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Frequency Dependence
of Equivalent Series
Resistance Measurement

With a little encouragement from his friends, the author finds a better way to test
the equivalent series resistance of capacitors in or out of a circuit.

Doug is one of the experts behind
the counter at Gateway Electronics in St
Louis, MO." Folks from a wide area seek
his advice on repairing electronic stuff, so
Doug has seen a lot of failed electrolytic
capacitors in the past several years, (It
seems that some Chinese manufacturers
used inferior materials in the capacitors they
manufactured.)

Doug had Mark Kreske build an equivalent
series resistance (ESR) meter to check out
suspect capacitors. Mark is a college student
pursuing a degree in electronics. Mark and
I are two of Doug’s “groupies.” Doug was
troubled that Mark’s meter identified some
but not all bad capacitors. In particular, Doug
had some known bad devices on a computer
motherboard that checked okay with Mark’s
meter.

Doug set out to interest me in this
problem and gave me some bad capacitors

to evaluate. I measured the transmission of

signals through the capacitor under test as a
function of frequency with my DDS Sweep
Measurement System and saw the behavior
in Figure 1.2 A good electrolytic capacitor
of moderate value behaves like the short
circuit baseline reference over most of the
frequency range.

The results clearly show small differences
between good and bad capacitors around
100 kHz, and a substantial difference at low
audio frequencies. Strangely, all the ESR
meter designs I find on the Internet operate in

'Notes appear on page 27.

ESR Sweep into Low Resistance
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Figure 1 — Transmission through good and bad electrolytic capacitors versus frequency.

the neighborhood of 100 kHz.* 4752 This
has to be wrong!

Mark used the schematic diagram shown
in Figure 2 to build his ESR meter. This
circuit came from a meter described at
Note 3. I built the same meter, with some
simplifications, and modified it to work at
two frequencies to enable comparisons.

The first simplification is to use three
AAA cells for power rather than a regulated
5V supply.

The second simplification is to tie
the five buffer outputs together and use a

single 130 Q resistor in place of five 680 Q
resistors.

The dual frequency modification involves
changing R1 from 1 kQ to 1 MQ to lower
the operating trequency below 100 Hz.
Then I switch a | k€2 resistor in parallel with
the I MQ resistor to operate at the higher
frequency.

I increased capacitors C2 and C3 from
0.01 pF to 10 pF and C6 from 0.1 pF to
I pF in order to enable operation at the
lower frequency. C5 (0.47 pF at 400 V) is
difficult to increase. Instead, I omitted C5
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DC output until approximately 75-100 Ohms of
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Figure 2 — ESR Meter schematic diagram from the Electronics DIY website, as listed in Note 3.
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Figure 3 —ESR Meter with modifications for dual frequency operation.

by replacing it with a short circuit. The intent
of C5 is to protect the circuitry from rapidly
discharging a charged capacitor. I discharge
my capacitors prior to testing.

Figure 3 shows my final circuit. [ used a
DPDT center-OFF switch to connect three
AAA cells to provide the +4.5 V supply. One
ON position selects the 1 MC2 timing resistor
for 65 Hz operation. The other o position
shunts the 1 MQ timing resistor with the
1 k€ timing resistor for 85 kHz operation.
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This circuit, in low frequency mode,
correctly identified the known bad capacitors
on Doug’s motherboard. I suggest that ESR
meter users modify their instruments in this
manner to improve their ability to identify
bad components.
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Notes

'The Gateway Electronics web site is www.
gatewayelectronics.com/.

2Sam Green, WOPCE, “A Full Automated
DDS Sweep Generator Measurement
System — Take 2" Sep/Oct 2012 QEX, pp
14-24,

*The ESR meter that we started with is
described by Lawrence Glaister, VE7IT, on
the Electronics_DIY website at:
electronics-diy.com/electronic_
schematic.php?id=949

“An ESR meter that was first described by
Manfred Mornhinweg, XQ6FQD, is pre-
sented on the MZ Entertainment website at:
www.mzentertainment.com/studio_
workshop_test_equipment_esr_meter.
html.

Lee Davison describes a similar ESR meter
at mycorner.no-ip.org/misc/esr/esr_04.

For a description of a five transistor ESR
meter, see: www.eevblog.com/forum/
projects/5-transistor-esr-meter-
design/.

"For information about an ESR meter kit see:
www.users.on.net/~endsodds/.

SThere is an ESR meter that uses a 555 timer
IC described at: koti.mbnet.fi/fhsahko/
elek/kv/esr/index.en.shtml.

“For an ESR meter circuit that uses a resis-

tor bridge design, go to: kakopa.com/
ESR_meter/.

™

T
4

R HPSDR

TAPR is a non-profit amateur radio organization that develops new communications technology, provides useful/affordable
| hardware, and promotes the advancement of the amateur art through publications, meetings, and standards. Membership
includes an e-subscription to the TAPR Packet Status Register quarterly newsletter, which provides up-to-date news and user/
| technical information. Annual membership costs $25 worldwide. Visit www.tapr.org for more information.

TAPR is proud to support the HPSDR project. TAPR offers
five HPSDR kits and three fully assembled HPSDR boards. The
assembled boards use SMT and are manufactured in quantity
by machine. They are individually tested by TAPR volunteers to
keep costs as low as possible. A completely assembled and
tested board from TAPR costs about the same as what a kit of
parts and a bare board would cost in single unit quantities.
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20W HF/6M POWER AMPLIFIER KIT

We Design And Manufacture
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*Protoype or Production Quantities

800-522-2253
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But it could make it a lot easier!
Especially when it comes to
ordering non-standard connectors.
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Cross reference library to all major
manufacturers.,

Experts in supplying “hard to get” RF
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Qur adapters can satisty virtually any
combination of requirements between series,
Extensive inventory of passive RF/Microwave
components including attenuators,
terminations and dividers.

No minimum order.
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HPSDR is an open source hardware and software project intended to be a "next
generation" Software Defined Radio (SDR). It is being designed and developed by
representation from
worldwide. The group hosts a web page, e-mail reflector, and a comprehensive
Wiki. Visit www.openhpsdr.org for more information.

interested experimenters

* LPU Power supply kit
* MAGISTER USB 2.0 interface

HPSDR Kits
and Boards

* JANUS A/D - D/A converter
* MERCURY Direct sampling receiver
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