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ABSTRACT [57] 
[75] Inventors: Scott A. Van Duyne, Stanford; Julius 

O. Smith, III, Palo Alto, both of Calif. 
A signal synthesizer uses a digital waveguide network 
having at least a three dimensional matrix of waveguide 
sections interconnected by junctions to ?lter one or more 

[73] Assignec: The Board of Trustees of the Leland 
Stanford Junior Universi , Stanford, 
Calif. excitation signals so as to generate an array of synthesized 

output signals. The digital waveguide network has sets of 
[21] APPL NO‘; 563,198 waveguide sections interconnected by junctions. Each 

waveguide section includes two digital delay lines running 
parallel to each other for propagating signals in opposite 
directions and each junction has re?ection and propagation 
coei?cients assigned to it for controlling re?ection and 

[22] Filed: Nov. 27, 1995 

Related US. Application Data 
propagation of signals in the waveguide sections connected 
to that junction. Except for junctions along boundaries of the 
digital waveguide matrix, a majority of the junctions are 
2w-way junctions, where W is an integer greater than 1. In 
a preferred embodiment a majority of the junctions are 
multiply-free tetrahedral junctions that each interconnect 
four waveguide sections so as to scatter and intermix signals 
in ?owing through those waveguide sections. At least one 
signal source, coupled to speci?ed junctions of the digital 
waveguide network, provides excitation signals to the digital 

M. .u,%w%T,<7J l/66O01 a 11/ 3 1H4 ,2 
9 8 a 9 HO;w//~R I 0126 .. 1G2 ,8 

4 G 620 v.. ., 4/123 a 2 863 M W M3 .?, M80, 2, m mml 7 mm. m m D 

. mm9, 

H mm. 
S NW6 

..1 
fm. MD m m 9, D. mh5 _ .66 n. ..r./ Mm $4 m0. . M88 116. .01 mm a do as. . .m mu. m Sm CN I UF 1 .1 ll 3 1 200 w :l... 55 

waveguide network. In addition, a parameter memory stores [56] References Cited 

U.S. PATENT DOCUMENTS 
sets of control parameters, including waveguide control 
parameters for controlling how the digital waveguide net 
work ?lters signals propagating therethrough and signal 
source parameters which govern the excitation signals pro 
duced by the signal source or sources. Finally, a digital 
signal processor or controller operates the signal sources and 
digital waveguide network using a selected set of the control 
parameters so as to synthesize an array of output signals. 
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Figure 1. 

Right-going Unit Delay 

Li<n)——> d —» Rom) 

Left-going Unit Delay 

Lo<n><—- d ~— Rim) 

Figure 2. 
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Figure 3. 
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Figure 5. 
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The Bi-Directional Unit Delay Short Hand Notation 
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Figure 6. 
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Figure 8. 
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Four-Port Scattering Junction 
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Figure 12. 

i(n)—> f ‘———> 0(11) 

Figure 13. 

i(n)I-——- dN ~ f ---> 001) 

Figure 14. 



U.S. Patent Mar. 25, 1997 Sheet 6 0f 25 5,614,686 

_ “dN ; f : 

= dN < f 

Figure 15. 

dN ~ f --——> 

Figure 16. 

i(n)-——>- dN > f 

0(n) <-—‘ 

Figure 17. 



US. Patent Mar. 25, 1997 

i(n) ——>- dN -1 

0(n) -‘-~—v Figure 18. 

0 0 0 

0 

Sheet 7 0f 25 5,614,686 



US. Patent Mar. 25, 1997 Sheet 8 0f 25 5,614,686 

0 Q 9 9 



US. Patent Mar. 25, 1997 Sheet 9 of 25 5,614,686 

x(n) 

111m); (1 -—> Rom) 

L001) d "‘_" Rim) 

Figure 22. 

i(n) ——> dN r f 

x(n) 

Figure 23. 

Figure 24. 
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Figure 26. 
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Figure 29. 
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Figure 34. 
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Figure 35. 



US. Patent Mar. 25, 1997 Sheet 14 of 25 5,614,686 

! K") 
M, 20 

"w ; 00‘) 

Figure 36. 

21 N1 
. = ' : - 

. 4 22 N2 : M, 20 4 23 N3 ; @ 

. 4 Z4 N4 : 61> 

. < Z5 N5 : £1) 
‘ ‘ Z6 N6 : ® 
' 4 2'7 N7 _ GD 

' J Z8.N8 : \ : C(?) 

Figure 37. 
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Figure 42. 
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Figure 44. 






































