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Single-Chip Circuit Delivers Direction

Information in Encoders

Incremental-rotation or linear encoders are very common, but normally
they don’t provide a direction signal. This design shows an easy way to
detect forward or reverse direction.

Excel Formula Calculates Standard 5% Resistor Value
When using a spreadsheet to calculate circuit values, determining
“standard” component values for use in subsequent calculations can
produce more accurate results. This approach will also result in real-life
solutions to your circuit designs. When 5% resistors will suffice, this Excel
solution provides values that can directly be used for a material list.

Automotive Power-Conditioning

Circuit Eliminates Power-Hold Relay

Automotive electronic control applications require robust input power
conditioning. Circuitry must absorb 100-V transients on the one
hand, while providing a stable dc bus for a few hundred milliseconds
after the ignition is switched off on the other. The use of high-energy
transient absorbers usually meets the former requirement, while an
electromechanical relay handles the latter. This circuit offers novel
solutions for both requirements.

Simple Strategy Safely Connects
Transformerless-Supply Circuits

Low-power circuits commonly use transformerless power supplies.
However, using earth grounds in many of these circuits creates a serious
problem that’s often ignored. This design safely connects transformerless-
supply circuits.
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INCREMENTAL-ROTATION OR LINEAR
encoders are very common, but nor-

mally they do not provide a direction
signal. This design shows an easy way
to detect forward or reverse direction.

Incremental encoders normally pro-
vide two output signals, usually named
Channel A and Channel B. These sig-
nals deliver both clock information,
depending on resolution, and rotating
speed. They differ only in phase margin
(for example, —90° for clockwise and
+90° for counter clockwise).

The circuit in Figure 1 uses these
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1. The direction discriminator circuit is based on a dual monostable multivibrator, which can be a
metal-gate, 74HC, or 74HCT type depending on the speed required by the application.
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2. This scope printout shows the behavior of the circuit when the encoder
shaft is moved a little between clockwise and counter-clockwise. Channel |
is In Channel A (U1 pin 4). Channel 2 is In Channel B (pin 13). Channel 3
is Out Forward (pin 6). Channel 4 is Out Reverse (pin 10).

signals as inputs to a 4538 single-
chip, dual monostable multivibrator.
Depending on the speed required for
the application, the IC could be a metal-
gate device, a 74HC, or a 74HCT type.

The feedback from one of the out-
puts to an input is used to avoid re-trig-
gering. This isn’t strictly necessary but
helps to keep the pulse duration con-
stant. On the other hand, an important
function is to trigger forward pulses
from one edge of the input signal and reverse pulses from the
other edge of that signal (Fig. 2).

This is why the same mechanical position, or slot edge of the
encoding wheel, delivers, for instance, a positive edge in the
forward direction and a negative edge in reverse. So if a design
uses the same electrical edge for triggering, the result will be a
hysteresis in changing the direction of one encoder slot width,
which is normally one half of the rated encoder resolution (Fig.
3). This can create accuracy problems that get even worse if
the encoder is mechanically jittering (vibrating) around the
clocking edge.

The designer should use care in determining the output pulse
duration of the monostables. If medium scale integrated (MSI)
logic counters like the *193 are used, 200 ns will be enough, but
sometimes a microprocessor using its interrupt inputs counts
the forward and reverse signals. This requires a pulse length of
at least the maximum MCU interrupt response time.

In many cases, this may be pulse lengths of some tens of
microseconds as in the circuit of Figure 1, where the pulse
width, tpp g = 50 ps. Once the pulse length is known, the maxi-
mum speed is determined by:
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mately 5 kHz (Fig. 4). The circuit won’t
totally stop working if overdriven in fre-
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the Hochschule Furtwangen University. 3. This circuit using a D flip-flop can cause inaccuracies at the point of reversing the direction, espe-
cially when the encoder is jittering (vibrating) around the clocking edge.
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4. These scope traces show the circuit’s response when the encoder’s 5. Resistors Rl and R2 in the direction discriminator circuit can be
shaft turns clockwise at near maximum speed. The channels are the same removed with only minor changes to the circuit’s response. Again, the
as in Figure 2. scope’s traces are the same as those in Figure 2.

ELECTRONIC DESIGN GO TO WWW.ELECTRONICDESIGN.COM



IdeasForDesign

ANDREW TOTH | andy@jacat.com

Excel Formula Galculates
Standard 3% Resistor Value

WHEN USING A spreadsheet to calculate circuit values, deter-
mining “standard” component values to be used in subsequent
calculations can produce more accurate results. This approach
will also result in real-life solutions to your circuit designs.
When 5% resistors will suffice, the Excel solution below will
provide values that can directly be used for a material list.

The general formula to calculate standard resistor values is
given below. The results are then rounded to the proper num-
ber of significant figures (3 for 1% and 2%, 2 for 5%):

r=d*10"™  1i=0, 1,2, toN-1
where d = decade multiplier (0.1, 1, 10, etc.) and N = number
of values per decade. For the 1% resistor, the value of N = 96,
for 2% N =48, and for 5% N = 24.

This formula is true for 1% and 2% standard resistors, but
the 5% resistors do not track exactly. In fact, a full one-third
of the 5% “preferred” values deviate from the formula. There-
fore, the solution to this problem is not elegant like the Excel
solution for the 1% resistor described in “Excel Formula Cal-
culates Standard 1% Resistor Values” (see http://electron-
icdesign.com/article/components/excel-formula-calculates-
standard-1-resistor-value.aspx).

The simple Excel formula below determines the nearest 5%
standard resistor value by comparison without using a lookup
table or a macro. A preliminary calculation is needed to deter-
mine the decade multiplier.

Type the preliminary calculation formula below into cell
B1, then type the final calculation formula into any cell other
than Al. The formula will calculate the nearest 5% resistor
for the value in cell Al. Be sure when copying the formula
to other cells that both preliminary and final calculations are
replicated. The preliminary calculations can be hidden by col-
lapsing the column.

Preliminary calculation in cell B1:
=10"NINT(LOG(A1))

Final calculation in any cell:

=IF(A1=0,0,
IF((A1/B1)<1.05,1*B1,
IF((A1/B1)<1.15,1.1#B1,
IF((A1/B1)<1.25,1.2#B1,
IF((A1/B1)<1.4,1.3*B1,
IF((A1/B1)<1.55,1.5%B1,
IF((A1/B1)<1.7,1.6¥B1,0)))))+
IF((A1/B1)<1.7,0,
IF((A1/B1)<1.9,1.8*B1,
IF((A1/B1)<2.1,2#Bl,
IF((A1/B1)<2.3,2.2*B1,
IF((A1/B1)<2.55,2.4*B1,
IF((A1/B1)<2.85,2.7#B1,
IF((A1/B1)<3.15,3*B1,0)))))+
IF((A1/B1)<3.15,0,
IF((A1/B1)<3.45,3.3*B1,
IF((A1/B1)<3.75,3.6*B1,
IF((A1/B1)<4.1,3.9%B1,
IF((A1/B1)<4.5,4.3*B1,
IF((A1/B1)<4.9,4.7%B1,
IF((A1/B1)<5.35,5.1%B1,0))+
IF((A1/B1)<5.35,0,
IF((A1/B1)<5.9,5.6*B1,
IF((A1/B1)<6.5,6.2*B1,
IF((A1/B1)<7.15,6.8*B1,
IF((A1/B1)<7.85,7.5*B1,
IF((A1/B1)<8.65,8.2*B1,
IF((A1/B1)<9.55,9.1*B1,10¥B1)))))))

Note: Type this formula into the spreadsheet cell as a con-
tinuous entry without carriage returns. £

ANDREW TOTH retired as a senior systems engineer in
1999. having spent 30 years with the former GTE Hawaiian
Telephone Company. He earned his BSEE from the
University of Hawaii in 1969 and obtained his PE license
from the State of Hawaii in 1975.
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Automotive Power-Gonditioning Gircuit
Eliminates Power-Hold Relay

AUTOMOTIVE ELECTRONIC CONTROL applications require robust
input power conditioning. The circuitry must absorb 100-V
transients on one hand, while providing a stable dc bus for a
few hundred milliseconds after the ignition is switched off,
so the CPU has the time to write logged data into EEPROM
before going off. The use of high-energy transient absorb-
ers usually meets the former requirement, while an electro-
mechanical relay handles the latter.

The circuit described here offers novel solutions for both
requirements. It replaces the costly and bulky transient absorb-
ers with an electronic switch and the electromechanical relay
with a simple RC timer that sustains the dc bus for a preset
amount of time after the ignition is switched off.

The 12-V dc battery bus enters the power-conditioning stage
through the reverse-polarity protection diode, D1 (see the figure).
Electronic switch Q2 is the heart of the circuit block responsible
for bus-transient protection. Transistors Q1 and Q3 form a logic
block that switches Q1 on and off under different conditions.

Under normal conditions, when the ignition switch is kept on,
Q3 stays on and also maintains Q2 on. Q1 is usually off and turns
on only when the bus voltage exceeds 33 V dc, governed by the
32-V zener, Z1 (under transient and other overvoltage situations).

When the ignition key is turned off, Q3 stays on for a time
governed by RS, C2, and R6 to hold Q2 on. Since Q2 is directly
connected to the battery through D1, the circuit remains pow-
ered as long as Q3 and, hence, Q2 is on.

However, the CPU senses the ignition off condition through
one of its inputs and starts performing “cleanup” operations,
such as storing the data logged in RAM to EEPROM during

the breather provided to it by the R5-C2-R6 delay circuitry.
This clever scheme obviates the need for the electromechanical
relay that’s usually used, reducing cost and eliminating cum-
bersome wiring.

During an overvoltage/bus transient condition exceeding 33
V dc, QI turns on due to the 32-V dc zener in its base circuit. It
switches off Q2, protecting the load-circuit from high voltages.

A tricky situation arises when a transient arrives while the
CPU is logging its data in RAM under normal operation. Q2
will switch off and power to CPU will disappear, requiring a
power-on reset when the transient goes away and Q2 restores
the power. This is highly undesirable since it would interfere
with the integrity of the data being written in RAM.

This problem can be addressed by putting the CPU to sleep
during the transient period (usually a few hundred millisec-
onds) and waking it up when the transient goes away. Doing
this avoids a hard reset under such situations.

Capacitor C8 keeps the CPU alive during the sleep mode. An
extremely low CPU current avoids draining C8 during the tran-
sient period, avoiding a CPU power-reset. The CPU can also
turn off output power drivers during the transients to protect
them from high current spikes. %4

VISHWAS VAIDYA is an assistant general manager of the
electronics division at Tata Motors Ltd. He is based in Pune,

India. He holds a master's degree in control engineering from
the Indian Institute of Technology. New Delhi, India.
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This power-conditioning circuit for an automotive electronic control unit replaces bulky transient absorbers with an electronic switch, Ql, and an electro-

mechanical relay with an RC timer circuit, R5-C2-Ré6.
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Simple Strategy Safely Gonnects
Transformeriess-Supply Gircuits

LOW-POWER CIRCUITS COMMONLY use S
transformerless power supplies. How-
ever, the use of earth grounds in many of
these circuits creates a serious problem
that is often ignored.

The very popular Microchip Applica-
tion Note AN954 shows a circuit ground
(0 V), but the reference is silent about Gl
whether it can be connected to the main (
power supply’s earth ground.! Similarly, S
Apex Technology’s Application Note 35
describes circuits that cannot be inter-
faced safely and legitimately with any
external test equipment.

The reasons for these problems are not difficult to see. In the
former (AN954), the transformerless power supply’s circuit
ground has high voltages with reference to neutral, and con-
necting it to earth would cause a dangerous situation. There-
fore, connecting any external equipment whose circuit ground
is connected to earth would be downright dangerous.

In the latter (Note 35), the transformerless power supply’s
circuit ground is connected to neutral, so connecting any exter-
nal equipment to the circuit (such as an oscilloscope to trou-
bleshoot the circuit) would violate wiring regulations in most
countries and usually cause the circuit breaker to trip if the
external equipment has its circuit ground connected to earth.

One solution might be to try to insert a small resistor
between the circuit ground in question and the earth ground of
the external equipment. This prevents the mains circuit breaker
from tripping and technically avoids violating wiring regula-
tions, but it causes a new problem—noise between the earth
and neutral lines. This noise gets into the circuit, defeating the
purpose of the earth connection. Usually, the result is that the
earth ground is, quite simply, rendered unusable.

A simple workaround to this problem assumes that the
transformerless circuit’s ground is tied to neutral, which is the
much more popular and preferred strategy for transformer-
less power supplies (see the figure). The circuit is nothing
fancy. It’s a simple differential amplifier, but its use in this
specific context is innovative. It illustrates how a signal from
equipment A can safely and reliably be fed into equipment B
irrespective of which one has the problematic circuit ground.

For example, A could be a signal generator feeding into a
transformerless circuit, B, in which case G1 is earth, and G2
is neutral. If B is an oscilloscope being used to troubleshoot
a transformerless circuit, A, G1 is neutral, and G2 is earth.
Either way, G1 is A’s circuit ground and G2 is B’s circuit
ground, as well as the op-amp circuit’s ground.

The gain at both op-amp inputs is equal and opposite, so the
earth-neutral noise (which is the noise at G1 with respect to
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A simple op-amp circuit placed between a transformerless circuit with a ground tied to neutral and a
circuit with an earth ground will eliminate the safety and noise problems associated with such connec-

G2) cancels out completely and does not appear at the input of
B. Effectively, the circuit allows for the safe use of both neutral
and earth terminals by making the neutral-earth noise voltage
appear as a common-mode signal at the op-amp input. This
simple strategy overcomes the two problems described above.

Any general-purpose, unity-gain stable JFET-input op amp
with a low offset voltage will work. (¥
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For more on this Idea for Design, see Anoop’s Analysis by

Anoop Hegde with the online version of this article at www.
electronicdesign.com.

RAMKUMAR RAMASWAMY is chief scientist at Audesine,

Bangalore, India.
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