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A new monthly column on semiconductor technology 

and developments 

By Harry Helms 

Electronics engineering journals and 
trade magazines today are busily beating 
the drum for applications -specific ICs 
(ASICs), the catch -all term for a host of 
technologies that produce custom and 
semicustom ICs. Indeed, many predict 
that by early in the next decade ASICs 
will capture over half of the worldwide 
IC market. 

I happen to think they're right. ASICs 
will be a big and important part of elec- 
tronics in the 1990s. But they won't be 
the whole show by any means. For many 
purposes, existing IC designs will be ade- 
quate and there will be no need to use an 
ASIC approach. Since ASIC devices in 
small quantities are an expensive propo- 
sition in small quantities, it seems likely 
that cost -conscious engineering manag- 
ers will urge their design staffs to try to 
find solutions using "off the shelf" de- 
vices before going the ASIC route. 

Therefore, keeping up with develop- 
ments in standard ICs will continue to be 
highly important. A recent one I found 
interesting is the explosive growth in 
high -speed CMOS devices. I'm so im- 
pressed by the capabilities of this logic 
family and the range of devices offered in 
it that I'm going to go out on a limb and 
predict that HCMOS (as it's known) will 
be the dominant logic IC family of the 
next decade, supplanting .standard 
CMOS and TTL (including advanced 
low -power Schottky ALS versions). 

What's so special about HCMOS? 
Think of it as a marriage between TTL 
and CMOS that produced children with 
many of the good qualities of the parents 
and few of their shortcomings. For years, 
the tradeoffs in digital logic were clear. 
TTL was fast and its devices were 
"tougher" than CMOS but consumed 
globs of current, was bothered by 
"noise," and its power supply had to be 
+ 5 volts. In contrast, CMOS used little 
current and could operate over a wide 
supply voltage range. Unfortunately, 
CMOS was very slow compared to TTL. 
A serious problem was CMOS's suscepti- 
bility to damage from static discharge 
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74HC85 4 -Bit Magnitude Comparator 

Dc supply (Vcc): + 2 to + 6 volts 
Dc input voltage: Not to exceed Vcc 
Maximum quiescent mode power con- 

sumption: 8µA 
Minimum high -level input voltage: 1.5 

volts for a 2 -volt Vcc, 3.15 volts for a 
4.5 -volt Vcc 

Propagation delay: 230 ns at 2 -volt 
Vcc, 46 ns at 4.5 -volt Vcc 

Prime vendors: GE /RCA Solid State, 
Motorola 

Secondary vendors: Hitachi, National 
Semiconductor, Signetics, Texas In- 
struments 

Fig. 1. Pin diagram and salient specifications and information for the 74HC85 
magnitude comparator. 

(some frustrated users felt you could 
"zap" a CMOS device simply by looking 
at it wrong!). Enhanced versions of 
CMOS and TTL were developed to ad- 
dress some of these problems, but they 
were more expensive and had some new 
limitations of their own. 

Ahhh, but HCMOS! Now we're get- 
ting somewhere! Let's compare HCMOS 
to ALS, the most advanced version of 
TTL. HCMOS can operate from a sup- 
ply voltage from + 2 to + 6 volts instead 
of the fixed + 5 volts needed by ALS. 
ALS ICs typically have a quiescent sup- 
ply current demand of 0.2 mA per gate, 
which HCMOS easily beats with a 0.0005 - 
mA figure. In speed, there's no real dif- 
ference between HCMOS and ALS. For 
example, a D flip -flop typically has a 
maximum speed of 35 MHz in ALS and 
40 MHz in HCMOS, while a typical 
counter IC can operate at up to 45 MHz 
in ALS and 40 MHz in HCMOS. 

Propagation delay times are virtually 
identical for ALS and HCMOS. HCMOS 
noise immunity is greatly superior to 
ALS. And HCMOS has a big advantage 
in fan -out capability. For example, a typ- 
ical ALS IC can drive inputs of 20 other 
devices, while HCMOS outputs can drive 
over 50 inputs. 

HCMOS also has remarkable compat- 
ibility with other logic families. HCMOS 
outputs can directly drive HCMOS, stan- 
dard CMOS, or up to ten TTL inputs if 
all ICs use the same supply voltage. 
Moreover, HCMOS can accept inputs 
from HCMOS, standard CMOS and 
NMOS devices. There are even some 
HCMOS devices that can directly accept 
TTL inputs. 

You can identify HCMOS devices by 
the "HC" or "HCT" in their part num- 
bers. "HC" is a "normal" HCMOS de- 
vice, while "HCT" indicates a device 
with TTL -compatible inputs and out- 
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puts. The normal format for part num- 
bers begins with "74" (sometimes, 
"54 "), then the "HC" or "HCT," fol- 
lowed by two to four numbers. One such 
part is the 74HC00, which identifies a 
quad 2 -input NAND gate device. If that 
number looks familiar, it should; 7400 is 
the part number of the same device in 
standard TTL. Virtually all TTL devices 
have HCMOS equivalents identified by 
"HC" and "HCT." These are identical 
in their pin numbers and functioning. In 
addition, a number of standard CMOS 
devices are available in HCMOS ver- 
sions. This means you can incorporate 
analog switches, multiplexers /demulti- 
plexers, timers, and even phase -locked 
loops (the 74HC4046A) into all -HCMOS 
designs. If you're already familiar with 
TTL and CMOS, you won't have to learn 
a new variety of part numbers, devices 
and functions. 

HCMOS isn't perfect, however. It still 
consumes more power and is more sus- 
ceptible to noise than standard CMOS. It 
can't operate over as wide a voltage range 
as standard CMOS, and "HCT" devices 
must be operated from a constant + 5 

volts like TTL (HCT devices also con- 
sume more power than HC types). Fur- 

thermore, HCMOS is currently more ex- 
pensive than most other logic families. 
And HCMOS still is vulnerable to dam- 
age from static discharge, requiring the 
same handling and use precautions that 
ordinary CMOS does. But these short- 
comings are more than offset by 
HCMOS's many strengths. On balance, 
it's clearly the best existing logic family 
for most purposes. 

4 -Bit Magnitude Comparator 
One useful new HCMOS device is the 
74HC85 magnitude comparator. Figure 
1 shows a pin diagram for this device, 
which takes two 4 -bit (or "nibble ") in- 
puts and compares them. The two nib- 
bles are labeled A and B, and three out- 
puts (at pins 5, 6 and 7) indicate three 
possible relationships between them: A 
> B, A = B and A < B. 

The output corresponding to the rela- 
tionship between the two nibbles has a 
high logic level, while the other two out- 
puts are low. There are three cascading 
inputs (pins 2, 3 and 4) that are used when 
two or more devices are cascaded to com- 
pare "words" larger than four bits. If 
you're using just one 74HC85, set the A 
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Fig. 2. Details of how to cascade 74HC85s to compare two bytes. Additional 74HC85s 
can be cascaded in the same manner to compare words of 16, 32 or more bits. 

= B cascading input (pin 3) to high and 
the other two inputs (pins 2 and 4) to cir- 
cuit ground. 

Figure 2 shows how to cascade the 
74HC85 to compare two bytes. The first 
device is used to compare the least- signif- 
icant nibbles of the two bytes and the sec- 
ond 74HC85 compares the most- signifi- 
cant nibbles. Outputs of the first device 
feed the cascading inputs of the second, 
while the cascading inputs of the first de- 
vice are held to the same logic levels used 
with the single device. Additional devices 
can be cascaded in the same manner 
shown in Fig. 2 to compare words of 16, 

32 or more bits. Though it would be easy 
to use an ASIC device to compare two 
bytes, this is one example where using 
standard components can be just as ef- 
fective and much less expensive! 

An 8 -Bit Equality Comparator 
There are often cases when all we need to 
know is whether or not two bytes are 
equal. Figure 3 shows the pin diagram for 
the 74HC688 8 -bit equality comparator 
device. The inputs consist of two bytes, 
labeled A and B, and a single A = B out- 
put at pin 19. This output is low when- 
ever the two bytes are equal; otherwise, it 
is high. There is also a cascade input at 
pin 1, which should be kept at a low logic 
level when only one device is used. (If it is 
at a high level, pin 19 will be high regard- 
less of the inputs.) 

The cascade input is used if more than 
one 74HC688 is used to compare data 
"words" that are longer than one byte. 
This is done by connecting the A = B 

output of the first device to the cascade 
input of the second. The pattern is re- 
peated for all other devices in the cascade 
chain. The cascade input of the first de- 
vice must be connected to ground. The 
first device accepts the least- significant 
byte of each word, the last device in the 
chain accepts the most -significant bytes. 

A 9 -Bit Odd /Even 
Parity Checker & Generator 
Parity checking it a technique to detect 
errors when data is transmitted serially 
from one point to another. Each data 
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word has one bit known as the parity bit, 
and odd or even parity can be used. If 
odd parity is used, the number of 1 (high 
logic level) bits in the data word will al- 
ways be an odd number. In even parity, 
the number of 1 bits will always be even. 

The parity bit is usually the first bit in 

each data word; in the data word 
101100011, the first "1" is the parity bit; 
0 is used for even parity, while 1 is used 
for odd parity. Some parity- checking 
systems "borrow" a bit from a data 
word byte, leaving only seven bits for 
data, while other methods add an extra 
bit to a byte to form 9 -bit words. 

Figure 4 shows a pin diagram for an 
HCMOS device to detect the parity of a 
9 -bit data word input. The 74HC280 has 
two outputs, the even parity (pin 5) and 
an odd parity (pin 6). Input bit A (pin 8) 

is the parity bit. Depending on the parity 
of the input, one output will be high 
while the other will be low. If the number 
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74HC280 9 -Bit Odd /Even Parity 
Checker & Generator 

Dc supply (Vcc): + 2 to + 6 volts 
Dc input voltage: Not to exceed Vcc 

Maximum quiescent mode power con- 
sumption: 8µA 

Minimum high -level input voltage: 1.5 

volts for a 2 -volt Vcc, 3.15 volts for a 
4.5 -volt Vcc 

Propagation delay: 205 ns at 2 -volt 
Vcc, 41 ns at 4.5 -volt Vcc 

Prime vendors: GE /RCA Solid State, 
Motorola, Signetics 

Secondary vendors: Hitachi, Mitsubi- 
shi, National Semiconductor 

Fig. 3. Pin diagram and salient spe- 

cifications and information for the 
74HC688 8 -bit equality generator. 
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of 1 bits in the input is even (0, 2, 4, 6, 8), 

pin 5 will be high and pin 6 will be low. If 
the number of 1 bits is odd (1, 3, 5, 7, 9), 

then pin 5 will be low and pin 6 will be 

high. This allows you to not only deter- 
mine the parity of an input signal, but 
also to "generate" a parity signal for use 
when comparing inputs that are larger 
than nine bits. To cascade 74HC280 de- 

vices, connect the odd -parity output of 
the first device to the A bit input of the 
next device in the chain. Leave the even - 
parity output open. Additional devices 
can be cascaded in this manner to handle 
33- or 65 -bit inputs. 

Good Reading 
Manufacturer literature is one of the best 
ways to keep up with semiconductor ap- 
plications and electronics technology. 
You can obtain literature from their dis- 
tributors and sales representatives, or 
you can obtain it directly from the manu- 
facturer if you request it on business or 
professional letterhead. 

Integrated devices haven't totally con- 
quered the world. For many high -power 
applications, it's tough to beat a MOS- 
FET. A valuable collection of MOSFET 
circuits is TMOS Power FET Design 
Ideas, available from Motorola Semi- 
conductor Products. This book includes 
schematics and circuit information for 
voltage regulators, motor speed controls, 
lamp switches and dimmers, audio am- 
plifiers, modulators, power supplies, and 
radio transmitters. This manual runs 7Ó 

pages and proves that discrete devices are 
alive and well. (Motorola, P.O. Box 
20912, Phoenix, AZ 85036.) 

I started this month's column by men- 
tioning how ASICs seem destined to 
dominate electronics. A good guide to 
what an engineer must keep in mind 
when designing an ASIC is Practical 
Considerations for the Design of Semi - 
custom ASICs (ICAN- 8740), available 
from GE /RCA Solid State. Some of the 
advice is surprising, such as suggestions 
to avoid using on -chip clock signal oscil- 
lators and tri -state (high, low and high- 
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74HC688 8 -Bit Equality Comparator 
Dc supply (Vcc): +2 to +6 volts 
Dc input voltage: Not to exceed Vcc 
Maximum quiescent mode power con- 

sumption: 8µA 
Minimum high -level input voltage: 1.5 

volts for a 2 -volt Vcc, 3.15 volts for a 
4.5 -volt Vcc 

Propagation delay: 210 ns at 2 -volt 
Vcc, 42 ns at 4.5 -volt Vcc 

Prime vendors: GE /RCA Solid State, 
Motorola, Signetics, Toshiba 

Secondary vendor: Hitachi 

Fig. 4. Pin diagram and specifications 
and information for the 74HC280 9 -bit 
odd /even parity checker and generator. 

impedance) outputs. (GE /RCA Solid 
State, P.O. Box 3200, Somerville, NJ 
08876.) 

A Personal Note... 
This is my first of what I hope will be a 
long line of columns. I'm particularly 
glad to once again write for Art Salsberg, 
for whom I wrote over a decade ago at 
Popular Electronics, and to appear in the 
same magazine as Forrest Mims, who has 
been a good friend since my days in Ra- 
dio Shacks's technical publications 
group. My charter is to bring you the 
most recent developments in semicon- 
ductor technology and news on the latest 
devices available. I'd appreciate your 
feedback and comments about what 
you'd like to see in this column! AE 
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LETTERS (from page 7) 

Electronics can send $12 to Vontronics, 
1010 Park Drive, Everett, WA 98203. 
Also available from the same source are 
an undrilled case, the pc board, the three 
ICs and assembly instructions for the 
converter for $35. Please add $2.50 for 
P &H and state sales tax if you are a 
Washington resident. 

Crady VonPawlak 
In the Note at the end of the Parts List 

in the "Off -Hook Phone Alert" (No- 
vember 1987), the pc board and kit sup- 
plier should read R &R Associates, 3106 
Glendon, Los Angeles, CA 90034. 

Peter A. Lovelock 
For benefit of any readers who may be 

confused by some typographical errors in 
"A General- Purpose Speech Synthesiz- 
er" (October 1987), I offer the following 
corrections: 

In Fig. 2, eliminate the connection 
from pin 1 of IC4 to pin 1 of IC12; con- 
nect pin 16 of IC4 to pin 2 of IC7; con- 
nect pin 19 of IC4 to pin 1 of IC7; change 
CI5 to 0.1 microfarad and R2 through 
R7 to 2,700 ohms. 

If used, Data Out in Fig. 3 goes to the 
RX input on the computer, not CTS. 
Also, pressing the RESET button causes 
the synthesizer to vocalize "okay" but 
not print it on the computer screen. 

Barry L. Ives 

Okay 
Since Radio Shack introduced the 

CTS256A -AL2 speech processor, I start- 
ed building the circuit. The furthest I suc- 
ceeded is when I hit the RESET button and 
the speech processor signaled "OK," 
telling me that the wiring is more or less 
correct. The literature that came with the 
chip was helpful just to wire it up to say 
"OK." But to interface it with a comput- 
er, it was not. Happily, the October 1987 
Modern Electronics explains how to wire 
and interface it to a computer using serial 
or parallel outputs. I used the serial out- 
put option. As I was wiring it up accord- 
ing to the diagram, I noticed the diagram 
on page 36 has a misprint. Pin 2 of DB -25 
connector J1 should be TxD and pin 3 

should be RxD. After making this correc- 
tion, my Speech Synthesizer started vo- 
calizing any word I typed in. I hope 
everyone has as much fun as I did. 

John Vartanian 
Garden City Park, NY 

Mismatching 
In "Hardware Hacker," August 1987 

issue, it's noted that the internal resist- 
ance of automobile batteries is not "care- 
fully matched" to the impedance of the 
starter motors they are designed to drive. 
If the impedance were matched, the ter- 
minal voltage of the battery would drop 
to one -half the unloaded voltage. In 
practice, the cranking voltage is not ob- 
served to drop below about 10 volts in a 
12 -volt system. 

Stanley W. Wilson 

Don Lancaster's statement that " ... a 
car battery's impedance is carefully 
matched to the impedance of the starter 
... " in your August issue with regard to 
delivering maximum power during 
cranking can be misleading. I feel certain 
that such matching is not the case. Al- 
though there is a correlation between the 
impedance of the starter and the battery, 
a match would infer a 1:1 impedance ra- 
tio. If this were the case, the output of the 
battery would fall to half its open- circuit 
potential, or about 6.6 volts. However, 
cranking potential should not fall below 
9 volts during cranking, suggesting a 3:1 
ratio between load and battery. Best 
power delivery occurs when load impe- 
dance is much greater than source impe- 
dance. 

A very large battery that has essentially 
zero impedance would deliver about four 
times as much power to a fixed load as 
the same- voltage battery would with a 
matched impedance. Therefore, what car 
manufacturers probably look for is a rea- 
sonable tradeoff between power -delivery 
"efficiency" and weight to optimize 
cranking in practice. 

Wayne Shook 
Marissa, IL 

In the Beginning 
Some time ago, needing more shelf 

space, I cast my eyes about looking for 
something to throw out. I settled on some 
old vacuum -tube TV schematics printed 
in blue and taken out of an old magazine 
called Electronic Technician. Guess whose 
name I saw on the masthead ? ? ?? 

TL Clayton 
Meridian, MS 

Yes, indeed, that's where this editor 
started in the magazine business. -Ed. 
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