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MATRIX WITH REFLECTED WAVE ENERGY 

CROSSPOINTS 
Ivars G. Akmenkalns, Endicott, N.Y., assignor to Inter 

national Business Machines Corporation, New York, 
N.Y., a corporation of New York 

Filed Nov. 2, 1%0, Ser. No. 66,819 
8 Claims. (til. 340-166) 

This invention relates to matrices and more particu 
larly to an improved means of selecting a particular ele 
ment in a matrix. 

In the prior art, two coordinate matrices are commonly 
employed; such matrices also generally comprise elements 
having at least two stable states of energization. The 
elements may be considered to be arranged in rows and 
columns and a plurality of drive lines pass through the 
rows and columns of elements, that is, the drive lines 
in the rows cross the drive lines in the columns and a bi 
nary element is located at each intersection. To energize 
any one of the elements in a matrix, it is necessary to 
coincidentally energize a drive line in one of the rows 
and a drive line in one of the columns. The magnitude 
of the current at the intersection of the drive lines which 
are energized is su?icient to drive the element located 
at said intersection to one or the others of its stable states. 

It is a principal object of this invention to provide 
an improved means for selecting a particular element in 
a matrix. 

It is another object of this invention to provide a means 
of selecting an element other than by utilizing coincidence 
or anticoincidence current ?owing in associated drive 
lines. 

It is another object of this invention to provide a matrix 
in which the dimension of time is utilized to select a par 
ticular binary element. 

It is another object of this invention to provide a matrix 
in which a single set of lines is utilized to drive the ele 
ments. 

It is still another object of this ‘invention to provide a 
matrix in which a minimum of current drivers are utilized. 

It is yet another object of this invention to provide a 
compact extremely fast acting scheme for selecting an ele 
ment of a matrix. 

In one preferred embodiment, the invention provides a 
matrix comprising a plurality of binary elements arranged 
in a plurality of groups; for simplicity in description, the 
elements are considered to be arranged in rows. Each 
of the elements is connected to a distinct position in each 
of the drive lines. One end of each of the drive lines is 
connected to a pulse generating means and the other end 
of each of the drive lines is terminated such as to re?ect 
pulses sent down a line by the generator. An element is 
selected by actuating a pulse generating means to send 
a pulse down the respective drive line and then actuating 
the pulse generating means to send a second pulse down 
the drive line to meet the re?ected ?rst pulse at a desired 
point. The re?ected ?rst pulse will reinforce the second 
pulse and total energy will be of su?icient amplitude to 
energize the binary element positioned at the selected 
point. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments 
of the invention, as illustrated in the accompanying draw 
ings. 

In the drawings: 
FIGS. 1 and 1a are schematic drawings of an open 

circuited transmission line useful in describing the con 
cept of the invention; 

FIGS. 2 and 2a are schematic drawings of a short cir 
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2 
cuited transmission line also useful in describing the con 
cept of the invention; 

FIG. 3 is a schematic diagram of a drive line comprising 
a microwave strip line to which are connected a plurality 
of spaced elements in accordance with the invention; 

FIG. 4 is a graph showing the operation of the binary 
elements comprising Esaki diodes of the circuit of FIG. 1; 

FIG. 5 shows a plurality of microwave strip lines as 
shown in FIG. 4 arranged in a matrix. 
FIG. 6 shows a schematic diagram of a word memory 

array in accordance with the invention. 
Before describing the structure and operation of circuits 

constructed in accordance with the invention, an over-all 
principle of the properties of transmission lines will be 
reviewed. 

Referring to FIG. 1, if an ideal lossless transmission line 
7 is properly terminated at the driver 8 end, and if the 
other or receiving end 9 of the line is open circuited, no 
energy can be dissipated at the receiving end. Therefore, 
a pulse generated at the driver end will propagate down 
the line and upon reaching the receiving end will be re 
?ected back toward the driver end. Upon reaching the 
driver end of the transmission line, the energy will be 
dissipated in the characteristic impedance Z0 and driver 
internal resistance. If the transmission line is short cir 
cuited at the receiving end, again no energy can be dissi 
pated in the termination and the energy will be re?ected 
and ?nally absorbed in the generator resistance. 
Assume that two energy pulses with some time interval 

therebetween are generated by the driver and propagated 
down the line. The ?rst pulse, after being re?ected from 
the termination, will meet the second pulse at some point 
on the transmission line. If the two pulses have ?nite 
pulse widths, they will overlap over some ?nite length or 
region of the transmission line. Over this ?nite length 
of line, the energy per unit length of line will be doubled 
due to coincidence of the two energy pulses. 

Consider now the voltage and current distributions on 
the line when operated in the foregoing manner. An 
open ended termination, as shown in FIG. 1, imposes the 
requirement on the energy pulse that the current at the 
termination has to be zero and for this reason the re 
?ected current will have an opposite sign from the incident 
current. As the two pulses overlap over some part of 
the line, the two current components will cancel and all 
the energy will be stored in the electric ?eld. At this 
location, the voltage on the line will double. If a relatively 
large resistance RL is connected across the line at some 
point, point X in FIG. 1, in the region of pulse overlap, a 
voltage or a current proportional to the line voltage may 
be obtained for control of an element 5 (device) having 
at least two stable states. Since a relatively large re 
sistance is used, a minimum of disturbance is presented 
by the load on the line. Also, a properly designed match 
ing network, as known in the art and as shown in FIG. 
1a, may be used to couple the load RL to the line. 
The region of the transmission line over which the 

pulse overlap occurs is controlled by the pulse width and 
spacing of the pulses, as will be described hereinbelow. 

In the case of a shorted termination. a voltage of oppo 
site polarity to the incident voltage will be re?ected and 
cancellation of voltages will take place somewhere on the 
transmission line. In this region, the entire energy will 
be stored in the magnetic ?eld and the current magnitude 
will be doubled. A magnetic ?eld activated device may 
be controlled by the ?eld if placed in series with the 
transmission line, as shown in FIG. 2 at the region where 
the current magnitude is doubled. Again, the circuit of 
the element 6 (device) should present a minimum series 
impedance; a properly designed matching network, as 
known in the art and as shown in FIG. 2a may be used 
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to minimize any disturbance presented by the load to the 
line. 

Utilizing the foregoing principles, circuits according to 
the invention have been constructed to selectively control 
elements, for example, binary elements or devices, by 
using only one set of drive lines, as will hereinafter be 
described in some detail. 

Referring to FIG. 3, a group of similar binary elements 
or devices comprising Esaki diodes 11, 12, 13 and 14 
are connected through similar respective resistors, indi 
cated generally as R, to spaced points on a drive line 
comprising a microwave strip line 19 commonly referred 
to as a microstrip line. A voltage pulse generating means 
or driver 24 is connected through a suitable line terminat 
ing (matching) resistor 25 across one end of the micro— 
strip line 19. The other end of the microstrip line 19 
is open circuited. 
An article in the Physical Review of January, 1957, on 

pp. 603-605 entitled “New Phenomenon in Narrow Ger 
manium P-N Junctions” by Leo Esaki, describes a semi‘ 
conductor structure now known as the “Esaki diode” or 
“tunnel diode.” The Esaki diode may be said to be a 
P-N junction diode wherein both the P region and the 
N region contain a very high concentration of the re 
spective impurities resulting in a current versus voltage 
characteristics which exhibit a short circuit stable nega 
tive resistance region. As seen from FIG. 4 which 
shows the current versus voltage characteristics, the Esaki 
diode may also be de?ned as exhibiting a ?rst region of 
positive resistance over a low range of potentials and 
adjoining at a peak current value, a second region of 
negative resistance, and then a third region of positive 
resistance. Thus, by properly providing potentials to the 
Esaki diode, a bistable element may be obtained. The 
Esaki diode is particularly suitable for circuits formed 
in accordance with the invention since its response time 
is in the order of millimicroseconds and its operating po 
tentials are relatively low in the order of 0.05 volt at the 
beginning of the negative resistance region to 0.4—l.2 
volts, depending on the diode material used at the end 
of the negative resistance region. 

In FIG. 3, the Esaki diodes 11-14 are each biased for 
bistable operation by a voltage +E coupled thereto 
through a resistor r. Diodes 11-14 are coupled to the 
microstrip line 19 through the resistor R having a re 
sistance which is large compared to the characteristic im 
pedance of the line. A capacitor and resistor series net 
work instead of resistor R can be used for coupling, if 
the direct current fed back by the diode circuit creates 
problems. A conventional three-way matching network 
may also be used to couple the diode circuit to the line. 
Driver 24 is a bipolar voltage generator to provide op 
posite polarity pulse to thus effect “set” and “reset” states 
to the bistable Esalti diodes. The outputs of the Esaki 
diodes may be connected to an “OR” circuit of any suit 
able known type such as backward diode and capacitance 
type for output sensing. 
The microwave strip line 19 comprises a solid dielec 

tric microwave strip conductor 21, a dielectric 22, and a 
ground plane 23. The characteristics of solid-dielectric 
strip lines are known in the art and have been described 
in numerous publications, for example, in one place in 
the March 1959 issue of The Proceedings of the Institu 
tion of Electrical Engineers in an article entitled “Paral 
lel-Plate Transmission System for Microwave Frequen 
cies” by A. F. Harvey. It has been found that a pulse 
inserted at one end of a microwave strip line is propa 
gated down the line and the velocity of propagation is 
determined by the properties of the dielectric material 
which separates the strip conductor 21 and the ground 
plane 23. However, as the velocity of propagation (V) 
is decreased, the attenuation which is due to the conduc 
tor, dielectric and radiation losses is increased. 
The relationship between the line constants, signal 

pulse width, pulse spacing and spacing between elements 
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ii 
on the line is derived hereinbelow. For simplicity, as 
sume rectangular pulses are employed. 
A pulse of pulse width w, when propagating through 

a transmission line with a velocity of propagation v, will 
have its energy contained in a region of d units length 
along the transmission line. 
The following relation is obtained: 

d : v.w 

In coaxial transmission lines: 

0 

c=velocity of light 
ezrelative dielectric constant 

where 

Therefore, the region at that the pulse will occupy on the 
line at any instant may be expressed as: 

The region do corresponding to the maximum overlap of 
the pulses will be equal to the length of region d1 of the 
shorter of the two pulses. This then establishes the mini 
mum distance s between any two devices connected to 
the transmission line. Thus: 

In terms of the line constants, this relationship can be ex 
pressed as: 

where W1 is pulse width in seconds of the shorter pulse. 
From the foregoing, it is seen that a high dielectric 

constant material is desired in order to mount a large 
number of elements on a short length of transmission 
line. Also, in order to prevent the selection of more 
than one element by a pair of pulses, a maximum pulse 
width restriction has to be imposed. It is readily shown 
that if the shorter pulse satis?es the condition: 

S>d1 
the wider pulse may have a maximum width of 

2N; 
C 

For a given spacing s between devices, the minimum 
pulse width is determined by the minimum time of pulse 
overlap required in order to control the binary device. 
The selection of a particular element on the line is 

determined by the time interval between the leading edges 
of the two pulses at the driver end of the line. Let us 
consider element X located a units of distance from the 
driver end of the line and b units of distance from the 
receiving end of the line. The leading edge of the ?rst 
pulse will be sent out at time t=0 and upon re?ection 
will reach the point at which element X is located, T 
seconds later. The following relation applies: 

T=(a+2b)%=(a+2b)? c 

In order for the leading edge of the second pulse to 
reach X at time T, the leading edge of the second pulse 
must leave the generator at time: 

t1: 7’ c 

and therefore, 

1,: (a+2b)1/E~a-lE=2b-l/E 
c c c 

In other words, the time interval between the two lead 
ing edges of the energy pulses has to be equal to the 
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time required for a pulse to travel twice the distance 
from the desired selection point to the receiving end of 
the line. This relationship then determines the selection 
of the particular region on the line where the pulse over 
lap will occur. Note that this discussion applies to volt 
age overlap in case of an open ended line and current 
overlap in case of a shorted line. 

Consideration must also be given to the distances be 
tween the ?rst element and the driver and the last ele 
ment and the receiving end of the line. It is obvious that 
the distance from the driver to the ?rst element requires 
no special considerations. The distance from the last unit 
to the receiving end, however, has to be greater than one 
half of the distance of the line occupied by the wider 
pulse, otherwise, overlap of each pulse with itself as it is 
re?ected may cause an error in the control function. 
The time interval between two selection and control 

operations depends on the time it takes to reflect the sec_ 
ond pulse and absorb said pulse .at the receiving end. 
The longest time interval will be required for the selec 
tion of the ?rst unit. 
An appreciation of the magnitudes involved may be 

obtained from the following example. Assume that a 5 
bit storage register using high speed Esaki diodes is re— 
quired. Also, assume that a ‘glass dielectric line (e=9) 
is used that a l millimicrosecond voltage signal will pro 
vide the required control. 
The minimum required overlap is therefore 1 milli 

microsecond. Assuming that the pulse width w+10% 
tolerance may be maintained on the drive pulse, the maxi 
mum pulse Width of the shortest pulse will be 1.2 milli 
microseconds. 
The minimum distance between two elements is there 

fore, 

Assume there is a 6-inch spacing between devices. 
Arbitrarily selecting a space of 6‘ inches between the 
driver and the ?rst element, and a three inch spacing 
between the last element and the end of the line, length 
l of the register is obtained as: (note that the spacing 
between the last element and the end of the line is only 
0.5 of the spacing between the elements themselves) 

l=5.5s:5.5><6=33 inches 
In order to select the fourth device in the register, 

the two pulse leading edges have to be spaced in time 
by an interval 

is 
C 

1.2X 10-9-1392 ft.=4.7 inches 

Now, assume that the second pulse has its maximum 
pulse width of 2 millimicroseconds and the ?rst element 
is being selected. The re?ected trailing edge of the sec 
ond pulse will arrive at the driving end after T seconds 

11: 2b = 2X .75 =46 millimicroseconds 

= 30.6 millimicroseeonds 

Consequently, a minimum of 30.6 millimicroseconds is 
required between two successive control operations. 

Thus, in the ‘foregoing examples, it the drive pulse 
width is 1 millimicrosecond and the total length of the 
line is 22 inches, the ?rst and third pulses must be sepa 
rated in time by at least 20.4 millimicroseconds in order 
to selectively energize the diodes. The first and second 
pulses are considered as one control operation, as are 
each subsequent pair of pulses. 
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As shown in FIG. 1, it will be appreciated that if the 

two pulses are wider than is necessary for the energiza 
tion of an element, the re?ected pulse and the incident 
pulse need not exactly coincide, -i.e., need not completely 
overlap, at the region across which the elements are 
connected; only portions of the pulses need to overlap 
at the region across which the element is connected. 
FIG. 5 shows a relatively simple form of a two 

coordinate matrix 31 ‘formed in accordance with the in 
vent-ion. Matrix 31 comprises a group of similar micro 
strip lines and associated diodes, as shown in FIG. 1. 
A total of sixteen Esaki diodes are thus arranged in the 
two-coordinates system and, more speci?cally, in four 
rows and four columns. The columns of the Esaki diodes 
are designated alphabetically as A, B, C and D; the rows 
are designated as l, 2, 3 and 4. Each diode may be 
designated by its coordinate; for example, diode 2B is 
positioned at the intersection of row 2 and column B. 
To select a particular Esaki ‘diode, a driver connected 
to the associated microstrip line is activated to send a 
?rst pulse of a given polarity down the line at a con 
trolled later time and a second pulse of said given polar 
ity the line to meet the re?ected ?rst pulse at the point 
on the microstrip line across which the selected diode 
is connected. Assume, for example, diode 2B is to be 
selected, driver 24!) would be activated to send pulses time 
spaced, as discussed hereinabove, along line 19b to ener 
gize diode 23. By activating a particular driver and con 
trolling the timing of the pairs of pulses sent down the 
line, any one of the elements of the matrix may be se 
lected. 
The drivers are bipolar devices. During the reading 

operation, pulses of opposite polarity to the ?rst mentioned 
pulses are propagated down the line to shift the states of 
the selected binary elements to their initial state. 
The practical size of the matrix and the number of ele 

ments used will be limited by dissipation losses due to the 
lines and also by the speed at which it is desired to oper 
ate the matrix. Obviously, as the length of the line is 
increased, the time required for a pulse to propagate 
through the line and be reflected back is increased. 

Since the control cycle time depends on the time re 
quired for the resistor connected to the driver to absorb 
the reflected second pulse, some cycle time reduction is 
possible by placing the driver at some other point on 
the line, such as the center of the line, and terminating 
both ends of the line either by an open or short circuit. 
In the foregoing manner, one or two elements connected 
to the same line can be selected. For example, two ele 
ments may be selected by spacing the elements on either 
side of the line the same distance from the driver while 
different elements may be selected by spacing the elements 
on one side of the driver ‘differently from the elements on 
the other side of the driver and selectively controlling 
the timing of the driver pulses. 

Referring to FIG. 6, a word memory array may be 
constructed using conventional ferrite cores. The mem 
ory is arranged such that in each single plane, generally 
indicated as 42, only the cores 41 on the plane that are 
to be addressed simultaneously are threaded by an as 
sociated drive line 43. Due to the relatively long con 
trol signal required by ferrite cores, the width of pulses 
necessary to energize the cores would overlap over a 
considerable, not along the entire length of the drive 
line. 

In accordance with the invention, the groups of cores 
representing groups of digits are separated electrically by 
using delay lines 44 between planes, as shown in FIG. 6. 
The delay line 4-4 at the end of the drive line 43 will be 
terminated, as discussed hereinabove, to re?ect the pulse 
energy. In this embodiment, the last delay line 44 is 
short circuited to provide an increase of current at the 
desired location. 

The number of individual planes and the number of 
cores in each plane are practically limited by losses in the 
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lines and the required speed of operation, as noted above 
with respect to FIG. 5 . 

While the invention has been particularly shown and 
described with reference to preferred embodiments there 
of, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the spirit and scope of the inven 
tion. 
What is claimed is: 
1. In combination: a transmission line, means for 

coupling a plurality of energizable elements to spaced 
points on said line, said line being terminated to re?ect 
energy propagated through said line, and pulsed energy 
generating means for providing time spaced pulses to said 
line, succeeding ones of said pulses supplementing the re 
?ected preceding ones of said pulses at selected regions 
along said line to energize predetermined ones of said ele 
ments. 

2. In combination: a transmission line, means for cou 
pling a plurality of energizable elements to spaced points 
on said line, pulsed energy generating means controlled to 
provide selectively spaced pulsed energy to said line, said 
line being terminated to re?ect energy propagated through 
said line, and said generating means during a control op 
ration providing an initial pulse and a time spaced later 

pulse which supplements the energy of the re?ected initial 
pulse at a predetermined region along said line to energize 
a selected one of said elements. 

3. A plurality of energizable elements each having at 
least two stable states, a transmission line, said elements be 
ing coupled in parallel to spaced points on said line, pulsed 
energy generating means being controlled to provide se 
lectively spaced pulses to one end of said line, the other 
end of said line being open circuited to re?ect pulse energy 
propagated through said line, and during each control op 
eration said generating means providing a ?rst voltage 
pulse and a time spaced later voltage pulse which sup 
plements the energy of the re?ected ?rst pulse at a deter 
mined region along said line to shift a selected one of said 
elements to one of its stable states. 

4. A circuit in accordaance with claim 3 in which line 
matching networks couple said elements to said line. 

5. A plurality of energizable elements each having at 
least two stable states, a transmission line, said elements 
being coupled in series to spaced points on said line, pulsed 
energy generating means being controlled to provide se 
lectively spaced pulses to one end of said line, the other 

10 

25 

40 

end of said line being short circuited to re?ect pulse energy 
propagated through said line, and during each control 
said generating means providing a ?rst current pulse and 
a time spaced later current pulse which supplements the 
energy of the re?ected ?rst pulse at a determined region 
along said line to shift a selected one of said elements to 
one of its stable states. 

6. A circuit in accordance with claim 5 in which line 
matching networks couple said elements to said line. 

7. A matrix comprising a plurality of energizable ele 
ments each having at least two stable states, a plurality 
of drive lines each arranged to reduce the velocity of 
propagation of energy therethrough, means for coupling 
said elements to spaced points on respective ones of said 
drive lines, pulse energy generating means being con 
trolled to provide spaced pulses to respective ones of said 
lines, each of said lines being terminated to re?ect pulse 
energy propagated through said line, and during each con 
trol operation one of said generating means selectively 
providing a ?rst pulse and a time spaced second pulse 
which overlaps at least a portion of the re?ected ?rst pulse 
at a determined region along the associated line to ener 
gize a particular one of said elements to one of its stable 
states. 

8. A matrix comprising a plurality of bistable cores ar 
ranged as groups in distinct planes, drive lines, one such 
drive line passing through corresponding groups of cores 
in each of said planes, delay networks comprising a por 
tion of said line extending between planes, pulse energy 
generating means connected to one end of respective ones 
of said lines and controlled to provide selectively spaced 
current pulses thereto, the other end of each of said lines 
being short circuited to re?ect pulses propagated through 
said lines, during each control operation a selected gen 
erating means providing a ?rst pulse and a time spaced 
second pulse which overlaps at least a portion of the re 
?ected ?rst pulse at a determined region along the as 
sociated line to shift a group of cores in one plane to one 
of their stable states. 
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