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The22l0 and 2310 Advanced Indusuial Control boards turn your IBM PCD(T/AT or compatible into a high-
speed, high-performance data acquisition and control system.Both the2Zl0 and 2310 are functionally identical, with
the 2310 requiring +5 volts only for operation. Installed within a single expansion slot in the computer, each22l0l
2310 series board features:

. 8 differential or 16 single-ended analog inputchannels,

. l2-bit,5 microsecond analog-to-digital converter with 125 kHz throughput,

. t5, 110, or 0 to +10 volt input range,

. Programmable gains of 1,2,4, and 8 with an on-board gain multiplier circuit,

. Programmable automatic channel scanning,

. Programmable burst mode,

. DMA transfer,

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

. 16 TflUCMOS 8255-based digital VO lines which can be configured with pull-up or pull-down resistors,

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

. Two 12-bit digital-to-analog output channels with dedicated grounds (ADA boards only),

. t5, t10, 0 to +5, or 0 to +10 volt analog output range (ADA boards only),

. +5 volts only operation (2310 boards only),

. Turbo Pascal, Turbo C, and BASIC 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 Chapter 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 digital data words which can then be read and/or transferred to PC memory. The board is
factory set for single-ended input channels.

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-performance A/D converter supports fast-settling, software-programmable gains of
l, 2, 4, and 8 with on-board gain multiplier circuitry so that you can customize the input gain.

A,/D conversions are performed in 5 microseconds, and the maximum throughput rate is 125 kHz. Conversions
are controlled through software, by an on-board pacer clock, or by an external nigger brought onto the board
through the VO 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 (DMA). 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 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 (ADA Boards Only)

The digital-to-analog (D/A) circuitry on the ADA22L0 and ADA2310 features two independent 12-bir analog
output channels with individually jumper-selectable output ranges of -5 to +5 volts, -10 to +10 volts, 0 to +5 volts,
or 0 to +10 volts. Both outputs are sirnultaneously updated by writing to an VO port. Access through DMA is not
available.

8254 Timer/Counter

An 8254 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

The22l0l23l0 has 16 TTUCMOS-compatible digital vo lines which can be directly interfaced with external

devices or signals to sense switch closures, trigger digital events, or activate solid-state relays. These lines are

provided by ihe on-board 8255 programmable peripheral interface chip. Pads for installing and activating pull-up or

pull-down resistors are included on the board. Installation procedures are given near the end ofChaptet l, Board

Senings.

What Comes With Your Board

You receive the following items in your board package:

. AD2210, ADA2210, AD23l0, or ADA2310 interface board

. Software and diagnostics diskette with Turbo Pascal, Turbo C, and BASIC 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 outside the U.S., contact your local distributor.

Board Accessories

In addition to the items included in your board 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 Drivens

Our custom application software packages provide excellent data acquisition and analysis support. Use

SIGNAL*MATH for integrared data acquisition and sophisticated digital signal processing and analysis, or

SIGNAL*VIEW for monitoring and data acquisition. rtdlinx and rtdlinx/NB drivers provide full-featured high

level interfaces between the board and custom or third party software, including Labtech Notebook, NotebookD(E,

and LTlControl. rtdlinx source code is available for a one-time fee.

Hardware Accessories

Hardware accessories for the 22l0l23lo include the MX32 analog input expansion board which can expand a

single input channel on your board to 16 differential or 32 single-ended input channels, MR series mechanical relay

output boards, OP series optoisolated digital input boards, the ORl6 mechanical relay/optoisolated digital VO board,

the T516 thermocouple sensor board, the TB50 terminal board and XB50 prototype/terminal board for prototype

development and easy signal access, EX-XT and EX-AT extender boards for simplified testing and debugging of

prototype circuitry, and the XT50 twisted pair 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 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, 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 the

problem.
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CHAPTER 1

BOARD SETTINGS

TheZl|oand2310boardshavejumperandswitchsettingsyou
can change if necessary for your application' The board is factory-

configure-d as listed in the table and shown on the diagram in the

beginning of this chapter. Should you need to change these set-

tin-gs, use these easy-to-follow instructions before you install the

board in Your comPuter.

Note that by installing resistor packs at three locations around

the 8255 PPI and soldering jumpers in the associated pads, you can

configure the 16 available digital vo lines to be pulled up or pulled

downl This procedure is explained near the end of this chapter.

Alsonotethatbyinstal l ingcomponentsatRl4,Rl5'TR7'and
C32,youcanaddyourowngainmult ipl iertothesoftwarepro-
grammable binary gains of I,2,4, and 8' The gain multiplier

circuitry is described at the end of this chapter'
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Factory-Configured Switch and Jumper Settings

Table 1-l lists the factory settings of the user-configurable jumpers and switch on the 2210 and 2310 boards.

Figure 1-1 shows the board layout and the locations of the factory-set jumpers. The following paragraphs explain

how to change the factory settings. 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-l - Factory Settings

Switch/
Jumper Function Controlled

Factory Settings
(Jumpers Installed)

P3
Sets the cfock sources tar the 8254 timer/counters; selects
A,/D triqqer source; selects GATE 2 source

Jumpers installed on
CLKO-XTAL, CLK2.OUT1,
PCLK-PCK, TRIG-OUT2,
GT2.EG2

P4

Connects one of four software selectable interrupt sources to
an interrupt channel; pulls lri-state buffer to ground (G) for
multiple interrupt applications

Jumper installed on G (ground
for buffer); interrupt channels
disabled

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

P6 Sets the D/A output voltage range for DAC 1 -5 to +5 volts

P7 Sets the D/A output voltage range for DAC 2 -5 to +5 volts

P8 Sets the analog input voltage range and polarity -5 to +5 volts

P9
Sets the state of the top 4 bits (the bits not used by the 12-bit
converter) of the 16-bit A/D output word

Bipolar
(must be the same as P8)

P 1 0 Selects single-ended or diflerential analog input type
Single-ended (jumpers installed
on three SE pins)

S1 Sets the base address 300 hex (768 decimal)

Fig. 1-1 - Board Layout Showing Factory-Configured Settings
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P3 -8254 Timer/Counter Sources (Factory Settings: See Table 1-l & Figure 1-2)

This header connector, shown in Figure 1-2, lets you select the clock sources for the 8254 timer/counters, TCO
and TC2. TCO and TCI are cascaded to form the pacer clock. This header is also used to configure the pacer clock
input, trigger input, and GATE 2 sources. Figure 1-3 shows a block diagram of the timer/counter circuitry to help
you in making these connections.

The clock source for TCO and TCI is selected by placing a jumper on XTAL or XCK in the CLKO section of
the header. XTAL is the on-board 8-MHz clock and XCK is an external clock source you can connect throueh the
external VO connector (P2-45).

Below the CLK0 pins are three pairs of pins labeled CLK2. These pins are used to select the clock source for
TC2. OUTI connects the output of TCl (the pacer clock output) to the clock input of TC2. Installing a jumper here
cascades all three timer/counters, a feature necessary when using SIGNAL*MATH or SIGNAL*VIEW software for
data acquisition and control. XTAL is the on-board 8 MHz clock, and XCK is connected to the same external clock
source as CLKO-XCK (P2-45).

The next group ofpins on this header, PCLK, lets you use the on-board (internal) pacer clock or an external
pacer clock connected through the TRIGGER IN pin on the VO connector (P2-39) to control A./D conversions. A
jumper must be placed on PCK in order to use the internal pacer clock (output from TCl). Or, you can place the
jumper across XTRIG and connect any external pacer clock source to Y2-39 to trigger the A/D converter.

The TRIG pins select the hardware source used to trigger the burst mode when the external trigger enable bit at
BA + 5 is enabled. Bursts can be triggered from one of three hardware sources: XTRIG, an external trigger signal
routed onto the board throughP2-39; OUT2, the output from timer/counter 2; orEG2, an external gate (EXT
GATE 2) signal routed onto the board through P2-46. When the trigger enable bit at BA + 5 is disabled, bursts are
triggered through soft ware.

The last group of pins, GT2, select the gate source for timer/counter 2's gate input. This jumper is provided so
that you can disconnect the GATE input for the third timer/counter from the EXT GATE 2 pin at the VO connector
and tie the gate high if you are using the EXT GATE 2 pin as a trigger source.

o
Y
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o
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fl(5

XTAL

xcK
ouTl
XTAL

XCK

PCK

XTRIG

XTRIG

OUT2

EG2

EG2

+5V

Fig. 1-2 - 8254 Timer/Counter Sources Jumpers, P3
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Fig. 1-3 - 8254 Timer/Counter Circuit Diagram

P4 - Interrupt Channel Select(Factory Setting: Jumper G; Interrupt Channel Disabled)

This header connector, shown in Figure l-4, lets you connect any one of four software selectable intem,rpt
sources to any of six intemrpt channels, IRQ2 (highest priority channel) through IRQT (lowest priority channel). To
activate a channel, you must install a jumper vertically across the desired IRQ channel. Figure l-4a shows the
factory setting; Figure l-4b shows the intemrpt source connected to IRQ3.

When jumpered, the leftmost pair of pins on P4, labeled G, connects a 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 intemrpts are not active. Whenever an intemrpt request is made, the tri-state buffer is
enabled, forcing the output high and generating an intemrpt. You can monitor the interrupt status through bit 2 in the
status word (VO address location BA + 0). After the intem:pt has been serviced, the reset command returns the IRQ
line low, disabling the tri-state buffer, and pulling the output low again. Figure l-5 shows this circuit. 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 intenupt 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.
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Fig. 1-4a - IRQ Disabled

P4

Fig. 1-4 - Interrupt Channel Jumper, P4

I N T

SOURCE

IBQ STATUS

INTERRUPT

Fig. 1-5 - Pulling Down the lnterrupt Request Line

P5 - DMA Request and DMA Acknowledge channel (Factory Setting: Disabled)

This header connector, shown in Figure l-6, lets you select channel I or 3 for DMA transfers by installing two

jumpers, one on the DMA request line and one on the DMA acknowledge line' The DMA request line (DRQ) must

be ser to the same channel ur ih" nM,t acknowledge line (DACK). The factory setting is DMA disabled (umpers in

a stored position). Note that if any other device in your system is already using your selected DMA channel, channel

contention will result, causing erratic operation.

DRQ DACK
J ( , J g J

- -

a {H

oooo

P5

Fig. 1-6 - DMA Request & DMA Acknowledge ChannelJumpers, P5

?.?...o
aoaoooo

Fig. 1-4b - lRQ3 Selected
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P6 - DAC 1 Output Voltage Range (Factory Setting: +5 to'5 volts)

This header connector, shown in Figure l-7, sets the output voltage range for DAC I at 0 to +5, i5, 0 to +10, or

+10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The top two

jumpers select the range, bipolar (t5) or unipolar (5). The bottom two jumpers select the multiplier, X2 or Xl. When

uiu.p"t 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 two bipolar settings. This header does not have to be set

the same as P7.

Voltage Range

Jumpers Fop to Bottom)

5 f5 x1 x2

-5 to +5 volts OFF ON ON OFF

0 to +5 volts ON OFF ON OFF

-10 to +10 volts OFF ON OFF ON

0 to +10 volts ON OFF OFF ON

Fig. 1-7 - DAC 1 Output Voltage Range Jumper, P6

P7 - DAC 2 Output Voltage Range (Factory Setting: +5 to -5 volts)

This header connector, shown in Figure l-8, sets the output voltage range for DAC2 at 0 to +5,t5, 0 to +10, or
+10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The top two
jumpers select the range, bipolar (+5) or unipolar (5). The bottom two jumpers select the multiplier, X2 or Xl. When
a jumper is on the X2 multiplier pins, the range values become t10 and 10. The table below shows the four possible
combinations ofjumper settings, and the diagram shows the two bipolar settings. This header does not have to be set
the same as P6.

Voltage Range

Jumpers (Top to Bottom)

5 +5 x1 x2

-5 to +5 volts OFF ON ON OFF

0 to +5 volts ON OFF ON OFF

-10 to +10 vol ts OFF ON OFF ON

0 to +10 volts ON OFF OFF ON

1 1
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Fig. 1-8 - DAC 2 Output Voltage Range Jumper, P7

F8 - Analog Input voltage Range and Polarity (Factory Setting: -5 to +5 Volts)

This header connector, shown in Figure l-9, sets the analog input voltage range and polarity. Two jumpers are

installed to select one of three input ranges, as shown in the diagram: t5, tl0, and 0 to +10 volts. Note that the
jumper on P9 must match the polarity selected on P8 for proper board operation.

Fig. 1-9a: -5 to +5 volts Fig. 1-9b: 0 to +10 volts Fig. 1-9c: -1 0 to +10 volts
(Factory Setling)

Fig. 1-9 -Analog Input Voltage Range and Polarity Jumper, P8

P9 - A/D Data Word Bit State Set (Factory Setting: +/')

This header connector, shown in Figure l-10, sets the state of the unused four bits in the 8-bit MSB of the 16-bit

ND data word. This header ensures that these four topmost bits are set at 0 for unipolar conversions and at the same

state as the most significant bit of the l2-bit A/D converted data for bipolar conversions. Chapter 4, BA + 1,

explains this in more detail. NOTE: P8 and P9 must be set the same for proper board operation.

P9

set PB to the same porarityr l-t : I 
.

| .{ l+l-

Fig. 1-10 -AlD Data Word Bit State Set Jumper, P9
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P10 - Single-Ended/Differential Analog Inputs (Factory Setting: Single'Ended)

This header connector, shown in Figure l-l l, configures the board for 8 differential or 16 single-ended analog

input channels. When operating in the single-ended mode, three jumpers must be installed across the SE pins. When

operating in the differential mode, three jumpers must be installed across the D pins. DO NOT install jumpers across

both SE and D pins at the same time!

Fig. 1-11 - Single-Ended/Differential Analog lnput Signal Type Jumpers, P10

S1- 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 VO space is already occupied by internal VO and other peripherals. When the board attempts to use

VO address locations already used by another device, contention results and the board does not work.

To avoid this problem, the221012310 has an easily accessible five-position DIP switch, Sl, which lets you
select any one of 32 starting addresses in the computer's VO. 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 l-2. The table shows the switch settings and their conesponding decimal and hexadecimal (in

parentheses) values. Make sure that you verify the order of the switch numbers on the switch (1 through 5) before
setting them. When the switches are pulled forward, they are OPEN, or set to logic l, as labeled on the DIP switch
package. When you set the base address for your board, record the value in the table inside the back cover. Figure
1-12 shows the DIP switch set for a base address of 300 hex (768 decimal).

Fig. 1-12 - Base Address Switch, 51

Pl0

HI
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Table 1-2- Base Address Switch Settings, S1

Base Address
Decimal / (Hex)

Switch Setting
5 4 3 2 1

Base Address
Decimal/ (Hex)

Switch Setting
5 4 3 2 1

512 | (200) 0 0 0 0 0 768 / (300) 1 0 0 0 0

528 | (2ro) 0 0 0 0 1 784 / (310) 1 0 0 0 1

544 t (220) 0 0 0 1 0 800 / (320) 1 0 0 1 0

560 / (230) 0 0 0 1 l 816 / (330) 1 0 0 1 1

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

s92 | (2s0) 00 r0 r 848 / (350) t 0 l 0 l

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

624 | (270) 0 0 l l l 880 / (370) r 0 l l l

640 t (280) 0 1 0 0 0 896 / (380) I 1 0 0 0

6s6 | (290) 0 1 0 0 1 9r2 I (390) 1 1 0 0 1

672 | (2AO) 0 1 0 1 0 928 / (3A0) r 1 0 1 0

688 / (280) 0 l 0 l l 944 | (3BO) r 101 r

7M t (zCO) 0 1 1 0 0 960 / (3C0) 1 1 1 0 0

720 | (2D0) 0 l l 0 l 976 | (3D0) l l l 0 l

736 | (2E0) 0 1 1 1 0 992 t (3E0) r 1 1 1 0

752 / (2F0) 0 l l l l r008 / (3F0) l l l l r

0=c losed,  1=open

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

The 8255 programmable peripheral interface provides 16 TTUCMOS compatible digital VO lines which can be
interfaced with external devices. These lines are divided into three groups: eight Port A lines, four Port C Lower
lines, and four Port C Upper lines. (The eight lines of Port B are used for internal board functions.) You can install
and connect pull-up or pull-down resistors for any or all of these three groups of lines. You may want to pull lines
up for connection to switches. This will pull the line high when the switch is disconnected. Or, you may want to pull
lines down for connection to relays which control turning motors on and off. These motors turn on when the digital
lines controlling them are high. The Port A lines of the 8255 automatically power up as inputs, which can float high
during the few moments before the board is first initialized. This can cause the external devices connected to these
lines to operate erratically. By pulling these lines down, when the data acquisition system is first turned on, the
motors will not switch on before the 8255 is initialized.

To use the pull-up/pull-down feature, you must first install resistor packs in any or all of the three locations near
the 8255, Iabeled PA, PCL, and PCH. PA takes a lO-pin pack, and PCL and PCH take 6-pin packs. Figure l-13
shows a blowup of the PA, PCL, and PCH resistor pack locations.

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 below the resistor packs. They are labeled G (for ground) on one end and V (for
+5V) on the other end. The middle hole is common. PA is for Port A, PCL is for Port C Lower, and PCH is for Port
C Upper. Figure l-13 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 1-14 shows Port A lines with pull-ups, Port C Lower with pull-downs, and Port C Upper with
no resistors,
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Fig. 1-13 - Pull-up/Pull-down Resistor Circuitry
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Fig. 1-14 - Adding Pull-ups and Pull-downs to Digital l/O Lines

Gm, Gain Multiplier Circuitry

The 2210/2310 has software programmable binary gains of 1,2,4, 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 than l, all of the input channels will operate only at your custom gain

settings. In other words, if you install circuitry which gives you a gain multiplier of 10, then the four programmable

gains available are 10, 20,40, and 80.

Gm is derived by adding resistors R14 and Rl5, trimpot TR7, and capacitor C32, 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 Fig-

ure 1-15. Capacitor C32 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 measure it at a higher rate, you may want to add a capacitor atC32 in

order to reduce the input frequency range and in turn reduce the noise on your input signal. The formula for setting

the frequency is given in the diagram. Figure l-15 shows how the Gm circuitry is configured.

As shown in Figure l-15, a solder short must be removed from the board to activate the Gm circuitry. This short
is located on the bottom side of the board under Ul7 (AD712IC). Figure l-16 shows the location of the solder
short.
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Remove solder short
(see Figure 1-16)

To calculate Gm:
Qp =[(TR7 + R14)/R15] + 1

To calculate frequencY:
t ='tll2n032(R1a + TR7)l

Fig. 1-15 - Gain Circuitry and Formulas for Calculating Gm and f
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Remove Solder Short
Between These 2 Pads on

Bottom Side of Board

Fig. 1-16 - Diagram for Removal of Solder Short
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CHAPTER 2

BOARD INSTALLATION

The22l0t2310 is easy to install in your IBM PCD(T/AT or

compatible computer. It can be placed in any slot, short or full-

size. This chapter tells you step-by-step how to install and connect

the board.

After you have installed the board and made all of your con-

nections, you can turn your system on and run the 22L0DIAG
board diagnostics progmm 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 iue 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. Ifyou need to change any settings, refer to the appropriate instructions in

Chapter 1. Note that incompatibli jumper settings can result in unpredictable board operation and erratic response'

To install the board:

l. Turn OFF the power to your computer.

2. Remove the top cover of the computer housing (refer to your owner's manual if you do not already know

how to do this).

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

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

antistatic bag.

5. Holding the board by its edges, orient it so that its card edge (bus) connector lines up with the expansion slot

connector in the bottom of the selected expansion slot'

6. After carefully positioning the board in the expansion slot so that the card edge connector is resting on the

computer's bus connector, 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.

7. After the board is installed, secure the slot bracket back into place and put the cover back on your computer.

The board is now ready to be connected via the external VO connector at the rear panel of your computer.

External VO Connections

Figure 2-l shows the22l0l23l0's P2 VO connector pinout. Refer to this diagram as you make your UO

connections,

Alll l+

AlN2+

AlN3+

AlNa+

Alils+

AlN6+

AlNT+

AlNS+

AINI
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AINs
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AINT

AINS

Atilt- | Ailitg

ArN2- | AtNr0
AtN3. I AlNil

AItl/|. I AINI2
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AlN6- | Alt{l'l
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ANALOG GND
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PA6

PA5
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PA3

PA2

PAI

PAO

TRIGGER IN

EXT GATE 1

TRIGGER OUT

EXT CLK

+12 VOLTS
-12 VOLTS

ANALOG GND
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FC5

PC4
pc3

FC2

PC1
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IXGITAL GND

T/C OUT I

T/C OUT 2

EXT GATE 2

+5 VOLTS

DIGITAL GND

Fig.2-1 -P2ll9 Connector Pin Assignments
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Connecting the Analog Input Pins

The analog inputs on the board 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 operating in the single-ended mode, connect the high side of the analog input to one of
the analog input channels, AIN1 through AIN16, and connect the low side to an ANALOG GND (pins 18 and20-22
on P2). Figure 2-2 shows how these connections are made.

Fig.2-2 - Single-Ended Input Connections

Differential. When operating in the differential mode, twisted pair cable is recommended to reduce the effects
of magnetic coupling at the inputs. Your signal source may or may not have a separate ground reference. When
using the differential mode, you should install a l0 kilohm resistor pack at location RN6 on the board to provide a
reference to ground for signal sources without a separate ground reference.

First, connect the high side of the analog input to the selected analog input channel, AINI+ through AIN8+, and
connect the low side ofthe input to the corresponding AIN- pin. Then, for signal sources with a separate ground
reference, connect the ground from the signal source to an ANALOG GND (pins 18 and2O-22 on P2). Figure 2-3
shows how these connections are made.
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Fig. 2-3 - Differential Input Connections

Connecting the Trigger In and Trigger Out Pins, Cascading Boards

The board has an external trigger input (P2-39) and output (n-43) so that conversions can be started based on
external events, or so that two or more boards can be cascaded and run synchronously in a "master/slave" configura-
tion. By cascading two (or more) boards as shown in Figure 2-4, 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 great for your application, you can connect the trigger signal to the trigger input ofeach board. In this
configuration, the boards are not cascaded, but rather driven by the same trigger pulse at the same time, and the
sampling uncertainty is reduced to less than 5 nanoseconds.

If you apply an external trigger to the board's trigger in pin, note that a jumper should be installed on
PCLK-XTRIG on P3 (see Chapter l). The board is triggered on the positive edge of the pulse and the pulse durarion
should be at least 100 nanoseconds.
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Fig.2-4 - Cascading Two Boards for Simultaneous Sampling

Connecting the Analog Outputs (ADA Boards Only)

For each of the two D/A outputs, connect the high side of the device receiving the output to the AOUT channel
(P2-17 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 and the low side is connected to any DIGITAL GND.

Running the 22I0DIAG 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, 2210DIAG, 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 221012310 hardware.
The major circuits are the A/D, the D/A, the timer/counters, and
the digiral VO lines.
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TheZ2lOtZ3lO board has four major circuits, the A./D, the D/A (ADA boards only), the timer/counters, and the

digital yo lines. Figure 3-l shows the block diagram of the board. This chapter describes the hardware which makes

up the major circuits and hardware-selectable intemrpts.

I8 ANALOG INPUTS
8  D t F F . / 1 6  S . E .

-5V TO +5v
0 TO +10V

- 1 0 V  T O  + 1 0 V

Fig.3-1 -221012310 Block Diagram

A./D Conversion CircuitrY

The21l1l23lO performs analog-to-digital conversions on up to 8 differential or 16 single-ended software-

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. Software-

p.og.u*rnuble binary gains of 1,2, 4, and 8 let you amplify lower level signals to more closely match the board's

input.ung"r. These gains can be customized for even greater input control by adding a gain multiplying resistor

ciicuit as described in Chapter 1. Overvoltage protection to 135 volts is provided at the inputs.

A,/D Converter

The AD678 l2-bit successive approximation A/D converter accurately digitizes dynamic input voltages in

5 microseconds, for a maximum throughput rate of 200 kHz for the converter alone. The AD678 contains a sample-

and-hold amplifier, a l2-bit A./D converter, a 5-volt reference, a clock, and a digital interface to provide a complete

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 initiated through software (internally triggered) or by using an external trigger brought onto the

board through the yO connector. An on-board or external pacer clock can be used to control the conversion rate.

Conversion modes are described in Chapter 4, Board Operation and Programming-
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Data Transfer

The converted data can be transfened 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 polling and interiupts to d"t"rrnin" when data has been acquired and is ready for transfer. DMA places

O"tu air""ity 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 board is l25k}lz'

D/A Converters (ADA Boards OnlY)

Two independent 12-bit analog output channels are included on the ADA22LO and ADM310. The analog

outputs are generated by two 12-bit D/A converters with independent jumper-selectable output ranges of +5, +10,

0 to +S, o, 0 to +10 volts. The 110 volt range has a resolution of 4.88 millivolts, the t5 and 0 to +10 volt ranges

have a resolution of Z.44millivolts, and the 0 to +5 volt range has a resolutionof 1.22 millivolts'

Timer/Counters

An g254 programmable interval timer provides three l6-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

.ounting applications, or cascade it to TCO and TC1 for timing applications. Figure 3-2 shows the timer/counter

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

bhupt"r 4. The command word also lets you set up the mode of operation. The six programmable modes are:

Mode 0 Event Counter (lnterrupt on Terminal Count)

Mode I Hardware-Retriggerable One-Shot
Mode 2 Rate Generator
Mode 3 Square Wave Mode
Mode 4 Software-Triggered Strobe
Mode 5 Hardware Triggered Strobe (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 VO functions. This high-performance TT[-/

CMOS compatible chip has 24 digital VO lines divided into two groupq of 12lines each:

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

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

Port A and Port C are available at the external VO connector, P2. Port B is dedicated to on-board functions and

is not available for your use. You can use the 16 lines of Ports A and C in one of these three PPI operating modes:

Mode 0 - Basic input/output. 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 transfer VO data from Port A in conjunction with strobes or hand-

shaking signals.

Mode 2 - Strobed bidirectional input/output. Lets you communicate bidirectionally with an external device

through Port A. Handshaking is similar to Mode l.

These modes are detailed in the 8255 Data Sheet, reprinted from Intel in Appendix C.
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to program and use yotx 22101

2310 board. It provides a complete description of the VO map, a

detailed description of programming operations and operating

modes, and flow diagrams to aid you in programming. The ex-

ample programs included on the disk in your board package are

listed at the end of this chapter. These programs, written in Turbo

C, Turbo Pascal, and BASIC, include source code to simplify your

applications programming.
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Defining the VO Map

The VO map for the22lO and 2310 is shown in Table 4-l below. As shown, the board occupies 16 consecutive
VO port locations. The base address (designated as BA) can be selected using DIP switch 51 as described in Chapter
l, Board Settings. This switch can be accessed without removing the board from the computer. S I is factory set at
300 hex (768 decimal). The following sections describe the register contents of each address used in the VO map.

Table 4-1 - 221012310 UO Map

Register Description Read Funclion Write Function
Address *
(Decimal)

Read Status/Start Convert Read status word Start A/D conversion B A + 0

Read Data/Update DACS
Read converted data, LSB first,
then MSB

Simultaneously update DAC 1
and DAC 2 (ADA only) B A + 1

Reset Reserved
Resets board so that it is ready
to start A,/D conversions B A + 2

Scan/Burst Read current settinqs

Programs number of scan/burst
channels, enables scan/burst;
selects IRQ source B A + 3

8255 PPI Port A Read Port A diqital input lines
Program Port A digital output
lines B A + 4

8255 PPI Port B
(ChanneUGain/ Board
Functions) Read Port B bits

Program channel & gain;
external trigger enable, IRQ
enable B A + 5

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

8255 PPI ControlWord Reserved Program PPI configuration B A + 7

8254 Timer/Counter 0
(Used for pacer clock) Read count value Load count register B A + 8

8254 Timer/Counter 1
(Used for pacer clock) Read count value Load count register B A + 9

S2S4TimerlCounter 2
(Available for extemal use) Read count value Load count register B A + 1 0
8254 Timer/Counter
Control Word Reserved Program counter mode B A + 1 1

D/A Converter 1 LSB Read A/D converted data LSB Program DAC1 LSB (ADA only) B A + 1 2

D/A Converter 1 MSB Read A/D converted data MSB Program DACl MSB (ADA only) B A + 1 3

Clear IRQ/
D/A Converter 2 LSB Clear IRQ status Program DAC2 LSB (ADA only) B A + 1 4

Clear DMA Done/
D/A Convefter 2 MSB Clear DMA done flag Program DAC2 MSB (ADA only) B A + 1 5

* BA = Base Address
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BA + 0: Read Statudstart Convert (ReadAVrite)

A read provides the six status bits defined below. The end-of-convert bit goes high when a conversion is

complete and does not go low until the data is read, useful information when using external triggering to start

conversions. The DMA done bit goes high when you are in the DMA mode and the DMA transfer is complete' The

IRQ status bit goes high when ,n int"rr,rpt has occuned and stays high until a clear IRQ command is sent (BA + 14)'

D3 shows the status of the burst trigger source jumpered at P3-TRIG' D6 shows the status of the PCLK line

jumpered at P3. Unlike the EOC staius at bit 0, the A/D converter status, D7, goes low when a conversion starts and

then goes high as soon as the conversion is completed. when the inputtras been sampled and a conversion is in

progress, this line goes low. At this time, the unulog input channel can be changed, allowing maximum throughput

for scanning channels through software'

A write starts an A/D conversion (daca written is irrelevant)'

D7 D6 D5 D4 D3 D2 D1 DO

Status I P3'TRlGStatus | | 
Errv-v

I  monitorstheTRlG |  |  u=no

I rine setected on P3 | | 1 = co

DMA DONE

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

A/D CONVERTER
0 = converting
1 = not converting

LSB

MSB,
Bipolar

MSB,
Unipolar

P3-PCLK Status
monitors the PCLK line
selected on P3

IRQ Status
O - N O I R Q
1 = l R Q

0 - DMA not done
1 = DMA done

BA + 1: Read A./D Data/Update DAC Outputs (Read/Write)

Two successive reads provide the LSB first, followed by the MSB, for each A./D conversion, as defined below'

When jumpers on p8 anO pg are set for bipolar conversions, the data word's four most significant bits match the

n,ort ,igniii"ant bit of the A/D converted data (bit I l). This is necessary to provide the correct twos complement

represeitation ofthe converted data. When P8 and P9 are set for unipolar conversions, these top four bits are 0'

A write simultaneously starts a D/A conversion in both DACs (data written is irrelevant). If the data written to

either channel has not ueen updated since the last conversion, the output of the corresponding DAC will not change'

D7 D6 D5 D4 D3 D2 D1 DO

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

D7 D6 D5 D4 D3 D2 D1 DO

Bi t  11  B i t  11  B i t  11  B i t  11  B i t  11  B i t  10 Bir I Bit 8

Bit 11 Bit 10 Bit 9 Bit I

D7 D6 D5 D4 D3 D2 D1 DO
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BA + 2: Reset (Write OnlY)

Resets internal registers so that the board is ready to start conversions. The data written is inelevant; the act of

writing to this address clears the board. A reset command sets the internal byte pointer to read the LSB on the next

read, resets the DRe and IRQ registers, clears the EPLD scan/burst circuitry, and resets (clears) the DMA done bit,

BA + 0, bit 1.

BA + 3: Scan/Burst (Read/Write)

Bits D0 through D3 program the number of consecutive analog input channels to be scanned or bursted' The

channel scan or burst begins with the channel selected at BA + 5'

Bits D4 and D5 program one of four IRQ sources available for generating interrupts. The IRQ channel is set by

the jumper on P4. The IRQ is enabled at bit 7, BA + 5.

Bits D6 and D7 enable the scan or burst mode. Each time you start a new scan or burst, you should first reset

the board by writing to BA + 2 or by programming these bits to disable scar/burst, and then follow that step by

enabling the scan or burst mode. This ensures that the EPLD scan/burst counter circuitry is cleared.

Scan/Burst Enable
00 = disabled
01 - not used
10 = SCorl enabled
11 = burst enabled

IRQ Source Seleet
00 = A/D start convert
01 = DMA done
10 = trigger (P3-TRIG)
'l'l = pacer clock (P3-PCLK)

Channels Scanned
0000 = 1 channel
0001 = 2 channels
0010 = 3 channels
001 1=4channe ls
0100 = 5 channels
0101 = 6 channels
01 10 = 7 channels
0111 = 8 channels

1000 = 9 channels
1001 = 10 channels
1010 = 11 channels
1 0 1  1 = l 2 c h a n n e l s
1 1 0 0 = l 3 c h a n n e l s
1 1 01 = 14 channels
1 110 = 15 channels
1 1 1 1 = 1 6 c h a n n e l s

A read tells you the bit settings.

BA + 4: PPI Port A - Digital VO (Read/tVrite)

Transfers the 8-bit Port A digital input and digital output data between the board and an external device. A read

transfers data from the external device, through P2, and into PPI Port A; a write transfers the written data from Port

A through P2 to an external device.

BA + 5: PPI Port B - channeuGain/Board Functions Select (Read/Write)

A write programs the analog input channel and gain, and enables the IRQ and external trigger' Note that,

because some of the Port B bits are built into the EPLD, writing to the 8255 control word does not automatically set

the port B bits to zero as it does in a typical 8255 configuration. Therefore, you must write a zero to Port B to ensure

all bits are zero whenever you desire to reset this port.

Reading this register shows you the current settings'

Number of
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D7 D6 D5 D4 D3 D2 D1 DO

Enable

c1nnnel Gain

IRQ Enablt
0 - IRQ disabled
1 = IRQ enabled

Analog lnput
Channel Select
0000 = channel 1
0001 = channel 2
0010 = channel 3
0011 =channe l4
0'100 = channel 5
0101 = channel 6
0 1 1 0 = c h a n n e l T
0111 = channel 8

1000 = channel 9
1001 =channel  10
1 0 1 0 = c h a n n e l l l
1 0'l 1 = channel 12
1100=channe l  13
1101 = channel  14
1 1 10 = channel  15
1111  =channe l  16

BA + 6: PPI Port C - Digital VO (Read/Write)

Transfers the two 4-bit Port C digital input and digital output data groups (Port C Upper and Port C Lower)

between the board and an external device. A read transfers data from the external device, through P2, and into PPI

port C; a write transfers the written data from Port C throughP2to an external device-

BA + 7: 8255 PPI Control Word (Write Only)

When bit 7 of this word is set to l, a write programs the PPI configuration. The PPI must be programmed so

that Port B is a Mode 0 output port, as shown below (X = don't care)'

EXT PCI(EXT TRIG
Enable

0 = Disabled
1 = Enabled

Mode Set
1 = active

g g = x 1
9 1  = x 2
'lQ = x4
1 1 = x B

Port C Upper
0 = output
1 = input

D7 D6 D5 D4 D3 D2 D1 DO

' r
nas 

i
I
I

I
I
I
I
I
I
I
I
I

- l--T-
I Port

|  0 = c

|  
1 = i r

Port B
0 = output
1 = input

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

Mr

0(
01
1 (

rde Sele,
l =  mode
= mode

l=  mode

rt
0

2

Porl A
0 = output
1 = input

-l
t C Lower
output
input

I GrouP B I
- - - l
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The table below shows the control words for the 16 possible Mode 0 Port UO combinations. The control words

which set Port B as an input cannot be used onthe22l0l23lo.

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

SeUResei
Function
0 = active

D7 D6 D5 D4 D3 D2 D1 DO

Bir
Bit sel
0 = S e t
Bit seyReset
0 = s e t b i t t o 0
1 = s e t b i t t o lBit Select

000 = PCO
001 = PC1
010 = PC2
011 = PC3
100 = PC4
101 = PC5
'110 = PC6
111  =  PC7

8255 Port UO Flow Direction and Control Words, Mode 0

Group A Group B Control Word

Port A
Port C
Upper Port B

Port C
Lower Binary Decimal 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 't29 81

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

Output Output Input Input 1 0 0 0 0 0 1 1 131 83

Output lnput 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 lnput Input Output 1 0 0 0 1 0 1 0 138 8A

Output Input 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

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

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

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

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

Input Input Inpul Input 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 l, 2,
and 3 are 0 (this selects PC0); and bit 0 is I (this sets PCO to l). The control word is set up like this:

XX

Sets PCO to 1:
(written to BA +7)

D7 D6 D5 D4 D3 D2 D1 DO

X = don't care

Bit
Set PCOSeUReset

Function I
Bit Select
000 = Pco

BA + 8: 8254 Timer/Counter 0 (Read/Write)

A read shows the count in the counter, and a write loads the counter with a new value. Counting begins as soon
as the count is loaded. This counter is cascaded with TCI to form the 32-bit on-board pacer clock.

BA + 9: 8254 Timer/Counter I (Read/tVrite)

A read shows the count in the counter, and a write loads the counter with a new value. Counting begins as soon
as the count is loaded. This counter is cascaded with TCO to form the 32-bit on-board pacer clock.

BA + 10: 8254 Timer/Counter 2 (Read/lVrite)

A read shows the count in the counter, and a write loads the counter with a new value. Counting begins as soon
as the count is loaded. This counter can be cascaded to TCO and TCI or it can be used independently.

BA + 11: E254 Control Word (Write Only)

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

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

ReacULoad
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/Binary
0 = binary
1  = B C D

Counter Mode Select
000 = Mode 0, event count
001 = Mode 1, programmable 1-shot
010 = Mode 2, rate generator
011 = Mode 3, square wave rate generator
'100 = Mode 4, software-triggered strobe
101 = Mode 5, hardware-triggered strobe

4-8



BA + 12: A/D Data LSB/D/A Converter 1 LSB (Read/Write)

A read provides the A/D converter LSB, the same data which can be read at BA + 1. This option is included
with your board to take advantage of the XT computer's ability to perform a word read with a single command.
When using the word read command at an even numbered address, the XT will read the byte at the first address and
then automatically increment and read the byte at the next address. In this case, a word read at BA + 12 will provide

the LSB, followed by the MSB (at BA + 13).

A write programs the DAC1 LSB (eight bis).

BA + 13: NDData MSB/D/A Converter L MSB (Read/Write)

A read provides the A/D converter MSB, the same data which can be read at BA + l.

A write programs the DACI MSB (four bits) into D0 through D3; D4 through D7 are irrelevant.

BA + 14: Clear IRQ Status/D/A Converter 2 LSB (Read/Write)

A read clears the IRQ status bit at bit 2, BA + 0.

A write programs the DAC2 LSB (eight bits).

BA + 15: Clear DMA Done Flag/D/A Converter 2 MSB (Read/Write)

A read clears the DMA done flag at bit l, BA + 0.

A write programs the DAC2 MSB (four bits) into D0 through O3; D4 through D7 are irrelevant.

DAC LSB D7 D6 D5 D4 D3 D2 D1 DO

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

D7 D6 D5 D4 D3 D2 D1 DO

Bil 11 Bit 10 Bit 9 Bit 8

DAC MSB

X

4-9



Programming the 221012310

This section gives you some general information about programming and the board, and then walks you through

the major programming functions. These descriptions will help you as you use the example programs 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.

The2210/2310 is programmed by writing to and reading from the correct VO port locations on the board' These

VO ports were defined in lte previoui section. Most highJevel languages such as BASIC, Pascal, C, and C++, and

of course assembly language, make it very easy to read/write these ports. The table below shows you how to read

from and write to VO ports using some popular programming languages'

Language Read Write

BASIC Data = INP(Address) OUT Address, Data

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

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

Assembly mov dx, Address
in al, dx

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

In addition to being able to read/write the VO ports on the board, you must be able to perform a variety of

operations that you might not normally use in your programming. The table below shows you some of the operators

discussed in this section, with an example of how each is used with Pascal, C, and BASIC. Note that the modulus

operator is used to retrieve the least significant byte (LSB) of a two-byte word, and the integer division operator is

used to retrieve the most significant byte (MSB).

Language Modulus Integer Division AND OR

c of
/o

d = b o / o C

I
a = b / c

&
4 = b & C

I

a = b l c

Pascal MOD
a:= b  MOD c

DIV
a : = b D l V c

AND
a : = b A N D c

OR
a : = b O R c

BASIC MOD
a = b M O D c

\ (backslash)
a = b \ c

AND
a = b A N D c

OR
a = b O R c

Many compilers have functions that can read/write either 8 or 16 bits 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 l6-bit read. Be sure to use only 8-bit operations with the2210 and 2310!

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 status of the

other bits. You can preserve the status 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 current value of the port with the value b, where b = 255 - 2bi'.

Example: Clear bit 5 in a port. Read in the current value of the port, AND it with223

(223 = 255 - 2s), and then write the resulting value to the port. In BASIC, this is programmed as:

INP ( PortAddress )
V AND 223
PortAddress,  VOUT
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To set a single bit in a port, OR the current value of the port with the value b, where b = 2rit.

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  :=  Po r t [Po r tAdd ress ]  ;
V  : =  V  O R  8 ;
Po r t IPo r tAdd ress ]  :=  V ;

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 bits to be cleared).

Note that the bits do not have to be consecutive.

Example: Clear bits 2, 4, and 6 in a port. Read in the current value of the port, AND it with 17 I

(17 | = 255 - 22 - 2o - 2u), and then write the resulting value to the port. In C, this is programmed

AS:

v = inpor tb(por t -address)  ;
v = v & I 1 t ;
outPort .b(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 bits 3, 5, and 7 in a port. Read in the current value of the port, OR it with 168

(168 = 23 + 2s + 27), and then write the resulting value back to the port. In assembly language, this

is programmed as:

mov dx, PortAddress
i -n  a I ,  dx
o r  a I ,  1 5 8
out  dx,  a l

Often, assigning a range of bits is a mixture of setting and clearing operations. You can set or clear each bit

individually or use a faster method of first clearing all the bits in the range then setting only those bits that must be

set using the method shown above for setting multiple bits in a port. The following example shows how this two-

step operation is done.

Example: Assign bits 3, 4, and 5 in a port to l0l (bits 3 and 5 set, bit 4 cleared). First, read in the

porr 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 port. In C, this is programmed as:

v = inpor tb(por t_address)  ;
v = v & l - 9 9 ;

I'in]'Jo1f,o'.-.uu.""", 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 tempted to use addition and subtraction to set and clear bits in place

of the methods shown above, DON'T! Addition and subtraction may seem logical, but they will not work if you try

to clear a bit tbat is already clear or set a bit that is already set. For example, you might think that to 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 board

functions.
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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 these steps on the flow dia-
grams at the end of this chapter and in our example progrirms included with the board. In this discussion, BA refers
to the base address.

.Initializing the 8255 PPI

The eight Port B lines of the 8255 PPI control the channel selection, programmable gain, programmable IRQ,
and external trigger and DMA enable. Port B is programmed at VO address location BA + 5:

D7 D6 D5 D4 D3 D2 D1 DO

Enable

ch

| 3il:i."'"i8"t",
0000 = channel 1
0001 = channel 2

annel Gain 0010 = channel 3

IRO Enablr
0 = IRQ disabled
1 - IRQ enabled

EXT PCK/EXT TRIG
Enable

0 = Disabled
1 = Enabled

0 0 = x 1
01 =y2
1 0 = x 4
1 1 = x 8

0000 = channel 1 1000 = channel 9
0001 = channel 2 1001 = channel 10
0010 = channel 3 1010 = channel 11
0011 =channe l4  1011 =channe l  12
0100=channel 5 1100=channel 13
0101 =channel 6 1101 =channel 14
01 10=channel 7 1'110 =channel '15

0111 =channe l  I  1111 =channe l  16

B A + 5

To use Port B for these control functions, the 8255 must be initialized so that Port B is set up as a Mode 0
output port. This is done by writing this data to the PPI control word at UO address BA + 7 (X = don't care):

D7 D6 D5 D4 D3 D2 D1 DO

. Clearing the Board

It is good practice to start your program by resetting the board. You can do this by writing to the RESET port at
BA + 2. The actual value you write to this port is irrelevant. After resetting the board following power-up, you must
take an A,/D reading and throw it away to make sure the converter is initialized and contains no unwanted data.

. Selecting a Channel

To select a conversion channel or the starting channel for a scan or burst, you must assign values to bits 0
through 3 in the PPI Port B port at BA + 5. The table below shows you how to determine the bit settings. Channels
9-16 are available in single-ended operation only. Note that if you do not want to change the gain setting, also
programmed through BA + 5, you must preserve it when you set the channel.

x x x x cH3 cH2 cH1 cH0

Channel cH3 cH2 cH1 cH0 Channel cH3 cHz cH1 cH0
1 n 0 0 0 I 1 0 0 0
2 0 0 0 1 r0 1 0 0 1

3 0 0 1 0 1 1 1 0 1 0
4 0 0 1 1 12 1 0 1 1

5 0 1 0 1 3 1 1 0 U

o 0 1 0 I 1 4 I 1 0 1

0 I I 0 1 5 1 1 1 0

I n 1 1 1 1 6 I 1 1 1
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. Setting the Gain

you may choose among the various levels of programmable gain by setting bits 4 and 5 in the PPI Port B port'

BA + 5. The table below shiws you how to determine the bit settings for the gain you need. Note that if you do not

want to change the channel setting, also programmed through BA + 5, you must preserYe it when you set the gain'

Data

l l

B A + 5

. Enabling and Disabling the External Trigger

The external trigger enable bit at BA + 5 enables the A/D trigger source. When this bit is enabled in the scan

mode, A./D conversions are controlled by the on-board or external pacer clock, depending on the setting of the

pCLK jumper at P3. When disabled, A/D conversions are triggered from software (Start Convert command), for all

-od"r e*""pt burst. When this bit is disabled in the burst mode, bursts are triggered by software, and each conver-

sion in the burst is triggered by the on-board or external pacer clock, again depending on the setting of the PCLK

jumper at p3. When enabled in the burst mode, bursts are triggered by an external trigger, the output of timer/

Lounr", 2, or a signal brought onto the board through the EXT GATE 2 pin on P2, depending on the setting of the

TRIG jumper at P3.

. Enabling and Disabling Interrupts

Any time you use intemrpts, this bit at port BA + 5 must be set high to enable the IRQ circuitry.

'Types of Conversions

The board can perform single and multiple conversions, channel scanning, and bursts. Figure 4-l shows the

basic timing diagram for a conversion.

Trigger

End-of-Convert
(Eoc)

Read

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

x x G1 GO x x x x

Gain G1 GO

1 0 0

2 0 1

4 1 0

8 1 1

l { -  5  psec 4 l
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Single Conversion. In this mode, a single specified channel is sampled whenever a value is written to the
START CONVERT port, BA + 0 (software trigger). The active channel is the one specified in the CHANNEI-/
GAIN SELECTport.

This is the easiest of all conversions. 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. Figure 4-2 shows a timing diagram for single conversions. See the SOFTTRIG sample program in C
and Pascal and the SINGLE program in BASIC on the example programs disk included with your board.

START
CONVERT

SAMPLE TAKEN

SAMPLED
CHANNEL 1 . . .1

Fig.4-2 - Timing Diagram, Single Conversion

Multiple Conversions. In this mode, conversions are continuously performed at the pacer clock rate. The pacer
clock can be internal or external, depending on the setting of the PCLK jumper on P3. The maximum rate supported
by the board is 125 kHz. If you use the internal pacer clock, you must progmm it to run at the desired rate.

This mode is ideal for filling arrays, acquiring data for a specified period of time, and taking a specified number
of samples. Figure 4-3 shows a timing diagram for multiple conversions. See the MULTI sample programs in C and
Pascal on the example programs disk included with your board.

PACER CLOCK

SAMPLE TAKEN

SAMPLED
G H A N N E L  

1  1  1  ' t  1  1  1  1  1 . . .

Fig. a-3 - Timing Diagram, Multiple Conversions

Automatic Channel Scan. In this mode, the channel sampled is automatically incremented after each conver-
sion is complete. The channel at which the scan starts is specified in the channel select bits of BA + 5. The number
ofchannels to be scanned is specified at BA + 3, bits D0 through D3. Scanning continues until stopped. For ex-
ample, by programming channel 3 at BA + 5 and four channels at BA + 3, the scan will be 3, 4, 5, 6,3, 4, 5,6,3, ...
until stopped. Figure 4-4 shows a diagram of this mode.

When using channel scan, you must set bits D6 and D7 at BA + 3 for the scan mode. Conversions can be
performed through software or using the pacer clock. Use automatic channel scan when you want to continuously
sample a sequence of channels. Since the channel counter is automatically incremented after each conversion, this
mode is faster and easier than using the single conversion mode and setting the channel for each conversion from
software. See the SCAN program in BASIC on the example programs disk included with your board.
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START CONVERT/
PACER CLOCK

SAMPLE TAKEN

9lYt l l?2s4s
CHANNEL

2 . . .

Fig. 4-4 - Timing Diagram, Channel Scanning

Programmable Burst In this mode, a sequence of channels (from 2 to 16) is scanned a single time at the burst
clock rate each time a burst aigger is applied The starting channel is the channel specified at BA + 5. The number of
channels to be scanned is specified at BA + 3. When using burst, you must set bits D6 and D7 at BA + 3 for the
burst mode. A burst can be triggered using the Start Convert command at BA + 0 or by the hardware source (exter-
nal trigger, timer/counter out 2, or external gate 2) set at TRIG on P3. If the external trigger enable bit, D6 at
BA + 5, is disabled, the busrt will be software riggered. If this bit is enabled, the burst will be hardware triggered.
The pacer clock (internal or external) sets the time between each sample in the burst.

Burst is used when you want one sample from a specified number of channels for each trigger. Figure 4-5
shows a timing diagram for burst sampling. Often, the burst mode can be used for near-simultaneous sampling from
multiple input channels. For critical simultaneous sampling applications, a simultaneous sample-and-hold board can
be used (SS4 four-channel and SS8 eight-channel boards are available from Real Time Devices).

BURST TRIGGER

BURST CLOCK

SAMPLE TAKEN

SAMPLED
CHANNEL

1 2 3 1 2 3

Fig. 4-5 - Timing Diagram, Burst

. Starting an A/D Conversion

Software triggered single conversions are started by writing to the START COI.IVERT port at BA + 0. The
value you write is irrelevant. For single conversions, you must write to this port to initiate every conversion.
Multiple conversions triggered by the pacer clock or by a software or hardware trigger (burst mode). They are
started by the first pulse present after the trigger has been enabled.

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

The A/D conversion status can be monitored through the DMA done flag or through the end-of-convert (EOC)
bit in the STATUS port at BA + 0. When doing DMA transfers, you will want to monitor the DMA done flag for a
transition from low to high. This tells you when the 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 A/D converter has completed its conversion and the data
is ready to read. The EOC line stays high following a conversion until the data has been read. Then the line goes
back to low until the next conversion is complete.
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. Reading the Converted Data

Two successive reads of port BA + I provide the LSB and MSB of the l2-bit A/D conversion in the format

defined in the VO map section at the beginning of this chapter. The LSB must always be read first, followed by the

MSB. The converted data can also be read at BA + 12 (t S-S) anO BA + 13 (MSB)' This allows you to use a read

word command on an XT computer to automatically read both ports using one command'

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 conversions are straight binary' When a bipolar

value is read, you must hrst convert ihe result to straight binary and then calculate the voltage' The conversion

formula is simple: for values greater than2}47,you must subtract 4096 from the value to get the sign of the voltage'

For example, ifyour output is zO+s, you subtract 4096: 2048 - 4096 = -2048. This result conesponds to -5 vol8 or

- l0 volts, depending on you, binary iange. For values of 2047 or less, you simply convert the result' The key digital

codes and thlir input uoitug" values are given for each range in the three tables which follow'

A/D Bipolar Code Table
(tSV; twos complement)

Input Voltage Output Code

+4.998 volts 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
(110V; twos comPlement)

Input Voltage Output Code

+9.995 volts 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 ' t  1 1 1 1

-10.000 volts 1000 0000 0000

1 LSB = 4.88 mill ivolts

A/D Unipolar Code Table
(0 to +10V; straight binary)

Input Voltage Output Gode

+9.99756 volts M S B 1 1 1 1  1 1 1 1  1 1 1 1 L S B

+5.00000 volts 1000 0000 0000

0 volts 0000 0000 0000

1 LSB = 2.44 millivolts
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