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| NTRODUCT| ON

for

I . | NTRODUCTI ON

The DAQ 16 is a high speed data acquisition adapter
| BM AT and compati ble machines offering eight

differential analog input channels with 16-bit
resolution, two analog output channels with 12-bit
resolution, and four digital input/output 1lines. Ot her
features of the DAQ 16 i ncl ude:

Analog to Digital Converter
* 100 KHz maxi mum sanpling rate.
* Bi pol ar input ranges of 2.5, 5, and *10 volts.

* Unipolar input ranges of 0 to +2.5, 0 to +5, and
0 to +10 volts.

* Sel ectable gains of 1, 10, and 100.

* Two DMA channels for continuous acquisition.
* Internal or external clock and trigger.
Digital to Analog Converters

* Two i ndependent anal og output channels

*  Qutput ranges of 0 to +5 and *5 volts.

* Internal or external voltage reference.

Ot her Features

* Interrupt on one of four sources including an
external interrupt input.

* H gh density D-62 connector for reduced noise.

1. BOARD DESCRI PTI ON

A layout of the DAQ 16 is shown in figure 1. The

base address of the adapter is selected using swtches
SW. and SW2. The operating node of the DAQ 16 is
controlled by junpers J1 - J7 while DVMA and interrupt
selections are set with junpers J8 - Jl11. Connection to
external equipnment is made through the high density 62-
pi n connector CNLI.
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. SYSTEM OVERVI EW

Analog to digital converter

The analog to digital (A/ D) section of the DAQ- 16

accepts up to 8 differential inputs from the D-62
connector. These inputs pass through a dual 8-to-1
mul ti pl exer circuit which selects the channel to be
converted. The selected input is then amplified and
presented to the A/ D converter to be digitized. The
digital output of the A/D is latched into a buffer to be
read by the computer. This sequence is outlined in the

di agram bel ow.

o + fommm + Foeme + Fomm + o+
| CONNECTOR +---+ MiX +---+ Anp +---+ A/D +---+ PC |
o + fommm + Foeme + Fomm + ot

The multiplexer circuit selects one of the 8
differential channels to be input to the A/ D converter.
The channel is software selected through the DAQ-16"s
control word register. The typical characteristics of
the nultiplexer circuit are:

i nput resistance: 1.5 K_
switching tine: 0.5 pus
settling tinme: 3.5 ps

The amplifier stage of the A/ D converter circuit

performs two functions: 1) amplify low level input
signals and 2) convert this input signal into a voltage
range acceptable to the A/ D converter. The amplifier
circuit is controlled by jumpers J6 and J7. Figure 4
bel ow gives recommended junper settings for various input
vol tage ranges. Where these settings are only
suggestions, it is the user's responsibility to guarantee

that the maxi mum input voltage multiplied by the gain
setting selected by jumper J7 does not exceed the A/D
vol tage range set by junper J6.
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J7 J7 J7
e + [ + e +
3] _--_ |4 3] _ + |4 3] + |4
1] _ 12 1] _ + |2 1] _+ | 2
e + [ + e +
gain = 1 gain = 10 gain = 100
Figure 2. A/D converter input gain selection.
J6 J6 J6
Fomm e e e + Fomm e e oo + Fomm e e oo +
4| --_ |6 4@ _-- | 6 4@ _-- _ |6
1 --_ |3 1 _-- E 1| --_ |3
Fomm e e e + Fomm e e oo + Fomm e e oo +
10 Volt range 5 Volt range 2.5 Volt range
Fi gure 3. A/ D converter input range selection.
o e e e e e e e e e oo ook +o-a - - +o-a - - S S, TSRS +
| max. input voltage | | | | |
Foeme - e + anmp. | J7 | AD | J6 |
| uni pol ar bi polar | gain | | range | |
TS TS +o-a - - +o-a - - S S, TSRS +
| +10.000 | #10.000 | 1| 3-4 O 10 V| 2-3,5-6
| +5.000 | +5.000 | 1] 3-4 | 5V | 1-2,4-5 |
| +2.500 | +2.500 | 1| 3-4 | 2.5V | 2-3,4-5 |
| +1.000 | +1.000 | 10 | 2-4 | 10 V| 2-3,5-6 |
| +0.500 | 0.500 | 10 | 2-4 | 5V ]| 1-2,4-5 |
| +0.250 | +0.250 | 10 | 2-4 | 2.5 V| 2-3,4-5 |
| +0.100 | +0.200 | 100 | 2-3 | 10 V| 2-3,5-6 |
| +0.050 | +0.050 | 100 | 1-3 | 5V ]| 1-2,4-5 |
| +0.025 | £0.025 | 100 | 1-3 | 2.5 V| 2-3,4-5 |
TS TS +o-a - - +o-a - - S S, ST SRS +
*Indicates fact ory setting
Figure 4. Reconmended A/ D converter configurations.
4+ oo oo =—==—===+
|  WARNI NG |
| It is the user's responsibility to guarantee |
| that the maxi mum input voltage nultiplied by the |
| gain setting selected by junper J7 does not |
| exceed the A/D voltage range set by junper J6. |
[ gl bbb e e e e e e
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The final stage of the A/D converter circuit is the

A/ D converter |1C. The converter must be configured for
uni pol ar or bipolar input voltages and for binary or 2's
compl ement data conversion. These options are sel ected

using junper J5 as shown in figure 5 below.

J5 J5
Fomm e e oo + TN +
4 _ _ _ |6 4 _ _ |8
] --_ _ 13 1 _ _--_ 13
Fomm e e oo + TS +

Uni pol ar Bi pol ar
J5 J5
Fomm e e e o + TR +
4@ --_ _ |6 4 _ _--_ |6
1 - _ _ 13 1] | 3
Fomm e e oo + TS +
Bi nary 2' s conpl enent
Figure 5. A/D converter operating node selections.

To simplify the following discussions, a new
vari able, Vmax, is introduced. Vmax is defined as the
maxi mum i nput voltage amplitude and is equal to the A/D
range selected by jumper J6 divided by the amplifier gain

defined by junper J7. In equation form
A/ D range
Vmex = -----------
anp. gain

When configured for wunipolar operation, the input
voltage may range from O volts (analog ground) to Vmax
volts as defined above. When configured for bipolar
operation, the input voltage may range from -Vmax volts
to +Vmax volts.

The digital "code" generated for any specific
voltage is dependent upon the operating mode: unipolar or
bi pol ar; and the data conversion format: binary or 2's
compl ement . Bi nary conversion will result in unsigned
integers ranging from O to 65,535 while 2's compl ement
conversion will produce signed integers ranging from -
32,768 to +32,767. A table of exanple values is given in
the figure bel ow. Uni pol ar entries marked n/a are not
applicable because the voltage is outside of the unipolar
vol tage range.
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S TS o e e e e e e m e e ook e e e e e e e ook +
| | Bi nary | 2's conpl enent |
| Voltage +---------- Fomeme - R Foeeme - +
| | unipolar | bipolar | unipolar | bipolar |
S TS . B S S TSP +

- Vmax n/ a 0 | n/ a | -32,768

-Vmax/ 2 | nfa | +16,384 nfa | -16,384

0 | 0 | +32,768 -32,768 | 0

+Vmex/2 | +32,768 | +49,152 | 0 | +16, 384

|  +Vmax | +65,535 | +65,535 | +32,767 | +32,767
S . B SRS Fom e o - TS 1

Fi gure 6. A/ D conversion format exanpl es.

In order to calculate the actual input voltage from
the digital "code" provided by the DAQ- 16, the user nust
know the configuration used to acquire the data. Gi ven

this information, the input voltage can be cal cul ated
using the equations bel ow

Uni pol ar, binary

Bi pol ar, binary

input = 2 * | ------ ——|:*Vrrax

+- -+

| CODE 1|
input = | ------ + - | * Vmax

| 65,536 2

- -+

Bi polar, 2's conpl enent

+- -+

_ | CODE |
input = 2 * | ------ [ * Vmax

| 65,536 |
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Digital to analog converters

The digital to analog (D/A) section of the DAQ- 16
consists of two independent 12-bit multiplying D/A
converters, and two independent two-stage output
anplifiers. Digital data, output to the D/A converter by
the CPU, is converted to an analog voltage by the D/ A
converter, amplified by the output amplifiers, and output
to the 62 pin connector CNL1. This sequence is outlined
in the diagram bel ow

oot Fomm + Fomm + o +
| PC +----+ DAC +----+ AMP +----+ CONNECTCR |
oot Foemm + Fomm + o +

The D/ A converters used on the DAQ-16 are 12-bit

resolution converters. Of the 16 bits written to the
D/A, only the 12 least significant bits (DO - Dl11l) are
used for the conversion. The 4 most significant bits

(D12 - D15) are ignored.

The DAQ-16 implements multiplying D/A converters
whi ch makes the anal og output proportional to a reference

vol tage applied to the D/A. Under normal circumstances
the reference voltage should be applied from the internal
+5V reference source. An external reference voltage may

al so be supplied to the D/A. This input from the D-62
connector should not exceed 5 volts and has a typical

i nput i mpedance of 7.5K_. The D/ A reference voltage
source is selected using jumper J3 as illustrated in
figure 7.

D) A channel O reference

i nternal source --+ | +-- external source
Fomm e e - +
4 _ _ _ |6
J3 1 _ _ _ |3
Fomm e e - +
i nternal source --+ | +-- external source

D) A channel 1 reference

Figure 7. D) A converter reference voltage selection.
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The D/'A converter channels may also be operated in
uni polar mode, O to +5 volts, or bipolar mode, -5 to +5
volts. The output mode is selected using jumper J4 as
shown bel ow.

In addition, a gain selection jumper is provided to
sel ect an output gain of 1 or 2. When using an external
voltage reference, this gain can be used to amplify the
DA output for small reference voltages.

WARNI NG
When the internal voltage reference is used,
the D/IA gain MUST be set to the gain = 1 position.

S +
channel 0 select --+ | | +-- channel 1 gain
channel 0 gain ----- + - channel 1 sel ect

T Fom e e +

| channel 0 | <channel 1 |

Fomm e m e o T Fom e o +

| bipolar | connect 1-5 | connect 3-7 |

| unipolar | open 1-5 | open 3-7 |

Fomm e m e o T Fom e e o +

| gain = 1 | connect 2-6 | connect 4-8 |

| gain = 2 | open 2-6 | open 4-8 |

Fomm e m e o T Fom e e o +

Fi gure 8. DY A converter node sel ections.

When configured for wunipolar operation, the output
voltage can be calculated from the equation:

A out = Vref * ------ * gain

For bipolar operation, the equation becones:

A out = Vref | * gain
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Digital input/output
The DAQ-16 offers four bits of digital output and

four bits of digital input for control/monitoring of
external digital devices. The four digital output |ines
are LS TTL compatible and will initialize low (0 volts)
on power-up. The four digital inputs are also LS TTL
compati bl e. There is no termination provided on the
digital input lines and a read of an unused digital input
will result in an indeterm nate val ue.

V. ADDRESSI NG

The DAQ 16 uses 16 consecutive |/O address | ocations
in the range 0 to OFFFFH. Two six-position switches
(SWL and SW2) are used to select the base address. SWL
controls address |lines Al15 - Al10, and SW2 controls A9 -
A4. Address |lines A3 - A0 are used internally by the
DAQ 16 to select which register to access.

When selecting a base address for the DAQ- 16, an
address selection switch in the "OFF" position
corresponds to an address bit of "1" while a switch in
the "ON" position corresponds to an address bit of "O0"
The base address of the DAQ 16 must be set on a 16 byte
boundary, neaning A3 - A0 are "0".

The address of the DAQ-16 as shipped from the
factory is 0300H. This setting and other examples are
shown in the figures bel ow

I + IR +
On|  +- - ++- - ++- ++- + | On| 4= 4= -+ -+ + |
S O O O I o B O
T T 1 I I T O T e Y A O O
O f|  +-++-++- - - -+ O f|  +-++-++- - - -+
[ 1 2 3 4 5 6 | | 1 2 3 4 5 6 |
I + IR +
SWL SwW

Figure 9. Base address selection sw tches.
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6 1 2 3 4 5 6

1 2 3 4 5
i SRR

(@ T S e e e S e s o =
(I e I

0 I I 1 I I
T 1 I T I I It I I O I
Of +-++-++-++-+ +- - - -+ +- - - -+
0 0 0 O 0O 0 2 1 0 0 0 O
0 3 0 0 = 0300H

1 2 3 4 5 6

1 2 3 4 5 6
i S SRR S

(@ T S S e e S e s T =

T T O 1 It A N

Of +-++-++-++-+ +- - - -+
0 0 0 O 0O 0 2 1
0 3 3 0 = 0330H

2 3 4 5 6

1 2 3 4 5 6 1
il SR S

(@ T S S s S T = e
0 1 T I I O I O Y O
Tt I O I O Y B

Of +-++-++-++-+ +- - - -+ +- - - -+
0 0 0 1 0O 4 2 O 8 4 2 O
6 E 0 = 16EOH

1

2 3 4 5 6

1 2 3 4 5 6 1
il SR

On  +-++- ++- ++- + +- - - -+
S e 1 B N O
T s I Y I O O O

Of +-++-++-++-+ +- - - -+ +- - - -+
0 0 2 O 8 0 2 O 0 4 2 O

2 A 6 0 = 2A60H

Fi gure 10. Address sel ecti on exanpl es.



CLOCK SELECTI ONS

V. CLOCK SELECTI ONS

The DAQ-16 is equipped with a programmable clock
circuit to produce data sampling rates independent from
the clock rate of the host computer. An onboard 8254
programmable interval timer, with a 10 MHz clock input
and either two or three cascaded 16-bit timers, provides
the sanpling rate. This enables the sampling rate to be
adjusted from 10 ps between samples to almost a year
between sanples, in as snall as 100 ns increnents

The DAQ-16's sampling rate can also be generated

from an external clock input. This external clock can be
connected directly to the A/ D converter or through a 16-
bit pre-divider, the multi-function timer. Sampl es are

taken on the low to high transition of the clock.

I |
| For the DAQ 16, the nmaxi num data sanpling rate |
| is 10 upus. This restricts clock frequency to a

| maxi mum of 100 KHz. Sanpling rates in excess of |
| 100 KHz may result in erratic operation and |
| unpredictable results. |

4+ oSS =—==—===+

The clock source, internal or external clock, is
software selectable through the DAQ-16's control word
regi ster. The configuration of the clock source itself

is controlled by jumper block J2 as shown in the figure
bel ow.

o m e m e e e e e e e e e e e e e e memmamon Fom e e e o +
| Description | J2 |

o m e m e e e e e e e e e e e e e e memmamon Fom e e e o +

| Internal tiner - 2 timers cascaded | 1-2,6-7 *
| - 3 timers cascaded | 2-6,7-8 |

| External timer - w o pre-divider | 1-2,3-4 |

| - wWith pre-divider | 2-3,4-8 |

o m e e e e e e e e e e e e e e e memmamo s Fom e e +

*1 ndi cat es factory setting

Figure 11. O ock source selections.



CLOCK SELECTI ONS

| nt ernal cl ocks

Sampling rates for the internal clock can be
cal culated using the follow ng equation:

t
or f

100ns * [ NL*N2]
10M / [NL*N2]

where N1 is the low 16-bits of the clock divider, and N2
is the high 16-bits of the clock divider. The followi ng
criteria must be met when selecting values for N1 and N2:

2 NI _ 65,535
2 N2 _ 65,535

N1 * N2 _ 100
Using the equations above, the m nimum and maxi mum

data sampling rates for the internal clock can be
cal cul at ed.

Maxi mum sanpling rate
NL =2, N2 = 50

00 x 10 -9 * [(2)*(50)]

t 1
100 x 10 -9 * 100
1

0 ps
f =10 x 10 6 / [(2)*(50)]
=10 x 10 6 / 100
= 100 KHz

M ni mum sanpling rate:

N1

65535, N2 = 65535

100 x 10 -9 * [(65535)*(65535)]
100 x 10 -9 * [4.295 x 10 9]
429.5 sec

10 x 10 6 / [(65535)*(65535)]
10 x 10 6 / [4.295 x 10 9]
2.328 nHz
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If extremely slow data sampling rates are needed
the third 8254 timer, the multi-function timer, can be
cascaded with the other two to produce a 48-bit clock
divider. The sampling rates are then calcul ated as
foll ows:

100ns * [ NL*N2* N3]
10MHz / [ N1*N2* N3]

or f

where N1 is the |low 16-bits of the clock divider, N2 is
the intermediate 16-bits of the clock divider, and N3 is
the high 16-bits of the divider. The following criteria
must be net when selecting values for N1, N2, and N3:

2 Nl _ 65,535

2 N2 65, 535

2 _ N3 _ 65,535

N1 * N2 * N3 _ 100

When configured for a 48-bit divider, the first

sampling period will be slightly longer than the others
because the first clock period is required to |oad the
initial value of the nmulti-function timer. The followi ng

equation calculates the additional time of the first
peri od:

t add = 100ns * [NL * N2]

To minimze the amount of additional time required for
the first sample, select clock dividers such that N1 and
N2 are as small as possible and N3 is as | arge as
possi bl e.
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Using the equations above, the mnimum and maxi mum
data sampling rates and the amount of additional time
required for the first sanple can be calcul ated.

Maxi mum sanpling rate

N1 =

5
&

t

I
[EE
o
o
x
[E
o

1
*

1o
[ERN
o
X
[EE
o

t add = 100 x 10 -9 * [2 * 2]
100 x 10 -9 * 4
400 ns

M ni mum sanpling rate:
N1 = 65535, N2 = 65535, N3 = 65535

100 x 10 -9 * [(65535)*(65535)*(65535)]
100 x 10 -9 * [2.815 x 10 14
28.146 x 10 6 sec

= 325 days, 18 hours, 23 mnutes, 29 sec

= 10 x 10 6 / [(65535)*(65535)*(65535)]
=10 x 10 6 / [2.815 x 10 14]
= 35.529 nHz

t add = 100 x 10 -9 * [65535 * 65535]
=100 x 10 -9 * [4.295 x 10 9]
= 429.5 sec
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Ext er nal cl ocks

The external clock input to the DAQ-16 is a TTL
level (0 - 5 volt) signal. This input may be used to
control the sampling rate directly, or it may be fed
through a pre-divider, the multi-function timer, with the
timer output controlling the A/D sanpling rate

When used to control the sanpling rate directly, the
frequency of the external clock input may be varied from
DC to 100 KHz as long as the width of the [ow and high
portions of the clock are a mnimum of 1 us each. The
A/ D conversion cycle will begin on each rising edge of
the external clock input.

Fom e e e e e oo - + R
I I
----- + e
e 10 ps mn --------- +

When the multi-function timer is used as a pre-
divider, the frequency of the external clock input may be
varied from DC to 10 MHz as long as the high portion of
the clock is at | east 30ns and the low portion is at
| east 50ns.

+-- 30ns mn --+- 50ns mn --+

Fom e e oo + Fomm e e
I I
----- + Fom e e e oo+
L 100ns mn --------- +

Except for the first period, the sampling rate of the
DAQ-16 will be the external clock frequency divided by
the count value written to the multi-function timer

Since one clock pulse is required to load the initial
count value into the timer, the first sampling interval

will be one clock cycle longer than the rest. The wvalid
range of count values for the nmulti-function timer is 2 _
count _ 65,535 but the resulting sampling rate must be

|l ess than 100 KHz to assure proper operation of the A/D
converter circuitry.
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VI . TRI GGER SELECTI ONS

The DAQ-16 is capable of accepting an interna
software trigger or an external hardware trigger. The
trigger selection and trigger level bits in the DAQ-16
control word register select the trigger source and
|l evel . Upon reset, the trigger selection and trigger
| evel bits default to the internal software trigger.
When the internal trigger is used, an output to the
start-of-conversion register will trigger the DAQ-16 to
begin sanmpling the input.

For triggering off an external event, the DAQ-16
accepts a level sensitive, TTL compatible trigger input
from the D-62 connector. The trigger level bit in the
DAQ- 16 control word register determ nes which TTL | evel
is used to trigger the A/D converter to begin sanpling.

When an internal clock source is used, a delay of

not more than 225 ns will occur between the trigger and
the first data sample. When an external clock is used
the delay will be dependent on the frequency and duty
cycle of the clock input. If these del ays are

unacceptable, the clock and trigger circuitry can be
bypassed and a start of conversion pulse can be input
directly into the A/D circuitry with a maxi mum del ay of
25 ns. If the user controls the start of conversion
pul se directly, the sample will be taken on the low to
high transition of the pulse, the pulse must have a
duration of at |east 10 pus, and the duty cycle nmust be
between 5 and 80 percent.

J1

Fomm e e - +

1] __ |3

Fomm e e - +
o e e i aa o S +
| start-of-conversion | J1 |
o e e i aa o S +
| DAQ 16 controlled | 1-2 O
| user controlled | 2-3 |
o e e i aa o S +

*1 ndi cat es factory setting

Figure 12. Start of conversion selection.
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VI, DI RECT MEMORY ACCESS

Direct Menory Access (DMA) transfers provide a way
of transferring data from the DAQ 16's A/ D converter into
the personal computer's memory without wusing the Central
Processing Unit (CPU). DMA capability enabl es other
system software to be executed while data is being input
from the DAQ 16.

The DAQ-16 actually implements two DMA channel s.
The advantage of having two DMA channels is that one
channel can be transferring data while the second channel

is being progranmmed. When the first channel is finished,
the second channel will automatically take over and
continue the data transfer. The first channel can then
be re-programmed while the second channel is transferring
dat a. In this way, the DAQ-16 can acquire dat a
continuously until termnated by the user.

The DAQ 16 supports 16-bit DMA transfers on channels
5, 6, and 7. The DMA channel (s) are selected by junpers
J8 and J9 as shown in figure 13 bel ow

DMA channel 1 DMA channel 2
o e e e e e ook + e e e e e oo +
- - - - _ _| - - - _ _ _|
s | _ _ _ _ _ ] JJo| _ _ _ _ _
o e e e e e ook + e e e e e oo +
DRQ7 --+ | | | | | DRQZ -+ | | | | |
DACK7 ----- S I N DACK?7 ----- + | |
DRQG -------- 1 1 1 DR®-------- 0
DACKE ----------- + | DACKG ----------- + |
DR -------------- + DR -------------- + |
DACKS - ------mmmmimm o + DACKS -------immmimmmm +
Fi gure 13. DVA channel sel ections.
4+ oSS =—=====+4
WARNI NG

I

| To properly inplement the DVA capability, the
| DRQ and DACK of a DMA channel nust be junpered to
| the sanme nunber, i.e. DRQ 5 and DACK 5. I f both
| DVA channels are to used, each channel nust be

| junpered to a different nunber, i.e. DVA channel

| 1 is junpered to DRQ 5 and DACK 5 and DMA channel
| 2 is junpered to DRQ 7 and DACK 7.
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VI, | NTERRUPTS

The DAQ-16 is capable of generating an interrupt
from one of four sources: end of conversion signal, DMA
term nal count, multi-function timer output, or from the

external interrupt input. The interrupt source is
software selected through the DAQ-16 control word
register. The interrupt level is selected using the

junmpers J10 and J11 as shown in figure 14 bel ow

I nt errupt
source J10 J11
| Fom e e e o + oo +
to----- |- -- - |- _-- -
- - - _ _| - - - _ _ _|
S + oo +
IRQ10 --+ | | | | IRQ2--+ | | | | |
IRQ 11 ----- + 1 1 1 1IR3 ----- L I B B
IRQ 12 -------- + ] IRQ 4 -------- + 1]
IRQ 15 ----------- + IRQ5 ----------- +
IRQ 14 ---------m--- + IRQ 6 -------------- +
IRQ 7 -------mmmmmm - - +
Figure 14. Interrupt |evel selections.

Ext er nal | nt errupt

The external interrupt is a TTL compatible input
from the D-62 connector. An interrupt request is
generated on a high to low transition of this input.
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I X. CONFI GURATI ON  SUMMARY

A/D start conversion pulse - J1
i B +
| Description | J1 |
i B +

| DAQ 16 controlled | 1-2 ™ |
| user controlled | 2-3 |
e B +

AID sampling rate - J2

o N
| Description | J2
o m e e e e e e e e e e e e m e aamao S
| Internal tiner - 2 cascaded | 1-2,6-7
| - 3 cascaded | 2-6,7-8
| External tinmer - w o pre-divider | 1-2,3-7
| - With pre-divider | 1-5,3-7
o TS
A/ D conversion node/data format - J5
Fom e e e a e ook B +
| Description | J5 |
Fom e e e a e ook B +
| Uni pol ar | 1-2 |
| Bipol ar | 2-3 |
o e a e e ok B +
| Binary | 4-5 |
| 2's conplenent | 5-6 |
Fom e e e e e ok B +

o m e Fom e m o a o +
| Description | J6 |
o m e Fom e m o a o +
| 10 volts | 2-3,5-6 |
| 5 volts | 1-2,4-5 |
| 2.5 volts | 2-3,4-5 |
o m e Fom e m o a o +

R E +
| Description | J7 |
R E +
|1 | 3-4 |
| 10 | 2-4 |
| 100 | 1-3 |
R E +

*Indi cates fact ory settings.
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D) A converter reference voltage - J3
o m e e e e e e e e m e e mea e o B +
| Description |  J3 |
o m e e e e e e e e m e e mea e o B +
| DACO - internal reference | 1-2 * |
[ - external reference | 2-3 |
| DACL - internal reference | 4-5 * |
[ - external reference | 5-6 |
o m e e e e e e e e ea e o B +
DY A converter output node - J4
o e e e e e o e oo S +
| Description | J4a |
o e e e e e o e oo S +
| DACO - bipolar node | connect 1-5 O
| - uni pol ar node | open 1-5 |
| - gain =1 | connect 2-6 O
| - gain = 2 | open 2-6 |
| DACL - bipolar node | connect 3-7 O
| - uni pol ar node | open 3-7 |
| - gain =1 | connect 4-8 O
| - gain = 2 | open 4-8 |
o e e e e e e e e oo Fom e e e +
Interrupt |evel selection - J10,J11
e m e e m e oo +om e - - - B AT +
| Description | J10 | J11 |
e m e e m e oo +om e - - - B AT +
| IRRO (2) | 1-7 | |
| 1RQ3 | 2-8 | |
| I1RQ 4 | 3-9 | |
| TRQ 5 | 4-10 | |
| TRQ 6 | 5-11 | |
| TRQ 7 | 6-12 | |
| TRQ 10 | | 1-6 |
| TRQ 11 | | 2-7 |
| TRQ 12 | | 3-8 |
| 1TRQ 14 | | 4-9 |
| 1TRQ 15 | | 5-10 |
o m e e m e oo tom e - - - B AT +
DMA channel selection - J8,J9
o m e e e e e e e maaoaoo- Fom e e e oo Feom e e e oo
| Description | J8 | J9
o m e e e e e e e maaoaoo- Fom e e e oo Feom e e e oo
| DVA channel 0 - level 7 | 1-7,2-8 |
| - level 6 | 3-9,4-10 |
| - level 5| 5-11,6-12 |
| DVMA channel 1 - level 7 | | 1-7,2-8
| - level 6 | | 3-9,4-10
| - level 5 | | 5-11,6-12
o m e e e e e e e maaoaoo- Fom e e e oo Feom e e e oo

*Indi cates fact ory settings.
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X. Reqi st er Descri ption

The DAQ 16 uses 16 consecutive |1/O address | ocations
in the range 0 to FFFFH. The card utilizes these
addresses for the registers shown in figure 15 bel ow

Fomm e o - - T +
| Offset | Function / Access |
Fomm e o - - T +
| 0,1 | Control word register
| | 16-bit read/wite
| 2,3 | Start conversion register

I
I
I

| 16-bit wite only |

| A/D data register |

| 16-bit read only |

4,5 | DA channel 0 register |

| 16-bit wite only |

| DA channel 1 register |

| 16-bit wite only |

[ 8 | Digital input/output register |

| 8-bit read/wite |

| Reserved |

| Reserved |

| Reserved |
| Clock rate register (low |

| 8-bit read/wite |
| Cock rate register (high) |

| 8-bit read/wite |
| Milti-function timer register |

| 8-bit read/wite |
F | 8254 control word/status register |

| 8-bit read/wite |

I
I
| 6,7
I

O Owm>»©

m

* These registers are contained in an 8254 counter

Fi gure 15. DAQ 16 address nmap.

The base address of the DAQ 16 is defined by a pair
of six-position switches SWL and SW2. For details on
setting the base address, consult section [V,
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Control word reqister

The control word register defines and controls many

of the DAQ-16's data conversion functions. Thi s
register is 16-bit read/wite.
Wite Read Wite Read
S + H------- + S + - ----- +
D15 | INT2 | | INT2 | D7 | RUN | | RUN |
S + H------- + S + - ----- +
D14 | INTZ | | INT1 | D6 | 0 | | ECC |
S + H------- + S + - ----- +
D13 | INTO | | INTO | D5 | 0 | | VALID |
S + H------- + S - +  H------- +
D12 | DVAEN | | DMAEN | D4 | 0 | | 0 |
S + H------- + S - +  H------- +
D11 | DVACT | | DMACH | D3 | 0 | | 0 |
S - + A------- + S - +  4------- +
D10 | LEVEL | | LEVEL | D2 | CHSL2 | | CHSL2 |
S - + A------- + S - +  4------- +
D9 | TRG | | TRIG | D1 | CHSL1 | | CHSL1 |
S + H------- + S +  4------- +
D8 | CLK | | CLK | DO | CHSLO | | CHSLO |
S + H------- + S +  4------- +

I NT2, INT1, INTO - controls the DAQ 16 interrupt source.

+--a oo - +o-m o - - +o-m - - T +
| INT2 | INT1 | INTO | DESCRI PTION |
+--a oo - +o-m o - - +o-m - - T +
| 0 | 0 | O | Interrupt disabled |
| 1 | 0 | O | Interrupt tiner 2 |
| 1 | 0 | 1 | Interrupt on termnal count |
| 1 | 1 | 0 | External interrupt |
| 1 | 1 | 1 | Interrupt on end of conversion |
+--a oo - +o-m o - - +o-m - - T +
DMAEN -enables / disables DMA. When set, logic 1, DMA

transfers are enabl ed. See DMACT and DMACH.

DMACT -enables the multi-channel DMA capability of the
DAQ- 16. When set, logic 1, a termi nal count on
the active DMA channel causes DMA transfers to
begin on the "stand-by" channel. When cl eared,
|l ogic 0, DMA transfers halt when the termi nal
count is reached on the active channel. See
DMACH and DMAEN.

DMACH -i ndicates which of the DAQ- 16's DMA channels is
currently active to transfer data. Logic O
i ndi cates DMA channel 0, logic 1 indicates DMA
channel 1. See DMAEN and DMACT.
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LEVEL -selects the edge of the external trigger input.

When set, logic 1, A/D conversions will begin on
the falling edge of the external trigger input.
When cl eared, |ogic 0, conversions will begin on

the rising edge of the external trigger.
| MPORTANT: LEVEL must be logic O when internal
triggering is used. See also TRIG

TRI G -selects between internal and external triggers.
When set, logic 1, the external trigger is
sel ect ed. See also LEVEL.

CLK -sel ects bet ween internal and external clock
sour ces. When set, logic 1, the external clock
source is selected.

RUN - when set, logic 1, the A/D converter is placed in
the "run' mode and will begin converting data
when a trigger is received. RUN may be cl eared
at any time by writing a "0" to it. When using

DMA transfers, RUN is automatically cleared when
a term nal count is received with DMACT set to
IIOII.

EOC -when set, i ndicates an end of conversion has
taken place and the data is available in the A/ D
converter data register.

VALI D -when set, logic 1, indicates at | east one data
sample was | ost because it was read by the
personal computer before the next sample was

converted. The data was | ost because the
sampling rate was to fast for the computer to
acquire the data. VALID is reset by writing to
the start conversion register.
CHSL2, CHSL1, CHSLO - select the multiplexer channel
for the analog input signal.
S S S P +
| CHSL2 | CHSL1 | CHSLO | nux. channel |
S S S P +
| 0 | 0 | 0 | channel O |
| 0 | 0 | 1 | channel 1 |
| 0 | 1 | 0 | channel 2 |
| 0 | 1 | 1 | channel 3 |
| 1 | 0 | 0 | channel 4 |
| 1 | 0 | 1 | channel 5 |
| 1 | 1 | 0 | channel 6 |
| 1 | 1 | 1 | channel 7 |
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Start of conversion reqgister

The start of conversion register performs two
functions:

1) When configured for internal triggering, writing a
"O0" to this register generates the software
trigger, starting the data conversion process.

2) Witing a "0" to this register at any time resets
the VALID bit in the control word register. Thi s
allows the VALID bit to be reset at any ti me
during the conversion process or before the event
of an external trigger.

The start of conversion register is 16-bit wite only.

DACO regqister

An output to this register causes the |ower twelve
bits of data to be converted to an anal og output on D/A
converter channel 0. The four most significant bits of
data are ignored. This register is 16-bit write only.
For more details on the D/A converter operation, see
section I11.

DAC1 regqister

An output to this register causes the |ower twelve
bits of data to be converted to an anal og output on D/A
converter channel 1. The four most significant bits of
data are ignored. This register is 16-bit write only.
For more details on the D/A converter operation, see
section I11.
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The remaining four registers are contained in an
8254 counter/timer. The suggested operating modes and
associated control words are discussed in the followi ng
section.

Clock rate register (low word)

The |l ow word of the clock divider is contained in
counter 0 of an 8254 counter/timer. The output of this
counter is cascaded into the input of counter 1 to
produce a 32-bit timer. Mode 2 must be selected for
counter O with a mnimm count of 2. See section V for
details on clock selections and frequencies. Thi s
register is 8-bit read/wite.

Clock rate register (high word)

The high word of the clock divider is contained in

counter 1 of the 8254 counter/timer. Mode 2 must be
sel ected for counter 1 with a m nimum count of 2. See
section V for details on clock selections and
frequenci es. This register is 8-bit read/wite.

Multi-function tinmer reqister

The multi-function timer is implemented using

counter 2 of the 8254 counter/timer. Mode 2 must be
selected for this timer with a mnimum count of 2. See
section V for details on clock selections and
frequenci es. This register is 8-bit read/wite.

8254 control word/status register

This register is used to program the node and report
the status of the 8254 counter/timer. This register is
8-bit read/wite.
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XI. PROGRAMMI NG THE 8254 COUNTER/TI MER

This section provides programm ng information for
the 8254 counter / timer as implemented on the DAQ-16.
For more details on the 8254, consult the Intel M cro-
processor and Peripheral Handbook.

To program any of the counters contained in the 8254
counter / tinmer, three steps are required:

1. Wite the configuration byte to the 8254 mode
select / status register. This byte sets the
operating node of the selected counter.

2.Wite the least significant byte of the count
value to the selected counter register.

3.Wite the most significant byte of the count
value to the selected counter register.

The following examples illustrate the programm ng
sequence for each of the counters in the 8254. The
vari able 'base_address' is the base address of the DAQ 16

as defined by the address selection swtches.

Counter 0 - Cock rate register (low word)

operating node: 2
m ni mum count val ue: 2
configuration byte:
T T e e e
| O] O] 2] 2| O] 1] O] O] = 34H
T T e e e

Exampl e:
Program the value 2675H into the |low word of the clock
rate register.

out put 34H to base _address + OFH
out put 75H to base _address + OCH
out put 26H to base _address + OCH

Exampl e:
Program the value 0008H into the |low word of the clock
rate register.

out put 34H to base _address + OFH
out put 08H to base _address + OCH
out put O0OH to base_address + OCH
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Counter 1 - Cdock rate

operating node: 2

m ni rum count val ue: 2
configuration byte:

regi ster

(hi gh word)

M R S

1]

0 |

1]

0| 0| = 74H

M R S

| 0O 1] 1]
Exampl e:
Program the value
clock rate register.
out put 74H to
out put A4H to
out put 13H to
Exampl e:
Program the value
clock rate register.
out put 74H to
out put FFH to
out put FFH to
Counter 2 - Milti-function

operating node: 2
m ni mum count val ue: 2
configuration byte:

13A4H

base_address
base_address
base_address

FFFFH

base_address
base_address
base_address

timer

into the high word of

+ OFH
+ ODH
+ ODH

i nto

the high word of

+ OFH
+ ODH
+ ODH

regi ster

M R S

| 1] 0] 1]

1]

0 |

1]

0] 0| = B4H

M R SRS

Exampl e:
Program the value O0OOAH
register.
out put B4H to
out put OAH to
out put OOH to
Exampl e:
Program the value 0100H
register.
out put B4H to
out put OOH to
out put O1H to

into

the multi-function

base _address + OFH
base_address + OEH
base _address + OEH

into

the multi-function

base_address + OFH
base _address + OEH
base _address + OEH

t he

t he

ti mer

ti mer
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Xl EXTERNAL CONNECTI ONS

The DAQ-16 is equipped with a high density 62-pin
connector as shown bel ow

| 2 - CH1+

| 4 - CH2-

| 22 | 6 - CH4+

| 1 43 | 8 - CHb-

| 23 | 10 - CH7+

| 2 44 | 12 - AQUTO

| 24 | 14 - DQUTO

| 3 45 | 16 - DQUT3

| 25 | 18 - EXT TRIG

| 4 46 | 20 - DINL

| 26 | 22 - CHO+

| 5 47 | 24 - CH1L-

| 27 | 26 - CH3+

| 6 48 | 28 - CH4-

| 28 | 30 - CHoe+

| 7 49 | 32 - CHr-

| 29 | 34 - AQUT1

| 8 50 | 36 - DOUT1

| 30 | 38 - EXT INT

| 9 51 | 40 - DIN3

| 31 | 42 - DI NO

| 10 52 | 43 - CHO-

| 32 | 45 - CHz+

| 11 53 | 47 - CH3-

| 33 | 49 - CHo5+

| 12 54 | 51 - CH6-

| 34 | 53 - VREFO

| 13 55 | 55 - VREF1

| 35 | 57 - DOUT2

| 14 56 | 59 - EXT CLK

| 36 | 61 - DIN2

| 15 57 |

I 37 I

| 16 58 |

| 38 | Anal og G ound
| 17 59 | 1, 3, 5 7, 9, 11, 13,
| 39 | 44, 46, 48, 50, 52, 54
| 18 60 |

I 40 I

| 19 61 | Digital G ound
| 41 | 15, 17, 19, 21, 37, 39,
| 20 62 | 41, 56, 58, 60, 62

I 42 I

|

21
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CHO-, CHO+, ..., CH7-,CH7+ - are the analog inputs to the
analog to digital converter. Their amplitude and
polarity depend upon jumper settings. The input
resi stance of these lines is 1.5 K_ typical. See
section Il for details.

AOUTO, AOUT1 - are the analog outputs from the digital to

anal og converters. Their polarity and maxi mum
amplitude depend on the jumper settings and voltage
references. The output resistance of the anal og
out puts is typically 70 _. See section |11 for
details.

VREFO, VREF1 - are the external voltage references for
the digital to analog converters. The input range
is 0 to 5.5 volts with a no-load input resistance of
7.5 K.

EXT CLK, EXT TRG, EXT INT - are the external clock
trigger, and interrupt inputs respectively. These
inputs are TTL conpatible.

DOUTO0, DOUT1l, DOUT2, DOUT3 - are the TTL compati bl e
digital output Iines.

DI NO, DINl, DIN2, DIN3 - are the TTL compatible input
l'i nes.
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I . | NSTALLATI ON

Sel ect options by adjusting switch positions and
jumper settings as described in the previous
sections of this manual.

2. Turn system off.

3.

Remove cover according to the instructions provided
by the system manufacturer.

.Install the DAQ- 16 into any vacant sl ot. The board

must be secured to the machine by installing the
Option Retaining Bracket (ORB) screw.

. Repl ace system cover according to the instructions

provided by the system manufacturer.

XIV. SPECI FI CATI ONS

Bus interface: | SA 16-bit bus
I/ O address range: 0000H - FFFFH
Interrupt |evels: IRQ 2,3,4,5,6,7,10,11, 12, 14, 15
DVA | evel s: DRQ 5,6,7
DACK 5,6,7
Power requirenents:
Fe e e e e e e ook I e e e e e e +
| Power supply | I t | I ns
o e e e e e e ook R o m e e e +
| -5 volts | -- | -- |
| +5 volts | 1069.0 nmA | 1204.9 mA |
| -12 volts | -- | - - |
| +12 volts | 374.9 mA | 491.4 mA |
Fo e e e e e e oo s R e m e e e e +

- Typical current
ms Maxi mum statistical current



