NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VIRGINIA

ELECTRONICS DIVISION INTERNAL REPORT No. 278

DESIGN AND PERFORMANCE OF CRYOGENICALLY-COOLED,
14.4-15.4 GHz HEMT AMPLIFIER

M. W. POSPIESZALSKI AND W, LAKATOSH

AuGUusT 1988

NUMBER OF COPIES: 250



DESIGN AND PERFORMANCE OF CRYOGENICALLY-COOLED,
14.4-15.4 GHZ HEMT AMPLIFIER

M. W. Pospieszalski and W. Lakatosh

I. Introduction

This report covers the design and performance of cryogenically-cooled,
14.4-15.4 GHz amplifiers built with commercially-available FHRO1FH (Fujitsu)
HEMT's. The design was computer optimized for gain and noise performance
in a manner similar to previously described X-band designs [1], [2],
although a different topology of an input matching network was assumed. A
commercially-available Fujitsu HEMT, FHRO1FH, was used. The signal and
noise model of this transistor was extensively discussed in [3]. The
typical parameters measured at the cold input of the amplifier were:
minimum noise temperature at midband Tpi, = 17 K, average noise temperature
over 1 GHz bandwidth T, = 19 K and gain Gy = 30 dB * 2 dB over the same
bandwidth. The noise temperature is by a factor of two better in the band
center and by a factor of three better at the band edges than for the
previous NRAO design [4]. This can be mostly attributed to the use of a
much better device (HEMT instead of a FET), but also to a different design
approach.

II. Amplifier Design and Realization

Photographs of a finished amplifier are shown in Figure 1. Many
design features are similar to the previously described designs [1], [2].
A most notable difference is a topology of an input matching network which
consists of (starting at the generator side): a parallel high impedance
open-circuited stub, a length of 50 Q air slab line and length of low
impedance slab line (partially filled with teflon). The input and first
interstage matching networks were computer optimized to yield minimum
average noise in 14.4-15.4 GHz band at 12.5 K ambient temperature, while
the interstage coupling network and output network were optimized for gain
flatness.

The details of the d.c. separation circuit and bias circuit and their
microwave and low frequency equivalent circuits are shown in Figure 2.
The comparison between computer predicted and measured performance of the
three-stage amplifier (U-5) at room and cryogenic temperature is shown in
Figure 3. The experimental data of Figure 3 are taken for all transistors
biased at Vgg = 2 V, Iggo = 10 mA and Vg = 2 V, I35 = 5 mA for room and
cryogenic temperatures, respectively. The cryogenic measurement was done
with all HEMT's illuminated. The computed data are for the circuit
description as given in Figures 1 and 2, using the signal and noise model
of the FHRO1FH HEMT developed in [3]. The input and output return loss
measured at room temperature is compared with the model prediction in
Figure 4.



The amplifier characteristics were found to be very sensitive to the
electrical length of the open-circuited stub. This is because the length
of this stub becomes quarter-wave at the frequency of 17.5 GHz. The stub
is realized by placing a tinned copper wire of 10 mills in diameter in a
channel milled in the amplifier housing (compare Figure 1). The end of
the stub rests in a movable rexolite support, which provides at the same
time the mechanical stability and required fine tuning.

ITII. Summary of Performance of K,-Band Amplifiers

The summary of cryogenic performance of eight K,-band amplifiers is
given in Table I. Full noise and gain characteristics of six of those
amplifiers are shown in Figure 5. For most of the amplifiers, the only
required tuning procedure was an adjustment of electrical length of the
parallel stub by movement of its rexolite support. Indeed, the repeatability
of amplifier characteristics was quite good. All the amplifiers were
built with FHRO1FH HEMT’'s from lot #C923. The spread in minimum noise
temperature at midband was less than 3.5 K for seven amplifiers. This is
consistent with the repeatability of noise performance of Fujitsu HEMT's with
good pinch-off characteristics, as observed in X-band amplifiers (x 1.5 K)
[3], [5], and also with estimated accuracy of measurement (* 2 K in K,-band).

IV. Conclusions

The design, construction and performance of cryogenically-cooled,
14.4-15.4 GHz HEMT amplifiers were described. The cryogenic noise
performance of these amplifiers is believed to be the best yet reported at
this frequency.
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TABLE I. The Summary of Cryogenic Performance
of the 14.4-15.4 GHz Amplifiers

Noise Temp.! [K] Gain? [K]
Amplifier || Minimum | Average || Minimum | Maximum
U-13 20.5 22.8 25.3 29.1
U-23 18.3 22.5 27.2 29.3
U-3 18.2 21.1 28.2 32.1
U-4 18.3 20.0 28.3 31.0
U-5 16.2 18.1 28.7 32.1
U-6 17.4 20.2 27.8 30.6
u-7 15.0 16.0 28.6 30.4
U-8 15.6 19.1 28.1 31.6

1Referred to the cold input of an amplifier.

2Includes a cold isolator and dewar transition at the
output side.

3Prototypes.



Fig. 1. Three-stage 14.4-15.4 GHz amplifier with cover plate removed.
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Fig. 2.

(A) Schematic view of the realization of the d.c. separation
circuit. (B) Cross-section of the reentrant line after assembly.
(C) High frequency equivalent circuit of the bias and d.c.
separation circuits. (D) Schematic of the bias circuit.

Element values are given in ohms, picofarads, nanohenries, and
inches.
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Fig. 3. Comparison between model prediction and measured performance
of three-stage, K, -band, FHROIFH amplifier (U-5) at 297 K and
12.5 K. At room temperature all transistors are biased at
Vgs = 2V, Igg = 10 mA. At cryogenic temperature all transistors
are biased at Vgg = 2V, Igq = 5 mA.
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Fig. 4. Comparison between model prediction and measured return loss of
the three-stage, K,-band, FHRO1FH amplifier (U-5) at 297 K. All
transistors are biased at Vgg = 2 V, Igg = 10 mA.
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Fig. 5. Cryogenic performance of six K,-band amplifiers under optimal
bias conditions. The noise temperature is referred to cold
input of an amplifier. The measured gain characteristics include
the contribution of the cold isolator at the output and the
dewar transition (about 1 dB of loss).



APPENDICES

Appendix I. Parts List for K, ,-Band HEMT Amp (14.4-15.4 GHz)
Appendix II. Drawings

A. Amplifier Alignment Procedure

B. Stub Dielectric Support

C. Chassis

D. Amplifier Cover

E. Transistor Strap

F. Output End Plate

G. Input End Plate

H. Coaxial Transformer
I. Support Inner Conductor
J. Interstage Inner Conductor

K. Output SMA Modified

L. Input SMA Modified



1 xTpuoddy

1681 eydiv OMV O¢# ‘°aTm serq ‘Qdl 1 LT

$S08 uapTag T0SPTo9 DMV 0¢# ‘so11m selq 9 91

8508 uaptag TospT1ed OMV 9¢# ‘SPee1 SeIq LWIH 9 ST

HATOYHA ns31lng LWIH € 71

9-S/-¥4 muuuw&m-..:::o J0309UU0d IJ9MOd T €1

V A9 ‘HTOW80ZESY OViN paTjTpow VWS Indug 1 1
V "Ad9Y ‘GTOW80ZESY OViN pa13Tpow VWS 3Indang 1 11
d “A9Y9g .MHOEwONmm< OVIN J030Npuod IJIauut wwmumumGCH A 01
V "A9Y9 ‘ZTIOWS0ZESVY OViN Io3onpuoo isuur 3aoddng rA 6
9TOW80CESY OViN IaWI0oJSuUBI] TEBIXEO)H ‘ea T 8
a "ae¥ ‘TLOW9OTESV OViN @3e1d pus 3ndug 1 L
a 499 ‘ZLOW90TESY OVdN @3e1d pus 3ndang 1 9
V "A9¥ ‘TTOW80ZESY OViN deils 1o03sTsuei] 9 S
0TOW80Z€SE OViN I9a00 1973TTdwy 1 Y
D "a9¥ ‘600W80ZESD OViN STSs®'YD 1 €
0ZOW80ZESY OViN 3x0ddns 97T130973TP qn3ag 1 [/
LTOW80CZESD OViIN aanpaooid juswuldrre xsrFrTduy 1 1

YAGHAN TAVd " 94N NOIIJI¥OSAd| 9ISIA | ALIINVAD |WALI

grict:!
T NOISIAEY ~ 8861 3Isnsny dAIvd ISIT S19vd

10



820" -29-NS utsag I9ATTS %7 ‘a9pTOS 7€
05 -Td XTU0I3T] aa1 9 €€
660YNI BTOI0]10H asuaz epol( € €
SI-T00T-0S09Td| 8utuxo) I03sTsax WITF Telaw M g/T wyo Q00T € 1€
Sd-090T-0509T1d 8utuio) I103sTsa1 WITF Telsw M g/T wyo Qf € o€
S-£-006-DdETVM swalsAg-TUTK s1o3sTsax diyo wyo (G 6 62
05-d-W-189-9-001 oLV sio3toeded dryo gd 089 9 8¢
0S-d-3-091-V-001 oLV sio31oeded dryo 4d 91 9 L2
0ST-d-9-£40-V-001 oLV saoatoedeo dryo gd ¢- 9 92
Te3IoR-TTV SM3I0s SS PeaY 139420S ,Z/T X O%-% 1 ¥/
Te3°R-1TV Ma10S SS PEAY 393205 ,8/¢ X QO%-% 1 %2
Te39R-T1V SMa10S SS pPEaY 19005 ,4/T X Oy-¥% Al €T
SMa1ds §S pE9Y 19400S ,%/T X 9G-7 Y A4
Te39N-TTV SMa1dSs §S PEAY 194005 ,9T/¢ X 96-C Y 1¢
Te39K- 11V SMaI0S SS PeBIY 394005 ,8/¢ X 9G-7 [/ 0c
Te3aR-TIV SMa10s §S PEBAY 39%00S ,Z/T X 96-¢ z 61
po3erd-p1o8 ‘smeids ‘py uuumﬂﬂﬂm 91/€%80°0 9 81

YIGRAN 19vd 94K NOIIdI¥OSHA| "9ISAJ|ALIINVAD [KALI

grece:

NOISIAJY 8861 Isnony  ALVQ

LSIT SLYVd

11



6zo8 uopieg DMV O€# ‘qnas andug LE

96-1¥ yojo0g adey xeT4K 9¢

7mST# 19359 PINbIT ursox ‘xnig e

YIGHAN 1YV "N NOILIJdI¥DSEA| *9ISIA|ALIINVAD |WALI
et

NOISIATYE 8861 2snany  ALVA

(ZHD % G1-%"%1) duwy LWAH pued-nj ISIT SIAVd

12



V'I1 xTpuaddy

o D e nm [ v > — ] Woamn | AV ian
d HSINHI
d&DQw.uONQ a AANON G
L Lomwoeny 3 AVINILYN
I3BASAWY .” % 0) SO0 30V |
i . T 2000) SIVRO0 BV ) ) - & . . )
e I (- . . *
i
S 1 o | S3HONI NI 3 SNOISNINIG
01avy TVNOLLVYN HD - SUH A g3i4193ds 3SIMEINLO SSTINN : d.m 7 -
O 125530 o 1avd [T : -
SLYaaD LOdoy | ' Low®oesy] _ X
- oo | Olowseoeea| 2 | \ aaL \
S0Q0W | LO0wWS0285I] . € PO <9 590 .
DLVISOND 10100 | 20wWo06Sv| v | A o
g , nlh .
TN QIS X AIIXNOC S S WG D/ MOOLC 2. ' T J ~ " [zoo] vI/7]
m !

. gAL
. ad‘n.vn-oo Oy OO’

_ \ _ ~|aﬂMmu.Mqu...v.~o. :
SWIRG 202 8-

R - S 358” |

\l - R oo ‘IvS on ,
& o : O«o o8Z e’
g ) e L
omv OWN s xm@ 4: [© mu

aLi” Y
o0 L
TS 2 rHV mog. =
* DO, LT Lo .. A °
~ ndaou LT S\ S ; . :

@WALT (3R LisSeead
, SO0 HLO0Q-W "WwiDa 735 . . @
{DuLIemog wo ]
S T Q.ﬁ.ﬂwo % oid O%

.13 O3 1INT3a OL DMNHDvW
WRALT A3HL LI136Sad:

L,/“\

TBLYID NV T EL Nady QYW TRWISSYSIA .

* TIQA20 HYAOM N OUWVLS n
N..WOEJJ HLIM CNCNONS W23V 2LVWIXS33dV (v & WwIads H>d

' SAA30 | Q3LWLS I NILOSAN n
HLIMN (NONOKNS V93V DUV AO3advw OV SWILL Yavw oL

- YOHG ST ZOROD Lig oL DD swaT il [<]

STEHIMOC HLIM
. ﬂPUdQ -ﬂJmEWﬁcqw ] 24})01.@ 'y SIIOH TIONOG WV DS € --12a
* SO V% TMRAVTWWAY § ©OMIGN 1D DG QOON 13vd
‘MOHG SV 1L3Vg OV LOG LO1° HLIM avd . .WJOM W.O.Jd_
(C3a%\v% Wmdbgﬂw,m. ﬁrﬂﬂch?. IV S OO0 Sw
QTSN IV KWW SSIV03D 1073293410 {330 I03 DA RwoDda ) - ﬂ SN

13



¥(xx)'030 30Vd 2

> o, -,

u\NQ._(OD ‘A3Y 133HS
a1va A8 G3AOBAAY #1030 OV €
iHSINIS FE3TONY
, :31v0 1A QINEKS30 $30NNI0L
¥& ¥ auva TN 18 Nmvaa RLS 70XFQ wiwavw S3HONI
LXOFPS . SNOISNING G314103d5
122777/ T St S vun LU THISYL [ omsio s
vaiA
AHOIVAY3SE0 AWONOYISY 0Idvy TVNOILVN
JO2PO (I
_ 000" -
Y100+
EzZO0" M F
— n
_
XY 2SN DO ohW X,0/0°

IIIlJ

1/



011 xtpuaddy

(e o] ¥3I8ANN HIBNNN
3OS ‘A3 @OO —ZmON me ONMVY YA 133HS
:31VQ ‘A8 G3A0¥ddY Uvid 0109 HSINI

L8-8 :31vy d'N A8 Q3N9IS30
L8-8 131VQ SINYOW'D A8 NMVNA ¥3dd0J di3 TVIHIALYN

37NAON
H3ANdAY 30VLS €

3uun

34 ZHO Sl :poyd

F°030 30vd |
F:030 30vid ¢
00" F:030 30vd ¢
FS3TONV
S3ONVH3I01
S3HONI
NI 3¥v
SNOISN3NWIO d314103dS
3SIMY3HLO SS3TINN

'VA'ITIASILLOTNVHD — 8V 'A30 TVHLN3D

AYOLVAY3SE0 AWONOYLSY 0OIAVyd TTVNOILYN

L8=.T—8 SIYYONO

S¥0° SYM LOO'F9+v0" V "A3Y

'da 1€0

L8-LT—6 WO 00+ SYM 310H OF—+ 40 HLd3Q ‘99L° SYM (61" 8 A3

AN3 HOV3 JI0H |
'dd 00£° X dvl Ov—¥#

100 |7

e— 001

o9l

L8-6-01 N9 d330 O¥L" SYM HLJ3Q 3308,0 001" 3 "A3Y

S30Vid

S30vd 9

‘dd 0¥0° X "ViQ 220’

9 ¥ S0

S30vd 24
NYHL dV1 Ov—v#

© X 30V410dS ‘vid 9L’

'd@ 0£0° X VIO L¥V
. /T L ose
81
AN

‘G3LON 3Y¥3HM 1d30X3
O10°F 1IQVY NO S3ONVH3T0L 3UON

S30vid 9

S30vid

14

NYHL dvl 95-Z#
'dd 0£0° X 30v4l0dS VIO 680

‘dAL

p—

|'%

@

e by M

} S30V1d 6 ¥ 050 —_ | ~ + ol
S30vd 2zt -
/\ 'd@ 020° X VI 8.0 —_| ] / +J
+ Y L
. u
[] ﬁ D .@ @. N @. T .mﬂv ot ooz | 0
\\r_ T dAL SLO0° — @ 1 _
+)r | 200°F . 'dAL “Teoor. \NT77 IR O
A\ 8L0° ovg 006 * . h et & "
| * "dAL . hno| 1 1 + b _ _ 009’
— — * 0ss .m&_mtmﬁ. AL — + 1+ | _ “dAl "dAL
- 1— * * * ONmnEOQO.OAuf * * \\j M B .Em'ﬂ. or¥’
Ijl — 8 W t ocy
= 650" —8.«. s oSt
(]| | = F | kmm_r N +HF AR+ N+
1 ﬁ o 5 JHOFN N == —— 1
N dAL 080 \f.\ . ! Al T ﬂ ool
. ! | o | T can } }
= 0907~ 100¥ 9¥0 — 560 lﬂ i 100¥£20' c60° dALOSO"
CAL ON3 HOV3 S30V1d e . i =~
Ii_ = 0007601 40 0z X dvi 95—zf ot AL 061" [ - i f=—"dAL100'F 9¥0
1-_ o /61 |l_ ost’ Lo "dAL 050
4 AL / oo AL ._ | . :
—oo*a"NN . S30V1d 9 ¥ #S0° S30vd LI ¥ €£20° dAL00g —_— dAl 00!
o $0E" —o _luec 0LZ= - |e—'dAL 220
peemee ‘JA L OPG’ ] |'A b—'dAl S¥1°
$30v1d 9 30IS "ddO __4 ors’ os¢
Wo¥4 "d@ 00L' X 3¥08,0 .
VIQ 20011 ‘NYHL VIO £90° 080°4
000'-
000 08L'
oo [ 7] oo




@11 xtpuaddy

il WIBNNN ey
Fvos|  ws OLOWBOCESE ONMYYO 133HS| Mww-m uuw«....u«,
€00° ¥030 PV €

AUvo U8 _G3AONddY,

AUVId 000 HSINU|

L8-8 Ave d'N ug QINDIS30]

¥3dd0D dlI o vm

L8—8 ALVA] SIHNON'O w8 NMVIQ

¥3A00
UILINDNY 39VLS € FuL a4z §L

VATTMASILIORVHO = @V1 'A30 VAN
AHOLVAY3SBO ANONOYLSY OIQvy TVNOLLVN

l00°F

200= o . :
_I.Iooo. o8l Ii* “tv 0L0
.

926’

+

] S30Vd €
czoo'-¥+0 NYHL VIO L¥O°
000"+ U
! o Jar W52 !
_ ¢ /H\\ /H\ _ \\
ﬁ L e— oo
_ x L N 1 000t
fa

&

S30H Tl
NYHL VIO 8TI°

S30vd €
‘dd 0£0° X 9¢0°

1

G90°

S30vVd €

'dd 0¥0" X
3408,0 “vig 8.0°
NYHL "VIQ ¢+0°

S30Vid ¥

\| NYHL °vIG 601°




d°11 xTpuaddy

L0l \'4 LLOWBOZELSY wannN ¥3ENNN
V0S| A3Y ONIMVYHA 133HS
alva ‘A8 Q3AOYddY
[8—8awva d’W :Ae @anos3a TSN
/8—gaLvo O A8 navaa SSYU8 aypaive
dVlsS
dOLSISNVYL =yu 34 ZH9 Gl youd

¥230 30V |
. ¥:030 30V Z
00" 030 39vid €
. FSTONY
SIONVATIOL
SIHONI
NI 3uV
SNOISNANId Q3LI03dS
ISMAEHLO SSTINN

VATITINSILLOTRIVHO — 8V "A30 VLN

AJOLVAYISBO AWONOJHLSY 0IAVY TTVNOLLVYN

L8—6C—0l SI4YOWO GZZ° SVM 0OvZ' V "A3d

i
% “
i
| i
1 i
| ;
l

14°1% % :

T
* r T GZ0° 800" M

clLo’

17

NYHL dVL 08—0# | |
- QL ‘dAl |

| ¥ 650 |

| N |

MR
s LT -
P




X — ~c ~ .y YIAON HIBNNN #(x) 230 30V |
m\m.\qum O.Gm 2L HTCTLEEY oymmmo L3IHS [N O F (W) 236 30VId 2
. P T~ F(oaw) 03C DOV €
3Lve A8 _03AONGGY LY QT o ,E O Fegony
uva] T, A8 a3Nes3g — — §3ONVHITI01L
S5- O asva i S A8 NMYNE 229380 2L VNIV w,quwQ“
| =IO ="~ SNOISN3MIO C314103dS
‘ - . 3ISIMHIHIC SSIINN
P ALOL OO TR 2 quu| THO e S rosd -
! valA
AY0IVAY3S80 AWONOYHISY 01aVY TVNOILVN

SSTH 2

—~ —

T3 L

QAL DN DS -2 a —

O
| 4+~ - L
.
i
®) (@)
o O
| THO S p'Q VO SN JOI .
__n0atervi 8§ B TTvR EpP | WO [88Lvol O
U WS O o] s w0 T
vola SRS < ktwo-.od] =
Co-1izomg.co | wolacig] ¢
L N2DOSDC | AG | v |3

!

18



911 xTpuaddy

X Z Q | LTS udOY DTS o sy ¥3R/ANN o IWNN Fix} 030 32V°g !
3Tvos Ayl | T T 7T T =EENY onimes 13345 % (xx) 53Q 30V 2
31 ) - — SO0 F(aam) 03C 30Vd &
e - 28 937089 T g ST D sl ¥ s31oNY
3:va| T A AR JINDISI0 S3ONVH3IO0L
3uva A o) aenmvac| = 2T L wwaw mmzwumq..
R YaleielE =3 SNOISN3NIG 0314103dS
= bt - ~ - 3SIMEIHL0 SSIINN
LYV 3 T T TP e roud
vaiA :
AYOLVAY3S80 AWONOYLSY 01aVvy TVNOILVN

100" | L7

BHD G # b'g VO 9GN NoT

6O-1120929-0D

woOPe-11-2J9] .

DZLIQBYANVYILS ‘211° QUM & | w9 l|eg-L-yo| A
G- HIHDIR -0 | e b o] D
a2 svm va o [ wopeasd g
4
NER

LB [ef JF A= PN I |N

NS H 2
C3HL AvL
DOV D=2,

<ve | )
| ¢
- ®_ , \@ —
_)\U)\Mu Cei | 1 \/_1
S Ee s - Q 29
I - m IN— s wia gy
_ v
]
! L 1oml. oL
| i .
DO Z w TIL.! evl
D2+l TIQ Do’ e Ot e
|
SO0 Ly 2 —— —-

o0 -

— N~
~

1



oLl syl QLOWBOCZEGY aaanowl  wzamon F330 30vd | Q. | 1. | # HSva

— wmba n_.zﬁm 3AO¥ddY IN0BY 335 gemy] 00T O RN - ¥60° | St L—

—81lvg ‘A8_Q3NOIS3Q SIONVAFI0L : : —
Y 8—8 aIva WO A8 NMviQ IAOBY 33S Aypaivw S3HON 080 @@O. 4

HINHOASNV ML SNOSNANIQ Q3UID3dS 080 ¢80 ¢—

WIXVOD  3uu 33 ZHO Gl poyg| IoMH3HLIO SSIINN [ o0 YL y—

VA'ITIASILLOTHVHO — BV ‘A3Q TVALNZO ; : _
AYOLYAYISE0 AWONOYLSY 0IaVY TVYNOILYN 080 el S

. 080 681" 9-

ASSY 340438

e ™ VI LOO'F80L"

L L L LLLL
SAONONNSNIIONNNDYN

US| ATINO
g7 7777 nd NI 900"

ONILLOTS 0
d3Lvid 4109 No—38 ASSV 340438

VId 10O F0G0° 1YNIWON VIO .d.

NOT43L

20




I°1I1 xrpuaddy

Ll UIANNN u3annN| .
FIVos .dsum CLONBOCESY ONMYHA 133HS| M "wwm ww«.._..u N,
: - F:330 3DV €
. ALYa __iA8_G3AO¥ddY SN S00 ) CAA
L8—8uva d’'W :xe_ganorsaa SIONVNTTOL
/88 3va WO :Ae Nuvua] 3LMOX3Y ypg vy S3HON
HOLONANOD d3INNI SNOISNINIO @34103dS
—=130ddNS =yu 34 ZHY Sl roud 3SMY3HLO SSTTINN
VATTIASILLOTNVHO — 8V1 ‘A30 TVHINDD
AHOLVAYISE80 AWONOXMLSY 0Iavy TVNOILLVYN
.. .. 000 - - ‘ _)mm_
LSi2 WD SLSYO e o VO v
¢00"FGG0°

+

000" — . :
100"+ 0 —e= b—

000" = .
47004940

o9l”

080"




LG
IvOS

g
‘A3Y

¢ LOWBOCZESY

H3BNNN
ONMVYA

A3IGNNN
133HS

3LVid G109 :siNug

ALva ‘AB_Q03A0¥ddY
L8-8 alyag d°' ‘A8 d3N9IS3a
,8—8 Alva WO A8 NMVYO

Ssvyg TIVRIALYN

JOLONANOD ¥3NNI

JOVISHAINI uu

34 ZHY Sl poug

F030 30vd |
© ¥:030 30vid ¢
GO0 #:030 VY €
. FSTTONV
S30NV¥3I0L
S3HONI
NI ¥V
SNOISNINIQ Q3UI03dS
3SMH3HLO SSTINN

VA'ITIASILLOWVHO — 8V 'A30 TVALNIO
AYOLVAY3ISE0 AWONOYLSY 0OIdvy TTVNOILVYN

L8—LC—8 SIH4ONO S¥0" SYM 9¥0° V "A3Y
L8—¥—Cl SIHYONWO 0SL" SYM 0/0° 8 'A3Y

43LN3D NO
¢00°F800°

g8 1Iv1l3Q 33S

JAISNI 434NVHD .GLF.G¥ X

SAN3 HLO8 "dAL

L-:0¢ 31VvOS

g 1ivl3d
G¢0° ) /

.S¥
Z00—_ .
00 4590
100 = | ~n.
000+ ‘SO
% « V-V NOILDO3S
V@ | dAL *
— L6l e —
000" = qun-
w0 —= 'VId 10O FOS0"
S o AT ———




M°11I x1puaddy

(R
JIVas

T

| GLONBOCZCGY

HIENNN
ONMYYA

A3EBNNN
133Hs

ALVId Q109 :using

‘3Lva ‘A8 J3A0¥ddY
[8—8 :31va d'N ‘A8 Q3NOIIS3d
(88 :3lva WO A8 NMV0

3A08vV 335

TIYRELYN

NOLWLVOL4IQON VAS
LNdLNO dAV ZHO Sl :Fuu

33 ZHO Sl poyd

SNOISN3NIQ Q3UI03ds

F°030 30Vd L
F:030 30Vd ¢
200°¥:030 30vVd €
. FSTONY
S3ONVHTIOL
S3HONI
NI 3yv

3SMAY3HLO SSTINN

'YAITIASALLOTIVHO — 8V 'A30 TVHLN3O
AHOLVAYISEO AWONOYLSY OIQVy TTVYNOILYN

LB—F—=CLl SIHYONO 0GL° SVM 040" V 'A3d

O

@

>

g

m@/

8P

SAN3 HLO08 'dAl
L-:0¢ -3F1VOS
8—8 M3IA

S¢o’

SP

e o o - e o e -

co0 [ V] y/

¢00"—
y )
JAISNI ¥34ANVHO .SLF.GP moo.+moo
A3 ~— G677 —e \
0G0’
aulll TONO.
00—
000"+
v — 00¢"

38 Ol 107S

J0¥0Z WSO
HOLO3INNOO VIS

'SWIQ d314103dS 01
JOLONANOD ¥3LN3O ANV
ANV NOT43L WIML

\l NOT143L ONILSIX3

21



1:g

Yol VLOWBOZEGY 3enom

H3ANNN

VoS 133HS
ALva ‘A8 Q3AO¥ddY ALVid G109 :usiNg

£8—8 7ALva d'N A8 QINOIS3a

/88 7ALVa WO ‘A8 NMVHO 3A08Y 335 qyumivw

NOLLVOLJIGON VWS
LNdNI dAY ZHO SL Ty

34 ZHY Sl poud

F030 vid |
¥:030 VId ¢

G00°¥:030 30vid ¢

S3ONVIITIOL

FSITONY

S3KONI
NI 3V

SNOISN3INIO Q3W4i03dS
3SMY3HLO SSIINN

YAITIASALLONVHO — 8V ‘A30 VAN

AHOLVAYISEO AWONOHLSY OIavY TVNOILVN

L8—F—CLl SIHYONW'D
370H VId 910" NO J1ONV

.0¢ d3aav ‘0SL° SYM 040" V 'A3d

'SWIQ d3141034S Ol

dOLONANOD ¥3LN3D ANV

ANV_NOT43L WIdL
NO143L ONILSIX3

uuuuuuuuuuuu . RN

.

3AISNI 434AVHO .SLF.G1 X

SAN3 HLO8 "dAlL
L:0Z¢ -31vOS

8—8 M3IA

S

/

200~ .
so0-+°99

'dd 0¢£0° X 'VIQ 910

G6C" —=

+

1
|
.

434 0GO°

] e o e e e e e e

J0¥0Z WSO -
JOLOIANNOD VIS

¢00'—
000"+
00’

S60°

0L0° I"

_}

S¥

6@
SF

0% 8§ g

¢ s>
€00 | V] // v

38 01 1071S

24




