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Doelstelling, abonnementen, verschijningsdata: zie technisel documentntio 1970, 1-4.

Verhuizingen van abonné's.

lke abomné Is in ons adresseersysteem ondergebracht onder een op de enveloppe vermeld
administratienummer, Bij verhuizing, adrescorrectie of correspondentie over Uw aborne-—
ment dient beslist dit nummer te worden vermeld. Correspondentie dient U uitsluitend

te richten aan: Van Dam E ektronica, Afd. TD 1970, Postbus 3149, Rotterdam.

Inleiding. Coordinatie: Paul E. Annokkee

Deze nieuwe uitgave in 1970 wordt geheel in beslag genomen door een steeds verder in
de belangstelling komende reeks produkten, nameli jk:

TTL digitale geintegreerde schakelingen en aanverwante produkten.

In deze documentatie wordt op een uitgebreide manier ingegaan op de technische gege-
vens van 29 TTL IC's, terwijl een speciaal gedeelte gereserveerd is voor de meetscha~
kelingen, weaarmee desgewenst de betrokken specificaties kunnen worden gecontroleerd.

De 1in deze documentatie besproken geilntegreerde schakelingen ziin uit voorraad Laga—
zljn Rotterdam leverbaar. Het TTL programma wordt maandelijks uitgebreid met &én of
meerdere nieuwe typen (binnenkort o.a. ook up—-down decade counters, arithmetic logic
unit and function generators, dual one shot mul tivibrator); in een latere uitgave

worden de nieuwe typen in totaliteit O penomer: . \

Wij wijzen U gaarne op de in de prijslijst opeenomen gtaflelprijs-notering. Deze is
van toepassing voor het totale aantal bestelde geintegrecrde pchakelingen, ongeacht
de bestelde typen en het aantal per type. In verband met mogeli jke prijewijzigingen
is deze prijslijst los uiteevoerd.

Op pagina 68 hebben wij een overzicht opgenomen van volkomen uitwisselbare typen TTIL
IC's van fabrikanten als Texas Instruments, National Semicorndi Lor, ARG, Amperex,
ITT, Fairchild, Ferranti, Motorola, wescosem, Trangitron, Sprague, Oiemens, SGS en
olgnetics. Zoals uit deze 1lijst valt af te leiden. ig in het Ly pernammer van de meeste
fabrikanten de code 1400 verwerk t, zodat ecen gnelle herl crrdng mogoldijk 1o reworden.

Tot slot wijzen wij U nog op de op pagina 5 opgenomen gobrullkoaanwi Jzineon van de
beprﬂken produkten. Teneinde de gewenste resultaten te kunnon Lorelkon Loy het in acht
nemen van de besproken punten van groot be lang.
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NOISE IN 54/74 TTL SYSTEMS
by

Bill Heniford

I"ew subjects are so inclusive in scope and varied in con-
notation as the generalized term “noise.” Noise may
be loosely defined as undesired signals, whether sonic,
magnetic, electric, or any number of others. The ma-
jor area ol interest here will be extraneous voltages
and currents in digital logic syslems and specifically
Texas Instruments SN5400/SN7400 TTIL. systems.

Figure la is a typical digital logic circuit. The effects
of noise coupled into the circuit can be seen in Figure
Ib and lc. In Figure 1b a small noise pulse is present
on Lthe clock line, but the flip-flop does not respond
as 1t does to the grealer pu]:-:n in Figur{‘. lc.

Il this circuit were part of some arbitrary decision-
making system, the conditions in Figure le would
produce erroneous answers — usually worse than no
answer at all. The noise present in Figure 1B, while
undesirable, is not really harmful.

The origins and characlernslics of such noise will be
considered along with device characteristics perlinent
to the subject. Methods will then be investigated to
eliminate or counteract the effects of noise in logic
systems. Full use will be made of the superior charac-

teristics of SN5400/SN7400 TTL devices.

NOISE TYPES AND CONTROL METHODS

Several types of noise must be dealt with in logic sys-
tems. The ﬁ'lﬂuwing classifications of noise will bhe
used as defined:

environmental nowige radialed
into the system. Such noise results from circuit
}J['L‘Hki"l'ﬁ, brush motors, ul'a:ing rt*hi}f conlacls, or
magnelic lield generating activity.

1. External noise -

2. Power line noise noise coupled lhrnugh Lthe
a-¢c or d-c power distribution system. Imitial
sources are frequently the same as those of ex-

ternal noise.

;u.l

Crosstalk  noise induced into signal lines (rom
adju{:‘.ﬂnt &-:-ignﬂl lines.

4. Signal current noise — noise generated in stray
impedances thmughﬂut the cireuit from Lhe
flow of required signal currents.

5. Transmission line reflections unterminated
transmission lines cause ringing and overshoot.

FIGURE 1. Typical Logic Circuit With Noisy Inputs




In general, noise categories defined above may bhe
dealt with according to the following:

Noise Types Considerations
T —

I'xternal Shielding

Power Line Grounding

Decoupling

Crosstalk
Signal Current

Device
Properties

Transmission Line
Reflections

SHIELDING

Electrical equipment must function in an extremely
noisy environment exclusive of its own internally
senerated noise. Noise pulses may come from many
sources, but will be either an electrostatic field or
electro-magnetic field or both. The noise wavefront
must be prevented from entering the equipment.

These noise fields are usually changing al a rapid rate:;
thus, the aperture required to exclude them may be
quite small. For effective exclusion, the sensitive cir-
cuitry must be completely shielded. While aluminum
or similar materials may be eflective in stopping elec-
trostatic noise, only a ferrous metal can successfully
protect equipment against magnetic fields. It is helpful
to connect the system to a good earth ground; but the
shield system must be complete and must be grounded
Lo the system ground; otherwise the shield may couple
the noise on into the system.

External noise may be conducted into the system
from Lhe power lines. Decoupling and filtering of
Lhese lines should be standard design procedure.

Fast systems of logic are generally assumed to be
more susceptible Lo externally generated noise than
are slower systems due to the greater bandwidth. This
assumption contains some truth, but it is not as rele-
vant as is widely held. A slow logic system is less sus-
ceplible to noise than a faster one only if it is slow
compared with the noise signals. One of Lhe fastest of
the industrial noise generators is the silicon controlled
rectilier (SCR, Thyristor, etc.). These devices produce
rise-times of about 1 microsecond. Edges as fast as this
are slow when compared with even the slowest types
of integrated circuit logic elements. FFor example, MOS

4.5
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FIGURE 2. Typical SN54,00/7400 Switching Times at 26° C




is probably the slowest I/Clogic, yet is has propagation
delay of about .5 microsecond and is as susceptible to
industrial noise as is the fastest TTL. Actually, TTL
has such low impedance that it is less susceptible to
noise than MOS or any other logic system.

GROUNDING AND DECOUPLING

In the generation of internal noise the total propa-
gation delay is of secondary importance; it is the actual
transition time that determines the amplitude/fre-
quency spectrum of the generated signal at the higher
harmonics. See Figure 2. Application of the Founer
Integral to these SN5400/SN7400 series waveforms
shows frequency components of significant amplitude
exceeding 100 megahertz. In consideration of the
frequency spectrum generated when an SN5400/
SN7400 device switches, it is obvious that a system
using these devices must receive consideration from an
RF viewpoint if trouble is to be avoided, even though
the repetition rates may be only a few hertz. The
transient currents generated by capacitance charging,
changes in levels of direct currents, line driving, etc.,
must be considered. For example, a gate driving a trans-
mission line may be represented by a voltage source K
having an output impedance Zg connected to an im-
pedance Z, and loaded with resistance R. See Figure 2.

Line input

I Line

, Current

/ Iliin&

FIGURE 3. Simplified Circuit of a Gate
Driving a Loaded Transmission Line

From transmission line theory (1), line termination
is not a factor in drive current until after a reflected
pulse returns from the termination to the transmitting
device. In a practical TTL circuit the line Lermination
must be high relative to the Z of the line. Assume the
voltage E is 5 volts in amplitude, the Zg of the source
is 50 ohms, and the Z,, of the line is also 50 chms. When
E makes the transition from 0 volts to 5 volts, the vol-

tage across the input of the line will be, by Ohm’s law,

Now for the 50 ohm line to become charged, a current
must flow onto the line equal to:

Tiine = Vin/Zo = %65 = 50 mA

This current also flows in the ground return, in this
case the twisted pair ground. If the line and return are
originated and terminated close to the driving and re-
ceiving devices, there is no discontinuity in the line.
Where the ground is poorly returned, the currents
flowing see the discontinuity in the cable as a high
impedance, and a noise spike is generated. Viewed in a
slightly different manner, the ground current sees a
low impedance and a current cancellation if the ground
is properly carried through; if not, it sees a high im-
pedance. See Figure 4 for a specific example. Assume
the gate driving the line is swilched from the “1” to
the “0” state. Current flows as indicated by the arrow
marked I. Since the line is improperly returned to the
driver, a pulse is developed across the impedance. A
possible consequence is the false output of gate #3.
If the ground return is properly made, desirable results
are obtained in that the impedance discontinuity 1s
eliminated and current cancellation occurs at the
ground point. Undesirable voltage spikes are then
eliminated. Two rules to reduce transmission line cur-
rent effects to acceptable levels in TTL systems may
be set forth. These are empirical rules found to be ef-
fective (see Figures 4 and 5):

1. Carry twisted pair md coaxial returns to a good
ground termination close to the driving and re-
ceiving devices. Figure 4 illustrates the necessity
for this practice.

2. Decouple V¢ of line driving and receiving gates
close to the device with a .1-ul disc ceramic
capacitor (see Figure 5).

As the logic devices change state, current levels
change due to different device currents required in
cach state, to external loading, and to transients such
as capacitance charging and discharging. Consider the

circuit in Figure 0.

As gate G1 switches off,its internal current changes
from lee (1) to e (0). Likewise gates G2 through
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FIGURE 6. Test Circuit for [,,Variation

G6 change from l¢e (0) to Ige (1). Also C must be

charged by a current:
[ = CdV/dt

where C is 49 pF, and dV/dt is the output voltage
swing divided by the output rise time. Taking the fol-
lowing Lypical data sheet parameters: (Z)

¢ (0) = 3 mA
lee (1) =1 mA
ty ~ 10 ns

tf =9 ns

working with these values:
aloe(DC) = [no. of gates (02 1)] [Tee(0) -Te(1)]
| [no. of gates (1 * 0)] [Tee(1) ~Iee(0)]

= 1[1-3]+5([3-1]

=2 mA + 10 mA
= 48 mA

and

lec (AC) = C dV/dt

o AV
_ FZo itV
= (49 x 1079) (10 o)

= (49 x 1012y (4 x 107)
= 19.6 mA

Plotting these values gives the change in I shown
in Figure 7a. Actual observed values (Figure 7b)were

as follows:
Iee (DC) = +8 mA
Iee (AC) = +24 mA

If gate 1 is now forced to switch to the “0” slate,
the a lge will reverse from the above figures; that is, it

will mcrease by eight milliamperes. The transient, or
a-c currenl is another matter however. As gate G1
turns off, it must discharge the capacitor Cin Figure
6 through the Reg of the output transistor lo ground.
Again, this current can be calculated from the voltage,
capacitance and fall time of the output:

Iond = Cdv/dt = (49 x 10-12F) (4 V)/(5x 109 5)

=39.2 mA

Since C is being discharged to ground, no transient
current should be dumped onto the Ve line. Tesls
have shown this to be true. This fact, plus the close
agreement of the calculated and observed currents to
charge capacitance C, should eliminate concern over
the possibility of both output transistors having over-
lapping conduction times.

The flow paths of these currents have been investi-
gated in order to intelligently explore the grounding




Vert: 10 mA/em
Horiz: 10 ns/cm

FIGURE 7.1, ,Waveform From Figure 6 Circuit

F

M =

Copper

VCC

R\

Dielectric

dRAR

GND

b.

FIGURE 8. ‘““Transmission Line’’ Power Buses

and decoupling necessary to counteract their effects,
V¢e decoupling thus may be approached in two ways;
common to both is the requirement to maintain low
impedance from the individual circuit V¢, to ground.
First, the V.. line may be considered a transmission
line back to a low impedance supply. The positive bus
may be laminated with a ground bus to form a strip
transmission line of extremely low impedance as is
done in some emitter-coupled logic systems (Figure
8a). Such a line may be clectrically approximated with
lumped capacitances (Figure 8b). The inductances in
Figure 8b are usually a distributed component which
must be minimized to lower the Z, of the line. An
alternate approach is to consider the V. bus as a d-¢
connecting element only and provide a low-impedance
path near the devices for the transient currents to
ground (Iigure 9). For effective filtering and decou-

pling, the capacitors must be able to supply the change
in current for a period of time greater than the pulse

width ol this current. Since the |!I'{‘rlllt'.lll 15 one ol

YV Bus —
cC Y

LT

FIGURE 9. Capacitive Storage V. System




essentially d-¢ changes due to logic state changes cou-
pled with transients associaled with the change, two
different values of time constant must be considered.
Capacitors combining the high capacitance required
for long periods with the low series reactance required
[or fast transients are prohibitive in cost and size. A
sood compromise is the arrangement shown in Figure
10.

Distributed L

e XN T P & ’_ ————— Vt:{: Bus
i 0.01 pF I_J
':1 e :I:CQ —
50 uf
- & >— o s

FIGURE 10. Commonly Used Power
Distribution & Decoupling System

Typical component values may be found as [ollows:

For the RF capacitor, C2, assume the parameters
to have common values such as

Mee = 20 mA

Al = 20 ns

~leg 50 x 103 ) (H0)20) x 10-12

€2:= -

sV/aT  .1/(20 x 1079) R
(2 = 10000 x 1012

C2= 01 ul

The same approach may be used for the low-Ire-
quency capacitor C1. However, the factor.aT which
was merely a worst case transient lime when calcula-
ting C2 now becomes a bit hazy. An analysis of the
currenl cycling on a statistical basis is the besl ap-
proach in all but the simplest systems. The recom-
mended procedure is to use “brute force,” and decou-

ple with 10 to 50 uF.

A discrete inductance of 2 to 10 microhenries 1s
sometimes added for further decoupling. HHowever, its
benefits are questionable and ils usefulness should be
evaluated for the individual system. The low-pass filter
formed must be capable of keeping Lhe transients con-

(ined and off the distribution bus. The possihilil.y of
resonance in the inductor or LLC combination musl be
considered.

Noise spikes on the V¢ line that do not force the
gate output below the threshold level are not serious.
Downward spikes as great as three volts have been tol-
erated on the Ve line without propagating through
the logic system. Thus the system designer can be
areatly relicved on the subject of Ve¢ noise if even
minimal consideration is given to the subject.

Ground noise is another matter. Pulses on the
around line can quite readily exceed the noise thres-
hold. Only if a good ground system is maintained can
this problem be overcome. Likewise, if properly di-
recled attention is paid to the ground system, prob-
lems seldom arise.

The concept of a common ground plane struclure
as used in RF and high-speed digital systems is quite
different from that of the common ground pomt as
used in low frequency circuits. The more closely the
chassis and ground can approach being an integral
unit, the better the noise suppression characteristics of
the system. Consequently all parts of the chassis and
ground bus system should be bound tightly together
clectrically and mechanically. Floating or poorly
erounded sections nol only break the integrity of the
eround system, bul may actually act as a noise distri-
bution system.

The matter of grounds and decoupling on printed
boards requires some attention here. The most desir-
able arrangement would be a double clad board with
one side carrying the interconnections and the other a
solid ground plane. Where component density pro-
hibits this, the ideal should be relaxed only as far as
necessary. Crosstalk can become a problem on large
boards; an adequate board ground mesh will go far in
reducing crosstalk as well as ground noise. Some sug-
gestions for board grounds where a plane is not pract-
cal are

1. Make the ground strap as wide as possible
everywhere, even though this may mean its
width varies radically.

2. Form a complete loop around the board,
bringing both sides of the board through
separate pins to the system ground.

The Ve line can provide part of the ground mesh
on the board, provided it is properly decoupled. For a
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FIGURE 11.7V ,,, vs. V. Transfer Characteristics For SN5,00/SN7,00 Gates

TTL system, 0.01 pF per synchronously driven gate,
and at least .1 ul per 20 pates regardless ol syn-
chronization is a good rule-of-thumb. This capaci-
tance may be lumped, but is more effective if distri-
buted over the board. A good rule to follow is to per-
mit no more than five inches of wire between any
RI type
capacitors are mandatory — disc ceramics are a good
choice. It is sometimes a good practice to decouple
the board trom the external V.. line with a 2.2 nll

package V.. point; a total of 0.01 ul,

mductor and a 10-uF to 50-u I capacitor as stated ear-
lier, but this is optional, and the RF capacitors will
still be required. In addition, it is strongly recom-
mended that gates driving long lines have the Ve
supply decoupled at the gate Ve terminal and that
the capacitor, device ground, and transmission line
ground be brought to a common point. The reasons
for this should be more obvious after studying the
currents imvolved in switching and line driving.

NOISE MARGIN IN 53/74 TTL

Intimately associated with noise performance are the
inherent characteristics of the logic elements chosen
for a given system. T'TL circuits represent an excellent

10

composite of electrical properties for noise-free opera-
tion.

Figure 11 shows typical Vg vs. Vi, characteristics
for Texas Instruments SN5400/7400 gates.

By defining Vuul(l) as Lhat output present when
the inpul is a typical V,,1(0) level, Vout(0) as that
output presenl when the input is a typical Vout(l)
level, and Vihreshold @s that voltage at which input
and oulpul are !‘I'IIIII., il is |m5:-;ihh* to arrive at typical
values for each. These are presented in Table 1. Note
that these are not worst case definitions but operaling
values.

TABLE 1. Typical Output & Threshold
Voltage for Tewxas Instruments SN5400/
SN7400 Gates.

Vee =00 Y
55°C 07 EC WEC 1I25¢
Vout(1) 3.0 38 39 4.1 4.25
Vour(vy 0.23 24 0.25 25 25
Vihresh 1-49 1.33 1260 115 1.1




In order to assure the user of Texas Instruments
TTL a safe operating margin, the devices are Lested
and guaranlﬂﬂd lo the data sheet limit(2) shown in

Table 2.

T'ABLE 2. Guaranteed Input/Output Para-
meters for Texas Instruments SN5L00/
SN7,00 Gates.

Vout(1) =24V
Vout(0) =040V
Vin(1) =20V
Vin(0) 2080V

The accepted definitions for d-c noise margins for
Lhe different logic states are delined in Figure 12. Now
by examination of the data in Tables 1 and 2 the typi-
cal and worst case d-c noise margin curves for the
SN5400/SN7400 series can be determined. Typical
figures are illustrated graphically in Figure 13 for
ambient temperatures [rom 55°C to +125°C. The
worst case guaranteed value of 400 millivolts(1) is 2
constant value within the above range covering both
logic states for any load within the fanout limits of

the device.

5.0

4.5

4.0

Noise Margin - Volts
N N W X
o t o e

—
n

VOLTAGE

* Guaranieed Output T
T,ul"ugel‘ ET:HB tor *Permissible Input
gies Voltage Ronge for
<+ 7 4 Logical "1"
(Guarunt eed
D-C
Noise Margin +—2.0 £
for Logical "1"
Guaranteead
D-C 0.8
Moise Margin
for Logical "0O" *Permissible Input
0.4 Voltage Ronge for
*Guoranteed Output Logical "0"
Voltage Range lor
Logical "0 Ground - 0 —

00— Dulp ut Input r—'
MNMoise

*Refer to Figure 11. J

FIGURE 12. Definitionof Noise Margin for
SN54L00/SN7L00 Gates

In addition to the d-¢c noise immumty, a noise
immunity may be defined around noise amplitude and
pulse width. At the lmits, the a-c nose immumty
varies from the d-c values to a theoretical infinity at

V. =30V
cc

Fan-out
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Typical "1" State

1.0 _\— T}rpicu| "0" State

0.5

0 | S
-50 -30 -10 10 30

— Guaranteed, Either State

b ey
70 9 110 130

Temperature - Degrees C

FIGURE 13. SN5,00/74,00 DC Noise Margins
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FIGURE 1},. SN5,00/SN7400 AC Noise Immunity

extremely narrow pulse widths as in Iigure 14. Pulses Due to the low impedance and shielding characteristics
shorter than the propagation delay of the devices will of coaxial cable, coaxial cable cross talk is minimal
not propagale through the system. Thus the effective and is no problem with TTL..
noise immunity is that noisc level and pulse width be-
low which noise signals will nol propagate through the Figure 15 is adequately descriptive of practical
system. As shown in Figure 14, a-¢ noise rejection ap- types of signal transmission lines. The mutual react-
proaches infinity asymptotically al very narrow pulse ances Ly and Cy, which form the noise coupling
widths and approaches the d-¢ noise margin asymptot- paths, and the line parameters Lg and Cy which govern
ically near pulse widths equal to device propagation the Z, of the line will vary with the type line used.
delay. Sinee crosstalk is a function of the ratio of the mutual
In general, noise coupled from external sources has
sufficient pulse width that only the d-c noise immun- Lo
ity 1s effective, since only about 6 nanoseconds are v d
required for the device Lo respond. / 1
3 EI )
CROSSTALK IN 54/74 TTL c 4l
911
When currents and voltages are impressed on a con- J__ T

necting line in a system, il is impossible for adjacent
lines to remain unaffected. Static and magnetic fields

interact and opposing ground currents flow creating E’ )

linking magnetic fields. These cross-coupling effects \

are lumped Logether as “crosstalk.”™ \ All gates SN7400
Signal lines are grouped into three categories: co- FIGURE 15. Coupling Impedances Involved

axial lines, twisted pair lines, and straight wire lines. In Crosstalk '
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impedances to the line characteristic impedances, the
type of interconnection lo be used must be at least
partially a factor of crosstalk considerations. Coaxial
cable combines very high mutual reactances with low
characteristic impedances as well as shielding; there-
fore crosstalk is effectively eliminated. Twisted pair
lines have higher characteristic impedances and lower
coupling impedances; consequently crosstalk becomes
a possible problem. Direct wired connections are the
simplest and cheapest approach, but they are also Lhe
poorest for noise rejection.

Fortunately, much of the noise that may be cou-
pled in is subdued by the very shorl time conslanls
and impedance voltage-division which result from the
low output impedances of SN5400/SN7400. It is pos-
sible to use direct leads up to ten inches, and up to
twenty inches if the lead is routed close to ground and
not cabled tightly together with similar leads. For
longer distances twisted pair or coaxial cable is re-
quired. Twisted pairs are usually less expensive and
easier to work with, but noise levels become objec-

tionable beyond twelve feet.

An indication of the superior noise rejecling chara-
teristics of SN5400/SN7400 TTL can be ohserved in
the circuit in Figure 16. Although Cm 1s large (.001
ul) and Cg
crosstalk still does not appear.

so small il can be neglected, capacitive
This leaves the de-
signer with only inductive Cﬂupling effects to deal with.

LINE REFLECTIONS IN 54/74 TTL

When the lines used to transfer digital systems be-
come long enough that line propagation delay is equal
to or greater than the pulse transition times, the ef-
fects of reflections must be considered. Factors such

Hi“‘f—i‘"'{""{fr\“—‘—"l—'—f b 1

Vert:

| ]

a. Line Input

1 V/em

Horiz: 100 ns/cm
Z, =50
R,= 1 Unit Load

Vert: 5 V/cm
All gates SN74 00N Horiz: 0.5 ps/cm

FIGURE 16. Static Crosstalk Immunity of
N6LOO/SNT7L00 TTL

as gate outpul impedance, Z of the hine, possible ter-
minations, and line length musl be evaluated since
problems may arise in excessive delay, ringing, over-
shoot, or various other areas.

In the discussion related to Figure 3 note that only
half the generator voltage was developed across the
line initially, regardless ol the termination. Assume
the receiving end load, R, to be greater than Z, which
is the only case normally encountered in SN5400/
SN7400 TTL. The relative values of R and Z, deter-
mine a positive reflection factor which sends the
pulse back down the line to the receiving end after 27,
where T is the time required for the signal to propa-
gale the full length of the line. Figures 17a and b show

B

b. Line Quiput

FIGURE 17. Transmission Line Input & Output Wave forms With SN54,00/7,00, Figure J
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the input and output waveform for a test set up as in

F Figure 4.

This is a realistic situation with SN5400/SN7400
TTL. Note that the input waveform (output of the
driving gate in Figure 5) steps to 1.4 volts and holds
for 2T. This agrees closely with the calculated imped-
ance division value, assuming the gate drive voltage to
be 3.5 volts (final d-¢ value) and the gate output

impedance to be 70 ohms:
Zo

Voltage = E
Zo + Zg

50
50+ 70

+ 3.5 =145V

The first step is terminated after 2T, at which time
the first reflection from the load end returns and
steps the voltage an additional 1.4 volts or a total of
2.8 volits. Additional steps occurring at 271 intervals
bring the voltage up to the final d-c value, but since
the second step i1s well above the minimum output
“17 state, these steps are of little concern.

Looking to the load end (receiving gate input), the
line input step is seen Lo arrive after T with an amp-
litude approximately double the input voltage calcu-
lated above. The actual received step level is seen to be
2.0 volts. Again these are approximately the antici-
pated values from transmission line theory.(!) The
TTL gate input in the “1” state presents close o an
open circuit termination.

The implications of these factors should be ex-
amined in detail. First, since the initial step at the
line input falls at the threshold of a gate input (see
Figure 11), any gate having its input connected to
this point will be operating within its linear region and
instability or oscillation could result. At the very best,
its output state would be unknown. Also since the first
step is so low, excessive currents are being drawn from
the gate, aggravating ground and V¢ noise problems.
At the receiving end, the first step does exceed the
threshold and in fact reaches the guaranteed minimum
output “1” level, but is seen to dip back to 2.2 volts
with some loss of noise margin. If variations in devices,
temperature, Ve, and line impedance are considered,
the situation looks much more critical. The receiving
gate input could actually remain below the threshold
on the first step. If so, an additional 2T delay is added,
some undertermined amount of noise margin is lost,and
instability could result as was pointed out for the
driving end. Under other conditions the gate input
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voltage could rise above the threshold and then fall
below, causing a double pulsed output. Any number
of possibilities could be uncovered by closer examina-
tion.

There 15 no one correction factor that will eliminate
all those potential problems. A proper combination
can be quite etfective. Consider the following tech-
niques.

To increase the amplitude of the input step:

1. Lower the driver impedance. Devices could be
connected in parallel or the buffer gate used. In most

cases neither is necessary with TTL.

2. Increase the transmission line impedance. Coax-
1al cables of Y3 ohms are quite practical in size and
cost; or twisted pairs can be used where practical.
Twisted pair impedances vary from approximately
100 ohms upward.

I P |

— —

Z, =930
(One Line Only)

£ A —_—— &
Broken arrows Indlcote current paths

FIGURE 18. Recommended Line Driving
And Receiving System

The second suggestion is implemented in Figure 18.
Note the dramatic improvement of the waveform at
both ends of the line shown in Figure 19. None of the
potential problems noted before are likely now. How-
ever, it is still reasonable to put certain restrictions on
the line driving capabilities anc noise immunity of

SN5400/SN7400 TTL:

1. Use direct wire interconnections that have no
specific ground return for levels up to about ten
inches only. A ground plane is always desirable.

2. Direct wire interconnections must be routed
close to a ground plane if longer than ten inches, and
should never be longer than twenty inches.

3. When using coaxial or twisted pair cables, design
around approximately 100 ohms characteristic im-
pedance. Coaxial cable of 93 ohms impedance (such as
Microdot 293-3913) i1s recommended. For twisted
pair, # 26 or #= 28 wire with thin insulation twisted



TR
MM :

Vert:

a. Line Input

1 V/em
Horiz: 100 ns/cm

Py

e e e ———
|.

b. Line Output

FIGURE 19. Improved Waveforms Found in Circuil of Figure 18

about 30 turns per foot works well. Higher impedances
increase crosstalk while lower impedances are difficult
to drive.

4. Insure that transmission line gmund returns are
carried through at both transmitting and receiving
ends.

5. Connect reverse termination at driver output to
prevent negative overshoot.

6. Decouple line-driving and hine-receiving gates as
close to the package V¢ and ground pins as practical,
with a .1-uF capacitor.

7. Gates used as line drivers should be used for
that purpose only. Gate inputs connected directly to a
line driving output could receive erroneous inputs due
to line reflections, long delay times introduced, or
excessive loading on the driving gate.

8. Gates used as line receivers should have all n-
puts tied together to the line. Other logic inputs to the
receiving gate should be avoided and a single gate
should be used as the termination of a line.

9. Flip-IFlops are generally unsatisfactory line driv-
ers due to the possibility of collector commutation
from reflected signals.

SUMMARY

Since SN5400/SN7400 devices characteristically
have short propagation delay times with fast rise and
fall times it might be assumed that TTL devices have
poor system noise characteristics. However, between
the noise producing output and the noise receiving in-
input lies the efficiency of the noise coupling. It is in

this area that the most outstanding characteristic of
TTL is applied. The SN5400/SN7400 inputs are volt-
age level (and pulse width) sensitive. Obviously then,
the extremely low output impedances in the “0”’ and
“1” states minimize the coupling time constant and
are a tremendous factor in reduction of cross coupling.
In practice this offsets the shorter delay times and
faster rise and fall times of TTL which tend to in-
crease cross coupling. Thus TTL will often be found to
perform well in systems where devices with slower
transistions or higher DC margins but with higher im-
pedances are ineffective.

The undesired effects of noise in a digital system
can be essentially eliminated by proper system design
considerations. Texas Instruments SN5400/SN7400
TTL has been shown to possess the high noise margins
and low impedances desirable in combating noise. In
industrial systems, the additional speed of TTL shows
no greater susceptibility to environmental noise than
slower devices.

Crosstalk and line reflections are easily handled with
TTL if the high frequency characteristics and low im-
pedances are considered. Cabling and grounding/de-
coupling must be done as for an RF system. Proper
attention to the measures discussed in this report pro-
duces a system of superior performance compared to
those using less sophisticated logic devices.
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functional block diagram (each flip-flop)
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schematic
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PARAMETER MEASUREMENT INFORMATION
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4, All diodes are | N30GA
[]'L v luddes probe and jig cograci torces,

FIGURE 67—-SNS470/SN7470 AND SN5474/SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 2 OF 2)
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FIGURE 68—5Nh4A72/SN7472, SNS473/5N7473, SNEA76/SN7476, SNG4 107 /SNT4107 FLIP-FLOP SWITCHING TIMES
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FIGURE 68- SNS470/SNTA70 FLIP-FLOP SWITCHING TIMES FIGURE 70-SNGAT72/SNT472, SNG4ATI/SNT7473, SNS476/SNTATE, SNG4 107/SN74107 PRESET/CLEAR PROPAGATION DELAY TIMES
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PHILIPS INDICATOR TUBE %:}gggﬂ

Pt Lde coldd cathunde ten digit indicator tebe: for side viewing

. OUICK Rl".l"l-.'RF?"-;L'l". I}A:lT.J'l_- - |
M ::I-H_-Tghl - - APTON, | 4 ||_|T_
N rals D1232567589
| e imaxl poimnt to the leit ol the numerals
supply volrage “u'hll i, 170 v
Anode corrent, average 4 2.9 WA

peak JuFJ M4, 12 mA S
GENERAL

The numerals are 14 mm high and appear on the same base lhine allowing  in-ling
vead out. The ZMIDDOR 18 provided with a red contrase filter.

FRINUCIPLE OF OPERATION

Fhe tubee contaims ten cathodes an the form of ten numerals and one in the form of 4
devimal pomi; a primer, and one common anode. By applying a saitable voltage be-
Pwerent the anode cuud coe aof the cathodes the corresponding numeral or the decimal
protnt will be dovercd by a red neon glow.

| e ponmer allows wnization without delay in strobe type or blanking applications.

DIMENSIONS AND CONNECTIONS Punensions o mm -—
darec Tion of vty
""—19"“:"
AT
= ) |
! |
-4 * -- F" - IR 2 e T (| a 1 |"|' I".I
Ui roa T[ ol o 0 L =i
S EREEREREE NN, |
& h“ b‘fih-:lpl L ] B b
1 P I_ | u':'|
a1 e t"*‘ ¥
t_ M : 4
w4 L -

Iy Loneth of doc. pans maax. 208 .,
Yy Mot tioned

!'J- Stowdard spread 0,15 nan,

‘The deviations of the axis of the pins with respect to the true geometrical position
cover an area of max, 0.3 mm diameter. The pin configuration is compalible with
the reference grid for printed wiring according 1o IEC Publication 97 (U.1 in).

Muounting position: Any
Soldering

[l pins may be dip-soldered at a solder temperature of max, 2409C for maximum

1) seconds up 1o a point 3 mm from the scals.,

Nntural frequency

| he natural frequencies of the numeral cathodes lie within the range from SO0 Hz
1oy BOO Hea.
ACCESSORIES

553701 Printed wiring mounting board (19 x 100 mm )on which the ZM1000 can be sol-
dered; afterwards the combination can be mounted on a vertical printed wiring
board carrying, e.g., the drive circuit. Can also be used with the snap-fit
tube holder 55703,

53702 Tube socket (for 0.1 in grid). Phenolic. Tinned conlacts,
33703 Snap-int tube holder.
557041 Set of one left-hand and one right-hand end piece to complete the snap-fit in-

dheator tube assembly.,

CHARACTERISTICS AND OPERATING CONDITIONS

lgnition veltage Vign max. 170 V
Maimmtaiming voltage Vm see page 4
Anode current for coverage I4 min. 1.5 mA

(with or without decunal point and by max. 1.2 mA

Vi = TH‘mm - Vi1, see pages)

Cathode selecting voltage Vikk see page o
Clathode resistor, decimal poil Badp 100 k82 + 104, l:-'
Primer resistor s r 10 M2+ 107
FExtimeciion voltage Ve min, 18 V

) Lower values of this resistor are peomitted. The anode current should be in-
creased by the inredse of decunal poimt current resulting from the decrease of

this resistor,

IJ'H”“' Perpe ran ves b low TP pesult i a reduced e expeciancy amd vhanges in
charavteristics (see page 1),
IFon cepipiment be wsed over a wide tempoerainre cange, “comstant correntl op-
cration “]Ljﬂl 5-.;1|]:-|‘]1.:,' '.L]-J_T._I,l_:[' with a j]lgtl anisle series resistor) s recommended,

69

- k. i — g '
lf|'|'~'111 operation over full temperatire vange A Yoot +T0 YL, i
2.0, hiperration sce pages 4, 5, Ooand 7.
Pl oot v it ion
Peak currents up to 12 mA can be allowed provided the average current value does
e exeeod 2.9 mA.
iy awventild e xops=1vi lutuuu T "”ii'"L‘,,_|'[I'||;__u.|t,_'_l:‘ the carbode sE e “ﬂﬁ vt :]i_’.{' !ﬁt'.ll.:".] Il e&x-
cocd 03V, Mimimoam pulse duraton O s,
oo further idormavion consult the manalacmrer.
LIFE EXPECTANCY Il,1 = 2.5 mA
Il tubwe is manutactured on the same physical principles as other bes in this
category and it s expected that the lite will be comparable, wiz: o e O 0T LTI T T T LY '—j _ T T -
‘ = =i =itV o . H
qaug-ntially changing the display from one digit 11 E -l
i.;- the others every 1000 h or less 104 (M) h 200 —— | = |
e ki [ M
Mean nme between farlures min, Z00UH b bl E2 2. | :
(v) ' L1 1
LIMITING VALUES (Absolule max, rating system) T o v v, oo, K 1 : TT oo i
% _‘H
i 4 - » Jill i = LTy +31y, 1 %W al
Ve voltage necessary lor ignition Vg mnin. 1700 M -— l -. l Th  HEE A max. o =T o
; b T 5 A ; e 3 ROITL Yen
Anode current, . SRt 1Lk - A | - i ~
I. ) . 1 1 ] Y l'fl. -Em-mn-. _|_iL.. .I _ ,u- [ #-h | ] min“'l'lﬂt 1 DHCA
average durine any conduction perioc a T3, CREE =TS+ 61 e = 1 I
voeradyg g b i Mg i ll:li"T . "__,.:-—L-.——- ;
average (Tay = 20 ms) I max. 4.5 mA '_"'l;n'-.-..-.='||7"'_5!? !'4'—'" L3 )
weak [ IAK . 200 mA 3 R r
1 " ~ 100 | !
Cathode selecting vollage Vik See page o | 4 H _
Rias voltage between anode and : i ] -
| "off" cathodes Visigs max. Viloaring E %N ié[ 11 : E
i = —— h? ¥ L
- - : ]
Ambivnt temperature Lunb min, =30 o 1) n : | 1 1 1- | ‘[1 | £ .y
' 1 ' BEEGE : ;
Laml max. 70 ©oC Euﬂ 1 Z 3 [ :
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s SENEES
LNt
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operating ] EHEEE B S
. area o e o & B B e 8
T | b f
FHHAN: B2 THTE = < 2282
100 b v ' SHOY I
% A $teies
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= Vi V) —+ Ry (k) 0
e ihividual ana Z Ik versus cathode selecting voltage Vige at Iy = 2.5 mA, Graph denoung the relationships of B, C. amsde supply voltage and required  anode
Ik and X lgk arc propurtional to the anode corvent within the operating range of Iy resistor o remain witinm the recommended operaung region.

arel with Vet =0V w 10UV,

T he corves arevalid for instantancous values and toraverage values of anode current.

Op pagina 69, 70, 71, 72 en 73 hebben wij de datasheets op—
. frenomen van verscheidene koude kathode indicatie buizen van
Vba | O.a. Philips en STC. Deze buizen lenen zich voor toepassin—
(v) Tap man = Ay | P = 3mA gen, waarbij de levensduur van minimaal 100.000 uur voldoen-
[ / e - ra de 13 en een hoogspamning van 170 tot 250 voll ter beschik-

! 500 A / “T;/ 4 king staat. Denken we aan een werkelijk portable gebruik
/ Lo max ;4 van een elektronisch telsysteem, dan zou aan het geheel een

un,-;/},;_':’“" 0 10 5% / 2 omvormer moeten worden toegevoegd voor opwekking van de
I :"' 7 Y i e o anode-spanning; gezien de stroomafname behoeft dil niel al-

/,f v B tijd een bezwaar te zijn.

/ / / Langs deze weg wijzen wi] echter op een nieuw soort cijfer-
'j} ' indicator van o.a. Moganto. Deze indicator is opgebouwd uit
et licht uitstralende dioden (LED's) en in zeven-segment con—
.- figuratie aangebracht in een kleine behuizning. Door de ei-
/ / | [ _ genschappen van een LED is het mogelijk uit cen zeovenseg—
/ / Atr ment decoder/buffer versterker deze indicalor te sturen,

400 - —

[ —
-
1,&:"\
o0

/-—' waarbl] een goede duidelijkheid en afleesbaarheid wordt ver-
300 / / kregen door de grote lichtopbrengst van de LED's.

In deze documentatiec zullen we cchter de verdere bespreking
A van dit device nog even achterwege lalen, aangezien op dit

K% : » moment o.i. alleen gebruik op grotere schaal financieel is
f!. . FAARALD verantwoord (stuksprijs eirce f 50,-). Mocht in de toe~
oot ?/ _ I, [Ijﬁq komst cen grote belangstelling ontstaan door een verla-
/ I' ging van de kostprijs, dan zullen wij gazarne uilgebreid op
V de eigenschappen en het gebruik van deze indicabor terus-
[ e {}.] ZM1000 : komen.
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PHTLIPS INDICATOR TUBE ZM1020

!

m

Mounting position : any

The numerals are viewed through the dome of the envelope. The numerals will
appear upright (within L.5")when the tube s mounted with the line thraugh pins

I and 8 vertical, pin 8 being uppermost.,

: Accessuries
Long life cold cathode ten digit muneral indicator tube Tor top viewing. =
Socket type 2422 505 0000
MWICK REFERENCE DATA Or
. u— 2422 505 00002
Numeral height 15 mm
Nunierals 1234567890 CHARACTERISTICS AND OPERATING CONDITIONS
_ r (Valid awver life and full remperature range
Supply voltage min. 170V | ge)
] —»  lgnition voltage = !
Anode current 2 mA & Vign max. 170 Y
Maintaining voltage o spe sheet 4
GENFRAL Anode currenl for coverage,
The numerals are 13 mm high and appear on the same base line allowing in- average during any coonduction period [El nyin. ' By
line read outr. 'l'he ZM L1020 is provided with a red contrast filter. A
: average {Tyy - max. 20 ms .. 3
PRINCIPLE OF OPERATION av ) L, max. 3 maA
i _ : . e s peak Iy, max. b6 mA
lhe rube contains ten cathudes in the form of ten figures and one common P _
anode. By applying a suitable voeltage between the anode aml one of the ren Cathode selecting voltage Vik see sheet 5
cathodes the corresponding numeral will be covered by a red neon glow., .
[ g ¥ = Extinguishing volrage Vs min. L1B WV
DIMENSIONS AND CONNECTIONS Mimensinns in mm Typical operation by
Base: BI3B D.C. operation |
See sheets 5 and 6
285115 -
F‘!,IIE,H thes part — v TR, A, C. operation
K] I 9™ kO of the bult L . W D o
t !;; - g 3 s Filter 7 |/ :..,.F Loy see shects 5 and 7
Tg) k2 et " k%) cocted — = =gl e I
< S (g B T v ) y
- AL h s kB gt Tigh J.'I Ly
10 ﬂ-nﬂ [ I.r.J .'|I -.;-. ¥
RN 8 77k L / g |
kG == kb : =
i L +.rr:lu.ll-p."r-"' ; LY Bulb temperatures below 1070 result oo reduced D e Eriroy and
changes in characteristics (gee sheer 4 Y. |
In designing expapment to be used over a wide Temper atu o range thie U= il
"constant currept operatiop” (high supply voltagpe with o Nigh anude scries
resistor) is recomnenued,
LIFE EXPECTANCY AND RELIABILITY {at 15 = 2 mA)
Seqquentially chamging the display from one
iligit 1o the others every 1000 h, or less 100,000 h
The reliability has been assessed in a life test programme totalling 4.5 % 100 IM 1020
tube hours, The longest west period was 30000 hrs on 47 tubes. No failures
have: been found . The Mean Time between Failures is better than 108 hrs which
corresponds with a fuilure rate of less than U1 % per 1000 hirs atf a confidence i
level of 45 %,
LIMITING VALUES (Absolule max. rating system) 300 . . TS -
‘ e Ty 5o et s TN
Anode voltage necessary for igmiion Va min., /0 ¥ - Vin s I 4 )+ Above Vg the "of F7 cothodex act os anode |
(V) 4 and the current %I niu.ﬂ r!:u- added to IﬁL_
: ] - 1. min. I maA AN DENEGE SRR B | U
: v i o T R T
rectified A.C. and pulse ]“p . 2 mA u __I___.__i;'.l V= 137+91g  moxVm ot 70°C
. H1lb : Ve = 12847141, nomly, ty,gs O to 25°C
: - C 20 me I. IAX . 3 mA 5 9
average [(Tay = max ms) a : _ - c:Vm=12248681p min ¥y ot 6°C tputs
peak 1, max. I} mA ‘') . [ di Vo N2 461,  minly ot =50°C teuld
p 200 TIT SRGatLasass T ]
see lines N and W __J.____ 'IL ' ":_i_..--j-" AT
Cathode selectuing voliage Vick B -t =t auiili JEREEE
on sheet 5 : A I EaBnEn
: jfsEpaneni Ly EHBGES ums
(S0 B S R -I"""' ..-.tp 4 |
Bias voltage between anode and 150 1L jpSREasE=s ] .
"off" cathades (sce sheet 5) Vbias max. Vfloating 5 g d : i_-t S ] 1)
| 445 B § E L1
_ min, -50 9C HHT i ] T
Ambient temperature Lamb k. $70 9 . T "i e H
100 ; gREE ENRE
H T
A --_J---_ k ME S I K B ‘ 4 4 1 E
BEER T RS LD RO $S 505
_HL ‘I‘_:L' :_{l_--_ lli B S B WY N B E |EBE ERUNEY |
£ '.LT]]]' |t gl it 1 e 1 X HE S8 & B T ]
50 ) N : |. i . g
Ly =] 6 Iyimdl7
L) Above 1, = 6 mA the connecting wires andd cyclets may be covercd by the
whonw




Ik indhividual and Z I} versus cathode selecting volrage Vi at [; = 2 mA.
Ikk #nd Z1gg are proportional to anode current in the range Vi = 0 to 100 V.

The vange of Vi) (Ikk -0) shifts to the right/left at increasing/decreasing anode
current {8 V/mA).

The curves are valid for instantancous and for average values of anode current.

I.H l'L' A j Rg ..,_-Iap
: Fl W= T
—max X Ty
1000} i
. . B
3
21X
=
B L L
e ‘F,;,_“\“‘ ]
SRwIAL » S |
ook > : o=+ Iy
= : worst N
£ 5 case
or -
TN A i
; nominall_| T B
I3 ind %ﬂpﬂuth =
L"‘ i 0 1 areg .i L i
0 : . - i ] I
9 50 TT ' NN, 200] Waw] J250 |
] 0 BRI ] )
! : ! =ik
1=t g o -
: W min| |}
1 Ce bt :ﬂ- W7 rrwax =)
1 . L] o o | ¢ 4
vy, SUIB 5 510 U 10 816010 00 001 2 06 W 0 ) L MG R
|
| |
For low cathode selecting vobiages the current Ik tothe "off” cathedes will
l mcrease il the ceadabilite ol the “on' cathode will be affected . It s there -
- fore recommended o use o nomanal operabiag poimt e thee nght of e W,
Under the worst operatine conditums the operating point should never reiach
the arca left of line W

SO0 T LI T I
e 111 [z amal et AT 1] e 1mal-
o et e
: & h::-':;},. tl;b”"' 11 o s _
400} Sl 3'“/ N ;{_‘X
+ #ﬁ FAEEEERASErJEESERE ]
: - 9
{7 ARRERES f‘ir muususdUERAR
300 N W | :
JWL_IiHT" I .-ﬂ‘r:
' 7/]( '
I
HEmp ]
| i
200 y b 1
B - t
HHTTITTH
Ha | Vi nox=V¥e; l
LEB See shest 5 (-
S ReEE H | :
i s
T BEEREEHEE ! ' i B
Ot 'gn.._. _:éti # Example: 2 |
3 l” 2 1 Supply V. = 300V + .tﬂ“.-i._
=1l E | o R, nominal =79 k4l __|
1 I : | Ry marimum — 124 kdl
uj ', ! (] {Rg minimuss = 66 k3.1
AH ARARRY HHHHHHH T
0 00 200 R, (kd)) 300

Graph denoting the velationship of DLCL anode sopply viorltare amdd v red

anode resistor o remain wadnn the reconumendoed operating rogan,

500

(V) K

400}

PHILIPS ZM1022

INDICATOR TUBE

300

200}

100

1 11
100 Ry (kdl) 150

50

Graph denoting the relationship of the peak value of full-wave unsmomhed rec-
nfed A.C. anode supply voltage and the regquived anode resistor to remain
within the recommended operating arca.

INDICATOR TUBE I GN 4 P

Iong life cold cathode ten digit numeral indicator
for top viewing.

The STC GN4P is electrically identical with type
71020 but has a decimal point to the left of lhe
numerals (comnection point 8). Fox the use of this
decimal point see also the ZMIOO0 datasheet. The
numeral connections are identical with the type
ZM1020 or the type ZMLIOZ27.

The type AMI022 15 clectrnically wentical with type ZMID20 but has no hlter
Coatng.

The use of a separate blue absorbing e.g. circular polarized amber hilter 1s
recommended,

DIMENSIONS AND CONNECTIONS Dumnmensions in mm

Ba B13p

5C.

185,
'
W

625, 25

® Vo [

12




PHILIPS INDICATOR TUBE PHILIPS lNlﬁICATOR TUBE ZM1024

Cold cathode characier indicator tube for top viewing. Cold cathode «la racter imlicator tube for top viewing

QUICK REFERENCE DATA

QUICK REFERENCE DATA

Character height 15

Characters vis, Kefs, Mcefs, us, ms, ns, s

Characters A Nk Bewie
This ube 18 mechanically compatibile with type ZM 1020
Supply voltage in. 7e v
Anode current 2 mA DIMENSIONS AND CONNECTIONS Dimensions in mim
Base: B13DB
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: B13B

thes paort

thvs port o 285215 - =7 i af the bulb
of the bulb A i s Filter -
is filter - -1.; " coated £= i
tooted iy ;
”
ey 0 p =
3 S
: EJ 1 - l
. 8
s

CH CTER OPE T LIMITING
Lo e e SOOI A PING NATUES CHARACTERISTICS , OPERATING CONDITIONS AND LIMITING VALUES

These are essential the same as of type ZM1020,

‘These are essential the same as of type ZMIU20.

Maast de in deze documentatie besproken produkten treft U in ons

voorraad-programma ook vele produkten aan, welke in combinatie

hiermee uitstekend gebruikt kunnen worden. Voor een gedeelte hier-

van verwijzen wij naar onze prijslijst "digitale produkten". Wij plastic dual-in-line

noemen U hieruit: Tl's plastic dual-inline packages are rugged and low
in cost. They are backed by millions of device-hours

PRINTVOETER voor 14 en 16 pens dual-in-line IC's. Deze voeten of reliability data,

z1jn ultgevoerd met vergulde contacten met een overgangsweer-
stand van maximsal 0,005Q. De minimum isolatieweerstand bedraagt
4 x 1014Q, terwijl de maximale belastingsstroom per contact 1 amp.
nag bedragen. Wij wijzen erop, dat deze uitvoering printvoet
(van het fabrikaat Barmes) zich door zijn geringe bouwhoogte, i
hoogwaardige contactkwaliteit en geringe prijs uitstekend leent
voor permanent gebruik in digitale systemen.

o

DUTMWIRLSCHAKELAARS kumnen in vele systemen worden toegepast, TEXAS: mlrEHSPnTHESIIEJnM ENTS

W .ij een bepaalde functie, welke instelbaar dient te zijn,
WP worden onttrokken of worden toegevoegd aan het logische
psysteem. We kunnen hierbij o.a. denken aan een teller met

voorkeuze instelling (en wat dacht U van een decade-bank??).

Deze duimwielschakelaars kunnen in verscheidene uitvoeringen | 14-PIN PLASTIC DUAL-IN-LINE N-PACKAGE OUTLINE i
en afmetingen geleverd worden met zowel decimale als binaire I | NOTES: a. Tne trus-position pin spacing s
code. Voor nadere gegevens kunt U contact opnemen met onze efckefal:folo ;;,, e S ST £y
L = v f ongltudjns
e o A et
e B and .
L - A DEO@EE@E )
TAPEMATERTALEN zijn bij het vervaa.l_.‘digen van PI‘lI.]'l.iE:Il J.I’J;‘dlg:l:— I-T.m. i b. All dimension ara in Inches
tale aystemen onontbeerlijk. Door de vergaande miniaturisatie, I i v S pe
welke ogk in de bedrading tussen de diverse IC's tot uiting N P |\D{ - MR far salder-gipped leads.
komt, is het vervaardigen van printen langs fotograf is-:_:he weg ,';.:'.:'."-;.:T’r"""“" RO . o e 4. Whan sotdor-dipped leade are
'EEII-. mum mmxﬂeni Dﬂﬂrtﬂe lE-‘lrEIrt vatl ]}-E;u-ﬂ m_Ektmﬂlﬂﬂ U ; é rlr-u:: :T:dt:?;::&ll;::1iE:rilll;!lllhul|l"ai;|
U'Ok Etﬂ"&tﬂ Wlsenﬂ het fﬂtﬂ—PﬂEitiEf Pmﬂéﬂé ( ! I ! }! hEEtﬂ-ﬂ-ﬂ&-E I Falls Within TO-116 Dimansions tha seating plan-a.
uit fotoresist, ontwikkelaar, reinigingsmiddel en etsmiddel;
hierveor is ook pertinax of glasvezel printplaat leverbaar, 16-PIN PLASTIC DUAL-IN-LINE N-PACKAGE OUTLINE
0,1! transperant rastermateriaal, tapes en cirkels voor het R st
. n P RULR A wean coanteriines,
vervaardigen van printtekeningen e.d. Zie voor deze produk- clopele s YoloTol Each pin centertine is icated
"y ———— L m DOl D of M Irue
ten ook onze Prij Elj-:j at "digltﬂn]-e pmduktErl". G G awa o pcmmnsty — 59 :ungﬁtudlﬁnnsginglmm
NS AR T - s O s 1 nr B
r-"ﬂ-
T iolalalolofololo] Al ons are in inches
W RO _ ™ unl:iin;::l:mhn noted. :
SOve. etk T vome ] = I . This dimension does not apply
SR M_I“ Gl : J].__" i Tor solder-dippod leads,
m Jh i e — 00w w by T .l' I:-::L:‘:M- d. Whan solder-dipped leads ara
heeft niet EJ.:I.EE-]- alleen hel beste. i3 -.:D;.": e » _J ']“"“LI' : e -l.-:l.a;r:Lat:::‘:::f-::r:r::'alf‘::t
| drienanl L ‘_:u;-‘”—— tip to at least 0.020 sbove .
ELE KTHDNIC:A w_— § % Vhas ks ] i the saating plane.
- J

73




Inleiding . i %R e R A T R E R ® & @ . 4 2
Ontwerpaanwi jzingen voor een verantwoord gebrulk van TTL y01ntegreerde ﬁchakellngen 5
Noise in TTL systems, application-note van Texas Instrumenbs . . . . . ‘ . 4=15
7L loading data, informatie omtrent maximale in- en uitgangsbelastingen . . . . 16=-19
SN 7400  Quadruple 2-input positive NAND gates . . . « o o o o o ¢ o o o o o « & 20
SN 7402N  Quadruple 2-input positive NOR gates . . . . « « « « « . + « + & ‘ 20
SN 7404N  Hex Inverters . . > S B G 3RO EREAYE W ~ 21
SN 74108  Triple 3=input paaitlve HAND gates § = W e R W B R R A . 21
SN 74138  Dual 4-input Schmitt-triggered positive NAND pateu s W @ E @ 8 " 22
SN 7420N  Dual 4=-input positive NAND gates . . V% e " 22
SN 7430N  8-input positive NAND gates . . . . « . i 3 5 23
SN 7440N Dual 4-input positive NAND buffers . . . $ " . . . 23
SN 7441AN BCD-to-Decimal decoder/driver . . 24-25
SN 74428  4-line~-to-ten~line decoders gl—ﬂfwlD) : . 26-28
SN 7450N  Expandable dual 2-wide 2-input and—mr—lnvert WthS 29
SN 7451N Expandable dual 2-wide 2-input and-or-invert gates . 29
SN 74538  Bxpandable 4-wide 2-input and-or-invert gales . : 30
SN 7454N  Expandable 4~wide 2-input and-or-invert gates . . 50
SN 7460N Dual 4-input expander . . . . . = . 31
SN 7470N  Edge-triggered J-K flip-flops . é G OB OB B e W R e W 51=52
SN 7472N  J=-K master-glave flip=flops . « ¢ ¢« ¢ o o o o o o o 4 o o o 0 o o« . o« . |35=54
SN 7473N  Dual J-K master-slave flip-flops . . « « ¢ ¢ o « o o ¢ o o o o o o o o |3=3)
SN 74748 Dual D-type edge-triggered flip-flops . « « =« & & ¢ v v o o = o o o o o |56=37
SN TATS5N 4-Bit bistrable latches . . . . « . S G BB B R B FlE 58=-41
SN 7476N  Dual J=K lMaster-slave flip-flops wrl'h preset and clear . . . N2=45 0*-,
SN T7480N (Gated full addres . . . . - v, % B B % S BT EFE B E S 4 5=47
SN T7486N  Quadruple 2=input ﬁxvlualve-ﬂﬂ gateﬂ A T e 48=49
SH 7490N Decade counters . « « o o »+ o o el BB B . m B om B i s w § o 19U=5E
SN 7492N  Divide-by-twelve counters (DlVlde—by—two and lelde-by-slx) ¢ @ 52-54
SN T493N A-Bit Dina®y COUNBomE « o o « o » o 5 & o » = ¢« & = & » ™ o o & & @ & o D)=
SN 741008 8=Bit bistable latches . « ¢« ¢ & o o o o o o o s s o 5 s o s s o o o o | 2641
SN 74121N Monostable multivibrator . . . . . . - =
Purameter measurements information (test ElICUltS) TR R R E RS
Typical characteristics .+ « « ¢ ¢ ¢ o ¢ o o & d wlmia o om om o A Bl 3 B 67
Overzicht van verwisgselbare TTL geintegreerde schakellngen R E EEERE R 68
i Technische gegevens van de ZMLOOO en ZM1OOOR cijfer indicatiebuis . . . . . . . . |69=70
| Nieuw type cijfer-indicator . « « ¢« o ¢« o & o o . i e Bl e K W # s @ 70
Technische gegevens van de ZM1020 GlJfthlndlCdtlEbUlg v % oum om o m wn ow ocm & ok 8w om % AR
Technische gegevens van de ZML022 cijfer-indicabtiebuls . . « &« o & & & & o o & o & 12
Technische gegevens van de GN4 P cijfer~indicatiebuis (2 ZM1020 met extra punt) . 12
Technische gegevens van de ZML021l eenheden~indicatiebuls . « « « + ¢ = « & « « &+ & 15
Technische gegevens van de ZM1024 eenheden-indicatiebuls . . . - L. i B SN 73
Aanverwante mechanische materialen voor samenstelling van dlﬂltale appnlatuur e 15
Afmetingen en uitvoering van de 14 en 16 pens TTL IC's van Texas Instruments . . . i
Inhoudsopgave en deel 1-4 van de techmische documentatie 1970 . . . . Q8w s e T4
Overzicht van artikelen over de TTL materie, welke U interessant heeft gevnnden . 5
Omzetstijeing over 1968 en gedeelte 1969 van TTL t.o.v. andere series logica . . . 76 Q'*

- = — B — & e [ T

Technische Documentatie 1970, deel 1~4, behandelde in zijn geheel de technische gegevens,
ontwikkelachtergrond, beschermmogelijkheden, testrapports, testapparaat, frequentie~compen-—
satie en vele toepassingen van de operationele versterker 709. Wil% U hiervan meerdere exem-
| platen hehhen, dan kan deze documentatie ook losgs worden aangeschaft door storting van f 5,20
| op onze postbgirorekening 295550 t.n.v. Van Dam Elektronica n.v., Rotterdam-noord, Holland,
onder vermelding van: t.b.v. Technische Documentatie 1970 DEEL 1 t/m /4.

Op dezelfde wijze kunt U ock in het bezit komen van de tweede
en herziene druk van de documentatie/bouwbeschri jving van de
z0 bekend geworden "IIART"-versterker. Deze versterker, welke
onder de bouwpakketten nog geen tegenhanger heeft, is ook in
november 1969 door de redaktie van Radio Bulletin getest en
besproken. De prijs van deze documentatie bedraagt f 2,50.
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Naast deze technische gegevens kunt U regelmatig in de vakliteratuur toe-
passingen en nadere beschri jvingen van TTL geintegreerde schakelingen aan-
treffen. Wij houden met opzet het verdere gedeelte van deze pagina open,
teneinde U in de gelegenheid te stellen, hierop de artikelen, welke U in-

teressant vond en

D OCHAKELTING

Diverse toepassingen

lers, enz.).

eventueel wilt kunnen naslaan, te noteren.

EN OMSCHRIJVING tijdschrift | mnd.|jr.|blz.
(prrth, frequenticdelers, tel- |
T, T | 7=9 | "j0[1-80
= - _ | . .
: _
S - 1
Dirtkcetinen Heefl G66N BIN  covrese s rvanosmvenesxnome ‘.,:__ -
oiwe e W B e e e e e i de tendens is TTL; zie pag. T6.
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