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Chapter 6

Testing Serial-Based Nodes

Assuming you built up your own serial based nodgn@an SMINI or an SUSIC) it is important to test
what you have built before putting it to use. Tttigpter will show how to test your cards to vetifst
everything is assembled and connected correcthhéelp with the testing we will use special test
software loaded into your PC.

Even if you purchased your card(s) assembled ateldgit is still a good idea to carry out theitegtIt
helps in becoming familiar with C/MRI node operatid@ checks that your interface connections to the
computer are correct and verifies that nothing eeareaged during shipping.

The methods used to test and debug an SMINI nod@a$USIC-based node are very similar so | have
combined the material into this single comprehenshvapter. Where the testing and debug steps are
different between the two node types, | cover laotth you can skip the portion that does not apply to
your immediate need.

Testing is significantly automated using a Unive&erial Test Program. Two versions are provided on
disk:

1. USTPQB.BAS for use with QuickBASIC operating un@€»$S
2. USTPVB.VBP for use with Visual Basic operating unidéindows

Both programs provide an identical level of testing

To perform the testing you need a standard tedtanaal wraparound cable. If you already have a ptevi
DOTEST card and cable you can use them for SMIstlrtg. However starting from scratch, and
especially if you use the new 32-bit I/O cards wite SUSIC, | recommend making use of the new
TEST32 card. The advantage of the 32-bit cardgsialiility to test the new DOUT32 card as well as
previous 24-bit cards and also the SMINI.

Throughout this chapter, for ease of example, linsference all I/O cards as being the new 32-dnitis
(DOUT32 and DIN32). Be assured however that altésés work just as well if you are using any @& th
24-bit cards (DOUT, DIN, COUT24 and CIN24). Simijard will be referencing mainly the SUSIC serial
card. However, all tests work just as well using dhiginal USIC design with the 68701 Microconteoll
Fundamentally, all the tests presented in this temage truly Universal Serial Tests and they work
equally well with all the different C/MRI serial icts.

ASSEMBLING THE 32-BIT OUTPUT TEST CARD (TEST32)

We will soon be using software to test our SMINISMWSIC-based nodes. The first test checks that
messages can be sent from the PC to the outpubpitiee SMINI and the DOUT32. To do that
efficiently we need a test card. Then, once alldimputs test satisfactorily, we can use the tast c
combined with a wraparound test cable to test negptfie SMINI and DIN32 inputs.

Fig. 6-1 is an illustration of the TEST32 card. THeDs L1 through L32 are used to display the output
status of a DOUT32 card, the 24 outputs on a DO&Fd or the two sets of 24 outputs on an SMINI.
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This greatly simplifies the testing of outputs asdery useful any time you need to debug the C/EIRI
confirm that it is operating properly.

Only 24 of the 32 LEDs, marked as Ports A throughr€used when testing the SMINI and DOUT cards
but the others are required for testing DOUT32 €ard
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Fig. 6-1. TEST32 card parts layout

A ready-to-assemble TEST32 printed circuit caravailable from JLC Enterprises and a complete kit
including 32 bicolor LEDs is available from SLIQd€tronics, in addition to fully assembled and teste
cards. See Appendix A for details. For do-it-ygmlfers, Table 6-1 lists the required parts.

Table 6-1 TEST32 card parts list

Qnty. Symbol Description

32 R1-R32 330Q resistors [orange-orange-brown]

4 H1-H4 8-pin Waldom side entry connectors (Mouser 538-09-52-3081)

32 L1-L32 Bicolor diffused red/green T1 size 2-lead LEDs (Mouser 604-
WP93EWG) or if only using to test current sinking outputs can use
diffused T1 size Red LEDs (Jameco 333851) or if only using to test
current sourcing outputs can use diffused T1 size Green LEDs (Jameco
333201)

1 — Clip lead (use Jameco 10444 or any equivalent)

Author’s recommendations for suppliers given in parentheses above with part numbers where

applicable. Equivalent parts may be substituted. Resistors are %W, 5 percent and color codes
are given in brackets.
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In general, | recommend using the 2-lead bicolobk s this enables testing both current-sinking and
current-sourcing outputs. Connect the clip leati3ddc when checking standard current-sinking owput
and to ground when checking alternate current-sogi@utputs.

However, bicolor LEDs are more expensive than siwglor LEDs. Therefore, if you plan only to use
one type of output (standard current-sinking cgrathte current-sourcing) you can install the less
expensive single color LEDs. | like to use the k& for testing standard current-sinking and theegr
LED for testing alternate current-sourcing outpltsing this procedure it is easy to tell the cards
intended function plus the colors match thoseltght when using the multi-purpose bicolor LEDs.

R1-R32.

ek mportant Point****
If unclear as to which lead is which with the LEY@sI have purchased, | strongly recommend that yo
install only the first LED and once you have susbd$y passed the card test for that LED, instad! t
remaining LEDs. Having all the LEDs in backwardsawlyou try to test is quite undesirable — espacial
when they all need to be unsoldered and then ediedtcorrectly.

ot

L1-L32[+]. Using the specified bicolor LED, instalie longer lead in the hole with the square pad.
This should provide a red indication when checlgtamdard current-sinking outputs and a green
indication when checking the alternative currenirsmg outputs.

If using the red only LED, install the longer leiadhe hole with the + sign and square pad andetsie
card works only for testing standard current-siglkouitputs.

Similarly, if using the green only LED, install tkborter lead in the hole with the + sign and sejypead
and the test card work only for testing the alteweacurrent-sourcing outputs.

H1-H4. Install the 8-contact side entry connestoy first hooking their nylon retaining fingersesv
the edge of the card, then feeding the metal coptas through the card holes. Make sure all 8 pins
each connector pass through the holes. Hold theexbor shell tightly against the card as you solder

Clip lead. Cut off and discard one of the alligatiips, making the remaining lead as long a pdssib
Enlarge hole “X” to be a snug fit for your clip tBainsulation diameter and hole “y” to fit theglieads
internal wire diameter. Feed the cutoff end ofdlye lead up from the bottom side of the board tigto
hole X, strip off about ¥4 inch of the insulationdathen fit the stripped end into hole “y”. Soldedérim.
Then work all slack back toward the clip.

Cleanup and inspection.

That is all there is to assembling the Test32 Card.

TEST32 CARD TESTING

Before using the TEST32 card, it is important tkenaure it is functioning correctly.
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If using the bicolor LED, connect the card’s clgadl to +5Vdc. Use another clip lead to step through
touching each of the connector pins on H1 throughdiground. Each time the corresponding LED
should light red. Then connect the test card’s lelgul to ground and use the test clip lead totsieugh
touching each of the connector pins on H1 throughd+5Vdc. Each time the corresponding LED
should light green.

If you are using the red only LED, connect the tacdtlp lead to +5Vdc. Use a second clip lead &pst
through touching each of the connector pins onhidugh H4 to ground. Each time the corresponding
LED should light red.

If you are using the green only LED, connect thel'saclip lead to ground. Use a second clip leastép
through touching each of the connector pins onhdugh H4 to +5Vdc. Each time the corresponding
LED should light green.

That is all there is to testing the TEST32 card.W¥ed to assemble one more item, a special calibe, t
ready for system testing.

ASSEMBLING WRAPAROUND TEST CABLE

For system testing we will be wrapping the outgrtds our SMINI (or from a DOUT32 card) back in as
inputs to our SMINI (or to a DIN32 input card). Rbat we need to construct the wraparound tesecabl

shown in Fig. 6-2.

Each pin of one connector is simply wired straighthe corresponding pin of the other connectay. 6+
2a shows the typical arrangement to create thei2aable using 4 identical 8-wire sections.

However if you already happen to have a 24-wirdeclbom previous C/MRI testing, and you need 32
wires, simply assemble a single 8-wire section shmwFig. 6-2b. Although it is seldom listed in
distributor catalogs, Molex (Waldom) does makenalsi 24-pin housing.

Table 6-2 lists the required parts for making threparound cable.

Table 6-2.Wraparound cable parts list

Part description Recommended source and part number
8-pin Waldom terminal housing Mouser 538-09-50-3081
12-pin Waldom terminal housing Mouser 538-09-50-3121

Crimp terminals for wire sizes 18-24  Mouser 538-08-50-0106
Crimp terminals for wire sizes 22-26  Mouser 538-08-50-0108
Stranded insulated hook-up wire Your choice, see note in Fig. 6-2

Cut all 32-wires the same length. To make it easyonnect to both ends of the SMINI card, the best
length is about 24 inches. Easy and reliable cdiorecrequire using the Special Crimping Tool (Bigi
Key part number WM9903) as demonstrated in Figl 3E0 not try to use a general-purpose crimping
tool, as they are not designed to wrap the tabhsnarthe wire and around the insulation. You wilt no
form good connections.
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/

I Make all 32 wires identical iength (about 24-inches for SMINI)

Four each 8-pin terminal housings on each end of cable
Paint alignment dots on both sides of each housing AN

Note: Drawing not to scale.

a) Approach using 8 each 8-pin housings Cable appears shorter relative
to size of connector housings.

Two each 12-pin and 1 each 8-pin terminal housings on each end of cable

Recommend using No. 22 stranded wire with maximum
insulation diameter of .065-inches. Use small wire
ties to separately group each set of 8- and 12-wires

b) Approach using 4 each 12-pin and 2 each 8-pin housings

Fig. 6-2. Wraparound test cable
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Additionally, the number of I/O cables required éven a small interface makes the $15 tool costa w
investment. Once you become familiar with using #pecial tool, crimping is easy and fast. Also,
because the connections made by the tool aretsp yigu can typically skip the soldering requiremen
However, for added reliability, we do solder eatkthe crimps on the SVOS.

I recommend using AWG 22 stranded wire with an letson diameter less than .065 inches. Wire with
thicker insulation does not fit well into the haugs. Stranded wire is essential because of thatege
flexing each time the cable is attached and remo&sskembling the cable with the tab locking notches
facing up on one end and down on the opposite ealegeefor identical cable attachment when plugged
onto the two cards. This arrangement is illustratefig. 6-2.

Also, it is important to paint a colored dot onleaable end, on both sides of the connector housing
denoting the same contiguous wire. This helpsdarie having the cable plugged onto the cards dtyrec
Believe me, | have helped, over the telephone, nadiimgt time user achieve success in their wrajrzao
test merely by correcting a twist in their wraparduest cable.

To avoid cable misconnections, use the coloredtdatbeck that you have the same cable alignment fo
each card to which the cables are attached. Atz gou have your dots painted, it is desirablattach

a few small wire-ties along each cable sectionh&ation makes the cabling neater and helps prevent
having the 32 separate wires becoming tangled.

Before beginning actual testing, it is importanb&in position to take advantage of the status
information conveyed by the green, yellow and r&iDk mounted on each SMINI and SUSIC.

USING THE STATUS MONITORING LEDS (SMINI and SUSIC)

Both the SMINI and the SUSIC, as long as they axegued up, continuously blink a green status LED to
tell you how the card is operating. Different blip&tterns indicate if the PIC16F877 is operatingsn

idle mode, receiving data without errors and if@amtering errors what type of errors are present.
Learning to recognize these important blinking graits can help you in testing and debugging a system
Just as important, the green LED tells you if tMIMs and SUSICs are correctly initialized and
functioning without detected errors. Table 6-3 swariges the 7 different blinking patterns programmed
into the PIC16F877.

These codes are significantly expanded beyond twel8s (idle, no errors and errors) provided vhth t
original USIC. Subdividing the error code into figigferent error types proves very helpful in cases
where you might run into problems. It is importémnote that LED Modes 0 and 1 depict normal
operation, while Modes 2 through 4 denote general situations that can occur anytime. By contrast
Modes 5 and 6 occur only when invalid user spettifitialization data is sent to the PIC16F877.

Watching for these seven different indications wlgi€/MRI operation can help to get your system
initially operating, then help you to locate anéiveduture problems should they develop.

When an SMINI or an SUSIC is first powered up, aridr to turning on your PC, the green LED should
always be in Mode 0. This is the idle mode for bibgn SMINI and SUSIC. It indicates that the
PIC16F877 is powered up correctly and that itsrivgkeprogram is functioning and it is waiting taceéve
initialization inputs from the PC. Per Table 648 blink pattern for this idle mode is 1.8 secoodsind

.2 seconds off.
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Table 6-3.Blink modes for the green status LED on the SMINd &USIC

ML(EIS)E Microcontroller Operational Status (ganc;—rlrgs) (Seﬁcc-)rrlgs)
0 Idle mode (877 powered up OK but not yet 18 20
initialized from the PC) ' '
1 Initialized OK and 877 receiving data from 10 10

PC without any detected errors

Receiving data from PC with framing errors;
2 typically occurs as a result of incompatible .05 .05
baud rate settings

Receiving data from PC with overrun errors;
occurs when 877 is not otherwise keeping

3 up with flow of input bytes being received 05 20
from the PC
Receiving data with DLE or ETX errors;

4 typically occurs when message from PC is 05 10

garbled due to transmission line noise or
message formatting problems

Message type or node definition parameter
5 error during initialization; typically occurs .20 .20
when sending bad initialization data

NS out of range and/or invalid CT data
during initialization; typically occurs when
NS and CT array elements are defined
incorrectly

.20 1.0

When the PC program sends initialization data ¢oRIC16F877, you should see a quick burst of agtivi
on the yellow, receiving data, LED. Correspondingly soon as the 877 is properly initialized, theeg
LED blink rate changes from Mode 0 to Mode 1 — indng data without errors — with a corresponding
blink rate of 1 second on and 1 second off.

When everything continues to operate correctlyltsecond on and 1 second off blink rate should
continue all the time your railroad is operatingatldition, the yellow LED blinks anytime the
PIC16F877 is receiving data from the PC and thd_E€d blinks anytime the PIC16F877 is sending data
to the PC.

Typically in multi-node system applications thelgel LED will be considerably more active than the
red. This is because all nodes receive all the lolgiteg sent. By contrast, the red LED activity diory
given node is much less because it is generatgdrdmn the addressed node is sending data to the PC

During normal operation the green status LED shaolddeviate from the Mode 1, 1 second on and 1
second off rate, unless for some reason the PICI6H8tects an error. The type of error detected is
indicated by Modes 2 through 6 in Table 6-3. Faregle, setting a node’s SW2 DIP switch for 9600
baud when the PC program is set for 19200 bauddilpigenerates Mode 2 flashing — receiving data
with framing errors. This super-fast flash rat®5 seconds on and .05 seconds off — is very eagyain
You will most often see this flash pattern only floe condition of incorrectly set baud rates.

Because the PIC16F877 program operates extrenstlarid typically has no trouble keeping up with
your PC, which generally performs much more praogsthan does the 877, you may never observe
Mode 3. However, if the 877 does run into the situawhere it cannot keep up with the rate at whieh
PC is sending data, the 877 displays error Modee®eiving data with overrun errors.
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Per Table 6-3 for Mode 3 the corresponding flagtepais .05 seconds on and .2 seconds off. If this
occurs, you typically need to add a delay to slowml your PC application program, or else to opeaate
a slower baud rate.

Every serial transmission system is prone to aasional transmission error. How frequently thesaioc
depends upon such factors as cable length, gudldgible, line termination, how electrically noisythe
environment, and the baud rate. When such errerdetected, the PIC16F877 program switches to LED
Mode 4 — receiving DLE or ETX errors. The correqfiag blink pattern, per Table 6-3, is .05 secomuls 0
and 1 second off. Usually if this situation occiis for only a single data byte and the followitata

byte will be correct. Therefore, the occurrenceashort lived that you most likely will not obserthe

error occurring from the 877. By contrast howevdren the PC detects these errors the standard PC
Serial Protocol Subroutines can print out suchrerfbhis printout is the best way to monitor thenber

of transmission errors occurring during an opecpgariod.

The LED Modes 5 and 6 should only occur duringamidiately after node initialization. They indicate
bad user defined data included in the initializatioessage. For example, Mode 5 results if your
application software defines a node type that vedther SUSIC nor SMINI. Mode 6 occurs if your
application software tries to define a node withrenthan the maximum allowed 64 I/O cards, or an
invalid card type.

Typically all these initialization-type errors atetected first by the improved standard Serialdeait
Subroutine packages introduced with V3.0 C/MRI UsBftanual. The advantage of this approach is that
the PC program prints out a more definitive diagicerror message. However, if the particular Seria
Protocol Subroutines you elect to use do not petiids diagnostic capability, any initializationans
generated by the PC program are likely to be pickedy the flashing green status LED on the SMINI o
SUSIC.

There is one other point worth mentioning. If yappen to have your C/MRI powered up (i.e. your
SMINI, or SUSIC is operating in its idle mode, $&conds on and .2 seconds off) and then you pgwer u
your computer, most likely you will observe thegmd ED changing to one of its error mode blink sate
This occurs when the PC’s internal power-up testingines check the RS232 port, using data not
recognized by the SMINI or SUSIC. Simply ignorestsituation because as soon as your application
program sends a valid initialization message ehérgtrecovers for correct operation.

In summary, getting to know and understand thergngallow and red LEDs blink patterns can help
significantly in monitoring the health of your C/NMBnd how to go about fixing problems should they
occur.

USING THE STATUS MONITORING LEDS (Classic USIC)

The Classic USIC, similarly to the SUSIC and thelSMas long as it is powered up, continuously
blinks its green status LED to tell you how thedcigroperating. Different blink patterns tell yduhe
MC68701 is operating in its idle mode, receivingedaithout errors or receiving data with detected
errors. Table 6-4 summarizes the 3 LED modes wighUSIC.

A major limitation of the USIC is that it only inchites if there are detected errors without showieg

type of error. Fortunately, the improved diagrnogtintouts provided by the new Serial Protocol
Subroutines generally provide all that is requieedsolate and solve communication problems.
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Table 6-4.Blink modes for the green status LED on the Clag$tC (card using 68701)

LED Microcontroller Operational Status On Time Off Time
MODE b (seconds) | (seconds)

Idle mode (68701 powered up OK but not

0 . 1.8 .20
receiving data)

1 Initialized OK and 68701 receiving data 10 10
from PC without any detected errors ' '

5 Receiving data from PC with detected 05 05

errors

There is one subtle difference in how Mode 0 wavkt the Classic USIC, compared with the
SUSIC/SMINI. All 3 cards power up in Mode 0. Whesrrectly initialized the mode switches from O to 1
on all three cards. During normal operation, Modsals active on all 3 cards. However, with thes€ita
USIC anytime the data stream is stopped for a @é0rgkperiod, the green LED returns to its idle MOde
while the SUSIC/SMINI green LED retains its Modstatus.

Operation of the yellow and red LEDs, as explaiimetthe previous section, is the same for the USIC,
SUSIC and SMINI.

The remaining sections of this chapter concentratesting the SUSIC and SMINI based nodes. Where
the testing is SUSIC-based, it assumes that 32cbitards (DIN32 and DOUT32) are used. The general
techniques are fully applicable to the Classic UB#Sed nodes and to using 24-bit /0 cards with the
SUSIC. However some of the details regarding deimggdC pin voltage measurements, and others need
to be altered to fit the particular card/node cgufations. For example, for the IC pin voltage
measurements, appropriate tables are includednittlei appropriate chapters/appendices describeng th
different cards.

STANDALONE TESTING

My previous writings included conducting a lengtiet of standalone card tests prior to the appiinaf
test software. These pre-tests were designed podsghblish correct card trace and cable connegtion
verify correct parts insertion, to locate soldeédges and to ensure that each IC was properly pver

Because almost all of the new C/MRI boards areofgdested for short and open circuits, becausg the
include solder masking to minimize solder bridgesry assembly, and overall there are fewer phrts,
have eliminated most of the recommended pre-testiiogt users, performing careful assembly, wilbfin
their new C/MRI cards work perfectly the first tirtleey apply power.

However, for users that discover they have a propldave greatly expanded theCase of Difficulty
material. This includes all the original testinggimuch more to help in locating and solving proidel
do still recommend a few initial standalone testsrgo proceeding into using the power of softwire
verify correct operation of your entire C/MRI setup

The most likely sources of trouble, if you have amyl be poor soldering and incorrect parts inert
The next thing to look for is cable trouble betwélem C/MRI hardware and the serial port on your
computer, or the way in which the Serial Protoaahi®utines interact with your computer's serial I/O
port. Systematic checking takes time, but it goksg way toward ensuring that your C/MRI operates
correctly.
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The standalone testing for the SMINI and the SUIs€ed node is straightforward and is mainly to
ensure that correct power is reaching the cardsratdhe Microcontroller, the PIC16F877, powers up
correctly. To do so, check each of the followingé®only after you complete the requested actial) an
where applicable, get the correct results.

Check type of power supply Make certain that your +5Vdc Power Supply is REGIED. Do not
use a conventional RR power pack set for 5 voltsnbt use a Wall-Mart or Radio Shack plug-in-the-
wall type power supply unless it specifically statieat the +5Vdc is a REGULATED output. Regulated
means that the output voltage stays constantjsrcéise at +5Vdc, independent of the load, upéo th
rated supply current.

Check DC voltage levelSet your VOM to read DC voltage. Use a clip leaddnnect the meter’s
black negative lead to the ground output of youwgrosupply. With your power supply turned on, touch
the meter’s red positive lead to the power supplpat labeled +5Vdc. The meter should read almost
exactly 5vVdc. The maximum acceptable tolerancegasndrom 4.8 to 5.2Vdc.

Verifying supply regulation. This step is optional but highly recommended ifi ywe unsure about the

regulation capability of your supply. To verifyathyour supply is adequately regulated, conne€ a 3
resistor across the terminals of your supply. ®sstor should have a power rating of at least 10W.

If properly regulated, your supply voltage shoutaysconstant at the 5Vdc level independent of wéreth
the resistor is attached or not attached. A vergllsthange, say.05Vdc drop with the resistor atdadl
acceptable but larger changes, especially any ehtnag causes the output to move outside theo4.8t
5.2Vdc range, indicates an unacceptable power guppl

X mportant point****
The SW1 and SW2 DIP switch settings are only raathd the power-up cycle for the SMINI
and the SUSIC. Therefore, if either of these swatetiings is changed anytime while power is
applied, the new settings will not take effect Lttté power to the card is cycled. Depending
upon the power supply you have chosen, you may teeedit a significant period of time until
its output voltage decays to zero before reapplpimger. Adding a resistor load to your supply
(typically referred to as a bleed-off resistor) cltrease this waiting time.

Connect power wiring. Turn off your power supply and use spade lug®tmect the ground output
from your supply to the ground terminal screw onlSMor an IOMBX if you are using the SUSIC.
Then make the similar connection for the +5Vdc.adiOMBX the ground connection needs to be made
to the terminal screw attached to the wide cirtaite along the card edge and the + 5Vdc connetdion
the terminal screw attached to the narrow cirgaite¢. Make absolutely certain that your connectarns
correct as a reverse polarity connection will mibgly destroy most if not all the ICs, includiniget U1B
Microcontroller and all polarity sensitive capac#o

SW1, SW2.Set all segments on both the USIC address andriagaidIP switches to off,
corresponding to USIC address = 0 and baud ra&06.9

Plug SUSIC into IOMBX for SUSIC applications. If you are testing an SUSIC-based node, plug the
SUSIC into the first card slot of the IOMBX. Makertain that the component side of the SUSIC faces
the direction indicated by the direction arrow pdsbn the IOMBX. This ensures that the two adjacent
ground pins on the IOMBX plug into H4 connector mijpgs 1 and 2 on the SUSIC.

Turn on power. Plug in, or otherwise turn on your power supphyl aneasure the voltage across the
two power terminal screws. A reading maintainedsfdc is acceptable. If the reading drops
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substantially toward zero it is likely that youpgly isn’t sufficiently regulated or there is a shia your
SMINI, IOMBX or SUSIC. If locating the short is nobvious, | suggest temporarily jumping ahead to
theln Case of Difficulty section. Then, once the problem is corrected, dusc& to this point to continue
testing.

Idle operation test Assuming you read +5Vdc, the green status LEEherSMINI or SUSIC should
start blinking in its idle mode, 1.8 second on a@hdecond off. It is controlled by a real-timepoo
counter in the PIC16F877’s internal software armlxshthat the chip is looping properly. In most case
the red and yellow LEDs should be off. Indepenaénthether the red and yellow LEDs are on or off,
you may proceed to the next test. However, if tleeg LED is not blinking correctly, you need topsti
this point and fix the problem. For assistance perarily jump ahead to the Case of Difficulty
section. Then, once you get the green LED’s idldenworking correctly, come back to this point.

¥ mportant Point****
Some power supplies with large filter capacitarene take several minutes or longer to decay to
zero. If you cycle your power supply off and on el green LED on the SMINI or SUSIC
doesn't reset to its idle mode, this most likelyame that your power supply takes a longer time
to decay to zero. If so, you can obviate this probby adding a toggle switch between the supply
output and your C/MRI cards for use in cycling fusver.

Computer connectionslf you have equipped your SMINI or SUSIC for RS2B2n connect it to the
RS232 serial port of your computer using the detadited in Fig. 4-9a or b and the associated lfeybu
have equipped your SMINI or SUSIC for RS485 oriigrt you need to connect the RS485 Conversion
Card as denoted by Fig. 4-9c or d and the assddiexé. Picking the a or b subfigure is depend@oinu
whether your particular PC's RS232 serial port @ws85-pin or a 9-pin connector. Also, if you arengs
the RS485 card it needs +5Vdc and ground connectmygiour power supply.

USING QUICKBASIC AND VISUAL BASIC UNIVERSAL SERIAL TEST PROGRAMS

With the standalone testing complete, we are naayr¢o perform automated node testing using
software. As mentioned at the beginning of thisptér this can be accomplished using either
QUuIckBASIC or Visual Basic. | will primarily focusn using QuickBASIC with the USTPQB.BAS
program. This is the program | recommend usingriitial C/MRI node testing. However, if you are
already familiar with using Visual Basic, then féele to use USTPVB.VBP, where you substitute your
VB knowledge in place of the instructions | proviale using QuickBASIC and USTPQB.BAS.

For example, where | say “Bring up QuickBASIC”, ysimply “Bring up Visual Basic.” Where | say
“Open USTPQB.BAS”, you simply “Open Project USTPVYBP.” Where | say “Run USTPQB.BAS”,
you run “USTPVB.VBP. Both programs use extensivageting to lead you through all the testing.

The source code for both programs is included erdibk enclosed with this manual and both programs
are discussed in detail, the USTPQB.BAS prografyipendix D and the USTPVB.VBP program in
Appendix E.

UNIVERSAL SERIAL TEST PROGRAM (USTPQB)

The Universal Serial Test Programs are designéibtoughly test every type of C/MRI serial nodeeTh
USTPQB version is written in QuickBASIC but manytbé statements are similar to those used with
many other languages. The program is heavily conmaesnd makes abundant use of monitor printouts
to lead you right through the testing sequence eikample, the program prints a list of all the liespl
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test conditions. It then asks you if you are tegtin SMINI or an SUSIC and if it is an SUSIC, isising
32- or 24-bit I/0O cards. It asks you which PC COMtgyou are using and what baud rate is set on the
card’'s DIP switch.

Also, the program asks if you are performing anpDuCard Test or a Wraparound Card Test.
Essentially, the same program works for all typleseoial nodes. For the majority of C/MRI serial
applications, this should be the only card tesgmm you will need.

However, to support readers interested in writhegrtown card test programs, quite possibly in
languages different from Basic, | have include@pasate standalone program for performing an output
card demonstration test, an input card demonstratist and a wraparound demonstration test. For the
SMINI, these standalone programs are included &p@r 7 and for the SUSIC they are the first three
program examples covered in Chapter 12.

If you are using a language other than QuickBASI®isual Basic, feel free to use the source code fo
USTPQB or USTPVB programs, or the correspondingdstbone programs, as baselines for converting
to your selected language. Also, correspondinguiwdard and wraparound card test programs for users
of “C” and “Pascal” are included in the disk prositiwith versions of this manual prior to V3.0 arithw
theBuild Your Own Universal Computer Interface — Secowl Edition book, published by McGraw-

Hill. If you are using any of these alternativegrams you will need to tailor the programs tdt#
particular application you are testing.

The testing in this chapter assumes that you haepy of QuickBASIC, QBasic, Power Basic or another
compatible version of Basic installed on your cotepthat runs under DOS. Alternatively, if you are
using USTPVAB, this chapter assumes that you hawerking version of Visual Basic. If this is not the
case, then you need to obtain a copy of the apjterogram so that you can proceed. Otherwise, yo
will need to develop your own test programs, usingnguage of your choice.

Even if you are an extremely competent programmery@u want to do things on your own, | still
recommend starting out using the “canned” USTPQ®fam, operating with some version of Basic
under DOS for your initial hardware testing. Why&cBuse the biggest challenge encountered when first
checking out an interfacing system is isolating thbkean encountered problem is in the hardware or
software. Using a well-proven universal testinggoam, like USTPQB, it can almost be guaranteed that
any problem found is hardware related. Howeveroif are more acquainted with Visual Basic than with
QUuICkBASIC, do not hesitate to start out using USBR/BP in place of USTPQB.BAS.

Regarding Basic, | personally prefer QuickBASIC ¥fainly because it is readily available at litike
no cost, it is easy to use, it works well for mGAYIRI applications and it is the C/MRI languagetwit
which | am most familiar. Also, there are more C/MRers making use of QuickBASIC and with its
wide user base, it is easy to obtain programmisgtsice. The following assumes using the
USTPQB.BAS program with QuickBASIC or its equivalelfiyou are more interested in using the
USTPVB.VBP program, consider checking out Apperiglix you would like more details about its
operation.

CONDUCTING OUTPUT TEST

Card setup for SMINI application. With the computer connections complete, plug #s¢ ¢ard onto
the SMINI's output “Card 0” location and attach ttig lead to +5Vdc. If you are using the TEST32
card, simply leave the Port D portion of the testdchanging off the end of the SMINI card. Oncewge’
successfully executed the USTP software for “Céndé@Il move the test card to the SMINI's “Card 1”
outputs and repeat the test. Alternatively, if y@ppen to have 2 test cards, the complete tediecaim
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in a single step by attaching a separate testtoagdch of the SMINI's “output” cards. The teselfs
consists of driving the test card LEDs in a chagi# pattern, starting with the A0 LED on “Card &id
ending with the C7 LED on “Card 1] This looping through all of the LEDSs, turning oneoat a time,
automatically repeats itself until you terminate irogram. Passing this test verifies that all KBNS
outputs are functioning correctly.

Card setup for SUSIC application.With the computer connections complete, turn ofiiry+5Vdc
power to the IOMBX and plug in a DOUT32 card seatliress “0.” Then plug a TEST32 card onto the
DOUT32 card and attach the clip lead to +5Vdc. ## consists of driving the test card LEDs in aseh
light pattern starting with the A0 LED on Port Adaending with the D7 LED on Port D. This looping
of consecutively lighting one single LED at a tismetomatically repeats itself until you terminate th
program. Passing this test verifies that all 3ots on the DOUT32 card are functioning correctly.

Bring up QuickBASIC (or its equivalent for your chosen programming laange). How this is
accomplished is computer/operating-system depenBentxample, the quickest way | have found with
Windows 95/98 is to click on Start, Shutdown, Restader DOS. Then after the DOS prompt, change
directory to the location where you have storedEXE and a copy of the Universal Serial Test Program
(USTP). Then, after the DOS prompt, enter QB tadrtp the QuickBASIC program. You may need to
follow a different procedure - see Chapter 5 feeralative procedures and details.

Open USTPQB.With the QuickBASIC Menu page in place, click opgd and then select
USTPQB.BAS. Once USTPQB is fully loaded, its sourade will appear on the computer’'s monitor.

Run USTPQB. Pull down the Run menu and click on Start. Ondevaied, USTPQB will prompt your
way through the complete Output Card Test. Simpbwaer each prompt correctly to initialize the test
fit your particular situation. Once initializatias complete, the program stops so that you cankcthed
the SMINI's or SUSIC's green status LED shifts frdsidle Mode 0 to Mode 1 (initialization is
complete and receiving data without errors mod#) s blink rate of 1 second on and 1 second off).

Once you have checked out the blink rate, preskeyyo continue. At this point the USTPQB begiss i
real-time loop. Every time the program loops, tiblon the TEST32 card that’s lit should move one
position to the left. This pattern, with only onER lit and moving from right to left, is typicalleferred
to as a chase light pattern — the LED looks likechtasing something as it moves across the takt édr
each position, compare the port and bit combingtiimted on the computer’'s monitor screen with the
LED position lit on the Test Panel.

If you find the program executes too fast for yowaccurately track the Test Panel LEDs, you caw slo
the process down by first stopping your programsiboyultaneously pressing the Control and
Pause/Break keys. Then restart USTPQB from sciataticking on Run and Start, but this time when
asked, increase the value for slowing down thelaysp

[1] Note: The first SMINI production run cards labetbdse “cards within a card” as 1, 2 and 3 versus
the 0, 1 and 2 description provided in this manifigiou happen to have one of these early SMINtsar
simply ignore the 1, 2 and 3 printing on the cand &eat them as if they read 0, 1 and 2. Seesttios
Counting Cards/Nodes Using Number Zeran Chapter 2 for the change in approach.
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**ek|mportant Point****
Do not try to shortcut a restart of your progranchgking on Restart or by pressing the F5
function key. For result consistency, | recommdrat you always perform a clean restart
from scratch by pulling down the Run menu and ttieking on Start.

If the LED positions do not agree with the scremspldy, then you have some debugging to do. Onee on
port works correctly you are well on your way ttelcsystem success. As you encounter problemspto n
hesitate to jump ahead and uselth€ase of Difficulty section to provide assistance in helping you pass
the Output Card Test.

Testing additional SMINI cards for SMINI applicati ons.Once you have your first SMINI card
testing properly then repeat the Output Card Testdt and debug all your other SMINI cards. Thigyw
you know that all your SMINI outputs are fully op&pnal.

Testing additional DOUT32 cards for SUSIC applicaibns. Once you have your first DOUT32
testing properly then repeat the Output Card Tetgdt and debug all your other DOUT32 cards. This
way you know that all your output cards are fulpeaational.

This completes our testing of C/MRI outputs. Susadstained with the Output Card Test in the SMINI
case proves thamost of the SMINI is operational. Success with the SCHabde case proves thabst

of the SUSIC, IOMBX and all of the DOUT32 cards aperational. Also, for cases where the RS485
card is employed, a successful Output Card Tesbdstrates that the output portion of that cardss a
functional as is the output portion of the cablbejween the PC and the interface hardware.

In summary, a successful Output Card Test is aldemonstration of the C/MRI's output capabilityt b
it does not yet verify that the inputs functionreatly. However, the hardest part of the C/MRI pobjis
behind you. Total interface success is just a sstefi ahead — testing that inputs can be senéto th
computer.

If your Output Card Test worked the first time, yiwave earned the right to be elated! Most users wh
have done a careful assembly job find that theg fas above test the first time. If this is theegg®u
can simply proceed to the next sectiGonducting Automated Wraparound Test.

If your testing revealed a problem, take credihiat you discovered it. All this means is that éhisr
some rechecking and debugging required. To help @é¢bugging, temporarily jump ahead to the
Case of Difficulty section. Once you pass the Output Card Test, réduins point to begin wraparound
testing.

CONDUCTING AUTOMATED WRAPAROUND TEST

Once you have successfully passed the Output Gzstliflis time to test the inputs. We could tepuis
by connecting a DIP switch to the card inputs asidgia test program to read the switch settingsand
display the results on the computer screen. Alterelg, without wiring a DIP switch, you could usép
leads to selectively ground input pins. Howevethv4 inputs to test per SMINI and 32 per DIN32dcar
it is much easier to use the computer to perfornithole test automatically. Automated testing and
diagnostics is one of the many advantages of havicgmputer connected to your external hardware.

Because you have already successfully testedeatittputs, you can use them to test all the require
inputs. In the computer industry this kind of I/@eck is called a wraparound test. The computer’s
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outputs are simply “wrapped around” and conneatdtstinputs. This wraparound capability is achikbve
using the wraparound test cable.

Very conveniently, we can use the same USTPQB &FRVB) software to perform the wraparound
test. When prompted, you simply tell it you wanptform the Wraparound Card Test rather than the
Output Card Test. When executing the wraparourtdfson, the test software writes a bit patterihi®
output card and then reads the input card. It toenpares what it reads with what it wrote, andhéfyt
don't agree it has found an I/O error and appragyiaisplays an error message. Since you havadjre
proven the outputs are good, we can assume thadanlthe interface hardware’s input handling
circuitry. If you get such errors, and the solutismot as obvious as might be indicated by a chamg
the green status light, consider jumping aheaduaitdy thel n Case of Difficulty section to provide
assistance in helping pass the Wraparound Card Test

To generate the outputs, the test software incresrba value sent out on each port from 0 up to 255
This process checks every possible bit combindtamn 00000000 up to 11111111, Each time the
program reads exactly what it wrote, it incremehésbit pattern and repeats the write/read cyctethé
test for each port is completed, the test softwawees on to repeat the process for each additporal
Once the last port is tested, the whole procesepisated ad infinitum until you stop the program by
simultaneously pressing the control and pause/breps

After completing the full loop through all portstivbut errors, you know all your inputs are goodvatl
as the outputs. To conduct the wraparound testyidhese instructions:

Card setup for SMINI application. Place a test card on the SMINI's “Card 0” locatémd attach the
clip lead to +5Vdc. If you are using the TEST32d;a@imply leave the Port D portion of the test card
hanging out off the end of the SMINI card. Now ceaina wraparound test cable between “Card 1” and
“Card 2" making sure that A0 connects to A0, BBt and so forth, all the way to C7 connecting o C

During the wraparound test for the SMINI, the USTBP§¢nds the same output data to both “Card 0” and
“Card 1.” Therefore with the above setup, we camthe test card attached to “Card 0” to directly
observe what is being sent out while “Card 1” imgaused to wrap the same outputs back to the $nput

Card setup for SUSIC application.Turn the power off to your IOMBX. It is not a firnequirement,
but if you happen to have a second DOUT32 carl$dt ia useful to set it also to the same Addreasd
to plug it into your IOMBX directly behind the fir©0UT32 card. This provides two sets of outputs at
the same address. By attaching a TEST32 card tirsh®OUT32 card and a wraparound cable to the
second DOUT32 card, we can observe the output fhentest card simultaneously with the same data is
being wrapped around from the second DOUT32 card.

To complete the setup, turn power off, plug in &1B2 card set to Address 1. Attach the wraparousid te
cable between the DIN32 and the second (or fingbif do not have a second) DOUT32 card. Make sure
that AO connects to A0, BO to BO, and so forthita#l way to D7 connecting to D7. If you are using th
TEST32 card, connect its clip lead to +5Vdc. Nomtihe power back on.

**ek|mportant Point****
You do not need to cycle the +5Vdc power when nm@kionnections to the 1/O cards, including
those built into the SMINI, but you should have guosver turned off when plugging and
unplugging cards into the IOMBX. Also, power shobklturned off when making power
supply connections to the SMINI and the IOMBX. Alsite power should be turned off
whenever debugging requires IC removal and reilasert
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Bring up QuickBASIC (or its equivalent for your chosen programming laange). How this is
accomplished is computer/operating-system depenBentxample, the quickest way | have found with
Windows 95/98 is to click on Start, Shutdown, Restader DOS. Then, after the DOS prompt, change
directory to the location where you have storedEXE and a copy of the Universal Serial Test Program
(USTP). Then, after the DOS prompt, enter QB tadrtp the QuickBASIC program. You may need to
follow a different procedure - see Chapter 5 feeralate procedures.

Open USTPQB.With the QuickBASIC Menu page in place, click opgd and then select
USTPQB.BAS. Once USTPQB is fully loaded its sourode will appear on the computer’'s monitor.

Run USTPQB.Pull down the Run menu and click on Start. Ondevaied, USTPQB will prompt your
way through the complete Wraparound Card Test. [gianpswer each prompt correctly to initialize the
test to fit your particular situation. | recommeyal select the option to print every I/O line. Teeesvhat
each line should look like you can peek ahead@t6-#. Each time the software finds a problem i
input not matching what was sent out, it printeeior message, as also illustrated in Fig. 6-4.

If you experience errors you can use the test diapulay to see exactly the bit pattern being seihielp
locate which input bit is failing. To help solvecsuproblems jump ahead to theCase of Difficulty
section.

e mportant Point****
To get the Wraparound Card Test to function prgpeten input line filtering is employed, you most
likely will need to include a time delay betweemdigig outputs and reading inputs. This lets the
inputs received, after filtering, reach the cormatput values. The length of delay required depenc
upon the degree of filtering employed and the spdg@ur computer. Increasing the USTPQB (or
USTPVB) INFILTER parameter stretches the time betwsending outputs and reading inputs. Try a
value of 5000 and then adjust up or down until gohieve satisfactory results.

Testing additional SMINI cards for SMINI applicati ons.Once you have your first SMINI card

testing properly for inputs, be sure to repeatiiraparound Card Test to test and debug all yowaroth
SMINI cards. Thereby you know that all your SMIMputs and outputs are fully operational.

Testing additional SUSIC cards for SUSIC applicattns.Once you have your first SUSIC card
testing properly then repeat the Wraparound Castl fbetest and debug all your other SUSIC cards Th
way you know that all your SUSIC cards are fulleoyional to handle both inputs and outputs.

Testing additional DIN32 cards for SUSIC applicatbns.Once you have your first DIN32 card
testing properly then repeat the Wraparound Castl fbetest and debug all your other DIN32 cardsu Yo
then know that all your input cards are fully opienaal.

This completes our wraparound testing of C/MRI saRhssing both the Output Card Test and the
Wraparound Card Test proves that your C/MRI harevigfully functional. Knowing that you have good
hardware prepares you for proceeding to Chaptenetewve will look aBasic Programming Examples

if you are using the SMINI, or to Chapter 12 wherewill look atSUSI C Application Examples if you

are using the SUSIC

IN CASE OF DIFFICULTY

Most C/MRI users can skip this section because iIRI application will work the first time theyitn
it on. However, for users finding a problem, studythis section can provide a great deal of assista
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If after receiving the keyboard inputs defining yparticular computer and node configuration the
Universal Serial Test Program (USTPQB) does notigeyou with correct test results, you have what i
known as an “interface communication problem.” TH&TPQB is sending outputs and they are not
being correctly received by your interface hardwarahe USTPQB program is trying to read inputs
from your hardware that are not being properly cemitated. With either problem, the question is “How
do | fix it?” The solution will probably be veryraple once you find it but first you have to find it

Remember, the most important requirement for pralgelving is persistence, and the reward will be
worth the effort. The following covers general #rio look for in problem resolution, in additian t
leading you through suggested debugging stepdye specific problems. This way you can focus on
solving specific problems, skipping those areasre/yeu have the interface operational.

Program Operational Problems

To minimize the possibility of transmission errarsgke sure you are using the lowest baud rate,, 9600
for your initial testing. Then, if a PC overrunaris printed out on the PC monitor, the PIC16F8ib5t
likely is feeding back inputs faster than the P@ lsandle them. Increasing the value of DL will slow
down the 877’s response.

If a MAXTRIES exceeded limit error appears, thea BC may be operating too fast for the PIC16F877.
Try reducing the value of DL, which speeds up thiSEC or SMINI. Also try increasing the value of
MAXTRIES, which makes the PC wait for a longer pdrfor receiving each input byte.

It is extremely important to make certain that yoea running the USTP program strictly under DOS and
not as a DOS program operating under Windows. Qipgr@uickBASIC programs under Windows will
almost certainly introduce random communicatioesr

ek mportant Point****
When executing application programs, like USTPQBhWuickBASIC, it is important to
make certain that you are operating strictly urid@®S without interference from Windows
If you encounter random 1/O errors, then refer biacthe sections in Chapters 2 and 5
dealing with Windows and its relationship to DOSI &lme use of QuickBASIC. Following
the presented procedures helps to ensure opevatioout Windows interference. If you ar
operating with USTPVB, then these factors are nassue.

1)

If you still have problems when operating direathyder DOS, it is time to make a closer inspection o
your hardware.

Rechecking Card Assembly and System Connections

| repeatedly find that over 90 percent of all C/MiRbblems can be found and solved by performing a
careful visual inspection of each circuit board #melcable connection. That's the first step | taken
anyone sends me C/MRI boards for checkout andrepai

| use a bright light and a magnifying glass to retbally search for assembly problems on each itircu
card. | first study the component side, checkirad #ach part number is correct, that each panstalied
in the correct location with the correct orientatend that all IC leads are inserted correctly ther
respective sockets. Every error found is correotethe spot before proceeding with further inspecti

With the component side of each card checked anmdated, | then turn my focus to the solder sitle. |
the solder flux is not completely removed, | cléla® board, following th€leaning and I nspection
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section in Chapter 1. Then, using my bright lighd anagnifying glass, | check every solder jointodk
at each joint from different angles to make sueesblder tent leaves no part of the hole exposkediov
the procedures discussed in B@ Card Soldering section of Chapter 1, to check that solder is well
attached to the lead as well as to the pad andhbet are no solder bridges. Every error found is
corrected on the spot before proceeding with furithgpection.

Thorough inspections result in solving 90+ peradrall C/MRI problems and | do not proceed with any
board testing until | have totally completed thewdl inspection and correction cycle on both bcétds.
| strongly recommend that you implement this praced

Remember that most problems can be traced to faoltiering, wrong or incorrectly inserted parts or
cabling errors. Keep searching, and retesting yatilfind the last error, correct it, and achievecessful
operation.

Performing a quality visual inspection is very mutgpendent upoyour state-of-mind. Pretend that
someone else assembled the boards. You do nottiadgierson to have done a good job and in faat yo
gut feeling is that there are definite assemblgrsrrYour whole mission now is to find every possib
assembly error. You are now the senior personvitidbe checking this other person’s work and you
expect a large bonus for every error you findfakt, you do receive a bonus because every ertor yo
find puts you one step closer to having a fully kitog interface. With this attitude and with careful
inspection of both sides of every board, using gnifging glass and a bright light, there is clogat100
percent guarantee that you will find assembly stror

Before you perform your second, or your third visnapection make sure you have removed all trafes
solder flux from every solder joint using a qualityx remover (see Chaptercleanup and | nspection
section). Solder flux can very easily mask a patier connection.

Go back and reread every assembly step to makéugdigaertain that the correct part is insertethwi
the correct orientation at every location. Makeesgou have a quality solder tent around every
component lead with none of the hole exposed. Rethe section of?C Card Soldering in Chapter 1
and apply the techniques learned to every conmed®eheat each suspicious joint and apply a litibee
solder where it is required to form a perfect tmatund each lead. Look from different angles aheac
solder joint for poor soldering or solder bridgesok at each part for correct insertion with athgin
sockets, and so on.

Check that you have used the correct part numlem@ach card. Make certain that you followed the
correct subsection for the serial standard youeh®§232 or RS485. Recheck your serial computer
connections per Fig. 4-9. If your computer’s sepiaidt is not set up to talk correctly, the SMINItbe
SUSIC will not hear correctly. Note that the spaednhich the yellow LED flickers is directly relatéo
the baud rate.

If you are using the RS485 conversion card, make that +5Vdc and ground are connected and that all
the communication connections are correct per£&g. If your SMINI or SUSIC is assembled to also
handle RS232 then bypass the RS485 card to elieninas a possible source of the problem. In doing
this, make sure you temporarily remove the RS485a@ install the RS232 ICs.

Make sure you have the correct settings on the W8tess and baud rate DIP switches. Are all the
switches installed with correct on/off orientatidh@ll switch settings are not correct for youME|
configuration, and if they do not correspond exattlthe address and baud rate you are using in you
program and computer, then you will not get anpoese on the Test Card. For SUSIC applications
make sure all the 1/O cards are plugged onto th@B® with all pins inserted correctly and with the
component side of the cards facing the correcttioe.
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Additional Debug Testing

If you have completed a determined-to-succeed Vvisgpection, and you are still not operationals it
time for more detailed hardware testing. To accashghis, work your way through the following
subtitles focusing on the areas that may be agpéda your problem. If working with the SMINI skip
the SUSIC application steps and vice versa.

****General Noter***
Always start with the simplest possible setup agiditgvorking first: either an SMINI or an
SUSIC with 1 output card. Use the RS232 conneetiagsuming your card is configured for
RS232 and run the standard Universal Serial TeggrBm (USTPQB or USTPVB). Once yqu
have the Output Card Test operational then, angltbeh, move on to getting the Wraparound
Test operational with USTPQB or USTPVB.

Checking LEDs L1, L2 and L3 for SMINI applications. Temporarily remove U2. Use your VOM to
check that Resistors R3-R5 measure close to thefigee33@2 +5 percent. Then turn the power on and
L1, L2 and L3 should be dark. Use your VOM to makee the common connection going to each LED
is at +5Vdc. Then connect a clip lead to ground it a spare end of a resistor lead clipped inotiher
end touch Pin 8 in Socket U2 and L1 should liglaiudh Pin 10 in U2 socket and L2 should light. Touch
Pin 12 in U2 socket and L3 should light. Each LEBttdoes not light is either inserted backwards isr
faulty. Replace each problem LED with a new oneingakertain that the + lead, usually the longed]ea
is installed in the + hole with the square padeReas necessary until all three LEDs pass thisTasn
turn off the power and replace the removed IC.

Checking LEDs L1, L2 and L3 for SUSIC applications.Temporarily remove U2. Use your VOM to
check that Resistors R3-R5 measure close to thefigoe33@2 +5 percent. Then turn the power on and
L1, L2 and L3 should be dark. Use your VOM to makee the common connection going to each LED
is at +5Vdc. Then connect a clip lead to groundaitd a spare end of a resistor lead clipped inotier
end touch Pin 14 in Socket U2 and L1 should liglouch Pin 16 in U2 socket and L2 should light.
Touch Pin 12 in U2 socket and L3 should light. ERBEID that does not light is either inserted bacldgar
or faulty. Replace each problem LED with a new anaking certain that the + lead, usually the longer
lead, is installed in the + hole with the squard. fRetest as necessary until all three LEDs passest.
Then turn off the power and replace the removed IC.

Get green LED blinking in idle mode.When the PIC16F877 is powered up correctly thergstatus
monitoring LED should begin blinking in its Modedle state, i.e., 1.8 seconds on and .2 second§ off
not, first check that U1 is correctly receiving +dd/power and ground connections. You can verify thi
condition by setting your VOM to measure dc voltage making the tests listed in Table 6-5.

Table 6-5.Correct power and ground connections to Ul

v Ic + METER LEAD | — METER LEAD | VOLTAGE
ON PIN No. ON PIN No. READING

Ul 11 12 +5Vdc

Ul 32 31 +5Vdc

Ul 1 31 +5Vdc

In performing the tests in Table 6-5, make surelyave your meter’s negative lead connected to the
indicated U1 pins and not simply connected to #rel or power supply ground connection. If U1 is not
receiving power and ground on each of the 3 lindgated in Table 6-5 then trace the problem all th
way back to the power supply. Look for a bad sojdet, a solder bridge or an improperly inserted o
faulty part.
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If Ul is receiving correct power and ground, ma&gain that you have the correct capacitor valoes f
C15 and C16 if you are using the SMINI, and C9 @a4 if you are using the SUSIC. Values other than
the specified 18pF can cause the crystal XL1 toosoillate correctly and prevent Ul from operatig.
persistent in searching for such problems. For @@ncheck part values and installation of R1, B2,
and C18 for the SMINI and C13 for the SUSIC, adaglassociated soldering problems. If you stilleha
a problem, try replacing U2.

If it is necessary to isolate the fault, you camoge all ICs except U1 and U2, because the otlnensid
have no effect on the green LED's indication. i$ thoes not solve the problem, continue to lookofmal
solder joints or faulty connections in the aredaf U2, R3 and L1. The cost of Ul includes program
verification and full testing in a functional SUSISD it should be the very last thing to suspect in
debugging your card.

Get yellow LED blinking when receiving data.The flickering of the yellow LED shows that data is
reaching the SMINI or the SUSIC and is being pas$semligh the U6 IC if you are using RS485 or
through the U8 IC if you are using RS232. If it doéflicker at all, you have a basic interfaceljpeon in
the setup and initialization of your computer'sadgrort, in the cabling between the port and thdNg

or SUSIC, or in the U2 and U6 or U8 circuit areadfte SMINI or SUSIC. Make certain if you are using
RS232 that U8 is installed and that U6 and U7 atenstalled and vice versa.

With the above correct, look for cable trouble,iftstance serial connections that are not cormcgdur
particular computer. Make sure all connections\ainohg agree with Fig. 4-9a or b if you ansing

RS232 and Fig. 4-9c or d if using RS485. If youwsimg RS485, make sure you have not reversed the
wiring of the two sets of transmission lines cortimgcthe RS485 card with the SMINI or SUSIC. Al
wiring needs to be as defined in Fig. 4-9. If yo& asing RS232 you can try reversing the transnt a
receive lines just to make sure your computer cctoneésn’t reversed.

If you are using the RS485 card make sure it ipgniy receiving +5Vdc and ground. To do so, setryou
VOM to read DC volts and touch the meter’s positaad to the +5Vdc terminal on the RS485 card
while holding the negative lead on the card’s gbsorew. You should read +5Vdc.

The next most likely error is the wrong COM portmher entered into the USTPQB or USTPVB
program, i.e. the number entered does not retiecattual COM port number to which the C/MRI
hardware is connected. Restudy your computer maifiyalu have one, to make sure you are addressing
the COM port corresponding to the one that is cotateto your C/MRI. If you do not have a manual, or
if it is unclear, simply repeat the testing, eaafettrying a different COM port 1 through 4. Onaauy

have found the one that blinks the yellow LED yawdn located the port to which you are connected.

Carefully touching the positive lead of your VOM teeto Pin 26 of U1, with the negative lead
connected to ground, you should observe some fyctivien you have the correct COM port selected. If
not, try replacing U6 or U8, depending upon whetlwer are using RS485 or RS232. If you see activity
and you have already tested L2 as described abmetry replacing U2. Continue to look for baddsol
joints or faulty connections until you have thelgemn solved.

At this point, baud rate settings are not a factoe yellow LED simply shows that data is beingtsen
over the transmission line and through the SMINI'SUSIC’s I/O-unique circuitry. Because L2 is
located before the PIC16F877, satisfactory tesifrihis step is more a function of having a corssttup
at the computer rather than a test of the SMINBJEIC.
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Get green LED blinking without errors after initial ization. If the SMINI or SUSIC accepts the
initialization from the PC as valid, the PIC16F&tanges the green LED’s blink rate from Mode 0 to
Mode 1 per Table 6-3. This is normal operation.

However, if the PIC16F877 detects some type ofr@rcourring during initialization, it changes thED
Mode from O to one of the error modes, i.e. Mod#sr@ugh 6. Typically this occurs when bad
initialization data is sent from the PC to the 8@%ing the indicated blinking pattern, Table 6-8 dme
discussion provided in the sectibiging the Status Monitoring LEDs should put you on the right track to
solving the problem.

IC power tests for SMINI and SUSIC. A vital requirement for a functional interface gt correct
power is reaching each IC on the SMINI and SUSIGu ¥an verify this condition by setting your VOM
to measure dc voltage and making the tests listd&@ble 6-6 for SMINI and Table 6-7 for SUSIC.

Table 6-6.SMINI IC power tests

v IC + METER LEAD | — METER LEAD | VOLTAGE
ON PIN No. ON PIN No. READING
Ul 11 12 +5Vdc
Ul 32 31 +5Vdc
Ul 1 31 +5Vvdc*
U2 14 7 +5Vdc
U3 20 10 +5Vdc
U4 20 10 +5Vdc
U5 20 10 +5Vdc
U6 8 5 +5Vdc
U7 8 5 +5Vdc
Us 16 15 +5Vdc
Us 2 15 +10Vdc
us 15 6 +10Vdc
U9 20 10 +5vDC
U10 20 10 +5vDC
Ull 20 10 +5vDC
U12 20 10 +5vDC
Ul13 20 10 +5vDC
Ul4 20 10 +5vDC

No application uses all ICs. Should read indicated voltage on all that are installed
*Reading may be slightly less than other +5Vdc readings

Table 6-7.SUSIC IC power tests

v Ic + METER LEAD | — METER LEAD | VOLTAGE

ON PIN No. ON PIN No. READING
Ul 11 12 +5Vdc
Ul 32 31 +5Vdc
Ul 1 31 +5Vdc*
U2 20 10 +5Vdc
U3 20 10 +5Vdc
U4 20 10 +5Vdc
U5 20 10 +5Vdc
U6 8 5 +5Vdc
u7 8 5 +5Vdc
Us 16 15 +5Vdc
us 2 15 +10Vdc
Us 15 6 +10Vdc

No application uses all ICs. Should read indicated voltage on all that are installed
*Reading may be slightly less than other +5Vdc readings
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Check off each line where you obtain a correctirgadf you find an IC not getting power, work back
along the circuit path to locate a part insertioolbem or an open circuit. A low voltage, less than
4.8Vdc, most likely means an inadequate power supph short circuit on your card caused by a solde
bridge or a part installed in reverse. Turn off pleever and re-examine the card to find and cothext
error.

If you have a short and only if necessary, rem@sadne at a time to isolate the problem. If yourdoe
a problem to an IC, replace it with a new part.0Aisake sure that polarity sensitive capacitors are
correctly installed. Make sure you discard any gatermined to be faulty. It is handy to keep astene
spare of each IC type used in your C/MRI for delng@nd possible replacement.

Also feel each IC for a high temperature. If arid@ot to the point where you cannot hold your éingn
the part, the fault is likely to be:

1. installed backwards
2. the wrong part
3. shorted

It is possible that an overheated part may stiicfion but the best recourse is to simply throwyaeuay
part that has been overheated.

DIP switch testing for SMINI and SUSIC. As discussed in Chapter 1, the labeling of the &iRches
and their orientation can be a problem. If you hased the specific DIP switch source and part numbe
specified in the parts list and installed them escdibed, then you should have no trouble. Howewer,
verify correct orientation as well as correct opiera use your VOM to perform the measurementsdist
in Table 6-8.

Table 6-8.SMINI and SUSIC DIP switch tests

v IC IC Pin No. DIP Switch Switch Segment
Ul 2 SW1 AO
Ul 3 SwWi1 Al
Ul 4 SwWi1 A2
Ul 5 SwWi1 A3
Ul 6 SwWi1 A4
Ul 7 SW1 A5
Ul 23 Swi1 A6
Ul 15 SW2 19200
Ul 16 SW2 28800
Ul 17 SW2 57600
Ul 18 SW2 115200

With switch segment set to “ON”", up position on card, IC pin should read 0Vdc
With switch segment set to “OFF”, down position on card, IC should read +5Vdc

Remember from Chapter 1, when performing DIP swiésting, do not pay any attention to the labeling
on the DIP switch itself, follow only what is predt on the circuit board and the instructions pdnte
this manual.

If you find a problem it will most likely be causbég RN1 or RN2 being installed backwards or faulty,
+5Vdc not getting to Pin 1 on RN1 or RN2, a faidy? switch or a soldering problem in the area of
RN1, SW1, RN2, SW2 and the associated pins on UL.

Most but not all output test LEDs function properly, for SMINI applications. If you have reached
this point in your testing and debugging you ameselto final success. First make sure you have
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thoroughly tested your Test Card as defined iretirdier section titled'est32 Card Testing. Then with a
verified Test Card you can make sure that all 4&eftransistor driver circuits set up for standard
current-sinking are working correctly by followitige steps:

Make sure that jumpers J1-J6 are in their longtipmson SMINI.

With power off, remove ICs U9-U14

Turn power on and all 48 test panel LEDs shouldrhe

Temporarily grounding each of Pins 12 through 1%henU9 through U14 sockets should
individually turn off the corresponding LED.

pPwpnpPE

For each LED that fails to function in this mangeu either have a soldering problem, RN6 through
RN11faulty, RN12 through RN17 faulty or installegickwards, +5Vdc not getting to the Pin 1
connections on RN12 through RN17 or a failed tistosi If you cannot locate a soldering problem and
the transistor network resistances check out OK thplace the transistor. Repeat the test to matdee s
that each LED works correctly.

Most but not all output test LEDs function properly, for SUSIC applications.If you have reached
this point in your testing and debugging you amselto final success. First make sure you have
thoroughly tested your Test Card as defined iretiiéier section titled'est32 Card Testing. Then, if you
have other DOUT32 cards substitute them into yesirtb help determine if the problem is associated
with the SUSIC or the DOUT32 or possibly even wite IOMBX. If you find a DOUT32 card that
functions correctly then use it as a referencaibsstute parts with those that have problems arsték
out and correct other differences. Also try usiifiecent card slots to help locate possible faulty
soldering problems with your IOMBX.

A quick and easy check to make sure that all 3d@transistor driver circuits on a DOUT32 card, ge
for standard current-sinking are working corre@lyo:

Make sure that jumpers J1-J4 are in their longtipmson DOUT32.

With power off remove ICs U3-U6

Turn power on and all 32 test panel LEDs shouldrbe

Temporarily grounding each of Pins 12 through 1%henU3 through U6 sockets should
individually turn off the corresponding LED.

pwpPE

For each LED that fails to function in this mangeu either have a soldering problem, RN2 througfbRN
faulty, RN6 through RN9 faulty or installed backdsr+5Vdc not getting to the Pin 1 connections on
RNG6 through RN9 or a failed transistor. If you canlocate a soldering problem and the transistor
network resistances check out OK then replaceréimsistor. Repeat the test to make sure that eBEnh L
works correctly.

Certain output ports function properly but others do not, for SMINI applications. Assuming you

have proved that all the transistor driver circaits functioning correctly then the problem is miksly
associated with faulty soldering associated withddU9-U14 or bad ICs. If you cannot locate soldgri
problems then temporarily move the output latchU8;U14 (a 74HCT573) from a port that works to
each one that doesn't. If the offending port nowksaeplace the bad 74HCT573. Keep comparing a port
that works to one that doesn’t to seek out andecouifferences.

Certain output ports function properly but others do not, for SUSIC applications.If you have other
DOUT32 cards, substitute them into your test te lugtermine if the problem is associated with the
SUSIC or the DOUT32 or possibly even with the IOMB#&you find a DOUT32 card that functions
correctly then use it as a reference to substgatts with those that have problems, seek out anéa

6-23



other differences. Also try using different cardtslto help locate possible faulty soldering proidevith
your IOMBX.

Assuming you have proven that all the transistovedrcircuits are functioning correctly, then the
problem is most likely associated with faulty seidg associated with U1 or U9-U14 or bad ICs. lfiyo
cannot locate soldering problems then temporardyerthe output latch IC, U9-U14 (a 74HCT573) from
a port that works to each one that doesn't. Ifdffiending port now works replace the bad 74HCT573.
Keep comparing a port that works to one that ddesrill you discover the difference and then figat
they are the same.

Every Port Has the Same Error, for SMINI applications. If you have the same error in every port then
the problem is most likely in the data bus trated tun from U1 to each of the latches U9-U14 dued t
input buffers U3-U5. Look for bad soldering andexsplly for a solder bridge between IC pins asdedia
with this bus. Check out the bus connections tocated pins on U3-U5 and U9-U14. If no problem is
found, temporarily pull U3-U5 to see if the probleorrects itself. If so replace the offending IC(s)

Every Port Has the Same Error, for SUSIC applicatims. If you have the same error in every port and
switching DOUT32 cards does not correct the probkien the problem is most likely in the SUSIC.
Look for bad soldering in the area of U3, U4 or &l their connections to U1.

If this does not solve the problem you may havestrae problem on each of your DOUT32 cards. Check
the DOUT32 cards to make sure that U7 is the copad. Check the data bus traces associated with U
and their parallel paths to U3-U6. If you cannatlfa problem, try replacing U7. Look for bad soidigr

and especially for a solder bridge between IC pgsociated with this bus.

System works OK with RS232 but not with RS4850bserve performance of the LEDs on the RS485
card to help identify and correct problem. Alsodtthe wiring to and from the RS485 card to make su
it agrees with Fig. 4-9c or d. Check for hot ICspecially the U1 RS485 driver IC. If an IC is hetieck
that the part is the correct part and that it stahed correctly. The suggested next step is ¢oyosir

VOM to make the power tests listed in Table 6-9.

Table 6-9.RS485 conversion card IC power tests

Y IC + METER LEAD | — METER LEAD VOLTAGE
ON PIN No. ON PIN No. READING

Ul 8 5 +5Vdc

U2 8 5 +5Vdc

U3 14 7 +5Vdc

U4 16 15 +5Vdc

U4 2 15 +10Vdc

U4 15 6 +10Vdc

If you do not find correct voltages, check for soldg faults, a wrong part or a part installed lveenlds
and follow the circuit traces back to find the taul

If you have proper power to the IC pins but the IsETill do not function properly, it is time to dtethe
LEDs. With power applied attach one end of a @#gd to the ground screw, and clip a piece of bare,
solid wire in the other end as a test probe. Clyetiouch the probe to Pin 12 of U3 and L1 shoidht.
Touch Pin 6 of U3 and L2 should light. If not, thysu can check soldering around the LEDs and U3 but
most likely the problem is a LED in backwards daalty LED. If after successfully checking the pawe
and LEDs you still have a problem, then your bestidto replace ICs to see if you can find on¢ iha
faulty. If so, be sure to discard the faulty IC.

6-24



Outputs all work OK but inputs do not, for SMINI ap plications. If none of the inputs work and you
have other SMINI cards substitute them into yosat te help determine if the problem is associatéld w
the SMINI or with the wiring back to the PC or piigin the configuration of the PC serial portytiu
find an SMINI that works use it as a referenceutlossitute parts with those that have problems and t
seek out and correct other differences. Be cawgthl part swapping. For example, if you find ani$C
hot, a short is likely to be present. Try to fimdirist so that additional parts are not destroyiegically a
hot IC is the result of a part inserted backwamdsamoincorrect part.

Try replacing U8 if you are using RS232 or U7 iiyare using RS485. Also check for incorrect ortfaul
wiring between the SMINI and your PC. If the probles only with certain ports, then substitute tinguit
buffer IC (U3, U4 or U5) from a port that worksdoe that doesn’'t. Replace any faulty parts you find
with a new part.

To check the operation of each input line, remdianput connections and use your VOM to measuee th
DC voltage at each input pin. They should all measbVdc. If you find some that don’t then, witketh
power off, temporarily remove U3 through U5 ande@the test. If you still don’t get +5Vdc on alput
pins look for RN3 through RN5 inserted backwardsaaity, or the +5Vdc not getting to the Pin 1
connection on RN3 through RN5 and possible soldgrmoblems. If the +5Vdc is present without U3
through U5 installed but not when installed, theplace each of the ICs associated with the linatsaite
not working.

Outputs all work OK but inputs do not, for SUSIC applications. If none of the inputs work and you
have other DIN32 cards substitute them into yosirtie help determine if the problem is associatald w
the DIN32 card, the input portion of your SUSIGs thiring back to the PC or possibly in the
configuration of your PC serial port. If you finddN32 card that functions correctly, then usesiaa
reference to substitute parts with those that paeblems and to seek out and correct other diff@en

If trying multiple DIN32 cards does not solve thelpem, then try replacing SUSIC IC U8 if you are
using RS232 or U7 if you are using RS485. Also kHecincorrect or faulty wiring between the SUSIC
and your PC. If the problem is with only certairrtgdhen substitute the input buffer IC on the DEIN3
cards, namely U3, U4, U5 and U6 from a port thatkedo one that doesn’t. Replace any faulty paots y
find with a new patrt.

To check the operation of each DIN32 input linenoge all input connections and use your VOM to
measure the DC voltage at each input pin. Theyldradlbmeasure +5Vdc. If you find some that don’t
then, with the power off, temporarily remove U3aigh U6 and repeat the test. If you still don't get
+5Vdc on all input pins, look for RN2 through RNblde backwards or faulty, or the +5Vdc is not getti
to the Pin 1 connection on RN2 through RN5 andiptessoldering problems. If the +5Vdc is present
without U3 through U6 installed but not when inkgdlthen replace each of the ICs associated wéth th
lines that aren’t working.

DIP switch testing for DOUT32 and DIN32 cards, forSUSIC applications.As discussed in Chapter 1,
the labeling of DIP switches and their orientatbam be a problem. If you've used the specific DIP
switch source and part number | have indicatetiénparts list and installed them per directions tyau
should be all right. However, to verify both coredentation and operation, use your VOM to pearfor
the measurements listed in Table 6-10.

Remember from Chapter 1, when performing DIP swiésting, do not pay any attention to the labeling
on the DIP switch itself, follow only what is préd on the circuit board along and the instructjomsted
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in this manual. Of special note is that the correatings in Table 6-10 for the I/O cards are dyact
opposite those obtained with the SMINI and SUSI@eoted in Table 6-8.

Table 6-10.DOUT32 and DIN32 DIP switch tests

v IC IC Pin No. DIP Switch Switch Segment
U2 3 SwWi1 A2
U2 5 SW1 A3
U2 7 SwWi1 A4
U2 9 SW1 A5
U2 12 SwWi1 A6
U2 14 SW1 A7

With switch segment set to “ON”, up position on card, IC pin should read +5Vdc
With switch segment set to “OFF”, down position on card, IC should read 0Vdc

If you find a problem it is most likely caused bR being installed backwards or faulty, +5Vdc not
getting to Pin 1 of RN1, a faulty DIP switch ora@dering problem in the area of RN1, SW1 and the
associated pins on U2.

IC power tests for DOUT32 and DIN32, for SUSIC apgtations. A vital requirement to have a
functional interface with the SUSIC is that corrpotver is reaching each IC on the DOUT32 and DIN32
cards. You can verify this condition by setting yMOM to measure dc voltage and making the tests
listed in Table 6-11. Everything is the same fathbaards except that the U7 and U8 readings are not
present on the DIN32 card.

Table 6-11.DOUT32 and DIN32 IC power tests

Y IC + METER LEAD | — METER LEAD | VOLTAGE
ON PIN No. ON PIN No. READING

Ul 16 8 +5Vdc

U2 20 10 +5Vdc

U3 20 10 +5Vdc

U4 20 10 +5Vdc

U5 20 10 +5Vdc

U6 20 10 +5Vdc

U7 20 10 +5Vdc

us 14 7 +5Vdc

Check off each line where you obtain a correctireadf you find an IC not getting power, work back
along the circuit path to locate a part insertioobtem or an open circuit. A low voltage, less than
4.8Vdc, most likely means an inadequate power suppé short circuit on your card caused by a solde
bridge or a part installed backwards. Turn off ploever and re-examine the card to find and corfext t
error.

If you have a short and if necessary, remove I@satra time to isolate the problem. If you do trace
problem to an IC, replace it with a new part. Atsake sure that polarity sensitive capacitors are
correctly installed. Make sure you discard any gatermined to be faulty. It is handy to keep astene
spare of each IC type used in your C/MRI for delig@nd possible replacement.

Complete IC Replacementlf after doing all the above you still cannot fipdur problems (and you are
confident that your soldering is good, that youdhasrrect parts installed at all locations with toerect
orientation) then consider a complete replacemkall of the ICs. You may just have a faulty onatth
has eluded detection. Leave Ul on the SMINI andISUi8 last as it was thoroughly tested beforevis
shipped to you. You have not lost much with thisomcbecause it is good to have a complete sef®f |
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on hand as spares. However, always make sure goardievery IC you determine to be faulty so tiere
zero chance it becomes mixed in with your goodspart

ADDITIONAL SUPPORT

The C/MRI User’s Group at http://groups.yahoo.camgp/CMRI_Users/ is a great source of support to
answer questions concerning the C/MRI and to het@gystem operational. Also, the members of this
group are a great source for applications support.

Also, you can try to get help from a computer ekpeyour area. In many computer clubs you willdfin
hobbyists just looking for tough problems to solVke technician at your computer service center may
be able to help you on the side.

If you live near a college or school teaching etaats, check out the digital electronics clasges.
student may be able to help you and earn coursi éoe doing it, plus a payment from you for helgi
out. An experienced person with the aid of an tsstibpe and/or a logic analyzer should be ablentb f
almost any interface problem with minimum effort.

Another idea is to get a friend, preferably ondwgibme electronics background, to go through all th
checks with you. Often someone else will find sdrite wrong where the person who made the error
passes right over it. As you perform the checkseh@aur friend challenge you with questions likidpotv
do you know that is the correct part?” and, “Aretla¢ wires in that connector making contact?” As'y
try to explain what you're doing at each step yduwary likely find your problem. In industry weadi
this a “design walk-through.”

Also, Marc Robertson at SLIQ Electronics, and BrGteibb at JLC Enterprises do provide quality, over
the telephone or by email, support without chapgeyided that your cards were purchased from either
SLIQ Electronics or JLC Enterprises. However, esies support beyond a reasonable time limit does
require payment of an hourly fee. For additiongdart, you can send in your cards for testing and
repair. A nominal hourly rate is charged plus thstof parts and return shipping. Both Marc andcBru
are extremely knowledgeable about the system gndajy within an hour or two they can have your
system in tip-top shape. However, always make comatelephone or email for instructions before
sending your cards in for testing and repair.

Another tremendous support center is the C/MRI Y<@roup located at:
http://groups.yahoo.com/group/CMRI_Users

It is likely that other users have experiencedsume problem you may be having and can provide&kquic
and very effective support.
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