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requiring full military temperature range and/or specifications other than those on the device data
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DESCRIPTION

The 8T01 Nixie Decoder/Driver is a one-out-of-ten de-
coder which has been designed to provide the necessary
high voltage characteristics required for driving gas-filled
cold-cathode indicator tubes. Typical output breakdown
voltages are in excess of 90 volts.

The 8T01 may also be utilized in driving relays or other
high voltage interface circuitry. The element is designed
with a dielectric isolation process utilizing TTL techniques
and is therefore completely compatible with DTL and TTL
elements.

The specially designed output drivers have extremely low
leakage which eliminates background glow of off cathodes
when driving Nixie tubes.

*Trademark Burroughs Corporation
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DIGITAL 8000 SERIES TTL/MSI
NIXIE* DECODER/DRIVER

MULTIPLEX OPERATION OF NIXIE TUBES
USING SIGNETICS’ 8T01 NIXIE DRIVER

Using the Burroughs Nixie Tubes designed for multiplexing
techniques, a new approach to readouts can be taken which
results in substantial device count savings. Specifically only
one decoder/driver will be necessary to drive up to 20 Nixie
tubes, though a memory element will be necessary to store
the BCD codes, i.e., for 20 tubes one needs 20 four-bit
words (assuming that the digits O through 9 are to be
displayed).

Figure 1 is a block diagram of a logic subsystem for
multiplexing Nixie Tubes. This technique can be achieved
by combining the 8270 (four-bit shift) registers, 8701
(Nixie decoder/driver) and 8281 (four-bit binary counter),
8277 (dual 8-bit shift register), in a small subsystem (imple-
mentation shown in Fig. 2).

TRUTH TABLE

INPUT OUTPUT
D C B A ON
0 0 0 0 o]
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 i) 0 1 5
0 4 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 8
1 0 1 1 9
1 1 0 0 8
1 1 0 1 9
1 1 1 0 8
1 1 1 1 9

FUNCTIONAL DESCRIPTION

Figure 1 is a block diagram of a logic subsystem for
multiplexing that recently appeared in an application note
by Burroughs Corporation. (See Figure 2 for detailed
drawing.) The system has a sequentially addressable word
select memory with a capacity of N words where N is also
the number of Nixie indicators in the system. Each word
consists of at least four bits which represent, in binary
form, the number of the corresponding decimal digit. The
recirculation loop and the write circuits for the memory are
not shown in Figure 1, but they would normally be
required.
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SIGNETICS NIXIE* DECODER/DRIVER = 8T01

GENERAL MULTIPLEXED SYSTEM

CLOCK
te fo fc fe
DIGIT WORD COUNTER I FF I FF ] I FF I | FF l
‘o JE\ ﬂo {5 -—*o la _*0 ;6
DIGIT SELECT DECODER
\i
WORD DRIVERS I | —_—— — —
—_— — — — }—— |
MEMORY AR sense —1
eI |
S e Bd -
T Al T T T T BCD
L——l —l REGISTER
ANODE DRIVERS
N 5 4 3 x ¥
ANODE
(B
CATHODES 1| - — — — — — = 4 —
=2 — —-— - - = b - -— L — 4 b — 4 —
Al — = e s — — -
i) | I el W, i £ L L8 I () T ) )
[ B - T Jle=s ) [ ) Loy s} BCD TO DECIMAL
NIXIE TUBES DEgg(TJIEORDTEUBE
_____ T ol g e L DRIVERS
P o e i — _1 —
8] — — — — — — — —
9] — — - - — t—— b -— ——
of] — — — — — — — .—.J—
\_/ \J \J \J \J
FIGURE 1
When displaying an N digit number, as illustrated in Figure displayed information is to be altered in one or more of the
1, the N words of the memory are sequentially read out at a digit positions, the new information is written into the
constant rate that is determined by the system Clock. Each corresponding word position in the memory, just after the
time a word is read out, it is rewritten in the same position existing words are read.

of the Memory, thus the information is preserved. When the
2-2
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SUBSYSTEM FOR MULTIPLEXING 16 NIXIE TUBES

<64 COUNTER

2! L 22
8e2e

- TR

Vee

1

J

DBISPLAY

DIGIT SELECT
DECODER
\NODE INPUTS OF  —
NIXIE TUBES 10UT OF 16
SEE FIGURE 3

MAIN
MEMORY
-
=
4o 2
7—1
3 —1 Lo e 84 BIT SHIFT REG
‘ 4 4w
TocaTHODESOF _| ¢ ]
AtNiiETUBES | ] 1O 2 e
s —
77— 2
e =
v—1
A
42 s
w250
[ c
- ° G.__
AL}

WRITEINFO

8250

NS am SR

5

—

o 10 I osc ls.zuux

AUTOMATIC
BLANKING
CONT

FIGURE 2

Yl = MAN

SvSTEM

cLock
- 13 T 1
s s | «ecounren
. S —c 4 e
15 3 Q
G G

Referring to Figures 1 and 2, four packages of 8277 (dual
8-bit shift register) are used to hold the 16 four-bit BCD
coded words that determine what each Nixie tube will
display. A four-bit binary counter (8281) is used as the
digit word counter. A divide by four counter (2-8822) is
used to enable the data after every 4th clock pulse. Two

one-out-of-eight decoders (8250) are used to implement the
digit select decoder, which drives the appropriate anode
through a circuit such as shown in Figure A. The Nixie
driver (8T01) accepts the four-bit BCD code from memory
and drives the cathodes of the tubes.
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SIGNETICS NIXIE* DECODER/DRIVER = 8T01

ANODE DRIVING CIRCUIT Figure 3 shows a constant voltage anode driver circuit. In
the circuit, one of the transistors, Qy, Qp, Qg, etc., is
turned on while the others are held off. Diode CRy, in
conjunction with the base resistors, Ry, R3, Rg, serve to
’f back-bias the off transistors. To turn transistor Q1 on, a
negative pulse is applied to input number one. The
m'% components R, and Cq are chosen to maintain transistor
Q, in the on condition for the full period required by the
system timing.

Ry Ry Rs

S Ry Re Re R S ™~ The collectors of the constant current drivers are connected
through catching diodes CR5, CR3, and CR4 to a +100 volt
chy L bus. This is done to prevent excessive voltages from
+100v -—- appearing across these transistors. Without these diodes,
P 7 overshoots would tend to occur due to the characteristics
of the Nixie tube.

individual anode input. This is sufficiently greater than
minimum eye “flicker”” frequency (approximately 24Hz.)
The upper limit of this oscillator could be 10kHz which will
result in a minimum “ON" time of 100 microseconds for
each tube. If the main clock repetition rate falls between
these limits, there is no need for the oscillator.

comuamawma P

1 )
2 2

3 3

4 4

5 s ; : g

s s The 3.2kHz oscillator results in a 50Hz signal to an
H H

0 o

FIGURE 3

TIMING DIAGRAM FOR 16 TUBE SUBSYSTEM
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L e S N | | | |
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NOTE: ASSUMES THE 64-BIT SHIFT REGISTER HAS BEEN LOADED. NOTE THAT AFTER EVERY
4TH CLOCK (NEATIVE-GOING EDGE) ONE ANODE INPUT OUT OF 16 IS ENERGIZED. THUS
ALL 16 TUBES WILL HAVE BEEN ENERGIZED AFTER 64 CLOCK PULSES HAVE OCCURRED.

FIGURE 4
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8T01 NIXIE* DECODER/DRIVER

DETAILED DESCRIPTION

Refer to Figure 2 and Figure 3. The 64-bit shift right
register is loaded from the main memory with the coded
numbers to be displayed by each tube. The operation s as
follows:

The write information input (Figure 1) normally logic 1"
is set to a logic ‘0" level (pulsed operation). This allows the
words in main memory to be shifted into the register. Also,
the main clock from the calculator advances a counter such
that after 64 counts the display input is set to logic “0"
(pulsed operation), inhibiting any further counter advance-
ment, or loading of the shift register. Simultaneously, as the
display input goes to a logic ‘0", the 3.2kHz oscillator
starts cycling the 64-bit shift register. Simultaneously, as
the display input goes to a logic “0”, the 3.2kHz oscillator
starts cycling the 64-bit shift register.

The above is accomplished via the following individual
steps:

The latch formed by gates 8 and 9 is initially set such that
the output of 8 is a logic ‘0"’ level. The output of 8 inhibits
the + 4 (divide by four) counter, the 8281 (Digit Word
Counter), and conditions the latch formed by gates 13 and
14 such that the output of 14 is set to a logic 0" level. As
a result of this action, the output of 16 is a logic ‘0" level
which forces the output of gates 17 and 18 to logic “1”
levels.

Logic “1”" levels at the D"’ input of an 8250 (one out of
eight decoder) inhibits the output by forcing them all to
logic 1" levels.

At the point in time just prior to the negative-going-edge of
the 64th clock pulse, all anode inputs to the NIXIE tubes
have been at logic 1" levels. (Logic 1" from the 8250's).

After the 64th pulse (from the main system clock), the +
64 (divide by 64) counter is decoded and the output of gate
7 goes to logic ‘0", forcing the latch formed by gates 8 and
9 such that the output of 8 is set to a logic 1" level,
thereby releasing the inhibit on the + 4 and 8281 counters.

Also, all the codes for the digits to be displayed are in the
64 bit shift register and the system is now ready for
multiplexing to commence.

Now the system is in the multiplex routine, which is as
follows:

The system is clocked by the 3.2kHz oscillator.

The + 4 counter controls the anode strobing by holding
the outputs of the 8250's at logic ‘1" levels for 4 clock
pulses, then allowing one output to make the “1”" to 0"
transition thus firing the number one NIXIE tube viz.
the input capacitor (1uf).

The time constant, TC(1K, 1uf) allows the tube to
conduct for approximately 300 microseconds.

The next clock (5th pulse) shuts off the 8251's. When
the negative-going-edge of the 8th (eighth) pulse has
occurred, then the number 2 NIXIE will be fired. The
process repeats for all 16 tubes.

The 8281 (Digit Word Counter) is advanced by the + 4
counter. Therefore, the 8281 gets advanced after the
negative-going-edge of every 4th pulse issued by the
oscillator.

The outputs of the 8281 are decoded by the 8250’s
which fire the anodes of the NIXIE tubes.

The 64-bit shift register circulates the 16 BCD coded
words that are to be displayed.

The 8270 (4-bit shift register) receives the BCD informa-
tion from the 64-bit shift register and in turn is decoded
by the 8T01 (BCD to Decimal) which drives the
cathodes of all 16 tubes simultaneously.

Thus the operation is complete. The automatic blanking
control ensures that the tubes are not conducting for 4 shift
pulses while the next BCD coded word is shifted into the
8270.
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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)
Incandescent displays

Interface transistors and SCRs
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 8TO5 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
8TO06 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

DIGITAL 8000 SERIES TTL/MSI
SEVEN SEGMENT DECODER /DRIVER

8705
8706

LOGIC DESCRIPTION

A composite truth table (Table 1) 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 (BI) 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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SIGNETICS SEVEN SEGMENT DECODER/DRIVER = 8T04/5/6

PIN CONFIGURATION AND 7—SEGMENT LAYOUT

1 a. Vee j 16
0 P
3 [: A d :] 14 A
Gy
¥ (R ! U :
G
s []e o Je e
6 E D F :] " E[] []C
GHED)
7 E RBI  RBO/BI :] 10 D
8 [: GND E 9
FIGURE 2
Where: a, b, ¢, d are the BCD inputs to the decoder/driver RBI = Ripple Blanking Input
A, B, C, D, E, F, G are the seven-segment outputs in RBO/BI = Ripple Blanking Output/Blanking Input
accordance with the standard layout as shown. LT = Lamp Test
TRUTH TABLE
TABLE 1
INPUTS OuTPUTS 8TO04 OUTPUTS 8T05/06
BI/RBO DISPLAY
INPUT CODE LAMP TEST RBI OUTPUT STATE OUTPUT STATE EALLLIAI:
P T LT NOTE Ag B. Co LDyt sEL L EA0G A B €Dy EiyF poG
X X, X X 0 X X Bl R R DR R s M O LTy R RN 3
X-%X X X 1 X 0 oo i T T, . B R 05 S0 N 0" 0fek0 B OIS ¥y BLK
Note 1 & 2)
0F -0t THD 1 0 : 0 i =" 1l [ T 0 A RS0 NG 0N 0GR BLK
N %
of 0F {0040 1 1 T OERFORE 05 10 R0 00 4 U e S TA e S SR O
N 1 X 1 S 3T 1 B, 1.0 08 0 Ba i
0. 4 .0 1 X 1 L R BT I e IR A R T ) e
QI EOn < F TV 1 X 1 e S I S SR VT YRR AT AT S e 3
0 B0 4l X 1 LENRONERD |12 ol 0 (v TS SR R e e ) Y
QIR 0¥ 1 % 1 0L T 0/ 1 0 L0 50" L L (1o i Ry 5
o0 a4 1 0 1 X 1 i 1 ¢ 0 o o @ R Al (PR W L R 5
OF St R 1 X 1 o R T S S &t p AT 0w 0.4 008 0 1l
Lt NRE 1 X 1 DRRRO S 0: . |00, S0y TED 1 s TR E 8
P - LR 1 % 1 ORGS0 1l 0. - 10 R T SR S R e
1E N0 P SN0 1 % 1 L TR N 1 T 0. OEE0- 2507 0. .OLShY =
R 1 X 1 O R A i e g 0 0 0 0 0 0 ©O BLK
L T 1 X 1 O80N 0 F0 00 [T M M A T ]
SRR S 1 X 1 A T R (R 0 < oD 0 BO 0SSO '
e R 1 X 1 T Y e 9.8 8 91 41 @ L
1 1 1 1 1 X 1 1 9 1 1 1 1 1 0 0 0 0 0 0 0 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"
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SIGNETICS SEVEN SEGMENT DECODER/DRIVER = 8T04/5/6

TERMINAL CHARACTERISTICS

Since these 7-segment decoder/drivers are useful in many
applications and interfacing situations involving bipolar as
well as MOS 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 8T06 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 8T06 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.

EQUIVALENT CIRCUITS

DATA INPUTS AND RBI

Vee

R = 10K FOR DATA INPUTS
R = 5K FOR RBI

ab,cd&
RBI INPUTS

FIGURE 3

EQUIVALENT CIRCUITS (Cont'd.)

RBO/BI TERMINAL

Vee Vee

RBO/BI

FIGURE 4

8T04 AND 8T06 OUTPUTS

FIGURE 5

8T05 OUTPUTS

FIGURE 6
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SIGNETICS SEVEN SEGMENT DECODER/DRIVER = 8T04/5/6

TYPICAL CHARACTERISTICS

TYPICAL CURRENT SINK CHARACTERISTICS TYPICAL CURRENT SINK CHARACTERISTICS
OF THE 8T04 & 8706 (OUTPUTS A THROUGH G) OF THE 8T05 (OUTPUTS A THROUGH G)
i3l Il
| — Vec=SV | VootV
Ta=2°C Ta=25°C
20mA/p)y. SmA/Djv.
Lt
/7
/ /

0.2vipyy 05Vipyy,
FIGURE 7 FIGURE 8

TYPICAL CURRENT SOURCE CHARACTERISTICS OF
OF THE 8T05 (OUTPUTS A THROUGH G)

T
e
— Ta=25°C
00
1mA/py.
Wipiv,
FIGURE 9
OUTPUT SPECIFICATIONS the 8T05/6 devices have “‘active high” outputs, meaning
Table 2 is designed to assist in selecting the proper decoder that they are well suited for applications where current has
for a desired application. The 8T04 has “active low" out- to be sourced to the load. This may be done either through
puts. Thus it is suited for high current sink applications the internal pullup resistor (8T05) or through an externally
where the driver has to sink current from a load. However, provided element (8T06) when high current is required.

OUTPUT SPECIFICATIONS OF THE SEVEN SEGMENT DECODER/DRIVER

TABLE 2
ACTIVATING | CURRENT SINK QUTPUT “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 B5mA @ .3V —2.3mA @ 1V; —500uA @ 3.9V
8T06 OPEN COLLECTOR HI 40mA @ 4V 100uA @ 6V
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SIGNETICS SEVEN SEGMENT DECODER/DRIVER = 8T04/5/6

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.

Vee

Vee

f

INCANDESCENT
7.SEGMENT DISPLAY

<
2 RLim

I
|
I
I
|
)

LED DISPLAYS
WITH INDIVIDUAL
LIMITING RESISTORS

SERIES DIODES

NOTES:

LED DISPLAY WITH

EERI
U T TR ) ¥ AV UL B TR A-cnzr>'__-1l::i::i
[ | I
— ret Toe RBO/BI — —::: 8T04 RBO/BI : n:n 104 RBO/BI p— % % % % % % %u
e o oL O
A B i J e o T +t+++4 44
a) b) c)

INCANDESCENT DISPLAY

1. LED displays such as: Litronix Data Lit 10 ,Monsanto Man 1, Opcoa SLA 1.
2. Incandescent displays such as: Pinlites ‘‘Lite Pak’’ ,RCA Numitron DR 2000, Readouts Inc. Series 5,

FIGURE 10
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SIGNETICS SEVEN SEGMENT DECODER/DRIVER = 8T04/5/6

8T05 INTERFACING APPLICATION

The 8T05 has ““active high' outputs with internal 1K 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
1801A 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 8T05 it is
possible to add external resistors from Vg 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
3 ELECTRO—
< LUMINESCENT
9 DISPLAY
SCR
Vee
TO OTHER SCRs

8706 RBO/BI f—

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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LED DISPLAY SUCH AS:
MONSANTO MAN 3 & MAN 4
HEWLETT PACKARD 5028
BOWMAR R7M—191
FAIRCHILD FND 10

FIGURE 12
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SIGNETICS SEVEN SEGMENT DECODER/DRIVER = 8T04/5/6

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—INTEGERS

The RBO terminal may also be used as an overridifg blank-
ing input (BI) 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.

[}
INTENSITY
MODULATION
Ay Y€ g )
L 8122
o1 ¢ 16 8891 1/6 8891 1/6 8891
% TO 7-SEGMENT TO 7-SEGMENT TO 7-SEGMENT TO 7-SEGMENT
1/6 8890 DISPLAYS DISPLAYS DISPLAYS DISPLAYS
i | 5 O 5
l “ﬁ'ICDiFG A B CDEEFG AL G- Dy X G y-8 i
WE sToums  ReO/B! R8B! groume RBO®! R grouss RBO/BI[T oo 8TOA/5/6  RBO/B:
LTl sinie d LT 4 b4 U a6 cd INPUTS
1/68890 470 1/6 8890 1/6 8890 £ l I I I ' I I l I I I l
¥ SIGNIFICANT DECADE ol
LAMP TEST —{é
FIGURE 13

NOTES:

1. 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.

3. INTENSITY MODULATION— Turns on the seven-segment displays only for the pulse duration. This may be used as a lamp intensity

control or for low duty cycle pulsed operation.
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NOTES:

1. To select a decimal point, the corresponding select line must be at a logical “1"" while all the remaining select lines are held at logical "'0"’s.
2. Gates used: 8880 Quad 2-Input NAND Gate; 8885 Quad 2-Input NOR Gate; 8890 Hex Inverter,
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SIGNETICS SEVEN SEGMENT DECODER/DRIVER = 8T04/5/6

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 8TO6 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 power at the same time. Use of the
8292 and 8293 counters further reduces system power
consumption.

GENERALIZED MULTIPLEXING SCHEME FOR DISPLAYS
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FIGURE 15
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MULTIPLEXING EIGHT LED DISPLAYS
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SinoLics

APPLICATIONS MEMO

8109

DIGITAL 8000 SERIES TTL/MSI

8710

8709 QUAD BUS DRIVER/8T10 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

i

>
< <
> >
2 >3

Q

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
| 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.
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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
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s out
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FIGURE 2




SIGNETICS 8T09 QUAD BUS DRIVER/8T10 QUAD TYPE BUS FLIP FLOP = 8T09/10

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
Jout
DATA DISABLE OQUTPUT
0 0 1
1 0
0 1 HI-Z
1 1 HI-Z
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
o o———
4 74 14 | v | 4
8700 8709 8To09 l 8T09 l 8880/7400
L
!
s A 40uA aoun | 40uA
} : }
e BUS
114).2{LEAKAGE) 40uA X 129 DRIVERS = 5.16mA

lin(1) LOGICAL “1" INPUT CURRENT 40uA =

FIGURE 4
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SIGNETICS 8T09 QUAD BUS DRIVER/8T10 QUAD D-TYPE BUS LATCH = 8T09/8T10

BIDIRECTIONAL DATA BUS

1/4 8980 1/4 9980
DATA DATA
ouT j 1/4 7400 1/4 7400 E ouT
DATA BUS DATA IN
1/4 TGO 1/4 8700
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 without need for an interface.

8T09 IN A BUS-ORGANIZED MINICOMPUTER
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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

9 I GND Is
s
10 |7
E IN DIS, CLOCK

T
o == R
e
q:m -

16 1
Vee OuT DIS; :]

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.

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 in-
formation clocked in prior to the disable signal. The disable
lines may change while the clock is high or low without
altering the data. A common clear input has also been pro-
vided. All flip-flops will be reset upon application of a
logical ““1" clear pulse at least 15ns wide.
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TRUTH TABLE OF THE 8T10

Dn INpIs OUTps OUTn+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

FIGURE 9
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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 8262 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—
b |
o— ]
p— —| — — Op, Op
8250 : 1 9024
o—
o— | 8T10
F |
|
o- |
S e
80 [P— | Op, Op,}

O = |
D |
o— | 8T10
P 1y

Ly

Jeyg

0D, 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.
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MULTIPLEXING OF DISPLAYS USING
THE 8T10

—»{ DIGIT SELECT DRIVERS
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DECODER/DRIVER
[ ]
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[F 2Rl iRLUE IR E
L . ]
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 8T10 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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4X4 BUS—ORGANIZED REGISTER FILE
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FIGURE 12
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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

Vee = Pin 16

GND= Pin 8

FIGURE 1

1/2 8T13 LINE DRIVER

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 ©
L
34k S ak 31k 33603 1.4k 35 315
Q
N°
V
NOG
o
o
o ’_KQ"O
oL
& Ny
Q, o
T >
32k 3 sk 33k

FIGURE 2
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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 8T 13 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

8113
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TYPICAL RISE TIME VS. LOAD CAPACITANCE
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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") Pgiss = [(Vece — Vout) X lout] +50mW

(Logic ‘0") Pgjss = 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 = Pgjss (‘1’ state) + Pgjss ('O’ state)

[(BV — 3.3V) X 65mA] + 190mW

300mW
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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

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.)
supply.
(3) ”y (10) Ry (14)R3
s (11 (15)

:4: A‘ eI e )? 13(13)
5) Ay 1)A3

(6) By i (283

Vee = 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.

4K $ 8000 ; 56
500
Q9 Q4
Q12 Kas
3450 Eii
2I§°3 Dg
S‘U’A =
6780
Qg

FIGURE 7
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HYSTERESIS

The 8T14 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

160 T T
0.4 to 2.8 volts. 1 ] .«'ﬁ"/‘/
8T14
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APPLICATIONS
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GENERAL EQUATIONS FOR PARTY LINE
APPLICATIONS

When multiple drivers and receivers are tied onto a
common bus in a party-line applications, it can be
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.

louT(1) = ITERMINATION + LOAD
VouT(1) = 2.4V

Where: 1. 0AD = (m—1) ILEAK(1) + nlIN(1)
m = number of drivers
n = number of receivers

and[nl|N(0) + miQuT(0)] RTERM. < 0.4V
where IoyT(0) = LEAKAGE CURRENT

Example:

Can the 8T13 and 8T14 be used in a bus-organized system
where 15 drivers and 20 receivers are tied onto one
common bus. The bus is 100£2 coax-cable, terminated at
both ends.

PARTY—LINE APPLICATION

Given: m =15
n=20
RTERM = 10052

louT(1) =75mA

at VoUT(1) = 2.4V

IOUT(1) Ak = 80KA (from data sheets if
Ve = 0 for disabled 8T13)

lIN(1) =0.17mA
ILOAD = (14) (0.08mA) + 20(0.17)mA
= 1.46mA
ITERM = 2.4v =48mA
509

ITERM + ILOAD < louT(1)
49.46mA < 75mA
IIN(0) =0

louT(0) 200uA (from data sheets)

at VouT(0) = 0.4V =
[15(200uA)] 1002< 0.4V, .
.03v <4V
The answers show that the above application is well within
the 8T13 drive capability.
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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 8T 13 Line Driver and the 8T14 Line Receiver.

8T14 TRIPLE LINE RECEIVER

(3) ™
(4) s,
f.
5 A o
(8 &
(10) Rz
(11) sz
f2 (9)
A2y vag
(14) Ry
(15) s3
3 (13)
(1) A3
(2) B
(16) Voo
{2JiGND 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.
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8T14 AS A SCHMITT TRIGGER

SCHMITT TRIGGER

LogIC

5 i

oo PN

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

2K
w e
G " aeTe)

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.
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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

100ms T
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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

—d
1/3(8T14)

FIGURE 6

Without diode D2, 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.

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
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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 [Gsl

Driving capability for data transmission between data com- - v;-'fm
i i i i i Vgg =-12V
munication and terminal equipment. The device meets or ol ﬁs_m_c

exceeds the requirements of EIA Standard RS-232B and C,
MIL STD-188B and CCITT V 24.

3
—

-2
CIRCUIT DESCRIPTION “ > i
The 8T15 requires a dual power supply with nominal - ol
voltages of +12 and -12V volts. The output circuit features % \ //
current limiting and can be shorted to *25 volts without d
damage. Figure 1 shows the typical output characteristics B T ab LT 0 R e e

for all possible operating conditions. Above approxi-
mately *7 volts, the effects of current limiting cause the

output impedance to increase to = 5 kilohms. FIGURE 1

CIRCUIT SCHEMATIC
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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.

M FF A FEE G

Vee ‘ E | | Vee

NC GND

[T LT T T T T

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.

8715
v
Voo =12V
Vgg=-12V
L Ta=+25°C —
&~
v

FIGURE 3

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.
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FIGURE 4
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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 8T 15.

TABLE 1
SPECIFICATION EIA RS-232B, C MIL-STD- CCITT V24 SIGNETICS 8T15
s (LIMIT) (TYPICAL)
Output Voltage “1" --5Vmin.(F<1L = 3000Q2) 61V -5Vmin. (RL = 3000%2) -5Vmin. -7Vmax -6V at 4mA
-15Vmax.(RL =70009) -15Vmax.1RL =70009Q) at 4mA
Output Voltage 0" +6Vmin.(R, = 3000%2) +6+1V +5Vmin.(RL = 3000%2) +5Vmin., 7Vmax. +6V at 4mA
+15Vmax.(R_=7000Q) +15Vmax.(R_=7000Q) at -4mA
Source Impedance Not Specified 10092 max. Not Specified 954 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 4u5-3000pF 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
. C, =3000pF
30V/us max. dV/dt 30V/us max. dV/dt 20V/us with
C, =500pF

8T16 DUAL LINE RECEIVER

The 8T16 was designed for use as either an EIA or MIL
Line Receiver for interfacing with data communication and

terminal equipment.

and one EIA input are provided on each receiver.

CIRCUIT SCHEMATIC

Two MIL inputs (MIL+ and MIL-)

Each

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 8T16 operates from a single

+5 volt power supply.

STROBE

—O Ve

~

EIA) MIL()

MIL(-)

40 our

S50

L HYST
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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(-)
[ [a] [e] [ [o] [5] [

7

2 A

+]

|
pHtsEe pelel el el ek 1]

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

EIA “FAIL-SAFE"” MODE

Vout
+av 4
v
ViN
+1V +1;V fsv
FIGURE 7
MIL HYSTERESIS
Vour
+4V 4+
s2vi
VIN
A0V 05V OV 405V +1.0V

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

AVour
+4V 4+
) a4 Y
s + + + + + —- ViN
-V -2V IV 0V 4V 42V sV
vor Vi
FIGURE 6

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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SIGNETICS 8T15 LINE DRIVER/8T16 LINE RECEIVER = 8T15/16

The 8T 16 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.
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. \N i //
0 10 20 30 40 50 80 70 osv 1ov 15v 20v 25V lov
OUTPUT CURRENT (mA) Ve (VOLTS)
FIGURE 10 FIGURE 11
TABLE 2
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 125V (min.) +25V (EIA AND MIL)
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

HIGH DIFFERENTIAL NOISE IMMUNITY
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SIGNETICS 8T15 LINE DRIVER/8T16 LINE RECEIVER = 8T15/16

APPLICATIONS (Cont'd)

HIGH COMMON MODE NOISE IMMUNITY
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APPLICATIONS MEMO

8120

DIGITAL 8000 SERIES TTL/MSI

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 (V)
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-shot trigger can be ascertained.

LIMITER
OUTPUT A

CONNECTED
INTERNALLY
TO +V¢e

(PIN 18) D

POSITIVE EDGE Rx
CONTROL (PEC)
o

NOTES: LIMITER
. Ryx,Cyx external components OUTPUT A
. Pulsewidth t,, = Rx CxLoge2

+ 4 VEg = =6V £ 5%

8 GND

16 Vg = +6V + 6%

arwN =

NEGATIVE EDGE CLEAR
CONTROL (NEC)

FIGURE 1
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SIGNETICS BI-DIRECTIONAL ONE-SHOT = 8T20

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).

When driving the 8T20 differential inputs with slow edges
or with low frequency sine waves, it is possible to get false
triggering of the one-shot unless input signals have a slew
rate of at least 50mV /usec.

The differential pair is followed by a level shifter and
limiter circuit; but for simplicity, only the block diagram is
shown in Figure |. 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 V4

LIMITER | I

OUTPUT A
| | | I I

LIMITER I '
OUTPUT A
ONE-SHOT |

| x| |
oumtoﬂ I'—l J_
PEC=1 gl ‘W |a—
| ‘
I

NEC=0
CLEAR =0

ONE—SHOT
ouTPUT Q
PEC =0

NEC =1 l
CLEAR =0

LRl

CLEAR =0

‘tw = HXCX Log°2

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.

INTERNAL PULSE GENERATING AND
CONTROL CIRCUITRY

POSITIVE
OF LIMITER

NEGATIVE

ouTPUT
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 Q2 permitting duty cycles in excess of 90%.

TIMING CIRCUIT

FIGURE 4
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SIGNETICS BI-DIRECTIONAL ONE-SHOT = 8720

In the stable state, the capacitor is charged up to Vg(g -
VBEQy - VBEQg- When the one-shot is fired, Qg will turn
on, clamping the capacitor Cx at VBEQg3. As shown in the
timing waveform, Figure 5, voltage V2 drops from VBEQ4
to - Vee +VBEQp + VBEQ3 T VBEQg- |n this quasi-stable
state Cx will charge through the timing resistor Ry 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

U Vee - Vb
”
7,
Z
VBEQ4 — 04
-Vee + VBEQ2 * VBEQ3 * VBEQ4
FIGURE 5

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

-Vee + VBEQq + VD1

~t\/
e WRxCyx =

-2Vce+ VBEQ2 +VBEQ3+ VBEQs t VD1

By close matching of the forward voltages of the diodes,
pulse width (ty) becomes:

tw=RXCx 10ge2=0.69 RxCx

Where:
t=sec
R = ohms
C = Farads

Stability over temperature and VgC 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{2 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.
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OUTPUT PULSEWIDTH VS. TIMING RESISTOR
VALUE

1mS

10048

10u8

tw — OUTPUT PULSE WIDTH

Ry - TIMING RESISTOR VALUE(kQ)

FIGURE 6

OUTPUT PULSEWIDTH VS. TIMING
CAPACITOR VALUE

10mS

ms

100uS

1048

s

tW — OUTPUT PULSE WIDTH

10pF  100pF 1000pF 0.01uF 0.1uF uF 10uF
Cx — TIMING CAPACITANCE

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:



SIGNETICS BI-DIRECTIONAL ONE-SHOT = 8T20

_VCC + VBEQ4 T VBEQX

DEFINITION OF PULSE POSITION ERROR

¢ W/RXCx =
-2Vee+ VBEQ + VBEQ3 t VBEQ4 T VBEQX

Thus, it can be seen that pulse width (tyy) 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 V¢ instead of Voc—Vp1 and V3 is equal
to VBEQ4 ¥ VBEQx in the stable state of the one-shot.

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

BETA MULTIPLIER CIRCUIT TO EXTEND
PULSEWIDTH

@9 Rx
= e 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 Atq 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. =
Il A tT - At I 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,

INPUT j

St L [

Ay A

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”.

In recovering data from disc or drum files, several steps
must be ‘taken to pre-condition the linear data. The
NE592* video amplifier, coupled with the 8T20 bi-direc-
tional one-shot, provides all the signal conditioning neces-
sary for phase encoded data.

When data is recorded on a disc, drum or tape system, the
readback will be a Gaussian shaped pulse with the peak of
the Gaussian pulse corresponding to the actual recorded
transition point. This readback signal is usually 500uV p-p
to 3mV p-p for oxide coated disc files and 1 to 20mV p-p
for nickel-cobalt disc files. In order to accurately reproduce
the data stream originally written on the disc memory, the
time of peak point of the Gaussian readback signal must be
determined.

*See Signetics-Liner 592 Data Sheet
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SIGNETICS BI-DIRECTIONAL ONE-SHOT = 8T20

The classical approach to peak-time determination is to
differentiate the input signal. Differentiation results in a
voltage proportional to the slope of the input signal. The
zero-crossing point of the differentiator, therefore, will
occur when the input signal is at a peak. Using a
zero-crossing detector and one-shot, therefore, results in
pulses occurring at the input peak points.

A circuit which provides the pre-conditioning described
above is shown in Figure 11. Readback data is applied
directly to the input of the first 592. This amplifier
functions as a wideband AC coupled amplifier with a gain
of 100. The NE592 is excellent for this application because
of its high phase linearity, high gain and ability to directly
couple the unit with the readback head. By direct coupling
of readback head to amplifier, no matched terminating
resistors are required and the excellent common mode
rejection ratio of the amplifier is preserved.

The output of the first stage amplifier is routed to a linear
phase shift low pass filter. The filter is a single stage

PHASE ENCODED DATA

constant K filter, with a characteristic impedance of 200€2.

Calculations for the filter are as follows:
2R
L=— .
w,
¢ ie=

Where R = Characteristic impedance (ohms)
—— W = Cutoff frequency (Radians/sec)
weR
The second 592 is utilized as a low noise differentiator/
amplifier stage. The 592 is excellent in this application
because it allows differentiation with excellent common
mode noise rejection.

The 8T20 input stage will act as a high gain limiter, squar-
ing the pre-amplified and filtered signal. The device’s digital
pulse generating circuitry will detect positive and negative
transitions (zero-crossings) that will trigger the internal
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
clock.
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SIGNETICS BI-DIRECTIONAL ONE-SHOT = 8T20

The circuit in figure 11a was tested with an input signal
approximately that of a readback signal. The results are

shown in Figure 11b.

USING THE NE592 AND 8T20 IN PHASE ENCODED DATA SYSTEMS

PRE-AMPLIFIER OUTPUT

/\ /1 100mvidiv

DIFFERENTIATOR

J A h 200mV/div

TIME BASE 200ns/div

PRE-AMP AND
DIFFERENTIATOR

Lo N

I \ — SUPERIMPOSED
1 ’ \ ’ U\ 200mV/div
v

TIME BASE 200ns/div

A\ A DIFFERENTIATOR
200mV/div

A A A 8720 Q OUTPUT

U 2V/div

TIME BASE 200ns/div

FIGURE 118
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SIGNETICS BI-DIRECTIONAL ONE-SHOT = 8T20

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

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 PEC 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.

WAVEFORMS
ONE BIT-CELL
1 1 0 1 [} 1 o 0 [} 1
IS
DATA
INPUT
TO 8T20
INPUT
FREQUENCY
Fiy TO 8T20
-
tw=0.69 RxCx
QouTpuT
OF 8T20
QOUTPUT
OF JK l
FLIP-FLOP
FIGURE 12
BINARY TO DI-PHASE TRANSMITTER
Cx :: Rx
SIS
8720
VREF
A
Vee
PULSE a
A GENERATOR | L J o ::m\ss
cLOCK AND Cp 127473 QUTPUTS
N © ONE SHOT ] : o ol
CLEAR
PARALLEL DATA INPUTS _PEC _L
8274 10.81T
L] PARALLELNSERIAL-OUT __J SEniAL
P SHIFT REGISTER Bout
So_S1
74192 +10 COUNTER
Cup RY
FIGURE 13
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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 Qp output of the 8273 shift register and is
shown in Figure 14.

$h
Cx S RX
“ Cx
8720
PARALLEL OUTPUTS
o VREF
RERGRE AR
Q10203 040506Q708Q90Q19
PULSE L “IN 8273
GENERATOR SERIAL-IN PARALLEL-OUT
N AND 3 J B Dy SHIFT REGISTER
ONE-SHOT e
O 4 o
DIFFERENTIAL] CLEAR K a
OR SINGLE-
ENDED INPUT _]_ 1/2 7473
FIGURE 14
WAVEFORMS
ONE BIT-CELL
1 1 0 1 0 1 0 0 0 ’ 1
DI-PHASE

DATA
INPUT I | |
TO 8T20

8T20
QOUTPUT

74121
QOUTPUT
(CLOCK TOS.R.)
AND RESET

OF 7473 F/F

OUTPUT
OF 7473

oaarosn L1 1 T1 al

Q1 OF 8273
SHIFT-REGISTER

OUTPUT AT r

-

FIGURE 15
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SIGNETICS BI-DIRECTIONAL ONE-SHOT = 8T20

HYSTERESIS INCREASES VERSATILITY OF
THE 8T20 BI-DIRECTIONAL ONE-SHOT

To extend the usefulness of the 8T20 to systems usage
where hysteresis is desirable (i.e., when receiving signal’s in
a high noise environment or signals with slow edges)
feedback can be employed by using the buffered limiter
outputs A and A. Depending on whether the 8T20 is used
in a single ended application or in a differential configura-
tion, hysteresis is easily obtained by referring to Figures 16
and 17 respectively.

In Figure 16a the A output of the limiter is used to provide
feedback to the negative input of the comparator of the
8T20. The state of A output determines if R3 is switched in
or out of the hysteresis loop. The thresholds are influenced
by the input impedance but are easily approximated as:

SINGLE ENDED FEEDBACK FOR HYSTERESIS

R
Lower Threshold Voltage (V| ) = z Vece
R1 +R2
Upper Threshold Voltage (VyT) = —Rz//R3_ = Veoc
R1 + R2//R3

Performance data for this circuit are shown in Figure 16b.

For a symmetrical feedback arrangement advantage can be
taken of both the A and A outputs by feeding them back as
shown in Figure 17a. Rq and Ry are the feedback resistors
and if they are the same value, hysteresis is symmetrical
around zero with the following threshold voltages:

R4 V1 out

Lower Threshold Voltage (V| 1) = ———
R4 + Ro

—R3 Vj out

Upper Threshold Voltage (VyT1) = ——m——
Rq1 +R3

"

V4 out is the logical ‘1" output voltage of the A and A
TTL totempole outputs (approximately 3.5 Volts). Per-
formance data for the symmetrical hysteresis circuit are
shown in Figure 17b.

A PEC
T o
Vee
9KQ
VREF O—
5KQ
PULSE -
IN O GENERATOR
AND -
o onesHor |9 )
8720
A o
NEC
D
R3
>
<
< R2 Rq
1
= vee
a.

Vur Vir

Vout
VOLTS

05 w 15V 20 25 VIN
voLTS

FIGURE 16
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SYMMETRICAL FEEDBACK FOR HYSTERESIS

Ry PEC

Vee
4
VREF
[og
VOLTS 3 F = 20K
Vi
OUT RE = 10K
£ = 20K RE = 10K—]
i =
& oo puLse-  |a 2
=W GENERATOR =0
IN T AND a
O—MA—- ONE SHOT 0
[ ;
8720
-05 -04 -03 -02 -0 0 0.1 0.2 03 04 05 Vin

VOLTS
A ]
) NEC

FIGURE 17
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APPLICATIONS MEMO 8"'22

DIGITAL 8000 SERIES TTL/MSI

RETRIGGERABLE MONOSTABLE MULTIVIBRATOR

INTRODUCTION

The Signetics 8T22 Retriggerable monostable multivibrator
is a one-shot that has a duty cycle as high as 100% and
responds to input triggers while in an active timing state.
After the last input pulse is received, the 8T22 completes
one timing cycle.

APPLICATIONS

100% maximum duty cycle

Leading and trailing edge triggering

Maximum repetition rate >10mHz

D-C coupled inputs insensitive to input transition times.
Output pulse width insensitive to power supply varia-
tions .
Input clamp diodes

Pin-for-pin replacement for 9601.

LOGIC DIAGRAM

vce
vee = (18)
GND = (7)
()= DENOTES i
PIN NUMBERS :_ Rx.j'
cx*
[ |
A1 (1) N _'J
" 1
Ao o) (11) (13)
B1 (3)
B2 (4) & (8)
al—
(6

*EXTERNAL TIMING DIAGRAM

FIGURE 1
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Applications of the 8T22 retriggerable one-shot include
missing pulse detection, oscillator circuits, variable pulse
delay generation, non-retriggerable operation, pulse dura-
tion modulation and others.

DEVICE DESCRIPTION

A functional block diagram of the 8T22 is shown in Figure
1. The multivibrator has four inputs, two active high and
two active /ow. This allows leading edge and/or trailing edge
triggering. The TTL inputs are level sensitive and make
triggering independent of input transition times. When
input conditions for triggering are met according to the
truth table also shown in Figure 2, a new timing cycle
starts. The external timing capacitor, Cx is rapidly dis-
charged and then allowed to charge through Rx. An input
cycle time shorter than the output cycle time will retrigger
the 8T22 and result in a continuously high Q output.
Retriggering, however, may be inhibited by tying the Q
output back to an active low input as shown in the
applications section. Complementary outputs with active
pull-ups are provided for maximum systems flexibility.

TRIGGERING TRUTH TABLE

PIN NUMBER

1 Z 3 4
H—L H H H

H H-L H H

L X L-H H

X L L-H H

B X H L-H

X 12 H L-H




SIGNETICS RETRIGGERABLE MONOSTABLE MULTIVIBRATOR = 8722

OPERATION RULES

1. An external resistor (Rx) and external capacitor (Cx)
are required as shown in the Logic Diagram. (Figure 1)

2. Thevalue of Ry may vary from 5.0 to 50 k2 for O to
75°C operation.

3. Cx may vary from O to any necessary value available. i e
If, however, the capacitor has leakages approaching RX Cx
3.0 uA or if stray capacitance from either terminal to H—ornmn
ground is more than 50 pF, the timing equations may
not represent the pulse width obtained.

4. The output pulse with (t) is defined as follows:

t=10.32 Rx.Cx [1 + %1]

X

Where Ry isin k&2, Cx isin pF, tis in ns; for Cyx <10° pF,
see Figure 2.

5. If electrolytic type capacitors are to be used, the

following three configurations are recommended: Ve o FiNGE

A. For use with low leakage electrolytic capaci- R Cx
e 7 o N1
The normal RC configuration can be used
predictably only if the forward capacitor
leakage at 5.0 volts is less than 3 pA, and the
inverse capacitor leakage at 1.0 volt is less than
5 uA over the operational temperature range,
and Rule 3 above is satisfied.

B. Use with high inverse leakage current electro-
lytic capacitors.
The diode in this configuration prevents high
inverse leakage currents through the capacitor
by preventing an inverse voltage across the
capacitor.

t~ 0.3 RCx

C. Use to obtain extended pulse widths:
This configuration obtains extended pulse
widths, because of the larger timing resistor
allowed by Beta multiplication. Electrolytics
with high (>5 uA) inverse leakage currents can
be used.

R <Ry (0.7) (hgg Qq) or <2.5 MQ2 whichever
is lesser

Ry (min) < Ry <Rx (max) (6 < Ry <10k
is recommended)

Qq: NPN silicon transistor with hgg require-
ments of above equations.

Output pulse width, t = 0.3 RCx

Configuration B and C are not recommended
with retriggerable operation.
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6. To obtain variable pulse width by remote trimming,
the following circuit is recommen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>