°0
0°0
9°0
0°0
00
0°0
0°0
0°0
Q-0
Q*0

0°0
0°0
0°0

0°0
00
0°0
0°0
0°0
0°0

0SE“D
000°21
00%°0
0°0
0°0
0°0
0°0
002°0

Q00" 21

0°0
0°0
0°0
0°0
0°0
0°0
00
0°0

0°0

$9%1°0
1601°y
10%€° 0
eLZ1* 9
2192°1
1€€0° 1
S99°0
Z911°0
8962°0
0°0
0°0
00
00
0°0
6EYY»° 2
0°0
1952°0
*L19%9°0
00
0°0
(U]
0°0
1$29°0
€2€1°0
Im2°0
L160°0
0°0
0°0
9069° €
$595° 0
6645°0
89%0° 0
M1 €
ieco
0°0
0°0
$210°9
?2101°2
s121°1
80690

2 ALyd

0°0
00
9e22°0
0°0
€890
0°0
6455°0
0°0
0°0
0°0
0°0
0" 0
0°0
0°0
0°0
0°0
00
2es” 1
0°0
0°0
0°0
0°0
9%€esZ 1
0°0
€990

9%89°0

S€62°0
0°0

T A ¥4

(3-2)9602N2
(9-3) 9aSEN2
(3-21906€EN2
(3-IINYF306%INZ
(8-IINVI 2069182
(9-3)SLEENZ
(§-d1s2€€EN2
(3-334502N2
1920459282
zZaot

191981

9910eNT
VSO6EN’

TI9eENT
NYFz9920€ENT
S11)4

V2SN

voleNt

INTNT

QISNT
SevE-T165 4
S8EINT
(9-30V¥2222N2
(8-3)V2222N2
(-3 VLCO2N2
(3= VL062N2
ta-311e92N2
(g-2)tee2n2
(9-3)0€eN2
(8-))0€E6N2
(9-309¢LEN2
(9-))9€LEN2
(9-319992N2
(8-)) v992N2
{9-J)INVF39CEND
(9-JINVFI9€ENZ
19-315€€EN2
19-)15¢€ENZ
(§-3)ve2¢enN2
(9=)0v82¢N2

031310394 01 FIIVNVYQ DL WIRO4 IVINININIIXI 30 Olivy

[-X-N-X-N-¥-¥-¥-Y-X-1
s 4 s 6 0 0 4 0 0
[-X-N-X-N-N-¥-N-N-¥-]

0°0

0°0
000°L1
000° 0S¢
000" s8¢
000°01¢
000°0€L
000°9
000° §9¢2

0°0

000°08s1 NYPIVIELINT
000°%1$ NV 2¥N202 INT
000° s2¢ NYE2ISoeNT
00€°€ Ny Voo Nl
000° $0$ 950 T 0w
000°91 NYTF2Q620€ENT
000° 9¢ Nyrsat 662t
Q00°0L2 NVYF3QSeONT
00tl°s NVFIVISEINT
000°9¢s Qesant

23



APPENDIX A

0°0
0°0
g*0
00
0°C
0°0
0°0
0°0
00
0°0
0°0
00
00
00
6L00°2
0°0
ZL65° 2
0°0
L010°1
00
yeLLst 1
0°0
saLY*S
0°0
»922°2
00
zesLtzt
0°0
0°0
00
2508°0
0°0

0°0
0°0
0°0
0°0
00
00
00
00
0°0
0°0
LGS0
0°0
0o
0°0
0°0
0°0
§286%° 2
00
61500
0°0
€2€%°0
94s0€° 0
0°0
060€°0

1402°0
0o
0°0
0°0
0*0
0°0
00
0°0
0°0
0°0
0°0
Q°0
0°0

0°0
0°0
0*0
0°0
0°0
0°0
0°0
00
0°0
00
0°0
6L91°0
ELSE"S
00
€021° 922
0°0
00
EE92°Y
0o
90%¢° 0
0°0
s8t2°0
0°0
€961°0
00

L982°0
0°0
00
00
0*0
00
0°0
0°0
00
0°0
0°0
00
00
00
0°0

$99%° 0
0*0

$89%°0
00

sL01°0
0°0

Z18s°0
0°0

£089°0
0°0

9999°0
0”0

0599 1
0°0
0°0
0°0

€18€°0

0°0
0°0
0°o
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
LS91°0
0°0
0°0
0°0
0°0
0°0
[2T/84 2

2990°0
00
LEEZ"0
0°0
€522°0
0°0

i For VB e

1521°0
0°0
00
0°0
0°0
0° 0
129%°2
0°0
SESE” O
6638€° 0
0°0
0°0
0°0
0°0
2L99°0
99t 0
589%° 0
6€11° 0
0°0
0°0
L1 €
{5€L° 0
926L4°0
L260°0
6196°2
1919°0
00
0°0
859€° ¢
L1
€168 1
SUS°0

0°0
0°0
10ES° O
199¢° 9
€%00°0
61€9° 01
8909° ¢
9s22°2
€0L9° 1
0°0
0°0
0°0
2€9%° ¢
8ZL0"0
€892 6L2
81L%°0
oLes” 1
y911°2
L92¢°0
L8817 0
LESI®O
2160°0
6222°0
2811°0
€1’ o

(L]
CO000O0O00O00 O

00000 O0QO O

o
~
~N
*

oo
LA
(=]

0°0
0REE" T
0°0
690" 1
0°0
™eztt
ot 0
9°0
0°0
[SA LA
0°0
€LL0° ¢
0°0
0ses Il
0°0
mZ9* 1
0°0
056" 0
0°0

nez* e
%2s1°0
8ves” 1
0°0
0°0
0°0
00
12L1°¢
0°0
enie-e
0*0
0°0
0°0
2zett 0
0" 0
%9¢€° 0
0°0
0°0
(174
0°0
0°0
0°0
0°0
0°0
0°o

(8-3¥L582N2
2001

919N
8IT10eNT
YS65ENT
T19enT
NYF28920€NT
Si1)d

V2SN

Yo lENT
ININT

918Nt
SO%E-T16S4
98E9NT
(9-3)VEZENZ
(g-Jhvezeene
(9-30vL06282
(9-J0VL062N2
(3-331892N82
{8-)) 1992N?
(8-3)0€6N2
(9~-))0EEN?
(9-319€LENZ
{9-))9€CLENZ
(a-319092M2
(8-)198y2N2
(9-3INYT9EENZ
(A-IINVFS9CENZ
(8-3)s€en?
(9-))SEEN
(8-31VO2EN2
(8-)IVEZENZ

NYFsVIELINT
NYF2vHZOZINT
NYFSGooNt
NYFIY99LNT
9S010w

NVfs @S20€ENT
NYrz91662ZN1T
NYC2aSeNt
NYF2VISINY

1 LT R
{9-3INVF390LN2
(9=-IINVF290LINZ
(9-206€E9EN
{9-2)6EvEN2
(9-JINW S S8YINZ
(9-J)INV 2 5091IN2
(4= JINVFSEI9TNR
(U=DINV 2 ET9INZ
(d4-31et0€Vv)
(4=-)1810¢¥)
(3-FINVFIET0ENZ
(& IINVI2ETOENZ
(-3 06205N2
(d-)r62esn2
(g-30%6092N2

24



APPENDIX A

0°0

0°0

Zel9°0

0°0

0°0
€202°0

0°0
00
[ 1]
0°0
0°0
0°0
0°0
0°0
0*0
0°0
0°¢
1L60°0
EVLL"Y
0°0
SSZ9" L
0°0
0°0
L7320 |

§9¢E” 0
00

18%1°0
0*0

%2270
Y

91”0
1124304
0° 0
§986° 2
0°0
%L£50° 1
0°0
0°0

0*0
()]
00
0°0
0°0
0°0
0*0
LL5s° 0

166$°0
g0
86€€°0
00
1S9L°0
0°0
1826°0

2926 1
0°0
§9¢2°2
0*0
00
0°0
LE9Y" O

0°0
00
00
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
8560°0
0°0
0°0
00
0°0
00
80€L"~L

€9%0°0
0°0
2551°0
0°0
LLszto
00
269€°0
0°0
0°0
0°0
0~ 0

o i > Wi

62L2°0
21e2° ¢
0°0
0°0
0°0
0°0
1§29°0
9Z61°0
seLict
6%€1°0
0°0
0°0
80L9°2
9Z96° 0
1107t
1621°0
162
TeLLs !
0" 0
0°0
1520°21
11e°t
199¢€° €
1101°0

00
0°0
€965° 0
1169°2
¥010° 0
129¢° ¢
2%09° €
60Es° 1
LS a
0°0
0°0
(]
9990°¢
L6L0°0
215€° 16
6691°1
$8y8°2
2LE9° S
969%°0
e941°0
025€°0
92090° 0
SO02E° 0
56170
1€92°0
29e1°0
LEGL"2
91€E€°0
E999° ¢
%01e°
4801°1
osel"t
s9L11°0

00
298" 0

0°0
Q°0
0°0
9sel

[AL Xaat 4

18 13454

geet 6
$€$0°0
L8t 1
0°0
0°0
0°0
0°0
aret*?z

516" 2
0°0
Q°Q
00

61110

19s8*0
0" o
(1]
5122°9
0°0
0°0
0°0
00
0°0
0°0
0°0
0°0
os12°0
00
020%° 0
0*0
6186°0
0*0

W25iINT
vYoi6nt
INEINT

QIeNT

$99€- 11654
99EW 1T

(8- JIVeZ2INZ
13- ¥2222n2
{9- 3 VLQ62ZN2
(8-30VL062N2
(8-3011802N2
(8-2¥Tey2Ne2
(9-310€6N2
{§-J10€6N2
(9-3)9€LEN?
(8-))9¢2E82
(9-3V98¥2N2
(9=)09002N2
(8~IINYFP39EEN2
(8~DINVIs9EEN2
(P-I)SEENZ
(8-J)seeEN
(9-3)v02¢eN2
(9-)1v82¢eN2

NYFaVvIeLIND
NYFSYHZOZINT
NYTISYINT
NYF2VSoINT
»S010M
NYr:8520¢en1
NYrs8ieo62nt

NV ZASBNT
NYFIVIGENT
1134 R
(9-IINYT2904N2
(- JINVT2I0ENZ
(9-3)6F%ENZ
(8-)06€E9%ENZ
(§-1INVF2S99INZ
(= DINVFSSUYINZ
(8-1INVFIEIPING
(=-DJINVZETIQINZ
{8-2)910€Y)
(8=-)1810¢€¥)
(9-1INVI 2EY0EN2
($=IINVFIETOENZ
(8-3)6208N2
(a-)16208N2
19-3)9692N2
(9-)) %8282
(8=-30906€EN2
{9-3190¢EN2
(-3 INVPS069IN?
(= IINVF3062IN2
(8-3)SL€EN2
(8-3VsL€EnN2
(9-33¢L5e2N2

o




APPENDIX A

0°0
0°0
0" 0
0°0
0°0
00
0°0
0°0
0°0
0°0
€595°0
0°o
0°0
0°0
0°0
0°0
ELIETS
0°0
y%60° 0
0°0
8299° 1
0°0
8L65°0
0o
19€2° 1
0°0
(4]
0o
0*0
0°0
0°0
0°0
1902°0
0*0
[+ 3]
0°0
0°0
00
0°0
0°0
0°0

0°0

0“0

0°0

0°0
0°0
0“0
0°0
0°0
g°a
0°0
0°0
0°0
0°0
0°0
669%0°0
0°0
0°0
0°0
00
0°0
0862°91
0°0
90%0°0
0°0
5001°0
0°0
LLeeo
0°0
260€°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
eL69°0
0°0
0°0
0" o
¢°C
0°0
0*0
0°0

0°0

0°0
11€9° 1
€901° 1
9920° 0
2€90° 1
8909° €
6211°1
est* o

00

0°0
SEER°2
€€60°0
L068° 62
€9sE"?
68€2° Y
evee° Ul
07650
1312 5]
L9%0L°0
26€0° 0
8SEY" O
1ts1° o
¥<26°0
9021°0
SE10~2
109€° 0
sLzZ1* 9
FAL 2
sLeet
9eLB™
0611°0
L90€° 0
0*0
0°0
00
0°0
0°0
6EYH° 2
0°0

§269° 11
6910°0
29L8° "
0°0
00
0°0
0°0
1985”1
0°0
€(Hie~?
00
0" 0
0°0
et o
00
9restt
0°0
0°0
9%99° L
0°0
0°0
0°0
0°0
0°0
0°0

NVrzVIELINT

NP V¥ 2CZTINT
NYF3So9N T
NYF2VI9INT
%S0T0N
NYP:RS20ENT
NYFSQTE62NT

NVYr 295Nt
NYFZVISINT
0962NT
(9-3INVF290INZ
19-JINVF3I90LN2
19-3)16€9EN2
19-))6E9ENZ
(9-1INVF25891IN2
(- )INVF2S89INZ
(@-3INVF2TETIIN2
(9-)INVFSET9INZ
(9~39¥10€Y)
(9-30010€V)
(@-3INVPIETOENZ
(8- IINVFIETOENZ
(4-206209N2
19-216286N2
(4-3196Q2N2
(9-2019682N2
19-3998SENZ
(9-)998SENZ
(R-3INVF2069IN2
19 2INVF2089IN2
(e~ SLEENZ
(8-)VGLEEN2
(d=-302582N2
19-2) 159282
zaot

1stont

g10€ENT
VSEGENT

TI9ENT

NYF2 9920ENT
[189 T

26




2L 0

SE°Y

L6°¢L

6511
22°st
%8°81
9nc22
60" 92
weez
FETEL
96°9¢
85°0%
02" 9%
€8°LYy
s9°1s
£0°9S
oL~ 8s
2ece9
96°<9
LS° 69
61°€¢
18" 9L
€v°08
90° %8
89 Le
0E* 16
£6° %6

€0°1
L8 O ¢
a1
2e° 1
%1
09°1
89°1
et 1
68°1
10°2
62°2
9s°2
€8°2
%6°2
60° €
9e° €
19°¢
60° %
LI
99°¢
0€°9
€8* g
952
0%°8
€9° 01
88”11
9ec 12

syl

L0°s

oL 9

2¢€°?21
96°S1
L5°61
61°€2
18°9¢2
€9°0¢
90" %€
89°L ¢
Q€ 1%
€6 %Y
55" 89
L1°Zs
08°ss
296
20°€9
L9°99
62°04L
16°€L
hS LL
9t Ie
8L°%8
1%°88
€0°26
$9°G6

90°1
et
92°1
e
0s°1
€971
2Lt
[N A
68°1
20°¢2
se°e
39°¢
€82
h6° 2
1°¢
e €
19°¢
1*y
02°s
to°9
99
56°9
9°L
$%* 8
Lot
€0°¢21
ns=s2

Lrve

08°¢g

29°6

%0 €1
L9°91
62°02
16°¢€2
%s*Le
9t e
L° wE
19° 8¢
€0°2y
$9° 5
82°6%
06°2¢
25°9¢
21°09
L e9
6E° LS
10°1L
9% 9¢
92 8L
88°1ls
18°5¢
£t1t60
sL°26
8€° 96

901
2t
92° 1
0% 1
£6° 1
9" 1
€Lt 1
28°1
06" 1
Qt-2
”%°* 2
69°2
282
56°2
21°¢€
LETE
99° ¢
92y
9%° S
£€1°9
8€° 9
Yt L
66° L
65" 9
6L° Ct
133&4
s8° €2
s2° 6L



L9°9 LA LeL 851 88" L LSt 89’8 09t 60°6 [¢L Dol §
oL*s 191 oec ol 191 16°01 29° ¢ s°11 291 2121 99° 1
€Lzl L9t €etel L9 76" €1 L9°1 $s°nl et stest i
9L st €Ly 9€°91 ol L6"91 -1 gttt LI ¢ 819l 6L°
6L° 81 081 6€° 61 28°1 00° 02 98° 1 19°02 68° [ | £ ¥4 26° 1
z2e° 12 €6°1 2y 22 96°1 €0°€2 96° 1 »9°€2 86°1 L T44 14 30° 2
$8° %2 z20°2 [ 3 k74 80°2 90" 92 otz L9 92 otz [Xa¥ ¥4 e
e8 L2 €r-e [ L0814 61°¢ 60" 62 12°2 0L 62 22°2 0€°0€ €2*?
16°0¢€ LA 4 2s°1¢e LAk 4 ZI°2¢ 62°2 €L°2¢ [+ 244 [0 41 €e° 2
96°EE 8€°2 [ 13 1% 19°2 sI°s¢ 1%z 9UL°5¢ €n"2 9e°9¢ 992
L6°9¢€ 99" 2 85°Le 99°2 21°9¢ 9s5°2 6L°RE €92 6E”6€ 992
00°0% 69°2 19°0y oL°e 2= 1 oL-2 281 % weez 29°2% [4 A 4
€0°¢Ey sL°2z %9°ty 6L°2 L 248 1] €8°2 (1224 88°2 [ 3 a8 24 06" 2
90° 9 26"2 L9799 26%2 Le-Ly 26°2 88°LY $6°2 9%°8Y 86°2
60°67 10°€ oL= 67 80°€ [«] 211 12°¢ 16°0¢ sz°f 28" 1S SE" €
21°24 9Me €L°2s LeTe €ETES 2s°¢ %6°F S 25°¢€ 56° 9% L9° ¢
§1°8s 09°¢ aw°ss 19°¢ 9€°9S 19°¢ L6°9¢ 19°¢ 8s°LS 99°¢
[ 208 31 wee 6L° 8% nw-e 6E”6S oe°¢ 00°09 98°¢ 19°09 e8° €
12°19 16°¢ 29°19 €67 € 2%° 29 SI%y €0°€9 Li®y 59° €9 £E°Y
9Z° %9 €E°Y 58° 99 [ L ad 4 $%° 59 90°99 89°% L9°99% 89
Le=L9 oL"% 98° L9 8Ly 89" 89 6069 86" 0L°69 90 S
0€°0L »2°s 16°0L 29" 25" 1L 21°2e 18°s €L°2¢ 6€° S
€ET€EL 00°9 26" €L eI=9 S99 9£° 9 si*st Lo*9 9L° st “5°9
9e° 9L 95°9 L6°9L 19°9 8s°¢LL 29*9 g1°aL 69°9 6L°8L e
6E° 6L 9L°9 00°08 8L"9 19°08 90% ¢ 12°18 °~ LI1°¢ 2818 s2° L
2923 9L €0°¢€e €2°8 "9°¢€8 88* 8 52°%8 €1°6 S8° 98 L1°6
$%°S9 $6°6 90°98 Le"0Y L9° 98 28t ot L2*Ls €9° 01 a9°L8 $9° C1
[ Ao 1) 5L° 0V 60° 638 §S° 11 oL-68 [9* 11 0e° 06 LI 8 ) 1e°06 s9° 2t
24°16 1s°21 21°26 L1yt €L" 26 Le* st £E°€6 19°51 Y6°¢ 6 L9° 91
$5°%6 16°61 s1° %6 s1°12 9qL°se6 [4 48 ¥4 9€° 96 2L°0% 16°96 S0° 69 x
8s5°L6 88°99 81° 96 6628 6L 86 01° 96 6£°66 BE" 1€2 00°001 29° €52

$7300W AL1¥0I¥d 3AT4 40 INTIVA 39VHIAY 404 13AIY IINIATINDD IIVINIDNIG SA I9OVWYO 0L ¥320d 131310384 ONY TVINIWNINI4XI 40 QLY

222 10°1
(324 B €€ 1
9992 L9t
96°s¢ 96" 1
L9° 9y 0z*2
aLceLs =2
69°99 Ls"¢
0008 81°s
[1ete sLeet

3 S€°9 €L 1
6291 %0°2
22t €92

91-0¢ H6°2

APPENDIX A




29

%5°6 : yivQ 3A0GY 40 NVIH J11IWHLLW¥Y
i
0°o0 0°0
19°0 €0°1 -1 90°1 ze° 1 g0l - 2y 2 of-t €0°¢€ 1
[ 4 2l 3 21l L 2ol ge~1 s8tv 2¢€° 1 %S se1 90°9 0%t




[

ADMINISTRATOR

DEFENSE TECHNICAL INFORMATION CENTER
ATTN OTIC-DDR (12 COPIES)

CAMERON STATION, BUILDING %
ALEXAKDRIA, VR 22314

COMMANDER

us ARMY RSCH & STD GP (EUR)

ATTN CHIEF, PHYSICS & MATH BRANCH
FPO NEW YORK 09510

COMMANDER

US ARMY ARMAMEWT MATERIEL

READINESS COMMAND

ATTN DRSAR-LEP-L. TECHNICAL
LIBRARY

ROCK ISLAND, IL 61299

COMMANDER

US ARMY MISSILE & MUNITIONS
CENTER & SCHOOL

ATTN ATSK-CTD~F

REDSTONE ARSENAL, AL 35809

DIRECTOR

Ug ARMY MATERIEL SYSTEMS ANALYSIS
ACTIVITY

ATTN DRXSY-MP

ATTN DRXSY-PO

ABERDEEN PROVING GROUND, MD 21005

DIRECTOR

Us ARMY BALLISTIC RESEARCH
LABORATORY

ATTN DRDAR~TSB-S {STINFO)

ATTN DRXBR~AM, W. VANANTWERP

ATTN DRSTE~EL

ATTN DRDAR-BLE

ABERDEEN PROVING GROUND. MD 21005

HQ USAF/SAMI
WASHINGTON, [C 20330

TELEDYNE BROWN ENGINEERING
CUMMINGS RESEARCH PARK

ATTN DR. MELVIN L. PRICE, MS-44
HUNT¢ ILLE, AL 35807

G5 ARMY ELECTRONICS TECHNOLOGY
& DEVICES LABORATORY

ATTN DELET-DD

FORT MONMOUTH, NJ 07703

DIRBCTOR

ARMED FORCES RADIOB IOLOGY

RESEARCH INSTITUTE

DEFENSE NUCLEAR AGENCY

ATTN RESEARCH PROGRAM COORDINATING
OPFICER

NATIONAL NAVAL MEDICAL CENTER

BETHESDA, MD 20014

ASSISTANT TO THE SECRETARY OF
DEFPENSE

ATOMIC ENERGY

ATTN EXECUTIVE ASSISTANT
WASHINGTON, DC 20301

DISTRIBUTION

DIRECTOR

DEFENSE ADVANCED RSCH PROJ AGENCY
ATTN TIO

ARHITECT BUILDING

1400 WILSON BLVD.

ARLINGTON, VA 22209

FEDERAL EMERGENCY MANAGEMENT AGEWCY
ATTN JAMES W. KERR, MITIGATION

& RESEARCH
WASHINGTON, OC 20472

DEFENSE COMMUN ICAT IONS ENGINEERING
CENTER

ATTN CODE R726, C. STANSBERRY
ATIN CODE R123, TECH LIB

ATTN CODE R400

1860 WIEHLE AVENUE

RESTON, VA 22090

DIRECTOR

DEFENSE COMMUN ICATIONS AGENCY
ATTN CCTC €312

ATTN CODE c313

WASHINGTON, DC 20305

DIRECTOR

DEFENSE INTELLIGENCE AGENCY
ATTN RDS-3A

ATTN RDS-3A4, POMPONIO FLAZA
WASHINGTON, DOC 20301

DIRECTOR

DEFENSE MUCLEAR AGENCY

ATTN DDST, DEP DIR, SCI & TECHNOLOGY
ATTN RAEV, ELECTRONIC VULNERRBILITY
DIV

ATTN TITL, TECH L1e DIV

ATTN RAEE, EMP EFFECTS DIV
WASHINGTON, DC 20305

COMMANDER

FIELD COMMAND

DEFENSE NUCLEAR AGENCY
ATTN FCPR

ATTN FCSPM, J. SMITH
ATTN FCLMC

YIRTLAND APR, MM 87115

DIRECTOR

INTERSERVICE NUCLEAR WEAPONS
SCHOOL

ATTN TTV

KIRTLAND AFB, NM 8711%

IOINT CHIEFS OF STAFF
ATTN >3
WASHINGTON, OC 20301

DIRECTOR

JINT STRATEGIC TARGET PLANNING
STAFF, XS

ATTN JSAS

ATTN JPST

ATTN NRI-STINFO LIBRARY

OFFUTT AFB

OMAHA, NB 68113

CHIEF

LIVERMORE DIVISION, FIELD COMMAND
DNA

OEPARTMENT OF DEFENSE

LAWRENCE LIVERMORE LABORATORY
NITN FCPRL

p.0. BOX 808

LIVERMORE, CA 94550

NAT IONAL COMMUN ICAT IONS SYSTEM
OFFICE OF THE MARAGER
ATTN NCS-TS. CHARLES D. BODSON
DEPARTMENT OF DEFENSE
WASHINGTON, DC 20305

DIRECTOR

WATIONAL SECURITY AGENCY

ATTN R-52, O VAN GUNTEN

ATTN S$232, D VINCENT
DEPARTMENT OF DEFENSE

FT. GEORGE G- MEADE, MD 2075%

UNDER SECY OF DEF FOR RSCH & ENGRG
ATTN G. BARSE

ATTN S&SS (08)

DEPARTMENT "F CEFENSE

WASHINGTON, ¢ 20301

COMMANDER

BMD SYSTEM COMMAND
DEPARTMENT OF THE ARMY
ATTN BMDSC-AOLIB

p.0. BOX 1500
HUNTSVILLE, AL 35807

COMMANDER

ERADCOM TECHNICAL SUPPORT ACTIVITY
OEPARTMENT OF THE ARMY

ATTN DRDCO-COM-ME, G. GAULE

ATTN DELSD-L

ATTN DELCS-K, A COHEN

ATTN DELET-TR, E. HUNTER

FORT MONMOUTH, NJ 07703

COMMANDER

US ARMY ARMOR CENTER
ATTN TECHNICAL L.IBRARY
FORT XNOX, KY 40121

COMMANDER

US ARMY COMM~ELEC ENGRG INSTAL
AGENCY

ATIN CCC-PRSO-S

ATTN CCC~CED~SES

FT HUACHUCA, AZ 85613

COMMANDER

US ARMY COMMUN ICATTONS CTMMAND
CTOMBAT QEVELOPMENT PIVISION
ATTN ATS1-CD-MD

FT. HUACHUCA, AZ 856113

CHIEF

US ARMY COMMUNICATIONS $YS AGENCY
ATTR QCM-RD-T COM=RD=SV

FORT MORMOUTH, Ny 07703




OPM SINCGARS

DEPARTMENT OF THE ARMY

ATTN DRCPM~-GARS-TM

HQ US ARMY COMMUNICATIONS

& ELECTRONICS MATERIEL READINESS
COMMAND

FORT MONMOUTH, NJ 07703

PROJECT OFFICER

US ARMY COMMUNICATIONS RES &
DEV COMMAND

ATTN DRCPM-ATC

ATT™ DRCPM-TDS-BS1

FORT MONMOUTH, NJ 07703

DIVISION ENGINEER

US ARMY ENGINEER DIV, HUNTSVILLE
ATTN HNDED-SR

ATTN A. T. BOLT

P.0. BOX 1600, WEST STATION
HUNTSVILLE, AL 35807

US ARMY INTEL THREAT ANALYSIS
DETACHMENT

ROM 2201, BLDG A

ATTN RM 2200, BLDG A
ARLINGTON HALL STATION
ARLINGTON, VA 22212

COMMANDER

US ARMY INTELLIGENCE & SEC CMD
ATTN TECHNICAL LIBRARY

ATTN TECH INFO FAC

ARLINGTON HALL STATION

4000 ARLINGTON SLVD

ARLINGTON, VA 22212

COMMANDER

US ARMY MISSILE COMMAND

ATTN DRCPM-PE-EA, WALLACE O. WAGNER
ATTN DRCPM-PE-EG, WILLIAM B. JOHNSON
ATTN DRDMI-TBD

ATTN DRDMI-EAA
REDSTONE ARSENAL, AL 35809
COMMANDER

US ARMY TEST AND EVALUATION COMMAND
ATTN DRSTE-FA

ABERDEEN PROVING GROUND, MD 21005

COMMANDER

US ARMY TRAINING AND DOCTRINE
COMMAND

ATTN ATORI~OP-SW
FORT MONROE, VA 23651

COMMANDER

WHITE SANDS MISSILE RANGE

ATTR STEWS-TE~AN, J. OKUMA
DEPARTMENT OF THE ARMY

WHITE SANDS MISSILE RANGE, MM 88002

OFF ICER~IN-CHARGE

CIVIL ENGINEERING LABORATORY

ATTN CODE LOBA (LIBRARY)}

ATTN CODE LOBA

NAVAL CONSTRUCTION BATTALION CENTER
PORT MUENEME, CA 93041

COMMANDER

NAVAL AIR SYSTEMS COMMAND
ATTN AIR-350F

WASHINGTON, DC 21360

DISTRIBUTION (Cont'd)

COMMANDER

NAVAL ELECTRONIC SYSTEMS COMMAND
ATTN PME 117-215

WASHINGTON, DC 20360

COMMANDER

NAVAL OCEAN SYSTEMS CENTER
ATTN CODE 015, C. FLETCHER
ATTN RESEARCH LIBRARY

ATTN CODE 7240, S. W. LICHTMAN
SAN DIEGD, CA 92152

COMMANDING OFFICER
NAVAL ORDNANCE STATION
ATTN STANDARDIZATION DIV
INDIAN HEAD, MD 20640

SUPERINTENDENT (CODE 1424)
NAVAL POSTGRADUATE SCHOOL
ATTN CODE 1424

MONTEREY, CA 93940

DIRECTOR

NAVAL RESEARCH LABORATORY

ATTN CODE 4104, EMANUAL L. BRANCATO
ATTN CODE 2627, DORIS R. FOLEN
ATTN CODE 6623, RICHARD L. STATLER
ATTN CODE 6624

WASHINGTON, DC 20375

COMMANDER

NAVAL SHIP ENGINEERING CENTER
DEPARTMENT OF THE NAVY

ATTN CODE 6174D2, EDWARD F. DUFFY
WASHINGTON, OC 20362

COMMANDER

NAVAL SURFACE WEAPONS CENTER
ATTN CODE F32, EDWIN R. RATHBURN
ATTN L. LIBELLO, CODE WR43
ATTN CODE WAS1RH, RM 130-108
WHITE OAK, SILVER SPRING, MD 20910
COMMANDER

NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY

ATTN CODE DF-56

DAHLGREN, VA 22448

COMMANDER

NAVAL WEAPONS CENTER
ATTN CODE 533, TECH LIB
CHINA LAKE, CA 913555

COMMANDING OFFICER

NAVAL WEAPONS EVALUATION FACILITY
ATTN CODE AT-6

FIRTLAND AIR FORCE BASE
ALBUQUERQUE, NM 87117

OFFICE OF NAVAL RESEARCH
ATTN CODE 427
ARLINGTON, VA 22217

DIRECTOR

STRATEGIC SYSTEMS PROJECT OFFICE
NAVY DEPARTMENT

ATTN NSP-2701, JOHN W. PITSENBERGER
ATTN NSP-2342, RICHARD L. COLEMAN
ATTN NSP-43, TECH LIB

ATTN NSP-27334

ATTN NSP-230, D. GOLD

WASHINGTON, DC 20376

32

COMMANDER

AERONAUTICAL SYSTEMS DIVISION, AFSC
ATTN ASD-YH-EX

ATTN ENFTV
WRIGHT-PATTERSON AFB, OH 45333
AIR FORCE TECHNICAL APPLICATIONS
CENTER

ATTN TFS, M. SCHNEIDER

PATRICK AFB, FL 32925

AF WEAPONS LABORATORY, AFSC
ATTN NTN

ATTN NT

ATTN EL, CARL E. BAUM

ATTN ELXT

ATTN SUL

ATTN CA

ATTN ELA, J. P. CASTILLO
ATTN ELP

ATTN ELT, W. PAGE
ATTN NXS

KIRTLAND AFB, MM 87117
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