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1. INTRODUCTION

Vacuum fluorescent displays, VF, are among the displays that are more commonly
used. The versatility in their construction, colour and formats allow the displays to
have a wide range of applications.

1.1 Display Construction

The VF display has a construction very similar to a triode valve. It consists of a
number of grids and anodes plus a single cathode-heater, encapsulated in an evacuated
glass envelope.

CATHODE HEATER

PHOSPHOR GLASS ENVELOPE
COATED ANODE

GRID
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Figure 1.1 Cross-section of a Vacuum Fluorescent Display

Thermionic electrons are emitted from the cathode and accelerated by the anode and
grid. After passing through the grid the electrons hit the phosphor coat on the anode.
The energy gained by the electrons is enough to allow the phosphor to fluoresce.
Different designs of anode areas mean that dot matrix, segmented, bar graphs and
custom displays can be made available. The use of a variety of different phosphors
enables the use of multiple colour displays.

1.2 Anode and Grid Biasing
Typical operating ranges of a V.F. display are shown in Table 1.1.

TABLE 1.1 VFD Operating Ranges

PARAMETER MIN MAX
Cathode Voltage 0.4V a.c. 10V a.c.
Grid/anode Voltages 24V p-p 70V p-p
Cathode Current 20mA a.c. 250mA a.c.
Grid Current 2.5mA p-p 30mA p-p
Anode Current 2.5mA p-p 30mA p-p
Power Dissipation 14mW/char. 125mW/char.




ldeally the grid potential (Ec) should be biased at 50% of the anode potential (Eb),
though practically they can be at the same potential to minimise power supply and
driver logic complexity.

The capacitance of the grid due to space charge effects increases when the anode and
grid are at the same potential, but this isn‘t found to be a problem as the capacitance is
small.

The anodes and grids operate in a logical AND operation, hence both have to be “on’’ to
select a display element or pixel. Normally either the grids or anodes are commoned

in order to reduce external wiring thus giving rise to displays that are either static or
dynamic respectively.

Different phosphor coats on the anode segments can be used to create different
colours, though the efficiences of the phosphors vary, resulting in different intensities.

1.3 Cathode Biasing
A d.c. bias voltage (Ek) is applied to the cathode to ensure that when the grids and
anodes are switched off a negative potential occurs between them.

This reduces switch off time by repelling any thermionic electrons emitted by the
cathode.

In addition to the bias voltage applied to the cathode a heating voltage (Ef) is
sometimes applied to create the thermionic electrons needed for conduction. The
heater voltage should be a.c. If a d.c. voltage is used a potential drop will occur across
the cathode, creating variations in cathode-anode and cathode-grid potentials at either
end of the display. This results in a variation of intensity across the display.

Eb, Ec — Anode, Grid potentials
Ef — filament heating voltage
Ek — filament bias voltage

i Eb, Ec
o

|

Figure 1.2 Biasing potentials for a V.F. Display

1.4 Switching Characteristics

The anodes and cathodes appear as capacitive loads (Typ 2-5pF) with an associated
parallel resistance (Typ 50kS2) giving rise to the typical switching characteristics
shown in Figure 1.3.
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Figure 1.3 Switching characteristics of V.F. Grids and Anodes

When switch off occurs residual capacitance charge takes time to discharge through the
resistance R. The switch off time of the V.F. display must be comprehended when
multiplexing display data, otherwise segment ghosting can occur. The ghosting can be
minimised by using

a) Active turnoff, to minimise discharge time.

b) A blanking period ensuring complete discharge of the anodes and grids before a new
character is displayed, commonly called the interdigit blanking time.

2. V. F.DISPLAY TYPES
Vacuum fluorescent displays generally come in two basic forms, which dictate the
driving technique that should be used.

2.1 Static Displays

Static displays are non multiplexed, hence for a given display state, the data applied to
the display is constant. This is achieved by connecting all the grids to the supply
voltage and controlling each segment independently. Consequently static displays
tend to have a small segment count as the pin count for larger displays is not practical
or economical.

Although static displays may not be practical for large displays, in comparison to
dynamic displays the data processing overheads are much smaller, since it needs no
refresh.
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Figure 2.1 Internal Connection of a Static Display

2.2 Dynamic Display

Dynamic displays differ from static displays in that each character is multiplexed.
Character information is entered on a set of anode lines, where each line controls
corresponding segments in each character. The character location is defined by a set
of independently controlled grids which provide a logical AND operation with the
anode lines.
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Figure 2.2 Internal Connections of a Dynamic Display

Each character has to be individually selected and displayed to complete the display
frame. For continuous operation the frame must be refreshed at a minimum of 60Hz.
Higher refresh rates might be required as vibrations can cause stroboscopic effects.
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Dynamic displays have significant advantages over static displays such as
® | ow pin count
® Reduced driver count

Conversely continuous refreshing and character multiplexing increases the data
processing overheads.

3. V.F. DISPLAY DRIVES

A general systems approach to the problem is shown in Figure 3.1. The data processing
unit formats the data for the display and transmits it along a set of serial data lines.
The serial data is converted to a parallel format and interfaced from TTL/CMOS logic
levels to high voltage levels for V.F. display control.

SERIAL LINE

1
1

1

ue DATA —L > | DISPLAY |
CONTROLLER ] ]
SveTEM PROCESSOR : DRIVERS !

| i

INTERFACE | 1

1

L ]

ANODE/GRID DATA

P

VACUUM FLUORESCENT POWER
DISPLAY SUPPLY

Figure 3.1 Typical Display Control System

Optimisation of the display driver section will result in a number of advantages:—
Lower component costs

Minimisation of board area

Space saving

Lower production costs

Minimisation of wiring

Remote display driving

3.1 Display Drivers

The SN75512A, SN75513A and SN75518 are a set of vacuum fluorescent display
drivers designed to encompass many of the systems requirements outlined in the
previous section.

Use of the monolithic BIDFET technology has allowed a mix of large scale integration,

LSI, and high voltage devices on the same integrated circuit, making the systems design
simpler.
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It can be seen from the schematics that the devices come in latched and non-latched
output versions. The latched output devices allow the data to be loaded while the

display is active. This facility reduces the data rate required to load the display in
comparison to non-latched output devices, whose data is loaded in the inter digit
blanking time.

Non-latched devices are ideal for strobing applications on multiplexed displays.

3.2 Driving Static Displays

Taking into consideration the construction of static displays, described earlier, the
control of these displays becomes relatively simple. Any of the display drivers,
mentioned earlier, may be used. Data is entered into the devices which are cascaded
Until the bit length of the shift register is long enough to contain the number of
segments required.
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Figure 3.3 Cascaded Static Display Driving

3.3 Driving Dynamic Displays
The need to multiplex data for a dynamic display leads to a large variety of drive
techniques. These can be covered with three main design philosophies.

3.3.1 Cascaded Driving

A technique ideal for small dynamic displays involving a number of cascaded drivers.
The data is entered on one serial bit stream and the final parallel output contains
segment and grid information.

The display driver configuration is the same as shown in Figure 3.3 except that the
serial bit stream contains grid information as well as segment information. Figure 3.4
shows a typical string of information that could be used in a 10 segment 14 character
display.

|«—————DRIVER 1 —| DRIVER 2 —— |

Q1 Q12 Q24
[ Tol[*[+[*To[[1]1]o]o]o o o] 1]o]o[oJo] 000 0] STATICSHIFT

|<—— SEGMENT DATA ——>|= GRID DATA—————| CONTENTS

Figure 3.4 Single Bit Stream Dynamic Display Drive Data

1



3.3.2 X-Y Driving

The grid and anode information is split into two serial bit streams so that the display is
addressed in a matrix format. The number of control lines doesn’t necessarily increase

in proportion to the number of individually controlled devices as the strobe, clock and
latch lines can be common.

SEGMENT DATA (X-AXIS) GRID DATA (Y-AXIS)
e e—
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DATA IN (Y-AXIS]
cLocK CASCADE TO
STROBE . OTHER Y-AXIS
LATCH 1 DRIVERS
~——~—
CASCADE TO
OTHER X-AXIS
DRIVERS

Figure 3.5 X-Y Driving Technique

3.3.3 Multiple Colour Segment Driving

Displays which have combinations of different phosphors to produce different colours,
don’t necessarily need a number of anode potentials to normalise the intensity. When a
common anode potential is used variations in the mark-space ratio of segment strobing
can be used instead.

COLOUR 1 SEGMENT DATA COLOUR 2 SEGMENT DATA
—m—_ — o —__
SN75512A __ _[outPuisasvol_ _ SN75512A OUTPUTS G370, .
r Q10 NOT SHOWN Ar Q10 NOT SHOWN|" T |
! mg Qoz ml@ 9012 1 at Q2 ant arz I
1
I o> 1 > + !
| T e Y T It
; FD_{; 12-BIT LATCH : | -D-i; 12:BIT LATCH J |
|
! .| 1 X 1 [ |
12-BIT STATIC SHIFT REGISTER I I 12-BIT STATIC SHIFT REGISTER
' H |
| 11 i
| b
L AL i
DATA IN I N A e R O R B E—
cLock OTHER COLOUR N
LATCH DRIVERS
COLOUR 1STROBE
COLOUR 2 STROBE
~—— ~—
CASCADE TO CASCADE TO
OTHER COLOUR 1 OTHER COLOUR 2
DRIVERS DRIVERS

Figure 3.6 Multiple-Colour Segment Driving
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Advantages and Disadvantages of V.F. Display Driving

Display drivers:—

Interface to most V.F. Displays
Cascade to Service Large Area Displays
Interface Directly to TTL and CMOS
Reduce 1/O Overheads

Advantages/Disadvantages of Displays with Drivers

Static

Vs§

Dynamic

Advantages
® | atched Display (Display Memory)
® | ow Control Overhead

Disadvantages

® Reduced Power Efficiency

® High Display Pin Count/Segment

® High Driver Package Count/Segment

Advantages

® | ow Package Count/Segment

® Low Display Pin Count/Segment
® Best Power Efficiency/Segment

Disadvantages
® High Control Overhead
® High Input Data Rates

Figure 3.1 Summary Table
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Driving Vacuum Fluorescent Displays

John D. Spencer
Linear Circuits Division

INTRODUCTION

The Vacuum Fluorescent Display (VFD) operates on the
principle of a triode vacuum tube. In the VFD, however,
the anode is coated with phosphor which emits light when
electrons from the cathode strike it at sufficient energy.
The blue-green color given off is bright clear and pleasing to
the eye. The VFD is available in dot matrix, segmented and
dot character arrangements in a wide variety of sizes. The
flat panel construction low operating voltages and power
consumption make VFD an attractive option in many
display applications.

THE VFD PANEL

Construction

The VFD is composed of three basic elements, the
grid, anode and cathode, contained in a glass envelope
which provides the vacuum environment required for
proper VED operation (Figure 1).

Figure 1. Vacuum Fluorescent Display Construction

The cathode is an oxide-coated tungsten filament
which, when heated by a current, emits free electrons.
Control of the display is achieved by the bias conditions
placed on the grid and anodes. Column or character selection
is provided through the grid while individual segment
control is governed by the anodes. Electrons from the
cathode or filament pass through a grid with a positive
potential and are blocked by a grid with a negative potential
applied. Electrons passing through the grid are attracted by
anodes with positive potentials and are repelled by anodes
with negative potentials applied (Figure 2). The applied
voltages vary depending on the display format. Table I
shows the range of element voltages and currents required
by the majority of VFDs.

CATHODE/FILAMENT

TL T
T

Figure 2. Vacuum Fluorescent Display Electron Flow

— — GRID

ANODES

Table I. VFD Operating Ranges

Parameter Min Max
Cathode Voltage 24V ac 10 V ac
Grid/Anode Voltages 24 \ p-p 70 V p-p
Cathode Current 20 mA ac 250 mA ac
Grid Current 2.5mA p-p 30 mA pp
Anode Current 2.5 mA p-p 30 mA p-p
Power Dissipation 14 mW/Char. 125 mW/Char.

Panel Performance

Higher resolution VFDs pose problems. As higher
resolution is pursued the mechanical and electrical
properties of the VFD require special considerations. The
grid is a fine screen mesh with practical limitations as to
how small (or fine) it can be fabricated and handled.
Additionally, as neighboring display elements are brought
closer, magnetic fields created by their grids effect the
display site being activated. The fringe field effect causes
a nonuniformity in the luminance of the display. Most
character displays employ a common grid for each character
or column of characters. Thus the character spacing protects
against this problem (Figure 3). Dot matrix displays,
however, have no such space, thus a variation of grid/anode
muitiplexing is required. Figure 4 shows several arrange-
ments of anode/grid connections used in dot matrix VFDs.

Except for the format shown in Figure 4(A), the
configurations shown in Figure 4 provide good illumination.
The particular style chosen depends on the application.
Table II is the analyses of the total control pin count and
cycle time required to complete one frame for various
panel sizes.
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Table II. VFD Configuration Comparison
Panel size 128 X 64 128 X 128 256 X 64
Parameter
Config. A B c D A 8 c D A B c D
Anode Lines 64| 256 128 128 128 | 512 | 256 | 256 64 | 256 [128 128
Grid Lines 128 64 128 128 128 64 | 128 | 128 256 128 | 256 256
Total Lines 192 | 320 ||256 256 256 | 576 ||384 384 320 | 384 |384 | 384
Cycles/Frame 128 | 64 | 128 | 128 128 | 64 | 128 | 128 256 256 | 256
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VFD Timing Requirements
The VFD from a timing standpoint, is very forgiving.
A typical cycle is shown in Figure S.

X

ANODE
[;:p-ij._ IDBT J

t
b : T ™

Figure 5. VFD Timing Diagram

The actual timing is governed largely by the applica-
tion and panel size. The minimum panel refresh rate.with
undetectable flicker is 60 Hz. This defines the time (T;)
allotted to write the entire display one time (one frame)
The amount of time allowed for each character or grid
operation (T,) is determined by the number of character
or grid control lines (N) external to the display (T, = T;/N).
To prevent noticeable degradation in the display intensity,
each display site should be exercised at a minimum duty
cycle of 1:150 (T, = T;/DUTY CYCLE). Neglecting any
inter-digit-blanking (IDBT), a display could contain as
many as 150 grid or character control lines. However, to
prevent ghosts, some time must be allotted for inter-digit-
blanking. The allowable dead-time between strobes (IDBT)
is the difference between the character cycle time T, and
the character or grid strobe width T,. As the number of
grid or character control lines approach 150, the IDBT
approaches zero (0). Conventional drivers with resistive pull-
down require an IDBT as large as 30 us (20 us typically).
Thus the maximum allowable number of grid or character
control lines must realistically be less than 150. Most dis-
plays limit this parameter to 128 (a convenient binary
number <150).
For a panel refresh rate of 100 Hz:
T, =10ms

For an 80 character display
T, =10 ms/80 = 125 us

For a 1:100 character duty cycle
Tp =10 ms/100 = 100 us

The allowable IDBT is;

IDBT =T, — T, =25 ps

Some applications may be limited by the excessive
IDBT requirements of the resistive pull-down driver:
For a 128 grid display

T.=T;/128
For a 1:150 duty cycle operation
T, =T,/150

For a driver requiring 20 us IDBT

IDBT =T, — Ty =20us
T,=175ms

The maximum panel refresh rate is:
R =1/T; =57 Hz (MARGINAL)
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DRIVE ELECTRONICS

The following discussion on drive techniques will be
limited primarily to the interface drivers on the display,
their requirements and performance characteristics. Because
the characteristics of the various display configurations
change (see Figure 4), interface-driver circuit requirements
differ. Texas Instruments offers an array of VFD drivers
with a variety of features.

The UCN4810A

Figure 6 shows a block diagram of the UCN4810A. A
Product Brief is included in the appendix of this report. The
UCN4810A is a 10-bit active high VFD driver. Input data is
stored in a 10-bit serial shift register on the positive transi-
tion of the clock. Parallel data is presented to the output
buffers through a 10-bit parallel D-type latch. Data at the
respective output of the shift register will be transferred
through the 10-bit latch while the strobe input is high. Data
present at the latches inputs during a negative transition of
the strobe will be stored regardless of subsequent changes,
providing the strobe input is low. A blanking control is
provided which inhibits all output gates and assures they
are low when the blanking input is high. All outputs are
capable of sourcing 40 mA each from a Vg g supply voltage
of 60 V, providing the maximum allowable package power
limitation of 1.3 W is not exceeded. This limits the duty
cycle of the on time for various load requirements
(Table I1I). All inputs are CMOS compatible but require the
addition of a pull-up resistor to Vpp when driven by
standard TTL logic.

SERIAL
DATA
out

D-TYPE
LATCHES
Q49
Dy
10
-
D
9
L ] out
10-81T o 8
SERIAL ' \ H
SHIFT r h Py
REGISTER D—ou‘r
a
D
2
-—— —
1 ~
] —__/ '
A D 1
cLock SERIAL EBLANKING
DATA STROBE
IN

Figure 6. UCN4810 Functional Block Diagram



Table IIl. UCN4810A Operational Duty Cycle

Number of Max. Allowable Duty Cycle

Outputs on at Ambient Temperature

lo=25mA | 25°C 40°C 50°C 60°C 70°C

10 100% 97% 85% 73% 62%
9 100 94 82 69
8 100 92 78
7 100 89
6 | 100
1 100 100 100 100 100
The TL4810A

The TL4810A is a substitute for the UCN4810A. A
Product Brief of the 10-bit VFD driver is included in the
appendix. The TL4810A utilizes an active totem-pole
output to improve the sink current capability (2 mA vs
850 nuA) without sacrificing the resulting power consump-
tion as conventionally experienced in a passive pull-down
structure. The totem-pole output is composed of an n-p-n
emitter follower (source) and double-diffused MOS (DMOS)
(sink) transistors. This improvement decreases the inter-
digit-blanking time required and the overall device power
consumption.

Unlike most VFD Drivers which are limited to an
85% duty cycle at 50°C. the TL4810A will sustaina 25 mA
per output load at a 100% duty cycle over its entire
operating temperature range of 70°C.

All device inputs are diode-clamped and compatible
with standard MOS, CMOS and DMOS logic. Designed to
control 10 VFD inputs, the TL4810A provides a positive
edge triggered 10-bit serial shift register with a serial data
out for serial transmission and registration of the display
information. A 10-bit D-type latch accepts parallel data
from the serial shift register when the strobe input is high.
The data stored in the latch circuitry when the strobe
input is taken low remains unaltered regardless of sub-
sequent changes in the data present in the serial shift
register. The latched information is then transferred to the
output through the gated output buffers when the blanking
output is low. A logic high on the blanking input causes all
outputs to go low. All outputs are capable of sourcing
40mA at 60 V.

The SN75512A

Figure 7 shows a block diagram of the SN75512A. A
Product Brief is included in the appendix of this report.
The SN75512 is a 12-bit VFD driver with totem-pole
outputs. The active push-pull outputs minimize the required
IDBT (<1 us). Input data is stored in the 12-bit serial shift
register on the positive transition of the clock input. Parallel
data is presented to the output buffers through a 12-bit
D-type latch. Data at the respective output of the serial
shift register is transferred through the 12-bit latch while
the latch input is high. Data present at the latches inputs
during the negative transition of the latch is stored regard-
less of subsequent changes, providing the latch input
remains low. The active-low strobe input enables all output
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gates. Each output is capable of sourcing 25 mA at a
supply voltage of 60 V. providing the maximum package
power ‘dissipation of 1125 mW is not exceeded. Based on
the maximum allowable voltage drop across the output at
25 mA sink current, the total package capabilities are as
shown in Table IV. All inputs of the SN75512 are TTL
compatible. A serial data-out is also available for cascading
additional drivers.

tateh ——>—
sTRoBE ——[>o

OUTPUTS 1-12
Q
CLOCK —{>—> | —:D_ 0,
SERIAL - :D__
pata  —>— u %2
IN 12817
sTATIC| __’:E)——o3
| S:(;;T D-TYPE .
{ : LATCH :
- D —on
H e

D SERIAL
DATA
out
Figure 7. SN75512 Functional Block Diagram

Table IV. SN75512A-SN75513A Operational

Duty Cycle
Number of Max. Allowable Duty Cycle
Outputs on at Ambient Temperature
lo = 25 mA 25°C 40°C 50°C 60°C 70°C
12 77% 68% 62% 55% 48%
1" 84 75 67 60 52
10 92 82 74 66 58
9 100 91 82 73 61
8 100 93 83 73
7 100 94 82
6 100 96
5 100
1 100 100 100 100 100

The SN75513A

Figure 8 shows a logic diagram of the SN75513A. A
Product Brief is included in the appendix of this report
The SN75513A is a 12-bit VFD driver with totem-pole
outputs which minimize the required IDBT (<1 us). Input
data is shifted into a 12-bit serial shift register on the
positive transition of the clock. Data appearing at the
corresponding outputs of the shift register is presented
directly to the output gates and is reflected at the output
when the strobe input is low. Data in the shift register can
be cleared with the reset input. A logic 0 on the reset input
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Figure 8. SN75513 Functional Block Diagram

clears the shift register contents to a logic 0. All outputs are
capable of supplying 25 mA of source current at a Vcea
supply voltage of 60 V, providing the absolute maximum
package power limitation of 1125 mW is not exceeded.
Table IV reflects the derating resulting from this
consideration. All input are TTL compatible and assume a
logic high if left open. A serial data output allows cascading
of several devices without additional circuitry.

The SN75501C

Although designed originally for AC Plasma
applications, the SN75501C can be used to drive VFDs.
The SN75501C is a 32-bit high-voltage display driver. A
functional block diagram of the SN75501 is shown in
Figure 9. For use as a VFD driver, the strobe input is
grounded and the sustain input is operated as an active high
strobe input. The 32-bit serial shift register, capable of

FUNCTIONS AS ACTIVE
HIGH STROBE IN VFD APPLICATIONS)
SUSTAIN
GROUNDED FOR
VFD APPLICATIONS,
STROBE
SERIAL
DATA IN 1 D_
cLock b :D—m
waarr [T Do
STATIC .
SHIFT :
REGISTER M
u .
D

SERIAL
DATA OUT

Figure 9. SN75501 Functional Block Diagram

4-MHz operation, registers the data on the positive edge of
the clock. A logical “1” stored in the register will cause the
respective output to pulse high when the sustain input is
pulsed high. The outputs of the SN75501C are totem-pole
outputs and a serial data out is provided for use in cas-
cading multiple drivers. The use of the SN75501C as a VFD
driver should be limited to applications where the dead
time between strobe (sustain high) inputs is 74 us or
greater.

DISPLAY OPERATION

Driving a Vacuum Fluorescent Character Display

The following application uses a 5 X 7 40-digit VFD
by Noritake. Each character is written in a single cycle since
all 35 anodes (Al through A35) of the 5 X 7 matrix are
pinned out. The characters (1 through 40) are scanned by
selective control of their respective grid, each of which is
pinned out (G1 through G40). Respective anodes of all
characters (A1 of Char 1 through Char 40) are connected.
This format is common to most dot character or segment
character displays (Figure 10). Multirow displays require
additional control. This is usually provided through parallel
access to the anodes of each additional row (Table V).

DIG|T1 DIGITZ DIGIT3 DIGIT 39 DIGIT 40

LBRE OE

———

i

G1 G2
Figure 10. A 40: 5 X 7 Dot Character VFD Configuration

G3 +————+ G39 G40

Table V. Dot Character VFD Driver Requirements

Control Pins Required Drivers
Anode Grid | Rows | Char Matrix 10 Bit 12 Bit
35 10 1 10 5X7 5 4

40 40 5X7 8 7

60 10 10 5X 12 7 6

40 40 5X 12 10 9

70 10 2 10 5X 7 8 7

40 40 5X7 1 10

140 10 4 10 5X7 15 13
40 40 5X 7 18 16

210 10 6 10 5X 7 22 19
40 40 5X7 25 22

A typical driver scheme for a single line 40:5 X 7 dot
character VFD is shown in Figure 11.

Whether or not the anode drivers require latched
outputs depends on the circuit timing. Figure 12 shows a
typical timing diagram for the display as shown in Figure 11.



moozp»

SERIAL
DATA OUT

A B c

DATA IN GRID DRIVERS
Figure 11. A 40: 5 X 7 Dot Character VFD Drive Scheme

a1 M

G2

G0 _I1
_-I.—w us (P X DUTY CYCLE) 1
183 us FREQ: — =100 Hz
jl t:zso us (P/40) P
10 ms (100 Hz) DUTY CYCLE 1/150

Figure 12. A 40 Character VFD Timing Diagram

The drivers remain inactive for 183 us prior to each
character registration. This is more than sufficient time to
load the 35 bits of data required for each character. With a
1-MHz data rate, the SN75513A requires only 35 us to load
this information. Modification of the timing to take
advantage of the latch capability of the SN75512A for this
particular application (1 line — 40:5 X 7 character VFD)
will produce questionable improvement in display aesthetics.
This is not the case for larger displays. Take for example,
a six-line display of similar format (Table V). A six-line
display (DC40066A) requires control of 210 anodes
(6 X 5§ X 7). Thus unless received in parallel format, this
requires 210 us loading time. With a latched driver however,
this presents no problem as new data can be entered inde-
pendent of the IDBT. Figure 13 illustrates a typical timing
diagram incorporating this design.

VALID DATA ON POS.
DATA \N EDGE OF CLOCK N

el sk — '
LATCH JHL ri
STROBE L]

'Ius—-|
fo————210 us

————260 us

Figure 13. Data Registration of a SN75512
12-Bit VFD with Latch
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The latch function virtually extends the time allotted
for data registration in the anode drivers to the full character
cycle time. For a 100-Hz panel refresh rate and 1.150
minimum character duty cycle, the minimum character
cycle time is 67 us. The larger the panel the more complex
the anode/grid configuration, the more beneficial the latch
feature (as that available with the SN75512) becomes.

Driving a Dot Matrix Display

As discussed in a preceding section on Panel
Performance, several variations of grid/anode configurations
exist. The following will present the panel requirements and
suggested drive techniques for the displays shown in
Figures 4(B), 4(C), and 4(D).

Figure 14 illustrates the VFD grid/anode arrangement
for a DM 256 X 64A. This is a 256 X 64 dot matrix VFD
by Noritake whose grid/anode configuration is as illustrated
in Figure 4(B). Figure 15 shows the required timing of the
anode and grid signals to properly operate the
DM 256 X 64A. As can be seen in Figures 14 and 15, the
active columns are composed of anodes which are in-board
the activated grids. When grids 1 and 2 are activated,
columns 2 and 3 are in-board, and columns 1 and 4 are
out-board. The purpose of this arrangement is to eliminate
fringing effects of neighboring grids and thus achieve
uniform intensity. Analysis of this configuration also shows
requirements on panel drive electronics which are common
to the previous examples. If the total panel refresh rate is
held to 100 Hz, the total panel period (T) is 10 ms. With
128 write cycles required, each write cycle is 78 us. Main-
taining the 1:150 duty cycle, each strobe signal is 66 us.
This allows only 12 us dead time or IDBT which dictates
the use of an active pull-down driver. The time between the
strobe signals of a particular anode group is 90 us. This
opens several options in the VFD driver architecture. Each
group of anode drivers requires 64 bits of data and two
groups (A & D or B & C) must be loaded during each
column write cycle (128 bits). If the SN75512 is used, its
latch feature allows use of total strobe cycle period
(156 us), and a 1-MHz data rate allows the data to be
received in a serial format. If the SN75513A is used, the
A(B) group and D(C) group data must be loaded in parallel
(64 ps), since it must be loaded during the dead time
between strobe signals. Also available is the SN75501. Since
the strobe signal duty cycle is less than 50%, the SN75501
can also be used. With a 4-MHz data rate, all 128 bits of
data can be registered serially in the 32 us dead time
between strobes.

Figures 16 through 19 illustrate the dot matrix
pinout and timing diagrams for the anode/grid configur-
ations shown in Figure 4(C) and 4(D). Table VI identifies
applicable anode and grid drivers and the number required
for each of the configurations presented.
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Table VI. Dot Matrix VFD Driver Requirements

Control Lines No. Drivers Required

Display Size | Format | Anode Grid 4810 | 512 | 513 |501
128X 64 | Fig14 | 256 64 | 26+7 |22+6 |24+6 | 8+2
Fig16 | 128 128 | 14+13|12+11[12+11| 4+4
Fig18 | 128 128 | 14+13|12+11{12+11| 4+4
128X 128 | Fig14 | 512 64 | 52+7 |44+6 |[NAG6 [16+2
Fig16 | 256 128 | 26+13|22+11|NA 11| 8+4

Fig18 | 256 128 | 26+13|22+11|NA 11| 8+4
266 X 64 | Fig14 | 256 128 | 26+13|22+11(24+11| 8+4
Fig16 | 128 256 | 14+26|12+22(12+22| 448
Fig 18 | 128 266 | 14+26|12+22|12+22| 448
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AC Plasma Display

John Spencer
Systems Engineer Manager, Display Circuits
Linear Circuits Department

INTRODUCTION

The persistent interest in flat panel information displays has
stimulated the continual development of the gas discharge
display. Their thickness, durability and screen size have
been the primary advantages over conventional display
technologies. The following report outlines the construction
and application of the AC Plasma Display.

THE AC PLASMA DISPLAY

The AC Plasma Display is an X-Y matrix gas discharge
display. The basic display element is the gas discharge that
occurs at the intersection of selected electrodes when the
applied voltage between the electrodes exceeds the break-
down voltage of the media gas with which the display is
filled. When the breakdown voltage of the gas is exceeded,
the gas is ionized and the discharge that occurs emits a
visible spot of light at the intersection of the selected
electrodes. Once initiated, the display element can be
maintained active without further selective control. The
data retention property of the ac plasma display eliminates
the necessity of a memory map for simple information
displays.

Construction

The simple construction techniques employed are
another feature encouraging the development of the ac
plasma display panel. The panel envelope is essentially two
flat pieces of ordinary glass spaced apart and sealed around
the peripheral edges as shown in Figure 1.

The electrodes are deposited on the internal surfaces
of the glass plates and then covered by an insulating dielectric
layer prior to their joining. The space between the glass
plates is evacuated and filled with a media gas under low
pressure (approximately one-fifth atm). Unlike the dc plasma
display panel where the electrodes are immersed in the
media gas, the electrodes of the ac plasma panel are isolated
from the media gas by the dielectric layer. This dictates ac
operation utilizing the capacitive coupling of the insulated
ac plasma display cell.
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Early panels utilized a third piece of perforated glass,
which defined the individual display cell or pixel. Current
panels, however, use an open-cell structure which eliminates
the masking glass. Individual cells thus constructed are
defined by properly ratioed media gas pressure, electrode
width and resolution, glass spacing, and excitation and
sustaining potentials. Individual cells are defined as the area
located at the intersection of the mutually perpendicular
electrodes of the front and back plates. The parallel
electrodes of each plate of the panel are usually divided,
every other electrode exiting from opposing edges of the
plate, to allow easier access for the mechanical interface
required to connect the electrodes to the control circuitry.
The simple construction of the ac plasma panel yields a
rugged sandwich containing only a few cubic centimeters of
inert gas. There is no danger of implosion as found with
conventional vacuum tube displays, and no danger of
contact with high voltages through the glass faceplate. To
say nothing of the achievable cost of the ac plasma display
panel, the construction techniques yield one of the safest
display panels in today’s marketplace.

The Functional Cell

Light is emitted from the ac plasma cell as a result of
the discharge that occurs when the media gas is ionized.
This is accomplished by simply applying sufficient potential
across the cell to break down the media gas. Since the
actual cell is only capacitively coupled to the electrode
potential, voltage waveform, frequency and amplitude are
interdependent to reliable plasma display operation.

When ionization of the gas occurs, a charge buildup is

creatad by tha hich alactran and ion currents nresent in tha
created oy tne nign SieCiron and ion currents present in the

ionization discharge sequence. This charge buildup, or wall
charge as it is commonly identified, plays an important role
in the ability of the ac plasma panel to maintain display
information without further selective control. Figure 2
shows a typical applied ac waveform and the wall charge
waveforms of an active and extinguished cell. These
relationships are observed at all cell locations during that
period of time in which no panel information is being
altered (written or erased). This is normally identified as
the sustain mode.

A typical write-sustain cycle waveform is shown in
Figure 3. The electrode potential and resulting wall charge
are plotted to show their interdependence in writing
(initializing) and sustaining a selected cell.

Prior to the cycle in which the selected cell will be
written, the cell being exercised exhibits zero wall charge.
Therefore, the potential seen by the cell (the cell voltage) is
solely the potential applied to the electrodes (the electrode
voltage). When the electrode voltage exceeds the breakdown
voltage of the media gas, the gas ionizes and the wall charge
is deposited such that its polarity opposes the applied cell
voltage. Once created, the wall charge remains even after
the ionization discharge extinguishes and the electrode
potential decays to zero. In the next half-cycle, the electrode
potential reverses, thus the wall charge that opposed the
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Figure 2. Cell Waveforms

electrode voltage in the previous half-cycle now is additive.
The cell voltage is therefore the sum of the wall voltage and
the electrode voltage. This allows the electrode voltage to
be reduced and still create a cell voltage of sufficient
amplitude to cause the cell to fire. Stable operation exists
when the sum of the electrode potential and wall charge
create a cell voltage (Vwz) which is sufficient to create
ample excess charge (2 vw) to cause the wall voltage to
invert. Thus the cell can be maintained indefinitely by an
alternating electrode potential which is actually less than
the potential required to fire the cell. The ability to do this
is attributed chiefly to the nonlinear charge transfer
characteristics of the ac plasma cell, as illustrated in Figure 4.
Since the sustaining electrode potential is less than the
required firing potential of the extinguished cell, application
of this voltage will have no effect on cells which have not
been fired previously. With this in mind, operation of the ac
plasma display is relatively simple. A background signal is
applied to the entire display panel indiscriminately. This is
usually called the sustain signal. Select circuitry super-
imposes the pulse required to initially fire a cell on the
X and Y-axis electrodes common to the cell to be written
into. Once fired, the background signal will maintain the
integrity of a cell until the cell is extinguished by another
selective control signal, normally called the erase pulse. This
is accomplished by application of a signal to the cell
electrodes whose amplitude (Vy;) and duration are only
sufficient to create enough excess charge to counterbalance
the wall charge. Thus the wall charge is removed and the
sustain chain sequence is broken. An illustration of this
operation is shown in Figure 5.
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The Control Circuitry

Actual circuitry may vary based on the specific
application being addressed so long as the net result, the
differential electrode potential waveforms, yields reliable
control. One such approach utilizes the principle of the
H-Bridge. This reduces the requirements on the power
supply and enables the two drivers to share in the generation
of the functional waveforms. Additional approaches will
be presented primarily to illustrate the variety of acceptable
drive schemes.

The drivers used in these approaches are the SN75500A
and SN75501A ac plasma display drivers from Texas
Instruments. Designed specifically for ac plasma display
applications, the SN75500A and SN75501A mark a
significant milestone in the development of the ac plasma
display technology. Prior to their development, the high
voltage requirements of the plasma panel prevented the use
of conventional integrated circuits as electrode drivers.
This meant that the electrode interface must employ
discrete components for proper control. This is quite
prohibitive on larger panels without a more sophisticated
drive scheme. The SN75500A and SN75501A drivers each
provide circuitry required for active control of 32 electrodes.
Interface to a 256 line by 256 line panel can now be
achieved with a total of 16 integrated circuits (eight
SN75500A and eight SN75501A). Use of these devices
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allows a significant reduction in the complexity and cost
of the system electronics required to operate the ac plasma
display.

The Functional Waveforms

The functional waveforms developed are the primary
waveforms which provide the basic functions required in
the operation of an ac plasma panel display: sustain, write,
erase and blanking. These waveforms are only one of several
approaches, all of which may provide satisfactory operation.
The main intent of this application report is to present the
methods used to develop the waveforms and the implemen-
tation of the SN75500A and SN75501A drivers.

Figure 6(A) illustrates the basic waveforms for write,
sustain, erase and blanking. This is the net differential
waveform created between the X and Y-axis electrodes by
excursions on the X-axis or Y-axis or both. Figure 6(B)
shows the composition of the differential waveform and
identifies the origin of the components.

The first sequence of waveforms to consider is the
sustain waveform. Review of Figure 6 shows the sustain
waveform to be composed of two parts: the base pulse
applied to the X-axis and a negative excursion on the
Y-axis. It is important to note that this basic waveform is
found in all other waveforms which require the retention of
the panel data (selective write, selective erase). Additionally.
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this signal is nonselective, it must appear at all electrode
nodes where the cell data is to be maintained. Any cell
not experiencing this differential signal will fail to retain
its active status. The first component of the sustain
waveform, the base pulse, is generated external of the
X-axis drivers, and is applied to all electrodes addressed
along the X-axis. Thus it is identified as the X-axis sustain.
Additionally, since the drive for all the X-axis electrodes
share common circuitry, the X-axis sustain is commonly
called the bulk sustain. The second component of the
sustain waveform, the negative pulse appearing on the
Y-axis is not considered a bulk sustain signal since it is
created by the Y-axis drivers and each electrode addressed
along the Y-axis is driven by its associated driver output
circuitry. Supplemental pulses thus created are identified
with their axis, Y-axis sustain. Together, the bulk (X-axis)
sustain minus the Y-axis sustain combine to compose the
basic sustain waveform. The SN75501A AC Plasma Driver
was specifically designed to provide the Y-axis driver
function. Additional control of the output circuitry allows
all outputs (32) to be switched low, independent of the
select control circuitry employed in selective output
operations such as write and erase. All the outputs of the
SN75501A switch low when the sustain input is taken low,
thus all electrodes addressed along the Y-axis experience
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the Y-axis sustain signal. The blanking waveform is also a
nonselective waveform as it is used to blank the entire
panel. Composed of the same components as the basic
sustain waveform, it is similarly created.

The write and erase operations are selective operations.
In other words, the pedestals superimposed on the basic
sustain waveform, which create the write and erase
waveforms, appear only at the pixels (electrode intersections)
whose information is to be altered. This is accomplished
by superimposing half the required pedestal on each of the
associated X and Y-axis electrodes. This is illustrated in
Figure 7.

All other nodes experience either a standard sustain
waveform or a half-select waveform. Standard sustain wave-
forms appear at all nodes where neither of the associated
electrodes (X-axis or Y-axis) exhibit a half-select pulse. A
half-select waveform appears at all nodes where only one of
the associated electrodes exhibits a half-select pulse. The
pedestal created by a single electrode excursion in a
half-select waveform is insufficient to ionize the media gas
and initiate a write-sustain sequence. The half-select pulses
appearing -on the X and Y-axis are created by the X and
Y-axis drivers respectively. The SN75500A X-axis and
SN75501A Y-axis drivers are designed to provide these
functions. Both devices contain circuitry for selective
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control of their outputs. The specifics of this circuitry are
discussed in their respective sections. Let it be sufficient
to say at this time, that with proper data controls established,
the selected outputs of the SN75500A switch positive and
the selected outputs of the SN75501A switch negative
when the strobe input of both devices is pulled low. The
determination of a write or erase operation depends on the
timing of the strobe. Figure 8 illustrates use of the sustain
and strobe inputs in the generation of the basic operational
waveforms.

As mentioned previously, a variety of approaches for
driving the AC Plasma panel can be employed. The previous
approach utilized the half-select principle for selective
operations with an X-axis bulk sustain and a Y-axis supple-
mental sustain. Additionally, the X-axis drivers floated on
the bulk sustain signal while the Y-axis drivers remained

ground based. The following example incorporates split
sustain and uses a common driver for both axis. Selective
operations are performed using the blanking principle.

A split axis sustain merely says both axes employ an
externally generated bulk sustain signal. Figure 9 illustrates
how the basic sustain waveform is created using this
approach. The blanking technique for selective operations
superimposes a full-select pedestal on one axis (X-axis).
Locations along the selected electrode which are not to be
altered are then canceled by a blanking pulse of like
amplitude and polarity applied to the intersecting (Y-axis)
electrode at that location. Since both axes require a selective
pulse of the same polarity, a common driver is used for
both axes. Figure 10 illustrates the array of waveforms
created using this approach and their origin.
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100v AXIS o0— 100 v
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L —o —— STROBE
COMPOSITE
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Figure 8. Control Signal Timing
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X-AXIS l_—| r—-l I——'l r—1
SUSTAIN
Y-AXIS r
SUSTAIN I I I I l I I l

Figure 9. Split Axis Sustain
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SN75500A AC PLASMA DISPLAY
X-AXIS DRIVER

The association of the SN75500A driver to the X-axis
is misleading. The operation of the SN75500A on the
horizontal or vertical electrodes is primarily dependent on
the panel’s application. The outputs of the SN75500A are
normally low and switch high selectively when the strobe
input is low. The SN75500A thus provides the positive
select pulse. A functional block diagram of the SN75500A
is shown in Figure 11. Selection of the outputs (32) is
accomplished with the select and data inputs. The 32
outputs of the SN75500A are divided into four sections
(10X, 2QX, 3QX, 4QX) of eight outputs each. Only one of
the four sections can be activated at one time (eight
outputs). All other outputs (24) remain low. For this reason
most systems use the SN75500A to scan the electrodes
along which the information is written. Selection of the
specific section is determined by the select inputs SO and
S1 (Table I). When selected, the state of the eight outputs
of the section is determined by the data stored in the 8-bit

storage register. Data is shifted into the storage register in a
serial fashion on the positive transition of the clock. The
maximum guaranteed data rate is 4 MHz and the strobe
input must be held to a logic 1 level during the data entering
period. Data is shifted into the Q1 register and progresses to
the Q8 register. A-logic zero entered at the serial data input
selects the outputs which will switch high when the
SN75500A is strobed (pulsed low). All outputs of the
SN75500A contain clamp diodes to the Vccz and GND
supply inputs. These diodes play an important role in the
functional adaptation of the SN75500A. The specifics of
which are discussed in the following section on the
Functional Adaptation of the SN75500A and SN75501A.
Push-pull circuitry on each output provides active switching
between the GND and Ve supplies. All inputs of the
SN75500A are CMOS compatible (Vty = 5 V) and assume
a logical 1 if left open. A typical operating sequence is
shown in Figure 12.



Table I. Select Input Truth Table

S0 s1 Outputs Enabled
0 0 1Q1 thru 1Q8
1 0 2Q1 thru 208
0 1 3Q1 thru 308
1 1 4Q1 thru 408
1Q1 - 108 2Q1 - 208 3Q1 - 308 4Q1 - 408
STROBE ?/-
— E)J
F— o o o
DATA
IN
= o o o
CLOCK 8
SHIFT
—> I }———‘ o o o
- D— DD D
. 8 4
1
OF
S1 4
\ / \ v
V* V"
2zyv HIGH VOLTAGE

Figure 11. SN75500A Functional Block Diagram
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SN75501A AC PLASMA DISPLAY
Y-AXIS DRIVER

As with the SN75500A, the association of the
SN75501A with the Y-axis is misleading. The SN75501A
is designed to generate the negative select pulse. In
addition, the internal control circuitry provides for all
outputs to be switched low independent of the stored data
when the sustain input is taken low. This feature is provided
primarily for the purpose of creating a supplemental
sustain signal. Unlike the SN75500A, the SN75501A can
operate on all 32 of its outputs at one time. A functional
block diagram of the SN75501A is shown in Figure 13.
Control of the output gates is established in the internal

32

32-bit shift register. A logic zero at the serial data input
selects the outputs which will switch low when the strobe
input is taken low. Data enters the serial shift register on
the positive transition of the clock input. The maximum
data rate is 4 MHz and the strobe and sustain inputs must
be held to alogical 1 during the period data is being entered.
All outputs of the SN75501A contain clamp diodes, the
Vcocz and GND supply terminals. This allows it to be
operated on a base waveform where required. The push-pull
output circuitry provides positive switching of all outputs
between the Vcca and GND supplies. The CMOS compatible
inputs (Vry = 5 V) assume alogical 1 if left open. A typical
operating sequence is shown in Figure 14.
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FUNCTIONAL ADAPTATION OF THE
SN75500A AND SN75501A

In the previous text, functional waveforms were
discussed. It is the intent of this section to discuss the
adaptation of the SN75500A and SN75501A to these
drive techniques and to identify specific conderations
which must be observed for satisfactory operation.

Strobing and Sustaining

The output gate circuitry for the SN75500A and
SN75501A is virtually identical. Both devices contain a
pair of DMOS output transistors for active control of the
output. The lower DMOS transistor receives its drive from

the low voltage supply, Vcer (12V). Thus the power
consumption of the gate drive cricuitry is minimal. The gate
drive of the upper DMOS structure however experiences the
full high voltage bias (100 V). To minimize its power
dissipation, the gate circuitry incorporates a dynamic drive
scheme which coincides with the dynamic output current
requirements of the panel. In other words, the drive circuitry
initially provides a large gate current capable of saturating
the upper DMOS transistor during the transition period of
the output when the current demand is large. As the panel
capacitance is charged and the current requirements decrease,
so does the gate drive. This kick current occurs every time
the output of the drivers is required to switch high.
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Figure 14. Typical Operating Sequence

The kick current is approximately 60 mA with a
duration of 2 microseconds. If operated in a system whose
Veez is 100 volts, the resulting power consumption is
12 microjoules. The average power dissipation then depends
on the frequency at which the kick circuit is employed. In
a system operating at a 50 kHz (period = 20 micorseconds),
this equates to an average dc power of 600 mW.

60mAi< 2 usX 100 V 06w
20 us

This represents a 45°C rise in the chip temperature over the
ambient. The kick circuit being discussed here is activated
every time the output is strobed regardless of whether or
not the data causes the output to switch. For this reason,
a selective strobe architecture is preferable in a system that
updates panel information every cycle. Thus, each driver
experiences only the additional power dissipation while it is
actively performing the panel operations (writing or erasing)
thus reducing the duty cycle and effective dc power. In a
512 line panel (16 drivers: 8/side), this represents an 88%
reduction in power due to data operations. Panels which fill
an entire line or column with data to be written in parallel
also reduce the effective dc power. With a maximum data
rate of 4 MHz, it requires 64 us to enter 256 serial data
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bits (8 drivers X 32 bits). If the information is then written
on the panel in the fifth cycle. the effective power resulting
from the data operations on the panel is reduced by 80%.

These strobing techniques affect only the kick circuit
power associated with the data operations of the devices. In
the .case of the SN75500A, this is its only contribution.
With the SN75501A, however, the kick circuit not only
applies to strobed response of the driver but also to the
sustain response. If the sustain feature of the SN75501A is
employed as in the initial example, the SN75501A output
is pulsed twice in each cycle and the average power increases
to 1.2 W.

60 mA X 2 us X 100 V X2=12W
20 us

This constitutes a 90°C rise in the chip temperature
over the ambient. Depending on the application (frequency,
Vocep, strobe techmique), it may be more desirable to
perform the sustain function external of the SN75501A.
At this time (October 1980), improvements in the kick
circuit are being implemented which will alleviate this
problem by reducing its contribution to the overall power
consumption by 80%.



FLOATING DRIVER CONSIDERATIONS

In most applications, one or both axis drivers will be
required to operate (float) on a base waveform. Output
clamp diodes have been provided on each output to
accommodate this requirement. Figure 15 shows the output
structure  which is common to both driver circuits,

. SN75500A and SN75501A.

In the case of the SN75501A, the output is normally
high, therefore Q1 is normally on. A base pulse applied to
the SN75501A is therefore applied to the Ve terminal.
As shown in Figure 16, positive excursions on the Voea
terminal are passed through the output transistor Q1 while
negative excursions are coupled through the catch diode DI.
Since the data retention and decode circuitry receive their
bias from the Ve supply (12 V), variations in the Veea
supply will be reflected at all outputs but will not affect
the stored data present in the SN75501A’s register. If the
outputs of the SN75501A are not required to switch below
ground, the SN75501A may be operated ground-based even
though the V¢ incorporates a base signal. Figure 17
illustrates a typical application which behaves in this
manner. The only limitations are:

1. Vca must never be less than GND or greater than

100 volts above GND (GND < Vep < 100 V)
2. The strobed data pulse occurs while Veey is at
any potential other than GND (Vcey # 0 V)
3. The strobed data output pulse is always required
to switch to 0 volts (GND).
If the data pulse is required to occur at various levels on the
base pulse or switch to a potential other than GND (0 V),
the SN75501A must float with the base pulse waveform.
This can be accomplished with floating Veea and Veey
supplies referenced to the base waveform or by utilizing a
capacitive storage bridge like that shown in Figure 18.

Vccz POSITIVE TRANSITION

Vcez

D1
o} ]

OUTPUT

Qo DO

GND
Figure 15. SN75500A and SN75501A Output Structure

The SN75500A output is normally low, thus the
output transistor Q0 of Figure 15 is normally on. A base
pulse applied to the SN75500A is therefore applied to the
GND terminal. As shown in Figure 19, negative excursions
on the GND terminal are passed through the output
transistor QO while positive excursions are coupled through
the catch diode DO. When utilizing this feature of the
SN75500A, caution must be taken to assure proper retention
of the data and to prevent excessive power consumption.
When the lower clamp diode DO is forward biased as is the
case during the positive transition of the GND terminal, the
SN75500A substrate also becomes forward biased. In this
condition the output current demand is supplied in part
from the high-voltage supply. Even though the current is

+
}—'| out

Vccz NEGATIVE TRANSITION

Figure 16. Floating SN75501A4 Current Paths
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Figure 17. SN75501A with Pulsed Vcca
H.V.
BASE PULSE
BASE Veez
GEN
c2
c3 5
veer Lo 0 OUTPUT
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P DATA PULSES
D1
q b——GND

Figure 18. Floating SN75501A Fixed Bias

small (typically 200 mA) when drawn from the high-
voltage supply (100 V), it represents a significant power
dissipation.

200 mA X 100V X 1 us=20uJ

The average power consumed depends then on the operating
frequency of the system.

at SO0 kHz: 20uJ X 50kHz=1W

The SN75500A is designed such that the data registration
and retention circuitry are powered from the Vccj supply
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(12 V). The high-voltage supply, Vccz is required only to
provide pull-up of the SN75500A outputs when a positive
output pulse is desired. It is most beneficial therefore to
blank the Vcca input except for the period of time the
outputs of the SN75500A are switched high (strobed).
Utilization of this feature (strobing the high voltage)
allows lower power dissipation and improved performance
with the SN75500A. Figure 20 shows a typical circuit
which provides for strobed application of the Vcca supply.
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Figure 19. Floating SN755004 Current Paths
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Figure 20. Floating SN75500 with Bulsed Veez
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DATA COUPLING CONSIDERATIONS

If operated ground-based, all inputs are CMOS
compatible (Vry =~ 5 V). If. however, either driver is
floated on a base, signal entry of data into that device must
be given due consideration.

One simple approach not necessarily cost effective,
but simple. employs the use of coupling transformers on all
data lines: clock, serial data in, strobe, sustain, select. In
this configuration, data can be entered into the device
regardless of the state of the base signal. This provides the
maximum utilization of the drivers by minimizing the time
required to shift data into the drivers’ storage registers.
Another approach requires gating of the data but creates a
totally solid-state interface. In this approach, data is gated
into the drivers when they reside at ground. Figure 21
shows a typical application in which a base pulse is employed
and illustrates the timing of the gated clock which registers

the data in the respective driver. Considering 4 MHz is the
maximum data rate. 8 microseconds is required to fill the
32-bit shift register of the SN75501. The frequency and
duty cycle of the base pulse then decide whether the data
can be entered in a single cycle. The limiting factor in most
applications is the speed of the source from which the data
is received.

Figure 22 shows a circuit for use with positive base
signals. When the base pulse is at ground, the input signal
operates as a pull-up to the input of the CMOS buffer
through the blocking diode. As the ground bias of the
buffer circuit rises with its associated plasma driver, the
diode becomes reverse biased and the resistive termination
of the input maintains a logic zero at its input. With this
circuit, transitions in the floating bias applied to the buffer
gate are not detectable at its output, providing the input
signal is low.

65V o —— e
BASE
ov

2v
o I o b bl . & &

Figure 21. Gated Clock for Floating Applications
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Figure 22. Positive Base Signal Data Buffer Circuit



Figure 23 shows a similar interface circuit for use
with negative base signals. Note the reversal of the blocking
diode. This circuit uses a normally high (logic 1) input
signal. While ground based, the buffer gate will respond to
logic zero transitions at its input. As the ground and Ve
inputs of the buffer circuit go below ground, the blocking
diode becomes reverse biased and the terminating resistor
establishes a logic 1 (high) input on the gate input. Thus
providing the input is at a logic 1, transitions in the ground

and Ve bias inputs concurrent with the respective plasma
driver will not affect the output of the buffer. The use of
the inverting or noninverting buffer gate is determined
primarily on the preferred status of the output signal
during the period of time the driver is floating. Both circuits
of Figures 22 and 23 create normally high (logic 1) signals.
This is the preferred state of the positive edge triggered
clock circuits of the SN75500A and SN75501A plasma
drivers.

FLOATING
Vee
3 "
b3
I |
INPUT N I OUTPUT
| I |
1/6 54C902
OR EQUIV
FLOATING
GND

N

Figure 23. Negative Base Signal Data Buffer Circuit
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BIDFET Process High Voltage IC Technology

BIDFET is a rugged, low-cost wafer process-
ing technology which merges precision control,
self-isolated CMOS logic and high-voltage in-
terface circuitry on a common monolithic sub-
strate, manufactured using standard junction
isolation techniques. Many multi-technology
processes have been developed but BIDFET is
the only merged process which attacks the
high voltage limitations of conventional inte-
grated circuits while retaining their LSI logic
capabilities. BIDFET devices have been pro-
duced with working voltages to 250V and
breakdown voltages exceeding 300V. This is
achieved by replacing the conventional bipolar
output stage with a Double-Diffused MOS
(DMOS) transistor structure.

Operation of a bipolar device such as a
switch, within the Reverse Bias Safe Operating
Area (RBSOA), requires several considerations.

Figure 1 shows the typical load/line charac-
teristics of a switch operated within the de-
vices RBSOA and VCES(SUS) ratings. As
shown, the load/line penetrates the RBSOA.
This condition is destructive. Thus, reliable
operation is limited to the VBR(CEOQ) rating of
the switch, which is limited by either the ver-
tical (X) or lateral (Y) characteristics of the
structure, whichever is the lesser.

For a structure shown ir Figure 2, the expres-
sions for these characteristics are:

-4 Xepi
VBR(CEO)X] = VBx [ Exdx
B
;) Ye

VBR(CEO)[Y] = VBy | Eydy

With common topologies used in con-

ventional integrated circuits, breakdown volt-
ages [VBR(CEOQ)] are limited by the thickness
of the epitaxial layer (XEPpP]). Practical limita-
tions on the thickness of conventional junction
isolated integrated circuits limit their
VBR(CEO) to 70 volts.

The DMOS structure, on the other hand, is
a surface (lateral) device whose breakdown
characteristic is limited only by bulk junction
avalanching and horizontal topology (channel
length). Breakdown ratings are governed by
doping levels and surface area, which is an
economic consideration, instead of a physical
limitation. Unlike NPN transistors, DMOS can
operate safely to its breakdown voltage limit
without risk of destructive secondary break-
down or sacrifice of reliability. Figure 3 shows
the breakdown characteristics of the two
structures.

Characteristic waveforms (Figure 4) show
the virtual independence of the output current
to the output voltage of a DMOS structure.
The early voltage, as well as the stored charge
characteristics of the DMOS structure, is supe-
rior to that of the bipolar transistor in switch-
ing applications.

With the variety of structures offered by the
BIDFET process, design engineers can ideal-
ize high voltage circuits by partitioning their
circuits and using the optimum technologies
for the various sections. The bipolar structure
offers durability and is very forgiving of input
conditions. CMOS allows increased circuit
complexity while requiring minimal power con-
sumption and bar area. The DMOS structure’s
benefits have been presented herein. The re-
sult is a high-voltage interface circuit which is
capable of performing data registration, ma-
nipulation or decoding functions to reduce the
requirements on system electronics.
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BIDFET Process High Voltage IC Technology

CHARACTERISTIC WAVEFORMS
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DISPLAY DRIVERS

Commercial Temperature Range

] Input | Drivers
Display Compati- Power Per Device Package
Type Description |  bility Supplies Package Type Type Additional Features
@ Independent addressing of each gate for serial and
veer1=12v, SN754268 JN and parallel applications.
cmos | VCe2 variable 4 ® High input impedance (typically 1 megohm)
from ® 30mA clamp diodes on output.
40V 1o 90V SN754278 JN | ® Switches 70V in 1.2us.
® AND driver (SN75426); NAND driver (SN76427)
AC Axis @ High-speed serially shifted data input (4MHz max).
Plasma Drivers CMOS SN75500A N @ Fast output transions {less than 150ns).
Displays veer=12v, @ 25mA output current capability.
VCC2 variable ®Qutput short-circuit capability.
m From 32 SN755024 N @ Static shift registers can retain data on all outputs
VCC1 to 100V of SN75501 and SN75503A indefinitely.
CMOS SNTSSOIA | N | g X-axs driver~SN75500A and SN75502A
m SN75503A N ] Y-ax!s drlveffSN755[]_1A and SN75503A perform
Y-axis sustaining function
10V § SN75491 N . -
Segment vos 20V 2 SNT5491A N ® 50mA source/sink capability.
Drivers Variable from 4 SN75493 N ® 50mA regulated source capability.
3.2V 10 8.8V ® Display blanking provisions.
10V 6 SN75492 N . N
s 20V 5 SN75492A N ® 250mA sink capability.
LED Digit Variable from 5 SN75494 N @ 250mA sink capability.
Displays Drivers 3.2V to 8.8V @ Display blanking provisions.
10V 6 SN75496 N . .
s 20V 5 SN75496A N ® 250mA sink capability.
. ® 100mA sink capability.
S| Julehon |7 | sN75497 | N |@ Input threshold..2.7V max
| . ® Low voltage ing outputs (0.4V maximum)
MOS Variable from @ 100mA sink capability
ML | 2vweey | 0 | SV | N g ot threshold..2. 7V max
@ Qutputs regulated to ensure constant brightness.
@ Blanking and ripple-blanking provisions.
T 5V 7 SN75480 N @ High off-state breakdown voltage {120V typical).
High-voltage ©® Designed for seven segment displays such as
BCD-to-seven Beckman and Panaplex I1°
Gas segment . :
Discharge Decoder Variable Same features as the SN75480 plus:
) CMOS from 5V 1% SN75580 N . . ) "
Displays Cathode © 15V @ Decimal point provided.
Drivers @ Latches to hold BCD information.
Variable @ Lower supply power requirments.
m from 4.75V 7% SN75584A N @ Higher output voltage breakdown capability.
to 15V
® 13mA output capability.
Anode VEE= -55V . AT
Driver M0S Veg- - 18V 6 SN75481 N @ Designed for time-multiplied displays.
Thermal Thermal TTL, @ Common strobe
Print Printhead CMOS +5V 6 SN75490 JN  |® 30mA source, 50mA sink capability
Displays Drivers MOS 5V 7 SN75270 JN | @ Single ended, noninverting operation.
12 SN75513 N @ 12 output drivers for dot-matrix or segmented displays.
‘F’f”‘“‘"’ o [:TMTl;S vegT- 12V ® GOV, 25mA outputs.
D_uo;escem rivers Voe2- 6OV 2 12 . @ Serial input
ISpiays @ SN75512 has latched outputs for display
32 SN75518 N 60V, 24mA outputs

* Trademark of the Burroughs Corporation.
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INTERFACE TYPES SN75500A, SN75502A
CIRCUITS AC PLASMA DISPLAY X-AXIS DRIVERS

BULLETIN NO. DL-S 12622, APRIL 1980

N
. . L DUAL-IN-LINE PACKAGE
e Each Device Drives 32 Axis Lines (TOP VIEW)
e High-Speed Serially Shifted Data Input so 1] U 40 veer
Operation (4 MHz max) paTAIN 2[] 39 51
. . crock  3[] ]38 sTROBE

e 100-V Output Voltage Swing Capability oureut 11 4[] a7 outeur 4an
e 20-mA Output Current Operation outeuT 102 5[] 136 ouTeuT 402
. OuTPUT 103 6] [135 ouTPUT 403
e Low-Power Nonswitching Operation outpuT 108 7[] [34 outeuT 408
ces outpuT 105 8[] [133 ouTPuT 405
e Fast Output Transitions outeuT 106 9[] 32 oureut 40
Y Totem Pole Outputs QUTPUT 107 |0E %31 OUTPUT 4Q7
OUTPUT 108 11 30 OUTPUT 408
e Sink and Source Clamp Diodes ouTPUT 201 12] 29 outeut 301
e SN75500A Has CMOS-Compatible Inputs oureut 202 1[] 128 outeur 302
ouTPUT 203 14] [127 outeuT 303
e SN75502A Has TTL-Compatible Inputs ouTPUT 204 15[] 26 outeuT 304
L OUTPUT 205 16[ 325 OUTPUT 305
o Selects 1 of 8 Lines Within 1 of 4 Groups ouTeuT 206 17[] [J2¢ ourpuT 206
e Shift Register Can Retain Data on All gz::: ;g: EE 23 outeut sa7
Outputs Indefinitely While Clock is High 122 outeu sas

GND 20[] [121 veea

functional block diagram

STROBE J& ..D_ OUTPUT 408

The SN75500A and SN75502A are monolithic . .
BIDFET integrated circuits (bipolar, double-diffused ‘—“—] N

description

SELECT SO —

MOS, n-channel MOS, and p-channel MOS transistors "‘D— OUTPUT 4Q1
2to

on the same chip®) designed to perform the select 4LINE
operation along the X-axis of a plasma display. The PECoDER "“:D_ ouTPuT 308
SN75500A is designed with CMOS-compatible inputs
while the SN75502A is designed to be driven by TTL T
circuitry.

These devices each have an 8-bit shift register and a ":D'_ outPuT208
2-to-4-line decoder, which steers the 8-bit data string

to one of four groups of eight outputs. The shift -
| OUTPUT 201
register has indefinite latch capability when the clock o ZD_

input is held high. The decoder is controlled by RecsTER I —
inputs SO and S1. The outputs are activated by the -
strobe input. When the strobe input is driven low, the N
selected 8-bit output group reflects the inverted data croex—> ] :D__ outeuT 101
input string while the other twenty-four outputs

remain low. With a capacitive load, this requires DATA IN

minimal power for driving the output.

SELECTS1T ——

OUTPUT 301

1

OUTPUT 108

.
.
1

The device inputs are diode-clamped p-n-p inputs and will assume a high logic level when open circuited. The nominal
input threshold is 5 volts for the SN75500A and 1.5 volts for the SN75502A. The device outputs are totem-pole
structures formed by double-diffused MOS (DMOS) transistors with clamp diodes to both ground and V2.

tPatent pending
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TYPES SN75500A, SN75502A
AC PLASMA DISPLAY X-AXIS DRIVERS

FUNCTION TABLE
INPUTS OUTPUTS
FUNCTION SHIFT REGISTERS
DATA |CLOCK |S1 SO |STROBE 1Q1...108 [2Q1...208 [3Q1...308 {4Q1...40Q8
R1__R2 R3...R8
t X X . .
LoAD H H L Rlp R2,...R7,| L L | L L | L L | L L
L t X X H H R1, R2,...R74| L Ljlu...u | L[ L...L
X X X X H Rl R2, R3p...R8,| L ... L L ... L L L L ... L
X H L L L R1y, R2, R3,...R8,;| R1 ... R8 L ... L L L L. L
STROBE X H L H L R1, R2, R3,...R8 L ... L R1 ... R8 L. L L. L
X H H L L R1l, R2, R3,...R8,| L ... L | L ...L |[RI...R8 | L ... L
X H H H L R1l, R2, R3,...R8,| L ... L | L ...L |L L |R1 R8
H = high level, L = low level, X = irrelevant, T = low-to-high-level transition
R1... R8 = levels currently at internal outputs of shift registers one through eight, respectively.
R1n ... R8p = levels at internal outputs of shift registers one through eight, respectively, before the most recent low-level puise at the clock
input.
typical operating sequence
{
| l zJ
STROBE INPUT
CLOCK INPUT llllllllllllllll |l
ANY OUTPUT IN
8SELECTED BY IvAL!DI Ivmol
SO AND §1 {(
X4
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vccq (seeNote 1) . . . . . . . . . . . . . .. .. ... ... .. ..... 15V
Supplyvoltagchcz..........,..A.....................100V
Inputvoltage - . . . I o ok |
Continuous total d;sslpatlon at (orbelow) 25 Cfreealr temperature (see Note2) e e e e .. . . 1650 mW
Operating free-air temperaturerange . . . . . . . . . . . . . .o ou e 0°C to 70°C
Storage temperature range . . . e e e e e e e e e —65 C to 150°C
Leadtemperature1/16|nch(16mm) from case for 10seconds e e e . ... ... ... ...20C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. For operation above 25°C free-air temperature, derate linearly to 1056 mW at 70°C at the rate of 13.2 mW/°C.
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TYPES SN75500A, SN75502A
AC PLASMA DISPLAY X-AXIS DRIVERS

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcct : 10.8 12 13.2 \
Supply voltage, Vcc2 veer 100 v
Peak high-level output current -20 mA
Peak low-level output current 20 mA
High-level output clamp current 20 mA
Low-ievel output clamp current -20 mA
Input data rate 0 4 MHz
Width of high clock pulse, tyH 125 ns
Width of low clock pulse, ty | 125 600 ns
Data setup time before low-to-high transition of clock, tg, 125 ns
Data hold time after low-to-high transition of clock, tp 0 ns
O ing free-air . TA ] 70 °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN75500A SN75502A
PARAMETER TEST CONDITIONS UNIT
MIN _ TYPt MAX | MIN TYPT MAX
ViIH High-level input voltage 7 2 Vv
ViL Low-level input voltage 3 0.8 \'4
ViK Input clamp voltage Veer =12V, Ij=-12mA -1 -1.5 -1 —15 \'
[l =—1mA
\ High-level output voltay Veer =132V, IoH = 1(;“ A =2 > 72
OH Hig p % | Voog=100v | 1O m 92 945 92 945 v
10H = —15 mA 91 935 91 935
I =1mA
Veer =132V, oL 0.85 2 0.85 2
VoL  Low-level output voltage loL=10mA 2 4 2 4 \"
Veez =100V
gL = 15mA 2.75 5 2.75 5
Ip=20mA 101 1025 101 1025
Vv Output clamp volta: Vi =100V v
oK P P voltage cc2 o= —20mA T2 —25 12 25
WH High-level input current Veer=13.2V, Vi=Viyqmin -0.1 40 0.1 40 uA
he Low-level input current Veer =13.2V,  Vp=V| max —-20 -—150 —20 —150 | wA
Vi = V|H min 1 2 1 2 mA
| S I t \ =13,2V
cc1  Supply curren cc1 V) = V)L max 8 12 8 12| mA
Eight outputs high 1 3 1 3 mA
| S I t \ =100 V
cc2 upply curren cc2 All outputs low 1 2 1 2| mA
T Typical values are at Voo = 12V, Tp = 25°C.
switching characteristics, Vo =12V, Vo2 = 65V, T A= 25°C
PARAMETER TEST CONDITIONS | MIN MAX | UNIT
tpHL Delay time, high-to-low-level output from strobe input 250 ns
tpLH Delay time, low-to-high-level output from strobe input CL =30pF, 450 ns
TTHL Transition time, high-to-iow-ievel output See Figure 2 200 ns
tTLH Transition time, low-to-high-level output 300 ns
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TYPES SN75500A, SN75502A
AC PLASMA DISPLAY X-AXIS DRIVERS

PARAMETER MEASUREMENT INFORMATION
twi l

1
—l——— = V)

[
k
|
|
|
|

cLock 0 X mmm ey - — — — 5V ('500A) or 1.5V ('502A)

| ViH
! |
DATA VALID
Vie

10V (‘500A) or 3 V ('502A)

'
! | Vo

OUTPUT

|
H_lm‘_ l-—-l-—‘TLH

FIGURE 2-OUTPUT SWITCHING TIMES

MECHANICAL DATA
40-pin N plastic dual-in-line package

2.090 (53,1) MAX.
®
Hﬁmmﬁmmr\hmmmmr‘lmrﬂhmr—\

EITHER.

INDEX :

Iduuuuuwuuuuuuuuuuuu5
0 — 29

€ oe00:0010_Y

(15,24 + 0.26)
0020 (051)
MIN
¥
s ) 0.200 (5,08) MAX
— SEATING PLANE —5— ——!—
05 0.125 (3,17) MIN
90° 0,011 - 0.003 0,018 0003 iy e

0279+ u,ms}'\\" (0,457 + 0,076) —of|let-0.033 (0.84) MIN
0.095 (2,42)

PIN SPACING 0.100 (2.54) T.P. e
0,055 (1.39)
(Sae Note b) 0,060 (1,52) NOM

NOTES: a. Alllinear dimensions are in inches and parenthetically in millimeters.

Inch dimensions govern,
b. Each pin centerline is located within 0,010 (0,26) of its true longitudinal position.
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INTERFACE TYPES SN75501A, SN75503A
CIRCUITS AC PLASMA DISPLAY Y-AXIS DRIVERS

BULLETIN NO. DL-S 12621, APRIL 1980

N
e Each Device Drives 32 Axis Lines DUAL-IN-LINE PACKAGE

(TOP VIEW)
e High-Speed Serially Shifted Data Input coek 1] U Heo veer
Operation (4 MHz Max) susTaIN  2[] [139 oatan
- i ili strose  3(] 38 SERIAL DATA OUT
e 100-V Output Voltage Swing Capability outrurar 4] a7 outeur oz
e 20-mA Output Current Operation outPuT 02 5[] )36 outPuT a3
. R . ouTpuTa3  6[] 35 OUTPUT Q30
e Low-Power Nonswitching Operation outrutas 7] 34 QUTPUT Q29
L. outPuTas 8] ]33 ouTeuT Q28
e Fast Output Transitions outeutas (] [ outeut azz
e Totem-Pole Outputs outpuT a7 10] []31 outpuT aze
outpuTas 11 (130  ouTpuT 025
e Sink and Source Clamp Diodes ouTPUT GO 12 [J2o outpuT 24
. oUTPUT Q10 13 2 outpuT a23
e SN75501A Has CMOS-Compatible Inputs oUTPUT 1 14 (27 oureut azz
e SN75503A Has TTL-Compatible Inputs outPUT 12 15[} 26 outpuT 021
ouTPUT Q13 16 ] [J2s outpuT 020
e Performs Y-Axis Sustaining Function outruT 14 17[] []2¢ outruTate
. . . . outpuTats 18(] 23 outeut ats
e Static Shift Regns.te.r Can Retain Data on ourrurate B[] H2 outeutan
all Outputs Indefinitely anp 20(] H21 Veeo
functional block diagram
SUSTAIN ———-b
description STROBE —4 D
SERIAL
D_- DATA OUT
The SN75501A and SN75503A are monolithic [
BIDFET integrated circuits (bipolar, double-diffused :D ouTPUT Q32
MOS, n-channel MOS, and p-channel MOS transistors
on the same chipT) designed to perform the select
operation and the sustain function along the Y-axis :D— ouTPUT A31
of a plasma display. The SN75501A is designed with
| ’— OUTPUT Q30

designed to be driven by TTL circuitry. 28T
STATIC
SHIFT

These devices each have a 32-bit shift register with REGISTER |
indefinite iatch capability when the clock input is
either high or low. Information at the data input
meeting the setup time requirements is transferred
into the shift register on the positive-going edge of
the clock signal. Each shift register output drives
its respective Q output through two gates controlled __D—
by the strobe and sustain inputs, respectively. The
strobe input controls the outputs for writing and cLock —D—]
erase functions, while the sustain input controls N

the output for system sustaining along the Y-axis. it o
The serial-data output can be used to cascade shift

registers.

.o
g%3
PR
ocz
284

OUTPUT Q3

Soe
D>
CMOS-compatible inputs while the SN75503A is M O>—
>
>

ouTPUT Q1

D
-D—

The device inputs are diode-clamped p-n-p inputs and will assume a high logic level when open-circuited. The nominal
input threshold is 5 volts for the SN75501A and 1.5 volts for the SN75503A. The device outputs are totem-pole
structures formed by double-diffused MOS (DMOS) transistors with clamp diodes to both ground and V2.

tPatent pending
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TYPES SN75501A, SN75503A
AC PLASMA DISPLAY Y-AXIS DRIVERS

FUNCTION TABLE

INPUTS OUTPUTS
FUNCTION ['paATA SHIFT REGISTERS SERIAL
CLOCK | STROBE | SUSTAIN Q1 Q2 Q3...0a32
IN R1 R2 R3...R32 DATA
LOAD H t H H H Ril, R2,...R31,| R32, H H H...HI
L t H H L Rl, R2,...R31,| R32, H H H...H
X . T
STROBE X H H R1, R2, R3,...R32, R32, H H H
X H L H R1, R2, R3,...R32, R32, R1 R2 R3...R32
SUSTAIN X X xt L R1, R2, R3p,...R32, R32 L L L...L
H = high level, L = low level, X =irrelevant, 1 = low-to-high level transition.
R1... R32 = levels currently at internal outputs of shift registers one through thirty-two, respectively.
R1, ... R32, = levels at internal outputs of shift registers one through thirty-two, respectively, before the most recent low-level pulse at the

clock input,
TTo minimize delay time for the next output signals, it is recommended that Strobe remain high while Sustain is low. Delay time from Strobe
to the Q outputs is typically longer than from Sustain.

typical operating sequence

If
SUSTAIN INPUT
1t
STROBE INPUT I I l
CLOCK INPUT IRRELEVANT l
ANY Q OUTPUT - I AL

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve (seeNote 1) . . . . . . . . . . . . . . ... .. ... ... .. ... 1BV
Supplyvoltage, VCC2 - + « = = « « « v v v ot i e e e e e e e e e e e e e e e o .. L f00V
Inputvoltage . . . . . . . . . . . . .. . e s e e e e e e e e e e e . Ve
Continuous total dissipation at (or below) 25°C free-air temperature (seeNote2) . . . . . . . . . . 1650 mW
Operating free-air temperaturerange . . . . . . . . . . . « . « v . v . .. .. .... 0°Cto70°C
Storage temperature range ... .....-—65°Cto150°C

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds e e e e e e e ... . .280°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. For operation above 25°C free-air temperature, derate linearly to 1056 mW at 70°C at the rate of 13.2 mW/°C.
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TYPES SN75501A, SN75503A
AC PLASMA DISPLAY Y-AXIS DRIVERS

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vcci 10.8 12 13.2 \%
Supply voitage, Vo2 Veet 100 \2
Peak high-level output current —-20 mA
Peak low-level output current 20 mA
High-level output clamp current 20 mA
Low-level output clamp current —-20 mA
Input data rate 0 4 MHz
Width of high clock pulse, tyH 125 ns
Width of low clock pulse, ty| 125 ns
Data setup time before low-to-high transition of clock, tg, 125 ns
Data hold time after low-to-high transition of clock, tp 0 ns
Operating free-air temperature, Ta 0 70 °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN75501A SN75503A
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX|MIN TYPT mMAX
ViH High-level input voltage 7 2 A\
ViL Low-level input voltage 3 0.8 \
VK  Inputclamp voltage T |Vecr=12v, =—12mA 1 15 IR Y
1oH = —1mA 95 975 95 975
Outputs 1 | Vgep =13.2V,
VOH High-level output voltage | through 32| Vg2 = 100 V lon = ~10mA 92 945 92 945 \
loH=—-15mA| 91 935 91 93.5
Serial data | Vcc1'=10.8V, IgH =—100uA 9 10 9 10
loL=1mA 0.85 2 0.85 2
Outputs 1 | Vgep =132V,
VoL Low-level output voltage |‘through 32| Vccz =100 V ‘oL = 10mA 2 4 2 4 \
loL = 15mA 2.75 5 2.75 5
Serial data | Vo1 =108V, gL = 100 kA 0.1 1 0.1 1
Vok Output clamp voltage Vcez =100V I lo=20mA 101 1025 101 1025 v
[lo=-20mA -1.2 25 -1.2 -25
H High-level input current Veer1=13.2V, Vi=Viymin 0.1 40 0.1 40| uA
he Low-level input current Veer =13.2V, V)=V max —-20 -150 —20 —-150| WA
lcc1 Supply current Vees = 13.2v Az ViHmin 05 2 05 2| mA
V| = V| max 6 12 6 12| mA
T
T Typical values are at Vo = 12V, Tp = 25°C.
switching characteristics, Vgc1 =12V, Vgc2=65V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN MAX | UNIT
tpHL Delay time, high-to-low-level output from strobe input 250 ns
tpLH Delay time, low-to-high-level output from strobe input 450 ns
tpHL Delay time, high-to-low-level output from sustain input CL =30pF, 250 ns
tpLH Delay time, low-to-high-level output from sustain input See Figure 2 450 ns
tTHL Transition time, high-to-low-level output 200| ns
tTLH Transition time, low-to-high-level output 300| ns
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TYPES SN75501A, SN75503A
AC PLASMA DISPLAY Y-AXIS DRIVERS

PARAMETER MEASUREMENT INFORMATION

o twH—————f
|

|
|
1
!

cLock 0 ke ————— — —

tw >

L
P‘—‘Su—+—(h_.1
| |

| |

v

| | H
! |

DATA VALID

Vie

FIGURE 1-DATA INPUT TIMING

10V ('501A) or 3 V ('503A)

QUTPUT

————— Vou
| |

’-—4— 'THL }-—4—— TLH

FIGURE 2—-OUTPUT SWITCHING TIMES

MECHANICAL DATA
40-pin N plastic dual-in-line package

2080 (53,1) MAX

(@) Q
SOooonnoonoonoaooooon

EITHER )

INDEX

it ekt = |

(O]
& oce00:000_%

r_usz- . o‘zs)"']
0020 (051)

¥
0.200 (5.08) MAX
106 — SEATING PLANE:

9 0.125 (3,17) MIN
90° 0,011+ 0.003 o

0.018 + 0.003 _qr
0,279 ¢ u.omT (0,467 1 0,076) 0.033 (0,84) MIN
0.09 (242)
PIN SPACING 0.100 (2,54) T.P. 0.09 (2.42)
[*~0.0% (1.30)

(See Note b 0.060 (1,52) NOM

NOTES: a. All nnear dimensions are in inches and parenthetically in millimeters.
Inch dimensions govern.

b. Each pin centerline is located within 0.010 (0,26) of its true fongitudinal position.
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INTERFACE TYPE SN75512A
CIRCUITS VACUUM FLUORESCENT DISPLAY DRIVER

D2654, OCTOBER 1981

e Each Device Drives 12 Lines

N
e 60-V Output Voltage Swing Capability DUALAN-LINE PACKAGE

(TOP VIEW)
e 25-mA Output Source Current U
Capability an[T] 10]aro

e High-Speed Serially-Shifted Data Input mz[_!__ Eos

e TTL-Compatible Inputs sTROBE[ 3 | [18]os

e Latches on All Driver Outputs. SERIAL uUTE E]m
description DATA INE 16 ]veez

The »SN75512A is a monolithic BIDFET integrated VCCIE EGND

circuit (bipolar, double-diffused, n-channel MOS and

p-channel MOS transistors on same chipT) designed to cLoch EOG

drive a dot matrix or segmented vacuum fluorescent LATCH

display. enasLel b Eaﬁ

All device inputs are diode-clamped p-n-p inputs and mE EOI

will assume a high logic level when open-circuited.

The nominal input threshold is 1.5 volts. Outputs are az|10 EOS

totem-pole structures formed by an n-p-n emitter

follower and double-diffused MOS (DMOS) transistors.

The device consists of a 12-bit shift register, 12 latches, and 12 output AND gates. Serial data is entered into the shift
register on the low-to-high transition of the clock. When high, the latch enable input transfers the shift register contents
to the outputs of the 12 latches. The active-low strobe input enables all Q outputs. Serial data output from the shift
register may be used to cascade shift registers. This output is not affected by the latch enable or strobe inputs.

The SN75512A is characterized for operation from 0°C to 70°C. .

logic symbol{ functional block diagram
LATCH ENABLE (8]
STROBE (3! LATCH I\
ENABLE l/
crLock (7 STROBE v
(5) - (9)
DATA IN 10 20 b 3p——aQ1 cwcx—l >— 4
o6 32 q 2
(1 e | LATomEs
(LI prwrasd STATIC a2
20D 3 “—3)04 RESNGI.SFY‘ED‘
20> 3 Qs
o> 3 qs oara _D_
p
o5 3 ar
205 312 _as
205 32 a9
205 322 a0
2056 3 —an
o > 32 a2
@) semiaL

tPatent Pending
1This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in |EC and IEEE.

TENTATIVE DATA SHEET

This document provides tentative information
on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.
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TYPE SN75512A

VACUUM FLUORESCENT DISPLAY DRIVER

FUNCTION TABLE

CONTROL INFUTS SHIFT RE OUTPUTS
IST
FUNCTION LATCH R1 THRG i SN ERIAL Q1 THRU Q12
UR 1 THRU LC12 !
CLOCK | ENABLE | STROBE 12 Le ¢ S
LOAD t X X Load and shift* Determined by Latch Enable§] R12* | Determined by Strobe
Not X X No change Determined by Latch Enable§| R12 Determined by Strobe
LATCH X L X As determined above [Stored data R12 Determined by Strobe
X H X As determined above [New data R12 Determined by Storbe
STROBE X X H As determined above [Determined by Latch Enable§ R12 Al L
X X L As determined above Determined by Latch Enable§] R12 LC1 thru LC12, respectively
H = high level, L = Low level, X = irrelevant, ! = low-to-high-level transition.
$New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low.
*R12 takes on the state of R11, R11 takes on the state of R10, .. . R2 takes on the state of R1, and R1 takes on the state of the data input.
typical operating sequence
DATA
IN VALID IRRELEVANT
SR
I
CONTENTS NVALiD I VALID
LATCH
ENABLE ] I
LATCH PREVIOUSLY STORED DATA l NEW DATA VALID
CONTENTS
STROBE | [
Q OUTPUTS

I VALID l

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Veer

—--

INPUT

TYPICAL OF ALL OUTPUTS

ouTt
\ 2 VvCCy
ouT
—=
1 GND
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TYPE SN75512A
VACUUM FLUORESCENT DISPLAY DRIVER

absol

NOTE

lute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC1 (see Note 1) ... ... .. . s 15V
Supply voltage, VCC2 - - - o o o o o e 60 V

Input voltage
Continuous total dissipation at (or below) 70°C free-air temperature
Operating free-air temperature range
Storage temperature range

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds . . . ... ... ...t 260°C

1: Voltage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, Vcc1 5 15 v
Supply voltage, Vcc2 1) 60 v
Peak high-level output current —-25 mA
Peak low-level output current 200 nA
Input data rate [ 1 MHz
Width of high clock pulse, t,,H (see Figure 1) 500 ns
Width of low clock pulse, t,_ (see Figure 1) 500 ns
Data setup time before low-to-high transition of clock, tg,, (see Figure 1) 250 ns
Data hold time after low-to-high transition of clock, t, (see Figure 1) 250 ns
Operating free-air temperature, T o 1] 70 °c

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPY MAX UNIT
ViH High-level input voltage 2 v
Vi Low-level input voltage 0.8 v
ViK Input clamp voltage Vecr1 =10V, h=—-12mA -1.5 v
Q output: \Z =10V, \ =60V, o = -25mA 55 57.5
VoH  High-level output voltage éu puts cc1 ce2 o v
Serial data] Vccy =10V, loH = —200 kA 9 9.3
Q output: \Z =10V, | =1mA 1 5
Voo Low-level output voltage outputs cc oL v
Serial datal Vg1 =10V, loL = 200 A 0.2 0.5
M High-level input current Vec1 =15V, V=15V 0.01 10 uA
LT Low-level input current Vcci =15V, V=0V —150 nA
, Supp! Verr - 18V V| =15V 800 kA
cc1 Supplycurrent cer ' V=0V 0 12 | mA
' s | Veer =15V, All outputs high 5 8 mA
cc2  Supply current Veea =60 V Strobe at 2 V 100 500 | WA
¥ Typical values are at Vg = 10V, Ta = 25°C.
switching characteristics, Vcc1 =10V, Vgc2=60V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN MAX UNIT
tDHL Delay ume, high-to-low-level output from strobe input 500 ns
tOLH Delay time, low-to-high-level output from strobe input CL =30pF, 500 ns
TTHL Transition time, high-to-low-level output See Figure 2 300 ns
tTLH Transition time, low-to-high-level output 300 ns
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TYPE SN75512A
VACUUM FLUORESCENT DISPLAY DRIVER

s
PARAMETER MEASUREMENT INFORMATION

twH

CLOCK

twi
P——‘su“’ﬂ"—(h—ﬂ
|

| |

| | \
: | H
DATA VALID
ViL

|
|
|
|
!

FIGURE 1 — INPUT TIMING VOLTAGE WAVEFORMS

STROBE
INPUT

——————— — ov

—=— VoH

OUTPUTS

VoL

FIGURE 2 — SWITCHING-TIME VOLTAGE WAVEFORMS
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INTERFACE

TYPE SN75513A

CIRCUITS VACUUM FLUORESCENT DISPLAY DRIVER

e Each Device Drives 12 Lines

e 60-V Output Voltage Swing Capability

e 25-mA Output Source Current
Capability

e High-Speed Serially-Shifted Data Input
e TTL-Compatible Inputs
o Reset Input

description

The SN75513A is a monolithic BIDFET integrated
circuit (bipolar, double-diffused, n-channel MOS and
p-channel MOS transistors on same chipt) designed to
drive a dot matrix or segmented vacuum fluorescent
display.

All device inputs are diode-clamped p-n-p inputs and
will assume a high logic level when open-circuited.
The nominal input threshold is 1.5 volts. Outputs are
totem-pole structures formed by an n-p-n emitter
follower and double-diffused MOS (DMOS) transistors.

N
DUAL-IN-LINE PACKAGE
(TOP VIEW)

K
a12[2]
sTROBE[3 |
serIAL ouT [4]
oaTA N [5]
Veel E
cLock[7]
ReseT 8]
o1[¢]

Q2]10

U

[20] 010
[19] ae
18] a8
(7] a7
Evccz
[15] anp
[14] as
[13] as
[12] s
[11]as

The device consists of a 12-bit shift register and 12 output AND gates. Data is entered into the shift register on the
low-to-high transition of the clock. The active-low strobe input enables all Q outputs. The reset input sets the shift
register contents to all lows. Serial data output from the shift register may be used to cascade shift registers. This output

is not affected by the strobe input.

The SN75513A is characterized for operation from 0°C to 70°C.

logic symbol ¥

sTRose —2L G2
RESET —2)nfpSRG 12
CLOCK C1/~
(5) = L @
DATA IN 1D D> 2 Q1
> 2 (10) Q2
> 2 (11) Q3
> 2i3-)-— Q4
> 213 s
> 2 (14) a6
> 2 un_ o,
> 2 18 e
> 2 19 1o
D> 2 29 10
D> 2 () [eX ]
> 22— Q12
(3)
SERIAL

1 Patent Pending

functional block diagram

STROBE ——C{>———‘

RESET

CLOCK

DATA
IN

12BIT
STATIC
SERIAL
REGISTER

Y VY

700

[e}]

Q2

Y

8 OUTPUTS
(Q3 THRUQ10)
NOT SHOWN

Q11

Q12

SERIAL

# This symbol is in accordance with IEEE Std 91/ANSI Y32 14 and current discussions in IEC and IEEE

TENTATIVE DATA SHEET

This document provides tentative information
on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.
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TYPE SN75513A
VACUUM FLUORESCENT DISPLAY DRIVER

FUNCTION TABLE

FUNCTION CONTROL INPUTS SHIFT REGISTERS OUTPUTS
RESET CLOCK STROBE R1 THRU R12 SERIAL Q1 THRU Q12
LOAD H t X Load and shift* R12* Determined by Strobe
STROBE H Not H No change R12 All L
H Not L No change R12 R1 thru R12, respectively
RESET L H X All L L All L

H = high level, L = low level, X = irrelevant, t = low-to-high-level transition.
*R12 and Serial output take on the state of R11, R11 takes on the state of R10, . . . R2 takes on the state of R1, and R1 takes on the state of
the data input.

typical operating sequence

CLOCK ’llll I II IIII[

PNATA [ VALID I IRRELEVANT
SR INVALID | VALID ]
CONTENTS

RESET l l

STROBE

Q OUTPUTS | VALID |

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL OUTPUTS'

Veer
ouT

r—_ - \ 4 Vee2

ouT

INPUT ___I

..__TT

GND
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TYPE SN75513A
VACUUM FLUORESCENT DISPLAY DRIVER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VG (see NOte 1) . . ..o 15V
SUPPly VOItage, VCC2 - - -« o v e et e e e e e 60 V
Inputvoltage . . . . .. ... e Vee
Continuous total dissipation at (or below) 70°C free-air temperature . .. ... ... .......oouuuuneno... 840 mW
Operating free-air temperature range . . .. ................. e 0°C to 70°C

Storage temperature range . ......... . .
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds

. —65°C to 150°C
................................. 260°C

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Voot 5 15 \
Supply voltage, Vo2 1] 60 \
Peak high-level output current 25 mA
Peak low-level output current 200 MA
Input data rate 0 1 MHz
Width of high clock pulse, tyy (see Figure 1) 500 ns
Width of low clock pulse, tyy|_ (see Figure 1) 500 ns
Data set up time before low-to-high transition of clock, tg, (see Figure 1) 250 ns
Data hold time after low-to-high transition of clock, ty, (see Figure 1) 250 ns
Operating free-air temperature, Tp 0 70 C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
VIH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \
ViK Input clamp voltage Veer =10V, fj=12mA 1.5 \
v Hich dovel | Qoutputs | Vgcp =10V, Vee2 =60V, 1g=25mA 55 575
OH  Highevel outputvoltage =g e | Voot =10V, lop = 200 pA 9 93 v
“ . roval . Qoutputs | Vg =10V, IqL =1 mA A 5
VoL Lewdleveloutputvoltage o Tata | Vool =10V, Iqy = 200 A 02 05 v
WH High-level input current Veer1 =15V, V=15V 0.01 10 MA
L Low-level input current Veer =15V, V=0V - 150 MA
Vy=15V 800 | MA
[} Supply current \Y =15V,
cci cet V=0V 10 12| mA
lcca  Supply current Veer =15V, All outputs high 12 14 mA
Vg2 =60V Strobe at 2 V . 100 500 | MA
Typical values are at Vgeq = 10 V, Ta = 25°C.
. . . e _ po
switching characteristics, Vcc1 =10V, Vg2 =60V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN MAX UNIT
tDHL Delay time, high-to-low-level output from strobe input 300 ns
tDLH Delay time, low-to-high-'- 7el output from strobe input Cp =30pF, 300 ns
TTHL Transition time, high-to-low-level output See Figure 2 500 ns
tTLH Transition time, low-to-high-level output 500 ns
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TYPE SN75513A
VACUUM FLUORESCENT DISPLAY DRIVER

PARAMETER MEASUREMENT INFORMATION

twH

CLOCK

twi -

|
fe—tgy ——>§<—(h—>||
|
| |
| | ViH
: |

DATA VALID
Vi

FIGURE 1 — INPUT TIMING VOLTAGE WAVEFORMS

________ 3V

STROBE '\ ,
INPUT |

| - ov

OUTPUTS

FIGURE 2 — SWITCHING-TIME VOLTAGE WAVEFORMS
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DISPLAY ’ TYPE SN75518
CIRCUITS VACUUM FLUORESCENT DISPLAY DRIVER

e Each Device Drives 32 Lines

N
DUAL-IN-LINE PACKAGE

e 60-V Output Voltage Swing Capability (TOP VIEW)
e 25-mA Output Source Current veez 1] U []40 Vcer
Capability SERIAL DATAOUT 2[] 1139 DATAIN
ouTpuT @32 3[] ]38 ouTPUT Q1
e High-Speed Serially-Shifted Data Input ouTPUT Q31 4[] []37 ouTpPuT Q2
OUTPUT Q30 5[] []36 ouTPuT Q3
* Totem Pole Outputs ouTPuTQ29 6[] 135 OUTPUT Q4
e Latches on All Driver Outputs. outpuT Q28 7[} [134 ouTPUT 05
ouTPUT Q27 8[] (133 OUTPUT Q6
ouTpuT Q26 9[] 132 ouTPuT Q7
OUTPUT Q25 10[] 131 ouTpPUT Q8
ouTPUT Q24 11[] 130 ouTPUT Q9
L OUTPUT Q23 12[] [129 ouTpPuT Q10
description outeuT @22 13 (28 OUTPUT Q11
The SN75518 is a monolithic BIDFET integrated OUTPUT Q21 14E [127 ouTPuT Q12
circdit (bipolar, double-diffused, n-channel MOS and OUTPUT Q20 15 [126 ouTPUT Q13
p-channel MOS transitors on same chipt) designed to OUTPUT Q19 16[] [J25 ouTPUT Q14
drive a dot matrix or segmented vacuum fluorescent OuTPUT Q18 17[] (124 OuTPUT Q15
display. OUTPUT Q17 ‘IBE [123 ouTPUT Q16
STROBE 19 22 LATCH ENABLE
The device consists of a 32-bit shift register, 32 latches, GND 20 E 21 cLock

and 32 output AND gates. Serial data is entered into
the shift register on the low-to-high transistion of the
clock. When high, the latch enable input transfers the
shift register contents to the outputs of the 32 latches.
The active-low strobe input enables all Q outputs.
Serial data output from the shift register may be used
to cascade shift registers. This output is not affected

by the latch enable or strobe inputs. . .
functional block diagram

LATCH
ENABLE
STROBE C{>

cLock -D—D D— OUTPUT Q1
32-BIT |—{LATCHES
STATIC OUTPUT Q2
SHIFT
REGISTER
DATA
IN ‘I >_ -
— 0_Iij)—— OUTPUT Q31
The SN75518 is characterized for operation from ?“ _D— OUTPUT Q32
0°C to 70°C.

——D—-—— SERIAL

TENTATIVE DATA SHEET

This document provides tentative information
on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.
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TYPE SN75518

VACUUM FLUORESCENT DISPLAY DRIVER

FUNCTION TABLE

CONTROL INPUTS

FUNCTION LATCH SHIFT REGISTERS LATCHES OUTPUTS
CLOCK | ENABLE | STROBE R1 THRU R32 LC1 THRU LC32 SERIAL Q1 THRU Q32

LOAD + X X Load and shift* Determined by Latch Enab|e§ R32* Determined by Strobe

Not X X No change Determined by Latch Enable § R32 Determined by Strobe
LATCH X L X As determined above | Stored data R32 Determined by Strobe

X H X As determined above | New data R32 Determined by Strobe
STROBE X X H As determined above| Determined by Latch Enable §| R32 AllL

X X L As determined above | Determined by Latch Enable §| R32 LC1 thru LC32 respectively

H = high level, L = Low level, X = irrelevant, T = low-to-high-level transition.
§New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low.

typical operating sequence

cLock I HH H ””HH
L N ]

oA r VALID r IRRELEVANT
SR

D | D
R TENTS INVAL VALI
LATCH
ENABLE I
LATCH PREVIOUSLY STORED DATA l NEW DATA VALID
CONTENTS
STROBE ] [
QOUTPUTS. [[vaLio]

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT
Veer '

inpUT —e— A b
V'V V

GND

TYPICAL OF ALL OUTPUTS
S
Vcez
ouT
j GND
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TYPE SN75518
VACUUM FLUORESCENT DISPLAY DRIVER

]
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCCT (see NOte 1) . . o o s
SUPPIY VOITagE, VOC2 - -« v v e et e e et e e e e e e e
Input voltage e e
Continuous total dissipation at (or below) 70°C free-air temperature
Operating free-air temperature range
Storage temperature range
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds

—65°C to 150°C
................................. 260°C

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vo1 4.5 12 \
Supply voltage, Vcc2 o] 60 \
Peak high-level output current —25 mA
Peak low-level output current 2 mA
Input data rate (Vg = 4.5) 0 1 | MHz
Input data rate (Vg = 10V) 0 5 | MHz
Width of high clock pulse, ty4 (see Figure 1) (VCC1 =10 V) 100 ns
Width of low clock pulse, tyy|_ (see Figure 1) (Vo =10 V) 100 ns
Width of high clock pulse, ty} (see Figure 1) (Vccq =45 V) 500 ns
Width of low clock pulse, t,y_ (see Figure 1) (Voo =45 V) 500 ns
Data setup time before low-to-high transition of clock, tg (see Figure 1) (Vcg1 =4.5 V) 150 ns
Data hold time after low-to-high transition of clock, tp, (see Figure 1) (Vo1 = 4.5 V) 150 ns
Data setup time before low-to-high transition of clock, tg (see Figure 1) (Vcg1 = 10V) 75 ns
Data hold time after low-to-high transition of clock, ty, (see Figure 1) (Vcc1 = 10 V) 75 ns
Operating free-air temperature, Ta (o] 70 C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT

ViH High-level input voltage Veer1 =45V 35V . \
ViL Low-level input voltage Vcer =45V 1.0 \"
ViH High-level input voltage Veer =12V 9.0 \
Vip Low-level input voltage Veet =12V 3.0 \
ViK Input clamp voltage I} =—12mA —-15 \

Qoutputs | Vog1 =5V, Vee2 =60V, 1o =—25mA 58 59
VoH  High-level output voltage Serial data | Vool =5V, o - —20 A 25 50 \%

Qoutputs | Vcc1 =5V, loL=1mA 1.0

VoL Low-level output voltage Serial data | Voot =5 V. loL - 20 pA 08
hH High-level input current Veer =12V, Vvy=12Vv 1.0 WA
L Low-level input current Veer =12V, Vi=0v -1.0| MA
Icc1  Supply current Veg1 =48V 40] mA
Veer =12V 50| mA
lcc2  Supply current Veet1 =5V, Outputs Hi 100/ mA
Vg2 =60V Ouputs Low 5| mA

switching characteristics, Vcc1 =5V, Vcc2=60 V, TA = 25°C
PARAMETER TEST CONDITIONS MIN MAX UNIT

tDHL Delay time, high-to-low-level output from strobe input 3.0 usec
tDLH Delay time, low-to-high-level output from strobe input C = 50pf 2.0 usec
tTHL Transition time, high-to-low-level output See Figure 2 3.0 usec
tTLH Transition time, low-to-high-level output 1.0 usec
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TYPE SN75518
VACUUM FLUORESCENT DISPLAY DRIVER

TYPICAL CHARACTERISTICS

INPUT THRESHOLDS VS. V¢t

VIN
(VOLTS) |
<
s A
RS
N
=
N
6 G
o
&
A5
Pl
4 /
GE
eyt Vo=
2 oW LEVEL —
N\A)(\N\\-‘M
0
4 6 8 10 12
Vgt (VOLTS)
INPUT INPUT DATA RATE VS Vcey
DATA RATE 5
(MHZ)
A
. /
3 Vi

‘4 6 8 10 12

Vet (VOLTS)

62



TYPE SN75518
VACUUM FLUORESCENT DISPLAY DRIVER

PARAMETER MEASUREMENT INFORMATION

twH

CLOCK

Vin

DATA VALID

Vi

FIGURE 1 — INPUT TIMING VOLTAGE WAVEFORMS

________ ViH

STROBE
INPUT

| 4+ - — ViL

~~—= VoH

OUTPUTS

VoL

FIGURE 2 — SWITCHING-TIME VOLTAGE WAVEFORMS
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INTERFACE
CIRCUITS

TYPE SN75580
HIGH-VOLTAGE 7-SEGMENT

LATCH/DECODER/CATHODE DRIVER

D2626, MAY 1981

o Output Current Adjustable From
0.1mA to TmA

e DMOS Outputs for High Breakdown
Voltage

Segment Outputs. .. 100 V Min
Decimal Point Output ... 100 V Min

e Input Data Latches
e Blanking Input Provided
e Low Power Requirements

e Supply Voltage Variable over Wide
Range...5Vto 15V

e Decimal Point Output Provided
e Suitable for Multiplex Operation

functional block diagram

d

SEGMENT
OUTPUTS

DECIMAL
an POINT

ouTPUT

BLANKING _(5) ¥
ANKI D o BCO/7-SEG
(14)
a
—{EN a v
LATCH _(6)
ENABLE D A L/
A8 100 = (LI
-
c10 T an
2 1’
8cD = | (o
INPUTS c10 . e —g
3 100 = AL
9]
c10 = (15)
(7) 8 !
o 100 9 U
c10 N
DECIMAL >
poINT —1 100
INPUT
CURRENT a I |
PROGRAMMING —* 1 RECFl:glE)'I"TCE I

description

Constant.current
‘&‘ regulator (adjusted
by changing Rp,)

LE

@ >

DPl
CPI

N
DUAL-IN-LINE PACKAGE (TOP VIEW)

-

FEEEEEEEE

1 U

Vvce
DPO

BCD/7-SEG
a1 ,
IR N SEN
©® _ lcro i S
(8) 700 7 J=1)
2 10D 2 e . (10) e
8 __ oo a4 f iﬁ’ f
o LT 8 g (18) 4
JULR pror 17) ppo
) e a0 ADIUST]

TThis symbol is in accordance with |IEEE Std 91/
ANSI Y 32.14 and current discussions in |EC and |EEE,

The SN75580 is designed to decode four iines of BCD data and drive a gas-filled seven-segment display tube such as
Beckman and Panaplex |11 displays. Latches are provided to store the BCD and decimal point data while the enable

input is at a low-level voltage.

The design employs a read-only memory to provide output decoding for the BCD digits O to 9. For input data greater
than BCD 9, the segment outputs are blanked. Each sink output is regulated to ensure a constant brightness of the
display even with a fluctuating supply voltage. The on-state output current is essentially constant over the output
voltage range of 4 volts to 100 volts. Each current sink is ratioed to the “’b’’ segment output current as required for

even illumination of all segments.
*Trademark of Burroughs Corporation.

TENTATIVE DATA SHEET

This document provides tentative information
on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.
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TYPE SN75580

HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

description (continued)

Output currents may be varied from 0.1 mA to 1 mA for driving various displays. The output current is adjusted by
connecting an external programming resistor (Rp) from the current programming input to ground.

The blanking input provides unconditional blanking of all segment outputs including the decimal point output.

The enable input allows data to be stored internally while input data is changing. When enable is at a high-level voltage,
the outputs will reflect conditions on the A, B, C, D, and DP inputs. A transition from a high-level voltage to a low-level
voltage at enable will cause the input data set up prior to the transistion to be latched. In the latched state, the A, B, C,
D, and DP inputs are in a high-impedance state to minimize input loading.

FUNCTION TABLE

s
Ul secment
'I_[: IDENTIFICATION
d
DECIMAL o 8CD INPUTS! SEGMENT OUTPUTS op
OR WUt o ¢ 8 A 81 OUT- | DISPLAY
FUNCTION a b < d . [} P PUT

0 X L L L L|H]|]ON ON ON ON ON  ON OFF 3 s
1 x L L L H|H|OFF ON ON OFF OFF OFF OFF x J/
2 X L L H L|H|ON ON OFF ON ON OFF ON x

3 x L L H H|H|ON ON ON ON OFF OFF ON x

a X L H L L|H|OFF ON ON OFF OFF ON ON x ~
5 x L H L H|H|ON OFF ON ON OFF ON ON x

6 X L H H L|H|ON OFF ON ON ON ON ON x =
7 x L H H H|H|ON ON ON OFF OFF OFF OFF x N
8 x W L L L|H|ON ON ON ON ON ON ON x =
9 X H L L H|H[ON ON ON ON OFF ON ON x =
10 X H L H L | H| OFF OFF OFF OFF OFF OFF OFF X

n x H W M| H| OFF OFF OFF OFF OFF OFF OFF x

12 x H H L L | H| OFF OFF OFF OFF OFF OFF OFF x

13 x H H L H| H| OFF OFF OFF OFF OFF OFF OFF x

14 X H H H L | H| OFF OFF OFF OFF OFF OFF OFF x

15 X H H H H H OFF OFF OFF OFF OFF OFF OFF X

8l x X X X X | L| OFF OFF OFF OFF OFF OFF OFF | OFF

DP H X X X X H X X X X X X X ON

oP L x x X x| H]|Xx X x x X X X OFF 1

H = high level, L = low level, X = irrelevant

TTable is valid for the indicated BCD and decimal point inputs while the latch enable is high. See description.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢ (see Note 1)

Input voltage

Continuous total dissipation

Onerating free-air temperatur:
Operating free-air temperatur

Storage temperature range .
Lead temperature 1/16 inch (1

NOTES: 1

6 m;n.) from cas.e ft')r 10 s'e;:t-)r;d.s'

Peak transient off-state voltage, segment outputs (See Note 2)
Continuous on-state segment output current
Peak transient on-state segment output current (See Note 3)

Voltage values are with respect to network ground terminal.

2. In all applications, peak transient segment output voltage must be limited to 180 V. This is accomplished by limiting the anode
voltage to 180 V maximum.

3. In all applications, peak transient segment current must be limited to 50 mA (1, < 10 us, duty cycle <

1%). This may be

accomplished in d-c applications by connecting a 2.2 k{2 resistor from the anode-supply filter capacitor to the display anode,

or by current limiting the anode driver in multiplex applications (See Figure 4).
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TYPE SN75580

HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

recommended operating conditions

Supply voltage, Vo

Segment output voltage

Decimal point output voltage
Segment-b output current .
Enable pulse width, ty, (see Figure 2)

Data setup time before enable goes low (see Figure 2)
Data hold time after enable goes low (see Figure 2)

Operating free-air temperature

MIN MAX UNIT

5 15 \

4 100 \Y

4 100 \Y

0.1 1 mA

500 ns
500 ns
500 ns

0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
ViH High-level input voltage Vee=10V 7 \
Vi Low-level input voltage Vec=10V 3 \
Vik Input clamp voltage Veec=15V, 1= —-12mA, Ta=25°C -09 -15 \
Vo(on) On-state output voltage | Decimal point Vec=5V, lo=25mA 4 Vv
Off-state output athrug 100
\2 BlatOV, o =3kA \2
(BR)off breakdown voltage Decimal point o 100
Vec=10V, Rp=18080 2| 017 020 023
10(on)b Segment-b on-state output current Vo(p) =50V, Rp =7232Q |0425 0.50 0.575 mA
Ta=25°C Rp = 3616 0.85 1.00 1.15
s Segments a, f, & g v 10V 084 093 1.02
egment output currents| = f
10ton) g et OU R e gment ¢ cc 112 125 138
—_— normalized to All outputs at 50 V,
10(on)b bseament nt Segment d T 25°C 0.9 1.00 1.1
-segment curre =
9 Segment e A 099 110 1.1
High-level All inputs
hH ) Vec=10V, V=10V 1| kA
input current except CP|
Low-level All inputs
! Vec=10V, Vec=0V 1| uA
't input current except CPI cc ’ ce
Vece=15V Alli 10V, R 4
Icc Supply current cc - inputs at 10 V, Rp open mA
Vecc=15V, AllinputsatOV, Rp=36ks 6
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TYPE SN75580
HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

switching characteristics, VCC = 10 V, TA = 25°C, see figures 1 and 2

PARAMETER MIN  TYP MAX | UNIT
toff  Turn-off time of segment outputs from BCD inputs 0.5 10
ton  Turn-on time of segment outputs from BCD inputs 0.5 10 us
toff  Turn-off time of segment outputs from DP input 0.5 10
ton  Turn-on time of segment outputs from DP input 0.5 10 K
toff  Turn-off time of segment outputs from Bl 0.5 10
ton Turn-on time of segment outputs from Bl 0.5 10 us

PARAMETER MEASUREMENT INFORMATION

0V
1k
[
Vce
BCD/7-SEG -
a
— — a
Bl len pp=2b
'-AE c1o cp—t
d_JouTtput
10D 1 d
INPUT B o |UNDER OUTPUT
INPUT UNDER 10D 2 e TEST
TEST ¢ R 4 ] .
50 2 b g
ol P2 2 1 oro
10D
L —J cpi —
= [a-g lo ADJUST]
Rp = 3.6 k2 GND
FIGURE 1-TEST CIRCUIT
INPUT VALID A
|
INPUT 50% 50% |
\ | f— e o —»
| 1 E
| | LATCH 50% 50%
| | ENABLE
OUTPUT | 50% | 50% ! !
I | | | f— . —+
ton —fo—e] bt o
ton,toft OUTPUT

FIGURE 2—-VOLTAGE WAVEFORMS
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TYPE SN75580
HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

TYPICAL CHARACTERISTICS

SEGMENT-b OUTPUT CURRENT
vs
PROGRAM RESISTANCE

! T
T
< A\ Vee =10 V+—
£ *\ Vo =50 V +—
L o7 Ta=25°C 1]
£ \
5 N
8]
5 04 3.616
< | inmA = ————
3 Otb) Rp in kQ
2
€
7]
& 02
&
[
)
o
0.1 \
1 2 4 7 10 20 40
Rp — Program Resistance — k2
FIGURE 3
TYPICAL APPLICATION DATA
2.2kq
180 V MAX (See Note 5)
(See Note 4)
sn7ssgo O uF T
BCD/7-SEG Loe
g8 {en b b (13
e 1co (12
(8) (11)
10D 1 d
@ =, (10)
BCD
INPUT Sl preas M (16)
1) (15)
T S L (17)
oPI 10D o
(4) RpP
[a—glo ADJUST] (See Note 6)
Rp BECKMAN OR
PANAPLEX Il
= DISPLAY

FIGURE 4—-SINGLE-DIGIT 7-SEGMENT DISPLAY

NOTES: 4. This voltage must be adjusted for the type of display used to ensure that the on-state and off-state voitages do not exceed 100 V
at the segment outputs of the SN75580.
5. In all applications, peak transient segment current must be limited to 50 mA (tyy < 10 us, duty cycle < 1%). This
may be accomplished in d-c applications by connecting a 2.2-k§2 resistor from the anode-supply filter capacitor to the display
anode, or by current limiting the anode driver in multiplex applications.

6. The value of Rpp is chosen for even illumination of the decimal point and the digit.
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INTERFACE
CIRCUITS

TYPE SN75584A
HIGH-VOLTAGE 7-SEGMENT
LATCH/DECODER/CATHODE DRIVER

D2627, MAY 1981

e Output Current Adjustable From

0.1 mAto4 mA

e DMOS Outputs for High Breakdown

Voltage

Segment Outputs . .. 100 V Min
Decimal Point Output . . . 100 V Min

e Input Data Latches

e Blanking Input Provided

e P-N-P Inputs for Minimal Input Loading

e Low Power Requirements

e Thermal Protection Circuitry
e Supply Voltage Variable Over Wide

Range...4.75Vto 15V

e Decimal Point Output Provided
e Suitable for Multiplex Operation

functional block diagram

BLANK!NG%____,_ BCD/7-SEG
INPUT
— EN a
LATCH _(8)
ENABLE
c10 ) b
A8 oD
c
10
B [ti] 100

BCD
INPUTS
.
s
ot
DECIMAL 4o
POINT o
ouTPUT

DPIE
o2
]

CPIE
5[5

e 5]
o
No

GNDE

n’t_:uRRENT (4) REFERENCE I
TRPUT l CIRCUIT l
description

DUAL-IN-LINE PACKAGE (TOP VIEW)

18| Vee

Z]DPO
Ef

EN

~——qC10

BCD/7-SEG

10D

~—110D

10D

10D

o a N =

A (19)
. (13)
— (12)
(1)
L (10)
L (16)
. (15)

@ - o & o T
@ =« o a6 T o

10D

(7) ppo

[a-g l0 ADJUST]

t This symbol is in accordance with IEEE Std 91/
ANS| Y32.14 and current discussions in |EC and IEEE.

The SN75584A is designed to decode four lines of BCD data and drive a gas-filled seven-segment display tube such as
Beckman and Panaplex |17 displays. Latches are provided to store the BCD and decimal point data while the enable
input is at a low-level voltage.

The design employs a read-only memory to provide output decoding for the BCD digits O to 9. For input data greater
than BCD 9, the segment outputs are blanked. Each sink output is regulated to ensure a constant brightness of the
display even with a fluctuating supply voltage. The on-state output current is essentially constant over the output
voltage range of 4 volts to 100 volts. Each current sink is ratioed to the “b" segment output current as required for
even illumination of all segments.
tTrademark of Burroughs Corporation.




TYPE SN75584A

HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

description (continued)

Output currents may be varied from 0.1 mA to 4 mA for driving various displays. The output current is adjusted by
connecting an external programming resistor (Rp) from the current programming input to ground.

The blanking input provides unconditional blanking of all segment outputs including the decimal point output.

The enable input allows data to be stored internally while input data is changing. When enable is at a high-level voltage,
the outputs will reflect conditions on the A, B, C, D, and DP inputs. A transition from a high-level voltage to a low-level
voltage at enable will cause the input data set up prior to the transition to be latched. In the latched state, the A, B, C,
D, and DP inputs are in a high-impedance state to minimize input loading.

Thermal protection circuitry will blank the display, regardless of input conditions, whenever junction temperature
exceeds approximately 150°C.
FUNCTION TABLE
2

o lb  secment
EI_I( IDENTIFICATION
d

DECIMAL op BCD INPUTS! SEGMENT OUTPUTS op
oR weur'| o ¢ s A Bl OUT. | DISPLAY
FUNCTION a b < d o t 9 PUT
0 X L L L L|[H[ON oON ON  ON ON ON  OFF x "
1 x [ H| H| OFF ON ON OFF OFF OFF OFF x
2 x [ L|H]|ON ON OFF ON ON OFF ON x
3 x Lot H|H|ON ON ON ON OFF OFF ON x
4 x L H L|H|OFF ON ON OFF OFF ON ON x
5 x L oH H|H|ON OFF ON ON OFF ON ON x
6 x LoH L|H|ON OFF ON ON ON ON ON x =
7 x L H H|H|ON ON ON OFF OFF OFF OFF x N
8 X WL L|{H|[ON ON ON ON ON ON ON x =
9 x HoL H|H|ON ON ON ON OFF ON ON X <
10 x HoL L | H | OFF OFF OFF OFF OFF OFF OFF X
mn X H L H H OFF OFF OFF OFF OFF OFF OFF X
12 X H H L H QFF QFF OFF OFF OFF OFF OFF x
13 x H oH H | W | OFF OFF OFF OFF OFF OFF OFF x
14 x H H L| M| OFF OFF OFF OFF OFF OFF OFF x
15 X H H H H OFF OFF OFF OFF OFF OFF OFF X
8! x X x x| L| OFF OFF OFF OFF OFF OFF OFF | OFF
oP H X X X H X X X X X X X ON
L oP L X X va H X X X X X X X OFF

H = high level, L = low level, X = irrelevant
T Table is valid for the indicated BCD and decimal point inputs while enable is high. See description.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

NOTES: 1

Supply voltage, V¢ (see Note 1)
Inputvoltage . .....................

Peak transient off-state voltage, segment outputs (See Note 2)
Continuous on-state segment output current .
Peak transient on-state segment output current (See Note 3)
Continuous total dissipation
Operating free-air temperature range
Storage temperature range
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds

—65°C to 150°C
260°C

Voltage values are with respect to network ground terminal.

2. In all applications, peak transient segment output voltage must be limited to 180 V. This is accomplished by limiting the anode
voltage to 180 V maximum.

3. In all applications, peak transient segment current must be limited to 50 mA (t,,, < 10 Ws, duty cycle < 1%). This may be

accomplished in d-c applications by connecting a 2.2 k{2 resistor from the anode-supply filter capacitor to the display anode,

or by current limiting the anode driver in multiplex applications (see Figure 4).
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TYPE SN75584A
HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

recommended operating conditions

Supply voltage, Vcc
Segment output voltage

Decimal point output voltage

Segment-b output current

Enable pulse width, ty, (see Figure 2)
Data setup time before enable goes low (see Figure 2)
Data hold time after enable goes low (see Figure 2)

Operating free-air temperature

MIN
4.75

0
0.1
500
500
500

MAX

100
100

70

UNIT

mA
ns
ns
ns

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
ViH High-level input voltage 2 v
ViL Low-level input voltage 08| Vv
Vi Input clamp voltage Vee =15V, 11=—-12mA, Ta=25C -09 -15| Vv
Off-state output athrug 100
A\ BlatOV, o =3uA v
(BR)off breakdown voltage Decimal point 2 o # 100
Rp=18080% (0.18 0.20 0.22
Rp=7232Q 045 050 0.55
Vee=10V, P
Voru) - Rp-24119Q (135 15 166
Ofb) =
=1808 @ 1 2. E
TA2C o 8 0 22
Rp-=12059@ | 27 30 33
| Segment-b on-state output t Rp =904 36 40 44 A
ent-| n-sta utput curren m,
Ofonib ¢4 P Rp = 18080 51 | 0.16 0.24
Rp =72320 0.4 0.
Vec =BV lsy, ATZaTh T2 1:
VO(b) = 10V to 100 V, Rp:moan "5 73
Ta =0°Cto 70°C Ld -
Rp = 1205 Q 24 36
Rp =904 0 32 [
Se tsa, f, & .8 X K
gments a vec-10v. 084 093 1.02
Segment ¢ 1.12 125 1.38
All outputs at 50 V,
Segment d o 09 1.00 1.1
Segment output currents Ta=25C
10(on) Segment e 099 1.10 1.21
1 normalized to s & 0.74
egments a, f, . .
Olonib b-segment current id 2 g Vee=5Vto15y, 112
Segment ¢ 1 1.5
All outputs at 10 V to 100 Vv,
Segment d N o 08 1.2
Ta =0°Cto 70°C
Segment e 0.88 1.32
' High-level All inputs Vec =15V, Enable at 15 V 15
H input current A B C D, &DP |V =15V Enable at 0 V ] “A
All t: E I -
Low-level inputs Vee =15V, nable at 15 V 50
hL Enable Enable at 0.4 V =50 | uA
input current =04V
A,B,C, D &DP Enable at 0 V -1
Ve =15V, All inputs at 15 V,
4
. Supply o . Rp open
i urren
ce v VeC =15V, Al mputsatov, mA
Rp=22kQ 6
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TYPE SN75584A
HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

switching characteristics, VCC =5V, TA = 25°C, see figures 1 and 2

PARAMETER MIN TYP MAX | UNIT
toff  Turn-off time of segment outputs from BCD inputs 0.5 10 s
In
ton Turn-on time of segment outputs from BCD inputs 0.5 10
toff  Turn-off time of segment outputs from DP input 0.5 10
us
ton  Turn-on time of segment outputs from DP input 0.5 10
toff  Turn-off time of segment outputs from BI 0.5 10 s
M
ton  Turn-on time of segment outputs from Bl 0.5 10

PARAMETER MEASUREMENT INFORMATION

5V 1kQ
L
Vce
BCD/7-SEG —
-— a 2
I b b
LE_Ic1o cp—=
A d_JouTtpuTt
d
INPUT B 10D ! o | UNDER OUTPUT
INPUT UNDER 10D 2 0 TEST
TEST € Roo A f f
500 b [
10D 8 g
[T s DPO
= = P dTee 1o ADIUST] -
Rp =3.3kQ Ji;ND
FIGURE 1 — TEST CIRCUIT
INPUT VALID A
|
|
INPUT 50% 50% "——- tsu -—’P— thold —.1
1
| | !
| 1 LATCH 50% ‘ 50%
1 | ENABLE
] ) ! !
ouTPUT | 50% ] 50% fo— —
] | ! |
ton —o—e] fo—et ot ouTeuT ><
Yon, tott

FIGURE 2-VOLTAGE WAVEFORMS
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TYPE SN75584A

HIGH-VOLTAGE 7-SEGMENT LATCH/DECODER/CATHODE DRIVER

TYPICAL CHARACTERISTICS

SEGMENT-b OUTPUT CURRENT
vs
PROGRAM RESISTANCE

4 1
< Vee =10V
E \ Vo=50V
- 2 N TA= 25°C
c
8
3 N
5 ™
S 03 o 3818
. | inmA= ————
2 Olby in Rp in k&2
§ 04
3 AN
i AN
5 02 N
= \\
0.1
1 2 4 7 10 20 40
Rp—Program Resistance—k§2
FIGURE 3
TYPICAL APPLICATION DATA
2.2ke
180 V MAX (See Note 5)
(See Note 4)
snyssso  O-1uF
BCD/7-SEG
a
g5 en Y S
LE :e; c10 t12 -
8 1 1
A 10D d
(2) 2 (10) -
@) 10D . o o
c 10D ¢ 28
(7) 8 (15)
D o 10D g 7
DPI — ] 10D P o
[a-glo ADJUST] _ |(See Note 6)
Rp BECKMAN OR
PANAPLEX 11
DISPLAY

FIGURE 4—SINGLE-DIGIT 7-SEGMENT DISPLAY

NOTES: 4.
at the segment outputs of the SN75584A,
5. In all , peak

This voltage must be adjusted for the type of display used to ensure that the on-state and off-state voltages do not exceed 100 V

current must be limited to 50 mA (t,, < 10 us, duty cycle < 1%). This may be accom-

plished in d-c applications by connecting a 2.2-k§) resistor from the anode-supply filter capacitor to the display anode, or by

current limiting the anode driver in multiplex applications.

6. The value of Rpp is chosen as required for even illumination of the decimal point and the digit.
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TL4810A BIDFET

10-Bit Serial-Input Latched Driver

with Active Pull-Down

Features

o High-voltage outputs 60V

® CMOS compatible inputs

o Low power CMOS logic and latches

e Active pull-down outputs

o Wide supply voltage range

® Directly interchangeable with UCN4810A

Description

The TL4810A is a monolithic BIDFET inte-
grated circuit designed to drive a segmented,
dot character, or full dot matrix vacuum fluo-
rescent display (VFD).

The primary feature of the TL4810A 10-bit
VFD driver is its unique output structure. The
TL4810A utilizes an active totem-pole output
to improve the sink current capability without
sacrificing the resulting power consumption as
conventionally experienced in a passive pull-
down structure. The totem-pole output de-
creases the inter-digit-blanking time required
and the overall device power consumption.

Unlike most VFD drivers which are limited
to an 85% duty cycle at 50°C the TL4810A will
sustain a 25 mA per output load at 100% duty
cycle over its entire operating temperature
range of 70°C.

N Dual-In-Line Package Pinout

at a supply voltage of 60V, providing the max-
imum allowable package power limitation is
not exceeded. All device inputs are diode-clam-
ped and compatible with standard MOS,
CMOS and DMOS logic. The addition of a pull-
up resistor to VDD is required when driven by
standard TTL logic.

Designed to control 10 VFD inputs, the
TL4810A contains a positive edge triggered 10- voo ves
bit serial shift register with a serial data out- CLOGK o b '
put for serial transmission and registration of 2
the display information. A 10-bit D-type latch R P o
accepts parallel data from the serial shift reg- " Moz o« ’__D—D—ﬂ i
ister when the strobe input is high. The data st 08 0 ED—u
stored in the latch circuitry when the strobe ReqiSTER (101 07 Yo o8
input is taken low remains un-altered regard- 198 o D 08
less of subsequent changes in the data present 010_10 fo
in the serial shift register. The latched infor- staose o—>——1
mation is then transferred to the outputs BLANKING o—| >0 L SERIAL
through the gated output buffers when the : o 1047
blanking input is low. A logic high on the
blanking input causes all outputs to go low. All
outputs are capable of sourcing 40mA each TL4810 Functional Block Diagram
FUNCTIONAL TABLE
Function Control Inputs* Shift Register Latches Qutputs
Clock Strobe Blanking mcﬂ?rtgnéﬁo u Thrgol.n}sms Serial 0-1 Thru 010
Load I Load and Shift Determined b R10 Determined B
T No Change Strobe & R1/R10 Blanking & L1/L10
Latch X High As Determined L1=R1; L2=R2; ETC R10 Determined By
X Low Above Stored Data Blanking & L1/L10
Blanking High As Determined As Determined R10 All Low
Low Above Above :E‘?C= L1; 02=L2;

*All control inputs are independent of each other
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DISPLAY

TYPE UCN-4810A
CIRCUITS VACUUM FLUORESCENT DISPLAY DRIVER

e Each Device Drives 10 Lines
e 60 V Output Voltage Swing Capability

e 40 mA Output Source Current
Capability

e High-Speed Serially-Shifted Data Input
e CMOS-Compatible Inputs
e Latches on All Driver Outputs.

description

The UCN-4810A is a monolithic BIDFET™ integrated
circuit designed to drive a dot matrix or segmented
vacuum fluorescent display. (VFD)

N
DUAL-IN-LINE PACKAGE

(TOP VIEW)

]
a7[2]
as[3]
cLock E
Vss E
Voo E
sTROBE [7]
as 8]

a4 E

U

E Q9

[11] ato

E] SERIAL DATA OUT
E VBB

E SERIAL DATA IN

E BLANKING

Ee]m
[17] 02
18] a3

Input data is stored in a 10-bit serial shift register on the positive transition of the clock. Parallel data is transferred to
the output buffers through a 10-bit parallel D-type latch while the strobe input is high. Data present at the latches,
input during a negative transition of the strobe, will be stored in the output regardless of subsequent data changes
providing the strobe input is kept low. Outputs are totem-pole structures formed by an n-p-n emitter follower and
double-diffused MOS (DMOS) transistors. The blanking input inhibits all output gates and assures they are off (low)

when the blanking input is high.

All inputs are CMOS and TTL compatible but require the addition of a pull-up resistor to Vpp when driven by TTL

logic.

Serial data output from the shift register may be used to cascade additional devices for large display arrays.

EQUIVALENT OF EACH INPUT

VoD .

1 —
A P
INPUT —¢ ::l____
< 3
A 8 H—]
Vss * F—l

TYPICAL OF ALL OUTPUTS

Vss

OUTPUT

+BIDFET — Bipolar, Double Diffused, N-Channel and P-Channel MOS transistors on same chip — process patent pending.

TENTATIVE DATA SHEET
This document provides tentative information
on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.
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TYPE UCN4810A
VACUUM FLUORESCENT DISPLAY DRIVER

absolute maximum ratings over operating free-air temperature range (unless otherwise specified)

Supply voltage, Vpp (seenote 1) . . .. .. .. .. e 45Vt 18V
SUPPLY VOIAGE, VBB « « « v v ettt et e e e e e e e e 50V to60V
Input voltage o F. .. 3VtoVppt.3V
CoNntinUOUS OULPUL CUITENT, Lot « + « « v v v v vt et e e e e et e et et e e e e —40 mA
Continuous total dissipation at (or below) 70°C free-air teMPErature . .. . ... .....uueeuneennnennnns 650 mW
Operating free-air temMpPerature raNGE . . . . . . v v v it it et e e e e 0°C to 70°C
Storage tempPerature FANGE . . . .« . v v v vt e et e e e e —65°C to 150°C

Lead temperature 1/16 inch (1.6 mm) from case for 10 seconds 260°C

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX UNITS
Supply voltage, Vpp 5 15 4
Supply voltage, VBB 0 60 \%
Continuous output current, lgy¢ —25 mA

electrical characteristics at T3 = 256°C, VBB =60 V, VDD =4.75 V to 15.75 V (unless otherwise noted)

CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
MIN MAX
Output OFF voltage Vout - 1.0 \
Output ON voltage lout = —25 mA 575 v ]
Output pull-down current lout Vout = VBB —400 —850 A j
Output leakage current Ta =70°C - 15 MA
Input voltage Vin(1) Vpp=5V 3.5 5.3 \
Vpp =15V 135 155 v
Vin(0) —03 08 v
Input current lin(1) Vpp =5V — 100 MA
Vpp =15V - 300 HA
Input impedance Zin Vpp =5V 50 - K
Output resistance Rout Vpp =5V — 20 K
Vpp =5V - 6 K
BB all outputs on - 13 mA
all outputs off — 13 mA
Supply current Vpp =5V, Note 2 - 100 MA
Ipp Vpp =15V, Note 2 - 200 HA
Vpp =5V, Note 3 - 10 mA
Vpp =15V, Note 3 - 3.0 mA

Note 2 all outputs off, all inputs =0V Note 3 one output on, all inputs =0 V
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TYPE UCN-4810A
VACUUM FLUORESCENT DISPLAY DRIVER

logic symbol¥

functional block diagram

STROBE ——] C2
BLANKING —=+ G3 STROBE
SRG 10
cLockK —> C1/m BLANKING
el
—4 1D 2D “)3_01 CLOCK«D—,
20 D 3p—— Q2
20 D 3—— a2
2D D3F—— Q4
20 > 3}—— a5
20 D 3p——m
20 D 33—
20 D 3|—— Q8
20 D 3}—— Q9
2D D3 Q10
SERIAL

a6 DATA IN D REGISTER
Q7 ]

fivav;

—

108BIT
STATIC
SHIFT

LATCHES

¥ This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEC and |EEE.

Y

Q2

Q9

Q10

—‘i > SERIAL

TIMING CONDITIONS Vdd=5V Vdg=15V
T1 — Minimum Data Active Time Before Clock Pulse (Data Set-Up Time) .. ............. 250 ns 150 ns
T2 —Minimum Data Pulse Width . . . . .. .. ... . 500 ns 300 ns
T3 — Minimum Clock Pulse Width . 1.0us 250 ns
T4 — Minimum Time Between Clock Activationand Strobe . .. ..................... 1.0us 400 ns
T5 — Minimum Strobe Pulse Width . .. . ... ... . 500 ns 300 ns
T6 — Typical Time Between Strobe Activation and Output Transition .. ............... 1.0us 1.0us
CLOCK | |
——>IT1 |<—~ T3 —
DATA _—J—_I
1
Ta _—iq- Ts -—‘
“TZ’I —
STROBE
BLANKING | 1
]
OUTPUT I |
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