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INTRODUCTION





The AD2700 and ADA2700 Advanced Indusrial Control boards turn your IBMo PC/AT or compatible inro a
high-speed, high-performance data acquisition and control system. Installed within a single expansion slot in the
computer, each27ffi series board features:

. 8 differential or l6 single-ended analog input channels,
' 12-bit, 5 microsecond analog-to-digital converter with 150 kHz throughput,
. *5, *10, or 0 to +10 volt input range,
' Programmable gains of 1,2,4, and 8 with an on-board gain multiplier circuit,
. Three conversion modes,
. DMA transfer,
. Trigger in and rigger out for extemal triggering or cascading boards,
. 16-bir AT bus compatibiliry,
' 24 TTLICMOS buffered 8255-based digital I/O lines with optional pull-up or pull-down resistors,
. Three l6-bit timer/counters (two cascaded for pacer clock),
' Two l2-bit digital-o-analog output channels with dedicared grounds (ADA2700 only),
. t5, +10,0 to +5, or 0 to +10 volt analog output range (ADA2Z00 only),
. Turbo Pascal and Turbo C source code; diagnostics program.

The following paragraphs briefly describe the major functions of the board. A more detailed discussion of board
functions is included in Chapter 3, Hardware Operation,and Chapter 4 , Board Operation and programming. The
board setup is described in Chaprer l, Board Settings.

Analog-to-Digital Conversion

. The analog-to-digital (A/D) circuitry receives up to 8 differential or 16 single-ended analog inputs and converts
these inputs into l2'bit dtgital data words which can then be read and/or transferred to pC memory. The board is
facmry ser for single-ended input channels.

The analog input voltage range is jumper-selectable for bipolar ranges of -5 o +5 volts or -10 ro +10 volts, or a
unipolar range of 0 to +10 volts. The board is factory set for -5 to +5 voln. Overvoltage protection to +35 volts is
provided at the inpuB. The high-performance A/D converter supports fast-settling, soit*.-p.grammable gains of
l'2,4, and 8 with on-board gain multiplier circuitry so that you can customize ttri input gain.

A/D conversions are performed in 5 microseconds, and the maximum throughput rate is 150 kHz. Conversions
are controlled ttrrough software, by an on-board pacer clock, or by an external trigger brought onto the board
through the I/O connector.

The converted data can be ransfened through the PC data bus to PC memory in one of two ways: by using the
microprocessor or by using direct memory access @MA). The mode of transfer is software-selectable and the DMA
channel is chosen by jumper settings on the board. The PC data bus is used to read and/or transfer data o pC
memory. In the DMA Fansfer mode, you can make continuous transfers directly to pC memory without going
through the processor.

Digitaf - fo-Analog Conversio n (AD A2700 Onty)
The digital-to-analog (D/A) circuitry on the ADA2700 features two independent l2-bir analog output channels

with individually jumper-selectable output ranges of -5 to +5 volts, -10 o +10 volts, 0 to +5 volts, or 0 to +10 vols.
Data is programmed into the D/A converter and a conversion is automatically triggered for a channel through a
single write operation. Access through DMA is not available.

8254 Timer/Counter

An 8254 programmable interval timer contains three l6_bit, g_MHz timer/counters to support a wide range of
timing and counting functions. Two of the timer/counters are cascaded and can be used internaly for the pacJr
clock. The third is available for counting applications, or it can be cascaded to the other two timer/counters.
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Digital VO

The 2700 has24TlL/CMOS-compadble digital I/O lines which can be directly interfaced with exrernal devices
or signals to sense switch closures, trigger digital evens, or activate solid-state relays. These lines are provided by
the on-board 8255 programmable peripheral interface chip. The 8255 can be operated in one of t*o modes: Mod;0
or Mode l. To ensure high driving capacity, CMOS buffers are installed. TTL buffers are available on request.

Pads for installing and acdvating pull-up or pull-down resistors are included on the board. Installation proce-
dures are given near the end of Chapter I, Board Settings.

What Comes With Your Board

You receive the following items in your 2700 package:
. AD2700 or ADA2700 inrerface board
' Software and diagnostics diskette with Turbo Pascal and Turbo C source code
. User'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 ouside the U.S., contact your local distriburor.

Board Accessories

In addition to the items included in your 2700 package, Real Time Devices offers a full line of software 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 to support your board's application.

Application Software and Drivers

Our custom application software packages provide excellent data acquisition and analysis support. Use
SIGNAL*MATH for integrated data acquisition and sophisticated digital signal processing and analysis, or
ATLANTIS for real-time moniloring and data acquisition. rtdlinx and rtdlinxlablinx drivers provide full-featured
high level interfaces between the 2700 and custom or third party software, including LABTECH NOTEBOOK,
NOTEBOOKIKE, 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 2700 include rhe MX32 analog input expansion board which can expand a single
input channel on your 2700 to 16 differential or 32 single-ended input channels, MR series mechanical relay output
boards, OP series optoisolated digital input boards, the TS16 temperature sensor board, the TB50 terminal board and
XB50 prototype/terminal board for easy signal access and protorype development, rhe EX-XT and EX-AT extender
boards for simplified testing and debugging of prototype circuitry, and XT50 twisted pair wire flat ribbon cable
assembly for external interfacing.

Using This Manual

This manual is intended to help you install your new board and get it running quickly, while also pr,oviding
enough detail about the board and is functions so that you can enjoy maximum use of ils 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 programs.

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 ttre board's features. If you have any problems installing or using rhis board,
contact our Technical Support Departrnent, (814) 234-8087, during regular business hours, eastern standard time or
eastern daylight time, or send a FAX requesting assistance to (814) 234-5218. When sending a FAX request, please
include your company's name and address, your name, your telephone number, and a brief description of ne 

-

problem.
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CHAPTER 1

BOARD SETTINGS

The AD2700 and ADA2700 boards have jumper and switch
settings you can change if necessary for your application. The
2700 is factory-configured with the most often used settings. The
factory settings are 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.

Note that DIP switch 52 is provided to bypass the port C
buffers and allow Mode I operation of the 8255. Also note that by
installing resistor packs at the four locations, and soldering jump-
ers in the desired locations in the associated pads, you can config-
ure your digital VO lines to be pulled up or pulled down. This
procedure is explained near the end of this chapter.

By installing components ar Rl, R2, TR4, and C46, you can
add your own gain multiplier to the software progammable binary
gains of t,2,4, and 8. The gain multiplier circuiory is described at
the end of this chapter.
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Factory-Configured Switch and Jumper Settings

Table 1-1 lisc the facory settings of the user-configurable jumpers and swirch on the AD2700 and ADA27ffi
boards. Figure 1-1 (on the next page) shows the board layout and the locations of the factory-set jumpers. The
following paragraphs explain how to change the factory senings. Pay special auention to the setting of Sl, the base
address switch, to avoid address contention when you first use your board in your system.

Table 1.1- Factory Setilngs
Swltch/
Jumper Functlon Controlled

Faclory settlngs
(Jumpers Installed)

P3 Sets the analog input voltage range 1 0 vohs

P4 Sets the analog input voltage polarity
Bipolar (-5 to +5 vohs)
(must be the same as P15)

P5 Sets the DMA request (DRQ) channel Disabled
P6 Sets ths DMA acknowledge (DACK) channel Disabled

P7
Sets lhe clock sources for the 8254 timer/counters
OCO-TC2);@nnects TC1 out (PCK) to A/D trigger

Jumpers installed on CLK1-OSC,
CLK2OT1, & PCK

P8

Connecls one of four interrupt sourcss to an interrupt
channel; pulls tri-state buffer to ground (G) for multiple
interrupt applications

Jumpers install€d on G (ground
for buffer) & OT2; interrupt
channels disabled

P 1 0 Sets the D/A output voltage range for DAC 1 +5 to -5 volts
P 1 1 Sets the D/A output vohage range for DAC 2 +5 to -5 volts

P 1 3 Sglects single-ended or diffErential analog input type
Single-ended (jumpers instalted
on thres SE pins)

P14
Seleds ihe A/D converter stalus or the external gate
of timer/counter 2 to be available lor monitoring EOC (A/D convsrtEr status)

P1s
Sets the state of thE top 4 bits (the bits not used by
lhe 12-bit converter) of the 16-bit Ay'D output word

Bipolar
(must be the same as P4)

s'l Sets the base address 300 hex (768 decimal)
S2 Bypasses 8255 Port C buffers for Mode 1 operation Open (buffers not bypassed)

P3 - Analog Input Voltage Range (Factory Setting: 10 Volts)

This header connector, shown in Figure l-2, sets ilre analog input volage range for l0 or 20 volts. Note that if
the jumper is insalled on 20V, then P4 can only be set for bipolu (+t-). The input ranges allowed by the 2700 are
15, +10, and 0 to +10 volts.

P3 20V 10V

Fig. 1-2 - Analog Input Voltage Range Jumper, p3

P4 - Analog Input Voltage Polarity (Factory Setting: +/-)

This header connector, shown in Figure 1-3, sets tre analog input volage polarity for unipolar (+) or bipolar
(+/-). If the jumper on P3 is installed on 20V, then P4 can only be set for bipolar (+/-). The input ranges allowed by
the 2700 are 15, +10, and 0 to +10 volts. NOTE: P4 and P15 must be set the same for proper board operation.
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Fig. 1-1 - Board Layout Showing Faclory-Conligured Sefiings

+ +l- P4

Sot P15 to the same polarity!

Fig. 1-3 -Analog lnput Voltage Polarity Jumper, P4

P5 - DMA Request Channel @actory Setting: Di.sabled)

This header conn@tor, shown in Figure 1-4, lets you select channel 5,6, or 7 for DMA Eansfers. This line, the
DMA request line (DRQ), must be set to the sarne channel as rhe DACK line on K. The frclr:rry setting is DMA
disabled. Note that if any other device in your system is already using your selected DMA channel, channel conten-
rion will result, causing erratic operation.

P5

3i.;Et
Fig. 1-4 - DMA Request ChannelJumper, P5
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P6 - DMA Acknowtedge Channet (Factory Setting: Disabled)

This header connector, shown in Figure 1-5, lets you select channel 5, 6, or 7 for DMA Eansfers. This line, the
DMA acknowledge line (DACK), must be set to the same channel as rie DRe line on p5. The factory sefting is
DMA disabled. Note that if any other device in your system is already using your selected DMA channel, channel
contention will result, causing erratic operation.

3ilfHt
Fig. 1-5 - DMA Acknowledge ChannelJumper, p6

P7 -8254 Timer/Counter Clock Sources (Factory Settings: CLKI-OSC, CLK2-OT1, pCK)

This header connector, shown in Figure l-6, lets you select the clock sources for the 8254 timer/counters, TC0,
TCI' and TC2. TCO and TCI are cascaded to form the pacer clock. You must install two or three jumpers in order to
properly use the timer/counter features, including the pacer clock. Figure l-7 shows a block diagram of ttre timer/
counter circuitry to help you in making these connections.

The clock source for TCO and TCI is selected by placing a jumper on OSC or ECl on CLKI (the two pairs of
pins at the op of the header)' oSC is the on-board 8-MHz clock and ECI is an extemal clock source you connect
through the exrernal I/O connector (p245).

Below the CLKI pins are three pairs of pins labeled CLK2.These pins are used to select the clock source for
TC2' OTI connects the output of TCI to the clock pin of TC2. Installing a jumper here cascades a1 three timer/
counters, a feature necessary when using SIGNAL*MATH or ATLANTIS sofnrare (see Appendixes D and E).
OSC is the on-board S-MHz clock, and EC2 is connecred ro the same external clock source as ECI (p245).

The last two pins on this header, PCK and ET, let you use the pacer clock (pCK) or an extemal trigger (ET) ro
trigger A/D conversions. A jumper must be placed on PCK in order to use fte pacer clock (output rro* iCry. cir,
you can place the jumper across ET and connect any external trigger toY2-39 to trigger the A/b convener.

NOTES: You must disconnect the pacer clock by removing the PCK jumper and install the jumper of ET
whenever you use the extemal trigger line. You must have one jumper installed on one of the two CLKI selections
and one jumper insralled on one of the three CLK2 selections.

osc
EC1
oTl
osc
EC2

PCK

ET

Fig. 1-6 -8254 Timer/Counter Clock Source Jumpers, p7

P6

P7

Y

o

6l
Y

o
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TO A/D
TRIGGER P7

CLK I

2700
I/O CONNECTOR

P2

I
I
I) o-- 8 MHz

EXT CLK

EXT GATE 1

PrN 39lrRtGGER tN

TiC OUT 1

Fig. 1-7 - 8254 Timer/Counter Circuit Block Diagram

P8 - Interrupt Source and Channel (Factory Setting: Jumpers on OT2 & G; Interrupt Channels Disabled)
This header connector, shown in Figure 1-8, lets you connect, any one of the four intemrpt soruces o any of I I

intemrpt channels, IRQg (highest priority channel) ttrrough IRQI2, IRQ14, IRQ15, and then back to IRe3 through

P8 P8

Fig. 1-8a:
Factory Setting

oT2

ET

EOC

DMA

IRQ3

IRQ4

IRQ5

IRQ6

IRQT

IRQ9

IRQlO

I R Q l 1

IRQ12

IBQ14

IRQl5

G

Fig. 1-8b: Interrupt Source
Connected to lRQ3

oT2
ET

EOC

DMA

IRQ3

IRQ4

IRQS

IRQ6

IRQT

IRQg

IRQlO

IRQl1

IRQl2

tRo14
IRQ15

G

Fig. 1-B - lnterrupt Channel Jumper,

l-6



IRQT (lowest priority). Chapter 4 explains intemrpt channel prioritization in deail. To activate a channel, you must
install a jumper horizontally across the desired IRQ channel. Figure l-8a shows rhe factory serring; figurei-gb
shows the intemlpt source connected to IRe3.

At the top of the header, you can select any one of four signal sources to generate an intemrpt. An intemrpt
sourc'e is chosen by placing a jumper across the desired pair of pins. The intenupt sources available are the ttre
output of timer/countn 2 (oT2), extemal rigger (ED, elo end-of-convert @OC), and DMA done (DMA).

when jumpered' the bottom pair of pins on P8, labeled G, connects a I kilohm pull-down resistor to the output
of a high-impedance tri-state driver which carries the intemrpt request signal. This jul-down resistor drives theintemrpt request line low whenever intemrpts are not active. Whenever an intemrpi request is made, the ti-state
buffer is enabled, forcing the ouput high and generating an intemrpt You can monioithe intemrpt sa6s through
bitz n the sE[us word (I/O address location BA + 2). After the inrcmrpt has been serviced, the reset command
retums the IRQ line low, disabling the ri-state buffer, and pulling ttre ouput low again. Figure l-9 shows this
circuit Because the intemrpt request line is driven low only by G pull-down resis6r, you i* have two or more
boards which share the same IRQ channel. You can tell which board issued the intenuit request by monitoring each
board's IRQ sanrs bit.

NOTE: When you use multiple boards that share the same inremrpt, only one board should have the G jumper
installed. The rest should be disconnected. Whenever you operate a singte board, lhe G jumper should be insalled-

Fig. 1-9 - Pulting Down the Interrupt Request Line

P10 - DAc I output voltage Range (Factory setting: +s to.5 vorts)
This header connector, shown in Figure l-10, sets the output voltage range fon DAC I at 0 1p +5, t5, 0 to +10,

o1 t10 volts. Two jumpers must be installed, one to select theiange ani one !o select the multiplier. The two
rightmost jumpers select the range, brpolar (t5) or unipolar (5). The t*o leftmost jumpers select the multiplier, X2
or Xl. When a jumper is on the X2 multiplier pins, the range values become +10 and 10. The rable below shows thefour possible combinations of jumper settings, and the diagram shows the t5 volt bipolar setring. This header doesnot have to be set the same as Pl l.

I N T
S O U R C E IRQ STATUS

INTERRUPT

Voltage Range

Jumpers (Left to Rlghr)

x2 xl *5 5
-5 to +5 vohs OFF ON ON OFF

0 to +5 volts OFF ON OFF ON
-10 lo +10 volts ON OFF ON OFF
0 lo +10 volts ON OFF OFF ON

t-7



PlO DAC1

:II:
x2x1r5 5

Fig. 1-10 - DAC 1 Output Voltage Range Jumper, P10

Pll- DAC 2 Output Voltage Range (Factory Setting: +5 to -5 votts)

This header conneclor, shown in Figure 1-11, ses the output voltage range for DAC 2 at 0 !o +5, t5, 0 to +10,
or +10 volts. Two jumpers must be installed, one !o select the range and one o select the multiplier. The nvo
rightmost jumpers select the range, bipolar (+5) or unipolar (5). The two leftmost jumpers select the multiplier, X2
or Xl. When a jumper is on the X2 multiplier pins, the range values become +10 and 10. The table below shows the
four possible combinations of jumper settings, and the diagram shows the +5 volt bipolar seuing. This header does
not have to be set the same as P10.

Voltage Range
and Polarhy

Jumpers (Left to Rlght)

x2 x1 r5 5

-5 to +5 vohs OFF ON ON OFF

0 to +5 vohs OFF ON OFF ON

-10 lo +10 vohs ON OFF ON OFF

0lo +10 volts ON OFF OFF ON

x2x1r5 5

Fig. 1-11 - DAC 2 Output Voltage Range Jumper, P11

P13 - Single-Ended/Differential Analog Inputs (Factory Setting: Single.Ended)

This header connector, shown in Figure 1-12, configures ttre 2700 for 8 differentiat or 16 single-ended analog
input channels. When operating in the single-ended mode, three jumpers musr be inse[ed across the SE pins. When
operating in the differential mode, two jumpers must be installed across the D pins. DO NOT insall jumpers across
bottr SE and D pins at the same time!

Fig. 1-12 - Single-Ended/DifferentialAnalog lnput SignalType Jumpers, P13

E
P13

EI
U'
a
uJ
U,

o
uJ
o
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P14 - A,/D Converter StatudExternal Gate 2 Monitor (Factory Setting: EOC (A/D Converter Status))
This header connector, shown in Figure l-13, lets you select either the A,/D converter status or the external gate

input of timer/counter 2 to be available for monitoring at bit 3 of the status word (BA + 2). The A/D converter status
provides a direct read of the A/D converter's availability for sarting conversions. This line goes low when a
conversion starts, then goes high when the conversion is completed. Chapter 4 provides a ror" detailed explanation
of this status signal.

Pl4

l-l 'c,
I o.< leoc

Fig. 1-13 - A/D Converter StatuyExternal Gate 2 Monitor Jumper, p14

P15 - A/D Data Word Bit State Set (Factory Setting: +/-)

This header conn@tor, shown in Figure l-14, sets the state of the unused four bis in the l6-bit A/D dara word.
This header ensures that these four topmost bits are set at 0 for unipolar conversions and at the same state as the
MSB of the 12-bit A/D converted data for bipolar conversions. Chapter 4, BA + 0, explains this in more deail.
NOTE: P15 and P4 must be set the same for proper board operation.

Set P4 to the same polarityl

Fig. 1-14 -A/D Data Word Bit State Set Jumper, p15

51- 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 I/O and other peripherals. When the 27cp board anempts
to use I/O address locations already used by another device, contention results and the board does not work.

To avoid this problem, the27{J|_ has an easily accessible four-position DIP switch, Sl, which lets you select any
one of 16 starting addresses in the computer's VO. Should the factory seuing of 300 hex (768 decimal) be unsuitable
for your system, you can select a different base address simply by setting the switches to any one of the values listed
in Table 1-2. The table shows the swirch settings and ttreir conesponding decimal and hexadecimal (in parentheses)
values. Make sure that you verify the order of the switch numbers on the switch (l through 4) before r"uing them.
When the switches are pulled forward, they are OPEN. or set to logic 1, as labeled on ttre ptp switch package. When
you set the base address for your board, record the value in the table inside tfre back cover. Figure l-15 shows the
DIP switch set for a base address of 300 hex (768 decimal).

1-9



Table 1-2 - Base Address Swttch Setilngs, Sl
Base Address
Decimal/ (Hex)

Swltch Settlng
4 3 2 1

Base Address
Declmal/ (Hex)

Swltch Settlng
4 3 2 1

sLz tQAO) 0 0 0 0 768 / (3oo) l 0  0  0
544 | (220) 0 0 0 1 8ffi JQ20) r 00 t
s76 | (240) 0 0 1 0 832 | (340) l 0 l 0
608 / (260) 0 0 1 1 864 / (360) l 0 1 l

640 tQ80) 0 1 0 0 896 / (380) l l 0 0
672 t(2A0) 0 1 0 1 en tQAO) l 1 0 l
7M t(2C0) 0 l l 0 960 / (3C0) l l l 0
736 t(2E0) 0 1 1 1 992 | (3E0) l 1 1 l

0=c losed,  1=ope[

Fig. 1-15 - Base Address Switch, 51

52 - Buffer Bypass Switch (Factory Setting: OPEN (Not Bypassed))

When operating the 8255 in Mode 1, the lines of Port C function as control lines, some as outputs and some as
inputs. When using Mode l, the Port C buffers must be removed and bypassed to allow the port C lines to be
individually set as inputs or outputs. Figure 1-16 shows the Port C buffen, and the following steps t€ll you how ro
configure the board for Mode I operation.

To remove buffering from port C:

Close DIP swirches 1 through 8 on 52.
Remove U8 from the board.
Remove U9 from the board.

CAUTION: Remember, whenever you close the switches, be sure to remove &e buffers, U8 and U9, from the
board. Failure to do so may damage tlre board.

l .
2.
3.
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l
I/O CONNECTOR

P2 t P12
I
I

P IN 16

PIN 1.1

PIN 12

Fig. 1-16 - port C Buffer Circuitry

Pull-up/Pull-down Resistors on Digitat VO Lines

The 8255 programmable peripheral inrerface provides Z4TIIICMOS compatible digial I/() lines which can be
interfaced witlr extemal devices. These lines are divided into four groups: eightPort A lines, eight port B lines, four
Port C Lower lines, and four Port C Upper lines. You can install and connect pull-up or pull-down resistors for any
or all of these four groups of lines. You may want to pull lines up fon connection o switches. This will pull the 11nL
high when the switch is disconnected- or, you may want o pull lines down for connection to relays which conrol
turning motors on and off. These motors tum on when the digital linas controlling them are high. The port A urd
Port B lines of the 8255 auomatically power up as inputs - which can float high - during the few moments before
the boad is first initialized. This can cause tlre external devices connected to these linesto operate erratically. By
pulling these lines down, when ttre data acquisition syslem is first tumed on, the motors will not switch on before the
8255 is initialized.

To use the pull-up/pull-down feanre, you must first insall 10 kilohm resistor packs in any or all of the four
locations around the 20-pin P12 connector and near the botom of the p2 Ilo connector, labeled pA, pB, pcl-, and
PCH. PA and PB take 10-pin packs, and PCL and PCH take 6pin packs. Figure 1-17 shows a blowup of rhe pA,
PCL, and PCH resisor pack locations. pB is located to the left of pl2.

After the resistor packs are installed, you must connect them into the circuit as pull-ups or pull-downs. Locate
the three-hole pads on the board near the resistor packs. They are labeled G (for ground) on one end and V (for +5V)
on tle other end. The middle hole is common. PA is for Port A, PB is for Port B, PCL is for port C Lower, and pCIi
is for Port C Upper. Figure 1-17 shows these pads. To operate as pull-ups, solder a jumper wire between the
common pin (middle pin of the three) and the V pin. For pull-downs, solder a jumper wire between the common pin
(middle pin) and the G pin. Figure l-18 shows Port A lines wittr pull-ups, Port C Lower with pull-downs, and port C
Upper with no resistors.

l - 1 1
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Fig. 1-17 - Pull-up/Putt-down Resistor Circuitry
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8255
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Fig. 1-18 - Adding Pult-ups and puil-downs to Digitat t/O Lines

Gm, Gain Muttiplier Circuitry

1\e2700 has software programmable binary gains of l,Z,4,and 8. A gain multiplier circuit, Gm, is provided
so that you can easily configure special gain settings for a specific application. Note that when you use this feature
and set up the board for a gain of other tlan l, all of the input channeis will operate only at your custom gain sening.
In other words, if you install circuiry which gives you a gain multiplier of 10, then the iourprogrammable gains
available are 10, ?n,40, and 80.

Gm is derived by adding resistors Rl and R2, rimpot TR4, and capacitor C46, alllocated in the upper part, just
to the right of center on the board. The resistors and timpot combine to set the gain, as shown in the formula in
Figure 1-19' Capacitor C46 is provided so that you can add low-pass filtering in ne gain circuit. If your input signal
is a slowly changing one and you do not need to measue it at a higher rate, you may want to add a capacitor ata46
in order to reduce the input frequency range and in turn reduce the noise on yotu input signal. The formula for
setting the frequency is given in the diagram. Figure l-19 shows how the Gm circulry is configured.

As shown in Figure l-19, a solder short must be removed from the board o activate the Gm circuitry. This short
is located on the bottom side of the board under U27 (AD7L}IC). Figure l-20 shows the location of the solder
short.
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Remove solder short
(see Figure 1-20)

To calculate Gm:
Gm =[(TH4 + R2)/R1] + 1

To calculate lrequency:
t=1t12nC46(R2+TRa)l

Fig. 1-19 - Gain Circuitry and Formulas tor Catcutating Gm and f

Fernoye Solder Shorl
Between These 2 Pads on

Bottom Slde of Board
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o o o o o o
o q .  o o
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oooo

ooo000
oooooooo
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o o .  o o
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oooooooo
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Fig. 1-20 - Diagram lor Removalof Solder Short
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CHAPTER 2

BOARD INSTALLATION

The 2700 board is easy to install in your pCl/ef or compatible
computer. This chapter tells you step-by-step how to install and
connect the board.

After you have installed the board and made all of your con-
nections, you can turn your system on and run the 2700DIAC
board diagnostics program included on your example software disk
to verify that your board is working.
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Board Installation

Keep the board in its antistatic bag until you are ready to install it in your computer. When removing it from ttre
bag, hold the board at the edges and do not [ouch the components or connectors.

Before installing the board in your computer, check the jumper and switch settings. Chapter 1 reviews he
factory settings and how to change them. If you need to change any settings, refer to the appropriate instructions in
Chapter 1. Note that incompatible jumper settings can result in unpredictable board opetation and erratic response.

To install the board:

1. Turn OFF the power to your AT computer.
2. Remove the top cover of the computer housing (refer o your owner's manual if you do not aheady know

how ro do this).

3. Select any unused expansion slot and remove the slot bracket.
4. Touch the metal housing of the computer to discharge any suttic buildup and then remove ttre board from its

anrisatic bag.

5. If you are using the 20-pin P12 connector for 8255 digital I/O operations, connect the mating connector to it
before installing the board in the PC. Note that theY2IlO connector mounting bracket has an oversized
cutout to allow space for running the cable to Pl2 through the same VO slot. If you want to run both cables
through the same slot, you must make these connections before installing the board.

6. Holding the board by its edges, orient it so that is card edge (bus) connectors line up with ttre expansion slot
connectors in the bouom of the selected expansion sloL

7. After carefully positioning the board in the expansion slot so that the card edge connectors are resting on the
computer's bus connectors, 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 does not slide into place, remove it and ry again.
Wiggling the board or exert"ing too much pressure can result in damage to the boad or to the compub;.

8. After the board is installed, secure the slot bracket back ino place and put the cover back on yotu compurcr.
The board is now ready o be connected via the ext€mal I/O connector at the rear panel of your computer. Be
sure to observe the keying when connecting your external cable to the I/O connector.

External VO Connections

Figure 2-l shows the 2700's P2 50-pin VO connector and pl2 on-board 20-pin connector pinous. Refer to these
diagrams as you make your I/O connections.
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l/O Connector and Pl2 On-board Connector pin Assignments

Connecting the Analog Input Pins

The analog inputs on the 2700 can be set for single-ended or differential operation.

NOTE: It is good practice to connect all unused channels to ground, as shown in the following diagrams.
Failure to do so may affect the accuracy of your results.

Single'Ended. When operat"ing in the single-ended mode, connect ttre high side of the analog input to one of
the analog input channels, AINI through AIN16, and connect the low side to an ANALOG CXp-tpins Ig and,2U2T
on P2). Figure 2-2 shows how ftese connections are made.

Differential. When operating in the differential mode, twisted pair cable is recommended o reduce the effects
of magnetic coupling at the inputs. Your signal sourpe may or may not have a separate ground reference. When
using the differential mode, you should install a l0 kilohm resistorpack at locarion RN7 on the board o provide a
reference to ground for signal sources without a separate ground reference.

Firsl connect the high side of the analog input to the selected analog input channel, AINI+ through AINS+, and
connect the low side of the input to the conesponding AIN- pin. Then, for signal sources with a separate ground
reference, connect the ground from the signal source to an ANALOG GND (pins 18 and 20-22 ony2). Figure 2-3
shows how these connections are made.
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Connecting the Trigger In and Trigger Out pins, Cascading Boards

The 2700 board has an external rigger input (P2-39) and output (Y243) so rhat conversions can be starred
based on external events, or so that two or more boards can be cascaded and run synchronously in a "master/slave"
configuration. By cascading two (or more) boards as shown in Figure 24,they can be triggered to start an A/D
convenion at the same time (sampling uncertainty is less than 50 nanoseconds). When you cascade boards, be sure
to set each board for a different base address (see Chapter l), or system contention will result

NOTE: When cascading boards, the sampling uncertainty is less than 50 nanoseconds. If this level of uncer-
tainty is too geat for your application, you can connect the rigger signal to the trigger input of each board. In this
configuration, the boards are not cascaded, but rather driven by the same rigger pulse at the same time, and the
sampling uncertainty is reduced o less than 5 nanoseconds.

If you apply an external rigger to the hard's rigger in pin, note that a jumper should be installed on ET on p7
(see Chapter l). The board is triggered on the positive edge of the pulse and the pulse duration should be at least 100
nanoseconds.

BOARO T1
( M A S T E R )

2700
t/o coNNECToR

P2

I
I
I

BOARO ,2
(SLAVE)

P I N  1
i lux

A l N l  +

A I N 1  .

SIGNAL ,
souRcE |  '

z ourJ
( -

I
! p r r  z
I
I

r0K

I

I  p ' *  . t
TRIGGER IN

Fig.2-4 - Cascading Two Boards for Simultaneous Sampling

Connecting the Analog Outputs (ADA2700 Onty)

For each of the two D/A outputs, connect the high side of the device receiving the ouput O tfie AOUT channel
F2-17 or P2-19) and connect the low side of the device o an ANALOG GND (P2-18 orY2-20\.

Connecting the Timer/Counters and Digital VO

For all of these connections, the high side of an external signal source or destination device is connected to the
appropriate signal pin on the P2 VO connector or on P12, and the low side is connected to any DIGITAL GND.

Running the 2700DtrAG Diagnostics Program

Now that your board is ready to use, you will want to ry it out. An easy-to-use, menu-driven diagnostics
program, 2700DIAG, is included with your example software to help you verify your board's operation. you can
also use this program to make sure that your current base address setting does not contend with another device.
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CHAPTER 3

HARDWARE DESCRIPTION

This chapter describes the features of the 2200 hardware. The
major circuits are the A/D, the D/A, the timer/counters, and the
digital vo lines. This chapter also describes the hardware-select-
able interrupts.

3-l



3-2



The2700 board has four majon circuirs, the A/D, rhe D/A (ADA27CCI only), che timer/counters, and the digifal
VO lines. Figure 3-1 shows the block diagnm of ttre board. This chapter describes the hardware which makes up the
major circuis and hardware-selectable intemrps.

A/D Conversion Circuitry

The2700 performs analog-o-digital conversions on up o 8 differential or 16 single-ended sofrware-selectable
analog input channels. The following paragraphs describe the AID circuirry.

Analqg Inputs

The input voltage range is jumper-selectable for -5 to +5 volts, -10 o +10 volts, or 0 to +10 volts. Software-
programmable binary gains of l,2,4,and 8 let you amplifu lower level signals to more closely match the board's
input ranges. These gains can be customized for even greater input controi by adding a gain muttiplying circuit as
described in Chapter l. overvoltage protection o +35 volts is provided at the inpus.

A"/D Converter

The AD678 12-bit successive approximation A/D converter accurately digitizes dynamic input voltages in 5
microseconds, for a maximum throughput rate of 200 kIIz for the converter alone. Thi AD678 cbnains a sampte-
and-hold amplifier, a L2-bitAlD converter, a 5-volt reference, a clock, and a digiat interface to provide a ,orpl"t"
A/D conversion function on a single chip. Its low-power CMOS logic combined with a high-precision, low-noise
design give you accurate results.

Conversions are controlled through software (internally rriggered) or by an external rigger brought onto ttre
board through the I/O connector. An on-board pacer clock can be used to control the conveision rate. Conversion
modes are described in Chapter 4, Board Operation and programming.

Fig. 3-1 - AD2700/ADAZ700 Block Diagram
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Data Transfer

The converted data can be ransfened through the PC data bus to PC memory in one of two ways: by using the
microprocessor or by using direct memory access (DMA). Data bus transfers take more processor time to execute.
They use poning and intemrpts to determine when data has been acquired and is ready for ransfer. DMA places
data directly into the PC's memory, one byte at a time, with minimal use of processoi time. DMA nansfers are
managed by the DMA controller as a background function of the PC, letting you operate at higher throughput rates.
The maximum throughpur rare of the 2700 is 150 kHz.

D/A Converters (ADA2700 Onty)

Two independent 12$it analog output channels are included on the ADA2700. The analog outputs are gener-
ated by two 12-bit D/A converters with independent jumper-selecable output ranges of 15, +lb, 0 to +5, orb m +10
volts. The +10 volt range has a resolution of 4.88 millivolts, the +5 and 0 to +10 volt ranges have a resolution of
2.44 millivolts, and the 0 to +5 volt range has a resolution of l.22millivolts.

Timer/Counters

An 8254 programmable interval timer provides three l6-bit, g-MHz timer/counters to support a wide range of
timing and counting functions. Two of the timer/counters, TCO and TCl, are cascaded so that they can be used for
the pacer clock. The pacer clock is described in Chapter 4. You can use the remaining timer/counter, TCZ, for
counting applications, or cascade it to TCO and TCI for timing applications. Figure 3-2 shows the timer/counter
circuiry.

Each timer/counter has two inputs, CLK in and GATE in, and one output, timer/counter OUT. They 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 programmable modes are:

Mode 0 Event Counter (ntemrpt on Terminal Count)
Mode I Hardware-Retriggerable One-Shot
Mode 2 Rate Generator
Mode 3 Square Wave Mode

!-;;------' i
2700

I/O CONNECTOR
P2

I
I
I

EXT CLK

ptn l r  I  Ext  c l tE r

I
prru ge lrRrccen rn

I
p t r  oz l.T/C OUT 1

L- - - - - - - - - . ;  :

Fig. 3-2 -8254 Timer/Counter Circuit Btock Diagram
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Mode 4 Sofnvare-Triggered Srobe
Mode 5 Hardware Triggered Snobe (Reriggerable)

These modes are detailed in the 8254 Data Sheet" reprinted from Inrel in Appendix C.

Digital VO, Programmable Peripheral Interface

The programmable peripheral interface @pI) is used for digital I/O functions. This high_performance TTL/
CMOS compatible chip has 24 drgital I/O lines divided inro two groups of 12lines each:

Group A - Port A (8 lines) and Port C Up'per (4 lines);
Group B - Port B (8 lines) and Port C Lower (4 lines).

Port A and Port C are available at ttre extemal VO connector, p2. fort B and port C are available at the on_board
20-pin connector, P12. You can use these pors in one of two PPI operating modes, Mode 0 or Mode l. Do not try
to use Mode 2 operation! The 2700 does not support Mode 2. When operating in Mode l, the on-board buffen
must be removed from the Port C lines. This procedure is described in Chapter I in ttre 52 DIP switch discussion.
The 2700 operating modes are:

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

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

These modes are detailed in the 8255 Data Sheet" reprinted from Intel in Appendix C.
The bidirectional buffers on the 8255's VO lines monitor the 8255 control word ro auomatically set rheir

direction. Hardware changes to the buffer circuitry are required only when using Mode l, where the port C buffers
must be removed as described in Chapter l.

Interrupts

The27N has four jumper-selectable intemrpt sources: end-of-convert, DMA done, the external trigger, and the
output of timer/counter 2. The end-of+onvert signal can be used trc interrupt the computer when an A,/D conversion
is completed. The DMA done is used in the DMA mode to signal an intemrpt whenever a DMA transfer is com-
pleted. The external trigger at the VO connector can be used to generate an intemlpt whenever tre trigger line
changes from low to high. Or, the output of timer/counter 2 cangenerate an intemrpt whenever the count reaches 0.
Chapter I tells you how to set the jumpens on the intemrpt header connector F8, and Chapter 4 describes how to
program intemrpts.
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to prognrm and use your 2700
board by writing to and reading from the AT bus in 8- or 16-bit
words. It provides a complete description of the VO map, a de-
tailed description of programming operations and operating modes,
and flow diagrams to aid you in programming. The example
pfogfilrns included on the disk in your board package are listed at
the end of this chapter These programs, written in Turbo c and
Turbo Pascal, include source code to simplify your applications
programming.





Defining the VO Map

Th. VO map for the AD2700 and ADA2700 is shown in Table 4-l betow. As shown, the2T}}occupies 32
consecutive VO port locations.

Because of the lGbit struc[re of the AT bus, every other address location is used. Our programming structure
uses the l6-bit command for reading ttre AID converted data and for programming the nvo ADA2700 D/A convert-
ers. All other read/write operations are 8-bit operations.

, The base address (designated as BA) can be selected using DIP switch Sl as described in Chapter l,Board
Setrtngs. This switch can be accessed without removing the board from the connecbr. Sl is facory set at 300 hex
(768 decimal). The following sections describe the regisrer contents of each address used in the VO map.

Tabfe4-1 -AD27O0/ADAATW UO Map

Reglster D,escrlptlon Read Funalon Wrhe Functlon
Address'
(Declmal)

Read Data/Stad Conv€rt
Read 12-bit ArlD converted
data word Start A/D conversion B A + 0

Read Status/Reset Read status word
Resets board so thai it is
ready to start A/D oonversions BA+ 2

Ghannel/Gain/ Board
Funclions

Read current channel & gain
ssttings

Program channel & gain;
exlsrnal lrigger enable, IRQ
enable B A + 4

Reserved Not used Not used BA+ 6
D/A Converter 1
(ADA2700 Only) Not used

Program 12-bit DAC1 and
start conversion B A + 8

D/A Converter 2
(ADA2700 Only) Not used

Program 12-bit DAC2 and
stad conversion B A +  1 0

Reserved Not used Not used BA+ 12
Reserved Not used Not used B A + 1 4

8255 PPI Port A Read Port A digilal input lines
Program Port A digital output
lines B A +  1 6

8255 PPI Port B Read Port B digital input tines
Program Pod B digitaloutput
lines B A +  1 8

8255 PPI Port C Read Port C digital input lines
Program Port C digitaloutput
linEs B A + 2 0

8255 PPlControlWord Not used Program PPI conf iguration BA+22
8254 Timer/Counter 0
(Used for pacer clock) Read count value Load count register BA+24
8254 Timer/Counter 1
(Used for pacer clock) Read count value Load count register B A + 2 6
S254TimerlOounlet 2
(Available for external use) Read count value Load count register B A + 2 8
8254 Timer/Counter
Control Word Not used Program counter mode B A + 3 0
* BA = B35s Address
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BA + 0: Read Data/Start Convert (ReadAilrite)

16'bit operation. A read provides the 12-bit A/D converred data in a right justified format as shown below.
When jumpers on P4 and P15 are set for bipolar conversions, the data word's four most significant bis match the
MSB of the A/D converted data Oit 12). This is necessary to provide the conect twos complement representation of
the converted data. When P4 and P15 are set for unipolar conversions, tlrese top four bits are 0.

A write star8 an A,lD conversion (data written is irrelevant).

BIPOLAR DATA WORD:

Dl5 Dl4 Dl3 D12 Dl1 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
B i t 1 2  B i t 1 2  B i t 1 2  B i t 1 2  B i t 1 2  B i t 1 1  B i t l o  B i t g  B i t S

(MsB)

UNIPOLAR DATA WORD:

D15 D14 D13 D12 D l 1 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0  B i t 1 2 B i t 1 1  B i t 1 0 B i r 9 B i t 8  B i t T  B i t 6  B i t s  B 1 t 4  B i t S  B i t 2  B i r l

(MSB) (LSB)

BA + 2: Read StatuVReset (ReadAilrite)

t'bit operation. A read provides the four sanrs bits defined below. The end-of+onvert bit goes high when a
conversion is complete and does not go low until the data is read, useful information when using e*te-il triggering
to start conversions. The DMA done bit goes high when you are in the DMA mode and the DMA uansfer is
complete. The IRQ status bit goes high when an intemrpt has occurred and stays high until a reset command is sent
(BA + 2). D3 shows the s[atus of either the A/D converter status signal or the external gate input for timer/counter2,
depending on the setting ofjumper Pl4. Unlike the EOC status at bit 0, the A,/D converter stahs goes low when a
conversion starts and then goes high as soon as the conversion is completed. When the input tr,as Ueen sampled and a
conversion is in progress, this line goes low. At this time, the analog input channel can be changed, allowing
maximum throughput for channel scanning.

A write resets internal registen so that the board is ready to start conversions. The data writren is inelevant; the
act of writing to this address clears the board. A reset command resets the end-of-convert, DMA done, and IRe
status bits to 0.

Bit 7 Blt 6 Bit s Bit 4 Bit 3 Bttz Bit 1
(LSB)

End-of-Convert
0 = n o E O C
1 = conversion done

te

1ot done

IRQ Status
0 = N o l R Q
1 = t R Q

D7 D6 D5 D4 D3 D2 D1 DO

A/D CONVERTER Status | | End-o
0=conver l ing  |  |  O=no
1=notconver t ing  |  |  l=co
EXT GATE 2 Status I I
monitors externalgate 2 line I DMA Done

| 0 = DMA not dor
|  1 = DMAdone
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BA + 4: ChanneVGain/Board Functions Select (ReadAVrite)

t-bit operation. Programs the analog input channel and gain, and enables the IRQ and extemal rigger.
Reading this register shows you the current settings.

lRQ Enable
0 = IRQ disabled
1 = IRQ enabled

Analog Input
ChannelSelect
0000 = channel 1
0001 = channel 2
0010 = channel 3
0011 =channe l4
01 00 = channel 5
0101 = channel 6
0 1 1 0 = c h a n n e l T
0 1 1 1  = c h a n n e l 8
1 000 = channel 9
1001 = channel 10
1010 - channel 11
1011 =channe l  12
1100=channe l  13
1 101 = channel 14
1110 =  channe l  15
1 1 1 1 = c h a n n e l 1 6

External Trlgger Enable
0 = Disabled
1 - Enabled

ChannelGaln
0 0 = x 1
0 1  - x l
1 0 * x 4
1 1 = x 8

BA + 6: Reserved

BA + 8: D/A Converter 1(ADA2700 DACI) (Write Onty)

16'bit operation. Programs the 12-bit digital word for DACI in a right-justified format as shown below. The
act of writing o this port starts a D/A conversion on channel l.

Dl5 Dl4 Dl3 D12 Dl1 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
X x Bi t12 81t11 Bi t l0  Bi rg Bi tS Bi rT Bi t6  Bi rs  Bi r4 Bi t3  B1t2

(MSB)
Bit 1
(LSB)

BA + 10: DIA Converter 2 (ADA2700 DAC2) (IVrite Onty)

l6'bit operation. Programs the 12-bit digital word for DAC2 in a right-justified format as shown below. The
act of writing o this port starts a D/A conversion on channel 2.

Dl5 Dt4 Dl3 D12 D l 1 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
X x Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

(MSB)
8rt7 Bit 6 Bit s Bit 4 Bit 3 Bit 2 Bit 1

(LSB)

BA + 12: Reserved

BA + 14: Reserved

4-5



BA + 16: PPI Port A - Digital UO (Read/Write)

8'bit operation. Transfers the 8-bit Port A digital input and digial output data between ttre board and an
external device. A read Eansfers data from the exernal device, through P2, and into PPI Port A; a write ransfers the
written daa from Port A through P2 to an extemal device.

BA + 18: PPI Port B - Digitat I/O (ReadAilrite)

8'bit operation. Transfers the 8-bit Port B digital input and digitrl output data benveen the'board and an
external device. A read transfers data from the exemal device, through P12 (the on-board 20-pin connector), and
into PPI Port B; a write transfers the written data from Port B through Pl2 to an external device.

BA + 20: PPI Port C - Digitat I/O (ReadAilrite)

E'bit operation. Transfers the two 4-bit Port C digial input and digiml ourput data groups (port C Upper and
Port C Lower) between the board and an external device. A read transfers data from the Jxternal device, tlrbugh p2
andPl? (the on-board 20'pinconnector), and into PPI Port C; a urite transfen the wriuen data from port C 41fougn
Y2 and P12 to an external device.

BA + 22: 8255 PPI Control lVord (tVrite Onty)

8'bit operation. When bit 7 of this word is set to l, a write progams the PpI configuration. Bit 6 must always
be set to 0 (Mode 2 operation is not supported by tre 2700).

Mode Set
1 = aclive

D7 D6 D5 D4 D3 D2 D1 DO

|  |  Portc
|  |  o=ou r
|  |  1= inp
l l
I Port B
| 0 - ourpur

| 1 = input
I

Mode Select
0 = m o d e 0
1 = m o d e 1

r's 
i

!*
i3i
I  t t
I
I
I
I

lde Sels(
* mode
= modg
- modg j

Port A
0 = output
1 = input

:t

- - - l
t C Lower
output
input

Port C Upper
0 = output
1 = input

Group A

L_ --JY!-BJ
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The table below shows the connol words for ttre 16 possible Mode 0 port vo combinations.

When bit 7 of the PPI conrol word is set to 0, a write can be used to individually progmm the port C lines.

SeVReset
Function
0 = active

D7 D6 D5 D4 D3 D2 D1 DO

Bit
Blr
0=
Blt SeUReset
0 = s e t b i t t o 0
1 = S € t b i t t o lBlt Select

000 = Pco
001 = Pc1
010 = Pc2
011 =  PC3
100 = PC4
101 = PCs
1 1 0  =  P C 6
1 1 1  =  P C 7

8255 Port l/O Flow Dlrection and ControtWords, Mode 0
Group A Group B Control Word

PortA
Port C
Upper Porl B

Port C
Lower Blnary Declmal Hex

Outpul 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 Outpul Input lnput 1  0 0 0 0 0 ' t  ' l 1 3 1 83
Output Input Output Output 1 0 0 0 1 0 0 0 136 88
Output Input Output Input 1 0 0 0 1 0 0 1 137 89
Output Input Input Output 1 0 0 0 1 0 1 0 138 8A
Output lnput Input Input 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 Output Input 1 0 0 1 0 0 0 1 145 91
Input Output Input Output 1 0 0 1 0 0 1 0 146 92
lnput Output Input Input 1 0 0 1 0 0 1 1 147 93
lnput Input Output Output 1 0 0 1 1 0 0 0 152 98
Input Input Output lnpul 1 0 0 1 1 0 0 1 153 99

Input Input lnput Output 1 0 0 1 1 0 1 0 154 9A
Input Input lnput lnput 1 0 0 1 1 0 1 1 155 9B
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For example, if you want to set Port C bit 0 to 1, you would set up the control word so that bit 7 is 0; bits 1, 2,
and 3 are 0 (this selects PC0); and bit 0 is 1 (this sets PCO to 1). The control word is set up like this:

D7 D6 D5 D4 D3 D2 D1 DO

X = don't care

Blt
Set PCO

Blt Sefect
000 = PCO

BA + 24: 8254 Timer/Counter 0 (Read/Write)

8'bit operation. A read shows the count in the counter, and two write operations load the counter with a new
16'bit value in two 8-bit steps, LSB followed by MSB. The counter must be loaded in two 8-bit sreps! Counting
begins as soon as the count is loaded. This counter is cascaded with TCI o form the 32-bit on-board pacer clock.

BA + 26: 8254 Timer/Counter 1(Read/Write)

8'bit operation. A read shows the count in the counter, and two write operations load the counter with a new
16-bit value in two 8-bit steps, LSB followed by MSB. The counter must be loaded in two 8-bit steps! Counting
begins as soon as the count is loaded. This counter is cascaded with TCO to form the 32-bit on-board pacer clock.

BA + 2E: E254 Timer/Counter 2 (Read/Write)

8'bit operation. A read shows the count in the counter, and two write operations load the counter with a new
16-bit value in two 8-bit steps, LSB followed by MSB. The counter musr be loaded in two 8-bit sreps! Counting
begins as soon as tle count is loaded. This counter can be cascaded to TCO and TCI or it can be used independently.

BA + 30: 8254 Control Word (Write Only)

8-bit operation. Accesses the 8254 control register o directly conkol the three timer/counters.

Sets PCO to 1
(written loBA+22)

SeVReset
Function

Counter Selec
00 = Counter 0
01 = Counter 1
10 = Counter 2
11 = read back setting

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

D7 D6 D5 D4 D3 D2 D1 DO

Select
0 Counter

BCD/Blnary
0 = binaU
1=BCD

Counter ilode Select
000 = Mode 0, event count
001 = Mode 1, programmable 1-shot
010 = Mode 2, rate generator
011 = Mode 3, square wavs rate generator
100 = Mode 4, software-triggered strobe
101 = Mode 5, hardware-triggered strobe
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Programming the 27fi)

This section gives you some general information about programming and ttre AD2700 and ADA2700 boards,
and then walks you through the major 2700 programming functions. These descriptions will help you as you use the
example progruns included with the board and the programming flow diagrams at the end of this chapter. All of the
progzun descriptions in this section use decimal values unless otierwise specified.

The 2700 is programmed by writing to and reading from the correct VO port locations on the board. These VO
ports were defined in the previous section. Because the 2700 is AT bus compatible, reading the A/D converter data
and writing the D/A converter data is done in a l6bit word format. All other operations61i don" in an 8-bit word
formal High-level languages such as Pascal, C, and Cr+ make it very easy to readlwrite these ports. The table
below shows you how to read from and write to Vo ports in Turbo C and Turbo pascal.

Language Bead 8 Blts tYrite 8 Blts Reed 16 Bits Wrlh 16 Bits
Turbo C Dala = inp164166r.ur;oulponb(Address, Data) Data= inpo11466put1 outpod(Address, Data)

Turbo Pascal Data:= PorllAddress] Poil[Address]:= Dda Dala:= PortW[Address]PorlWlAddressl:= Data

In addition to being able o read/write the VO pors on the 2700, you must be able o perform a variety of
operations that you might not normally use in your programming. The table below shows you some of the operaton
discussed in this section, with an example of how each is used with pascal and c.

Language Modulus Integer Dlvision AND OR
c Vo

3 = b 7 o C
I

? = b / C
&

a=b&c a=b ;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

Many compilers have functions that can readlwrite either 8 or 16 bits from/to an I/O porr For example, Turbo
Pascal uses Port for 8-bit port operations and PortW for 16 bic, Turbo C uses inportb for an 8-bit read of a port
and inport for a 16-bit read. Be sure to use the correct function for E- and 16-bit operations with the 2700!

Clearing and Setting Bits in a port

When you clear or set one or more bits in a port, you must be careful that you do not change the satus of the
other bits. You can preserve the saars of all bits you do not wish to change by proper use of th! AND and OR
binary operators. Using AND and OR, single or multiple bis can be easily cteareo 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 - 2u,.
Exanple: Clear bit 5 in a port. Read in the current value of the port, AND it wittr 223
(223 = 255 - 2s), and then write the resulting value to the port. In pascal, this is programmed as:

V :=  por t  lpor tAddressJ , .
V  :=  V  AND 223;
Por t  [Por tAddress ]  :=  V ;

To set a single bit in a port, OR the current value of the port with the value b, where b = /tir.
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, this is programmed as:

V :=  por t  lpor tAddress ] , .
V  : =  V  O R  B ;
Por t  [Por tAddress ]  :=  V ;
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Sening or clearing more than one bit at a time is accomplished just as easily. To clear multiple bits in a port,
AND the current value of the port with the value b, where b = 255 - (the sum of the values of the bits to be cleared).
Note that the bis do not have to be consecutive.

Example: Clearbis 2,4,and6inaporlReadinthecunentvalueof theport,ANDitwith 171
(171 = 255 - 22 - Y - 2'\, and then write the resulting value to ttre port" In C, this is programmed
:ts:

v : inportb (port_address) ,.
v = v & 1 7 1 , .
outportb(port_address, v) ;

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

Example: Set bis 3, 5, and 7 in a port. Read in the current value of the port, OR it with 168
(168 = 23 + 2s + 2), and then write the resulting value back to the port In C, this is programmed
zts:

v :  inportb(port_address), .
v = v  I  1 5 8 ;
outportb (port_address, v) ;

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 dre bis in the range then sening only those bis that must be
set using the method shown above for setting multiple bits in a port. The following e*a*pie shows how this two-
step operation is done.

Example: Assign bits 3, 4, and 5 in a port to 101 (bits 3 and 5 set, bit 4 cleared). First, read in rhe
port and clear bis 3, 4, and 5 by Al.{Ding them with l99. Then set birs 3 and 5 by ORing them
with 40, and finally write the resulting value back to the pon In C, this is programmed as:

v = inportb(port_address) ;
v : v C 1 9 9 ;
v : v  |  4 0 ;
outportb (port_address, v) ,

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 intuition. For instance, if you are Bmpted to use addition and subracdon to set and clear bis in place
of the methods shown above, DON'T! Addition and subraction may seem logical, but they will not work if you try
to clear a bit ttrat is already clear or set a bit that is already set. FG example, you might think that to set bit 5 of a
porq you simply nepd to read in tle 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 rs already set? Bits O-to + witt be unaffected
and we can't say for sure what happens to bits 6 andT,but we can say for sure that bit 5 ends up cleared instead of
being ser A similar ploblem happens when you use subtraction to clear a bit in place of the method shown above.

Now that you know how to clear and set bits, we are ready to look at the programming steps for the 2700 board
functions.

A./D Conversions

The following paragraphs walk you through the programming steps for performing A/D conversions. Detailed
information about the conversion modes is presented in this section. You can follow ttrise steps on the flow dia-
gmms at the end of ttris chapter and in our example prognms included with the board. In this discussion, BA refers
to the base address.

. Initializing the Board

Start your program by resettin g the 27ffi board. This is done by writing to the CLEAR porr locared atBA + z.
The actual value you write to this pon is irrelevant. After resetting the board following po*ir-op, take an AID
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reading and throw it away to make sure the converter is initialized and conains no unwanted data. After the A/D
reading is taken, send a second CLEAR command to BA + 2. After clearing the board, you may want to initialize
the 8255 for Mode 0 or Mode I operation and configure your VO. Refer o the g255 conrol word descriprion,
BA+ 22, presented earlier to determine the value of the word you write for initialization. Now ttre board is initial-
ized and ready to run.

. Selecting a Channel

To select a conversion channel, you must assign values to bits 0 through 3 at BA + 4. The table below showsyou how to determine the bit settings. Note that if you do not want to change the gain setting, also programmed
through BA + 4, you must preserve it when you set the channel.

x x x x cH3 cH2 cH1 cH0 B A + 4

. Setting the Gain

You may choose among the various levels of programmable gain by setting bits 4 and 5 at BA + 4. The ablebelow shows you how to determine ttre bit settingg forthe gain y;u nod. If you have a gain multiplying resistorinstalled as described in Chapter 1, then orrr actual gain values will be those in the table-multiplied by the gain
multiplier's value. Note that if you do not want to change the channel setting, also programmed through BA + 4, youmust preserve it when you set the gain.

B A + 4

. Enabling and Disabling the External Trigger

Any time you use the external trigger or the pacer clock, this bit at port BA + 4 must be set high to enable AID
conversions.

. Enabling and DisablinC IRQ

Any time you use intemlpts, this bit at port BA + 4 must be set high to enable the on-board interrupt circuitry.
. Conversion Modes/Triggering

The 2700 has ttrree riggering (conversion) modes. Figure 4-l shows t6e timing diagram for Al) conversions.
This section describes the conversion modes.

Channel cH3 cH2 cH1 cH0 Channel cH3 cH2 cH1 cH0
I 0 0 0 0 I 1 0 0 0
2 0 0 0 1 1 0 1 0 0

0 0 1 0 11 1 0 1 0
4 0 0 a

I 1 1 2 1 0 1 1
5 0 1 0 0 1 3 1 1 0 0
o 0 1 0 1 1 4 I 1 o 1
7 0 1 t 0 1 5 1 1 1 0
8 0 1 1 1 1 6 ,| 1 1

x x G1 GO x x x x

Galn G1 GO
1 0 0
2 0 1

4 ,| 0
8 1 1
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Trigger

End-of-Convert
(EOC)

Read

Fig.4-1 -A/D Conversion Timing Diagram, AllModes

Internal vs. External Triggering. with internal riggering (also called software riggering), conversions are
initiated by writing a value to the START COI.IVERT port at BA + 0 on the board. Wiilr lxternal triggering,
conversions are initiated by applying a high TTL signal with a pulse duration of at least 100 nanoseconds to the
external TRIGGER IN pin (P2'39). Any TTL signal can be used as a rigger source. In fact, you can use the timer/
counter outputs as a trigger source.

Software trigger. In this mode, a single specified channel is sampled whenever a value is writtEn to the START
GoNVERT port, BA + 0. The acrive channel is the one specified ar poft BA + 4.

This is the easiest of all riggering modes. It can be used in a wide variety of applications, such as sample every
time a key is pressed on the keyboard, sample with each iteration of a loop, or warch the sys8em clock and sample 

'

every five seconds. see the SOFTTRIG sample prognm in c and pascal.

Pacer Clock. In ttris mode, conversions are continuously performed at the pacer clock rate. To use this mode,
you must program the pacer clock to run at the desired rate (see the pacer clock discussion later in this chapter). Tire
PCK jumper on P7 must be installed !o use the pacer clock.

This is the ideal mode for fitlingarr amry with daa. Triggering is automatic, so your progam is spared rhe
chore of monitoring tle pacer clock to determine when to sample. See the MULTI sampfe pr[gram in C and pascal.

External Trigger. In this mode, a single conversion is initiated by the rising edge of an external trigger pulse.
This mode is implemented when an external device is used to determine when to sample. see the EXTTRIG

sample program in C and Pascal.

. Starting an A/D Conversion

Sofnvare riggered single conversions are sarrcd by writing o the START COI.iVERT port at BA + 0. The
value you write is irrelevant For single conversions, you must write o this port to initia3e ev;ry conversion.
Externally riggered single conversions and multiple conversions riggered by the pacer clock through the external
trigger are started by the first pulse present after the external nigger has been enabled.

. Monitoring Conversion Status (DMA Done or End-of-Convert)

The A/D conversion status can be moniored through ttre DMA done flag or through the end-of-convert @OC)bit in the STATUS port at BA +2. When doing DMA ransfers, you will want to moniior the DMA done flag for a
transition from low to high. This tells you when a DMA transfer is complete and data has been placed in the pC,s
memory. The EOC line is available for monitoring conversion status wlien performing single conversions not using
DMA ransfer. When the EOC goes from low o high, ttre AID converter has completid its conversion and the daa
is ready to read. The EOC line says high following a convenion until the data hai been read. Then tlre line goes
back to low until the next conversion is complete.
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. Reading the Converted Data

A single read operation of port BA + 0 provides the l2-bit A/D conversion in the right-justified format defined
in the I/O map section ar rhe beginning of rhis chapter.

The output code and the resolution of the conversion vary, depending on the input voltage range selected.
Bipolar conversions are in twos complement form, and unipolar conuersions are str;ght binary. The key digital
codes and their input voltage values are given for each range in the three tables which follow.

A/D Blpolar Code Tabte
(15V; twos complement)

Input Voltage Output Code

+4.998 volts M S B  0 ' t 1 1  1 1 1 1  1 1 1 1  L S B

+2.500 vohs 0100 0000 0000

0 volts 0000 0000 0000
-.00244 vofts 1 1 1 11 1 1 11 1 1 1

-5.000 volls 1000 0000 0000

1 LSB = 2.44 millivolts

A/D Blpolar Code Tabte
(11 0v; twos complement)

Input Voltage Output Codo

+9.995 vohs M S B 0 1 1 1  1 1 1 1  1 1 1 1 L S B

+5.000 volts 01 00 0000 0000

0 volts 0000 0000 0000
-.00488 volts 1 1 1 11 1 1 1 1 1 1 1
-10.000 volts 1000 0000 0000

1 LSB = 4.88 millivolts

A/D Unlpolar Code Tabte
(0 to +10V; stralght blnary)

Input Voltag€ Output Code

+9.99756 vohs M S B  1 1 1 1  1 1 1 1  1 1 1 1  L S B

+5.00000 volls 1000 0000 0000

0 volts 0000 0000 0000

1 LSB = 2.44 millivolts
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. Programming the Pacer Clock

Two of the three 16-bit timer/counten in the 8254 programmable interval timer are cascaded to form the on-
board pacer clock, shown in Figure 4-2. When you want to use the pacer clock for continuous A/D conversions, you
must program the clock rate. To find the value you must load into the clock to produce the desired rate, you fint
have to calculate the value of Divider 1 (Iimer/Counter 0) and Divider 2 (Iimer/Counter l) shown in the diagram.
The formulas for making this calculation are as follows:

Pacer clock frequency = Clock Source Frequency/(Divider 1 x Divider 2)
Divider 1 x Divider 2 = Clock Source Frequency/Pacer Clock Frequenry

To set the pacer clock frequency at 100 kllz using the on-board 8-MI{z clock source, this eqnarien becomes:
Divider 1 x Divider2 =8 MHz/100kHz --> gO- g MHz/100 kHz

After you determine the value of Divider I x Divider 2, you then divide the result by the least common denomi-
nator. The least common denominator is the value that is loaded inro Divider 1, and the result of the division, the
quotient, is loaded ino Divider 2. In our example above, the least common denominator is 2, so Divider 1 equals 2,
and Divider 2 equals 802, or 40. The table below liss some common pacer clock frequencies and the counter
senings (using the on-board 8-MIIZ clock source).

After you calculate the decimal value of each divider, you can convert the result to a hex value if it is easier for
you when loading the count ino the 16-bit counter.

To set up the pacer clock on the 2700, follow tlrese steps:

1. Select a clock source (ttre 8-MHz on-board clock or an external clock source).
2. Program Timer/Counter 0 for Mode 2 operation.
3. Program Timer/Counter 1 for Mode 2 operation.
4. Load Divider l LSB.
5.load Divider I MSB.
6. load Divider 2 LSB.
7.Load Divider2 MSB.

The pacer clock star8 running as soon as the last divider is loaded. A,/D conversions can be started and stopped
by enabling and disabling rhe exremal nigger.

Pacer Clock

Fig.4-2 - Pacer Clock Block Diagram

Pacer Clock
Divlder 1

declmal/ (her)
Dlvlder 2

declmal/ (her)

148kH,z 2 | (0002) 27 t(0018',)

100 kHz 2 | (ooo2) 40 / (0028)

50 kHz 2 | (00021 80 / (00s0)

10 kHz 2 | (0002) 400 / (0190)

1 kHz 2 | (00021 4000 / (0FA0)

100 Hz 2 t (00021 40000 / (9c40)
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Interrupts

. What Is an Interrupt?

An intempt is an event that causes the processor in your compuier to temporarily halt its current process and
execute another routine. Upon completion of the new routine, control is retumed to the original routini at the point
where its execution was intemrpted"

Intemrps are very handy for dealing with asynchronous events (events that occur at less than regular intervals).
Keyboard activity is a good example; your comput€r 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 keysroke to occur. Thus, the intemrpt scheme is
used and the processor proceeds with other tasks. Then, when a keystroke does occur, the keyboard ,intemrpts' the
p(rcessor' and the procsssor gets ttrc keyboard dat4 places it in memory, and then reurms to what it was doing
before it was intemrpted Other common devices that use intemrps are modems, disk drives, and mice.

Your 2700 board can intemrpt the processor when a variety of conditions are met, such as DMA done, timer
countdown finished, end-of-convert, and exEernal rigger. By using these intemrpts, you can write sofnrare that
effectively deals with real world events.

. Interrupt Request Lines

To allow different peripheral devices to generate intemrpts on he same compu6r, the AT bus has 16 different
intemrpt request (IRQ) lines. A ransition from low to high on one of these lines generates an intemrpt request
which is handled by one of the AT's two intemrpt control chips. One chip handlei IReg rhrough IReT anh rhe other
chip handles IRQ8 through IRQ15. The conroller which handles IRQS-IRQI5 is chained to tni nrst controller
through the IRQ2 line. When an IRQ line is brought high, the intemrpt conrollers check to see if intemrpts are to be
acknowledged from that IRQ and, if another intemrpt is already in progress, they decide if the new request should
supersede the one in progress or if it has o wait until the one in progress is done. This prioritizing allows an
internrpt o be intemrpted if the second request has a higher pnority. The priority levells determined by the number
of the IRQ. Because of the configuration of the two controllers, with one chained to the other through IRe2, the
priority scheme is a little unusual. IR@ nas the highest priority, IRQI is second-highest, then priority jumps to
IRQ8,IRQ9, IRQIO,IRQIl,IRQI2,IRQI3,IRQI4, and IRQ15, and then followin! IRe15, ii;umpjUact ro IRe3,
RQ4' RQ5' IRQ6, and finally, the lowest priority, IRQ7. This sequence makes sense if you consider that the
controller that handlqs IRQS-IRQI5 is routed through IRe2.

. 8259 hogrammable Interrupt Controllers

The chips responsible for handling intenuptrequests in the PC are rhe 8259 hogrammable Intemrpt Conrol-
Iers. The 8259 thathandles IRQ0-IRQ7 is refened o as 8259A, and the 8259 that tranUtqs IReS-IRelj is refened
to as 82598. To use intemrpts, you need Eo know how to read and set the 8259 intemrpt mask registers (IMR) and
how to send tie end-of-intemrpt GOD command !o the g259s.

. Interrupt Mask Registers (IMR)

Each bit in the intemrpt mask register (IMR) contains the mask slatus of an IRQ line; in 825gA, bit 0 is for
IRQ0, bit 1 is for IRQI, and so on, while in 82598, bit 0 is for IRQ8, bit 1 is for IRe9, and so on. If a bit is set
(equal o 1), then the conesponding IRQ is masked and it will not generate an intemrpr If a bit is clear (equal to 0),
then the corresponding IRQ is unmasked and can generate intemrps. The IMR for n-eQ-ne7 is programmed
through port 2lH, and the IMR for IRQS-IRQIS is programmed through port AlH.

tRoT rR06 IRQS lRo4 IRQ3 IRQ2 IRQl IRQO

IRQl5 IBQl4 IRQl3 IRQl2 IRQl1 IRQlO IRQ9 IRQS

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

l/O Port 21H

l/O Port A1H
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. End-of-Interrupt (EOI) Command

After an intemrpt service routine is complete, the appropriatlS2Sg intemrpt contoller must be notified. When
using IRQ0-IRQ7, ttris is done by writing the value 20H to VO pon 20H only; when using IRQ8-IRQI5, you must
write the value 20H to VO pora 20H and A0H.

. V[hat Exactly Happens Vghen an Interrupt Occurs?

Undersunding the se4uence 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 2700), the
intemtpt controllers check to see if intemrpts are enabled for that IRQ, and then check to see if other intemrpts are
active or requested and determine which intemrpt has priority. The intemrpt controllers then intemrpt the processor.
The cunent code segment (CS), instruction pointer (IP), and flags are pushed on the scack for storage, and a new CS
and IP are loaded from a table ttrat exiss in the lowest lD%bytesof memory. This able is referred o as the
intempt vector table and each entry is called an intemrpt vector. Once the new CS and IP are loaded fr,om 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 intemrpted.

. Using Interrupts in Your Programs

Adding intemrpts to your software is not as difficult as it may s@m, and what they add in terms of performance
is often worth the effort. Note, however, that alttrough it is not that hard to use intemrpts, the smallest misake will
often lead to a system hang that requires a reboot This can be both frusrating and time-consuming. But, after a few
tries, you'll get the bugs worked out and enjoy the benefis of properly executed intemrps. In addition toieading rhe
following paragraphs, study the INTRPTS source code included on yo1u 2700 program disk for a better understand-
ing of intemrpt prograrn development.

.IVriting an Interrupt Service Routine (ISR)

The first step in adding intemrpts to yoru software is o write the interrupt service routine (ISR). This is the
routine that will aulomatically be executed each time an intemrpt request occurs on the specified IRe. An ISR is
different than standard routines that you write. First, on enEance, the processor registers should be pushed onto the
stack BEFORE you do anything else. Second, just before exiting your ISR, you must clear the intemrpt status of the
27C0 and write an end-of-intemrpt command to the 8259 conroller(s). Since 82598 generates a request on IRe2
which is handled by 8259A, an EOI must be sent to both 8259A and 82598 for IRQS-IRQI5. Finally, when exiting
the ISR, in addition to popping all 0re registers you pushed on entrance, you must use the IRET instruction and not a
plain RET. The IRET automatically poips the flags, CS, and IP that were pushed when the intemrpt was called-

If you find yourself intimidated by these requirements, take heart. Most Pascal and C compilers allow you to
identify a procedure (function) as an intemrpt type and will automatically add these instructions to your ISR, wirh
one important exception: most compilers do not auomatically add the end-of-intemrpt command to 0re procedure;
you must do this yourself. Other than this and the few exceptions discussed below, you can write your ISh just like
any other routine. It can call other functions and procedures in your program and it can access global daa. if you are
writing your fust ISR, we recommend that you stick to the basics; just something that will convince you that it
works, such as incrementing a globat variable.

NOTE: If you are writing an ISR using assembly langu,age, you are 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 important is, do not use any
DOS functions or routines that call DOS functions from within an ISR. DOS is not reentranq that is, a pOS
function cannot call itself. In typical programming, this will not happen because of the way DOS is wrinen. But
what about when using intemrpts? Then, you could have a sinration such as this in your program. If DOS function X
is being executed when an intemtpt occurs and the intemrpt routine makes a call o DOS function X, then function
X is essentially being called while it is already active. Such a r@nrancy auempt spells disaster because DOS
functions are not written to support ir This is a complex concept and you do not need to understand it Just make
sure that you do not call any DOS functions from within your ISR. The one wrinkle is that, unfortunately, it is not
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obvious which library routines included with your compiler rse DOS functions. A rule of thumb is thu routines
which write to the screen, or check the status of or read the keyboard, and any disk I/0 routines use DOS and should
be avoided in your ISR.

The same problem of reentrancy exists for many floating point emulators as well, meaning you may have to
avoid floating point (reat) math in your ISR.

Note that the problem of reenrancy 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 are not r@ntrant. 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 this 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 trat other important intemrpts are being ignored. Also, if you
spend oo long in your ISR, it may be called again before you have completed hurdling the first run. This often leads
to a hang that requires a reboot

Your ISR should have this strucnue:
' Push any prccessor registen used in your ISR. Most C and Pascal intemrpt routines automatically do this for

you.
. Put the body of your routine here.
. Clear the intemrpt bit on the 2700 by writing any value ro BA + 2.
' Issue the EOI command to the 8259 intemrpt controller by writin g20H n port 20H and port AOH (if you are

using IRQ8-IRQ15).
' Pop all registers pushed on enrance. 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 internrpt ISR(voi.d)
I

/* Your code goes here. Do not use
outportb(BaseAddress * 2, Ol;
outportb (Ox2O, 0x20) ,.
outportb (0x20, 0:<A0) ;

l

In Pascal:

Procedure ISR,. Interrupt;
beoin

{ You! code goes here. Do nort, use
Port[BaseAddress + 2] := 0;
Porc[920]  : -  S20;
Port [$A0] :: $20,.

end,'

any DOS functions! */

/* Clear 2700 interrupt *,/

/* Send EOf coranand to 8259A (for all IRQs) */

/* Send EOI conrnand to 82598 (if using IRQS-IS)

DOS functions! )
Clear 2700 internrpt )
Send EOI con'mand t.o 8259A (for all IRQs) l
Send EOf conrrand to 82598 (if using IRQS-1S) )

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

The next step after miting the ISR is to save the startup state of the intemrpt mask register and the intemrpt
vector that you will be using. The IMR for IRQGIRQT is located ar I/O port 21H; the IMR for IReg-IRel5 is
located at VO port AlH. The intemrpt vector you will be using is located in the intemrpt vector able which is
simply an aray of 256 four-byte pointers and is located in the first l0Z bytes of memory (Segment = 0, Offset = 0).
You can read this value directly, but it is a better practice to use DOS function 35H (get intemrpt vector). Most C
and Pascal compilers provide a library routine for reading the value of a vector. The vectors for IRQO-IRQ7 are
v@tors 8 through 15, where IRQ0 uses vector 8, IRQI uses vector 9, and so on. The vectors for IRQS-IRQI5 are
vectors 70H through 77H, where IRQ8 uses vector 70H, IRQ9 uses vector 71H, and so on. Thus, if the 2700 will be
using IRQ15, you should save the value of intemrpt vecor 77H.

4-t7



Before you inseall your ISR, temporarily mask out the IRQ you will be using. This prevens tlre IRQ from
requesting an intemrpt while you are insalling and initinlizing your ISR. To mask the IRQ, read in the cunent IMR
at VO port 21H for IRQO-IRQ7, or at VO port AIH for IRQ8-IRQI5 and set the bit that corresponds o your IRQ
(remember, setting a bit disables intemrpts on that IRQ while clearing a bit enables them). The IMR on 8259A is
arranged so that bit 0 is for IRQ0, bit 1 is for IRQI, and so on. The IMR on 82598 is arranged so that bit 0 is for
IRQ8, bit 1 is for IRQ9, and so on. See the paragraph entitlellnterrupt Mask Register (IMR) earlier in this chapter
for help in determining your IRQ's bit. After seaing the bit, write the new value o VO port 21H (IRQ0-IRe7) or I/O
porrAlH (IRQ8-rRQI5).

With the startup IMR saved and the intemrpts on your IRQ temporarily disabled, you can assign the intemrpt
vector to point !o yotlr ISR. Again, you can overwrite the appropriate entry in the vector table with a direct memory
write, but this is a bad practice. Instead, use either DOS function 25H (set intemrpt vector) or, if your compiler
provides it, the library routine for secing an intemrpt vector. Remember that vectors 8-15 are for IRQ0-IRe7 and
vectors 70H-77H are for IRQS-IRQI5.

If you need to prognm the source of your interrupts, do that nexL For example, if you are using the program-
mable interval timer to generate intemrpts, you must program it o run in the proper mode and at the proper rate.

Finally, clear the bit in the IMR for the tRQ you are using. This enables intemrpts on the IRe.

. Restoring the Startup IMR and Interrupt Vector

Before exiting your prognm, you must restore the intemrpt mask register and intemrpt vectors to the state they
were in before your progfim started. To restore the IMR, write the value ftat was saved when your program sarted
to VO port 21H for IRQO-IRQ7 or VO port AIH for IRQ8-IRQI5. Restore the intemrpt vecror that wassaved at
startup with either DOS function 25H (set intemrpt vector), or use the library routine sup'plied with your compiler.
Performing these two steps will guarantee that the intemrpt status of your computer is the same aftei running your
program as it was beforc your pro$am started running.

. Common Interrupt Mistakes
' Remember that hardware intemrps are numbered 8 through 15 for IRQGIRQT and 70H ttrough 77Hfor

rRQ8-rRQ15.

' Two of the most common misakes when writing an ISR are forgetting to clear the intemrpt sratus of ttre 2700
and forgering to issue the EOI command o the appropriateSzsg interrupt controller before exiting the ISR.

Data Transfers Using DMA

Direct Memory Access (DMA) transfers data between a peripheral device and I{ memory wifrout using the
pKressor as an intermediate. Bypassing the processor in this way allows very fast transfer rates. All PCs contain the
necessary hardware components for accomplishing DMA. However, software support for DMA is not included as
part of the BIOS or DOS, leaving you with the task of programming the DMA controller yourself. With a liole care,
such programming can be successfully and efficiently achieved"

The following discussion is based on using the DMA controller to get data from a peripheral device and write it
to memory. The opposite can also be done; the DMA controller can read data from memory and pass it to a periph-
eral device. There are a few minor differences, mostly in programming the DMA controller, but in general the 

-

process is the same.

The following steps are required when using DMA:

1. Chmse a DMA channel.
2. Allocate a buffer.
3. Calculate tre page and offset of the buffer.
4. Set the DMA page register.
5. Program the8237 DMA conroller.
6. Program device generaring d^t^Q7m\
7. Wait until DMA is complete.
8. DisableDMA.

Each step is detailed in the following paragraphs.
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. Choosing a DMA Channel

There are a number of DMA channels available on the PC for use by peripheral devices. T:hez7C0 can use
DMA channel 5, 6, or 7. The facory setting is DMA disabled. You can arbirarily choose any of these; in most cases
your choice will be fine. Occasionally though, you will have another peripherat device (for example, a tape backup
or Bernoulli drive) that also uses the DMA channel you have selected. This will certainly cause erratic results and
can be hard o detect. The best approach to pinpoint this problem is o read rhe documentation for the other periph-
eral devices in your system and try to determine which DMA ctunnel each uses.

. Allocating a DMA Buffer

When using DMA, you must have a location in memory where the 8237 DMA connoller will place ttre l6-bit
data words which contain the l2-bit A/D converted data from the2700 board. This buffer can be either shtic or
dynamically allocated. The buffer must start on a word boundary (i.e., even numbered address). you should force
your compiler !o use word alignment for daa. Be sure that its location will not change while DMA is in progress.
The following code examples show how to allocate buffers for use with DMA.

In Pascal:

V a r  B u f f e r  :  A r r a y [ 1 . . 1 0 0 0 0 J  o f  B y t e ;
-or-

Var Buf fer  :  ^Byte, .

Bu f fe r  : :  ce tMem(10000 )  t

In C:

c h a r  B u f f e r [ 1 0 0 0 0 ] ;

-or-

char  *Buf fe r ;

B u f f e r  =  c a l l o c ( 1 0 0 0 0 ,  0 ) ;

{  s tat ic  a l locat ion )

{dynamic a lJ-ocat ion }

/ *  s ta t i c  a l l oca t i on  * /

/ *  dynamic a l locat ion * /

. Calculating the Page and Offset of a Buffer

Once you have a buffer ino which to place your data you must inform the8237 DMA controller of the location
of this buffer. This is a little more complex than it sounds because the DMA controller uses a page:offset memory
scheme, while you are probably used to thinking about your computer's memory in terms of a segmencoffset
scheme. Paged memory is simply memory thatoccupies contiguous, non-overlapping blocks of memory, with each
block being 64K (one Inge) in length. The first page (page 0) sarts ar the frst byte of memory, the second page
(page l) starts at byte 65536, the third page (page 2) atbyte l3l072,and so on. A computer wittr 640K of meiory
has l0 pages of memory.

The DMA controller can write to (or read from) only one page without being reprogrammed. This means that
the DMA controller has access to only 64K of memory at a time. If you program it o use page 3, it cannot use any
other page until you reprogmm it to do so.

When DMA is started, the DMA controller is programmed to place dataata specified offset ino a specified
page (for example, start writing at word 5I2 of pge 3). Each time a word of daa is witten by the conroller, the
offset is automatically incremented so the next word will be placed in the next memory location. The problem for
you when programming these values is figuring out what the conesponding page and offset are for your buffer.
Most compilers concain macros or functions that allow you to directly determine the segment and offset of a data
structure, but not the page and offset. Therefore, you must. calculate the page number and offset yourself. Probably
the most intuitive way of doing this is to convert t}te segmenfioffset address of your buffer to a linear address and
then convert that linear address to a page:offset addrcss. The table at the top of the next page shows functionV
macros for determining the segment and offset of a buffer.
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Language Segment Offset

c FP_SEG
s - FP_SEG(&Buffer)

FP-OFF
o = FP_OFF(&Bufler)

Pascal seg
S := Seg(Buffer)

CIs
O:= O1s1gu6.t;

Once you've determined the segment and offset, multiply the segment by 16 and add the offset o give you the
linear address. (Make sure you store this result as a long integer, or DWORD, or the results will be meaningless.)
The linear address is a20-bit value, with the upper 4 bis representin gthe page and the lower 16 bits representing
the offset into the page. Even though the upper 4 bits are the page, only the upper 3 bits, D17, Dl8, and Dl9, are
sent to what is called the page regtster. The remaining bit for the page, Dl6, is sent o the base address register of the
DMA conEoller along with bits Dl through Dl5. Since the buffer sits on a word boundary, bit D0 must be zero, and
is ignored. The following diagram shows you o which registen the componens of the 2Gbit linear address are sent.

To page register

The following examples show you how to calculate the linear address and break it ino components to be sent to
the various registers.

In Pascal:

Segrnent := SEG(Buffer); {
Offset :-  OFS(Buffer),  t
linearAddress :* Segrnent * 16 + Offset; {
PageBit.s :- (LinearAdclress DM5536) AND SOE; {

OffsetBit.s ;= (LjnearMclress SHR 2) MOD 65536,. {

0

tr

get segfltent of buffer l
get offset of buffer )
calcul.ate linear address )
deterrnine page corresponding to this
linear ad&ess and clear least
significant bit )
shift linear address to j.gnore D0 then
exLract bits DL-D16 l

In C:

segment - FP_SEG(&Buffer),-
offset = FP_OFS(&Buffer) ;
linear_ad&ess = segnent *
pagebits = (l-inear address

15 + offseti  /1,
/  65535) 6 0x08,- /*

get segfiEnt of buffer *,/

get offset of buffer */

calsulate linear address */

deterrnine page corresponding to this
linear address and clear least
significant bit *,/

offset-bits - (linear-address >> 2) * 55536,' /* shift linear address to ig.nore D0 then
extract bits D1-D15 *,/

Beware! There is one big catch when using page-based addresses. The 8237 DMA controller cannot write
properly to a buffer that 'straddles' a page boundary. A buffer sfiaddles a page boundary if one part of the buffer
resides in one page of memory while another part resides in the following page. The DMA controller cannot
properly write to such a buffer because the DMA controller can only write to one page without reprogramming.
When it reaches the end of the cunent page, it does not start *iting to the next page. Instead, it starts writing back
at the fust byte of the curent page. This can be disastrous if the beginning of the page does not correspond to your
buffer. More often than not, this location is being used by the code portion of your program or the operating system,
and writing datato it will almost always causes erratic behavior and an eventual system crash.

19  18  17 1615141312  1110  9 87654321

To 8237 base address MSB To 8237 base address LSB
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You must check to see if your buffer straddles a page boundary and, if it does, take action to prevent the DMA
controller from trying to write o the portion that continues on the next page You can reduce the size of the buffer or
try o reposition the buffer. However, this can be difficult when using large sratic data strucnres, and often, the only
solution is to use dynamically allocated memory.

. Setting the DMA Page Register

Oddly enough, you do not inform the DIvIA controller directly of the page to be used. Instea4 you put tle page
to be used ino the DMA page register, with the least significant bit set o zeio. The DMA page registerls sepatati
from the DMA conroller, as shown in the table below.

DM/t Channel Locatlon of Page Reglster

5 88(13e)

6 8et(137)

7 8A/(138)

. The DMA Controller

The DMA controller is made up of two complex 8237 chips, one for DMA channels 0-3, and one for channels
4-7, that occupy 32 contiguous bytes of the AT I/O port space sarting with port CgH. A complete discussion of how
it operates is beyond the scope of this manual; only relevant informuion is included here. The DMA controller is
programmed by writing to the DMA registers in your AT. The able below lists these registers.

If you are using DMA channel 5, write your page offset bits to port C4H and the count o C6H; for channel 6,
write the offset to C8H and the count o CAH; for channel 7, write the offset to CCH and the count to CEH. The
page offset bits are the bis you calculated as shown above. Count indicates the number of samples that you want the
DMA controller to transfer. The value that you write to ttre DMA controller is (number of samites - 1). The single
mask register and mode register are described below.

. DMA Single Mask Register

The DMA single mask register is used o enable or disable DMA on a specified DMA channel. you shoutd
mask (disable) DMA on the DMA channel you will be using while programming the DMA controller. After the

DMA Reglsters

ChannelS DMA Page Select

Channel 5 DMA BasE Address

Channel 6 DMA Page Select

Channel 6 DMA Base Address

ChannelT DMA Page Select

Channel 7 DMA Base Address
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DMA controller has been programmed and the}7D has been programmed to sample data, you can enable DMA by
clearing the mask bit for the DMA channel you are using. You should manually disable Ofvie Uy setting the mask
bit before exiting your prognm or, if for some reason, sampling is halted before ttre DMA controller has transferred
all the data it was programmed to transfer. If you leave DMA enabled and it has not transferred all rhe data it was
programmed to transfer, it will resume transfers the next rime dara appears ac *re A/D converter. This can spell
disaster if your program has ended and the buffer has be reallocatedio another application.

x x x x x 82 B1 BO

Channal

l/O Port D4H

Select
Mask git O0 = Channel4
0 = uoffi?Sk 01 = g6snn";5
1 = fi6Sk 10 - e63n'1"1 6

11 - Channel 7
. DMA Mode Register

The DMA mode register is used to set par:rmeters for the DMA channel you will be using. The read/write bits
are self explanatory; the read mode cannot be used wi0r the 2700. Autoin iializauonallows the pMA controller to
automatically start over once it has ransferred the requested number of words. Decrement means the DMA conrol-
ler should decrement its offset counter after each transfer; the default is incremenl We recommend that you use
either the demand or single transfer mode when transferring data.

87 B6 B5 B4 B3 82 B1 BO

rfer Moc
Jemand
ringle tra
rlock
;ascade

Autolnitiallzatl
0 = disable
1 = enable

on Channel t
00 = Chan
01 = 66"n
10 = g63n
11 =  Chan

l/O Port DGH

Tran
0 0 =
0 1  =
1 0  =
1 1 =

tnel Select
Channel 4
Channel 5
Channel 6
Channel 7

Offset Counter
0 = increment
1 = decrement

RaadlVt/rite
01 = write
10 - read (not used with 2700)

. Programming the DMA Controller

To program the DMA controller, follow these steps:

1. Disable DMA on the channel you are using.
2. Write the DMA mode register to choose the DMA parameters.
3. Write the page offset bits (Dl-Dl6) of your buffer.
4. Write the number of samples to transfer.
5. Enable DMA on the channel you are using.

. Programming the 2700 for DMA

Once you have set up the DMA controller, you musr progrilm the}7ffi for DMA. The following steps list thisprocedure:

l. hogram the pacer clock (if appropriare).
2. Set the IRQ enable bit in BA + 4.
3. Set the external trigger enable bit in BA + 4.
4. Monitor for DMA done.
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. Monitoring for DMA Done

There are two ways to monitor for DMA done. The easiest is to poll the DMA done bit in the 2700 status
register (BA +2). While DMA is in progress, the bit is clear (0). When DMA is complere, ttre bit is set (l). The
second way to check is to use the DMA done signal to generate an intemrpt An intenupt can immediately notify
your progam that DMA is done and any actions can be taken as needed. Both methods are demonstrated in the
sample C and Pascal progxams, the polling method in the program named DMA and the intemrpt method in
DMASTR.

. Common DMA Probtems

Make sure that your buffer is large enough to hold all of the data you program the DMA conholler to transfer.
Check to be sure that your buffer does not straddle a page boundary.

Remember that the value for the number of samples for the DMA controller o nansfer is equal to (the
number of samples - l), This is because as the DMA controller counts down, it transfers a sample when the
count reaches 0.

' If you terminate sampling before the DMA controller has ransferred the number of bytes it was programmed
for, be sure to disable oMA by setring the mask bit in the single mask register.

D/A Conversions

The two D/A converten can be individually programmed 0o convert l2-bit digital words into a voltage in ttre
range of +5, +10, 0 to +5, or 0 to +10 votts. DACI is programmed by writing ttre iz-uit digital daa word to BA + g.
DAC2 is identical, with the data word written o BA + 10. The following tables [st the rcy Agiat codes and
corresponding output voltages for the D/A converters.

D/A Converter Untpotar Callbrailon Table

D/A Blt Weight

ldeal Output Voltage (ln mlillvotts)

0 t o + 5 V 0 t o + 1 0 V

4095 (Max. Output) 4998.8 9997.6

2048 2500.0 5000.0

1024 12s0.0 2500.0

512 625.00 1250.0

256 312.s0 625.00

128 156.250 312.50

64 78.12s 156.250

32 39.063 78.125

1 6 19.s313 39.063

I 9.7655 19.5313

4 4.8828 9.7656

2 2.4/.14 4.8828

1 1.2207 2.4414

0 0.0000 0.0000

a
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D/A Converter Blpolar Callbratlon Tabte

D/A Bit Welghr

ldeal Oulput Voltage (ln ml!llvolts)

1 5 V r10 v
4095 (Ma:<. Output) +4997.6 +9995.1

2048 0.0 0.0

1024 -2500.0 -5000.0

512 -3750.0 -7500.0

2s6 4375.0 -8750.0

128 4687.s -937s.0

64 484:!.8 -9687.s

32 4921.9 -9843.8

1 6 *4960.9 .9921.9

8 -4980.s -9960.9

4 -4990.2 -9980.5

2 -499s.1 -9990.2

1 -4997.6 -999s.1

0 €000.0 -10000.0

Timer/Counters

An 8254 programmable interval timer provides three l6-bit, 8-MHz timer/counters for timing and counting
functions such as frequency measurement, event counting, and intemrpts. Two of the timer/counters are cascaded
and can be used for the pacer clock. The remaining timer/counter is available for your use. Figure 4-3 shows the
tim er/coun ter circuitry.

i-a;------l
2700

I/O CONNECTOR
P2

I
I

EXT GATE 2

T/C OUT 2

Fig. 4-3 -8254 Programmable Interval Timer Circuit Block Diagram

TO A/O
TRIGGER

I
PrN 4zlT/c our I
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Each timer/counter has nro inputs, cLK in and GATE in, and one output, timer/counter our. They can be
programmed as binary or BCD down counten by writing the appropriate data to the command word, as described in
the I/O map section at the beginning of this chapter.

One of two clock souces, the on-board 8-MHz crystal or the extemal clock e245) can be selected as the clock
input to TCO or TC2. The diagram shows how these clock sotuces are connected to the timer/counters.

Two gate sources are available at ttre VO connector (p}4l andv246).When a gate is disconnected, an on_
board pull-up resistor automatically pulls the gato high, enabling the timer/counter.

The output from Timer/Counter I is available at rhe T/C OUT I pin p2a\ and Timer Counter 2's ourput is
available atTlO 2 OLrf e244), where they can be used for intemrpt generation, as an A/D trigger, or for counting
functions.

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 (Interrupt on Terminat Count). This mode is typically used for event counting.
While the timer/counter counls down, the output is low, and when the count is complete, it goes high. The oofut
stays high until a new Mode 0 control word is written o 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 ttren goes high
and remains high until the clock pulse after the next rigger.

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 ouput is initially high, and when the count decrements to l, the output goes low for
one clock pulse. The output then goes high again, the timer/counter reloads the initial count, and the piocess is
repeated. This sequence continues indefinitely.

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

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

Mode 5' Hardware Triggered Strobe (Retriggerable). The ourpur 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.

Digital VO

The 24 8255 PPl-based digital VO lines can be used to transfer data benpeen rhe computer and external devices.
Because the lines are buffered, only Mode 0 or Mode I operation can be used. When using Mode l, remove the port
C buffers as described in Chapter l. The digital input lines can have pull-up or pull-downiesistors insblled, as
described in Chapter 1.
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Example Programs and Flow Diagrams

Included with the 2700 is a set of example programs that demonstrate the use of many of 0re board's features.
These examples are written in C and Pascal. Also inctuded is an easy-to-use menu-driven rtiagnostics program,
2700DIAG, which is eqpecially helpful when you are first checking out your board after installation and when
calibrating 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 2200
board. In the C direcory,t700.Hurd 2700.INC contiain all the functions needed o implement the main C programs.
H defines the addresses and INC contains the routines called by rhe main programs. In the pascal direcory,
2700.PNC contains all of the procedures needed o implement the main Pascal progams.

Analog-to-Digital:

SOFTTRIG DemonsmEs how to rse the sofnvare rigger mode for acquiring data.
EXTTRIG similar to SOFTTRIG except that an external rigger is used.
MULTI Shows how to fill an array with data using a sofrware trigger.

Timer/Counters:

TIMER A shont program demonstrating how to prognm the 8254 for use as a timer.

Digitat VO:

DIGITAL

Digital-to-Analog:

DAC
WAVES

Interrupts:

INTRPTS
INTSTRM

DMA:

DMA

DMASTRM

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

shows how to use the DACs. uses A/D channel I to monitor the ouput of DAcl.
A more complex progam that shows how to use the g254 timer and the DACs as a
waveform genentor.

Shows the bare essenrials required for using intemrpts.
A complete program showing intemrpt-based sreaming to disk.

Demonstrates how to use DMA to Eansfer acquired data to amemory buffer. Buffer can
be written to disk and viewed wittr the included VIEWDAT progxam.
Demonstrates how to use DMA for disk sgeaming. Very high continuous acquisition
rates cirn be obtained.
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Flow Diagrams

The following paragraphs provide descriptions and flow diagrams for some of the 2700's A/D and D/A conver-
sion functions. These diagrams will help you to build your own custom applications prognms.

. Single Convert Flow Diagram @igure 4-4)

This flow diagram shows you the steps for taking a single sample on a selected channel. A sample is taken each
time you send the Start Convert command. All of the samples will be taken on the same channel and at the same
gain until you change the value in port BA + 4. Changing this value before each Start Convert command is issued
lets you take the next reading from a different channel ara different gain.

Fig.4-4 - Singte Conversion Flow Diagram

Clear Registers
(Reset)

Select Channel
& Gain

Change Channel
or Gain?

Start Conversion

End-of-Convert

Read 12-blt A/D Data Stop Program
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. DMA Flow Diagram (Figure 4-5)

This flow diagram shows you how to ake samples and nansfer the data directly ino the computer's memory.
You can use DMA channel 5, 6, or 7 to transfer data to the computer's memory. The pacer clock can be used to set
the sampling interval.

Fig.4-5 - DMA Flow Diagram

Clear Registers
(Reset)

Program 8254 TCO & TC1 for
desired transfer rates

Select Channel
& Gain

Program DMA Controller

Enable DMA &
ExternalTrigger

DMA Done = 1?

Stop Program



. fnterrupts Flow Diagram (Figure 4-6)

This flow diagram shows you how to program an intemrpt routine for your 2700. The diagram prallels the
intemrps discussion included earlier in this chapter. You can use this diagram in conjunction *ittr ttre detailed text
in this chapter to develop an interrupt program for your 2700.

Fig. 4-6 - Interrupts Flow Diagram



. D/A Conversion FIow Diagram (ADA2700 Only) (Figure 4-7)

This flow diagram shows you how to generate a volage output through the D/A converter on the ADA2700. A
conversion is initiated each time the digital data is written to the D/A converter.

Fig.4-7 - D/A Conversion Flow Diagram

Wrib 12-bit
digital data and

updat DAC



CHAPTER 5

CALIBRATION

This chapter tells you how to calibrate the Tlffi using the
2700DIAG calibration program included in the example sofrware
package and six trimpots on the board. These trimpots calibrate the
A/D convefter gain and offset and the Dl{xz multiplier output.





This chapter tells you how to calibrate the AID converter gain and offset and the D/A converter X2 multiplier
(ADA2700 only). All A/D and D/A ranges are facory-calibrated before shipping. Any time you suspecr inaccurate
readings, you can check the accuracy of your conversions using the procedure below, and make adjusfnents as
necessary. Using the 2700DIAG diagnostics progam is a convenient way to monitor conversions while you
calibrate the board.

Calibration is done with the board installed in your syslem. You can access ttre trimpos at the edge of the
board. Power up tle system and let the board circuitry stabilize for 15 minutes before you start calibrating.

Required Equipment

The following equipment is required for calibration:
. hecision Voltage Source: -10 to +10 volts
. Digital Voltmerer: 5-112 digis
. Small Screwdriver (for nimpot adjustment)

While not required, the 2700DIAG diagnostics program (included with example sofware) is helpful when
performing calibrations. Figure 5-1 shows the board layout with the rimpos located along the top edge of the board
(TR7 at left, followed by TRI through TR6).

o o o o
o o o o o o
o t r r  o o
O O r s  O O
o o o o o o

o o o o

o o o o o o
o o o o o o o o
o o  o o
o o r  o o
90 e2css OO
o o  o o
o o o o 0 0 0 0

o o o o o o

@

Fig. 5-1 - Board Layout
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A/D Calibration

Two procedures are used to calibrate the A/D converter for all input voltage ranges. The fint procedure cali-
brates the converter for the unipolar range (0 o +10 volts), and the second procedure calibrates the bipolar ranges
(15, +10 vols). Table 5-1 shows 0re ideal input volage for each bit weight for rhe unipolar, straight binary range,
and Table 5-2 shows the ideal voltage for each bit weight for the bipolar, twos complement ranges.

Unipolar Calibration

Two adjusrnents are made to calibrate the A/D converter for the unipolar range of 0 to +10 vols. One is the
offset adjustment, and the other is the full scale, or gain, adjusrnent Trimpot TR7 is used o make the offset
adjustment, and trimpot TR2 is used for gain adjustrnent. This calibration procedure is performed with the board set
up for a 0 to +10 volt input range. Before making ttrese adjusunents, make sure that the jumper on P3 is set for lov
and the jumpers on P4 and P15 arc set for +.

Use analog input channel I and set it for a gain of I while calibrating the board. Connect your precision volage
source to channel 1. Set the voltage source n +L.22070 miltvolts, start a conversion, and read the resulting data.
Adjust rimpot TR7 until it flicken between the values listed in the table at the op of the next page. Next, set the
voltage to +9.49829 volts, and repeat the procedure, this time adjusting TR2 until the data flickers between the
values in the table. Note that the value used to adjust the full scale voliage is not the ideal full scale value for a 0 16
+10 volt input range. This value is used because it is the maximum value at which the A7D converter is guaranteed
to be linear, and ensures accuate calibration results.

Table 5-1 - A/D Converter Bit Wetghts,
Unlpolar, Stratght Blnary

A/O Blt Welght

ldeal Input Voltage (mllllvotts)

0 to +10 Volts

1 1 1 1  1 1 1 1  1 1 1 1 +9997.6

1000 0000 0000 +5000.0

0100 0000 0000 +2500.0

0010 0000 0000 +1250.0

000't 0000 0000 +625.00

0000 1000 0000 +312.50

0000 0100 0000 +156.250

0000 0010 0000 +78.125

0000 0001 0000 +39.063

0000 0000 1000 +19.5313

0000 0000 0100 +9.7656

0000 0000 0010 +4.8828

0000 0000 0001 +2.4414

0000 0000 0000 +0.0000
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Data Values for Calibratlng Unlpotar 10 Volt Fange (0 to +10 vofts)

Offset (TR7)
Input Voltage s +1.22070 mV

Converler Galn (TR2)
Input Voltage = +9.49829 V

A/D Converted Data
0000 0000 0000
0000 0000 0001

1 1 1 1  0 0 1 1  0 0 1 0
1 1 1 1  0 0 1 1  0 0 1 1

. Bipolar Range Adjustments: -5 to +5 volts

Two adjustrnents arc made to calibrate the ,{/D converter for the bipolar rurge of -5 to +5 volts. One is the
offset adjustment' and $re other is the full scale, or gain, adjustmenL Trimpot TR3 is used to make the offset
adjustment, and trimpot TR2 is used for gain adjustment. Before making these adjustments, make sure that thejumper on P3 is set for 10v and the jumpers on p4 and pl5 are set for +/-.

Use analog input channel I and set it for a gain of I while calibrating the board. Connect your precision voltage
source to channel 1. Set the voltage source !o 4.99878 volts, start a conversion, and read the resulting dara. adjusl
trimpot TR3 until it flickers between the values listed in the table below. Next, set the voltage tD A.tg6;.4 vols, and
repeat the procedure, this time adjusting TR2 until tlre data flickers berween the values in thi able.

Dala Values for Cailbratlng Blpotar 10 Volt Range (-5 to +5 votts)

oftset (TR3)
Input Voltage = -4.99878V

conyertsr Gatn (TF2)
lnput Voltage = +4.99634V

A/D Converted Data
1000 0000 0000
1000 0000 0001

0 1 1 1  ' t 1 1 1  1 1 1 0
0 1 1 1  1 1 1 1  1 1 1 1

Table 5-2 - A/D Gonverter Btt Wetghts,
Blpolar, Twos Complement

A/D Bit Welght

ldeal Input Voltage (mlltlvotts)

-5 to +5 Volts -10 to +10 Volts

1 ' 1 1 1  1 1 1 1  1 1 1 1 -2.44 .4.88

1000 0000 0000 -5000.00 -10000.00

0100 0000 0000 +2500.00 +5000.00

0010 0000 0000 +1250.00 +2500.00

0001 0000 0000 +625.00 +1250.00

0000 1000 0000 +312.50 +625.00

0000 0100 0000 +156.25 +312.50

0000 0010 0000 +78.13 +156.25

0000 0001 0000 +39.06 +78.13

0000 0000 1000 +19.53 +39.06

0000 0000 0100 +9.77 +19.53

00000000 0010 +4.88 +9.7/

0000 0000 0001 +2.4 +4.88

0000 0000 0000 0.00 0.00
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. Bipolar Range Adjustments: -10 to +10 Volts

To adjust the bipolar 20.volt range (-10 to +10 volts), change the jumper on P3 so that it is installed across the
20V pins. Leave the P4 and Pl5 jumpers at +/-. Then, set the input voltage o +5.0000 volts and adjust TRI until ttre
output matches the data in the table below.

Dala Value for Callbratlng Elpotar 20 Vott Range (-10 to +10 votts)

TR1
Input Voltage = +5.0000V

A/D Converted Data 0100 0000 0000

DiA Calibration (ADA2700)

The D/A converter requires no calibration for the Xl ranges (0 to +5 and t5 volts). The following paragraph
describes the calibration procedure for the X2 multiptier ranges.

To calibrate forX2 (0 to +10 or+10 volts), set the DAC output voltage range to 0 to +10 vols (umpers on X2
and 5 on Pl0, AOUTI, or Pl1, AOUT2). Then, program the corresponding D/A converrer (DACI oi OACZ) win
the digital value 2048. The ideal DAC ouput for 2048 at X2 (0 o +10 volt range) is 5.0000 vols. Adjust TR5 for
AOUTI and TR6 for AOUTZ until 5.0000 volts is read at the output. Table 5-3 lists the ideal ourput volrages per bit
weight for unipolar ranges and Table 5-4 lists the ideal output voltages for bipolar ranges.

Table 5-3 - D/A Converter Unipotar Cailbratton Tabte

D/A Bit Welght

ldeal Output Voltage (ln mllllvolts)

0 t o + 5 V 0 t o + 1 0 V

4095 (Max. Output) 4998.8 9997.6

2048 2500.0 5000.0

1024 1250.0 2s00.0

512 62s.00 1250.0

256 312.s0 625.00

128 156.250 312.s0

64 78.12s 156.250

32 39.063 78.125

1 6 19.5313 39.063

I 9.76s6 19.5313

4 4.8828 9.76s6

2 2.4414 4.8828

1 1.2207 2.4414

0 0.0000 0.0000
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Table 5.4 - D/A Converter Blpolar Callbrailon Table

D/A Bit Weight

ldeal Output Voltage (ln mllllvolts)

+5V r10 v
4095 (Ma<. Output) +4997.6 +9995.1

2048 0.0 0.0

1024 -2s00.0 -5000.0

s12 -37s0.0 -7500.0

2s6 437s.0 -8750.0

128 -4687.5 -9375.0

64 4843.8 -9687.s

32 -4921.9 -9843.8

1 6 -4960.9 -9921.9

I -4980.5 -9960.9

4 -4990.2 -9980.s

2 4995.1 -9990.2

1 -4997.6 -9995.1

0 -5000.0 .10000.0
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LD2700/LDA2700 Characteristics rypical @ 25" c

Intertace
Switch-seledable base address, l/O mapped
Jumper-selectable interrupts & DMA channel

Anatog Input
8 dilferentialor 16 single-ended inputs
Input impedance, each channel........ .............>10 megohms
Gains, software-selectable ........... ......1, 2, 4, & g plus Gm gain m,ittlplier
Gain error 05%, typ-; O.21lo,'max
Input ranges . . . . . . . . . . . . .+5, t l  0,  or 0 to +10 vohs
Guaranteed linearity across input ranges .....1S, +g.5, and 0 to +9.5 volts
Overvoltage protection ..t35 Vdc
Common mode input voltage ...t1 O volts, max
Settling time (gain = 1) .............. ...5 psec, max

A/D Converter............... ..AD67B
Type ............ ........... Successive approximation
Resolut ion.. . .  . . . . . .  12 birs (2.44 my @ 10V; +.ed hV @ 2oV)
Linearity ...................f1 LSB, typ
Conversion speed .......... ................5 psec, typ
Throughput 150 kHz

Pacer Clock
Range (using on-board 8-MHz clock) .......... ..............g minutes to 5 Fsec

Digirati lo............. CMOS B2c5s
Number of l ines . . . . . . . . . . . . . . . . . . . . . .24
Logic compatibiliry ............ .............TTUCMOS

(Configurable with optional l/O pull-up/pull-down resistors)
High-level output vol tage.. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .4.2V, min
Low-level output voltage .................. ..................0.45V, max
High-level input voltage ..2.2V, min; 5.5V, max
Low-level input voltage ._0.3V, min; 0.gV, max
High-level output current, lsource .................CMOS buffer: _t! mA, max;

TTL buffer: -16 mA, max
Low-level output current, |sink.......... ..............CMOS buffer: 24 mA, max;

TTL buffer: 64 mA, max
Input load current
Input capacitance, ""'t1o PA

C(|N)@F=1MHz . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .10 pF
Output capacitance,

C(OUT)<@F=1MHZ .. . . . . .20 pF
D/A Converrer (ADA2700 Onty) ......AD72g7

Analog outputs ..........Zchannels
Resolution ... 12 bits
Output ranges ..................0 to +5, t5, 0 to +10, orilo volts
Relat ive accuracy.. . . . .  . . . . . . , . . . . . . . . . . .+1 LSB, max
Full-scale accuracy +5 LSB, max
Non-linearity ...........+1 LSB, max
Sett l ing t ime . . . . . . . . . . . . .  10 psec, max

Timer/Counters . . . . . . . . . . .  . . . . . . . . . . .CMOS g2C54
Three'l 6-bit down ccunters (2 cascaded, I independent)
6 programmable operating modes
Counter input source ........... External clock (g MHz, max) or

on-board 8-MHz clock
Counter outputs Available externally; used as pC intenupts
Counter gate source.. ........ Exlernal gate or always enabied
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Mlscellaneous Inputs/Outputs (PC bus-sourced)
tS volts, +12 volts, ground

Current Requirements
185 mA @ +5 volts; M mA @ +12volrs; 42 mA @-12 votls

Connectors
P2: 50-pin right angle shrouded box header
P12: 20-pin box connector

Slze
4.2'H x 6.375"L (107mm x 162mm)
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P2 Connector

AlNl +

AlN2+

AlN3+

AI}||+

AlN5+

Al116+

Alil7+

AlllS+

AIM

Atla

All{3

AIlir.

A|lt5

A|l{6

Atrt
Am8

AOUT 1

touT 2
ANALOG GND

PA7

PA5

PA5

PM

PA3

Pt!2

PA1

PAO

TRIGGER 11{

EXT GATE I

TRIGGER OUT

ETT CLK

+12 VOLTS

.12 VOLTS

DIFF. s'E

AINI. I ANO

attit2. I A[{10

AINS I  ANl l

alra. I Ax12
al{r | 4til13

AN& | Ar|la
Aril7. I ANls

Ail& | At{10

AT{ALOG G}ID

A}IALOG GI{D

AI{ALOG GND

Plcll

PO8

PCs

Prol

PGI

Ptcil

PCI

POo

T'IGITAL GIID

T/C (ruT r
T/C OUT 2
ETT GATE 2

+5 VOLTS

IXGITAL GND

P12 Connector

PBO

P B l

PB2

PB3

P8{

PB5
p86

PB7

+12 VOLTS
-12 VOLTS

PC0

PCl

pc2

PC3

Pc4

PC5

PC6

Pc7

+5 VOLTS

DIGITAL GND

PIN  1
P IN  2

P I N  4 9
PIN 50
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f ntel 82C54 Programmable Interval Timer
Data sheet Reprint





82C54
CHMOS PROGRAM]I,IABLE INTERVAL TIMER

t
I

r
I

I

I

I

Three Independent l6-blt counters
Low Power CHMOS
-lcc : 10 mA @ 8 MHz Count

lrequency
Completely lTL Compatfbte
Slx Programmable Counter Modes
Blnary or BCD counilng
Status Read Back Command
Avalfable ln 24-Pln DIP and 28.ptn PLCC

and 28-pin plastic teaded chip canier (PLCC) pdcXages.

FD
FT

Ao

lt

PLASTIC LEADED CHIP CARRIEF

291244-1

Flgure 1.82C54 Block Dtagram

Ycc

m
Fo
ea
Ir

fa

crt t
ou? 2
ortc 2
clt r
OATC I
oul I

231244-2
Oiagrams ar€ lor pin tete?€ncs only.

Package sizes are not to scal€.

Ffgure 2.82C54 Ptnout

intel'

Compatlble wlth alt Intel and most
other mlcroproces8ors
Hfgh Speed, "Zero Walt State"
Operatlon wlth 8 MHz 8086/88 and
80186/188
Handles Inputs lrom DC to g MHz
- 10 MHz lor 82C54.2
Avallable In EXPRESS
- Standard Temperature Range
-Extended Temperature Range

The Intel 82C54 is a high'performance, cHMoS version of the industry standarct 8254 counter/timer which isdesigned to solve the timing control problems common in microcomputer system design. tt provides threeindependent 16'bit courterg each ca'pable of handling croci inpuis up to 10 MHz. All modes are softwareprogrammable. The 82Oil is pin compatible with ttre titr,lOS 8254, and is a superset of the g25S.

Six programmable timer modes allow the 82C54 to be used as an 6vent counter, elapsed time indicator,programmable one-shot, and in many other applications.

The 82C54 is fabricated on lntel's advanced CHllo.S lll.technology which provides low power consumption
y:tl *1?9:1^:_?!l?llo oJ,_steat?t t!$l[ equivalent HMos piSiuct. r# 82cs4 is aviirabre in 24-pin Dtp
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inbf 82C54

Table 1. Pln Descrlption

Symbol Pln Number TyPe Function
DIP PLCC

Dz'Do 1-8 2-9 tlo Data: Bidirectional tri-state data bus lines,
connected to system data bus.

CLK O I 10 Clock 0: Clock input of Counter 0.
OUT O 10 't2 o Output 0: Output of Counter 0.
GATE O 1 1 13 I Gate 0: Gate input of Counter 0.
GND 12 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 'l: 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 21 I Clock 2: Clock input of fuunter 2.
At, Ao 20-1 9 23-22 Address: Used to select one of the three Counters

or the Control Word Register for read or write
operations. Normally connect€d to the system
address bus.

Ar Ao Selects
0
0
1
1

0
1
0
1

Counter 0
Counter 1
Counter 2
ControlWord Reoister

G 21 24 I Chip Select A low on this input enables the 92C54
to respond to F'D and WFi signats. ffi and WFi are
ignored otherwise.

HD 22 26 I Read Control: This input is low during GpU read
operations.

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

Vec 24 28 Power: + 5V power supply connection.
NC 1 , 1 1 , 1 5 , 2 5 No Gonnect

FUNCTIONAL DESCRTPTION

General

The 82C54 is a programmable intervaltimer/counter
designed for use with lntel microcomputer systems.
It is a general purpose, multi-timing element that can
b€ treated as an anay ot 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. Atler the desired delay, the 92C54 will
intem.pt the CPU. Software overhead is minimal and
variable length delays can easily be accommodated.

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

o Realtime clock
. Even counter
r Digital one-shot
. Programmable rate generator
o Square wave generator
o Binary rate multipfier
o Complex waveform generator
o Complex motor controller
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Block Dlagram

DATA BUS BUFFER

This 3-state, bi-directional, g-bit butfer is used to in-
terface the 82C54 to tha system bus (see Figure 3).

CONTROL WORD REGISTER

The Control Word Register (see Figure 4) is selected
by the Read/Write Logic when At, Ao : 1't. tf 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.

Flgure 4. Btock Dlagram Showlng Control Word
Reglster and Counter Func$ons

COUNTER O, COUNTEH 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 fulfy independent. Each Counter
may operate in a ditferent 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.

Flgure 3. Btock Dlagram Showlng Data Bus
Buffer and Read/Wrlte Loglc Funcflons

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 92C54. A1 and Ao s€lect
one of the three counters or the Controt Word Reois-
ter to b€ read from/written into. A ,,low" on the FD
input tells the 82C54 that the CpU is readino one of
the counters. A "low" on the WFi input i-etts tne
82C54 that the CPU is writing either a Control Word
or an initial count. Both RD anO WR are quatified by
fS; FD anct WFi are ignored untess the geCs+ nas
been selected by holding 6low.
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stored in the CR and later transferred to the CE. The
Control Logic aflows one register at a time to be
loaded from the internal bus. Both bytes are trans-
ferred to the CE simultaneously. CRy and CR; are
cleared when the Counter is programmed. In this
way, if the Counter has been programmed for one
byte counts (either most significant byte only or least
significant 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 allconn€cted to th€ out-
side world through the Control Logic.

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

Basically, the select inputs Ao, A1 connect to the A6,
A1 address bus signals of the CPU. The 6 can bb
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-
tems.

r' Ao El +O, m 9r
tacta

cot xttt cot tltt cot xtEt
0 t t 1 2

'ott 
oltt ctr ' 'ott 

olt l clr '

231244-7

Flgure 6. 82C54 System Intertace

Flgure 5.InternalBlock Dlagram 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 €xplanation of the Read.
Back command.)

The actual counterls 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 relerred to as one
unit and called just OL. These latches normally ..fol-
low" the CE, but if a suitable Counter Latch C;om-
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 counter's Control Logic to drive the internal
bus. This is how the 16-bit Counter communicates
ov€r 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 CRM
and CRg (for "Count Register"). Both are normally
relerred to as one unit and called just GR. When a
new count is written to the Counter, the count is
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OPERATIONAL DESCRIPTION

General
Atter power-up, the state of the 82C54 is undefined.
The Mode, counl 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 initialcount. 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 : 11. The
Control Word itsell specifies which Counter is being
programmed.

By contrast, initial counts are written into the Coun-
ters, not the Control Word Register. The A1, A9 in-
puts are used to select the Counter to be written
into. The format of the initial counl is determined by
the ControlWord used.

ControlWord Format
41 ,As :11  6 :0  F iD :1  WFI :O

9t D5 D5 Da D3 D2 D1 Ds
sc1 sco lRwl lnwo M2lM l lMo lBCD

SC - Select Counter:
scl sco

M - MODE:
n2 til it0

RW - Read/Wrlte:
RWl RWo

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

0 0 Select Counter 0

0 1 Select Counter 1

1 0 Select Counter 2

1 1 Read-Back Command
(See Read Operations)

0 0 0 Mode 0

0 0 1 Mode 1

X 'l 0 Mode 2
x 1 1 Mode 3

1 0 0 Mode 4

1 0 1 Mode 5

0 0 Counter Latch Command (see Read
Operations)

0 1 Read/Write least significant byte only.

1 0 Read/Write most significant byte only.

1 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 writtan.
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 byte and then most significant byte).

Since the Control Word Register and the three
Counters have separate addresses (selected by the
41, Ao inputs), and each ControlWord specifiei tne
Counter it applies to (SG0, SCI bits), no speciat in-

struction seguence 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 read/write 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.

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

ControlWord-
Counter Word -
Control Word -
LSB of count -
LSB of count -
LSB of counl -
MSB of count -
MSB of count-
MSB of count -

NOTE:

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

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

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

ControlWord -
ControlWord-
LSB of count -
ControlWord -
LSB of count -
MSB of count -
LSB of count -
MSB of count-
MSB of count -

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

Counter I
Counter 0
Counter 1
Counter 2
Counter 0
Counter 1
Count€r 2
Counter 0
Counter 2

As
1
1
1
0
0
1
1
0
0

A1
1

A1
1
0
0
1
0
0
1
1
1

A1 Ao
11
11
01
11
00
01
10
00
10

Ao
1
0
0
1
1
1
1
0
0

1
1
1
1
0
0
0
0

A1
1
1
1
1
0
0
0
0
1

Ae
1
1
1
0
1
0
0
1
0

ln all four examples, all counters are programmed to read/write twobyte counts.
These are only four of many possible programming sequences.

Figure 8. A Few Posslble Programmlng Sequences

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 simple read operation, the Counter

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 A1, A0 inputs, the CLK
input of the sefected Counter must be inhibited by
using either the GATE input or external logic. Other-
wise, the counl may be in the process ol changing
when it is read, giving an undefined result.
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COUNTER LATCH COMMAND

The second method uses the .,Counter Latch Com-
mand". Like a ControlWord, this command is written
to the Control Word Register, which is selected
llgnnr, Ao : 11. Also tike a Controt Word, the
SC0, SC1 bits select one of the three Counters, but
two other bits, D5 and D4, distinguish this command
from a ControlWord.

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

Another feature of the g2CS4 is that reads and
writes ol the same Counter may be interleaved; for
example, if the Counter is programmed 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 most significant byte.

lf a Counter- is programmed to readlwrite two_byte
counts, the following precaution applies; A program
must not transfer control between reading thtfirst
and second byte to another routine which also reads
from that same Counter. Otherwise, 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 current state of the
OUT pin and Nuil Count flag of the setected coun-
ter(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 conesponding bits D3,D2,D1 : 1.

Figure 9. Counter latchlng 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
!V tne CPU (or until the Counter is reprogrammed).
The count is then unlatched automaticaliy and the
OL returns to "following" the counting element (CE).
This allows reading the contents oi tne Counters
"on the fly" without aflecting counting in progress.
Multiple Counter Latch Commands m-y 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 aflect the programmed Mode of
the Counter in any way.

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

With either method, the count must be read accord_
fg to the programmed tormat; specificaily, 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-

A O , A 1 - 1 1  f , $ - o  F D : t  W F : o

9s: O = Latch count ol selected counter(s)
Da: 0 = Latch status of selected counter(s)
D3: 1 : Sel€ct counter 2
D2: 1 = Sel€ct count€r 1
D1: 1 : Select counter 0
D9: Reserved lor luture expansion; must be 0

Figure 10. Read-Back Command Format

The read-back command may be used to latch multi-
S;lprnter_output tarches (OL) by setting the
COUNT bit D5:0 and selecting the desired coun-
ter(s). This single command is functionalty 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 unlatched
when read, but other counters remain litched until
they are read. lf multiple count read-back commands
are issued to the same counter without reading the
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Ql:0; RD: 1; WR-:0
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SC1, SCO - specify counter to be latched

scl sco Counter
0
0
1
'l

ol  o
11  1
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1 | Read-Back Command

D5,D4 - 00 designates Counter Latch Commanct

X - don't care

NOTE:
Don't care bits (X) should be 0 to insure compatibility
with future Int€l producls.
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count, all but lhe 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 counte(s) by setting
StrTG bir D4:0. starus must be titbn6o to oe
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 frogrammed
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 eliminating
some hardware from a system.

THIS ACTION: CAUSES:
A. Write to the control

word register:[tl ull count= 1

B. Write to th€ count
register (cR);lal Nullcount:1

C. New count is loaded
into cE (cR + ggi Nullcount=o

hl Only the counter specilied by the control word will
hav€ its null count set to 1. Null count bits of other
counters are unaffected.
t2l f Ue counter is programmed for trvo-byt€ counts
(least significant byt€ then most signiticant byte) null
counl goes to 1 when the s€cond byte is written.

Flgure 12. NutlCount Operaflon

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 rsad is
the status of the counter at the tim€ the first status
read-back command was issued.

Both count and status of the selected counter(s)
may be latched simultaneously by setting both
eOUffi ano SiA=fF bits D5,D4=0. rnis ii func-
tionally the same as issuing two separate read-back
commands at once, and the above discussions ap-
ply here also. Specifically, if multiple count and/or
status read-back commands are issued to the same
count6r(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 counts)
return latched count. Subsequent reads return un-
latched count.

D z 1 = O u t P i n i s l
0 - O u t P i n i s 0

D6 1:  Nul l  count
0 = Count available for reading

Ds-Do Counter Programmed Mode (See Figure 7)

Flgure 11. Status Byte

NULL COUNT bil DO 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 untilthe count
is loaded into the counting element (CE), it can't be
read from 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 Null Count
is shown in Figure 12.

Command
D7 D5 D5 Da D3 D2 D1 Ds DescrlPtlon Regults

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

Count and status latch€d
for Counter 0

1 1 1 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

Counter 1
Count latched for Counter 1.
but not status

1 1 1 0 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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6 m WF Ar Ao
0 1 0 0 0 Write into Counter 0
0 1 0 0 1 filrite into Counter 1
0 1 0 1 0 Write into Counter2
0 1 0 1 1 lilrite ControlWord
0 0 I 0 0 Read from Counter 0
0 0 1 0 1 Be?d from Counter 1
0 0 1 1 0 €ead from Counter 2
0 0 1 1 1 NoOperation (3-State)
1 X X X X No-Operation (g-State)
0 1 1 X X No-Operation (3-State)

This allows the counting sequence to be synchroniz-
:d ?yJ?!t*"re. Again, OUr'ooes noi go nig'h untir NJ+ 1 CLK pulses after the new count oifl i". written.

lf an initial count is written while GATE = 0, it willstill be loaded on the neR CLK pufse. Wfren GATE
g?3r_lig_h,.OUT wiil go high t,l iLX pulses-tater; norvLK putse rs needed to load the Counter as this hasalready been done.

Flgure 14. Read/Wrlte Opera$ons Summary

Mode Definitions
The following. are defined for use in describing theoperation of the 92C54

CLK PULSE: a rising.edgg, t[en a falling ecrge, in
that order, of a Counter,s dLK indut.

TRIGGER: a rising edge of a Counter,s GATE in-put.
COUNTER LOADTNG: the transfer of a count from

thE CR to the CE (reter to
the "Functional Descrip_
tion")

ilODE 0: |NTERRUPT ON TERMTNAL COUNT

ltode Q is typically used for event counting. After theConrrotWord is written, our is initiJ;il;il, and willremain low until the Counter reacneii6ro.'CiUf tn"ngoes high and ramains high untit 
" 

n", .irnt o, 
"new Mode 0 Controt WorO is writtJn inioiie coun-ter.

GATE : 1 enabtes counting; GATE = O disablescounting. GATE has no etfeclt on OUT.

Atler the Control Word and initial count are written toa Counter, the initial count will Ue toaOeJ ontn" n"rfC_LK putse- This CLK putse does *t-J"1i"r"nt tn"count, so for an initial count of N, OUT does not gohigh untit N + 1 CLK putses attei ne initLi 
"ornt 

i.written.

lf a new count is written to the Counter, it will beloaded on the next CLK pulse and countino-willcon_
Irnue from the new count. lf a two_byte cou-niis wriflen, the following happens:
1) Writing the first byte disabtes counting. OUT is settow tmmectiately (no clock pulse required).
2) Writing the second bfle allows the new counr tobe loaded on the next CLK pulse.

3-91

C f r  t 0  L S t r a

I  -1,  l "  l ,  I  I  I  3 I  I  I  I  I  S l f i l r : l
Cr. l0 r ta. t

I ' l " l - l - l i l l l

NOTE:
The Following Conventions Apply To Alt Mode TimingDiagrams:
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iIODE 1: HARDWARE 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 Gounter reaches zero.
OUT willthen go high and remain high until the 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 GLK 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 lor N CLK pulses after any trigger. The
one-shot pulse can be repeated without rewriting the
same count into the counter. GATE has no effect 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 generale 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. lf GATE goes low during an output pulse,
OUT is s€t high immediately. A trigger reloads the
Counter 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 the next CLK pulse. OUT
goes low N CLK Pulses after the initial count is writ-
ten. This allows the Counter to be synchronized by
sottware also.

m
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o t t
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NOTE:
A GATE transition should not occur one clock orior to
terminal count.

Flgure 17. Mode 2
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Writing a new count while counting does not afr€ctthe cunent counting seguence. tt- a 
-trilger 

is re-ceived after writing a new count but before the endof the current peri6d, tne Counter wiirl-eioaoao witnthe new count on the next CLK pulse anO countintwill continue from.the new count.-Othenflise, thenew count will be loaded at the end of ths cunentcounting cycte. In mode 2, a COUNT ot i is iilegat-

trlODE 3: SQUARE WAVE MODE

f{o!e S is typically used for Baud rate generation.
Mode 3 is simitar t6 Mooe.e erc"piroiii.,e"duty cycteof OUT. OUT wilt initiaily be highi Wnen frarr the ini-tiatcount has expired, ciur goEJ ro;l;;il. remain-der of the count. Mode-3 is-perioOic; in" sequenceabove is repeated indefinitety. en-initiai count of Nresults in a square wave with a perioO ot tt CLXcycles.

GATE = l enablescounting; GATE = 0disables
99^u|jng..lt GAT_E goes tow w-nib OUT is low, OUT isset high immediately; no CLK putse is reguired. Atllgger retoads the Gunter witi tnJiniti"i-"ount onthe next CLK putse. Thus the eAfg inph can beused to synchronize the Counter.

After writing a Control Word and initial count, theCounter witt be toaded on rhe ne*t Ci[ iurse. fnisallows the Counter to be synchronizeO'f-sottrrare
also.

Writing a new count while counting does not atfect
l?._"_r111! counting sequence. li a trigg;; il';;:
99'y.ed afrer writing a new count but betdr6 the endof the cunent half-cycle of the squaie wave, tneCounter will be toaOed with the n"-" *unt on thsn€xt CLK pulse and counting witt continue irom thenew count. Othenrvise, the new count will be loadedat the end of the current half-cycle.

Mode 3 is implemented as follows:

Even counts: OUT is initially high. The initialcount isloaded on on€ CLK pulse ind-then ii OecrementeO
?y yo orr. slcceeding CLK pulses. When the counr
,",rpre: ou] .changes value and the counter is re-toaoeo Mth the initial count. The above process isrepeated indefinitely.

Odd counts: OUT is initialty high. The initiat countminus one (an even numbei; is-loaded on one CLKpulse and then is decremented by two on .r""e"O-ing CLK pufses. One CLK pulse ifter tf,"'cornr 
"r-pires,.OUT goes low and the Counter is ietoaOeOwith the initial count minus one. SucceeOing CLXpulses decrement the count by two. When ihe counrexpires, OUT goes high again and the Counter isreloaded with ihe initial count minus one. The aboveprocess is repeated indefinitely. So for odd counts,

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

Figure 19. Mode 3

I|ODE 4: SOFTWARE TRtccEBED STROBE
gUT 4!.be iniliaily high. When the initial counr ex-
girgg, pUf wifl_go lowfor one CLK putr" 

"no 
tn"ngo high again. The counting sequence is.;triggereO,,

by writing the initial count. "'i

GATE : 1 enables counting; GATE : 0 disabtescounting. GATE has no effecit on OUT.

After writing a Control Word and initial count, theCounter wiil be toaded on the nen CiX plljse. fnisCLK putse does not decrement the couni, ,o tor 
"nrnitial count of N, OUT does not str;G low untitN + 't CLK putses after the initiaf couniL ilntten.

lf a new count is written during counting, it will beloaded on the next CLK putse a-nd countiig'wtttcon-
tinue from the new couni. tt a two_byt; corinlis writ-ten, the following happens:
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1) Writing the first byte has no etfect 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
sottware. OUT strobes low N*l CLK pulses after
the new count of N is written.

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

lf a new count is written during counting, the current
counting sequence will not be atfected. 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.

MODE 5: HARDWARE TRIGGERED STROBE
(RETFIGGERABLE)

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.
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Figure 19. Mode 4
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Flgure 20. Mode 5
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Flgure 22. Mlnlmum and Maxlmum Inlilal Counts

Operation Common to Alt Modes

Programmlng

When a Control Word is written to a Counter, allControl Logic is immediately reset and OUf goe's iJ
a known initial state; no CLk pulses are required for
this.

GATE

The GATE input is always sampted on the rising
edge of CLK. In Modes 0,2, g, and 4 the GATE inpuiis level sensitive, and the logic level is simpted on
!g15il,ng edge of CLK. In trrt6Oes 1, 2,3, and 5 theGAT.E input is rising-edge sensitive.ln if,6." Modes,
a nslng.edge of GATE (trigger) sets an edge-sensi-
tiveflip-ftop in the Counter. fnii ftip-ftop is iien sam-pled on the n€!il rising edge ot itX; ifre tip-ttop isreset immediately after it ii sampled. tn ttris w8y, a
lrigger will be datected no mattei when it oc"urs_a
high logic leveldoes not have to be maintiinect untilthe. next rising edge of CLK. Note that in MoOes e
lnd q,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 WFI of a new counl value.

COUNTER

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

The largg_s! possible initial count is 0; this is equiva_lent to 216 for binary counting and 1Oa ior BCD
counting.

The Counter does not stop when it reaches zero. lnModes 0,1,4, and 5 the Counter ,,wraps arounO,, tothe highest count, either FFFF hex for'binary count_ing or 9999 for BCD counting, and continuei .ornt-
ing. Modes 2 and 3 are periodic; the Counter reloads
itself with the initial count and continues counting
from there.

1) Initiates
counling

2) Resets output
atter next
clock

Flgure 21. Gate pln Opera0ons Summary

MODE MIN
COUNT

ilAX
COUtrlT

0 1 0
1 1 0
2 2 0
3 2 0
4 1 0

NOTE:
0 is equivalent to 216 lor binary counting and 1Ol forBCD counting
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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
Voltage on any Input. . . .GND -2V to +6.5V
Voltage on any Output . .GND-0.SV to Vg6 + 0.5V
PowerDiss ipat ion . . . . .1Wat t

'Notice: Slresses above those listed under "Abso-
lute Maximum Ratings" may cause permanent dam-
age to the devica. This is a stress rating only and
functional operation of tha device at these or any
other conditions above those indicatad in the opera-
tional sections of this specification is not implied. Ex-
posure to absolutd maximum rating conditions for
extanded periods may affect device reliability.

D.C. CHARACTERISTICS
fl-R=0'C to 70'C, VCC:5V+ 10olo, GND=0V) ffA : -40'C to +85'C for Extended Temperature)

A.C. CHARACTERISTICS
ffA : 0'G to 70oC, Vcc : 5V + 10olo, GND :0V) (IA : -40'C to + 85'C for Extended Temperature)

BUS PARAMETERS (Note 1)
READ CYCLE

1. AC timings measured at Vss : 2.0V, VOI = 0.8V.

3-96

Symbol Parametgr Mln Max Unlta Tett Condltlon3
V11 Inout Low Voltaoe -0.5 0.8 V
Vtx Input High Voltaga 2.0 Ven * 0.5 V
Vor Output Low Voltage 0.4 v lor : 2.5 mA
Vox Output High Voltage 3.0

Vec - 0.4
V
V

loH =
lns :

-2.5 mA
- 100 uA

lrr lnput Load Gunent *2.0 pA Vrru: Vcc to 0V
lorl Output Float Leakage Cunent + 1 0 pA Vor r= Vec to 0.0V
196 V6g Supply Gunent 20 mA SMHz 82C54

ufK Fr€q= loMHz gzcs4-z

lccse V66 Supply Curent-Standby 1 0 pA CLK Freq : 96
dS = Vcc.
All Inputs/Data Bus V66
AllOutputs FloatinE

lccsar Vg6 Supply Current-Standby 150 pA CLK Freq : DC
eS : Vcc.AllOher lnputs,
l/O Pins = Vcrun, Outputs OoEn

Qru lnpul Capacilance 1 0 pF l c : 1 M H z

Unmeasured pins
returned to GND(s)

tr l lO l/O Capacitance 20 pF

Cour Output Capacitanoe 20 pF

Symbol Parameter 82C54 82C54-2 Unlts
Mln Mar Mln Max

lnR Address Stable Before F-D J 45 30 ns
tsn 6staute BetoreffiJ 0 0 ns
tRl Address Hold Time AtterRD I 0 0 ns
tRR RD Pulse Width 150 95 ns
tno Data Delay from F-D J 120 85 ns
lan Data Delav from Address 220 185 ns
tor FD t to Data Floating 5 90 5 65 ns
tnv Command RecoveryTime 200 165 ns

NOTE:
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A.C. CHARACTERTSTICS (Continued)

WRITE CYCLE

CLOCK AND GATE

NOTES:

EXTENDED TEMPERATURE F : -40"C to +85'C for Extended T

!;llJiffi:'#f;XS*f ;::;:i:Bl[:.each 
risins crock edse. A second rrisser wthin i20 ns (70 ns ror rhe 82c54-2)

3. Low'going glitches that violate tpyar, tp[1_ ."y cause e,?ors requiring counter reprogramming.4. Except tor Extended remp., Seri'Er,rd.ib? i"inp. a.c. characrerisrics berow.5. Sampled not looo/c tested. T1 = 25"C.

i-'::l-"X,ffiiffi1#5,91^1Ti !|il1;tlffi;"t:t- 
purses, rry6 max equars counr N+r cLK purse. rr1y6 min to

lJ SX*:rt-iii"tirlifill 
is present wnen wriiins a new count varue, at Tw6 min counter wir nor b€ triss€r€d, ar rry6

8' It cLK present when writing a count€r Latch or ReadBack command, at Tg1 min cLK will be retrected in counl valuelatched' al Tg1 max cLK will nol be rellected in the counl value latched. writi;g- a counter 1"6, oi'n""oBack commandbetween Tg1 min and rv l max will result in a latched count vallue wnicn is't one leasl significanl bit.

Symbol Parameter 82C54 82C54-2
UnltsMln Max Min Maxtnw Address Stable Before WFI J 0 0 nstsw eS Staule getore W-RJ 0 0 nstwa Address Hotd Time After WF'f 0 0 nstww WFi Pulse Width 150 95 nstow Data Setup Time Before WH f 120 95 nstwo

_rJara noto nme After WB T 0 0 nstnv Command Recovery Time 200 165 ns

Symbol Parameter 82C54 82C54-2
UnltsMln Max Min Maxlcr-r Clock Period 125

60€t
DC 100 DC nstPwx High Pulse Width 30(3)

sob)
nstpwt Low Pulse Width 6o(3) nsTn Clock Rise Time 25 25 nstp Clock FallTime 25 25 ns
ns

tew Gate Width High 50 5 0 .
tcl Gate Width Low 50 50 nsles Gate Setup Time to CLK I 50 40 nston Gate Hotd Time After CLK t 50(2) 50(2) nsToo Output Delay from CLK J

0
- 5

150 100 nstrroe 9glqrt Oetay trorn eate J 120 100 nstwc CLK Delay for Loading(a) 55 0 55 nstwo Gate Delay for Sampling(a) 50 - 5 40 nstwo OUT Delay from Mode Write 260 240 ns
CLK Set Up for Count Latcht(rL -40 45 -40 40 ns

CLK Delay for Loading

Gate Delay for Sampting
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WAVEFORMS

WRITE

23124-14

READ

231244-15

RECOVERY

23124-16
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CLOCK AND GATE

z3124-17' l.rlt byto of count belng nrdtfen

A.C. TEST|T{G LoAD crRcutT

INPUT/OUTPUT

A.c. Terting: lnpurt are drrven rr 2.1v to ,'*. ,.f,tj#i]otuu
1gr.: toeig ':gr'.nmirE meaerromcnrr lre mrdoh A.OV ,ora togb"1" lnd 0.8V tor ! togtc -0.',

F---q

| *r,.. I
| '*Tl
|  |  *C r .  r l l '- |

I-

?3121/'-15
Cl - 150 PF
CL Indud.r ilg c.plclbno.
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Intel 82C55A Programmable peripheral Interface
Data Sheet Reprint





CHMOS PROGRAMMABLE PERIPHERAL INTERFACE
I Compatible with all lntel and Most

Other Microprocessors
r Hlgh Speed, "Zero Walt State"

Operation with 8 MHz 8086/88 and
80186/188

| 24 Programmable l/O Plns
I Low PoweTCHMOS
I Completely TTL Compatlble

intel'
82C55A

I Control Word Read-Back Capabillty

I Direct Blt Set/Reset Capabillty

I 2.5 mA DC Drive Capabillty on all l/O
Port Outputs

I Avallable In 40-Pln DIP and 44-Pin PLCC

I Available in EXPRESS
-Standard Temperature Range
- Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmable l/O device which is designed for use with all Intel and most other microprocessors. lt provides
24llO pins which may be individually programmed in 2 groups ot 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.
fn MODE 0, each group of 12llo pins may be programmed in sets of 4 and I to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and intenupt control signals. MODE 2 is a strobed bi-directional bus configuration.
The 82C55A as tabricated 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 laaded chip carrier (PLCC) packages.
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Flgure 1.82C55A Block Diagram

231256-2

Figure 2.82C55A Plnout
Oiag.ams ar€ tor pin rgfsr€nc€ only. Package
siz€s aro nol to scale.
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Table 1. Ptn Descrlpilon

Symbol Pln Number
Dlp PLCC Type Name and Function

PAg-o 1-4 2-5 t/o r,oRT A, PINS 0-3: Lower nibble of an g-bit data output tatchT
butfer and an 8-bit data input latch.

HE 5 6 READ CONTROT: Thic innrrt ic law r{rrria^ /^Dres 6 7
rv vr v r esv vPE l au(r]ls.

ClllP SELECT: A tow on this input enables the 82C55A to
respond to HE and WF signats. FD and WR are ignored
otherwise.

GND 7 I system Ground
oootttt
control the selection of one of the three ports or the control
word registers.

Ar-o 8-9 9-10 I

Ar
0

A6 m WF G Input Operatlon (Read)
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 Operailon (Wrtte)
I
0

0 1 0 0 Data Bus - Port A
1 1 0 0 Data Bus - Port B

1 0 I 0 0 Data Bus - Port C
1 1 1 0 0 Data Bus - Control

Dlsable Functlon
X X x X 1 DataBus-3-State
x X 1 1 0 DataBus-3-State

PCt-t 10-13 1 1 , 1 3 - 1 5 vo
:,ojlTC, PINS 4-7: Upper nibbte of an 8-b[ data output fatcVouner and an g-bit data input butfer (no latch for inpui). This port
can be divided into two 4-bit ports under the mode contror. Each
4'bit port contains a 4-bit ratch and it can be used for the controt
signaloutputs and stratus signar inputs in conjunction with ports
A and B.

PCo-s 14-',t7 1 6 - 1 9 t/o ref,T c, ptNS 0-3: Lower nibble of port C.
PORT B, PtN
bit data input bufier.

PBo.z 18-25 20-22,
24-2A

t/o

Vcc 26 29 SYSTEM POWER: * 5V powerSuppty.
Dz-o 27-94 30-33,

35-38
l/o DATA BUS: Bi-directional, tri-state data bus lines, connectect tosystem data bus.

RESET 35 39 I FTESET: A high on this input clears the control register and atlports are set to the input mode.vm 36 40 I WHITE CONTROL: This input is tow during CpU write
operations.

PAt-c 37-40 41-44 t lo
l9IT A, ptNS 4-7: Upper nibbte of an 8-bit data output tatch/
butler and an B-bit data input latch.

NC 1,  12 ,
23,34

No Gonnect
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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
soltware so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bug Bufler

This 3-state bidirectional 8-bit butfer is used to inter-
face the 82C55A to the systom data bus. Data is
transmitted or received by the buffer upon execution
of input or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer.

Read/Wrlte and Control Loglc

The function of this block is to manage all of the
internal and external transfers of both Data and
Gontrol or Status words. lt accepts inputs from the
CPU Address and Control busses 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-
grammed by the systems software. In essence, the
CPU "outputs" a control word to the 82C55A. The
control word contains information such as "mode",
"bit set", "bit res€t", etc., that initializos 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-C3)
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
format for both Read and Write operations. When
the control word is read, bit D7 will always be a logic
"1", as this implies control word mode information.

Portg A, B, and G

The 82G55A contains three 8-bit ports (A, B, and C).
All can be configured in a wide variety of functional
characteristics by the system sottware but each has
its own special features or "personality" to further
enhance the power and flexibility of the 82C55A.

Port A. One 8'bit data output latch/butfer and one
8-bit input latch butter. Both "pull-up" and "pull-
down" bus hold devices ar€ prgs€nt on Port A.

Port B. One 8-bit data input/output latch/butfer.
Only "pull-up" bus hold devices are present on Porl
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 conjunction with ports A and B. Only
"pull-up" bus hold devices are pres€nt on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A, B, and C.
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tr.orttcflolt oall at a

Flgure 3. 82c55A Elock Dlagram Showlng Data Bur Bufter and Rcad/Wrtte Conrrot r.oJfilriln]

NTEFNAL
DATA

'NOTE: frfr
Port pins loaded with more lhan 20 pF capacitance may not have their logic

231256_4
lsvel guaranteed lollowing a hardware r€set.

Flgure 4. Port A, B, C, Bue-hold Gonflguration
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82C55A OPERATIONAL DESCRIPTION

Mode Selectlon

There are three basic modes of operation that can
be selecled by the syst€m software:

Mode 0 - Basic input/output
Mode 1 - Strobed Input/output
Mode 2 - Bi-dirsctional 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 reset is r€moved the
82C55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for pullup or pulldown devices in "all CMOS" de-
signs. During the execution of the system program,
any of the other modes may be selected by using a
single output instruction. This allows a single
82C55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flip-flops,
will be reset nhenever ths mode is changed. Modes
may be combined so that their functional definition
can be "tailored" 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.

lnterface

Flgure 6. Modc Deflnltlon Format

The mode definitions and possible mode combina-
tions may seem confusing at lirst but after a cursory
raview 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, controlsignaldefinition vs PC
layout and complete functional flexibility to support
almost any peripheral device with no extemal logic.
Such design represents the ma:<imum use of the
available pins.

Slngle Blt Set/Reset Feature

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

When Port C is being used as status/control for Port
A or B, these bits can be set or r6set by using the Bit
Set/Reset operation just as if they were data output
ports.
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coa|rRol fotD

2312fi-7

Flgure 7. Blt Set/Reset Fonnat

Interrupt Control Funcilons

When the 82C5SA is programmed to operate in
mode 1 or mode 2, control signals are provided that
can be used as intemrpt request inputs to the CpU.
The intenupt request signals, generated from port C,
can be inhibited or e-nabled by setting or r€setting
the associated INTE flip-flop, using thjbit set/reset
function of port C.

This function allows the programmer to disallow or
allow a specific l/O device to intem.rpt the CpU with-
oul attecting any other device in the interrupt struc-
lure.

INTE flip-flop definition:

€II-SETF|NTE is SET-tnrerrupr enabto
(BIT-RESET)--|NTE is RESET-intemrpt disabte

Note:
All Mask flip-flops are . automatically reset during
mode selectio4 and device Reset.
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Operatlng Modes

Mode 0 (Baslc Input/Output). This functionat con-
figuration provides simple input and output opera-
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 Inpirts are not latched.
r 16 ditferent lnput/Output configurations are pos-

sible in this Mode.

moDE 0 (BAS|C TNPUT)

231256-8

MODE 0 (BAS|C OUTPUT)

231256-9

3-130



intef 82C55A

MODE 0 Port Deftnlilon

A B GROUP A GROUP B
Da D3 D1 Dq PORT A PORT C

(UPPERI # PORT B PORT C
(LOWER)

0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT0 'l 0 1 OUTPUT INPUT 5 OUTPUT INPUT0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT0 1 1 1 OUTPUT INPUT 7 INPUT INPUT1 0 0 0 INPUT OUTPUT I OUTPUT OUTPUT1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 1 0 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 1 1 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 1 3 OUTPUT INPUT
1 1 1 0 INPUT INPUT 't4 INPUT OUTPUT

1 1 1 INPUT INPUT 1 5 INPUT INPUT

MODE 0 Conftgurailone

Lor % D. o, o, D, Do
CON?NOL rcROA

Or Da Di D. Or Dr D, Do

or D6 D6 D. ot Dl Dr oo
clrrnoL tvoRo at

D7 O. O! D.
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I|ODE 0 Conflgurations (Continued)

o, oa o9 Dr Dr ol o,
coNrRot rfoio I

o, oa o! o. o, or o, oo

coxreoL roBo aa

c(xrtol fitio ato
Ot Oa Dg O. O! Or Dr Oo

r  l 0 l 0 l t  I o 0 l t  l 0

I 0 0 0 0 0

o, o. D! o. o! o, or oo

coffaor ioio -

o, o. o, o. o! D, ot Do o, Da o, D. Ot D: Or Do



82Cs5A

MODE 0 ConllguraUone (Continued)

o, oa Dr O. Dt Dr Ot oo
oot{tRoL WoROata

Ot Oa Dr Or D: Or Or Oo

r l 0 l 0 l r l r l o l r l o

@fattot sotDttt
ooiartot roio ill

9 O . O r 0 . D r D r O r % D, Da Or O. Dr Dr Ot Oomr l 0 l 0 l r l r l o l o

OpcreUng llodcr

ilODE I (Strobed Input/Output). This functional
configuration provides a means for transfening l/O
data to or from a specified port in conlunction rvith
strobes or "handshaking" signals. In mode 1, port A
and Port B use the lines on port C to generate or
acc€pt these "handshaking" signals.

Mode 1 Basic functional Definitions:
o Two Groups (Group A and Group B).
o Eagh group contains one g-bit date port and one

4-bit control/deta port.
. 

Ihg 8-bit data port can be either input or output
Both inputs and ouputs 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 Slgnal Deflnltlon

Sffi lStroUe Input). A "tow" 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 latch; in essence, an ac-
knowledgement. IBF is set by STB inpqt being low
and is reset by the rising edge of the HE input.

INTR (lnterrupt Requert)

A "high" on this output can be used to intenupt the
CPU when an input device is requesting service.
INTR is set by the STB is a "one", IBF ii a "one',
and INTE is a "one". lt is reset by the falling edge of
RE. fnis procedure allows an input deviie to re-
gu€st service from the CPU by simply strobing its
data into the port.

INTE A
Controlled by bit set/reset ol PGa.
INTE B
Controlled by bit set/reset of pC2.

oofaYiot roro

fr^

Itt^

txti^

ID

?31256-13

tljj

- - ' t

lltl I
! l

. - - J

Flgurc S.llODE I Input

lll

It

rxtt

E

rttttc_ - -
ttttHatat

2J1256-11

Flgure f. ilODE 1 (Strobcd Input)

3-134



intef 82C55A

Output Control Stgnat Dellntilon

O-Af-f lOutput Buffer Fuil F/F). The 6EF output witlgo "low" to indicate that theletU has written data
oul to the specified port. The oEF pff wiil be set bv
the rising edge of the WR input and reset by ffiInput being low.

F^T_t**"::tedge.Input). A ,,tow,, on this inputIntorms the g2c55A that the data from port A or port
B has been accepted. fn essence, a response fromme peripheral device indicating that it has received
the data output by the CpU.

INTR (lnterrupt Requert). A ,.high".on this output
Gan be used to intenupt the CpU when an output
9g:[g has accepred data transmitred by ihe CpU.INTR is set when Affi is a ,.on€", 6tEiF'is'a ,,one,,
elg INTE is a "one". tt is reset by the fafling ldge ofwR.

INTE A
Controlled by bit set/reset of pC5.
INTE B
Controlled by bit set/reset of pC2.

Flgurc 10. MODE 1 Output

txll

m

231256-16

Flgurc 11. ttODE 1 (Srrobcd Outpur)

f,t^

fi^

IttR^

ib

ec

rxTrl

2312s6-15

&t I (fottD

ootltol notD

f - - a
I lillE I
t l l
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Comblnatlons of MODE 1

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

OOa{TiOLrcnD ooattiol woRo

Ff^

ffi^

tilTi^

t/o

$q

t!ir

r{tRr

oa-F.

ecr,

txTar

roiTA-ttl iot:oil{?wl
toil3 - tsTFolCooutrurr

roFt a - (stRolEoouTru?l
rcRrt-tslRoa€onruTl

231256-',t7

Er.r

fSrr%

lcr

lcr

?,co

Flgure 12. Comblnatlons of itODE I

Operatlng Modes

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

MODE 2 Basic Functional Definitions:
. Used in Group A only.
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 for control

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

Bldirectional Bus l/O Control Slgnal Detlnltlon

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

Output Operatlona

6-BT lOutput Bufter Futl). The 6BF output will go
"low" to indicate that the CPU has written data out
to port A.

ffiR (Act<nowtedge). A "low" on this input enables
the tri-state output buffer of Port A to send out the
data. Otherwise, the output butfer willbe in the high
impedance state.

!S 1 (The INTE Fllp-Flop Associated wlth
OBF). Controlled by bit set/reset of PC5.

Input Operatlons

SiE (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 Fllp-Flop Assoclated wlth IBF).
Conlrolled by bit set/reset of PCa.
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o(x?iol I|oiD

roRt I
t. liltirf
0. OuTrur

GnottBrcot
0. rrOOE 0
I . I,OOE r

231256-18

Flgure 13. MODE Gontrol Word

inbr 82C55A

E?^

E-xr

231256-19

Flgure 14. ttODE 2

Figure 15. MODE 2 (Btdirectionat)
IIOTE:
Any sequence where WF occurs before lffi, and SiEi occurs before ffi is permissible.(tNrR : tBF o iliAsK-. ffi. HD + OFe. n-fs[.-A6i-;trrtj'v'e "v 'o

orratFt
CtUrO|.C.cA

IEI

stt

IBF

tlFttt{EnaL
at,s

o tlFn
'Cfttici Lroucaa o^t^ Frot

r:c8e?66121q1

231256-20

DATA;rOI
aacta tob
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MOOE 2 ANO MOOE O IINPUTI MOOE 2 AND MOOE O (OUTPUTI

-fa

trFrr

3i-!^

|lF^

tro

dr^

Frr

m^
t!t^

t,t)

MODE 2 AND MODE I (OUTPUTI MODE 2 ANO MODE 't IINPUTI

ff^

F:r

fr^

NF^

d-r.

--r FO

f,a
rfatRa

s D r \ D . O r o r o t o o

tct

t+r\

tct

rq

rc.

tcr

4 D r O r D . O r O z O t O o

t rtt

q

tcr

lc.

tcr

tq.

t+.r\

lct

tct

tC.

fcr

r+rro

tc!

r+r\

tct

rq

fc.

tcr

rqr\

231256-21

Figure 16. MODE % Combinailons
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Mode Deflnltlon Summary

PAo
PAr
PAz
PAs
PAI
PAs
PAo
PAt

MODE O

IN OUT

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

PBo
PBr
PBz
PBs
PBa
PBs
PBe
PBz

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

PGo
PCr
PCz
Pcg
PCe
PCs
PCo
PQt

IN
IN
IN
1N
IN
1N
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

MODE 1

IN OUT

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

INTRg
lBFs
SEs
INTRa
STBA
lBFa
tlo
t/o

INTRe
6EFs
Affis
INTRa

1/O
vo

7ffig
OB-r1

Speclal Mode Comblnailon Conalderailons

There are several combinations of modes possible.
For any combination, some or all of the port C lines
are used for control or stiatus. The remaining bits are
either inputs or outputs as defined by a ,,Set Mode',
command.

During a read of lort C, the state of all the port C
lines, except the Affi and SIE lines, will be placed
on the data bus. In place of the Affi and ffi tine
states, flag status will appear on the data bus in the
PC2, PC4, and PC6 bit positions as illustrated by
Figure 18.

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

MODE 2

GBOUP A ONLY

vo
t/o
t/o

INTRa
sFEl
lBFa

A-KA
6EF1

MODE O
OR MODE
ONLY

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

With a "Set/Reset Port C Bit" command, any port C
line gpg_ _rammed as an output (including |NTR, IBF
and OBF) can be written, or an interrupfenable flag
can be eith€r set or reset. port C lines proorammed
as inputs, including ffi and SfB tinei, ajsociated
with Port C are not att€cted by a .,Set/Reset port G
Bit" command. Writing to the conespondino port C
bit positions of the Fffi and SIE tines iitn tfre
"Set/Reset Port C Bit" command will atf€ct the
Group A and Group B intenupt enable flags, as illus-
trated in Figure 18.

Current Drlve Capablllty

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the B2CFSA to directty drive
Darlington type drivers and high-voltage displays
that require such sink or source current.
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Readlng Port C Status

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

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

INPUT CONFIGURATION
D" D5 D5 D4 D3 D2 D1 Ds

GROUPA GROUPB

OUTPUT CONFIGURATIONS
D7 D6 D5 Da D3 D2 D1 Ds

GROUPA GROUPB

Figure 17a. MODE 1 Status Word Format

D? D5 D5 D1 D3 D2 D1

GROUP BGROUPA
(D€ftnod By Mode 0 or Mod€ 1 Sel€c{ion)

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flag Posltlon Alternate Port C Pln Slgnal (Mode)
INTE B
INTE A2
]NTE A1

PC2
PU
PC6

ATRa (Output Mode 1) orSTEg (lnput Mode 1)
ST-81 ltnput Mode t or Mode 2)
AFXa lOutput Mod€ 1 or Mode 2

Flgure 18. lnterrupt Enable Ftage In Modes 1 and 2
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ABSOLUTE MAXIMUM RATINGS'
Ambient Temperature Under Bias. . . .0.C to + ZO.C
StorageTemperature ...- 6S.Cto * 150.C
Supply Voltage - 0.5 to + 8.OV
OperatingVoltrage ... . .  + 4vto + 7V
Voltage on any lnput. . . .GND-2V to + 6.5V
Voftage on any Output . . GND-0.SV to V66 + O.sV
PowerDissipation ... .1Watt

'Notica:9lrassas above those listed under ',Abso-
lute Maximum Ratings" may cause permanent dam-
dga to the device. This is a stress rating only and
functional operation of the device at thase or any
other conditions above those indicated in the opera-
tionalsections of this specification is not implied. Ex-
posure to absolute macimum rating conditions for
ertended periods may affect device reliabitity.

D.C. CHARACTERISTICS
TA : 0'C tO 7O'C.VCC : +5V t10o/o, GND = OV (TA : -40'C to +85'C for Extended Temperture)

1. Pins A1, Ao,6, WF[, FiD, neser.
----.-- -. -.z,.oata RutPadF -8. _q. -

3. Outputs open.
4. Limit output cunent to 4.0 mA.

Symbol Parameter Mln Mar Unlts Test Condltlong
Vrr -lqprt Low Voltage -0.5 0.8 V
vrx lnput High Vottage 2.0 Vcc V
vol Output Low Voltage 0.4 V l9g : 2.5 mA
Vox Output High Voltage 3.0

V66 - 0.4
V
V

l o H :
loH :

-2.5 mA
-100 pA

I t Input Leakage Cunent t 1 pA VsN = Vgg to 0V
(Note 1)

lorl Output Float Leakage Cunent t 10 1tA V;1 : V66 to 0V
(Not€ 2)

loln Darlington Drive Cunent r2.5 (Note 4) mA Ports A, B, C
R61 : 500O
Vs6 = 1.7V

lpnl Port Hold Low Leakage Cunent +50 +300 pA V6g1 = 1.0V
Port A only

lpxx Port Hold High Leakage Cunent -50 -300 p.A V6g1 : 3.0V
Ports A, B, C

lpnlo Port Hold Low Overddve Cunent -350
P,A VggT : 0.8V

lpnno Port Hold High Overdrive Cunent +350 pA Vggy : 3.0V
lcc V6g Suppfy Cunent 10 mA (Note 3)
lccss V66 Supply Cunent-Standby 1 0 pA Vgg : 5.5V

Vtru = VCC or GND
Port Gonditions
It llP : Open/High

O/P = Open Only
With Data Bus :

High/Low
6 : High
Raset: Low

Pure lnputs :
Low/High

}IOTES:
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CAPACITANCE
T4 : 25oC, Vgg :GND : 0V

5. Sampled not 100o/o tsst€d.

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

BUS PARAIIETERS

READ CYCLE

Symbol Parameter illn ilax Unlts Test Condltlons
crH Input Capacitance 10 pF Unmeasured plns

returned to GND
fc : 1 MHz(s)

Qro l/O Capacitance 20 pF

NOTE:

Symbol Peramcter 82C55A-2
Unltc Tsrt

Condltlonallln llax
tln Address Stable Before FD J, 0 ns
hn Address Hold Time AtterRE T 0 ns
tnn HE Putse WiAn 150 ns
tno Data Detay from HD J 120 ns
tor HT f to Data Ftoating 10 75 ns
tnv Recovery Time between FID/ WF 200 ns

WRITE CYCLE

Symbol Paremclcr 82C55A-2
Unltr Tcrt

Condltlonetln ilar
tnw Address Stable Before WF J 0 ns
twR Address Hold Time AfterWH T 20 ns Ports A & B

20 ns Port C
tww WF Pulse Widrh 100 ns
tow Data Setup Time Before WFI f 100 ns
two Data Hold Time AfterWFf 30 ns Ports A & B

30 ns Port C
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1{OTE:
l. $TR t may occur as earry as WH J,.
fi,I#n.*"n 

of initial Resit pulse aiter powet on must be at teast 50 psec. subsequent Reset purses may be 5fi) ns

OTHER TIIIINGS

Symbol Parameter 82C55A-2 Unlts
Condltlons Tert

Mln llar
lwa WFi: l toOutpur 350 ns
trn Peripheral Data Before FiE 0 ns
txn Peripheral Data Atter RD 0 ns
tnx AeR Putse Width 200 ns
tst SfE Pube width 100 ns
tps Per. Data Before SIF High 20 ns
tpx Per. Dara Atter STBHigtr 50 ns
leo Iffi = 0toOutput 175 ns
txo A : 1 to Output Floal 20 250 ns
twog WFI: l  toOBF: O 150 ns
teoe Aj f f i : 0 toOEF:  1 150 ns
tsre SIB :O to tBF :1 150 ns
tRrg f f i : l t o lBF :0 150 ns
tnr R-D :O to |NTR:0 200 ns
tsr SfB : l t o lNTR-1 150 ns
tlr F f f i = l t o INTR:1 150 ns
twr WFi :0 to |NTR=0 200 ns se€ note 1
tnes Reset Pulse Width 500 ns see note 2
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WAVEFORMS

moDE 0 (BASTC |NPUT)

231256-?2

roDE 0 (BASTC OUTPUT)

?31268-23
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WAVEFORMS (continued)

MODE 1 (STROBED tNPt T)

moDE 1 (STROBED OUTPUTI

m

C}

l?r

ET

q,lin
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WAVEFORMS (continued)

lttoDE 2 (B|D|RECT|ONAL)

TITIING

231256-27

A.C. TESTING INPUT, OUTPUT WAVEFORTI

231256-29

A.C. Tdting Inputs Are Driyen Ai 2.4V Fq A Logic I And 0.'t5V
For A Logic 0 Timir€ Measur€ments Are Mad€ At 2.0V Fof A
Logic I And 0.6 For A Logic 0.

READ TIiIING

A.C. TESTII{G LOAD CIRCUIT

= 231256_30
'VgrT ls Set At Vrrious Voltages Oudng Testing To Guerantee
Th€ Spocificlton. C1 lncludes Jig Capecitance.

oatA;iotl
mToutS

&r

!?r

l t t

tltrtxliaL
aut

it

nrr,.'*iou.. *o*klll$!"^.

ilol.:
Anlgecueqge whers wEgqcuq.lefore ACR nno srE occuqbrsfore FD is permissibre.
(INTF = IBF o MASR. SfE. trD + 6EF. FIASR r ffift r ffi;

OATA
.lt3rou0
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Jumper and Switch Settings

When running SIGNAL*MATH, you may have to change some of the 2700's on-board jumpen from their
factory-set positions. Before using SIGNAL*MATH on the 2700 board, check rhe following swilch and jumpers:

. Sl - Base address
o pJ - 8254 timerlcounter I/O configuration
. P8 - Intemrps

The board layout is shown in Figure D-1.

Fig. D-1 - 2700 Board Layout

Sl - Base Address

SIGNAL*MATH assumes that tire base address of your 2700 is the factory 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
nomdon. When entering a hex value, you must precede the number by a dollar sign (for example, $300).

D-3

I m B ffi #"miHpi H ffiffi ffi E{HE$ffi--lH m*
I l;3|;n t'g h illle ffififfi $ffi;" _p"tilj; lifl

il,ffi inffi,ffiggiFfl.i*'r5.%;uffiffiilr38r rsE ',^@br8,-ElFlSullBffii|ig
mil iL_

@

o o o o
o o o o o o
O t r r  O O
O O r s r  O O
o o o o o o

o o o o

o o o o o o
o o o o o 0 0 0
o o  o o
O t r r  O O
C)O aaCss OO
0 0  0 0
o o o o o o o o

o o o o o o



osc
EC1

oT1
osc
EC2

PCK

ET

Fig. D-2 -8254 Timer/Counter Clock Source Jumpers, p7

P8 - Interrupts

To select an rRQ channel and an intemrpt source, you must install three jumpers on this header connector. To
configure this header for SIGNAL*MATH, place one jumper across the pins of your desired IRe channel, place the
second jumper acrcss the pins labeled EOC, and place third jumper across the pins labeled G. Make certain that
there are no other jumpers on this conneclor. Also, make sure that tlre IRQ channel you have selected is not used by
any other device in your system. Valid IRQ selections with SIGNAL*MATH ate niQg through IRel2, IRel4, and
IRQI5. IRQ3 through IRQT cannot be used. Figure D-3 shows you how o configure p8 ror d.q channel 10.

P8

W -8254 Timer/Counter UO Configuration

The 8254 must be configured with the three jumpers placed between ttre pins as shown in Figure D-2. This
configuration is the same as the factory setting. After setting the jumpers, verify ttrat each is in thi proper location.
Any remaining jumpers must b" removed from the p7 header ronn..io.

oT2

ET

EOC

DMA

IRQ3

IRQ4

IRQ5

IRQ6

IRQT

IRQg

IRQlO

IRQl1

P7

Y

o

o|
Y

o

IRQl2

IRQ14

IRQ15

G

Fig. D-3 - Interrupts and lnterrupt ChannelJumpers, pg
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Running ADAINST

- - After the jumpers and swirch are set and the 2700 boad is instatled in the computer, you are ready o conligureSIGNAL*MATH so that it is compatible with your board's serings. This is done by running rhe ADAINST driverinstaffation prograrn. After running the program, open ADA27OOfu<n from rhe open a fi6 menu. you will see ascreen similar to the screen shown in Figure D-4 below. The factory default seainis are shown in the illusnation.
Your settings may or may not match the default settings, dependini on whether you have made changes to these
secings before.

Base Address. The board's base address setting is entered in the upper right block, as shown in the diagram.
The factory setting for all Real Time Devices boardsis 300 hex (768 decimall. rne uase address can be entered as adecimal or hexadecimal value (hex values must be preceded uy a cottar sign (for example, $300)). Refer to your
board's manual if you need help in determining the correct vaiue to enter.

Eoc rT (End'of-Convert rnterrupt). In this block, enter the IRQ channel number which corresponds to yourjurnper setting on P8. valid channels arc Re9 through IRel2, IRel4, and lRels.
Timer IT (Timer/Counter Interrupt). This block is not used on the 2?00, and should be Ieft blank.
LabTech sw rT (LABTECH NoTEBooK Software Interrupt). This sets rhe software inrerrupr addresswhere LABTECH NoTEBoOK's labLINX driver is installed. The facory seu.ing is $60. This setting.- U"ignored when running SIGNAL*MATH.

A/D Parameters. Six A/D board parameters:re listed: ruolution, number of channels, active DMA channel,gain, loss, and input voltage polarity.

Resolution and number of channels are fixed by the program for your board.

Endof-Convert
Interrupt Channel

Timer/Counter
Interrupt Channel

Fig. D-4 - ADAINST.EXE Screen

Base Address

A/D 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
Selea
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If you are using DMA transfer, you must enter the channel number which corresponds o ttre jumper settings in
the DMA channel block. Valid channels numbers are 5, 6, and ?.

The next two blocks, gain and loss, are provided so that you can make adjustments for external gain or loss,
other than the programmable gain settings available on the board. For example, on the 2700, you can set a gain
multiplier circuit by adding some resistors which are external !o the programmable gain ampfiher. If yo'r gain
multiplier circuit is set for a gain of 2, then you must tell SIGNAL*MATH this seuing by entering 2ior gin.If your
input signal is externally aEenuated, then you can adjust for this by setting a value other ttran I for loss. Numbers
must be entered as whole decimal values. The factory default setting for garn and loss is l.

For a bipolar input range, an X should be placrd before Bipolar on the screen (default setting). For unipolar
operation, remove the X.

D/A Paraneters (ADA2700 Only). Six D/A board paramebrs arc listed: resolution, number of channels,
active DMA channel, gain, loss, and input voltage polarity. Resolution and number of channels are fixed. For the
ADA2700' DMA is not used and should be left blank. Gain and loss are provided so that you can make adjusrnens
for external garn or loss, as described above fq the AID parameters. for a Uipotar output range, an X should be
placed before Bipolar on the screen (default setting). For unipolar operation, remove the X. 

-
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APPENDIX E

CONFIGURING THE 27OO FOR ATLANTIS

E-1





If you have purchased ATLANTIS data acquisition and real time monitoring application software for your
2700, please norc that the ATLANTIS drivers for your board must be loaded from your example software disk into
the same directory as the ATLANTIS.EXE program. When running the ATLAN1-S data acquisition software you
may have to change some of the 2700's on-board jumpers from their facory-set positions. Before using ellailrrS
on the 2700 board, check the following switch and jumpers:

. Sl - Base address

. P7 - 8254 timer/counrer I/O configuration

. P8 - Interrupts

Figure E-l shows the board layout
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Fig. E-1 - 2700 Board Layout

51- Base Address

ATLANTIS assumes that the base address of your 2700 is the facory setting of 300 hex (see Chaprer l). If you
changed this setting, you must run the ATINST prognm and reset the base address.

NOTE: The ATINST progam requires the base address to be entered in decimal notation.

P7 - 8254 Timer/Counter VO Configuration

The 8254 must be configured with the three jumpers placed berween the pins as shown in Figure E-2. This
configural.ion is the same as the factory setting. After setting the jumpers, verify that each is in the proper location.
Any remaining jumpers must be removed from the P7 header connector.
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Fig. E-2 -8254 Timer/Counter Clock Source Jumpers, p7

P8 - Interrupts

To select an IRQ channel and an intemrpt source, you must install three jumpers on this header connector. Toconfigure this header for ATLANTIS, place one jumper across the pins of your desired IRe channel, place thesecond jumper across the pins labeled OT2, and ptaci ttrirO iurp., u.ros the pins labeled G. Make certain that thereare no other jumpers on this connector. Also, make sure that ne mQ channel you have selected is not used by anyother device in your sysrem. Figure E-3 shows you how o configure rg for IRe channel 9.

osc
EC2

oT2

ET

EOC

DMA

rR03

IRQ4

IRQlO

IRQl1

IRQl2

IRQl4

IRQl5

Fig. E-3 - Interrupts and Interrupt Channel Jumpers, pg
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APPENDIX F

WARRANTY





LIMITED WARRANTY

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

During the one year warranty period, REAL TIME DEVICES will repair or replace, at its option, any defective
products or parts at no additional charge, provided that the product is returned, shipping prepaid, to REAL TIME
DEVICES. All replaced 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 AIIY 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 operaring insrructions ttrat are provided by nBeI, TIME DEVICES,
"acts of God" or other contingencies beyond the conrol of REAL TIME DEVICES), OR AS A RESLLT OF
SERVICE OR MODIFICATION BY AI..IYONE OTIIER THANREALTIME DEVICES. EXCEPTAS EX.
PRESSLY SET FORTH ABOVE, NO OTFIER WARRANTIES ARE E)PRESSED OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE, AND REAL TIME DEVICES EXPRESSLY DISCLAIMS ALL WARRANTIES NOT
STATED HEREIN. ALL IMPLIED WARRANTIES,INCLUDING IMPLIED WARRANTIES FOR
MECHANTABILITY AND FITNESS FOR APARTICULAR PURPOSE, ARE LIMITED TO THE DURATION
OF THIS WARRANTY. IN THE EVENT THE PRODUCT IS NOT FREE FROM DETIECTS AS WARRANTED
ABOVE, THE PURCHASER'S SOLE REMEDY SHALL BE REPAIR OR REPLACEMENT AS PROVIDED
ABOVE. UNDER NO CIRCUMSTANCES WILL REAL TIME DEVICES BE LIABLE TO THE PIJRCHASER
oR ANY USER FOR AhIY DAMAGES, INCLUDING Al.ry INCIDENTAL OR CONSEQUENTIAL DAM-
AGES, EXPENSES, LOST PROFITS, LOST SAVINGS, OR OTHER DAMAGES ARISING OUT OF TTIE USE
OR INABILITY TO USE TI{E PRODUCT.

SOME STATES DO NOT ALLOW TITE EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSE.
QTIENTIAL DAMAGES FOR CONSUMER PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITA-
TIONS ON HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE LIMITATIONS OR EXCLU.
SIONS MAY NOT APPLY TO YOU.

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

F-3



AD2700l ADA2700 User Settings

Base l/O Address:

(hex) (decimal)

IRQ Channel:

DMA Channel:


