Here are the hardware details of the 80188-based
computer board. We also discuss the principles of
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bringing up a microprocessor system for the first time.

THE ROBOTIC PERSONAL COMPUTER (RPC)
was introduced in the January 1987 issue.
To gain an overall understanding of how
the board works, see the block diagram
(Fig. 1), and the memory (Fig. 3) and /O
maps (Fig. 4) presented in that issue. Now
we’ll discuss the basics of how the sepa-
rate sub-sections function, and then go on
to discuss construction and debugging.

Data buses

To begin, note that three functionally
equivalent but electrically isolated data
buses exist on the RPC. The data-bus out-
puts of the 80188 feed 1C14, which feeds
the three buses: the expansion bus (see
Fig. 1), the memory bus (through IC16,
shown in Fig. 2), and the auxiliary bus
(through IC17, shown in Fig. 3).

The microprocessor’s address bus is
buffered by IC15, IC22, and IC21; the
outputs of those octal latches feed the
expansion connector and all on-board
IC’s that need access to the address bus.

The 80188’s major control signals are
buffered by IC13, which also buffers the
microprocessor’s timer output, which in
turn feeds the resulting signal through C18
to speaker SPKRI. The 8259 interrupt

controller connects to the auxiliary data
bus through IC17. Three-to-eight line de-
coder 1C4] decodes the microprocessor
states for the expansion bus.

Memory interface

The RPC provides decoding for sixteen
RAM/ROM sockets in two 64K banks (00
00:0000 to 0003:FFFF and 1000:0000 to 10
00:FFFF). However, due to PC-board
space limitations, the upper bank
(IC44-IC51), if used, must be mounted
physically above the lower bank
(IC1-IC8). Only the chip-enable (TE) pins
(pin 20 of each IC) are routed to separate
pads. The parts-placement diagram,
which appears along with the PC pattern
in PC service, indicates how those pins
are connected.

Otherwise, the memory interface is
fairly straightforward. Octal transceiver
IC16 provides an isolated bus for the
low-memory RAM (ICI-IC8, and
IC44-IC51). The two three-to-eight line
decoders (IC11 and IC12) provide the CE
signals for the low-memory IC’s. In a
similar manner, half of two-to-four line
decoder IC39 provides the TE for the
BIOS and language ROM’s (IC23, I1C24,
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IC30, IC31).

Several jumpers (JUI. JU2,
JUI0-JU13) allow you to provide a dil-
ferent decoding scheme, or to accommo-
date RAM IC’s of other sizes. Jumpers
JU3-JU9, when connected as shown, al-
low you to provide battery backup for se-
lected (or all) low-memory RAM IC’s.
Note that the jumpers enable and disable
battery backup in pairs (IC1 and 1C44,
IC2 and 1C45, etc.). If battery backup is
not desired (for example, if EPROM’s are
used in low-memory sockets), the appro-
priate jumper(s) should be grounded.

Clock and disk controller

As shown in Fig. 3, gates 1C28-
a-1C28-c, IC27-a, and 1C26-d decode the
80188’s peripheral select, read, and write
lines, to enable the WD1770 disk control-
ler (IC34) when appropriate. Data-bus
buffering is provided by IC17 (which also
feeds most of the RPC’s peripheral cir-
cuits); IC37 provides outputs for selecting
one of four drives. One bit (Q4, pin 12) of
IC37 drives an LED that indicates disk
drive activity; another bit (Q3. pin 9)
provides the STROBE signal for the parallel
printer interface (shown in Fig. 4).

24861 HdVY



DATA BUS (TO IC18, IC17) £ y
+5V - ADDRESS BUS
MICROPROCESSOR,
BUFFERS,AND
INTERRUPT 1| 20[
CONTROL 9fpg DIR Ve gl 1] (TN
8] a1 a2 71 LTI
7| a7 a2h3 2oz
o o st —
4 :; T4LS645 g‘; 18 5105 oy @
K] e gshZ 4]D6 | oAENJ20 —>
R13 Up7 g7L8 2407 SR L] E
1K GND 4 10RDY
0 19
46 a5 |42
NM1 INTE INTEA 20 ‘
ADg}. 1; D4 Vo 04 192 ‘;‘;2‘1’ . :
AD1 DS 5 — +5V
AD2 Up3 33 $ o L . )
ADaf! “: D6 o5 Q6 ‘55 2; :3 :15 +12V
AD4 D2 7418373 Q2 - 12v
pr-s 1] P a7k 50[AS M (7
B 3y al2 18] A6 %
AD7 18Ing (i L 481A7 L
ND OE LE -
1620 w[
EXPANSION
80188 = BUS
e ] P — [T a4)a8 IRQ7|39
ha 17 16 a2l A9 IRQ6]41
P 1e]) s 20[A10_+ -IRO5}43
anl Ble 2 )2 38]An _1raafss
A2 3 D1 748313 Q1 2 36 A12 IRQ3}47
pes ] b4 wls afas | ,1R02[5
Al4 b3 asfe 3y, T
e 8|ne P E 30]A15 8l 7| 6l 4] 5
GND OE LE P EES
10 T M :; b2 :E 3
RN
Kx7 T
i 28)A15 T
s Al7 B
ArslE 24|18 MRD|21
‘Al9|65 nfae , MRS
sf52 a7|clock  , PRD]25
53 53[ALE PWR
st .—'&
e
1
ALE Blas Ve ysfld +5V
DEN 3 p2 v2}2 B
DTIR 40 jN Y1 15 61 Ve Yi 14 |
CLKOUT gg : A3 13 Y3':% 2 C oo VR
Rre J|A7 zaLssa Y7po 1B 7as138 Y5
RD 9 AB Y6 M A 6
" ;s MA [T G2A GZ8_GNO
TIOUT A Y4 ]4 5 8
2515F GND OE_E
P o [1 e c18
_U 10uF - 0
ke - 16V =
p R D3
<o| B 16.000MHz g >
Eq ci4 s D
GND 20pF
_ = —a]

FIG. 1—THREE OCTAL LATCHES, IC15, IC21 and IC22 buffer the microprocessor’s address line.

The output of those latches feed the expansion bus and any on-board IC's that need access to the address line.
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FIG. 2—DECODING FOR 16 RAM/ROM SOCKETS, in two 64K banks, is provided by the Robotic

Personal Computer.
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FIG. 3—SIX GATES are used to decode the microprocessor's peripheral select, read, and write lines to

enable the disk controller when appropriate.

The clock IC is a National MM58274;
it can be programmed to provide one inter-
rupt or continuous interrupts at one of
seven selected intervals, ranging from 0.1
second to 60 seconds. Jumper JU14
provides hardware defeat of the interrupt
output.

Serial and parallel interfaces

A dual UART, the 28-pin version of
Signetics’ 2681, is used for serial commu-
nications; the IC has a built-in software-

programmable baud-rate generator. As
shown in Fig. 4, Channel A of the DU-
ART, accessed through P1, is dedicated
for use by a standard ASCII terminal.
Channel B, accessed through P2 (for
RS-232 signal levels) or P4 (for TTL lev-
els), is an auxilliary port for use with a
serial printer, modem, etc. Level trans-
lator IC18 converts the + 5-volt outputs of
the DUART to RS-232 levels. Jumper
JUI16 allows you to defeat the ““busy” in-
put of DUART channel B; JU17 allows

you to select TTL or RS-232 input to
Channel B.

The data lines of the parallel printer
port (P6) are driven by IC33, an eight-bit
latch. As mentioned above, the STROBE
signal for latching data in the printer is
provided by IC37 (shown in Fig. 3). The
printer’s Busy and ERROR outputs are
buffered by IC32, as are the separate posi-
tions of DIP switch S1. Table | shows the
meanings of the various settings of SI.

Power supply
The RPC requires only +35 volts at
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FIG. 5—THE COMPUTER CAN BE RESET using switch S 2, Further, when jumper JU15 is installed,
IC43 can provide reset pulses at fairly long intervals—30 seconds with the component values shown.

TABLE 1—S1 COMMUNICATIONS PARAMETERS

Positions
a b c d
0 0 0 0
0 0 0 1
(4] 0 1 gt
0 0 1 1.
0 1 0 S
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 a1 1 0
1 1 1 1

about 850 mA. The power connector (P1)
also routes +12 volts to the disk-drive
connector (P7) and the expansion con-

 Double-stacked
Baud rate memory socket
150 E Yes
300 Yes
600 Yes
1200 Yes
2400 Yes
4800 Yes
9600  Yes
19200 Yes
150 “No
300 No
600 No
1200 No
2400 No
4800 No
9600 No
19200 No

nector (P5). The RPC does not itself use
+ 12 volts; other necessary voltages are
generated on-board. As shown in Fig. 5,

IC29 is a switching regulator that
provides the EPROM programming volt-
age (Vpp). Both 12- and 21-volt EPROM’s
can be accommodated by adjusting R16.

Op-amp IC10-a functions as an os-
cillator that generates the — 6-volt supply
for the RS-232 output; IC10-b provides a
low-power detection circuit that applies
power from battery Bl to the RAM IC’s
shown in Fig. 2.

The computer’s reset function is han-
dled by S2; in addition, IC43, a CMOS
555 timer, can provide reset pulses at fair-
ly long intervals—30 seconds with the
component values shown. Jumper JUIS
must be installed for those pulses to have
effect. As we’ll see, resetting the pro-
cessor periodically can be useful in de-
bugging the hardware.

Construction

Due to the complexity of this project,
we recommend that you use a PC board.
A double-sided board with plated-
through holes is available from the source
mentioned in the Parts List; foil patterns
for that board are presented in PC Service.
If you etch your own board, allow some
method of soldering each and every pad
on both sides of the board. You should
pass a thin jumper wire through all pads in
which components are nor mounted. and
solder the jumper on both sides of the
board.

Mount and solder all components as

shown in the diagram in PC service. Use
sockets for all IC’s, but don’t insert the
IC’s yet. We recommend that the PC
board be wave soldered for several rea-
sons:
® Solder will fill the plated-through
holes, thereby increasing their reliability.
® The solder wave will cause the traces
under the solder mask to reflow, thereby
forming a better circuit.
® Wave-soldered joints are more relia-
ble.
A local electronics assembly shop may be
able to wave solder the board for you.
After soldering, remove all solder flux
and check all work carefully.

Testing and debugging

The next step is the most exciting—and
the trickiest. Bringing up an untested mi-
croprocessor system is a difficult task,
especially without the aid of sophisticated
test equipment. However, the following
has served us many times, using only a
50-MHz dual-channel oscilloscope.

The first task is to check power distribu-
tion. Use an ohmmeter to confirm that the
+ 5-volt line is not shorted to ground.
Next, apply power, and check all sockets
for power at the correct pins.

The next step is to try to execute code.
Install the microprocessor and all of the
support circuits required to read from
ROM (IC11-ICI7, IC2I, 1C22, IC39). In-

continued on page 102



SERIAL AND PARALLEL

INTERFACES
[wr)-
[ED> 51
o 45V COMMUNICATIONS
T PARAMETERS
£ = -
(D Vee LUior
8 7Ib L)
s . e ]
- JU16 RD I o
- _CRT CTS 2+ 4 R 06|12 7 5lc '
1 INPUT A3 o b
TXA ) S A2 3, D5/13 132 \ ©
Noe— _T. +5\\ T ol paj1a| 7418581 |6 5,4 c,/‘>—|—j_
RXAe- = AR 1 D31 3 o Li=p
‘ i L ¢ i [ Lxraws 2300 e VU2 B R
P4 AUX o [ he Iy 26 3686 #0216 3T T34 ERR
1 L7, 10~ b 23] MHz  Joiln7 5V
> GND Vg TXA X1 2. 131
Moo 6 RN 2l D818 o — GND
3 5 s 8 (33 E2
RXe—f2 TXB T [0 [19
cTse— 2] wciasaos 15 20 1py ImF ol i
SERIAL | [aTse_]® 3 T A = = PRINTER
INPUT/ < L) 13 o 1 o7 sa—0 Ly
OUTPUT | p2 TTL  |ic194 7 e 16 D6 8 E ¢ 9 :; =
v U g MY RAR oeh2 D5 14 15_13]p,
g 1/6 7415367 ) 17 D4 7 611
GNDe- 4 -\ TTL/! D4 1033 D4
5 74LS367 LRI WY 11 TE I
RXBe—] 5 5 tY RS2l 26w DS 2 o] 7 W
_ |4 9 10 D2 D2
ol $ai Pt AL D118 L
Cle—5 13 ey S0k 19 Da 3 i3
o - 53] 0P8 £e Voo e
v = +5V b
e Usfﬁ'f;m ={NT AUXILLIARY 2
DATA BUS FROM IC17_+5V N
"1 i oy |STROBE
@j icaer~? o[
o 1/8 7418540 [N:LNTE o—Ea Af———oTTL OUTPUT
ouTPUT e sz D—g:——oz RLAH‘S';%/RECEWE
(HE

=

= OFTION

FIG. 4—A DUAL UART is used far serial communications. The IC used, a 2B-pin Signetics 2681, has a

built-in programmable baud-rate generator.

All resistors are Ys-watt, 5% unless oth-
erwise noted.

R1, R8, R10, R15, R18, R21—10,000
ohms

R2, R3, R9, R11, R13, R14, R17—1000
ohms

R4, R6, R7—100,000 ohms

R5, R20—unused

R12—1 megohm

R16—10,000 ohms, trimmer potentiome-
ter

R19—15 megohms

RN1—1K x 7 SIP resistor pack

RN2—1K x 5 SIP resistor pack

Capacitors

C1, C34—unused

C2-C9, C12, C19-C32, C35-C38, C40,
C42-C50, C52, C53—0.1 pF, bypass

C10, C15, C33—27 pF, disk

C11—6-36 pF variable trimmer capacitor

C13, C18—10 pF, 16 volts, electrolytic

C14—20 pF, disk

C17, C39—100 pF, disk

C41—4.7 uF, 16 volts, electrolytic

C51—1 pF, 35 volts, tantalum

Semiconductors

IC1-IC8, IC44-1C51—6264 RAM or 2764
EPROM

PARTS LIST
IC9—MM58274, clock
IC10—LM393, op-amp
IC11, IC12, IC41—74LS138, 3-to-8 line
decoder
IC13, IC32—74LS541, octal buffer
IC14, IC16, IC17—74LS645, octal trans-
ceiver
IC15, IC21, 1C22—74L.S373, octal latch
1C18—MC1454086, RS-232 line driver/re-
ceiver
1C19, IC38—74LS367, hex buffer
1C20—80188, microprocessor
IC23, IC24, IC30, IC31—BIOS and lan-
guage EPROMSs (see text)
1C25—SCN2681AC1N28—Dual UART
(Signetics)
1C26—74L.S08, quad two-input AND gate
1C27—741.532, quad two-input OR gate
1C28—74L811, triple three-input AND
gate
1C29—TL497, switching regulator
1C33, IC37—74LS377, octal latch
1C34—WD1770, floppy disk controller
IC35—LM336-2.5, precision voltage ref-
erence (2.5 volt)
1C36—74LS540, octal buffer
IC39—74L.5139, dual 2-to-4 line decoder
IC40—8259A., interrupt controller

IC42—SN75176B, RS-422 controller (op-
tional)

1C43—7555, CMOS 555 timer

D1-D3—1N4148 switching diode

D4—1N759 6.8-volt Zener diode

LED1-—standard

Q1, Q2, Q4—2N3906, PNP transistor

Q3—2N3904, NPN transistor

Other components

L1, L2—56 pH coil

P1, P3—3-pin 0.025" post connector

P2—7-pin 0.025" post connector

P4—5-pin 0.025" post connector

P5—60-pin dual-row 0.025" post con-
nector

P6, P7—34-pin dual-row 0.025" post con-
nector

P8—4-pin 0.025" post connector

S1—four position DIP switch

S2—normally-open pushbutton switch

XTAL1—32.768 kHz crystal

XTAL2—16.000 MHz crystal

XTAL3—3.6864 MHz crystal

Note: The RPC is available from Vesta
Technology, 7100 W. 44th Ave., Suite
101, Wheatridge, CO 80033;
303-422-8088
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continued from page 44

stall the watchdog timer (1C43) and JUIS,
and set the timeout for approximately 1
second (by substituting a I-megohm re-
sistor for R19). Do not install any other
IC’s. Apply power and confirm that the
oscillator is operating by observing the
signal at pin 56 of the microprocessor. Pin
24 of the microprocessor should go low
each time S2 is pressed and each time
IC43 times out. If those operations appear
normal, remove power and install a ROM
with a simple JMP — 1 instruction where
the reset vector normally goes (FO00:FFF
@). Now, if all is well, you should see a
nice tight loop by observing the address
bus on an oscilloscope.

You can trigger your scope easily on
that signal and actually use your scope as
a poor-man’s bus analyzer. Observe the
rRD line and select a cycle for analysis.
Note the exact position of the rRD strobe on
your scope. Now probe the D@ line. Is it
high or low when rp is low? Write it
down. Do the same for all of the data and
address lines. You have just decoded the
entire state of the microprocessor for that
rD cycle: the address being read and the
next instruction in the ROM.

Next, fill a ROM with NOP’s (090h)
and execute a jump to the beginning of the
ROM. Scope the address lines. You
should see a 0101 sequence on Af, a (011
sequence on Al and so on. Each address
line will appear at half the frequency of
the preceding line.

What if things are not as they should
be? This is where the watchdog timer
(IC43) comes to our rescue. Set it for a
timeout of a few milliseconds, trigger
your scope on the reset pulse from the
microprocessor (pin 57), and observe the
first few RD cycles at the ROM. Here are a
few things to look for:

1. Is the chip select line to the ROM (pin
20) active? If not, there could be a prob-
lem in the address-decoding circuitry or
the address latches. Perhaps one or more
of the microprocessor signals ALE, DEN,
DT/R, RD, Or WR are lost.

2. Are the address lines correct? They
should all be high except for AG-A3;
those lines will toggle. Watch for voltage
levels that are neither high nor low:; two
lines may be shorted, or the address de-
coder may not be functioning correctly.
3. Decode the first few instructions on the
data bus. Do they accurately represent the
contents of the ROM? Are the voltage
levels correct? Incorrect voltage levels are
caused by bus contention, shorted traces,
ungrounded IC’s, unpowered IC’s, capac-
itors attached to data lines, and many
others we have not (yet) had the pleasure
of encountering.

continued on page 108
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continuéd from Page 102

After the RPC passes those tests, you’ll
want to test each section of the circuit by
dumping a test program to an EPROM.
Digital inputs and outputs are easy; you
can watch the result on a scope. You can
test RAM by pushing several different val-
ues on the stack, popping them back, and
comparing the result. Set an output line
high or low to report your result. We sug-
gest pushing and popping several bytes
because, if you push a byte and pop it
immediately, you’ll find that even an emp-
ty RAM socket will pass the test every
time! (Bus capacitance will hold the data
just as a dynamic RAM does.)

Following a logical, orderly process
with techniques like those outlined above
will allow you to conquer even the most
difficult microprocessor bugs. After each
test is complete, toggle an output latch to
confirm operation (or lack thereof).

After the basic sub-systems seem to
work, install the BIOS and the language
ROM’s—that makes the rest of the testing
more convenient. You can use the high-
level language in an interactive mode
from a terminal to test the rest of the
board. But more on that next time. R-E
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THE PARTS-PLACEMENT PATTERN for the robotic control computer. For clarity, the parts are shown

over the board's pad master. The interconnecting traces are not shown.




