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This invention relates to the conversion of digital in-
formation into analog form, and more particularly; to
electrical circuits for converting multi-digit numbers into
analog representations, such as the deflection of a meter
pointer, requiring a lesser degree of accuracy than the
original digital information.

In working with electrical circuits involving code repre-
sentations of quantities, it is often desirable to obtain a
visual representation of the quantities represented by
multi-digit codes, For example, it is much easier to look
at the pointer of a meter and to take a reading from an
associated scale than to mentally decipher a binary num-
ber such as 0.011000111000111, by way of typical exam-
ple, which includes sixteen binary digits, or “bits,” of in-
formation. However, because meters can only be read
with an accuracy of about one percent of the full scale
reading, it is also desirable to be able to change the effec-
tive value of the meter’s full scale reading so that small
numbers may be read more accurately.

A principal object of the present invention is, accord-
ingly, to improve and simplify digital to analog conver-
sion circuits.

By application of the principles of the present inven-
tion, the cost of a digital to analog converter having sev-
eral scales of conversion can be greatly reduced by con-
verting cnly a selected group of consecutive digits, for
example seven consecutive digits, of the total number of
consecutive digits, for example sixteen, of the digital
representation, into analog form. The present circuits
are particularly applicable to systems in which the re-
quired accuracy of the analog representation is somewhat
less than that of the digital representation. An import-
ant aspect of the present invention involves a circuit,
designated for the purposes of this application as a
“skipped bits checker,” which detects the presence of
digits other than zero among the digits which are more
significant than the most significant digit of the particular
selected group of consecutive digits. For example, in con-
verting a number made up of sixteen binary digits, or
“bits” of information, into a meter reading, the seven least

significant digits may be selected for conversion into the °

meter deflection when it is believed that the number is
very small. However, if a more significant digit than the
most significant of the seven selected digits is present, a
“skipped bits checker” circuit is provided which makes
the meter read full scale. In such a case, the selection
circuit should be switched to select a group of consecu-
tive digits of greater significance. Conversely, when a
very small meter reading is obtained, the selection circuit
should be switched to select a less significant group of
digits.

The present circuits are particularly advantageous in
following the progress of a conditioning process, such,
for example, as a heat treating operation or a chemical
reaction in terms of time of treatment, At the start, a
relatively large time may be involved which may be
adequately represented by the seven most significant
digits of the sixteen digit number. Howsver, as the
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end of the process is approached, the time remaining
grows smaller approaching zero, and can only be ade-
quately represented by the seven least significant digits. i

Other objects and various advantages and features of
the invention will become apparent by reference to the
following description taken in connection with the accom-
panying drawings forming a part thereof, and from the
appended claims,

In the drawings:

Fig. 1 is an electrical schematic diagram showing a
possible form of digital to analog conversion circuit re-
lated to conversion circuits of the invention;

Fig. 2 shows a sixteen “bit” binary number and indi-
cates three selections of seven consecutive digits to pro-
vide three scales for converting the binary number to an
analog representation;

Fig, 3 is a block diagram of an illustrative digital to
analog converter circuit in accordance with the present
invention;

Fig. 4 shows one form of scale selector switching circuit
which may be employed in the circuit of Fig. 3;

Fig. 5 is a block diagram of the present serial to paral-
lel conversion logic circuit and the analog weighting
circuit employed in the circuit of Fig. 3;

Fig. 6 is a circuit diagram of a current switch which is
a component of the circuit of Fig. 5, for example;

Fig. 7 is a “skipped bits checker” circuit which is a
component of the circuit of Fig. 3; and

Figs. 8 and 9 together make up a detailed logic circuit
diagram of the illustrative digital to analog conversion
circuits shown in Fig. 3.

Referring more particularly to the drawings, Fig. 1
shows, by way of example and for purposes of illustration,
an operative form of a seven digit digital to analog
current decoding circuit employed to explain particular
features of this general type of circuit, In the circuit
of Fig. 1, the digital information is presented by the
appropriate closure of switches 21 through 27, respec-
tively, and the analog output is indicated by the reading
of the ammeter 29. The switch 21 is closed if the most
significant digit is present, and the balance of the switches-
22 through 27 are closed or opened if successive less sig-
nificant digits are present or absent, respectively, The
switches 21 through 27 connect the like current sources 31
through 37, respectively, to a resistance weighting circuit
39, to be referred to hereinafter as a “weighting circuit.”
With the relative values of the resistances in the network
39 being indicated by the letters R and 2R, the weighting
of the current supplied by switch 22 to ammeter 29 is one
half that of switch 21. The weighting of the current sup-
plied by each successive switch 23 through 27 is similarly
one half that of the preceding switch, and thus matches
the reduction in significance of the successive binary digits.

The seven digits which may be decoded in the circuit
of Fig. 1 correspond to the seven digits of scale A, scale
B, or scale C of Fig. 2. In the present illustrative circuits,
the digital number which is to be decoded is a serial
binary number having sixteen binary digits or “bits.”. As
illustrated in Fig. 2, the sixteen digit binary numbers
which are employed in the present circuits include a
“sign” digit or bit, and fifteen other digits or bits.

Because the analog output meter 29 of Fig. 1 can be
read to only seven significant binary places, scale selec-
tion is employed so that both large and small numbers
may be accurately translated. To perform this change
of scale, it was originally suggested that the entire binary
number be translated into a current magnitude, and a
conventional multi-scale ammeter be employed to measure
the current. However, the electrical circuitry associated
with the translation of all sixteen binary digits led to
an unduly elaborate digital to analog conversion circuit.

In accordance with the present invention, the required
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circuitry. for the comverter has been reduced by nearly
one half through the use of scale selection at the digital
level, instead of using a variable scale ammeter after
converting the entire pumber to analog form. As shown
in Fig. 2, the present illustrative circuits provide three
scales identified as A, B, and C in Fig. 2. The operator
selects the desired scale by a manually set mechanical
" switch. When scale A is selected, the meter displays the
seven least significant digits; when scales B and C are
selected, the readings on the meter are respectively 16
and 256 times greater than those of scale A.

Although the method of the present invention in which
scales are changed on a digital basis rather than by a
multi-scale ammeter results in substantial savings in equip-
ment, it also requires some special circuitry to avoid
errors. For example, considering the binary number
shown in Fig. 2, scale C should be employed for decoding,
since it includes digits of greater significance than does
scale B or scale A. However, if the operator selects

scale B, the meter would read substantially less than :

half scale in decoding the digits 0011100 bracketed by
scale B, if no special circuit were provided to note the
more significant digits designated 41 in Fig. 2. As will
be explained in detail hereinafter, however, a “skipped
bits checker” circuit is provided to detect these “skipped
bits” 41 and to make the meter read full scale under these
circumstances, i. €., if the scale selected does not include
the most significant digit which is actually present in the
binary number being converted.

The block diagram of Fig. 3 illustrates the intercon-
nections between the various components which are em-
ployed in the circuit illustrating the present invention.
In Fig. 3 the principal components are the scale selector
51, the contrcl circuits 57 and 58 for Meter No. I and
Meter No. II, respectively, the “skipped bits checker”
circuit 54, the serial to parallel converter 53, and the
analog .weighting circuits 61 and 62 for Meter No. I
and Meter No. II, respectively. The circuit details of
the units shown in block form in Fig. 3 will be disclosed
in detail in the logic circuit of Figs. 8 and 9. The num-
ber which is to be decoded is applied to the scale selec-
tion unit 51 by lead 52. The seven digits of the binary
number which are to be decoded are chosen by the scale
selector 51 and are forwarded to the serial fo parallel

converter 53. Digits which are more significant than the -

seven selected digits are routed to the “skipped bits
checker” 54 for inspection. ’

Two meters 55 and 56 are provided and display the
analog representations of two different numbers, respec-
tively. Individual control circuits 57 and 58, and indi-
vidual analog weighting circuits 61 and 62 (each of which
includes a circuit similar to that of Fig. 1) are provided
for the meters 55 and 56, respectively. - A gate order
on lead 63 or 64 from the control circuit of the meter
which is to display the number permits the transfer of
the number from the serial to parallel converter 53 intc
the appropriate weighting circuit 61 or 62. If an enable
order is applied to lead 65 by the “skipped bits checker”
54 indicating that the proper scale has been selected, the
new digits are registered in the weighting circuits 61 and
62, the previous seven digits having been cleared from
the weighting circuit by a clear order on lead 68 or 69.

In Figs. 4, 5, 7, 8 and 9 which follow, the circuits
are shown in terms of the “building blocks” or basic
packaged circuit units which may be employed in a digital
computer. While the specific circuits which have been
employed in these basic computer components have taken
many different forms, one satisfactory set of circuits is
disclosed in an article entitled, “Regenerative Amplifier
for Digital Computer Applicaticns” by J. H. Felker, which
appeared at pages 1584 to 1596 of the November, 1952
issue of the “Proceedings of the I. R. E.” (volume 40,
Number 11}. The five basic logic circuit elements which
are disclosed on pages 1594 and 1595 of this article, and
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which appear in the Figures 4, 5 and 7 through 9, are as
follows:

(1) Or units yield a pulse output if a pulse is present
at any of the inputs to the Or units. Or units, such as
that shown at 174 in Fig. 7 which include a pulse regen-
crator, are designated by the simple legend “Or”; Or
units in which the circuit requirements are such that a
pulse regenerator is not required, such as Or unit 191
in Fig. 8, are designated by the legend “Or” followed
by 2 plus sign in parentheses: “(4-)".

(2) And units, such as 101 through 167 in Fig. 5
and 171 in Fig. 7, require energization of all input leads
to yieid a pulse output.

(3) “Inhibit” units are shown at 219 in Fig. 8, and at
222 in Fig. 9, for example.  An inhibit unit is designated
by a box with the legend “Inh” therein. It is generally
similar to an And unit in that all of the normal inputs to
the unit must be energized for it to yield an output pulse.
However, a pulse on the inhibit input lead (marked with
a small semicircle at the point where the inhibit lead
connects to the inhibit box) will over-ride all other
signals and block the output of the unit.

(4) Memory units, such as those shown at 111 through
117 in Fig. 5, for example, are designated by boxes with
the letter “M” therein. A memory unit, for the purposes
of the present invention, is a unit which may be set to
either of two conditions, the “0” state or the “1” state.
When set to the “0” state, it has no output. When the
“set 1”7 lead has been energized, however, the memory
unit generates pulses, one at each digit interval, until
the memory unit is reset to the “0” condition. When
both input leads are energized simultaneously, the meinory
unit assumes the “0” state, and has no output.

(5) Delay units, such as thoses shown at 75 in Fig. 4,
and at 91 through 86 in Fig. 3, are indicated by boxes
with the letter “D” therein, together with a number in-
dicating the number of digit periods of delay included in
the unit.

The And, inhibit, and memory logic circuit units noted
above also introduce a delay of one-quarter digit period,
or one-quarter microsecond. - The Or units including a
pulse regenerator also introduce one-guarter digit period of
delay, but other Or units designated “Or(--)” introduce no
appreciable delay. These delays are taken into considera-
tion in the detailed schematic drawing of Figs. 8 and 9.

As disclosed in the article by J. H. Felker cited above,
the pulse regenerator is an important part of these logical
circuits. The specified pulse regenerator circuit shown
in the Felker article operated satisfactorily and may be
used. However, an improved version of the regenerator
appears in J. H. Felker application Serial No. 376,923
filed August 27, 1953, assigned to the assignee of the
present application, and this circuit may also be employed.

In Figs. 3 and 4, the number which is to be decoded
appears at the input lead 52 to the scale selector and is
a serial binary number. The serial binary number is a
sixteen digit binary number which may correspond, for
example, to that shown in Fig. 2. The successive digits
of the binary numbers appear at lead 52 at one micro-
second intervals, with pulses or spaces corresponding to
the digits “1” and “0” respectively, with the least signifi-
cant digit appearing first in time. Accordingly, the en-
tire binary number is made up of sixteen “time slots,”
the digits “1” of the binary number being represented
by pulses in the appropriate “time slots” and the digits
“0” being represented by “time slots” having no pulses.
With the time between successive “time slots” (termed
a “digit period”) being equal to one microsecond, the
entire sixteen digit number appears at lead 52 in a sixteen
microsecond time period.

The selection circuit of Fig. 4 selects the desired group
of seven digits by delaying the number for the required
period of time before forwarding it on lead 7% to the
serial to parallel converter 53 (shown in Fig. 3). When
the switch 72 is in its highest position, contacting terminal
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73, the serial binary number is not delayed at all, and
scale. C of Fig. 2 is selected. When the switch arm 72
is contacting terminal 74, however, as shown in Fig. 4,
the delay unit 75 introduces four digit periods of delay,
and scale B of Fig. 2 is selected. The fixed timing of
the conversion circuits coupled to lead 71 cause the scale
shift when the number is delayed. Similarly, when the
switch arm 72 is contacting terminal 76, another four
digits of delay are introduced by delay unit 717, and scale
A of Fig. 2 is selected. The lower switch 81 may be
hand set to control the scale of Meter No. II in the same
manner as described abeve for the upper switch.

The digital switch 82 is controlled by switching orders
on leads 83 and 84. When lead 83 is energized, the num-
ber is connected to output 71 from switch 72; and when
lead 84 is energized, the number is connected to cutput
71 from switch 81.

Fig. 5 illustrates serial to parallel binary number con-
version and analog weighting for one meter. To simplify
Fig. 5, the provisions for negative numbers and for full
scale readings when a “skipped bit” is present have not
been included. These arrangements are shown in Figs.
8and 9.

In Fig. 5, a properly timed number is applied at lead
71 to the input of the delay line made up of the six delay
units 91 through 96, each of which includes one digit
period of delay. When the seven digits to be decoded
are located at the seven taps of the delay line, a gate
order is applied to lead 64. If an enable order from the
“skipped bits checker” 54 is also present on lead 65,
two of the three inputs to each of the And units 101
through 167 will be energized. The transmission of a
pulse through each of the And units 101 through 167 is
contingent upon the presence of digit pulses at the seven
taps of the delay line made up of units 91 through 96.
Accordingly, a pulse pattern corresponding to that of the
selected seven digits appears at the outputs of And units
121 through 107.

Simuitaneously with the arrival of pulses from some of
the And units 161 through 107 at the “set 0” inpuis
of the memory units 111 through 117, a clear order is
applied on lead 69 to the “set 1” inputs of all of the
memory units 111 through 117. Because the present
memory units assume the “0” state if two inputs are ap-
plied simultancously, the digital indications supplied by
the And units over-ride the clear order. However, the
clear order resets all of the memory units which do not
receive “set 0 indications from the And units to the “1”
conditions. This avoids the retention of undesired in-
formation from the conversion of the previous number.

The states of the memory units 111 through 117 thus
reflect the presence or absence of pulses at the taps of the
delay line including units 91 through 96. As will be ex-
plained in detail in connection with Fig. 6, a current
switch 119 is turned on when the associated memory unit
has zero output, and is turned off when the memory unit
is set to the “1” state and has a pulse output. The cur-
rent switches are turned on to feed increments of current
into a weighting circuit 120 such as that shown at 38 in
Fig. 1, and the resultant analog current is applied to a
meter by lead 121,

Fig. 6 shows a detailed circuit diagram of the current
switches shown in Fig. 5 at 119, for example. Terminal
131 is the input of the current switch, and terminals 132
and 133 are connected to the ladder resistance network
shown at 39 in Fig. 1. When the memory unit coupled
to input terminal 131 is set to the “1” state, the transistor
£34 conducts, and little or no current appears at the ladder
network. When the memory unit associated with the in-
put terminal 131 is set to its “0” state, the transistor is
cut off, and a substantial increment of current is applied
to the output ladder network.

Considering the operation of the circuit in detail, the

emitter of the transistor 134 is conmected to ground at .
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terminal 131 is set to the “0” state, the input terminal is
essentially open circuited, and the base of the transistor
drops to near the minus two volts applied to terminal 138.
With the base negative with respect to the emitter of the
N-P-N transistor 134, the transistor is cut off. Accord-
ingly, the point 139 on one side of the diode 141 rises to
the potential of approximately twelve volts, which is ap-
plied to terminal 142. The relatively high voltage ap-
plied to terminal 143, together with the resistance 144,
make up a constant current source. This maintains
point 146 at approximately plus eight volts. With point
146 at plus eight volts and point 139 at plus twelve volts,
the diode 141 will be cut off. The constant current
source ‘made up of the voltage applied to terminal 143
and the resistance 144 will then be applied to the output
ladder network through diode 148. The resistances in
the output ladder network are designated by the letter R
to correspond generally with the resistances R and 2R
of the output ladder network 39 of Fig. 1. '

The conditions in the current switch will now be con-
sidered when the memory unit associated with terminal
131 is set to the “1” state. Under these conditions, the
base of the transistor 134 will be raised to a positive po-
tential of about one or two volts. Although the output

5 from the memory unit is a series of pulses, the filter net-

work made up of the capacitance 151 and the resistance
152 will act to smooth out the pulses and maintain the
positive voltage at the base of the transistor 134. This
voltage now biases the emitter in the low resistance di-
rection, and the transistor 134 conducts. Point 139
drops to a voltage which is close to the ground potential
of point 137. With point 146 at approximately plus eight
volts and point 139 near ground, diode 141 conducts, and
point 146 also drops to close to ground potential. The
small positive voltage applied to terminal 156 biases di-
ode 148 to its high resistance condition, and no incre-
ments of current will be applied to the ladder output
network from the current source made up of the volt-
age applied at terminal 143 and the resistance 144.

By way of example, but not of limitation, the follow-
ing values may be employed for the circuit elements
which appear in Fig. 6:

Resistance 154_____________ 47,009 ohms.
Capacitance 151___________. 150 micromicrofarads,
Resistance 144_____________ 462,000 ohms.
Resistance 155.. .. _________ 10,000 ohms.
Resistance 152_____________ 1,000 chms.

silicon diodes.

Western Electric type
1853 N-P-N junction
transistor.

The resistances in the ladder network correspond to ap-
proximately 3,830 ohms. Thus, in Fig. 1 where the sym-
bol 2R appears, the resistance is 7,660 ohms,

Before proceeding to a detailed consideration of Fig.
7 it is necessary to consider the nature of the binary rep-
resentation of numbers which is used in the computer cir-
cuits of the present invention. For example, the num-
ber illustrated in Fig, 2 is a positive number as indicated
by a “0” in the sign bit positien, which is the only digit
position to the left of the binary peint. In the present
computer system, the binary point is never moved, and
all significant numbers (except the sign bit) are always
to the right of the binary point. Accordingly, no num-
bers greater than plus one or less than minus one may be
represented. In the present computer circuits a negative
number is represented by its complement on two. To
form a negative number from a positive number in the
present system, it is necessary to change all zeros to ones
and all ones to zeros, and add a one in the least signifi~
cant position. For example, two illustrative positive
numbers and their negative counterparts are set forth

point 137. When the memory unit coupled to the input 75 below:
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Table I

Positive Negative

1.131111111111101
1. 000000000000100

0. 000000000000011
0.1311111111111G0

_ The “skipped bits checker” circuit of Fig. 7 is required
when the scale selection switch is set to scale A or scale
B (see Fig. 2) in order to accurately represent small
pumbers. As indicated by the first line in Table I above,
a small positive number has a “0” sign bit, and the other
digits are also “0” until the first significant “1” appears.
Similarly, the sign bit of a small negative number is a
“1,” and the other digits are also “1” until the first sig-
nificant “0” -appears. With any given scale setting, there-
fore, all of the digits, including the sign bit, which are
more significant than the seven selected digits, should be
“0,” or all of the digits should be “1”. If there is 2
combination of “0” and “1” digits, the scale selection
switch has been set to the wrong scale and should be
teset to scale B or C. :

The “skipped bits checker” of Fig. 7 is, therefore, ar-
ranged to yield a properly timed output enabling pulse on
lead 65 if the “skipped bits” are all of one type or the
other. The “0's, register” 161 determines if all of the
examined digits are “0”. ‘The start registration order ap-
plied on lead 162 sets the memory package 163 to the “1”
state. The digits which are being examined are then ap-
plied to the “set 0” lead of the memory unit 163 by lead
164. If any of these digits are “1,” the memory unit will
be reset to the “0” state. ¥ none of the examined digits
are “1,” however, the memory unit 163 will ‘continue to
supply pulses, and, in particular, will supply-a pulse when
the enable order is required on lead 65.

The “I’s register” 167 supplies an output enabling
pulse at lead 168 if all examined pulses are “17.  If the
first examined digit, which arrives at the And unit 171
concurrently with the start registration order, is a “1,” a
pulse is introduced into the register delay loop. This de-
lay loop including the And unit 171, the three-quarter
digit period delay unit 172, and the Or unit-173 has a
total delay of one digit period. Accordingly, the pulse
circulating in this register appears at the input to the And
unit 171 concurrently with the arrival of the next digit
of the number. As long as these successive digits are
“1,” the pulse will circulate in the register and oufput
pulses will be applied to lead 188. If a “0” appears at
the input to the And unit 171, however, the circulating
pulse will be blocked and no additional pulses will-ap-
pear on lead 168. The Or unit 174 transmits enabling
pulses from either register to the analog weighting circuits
on lead 65.

Figs. 8 and 9 together form a detailed logical circuit
diagram which utilizes the separate componenis which
have been described above. In general, the components
have the same arrangement as in the block diagram of
Fig. 3. For example, the “skipped bits checker” 54 ap-
pears in the lower right-band of Fig, §, end the

cale selector-3% appears near Ac-
cordingly, the principal emphasis in the description: of
Figs. 8 and 9 will be on the control circuits and the
other circuits which interconnect the ccmponent umits.

Referring to the left-hand side of Fig. 8, a number
from the storage unit of a computer is appled &

52. This number is gated through the And nnit ?

a switch order on lead 182. The number passes through
the one and cone-half digit pericd delay unit 183 (whi
is required for timing purposes) to the scale selector
switch 5. The function of this scale selector switch has

corner

ner

the center -of Fig. &

B 9

been discussed above in comnection with Fig. 4. The
number will then -appear at leads 184 and 185 at the

output of the switch 51. Assuming that the number in
question is to be decoded in Meter No. I, a pulse on fead
187 (upper left-hand corner of Fig. 8) has set memory

&

unit 188 to the “1” state and memory unit 189 to the “0”

state.
When the number applied to lead 52 is to be applied to
Meter Mo. I, it is desired that the upper output lead 184
5 from the selection switch 51 be selected for conmection
the lead 71 rather than the lower output 185. This
selection is accomplished by the Or units 191 and 152,
ind the And unit 1923. The signal input circuits 184 and
185 are conunected respectively to the Or units 191 and
-ate control input leads 83 and 84 are also
zctively to Or units 192 and 1931, These
and 84 reflect the condition of the mem-
and 189, respectively, with which they are
Accerdingly, when Meter No. T is selected
icad 387 as discussed above, a series of
ontrol 1sad 83, and control lead 84 is
fore, the cutput from the Or unit 192
inuous frain of pulses, notwithstanding the na-
signal input at lead 185 to the Cr unit 192,
onirol input iead 84 to the Or unit 191 de-
,-however, the signal cn lead 184 will appear at

(x84

ory units i

associated.
\

191, Furthermore, the signal out-
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o, i1 is selected, 2 pu
he lower left-hand side of
is sets memory unit 182
28 to the “0” state.

et

throuhg to the output lead 71,
In the descrintion of the “skipped bits checker” of Fig.
the need for a properly timed “start registration”
der at lead 362 was mentioned, Properly timed “start
ration” puises for -each of the three scales A, B
ee Fig. 2) which may be selected appear at leads
and 283. The pulses applied to these three
spaced apart by four digit periods, correspond-
to clays introduced by delay units 75 and 77 in
the scale selector. As the manual switches 72 and 81 are
cperated to select the desired group of seven digits, the
switches 265 and 296, respectively, are switched to select
the corresponding ™
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The signal from the upper switch 205 is connected to
the input lead 362 of the “skipped bits checker” 54 when
Meter No. T is selected by an appropriate pulse on lead

upper left-hand side of Fig. 1). Similarly, the out-
from the lower start registration switch 296 is con-
when Meter Mo. II is selected by a

In this selection operation, the Or

cisely the same manner as the switch made up of Or units
121 and 192 and And unit 123 described above.

Referring to Fig. 9, Meter No. I and Meter No. IT
desionated 55 and 56, respectively. Each meter 55, 56 is
an ordinary microammeter having a pointer which is

biased to the left-hand side of the scale when no current

o

(3% ars

ais

Go

Posi-
tive numbers ars read on the right-hand side of the dial,
and nepative numbers are read on the left.

The energization of the meter 56 is controlled by the
weighting circuit 216 which receives current from cus-
rent switches 213, 214, and the current switches in circuit
215. The weighting circuit 216 is similar to that shown
at 39 in Fig. 1, but includes two additional input current
switches. The two current switches 213 and 214 provide
the biasing current required for the meter to read in the
proper portion of the scale. The circuit 215 shown set
off by dashed lines in Fig: 9 translates the seven-selected
binary digits info an enalog current, This circuit 218
operates as.described above in connection with Figs. 1 and
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5. The current supplied by all of the current switches in
circuit 215 when they are turned on is nearly sufficient to
make the meter 56 read one-half full scale. The current
from either current swiich 213 or 214 is weighted to sup-
ply sufficient current to the meter 56 to make it read
onc-half of full scale. Accordingly, when one of switches
213 and 214 is energized (and no other current switches
are on) the meter pointer is centered and reads zero on
the zero-center scale, When neither of the two switches is
on (and no other current swiich is on), meter 56 shows
a maximum negative reading; and when bsth switches
213 and 214 are on, the meter 56 shows a maximum posi-
tive reading.

The current switches 213, 214 and those in circuit 215
are shown connected directly to the meter 56. However,
in the actual circuit the current switches are coupled to
the ammeter 56 by means of a current weighting ladder
such as that shown in Fig. 1. The numbers usnder the
current switches indicate their weighting, the number +1
under current switches 213 and 214 indicating that the
energization of each switch moves the pointer of meter
56 through the digital range of ~1 to 0 or from 0 to
-+1. The current switches in circuit 215 add incremental
current values, as indicated by the fractions under each
current switch.

Before proceeding with a detailed description of the
control circuits for the current switches, the desired com-
binations of current switch conditions are as follows:

Table 11
Current
Type of Number Current Current Switches
Switch 213 | Switch 214

In Circuit
2156

(1) Positive—No “Skipped Bits”_| Off _______ Energized.| Enabled,
(2) Positive—‘“Skipped Bits’’ | Energized. Energized.! Off,
Present.
(3%3Negatlve—-No “Skipped | Off._.___. Off.._...__ Enabled
its.”
(4) Negative—“‘Skipped Bits” | Off.__.__._ Ooff . ... Off,

Present.

As indicated in Table II, the state of current switches
213, 214, and the current switches in circuit 215 de-
pends (1) on the sign of the number to be decoded and
(2) on the presence or absence of “skipped bits.” These
two determining factors are indicated on leads 65 and
217. As mentioned kereinbefore, lead 65 will be ener-
gized by an enable pulse from the “skipped bits checker”
54 if there are no “skipped bits.” The sign of the number
is indicated on lead 237 by the presence of a pulse if the
number is positive, and the absence of a pulse if the
number is negative. This indication involves negation of
the sign bit because, as indicated by Table I, a positive
number has a “0” sign bit, while a negative number has
a sign bit of “1.” This negation operation is accomplished
by the inhibit unit 219 of Fig. 8, as will be described in
more detail hereinafter.

With the control pulses on leads 65 and 217, as men-
tioned in the preceding paragraph, the instrumentation
of the four current switch conditions detailed in Table II
will now be considered. When the number is positive

and there are no “skipped bits,” there will be a pulse pres-

ent on both leads 65 and 217, concurrently with the ar-
rivel of the gate order on lead 64. The pulse on lead 65
is applied to the inhibit terminal 221 of the inhibit unit
222, and blocks any possible cutput from the inhibit unit.
A clear crder pulse on lead 69 therefore sets memory
unit 223 to the “1” state, and the current switch 213 is
thereafter in the off condition. A pulse from lead 217
arrives at And unit 225 concurrently with the arrival of
a gate order on lead 64, and the memory unit 226 is set
to the “0” state. The current switch 214 is then turned
on. The presence of an enable order on lead 65 con-
currently with the arrival of a gate order on lead 64 en-
ables all of the And units in circuit 215, and registers the
slected seven digits in the current switches of cireuit 215,
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This last operation is described in detail above in connec-
tion with Fig. 5.  Under the foregoing conditions, the
meter 56 has a reading between center and its maximum
positive value,

When the number is positive and when there arc
“skipped bits” present (Example (2) of Table II), there
will be a pulse on lead 217, but no pulse on the output
lead 65 from the “skipped bits checker.” With pulses
from leads 64 (the gate order) and 2i7 present at the
two normal inputs of the inhibit unit 222, and no pulse
present at the inhibit input terminal 223, the inhibit unit
will have an output pulse. This output pulse appears at
the “set 0” input of the memory unit 223 and over-rides
the clear order pulse on lead 69 which arrives concur-
rently at the “set 1” input of the memory unit 223. Ac-
cordingly, the current switch 213 is turned on. Inasmuch
as the And unit 225 has the same inputs as the normal
inputs to the inhibit unit 222 as described above, the cur-
rent switch 214 associated with And unit 225 is also
turned on. However, with no pulse present on lead &3,
none of the And units in circuit 215 are enabled, and
none of the current switches in circuit 215 can be turned
on. Under these circumstances, meter 56 reads full scale
in the positive direction, as it should to indicate that a
larger scale should be selected so that there will bs ne
“skipped bits.”

When the number is negative, there is no pulse on lead
217. Because pulses from lead 217 are required inputs
for the energization of both inhibit unit 222 and And unit
225, neither of the associated current switches 213 or 2314
can be energized when negative numbers are being con-
verted. When there are no “skipped bits” present, an
enable pulse on lead 65 permits the energization of the
And units in circuit 215, and meter 55 will read between
its maximum negative reading at the far lefi-hand side of
the meter scale and its central zero indication. When
there are “skipped bits” present, lead 65 will not be en-
ergized and none of the current switches which supply
current to meter 56 will be energized. The meter prop-
erly has a maximum negative indication to show that a
different scale should be selected by the cperator.

As mentioned above, the inhibit unit 2i% in which the
normal input is grounded “negates” signals applied to
the inhibit terminal 231. The term “negate” means that
a “0” is transformed into a “1,” and a “1” is transformed
into a “0.” Thus, pulses applied at terminal 231 of in-
hibit unit 219 are changed iato spaces at the output cir-
cuit 217 of the inhibit unit; and the cutput circuit 217
will be enérgized when there are no pulses applied to ter-
minal 231.

In the computer technology described in the article and
patent application of J. H. Felker cited above, the inhibit
units and the And units both include a pulse regenerator
circuit. A standard frequency source or “clock” signal
having the same pulse repetition rate as the serial binavy
numbers mentioned above is connected o each pulse re-
generator. The “clock™ signal provides a gating voltage
so that the puise regenerator produces accurately timed
output pulses when the appropriate input signals to the
inhibit or And units are present. The input signal pulses
to the inhibit units and the And units are positive going
pulses which rise from a negative value io about ground
potential. Accordingly, when the input terminals of one
of the inhibit units or And units are grounded, it has the
same effect as the application of a continusus train of
controi pulses from an external sourca.

Applying the principles set forth in the foregoing para-
graph to the inhibit unit 219 of Fig. 8, it may be noted
that the normal input to the inhibit unit is grounded.
In the absence of pulses applied to the inhibit terminal
231 of the inhibit unit 219, the source of clock pulses
which is connected internally to the inhibit unit 219 will
start a train of pulses which will appear at the output
217 of the inhibit unit. When a pulse is applied to inhibit
terminal 231 of inhibit unit 219, however, the output
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pulses are blocked and no pulse appears on lead 217.

Accordingly, the inhibit unit 219, with its normal input
terminal grounded, acts as a “negator” and changes sig-
nal pulses applied to inhibit terminal 231 to spaces at the
output of the inhibit unit and, ccnversely, changes spaces
at the input of the inhibit unit to pulses at output-lead
217. -

The gate order and the clear order which appear on
leads 64 and 65, associated with the circuits of Meter
No. Ii, are derived from the signal apph d to lead 195
at the far left-hand side of Fig. 8. A pulse on lead 153
sets memory unit 189 to its “1” state. The MEemory unit
189 thereafter produces a continuous train of output
pulses. The And unit 233 receives pulses from the
meinory unit 189 and also is connected to lead 203, which
provides one pulse every sixteen microseconds, or every
sixteen digit periods. Pulses from lead 263 are also
applied to And unit 234, but are blocked at this And
vnif, because memory unit 188 is set to the “0” state.
The delay units 232, 235, and 236 are required to obtain
the proper timing of the arrival of the gate and clear
orders at the digital to analog current decoder for Meter
No. II.

When pulses are applied to lead 187, Meter No. I is
selected by the energization of memory unit 188, and
the de-energization of memory unit 189 associated with
the control circuits for Meter No. II. When memory
unit 188 is selected, the gate and clear orders are ap-
plied to lsads 63 and 68 asscciated with Meter MNo. I
Under these circumstances, the current switches 241,
242 and the current switches in circuit 243 will supply
current to the weighting circuit 245 in substantially the
same manner as discussed above for the current switches
213, 214, and the current switches in circuit 215. Ac-
cordingly, Meter No. I will be deflected to yield the
proper analog representation of the digital numbers ap-
plied to lead 52 (see the left-hand side of Fig. 8), ]uct
as Meter No. II represents numbers applied to lead &
when the control lead 195 is energized. 1t is also apparent
that additional decoding circuits and associated meters
may be connected to the delay line of circuit 215, and
thus that many digital quantities may be decoded and
displayed by the common control circuitry.

Tt is to be understood that the above-described ar-
rangements are illustrative of the application of the
principles of the invention. Numerous other arrange-
ments may be devised by those skilled in the art with-
out departing from the spirit and scope of the invention.

What is claimed is:

1. In combination, means supplying a serial binary .

digital representation of a quantity having a predeter-
mined number of digits, means for converting a lesser
number of said binary digits into analog form, a variable
delay circuit coupling said multi-digit representation to
said conversion means, scale switching means for chang-
ing the delay of said delay circuit and thus changing the
selected group of digits applied to said conversion means,
and means. for indicating the presence of a digit of
greater significance than the most significant digit in said
selected group of digits.

2. In a digital to analog converter, means providing
a serial binary number having a predetermined number
of digits in electrical pulse code form, tapped delay line
means for accommodating a lesser number of consecu-
tive digits selected from said binary number, variable
delay means for coupling said binary number to said
tapped dplay line, a plurality of analeg weighting circuits
coupled in parallel to the taps on said delay lines for
converting the digital indications on said delay line intc
analog form, a like plurality of analog display devices
coupled Tespectively to sald weighting circuits, means
for enabling cne of said weighting circuits and thereby
energizing the associated display device, and means for
indicating the presence of d1g1ts of greater significance
than the most significant digit in the selected group of
consecutive digits.
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3. In a digital to analog converter, means providing
a serial binary number having a predetermined number
of digits in electrical pulse code form, a tapped delay
line, a variable delay circuit means for coupling a lesser
number of consecutive digits selected from said binary
number to said tapped delay line, a plurality of analog
weighting circuits coupled in parallel to the taps on said
delay lines for converting the digital indications on said
delay line into analog form, a like plurality of analog
dlsclay devices coupled respectlvﬁly to said Welghuna
cir 15 for enabling one of said weighting cir-
cuits and threby energizing the associatzd display device,
means for detecting the presence of mglts of greater
significance than the most significant digit in the selected
group of consecutive digits, and means responsive to
said dstection means for making the display device as-
sociated with the selected analog weighting circuit read
full scale when said more significant digits are present.

4, In a digital to analog converter, means. providing
a serial binary number having a predetermined number
of digits appearing in successive digit periods in electrical
pulse code form, means including a tapped delay line for
accommodating a lesser number of consecutive digits
selected from said binary number, variable delay means
for coupling said binary number to said tapped delay
line, switching means for changing the delay of said
variable delay means by an integral number of digit
periods, an analog weighting circuit means coupled to
the taps on said delay line for converting the digital indi-
cations on said delay line into analog form, an analog
display device coupled to said weighting circuit, control
means for energizing said weighting circuit following the
application of said serial binary number to said variable
delay means, and means for indicating the presence of
any digit of greater significance than the most sigaificant
digit in the selected group of consecutive digits.

5. In a digital to analog converter, means providing
a serial birary number having a predetermined number
of digits appearing in successive digit periods in electrical
pulse code form, means including a tapped delay line for
accommodating a lesser number of consecutive digits
selected from said binary aumber, variable delay means
for coupling said binary number to said tapped delay
line, switching means for changing the delay of said
variable delay means by an integral number of digit
periods, an analog weighting circuit coupled to the taps
on said delay line for converting the digital indications
on said delay line into analog form, and an analog display
device coupled to said weighting circuit.

6. In a digital to analog converter, means providing
a serial binary number having a predetermined number
of digits appearing in successive digit periods in electrical
pulse code form, means including a tapped delay line for
accommodating a lesser number of comnsecutive digits
selected from said binary number, variable delay means
for coupling said binary number to said tapped delay line,
switching means for changing the delay of said variable
delay means by an integral number of digit periods, an
analog weighting circuit coupled to the taps on said
delay line for converting the digital indications on said
delay line into analog form, an analog display device
coupled to said weighting circuit, and means for indi-
cating the presence of any digit of greater significance
than the most significant digit in the selected group of
consecutive digits.

7. In combination, means providing a multi-digit rep-
resentation of a quantity, the digits of said representa-

_tion being arranged consecutively in order of their re-

spective significances, circuit means for converting a
lesser number of digits selected from said digital repre-
sentation into a visible analog representation of said
guantity, means for selecting digits from said represen-
tation and applying them to said conversion means,
switching means for changing the digits selected by said
selection means, and means for indicating the presence
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in said multi-digit representation of any digit of greater the presence of any digit of greater significance than the
significance than said selected digits. most significant digit in said selected group of digits.

8. In combination, means supplying a multi-digit rep-
resentation of a quantity, means for converting a pre- References Cited in the file of this patent
determined group of said digits into analog form, means §
for selecting said group of digits and applying them to UNITED STATES PATENTS
said conversion means, scale shifting means associated 2,630,481 Johmson — o __ Mar. 3, 1953
with said selection means for changing the group of digits 2,630,552 Johnson e __ Mar. 3, 1953
applied to said conversion means, and means indicating 2,643,355 Hallman .o ___...__ June 23, 1953



