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chip, unlike those it planned to van-
quish, happened to have a 16-bit ALU.

SILICON

UNLIKELY SOURCE

| gave old pal and MCU-numbers
guru Tom Starnes of Dataquest a call to
get an update. Turns out he’s been
struggling with the whole issue of ter-
minology as well (see the sidebar “Is a
32-bit MCU really an MPU?"). After a
fun discussion of that subject, | got
down to business—what'’s the story
with 16 bits?

Bet you didn’t know that something
on the order of 500 million 16-bit
MCUs were shipped in 1998! That's a
lot of units, many more than 32-bit
must say, when it chips and practically one quarter of the
comes to dissecting everyone-knows-it's-huge 8-bit market.
the comings and goings Which raises the question: if 16-bit
in the MCU market, I've MCUs are such a big deal, how come
always had a bit of trouble figuring out they’re so stealthy when it comes to
how 16-bit chips fit in. If 8-bit chips are showing up on designer’s radar?
the MCU compact pickup and 32-bit A close look at Tom’s numbers re-
chips are the Corvettes, what's that veals one of the answers: 16-bit MCUs
make a 16-bit chip? Is it something that are somewhat of a Japanese phenom-
would only appeal to a teenager whose enon.For instance, four of the top five 16-
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lust for the souped-up is bigger than his bit MCU suppliers are Japanese. And, if
budget? you look at demand as well as supply,
In trying to come up with an answer, you'll see the same geocentricity. In Ja-

part of my problem is simply figuring
out what a 16-bit MCU is. Are we talk-
ing ALU-width, data bus pins, or pro-
gramming model? Taking the auto-
motive analogy all the way under the
hood, you could think of it as a motor
with 16 valves. But, am | talking about
a compact pickup’s four-valves-per-
cylinder four-cylinder engine or a
Corvette’s two-valves-per-cylinder V8?
The issue has proved a headscratc
for ranks of micro marketers and an
opportunity for some creative pitching.
Even as | peck away, | notice on the
wall a late-70s Intel 8088 ad reprint,
which crowned that chip the 8-bit
Champion over the Zilog Z80 and
Motorola 6809. Of course, nowhere

pan, the yen volume is highest for 16-bit
MCUs, even though it representsraich
smaller fraction in all other markets.
Perhaps it's because the U.S., having

kicked off the MCU craze with the
original 8-bit '51s, '68s, and PICs got
more locked in to 8-bits, while Japan’s
later start left more of an opening for

Photo 1— Though wrapped in an econo-box 56-pin pack-

does it mention that this particular 8-bitage, the M16¢/20 has a 16-bit engine under the hood.
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16-bit chips. I'm reminded of 8 8 6 6 5 8 » it. If you're looking at huge
the way developing countries programsand lots of pins to
Ofte_n go straight t_o w_|reles_s for} 1o poris [Port Po] [Port P1] [Port P3] [Port P4 ] [Port P5 ] [Port P6 | [Port P7 ] 1 hang a ban_h of DRAM on,
their telecommunications in- 'l then 32 bits is the way to go.

. Internal peripheral lock 3
frastructure, leapfrogging past functions o jzihannels Syster)r(l c_oxc generator The brand new M16C/20 is
the need to run a bunch of wire - TT':‘;;M o expandable up to X X another story (see Photo 1).

. imer IS,
like those who started sooner. 13 channels)

Here’s a chip that's a good fit
with mainstream em-bedded
apps and is even a practical

Timer TBO (16 bits)
Timer TB1 (16 bits)

UART/clock synchronous
Timer TXO (16 bits) SI/O (8 bits x 1 channel)
Timer TX1 (16 bits)

I
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Or maybe, it's the fact that 8- | :
bit ASCII isn’'t enough to deal | :
with the thousands of Kanji | : /| alternative to 8-bit MCUs.
characters. And! perhaps! yOU : M16C/60 series 16-bit CPU core Memory ! For inStance, the *16C/20 is
could attribute some of the | o Program counter ROM i1 single-chip only. In other
| |
! |
! |
! |
! |
! |
! |
! |
I
I
I

Timer TX2 (16 bits) | | YART (8 bits x 1 channel)

difference to the rather convo- (Note 1) words, all the memory (you
luted fits and starts of the 16- C ke | | oo 2 can get 32-KB ROM/flash +
bit efforts by U.S. suppliers. Stack pointer 1-KB RAM or 48-KB ROM/

So who’s humber one in 16- flash + 2-KB RAM versions)
bit MCUs? It may come as a is on-chip. Without the 20—
surprise that Mitsubishi wins 30+ pins required for external
the title with 18% of the mar- | Note 1: ROM ;ijgg::jjg: ey ope expansion, the chip fits in a
ket, besting Motorola, the e tiny 56-pin QFP package and,
overall MCU leader, who Figure 1— Bits shmitz! It's the copious memory (up to 48 KB of ROM or flash surprise, even a DIP pack-
stands at 14% and way ahead memory and 2 KB of RAM) and functioqal peripherals onboard, not the ;G-bitALU, age—albeit, a rather off-the-
of the better-known Japanese that makes the M16C/20 such a good fit for mainstream embedded designs. wall 52-pin SDIP.

IC suppliers NEC, Hitachi, and | suspect the popularity of

Fujitsu, who all hover around 10%. of memory (the M16C/62 features a  the M16C family may have less to do
whopping 256 KB of ROM or flash with the ar-chitectural whizziness of

UNDER THE HOOD memory and 20 KB of RAM), high pin the CPU core and more to do with the

The M16C family consists of a vari- count (e.g., 100 pin) packages with  stuff surrounding it. Take a look at
ety of parts based on a common archi- external buses for connecting lots of  Figure 1. You can see the '16C/20’s
tecture. Though the marketing DRAM, and so on. huge selection of peripherals, including
collateral naturally claims the chips are  However, though impressive and  six 16-bit timers (plus a watchdog), two
RISC-like, in fact they’re quite CISCy quite capable, | think such high-end 161JARTS (one also handles clock serial

ISP

Multiplier

[ SB ] FLG |

with 91 semantically rich, variable- bit chips are most vulnerable to the  mode) and an 8-channel (up to 13 chan-
length instructions and a dozen-plus challenge of similarly priced low-end nels by sacrificing some shared pins) 10-
addressing modes. Most of the instruc-32-bit chips from outfitdike ARM, bit ADC.

tions execute in three cycles or less and/IPS, Hitachi, and Motorola. In case you were wondering, these
even MULtiply takes only five cycles. Although the M16C gives it a good peripherals aren't stripped down models

As odd as it may seem, the architec- try, chips with 16-bit programmer mod- by any means. For instance, the timers
ture strikes me as kind of a cross be-  els invariably stumble up against the (see Figure 2) feature a myriad of modes,
tween a 68k and a Z80. For instance, 64-KB barrier and, despite oh-so-cleverincluding event counter, one-shot, pulse-
like the 68, the eight 16-bit registers aresegment and banking schemes, there’swidth measurement, and PWM. There
partitioned into data and address roles. fundamentally no elegant way around are plenty of internal and external clock-

And like the Z80, there are source options individu-
two banks of register that arg Soriai Interiace ally programmable for
software selectable. Paraliol intorface each timer and a half a
Mini-pickup with a Cor- LAN interface dozen pins to work with
vette motor? Actually, | Emulation pod as well. The UARTSs have
think it sounds weirder than M30810T-RPD-E outpot canle their own transfer-rate
it is. In practice, the CISCy _ — generators, allowing com-
nature yields real benefits in : B 1 pletely independent opera-

terms of code density and, if] SR sl N -
| may be so blasphemous,
ease of assembly-language

tion without using any of
the six timers.
The A/D includes a

Emulator

Ve
e PCATOTHS

programming. HLﬂmhm Emulator power unt N . variety of repeat-sweep
The lineup covers a getsy Srmal mpot sable mod_es that cycle auto-
broad range. At the high- matically through a pro-

Figure 3— The Mitsubishi emulator may be a bit more than you need or can afford. Fortu- . .
end, the M16C/ 6x and nately, they're working to expand the tool offerings with popular third-party suppliers, like HP, grammer'def'r_'ed I'_St _Of
M16C/8x incorporate plenty orion, and Nohau. channels. Unlike similar,
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but simpler, schemes found O o O mentation. In addition
on other ChIpS, the '16C/20 f1 f8 f32fc32 8 Clock prescaler res::ﬂag (bit 7 ! to the usual dataSheetS,
can emphasize (i.e., conveft 32 mreddiess 03heysero Mit-subishi offers a
more frequently) a particu- 2 O e e software application
lar channel. For instance, o £ * PWM mode _ note that includes more
the sweep might pay more | mo. 1 — o fimer A0 >"%" | than 50 useful routines
it t t h | 0 th O > o —(C)/O_O « Event counter mode ever thn from the !

attention to channel O wi verything
a sequence like ch.0, ch.1, T d simple (block move) to
ch Oqch 2, ch.0, ch.3, and 5 - Onecit mode the Iosub(lime (trig fur)1c

U, Ly Yy ] * PWM mode -
S0 on. . o 5 " meneuning mode tions). Notably, each

Even the pal’a”e| |/O |S <" > . j Timer X0 }Tlxmoer example rellglously
gussied up with bit-by-bit g et * Event counter mode adheres to a rigorous
d!rect|on setting, nlb_ble-by- e — forma_t, _m-cludmg
nibble pull-up selection, and o + One-shot mode description, flow chart,

. . O * PWM mode .
eight pins offer program- o 9 ) -Pusewidh register, and_ memory
mable drive up to 30 MA for| ™. 1 _— 0 S Trmen ,mer | - Usage, restrictions,
directly connecting to LEDs O g filter O Hg/w  Event counter mode Xl copious comments, and
or other high current loads ' so on. The document is
or whatever else might com¢ o L Omer mode e a good lesson for any-
« PWM d

in handy. °  PWM mode body who programs,

The "16C/20 also pays |y, . 2 measuring mode mmer | Ot to mention all other
attention to details importanf O > . A;/Oﬂ EverTltlr:j:n)i:rmode > x2 MCU suppliers.
to real-world embedded Bottom line: the

. O . .

apps. For instance, there arp 0 '"16C/20 is an impres-
two separate os-cillators. TBO, 2 — - Do ity measuring mode o sive chip and, after
One delivers the main clock] O > —0 \o—0 O E— looking at its support
(up to 10 MHz) that's used o " Event counter mode and tools, | didn't run

. . O .
during normal operation anqg 5 £ « Timer mode across anything | would
H TB1, r « Pulse width measuring mode . H _ _
mp!udes a .programmable O Y LN \ Timer consider a show-stop
leIdeI’ Cham (1121418116)1 « Event counter mode per' Best Of a”’ at Only
while the other runs off a $6 (32-KB ROM) to

32-kHz watch crystal. The Figure 2— M16C/20 offers a competitive array of timers—far more than the typical 8-bit MCU—six ~ $12 (48-KB flash
neat thing is that you can channels, six pins, and a bunch of modes. Notice the flexible triggering options, including the chip’s memory), the price is

switch CPU operation to
either one via software ardisable the
unused oscillator to cut power.

dual clocks (Xin and XCin).

definitely right. In fact,
cipherable datasheets, over-engineered seem to recall those clever 8088 mar-
and over-expensive tools, disinterestedketers of yore also touted, “16-bit perfor-

For instance, running off the 32-kHz reps who didn’t want to hear about mance at 8-bit price,” a tag line that

clock and shutting the main clock
down, the chip typically consumes as
little as 4.0 mA, which is competitive
with a typical MCU all-clocks-off Sleep
mode. Both flash memory and ROM
versions run at the full 10-MHz speed
between a wide 4.0-5.5-V operating
range, while ROM versions can go all
the way down to 2.7 V, albeit at a re-
duced clock rate. RAM contents are
retained all the way down to 2.0 V.

NIHON-NO MICON?

Frankly, there was a time when go-
ing with a Japanese MCU was a deci-
sion not to be taken lightly. It had
nothing to do with technology but that
Japan was far away, had a different
language, and the business style was
quite different.

Old-timers know what | mean. Inde-

www.circuitcellar.com/online

anything but your next DRAM order, seems to match the '16C/20.

phone calls unreturned, unless you

worked for IBM, HP, or GM. Tom Cantrell has been working on
These concerns were valid, and I'm chip, board and system design and

in no position to say they've been to- marketing in Silicon Valley for more

tally eliminated. For instance, the offi- than ten years. You may reach him by

cial Mitsubishi emulator seems a rathere-mail attom.cantrell@circuitcellar.

arcane and expensive lash-up (see Figeom, by telephone at (510) 657-0264,

ure 3) and third-party support, though or by fax at (510) 657-5441.

growing, is nowhere near the level of a

Motorola or Microchip.
On the other hand, Mitsubishi and M16C/xx 16-bit MCU

the other Japanese suppliers have been Mitsubishi Electronics America, Inc.

trying to adapt. They're working hard to  (408) 730-5900

improve the traditionally somewhat Fax: (408) 730-4972

rocky relationship with distributors, www.mitsubishichips.com

recognizing that the channel is critical

for a product like the '16C/20 in the o . .
U.S. market. (;wcun Cell_ar the Maqa;m_e for Comoute( Apnllca-
, . tions. Reprinted by permission. For subscription
Also, I've been pleasantly surprised ntormation, call (860) 875-2199 or

with the quality and quantity of docu-  subscribe@circuitcellar.com.
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