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INTRODUCTION





The AD1700 and ADA1700 Advanced Industrial Connol boards turn your IBMo PCiAT or compatible into a
high-speed, high-performance data acquisition and control system. Installed within a single expansion slot in the
computer, each 1700 series board features:

. 16 single-ended analog input channels,

. l2-bit, 5 microsecond analog+o-digital converter with 150 kHz throughput,

. *5, tl0, or 0 to +10 volt input range,

. Resistor conhgurable gain,

. Three conversion modes,

. DMA transfer,

. Trigger in and trigger out for exlernal triggering or cascading boards,

. 16-bit AT bus compatibility,

. 24 TTLICMOS buffered 8255-based digial VO lines with optional pull-up or pull-down resistors,

. Three 16-bit timer/counters (two cascaded for pacer clock),

. Two l2-bitdigttal-to-analog output channels with dedicated grounds (ADA1700 only),

. i5, *10, 0 to +5, or 0 to +10 volt analog output range (ADA1700 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 Aperation, and Chapter 4 , Board Operation and Programming. The
board setup is described in Chapter l, Board Settings.

Analog-to-Di gital Conversion

The analog-to-digital (A7D) circuitry receives up to 16 single-ended analog inputs and converts these inputs into
12-bit digital data words which can then be read and/or transferred to PC memory.

The analog input voltage range is jumper-selectable for bipolar ranges of -5 to +5 volts or -10 to +10 volts, or a
unipolar range of 0 to +10 volts. The board is factory set for -5 to +5 volts. Overvoltage protection to +35 volts is
provided at the inputs. The high-perfonnance A/D converter supports resistor configurable gain circuitry so that you
can customize the input range.

A/D conversions are performed in 5 microseconds, and the maximum throughput rate is 150 kHz. Convenions
are controlled through 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 transferred 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 sofnrare-selectable and the DMA
channel is chosen by jumper setrings on the board. The PC data bus is used to read and/or transfer data to PC
memory. In the DMA transfer mode, you can make continuous transfers directly to PC memory without going
through the processor.

Digital-to-Analog Conversion (ADAl7ffi Only)

The digital-to-analog (D/A) circuitry on the ADAI700 features nvo independent 12-bit analog output channels
with individually jumper-selectable output ranges of -5 to +5 volts, -10 to +10 volts, 0 !o +5 volts, or 0 to +10 volts.
Data is programmed into tlte 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

An8254 programmable interval timer contains three 16-bit, 8-MHz timer/counters to support a wide range of
timing and counting functions. Two of the timer/counters are cascaded and can be used internally for the pacer
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 1?00 hu24 TTL/CMOS-compatible digital I/O lines which can be directly interfaced with extemal devices
or signals to sense swirch closures, trigger digital events, 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 two modes: Mode 0
or Mode 1. To ensure high driving capacity, CMOS buffers are installed. TTL buffers are available on request.

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

What Comes With Your Board

You receive the following items in your 1700 package:

. AD1700 or ADAI700 interface board

. Software and diagnostics diskette with Turbo Pascal and Turbo C source code

. tJser's manual

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

Board Accessories

In addition to the items included in your lT00package, Real Time Devices offen a full line of software and
hmdware 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 monitoring and data acquisition. rtdlinx and rtdlinx/lablinx drivers provide full-feanred
high level interfaces between the 1700 and custom or third party software, including LABTECH NOTEBOOK,
NOTEBOOI(/)G, 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

Ilardware accessories for the 1700 include the lvIX32 analog input expansion board which can expand a single
input channel on your 1700 to 16 differential or 32 single-ended input channels, MR series mechanical relay output
boards, OP series optoisolated digital input boards, the TS16 thermocouple sensor board, the TB50 terminal board
and XB50 prototype/terminal board for easy signal access and prootype development, the EX-AT extender board
for simplified testing and debugging of prototlpe circuitry, and XT50 twisted pair wire flat ribbon cable assembly
for external interfacing.

Using This Manual

This manual is intended o help you install your new board and get it running quickly, while also providing
enough detail about the board and its functions so that you can enjoy maximum use of its features even in the most
complex applications. We assume that you already have an understanding of data acquisition principles and that you
can customize the example software or write your own applications 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 the board's features. If you have any problems installing or using this board,
contact our Technical Support Department, (814) 234-8087, during regular business hours, eastem standard time or
eastern daylight time, or send a FAX requesting assistance to (814) 234-52L8. When sending a FAX request, please
include your company's name and address, your name, your telephone number, and a brief description of the
problem.
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CHAPTER 1

BOARD SETTINGS

The AD1700 and ADA1700 boards have jumper and switch
settings you can change if necessary for your application. The
1700 is factory-configured as listed and shown on a diagram in the
beginning of this chapter. Should you need to change these set-
tings, 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 1 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 at Rl, R2, TR4, and C46, you can
add your own resistornfigurable gain. This circuiory is described at
the end of this chapter.
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Factory-Configured Switch and Jumper Settings

Table 1-1 lists t}te factory settings of the user-configurable jumpers and switch on ttre AD1700 and ADA1700
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 seftings. Pay special attention to the setting of S1, the base
address switch, to avoid address contention when you first use your board in your system.

Table 1-1 - Factory Settings
Switch/
Jumper Function Controlled

Factory Settlngs
(Jumpers Installed)

P3 Sets the analog input voltage range 10 volts

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

P5 Sets the DMA request (DRQ) channel Disabled

P6 Sets the DMA acknowledge (DACK) channel Disabled

P7
Sets the clock sources lor the 8254 timer/counters
(TC0-TC2); connects TC1 out (PCK)to tuD trigger

Jumpers installed on CLK1 -OSC,
CLK2-OT1, & PCK

P8

Connects one ol lour interrupt sources to an interrupt
channel; pulls tri-state buffer to ground (G) for multiple
interrupt applications

Jumpers installed 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

P11 Sets the D/A output voltage rangetor DAC 2 +5 to -5 volts

P14
Selects the A/D converler status or the external gate
of timer/counter 2 to be availabb for monitorinq EOC (A/D converter status)

P1s
Sets the state ol the top 4 bits (the bits not used by
the 12-bit conveder) of the 16-bit A,/D output word

Bipolar
(must be the same as P4)

s1 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 1-2, sets the analog input voltage range for 10 or 20 volts. Note that if
the jumper is installed on 20V, then P4 can only be set for bipolar (+/). The input ranges allowed by the 1700 are
+5, +10, and 0 to +10 volts.

P3 20V 10V

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

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

This header connector, shown in Figure l-3, sets the analog input voltage polarity for unipolar (+) or bipolar
(+/-). If tie jumper on P3 is installed on 20V, then P4 can only be set for bipolar (+/-). The input ranges allowed by
the 1700 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 Factory-Configured Settings

+l- P4

Set P15 to he same polarityl

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

P5 - DMA Request Channel (Factory Setting: Disabled)

This header connector, shown in Figure 1-4, lets you select channel 5, 6,or 7 for DMA transfers. This line, the
DMA request line (DRQ), must be set to the same channel as the DACK line on P6. The facory setting is DMA
disabled. Note that if any other device in your syst€m is already using your selected DMA channel, channel conten-
tion will result, causing erratic operation.

P5

DRQ5

DBQ6

DRQT

Fig. 1-4 - DMA Request ChannelJumper, P5
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P6 - DMA Acknowledge Channel (Factory Setting: Disabled)

This header connector, shown in Figure l-5, lets you select channel 5,6, or 7 for DMA transfers. This line, the
DMA acknowledge line (DACK), must be set to the same channel as t}te DRQ line on P5. The factory setting 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.

P6

;ilfHl
Fig. 1-5 - DMA Acknowledge ChannelJumper, P6

YI -8254 Timer/Counter Clock Sources (Factory Settings: CLKI-OSC, CLK2-OTl, PCK)

This header connector, shown in Figure 1-6, lets you select the clock sources for ttre 8254 imerlcounters, TC0,
TCl, and TC2. TCO and TCl 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 1-7 shows a block diagrarn of the timer/
counter circuitry to help you in making these connections.

The clock source for TCO and TCl is selected by placing a jumper on OSC or ECI on CLKI (the two pairs of
pins at the top of the header). OSC is the on-board 8-MHz clock and ECI is an external clock source you connect
through the external I/O connector e245).

Below the CLKI pins are three pairs of pins labeled CLKZ. These pins are used to select the clock source for
TC2. OT1 connects the ouput of TCl to the clock pin of TC2. Installing a jumper here cascades all three timer/
counters, a feature necessary when using SIGNAL*MATH or ATLANTIS software (see Appendixes D and E).
OSC is the on-board 8-MIIZ clock, and EC2 is connected to the same external clock source as ECI @245).

The last two pins on this header, PCK and ET, let you use the pacer clock (PCK) or an extemal rigger (ET) to
trigger A/D conversions. A jumper must be placed on PCK in order to use the pacer clock (ouput from TCI). Or,
you can place the jumper across ET and connect any external trigger toY2-39 to trigger the A/D convener.

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

P7

osc
ECI

or1
osc
EC2

PCK

ET

Fig. 1-6 -8254 Timer/Counter Clock Source Jumpers, P7

;l
3l
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TI I 'ER/
COUNTER CLK

0
GATE

O U T

!-"-io-------l TO A/D
T R I G G E R P7

C L K  1

I  F 8  M H z

P I N  4 I EXT GATE 1

P IN  39 !1p166gp  1x

TiC OUT 1
PI

C L K  2

EXT GATE 2

T/C OUT 2

L - - - - - - - - - J

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 sources to any of 11
intemrpt channels, IRQ9 (highest priority channel) through IRQ12, IRQ14, IRQ15, and then back to IRQ3 through

P8 P8

Fig. 1-8a:
Factory Setting

or2
ET

EOC

DMA

IRQ3

IRQ4

IRQs

IRQ6

IRQT

IRQg

IRQlO

IRQl1

IRQl2

IRQl4

IRQl5

G

Fig. 1-8b: lnterrupt Sourcs
Conneded lo lRQ3

oT2
ET

EOC

DMA

IRQ3

IRQ4

IRQs

IRQ6

IRQT

IRQg

IRQlO

IRQll

IRQ12

IRQl4

IRQl5

G

Fig. 1-8 - lnterrupt ChannelJumper, P8
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IRQT (lowest priority). Chapter 4 explains intemrpt channel prioritization in delail. To activate a channel, you must
install a jumper horizontally across the desired IRQ channel. Figure l-8a shows the factory setting; Figure l-8b
shows the intemrpt source connected to IRQ3.

At the top of the header, you can select any one of four signal sources to generate an intemrpt. An intemrpt
source is chosen by placing a jumper across the desired pair of pins. The intemrpt sources available are the the
output of timer/counw 2 (OT2), extemal rigger (ET), A/D end-of-convert (EOC), 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 pull-down resistor drives the
intemrpt request line low whenever intemrpB are not active. Whenever an intemrpt request is made, the ei-state
buffer is enabled, forcing the output high and generating an intemrpt. You can monitor the intemrpt status through
bit 2 in the status word (I/O address location BA + 2). After the intemrpt has been serviced, the reset command
returns the IRQ line low, disabling the tri-state buffer, and pulling the ouput low again. Figure 1-9 shows this
circuil Because the intemrpt request line is driven low only by the pull-down resistor, you can have two or more
boards which share the same IRQ channel. You can tell which board issued the interrupt request by monitoring each
board's IRQ status bit.

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

I N T
S O U R C E

IRO STATUS

INTERRUPT

Fig. 1-9 - Pulling Down the fnterrupt Request Line

P10 - DAC I Output Voltage Range (Factory Setting: +5 to -5 volts)

This header conn@tor, shown in Figure 1-10, sets the output voltage range for DAC I at 0 to +5, +5, 0 to +10,
or +10 volts. Two jumpers must be installed, one 0o select the range and one to select the multiplier. The trvo
rightmost jumpers select the range, bipolar (15) 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 setring. This header does
not have to be set the same as Pl 1.

Voltage Range

Jumpers (Left to Right)

x2 x1 +5 5

-5 to +5 volts OFF ON ON OFF

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

0 to +10 volts ON OFF OFF ON

r-7



PlO DAC1

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

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

This header connector, shown in Figure 1-11, sets the output voltage range for DAC 2 at 0 to +5, +5, 0 to +10,
or +10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The two
rightmost jumpers select the range, brpolar (15) 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 brpolar setting. This header does
not have to be set tlle same as P10.

Voltage Range
and Polarity

Jumpers (Left to Right)

x2 x1 +5 5

-5 to +5 volts OFF ON ON OFF

0 to +5 volts OFF ON OFF ON

-1 0 to +10 volts ON OFF ON OFF

0 to +10 volts ON OFF OFF ON

P1l DAC2

Fig. 1-11 - DAC 2 Output Vofiage Range Jumper, pl1

P14 - A/D Converter Status/External Gate 2 Monitor (Factory Setting: EOC (A/D Converter Status))

This header connector, shown in Figure 1-12, les you select either the AID converter status or the external gate
input of timer/counter 2 tobe available for monitoring at bit 3 of the status word (BA + 2). The A/D conver{er status
provides a direct read of the A/D converter's availability for starting convenions. This line goes low when a
conversion starts, then goes high when the conversion is completed. Chapter 4 provides a more detailed explanation
of this status signal.

P l4

J-J =o,
I o--e I eoc

Fig.1-12 - A/D Converter Status/External Gate 2 Monitor Jumper, p14

r5x1x2

+5xlx2

:II:

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

This header connector, shown in Figure 1-13, sets the state of the unused four bits in the 16-bit AID data word.
This header ensures that these fow topmost bits are set at 0 for unipolar conversions and at the same state as the
MSB of the l2-bit A/D converted data for bipolar conversions. Chapter 4, BA + 0, explains this in more detail.
NOTE: P15 and P4 must be set the same for proper board operation.

Set P4 to the same polarity!

Fig. 1-13 -l/D Data Word Bit State Set Jumper, P15

51- Base Address (Factory Setting: 300 hex (768 decimal))

One of the most common causes of failure when you are first trying your board is address contention. Some of
your computer's I/O space is already occupied by internal VO and other peripherals. When the 1700 board attempts
to use I/O address locations already used by another device, contention resul8 and the board does not work.

To avoid this problem, the 1700 has an easily accessible four-position DIP switch, S1, which lets you select any
one of 16 starting addresses in the computer's I/O. Should the factory setting of 300 hex (768 decimal) be unsuitable
for your system, you can select a different base address simply by setting the switches to any one of the values listed
in Table 1-2. The table shows the switch settings and their corresponding decimal and hexadecimal (in parentheses)
values. Make sure that you verify the order of the swirch numbers on the swirch (1 through 4) before setting them.
When the switches are pulled forward, they are OPEN, or set to logic l, as labeled on the DIP swirch package. When
you set the base address for your board, record the value in the table inside the back cover. Figure 1-14 shows the
DIP switch set for a base address of 300 hex (768 decimal).
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Tabfe 1-2 - Base Address Switch Settings, Sl

Base Address
Decimal/ (Hex)

Swltch Setting
4 3 2 1

Base Address
Decimal/ (Hex)

Switch Selting
4 3 2 1

sn tQn) 0 0 0 0 768 / (3oo) 1 0  0  0

5M IQN) 0 0 0 1 800 / (320) 1 0 0 1

s76 | (240) 0 0 1 0 832 | (340) 1 0 1 0

608 | (260) 0 0 l l 864 / (360) 1 0 1 1

6Q I (280) 0 1 0 0 896 / (380) 1 1 0 0

672 t(2A0) 0 1 0 1 928 / (3A0) 1 1 0 1

7M t(2C0) 0 1 1 0 960 / (3Co) l l 1 0

736 t(2E0) 0 1 l l 992 t(3E0) l l 1 1

0 = c l o s e d , 1 = o p e n

Fig. 1-14 - 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 l-15 shows the Port C buffen, and the following steps t€ll you how to
configure the board for Mode I operation.

To remove buffering from Port C:

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

CAUTION: Remember, whenever you close the switches, be sure to remove the buffers, U8 and U9, from the
board. Failure to do so may damage the board.
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I/O CONNECTOR
P2 t P12

I
! .  pr l  re

PIN 14

PIN 12

P I N  1 O

8

PIN 6

PIN 4

PIN 2

Fig. 1-15 - Port C Buffer Circuitry

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

The 8255 programmable peripheral interface provides ?4TTLICMOS compatible digital I/O lines which can be
interfaced with external devices. These lines are divided into four goups: eight Port A [nes, 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 !o pull lines up for connection to swirches. This will pull the line
high when the switch is disconnected- Or, you may want to pull lines down for connection lo relays which control
turning motors on and off. These motors tum on when the digial lines controlling them are high. The Port A and
Port B lines of the 8255 auomatically power up as inputs - which can float high - during the few moments before
the board is first initialized. This can cause the extemal devices connected to these lines to operat€ erratically. By
pulling these lines down, when the data acquisition system is first tumed on, the motors will not swirch on before the
8255 is inirialized.

To use the pull-up/pull-down feature, 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 bottom of the P2 VO connector, labeled PA, PB, PCL, and
PCH. PA and PB ake 10-pin packs, and PCL and PCH ake Gpin packs. Figure 1-16 shows a blowup of the PA,
PCL, and PCH resistor pack locations. PB is located to ttre 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 the otler end. The middle hole is common. PA is for Port A, PB is for Port B, PCL is for Port C lower, and PCH
is for Port C Upper. Figure 1-16 shows these pads. To operate as pull-ups, solder a jumper wire between the
common pin (middle pin of t}te three) and the V pin. For pull-downs, solder a jumper wire between the common pin
(middle pin) and the G pin. Figure 1-17 shows Port A lines with pull-ups, Port C Lower with pull-downs, and Port C
Upper with no resistors.

PC7

PC6

PC5

PCI

PC3

PC2
oar

PC0
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Fig. 1-16 - Pull-up/Pull-down Resistor Circuitry
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LOWER {
(Pco-3) 
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PoRr c f
UPPER <(PC4-?t 

t

Fig. 1-17 - Adding Pull-ups and Pull-downs to Digital 1/O Lines

Resistor Configurable Gain

The1700 has resislor configurable gain o cuslomize the gain setting for a specific application. Note that when
you use this feature and set up the board for a gain of other than l, all of the 16 input channels will operate only at
your custom gain setting.

The resistor configurable gain is derived by adding resistors Rl and R2, rimpot TR4, and capacitor C46, all
located in the upper center and right areas of the board- The resistors and trimpot combine to set the gain, as shown
in the formula in Figure l-18. Capacitor C46 is provided so that you can add low-pass filtering in the gain circuit. If
your input signal is a slowly changing one and you do not need to mea$ue it at a higher rate, you may want to add a
capacitor at C46 in order to reduce the input frequency range and in nrn reduce the noise on your input signal. The
formula for setting the frequency is given in the diagram. Figure 1-18 shows how the gain circuitry is configured.

As shown in Figure 1-18, a solder short must be removed from the board to activate the gain circuiry. This
short is located on the bottom side of the board under Un (AD712IC). Figure 1-19 shows the location of the
solder short.
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Remove solder short
(see Figure 1-19)

To calculate Gain:
Q6 =[(TR4 + R2)/R1]+ 1

To calculate frequency:
I=1/[2nC46(R2+TRa)]

Fig. 1-18 - Gain Circuitry and Formulas lor Calculating Gain and f

Ramove Solder Short
Between These 2 Pads on

Bottom Side of Board

o
?o
o

oooo
o o o o o o
o o r  o o
O O g  O O
o o o o  o o

o o o o

oooooo
oooooooo
oo  oo
oo r  oo
33*  33
oooooooo

o o o o o o

Fig. 1-19 - Diagram for Removatof Solder Shorl
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CHAPTBR 2

BOARD INSTALLATION

The 1700 board is easy to install in your PC/AT 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 1700DIAG
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 the
bag, hold the board at the edges and do not touch the components or connectors.

Before installing the board in your computer, check the jumper and switch settings. Chapter I reviews the
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 operation and erratic response.

To install the board:

1. Turn OFF the power to your AT computer.

2. Remove the top cover of tle computer housing (refer o your owner's manual if you do not aheady know
how to do this).

3. Select any unused expansion slot and remove the slot bracket.

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

5. If you are using the 20-pin Pl2 connector for 8255 digital I/O operations, connect the mating connector to it
before installing the board in the PC. Note that theY2I/O connector mounting bracket has an oversized
cutout to allow space for running the cable to P12 through the same VO slot. If you want to run botJr 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 the expansion slot
connectors in the bottom of the selected expansion slol

7. After carefully positioning tlre board in the expansion slot so that the card edge connectors are resting on the
computer's bus connecton, gently and evenly press down on the board until it is secured in the slot.

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

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

External VO Connections

Figure 2-l shows the 1700's P2 50-pin VO connector and P12 on-board 20-pin connector pinouts. Refer to these
diagrams as you make your I/O connections.
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AINI

AIN2

AIN3

allla

AIN'

alil6

AINT

AINS

AOUTl

AOUT2

ANALOC CND

PA7

PA6

PA5

PA{

P 3

P 2

PAl

PAO

TRIGGEB IN

EXT GATE I

TRIGOER OUT

EXT CLK

+12 VOLTS

-12 VOLTS

AIN9

AINlO

4til11

AIN l2

AIN l3

Ar{1a

AINl5

a|l{16

AilALOC OND

ANALOO CI{O

ANALOG GND

PC7

PC6

PC5

PC4

PC3

PC2

PCr

PGO

DIGITAL GND

T/C OUT 1

T/C OUT 2

EXT GATE 2

+! voLTs

DtoITAL Cr{O

P80

PB'

P92

PE3

PB'

PB5

PB6

?87

+12 VOLTS

.r2 VOLTS

PC0

PCl

PC2

PC3

PAt

PC5

PC6

PC7

+5 VOLTS

OIOITAL GND

Fig. 2-1 - PZ llo Connector and P12 On-board Connector Pin Assignments

Connecting the Analog Input Pins

Connect the high side of the analog input o one of the analog input channels, AINI through AIN16, and
connecr the low side to an ANALOG GND (pins 18 and 2U22onP2). Figure 2-2 shows how these connections are
made.

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.

Connecting the Trigger In and Trigger Out Pins' Cascading Boards

The 1700 board has an external rigger input (P2-39) and output (P243) so that conversions can be stafied
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 2-3,they can be triggered to start an A/D
conversion 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 1), 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 qrn conn@t the trigger signal to the tigger input of each board. In this
configuration, the boards are not cascaded, but rather driven by the same tigger pulse at the same time, and the
sampling uncertainty is reduced to less than 5 nanoseconds.

If you apply an external rigger to the board's nigger in pin, note that a jumper should be installed on ET on P7
(see Chapter 1). The board is triggered on the positive edge of the pulse and the pulse duration should be at least 100
nanoseconds.
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Fig.2-2 - Single-Ended Input Connections
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Fig. 2-3 - Cascading Two Boards for Simultaneous Sampting
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Connecting the Analog Outputs (ADA1700 Only)

For each of the two D/A outputs, connect the high side of the device receiving the output to the AOUT channel
V2-I7 or P2-19) and connect the low side of the device to an ANALOG GND (P2-18 orP2-20).

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 1700DIAG Diagnostics Program

Now that your board is ready to use, you will want to try it out. An easy-to-use, menu-driven diagnostics
program, 1700DIAG, is included with your example software to help you verify your board's operation. You can
also use t}tis 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 1700 hardware. The
major circuits are the AlD, the D/A, the timer/counters, and the
digital VO lines. This chapter also describes the hardware-select-
able intemrpts.





The 1700 board has four major circuits, the A/D, the DiA (ADA1700 only), the timer/counters, and the digttal
I/O lines. Figure 3-1 shows the block diagnm of the board. This chapter describes the hardware which makes up the
major circuits and hardware-selectable intemrpts.

A/D Conversion Circuitry

The 1700performs analog-to-digical conversions on up to 16 single-ended sofnvare-selectable analog input
channels. The following paragraphs describe the A/D circuitry.

Analog Inputs

The input voltage range is jumper-selectable for -5 to +5 volts, -10 to +10 volts, or 0 to +10 volts. A resistor
configurable gain circuit les you amplify lower level signals to more closely match the board's input ranges.
Overvoltage protection to 135 volts is provided at the inputs.

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 kllz for the converter alone. The AD678 contains a sample-
and-hold amplifier, a 12-bit AID converter, a 5-volt reference, a clock, and a digital interface to provide a complete
A/D conversion function on a single chip. Is low-power CMOS logic combined wittr a high-precision, low-noise
design give you accurate results.

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

16 S.E. AT LOG INPU?S
-5V lO +5v
O lO +lov

- lov TO +lov

Fig. 3-1 - AD1700/ADA1700 Block Diagram
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Data Transfer

The converted data can be ransferred through ttre PC data bus to PC memory in one of two ways: by using the
microprocessor or by using direct memory access (DMA). Data bus Eansfers take more processor time to execute.
They use polling and intemrpts to determine when data has been acquired and is ready for transfer. DMA places
data directly into the PC's memory, one byte at a time, with minimal use of processor time. DMA transfers are
managed by the DMA controller as a background function of the PC, letting you operate at higher throughput rates.
The maximum throughput rate of the 1700 is 150 kHz.

D/A Converters (ADA1700 Only)

Two independent 12-bit analog output channels are included on the ADA1700. The analog outputs are gener-
atedby two l2-bit D/A converters wittr independentjumper-selectable oulput ranges of +5, +10, 0 to +5, or 0 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 ttre 0 to +5 volt range has a resolution of I.22 millivolts.

Timer/Counters

4n8254 programmable interval timer provides three 16-bit, 8-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, TC2, for
counting applications, or cascade it to TCO and TCI for timing applications. Figure 3-2 shows the timer/counter
circuitry.

Each timer/counter has two inputs, CLK in and GATE in, and one ouqput, timer/counter OUT. They can be
programmed as binary or BCD down counten 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 (Intemrpt on Terminal Count)
Mode I llardware-Retriggerable One-Shot
Mode 2 Rate Generator
Mode 3 Square Wave Mode

!- *oo------- l TO A/D
TRIGGER

f 8 M H z

1 7 0 0 .
I/O CONNECTOR

P2

I
I
!

EXT CLK

EXT GATE T

I
prN geArRrcceR rN

T GATE 2

rtc ou.r 2

Fig. 3-2 -8254 Timer/Counter Circuit Block Diagram

TIT€B/
couilTEn cLX

o
GATE

OUT

TI IEN/
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OUT
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Mode 4 Software-Triggered Strobe
Mode 5 llardware Triggered Srobe (Retriggerable)

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

Digital VO, Programmable Peripheral Interface

The programmable peripheral interface (PPI) is used for digital IiO funclions. This high-performance TTL/
CMOS compatible chip has 24 digital VO lines divided into two groups of 12lines each:

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

Port A and Port C are available at the external VO connecbr, P2. Port B and Port C are available at the on-board
20-pin connector, Pl2. You can use these poru in one of two PPI operating modes, Mode 0 or Mode 1. Do not try
to use Mode 2 operation! The 1700 does not support Mode 2. When operating in Mode 1, the on-board buffers
must be removed from the Port C lines. This procedure is described in Chapter I in the 52 DIP switch discussion.
The 1700 operating modes are:

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

Mode I - Strobed inpuVoutput. Lets you transfer IlO data 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 I/O lines moni[or the 8255 control word Do automatically set their
direction. Ilardware changes to the buffer circuitry are required only when using Mode 1, where the Port C buffers
must be removed as described in Chapter 1.

Interrupts

The 1700 has four jumper-selectable intemrpt sources: end-of-convert, DMA done, the external trigger, and the
output of timer/counter 2.1\e end-of-convert signal can be used to interrupt the compuler when an A,rD convenion
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 I/O connector can be used to generate an intemrpt whenever the trigger line
changes from low to high. Or, the output of timer/counter 2 can generate an intemrpt whenever the count reaches 0.
Chapter 1 tells you how to set the jumpers on the intemlpt header conn@tor P8, and Chapter 4 describes how to
program intemrpts.
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to program and use your 1700
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
programs 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.
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BA + 4: ChanneVBoard Functions Select (Read/Write)

8-bit operation. Programs the analog input channel and enables the IRQ and external rigger. Reading this
register shows you the current settings.

IRQ Enabl,
0 = IRQ disabled
1 = IRQ enabled

Analog Input
ChannelSelect
0000 = channel 1
0001 = channel 2
0 0 1 0 = c h a n n e l 3
0011 =channe l4
01 00 = channel 5
0101 = channel 6
01 '10 = channel 7
0 1 1 1  = c h a n n e l S
1 000 = channel 9
1001 = channel 10
1 0 1 0 = c h a n n e l  1 1
1 0 1 1 = c h a n n e l l 2
1 1 00 = channel 13
1 101 = channel 14
1 1 10 = channel 15
1 1 1 1 = c h a n n e l l 6

D7 D6 D5 D4 D3 D2 D1 DO

Enable

External Trlgger Enable
0 = Disabled
1 = Enabled

BA + 6: Reserved

BA + 8: D/A Converter 1 (ADA1700 DACI) (Write Only)

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

Dl5 Dl4 Dl3 D12 D l 1 Dl0 D9 D8 D7 D6 D5 D4 D3 02 D1 DO

x  B i r 1 2 B i t 1 1  B i r 1 0 B i r 9 B i t 8  B i r T  B i t 6  B i t s  B i t 4  B i l 3  B i t 2  B i t l
(MsB) (LsB)

BA + 10: D/A Converter 2 (ADA1700 DAC2) (Write Only)

16-bit operation. Programs the l2-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 channel2.

Dl5 Dl4 Dl3 D12 D 1 1 Dl0 D9 D8 D7 D6 D5 D4 D3 02 D1 DO

X

x Bit 12 Bir 11 Bit 10 Bit I Bit 8 Bit 7 Bit 6
(MSB)

Bi ts  B i t4  B i t3  Bh2 B i t l
(LsB)

BA + 12: Reserved

BA + 14: Reserved







Defining the VO Map

The I/O map for the ADl7CI and ADA1700 is shown in Table 4-l below. As shown, the 1700 occupies 32
consecutive vo port locations.

Because of the lGbit structure of the AT bus, every other address location is used. Our programming structure
uses tlre l6-bit command for reading the A/D converted data and for programming the nvo ADAI700 D/A convert-
en. All other read/write operations are 8-bit operations.

The base address (designated as BA) can be selected using DIP swirch Sl as described in Chap0er l,Board
Settings. This switch can be accessed witloutremoving the board from the connector. Sl is factory set at 300 hex
(768 decimal). The following sections describe the register contents of each address used in the I/O map.

Table 4-1 - AD1700/ADA1700l/O ltilap

Register Description Read Function Write Function
Address'
(Decimal)

Read Data/Start Convert
Read 12-bit A/D converted
data word Start A/D conversion B A + 0

Read StatuVReset Read status word
Resets board so that il is
ready to stad A/D conversions B A + 2

ChannelSelecV
Board Functions Read current channel settings

Program channel ; external
trigger enable, IRQ enable BA+ 4

Reserued Reserved Reserved B A + 6
D/A Converter 1
(ADA1700 Only) Reserved

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

D/A Converter 2
(ADA1700 Only) Reserved

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

Reserved Reserved Reserved B A +  1 2

Reserved Reserved Reserved B A +  1 4

8255 PPI Port A Read Port A digltal input lines
Program Port A digitaloutput
lines B A +  1 6

8255 PPI Port B Read Port B digital input lines
Program Port 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 Reserved Program PPI configuration 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
8254 Timer/Counler 2
(Available lor external use) Read count value Load counl register B A + 2 8
8254 Timer/Counter
ControlWord Reserved Program counter mode B A + 3 0
' BA = Base Address
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BA + 16: PPI Port A - Digital VO @ead/Write)

8-bit operation. Transfers the 8-bit Port A digital input and digital ouput data between the board and an
external device. A read transfers data from the external device, through Y2,and into PPI Port A; a write transfers the
written data from Port A through P2 to an external device.

BA + 18: PPI Port B - Digital VO (Read/Write)

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

BA + 20: PPI Port C - Digital VO (ReadAilrite)

8-bit operation. Transfers the two 4-bit Port C digial input and digial output daa groups @ort C Upper and
Port C Lower) between the board and an external device. A read transfen data from the external device, through P2
and Pl2 (the on-board 20-pin connector), and into PPI Port C; a write transfen the wrisen data from Port C through
P2 and P12 to an external device.

BA + 222 8255 PPI Control Word (Write Only)

8-bit operation. When bit 7 of this word is set to 1, a write progmms the PPI configuration. Bit 6 must always
be set to 0 (Mode 2 operation is not supported by the 2700).

ilode Set
1 = active

D7 D6 D5 D4 D3 D2 D1 DO

l- l -T-- l --T-
l l  I  I  Por tc
I r  I  I  o = o u .

i i  I I 1=inF
I t  I  eorta
I t  I  o=outPut
l i  |  1= inPut
l i l
I I libde Select

; l  o=modeo
I t  1 = m o d e 1

Fras 
i

l*
i3i
I  t x
I
I
I
I

rde Saler
= mode I
= mode
= mode I

;t

Port A
0 = output
1 = input

-l
t C Lower
output
input

I
I
I
I

fr""l

L_ __iSrt l
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The table below shows the control words for the 16 possible Mode 0 Port I/O combinations.

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

SeUReset
Function
0 = active

D7 D6 D5 D4 D3 D2 D1 DO

Blt
Blt Sel
0 = s e t
Blt SeUFeset
0 = s e t b i t t o 0
l = s e t b i t t o lBlt Select

000 = Pco
001 = Pc1
010 = Pc2
0 1 1  = P C 3
100 = Pc4
101 - PCs
1 1 0 = P C 6
1 1 1  =  P C 7

8255 Port l/O Flow Dlrectlon and ControlWords, Mode 0

Group A Group B Contrc Word

Port A
Port C
Upper Port B

Port C
Lower Binary Declmal Hex

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

Output Output Output lnput 1 0 0 0 0 0 0 1 129 8'l

Output Output lnput Output 1 0 0 0 0 0 1 0 130 82

Outpul Output Input Input 1 0 0 0 0 0 1 1 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 lnput lnput 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

Input Output Input Input 1 0 0 1 0 0 1 1 147 93

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

lnput Input Output Input 1 0 0 1 1 0 0 1 153 99

Input Inpul lnput Output 1 0 0 1 1 0 1 0 154 9A

Input lnput 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 !o 1, you would set up the control word so that bit 7 is 0; bits 1, 2,
and 3 are 0 (this selects PCO); 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

Bit
Set PCO

Bit Select
000 = Pco

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

8-bit operation. A read shows tle count in the counter, and two write operations load the counler with a new
l6-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 TCI to 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
l6-bit value in two 8-bit steps, LSB followed by MSB. The counter must be loaded in two S-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 + 28: 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
l6-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 can be cascaded to TCO and TCl or it can be used independently.

BA + 30: 8254 Control lVord (Write Only)

8-bit operation. Accesses the 8254 control register o directly confiol the three timer/counten.

Sets PCo to 1
(written to BA +22)

SeVReset
Function

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

Read/Load
00 = latching operation
01 = 1s364..6 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/Binary
0 = binary
1  = B C D

Counter ilode Select
000 = Mode 0, event count
001 = Mode 1, programmable 1-shot
010 = Mode 2, rale generator
01 1 = Mode 3, square wave rate generator
100 = Mode 4, software-triggered strobe
101 = Mode 5, hardware-triggered strobe
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Programming the 1700

This section gives you some general information about programming and the AD1700 and ADAI700 boards,
and then walks you through the major lT00programming functions. These descriptions will help you as you use the
example pro$ams included with the board and the programming flow diagrams at the end of this chapter. All of the
program descriptions in this section use decimal values unless otherwise specified.

The 1700 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 1700 is AT bus compatible, reading the A/D converter data
and writing the D/A converter data is done in a lGbil word format. All other operations are done in an 8-bit word
format. HighJevel languages such as Pascal, C, and C+r make it very easy to read/write these ports. The able
below shows you how to read from and write to I/O ports in Turbo C and Turbo Pascal.

Language Read 8 Bits Wdte 8 Bits Read 16 Bits Write 16 Blts

Turbo C Data = inportb(Address)oulportb(Address, Data) Dala = inporl(Addr€ss)outporl(Address, Data)

Turbo Pascal Data:= PorllAddress] Pod[Address]:= Data Dala:= PonW[Address]PorlWlAddressl:= Data

In addition to being able to read/write the VO ports on the 1700, you must be able o perform a variety of
operations that you might not normally use in your programming. The able below shows you some of the operators
discussed in this section, with an example of how each is used with Pascal and C.

Language Modulus Integer Divlsion AND OR

c o/o

? = b o / o  C

I
a = b / C

&
a=b&c a = b l c

Pascal MOD
a : = b M O D c

DIV
a : = b D l V c

AND
a : = b A N D c

OR
a : = b O R c

Many compilers have functions that can read/write either 8 or 16 bis from/to an VO port For example, Turbo
Pascal uses Port for 8-bit port operations and PortW for 16 bits, Turbo C uses inportb for an 8-bit read of a port
and inport for a 16-bit read. Be sure to use the correct function for 8- and 16-bit operations with the 17001

Clearing and Setting Bits in a Port

When you clear or set one or more birs in a port" you must be careful that you do not change the status of the
ottrer bits. You can preserve the sBnrs of all bits you do not wish to change by proper use of the AND and OR
binary operators. Using AND and OR, single or multiple bits can be easily cleared in one operation.

To clear a single bit in a port, AND the cun€nt value of ttre port with the value b, where b = 255 - 26r.

Example: Clear bit 5 in a port. Read in the current value of the ptrq AND it wi0r 223
(223 = 255 - 2s), and then write the resulting value to the port. In Pascal, this is programmed as:

V := Port  [PortAddress] , .
V  :=  V  AND 223;
Port  lPortAddress] : :  V;

To set a single bit in a port, OR the curent value of the port with the value b, where b = 2u,.

Example: Set bit 3 in a port. Read in the current value of the port, OR it with 8 (8 = 2,), and then
write the resulting value to the port. In Pascal, ttris is programmed as:

V :=  Po r t  [Po r tAdd ress ] ;
V  : =  V  O R  8 ;
Port  [Por tAddress]  : :  V;
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Setting 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 bis to be cleared).
Note that the bits do not have to be consecutive.

Example: Clear bits 2,4, and 6 in a pon. Read in the current value of the port, AND it wittr 171
(171 = 255 - 22 - Y - 2u), and then write the resulting value to the port. In C, this is programmed
:ls:

; : ;":"*?jo""-"ddress) "
outportb (port_address, v) ;

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

Example: Set bis 3, 5, and 7 in a port. Read in the current value of the port" OR it wittr 168
(168 = 23 + 25 + I), and then write the resulting value back to the porL In C, this is programmed
as:

v :  inportb(port_address) ;
v : v  |  1 6 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 ttre bits in the range then seuing only those bits that must be
set using the method shown above for setting multiple bis in a port. The following example shows how this two-
step operation is done.

Examole: Assign bits 3,4, and 5 in a port to 101 Oits 3 and 5 set, bit 4 cleared). First, read in the
port and clear bits 3,4, and 5 by ANDing them with 199. Then set bits 3 and 5 by ORing them
with 40, and finally write the resulting value back to the porr 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 ttre binary operators AND and OR and try to use operators for which you
have a better intuition. For instance, if you are tempted to use addition and subtraction to set and clear bis in place
of the methods shown above, DON'T! Addition and subtraction may seem logical, but they wilt not work if you try
to clear a bit $rat is already clear or set a bit that is already set. For example, you might think that !o set bit 5 of a
port, you simply need to read in the port, add32 (25) to that value, and then write the resulting value back to the port.
This works fine if bit 5 is not already set. But, what happens when bit 5 is already set? Bits 0 to 4 will be unaffected
and we can't say for sure what happens to bits 6 and 7, but we can say for sure that bit 5 ends up cleared instead of
being set. A similar problem happens when you use subtraction to clear a bit in place of the method shown above.

Now that you know how to clear and set bits, we are ready to look at the programming steps for the 1700 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 thase steps on the flow dia-
$ams at the end of this chapter and in our example programs included with ttre board. In this discussion, BA refers
to the base address.

. Initializing the Board

Start your program by reseuing the 1700 board. This is done by writing to the CLEAR port located at BA + 2.
The actual value you wite to ttris port is irrelevant. After resetting the board following power-up, take an A/D
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reading and throw it away to make sure the converter is initialized and contains no unwanted data. After the A/D
reading is taken, send a second CLEAR command to BA + 2. After clearing tle board, you may want to initialize
the 8255 for Mode 0 or Mode 1 operation and configure your I/O. Refer to the 8255 control word description,
BA + 22, presented earlier !o det€rmine the value of the word you write for initialization. Now the board is initial-
ized and ready to run.

. Selecting a Channel

To select a conversion channel, you must assign values to bis 0 through 3 at BA + 4. The table below shows
you how to determine the bit settings.

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

. Enabling and Disabling the External Trigger

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

. Enabling and Disabling IRQ

Any time you use intemtp0s, this bit at port BA + 4 must be set high to enable the on-board intemrpt circuitry.

. Conversion Modes/Triggering

The 1700 has three riggering (conversion) modes. Figure 4-1 shows the timing diagram for A,/t) conversions.
This section describes tle conversion modes.

Internal vs. External Triggering. Witl intemal riggering (also called software triggering), conversions are
initiated by writing a value to the START COI.I\IERT port at BA + 0 on the board. With extemal triggering,
conversions are initiated by appllng a high TTL signal wittr a pulse duration of at least 100 nanoseconds to the
extemal 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 nigger source.

Sofhrare trigger.In this mode, a single specified channel is sampled whenever a value is written to the START
COI\I/ERT port, BA + 0. The active channel is tle one specified at port 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 watch the system clock and sample
every five seconds. See the SOFTIRIG sample program in C and Pascal.

Pacer Clock. In this 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). The
PCK jumper on P7 must be installed to use the pacer clock.

Channel cH3 cH2 cHl cH0 Channel cH3 cH2 cH1 cH0
1 0 0 0 0 I .l 0 0 0
2 0 0 0 1 1 0 a

I 0 0 I

3 0 0 I
I 0 1 1 I 0 1

4 0 0 1 1 1 2 1 0 1 {
I

5 0 1 0 0 1 3 t 1 0 0
6 0 1 0 1 1 4 1 1 0 1
7 0 1 1 0 1 5 1 1 1 0

8 0 1 1 1 6 I 1 1 1
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l FSpsec# l

Trigger

End-of-Convert
(Eoc)

Data

Read

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

This is the ideal mode for filling an array with data. Triggering is automatic, so your progran is spared ttre
chore of monioring the pacer clock to determine when to sample. See the MULTI sample pro$am in C and Pascal.

External Trigger. In *tis 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 ttre EXTTRIG
sample progam in C and Pascal.

. Starting an A/D Conversion

Sofnrare triggered single conversions are started by writing to the START CONVERT port at BA + 0. The
value you write is irrelevanl For single conversions, you must, write to this port o initiate every conversion.
Externally triggered single conversions and multiple conversions riggered by the pacer clock through the external
trigger arc started by the first pulse present after the external trigger has been enabled.

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

The A/D conversion status can be moniored through the DMA done flag or through the end-of-convert (EOC)
bit in the STATUS port at BA +2. When doing DMA transfers, you will want to monitor the DMA done flag for a
nansition 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 when performing single conversions not using
DMA transfer. When the EOC goes from low to high, the AID converter has completed its conversion and the data
is ready to read. The EOC lirn says high following a conversion until the daa has been read. Then the 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 sertion at the beginning of this chapter.

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

A/D Bipolar Code Table
(+5V;twos complement)

Input Voltage Output Code

+4.998 vohs M S B 0 1 1 1  1 1 1 1  1 1 1 1  L S B

+2.500 volts 0100 0000 0000

0 volts 0000 0000 0000

-.00244 volts 1 1 1 1  1 1 1 1  1 1 1 1

-5.000 volts 1000 0000 0000

1 LSB = 2.44 millivolts

A/D Bipolar Code Table
(11 0V; twos complement)

Input Voltage Output Code

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

+5.000 volts 0100 0000 0000

0 volts 0000 0000 0000

-.00488 volts 1 1 1 1  1 1 1 1  1 1 1 1

-10.000 volts 1000 0000 0000

1 LSB = 4.88 millivolts

A/D Unlpolar Code Table
(0 to +10V; straight blnary)

Input Voltage 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 vohs 1000 0000 0000

0 volts 0000 0000 0000

1 LSB = 2.44 millivohs
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. Programming the Pacer Clock

Two of the three 16-bit timerrcounters 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 *re desired rate, you first
have to calculate the value of Divider 1 (timer/Counter 0) and Divider 2 (Iimer/Counter 1) shown in the diagram.
The formulas for making this calculation are as follows:

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

To set the pacer clock frequency at 100 kHz using the on-board 8-MIIz clock source, this equation becomes:

Divider 1 x Divider2 = 8 MHz/100 kHz --> 80 = 8 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 into Divider 1, and the result of the division, the
quotient, is loaded into Divider 2. In our example above, the least common denominator is 2, so Divider I equals 2,
and Divider 2 equals 80/2,or 40. The table below liss some common pacer clock frequencies and the counter
settings (using the on-board 8-MHz clock source).

After you calculate the decimal value of each divider, you can convert the result !o a hex value if it is easier for
you when loading the count into the l6-bit counter.

To set up the pacer clock on the 1700, follow these steps:

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

The pacer clock starts running as soon as the last divider is loaded. A7D conversions can be started and stopped
by enabling and disabling the extemal nigger.

Pacer Clock

Fig.4-2 - Pacer Clock Block Diagram

Pacer Clock
Dlvlder 1

declmal/ (hex)
Dlvlder 2

declmal/ (hex)

1 48 kHz 2t (ooo2) 27 t(OO1B')

1 00 kHz 2t (ooo2) 40 / (0028)

50 kHz 2t (ooo2) 80 / (00s0)

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

1 kHz 2 | (0002) 4000 / (0FA0)

100 Hz 2 | (0002) 40000 / (9c40)
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Interrupts

. What Is an Interrupt?

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

Intemrpts are very handy for dealing with asynchronous events (events that occur at less than regular intervals).
Keyboard activity is a good example; your computer cannot predict when you might press a key and it would be a
waste of processor time for it o do nothing while waiting for a keysnoke 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
processor, and the processor gets the keyboard data, places it in memory, and then returns to what it was doing
before it was intemrpted. Other common devices that use intemrpts are modems, disk drives, and mice.

Your 1700 board can intemrpt the processor when a variety of conditions are met, such as DMA done, timer
countdown finished, end-of-convert" and external rigger. By using these intemrpts, you can write sofnvare that
effectively deals with real world events.

. Interrupt Request Lines

To allow different peripheral devices to generate intemrpts on the same comput€r, the AT bus has 16 different
intemrpt request (IRQ) lines. A transition from low to high on one of these lines generates an intemrpt request
which is handled by one of ttre AT's two intemrpt control chips. One chip handles IRQO through IRQT and the other
chip handles IRQ8 through IRQ15. The conroller which handles IRQS-IRQIS is chained to the first controller
through the IRQ2 line. When an IRQ line is brought high, the interrupt controllers 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 to wait until the one in progress is done. This prioritizing allows an
intemrpt to be interrupted if the second request has a higher priority. The priority level is determined by the number
of the IRQ. Because of the configuration of the two controllers, with one chained to the other through IRQ2, the
priority scheme is a little unusual. IRQ0 has the highest priority, IRQI is second-highest, then priority jumps to
IRQ8, IRQ9, IRQI0, IRQI l, IRQ12, IRQ13, IRQ14, and IRQ15, and then following IRQ15, it jumps back to IRQ3,
IRQ4, IRQ5, IRQ6, and findly, the lowest priority, IRQ7. This sequence makes sense if you consider ttrat ttre
controller that handles IRQS-IRQI5 is routed through IRQ2.

. 8259 Programmable Interrupt Controllers

The chips responsible for handling intenupt requests in the PC are the 8259 Programmable Interrupt Control-
lers. The 8259 that handles IRQ0-IRQ7 is referred to as 8259A, and the 8259 that handles IRQ8-IRQl5 is referred
to as 82598. To use intemrpts, you need to know how to read and set the 8259 intemrpt mask registers (IMR) and
how to send the end-of-intemrpt (EOD command to the 8259s.

. fnterrupt Mask Registers (IMR)

Each bit in the intemrpt mask register (IMR) contains the mask status of an IRQ line; in 8259A, bit 0 is for
IRQ0, bit 1 is for IRQI, and so on, while in 82598, bit 0 is for IRQ8, bit I is for IRQ9, and so on. If a bit is set
(equal to 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 intemrpts. The IMR for IRQ0-IRQ7 is programmed
through port 21H, and the IMR for IRQS-IRQI5 is programmed through port AlH.

IRQT tRo6 IRQ5 IRQ4 IRQ3 IRQ2 IRQl IRQO

IRQl5 IRQl4 IRQl3 IRQl2 IRQl1 IRQlO rR09 IRQS

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

l/O Port 21H

VO Port A1H
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