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Simple circuit prevents processor latch-up

Michal Kobylecki and Wojda Wlodzimierz, MK Design, Warsaw, Poland

las Semiconductor DS1820 one-wire

digital thermometer in a multipoint
temperature-measurement system. The
DS1820 sensor allows distributed tem-
perature measurement and uses only one
wire for both data communication and
the power supply. You can easily connect
the one-wire interface to a .C (in this ex-
ample, a PIC16C63). The application ac-
commodates as many as 16 DS1820 sen-
sors in a 100m-long network, dubbed
MicroLAN by Dallas. Unfortunately, with
such long wires near high-current pow-
er cables, inductively coupled high-volt-
age peaks can cause n.C latch-up, because
the transient-voltage suppressor, D, can-
not limit the line voltage below
9.8V. The interface circuit in Fig-
ure 1 prevents such faults.

The sensor needs only one data line,
but the interface circuit in Figure 1 needs
two CPU-control signals. The first is the
inverted-output data line, connected to
transistor Q, through resistor R.. If this
line is at logic 1, the sensor’s data line
connects to ground. Otherwise, resistor
R, pulls the sensor’s data line to 5V. If the

T he circuit in Figure 1 uses a Dal-

sensor transmits data, the wC captures
the data via R,. If an overvoltage peak oc-
curs, R, prevents u.C latch-up by limiting
the current to the wC pin. During the
temperature conversion, the DS1820
needs an effective pullup circuit to pro-
vide an accurate conversion. Transistors
Q,;Q,,and R, provide an effective pullup
function, which the wC activates by
grounding the input signal to Q,.

The pullup function also improves the
rising edge of the transmitted data. If the
sensor connects to the wC through along
wire, the capacitance of the line degrades
the rising edge of the data signals, because

Simple circuit prevents processor

latch-up 107
Dual one-shot makes rising- and
falling-edge detector ..............ooew.. 108
Simple circuit measures diesel’s

rotations Per MINULE ...........ooweeeee... 108
Fast, compact routine interfaces

EEPROM O JAC oo 112
Photodetector sorts objects................... 114
Single-button lock provides

high security 116

www.ednmag.com

of the line-capacitance-R, time constant.
The short pulse from the pullup circuit
improves the signal’s rising edge. It’s ob-
vious that, when the pullup circuit turns
on, Q, must be off. However, the circuit
protects itself against unintended signal
corruption. If Q, is open, the power volt-
age does not connect to the sensor’s data
line. If you replace R, with a 1-mA cur-
rent source, you can obtain effective data
transmission with lengths as great as
500m (empirically verified). (DI #2317).

To Vote For This Design,
Circle No. 395
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A simple three-transistor circuit provide both latch-up protection and signal conditioning in this

one-wire sensor/p.C interface.

March 4, 1999 | edn 107



ARRRRRRRRRRARRNRIRIRNS
~ ®ideas

Dual one-shot makes
rising- and falling-edge detector

Santo Camonita, Catania, Italy

he design in Figure 1 is an upgrad- ‘
ed version of the circuit in a

- 4 O Vee
previous Design Idea (“Edge Figure 1 R % T16
detector runs off single supply,” EDN, : 71 PO Voo B
Dec 4, 1997, pg 140). It has fewer com- . J 14 XX
ponents, draws less current, and has i 5} RxCx(2) a O OUT1
higher input impedance. The circuit uses Co ==
a 4098 dual monostable multivibrator T Cx(1) a1 [F———0 outi
with both sections connected. The circuit 3 r1 4098
generates a pulse on both the rising and E o .
the falling edges of a signal. The duration S @HE———ooumn
of the output pulse is T=0.5R,C,. R, and o =3 B} Q2 mj—o ouT2
C, provide power-on reset. The circuit 470 nF T INO [ 1 1ro +Tr2 22
has another advantage: It provides two Vss
independent true outputs (Q1, Pin 6 and 8
Q2, Pin 10) and two independent com- O ov
plementary outputs (Q1, Pin 7 and Q2,
Pin 9). (DI #2316).
To Vote For This Design, A dual monostable multivibrator provides a convenient means of detecting a signal’s rising and
Circle No. 396 falling edges.

Simple circuit measures
diesel’s rotations per minute

David Magliocco, CDPI, Scientrier, France

a diesel engine’s rotations per

minute to accurately adjust
the idling or to compare the mo-
tor’s speed under hot and cold condi-
tions, for example. Not all cars or trucks
come with a tachometer. The scheme in POSITIVE
figures 1 and 2 allows you to measure ro- ﬁ ELECTRODE
tations per minute with a DMM or an os- l
cilloscope. In Figure 1, a piezoelectric (.
sensor and an alligator clip, fastened di- Q O °
rectly to one of the four metal fuel pipes,
detect the fuel-injection pulses. The piezo
element generates a signal that connects
to the signal-conditioning electronics in ﬁ
Figure 2 through a coaxial cable. The cir- PIEZOELECTRIC MATERIAL
cuit uses a charge amplifier.

IC,, a versatile ICL7611 chosen for its | A piezoelectric sensor and an alligator clip provide an easy means of measuring the rpm of a diesel

high input impedance, low bias current, | engine.

ou may find it useful to measure
NEGATIVE ELECTRODE I (COMPRESSION)

Figure 1

F
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and reasonable power consumption, acts ‘

as an inverting current-to-voltage
converter. C, integrates the high-
dV/dt sensor signal. R ensures that the
output of IC, is high in the absence of a
signal. You must use high values for R ,
R,, and R,. The two diodes at the input
protect the amplifier against overvoltage
spikes. R, and R, create a virtual ground,
so the circuit uses the full common-mode
input range of IC, . Figure 3 shows an os-
cilloscope trace of the amplifier’s output.
The three small peaks between the main
pulses are parasitic and come from the
injection pulses of the other cylinders.
You can fine-tune the shape of the signal
with C,. A value near 1 nF yields a smooth
signal with low amplitude; a value lower
than 100 pF gives a noisy signal with nar-
row pulses. The value for the trace in Fig-
ure 3 is 100 pE.

From one vehicle to another, the am-
plitude of the signal can vary over an ap-
proximately 2-to-1 ratio. You can’t use a
fixed threshold to shape the signal; either
the threshold is too low, and you shape
the parasitic pulses, or it’s too high, and
you obtain nothing. Thus, the signal-
conditioning method compares the peak
value to the average value: Only the main
peaks are higher than the average value.
C,and R ignore the dc component of the
charge amplifier’s output signal, and

Figure 3
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STOP MARKER: 37.4000 mSEC.
START MARKER: 33.6000 mSEC.
DELTA t: 3.80000 mSEC.
1/DELTA t: 263.158 Hz.

After conditioning, the main peaks in the sensor signal come from the cylinder under test; the sec-

ondary peaks, from the other cylinders.

transistors Q, and Q, charge C, to the
peak value of that signal. You adjust R,
and R, for a 90% ratio, which gives IC,, a
low-power CMOS comparator, a large
enough signal to shape. IC, delivers alog-
iclike signal that you can measure with
a DMM (using the frequency/period

range, or the rotations-per-minute range
on an automotive DMM), or with an os-
cilloscope. (DI #2318).

To Vote For This Design,
Circle No. 397
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A CMOS integrator and comparator condition the signal from Figure 1's sensor for interpretation by a DMM or an oscilloscope.
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Fast, compact routine interfaces EEPROM to w.C

Grzegorz Mazur, Institute of Computer Science, Nowowiejska, Poland

he code in Listing 1 provides the in-

terface between any MCS-51 family

of wCs and a 24C01a/2/4/8/16 I*C
EEPROM. The interface is purely soft-
ware-driven, so any wC port pins can
control the EEPROM. This code is ap-
proximately two times smaller and ap-
proximately 20% faster than similar rou-
tines published by Atmel Corp (www.
atmel.com). Careful coding of low-level
routines and structural optimization pro-

duce the performance improvements.
The code is tuned for a -51 running at
12 MHz, but you can also use it at lower
clock speeds. For higher speeds, you must
adjust low-level routines by inserting
“nop” instructions to match I*C-specified
timings. The maximum data rate while
reading memory content as 16-byte
blocks is as high as 8.1 kbytes/sec. With
minor modifications, you can use the
routines to interface any I’C slave device

toa-51 pC.

Listing 1 is available for downloading
from EDN’s Web site, www.ednmag.com.
At the registered-user area, go into the
“Software Center” to download the file
from DI-SIG, #2329. (DI #2329).

To Vote For This Design,
Circle No. 398

LISTING 1-1°C EEPROM-.C-INTERFACE ROUTINE
nop
DEVADDR equ  0abh ; EPROM I2C device address nop
nop
sel  bit p3.4 nop
sda  bit  p3.5 setb SDA ; 4.7us after SCL
. ; SCL & SDA high.
; register usage ret
; 0 buf ptr ; pointer to internal RAM buffer for block transfers
; rl count i byte count for block transfers send full address: ; 220 C
; r2 addr_lo ; 2-byte memory address (up to 11 bits used) “ar e
i r3 addr_hi ) acall send_devaddr ; send device address
;i r4 scratch ; used internally e fin
; send byte address
write block: ; write block from RAM to EEPROM mov  a, r2
acall send_full address sjmp soasc
je fin
whlop send_devaddr_rd: ;112 ¢
mov  a, @x0 T setb <
inc 0 send_devaddr: ;111 ¢
acall shift_out - ; Send START
je stop setb  SCL
djnz rl, wblop
sjmp stop jnb  SCL, bbsy ; Check if bus available
jnb  SDA, bbsy
write_byte: ; write single byte from ACC to EEPROM cir  SDA ; min. 4.7 us after SCL high
push acc mov  a, r3
acall send_full address rlc a
pop  acc orl a, #DEVADDR
je fin clr ; min. 4.0 us after SDA low
acall shift out ; SCL & SDA low.
simp stop ; send device id, 3 msbits of address and rw bit (from c
soasc: ;101 €
read_block: ; read block from EEPROM to RAM acail shift out
; 342 + 102 * nbytes ie stop
acall send full address fin
je  fin ret
acall send_devaddr_rd
jnc  rbl bbsy: ; bus not available
ret setb ¢
ret
rblop:
mov  a, #Offh ; input data from SDA and send ACK ; Shift out/in a byte from/to A, msb first and ACK bit from/to C
acall shift ; SCL low, SDA high on entry and exit
seth SDA
mov  @r0, a shift_in nak: ;96 C
inc 0
rbl: djnz 1, rblop ; 2 + 102 * mbytes mov  a, #0ffh ; all ones - input data from SDA
acall shift_in_nak shift_out: P95 c
mov  0r0, & setb ¢ ; 9th bit - output NAK/release SDA fo
inc  r0 shift: ;94 cC
sjmp end_read mov rd, #9 ; 8 bits + ack
- shlop:
read_random: ; read random byte from EEPROM to ACC 7 3.5 us CLK low to data valid
- L 448 C rle a ; move bit into C
acall send_full_address mov  SDA, ¢
e fin setb  SCL
nop
read current: ; read next byte from active EEPROM page to ACC nop
; 224 ¢ mov <, SDA
acall send_devaddr_rd clr  SCL min. 4 us
je fin djnz r4, shlop
acall shift_in nak ret ; ACK in C
end_read: ;10 ¢C
elr ¢ end
stop: ; Send STOP
;9cC
clr  SDA
setb SCL
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Photodetector sorts objects

Alan Erzinger, Harris Semiconductor, Palm Bay, FL

ost object-sensing systems
M have problems detecting the pres-
ence of an object. The system in
Figure 1 uses an oscillator to ease detec-
tion problems and allow sorting. The os-
cillator reduces power dissipation in the
photodiode by operating the diode at
50% duty cycle. The oscillator also en-
ables a 50% increase in the noise-filter
time constant, and it functions as a time-
base to allow object sorting. The oscilla-
tor chops the photodiode’s bias. The sig-
nal the photodetector receives is a square
wave; thus, a filter can remove optical
noise. You normally need filtering when
light shines through fans onto the optical
detector. When required, you can place a
bandpass filter in series with Q,’s output.
The oscillator frequency has two lim-
its: the response time of the phototran-
sistor and the accuracy of the object-
sensing system. Q, and Q, are connected
in a cascode configuration to minimize
the Miller effect in Q,. This connection
reduces the pair’s optical transient re-
sponse to nanoseconds, thus allowing os-

cillator periods of submicroseconds. Ob-
jects on a conveyor belt travel at relative-
ly low speeds. You can calculate their ex-
pected time in front of the photodetector,
t, from t=d/s, where s is the conveyor
speed in feet per second and d is the ob-
ject width in feet.

An object 2 in. long with a belt speed
of 3.5 ft/sec blocks the detector for 47.6
msec. If the oscillator period is 250 psec,
the object blocks the detector for ap-
proximately 200 periods, so each period
equates to 0.5% length accuracy. The sys-
tem senses two objects—one 2 in. long
and one much longer—so 0.5% accura-
cy is more than adequate. When the de-

tector is unblocked, the inverting input of

IC, is dominant, and it keeps the output
of IC, low. The low state prevents the os-
cillator’s output from reaching the
counter (IC,). Blocking the detector al-
lows C, to charge to 5V through R, and
the noninverting input of IC, becomes
dominant, starting the count. When the
detector is unblocked, the one-shot com-
prising R, , C,, and IC,, pulses IC,, with

1

R1y
10k

ICan
CD4093

-

an end-of-object pulse. The one-shot’s
trailing edge triggers the counter-reset
one-shot comprising R ,, C,, and IC,..

C,and R, form a nuisance filter that re-
jects short optical noise. The timing is
such to enable a 2-in. object to clear the
detector while both Q, and Q, are high.
When the end-of-object pulse coincides
with Q, high, Q, high, and Q, low, the
output of IC,; indicates a 2-in. object.
This situation is the only time window
that can indicate a 2-in. object. If the ob-
ject is longer than 2 in., Q, goes high, in-
dicating a large object. When the object
clears the detector, the reset one-shot re-
sets the counter for another cycle,and Q,
quickly discharges C, in preparation for
another cycle. With the component val-
ues shown, the system can sense and dis-
criminate between objects as short as 2
in., separated by 0.1 in. (DI #2325).

To Vote For This Design,
Circle No. 399
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An oscillator circuit allows a photodetector to both count and sort objects according to size.
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Single-hutton lock provides high security

Maxwell Strange, Fulton, MDD
1GURE 1 is the block diagram of
F an easily programmed, single-but-
ton combination lock. You operate
the lock by using a series of short and
long pulses from a momentary switch
that masquerades as a doorbell button.
The circuit uses inexpensive CMOS log-
ic. The retriggerable timer, T, locks out
entries made after the T, code-entry win-
dow, thereby greatly enhancing security.
The circuit in Figure 2 operates as fol-
lows: The Schmitt-trigger quad NAND
gate, IC,, debounces the code-entry
switch and, with the aid of simple ana-
log circuitry, produces separate outputs
for activation times of less than and more
than 0.3 sec. These outputs connect to the

select gate, IC_. The initial entry also sets
timer T, to enable the decoded decade
counter, IC,. Each entry clocks IC,.

As IC; steps through its counts, certain
of its output positions represent “short”
and connect to IC,’s inputs; unconnect-
ed lines represent “long” positions. This
coding arrangement sets the combina-
tion. Short pulse positions change the
address of IC, to select the short input
pulse; otherwise, IC, selects the long
pulse input. The short and long inputs,
if present in the programmed sequence,
produce an output from IC.. IC, counts
the outputs and produces an unlock
command only if it counts all pulses. The
power-on-reset circuit ensures that no

compromise of security arises under any
conditions after a power outage. The
timers are crucial to the high security of
the system. You must enter the code with-
in the 8-sec T, window. If you make a
mistake, you must wait at least 10 sec for
T, to time out before you make another
attempt. If entries occur continuously
and less than 10 sec apart, as an intruder
might try, T, continuously inhibits
counter IC,.

The lock proves to be reliable over sev-
eral years of use. The circuit in Figure 2
uses an eight-character combination,
which you can quickly enter. A short
pulse is a quick jab to the button; a long
pulse is only slightly longer. A shorter se-

2

Figure 1 LONG
LONG/
PULSE-
CODE ___ | pEBOUNCE WIDTH sort (9L pecopep |, UNLOCK
ENTER SEPARATOR|  SHORT SELECT COUNTER COMMAND
LONG/SHORT L
ADDRESS RESET 10
R-2
SEC
L1
ENTRY R
WINDOW, T; | 3
(8 SEC) - |
P cLock | pecoper [—* oR
R-l—l—li COUNTER [—5 >—] GATE
—6
/ : —7 >
FIRST ' — 8
TRIGGER :
L \/__/
RESET COMBINATION
R-2 R-1
— SET
TRIGGER CODE- (SEE TEXT)
LOCKOUT, T, TRIGGER | ENTRY
(10 SEC MINIMUM) WINDOW
TIMER
"l TIMER
(T2)
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quence would also be secure; you can im- ‘
plement a shorter code by simply

1/4 CD4093

. Figure 3
taking the unlock pulse from a g 600 mSEC
lower count on IC_. IC ’s output returns "SHORT" PULSES o
S . FROM ICy, PIN 10 |<—
low after 10 sec when T resets. If desired,

you can generate a lock command, which
need not be secure, by adding the simple U
circuit in Figure 3. (DI #2327). T
—|  f— 7msec = LOCK
COMMAND
To Vote For This Design, You can generate a lock command with this additional circuit by rapidly entering four or more
Circle No. 400 short pulses.
Ic,
Figure 2 o0
T "LONG"
14 (>0.3 SEC) ICs by ICs
340»( L. | cpeo19 T CD4011
1 16[—e16
1 pF j_: T . . _»_l_
- - . . 13 14 UNLOCK
0.082 pF g0k 9 SHORT COMMAND

3~7 mSEC

T LONG/SHORT
ADDRESS 10 pF + POWER
= LINES 7] 20V (570 15V)
E TANTALUM }( |

[ 10 (<0.3 SEC) 8
o g = >
— | 14 9 15

l;LF

20-uSEC CLOCK

DELAY
S —— COMBINATION SET
DUALTIMER | TRIGGER 22k 1000 pF  (LLSSLSSL SHOWN)
(T; AND Tp) T VW—
0 =
+ x ¢ Y=
22k € 1 *
4 14 16
1 < y Wrma
° 2 O 5 e 20V
A 4 A 4 2 <
1 12 ? ‘o ., 14 40 — TANTALUM
10m3 32 13 10 |—¢ 2220« ICs 7, 13 N\l ¢ L3 N
16 1C, V'Y €D4017 10— —17 POWER-ON
, CD4538 5 —l = 1 %o et 12 RESET
15 7 =
3
——0

o o v

7 e
T
1 8 15 IC

1 HF} _I_l wF 8 18 CD4072

R-2

NOTE: ALL DIODES=1N4148.

You program your combination by hard-wiring the IC-IC, output-to-input connections, LLSSLSSL, where L and S are long and short inputs, respective-
ly, in this example.
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