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A BINARY-TO-DECIMAL CONVERTER

CHAPTER 1, INTRODUCTION AND SUMMARY DESCRIPI‘IQN

Introduction » B ' . . | -

This paper des_cribes a device which electronically converts a binery number into its deci~
mal equivalent., Such a device might be of use in digital cemputers, many of which use the |
binary mmber system, and aléo in similar machines, such as pulse code modulated data collectors.

The'binary%o-decﬁmal converter desg‘ibed here v‘las- designed specifically for use in Sandia
Colporatior'x's‘ High-Speed Digital Recording and Da;ta-Handling System, which actually uses the
Gray code rather than the. binary mumber system, However, conversion from Gré.y to binary (see
Appendix B) is simple, and a binary-to-decimal converter seems much simpler than a Gray-to-

decimal converter.

The converter is designed to have a parallel ‘imput of 7 binary bits, represénting any
mmber from O to 127, Extension of tﬁe converter to more bits is easy. Its output is presented

on neon lights, representing the decimal equivalént_of the imput as.- shown in Fig. 1.1, The

_output is in lights because this converter is used as an indicating device; however, the output

voltages could also be used to drive other memory or recording systems.

The converter is designed to make conversions at any rate fram 0 to about 100 conversions/
sec. When used in the Sandia Corporation data system mentioned previously, it will run at

about 25 conversions/sec.

-3

It seems reasonable .that a design at least similar to the one used here might already have
been built, However, a search of all available literature has not revealed any similar device

either proposed or in use.



Fig. 1.1 — Output of Converter is in Lights Which Represent
Decimal Equivalent of Imput

Following this introduction is a summary and general description of the converter, designed

to give the reader an idea of how it works in .a minimm of reading time,

Following the summary is an account of some of. the ;nethods for binary-to-decimal conversion,
to show why the particular design used was chosen. Finally, there is a detailed description of

the circuit operation of the converter. .

Summary Degeription
In order to change a 7-bit binary mmber to its decimal equivelent, this converter first
changes the binary mmber (N) to its two's complement (anll, where n = 7 in this case). The

converter then stores the two's complement in seven flip-flop stages.



After the two's complqﬁmt of N, or 128-N, has been sfored, en oscillator begins to in-
crease this quantify in storage, one unlt at .a time., The oscillator continues to increase the .
-mmber in storage until the mumber reaches 128; then the oscillator stops. In order to increase
the number in storage to 128 the oscillator has put out a mmber of pulses equal to the dif-

ference between 128 a.nd the two's complement of N or
128 - (].28-1‘1), or N

Tﬁus the oscillator puts out e mmber of pulses excatly equal to the mumber represented by the
binary imput to the converter., These pulses from the oscillator are also fed into a decade
scaler which is capable of counting up to lé’Z. The decade scaler then displays the mmber N in
' decimal form on direct-ieading neon 1lights, .

The entire converter (less power supply) uses 21 vacuum tubes, including twenty 5963 twin

triodes and one 6CL6 pentode, Power requirements are as follows:

B+ — 250-300 v de at 80 ma . , L
Fil, — 6,3 v ac at 6,65 a

While, as mentiened, this converter was built specifically for use with the Sandia Corpo-
ratlon High Speed Digital Reeording and Data ,Handling System, if may also be used for output
and displey_ purposes in digital computers which use the binary system. A photograph of the

converter is shown in Fig, 1.2.



Fig. 1ls2 — A Binary-to-Decimal Converter



The Aproblem of finding the simplest and best ciréuit to pérfozfm even a moderately compli-

cated logical function, “such aé binary-%o-decimal conversion, is usually not simpie §r straight-
| - forward, Thé 1oéica.1 function can be described precisely in Boolean algebra,l but the Boolean
expresgions can be lﬁanipulated in various ways, and many different circuits can be built which
will satisfy a single Boolean etxpression. Nevertheless, it is helpful to express the function

i . . CHAPTER 2. METHODS FCR BINARY-TO-DECIMAL CONVERSION
in Boolean algebra first, and then to investigate varicus ways of mechanizing the function,
| . A
|

1. For an ewlé;nation of Boolean algebra, see Richards, R. K., A;:L;mgc_m:&gg_g
.~ Digital Computers, D. Van Nostrand Company, 1955, ' ‘




Method 1 ,
This binary-to-decimal converter must acéept an irput :(pal‘allel in time) of a 7-bit binary
mmber N, which will be denoted by ‘ ‘

N = B,B,B,B B.BB, ,

where Bl is the most significant bit ,.ha.ving weight 64, end B7' is the least sign:ii’icant'bit,
having weight 1. Thus, if ’

N = 1010100 ,

where B1=1, B2=0, Bj=1, B 4=0, B5=1, B6=O? and B,7=0, then N represents the decimal number 84.

Likewise, the output will be denoted by

N = D,D,D, >

where Dl is the most significant decimal digit and D3 the least significant decimal digit.

To expréss the function of the converter, the output must be written as a Boolean function
of the imput. But Boolean expressions can contain only variables with 4twq possible value?, so
first the output must be re-expressed. To do this, the double-sﬁbscrj.pt notation is used/ for
the D's, the first subscript denoting the decade and the second subseript the unit within the
decade., Thus the expression' |

N =1 oPdPsy,

means that N has the value 08,, Note also that, for instance, if l)3 4 = 1, then D30=D31=D32=

‘D33=D35=]?36=D37=D38=D39=O necessarlly, Furthermore, D12’ D13’ 1)14, D15, D16’ D1,7, Dyg, and D19
are always O, because it is imposeible to have an input N greater than 127,

The Boolean equations for the D's as functions of the B's will now be given and simplified

as mﬁch as possible. D1 will be expressed first, then D2, and finally D,., These equations msay
be derived by inspection of Table 2.1.



Table 2,1 — BINARY AND DECIMAL NUMBERS
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1.

Dy, the "hundreds” digit.

DlO = B1+B1B2+B1B2BBB 435

B B

= Bl+B2+ 334 5

o

]

BlBZ(BBfBBB 4+B3B 5 )

BlB2 (B3+B

4st) = DlO

2. D,, the "tens" digit,

v

al

. BleB3+BleB3B 4+B1B2B3B 4B 5

Do = ByBgB3 (B, BB 148,38, (B /P58, B5*B,BsBg )

]
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Doy
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o
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172354545746

o
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23 = By (B;B3B,B.B¥B.B.E))

Dy, = ByB,(B,B,+B.5 B,B,)

D25 = B1B2B3B4(3586+B5)+B4B5

= 31132133[134(35+36 )“.3435]

B B_+B,B +B4B6)

4757475

1B2(B3B 4B 5+B3B 4B6+B3B 4B HB

1B5|B5B, (BotB BB 413-5]+131132(

185

By

D26 = BlBZBBB 4B 5+B1B2B3B 4 (B 5+B 586)

= BlBZBBB 4B 5+B1B2B3? 4 B 5+B6)

Doy = ByBoB3(B,B,By)

Dyg = B,B.B, (B 4+B5B6)

B.B,B

BAB5B6

Dy = BB BB BB, (B,4B,B BB BB,

B.B.B.(B,B,+B B.+B,B )+13le133134

B,+B_B

3747567374

+B3B 4)

)

(2.1)

(2.2)

(2.3)

.(2.4_)

(2.5)

(246)

(2.7)

(2.8)

(2.9)

(2.10)

(2.11)

10,




[3233‘34“’536*9 #8.838,5s]
5

B

= B +B_B.B,B : .
31[323334(35&6) B,B,B, B ] (2.12)

Before writing the D3 equations, it should be noted here that so far the conversion is

not too cumbersome, since the twelve equations above can be mechanized with about 141 diodes

and 7 triodes. The situation for D3 is different,

3. D,, the ®units" digit.

30
D30 [3 3535, E5“’56"51-3-2]-33131.135136‘*13 B.B3B,BsB
+ BB BB BB BleB3BAB5B6+BleBBEA§5Bé
*+ B1B BB BB BB B8 B BB, B B B B
4+ 1311323313 433?513‘6+13113213313 4B536+B182BBB BB | .
+ Bi§23334§5§6] | | o o (2.13)

D31 = B, [Same as inside brackets above] , . | o (2414)

D32 = [B BZBBB 4B536+B1B2]53B 4B5B6+B1B2B3 B5B6

+B B2B3B +B BZBBB +B B2B3B 536
+BBRR, 5B6+BleBBB B5PtB15.B58, BB

+ByBB.BBB+8,B.E.5 BB BEEE, | | , |
+ 313233343536] : | . .(2.15) '
Dyy = B, [Samg as iyside brackets above] (2416)

Without writing the rest of the D3 equations, the results can be evaluated, If all of the

D3 equations are written, there will be a total of 128 terms in all 10 equations (13 terms in

each of the equations for D, - Dy, and 12 in the equations for Dyg and D39). None of the

30
equations can be reduced, as may be suspected by observing the first four. Therefore, to

mechanize the D3 equations, all 128 terms could be geheréted' in one of the standard "and-tree"
matrices, such as the one shown in Fig, 2.1. '
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Y.

A matrix such as the one in Fig. 2,1 would take about 328 diodes, plus the 7 triodes
necessary to give the inverted inputs., Since the outputs of this matrix mist be combined
further, the matrix is denoted as follows: -

128 - TERM MATRIX:---:----- - (32

I

The outputs of can nov be combined in "or" circuits to form the ten D, outputs. A4lso,
5 . 3

since all of the 128 elemental forms have been generated in M), the ten D, outputs could be
generated using the outputs of Ml' To generate the D2 outputs would take 128 additional diodes,
compared with about 141 diodes to generate separately the D2 outputs (see Eqs 2.3 through 2.12).
It is evidently better to use the Ml outputs to genera't;e both the D3 and the D2 outputs,

. The Dl outputs could of course also be formed ﬁsing the ocutputs of Ml-, but obviocusly

Egs 2,1 and 2,2 are much easier to mechanize, -

The camplete form of‘ this type of binary-decimal converter is now shown in Fig. 2.2. The

ten D2 and the ten D3 outputs are generated using the Ml outputs, and Dl is generated separately.

Altogether, the converter shown in Fig, 2;2 would take 590 diodes and 8 triodes, not
counting extra devices needed for.cla.x.lp:lng, anxplification, etc, Although expensive and complex,k :
it could operate rapidly and all 22 decimal outputs would be campletely isolated.

e4c 012
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Method 2
Two special criteria for the binary-decimal converter needed by Sandia Corporation suggest

4.

other approacheé to the problem, First, the converter will be used as an itﬂicating device
with the output displayed on lights. Secondly, the nécessary conversion rate here is quite
loﬁ, being 25 conversibns/sec. The first c.riterio;lvsuggests that the output of the converter
might be in some decimal che,‘rajther than on 22 separate lines, Thils 1s essentially the
difference between Method 2 and Method 1. The second criterion will be disregarded for thé

time being,

-4 A large mmber of decimal codes 1s avzailable.2

A1) of the simplest codes use four binary |
bits to i-epresent a single decimal digit, four bits being the minimm mndber for representing
a digit having ten possible values. In different codes, each of the four bits has a differemt .
weight assigned to it, or no weight at all, Examples of some different four-bit codes are
given in Table 2.2, The 8421 code 1s a straight binary representation of the decimal digit.
A1l other four-bit codes simply use 't{ed unique combinations of ones and zeros to represenmt the

ten decimal digits,

—\

Table 2¢2 - FOUR-BIT DECIMAL CODES

8421 Code - 6311 Code Nonweighted (Excess-3) Code
) 4 Decims]l Mumber- byb,bsb, bybobsb, bybb.b,
' ‘ : 0 0000 0000 ' ool1*
1 0001 0001 : 0100
2 0010 0011 : 0101
3 0011 0100 0110
- 4 0100 0101 - 0111
] 5 0101 o111 1000
- 6 0110 1000 - 1001
) 7 0111 . 1001 1010
8 1000 1011 1011
9 1001 - 1100 ~ 1100
'; 2. Ibid, ' . -
G4t 014
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If the converter output consisted of decimal digits 4in some four-bit code, straight
decimal indication could be achieved with the use of neon lights and resistors in a permutating

network., A permutating network for the 8421 code is shown in Fig. 2.3, In this exanple, the

: mnnbered neon lights in the center will fire at 70 volts, and any "b" 1nput is either 60 or

140 volts depending on whether it is O or 1l.- The inverse bits, or "b"'s, are available here
also, since each bit is assumed to be stored in a flip-flop stage, where either plate voltage
may be used, Note that a given lamp will not light unless the proper b, bus is at +140 volts

4
and all imputs to the other side of the lamp are at 60 volts. Referring to Table 2.2, it can

~ be seen how the decimel indication of the 8421 code is achieved in Fig. 2.,3. The permutation

of any other decimal code is just as simple and would require about the same mumber of com-

pbnents .

b, —WW—»

GHE

b, —VWN—b

by by bg bybs by by by b

Fig. 243 — Permutating Network for 8421 Code

-Thus, if it were easier to convert from binary to some decimal code than to straight

. decimal as in Method l, a saving in components could probably be achieved, since the pemutating

network is quite simple.

Of the many four-bit codes, the excessPB code was chosen for use as an example here, not

because it has any unique properties, but because a binary-to-excess-3 converter has already

043 015 16



been built with relaq,rs.3 In looking at other four-bit codes, it appears that conversion from
binary to other codes is no simpler than conversion to excess-3., However, no proof of this
=

fact is known to the author, and the existence of an easier—to-convert-io code is possible.

The excess=3 code is shown in Table 2,2. Since three decimel digits must be represented
by this code at the converter output, nine bits must be generated, The output will be of the
form

e; e2e3e495 ©,9793% R
- wvhere ey represents the hundreds digit (can only be O or 1), 82939465 represents the tens digit,

and ©4°7°g% represents the units digit. A penmtating network for the tens digit is shown in

Fig. 24 Opefation is similar to the 8421 code permutating network already descri‘bed.'
' 85 —WNV—H—T1 %
- ec Wv .{ .

€z 638, eze; @838 €36, €pe;

(8)
D

(e

Fig., 2.4 — Permutating Network for Excess-3 Code (Tens Digit)

For conversion from bimary to excess=3, the Boolean equations may be exsmined for possible
- means of mechanization. This has been done, and it has been foundl’ ti:at the simplest way to
convert is to generate all 12 decades on separate lines, and then generaté most of the e's

3. Robnett, 4, V, and Vulgan, E, J,, Small-Scale Autometic FieE-Data Reduction System, Sandia
Corporation TM-236-55-51, October 3, 1955.

4o Ibid.

17



using these decade lines. Letting 4 1 AZ’ -4 12 be the twelve decades, and letting

BlB 2B 3'B 4B

follouss

5B6B7 be the ‘se's'ren-'-'bit binary imput, the Boolean expressions for the e's are as
o) = BB, (8; + B, +B))
6, = bt Byt Mgt Bt 8
03T Ay T BT Ayt At bgt Ayt By
o, = bp+ A 4 Byt Byt Bg ¥ By
e = 8o+ A, + A4+ by + dg + §10+ 8.n
o = e85, [BL (8g*+ ap% a5+ ay+ ag+ 870 +5, (o) +
AA3+ b, % AéfA9‘+ 819 % Alz)]"' |
e7[es+99+34(le+ Ayt A5+ A-7+ A8+ Alo)+B4(A1_+
by + B, % byt A9+ 811 % 845)
oy = (o, + b, % bg# A5) [B5B6B7-+ B, (B6+B7)] +
(a,+ ag + 844) | B5BgB, *+, B, (B6+B7)] +
(8 * a5+ ag) (= (g +5;) + B88, | +
(85 % Byt 899) |Bs (B * By) +B5BéB'z]
o= (83 % By % 85% 8y % 89+ 8yy) (BB, +BB)) +
(A * B+ 8, + 8g+ 8g* dyp+ 87,) (BB, + BB,)
99=B,7

(2.17)

(2.18)

" (2419)

(2420)

(2.21)

(2.22)

(2.23)

(2e24) |

(2425)

The separate generation of Al through A12 is of qmﬁ'se also necessary, and so the.fol-

- lowing equations must also be mechanized:

(2426)




relays and dicdes, and it uses 15 multicontact relays and 36 diodes,

its maximm conversion rate is 25 conversions/sec.

4188, [3354 (B + By) + 5334_’35]
42=31323[ 45+BA (B5+B6)]

8586+BBB

[~

w
I

gl

’\

&1
M
\.b)

A4 = Ble (BBB + B B 135136

A5=313233[B (B + B;) + B 45]

6 131132133134135 + BB (" +B
A7= 3 (B 36+B )

Ag = ByBBy (B, +B,5;)

A9 B [B2B334 (B5 + Bé) + B

BB B

B%%[ +B(B+%ﬂ

849 = BB, (33343536 + B3B )

841, = ByBBsB,

345] 

o

(2427)

(2428)
(2.29)
(2.30)
(2.31)
(2.32)

(2433)

(2435)

(2436 )_

(2.37)

(2438)

A converter using the mechanization of these e- and A~ equations has been built’ with

Because of the relays,

' Using only diodes, the same converter

would require about 250 diodes, plus 7 triodes for inverting the input; again not couriting

e'itra' devices for clamping, amplification, etec.

Method 1 and would Operate as rapidly as desired,

Method 2, then, although still requiring a large mmber of components, is simpler than

5

Ibid.,

040
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Method 3

The third and final method for mechanizing Jc,.he binary-decimal converter is suggested by
- the second speclal criterion mentioned at the beginning of the discussion of Method 2; that is,
that the necessary conversion rate of this particular converter is quite slow, ‘peing c;nly 25
or more convers:lona/sec. This slow conversion rate suggests that the binary input might

actually be counted by same scaling device after it enters the converter,

Using a scale-of-128 binary scaler with 7 scaling stages, each of the 7 binary input bits
could alter each of the scaling sta;ges in some prescribed manner from some known reset con-
dition, Then the scaler could be triggered by an external device and set to some known stable
condition, The mmber of trigger pulses .z'equiredlto set the scaler to this known condition
wfuld depend upon the manner in which the scaler had been eltered from its resejh‘condition;
i.9., the n@bu of trigger pulses would be a ﬁnction of the seven-bit binary input. If the

number of trigger pulses were counted, a decimal indication of the input could be obtained.

A block diagram of this ides is shown in Fig. 2.5. The binary scaler, consisting of the -
7 cowpled binary steges at the top of Fig. 2.5, is reset to 1111111, Then the binery imput
(BlB2B3B4B5§GB7) is allowed to emter the scaiing stages. If a parbimﬂarB inmput is 1, it will
change its correSpoxidhxg scaler stage to the zero condition; etherwise the stége will remain
set at 1, Thus each of the B's is effectively inverted when it is stored, Inverting all of
the bits of a binary mmber in this mamer is the same as creating its ox;e's camplement, which
is

2_oN-1 ,
“where N is the binary mmber and n is the mumber of bits in N, or 7 in this case. The mmber
‘R27-N

then, is stored in the binary scaler,

1

When the binary scaler was reset to ilillll, the decade scaler at the bottom of Fig. 2.5
was reset to 199, The decade scaler altogether is a scale-of=-200 scaler, So that cne pulsé
fram the oscillator will make it read 000, ‘
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Fige 2.5 — A Binary-to-Decimal Converter Using Method 3

After the above-mentioned reset'and storage operations have taken place, a clock pulse
starts the oscillator m. The pulses out of the oscillator enter both scalers. The fir8£
pulse from the oscillator increases the number stored in the binary scaler by one, and also
changes the decade scaler fram a reading of 199 to a reading of 000, Thus, at the instant that

the dedade scaler reads 000, the mmber in the binary scaler is:

(127 - N) +1
=128-N o'

The oscillator continues to trigger both scalers until an output from the last binary stage
shuts it off. At this point, the binary scaler 1s actually storing the mmber 128, since all
of its stages are in the "O" condition. The decade scaler now reads the difference between 128

and (128 - N), or N, and the binary-to-diecimal conversion has been campleted.

This relatively simple method of conversion seems to repi‘esent a considerable saving in
components over Methods 1 and 2, For this reason, it was chosen as the best method for the

mechanization of the converter.




Although Method 3 seens to be somewhat unique, it is not presented as an absolute or
"best" method of binary-decimal conversion. It is, however, the best méthod that could be
found for this particular aioplication. The next chapter describes in detail the circuitry and

operation of a binary-decimal converter using Method 3.

Q40 oy
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CHAPTER 3, CIRCUITRY AND OPERATION OF THE BINARY-TO-DECIMAL CONVERTER

A basic block diagram of the converter was given in the third part of the preceding .

chapter, and the theory of operation was discussed. It was found that an oscillator could be

made to put out a numbef of pulses equal to the imput binary mmber plus one, and that these

pulses could be counted by a decade scaler which had effectively been reset to mimus one. The

decade scaler would then give a decimal indication of the _inpﬁt.

A complete operational block diagram is shown in Fig. 3.1. The dotted lineé'a.round the

individual blocks give reference to the figures that show the individual circuit schematics,

. In the scalers, where individual stages are identical, the circuit of only one stage will be

shown. A complete schematic appears at the end of this chapter.

Referring to Fig. 3.1, the binary scaler consisting of seven binary blocks may be seen at

the top of the figure, and the decade scaler at the bottem, Assuming that the binary scaler

has been reset to 1111111 and the decade scaler to 199, the sequence of oberation goes as fol-

lows:

1.

2.
3.

b

5e

Binary number 5132333'4353637 enters scaler sta.ées. If any Bi = 1, then ':lﬂ! stagé
is flipped to "0," MAnd Drive" is not on, so no interstage coupling is possible
at.this time,

With inverted binary bits now stored, clock pﬁlse enters "Timing One-Shot."
Timing One-Shot imediate]y. pulsels My ‘&Al:ltch, " turning on "MV" (free-running
nn:ltivibmtor); And Drive‘is' energized simultaneously, and interstage coupling
in b:i.nta.::'.,s7 scaler is poﬁ possible, '

MV free-runs and sends pulses to imputs of both scalers.

MV contimes to run until binary scaler reaches 128, or 0000000, and gives an
oﬁtp_ut pulse, causing MV‘Switch to turn MV off, "Decade Scaler" now reads

decimal equivalent of input,
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6e Converter remains incperative, with aecade scaler reading correct output,
until Timing One-Shot felaxes and returns to' stable state.

7. When Timing One-Shot relaxes, "Reset Drive" is operated and scalers are‘
reset, And Drive is simultaneously de-energized, cutting off interstage

8, Next binary mmber enters scaling stages, and cycle starts again.

Since the converter oﬁtput is presented on the neon lights of the decade scaler, it is
essential to have the scaler reading the correct output most of ﬁhe t111'1e; in order that the - |
observer may see the correct lights 11t brightly. The decade scaler is either reset to 199,
or it is being pulsed by the multivibrator, or it.is reading the correct output. From this
consideration, two things are essential. for proper -operation:

1. Reset must occur at the last possible moment before the binary mumber enters

the comverter. ' | ‘ : . '
2. The free-rumning multivibrator must run at a high enough frequency so that wp

-10-128 pulses can be put out in a small fraction of the time between binary

inputs.

~ If these two conditions are me‘l“,,v then tﬁe proper lights on the decade s.'cal_ex_' will e;;apear
to burn bz;ightly and contir_!uously. They are easily met in this particular application, since
the binary imput frequency can be made to be as low as 25 mmbers/sec. The multivibrator rums
at 27,8 ke, and will p{zt out 128 pulses in about 46 milliseconds, Thus, if the conversion
rate is 25 conversions/sec, or one convefsipn every 40 milliseconds, multivibrator time is
negligibly short. The time that the converter spends in the reset conﬁi’tion is determined

somewhat by the shape of the binary imput pulses, but it too is negligibly short. Due to the

"‘p”ersistence of the eye; the proper neon 1ig}its appear to glow continuously.

The circuitry of each block in Fig. 3.1 is generally quite simple and straightforward.
The binary scaler stages will be described first, and then the Timing One~-Shot, the And Drive,’

the MV Switch, the MV, the Decade Scaler and the Reset Drive will be described in order,

7y
[
L;.\.,"
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B Scaler Stage with 1

The Binary Stage is shown -in Fig. 3.2. It 1s almost éexactly like a single Berkeley scaler
stage,6 end is a typical example of the standard flip-flop circuit, or Eccles-Jordan eircuit,
with some modifications, Each of the seven étages is the same, except that the first stage
does not have the IN48 diode or the imput from And Drive. |

+ 300V
' 50 UUF | arK -
INPUT FROM JUF RO i -
PREVIOUS STAGE 1t ' o= FROM "AND DRIVE
4TKZ  S47K OUTPUT TO
+ NEXT STAGE
OR MV SWITCH
- T ‘ 150 033
0332 50 UUF SMEG
'RESET o EC  UUF N BINARY
DRIVE" = BIT INPUT
DRIVE" 0.1 — —/ /. 0I5 BIT I
MEG 5963 0.5
1 0.0l

'SK IUF

Fig, 3.2 = Binary Scaler Stage (Excq)t First Stage)

When a positive pulse arrives from Reset Drive, the left grid is driven positive and the
left side conducts, A positive "Binary Bit" pulse on the right grid would ‘cause the right side
to conduct and the left side to cut off, or if there were no Binary Bit input, the left side

would contimie to conduct.

Both positive ﬁnd negative pulses are couwled in from the previdu‘s stage; however, the

circuit can be triggered only with negative 'pulses. The negative pulses will only trigger the

6. Berkeley Soientii‘ic Division of Beckman Instruments, Inc., "Instruction Manual -~ Berkeley
Decimal Counting Units - Models 7OOA and TO5A," ,

G640 g2
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" circuit if the And Drive: input is less than 180 volts, If the And Drive imput is more than
- 180 volts, the imput 'pulse will see a lower impedance through the diode, and will be too small

to ‘tr:lgger the stage,

The stage uses a 5963 twin-triode, which is specially designed for this type of on-off
operation. It has .a peé‘oiution time of ab_ou£ 10 microseconds, so that imput frequencies up to
about 100 ke ma.y be used.

Matching the imput binary linqs to the 7 binary stagés is inq)ortaﬁt for proper cperation
of the converter. In the circuit used hére, almost complete isolation of the scaler stage from
any input source impedancé is necessary. If some loading is anticipated at the binary bit
‘imputs, component changes may be 'necessary in the binary stages in order to obtain stable

operation and proper interstage triggering.

The Timing One-Shot

The Timing Oné-Shot, shown in Fig. 3.3 ,. is a typical one-shot, or unistable multivibrator.
The left side, with its grid'tied to Bt, 1is normally conducting. When a negative clock pulse
enters, the left side cuts off and the right side conducts for a length of time determined
primarily by the l-meg resisfor, the 0¢03-mfd capacitor, and the setting of the 5-meg pot. The

one-shot then returns to its stable condition.

+300V + 300V +300V
o .

OUTPUT MEG MEG  OUTPUT
TO "RESET o - TO MV
DRIVE" & SWITCH

A 5M
"AND DRIVE" 5 %3 oosl —T~
CLOCK L, VPl =
PULSE IN ¢ — — /1
2K
1 40 026
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4 clock pulse :ln causes the left plate to rise from 30 volts to 300 volts, and this

positive-going voltage is coupled out to the And Drive circuit. At the same time, a negative

. pulse is coupled from the right plate to turn on the MV Switeh. Ilater, when the one-shot

returns to its stable state, the negative-going left plate turns off the Arnd Drive, and simul-
taneously sends a negative pulse out to the Reset Drive. It is obvious that the clock pulse

must be a negative pulse which arrives just after the binary imputs (see description of Fig. 3.1).

- The length of_time betﬁeen the clock pulse and the negative pulse out to Reset Drive is
determined by the sétting of the 5-meg pot. The 5-meg pot, theh, may be used to adjust the
timing of reset, so that it occurs just before the binary imput pulses arrive at the scaler
stagess The duration between‘clock pulse and reset is varia‘t;le frem 8 ms to 53 ms. The l-me_g
resistor is added in series with the 5-meg pot to insure a minimm duration, long enough fof
the MV to put out 128 pulses. The input capaci'tqr,. C, has a value which depends on the size
and shape of the clock pulse, '

A typicel waveform appearing at the left plate is shown below.

T o LEFT PLATE OF
2—7;2/ TIMING |-SHOT

And Drive

The And Drive circuit is simply a triode amplifier, inverter and impedé.nce’ matéher which

‘is connected to the six interstage binary coupling lines through six diddes. With no signal '

in on the grid, the triode is held cut off by the cathode blaesing arrangement shown in Fig, 43.4.

After the storage operation has taken place in the binary stages, the positive-going plate
of the Timing One-Shot is coupled to the grid of And Drive through the 0.05-mfd capacitor. The

plate of And Drive theén goes negative, and binary interstage coupling is then possitle, The

" long-time constant in the And Drive grid circuit causes the plate to remain low until a negative

voltage is coupled in from the Timing One-Shot, cutting off the And Drive tube and thus again

making binary interstege ¢oupling impossible,’

£
p:‘s‘
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+300V +300V

!

§90K 50K B
; TO DIODES IN

™ BINARY STAGES

172 5963

0.0§PUF » INPUT FROM
" “TIMING 1-SHOT"

| MEG

' |5Kjl{ )

Fig. 3., — And Drive Circuit

14 H

The And Drive 50-k plate resistance is low enough so that a low shunting impedance is seen

by the binary outputs whenever the And Drive tube is not conducting.

MV _Switch
The MV Switch is a single ﬂip-flop stage which acts as an on-off switch for the MV

(Fige 3.5)s When a negative pulse is coupled in from the Timing One-Shot the right side cuts .
off, the right plate goes pbsitive, and the MV is turned on, When a negative pulse is coupled
in from the last Binary Stage, the circuit is flipped back and the MV is turned off. The manner:

in which the MV is switched on and off is descrited ‘:I.n the next section,

The MV .
The MV stage is a standard plate-coupled free-running multivibrater circuit, designed to

run at about 27,8 ke (Fig, 3+6). The circuit is symetric and free-running only if the right
side of the MV Syitch circuit is cut off.  If the riéht side of the MV Switch is conducting,
thén the left side of the MV is driven into cutoff by virtue of the direct coupling beﬁreen
the stages. Fast and' positive switching of the MV is accomplished with this arrangement.

]
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+ 300V + 300V

zoxz 315K
1 _OUTPUT
" TO "MV"
5K
5963 J_
. 75k3 501 OUF 375K
INPUT FROM __, UFT/ L ——\T . INPUT FROM
------ _ _ ) . (1]
LAgfér\éARY A ATk ol = =7 on 25 "TIMING I-SHOT
UUF MEG MEG UUF:
B Lool
15K 0
Fig. 3¢5 ~ MV Switch Circuit
+300V +300V + 300V
20K 20K ;2 MEG
» "~ OUTPUT TO
) ' cos3 —» BINARY 8
| — 'DECADE
o 1t SCALERS

INPUT FROM
MV SWITCH

Fig. 3.6 — MV Circuit

One point is important in the operetion of the MV: when it is switched on, the left side
conducts first, and so a positive pulse is first coupled out to the scalers, and then a‘negative

pulse, a positive pulse, a negative pulse, and so on, Since only negative pulses will trigger

the scalers, a delay of

Ady-1 1 =18 .
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1s created between the t:l'.me'that the MV Sritch operates and the time that the first trigger
pulse goes to the scalers, This delay allows the And Drive circuit time to completely turn on

interstage coupling in the binary scaler. The free-running MV waveform is shown belcw.

M.V.

90V —_ ’
(EITHER PLATE)

—-I 36uS |e—

The Decade Scaler _ '
The units and tens decades are alike, and Fig. 3.7 shows the circuit of either decade.

'The hundreds decade is shown in Fig. 3.8, When the three decades are cascaded, a scale-of-200

" decade scaler is the result. Since the maximm mmber of imput pulses to the scaler ls 128,

the scale of 200 is adequate.

The units and. tens decades are almost exact coples of the Berkeley decade unit,7 eoccqﬁt fcn"
the reset connections, the capacitors in the permutating networks, and other minor changes. The

Berkeley unit is designed for mechanical reset, while electronic reset was necessary here. Also,

‘the Berkeley units are reset to zero, while the units and tens decades here are each resef to

nine, These decades are stahdgrd split-feedbeck scale-of-ten circuits, with capacitive coupling
and 4221 code perzutating networks.8 The 0.25-mfd cspacitors in Figs. 3.7 and 3.& hold the-
neon lights off during reset, so that they will not flicker while the converter is running,

' The Hundreds circuit, shown in Fig. 3.8, is a single binary stage. It is eﬁctly like -
binary stages 2, 3 or 4 in either the units or the tens circuit, The Ne-51 neon lamp will
light when the stage remains in the "one" .state, with the right side conducting. This stage

is reset to one,

7. Ibid,

8. For description of cperation, see Ibid,

G406 039
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Fig. 3.8 = Hundreds Decad_e

Reset Drive

'The Reset Drive circuit, which sends a positive pulse to the<pz;oper .grids of all scaler
stages, is shown in Fig. 3.9 Due to the short time constant in the imput grid circuit, the
pulse fraom the left plate of the Timing One-Shot a'.piaea.rs at the imput grid- in differentiated
form, which is a positive pulse followed by a negative pulse. Since the inpﬁt triode is

normslly conducting, only the negative input pulse has an gppreciable effect on the plate

voltage.
+ 300V +300V 4300V
9 .
0.15
MEG
172 5963 :
| 0.005
FROM  |00UUF UUF
TIMING «—f - --- : | .
SHOT ¢33 o.oosz_ ‘ \—/— 2UF  OUTPUT TO
MEG UF 0.2 4 ALL SCALER
‘ : MEG 6CL6 | STAGES
1 - 12 K 1K
cog 032

_ Flg. 3.9 — Reset Drive Circuit
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The negative imput pulse causes the triode plate to rise momentarily, and this positive

pulse is coupled to the control grid of the pentode, which is held élose to cutoff with cathode

biesing., The pentode acts as a cathode follower and sends a leO-volt posit;lve pulse out through

the 2-nfd capacitor to all scaler stages. This pulse is shown below.

RESET DRIVE
OUTPUT

-5

—--l 5MS |~—
This coampletes the discussion of the individual ciréuits in the converter. A complete
schematic is given in‘ Fig. 310, Power requifeunents for the converter are as follows:
Plate Supply: 300 v de at 80 ma unregulated
Filaments: 643 v ac at 6465 a.

The binary imput pulses (positive pulse = 1, no pulse = 0) and the imput .clock pulse
(negative pulse) are matched to the converter by varying the imput coupling capacitors. In the
case of the binary stages, it is essential that the imputs do not present too low an impedance
as seen by the imput grids; otheawige the binary scaler will not count properly. The clock
pulse must arrive just after the binary imput pulses.

~
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CHAPTER /. CONCLUSION

There are several different basic designs for a bina.ry-te-de’c:lmal converter. The design

used here seems to -have the advantage of being a very simple design, but'it cannot be proven to

be the simplest possible.
The ma.:mmm conversion rate of this converter is limited because the converter actual]y

“oou.nte" the binary number, Other designa do not have this limitation.
The converter described here meets the requirements of the Sandia Corporation data handling

systen for which it was designed, and it should be useful 1n other data handling and camputing

systems as an indicating device,
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APPENDIX A

THE GRAY CODE AND GRAY-TO-BiNARY CONVERSION

The data-handling system that the binary-to-decimal converter has been designed foi'
actually employs the inverted binary, or Gray code, aﬁd a Gray-to-d‘ecimal converter is what
is actually required. The seven-bit Gray code for decimal mumbers 1 through 127 is shown in
Table A.l.

The Gray code is a nomeiéhted ‘code. Inspection of this code indicates that Gray-to-
decimal conversion would be more difficult than binary-to-decimal conversion. The Boolean
équations for Gray-decimal are as ccumplex or more complex than the biﬁary-décimal equations,
Furthermore, since the Gray code is nomweighted, no Gray-decimal converter employing Method 3
is possible. | |

Gray-to-binary conversion, however, is quite simple, Letting Gy GGy — Gy be the Gray-
coded number and BleBB -— .B7 be the binary number, where Bl and Gl are the most significant
bits, the Boolean relationships are

B =B

n n-1 Gn"'B

G .
a1 " n=2, 3, 4y 5, 6, 7

These equations may be easily verified by inspecting Table A,1. They are comparatively easy
to mechanize. A block diagram equivalent of the above eqﬁations is shown in Fig, A1, In
order to minimize the mmber of inverters (triodes), the B equations are manipulated as fol-

lows:
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& ‘ : _ ' n = Bpo1Gy t B 36y

o
= Bn-lGn + Bn-lGn

¢ )E 5 .

= (Bn-l n’ ¥ 'n=l"n

n-1 + Gn)

» » - , | : =B, .6, (B

The final expression above is mechenized in Fig, 4,1 below.
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