
Current models of spectrum ana-
lyzers routinely offer frequency

responses that begin as low as 10 Hz.
When you combine them with 1-Hz or
narrower band FFT software, expand-
ed low-frequency performance makes
the modern spectrum analyzer an in-
valuable tool for designing and debug-
ging high-performance analog circuits.
Unfortunately, a spectrum analyzer
that’s primarily for RF typically presents
an input impedance of 50�, a heavy
load when you apply it to most high-
impedance analog circuits. You can
improvise a somewhat higher imped-
ance probe by adding a 953� resistor
in series with the 50� input, but this
approach provides only a 1-k� input
impedance and reduces the measured
signal by 26 dB.

In addition, most RF-spectrum ana-
lyzers lack ac coupling, and, thus, any
dc-input component directly reaches
either the internal terminating resistor
or the front-end mixer. To maintain a
10-Hz, low-frequency response, you

must connect a coupling capacitor with
a value of at least 2 �F in series with
the 953� input probe. Although oscil-
loscopes’ input circuits can withstand
accidental probe contacts and capaci-
tive-transient overloads, using a low-
impedance, ac-coupled probe with a
spectrum analyzer can lead to destruc-
tion of the analyzer’s expensive and
possibly hard-to-replace front-end
mixer.

Although high-impedance probes are
commercially available, they’re expen-
sive to purchase and repair. This Design
Idea offers an alternative: an inexpen-
sive and well-protected unity-gain
probe that presents the same input
impedance as a basic bench oscillo-
scope and can drive the spectrum ana-
lyzer’s 50� input impedance. The
probe has a gain of 0�0.2 dB at 100
kHz. Input impedance is 1 M�, 15 pF,
and maximum input is 0.8V p-p. Load
impedance is 50�, and frequency
response is 10 Hz to 200 MHz at �3 dB.
Passband ripple is less than 1 dB p-p.

Input noise at 1 MHz is less than 10
nV/�Hz. Distortion for 0.5V p-p input
at 10 MHz is less than �75 dBc for sec-
ond-order distortion and less than �85
dBc for third order. Power requirements
are �5V at 16 mA.

You can assemble the circuit in Fig-
ure 1 in an afternoon from readily
available and inexpensive compo-
nents. The circuit’s input presents the
same characteristics as a bench oscil-
loscope—a 1-M� resistance in paral-
lel with 15 pF of capacitance. You can
also use this active probe in place of
standard 1-to-1 or 10-to-1 oscilloscope
probes, thus extending the design’s
applicability. The back-to-back silicon
diodes in the D1 clamp the input signal
to plus or minus one forward-voltage
drop, which limits signal excursions you
apply to the spectrum analyzer’s front
end, thus protecting the input mixer
from damage due to overloads and
ESD. Because most users employ the
probe and spectrum analyzer to meas-
ure small-amplitude signals and noise,

High-impedance FET probe extends 
RF-spectrum analyzer’s usable range
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Steve Hageman, Windsor, CA

Figure 1 Just a handful of parts can help extend a spectrum analyzer’s performance. This unity-gain probe emulates a stan-
dard oscilloscope probe’s 1-M� and 15-pF input characteristics and easily drives 50� loads.
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Recharging a mobile phone’s
internal battery usually occurs

under control of a proprietary charging
algorithm that resides in the baseband
controller. The charger connects to the
internal battery through a P-channel-
MOSFET switch of low on-resistance
(Figure 1). A baseband controller sup-
plies a PWM signal that drives the
switch. To minimize power dissipation
and consequent thermal problems in
the phone, the charging supply—usu-
ally a plug-in transformer assembly—
features internal current limiting and

has specifications that correspond to
the battery’s chemistry and charge-
recovery requirements.

However, if the baseband processor
stalls for any reason, the nearly direct
charger-to-battery connection could
damage the battery. To circumvent the
problem, another circuit monitors the
charger’s PWM input and disables the
series power switch after a predetermined
delay interval (Figure 2). The circuit
operates independently of the baseband
unit’s processor and allows charging to
resume when the PWM signal returns.

In this circuit, microprocessor super-
visor IC1, a Maxim MAX6321 that
includes a watchdog circuit that can
monitor software execution, drives IC2,
a normally open SPST analog switch.
Components R4, D2, and C1 protect IC1
and IC2 by limiting VCC to a maximum
of 5.1V. Resistor R4’s value isn’t critical
because the protection circuit’s quies-
cent current is low  at approximately 30
�A. Select R4 to provide just enough
current—for example, 0.5 mA—to bias
zener diode D1 into the “knee” of its
characteristic V-I curve.

the limited large-signal response does
not affect most applications.

High-performance FET input opera-
tional amplifier IC1, a Texas Instru-
ments OPA656, provides a voltage gain
of two. This configuration yields a
bandwidth of approximately 200 MHz
(Figure 2). The OPA656 can drive
50� back-matched loads for a total
load of 100�, which results in a 6-dB
gain loss for which IC1’s gain of two
compensates for a net gain of unity. The
OPA656 also introduces lower noise
and distortion than that of most com-
mercially available, active FET-based
probes.

The probe in Figure 3 fits into a
small section of brass hobby tubing.
The input connector comprises a small
SMA edge-launch connector that you
can easily adapt to other connectors,
including the BNC and its many acces-
sories. The probe requires 5 and �5V
at approximately 18 mA each, which
you can obtain from an instrument’s
probe-power connector if available 
or from a linear supply designed around
an ac wall transformer. For best
results, use 78L05 and 79L05 voltage
regulators to stabilize the supply 
voltages.

Standard miniature 50� coaxial
cable connects the probe to the meas-

uring instrument. For the flattest fre-
quency response and uniform gain, ter-
minate the probe’s output with 50�;

the circuit requires no dc-output-block-
ing capacitor.EDN

Watchdog circuit protects against loss 
of battery charger’s control signals
Andy Fewster, Maxim Integrated Products Inc, Hampshire, UK
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Figure 2 The probe’s measured �3-dB frequency response extends from 10 Hz
to 200 MHz with slightly less than 1-dB passband ripple, which compares favor-
ably with the �2-dB response of many commercial active-FET probes.

�

Figure 3 You can assemble the probe on a piece of breadboard that fits into a
section of brass tubing from model and hobby shops. An SMA input connector
matches a multitude of adapters and probe tips, a few of which are shown.
Use a rubber grommet to close the probe’s output end.
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