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The AD2l0 multichannel analog input board tums your IBM PCIXT/AT or compatible computer into a high-
performance data acquisition and control system. Installed within a single short or full-size expansion slot in the
computer, the AD210 board feamres:

. Four single-ended analog input channels,
- 0 o +5 volt analog input range,
. 12-bit AID converler with internal multiplexing circuitry & autn-zero cycle,
. Up to 8,000 conversions per second,
. Independent resistor-configurable gain for each input channel,
. Three independent 8-MlIz timerrcounters,
- z4TTLICMOS*ompatible 8255-based digital VO lines (16 at the VO connector and 8 at on-board pads).

The following paragraphs briefly describe ttre major functions of the board. More detailed discussions of board
functions are included in Chapter 3, Hardware Description, and Chapter 4, Board Operation and Programming. The
board setup is described in Chapter l, Board Settings.

Analog-to-Digital Conversion

The analog-todigital (A/D) circuitry receives up o four single-ended analog inputs and converts these inpus
into 12-bit digital data words which can then be read and/or transferred to PC memory.

The input voltage range is 0 to +5 volts, with overvoltage protection to +12 vols. Special input circuitry is
provided to automatically ground all unused input ports. A/D convenions are performed by a 12-bit successive
approximation convert€r at speeds of up to 125 microseconds. This high-performance converter with built-in
multiplexing and auto-zero cycle and the buffer amplifiers preceding it make sure that dynamic input voltages are
accurately digitized. The resolution of a 12-bit conversion with the gain equal to 1 is 1.22 millivols.

The converted data is read and/or transferred tn PC memory, one byte at a time, through the PC databus.

8254 Timer/Counter

An 8254 programmable interval timer contains three l6-bit, 8-MHz timer/counters to support a wide range of
timing and counting functions. The clock, gate and output pins for each of the tluee timer/counters are available at
the I/O connector.

Digital VO

The AD2l0 has24 TTllCMOs-compatible digital I/O lines which can be directly interfaced with external
devices or signals to sense switch closures, rigger digiral events, or activate solid-state relays. The fines are pro-
vided by the on-board 8255 programmable peripheral interface @PI) chip. Sixteen of the lines are brought out to the
VO connector and eight are available at a set of on-board pads.

What Comes With Your Board

You receive the following items in your AD2l0 package:

. AD2l0 interface board

. Software and diagnostics diskene with example progmms in BASIC, Turbo Pascal, and Turbo C; source code

. Ljser's manual

If any item is missing or damaged, please call Real Time Devices' Customer Service Department at
(814) 234-8087. If you require service outside the U.S., contact your local distribuor.

i-3
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Board Accessories

In addition m the items included in your AD210 package, Real Time Devices offers a full line of sofnpare and
hardware accessories. Call your local distributor or our main office for more information about these accessories and
for help in choosing the best items !o support your board's application.

Application Software and Drivers

Our custom ap'plication softwarepackages provide excellent data acquisition and analysis support. Use
SIGNAL*MATH for integrared data acquisition and sophisticated digital signal processing and analysis, or
ATLANTIS for real-time monitoring and data acquisition. rtdlinx and rtdlinxA.IB drivers provide full-featured
high level interfaces between ttre AD2l0 and custom or third party sofnvare, including LABTECH NOTEBOOK,
NOTEBOOKTG, and LTICONTROL. rtdlinx source code is available for a one-time fee. Our Pascal and C
Programmer's Toolkit provides routines with documented source code for custom programming.

Hardware Accessories

Hardware accessories for the AD210 include the lvD(32 analog input expansion board which can expand a
single input channel on your AD210 to 16 differential or 32 single-ended input channels, the TB40 terminal board
and XB4O prototype/terminal board for prototype development and easy signal access, EX-XT and EX-AT extender
boards for simplified testing and debugging of prototype circuitry, and the XC40 single wire flat ribbon cable
assembly for external interfacing.

Using This Manual

This manual is intended o help you install your new board and get it running quickly, while also providing
enough detail about the board and its functions so that you can enjoy maximum use of its features even in the most
complex applications. We assume that you already have an understanding of data acquisition principles and that you
can customize the example software or write your own applications proglams.

When You Need Help

This manual and the example programs in the software package included with your board provide enough
information to properly use all of the board's features. If you have any problems installing or using this board,
contact our Technical Support Department, (814) 234-8087, during regular business hours, eastern sandard time or
easrern daylight time, or send a FAX requesting assistance to (814) 234-5218. When sending a FAX request, please
include yotu company's name and address, your name, your telephone number, and a brief description of the
problem.

i4
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CHAPTER 1

BOARD SETTINGS

The AD210 board has jumper settings you can change if
necessary for your application. The board is factory-configured as
listed and shown on a diagram in the beginning of this chapter.
Should you need to change these settings, use these easy-to-follow
instructions before you install the board in your computer.

Also note ttrat by installing resistors in the pads provided on
the board, you can individually customize the gain setting for each
channel. This circuitry is described at the end of this chapter.

l - t
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Factory-Configured Jumper Settin gs

Table l-l lists the factory settings of the user-configurable jumpers on ttre AD210 board. Figure 1-l shows the

board layout and the locations of the factory-set jumpers. The following paragraphs explain how to change the
facory settings. Pay special attention o the setting of P3, the base address header connector, to avoid address
contention when you first use your board in your syslem.

Table 1-1 - Factory Settlngs

Jumper Functlon Controlled Factory Settlng

P3 Sets the base address 300 hex (768 decimal)

P4
Connecls the A/D end-ofonvert signal to an interrupt
channel or to an 8255 PPI bit for monitoring PPI PB7 connected

P5
Connects an external interrupt or an interrupt
generated by the PPI (PC3) to an interrupt channel Disabled (nol connecied)

P6
Connects one of the 8254 timer/counter outputs to an
interrupt channel Disabled (not connected)

P7 Conf igures the 8254 timer/counters

All timer/counters
cascaded
(see diagram tor P7l

Fig. 1-1 - Board Layout Showing Factory-Configured Settings

@

FH
Ffl

@
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P3 - Base Address (Factory Setting: 300 hex (76E decimal))

One of the most common causes of failure when you are first trying your board is address contention. Some of
your computer's I/O space is already occupied by internal VO and other peripherals. When the AD210 board
attempts to use I/O address locations already used by another device, contention results and the board does not work.

To avoid this problem, the AD2l0 has a header connector, P3, which lets you select any one of eight starting
addresses in the computer's I/O. Should the factory setting of 300 hex (768 decimal) be unsuitable for your system,
you can select a different base address. These addresses are, from left o right on P3:

Hexadeclmal Declmal

200 512

240 576

280 640

2C0 704

300 768

340 832

380 896

3C0 960

To change the base address setting, remove the jumper from the fifth pair of pins (300 hex) and, using Figure
l-2 as a guide, install it in the desired location. Record the new base address setting on the table inside the back
cover of this manual.

Fig. 1-2 - Base Address Jumper, P3

P4, P5, and P6 - Interrupts

Header connectors P4, P5, and P6 let you connect various on-board and external signals to the computer's
intemrpt channels. In addition, P4 lets you monitor the EOC through a PPI bit. lnterrupts can be generated by the
A,/D converter's end-of-convert signal, by the 8255 programmable peripheral interface or from an external intemrpt
source brought onto the board through the I/O connector, and by any one of the three timer/counter outputs.

Before trying to use intemrpts, you must be familiar with the procedure for initializing the intemrpt vecgors and
the PC's intemrpt controller, and setting up the intemrpt handling routines. These procedures are beyond the scope
of this manual, but must be understood to effectively use intemrpts in your computer system. Chapter 4 provides an
overview on using intemrps.

Also, be careful to avoid contention with other devices that may use intemrpts in your computer when you
choose your intemrpt channel. Use the table inside the back cover of this manual to record the intemrpt channel you
have selected.

It is also very important to note that the board intemrpt source is a TTL tolem-pole (pustlpull) type output; it is
not open-collector. Therefore, do not connect this intemrpt to any other intemrpt output!

oo
c,

o
@
ail

o-t
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ooct
oo
C\|
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@
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. p4 -AlD EOC Interrupt and Monitor (Factory Setting: Interrupt Disabled/Monitor PB7)

Header connector P4, shown in Figure 1-3, les you connect the A/D converter's endof-convert (EOC) signal o

any of the computer's intemrpt channels, IRQ2 (highest priority channel) through IRQT (lowest priority channel) or

to 
" 

ppt bit for monitoring. By placing a jumper horizonally across the pins of one of ttre IRQ channels, the EOC

signal can be used to generate intemtpts. The EOC goes high when a conversion is completed; therefore, an inter-

rupt will occur when the EOC line transitions from low (converting) to high (not converting).

The top three pins of P4 let you choose one of three digital lines from the PPI ttrough which to monitor the
EOC: Port A, bit 7 (PA7); Porr B, bit 7 (PB7); and Port C, bit 7 (PC7). One of these three lines is selected by placing

a jumper horizontally across the appropriate pair of pins. The EOC is facory set to be monitored through PB7. The

selected digital line must be configured as a Mode 0 input (see Chapter 4).

PA7

P87

PC7

IRQ2

IRQ3

tR04

IRQ5

IRQ6

IRQT

Fig. 1-3 - End-of-Convert Interrupt Channel Selection Jumper, P4

. P5 - EXTINT and PPI PC3Interrupts (Factory Setting: Disabled)

Header connector P5, shown in Figure 1-4, lets you connect an external signal, EXTINT, or the 8255 PPI's PC3
signal to one of the computer's intemrpt channels, IRQ2 (highest priority channel) through IRQT Qowest priority
channel). EXTINT is routed onto fte board through external I/O connector n.PC3 is generated when the 8255 PPI
is being operated in mode I or mode 2, as explained in Chapter 3. To connect one of these nvo signals to an interrupt
channel, the two sored jumpers, shown in Figure l4a must be installed across the appropriate pairs of pins. First
place a jumper horizontally across the pins of the signal chosen and then place a second jumper horizontally across
the pins of the selected IRQ channel. Figure l-4b shows PC3 connected to IRQ7.

P4

l-5
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IRQ2

IRQ3

IRQ4

IRQs

IRQ6

IRQT

PC3

EXTINT

IRQ2

IRQ3

IRQs

IRQ6

IRQT

PC3

EXTINT

IRQ2

IRQ3

IRQ4

IRQ5

IRQ6

IRQT

OUTO

OUTl

OUT2

Fig. 1.4a: Faclory
settings (disabled)

Fig. 1-4 - PC3 and EXTINT lnterrupt Jumpers, P5

. P6 - 8254 Timer/Counter Output Interrupt (Factory Setting: Disabted)

Header connector P6, shown in Figure 1-5, is used to jumper one of the three 8254 timer/counter outputs,
OUTO, OUTI, or Ol-If2, to one of *re computer's interrupt channels,IRQ2 (highest priority channel) through IRQT
(lowest priority channel). The top six pain of pins on this header connector arc used to select the IRQ channel, and
the bottom three pairs of pins are used to select the desired 8254 ouput. The nro jumpers stored vertically across the
top four pairs of pins, as shown in Figure l -5a, must be installed to connect an 8254 output to an intemtpt channel.
First, install a jumper horizontally across the pins of the selected timerrcounter output (one of the bottom three pairs
of pins). Then install a second jumper across the pins of the selected intemrpt channel (one of the top six pairs of
pins). Figure 1-5b shows an example.

Fig. 1 '4b:PC3
connecled to |RQT

IRQ2

rRoS

IRQ4

IRQs

IRQ6

IRQT

OUTO

OUTl

OUT2

Fig. 1-5a: Factory
settings (disabled)

Fig. 1-5b: OUT2
connected to |RQS

Fig. 1-5 -8254 Timer/Counter Output Interrupt Jumpers, P6

l-6
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Yl -8zi4Timer/Counter VO Header Connector (Factory Settings: As Shown in Figure 1'6)

Header connector P7, shown in Figure 1-6, configures the 8254 programmable interval timer's clock and gate

sources and ouput connections. Also included on P? are pins to route an external intemrpt (EXTI\[D from and the
computer's RESET signal to external Ir0 connector P2. Figure 16 shows the factory settings.

\\e8254 provides three independent l6bit, 8 MHz timer/counters for timing and counting functions such as
frequency measurement, event counting, and intemrps. Each timer/counter has two inputs, clock (CK) in and gate
(GT) in, and one output, timer/counter OUT. Figure 1-7 shows a block diagrarn of the 8254 and P7 circuitry.

XTAL

EXTCLKO

+5V

EXTGATEO

CLKOUTO

CLKOUTO

CLKl

XTAL

EXTCLKl

+5V

EXTGATEl

CLKOUTl

CLKOUTl

CLK2

XTAL

EXTCLK2

+5V

EXTGATE2

CLKOUT2

CLKOUT2

EXTINT

RESET

Fig. 1-6 -8254 Programmable lnterval Timer Jumpers, P7
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210
lr0 CONNECTOR

P2
8254 PIT

l l
t l
l l
I  s u n z  I

li-'*aii ,'* *, EXrcLKl

CLKOUTO/CLKOUTO.

CLKOUT2/CLKOUT2.
(EXTINT/RESET)

-^^ .  .  ex rERHrLr l r rEnnupr  l ^  l l

,51?! 61

Fig. 1-7 -8254 and P7 Circuitry

Starting from the lop of P?, the fint group of pins on the left side are labeled CK0, GTO, and OUT0, the three
I/O signals for timer/counter0 (ICO). The signals on the right side for TCO are labeled XTAL, EXTCLKO, +5V,
EXTGATE, CLKOUT0, and eROUffi-(this signal has a bar over top of ttre signal name on ttre board because it is
the inverse of the CLKOUTO signal). The groups of signals for TCI and TC2 are identical to TCO, except that each
has a CLK input on the right side of 0re header connector for cascading the timer/counters to form a 32- or 48-bit
counter. Note that each signal name on the left side of the connector (CK, GT, and OUT; spans a group of two or
more pins, and OUT2 includes the EXTINT and RESET signals. The following paragaphs describe these signals.
An "x" is used in place of 0, 1, or 2 in the signal names whenever the application can be applied to any or all of the
three timer/counters.

. Counter Inputs (Connect Only ONE at a Time):

XTAL - This input to all three timer/counter circuits is from the 5 MHz crystal oscillator, labeled Yl, located
in fte upper left corner of the board. Installing a jumper horizontally across the pair of pins connects the 5 MHz
clock o the timer/counter clock input. If required by your application, the XTAL frequency can be changed by
installing a different crystal oscillator at Yl. Note, however, that ttre maximum frequency at which the timer/
counters can opemte is 8 MHz.

EXTCLKx - This input allows an external clock to control the timing of the conesponding timer/counter.
This pin can be horizontally jumpered to the CKx input on the left side of the connector, in place of the XTAL
source. The EXTCLKx signals are brought onto the board through external I/O connector P2 (see Appendix B).

l -8
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. Gate Inputs (Connect Only ONE at a Time):

+5V - This input, if connected to the GTx input by installing a jumper horizontally across the two pins, places
the timer/counter in an enabled state at all times.

EXTGATEx - This input can be horizontally jumpered to the GTx input on the left side of the connector to
provide an external gate. The EXTGATEx signals are brought onto the board through extemal VO connector P2 (see
Appendix B).

. Counter Outputs:

CLKOUTx - This output can be horizontally jumpered o the conesponding OUT pin on the left side of the
connector so that the timer/counter's output signal can be routed to external VO connecor P2 (see Appendix B). The
CLKOUTx signals are avulable atY).

CLKOUTx - This output can be horizontally jumpered to the conesponding OUT pin on the left side of the
connector to provide the inverse of the timer/counter output signal O external VO connector P2 (see Appendix B).
The CLKOUTx signals are available at P2.

CLKx - This input connects the output of one timer/counter to the clock input of the next timer/counter.
CLKx is provided for TCI and TC2 only, and is connected to the ouput of the previous timer/counter (fC0 or TCl)
by placing a jumper horizontally bemeen the pins. These connections are used o cascade the timer/counters for
longer time delays than are supported by a single 16-bit timer/coun@r.

EXTINT & RESET - These two pairs of pins grouped with OUT2 on the header let you connect an external
intemrpt signal to one of the PC's intemrpt channels, or bring the PC bus reset signal out to the external VO connec-
w,n. Both signals are routed through the same nVO pin that carries ttre CLKOUT2 and ef,-KOUr2 signals, pin
38. CLKOUT2, CLKOUT2, EXTINT, and RESET are all internally connected on header P7. Only one of these four
pairs of pins can be jumper&ata time. The jumpered signal is available atn-38. For example, when the extemal
intemrpt is connected to P2-38, the jumper is installed across the EXTINT pins on P7. This routes the EXTINT
signal through P7 to header connector P5 where it can be jumpered m a PC intemrpt channel.

Resistor Configurable Gain

The AD210 has pads on the board where resistors can be added to adjust the input gain for each of the foru
channels. The gain is factory-set at I (no resistors are installed). Two pads for each channel are located in the upper
right area of the board. You can set the gain for any one of the input channels by installing the proper resistor values
at these locations.

For easy identification, the pads are labeled RFx and RAx, where x is the channel number (1,2,3, or 4). RF is
the feedback resistor, and RA is the input resistor. These resistors are connected ino ttre path of the input amplifier
of the channel. Figure l-8 shows a block diagram of the channel gain circuitry.

When input signals are consistently less than the input voltage range of 0 to +5 volts, you may want to increase
the gain for any channel which will process these smaller signals. However, make sure ttrat you do not exceed the
0 to +5 volt range when adjusting the gain, or inaccurate readings or possibly damage to the board can result.

First, you must calculate the resistor values for RF and RA. This is done using the formula in Figure 1-8. For
best operation, it is recommended ttnt the value of RA be kept between 500 and 1500 ohms and RF be calculated
accordingly. For example, to achieve a gain of 10, RA can be a 500 ohm resistor and RF can be a 4500 ohm resislor.
Note that only gains grcater than I can be implemented. Consideration should be given o the type, tolerance, and
stability of the resistors used. Precision metal film resistors (l7o or berer) will give excellent accuracy and stability.

NOTE: To activate the gain circuitry for a given channel, you must cut the race (labeled jumper in Figure l-8)
between the leads of the RF resistor on the bouom side of the board.
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Fig. 1-8 - Input ChannelGain Circuitry
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CHAPTER 2

BOARD INSTALLATION

The AD210 board is easy to install in your IBM PC/XT/AT or
compatible computer. It can be placed in any slot, short or full-
size. This chapter tells you step-by-step how to install and connect
the board.

2-r
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Board Installation

Keep the board in its antistatic bag until you are ready to insall it in yourcomputer. When removing it from the

bag, hold the board at the edges and do not touch the components or conn@tors.

Before installing the board in your computer, check the jumper se$ings. Chapter 1 reviews the factory settings

and how o change them. If you need to change any seuings, refer !o the appropriate instructions in Chapter 1. Note

that incompatible jumper settings can result in unpredictable board operarion and erratic response.

To install the board:

1. Turn OFF the power !o your computer.

2. Remove the op cover of the computer housing (refer o yout owner's manual if you do not already know

how oo do this).

3. Select any unused short or full-size expansion slot and remove the slot bracket.

4. Touch the metal housing of the computer to discharge any static buildup and then remove the board from its

antistatic bag.

5. Holding the board by its edges, orient it so that its card edge Ous) connector lines up with the expansion slot
connector in the bottom of the selected expansion slol

6. After carefully positioning the board in the expansion slot so that the card edge connertor is resting on the
computer's bus conneclor, gently and evenly press down on the board until it is secured in the slot

NOTE: Do not force the board ino the slot. If the board &es not slide ino place, remove it and try again.
Wiggling the board or exerting too much pressure can result in damage to the board or to the computer.

7. After the board is installed, secure the slot bracket back into place and put the cover back on your computer.
The board is now ready t6 be connected via the external I/O connector at the rear pnel of your computer.

External VO Connections

Figure 2-1 shows the AD210's nVO connector pinout. Refer o this diagram as you make your VO connec-
tions.

A'{ALOG GND

REFOUT (+5 VOLTS)

DIGITAL GND

ANALOG GND

Alil3

AIN.I

P ,47

PA5

pa3

PAl

PC7

PC5

PC3

PCI

EXTCLKO

CLKOUTO/CLKOUTO.

EXTGATEl

EXTCLK2

+12 VOLTB

.12 VOLIS

+5 VOLTS (DlGlT L)

OIGITAL GND

DIGITAL GI{D

AINT

ar{2
AI{ALOG GND

PA6

PA'

PA2

PAO

PC6

PCa

PC2

PC0

EXTGATEO

EXTCLKl

CLKOUTl/CLKOUT1.

EITGATE2

CLXOUT2'CLKOUT2.

DIGITAL GI{D

Fig. 2-1 - PZ VO Connector Pin Assignments
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Connecting the Analog InPuts

Connect the high side of each analog input to one of the analog input channels, AINI through AIN4, and

connect the low side o any one of the ANALOG GND signals V2-1, 7 , or 12). Figure 2'2 shows how these

connections are made.

NOTE: It is good practice to connect all unused channels to ANALOG GND, as shown with channel4 in the

diagrarn below. Failure to do so may affect the accuracy of your conversion results. Note, however, that as an extra

design precaution, all unused inputs are already grounded through an on-board resistor pack.

210
I/O CONNECTOR

P2

P I N  8

. \OU CAN CONNECT THE GrcUND
SIGNALS TO ANY ANALOG GND PIN
( 1 , 7 O R 1 2 )

Fig.2-2 - Analog Input Connection

Connecting the Timer/Counters and Digital VO

For all ofthese connections, the high side ofan external signal source or destination device is connected to the
appropriate signal pin on the I/O connector, and ttre low side is connected to any DIGITAL GND.

a
a
a

I  l p r H z '

I \7

24
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CHAPTER 3

HARDWARE DESCRIPTION

This chapter describes the features of the 4D210 hardware.
The major circuits are the A/D, the 8254 imer/counters, and the
programmable peripheral interface which includes the digital VO
lines. Board intemrpts are also described in this chapter.
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The AD2l0 board has three major circuits, the A/D, the timer/counters, and the programmable peripheral

interface @PI) which includes the digiral I/O lines. Figure 3-1 shows ttre block diagrarn of the board. This chapter

describes hardware which makes up the major circuits. It also discusses interrupfs.

Fig. 3-1 - AD210 Block Diagram

A/D Conversion Circuitry

The AD210 board performs analog+o-digital conversions on up to four analog input channels. The following
paragraphs describe the AID circuitry.

Analog Inputs

Four single-ended analog input channels are available on tlre AD210 board. The analog input range is 0 to +5
volts, with +12 Vdc overvoltage protection. Each input is connected to a high performance op anp. Channel gain is
factory set for l; however, the gain can be customized on a channel-by-channel basis by adding feedback resisbrs as
described in Chapter 1. The active channel is selected ttrrough software, as described in Chapter 4.

A"/D Converter

A four-channel 12-bit A/D converter performs conversions at a rate of up o 8,000 per second, or one conver-
sion every 125 microseconds. To minimize offset voltages and maintain accurate results, the converter goes through
an auto-zero cycle at the beginning of each conversion. The A/D output is a 12-bit data word. Conversion status can
be monitored through the EOC signal at P3.
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Timer/Counters

An 8254 programmable interval timer provides three 16-bit, 8 MlIz timer/counters to support a wide range of
timing and counting functions. Ttrese timer/counters can be cascaded or used individually for many applications.

Each timer/counter has two inputs, CK in and GT in, and one output, timer/counter OUT. The sources or
destinations of the timer/counter VO can be selected using jumpers on header connector P7 (see Chapter 1). The
timer/counten can be programmed as binary or BCD down counters by writing the appropriate data to the command
word, as described in Chapter 4. The command word also lets you set up the mode of operation. The six program-
mable modes are:

Mode 0 Event Counter (Intemrpt on Terminal Count)
Mode I }lardware-Retriggerable One-Shot
Mode 2 Rate Generator
Mode 3 Square Wave Mode
Mode 4 Sofrware-Triggered Strobe
Mode 5 }lardware Triggered Srobe (Reriggerable)

These modes are detailed in the 8254 Data Sheet, reprinted from Intel in Appendix C.

Digital VO, Programmable Peripheral Interface

The 8255 programmable peripheral interface @PI) is used for digiul VO functions. This high-performance
TTLiCMOS compatible chip has 24 digital VO lines divided into two goups of 12lines each:

Group A - Port A (8 line.s) and Port C Upper (4 lines);
Group B - Port B (8 lines) and Port C Lower (4 lines).

Sixteen lines, Port A, Port C lower, and Port C Upper, are brought out to lhe I/O connector. Port B's eight lines
are available at pds on the board. You can use these ports in one of these three PPI operating modes:

Mode 0 - Basic input/ouput. Irts you use simple input and output operation for a port Daa is written to or
read from the specified port.

Mode I - Strobed input/output. Lets you transfer VO data from Port A or Port B in conjunction with strobes or
handshaking signals.

Mode 2 - Strobed bidirectional input/output. l.ets you communicate bidirectionally with an external device
through Port A. Handshaking is similar to Mode 1.

These modes are detailed in the 8255 Data Sheet, reprinted from Intel in Appendix C.

Interrupts

The AD2l0 has six jumper-selectable intemrpt souces: end-of+onvert" thrce 8254 timer/coun0er outputs, PC3
from the 8255 PPI, and an extemal intemrpt brought onto the board through P2. The end-of-convert signal's low-to
high ransition can be used !o intemrpt the computer when an A/D conversion is completed. The 8254 timer/counter
intemrps can be used to generato various endof-count intemrps. The 8255 PC3 intemrpt can be generated when
PPI Port A is operated in mode I or mode 2, as explained on the 8255 data sheet, Appendix C. The external intemryt
can be used o generate intemrps at any desired interval. We recommend that you have an understanding of how o
use intemrpts in your system before you connect an intemrpt to an IRQ channel. Chapter 4 provides a more detailed
discussion about intemrpts.

34
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to program and use your AD210
board. It provides a complete description of the VO map, a detailed
description of programming operations, and a flow diagram to aid
you in programming. The example progrcms included on the disk
in your board package are listed at the end of this chapter. These
programs, written in Turbo C, Turbo Pascal, and BASIC, include
source code to simplify your applications programming.
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Defining the VO Map

The Vo map for the AD2l0 is shown in Table 4-1 below. As shown, the board occupies 24Uo port locations'

The base address (designated as BA) can be selected by changing the jumper on header connector P3, as described
in Chapter l, Board Seuings. The following sections describe the register contents of each address used in the I/O
map.

Table 4-1 - AD210 l/O Map

Reglster Descrlption Read Funetlon Wrlte Functlon
Address'
(Declmal)

Channell (AlN1) SelecV
Read LSB Data

Read bits 0-7 of 12-b1t A/D
conversion Activate channel 1 B A + 0

Read MSB Data/Busy Flag
Status

Read bits 8-11 of 12-bit A/D
conversion; busy llag status Reseryed B A +  1

Channel2 (AlN2) Select Reserved Activate channel 2 B A +  2

Reserved Reserved Reserved B A + 3

Channel3 (AlN3) Select Reserved Activate channel 3 B A + 4

Reserved Reserved Reserved B A + 5

Channel4 (AlN4)Select Reserved Activato channel 4 B A + 6

Reserved Reserved Reserved B A + 7

PPI Port A Read PAO-PA7 digital l/O Program PA0-PA7 digital l/O B A + 8

PPI Port B Read PB0-PB7 digital l/O Program PBO-PB7 digital l/O B A + 9

PPlPort  C Read PC0-PC7 digital l/O Program PCO-PC7 digital l/O B A +  1 0

PPlControlWord Reserved Program PPI configuration B A +  1 1

Reserved Reserved Reserved B A +  1 2

Reserved Reserved Reserved B A +  1 3

Reserved Reserved Reserved B A +  1 4

Reserved Reserved Reserved B A + 1 5

8254 Timer/Counter 0 Read TCO count value Load TCO count register B A +  1 6

8254 Timer/Counter 1 Read TC1 counl value Load TC1 count regisler B A +  1 7

8254 Timer/Counter 2 Read TC2 count value Load TC2 count register B A +  1 8

8254 ControlWord Beserved Program control register B A +  1 9

Reserved Reserved Reserved B A + 2 0

Reserved Reserved Reserved B A + 2 1

Reserved Reserved Reserved BA+ 22

Reserved Reserved Reserved BA+ 23
. BA = Base Address
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BA + 0: Channel l (AINI) Select/Read LSB Data (ReadAVrite)

Writing to this address selects analog input channel I (AINI) and starts an A/D conversion. The data written is
irrelevant. After you select channel 1, it remains active until you select another channel or power down.

A read provides the least significant byte (LSB) of the converted data word, bifs 0-7. The data is transferred
from the A/D converter in aright justified format.

D7 D6 D5 D4 D3 D2 D1 DO

Bit 7 Bir 6 Bir 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

BA + 1: Read MSB Data/Busy Flag Status (Read Only)

A read provides the most significant byte (MSB) of the converted data word, bits 8-l l. The data is transferred
from the A,/D converter in a right justified format. Bit D7 shows the status of the Busy flag, the A/D converter signal
which is the invene of ttre EOC signal monitored at P3.

MSB D7 D6 D5 D4 D3 D2 D1 DO

x  x  x  B i t 1 1  B i t 1 0  B i t g  B i t S

BusY Flag
1 = @nversion in progress
0 = conversion completed

BA + 2: Channel2 (AIN2) Select (Write Only)

Writing to this address selects analog input channel 2 (AIN2) and starts an A/D conversion. The data written is
irrelevant. After you select channel 2, it remains active until you select another channel or power down.

BA + 3: Reserved

BA + 4: Channel3 (AIN3) Select (Write Only)

Writing to this address selects analog input channel 3 (AIN3) and starts an A/D conversion. The data written is
irrelevant. After you select channel 3, it remains active until you select another channel or power down.

BA + 5: Reserved

BA + 6: Channel4 (AIN4) Select (Write Only)

Writing to this address selects analog input channel4 (AIN4) and starts an A/D conversion. The data written is
inelevant. After you select channel 4, it remains active until you select another channel or power down.

BA + 7: Reserved

BA + 8: PPI Port A-DigitalVO (Read/Wri&)

Transfers the 8-bit Port A digital input and digital ouput data between the board and an exlernal device. A read
tmnsfers data from the external device, through Yl , and into PPI Port A; a write transfers the wrifien data from Port
A through P7 to an external device.

LSB
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BA + 9: PPI Port B - Digital UO (ReadAilrite)

Transfers the 8-bit Port B digital input and digital output data benveen the board and an extemal device. A rcad

transfers data from the external device, o the on-board pads, and into PPI Port B; a write transfers the wriuen data

from Port B through the on-board pads to an exlernal device.

BA + 10: PPI Port C - Digital VO (ReadAilrite)

Transfen the two 4-bit Port C digital input and digital output data groups @ort C Upper and Port C Lower)

between the board and an extemal device. A read transfers data from the external device, through P7, and inO PPI
Port C; a write transfers the written data from Port C through P7 to an external device.

BA + 11: 8255 PPI Control Word (Write Only)

When bit 7 of ttris word is set to 1, a write programs ttre PPI configuration. When you want to monitor the end-
of-convert signal through P3, bit 7 of PPI Port A, B, or C, the PPI must be programmed so that the port used is a
Mode 0 input porr The table on the next page shows the control words for ttre 16 possible Mode 0 Pott I/O combi-
nations.

D7 D6 D5 D4 D3 D2 D1 DO

r trT--l--T'
l l  |  |  Po r t

ri | | ?=:
l l l l
! t  I  norta
l 1  I  0=ou tPu t
l i  |  1= inPut
t : l
I I Mode Select

i l  o -modeo
! t 1 = m o d e 1

Fras 
i
I
iM'
l 0c
1 0 1

I  r ,
I
I
I
I

rde Seler
= mode
= modg
= modg

:t
0

Port A
0 = oulput
1 = input

-l
Mode Set
1 = active

t C Lower
output
input

Port C Upper
0 = output
1 = input

Group A

I croup B I
l - -  - - - J
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8255 Port l/O Flow Dlrectlon and ControlWords, Mode 0

Group A Group B ControlWord

Port A
Port C
Upper Port B

Port C
Lower Blnary Declmal Hex

Output Output Output Output 1 0 0 0 0 0 0 0 128 80

Output Output Output Input 1 0 0 0 0 0 0 1 129 81

Output Output Input Output 1 0 0 0 0 0 1 0 '130 82

Output Output lnput Input 1 0 0 0 0 0 1 1 1 3 1 83

Output lnput Output Output 1 0 0 0 1 0 0 0 136 88

Output Input Output lnput ' t  0 0 0 1 0 0 1 137 89

Output lnput Inpul Output 1 0 0 0 1 0 1 0 138 8A

Output Inpul lnput Inpul 1 0 0 0 1 0 1 1 139 8B

Input Output Output Output 1 0 0 1 0 0 0 0 144 90

Input Output Outpul lnput ' t  0 0 1 0 0 0 1 145 91

lnput Outpul Input Output 1 0 0 1 0 0 1 0 146 92

Inpul Outpul Inpul Input 1 0 0 1 0 0 1 1 147 93

Input Input Output Output 1 0 0 1 1 0 0 0 152 98

Input lnput Outpul lnput 1 0 0 1 1 0 0 1 1s3 99

Input lnput Input Outpul 1 0 0 1 1 0 1 0 154 9A

lnput Input Input Input 1 0 0 1 1 0 1 1 155 9B

When bit 7 of this word is set to 0, a write can be used o individually program the Port C lines.

D7 D6 D5 D4 D3 D2 D1 DO

SeUReset
Function Blt
0 = active

Blt SelEst
000 = PCO
001 = Pcl
010 = PC2
01'l = PC3
1 0 0 = P C 4
101 = PCs
1 1 0 = P C 6
1 1 1 = P C 7

Blt SeUReset
0 = s e t b i t t o 0
1 = S € t b i t t o l
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For example, if you want to set Port C bit 0 to l, you would set up tfte control word so that bit 7 is 0; bits l, 2,
and 3 are 0 (this selects PCCI); and bit 0 is 1 (this sets PCO to l). The control word is set up like this:

Sets PCO to 1:
(written to BA +3)

D7 D6 D5 D4 D3 D2 D1 DO

X = don't care

Blt
Set P@SeVReset

Function

Blt Select
ggg = pCO

BA + 12: Reserved

BA + 13: Reserved

BA + 14: Reserved

BA + 15: Reserved

BA + 16: 8254 Timer/Counter 0 (Read/Write)

A read shows the count in the counter, and a write loads the counter with a new value. Counting begins as soon
as the count is loaded.

BA + 17: 8254 Timer/Counter I (ReadAilrite)

A read shows the count in lhe counter, and a write loads the counter with a new value. Counting begins as soon
as the count is loaded.

BA + 18: t254 Timer/Counter 2 (ReadAtrrite)

A read shows the count in the counter, and a write loads the counter wi0t a new value. Counting begins as soon
as the count is loaded.

BA + 19: 8254 Timer/Counter Control Word (Write Only)

Accesses the 8254 control register to directly control the three timer/counters.

BCD/Blnary
0 = binary
1 = B C D

Counter Select
00 = Counter 0
01 = Csunl.t 1
'10 = Counter 2
11 = 1s3! back setting

Fead/Load
00 = latching operation
01 = read/load LSB only
10 = read/load MSB only
11 = Read/load LSB, then MSB

BA + 20: Reserved

BA + 21: Reserved

BA+ 22: Reserved

BA + 23: Reserved

Counter Mode Select
000 = Mode 0, €vent counl
001 = Mode 1, prqrammable 1-shot
010 = Mode 2, rate generator
01 1 = Mode 3, square wave rats gonerator
100 = Mode 4, software-triggered strobe
101 = Mode 5, hardware-triggered strobe
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Programming the AD210

This section gives you some general information about programming and ttre AD210 board, and then walks you

through the major AD210 programming functions. These descriptions will help you as you use the example pro-
grams included wittr the board and the programming flow diagram at the end of this chapter. All of the program

descriptions in this section use decimal values unless otherwise specifred.

The AD210 is programmed by writing to and reading from the correct VO port locations on the board. These

VO pors were defined in the previous section. Most highJevel lang"agss such as BASIC, Pascal, C, and C+r, and
of course assembly ling"agg, make it very easy to read/write these pors. The able below shows you how to read
from and write to I/O ports using some popularprogramming languages.

Language Read Wrlte

BASIC Data = INP(Address) OUT Address, Data

Turbo C Data = inportb(Address) outportb(Add ress, Data)

Turbo Pascal Data:= Port[Address] Port[Address] := Data

Assembly mov dx, Address
in al. dx

mov dx, Address
mov al, Data
out dx, al

In addition to being able to read/write the VO ports on the AD2l0, you must be able to perform a variety of
operations that you might not normally use in your programming. The able below shows you some of the operators
discussed in this section, with an example of how each is used with Pascal, C, and BASIC. Note that the modulus
operator is used to retrieve the least significant byte (LSB) of a two-byte word, and the integer division operator is
used to retrieve the most significant byte (MSB).

Language Modulus Integer Dlvlslon AND OR

c o/o

? = b o / o C

I
a = b l c

&
a=b&c

I
s=b l c

Pascal MOD
a : = b M O D c

DIV
a : = b D l V c

AND
a : = b A N D c

OR
a : = b O R c

BASIC MOD
a = b M O D c

\ (backslash)
a = b \ c

AND
a = b A N D c

OR
a = b O R c

Many compilers have functions that can read/write either 8 or 16 bis from/to an I/O porL For example, Turbo
Pascal uses Port for 8-bit port operations and PortW for 16 bits, Turbo C uses inportb for an 8-bit read of a port
and inport for a 16-bit read. Be sure to use only t-bit operations with the AD210!
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Clearing and Setting Bits in a Port

When you clear or set one or more bis in a port, you must be careful that you do not change the sta0rs of Op
other bits. You can preserve ttre stams of all bits you do not wish to change by proper use of the AND and OR
binary operators. Using AND and OR, single or multiple bits can be easily cleared in one operation.

To clear a single bit in a port, AND the curent value of the port with the value b, where b = 255 - 2d'.

Examole: Clear bit 5 in a port. Read in the current value of the port, AND it with 223
(223 =255 -25\,and then write the resulting value [o 0re port. In BASIC, this is programmed as:

V :  INP (PortAddress)
V : V A N D 2 2 3
OUT PortAddress, V

To set a single bit in a port, OR $re current value of the port with the value b, where b = 2h'.

Example: Set bit 3 in a port. Read in the current value of the port, OR it with 8 (8 = 23), and then
write the resulting value to the port. In Pascal, ttris is programmed as:

V : :  Por t .  [Por tAddress ] , '
V  : =  V  O R  8 , '
Port  lPortAddress] := V;

Seuing or clearing more than one bit at a time is accomplished just as easily. To clear multiple bits in a porL
AND ttre current value of the port wittr the value b, where b = 255 - (the sum of the values of the bits to be clearcd).
Note that the bits do not have to be consecutive.

Example: Clear bis 2, 4, and 6 in a porr Read in the cunent value of the port, AND it with 171
(171 = 255 - 22 - Y - 2'), and then write the resulting value to the port. In C, this is programmed
as:

v = inportb(port_address), '
v = v & L ' 1  L ;
outportb (port_address'  v) ;

To set multiple bits in a porL OR the curent value of the port with the value b, where b = the sum of the
individual bits to be set. Note that the bits to be set do not have !o be consecutive.

F.ramnle: Set bits 3, 5, and 7 in a port. Read in the current value of ttre port" OR it with 168
(168 = 23 + X + 2), and then write the resulting value back to the port In assembly language, tltis
is programmed as:

mov dx, PortAddress
in aI,  dx
o r  a I ,  1 6 8
out dx' a1

Often, assigning a range of bits is a mixture of setting and clearing operations. You can set or clear each bit
individually or use a faster method of first clearing all the bis in the range then seuing only those bits that must be
set using the mettrod shown above for setting multiple bis in a port. The following example shows how tltis two-
step operation is done.

Example: Assign bits 3, 4, and 5 in a port to 101 Oits 3 and 5 set, bit 4 cleared). First, read in the
port and clear bits 3, 4, and 5 by ANDing them with l99. Then set bits 3 and 5 by ORing them
with 40, and finally write the resulting value back to tlrc porr In C, this is programmed as:

v  =  i npo r tb (po r t  add ress ) ;
v = v e 1 9 9 ;
v = v  |  4 0 ,
outportb (port_address, v) ,
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A final note: Don't be intimidated by the binary operators AND and OR and try to use operators for which you
have a better innridon. For instance, if you are tempted o use addition and subtraction to set and clear bits in place

of the methods shown above, DON'T! Addition and subtraction may seem logical, but they will not work if you try
to clear a bit that is already clear or set a bit that is already set. For example, you might think that to set bil 5 of a
porL you simply need to read in the port, add32 (25) to that value, and then write the resulting value back to the port.
This works fine if bit 5 is not already set. But, what happens when bit 5 is already set? Bits 0 to 4 will be unaffected
and we can't say for sure what happens to bits 6 and 7, but we can say for sure that bit 5 ends up cleared instead of
being set. A similar problem happens when you use subtraction to clear a bit in place of the method shown above.

Now that you know some of the language basics, we are ready o look at the programming steps for the ADzrc
board functions.

A,/D Conversions

The following paragraphs walk you through the programming steps for performing A,/D conversions. You can
follow these steps on the flow diagram at the end of this chapter and in our example programs included with the
board. In this discussion, BA refers o the base address.

. Initializing the AD210

Before operating the AD210, you may have to initialize the 8255 PPI and 8254 timer/counter. The PPI must be
programmed so that the digital I/O lines are set up as inputs or outputs, Mode 0, l, or 2 operation, depending on
your application. For example, if you want to monitor the end-ofconvert signal through Port B, bit 7, you must set
up Port B as a Mode 0 input. This is done by writing the following control word to BA + l1 (X = don't care):

D7 D6 D5 D4 D3 D2 D1 DO

Substituting zero for X, the command in BASIC is:

o u r  ( B A  +  1 5 ) ,  1 3 0

The 8254 timer/counter must be programmed to define ttre desired mode of operation if you are using any of the
OUT signals as an intemrpt. The 8254 is initialized by writing to the control word at BA + 19. Failure to initialize
the8254 when an output is connected to an intemrpt channel may cause erratic system operation.

. Selecting a Channel and Starting an A./D Conversion

To select a channel and sart a conversion, you must simply write to the address port of the desired channel.
Each time you write to a channel, a conversion is started. The data written is irrelevant. Note that you must wait at
least 125 microseconds between writes in order to allow the previous conversion to be completed and valid data to
be obtained. This is accomplished by software delays and polling of the A/D converter status. When the system is
frst powered up, all channels are disabled. Figure 4-l shows the timing diagram for A/D conversions.

Start Convert

A/D Status

Endof-Convert

Read Data

Converting Not Converting Converting Not Converting

Fig. 4-1 - A/D Conversion Timing Diagram
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. Monitoring Conversion Status

The A/D conversion status can be moniored through the end-of-convert @OC) signal. This signal, the inverse
of the Busy signal output by ttre A/D converter, is low when a conversion is in progress and goes high when the
conversion is completed. This low-o-high transition can be moniored through any one of three PPI digital I/O lines,
PA7, PB7, or PC7, or through an intemrpt line.

. Reading the Converted Data

The general algorithm for taking an A/D reading is:

l. Start aL}-bitconversion by writing to an input channel (BA + 0 for AINI):

out base_address*0r 0

(Note that the value you send is not important. The act of writing to ftis VO location is the key to
starting a conversion.)

Z.Delay at least 125 microseconds, monitor PPI port A, B, or C, bit 7 for a transition, or use an
intemrpt.

3. Read the least significant byte of the converted data from BA + 0:

lsb? = i -np(base_address? +0)

4. Read the most signihcant byte of the converted data from BA + 1:

msb? = inp(base_addresst +1-) AND 15

5. Combine them into the 12-bit result:

resu l t?  =  (msb? t  256)  +  ( Isb%)

For a 12-bit conversion, the A/D data read is right justified in a l6-bit word.

The key digital codes and their input voltage values are given in the following table.

12- blt A/D Unlpolar Code Table

lnput Voltage Output Code

+4.9988 volts M S B  1 1 1 1  1 1 1 1  1 1 1 ' l  L S B

+2.500 volts 1000 0000 0000

0 volts 0000 0000 0000

1 LSB = 1.22 millivohs
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Interrupts

- Iilhat Is an Interrupt?

An intemrpt is an event that causes the processor in your computer to temporarily halt its current procsss and
execute another routine. Upon completion of the new routine, control is retumed to the original routine at the point

where its execution was intemrpted.

Intemrpts are very handy for dealing with asynchronous events (events that occur at less than regular intemals).
Keyboard activity is a good example; your computer cannot predict when you might press a key and it would be a
waste of processor time for it to do nothing while waiting for a keysfoke to occur. Thus, the intemrpt scheme is
used and the processor proceeds with other tasks. Then, when a keysnoke does occur, the keyboard 'intemrpts' the
processor, and the processor gets the keyboard da[a, places it in memory, and then refirrns o what it was doing
before it was intemrpted. Other common devices that use intemrpts are modems, disk drives, and mice.

Your AD2l0 board can intemrpt the processor when a variety of conditions are met, such as conversion
completed, timer countdown finished, and others. By using these intemrpts, you can write software that effectively
deals with real world events.

- Interrupt Request Lines

To allow different peripheral devices to generate intemrpts on the same computer, the PC bus has eight different
intemrpt request (IRQ) lines. A transition from low !o high on one of these lines generates an intemrpt request
which is handled by the PC's intemrpt controller. The intemrpt controller checks to see if intemtpts are to be
acknowledged from that IRQ and, if another intemrpt is already in progress, it decides if the new request should
supersede the one in progress or if it has o wait until the one in progess is done. This prioritizing allows an
intemrpt to be interrupted if the second request has a higher priority. The priority level is based on the number of the
IRQ; IRQO has the highest priority, IRQI is second-highest, and so on through IRQ7, which has the lowest. Many of
the IRQs are used by ttre standard system resoruces. IRQ0 is used by the system timer,IRQI is used by the key-
board, IRQ3 by COM2,IRQ4 by COMI, and IRQ6 by the disk drives. Therefore, it is important for you to know
which IRQ lines are available in your system for use by the AD210 board.

- 8259 Programmable Interrupt Controller

The chip responsible for handling intemrpt requests in the PC is the 8259 Programmable Intemrpt Controller.
To use interrupts, you will need to know how to read and set ttre 8259's intemrpt mask register (IMR) and how to
send the end-of-intemrpt (EOD command to the 8259.

- Interrupt Mask Register (IMR)

Each bit in the intemrpt mask register (IMR) contains the mask status of an IRQ line; bit 0 is for IRQO, bit 1 is
for IRQI, and so on. If a bit is set (equal to l), then the conesponding IRQ is masked and it will not generate an
intemrpt" If a bit is clear (equal to 0), then the corresponding IRQ is unmasked and can generate intemrpts. The
IMR is programmed through port 21H.

IRQT rRo6 IRQ5 IRQ4 rR03 IRQ2 tRol rRo0 VO Port 21H

For all blts:
0 = IRQ unmasked (enabled)
1 = IRQ masked (disabled)

- End-of-Interrupt (EOI) Command

After an intemrpt service routine is completed, the 8259 intemrpt controller must be notified. This is done by
writing the value 20H to I/O port 20H.

- What Exactly Happens When an Interrupt Occurs?

Understanding the sequence of events when an intemrpt is triggered is necessary to properly write software
intemrpt handlers. When an intemrpt request line is driven high by a peripheral device (such as the AD2l0), the
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intemrpt controller checks to see if intemrpts are enabled for that IRQ, and then checks to see if other intemrpts are

active orrequested and determines which intemrpt has priority. The intemrpt controller then intemrpts the proces-

sor. The curent code segment (CS), instrucfion pointer (IP), and flags are pushed on the stack for slorage, and a new

CS and IP are loaded from a table that exists in the lowest 102 bytes of memory. This table is referred to as the
interrupt vector table and each entry is called an intemrpt v@tor. Once the new CS and IP are loaded frrom the
intemrpt vector table, the processor begins executing the code located at CS:IP. When the intemrpt routine is

completed, the CS, IP, and flags that were pushed on the stack when the intemrpt occurred are now popped from the
stack and execution resumes from the point where it was intemtpted.

- Using Interrupts in Your Programs

Adding intemrpts to yottr software is not as difficult as it may seem, and what they add in terms of performance

is often worth tlrc effort. Note, however, that although it is not that hard to use intemtpts, the smallest mistake will

often lead to a system hang that requires a rebool This can be both frusrating and time-consuming. But, after a few

tries, you'll get the bugs worked out and enjoy the benefits of properly executed intemrps.

- Special Considerations for AD210 Interrupt Programming

Two special considerations must be taken into account when using intemrps on ttre AD210. First, you must be
very careful to make sure that ttre 8259 programmable intemrpt controller is properly configured to ignore intemrpts

on the selected channel immediately after power-up' This is necessary because the 8254 timer/counter must fust be
initialized to define the desired mode(s) of operation. Before the8254 i5 lnitialized, its modes, counts, and ouputs
are all undefined. If system intemrpts are not disabled, the counter outputs may cause erratic behavior.

To use fhe 8255 PPI's PC3 intemrpt" you must enable the intemrpt by writing a "l" to the INTE mask bit in the
PPI conrol word. This operation is fully described in the 8255 data sheet included in Appendix C. Note that the
INTE mask is always disabled at power-up or reset and whenever the PPI modes are changed.

- IVriting an Interrupt Service Routine OSR)

The first step in adding intemrpts to yoru software is o write the intemrpt service routine (ISR). This is the
routine that will automatically be executed each time an intemrpt request occurs on the specified RQ. An ISR is
different than standard routines that you write. First, on entrance, the processor registers should be pushed on0o the
stack BEFORE you do anything else. Second, just before exiting your ISR, you must write an end-of-intemrpt
(EOI) command to the 8259 intemrpt controller. Finally, when exiting the ISR, in addition o popping all the
registers you pushed on entrance, you must use the IRET instruction and not a plain RET. The IRET automatically
pops the flags, CS, and IP tiat were pushed when the interrupt was called.

If you find yourself intimidated by intemrpt programming, take hean. Most Pascal and C compilers allow you
to identify a procedure (function) as an intemrpt type and will auomatically add these instructions to your ISR, with
one important exception: most compilers do not auomatically add the end-of-intemrpt command o the procedure;
you must do this younelf. Other than this and the few exceptions discussed below, you can write your ISR just like
any other routine. It can call ottrer functions and procedures in your prognm and it can access global daa. If you are
writing your hrst ISR, we recommend that you stick to the basics; just something that will convince you that. it
works, such as incrementing a global variable.

NOTE: If you are writing an ISR using assembly language, you arc responsible for pushing and popping
registers and using IRET instead of RET.

There are a few cautions you must consider when writing your ISR. The most imporrant is, do not use any
DOS functions or routines that call DOS functions from within an ISR. DOS is not reentrant; that is, a DOS
function cannot call itself. In typical programming, this will not happen because of ttre way DOS is written. But
what about when using intemrpts? Then, you could have a situation such as ttris in your prognm. If DOS function X
is being executed when an intemrpt occurs and the intemrpt routine makes a call to DOS function X, then function
X is essentially being called while it is already active. Such a reentrancy atrempt spells disaster because DOS
functions are not written to support ir This is a complex concept and you do not need to understand il Just make
sure that you do not call any DOS functions from within your ISR. The one wrinkle is that, unfortunately, it is not
obvious which library routines included with your compiler use DOS functions. A rule of thumb is that routines
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which write to the screen, or check the status of or read the keyboard, and any disk VO routines use DOS and should
be avoided in yorn ISR.

The same problem of reentrancy exists for many floating point emulalon as we[, meaning you may have to
avoid floating point (real) math in your ISR.

Note that the problem of reentrancy exists, no matter what programming language you are using. Even if you
are writing your ISR in assembly language, DOS and many floating point emulators arc not reentrant. Of course,
there are ways around this problem, such as those which involve checking to see if any DOS functions are currently
active when your ISR is called, but such solutions are well beyond the scope of ttris discussion.

The second major concern when writing your ISR is to make it as short as possible in terms of execution time.
Spending long periods of time in your ISR may mean that other imporant intemrpts are being ignored. Also, if you
spend too long in your ISR, it may be called again before you have completed handling the fust run. This often leads
to a hang that requires a rebooL

Your ISR should have this strucnre:

. Push any processor registers used in your ISR. Most C and Pascal intemrpt routines automatically do this for
you.

. Put the body of your routine here.

. Issue the EOI command to the 8259 interrupt controller by writing ?nHn port 20H.

. Pop all registers pushed on entrance. Most C and Pascal intemrpt routines automatically do this for you.

The following C and Pascal examples show what the shell of your ISR should be like:

In C:

void int .errupt ISR(void)
{

/*  Your code goes here. Do not use any DOS funct ions! * /

ou tpor tb (0x20,  0x201;  / *  send Eor  command to  8259 * /

]

In Pascal:

Procedure ISR, '  InterruPt, '
begin

{ Your code goes here. Do not use any DOS funct ions! }
por t  [$20]  :=  $20;  {  Send EOI  command to  8259 }

end;

- Saving the Startup Interrupt Mask Register (IMR) and Interrupt Vector

The next step after writing the ISR is to save the startup state of the intemrpt mask register and the intemrpt
vector that you will be using. The IMR is located at I/O port 21H. The intemrpt vector you will be using is located
in the intemrpt vector table which is simply an affay of 256-bit (a-by@ point€rs and is located in the fint 1024
bytes of memory (Segment = 0, Offset = 0). You can read this value directly, but it is a better practice lo use DOS
function 35H (get interrupt vector). Most C and Pascal compilers provide a library routine for reading the value of a
vector. The vectors for the hardware intemrps are v@tors 8 through 15, where IRQO uses vector 8, IRQI uses
vector 9, and so on. Thus, if the AD2l0 will be using IRQ3, you should save the value of intemrpt vector 11.

Before you install your ISR, temporarily mask out the IRQ you will be using. This prevents the IRQ from
requesting an intemrpt while you are insalling and initializing your ISR. To mask ttre IRQ, read in the current IMR
at I/O pe1121H and set the bit that corresponds to your IRQ (remember, setting a bit disables intemrpts on that IRQ
while clearing a bit enables them). The IMR is arranged so that bit 0 is for IRQ0, bit I is for IRQI, and so on. See
the paragraph entitled Intenupt Mask Register (IMR) earlier in this chapter for help in determining your IRQ's bit.
After setting the bit" write the new value to I/O port 21H.
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With ttre startup IMR saved and the intemrpts on your IRQ temporarily disabled, you can assign the intempt
vector to point to your ISR. Again, you can overwrite ttre appropriate entry in the vector table with a direct memory

write, but this is a bad practice. Instead, use either DOS function 25H (set intemtpt vector) or, if your compiler
provides it, the library routine for setting an intemrpt vector. Remember that vector 8 is for IRQO, vector 9 is for

IRQI, and so on.

lf you need to progam the source of your intemrpts, do that nexL For example, if you are using the program-

mable interval timer to generate intemrpts, you must progam it to run in the proper mode and at the proper rate.

Finally, clear the bit in ttre IMR for the IRQ you are using. This enables interrupts on the IRQ.

-Restoring the Startup IMR and Interrupt Vector

Before exiting your program, you must restore the intemrpt mask register and intemrpt veclors to the state they

were in when your progam stafled. To restore the IMR, write the value that was saved when your program started
!o I/O port 2lH. Restore the intemrpt vector that was saved at starnrp with either DOS function 35H (get intemtpt
vector), or use the library routine supplied with your compiler. Performing these two steps will guarantee that the
intemrpt status of your comput€r is the same after running your progam as it was before your progam started
running.

- Common Interrupt Mistakes

. Remember that hardware intemrps are numbered 8 through 15, even though ttre corresponding IRQs are
numbered 0 through 7.

. One of the most common mistakes when writing an ISR is forgetting [o issue the EOI command o the 8259
intemrpt controller before exiting the ISR.

Timer/Counters

The 8254 prognmmable interval timer provides three l6-bit, 8-MHz timer/counters for timing and counting
functions such as frequency measurement, event counting, and intemrps. Figure 4-2 shows the timer/counter
circuitry.

Each timer/counter has hvo inputs, CK in and GT in, and one output, timer/counter OUT. They can be pro-
grammed as binary or BCD down counters by writing the appropriate data to the command word, as described in the
I/O map section at the beginning of tttis chapter.

One of two clock sources, the on-board 5-MHz crystal or the external clock, can be jumpered as the clock input
to each timer/counter. Two gate sources are available for enabling the timer/counters: a +5 volt source and an
external gate source.

The ouputs are available attteP? VO connector, intemrpt header connector P6, or ttre ouputs from timer/
counter 0 and timer/counter I can be cascaded.

The timer/counters can be programmed o operate in one of six modes, depending on your application. The
following paragraphs briefly describe each mode.

Mode 0, Event Counter flnterrupt on Terminal Count). This mode is typically used for event counting.
While the timer/counter counts down, the output is low, and when the count is complete, it goes high. The output
stays high until a new Mode 0 conrol word is written to the timer/counter.

Mode 1, Hardware-Retriggerable One-Shot. The output is initially high and goes low on the clock pulse
following a trigger to begin the one-shot pulse. The output remains low until the count reaches 0, and then goes high
and remains high until the clock pulse after the next trigger.

Mode 2, Rate Generator. This mode functions like a divide-by-N counter and is typically used to generate a
real-time clock intemrpt. The output is initially high, and when the count decrements to 1, the output goes low for
one clock pulse. The output then goes high again, the timer/countcr reloads the initial count, and the process is
repeated. This sequence continues indefinitely.
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Fig. 4-2 - 8254 Timer/Counter Circuitry

Mode 3, Square Wave Mode. Similar to Mode 2 except for the duty cycle output, this mode is typically used
for baud rate generation. The ouput is initially high, and when the count decrements to one-half its initial count, the
output goes low for the remainder of the count. The timer/counter reloads and the output goes high again. This
process repeats indefi nitely.

Mode 4, Software-Triggered Strobe. The output is initially high. When the initial count expires, the ouput
goes low for one clock pulse and then goes high again. Counting is "triggered" by writing the initial counL

Mode 5, Hardware Triggered Strobe (Retriggerable). The output is initially high. Counting is riggered by
the rising edge of the gate input. When the initial count has expired, the output goes low for one clock pulse and
then goes high again.

For more information about the 8254, see the data sheet included in Appendix C.

Digital VO

\\e24 digital VO lines in the 8255 can be used !o transfer data between the computer and extemal devices.
Sixteen lines are available at the VO connector; eight lines are available at on-board pads.

For more information about the 8255, see the data sheet included in Appendix C.
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Example Programs and Flow Diagrams

Included wittr the AD2l0 is a set of example programs that demonstra0e the use of many of the board's feahres.

These examples are in written in C, Pascal, and BASIC. Also included is an easy-o-use menu-driven diagnostics
program, 2lQDlAG, which is especially helpful when you are flrst checking out your board after installation and
when calibruing the board (Chapter 5).

Before using the software included with your board, make a backup copy of the disk. You may make as many
backups as you need.

C and Pascal Programs

These programs are source code files so that you can easily develop your own custom software for your AD210

board. In the C directory, there are several .H files which are needed lo implement the main C programs. These files
contain the routines called by the main prognms. In the Pascal direc[ory, PSL files contain all of the procedures
needed to implement the main Pascal programs.

Analog-to-Digital:

READ Demonstrates how to take AID conversions.

Timer/Counters:

TIMER A short program demonstrating how o program the 8254 for use as a timer.

Digital VO:

DIGITAL Simple program that shows how to read and wdte the digital VO lines.

BASIC Programs

These progfams include source code files for easy custom program developmenL

Analog-to-Digital:

READ Demonstrates how to take AID conversions.

Timer/Counters:

TIMER A short progam demonstrating how to program the 8254 for use as a timer.

Digital VO:

DIGITAL Simple progam that shows how to read and write the digital VO lines.
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Flow Diagrams

. Single Convert Flow Diagram (Figure 4'3)

This flow diagram shows you the steps for aking a single sample on a selected channel. A sample is taken each
time you program the selected channel.

Fig. 4-3 - Single Conversion Flow Diagram

Select Channel&
Start Conversion

Check
Busy Flag
B F = O ?

Read LSB:
B A +  0

(Contains bits 0-7 of 12-blt
conversion)

Read MSB:
B A +  1

(Contains bits 8-1 1 of 12-bit
conversion)

Stop Program
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CHAPTER 5

CALIBRATION

This chapter tells you how to calibrate the AD210 using the
2I0DIAG calibration program included in the example software
package and trimpot TRl on the board. This trimpot calibrates the
gain.
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This chapter tells you how to calibrate the AID converter gain and offset. The full-scale performance of the
board's AID converter is factory-calibrated. Any time you suspect inaccurate readings, you can check the accuracy
of your conversions using the procedure below, and make adjusts as necessary. Using the 2I0DIAG diagnostics
program is a convenient way to monior conversions while you calibrate the board.

Calibration is done with the board installed in your PC. You can access tle trimpot with the computer's cover
removed. Power up the computer and let the board circuitry sabilize for 15 minutes before you start calibrating.

Required Equipment

The following equipment is required for calibration:

. Precision Voltage Source: 0 o +5 vols

. Small Screwdriver (for rimpot adjustment)

While not required, the 2I0DIAG diagnostics progmm (included with example software) is helpful when
performing calibrations. Figure 5-1 shows the board layout. The trimpot used for calibration is located in the upper
right area of the board.
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Fig. 5-1 - Board Layout
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A/D Calibration

A single adjusunent is made o calibrate the ,{lD converter, the full scale, or gain, adjustmenl Trimpot TRI
used o make the gain adjusonent. Table 5-1 shows the ideal input voltage range for each bit weight.

Table 5-1 - A/D Converter Calibration Table

A/D Blt Welght

ldeal Input Voltage,
0 to +5V

(ln mllllvolts)

4095 (FullScale) 4998.8

2048 2500.0

1024 1250.0

s12 62s.0

2s6 312.5

128 156.25

64 78.125

32 39.063

1 6 19.531

8 9.766

4 4.883

2 2.41
'l 1.221

Use analog input channel 1 to calibrate the board. Connect your precision voltage source to channel 1 (positive
side to P2-11 and gound to P2-1, 7,or 12). Ground all other channels. Set the voltage source to 4.9982 volts, start a
conversion, and read the resulting data. Adjust rimpot TRI until it flickers between the values listed in the table
below.

Data Values for Callbrating 0 to +5 Volt Range

Converter Galn (TRl)
Input Vottage = +4.9982V

A/D Converted Data
1 1 1 1  1 1 1 1  1 1 1 0
1 1 1 1  1 1 1 1  1 1 1 1

rs
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APPENDIX A

AD2I.O SPECIFICATIONS
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AD210 Characteristics rypi".t @ ?s'c

lntertaoe
IBM PC/XT/AT compatible
Jumper-selectable base address, l/O mapped
Jumper-selectable interruPts

Analog Input
4 single-ended inputs
Input impedance, each channel........ .......... '..>10 megohms
Input range ............ '.0 to +5 volts
Gain ............ .................. resistor configurable, each channel
Overvohage protection ..t12 Vdc
Settling time ............. ................. 1.8 lrsec, max

A/D Converter ............... AD7582
Type............ ...........Successive approximation
Resolution ...12 bits
Lineari ty . . . . . . . . . . . . . . . . . . .+1 LSB, typ
Totalunadjusted error........ ...........11 LSB, typ
Conversion speed .......... ............125 psec, typ
Throughput '..8 kHz

Dlgital yO ............. CMOS 82C55
(Optlonal NMOS 825s)

Number of |ines......... 24 (16 at l/O connector & 8 on board)
High-level output vo|tage................... ................---.4.2V' min
Low-level output voltage .................. ........... '.... '.0.45V, max
High-levd input voltage ..2.2V, min; 5'5V, max
Low-level input voltage .-0.3V, min; 0.8V, max
High-level output curr€nt, lsource ....................100 pA, max
Low-level output current, 1sink.......... 1.7 mA, max
Darlington drive current, I(DAR) 1.0 mA, min; -5.0 mA, max

Inpur road currenr ........(^::::*:::::.Ti::.::::.:L::::tr1,3
Input capacitance,

c( lN)@F=1MHz . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .10 pF
Output capacitance,

C(OUT)<@F=1MHz .......20 PF
Timer/Counter ii;il#;l'li'T'3"':'i

Three 16-bit down counters
Binary or BCD counting
Programmableoperat ingmodes(6). . . . . . . . . . . . . . . .  . . . . . . . . . . lnterruptonterminal

count; prog rammable one-shot ; rate generator;
square wave rate generator; software-triggered strobe;

hardware-triggered strobe
Counter input source ........... External clock (8 MHz, max) or

on-board S-MHz clock
Counler outputs ...............Avai1ab1e externally;

used as PC intenupts or
cascaded to adjacent counter

Counter gats source ..............Externa1 gate or
always enabled
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APPENDIX B

CONNECTOR PIN ASSIGNMENTS
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ANALOG GND

REFOUT (+5 VOLTS)

DIGITAL GND

ANALOG GND

AIN3

AINl

PA7

PA5

PAt

PAl

PC7

PC5

PC3

PCl

EXTCLKO

CLKOUTO/CLKOUTO.

EXTGATEl

EXTCLK2

+12 VOLTS

.12 voLTs

+5 VOLTS (DIGITAL)

DIGITAL GND

DIGITAL GND

A1N4

AIN2

ANALOG GND

PA6

PA4

PA2

PAO

PC6

PC4

PC2

PC0

EXTGATEO

EXTCLKT

CLKOUTl/CLKOUTl.

EXTGATE2

CLKOUT2/CLKOUT2.

OIGITAL GND

AD210 P2 ConnectorlDlating Connector

Manufacturer AD210 P2 Connector P2 Mating Connector

Fujitsu
3M
Robinson Nugent
MrL C-83503

FCN-705Q040-AU&I FCN-7078040-AU/B
3417-7M0
IDS-C4OPK.C-SR.TG
M83503f-09
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COMPONENT DATA SHEETS
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82C54
CHMOS PROGRAMMABLE INTERVAL TIMER

I

I

I

I

I

I

I

I

I

I

I

Three independent 16-bit counters

Low Power CHMOS
- lCc : 10 mA @ I MHz Count

frequency
Completely TTL Compatlble

Six Programmable Counter Modes

Binary or BCD counting

Status Read Back Command

Avallable In 24-Pln DIP and 28-Pin PLCC

intel"

Compatible with all Intel and most
other microprocessors
High Speed,"Zeto Walt State"
Operation wlth I MHz 8086/88 and
80186/188
Handles lnputs from DC to 8 MHz
- 10 MHz for 82C54-z
Avallable In EXPRESS
- Standard Temperature Range
- Extended Temperature Range

The Intel 82C54 is a high-performance, CHMOS version of the industry standard 8254 counter/timer which is
designed to solve the timing control problems common in microcomputer system design. lt provides three
independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All modes are software
programmabte. The 82C54 is pin compatible with the HMOS 8254, and is a superset of the 8253.

Six programmable timer modes allow the 82C54 to be used as an event counter, elapsed time indicator,
programmable one-shot, and in many other applications.

The 82C54 is fabricated on lntel's advanced CHMOS lll technology which provides low power consumption
with performance equal to or greater than the equivalent HMOS product. The 82C54 is available in 24-pin DIP
and 28-pin plastic leaded chip carrier (PLCC) packages.

oum GAlEoGllo r{c ouTlc rErclxr
231244-3

PLASTIC LEADED CHIP CARRIEH
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Flgure 1.82C54 Block Dlagram
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intef 82C54

Table 1. Pln Description

Symbol Pin Number Type Function
DIP PLCC

Dz-Do 1 - 8 2-9 t/o Data: Bidirectionaltri-state data bus lines,
connected to svstem data bus.

CLK O 9 1 0 I Clock 0: Clock input of Counter 0.

OUT O 1 0 1 2 o Outout 0: Outout of Counter 0.

GATE O 1 1 1 3 I Gate 0: Gate input of Counter 0.

GND 1 2 1 4 Ground: Power supply connection.

OUT 1 13 1 6 o Out 1: Output of Counter 'l

GATE 1 1 4 1 7 I Gate 1: Gate input of Counter 1.

CLK 1 1 5 1 8 I Clock 1: Clock input of Counter 1

GATE 2 1 6 1 9 I Gate 2: Gate input of Counter 2.

OUT 2 1 7 20 o Out 2: Output of Counter 2.

CLK 2 1 8 2 1 I Clock 2: Clock input of Counter 2.

Ar, Ao 20-1 9 23-22 I Address: Used to select one of the three Counters
or the Control Word Register for read or write
operations. Normally connected to the system
address bus.

Ar As Selects

0
0
1
1

o
1
0
1

Counter 0
Counter 1
Counter 2
ControlWord Reqister

CS 2'l 24 I Chip Select A low on this input enables the 82C54
to respond to FD and WFlsignals. FD and WFi are
iqnored otherwise.

ND 2? 26 Read Control: This input is low during CPU read
operations.

WR 23 27 Write Control: This input is low during CPU write
ooerations.

Vcr: 24 28 Power: * 5V power supply connection.

NC 1 ,  1 1 ,  1 5 , 2 5 No Connect

FUNCTIONAL DESCRIPTION

General
The 82C54 is a programnrable intervaltimer/counter
designed lor use with Intel microcomputer systems.
It is a general purpose, multi-timing element that can
be treated as an array ol llO ports in the system
software.

The 82C54 solves one of the most common prob-
lems in any microcomputer system, the generation
of accurate time delays under software control. In-
stead of setting up timing loops in software, the pro-
grammer configures the 82C54 to match his require-
ments and programs one of the counters for the de-

sired delay. After the desired delay, the 82C54 will
interrupt the CPU. Sottware overhead is minimal and
variable length delays can easily be accommodated.

Some of the other counter/timer functions common
to microcomputers which can be implemented with
the 82C54 are:

o Realtime clock
o Even counter
o Digital one-shot
. Programmable rate generator
o Square wave generator
o BinaU rate multiplier
. Complex waveform generator
o Complex motor controller

3-84
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intel 82C54

Block Diagram

DATA BUS BUFFER

This 3-state, bi-directional, 8-bit buffer is used to in'
terface the 82C54 to the system bus (see Figure 3).

231244-4

Flgure 3. Block Dlagram Showlng Data Bus
Bufter and ReadlWrlte Loglc Functlons

READ/WRITE LOGIC

The Read/Write Logic accepts inputs from the sys-
tem bus and generates control signals for the other
functional blocks of the 82C54. A1 and A9 select
one of the three counters orthe GontrolWord ReE
ter to be read from/written into. A "low" on the RD
input tells the 82C54 that the CPll_is reading one of
the counters. A "low" on the WR input tells the
82C54 that the CPU is ry{lng either a Control Word
or an initial count. Both RD and WR are qualified by
eS; RD and WF are ignored unless the 82C54 has
been selected by holding CS low.

CONTROL WORD REGISTER

The ControlWord Register (see Figure 4) is selected
by the Read/Write Logic when Ar, Ao : 11. lf the
CPU then does a write operation to the 82C54, the
data is stored in the Control Word Register and is
interpreted as a Control Word used to define the
operation of the Counters.

The Control Word Register can only be written to;
status information is available with the Read-Back
Command.

Figure 4. Block Diagram Showing Gontrol Word
Register and Counter Functlons

COUNTER O, COUNTER 1, COUNTER 2

These three functional blocks are identical in opera-
tion, so only a single Counter will be described. The
internal block diagram of a single counter is shown
in Figure 5.

The Counters are fully independent. Each Gounter
may operate in a different Mode.

The Control Word Register is shown in the figure; it
is not part of the Counter itself, but its contents de-
termine how the Counter operates.

OAIA
8 U S

S U t f € F

i t
|-

231244-5
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O^tE n

231244-6

Figure 5. Internal Block Diagram of a Counter

The status register, shown in the Figure, when
latched, contains the current contents of the Control
Word Register and status of the output and null
count flag. (See detailed explanation of the Read-
Back command.)

The actual counter is labelled CE (for "Counting Ele-
ment"). lt is a 16-bit presettable synchronous down
counter.

OLy and OL1 are two 8-bit latches. OL stands for
"Output Latch"; the subscripts M and L stand for
"Most significant byte" and "Least significant byte"
respectively. Both are normally referred to as one
unit and called just OL. These latches normally "fol-
low" the CE, but if a suitable Counter Latch Com-
mand is sent to the 82C54, the latches "latch" the
present count until read by the CPU and then return
to "following" the CE. One latch at a time is enabled
by the counler's Control Logic to drive the internal
bus. This is how the 16-bit Counter communicates
over the 8-bit internal bus. Note that the CE itself
cannot be read; whenever you read the count, it is
the OL that is being read.

Similarly, there are two 8-bit registers called CRy
and GRs (for "Count Register"). Both are normally
referred to as one unit a;rd called just CR. When a
new count is written to the Counter. the count is

stored in the CR and later transferred to the CE. The
Control Logic allows one register at a tim€ to be
loaded from the internal bus. Both bytes are trans-
ferred to the CE simultaneously. CRi,; and CR1 are
cleared when the Counter is programmed. ln this
way, if the Counter has been programmed for one
byte counts (either most significant byte only or least
signilicant byte only) the other byte will be zero.
Note that the CE cannot be written into; whenever a
count is written, it is written into the CR.

The Control Logic is also shown in the diagram. CLK
n, GATE n, and OUT n are all connected to the out-
side world through the Control Logic.

82C54 SYSTEM INTERFACE

The 82C54 is treated by the systems software as an
array ol peripheral l/O ports; three are counters and
the fourth is a control register for MODE program-
ming.

Basically, the select inputs A9, A1 connect to the A6,
A1 address bus signals of the CPU. The CS can be
derived directly from the address bus using a linear
select method. Or it can be connected to the output
of a decoder, such as an Intel 8205 for larger sys-
tsms.

lr ao eI DaD, m rn
]lcta

- cdr]{l€t coutril couir€a
0 t 2

o{Jt oatE clx oirT Glre clx' ouy ottE clx'

Figure 6.82C54 System Interface
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OPERATIONAL DESCRIPTION

General

After power-up, the state of the 82C54 is undefined.
The Mode, count value, and output of all Counters
are undefined.

How each Counter operates is determined when it is
programmed. Each Counter must be programmed
before it can be used. Unused counters need not be
programmed.

Programming the 82C54

Counters are programmed by writing a ControlWord
and then an initial count. The control word format is
shown in Figure 7.

All Control Words are written into the Control Word
Register, which is selected when A1, Ao : t 1. The
ControlWord itself specilies which Counter is being
programmed.

By contrast, initial counts are written into the Coun-
ters, not the Control Word Register. The 41, Ag in-
puts are used to select the Counter to be written
into. The format of the initial count is determined by
the Control Word used.

Control Word Format

A1 ,As :11  eS :o  FD : t  WR- :0

SC - Select Counter:
scl sco

M - MODE:

]t2 lll MO

RW - Read/Wrlte:
RWl RWo

NOTE: Don't care bits (X) should be 0 to insure
compatibility with future Intel products.

D7 D5 D5 Da D3 D2 D1 De

sc1 sc0 RW1 RWO M2 M1 MO BCD

0 0 Select Counter 0

0 1 Select Counter 1

1 0 Select Counter 2

1 I
Read-Back Command
(See Read Operations)

0 0 0 Mode 0

0 0 1 Mode 1

X 't 0 Mode 2

X 1 I Mode 3

1 0 0 Mode 4

1 0 1 Mode 5

0 0 Counler Latch Command (see Read
Operations)

0 1 Read/Write least significant byte only.

1 0 Read/Write most significant byte only.

1 Read/Write least significant byte first,
then most significant byte.

BCD:

0 Binary Counter 16-bits

1 Binary Coded Decimal (BCD) Counter
(4 Decades)

Figure 7. Control Word Format
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Write Operations
The programming procedure for the 82C54 is very
flexible. Only two conventions need to be remem-
bered:
1) For each Counter, the Control Word must be

written before the initial count is written.
2) The initial count must follow the count format

specified in the Control Word (least significant
byte only, most significant byte only, or least sig-
nificant byre and then most significant byte).

Since the Control Word Register and the three
Counters have separate addresses (selected by the
Ar, & inputs), and each Control Word specifies the
Counter it applies to (SC0, SC1 bits), no special in-

Read Operations
It is often desirable to read the value of a Counter
without disturbing the count in progress. This is easi-
ly done in the 82C54.

There are three possible methods for reading the
counters: a simpte read operation, the Counter

struction sequence is required. Any programming
sequence that follows the conventions above is ac-
ceptable.

A new initial count may be written to a Counter at
any time without affecting the Counter's pro-
grammed Mode in any way. Counting will be atfected
as described in the Mode definitions, The new count
must follow the programmed count format.

lf a Counter is programmed to readlwrite two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first
and second byte to another routine which also writes
into that same Counter. Othenrise, the Counter will
be loaded with an incorrect count.

Latch Command, and the Read-Back Command.
Each is explained below. The first method is to per-
form a simple read operation. To read the Counter,
which is selected with the Al, A0 inputs, the CLK
input of the selected Counter must be inhibited by
using either the GATE input or external logic. Other-
wise, the count may be in the process of changing
when it is read, giving an undefined result.

Control Word -
LSB ol count -
MSB of count -
ControlWord -
LSB of count -
MSB of count -
ControlWord -
LSB of count -
MSB of count -

ControlWord -
Gounter Word -
Control Word -
LSB of count -
LSB ol counl -
LSB of counl -
MSB of count -
MSB of count -
MSB of count -

NOTE:

Counter 0
Counter 0
Counter 0
Counter 1
Counter 1
Gounter 1
Counter 2
Counter 2
Counter 2

Counter 0
Counter 1
Counter 2
Counter 2
Counter 1
Counter 0
Counter 0
Counter 1
Counter 2

A1
1
0
0
1
0
0
1
1
1

A1 As
1 1
1 1
1 1
1 0
0 1
0 0
0 0
0 1
1 0

As
1
0
0
1
1
1
1
0
0

Control Word -
Control Word -
Control Word -
LSB of count -
MSB of count -
LSB of count -
MSB of count-
LSB of count -
MSB of count -

Gontrol Word -
ControlWord -
LSB of count -
Control Word -
LSB of count -
MSB of count -
LSB of count -
MSB of count -
MSB ol count -

Counter 2
Counter 1
Counter 0
Counter 2
Counter 2
Counter 1
Counter 1
Counter 0
Counter 0

Counter 1
Counter 0
Counter 1
Counter 2
Counter 0
Counter 1
Counter 2
Counter 0
Counter 2

As
1
1
'l

0
0
1
1
0
0

As
1
1
t

1
0
1
n
0
0

A1
1
1
1
1
1
0
0
0
0

A1
1
1
0
1
I

0
0
I

0
1

ln all four examples, all counters are programmed to readlwrit€ two-byte counts.
These are only four of many possible programming sequences.

Figure 8. A Few Possible Programming Sequences
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COUNTER LATCH COMMAND

The second method uses the "Counler Latch Com-
mand". Like a Control Word, this command is written
to the Control Word Register, which is selected
when A1, Ao : t1. Also like a Control Word, the
SC0, SC1 bits select one of the three Counters, but
two other bits, D5 and D4, distinguish this command
from a Control Word.

A r ,  A o : 1 1 ;  C S : 0 ;  R D : 1 ;  W R : 0

D7 D5 D5 Da D3 D2

SC1, SCo - specify counter to be latched

SCl SCO Counter

D5,D4 - 00 designates Counter Latch Command

X - don't care

NOTE:
Don't care bits (X) should be 0 to insure compatibility
with lulure Intel products.

Figure 9. Counter Latching Command Format

The selected Counter's output latch (OL) latches the
count at the time the Counter Latch Command is
received. This count is held in the latch until it is read
by the CPU (or until the Counter is reprogrammed).
The count is then unlatched automatically and the
OL returns to "following" the counting element (CE).
This allows reading the contents of the Counters
"on the fly" without aflecting counting in progress.
Multiple Counter Latch Commands may be used to
latch more than one Counter. Each latched Coun-
ter's OL holds its count until it is read. Counter Latch
Commands do not af{ect the programmed Mode o{
the Counter in any way.

lf a Counter is latched and then, some iime later,
latched again before the count is read, the second
Counter Latch Command is ignored. The count read
will be the count at the time the first Counter Latch
Command was issued.

With either method, the count must be read accord-
ing to the programmed format; specifically, if the
Counter is programmed for two byte counts, two
bytes must be read. The two bytes do not have to be
read one right after the other; read or write or pro-

gramming operations of other Counters may be in-
serted between them.

Another {eature ol the 82C54 is that reads and
writes of the same Counter may be interleaved; for
example, if the Counter is prograrnmed for two byte
counts, the following sequence is valid.

'1. 
Read least significant byte.

2. Write new least significant byte.
3. Read most significant byte.
4. Write new mosl significant byte.

lf a Counter is programmed to readlwrite two'byte
counts, the following precaution applies; A program
must not transfer control between reading the first
and second byte to another routine which also reads
from that same Counter. Othenrvise, an incorrect
count will be read.

READ.BACK COMMAND

The third method uses the Read-Back command.
This command allows the user to check the count
value, programmed Mode, and cunent state of the
OUT pin and Null Count flag of the selected coun-
te(s).

The command is written into the Control Word Reg-
ister and has the format shown in Figure 10. The
command applies to the counters selected by set-
ting their corresponding bits D3,D2,D1 : 1.

Figure 10. Bead-Back Command Format

The read-back command may be used to latch multi-
ple counter output latches (OL) by setting the
COUNT bit D5:0 and selecting the desired coun-
ter(s). This single command is functionally equiva-
lent to several counter latch commands, one for
each counter latched, Each counter's latched count
is held until it is read (or the counter is repro-
grammed). That counter is automatically unlalched
when read, but other counters remain latched until
they are read. ll multiple count read-back commands
are issued to the same counler without reading the

DsD1

3-89

sc1 sc0 0 0 X X X I X

Counter

A 0 , A 1  = 1 1  e S : o  F D : t  W F : o

D5: 0 : Latch count of selected counter(s)
D4:0 : Latch status of selected counter(s)
D3: 1 : Select counter 2
D2: 1 : Select counter 1
Dr: 1 = Select counter 0
D9: Reserved for future expansion; must be 0

Da D3 D2 D1 Ds

1 1 EOUNTSTATUSCNT 2 CNT 1 CNT O 0

inbf 82C54
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count, all but the first are ignored; i.e., the count
which will be read is the count at the time the first
read-back command was issued.

The read-back command may also be used to latch
status information of selected counter(s) by setting
STFRJS bit D4:0. Status must be latched to be
read; status of a counter is accessed by a read from
that counter.

The counter status format is shown in Figure 11. Bits
D5 through D0 contain the counter's programmed
Mode exactly as written in the last Mode Control
Word. OUTPUT bit D7 contains the current state of
the OUT pin. This allows the user to monitor the
counter's output via sottware, possibly elimrnating
some hardware from a system.

D 7  1 : O u t P i n i s l
0 :  O u t P i n i s 0

D6'l : Null count
0 : Count available for reading

Ds-Do Counter Programmed Mode (See Figure 7)

Flgure 11. Status Byte

NULL COUNT bit D6 indicates when the last count
written to the counter register (CR) has been loaded
into the counting element (CE). The exact time this
happens depends on the Mode of the counter and is
described in the Mode Definitions, but until the count
rs loaded into the counting element (CE), it can't be
read lrom the counter. lf the count is latched or read
before this time, the count value will not reflect the
new count just written. The operation of l{ull Count
is shown in Figure 12.

Figure 12. Null Count OPeration

lf multiple status latch operations of the counter(s)
are performed without reading the status, all but the
first are ignored; i.e., the status that will be read is
the status of the counter at the time the first status
read-back command was issued.

Both count and status of the selected counter(s)
may be latched simultaneously by setting both
COUNT and STATUS bits D5,D4:0. This is func-
tionally the same as issuing two separate read-back
commands at once, and the above discussions ap-
ply here also. Specificaily, if multiple count and/or
status read-back commands are issued to the same
counter(s) without any intervening reads, all but the
first are ignored. This is illustrated in Figure 13.

lf both count and status of a counter are latched, the
first read operation of that counter will return latched
status, regardless of which was latched first. The
next one or two reads (depending on whether the
counter is programmed for one or two type ccunts)
return latched count. Subsequent reads return un-
latched count.

THIS ACTION:
A. Write to th€ control

word register:hl
B. Write to the counl

register (CR);121
C. New count is loaded

inrocE (cR -+ cE);

ttl OnU the counter specified by the control word will
have its null count sel to 1. Null count bits of other
counters are unaffected.
t2l lf the counter is programmed lor two-byte counts
(least significant byte then most significant byte) null
count goes lo 1 when the second byte is written.

CAUSES:

Nul l  count :1

Null count: 1

Null count= 0

Command
D7 D5 D5 Da D3 D2 D1 Ds

Descrlptlon Fegults

1 0 0 0 0 1 0 Read back count and status of
Counter 0

Count and status latched
for Gounter 0

1 1 I 0 0 1 0 0 Read back status of Counter 1 Status latched for Counter 1

1 1 1 0 1 1 0 0 Read back status of Counters 2, 1 Status latched for Counter
2, but not Counter 1

1 1 0 1 1 0 0 0 Read back count of Counter 2 Count latched for Counter 2

1 1 0 0 0 1 0 0 Read back count and status of
Counier 1

Count latched for Gounter 1
but not status

1 1 1 0 0 1 0 Read back status of Counter 1 Command ignored, status
already latched for Counter 1

Figure 13. Read-Back Command Example
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c-s m WF A r As
0 1 0 0 0 Write into Counter 0
0 {

I 0 0 1 Write into Counter 1

0 1 0 Write into Counter 2

0 1 I
I 1 Write ControlWord

U 0 I n 0 Read from Counter 0
0 0 1 0 1 Read from Counter 1
0 0 1 1 0 Read from Counter 2
0 0 1 { 1 No-Operation (3-State)

1 X X X X No-Operation (3-State)

0 I 1 X X No-Operation (3-State)

Figure 14. Read/Wrlte Operatlons Summary

This allows the counting sequence to be synchroniz-
ed by software Again, OUT does not go high until N
+ 1 CLK pulses after the new count of N is written.

lf an initial count is written while GATE = 0, ii will
still be loaded on the next CLK pulse. When GATE
goes high, OUT will go high N CLK pulses later; no
CLK pulse is needed to load the Counter as this has
already been done.

Mode Definitions
The following are defined for use in describing the
operation of the 82C54.

CLK PULSE:a rising edge, then a talling edge, in
that order, of a Counter's CLK input.

TRIGGER: a rising edge of a Counter's GATE in-
put.

COUNTER LOADING:the transfer of a count from
the CR to the CE (refer to
the "Functional Descrip-
tion")

MODE 0: INTERRUPT ON TERMINAL COUNT

Mode 0 is typically used for event counting. Afler the
ControlWord is written, OUT is initially low, and will
remain low untilthe Counter reaches zero. OUT then
goes high and remains high until a new count or a
new Mode 0 Control Word is written into the Coun-
ter.

GATE : 1 enables counting; GATE : 0 disables
counting. GATE has no etfect on OUT.

After the Control Word and initial count are written to
a Counter, the initial counl will be loaded on the next
CLK pulse. This CLK pulse does not decrement the
count, so for an initial count ol N, OUT does not go
high until N + 1 CLK pulses after the initial count is
written.

lf a new count is written to the Counter, it will be
loaded on the next CLK pulse and counting will con-
tinue from the new count. lf a two-byte counl is writ-
ten, the following happens:
1) Writing the first byte disables counting. OUT is set

low immediately (no clock pulse required).

2) Writing the second byte allows the new count to
be loaded on the next CLK pulse.
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NOTE:
The Following Conventions Apply To All Mode Timing
Diagrams:
1. Counters are programmed for binary (not BCD)
counting and for Reading/Writing least significant byte
(LSB) only.
2. The counter is always selected (eS akays low).
3. CW stands for "Control Word": CW : 10 means a
conlrol word of 10, hex is written to the counter.
4. LSB stands for "Least Significant Byte" ol count.
5. Numbers below diagrams are count values.
The lower number is the least signilicant byte.
The upper number is the mosl srgnilicant byte. Since
the counler is programmed to Read/Write LSB only,
the most significant byte cannot be read.
N stands for an undefined count.
Vertical lines show transitions between count values.

Figure 15. Mode 0

inbf 82C54
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MODE 1: HARDWAFE RETRIGGERABLE
ONE.SHOT

OUT will be initially high. OUT will go low on the CLK
pulse following a trigger to begin the one-shot pulse,
and will remain low until the Counter reaches zero.
OUT will then go high and remain high untilthe CLK
pulse after the next trigger.

After writing the Control Word and initial count, the
Counter is armed. A trigger results in loading the
Counter and setting OUT low on the next CLK pulse,
thus starting the one-shot pulse. An initial count of N
will result in a one-shot pulse N CLK cycles in dura-
tion. The one-shot is retriggerable, hence OUT will
remain low for N CLK pulses after any trigger. The
one-shot pulse can be repeated without rewriting the
same count into the counter. GATE has no etfect on
OUT.

lf a new count is written to the Counter during a one-
shot pulse, the current one-shot is not affected un-
less the Counter is retriggered. In that case, the
Counter is loaded with the new count and the one'
shot pulse continues until the new count expires'

MODE 2: RATE GENERATOR

This Mode functions like a divide-by'N counter' lt is
typicially used to generate a Real Time Clock inter-
rupt. OUT will initially be high. When the initial count
has decremented to 1, OUT goes low for one CLK
pulse. OUT then goes high again, the Counter re-
loads the initial count and the process is repeated.
Mode 2 is periodic; the same sequence is repeated
indefinitely. For an initial count of N, the sequence
repeats every N CLK cYcles.

GATE : 1 enables counting; GATE : 0 disables
counting. ll GATE goes low during an output pulse,
OUT is set high immediately. A trigger reloads the
Gounter with the initial count on the next CLK pulse;
OUT goes low N CLK pulses after the trigger. Thus
the GATE input can be used to synchronize the
Counter.

After writing a Control Word and initial count, the
Counter will be loaded on th€ next CLK pulse. OUT
goes low N CLK Pulses after the initial count is writ-
ten. This allows the Counter to be synchronized by
software also.

l -  i -  i  r rx  x  l l  i l i l i : : l [ i :  l l  I
231244-9
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Writing a new count while counting does not affect
the current counting sequence. lf a trigger is re-
ceived after writing a new count but before the end
of the current period, the Counter will be loaded with
the new count on the next CLK pulse and counting
will continue from the new count. Othenvise, the
new count will be loaded at the end of the current
counting cycle. In mode 2, a COUNT of 1 is illegal.

MODE 3: SQUARE WAVE MODE

Mode 3 is typically used for Baud rate generation.
Mode 3 is similar to Mode 2 except for the duty cycle
of OUT. OUT will initially be high. When half the ini-
tial count has expired, OUT goes low for the remain-
der of the count. Mode 3 is periodic; the sequence
above is repeated indefinitely. An initial count of N
results in a square wave with a period of N CLK
cycles.

GATE : 1 enables counting; GATE : 0 disables
counting. lf GATE goes low while OUT is low, OUT is
set high immediately; no GLK pulse is required. A
trigger reloads the Counter with the initial count on
the next CLK pulse. Thus the GATE input can be
used to synchronize the Counter.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This
allows the Counter to be synchronized by software
also.

Writing a new count while counting does not atfect
the current counting sequence. ll a trigger is re-
ceived after writing a new count but before the end
of the current half-cycle of the square wave, the
Counter will be loaded with the new counl on the
next GLK pulse and counting will continue from the
new count. Otheruise, the new count will be loaded
at the end of the current half-cycle.

Mode 3 is implemented as follows:

Even counts: OUT is initially high. The initialcount is
loaded on one CLK pulse and then is decremented
by two on succeeding GLK pulses. When the count
expires OUT changes value and the Counter is re-
loaded with the initial count. The above process is
repeated indefinitely.

Odd counts: OUT is initially high. The initial count
minus one (an even number) is loaded on one CLK
pulse and then is decremented by two on succeed-
ing CLK pulses. One GLK pulse after the count ex-
pires, OUT goes low and the Counter is reloaded
with the initial count minus one. Succeeding CLK
pulses decrement the count by two. When the count
expires, OUT goes high again and the Counter is
reloaded with the initialcount minus one. The above
process is repeated indefinitely. So for odd counts,

OUT will be high for (N + 1)/2 counts and low for
(N -1)/2 counts.

MODE 4: SOFTWARE TRIGGERED STROBE

OUT will be initially high. When the initial counl Bx-
pires, OUT will go low for one CLK pulse and then
go high again. The counting sequence is "triggered"
by writing the initial count.

GATE : 't enables counting; GATE : 0 disables
counting. GATE has no effect on OUT.

Afler wdting a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This
CLK pulse does not decrement the count, so lor an
initial count of N, OUT does not strobe low until
N + 1 CLK pulses after the initial count is written.

lf a new count is written during counting, it will be
loaded on the nen CLK pulse and counting willcon-
tinue from the new count. lf a two-byte count is writ-
ten, the following happens:

aaa

*' ---f----1 
f-l l-1

l * l ' l * l " l :  l : l : l :  l : l : l :  l :  l : l t l
d .  ! a  t l l . l

tt

"aa

"at

0^l:

o!r

l r l r l r l - l :  l : l  : l l  |  : l : l

NOTE:
A GATE transition should not occur one clock prior to
lerminal count.

0 l e l 0 l 0 l
r l r l r l : l

231244-11

Figure 18. Mode 3
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1) Writing the first byte has no effect on counting.

2) Writing the second byte allows the new count to
be loaded on the next CLK Pulse.

This allows the sequence to be "retriggered" by
software, OUT strobes low N * 1 CLK pulses atter
the new count of N is written.

MODE 5: HARDWARE TRIGGERED STROBE
(RETRIGGERABLE)

OUT will initially be high. Counting is triggered by a
rising edge of GATE. When the initial count has ex-
pired, OUT will go low for one CLK pulse and then
go high again.

After writing the Control Word and initial count, the
counter will not be loaded until the CLK pulse after a
trigger. This GLK pulse does not decrement the
count, so for an initial count of N, OUT does not
strobe low until N + 1 CLK pulses afler a trigger.

A trigger results in the Counter being loaded with the
initial count on the next CLK pulse' The counting
sequence is retriggerable. OUT will not strobe low
for N * 1 CLK pulses after any trigger. GATE has
no effect on OUT.

lf a new count is written during counting, the current
counting sequence will not be affected. lf a trigger
occurs after the new count is written but before the
current count expires, the Counter will be loaded
with the new count on the next CLK pulse and
counting will continue from there.

w t t l t l

ow 
-l----l 
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o u r F I -

aa*

o^ t .  
-  -  - -  -  - -  - t f l - - - - - -

ou, --1--------1 
r-

, " 1  
"  

|  
" 1 "  

|  *  |  o  I  o l  o  I  o  l r F t F F l  o  I  o  :
I  |  |  |  l ! ' 2 l r l 0 l F F l F E l S  a l

231244-13

m

cLt

oAll

out

'  

"_ ' . , ' . : .1,- '  

:  |  !  I  ? I  3 l l t r f f  |  i ; l

oAtt

out

' . . : : ' :" : : ' ' ' . :" : :  |  :  I  I  I  s r ' ' l

WI

c L x

GAte

our

i ' .  l -1 .  l - l  :  I  :  |  ? l l  I  i  l3  l l : l
231244-12

Figure 19. Mode 4

Figure 20. Mode 5
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Slgnal
Statuc
llodes

Low
Or Golng

Low
Rislng Hlgh

0 Disables
counting

Enables
countino

I 1) Initiates
counting

2) Resets outpul
after next
clock

2 1) Disables
counting

2) Sets outpul
immediately
high

Initiates
counting

Enables
counting

1) Disables
counting

2) Sets output
immediately
high

Initiates
countrng

Enables
counting

4 Disables
countino

Enables
countino

c Initiates
counlinq

Figure 21. Gate Pin Operations Summary

Operation Common to All Modes

Programmlng

When a Control Word is written to a Counter, all
Control Logic is immediately reset and OUT goes to
a known initial state; no CLK pulses are required for
this.

GATE

The GATE input is always sampled on the rising
edge of CLK. ln Modes 0,2,3, and 4 the GATE input
is level sensitive, and the logic level is sampled on
the rising edge of CLK. ln Modes 1, 2, 3, and 5 the
GATE input is rising-edge sensitive. In these Modes,
a rising edge of GATE (trigger) sets an edge-sensi-
tive flip-flop in the Counter. This flip-flop is then sam-
pled on the next rising edge of CLK: the flip-flop is
reset immediately after it is sampled. In this way, a
trigger will be detected no matter when it occurs-a
high logic level does not have to be maintained until
the next rising edge of CLK. Note that in Modes 2
and 3, the GATE input is both edge- and level-sensi-
tive. In Modes 2 and 3, if a CLK source other than
the system clock is used, GATE should be pulsed
immediately following WR o{ a new count value.

COUNTER

New counts are loaded and Counters are decre-
mented on the falling edge of CLK.

The largest possible initial count is 0; this is equiva-
fent to 216 lor binary counting and 10a for BCD
counting.

The Counter does not stop when it reaches zero. ln
Modes 0, 1, 4, and 5 the Gounter "wraps around" to
the highest count, either FFFF hex for binary count-
ing or 9999 for BCD counting, and continues count-
ing. Modes 2 and 3 are periodic; the Counter reloads
itself with the initial count and continues counting
from there.

MODE i l lN
COUNT

itAx
COUNT

0 1 0

1 1 0

2 2 0

3 z 0

4 1 0

NOTE:
0 is equivalent to 216 for binary counting and 10a for
BCD counting

Figure 22. Minimum and Maxlmum InitlalCounts
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ABSOLUTE MAXIMUM RATINGS'

Ambient Temperature Under Bias.. . . . . .0"C to 70'C
StorageTemperature . . . . .  -65 ' to  *150 'C
Supply Voltage -0.5 to + 8.0V
Operat ingVol tage . . . . .+4Vto *7V
Vol tageonanylnput . .  .GND -2Vto +6.5V
Voltage on any Output . .GND-0'5V to V6s + 0'5V
Power Dissipation . . .1 Watt

D.C. CHARACTERISTICS
(Tn:0'C to 70"C, Vcc:5Vl 10o/o, GND:0V) fl ' l

'Notice: Sfresses above those listed under "Abso'
lute Maximum Ratings" may cause permanent dam'
age to the device. This is a stress rating only and
functionat operation of the device at these or any
other conditions above those indicated in the opera'
tionat sections ot this specification is not implied. Ex'
posure to absolute maximum rating conditions for
extended periods may atfect device reliability.

: -40'C to f 85'C for Extended Temperature)

A.C. CHARACTERISTICS
(Tn : 0.C to 70"C, Vcc : 5V t10%, GND :0V) (TA : -40"C to *85"C for Extended Temperature)

BUS PARAMETERS (Note 1)
READ CYCLE

Symbol Parameter Mln Max Unltg Test Condltlonr

Vt lnout Low Voltaqe *0 .5 0.8 V

Vrs lnput High Voltage 2.0 Vcc * 0.5 V

vol Output Low Voltage 0.4 V lor : 2.5 mA

Vox Output High Voltage 3.0
Vcn - 0.4

V
V

lox :
InH :

-2.5 mA
- 100 pA

Irr Input Load Current r 2.0 pA Vrr.r: Vcc to 0V

lorr Output Float Leakage Current r 10 pA Vorrr: Vcc to 0.0V

lcc Vcc Supply Currenl 20 mA ctk Freq: ,tiy:;:l.",
lccss V6s Supply Current-StandbY 1 0 pA CLK Freq : 96

G : Vcc.
All Inputs/Data 8us Vcc
AllOutputs Floating

lccsgr Vss Supply Current-StandbY 150 pA CLK Freq : DC
eS : Vcc.AllOther Inputs,
l/O Pins = V6ND, Outputs OPen

Crru Input Capacitance 1 0 pF f c :  1  MHz

Unmeasured pins
returned to GND(5)

crro l /O Caoacitance 20 PF

Cour Output Capacitance 20 pF

Symbol Parameter
82C54 82C54-2 Unlts

Mln Max Mln Mar

tan Address Stable Before FiD I 45 30 ns

tsR C-S StaOIe Before FD J 0 0 NS

tRn Address Hold Time After FD 1 0 0 ns

tRR FD Pulse width 150 95 ns

tno Data Delay lrom FD I 120 85 ns

teo Data Delay from Address 220 185 ns

FD I to Data Floating 90 5 65 ns

tRv Command Recovery Time 200 I 165 ns

NOTE:
1. AC timings measured at Vgp : 2.0V, V91 : 0.8V.
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A.C. CHARACTERISTICS (continued)

WRITE CYCLE

NOTES:
2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns lor the gZC54-2)

of the rising clock edge may not be detected.
3. Low-going glitches that violate tpwg, tpwu may cause errors requiring counter reprogramming.
4. Except lor Extended Temp., See Exlended Temp. A.C. Characteristics below.
5. Sampled not 100o/o tested. T1 : 25"C.
6. lt CLK present at T616 min then Count equals N+2 CLK pulses, T916 max equals Count N+1 CLK pulse. Tr4g min to
T1ry6 max, count will be either N + 'l or N + 2 CLK pulses.
7. In Modes 1 and 5, if GATE is present when writing a new Counl value, at Try6 min Counter will not be triggered, at Tyvq
max Counler will be triggered.
B. lf CLK present when writing a Counter Latch or ReadBack Command, at T6; min CLK will be reflected in count value
latched, at T6; max CLK will not b€ reflected in the count value latched. Writing a Counler Latch or ReadBack Command
between T5g min and Tyyl max will result in a latched counl vallue which is t one least significant bit,

Symbol Parameter 82C54 82C54-2 Units
Min Max Min Mar

tA$, Address Stable Before WR- J 0 0 ns

lsw eS stabte Belore WF J 0 0 ns

twn Address Hold Time After WFi f 0 0 ns
tww WR Pulse Width 1 5 0 95 ns
tow Data Setup Time Before WFI f 120 95 ns
two Data Hold Time AfterWFI I 0 0 ns

tnv Command Recovery Time 200 165 ns

CLOCK AND GATE

Symbol Parameter 82C54 82C54-2 Units
Min Max Min Max

tclx Clock Period 125 DC 100 DC ns

tpwx High Pulse Width 60(3) 30(3) ns

tpwL Low Pulse Width 60(3) 50(3) ns

Tq Clock Rise Time 25 25 ns

tp Ctock FallTime 25 25 ns

tew Gate Width High 50 50 NS

tct Gate width Low 50 50 NS

tes Gate Setup Time to CLK T 50 40 NS

tGH Gate Hold Time After CLK I 50(2) 50(2) ns

Too Output Delay from CLK J 1 5 0 100 ns

tooc Output Delay from Gate J 120 100 ns

twc CLK Delay for Loading(a) 0 55 0 55 ns

twc Gate Delay for Sampling(a) - 5 50 - 5 40 ns
two OUT Delay from Mode Write 260 240 ns

hr- CLK Set Up for Count Latch -40 45 I  -40 40 ns

EXTENDED TEMPERATUBE ffr : -40"Gto +85"Clor Extended lemperature)

Symbol Parameter 82C54 82C54-2 Unlts
Min Max Min llax

twc CLK Delay for Loading -25 25 -25 25 ns

twc Gate Delay lor Sampling -25 25 -25 25 ns
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WAVEFORMS

231244-14

231244-15
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CLOCK AND GATE

?3121,4-17
' Last byt€ of count being uttl€n

A.C. TESTING INPUT. OUTPUT WAVEFORM

INPiJT/OUTPUT

291244-19
A.C. Testing: Inputs ar€ driv€n at 2.4V lor a logic "l" and 0.45V
for a logic "0." Timing m€asur€ments ar6 made el 2.0V lor e logic
"1" and 0.8V lor a logic "0."

A.C. TESTING LOAD CIRCUIT

I o.r,.. I
I urilr
l ? r t r l l

=cs  '  l t o t

+
tJ124r'.-19

Cl - 150 PF
C1_ Includes llg capacitsno€
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CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

I Compatible with all Intel and Most
Other Microprocessors

r High Speed, "Zero Wait State"
Operation with 8 MHz 8086/88 and
80186/188

a 24 Programmable l/O Pins

I Low Power CHMOS

I Completely TTL Compatible

intel'
82C55A

I Control Word Read-Back Capability

r Direct Bit Set/Reset CaPabilitY

| 2.5 mA DC Drive Capability on all l/O
Port Outputs

r Available in 40-Pin DIP and 44'Pin PLCC

r Available in EXPRESS
- Standard Temperature Range
- Extended TemPerature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 82554 general purpose
programmable l/O device which is designed for use with all Intel and most other microprocessors. lt provides

Zq itO pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 82554-5.

f n MODE 0, each group of 12 l/O pins may be programmed in sets of a and I to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines cf input or output. 3 o{ the remaining 4 pins are used
for handshaking and interrupt cohtrol signals. MODE 2 ts a strobed bi-directional bus configuration.

The 82C55A is fabricated on Intel's advanced CHMOS lll technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.

IESEI

E

01

xc
g

06

01

I rcrol drr s

Flgure 1.82C55A Block Diagram

Fisure 2.82cs5A;#:';;
Oiagrams are tor pin ret€rence only. Package
sizes ar€ not to scale.

re  3  i  !  3  c  i  3  i  l r r

qD

l0

rc7

rc6

PC5

rca

PCO

PCI

H I E E E ' E E E E E

' t2c55A

n t

3-124

231 256- 1

Soptcmbar lgtz
Order llumben 23 1256-00l
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Table 1. Pln Descrlptlon

Symbol Pln Number
Dlp PLCC Type Name and Functlon

PAg-o 1 - 4 2-5 tlo PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.

m 5 6 I READ CONTROI-: This input is low during CPU read operations.
ds 6 7 I CHIP SELECT: A low on this input enables the 82C55A to

respond to RD- and WFlsignals. ffi and WR are ignored
otherwise.

GNO 7 I System Ground
Ar-o 8-9 9 - 1 0 ADDRESS: These input signals, in conjunction Fi-Dand WF[,

control the selection of one of the three ports or the control
word registers.

A1 As ED WR 6 Input Operatlon (Read)
0 0 0 1 0 PortA-DataBus
0 1 0 1 0 PortB-DataBus
1 0 0 1 0 PortC-DataBus
1 1 0 1 0 ControlWord - Data Bus

Output Operatlon (Wrlte)
0 0 1 0 0 Data Bus - Port A
0 1 1 0 0 Data Bus - Port B
1 0 1 0 0 Data Bus - Port C
I 1 1 0 0 Data Bus - Control

Dlsable Function

X X X X 1 DataBus-3-Sta te

X X 1 1 0 DataBus -3 -S ta te
PCt-t t 0 -13 1  1 , 1 3 - 1 5 t/o PORT C, PINS 4-7: Upper nibble of an 8-bit data output tatch/

butfer and an 8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode contror. Each
4-bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conlunction with ports
A and B.

PCo-s 14-17 1 6 - 1 9 t/o PORT C, PINS 0-3: Lower nibble of Port C.
PBo-z 1g-25 20-22,

24-28
tlo PORT B, PINS 0-7: An 8-bit data output latch/buffer and an B-

bit data input buffer.
Vcc 26 29 SYSTEM POWER: * 5V Power Supply.
Dz-o 27-34 30-33,

35-38
t/o DATA BUS: Bi-directional, tri-state data bus lines, connected to

system data bus.
RESET 35 39 I RESET: A high on this input clears the control register and all

ports are set to the input mode.
WF 36 40 I WRITE CONTROL: This input is low during CPU write

operations.

PAt-c 97-40 41-44 vo PORT A, PINS 4-7: Upper nibble of an 8-bit data output latch/
butfer and an 8-bit data input latch.

NC 1 , 1 2 ,
23,34

No Connect
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82C55A FUNCTIONAL DESCRIPTION

General

The 82C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. lts function is that of a general purpose l/O
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures'

Data Bus Buffer

This 3-state bidirectionalS-bit buffer is used to inter-
face the 82C55A to the system data bus' Data is
tra:ismitied or received by the buffer upon execution
of inr,'t or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer.

Read/Wrlte and Control Logic

The function of this block is to manage all of the
internal and external transfers of both Data and
Control or Status words. lt accepts inputs from the
CPU Address and Controlbusses and in turn, issues
commands to both of the Control Groups.

Group A and GrouP B Controls

The functional configuration of each port is pro-
grerrmed by the systems software, In essence, the
CeU "outputs" a control word to the 82C55A. The
control word contains information such as "mode",
"bit set", "bit reset", etc., that initializes the func-
tional configuration of the 82C55A.

Each of the Control blocks (Group A and Group B)
accepts "commands" from the Read/Write Control
Logic, receives "control words" from the internal
data bus and issues the proper commands to its as-
sociated ports.

Control Group A - Port A and Port C upper (C7-C4)
ControlGroup B - Port B and Port C lower (C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
iormat for both Read and Write operations. When
the controlword is read, bit D7 will always be a logic
"1", as this implies control word mode inlormation.

Pons A, B, and C

The 82C55A contains three 8-bit ports (A' B, and C)'
All can be configured in a wide variety of functional
characteristics by the system software but each has
its own special features or "personality" to further
enhance the power and flexibility ol the 82C55A.

Port A. One 8-bit data output latch/butfer and one
8-bit input latch buffer. Both "pull'up" and "pull'
down" bus hold devices are present on Port A.

Port B. One 8-bit data input/output latch/but{er.
Only "pull-up" bus hold devices are present on Port
B.

Port C. One 8-bit data output latch/butfer 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 contains a 4-bit latch and it
can be used for the control signal outputs and status
signal inputs in coniunction with ports A and B. Only
"jull-up'i bus hold devices are present on Port C.

See Figure 4 for the bus'hold circuit configuration for
Port A, B, and C.

3-126
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231256-3

Flgure 3. 82C55A Elock Dlagram Showlng Oata Bus Buffer and Read/Wrlte Control Loglc Funcfions

EITERNAT
90Rn A
P|la

EXTEMIAL
POFT AC
P||{

NTEFTAL
DATA

'ilOTE: m

Port pins loaded with more than 20 pF capacitance may not have their logic
231256-4

level guaranteed following a hardware reset.

Flgure 4. Port A, B, C, Bus-hold Configura$on
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82C55A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can
be selected 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 with all 24 port lines held at a logic
"one" level by the internal bus hold devices (see
Figure 4 Note). After the resel is removed the
82C55A can remain in the input mode with no addi'
tronal initialization required. This eliminates the need
for pullup or pulldown devices in "all CMOS" de-
signs. During the execution of the system program'
anv of ihe other modes may be selected by using a
single output Instruction. This allows a single
82C55A to service a variety of peripheral devices
wiih a simple software maintenance routine.

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

Figure 6. Mode Definltlon Format

The mode definitions and possible mode combina-
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical l/O approach will surface. The design of the
82C55A has taken into account things such as etfi-
cient 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 ol the
available pins.

Slngle Blt Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset
using a single OUTput instruction. This feature re'
duces software requirements in Control'based appli'
cations.

When Port C is being used as status/controlfor Port
A or B, these bits can be set or reset by using the Bil
Set/Reset operation iust as if they were data output
ports.

cor{TRoL rroRo

o7 D3 D6 or D3 D2 Dr Do

J

/ oRort B \

IORT C ILOOERI
I . INPUT
0. OUIruT

foRt 8
l .  l t l?W
0. OUT?ttI

mDE 3ELfCTlOil
0. Loo€ 0
1 . lr(XtE t

/ cRo(t A \

toRr c tu??€il
t. l i l lul
0 - Outtut

t'oel a
| ' lNrul
0.OUtrur

I(xrc stLEcrrorl
6. r|OD[ 0
Ol . |IOOE I
I t ' I O O E  2

231256-6

Figure 5. Baslc llode Definitions and Bus
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COilTROL YIORO

q Dr q o. or D2 ol %

t I  I  I r_..--r.---.
DOfi't
CTFC

arT $T/n:s€t
t .S€ t
o. iESEI

BII 3ELECI

lolil?triaEliltl
- l0 l  t lo l  r  l0 l  t t0 l  I  l to l
- l 0 l 0 l  I  I  l l a l O l  l l  I  l l h l

l'..#
- l 0 l 0 l 0 l 0 l l l l l l l l l d

A? SCT/NEl€T FLAO
0. ACr|YI

231256-7

Flgure 7. Blt Set/Reset Format

lnterrupt Control Functions

when the 82c554 is programmed to operat€ in
mode 1 or mod€ 2, control signals are provided that
can be used as interrupt request inputs to the CPU.
The interrupt request 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 l/O device to interrupt the CPU with-
out atfecting any other device in the interrupt struc-
ture.

INTE flip-flop definition:

(B|T-SET)-INTE is SET-lnterrupt enable
(BIT-RESET)-INTE is RESET-Interrupt disable

Note:
All Mask flip-flops are automatically reset during
mode selection and device Reset.
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Operatlng Modes

Mode 0 (Baslc Input/Output). This functional con-
figuration provides simple input and output op€ra-
tions 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:
r Two 8-bit ports and two 4'bit ports.

o Any port can be input or outPut.
o Outputs are latched.
o Inpuls are not latched.
o 16 different Input/Output configurations are pos-

sible in this Mode.

MODE 0 (BASTC |NPUT)

II{?UT

6, et, ro

231 256-8

MODE o (BASIC OUTPUT)

23 1 256-9
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MODE 0 Port Deflnitlon

MODE 0 Configuratlono

A B GROUP A GROUP B

Da D3 D1 Ds PORT A PORTC
(UPPER) # PORT B PORT C

(LOWERI

0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT

0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT

0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 I OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT OUTPUT l 0 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 1 1 INPUT INPUT
I 1 0 0 INPUT INPUT 1 2 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 1 3 OUTPUT INPUT
1 1 1 0 INPUT INPUT 1 4 INPUT OUTPUT
1 1 1 1 INPUT INPUT 1 5 INPUT INPUT

coNYFOt WORO T0

coiltRol woRo at

o r o c 4 o . o r o r o , o o

cortnot woFo ,l

corrRol woRo a3
Dr Or O, O. O! 02 Or Oo

PArtA!

PCr+C.

fttto

PBr'P8u

231 256-10

I 0 0 0 0 0 0 0 0 0 0 0 I
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D ? 0 5 0 5 O r D

MODE 0 Configurations (Continued)

O t O . -

coNtao! vloRo 16

D) D. Dr D. D3 D2 Dr Do

coNrRor i lorD 6

conrRoL troRo rt

o, o. o, o. o! or D, Do

I 0 o l r l o o l o  i

COT'ROL IIORD .9

D, Da 05 O. D! Dr Dt Do

corrRoL roRo aro

D, D. D, O. Dt Dr Or Do

coifRoL woRo til

o, o. oi o. Dt Dr or Do

PAr-tAD

rc'flr.

El{o

tBfio

PAr-P^!

PCr+C.

E:{o

?q4q

PA14\

PClPC.

nC!4Co

t8r+go

PAr.t\

rcy'c.

,cr4co

r f f i o

PAr+\

El{.

PCr+Co

Pgr?80

rcirc.

rcrEo

Pa'?q

e^/\

fcrrc.

FCtrco

Er+%

o o i ' l o i o I !

tar ' \

rc/cr

tFo

Er€o

231256-1'l

o, o! D, or ot o, or oo

1 o l I 0 0 l t

0 0 0 0

o I o
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iIODE 0 ConflguraUono (Continued)

coilriol fi)nD at2

o, ot D! o. o3 or ot Do

coxlRol woto t'tt

Dr Or Ol Or Dt O: Dt Oo
cottiol fi)io trt

o, or ot D. or D2 or oo

I 0 0 I 0 0 0 0 0 0 0

I 0 0 I t 0 0 I 0 1 0 r t 0 I

Operatlng Moder

MODE 1 (Strobed Input/Output). This functional
configuration provides a means for transferring l/O
data to or from a specified port in conjunction with
strobes or "handshaking" signals. In mode 1, Port A
and Port B use the lines on Port G to generate or
accept these "handshaking" signals.

Mode 1 Basic functional Definitions:
r Two Groups (Group A and Group B).
o Each group contains one 8-bit data port and one

4-bit control/data port.
. The 8-bit data port can be either input or output

Both inputs and outputs are latched.
o The 4-bit port is used for control and status of the

8-bit data port.
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Input Control Signal Deflnition

SiE (Stroue Input). A "low" on this input loads
data into the inPut latch.

IBF (lnput Buffer Full F/F)

A "high" on this output indicates that the data has
been loaded into the input latchjn essence, an ac-
knowledgement. IBF is set by FTB ing.being low
and is re-set by the rising edge of the RD input.

INTR (lnterruPt 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 STE is a "on€", IBF is a "ono"
and INTE is a "one". lt is reset by the falling edge o{
E5. tnis procedure allows an input device to re-
qLrest selvrce from the CPU by simply strobing its
data into the port.

INTE A

Controlled by bit set/reset of PCa.

INTE B

Controlled by bit set/reset of PC2.

o(,iariol wonD

Or D. Or D. Dr D2 Dr |tb m^

Et. r

t.lt{rut
0. OUTPUT

ttF^

RO

231256-13

xDC r (|0Br fl

r - - _ l
| tl{lf I

! r  I.T - -,
I

Flgure 8. ftlODE 1 InPut

Flgure f. ilODE 1 (Strobed InPut)
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Output Control Slgnal Deflnltlon

OEF lOutput Euffer Full F/fl. The OBF output will
go "low" to indicate that the CPU has written data
out to the specified port. Th€ OEF flf will be sgLU
the rising edge of the WH'input and reset by Iffi
Input being low.

Affi (lcknowledge lnput). A "low" on this input
informs the 82C55A that the data from Port A or Port
B has been accepted. In sssence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (lnterrupt Request). A "high"'on this output
can be used to intem:pt the CPU when an output
device has accepted data transmitted by the CPU.
INTR is set when ffi is a "one", 6gf- is a "one"
and INTE is a "one". lt is reset by the falling edge of
wR.

INTE A
Controlled by bit set/reset of PC6.
INTE 8
Gontrolled by bit set/reset ol PC2.

231256 -16

Flgure 11. MODE 1 (Strobed Output)

- -  f
|l{tc I

A I
. - - J

m€ r lxrFrl,

231256-1 5

Flgure 10. MODE l Output
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Combinations of MODE I

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

Operatlng Modes

MODE 2 (Strobed Bidirectional Bus l/O).This
functional configuration provides a means for com-
municating with a peripheral device or structure on a
single 8-bit bus for both transmitting and receivirrg
data (bidirectional bus l;O). "Handshaking" signals
are provided to maintain proper bus flow discipline in
a similar manner to MODE 1. lnterrupt generation
and enable/disable functions are also available.

MODE 2 Basic Functional Definitions:
r Used in Group A only.
o One 8-bit, bi-directional bus port (Port A) and a 5-

bit control Port (Port C).
o Both inputs and outputs are latched.
o The 5-bit control port (Port C) is used loi control

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

Bldirectional Bus l/O Control Signal Delinltion

INTR (lnterrupt Request). A high on this output can
be used to interrupt the CPU for inpul or output oper-
ations.

Output Operatlons

6EF (Output Bufter Full). The 6BF output will go
"low" to indicate that the CPU has written data out
to port A.

Iffi (lctnowledge). A "low" on this input enables
the tri-state output buffer of Port A to send out the
data. Othenrise, the output buffer will be in the high
impedance state.

INTE 1 Ohe INTE Flip-Flop Associated wlth
OEF). Gontrolled by bit set/reset of PC6.

Input Operations

StA- (StroOe Input). A "low" on this input loads
data into the input latch.

IBF (lnput Buffer Full F/F). A "high" on this output
indicates that data has been loaded into the input
latch.

INTE 2 (The INTE Flip-Flop Assoclated with IBF).
Controlled by bit set/reset of PCa.

cof{rFot rYoRo

4 D c D s D . D 3 D 2 O r D o

COilTROL fi)RO

oE-F^

ET^

tfaTRa

to

ltq

tEF!

tilTRr

El.r

1 .  I N P U T
0 . OUIPW

tvR

I O F T A - I t ? R O 8 € D I N P U T I
toFr I - {stRoSEo ouTArr)

FOnt A - (STROB€OOutrutt
IORTB -ISTROBIDINPUT}

231256-17

Er. r

rg+Bo

Pcr

rc2

Fco

Figure 12. Comblnations of UODE 1
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c(xYnot rroRD

4 D r D r %

FOE? B
' l  . lN?Ul
0. OUTPT T

cior,P a r.ooE
0'rrcOE 0
r. trcOE I

231256-16

Flgure 13. MODE Gontrol Word

o-EF^

Acf^

m^

t8F^

vo

231256-1 9

:r: l

Figure 14. MODE 2

oatr tnor
cPU loa:rc$a

acf

sll

IBF

PERIPHERAL
sus

DATA FNOI
tttlPt{Enat To a:lc56a

OATA FiOI
IiTCIIA TO PENIPHIIAL

Flgure 15. MODE 2 (Bidirectionat)

NOTE:
Any sequence qfrere WF occurs before ACK-, and STE occurs betore ffi is oermissible.
(|NTR : tBF e iliASR.sFF. FD + 6eF-. [|ASK- e [f,rt r fr-p;
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MOOE 2 AND MOOE O ( INPUT} MODE 2 ANO MODE O (OUTPUTI

coillnoL woRo

Dr Dc Ds D. D, 02 Dr Oo

coNTnoL woio

o, Da D5 O. O! 02 Or Do

MODE 2 AND MODE 1 (OUTPUT}

oot{tRoL tfoRD

4 D r D t D . D r D 2 D r D o

i i t '

CONIROL IYORO

4 D r D s D . O t 0 2 D r D o

MODE 2 AND MOOE 1 ( INPUTI

Ff^

ffi^

F-8^

tBFa

vo

dFr

E-r^

FE^

t!F^

r^t

t  I  I  l )  l , l . l l  l 0

oFe

EIe

.:r^

ttI^

6Fe

ACK-^

.E^

tiF^

tr\

t!F.

lttRr

55-r.

^c,eI!

ntRr

ED

H-n

tct

Fcr

?c.

?ca

Ezo

P8),PET

fC,

fc6

Fc.

tcs

tE'Eo

lc!

ta?'t\

fct

rq

fc.

rq

Er-tS

Fcl

Fcr

Figure 16. iIODE r/ Combinations
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Mode Deflnltlon Summary

PAo
PAr
PAe
PAs
PAr
PAs
PAe
PAz

MODE O

IN OUT

IN
IN
I N
IN
IN
I N
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

PBo
PBr
PBz
PBg
PBn
PBs
PBo
PBz

IN
IN
IN
IN
I N
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

PGo
PCr
PCz
PCs
PCa
PCs
PCe
PCt

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

MODE 1

IN OUT

IN
IN
IN
IN
IN
IN
IN
I N

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

I N
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

INTRs
lBFg
SEg
INTRl
sEg
lBFa
t/o.
t/o

INTRs
OB-Fs
Affis
INTB6
vo
t/o

AFKA
oEFA

Special Mode Comblnatlon Consideratlons

There are several combinations of modes pcssible.
For any combination, some or all of the Port C lines
are used for ccnirol or srarus. The remaining brts are
either inputs or outputs as defined by a "Set Mode"
command.

During a read of Port C, the state of all the Port C
lines, except the ACK and STB lines, will be placed
on the data bus. ln olace of the ACK and STB line
states, flag status will appear on the data bus in the
PCz, PC4, and PG6 bit positions as illustrated by
Figure 18.

Through a "Write Port C" command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be atfected by a "Write
Port C" command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to

MODE O
OR MODE 1
ONLY

change an interrupt enable flag, the "Set/Reset Port
C Bit" command must be used.

With a "Set/Reset Port C Bit" command, any Port C
line programm.d as an cutput (incluc n_; li lTR. !3F
and OBF) can oe written, or an interrupt enabie rlag
can be either set or reset. Port G lines programmed
as inpuls, including AeK and SFE lines, associated
with Port C are not affected by a "Set/Reset Port C
Bit" command. Writing to the corresponding Port C
bit positions of the ACK and STB lines with the
"Sel/Reset Port C Bit" command will atfect the
Group A and Group B interrupt enable flags, as illus-
trated in Figure 18.

Current Drlve Capability

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the 82C55A to directly drive
Darlington type drivers and high-voltage displays
that reguire such sink or source current.

MODE 2

GROUP A ONLY

€
€

e
<+
e

t/o
l to
t/o

INTRa
FBg
lBFa
AeRn
O-E-Fa
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Reading Port C Status

ln Mode 0, Port C transfers data to or from the pe-
ripheral device. When the 82C55A is programmed to
function in Modes 1 or 2, Port C generates or ac-
cepts "hand-shaking" signals with the peripheral de-
vice. Reading the contents of Port C allows the pro-
grammer to test or verify the "status" of each pe-
ripheral device and change the program flow ac-
cordingly.

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

INPUT CONFIGURATION
D7 D5 D5 Da D3 D2 D1 Ds

GROUPA GROUPB

OUTPUT CONFIGURATIONS
D7 D5 D5 Da D3 D2 D1 D6

GROUPA GROUPB

t /o t/o lBFa INTEa INTRq INTEs lBFs INTRs

oEFAINTEl t /o t/o INTRg INTEsoBFsINTRs

Figure 17a. MODE 1 Status Word Format

D7 D5 D5 Da D3 D2 D1 D6

6EF4ltrure.'lBFa INTE2IINTRA

GROUPA GROUPB
(Defi:,ed By Mode 0 or Mode 1 Selection)

Figure 17b. MODE 2 Status Word Format

Enable Position Alternate Port C Pin Signal(Mode)

INTE B
INTE A2
INTE A1

PC2
PG4
PC6

Aeks (Output Mode 1) orSTBs (lnput Mode 1)
STBa (lnput Mode 1 or Mode 2)
Affia (Outout Mode 1 or Mode 2

Figure 18. Interrupt Enable Flags In Modes I and 2
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . .0'C to * 70'G
StorageTemperature ..- 65'Cto * 150'C
Supply Voltage 0.5 to + 8.0V
OperatingVoltage ...+ 4vto * 7V
Voltage on any Input. . .GND-2V to * 6.5V
Voltage on any Output . .GND-O.SV to V6s + 0.5V
Power Dissipation . . .1 Watt

'Notice: Slressas abova those listed under "Abso-
lute Maximum Ratings" may cause permanent dam-
dge to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended pedods may affect device reliability.

D.C. CHARACTERISTICS
TA:OoCto70"C ,Vcc :  +5V  t10%,GND:0V(T4 :  -40 'C to  *SS"Cfo rEx tendedTemper tu re )

NOTES:
1. Pins 41, Ao, dS, WF, FD, Reset.
2. Data Bus; Ports B, C.
3. Outputs open.
4. Limit output current to 4.0 mA.

Symbol Parameter Mln Max Unlts Test Gondltlonc

Vt Input Low Voltage -0 .5 0.8 V

vrn Input High Voltage 2.0 Vcc v
vol Output Low Voltage 0.4 V lgg : 2.5 mA

Vox Output High Voltage 3.0
V66 - 0.4

V
V

l ox  :  - 2 .5mA
IOH:  -100pA

I t lnput Leakage Current t 1 pA Vlx : Vg6 to 0V
(Note 1)

lort Output Float Leakage Current t 1 0 pA V1x : V66 to 0V
(Note 2)

lonn Darlington Drive Current x2.5 (Note 4) mA Ports A, B, C
R61 :  5O0O
Ve1 : 1.7V

lpxt Port Hold Low Leakage Cunent +50 + 300 P,A V9g1 : 1.0V
Port A only

lpsn Port Hold High Leakage Current -50 - 300 pA Veyl : 3.0V
Dnrtc A tr f:

lpxlo Port Hold Low Overdrive Current -350 pA Vgg l :  0 .8V

lpnHo Port Hold High Overdrive Current +350 pA V9U1 : 3.0V

lcc V66 Supply Cunent 1 0 mA (Note 3)

lccse V66 Supply Current-Standby 't0 pA V6g : 5.5V
VrN : VCC or GND
Port Conditions
It  l /P :  Open/High

OlP : Open Only
With Data Bus :

High/Low
e5:  Hisn
Reset:  Low

Pure lnputs :
Low/High
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CAPACITANCE
TR : 25"C, VCC :GND : 0V

Symbol Parameter Mln Max Unlts Test Condltions

crN lnput Capacitance 1 0 pF Unmeasured plns
returned to GND
fc : 1 MHz(s)

cvo l/O Capacitance 20 pF

NOTE:
5. Sampled not 't00o/o tested.

A.C. CHARACTERISTICS
TA = 0o to 70'C, Vcc : +5V t10o/o, GND : 0V
TA = -40'C to +85'C for Extended Temperature

BUS PARAMETERS

READ CYCLE

Symbol Parameter
82C55A-2 Unlts Teet

Conditionsilln lilax

tRn Address Stable Before 
-RD 

J 0 ns

tRR Address Hold Time After FD- 1 0 ns

tnR RD Pulse Width 150 ns

tRo Data Delay from trD J 120 ns

tor ffi T to Data Floating 10 75 ns

tnv Recovery Time between FDzWF 200 ns

WRITE CYCLE

Symbol Parameter 82C55A-2 Unlts Tset
Condltlonsllln ilax

tnw Address Stable Before WH J 0 ns

twn Address Hold Time AfterWR- t 20 ns Ports A & B

20 ns Port C

twu' WF Pulse width 100 ns

tow Data Setup Time Before WFi f 100 ns

two Data Hold Time AtterWFlT 30 ns Ports A & B

30 ns Port G
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OTHER TIMINGS

Symbol Parameter 82C55A-2 Unltg
Condltlona

Test
Mln llar

twg WF : l toOutput 350 ns
trn Peripheral Data Before FD 0 ns
tHR Peripheral Data Atter ffi 0 ns
tRx AG PutseWidth 200 ns
tst STE Pulse width 100 ns
tps Per. Data Before STB xigfr 20 ns
tpH Per. Data AfterSTBHign 50 ns
teo AeK:0toOutput 175 ns
txo Ad : 1 to Output Float 20 250 ns
twog WFI: l  toOBF: O 150 ns

tnog AeR:0 toGF:  1 r50 ns

tsrg SE :  o to tBF :  1 150 ns
tRrB R D  =  l  t o l B F : 0 150 ns
tnr RD:Oto |NTR:0 200 ns
tsr SIE : l t o lNTR:1 1 5 0 ns
tRtt f f i : l t o ; N T R : 1 150 ns
twr WR:0 to |NTR:0 200 ns see note 1

tnes Reset Pulse Width 500 ns see note 2

NOTE:
1. INTR t may occur as early as WF l.
2. Pulse width of initial Reset pulse after pow€r on must be at least 50 pSec. Subsequent Resel pulses may be 500 ns
minimum.
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82C55A

MODE 0 (BASTC |NPUT)

231256-22

WAVEFORMS

rroDE 0 (BAsrc oUTPUT)

?312fi-23
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int€f

WAVEFORMS (Continued)

iloDE 1 (STROBED |NPUT)

MODE 1 (STROBED OUTPUT)

ff5

t!F

t'|Yi

FO

tN?uYFROfl_ _ _
P€BIPIIIFAL

231256-24

rt

6F

ntt

E-

O'JYA'T

231256-25

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



intet 82C55A

WAVEFORMS (continued)

MODE 2 (BTDTRECTTONAL)

DA'A FNOfi
t0g0 To t255

l-rE

?€NIPHERAI
tus

PEBITHfFAL 'O '256
DA'A 'ROM

11166 ?o 'ER|P|{ERAI

oArA
1255 ?O elgo

231256-26

Note:
Any s€quence q!gl1 WE occurs before AeK aruO SFB occurs before FiD is permissible.
(lNrR : tBF r FiFSK. SIB. 

-nD 
+ 6Br-. iliISR r ffi( r ffi)

READ TIMING

oata !t,6

231256-28

A.C. TESTING INPUT, OUTPUT WAVEFORM

231256-29

A.C. Testing Inputs Are Diven At 2.4V For A Logic 1 And 0.45V
For A Logic 0 Timing Measurements &e Made At 2.0v For A
Loglc 1 And 0.8 For A Logic 0.

WRITE TIMING

A.C. TESTING LOAD CIRCUIT

T 
er - t.orf

I
231256-30

'Vg51 ls S€l At Varioug Voltages During T€sting To Guarantee
Th€ Specitication. Cs Includes Jig Capacitance.
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APPENDIX D

CONFIGURING THE AD21O FOR SIGNAL*MATH

D-l
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Jumper Settings

When running SIGNAL*MATH, you have to change some of the AD210's on-board jumpers from their
factory-set positions. Before using SIGNAL'*MATH on the AD210 board, check ttre following jumpers:

. P3 - Base address
o (l - 8254 imerlcount€r VO configuration
. P4, P5 & P6 - Intemrpts

The board layout is shown in Figure D-1.

EBru61H"ffi.;CIffinn''ET-,-'tu*Y@ff lH;gmrd"{:tffif, 1m&.'H:,'H.', nt I @ ! !d ffi !/""r ;
lE3|ffi:|ffi|fo 

s-Y_ -.-*L!Bmsfi#fr 
nn

lEd ffi ;lFfl ffi' ffi ii'' H'-".k-#"'H',lhgitr{Ffl#.". ry ! 
"#*F;* 

;
|fiBm ;iffi#,H oooooqeeeeqooooooooo

lHdffi;'Hfubw
@

@

'Fs'*, EillftH @"xozto *W
l l6dl; ;  

--*T--"*" "8333t333ff i . . ."
t l t S O l n o a  r A  O O O O O O O O  r A  O O O O o o O O  T a \  O O O O O O O O

lFflmLJmLJmlJm@@@@
lpQlemrr c5 q5, c' u c6 t,. -'ii- 

-"'z 
oro ce

@ a23 a1 RcatTincDovbcq lmstarecotbgo,pAtooo4usA ^r pt

Fig. D-1 - AD210 Board Layout

P3 - Base Address

SIGNAL*MATH assumes that the base address of your AD2l0 is the facmry setting of 300 hex (768 decimal).
If you change this setting, you must run the ADAINST program and reset the base address.

NOTE: When using the ADAINST program, you can enter the base address in decimal or hexadecimal
notation. When entering a hex value, you must precede the number by a dollar sign (for example, $3m).
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VI -8254 Timer/Counter VO Configuration

The 8254 must be configured with the jumpers placed between the pins as shown in Figure D-2. Af:tBr setting
the jumpers, verify that each is in the proper location. Any remaining jumpers must be removed from tlte P7 header
connector.

8l
EI

5l

5lol

8l
EI

XTAL

EXTCLKO

+5V

EXTGATEO

CLKOUTO

CLKOUTO

CLKl

XTAL

EXTCLKl

+5V

EXTGATEl

CLKOUTl

CLKOUTl

CLK2

XTAL

EXTCLK2

+5V

EXTGATE2

CLKOUT2

CLKOUT2

EXTINT

RESET

Fig. D-2 -8254 Timer/Counter Jumpers, P7
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P4, PS & P6 -Interrupts

To select IRQ channels and intemrpt sources for SIGNAL*MATH, you must install one jumper on P4 and two
jumpers on P6. First, install a jumper on the end-of-convert intemlpt header, P4, across the pins of your desired IRQ
channel.l'6sn, in5rall a jumper on P6OUT2, and a second jumper:rross the pair of P6 pins for the IRQ channel
you select.The IRQ selected on P6 must be different fron the IRQ set on P4! Figure D-3 shows EOC jumpered to
IRQ3 and OUT2 jumpered to IRQ4. ldake sure that no jumpers are installed on P5.

P4

tRo2

IRQS

IRQ4

IRQ5

IRQ6

IRQT

OUTO

ouTl
OUT2

Fig. D-3 - End-of-Convert Interupt & Timer/Counter Out Jumpers, P4 & P6

PA7

P87

PC7

IRQ2

IRQ3

IRQ4

IRQs

tRo6

IRQT
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Running ADAINST

After the jumpers are set and the AD210 board is installed in the computer, you are ready to configure
SIGNAL*MATH so that it is compatible with your board's settings. This is done by running the ADAINST driver
installation progran. After running the program, open AD210.EXE from the Open a File menu. You will see a
screen similar to the screen shown in Figure D-4 below. The factory default senings are shown in the illustration.
Your setrings may or may not match the default settings, depending on whether you have made changes to these
senings before.

Base Address. The board's base address setting is entered in the upper right block, as shown in the diagram.
The factory sening for all Real Time Devices boards is 300 hex (768 decimal). The base address can be entered as a
decimal or hexadecimal value (hex values must be preceded by a dollar sign (for example, $3m). Refer o your
board's manual if you need help in determining the conect value to entier.

EOC IT (End-of-Convert Interrupt). In this block, enter the IRQ channel number which conesponds to your
junper setting on P4.

Timer IT (Timer/Counter Interrupt). In this block, enter the IRQ channel number which corresponds to your
jurnper setting on P6.

LabTech SW IT (LABTECH NOTEBOOK Software Interrupt). This sets the software intemrpt address
where LABTECH NOTEBOOK's labLINX driver is installed. The facory setting is $60. This setting can be
ignored when running SIGNAL*MATH.

A"/D Parameters. Six AID board paramet€rs are listed: resolution, number of channels, active DMA channel,
gain, loss, and input voltage polarity.

Endof-Convert
Interrupt Channel

Timer/Counter
Interrupt Channel Base Address

fuD DMA
Channel
Select;

External Gain
& Loss

A/D Unipolar/
Bipolar
Select

Software
lnterrupt
Address

D/A DMA
Channel
Select;

External Gain
& Loss

D/A Unipolar/
Bipolar
Select

Fig. D-4 - ADAINST.EXE Screen
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Resolution and number of channels are fixed by the program for your board.

The DMA channel number block is not valid on the AD2l0, and should be left blank.

The next two blocks, gain and loss, are provided so ttrat you can make adjustments for external gain or loss,
such as the resistor configurable gain circuit available on the board. If your input signal is externally attenu,ated, then
you can adjust for this by setting a value other than 1 for loss. If you have an extemal gain factor, then you can
adjust for this condition. Numbers must be entered as whole decimal values. The factory default setting for gain and
loss is l.

Since the input range for the AD2l0 is 0 to +5 volts, the space before Bipolar on the screen should be blank (the

default sering is a X placed here).

D/A Parameters. These settings are not applicable tio the AD2l0.

D-7
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APPENDIX E

CONFIGURING THE AD21O FOR ATLANTIS

E-1
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When running the ATLANTIS data acquisition software you must change some of the AD2l0's on-board
jumpers from their factory-set positions. Before using ATLANTIS on the AD210 board, check the following
jumpers:

. P3 - Base address
o fl - 8254 timer/counter I/O configuration
. P6 - Timer/counter output intemrpt
. P4 - End-of-convert monitor

Figure E-l shows the board layouL

Fig. E-1 - AD210 Board Layout

P3 - Base Address

ATLANTIS assumes that the base address of your AD210 is ttre facory setting of 300 hex (see Chapter l). If
you changed this setting, you must run the ATINST progam and reset the base address.

NOTE: The base addresses on the AD210 board are given in hexadecimal. The ATINST pro$am requires the
base address to be entered in decimal notation. The following table provides the hex and decimal values.

E-3

@

EH
Efl

@

'mp :ffid ffi ifi ; E ; FlqHl'{ .
lEflF:|ffi|ffi :.-.."* "lllElliffiij ltlB$:x ElBSltlv' -,-eg@- ff' S@8$,.-.*_olEHi#{ffi#-tl E
,F*,'lFfli**=UH T #
lEfliH:lHlnT:**,
Ipfltr.;IEflK" E1ffil loo l* '  b l loqEnc rE2 9-AAtAt-o-  ur  t rooooooooooooooooool

iH- Ellffi W*te ".ffidg.*1-
lHHffi 

plfllnessr 
M.chus^ ffi[[[!!fl eooness

lHflHgffi8ffi8ffibb@@
flOOlexrNTJB 15 c. u. c6 u6 ct4 ctl cro ce

(9-p cza a! R.at Time Dovbes, Inc. $at. collogp, PA 16004 UsA Ar P1

o o o o o o
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Hexadecimal Declmal

200 512

240 s76

280 640

2C0 704

300 768

340 832

380 896

3C0 960

W - 8254 Timer/Counter VO Configuration

The 8254 must be configured with the jumpers placed between the pins as shown in Figure E-2. Af:ter sering
the jumpers, verify that each is in the proper location. Any remaining jumpers must be removed from the P7 header
conn@tor.

E4
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EI

XTAL

EXTCLKO

+5V

EXTGATEO

CLKOUTO

5l CLKOUTO

CLKl

XTAL

EXTCLKl

+5V

EXTGATEl

CLKOUTl

8l
EI

5l CLKOUTl

CLK2

XTAL

EXTCLK2

+5V

EXTGATE2

CLKOUT2

slol

$l

CLKOUT2

EXTINT

RESET

Fig. E-2 -8254 Time€ounterJumpers for ATLANTIS, P7
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P6 - Timer/Counter Output Interrupt

To select an IRQ channel and an intemrpt source, you must install the nvo jumpers which are stored on this
header connector. To configure this header for ATLANTIS, place one jumper across the pins of your desircd IRQ
channel, and place the second jumper across ttre pins of OUT2, the output from timer/counter 2 in the 8254. tvlake
certain that there are no o&er jumpers on this connecEor and that there are no jumpers installed across the IRQ pins
on P4 or P5 (the factory setting for all intemrpt jumpers is disabled, as shown in Chapter 1). Also, make sure that the
IRQ channel you have selected is not used by any other device in your system. Figure E-3 shows you how !o
configure P6 for IRQ channel 4.

IRQ2

IRQ3

IRQ4

IRQS

IRQ6

IRQT

OUTO

OUTl

OUT2

Fig. E-3 -8254 Timer/Counter Output Interrupt Jumpers for ATLANTIS, P6

P4 - End-of-Convert Monitor

The end-of-convert signal is monitored through PB? when using ATLANTIS. The factory sering of this
conneclor is PB7, at the top of P4, as shown in Figure 84. If the factory setting has been changed, place the jumper

across the pins for PB7.

PA7

P87

PC7

IRQ2

IRQ3

IRQ4

IRQ5

IRQ6

IRQT

Fig. E-4 - End-otOonvert Jumper, P4
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APPENDIX F

WARRANTY
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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 0re date of shipment from REAL TIME DE-
VICES. This warranty is limited to the original pwchaser of product and is not transferable.

During t}re one year warranty period, REAL TIME DEVICES will repair or replace, at its option, any defective
producs or parts at no additional charge, provided that the product is returned, shipping prepaid, to REAL TIME
DEVICES. All replaced pars and products become the property of REAL TIME DEVICES. Before returning any
product for repair, customers are required to contact the factory for an RMA number.

THIS LIMITED WARRANTY DOES NOT EXTEND TO AT.IY PRODUCTS WHICH HAVE BEEN DAM.
AGED 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 TII\,E DEVICES), OR AS A RESULT OF
SERVICE OR MODIFICATION BY A}.TYONE OTHER THAN REAL TIME DEVICES. EXCEPT AS EX-
PRESSLY SET FORTH ABOVE, NO OTHER WARRANTIES ARE E)PRESSED OR IMPLIED,INCLUDING,
BUT NOT LIMITED TO, A}.TY IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE, AND REAL TIME DEVICES E)PRESSLY DISCLAIMS ALL WARRANTIES NOT
STATED IIEREIN. ALL IMPLIED WARRANTIES,INCLTIDING IMPLIED WARRANTIES FOR
MECHANTABILITY AND FTTNESS FOR A PARTICULAR PURPOSE, ARE LIMITED TO TI{E DURATION
OF THIS WARRANTY. IN T}IE EVENT TI{E 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 TIIE PURCHASER
OR AI.IY USER FOR AI.IY DAMAGES, INCLUDING AIIY INCIDENTAL OR CONSEQUENTIAL DAM'
AGES, E)GENSES, LOST PROFITS, LOST SAVINGS, OR OTIIER DAMAGES ARISING OUT OF TI{E USE
OR INABILITY TO USE TIIE PRODUCT.

SOME STATES DO NOT ALLOW TI{E EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSE-

QUENTTAL DAMAGES FOR CONSUMER PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITA-
TIONS ON HOW LONG AN IMPLIED WARRANTY LASTS, SO TIIE ABOVE LIMITATIONS OR EXCLU.
SIONS MAY NOT APPLY TO YOU.

THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGI{TS, AND YOU MAY ALSO HAVE OTIIER
RIGIITS WHICH VARY FROM STATE TO STATE.
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AD210 Board User-Selected Settings

Base l/O Address:

(hex) (decimal)

IRQ Channel Selected:

P4 - A/D End-of-Convert IRQ Channel#:

P5 - External lnterrupVPO3 IRQ Channel#:

P6 - 8254 0UT0/OUT1 |OUTZ IRQ Channel#:
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[,Jser's Manual
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Artisan Technology Group is an independent supplier of quality pre-owned equipment 

Gold-standard solutions 
Extend the life of your critical industrial, 

commercial, and military systems with our 

superior service and support. 

We buy equipment 
Planning to upgrade your current 

equipment? Have surplus equipment taking 

up shelf space? We'll give it a new home. 

Learn more! 
Visit us at artisantg.com for more info 

on price quotes, drivers, technical 

specifications, manuals, and documentation. 

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, representative, or authorized distributor for any manufacturer listed herein. 

We're here to make your life easier. How can we help you today? 
(217) 352-9330 I sales@artisantg.com I artisantg.com 


