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CMOS EVOLVES

The original CMOS logic families were the 4000-series
and the 74C-series circuits. The 74C-series circuits are
functional equivalents to the corresponding numbered
74-series TTL circuits, but have CMOS logic levels and
retain the other well known characteristics of CMOS
logic.

These characteristics are: low power consumption, high
noise immunity, and slow speed. The low power con-
sumption is inherent to the nature of the CMOS circuit.
The noise immunity is due partly to the CMOS logic
levels, and partly to the slowness of the circuits. The
slow speed is due to the technology used to construct
the transistors in the circuit.

The technology used is called metal-gate CMOS, be-
cause the transistor gates are formed by metal deposi-
tion. More importantly, the gates are formed after the
drain and source regions have been defined, and must
overlap the source and drain somewhat to allow for
alignment tolerances. This overlap plus the relatively
large size of the transistors themselves result in high
electrode capacitance, and that is what limits the speed
of the circuit.

High speed CMOS became feasible with the develop-
ment of the self-aligning silicon gate technology. In this
process polysilicon gates are deposited before the
source and drain regions are defined. Then the source
and drain regions are formed by ion implantation using
the gate itself as a mask for the implantation. This elim-
inates most of the overlap capacitance. In addition, the
process allows smaller transistors. The result is a signif-
icant increase in circuit speed. The 74HC-series of
CMOS logic circuits is based on this technology, and
has speeds comparable to LS TTL, which is to say
about 10 times faster than the 74C-series circuits.

The size reduction that contributes to the higher speed
also demands an accompanying reduction in the maxi-
mum supply voltage. High-speed CMOS is generally
limited to 6V.

WHAT IS CHMOS?

CHMOS is the name given to Intel’s high-speed CMOS
processes. There are two CHMOS processes, one based
on an n-well structure and one based on a p-well struc-
ture. In the n-well structure, n-type wells are diffused
into a p-type substrate. Then the n-channel transistors
(mFETSs) are built into the substrate and pFETs are
built into the n-wells. In the p-well structure, p-type
wells are diffused into an n-type substrate. Then the
nFETs are built into the wells and pFETs, into the
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substrate. Both processes have their advantages and
disadvantages, which are largely transparent to the
user.

Lower operating voltages are easier to obtain with the
p-well structure than with the n-well structure. But the
p-well structure does not easily adapt to an EPROM
which would be pin-for-pin compatible with HMOS
EPROMSs. On the other hand the n-well structure can
be based on the solidly founded HMOS process, in
which nFETs are built into a p-type substrate. This
allows somewhat more than half of the transistors in a
CHMOS chip to be constructed by processes that are
already well characterized.

Currently Intel’s CHMOS microcontrollers and memo-
ry products are n-well devices, whereas CHMOS mi-
croprocessors are p-well devices.

Further discussion of the CHMOS technology is pro-
vided in References 1 and 2 (which are reprinted in the
Microcontroller Handbook).

THE MCS®-51 FAMILY IN CHMOS

The 80C51BH is the CHMOS version of Intel’s original
8051. The 80C31BH is the ROMless 80C51BH, equiva-
lent to the 8031. These CHMOS devices are architec-
turally identical with their HMOS counterparts, except
that they have two added features for reduced power.
These are the Idle and Power Down modes of opera-
tion.

In most cases, an 80C51BH can directly replace the
8051 in existing applications. It can execute the same
code at the same speed, accept signals from the same
sources, and drive the same loads. However, the
80C51BH covers a wider range of speeds, will emit
CMOS logic levels to CMOS loads, and will draw about
1/10 the current of an 8051 (and less yet in the reduced
power modes). Interchangeability between the HMOS
and CHMOS devices is discussed in more detail in the
final section of this Application Note.

It should be noted that the 80C51BH CPU is not static.
That means if the clock frequency is too low, the CPU
might forget what it was doing. This is because the
circuitry uses a number of dynamic nodes. A dynamic
node is one that uses the note-to-ground capacitance to
form a temporary storage cell. Dynamic nodes are used
to reduce the transistor count, and hence the chip area,
thus to produce a more economical device.

This is not to say that the on-chip RAM in CHMOS
microcontrollers is dynamic. It’s not. It’s the CPU that
is dynamic, and that is what imposes the minimum
clock frequency specification.
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LATCHUP

Latchup is an SCR-type turn-on phenomenon that is
the traditional nemesis of CMOS systems. The sub-
strate, the wells, and the transistors form parasitic pnpn
structures within the device. These parasitic structures
turn on like an SCR if a sufficient amount of forward
current is driven through one of the junctions. From
the circuit designer’s point of view it can happen when-
ever an input or output pin is externally driven a diode
drop above V¢ or below Vgg, by a source that is capa-
ble of supplying the required trigger current.

However much of a problem latchup has been in the
past, it is good to know that in most recently developed
CMOS devices, and specifically in CHMOS devices, the
current required to trigger latchup is typically well over
100 mA. The 80C51BH is virtually immune to latchup.
(References 1 and 2 present a discussion of the latchup
mechanisms and the steps that are taken on the chip to
guard against it.) Modern CMOS is not absolutely im-
mune to latchup, but with trigger currents in the hun-
dreds of mA, latchup is certainly a lot easier to avoid
than it once was.

A careless power-up sequence might trigger a latchup
in the older CMOS families, but it’s unlikely to be a
major problem in high-speed CMOS or in CHMOS.
There is still some risk incurred in inserting or remov-
ing chips or boards in a CMOS system while the power
is on. Also, severe transients, such as inductive kicks or
momentary short-circuits, can exceed the trigger cur-
rent for latchup.

For applications in which some latchup risk seems un-
avoidable, you can put a small resistor (1002 or so) in
series with signal lines to ensure that the trigger current
will never be reached. This also helps to control over-
shoot and RFI.

LOGIC LEVELS AND INTERFACING
PROBLEMS

CMOS logic levels differ from TTL levels in two ways.
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First, for equal supply voltages, CMOS gives (and re-
quires) a higher “logic 1” level than TTL. Secondly,
CMOS logic levels are Voo (or VDD) dependent,
whereas guaranteed TTL logic levels are fixed when
Vcc is within TTL specs.

Standard 74HC logic levels are as follows:

VIHMIN = 70% of Voo

VILMAX = 20% of Voo

VoHMIN = Vgg — 0.1V, [lon| < 20 pA
VoLMAX = 0.1V, |loL| < 20 pA

Figure 1 compares 74HC, LS TTL, and 74HCT logic
levels with those of the HMOS 8051 and the CHMOS
80C51BH for Ve = 5V.

Output logic levels depend of course on load current,
and are normally specified at several load currents.
‘When CMOS and TTL are powered by the same V¢,
the logic levels guaranteed on the data sheets indicate
that CMOS can drive TTL, but TTL can’t drive
CMOS. The incompatibility is that the TTL circuit’s
Vou level is too low to reliably be recognized by the
CMOS circuit as a valid V.

Since HMOS circuits were designed to be TTL-compat-
ible, they have the same incompatibility.

Fortunately, 74HCT-series circuits are available to ease
these interfacing problems. They have TTL-compatible
logic levels at the inputs and standard CMOS levels at
the outputs.

The 80C51BH is designed to work with either TTL or
CMOS. Therefore its logic levels are specified very
much like 74HCT circuits. That is, its input logic levels
are TTL-compatible, and its output characteristics are
like standard high-speed CMOS.

NOISE CONSIDERATIONS

One of the major reasons for going to CMOS has tradi-
tionally been that CMOS is less susceptible to noise. As
previously noted, its low susceptibility to noise is

Logic State Vee = 5V

74HC 74HCT LSTTL 8051 80C51BH
VIH 3.5V 2.0V 2.0V 2.0V 1.9V
ViL 1.0V 0.8V 0.8V 0.8V 0.9V
VoH 4.9V 4.9V 2.7V 2.4V 4.5V
VoL 0.1V 0.1V 0.5V 0.45V 0.45V

Figure 1. Logic Level Comparison. (Output voltage levels depend on load current.
Data sheets list guaranteed output levels for several load currents. The output
levels listed here are for minimum loading.)
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partly due to superior noise margins, and partly due to
its slow speed.

Noise margin is the difference between Vor and Vyp,
or between Vopp and Vig. If Vop from a driving cir-
cuit is 2.7V and Vpyy to the driven circuit is 2.0V, then
the driven circuit has 0.7V of noise margin at the logic
high level. These kinds of comparisons show that an
all-CMOS system has wider noise margins than an all-
TTL system.

Figure 2 shows noise margins in CMOS and LS TTL
systems when both have Voo = 5V. It can be seen that
CMOS/CMOS and CMOS/CHMOS systems have an
edge over LS TTL in this respect.

Noise margins can be misleading, however, because
they don’t say how much noise energy it takes to induce
in the circuit a noise voltage of sufficient amplitude to
cause a logic error. This would involve consideration of
the width of the noise pulse as compared with the cir-
cuit’s response speed, and the impedance to ground
from the point of noise introduction in the circuit.

When these considerations are included, it is seen that
using the slower 74C- and 4000-series circuits with a 12
or 15V supply voltage does offer a truly improved level
of noise immunity, but that high-speed CMOS at 5V is
not significantly better than TTL.

One should not mistake the wider supply voltage toler-
ance of high-speed CMOS for V¢ glitch immunity.
Supply voltage tolerance is a DC rating, not a glitch
rating.

For any clocked CMOS, and most especially for VLSI
CMOS, V¢ decoupling is critica. CHMOS draws

Noise Margin for
Interface Vee = SV
Logic Low | Logic High
ViL=VoL VoH=VIH
74HC to 74HC 0.9v 1.4V
LSTTL to LSTTL 0.3V 0.7V
LSTTL to 74HCT 0.3V 0.7V
LSTTL to 80C51BH 0.3V 0.7V
74HC to 80C51BH 0.8V 3.0V
80C51BH to 74HC 0.8V 1.0V

Figure 2. Noise Margins for CMOS
and LS TTL Circuits
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current in extremely sharp spikes at the clock edges.
The VHF and UHF components of these spikes are not
drawn from the power supply, but from the decoupling
capacitor. If the decoupling circuit is not sufficiently
low in inductance, V¢ will glitch at each clock edge.
We suggest that a 0.1 uF decoupler cap be used in a
minimum-inductance configuration with the microcon-
troller. A minimum-inductance configuration is one
that minimizes the area of the loop formed by the chip
(Ve to Vgg), the traces to the decoupler cap, and the
decoupler cap. PCB designers too often fail to under-
stand that if the traces that connect the decoupler cap
to the Voc and Vgg pins aren’t short and direct, the
decoupler loses much of its effectiveness.

Overshoot and ringing in signal lines are potential
sources of logic upsets. These can largely be controlled
by circuit layout. Inserting small resistors (about 100Q))
in series with signal lines that seem to need them will
also help.

The sharp edges produced by high-speed CMOS can
cause RFI problems. The severity of these problems is
largely a function of the PCB layout. We don’t mean to
imply that all RFI problems can be solved by a better
PCB layout. It may well be, for example, that in some
RFI-sensitive designs high-speed CMOS is simply not
the answer. But circuit layout is a critical factor in the
noise performance of any electronic system, and more
50 in high-speed CMOS systems than others.

Circuit layout techniques for minimizing noise suscepti-
bility and generation are discussed in References 3
through 6.

UNUSED PINS

CMOS input pins should not be left to float, but should
always be pulled to one logic level or the other. If they
float, they tend to float into the transition region be-
tween 0 and 1, where the pullup and pulldown devices
in the input buffer are both conductive. This causes a
significant increase in Icc. A similar effect exists in
HMOS circuits, but with less noticeable results.

In 80C51BH and 80C31BH designs, unused pins of
Ports 1, 2, and 3 can be ignored, because they have
internal pullups that will hold them at a valid Logic 1
level. Port O pins are different, however, in not having
internal pullups (except during bus operations).

‘When the 80C51BH is in reset, the Port O pins are in a
float state unless they are externally pulled up or down.
If it’s going to be held in reset for just a short time, the
transient float state can probably be ignored. When it
comes out of reset, the pins stay afloat unless
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they are cxternally pulled cithze np ar down. Alterna-
lvels, Lhe soltwire can imlemmally wrile Os e whilever
Pierl. 0 pimes Ty he ansesd.

The  sanme omsidoralioms are applicable o the
ROCHIBH with reeards o oreset. Bur when  the
ROCIIBH comes out of reser, it conwmences Bas npera-
tions, during whicl the lopic levek ar the pins arc al-
ways well defined as high oo low,

Considzr the BRCIIRHE in the Power Drown o Tdlc
modes, however, In those modes it iz pot fechivg in-
atoictions, and the Poot O pins will fean if not extecoal-
Iy pulled high or low. The choice of wicther to pull
them high or low iy the desipner’s. Normally it 15 sothi-
cient o ]_'\-1|I'I them up o VCIC' with 1Nk resistors. But if
poweT is f:l_"'iﬂ__?_ tn B remicved From o sirenits thoas nre
vommec el the baes, il he sl visable 1o pu]l 1k s
pins down {normally with [0k resistors), Considers-
Homs invelved in g?lr!:rir[!; ]_'.l,'IIuP Fila ]_‘lll“l‘l{“.iﬂ Trsivtor
vilues are ay Follows.

[JostAlal, ]

EXTERHAL
LO&DS

EE =1

Figure 3a. Conditions defining the minimum
value for B, PO.X iz emitling a logic low. R must
be large enough 1o not cauge 0L to exceed

data sheet specifications.
WG
BOCSIBH
R
SRTTI
Pux e

VOH = ¥CC — Ll + IHy X R

SN0EGH -2

Figure ib. Conditions defining the mazimum
walue for A. PO.X |5 In a high Impedance
state. A must be small enough o Keep
Vo aceaptably high.
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PULLUP RESISTORS

IT 2 pullup resstor s Lo be used omoa Porl O ping, s
minimonm valoe is dermrmvined by Iy r\cquircmcnw. It
Ihie |_'|i11 i |rj,-i113_-’I 1oy eamnil 1 4, Lhem il will Bave Lo sink Lhe
currznl froen the pullup resistor plus whinlever alher
currenl miy be sourced by olher loads conmecied Lo Lhe
i, as shown in Figere 3, while mainlanmyg a valid
output Loow (Wi T gnarantec thar the pin voltage
will not crceod 043V, the resistar shnald be seloetad an
that Ty dncan't cicocd the valne speeificd an the dara
wheet. In maosl COS apphicatins, he mimimom valus
wionlad be aboar 2k 13,

The mazinmm valoe vou enald vz depeads o hosy
fagt vou waant the pin to pall up afer bus oporations
lave censed, and how high you waur the ¥Viapr level to
b, The smaller the resistor the faster it pells up. Iy
ettect om the Woqp level s that ¥orp — Yer — (1L
IIH; > B ILLis the inpur lakage cusreat to the Pect O
pin, and ITH §s tle ipot high cvcrent to the sxeeral
loads, as shown in Fipure b, Mormally ¥y can be
expected o resch O8 Yooy it the pullup resistance doey
noit excered ahowt S0k £

Pulldown Resistors

I pulldown resisios s Lo be wed onoa Pomt O @, s
mirnum valwe s delcrmined by ¥gpp reguiroments
during bus aporations, and its maximm value is in
mont cascs derermined by leakage ciwrrent.

Trucing bua operatizes the post nscs oreraal pallups to
emit 15 The [.C, Charasceristics in the dara sheet list
puarantcod Viopp levels Tor givan Togp cuercnes, (The -
sigin o 1he Igpp value mcans the plo is sourcing that
cugrent to the cxternal lead, as shown in Fipure 4.1 To
epsure the Vigy level Livted in the datn sheer, the resis-

EXTERNAL
LOADS

ATANEA-G

Figure d4a. Conditions defining 1he minimum
value for R. PO.X iz emitting 8 1 in a bus
aperatian. A must be large enough ta not cause
10H to exceed data sheet specificallons.
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texr hay to satisty where Iy i the input high aurrens fo
Ihe exl=rnal lupcds

When rhe pin anes into a hi[!:'h 'i'11prx|!||1§'|,-. =tnts, the
p1||'||'|r}w11 resistor will hnve o sink I{:u'k.aglr surTent
Irurn ihe p'iu, Plu.'s whitlever olber cumrenl may b
sturres] by olher Toads conmesied o The o, a5 shcwT
n Figure dh, The Porl O eakase corrend s 1y oon the
claales sheel. The resislor should be selecied so that the
volbage duvclogol s 10 by these currens will sz
SEETL N 0 on_'ll; levy by whalsver carc s ey connecis|
lex a1 |’1r||.:||.|-:"i1|g Lhe S0CSTRIN. In OOMORSACTINGS HT-
phoetioms, 50k 8 s mormally o recsonahle nesimum
vitluwe.

HOCE1EH
e o
- . EETERMAL
PoX LOADS
A
WOL = [IL] + k| = A
ST 4

Flgure 4b. Conditions defining the maximum
value for B. POLX is in a high impedance state.
R must be small enough to keep vOL
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DRIVE CAPABILITY OF THE
INTERNAL PULLUPS

Theres @n i1'r|]_'u,rrli|1|| clilleremnae heiwesn FIMOS msd
LIS porl dnvers, Dhe pans o0 Porls 1, 2, aml 3 ol
the CHMOS parts esch have three pollupy: strong, nor-
mal, nnd wenk, as shovwm 0 I'igﬂrc A Thz SETONE pullup
{p]] i omly wsedl ||||1-ir|§: lu-1 Imansilions, 1o hasien che
Iransieomn. Fhe wesik 1'||.|I1up [p.".!l 1% om whensver Lhe bl
Latch comlaing w0 1. The “normal™ pullup (p3) 5 com-
Llrolled by the pin volluge ilsell.

The rcason that 3 s controllad by the pin wolage is
ket 1l Lhe 'pri1| s h{-ing pisea] s oam i11'|'|_||. anel Lhe e lernal
souroe pulls L Lo low, Lhen turming ofT pd rskes Gor o
lerwent Ty The dala shoel shoraes an STy spoo loalion.
This is the carrent chat p3 w20l sowrce during the ime
the zin vnltage iz making its 1-ro-0 rransition. This is
what Iy would be if an input leor at the pin dido't fucn
3 off.

Mote, owwever, that his pd tum-off mechanism otk a
restriction on the drive capacity of the pin i7 it's heing
wscd s5 oar ootpur. IF voo'se toving to outpur & lopic
high, and the extemel lond pulls the pin voliage below
the pin‘s VigMI~ spec, p3 might turn off, lesving only
the weak p2 to provide drove to the load To prevent
this happening, you necd o ensure that the lead doesn’t
cdraw more than the IUH. spec tor 2 valid 1-",_-|H_. The idea
it make sure the pin voltuge never falls below i own
¥ MILIM specttication.

acceptably low.
= o WEE
2 DSC. PERITDE

I: Pl | I F2 r1 ]
3 PoaT
J e

.
3 . =
SR PORT
LETEH

P - aﬁ

FORT AN

READ - |

2FuEg-2

Flgure 5. EDC51EH Quitput Drivers for Ports 1,2 and 3
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POWER CONSUMPTION

The rnuin Teasom N goimg o CWOS, of course, s Lo
COMSETYE PIAeT. {There are other reasons, hoe this is the
W gne) KZurlsHTwiug puwer tlcesn’l mesan jus) recdug -
g your eleciric bill, Wor does L necessarily relale 1o
hallery operation. although ballery nperation ailhoul
CMOKS 1 prolly ushandy, The madn resen Nos comserys-
g powes is o be ale o put moce functionalicy inmm a
amaller spaze The reduced someer consumiption allons
the wae of smaller and lighter power supglics, and Tess
heal bomg gencrated allows denser packagimg of cnewil
coin rcats. Expensive ans and blowers can usoally b
climinaed.

A eooler euoning chip is alzo more reliable, sioec most
roizdon 2iod weacour fadures relate o die tzoperature,
And finnlly, the lower power disstpotion will allow
more functions fo be inteprated onto che chip.

The reason CMOS consunes less power than NAOS s
thot when it's in n stablz state there is ne path of con-
duetion from Vi to Vg except throueh varions leak-
£ ]_'ﬂ[hs WO does draw cerrert when it's q'hnnf:in[ﬁ
stivtes, 1w much correne it dramy -."I.epqmds an how
oll=n ] heowe |,JI.I:II.'1£1!,' 1l -;;h:mf;e:w, sl e,

— FINUEQIDAL CLOCK SIOMAL

'
—— AECTANGULAR CLOCK SHaMAL

CLOCK FREG
TSRS -E

Figure 6. BOCS1BH ICG ws. Clock Frequency
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CW0% circnits draw current in sharp spikes daring log-
il lmmsitione. These currenl spikes are macde up ol
Pacor commpomien s, One s the correnl that News danng
Lhe tramsation Lime when pullup and pelldown FETs are
Ity wetwe, The weerge (T valwe of this conspuncnt
is larger when the ransition tirmes of the inman signals
are longer. For this reason, if the currene draw is a
critical factor in the desipo, slow rise and fall tiocs
slwovdd be avolded, even when the system speed doesso’t
socin o justify & nocd for nennseoond swirching spoods.

The other component s the cureent that charpges steay
and load copacitance at the nodzs of a TMOS logic
mate: The average value of this current spike i3 its arca
{integral over timed multiplied by its rep rate. It nnea iy
the nmoont of |::'I'|:|rfg'r‘. = tnkes tioo poise che e e fnl:luui-
e, O, o “"CC' That armmoant of g:'hn'r;{: is st 0 x
V,._'x_'. He e AVETHRE witlue 3l L currsen. qlilce hEIR Y
Yoy % ¥, whers iy the clock froguency.

Thiy component of curtent incrensey linenrly wick clock
Ii'\qp:]u.rﬂ.::_',-. For rmirimal correm dra, (he ®IC32AR1-2
15 spe Toorum gl Frecuencies as ow s SO kT,

K zen i memd, Lhough, Lhal elher compunemt of current
Lhal is e o shoew rise aod Gl oo, Aosionsead s ool
|he {'\Tlﬁrl.&l] wervel e o drve Lhe XTALT pm awalh.
Tel erwslal csallalors, mcuding the ome om the
ROCSTHIL, generale sinusmdal wavelorms, Therelime, of
Lhe ameenip ascallalor s boing waed, you cen capoct the
devices toodrawy morc current ac 300 EHz, than it docs ar
1.2 MHz. as shown in Figore 6. TF vou derve a gomd
slearp squace wave feom an cxrernal oselllator, and use
that no deive XTALL then the wiccocontreller will
draw less cuerent. Hut the cxternal ascillator will peob-
alily make up the diffzrence.

The 30CEIEBH bas twe powver-saving fratuces ot avail-
ablein the HMOS devives, These are the Idle and Pow-
er Down modes of operation. The on-chip kardware
that implements these reduced power modes i5 shown
in Figurs 7. Both modey nre invoked By softwars.

:
|
!

1'I'AL1D

LoD [
I

|

IMTERRALAFT
SEAIAL PLAT
ER-COUMTERE

ANRR-T

Figure 7. Oscillator and Clock Circuitry Showing Idle and Fawer Down Hardware
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Idle: In the Idle Mode (IDL = 0 in Figure 7), the CPU
puts itself to sleep by gating off its own clock. It doesn’t
stop the oscillator. It just stops the internal clock signal
from getting to the CPU. Since the CPU draws 80 to 90
percent of the chip’s power, shutting it off represents a
fairly significant power savings. The on-chip periperals
(timers, serial port, interrupts, etc.) and RAM continue
to function as normal. The CPU status is preserved in
its entirety: the Stack Pointer, Program Counter, Pro-
gram Status Word, Accumulator, and all other regis-
ters maintain their data during Idle.

The Idle Mode is invoked by setting bit 0 (IDL) of the
PCON register. PCON is not bit-addressable, so the bit
has to be set by a byte operation, such as

ORL PCON,#1

The PCON register also contains flag bits GFO and
GF1, which can be used for any general purposes, or to
give an indication if an interrupt occurred during nor-
mal operation or during Idle. In this application, the
instruction that invokes Idle also sets one or both of the
flag bits. Their status can then be checked in the inter-
rupt routines.

While the device is in the Idle Mode, ALE and PSEN
emit logic high (Vopy), as shown in Figure 8. This is so
external EPROM can be deselected and have its output
disabled.

The port pins hold the logical states they had at the
time the Idle was activated. If the device was executing
out of external program memory, Port 0 is left in a high
impedance state and Port 2 continues to emit the high
byte of the program counter (using the strong pullups
to emit 1s). If the device was executing out of internal
program memory, Ports 0 and 2 continue to emit what-
ever is in the PO and P2 registers.

AP-252

There are two ways to terminate Idle. Activation of any
enabled interrupt will cause the hardware to clear bit O
of the PCON register, terminating the Idle mode. The
interrupt will be serviced, and following RETT the next
instruction to be executed will be the one following the
instruction that invoked Idle.

The other way is with a hardware reset. Since the clock
oscillator is still running, RST only needs to be held
active for two machine cycles (24 oscillator periods) to
complete the reset. Note that this exit from Idle writes
1s to all the ports, initializes all SFRs to their reset
values, and restarts program execution from location O.

Power Down: In the Power Down Mode (PD = 0 in
Figure 7), the CPU puts the whole chip to sleep by
turning off the oscillator. In case it was running from
an external oscillator, it also gates off the path to the
internal phase generators, so no internal clock is gener-
ated even if the external oscillator is still running. The
on-chip RAM, however, saves its data, as long as V¢
is maintained. In this mode the only I¢cc that flows is
leakage, which is normally in the micro-amp range.

The Power Down Mode is invoked by setting bit 1 in
the PCON register, using a byte instruction such as

ORL  PCON,#2

‘While the device is in Power Down, ALE and PSEN
emit lows (VoL,), as shown in Figure 8. The reason they
are designed to emit lows is so that power can be re-
moved from the rest of the circuit, if desired, while the
80CS51BH is in its Power Down mode.

The port pins continue to emit whatever data was writ-
ten to them. Note that Port 2 emits its P2 register data
even if execution was from external program memory.

Pin Internal Execution External Execution
Idle Power Down Idle Power Down

ALE 1 0 1 0
PSEN/ 1 0 1 0

PO SFR Data SFR Data High-Z High-Z

P1 SFR Data SFR Data SFR Data SFR Data
P2 SFR Data SFR Data PCH SFR Data
P3 SFR Data SFR Data SFR Data SFR Data

Figure 8. Status of Pins in Idle and Power Down Modes. “SFR data” means the port pins emit their
internal register data. “PCH” is the high byte of the Program Counter.
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Porr U alas cmits its PO register data, bat if cxecation
wign [rurn exlerm:l progrion memory, Lhe PO reseler
clalis 15 FFE. The oscillsing s slopped, and The parl re-
misins i Lhis sbate as long a5 Ve s held, and unlil i
tevci v s esbermal el signel.

The anly cxit from Power Thewn is a hardware reser.
Bince the cacillater wes stepped. BST must be held ac-
tive lowg eoongh for the oseillator to re-start and stabi-
lize. Then the reser fameton intializes all the Sposizl
Function Registess (ports, timars, cte) o their resct
valoes, and se-stacts the pregran from location 0.
Therefore, tioer celonds, Lorermupt coables, band rates,
port status, cfe. need to be re-sstnblished. Reser does
not attect the contert of the on-chip dam BAM. If Voo
wae hedd |'I||ri11_;1' Peveer Down, the BA M dnta s sl
gond.

USING THE POWER DOWN MODE

The sellwarcanvobod Power Dhoown Toalure offors a
mcans of rm:hl:ing, thz [P CONSITPILON 10 a Mo
tricklc in systeims which are o remain dosimant for
sorne periud of me, while relwimng roportant date.

The ascr shenld give sove thought to what state the
peert pins alvomld be left in during the ime the clack i
stoprpcd, and write those vahics o the pont lacches be-
fore invokiop Powcr Dovea.

intal.

If ¥y i going 1o ke hzld o the cntire cicewit, one
would wanl 1o wrile waloes 1o the porl Latches Thin
vl deselect peripherals before nwoking . Poser
[owen. For enample, of salemmal memary s bemg used,
the P2 23FR sbould e oadal wih g valwe wlhich will
nnt gencrate an active ehip select tooany memory de-
VICC,

L sovwe applications, Ve fo pact of the svsteos may be
shue off doring Power Down. sn that cven quicscent
and standby carcents 2re eliminated Signal lines that
conncet to those chips mast be beovgle to a legic low,
wheler the chip o qoestion is CMOS, NMOS, or
TTL, zefore ¥y is shut off o them, ChIOS piny have
pareeitic pn unctions to Yoo, which will be forward
Trissnd i VI:‘C Ju reiersd o rero while the pin i5 held at
a 1r}gic: 'h'igh [ |_:in'g aften have FPET: thot ook
Tike clincles 15 1"'1’_',(.'-' TTL. cirecwis iy an sl sy he -
aged by an inpur high if ¥yy: — 0. Thoat's why the
Hi " S1TIH avtpirts Ievges nt ALE nnad PRF™ durinﬂ' Prvw-
ar [,

I'lglm; B shoraes oorcol That wam he usexd g lumn 'l.-'(_-:_-
ol Lo il of Lhe syslem durmg Powes [own. The cir-
cull will emsure that Lhe secomdary amznl s noel de em
] H,i:fa.'il woltl alles e B3 THH s i Powes Deewen, anad
Thint Thie SUCCATHIL does ol recervs o tesel [I{:nrnrmlmﬁ
The Mevwsr Dlown enoided before Lhe secomdary drcul is
resnergived. Therelime, L program mesnory el can
b parl ol Lhe scoomdary cimewil.

[
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Flgure 9. The BOC31BEH de-energlzes part of the clreult (VEC2) when It goes Into Pawer Down.
Selections of R and Q2 depend on ¥YCC2Z current craw.



intgl.

In Figrre 4, when Vi i switchod cn to the #800C31HH.
capaitur O provides s powseram reszl. The reszl Dumn-
L wriles 1t all the porl pive. The 1 LA Lo
O om, enabhing ¥y o Lhe recondary circaal throwgh
Liansisiua Ql. A Ui #BOC31TEH commes oul off noesel, Farl
2 enminicnces cmirtting the high byt of the Program
Counter, whicl resnlts in the PLT and P26 pins oul-
putting Oz, The 0 ar P2.7 cswes coatinwation of Ve
to the secondarcy cloeait

The sysrem aeftwarc must neow seitza | in P2 Tandad
to P20 in the Pert 2 SFR, P2, These value will oot
cppean at the Por 2 pins as loag as the devics is Jeteh-
ing imstroetions from external program memoery, How-
cver, whensver the SC31EH moes into Power Down,
thess vnlnes will appesr nt the [Tt Irimq_, and will skt
uff hinth tromsistors, -."lis::uhl'in__r: "r'm tir the seeondnrw 2ir-
ciil.

f_'ll'n&'in__r: the =oich 51 ro-qnm'[!;irl,-s the spoomdary 2ir-
cuit, aned nt the swme tine sends o reses fhmugh L2t
The BOCRIATT o walke i up. The alwnle I s o preveni
€1 I h:_lgf;m_‘v_ gorrenl iTorn 4272 .'||,|1'|1'||_l; s secund-
wry resel 132 prevents O2 fromdischargng through the
EET min when Wy Lo the secondary cirowl gues Lo
Fra

WG

P T
Ihcigz
P E— WKz
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i ETO0GH
a_Using a pFET

L]
Lady

[ ‘
NI I
K
FaT—ha wooe
a0

EFOGE-20
b. Using an nFET

Flgure 10. Using Power MOSFET:
1o Control YGG2
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USING POWER MOSFETs ta
CONTROL Vee

Fowwer MORFETS ars f;il'irl'i'lg in I\-Q'Tulelfily Gl aviil-
abihly k. Uhe eisies way o condral ¥ ee s wath a Logie
I el J_'lI?I-'I‘_ ny shown in I?‘iguru Mp This carcais al-
Texays: the tull Yot he vsed to tom the devies on.
Uil amianlely, puwer ]_'ll""l"l'h are mexl  ecomuornicilly
|::|m1[|rl.1|1'|-': wilh I,ﬂpul:n' Irimsnslars ul'-;;llrn[xlmhle: Titl-
s,

Fower nF ETs are bolh cemmmnical and available, and
cad b wicd in this application if a 2 sapply of higher
h;'ll;lE-¢ 1 avarkable Lo drve Lhe witle. I"'igu'rn 10k shiws
bwvar Ly rmplernenl o W swetch wang a power nFED
and a {rninally) 12% supply. The prihlerm hers s
thar if the devie: is on. it sonrce veltage is =3V To
maintain the o state, the gate has to be another 5 or
10% aboee that, The “L12%" suzply is oot pacticulacly
critical, A minimally fltered. varsgalated veefifice will
suffice.

BATTERY BACKUP SYSTEMS

Here we vomsiler circoils thal noarmally droe PLweT
Froan the A0 Tmey Bul swilch o hillery cperatom in the
everil ol & power Gelime, We assume thal o hallery
g\p{:mﬁnw I1'if;'|'|-v;!1|.rrc:11r lads will he nllosed e dis
:d'll,'.rlg wilh ihe AL puwer. The syslem oy conlinons
Ihen walh resdues] fmsclaomahly, maomlomng @ sonlel
lransiducer, perhaps, or driving an LOTL O a0 may go
mlo a hare bomes survival mads, inowhieh onbcal dats
i naved bl nothing el happaons G A powe s e
atenod.

In umy wase oL s necessary Qo huve some serly warming
al an ipending prewer Failure so Lhal the syslem can
arrange an nedorly cransfor o hattery power. Early
warning AYAICma can operate by mionitoring cither the
M Tiwe vieltage or the varcgalated veetificr ontpur, or
even by monivering the cepulnted DC voltage,

Monitoring the AC line volage mives the carlicst wurn-
ing. That way you eaon koow within one or tao half-cy-
cles of line Ceqacney that AC power is down, In ooost
cuses you then hove ar lenst another haolf-eyele of line
frequency before the regulated ¥ stures to fall. Ina
hulf~evek: of line frequency an BACSIBH cnn cxecuts
about 500 instructions—plenty of time t2 nromgs on
ortlerly lransier ul']:\-q;-wq:r.

The cireuir in Firure 11 nsey 8 Zener diode to test the
line voltagre eneh half-cyele, nnd njunction trnyistor to
Tt the intormarion on to the BCSTNLL (Obvionsly a
u-n;"ll,;lr;-g compiTialur wilh o spilshle Telerenae sonnce can
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Figure 11. Power Failure Detector with Battery Backup. When AC power fails,
VCC1 goes down and VL2 is held.

e o Lhes s Tanction, (8 vae pocfos) The way il
works 15 if the linc voltage reaches an acecptakly high
cvcl, it brcaks over Zl, drives Q1 o satarstion, and
Iurcrrapts the 8325 1BH. The inteavpr would be tean-
i licm-activaled, in Lhs applicalion. The mlorrupl sere-
izc rourine reloads coc of the C3THH'S timers to a valos
that will make it roll oaer in semething boteacen ane
aind two belfeveles of lee freqoency. As leag as the
lie woltage s healthw, the o ocver solls over, be-
cause it i3 relonded every half-cycle. IE chere = a single
half-cycle in which the line voliage dozsn't reach @ high
nmuu[l;h lwm] oy Emernts the 'i|1mrr||]_'rr: the rmer roslly
over and poncenfes o tmer intecmape.

The timer interrupt then commences the ansition to
battery backyrp. Critieal doty needs to be copied into
proecred RAM. Kipnaly o cirenits that nre poing o
Tiass [UAVET T T weTillenn 4 |l.|t'.'i|_' Ty T romescies] oir-
cils {Lhose ]_'R'-wt:r\c:ﬂ b "I-".'_'U.-'.:I Lhial commuarez e walh
||1|r|r|,'\-|u|.'L<:|| crenls rosl be deseleclad, The momam-
tredler it=elf nuy be jeltls intee [dle, wx that it ¢an contin-
e somie level nf inh:q—.upt—clriurn functiomality, or it
sy he ul imlg Povweer Trown.

Mube that 17 the G s gmng Lo anvoke Power Down,
Lhe Sposal Funcirm Regislors may alse nood Lo b oop-
izd o peotceted BAM, sinee the reser that erminates
the Pomwer Trown mode will alsa intialize all the SFRa
o thair reser vahaes.

The cirewit i Figare 11 does ant show a wake-up
mochaiizm. A numbes of shoiees are availzble, howey-
cr. A pushbutten could be osod o gencrate an inter-
napt, if the CPT i in Idle, or to activate veser, I the
CPU iz in Power Dowi,

Aalimzaig wakc-up on prowcn esteraliva is bl peesi-
bl If the CPT s i Ddle, it can cantinge o repand o
any inteoruprs that might be gencrared by Gl The in-
tecrupt scovies contioc determines frooe the stams of
Mg bty CGFD and GFT m POGK Lhat b ik an Tdle -
caus: therz was a power outape. It can then sample
Vool through a voltage comparator similas ta Z1 Q1
in Figuee 11 A satisfactory lewd] of Vel would be
indicated by the rransister boing in saturatio.

Bt perhaps vou can’t spare the fimer thar is the key to
the :}]_'r_'r:ul:'inn rf the cirrzuit in F"‘iﬂ'_lT(‘: 11 In rhar cnse s
retripperakle ane-ahor, trigezead by the AC line voltage,
cun perform essentially the wame function. Figure 12
shovs an cxempls of this type of powes failure detector.
A retriggerable one-shot (one halt of o 74HC123) moni-
tors the AL Tine w'lw[r.\c: '.'hn;'-ur;h rrangistor (1. 1 re-
|riﬁf.\e;r.\ the anz-shol every Faallsycle ol line I‘n;-:llwn.,:_lr.
I 1he Ll [:ul'st witllh s belween ome amed Paen hall-
::}'<;|rs ul hna I're_wuml-;_:}'. lhen 5t r-irlg;|-;: TI'I'iS'!i“}_" or o
hulf~ovalk: wAill peneTate an agrive T wATII 'Flu‘[r\J
whish can he waed oo i111¢r|'||p'r the miicmeontroller,

The 'inl.t:rnlpl ot likes cime ol Lhe Trmsiiom o
batlery buckup, From this pomt ¥l may or may ol
aclually drop cul, The missing hall-cyele of ne veltags
that cavsed the power down sequense mey have boon
nnthing morz than a short glieeh. T the AC line comes
hack atrang enough oo tricger the one-shot while Vel
% slill op (s inslicaled by the slate of Cransislor Q2),
then the ather half of the S4HCC 23 will generare a
wakc-upr signal.
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Figure 12. Power Failure Detector uses retriggerable one-shols to flag impending power outage and
generate automatic wake-up when power returns.

Hawing leoen awakoned. the 80CSTHH will stay awabe
lor al least aneolber hall=cwsle ol hne |:I'|:5:|_I,,¢:rll.:_'|' Camlher
SO0 or w0 imsiructions) belure posably baing lold 1o
wrrunge anuther lransler of power. Conseyquently, of the
lime vollege 1 jillenng crmabcally amound Lhe swileh-
aver point {detzrminod by diode £10 the sysoem will
Timp along zxzenting in half-cycle wnits of line frequen-
oy

Chn the ather band, if the power oatage is real and
Tengthy, ¥l will evcnraally fall below the level at
whicl the backop battery rakes over, The backup bat-
tory maiateing power e the BRCSIBH, aod w the
THHCL23, and 1o whatever other circuits are being pro-
tevted during this outage, The battery voltame must be
hish enough o mmoam YeoMIN specs wo the
ENCS1EH.

It the micrecontrollar 15 an SCC3LBH, sxecuting out of
cxternol FiOM, und if the C31BH is5 put iooo Ldle dur-
'inf: the P et thien the externnl BOM most il
he 51|]:v]_'\-l'in:| by the battery. (O the other hand, it the
R = pul o Power [eown -:1|,|'ri1'|tl; Ihe o lage,
then Lhe RO camn be allowed 1o ohie watk (he A TV
er. The comsderations here ane Che sarne s oin Figars 9
Veepe Lo the RO ws sbill up al the Bme Power Down 1s
irvath el ancd we st smsure {I'Ilmu_:-:"ll sulec o ol di-
ale &% an Figure 17 thal The S0CHERD 15 nol awsak-
eneil 1 RO power 15 hick mospec.

POWER SWITCHOVER CIRCUITS

Hultery hawkon syslems nesd i bive 50wy T Lhe
]_'.rmzu:l:,ml sirenits e drmw prwer Fram the I'i|m-:_\1'-cr;|1‘{>."l
PwEr suFP'I}' whem thal sonroe is avadilahle, angl o
swilch over 1o Ballery power when recqpuresl, The
swilchoser ciroml s simiple 17 The enlite svsterm s Lo be
ballery powerad in Lhe evenl of a lime power vulage. In
Lhiat cane o pradn ool divides suiTice, s shown e Figuee 12,
providod ¥ MM spocs are il met after the dicde
drop has hoen suberacred Frome its respective poser
HOALTLE,

The sitwation beeemes more conplizated when part of
the ciremit is going oo be allmeed 1o dic when the AC
poweze gocs ont. In thar eaee it s diffienlr to maiorain
ciuel ¥yga 1o protected and vapreteetod cirenits fand
possibly dunmercus not w).

The problen: can be alleviated by using a Schorlky di-
e Inswead of o 1N40G 1, for its lewer forward veliape
drop, The IN3820, for exumple, has o foward drop of
about 0.35% ut 1A,

irhar sclutions are £ ose o tronsistor or HwEr WS-
F swilat, % shoamn in I"igl,lr{- 15 Wik mang meli5-
witliems Lthes swalch cin by conlrolle] by porl pans.

11
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Figure 13. Power Switchover Ckis.

BO0C31BH = CHMOS EPROM

The 27054 and 87004 arc Intel's 2K e CHMOS
EFF.Ohs. The 37004 requises oo extecnal address
Juteh, end vun be wsed with the BMC31BH 2y shown in
Figure 4a Tn ronst B0G1 F 2704 (HMOS) appli-

intal.

catians, thz 2764's Chip Boable {CEp pin 15 hardwired
I promed [sinee (s norrrally The only proprem memo-
v m e hasl This can he e walh Lhe CHWMOS
‘fd'l'ﬁ:'::fll.:iﬁ '“rl'_'”. IJII.'. I.IIE.'E i.:i R HITIE _'I.ll‘fi.'lfll.i.‘l.EE i.l'l M

nesling CF e ALE, as show in Figure T4, The ad-
vantage is that if the S0C3IEH is pur into Tdle mindg,
since ALE pocs tooa | in that mnde. the 27064 will he
deseleetod and po jnte a low curcen: standby mode.

The timing wave'ons for thiz configuration are shown
in Figuse [4b. Tn Figare b the signals and timing
paramerers jn parcuthesis are those of the 27C04, and
the others are of the S0CIIEH, except Tprop is o pa-
rametcr of the address latch, The requirements for tim-
ing computibility nre

TAVIY — Tpegp = 1400

TLLN = 10F
TPLIY = I0F
TPXIZ » IDF

T the applicalion s goang o wee Che Power Diown mesle
then we have another sonsidzration: In Tdle, ALE =
PSEN = | and in Power Thewn, ALE = PSEN = 0.
In @ realistic apphcalion there are hkely Lo be muore
chips i the airewil than ere shown o m Figere 14, and 1
is likely thar the nonzsscnrial ones will have their Voo
removed while the CPL s in Power Dinwen. Tn that case
the EPROM and the address latch should be among
the chips that bave Ve conoved, and legie lows ave
exactly what are requived at ALE and FSEN.

Buat if ¥oo s going to b mairtainzd o the EPROM
during Power Diown, then oo will be pecessacy to de-

s
E
BECHEH
»
P 7
ALE
FEEN

Al

e

FMMOER-25

Figure 14a. 30C31BH + 27064



- T
AR FrTTere -
1AvIY -
7
5] PoL wem X ROl
LY
R
ALE: b £
TR TFHZ
e — =
REEY
FTORR—13
Flgure 14b. Timing Waveforms for B0G31EH
27064

sclect the EPROM wlheo the CPU is ia Power Dew, I
Idl: is wewer jovokcd, CE of the EPFAOM can be con-
nevred e PAT of the S0C3LEH, us shown in Tigure
154, In normal operation, P27 will be emittineg the
MER ofF “he I-"m[:rslm {onmter, which iy 4 if the Tiri-
From cortins Jess thon 3K of codes Then whiien the
L L B e inta Power Doswn, the Pone 2 ]_'ri1|;s ernil P2
WL b, which Tuls i 1t 1"2.7, Lbus |I|;:-|.~.In:l11'r; 1he
EFF.OM.

I Lalle ] Poseer Taiwn e baolh fpiur lex e s, 21
ol The EPROM zan be dmven by Lhe |Ilﬁ1|::3|.| IR ol AL
sl P27, as shown m Fagore 1568 In Ldle, ALE — 1
will deselucl the EPROM, ard m Power Doaen, 1727 —
1wl aoseloel il

P27 CE
ef _ =
BGE1EH L6
2VGE-14
a, Power Down is used but not idle.
o1 wE—3% 3
—— ol
HCHEA | oo g .
FTORR-1

b, lcdle angd Power Down both yzed.

Figure 15. Medifications to 80C31BH. 27064
Interface

Pulldvwn resislors are shown in Figurs 1de under the
wwumipliomn Lhat surnclhing om Lhe bus s going Lo has
its ¥ romenvecd during Power Dosen. 17 this is nor the
case, pulhups can be used as well as pulldowis.

AP-232

The 87O s like the 270064 croepe thar it has an on-
chip mldres Lach. The Porl 0 pins are el 1o holh
aclelress and dila pms ol e 83064 5 shown i Figore
This, ALL drives the EPROM's ALEACS inpul. [unng
ALE high, the sldroees information i allewsd Ly Tow
inta the EPROM and begin accessing the onde byre. On
the falling cdge of ALE the address vee is internally
larched. The AD-AT japwes are fhen iguoced and the
saoee bus loes ave vsed oo transmit the fetched cods
kgt Fromn clhe CHI—CF pins back o the 5002 1HH.

The timiog wavelones for thiz configuration are shown
in Figuge Lok In Figure (0b the sipoals and timiog
purameters in pareatheses sre those of the 87C64, and
the others ace of the S0C3LIEH. The requirements for

Ti111'i'1fg r':_'umrql'rih'il'iry ars

TLHLL * ILL
TAVLL = taL
TLLAX = L&
TLLIY ~ t&ac_
TRLA » IOE
TLLRL = tE0E
TREIZ - LICH2

The same consideracons app’y to the BVCH4 ag o the
200 with repards to the Idle aod Power Down
ks, Dasically vou want ©3 — 10 Voo Is main-
twined to the EPROM, and €5 — OE — O if Voo s
remevod.

SCANNING A KEYBOARD

There jme IMITiE chiTeren| <ancls of kevhinTes, tl ::Jph:l-
nuomeriz kayboards E{:ncmll}' conist. of 0 marrix of 8
soean nes and Boreceivs linss as shown in l'igun:; 17.
Ficch sel ol Tines commessls o ome jesal ol The micToeom -
Ireller. The sodlvware has swribien O oo the seam B,
and Tx b Lhe receive lines, Pressing o key conmecls o
moean line Lo a roceeve bing, thus pulling the moceave ing
toa lopie oo

The # reecive lincs ane AN o one of the exrernal
amlerrupl pims, so thal pulling any of the receive lines
lewr gencrarcs an interrape. The intzompt seevios rou-
tine has to ident fy the pressed ey, if onle one key is
drmen, and cenvert that infoeniation oo some wseful out-
. IF merc tlean one key e the Juse nsatrix is found to
b pressed, vo action is taken. {This is a *“two key lock-
ort™ scheme)

13
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Chn some boyhoards, comain kevs (Shift, Concenl, Es-
cape, el are nol o par, of the line milris These ke
wimthl conmecl ithreelly lova pori pin o the microcom-
lredler, ancd weould mol ceuse lock ol 'irrIIEHudil sl L
nopusly wath 1 matis ey, vor gensals an el F
pressad sngly.

Normally the microcentroller would be in idle mode
when o key las pot becn pressed, and ancther task ks
not i rrogress. Prossing & marns key gonerancs an in-

intal.

terrupr, which terminarcs the Tdle. The intermmpt scrv-
e touling woull Grst cell g0 M0 ms {or so) delay o
clehinmes the key, and then sed ahoon the sk ol idemia-
lying which kay is down,

Firsr, the currcit swacc of the receive Tings is latched
inta an intcrnal eegister. T a single key s down, all bt
wure of the liees would be read as Le, Thea Os are writton
to 1l receive lines ww] Ls to the sean lines, aod the scain
lincs are read. 1 a single key is dosn, all bae sne of

'-n:-u% L]

)

A0CH AW

P2

; "o Aty

R L

&l

STl -1

Figure 16a. 30C31BH + BTG
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Flgure 16b. Timing Waveforms for B0C31BH |+ BTCES
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these lines woukd be read as 15 By Iecating the single O HESFONSE_TO_KEY_DLOSURE:

0 eschosel of nes, Jhe pressed ke cm e wlenlifel. 17 CALL [REEQUHCE_DELAY
mire Thim ine malns key s down, one or bolh sels of WOV LINE,F1: :Sar Fignrs 17.
limes will combwn mu]li]’\-|e .. OALL 504N
DINZ ZERO_CDUNTER,HKEJECI
A subrouring is uscd to determine which of & hits in WOV ADDEESS, ZERO0_EILIT
cither set of lincs is 0, and whether msore than ane hit & WOF P2, #F0FEH: :S5es Figure 17.
0. Figure L8 shows a subvoutine {SCANY which docs Ho¥  Fl,#0
that asing the S031' bit-addressing capability. To use Wo¥  LINE,F:
the subwnatine, nove the line data inte a bit-address- LALL  HOAN
chlc BAM locaticn named TIME. and call the SCAN DINZ EZERO_COUNTER,.REEIJECI
routine. The mumber of LINE bits which are zero k= ECH A,ZERO_EIT
retnened i ZERC  COUNTER. IF oolv one bit s SWar A
zeroy, its number (1 through &) s reramed in ZERO_ JEL  ADDEESS.A
BIT. ECE  A.ZEE0_BIT
WOV FL,4#0FFH
The inrnrn.l]:rr sgrviae muting thot is execoisd in e RO Fa =i
SOUNSE Ll kay closnme 1r|‘|5h hem be as o Dol Toms: EEJECT; CLE EXQ
RETI
BCAN LMES
—_—
L4
(_:/- 4 4 b : REE,FE%"E
|
EACEIBH y
I'L_ 2
. 4
- Fl
Ll |
E— ’
. A
e —

ZFEIGE-E

Flgure 17. Scanning a Keyboard

15



n
AP-252 In
e
EHW i LEFL CUUHIER, #0 ¢ fE20_COUNTER courts tie moabkar oF 93 1 LTHE,
g LIMFE s RS 1 Temt LIHE hat O
IR ZERC_COUHMTEF [+ LIME. O = 5. merersnt JERO COJNIER
B = IEMD EZT. kL and rwrurd Lhat Jite momber 1 L3 ackive
AkFE -5 LINE L. TH3 : Froceda~s continues Fzr otaer LIRE wits.
1k 2ERD_COUMTER
e TLEMLD UZT. We ' Line number & v wuetiwwe.
T JE LINE E. THEEE
Ik ZERC_CCWIMTER
Mo IEMC OZT. k2 s Lina nowbwr 2 Jw aulile=w
THFREE 4B LTHFE =.FDUR
Ik ZERC_COUMTER
L ILMLD LIT. kg i Lina number 4 i auliee.
FOUR:  E 1LIME A FIWE
s ZERD_CUUMTER
e IEMD OIT. k3 » Lins nombwr d 1w gauilew
FIVE- o L IME Z.RLY
M ZERC_COUMTER
b LEMD N1, W& o Line noraws & 1% aTILYm
AIY J i IME . BFWFN
Lre ZEAL_LOUNTER
L o) ICRD _OI1T. W7 s Line nuraer 7 oan aciive
EFWFH e LIME TJ.ETDHT
153 IEAD COUMTER
Ly SO0 AEMO_OIT- W 1 Line murmcet D 1w active
ElaHT  RET
2= 14
Figure 18. Subraouting SCAN Detarmines Which of 8 Bits in LINE is Zero
Woriec  that RESPONSE__ T KEY  CLORTURE For cxampls, with a 358 MHz osclllator frequency, a

chexzs mal chanee Lhe Accumulator, the FSW. nor weny of
the registers RO through B9 Neither dio 30AN or DE-
ROUNCE__DELAY.

What we conle oat with then s a onc-byie key address
(ADDEESS) which idsmiifies the pressed key. The
key’s scnn line number is in the upper nibble of AD-
NEFSK, and iry reeeve line numher iy in the loower
nibblz, ADDRESS con be wsed in a lock-up fable to
generate 4 key code e transmit o s host computer,
endsSor e o displuy device,

The keshaonrd i11r|,"rr|,1|_:|t it=alf st be crl__r:n-frimr_v;rv::d:
Titlher than level-activalel, =0 thai the 'in|,|.-:1—.|,|]_'\-l TUL e
1w myvikedd whiem i kev s Irr\c:\.snl, amil 15 mol comestamlly
hl.-:irlg T\;:rl:i||{-|| i |-:;ﬂ||5 s Lhe lcgy 1 helid cown. In el are-
h‘l[r_[r_\er\cpd micxla, the nn-c'hip hardwars clanry ehe inner-
Tupt ﬂag (EX, in this case] as the ssrvice routine is
hrrirlg velored 1. [n 1This :|11[|]i;:i|.|'iu1|. hixwensem, cur g |
bonme will canse several more alpes o oceur sller he
service rowane has been vectored Lo, durmyg the 13E-
BOUNCE_ DELAY routne. Conscguenlly 1l s noses-
sary to clear BX0 again in software hoefore crecuring
RETL.

The demource delay rowlive als Laboes advanlage of Lhe
ldle made. In this roatine a timer onst be picloadod
with a valuz apprapriate o the desired length of delay.
Thiz wauld be

[z leHz! 0 [deley trea ms)

limar pralosd —
12

30 ms delay could Be onlamed wsing @ proload valoe of
— 3930, or IMRA, in hex digits.

L the debowose delay contive {Figuee 199, the tioer
inteerupr ia cialbled and sot fo a higher peicricy tha the
keybonrd interrupt, beeause ae we invoke Idle, the key-
board oterrapt is stll in propress™. An iotermupt of
the same ]vrurirg.' will mne e :|n:lh'|1r_|1.l."|ﬁ'|gry.". and will
ot tecotisate the 1dle wode. With the times interoapt
set fo priority L wkile the keyboard interrupr is a prior-
ity O the timer interrupd. when it ocours, will be we-
knowlzdged nnd will wake wp the CPLL The timer in-
terrupt worvics routing doey nor itsslf have o dooanw-
|'hi1'|f;. The =arvive Toaling 1nig'h| ez nnl'll'irlf: e Than
El -1r|3|¢:. T msdrocism,. BETL Prom The honer mier-
Tl S:F'\r'i\.:: m\lllinr I.||:r| TeLnTIs q:x:;::u_.'i:_:rl lan I|'|:: e
beunes delny routing, which shory dewn the timar nnd
Teturns executin 1 the kevhoard semvice routine.

DRIVING AN LCD

An DO {Liguid Cryatal Display) consists of a back-
planc and any nwinhae of szegmonts or dots which will
b msed to fore the imags being displaved. Applyiag a
wvieltag: {pominally 4 or 5%) betwzea any segiment and
the backplue conses the sepnent 1o darken, The ooy
cuteh is thar the poladty of the applied voeltage has to
be periedicolly revemod, or clse s chemical rewe-
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DEBOLMEE _DELAY .
L IL1-#&I1L1 PHELLAL « Frolosd Juw DyTEd
ATk TH  _THI_FAR FaAL @ Praload kigh ayts.
e ETi v Enetle Tiver ¢ InterTapk
KETH P11 i Set Tiver 1 wntwrsipl Lo hign griorisy
EETE TRL i AGtatt ELmeT Tennang
R FLOH, 43 o Ineosdw [dle eode
'
. The peat dpstrgrkicn wif1 rot he ssecooted Lnkil The delay Tiams awth.
'
(A TRI i Htzp ktha tawsr.
(AN} FTL . Back Ea prinTity D i dmwi-eds
Lid ET1 Dlcaple Tlmev L dmierropt 1LF gesdesdl,
RET Coctiicd EEYIUSIU ML el
ITOOER-Z0

Figure 1%, Subroutine DEBQUNCE_DELAY Puts the 80C51BH intw Idle During the Delay Time

tion fakes pluce iz the LODY which couses detzrioration
snid svenrnal Feilore of the |'i|,']l,ﬁl'| crystal

T preveni 1hix hlppgrling;. Ihe h-;:;'kpl:mn Aandl all 1he
szgments ace doven with an AC siznal, which s de-
Tivesd from a Tr‘::'l::lr[‘;l,l|!|1' ur_;'ll::lr;r_' wavekorm I o L=
mient i% to he ottt it is drven by che snms wavetorm as
Ihe hack pl;me. Thus il is dlways 4l H:{;k]_’-h!l‘ll:‘: pul.er.l,i;l'l.
I 1he :sr:_'c:rnmll s lo be Mon™ Al s ddnven walh & wive-
furem thaat is the nverse of The bpckplime waveliorm.
Thus 1t has whoul 3% of perodically changing pola-ily
bl it andd Uhe backplane.

Wilh a hidle suliwisre overhesd, The SICETRIT van per-
furrn thas lask wilhoul Che meed for adedilional LETD
drwers. The anly drawkback s Lkal cach LOCDY segrment
wscs 1 ene port pin, and the kack plene uscs one more.
TF mare than, sax, ten T-szgment digies are bzing driv-
o, theve arca't meny poct pios left for other tasks,
WNeverthelesa, assmning o given application  lcaves
cnough ot pins available to suppoe this task, the con-
sidzrations for driving the TOT are as follosms.

Supposs, for cxnmple. it is a 2-digit display with o doci-
mal poine. One port (TENS__DIGIT) conneets to the 7
sepments of the tens digit plus the backplane. Another
port (OMES  DUGIT) connects to a decimal point plus
the 7 segments of the ones digit.

O of the BCCSIBH™ timery is vsed to mnrk off holf-
periods of the dove voltage wavetorm, The LED drive
wavebnrm should hpve a Tep THi: betwesn 30 and 10
[Tz, ter it7™s not very critical. A hn.]r'-]:\-crinﬁ of 12 ms o'l
sul Lhe rep Tale b bl 42 [y, The Ifr\e:'lqull.-"w]l,\.‘l-.l
vitlus iy el 1L ms o Tullower 1% Lhe 2% complerneni
nealive ol Lhe ascillalor Feguency in ke 0 Lhe oscal-
lalor fregquensy s 353 M the reload value s
=158, or F2O4 m hes ||'it|;i [

Mirw. the STCSTHI wouhl mormidle be in Tille, oooom-
serve power, during Lhe brme that the RO and other

tusks are not requisring servicing. When the timer colls
over it memerates Hn 'inT-?rnl]_'rr: wirich 'hﬁnp& tha
HOOSTRH ont of 1dle The servioe roacne relongds che
limer ¢l the nexl ndlover), amd inveris the 1||f;i-;; Tevels
of all the pins hat are conpected o the LODY. 1t might
Trank likre this:

LoD _LRIVE_IATERFLFT 3

MIF  TLL,#LOW[ = XTAL_FREQ)
WX THL,#HIGH| = XTAL_FREG:
¥EL  TEMS_DIGIT,#0IIFH

HSL  ONES_DIEIT,R0FFH

HETI

To cpidate the display, ome would we= o louk-np Lakle 1o
penerale Lhe characiers, In the whle, “on™ soumonts are
reprzacntod as 18, and “off™ segments as Os. The hack-
Planc hit is sepresentod as a 00 The quantity oo be dis-
plased ie stoved o BAM as a BCD veluwe, The lock-up
ta'3le operatcs on the low nilbble of the BCD value, and
presiuces the it pattern that is to be written o cither
the anes digit or the rens digit. Befoee the new patrerns
el e written to e LOD, the LED drive iodeorapt has
to o disabled That @5 to proveot o polosicy revessal
from wking placs berween the fimes the two digit are
wrtien, An npdate subroutine &= shown in Figure 200

USING AN LCD DRIVER

A owas nooexl, ;|1'i'-'i1|_v: wn 1L ||1r:|,'_.|}' wilh am
BOCTSTHIT msers o Lot cof pomt piness TACT R alrivemrs aare avvanl-
ahle in CBAOE woanlerface en BOCSTHIT Lo oo A digil
inprlay wsing vnly 7 ol Lthe C3TEHS LAY pins. Basical-
Iy, the C2IBEH rells the L driver what digit i to be
chispliped (4 baisdamad whial pesaniom il s i be displied
am (2 bied, and logeles o Chip Select pinowoe tell the
river Lo leteh Chais infonmaton, The LED driver gener-
ates the display characters Chex digits), ard takes care
of the polarity reversals using its own RO ascillator tn
penerate the thoing.

17



AP-232

Figurc 21a shows an BOCSIHH woarking with an
1CAT2TIM o adrive 1 d-chgil LETY, and The sollwpme
Lhil npilates the displag.

Chie weuhd wgually woll sond mifomation Lo the LETY
driwer mwzr the bas, T that case, one woald sct up the
Accunmlator with the digit sdoet and dara inpur bits,
aod cxecnte & MOVES BOA streetion. The LCD
driver's chip select would be drivea by the CPTT: WER
signal. ‘This is a e casicr in seftwarc than che disect
hit nnigularan shawn in Figuse 2 la, However, it uses
more LA plus, vabess there s alrcady some exicrogl
memery jovolved. o that case no catra pais ace wsed
up by adding the LCD driver to the bus.

RESONANT TRANSDUCERS

-‘l.rlill-_!-__v Irsmsudugeaers are ollen used Lo converl Lk widng
ol it physical propesiy, such s lemperalore, pressure,
el Looan analug vollbige Thew kinds of lransducers
Lhen roquite an analiog-lo-dgtal comveroacr Lo pul Lthe
micasurenient inte a forin that & comparible wich a digi-
tal control gystent. Annthar kind of transducer is now
hecoming wralable thal encodes the value of _he phsi-
catl property imbo & sigmal thal can sc dircetly read by a
digital contral system. These devices are called rese-
nant transducers.

Peesonaat rransducens ave cecillators whoss frogquency
depends na Eoowo way on the physical propeny beiog
memsured. These devices ousput a truin of rectangular
Julscs whose vepetitinn rate cneedes the vahac of the
quantity being measured. The pulscs can i nwost esses
b fead directly ueo the 30CSIRH, whicl then measuces
cither the frequency or period of the incoming sipnal,
basing the messurcment oo the secursey of its cwa
clock csallator. The 2NCSTEH e even oo thiy in its
sleep that iy, in Lils.

intal.

Whoen the frequency ar peried measurement is complet-
eil, the TS 1T wakes dlsell op for 3 overy shor, Hme o
perlirm i anily check o The rossamemen . aml com-
verl ib i sallware Wany scalimg of Lhe measour=d quam
liky tll ey foe dosiveds The sallwane conecmaon sian
include corveetinns foe aenlingaritics in the transde-
cr's rransfor fanction.

Fesolution is also centrollsd by software, and can even
b dyvamically waned i mect changing needs as a situ-
atinn heenmes mngz eritical. Far example, in & prososs
controller vou san inercase your resolution (o tose”
the contred, as it were) as the process approaches ita
turget.

The mominnl referenae r"rl,-:'||,|¢n|,'].' o the oo si_{!_'nn'l
from thes: devices is in the rImEs of 200 Ha g 50 kH =,
|:||,'Fh:1|-:|i11]:l: um the L|¢~,1gn. Translgicers are wvailables 1hin
have o full seale trequency shitt 2 to 1. The transducer
oxperates from a 5.u1'|[|'|:|-' 1-r_slrur;c DT af 3V to 0V,
whizh menng it con npeTate from the wame sup]:\-lg.' viilt-
gy The BOCCITIREL. AL SY, the ransdncer drivws less
Ihim 5 A { Releremee T 1 can norreslly be conmes s
chimectly o une of the CSTRINs port pans, s shown n
Figure 22,

FREQUENCY MEASUREMENTS

Measuriog & fregqueney mcans counting pulscs for a
kuowmn sampls thne, Two thuerdoownters can be asad,
one to murk off the sample time aad one o count puls-
cs. IT the freguency being cownred docsn’t creced 50
kHz ar 2o, one nsy cqually well conneet the transdaces
sipial to one of the exterosl lotereupt pins, aed count
pulses in software. That frees up one fimer. with very
lictle cost in CPU tima,

The count. that is ditectly obtjpined is TxI", where T is
Ihie '.et'n:p'lr lime il F is 1he I'mqurrln::y. The Tl =cale

UPDATT LIl

TR T

b CFTR. #7aB_E_ADTARCTED
vER &, BCD MelusS
SUAP a

s B HFH

L= o RAI DR

b i TEs5 _DICIT. &
Ml A HCE wALE

B A, WAOTH

i P AR

HTw £ DEDIMAL FDENT
[ 8 agn T.o

Hr URED _d1wdT. 8
SETE ETi

RET

Digable LER drive interTups.

Lagk-_p Lable begpims ot TATIF_ARDEDIS
Digite ko he Z1aplayui.

Mave

rerz ddgiz =e Tru rilEEle
"l hugh nakble,
719+t rarterr te arcuaulatuer

= kn A® C1ap
v¥f tena dig
clgak pailer: b areomulalo
oy dec ksl peimt Ta aacment

LS 11 i Lovatw 100 deri®al anont
and pres gi31t

Sa—wrable GO drilve dinterToas

FAERR—

Figure 20. UPDATE__LGCD Routing Writes Two Diglts to an LGD
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rarge is TaFmax-Fmin)k. Far n-hit resalation

_ TaiFrras-Fring

“an

1150

Therefore the snmple fime required tor n-bit cesolution
i

AP-232

Frr cxam)le, #-bit resnhution in the mcaswrament of a
Frecquency [hist varies helwesn 7 kT amd 92 11 wonld
repiire, Auvcimiling L Chis rmulis, oosiomiple brne of 124
s The masimurm weceplable freguency counl would
b 128 ms = 9 kHe — 1152 woewnts, The manimum
would be 390 counts. Subtracting 396 frone cach fre-
quency coart (or ecsetting the froguency counter o
—89G = OFCS0H) would allow the frcquensy te be
reportzd cnoa scole of O w FF e hex Jdigits,

BICEIRH
- I
=y pr "
- »| 2 § SELECT . !
e Iy -
PORT -
=18 DATH o
= p2 [HFUT
=
N
== -V;

2F00eE-22

Figure 21a. Lsing am LCD Driver

HEDATS_L D

High bijke af A-dlzik duaalac

kY A CIEF_AY_HT

FETE SUGE T _SELEC | 2
EETE FTGIT_GELFCT_1
CALL SAIFT_AHD_LCAD

oLk LT ME_ECT_ A

Gall H4TFT_AKD _LowD

A

alR L
2ETE DICTIT_EELELT_I
CaLL S=IFT eHD_L D&l

qin El
LAl L
e

'3
NATa_TIFET_0L
4
DaTa_ LI G

BATA_TR=LT _EI.©
'
CATA _THPUT 3.

GHIF _ESLFLT
[SETTaEE SR

oo oEmowet IwFomowl dagon of 0D

fdagat awdé-wwa = 154 4

HLgh nlskLe 2F high hijke tc mslartsd digit
Su_wiy wooend Jigit of LOG laddres: = LOO?
bile of 143k ayle to Jwsand iy e
aybr o2 i-1i3it durplay

Eha=d depi= od LD

ik addrase = 10 3

Augh nitole of lzw Eyke bo =selecses
mzt Fau-bs digit ferdrses = UGBS,
=latle ¢ iaw hute to selecked digus.

Laou

d1git

CY¥ tw Data Topub pue RS

¢ Hemes zat te LY

Rata Iepuk pan OL

AL L L B

P 2T to Lebed Lopu® din

i Tajgle Chiz Select
=Lo-1 ginn lakrhes 1msa

B
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Figure }1b. UPDATE_LCD Routing Writes 4 Digits to an LCD Driver
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Figure 22. Resanani Transducer Does Not
Require an A/D Converber

Ta implement The mcasurement, onc timer is ased 1o
catablish the sample time The timer is preser tooa valoc
that eanscs it to roll over at the cad of the sanapls tie,
cenevating an ofermpt and waklog the CPU frem is
ldle modz. The required prosct value is the 2% comple-
ment nogative of the sample time measured in maching
cycles, The conversion from sample thoe to machin
cyeles B o wmliiply it by 1412 the clock frequeoncy. For
caemple, if the clock frequency is 12 MHz, then o sam-
ple time of 128 mes is

(185 sl - (100 kHAA R = 12RX00 meching cealias,

T"hen Lhe Trs,lln'r::ll pressl wal e [o cipnse Lhe ammer ol
aver im 128 ms s

128000 — FEDDD, In 1ex digite.

Wore thar the preser value is 53 Byrtes wide whereas the
timer is anly 2 bytes wide This means the times st
b anginentcd o softwace in the timer Dueroast rontiog
to thees bywes. The S0CSIBH has & DIHZ josteuction
{decrement and jump if not zero) chat makes it susiec to
code the third timer bvte o connt down instend of up.
It the third timzr byte coonts down, ite reload valuz i
the 2's complanent of what it would be for an ap-coun-
ter For example, if the 2’y complement of the sumple
time is FEMIN), then the releed wnlue for the third
timer hyte wanld he (12, jostesd of BFE The timer infer-
Tupt romtine mighe then he:

TIKEE_THTEERUFT_EQUTIHE
NHIZ THIED_TINMER_RYTE, OLT
MO¥  TELO,AD
MO¥  THO,#0CH
Mo TALIED_TIMEREYTE &2
Koy FREQUENCY , COUNTER_LD
sFrecst COUNTER to -HOG:

v COUNIER L #20H
KA LUUNTER 5L =l UH
OUT: FETL

intal.

At rhis point the value of the frequerey of the transdne-
er stamal, meisures (o 8 b resoleiion, s conlanesl n
FREGUTENCY. Wonie thal the trner cim be reliacded om
Lhe My, Mole Loe Lhal Lhe Limer sen be reloaded on Lhe
My, Sl o tha T S-Dal cosolutivn anly Uhe low by le
aof the frogqueney cownrcr noods o be read, singe the
Tigh byt s neccasanily C Howover, anz may want tn
teet the hipgh byt to cuswee that it s zere. a8 a saoity
check oo the data. Both bytes, of course most be ce-
Iaded.

PERIOD MEASUREMENTS

r\"l{‘il!\-llﬂl'lf: | he pern_sul nl Lhe Inansidace- slf.'u;l] FrIesATIS
1'r|-¢.i|s|,|7i113 1he ol |.~.|i|'[w‘| I ok i kmown iemiber,
M, of transdocer |_:|_|'I~,||,-t,:. The qu:mrif:,-' rhar s dirsetly
mesisured is MT, where T is the |_:|r1'i:_'-r' of the tronsdoc-
er .k-1ll;n'|l 1T e q:}-'u::!'n'.'. The qu:l||-§}1|x|ll]_'l teea| w7l
m minchime -.::.-';;Jg's anil The Iransdooce- I'Trs,|||::n|.'_'.' Fin
arhilrary Mequency unils s

Frlal

T= w1412,

where Ixtpl is the BOCSTIIT olock r'r\equm.::}'. in the
sAme nmils as B

Thre full scnle: rompe chen is ™x (Tmax Tmind, Tor
n-hit resolution.

MS{T =T i)
- s

1188 =

Thercfore the number of periods over which the dapsed
time should be mewsured iz

" an
~ Tras-Trvin

Howover, W omust a'se be an intcger. Tr is Togical o
evaluate the above foromla {don’t farper Tmax and
Tuoine have o be o weachine eycles) and sclect for 25 the
next higher mieper. This selecton gives a pericd mea-
surcment that has saomcewhat moce than w-bit resolu-
tica, Bt it can be scaled back 06 desised,

TFor cxample, suppose we want §-bit resclution in the
mezmsurement of the period of a sipnal whose frequency
waries from 7.1 kH= to % kHe IF the clock fmr._urnc:y %
12 M= then T is CT2000 kIxA70 kM=) = (15120
— 141 machine cycles. Troim 35 170 meachineg cpcles.
The reqpared walue for ™, then, 15 2%6/{121-1100 —
Ha% 1-.:_-rir_u.'|s._ sn,:'{'urdin[!: 1o the formala Ll-ginf; [
:p{'ri-;xI:: il f;ivn;-. n omnximum BT wnlae of 141 2 —
1269 mmechine cwiles. The manirnurn BT will he 111
9 — 999 e hing oveles. A lookup lahle cim be eesd o
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scale these values back to a range of 0 to 255, giving
precisely the 8-bit resolution desired.

To implement the measurement, one timer is used to
measure the elapsed time, NT. The transducer is con-
nected to one of the external interrupt pins, and this
interrupt is configured to the transition-activated mode.
In the transition-activated mode every 1-t0-0 transition
in the transducer output will generate an interrupt. The
interrupt routine counts transducer pulses, and when it
gets to the predetermined N, it reads and clears the
timer. For the specific example cited above, the inter-
rupt routine might be:

INTERRUPT_RESPONSE :
DJNZ N,0UT
MoV N, #9
CLR EA
CLR TR1
MOV NT_LO,TL1
MOV NT_HI,TH1
MOV TL1,#9
MOV TH1,#0
SETB TR1
SETB EA
CALL LOOKUP_TABLE
oUT: RETI

In this routine a pulse counter N is decremented from
its preset value, 9, to zero. When the counter gets to
zero it is reloaded to 9. Then all interrupts are blocked
for a short time while the timer is read and cleared. The
timer is stopped during the read and clear operations,
so “clearing” it actually means presetting it to 9, to
make up for the 9 machine cycles that are missed while
the timer is stopped.

The subroutine LOOKUP__TABLE is used to scale
the measurement back to the desired 8-bit resolution. It
can also include built-in corrections for errors or non-
linearities in the transducer’s transfer function.

The subroutine uses the MOVC A, @ A + DPTR
instruction to access the table, which contains 270 en-
tries commencing at the 16-bit address referred to as
TABLE. The subroutine must compute the address of
the table entry that corresponds to the measured value
of NT. This address is

DPTR = TABL + NT — NTMIN,
where NTMIN = 999, in this specific example.

LOOKUP_TABLE :
PUSH ACC
PUSH PSW
MOV A,#LOW (TABLE-NTMIN)
ADD A,NT_LO
MOV  DPL,A
MOV  A,#HIGH (TABLE-NMTIN)
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ADDC A,NT_HI
MOV  DPH,A

CLR A

MOVC A,@A+DTIPR
MOV  PERIOD,A

POP PSW
POP ACC
RET

At this point the value of the period of the transducer
signal, measured to 8 bit resolution, is contained in PE-
RIOD.

PULSE WIDTH MEASUREMENTS

The 80C51BH timers have an operating mode which is
particularly suited to pulse width measurements, and
will be useful in these applications if the transducer
signal has a fixed duty cycle.

In this mode the timer is turned on by the on-chip
circuitry in response to an input high at the external
interrupt pin, and off by an input low, and it can do this
while the 80C51BH is in Idle. (The “GATE” mode of
timer operation is described in the Intel Microcontrol-
ler Handbook.) The external interrupt itself can be en-
abled, so the same 1-to0-0 transition from the transducer
that turns off the timer also generates an interrupt. The
interrupt routine then reads and resets the timer.

The advantage of this method is that the transducer
signal has direct access to the timer gate, with the result
that variations in interrupt response time have no effect
on the measurement.

Resonant transducers that are designed to fully exploit
the GATE mode have an internal divide-by-N circuit
that fixes the duty cycle at 50% and lowers the output
frequency to the range of 250 to 500 Hz (to control
RFI). The transfer function between transducer period
and measurand is approximately linear, with known
and repeatable error functions.

HMOS/CHMOS Interchangeability

The CHMOS version of the 8051 is architecturally
identical with the HMOS version, but there are never-
theless some important differences between them which
the designer should be aware of. In addition, some ap-
plications require interchangeability between HMOS
and CHMOS parts. The differences that need to be con-
sidered are as follows:

External Clock Drive: To drive the HMOS 8051 with
an external clock signal, one normally grounds the
XTALI1 pin and drives the XTAL2 pin. To drive the
CHMOS 8051 with an external clock signal, one must
drive the XTALLI pin and leave the XTAL2 pin uncon-
nected. The reason for the difference is that in the
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HMOE 8051, ivis the XTALZL pin that drives the inter-
nal clockng crouily, wherss inoche CHMOS version i
1o the XTATT pin thial cdrves the nlzmal clocking cir-
cuile.

There arc several weays oo design an catarnal Sock drive
o work with hoth repes. For low clock froquencics iboe-
lowe & MHaz), the HMOS 5021 can be diven in the samc
way as the CHMOS version, namely, thooogh XTALL
with XTALZ? wneeanected. Ancthes way is o drive
hodle XTAT and XTATL that is, drive XTATLI and
usc and exocraal Wvecter 1o decive from XTALL a sie-
nal with which to drive XTALZ.

In cither case, o T4HC or T4HCT circuit makes an ex-
cellent driver for XTALL andsfer XTAL?, heopnise nei-
ther the HMOYS nor the CHWORS XTAL pin\,‘ hnve
TT1L-like 'i1|pu| 1ugi-:: Nuwals.

Imesed Pins: Lnnsed ]_-rins aof Ports 1. 2 pnd 7 onm b
'ig;ru:ur\c:rl in hoeh HMOS and OHMWOS -.'I{:c.'if;nu. The in-
lerral pu'llups will P thern imwg g cielined siste Un-
usec] 1%or) O Fans im Head| i|1'|11]1|::_>|.|1|_|1|s r=m he 1|:|;rl,|r\-::||:
cven il Theyre Moating. Hal i SOCSTHED spphicibions,
Lhese pans showld ot ke el sloal They can be exer
mally pulled wp or dewi, oo Ly can b iocinally
PII||I.‘:| duwn by wnm g Ik Lo [hern.

RUATAROCSTHTT desigmes iy or may nul ne=d pullups
an omt U Trullups aran'l needod o program  Neleh,
hocaise in bus operationsg the ping are actively pullod
Tigh cor low by cithor the 8031 o the external program
memary. Bur they ave needod for the CHMOS pan if
the Idlz or Power Down made is vcked, boecause in
these mndss Port O flears,

Lomie Levels: If Voo B between 45V and 5.5V, an
Input sipoal that mects the HMOS 80515 jnput lopic
Tzvels will nlso mect the CHMOS 8205 DIH's input Jog-
iz levels fexeept for XTALLYXTALZ und EST). For
the same ¥ oo condition. the CHMOS device will reach
ar surpnss the onipat lopgic levals of the HMWOS deviee.
The HMOS devices will wor pecessacily reach the ourput
logie levels of the CHBMOY deviee, This i an important
consideration it HMOSACHMOS  incerchangeability
mnst b muintained in an othargdss OMOS yeaoem.

[TRA{ES BN51 uulpuls Ihitl haye inlermal :_|||'|'||,|pei [Purl=
1,7, amal 3 “iypical v vesch % o mome 10 1y 35 wem,
bul ot fwsl enowgh o meel tming spee. Adding an
walernal pullup raastor wall ensure the logie level, bul
sUill nal 1 I:rrn'i1|y¢ its shomsm im F'ir;l,.rr 230 Ii1r|'ir|_:-: s
wm assng, Lhe best woy Loanlerfuce IO 10 ORIOS 14
threncgh o TANCT arcnil.

Ille aml Fower Diewn: The Tdle zid Power Down

mides cxist only o the CHMOS deviczs, but if anc

EFNIGN-EC

Flgure 23. 0-te-1 Transltlgn Shows Unspec'd
Delay (At In HMOS to 74HC Logle

wishes preserys the i.'._=|.]:nhi|'ir].' of i11h,-.n.:'ha11__=_"||'|g
FIMCYS ame] CHWORE 305 1x Tthe sollwirs s Ly e dge-
signed so that the HMOS parts will respond in an we-
cepahle manmer when o CH MO redocsd power mods
1% invoked.

ko {-I-;|1'r|'|:\-|;', =m o anskouchion thal invickes Powsr [oesn
citn he Follvaces | by s TR 57

LA Es
ORL  FOON,#3
JMF i

The CHMOS and HMOS pars will cospond le his
soquence of aode differcntly. The CHMUOS part, paing
into a normal CHMOS Power Down Mode, will stop
Fereling insrracticas vl i pets & havdware resce. The
HMOS part will 2o throagh the motlows of executiog
the OFRL instracticn, and then feteh the JME instruc-
ticen. Tr will eeentinue femching and creenting FMIT % wn-
til Jardwace rescr.

Muintainine HMOSACHMOS 8051 interchnngeability
in response to ldie requires morz planning, The HMOS
port will ror respand to the instruetion thet puors the
L HMAS purt it Beile, so thnt irestrosdion reeds to he
loalliweed] by i solvware idle. This woull he @:m 'in:I]'ing
loap which would be terminared by the same conditions
that wowld cerminace the CHMOSS ha-doares Telle
Then whaen the CHMOS devies Joes intn ldle, the
FIMOIS version execules [he '.'I1i1|y: 1|||,||_'_|: uriil eivher a
hirel ware resel o1 an erashled mlerrupl 15 Tecrrveil, Mo
" Redle s bemmimatesl by an imlerrupl, sxeculion for the
CHMOS device wall procesd aller RETI from Lhe in-
slructwm Mallowing the one Lhal invekad Tdle. The m-
=l aieom fllll-:;\-l.l.-1r|_\pI Lhe one Thisl, mvoked ldle s Lhe
wllimg loop Lhal weas mserled Tor The TTMOSE device Al
Lhis puarl, both the TIMOS and CHROS desioes rnost

b whle 1o Fall Lhrough the loop Lo ambinee sseeabon.
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One way to achieve the desired effect is to define a
“fake” Idle flag, and set it just before going into Idle.
The instruction that invoked Idle is followed by a soft-
ware idle:

SETB  IDLE
ORL  PCON,#1
JB IDLE, §

Now the interrupt that terminates the CHMOS’s Idle
must also break the software idle. It does so by clearing
the “Idle” bit:

CLR IDLE
RETI

Note too that the PCON register in the HMOS 8051
contains only one bit, SMOD, whereas the PCON reg-
ister in CHMOS contains SMOD plus four other bits.
Two of those other bits are general purpose flags. Main-
taining HMOS/CHMOS interchangeability requires
that these flags not be used.
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