












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix C: Building the HBC-1 

11 
7 7 
4 

3 
4 IQ 

H H 2 2Q 18 2 c 4 c 5 u 16 
8 5 6 3Q 28 3 L 15 2 1 3 4Q 38 6 14 6 6 9 N 

10 7 12 5Q 48 7 2 13 4 7 15 6Q 58 5 0 12 11 
12 16 7Q 68 4 0 11 
13 19 BQ 78 1 3 10 

E 8 9 A 
IC7 ICB 

IC9 

First addition a 1 block 

: .................................................................................... · 

To next set of additiona 1 blocks 

Figure C-20. Parallel control output circuit 

I Parts used I 
For each group of seven outputs, the following parts are used: 

Quantity Description 

1 8-bit parallel-out serial shift register 
1 octal D-type flip-flops with clock enable 
1 Darlington transistor array 

Part 

74HC164 
74HC377 
ULN2003A 

523 
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ill (9) 

(4) 

Oe 
(5) 

Oc 
(6) 

Oo 

Figure C-21. Logic diagram for the 74HC164 

The74HC164 
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(11) 

Or 
(12) 

Oa 

A shift register is essentially a small storage area; this particular shift register 
holds 8 bits, which is the length of one character sent to the HBC-1. As its logic dia
gram in Figure C-21 indicates, the 74HC164 consists of eight flip-flops, each after the 
first getting its input from the previous one. 

The bits come into the shift register as serial data-that is one after the other
and are gated through by clock pulses (DCP in this case). After eight clock pulses, the 
channel request/digital output data from the computer is fully loaded into the shift 
register. There are eight outputs from the 74HC164, and at any point the bits that 
have been loaded can be read out as a parallel byte. 

The74HC377 

The 74HC377 is another set of eight flip-flops, this time with parallel input and 
parallel output. Though the individual flip-flops are not connected to each other, they 
do share common clock and enable signals, as shown in Figure C-22. 

If the enable ( not-G) is low when a positive-going clock pulse occurs, then what
ever levels are on the eight inputs (lD through 80) are clocked into the flip-flops and 
appear on the eight outputs (lQ through 8Q). 

I Theory of operation I 
The serial data coming from the computer is fed into the shift register and ap

pears in parallel on its outputs, most of which are also the inputs to the 74HC377. The 
exception is the last bit in, which has a special function: It is used as the enable for the 
74HC377. If this bit is low, the next positive-going clock pulse (the positive-going edge 
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CLK 

10 <3> (2) 1Q 

20 <4> (S) 2Q 

30 <7> (6) 3Q 

40 (S) (9) 4Q 

SD (13) (12) SQ 

60 (14) (1 S) 6Q 

70 (17) (16) 
7Q 

80 (18) (19) SQ 

Figure C-22. Logic diagram for the 74HC377 

of CSN) will gate the other seven bits into the 74HC377, and they will appear on its 
outputs. If this bit is high, the 74HC377 does not gate the data to its outputs, leaving 
the previous data there. Either way, the TLC540 is processing the same data stream 
and considers the first four bits to be an address request, which it attempts to process. 

What all this means is that if you want to set the parallel output, you send an 
ASCII character to the HBC-1 consisting of seven bits that represent the seven desired 
outputs, and an eighth bit that is low. Since each character sent to the HBC-1 results in 
a response from the TLC540, the program must read the input after each output com
mand and discard it, to keep everything straight (requests for an invalid channel re
turn a value ofO). 
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I Analog signal conditioning I 
Each of the analog inputs to the TLC540 is limited to a voltage range of 0 to 5 

volts. If you want to measure a voltage that matches this range, you can use the 5-volt 

power supply as VREF and apply the voltage to be measured directly to the TLC540 in
put channel with no signal conditioning required. You can also measure ratiometric 
devices based on variations in resistance, such as joysticks, potentiometers, therm
istors, and photoresistors using the simple configurations shown in Figure C-23. 

These configurations will provide accurate measurements as long as the trans
ducer source resistance is lOK or less. The variable resistor in the first circuit repre
sents one of the two potentiometers in a joystick. You could use two channels of the 
HBC-1 to monitor both potentiometers to control a pointer on the Macintosh screen 

V ref (5 volts) 

potentiomenter, ! ! 1 OK 
Thermister, ~ i ....... ·······1 

or photoresistor l.. ........... _ .... _i __ .,..,,..,.~------+ 
Vin to TLC540 

l 0.1uF 

V ref (5 volts) 

10K 
Joystick or I . r··>·.;·-;-·] _ __,,_ ... ..,,.,.~------+l v in to TLC540 
potentiometer r L. .... .! I 

l 0.1uF 

V ref (5 volts) 

j~' 
Relay, ~ 
pressure s"'itch 
magnetic contact J 

22K 

.,,...~-1-----+• Vin to TLC540 

l 0.1uF 

Figure C-23. Configuration for ratiometric input circuits 
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just as the mouse does, or to perform some other function. The variable resistor in the 
second circuit could represent a thermistor, a potentiometer, or a photoresistor. A 
thermistor varies in resistance as the temperature changes, and a photoresistor varies 
in resistance as the amount oflight changes. There are inexpensive versions of each of 
these available at different sensitivities and response speeds. By matching the re
sponse speed of the photoresistor to the expected speed oflight-level change, you can 
use them to measure light levels that vary from as slowly as the sunlight beaming 
through your living room window to as rapidly as a light beam broken by a car as it en
ters your driveway. 

To accurately measure voltages that are higher, or substantially lower, than 5 
volts, or to accurately measure the output of a transducer with a source resistance that 
is much greater than !OK, some sort of buffer amplifier is required. This buffer ampli
fier provides additional protection for the TLC540 inputs against the accidental appli
cation of excessive voltage, and matches the specific transducer output to the 0 to 
VREF range. This is where the optional precision voltage reference described in the 

power supply section comes in. The schematic in Figure C-24 on the next page shows 
how you could buffer the output from an anemometer to accurately measure wind 
speeds from near 0 to approximately 100 miles per hour (the mechanical anemometer 
itself is not very accurate below 2 mph, and I haven't actually wandered out into a 100-
mph wind to test the upper end). 

By changing the values of Rl and R2 in this circuit you can vary the gain of the 
TLC27L2, which determines the full-scale input range of the circuit. The gain is com
puted by the formula: 

Gain= 1 + (R2/Rl) 

So in the configuration shown, the gain is equal to 101. If you decide to change the 
gain, keep R2 in the 200K to 400K range in order to maintain a reasonable response 
time and keep the offset circuit operating properly. The maximum full-scale input is 
determined by the formula: 

Full-scale input voltage= VREF I Gain 

which yields 34.9 millivolts in this case. 
Another simple circuit that can be easily modified to cover a variety of applica

tions is the buffer shown in Figure C-25 on page 529, which is used in conjunction 
with a resistance network to form a four-range, bipolar digital voltmeter. 
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V REF (3.52 volts) 

RI 
30K 

R2 VR1 

R3-20K R4-20K 

100 IOK.l+-----------1 

RB R9 
IOOK 22K 

R6 
2K 
1'5 R7 

200K, 1'5 

O.luF 

Cl 
6 

7 
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R5 
I BK, I '5 Offset voltage 

--....,..,..--+ from 5V power 
suppllJ 

AID 
input 

0 - 34.9 mV >-------....,.,_--,-""""",....-.-------15 + 
input from 

TLC27L2ACP 

--~~ C2 IO.I uF 

Figure C-24. Monitoring an anemometer 

The four ranges are determined by the ratio of resistor Rl to each set of level
translation resistors (R5 and RB, R4 and R7, R3 and R6, and R2). With the values 
shown, the four ranges are: 

-3.52 to +3.52 

-7.04 to + 7.04 

-14.08to +14.08 

-28.16to +28.16 

In this example each range is neatly symmetrical with respect to zero volts, but you 
can set the high and low point of each range independently of each other and of the 
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Voltage to be R1 - 1 M * measured >--___..,,.,..,... ________ -1 

R2-1M 
VREF---+-~~~ 

(3.52 volts) 

I 0.01 uF 
C1 

._ ± 3.52 Volts 

R3-499K* R6-1M* 
-......,.,~---+-+----",..,..,...---..., ._ ±7 .04 Vo lb 

Input to TLCS40 

R4-249K* R7-332K* 
- ........ ~----+-------.,..,,..,..-- ._ ± 14.08 Volts 

RS-124K* R8-143K* ....._,.,.......,. ______ --""""'"""--.._ ±28.16Volb 

*Note: all resistors are Ile 

Figure C-25. A digital voltmeter 
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other ranges. For example, one range could be from -5 to + 10 volts and the next 

could be from - 20 to + 7. The only restrictions on the range are that the most posi

tive limit of the negative end of the range is minus the value of VREF> -3.52 in this 

case, and the most negative limit of the positive end of the range is VREF· The resistors 

labeled R2 through R5 in Figure C-25 control the negative extent of the range, and 

resistors R6 through R 7 the positive. The value of each resistor in any particular range 

is determined by a formula. The formula that determines the value of the resistor for 

the negative extent is: 

R = Rl x VREF /1 - VNEGL!Ml 

and the formula that determines the value of the resistor for the positive extent is: 

R = Rl x VREF/ ( + VPOSLIM - VREF) 

It is important to use precision resistors ( 1 % ) in this circuit, so after using the for

mulas to compute the desired resistance, you will have to substitute the value of the 

nearest available precision resistor. This will provide an exact reading of the voltage 

over a range very close to the one you want. You can, of course, add more ranges to the 

meter by adding more resistors. 
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One point to bear in mind when establishing the measurement range is that the 
resolution is inversely related to the range: If you double the range, you cut the resolu

tion in half. (Resolution is equal to the range divided by the number of output steps 
from the AID converter-256 for the HBC-1.) With the configuration shown in the 
voltmeter schematic, the resolution at the lowest range is 0.0275 volts per step; at 
the highest range it is 0.22 volts per step. You could easily double the resolution of one 
(or all) of the inputs by removing the low-extent resistor for that input (R2, 3, 4, or 5). 

You would sacrifice the bipolarity of that input but in so doing the resolution would be 
doubled (the range cut in half). If this is the only TLC540 channel being monitored, 

you could reverse the voltmeter leads to read a negative voltage. If more than one 
channel is being monitored, reversing the leads on one would mess up the others. 

I in conclusion I 
As I said in Chapter 18, the HBC-I was conceived as a method to demonstrate a 

simple BASIC program: From that point of view the project probably got a little out of 
hand. We ended up with a full-blown analog-to-digital conversion system that is com

parable to or better than most commercially available units costing 10 to 20 times as 
much. Building the HBC-I was a lot of fun, but using it is even more fun. With a little 

imagination, you will come up with a lot of ways to put it to use. For example, one per

son has already suggested a method of building a do-it-yourselfThunderscanner, and 
another is creating a navigation system for his boat. If you come up with a particularly 
interesting idea, or if you write a program that does something new and different, and 

you would like to share it with others, send it to me care of Microsoft Press, and I will 
try to find a way to spread the word. 
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ABS function, 269 
Active window, 34 
ADC-1, 345, 347 
Analog, 348 
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resolution, 342, 348 
to digital converter, 340 

AND operator, 362 
Anemometer, 342 
Array, 69 

picture, 76 
ASC function, 449 

B 
BEEP, 193 
BUTTON statement, 59, 168 
Button types, 60 

c 
CALL statement, 35-36 
Calling a subprogram, 202 
CHR$ function, 459 
CIRCLE statement, 284 
CLEAR statement, 165 
Clicking, 15 
Clipboard 

transferring images, 55 
CLOSE statement, 63, 165 
CLS statement, 59 
COMl:. See Serial port 
Command 

mode, 13 

Command (continued) 
window, 13, 15 

Comments, 8-9 
stripping, 458 

Communication buffer, 209 
Compiler, 6 
Computed GOSUB, 123, 193 
Concatenation, 165 
Coordinate system, 29 
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COS function, 381 
Current output window, 34 
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D 
Data acquisition, 339 
DATA statement, 119, 132 
DEFDBL statement, 67 
DEFINT statement, 67 
DEFSNG statement, 67 
DEFSTR statement, 67 
Dialog box, 17 
DIALOG event, 128 
DIALOG function, 34, 61, 128, 170, 222 
DIALOG ON, 122 
DIM statement, 69 
Dummy plug, 190 

E 
Edit field, 220 
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Tab, 235 

Edit mode, 13 
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EDIT$ function, 223 
END statement, 39, 165 
ENDSUB,101 
EOF function, 447 
ERASEARC, 376 
Errorhandling,228,230 
Event Manager, 38 
Event trapping, 128 
EXIT SUB, 101 

F 
FIELD statement, 476 
File 

recovery, 444 
types, 451 

FILES$ 
FILES$(0), 64 
FILES$(!), 18, 70 

FILLOVAL, 313 
FILLPOLY, 311 
FILLRECT, 89 
Flags, 189 
Flow control, 204 
FOR. .. NEXT statement, 47 
FRAMEOVAL, 117, 126 
FRAMERECT, 74 

G 
Games, qualities of, 266 
GET statement 

random file, 76 
screen, 76, 197 

GOSUB ... RETURN statement, 72 
GOTO statement, 10 

H 
Handshaking, 204 
HBC-1, 345, 371 
Hex numbers, 87 
HEX$ function, 105 
HIDECURSOR, 355 
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I 
IF. .. THEN ... ELSE statement, 65 
Indent, 10 
INKEY$ function, 163 
INPUT statement, 34 
INPUT$ function, 63, 162 
INSTR function, 206, 452 
INT function, 97, 359 
Integer division, 96 
Interpreter, 6 
INVERTOVAL, 117 
INVERTRECT, 101 

L 
Label, 4-5, 9 

subroutine, 227 
LCOPY statement, 51 
LEFT$ function, 173 
LET statement, 76 
Line carrier control, 349 
Line INPUT#, 444 
Line numbers, 4 
Line ROM Call, 118, 191 
LINE statement, 117, 127, 296 

STEP, 117 
LINETO, 49 
List window, 13, 15, 16 

second, 15, 16 
LOC function, 162 
LOF function, 63 
LSET statement, 4 77 

M 
MENU function, 193 
Menus, 18 

creating, 22 
disabling, 196 
Edit, 20 
File, 20 
keyboard equivalents, 19 
Run,21 
shortcuts, 22 
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MENU statement, 158, 186 Patterns 
ON, 160 define by hand, 85 
RESET, 188 storing as array, 88, 120 
STOP, 202 uses, 85 

MERGE statement, 298, 454 PENMODE, 70, 75, 126, 183, 312 
MID$ statement, 217 PENPAT, 88 
MOD,97,309 PENSIZE, 118, 131 
Moclal window, 35 Picture 
Mode of operation array, 452, 455 

command, 13 manipulating, 67 
edit, 13 storing, 55, 452 
program, 13 PICTURE statement, 66 

Modem port. See Serial port PICTURE OFF statement, 80 
Mouse, 15 PICTURE ON statement, 80 

events, 15 PICTURE$ function, 81 
tracking program, 31 Pixels, 14, 28, 85 

MOUSE function, 34, 38, 129 POLYGON, 309 
MOVETO, 35-36 Ports, 145 
Multiple commands, 15 PRINT statement, 36 

in active window, 92 

N multiple expressions, 37 
variables, 37 

NEW statement, 165 PRINT# statement, 65, 164 

Null string, 163 PRINT$ statement, 162 
PRINT USING, 105 

0 
Program 

execution mode, 13 

OBSCURECURSOR, 355 
size, 9 

Programming 
ON DIALOG statement, 120 style, 7-8 
ON ERROR GOTO, 229, 300 technique, 7 
ON ... GOSUB, 123 PSET statement, 356 
ON ... GOTO, 123 PUT statement 
ON MENU statement, 159, 294 action verb, 198 
Online services, 150 random file, 77 
OPEN statement, 61 screen, 77, 79, 197 

COMl:,160 
OPTION BASE, 69 

R Outline program, 445 
Output window, 13, 15, 17 RANDOM access file, 4 72 

RANDOMIZE statement, 282 

p READ statement, 120 
REM statement, 8, 156 

PAINTOVAL, 126 Reserved word, 5 
PAINTRECT, 126 RESET statement, 165, 477 
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RESTORE statement, 167 
RESUME statement, 232 
RIGHT$ function, 206 
RND function 286, 315 
ROM call, 29, 35-36 
RS-422, 344 

s 
Sampling rate, 344 
Screen 

image, 14, 28 
print, 51 
saving, 197 

SCROLL statement, 357 
Serial communication, 146, 383 
Serial port, 145 

connector, 146 
opening, 160 
wiring, 147 

SGN function, 288 
SHARED statement, 100, 171, 227 
SHOWCURSOR, 355 
SHOWPEN,81 
Signal conditioning, 340 
SIN function, 289, 381 
SORT routine, 466 
Spaces, 10 
SPC statement, 44 7 
Statement, 29 
STATIC, 100 
STR$ function, 49, 173, 221 
String variable, 445 
Subprogram, 99, 171 

error trapping, 231 
labels, 227 
defining variables, 231 

Subscripted variable, 69 
SWAP statement, 74, 126 
SYLK file, 461 
Syntax, 6-7 
SYSTEM statement, 165, 196 
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T 
TAB statement, 450 
Terminal program, 149, 153 
TEXTFACE, 473 
TEXTFONT, 46 
TEXTMODE, 157, 183 
TEXTSIZE, 47, 183 
TIME$ function, 216 
TIMER, 282, 286 
Tokenize, 9 
TRACE command, 294 
Transducer, 340 
Transferring images 

clipboard, 55, 79 
file, 56 
scrapbook, 55, 79 

TRON statement, 293 

u 
UCASE$ function, 449 
User interface, 27 

v 
VAL function, 172 
Variable 

in PRINT statements, 37 
names, 9 
storage, 45 
subscripted, 69 
type declaration, 69 

VARPTR function, 74, 105 

w 
WHILE. .. WEND statement, 37, 39 

nested, 39 
WIDTH function, 49 

statement, 37 
Windows 

active, 34 
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Windows (continued) 
Command, 13, 15 
creating, 17 
dimensions, 41 
events, 17 
List, 13, 15 
modal, 35 
Output, 13, 15, 17, 30, 34 
scrolling text, 183 
size, 16, 40 
types, 35 

WINDOW CLOSE statement, 34, 165 
WINDOW function, 34, 111, 114, 190 
WINDOW OUTPUT statement, 34, 104 
WINDOW statement 

statements, 33-34, 105 
WORD format, 469 

x 
XON/XOFF, 204 
XOR, 101 
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