EE 314 Spring 2002
Microprocessor Systems

Laboratory Project #6

Parallel Printer Port Use and Digital-to-Analog Conversion

Important Note Concerning Equipment.

Thas 1= the first lab that has requured the use of hardware external to the PC. The external hardware to be
used will be provaded. Each group wall use a Diglab XL A beard and two B2R Resistor Ladder boards.
Each workstation 1n the lab also 15 provided wiath a Tekiromix TD53014 Dhgrtal Oscilloscope. Thas

equipment 15 not to be removed from the lab under any arcumstances.

The Dhgilab board 15 shown in appendix A, wiath all of the features required in thas lzb highlighted. (The
boards in the lab will look shghtly different than thas drewing as they are a newer version of the board)
Mote the large clup (U3) at the top-center of the board. This chup, called a Field-Programmable Gate Armray
(or FP(zA), 15 a programmable logic device, and can be programmed to contain a digital orcut to
mnplement any digital design. For this lab, it 15 programmed wath the arcuit shewn in appendix B. The
process of programming the gate array to contain a partcular ciromt design 15 called configuration. For thas
lab, a DOS program, called CDALAE EXE will be provided which wall configure the board wath the
appropriate crcuit design for this lab.

For the Dhexlab board to work properly, a OV wall-plug power supply must be attached to the power
supply connector (J12); a parallel cable connected to a printer port on the PC and attached to the 25 pin
connector on the Dhgilab board. Swatch SWY on the Dhgilab beard 15 used to swatch the parallel port on the
board between confipuration mode (PROG posthion) and parallel port access mode (PORT posttion). When
using the CDALAB EXE program to confipure the board, 5W3 must be 1 the PROX: positon. After the
board has been configured, SWS must be placed 1n the PORT position. If 5W5 s not placed 1n the POET
position before use, the configuration 1n the gate array will be erased as soon as yvour software tries to wrte
to the parzlle]l port and nothing will work properly:. This won't damage the board, it samply won't work
properly. If vou forgst to set the switch to the PORT posibion, simply run the CDALAB EXE program agan
to re-configure the pate ammay.

IEM PC type parzllel printer ports can appear at one of several ['O addresses. All of the machines 1n the lab
have their pnnter ports at address 0x278 or 0x378. The CDALAB EXFE program allows specification of the
parallel port to use v1a the —p ophion:

cdalab 273 configure board at port address 0x276

cdalab —p378 configure board at port address (k378

If vou try to configure the board at one port address and the program tells vou that it can’t find the board,
try the other port address. If you are interested 1n seeing how the CDALAB EXF program works, the
source code 15 included on the class web site 1n the DOSCEG. ZIP file. The propram 15 wnitten 1 8086

zssembly langnase.

For this lab, each team will also be provided with two R2ER resistor ladder boards. As described later in thas
document, an R2E ladder 15 @ way of construchng & digital to analog converter. Each B2R ladder board 15 2
single, § bit, DA comverter. In thas lab the two B2E boards wall be used to create two analog output
channels which wall be used to draw prctures on an cscilloscope. The B2R ladder boards are to be plugged



mic the 72 pin comnnector, labeled J1, on the Dhglak board. The boards must be plugged into the commect
locations and with the comect onentation for the lab to work. The X channel board 1= to be plugeed info the
LD1 - LD2 cutputs with the most sigmficant bit posibion (D7 on the R2E board) connected to LD The ¥
channel F2K board 15 the be connected to signals DP and CA-CG with the most ssgmficant bt (D7 on the
F2R board) connected to CG on the Dheilab board. If the Dhgalab board 1= positioned so that the switches
and buttoms are near you, the LD1 — LD7 signals are just to left of center on the top row of J1 and the X
channel B2R beard will be positoned so that the yellow resistor netsworks on the beard face yvou. The Y
channel B2R board will be just to the left of the X channel board on the bottom row of contacts and facing

away from youw
Use of Oscilloscope

The csallescopes 1n the lab are Tektromx TDS 3014, four channel Dhgrtal Phosphor Osalloscopes. These
are very igh quality and expenzive osalloscopes that were recently donated by Tekiromx. Please don't
mustreat them. For thas lab, only two of the four channels (channel 1 and channel 2) will be used. The X
channel DVA converter should be connected to scope chammel 1, and the ¥ channel VA converter should be
connected to scope chamnel 2.

Select Vertical Scale: The output of the DVA converters wall range from 0 to about 2 volts, so0 1 wolt per
drmizion should be selected for the vertical scale for each channel. Select channel 1 (the yellow channel
button) and adjust the Vertical Scale knob untal the CHI value in the lower left comer of the display
mdicates 1V, Simalarly, adjust channel 2, by pressing the blue channel button and adjust the Vertical Scale
knob until CH2 mdicates 1V,

Set up the triggering: Press the Tngger Menu button. A memi will appear on the bottom and nght of the
display. Select channel 1 a= the tngeger channel by pressing the menu butten for Source and then press the
night side mem button to select chanmel 1. Select DC Coupling, nsing edge Slope, and sst the Level at
about 2V by adjusting the Tnpger Level kncb. After the tnpgenng 15 set up, the menu can be removed from
the display by pressing the Menu Off button at the lower night comer of the display

=et display to normal mode: For checling the hneanty of the [V A converters, the osalloscope needs to be
m the normal display meode. To set the osalloscope mnto the normal display mode, press the Dhsplay button
(in the lower maddle of the group of s buttons at the top nght of the control panel) to bring vp the Dhsplay
Menu. Select XY display from the lower menu buttons, and then Off (Y1) from the nght ==t of mem
buttons. In the nommal display mode, the oscilloscope plots channel voltape on the Y axis vs. time on the X
axis. The time scale 1s controlled by the Honzontal Scale knob.

Set display to XY mode: For the main part of this lab, the osalloscope should be placed into XY mode.
This 1= done by pressing the Dhsplay button (1o the lower middle of the group of s1x buttons at the top right
of the control panel), which brings up the Display menu. Select XY display on the bottom row of memu
buttons and then Tnggered XY from the nght set of menu buttons.

Owverview and Introduction To the Lab Procedure

In this laboratory you wall be using a 2 chammel digatal to analog comverter to draw 1mages on the display of
an oscilloscope operating m XY mode. The dipatal to analog comverters are attached to a logic cromt
mnplemented 1n the gate arrey on a Dhigilab board and accessed through the parallel printer port interface on
an IBM PC type computer.

Objectives
(roals for thas lab are:

(1) Understand how to use the pnnter port hardware interface.
(2) Understand how an B-2R ladder works for DVA conversion.

[



(2] Wnte a program wihoch uses both C'C++ and Assembly language to interface to external
hardwere through the parzllel port.

Fre - Lab

(Due 2t the beginning of the lab period )

1

Feview the detailed schematic for a simple two-channel VA converter (attached, appendix B). Note
how the DVA converter 15 controlled by the standard ponter port. Also review the grven printer port
organization. ¥YWhat values need to be output to the printer port registers to load data into each set of
registers (the X and Y channels)? You will need to find more information on parallel port usage. One
pood source the web site wwwhbevondlogic.org. You can find many more such documents by searching
the web.

Wnite a program 1n Turbo C++ (provided on all the lab machines in EEME 136) that uses the provided
pputils.cpp and pputils h to:
[1 Deterrmne the location of the parzllel port registers.
1 Pont the locahion of these registers to the screen {Base Address, Control Address, and
Data Address)
[] Dove all Data pins low (Venify this with a multmeter or an oscilloscope).

Use the zipped project posted to the web-site to get started.

Deetermine what the output voltage 15 on the B2E ladder in Figure 1 if the value of the mputs 1=:
| D7 D& D5 D4 D3 D2 D1 D0
|1 0 0 0 1 0 0 0

Assume Vdd = Swolts (Hint: use superpositicn)

Fgue1

Lab Procedure

1. Set up your hardware. Unplug the Digalab power supply, and install the B2R ladder boards. Attach the

oscilloscope probes for the two channels to the outputs of the B2R ladder boards. Attach the ground
leads on the scope probes (the alligator chip) to the GIND pads on the F2R boards. Connect the parallel



