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EDN is pleased to announce this year’s $1500 grand-prize
winner for Design Ideas: Art Hogrefe of State College, PA, a
consultant who specializes in communications and analog-
circuit design. He takes the honor for “Inverted bipolar tran-
sistor doubles as a signal clamp,” which was published in
EDN’s Nov 9, 2000, issue. In case you missed it the first time
around, you can read all about it below.

In Hogrefe’s innovative idea, he uses a bipolar transistor
in an inverted configuration as a rectifier, or clamp, with low
forward voltage. He offers a meticulously thorough com-
parison of the characteristics of the transistor versus those
of a germanium diode. The idea of using bipolar transis-
tors in an inverted mode is not new: these devices were pop-

ular as low-offset switches in R/2R ladder networks in D/A
converters in the 1960s and 1970s. In his eminently useful
Design Idea, Hogrefe takes the application a step further and
thoroughly characterizes the bipolar transistor’s attributes
as a low-offset clamp and rectifier. Check it out for your-
self.

And be sure to send us your own Design Idea. EDN pub-
lishes about 150 Design Ideas per year, and each one is au-
tomatically entered into a best-of-issue and year-end com-
petition. You can find guidelines at www.ednmag.com/
ednmag/write_di.htm along with a coupon to email sub-
missions or use the coupon on pg 152 to submit your ideas
by mail.

Neat idea nets $1500 
in EDN’s yearly Design Ideas contest

ideasdesign
Edited by Bill Travis and Anne Watson Swager

Anumber of circuits, such as level
detectors and AM demodula-
tors, benefit from a rectifier

with a low offset voltage. Silicon diodes
have an offset of approximately 0.6V and
do not work well in low-level circuitry. A
Schottky diode is a bit better with an off-
set of approximately 0.4V. A few germa-
nium diodes are still available, but they
do not tolerate the temperature range of
silicon. Also, you can’t include a germa-
nium diode in an IC. A superior config-
uration uses a bipolar transistor for these
applications.

Figure 1 shows the bipolar-inverted-
clamp circuit and a typical transfer func-
tion. The collector connects to ground or
any other desired reference voltage. A
fixed current drives the base. In the ab-
sence of any external drive, the emitter
voltage is near zero. Driving the emitter
with an external voltage produces the
transfer function in Figure 1.
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Inverted bipolar transistor 
doubles as a signal clamp
Art Hogrefe, Puma Instrumentation, State College, PA

The bipolar inverted clamp (a) has an excellent rectification characteristic (b) because of the
2N3904’s large forward-beta-to-reverse-beta ratio.



The circuit achieves this excellent rec-
tification characteristic by using a
transistor with a large forward-
beta-to-reverse-beta ratio. Many of these
transistors are still available. The 2N3904
provides excellent characteristics at a low
cost. The reverse beta of the 2N3904 is
only 0.25, so that for positive voltage on
the emitter, and, with 40 mA of base drive,
the emitter, current is around 10 mA. This
current is sufficient in most level-detector
applications for which the ac input am-
plitude changes slowly.

The emitter current at even small neg-
ative voltages is much greater than in the
inverted region because the forward beta
of the 2N3904 is greater than 100. Im-
pedance is low up to the beta-limited for-
ward current, at which point the imped-
ance increases to approximately the value
of R

1
/beta. Figure 2 shows the forward-

transistor emitter current of the 2N3904
and the forward current of the 1N34
germanium point-contact diode. The
logarithmic current scale shows
the impressive response of the
2N3904 at small voltages.

Figure 3 shows the output as a level de-
tector for the two clamps. The transistor
circuit that produced these results is sim-
ilar to the demodulator in Figure 4 ex-
cept the base drive is 40 mA. For the
1N34, the anode connects to ground, and
the cathode connects to the input capac-
itor in place of the transistor’s emitter.
Figure 3 shows that the two configura-
tions have similar responses to input lev-
els and that the 2N3904 has a bit less off-
set, as you would expect from Figure 2.
The output can drive a signal level me-
ter or following electronics as part of an
automatic-level-control or automatic-
gain-control loop.

The transfer function in Figure 1 also
shows a sudden increase in inverted cur-
rent at approximately 7.6V, which occurs
at the reverse breakdown voltage for the
emitter-to-base junction. Because you
know in this case that the base is near
0.6V, the breakdown voltage for the test-
ed part is near 7V. Production circuits
would have an input limit of 6.6V p-p be-
cause of the minimum specified break-
down voltage of 6V. Note that, for a small

production, such as for test equipment,
it is practical to select individual transis-
tors to slightly increase the dynamic
range. A 6V p-p input dynamic range is
sufficient in many applications.

The RF demodulator in Figure 4 has

a base drive current of 300 mA. This cur-
rent is necessary to track the RF-modu-
lation envelope and depends on the size
of the input capacitor, modulation fre-
quency, and maximum signal amplitude.
The reverse current, which is I

BASE
times
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A logarithmic scale of the 2N3904’s forward-transistor emitter current and the forward current of
the 1N34 show the impressive response of the 2N3904 at small voltages.
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When operating as demodulators, the two configurations have similar input-level responses.
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Using the inverted clamp as an AM demodulator requires a base current
of 300 mmA to track the RF-modulation envelope.

A scope photo shows the running demodulator;
the upper trace is the emitter node, and the

lower trace is the output.
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the reverse beta, must be large enough to
discharge the input capacitor at the high-
est modulation frequency and amplitude

to prevent distortion in the output wave-
form. Figure 5 shows the running de-
modulator with the upper trace at the

emitter node and the lower trace at the
output.
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Many stepdown (buck) dc/dc-con-
verter ICs incorporate a
voltage-mode-control al-

gorithm. As a result, for stable operation
in continuous-conduction mode, the ap-
plication circuit’s output capacitor is nor-
mally a high-ESR tantalum type for two
reasons. The portion of output ripple due
to ESR provides the current-mode signal
that’s necessary for cycle-to-cycle stabil-
ity. In the frequency domain, this capac-
itor also provides a zero that cancels a
pole in the buck converter’s second-order
LC filter, thereby shifting operation back
to the stable region by reducing the rip-
ple’s phase shift to less than 908.

The circuit in Figure 1, however, allows
the use of an inexpensive ceramic output
capacitor. To remove the effects of
phase lag in the feedback loop, the
circuit derives feedback from the L

X
pin,

via the first-order RC filter comprising R
1

and C
FF

instead of the output. Connect-
ing the tail of C

FF
to the output node in-

stead of to ground, as you would for a
normal filter, provides a fast “feedfor-
ward” load-transient response.

A ceramic-capacitor circuit offers sev-
eral benefits over a standard application
circuit. First, ceramic capacitors are more
reliable than tantalum capacitors. Sec-
ond, ceramic capacitors are more readily
available than tantalum types. Third, ce-
ramic capacitors cause output ripple of
less than 5 mV p-p versus more than 20
mV p-p (Figure 2). For this circuit, the

load-transient overshoot is also lower:
less than 50 mV p-p versus more than 100
mV p-p.

IC
1
, a stepdown dc/dc converter with

an internal synchronous rectifier that
supplies a fixed 1.8 or 1.5V output at 250
mA from an input range of 2.7 to 5.5V,
needs 20 mV p-p or more at its output
pin for stable operation under load. To

meet this requirement, calculate the val-
ue of R

1
:

Per the data sheet for the MAX1734,
V

OUT
is 1.5 or 1.8V, L

1
is 10 mH, T

MIN
is 0.4

IC1
MAX1734

R1
5k

INPUT
2.7 TO 5.5V

2.2 mF
COUT
4.7 mF
X5R

ON
OFF

SHDN
OUT

LXIN
OUTPUT
1.8 OR 1.5V
AT 250 mA

L1, 10 mH

CFF
10 nF
620%

 RL, 0.2

GND
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Stepdown converter uses 
a ceramic output capacitor
Karl R Volk, Maxim Integrated Products, Sunnyvale, CA

A stepdown dc/dc converter, which normally requires a tantalum output capacitor, can operate
with a ceramic output capacitor by deriving feedback from the LX pin via the R1/CFF filter.

Stepdown converter uses 
a ceramic output capacitor ......................154

Single printer-port pin acts 
as an encoder output ................................156

VFC makes simple 
capacitance meter ......................................158

ideasdesign

Load-transient response waveforms show that using a ceramic output capacitor produces lower
output ripple and less overshoot (a) than the standard application circuit with a tantalum output
capacitor (b).
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Encoders and decoders are com-
mon elements in alarm, re-
mote-control, and measure-

ment systems. However, most of these
devices require many I/O lines when un-
der microprocessor or PC control. For
example, the HT-12E encoder has eight
address pins, four data pins, and one
transmit-enable-control pin. As an alter-
native, you can simulate the HT-
12E using a single pin of a PC’s
printer port as the encoder output. Soft-
ware determines the functions of the en-
coder.

The HT-12E is a CMOS IC. This en-
coder serially transmits data as defined
by the state of the A

0
to A

7
and D

0
to D

3

input pints. On power-up, the D
OUT

pin
is low. The HT-12E begins a 4-word
transmission cycle on receipt of a trans-
mission enable, or TE, signal, which is
active low. The cycle repeats as long as
the TE signal is low. When TE goes high,
the encoder completes its final 4-word
transmission cycle and then stops (Fig-
ure 1).

You can preset the status of each ad-
dress or data pin independently to logic
high or low. If the TE signal is low, the en-
coder scans and sequentially transmits

the status of the 12 bits of address and
data in the order of A

0
to A

8
and D

0
to D

3

(Figure 2).
The IC encodes each logic high or low

into pulses (Figure 3). The encoder rep-
resents a logic low as a long pulse (011)
and a logic high as a short pulse (001).
Every logic bit takes three OSC periods.
The information sequentially transmits
via the D

OUT
pin.

Figure 4 shows the test circuit for a vir-
tual encoder that includes an optocou-

pler and the decoder, IC
1
. The encoder

output comes from printer Port Pin 2 of
the DB25 connector. The data port is at
address 0x378h of the PC’s LPT. R

1
lim-

its drive current from the PC’s printer
port. IC

2
’s Schmitt trigger shapes the op-

tocoupler’s output. The D
0

pin of IC
1

connects to R
2

and an LED.
According to Figure 2 and Figure 3,

one complete transmission period con-
sists of 73 OSC periods. The pilot peri-
od, which is 12 bits, is all logic low (0, 36

4 WORDS 4 WORDS

1 WORD

ENCODER
DOUT

TRANSMITTED
CONTINUOUSLY

TEF igure  1

DATA-CODE
PERIODADDRESS-CODE PERIOD

ONE-THIRD-BIT 
SYNC PERIOD

12-BIT PILOT PERIOD

F igure  2

Single printer-port pin acts as an encoder output
Haobin Dong, Huazhong University of Science and Technology, China

At power-up, the HT-12E encoder begins a 4-word transmission cycle.

One complete transmission period includes a pilot period, a bit-sync period, an address-code peri-
od, and a data-code period.
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msec, I
LOADMAX

is 250 mA, and I
OUTSENSE

is
4 mA. The result is R

1
54.3 kV for V

OUT
5

1.8V, and R
1
55.2 kV for V

OUT
51.5V.You

can therefore round R
1

to 5 kV.
Next you calculate the feedforward ca-

pacitor value:

If R
1
55 kV and V

OUT
51.5V, then

C
FF

m12 nF. Select C
FF

510 nF. Choosing
a much smaller value causes excessive
load-transient overshoot, and choosing a
larger value causes instability under
loaded conditions. For optimized load

transients, the inductor series resistance
should be as follows:

Note that this expression is the typi-
cal, not the maximum, inductor resist-
ance. In this case, the value of R

L
should

be approximately 200 mV, which allows
you to use a small inductor and causes an
approximate efficiency drop of only 3%
at maximum loads and much less at
lighter loads. Because the inductor time
constant, L

1
/R

L
, matches the feedback

time constant, R
1
3C

FF
, the short-term

load-transient response equals the dc
load regulation (Figure 2). If R

L
is less

than 200 mV, the peak-to-peak load-
transient voltage increases, but the dc-
load regulation decreases.

Finally, choose C
OUT

large enough for
stability:

where DI
L

is approximately 100 mA when
the MAX1734 operates with a 10-mH in-
ductor. In this case, C

OUT
should be

greater than 4 mF.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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OSC periods) followed by a one-third-
bit sync period (one OSC). After
those periods follows 8 bits of
address and 4 bits of data, all of which
need 36 OSC periods. Every bit of ad-
dress or data is either a “001” encoded
pulse for a  logic high or a “011” for all
other cases. A time interval exists be-
tween two pulses, and a software loop
controls the interval. Also, the interval
must be in accordance with the OSC pe-
riods of the decoder.

Software listings consist of implemen-
tation routines in Turbo C, the
main code for determining the
delay time, and a test-program site. You
can download the listings from EDN’s
Web site, www.ednmag.com. Click on
“Search Databases” and then enter the
Software Center to download the file for
Design Idea #2713. The delay time,T_de-
lay, is a global variable in the codes. The
variables T_min, T_max, and T_step are
properly predefined based on the PC. Af-
ter you compile and execute the delay-
time program, the T_delay value is read
when the LED starts to flash. The value
for the current design and the PC is 1000.
Compile and run the test program, and

you will observe that the LED continues
to flash until you hit any key to stop the
code.
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Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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A short pulse of  “001” represents a logic high, or a “one,” and a long pulse of  “011” represents a
logic low, or a “zero.”

A test circuit includes an optocoupler and a decoder IC.

When you develop the prototype
of a circuit using capacitors
or when you replace an

old, defective capacitor with a new one,
you often need to know the value of the
capacitor you use or replace. At times, the
values printed on the capacitors are no
longer readable. Also, the wide tolerance
band of the capacitors can leave you mak-
ing a wild guess about the capacitor val-
ue. In these situations, you normally go
looking for an LCR bridge of a DMM
with a capacitance-measurement facility.
Not all DMMs have this feature, and find-
ing the capacitance value from an LCR
bridge is a cumbersome process.

An alternative is a simple, low-cost
VFC (voltage/frequency converter) with
a few inexpensive components (Figure
1). This circuit can measure capacitance
values of nanofarads to tens of micro-
farads. The output transfer function is

where V
IN

is in volts, R
1

and R
2

are in
ohms, and C is in farads. For IC

1
, with an

input range of 0 to 10V, the output of the

9 10
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VFC makes simple capacitance meter
K Suresh, Indira Gandhi Centre for Atomic Research, Kalpakkam, India

A simple VFC uses its internal reference to produce a serial pulse train whose frequency is inverse-
ly proportional to unknown capacitance CX. Options for measuring the VFC’s output include: using a
frequency counter, using a DMM with a frequency-measurement feature, and hooking the output to
a PC parallel port through simple counters and buffers.

,Hz
C)RR(10

V
F

21

IN
OUT ×+

=
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VFC is a serial pulse train in the frequency range of 0 to 150
kHz with a nonlinearity error of less than 0.05%.

In normal operation of the VFC, you provide a V
IN

of 0 to
10V and choose R

1
and R

2
such that you get V

IN
/(R

1
1R

2
), a cur-

rent range of 0 to 1 mA to obtain a good linearity between V
IN

and F
OUT

. However, in this design, there is no external input to
the VFC. Instead, the design exploits an internal reference volt-
age, V

REF
, by simply connecting the V

REF
output to the V

IN
in-

put. To avoid the possibility of loading the reference source,
you can also apply V

REF
to V

IN
through a buffer. Also, you can

use an external voltage input from a constant voltage source,
such as a battery, and connect it, as the dotted lines in the fig-
ure indicate.

To measure an unknown capacitance value, you connect the
capacitor between terminals A and A’ very close to the VFC.
With V

IN
5V

REF
51.00V and R

1
1R

2
trimmed to 1 kV, the re-

sulting output of the VFC is a serial pulse train whose frequency
varies inversely with the value of the unknown capacitance C

X

as follows:

You use the R
3
and R

2
trims to obtain calibrations at the high-

er and lower ends of the capacitance range, respectively. Thus,
after due calibration, a 1-Hz output of the VFC indicates the
unknown capacitance as 100 mF, and the maximum output of
the VFC, 150 kHz, indicates that the capacitance is approxi-
mately 0.6 nF. If you want to increase the measurable capaci-
tance range, you use a VFC with a wider output-frequency
range, such as 0 to 1 MHz. In this case, you must take care of
the parasitic capacitances.

You can measure the output of Figure 1’s circuit in a num-
ber of ways. One simple and direct approach is to use a simple
frequency counter or a low-cost DMM with a frequency-meas-
uring feature. Thus, the simple VFC becomes a handy capaci-
tance interface for your DMM to enable you to measure the ca-
pacitance. Alternatively, you can also use a programmable
counter, such as the Intel 8254, which is available in most PC
add-on cards. One more approach is to attach a simple 16-bit
counter, such as the CD4040 and CD4520, to your printer port
using the necessary buffering and control (Reference 1). In the
last two cases, you can exploit a special BIOS interrupt, INT1Ch
of your PC, without affecting its normal service routine to pro-
vide a measuring window of 1 second. During the measuring
window, the serial output of the VFC drives a counter. A the
end of the measuring window, the counter contents transfer
to the PC, and you manipulate the data to display the unknown
capacitance value directly on the PC’s screen.

Reference
1. “Use your printer port as a high-current ammeter,” EDN,

July 6, 2000, pg 144.
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