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8104

INTRODUCTION

The Signetics’ 8T04/5/6 are monolithic MSI seven segment
decoder/drivers that have been designed with TTL tech-
niques. They consist of the necessary logic to decode a 4-bit
BCD input to provide the appropriate outputs to drive
seven segment digital display devices. Numerals 0-9 as well
as selected signs and letters can be decoded for driving the
following types of displays:

° Light emitting diodes displays (LEDs)
L] Incandescent displays

° Interface transistors and SCRs

L Relays

The three decoders differ basically in the electrical charac-
teristics of the output transistors and their logical activating
level. Figure 1 shows a composite logic diagram. The 8T04
has “‘active low,”” high current sink open collector outputs
for driving indicators directly. The 8T05 has “‘active high”
outputs with internal pull-up resistors to provide sufficient
drive current to discrete transistors, SCRs and other inter-
face elements as well as Utilogic NOR and OR gates. The
8T06 also offers ““active high” outputs but these are of the
open collector type for maximum versatility in a variety of
current source applications.

LOGIC DIAGRAM

SEVEN SEGMENT DECODER /DRIVER

8105
8706

LOGIC DESCRIPTION

A composite truth table (Table |) has been arranged to
show the response of the 8T04/5/6 seven-segment decoder
/drivers to a 4-bit binary input code. When neither of the
auxiliary inputs are activated, a BCD code on the inputs (a,
b, ¢, d) conditions the outputs (A through G) correspond-
ing to a standard seven-segment layout as shown in Figure 2
such that numerals 0-9 can be displayed. Furthermore, any
non-BCD input is defined as well such that selected signs
and letters may be displayed in accordance with Table I.

Auxiliary terminals are provided for maximum versatility.
A ripple blanking input (RBI) and a ripple blanking output
(RBO) are used to suppress leading and trailing edge zeros
in multidigit displays. In addition, the internal logic design
allows the ripple blanking output to serve as a blanking
input as well and is therefore designated as RBO/BI. This
blanking input (Bl) overrides the ripple blanking signal and
may be used in various blanking and intensity modulation
applications.

The lamp test (LT) input is independent of any other input
and may be activated at any time. This input allows the
integrity of the display to be checked by overriding all
other input states.
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8T04/5/6 7-SEGMENT DECODER/DRIVERS

PIN CONFIGURATION AND 7—SEGMENT LAYOUT
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Where: a, b, c, d are the BCD inputs to the decoder/driver
A, B, C, D, E, F, G are the seven-segment outputs in
accordance with the standard layout as shown.

TRUTH TABLE

RBI = Ripple Blanking Input

RBO/BI = Ripple Blanking Output/Blanking Input

LT = Lamp Test

TABLE 1
INPUTS BI/RBO OUTPUTS OUTPUTS OISPLAY
INPUT CODE LAMP TEST RBI OUTPUT STATE OUTPUT STATE CHRARKCTER
d ¢ b a LT NOTE A B C D E F G A B C D E F G
X X X X 0 X X 0O 0 0O O O 0 © 1 1T 1 1 1 a3
X X X X 1 X 0 1 1 1 1 11 0O 0 0O O 0O O0 O BLK
Note 1 & 2)
0O 0 0 O 1 0 0 1 1 1 1 1 0O 0 0 O O 0 O BLK
0 0 0 o 1 1 (Ngre2) 0 0 0o 0 0 o0 1 11 1 1 1 1 o0 3=
0 0 0 1 1 X 1 1 0 0 1 1 1 1 o 1 1 0 0 0 O i
0O 0 1 o0 1 X 1 o 0 1 0 0 1 0O 1 1 0 1 1 0 1 2
o 0 1 1 1 X 1 0 o 0 0 1 1 o0 1 1 1 1 0 o0 1 2
o 1 0 O 1 X 1 10 0 1 1 0 o0 o 1 1 0 0 1 1 -
o 1 0 1 1 X 1 o 1 0 0 1 0 O 1 0 1 1 0 1 1 5
0o 1 1 0 1 X 1 1 1 0 0 O 0 O o o 1 1 1 1 1 5
o 1 1 1 1 X 1 0O 0 0 1 1 1 1 1 1 0 0 0 O g
1 0 o0 o 1 X 1 0 0o 0o 0o 0 0 O LERUNE I I S R =]
1 o o0 1 1 X 1 0o 0 o0 1 1 0 o0 1 1 1 0o o0 1 1 9
1 0 1 0 1 X 1 11 1 1 1 10 0 0 0 0 0 0 1 _\
1 0 1 1 1 X 1 1 11 1 1 1 1 0 0 0 O O ©o0 o© BLK
1 1 0 o© 1 X 1 o o O 1 0 0 o© 1 1 1 0 1 1 1 A
1 1 0 1 1 X 1 11 0 1 1 1 1 o 0 1 0 0 0 O '
1 1 1 0 1 X 1 1 1 1 0 0 0 1 o 0o o 1 1 1 0 i
11 1 1 X 1 1 11 1 11 0 0 0 0O O o0 O BLK
NOTE:
1. RBO/BI used as input
2. RBO/BI should not be forced high when a,b,c,d, RBI terminals are low, or damage may occur to the unit.
3. * Comma
4. X = Do not care, either ‘1" or "'0"’




8T04/5/6 7-SEGMENT DECODER/DRIVERS

TERMINAL CHARACTERISTICS

Since these 7-segment decoder/drivers are useful in many
applications and interfacing situations involving bipolar as
well as MQOS circuits, it is important to have a complete
understanding of the 8T04/5/6 characteristics.

The data inputs as well as the RBI input are TTL type
base-emitter diodes. Clamp diodes are employed to prevent
ringing that may occur on long interconnect lines. The
equivalent circuit is shown in Figure 3.

The RBO/BI signal is generated as shown in Figure 4. When
a BCD zero has been received at the data inputs with the
RBI input being low, transistor Q turns on and the collector
pulls the Bl input low internally. Since the RBO/BI ter-
minal may be grounded at any time, an overriding blanking
signal can be supplied externally. To avoid forcing the col-
lector "high when Q is activated, the Bl input should be
driven by an open collector device such as an 8891.

The output transistors of the 8T04 and 8TO06 are open
collector devices. It can be seen from the equivalent circuit
in Figure 5 that because of the collector-substrate isolation
diode the output should not be taken more negative than
0.5V without current limiting. The output leakage for the
8T04 and 8TO06 is specified at 100uA with 6V applied.
Because collector breakdown typically occurs above 15V,
an application may be considered with output voltages
higher than 6V but below breakdown when using a selected
device. In that case, current limiting to about 10mA should
be employed to avoid excessive power dissipation in the
output transistor.

The equivalent circuit for the 8T05 output which has an
internal diffused pullup-resistor is shown in Figure 6. In
interfacing it should be noted that the output will clamp at
one diode drop above V.

To allow judicious tradeoffs in designs, typical char-

acteristics for current source and sink capability are given
for the respective devices in Figures 7 through 9.
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RBO/BI TERMINAL

Vce Vee

RBO/BI

FIGURE 4

8T04 AND 8T06 OUTPUTS

ouT

FIGURE 5

8T05 OUTPUTS

ouT

FIGURE 6




8T04/5/6 7—SEGMENT DECODER/DRIVERS

TYPICAL CHARACTERISTICS

TYPICAL CURRENT SINK CHARACTERISTICS
OF THE 8T04 & 8T06 (OUTPUTS A THROUGH G)
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OUTPUT SPECIFICATIONS

Table 2 is designed to assist in selecting the proper decoder
for a desired application. The 8T04 has ‘“‘active low’’ out-
puts. Thus it is suited for high current sink applications
where the driver has to sink current from a load. However,

OUTPUT SPECIFICATIONS OF THE SEVEN SEGMENT

the 8T05/6 devices have “active high” outputs, meaning
that they are well suited for applications where current has
to be sourced to the load. This may be done either through
the internal pullup resistor (8T05) or through an externally
provided element (8TO6) when high current is required.

DECODER/DRIVER

TABLE 2
ACTIVATING | CURRENT SINK OUTPUT “1” LEAKAGE OR
PART NO. OUTPUT STRUCTURE LEVEL | SPECIFICATIONS CURRENT SOURCE SPEC.
8T04 OPEN COLLECTOR LOW 40mA @ 4V 100uA @ 6V
8T05 PASSIVE PULL—UP HI 5mA @ .3V —2.3mA @ 1V; —500uA @ 4.1V
8T06 OPEN COLLECTOR HI 40mA @ 4V 100uA @ 6V




8T04/5/6 7-SEGMENT DECODER/DRIVERS

APPLICATIONS

Several techniques are used for driving digital display de-
vices. The most straightforward application is to use one
7-segment decoder/driver for each display. Because a blank-
ing provision is available, the displays may be strobed for
low power operation or variable light intensity.

Depending on the existing circuitry it may also be advan-
tageous to time-share one decoder among several or all dis-
plays. In such a multiplexed operation, suitable timing and
decoding are incorporated such that only one display will be
illuminated at a time. This strobed operation is done at a
repetition rate high enough to appear flicker free to the
eye.

LIGHT EMITTING DIODE DISPLAY

Several light emitting diode displays ( LEDs) have common
anpdes. These require a decoder/driver with ‘“‘active low"
outputs and high current sink capability. Similar require-
ments exist for incandescent displays and the 8T04 is ideal
for these applications without the need for interface transis-
tors.

The turn-on characteristics of the display are important
when interfacing with the decoder/driver. Figure 10a shows

8T04 DRIVING 7—SEGMENT DISPLAY

the 8T04 driving a light emitting diode display. Since the
forward drop of the LEDs may be slightly unequal, they
may exhibit current-hogging if driven from a common volt-
age source. Thus, to obtain equal brightness in the display
segments, LED manufacturers generally advise to use indi-
vidual current limiting resistors. However, LED displays
have been used successfully without an apparent difference
in brightness as shown in Figure 10b. Current limiting resis-
tors are therefore eliminated.

An important consideration for incandescent displays is
inrush current through a cold filament, since it could be 10
times as high as the rated operation current. Figure 10c
shows the 8T04 driving an incandescent seven-segment dis-
play and if the external resistors R (dotted connections) are
used, a small current is allowed to flow through the lamps
during the off-state, keeping the filaments warm. Thus,
inrush current effects are minimized, prolonging the life
of the lamp.

Surge current protection of the driver is not required in this
context because the current-sink capability of the output
transistors is beta-limited. Typical tests have shown that
the output characteristics flaten out at about 80mA
(Figure 7), therefore setting a natural limit to inrush
current. Consequently, no damage to the driver will be
sustained when driving lamps that have steady state cur-
rents falling within the defined output drive capability of
the seven-segment decoder/driver.
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8T04/5/6 7—SEGMENT DECODER/DRIVERS

8T05 INTERFACING APPLICATION

The 8T05 has ‘“active high” outputs with internal TK ohm
pullup such that external buffers may be driven directly
without the need for additional components. Hence, it is
easy to interface with driver transistors that may be re-
quired for very high current incandescent lamps or high
voltage interfaces to fluorescent or gas discharge displays.

Should the need exist to interface with logic circuits, one
standard TTL load (-1.6mA @ .4V) can be driven. Utilogic
OR and NOR gates have base inputs and only require
180uA input current, thus allowing a fanout of 10. The
8T05 can also be used to drive SCR’s such as to interface
the 7-segment decoder with electroluminescent displays
that require high AC voltages. Such an application is shown
in Figure 11.

If additional drive current is required from the 8TO05 it is
possible to add external resistors from Vgg to the
7-segment outputs of the decoder/driver. Since the mini-
mum value of the total pullup resistors is constrained by

8T05 DRIVING ELECTRO—LUMINESCENT
DISPLAY

AC SUPPLY

ELECTRO—
LUMINESCENT
DISPLAY

TO OTHER SCRs

— RBI
8T05 RBO/BI |—
—] LT
a b ¢ d
HEN
FIGURE 11

the current sink capability of the output transistors, it is
advantageous to use the 8T06 which is pin compatible and
designed for high current source applications.

LED DISPLAY USING THE 8T06 DRIVER

Monolithic light emitting diode displays are presently
manufactured with common cathodes which require a
driver with current source capability. The 8T06 7-segment
decoder/driver has been designed specifically to drive
common-cathode LEDs, and employs open-collector tran-
sistors for maximum versatility. External pullup resistors
must be used to limit the source currents in accordance
with the LED manufacturers specifications and the in-
tended usage of the display. A typical application of the
8T06 driving a common cathode LED is shown in Figure
12. Because of the 8TO06's high current sink capability
(40mA\), it can be used as a LED driver for pulsed operation
or in the multiplex mode where only one decoder/driver is
used for a multidigit display. Figure 16 shows such an
arrangement in detail.

8T06 DRIVING MONOLITHIC LED DISPLAY
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8T04/5/6 7—-SEGMENT DECODER/DRIVERS

RIPPLE BLANKING AND INTENSITY
MODULATION APPLICATION

The provision for automatic blanking of leading and/or
trailing edge zeros is a very useful feature in multi-digit
displays. By blanking insignificant zeros, any display can be
easily read. For example, in a ten digit display a mixed
integer fraction (000457.1800) would be displayed as
457.18.

To suppress leading edge zeros, the Ripple Blanking Output
(RBO) of a decoder is connected to the Ripple Blanking
Input (RBI) of the next lower stage device. In the total
display, the most significant bit’s RBI input is connected to
ground to enable the blanking command to ripple through
if that decoder is addressed with a BCD zero (0000). It is
common practice to tie the least significant bit’s RBI input
to Vg since it is generally not desirable to blank the least
significant integer. Figure 13 shows an example for
n-integers.

Trailing edge zero suppression is needed when the fractional
part of a number has to be conditioned similar to the ex-
ample above. Because it is desirable to retain the first zero
after a decimal point, the RBI input of the most significant
digit in the fractional part should be tied to V(.

SEVEN—-SEGMENT DISPLAYS FOR n—INTERGERS

The RBO terminal may also be used as an overriding blank-
ing input (BI1) in a variety of inhibiting and strobing opera-
tions that may be associated with the outputs. An ex-
tremely useful application also shown in Figure 13 is
intensity modulation. The variable duty cycle multivibrator
can be used for low duty cycle strobed operation or display
dimming.

FLOATING DECIMAL POINT APPLICATION

The ripple blanking shown in the previous example may be
extended to an application such as desk calculator displays
where the position of the decimal point can be selected. In
Figure 14 a few additional gates are used such that the
decimal point can be fixed by means of a “select line”. To
select the decimal point position, the corresponding select
line must be at a logical “1"" while all the other select lines
are held at a logical ’0"".

As a result, the least significant integer as well as the most
significant part of the fraction will not be blanked (since
0.0 may occur which is a meaningful result) but any other
leading or trailing edge zero will be blanked to obtain an
easily readable display.
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RIPPLE BLANKING— Automatically suppresses all unnecessary zero’s which may be either those preceding the first significant digit
(as shown) or those trailing the last significant digit after a decimal.

2. LAMP TEST— Overrides all output states generated from input codes.
INTENSITY MODULATION— Turns on the seven-segment displays only for the pulse duration. This may be used as a lamp intensity

FIGURE 13




8T04/5/6 7-SEGMENT DECODER/DRIVERS

8 DIGIT DISPLAY WITH FLOATING DECIMAL POINT AND RIPPLE BLANKING
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2. Gates used: 8880 Quad 2-Input NAND Gate; 8885 Quad 2-Input NOR Gate; 8890 Hex Inverter.
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8T04/5/6 7-SEGMENT DECODER/DRIVERS

MULTIPLEXING OF DISPLAYS

When designing with multidigit displays, two distinctly
different approaches may be taken when interfacing the
displays with the decoder/driver circuitry. The standard
solution would be to use one decoder/driver for each digit
in the display. As the number of digits increases it is gener-
ally advantageous to time-share one decoder/driver among
all digits or groups of digits as shown in Figure 15.

The choice of one technique over the other depends heavily
on the application. In particular, the total hardware cost,
package count, and power consumption in a multiplexed
display system are not only influenced by the number of
digits that time share a decoder/driver, but also if the BCD
data is available in serial or parallel form.

The principal argument that may be advanced for multi-
plexing of displays is generally one of economics although a
considerable power savings may result as an added benefit.
For example, LED 7-segment displays have a high persis-
tence allowing them to be strobed with a very low duty
cycle which is an important consideration for battery
powered equipment.

A circuit for multiplexing a counter display is shown in
Fig.16. By using the 8T10 Quad-D-Type Bus Flip-Flop with
tri-state outputs, for storage buffers, the digit information
of all counter outputs can be bussed onto common BCD
lines. Thus, the design of a multiplexed display is greatly
simplified. In this example, common anode displays are
driven by an 8T04. Current limiting resistors are used in
each 7-segment line to assure equal brightness even if the
LED turn-on voltages are slightly unequal.

The 8250 Octal decoder that selects the BCD information
from 8T10 buffers and corresponding digit drivers is
indexed by an 8293 counter in the divide-by-8 mode. A
1kHz repetition rate for the multiplex oscillator was chosen
which is high enough to make the display appear flicker
free to the eye.

Notice that the 8T04 and 8T06 are very well suited for
strobed operation of displays. Because of their high current
sink capability, displays can be pulsed with high currents
and low duty cycles, enhancing the apparent brightness of
the displays and saving powsr at the same time. Use of the
8292 and 8293 counters further reduces system power
consumption.

GENERALIZED MULTIPLEXING SCHEME FOR DISPLAYS

DIGIT SELECT DRIVERS

DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY
TIMING “ A T
AND _— =
DECODING
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DECODER DRIVER
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DATA INPUT ——

BCD DATA
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FIGURE 15




8T04/5/6 7-SEGMENT DECODER/DRIVERS

MULTIPLEXING EIGHT LED DISPLAYS
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8710 QUAD D-TYPE BUS FLIP-FLOP

INTRODUCTION

Designers of digital systems have been using open-collector
TTL logic for many years because its wire-OR capability is
a powerful design tool. With the addition of an external
pull-up resistor, many open-collector outputs can be con-
nected onto a common bus, resulting in a considerable
savings of hardware and speed advantages over conventional
approaches. Particularly in computer design where bus-
organized systems architecture prevails, Signetics open-
collector MSI and open-collector gates are used exten-
sively. There are applications, however, especially in
systems with electrically short interconnects, such as on-
card bussing and areas of modular systems design, in which
performance can be improved by two new TTL compatible
bus driver circuits that have been developed by Signetics.

SIMPLIFIED TRI-STATE BUS DRIVER

T Vee

Qq
INO—

ouT

Q2

O CONTROL

FIGURE 1

These designs, the 8T09 Quad Bus Driver and the 8T10
Quad D-Type Flip-Flop combine the advantages of active
pull-up TTL with the wire-OR capability of open-collector
I Cs. Asshown in the simplified circuit diagram in Figure 1,
a bus driver can be designed to exhibit three distinct output
states. Such a tri-state device is unique in that it may act as
a normal TTL gate with low impedance logical 1" and
logical 0" levels as long as the control line is high. If the

*Unified Bus Maximizes Minicomputer Flexibility, ELEC-
TRONICS, December 21, 1970.

8110

8709 QUAD BUS DRIVER/

control line is grounded, drive current is removed from
the active pull-up Darlington-structure and a third, high
impedance output state results. Since in that third state
both output transistors (Qq and Qo) are biased in the off-
condition, only microampere leakage current will have to
be supplied to the device by an active bus driver tied to
the same bus.

Two integrated circuits, the 8T09 Quad Bus Driver and the
8T10 Quad D-Type Bus Flip-Flop that have tri-state
outputs will be described here and applications such as bus
organized information transfer, modular systems design and
multiplexing will be discussed.

8T09 QUAD BUS DRIVER

The 8T09 Quad Bus Driver is a hardware realization of the
tri-state bus driver concept. It may be seen from the circuit
diagram in Figure 2 that depending on the state of the
disable input, a driver will either act as a high speed
inverting buffer or will exhibit a high impedance “OFF"
state similar to an open-collector gate.

CIRCUIT SCHEMATIC OF 1/4 8T09

DATA
Oo— |
<
3 out
< L o
- > >
< <
<28k 3
R
DISABLE
1/4 8709

|||:

FIGURE 2

1



8T09 QUAD BUS DRIVER/8T10 QUAD D—TYPE BUS LATCH

The Darlington pull-up structure at the output provides
high current source capability (guaranteed 5.2mA at 2.4V)
when driving a data bus, thus allowing high speed operation
even when driving heavy capacitive loads. The current sink
capability of the bottom transistor is 2-1/2 times that of a
standard TTL gate (guaranteed 40mA at 0.4V) making the
device very versatile in a variety of interface situations.

Figure 3 shows the logic diagram and truth table of the
8T09. A logical “0” on the disable input makes the
bus-driver a high speed inverting buffer with low impedance
logical ““1”" and logical ‘0" states. To place the output in
the high-Z disable state, the disable signal has to be a logical

LOGIC DIAGRAM AND TRUTH TABLE OF THE 8T09

“1”. This fact is beneficial when considering fail-safe
operation since removal of the disable signal, which may
happen accidentally, will not damage any driver. The inputs
of the 8T09s are diode clamped to discriminate against
negative ringing.

APPLICATIONS OF THE 8T09 QUAD
BUS DRIVER

Tri-state outputs combined with high-speed and high
output current capability in both the logical ““1” and
logical ““0”" level allow the 8T09 to be used in a variety of
bus-organized systems and wired-OR applications.

14 13 12 1 10 9 8
VCC DATA DIS - ouT BIS-E DATA ouT
L
ABLE A8 DATA DISABLE OUTPUT
0 0 1
1 0 0
0 1 HI-Z
DIS- DIS- 1 1 HI-Z
DATA [ABLE ouT ABLE DATA OUT GND
1 2 3 4 5 6 7
FIGURE 3

In existing logic designs, the 8T09 may be used to replace
open-collector devices to increase systems speed by as
much as a factor of ten. This speed improvement is ac-
complished by the short propagation delays associated with
the data path (10ns max.) and the excellent capacitive
drive capability of the 8T09. As an added benefit, pull-up
resistors are no longer necessary, which will also have an
impact on new systems designs where bussing can be used.

Figure 4 illustrates the excellent drive capability of the
8T09. Since a disabled bus-driver is in the high-Z state and

LOGICAL “1” DRIVE CAPABILITY OF THE 8T09

only requires 40uA leakage current, as many as 129 disabled
drivers and a standard TTL gate (8880 or 7400)can be driven
by one 8T09 in the logical ““1" state. The 8T09 also has
high current sink capability in the logical 0"’ state, making
many other driver and receiver combinations possible. Of
special interest is a bidirectional data bus as indicated in
Figure 5. When using standard TTL gates as receivers such
as 8880s and 7400s, as many as 25 receiver/transmitter
pairs may be tied onto the same bus without exceeding the
logical 0" drive capability of the 8T09.

DRIVERS
|
1
ACTIVE
. ] —
(LOGICAL “1 STATE) HIGH-Z HIGH-Z HIGH-Z RECEIVER
r———
4 14 | wva | 14
8T09 87109 | 5 8880/7400
s o
1
ouT 40uA 40uA 40uA I 40uA
} 1) }
_ ) BUS
IH1.2(LEAKAGE) 404A X 129 DRIVERS =  5.16mA
11N(1) LOGICAL “1” INPUT CURRENT 40uA = _.04mA
5.20mA
FIGURE 4
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8T09 QUAD BUS DRIVER/8T10 QUAD D—TYPE BUS LATCH

BIDIRECTIONAL DATA BUS

1/4 8880 1/4 8880
DATA DATA
ouT 1/4 7400 1/4 7400 ouT
DATA IN| BUS DATA IN
1/4 8709 1/4 8709
CONTROL CONTROL
0 = TRANSMIT 0= TRANSMIT
1=RECEIVE 1=RECEIVE
FIGURE 5

Standard MSI circuits may be adapted easily to bus-
organized systems. By using the 8T09 as shown in Figure 6,
a minicomputer can be designed using a single high speed
bus. An arithmetic logic unit (74181), scratch pad memory
(8225) and 1/0 devices (through 8233 multiplexers) may
communicate directly. Moreover, microprogrammed in-
structions from a 1024 bit tri-state FROM (8229) may be
put on the bus with out need for an interface.

8T09 IN A BUS—ORGANIZED MINICOMPUTER

°|T °zT°:T o.T

8271
REGISTER

D1[D2| D3] Dy

+—4

74181
ALY

8709
8708
8250 & 4
OCTAL n
DECODE
o >
SCRATCH
PAD ?C
8709
l':] m
8233 ‘?c
MUX ?c
8229
TRISTATE
FROM
(MICRO
PROGRAM)
Do 0000
DATA BUS

FIGURE 6

8T10 QUAD D—-TYPE BUS FLIP—FLOP

A logical extension of the 8T09 bus driver is the 8T10 Bus
Flip-Flop. In one integrated circuit a Quad D-Type flip-flop
has been combined with tri-state output drivers for use in
bus organized systems. As shown in Figure 7, the outputs
are disabled, i.e., switched to the high impedance state
when one or both of the inputs to the output disable
NOR-gate are a logical ““1”. Having two output disables
facilitates X - Y decoding with active low decoders such as
the 8250/51/52. Since the outputs will only be enabled
with a logical ‘0", fail-safe operation in bus-organized
systems is assured should the disable signal be removed such
as is the case when the disable driver card is removed for
some reason.

LOGIC DIAGRAM OF THE 8T10

IN DISq

e

IN DIS; cLOCK

GND

©

~

o

F

w

N

T T 0 O

FIGURE 7

All four D-Type flip-flops operate from a common clock,
and the data is transferred from the input to the output on
the low-to-high transition of the clock pulse. The minimum
clock-pulse width is 12ns. Since the clock pulse and the
input disable are gated through a common NAND-gate, the
input should not be enabled while the clock is high to avoid
false triggering. Input enable should be defined before the
clock rises, but may change any time thereafter.

With one or both of the input disable inputs at a logical 1"
the flip-flops are in the hold mode and will store the
information clocked in prior to the disable signal. A
common clear input has also been provided. All flip-flops
will be reset upon application of a logical 1" clear pulse at
least 15ns wide.
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8T09 QUAD BUS DRIVER/8T10 QUAD D—TYPE BUS LATCH

TRUTH TABLE OF THE 8T10

Dp INps OUTps OUTh+q

0 0 0 0

1 0 0 1

X 1 0 ouT,

X X 1 HIGH Z
FIGURE 8

The 1" level output current from the 8T10 tri-state

outputs is the same as the 8T09, thus by the same argu-

ment , an 8T10 output can drive 129 8T10s or 8T09s in
the high-Z state as well as a standard 8800 or 7400 gate
(Ref. Figure 4). The 8T10 outputs have 32mA current sink
capability at 0.4V, meaning that up to 20 standard loads

can be driven. Therefore, like the 8T09, the 8T10 can be
used in a variety of applications where high current sink
capability is required. To guarantee trouble-free systems
performance, all data and control inputs of the 8T10 are
diode clamped to discriminate against negative noise and
ringing.

APPLICATIONS OF THE 8T10 QUAD D-TYPE
BUS FLIP—FLOP

The buffered tri-state outputs of the 8T 10 allow the device
to be used directly with other 8T10s in high speed bus-
organized systems without the need for interface gates or
pull-up resistors. Whenever tri-state bus interfaces without
storage are desired, the 8T09 may of course be used. The
8T09 bus driver has the same output characteristics as the
8T 10 and with slightly higher current sink capability.

MULTIPLEXING OF DATA IN BUS—ORGANIZED SYSTEMS

Cp —|

DATA
BUS

o I I T | | | 1 1 |
7 ::P 8T10 o ] lcp 8T10 o B (I:P 8T10 o 7 ::P 8T10 o ICP 8T10 on I
_E‘ D DI— f D DI -E D D -[' D D _E D D
— cp — Cp — Cp — Cp Cp
I b 8T10 oo ’_II o 8T10 oo J I I 8T10 B _J _[ o 8T10 op _[/ o 8T10 op —
LT T T LT T LT L T LT T T
FIGURE 9
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8T09 QUAD BUS DRIVER/8T10 QUAD D—TYPE BUS LATCH

Multiplexing of data in bus-organized systems is rather
simple, as illustrated in Figure 9. Each 8T10 provides data
storage and is selected onto the bus by a logical 0" on
both output disable lines. By means of an 8252 one-out-
of-ten decoder and an 8280 counter, any one of the 10 bus
flip-flop devices can be selected. Should another section of
the bus be busy, the 8252 may be blanked, which disables
all ten 8T 10 devices shown.

As mentioned previously, as many as 129 other 8T10’s, as
well as a standard TTL receiving gate may be driven by an
enabled 8T10. To facilitate output decoding, each 8T10 has
a 2-input NOR-gate for the output disable function. As long
as either NOR-gate input is high, the 8T10’s outputs will be
disabled and in the high-Z state. Figure 10 shows how two
8250 one-out-of-ten decoders are used in an X - Y matrix
that can select one-out-of-64 8T10s onto the data bus.

X—-Y MATRIX FOR SELECTION OF 8T10
BUS FLIP—FLOPS

DATA BUS
o
o—
o— 1
o— —| — Op, Op
8250 _; 1 21—
o—
lo— | 8T10
° I
I
o——| |
o
b ]
ss0 [P I Op, Op,| 4

O— — = |
o |
o— | 8T10
P— 1

L

| 4

Op; Op,
8T10
FIGURE 10

Multiplexing of displays is greatly simplified and hardware
is significantly reduced when using the 8T10 Quad D-Type
Bus Flip-Flop. Figure 11 shows that one decoder driver
such as the 8T01 NIXIE decoder/driver or the 8T04/5/6
seven-segment decoder/driver may be time-shared among
several displays. If the display is large enough, the digit
select drivers and decoding circuitry will cost much less
than individual decoder drivers. In addition, strobing
displays will result in a net power savings.

MULTIPLEXING OF DISPLAYS USING

—__»[ DIGIT SELECT DRIVERS ]
+—
IDOSPLAY I I DISPLAY I DISPLAY
TIMING i s et et
AND
SELECT DISPLAY 8T01 NIXIE DECODER/DRIVER
CIRCUIT DRIVER 8T04/5/ 6 SEVEN SEGMENT
DECODER/DRIVER

8T10 Opp— 8T10 opf— 8T10 0Op

RN LTI 1

L ]

T
DATA SOURCES

FIGURE 11

The 8T10 may also be configured into a bus-organized
register file that can be used in a variety of applications
requiring a scratch pad memory. Figure 12 shows such an
application. Simultaneous read and write are possible and
the memory is easily expanded in word length. Input and
output decoding of the 8T10 is simplified because of its
NOR-gate input and output disable lines.

SYSTEMS CONSIDERATIONS

The 8T09 and 8T 10 bus devices are easy to use but caution
should be exercised in systems design with tri-state devices.
Because of their high output current capability the 8T09
and the 8T 10 should be adequately decoupled just as other
TTL drivers, placing a 0.01 to 0.1uf high frequency cap-
acitor as close as possible to the package.

In a system only one tri-state bus device per common bus
is allowed to be enabled at a time. It should be realized,
however, that in a practical system, control signals may be
skewed, creating a slight overlap of the disable signals. Thus
it is possible for a transient condition to occur in which two
output stages are turned on simultaneously with opposite
logic levels. In general, these conditions should be avoided
although narrow overlaps of control signals with low duty
cycles may not damage any bus drivers and adequate de-
coupling will handle the surge current demand.
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8T09 QUAD BUS DRIVER/8T10 QUAD D-TYPE BUS LATCH

4X4 BUS—ORGANIZED REGISTER FILE

Cp

WRITE ENABLE WRITE SELECT

| 1

1/274186 2-4 LINE DECODER

il

FIGURE 12

Cp Dy Dip | Cp Dy, Dip| | Cp Dy Dy Cp Dy D1 |

Ll

_— == _J
8Ti0 02 8710 8710 8T10

Q3

00‘ 0010‘ —
1/2 74165 2-4 LINE DECODER
READ ENABLE READ SELECT

OUTPUT
BUS

INPUT
BUS
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8T13 LINE DRIVER /8T14 LINE RECIEVER

8T13 DUAL LINE DRIVER

The Signetics 8T13 is primarily intended for driving low
impedance transmission lines such as coaxial cable, twisted
pair or ribbon conductors. Both input and outputare TTL
compatible and the device is operated from a single 5 volt
power supply.

1 10
2 n
3 12
4 7 13 9
5 14
6 15

Vcg = Pin 16

GND=Pin 8

FIGURE 1

1/2 8T13 LINE DRIVER

8114

LOGIC

The 8T13 contains two AND-OR circuits with one 4-input
and one 2-input AND gate for each driver as shown in
Figure 1. Unused inputs should be connected to driven
inputs where possible to increase circuit speed and to
minimize noise coupling into the device.

CIRCUIT DESCRIPTION

The electrical schematic for one of the drivers is shown in
Figure 2. The output of the driver is a low impedance
emitter follower with built-in short circuit protection.
Referring to the circuit, it can be seen that transistor Qg
will turn on once the output has dropped below approxi-
mately two diode drops. Base drive will then be diverted
from Qg and the output transistor will turn off. Typical
output voltage versus current characteristics are shown in
Figure 3 over the full temperature range (-55°C to +125°C).-

Vee ©
4k%4k 1k %360 1.4k
3 <
0.1 j/T
ol KOs
[
o Os
o
O-
1k
FIGURE 2
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8T13 LINE DRIVER/8T14 LINE RECEIVER

The output impedance of the emitter follower output stage
during the logic “0” to logic ““1” transition is approxi-
mately 15 ohms. This low impedance combined with the
inherent drive capability of the 8 T13 results in an excellent
device for driving heavy capacitive loads. Figure 4 shows
the typical rise time versus load capacitance for the 8T13
with a 50 ohm pull-down resistor. The output fall time will
be governed by the equation: T=2.2 RC.

Parallel operation of the 8T13 for additional drive capa-
bility can be accomplished. The function obtained is then
the logic OR of each output tied to the common bus.

TYPICAL OUTPUT CURRENT VS.

OUTPUT VOLTAGE
400mA
8T13
| Ve =5.0v

300mA
5 {\\\
% 200mA \\%o
SN

=
100mA \\
° 0 w 2v 3v \\ av 5V

OUTPUT VOLTAGE

FIGURE 3

TYPICAL RISE TIME VS. LOAD CAPACITANCE

80

8T13
Ve =5.0V
Ta=25°C

RISE TIME (ns)

" /N L
500
CL
6 | [
0 1000 2000 3000 4000
cL (pf)
FIGURE 4
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FIGURE 5

POWER DISSIPATION

Typical power supply current and output voltage as a func-
tion of load current is shown in Figure 5. For convenience
corresponding values of load resistance are also shown. This
graph is useful in calculating the total power dissipated by
both line drivers in a single package.

Depending upon the output state, the power dissipation of
each driver is:

(Logic ‘1") Pdiss = [{Vce — Vout) X lout] +50mW

(Logic ‘0') Pgijss = 140mW

For example, if both drivers in-a package are connected to
50 ohm lines but one is turned off (logic ‘0’ state), the total

power dissipation would be:

Pdiss = Pgiss (‘1' state) + Pgjss (‘' state)

[(BV — 3.3V) X 65mA] + 190mW

300mW



8T13 LINE DRIVER/8T14 LINE RECEIVER

8T14 LINE RECEIVER

The 8T14 was designed to be used at the receiving end of a
transmission line for reshaping digital pulses. The device has
a built-in hysteresis of 0.5 volt (typical) to discriminate
against line reflections and noise. The line receiver is also
TTL compatible and operates from a single 5 volt power
supply.

LOGIC

The 8T14 contains three line receivers, each of which can
be strobed independently. Additional logic is included to
allow the output to be forced to a logic ‘0" by external
control signals. (Refer to Figure 6 for complete logic dia-
gram.)

(3) Ry (10) Rz
(4) $1 '1(7)(11)51
(5) Aq

(12)A;
(6) By 2
Vce =Pin 16
GND = Pin 8

FIGURE 6

CIRCUIT DESCRIPTION

The receiver input of the 8T14 is basically a differential
amplifier with a constant current source replacing the
common emitter resistor (see Figure 7). The input impen-
dance is therefore very large, being typically 30 — 50
kilohms. Loading effects are then minimal, an important

1/38T14 LINE RECEIVER

factor when several receivers are used on the same trans-
mission line.

The output of each line receiver is similar to that used in
high speed TTL logic gates. Output rise time is reduced
with the low impedance Darlington-type pull-up structure.
Typical source and sink current capability over the full
temperature range are shown in Figures 8 and 9.

?Vee

Qqg

FIGURE 7
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8T13 LINE DRIVER/8T14 LINE RECEIVER

HYSTERESIS

The 8T 14 exhibits typically 0.5 volt hysteresis as shown in
Figure 10. Using the values of upper and lower threshold
voltages as indicated, we can calculate the noise immunity
for both logic one and zero levels. These calculations
assume that the device is being driven with a logic swing of
0.4 to 2.8 volts.

Logic ““1"" Noise Immunity (N1)
N1=V1—-VyT=28V -1.35V
N = 1.45V
Logic /0" Noise Immunity (Ng)
No=VLT—Vp=1.85V - 0.4V

Ng = 1.45V

[
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8T13 LINE DRIVER/8T14 LINE RECEIVER

APPLICATIONS

8T13 8T14

- 25'
ouTt

‘F:) J;Da)ﬁf §50wz®J D’?@’
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100 nsec per Division

FIGURE 11

TWISTED PAIR
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100nsec per Division

FIGURE 12

PARTY—LINE APPLICATION
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8T13 LINE DRIVER/8T14 LINE RECEIVER

GENERAL EQUATIONS FOR PARTY LINE
APPLICATIONS

receivers are tied onto a
it can be

When multiple drivers and
common bus in a party-line applications,
easily ascertained if the required current is within the
drive capability of an 8T13 driver. Figure 14 shows a
generalized example.

The equations given below will show if a driver can handle
the load.

= ITERMINATION * ILOAD

louT(1)
VouT(1) = 2.4V
Where: I oaD = (m — 1) ILEAK(T) + nlN(T)
m = number of drivers
= number of receivers
Example:

Can the 8T13 and 8T 14 be used in a bus-organized system
where 15 drivers and 20 receivers are tied onto one

PARTY—LINE APPLICATION

common bus. The bus is 100§2 coax-cable, terminated at
both ends.

Given: m=156
n=20
RTERM = 10082

louT(1) =75mA

at VouT(1) = 2.4V
lOUT(1)gak = S00uA
lIN(1) =0.17mA

ILOAD = (14) (0.5mA) + 20(0.17)mA
= 10.2mA

I 2.4V A8
= —— =48m
TERM 500

ITERM * ILOAD < 10UT(1)
58.2mA < 75mA

The answer shows that the above application is well within
the 8T13’s drive capability.

m - DRIVERS
X

8T13 8T13

8T13 8T13

8T14

>
RTERMi

8T14

>
L RTERM.
8T14

T
n - RECEIVERS

FIGURE 14
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USING THE 8T14 AS A SCHMITT TRIGGER

The Signetics 8T14 Triple Line Receiver was designed pri-
marily for data communication systems where digital infor-
mation must be recovered with a high degree of accuracy,
even in the presence of noise.

However, as shown in Figure 1, the Line Receiver inputs
having hysteresis together with the additional logic func-
tions available make the 8T14 a powerful multipurpose
device. For a thorough discussion of the 8T14's electrical
characteristics please refer to the applications memo
covering the 8T13 Line Driver and the 8T14 Line Receiver.

8T14 TRIPLE LINE RECEIVER

(3) R
(4) s
(5) A L
(6) B
(10) Rz
(11) Sz
f2 (9)
(12) A2
(14) R3
(15)  S3
f3 (13)
(1) A3
(2) B3
(16) Ve
(ByenD FIGURE 1

The built-in hysteresis of the line receiver makes it ideal for
use as a Schmitt trigger. For example, signals with slow
transition times can be reshaped with the 8T14 to be suit-
able for use with high speed logic as illustrated in Figure 2.
By taking advantage of the additional logic inputs, the
circuit could also be used as a controlled Schmitt trigger.
Typical rise and fall times of the 8T14 are less than 10ns
with minimum capacitive loading.

SCHMITT TRIGGER

A/
oc LOGIC

A O\ F g

FIGURE 2

A special case of a Schmitt trigger application is sine-to-
square wave conversion. The circuit shown in Figure 3 was
found to be a very effective and convenient means of
driving the frequency divider chain of a digital clock.

SINE-TO-SQUARE WAVE CONVERTER

116V

: 1/3(8T14)

FIGURE 3

The Schmitt trigger characteristics of the 8T14 can also be
used to advantage in a monostable multivibrator, or one-
shot as illustrated in Figure 4.

ONE—SHOT

FIGURE 4
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USING THE 8T14 AS A SCHMITT TRIGGER

With resistor values less than 5K, the output pulse width is
=0.9 RT CT. Above 5K, RT begins to approach the input
impedance of the 8T14 and the equation is no longer valid.
Figure 5 is a graph of pulse width versus timing capacitance
for the circut shown in Figure 4.

OUTPUT PULSE WIDTH VS. TIMING
CAPACITANCE

100m$ I
Vec =5.0v /
10ms 4
ms ///
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o
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T 10048 kS
& 4 S
5 8
2 / g
S
1048
WS ////
0.1:8 /
10pF 100pF 1000pF e1ufF AuF WF 104F
TIMING CAPACITANCE C
FIGURE 5

To increase pulse width, capacitor multiplication with PNP
transistors can be used as indicated in Figure 6. The effec-
tive capacitance becomes approximately ﬁXCT. Using a
10KS2 resistor and 47uF capacitor, pulse widths of 50
seconds were obtained.

ONE SHOT WITH BETA MULTIPLIER

1/3(8T14)

FIGURE 6

Without diode D9, capacitor CT does not discharge rapidly
below 1.5 volts and does not allow the one-shot to retrig-
ger. The diode provides a low impedance path back through
the saturated output transistor and significantly increases
the duty cycle.

24

When the input pulse width is larger than the required out-
put pulse, the input can be differentiated by a small series
capacitor. Using a 22pF capacitor, output pulse widths as
short as 50ns can be obtained.

By providing an additional stage of inversion, the 8T 14 can
be used as a gated oscillator as shown in Figure 7. Using one
of the remaining receivers in the package for the inverter
the circuit was found to oscillate at:

1

fose =47 RC
OSCILLATOR

_______lnﬁ"‘)

r I

! |

| v

GATE cc Ll » o
o——i UL
|\ J
———WW 94

FIGURE 7

Figure 8 is a graph of oscillator frequency versus capaci-
tance for two values of resistance. With the addition of a
Hex Inverter such as Signetics 8890 three separate oscilla-
tors with buffered outputs could be built with only two
packages.

OSCILLATOR FREQUENCY VS, CAPACITANCE
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8T15 LINE DRIVER/ 8T16 LINE RECEIVER

8T15 DUAL LINE DRIVER

The 8T15 Dual Communications Line Driver provides line ]

Driving capability for data transmission between data com- +8— vcc“_‘fm

munication and terminal equipment. The device meets or Wl ¥EE‘2;’Z
exceeds the requirements of EIA Standard RS-232B and C,

MIL STD-188B and CCITT V 24.

S —

CIRCUIT DESCRIPTION A

The 8T15 requires a dual power supply with nominal "
voltages of +12 and -12V volts. The output circuit features
current limiting and can be shorted to 25 volts without
damage. Figure 1 shows the typical output characteristics % 0 b 0 B o b 10 55 20 9z
for all possible operating conditions. Above approxi- .
mately £7 volts, the effects of current limiting cause the FIGURE 1
output impedance to increase to = 5 kilohms.
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8T15 LINE DRIVER/8T16 LINE RECEIVER

LOGIC DIAGRAM

As shown in Figure 2, each driver performs the logic NAND
function of four inputs and will accept standard TTL logic
levels. The output is buffered to drive interface lines with
nominal data levels of +6V and -6V. Output slew rate may
be adjusted by attaching and external capacitor from the
output terminal to ground. The outputs are protected
against damage caused by accidental shorting to as high as
+25 volts.

[e] [s] ] [ [e] [o] [e]

Vee VEE

OpORERURORCEOE

FIGURE 2

Figure 3 shows the typical transfer curve of the Line Driver
at +25°C. Except for the output voltage swing of £6 volts,
the curve is essentially identical to that for a standard TTL
gate.
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Veg = H12v
Vgg=-12v
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FIGURE 3
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In systems where crosstalk is likely to occur between trans-
mission lines, the rise and fall time of the data pulse can be
tailored by connecting a capacitor from the output of the
8T15 to ground.’ Since the output current in either a 1"
or 0" state is supplied through a constant current source,
the transition time is a linear function of the load capaci-
tance as shown in Figure 4. The circuit below was used to
measure the transition time as C|_ was varied between 0 and

1uf.

-3v
-6V
T
B 8T15 /
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100 /
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L 10 /
A
A
1
.001 .01 A 1
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FIGURE 4




8T15 LINE DRIVER/8T16 LINE RECEIVER

Table 1 provides a summary of the specific requirements of
EIA Standard RS-232B and C, MIL STD-188B and CCITT

V 24 for Communications Line Drivers along with the
electrical characteristics of the Signetics 8T15.

SPECIFICATION EIA RS-232B, C MIL-STD- CCITT V24 SIGNETICS 8T15
1556 (LIMIT) (TYPICAL)
Output Voltage “1" —5Vmin.(F(L = 300082) -6 £1V -5Vmin. (RL = 3000%2) -5Vmin. -7Vmax -6V at 4mA
-15Vmax.(RL = 7000%2) —15Vmax.(RL =700082) at 4mA
Output Voltage ‘0" +5Vmin.(R, =3000%2) +6 £1V +5Vmin.(RL = 3000%2) +5Vmin., 7Vmax. +6V at -4mA
+15Vmax.(R_=70009) +15Vmax.(R = 700082) at -4mA
Source Impedance Not Specified 1002 max. Not Specified 95 for
(power on) for | <10mA +(0.5 to 4.0 mA)
Source Impedance 300min. at +2V N/A 300min. at +2V 300min. at +2V 2.5MQ
(power off)
Max. Short Circuit +500mA max. 100mA max. +500mA max. +25mA max. +5mA
Current (to £25V) (to ground) (to +25V) (to +25V) (to +25V)
Wave Shape +4% of pulse +5% of pulse 4us-3000pF 2us-3000pF
(rise and fall time) Interval (max.) Interval (min.) 200ns-20pF 25ns-20pF
Bit Rate 0-20KHz 4KHz normal 20KHz max. 3MHz
Open Circuit Drive +25V max. +6V *1V 6V 1V 6V
Signal Characteristics 1ms max. transition 1ms max. transition 2us with
CL = 3000pF
30V/us max. dV/dt 30V/us max. dV/dt 20V /us with
CL = 500pF

8T16 DUAL LINE RECEIVER

TABLE 1

The 8T16 was designed for use as either an EIA or MIL
Line Receiver for interfacing with data communication and
Two MIL inputs (MIL+ and MIL-)
Each

terminal equipment.
and one EIA input are provided on each receiver.

CIRCUIT SCHEMATIC

output can be strobed independently and a hysteresis con-
trol is provided for shifting the threshold voltages for use in
the EIA Fail-Safe mode. The 8T 16 operates from a single
+5 volt power supply.

STROBE
Q

L —O Vee
:: 800 %

W

O out

27




8T15 LINE DRIVER/8T16 LINE RECEIVER

LOGIC DIAGRAM

The strobe input operates as follows:
a) A 0" on the strobe input allows data transfer.
b) A 1" on the strobe input holds the output high.
(Throughout this Application Memo the negative logic con-
vention is used, i.e., a logic ‘1"’ refers to a relative low
voltage and a logic ‘0" to a relative high voltage.)

It is important to note that when using the EIA input both
MIL inputs must be grounded. The EIA input can be left
open when unused.

VCC OUTPUT STROBE HYST. MIL(+) EIA MIL(-)
[ 3 [ [o] o] [5] [7]

T

+

) |

+

=]
Ll L] o] L] [of Lo L]

MIL(-) OUTPUT STROBE HYST. MIL(+) EIA GND

FIGURE 5

The 8T16 Line Receiver accepts single-ended (MIL and
EIA) or, differential (MIL) signals and converts them to

- standard TTL logic levels. The circuit employs hysteresis
to obtain the high noise margins required when the re-
ceivers must operate in noisy environments. The upper
threshold voltage can be shifted above 0 volts by grounding
the hysteresis control line. This allows the receiver to be
used in the EIA Fail-Safe mode. Figures 6 through 8 illus-
strate typical hysteresis characteristics for all three oper-
ating conditions.

EIA HYSTERESIS

4 Vour

+4V <+~

Y

A +2v 1 Y

-
T

< + t + + + + & V|N
-3V -2V -V OV +1V 42V 43V
: '
Vut Vit
FIGURE 6
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EIA “FAIL-SAFE"” MODE

Vout
+4V 4
+2V + [ ‘
o Vin
+1'V +2'V +Z;V o
FIGURE 7
MIL HYSTERESIS
AVour
+4V 4
+2v4
A ViN

>

+ = t +
-1.0v .05V ov +0.5V  +1.0V

FIGURE 8

Figure 9 is a curve of noise immunity versus pulse width
assuming the receiver is being driven with a signal whose
amplitude is normally 6 volts. The noise rejection cap-
ability of the 8T16 provides approximately 15 volts of
noise immunity to pulses = 30ns.
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8T15 LINE DRIVER/8T16 LINE RECEIVER

The 8T16 output is TTL compatible as shown in Figures10

and 11 where the typical source and sink current capability

are illustrated for the 0°C to +75°C temperature range.

5.0

| 100
3‘:::; sov s?ci 5.0V
4.0 80
7 +75°C we L —T |
- | —— o
: LN T
é o°c, 26°C g % | e I—F]
g \ :
é 2.0 \ T a0
3
10 ‘\ 20
o N . //
0 10 20 30 40 50 60 70 [ 0.5V 1.0v 1.5V 2.0V 25V 3.0v
OUTPUT CURRENT (mA) VcEg (VOLTS)
FIGURE 10 FIGURE 11
EIA MIL-STD CCITT SIGNETICS 8T16
SPECIFICATION RS-232B, C 188B V24 LIMIT TYPICAL
Input Thresholds | +3V, -3V Not Specified +3V, -3V +3V, -3V (1) +2V, -2V (1)
(V) Max. +0.9V, -0.9V (2) +0.6V, -0.6V (2)
+3V, +0.3V (3) +2.1V, +1V (3)
Input Thresholds | Not Specified 0.1mA max. Not Specified .TmA max. 0.050mA
(1) Max.
Input Resistance 3K min., 6K min. 3K min., 3K min. 7K max. (EIA) 5K (EIA)
7K max. 7K max. 7.5K min. (MIL) 12K (MIL)
Hysteresis Not Specified Not Specified Not Specified 2.4V min. (EIA) 4V (EIA)
0.7V min (MIL) 1.2V (MIL)
Max. InputVoltage| +25V (min.) Not Specified +25V (min.) +25V (EIA)
VCC Not Specified Not Specified Not Specified +7V +5V £5%
NOTES: 1) EIA Input, Hysteresis terminal open 2) MIL Input 3) EIA Input, Hysteresis terminal grounded

APPLICATIONS

TABLE 2

HIGH DIFFERENTIAL NOISE IMMUNITY

TED DD

%(8T15)
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8T15 LINE DRIVER/8T16 LINE RECEIVER

APPLICATIONS (Cont'd)

HIGH COMMON MODE NOISE IMMUNITY
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8720 BI-DIRECTIONAL ONE-SHOT

INTRODUCTION

The 8T20 bidirectional one-shot is a functional building
block that combines in one monolithic IC a high speed
comparator, digital control circuitry and a precision one-
shot. As shown in Figure |, the device may be driven with
differential or single ended signals; and for convenience, a
resistive divider on the chip will provide a TTL reference
voltage. The comparator outputs are limited and made
accessible through buffers for additional design flexibility.
The output of the limiter feeds digital control circuitry
which generates a trigger pulse each time the input makes a
positive or negative transition across the reference level. By
means of a positive edge control (PEC) as well as a negative
edge control (NEC) the precision one-shot may be condi-
tioned to trigger on the positive edge and/or the negative
edge. The one-shot is non-retriggerable and its period may
be adjusted by means of external timing components. An
active-high clear input inhibits the operation of the 8T20
and terminates already initiated timing cycles as well.

LOGIC DIAGRAM

The 8T20 will simplify system design and significantly
reduce parts count in applications where signal conditioning
and timing pulse generation is required. Input and output
waveforms are shown in Figure 2 for easy reference. The
usefulness of the 8T20 in magnetic recording of digital data
and digital data transmission will be discussed among
other applications.

DEVICE DESCRIPTION

The input stage of the 8T20 is a differential pair with high
input sensitivity and a differential input impedance of
approximately 2k§2. The differential threshold voltage (VT)
is #4mV maximum and is defined as the maximum offset
voltage from the reference level of one input beyond which
the one-shot is guaranteed to fire. Thus, by observing the
first accessible digital output of the one-shot which is pin 12
(one of the Cx terminals), the DC input voltage (VT) re-
quired to make the one-sh/ot trigger can be ascertained.

LIMITER_
OUTPUT A

CONNECTED
INTERNALLY
TO +Vge

(PIN 16) D

NOTES: LIMITER
1. Rx,Cx external components OUTPUT A
2. Pulsewidth t,, = Rx CxLogg2

3. 4 VEg = -5V £ 5%

4, 8 GND

5. 16 Ve = +6V * 5%

Vee
Cx
POSITIVE EDGE Rx
CONTROL (PEC)
2 12| 14| 16
__________ gl i S
|
|
|
|
|
|
|
|
n
Q —Lo
PRECISION |
ONE-SHOT :
- 10
‘I °
|
|
|
|
- 3
(o]
NEGATIVE EDGE CLEAR
CONTROL (NEC)
FIGURE 1
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8T20 BI-DIRECTIONAL ONE—-SHOT

Common mode signals will not cause false triggering of the
8T20 as long as they are confined within the dynamic range
of the analog inputs which is between -3.2V and +4.2V.
Since in many applications TTL compatible signals are
available to drive the 8T20, the output of an internal resis-
tive divider can be connected to one of the differential
inputs as a TTL threshold reference (approximately 1.6V).

The differential pair is followed by a level shifter and
limiter circuit; but for simplicity, only the block diagram is
shown in Figure I. The comparator has differential outputs
which feed the internal digital circuitry and for additional
versatility they are also buffered and brought out (pins |
and 9).

INPUT/OUTPUT WAVEFORMS

REFERENCE
LEVEL
INPUT ll

LIMITER
OUTPUT A

LIMITER
OUTPUT A -

ONE—SHOT | I |
OUTPUT Q .
PEC=1 _ | ‘W |e—
NEC=0 —
CLEAR =0 l | I |

ONE-SHOT
OUTPUT Q
PEC=0

et |

CLEAR=0 —

ONE-SHOT I_
OUTPUTQ — o — — S

-t B I R B A
NEC =1

CLEAR =0

Ty = RXCX Logg2

FIGURE 2

The input signal transitions which have been shaped by the
limiter output of the comparator are processed by the pulse
generating and control circuitry as shown in Figure 3. Input
transitions at gates A and B are transformed into trigger
pulses and the outputs C and D may be inhibited by means
of the PEC and NEC signal. Thus the one-shot that follows
the OR-gate E can trigger on either edge or both.
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INTERNAL PULSE GENERATING AND
CONTROL CIRCUITRY

POSITIVE
OUTPUT
OF LIMITER

NEGATIVE

OF LIMITER

A = GATE DELAY

FIGURE 3

A simplified circuit diagram of the 8T20 timing circuit is
shown in Figure 4. The design offers extremely accurate
output pulse widths that depend essentially only on the
accuracy of external timing components. The timing capaci-
tor Cx can be charged rapidly through the emitter follower
action of Qg permitting duty cycles in excess of 90%.

TIMING CIRCUIT

<
Q
(2]

FIGURE 4




8T20 BI-DIRECTIONAL ONE—SHOT

In the stable state, the capacitor is charged up to VcC -
VBEQ2 - VBEQ4- When the one-shot is fired, Q3 will turn
on, clamping the capacitor Cx at VBEQ3- As shown in the
timing waveform, Figure 5, voltage V2 drops from VBEQ4
to - Vcc +VBEQo t VBEQ3 T VBEQg4- !N this quasi-stable
state Cx will charge through the timing resistor Rx towards
Vce-VD1- When VBEQ4 is reached again, the one shot will
revert to its stable state, only utilizing the linear part of the

charging curve.

TIMING WAVEFORM FOR SIMPLIFIED
ONE—-SHOT

-=Vcc - VD

VBEQ4 —

-Vce + VBEQ2 * VBEQ3 * VBEQ4

FIGURE 5

The output pulse width (ty) can thus be calculated by
setting V2 = VBEQq at t = ty, resulting in:

-V +V +V
! CC™ VBEQs * VD1
e WRxCx =

-2Vee* VBEQ2 tVBEQ3 + VBEQs * VD1

By close matching of the forward voltages of the diodes,

‘pulse width (ty) becomes:

tw=RxCx loge2 =0.69 RxCx

Where:
t=sec
R = ohms
C = Farads

Stability over temperature and VCC variations is better
than £1% and typical timing charts are shown in Figures 6
and 7. The timing resistor Ry should be restricted
between 2k{ on the lower end to get reasonable duty
cycles and 40k$2 on the high end such that Q4 can still be
turned on at low temperatures. Cx should not exceed
1000uF such that safe current levels are maintained in the
recovery transistor Q2.

OUTPUT PULSEWIDTH VS. TIMING RESISTOR
VALUE

10mS — — T
sSSP i 3 i
— C*/,w T e
— T waa
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—— o€ = = =
z [ ox 1 1 JA 11T
[a] 100uS = /T 1 _ Il
= = ,;?::—,i:mp; = 1 5
4 Cr e T T
2 0 e [ | ] | 1/;
==5-=>5 =+ + 1
5 — t fogov‘ Pt 1]
£ - o 1 s IR Eas
o s et —
| —_—= + 14 ? —+ 3 ++++H
Z = ,\wf T —= i
2 - oef
100nS |—=eT 1 | 1 CX T
e——t——— —F Vee = 5V
= TA=25C
10nS Ll
1 2 4 7 10 20 a0 70 100
Rx - TIMING RESISTOR VALUE (k)
FIGURE 6

OUTPUT PULSEWIDTH VS. TIMING
CAPACITOR VALUE
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FIGURE 7

EXTENDING THE ONE—SHOT RANGE WITH A
BETA—MULTIPLIER CIRCUIT

By adding an external transistor, the pulse width of the
one-shot may be extended since very large timing resistors
can be used as shown. However, it is more difficult to
match VBE’s and PW accuracy suffers slightly. In the con-
nection shown in Figure 8, the internal diode is not utilized
and the pulse width is calculated as follows:
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8T20 BI-DIRECTIONAL ONE—-SHOT

“tyw/ Veet VBEO4 * VBEQX
o W/RXCX =

DEFINITION OF PULSE POSITION ERROR

-2Vce+VBEQo * VBEQ3 T VBEQa T VBEQX

Thus, it can be seen that pulse width (ty) will reduce again

to
tw = RXCx loge2 = 0.69 RxCx

if VBE of the external transistor Qx matches and tracks the
internal transistor VBEs. This somewhat surprising result is
possible since Cx, connected as shown in Figure 8, will now
charge towards Vg instead of Vcc—Vp1 and V2 is equal
to VBEQq *+ VBEQ)( in the stable state of the one-shot.

For transistors with 8 = 100 timing resistor values up to
3.3MQ2 can be used which combined with a 1000uF capaci-
tor will give a pulse width t, of approximately 35 min.

BETA MULTIPLIER CIRCUIT TO EXTEND
PULSEWIDTH

— A

Q2

(9 Rx
= TERMINAL
(NOT USED)

FIGURE 8

PULSE POSITION ERROR

In applications such as frequency doubling and processing
of self-clocking digital codes received from magnetic media,
it is extremely important to have minimum pulse position
variations. As shown in Figure 9, when triggering on a posi-
tive transition a time delay A t{ is encountered, whereas
on a negative transition a time delay A t2 is seen. A pulse
position error (P.P.E.) can now be defined as P.P.E. =
I At — At l Because of the close matching of
components on the 8T20 chip, this error is typically less
than 3ns, far superior to discrete implementations of this
circuit.
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| ] | ]

Aty Aty

PULSE POSITION ERROR (PP.E.) = | Aty — Aty |

FIGURE 9

APPLICATION OF THE 8T20 IN DISC,
DRUM AND TAPE PLAYBACK SYSTEMS

The 8T20 has been specifically designed for use in playback
systems when recovering high-speed data from magnetic
recording media. Because of the 8T20’s inherent capability
to double an incoming frequency with a low pulse position
error (typ. < 3 ns) the device is particularly suited to
process data encoded in self clocking formats such as those
depicted in Figure 10. For clarity, these codes are refer-
enced to the original clock.

Both the Manchester code and the double-frequency (di-
phase) code have at least one transition per bit cell, thus
always containing clock information even with long strings
of “1”s or ““0"s. Manchester coding contains information in
the direction of change, whereas double-frequency coding
has two transitions per bit cell for a logical ““1”" and one
transition per bit cell for a logical ““0".

To recover a self-clocking code from magnetic media such
as tape, disc or drum memories the 8T20 is used as illus-
trated in Figure 11. When data is read, the bits are sensed
by the read-head as flux reversals to produce a waveform
similar to the one which wrote the bits. Because of the low
levels encontered, a pre-amplifier is necessary. The Signetics
592* pre-amplifier can be used for this purpose as a fixed
gain (X 100 or X 400) or as an AGC amplifier without need
for frequency compensation.

The information that is contained in the flux transitions of
the original recording is shifted 90° in phase during play-
back. Flux transitions therefore, become peaks and differ-
entiation is necessary to recover the phase of the write
signal. Differentiation may be done within the 592 since
each input transistor of the 592 has its own current source.

*See Signetics 592 Data Sheet.



8T20 BI-DIRECTIONAL ONE—SHOT

As an alternate solution, the 592 may be followed by a
differentiator as shown in Figure 11. The low pass-filter
also indicated is necessary to limit high frequency noise.

The 8T20 input stage will act as a high gain limiter, squar-
ing the pre-amplified and filtered signal. The device’s digital

one-shot as conditioned by the PEC and NEC control sig-
nals. A pulse train will result that contains the original data
and clock information. This information is usually put on
the read-bus for processing by pulse recognition circuitry to
recover the data. It is customary in a high-precision system
to use a phase-locked loop system to recover the original

pulse generating circuitry will detect positive and negative clock.
transitions (zero-crossings) that will trigger the internal
PHASE ENCODED DATA
ONE-BIT
CELL
OFBITS ——
—» 0 | T 0 | 1 LI | o | o | o |
| | I | I | | |
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| 1
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FIGURE 10
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8T20 BI-DIRECTIONAL ONE—-SHOT

BINARY TO DI-PHASE TRANSMITTER

In airborne applications and systems where it is desirable to
transmit data and clock information over the same trans-
mission link the 8T20 is extremely useful. The waveforms
in Figure 12 show that in order to convert binary data to a
di-phase code it is necessary to conditionally double the
input clock frequency, depending on whether a logical *“1"
or logical 0" is to be sent. The 8T20 is ideally suited for
this frequency doubler application and far superior to

WAVEFORMS

exclusive-OR doubler circuits which suffer from pulse jitter
problems. Because the 8T20 has triggering edge control,
logic design is simplified over a discrete approach. The
binary data can be fed into the NEC terminal without
additional logic. The Q output of the bidirectional one-shot
generates trigger pulses for the driver flip-flop (1/2 7473) as
illustrated in Figure 13. To make the transmitter more
useful, Figure 13 also shows how 10 channnels can be multi-
plexed by using an 8274 10-bit parallel-in, serial-out shift
register and a 74192 divide-by-ten counter.

ONE BIT-CELL

1

DI-PHASE
DATA
INPUT

TO 8T20

INPUT I

FREQUENCY
Fin TO 8T20

—e
tw=0.69 RxCx

— el | | —
_—

QOuTPUT
OF J.K
FLIP-FLOP

r_l__

FIGURE 12

BINARY TO DI-PHASE TRANSMITTER
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8T20 BI-DIRECTIONAL ONE—SHOT

DI-PHASE TO BINARY RECEIVER

To recover the di-phase signal just described, Figure 14
shows the 8T20 input acting as a line receiver while the
one-shot portion is conditioned as a frequency doubler. The
addition of a 74121 non-retriggerable one-shot will recover
the clock signal by choosing a duty cycle long enough to
only permit one clock pulse per bit cell.

DI-PHASE TO BINARY RECEIVER

The 8T20 also triggers a 7473 flip-flop which is reset by the
data-clock as well. Thus, whenever a logical ““1"" is to be
clocked into the 8273 10-bit serial-in, parallel-out shift
register, the Q output of the 7473 puts out a pulse. Figure
15 illustrates the waveforms associated with the di-phase to
binary receiver circuit. The recovered data can be moni-
tored at the Qq output of the 8273 shift register and is
shown in Figure 14.

PARALLEL OUTPUTS

L]

o Q7020Q30Q405060708Q9Q19

IN 8273

SERIAL-IN PARALLEL-OUT
Din SHIFT REGISTER

R
Cx ‘l X
8T20
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(om
Q
PULSE
GENERATOR
o——IN\= AND 5
ONE-SHOT
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DIFFERENTIAL CLEAR
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FIGURE 14

WAVEFORMS
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8T20 BI-DIRECTIONAL ONE—-SHOT

LINE RECEIVER WITH HYSTERESIS

The 8T20 can be conditioned to exhibit hysteresis when
receiving signals from a high noise environment. As illus-
trated in Figure 16, one of the digital outputs of the limiter
can be used to provide feedback to the signal input. By
adding 3 resistors and a diode, upper and lower thresholds
can be calculated as shown:

Lower threshold voltage:

Ry, R, I R3
R,+R, CC
1+ Ry

Upper threshold voltage:

ViT=

LINE RECEIVER WITH HYSTERESIS

for Rq = 7.6k, R2 = 5.0k, R3 = 5.0k and V¢ = 5.0V we
get the following results:

ViT = 2.0V

VUTé 1.25V
Note that the resistors for the internal TTL reference in
addition to one external resistor and a diode may be used

for hysteresis purposes as well and VTg may be calculated
as above.
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8T23 LINE DRIVER/8T24 LINE RECEIVER

INTRODUCTION

The 8T23 Dual Line Driver and 8T24 Triple Line Receiver
have been designed to meet the IBM System 360 channel to
control (1/0) interface specifications. These monolithic
interface ICs are particularly useful to computer and
peripheral equipment manufacturers who must interface
with IBM computers and IBM compatible equipment.

The 8T23 and 8T24 are similar to the 8T13 Line Driver and
8T14 Line Receiver in their respective circuit designs and
electrical characteristics. Therefore, the reader is referred to
the applications memo covering the 8T13 and 8T14 for
detailed circuit descriptions and more information pertain-
ing to driving low impedance lines.

In the following discussion, IBM specifications (file No.
S360-19) for interface circuits will be compared to the
8T23 and 8T24 electrical characteristics and their systems
behavior.

DEVICE DESCRIPTION OF THE 8T23

As shown in Figure 1, the 8T23 consists of two line drivers
that each have AND-OR logic to determine the output state
of the driver. Both input and output are TTL compatible
and the device is operated from a single 5V power supply.
The outputs are uncommitted emitter followers with built-
in short circuit protection and are capable of driving low
impedance transmission lines such as coaxial cable, twisted
pair or ribbon conductors. Outputs of 8T23 drivers may be
dot-ORed for party-line applications as well as increased
drive capability. For reference the typical output current
vs. output voltage curve is shown in Fig. 2.

8T23 DUAL LINE DRIVER

14 13 12 1 10 9

aialninisisinin

=

mpmpugs

FIGURE 1
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TYPICAL OUTPUT CURRENT VS. OUTPUT
VOLTAGE FOR THE 8T23
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<
.
= 200mA
z
]
g
3 N
s
2 N
o
YA
\
ov wv 2v 3v av 5V
OUTPUT VOLTAGE (VOLTS)
FIGURE 2

LINE DRIVER REQUIREMENTS

In Table I, the general electrical characteristics for the 8T23
line driver are compared to the requirement of the IBM
specifications. It can be seen that the logical ““1”" and 0"’
level as well as fan-out considerations are met.

Because the 8T23 has uncommitted emitter follower out-
puts, multiple drivers and receivers can be connected onto
one line in party-line applications. As required by the IBM
specification, one driver can fan-out to ten receivers and up
to ten driver outputs can be connected together (dot-ORed)
to drive one receiver.

POWER—-UP POWER—DOWN SEQUENCE FOR
THE 8T23

The 8T23 line driver has been designed to ensure that no
spurious noise is generated during a normal power-up or
power-down sequence. Figures 3a and 3b show that the
driver output stays in the logical ‘0" state regardless of the
rate of rise or fall of V¢, provided one or more inputs to
each AND gate are at a logical ‘0" during the turn-on or
turn-off of the power supply.

Figures 3c and 3d are included for completeness and show
the results if a driver is powered-up with a logical 1" state
defined at the output. The output will simply follow Vcc
and not introduce noise.
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8T23 LINE DRIVER/ 8T24 LINE RECEIVER

LINE DRIVER

INTERFACE REQUIREMENT IBM SPECIFICATION

MEETS OR EXCEEDS

VouT(0) LOGICAL 0 OUTPUT VOLTAGE

AT +240uA* 0.15V(MAX.) 0.15V(MAX.) YES
VouT(1) LOGICAL 1 OUTPUT VOLTAGE

AT +59.3mA* 3.11V(MIN.) 3.11V(MIN.) YES
FAN—OUT CAPABILITY 10 RECEIVERS > 10 RECEIVERS YES
DOT—OR CAPABILITY 10 DRIVERS > 10 DRIVERS YES

* Positive direction of current is out of the driver.

POWER—-UP AND POWER—-DOWN CHARACTERISTICS OF THE 8T23

1v/pDiv

OuTPUT
“0” REF

1mS/DIV

a)

a1 Vour

Iv/DIv

1mS/DIV

c)

FIGURE 3

1w/DIvV
7
.

\/
OUTPUT

"0 REF

Susec/DIV

b)

1V/CM
"~
v
NS
>

1mS/DIV

d)

DESCRIPT!ION OF THE 8T24

The logic diagram of the 8T24 triple line receiver is shown
in Figure 4. Each receiver may be strobed independently
and has additional control logic to allow the output to be
forced to a logical ‘0" by external control signals. Like the
8T23 line driver, the 8T24 line receiver is also TTL com-
patible and operates from a single 5V power supply.
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Because the 8T24 is intended for use at the receiving end of
digital transmission lines, the device has built in hysteresis
to discriminate against line reflections and noise. The 8T24
has been designed with high input impedance and will con-
tribute insignificant loading effects to the transmission line.
This is an important factor when several receivers have to
be driven by the same driver as in the party-line applica-
tions and bus-oriented systems.




8T23 LINE DRIVER/ 8T24 LINE RECEIVER

8T24 TRIPLE LINE RECEIVER

16 15 14 13 12 1 10 9
Vee S3 R3 Q f3 A2 S2 R2 Q f2

3 1 1 A1 By f1. GND
HEERERE
5 6 7 8

LT TT LTI

FIGURE 4

LINE RECEIVER

LINE RECEIVER REQUIREMENTS

Table 2 shows that the 8T24 meets the electrical
characteristics as defined by the IBM interface specifica-
tions. As already mentioned under the 8T23 driver charac-
teristics, at least 10 receivers can be driven by one line
driver.

One area of the IBM specifications that should be clearly
understood is that of threshold voltages. An input voltage
of 1.7V or more shall be interpreted as a logical ““1”, and an
input of 0.7V or less shall be interpreted as a logical “0".
Therefore, having defined the minimum logical “1" level
and the maximum logical 0’ level the designer has to
decide on the actual transfer curve most desirable.

The 8T24 has been designed with hysteresis since it gives
the highest noise immunity possible. Figure 5a shows a
transfer curve for a hypothetical receiver without hysteresis
whereas the 8T24 transfer curve is shown in Figure bb. It
can be seen that both approaches meet the same specifica-
tion but that the 8T24 has greatly improved noise immu-
nity as illustrated in Table 3.

INTERFACE REQUIREMENT IBM SPECIFICATION 8T23 SPECIFICATION MEET>OR EACEEDS
IBM SPECIFICATION
IIn(1) LOGICAL 1 INPUT CURRENT AT
3.11V 0.42mA(MAX.) 0.17mA(MAX.) YES
—Ijn(0) LOGICAL O INPUT CURRENT AT
0.15V —0.24mA(MAX.) +5uA* YES
ViN(1)min MINIMUM LOGICAL 1 INPUT
VOLTAGE 1.7V 1.7v YES
ViN(0)max MAXIMUM LOGICAL O INPUT
VOLTAGE 0.7v 0.7v YES
VN (max) MAXIMUM POWER-ON 7.0V 7.0V
INPUT VOLTAGE POWER-OFF 6.0V 6.0V YES
* With 0.15V applied current direction is into the 8T14.
LINE RECEIVER TRANSFER CURVES
Vout Vour
! i
! I
1 <4 +—-P
| |
' l
: Y |
: A |
; Wr = (:.;\\/, : VLT (TYP.) 18V
: ] VUT (TYP,) 11V
| ! :
| ! \ :
; | pra > l
| L ]
0.7v 17v 07V Vyr Vit 17V
a) Transfer curve without hysteresis b) Transfer curve with hysteresis
FIGURE 5
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8T23 LINE-DRIVER/ 8T24 LINE—RECEIVER

RECEIVER WITHOUT HYSTERESIS

SIGNETICS 8T24

Nq =V1=VyT, =3.11V-1.7V, =141V

Nj = Vi=VyT, =3.11V=1.1V, =201V

No =V_T-Vp, =0.7V-0.15V, = 0.55V

Ng = V| T-Vg, = 1.5V—0.15V, = 1.35V

Where:

N4 = Logical /1" DC Noise Margin

Ng = Logical “0"" DC Noise Margin

V1 = Driver output voltage in the logical 1" state

Vo = Driver output voltage in the logical 'O’ state

VT = Input threshold voltage when output is switched from a logical “’0’' to a logical “'1"’
VyT = Input threshold voltage when output is switched from a logical 1’ to a logical ‘0"’

POWER—-UP POWER—DOWN SEQUENCE FOR
THE 8T24

The 8T24 line receiver has been designed to ensure that no
spurious noise is generated during a normal power-up or
power-down sequence. The receiver input will never require
more than the specified input current and will not generate
transients when turned on or off.

GENERAL SYSTEMS CONSIDERATIONS

A typical application of the 8T23 line driver and the 8T24
is shown in Figure 6. For an IBM interface the line has a
characteristic impedance of 922 £10% and is terminated at
each end in its characteristic impedance by a terminating

TYPICAL LINE—DRIVER LINE—RECEIVER APPLICAT

network. This may be a resistor presenting an impedance of
9502 +2.5% connected between the signal line and ground.

Fault-conditions on the transmission line will not damage
8T23 drivers or 8T24 receivers. When a signal line is acci-
dently shorted the driver will current limit because of its
built-in short circuit protection (ref. Figure 2). The receivers
will not be damaged by over-voltages as shown in Table 2.
In addition ground-shifts or noise up to -0.15V will not
damage the receiver.

Party-line applications of multiple drivers and receivers are
discussed in the 8T13 and 8T 14 applications memo.

ION

1/2 8T23 DRIVER

9582 COAX

FIGURE 6

1/3 8724 RECEIVER

ouT
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SiINELES

DIGITAL 8000 SERIES TTL/MSI

APPLICATIONS MEMO

8180

8780, 8T90 AND 8T18 INTERFACE ELEMENTS

INTRODUCTION

TTL integrated circuits must, from time to time, communi-
cate with external circuits and input-output hardware such
as relays and lamps. Typically these devices may operate at
higher voltage and/or power levels. Frequently, the need
also exists to transmit digital data through areas with high
noise levels. Thus, there is a need for interface circuits to
communicate between logic and the external environment.

The 8T80 Quad 2-input interface gate and the 8T90 Hex-
interface buffer can couple low level (typically 5V and
25mW) logic to a higher level (typically 28V and 280mW).
Thus, the power level has been raised by over a factor of
ten. The noise susceptibility has been reduced by a factor
of ten and the signal is more closely matched to the
medium power output requirements. The 8T80 and 8T90
couple low level logic information out of the protected
logic area and provides the buffer isolation plus the advan-
tage of power amplification. The information can now be

8T80 AND 8T90 SCHEMATIC AND LOGIC DIAGRAM

8190
8118

transmitted through the high noise environment. If a signal
needs to enter or re-enter a low logic area then the process
needs to be reversed. The 8T18 performs the high to low
level voltage translation. The 8T18 has an extremely stable
(6.5V minimum) logic threshold and can entirely eliminate
up to 6.5V of noise riding on top of the information signal.
Thus, the 8T 18 effectively couples the high signal down to
the lower level while providing digital threshold noise sepa-
ration and buffer isolation.

The 8T80 and 8T90 schematic and logic diagram are shown
in Figure 1. These devices provide translation from TTL
logic signals to high voltage output transistors. The input
structure is a multiple emitter input transistor with only
one input for the 8T90. The bare collector outputs permit a
wide variety of loads to be used and, in addition, they .
facilitate paralleling of two or more devices to perform col-
lector logic or driving higher current loads. The LV g volt-
age for the outputs is tested to be greater than 40 volts and
this limit should not be exceeded even on a transient basis.

<

o 77
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8T80 ONLY
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8T80/90/18 INTERFACE ELEMENTS

8T18 SCHEMATIC AND LOGIC DIAGRAM

Veez veey
20k i;asosz
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v
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FIGURE 2

14 13 12 1 10 9 8
Vee, Veep

pEpugngagn

2 3 4

The 8T18 interface element complements the 8T90 in
performing the opposite translation from high level to low
level signals. Figure 2 shows the schematic and logic config-
uration. The terminal VCC2 is returned to a power supply
of 15V or more. If the VCCy voltage exceeds 30V a series
current limiting resistor (limit current <2mA) or a shunt 20
to 30V Zener diode must be used. The input diodes are
rated at 50V reverse breakdown. If input signals exceed or
equal 50V, another diode must be added externally in series
to protect the internal diodes from breakdown. An impor-
tant fact about the 8T18 is that its threshold voltage (typi-
cally 7.4 to 7.8V) is independent of temperature. The
various junctions being equal in number and opposite in
polarity. Thus, the 8T18 is an accurate high level threshold
detector.

APPLICATIONS
HIGH LEVEL BUFFER INTERFACE

The most general application for the 8T80/90 and 8T18
interface is as buffer elements to provide isolation between
low level integrated circuit logic and the high level noisy
outside world. The most common causes of output to input
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noise are shown in Figure 3. In Figure 3a, logic is being
transmitted to a typical electromechanical device such as a
typewriter, tape punch, printer, tape reader, etc. The elec-
tromechanical device frequently will have high energy
solenoids, SCR, etc., that tend to generate a noise voltage
between the logic ground and the device ground. Logic out-
put lines are well isolated from the internal logic because
the 8T90 and 8T 18 are used.

Note that the 8T90 collector pull-up resistor is connected
at the receiving end (i.e., near the 8T18). This helps to
lower the 8T18 input impedance. Since there is no con-
nection back into the logic area (even the power supply is
isolated) the collector noise is not coupled into the low
level logic. The most critical interface is the connection
from the electromechanical device or transmitting end into
the low level logic area. Here the noise source is in series
with signal and looks directly into the logic input circuitry.
Without the 8T18 high threshold buffer element, the noise
would only have to overcome the normal 1 to 2V threshold
to cause false inputs. However, the 8T18 has an input thres-
hold guaranteed to be at least 6.5V worst case and con-
ducted noise spikes up to 6.5V will not cause false inputs.



8T80/90/18 INTERFACE ELEMENTS

COMMON SOURCES OF NOISE

TWISTED PAIR AND/OR
SHIELDED CABLE

1/6 8790 /
STD ELECTRMECH

LoGIC 1/0 DEVICE

+
eN
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a)
ZNv
HIGH VOLTAGE RELAY TYPICAL
o
fpe 1
T T T
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R
e -l= stRAY =k L 128718

1/6 8790

"capaciTy!

v

SCR
TYPICAL

b)

FIGURE 3

Figure 3b depicts an application where one logic area is
connected to another logic area. The distance between the
two areas may be as much as one hundred feet or more and
may pass through areas of high electric and magnetic fields.
The magnetic and electric fields plus conduction are respon-
sible for almost all noise coupling, but seldom is electro-
magnetic radiation the source of noise coupling. The elec-
tric field couples via stray capacitanceand Figure 4 shows
the stray capacitance coupling noise from a voltage source
en. The noise source could be a voltage being switched by
relays, or any potential varying rapidly in time with respect
to ground which will couple some voltage into the signal
line via the stray capacity.

ELECTRIC FIELD COUPLING

++
HIGH ELECTRIC Vee
FIELD ACTIVITY

Sep/T
, Lol P.S. BYPASS
- RL -

. 2
CAPCITY

1 0—oO

E 1/28T18

1
1
1/6 8790
11 .
mll O+
+
en RL enO =2en RL Cs
Aoy AT
4 O -
I AT Iq_

les

te|

FIGURE 4

The stray capacity can be minimized by separating signal
line physically apart from potential varying circuits and by
shielding. Some stray capacitance will remain, however, and
the voltage coupled can be approximated by

e R Cg
no -
AT

Where Aep, is the change in potential, R is the logic load
resistor (8T90 collector pull-up resistor), Cg is the residual
stray capacity, and A T is the time it takes the voltage to
change.

The noise is coupled during the logic 1" level. During the
logic 0" level, R is shunted by the 8T90 collector satura-
tion resistance.

Considering the example in Figure 5, the logic signal line is
run in the proximity of a high voltage line that is switching
10mA by a relay. A switch speed limiting network consis-
ting of a 150 ohm resistor and a .0067uFcapacitor has been
added to slow the switching speed and has a time constant
of 1us.

Given the following information:

en = 150V
T = 150 X 0.0067 X 10-6 = 1us
eno = 6.5V max. permissible

RL = 1.9K min. at 28V
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8T80/90/18 INTERFACE ELEMENTS

EXAMPLE ELECTRIC FIELD COUPLING

+1500V
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o

1/6 8T90 7

ot |

FIGURE 5

15042

RELAY

DECAY WITH

/ 0.0067uF
DECAY WITHOUT

.0067uF

B

AT,

The maximum permissible stray capacitance is:
6.5 X 1076
15X 102X 1.9X 103

Good layout techniques will easily hold the stray capaci-
tance below this value.

Cs = = 23pF

The above example illustrates the mechanism of electric
field interference coupled into signal lines and the tech-
niques used to minimize the coupling. In summary, the
following action will minimize electric field coupling:

1. Minimize stray capacitance Cg
(a)  Avoid bringing signal lines close to con-
ductors with varying potentials.

2. Slow rate of electrostatic field collapse, AT, by
use of networks as shown in the example.

3. Hold the resistive impedance, R, as low as
practically feasible.

4, Use the high threshold gate, 8T18, to provide
the highest possible voltage margin.

To understand the mechanism of inductive noise coupling
into the logic lines consider the circuit in Figure 6a. All
circuits must have self inductance just as all circuits must
have capacitance. There exists then some mutual induc-
tance between the signal circuit and the current noise

(b)  Use as much shielding as is economically source |lp. Mutual inductance is defined as:
feasible. M=k +/LsLN,
MAGNETIC FIELD COUPLING
++
HIGH MAGNETIC |4/N Vee
FIELD ACTIVITY | AT
e T
[ T4 . ]_:
e t M {3 L=
\ ~
| 1
MUTUAL
1/6 8T90 INDUCTANCE 1/2 8T18
B RN IN n B
: N
Al Ae
SNOTI I O AR
) o
FIGURE 6
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8T80/90/18 INTERFACE ELEMENTS

Where k is the coefficient of coupling and Lg and L[\ are
the signal and noise circuit self inductances. The best
defense against noise is to keep the mutual coupling low.
The coefficient of coupling is reduced by using twisted pair
wires and magnetic shielding of both the noise circuit and
the signal circuit. The self inductances are minimized by
using twisted pairs and the largest wire size economically
feasible. A simplified equivalent circuit is shown in Figure
6b. Note that the induced voltage due to inductive coupling
appears only during the 0" level. During the ““1" level, R
is in series with the off resistance of the 8T90. The analysis
assumes that the mutual inductance is very much smaller
than the self inductances. The result indicates that the in-
duced voltage is directly proportional to the current
switched, the mutual coupling and inversely proportional to
the time taken to switch. Written in another form the equa-
tion indicates that the induced voltage is proportional to
the mutual inductance divided by the noise circuit’s self
inductance times the voltage being switched. Note that the
induced voltage is not a function of R|, the signal lead
resistive impedance. From these equations, one can sum-
marize the following:

1. Keep signal lines physically separated (reduce
coefficient of coupling or mutual inductance).

2. Minimize the signal inductances by using largest
practicable wire size and using twisted pair or
coax where necessary.

3. Slow down the current switching rate T (e.g.,
insert charging reactors thereby increasing Lp).

4. Use the high threshold logic element 8T18 to
increase noise margin.

TYPICAL OUTPUT VOLTAGE VS. OUTPUT
CURRENT
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ALL PURPOSE DRIVER

The 8T90 is the most versatile integrated circuit device for
output interface applications in the 8000 family. To utilize
the element to its utmost capability, some understanding of
the limitations of output voltage and current are necessary.
A curve of typical output current versus saturation voltage
and temperature is shown in Figure 7. The driver current
rating at a specific operating point is given in the data sheet.
However, if other operating points are desired, then the
curve of Figure 12 indicates output currents expected
versus saturation voltages. In designing for maximum cur-
rent rating the maximum device dissipation rating of 310
milliwatts at 125°C must not be exceeded for the dual-in-
line silicone A package.

This figure was arrived at by substituting design data into
the relationship:

Tj max = TA + Pmax X ©J-A

Where:
Tj max = max. allowable junction temperature
(175°C for A package)

Ta = ambient temperature
Pmax = maximum allowable power dissipation

©J.A = junction to ambient thermal impedance
(0.16°C/mW for A package)

Since each gate draws 20mA from the V¢ power supply
when turned on with zero collector current, the total avail-
able collector power dissipation can be calculated. If all six
inverters are on at the same time, the IC is dissipating (6 X
20) = 120mW and 310mW — 120mW or 190mW are avail-
able for collector circuit dissipation at 125°C before ther-
mal considerations become important.

RELAY DRIVER

Figure 8 shows the 8T90 used in a relay driver application.
The free wheeling diode is used to dissipate the energy
stored in the relay inductance. When the relay is released
the 8T90 collector current is diverted through the IN3064
diode, thereby restricting the induced voltage. Due to the
three transistor TTL structure of the 8T90 (Figure 1), the
reverse transfer is negligible and noise existing on relay
wiring, etc., will not be coupled back into the logic. Thus,
the inverter performs the function of interfacing and pro-
vides buffer isolation.

In Figure 8a, a low power relay is driven by a single inverter
stage. In Figure 8b, three drivers are paralleled to drive a 10
ampere double throw general purpose relay. The expected
saturation voltage is less than 0.6V and the total dissipation
in the three circuits is 3 X 20 + 30 = 90 milliwatts, below
the total power dissipation capability.
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8T90 RELAY DRIVER APPLICATION

+24V

* RELAY SIGMA
SERIES 32 TO 36
OR EQUIVALENT

1/6 8T90
a)
+24V
1L = 50ma
* RELAY P AND B
KRP 5AG

OR EQUIVALENT

VCE(SAT) < 0.6V

1/6 8T90

1/6 8T90

b)

* Diode IN 3064

FIGURE 8

LAMP DRIVER

Another application of the 8T90 Hex Inverter is as an
incandescent lamp driver shown in Figure 9. For lamps
requiring less than 20mA drive, one driver is sufficient but
if more current is required, drivers may be paralleled. Since
the output transistors are beta-limited as illustrated in
Figure 7, the inrush-current restrictions are not severe
because a natural current-limiting effect will take place in
the output transistors.
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8T90 LAMP DRIVER APPLICATION

*Vee
LAMP TYPE ?;‘:s;mol:na
EQUIVALENT
1/6 8790
+28v

327, 334, 345, 367,
LAMP TYPE Ca 370, 1819, 28ESB

OR EQUIVALENT

1/6 8790

1/6 8790

FIGURE 9

MILLER INTEGRATOR

The 8T90 may be used as a Miller integrator. The basic
circuit is shown in Figure 10. The down ramp is indepen-
dent of the load resistor R|. This circuit is valuable for use
as an integrator for lamp circuits and in general slowing
down the output driver. The ramp can be approximated as
shown in Figure 10.

BASIC INTEGRATOR CIRCUIT

+Vce =28V
2K 1
<
c
VIN ——O Vourt
1/6 8891 1/6 8790
1/6 8790
FIGURE 10
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BASIC INTEGRATOR CIRCUIT (Cont’'d)
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FIGURE 10 (Cont'd)

8T80 QUAD GATE INTERFACE ELEMENT

The 8T80 is a quad 2-input NAND gate whose output struc-

ture and drive capability is identical to that of the 8T90.
Since there are two less stages per package the 8T80 can
dissipate proportionately more power per stage relative to
the 8T90. Figure 11 shows some latching-driver applica-
tions of the 8T80.

8T80 QUAD GATE APPLICATIONS

+V
“0” = NO GO
1/4 8780
0" = GO
1/4 8780

No Goca

FIGURE 11

8T80 QUAD GATE APPLICATIONS (Cont'd)

+V

@
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“0" = LAMP _:Do—

1/28T18
(HIGH LEVEL INPUT)

®

“0" = RESET |
1/4 8780

“0” = LAMP

1/4 8880

FIGURE 11 (Cont'd)

TTL—MOS—TTL INTERFACE

To interface with metal gate MOS circuits the 8T80 and
8T90 are very useful since output swings of 12V can be
easily accommodated. To translate from the MOS output to
TTL only a standard 8880 gate is needed. An application is
shown in Figure 12.

TTL—MOS—TTL INTERFACE

+5V +12v +5V

Vss  Vss
— R3
N 2400 SERIES on
(BARE DRAIN)
R
1/4 8780 Voo Vee 2 1/4 8880

1/6 8790 J» 1/6 8890
[e}

—12v
NOTES:
1. Rq may range from 68082 to 33K, typically 3.3K is
satisfactory.
2. R5 6.8K for a standard TTL (Ig IN = 1.6mA)
3. Rz =2.2K
FIGURE 12
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POSITIVE TO NEGATIVE VOLTAGE
TRANSLATOR

The 8T18 high-to-low voltage interface elements work
perfectly in this application if the following connec-
tions are made: ground to a -5V t 5% supply, Vcc1 to
ground and Vcc2 to a +15V + 5% supply for -65°C to

+125°C operation or Vcc2 to a +10V = 5% supply for
-25°C to +125°C operation. See Figure 13a. Thus, the de-
signer has the capability of going from +5V supply digital
systems such as TTL or DTL to -5V supply systems. An
external PNP can be added to the output permitting large
voltage swings (Figure 13b).

+5V OR

POSITIVE TO NEGATIVE VOLTAGE TRANSLATOR
16V +6%

_C["C_cz_ i"sc

-71
i = Gy

FIGURE 13

OUTPUT

b)

The 8T80 and 8T90 can be used to translate from negative
to positive voltage logic systems as shown in Figure 14. The

NEGATIVE TO POSITIVE VOLTAGE TRANSLATOR

inputs to the 8800 gates have diffused input clamping
diodes to limit negative input excursions.

vee
= Sy 50052
| |
! I
=1 -

| ! 50082
| 1/4 |
| 8T80 |
| |
| |
l 1
ey |

1 GND

5V ' 5%
FIGURE 14
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SIGNETICS SALES OFFICES

FIELD SALES OFFICES

* New England Regional Sales Office: Miller Building. Suite 11.

594 Marrett Road, Lexington, Massachusetts 02173

Phone: (617) 861-0840 TWX: (710) 326-6711

Atlantic States Regional Sales Office: 2460 Lemoine Ave.. Fort Lee.

New Jersey 07024

Phone: (201) 947-9870 TWX: (710) 991-9794

Florida: 3267 San Mateo, Clearwater, 33515

Phone: (813) 726-3469 TWX: (810) 866-0437

Florida: 4347 Northwest 2nd Court

Boca Raton, Florida 33432 Phone: (305) 3918318 TWX: (510) 953-7538

Maryland: Silver Springs
Phone: (301) 946-6030
P ylvania and Southern New Jersey: Oakwood Drive. Medford.
New Jersey 08055
Phone: (609) 665-5071
Virginia: 12001 Whip Road. Reston. 22070
Phone: (301) 946-6030
Central Regional Sales Office: 5105 Tollview Drive. Suite 209.
Rolling Meadows, lllinois 60008
Phone: (312) 259-8300 TWAX: (910) 687-0765
Northwest Regional Sales Office: 811 E. Arques, Sunnyvale, Ca. 94086
Phone: (408) 739-7700 TWX: (910) 339-9220
(910) 339-9283

Southwest Regional Sales Office: 2061 Business Center Dr.,
Suite 14, Irvine, Ca. 92664
Phone: (714) 833-8980, (213) 437-6718, TWX: (910) 950-1293

California: P.O. Box 788, Del Mar, 92014
Phone: (714) 453-7570

REPRESENTATIVES

ALABAMA
Huntsville 35801: Compar Corp., 904 Bob Wallace Ave.. Room 114
Phone: (205) 539-8476

ARIZONA
Scottsdale 85252: Compar Corp., 84 West 1st Street
Phone: (602) 947-4336 TWX: (910) 950-1293

CALIFORNIA

San Diego 92123: Celtec Company, Inc., 8799 Balboa Avenue
Phone: (714) 279-7961 TWX: (910) 335-1512

CANADA

Toronto 17, Ontario: Corning Glass Works of Canada, Ltd.,
135 Vanderhoff Ave.

Phone: (416) 421-1500 TWX: (610) 491-2155

Montreal 265, Quebec: Corning Glass Works of Canada,
7065 Chester Ave.

COLORADO

Denver 80222: Elcom, P.O. Box 22457

Phone: (303) 771-6200 TWX: (910) 935-0710
CONNECTICUT

Hamden 06518: Compar Corp., P.O. Box 5204

Phone: (203) 288-9276 TWX: (710) 465-1540

FLORIDA

Altamonte Springs 32701: WMM Associates Inc., 515 Tivoli Ct.
Phone: (305) 831-4645

Clearwater 33516: WMM Associates Inc., 1260A S. Highland Ave.
Phone: (813) 446-0075

Pompano Beach 33060: WMM Associates Inc., 721 South East 6th Terrace
Phone: (305) 943-3091

INDIANA

Indianapolis 46250: R. H. Newsom Associates, 6320 Woburn Dr.
Phone: (317) 849-4442

MARYLAND

Silver Springs 20904: Mechtronics Sales Inc., 11700 Old Columbia
Pike, Suite L-6 Phone: (301) 622-2420

MASSACHUSETTS

Newton Highlands 02161: Compar Corp., 88 Needham Street

Phone: (617) 969-7140 TWX: (710) 335-1686

MICHIGAN

Grosse Pointe Park 48230: Greiner Associates Inc., 15324 E . Jefferson
Phone: (313) 499-0188, (313) 499-0189 TWX: (801) 2215157
MINNESOTA

Minneapolis 55416: Compar Corp., P.O. Box 16095

Phone: (612) 922-7011

MISSOURI

St. Louis 63141: Compar Corp., 11734 Lackland Industrial Drive
Phone: (314) 567-3399 TWX: (910) 764-0839

SOUTHERN NEW JERSEY AND PENNSYLVANIA
Haddontfield, N.J. 08033: Compar Corp., 15 Potter Street
Phone: (609) 429-1526 TWX: (710) 896-0679

NEW MEXICO
Albuquerque 87114 Compar Corp., 113 Romero St. N.W.
Phone: (505) 242-3633 TWX: (910) 989-1659

METROPOLITAN NEW YORK
Manhasset 11030: Win-Cor Electronics Sales Corp., 75 Plandome Road
Phone: (516) 627-9474 TWX: (510) 223-0807

UPSTATE NEW YORK
Dewitt 13214: TriTech Electronics, Inc.,
P.0.Box C Phone: (315) 446-2881

NORTH CAROLINA
Winston-Salem 27101: Compar Corp., 1106 Burke Street
Phone: (919) 723-1002 TWX: (510) 931-3101

OHIO

Dayton 45405: Compar Corp., P.O. Box 57, Forest Park Branch
Phone: (513) 890-9260

Fairview Park 44126: Compar Corp., P.O. Box 4791

Phone: (216) 333-4120 TWAX: (810) 421-8396

TEXAS

Richardson 75080: Semiconductor Sales Associates,
312 North Central Expressway, Suite 213

Phone: (214) 231-6181

UTAH
Salt Lake City 84115: Elcom, 2880 South Main St., Suite 105
Phone: (801) 846-2317 TWX: (910) 925-5688

WASHINGTON
Bellevue 98009: Western Technical Sales, P.O. Box 902
Phone: (206) 454-3906 TWX: (910) 443-2309

DISTRIBUTORS

ARIZONA
Phoenix 85009: Hamilton/Avnet Electronics. 1739 N. 28th Ave.

CALIFORNIA

Burbank 91504: Compar Corp., 2908 Naomi Avenue
Phone: (213) 843-1772 TWX: (910) 498-2203

Burlingame 94010: Compar Corp., 820 Airport Blvd.
Phone: (415) 347-5411  TWX: (910) 374-2366

Culver City 90230: Hamilton Electro Sales, 10912 W. Washington
Phone: (213) 870-7171 TELEX: 677-100, 674-381, 674-354

El Monte 91731: G.S. Marshall, 9674 Telstar Avenue

Phone: (213) 686-15000 TWX: (910) 587-1565

Los Angeles 90022: KT/Wesco Electronics, 5650 Jillson Street
Phone: (213) 685-9525 TWAX: (910) 580-1980

Mountain View 90230: Hamilton/Avnet Electronics, 340 East Middlefield Rd
Phone: (415) 961-7000 TELEX: 348-201

Palo Alto 94303: Wesco Electronics, 3973 East Bayshere Road

Phone: (415) 968-3475 TWX: (910) 379-6488

San Diego 92111: G.S. Marshall, 7990 Engineer Road, Suite 1

Phone: (714) 278-6550 TWX: (910) 587-1565

San Diego 92123: Kierulff Electronics, 8797 Balboa Avenue

Phone: (714) 278-2112  TWX: (910) 335-1182

CANADA

Downsview, Ontario: Cesco Electronics, Ltd., 24 Martin Ross Avenue
Phone: (416) 638-5250

Montreal, Quebec: Cesco Electronics, Ltd., 4050 Jean Talon West
Phone: (514) 735-5511 TWX: (610) 421-3445

Ottawa, Ontario: Cesco Electronics, Ltd., 1300 Carling Avenue
Phone: (613) 729-5118

Quebec: Cesco Electronics, Ltd., 128 St. Vallier Street

Phone: (418) 524-3518

COLORADO
Denver 80216: Hamilton/Avnet Electronics, 1400 W. 46th Avenue
Phone: (303) 433-8551 TELEX: 45872

FLORIDA

Hollywood 33021: Hamilton/Avnet Electronics, 4020 No. 29th Avenue
Phone: (305) 925-5401 TELEX: 51-4328

Orlando 32805: Hammond Electronics, 911 West Central Bivd.
Phone: (305) 241-6601 TWX: (810) 850-4121

ILLINOIS

Elmhurst 60126: Semi ductor Speciali Inc., 195 Spangler Avenue
Elmhurst Industrial Park

Phone: (312) 279-1000 TWX: (910) 254-0169

Schiller Park 60176: Hamilton/Avnet Electronics, 3901 Pace Court
Phone: (312) 678-6310 TELEX: 728-330

MARYLAND

Hanover 21076: Hamilton/Avnet Electronics, 7255 Standard Drive
Phone: (301) 796-5000 TELEX: 879-68

Rockville 20850: Pioneer Washington Electronics, Inc., 1037 Taft Street
Phone: (301) 427-3300
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MASSACHUSETTS

Burlington 01803: Hamilton/Avnet Electronics

207 Cambridge Street

Phone: (617) 272-3060 TELEX: 9494-61

Needham Heights 02194: Kierultt/Schley, 14 Charles Street

Phone: (617) 449-3600 TWX: (710) 325-1179

MICHIGAN

Livonia 48150: Hamilton/Avnet Electronics, 13150 Wayne Rd.

Phone: (313) 5224700

Detroit 48240: Semi ductor Speciali Inc., 25127 W. Six Mile Road
Phone: (313) 255-0300 TWX: (910) 254-0169

MINNESOTA

Mi lis 55420: Semiconductor Speciali Inc., 8030 Cedar Ave.. S

]

Phone: (612) 884-8132

MISSOURI
Hazelwood 63042: Hamilton/Avnet Electronics, 400 Brookes Lane
Phone: (314) 731-1144 TELEX: 442348

NORTHERN NEW JERSEY
Cedar Grove 07009: Hamilton/Avnet Electronics, 220 Little Falls Rcad
Phone: (201) 239-0800 TELEX: 138313

SOUTHERN NEW JERSEY AND PENNSYLVANIA

Cherry Hill, N.J. 08034: Hamilton/Avnet Electronics, 1608-10 W. Marlton Pike
Phone: (609) 662-9337 TELEX: 834737

Cherry Hill, N.J. 08034: Milgray-Delaware Valley, 1165 Marlkress Road
Phone: N.J. (609) 424-1300 Phila. (215) 228-2000 TWX: (710) 896-0405

NEW YORK

Buffalo 14202: Summit Distributors, Inc., 916 Main Street

Phone: (716) 884-3450 TWX: (710) 522-1692

Hauppauge, L.I. 11787: Semicond C pts, Inc., Engineer Road
Phone: (516) 273-1234 TWX: (510) 227-6232

Woodbury, L. I. 11797: Harvey Radio, 60 Crossways Park West

Phone: (516) 921-8700 TWX: (510) 221-2184

New York 10011: Terminal-Hudson Electronics, 23€ West 17th Street
Phone: (212) 243-5200 TWAX: (710) 581-3962

OHIO

Cleveland 44103: Pioneer Standard Electronics, 5403 Prospect Avenue
Phone: (216) 432-0010 TWX: (810) 421-8238

Kettering 45429: Arrow Electronics, 3100 Plainfield Road

Phone (513) 253-9176 TWX: (810) 459-1611

TEXAS

Dallas 75207: Hamilton/Avnet Electronics, 2403 Farrington Ave
Phone: (214) 638-2850 TELEX: 732359

Dallas 75220: Solid State Electronics Company, P.O. Bcx 20299
Phone: (214) 352-2601

Houston 77019: Hamilton/Avnet Electronics, 1216 West Clay Street
Phone: (713) 526-4661 TELEX: 762589

Houston 77036: Universal Electronics, 5723 Savoy Street

Phone: (713) 781-0421

WASHINGTON
Seattle 98121: Hamilton/Avnet Electronics, 2320 Sixth Avenue
Phone: (206) 624-5930 TELEX: 32249

INTERNATIONAL SALES
EUROPEAN HEADQUARTERS:

Signetics International Corp., Yeoman House, 63 Croydon Rd.,
Penge, London, S.E. 20, England

Phone: (01) 6592111 TELEX: 946619

FRANCE:

Signetics S.A.R.L., 90 Rue Baudin. F 92 Levallois-Perret. France
Phone: 739-85-80/739-96-40 TELEX 62014

WEST GERMANY:
Signetics GmbH, Ernsthaldenstrasse 17. D 7 Stuttgart 80. West Germany
Phone: (0711) 73-50-61 TELEX: 7255798

STOCKING DISTRIBUTORS
AUSTRALIA

Pye Industries Ltd., Technico Electronics Division. 53 Carrington Rd..
Marrickville. Sydney. N.S.W.

Phone: 55-0411 TELEX: 790-21490

Pye Industries Ltd., Technico Electronics Division. 2-18 Normanby Rd..
South Melbourne. Vic

Phone: 69-60-61 TELEX: 31240

WEST GERMANY

EBV Elektronik GmbH. Auqustenstrasse 79. D-8 Munchen 2
Phone (08111 52-43-40 48

EBV Elektronik GmbH. Myliusstrasse 54. D-6 Frankfurt/Main 1
Phone (0611) 72-04-16 8 TELEX 413590

EBV Elektronik GmbH, Scheurenstrasse 1. D-4 Dusseldorf
Phone: (0211) 8-48-46/7 TELEX: 8587267

“Mutron’ Muller & Co. KG, Postfach 164, Bornstrasse 65. D-28 Bremen 1
Phone: (0421) 31-04-85 TELEX: 245-325

Dima-Elektronik, Karl Manger KG, Postfach 80 0744,
Robert-Leichtstrasse 43. D-7 Stuttgart-Vaihingen 80

Phone: (0711) 73-40-50/9 TELEX: 255-642

Distron GmbH, 1000 Berlin 31, Wilhelmsaue

Phone: 0311/870144 TELEX: 18-27-58

Signetics GmbH, Eulenkrugstr, 81 E, D-2 Hamburg 67

Phone: (411) 60-35-242

AUSTRIA

Ing. Ernst Steiner, Beckgasse 30, A-1130 Wien
Phone: (222) 82-10-605

SWITZERLAND

Dewald AG, Seestrasse 561. CH 8038, Ziirich
Phone: (051) 45-13-00 TELEX: 52012

FRANCE

S.A. Gallec Electronique, 78. Avenue des Champs-Elysées, Paris 8e
Phone: 359-58-38/255-67-10/255-67-11

R.T.F., 73, Av. de Neuilly, 92 - Neuilly sur Seine, Paris

Phone: 722.70.40 TELEX: 65.933

Elic 38, le Bureau Barisien S.A.R.L., 8-10 Avenue du Grand Sablon,
38-La Tronche

Phone: (76) 87-67-71 TELEX: 32-739

ITALY
Metroelettronica S.A.S., Viale Cirene 18, 1-20135 Milano
Phone: 546-26-41 TELEX. 33-168 Metronic

UNITED KINGDOM

Quarndon Electronics Ltd., Slack Lane, Derby. Derbyshire

Phone: (0332) 326 51 TELEX: 37163

S.D.S. (Portsmouth) Ltd., Hilsea !ndustrial Estate, Portsmouth, Hampshire
Phone: 6 53 11 TELEX: 86114

Semicomps Ltd., 5 Northfield Industrial Estate, Beresford Ave., Wembiey,
Middlesex Phone: (01) 903-3161 TELEX: 935243

SCOTLAND
Semicomps Northern Ltd., 44, The Square, Kelso, Roxburghshire
Phone: 2366 TELEX: 72692

SWEDEN, NORWAY, FINLAND
A.B. Kuno Kéllman, Jarntorget 7, S-413 04 Gotherburg, Sweden
Phone: 17-01-20 TELEX: 21072

DENMARK
E. Friis-Mikkelsen A/S, Krogshojve] 51, DK-2880 Bagsvaerd
Phone: (01) 986333 TELEX: 2350

THE NETHERLANDS

Mulder-Hardenberg, 10 Michelangelostraat. P.O. Box 7256, Amsterdam
Phone: (020) 76 10 02 TELEX: 13131

JAPAN
Asahi Glass Co., Ltd., 1-2. Marunouchi, 2 Chome. Chiyoda-ku. Tokyo
Phone: 211-0411 TCLEX: 4616

SOUTH AFRICA

Indentronics Proprietary, Ltd., Sheerline House, 24 Webber Street,
Selby. Johannesburg

Phone: 834-4971/2/3 TELEX: 43-7660JH

REPRESENTATIVES

SWEDEN, NORWAY, FINLAND
A.B. Kuno Kéllman, Jarntorget 7. S-413 04 Goihenburg. Sweden
Phone: 17-01-20 TELEX: 21072

AUSTRALIA

Corning A lia, Technical Products Division, Room 13. Barden House,
Fetherston Street. Bankstown, N.S.W. 2200

Phone: 602-9011 TELEX: 21539

ISRAEL
Rapac Electronics Ltd., P.O. Box 18053, 15 Karl Herbst St.,
Tel-Baruch, Tel-Aviv Phone: 77 71 15,6,7 TELEX: TV 528

JAPAN
Asahi Glass Co., Ltd., 1-2. Marunouchi. 2 Chome. Chiyoda-ku, Tokyo
Phone: 211-0411 TELEX: 4616

SWITZERLAND
Dewald AG, Seestrasse 561, CH 8038. Zurich
Phone: (051) 45-13-00 TELEX: 52012

INDIA

Semiconductors Limited, Radia House, 6, Rampart Row,
Fort, Bombay - 1

Phone: 293667 TELEX: Transducer, Bombay

SOUTH AFRICA

Indentronics Proprietary, Ltd., Sheerline House. 24 Webber Street.
Selby. Johannesburg

Phone: 834-4971/2/3 TELEX: 43-7660JH
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