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The VF9l0 variable resolution integrating analog VO board turns your IBM PCD(T/AT or compatible computer
into a high-performance data acquisition and control system. Installed within a single short or full-size expansion
slot in the computer, the VF9l0 features:

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

. Resolution to l8 bits using a synchronous voltage-to-frequency converter,

. 0 to +5, 0 to +10, !2.5, or t5 volt input range,

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

. Clock controlled A./D conversion,

. l6-bit sample counter,

. Software selectable system clock, interrupt source and intenupt channel,

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

. Two l2-bit analog output channels,

. +5, tl0, 0 to +5, or 0 to +10 volt analog output range,

. Three user available 16-bit timer/counters,

. 16 8255-based TTL/CMOS compatible digital VO lines,

. +5 volt operation.

The following paragraphs briefly describe the major functions of the board. More detailed discussions of board
functions are included in Chapter 3, Hardware Description, 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 frequencies. The frequencies are
represented by 20-bit plus overflow words (in 3 x 8-bit forma0 which are 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 be individually set for single-ended or differential operation by
configuring DIP switch 52. This feature lets you mix single-ended and differential input channels. Two unipolar and
two bipolar ranges can be selected: 0 to +5, 0 to +10, +2.5, or +5 volts. The range is customer specified when
ordering the board, and the board is calibrated for the selected range. Software programmable gains of 1,2,4, and 8
with an on-board gain multiplier circuitry let you customize the input range.

A./D conversions are performed by a voltage-to-frequency (V/F) converter. This exceptionally accurate con-
verter technology lets you vary the resolution of your conversion while maintaining the full input voltage range.
Instead, you trade speed for precision. For example, with a I MHz system clock and the input range set for 5 volts,
lO-bit conversions are performed at a rate of 488 samples per seconds with a resolution of 4.88 millivolts, l2-bit
conversions are performed at a rate of 122 samples per second with a resolution of I .22 millivolts, and 18-bit
conversions are performed at a rate of 2 samples per second with a resolution of 19 microvolts.

The converted data is read and/or transferred to PC memory, one byte at a time, through the PC data bus.

Digital-to-Analog Conversion

The digital-to-analog (D/A) circuitry features two independent l2-bit analog output channels with individually
jumper-selectable output ranges of -5 to +5 volts, -10 to +10 volts, 0 to +5 volts, or 0 to +10 volts. Data is pro-
grammed into the D/A converter by writing two 8-bit words, the LSB and the MSB. Both outputs can be simulta-
neously updated by writing to an VO port.

Digital VO

The VF9l0 has 16 TTUCMOS compatible digital VO lines which can be directly interfaced with external
devices or signals to sense switch closures, trigger digital events, or activate solid-state relays. These lines are
provided by the 8255 programmable peripheral interface (PPI). Pads for installing and activating pull-up/pull-down
resistors are included on the board. Installation procedures are given near the end of Chapter I, Board Settings.
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What Comes With Your Board

You receive the following items in your VF9l0 package:

. VF910 interface board
' Software and diagnostics diskette with example programs in BASIC, Pascal, and C source code
. rtdlinx TSR DOS driver
. User's manual

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

Board Accessories

In addition to the items included in your VF9l0 package, Real Time Devices offers a fult 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 monitoring and data acquisition, or SIGNAL*MATH for integrated data acquisition and
sophisticated digital signal processing and analysis. rtdlinx (included with your board) and rtdlinxAlB drivers
provide full-featured high level interfaces between the board and custom or third party software, including Labtech
Notebook, NotebookD(E, and LTlControl. rtdlinx source code is available for a one-time fee.

Hardware Accessories

Hardware accessories for the VF9l0 include the TMX32 analog input expansion board with thermocouple
compensation which can expand a single input channel on your board to I 6 differential or 32 single-ended input
channels, MR series mechanical relay output boards, OP series optoisolated digital input boards, the OR16 mechani-
cal relay/optoisolated digital UO board, the USF8 universal sensor front-end with sensor excitation, the TB50
terminal board and XB50 prototype/terminal board for prototype development and easy signal access, the EX-XT
extender board for simplified testing and debugging of prototype circuitry, and the XT50 twisted pair 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 srandard 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 VF910 board 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 set-
tings, use these easy-to-follow instructions before you install the
board in your computer.

Note that by installing resistor packs at three locations around
the 8255 PPI and soldering jumpers in the associated pads, you can
configure the 16 available digital VO lines to be pulled up or pulled
down. This procedure is explained near the end of this chapter.

Also note that by installing resistive components, you can add
your own gain multiplier for the software programmable binary
gains of I,2,4, and 8. The gain multiplier circuitry is described at
the end of this chapter.
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Factory-Configured Switch and Jumper Settings

Table l-1 lists the factory settings of the user-configurable switch and jumpers on the VF9l0 board. Figure
shows the board layout and the locations of the factory-set jumpers. The following paragraphs explain how to
change the factory settings.

Table 1-1 - Factory Settings

Switch/
Jumper Function Controlled Factory Setting

DE
Sets the user timer/counter output signals available
alP2-43 and P2-44 P2-43: TRIG, P2-44: OUTO

P4 Sets the clock sources lor the user timer/counters
CLKO: OSC, CLK1: OT0,
CLK2: OT1 (cascaded)

P5 Sets the gate sources for the user timer/counters
GATEO: +5V, GATE1: +5V,
GATE2: +5V

P6
Sets the analog inputs as 16 single-ended or 8
single-ended with GND/8 differential; used with 52

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

P7 Sets the analog input voltage range and polarity 5V, Bl (-2.5 to +2.5 volts)

P8 Sets the D/A output voltage range tor DAC 1 t5, X1 (-5 to +5 volts)

P9 Sets the D/A output voltage range for DAC 2 15, X1 (-5 to +5 volts)

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

DZ

Connects the negative side of differential inputs to
ground for 8 single-ended with ground operation OPEN (16 single-ended)

Fig. 1-1 - Board Layout Showing Factory-Configured Settings
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P3 - user Timer/counter output Select (Factory setting: P2-432 TRIG, p2.44: or0)

This header connector, shown in Figure I -2, lets you select one of two signals to be present at each of two of the
P2 UO connector pins, P2-43 and P2-44. This allows you more flexibility when setting up the board. P2-43 can be
configured to provide an external trigger (TRIG) or the output of user timer/counter 2 (OT2).P2-44 can be config-
ured to provide the output of user tim6r/counter 0 (OT0) orthe output of user timer/counter I (OTl). Nore that when
you cascade multiple boards, you must configure P2-43 to cary the external trigger signal (TRIG) on each board
that outputs a trigger to the next board in the chain.

TRIG

oT2
oT0
oT1

Fig.1-2 - User Timer/Counter Output Select Jumpers, P3

P4 - User Timer/Counter Clock Source (Factory Settings: CLK0-OSC, CLKI-OTO, CLK2-OTf )

This header connector, shown in Figure l-3, lets you select the clock sources for the user available 8254 timerl
counters, TC0, TCl, and TC2. The factory setting cascades all three timer/counters, with the clock source for TCO
being the on-board 2MHz oscillator, the output of TCO providing the clock for TCl, and the output of TCI provid-
ing the clock for TC2. You can connect any or all of the sources to either of two external clock inputs (the first
source labeled ECI on the header and EXT CLKI at P2-41, and the second source labeled EC2 on the header and
EXT CLK2 atP2-45), or you can set TCl and TC2 to be clocked by the 2 MHz oscillator. Figure l-4 shows a block
diagram of the timer/counter circuitry to help you with these connections.

NOTE: When installing jumpers on this header, make sure that only one jumper is installed in each group of
three or four CLK pins.

II

osc
EC1

EC2

oT0

osc
ECl

EC2

oT1

osc
EC1

EC2

Fig. 1-3 - User Timer/Counter Clock Source Jumpers, P4

sl
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EXTCLK2

EXTGATEl

EXTGATE2
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osc I

I
EC1 |

I

TRIGGER
our / our2

Fig. 1-4 - 8254 Timer/Counter Circuit Block Diagram

P5 - User Timer/Counter Gate Source (Factory Settings: All Gates: +5V)

This header connector, shown in Figure l-5, lets you select the gate sources for the user available 8254 timer/

counters, TC0, TCI, and TC2. The factory setting ties all three gates high, to an on-board +5 volt source. You can

connect any or all of the gates to either of two external gate inputs (the first source labeled EGTl on the header and

EXT GATEI atP2-42, and the second source labeled EGT2 on the header and EXT GATE? atP2-46). Figure 1-4

shows a block diagram of the timer/counter circuitry to help you with these connections.

NOTE: When installing jumpers on this header, make sure that only one jumper is installed in each group of

three GATE pins.
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P6 - Single-Ended/Differential Analog Inputs (Factory Setting: S (16 Single-Ended))

This header connector, shown in Figure l-6, is used with switch 52 to configure the VF9l0 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. The switch settings on
52 can then be used to individually configure channels for single-ended or differential operation. DO NOT install
jumpers across both S and D pins at the same time!

Fig. 1-6 - Single-Ended/DifferentialAnalog Input SignalType Jumpers, P6

P7 - Analog Input voltage Range and Polarity (Factory Setting: 5v, BI (12.5 volts))

P7, shown in Figure l-7, sets the analog input voltage range and polarity. The board can be set up to operate
over a range of5 or l0 volts, unipolar or bipolar. The board's four possible ranges are 0 to +5,0 to +10, +2.5, and
t5 volts. The range and polarity are set according to your specifications when ordering the board. Figure 1-7 shows
the factory setting of -2.5 to +2.5 volts (if no range was specified when ordering).

NOTE: If you change the analog input range and/or polarity, you should recalibrate the board according to the
instructions in Chapter 6, Calibration. Otherwise, you may get erroneous data.

5V

10v
UNI

BI

Fig. 1-7 - Analog Input Voltage Range and Polarity, p7

P8 - DAC 1 Output Voltage Range (Factory Setting: +5 to -5 volts)

This header connector, shown in Figure 1-8, sets the output voltage range for DAC I at 0 to +5, +5, 0 to +10, or
+10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The top two
jumpers select the range, bipolar (t5) or unipolar (5). The bottom two jumpers select the multiplier, X2 or Xl. When
a jumper is on the X2 multiplier pins, the range values become 110 and 10. The table on the next page shows the
four possible combinations ofjumper settings. This header does not have to be set the same as p9.

P6

H
s
D

s
D

S

D

P7
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Voltage Range

Jumpers Oop to Bottom)

5 f5 x1 x2
-5 to +5 volts OFF ON ON OFF

0 to +5 volts ON OFF ON OFF

-10 to +10 vol ts OFF ON OFF ON

0 to +10 volts ON OFF OFF ON

+5

x1
x2

P8
DACl

Fig. 1-8 - DAC 1 Output Voltage Range Jumper, P8

P9 - DAC 2 Output Voltage Range (Factory Setting: +5 to -5 volts)

This header connector, shown in Figure 1-9, sets the output voltage range for DAC2 at 0 to +5, *5, 0 to +10, or
+10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The top two
jumpers select the range, bipolar (+5) or unipolar (5). The bottom two jumpers select the multiplier, X2 or X1. 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. This header does not have to be set the same as P8.

Voltage Range

Jumpers (Top to Bottom)

5 +5 xl x2
-5 to +5 volts OFF ON ON OFF

0 to +5 volts ON OFF ON OFF

-10 to +10 vol ts OFF ON OFF ON

0 to +10 volts ON OFF OFF ON

5
+5

x1
x2
P9 H

DAC2

Fig. 1-9 - DAC 2 Output Voltage Range Jumper, Pg
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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 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 VF910 has an easily accessible five-position DIP switch, S l, which lets you select
any one of l6 starting addresses in the computer's UO. Should the factory setting of 300 hex (768 decimal) be
unsuitable for your system, you can select a different base address simply by setting the switches to any one of the
values listed in Table 1-2. The table shows the switch settings and their corresponding decimal and hexadecimal (in
parentheses) values. Make sure that you verify the order of the switch numbers on the switch (l through 4) before
setting them. When the switches are pulled forward, they are OPEN, or set to logic l, as labeled on the DIP switch
package. When you set the base address for your board, record the value in the table inside the back cover. Figure
1-10 shows the DIP switch set for a base address of 300 hex (768 decimal).

Table 1-2- Base Address Switch Settings, 51

Base Address
Decimal/ (Hex)

Switch Setting
4 3 2 1

Base Address
Decimal/ (Hex)

Switch Setting
4 3 2 1

5r2 | (200) 0 0 0 0 768 / (3oo) 1 0 0 0

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

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

608 t (260) 0 0 1 1 8@ I (360) t 0 1 t

640 t (280) 0 1 0 0 8e6 / (380) I  1 0 0

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

7U t (zCO) 0 t t 0 960 / (3C0) 1 l l 0

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

0=c losed ,  1=oPen

Fig. 1-10 - Base Address Switch, 51
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52 - DifferentiaUSingle-Ended Ground Switch (Factory Setting: OPEN)

DIP switch 52, shown in Figure 1-11, is used in conjunction with header connector P6 to set up the analog
inputs for 8 differential, 8 single-ended with dedicated grounds, or l6 single-ended operation. When the eight
switches are OPEN (forward), they support 8 differential or l6 single-ended inputs, depending on the setting of P6.
When the switches are CLOSED (back), they support 8 single-ended inputs with dedicated grounds. With P6 set
to D, switches can be individually set for differential or single-ended with ground operation. Switch I sets channel l,
switch 2 sets channel2, etc. The table below shows the three configurations for P6 and 52.

Input Configuration

Settings

P6 Jumpers 52 Switches

8 DIFF D OPEN

8 SE with AGND D CLOSED

1 6  S E S OPEN

Fig. 1-11 - Differential/Single-Ended Ground Switch, 52

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

The 8255 programmable peripheral interface provides l6 TTUCMOS compatible digital VO lines which can be
interfaced with external devices. These lines are divided into three groups: eight Port A lines, four Port C Lower
lines, and four Port C Upper lines. (The eight lines ofPort B are used for internal board functions.) You can install
and connect pull-up or pull-down resistors for any or all of these three groups of lines. You may want to pull lines
up for connection to switches. This will pull the line high when the switch is disconnected. Or, you may want to pull
lines down for connection to relays which control turning motors on and off. These motors turn on when the digital
lines controlling them are high. The Port A lines of the 8255 automatically power up as inputs, which can float high
during the few moments before the board is first initialized. This can cause the external devices connected to these
Iines to operate erratically. By pulling these lines down, when the data acquisition system is first turned on, the
motors will not switch on before the 8255 is initialized.

To use the pull-up/pull-down feature, you must first install resistor packs in any or all of the three locations
between the 8255 and VO connector, labeled PA, PCL, and PCH. PA takes a lO-pin pack, and PCL and PCH take
6-pin packs.

After the resistor packs are installed, you must connect them into the circuit as pull-ups or pull-downs. Locate
the three-hole pads on the board below the resistor packs. They are labeled G (for ground) on one end and V (for
+5V) on the other end. The middle hole is common. PA is for Port A, PCL is for Port C Lower, and PCH is for Port
C Upper. To operate as pull-ups, solder a jumper wire between the common pin (middle pin of the three) and the V
pin. For pull-downs, solder a jumper wire between the common pin (middle pin) and the G pin. Figure 1-12 shows
Port A lines with pull-ups, Port C Lower with pull-downs, and Port C Upper with no resistors.

r-9



8255
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Ponr A J
(PAo-7) 

)

(.
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LOWEF {
(Pco-3) 

[

Ponr c f
ffi?T I

Y' o
PULL.DOWN 

V

+ 5 V

Y C H
I
€ o

Fig.1-12 - Adding Pull-ups and Pull-downs to Digital l/O Lines

Gm, Gain Multiplier Circuitry

The VF910 has software programmable binary gains of 1,2,4, and 8. A gain multiplier circuit, Gm, is provided

so that you can easily configure special gain settings for a specific application. Note that when you use this feature
and set up the board for a gain of other than l, all of the input channels will operate only at your custom gain

settings. In other words, if you install circuitry which gives you a gain multiplier of 10, then the four programmable
gains available are 10, 20,40, and 80.

Gm is derived by adding resistors R10 and Rl 1 and trimpot TR3, all located in the upper center area of the
board. The resistors and trimpot combine to set the gain, as shown in the diagram and formula in Figure 1-13.

As shown in Figure l-13, a solder short must be removed from the board to activate the Gm circuitry. This short
is located on the bottom side of the board under Ul7 (}.D7lzIC). Figure 1-14 shows the location of the solder
short.
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Remove solder short
(see Figure 1-14)

To calculate Gm:
Gm =[(TR3 + R11) /R1O]+ 1

Fig. 1-13 - Gain Circuitry and Formula for Calculating Gm

Remove Solder Short
Between These 2 Pads on

Bottom Side of Board

Fig. 1-14 - Diagram for Removal of Solder Short
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CHAPTER 2

BOARD INSTALLATION

The VF910 board is easy to install in your IBM PCD(T/AT or
compatible computer. It can be placed in any slot, short or full-
size. This chapter tells you step-by-step how to install and connect
the board.
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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 settings. Chapter I reviews the factory settings
and how to change them. If you need to change any settings, refer to the appropriate instructions in Chapter 1. Note
that incompatible jumper settings can result in unpredictable board operation and erratic response.

To install the board:

l. Turn OFF the power to your computer.

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

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

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

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

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

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

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 of your computer.

External VO Connections

Figure 2- 1 shows the VF9 I 0's P2 UO connector pinout. Refer to this diagram as you make your VO connec-
tions.

A l N l +

AlN2+

AlN3+

AlNil+

AlN4+

AlN6+

AlNT+

AlNS+

AINl

AIN2

a|l{3

Alllil

Att{5

AIN6

Att{7

A|l{8

A I N 1 .  I A I N g / A G N D

A I N 2 .  I A I N ' I O  /  A G N D

A I N 3 . I A I N 1 I / A G N D

A I N 4 .  I A I N 1 2 / A G N D

A I N s .  I A I N 1 3 ' A G N D

AI t Is -  IA IN l4 /AGND

A I N T -  I A I N l 5 / A G N D

A I N 8 -  I A I N 1 6 / A G N D

AOUT 1

AOUT 2

ANALOG GND

PA7

PA6

PA5

PA'

PA3

?42

PA.I

PAO

TRIGGER IN

E X T  C t X l

TRIGGEB OUT / OUT2

EXT CLX2

+12 VOLTS

-r2 volTs

ANALOG GND

ANALOG GND

ANALOG GND

PC7

PC6

PC5

PC'l

PC3

PC2

PCI

PCO

OIGITAL GND

EXT GATE1

ouTo / ouTl
EXT GATE2
+5 VOLIS

DIGITAL G'{D

Fig. 2-1 - P2 VO Connector Pin Assignments
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Connecting the Analog Input Pins

16 Single'Ended, No Dedicated GND. When operating in the l6 channel single-ended mode (P6-S,
S2-OPEN), connect the high side of the analog inputs to the analog input channels, AINI through AINI6, and
connect the low side to any of the ANALOG GND pins available at the connector (pins 18,20-22 onP2). Ground
any unused inputs. Figure 2-2 shows how these connections are made.

vFg1 0
I /O CONNECTOR

P2

I
I
I

l p , " t

Fig.2-2 - Single-Ended Input Connections

8 Single'Ended, Dedicated GND. When operating up to 8 channels in the single-ended mode with a dedicated
ground for each channel (P6-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 irs corresponding AGND (AINI- through AINS-).
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.

a

.  MUX
a

OUT +

A I N  1 5

OUT -

SIGNAL 7
souRcE I -

ls ourl

IGN
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;  P I N  1

Fig. 2-3 - Single-Ended with Dedicated Grounds Input Connections

8 Differential. When operating in the differential mode (P6-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.

a a

a a

vF910
I / O  C O N N E C T O R

P 2

I
I
I

vF910
I /O CONNECTOR

P 2

I

I

Fig.2-4 - Differential lnput Connections
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Connect the high side of the analog input to the selecred analog input channel, AINI + through AINS+, 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 l8 and20-22 on p3). Figure 2-4 shows how
these connections are made. Note that you can mix single-ended with dedicated ground and difierential channels by
setting the individual switches on 52 to the proper position.

Connecting the Trigger In and Trigger Out Pins, Cascading Boards

The VF9l0 board has an external trigger input (P2-39) and output (P2-43) 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. Note that when using the external
trigger output (P2-43) such as on the master board in Figure 2-5, you must ser the bottom jumper on p3 to TRIG.

If you apply an external trigger to the board's trigger in pin, note that the trigger can be negative- or positive-
going. The pulse duration should be at least 100 nanoseconds. When using the TRIGGER OUT, the pulsi must
always be positive-going.

vFg10
I /O CONNECTOF

BOARD T1
( M A S T E R )

BOAFD *2
(sLAvE)

P2-1
MUX

A l N l  +

A I N  1

SIGNAL  ,
sounce [  *

2 our{
I

i
lpz-z
I
I

t 0 K

I

I pz-sg
T R I G G E F  I N

Fig. 2-5 - Cascading Two Boards for Simultaneous Sampling

Connecting the Analog Outputs

For each of the two D/A outputs, connect the high side of the device receiving the output ro the AOUT channel
(P2-17 or P2-19) and connect the low side of the device to an ANALOG GND (p2-18 orp2-20).

Connecting the Timer/Counters and Digital UO

For all ofthese connections, the high side ofan external signal source or destination device is connected to the
appropriate signal pin on the VO connector, and the low side is connected to any DIGITAL GND.

Running the 910DIAG 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, 910DIAG, 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 curent base address setting does not contend with another device.
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CHAPTER 3

HARDWARE DESCRIPTION

This chapter describes the features of the VF9l0 hardware. The
major circuits are the A,/D which consists of the V/F converter and
associated timing and counting, the D/A, and the digital VO lines.
Three timer/counters from the user 8254 are available at the VO
connector for your use. Board intemrpts are also described in this
chapter.
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The VF9l0 board has three major circuits, the AID which consists of the VIF converter and associated timing
and counting, the D/A, and the digital VO lines. Three timer/counters from the user 8254 is available at the UO
connector for your use. Figure 3- I shows the block diagram of the board. This chapter describes hardware which
makes up the major circuits. It also discusses interrupts.

1 6  A N A L O G  I N P U T S
0-1 0V, asv, 0-5V. r2.5V

8  0 t F F . / 1 6  S . E . /
8  S . E ,  W I T H  A G N D

Fig. 3-1 - VF910 Block Diagram

A/D Conversion Circuitry

The VF910 board performs analog-to-digital conversions using a voltage-to-frequency converter and timing and
counting circuits. This circuitry functions as an exceptionally accurate integrating converter. The V/F converter
converts the input voltage to a frequency between 0 and system clock + 2 (full scale), and this frequency is counted
by the frequency counter for a specified period of time. The following paragraphs describe the A,/D circuitry.

Analog Inputs

The input type can be set for 8 differential, 8 single-ended with dedicated ground, or l6 single-ended by
opening and closing switches on DIP switch 52 and setting the jumpers on P6. You can mix differential and single-
ended with dedicated ground as described in Chapter 1 under the 52 settings discussion. Single-ended operationis
typically used when the analog input voltage source is close to the board and the voltage levels are fairly trigh
(greater than 10.5 volts). The differential mode provides noise immunity when long cable runs are unavoidable,
signal levels are low, or surrounding electrical noise is high. Software programmable binary gains of l, 2, 4, and g
let you amplify low level signals to more closely match the board's input ranges. These gains can be customized for
even greater input control by adding a gain multiplying resistor circuit as described in Chapter l.
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The input range is jumper-selectable for 5 volts or 10 volts, unipolar or bipolar. The available ranges are 0 to
+5, 0 to +10, -2.5 to +2.5, and -5 to +5 volts. The board is factory ser for -2.5 to +2.5 volts. Should you need to
change the input range and/or polarity, you should recalibrate the board according to the instructions in Chapter 6,
Calibration. Each channel has an input impedance of greater than l0 megohms. Overvoltage protection of t35 Vdc
is provided at the multiplexer.

V/F Converter

The V/F converter receives an input voltage and converts it to a corresponding frequency which is then read
from the frequency counter as 20-bit data. The conversion time varies, depending on the degree of accuracy you
want in your result and the speed of the system clock. The software selectable system clock can be set for 0.5, l, or
2 MHz A 1 MHz clock provides the best speed versus linearity tradeoff for most applications. At 0.5 MHz, linearity
improves, but the conversion time doubles. A2MHz clock performs the fastest conversions, but sacrifices linearity.
With a system clock of I MHz, a l2-bitconversion is performed in about 8 milliseconds, a 16-bit conversion in 131
milliseconds, and an l8-bit conversion in 524 milliseconds.

The V/F converter used on the VF9l0 is Analog Devices' AD652 monolithic synchronous V/F converter. This
extremely linear device is clocked by the programmable system clock. The system clock signal is divided by 2 on
the chip, resulting in the 0 to system clock -+ 2 frequency range of the converter. The same system clock is used to
gate the timer circuitry, which means that you will get accurate conversions even if the clock frequency should drift.

To compensate for gain drift in the V/F converter, a trimpot is provided on the board. Chapter 6, Calibration,
tells you how to adjust this trimpot.

Timing and Counting Circuits

The timing and counting circuits used with the VIF converter are shown in Figure 3-2. Yery simply, the 8254
opens a window of time and the 20-bit counter counts the frequency output of the V/F converter.

8254 PtT

Fig.3-2 -VlF Timing and Counting Block Diagram
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The 20-bit counter has two flags: counter overflow and measurement overflow. The counter overflow flag is set
if the 20-bit counter overflows within a single measurement cycle. The measurement overflow flag is set if two or
more measurement cycles have been executed without the counter being cleared between cycles.

As shown in Figure 3-2, the 8254 programmable interval timer (PIT) contains three 16-bit timers. Two of these
timers are cascaded to form a32-bit timer which gates the frequency counters. The frequency counters are opened
for a window of time specified by this 32-bit timer. You program the timer for the amount of time that you want the
frequency counters to count, according to your desired resolution. The remaining timer in the 8254 (timer 2) is the
sample counter. The 8254 data sheet is included in Appendix C to assist you in using this timer.

A 20-bit counter is used to count the frequency output of the V/F converter for the period specified by the 8254
timer. For single conversions, a conversion is started, the 20-bit counter is gated for a specified period of time, and
the value is read. For continuous conversions, the first conversion is started, the 20-bit counter is gated for a speci-
fied period of time, and, when the conversion is ready, the programmable service counter starts its countdown
during which the converted data is read and the input channel and gain for the next conversion are set. When the
service counter reaches 0, the next conversion is triggered.

D/A Converter

Two independent l2-bit analog output channels are included on the VF910. The analog outputs are generated
by two 12-bit D/A 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 resolution of
2.44 millivolts, and the 0 to +5 volt range has a resolution of |.22 millivolts. The D/A outputs can be updated
simultaneously or asynchronously.

Timer/Counters

Three I 6-bit, 8 MHz timer/counters on the user 8254, TC0, TC 1, and TC2, support a wide range of timing and
counting functions. Each timer/counter has two inputs, CLK and GATE, and one output, OUT. Figure 3-3 shows the
timer/counter circuitry and the connections you can make to the inputs and outputs. Each timer/counter 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 I Hardware-Retriggerable One-Shot
Mode 2 Rate Generator
Mode 3 Square Wave Mode
Mode 4 Software-Triggered Strobe
Mode 5 Hardware Triggered Strobe (Retriggerable)

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

Digital VO, Programmable Peripheral Interface

The 8255 programmable peripheral interface (PPI) is used for rtigital VO functions. This high-performance
TTL/CMOS compatible chip has 24 digital UO lines divided into two groups of 12 lines each:

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

Port A and Port C are available at the external VO connector. P2. Port B is dedicated to on-board functions and
is not available for your use. You can use the 16 lines ofPorts A and C in one ofthese three PPI operating modes:

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

Mode 1 - Strobed input/output. Lets you transfer VO data from Port A in conjunction with strobes or hand-

shaking signals.
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vF9t0
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EXTCLKl

EXTCLK2

EXTGATEl
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OUTO / OUT1

EGT2 I
L---

TRIGGER
ouT / ouT2

EXTERNAL

our

Fig. 3-3 - User 8254fimer/Counter Circuitry

Mode 2 - Strobed bidirectional inpuUoutput. Lets you communicate bidirectionally with an external device
through Port A. Handshaking is similar to Mode l.

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

Interrupts

The VF910 has two software selectable intemrpt sources: end-of-convert and external trigger. The end-of-
convert (EOC) line can be used to interrupt the computer when a conversion is completed. When the 32-bit timer's
count reaches 0, the counter gate closes, the conversion is complete, and the EOC line goes high. When in the
continuous convert mode, the service time begins, and you can read the data, change the channel/gain settings, and
reset the 20-bit counter. The EOC line can be connected through software, as shown in the VO Map discussion in
Chapter 4. On power-up, the EOC line is disabled. Change the IRQ channel if necessary for your application. If you

connect the end-of-convert to one of the interrupt channels, an intemrpt will occur when the line transitions from
low (converting) to high (not converting). The external trigger line (trigger in, P2-39) can be used to feed in an
external interrupt signal or loop a signal back onto the board, such as the output oftimer/counter 2,to be used as an
interrupt. When using the external trigger line as an external interrupt signal, the polarity (intemrpt on rising or
falling edge) is set at BA + 21, bit l. We recommend that you have an understanding of how to use interrupts in your

system before you connect the end-of-convert to an IRQ channel.

+5V

l l
- l
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter tells you how to initialize the board and read the
converted data. It describes operating modes and provides flow
diagrams and a complete description of the VO map to aid you in
programming your VF910 board. The example programs included
on the disk in your board package are listed at the end of this
chapter. These programs, written in BASIC, Turbo Pascal, and
Turbo C, include source code to simplify your applications pro-
gramming.

Chapter 5, Calculating Frequencies, Voltages, and Bits, con-
tains tables, formulas, and examples to help you understand the
principles of V/F conversion.
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Defining the VO Map

The VO map for the VF9l0 is shown in Table 4-l below. As shown, the board occupies 23 consecutive VO port
locations. The base address (designated as BA) can be selected using DIP switch S I as described in Chapter l,
Board Settings. This switch can be accessed without removing the board from the computer. S I is factory set at 300
hex (768 decimal). The following sections describe the register contents of each address used in the VO map.

Table 4-1 - VF910l/O Map

Register Description Read Function Write Function
Address t

Decimal/ (Hex)

A/D Data Low Bvte
Read bottom I bits of 20-bit
converted data word Reserved B A + 0 / ( 0 0 )

A/D Data Middle Bvte
Read middle 8 bits of 20-bit
converted data word Reserved B A + 1 / ( 0 1 )

A/D Data Hiqh Bvte/Status
Read top 4 bits of 20-bit
converted data word & status Reserved BA+2 / (02 )

Board Ready/Clear 20-bit
Conversion Counter Read board ready code

Clear the 20-bit conversion
counter B A + 3 / ( 0 3 )

8254 Timer/Counter 0 Read count value Load count register B A + 4 / ( 0 4 )

8254 Timer/Counler 1 Read count value Load count register B A + 5 / ( 0 5 )

8254 Timer/Counter 2 Read count value Load count reqisler B A + 6 / ( 0 6 )

8254 Control Register Reserved Prooram 8254 mode B A + 7 / ( 0 7 )

8255 PPI Port A Digital l/O
Read 8-bit Port A digital input
l ines

Program 8-bit Port A digital
output lines B A + 8 / ( 0 8 )

8255 PPI Port B
(A/D Channel/Gain Select) Read channel/gain settings Program channel & gain B A + e / ( 0 9 )

8255 PPI Port C Digital l/O
Read 8-bit Port C digital input
lines

Program 8-bit Port C digital
output lines B A + 1 0 / ( 0 A )

8255 PPI Control Register Reserved Program 8255 configuration B A + 1 1 / ( 0 B )

DAC 1 Low Bvte Reserved
Program bottom 8 bits of
12-bit DAC 1 data B A + 1 2 l ( 0 C )

DAC 1 High Byte Beserved
Program top 4 bits of 12-bit
DAC 1 data B A + 1 3 / ( 0 D )

DAC 2 Low Byte Reserved
Program bottom 8 bits of
12-bit DAC 2 data B A + 1 a l ( 0 E )

DAC 2 High Byte Reserved
Program top 4 bits of 12-bit
DAC 2 data B A + 1 5 / ( 0 F )

8254 User Timer/Counter 0 Read count value Load count register B A + 1 6 / ( 1 0 )

8254 User Timer/Counter 1 Read count value Load count register B A +  1 7 l ( 1 1 )

8254 User Timer/Counter 2 Read count value Load count register B A + 1 8 / ( 1 2 )

8254 Control Register Reserved Program 8254 mode B A + 1 9 / ( 1 3 )

Board Setup Reserved

Program system clock,
conversion mode and
interrupt channel B A + 2 0 / ( 1 4 )

A/D Trigger Mode Reserved
Program trigger mode and
parameters B A + 2 1 l ( 1 5 )

Resevuodate DACS Resets board
Simultaneously update DAC
1 and DAC 2 B A + 2 2 l ( 1 6 )

' BA = Base Address
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BA + 0: A/D Data Low Byte (Read Only)

A read provides the low byte (bits 0 through 7) ofthe 20-bit converted data in the conversion counter.

Bi l7  B i t6  B i t5  B i t4  B i t3  B i t2  B i t l  B i t0

D7 D6 D5 D4 D3 D2 D1 DO

BA + 1: ND Data Middle Byte (Read Only)

A read provides the middle byte (bits 8 through l5) of the 20-bit converted data in the conversion counter.

B i t 1 5  B i t 1 4  B i t 1 3  B i t 1 2  B i r 1 1  B i t 1 0  B i t 9  B i t S

D7 D6 D5 D4 D3 D2 D1 DO

BA + 2: AID Data High Byte (Read Only)

A read provides the high byte (bits l6 through 19) ofthe 20-bit converted data in the conversion counter, plus
the counter overflow, measurement overflow, and conversion ready flag status. The counter overflow tells you if the
20-bit conversion counter overflows during a measurement cycle. The measurement overflow flag tells you if two or
more measurement cycles are executed without clearing the counter between executions. The conversion ready flag
tells you the conversion status (conversion running or conversion finished).

Bit  19 Bit  18 Bit  17 Bit  16

A,/D Conversion Status
0 = conversion running
1 = conversion complete

Measurement Overflow
0 = ff€sSUlglllents OK
1 = 2 or more measurements
without counter reset

Counter Overflow
0 = no overflow
1 = overflow

BA + 3: Board Ready/Clear 20-bit Conversion Counter (Read/Write)

A read must give you the value of 82 (52 hex) to indicate that the BA is set properly. A write clears the 20-bit
conversion counter and flags. The data written is irrelevant.

BA + 4: 8254 Timer/Counter 0 (Read/Write)

Two reads show the count in the timer/counter, and two writes load the counter/timer with a new l6-bit value,
LSB followed by MSB. The timer/counter must be loaded in two 8-bit steps. Counting begins as soon as the MSB is
loaded.

This timer/counter, cascaded with timer/counter I to form a32-bit timer, generates the board's internal pacer
clock which controls measurements and starts and stops conversions.
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BA + 5: 8254 Timer/Counter 1 (Read/Write)

Two reads show the count in the timer/counter, and two writes load the counter/timer with a new l6-bit value,
LSB followed by MSB. The timer/counter must be loaded in two 8-bit steps. Counting begins as soon as the MSB is
loaded.

This timer/counter, cascaded with timer/counter 0 to form a32-bit timer, generates the board's internal pacer
clock which controls measurements and starts and stops conversions.

BA + 6: 8254 Timer/Counter 2 (Read/Write)

Two reads show the count in the timer/counter, and two writes load the counter/timer with a new l6-bit value,
LSB followed by MSB. The timer/counter must be loaded in two 8-bit steps. Counting begins as soon as the MSB is
loaded.

This timer/counter, with its clock input connected to the output of timer/counter l, can be used as a sample
counter to provide a hardware count of the number of samples being taken.

BA + 7: 8254 Control Word (Write Only)

Accesses the 8254 PIT control register to directlv control the three timer/counters.

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

Read/Load
00 = latching operation
0'l = read/load LSB only
10 = read/load MSB only
11 = read/load LSB. then MSB

D7 D6 D5 D4 D3 02 D1 DO

Select
r 0 Counter

BCD/Binary
0 = binary
1 = B C D

Counter Mode Select
000 = Mode 0. event count
001 = Mode 1, programmable 1-shot
010 = Mode 2, rate generator
0'l 1 = fvls6s 3, square wave rate generator
100 = Mode 4, software-triggered strobe
101 = Mode 5, hardware-lriggered strobe

BA + 8: PPI Port A - Digital VO (Read/Write)

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

BA + 9: PPI Port B - ChanneUGain Select (Read/Write)

A write programs the analog input channel and gain for the next conversion. This port must be set up as a
Mode 0 output for proper operation.

Reading this register shows you the current bit settings.
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ChannelGain
0 0 = x 1
01 =Y2
1 0 = x 4
1 1 = x 8

Analog Input
Channel Select
0000 = channel 1
0001 = channel 2
0010 = channel 3
001'l = channel 4
0100 = channel 5
0101 = channel  6
01 10 = channel 7
0111 = channel  8

1000 = channel 9
1001 = channel  10
1 0 1 0 = c h a n n e l  1 1
1011 = channel  12
1 1 0 0 = c h a n n e l  1 3
1101 = channel  14
1 1 10 = channel  15
1 1 1 1  = c h a n n e l  1 6

BA + 10: PPI Port C - Digital UO (Read/Write)

Transfers the two 4-bit Port C digital input and digital output data groups (Port C Upper and Port C Lower)
between the board and an external device. A read transfers data from the external device, through P2, and into PPI
Port C; a write transfers the written data from Port C through P2 to an external device.

BA + 11: 8255 PPI Control Word (Write Only)

When bit 7 of this word is set to l, a write programs the PPI configuration. The PPI must be programmed so
that Port B is a Mode 0 output port, as shown below (X = don't care).

Mode Set
1 = active

D7 D6 D5 D4 D3 D2 D1 DO

t-

| | Port
|  |  o=c

|  |  
1 = i r

I
I Port B

| 0 = output

I 
1 = input

I
Mode Select
0 = m o d e 0
'1 = mode 1

rras 
i

1",
i3:
I  rc
I
I
I
I

rde Seler
= mode
= mode
= mode

Port A
0 = output
1 = input

>t

-l
t C Lower
output
input

Port C Upper
0 = output
1 = input

|  
' 1  =mode1  

|

L_ _-i3t" l

Group A
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The table below shows the control words for the 16 possible Mode 0 Port VO combinations. The control words
which set Port B as an input cannot be used on the VF910.

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

SeUResel
Function
0 = active

D7 D6 D5 D4 D3 D2 D1 DO

Bir
Bit sel
0 = s e t
Bit SeuReset
0 = s e t b i t t o 0
1 = s € t b i t t o lBit Select

ggg = pCO

001 = PC1
010 = PC2
011 = PC3
100 = PC4
101 = PCS
110  =  PC6
1 1 1  = P C 7

8255 Port UO Flow Direction and ControlWords. Mode 0

Group A Group B Control Word

Port A
Port C
Upper Port B

Port C
Lower Binary Decimal Hex

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

Output Outpul Output Input 1 0 0 0 0 0 0 1 129 81

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

Output Output lnput Input 1 0 0 0 0 0 1 1 1 3 1 83

Output Input Output Outpul 1 0 0 0 1 0 0 0 136 88

Output Input Output Input 1 0 0 0 1 0 0 1 137 89

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

Output Input Input Input 1 0 0 0 1 0 1 1 139 8B

Input Output Output Output 1 0 0 1 0 0 0 0 1 M 90

Input Output Output Input 1 0 0 1 0 0 0 1 145 91

Input Outpul Input Output 1 0 0 1 0 0 1 0 146 92

Input Outpul Inpul Input 1 0 0 1 0 0 1 1 147 93

Input Inpul Output Outpul 1 0 0 1 1 0 0 0 152 98

Input lnput Outpul Input 1 0 0 1 1 0 0 1 153 99

Input Input Input Outpul 1 0 0 1 1 0 1 0 1 g 9A

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

Sets PGO to 1:
(written to BA + 'l1) 07 D6 D5 D4 D3 D2 D1 DO

X = don't care

Bir
Set PCOSeUResel

Function
Bit Select
ggg = pCO

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

A write programs the DACI LSB (eight bits).

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

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

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

A write programs the DAC2 LSB (eight bits).

BA + 15: D/A Converter 2 MSB (Read/Write)

A write programs the DAC2 MSB (four bits) into D0 through D3; D4 through D7 are irrelevant.

D7 D6 D5 D4 D3 D2 D1 DO

Bit 7 Bit 6 B i l5  B i t4 Bit 3 Birz Bir 1 Bit 0

DAC MSB D7 D6 D5 D4 D3 D2 D1 DO

Bi r  11 Bir 10 Bit 9 Bit 8

BA + 16: User 8254 Timer/Counter 0 (Read/Write)

Two reads show the count in the timer/counter, and two writes load the counter/timer with a new l6-bit value,
LSB followed by MSB. The timer/counter must be loaded in two S-bit steps. Counting begins as soon as the MSB is
loaded.

BA + 17: User 8254 Timer/Counter I (Read/Write)

Two reads show the count in the timer/counter, and two writes load the counter/timer with a new l6-bit value,
LSB followed by MSB. The timer/counter must be loaded in two 8-bit steps. Counting begins as soon as the MSB is
loaded.

BA + 18: User 8254 Timer/Counter 2 (ReadlWrite)

Two reads show the count in the timer/counter, and two writes load the counter/timer with a new 16-bit value,

LSB followed by MSB. The timer/counter must be loaded in two 8-bit steps. Counting begins as soon as the MSB is

loaded.

DAC LSB

X
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BA + 19: User 8254 Control Word (Write Only)

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

BCD/Binary
0 = binary
1 = B C D

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

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

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

BA + 20: Board Setup Register (Write Only)

A write sets the PC's interrupt channel, the A,/D conversion mode, the system clock speed, and the service timer

divider. Bits 0 through2 are used to select the interrupt channel. Three settings, 000, 100, and l0l, disable the

interrupt. If an tRQ channel is programmed, the interrupt selected at BA + 2l is automatically enabled on that

channel.

The service time is programmable to provide you with as much time as you need to read the data, clear the

counter, and change the channel and gain.

Service Timer Divider
00 = .5 psec
01 = 62.5 psec
10 = 126.5 lrsec
11 = 254.5 psec

Conversion Mode
0 = single
1 = continuous

System Clock
0 0 = 2 M H z
0 1 = 1 M H z
10 = 0.5 MHz
11 = external clock

lnterrupt Channel Select
000 = interrupt disabled
001 = lRQ5
010 = lRQ6
011 = IRQT
100 = interrupt disabled
101 = interrupt disabled
110 =  tRQ2
1 1 1  -  r R Q 3
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BA + 21: A/D Trigger Mode Register (Write Onty)

This register sets up various triggering parameters for conversions. Bit 0 sets the trigger mode, internal or
external. In the external trigger mode, a conversion can be started on the rising or falling edge of the trigger,
depending on the setting ofbit 1. Bit 3 sets the intenupt source. Bit 4 can be used to start a conversion in internal
trigger mode. In the single conversion mode, only one measurement is taken. In the continuous mode, after the start,
the board is continuously converting.

Software Trigger
1 = start convert
(internal trigger)

Trigger Select
0 = external trigger
1 = internal trigger

External Trigger Polarity
0 = start convert on rising edge
1 = start convert on falling edge

IRQ Select
0 = E O C
1 = External Trigger

BA + 22: Reset/Update DACs (Read/Write)

A read resets the board. The data written is irrelevant.

A write simultaneously updates the two D/A outputs with the latched data. If the data written to either channel
has not been updated since the last conversion, the output ofthe corresponding DAC will not change.
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A/D Conversions

Before you can start taking A,/D conversions, you must clear the 20-bit counter and program the 8254 timer.
The software provided with your board contains example programs for board initialization.

You can monitor the conversion status using the end-of-convert bit at VO address location BA + 2. When bit 7
of this word is low, a conversion is in progress. When it goes high, the conversion is completed. Note that the end-
of-convert line can also be monitored through a software programmable IRQ line if it is enabled.

Programming the 8254 Timer

Two of the 8254's 16-bit timers are cascaded to form a32-bit timer which gates the 20-bit conversion counter.
The timer is clocked by the same system clock which supplies the V/F converter. Timer 0 and timer 1 are pro-
grammed with the values that will open the conversion gate for the desired time window. In the example programs

included with your board, timer 0 is always set at 32. This divides the input frequency of system clock by 32, which

produces an output frequency of system clock -+ 32 going into timer l. For a system clock of I MHz, this is:

To set for 32,
LSB = 32 (20),
MSB = 0 (00)

Then, timer 1 is programmed with the correct divider value to take readings at the desired resolution. For

example, if you want a resolution of 16 bits with the system clock programmed to run at I MHz, then you must

program timer I to further divide the output of timer 0 by 4095. This produces an output frequency of 7.629 Hz,

which will open the 20-bit conversion counter gate for 131.072 milliseconds giving you a 16-bit resolution:

To set for 32,
LSB = 32 (20),
MSB = g 1gg;

To set for 4095,
LSB = 255 (FF),
MSB = 15 (0F)

NOTE: The above example is for both single and continuous conversions. Note that you must always subtract

1 from the value you load into timer I in order to have an accurate count. This is done to compensate for how the

8254 handles single countdown operations for cascaded timers. In the continuous mode, the sampling rate is

determined by:

fs = I - (gate time + service time).

As you can see, the timing calculations can be somewhat complex. The formulas for calculating the counts to

load into the timers are given in Chapter 5. Chapter 5 also provides tables and formulas for decimal counts. These

are helpful for voltage-based resolutions, such as a resolution of 100 microvolts. Here, you can refer to the following

table to help you determine the count to be loaded into the timers for bit-based resolutions.
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Resolution
Timer 0 LSB
(DecimaUHex)

Timer 0 MSB
(DecimaUHex)

Timer 1 LSB
(DecimaUHex)

Timer 1 MSB
(DecimaUHex)

12 bits 32 t20 0 / 0 0 255 | FF 0 / 0 0

13 bits 32 t20 0 / 0 0 255 | FF 1  1 0 1

14 bits 32t20 0 / 0 0 255 / FF 3 / 0 3

15 bits 3 2 / 2 0 0 / 0 0 255 / FF 7  t 0 7

16 bits 32 t20 0 / 0 0 255 | FF 1 5 / 0 F

17 bits 32 t20 0 / 0 0 255 I FF 3 1  / 1 F

18 bits 32120 0 / 0 0 255 I FF 6 3 / 3 F

This chapter's final example for the 8254 timer is a portion of an initialization program, written in BASIC,
which shows you how to set up the 8254 timers 0 and I so that they open the conversion counter for a time period of
131.072 milliseconds, giving you a l6-bit resolution with a I MHz system clock. The timer I divider is 4095. In this
example, TWC stands for the 8254 control register which is addressed at BA + 7 (decimal), TA stands for timer 0
which is addressed at BA + 4. and TB stands for timer I which is addressed at BA + 5. All values are in hex.

OUT TWC, &H34
ouT Twc,  &H74
u u  r . ' 1  A  ,  & . n z  u
OUT TA, &HO
OUT TB, &HFF
OUT TB, &HF

'SET UP TIMER O AS MODE 2
'SET UP TIMER T AS MODE 2
'SET  T IMER O DTVIDER LSB (LSB
'SET TIMER O DIVIDER MSB (MSB
,SET T IMER 1  D IV IDER LSB (LSB
.SET TIMER 1 DIVIDER MSB (MSB

32  FOR D IV IDER OF 32 )
O FOR DIVIDER OF O )
255  FOR D IV IDER OF 255 )
15 FOR DIVIDER OF ] .5)

Initializing the 8255 PPI

The eight Port B lines of the 8255 PPI control the channel and gain selection. Port B is programmed at VO
address location BA + 9:

D7 D6 D5 D4 D3 D2 D1 DO

00
ChannelGain
Q Q = x 1
01  = ; l
1 0 = x 4
1 1 = x B

Analog lnput
Channel Select
0000 = channel 1
0001 = channel 2
0010 = channel 3
0011 =channel4
0100 = channel 5
0101 = channel 6
01 10 = channel 7
0 1 1 1  = c h a n n e l S

1 000 = channel 9
1001 = channel 10
1 0 1 0 = c h a n n e l l l
1011 = channel 12
1 100 = channel 13
1101 =channe l  14
1110 =  channe l  15
1 1 1 1  = c h a n n e l  1 6
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To use Port B for these functions, the 8255 must be initialized so that Port B is set up as a Mode 0 output port.

This is done by writing this data to the PPI control word at VO address BA + 11 (X = don't care):

D7 D6 D5 D4 D3 D2 D1 DO

Clearing the Board

It is good practice to start your program by resetting the board. You can do this by performing a read ofthe
RESET port at BA + 22.

Setting the Channel

To select a conversion channel, you must assign the appropriate values to bits 0 through 3 at BA + 9. The table

below shows you how to determine the bit settings. Note that in the single convert mode, if you don't want to
change the gain setting when programming a new channel setting, you must preserve the gain portion of the chan-
nel-gain data when you set the channel.

x x x x cH3 cH2 cHl cH0

Setting the Gain

To select the gain (1,2,4, or 8), you must assign the appropriate values to bits 4 and 5 at BA + 9. The table
below shows you how to determine the bit settings. Note that in the single convert mode, if you don't want to
change the channel setting when programming a new gain setting, you must preserve the channel portion of the
channel-gain data when you set the gain.

B A + 9

B A + 9

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

2 0 0 0 T 1 0 1 0 0 {

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

5 0 I 0 0 1 3 1 1 0 0

b 0 t 0 .l ' t4 1 1 0 1

7 0 1 1 0 1 5 'l
t 1 0

I 0 I 1 1 1 6 1 1 1 1

x x G1 GO x x x x

Gain G1 GO

1 0 0
2 0 1

4 1 0
I 1 1
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Conversion Modes

The A/D circuitry can perform conversions in two modes, Single Convert and Continuous Convert. The board is
typically used in the Continuous Convert mode.

. Single Convert Mode

The Single Conveft mode lets you perform a single A,/D conversion each time you write a 1 to the Software
Trigger (Start Convert) bit, bit 4 at BA + 2l . BA + 20, bit 3 should be set to 0 for single conversions. Figure 4- I
shows the timing diagram for this mode, and Figure 4-2 provides a flow diagram.

Start Conversion

End-of-Convert

A,/D Counters Gate

Counters
Enabled

131.072 ms

Counting Read Count

Counters
Enabled

Counting Read Count

Fig. 4-l - Single Convert Mode Timing Diagram
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Set system clock, single
conversion mode, internal trigger

Program 8254 Timer for desired
gate time

Clear Conversion

Select Channel & Gain

Change Channel?

Start Conversion

End-of-Convert

Read contents of counters

Fig.4-2 - Single Convert Mode Flow Diagram



. Continuous Convert Mode

The Continuous Convert mode lets you perform continuous conversions by writing a 1 to the Software Trigger
(Start Convert) bit, bit 4 at BA + 2l . BA + 20, bit 3 should be set to 1 for continuous conversions. Fisure 4-3 shows
the timing diagram for this mode, and Figure 4-4 provides a flow diagram.

Start Conversion

End-of-Conve-

l# :st.ozzms -$(-service Timed

Counting
A,/D Counters Gate

Interrupt
(if enabled)

Read Count

Fig. 4-3 - Continuous Conved Mode Timing Diagram

Counting Read Count
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Set system clock, service time,
continuous convert mode.

internal trigger

Program 8254 Timer for desired
gate time

Clear Conversion

Select Channel & Gain

Start Conversion

End-of-Convert

Read contents of counters

Clear Conversion

Stop Program

Fig.4-4 - Continuous Convert Mode Flow Diagram



. Cascading Boards

Two or more boards can be cascaded and triggered so that conversions are performed simultaneously on each
board. Figure 4-5 provides a flow diagram for cascaded operation. Chapter 2 shows how to connect the boards for
simultaneous triggering.

Boards 1&2

Boards 1&2

Boards 1&2

Boards'l&2

Boards 1&2

Boards 1&2

Set system clock,
single conversion mode,
Board 1: internal trigger

Board 2: external trigger, rising
edge

Program 8254 Timer for desired
gate time

Clear Conversion

Select Channel & Gain

Start Conversion

End-of-Convert

Read contents of counters

Stop Program

Fig. 4-5 - Cascaded Boards, Single Conved Mode Flow Diagram



Reading the Converted Data

After a conversion is completed, the data is read from the 20-bit conversion counter. The excerpt below from an

example BASIC program shows you how data is read from the counter. The data is read in three bytes, the low,

middle, and high byte, at three VO address locations, BA + 0, BA + l, and BA + 2. The upper half of the byte

contains the status bit of the measurement. You must mask this bit out before using the value.

ADLB = INP(BA) 'READ COUNTER LOW BYTE

ADMB = INP(BA + 1)  'READ COUNTER MIDDLE BYTE

ADHB =  INP(BA +  2 )  AND OHE 'READ COLTNTER H IGH BYTE

RESULT =  ( (ADLB +  (ADMB x  256 )  +  (ADHB x  55536 ) )  x  CF

The last line of this example program shows you how to convert the result into the true frequency output by the

V/F converter. After performing the multiplication by the bit weight for each of the four bytes read, you must then

multiply the result by a correction factor, CF, in order to find the true frequency of the signal you measured. The

correction factor is the inverse of the amount of time you had the counter gated open for counting
( C F = 1 + G a t e T i m e ) .

For example, if you count a l0 Hz signal for I second, your count would be 10. This is multiplied by a correc-

tion factor of l, which is I + I second. If you count the same l0 Hz signal for 0.5 seconds, your count would be 5'

This is multiplied by a correction factor of 2 (l - 0.5 seconds) which again gives you the true frequency of 10 Hz.

Counting 10 Hz for 2 seconds gives you a count of 20 which is then multiplied by a colrection factor of 0.5 ( 1 +- 2

seconds) for a result of l0 Hz. In contrast, a more complex example is counting for l3l.O72 milliseconds (a l6-bit

resolution). The correction factor is I +.131072,or7.629.

D/A Conversions
The two D/A converters can be individually programmed to convert l2-bit digital words into a voltage in the

range of t5, +10, 0 to +5, or 0 to +10 volts. DAC1 is programmed by writing the 12-bit digital data word to BA + 8

and BA + 9. DAC2 is identical, with the data word written to BA + 10 and BA + I l. The DACs are updated by

writing ro BA + 22.The following tables list the key digital codes and corresponding output voltages for the D/A

converters.

D/A Converter Unipolar Calibration Table

D/A Bit Weight

ldeal Output Voltage (in millivolts)

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

4095 (Max. Output) 4998.8 9997.6

2048 2500.0 5000.0

1024 1250.0 2500.0

512 625.00 1250.0

256 312.50 625.00

128 156.250 312.50

64 78.125 1s6.250

32 39.063 78.125

1 6 19.5313 39.063

8 9.7656 19.5313

4 4.8828 9.7656

2 2.4414 4.8828

1 1.2207 2.4414

0 0.0000 0.0000
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D/A Converter Bipolar Calibration Table

D/A Bit Weight

ldeal Output Voltage (in millivolts)

! 5 V r10 v

4095 (Max. Output) +4997.6 +9995.1

2048 0.0 0.0

1024 -2500.0 -5000.0

512 -3750.0 -7500.0

256 -4375.0 -8750.0

128 -4687.5 -9375.0

64 -4843.8 -9687.5

32 -4921.9 -9843.8

1 6 -4960.9 -9921.9

8 -4980.5 -9960.9

4 -4990.2 -9980.5

2 -4995.1 -9990.2

1 -4997.6 -9995.1

0 -5000.0 -10000.0

User-Available 8254 Timer/Counter

An 8254 programmable interval timer provides three l6-bit, 8 MHz timer/counters for timing and counting
functions such as frequency measurement, event counting, and interrupts. All three timer/counters are available for
your use. Figure 4-6 shows the timer/counter circuitry.

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
the VO map section at the beginning of this chapter.

One of three clock sources, the on-board 2MHz crystal, external clock I (EXT CLKI, P2-41), or external clock
2 (EXT CLK2,P2-45) can be selected as the clock input. The diagram shows how these clock sources are connected
to the timer/counters.

Three gate sources are available: +5V on-board (always tied high), external gate I (EXT GATEI, P2-42), or
external gate 2 (EXT GATE2, P2-46). The diagram shows how these gate sources are connected to the timer/
counters.

The output from timer/counter 0 or I is jumper-selectable. The selected output is available at the OUTO/OUTI
pin (P2-44). Timer/counter 2's output is available at the TRIGGER OUT/OUT2 (P2-43) if it is enabled by placing

thejumper on P3 across the appropriate pins. The diagram shows how these outputs are connected.

The timer/counters can be programmed to operate in one of six modes, depending on your application. The
following paragraphs briefly describe each mode.

Mode O Event Counter (Interrupt on Terminal Count). This mode is typically used for event counting.
While the timer/counter counts down, the output is low, and when the count is complete, it goes high. The output

stays high until a new Mode 0 control word is written to the timer/counter.
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v F 9 1 0
r/o coNNEcTon

P2

EGr2 
|

EXTCLXl

EXTCLK2

EXTGATEl

EXTGATE2

OUTO / OUT1

Fig. 4-6 - User E254Timerl0ounter Circuitry

Mode 1, Hardware-Retriggerable One-Shot. The output is initially high and goes low on the clock pulse
following a trigger to begin the one-shot pulse. The output remains low until the count reaches 0, and then goes high
and remains high until the clock pulse after the next trigger.

Mode 2, Rate Generator. This mode functions like a divide-by-N counter and is typically used to generate a
real-time clock intemrpt. The output is initially high, and when the count decrements to l, the output goes low for
one clock pulse. The output then goes high again, the timer/counter reloads the initial count, and the process is
repeated. This sequence continues indefi nitely.

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

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

Mode 5, Hardware Triggered Strobe (Retriggerable). The output is initially high. Counting is triggered by
the rising edge of the gate input. When the initial count has expired, the output goes low for one clock pulse and
then goes high again.

Digital VO

The 16 8255 PPl-based digital VO lines can be used to transfer data between the computer and external devices.
The digital input lines can have pull-up or pull-down resistors installed, as described in Chapter 1.

Interrupts

The VF910 has two software selectable intemrpt sources: End-of-convert and external trigger. The selected
intemrpt can be monitored through a software-selectable intemrpt channel, IRQ2 through IRQ7. The EOC line is
low whenever an A,/D conversion is in progress. When the signal transitions to a high (logic l) state, an interrupt is
sent to the computer telling it that the conversion is completed. The external trigger line generates an intemrpt on the
rising edge or falling edge of the signal fed into P2-39, depending on the setting of bit I at BA + 2 I .

TIMER/
COUilTEN CLX

2

6ATE

OUT
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Example Programs

Included with the VF9l0 is a set of example programs that demonstrate the use of many of the board's features.
These examples are in written in C, Pascal, and BASIC. Also included is an easy-to-use menu-driven diagnostics
program, 9lODIAG, which is especially helpful when you are first checking out your board after installation and
when calibrating the board (Chapter 6).

Before using the software included with your board, make a backup copy of the disk. You may make as many
backups as you need.

C and Pascal Programs

These programs are source code files so that you can easily develop your own custom software for your VFgl0
board. In the C directory, VF9I0.H and VF9lO.INC contain all of the functions needed to implement the main C
programs. H defines the addresses and INC contains the routines called by the main programs. In the Pascal direc-
tory, VF91O.INC contains all of the procedures needed to implement the main Pascal programs.

Analog-to-Digital:

READ
EXTTRIG
INTRPT, MULTI

Digital UO:

DIGITAL

Digital-to-Analog:

DAC Shows how to use the DAC. Uses A./D channel 1 to monitor the output of the DAC.

Interrupts:

INTRPT Shows the bare essentials required for using interrupts.

BASIC Programs

These programs are source code files so that you can you can easily develop your own custom software for your
VF9l0 board.

Analog-to-Digital:

Demonstrates basic operation of A/D.
Similar to READ except that an external trigger is used.

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

Digital-to-Analog:

DAC Shows how to use the DAC. Uses A/D channel I to monitor the output of DAC.

Demonstrates basic operation of A/D.
Similar to READ except that an external trigger is used.
Single and multiple channel A/D conversions with intem.rpt

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

READ
EXTTRIG

Digital VO:

DIGITAL
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