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Use op-amp injection for Bode analysis

Martin Galinski, Micrel Semiconductor, San Jose, CA

measure small-signal stability and

loop response in power-supply de-
signs. Bode analysis monitors gain and
phase of a control loop. It performs this
monitoring by breaking the feedback
loop and injecting a signal into the feed-
back node and then comparing the in-
jected signal with the output signal of the
control loop. The method requires a
network analyzer to sweep the fre-
quency and compare the injected signal
with the output signal. The most com-
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Bode analysis using transformer injection yields
gain and phase information in a control loop.

mon method of injection is the use of
transformer. Figure 1 demonstrates how
a transformer injects a signal into the
feedback network. A 5002 resistor affords
impedance matching to the network-an-
alyzer source. This method allows the dc
loop to maintain regulation and allows
the network analyzer to insert an ac sig-
nal on the dc voltage. The network ana-
lyzer then sweeps the source while mon-
itoring A (voltage channel) and R
(reference channel) for an A/R-ratio
measurement. Although this method is
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the most common for meas-
uring the gain and phase of a
power supply, it has signifi-
cant limitations. First, to |
measure low-frequency gain
and phase, the transformer
needs high inductance. Fre-
quencies lower than 100 Hz,
therefore, require a large and |
expensive transformer.

Also, the transformer
must be able to inject high
frequencies.  Transformers
with these wide frequency
ranges generally are custom-
made and usually cost sever-
al hundred dotlars. By using
an op amp, you can avoid the cost and
frequency limitations of an injection
transformer. Figure 2 demonstrates the
use of an op amp in a summing- ampli-
fier configuration for signal injection. R,
and R, reduce the dc voltage from the

Figure 2
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Op-amp injection is a
good alternative to frans-
former-based injection

and has no minimum-fre-
quency limitation. =
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output to the noninverting input by half.
The network analyzer is generally a 5002
source. R, and R, also divide the ac signal
from the network analyzer by half. These
two signals “sum” together at half their
original input. The output then gains up
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and R, and goes to the
feedback output. (The

power- 500 resistor balances the
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network analyzer’s source
impedance.) This action
essentially breaks the loop
and injects the ac signal
on top of the dc output
voltage and sends it to the
feedback terminal. By
monitoring the feedback
terminal (R) and output
terminal (A), the analyzer
measures gain and phase.
This method has no min-
imum frequency. Make
sure that the bandwidth of the op amp
is much greater than the expected band-
width of the power supply’s control loop.
An op amp with at least 100-MHz band-
width is more than adequate for most
linear and switching power supplies.Ol

Intersil's 1,25V and 2.50V /sub 1.5p-watt Voltage Reference
is ideal for High Accuracy Data Acquisifion Systems

Infersil's news 1SL60002 voltage reference brings precision performance
standards to portable and battery-operated systems by offering an accurate,
stable reference that essentially presents no foad to the battery.

Intessil’s ISL60002 with ultre-low, sub 1.5u-watt power consumption are

the first precision references that make it practical to leave the reference
powered-on confinuously in o battery powered system thus eliminating the
fime delay required for the reference to settle to its final value.
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Features:

Longar Battesy Life
o Reference Voltage: 1.25V & 2.50v e
® Absolute Inifial Accuracy Options:
£2.5mV & £5.0mV
© Supply Voltage range: 2.7V to 5.5V =

o Ultra-Low Supply Current: 500nA

Production Availability: The IS160002C-12 & -25 ard
1SL600020-12 & -25 in 3eod SOT23 are availoble off
the shelf with Tk unit prices starting at *1.45 ard $0.95
tespectively. The 15L60002¢-12 & -25 ord ISL600020-
12 & 25 I Bead SOIC are available off the shelf with
Tk unit prices storting af *1.50 and 0.99 respeciively.
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Samples at www.intersil.com/xicorsamples More info at www.intersil.com/ISL60002
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