












1 7 

C Z 0.40 
kl = 0.9000 
k2 = 1.1336 

co 

c = 0.40 

kl = 0.9500 

k2 = 1.0706 

1 

?ii 8. co 12. co lb. co 20. co 
U SPflCE 

k = 1 0.9500 
k = 1.0706 2 

4. co B.CR 12. cc 16. cc 20. co %co ‘4Ico *. co 12. co 16. cc A. LIP 
U SPfICE u SPf7CE 

Figure C-5 -- Continued 

c-14 



0.40 
= 0.8000 

1.2410' 

c = 0.40 

kl = 0.8500 

k2 = 1.1901 

IO 4.00 
I 

6. co 12. co 16. co 20. co 
u SPflCE 

$ 
‘0.00 

I . 
’ 4. co n. 00 

u SPRL2 

n 

c = 0.40 
kl = 0.8000 
k2 = 1.2410 

C = 0.40 
kl = 0.8500 
k2 = 1.1901 

on ’ 4.co 8.00 12. co 16. CO 2b. co 
u SPIKE 

Figure C-5 -- Continued 

c-15 



c = 0.40 

kl = 0.7000 
= 1.3285 

b’ cc s’--- 
i SPIKE 

IZ. 

C = 0.40 

kl = 0.7000 

k2 = i.3285 

is.cco. 00 QCO 4.00 0. 
co 12.00 ID. 00 

1 20. cc 
U SWICE 

c = 0.40 

kl = 0.7500 

k2 = 1.2870 

C = 0.40 

kl = 0.7500 

k = 
2 1.2870 

0 1 d 

E 
6 

8. I 
%oo ’ (‘CO e.co 12.00 II. co 2;. co 

u SPflCF. 
Figure C-5 -- Continued 

C-16 



C = 0140 

kl = 0.6000 

k2 = 1.4000 

8 d 9, ’ i la.00 4.00 8.00 12.00 16.00 20.00 
U SPRCE 

C =* 0.40 

kl = 0.6500 

k, = 1.3661 

C = 0.40 

kl = 0.6000 
k2 = 1.4000 

I I 
ch.00 I . 

I 
‘. 00 8.00 12.00 16.00 20.00 

u SPACE 

C = 0.40 

kl = 0.6500 

k2 = 1.3661 

d 
P 1 

coo 
' 

4.00 8.00 12.00 18.00 20.00 
t!ih 

4:oo 8'00 AZ. 
I 

i SPACE 
00 16.00 ZP. 00 

u SPRCE 

Figure C-5 -- Continued 

c-17 



iz 
8 

& 

0.00 4.00 0.00 12.00 16.00 20. co 
u SPACE 

C = 0.50 

k, = 0.9500 

8 
d 
4 

0.00 : 4.00 0.00 12.00 16.00 
u SPRCE 

00 

-=-rr 
= 1..090? k2 k2 = l..O90? 

I 

;; 
8.00 12.00 lb. 00 20.00 
U SPRCE 

k, = .0.9500 

Figure C-5 -- Continued 

c = c = 0.50 0.50 

C-18 



C = 0.50 

k, = 0.8000 

k, = 1.1662 

E 
d 

i 
B 5.00 4. co a. 00 I 17.00 16. co 

20. co 
U SPACE 

c = 0.50 

kl = 0.8500 

k, = 1.1303 

Figtire,C-5 -- Continued 

ci Y 0. co 4. co 8.00 1 
P2. co 16. co 

U SPACE 
20. co 

:: 
B.00 4.co t!. 00 12.00 16.CO 2b. co 

U SPRCE 

c-19 



.-__-- 

C = 0.50 

k, = 0.7000 

k2 = 1.2288 

ri u I 
0.00 4. co 0.00 12.00 

U SPRCE 
lb.00 2a.w 

c = 0.50 

k, = 0.7500 

k2 = 1.1990 

D n.co 12.00 
U SPACE 

lb.00 ab. co 

C = 0.50 

k, = 0.7000 

k2 = 1.2288 

d 
.-.- 

I? 
d 

I 
d 

z I 
=i?w ’ * 4. co 8.00 12.00 rkw 

u SPRCE 
zb. co 

C = 0.50 

k, = 0.7500 

k2 = l.lwo 

Figure C-5 -- Continued 

c-20 



n, 

C = 0.50 

k, = 0.6000 

k2 = 1.2806 

n 

4: 00 s: 00 ii?. 00 
U SPIXE 

lb. 00 2b. 00 

c = n-_ 

k, = 0.6500 

k2 = 1.2560 

U SPRCE 
.co 20. co 

Figure C-5 

c = 0.50 

k, = 0.6000 

= 1.2806 k2 

;; 
4. co a. 00 12.00 16. OO- PO. co 

U SPIXE 

c = 0.50 

k, = 0.6500 

k2 = 1.2560 

-- Continbed 
U SPACE 

c-21 



c = 0.50 

k, = 0.5000 

k, = 1.3229 

c = 0.50 

k, = 0.5000 

k2 = 1.3229 

iti 
, 

10 4.00 8.00 AZ. 00 16.00 20.00 5.4 
U SPACE 

1 
4. 00 I). 00 12.00 16.00 20. co 

U SPRCE 

c = 0.50 c = 0.50 

k, = 0.5500 

k2 = 1.3029 

k, = 0.5500 

k2 = 1.3029 

L 
I. 01 

I- 
DO 4.00 KC0 12 

U SPRCE 
8 

D 16. CO 20.co 
U SPACE 

Figure C-5 -- Continued 

c-22 



c = 

k, = 

k2 = 

0.60 

0.8000 

1.1136 

ia,-L 6.00 12.00 16.00 20. co 
U SPFlCE 

9 

C = 0.60 .; C = 0.60 

k, = 0.8500 

k2 = 1.0886 

k, = 0.8500 

7 : 
d 

s: 

P 
9 n 

1 
‘ci 

IL 

u-l -m 
d 

0 

d 

z 
d 

$ :: 

‘C. 00 4. co 6. CO ii. co 16. CO 2h. cc P. #- u SPRCE 00 4. co B. co 12.00 16.CI 26. co 
u SPRCE 

C = 0.60 

:: 
ci 

:: 

8.00 4.00 8.00 12.00 16.00 2;. co 
U SPRCE 

Figure C-5 -- Continued 

C-23 



C = 0.60 

kl 
= 0.7000 

k2 = i.1576 

C = 0.60 

k, = 0.7500 

k2 = 1.1365 

0” 
%. 00 4. co 6. co 12. co ~6.00 I 

U SPACE 
20. co 

C = 0.60 

kl = 0.7000 

k2 = 1.1576 

z 400 4. co 6.00 12.00 16.00 -I , 

U SPRCE 
20. co 

r” 
ci 

c = 

k, = 

k2 = 

0.60 

0.7500 

1.1365 

B: co 4. co 6. co co 1 12. 16. co 
U SPRCE 

20. co 

Figure C-5 -- Continued 

C-24 



C = 0.60 

k, = 0.6000 

k2 = 1.1944 

z 
‘0.00 

I I 
4. co 6. co 12. co 16.CO 20. co 

U SPFICE 

C = 

k, = 

k2 = 

C = 0.60 

kl = 0.6000 

k2 = 1.1944 

- 

0.60 

0.6500 : 
< 

1.1769 

2 
5. 4. co 6.00 12. co is. co 20. co 

U SPRCE 

ii!00 ’ ’ 4. co 8. co 12. co 16.00 - 
u SPACC: 20. co 

Figure C-5 -- Continued 

C-25 

C = 0.60 

k, = 0.6500 

k2 = 1.1769 

I , 
I ! 4.co 8.00 12. co 16. co I 

U SPRCE 20. co 



IO 4. cc E 
I 

c = 

k, = 

k, = 
L 

-I I. co 12.00 
U SPRCE 

c = 

k, = 

0.70 

0.9000 

1.0399 

I 
16.00 2O.CQ 

0.70 

0.9500 

1.0207 

k, = 0.9000 

k2 = 1.0399 

0 
a9 
l-0 
W 

E! 
ci 

U SPRCE 

1 
lZ.CO 16.00. 2o.co 4: co s: co 

U SPflCE 

c = 0.70 

k, = 0.9500 

k2 = 1.0207 

4.co n. co 12.00 16.CO 20. co 
U SPRCE 

\ Figure C-5 -- Continued 

C-26 



zoo 4.00 8.00 12.00 20. co 
U SPFlCE 

e 
d 

:: 
d 

P 
5. co 4.00 e. 00 12. co 1c. co A. co 

u SPRCE 

Figure C-5 -- Continued 

C-27 



c = 0.70 

k, = 0.8000 

k2 = 1.0744 

8 
6 
7 0.00 4. co 6. co 12.00 16.00 7 

20. co 
u SPRCE 

2 

=i?co 
I 

4.00 6. co 12.00 lb. co 20. co 
U SPACE 

Figure C-5 -- Continued 

C-28 



C = 0.70 

kl = 0.7000 

k2 = 1.1039 

U SPFKE 

c = 0.70 

k, = 0.7500 

k2 = 1.0897 

:: 
d 
P c.00 4. co 0. co 12. co 16. cc t 

20. co 
U SPRCE 

k, = 0.7000 

8 
5. 

co 4. co a. cc 12. co 16. co 
1 

20. co 
u SPACE 

4. co 8. co I 12.00 16.00 20. co 
u SPRCE 

Figure C-5 -- Continued 

c-29 



C = 0.80 

k, = 0.9000 

k2 = 1.0235 

0 
P 

c. co 4. co a.00 
I 

12.00 16. co 20. co 
u SPRCE 

c = 0.80 

k, = 0.9500 

k, = 1.0121. 
L 

s 
:c. co 4. co 8. co 12. cc 16. cc 2;. co 

u SPRCE 

--: - 
c = 0.80 

k, = 0.9000 

k2 = 1.0235 

4. co 8. co I 
12. co 16.CO 

U SPACE 
20. co 

..-_ 

C = 0.80 

kl = 0. 950,o 

k2 = 1.0121 

;I._ 
4. cc B.CO 12. cc 16. cc 2k. co 

u SPRCE 

Figure C-5 -- Continued 

c-30 



C = 0.80 

k, = 0.8000 

k2 = 1.0440 

P IO. 
00 

, 
4.00 0.00 12.00 18.00 70.00 

u SPACE 

C = 0.80 

k, = 0.8500 

k2 = 1.0341 

0.00 12.00 
u SPRCE 

C = 0.80 C = 0.80 

k, = 0.8000 = k, 0.8000 

k2 = 1.0440 

=i? 00 4. co 0.00 12.00 16.00 20. # co 
U SPACE 

C = 0.80 C = 0.80 

k, = 0.8500 k, = 0.8500 

k2 = 1.0341 k2 = 1.0341 

z 
d 

P 
ci 

:: 

+A 00 4.00 0.00 II. 00 16.00 20. PO 
u SPRCE 

Figure C-5 -- Continued 

c-31 

I - 



C = 0.60 

k, = 0.9000 

I 
d 
7, 6 

a. 00 ,. 00 0.00 12. a0 16. co 20. co 
U SPIXE 

C = 0.60 

k, = 0.9500 

k2 = 1.0320 

:: 
‘c. OP 4.00 0.00 12.00 16.00 PP. 00 

U SPRCE 

c = 0.60 

k, = 0.9000 

k2 = 1.0614 

P 
coo 4.00 0.00 12.00 IS. 00 20.00 1 

U SPFlCE 

C = 0.60 

k, = 0.9500 

k2 = 1.0320 

s 

=i!,O 4.00 0.00 1% OP 16.00 OP. 00 
u SPFlCE 

Figure C-5 -- Continued 

C-32 



Peak Sidelobe 
Power 
Relative to 
Main Lobe 

(23 mW/cm2) 

'First Sidelobe dB Vs k2 

Third Sidelobe dB Vs k, 
‘\ 

y-= 

*@A 
Fourth Sidelobe dB Vs k2 

- 
-\.. - 

---k... 
Fifth Sidelobe dB Vs k2 

“1,. -'. ._ 

- 

-- 

a 0 I 7 A ; 

u 

/ I 

O/ 

I k2 = 1.468 

, at -25 dB 
k2 = 1.396 

\ ' / 

Tapered Spacetenna Radius k 
iJniform Spacetenna Radius = 2 

6 

Figure C-6 Sidelobe Envelope and Efficiency For .04 Power Taper 

c-33 



KEY 

ffiricnrv n-. V< k- 
I “TA - - “2 

x 
3 

0 

-10 

-20 

Peak Sidelobe 
Power -x 

Yirst Sidelobe dB Vs k2 

Relative to 
Main Lobe 

Second Sidelobe dB Vs k2 

(23 mW/cm') \‘=-. y Third Sidelobe dB Vs k2 

nTA = 0.894 for -24 dB 
-. --. _-.- --- --- 

---J 1.0 

4.8 dB Margi 
- - - ". -Q .___ _ 

--“o.,. .. 
-23.6 dB\, ' .,. 

_ -_ 
= 0.86 fo; -28.2 dB --' 

(.l mW/cm2 1 

41 
\' .m _ .-- - -, H 

= 1.2835 

at -24 dB \ 

, I I \ I d 
= 1.325 

j l k2 for -28.2 dB (min) 

I 
1.6 

Tapered Spacetenna Radius = k \ 
Uniform Spacetenna Radius 2 

Figure C-.7 Sidelobe Envelope and Efficiency For O.OgPower Taper 

c-34 



KEY 

Peak Sidelobe 
Pdwer 
Relative to 
Main Lobe 

J23 mW/cm') 

fficiency nTA Vs k2 

Yirst Sidelobe dB Vs k2 

'Second Sidelobe dB Vs k2 

'Third Sidelobe dB Vs k2 
. 

--I----, -. -. M- Foul 

1 --=A.. .- \c 
. . x-. 

rth Sidelobe dB Vs k2 1.0 

‘t9 
Fifth Sidelobe dB Vs k, 

-I \ - .-I 

n,. = 0.89 for -23.6 dB -I- - 

-._ _-. -. 
------ 0.84 for. -28 dB 

@ 
k2 = 1.23 

at -23.6 dB 

i , . ~~~-,-,~ ,I:. j7’r-~’ , , . ,,~n~~~:;~T~6 . . . . 
Tapered Spacetenna Radius = k 
Uniform Spacetenna Radius 2 

Figure C-8 Sidelobe Envelope and Efficiency For 0.16 Power Taper 

c-35 



1 .oo 

3 

0.80 

1 

---m-s q.A VERSUS k 2 FOR FREE SPACE SIDELOBES 23.6 dB DOWN FROM 

PEAK OF MAIN LCBE WITH ZERO dB MARGIN 

vTA VERSUS k2 FOR MAXIMUM MARGIN BELOW 23.6 dB DOWN 

dB MARGIN MAXIMA FOR NEAR-IN SIDELOBES --- 

NOTE 1: 10.6% PENALTY IN nTA COMPARED TO UNIFORM (1 ST SIDELOBE 

REDUCED FROM -17.4 d6 TO -23.6 d8) 

NOTE 2: ADDITIONAL 3.4% PENALTY IN r+A TO ACHIEVE MAXIMUM 
(4.76 dB) OF MAXIMA MARGINS BELOW -23.6 dB 

f 
------ 

/* i 7 

AT SINGLE STEP FOR AT SINGLE STEP FOR 
POWER DENSITY AT POWER DENSITY AT 
PEAK OF MAIN LOBE PEAK OF MAIN LOBE 
SAME AS FOR UNIFORM SAME As FOR UNIFORM 

: 1 : 1 

-4 

-3 

-2 

,l 

TAPERED SPACETENNA RADIUS k 
UNIFORM SPACETENNA RADIUS = 2 

Figure C-9 Single Stepped Taper Aperture Efficiencies and Sidelobe Margins 
Relative to Uniform 

C-36 



is no dB margin included in the dotted line , while the solid line shows the 

combinations of C2 and k2 to achieve the maximum margin in sidelobes below the 

-23.6 dB point. 

In that the cases for C = 3, 4 and 5 show significant potential for near in 

sidelobe control, the performance at further out sidelobes was investigated. As 

shown in Figures C-10 and C-11 the further out sidelobes are well behaved. 

A glossary of terms is given in Table C-l. 

The power delivered for the step taper (PDT) can be obtained from 

'DT = 
nT nil 'TT 

k12U - C2) + C2k2 
(C-17) 

where n T is the beam efficiency for the tapered case referenced to uniform 

pDT -- 
nT = PD (C-18) 

U 

is the power delivered for uniform illumination which is obtained from 

nu the uniform illumination beam efficiency where 

pDU 
X 

=- 

pTU 

(c-19) 
, 

pTU 
is the total available power for uniform illumination on the spacetenna. The 

available power for the step taper is less than this as follows: 

pTT 
= PT (k12(l - C2) + C2k22) (C-20) 

II 

and 

'DT = nT nu 'Tu (c-21) 
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Table C-l Glossary of Terms 

C Step Amplitude 
t: 

;i.j a Spacetenna Radius 
1 !. ',.I 
I!. kl Fractional Radius (Beginning of Step) 

:I 
9 

k2 Fractional Radius (End of Step) 

\ (Modified Spacetenna Radius) 

1 
4 
i) U-Space U = (27ra/x) sin 8 

1; x 

1 

Operating Wavelength 
!nA 
iit 0 1 Angle Off Boresight of Spacetenna 

h 
? Eta (nr) Ratio of Beam Efficiencies Between Step Taper (ns) and Uniform (nu 

nr 
= 

+u 

/ P Ratio of Total Available Power for Step Taper Illumination to Uniform 

Illumination (Constraint is 23 mW/cm' at Beam Peak) 

(1) First Sidelobe Peak 

(2) Second Sidelobe Peak 

(3) Third Sidelobe Peak 

(4) Fourth Sidelobe Peak 
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h DESIGNS, CONSIDERATIONS AND ISSUES 

j, 
$1 
'& 

The Progress Report on Solid State Sandwich Concept presented at Lyndon B. 

Johnson Space Center in Houston, Texas on 15-18 January 1980 is incorporated in 

total. 
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PROGRESS REPORT ON SOLID STATE SANDWICH CONCEPT 

- DESIGNS, CONSIDERATIONS AND ISSUES - 

Owen E. Maynard 

Raytheon Company, Equipment Division 

Presented At 

Solid State Configurations Session of the SPS Microwave Systems Workshop 
15-18 January 1980 

Lyndon B. Johnson Space Center, Houston, Texas 

ABSTRACT 

Progress in analysis and design of solid state approaches to the SPS 

Microwave Power Transmission System is reviewed with special emphasis on the 

Sandwich concept and the issues of maintenance of low junction temperatures 

for amplifiers to assure acceptable lifetime. Ten specific issues or considera- 

tions are discussed and their resolution or status is presented. 

Introduction and Background 

Investigations of Microwave Power Transmission System (MPTS) concepts by 

Raytheon in the past have not addressed solid state approaches due primarily 

to the problem of trying to achieve long life ( 30 years) in an application 

where high power density and limited waste heat dissipation capabilities are 

inherent. 

Solid state amplifier efficiencies for the current technology are too low 

(50% to 70% range) requiring 50 to 30% of the DC power to be radiated as waste 

heat while keeping junction temperatures within acceptable limits. Recent 

projections of solid state amplifiers have indicated that the efficiency may 

be as high as 80%, requiring 20% of the DC power to be radiated as waste heat 

reducing the problem by a factor close to 2. 

Solid state amplifiers operate at low voltage, 20 V, compared to 20 kV 

to 40 kV for tubes and the DC power transmission and conditioning system 

weights, complexities and cost for known overall system concepts were of major 

concern for kV power distribution systems and incredible for low voltage 

systems. The solid state sandwich concept, where the DC power distribution is 

a simple grid interface with the static microwave portion of the sandwich, is 

such that investigation of the solid state approach became of considerable 

interest. 
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Results have been encouraging and the concept is considered to warrant 
I further and more in-depth investigation. The critical outstanding issues 

include the need for demonstration of the high efficiency for the amplifiers. 

1,' When this is accomplished, the issues and considerations discussed herein become 

important. 

4i ,G 
ii 

Results of Investigation by Raytheon for NASA-MSFC _=_-~-- 
{:i 
;4 
ff 

I( 

Raytheon's investigation has included the following tasks: 

'i 1. Definition and Math Modeling of Basic Solid State Microwave Devices 
r "! 2. Initial Conceptual Subsystem and System Design 

1, 
3. Sidelobe Control and System Selection 

ICI 
4. Assessment of Selected System Concept 

F'ir 5. Parametric Solid State MPTS Data Relevant to SPS Concept 

j! 
j An efficiency goal for the DC to RF amplifiers of 80% has been established. 
1' I Although this has not been demonstrated it is considered to be a realistic goal 

and is therefore the basis for the investigation. Parametric data for 75% and 

85% are included. 

Conceptual subsystem and system design investigations resulted in the 

following: 

(a) .1.95 km diameter transmitting antenna having uniform power density 

of 500 W/m2 (RF); 

(b) 4.5 km beam diameter or minor axis rectenna having maximum power 

density of 23 mW/cm2; 

I 
(c) Free space sidelobes < 0.1 mW/cm' for 2nd and further out sidelobes; 

(d) First sidelobe above 0.1 mW/cm2 out to the fenced minor axis of 

9.2 km; 

(e) Subarray size 32 x 32 elements 3.2m x 3.2m; 

(f) Microwave subsystem for spacetenna weight of ~3 kg/m2; 

(g) DC to DC efficiency of 0.51; 

(h) Total transmitted power of IT x41*g5L x 500 x lo6 = 1.493 x 10' W RF 

(i) DC power into antenna = 1.493 x log 
.99 x .99 x .8 x .96 x .98 = 

1.493 x log 
.738 

= 2.02 x 10' W DC 
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(j) Power out of rectenna to power grid = 1.49 x 10' x .98 x .825 x .89 x .97 

= 1.04 x 10' W DC 

(k) Antenna concept is one amplifier/transmitting antenna element (narrow 

bandwidth) with element printed on tape l/4 X from ground plane. 

Receiving antenna elements are wide bandwidth and are orthogonal to 

the transmit elements to minimize adverse coupling. 

(1) Waste heat is passively radiated to deep space from pyrographite 

radiators having E = 0.8 and c1 = 0.05 thermal control coatings. 

Waste heat ( 500 W/m2) from the photovoltaic array is assumed to add 

to the heat load on the microwave side. 

(m) Single step taper at the transmitting antenna was investigated to 

determine sensitivity for reduction of 2nd sidelobe. Significant 

reduction is achievable with single step. 

(n) Further parametric investigations indicate that the RF power per 

element may be increased from 5 W/element to 6, thus permitting a 

significant reduction in spacetenna diameter for the same power den- 

sity on the ground. 

(0) Further detailed investigation of the concept is warranted. 

Issues/Considerations 

The issues and considerations along with their resolution and status, 

shown in the attached table, have evolved during the investigation. Each of 

them will be discussed in turn in the oral presentation and copies of the 

visual aids will be made available. 
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DC POWER CHARACTERISTICS OF SANDWICH 

o DC POWER FROM PHOTOVOLTAIC BLANKET (PVB) TRANSMITTED TO POWER DISTRIBUTION LAYERS 

(+ GRID, - GROUND PLANE) (CONDUCTOR LENGTHS 40 CM). 

o NEAR-UNIFORM VOLTAGE DIFFERENTIAL IS AVAILABLE CLOSE TO ALL USING EQUIPMENT ACROSS A 

SUBARRAY (75 V NOMINAL). LOCAL POWER CONDITIONING PROVIDED AT EACH AMPLIFIER MODULE. 

o DC CONDUCTOR INCLUDING GROUND PLANE CROSS SECTIONS AND WEIGHT KEPT SMALL TO MINIMIZE 

"UNCONTROLLABLE" HEAT TRANSFER TO RF DEVICES HAVING LOWER CRITICAL JUNCTION TEMPERATURES 

THAN THOSE ASSOCIATED HITH PHOTOVOLTAIC PORTION OF SANDWICH. 

- TRANSFER OF POWER BETWEEN SUBARRAYS IS LIMITED BY GENERAL HEAT TRANSFER LIMITS 

AND BLOCKAGE FROM WASTE HEAT RADIATION POINT OF VIEW. 

- TRANSFER OF POWER FROM POWER GRID AND GROUND PLANE TO USING EQUIPMENT IS BY SHORT 

(DESIGN CONTROLLED) CONDUCTORS WITH BUILT-IN FUSES TO ISOLATE EQUIPMENT OVER-CURRENT 

FAILURES FROM THE POWER GRID AND GROUND PLANE. 

m SPECIFIC WEIGHT OF GROUND PLANE IS .005 GM/WATT AND OF GRID IS .002 GM/WATT 

(WATTS ARE DC FROM PVB) FOR A SUBARRAY. 



ISSUES/CONSIDERATIONS RESOLUTION/STATUS 

o LOW VOLTAGE DISTRIBUTION 

o HARMONIC AND NOISE SUPPRESSION FREQUENCY ALLOCATION NEEDS AT HARMONICS 
SHOULD BE CONSIDERED OR CONSIDER SPREAD 
SPECTRUM At'!D ACTIVE SUPPRESSION 

l SUBARRAY SIZE 

o MONOLITHIC TECHNOLOGY 

o LIFETIME 

l MUTUAL COUPLING 

o INPUT TO OUTPUT ISOLATION 

o CHARGED PARTICLE RADIATION EFFECTS 

l TOPOLOGICAL CONSIDERATIONS 

m SIDELOBE SUPPRESSION 



HARMONIC NOISE GENERATION, SUPPRESSION AND TRANSMISSION CHARACTERISTICS 

o NOISE FILTERS ARE PROVIDED AT THE ELEMENT MODULE LEVEL ON TRANSMIT AND AT THE SUBARRAY 

CONJUGATING ELECTRONICS LEVEL ON RECEIVE. 

e RESIDUAL NOISE IS NON-COHERENT BETWEEN SUBARRAYS. 

o RESIDUAL HARMONICS MAY PERIODICALLY BE COHERENT OVER TOTAL TRANSMITTING ARRAY. 

o NOISE AT EARTH IS ESTIMATED AS -181 DBW/M*/4 KHZ. 

o HARMONIC POWER DENSITY AT EARTH IS ESTIMATED AS -66 DBW/M2 AT 3RD HARMONIC AND LESS 

AT HIGHER HARMONICS. GRATING LOBES FOR LOWER HARMONICS DO NOT INTERSECT THE EARTH. 

o FREQUENCY ALLOCATION AT 3RD AND HIGHER HARMONICS SHOULD BE CONSIDERED. SPREAD SPECTRUM 

AND ACTIVE SUPPRESSION CONCEPTS SHOULD BE INVESTIGATED AS POSSIBLE MITIGATING APPROACHES. 
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SIJBARRAY CHARACTERISTICS 

THE FOLLOWING HAVE BEEN CONSIDERED IN SIZING OF THE SUBARRAY: 

TOPOLOGICAL CONSIDERATIONS TO MINIMIZE ELEMENT SPACING (MAXIMIZE TRANSMITTED 

POWER DENSITY), MINIMIZE DIVISIONS OF DRIVE POWER (MAXIMIZE EFFICIENCY) AND 

PROVIDE FOR OTHER FUNCTIONS WITH MINIMUM LAYERING (MINIMIZE INTER-LAYER 

CONNECTIONS) RESULTED IN A BASELINE SIZE OF 3.2M x 3.2M. 

SUBARRAY STEERING AND POINTING CONSIDERED SATISFACTORY. 

ARRAY FLATNESS CONSIDERED TO IMPOSE NO OVER-RIDING ISSUES. 

REMAINING COMPLEXITIES ARE PRIMARILY IN PACKAGING, 

BETWEEN SUBARRAYS. 

THERMAL AND INTERFACING 

KNOWN SPECIFIC WEIGHT ("3 KG/M") FOR 3.2M X 3.2M SUBARRAY MAY BE REDUCED BY 1% 

FOR 6.4M x 6.4M SUBARRAY WHILE POSSIBLE COMPLEXITY, HANDLING AND LOSSES NULLIFY 

THE KNOWN ADVANTAGE. 

LOSSES UNIQUE TO THE SUBARRAY ABOVE THE ELEMENT CELL LEVEL (ELEMENT SPACING 10 CM) 

HAVE BEEN ESTIMATED TO BE < 0.5%. 

NEAR-I:! SIDELOBE INCREASES DUE TO THE SUBARRAY HAVE BEEN ESTIMATED TO BE (0.2 DB. 
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l LOW VOLTAGE DISTRIBUTION 
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o MONOLITHIC TECHNOLOGY MONOLITHIC APPROACHES APPLY AND REQUIRE 
TECHNOLOGY DEVELOPMENT FOR 
MINIMIZATION OF COST AND WEIGHT 

o LIFETIME 

o MUTUAL COUPLING 

o INPUT TO OUTPUT ISOLATION 

o CHARGED PARTICLE RADIATION EFFECTS 

l TOPOLOGICAL CONSIDERATIONS 
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MONOLITHIC TECHNOLOGY FOR THE SANDWICH 

0 THE GENERAL CONCEPT OF MONOLITHIC TECHNOLOGY TO INCORPORATE MULTIPLE FUNCTIONS INTO 

ONE SERIES OF PROCESS AT BOTH THE AMPLIFIER LEVEL AND AT THE ANTENNA LAYER LEVEL IS 

THE.SELECTED APPROACH FOR HIGH PRODUCTION RATE AND LOW COST PURPOSES. 

7 @ TOTAL SANDWICH CONCEPTS INCLUDE INTERCONNECTIONS BETWEEN LAYERS AND BETWEEN 
z SUBARRAYS. 
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o LOW VOLTAGE DISTRIBUTION 

o HARMONIC AND NOISE SUPPRESSION 

o SUBARRAY SIZE 

o MONOLITHIC TECHNOLOGY 

RESOLUTION/STATUS 

a LIFETIME LIFETIME AFFECTED BY JUNCTION TEMPERATURE 
LIMITS AND CHARGED PARTICLES RADIATION 
REQUIRING TECHNOLOGY DEVELOPMENT IN BOTH 
AREAS. 

7 o MUTUAL COUPLING 
z 

o INPUT TO OUTPUT ISOLATION 

o CHARGED PARTICLE RADIATION EFFECTS 

o TOPOLOGICAL CONSIDERATIONS 

o SIDELOBE SUPPRESSION 



LIFETIME CONSIDERATIONS 

LIFETIME GOAL IS 30 YEARS WITH LOW PROBABILITY OF FAILURE. 

PRIMARY FAILURE MECHANISMS RELATE MOST DIRECTLY TO JUNCTiON TEMPERATURE. 

RANGE OF INTEREST FOR JUNCTION TEMPERATURE IS 100°C TO 150°C REQUIRING ADVANCED 

TECHNOLOGY DEVELOPMENT FOR LONG LIFE. 

HEAT GENERATION AT AMPLIFIER DEVICES IS PRIMARY CONTRIBUTOR TO HIGH JUNCTION 

TEMPERATURE. ADVANCED TECHNOLOGY DEVELOPMENT REQUIRED FOR HIGH EFFICIENCY. 

HEAT TRANSPORT FROM DEVICE TO WASTE HEAT RADIATOR IS A MAJOR SANDWICH DESIGN 

CONSIDERATION INVOLVING: 

- HIGH CONDUCTIVITY MATERIALS 

- DEDICATED REGIONS FOR WASTE HEAT RADIATION TO COLD SPACE 

- HIGH EMISSIVITY AND LOW ABSORPTIVITY THERMAL CONTROL SURFACES TO MAXIMIZE WASTE 

HEAT DISSIPATION WITHOUT EXCEEDING LONG-LIFE JUNCTION TEMPERATURES 

MATERIALS AND COATINGS MUTUAL TECHNOLOGY DEVELOPMENT GOALS HAVE BEEN ESTABLISHED 

- MATERIALS SUCH AS PYROLYTIC GRAPHITE, HAVING HIGH THERMAL CONDUCTIVITY, IN 

CONJUNCTION WITH HIGH PERFORMANCE THERMAL CONTROL COATINGS NEED TECHNOLOGY 

DEVELOPMENT TO ASSURE INTEGRITY AND PERFORMANCE OF HIGH EMISSIVITY AND LOW 

ABSORPTIVITY SURFACES. 

- WHERE WEIGHT IS NOT A SIGNIFICANT FACTOR COPPER MAY BE SATISFACTORY. 

OPTIMIZATION TOOLS HAVE BEEN CONCEIVED TO MAXIMIZE THE ABILITY OF THE TOTAL 

SANDWICH TO TRANSMIT HIGH POWER DENSITY. 
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AMPLIFIER JUNCTION TEMPERATURE VS WASTE HEAT 
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o PYROGRAPHITE RADIATORS (8.66 CM DIA) 
o AMPLIFIER EFFICIENCY = 0.8 
o DC TO RF EFFICIENCY = 0.7377 
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o MUTUAL COUPLING IMPLEMENTATION BY PRINTED DIPOLES SPACED 
FROM GROUND PLANE WITH BALUN IN 
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MUTUAL COUPLING CONSIDERATIONS 

o ELEMENT SPACING (0.8 X) TO SUPPRESS GRATING LOBES. 

o PHYSICAL IMPLEMENTATION OF DIPOLES SUPPORTED ABOVE (0.25 X) GROUND PLANE 

TO PREVENT SURFACE WAVE RESONANCES AND PROVIDE BALUN ACTION. 

o DIPOLES AND TRANSFORMERS INCORPORATED IN CIRCUITRY USED FOR IMPEDANCE MATCHING 

IN PRESENCE OF MUTUAL COUPLING AMONG ELEMENTS. 
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RESOLUTION/STATUS - 

a HARMONIC AND NOISE SUPPRESSION 
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o MUTUAL COUPLING 
CJ I 
k? o INPUT TO OUTPUT ISOLATION ORTHOGONAL DIPOLES, OFFSET FREQUENCIES 

AND FILTERING PROVIDE SATISFACTORY 
ISOLATION OF TRANSMIT FROM RECEIVE 
SIGNALS 

l CHARGED PARTICLE RADIATION EFFECTS 

o TOPOLOGICAL CONSIDERATIONS 

o SIDELOBE SUPPRESSION 



INPUT TO OUTPUT ISOLATION 

0 TRANSMIT AND RECEIVE DIPOLES ARE ORTHOGONAL TO MAXIMIZE INPUT/OUTPUT ISOLATION. 

0 SEPARATE PILOT FREQUENCIES FROM FUNDAMENTAL (OUTSIDE HIGH NOISE BAND). 

l FILTERING PROVIDED ON PILOT RECEIVER WILL BE IMPLEMENTED AT THE PHASE 

CONJUGATION NETWORK AT THE SUBARRAY LEVEL. 
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o CHARGED PARTICLE RADI'ATION EFFECTS GaAs IS CURRENTLY BEST TECHNOLOGY 
(REQUIRES MORE ADVANCEMENT IN 
"MECHANISMS" OF FAILURE) 

o TOPOLOGICAL CONSIDERATIONS 

@ SIDELOBE SUPPRESSION 
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CHARGED PARTICLE RADIATION EFFECTS/CONSIDERATIONS 

VAN ALLEN BELT DISTRIBUTION OF ELECTRONS GEOMAGNETICALLY GO OUT TO 40-50K NAUTICAL 

MILES. NO SINGLE PEAK BUT VARIES IN TIME. 

11 YEAR SOLAR SUNSPOT CYCLE RESULTS IN CHARGED ELECTRONS AND PROTONS HAVING POSSIBLY 

SIGNIFICANT EFFECTS. 

SOLAR WINDS RESULT IN LOW ENERGY ELECTRONS HAVING MUCH SMALLER EFFECTS THAN CHARGED 

PARTICLES TRAPPED IN VAN ALLEN BELTS. 

GaAs MESFETS TEND TO BE HARDEST OF EXISTING TECHNOLOGIES. 

TEST RESULTS ARE NON-CONCLUSIVE RE FAILURE OR DEGRADATION MECHANISMS AND EFFECTS OF 

PROTECTIVE SCHEMES. 

SELECTION OF GaAs TECHNOLOGY AND SHIELDING APPEAR TO BE MOST EFFECTIVE APPROACH 

AT PRESENT. 

ADVANCED TECHNOLOGY DEVELOPMENT REQUIRED TO ADDRESS MATERIALS, FAILURE MECHANISMS 

AND PROTECTIVE SCHEMES. 
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o LOW VOLTAGE DISTRIBUTION 

l HARMONIC AND NOISE SUPPRESSION 
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RESOLUTION/STATUS 

o TOPOLOGICAL CONSIDERATIONS REQUIRED FUNCTIONS CAN BE IMPLEMENTED 
IN SANDWICH CONCEPT. FURTHER DETAILS 
AT SUBARRAY BOUNDARIES REQUIRED. 

o SIDELOBE SUPPRESSION 



TOPOLOGICAL CONSIDERATIONS 

TOPOLOGICAL CONSIDERATIONS HAVE BEEN GIVEN AT THE TOTAL ARRAY, PHASE DISTRIBUTION SYSTEM, 

SUBARRAY AND ELEMENT MODULE LEVELS. 

STRUCTURAL SUPPORT FOR THE ARRAY IS CONSIDERED TO BE PROVIDED BY MAJOR STRUCTURAL 

RING AT PERIPHERY WITH TENSION GRID ASSURING RELATIVE FLATNESS. GRID MEMBERS ARE 

CONSIDERED TO BE SMALL WITH RESPECT TO SANDWICH THICKNESS AND DO NOT SHIELD RF OR 

WASTE HEAT RADIATION. 

MECHANICAL SUPPORT AT SUBARRAY BOUNDARIES ARE REQUIRED LARGELY FOR HANDLING, 

INSTALLATION AND REPLACEMENT PURPOSES. DETAILS OF HOW SUBARRAYS WILL BE MATED TO 

PRECLUDE ADVERSE DISCONTINUITIES ARE YET TO BE DEVELOPED. 

RF TRANSMIT ELEMENT LATTICE IS MAINTAINED IN REGION OF SUBARRAY EDGES TO MINIMIZE 

SYSTEMATIC ERROR SIDELOBES. 

FREE RADIATION OF WASTE HEAT FROM RADIATORS NEAR SUBARRAY EDGES IS COMPROMISED 

REQUIRING CUSTOMIZED EDGE TREATMENT TO MAXIMIZE THE EFFICIENCIES OF THE THERMAL 

RADIATORS AT THE EXPENSE OF WEIGHT AND COST. FURTHER INVESTIGATION IS REQUIRED. 
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SIDELOBE SUPPRESSION CONSIDERATIONS 

UNIFORM VERSUS 10 DB GAUSSIAN ILLUMINATION AT SPACETENNA RESULTS IN THE FOLLOWING: 

ADVANTAGES FOR UNIFORM DISADVANTAGES FOR UNIFORM 

- SMALLEST TRANSMIT ANTENNA - LOWER POWER BEAM EFFICIENCY 

- ALL AMPLIFIER MODULES OPERATE AT SAME - HIGHER SIDELOBES (-17 DB, -24 DB, -28 DB 

POWER LEVEL BELOW 23 MW/CM2 AND MORE LAND REQUIRED TO 

- EASY TRANSFER OF DC VOLTAGES FROM SOLAR FENCE RECTENNA 

ARRAY (IF DENSITY TAPERING IS EMPLOYED 

TO APPROXIMATE GAUSSIAN ILLUMINATION 

THEN DC DISTRIBUTION AND SOLAR ARRAY 

ARCHITECTURE BECOMES COMPLEX AND HEAVIER) 

SINGLE STEP TAPER VERSUS UNIFORM (CONSTANT POWER DENSITY AT EACH LEVEL) 

ADVANTAGES FOR STEP DISADVANTAGES FOR STEP 

- LOWER SIDELOBES (-28 DB BELOW 23 MW/CM2) - LESS POWER AVAILABLE 

- ALL AMPLIFIERS OPERATED AT SAME POWER - LARGER SPACETENNA 

LEVEL 
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SUMMARY AND CONCLUSIONS 
SOLID STATE SANDWICH CONCEPT ISSUES AND RESOLUTION SUMMARY 
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WEIGHT AND CONTROL THERMAL LEAKAGE 
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AND ACTIVE SUPPRESSION 

SUBARRAY SIZE 3M X 3M MAY BE CLOSE TO OPTIMUM, FURTHER 
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INPUT TO OUTPUT ISOLATION ORTHOGONAL DIPOLES, OFFSET FREQUENCIES AND 
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SANDWICH CONCEPT. FURTHER DETAILS AT 
SUBARRAY BOUNDARIES REQUIRED. 

SIDELOBE SUPPRESSION SINGLE STEP EDGE TAPER MAY BE REQUIRED. 
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RECTENNA SIZE VS BEAM EFFICIENCY - UNIFORM ILLUMINATION 
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