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Actual microcontrollers have 
powerful bidirectional I/O 

ports, and you can use different tech-
niques to fully exploit such capabili-
ties. Recent Design Ideas described 
the “Charlieplexing” method as an 
effective way to drive M5N3(N21) 
LEDs using only N bidirectional I/O 
ports and N resistors (references 1 
and 2). Unfortunately, using Char-
lieplexing allows you to drive only 
one LED at a time, so, when using 
a large number of LEDs, only a tiny 
slice of time is available to multiplex 
each LED: TDRIVE5T/M, where T 
is the PWM excitation period. As a 
consequence, to obtain a given aver-
age current and bright LEDs, you must 
excite them with a current M times 
higher, and you can’t usually obtain 
such peak currents from the micro-
controller port.

This Design Idea describes “Chipi-
plexing,” a method in which you need 
to add only N cheap, bipolar transis-
tors. This circuit uses PNP types, but 
you can also use NPN devices. (The 
term Chipiplexing comes from my nick-
name, Chipi.) The benefits pay the 

additional cost because you can simul-
taneously drive N21 LEDs, thereby 
reducing peak currents N21 times.

Figure 1 shows the approach for 
N53 and M56, but you can use the 
same criteria for different values of N; 
in this case, you can simultaneously 
drive two LEDs. The current-limit-
ing resistors connect in parallel with 

the base and emitter of the added 
PNP transistors, and all the collec-
tors connect to ground. If you set one 
of the microcontroller ports to zero, or 
ground, the respective PNP transistor 
has a grounded base, and its emitter is 
at a fixed voltage—typically, 0.7V. You 
can excite every LED whose cathode 
connects to this emitter through the 
remaining ports. If you set the port to 
one, the battery voltage, the LED turns 
on; if you set the port to high imped-
ance, the LED turns off.

Table 1 shows how there are now 
nine possible combinations of the 

“Chipiplexing” efficiently drives multiple 
LEDs using few microcontroller ports
Guillermo Jaquenod, La Plata, Argentina
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Figure 1 With Chipiplexing, you 
need to add only N cheap, bipolar 
transistors to simultaneously drive 
two LEDs.

Table 1 Nine possible useful port combinations to drive LEDs
A B C D1 D2 D3 D4 D5 D6

VBAT Ground High impedance Yes No No No No No

High impedance VBAT Ground No Yes No No No No

Ground VBAT High impedance No No Yes No No No

High impedance Ground VBAT No No No Yes No No

VBAT High impedance Ground No No No No Yes No

Ground High impedance VBAT No No No No No Yes

Ground VBAT VBAT No No Yes No No Yes

VBAT VBAT Ground No Yes No No Yes No

VBAT Ground VBAT Yes No No Yes No No



three microcontroller ports: the six 
available when using Charlieplexing 
to drive one LED at a time and three 
new combinations to drive two LEDs 
at a time. The microcontroller port 
grounds the transistor’s base. This ac-
tion fixes a junction-drop voltage at 
the emitter and collects and sinks all 
the LED currents to ground without 
overconstraining the microcontroller 
port, which has to sink only the tran-
sistor’s base current plus 0.7V per resis-
tor. Each of the other ports set to the 

battery voltage needs to source only 
one LED current.

With Charlieplexing, two resis-
tors are in the LED-current path; 
in this case, however, you can eas-
ily compute the limiting resistors as 
R5(VBAT2VLED20.7)/ILED, where VBAT 
is the battery voltage, VLED is the LED 
voltage, and ILED is the desired LED 
current. The benefits are more notice-
able as the number of LEDs increases. 
For N55, with 20 LEDs, this approach 
gives 20% of the total time to drive 

each LED, instead of only 5% of the 
time using Charlieplexing.EDN
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TEC (thermoelectric-cooler) 
temperature-control systems 

often have limited stability. The causes 
of these limitations are the thermal 
properties of the system, not the per-
formance of the control electronics. 
Real-world thermal-control systems 
incur nonzero thermal impedances in 
the heat-transfer paths between the 
TEC; the thermal load, which is the 
object of thermostasis; the temperature 
sensor—for example, a thermistor; and 
the ambient temperature.

If the ratios of these impedances 
don’t balance, then even perfect ther-
mostasis of the sensor’s temperature 
doesn’t equate to adequate stability of 
the load’s temperature. The circuit in 
Figure 1 provides a thermoelectronic 
design that directly measures the heat 
flux through the TEC and then uses 
the measurement to better estimate 
and cancel the effects of thermal im-
pedances. Its operation is based on the 
fact that the total voltage that every 
TEC develops is the sum of two com-
ponents: an ohmic component propor-
tional to drive current and the Seebeck 
voltage, VS, which is proportional to 
the temperature difference across the 
TEC and, therefore, to heat flux. 

In this circuit, however, the drive 
current switches to zero approximately 
every 100 msec because of the asym-
metrical sample-pulse waveform that 
multivibrator S2/S3 generates. Each 
sample pulse turns off 5V transistor Q1, 
which isolates the Seebeck voltage and 
allows its sampling through S1 and stor-
age capacitor C1 to hold it. The duty 
factor of the sampling pulse, which the 
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Achieve precision temperature control 
with TEC Seebeck-voltage sampling
W Stephen Woodward, Chapel Hill, NC
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Figure 1 This circuit periodically sets the thermoelectric cooler’s drive current to 
zero, sampling the Seebeck voltage and holding it in a storage capacitor to achieve 
stable temperature control with real-world heat sinks and thermocouples.
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Passive current shunts for mea-
suring the value of current flow-

ing through a relatively small-value re-
sistor often have a full-scale voltage 
drop of 60 mV for higher-power equip-
ment and 200 mV for electronic in-
struments. Similarly, simple current-to-
voltage converters, in which the mea-
sured current flows through a sensing 
resistor, often have even higher voltage 
drops. In some cases, however, the volt-
age drop between the input terminal 
and the ground must be as low as pos-
sible; 0V—independent of the value 
of measured current—is ideal. If your 
application requires this feature, you 
can use the current-to-volt-
age converter in Figure 1.  
In this circuit, resistor R1 
serves as a classic current-
sensing resistor, on which 
the instrumentation ampli-
fier senses the measured cur-
rent, resulting in the voltage 
drop. The instrumentation 
amplifier, along with R1, not 
only serves as an inverting 
current-to-voltage convert-
er, but also creates a volt-
age through a resistive net-
work at Point B. This volt-
age is equal in magnitude 
to a voltage drop on R1 and 
has the opposite polarity to 
DVR1. The net result is that 
the value of voltage at Input 

A is theoretically 0V, regardless of the 
magnitude and polarity of the current 
flowing into the input.

The design uses the Analog Devic-
es (www.analog.com) AD8223 instru-
mentation amplifier because it has a de-
fault voltage gain of five; this value re-
mains close to the ideal one with high 
precision. The typical gain error at the 
default value of gain is 0.03%, and the 
worst-case error is 0.1% for the B-grade 
IC (Reference 1). For gain of five and 
R1 and R2 having the same value, you 
can derive that the value of R3 is two 
times that of R2 for a 0V drop at Input 
A (Figure 2). Resistors R1, R2, and R3 

in Figure 1 should be high-precision, 
low-temperature-coefficient types. In 
the experimental circuit with a value 
of 20V for R1 and R2, there is an input-
referred-current zero shift of 0.8 mA, 
and the voltage drop at Input A varies 
by 0.27 mV at a 1-mA input current. 
Similar slope of negative-voltage vari-
ations occurs at Input A for negative-
input current. The transfer constant, 

or transresistance, of the circuit is: 
(DVOUT)/(DIIN)525R.

Thus, for instance, an input 
current of 1 mA causes the volt-
age of 2100 mV to appear at the 
output. Because the output-cur-
rent capability of the AD8223 is 
approximately 2.5 times higher 
for sinking output current than for 
sourcing current, the input scale 
can be higher for positive currents 
by a factor of 2.5. You can further 
increase the scales for both posi-
tive and negative currents by in-
creasing the supply voltages from 
65V to 612V; you can also use 
12V and 25V. If your design re-
quires an even higher input cur-
rent, place a precision voltage 
buffer, having appropriately high 
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R1-to-R2 ratio sets, is less than 10% to 
avoid significantly reducing the TEC-
drive capability of the circuit.

You apply the acquired Seebeck sig-
nal to the R3/R4/R5 adjustable-bridge 
circuit, which empirically determines 
the feedback ratio for both polarity 
and amplitude to provide best stabil-
ity. With proper bridge adjustment, 
you can make gradient cancellation 
nearly perfect over a wide range of 

ambient temperatures. The TEC-con-
trol circuit in Figure 1 derives from a 
previous Design Idea because it eases 
the incorporation of Seebeck sam-
pling (Reference 1). You can, howev-
er, adapt Seebeck sampling to virtually 
any TEC-drive topology. You can fur-
ther enhance the circuit in Figure 1 by 
using nonvolatile, in-circuit-program-
mable resistors for the R3/R4/R5 bridge, 
automatically optimizing gradient can-

cellation. One attractive choice is the 
Rejustor family of monolithic resistors 
from Microbridge Technologies (www.
mbridgetech.com).EDN

R e fe r e n ce
 Woodward, W Stephen, “Thermo-
electric-cooler unipolar drive achieves 
stable temperatures,” EDN, Dec 3, 
2007, pg 98, www.edn.com/article/
CA6505571.

Instrumentation-amplifier-based 
current shunt exhibits 0V drop
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia
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output-current capability, between the 
output of the instrumentation ampli-
fier and resistor R3.EDN

R e fe r e n ce
 “Single-Supply, Low-Cost Instru-

mentation Amplifier, AD8223,” Ana-

log  Devices Inc, 2008, www.analog.
com/en/prod/0,2877,AD8223,00.
html.
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Hall-effect ICs find use as prox-
imity sensors in applications 

such as proximity detection and an-
gular-velocity measurement on rotat-
ing machinery. Hall-effect devices can 
detect mechanical motion without me-
chanical contact. This noninvasive de-
tection is due to the magnetic nature 
of the Hall effect. A current flowing 
through a semiconductor in the Y di-
rection produces a negligible potential 
difference in the X direction (Figure 
1). In the presence of a magnetic field 
at a right angle to the current flow, the 
Z direction, a displacement voltage 
appears across the semiconductor in 
the X direction. This effect is the Hall 
voltage, VH.

Hall-effect ICs detect, signal-condi-
tion, and add hysteresis to the electri-
cal displacement. In essence, the devic-
es measure the electric field, which the 
magnetic field causes, across the semi-
conductor in the X direction. There-
fore, if you subject the semiconductor 
to an electric field of sufficient magni-
tude in the X direction, the Hall-effect 

device would detect the electric field, 
as well.

Internal-combustion-engine designs 
require precise control of spark timing. 
The microcontroller that controls en-
gine parameters not only changes the 
spark relation relative to the piston 
position, but also, in more advanced 
engines, requires feedback for variable 
valve timing. In addition, diagnostic 
aids and engine-troubleshooting hard-
ware can benefit from an easy way to 
measure spark timing using this novel 
approach. Even the most basic carbu-
retor adjustments on a lawnmower re-
quire a method to measure an engine’s 
revolutions per minute. Four-stroke 
small engines create a spark on every 
engine revolution. Therefore, the de-
tection of this spark is a direct indica-
tion of engine revolutions per minute.

By simply placing the Hall-effect IC 
against the spark-plug wire using the 
correct orientation, you can detect a 
spark-plug pulse using its electric field. 
Simply attach the device with electri-
cal tape to the spark-plug wire’s insu-

lation. Because the Hall-effect IC in-
corporates internal signal condition-
ing and hysteresis, no additional com-
ponents are necessary to read a basic 
frequency from the device, unlike with 
the traditional current-transformer 
method.

The circuit in Figure 2 converts the 
pulses from the Hall-effect IC into a 
dc voltage that the most basic voltme-
ter can read. The Hall-effect IC pro-
vides an open-collector output. You 
need only a pullup resistor. The sensor 
converts the series of generated pulses, 
which the LM2917 frequency-to-volt-
age converter from National Semicon-
ductor (www.national.com) converts 
to a voltage. The selection of C1 and 
R1 scales the output voltage in relation 
to the range of frequencies that the 
charge-pump section of this device will 
encounter. In the case of a four-stroke, 
single-cylinder engine, a range to 5000 
rpm is more than sufficient.

The circuit provides an output volt-
age as high as 5V and requires a bat-
tery-supply voltage of 9V. Operation is 
straightforward: By pressing the Hall-
effect IC against the spark-plug wire, 
the voltage on the DVM (digital volt-

Spark detector uses proximity
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into a dc voltage that the most basic voltmeter can read.



This Design Idea describes a 9V 
battery-voltage monitor whose 

total parts cost less than 34 cents 
(Figure 1). You configure transistor 
Q1 as a 10-mA current sink. LED1, 
a Kingbright (www.kingbrightusa. 
com) WP7104IT, is on when the 
battery voltage is good. When the 
battery voltage nears the threshold 
voltage, the LED gradually dims. It 
goes out once it reaches the thresh-
old voltage. The threshold voltage 
for this design is 7.2V, which the val-
ues of D3, LED1, and R1 determine. If 
your application requires a different 
threshold voltage, you can change 
these three components’ values. You 
can reduce the PCB (printed-circuit-
board) space this circuit requires by 

using equivalent surface-mount com-
ponents.EDN
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Configure a low-
cost, 9V battery-
voltage monitor
Paul C Florian, McKinney, TX
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meter) can readily interpret the revo-
lutions per minute. Because the mea-
surement is noninvasive, this method 
can easily perform repeated measure-
ments or analysis of multicylinder en-
gines. Measurement of automobile 
engines differs slightly. Automobile 
engines have mechanical distributors 
that spark on every other engine rev-
olution. Ignition systems without dis-
tributors and with one ignition coil per 
cylinder also spark on every other en-
gine revolution.

Because there is no electrical con-
tact with the ignition system, this cir-
cuit intrinsically provides isolation 
from the high voltage. Interfacing to 
microprocessors and microcontrollers 
thus becomes a matter of compati-
ble logic levels. The Hall-effect IC’s 
power-supply voltage is 4.5 to 24V dc, 
which enables it to work with stan-
dard 5V processors as well as automo-
tive voltages. You can interface multi-
ple sensors to provide ignition diagno-
sis and timing analysis in automotive 
applications.EDN


