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Part 1. Low-Cost Digital Readouts

By DONALD L. STEINBACH

Research Enginger Sr., Lockheed Missiles & Space Co.

Part 1 of a series for those interested in
the design and operation of digital-type test
instruments or for those who would like to
build their own. This article discusses some
high-performance, low-cost digital readouts,
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“Digital Instruments You Can Build" is a series of
articles for those wha want to design and huild their own
digital test instruments, The series is neither a ‘“take it
or leave it" collection of equipment schematics nor a
complete course in digital instrument design. It is a group
of articles introducing some typical components and sub-
systems used in digital instruments, and demonstrating
at least one design approach to creating eaeh of several
items of digital test equipment frem these components
and subsystems. The reader who is not specifically inter
ested in designing or building digital instruments will find
the series a rather painless way of increasing his under
standing of how digital instruments function,

The first three articles of this series will deal with low-
cost digital readouts, counting and decading circuits, and
integrated circuits, in that order, Treating these rather
broad subjects as separate topics early in the series slimi-
nates a good deal of repetitivus detail fram the equip-
ment-ariented articles to be presented later, and gives
the reader a chance to became familiar with same of the
key components and subsystems before encountering
them as part of a total system.

Various digital instruments will be developed, begin-
ning with the fourth article of the series. The instruments
will be introduced in order of increasing complexity or
functional relationship, and will include a digital clock,
a general-purpose digital event counter, a high-perform-
ance digital counter and high-speed prescaler, a d.e. digi-
tal valtmeter, an a.c. digital voltmeter, a digital chmmeter,
a digital capacitance meter, and a digital thermometer.
Multi-function instruments may, of course, be derived hy
adding the specialized circuitry from each instrument to
a basic “main frame,"

Different combinations of digital readouts and associ.
ated circuitry are used in each instrument: the various
canfigurations are interchangeable so that the builder has
the option of selecting those that best suit his individual
requirements. Every effort has been made to achieve an
effective balance between cost and performance in all
phases of the equipment designs. Comments and sugges-
tions from readers are welcome, and additional items of
equipment will be developed if sufficiant interest iz indi-
cated,

ICITAL readouts display mumerical information directly
in digital form rather than in analog measure as is the
case with a conventional meter movement. They provide the
visual data interfaoce Detween man and instrimment,  and
should be selected with that thought foremost in the design-
er's mind, Display devices are available in various forms:
electroluminescent panels, cathode-ray display tubes, electro-
mechanical display devices, projected image displavs, edge-
lighted displavs, matrix displays, displays using solid-state
light sources, numerical indicalor tubes, segmented indicator
tubes, and segmented indicator modules, Only the latter three
types ave considered in this article,

Mumerical Indicator Tubes

Numerical indicator tubes are pas-filled, cold-cathode
tubes functionally related to the familiar neon bulb, They
contain at least one anede and a separate cathode for each
mumeral or character to be displayed,

The individual cathedes are formed in the shapes of the
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characters they are to represent and the |y v g
entire formed cathode glows when volt-  — 3
age is applied between it and the anode. / /
One input lead is required for each
character in the tube and (normally) ]rj 7
only one lead is energized at any given ] .r_f
time. —
The characters are perfectly formed,
but anly those characters ineluded in the 1
tube at the time of manufacture can be
displayed. A minimum anode supply 55/ o /52
voltage of about 170 volts d.c. is re-
quired, and the driver circuitry must he 55/ fss
54
SEGMENT DESIGHATIONS

capable of switching up to approxi-
mately 70 volts d.e. The cathodes are
stacked one behind the other, giving the
viewer an illusion that the characters
are moving toward or away from him,
and limiting the maximum wviewing
angle, Character height is restricted by the practical limita-
Hons on the size of the enclosing evacuated glass envelope.

Segmented Indicator Tubes and Modules

Segmented indicator tubes and modules consist of several
individual bars or segments lyving in a single plane—the usual
format is seven individual segments arranged in the form of
a block numeral eight (Fig. 1). The desired character is
generated by illuminating the combination of sepments that
most closely duplicates the shape of the intended character.
One input lead is required for each segment, and up to seven
sepments may have to be illuminated simultaneously. The
indicator tubes may be incandescent, Huorescent, or cold-
cathode gas-filled; the modules usually contain individual
incandescent or neon bulbs,

Most of the numerals displayed by these devices are im-
perfectly formed, but ten numerals, & minus sign, and eleven
letters (A, G, E, F, G, H, J, L, B, U, and Y) may be created
with a single indicator. Since all segments are in the same
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SEGMENT EHARACTER DISPLAYED
JLLUMINATED 1 234567 AB0ACEFGHILEUY
51 XX KN HAXXxeX %
52 XK KX XX AXAX X Xxx
53 X ONNME KA N R XK R XX
54 XX XX XXX XX X XX xX
55 X ¥ ¥ NXXEXXAAXANX
56 i XEHXXXAXK XXAX
5T XXXXXE XX X XX X % X

Fig. 1. Diagram showing hew seven-segment readoul devices are capoble of dis-
playing ten numerals 10-%] and eleven letters (A, €, E, F, G, H, J, L, P, U, and ¥
MNumerals 1, 5, 8, and 0 are used to represent letters I, 5, B, and O, respectively.

plane, wide viewing angles are possible. Character height is
restricted by the size of the tube envelope, but the size of a
module using individual lamps i5 essentially unrestricted.

Typical Digital Readouts

The general characteristics of some representative digital
readouts are summarized in Tables 1, 2, and 3, The vendor
data sheets indicated in the "Mfr.” column of these tables
will be supplied by the manufacturer on request. These sheets
provide complete data on the electrical and physical charac-
teristics of each device and should form the basis for any
design activity. These readouts will be used in the digital
instruments described in future articles, and are selected
from among the lines offered by seven manufacturers.

Driver Circuit Fundamentals

The drive circuitry associated with a digital readout must
provide for energizing the appropriate numeral or segment
while maintaining the readout voltage and current param-

Table 1. Available types, cost, and general characterlstics of a number of numerical indicater tubes.

DIMENSIONS
MFR. TYPE NO. CHARACTERS CHARACTER SEATED ENVELOPE NOTES
DISPLAYED HEIGHT {in) HEIGHT DIA. MAX, COST
NOMINAL MAX. (in) (in) (1-24)
F}:ns on both tl:!hesl resemble
IM1000 | 0-9 and decimal 0.60 1.670 0.750 $5.70% | those oncanventional miniaturs
g’ggﬁﬁ;: P point to left of raceiving fubes. May be soldered
Dist. Sales Dept. numerals directly to PC beard or used
Hicksvllla, N.Y. 11802 with 14-pin socket (supplied
Data Shaets on with tubes) that can either be
G SLas i PC hoard or chassis maunted.
f::ﬂuﬂfﬁ:ﬂhigm IM1001 ot 0.60 1.670 0.750 $7.35% | Pins are located on 0.100" cen-
e L e ters. Tubes have dynamic life
expectancy of 200,000 hours.
Both tubes have long tinned
leads for soldering directly to
B-5750 0.9 and decimal 0515 1.500 0.530 $6.75 PC board. Leads are lacated on
Burroughs Carp. points to right and various centers (0.090%, 0.096",
Electronic Compo- left of numerals and 0.097°). Combination pin-
nents Div., Box 1226, straightener and standoff is lo-
Plainfield, N. 1. 07061 cated between bottom of tube
Bulletins 1061, 1132, envelope and PC board (Fig. 2,
and 1153 left). Tubes hawve dynamic life
B-5856 e i 0.510 1.350 0.510 §7.15 | expectancy of 200,000 hours un-
der normal d.c. operating con-
ditions.
Leads ara located on 0.0807,
National Elec- HL-940 0-9 and decimal 0.515 1.500 0.530 $7.15 0.0967, and 0.097" centers and
tromice Ine, Geneva points to right and are intended to be soldered di-
II1. 60124, Data chests left of numerals rectly to PC boards. Both tubes
on NL-340 and NL- use fairly high standoffs to
941 readout tubes ?E;ufafﬁzd ;Hrfhﬁnﬂul;ma i
g 0 g BE i ir s . . &, MIgnt). Lynamic
LI b kit L0 L 315 Iife expectancy is 200,000 hours.

*Coat in quantities of 1-05.
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DIFENSIONS
MFR. TYPENO. "E.-E“.,i{é‘.‘f CHARACTER | SEATED | ENVELOPE NOTES
HEIGHT (im) HEIGHT DIA, MAX, | COST
NOMINAL | MAX. (in) (in) (1-89)
Lo 05, »riond 10433 (ma) | 1630 | 0413 | 495 | g1 is o seven-seament cold-cathade,
El=ctroni "igﬁ,u; right gas-filled tube designed for either d.c. or
';:.“I'j f 'iu"": dechmal 2t ks pulzed operation. Decimal peint locations
PIIDJ uﬂto:']ag% e P allow tube to be usad upright or inverted.
- Mas Colon can be formed by using upper and
mg;;"m' g lower decimal points in two adjacent
g m a e tubes. Intended to be soldered directly to
Catalogue RE-698 MG-19 ir?d Iu-!';.'e'r ri:ht' 0.433 (max) 1.650 0413 $4.095 PC board, ME-19 is & nine-segment neon-
decimal paint readout type.
DR2Z010 0-3 and lower 0.600 1.625 0.785 $5.75
left decimal Readouts are composed of individual in-
point candescent filaments arranged on & dark
RCA Electronics background. DRZ010 and DRZ000 ara
Components, P.O, seven-segment displays. All tubes fit stan-
Box 270, Harrisen,| DR2020 gt oo and 1 0600 1.625 0.785 $3.25 | dard 9.pin miniature tube sockets but
M. ). 07029. Data | (Fig. 3, Ieft) can be soldered directly to PC board. Do
sheets on DR2000/ not exhibit filament droop sometimes as-
DRZ010/DR2020/ sociated with readouts of this type. Etched
DR2030 digital DR2000 0-9 0,600 1.625 0.785 £5.50 glass can be placed in front of display fo
display devices | (Fig. 3, right) produce & broader strohe; a Fresnel lens.
et will provide a larger display size. Mini-
mum life expectancy s 100,000 hours.
DR2030 G 0.600 1,625 0.785 $3.25
DT1704B 0-9or A C EF, 0.570 1.75 (nam.) | 0.70 (nam.} | $5.30 UEi0eR Sk toilazat vardim ETTRTCT
G, H I, L LOFP '
S U and ¥ devices. Thay have 1.6 volt (a.c. or d.c.},
s 45.mA filament; appl;icatlorl uidlﬁ ta 25
F volts d.c. to appropriate anode causes
Tung:Sol Div., that segment to fluoresce with a blue-
Wogner ectic. | DTI705D | 0.9and lower right | 0570 |1.75 (vom.) 0.7 (nom.) | $5.75 | reen glow. Obvious advantages are low
sl bt decimal or A, C, E, anade voltages and extramely low anode
02 AL AN e Y F, G, H. I LL0O P currents, DT1704B is seven-segment read-
H‘ifgm"' N.{iﬂ?UE]ﬂ' 5 W, and Y aut which fits 9-pin minizture tube socket.
ta sheet T438 DT17050 is seven-segment readout that
fits 10-pin miniature socket. DT1707B, a
g w_w aaprr gog four-segment readout, has a standard 8-
DTI707B | |guer right decimal | 0570|175 (nom.) |0.71 (nom.) | $540 | pin miniature tube base.
point

Fig, 2. Two types of numaor-
ical indicotor tubes.
Burroughs Type B-5750
and [rightl Matlenal Elee-
tranics Type NL-940. Tha
characteristics For these
tubes are given in Table 1,
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Table 2. Some of the types availokle, cost, and general charocteristics of various segmented indicator tubes.
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eters within specified limits, The exact configuration of the
driver circuitry is a function of the logic control polarity, the
readout supply voltage polarity, and the readout operating
mode. Five dilferent driver eircuit configurations are required
to accommodate the readouts described in this article,

Low-voltage incandescent readeouts (MS-4000BR, T10-
Series, and DR2010/DR2020) consist of either individual
lamps or individual lamp filaments. The readout supply volt-
age can be of either polarity and current limiting is not re-
quired. A tvpical driver circnit uses low-voltage n-p-n tran-
sistors (Fig. 5A) to complete the return circuit to each seg-
ment when a positive voltage is connected to the transistor
base resistor.

The low-voltage fluorescent readout (DT1705D,/DT1707-
B} requires the application of a positive voltage to the anode
segment to cause that segment to glow; all of the anode seg-
ments share a common cathode, The simplest driver circuit
supplies a negative voltage to the cathode and grounds the
anode through a p-n-p transistor when a negative voltage is
applied to the transistor base resistor. A more useful driver
uses a p-n-p transistor in the common-base configuration
{Fig. 5B) so that the anode is energized when a positive
voltage is applied to the transistor emitter resistor. Note that
the emitter source becomes part of the anode return path.

The high-voltage, cold-cathode readout driver circuits
must include a current-limiting resistance otherwise the read-
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Fig. 3. Two types of segmeni-
ed indicator tubes. RCA (left)
Types DR2020, displaying !
three charactars ("' 4 ', =",
and 1"} and (right] DR2000,
displaying numerals (0-81.

outs will draw excessive current and destroy themselves,
They are designed to operate within well defined current
limits; the lower limit is that required to maintain a uniform
glow discharge; the upper limit restricts electrode erosion
and extraneous glow discharge, Permissible operation regions
are defined on the applicable device data sheets published
brv the manufacturers.

Driver cireuits for the ZA1000/ZM 1001, B-5750,/B-5556,
and NL-940/NL-841 are similar. The ZM1000 requires a
separate decimal point resistor and both the ZM1000 and
ZMI001 require a priming resistor (Fig. 6B). The Burroughs
and National devices do not use a separate decimal point
regigtor { Fig, 6A) unlesy the decimal point is energized alone.
The single anode resistor sets the readout operating current,
and its value is a function of the supply voltage.

The MG-17 anode current varies in accordance with the
number of cathode segments that are energized, and a single
anode resistor cannot be used to establish the tube operating
current. Instead, identical resistors are connected to each of

Fig. 4. Two types of seg-
manted indicator modules.
Dialight Types lleftl 711
taplion madule, and [right]
T10 numeric roadout
with 1-in character size.
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Fig. 5. Driver «ircuit cenfiguration for the low-voltage
Al incandescent and (B) fluorescent segmented readouls.

the seven cathode segments to establish their operating
current, and higher resistances are connected to the decimal
points sinee their current requirements are lower,

Contrary to what seems to be popular opinien, the deiver
transistors used with high-voltage, cold-cathade readouts need
not withstand the entive supply voltage when the transistor
is not conducting. Since at least one cathode is always
grounded, the d.c. potential at the anode is established at the
tube breakdown or ienization voltage ( typically 150 volts d.c.
to 150 volts due.). The veltage at all extinguished cathodes
needs only to be sufficiently positive (Continued on page 61)

Takble 3. The various types, cost, and general choracieristics of some available segmented indicator modules.

DIMENZIONS
i -ALL COST
MFG. TYPE CHARACTERS i NOTES
DISPLAYED | CTpginciEn MODULE(In) (1-99)
(in) H D
Alco Electronic
'I:rgdu.;::s.llgﬁ.e Seven-segment incandeslcerélt readout
.0. Box 3 modules. Red filter, bulbs, and socket are
Lawrence, Mass, MS-4000 EBR 0.9 0.614 0562 | 1184 | 1412 | $693 | jncluded in price. Each scgment raquires
01842, Catalogue 40-60 mA at 3-5 volts d.c.
RE-698
0300 : Modules (Fig. 4) do not include lamps,
710:0300:005 09 1.000 W L7507} 81,506 $6.79 but svitable & 10, 14-16, and 24-28 volt
incandescent iafﬁg]s i;nd 160-volt nean
E I ailable Dialight and
s, | novwos | S | o0 | nam | a0 | 1506 | srav | ERan S, o Dt
Bm;ﬁwf?rﬂ "",f" 14-16 volt operation even though normal-
1 123?_y'|:$tallog.ue Talia Iy considerad a ID—'urnrt, h#-m}:.‘hurh. When
[-181 710-0302-005 AT 1.000 1250 | 1750 | 1.506 | $7.79 ?;’:i"’:.‘iﬂ ﬂ.t eﬁe y tﬂsf : uﬂiﬁu &1 hhntﬂ:us \;g_f
Erage Jfrel:ininifed inndala hsheet. No. 344
711-1855 caption bulb available from Dialight far 55 cents
BoSh s » 1.250 | 1750 | 1.506 eachl

i I [

rovides o backlighted transporency that displays an explonatory caption. Lighted area moy present o single message or ey bo divided into 2, 3. 4, or &

|T|di""|d"-'-"lll¥ switehnble arvas, For example, by osing four separafo sections. plus ami minus signs may be presented one nbove tho other, leaving twe other areas

for symbels ar warls (Fig. 4, lofti.
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Digital Instruments You Can Build
(Continued from page 31)

{approximately 70 volts d.c.) to assure that a glow discharge
cannot be sustained on the “off” cathodes. Thus, a transistor
having a collector-to-emitter breakdown voltage in excess
of 70 valts will serve adequately as a driver.

It iz interesting to note that the driver transistor collector
will usually be pulled up into the breakdown region because
of the few microamperes of current drawn by the “off”
cathode. This is permissible as long as the transistor power
dissipation ratings are not exceeded and a stable operating
point can be maintained.

Availability

New readouts are being introduced almaost daily. The read-
outs described in this article are, in the auther’s opinion,
those offering the greatest performance at the least cost.
Understandably, these readouts will not be obtainable from
the comer electronics store, or even from the major mail-
order distddbutors. However, the components are available,
and the reader should contaet the manufacturers indicated
in the tables to obtain the relevant data sheets and the name
of the nearest distributor.

Prices

Prices of the readouts are given in the tables for information
onfy. It must be understood that the stated prices are correct
as of the date this article was written, but are subject to
change without notice. Before a particular design is discarded
cn the basis of price alone, the reader should obtain current
prices. Based on recent industry trends, prices are more likely
to decrease than increase.

Next month's article will describe various counting and

decoding circuits compatible with either segmented or
numerical display devices. {Continued Next Month)

Fig. 6. Driver circuil configurations fer (Al Burroughs B-
5750 and B-5856 and Nalonal's NL-940 and NL-941 de-
vices that de not require separote decimal-point resistor un-
less the decimal point is energized alane and for (B] Amperex
Types ZM1000 and ZM1001 which require a priming resistor.
Type ZM1000 also requires separate decimal-paint resister.
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