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Chapter 1

Introduction

The DG24 is a highly versatile digital 1/O port for the IBM PC/XT/AT,
or compatible, computer. The board uses the popular 8255 Programmable
Peripheral Interface (PPI) chip and provides for the control or

monitoring of 24 digital I/O signals. The 8255 used is capable of 10 MHz
transfer rates and therefore does not require WAIT states when using a
PC/AT. The DG24's base address is jumper selectable and interrupts are
supported.

The PPl may be configured in combinations of three basic modes of
operation: Basic 1/O, Strobed 1/0, and Bi-directional Strobed 1/0O.
Applications of the DG24 include instrument interfacing, event sensing,
process control, and automated testing.

All 24 digital lines, as well as +/-12 and +5 volts, the PC's reset

signal, and digital ground, are accessible through a 40-pin header

connector at the end of the board. This connector is compatible with

Real Time Devices' XB40 I/O extender board and XC40 expansion cable. The
XB40 consists of two 20-pin screw terminals and a prototype area. The
screw terminals allow wires to easily connect to the DG24 and the
prototype area allows development of custom application circuits. The

XC40 is a cable assembly which terminates in a 40-pin wire wrap header
connector. This connector is suitable for installation in standard perf-

board material.

The software included with the DG24 provides sample programs for

controlling each of the PPI operating modes. Example CALL statements are
also included for applications requiring high-speed data transfers.
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This manual has been organized into three chapters, with a group of
appendices containing reference material.

CHAPTER 1 briefly describes the DG24 operating features, I/O
capability, and software.

CHAPTER 2 explains how to install the DG24 in your computer.
This incudes selecting the base address and interrupt capability,
and connecting signals to the 1/O connector.

CHAPTER 3 describes how to control the DG24's PPl. Detailed
specifications of the PPl are provided which explain its various
operating modes and communication with the Control Word and 1/O pcrts.
Some considerations are also given if you require the use of interrupts.

APPENDICES contain technical information related to your DG24. This
includes the DG24 and 8255 PPI specifications, I/O connector pin-out,
and connector types. References and warranty information are also
provided.

Every effort has been made to design a quality, easy to use, yet low
cost digital I/O interface board. We are convinced that you will find
the DG24 to be a valuable interfacing tool for your PC.
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Chapter 2

Installation

The DG24 plugs into any expansion slot, including a short slot, of an
IBM PC/XT/AT or compatible computer. It may be advantageous, therefore,
to choose an available short slot inside your computer.

The board's I/O address and interrupt channel are jumper selectable.
Preventing possible contention with other devices simply involves
changing three jumpers. If the board address is unjumpered or incorrect,
the DG24 will not operate. Before installing the board into your
computer the jumper selections must be made.

All connections to external signals are made through one 40 pin I/O
connector, which can be accessed through the rear of the computer after
the board is installed.

JUMPER SETTINGS

Base Address Selection - Connector P2

To select the board's base I/O address, the jumper on the connecter
labeled PZ must be positioned to correspond to the address desired. The
jumper should be placed horizontally across the pair of header pins

beside the base address you select (see Figure 2-1). The base addresses
labeled beside connector P2 are hexadecimal values.
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When choosing a base address, be careful not to use one that will cause
contention with another peripheral. The DG24 occupies 16 1/O addresses
beginning with the base address selected, however only four addresses
are actually used. Chapter 3 "Controlling the 8255 PPI" explains the
function of these four addresses. Figure 2-2 shows_how the PC's 1/O port
address bits are decoded by the DG24.

Address

Bit = 7_6 4 3 2 1 0
X 1 |A8||A7TIA6]0 |0 || X| X]A1JA0] X = Don't Care

Base Address PPl Register
Selected A8|A7|Aq A1} AQ Selected
"X200 0jolo 0] 0]l Port A
X240 0f(0}1 0j1}] Port B
X280 0j11]o0 110 Port C
X2C0 0j1}]1 111 Control
X300 1{0}o0
X340 1101
X380 11110
X3C0 frfr]n

Fig. 2-2 DG24 1/O Port Address Decode

The DG24 base address has been preset to X'200'. For future reference,
you may wish to record the base address you selected in Table 2-1. If
the base address is changed from the preset value of X'200', the example
software provided with the DG24 will need to be modified to reflect the
new value. The procedure to do this is explained in the comments which
accompany each of the sample programs.

Interrupt Channel Selection - Connector P3

The DG24 may be configured to generate interrupts during PPI Mode 1 or
Mode 2 operation. The two PPI interrupts, INTRA and INTRB, are available
at the DG24 P3 connector and are labeled "A" and "B" across the top of
the connector. To select the PC interrupt channels used to service these
interrupts, position the jumpers on the connecter labled P3 to

correspond to the desired interrupt channel numbers. The jumpers should

be placed horizontally across the pair of header pins corresponding to
INTRA or INTRB and beside the interrupt channel number (see Figure 2-1).
Note that INTRA and INTRB must each use a separate PC interrupt channel.
If interrupts are not used, the jumpers must be positioned as shown in
Figure 2-3.
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Fig. 2-3 Interrupt Disable Jumper Positions

The DG24 interrupts are preset to the disabled position. For future
reference you may wish to record the interrupt channel assignments in
Table 2-1.

Table 2-1 DG24 User-Selected Options

I/0 Base Address

(hex) _ (decimal)

INTR/IRQ Channel Selection
INTRA IRQ

INTRB IRQ

Chapter 3, "Controlling the 8255 PPI", describes considerations for
using the DG24 interrupts.

BOARD INSTALLATION

After selecting the base address and interrupt capability, the DG24 may
be installed inside the computer.

1. TURN OFF THE POWER TO YOUR COMPUTER FIRST. Refer to the
owner's manual for your computer, and remove the top cover.

2. Select the expansion slot you wish to use and remove the
corresponding blank bracket from the rear panel of the computer.

3. Close both ejector latches on the DG24 I/O connecter, and
orient the board inside the computer so that the connector protrudes
through the rear of the computer, and the card edge connector lines up
with the selected expansion slot connector.
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4. After you are certain the board lines up correctly, push down
on the metal bracket tab and the top of the board until the board is
seated firmly in the expansion slot connector.

5. Reinstall the screw that was remove with the blank bracket and
replace the cover to your computer.

EXTERNAL CONNECTIONS - Connector P4

All external connections to the DG24 are made to the 1/O connector,

labeled P4 (see Figure 2-1), which is accessible through the rear panel
of the computer after the board is installed. The P4 mating connector
type required is listed in Appendix B as well as the pin assignment of
all signals associated with the DG24.

To attach the mating connector, first open the ejector tabs on the DG24
1/0 connector. Then, observing the keying of both connectors, install
the mating connector and push firmly until the ejector tabs snap
closed, securing the connector in place.

This completes the installation; your DG24 is now properly configured.
Next, you must decide how to control the PPl for your specific application.
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Chapter 3

Controlling the 8255 PPI

As shown in the block diagram, Figure 3-1, the DG24 provides all the
necessary interfacing signals to control the 8255 PPIL.

3
8
ADDRESS - PORT B PBO-PB7
DECODE -
8255 a
PPI 3 =
v bt
2K  DATA BUS a po-pD7  PORT K Z D PCO-PC7 g
Y - S
INTERRUPT
RD,WR,RESET SELECTION
{} l RESET
/'— +/-12 Volts
\ CONTROL BUS +5 Volts
DIGITAL
L GrouND

Fig. 3-1 DG24 Block Diagram
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These signals are used to communicate with the internal registers of the -
ppPl. Table 3-1 shows how the DG24 maps the PPI registers to four contiguous
[/O addresses, beginning with the base address you selected in Chapter 2.

Table 3-1  PPI Register/DG24
I/O Address Assignments

PPI Register Base Address +
Port A 0
Port B 1
Port C 2
Control Word 3

The 8255 PPl is a versatile digital 1/O interface chip; your application
will determine how the I/O ports should be configured and the different
operating modes selected. The accompaning data sheet, reprinted by
permission of Intel Corporation, Copyright 1981, presents a very good
discussion of controlling this chip.

8255 DESCRIPTION

The first section of the data sheet entitled "8255A Functional Description"
gives a general explanation of the 1/O ports. This and the information
contained in the section entitled "8255A Operational Description" will
allow you to determine how to most efficiently utilize the 1/O ports for
your application.

The first part of the Operational Description explains how the Control
Word is used to select the operating modes of the PPl and is also used
to individually set or reset the Port C bits. This bit set/reset feature
is useful for controlling separate bits without effecting the other bits
of Port C. The bit set/reset feature can be used with Port C bits only.

If your application requires the use of interrupts, you will also want

to read the information under the heading "Interrupt Control Functions".
This section describes how the Interrupt Enable (INTE) mask is used to
enable the INTRA and INTRB interrupt signals generated when using Modes
1 and 2.

The remainder of the Operational Description discusses the three
operating modes in detail. This information includes timing diagrams,
examples of how the operating modes may be combined, and describes the
Port C Status Word used in Modes 1 and 2. Port A and Port B source
current capabilities are also defined. Values referenced on the timing
diagrams are defined in Appendix A, "Specifications".

The section entitled "Applications of the 8255A" gives some practical
examples of how the PPl can be used for specific applications.
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MODE SELECTION

Once you have decided how to define the operating modes of Ports A, B,
and C, determine the data that you will need to write to the Control
Word (refer to the "8255A Operational Description", Figure 6, of the
reprint). For example, to select:

Port A Mode 1, Input
Port B Mode 0, Output
PC 0,1,2 Mode 0, Input
PC 6,7 Mode 0, Output

you would write the following data:

Data
Bit 7 6 5 4 3 2 1 0
Control ’ ’
Register 1/10(1{110|0|0 |1 |=XAl
Data
L | I
Mode Set Port A, Port B, PCO0,1,2;
Flag Input Mode 0 Input
Port A, PC6,7, Port B,
Mode 1 Output Output

Note that PC 3,4, and 5 are used for the Port A handshaking and interrupt
signals and are therefore not available for I/O ("8255A Operational
Description", Figure 8); however PC 0,1,2,6, and 7 can be used for

digital [/O. The interrupt signal generated on PC 3 may be jumpered to
one of the the PC's interrupt channels. The interrupt channel selection
was described in Chapter 2.

Finally, you will need to write the data to the Control Word to select

the operating modes of the I/O ports. Refer to Table 3-1 to determine

the address of the Control Word. To select the operating modes used in

the above example, the data X'A1l' would be written to I/O location

X'203' (DG24 Base Address = X'200'). The following BASICA statement will
write this data to the Control Word:

OUT &H203&HA1

If your application will require changing the operating modes of the 1/0
ports, be aware that all output registers and status flags are reset
whenever the mode is changed. Also, the Control Word can only be written
into; no Read operation of the Control Word Register is allowed.
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PROGRAMMING THE DG24

hue to the versatility of the 8255 PPI, it would not be possible to
provide utility software flexible enough for every application. However,
the software included with your DG24 shows some example programs for
controlling each operating mode. These programs are written in BASICA
and are extensively commented.

Also included are examples of CALL statements which are used from BASICA.
These CALL statements envoke assembly language subroutines which provide
for a more efficient and faster execution of a routine. CALL statements
would be used for high-speed data transfers. Because the 8255 used on

the DG24 is capable of 10 MHz transfer rates, WAIT states are not required
when using a PC/AT machine.

A directory of the software included with your DG24, as well as a brief
description of each program, is listed in the file README.DOC on the
Program Disk.

INTERRUPT CONSIDERATIONS

The interrupts generated in PPI Mode 1 and Mode 2 operation may be
jumpered to any of the PC interrupt channels 2-7. The channel selection
is made by jumpering pins on the DG24 P3 connector as explained in the
Interrupt Channel Selection description in Chapter 2.

The PPI interrupts must be enabled by writing a "1" to the INTE mask bit
as described in the data sheet reprint section entitled "8255A Operational
Description" Interrupt Control Functions. The INTE mask bits are disabled
during power up reset and whenever the PPl mode is changed.

Before you attempt to use interrupts, be certain you are familiar with

the procedure for intializing the interrupt vectors and the PC's interrupt
controller, and setting up the interrupt handling routines. Reference 1

in Appendix C contains a very good description of the PC's system interrupts.
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8255 DESCRIPTION - DATA SHEET REPRINT

intel

8255A FUNCTIONAL DESCRIPTION

Group A and Group B Controis

The functional configuration of each port is program-
med by the systems software. in essence, the CPU “out-
puts” a control word to the 8255A. The control word con-
tains information such as “mode”, "bit set”, "'bit reset",
etc., that Initializes the functional configuration of the
B8255A.

Each of the Control blocks (Group A and Group B) accepts
*“commands” from the Read/Write Contro! Logic, receives
“’control words™ from the internal data bus and issues the
proper commands to its associated ports.
Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-CO}
The Control Word Regtster can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). All
can be configured In a wide varlety of functional charac-
teristics by the system software but each has Its own
special features or “personality” to further enhance the
power and flexibility of the 8255A.

Port A. One B-bit data output latch/buffer and one 8-bit
data input latch.

Port B. One 8-bit data input/output latch/buffer and one
8-bit data input buffer.

Port C. One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port containg a 4-bit latch and it can be used
for the control signal outputs and status signal inputs in
conjunction with ports A and B.

PIN CONFIGURATION

- omcromay oars w3

or-09 £

:il
._ -

& F]d

=1
(3 ras
[Jrae

[ rar

[~ meser

o
cy-Cq

PIN NAMES

o )
- 0 Yy DATA BUS (B! DIRECTIONALL;
RESFT RESET INPUT .

¥ CHIP SELECT ”"
RO READ INPUT —
Wi WRITE INPUT .
A0_AY PORT ADDRESS 1
PATPAC | PORT A(BIT) .
787 PR0 | PORT A (AT o

PC7 PCO PORT C (8111 )
Vee “svouls .
GND Gvouts )

Figure 4. 8225A Block Diagram Showing Group A and

Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic Input/Output
Mode 1 — Strobed Input/Output
Mode 2 — Bi-Directional Bus

when the reset input goes “high™ all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be ‘‘tailored” to almost any {/O
structure. For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

CONTAOL WORD

GROLP B

PORT C ILOWER)
1 INPUT
0= OUTPUT

PORT B
1 INPUT
0= 0UTPUT

MODE SELECTION
0= MODE 0
1= MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0« OUTPUT

POAT A
1= INPUT
0= OUTPUT

MODE SELECTION
00 = MODE 0
01« MODE 1
1X = MODE 2

MODE SET FLAG

i
o

poPe,

c

g

ROL  CONTROL
OR I/0 OR1/0

mopey —]_8

o

3
K3
E

: 10
’A,-PAQ
AT
L)
PA,-PA,
AT

A

e

LI

CONTROL

MODE 2

S

BI-DIRECTIONAL
Ay PAG

2
L]

Figure 5. Basic Mode Definitions
and Bus Interface
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1= ACTIVE

{ "ADDRESS BUS N
1
{ CONTROL BUS )
][ LT
[ DATA BUS ]
I“"W“ o0 *ﬂé“l Figure 6. Mode Definition Format
8255A
MODE 0 -—’[ A ]
!

The mode definitions and possible mode combinations
may seem confusing at first but atter a cursory review of
the complete device operation a simple, logical I/O ap-
proach will surface. The design of the B255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based appiications.
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CONTROL WORD

Dy | Ds | Dy

IDY

BIT SET/RESET
1= SET
0= RESET
DONT
CARE

BIT SELECT
[oT1T2T3]a]s]e[7!
Tvjo[v[o{1j0]1]8q]
h(‘l 11]o[ol1[1]8y|
(ololefol ] s[7] ]8,)
BIT SET/RESET FLAG
0= ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A is programmed to operate in mode 1 or
mode 2, control signais are provided that can be used as
interrupt request inputs to the CPU. The interrupt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE flip-
flop, using the bit set/reset function of port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the CPU without affecting
any other device in the interrupt structure.

INTE flip-flop definition:

(BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET - Interrupt disable
Note: All Mask flip-flops are automatically reset during

mode selection and device Reset.

Operating Modes

MODE 0 (Basic Input/Output). This functional configura-
tion provides simpie input and output operations for
each of the three ports. No “handshaking" is required,
data Is simply written to or read from a specified port.

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.

® Any port can be input or output.

@ Qutputs are latched.

® Inputs are not latched.

® 16 different Input/Output configurations are possible
in this Mode.

INPUT

€5, a1. 80

n,-u,._._________._..___._____<

>..___

MODE 0 (Basic Input)

R /
to—twp —|
0,0y K
taw ‘wa
3. A1, 40 X‘ AK

ouTPUT J y
——— g -

MODE 0 (Basic Output)
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MODE 0 Port Definition

A B GROUP A GROUP B
PORT C PORT C
D4 | D3 | D1 | Do | PORTA | e | * [ PORT® | (i owen)
0 0 0 0 OUTPUT OUTPUT 0 QUTPUT QUTPUT
0 0 Q 1 OUTPUT QUTPUT 1 OUTPUT INPUT
0 0 1 0 QUTPUT OUTPUT 2 INPUT OUTPUT
0 7] 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 ] ) OUTPUT INPUT 4 QUTPUT OUTPUT
[+] 1 0 1 OUTPUT INPUT 5 QUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
[s] 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 QUTPUT OUTPUT
1 1] 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 1 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 QUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT QUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 Configurations

CONTROL WORD =0 CONTROL WORD #2

% D, D, D, Dy, D D, B, O, Dy Dy ©, D, D, 0, D,

Llefefefefefo]e] Clefefefefeol [

At paray Afp—rt PA, 2,
82554 02854
et v, pe, el )
o503 ] c{ o0, c_[
At peyrc, -t reyre,
8 |—r—rn, 0, of——r— ey,
CONTROL WORD #1 CONTROL WORD #3
D; Dy DI Dy D! DI D| Dﬂ D' D‘ Dl D‘ D, DI D! D°
fefelelele]e] ] Llefefelolel 0]
A __./L... PA,PA, A -—/'—4 PA,PA,
82858 s285A
Lt ey, ey
0,0 =] c { 0,0, c {
e peyrey et reyec,

3-8




ntel

CONTROL WORD #4
D, Dy Oy D, D, D, D, DO

Llefelefelele]e]
- Arﬁ‘-'—-"r"o

{ f—rt— pcyec,
c

0,0y =]

-t peye,

] ———,L'—on,rnv

CONTROL WORD =8
D, Dy Dy D, D, D, O, D,

Llelof fefele o]

A ..—/—‘—— Phy PAY

0,0y +————s

- At e, pc,
c
P
N e NN

8
8 |—————= #8, P8,

CCONTROL WORD #5
0, Dy By 9 D, D, D, D,

Llelefelefefe] ]

A raea

8255A
et e,
0,0y @ | c {

e reyrc,

8 f——#2 e s, 7y,

CONTROL WORD =9
O; O 05 O, 0y D; D D

Llefefefelefe] ]

0,0y =—————e

CONTROL WORD =6
O, Dy Oy D, Dy O, D, D,

0, nﬂ

‘CONTROL WORD =10
o, O, D, D, Dy D, O, D,

Llefeffefel o]

Ayt PA, PA,

8255A
o, e,

.
F—F——rcy g,

3
8 |e——p"—— 8, 78,

CONTROL WORD =7
D, Oy O3 D, O3 0, O, Dy

Llefefel fef ]

Af e pa 0,

R ——

{ ot e, e,
<
.—,t‘— PCy-PCy

B fe—rt— P8, PR,

CONTROL WORD =11
0 Dy Dy D, O, D, D, O

Clelefedefel "]

Al P, ra,

82554
et pe, e,
070wt < {

4
|+ ey %G

8
8 [«——rp—— P8, P8,




CONTROL WORD #12
D, Dy O, D, Dy D, D, D,

D, Dy 4|

e ey,

Y S B

CONTROL WORD #14
% Dy O D, D3 8, D, B

e —

CONTROL WORD #13
D) Oy Dy D D, D Dy D

0, 0y +————erl

CONTROL WORD #15
9, D, Dy O, B, D, D, D,

Llefelofodef o]

Py SEL I

8285A
e ey,
D)0y @+ c {

e — o

ol e m,

Operating Modes

MODE 1 (Strobed Input/Output). This functional con-
figuration provides a means for transferring I/O data to
or trom a specified port in conjunction with strobes or
“handshaking” signais. In mode 1, port A and Port B use
the lines on port C to generate or accept these “hand-
shaking” signals.

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B)

® Each group contains one 8-bit data port and one 4-bit
control/data port.

® The B8-bit data port can be either input or output.
Both inputs and outputs are latched.

® The 4-bit port is used for control and status of the
8-bit data port.
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input Control Signal Definition

STB (Strobe Input). A “low'’ on this input loads data into
the input tatch,

IBF (Input Buffer Full F/F)

A "high’" on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the STB is a “one”, IBF is a “one” and INTE is a “‘one”.
It is reset by the falling edge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A
Controlled by bit set/reset of PC,4.
INTEB
Controlled by bit set/reset of PC.

MODE 1 (PORT Al

A, A,

CONTROL WORD
0, Og D5 O, D, D, O, Dy

[ e[ [ [PXIXIX]
'c!_f
1= INPUT

0= OuTPUT

PCor

MODE 1 (PORT 8)

=
CONTROL WORD
0y Oy Dy Oy 0y D; Dy Dy r;“'E': | ——
[ DI [ t.f:’__!:'c"“ i
H PCy|—— 1BF,
PCof—— INTR,

Figure 8. MODE 1 Input

INTR

SR PR—

""j\

oty —]

INPUT FROM
PERIPHERAL

--—

o —— e

Figure 9. MODE 1 (Strobed Input)
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Output Control Signal Definition

OBF (Output Butfer Full F/F). The OBF output will go
“low"” to indicate that the CPU has wrlitten data out to
the specified port. The OBF F/F will be set by the rising
edge of the WR input and reset by ACK Input being low.

ACK (Acknowledge Input). A “low” on this input informs
the 8255A that the data from port A or port B has been ac-
cepted. In essence, a response from the peripheral
device indicating that it has received the data output by
the CPU.

INTR (Interrupt Request). A “high’ on this output can be
used tointerrupt the CPU when an output device has ac-
cepted data transmitted by the CPU. INTR is set when
ACK isa"one”, OBF isa'one” and INTE isa "“one". Itis
reset by the falling edge of WR.

INTE A
Controlled by bit set/reset of PCg.
INTEB
Controlied by bit set/reset of PC5.

CONTAOL WORD
Oy Oy Ds 0, Dy 0; By Dy

[TeTo[eD<IXIX]
PCus
1= INPUT

0= OUTPUT

|

CONTROL WORD
D, D, D, D, D, D, D, O,

L DX I

MODE 1(PORT A}

raea 8 >

PCos fore

MODE 1 (PORT B8}

—— OBF,

po— ATRy

[—— Nty

Figure 10. MODE 1 Output

WR \

] i !

i GoF

E o twos~]

I NTR \\

| 1

|

! ACK

ouTeuT X

‘—’i- we

Figure 11. Mode 1 (Strobed Output)




intel

Combinations of MODE 1

Port A and Port B can be individually defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications.

PA, PR, @

CONTROL WORD
D, Oy Dg O, O, D, D, Dy PCy |——INTR,

DODDTOD el
'CI. 2

1= INPUT
0= ouTPUT

WA ——ef #C, | GBF,

PORT A - ISTROBED INPUT)
PORT B - (STROBED OUTPUT)

PA,PA, ’__L“J>

WA ——d] PCy |——= 0BF,
PCy |o—— ACTK,
CONTROL WORD
O, Dy B D, D, D, D, D, PGy |—— NTR,
DODOTONY el
0= ouTPUT "v""\v@
b ——f PC, fo—o 575,
PCy—— 187,
ey |—— INTR,

PORT A ~ ISTROBED OUTPUT)
PORT B — {STROBED INPUT)

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Blidirectional Bus I/0). This functional
contiguration provides a means for communicating with
a peripheral device or structure on a single 8-bit bus for
both transmitting and receiving data (bidirectional bus
110). "Handshaking" signals are provided to maintain
proper bus flow discipline In a similar manner to MODE
1. Interrupt generation and enable/disable functions are
also available.

MODE 2 Basic Functional Definitions:

® Used in Group A only.

® One 8-bit, bi-directional bus Port (Port A) and a 5-bit
cantrol Port (Port C).

e Both inputs and outputs are latched.

The 5-bit control port {Port C) is used for control

and status for the 8-bit, bi-directional bus port (Port

Al

Bidirectional Bus /O Control Signal Definition

INTR (Interrupt Request). A high on this output can be
used to interrupt the CPU for both input or output opera-
tions,

Output Operations

OBF (Output Buffer Ful). The OBF output will go “low"
to indicate that the CPU has written data out to port A.
ACK (Acknowledge). A “low" on this input enables the
tri-state output buffer of port A to send out the data
Otherwise, the output butfer will be in the high im-
pedance state.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trolted by bit set/reset of PCg.

Input Operations

STB (Strobe Input)

STB (Strobe input). A “low" on this input loads data into
the input latch.

1BF (Input Buffer Full FIF). A “high” on this output in-
dicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with IBF). Con-
troiled by bit set/reset of PCy.
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O, D¢

CONTROL WORD

Oy D, Dy D, D, Dy

[T IXXT]

PCag
1 = INPUT
0= OUTPUT

L' PORTB
1= INPUT
0=0UTPUT

—————————= GROUP B MODE
0= MODE 0
1= MODE 1

INTR,

| OBF,

Az,

o ¥T8,

18f,

Figure 13. MODE Control Word

Figure 14. MODE 2

DATA FROM
CPU TO 82654

INTR

"’-—“AD‘

L

.__:"_./

1BF

N

PERIPHERAL __
BuUS

—— 7 ——]
v
—]

a0l —] %o f—
3 - e
N A
/ I — e
DATA FROM DATA FROM
PERIPHERAL TO 82854 82584 TO PERIPHERAL
DAYA FROM
8285A O 8080

NOTE:

Figure 15. MODE 2 (Bidirectional)

Any sequence where WR occurs before ACK and STB occurs bafore RD is permissible.




MODE 2 AND MODE 0 (INPUT)

CONTROL WORD
D; Dy O3 O, Dy D, D, Dy

1= INPUT
0= ouTPUT

WA ————=qf

PA,PA,

e,

PCaa

P8, 78,

— 7,

f——— 18F,

|e—rf— 110

MODE 2 AND MODE 0 (QUTPUT)

CONTROL WORD
D; Dg D5 Oy Dy O; Dy Dy

HBizoexann

PCg
1= INPUT
0= OuTPUT

L]

o

WA ————

PA,PA,

PCy

P10

8,78,

— W,

MODE 2 AND MODE 1 (OUTPUT}

CONTROL WORD

0; 0, 0, D, Dy 0 D, Dy

v, 8, I>

MODE 2 AND MODE 1 (INPUT)

CCONTROL WORD

07 Oy Oy 04 Dy D; O, Dy

[ XXX X

’C,

PA, PA,

PCy

PC‘

b iR,
=
|—— GBF,

A,

|e——— 518,

| 187,

K=

sTgy

f—— 18F,

F———— 1Ry

Figure 16. MODE % Combinations
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Mode Definition Summary

MODE 0 MODE 1 MODE 2
IN out IN ouTt GROUP A ONLY
PAg IN out IN our -
PA4 IN out IN out -~
PAy N out N out -
PA3 IN out IN out D
PA4 IN ouT N out -~
PAg IN out IN ourt -
PAg IN ouT IN ouT -
PA7 IN out N out -
P8y IN our IN out e
PB4 IN out IN ouTt —_
PBy IN ouT IN out —_—
PB3 IN our IN out —_— MODE 0
PBy IN out IN ouT —_ OR MODE 1
PBg IN ouT IN out _— ONLY
PBg IN ouTt IN ouT —_—
PBy IN ouT iN ouT — ~
PCq IN ouTt INTRg INTRg 1/0
PCy IN out i1BFg OBFg 110
PCy N out §TBg ACKg 1/0
PC3 IN out INTRA INTRA INTRp,
PCy IN out §TBa 110 578,
PCs IN out 1BFa 170 IBF 5
PCg N out 170 ACKp ACKa
PCy IN out 1/0 OBF A OBF 5

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as Inputs —
All input lines can be accessed during a normal Port C
read,

If Programmed as Outputs —
Bits in C upper (PC;-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCq) can be accessed using the bit

set/reset function or accessed as a threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source 1mA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode O, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “hand-shaking” signals
with the peripheral device. Reading the contents of Port C

allows the programmer to test or verify the “‘status’ of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION

0, Dy o0 D, O D, D, D
Luo I o I 185, wve‘lru‘lmnll mr.Jmm,]

GROUP B

GROUP A

QUTPUT CONFIGURATION

D7 D( Og 0, 0, D, D, )
{W, INTE, [ 10 { o IN"‘L"“'J OBF, [INTR,
GROUP A arour s

Figure 17. MODE 1 Status Word Format

o, O ©O ©O O, ©, D, D,

loﬁ. mrz,l wﬂmrz, mqu
- pp———
GROUP A ___—GRours

Figure 18. MODE 2 Status Word Format



APPLICATIONS OF THE 8255A

The 8255A Is a very powerful tool for Interfacing
peripheral equipment to the microcomputer system. It
represents the optimum use of avallable pins and Is flex-
ible enough to interface almost any I/O davice without
the need for additional external logic.

Each peripheral device In a microcomputer system
usually has a “service routine” assoclated with it. The
routine manages the software interface between the
device and the CPU. The functional definition of the
8255A Is programmed by the 1/O service routine and
becomes an extension of the system software. By ex-
amining the /O devices Interface characteristics for
both data transfer and timing, and matching this intor-
mation to the examples and tables in the detaiied opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactly “fit" the applica-
tion. Figures 19 through 25 present a few examples of
typical applications of the 8255A.

INTERAUPT

"]

" B
Ay
[’”‘

", HIGH SPEED

PRINTER

——
S—
MODE 1
ouTPUT)
1 HAMMER
RELAYS
|——={ CATA AEADY
to——r acx
PCy |——={ PA2ER FECD
el

FORWARD/AEY

.

DATA READY

PAPER PEED
FORWARO/REY
nigsow

'Hobl )
(ouTruT) T
",

HIRnnnm

DATA mEADY

o)
CONTROL LOGIC AND DRIVERS.
INTERAUPT

neauest

INTERRUPT

REQUEST ~ [
Py
8288A

Pay A
PA, R,
PA, Ry FULLY
N DECODED
P R xeveaoaro
oA, R,
PAg Ry
MODE 1 _|
{iNPUT) ] PAs SHIFT
P, CONTROL
e, STROBE
Pey ACK
—
8y By
7B, B8,
P8 % seLrscan
8, 8, DISPLAY
P8, B,
Pag By
moDET | Lo
touTPUT) .
8, CLEAR
e, DATA READY
PCy AcK
PCq BLANKING
re, | Pc, CANCEL WOHD
INTERRUPT
REQUEST

Figure 20. Keyboard and Display Interface

Figure 19. Printer Interface

INTERRUPT

AEQUEST
<

[*a )

R,
A
FULLY
woDE 3| PAy "5 pecooen
uneut) 7| opa, n KEYBOARD

3

pag | SiFT
", CONTROL

<, sTROBE

rc, susy LT
rc, TesTLY

[re, T TEAMINAL

wooE o | P9
T | pe,

Figure 21. Keyboard and Terminal Address
Interface




[—= ANALOG OUTPUT

ray [*
A,
Ay
e
oA,
mooE 0 _| PAy
OUTPUN | pag e
A CONVERTER
Sy (DAC)
o
|0
e, wss
e, sTBDATA
re, ouTPUT EN
[
SET/RESET
rc, SAMPLE EN
[ st8
P8,
v8,
e,
MODEO _| P8,
aneums | em,
ey
wse

[ ANALOG INPUT

INTERRUPT

REQUEST
<

MODE 2

MODE 0
ourPuT)

[ 0,
2% o,

2 0,
Ay o, FLOPPY DISK
-~ o RNOORVE
oag form———e0,
oay 0,

0,

", 0ATa sTR
ey acK ()
, AEAD
", ACK (OUT)
<, TRACK D" SENSOR
<, SYNC READY
r, o~ry
8o ENGAGE HEAD
ra, 3

2 PEAD ENABLE
s, WAITE ENASLE
rs, DISC SELECT
sy ENABLE CAC
rey Test
rs, susy LY

Figure 22. Digital to Analog, Analog to Digital

Figure 23. Basic CRT Controller Interface

INTERRUPT INTERRUPT
REQUEST REQUEST
5[ ray R, PG e, Ry
PAy Ry CRY CONTROLLER ., A,
PA, Ry - eade—— n, BLEVEL
ra, IS * REFRESH BUFFER oy n ATER
ra, " + CURSOR CONTROL . READER
PAy Ry s
MODE 1 PA, SHIFT MODE 1 ’ R
1oUTPUTY | pa, CONTROL UNPUTY :
vc, DATA READY ", s16
rcy acx e, ACK
o BLANKED (Y STOPIGO.
rc, BLACKMWHITE
82684 L 2ssa MACHINE TOOL
_ o startsTOr
PC, ROW STB :‘I“::’J'“ rc, LIMIT SENSOR (HAV)
e, COLUMN STB ! ) of FLUID
L CURSOR H/V STB
By 8, CHANGE TOOL
mapE o _| P8, e, LEFT/RIGHT
outpun | P8, 8, ————=| urroown
N
acl ADDRESS. MODE 0 _| B, HOR STEP STROBE
By Hav fouTPUTI | P8, VERT
i L 8, SLEW/STEP
: v, v, FLUID ENABLE
P8, v8, sTor
Figure 24. Basic Floppy Disc Interface Figure 25. Machine Tool Controller interface
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DG24 SPECIFICATIONS

Interface
IBM PC/XT/AT compatible
No PC/AT WAIT states required
Jumper-selectable base address,
1/0 mapped: (hex) 200 300

240 340
280 380
2C0  3CO

Jumper-selectable interrupts
Both 8255 interrupts (INTRA,INTRB) are provided.
PC IRQ channels
supported: 2 -7

Digital 1/O
The DG24 utilizes an 8255 programmable peripheral interface
(PP1) chip. It provides 24 digital I/O lines which are divided
into three 8-bit ports: A, B, and C. Port A, Port B, and each
half of Port C may be individually programmed as input or
output. In addition, strobed I/O operations may be performed
using some of the Port C lines to control data transfers.

The three modes of operation are summarized below:

Mode 0 -- Basic 1/0; provides simple input and output
operations for each port. Data is written to or read
from a specified port.

Mode 1 -- Strobed 1/O; uses handshaking signals to
transfer data through Port A or Port B. Interrupts may
be utilized.

Mode 2 -- Strobed Bidirectional 1/O; Port A is used as
a bidirectional data bus. Data transfers occur in
conjunction with handshaking signals similar to Mode 1
operation. Interrupts may be utilized.

Miscellaneous Outputs (PC-bus sourced)
Reset Driver
+5 Vdc
+/-12 Vdc
Digital ground

Software Features -
Sample BASICA programs are provided which demonstrate the control of
each of the PPl operating modes. Example CALL statements are also

included to show how the 8255 may be used for high-speed applications.

A complete directory of all software included with the DG24 is
listed on the accompanying disk.



Electrical

Current requirements:
+5V 20 mA

Mechanical
Connectors:

40-pin, right angle, shrouded male header with ejector tabs
Edge-connector -- IBM PC/XT/AT compatible

Environmental:
Operating temperature: 0 to +50 deg. Centigrade
Storage temperature: -20 to +70 deg. Centigrade
Humidity: 0 to 90%, non-condensing
Size: 3.875" X 4.500" (Short slot)

Options: XB40 Expansion Board
XC40 Expansion Cable

Warranty: 1 year
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias.
Storage Temperature . . . . ... .
Voltage on Any Pin

With Respect to Ground . . . . . ... . ... —0.5V to +7V
Power Dissipation . .. .................. 250'mW

D.C. CHARACTERISTICS

*NOTICE: Stresses above those listed under "'Absolute
Maximum Ratings'* may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

(Ta = 0°C to 70°C, Ve = +5V = 5%, GND = 0V)

Symbol Parameter Min. | Max. | Unit Test Conditlons
ViL Input Low Voltage -0.3 | 0.8 \
Viy Input High Voltage 22| 55 \
VoL (DB) | Output Low Voltage (Data Bus) 0.45 \ loL = 2.5mA
VoL (PER])| Output Low Voltage {Peripheral Port} 0.45 \% loL = 1.7mA
Vo (DB) | Output High Voltage (Data Bus) 24 Vv lon = -400pA
Vo (PER)[ Output High Voltage (Peripheral Port) | 4.2 \Y lon = -100uA
Ipag!"! | Darlington Drive Current -1.0 | -5.0 mA Rext =1.1KQ; Vexr= 1.5V
Iee Power Supply Current 50 | mA
'8 Input Load Current 10 HA Vin = Vee to OV
loFL Output Float Leakage $10 | WA Vour = Vee to OV
NOTE:
1. Available on any 8 pins from Port B and C.
CAPACITANCE (T, = 25°C, Voc = GND = 0V)
Symbol . Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc = TMHz
Ciyo 1/0 Capacitance 20 pF Unmeasured pins returned to GND
A.C. CHARACTERISTICS (T, = 0°Ct0 70°C, Vg = +5V = 5%, GND = 0V)
Bus Parameters
READ
Symbol Parameter Min. Max. Unit
taR Address Stable Before READ 0 ns
tRA Address Stable After READ 0 ns
taR READ Pulse Width 150 ns
tRD Data Valid From READI'! 100 ns
tDF Data Float After READ 0 40 ns
tRv Time Between READs and/or WRITEs 150 ns
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A.C. CHARACTERISTICS (Continued)
WRITE

Symbol Parameter Min, Max. Unit
taw Address Stable Before WRITE 0 ns
twa Address Stable After WRITE 20 ns
ww WRITE Puise Width )20 ns
ow Data Valid to WRITE (T.E.) 100 ns
two Data Valid After WRITE 30 ns

OTHER TIMINGS

Symbol Parameter Min. Max Unit
tws WR =1 10 Outputl ! 350 ns
R Peripheral Data Before RD 0 ns
1HR Peripheral Data After RD 0 ns
tAK ACK Pulse Width 300 ns
tsT STB Pulse Width 350 ns
tps Per. Data Before T.E. of STB 0 ns
tPH Per. Data Atter T.E. of STB 150 ns
7% ACK = 0 to Qutput! ! 300 ns
kD ACK = 1 to Output Float 20 250 ns
twos WR = 1to OBF =01l 300 ns
taoB ACK = 010 OBF = 111l 350 ns
18 STB=0to IBF = 111} 350 ns
tRis RD = 11to IBF = 0!l 300 ns
tRIT RD = 0to INTR = gl 400 ns
tsiT STB=1to INTR =111 300 ns
tAIT ACK =110 INTR =11l 350 ns
twiT WR = 0to INTR = 0!1-3] 450 ns

NOTES:

1. Test Conditions: C_ = 150pF.

2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Resel pulse can be 500 ns min.

3. INTRT may occur as early as WR|.

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUTIQUTPUT

24
20 20
> TEST POINTS < Cy = 150 pF
0.8 0.8
045

AC TESTING INPUTS ARE DRIVEN AT 2 4V FORALOGIC 1 AND 045V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FOR A LOGIC 0

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

—I——/\/\/\’—O Veur

lc. = 100 pF

“Vix115 SE [ AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE
SPECIFICATION
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WAVEFORMS

MODE 0 (BASIC INPUT)

fo— typ —|

INPUT

MODE 0 (BASIC OUTPUT)

0,0,

\ e — -—AL
[
A X
e

€ A1, 40 y

ouTeuT
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

T )
Th— %

| 7
o T
——

== — o m e e
L3

'MODE 1 (STROBED OUTPUT)

"\ —

N

tanr—e| o

ouTPuT j
= 'we

fa——— tax [ perye—
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

DATA FROM

8080 TO 8255
wa
) —;!/

N\

‘wos —="

)

INTR

e
ACR

TR

ruu;::un __________ _4 >_ - _ . >_ _____

K/_
I

pATA FROI A FR
PERIPHERAL TO 8255 85255 TO PERIPHERAL
DATA FROM
8255 TO 8080

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible.

WRITE TIMING ’ READ TIMING

o) i s e

-— -,.—-s'-o-l —{'of~ “{torf—

¥R DATABUS MIGH IMPEDANCE VALID |HIGH IMPEDANCE *
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I/0 Con nector






1 Digital Gnd 21 +5 Volts
2 22
3 : 23
4 Digital Gnd 24
5 25
6 26 Digital Gnd
7 PA7 27 PAG6
8 PAS 28 PA4
9 PA3 29 PA2
10 PAL 30 PAO
11 PC7 31 PC6
12 PCS 32 PC4 —
13 PC3 33 PC2
14 PC1 34 PCO
15 PB7 35 PB6 Pin — |
16 PBS 36 PB4 1
17 PB3 37 PB2
18 PB1 38 PBO 4
19 +12 Volts 39 RESET DRV D~
20 -12 Volts 40 Digital Gnd ;:
.
:a
4
%
o
| LAY
Fig. B-1 DG24 P4 Connector /
Pin Assignment O
Pin
20
Table B-1 DG24 P4 Connector/Mating Connector
Manufacturer DG24 P4 Connector P4 Mating Connector
KEL-AM Inc. 6201-040-258 6230-040-601
M 3417-7040
Robinson Nugent IDS-C40PK -C-SR-TG
MIL C-83503 M83503/7-09
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Appendix D

Warranty






LIMITED WARRANTY

Real Time Devices, Inc. warrants the hardware and software products it
manufactures and produces to be free from defects in materials and
workmanship for one year following the date of shipment from REAL TIME
DEVICES. This warranty is limited to the original purchaser of product
and is not transferable.

During the one year warranty period, REAL TIME DEVICES will repair or
replace, at its option, any defective products or parts at no additional
charge, provided that the product is returned. shipping prepaid, to REAL
TIME DEVICES. All replaced parts and products become the property of
REAL TIME DEVICES.

THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS WHICH
HAVE BEEN DAMAGED AS A RESULT OF ACCIDENT, MISUSE, ABUSE
(such as: use of incorrect input voltages, improper or insufficient

ventilation, failure to follow the operating instructions that are provided

by REAL TIME DEVICES, "acts of God" or other contingencies beyond the
control of REAL TIME DEVICES), OR AS A RESULT OF SERVICE

OR MODIFICATION BY ANYONE OTHER THAN REAL TIME DEVICES.
EXCEPT AS EXPRESSLY SET FORTH ABOVE, NO OTHER WARRANTIES
ARE EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE, AND REAL TIME DEVICES EXPRESSLY DISCLAIMS
ALL WARRANTIES NOT STATED HEREIN. ALL IMPLIED WARRANTIES,
INCLUDING IMPLIED WARRANTIES FOR MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE, ARE LIMITED TO THE DURATION OF
THIS WARRANTY. IN THE EVENT THE PRODUCT IS NOT FREE FROM
DEFECTS AS WARRANTED ABOVE, THE PURCHASER'S SOLE REMEDY
SHALL BE REPAIR OR REPLACEMENT AS PROVIDED ABOVE. UNDER NO
CIRCUMSTANCES WILL REAL TIME DEVICES BE LIABLE TO THE PURCHASER
OR ANY USER FOR ANY DAMAGES, INCLUDING ANY INCIDENTAL OR
CONSEQUENTIAL DAMAGES, EXPENSES, LOST PROFITS, LOST SAVINGS,
OR OTHER DAMAGES ARISING OUT OF THE USE OF OR INABLILITY TO
USE THE PRODUCT.

SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF
INCIDENTAL OR CONSEQUENTIAL DAMAGES FOR CONSUMER PRODUCTS,
AND SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG AN
IMPLIED WARRANTY LASTS, SO THE ABOVE LIMITATIONS OR
EXCLUSIONS MAY NOT APPLY TO YOU.

THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND YOU MAY
ALSO HAVE OTHER RIGHTS WHICH VARY FROM STATE TO STATE.






Real Time Devices, Inc.

1930 PARK FOREST AVENUE
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