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INTRODUCTION





The AD3 I 10 and ADA3 I 10 DataMasterrM series boards turn your IBM@ PC AT or compatible computer into a
high-speed, high-performance data acquisition and control system. Installed within a single expansion slot in the
computer, each 3110 series board features:

. 8 differential, 8 single-ended with dedicated grounds, or 16 single-ended analog input channels,

. l2-bit,5 microsecond analog-to-digital converter with 200 kHz throughput,

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

. Programmable gains of 1,2,4,8,16, and Gx,

. Automatic channel scan.

. Programmable burst and multiburst,

. Programmable pacer clock and burst clock,

. Programmable sample counter

. On-board FIFO interface and DMA transfer,

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

. 4-bit analog input data marker,

. l6-bit AT bus compatibility,

. 32 digital VO lines with optional pull-up/pull-down resistors,

. Three 16-bit cascaded timers and two 16-bit cascaded counters for user functions,

. Two I2-bit digital-to-analog output channels (ADA3110 only),

. t5, +10, 0 to +5, or 0 to +10 volt analog output range (ADA3110 only),

. Turbo Pascal and Turbo C source code; QuickBASIC library; diagnostics program.

The following paragraphs briefly describe the major functions of the boards. 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) conversion circuitry receives up to eight differential, eight single-ended with
dedicated grounds, or 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

An on-board header connector lets you jumper the inputs for differential or single-ended operation. When in the
differential mode, the analog input channels can then be individually set for differential or single-ended operation by
using DIP switch 52, located on the top edge of the board near the VO connector for easy access. This feature lets
you mix differential and single-ended input channels. The input voltage range is jumper-selectable for bipolar ranges
of -5 to +5 volts or -10 to +10 volts, or a unipolar range of0 to +10 volts. It is not necessary to recalibrate after
changing the input range or polarity. The board is factory set for a range of -5 to +5 volts. Overvoltage protection to
+35 volts is provided at the inputs.

The high-perfonnance A/D converter supports fast-settling, software-programmable gains of 1, 2, 4, 8, 16, and
Gx, where Gx is a custom circuit which can be configured for any desired value greater than I as described in
Chapter 1.

A./D conversions are performed in 5 microseconds, for a maximum throughput rate of 200 kHz. Conversions are
controlled by software command, by an on-board pacer clock, by using triggers to start and stop sampling, or by
using a sample counter to acquire a specified number of samples. Several trigger sources can be used to turn the
pacer clock on and off, giving you exceptional flexibility in data acquisition. Automatic channel scanning and burst
and multi-burst modes are supported. A first in, first out (FIFO) interface helps your computer manage the high
throughput rate of the A,/D converter by acting as an elastic storage bin for the converted data. Even if the computer
does not read the data as fast as conversions are performed, conversions can continue until the FIFO is full.

The converted data can be transferred to PC memory in one of three ways. Direct memory access (DMA)
transfer supports conversion rates ofup to 200,000 samples per second. Data also can be transferred using the
programmed VO mode or the interrupt mode. A special intemrpt mode using a REP INS (Repeat Input String)
instruction supports very high speed data transfers. By generating an intemrpt when the FIIFO's half-full flag is set, a
REP INS instruction can be executed, transferring data to PC memory and emptying the FIFO buffer at the maxi-
mum rate allowed by the data bus.
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The mode of transfer and DMA channel are chosen through software. The PC data bus is used to read and/or
transfer data to PC memory. In the DMA transfer mode, you can transfer a selected block of data in a single data
dump, or you can make continuous transfers directly to PC memory without going through the processor.

Digital-to-Analog Conversion (ADA3110 Only)

The digital-to-analog (D/A) circuitry features two independent 12-bit analog output channels with individually
jumper selectable output ranges of -5 to +5 volts, -10 to +10 volts, 0 to +5 volts, and 0 to +10 volts. Data is pro-
grammed into a D/A converter in a single write operation. Both DAC outputs can be updated simultaneously by
setting the jumpers on P8 and P9 to LDAC and sending an update command. Or, the DACs can be updated asyn-
chronously as soon as new data is written by setting the P8 and P9 jumpers to GND. Access through DMA is not
available.

8254 Timer/Counters

Three 8254 programmable interval timers, TCl, TC2, and TC3, each contain three 16-bit, 8-MHz timer/
counters to support a wide range of board operations and user timing and counting functions. Two of the timer/
counters in TCI are cascaded and used internally for the pacer clock. The third timer/counter is used as the burst
clock. The three timer/counters in TC2 are cascaded for timing applications. Two timer/counters in TC3 are cas-
caded for counting applications and the third timer/counter is the sample counter.

Digital VO

The 3110 has 32 TTL/CMOS-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. The lines are grouped in four
eight-bit ports, Port A, Port B, Port C, and Port D. Ports A and B are addressed at a single VO location, and Ports C
and D are addressed at a single VO location. Each group of eight lines can be configured with optional pull-up/pull-
down resistors.

Four high-speed digital input lines, synchronized to the A/D conversion rate and stored in the FIFO, can be used
as a four-bit data marker without intemrpting the conversion process.

What Comes With Your Board

You receive the following items in your AD3110 or ADA3I10 package:

. AD31 10 or ADA3l 10 AT compatible interface board

. Software and diagnostics diskette with example progmms in Turbo Pascal and Turbo C; QuickBASIC library;
source code

. LJser's manual

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

Board Accessories

In addition to the items included in your 31 10 package, Real Time Devices offers a full line of software and
hardware accessories. Call your local distributor or our main office for more information about these accessories and
for help in choosing the best items to support your board's application.

Application Software and Drivers

Our custom application software packages provide excellent data acquisition and analysis support. Use
SIGNAL*VIEW for data acquisition, real-time monitoring, and analysis, and SIGNAL*MATH for data acquisition
and sophisticated digital signal processing and analysis. rtdlinx drivers provide full-featured high level inrerfaces
between the 3l l0 and custom or third party software. rtdlinx source code is available for a one-time fee.
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Hardware Accessories

Hardware accessories for the 3l l0 include the MX32 analog input expansion board which can expand a single
input channel on your 3 I 10 to I 6 differential or 32 single-ended input channels, SS series four- and eight-channel
simultaneous sample-and-hold boards, MR series mechanical relay output boards, OP series optoisolated digital
input boards, the OR16 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, the
EX-AT extender board 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

The 31 10 has jumper and switch settings you can change if
necessary for your application. The board is factory-configured as
listed in the table and shown on a diagram in the beginning of this
chapter. Should you need to change these settings, use these easy-
to-follow instructions before vou install the board in vour com-
puter.

Note that by installing a resistor and a trimpot on the board,
you can define the user-configurable gain, Gx, to be whatever
value (greater than 1) your application may require. Gx can be
used to complement the other software-programmable gains of 1,
2,4,8, and 16. The procedure for customizing Gx is included near
the end of this chapter.

Also note that by installing resistor packs at the four locations,
and soldering jumpers in the desired locations in the associated
pads, you can configure any or all groups of eight digital VO lines
to be pulled up or pulled down. This procedure is explained at the
end of this chapter.
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Factory-Configured Switch and Jumper Settings

Table 1-1 lists the factory settings of the user-configurable jumpers and switches on the 3l 10 board. Figure
on the next page, shows the board layout and the locations of the factory-setjumpers. The following paragraphs
explain how to change the factory settings. Pay special attention to the setting ofSl, 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 Setting

P5
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 P6)

P6 Sets the analoq inout for unioolar or bioolar
Bipolar (-5 to +5 volts)
(must be the same as P5)

P7 Sets the A/D input voltage range 10 volts

P8 Sets the DAC 1 loading signal
GND
(asynchronous updates)

P9 Sets the DAC 2loading signal
GND
(asynchronous updates)

P 1 0 Sets the D/A output voltage range for DAC1 -5 to +5 volts
P 1 1 Sets the D/A output voltage ranqe for DAC2 -5 to +5 volts

P't2
Sets the clock source for TC2-A, the 8254 timer/counter at
u23 OSC (8 MHz clock)

P 1 3
Sets the clock source for the pacer clock, TC1-A, the 8254
timer/counter at U16 OSC (8 MHz clock)

P14 Sets the gate source lorTC2, the 8254 timer/counter atU23 +5V (always enabled)

P 1 5
Selects which TIMER OUT signal is available at the TIMER
OUT pin, P3-42 ouT2 (TC2-C)

P 1 6
Connects the software selected lRQl interrupt to an IRQ
channel Disabled

P17
Sets the clock source for TC3-A. the 8254 timer/counter at
u31 OSC (8 MHz clock)

P 1 8
Sets the gate source for TC3-A & B, the 8254 timer/counter
at U31 +5V (always enabled)

P 1 9
Connects the software selected lRQ2 interrupt to an IRQ
channel Disabled

P20
Sets 16 single-ended or 8 single-ended with ground/8
differential analog input type; used in conjunction with 52

16 single-ended
(3 jumpers installed on
S pins)

P21
Configures the 3110 for normal use or for use with RTD's
SSH series simultaneous sample- and-hold boards NOR

P22 Selects the signals available at P3-23 through P3-26 PB6, PB7, PA6, PA7
P23 Sefects the signals available atPS-27 through P3-30 PB4, PB5, PA4, PAs

P24

When set to SIGN, the the A/D data word is sign
corrected; when set to FIFO, the A/D data word is fed directly
to the FIFO without correction SIGN

S 1 Sets the base address 300 hex (768 decimal)

S2
Connects the negalive side of ditferential inputs to ground lor
8 single-ended with qround operation Open (16 sinqle-ended)

l - 1 ,
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P5 - A/D Data Word Bit State Set (Factory Setting: +/-)

This header connector, shown in Figure 1-2, sets the state of the unused four bits in the 16-bit A/D data word.
This header ensures that these four topmost bits are set at 0 for unipolar conversions and at the same state as the
MSB of the l2-bit ND converted data for bipolar conversions. Chapter 4, BA + 10, explains rhis in more detail. If
P24 is set to FIFO, the setting of this header is ignored. NOTE: P5 and P6 must be set the same for proper board
operation.

t-l
P5 lo o l*

I o< l*- 
set P6 to the same Polarity!

t-r

Fig.1-2 -A/D Data Word Bit State Set Jumper, P5

P6 - Analog Input Voltage Polarity (Factory Setting: +/-)

This header connector, shown in Figure l-3, sets the analog input voltage polarity for unipolar (+) or bipolar
(+/-). If the jumper on P7 is installed on 20V, then P6 can only be set for bipolar (+/-). The input ranges allowed by
the 3l l0 are *5, tl0, and 0 to +10 volts. NOTE: P6 and P5 must be set the same for proper board operation.

Set P5 to the same polarity!

Fig. 1-3 -Analog Input Voltage Polarity Jumper, P6

P7 - Input Voltage Range (Factory Setting: 10V)

This header connector, shown in Figure l-4, sets the input voltage range at l0 or 20 volts. The 10V setting is for
the +5 volts and 0 to +10 volts ranges; the 20V setting is for the +10 volt range. You do not have to recalibrate the
board when you change voltage ranges.

Fig. 1-4 - Input Voltage Range Jumper, P7

RPpz

l -5
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P8 - DAC 1 Loading Source (Factory Setting: GND)

This header connector, shown in Figure l-5, sets the loading source for DAC l. When the jumper is installed on
LDAC, the D/A output is not updated until a command is issued at BA + 26. When LDAC is jumpered on both P8
and P9, the DAC outputs can be updated simultaneously through BA + 26. When the jumper is installed on GND,
the DAC output is updated as soon as the data is loaded at BA + 28. This allows fastest operation of the D/A
converter since only one write is needed to produce a D/A output. PCK lets you update the D/A output from the
pacer clock signal, and TIMER updates the D/A output from the TC2-B OUT signal (1J24 timerlcounter).

LDAC

GND

PCK

TIMER

Fig. 1-5 - DAC 1 Loading SignalJumper, P8

P9 - DAC 2 Loading Source (Factory Setting: GND)

This header connector, shown in Figure l-6, sets the loading source for DAC 2. When the jumper is installed on
LDAC, the D/A output is not updated until a command is issued at BA + 26. When LDAC is jumpered on both P8
and P9, the DAC outputs can be updated simultaneously through BA + 26. When the jumper is installed on GND,
the DAC output is updated as soon as the data is loaded at BA + 30. This allows fastest operation of the D/A
converter since only one write is needed to produce a D/A output. PCK lets you update the D/A output from the
pacer clock signal, and TIMER updates the D/A output from the TC2-B OUT signal (J24 trmertcounrer).

LDAC

GND

PCK

TIMER

Fig. 1-6 - DAC 2 Loading SignalJumper, P9

PlO - DAC 1 Output Yoltage 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, t5, O to +10, or
+10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The two top
jumpers select the range, unipolar (5) or bipolar (t5). The two bottom jumpers select the multiplier, Xl or X2. 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 t5 volt bipolar setting. This header does not have to be
set the same as Pll.

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 volts OFF ON OFF ON

0 to +10 volts ON OFF OFF ON

P8
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5
+5

x1
x2

Fig. 1-7 - 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 1-8, 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 two top
jumpers select the range, unipolar (5) or bipolar (t5). The two bottom jumpers select the multiplier, Xl or X2. When
a jumper is on the X2 multiplier pins, the range values become +10 and 10. The table below shows the four possible
combinations ofjumper settings, and the diagram shows the t5 volt bipolar setting. This header does not have to be
set the same as PlO.

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 volts OFF ON OFF ON

0 to +10 volts ON OFF OFF ON

5
+5

x1
x2

Fig. 1-8 - DAC 2 Output Voltage Range Jumper, P11

Pl2 -TC2-A Clock Source Select (Factory Setting: OSC)

This header connector, shown in Figure l-9, selects the clock source for TIMER Timer/Counter 2, timer A. The
available clock sources are the on-board 8 MHz clock (OSC), an external clock brought onto the board through
P3-45 (EXTCLKI), an external pacer clock brought onto the board through P3-41 (EXTPCLK), and an external
clock brought onto the board throughP3-23 andP4-45 (EXTCLK2).

P12

osc
EXTCLKl

EXTPCLK

EXTCLK2

Fig. 1-9 - TC2-A Clock Source Select Jumper, P12

Pl0

f::l
l l

DACl

P l 1

t3
Li_l

DAC2
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P13 - PCK (TCl-A) Clock Source Select (Factory Setting: OSC)

This header connector, shown in Figure l-10, selects the clock source for Timer/Counter l, timer A, the pacer
clock. The available clock sources are the on-board 8 MHz clock (OSC), an external clock brought onto the board
through P3-45 (EXTCLKI), and an external pacer clock brought onto the board through P3-41 (EXTPCLK).

P l3

lEl.sv
I o o lexrcrr
| . . lExrcr2

Fig. 1-11 -TC2 Gate Source Select Jumper, P14

P15 - TC2 Timer Out Select (Factory Setting: OUT2 (Timer C))

This header connector, shown in Figure 1-12, selects the TIMER out signal available atP3-42. The output of
any of the three timers in TC2, A (OIJ"I0), B (OUTl), or C (OUT2), or the on-board 8 MHz clock can be jumpered
to this VO connector pin via Pl5. This jumper setting also selects which output will generate an intemrpt (see
Chapter 4, BA + 8,page 4-7).

Fig. 1-10 - PCK (TC1-A) Clock Source Select Jumper, P13

Pl4 - TC2 Gate Source Select (Factory Setting: +5V)

This header connector, shown in Figure 1-l l, selects the gate source for TIMER Timer/Counter 2. The avail-
able gate sources are +5 volts (+5V) which ties the gate high, EXTGT1 brought onto the board through P3-46, and
EXTGT2 brought onto the board throughP3-zs andP4-46.

Pl4

OUTO

ouTl
OUT2

osc

Fig. 1-12 -TC2 Timer Out Select Jumper, P15

JEI o'.
I o . lExrcLKl

l_-l EXTP.LK

P15

H
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P16 - IRQ#I Interrupt Channel Select (Factory Setting: Disabted)

This header connector, shown in Figure 1-13, lets you select the IRQ channel for the IRQ#I intemtpt source
selected through software at BA + 8. When this jumper is installed on an intemrpt channel, as shown in Figure
1-13b, a software enable for IRQ #l must be issued at BA + 8 before the intemrpt channel is used by the board. A
tri-state buffer lets you disable the intemrpt through software, freeing the IRQ channel jumpered on this header for
other system intemrpts as long as the software disable is selected.

IRO SELECT 1 Pl6

ooooaaoooH

aaaaaoooooo

P17

E

Fig. 1-13a - Factory
setting (lRQ disabled)

(rl g)

Pl6IRO SELECT 1

Fig. 'l-13b - IRQ Select 1
Source Connected to

tRos

Fig. 1-13 - Interrupt Source 1 Channel Select Jumper, P16

P17 - TC3-A Clock Source Select (Factory Setting: OSC)

This header connector, shown in Figure l-14, selects the clock source for COLINTER Timer/Counter 3,
timer A. The available clock sources are the on-board 8 MHz clock (OSC), an external clock brought onto the board
through P3-45 (EXTCLKI), an external pacer clock brought onto the board through P3-41 (EXTPCLK), and an
external clock brought onto the board throughP3-23 and P4-45 (EXTCLK2).

osc
EXTCLKl

EXTPCLK

EXTCLK2

Fig. 1-14 - TC3-A Clock Source Select Jumper, P17

P18 - TC3-A & B Gate Source Select (Factory Setting: +5V)

This header connector, shown in Figure 1-15, selects the gate source for COUNTER Timer/Counter 3, timers
A & B. The available gate sources are +5 volts (+5V) which ties the gate high, EXTGT1 brought onto the board
through P3-46, and EXTGT2 brought onto the board throughP3-2s and P4-46.

+5V

EXTGTl

EXTGT2

Fig. 1-1 1 - TC3-A & B Gate Source Select Jumper, P18

.oooooo. l .o
ooaoooooaoo
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P19 - IRQ#2 Interrupt Channel Select (Factory Setting: Disabled)

This header connector, shown in Figure l-16, lets you select the IRQ channel for the IRQ#2 interrupt source
selected through software at BA + 8. When this jumper is installed on an intemrpt channel, as shown in Figure
1-16b, a software enable for IRQ #2 must be issued at BA + 8 before the interrupt channel is used by the board. A
tri-state buffer lets you disable the intemrpt through software, freeing the IRQ channel jumpered on this header for
other system intemrpts as long as the software disable is selected.

IRQ SELECT 2

aoaaoooaoH

oaaooaooooo

P20

H

P19

Fig, 1-16a-Factory
Sefting (lRQ disabled)

(,r 5 N o

IRO SELECT 2 P19

Fig. 1-16b - IRQ Select 2
Source Connected to

tRol1

Fig. 1-16 - Interrupt Source 2 Channel Select Jumper, P19

P20 - Single-Ended/Differential Analog Inputs (Factory Setting: SE (16 Single-Ended))

This header connector, shown in Figure l-17, is used with switch 52 to configure the 3110 for 8 differential,
8 single-ended with dedicated grounds, or 16 single-ended analog input channels. When operating in the l6 input
single-ended mode, three jumpers must be installed across the S pins. When operating in the 8 single-ended with
dedicated grounds or 8 differential mode, three jumpers must be installed across the D pins. DO NOT install
jumpers across both S and D pins at the same time!

Fig. 1-17 - Single-EndedlDifferentialAnatog Input SignalType Jumpers, p2O

s
D

S

D

S

D

ooo?ooooooo
I

ooaaooooooo
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Pzl- Simultaneous Sample-and-Hold Select (Factory Setting: NOR)

This header connector, shown in Figure 1-18, configures the 3l l0 to operate normally, or with Real Time
Devices' SS4 or SS8 simultaneous sample-and-hold board. The SSH setting adapts the triggering for optimal use on
the SS series boards.

P21

Fig. 1-18 - Simultaneous Sample-and-Hold Select Jumper, P21

V22- P3 VO Pin Signals I Select (Factory Setting: PB6, PB7, PA6, PA7)

This header connector, shown in Figure l-19, lets you select one of two signals to be present at each of four of
the P3 VO connector pins, P3-23 through P3-26. This allows you to access more signals from the front VO connec-
tor, giving you more flexibility for your system setup. You can select these four pairs:

P3-23 PB7 (digital VO Port B, bit 7) orEC2 (external clock 2)

l-l ..,
l3l No*

P22

H

P3-24
P3-25

PA7 (digital VO Port A, bit 7) or XINT (external intemrpt)
PB6 (digital VO Port B, bit 6) or EG2 (external gate2)

P3-26 PA6 (digital VO Port A, bit 6) or EOC (end-of-convert signal generated by the A/D converter)

EC2

P87

EG2

P86

XINT

lu
lx
lu

!(^'

ldf

PA7

EOC

PA6

Fig. 19 - P3 l/O Pin Signals 1 Select Jumper, P22

P23 - P3 VO Pin Signals 2 Select (Factory Setting: PB4, PBs, PA4, PAs)

This header connector, shown in Figure l-20, lets you select one of two signals to be present at each of four of
the P3 VO connector pins, P3-27 through P3-30. This allows you to access more signals from the front VO connec-
tor, giving you more flexibility for your system setup. You can select these four pairs:

P3-27 PB5 (digital VO Port B, bir 5) or FFl5 (top bit of the l6-bit data word)
P3-28 PA5 (digital VO Port A, bit 5) or FFl3 (bit 13 of the 16-bit data word)
P3-29 PB4 (digital VO Port B, bit 4) or FFl4 (bit 14 of the l6-bit data word)
P3-30 PA4 (digital VO Port A, bir 4) or FF12 (bit 12 of the l6-bit data word)

The top four bits of the l6-bit data word can be used as data markers, as explained in Chapter 4.FFl2 through
FF15 allow you to access these lines through the connector.

l - 1 1



FF15

P85

FF14

PB4

FFl3

PA5

FF12

PA4

Fig. 20 - P3 l/O Pin Signals 2 Select Jumper, P23

P24- SIGN/FIFO Select (Factory Setting: SIGN)

The 3l l0 stores each 12-bit A./D conversion in a l6-bit data word. Typically, when you perform unipolar
conversions, you want the top four bits of the l6-bit data word to be the same as the most significant bit of the 12-bit
.dlD conversion to get the conect results. When performing bipolar conversions, these four bits should be zero.
When set to SIGN (with P5 and P6 set correctly) this header connector, shown in Figure 1-21, automatically sets
the top four bits to the correct state so that you do not have to compensate in software to extract the 12-bit data word
for unipolar and bipolar conversions.

Setting this jumper to FIFO bypasses the compensation circuitry, preserving the original state of the top four
bits. This provision is made so that you can use these bits as a data marker in applications where you want to send
digital information along with the analog data at the acquisition rate, such as when you may need to tag the analog
data with a marker. If your application requires you to use the data marker and you setP24 to FIFO, note that the top
four bits are fed directly into the FIFO, and you now have to compensate in software to sign the data correctly for
each conversion. This is more fully explained in Chapter 4.

FIFO

SIGN

Fig. 1-21 - SIGN/FIFO Select Jumper, P24

Sl - 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 3110 board attempts
to use VO address locations already used by another device, contention results and the board does not work.

To avoid this problem, the 3110 has an easily accessible DIP switch, Sl, which lets you select any one of 16
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 value shown in Table l-2.The
table shows the switch settings and their corresponding decimal and hexadecimal (in parentheses) values. Note that
switch 4 is the leftmost switch and switch 1 is the rightmost switch when looking at the component side of the
board. When the switches are pulled forward, they are OPEN, or set to logic l, as labeled on the DIP switch pack-
age. When you set the base address for your board, record the value in the table inside the back cover. Figure l-22
shows the DIP switch set for a base address of 768 (switch 4 OPEN, or logic l, and the remaining switches
CLOSED, or logic 0).

P23

Hli
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Tabfe 1-2 - Base Address Switch Settings, Sl
Base Address
Decimal / (Hex)

Switch Setting
4 3 2 1

Base Address
Decimal / (Hex)

Switch Setting
4 3 2 1

sr2 | (2o0) 0 0 0 0 768 / (300) 1 0 0 0

5M | (220) 0 0 0 1 800 / (320) 1 0 0 1

576 | (240) 0 0 1 0 832 | (340) 1 0 1 0

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

640 | (280) 0 r00 896 / (380) I 1 0 0

672 | (240) 0 r01 928 / (3A0) t 1 0  |

704 / (2C0) 0 1 1 0 960 / (3C0) l l l 0

736 | (2E0) 0 1 t t 992 / (380) l r 1 1

0=closed, ' l  =open

Fig.1-22 - Base Address Switch, 51

52 - DifferentiaVSingle-Ended Ground Switch (Factory Setting: OPEN)

DIP switch 52, shown in Figure l-23, is used in conjunction with header connector P20 to set up the analog
inputs for 8 differential, 8 single-ended with dedicated grounds, or 16 single-ended operation. When the eight
switches are OPEN (forward), they support 8 differential or 16 single-ended inputs, depending on the setting of P20.
When the switches are CLOSED (back), they support 8 single-ended inputs with dedicated grounds. With P20 set
to D, switches can be individually set for differential or single-ended with ground operation. Switch I sets channel l,
switch 2 sets channel 2, etc. The table below shows the three configurations for P20 and 52.

Input Configuration

Settings

P20 Jumpers 52 Switches

8 DIFF D OPEN

8 SE with AGND D CLOSED

1 6  S E SE OPEN

Fig.1-23 - Differential/Single-Ended Ground Switch, 32
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Gx, User-Configurable Gain

Gx is provided so that you can easily configure a special gain setting for a specific application. Like the
standard board gains of 1,2,4, 8, and 16, Gx is software selectable. Gx is derived by adding resistor R9 and trimpot
TR9 at the pads located in the upper right area of the board. When you calculate the resistance values for R9 and
TR9, you must take into consideration the resistance of the switch itself, which is about 100 ohms in series with R9
and TR9. Figure 1-24 shows how the Gx circuitry is configured.

The formulas for computing the gain and resistance values are:

Gx=[2 ] ( / (R9+TR9) ]+1
R 9 + T R 9 = 2 1 ( ( G x - 1 )

Fig.1-24 - Gain Circuitry and Formulas for Calculating Gx

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

The 3110 provides 32TruCiv.[OS compatible digital UO lines which can be interfaced with external devices.
These lines are divided into four groups: eight Port A lines, eight Port B lines, eight Port C lines, and eight Port D
lines. Ifyour application requires that these lines be set to a certain state when a control signal is not being sent
(such as high or low at system start-up), you can install and connect pull-up or pull-down resistors for any or all of
these four groups of lines. For example, you may want to pull lines high when switches are disconnected. You can
do this by adding a pull-up resistor pack to the group of lines controlling the switches. 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, and pulling them down ensures that the motors stay off at start-up.

To use the pull-up/pull-down feature, you must first install resistor packs in any or all of the four locations on
the board. Labeled PA, PB, PC, and PD, they all take lGpin packs. Figure l-25 shows a blowup of the Port A and
Port B circuitry.

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, labeled Il, 12, J3, and J4. They are labeled G (for ground)
on one end and V (for +5V) on the other end. The middle hole is common. JI-PA is for Port A, J2-PB is for Port B,
J3-PC is for Port C, and J4-PD is for Port D. Figure l-25 shows these pads for Ports A and B. 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.

(when calculating the values of R9 and TR9, remember that you must
consider the switch resistance, which is about 100 ohms)

t-14



RN4 RN3

JrlEf6Opr

.rz lEJ6-Ope
V G

Fig. 1-25 - Pull-up/Pull-down Resistor Circuitry





CHAPTER 2

BOARD INSTALLATION

The 3110 is easy to install in your PC/AT or compatible com-
puter. This chapter tells you step-by-step how to install and con-
nect the board.

After you have installed the board and made all of your con-
nections, you can turn your system on and run the 31lODIAG
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 l. 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 the computer housing (refer to your owner's manual if you do not already 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 discharge any static buildup and then remove the board from its
antistatic bag.

5. If you are using the 50-pin P4 connector for digital VO operations, connect the mating connector to it before
installing the board in the PC. Note that the P3 VO connector mounting bracket has an oversized cutout to
allow space for running the cable to P4 through the same VO slot. If you want to run both cables through the
same slot, you must make these connections before installing the board.

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

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

NOTE: Do not force the board 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 VO connector at the rear panel ofyour computer. Be
sure to observe the keying when connecting your external cable to the VO connector.

External VO Connections

Figure 2-1 shows the 3110's P3 50-pin VO connector and P4 on-board 5Gpin connector pinouts. Refer to these
diagrams as you make your VO connections.
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FlFOl5

FtFOl4
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N.C.

N.C.

lt.c.
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F lFOl3

F|FOt2

DIGITAL GND

PD7

PD6

PD5

PD4

PD3

PO2

PDl
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EXT INT
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EOC

EXT CLK 2

+12 volTs
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DIGITAL GIiD
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N,C.

N,C.
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DIGITAL GND
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DIGITAL GI{D

PC7

PC6

PC5

PC4

PC3

PC2
pcl

PC0

DIGITAL GND

N.C.

DIGITAL GI{D

EXT GATE 2

+5 VOLTS

DIGITAL GND

AINZ+ | AlN2 AlN2-  lA lN lo /AGt ' lD

All,l3+ | AlN3 AIN3- I  AIN1I /AGND
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AINs+ I AINS AINs.  I  A IN13/AGND

AINS+ I  AIN6 A I N &  I  A I N I 4 / A G N D

AINT+ | A|NT At i l7 -  t  A l l { t5 /AGND

AINS+ | Alil8 A I N 8 .  I  A I N 1 6 / A G N D

AOUT I

AOUI 2

ANALOG GND

PB7 / EXT CLK 2

PB6 / EXT GATE 2
pBs / FtFOrS

PB4 / FIFOI4

ANALOG GNO

ANALOG GiIO

ANALOG GND

PA7 / EXT INT

PA6 / EOC

PAs / FIFOI3

PA,l / FlFOt2

P3

PB3

P82

Pal

PA0

TRIGGER IN

EXI PACER CLK

TRIGGER OUT

EXt Cu(

+12 VOLTS
-12 VOLTS

PA3

PA2

PAI

PAO

DIGITAL GND

TIITER OUT

COUNIER OUT

EXT GATE

+5 VOLTS

DIGI'AL GND P4

Fig. 2-1 - P3 and P4llO Connector Pin Assignments

Connecting the Analog Input Pins

16 Single-Ended, No Dedicated GND. When operating in the 16 channel single-ended mode (P20-SE,
S2-OPEN), connect the high side of the analog inputs to the analog input channels, AINI through AIN16, and
connect the low side to any of the ANALOG GND pins available at the connector (pins 18,20-22 on P3). Ground
any unused inputs. Figure 2-2 shows how these connections nre made.

3110
t/o coNNEcloR

P3

I
I
I
l p r r t

a

a

a

a

Fig.2-2 - Single-Ended lnput Connections, No Dedicated GND
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8 Single-Ended, Dedicated GND. When operating up to 8 channels in the single-ended mode with a dedicated
ground for each channel (P20-D, S2-CLOSED), connect the high side of each analog input to the selected analog
input channel, AINI through AIN8, and connect the low side to its corresponding AGND (AINI- through AIN8-).
Ground any unused inputs. Figure 2-3 shows how these connections are made. Note that you can mix single-ended
with dedicated ground and differential channels by setting the individual switches on 52 to the proper position.

Fig. 2-3 - Single-Ended Input Connections, Dedicated GND

8 Differential. When operating in the differential mode (P20-D, S2-OPEN), twisted pair cable is recommended
to reduce the effects of magnetic coupling at the input. 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 RN2 on the board to
provide a reference to ground for signal sources without a separate ground reference.

Connect the high side of the analog input to the selected analog input channel, AINI+ through AIN8+, and
connect the low side 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 and,20-22 on P3). Figure 2-4 shows how
these connections are made. Note that you can mix single-ended with dedicated ground and differential channels by
setting the individual switches on 52 to the proper position.

3 1 1 0
I/O CONNECTOB

P 3

I
I
I
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Fig.2-4 - Differential Input Connections

Connecting the Trigger In and Trigger Out Pins, Cascading Boards

The 3110 board has an external trigger input (P3-39) and output (P343) 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 2-5,they can be triggered to start an A/D conversion at the same time.

Connecting the Analog Outputs

For each of the two D/A outputs, connect the high side of the device receiving the output to the AOUT channel
(P3-I7 or P3-19) and connect the low side of the device to an ANALOG GND (P3-18 or P3-20).

Connecting the Timer/Counterr 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 yO connector, and the low side is connected to any DIGITAL GND.

Running the 3110DIAG 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, 31l0DIAG, 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 AD31 10 and
ADA3110 hardware. The major circuits are the A/D, the D/A
(ADA3110 only), the timer/counters, and the digital VO lines.
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The 3 I l0 board has four major circuits, the A./D, the D/A (ADA3l 10 only), the timer/counters, and the digital
UO lines. Figure 3- I shows the block diagram of the board. This chapter describes the hardware which makes up the
major circuits.

I6 ANALOG INPUTS
-5v TO +5V
0 T O + 1 0 V

- l 0 V  T O  + t 0 V
8  D t F F . / 1 6  S . E . /

8 S.E. WITH AGND

Fig. 3-1 - AD31 10/ADA31 10 Block Diagram
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A/D Conversion Circuitry

The 3l l0 board performs analog-to-digital conversions on up to eight software-selectable analog input chan-
nels. The following paragraphs describe the A/D circuitry.

Analog Inputs

The input type can be set for differential, single-ended with dedicated ground, or single-ended operation by
opening or closing the switches on DIP switch 52 and setting the jumpers on P20. Single-ended operation is
typically used when the analog input voltage source is close to the board and the voltage levels are fairly high
(greater than 10.5 volts for a gain of 1). The differential mode provides noise immunity when long cable runs are
unavoidable, signal levels are low, or surrounding electrical noise is high. Note that differential and single-ended
channels with dedicated grounds can be individually set using switch 52.

The input voltage range is jumper-selectable for -5 to +5 volts, -10 to +10 volts, or 0 to +10 volts. Software-
programmable binary gains of I,2,4,8, and l6 let you amplify lower level signals to more closely match the
board's input ranges. When you increase the gain, the effective input range decreases by the input range divided by
the gain. So, for a gain of 2, the +5 volt input range becomes +2.5 volts; for a gain of 4, it becomes 11.25 volts, and
so on. A user-configurable gain of Gx is also provided. You can customize this gain setting by following the
instructions at the end of Chapter L Overvoltage protection to +35 volts is provided at the inputs.

A/I) Converter

The AD678 12-bit successive approximation AID converter accurately digitizes dynamic input voltages in
5 microseconds, for a maximum throughput rate of 200 kHz. The AD678 contains a sample-and-hold amplifier, a
l2-bit ND converter, a S-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 controlled by software command, by a pacer clock, by using triggers to start and stop sampling,
or by the sample counter to acquire a specified number of samples. An on-board pacer clock can be used to control
the conversion rate. Conversion modes and channel select options are described in Chapter 4, Board Operation and
Programming.

FIFO Interface

A first in, first out (FIFO) interface helps your computer manage the high throughput rate of the A./D converter
by providing an elastic storage bin for the converted data. Even if the computer does not read the data as fast as
conversions are performed, conversions will continue until a FIFO full flag is sent to stop the converter. The size of
the FIFO was specified when you placed your board order.

The FIFO does not need to be addressed when you are writing to or reading from it; internal addressing makes
sure that the data is properly stored and retrieved. All data accumulated in the FIFO is stored intact until the PC is
able to complete the data transfer. Its asynchronous operation means that data can be written to or read from it at any
time, at any rate. When a transfer does begin, the data first placed in the FIFO is the first data out.

The converted data can be transferred to PC memory in one of three ways. Direct memory access (DMA)
transfer suppolts conversion rates ofup to 200,000 samples per second. Data also can be transferred using the
programmed VO mode or the intemrpt mode. A special intemrpt mode using a REP INS (Repeat Input String)
instruction supports very high speed data transfers. By generating an intemrpt when the FIFO's half-full flag is set, a
REP INS instruction can be executed, transferring data to PC memory and emptying the FIFO buffer at the maxi-
mum rate allowed by the data bus.

The mode of transfer and DMA channel are chosen through software. The PC data bus is used to read and/or
transfer data to PC memory. In the DMA transfer mode, you can transfer a selected block of data in a single data
dump, or you can make continuous ffansfers directly to PC memory without going through the processor.

The converted data is stored in the bottom 12 bits of the l6-bit data word wriuen to the FIFO. Typically, the top
four bits are sign extended so that the data is correctly read for bipolar or unipolar mode. These top four bits can also
be used as a 4-bit data marker as described in Chapter 4. If you use the top four bits as data markers, the l2-bit A/D
converted data must be corrected through software as described in Chapter 4.
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D/A Converter (ADA3110 only)

Two independent l2-bit analog output channels are included on the ADA3I l0 board. The analog outputs are
generated by two lz-bitDl{ converters with independent jumper-selectable output ranges of +5, +10, 0 to +5, and
0 to +10 volts. The +10 volt range has a resolution of 4.88 millivolts, the t5 and 0 to +10 volt ranges have a resolu-
tion of 2.44 millivolts, and the 0 to +5 volt range has a resolution of 1.22 millivolts. The D/A outputs can be updated
simultaneously or asynchronously. Access through DMA is not available.

Timer/Counters

Three8254 programmable interval timers, TCl, TC2, and TC3, provide nine l6-bit, 8-MHz timer/counters to
support a wide range of timing and counting functions. Two of the timers in TCl are cascaded and used for the
pacer clock. The third timer is the burst clock. Figure 3-2 shows the TC1 circuitry. TC2 is the TIMER, three l6-bit
cascaded timers used for various timing applications. Figure 3-3 shows the TC2 circuitry. Two of the timers in TC3
form a counter circuit. The third timer is the sample counter. Figure 3-4 shows the TC3 circuit.

Each timer/counter has two inputs, CLK in and GATE in, and one output, timer/counter OUT. They can be
programmed as binary or BCD down counters by writing the appropriate data to the command word, as described in
Chapter 4. The command word also lets you set up the mode of operation. The six programmable modes are:

Mode 0 Event Counter (Intemrpt on Terminal Count)
Mode 1 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.

o-
o-
o-

I MHz (OSc)

EXT CLK P3.45

EXT PCLK P3.41

PACER CLOCK GATE CONTFOL
INTERNAL PACER CLOCK

8 MHz (OSC)
BURST GATE CONTROL
BURST CLOCK

Fig. 3-2 - Timer/Counter 1 Circuit
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8 MHz (OSC)
EXT CLK P3-45
EXT CLK 2 P3-23 I P4-45
EXT PCLK P3.41

TIMER OUT A

TIMER OUT B

+5 VOLTS
EXT GATE P3-46
EXT GATE 2 ?3-25 | P4.46

TIMER OUT C

Pr4

Fig. 3-3 - Timer/Counter 2 Circuit

I MHz (OSC)
EXT CLK P3.45
EXT PCLK P3.41
EXT CLK 2 P3-23 I P4.45

+5 VOLTS
EXT GATE P3-46
EXT GATE 2 P3.25 I P446

COUNTER OUT P3-46

LOAD SAMPLE COUNT

A/D TRIGGER

SAMPLE COUNT

l - - - - - - - - - - - - - - - - - - l

Fig. 3-4 - Timer/Counter 3 Circuit

Digital VO

T\e 32 digital VO lines can be used to transfer data between the computer and external devices. Data transfers
through the digital VO lines are independent ofother board functions. Optional pull-up/pull-down resistors can be
installed. The lines are divided into four 8-bit ports. Port A and Port B are available at external UO connector P3,
and Port C and Port D are available at on-board VO connector P4.

Four high-speed digital input lines, synchronized to the A./D conversion rate and stored in the FIFO, can be used
as a four-bit data marker without intemrpting the conversion process. These lines, FIFOl2 through FIFOl5, are
brought onto the board through connectors P3 and P4. Ifyou want to access these lines through connector P3, the
jumpers onP23 must be set for the FIFO lines.
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to program and use your 3110
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 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.A
QuickBASIC library with 16-bit VO commands is also included
for reading/writing VO ports.
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Defining the UO Map

The VO map for the AD3110 and ADA3I l0 is shown in Table 4-l below. As shown, the board occupies 32
consecutive VO port locations.

Because of the 16-bit structure of the AT bus, every other address location is used. Our programming structure
uses the l6-bit command for reading/writing all locations except for programming the 8254. The 8254 requires 8-bit
readlwite operations.

The base address (designated as BA) can be selected using DIP switch Sl, located on the top edge at the rear of
the board (furthest from UO connector P3), as described in Chapter l, Board Settings. This switch can be accessed
without removing the board from the computer. The following sections describe the register contents of each address
used in the VO map.

Table 4-1- AD3110/ADA3110l/O Map

Register Description
Word
Size Read Function Write Function

Address *
(Decimal)

Port A/B Digital l/O 16 bits Read 16 digital input lines Program 16 digital output lines B A + 0

Port C/D Digital l/O 16 bits Read 16 digital input lines Program 16 digital output lines B A + 2

Channel/Gain/Board
Functions Select 16 bits

Read current channel & gain
settings

Program channel & gain,
digital l/O direction, DMA
channel, timer used B A + 4

Scan/Burst 16 bits Read current settinqs

Program conversion type,
trigger setup, clock source,
number of channels scanned B A + 6

IRQ Source SelecV
IRQ Enable 16 bits Read current settings

Program up to 2 IRQ sources
& enable interrupt generation B A + 8

Read FIFO/Clear FIFO 16 bits Read FIFO data Clear FIFO B A + 1 0

Status/Start Convert 16 bits Read status word Start A/D conversion B A + 1 2
Clear Board/Load
Sample Counter 16 bits Clear (reset) board

Provides software trigger to
load sample counter B A + 1 4

8254 Timer A 8 bits
Read count value of timer A in
selected timer/counler

Load count register of timer A
in selected limer/counter B A + 1 6

8254 Timer B 8 bits
Read count value of timer B in
selected timer/counter

Load count register of timer B
in selected timer/counter B A + 1 8

8254 Timer C 8 bits
Read count value of timer C in
selected timer/counter

Load count register of timer C
in selected timer/counter B A + 2 0

8254 ControlWord I bits Reserved Program counter mode BA+22

Clear DMA Done 16 bits Reserved Clear DMA done bit BA+24

Update DACs 16 bits Reserved Update D/A converter outputs B A + 2 6
D/A Converter 1
(ADA3110 Only) 16 bits Reserved Program 12-bit DAC1 B A + 2 8
D/A Converter 2
(ADA3110 only) 16 bits Reserued Program 12-bit DAC2 B A + 3 0

" BA = Base Address
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BA + 0: Port A & Port B Digital VO (Read/Write)

16-bit Operation. Transfers the 16-bit digital input and digital output data between the board and an external
device. The 16-bit word is divided into two 8-bit digital ports, Port A (bits 0-7) and Port B (bits 8-15). A read
ffansfers data from the external device through P3 onto the board where it can be placed in user memory; a write
transfers data from the board to an external device.

Port A and Port B can be individually configured as input or output ports, depending on the setting ofbits 8 and
9 at BA + 4. If Port A is an output and Port B is an input, then you would ignore bits 0-7 when doing a read, and bits
8-15 would be irrelevant when doins a write.

BA + 2: Port C & Port D Digital VO (Read/Write)

16-bit Operation. Transfers the l6-bit digital input and digital output data between the board and an external
device. The 16-bit word is divided into two 8-bit digital ports, Port C (bits 0-7) and Port D (bits 8-15). A read
transfers data from the external device through the 20-pin P4 connector onto the board where it can be placed in user
memory; a write transfers data from the board to an external device.

Port C and Port D can be individually configured as input or output ports, depending on the setting of bits l0
and l l at BA + 4. If Port C is an output and Port D is an input, then you would ignore bits 0-7 when doing a read,
and bits 8-15 would be irrelevant when doine a write.

P87 PB6 PBs PB4 PB3 PB2 PB1 PBO
PORT B

I PD7 PD6 PDs PD4 PD3 PDz PD1 PDo
I

I  PORTD

PA7 PA6 PAs PA4 PA3 PA2 PA1 PAOI
PORTA I

PC7 PC6 PCs PC4 PC3 PC2 PC1
PORT C

Pcol
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BA + 4: ChanneVGain/Board Functions Select (Read/Write)

16-bit Operation. Programs the analog input channel, channel gain (Gx is user-configurable), digital VO
direction. DMA channel select, and timer/counter select.

Bits D0 through D3 set the channel. When the 3110 is configured for 8 channels, bit D3 is always 0.

Bits D4 through D6 set the gain. Gx is the user-configurable gain setting described in Chapter l.

Bit D7 is not used and its setting does not matter.

Bits D8 through DlO set the direction of the four digital VO ports programmed at BA + 0 and BA + 2. If you
change a port's direction to outputs, the lines may be high or low, depending on their last programmed
values. To set the lines to the values you want, write new data to BA + 0 and BA + 2.

Bits Dl2 and D13 set the DMA channel to be used for DMA data transfers.

Bits D14 and D15 select the active timer/counter to be addressed at BA + 16 through BA + 22. Three timer/
counters are available on the board: Timer/Counter I (U9), which is the pacer clock and burst clock; Timer/
Counter 2 (U24), which has three 16-bit timers cascaded for user applications; and Timer/Counter 3 (U29), which
contains the sample counter and two cascaded timers for user applications.

A read tells you the bit settings.

' o ! ! 1 ,
o o o o

o o t DTimer Select
00 = TC1 (PCl(burst)
01 = TC2 (timefl
'10 = TC3 (counter)
11 = not used

Gain Select
0 0 0 = x 1
0 0 1  = x 2
0 1 0 = x 4
0 1 1 = x B
1 0 0 = x 1 6
1 0 1  = x G x
1 1 0 = x 1
1 1 1 = x 1

Analog Input
ChannelSelect
0000 = channel 1
0001 = channel 2
0010 = channel 3
0011 =channe l4
0100 - channel 5
0101 = channel 6
0 1 1 0 = c h a n n e l T
0'l 11 = channel 8
1000 = channel 9
1001 =channel 10
1 0 1 0 = c h a n n e l l l
1011 =channe l  12
1 100 = channel 13
1101 =channe l  14
1 1 1 0 = c h a n n e l  1 5
1 1 1 1  = c h a n n e l  1 6

DMA Select
00 = disabled
01 = 9Pq5
10 = DRQ6
11 = 9Pg7

DigitalUO
Direction
0 = input
1 = output
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BA + 6: Scan/Burst (Read/Write)

16-bit Operation. Programs the trigger source and mode, conversion mode, pacer clock source, burst trigger
source, scan on/off, and the number ofchannels to be scanned.

Bits D0 through D3 select the number of consecutive channels for the scan and burst modes.

Bits D4 and D5 select the method by which conversions are performed. Conversions can be done through
software (start convert command), by the internal or external pacer clock, or by the burst clock.

Bits D6 and D7 program the trigger mode which determines how long the pacer clock keeps taking samples.
When you select no trigger, there is no trigger turning the pacer clock on and off. In this case the pacer clock starts
on the rising edge of a start convert trigger and continues AID conversions until the FIFO is full. The trigger to
sample counter mode starts conversions with a trigger and continues until the sample counter's count reaches 0.
When in this mode, the trigger source is selected at bits D8 and D9. The external trigger-to-external trigger mode
starts conversions with the first trigger and stops conversions with a second trigger brought onto the board at P3-39.
The external trigger polarity is set at bits D8 and D9. The external gate mode takes samples when the extemal
trigger at P3-39 is high (or low, depending of bits D8 and D9) and stops sampling when the external trigger is
brought low (or high). Note that the external gate mode has nothing to do with the EXT GATE pin at P3-46.

Bits D8 and D9 select one of four trigger sources for turning on the pacer clock. The pacer clock can be
triggered through software (start convert command), from the 8254 counter output (Timer/Counter 3, timer B
output), or externally on the rising (positive) or falling (negative) edge through TRIGGER IN (P3-39).

Bit D10 selects the pacer clock source, either the internal pacer clock which is Timers A and B in Timer/
Counter 1, or an external pacer clock routed onto the board through P3-41. The maximum pacer clock rate supported
by the board is 200 kHz.

Bit Dl1 turn the channel scan on or off. When the burst mode is selected, this bit setting is ignored and the
channel scan is automatically turned on.

Bit Dl2 selects the burst mode trigger. Bursts can be triggered through software (start convert command) or
from the pacer clock.

Bit Dl3, when enabled, stops the sample counter after one countdown cycle. When disabled, the sample counter
will repeat the count down until this stop bit is enabled.

Bits Dl4 and Dl5 are not used and their settings do not matter.

Sample Counter
Stop Enable
0 = enable
1 = disable

Trigger Select
00 = software trigger
01 = 8254 TC3-B out
10 = Trigger In,

positive edge
11 = Trigger In,

negative edge

Conversion Select
00 = software trigger
0'l = pacer clock
10 = burst
11 = not used

Scan/Burst Number
of Channels
0000 = 1 channel
0001 - 2 channels
0010 = 3 channels
001 1=4channe ls
0100 - 5 channels
0101 - 6 channels
01 10=Tchanne ls
0 1  1 1 = S c h a n n e l s
1000 = 9 channels
1001 = 10 channels
1010= l l  channe ls
1 0 1 1 = ' l 2 c h a n n e l s
1100= l3channe ls
1101 = l4channels
1 1 10 = 15 channels
1 1 1 1 = 1 6 c h a n n e l s

Burst Trigger Select
0 = software trigger
1 - pacer clock

Pacer Clock
Source Select
0 = internal
1 = external

Trigger Mode
00 = no trigger
01 = 1916 - sample counter
10 = EXT TRIG - EXT TRlc
11 = EXTGATE

Scan Enable
0 = SCon ofl
'l = SC?|l O]l
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BA + 8: IRQ Source Select/IRQ Enable (Read/tVrite)

16-bit Operation. Programs and enables the IRQ sources. Up to two of eight sources can be selected by
programming IRQ select I and IRQ select 2 as shown below. The IRQ channel for each source is set by the jumpers
on Pl6 and P19. When a selected IRQ source is disabled, another interrupt source in the system can use the same
intemrpt channel, even with the jumper installed. However, you must be sure to disable the IRQ source on the board
whenever another intemrpt source uses the same channel. The IRQ circuitry is driven by a tri-state device which is
turned on and off by the enable.

A read tells you the bit settings.

Dl5 D14 Dl3 D12 D l1 D l0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
X

IRQ Select #2
000 = HALF FULL flag
001 = DMA done
010 = end of convert
01 1 = sx1s7n3l interruPt
100 = timer/counter 2-B

(timer out 1)
101 = P15 jumper setting

(see Chapter 1)
110 = timer/counier 3-B

(counter out)
111 =externalpacer

clock

IRQ Select #1
000 = HALF FUL
001 = Plvltr d6ns
010 = end of con
01 1=sampleco l
100 = timer/coun'

(timer out '

101 - P15 jumpe
(see Chap

110 = timer/coun'
(counter or

111 = EXT TRIG(

HALF FULL flag
DMA done
end of convert
sample count
timer/counter 2-B
(timer out 1)
P15 jumper setting
(see Chapter 1)
timer/counter 3-B
(counter out)
EXT TRIGGER

Bir 1 2 Bir 't2 Bit 12 Bir 12 Bft 12 Bit 1 1 Bir 10 Bir I Bit 8
(MSB)

UNIPOLAR DATA WORD:

IRQ #1 Enable
0 = disable
1 = enable

Bir 7 Bir 6 Bit 5 Bit 4 Bit 3 Bir2 Bit 1
(LSB)

IRQ #2 Enable
0 = disable
1 = enable

BA + 10: Read FIFO/Ctear FIFO (Read/Write)

16-bit Operation. A write to this address clears the FIFO (data written is inelevant). When the FIFO is cleared
using this command, it empties out all data, sets the FIFO empty flag, EF, low, and sets the FIFO full flag high.
Clearing the FIFO also clears the HALT bit, enabling A,/D conversions.

A read provides the l2-bit A./D converted data in a right justified format as shown below. When jumpers on P5
and P6 are set for bipolar conversions andY24 is set to SIGN, the data word's four most significant bits match the
MSB of the A,/D converted data (bit 12). This is necessary to provide the correct twos complement representation of
the converted data. When P5 and P6 are set for unipolar conversions andP24 is set to SIGN, the top four bits are 0.
When you use the top four bits of the data word as a 4-bit data marker, P24 must be set to FIFO and you must AND
the results in your software program in order to ignore the top four bits and correctly sign the data (see Reading the
Converted Dataparugraph for an example).

BIPOLAR DATA WORD:

Dl5 Dl4 D l3 D12 D l 1 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Dl5 Dl4 Dl3 Dl2 D11 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

0 Bit 12 Bir 11 Bit 10 Bir 9 Bir I
(MSB)

Bit 7 Bit 6 Bir 5 Bit 4 Bit 3 Bit 2 Bit 1
(LSB)
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BA + 12: Status/Start Convert (Read/Write)

16-bit Operation. A write starts an A/l) conversion (data written is irrelevant).

A read provides the 16-bit status word defined below. The A,/D converter HALT bit, D4, is set to l, stopping
A./D conversions whenever the FIFO is full. D7 monitors the status of the exrernal trigger in signal (p3-39).

Dl5 Dl4 Dl3 D12 D l1 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
X X X X X X X X

External Trigger
Monitors TRIGGER lN

EF (F|FC
0 = FIFO
1 = FIFO

DMADonel I I l[Hff*?'l
0 = D M A n o t d o n e  |  |  |  |  1 = F t F O n o r h
1 = D M A d o n e  |  |  |  |(active in DMA mode onry) 

| I | ,r 1r,ro Fuu Ftas)
'  |  |  o - f t p g f u t t

BurstGate 
|  |  i=rrronotrut l

0 = burst done | |
1 = burst in progress | |

(FIFO Empty Flag)
FIFO empty
FIFO not empty

rHalf Full Flag)
half full
not half full

Halt EOC Status
0 =A,/D enabled 0 = converting
1 = A,/D disabled 1 = hot converting
(cleared whenever
clear FIFO sent)

BA + 14: Clear (Reset) Board/Load Sample Counter (Read/Write)

16-bit Operation. A write to this location provides a software trigger so that the sample counter can be loaded
with the correct value. This software correction is used as an easy means to compensate for the operating structure
of the 8254. Typically, two pulses of the counter are required to actually load the desired count and prepare the
counter to count down correctly (this can be looked at as an initialization procedure for the sample counter). A pulse
is sent to the 8254 sample counter each time you write to this address. Therefore, you can repeatedly write to this
line as many times as necessary to set the sample counter to the actual desired value. Without this correction, the
initial count sequence will be off by a few (typically two) pulses. Note that once the counter is properly loaded and
starts, any subsequent countdowns of this count will be accurate.

A read clears, or resets, the board. This command resets all of the on-board registers to 0. It also initializes the
A./D converter after power-up.

BA + 16: 8254 Timer A (Read/Write)

8-bit Operation. A write loads the first counter in one of the three timer/counters on the board with a new
16-bit value in two 8-bit steps, LSB followed by MSB. The counter must be loaded in two 8-bit steps! Counting
begins as soon as the count is loaded. The timer/counter being loaded is selected by writing to BA + 4, bits D14 and
D15. A read shows the count in the counter.

4-8



BA + 18: 8254 Timer B (Read/Write)

8-bit Operation. A write loads the second counter in one of the three timer/counters on the board with a new
16-bit value in two S-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. The timer/counter being loaded is selected by writing to BA + 4, bits Dl4 and
D15. A read shows the count in the counter.

BA + 20: 8254 Timer C (Read/Write)

8-bit Operation. A write loads the third counter in one of the three timer/counters on the board with a new
16-bit value in two 8-bit steps, LSB followed by MSB. The counter must be loaded in two 8-bit steps! Counting
begins as soon as the count is loaded. The timer/counter being loaded is selected by writing to BA + 4, bits Dl4 and
Dl5. A read shows the count in the counter.

BA+222 Timer/Counter Control Word (Write Only)

8-bit Operation. Accesses the selected timer/counter's control register to directly control the three 16-bit
counters, A, B, and C.

BCD/Binary
0 = binary
1  = B C D

Counter Select
00 = Counter A
01 = Counter B
10 = Counter C
11 = read back setting

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

Counter Mode Select
000 = Mode 0. event count
001 = lvle6;s 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

BA + A: Clear DMA Done Bit (Write Only)

16-bit Operation. Writing to this address clears the DMA done bit at BA + 12, bit D6 (data written is inel-
evant).

BA+26: Update DACs (Write Onty)

16-bit Operation. Updates the D/A converter output when the jumpers on P8 and/or P9 are set to LDAC. When
the jumpers are set to LDAC, the D/A outputs are simultaneously updated each time this line is pulsed (data written
is irrelevant).

BA + 28: D/A Converter 1(Write Only)

Programs the DACI 12-bit data word as shown below.

BA + 30: D/A Converter 2 (Write Only)

Programs the DAC2 12-bit data word as shown below.

D15 Dl4 Dl3 D12 D l1 Dl0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Bi r10  B i t9  B f t8  B i tT  B i t6  B i t5  B i t4  B i r3  B i t2  B i r l  B i t0
LSB
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