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Figure 17. Oscillator Start-Up (4.608 MHz Crystal 
from Standard Crystal Corp.) 

A short time constant means faster start-up. A long 
time constant means slow start-up. Observations of ac­
tual start-ups are shown in the figures. Figure 17 is for 
a typical 8051 with a 4.608 MHz crystal supplied by 
Standard Crystal Corp., and Figure 18 is for a typical 
8051 with a 3.58 MHz ceramic resonator supplied by 
NTK Technical Ceramics, Ltd. 

It can be seen in Figure 17 that, for this crystal, values 
of Cx between 30 and 50 pF minimize start-up time, 
but that the exact value in this range is not particularly 
important, even if the start-up time itself is critical. 

As previously mentioned, start-up time can be taken as 
an indication of start-up reliability. Start-up problems 
are normally associated with Cx I and CX2 being too 
small or too large for a given resonator. If the parame­
ters of the resonator are known, curves such as in Fig­
ure 17 or 18 can be generated to define acceptable 
ranges of values for these capacitors . 

As the oscillations grow in amplitude, they reach a lev­
el at which they undergo severe clipping within the am­
plifier, in effect reducing the amplifier gain. As the am­
plifier gain decreases, the poles move towards the jw 
axis. In steady-state, the poles are on the jw axis and 
the amplitude of the oscillations is constant. 
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Figure 18. Oscillator Start-Up (3.58 MHz Ceramic 
Resonator from NTK Technical Ceramics) 
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Figure 19. Calculated and Experimental Steady­
State Amplitudes vs. Bulk Capacitance from 

XTAL 1 and XTAL2 to Ground 

Steady~State Characteristics 

Steady-state analysis is greatly complicated by the fact 
that we are dealing with large signals and nonlinear 
circuit response. The circuit parameters vary with in­
stantaneous voltage, and a number of clamping and 
clipping mechanisms come into play. Analyses that 
take all these things into account are too complicated to 
be of general use, and analyses that don't take them 
into account are too inaccurate to justify the effort. 

There is a steady-state analysis in Appendix B that 
takes some of the complications into account and ig­
nores others. Figure 19 shows the way the steady-state 
amplitudes thus calculated (using typical 8051 parame­
ters and a 4.608 'MHz crystal) vary with equal bulk 
capacitance placed from XTAL1 and XTAL2 to 
ground. Experimental results are shown for compari­
son. 

The waveform at XTAL1 is a fairly clean sinusoid. Its 
negative peak is normally somewhat below zero, at a 
level which is determined mainly by the input protec­
tion circuitry at XT AL 1. 

The input protection circuitry consists of an ohmic re­
sistor and an enhancement-mode FET with the gate 

and source connected to ground (VSS), as shown in 
Figure 20 for the 8051, and in Figure 21 for the 8048. 
Its function is to limit the positive voltage at the gate of 
the input PET to the avalanche voltage of the drain 
junction. If the input pin is driven below VSS, the drain , 
and source of the protection FET interchange roles, so 
its gate is connected to what is now the drain. In this 
condition the device resembles a diode with the anode 
connected to VSS. 

There is a parasitic pn junction between the ohmic re­
sistor and the substrate. In the ROM parts (8015,8048, 
etc.) the substrate is held at approximately - 3V by the 
on-chip back-bias generator. In the EPROM parts 
(8751, 8748, etc.) the substrate is connected to VSS. 

The effect of the input protection circuitry on the oscil­
lator is that if the XT ALl signal goes negative, its nega~ 
tive peak is clamped to - VDS of the protection FET in 
the ROM parts, and to about -0.5V in the EPROM 
parts. These negative voltages on XTAL1 are in this 
application self-limiting and nondestructive. 

The clamping action does, however, raise the DC level 
at XTALI, which in tum tends to reduce the positive 
peak at XT AL2. The waveform at XT AL2 resembles a 
sinusoid riding on a DC level, and whose negative 
peaks are clipped off at zero. 

Since it's normally the XT AL2 signal that drives the 
internal clocking circuitry, the question naturally arises 
as to how large this signal must be to reliably do its job. 
In fact, the XT AL2 signal doesn't have, to meet the 
same VIH and VIL specifications that an external driv­
er would have to. That's because as long as the oscilla­
tor is working, the on-chip amplifier is driving itself 
through its own O-to-I transition region, which is very 
nearly the same as the 0-to-1 transition region in the 
internal buffer that follows the oscillator. If some pro­
cessing variations move the transition level higher or 
lower, the on-chip amplifier tends to compensate for it 
by the fact that its own transition level is correspond­
ingly higher or lower: (In the 8096, it's the XTAL1 
signal that drives the internal clocking circuitry, but the 
same concept applies.) 

The main concern about the XT AL2 signal amplitude 
is an indication of the general health of tile oscillator. 
An amplitude of less than about 2.SV peak-to-peak in­
dicates that start-up problems could develop in some 
units (with low gain) with some crystals (with high,RI)' 
The remedy is to either adjust the values of CXI and/or 
CX2 or use a crystal with a lower R I. 

The amplitudes at XTALl and XTAL2 can be adjusted 
by changing the ratio of the capacitors from XTALl 
and XT AL2 to ground. Increasing the XTAL2 capaci~ 
tance, for example, decreases the amplitude at XTAL2 
and increases the amplitude at XT ALl by about the 
same amount. Decreasing both caps increases both am­
plitudes. 
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Pin Capacitance 

Internal pin-to-ground and pin-to-pin capacitances at 
XTALl and XTAL2 will have some effect on the oscil­
lator. These capacitances are normally taken to be in 
the range of 5 to 10 pF, but they are extremely difficult 
to evaluate. Any measurement of one such capacitance 
will necessarily include effects from the others. One ad­
vantage of the positive reactance oscillator is that the 

. pin-to-ground capacitances are paralleled by external 
bulk capacitors, so a precise determination of their val­
ue is unnecessary. We would suggest that there is little 
justification for more precision than to assign them a 
value of 7 pF (XTALl-to-ground and XTALl-to­
XTAL2). This value is probably not in error by more 
than 3 or 4 pF. . 

The XT AL2-to-ground capacitance is not entirely "pin 
capacitance," but more like an "equivalent output ca­
pacitance" of some 25 to 30 pF, having to include the 
effect of internal phase delays. This value will vary to 
some extent with temperature, processing, and frequen­
cy. 

MCS®-51 Oscillator 

The on-chip amplifier on the HMOS MCS-51 family is 
shown in Figure 20. The drain load and feedback "re­
sistors" are seen to be field-effect transistors. The drain 
load FET, RD, is typically equivalent to about IK to 3 
K-ohms. As an amplifier, the low frequency voltage 
gain is normally between -10 and - 20, and the out­
put resistance is effectively RD. 

vec 

TO INTERNAL 
CIRCUITRY 

XTAL2 

230659-31 

Figure 20. MCS®-51 Oscillator Amplifier 

The 80151 oscillator is normally used with equal bulk 
capacitors placed externally from XTALI to ground 
and from XTAL2 to ground. To determine a reason­
able value of capacitance to use in these positions, given 
a crystal of ceramic resonator of known parameters, 
one can use the BASIC analysis in Appendix II to gen­
erate curves such as in Figures 17 and 18. This proce­
dure will define a range of values that will minimize 
start-up time. We don't suggest that smaller values be 

used than those which minimize start-up time. Larger 
values than those can be used in applications where 
increased frequency stability is desired, at some sacri­
fice in start-up time. 

Standard Crystal Corp. (Reference 8) studied the use of 
their crystals with the MCS-51 family using skew sam­
ple supplied by Intel. They suggest putting 30 pF ca­
pacitors from XTALl and XTAL2 to ground, if the 
crystal is specified as described in Reference 8. They 
noted that in that configuration and with crystals thus 
specified, the frequency accuracy was ± 0.01 % and the 
frequency stability was ±0.005%, and that a frequency 
accuracy of ±0.005% could be obtained by substitut­
ing a 25 pF fixed cap in parallel with a 5-20 pF trim­
mer for one of the 30 pF caps. 

MCS-51 skew samples have also been supplied to a 
number of ceramic resonator manufacturers for charac­
terization with their products. These companies should 
be contacted for application information on their prod­
ucts. In general, however, ceramics tend to want some­
what larger values for CX! and CX2 than quartz crys­
tals do. As shown in Figure 18, they start up a lot faster 
that way. 

In some application the actual frequency tolerance re­
quired is only I % or so, the user being concerned main­
ly that the circuit will oscillate. In that case, CX! and 
CX2 can be selected rather freely in the range of 20 to 
80 pF. 

As you can see, "best" values for these components and 
their tolerances are strongly dependent on the applica­
tion and its requirements. In any case, their suitability 
should be verified by environmental testing before the 
design is submitted to production. 

MCS®-48 Oscillator 

The NMOS and HMOS MCS-48 oscillator is shown in 
Figure 21. It differs from the 8051 in that its inverting 
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Figure 21. MCS®-48 Oscillator Amplifier 



inter AP-155 

SV 

~hY.tere.l. 

.2V 

L-__ -+ __ -+ ____ v, 

LTP UTP 

230659-33 

Figure 22. Schmitt Trigger Characteristic 

amplifier is a Schmitt Trigger. This configuration was 
chosen to prevent crosstalk from the TO pin, which is 
adjacent to the XT ALl pin. 

All Schmitt Trigger circuits exhibit a hysteresis effect, 
as shown in Figure 22. The hysteresis is what makes it 
less sensitive to noise. The same hysteresis allows any 
Schl11itt Trigger to be used as a relaxation oscillator. 
All you have to do is connect a resistor from output to 
input, and a capacitor from input to ground, and the 
circuit oscillates in a relaxation mode as follows. 

If the Schmitt Trigger output is at a logic high, the 
capacitor commences charging through the feedback 
resistor. When the capacitor voltage reaches the upper 
trigger point (UTP), the Schmitt Trigger output 
switches to a logic low and the capacitor commences 
discharging through the same resistor. When the capac­
itor voltage reaches the lower trigger point (L TP), the 
Schmitt Trigger output switches to a logic high again, 
and the sequence repeats. The oscillation frequency is 
determined by the RC time constant and the hysteresis 
voltage, UTP-LTP. 

The 8048 can oscillate in this mode. It has an internal 
feedback resistor. All that's needed is an external ca­
pacitor from XTALI to ground. In fact, if a smaller 
external feedback resistor is added, an 8048 system 
could be designed to run in this mode. Do it at your own 
risk! This mode of operation is not tested, specified, 
documented, or encouraged in any way by Intel for the 
8048. Future steppings of the device might have a dif­
ferent type of inverting amplifier (one more like the 
8051). The CHMOS members of the MCS-48 family do 
not use a Schmitt Trigger as the inverting amplifier. 

Relaxation oscillations in the 8048 must be avoided, 
and this is the major objective in selecting the off-chip 
components needed to complete the oscillator circuit. 

When an 8048 is powered up, if VCC has a short rise 
time, the relaxation mode starts first. The frequency is 
normally about 50 KHz. The resonator mode builds 

more slowly, but it eventually takes over and dominates 
the operation of the cirucit. This is shown in Figure 
23A. 

Due to processing variations, some units seem to have a 
harder time coming out of the relaxation mode, partic­
ularly at low temperatures. In some cases the resonator 
oscillations may fail entirely, and leave the device in the 
relaxation mode. Most units will stick in the relaxation 
mode at any temperature if CX! is larger than about 50 
pF. Therefore, Cx! should be chosen with some care, 
particularly if the system must operate at lower temper­
atures. 

One method that has proven effective in all units to 
-40·C is to put 5 pF from XTALl to ground and 20 
pF from XTAL2 to ground. Unfortunately, while this 
method does discourage the relaxation mode, it is not 
an optimal choice for the resonator mode. For one 
thing, it does not swamp the pin capacitance. Also, it 
makes for a rather high signal level at XTALl (8 or 9 
volts peak-to-peak). 

The question arises as to whether that level of signal at 
XTLAI might damage the chip. Not to worry. The 
negative peaks are self-limiting and nondestructive. The 
positive peaks could conceivably damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H) are tested. to a much higher \<Qltage than that. 
The technology trend, of course, is to thinner oxides, as 
the devices shrink in size. For an extra margin of safety, 
the HMOS II chips (eg, 8048AH) have an internal di­
ode clamp at XTALI to VCC. 

In reality, CXI doesn't have to be quite so small to 
avoid relaxation oscillations, if the minimum operating 
temperature is not -40·C. For less severe temperature 
requirements, values of capacitance selected in much 
the same way as for an 8051 can be used. The circuit 
should be tested, however, at the system's lowest tem­
perature limit. 

Additional security against relaxation oscillations can 
be obtained by putting a 1M-ohm (or larger) resistor 
from XTALI to VCC. Pulling up the XTALl pin this 
way seems to discourage relaxation oscillations as effec­
tively as any other method (Figure 23B). 

Another thing that discourages relaxation oscillations is 
low VCC. The resonator mode', on the other hand is 
much less sensitive to VCe. Thus if VCC comes up 
relatively slowly (several milliseconds rise time), the 
resonator mode is normally up and running before the 
relaxation mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 

A secondary effect of the hysteresis is a shift in the 
oscillation frequency. At low frequencies, the output 
signal from an inverter without hysteresis leads (or 
lags) the input by 180 degrees. The hysteresis in a 
Schmitt Trigger, however, causes the output to lead the 
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input by less than 180 degrees (or lag by more than 180 
degrees), by an amount that depends on the signal am­
plitude, as shown in Figure 24. At higher frequencies, 
there are additional phase shifts due to the various reac­
tances in the circuit, but the phase shift due to the hys­
teresis is still present. Since the total phase shift in the 
oscillator's loop gain is necessarily 0 or 360 degrees, it 
is apparent that as the oscillations build up, the fre­
quency has to change to allow the reactances to com­
pensate for the hysteresis. In normal operation, this ad­
ditional phase shift due to hysteresis does not exceed a 
few degrees, and the resulting frequency shift is negligi­
ble. 
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vee 

lMIl 

27pF h XTALI 

o 8048 

t--~---t XTAL2 

':' 27pF 

230659-35 
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Discourages Relaxation Mode. 
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C) No Relaxation Oscillations When VCC Comes Up 

More Slowly. 

Kyocera, a ceramic resonator manufacturer, studied 
the use of some of their resonators (at 6.0 MHz, 8.0 
MHz, and 11.0 MHz) with the 8049H. Their conclu­
sion as to the value of capacitance to use at XTALI and 
XT AL2 was that 33 pF is appropriate at all three fre­
quencies. One should probably follow the manufactur­
er's recommendations in this matter, since they will 
guarantee operation. 

Whether one should accept these recommendations and 
guarantees without further testing is, however, another 
matter. Not all users have found the recommendations 
to be without occasional problems. If you run into diffi-

VCC: 

XTAL2: 

230659-37 

VCC: 

XTAL2: 

230659-38 

VCC: 

XTAL2: 
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Figure 23. Relaxation Oscillations in the 8048 
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culties using their recommendations, both Intel and the 
ceramic resonator manufacturer want to know about it. 
It is to their interest, and ours, that such problems be 
resolved. 

I 
I 
I 

I I I I 

"'ll I r 
230659-40 

A) Inverter Without Hysteresis: Output Leads Input by 180'. 

. 230659-41 
B) Inverter With Hysteresis: Output Leads 

Input by Less than 180'. 

Figure 24. Amplitude-Dependent Phase 
Shift in Schmitt Trigger 

Preproduction Tests 

An oscillator design should never be considered ready 
for production until it has proven its ability to function 
acceptably well under worst-case environmental condi­
tions and with parameters at their worst-case tolerance 
limits. Unexpected temperature effects in parts that 
may already be near their tolerance limits can prevent 
start-up of an oscillator that works perfectly well on the 
bench. For example, designers often overlook tempera­
ture effects in ceramic capacitors. (Some ceramics are 
down to 50% of their room-temperature values at 
- 20·C and + 60·C). The problem here isn't just one of 
frequency stability, but also involves start-up time and 
steady-state amplitude. There may also be temperature 
effects in the resonator and amplifier. 

It will be helpful to build a test jig that will allow the 
oscillator circuit to be tested independently of the rest 
of the system. Both start-up and steady-state character­
istics should be tested. Figure 25 shows the circuit that 
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A) Software for Oscillator Test 

SOURCE 
ORG 0000 H 

JMP START 
ORG OOOB H ;TIMER 0 INTERRUPT: 

; TOGGLE Tl CPL Tl 
RETI 

ORG OOOlBH ;TlMER 1 INTERRUPT: 
CPL Pl;l 
DJNZ P2.S 
CPL Pl.O 
RETI 

TOGGLE CRO TRIGGER 
DELAY 
TOGGLE VCC CONTROL 

START: MOV TH1. #OFAH ;TlMER 1 RELOAD VALUE 

END 

MOV TL1. #OFAH ;START TLl AT RELOAD VAL 
MOV TMOD. # 61H ;TIMER 1 TO COUNTER. AUTO 

;RELOAD 
;TIMER 0 TO TIMER. l6-BIT 

MOV IE. # BAH ;ENABLE TIMER INTERRUPTS 
;ONLY 

MOV TCON. # 50H ;TURN ON BOTH TIMERS 
JMP S ;IDLE 

PI.O 
-t-----i PI.I 

vcc 

vee P1.0or Pt.t 
TO 

OSCILLOSCOPE 
TRIGGER 8051 

Ell 
ALE 

TOFREQ. 
COUNTER 

230659-42 
B) Oscillator Test Circuit (Shown for 8051 Test) 

Figure 25. Oscillator Test Circuit and Software 
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was used to obtain the oscillator start-up photographs 
in this Application Note. This circuit or a modified 
version of it would make a convenient test vehicle. The 
oscillator and its relevant components can be physically 
separated from the control circuitry, and placed in a 
temperature chamber. 

Start-up should be observed under a variety of condi­
tions, including low VCC and using slow and fast VCC 
rise times. The oscillator should not be reluctant to 
start up even when VCC is below its spec value for the 
rest of the chip. (The rest of the chip may not function, 
but the oscillator should work.) It should also be veri­
fied that start-up occurs when the resonator has more 
than its upper tolerance limit of series resistance. (Put 
some resistance in series with the resonator for this 
test.) The bulk capacitors from XTALl and XTAL2 to 
ground should also be varied to their tolerance limits. 

The same circuit, with appropriate changes in the soft­
ware to lengthen the "on" time, can be used to test the 
steady-state characteristics of the oscillator, specifically 
the frequency, frequency stability, and amplitudes at 
XTALl and XTAL2. 

As previously noted, the voltage swings at these pins 
are not critical, but they should be checked at the sys­
tem's temperature limits to ensure that they are in good 
health. Observing these signals necessarily changes 
them somewhat. Observing the signal at XT AL2 re­
quires that the capacitor at that pin be reduced to ac­
count for the oscilloscope probe capacitance. Observing 
the signal at XTALI requires the same consideration, 
plus a blocking capacitor (switch the oscilloscope input 
to AC), so as to not disturb the DC level at that pin. 
Alternatively, a MOSFET buffer such as the one shown 

-in Figure 26 can be used. It should be .verified by direct 
measurement that the ground clip on the scope probe is 
ohmically connected to the scope chassis (probes are 
incredibly fragile in this respect), and the observations 
should be made with the ground clip on the VSS pin, or 
very close to it. If the probe shield isn't operational and 
in use, the observations are worthless. 

+12V 

MFE3005 
XTAL1 

or --b---ill,. -5V 
XTAL2 .-

I 
I 

------- \'0---+--. ~~CILLOSCOPE 
CJUMPERFOR 

GATE PROTECTION 
11K 

230659-43 

Figure 26. MOSFET Buffer for Observing 
Oscillator Signals 
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Frequency checks should be made with only the oscilla­
tor circuitry connected to XT ALl and XT AL2. The 
ALE frequency canbe counted, and the oscillator fre­
quency derived from that. In systems where the fre­
quency tolerance is only "nominal," the frequency 
should still be checked to ascertain that the oscillator 
isn't running in a spurious resonance or relaxation 
mode. Switching VCC off and on again repeatedly will 
help reveal a tendency to go into unwanted modes of 
oscillation. 

The operation of the oscillator should then be verified 
under actual system running conditions. By this stage 
one will be able to have some confidence that the basic 
selection of components for the oscillator itself is suit­
able, so if the oscillator appears to malfunction in the 
system the fault is not in the selection of these compo­
nents. 

Troubleshooting Oscillator Problems 

The first thing to consider in case of difficulty is that 
between the test jig and the actual application there 
may be significant differences in stray capacitances, 
particularly if the actual application is on a multi-layer 
board. 

Noise glitches, that aren't present in the test jig but are 
in the application board, are another possibility. Capac­
itive coupling between the oscillator circuitry and other 
signal has already been mentioned as a source of mis­
counts in the internal clocking circuitry. Inductive cou­
pling is also possible, if there are strong currents near­
by. These problems are a function of the PCB layout. 

Surrounding the oscillator components with "quiet" 
traces (VCC and ground, fpr example) will alleviate ca­
pacitive coupling to signals that have fast transition 
times. To minimize inductive coupling, the PCB layout 
should minimize the areas of the loops formed by the 
oscillator components. These are the loops that should 
be checked: 

XTALl through the resonator to XT AL2; 
XTALl through CX! to the VSS pin; 
XTAL2 through CX2 to the VSS pin. 

It is not unusual to find that the grounded ends of CX! 
and CX2 eventually connect up to the VSS pin only 
after looping around the farthest ends of the board. Not 
good. 

Finally, it should not be overlooked that software prob­
lems sometimes imitate the symptoms of a slow-starting 
oscillator or incorrect frequency. Never underestimate 
the perversity of a software problem. 
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APPENDIX A 
QUARTZ AND CERAMIC RESONATOR FORMULAS 

Based on the equivalent circuit of the crystal, the im­
pedance of the crystal is 

Z - (Rl + jwLl + 1/jwCl)(1/jwCO) 
XTAL - Rl + jwLl + 1/jwCl + 1/jwCo 

After some algebraic manipulation, this calculation can 
be written in the form 

where CT is the capacitance of C, in series with Co: 

The impedance of the crystal in parallel with an exter­
nal load capacitance CL is the same expression, but 
with Co + CL substituted for Co: 

Z II 1 1 - w2L1Cl + jwR1Cl 
XTAL CL = jW(Cl + Co + CLl • 1 - w2L1C'T + jwR1C'T 

where C'T is the capacitance of C, in series with (Co + 
Cr..): 

C'T = Cl (Co + CLl 
Cl + Co + CL 

The impedance of the crystal in series with the load 
capacitance is 

1 
ZXTAL + CL = ZXTAL + :--C 

IW L 

= CL + Cl + Co. 1 - w2L1C'T + jwR1C'T 

jwCL (Cl + Co) 1 - w2L1CT + jwR1CT 

where CT and C'T are as defmed above. 

The phase angles of these impedances are readily ob­
tained from the impedance expressions themselves: 

WRl Cl 
9XTALIICL = arctan 2L C 

1 - W 1 1 

WR1C'T 
9XTAL + CL = arctan 2L C' 

1 - W 1 T 

The resonant ("series resonant") frequency is the fre­
quency at which the phase angle is zero and the imped­
ance is low. The antiresonant ("p~allel resonant") fre­
quency is the frequency at which the phase angle is zero 
and the impedance is high. 

Each of the above 8-expressions contains two arctan 
functions. Setting the denominator of the argument of 
the first arctan function to zero gives (approximately) 
the "series resonant" frequency for that configuration. 
Setting the denominator of the argument of the second 
arctan function to zero gives (approximately) the "par­
allel resonant" frequency for that configuration. 

For example, the resonailt frequency of the crystal is 
the frequency at which 

- w2L1Cl = 0 

Thus 

or 
f ___ 1_ 
s - 27T~L1Cl 
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It will be noted that the series resonant frequency of the 
"XTAL+ CL" configuration (crystal in series with CL) 
is the same as the parallel resonant frequency of the 
"XTALllcL" configuration (crystal in parallel with 
CL). This is the frequency at which ' 

Thus 

or 

- oo2L1C'T = 0 

1 
OOa = JL1C'T 

1 
la = 2'ITJL1C'T 

This fact is used by crystal manufacturers in the pro­
cess of calibrating a crystal to a specified load capaci­
tance. 

By subtracting the resonant frequency of the crystal 
from its antiresonant frequency, one can calculate the 
range of frequencies over which the crystal reactance is 
positive: 

I (~) s 2Co 

Given typical values for CI and Co, this range can 
hardly exceed 0.5% offs. Unless the inverting amplifier 
in the positive reactance oscillator is doing something 
very strange indeed, the oscillation frequency is bound 
to be accurate to that percentage whether the crystal 
was calibrated for series operation or to any unspecified 
load capacitance. 

Equivalent Series Resistance 

ESR is the real part of ZXTAL at the oscillation fre­
quency. The oscillation frequency is the parallel reso­
nant frequency of the "XTALllcL" configuration 
(which is the same as the series resonant frequency of 
the "XTAL + CL" configuration). Substituting this fre­
quency into the ZXTAL expression yields, after some 
algebraic manipulation, 

( Co + CL)2 R1 ---
ESR = __ ...c.--,C:-:,L,,---,-::--:-:: 

2C2 (Co + CL)2 
1+00 1 CL 

Drive Level 

The power dissipated by the crystal is I~RIo where II is 
the RMS current in the motional arm of the crystal. 
This current is given by V x/lz\l, where V x is the RMS 
voltage across the crystal, and /zil is the magnitude of 
the impedance of the motional arm. At the oscillation 
frequency, the motional arm is a' positive (inductive) 
reactance in parallel resonance with (Co + CL)' There­
fore IZII is approximately equal to the magnitude of the 
reactance of (Co + CL): 

1 
IZ11 = 2'ITf(Co + CLl 

where f is the oscillation frequency. Then, 

p = I~ R1 = (I~~I tR1 

= [2'ITI (Co + CLl Vx]2 R1 

The waveform of the voltage across the crystal 
(XTALl to XTAL2) is approximately sinusoidal. If its 
peak value is VCC, then V x is VCCI.Ji. Therefore, 

P = 2R1 ['lT1 (Co + CLl VCC]2 
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APPENDIX B 
OSCILLATOR ANALYSIS PROGRAM 

The program is written in BASIC. BASIC is excruciat­
ingly slow, but it has some advantages. For one thing, 
more people know BASIC than FORTRAN. In addi­
tion, a BASIC program is easy to develop, modify, and 
"fiddle around" with. Another important advantage is 
that a BASIC program can run on practically any small 
computer system. 

Its slowness is a problem, however. For example, the 
routine which calculates the "start-up time constant" 
discussed in the text may take several hours to com­
plete. A person who finds this program useful may pre­
fer to convert it to FORTAN, if the facilities are avail­
able. 

Limitations of the Program 

The program was developed with specific reference to 
80S I-type oscillator circuitry. That means the on-chip 
amplifier is a simple inverter, and not a Schmitt Trig­
ger. The 8096, the 80CSl, the 80C48 and 80C49 all 
have simple inverters. The 8096 oscillator is almost 
identical to the 8051, differing mainly in the input pro­
tection circuitry. The CHMOS amplifiers have some­
what different parameters (higher gain, for. example), 
and different transition levels than the 80S 1. 

The MCS-48 family is specifically included in the pro­
gram only to the extent that the input-output curve 
used in the steady-state analysis is that of a Schmitt 
Trigger, if the user identifies the device under analysis 
as an MCS-48 device. The analysis does not include the 
voltage dependent phase shift of the Schmitt Trigger. 

The clamping action of the input protection circuitry is 
important in determining the steady-state amplitudes. 
The steady-state routine accounts for it by setting the 
negative peak of the XTALI signal at a level which 
depends on the amplitude of the XTALl signal in ac­
cordance with experimental observations. It's an exer­
cise in curve-fitting. A user may find a different type of 
curve works better. Later steppings of the chips may 
behave differently in this respect, having somewhat dif­
ferent types of input protection circuitry. 

It should be noted that the analysis ignores a number of 
. important items, such as high-frequency effects in the 

on-chip circuitry. These effects are difficult to predict, 
and are no doubt dependent on temperature, frequency, 
and device sample. However, they can be simulated to a 
reasonable degree by adding an "output capacitance" of 
about 20 pF to the circuit model (i.e., in parallel with 
CX2) as described below. 

Notes on Using the Program 

The program asks the user to input values for various 
circuit 'parameters. First the crystal (or ceramic resona­
tor) parameters are asked for. These are Rl, Ll, Cl, 
and CO. The manufacturer can supply these values' for 
selected samples. To obtain any kind of correlation be­
tween calculation and experiment, the values of these 
parameters must be known for the specific sample in 
the test circuit. The value that should be entered for CO 
is the CO of the crystal itself plus an estimated 7 pF to 
account for the XTALl-to-XTAL2 pin capacitance, 
plus any other stray capacitance paralleling the crystal 
that the user may feel is significant enough to be includ­
ed. 

Then the program asks for the values of the XTALl-to­
ground and XTAL2-to-ground' ~apacitances. For 
CXTALl, enter the value of the externally connected 
bulk capacitor plus an estimated 7 pF for pin capaci­
tance. For CXTAL2, enter the value of the externally 
connected bulk capacitor plus an estimated 7 pF for pin 
capacitance plus about 20 pF to simulate high-frequen­
cy roll-off and phase shifts in the on-chip circuitry. 

Next the program asks for values for the small-signal 
parameters of the on-chip amplifier. Typically, for the 
805118751, 

Amplifier Gain Magnitude '= 15 
Feedback Resistance = 2300 K!l 
Output Resistance = 2 K!l 

The same values can be used for MCS-48 (NMOS and 
HMOS) devices, but they are difficult to verify, because 
the Schmitt Trigger does not lend itself to small-signal 
measurements. 

9-47 



inter 
100 DEFDBL C.D.F.G.L.P.R.S.X 
200 REM 

AP-155 

APRIL B. 19B3 
300 REM ****************~*.**.*********.******** •••• ******.*.* ••••••• *** ••••••• 
400 REM 
500 REM 
600 REM 
700 REM 

FUNCTIONS 

800 REM FNZM(R. X) = MAGNITUDE OF A COMPLEX NUMBER. IR+JX: 
900 DEF FNZM(R.X) = SQR(R"2+X"2) 
1000 REr1 
1100 REM FNZP(P.X) 
1200 REM 

ANGLE OF A COMPLE~ NUMBER 
180/P I*ARCTAN( X/R) IF R:'O 

1300 REM 
1400 REM 

180/PI*ARCTAN(X/R) + 180 IF R<O AND x/a 
180/PI*ARCTAN(X/R) .. 180 IF R<:O AND X"O 

I~OO DEF FNZP(R.X) 
1600 REM 

= 180/PI*ATN(X/R) - (SGN(R)-I)*SGN(X)*90 

1700 REM 
1800 REM 
1900 REM 
2000 DEF 
2100 DEF 
2200 REM 
2300 REM 
2400 REM 
2500 REM 
2600 REM 
2700 DEF 
2800 DEF 
2900 REM 

INDUCTIVE IMPEDANCE AT cor1PLE~ FREQUENCY S+ JF (HZ) 
z-= 2*Pl*S*L + J2*PI*F*L 

FNRL(S.L) + JFNXL(F.L) 
FNRL(SL.LL) = 21*PI*SL*LL 
FNXL(FL.LL) = 21*PI*FL*LL 

CAPACITIVE IMPEDANCE AT COMPLEX FREQUENCY S+JF (HZ) 
Z = 1/[2*PI*iS+JF)*Cl 

= S/[2*PI*(S'2+F'2)*CJ + Jf-F)/[2*PI*(SA2+F~2)Cl 

= FNRC(S.F.C) + JFNXC(S.F.C) 
FNRC(SC.FC.CC) = SC/(21*PI*(SC 2+FC"2)*CC) 
FNXC (SC. FC. CC) = -FC/ (21*PI*(SC"2+FC"2)*CC) 

3000 REM RATIO OF TWO COMPLEX NUMBERS 
3100 REM RA+JXA RA*RB+XA*XB XA*RB-RA*XD 
3200 REM ----------- + J -----------
3300 REM RB+ J X3 RD~2+XB-·2 RDA2+XB '2 
3400 REM = FNRR(RA.XA.RO.~B) + JFNXR(RA.XA.RO.XD) 
3500 DEF FNRR(RA.XA.RB.XB) = (RA*RD+XA*XD)/(RD"2+XO A 2) 
3600 DEF FNXR(RA. XA. RO. XO) 3 (XA*RO-XB*RA)/(RB'2+XB~'2) 

3700 REM 
3800 REM 
3900 REM 
4000 REM 

PRODUCT OF TWO COMPLEX 
(RA+JXA,*(RO+JXD) 

4100 DEF FNRM(RA.XA.RB.XB) RA*RB 
4200 DEF FNXM(RA.XA.RD.XB) = RA*XD 
4300 REM 

PARALLEL I11PEDANCES 

(RA+JXA) I I (RB+JXD) 

NUMOERS 
RA*RO-XA*XB + J(XA*RB+RA*XB) 

= FNRM(RA.XA.RB.XB) + JFNXM(RA.XA.RB.xe) 
- XA*XB 
+ RD*XA 

RA+RD +J(XA+XD) 

RA* (RB .... ~+xa ..... 2) +RB* (RA ... ·2+XA ... 2) 

- FNRP(RA.XA.RB.XB) + JFNXP(RA.XA.RD.XB) 

4400 REM 
4500 REM 
4600 REM 
4700 REM 
4BOO REM 
4900 REM 
5000 REM 
5100 REM 
5200 REI'i 
5300 REM 
5400 REM 
~~OO DEf 
~600 DEF 
5700 REM 

FNRP(RA. XA. RB. XB) (RA*(RB"2+XB"2) + RB*(RA'2+XAA2»)I( (RA+RB)A2 + (XA+XB)A21 
FNXP(RA. XA. RB. XB) = (XA*(RO'2+XO-2) + XB*(RA-'2+XAA2»)I( (RA+RB)A2 + (XA+XB)A21 

~BOO REM ***.*************.******************4**************************.*****. 
5900 REM 
6000 REM 
6100 REM 

BEGIN COMPUTATIONS 

6200 LET PI 
6300 REM 
6400 REM 

3. 1415926541 

6500 GOSUe 14500 
6600 REM 

DEFINE CIRCUIT PARAMETERS 

6700 REM ESTABLISH N0I1INAL RESONANT AND ArHIRESONANT CRYSTAL FREQUENCIES 
6800 FS = FIX(I/(2*PI*SQR(Ll*CI») 
6900 FA = FIX(I/(2*PI*SQR(LI*CI*COi(Clt~O»» 
7000 PRINT 
7100 PRINT "HAL IS SERIES RESONANT AT ".FS." HZ" 
7200 PRINT" . PARALLEL RESONANl AT ".FA." HZ" 
7300 PRINT 
7400 PRINT "S~LECT' I 
7500 PR INT " 2 
7600 PRINT 3 
7700 PRINT" 4. 
'BOO PR INT " 5 

LIST PAkAMETERS" 
'CIRCUIT ANALYSIS" 
OSCILLATIOI~ FREQUENCY" 
:HART··UP TIME CONSTANT" 
STEADY-STATE ANALYSIS" 
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7900 PRINT 
80VO INPUT N 
8100 IF N=I THEN PRINT ELSE 8600 
8200 REM 
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8300 REM -.------------ ------.- LIST PARAMETERS .--------.---------------------
8400 GOSUB 17100 
8500 GOTO 6800 
8600 IF N=2 THEN PRINT ELSE 9400 
8700 REM 
8800 REM -----------.--------- CIRCUIT ANALYSIS ---------------------------
8900 PR I NT " FREOUENc\' '3' .JF TYPE (S l. C F) " 
9000 INPUT SO,FO 
9100 QOSUB 20200 
9200 GOSUB 26600 
9300 GOTo 6E100 
9400 IF N=3 THEN 10300 ELSE 11000 
9500 REM 
9600 REM ------------------ OSCILLATION FREOUENCY ------------------------
9700 CL = CX*CY/ICX.C~) + CO 
9800 FO = FIXII/(2*PI4SQRILI*CI*CL/(CI'CU») 
9900 SO • 0 
10000 DF = FIXIIO~INTILOGIFA-FS)/LOGII0)-2) •. 5) 
10100 DS • 0 
10200 RETURN 
10300 GoSUB 9700 
10400 GOSUB 30300 
10500 PRINT 
10600 PRINT 
10700 PRINT "FREOUENCY AT WHICH LOOP GAIN HAS ZERO PHASE ANGLE. " 
10800 GOSUS 26600 
10900 GOTO 6800 
11000 IF N=4 THEN PRINT ELSE 12200 
11100 REM 
11200 REM ---------------- START-UP TIME CONSTANT -------------------------
11300 PRINT "THIS WILL TAKE SOME TIME 
11400 GOSUS 9700 
11500 GOSUD 37700 
11600 PRINT 
11700 PRINT 
11800 PRINT "FREOUENCY AT WHICH LOOP GAIN = I AT 0 DEGREES'" 
11900 GOSUS 26600 
12000 PRINT: PRINT "THIS YIELDS A START-UP TIME CONSTANT OF ",CSNGOOOOOOO!/(2-PI*SO»," MICRoSECS" 
12100 GoTO 6800 ~ 
12200 IF N=5 THEN PRINT ELSE 7300 
12300 REM 
12400 REM ---------------- STEADY-STATE ANALYSIS -------------~-------------
12500 PRINT "STEADY-STATE ANALVSIS" 
12600 PRINT 
12700 PRINT "SELECT: 
12800 PRINT • 

I. 8031/8051" 
2. 8751" 

12900 PRINT " 
13000 PRINT " 

3. 8035/8039/8040/8048/8049" 
4 8748/8749" 

13100 INPUT lell 
13200 IF IClI<1 OR IC1C-" THEN 12600 
13300 GDSUB 46900 
13400 GOTO 7300 
13500 REM SUBROUTINE 3ELOW DEFINES INPUT-OUTPUT CURVE OF OSCILLATOR CKT 
13600 IF IC7I:>2 AND VO=5 AND VI':2 THEN ~ETURN 
13700 vo D -IO-VI + 1~ 

13800 IF VO:>5 THEN VO = 5 
13900 IF VO<.2 THEN VO = .2 
14000 IF IC7I:>2 AND VO:>2 THEN VO = 5 
14100 RETURN 
14200 REM 
14300 REM .* •••••••••••••••••••• **** •••••••••••••••••••••••••••••• **** •• 
14400 REM 
14500 REM 
141>00 REM 

DEFINE CIRCUIT PARAMETERS 

14700 INPUT" RI 10HMS) ", RI 
14800 INPUT " Ll IHENRn", LI 
14900 INPUT" Cl IPF)", X 
15000 C 1 • X-IE-10! 1 

15100 INPUT" CO IPF)",X 
15200 CO = X*IE-12 
15300 INPUT" CXTALI IPF)", X 
15400 CX = X-1E-12 
15500 INPUT" CXTAL2 (PF)", X 
151>00 CV = X*IE-12 
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1~700 

15800 
15900 
16000 
16100 
16200 
16300 
16400 
16500 
16600 
16700 
16800 
16'100 

,17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18500 
18600 
18700 
18800 
18900 
19000 
19100 
19200 
19300 
19400 
19500 
19600 
19700 
19800 
19900 
20000 
20100 
20200 
20300 
20400 
20500 
20600 
20700 
20800 
20900 
21000 
21100 
21200 
21300 
21400 
21500 
21600 
21700 
21800 
21900 
22000 
22100 
22200 
22300 
22400 
22500 
22600 
22700 
22800 
22900 
23000 
23100 
23200 
23300 
23400 
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INPUT" GAIN FACTOR MAGNITUDE". AVtI 
INPUT" AMP F~EDBACK RESISTANCE (K-OHMS)".X 
RX = ~*IOOOtl 

INPUT" AMP OUTPUT RESISTANCE (K-OHMS)". X 
RO = X*IOOOtl 
REM 
REM 
REM LtSt CURRENT PARAMETER VALUES 
GOSUB 17100 
RETURN 
REf1 
REf1 
REM ***********~ •• ******.*~****~*4*4*.~*****.***.***************** 
REf1 
RE''i 
REM 

LIST CURHENT PARAMETER. VALUES 

PRINT 
PRINT "CURRENT PARAMETER VALUES 
PRINT 2 

R I ". R I." OHMS" 
LI = ".CSNGCLI)." HENRV" 

PRINT" 
PRINT" 
PRINT 
PRINT " 
PRINT 
PRINT" 
PRINT " 
PRINT 

7 
8. 
'I 

3 CI ".CSNG(CI*IE+12)." PF" 
CO ". CSNGCCO*IE+12)." PF" 
CXTALI '= ". CSNG(CX*IE+12)." 

4 
5 PF" 
6 CXTAL2 = ".CSNG(CY*IE+12)." PF" 

AMPLIFIER GAIN MAGNITUDE ".AVtI 
FEEDBAC~ RESISTANCE = ". CSNG(RX* 001)." K-OHMS" 

OUTPUT RESISTANCE = ".CSNG(RO*.OOI)." K-OHMS" 

PRINT "TO CHANGE A PARAMETER VALUE. TYPE CPARAM NO ). (NEW VALUE) " 
PRINT "OTHERWISE. TVPE 0.0 " 
INPUT N'l..X 
IF N'l.=O THEN 
IF N'l.=1 THEN 
IF N'l.=2 THEN 
IF N'l.=3 THEN 
IF N'l.=4 THEN 
IF N'l.=5 THEN 
IF N'l.=6 THEN 
IF N'l.=7 THEN 
IF N'l.=8 THEN 
IF N'l.=9 THEN 
GOTO 17400 
REM 
REM 

RETURN 
Rl X 
L1 X 
CI X*IE-12 
CO X*lE-12 
ex X*lE-12 
CV X*lE-12 
AVtI = X 
RX X-1000' 
RO = X*IOOO' 

REM ************************************************************** 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
XI = 
RE = 
XE = 
REM 
REM 
REM 
RF = 
XF = 
REM 
REM 
REM 
RI ,= 
XI = 
REM 
REM 
REM 
RL = 
XL .. 
REM 
REM 
REM 
REM 
ARtI 

CIRCUIT ANALYSIS 

This routln. calculate~ the loop gain at compl •• frequency SO+JFB. 

Crystal l~pedance RE + JXE 

FNXL(FG.LI) + FNXC(SO.FG.CIl 
FNRP«Rl+FNRL(SO.LI)+FNRC(SO.FO.CI».XI.FNRC(sO.FO.CO).FNXC(sG.FO.CO» 
FNXP«RI+FNRL(sO.LI)+FNRC(sQ.FG.CI».XI.FNRC(sO.FO.CO).FNXC(sO.FO.CO» 

2, RF + JXF 

FNRP(RX.O.RE.XE) 
FNXP(RX.O.RE,XE) 

(RE+JXE): :(ampllfler feedback resistance) 

3. Input lmpedanc~. II RI + JXI lmpedance of CXTALI 

FNRC (SO. FO. C") 
FNXC (SO. FO. C ,< ) 

4 Load Impedance ZL = (Impedance of CX'TAL2): :[(RF+RI)+J(XF+XI)) 

FNRP( (RF+RI), (XF+X I). FNRC (SQ, Ft]. CY>. FNXC (SQ. FO. CY» 
FNXP«IlF+RI . (XF+Xll.FNRC(SQ,r·(J,Cy),F'NXC(SO.FO.CY» 

5 Ampll'leT gain A = -AV*ZL/IZL~PO) 
::: A.reali + JAtlmaglna,.y~ 

AI_ = -AV_~FNXP(RL,XLJ CPU.RL),'L) 
REM 
REM 6 Feedbat~ ratIo ~~~ta~ IRJ+J~J)!r(RF.Rll.j(XF+XI)] 

REM Birt!'al' ..,. JBClmaqlndry) 
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23500 REM 
23600 BI'll = FNRRCRI,XI, IRI+RF), (XI+XF)l 
23700 Bill = FNXR(RI. XI, IRI+RF1. (X/+XF» 
23800 REM 

AP-155 

23900 REM 7 
24000 REM 

Ampllfler galn 11, magnItude/phase form 

24100 A = FNZMCARII,AIII) 
24200 AP = FNZPCARII,AI~) 
24300 REM 
24400 REM 8 (beta) In magnitude/phase form BP+JBI 
24500 REM 
24600 a = FNZM(BRII,BI~) 
24700 3P = FNZp(aRII,BI~) 
24800 REM 
24900 REM 9 Loop galn G = (BR+JBI).rAR+JAI) 
25000 REM ~ G(real) + JG(lmaglnar~) 

25100 REI1 
25200 GR = FNRM(ARII,AIII,BRII,BIII) 
25300 GI = FNXMCARII, AIII,BRII, Bill) 
25400 REM 
25500 REM 10 
25600 REM 

Loop 931n 1n magnitud9/phase form 

25700 AL = FNZMtGR,GI) 
25800 AO = FNZP(GR"GI) 
25900 RETURN 
26000 REM 
26100 REM 

AR+JAI A at AP de-grees 

B at BP degrees 

AL at AQ degrees 

26200 REM *.**********.~* •• ****.***.*.~********************************* 
26300 REM 
26400 REM 
26500 REM 
26600 PRINT 

PRINT CIRCUIT ANALYSIS RESULTS 

26700 PRINT FREOUENCY = ",SO," + J",FCl," HZ" 
26800 PRINT" XTAL IMPEDANCE = ",FNZMCRE,XE)," OHMS AT ",FNZPCRE,XE)," DEGREES" 
26900 PRINT" (RE = ",CSNGCRE)," OHMS)" 
27000 PRINT " C XE = ", CSNG C XE)," OHMS)" 
27100 PRINT" LOAD IMPEDANCE ",FNZM(RL, XL!. " OHMS AT ".FNZP(RL.XL)," DEGREES" 
27200 PRINT" AMPLIFIER GAIN = ",A." AT ",AP," DEGREES" 
27300 PRINT" FEEDBACK "ATIO = ",B," AT ",BP," DEGREES" 
27400 PRINT" LOOP GAIN = ".AL," AT ",AQ," DEGREES" 
27500 RETURN 
27600 REM 
27700 REM 
27800 REM ************************************************************** 
27900 REM 
28000 REM 
28100 REM 
28200 REM 
28300 REM 
28400 REM 
28500 REM 
28600 REM 
28700 REM 
28800 REM 
28900 REM 
29000 REM 
29100 REM 
29200 REM 
29300 REM 
29400' REM 
29500 REM 
29600 REM 
29700 REM 
29800 REM 
29900 REM 
30000 REM 
30100 REM 
30200 REM 

SEARCH FOR FREOUENCY tS+JF) 
AT WHICH LOOP GAIN HAS ZERO PHASE ANGLE 

Th1S routine searches for the frequency at which the Imagina~y pa~t 
of the loop gain IS zero T~e algorithm 15 as follo~s. 

1. Calculate the sign of the Imaginary pa~t of the loop gain CGI), 
2. Increment the frequency 
3. Calculate the sIgn of GI at the Incremented frequency. 
4. If the sign of GI has not changed. go back to 2 
5. If the sign of GJ has c~anged. and this frequency is ~ithin 

1Hz of the prevIous Sign-change. eXlt the routine 
6. OtherWise. diVide the frequencl:I increment by -10. 
7, Go back to 2 

The ~outine 15 entered wIth the starting frequency SQ+JFO and 
starting Increment DS+JDF already defined b~ the calling p~og~am. 
In actual use either OS or OF IS zero. so the routine searches fo~ 
a GI=O pOInt by IncrementIng eIther 50 O~ FQ While holdIng the other 
constant. It return~ control to t~e calling program ~ith the 
incremented part of the frequer.cy being Within 1Hz of the actual 
GI=O pOlnt 

I. CALCULATE THE SIGN OF THE 1I1AGINARY PART OF THE LOOP GAIN CGI), 

30300 GOSUa 20200 
30400 GOSUa 26600 
30500 IF GI=O THEN RETL'RN 
30600 SX7. = INTtSGNCGI» 
30700 IF SX7.=+l THEN 05 -DS 
30800 REM IREVERSAL OF DS FOR GI:O 15 FOR THE POLE-SEARCH ROUTINE) 
30900 REM \ 
31000 REM 2 INCREMENT THE FREOUENCY 
31100 REM 
31200 SP = SO 
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FCl 
SQ + DS 
FCl + DF 
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31300 FP = 
31400 SCl = 
31500 FCl ~ 
31600 REM 
31700 REM 3 
31800 REM 

C.'LCI.'LIITF. THE SIGN OF GI AT THE INCREMENTED FREQUENCY 

31900 GOSUe 20200 
32000 GOSUe 26600 
32100 IF INT(SGN(GIII~0 THEN RETURN 
32200 REM 
32300 REM 4 
32400 REM 

IF THE SIGN OF GI HAS Nor CHANGED. GO BACK TO 2 

32500 IF SXY.+INT(SGN(GI) 1=0 THEN PRINT ELSE 31400 
32600 SX7. = -SXY. . 
32700 REM 
32800 REM :; 
32900 REM 
33000 REM 
33100 REM 
33200 REI1 

IF THE SIGN OF GI HAS CHANGED. AND IF THIS FREGUENCY IS WITHIN 
1HZ QF 1~E PREVH!t'5 S!GN-CHANGE. AND !F G! !S NEGATIVE; THEN 
EXIT TH~. POUTINF. <THE' ADDITIONAL REQUIREMENT FOR NEGATIVE 01 
IS FOR THE POLE-SEARCH ROUTINE I 

33300 IF AIlS(SP-SGl<:1 ANO ABS(FP-FG)';I ANO SX7.=-1 THEN RETURN 
33400 REM 
33500 REM 
33600 REM 

6. DIVIDE THE FREQUENCY INCREI1ENT BY -10 

33700 OS = -05/10. 
33800 OF = -OF/I0. 
33900 REM 
34000 REM 7 GO BACK TO 2 
34100 REM 
34200 GOTO 31200 
34300 REM 
34400 REI1 
34500 REM ************************************************************** 
34600 REM 
34700 REM 
34800 REM 
34900 REM 
35000 REM 
35100 REM 
35200 REM 
35300 REM 
35400 REM 
35500 REM 
35600 REM 
35700 REM 
35800 REM 
35900 REM 
36000 REM 
36100 REM 
36200 REM' 
36300 REM 
36400 REM 
36500 REM 
36600 REM 
36700 REM 
36800 REM 
36900 REM 
37000 REM 
37100 REM 
37200 REM 
37300 REM 
37400 REM 
37500 REM 
37600 REM 

SEARCH FOR POLE FREQUENCY 

This routIne searches for the frequenc~ at which the loop gain - 1 
at 0 degrees That frequency 1~ t~e pole frequency of the closed­
loop gain function. The pole frequency is a campIItJl number. SCJ+JFQ 
(Hz). OscIllator start-up ensues If 50:'0. The algorithm is based on 
the calculated behavlor of the phasp angle of the loop gain in the 
region of interest on the complex plane The locus of points of zero 
phase angle crosses the J-axls at the oscillation fre~uenc~ and at 
some higher Trequenc~. In between these two crossings of the J-axis. 
the locus lies In Quadrant I of the campleJ plane. forming an 
approximate parabola whIch opens to the left. Th~ basic plan is to 
follow the locus from where It crosses the J-axls at the OSCIllation 
fre~uenc~. Into Guadrant I. and fInd the pOInt on that locus where 
the loop gain has a magnItude of 1. The algorithm is as follows: 

1. Find thE" osclilation freq,uency. O+JFG 
2. At th1s frequency calculate the s1gn of CAL-I) (AL = magnitude 

of loop galn ) 
3. Increment FO. .. For thIS value of FO. fInd the value of SO for which the loop 

galn has lero phase. 
5. For th1S value of SG+ JFG, calculate the sIgn of (AL-1)' 
o. If the sign of (AL-l) !"las not changed. go back to 3. 
7. If the slg" of (AL-1) has changed, and this value of FG IS 

WIthIn 1Hz of the prev10us SIgn-change. exit the routine. 
OtherWIse. d1vide the FO-lncrement b~ -10 B 

9 Go bat rt ta 3 

FIND THE OSCILLATION FREQUENCY. O~JF(l 

37700 GOSUB 9700 
37800 GOSUB 30300 
37900 REM 
38000 REM 
38100 REM 

2. AT THIS FPEQUENCY. CAi_CUl.ATE Tf1E SIGN OF (AL--I I 

38200 SV7. = INTlSGN(AL"I' I l 

38300 IF SVY.=-1 THEN STOP 
38400 REM ESTABLISH INITIAL INCPEMEI~TATION VALUE FOP FCl 
38500 Fl = FCl 
38600 DF = (FA-F11/10~ 
38700 GOSUB 30300 
388000E (FCl-Fll/I08 
38900 DF 0 
39000 FCl = Fl 
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39100 REM 
39200 REM 3 INCREMENT FO 
39300 REM 
39400 FQ • FQ' + DE 

AP-155 

39:100 REM 
39600-REM 
39700 REM 
39800 REM 
39900 REM 
40000 REM 

4. FOR THIS VALUE OF FO, FIND THE VALUE OF SO FOR WHICH THE LOOP 
GAIN HAS ZERO PHASE (THE ROUTINE WHICH DOES THAT NEEDS 'DF • 0, 
50 THAT IT CAN HOLD FQ CONSTANT. AND NEEDS AN INITIAL VALUE FOR 
OS. WHICH 15 ARBITRARILY SET TO OS = 1000 I 

40100 OS ~ 100011 
40200 SQ • 0 
40300 GOSUD 30300 
40400 IF AL-I! THEN RETURN 
40~00 REM' 
40600 REM 
40700 REM 
40800 REM 

5. FOR THIS VALUE OF SQ+JFQ. CALCULATE THE SIGN OF (AL-11. 
6. IF THE SIGN OF (AL-Il HAS NOT CHANGED. GO BACK TO 3. 

40900 IF SY7.+INT(SGN(AL-I'II=O THEN PRINT ELSE 39400 
41000 REM 
41100 REM 
41200 REM 
41300 REM 

7. IF THE SIGN OF (AL-Il HAS CHANGED. AND THIS VALUE OF FQ IS WITHIN 
1HZ OF THE PREVIOUS SIGN-CHANGE. EXIT THE ROUTINE 

41400 IF ABS(FI-FOI<1 THEN RETURN 
41:100 REM 
41600 REM 
41700 REM 

8. DIVIDE THE FO-INCREMENT BY -10. 

41800 DE • -DE/IOII 
41900 FI • FO 
42000 SY" • -SY7. 
42100 REM 
42200 REM 9. GO BACK TO 3. 
42300 REM 
42400 GOTO 39400 
42:100 REM 
42600 REM 
42700 RE" ••••••••••••••••••••••• *** •••••••••••••••••• ****** •• ***** ••• *** 

STEADY-STATE ANALYSIS 

The circuit model used in thiS analysis is Similar to the one used 
in the small-Signal analysis. but differs from it in t~o respects. 
First, . it includes clamping and clipping effects described in the 
telt. Second, the voltage source in the Theve"tn equivalent of the 
.mplifier is controlled )y t~e input voltage In accordance with an 
input-output curve defined elsewhere In the program. 

42800 REM 
42900 REM 
43000 REM 
43100 REM 
43200 REM 
43300 REM 
43400 REM 
431500 REM 
43600 REM 
43700 REM 
43800 REM 
43900 REM 
44000 REM 
44100 REM 
44200 REM 
44300 REM 
44400 REM 
44500 REM 
44600 REM 
44700 REM 
44BOO REM 
44900 REM 
45000 REM 
45100 REM 
45200 REM 
4~300 REM 
45400 REM 
45500 REM 4. 
45600 REM 5. 
45700 REM .6. 
45800 REM 
45900 REM 
46000 REM 7. 
46100 REM 
46200 REM e 
46300 REM 
46400 REM 
46500 REM 9 
46600 REM 
46700 REM 
46BOO REM 

The .n.lysis applies a Sinusoidal input SIgnal ~f arbitrar~ 

amplitude, at the osc111ation freQ.uenc~, to the XTALl pin, then 
calculates the result1ng waveform from the voltage source. Using 
standard Fourier techn1~ues, the fundamental freQ.uenc~ component of 
this ~aveform is extracted This freQ.uenc~ component is then 
multipli.d b~ the factor :ZL/(ZL+RO):, and the result is taken to be 
the signal appearing at the XTAL2 p1n. This 51gnal is then 
multiplied b~ the feedback ratIo (beta), and the result is taken to 
be the signal appearIng at the XTAL1 pin. The algorithm 1S no~ 
repeated uS1ng th1s computed XTALI 51gnal as the assumed input 
slnusoid. Ever~ time the algor1th~ 15 repeated. ne~ values appear at 
XTALI and XTAL2. but the values c~ange less and less with each 
repetition. Eventually t~ey stop changIng This is the steady-state. 

The algorithm is as follows. 
1. Compute approximate OSCIllation frequency. 
2. Call a cirCUIt anal~sls at this frequency. 
3. Find the ~uiescent levels at XTALI and XTAL~ (to .stabli5~ the 

beginning DC level at XTAL1L 
Assume an init1al amplItude for the XTAL1 signal. 
Correct the DC l.vel at ~TALl for clamping effects. if neeessaTV. 
USing the approprIate input-output curve, extract a DC level and 
the funda~ental frequenc~ component (multiplying the latter b~ 
: ZLI ( ZL +RO I : I. 
Clip off the negatIve portIon 0' th1S output slgn~l. 1f the 
neqatlve peak fdl1~ below zero. 
If th15 sqmaL mult1plled, by (beta), dIffers from the Input 
amplItude by less than ImV· Dr If the algorithm has been repeated 
10 tImes. eXIt the routlne 
Other~lse. multqdlJ the ):lAL..2 amplltude- by (beta) and f.ed it 
bacl! 'to lCTALl. and go baclr to 5 

COMPUTE APPROXIMATE OSCILLATION F~EQUENCY 
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46900 GOSUB 9700 
47000 REM 
47100 REM 
47200 GOSUB 
47300 PRINT 
47400 GOSUB 
47500 PRINT 
47600 REM 

2. CALL 
20800 

PRINT 
26600 

PRINT 

AP-155 

A CIRCUIT ANALYSIS AT THIS FREOUENCY 

PIIINT "ASSUMED OSCILLATION FREOUENCY: 

47700 REM 3 FIND QUIESCENT POINT 
47800 REM (At quiescence the voltages at XTALl and XTAL2 aTe e'lu.al. This 
47900 REM volt.ge level is found b~ trlal-and-erT'or. based on the input-
48000 REM output CUTve. 50 that a per50n can change the Input-output curve 
48100 REM as d •• ired WIthout haVing to rIP-calculate the quiescent point. ) 
48200 VI = 0 
48300 VB = I 
48400 KI = I 
48500 VI = VI + VB 
48600 GOSUB 13600 
48700 IF ABS(VO-VI)<.OOI THEN 49200 
48800 IF KI+SGN(VO-VI)=O THEN 48900 ELSE 48500 
48900 KI • SGN(VO-VI) 
49000 VB • -VB/IO 
49100 GOTO 48500 
49200 VB = VI 
49300 PRINT "OUIESCENT POINT = ",VB 
49400 REM 
49~00 REM 4. ASSUME AN INITIAL AMPLITUDE FOR THE XTALI SIGNAL. 
49600 EI •. 01 
49700 NRX = 0 
49800 REM 
49900 REM 5. CORRECT FOR CLAMPING EFFECTS, IF NECESSARY 
~OOOO REM (KI and K2 are curve-fitting parameters for the ROM p.rts. 
~0100 KI (2.5-VB)/(3-VB) 
~0200 K2 = (VB-I 2S)/(J-VB) 
~0300 IF ICXa2 OR ICX-4 THEN IF EI«VB+ 5) THEN EO 
50400 IF ICX=I OR ICX=3 THEN IF 'EI<:(VB+ 5) THEN EO 
50~00 NRX = NRX'+ I 
50600 REM 
~0700 REM 
~0800 VO = 0 
50900 VC = 0 
51000 VS = 0 

6. DERIVE XTAL2 AMPLITUDE 

51100 FOR NX -25 TO +24 
51200 VI - EO - EI*CoS(PI*NX/25) 
51300 GoSUB 13600 
51400 VO VO + VO 
51500 VC = VC + Vo*CoS(PI*NX/25) 
51600 VS = VS + Vo*SIN(PI*NX/25) 
~1700 NEXT NX 
~1800 VO = VO/50 

VB ELSE EO = EI - .5 
VB ELSE EO KI*EI+K2 

51900 VI = SOR(VC~2+VS~2)/25*FNZM(RL,XL)/FNZM«RL+RO),XL) 
52000 REM 
52100 REM 7. CLIP ~TAL2 SIGNAL 
52200 IF VO-VI<O THEN VL = 0 ELSE VL = VO-VI 
52300 PRINT PRINT "XTALI SWING = ",EO-EI," TO ",EO+EI 
52400 PRINT "XTAL2 SWING = ",VL," TO ",VO+VI 
52500 REM 
52600 REM 8 TEST FOR TERMINATION 
527QO IF. AIl:HEI-v.l*ln·~. ~C'1 QII NfI'I,=10 TH"", P-ET')PI\! 
52800 REM 
52900 REM 9. FEED BACK TO XTALI AND REPEAT 
53000 EI = VI*B 
53100 GOTO 50300 
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INTRODUCTION 

What's the driving factor in your embedded control ap­
plication? Board space? Reliability? Power? Design 
time? Manufacturing simplicity? Cost? 

What if a single component helped you achieve smaller 
board size, higher reliability, lower power, faster design 
time, simplified manufacturing, and lower cost? Intel's 
87C75PF is the first in a family of microcontroller pe­
ripheral port expander products. This application note 
will show how the 87C75PF significantly reduces chip 
count and greatly simplifies system design. The 
87C75PF data sheet has detailed device information. 

Intel's early microcontrollers had obvious benefits over 
previous alternatives - a high degree of system inte­
gration. The most common microcomputer functions 
~ CPU, ROM, RAM, I/O ports, timers/counters, ad­
dress decoding, etc. - were combined onto a single 
chip. Upgrades and proliferations have grown signifi­
cantly since those early days. Four-bit and 8-bit con­
trollers are the most widely used, with 16-bit versions, 
spearheaded by Intel's 8096 family, beginning their ex­
ponential growth. 

The most sought after microcontroller improvement is 
additional program memory. 8- and 16-bit controllers 
are optionally equipped with 4K or 8K bytes of ROM 
or EPROM. This is sufficient memory for about half of 
embedded applications. 

The remaining applications use off-chip EPROM. One 
reason, of course, is to increase system memory; typi­
cally to 16K- or 32K-bytes. Another is to provide flexi­
bility for code that changes frequently. In other appli­
cations, generic boards or multi-use modules can be 
manufactured and custom-programmed for special con-

figurations. For example, a single robot control module 
can be manufactured. Identical robots can be config­
ured to perform various factory tasks. 

8- and 16-bit microcontrollers accommodate external­
memory expansion. Controllers sacrifice two 8-bit I/O 
ports to supply address and data lines to peripheral 
components. Unfortunately, expanded-memory modes 
violate two embedded-control objectives: maximizing 
I/O capability and reducing chip count (or board size). 
Usually, systems that need more memory are also I/O 
intensive. Traditional memory-expansion/port-recov­
ery schemes use multiple chips. Memory, address latch­
es, port latches, transceivers, address decoders, and 
glue chips tum a single-chip uC system into a multiple­
chip conglomeration. 

THE MULTIPLEXED BUS 

To achieve small board size, embedded control systems 
require minimum chip count and chips that occupy 
small footprints. Embedded controllers use multiplexed 
address/data buses to achieve both. An 8051 controller, 
for example, shares its lower eight address pins with its 
8-bit data. 

Every memory access requires two cycles - one for 
address, one for data (see Figure I). The controller's 
first cycle places a 16-bit address on the bus. It holds 
the upper eight bits constant throughout the access. It 
presents the low-address byte just long enough for an 
external latch to capture it. The latch and controller's 
upper bus then supply the 16-bit address to external 
devices for the remainder of the memory access. The 
controller's data cycle transmits or receives data on its 
multiplexed lower address/data pins. The multiplexed 
bus minimizes the controller's pin count and the sys­
tem's board traces. 

---1+-- DATA CYCLE 

ALE 

A8-A15 

ADO-AD7 

ADDRESS VALID 

I>------{ DATA IN 
-.----~ 

292048-1 

Figure 1. Every microcontroller memory acccess requires two cycles. 
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WHY A PORT EXPANDER? 

Single-chip microcontroller solutions are quickly giving 
way to multiple-chip, high-end solutions. Embedded 
control applications often require more program mem­
ory than the microcontroller's on-chip memory. Some­
times, code flexibility is needed. The 87C75PF's 32K 
byte EPROM dwarfs any microcontroller's on-chip 
memory. 

In the near future, microcontroller chip-sets - control­
ler and peripheral - will make up most embedded con­
trol applications. The controller will contain features 
that must be coupled closely to its CPU. The peripheral 
chip will provide memory and I/O functions. 

Controller and peripheral-chip costs will be more bal­
anced. The chips will share complexity, which equates 
to cost. Two smaller, less complex chips will cost less 
than one huge controller chip, resulting in lower total 
system cost. 

Typically, adding external functions to microcontrol­
lers requires many chips and substantial board space. 
Address latches, memory, port recovery, and glue chips 
require far more space than a single-chip microcontrol-

ler. System reliability and performance are degraded. 
Design and manufacturing are more complicated. 

Intel's high-performance 87C75PF Port Expander 
doesn't compromise designers' goals to create reliable, 
minimum chip systems. Its single chip, no-glue inter­
face simplifies design and manufacturing while increas­
ing performance and reliability - in the smallest possi­
ble board space. 

A TYPICAL SYSTEM 

Intel's 8051 microcontroller architecture is the most 
widely used. Many variations are available with en­
hanced I/O features and various amounts of memory. 
Intel's 80C3l is a nOll-ROM, CHMOS version of the 
8051. It will help illustrate the 87C75PF's benefits over 
typical multiple-chip uC solutions. 

Figure 2 shows a typical expanded microcontroller sys­
tem. Whenever memory-mapped devices are connected 
to a microcontrolIer, two 8-bit ports lose their I/O 
functions to become address and data pins. Figure 2 
shows port-reconstruction devices, a 256K-bit 
EPROM, and glue chips that make up an embedded 
control system. Nineteen chips are required! 

, 
RSTI 

~--P~S~EN~'------C>~----o,rr 
PSEN~~~~-----------------, 

BOC31 
PORT 2 ~==~~[L~ 

ALE t----'=+--------+ 

P3.4 

P3.5 PORT 0 K===:j]~ill~ 
P3.6/WR 

P3.7/Rii 

Figure 2. Many discrete chips provide EPROM and port expansion. 
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SYSTEM PERFORMANCE 

Every system component influences performance. Per­
formance encompasses" speed, system noise, and power 
consumption. A typical expanded-mode controller ap­
plication uses many chips to increase memory and re­
cover 10st'I/O. Figure 3 shows an improved, but more 
expensive, alternative to the system in Figure 2. "Glue" 
chips between the controller and peripherals delay ad­
dress signals. To optimize system speed, fast, expensive 
glue chips, memory, and peripheral devices are re-
quired. . 

Multiple-chip solutions consume significant power and 
inject noise into a system. A beefed-up, well regulated 
power supply will relieve symptoms; but adds signifi­
cantly to cost, board size, and weight. 

THE 87C75PF SOLUTION 

Figure 4 shows the same system using the 87C75PF -
a two chip solution! 

The 87C75PF furnishes a no-glue interface to 8051-
based systems and all other Intel-architecture embed­
ded controllers. The Port Expander's flexible, user-pro­
grammable memory map and alterable control signals 
simplify 8051, 8096, and 80188 connections. 

Examples in this application- note show how the 
87C75PF works with various microcontrollers. An 
805l/87C75PF system that takes advantage of high­
level compiled languages and an in-system programma­
ble example will also be shown. 

SYSTEM INTEGRATION 

Intuitively we all recognize the benefit of system inte­
gration - chip-count is reduced. 

Just as important are: 

• small board size with few layers 
• increased performance 
• decreased design time 
• optimized software development 
• reduced inventory 
• less incoming inspection 
• increased system reliability 
• simplified manufacturing. 

Cost is a prime consideration. The itemized cost of dis­
crete components is only one parameter. Until the ben­
efits listed above are quantified, realistic system costs 
can't be determined. Hardware design and software de­
velopment time are significant up-front expenses. Mul­
tiple-chip systems incur substantial inventory, incom- . 
ing inspection, testing, manufacturing, board size, and 
rework costs. 

CONTROL BUS 

PORT1 

PORT2 

80C31 

PORTO 
PORT3 

(f)a:: 
(f)W 
WO 
0:::0 
00 
Ow 
«0 

A8-A15 

(f) 
(/):1: Wu 
0:::1-
0« 
0-1 
« 

82C55A 

292048 -3 

Figure 3. A simplified multiple-chip system. 
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80C31 

292048-4 

Figure 4. A "no-glue", two chip 87C75PF system. 

Reliability also has significant value - to you and your 
customers. Customers demand products that work 
properly - forever. Reworked products waste time and 
money, increase the cost of every unit you ship, and 
ruin your company's reputation. The best way to in­
crease reliability is to eliminate system components. 

Simplified manufacturing saves time and money while 
increasing reliability. One factory-tested, integrated­
function chip is much easier to place on a circuit board 
and is far more reliable than myriad discrete chips. Ev­
ery solder joint is a possible failure point. A single chip 
reduces potential failure points from hundreds to a few. 

87C75PF ARCHITECTURE 

The 87C75PF Port Expander's features include: 

• Two 8-bit I/O ports 
• 32K X 8 EPROM 
• Two 64K-byte memory planes 
• Special Function Registers 
• Device-configuration registers 
• "No-glue" controller interface 
• Low-power, Low-noise CHMOSII-E 
• Quick-Pulse Programming™ Algorithm 
• In-system programmability 
• 40-Pin CERDIP, 44-Lead PLCC packages 

Two'Ports 

The 87C75PF has two 8-bit bi-directional 1/0 ports. 
Port 1 has open-drain outputs and port 2 has quasi-bi­
directional (resistor pull-up) outputs. Each port is indi­
vidually addressable with separate port-latch and port­
pin addresses. Typical of quasi-bi-directional ports, 
they are always in output mode but can be used as 
inputs by simply writing logic "Is" to their latches. 

Relocatable EPROM 

The EPROM has 262,144 bits organized as 32K 8-bit 
words. Its access time determines the device's speed 
rating. The 32K-byte EPROM occupies half of the pro­
gram memory (or EPROM) plane. The EPROM block 
can be located in either the lower or upper half of the 
EPROM plane to accommodate various microcontrol­
ler architectures. 

Dual or Single Memory Planes 

8051-family microcOli.trollers have two external memo­
ry planes - program and data. 8096-, 80188-, and 
68xx-family microcontrollers have only one programl 
data plane. The 87C75PF's user-configurable double­
and single-plane modes work with any 8-bit microcon­
troller architecture. 

Relocatable SFRs 

The 87C75PF has five special function registers: 

• Port 1 latch 
• Port 2 latch 
• Port 1 Pin 
• Port 2 pin 
• Plane select. 

Port-latch registers allow the microcontroller to change 
port-pin output levels. The microcontroller can read 
the port latches to recall the last value written. A mi­
crocontroller can determine external pin levels by read­
ing the port-pin locations. 

During programming, the plane select register deter­
mines whether the EPROM array or the configuration 
registers are being programmed. More special function 
register details are dess;ribed later in this application 
note. 

Device Reconfiguration 

Non-volatile (EPROM cell) device-configuration regis­
ters configure the 87C75PF for microcontroller com­
patibility. Programmable configuration registers can: 

• relocate the EPROM array in the memory map 
• relocate the SFRs in the memory map 
• combine the EPROM and SFR planes 
• change the reset pin's active polarity 
• insert transistor pull-ups'on port pins. 
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In its default configuration', the 87C75PF is compatible 
with the 8051 's two-plane architecture. It is easily re­
configured for single-plane 8096 architecture. Remap­
ping the memory planes makes the device compatible 
with 80188 and 68xx architectures. 

Various microcontrollers have different reset input lev­
els. The 8051 's reset is active-high while the 8096's is 
active-low. The 80188 has an active-low reset input and 
active-high synchronous reset output. The Port Expan­
der's configurable reset polarity can work with active­
high or active-low microcontrollers. 

If the I/O ports are used only as outputs, a "push-pull" 
drive is desirable. Port 1 and/or port 2 can be config­
ured to have active pull-up transistors rather than 
open-drain or quasi-bi-directional outputs. 

"No-glue" Microcontroller Interface 

The 87C75PF's internal address latches, address decod­
ers, reconfigurable memory planes, and alterable con­
trol inputs allow no-glue interfacing to any Intel micro­
controller. The 87C75PF makes expanded-mode, two­
chip microcontroller systems a reality. 

, Quick·Pulse Programming 

Intel's microcontroller, peripheral, and EPROM prod­
ucts employ the industry's fastest, most reliable Quick­
Pulse Pr<?gramming™ algorithm. Optimized Quick­
Pulse Programming equipment can program the 
87C75PF in four seconds. 

In-circuit Programming 

With its integrated features, the 87C75PF is easily pro­
grammed in-system. Built-in address latches, address 
decoders, and flexible control inputs enable the sys­
tem's microcontroller to program the Port Expander. 
The section "80C51 In-system programming" describes 
this technique. 

Packaging 

For systems requiring periodic reprogramming, proto­
typing, or hermetic packages, the 87C75PF is available 
in a 4O-pin ceramic DIP (CERDIP) package. PLCC 
packaging is available to further reduce board size and 
provide for surface mount and automated manufactur­
ing. 

p----------------------------------------------------- --------~----I 

Vee -..;-----f 

GND _!-__ -=:::::r,;;.;...-' 

AS-AIS PORT 1 

ADO-AD7 PORT 2 

292048-5 

Figure 5. 87C75PF Block Diagram. 
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87C75PF FUNCTIONAL BLOCKS 

Figure 5 shows the 87C75PF's block diagram. The de­
vice has three main functional blocks, or memory 
planes: EPROM, special function registers, and config­
uration registers. 

The block diagram shows device inputs on the left and 
outputs on the right. Sixteen address lines enter the 
device and their states are latched by ALE. The lower 
eight address pins are multiplexed with data. PSEN 
(Program-Store ENable) gates the device's EPROM 
data. RD gates SFR data. WR/PGM controls SFR 
data writes. CE is the master chip enable input. Vpp 
(the programming voltage input) is multiplexed with 
RST (reset), Vpp is required only during programming. 
Asserting RST sets port latches to "Is" during operat­
ing mode. 

Port 1 is an 8-bit open-drain port with optional 
"CMOS" drive capability. Port 2 has 8 quasi-bi-direc­
tional pins, also with optional "CMOS" drive. 

Vpp/RST Vee 

CE WR/PGM 

A15 PL7 

A14 Pl.6 

A13 PL5 

A12 Pl.4 

All P1.3 

A1D P1.2 

A9 P1.l 

AS Pl.D 

GND RD 
AD7 ALE 

AD6 P2.7 

AD5 P2.6 

AD4 P2.5 

AD3 P2.4 

AD2 P2.3 

ADl P2.2 

ADD P2.l 

PSEN P2.D 

292048-6 

Figure 6_ DIP Pinout. 
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DEVICE PINOUTS 

The 87C75PF is available in two package styles - 40-
pin CERDIP and 44-lead PLCC. Both pinouts are sim­
ilar to Intel's 27210 megabit EPROM. The device's 
pinouts are compatible with most programming equip­
ment capable of programming 27210 EPROMs. 

Figure 6 shows the CERDIP pinout. The left side has 
sequential address and data inputs. The ground pin 
(GND) separates lower and upper address lines for bet­
ter noise immunity. Ports are logically placed on the 
device's right side. Port 1, which is open-drain, is near 
Vee. SIP-pack resistor pull-ups added externally to 
port 1 have easy access to Vee. 

Figure 7 shows the PLCC pinout. PLCC leads are in 
the same sequence as the CERDIP pinout. No-connect 
(NC) and don't-use (DU) leads are inserted at strategic 
locations. Future enhancements will use these leads for 
expanded features. DU leads should be left unconnect­
ed. 

>-
I~ Vl 

"" ,., -t III 
....... 

ul~ ": "! II"! 0.. • 

:;( :;( :;( It! a.. ~, >u 3: a: a: a: > 0 

A12 Pl.4 

All PL3 

A1D P1.2 

A9 P1.l 

AS PloD 

GND GND 

N.C. RD 
AD7 ALE 

AD6 P2.7 

AD5 P2.6 

AD4 P2.5 

,., N 0 o IZ ::;; 0 
N 

N ,., -t 
0 0 o '" N N N N <C <C <C <C Vl ci 0.. 

0.. 0.. 0.. 0.. 0.. 

292048-7 

Figure 7_ PLCC Pinout. 
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3 PLANE MEMORY MAP 

The S7C75PF' has three memory planes: EPROM, 
SFR, and configuration. Two planes, EPROM and 
SFR, are available during operating mode. The configu­
ration plane is present under special programming con­
ditions. Figure S shows the three memory planes, con­
ditions when they are present, control signals that ac­
cess them, and memory locations they occupy. 

EPROM Plane 

The 32K-byte EPROM fills the lower half (OOOOh-
7FFFh default) of the 64K-byte EPROM plane. This 
conforms' to S051- and S096-family microcontrollers 
that have reset and interrupt addresses in the bottom 
half of the memory map. The EPROM array can adapt 
to SOISS- and 6Sxx-family microcontrollers by moving 
it to high memory (SOOOh-FFFFh). PSEN is the 
EPROM arra~operating- and programming-mode 
read control. WR/PGM strobes data into the array 
only during programming mode. 

Vpp = TLL 
&: 

SFR Plane 

Special function registers are located in the SFR plane. 
They occupy low-addresses in a relocatable 2K-byte 
block (default addresses FSOOh-FFFFh). The 2K SFR 
block can ,be placed' on any 2K-byte address boundary 
to match microcontroller architecture requirements. 
RD and WR/PGM control reads and writes from/to 
this plane. ' 

Configuration Plane 

The configuration plane contains non-volatile EPROM 
registers that determine the device's configuration. This 
plane is available only when high voltages are applied 
to special pins. PROM programming equipment can 
use this plane to identify the device, read its present 
configuration, and program new configurations. Mem­
ory-mapped registers can be programmed to: 

Vpp = TTL 
OR 

P1.0 = 12V &' Vpp=TTL 
OR 

PI.O = TIL PSR=Xlh &: Vpp= 12.75V PSR = X2h &: Vpp = 12.7SV 
FFFFh ,...-----, 
F800h I-__ ~" 

========= ~ 

SFR 
DEFAULT 
LOCATION 

--------.- 2K-BYTE 
- - - - - - - -- BOUNDARY 

FFFFh 

EPROM 
(DEFAULT' 
LOCATION) , 

FFFFh 

8000h 
7FFFh 

NON~ 
VOLATILE 
REGISTERS 

INTELIGENT 
IDENTIFIER 

°i°-1_
h 

___ ... r OOOOh L-r-.....,,""'" 

'---PGM -_ ....... 

PSEN----------------------~----------------------~ 

SFR PLANE EPROM PLANE CONFIGURATION 
PLANE 

292048-8 

Figure 8. The 87C75PF has three internal memory planes - SFR, EPROM, and Configuration. 
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• move the EPROM array 
• move the SFR block 
• combine the EPROM and SFR planes 
• combine PSEN and RD 
• change RST's polarity 
• insert pull-up transistors on port output drivers. 

Device reconfiguration will be covered further in the 
"Architecture compatibility" section. 

Plane Select Register 

The plane select register (PSR) occupies address F810h 
in the SFR plane (Figure 9). This register's value deter­
mines which plane, EPROM or configuration, is in pro­
gramming mode. The following plane is programmed 
when Vpp is raised to its programming voltage if PSR 
contains: 
• xxxxxxOO = programming prohibited 
• xxxxxxOI = EPROM plane 
• xxxxxx 10 = configuration plane 
• xxxxxxll = programming prohibited. 

Note that both PSR bits must toggle to change planes. 
Spurious programming noise is unlikely to alter both 
bits simultaneously. This safeguard prevents erroneous 
programming of the wrong plane. 

I/O PORTS 

The 87C75PF has two 8-bit, bi-directional I/O ports. 
Each port has two addresses in the SFR plane - port 
latch and port pin. The port latch register drives port 
pins; it's the port outpu~ister. Byte-wide data writ­
ten to it is strobed by WR/PGM's rising edge. This 
allows individual register bits to be changed without 
"glitching" unchanged bits. Port latches can be read to 
determine previously stored values. Redundant RAM 
locations that contain port values are not required. As­
serting RST sets port latches to "I s". 

Each port has a pin register. This input register allows 
a microcontroller to monitor pin status. Although a 
port latch register rnay drive a port pin to "I", an exter­
nal switch can pull it to "0". A software exclusive-OR 
of latch and pin values will discover the switch closure. 

Figure 9 shows the 2K-byte SFR block (default loca­
tion shown) containing port addresses. Locations 
F800h-F807h are reserved for port latch addresses; the 
87C75PF uses only two of these addresses. Locations 
F808h-F80Fh are reserved for POFt pin addresses; 
again, the 87C75PF uses only two addresses. Each port 
latch and port pin register contains eight bits; each cor­
responding to a port pin. Locations F810h-F81Fh are 
reserved for SFR registers. 

01 =PROGRAM EPROM PLANE 
,....----, 

x I x x I x x I x 0/11 0/ 1 

/ L--...J 
10=PROGRAM CONFIGURATION 

PLANE 

F"F"Bh I F"F"F"F"h 

F"F"Oh V F"F"F"7h 

f- 1+ + + + + + + -l 

Plane 
Blah Select F"B17h 

~eglster 

BOBh Port 1 t;( Pins F"BOF"h 

BOOh Port 1 Port 2 -......... 
~ Latch Latch F"B07h 

", ~ 
Ip1.7jPt.6jPt.sjP1.41 Pt.31 Pt.21 Pt.t I Pt.D I IPt.7plpt·6plpt.splpt.~t.3~t.2~t.t&t.~ 

292048-9 

Figure 9. The 2K-byte SFR block contains port latch and pin addresses and Plan Select Register. 
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Port 1 

Port l's default latch address is F800h; its pin address 
is F808h. Its default configuration is open drain. Other 
open-drain devices can be "wire-ORed" to port 1 pins. 

Pull-up resistors can be added externally to provide 
IOH drive. 

Port l's outputs can be reconfigured to supply CMOS 
drive. Programming the control level register's PIC bit 
(CLR.6) inserts active pull-up transistors. This switches 
port I pins faster from VOL to V OH and simplifies in­
terfaces to external CMOS devices. Figure 10 shows 
port l's block diagram. 

Port 2 
Port 2 is similar to port 1. Its latch address is F80 I h 
and its pin address is F809h. Its default configuration is 
quasi-bi-directional. This means that each pin has a 
weak pull-up resistor. External pull-up resistors can be 
added to increase the port's IOH drive. 

READ 
PIN 

READ 
LATCH 

INTERNAL 
DATA BUS 

WRITE TO 
LATCH 

RESET 

CONTROL 

P1.x 
LATCH 

Port 2's outputs can be reconfigured to supply CMOS 
drive. Programming the control level register's P2C bit 
(CLR.5) inserts active pull-up transistors. Figure 11 
shows port 2's block diagram. Note the difference be­
tween port 2's and port I's output stages. In addition to 
the weak pull-up resistor, the feedback network senses 
the pin's VOH level and switches a stronger pull-up re­
sistor into the circuit. A.v OL level turns the resistor off. 
Another addition is the pulsed pull-up. When a port 
latch value changes from "0" to "1", the CMOS tran­
sistor is pulsed to quickly supply current to the pin. 

ARCHITECTURE COMPATIBILITY 

Every microcontroller family has its own architecture. 
Each has unique boot-up, interrupt, "and vectoring ad­
dresses. Some support dual external memory planes 
while others communicate with only one. External ad­
dressing capacity varies from 64K- to 1M-bytes. 

The 8051's control signals and software instructions 
manipulate 5 memory planes. Three planes are internal 
- on-chip ROM/EPROM, RAM/SFR, and bit-ad-

CLR.6 

PIN 
OUTPUT 

CONTROL 

0.. 
C/I=> 
0 1 
::IE-' 
U-' => 

0.. 

P1.x 
PIN 

292048-10 

Figure 10. Port 1 is Open-Drain (default) or programmable for active (CMOS) pull-ups. 
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READ 
PIN 

READ 
LATCH 

INTERNAL 
DATA BUS 

WRITE TO 
LATCH 

RESET 

CONTROL 

PULSED 
PULL-UP. 

P2.x 
LATCH 

CLR.S 

PIN 
OUTPUT 

CONTROL 
P2.x 
PIN 

292048-11 

Figure 11. Port 2 is Quasi-bi-dlrectional (default) or programmable for active (CMOS) pull-ups. 

dressable registers. Two planes are external - program 
(EPROM) and data (RAM) memory. The instruction 
type drives internal and external read, write, and bus 
signals that select individual planes. An 8051 controller 
requires non-volatile boot-up memory, internal or ex-

003B 
0033 
0028 
0023 
0018 

0013 
0008 
0003 
0000 

~ !""OTHER INT. VECTORS '"I"" 
h 

h 
PCA 

h TF2 Be EXF2 

\ h RI &: TI 

h 
TFI 

IEl 
h 
h TFO 

h lEO 

h RESET 

RESET Be 

ternal, at the bottom of its program memory plane. The 
87C75PF's two-plane external-memory architecture 
(see Figure 12) matches the 8051's architecture. 
EPROM defaults to the EPROM plane's low-memory 
and SFRs default to the SFR plane's high-memory. 

PROGRAM 
MEMORY 

64K BYTES 

FFFFh ,...-____ -, 

DATA 
MEMORY 

64K BYTES 

INTERRUPT -j..J VECTORS 

OOOOh ..... -r-""""I~ .... 

iUi-1 LWR PSEN 
292048-12 

Figure 12. The 8051's two-plane memory has reset and vector addresses in low program-memory. 
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8096-family controllers 'are typically used with a single 
64K-byte external memory plane (Figure 13). Like the 
8051, reset and vector addresses are in low memory. 
The 87C75PF has an optional single-plane configura­
tion that complements 8096 architecture. The 
EPROM, located in low memory, is combined with the 
SFR plane. 

Intel's 80188 microprocessor is used primarily in high­
end embedded-control applications. Adding ports and 
memory makes the 80188 one of the most powerful 
microcontrollers available. The 87C75PF provides 
much of this hardware in a single package. The 80188 

FFFFh 

4000h 

2080h 

2030h 

2020h 

201Ch 

201Ah 

2019h 

2018h 

2012h 

2000h 

lFFFh 

lFFEh 

0100h 

OOOOh 

EXTERNAL MEMORY 
OR I/O 

INTERNAL PROGRAM 
STORAGE ROM/EPROM 

OR 
EXTERNAL MEMORY 

RESERVED 

SECURITY KEY 

RESERVED 

SELF JUMP OPCODE 

RESERVED 

CHIP CONFIGURATION BYTE 

RESERVED 

INTERRUPT VECTORS 

PORT 4 

PORT 3 

EXTERNAL MEMORY 
OR I/O 

INTERNAL RAM 
REGISTER FILE 

STACK POINTER 
SPECIAL FUNCTION REGISTERS 

(WHEN ACCESSED AS DATA MEMORY) 

-
RD L-WR 

292048-13 

Figure 13. The 8096 has a single memory plane. 

has a single memory plane. Unlike 8051 and 8096 con­
trollers, its boot-up address is at the top of its 1M-byte 
address space (Figure 14). The 87C75PF can be config­
ured for a no-glue 80188 interface. 

The 87C75PF's flexibility simplifies hardware interfac­
ing with many other microcontrollers. A 68xx control­
ler, for example, has boot-up vectors at the top of its 
64K-byte single-plane memory space. The Port Expan­
der's memory map can be configured, much like that 
used by the 80188 (Figure 14), to accommodate 68xx 
controllers. 

FFFFFh r------., 
RESET ADDRESS 

FFFFOh 1------.... 

OOOOOh '-_____ ...... 

292048-14 

Figure 14. The 80188 boots up at the top of its 
,1M-byte address space. 

Default Configuration 

Ultraviolet light exposure will erase the 87C75PF's 
EPROM array and non-volatile configuration registers. 
The EPROM, SFRs, and other user-configurable op-
tions' default to: . 
• two memory planes - EPROM and SFR 
• EPROM at OOOOh-7FFFh 
• SFR block at F800h-FFFFh 
• reset (RST) active-high 
• port 1 open drain 
• port 2 quasi-bi-directional. 
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Changing the Reset Polarity 

8051-family microcontrollers have active high reset in­
puts. 8096, 68xx, 80188, and special 8051-architecture 
controllers have active-low resets. The 80188 also has 
an active-high synchronous reset output. 

gramming CLR.6, PIC, and/or CLR.5, P2C (see Fig­
ure 15), inserts active pull-up transistors in port output 
buffers. These transistors supply higher current and 
faster switching than open drain or quasi-bi-directional 
outputs. 

Moving the EPROM The Port 'Expander's alterable reset input (RST) can 
match any microcontroller. When erased, the 
87C75PF's RST is active-high. Programming the con­
figuration plane's control level register bit CLR.7 
changes RST to active-low (see Figure 15). 

Changing Port Output Drive 

The 87C75PF's EPROM can be relocated to the upper 
half of its 64K-byte memory map. When erased, the 
EPROM is correctly positioned in low memory for 
8051- and 8096-family controllers. Programining the 
configuration plane's EPROM Location bit, ELR.7 
(Figure 16), moves the EPROM to high memory for 
80188 and 68xx compatibility. 

If port 1 and/or port 2 are used only as outputs, it may 
be preferable to have CMOS-type output levels. Pro-

r-------- CLR.7 = RESET LEVEL 
o = Active-Low 
1 = Active-High (Default) 

I, CLRo6==c~g:T 1 CMOS DRIVE 

1 = Open Drain (Default) 

CLR.S = PORT 2 CMOS DRIVE 
0= CMOS I 1 = QUQsl-bl-dlrectiono! (Default) 

I RESET I Port 1 I Port 2 I -j I -I -I 1 THESE BITS ARE DON'T CARE 

L~EL I CMSOS I CMSOS 4 3 2 1 ° 
CLR I RSTL I PIC I P2C I X I X I X I X 17ffDh 

--- --- ---

1 1 1
----1--1 1 ", I I Non-volalile -: '" : a. '''CO ::---_~\: 

+ + + + + + + + + 

I I I I I 
292048-15 

Figure 15. The Control Level Register (CLR) determines the reset pin's polarity and CMOS port drive. 
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Double- and Single-plane 
Configurations 

The 87C75PF has two operating-mode memory-planes 
- EPROM and SFR. These planes share identical 
memory addresses. The EPROM plane is selected when 
PSEN ~ TTL-low. The SFR plane is selected when 
either RD or WR is TTL-low. 8051 microcontrollers 
use PSEN, RD, and WR to select two external memory 
planes. 8096 controllers have only RD and WR; some 
versions have an "INST" output that allows external 
circuitry to determine when instructions are being is­
sued. Most other microcontrollers provide read and 
write signals that control only one memory plane. 

Programming the 87C75PF's overlap bit, OVLP 
(ELR.6), converts the device from dual-plane to single­
~e (see Figure 16). When ELR.6 = "0", PSEN and 
RD are internally combined. Both memory planes are 
active if either is TTL-low. 

8051 applications that use code compiled from high­
level languages find this especially useful. Some high­
level languages canlt distinguish between data-plane 

and program-plane addresses. For example, look-up ta­
bles stored in the same EPROM as program instruc­
tions require PSEN to be asserted. However, a compiler 
interprets look-up table instructions as data fetches. It 
assigns code that asserts RD instead of PSEN. A typi­
cal hardwa~olution uses an AND gate to combine 
PSEN and RD. This forms one memory plane that is 
accessed by either signal. Programming the 87C75PF's 
OVLP bit provides this "AND" function. 

This bit also permits the SFRs to overlap the EPROM 
array. This allows multiple Port Expanders to be used 
in single-plane applications. For example, two Port Ex­
panders can be used in an 8096 system (see Figure 22). 
Normally, two 87C75PFs' 64K EPROM bytes con­
sume the entire address space leaving no room for'port 
addresses or external RAM. When ELR.6 = "0" and 
the device's 2K-byte SFR block overlaps its EPROM 
array, 2K EPROM bytes are sacrificed to make room 
for the SFRs and external RAM. Under these condi­
tions, the 87C75PF remains in a high impedance state 
during any access to the 2K-byte SFR-block except for 
the five valid SFR addresses (see Figure 9). 

I 
ELR.7 = EPROM LOCATION 

o = HIgh Memory 
1 = Low Memory '(Default) 

ELR.6 = SFR/EPROM OVERLAP 

! o = Overlap 
1 = No Overlap (Default) 

I LOCATE I Overlap I 
THESE B,ITS ARE DON'T CARE ~ I EP:OM I 

6 I 5 4 3 2 1 0 

ELR I EL I OVLP I X I X I X I X I X I X 17FFEh 

--- --- , --- --- , 

rr~1 
, 

"re'l I I I 
!~t"'---

Non-volatile 
Reglstor (ELR) 

ELR -- .\ ---
"LLL 7FFOh 7FF7h 

, , 

+ + + + + + + + + -

:::I,~,I~.ul I I I I I I~~ . Intellgent 
0OO7h Wr/flors, 

-- --- 292046-16 

Figure 16. The EPROM Location, Register determines the EPROM's memory-map location 
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Moving the SFR Block 

The 2K-byte SFR block's default location is F800h­
FFFFh in the SFR plane. This location is fine for 8051 
and 8096 applications. However, 80188 and 68xx-fami­
ly controllers have boot-up and vector addresses in this 
address range; EPROM should be located here. 

The SFR block can be moved to any 2K-byte device­
address boundary. The SFR location register's 
(SFRLR) five bits determine the SFR-block's most-sig­
. nificant address bits. When erased, these bits are all 
"Is", placing the SFRs at lllllxxx xxxxxxxxb or 
F800h-FFFFh. Programming the SFRLR to OIIllxxx, 
for example, relocates the SFR-block to 7800h-7FFFh 
Gust below the EPROM array when it's at the top of 

memory, 8000h-FFFFh). Programming SFRLR to 
OOOOOxxx moves the SFRs to the bottom of memory, 
OOOOh-07FFh. Figure 17 shows the SFRLR and its bit 
definitions. 

Programming the Configuratio,n Plane 

The 87C75PF data sheet describes detailed program­
ming requirements. PROM programming equipment 
makes device reconfiguration easy. Down-loading 
EPROM code (from OOOOh to 7FFFh) to the program­
mer is the same as for any 256K PROM device. The 
programmer allows editing of CLR, ELR, and SFRLR 
codes to reconfigure the device. Once programming 
commences, the EPROM array and the configuration 
registers are programmed automatically. 

I,- Defines SFR --j- THESE BITS ARE 1 
2K - byte Boundary DON'T CARE 

76543210 

SFRLRI A~ -'_ A14 I A13 I A12 I All I X X X 17FFFh 

------ ' ------ ' 

"''' 1 7FFOh 1 1 1 I
f ---1- -""I I' Non-volatile ~ :" : ill ,~" : :~: - - - ~~~ :~.) 

+ + + + + + + + + .. 
.. 

II I I I I'''~ 0007h 
.. :'I~t~lIg~~t:: 

. :.: Identifiers ... 

292048-17 

Figure 17. The SFRLR determines the 2K·byte SFR block's base address. 
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87C75PF APPLICATIONS 

Now that you're familiar with how the Port Expander 
is organized and reconfigured, this section highlights 
some application examples. You'll see how the 
87C75PF connects to 8051, 8096, 80188, and 68xx mi­
crocontrollers. Also shown are more sophisticated ap­
plications that use multiple Port Expanders and one' 
that allows the microcon~roller to program its own Port 
Expander. All of the applications illustrated show mi­
crocontrollerlPort Expander interfaces, memory maps, 
and configuration register (CLR, ELR, SFRLR) val­
ues. 

P2.7 

Pl.7 P2.6 A14 

Pl.6 P2.S A13 

Pl.S P2.4 A12 

Pl.4 P2.3 All 

Pl.3 P2.2 Al0 

Pl.2 P2.1 A9 

P2.0 A8 

PO.7 AD7 

PO.6 AD6 

80C31 + 87C75PF 

8051-family controllers usually operate in two-plane 
mode. To use external program memory (EPROML ex­
clusively, the controller's external access pin, EA, is 
tied to ground. Port 2 supplies upper addresses, Ag­
A15. Port 0 becomes the multiplexed lower-address/ 
data bus, AD..JL..AD7' PSEN is the program memory 
read strobe. WR and RD (port pins P3.6 and P3.7) 
control external RAM and other read/write devices. 
RST is active-high on most 80S1-family microcontrol­
lers. Some special-purpose '51-based controllers have 
active-low resets. 

Figure 18 shows a typical 80C31 + 87C75PF no-glue 
application. The 87C75PF's EPROM, SFR, and con­
trol-signal default-settings are already configured. Pro­
gramming the large XX place holders shown in the 
CLR register enables CMOS port drive . 

...... ---.., ffffh ...... .,·-::S~fR::-s-.., 
f800h 1-""';;;';';';;;""-1 

8000h 

80C31 po.s ADS 87C75PF 

PO.4 AD4 

PO.3 AD3 

PO.2 AD2 

PO.l ADI 

PO.O ADO 

P3.S ALE 

P3.6jWR 

P3.7/RO 

.: EPROM 
(default) : 

L...;, _____ .............. OOOOh L... ___ ...... 

EPROM 
PLANE 

CLR = 1 XXxxxxxb 
ELR = 11 xxxxxxb 
SFRLR = 11111xxxb 

SFR 
PLANE 

292048-18 

Figure 18. The ~7C75PF's no-glue interface takes advantage of the 80C31's two-plane memory map.' 
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80C31 + Two 87C75PFs 

High-end applications, such as telecommunications, re­
quire sizable program memories and numerous I/O 
ports. Many of these applications use 80S I-family mi­
crocontroIIers. Two 87C7SPF Port Expanders supply 
added I/O while furnishing EPROM - without using 
"glue" devices! 

Figure 19 shows two Port Expanders in an 80C31 sys­
tem. Port Expander 1 's EPROM is in its default low­
memory location (OOOOh-7FFFh). Its SFR block is 
moved to FOOOh, out of Port Expander 2's SFR range 
(F800h). Port Expander 2's EPROM is moved to high­
memory (8000h-FFFFh). Each device's configuration 
register values are shown below the memory map. This 
configuration provides 16 additional I/O pins, 64K 
EPROM bytes, and leaves 60K for RAM and other 
memory-mapped devices . 

..... ---.., FFFFh SFR 2 

~~gg~ SFR 1 

EPROM 

o 

I----oool 8000h 

EPROM 

CD 

L-___ .J OOOOh L-___ .J 

EPROM 
PLANE 

SFR 
PLANE 

CLR2 = 1XXxxxxxb 
ELR2 = 01 xxxxxxb 
SFRLR2 = 11111xxxb 

CLR1 = 1XXxxxxxb 
ELR1 = 11xxxxxxb 
SFRLR1 = 11110xxxb 

292048-19 

Figure 19. Two 87C75PFs provide 16 1/0 pins, 64K EPROM bytes, and room for 6DK of RAM. 
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High-level Language 80C31 + 
87C75PF 

The 80S l's two-plane flexibility challenges hardware 
and software engineers' creativity. Its two planes logi­
cally separate program and data planes to create l28K­
bytes of memory in a 64K address space. However, 
many applications have' look-up tables in non-volatile 
memory, usually in the same EPROM that contains 
program code. Unique assembly-language instructions 
drive hardware signals, PSEN, RD, and WR, to deter­
mine which plane is active. 

Some compiled, high-level programming languages, 
however, have a hard time dealing with two-plane 
memories. They can't determine which 8051 instruc­
tion to use when look-up tables occupy the program 
~e. They usually assign an instruction that activates 
RD, rather than PSEN. 

1 

P2.7 

P1.7 P2.6 A14 

P2.S A13 

P2.4 A12 

P2.3 All 

P2.2 Al0 

P2.1 A9 

P2.0 AS 

PO.7 AD7 

PO.6 AD6 
80C31 PO.S ADS 

PO.4 ~ AD4 

PO.3 AD3 

PO.2 AD2 

PO.l 

PO.O 

P3.S ALE 

P3.6/WR 

P3.7/RO 

The typical solution forces the system to o~te in sin­
gle-plane mode by combining PSEN and RD with an 
AND gate. If either signal is TTL-low, the AND gate's 
output drives a common external-memory read signal. 
A compiler can now assign its typical "read from data 
memory" instruction. 

The Port Expander has this "AND" function built in. 
Programming the configuration plane~verlap bit, 
ELR.6" internally combines PSEN and RD; if either is 
at TTL-low EPROM or SFR data, depending on the 
address, is read. Figure 20 shows a typical high-level­
language application. 

Programming this bit also allows the SFR-block to 
overlap the EPROM in single-plane applications. If, 
and only if, these blocks overlap, 2K EPROM bytes are 
sacrificed to make room for the SFR block. The "8096 
+ two 87C7SPFs" section illustrates this. 

87C75PF 

·.srRs 

- -
--
- -
--
--
--
--
--
--
--
--
--;-
- -
- -

EPROM 
(default) 

rrrrh 
raOOh 

aOOOh 

..... ___ -'" OOOOh 

Tr-ir-l-'>',- PSENi EPROM/ 
SFR 

PLANE 
\. L-t>==~'-- Riii CLR = 1 XXxxxxxb 

ELR = 10xxxxxxb 
SFRLR = 11111xxxb 292048-20 

Figure 20. Programming ELR.6 combines PSEN and RD to form a single memory plane. 
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8096 + 87C75PF 

8096-family 16-bit microcontrollers can also operate in 
8-bit mode. These high performance controllers man­
age applications that are 1/0 intensive and, as a result, 
require large EPROM arrays. The 87C7SPF expands 
the I/O 'Yhile providing the EPROM. 

The 8096 accesses a 64K-byte single-plane memory. Its 
memory map is similar to the 80SI's. External EPROM 
is required at its low-memory boot-up location (2080h). 
The 87C7SPF's EPROM and SFRs are appropriately 
located. 

PD.7 

PO.6 

HSll 

HSOS/HSI3 

HS04/HSI2 

P4.7 AIS 

P4.6 A14 

P4.S A13 

P4.4 A12 

80C196 P4.3 A11 

80968H P4.2 Al0 
8098 

a-BIT MODE 
P4.1 A9 

P4.0 AS 

P3.7 AD7 

P3.6 ADS 

P3.S ADS 

P3.4 AD. 

P3.3 AD3 

P3.2 AD2 

P3.1 ADI 

P3.D ADO 

ALE 

INST 

iffi 
ViR 

CLKOUT iiHE 

ANGND vss vss EA 

The 8096's reset input (RES) is active-low. Program­
ming the Port Expander's reset level configuration bit, 
RSTL (CLR.7), makes RST's polarity active-low. 

The 87C7SPF is converted to single-plane mode by ei­
ther tying PSEN and RD to the 8096's RD pin or by 
programming ELR.6, the overlap bit. If the latter op­
tion is chosen, the unused input, PSEN or RD, should 
be tied to Vee. Figure 21 shows a "no-glue" 8096 + 
87C75PF application. 

rrrfh SFRs faOOh 

- -
- -
--
- -
--
- -
--
- -
- -
--
- -
--
--
--BOOOh 

EPROM 
(default) 

87C75Pf 

OOOOh 

EPROM/ 
SFR 

PLANE 
GND 292048-22 

CLR = OXXxxxxxb 
ELR = 1o/,xxxxxxb 
SFRLR = 11111xxxb 

292048-21 

Figure 21. The 87C75PF is also the no-glue Port Expander for 8096 systems. 
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8096 + Two 87C75PFs 

Single-plane 8096 applications can use two Port Expan­
ders. Figure 22 shows this no-glue, three-chip system. 

Port Expander I has its EPROM in default low-memo­
ry. Its SFR block is mapped over its EPROM; location 
7800h is arbitrarily chosen. Programming Ollllxxxb 
into SFRLR moves the SFR block. Programming 
ELR.6 (to "0") overlaps the EPROM and SFR planes; 
one plane is formed. This bit also tells the Port Expan­
der that its SFRs are intentionally mapped over its 

, EPROM. The device sacrifices 2K EPROM bytes to 
make room for the SFR block. Any ac\!ess to this 2K-

CLKOUT 

80C196 
8096BH 

8098 
8-BIT MODE 

ANGND vss vss EA 

byte block, except v~id port and PSR addresses, places 
the external data bus in a high impedance state. Exter­
nal RAM can occupy the 2K-byte space. 

Port Expander 2 is also reconfigured. Its EPROM is 
moved to high-memory by programming ELR.7. Its 
SFR block must overlap its EPROM array; 8000h is 
arbitrarily chosen. Port Expander 2's overlap bit, 
ELR.6, is programmed to form a single plane and to 
tell the device that its SFRs are intentionally mapped 
over its EPROM, like Port Expander 1. This configura­
tion supplies four additional 8-bit ports, 60K EPROM 
bytes, and sti11leaves 4K bytes free for RAM. 

292048-23 

BBOOh 

BDOOh 

7800h 

0000" 

EPROM 

CD 

SFR 2 

SF'R 1 

. EPROM 

CD 

EPROM/ 
SFR 

PLANE 
292048-24 

CLR2 = OXXxxxxxb 
ELR2 = OOxxxxxxb 
SFRLR2 = 10000xxxb 

CLR1 = OXXxxxxxb 
ELR1 = 10xxxxxxb 
SFRLR1 = 01111xxxb 

Figure 22: Two 87C75PFs add 161/0 pins, 60K EPROM bytes, and leave room for 4K of RAM. 
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80C188 + 87C75PF 

The 80CI88 found its niche in high-end embedded con­
trol applications. This CPU, when combined with 
RAM and the Port Expander, becomes a powerful em­
bedded controller. Its 1M-byte address range accom­
modates several Port Expanders and large amounts of 
RAM. Although the 80CI88 has two planes, memory 
and I/O, the Port Expander works best in the memory 
plane. Pigure 23 shows a simple 80CI88 + 87C75PP 
system. 

The 80CI88 boots up at address PPPPOh. The 
87C75PP's EPROM array is moved to its high memory 
(8000h-PPPPh) by programming ELR.7. The SPR 
block must be moved to lower memory outside of 

OCS3 

"CS2 
t.4CSI 

"CSO 

PCS4 

PCS3 

PCS2 

pes! 
peso 
Tt.4R OUT I 

+-- Tt.cROUTO 

TI.4R IN 1 

TMR IN 0 

ORQI 

OROO 

S7 

S2 

so 
LOCK 

HlOA 

CLKOUT 

usc 

ill RESET 

80C188 

CE 
'15 

AI. 
A13 

A12 

A11 

AlO 

AS 

A8 

A07 

ADS 

ADS 

AD. 

A03 

AD2 

A01 

ADO 

ALE 

EPROM-block addresses, (P7800h is shown). Pro-ram­
ming the over1~it, ELR.6, or tying PSEN and RD to 
the 80CI88's RD combines the EPROM and SPR 
planes. The processor's UCS, connected to the 
87C75PP's CE, selects the Port Expander in the upper 
address range. The 80CI88's reset input, RES, is active 
low. Programming the 87C75PP's RSTL bit, CLR.7, 
converts RST to active-low. the 80Cl88 also has an 
active-high synchronous reset output. This output can 
be connected to the 87C75PP's RST without reconfig­
uring RST's polarity. 

80Cl88 systems usually have larger RAM arrays than 
typical microcontroller applications. Pigure 23 shows 
the simple RAM interface. The RAM does not contain 
its own address latches, so an 8-bit latch must be used 
to capture addresses Ao-A7. 

Vpp/ Vee 
RST 

87C75PF 

FFFFFh ,.....----

EPROM 

FBOOOh I--"'SF"'.,--l 
F780ah I-~=-I 

---
--
--
--
--

PSEN 

iffi 
WR/PGt;i 

LCS 
CE 
A15 

A14 

All 

A12 

A11 

AlO 

AS 

A8 

A7 

A6 

AS 

A. 

A3 

A2 

Al 

AD 

Vee 

SRAM 

--
"-­
--
--
--
--
--
--
--

FOOOOh I----l 
,.~ ,.~ 

292048-26 

"EPROM 
SFR 

PLANE 

CLR = o/iXXxxxxxb 
ELR = OOAxxxxxxb 
SFRLR = 01111xxxb 

LATCH 

292048-25 

Figure 23. The Port Expander and SRAM make the 80C188 a powerful embedded controller. 
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68xx + 87C75PF 

The microcomputer industry's peripheral- and memo­
ry-interface standard dictates chip-enable, output-en­
able, and write-enable polarities. All' are active-low. 
The 87C75PF conforms to .this industry standard. 

Like Intel controllers, 68xx-family microcontrollers use 
multiplexed address/data pins. However, they differ in 
two significant ways. First, 68xx controllers have high­
memory reset- and interrupt-vector addresses. Address 

P9.7 AIS 

P9.6 A14 

P9.S A13 

P9.4 A12 

P9.3 All 

P9.2 Al0 
68xx P9.1 A9 

P9.0 AS 

PC.7 AD7 

PC.6 ADS 

PC.S ADS 

PC.4 AD4 

PC.3 AD3 

PC.2 AD2 

PC.l ADI 

CE 

A15 is logic-high during vector accesses. Second, read 
and write controls are functions of R/W and E (clock 
output). Combinational logic must convert R/W and E 
to industry-standard RD and WR signals. 

The 87C75PF's memory map can be reconfigured and 
its two memory planes combined to simplify 68xx inter­
faces. Its RST polarity can match a 68xx's active-low 
reset. All that's required to complete the interface is to 
condition R/W and E to RD and WR. Figure 24 shows 
a 68xx + 87C75PF system and its memory map. 

Vppl 
RST 

87C75PF 

292048-27 

FFFFh 

EPROM " 

8DOOh 
SFRs 

7800h 
- -
--
--
--
--
--
--
--
- -
- -
- -
--
--
--

OOOOh I I 
EPROM/ 

SFR 
PLANE 
292048-28 

CLR = OXXxxxxxb 
ELR = Oo/1xxxxxxb 
SFRLR = 01111xxxb , 

Figure 24. One NAND-gate package interfaces the 87C75PF to 68xx controllers. 
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PROGRAMMING 

EPROM and Configuration Registers 

PROM programming equipment makes the 87C75PF 
as easy to program as EPROM-version microcontrol­
lers and standard EPROMs. Optimized programming 
equipment that utilizes the Quick-Pulse Program­
mingTM algorithm can program the 87C75PF in less 
than four seconds. 

Data I/O's model 29B (version Y06), with Unipak-2B 
module (version 16, family/pin code = 112/107) and 
87C75PF cartridge, supports the 87C75PF. It has a 
straightforward programming procedure. Assembled 
code is transferred to programmer RAM addresses 
OOOOh-7FFFh. Configuration registers (CLR = 7FFDh, 
ELR = 7FFEh, and SFRLR = 7FFFh) are loaded into 
programmer RAM addresses 8oo0H, 8oolh, and 
8002h. Configuration register contents can be entered 
manually using the programmer's edit command. 

RESET 

4 +12V 
+5V L 
~+12V Vpp 

+5V 

PGMON Vee ~ 
ALEc 

rOl y r ALEp ALEXh 

With EPROM and configuration register contents 
loaded, the programmer automatically programs the 
EPROM array and non-volatile registers. The pro­
grammer can also read a programmed master device's 
EPROM array and configuration registers and pro­
gram duplicates without further editing. Contact Data 
I/O or your programmer vendor for further details. 

80C51 In-system Programming 

Factory programmed and field updated applications 
use in-system and board-programming techniques. 
Board programming equipment supplies voltages, ad­
dresses, data, and pertinent control signals to the 
board's edge-card connector. 

In-system programming, on the other hand, allows a 
resident ROM- or EPROM-type microcontroller to 
program the system's off-chip non-volatile memory. A 
small amount of the microcontroller's ROM or 
EPROM contains code that controls its serial commu­
nications channel and knows how to program external 
EPROM. 

FFFFh SFRs 
FBOOh 

- --r - --
- --
- --
- --
- --
- --
- --
- --chl ALE --~ ALE I 2 RST Vee Vee Vppl - --

XTAL RST - --
Pl.7 P2.7 A15 Pl.7 

~ ---
P1.6 P2.6 A14 P1.6 - --
Pl.5 P2.5 A13 P1.5 I+- BOOOh - --
P1.4 P2.4 A12 P1.4 I+- - --
Pl.3 P2.3 All Pl.3 

~ - --
P1.2 P2.2 Al0 P1.2 - --
Pl.l P2.1 A9 Pl.l I+- - --
Pl.0 P2.0 AB P1.0 I+- - --

PO.7 A07 - --
EA 80C51 PO.6 AD6 

- - -
. 87C51 

PO.5 ADS 87C75PF EPROM - --
RxD (default) - --

P3.0 PO.4 AD4 
TxD I+-

- --
P3.1 PO.3 AD3 P2.7 --EACONT -
P3.2 PO.2 AD2 P2.6 

~ - --
P3.3 PO.l ADI P2.5 - - -ALECONT 
P3.4 PO.O ADO P2.4 I+- - --PGMON 
P3.5 ALE ALE P2.3 I+- - --
P3.6!WR PSEN PSEN P2.2 

~ 
- --

P3.7/Rii r---' Rii P2.1 ODODh 

Vss Wii/PGM GND P2.0 I+- EPROM SFR 

V V 
PLANE PLANE 

292048-30 
CLR = 1XXxxxxxb 
ELR = 11xXxxxxb 

292048-29 SFRLR = 11111xxxb 
NOTE: Port 0 requires pull-ups when used as an 1/0 port. 

Figure 25. A simple circuit allows the microcontroller to program the 87C75PF in-system. 
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Multiple-application modules can be customized using 
in-system programming. For'example, a generic control. 
module can be built, installed in a variety of end prod­
ucts, and customized for different tasks at the end of 
the production sequence. 

Figure 25 shows a simple 80C51-based in-system-pro­
grammable module. The microcontroller's on-chip 
ROM or EPROM contains the communication and 
programming algorithms. Port pins P3.0 and P3.1 pro­
vide the serial communication link. P3.2 (EACONT) 
controls the EA pin. When high (which occurs at reset 
or when "I" is written to it), internal program memory 
supplies code. When low, external EPROM supplies 
code. P3.4 (ALECONT) controls the ALE latching sig­
nal during programming. P3.5 (PGMON) controls pro­
gramming and operating-mode Vpp and Vee voltages. 
P3.6, which is the WR signal during normal operation, 
serves as th~ogram pulse strobe, PGM, during pro­
gramming. RD, P3.7, or PSEN can be used to verify 
programmed data whenever Vpp is at its programming 
voltage. 

Figure 26 shows the program and latch control circuit. 
5 volt and 12 volt supplies are connected to this circuit 
at all times. Inverter 74'06a allows 12 volts to pass into 
the DC/DC converter and the LM317 voltage regula­
tors only when system power is on. PGMON is high 
after reset or when P3.5 contains a "I." PGMON con­
trols inverter 74'06b which turns Vpp on or off. Invert­
er 74'06c keeps V cc at 5 volts until programming com­
mences. When PGMON goes low, these inverters turn 
off allowing V pp and Vee voltages to attain their pro­
gramming levels. The variable resistors adjust Vpp and 
Vee read- and program-voltages. Vee read voltage is 
5.0V and its program voltage is 6.25V. Vpp read volt­
age is off, so it doesn't interfere with the 87C75PF's 
reset, and its program voltage is 12.75V. 

PGMON also controls the ALE circuit.' When 
PGMON is high, the microcontroller's ALE value 
passes to the 87C75PF's ALE pin. When PGMON is 
low, the microcontroller's ALECONT controls ALE. 

p----------------------------------. 
+12V .-.... --.-.... 

DC/DC 
IN OUT 

CONV. 

Vex:, READ 
ADJUST 

I-~,..-._~,..-. __ • Vpp TO EPROM 

220 

0.1 p.F 

READ MODE = OFF 
PROGRAM = 12.7SV 

......... - ..... --......... --9 GND 

PGMON tr---I-----........ -I.c;:>o-~f lK 

i..-__ ...-":::::"'-.... 

ALECONT .--------+-------1 

ALEp .---------------1 

1--4 ..... --4 ..... --e Vee TO EPROM 
READ MODE = S.OV 
PROGRAM = 6.2SV 

10----' ALEx 

----------------------------------. 292048-31 

Figure 26. A mic~ocontroller can use this circuit to control programming voltages and ALE. 
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The microcontroller's ADO-7 and AS-15 (ports 0 and 
2) connect to the 87C75PF's ADo-7 and AS-15 pins. 
The controller's program-memory read signal, PSEN, 
controls the 87C75PF's output-enable, PSEN. 

During programming, the controller brings EACONT 
high and PGMON low. This allows it to operate from 
internal code, enables programming voltages on the 
87C75PF's Vpp and Vee pins, and switches ALE con­
trol from the controller's ALE to its ALECONT. It 
then inputs data over its serial channel. With ALE­
CONT high, an address is placed' on ports 0 and 2. 
When ALECONT is brought low, the 87C75PF inter­
nally latches the address. Data read from the serial port 
is written to port O. Port 0 must have pull-up resistors 
when used in its I/O port mode. The Port Expander 
now has both address and data information. The con­
troller needs only to bring its WR pin low to program 
data into the addressed location. 

The in-system programming sequence is summarized 
below. 

I) Set EACONT="I". Code is now supplied from the 
controller's internal program memory. 

2) Assert PGMON. This switches Vpp and Vee to 
their program voltages and allows the controller to 
manually control ALE via ALECONT. ALECONT 
and WR are high. 

3) Down-load address and data information via Port 
3's serial channel. Ports 0 and 2 serve as I/O ports, 
so place the 16-bit address on them. Bring ALE­
CONT low to latch the address into the 87C75PF. 

4) Write data information to port O. 

5) Bring WR low to program data into the 87C75PF. 
See the 87C75PF data sheet for the programming 
algorithm and timing requirements. 

6) Verify the programmed data. When the 87C75PF's 
Vpp is at 12.75V, its PSEN and RD pins are inter­
nally combined. The "MOVC A,@A+ DPTR" in­
struction uses the PSEN pin to read EPROM data 
(or the "MOVX A,@DPTR" instruction uses the 
RD pin). 

7) Repeat this sequence until all EPROM data is pro­
grammed and verified. 

8) When programming is complete, de-assert PGMON 
and ALECONT. When EACONT="O", code exe­
cution commences from the 87C75PF. Code dupli­
cation at identical internal and external memory lo­
cations allows uninterrupted paging between these 
two memory spaces. 

When 6.25V is applied to the 87C75PF's Vee during 
programming, its port outputs, when "I", will be close 
to 6.25V. Careful system design should ensure that mi­
crocontroller and other device inputs can handle this 
elevated voltage. Writing "Os" to all port pins before 
Vee receives 6.25V will prevent damage to external 
devices. 

SUMMARY 

System demands push single-chip microcontroller de­
signs to their limits. Complex applications are I/O in­
tensive and use lots of EPROM. Traditional solutions 
use discrete chips - EPROM, address latches, address 
decoders, I/O port chips, and "glue" logic - to get 
more memory and expand, or recover, I/O. 

Intel's 87C75PF Port Expander puts port functions, 
EPROM, and "glue" into a single package. Chip count 
and board size are dramatically reduced. System per­
formance is optimized. Reliability is assured. Design 
time is shortened. Manufacturing is simplified. Device 
inventory is reduced. 

Miniaturized system designs that weren't possible be­
fore, can now come to life, thanks to the 87C75PF. 
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INTRODUCTION 

Board Space. Simplified design. Reliability. Manufac­
turability. Performance. Cost. Designers balance these 
requirements in every project, especially in microcon­
troller applications. 

This application note will show how Intel's latched 
EPROMs minimize board space ~nd cost, simplify de­
sign and manufacturing, and increase performance and 
reliability in microcontroller systems. 

A few years ago an embedded control system consisted 
of many discrete components. A general purpose mi­
croprocessor was combined with memories, timers, 
counters, I/O expanders, address decoders, latches, and 
assorted glue chips to make a basic control system. 
Then came the microcontroller. These functions, and 
many more, are now combined into a single chip. 

Today, engineers are stretching the limits of microcon­
troller features. Controller manufacturers are stuffing 
as many functions and as much memory as die and 
package can accommodate. Microcontrollers typically 
have EPROM (or ROM) densities of 4K or 8K bytes; 
some advanced controllers even have 16K. Still, more is 
required. 

Microcontroller applications are now moving back to 
multiple chip solutions. 32K-byte EPROMs are com­
mon in many medium and high-end systems. It is not 

~ADDRESS CYCLE 

ALE \ 

A8-A15 )( 

ADO-AD7 )( ADDRESS VALID 

\ 

practical to put this much memory on the microcon­
troller die; chip price becomes prohibitive. Most con­
trollers have an expansion mode that allows external 
memory to be added. 

Higher density is not the only reason to go "off-chip" 
for memory. Many systems are designed to be generic 
modules. For example, one engine control module can 
be designed for an entire line of car models. During a 
final manufacturing step the module can be custom 
programmed for any particular vehicle. ROM-version 
controllers don't lend themselves to this application. 
EPROM memory allows any application to be custom­
ized - at any step in the manufacturing process. 

But, using off-chip memory shouldn't detract from the 
designer's goal to achieve a minimum-chip system. 
Latched EPROMs provide microcontroller memory ex­
pansion without adding "glue" chips. 

THE MULTIPLEXED BUS 

To achieve small board space, embedded control sys­
tems require not only minimum chip count but chips 
that occupy small footprints. Embedded controllers 
achieve this by using multiplexed address/data buses. 
An 8051 controller, for example, shares its lower eight 
address pins with its 8-bit data. 

EV,ery memory access requires two cycles - one for 
address, one for data (see Figure 1). The controller 

DATA CYCLE 

/ 

i--
ADDRESS VALID )( 

~ 

""'-mm DATA IN 
~ 

292045-1 

Figure 1. Every microcontroller memory access requires two cycles. 
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places a 16-bit address on the bus during the first cycle. 
It holds the upper eight bits constant throughout the 
access. It presents the lower address byte just long 
enough for an external latch to capture it. The latch 
and controller's upper bus supply the address to exter­
nal devices for the remainder of the memory access. 
The controller uses its multiplexed lower address/data 
pins to transmit or receive data during the data cycle. 
As well as minimizing the controller's pin count, the 
multiplexed bus requires fewer board traces. 

Before latched EPROMs, adding external memory to 
microcontrollers consumed excess board space. Ad­
dress latches plus EPROM required more space than 
the controller itself. The address latch consumes signifi­
cant board space and system power, degrades system 
reliability and EPROM performance, and complicates 
design and manufacturing. 

Intel's high-performance latched EPROMs don't com­
promise designers' goals to produce minimum chip sys­
tems. The address latching function is built into the 
EPROM chip. The no-glue controller-EPROM inter­
face simplifies design and manufacturing while increas­
ing performance and reliability - in the smallest possi­
ble board space. 

A8-A15 

MICROCONTROLLER MEMORY 
INTERFACE 

A typical microcontroller/memory interface is shown 
in Figure 2. Eight-bit controllers require at least one 8-
bit address latch; Sixteen-bit controllers require two. In 
an 8-bit system, the controller's A8-IS address pins are 
connected directly to the EPROM's upper address pins. 
Address/data pins ADO-7 are connected to the 
EPROM's DO-7 data pins and to the address latch's 
inputs. The latch's outputs drive the EPROM's AO-7 
address inputs. The controller's address-latch-enable, 
ALE, controls the latch. Figure 2a shows this memory 
interface. 

Figure 2b shows a simplified system that uses a latched 
EPROM. All of the controller's bus signals connect di­
rectly to the latched EPROM. It's easy to see that de­
sign time (and manufacturing) are simplified. Perform­
ance is improved because latch propagation delay is 
non-existent. System reliability is assured - one facto­
ry-tested, integrated memory device is inherently more 
reliable than several discrete components. 

ALE:t-....,..----t 

"c 
A7 Standard . l EPROM 

AD 

L--OO-_O- 7----I r 
L----.::.:....::.:...---Ioo 

Riil----------+l. OE 

292045-2 
a) A minimum·chip system using a standard EPROM. 

RiiI----+lOE 

292045-3 
b) A latched EPROM simplifies the system. 

Figure 2. Typical microcontroller/memory systems are improved with latched EPROMs. 
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Discrete latch chips, like the 74HCT573, have large 
output drivers. This allows them to drive many devices 
on a system's address bus. Unfortunately, large output 
drivers consume considerable power. Typical micro­
controller applications are minimum-chip systems. Dis­
crete address latches unnecessarily waste system power 
with their large drive capability. Intel's latched 
EPROMs use very little power because their built-in 
latches drive only internal address lines. Integrated ad­
dress latches allow "no-glue" interfacing to 8-bit and 
l6-bit microcontrollers. 

SYSTEM INTEGRITY 

An address latch and associated board traces require 
about .75 inches2. This doesn't sound like much, but 
compared to the EPROM's 1.2 in2 and the controller's 
1.5 in2 it amounts to 22% of a system's board space. 

Not only does a latched EPROM produce a more "ele­
gant" design, but system reliability is improved. Every 
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board component is subject to failure. A discrete latch 
requires twenty additional PC-board solder joints -
each a potential failure point. Failures decrease as part 
count (elimination of latches) goes down. 

Every board trace and component node is a source (or 
receptor) of system noise. Noise can degrade perform­
ance and compromise data integrity. EPROM perform­
ance requires rock-steady address inputs. When 
EPROM output buffers turn on, address input buffers 
are affected. A small ground reference fluctuation 
changes the threshold voltage of input buffer transis­
tors. This can effectively change the EPROM's address 
in mid-access; data integrity is compromised. 

Latched EPROMs are virtually immune to ground-ref­
erence shifts. Current surge caused by switching output 
buffers may affect the EPROM's address inputs, but 
the internally latched address remains steady; noise 
isn't transferred to address decoders. Access time and 
data integrity are optimized. 
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Figure 3. Propagation delays can be significant when standard EPROMs are used in uC systems. 
Latched EPROMs eliminate these delays. 
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SYSTEM PERFORMANCE 

Latched EPROMs improve system performance. Dis­
crete latches have inherent propagation delays. In a 
pure CMOS system, this delay is significant; a 
74HCT373 latch delay is 45ns at automotive and mili­
tary temperatures. A 16MHz 80C31 microcontr~ller, 
for example, provides 207ns for EPROM access time. 
A 45ns latch delay degrades this access time to 162ns. 
An EPROM rated at 160ns or faster must be used. 
Figure 3 shows the timing delays inherent in discrete 
component solutions. 

If a latched EPROM is used, no external latch delay 
occurs. A 200ns latched EPROM can be used. Access 
time parameters include internal latch propagation de­
lays. Slower, less expensive latched EPROMs do the 
same job as fast EPROMs and discrete latches. 

ARCHITECTURE COMPATIBILITY 

Intel's latched EPROMs have separate address and 
data pins. All address inputs contain latches. This sim­
plifies 16-bit microcontroller interfacing. Pin layout is 
virtually identical to standard EPROMs. Upgrade­
compatible circuit board designs are simplified. In 8-bit 
multiplexed address/data systems, EPROM pins AO-7 
are connected directly to corresponding DO-7 pins. In 
16-bit multiplexed systems, low-byte EPROM data pins 
DO-7 are connected to address lines AO-7 while high­
byte EPROM data pins DO-7 are connected to address 
lines AS-IS. See Figures 7 and 9 for typical 8-bit and 
16-bit system examples. 

THE LATCHED EPROM FAMILY 

Intel's growing family of latched EPROMs includes the 
87C64, 87C257, and 68C257. Ceramic DIP and PLCC 
package pinouts are shown in Figures 4 and 5. This 
application note shows how latched EPROMs simplify 
microcontroller system designs. 

// 
87C64 

~~ 87C257 

/ 68C257 

"" \....,/ 
Vpp ALE/Vpp ALE/Vpp [ 1 28 J Vcc Vee Vee 

A12 ,1.12 A12 [ 2 27 J A14 A14 PGM 

A7 A7 A7 [ 3 26 J A13 A13 N.C. 

A6 A6 A6 [ 4 25 P A8 A8 A8 

A5 A5 A5 [ 5 24 P A9 A9 A9 

A4 A4 A4 [ 6. 23 P All All All 

A3 A3 A3 [ 7 22 P OE OE OE 

A2 A2 A2 [ 8 21 P Al0 Al0 Al0 

AI AI AI [ 9 20 P CE CE ALE/CE 

AO AO AO [ 10 19 P 07 07 07 

00 00 00 [ 11 18 P 06 06 06 

01 01 01 [ 12 17 P 05 05 05 

02 02 02 [ 13 16 P 04 04 04 

GND GND GND [ 14 15 P 03 03 03 

292045-5 

Figure 4_ 28-pin ceramic DIP latched-EPROM pinouj:s 
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87C64 A7 A12 Vpp DU vee PGM NC 

87C257 A7 A12 ALE/ 
Vpp DU vee A14 A13 

68C257 A7 A12 ALE/ 
Vpp DU vee A14 A13 

nnnnnnn 
4 3 2 1 32 31 30 

A6 A6 A6 E 5 0 29 J A8 A8 A8 

A5 A5 A5 6 28 0 A9 A9 A9 

A4 A4 A4 [ 7 27 0 A11 A11 A11 

A3 A3 A3 [ 8 26 0 NC NC NC 

A2 A2 A2 [ 9 25 0 OE OE OE 

A1 A1 A1 [ 10 24 J A10 A10 A10 

AD AD AD [ 11 23 

:5 
CE CE ALE/ 

CE 

NC NC NC [ 12 22 07 07 07 

00 00 00 [ 13 21 0 06 06 06 

14 15 16 17 18 19 20 

UUUUUUU 
01 02 GND DU 03 04 05 

01 02 GND DU 03 04 05 

01 02 GND DU 03 04 05 

292045-6 

Figure 5. 32-Lead PLCC latched-EPROM pinouts. 
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87C64 

The 87C64 is a 64K-bit EPROM organized as '81928-
bit words. Integrated address latches make the 87C64 
EPROM unique. This device is functionally identical to 
two 74HCT573 latches and a 27C64 EPROM (see Fig­
ure 6). However, with latches included, the 87C64 con­
serves: 

• chip count 

• system performance 

• board space 

• power consumption 

• system cost 

• inventory 

• design time 

• incoming inspection 

All 
AIO 

A9 
A8 

ALE/CE 

Ai 
A6 
AS 
A4 
A3 
A2 
AI 
AO 

87C64 
Vpp +5V 

+5V 

Vee PGM vPP Vee 

:I: 
u 

N.C. ~3 
13", AI2 

~~ All 

<> AIO 
c( A9 

G 
A8 

CE 27C64 
EPROM 

G 

In discrete component solutions, separate latches are 
used with a 27C64 EPROM. Even when the EPROM 
is in standby mode, the latches are always active, con­
suming full power. The 87C64 achieves low standby 
power in a novel way. It has a combined ALE/CE sig­
nal. When this signal is TTL-high, both the EPROM 
and the internal latches are placed in low-power stand­
by mode. Whim ALE/CE is TTL-low, the latches acti­
vate, address information is latched, address decoding 
begins, and the EPROM is ready to present data at its 
outputs. 

~-+------------~ 

The 87C64 easily connects to an 80C31 microcontrol­
ler. EPROM data pins are connected to its Ao-7 ad-
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Figure 6. 87C64 Functional Diagram. 



inter AP-315 

dress pins, which in turn connect to the controller's 
ADo-7 pins. ALE/CE must be generated by the proc­
essor's ALE signal, as shown in Figure 7. When ALE is 
high, a new address can flow into the device's latch. 
The address is latched when ALE goes low. EPROM 
data is present on ADo_7 when OE goes low. 

Using Multiple 87C64s 

If mUltiple chips are used in a low power system, ad­
dress lines and the ALE signal are combined via an 
address decoder as shown in Figure 8. Connecting the 

+5V 

i 
vee ALE 

ALE 

:==: -
~EN 

PSEN 

P2.7 ~ 

+---to P2.6 !..!..!... 
+---to - N 

P2.5 ~ 
I>: I-....-. '" P2.4 

AI2 
0 0 
"- "- AIl +---to P2.3 

~ P2.2 
AIO 

~ P2.1 A9 

- SOC31 AS 
- JJ,C ~.O 

:==: A07 PO.7 

PO.6 
A06 

:==: PO.5 
A05 

'" 0 
l- I- PO.4 

A04 

'" '" A03 :==: 0 0 PO.3 "- "-
PO.2 A02 

:==: PO.l AOI 

PO.O 
ADO 

- '--

RST 1 XTAL 2 Vss EA 

1-/01-: 

T T 
5Ve>-j( 

~7 
+ 

ALE signal to the address decoder is important because 
the 87C64's ALE/CE input must toggle high-to-low 
each time the address changes. 

The EPROM contains system operating code. The mi­
crocontroller typically accesses sequential addresses as 
it executes instructions. Upper address lines are used to 
decode memory blocks, but they usually don't change 
when sequential addresses are generated. This'means 
that the outputs of an address decoder connected to 
these lines will not toggle as sequential addresses 
change. The address decoder shown in Figure 8 is gated 
by ALE to provide the latching signal at the 87C64's 
ALE/CE input. 

+5V 

? 
I T I 

ALE/Vpp 
PGM Vpp Vee 

DE 

- N.C. 

AI2 

All 

AID 
A9 

AS 

A7 
A6 

A5 S7C64 
A4 EPROM 

A3 

A2 

Al 

AO 
L DO 

- 01 

02 
03 

04 

05 

06 

07 
GNO 

V 
292045-8 

Figure 7. The 87C64 easily connects to the 80C31. 
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292045-9 

Figure 8. Multiple latched-EPROMs are controlled by the address decoder. 

87C64s in 16-bit Systems 

The 87C64 is an ideal memory for word-wide systems. 
Two devices provide low-byte and high-byte data. Fig­
ure 9 shows an 8096 system that uses two 87C64s. 

Microcontroller address/data lines ADI_13 are con­
nected to address inputs Ao-12 on both EPROMs. Ad­
dress/data line ADo is normally used to select low-byte 
data in read/write memories; This line need not,be con­
nected to read-only (EPROM) memories. In order to 
operate from external EPROM mapped at low-memo­
ry, the 8096's EA pin must be tied to ground. 

The low-byte EPROM's DO_7'outputs are connected to 
the controller's ADO_ 7 lines. The high-byte EPROM's 
DO-7 ou!E!!!s are connected to lines ADS-Is. The con­
troller's RD and ALE lines ar~onnected directly to 
both EPROMs' OE and ALE/CE inputs. 

In-System Programming 

EPROMs are not just read-only memories, they're 
user-programmable. That's the reason EPROMs are 
the preferred non-volatile memory. EPROMs are usu­
ally programmed in PROM programming equipment. 
In-system programming, however, is becoming popular 
in applications that require factory programming or 
field updates. 

In-system programming allows the resident microcon­
troller to program the system's EPROM. A small 
amount of the microcontroller's ROM or EPROM can 
contain code that knows how to down-load data over 
its serial channel and program an 87C64. 

In-system programming allows a multi-use module to 
be customized for different applications. For example, a 
generic robot-control module can be built, installed in 
several locations, and customized for any particular job 
on an assembly line. 
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ADI5~~-------------------------------------, 

CONTROL 

B096 
BOC196 

S'c 

+5V 

+5V 

292045-10 

Figure 9. Two 87C64s provide a no-glue EPROM solution for word-wide systems . 

BOC51 
or 

B7C51 
S'C 

o 
I;; 
o .. 

.-----.vpp 
1-'-'---, 

PROGRAM 
I< LATCH VCC 
CONTROL 
CIRCUIT 

Figure 10. A simple in-system programmable module. 
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Figure 10 shows a simple 80CSI-based in-system pro­
grammable module. The microcontroller's on-board 
ROM or EPROM memory contains the communica­
tion and programming algorithms. Port pins P3.0 and 
P3.l provide the serial ~mmunication link. P3.2 
(EACONT) controls the EA pin. When high (which 
occurs at reset and when "I" is written to P3.2), code 
operates from internal memory. When low, external 
EPROM supplies code. P3.3 (ALECONT) controls the 
ALE latching signal during programming. P3.4 
(PGMCONT) controls the 87C64's PGM (program 
pulse) pin. P3.S (VPPON) controls the Vpp and Vee 
programming and operating voltages. 

Figure II shows the program and latch control circuit. 
The 5 volt and 12 volt supplies are connected to this 
circuit at all times. Inverter 74'06a allows 12 volts to 
pass into the DC/DC converter and the LM317 voltage 
regulators only when 5 volts is applied. VPPON is high 
at reset or when P3.S contains a "I." Inverters 74'06b 

2N2907 

+12Vo--~h. 
I 

147K 
I 

+5Vo-...... ~O ... 

and 74'06c keep Vpp an~t 5 volts until program­
ming is initiated. When VPPON goes low, these invert­
ers turn off allowing V pp and Vee voltages to go to 
their programming levels. Vpp and Vee read- and pro­
gram-voltages are adjusted by the variable resistors 
shown. Vee read voltage should be S.OV and its pro­
gram voltage should be 6.2SV. VPP read voltage should 
be S.OV and its program voltage should be 12.7SV. 

VPPON also controls the ALE circuit. When VPPON 
is high, the microcontroller's ALE value passes 
through to the 87C64's ALE/CE pin. When VPPON is 
low, ALE/CE can be controlled by the microcontrol­
ler's ALECONT signal during programming. 

The microcontroller's Ao-12 outputs are connected to 
the 87C64's Ao-12 pins. The EPROM's 00-7 are con­
nected to the controller's ADo_ 7 pins. The controller's 
program-memory read signal, PSEN, controls the 
87C64's output-enable, OE. 

1--..... - ...... --0 vpp TO EPROM 
"'----' Read Mode = 5.0V 

Program Mode = 12.7SV 

t-+-.... --t-..-00 GND 

1----<1_-..... --0 Vee TO EPROM 
1----' Read Mode = 5.0V 

Program Mode = 6.25V 
ALECONTo--------+---~~-~r_~ 

I, 

JC>--¢ ALE/CE 

ALE 0---------------1 
292045-12 

Figure 11. Program- and latch-control circuit for in-system programming. 
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During programming, the controller brings EACONT 
high and VPPON low. This allows it to operate from 
internal code, enables programming voltages on the 
87C64's Vpp and Vee pins, and switches ALE/CE 
control from the controller's ALE to its ALECONT. 
It then inputs data over its serial channel. With 
ALECONT high, an address is placed on ports 0 and 2. 
When ALECONT is brought low, the 87C64 internally 
latches the address. Data read from the serial port is 
then written to port O. The 87C64 now has both ad­
dress and data information. The controller needs only 
to bring PGMCONT low to program data into the ad­
dressed location. 

The in-system programming sequence is summarized 
below. 

I) Assert EACONT. Code is now supplied from the 
uController's internal program memory. 

2) Assert VPPON. This switches Vpp and Vee to their 
program voltages and allows the controller to manu­
ally control ALE via ALECONT. PGMCONT and 
ALECONT are high. 

3) Input address and data information from Port 3's 
serial channel. Ports 0 and 2 serve as I/O ports. 
Place the address on ports 0 and 2. Bring 
ALECONT low to latch the address into the 87C64. 

4) Write data information to port O. 

5) Bring PGMCONT low to program data into the 
87C64. See the 87C64 data sheet for the proper pro­
gramming algorithm and timing requirements. 

6) Verify the programmed data. Use the "MOVC 
A,@A+DPTR" instruction to read EPROM data. 
The configuration shown in Figure 10 allows the 
87C64 to be read at any 8K-byte boundary. This 
allows the controller to operate using its internal 
low-memory code and still verify external EPROM 
mapped at the same locations. 

7) Repeat this sequence until all EPROM data bytes 
are programmed and verified. 

8) When programming is complete, VPPON, 
PGMCONT, and ALECONT should be de-asserted. 
When EACONT = "0", code execution will com­
mence from the 87C64. Duplication of code at iden­
tical internal and external memory locations will al­
low uninterrupted paging between these two memo­
ry spaces (see application note AP-284 "Using Page­
Addressed EPROMs" for further details). 

Care should be taken during system design to ensure 
that microcontroller and other device inputs can handle 
elevated voltages supplied by the EPROM during pro­
gramming. When 6.25V is applied to the 87C64's Veo 
its outputs, when "1", will be close to 6.25V. 
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87C257 

The 87C257 is a 256K-bit EPROM organized as 32768 
8-bit words. It also contains the equivalent of two 
74HCT573 address latches. All address inputs are 
latched. Figure 12 shows the 87C257's block diagram. 
To serve high-performance 8-bit microcontrollers, the 
87C257 has separate ALE and CE inputs. The 87C257 
is pin compatible with the 27C256 (see Figure 4). 

The ALE/VPP input serves as the latch enable during 
read mode and as the high voltage input during pro­
gramming. When ALE is high, address information on 
pins AO_l4....!!OWS through -.!!!.e latches to the input de­
coders. If CE is asserted (CE = Vrd, the EPROM is 
in its active mode which allows address decoding to 
begin immediately. If CE is high, the 87C257 is in 
stand-by mode, but addresses can still be latched. The 
address latches retain present address-pin values when 
ALE goes low (ALE = Vrd. 

+5V 

S7C257 r-----------------------crl 

A14 
A13 
A12 
All 
A10 

A9 
AS 

ALE/Vpp-t'---.----t 

A7 
A6 
A5 
A4 
A3 
A2 

'Al 
AO 

G 

Or GND 

Vee 

A14 
A13 
A12 
All 
A10 
A9 
AS 

Vpp 27C256 
EPROM 

A7 

A6 
A5 
A4 
A3 
A2 
Al 
AD 

Or.....L-------' 

...... 1D.n...,.....,N_O 
OQOCQQQC 

292045-13 

Figure 12. 87C257 functional diagram. 
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87C257 + 80C31 

The 87C2S7 interfaces to 805 I-family microcontrollers 
without "glue" chips. Figure 13 shows a simple 
80C31/87C257 system. Note that all 8051-family con­
trollers have similar interfaces. The 80C31's port 0 
serves as the multiplexed low-order address/data bus 
when used in expanded memory mode; port 2 is the 
high-address bus. 

Port 0 pins connect directly to the 87C2S7's Ao-7 and 
DO-7 pins. Port' 2 pins are connected to the 87C2S7's 
AS-14 and CE pins. Since the 87C2S7 fills the lower 
half of the 80C31's program-memory map (OOOOh -
7FFFh), address line A15 (P2.7) can be connj!cted to 
the 87C257's CE input. The EPROM is selected when­
ever A15 is low. 
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+---+ PO.5 
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:::: J PO.l 
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H[]t-. 
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SvO-/f 
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The controller's PSEN output is the program (or in­
struction) memory read-strobe. This pin is connected to 
the 87C2S7's output enable pin, OE. 

The 80C31's ALE controls an external address latch. 
When ALE is high, the controller's port 0 and port 2 
pins present address information. When low, addresses 
AO-7 are externally latched. The external latch then 
supplies the low-address to external memory devices. 
Since the 87C257 has its own latch, the 80C3l 's ALE is 
connected to the 87C2S7's ALE/VPP (the 87C257's 
Vpp function is internally disabled in read mode. 

The 80C31's EA (External Access) pin must be con­
nected to ground when accessing external program 
memory between addresses OOOOh and OFFFh (the up­
per address boundary may vary depending on the 8051 . 
version used). 
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07 
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292045-14 

Figure 13. A "no-glue" 80C31/87C257 system. 
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Two 87C257s + 80C31 

8051-family controllers are unique in that two 64K­
byte memory spaces can be addressed. These control­
lers have separate PSEN and RD signals that access 
program memory (ROM or EPROM) and data memo­
ry (RAM and peripheral devices). All system devices 
see the controller's !6-bit address. Depending on the 
instruction type, either PSEN or RD is asserted. Al­
though two devices can be memory mapped at identical 
locations, PSEN and RD determine which will present 
data. 

+5V 

Vee 

BOC31 
~C 

+5V o-f f-+-wIr-4-...... -+..J 

Figure !4 shows two 87C257s in an 80C3! system. 
Each 87C257 connects to the 80C3! just as it did in the 
87C257 + 80C3! example shown in Figure 13. The 
only difference is the inverter between A IS and the sec­
ond 87C257's CEo This inverter allows the second 
87C257 to be selected when AI5 is high - addresses 
8000h - FFFFh. 

B7C257 
EPROM 

(OOOOh -7FFFh) 

B7C257 
EPROM 

(BOOOh - FFFFh) 

292045-15 

Figure 14. A maximum function, but minimum chip, 80C31 system. 
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Two 87C257s completely fill the 80C3l's program 
memory space. 64K bytes are still available in the data 
memory space. A system that requires 64K-bytes of 
EPROM is probably performing complex 1/0 tasks. 
These tasks usually require more RAM than the micro­
controller contains. Also, since the 80C31 loses two 8-
bit 1/0 ports when accessing external memory, port 
reconstruction is desirable. 

The 8155 shown in Figure 14 recovers the lost ports 
(plus 6 additional port pins) and supplies 256 bytes of 
RAM. In addition, it provides a 14-bit counter/timer. 
Connected as shown, the 8155's RAM is mapped at 
locations OOOOh - OOFFh. Ports and timer addresses 
are mapped at 0100h - 0IFFh. Since the 8155 is not 
fully decoded, shadow addresses occur at 512-byte 
boundaries. 

The system shown in Figure 14 consists of a high per­
formance microcontroller, 64K-bytes of EPROM: 256 
bytes of RAM (in addition to the uC's RAM), 36 1/0 
port pins, and an additional timer/counter. The only 
"glue" device in this system is the inverter, which can 
be made from one transistor and a resistor. 
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87C257 + 8096 

Intel's 8096-family microcontrollers contain six 8-bit 
1/0 ports; a powerful CPU, and many other high-per­
formance features. 8096BH, 8098, and 80C196 versions 
also have 8-bit external bus modes that simplify inter­
faces to 8-bit memories and peripherals. When used in 
expanded mode, ports 3 and 4 supply the multiplexed 
addressl data bus. 

Figure 15 shows a no-glue 8096/87C257 interface. The 
8096's EA (External Access) and Buswidth pins are 
tied to ground. This tells the controller that program­
memory accesses are from external EPROM and that 
the external data bus is 8 bits wide. 

Port 3 supplies multiplexed address/data information. 
Its pins are connected to the 87C257's AO-7 and DO-7 
pins. Port 4 supplies addresses AS-15. Its pins are con­
nected to AS-14 and CEo The EPROM is selected 
whenever AI5 is low (addresses OOOOh - 7FFFh), 
which encompasses the 8096's boot-up and vector loca­
tions. RD and ALE are connected to the 87C257's OE 
and ALE/VPP pins. 
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Figure 15. An 87C257 enhances the powerful 8096. 
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68C257 

The microcomputer industry has a standard for memo­
ry and peripheral interfaces which dictates chip-enable 
and output-enable polarities. Customers using non­
standard-bus controllers asked Intel to provide a "no­
glue" EPROM for their applications - the 68C257. 

CE-;------1 """""= 

A14 
A13 
A12 
All 
Al0 

A9 
AS 

Like Intel controllers, 68xx-family uCs use multiplexed 
address/data pins. However, they differ in two signifi­
cant ways. First, 68xx controllers use high-memory ad­
dresses for reset- and interrupt-vectors. Since A 15 is 
high during vector accesses, it can't be connected di­
rectly to a standard EPROM's CE - an inverter is 
required. Second, read and write controls are functions 
of R/W and E (clock output). Fortunately, EPROMs 
don't require combinational logic to decode R/W and 
E. The active-high E output can sim...£!y be inverted be­
fore connecting it to an EPROM's OE input. 

AlE/Vpp~-----1~---I 

The 32K-byte 68C257 EPROM's inputs contain latch­
es, just like the 87C257. The 68C257 also internally 
inverts CE and OE. Figure 16 shows the 68C257's 
block diagram. Figure 17 shows a no-glue 68C257/ 
68xx interface. 
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292045-17 

Figure 16. 68C257 functional diagram. 
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Figure 17. The 68C257 is the "no-glue" EPROM for alternate-architecture micrcontrollers. 

SUMMARY 

The best system design is small in size, easy to manu­
facture, highly reliable, and cost effective. Components 
that simplify the design process add even more value to 
the system. 

Intel's latched EPROMs reduce chip count and board 
space, enhance performance, increase reliability, mini­
mize design time, and simplify microcontroJler systems. 
Latched EPROMs are available in popular 64K- and 
256K-bit densities, and a version is available that will 
provide a "no-glue" interface to virtually any micro­
controller architecture. 
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Tel: (408) 743-3300 tHamliton/Avnet Electronics TWX: 710-862-1861 TWX: 910-762-0684 
TWX: 910-339-9332 8765 E. Orchard Road Norcross 30071 

~~:~~~~~~'~Wo~~r8r . NEW HAMPSHIRE 
tHamllton/Avnet Electronics Suite 708 ... 1: (404) 448-1711 
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San Diego 92123 Tel: (303) 740-1017 Tel: (301) 290-8150 Manchester 03103 Tel: (619) 571-7500 TWX: 910-935-0787 ILLINOIS TWX: 710-828-9702 Tel: (603) 668-6968 
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tWyle Distribution Group Arrow Electronics. Inc. tPioneerfTechnologles Group. Inc. TWX: 710-220-1684 
tHamilton/Avnet Electronics 451 E. 124th Avenue 1140 W. Thorndale 9100 Gaither Road tHamilton/Avnet Electronics 
9650 Desoto Avenue Thornton 80241 Itasca 60143 Gaithersburg 208n 444 E. Industrial Drive 
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DOMESTIC DISTRIBUTORS (Contd.) 

NEW JERSEY tPioneer Electronics tHamllton/Avnet Electronics tPioneer Electronics Zenlronics 
68 Corporate Drive 12121 E. 51.1 S1., Suile 102A 18260 Kramer Bay No.1 

tArrow Electronics, Inc. Binghamton 13904 Tulsa 74146 Austin 78758 3300 14th Avenue N.E. 
Four East Stow Road Tel: (607) 722-9300 Tel: (918) 252-7297 Tel: (512) 835-4000 Calgary T2A 6J4 
Unit 11 'TWX: 510-252-0893 TWX: 910-874-1323 Tel: (403) 272-1021 
Marlton 08053 

Pioneer Electronics OREGON tPloneer Electronics BRITISH COLUMBIA Tel: (609) 596-8000 
'TWX: 710-897-0829 40 Cser Avenue 

tAlmac Electronics Corp. 
13710 Omega Road tHamiiton/Avnet Electronics Hauppauge 11787 Dallas 75234 105·2550 Boundary 

tArrow Electronics Tel: (516) 231-9200 1885 N.W. 169th Place Tel: (214) 386-7300 BurmaJay V5M 3Z3 Beaverton 97005 'TWX: 910-850-5563 Tel: (604) 437-6667 6 Century Drive tPioneer Electronics Tel: (503) 629-8090 

~:r:S~~7)~J_~1>o ~o~~~~s;~~:n~~s~~~t 11797 
'TWX: 910-467-8746 tPioneer Electronics Zentronics 

5853 Point West Drive 108-11400 Bridgeport Road 
Tel: (516) 921-8700 tHamilton/Avnet ElectroniCS Houston 77036 Richmond V6X 1 T2 tHamiitonJAvnet Electronics 'TWX: 510-221-2184 6024 S.W. Jean Road Tel: (713) 988-5555 Tel: (604) 273-5575 1 Keystone Ave., Bldg. 36 Bldg. C, Surte 10 'TWX: 910-881-1606 'TWX: 04-5077-89 Cherry Hill 08003 tPioneer Electronics Lake Oswego 97034 

Wyle Distribution Group MANITOBA Tel: (609) 424-0110 840 Fairport Park Tel: (503) 635-7848 'TWX: 710-940-0262 Fairport 14450 'TWX: 910-455-8179 1810 GreenVIlle Avenue Zentronics Tel: (716) 381-7070 Richardson 75081 60-1313 Border Unit 60 tHamiiton/Avnet Electronics 'TWX: 510-253-7001 Wyle Distribution Group Tel: (214) 235-9953 
¥{!r(~~4~ ~g~_10:5~ 10 Industrial 5250 N.E. Elam Young Parkway 

Fairfield 07006 
NORTH CAROLINA Suite 600 

UTAH Tel: (201) 575-5300 Hrllsboro 97124 ONTARIO 'TWX: 710-734-4388 tArrow ElectroniCS, Inc. Tel: (503) 640-6000 Arrow ElectroniCS Arrow Electronics, Inc. 
tMTI Systems Sales 5240 Greensdairy Road 'f1IVX: 910-460-2203 1946 Parkway Blvd. 36 Antares Dr. Raleigh 27604 Salt Lake City 84119 Nepean K2E 7W5 37 Kulick Rd. Tel: (919) 876-3132 PENNSYLVANIA Tel: (801) 973-6913 Tel: (613) 226-6903 Fairfield 07006 'TWX: 510-928-1856 
Tel: (201) 227-5552 

Arrow Electronics, Inc. tHamiltonJAvnet Electronics Arrow Electronics, Inc. 
tHamiiton/Avnet Electronics 650 Seco Road 1585 West 2100 South 1093 Meyerside 

tPioneer Electronics 3510 Spring Forest Drive Monroevrlle 15146 Salt Lake City 84119 Mississauga LST 1 M4 
45 Route 46 Raleigh 27604 Tel: (412) 856-7000 Tel: (801) 972-2800 Tel: (416) 673-7769 
Pinebrook 07058 Tel: (919) 878-0819 'TWX: 910-925-4018 'TWX: 06-218213 
Tel: (201) 575-3510 'TWX: 510-928-1836 Hamilton/Avnet Electronics tHamilton/Avnet Electronics 'TWX: 710-734-4382 

~k~~e:~[;~t~~~~O~\~~ ~f~~.P. Inc. 
2800 Liberty Ave. Wyle Distributron Group 6845 Rexwood Road 
Pittsburgh 15238 1325 West 2200 South Units 3-4-5 
Tel: (412) 281-4150 Suite E Mississauga L4T lR2 NEW MEXICO Charlotte 28210 West Valley 84119 Tel: (416) 677-7432 Tel: (919) 527-8188 Pioneer Electronics Tel: (801) 974-9953 'TWX: 610-492-8867 Alliance Electronics Inc. 'TWX: 810-621-0366 259 Kappa Drive 

11030 Cochlli S.E. Prttsburgh 15238 
WASHINGTON 

Hamilton/Avnet Electronics 
Albuquerque 87123 OHIO Tel: (412) 782-2300 6845 Rexwood Rd., Unit 6 
Tel: (505) 292-3360 'TWX: 710-795-3122 tAl mac Electronics Corp. Mississauga L4T 1 R2 
'TWX: 910-989-1151 Arrow Electronics, Inc. 14360 S.E. Eastgate Way Tel: (416) 277-0484 

7620 McEwen Road tPioneer{Technologies Group, Inc. 
Bellevue 98007 tHamiiton/Avnet Electronics Hamilton/Avnet Electronics Centerville 45459 Delaware Valley 
Tel: (206) 643-9992 190 Colonnade Road South 2524 Baylor Drive S.E. Tel: (513) 435-5563 261 Gibralter Road 'TWX: 910-444-2067 Nepean K2E 715 Albuquerque 87106 'TWX: 810-459-161 I Horsham 19044 

Tel: (613) 226-1700 Tel: (505) 765-1500 
tArrow Electronics, Inc. 

Tel: (215) 674-4000 Arrow Electronics, Inc. 'TWX: 05-349-71 'TWX: 910-989-0614 'TWX: 510-665-6778 19540 68th Ave. South tZentronlcs 6238 Cochran Road 
Ken198032 Solon 44139 

TEXAS Tel: (206) 575-4420 8 Tilbury Court 
NEW YORK Tel: (216) 248-3990 Brampton L6T 3T 4 

'TWX: 810-427-9409 
tArrow Electronics, Inc. tHamiltonJAvnet Electronics Tel: (416) 451-9600 

tArrow ElectroniCS, Inc. 14212 N.E. 21st Street 'TWX: 06-976-78 
3375 Brighton Henrietta tHamiiton/Avnet Electronics 3220 Commander Drive 

Bellevue 98005 tZentronics Townline Rd. 954 Senate Drive Carrollton 75006 
Tel: (206) 643-3950 155 Colonnade Road Rochester 14623 ~:r(5~ ~:~~-6733 Tel: (214) 380-6464 'TWX: 910-443-2469 Unit 17 

~;t~~~-~~~ 
'TWX: 910-860-5377 

Nepean K2E 7K1 'TWX: 810-450-2531 
tArrow ElectronIcs, Inc. Wyle Distribution Group Tel: (6'13) 226-8840 

15385 N.E. 90th Sireet 
Arrow Electronics, Inc. Hamilton/Avnet Electronics 10899 Kmghurst 

Redmond 98052 Zentronics 4588 Emery Industrial Pkwy. Suite 100 60-1313 Border SI. 20 Oser Avenue Warrensville Heights 44128 Houston 77099 Tel: (206) 881-1150 
Winnipeg R3H 0/4 Hauppauge 11788 Tel: (216) 349-5100 Tel: (713) 530-4700 Tel: (204) 694-7957 Tel: (516) 231-1000 'TWX: 810-427-9452 'TWX: 910-880-4439 WISCONSIN 'TWX: 510-227-6623 
QUEBEC 

tHamiiton/Avnet Electronics tArrow Electronics, Inc. Arrow ElectroniCS, Inc. tArrow Electronics Inc. Hamilton/Avnet 777 Brooksedge Blvd. 2227 W. Braker Lane 200 N. Patrick Blvd., Ste. 100 4050 Jean Talon Quest 933 Motor Parkway Westerville 43081 Austin 78758 Brookileld 53005 Montreal H4P 1 W1 Hauppauge 11788 Tel: (614) 882-7004 Tel: (512) 835-4180 Tel: (414) 767-6600 
Tel: (514) 735-5511 ~\5Jf~~t~~~ TWX: 910-874-1348 lWX: 910·262-1193 'TWX: 05-25590 tPioneer Electronics 

4433 Interpolnt Boulevard tHamilton/Avnet Electronics Hamilton/Avnet Electronics Arrow Electronics, Inc. tHamiiton/Avnet Electronics ~:r(5~ ~f~~t9900 1807 W. Braker Lane 2975 Moorfand Road 500 Avenue St-Jean Baptiste 
333 Metro Park Austin 78758 New Berlin 53151 Suite 280 . 
Rochester 14623 'TWX: 810-459-1622 Tel: (512) 837-8911 Tel: (414) 784-4510 Quebec G2E 5R9 
Tel: (716) 475-9130 'TWX: 910-874-1319 'TWX: 910-262-1182 Tel: (418) 871-7500 'TWX: 510-253-5470 tPioneer ElectroniCS FAX: 418-871-6816 4800 E. 131st Street tHamiiton/Avnet Electronics Hamilton/Avnet Electronics tHamilton/Avnet Electronics Cleveland 44105 2111 W. Walnut Hill Lane CANADA 2795 Halpern 103 Twin Oaks Drive Tel: (216) 587-3600 

~~I~~2~~~~O-6111 St. Laurent H2E 7K1 Syracuse 13206 'TWX: 810-422-2211 
Tel: (514) 335-1000 Tel: (315) 437-0288 'TWX: 910-860-5929 ALBERTA 'TWX: 610-421-3731 'TWX: 710-541- I 560 OKLAHOMA 

tHamilton/Avnet ElectroniCS HamiitonJAvnet Electronics Zentronics 
tMTI Systems Sales Arrow Electronics, Inc. 4850 Wright Rd., Suite 190 2816 21s1 Streel N.E. B17McCaffrey 
38 Harbor Park Drive 1211 E. 51st SI., Suile 101 Stafford 77477 Calgary T2E 6Z3 St. Laurent H4T 1 M3 
Port Washington 11050 Tulsa 74146 Tel: (713) 240-7733 Tel: (403) 230-3586 Tel: (514) 737-9700 
Tel: (516) 621-6200 Tel: (918) 252-7537 'TWX: 910-881-5523 'TWX: 03-827-642 'TWX: 05-827-535 

tMicrocomputer System Technical Distributor Center 



DENMARK 

Intel Denmark AlS 
Glentevej 61, 3rc:! Floor 
2400 Copenhagen NV 
m~:(t~5~~1) 19 80 33 

FINLAND 

Intel Finland QY 
Ruosilantie 2 
00390 Helsinki 
Tel: (358) 0 544 644 
Tl.X: 123332 

FRANCE 

Intel Corporation S.A.R.L. 
1. Rue Edison-B? 303 
78054 St. Quentin-en-Yvelines 
Cedex 
Tel: (33) (1) 30 57 70 00 
TLX: 699016 

EUROPEAN SALES OFFICES 
WEST GERMANY ISRAEL NDRWAY 

Intel Semiconductor GmbH* Intel Semiconductor Ltd.1II: Intel Norway NS 
Dornacher Strasse 1 Atidim Industrial Park-Neve Sharet Hvamveien 4-PO Box 92 
8016 Feldkirchen bel MUenchen P.O. Box 43202 2013 SkJetten 
Tel: (49) 089190992·0 Tel·AvIv 61430 Tel: (47) (6) 842420 
TLX: 5·23177 Tel: (972) 03-498080 TLX: 78018 

TLX: 371215 
Intel Semiconductor GmbH 
Hohenzollern Strasse 5 
3000 Hannover 1 

ITALY SPAIN 

Tel: (49) 0511/344081 Intel Corporation ltalia S.p.A.1II: Intel Iberia SA 
TLX: 9-23625 Mllanofiori Palazzo E Zurbaran,28 

20090 Assago 28010 Madrid 
Intel Semiconductor GmbH Milano Tel: (34) (1) 308.25.52 
Abraham Uncaln Strasse 16-18 +~: (~~1 ~~ 89200950 TLX: 46880 
6200 Wiesbaden 
Tel: (49) 06121/7605.() 
TLX: 4·186183 NETHERLANDS SWEDEN 

Intel Semiconductor GmbH Intel Semiconductor B.V,· Intel Sweden A.B.'" 
Zetlachring 10A 
7000 Stuttgart 80 

Postbus 84130 
3099 CC Rotterdam 

Dalvagen 24 
17136 Solna 

Tel: (49) 0711/7287-280 
TLX: 7-254826 

Tel: (31) 10.407.11.11 
TLX: 22283 

Tel: (46) 8 734 01 00 
TLX: 12261 

SWITZERLAND 

Intel Semiconductor A.G. 
ZUerichstrasse 
8185 Winkel-RueH bei Zuerich 
Tel: (41) 01/860 62 62 
TLX: 825977 

UNITED KINGDOM 

~~~~~,ff.0ratlon (UK) Ltd. * 
SWindon, ~iltshire SN3 1 RJ 
Tel: (44) (0793) 696000 
TLX: 444447/8 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA Tekelec-Airtronic ITALY Dttram ~~~~~e~:b:~~:ms 
Bacher Electronics G.m.b.H. 

Cite des Bruyeres 
Intest 

Avenlda Miguel Bombarda, 133 
Rue Carle Vemet - BP 2 1000 Usboa • Western Road 

Rotenmuehlgasse 26 92310 Sevres Divislone m Industries GmbH Tel: (35) (1) 54 53 13 Bracknell RG121RW 
1120Wien Tel: (33) (1) 45 34 75 35 Vlale Mtlanofiori TLX: 14182 Tel: (44) (0344) 55333 
Tel: (43) (0222) 83 56 46 TLX: 204552 Palazzo E/5 Tl.X: 847201 
TLX: 31532 ~~g~~~j~31 SPAIN 

WEST GERMANY Jermyn 
BELGIUM TLX: 311351 ATD Electronica, S.A. Vestry Estate 

Inelco Belgium S.A. Electronic 2000 AG Lasl Elettronica S.pA Plaza Ciudad de Viena, 6 OHord Road 

Av. des Croix de Guerra 94 Stahlgruberring 12 V. Ie Fulvlo Testl, 126 28040 Madrid Sevenoaks 
1120 Bruxelles 8000 Muenchen 82 20092 Cinlsello Balsamo (MI) • Tel: (34) (1) 23440 00 Kent TN14 5EU 

?lo~ga~~~:rnlaan, 94 
Tel: (49) 089/42001-0 Tel: (39) 02/2440012 TLX: 42477 Tel: (44) (0732) 450144 
TLX: 522561 Tl.X: 352040 ITT-SESA TLX: 95142' 

Tel: (32) (02) 216 01 60 ITT Multikomponent GmbH Telcom S.r.l. ~~roMJla~e~t"gel. 21-3 MMD TLX: 64475 or 22090 PosHach 1265 Via M. Civilali 75 Unit 8 SouthvIew Park 
Bahnhofstrasse 44 20148 Milano Tel: (34) (1) 419 09 57 Caversham 

DENMARK 7141 Moegllngen Tel: (39) 02/4049046 TLX: 2746t Readln~ . 
ITT-Multikomponent 

Tel: (49) 07141/4879 TLX: 335654 . Metrologla Iberica. SA. Berkshire RG4 OAF 
TLX: 7264472 Tel: (44) (0734) 481666 Naverland 29 ITT Multicomponents etra. de Fuencarral, n.80 

2600 Glostrup Jermyn GmbH Viale Milanofiorl E/5 28100 Alcobendas (Madrid) TLX: 846669 
Tel: (45) (0) 245 66 45 1m Dachsstueck 9 ~~~~~8~~j~31 

Tel: (34) (1) 653 8611 
Rapid Silicon TLX: 33355 6250 limburg Rapid House Tel: (49) 06431/508·0 TLX: 311351 SWEDEN Denmark Street 

-FINLAND TLX: 415257-0 
Silverstar Nordlsk Elektronlk AB High Wycombe 

OV Flntronic AS Metrologle GmbH Via Dei Gracchi 20 Torshamnsgatan 39 . BuckinijhamShlre HP11 2ER 
Melkonkatu 24A Meglingerstrasse 49 20146 Milano Box 36 +~: (~~7~~94) 442266 
00210 Helsinki 8000 Muenchen 71 Tel: (39) 02/49961. 164 93 Kista 
Tel: (358) (0) 6926022 Tel: (49) 089/78042.() TLX: 332189 Tel: (46) 08·03 46 30 

Rapid Systems TLX: 124224 TLX: 5213189 TLX: 10547 
NETHERLANDS Rapid House 

FRANCE 
Proelectton Vertrlebs GmbH SWITZERLAND Denmark Street 
Max Planck Strasse 1-3 Koning en Hartman Elektrotechniek High Wycombe 

Almex 6072 Dreieich B.V. Industrade A.G. Buckinghamshire HP11 2ER 
Zone industrielle d'Antony Tel: (49) 06103/30434·3 Energieweg 1 Hertislrasse 31 Tel: (44) (0494) 450244 
48, rue de l'Aubeplne TLX: 417903 2627 AP Delft 8304 Wallisellen TLX: 837931 
BP 102 Tel: (31) (0) 151609906 Tel: (41) (01) 8328111 
92164 Antony cedex IRELAND TLX: 38250 TLX: 56788 

YUGOSLAVIA 
:::~i~gbbU7 46 66 21 12 ~I;~ag~~~c~t~ark NORWAY TURKEY 

Nordisk Elektronikk (Norge) NS H.R. Microelectronics Corp. 
Jermyn-Generim Glenageary Postboks 123 EMPA Electronic 2005 de la Cruz Blvd., Ste. 223 
60, rue des Gemeaux Co. Dublin Smedsvingen 4 Lindwurmstrasse 9SA Santa Clara. CA 95050 
SIIIc580 Tel: (21) (353) (Ot) 85 63 25 1364 Hvalstad 8000 Muenchen 2 U.S.A. 
94653 Rungis cedex TLX: 31584 Tel: (47) (02) 84 62 10 Tel: (49) 089/53 SO 570 Tel: (1) (408) 988·0286 
Tel: (33) (1) 49 78 49 78 Tl.X: 77546 TLX: 528573 TLX: 387452 
TLX: 261585 ISRAEL 

Rapido Electronic Components 
Metrologle Eastronlcs Ltd. PORTUGAL UNITED KINGDOM 

S.p.a. 
Tour d'Asnleres 11 Rozanis Street ATD Portugal LDA Accent Electronic Components Ltd. Via C. Beccaria. 8 
4, avo Laurenl~Cely P.O.B.39300 Rua Dos Lusiados, 5 Sala B Jubilee House, Jubilee Road 34133 Trieste 
92606 Asnieres Cedex Tel-Aviv 61392 1300 Usboa Letchworth. Herts SG6 HL . ltalla 
Tel: (33) (1) 47 90 62 40 Tel: (972) 03-475151 Tel: (35) (1) 64 80 91 Tel: (44) (0462) 686666 Tel: (39) 040/360555 
TLX: 611448 TLX:33638 Tl.X: 61562 TLX: 826293 TLX: 480461 

*Field Application Location 



AUSTRALIA 

Intel Australia Pty. Ltd.'" 
Spectrum BUlIdint 

~~~:sa~:;t~EI 200~ 6 
Tel: 612-957-2744 
FAX: 612-923-2632 

BRAZIL 

Intel Semicondutores do Brazil LTDA 
Av. Paulista. 1159-CJS 404/405 
01311 - Sao Paulo· 5.P. 
Tel: 55·11-287-5899 
TLX: 39111531461SDB 
FAX: 55-11-287-5119 

• CHINA/HONG KONG 

Intel PRC Corporation 
15/F, Office 1, Citic Bldg. 
Jlan Guo Men Wal Street 
Beijing, PRC 
Tel: (1) 500-4850 
TLX: 22947 INTEL CN 
FAX: (1) 500-2953 

Intel Semiconductor Ud.'" 
1 OIF East Tower 
Bond Center 
Queensway, Central 
Hong Kong 
Tel: (5) 8444-555 
TLX: 63869 ISHLHK HX 
FAX: (5) 8681-989 

INTERNATIONAL SALES OFFICES 
INDIA 

Intel Asia Electronics, Inc. 
4/2, Samrah Plaza 
8t. Mark's Road 
Bangalore 560001 
Tel: 011-91·8t2·215065 
TLX: 9538452875 DCBV 
FAX: 091-812-215067 

JAPAN 

Intel Japan K.K 
5-6 Takodai, Tsukuba·shi 
Ibara!<i, 300-26 
Tel: 0298-47-8511 
TLX: 3656-160 
FAX: 029747-8450 

Intel Japan K.K.* 
Bldg. Kumagaya 
2-69 Hon-cho 
Kumagaya·shl, Saitama 360 
Tel: 0485-24·6871 
FAX: 0485-24-7518 

Intel J~an K.K. * 

~~~~hi~:~~O~sr:~~~~~~ Bldg. 
Kawasaki-shi. Kanagawa 211 
Tel: 044-733-7011 
FAX: 044-733-7010 

~i~~~aG~~~~tsU9i Bldg. 
1-2-1 Asahi-machl 
Atsugl-shl, Kanagawa 243 
Tel: 0462-29·3731 
FAX: 0462-29-3781 

Intel Japan K.K.'" 
Ryokuchi-Ekl Bldg. 
2-4-1 Terauchl 
~~r:O~::-6i-~io~saka 560 
FAX: 06-863-1084 

Intel Japan K.K. 
Shlnmaru Bldg. 
1-5-1 Marunouchi 
Chiyoda·ku, Tokyo 100 
Tel: 03-201-3621 
FAX: 03·201-6850 

Intel Japan K.K. 
Green Bldg. 
1-16-20 Nishikl . 
Naka-ku, Nagoya-shl 
Aichl450 
Tel: 052-204-1261 
FAX: 052-204-1285 

KOREA 

Inlel Technology Asia, Ltd. 
16th Fleer, Life Bldg. 
61 Voido-dong, Voungdeungpo-Ku 
Seoul 150-010 
Tel: (2) 784-8186, 8286, 8386 
TLX: K29312INTELKO 
FAX: (2) 784-8096 

SINGAPORE 

Intel Singapore Technology, Ltd. 
101 Thomson Road #21-05{06 
United Square 
Singapore 1130 
Tel: 250-7811 
TLX: 39921 INTEL 
FAX: 250-9256 

TAIWAN . 

Intel Technology Far East Ltd. 
8th Floor, No. 205 
Bank Tower Bldg. 
Tung Hua N. Road 
Taipei 
Tel: 886-2-716·9660 
FAX: 886-2-717·2455 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA 

DAFSVS S.R.L. 
Chacabucc, 90.£ PISO 
106g-Buenos Aires 
Tel: 54-1-334-7726 
FAX: 54-1-334·1871 

AUSTRALIA 

Email Electronics 
15-17 Hume Street 
Hunllngdale, 3166 
Tel: 011.£1-3-544-8244 
TLX: M30895 
FAX: 011·61-3-543-8179 

NSD-AustraJia 
205 Middleborough Rd. 
Box Hill, Victoria 3128 
Tel: 03 8900870 
FAX: 03 8990819 

BRAZIL 

Elebra Microelectronica S.A. 
Rua GeraIdo Flausina Gomes, 78 
10th Floor 
04575 - Sao Paulo· S.P. 
Tel: 55-11·534-9641 
TLX: 55·11-54593/54591 
FAX: 55-11-534-9424 

CHILE 

DIN Instruments 
Suecia 2323 
Casilla 6055, Correo 22 
Santiago 
Tel: 56-2-225·8139 
TLX: 240.846 RUD 

CHINA/HONG KONG 

Novel Precision Machinery Co., Ltd. 

~~~·f,02~~':~~elin~ir:!~g· 
N.T., Kowloon 
Hong Kong 
Tel: 852.Q-4223222 
1WX: 39114 JINMI HX 
FAX: 852-0-4261602 

*Field Application Location 

INDIA 

Micronic Devices 
Arun Complex 
No. 65 D.V.G. Road 
Basavanagudi 
Bangalore 560 004 
Tel: 011-91-812-600-631 

011·91-812·611·365 
TLX: 9538458332 MDBG 

Mlcronic Devices 
No. 516 5th Floor 
Swastik Chambers 
Sion, Trombay Road 
Chembur 
Bombay 400 071 " 
TLX: 9531 171447 MDEV 

MlcronlC Devices 
25{8, 1 st Roor 
Bada Bazaar Marg 
Old RaJlnder Nagar 
New Delhi 110 060 
Tel: 011·91-11-5723509 

011-91-11-589771 
TLX: 031-63253 MDNO IN 

Micronlc Devices 
6-3..a48/12A Dwarakapuri Colony 
Hyderabad SOO 482 
Tel: 011-91-842-226748 

S&S Corporation 
1587 Kooser Road 
San Jose, CA 95118 
Tel: (408) 978-6216 
TLX: 820281 
FAX: (408) 978-8635 

JAPAN 

Asahl Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakita-ku 
Kitakyushu-shl 802 
Tel: 093-511·6471 
FAX: 093-551-7861 

C. Itoh Techno-Science Co., Ltd. 
4-8-1 Dobashi, Miyamae-ku 
Kawasaki-shi, Kanagawa 213 
Tel: 044-852-5121 
FAX: 044-877-4268 

Dia Semicon Systems, Inc. 
Flower Hill Shlnmachi Higashl-kan 
1-23-9 Shinmachl, Setagaya-ku 
Tokyo 154 
Tel: 03-439·1600 
FAX: 03-439-1601 

Okaya Kokl 
2-4-18 Sakae 
Naka-ku, Nagoya-shl 460 
Tel: 052-204-2916 
FAX: 052-204-2901 

Ryoyo Electro Corp. 
Kcnwa Bldg. 
1-12-22 Tsukiji 
Chuo-ku, Tokyo 104 
Tel: 03-546-5011 
FAX: 03-546-5044 

KOREA 

J-Tek Corporation 
6th Floor, Government Pension Bldg. 
24-3 Voido-dong 
Voungdeungpo-ku 
Seoul 150·010 
Tel: 82-2-780-8039 
TLX: 25299 KODIGIT 
FAX: 82-2-784-8391 

Samsung Electronics 
150 Taepyungro-2 KA 
Chungku, Seoul 100-102 
Tel: 82·2·751-3985 
TLX: 27970 KORSST 
FAX: 82-2'753-0967 

MEXICO 

SSB Electronics, Inc. 
675 Palomar Street, Bldg. 4, Suite A 
Chula Vista, CA 92011 
Tel: (619) 585·3253 
TLX: 287751 CBALL UR 
FAX: (619) 585-8322 

Dicopel S.A. 
TochtJl368 Frace. Ind. San Antonio 
Azcapolzalcc 
C.P. 02760·Mexico, D.F. 
Tel: 52-5-561-3211 
TLX: 177 3790 Dicome 
FAX: 52-5-561·1279 

PSI de Mexico 
Francisco Villas Esq. AJusto 
Cuemavaca-Morelos-CEP 62130 
Tel: 52-73-13-9412 
FAX: 52-73-17-5333 

NEW ZEALAND 
Email Electronics 
36 Olive Road 
Penrose, Auckland 
Tel: 011·64·9-591-155 
FAX: 011-64·9-592-681 

SINGAPORE 
Electronic Resources Pte, Ltd. 
17 Harvey Road #04.Ql 
Singapore 1336 
Tel: 283.QBB8 
1WX: 56541 ERS 
FAX: 2895327 

SOUTH AFRICA 
ElectronIc Building Elements 
178 Erasmus Street (off Watermeyet Street) 
Meyerspark, Pretoria, 0184 
Tel: 011-2712-803-7680 
FAX: 011-2712-803-8294 

TAIWAN 
Micro Electronics Co~oration 
f;p~~,7 R~~ Shen ast Rd. 

Tel: 886-2-501-8231 
FAX: 886-2-505-6609 
Sertek 
15/F 135, SeClion 2 
Chien Juo North Rd. 
Taipei 10479, R.O.C. 
Tel: (02) 5010055 
FAX: (02) 5012521 

(02) 5058414 

VENEZUELA 
P. Benavides S.A. 
Avllanes a Rio 
Residencia Kamarata 
Lccales 4 AL 7 
La Candelaria, Caracas 
Tel: 58-2-574-8338 
TLX: 28450 
FAX: 58·2·572-3321 



intel~ 

ALABAMA 

"'Intel Corp. 
5015 Bradford Dr .. Suite 2 
Huntsville 35805 
Tel: (205) 830·4010 

ALASKA 

Intel Corp. 
c/o TransAJaska Data Systems 
300 Old Steese Hwy. 
Fairbanks 99701-3120 
Tel: (907) 452-4401 

Intel Corp. 
c/o TransAlaska Data Systems 
1551 Lore Road 

~~~~~~~e5~~N76 

ARIZONA 

*Intel Corp. 
11225 N. 28th Dr. 
Suite 0-214 
Phoenix 65029 
Tel: (602) 869-4980 

*Intel Corp. 
500 E. Fry Blvd .• Suito M-15 
Sierra Vista 85635 
Tel: (602) 459-5010 

CALIFORNIA 

tlnlal Corp. 
21515 Vanowen St.. Ste. 116 

¥:r:(8f8j"{~~~gg 
"'Intel Corp. 
2250 E. Imperial Hwy .. Ste. 218 
EI Sogundo 90245 
Tel: (213) 640-6040 

"'Intel Corp. 
1900 Prairie City Rd. 
Folsom 95630-9597 
Tel: (916) 351-6143 

1-800-468-3548 

Intel Corp. 
9665 Cheasapeake Dr., Suite 325 
San Diego 92123-1326 
Tel: (619) 292-8086 

"""Intel Corp. 
400 N. Tustin Avenue 
Su~e 450 
Santa Ana 92705 
Tel: (714) 635-9642 

CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 97(}t7oo 

1-800-421-0386 

DOMESTIC SERVICE OFFICES 
~*tlntel Corp. 
San Tomas 4 

KANSAS NEW YORK 

2700 San Tomas Exp., 2nd Floor *Intel Corp. *tlntel Corp. 
Santa Clara 95051 10985 Cody. Sune 140 2950 Expressway Dr. South 
Tel: (408) 986·8086 Overland Park 66210 Islandia 11722 

Tel: (913) 345-2727 Tel: (516) 231-3300 

COLORADO 
~:~~~rguslness Center MARYLAND 

*Intel Corp. 
~1~t\l(I~~5~~ute 9 650 S. Cherry St •• Suite 915 "'·tlntal Corp. 

Denver 80222 10010 Junction Dr., Suite 200 Tel: (914) 897-3860 
Tel: (303) 321-8086 Annapolis Junction 20701 

Tel: (301) 206-2860 

CONNECTICUT 
FAX: 301-206-36n NORTH CAROLINA 

*'ntel Corp. I 

;~e~°fPa:rm Corporate Park MASSACHUSETTS 5800 Executive Dr., Ste. 105 
Charlotte 28212 83 Wooster Heights Rd. ... tlntel Corp. Tel: (704) 568-l1966 Danbury 06810 3 Carlisle Rd •• 2nd Floor 

Tel: (203) 748-3130 Westford 01886 **Intel Corp. 
Tel: (508) 692-1060 2700 Wycliff Road 

FLORIDA Suite 102 

MICHIGAN 
Raleigh 27607 

**Intel Corp. Tel: (919) 781-8022 
6363 N.W. 6th,Way. Ste. 100 *tlntel Corp. 
Ft. Lauderdale 33309 7071 Orchard Lske Rd .. Ste. 1 DO OHIO Tel: (305) 771-0600 West Bloomfield 48322 

*Intel Corp. 
Tel: (313) 651-8905 

~rt~~~O~nter Dr., Ste. 220 5850 T.G. Lse Blvd •• Sto. 340 
OManda 32822 MINNESOTA ~:r(s~~:~5350 Tel: (407) 240-8000 

"'tlntel Corp. 
*tlntel Corp. 

GEORGIA 3500 W. 80th St.. Subo 360 
25700 Scienco Park Dr .. Ste. 100 

~~f(s~2~t~~~~~~ Beachwood 44122 
"'Intel Corp. Tel: (216) 464-2736 
3280 Pointa Pkwy •• Ste. 200 
Norcross 30092 MISSOURI 
Tel: (404) 449-0541 OREGON 

;~I~~·CilYEXP .• Ste. 131 HAWAII 
Intel Corp. 

Earth CiW 63045 15254 N.W. Greenbrier Parkway 

"'Intel Corp. Tel: (314 291-1990 Building B 
Beaverton 97005 

U.S.I.S.C. Signal Batt. Tel: (503) 645.aD51 
Building T-1521 

NEW JERSEY Shafter Plats "'Intel Corp. Shafter 96856 
··Intel Corp. 5200 N.E. Elam Young Parkway 
300 Sylvan Avenue Hillsboro 97123 

ILLINOIS Englewood Cliffs 07632 Tel: (503) 681-8080 
Tel: (201) 567-0821 

·"'tlntel Co~. 
"'Intel Corp. PENNSYLVANIA 

~~~~'m~~~~n~~le7~d., Ste. 400 Parkway 109 OffIce Center 
Tol: (312) 605-8031 328 Newman Springs Road "'tlntel Corp. 

Red Bank 07701 455 Pennsylvania Ave .. Ste. 230 
Tel: (201) 747-2233 Fort Washington 19034 

INDIANA Tol: (215) 641-1000 
"'Intel Corp. 

"'Intel Corp. 280 Corporate Center tlntel Corp. 
87n Purdue Rd., Ste. 125 75 Uvlngston Ave., 1 st Floor 400 Penn Center Blvd .• Ste. 610 
Indianapolis 46268 Roseland 07068 Pittsburgh 15235 
Tel: (317) 875-0823 Tel: (201) 740-0111 Tel: (412) 823-4970 

CUSTOMER TRAINING CENTERS 
ILLINOIS 

300 N. Martingale Road 
Suite 300 
Schaumburg;0173 

Tel: \~gg~21~~ 

MASSACHUSETTS 

3 Carlisle Road, First Floor 
Wesflord 01886 
Tel: (301) 220-3380 

l-l100-328-D386 

MARYLAND 

10010 Junction Dr. 
Su~e200 
Annapolis Junction 20701 
Tel: (301) 206-2860 

1-800-328-0386 

Intel Corp. 
1513 Cedar Cliff Dr. 

¥.r~r~1 ~mko 
PUERTO RICO 

Intel Corp. 
South Industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733-8616 

TEXAS 

Inial Corp. 
8815 Dyer St .. Su~e 225 
EI Paso 79904 
Tel: (915) 751-0186 

"'Intel Corp. 
313 E. Anderson lane, Suite 314 
Austin 78752 
Tel: (512) 454-3628 

**tlntel Corp. 
12000 Ford Rd .. Suite 401 
Dallas 75234 
Tel: (214) 241-8087 

;~~I ~wr:Freeway. Ste. 1490 
Houston n074 
Tel: (713) 988-8086 

UTAH 

Intel Corp. 
428 East 6400 South. Ste. 104 
Murray 84107 -
Tel: (801) 263-8051 

·VIRGINIA 

;\l:1 ~.:e.: Rose Rd •• Sto. 108 
Richmond 23288 
Tel: (804) 282-5668 

WASHINGTON 

"'Intel Corp. . 
155 loath Avenue N.E., Ste. 386 
Bellevue 9SD04 
Tel: (206) 453-8086 

CANADA 
ONTARIO 

Intel Semiconductor of 
canada. Ud. 
2650 Queensvlew Dr., Ste. 250 
Ottawa K2B SH6 
Tol: (613) 829-9714 
FAX: 613·82(}5936 

Intel Semiconductor of 
Canada, Ud. 
190 Attwell Dr .• Sto. 102 
Rexdalo Maw 6HS 
Tel: (416) 675-2105 
FAX: 416-675-2438 

SYSTEMS ENGINEERING MANAGERS OFFICES 
MINNESOTA 

3500 W. 80th Street 
Suite 360 
Bloomington 55431 
Tel: (612) 835-6722 

tSystem Engineering locations 
·Carry-in locations 

"''''carry-In/mall-In locations 

NEW YORK 

2950 Expressway Dr •• South 
Islandia 11722 
Tel: (506) 231-3300 




