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57 ABSTRACT 

An explosive controlled rectifier, an explosive AND/- 
NAND logic element and a three-input-seven-output 
explosive logic element. The three-input-seven-output 
explosive logic element comprises four explosive 
AND/NAND logic elements. Each explosive ANDf 
NAND logic element has two inputs and three outputs 
and includes one explosive controlled rectifier. 

2 Claims, 10 Drawing Figures 
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EXPLOSIVE AND/NAND LOGIC ELEMENT 

BACKGROUND OF THE INVENTION 

This invention pertains to a multi-input-multi-output 
explosive logic circuit. 

In the past, explosive logic elements such as the one 
disclosed in the patent to Silvia et al., U. S. Pat. No. 
3,340,564, require time delays along the explosive path 
in order to provide a number of outputs greater than 
the number of inputs to the logic element. The present 
invention requires activation of single inputs along or 
simultaneous activation of single inputs. By eliminating 
the need for time delays in the explosive circuits, the 
present invention has greatly increased the reliability of 
a given explosive logic circuit. 

SUMMARY OF THE INVENTION 

The present inventions include a three-input-seven 
output-explosive logic element including four explosive 
AND/NAND logic elements. Each AND/NAND logic 
element is a two-input-three-output circuit and in 
cludes an explosive controlled rectifier. A primary ad 
vantage of the present invention is that it does not re 
quire the input to be initiated in a particular order in 
order to obtain a particular output, but rather requires 
only that the input be initiated individually or that a 
plurality of inputs be initiated simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a destructive crossover of an explosive 
trail and the symbol therefor; 
FIG. 2 shows an explosive diode and the symbol 

therefor; 
FIG.3 shows an explosive controlled rectifier and the 

symbol therefor; 
FIG. 4 shows an OR logic element and the symbol 

therefor; 
FIG. 5 shows a multi-input (OR) logic element; 
FIG. 6a shows the explosive paths of an AND/NAND 

logic element; 
FIG. 6b shows a schematic representation of an 

AND/NAND logic element; 
FIG. 6c shows a symbolic representation of an ANDf 

NAND logic element; 
FIG. 7 shows a schematic representation of a 

three-input-seven-output logic element; and 
FIG. 8 shows a five-input-25-output logic element. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

To perform functions explosively, this invention uses 
the "corner effect' as described in the U.S. Pat. to 
Silvia et al., No. 3,496,868, dated Feb. 24, 1970. 
An example of the corner effect is seen in the de 

structive cross-over of FIG. 1. In this destructive cross 
over, an explosive reaction starting at A will propagate 
to B without turning the corner at the intersection and 
traveling to x or y. Having crossed the intersection it 
will also have severed the path from x toy thereby pre 
venting subsequent transfer between these points. This 
element allows an explosive reaction in either direction 
along either path while allowing only the reaction 
which arrives at the intersection first to be transmitted 
across the intersection. 
A further use of the "corner effect' is seen in its em 

ployment in an explosive diode as shown in FIG. 2. An 
explosive diode works like its electronic counterpart in 

2 
that the reaction is only allowed to pass in one direc 
tion. If the reaction starts at the fore end A, it travels 
to B where it branches. 
The straight path from B to C is shorter and therefore 

the detonation traveling along the straight path arrives 
at C prior to the detonation traveling along the curved 
path, thereby severing the path to the aft end D without 
turning the corner. When the reaction following the 
curved path arrives at C it is unable to pass through the 

10 junction and therefore stops. Thus, an explosive reac 
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tion started at the fore end will never reach the aft end. 
However, a reaction starting at the aft end proceeds 
along the curved path to the fore end without being im 
peded. 
An explosive diode is used as a building block for an 

explosive control rectifier as shown in FIG. 3. The ex 
plosive controlled rectifier is similar to the electronic 
counterpart except that unlike its electronic counter 
part it does not perform a "blocking' function in the 
reverse direction. 

In FIG. 4 is seen an OR logic element and the symbol 
therefore while FIG. 5 shows a multi-input OR logic el 
ement and the symbol therefore. The OR logic ele 
ments have narrow portions where the inputs meet so 
that the inputs will turn the corner 45 and continue to 
wards the right of the page but will not make a 90° turn 
to the left. This is due to the corner effect. Thereby the 
circuit may have several inputs but only one output. 

Physically the explosive controlled rectifier is con 
structed like the diode but with the addition of a gating 
path from F to E. With a detonation starting at the fore 
end A, the rectifier acts like the diode in that the deto 
nation will be stopped at C. However, if the gating path 
is initiated first, it propagates upwardly and severs the 
path from B to C at E. Consequently, when the reaction 
is started at the fore end, it proceeds from A to B and 
branches. The straight leg is stopped at E and the 
curved portion is allowed to proceed to D. Thus, for a 
reaction to propagate through the explosive controlled 
rectifier from A to D, the rectifier must have previously 
been gated by initiating F. 
By utilizing the explosive controlled rectifier and the 

destructive crossover, an AND/NAND logic element as 
shown in FIGS. 6a, 6b and 6c may be constructed. 
With the AND/NANd logic element of FIG. 6a it is 

possible to derive three distinct outputs from two dis 
tinct inputs. For example, assume that inputs are re 
ceived at source input A and gate input B simulta 
neously. The reaction started at A proceeds to 1, a de 
structive crossover, and propagates across, thus sever 
ing the path leading to gate output B. The reaction 
continues, branching at 2, to 3 and 6. During this pe 
riod the reaction started at B has traveled to 7, 
branched to 4 and 6, and arrived at the destructive 
crossover at 6 prior to the arrival of the reaction started 
at A. Thus the reaction coming from 2 to 6 is stopped 
at 6. Also, the path from 6 to B has been severed at 1. 
Meanwhile, at 4, the reaction from B has arrived prior 
to the reaction from A. The path from 3 to 5 is, there 
fore, severed. When the reaction from A reaches 3, it 
follows the curved path leading to 5 and on to the de 
sired simultaneous-input output A. B. 

If a reaction is started only at A, the reaction travels 
across the destructive crossover at 1 and branches at 2. 
It continues on to 3, 4 and 5 thus severing the path to 
A. B. The second branch at 2 travels to 6 and onto 
source output A. 
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In a similar manner, a reaction started at B travels to 
7 where it branches to 4 and 6. The reaction ceases at 
4, but continues from 6 to 1 and onto B. 

It is thus seen that with the AND/NAND logic ele 
ment, two inputs may be used to obtain three distinct 5 
outputs. 
A three-input-seven-output logic element as shown 

schematically in FIG. 7 may be constructed by using 
four AND/NAND logic elements. 
For example, if the AC output were desired, simulta- 10 

neous reactions would be started at inputs A and C. 
Following the path of the reaction of the input A, it is 
seen in FIG. 7 that the path would travel across the de 
structive crossover at and to the branch at 2 where 
one path would lead to the ungated explosive con- 15 
trolled rectifier and die and the other path would pro 
ceed across the destructive crossover at 3 and onto 4 
of AND/NAND element IV. Meanwhile, the reaction 
started at input C would travel to AND/NAND II and 
branch at 5. One branch will gate the explosive con- 20 
trolled rectifier and die while the other branch will pro 
ceed across the destructive crossover at 6 and across 
the destructive crossover at 7 and onto AND/NAND 
III. The path follows the same pattern as in AND/- 
NAND II along points 8, 9 and 10 and onto AND/- 25 
NAND IV. The path will branch at 11 and continue on 
to gate the explosive controlled rectifier at 12. The 
other path will continue across the destructive cross 
over at 13 and will die at the destructive crossover at 
14 which has been previously crossed by path A. Mean- 30 
while, path A will have branched at 4 with one leg pro 
ceeding to the previously crossed destructive crossover 
at 13 and dying while the other path proceeds through 
the previously gated explosive controlled rectifier and 
onto output AC. 35 

It is to be noted that to obtain the proper sequencing 
of events the explosive paths are designed such that the 
length of the path divided by the detonation velocity of 
the explosive gives the desired time delay. 
The three-input-seven-output logic element of FIG. 40 

7 can be combined with other like elements in a stack 
ing arrangement as shown symbolically in FIG. 8. The 
total combinations possible are given by: 

R N. 45 

P = X (N-R) R. 
Wis 

As 

where 50 
N = total number of inputs 
R = number of simultaneous inputs 
P = number of outputs 

For example with five inputs: P = 5!/(5-3)3 + 5!/(5 
- 2)2 + 5!/(5 - 1) = 25 outputs 55 
What is claimed is: 

60 
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4 
1. An explosive logic circuit comprising: 
first and second destructive crossovers, 
said destructive crossovers comprising two explosive 
paths which cross each other generally orthogo 
nally and the portions of said paths cross are nar 
rowed so that a detonation wave traveling along 
one of said paths will not be transferred along the 
other of said paths due to a "corner effect;" 

an explosive controlled rectifier; 
first and second explosive paths for receiving explo 

sive inputs into said circuit; 
said first and second paths each branching into first 
and second branches; 

said first path crossing said first branch of said second 
path at said first destructive crossover; 

said first branch of said second path crossing said first 
branch of said first path at said second destructive 
crossover, 

said second branch of said second path comprising a 
gating path for said explosive controlled rectifier 
and said second branch of said first path being con 
nected to the fore end of said explosive controlled 
rectifier. 

2. An explosive logic circuit comprising: 
first, second and third paths of explosive material for 
receiving explosive inputs into said circuit; 

first, second, third and fourth explosive AND/NAND 
logic elements, said paths being connected to said 
first and second logic elements; 

said first path being the source input for said first 
logic element; 

said second path being the gate input for said first 
logic element; 

said third path being the gate input for said second 
logic element; 

the gate output of said first logic element being con 
nected to the source input of said third logic ele 
ment; 

the source output of said first logic element being 
connected to the source input of said fourth logic 
element; 

the simultaneous-input output of said first logic ele 
ment being connected to the source input of said 
second logic element; 

the gate output of said second logic element being 
connected to the gate input of said third logic ele 
ment; and 

the gate output of said third logic element being con 
nected to the gate input of said fourth logic ele 
ment; 

whereby explosive inputs into either of said first, sec 
ond or third paths alone, any two of said first, sec 
ond or third paths simultaneously or said first, sec 
ond and third paths simultaneously can produce at 
least seven different outputs. 

: x x . 


