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FIQure l OA, Integrates tile bipolar V.. SIgnal and creates a tnangular wave.
V,,, and Vfit) obtaJtl a 90 .s/'Ifled reference vohage with respect to V...
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47 Eight-function remote uses
one button, no microcode

48 Doorbell transformer acts as
simple water-leak detector

49 Inverted regulator increases
choice and reduces complexity

50 Debuga microcontroller-to-FPGA
interlace from the FPGA side

To see all of EON's Design Ideas,
visit www.edn.comldesignideas.

IVOUTI= Jv~iJ' + V~.,.;

LVOlJT = [an-I[VQlIT91'1O ).
VOUTiJ'

The two AD63l\ have a gain ot ~ 2
and receive the amplified signal. V (!>;.

through two identical amplifiers , A l
and AT At Pin 7ot lC l • a bipolar .:!::5V
squared signal appears in phase with

voltage signal in a narrow band around
the freque ncy of the referen ce signal.
The lowpassfilter at [he AD630's out­
put a llows you to gain informa tion on
the weak signa l amplitude, which [he
uncorrelared noise originally masked.
When [he input voltage and the refer,
ence voltage arc in phase, th e lowpass
filter 's output, VCUT' assumes [he max­
imum amplitude . Conversely, if the
input vo ltage and th e reference vo lt­
age arc in quadrature. th e output volt­
age would ideally be av. In thi s way, if
both in -phase and quadrature reference
signals are available, two balanced de­
modulators reveal th e in-phase output
voltage to he0" and the in-q uadrature
output voltage to be 90". You can cal­
cu late th e module an d phase shift as
follows:

Dis Inside

U5e in sophis tica ted signal-processing
app lications, including synchronous
derecnon, The amplifier can detect a
....-eak ac signal even in the presence of
noise sources of much greater ampll­
tude when rou know the signal's fre­
que ncy and phase.

As an analog mult iplier. the AD6 30
revea ls the component of the inp ut-
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Compact, four-quadrant
lock-in amplifier generates
two analog outputs

The circuit in [h is Design Idea
realizes a simple. low-cost lock­

in amplifier employing an Analog De­
vices [www.analog.com) AD630 bal­
anced modula tor-dem odulator Ie
(Reference I ). The device uses laser­
mmmed th in -film resistors. yieldi ng
accu racy a nd stability and, thus. a flex­
ible co mmutation architec ture. It finds
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REFERENCE
1"1 "AD630 Balanced Modulator!
Demodulator," Revision E, Analog
Devices. 2004, www.analog.com!
static/imported files/data sheets!

of the reference signal. In this way,
(he accuracy is equ al to 3/Nl'

To maintain ,ICCUHlCy ar least com ­
parable with that of the AD630, the
N

1
output of Counter 1 would be the

h ighes t. However, an increase in the
number of bits dec reases the maximum
reference frequenc y for a given digital­
clock frequency if you want N , to teach
high values. For example, if N is 15
bits, the N, output assumes the 32,767
maximum value with an accuracy of
approximately 0.01%. If the reference­
time period decreases, you can assume
a minimum val ue of 3277 -that is,
one-tenth of the maximum value-for
N

1
, with a correspond ingly lower accu­

racy of 0.1%, which is comparable to

the gain accuracy of the A D630. To in­
crease the reference frequency, divide
the digita l clock's frequency to select
lowvalues when the reference time be­
comes too long.EON

command at the N1= 1 value when its
va lue reaches th e co mpa rat or-mea­
sured N/4 quanti ty.

To overcome the lac k of th e last
EQ signal when th e reference time is
greater than approx ima tely four times
the N/4 inte ger value, the OR combi­
na t ion of th e two RST and EQ pulses
yields four almost-equidistant posi­
tive-edge co mmands in eac h refe r­
ence-t ime period . The N/4 int eger di­
vision, a logical right shift by 2 bits of
N I ' gtvesa maximum error of th ree on
th e last pu lse position . These pu lses
gene rate th e in-pha se and in-quadra­
tur e sign als, 0 and 90°, respectively,
resulting from simple co mmutations
on the posit ive or negative edges of
the signal T type flip flop IC genet

AN INCREASE IN THE
NUMBER OF BITS
DECREASES THE
MAXIMUM REFER­
ENCE FREQUENCY.

the reference signa l. OA I int egrate s
the amplifier voltage, which generates
a tri angular wave rhar Ie:, compara­
tor compareswith the VRl voltage. You
must regula te VRI and VRl to obta in a
perfect 900-sh ifteJ command for Ie ,.
You can mon itor the vo ltage at Tel's
Pin 7. Measurement accurac y and re­
peatab ility depend strongly on the RC
time constant of the int egrator and the
valuesof VRl and VR/ "

You can use a different approach
[0 gen erate in -ph ase and in -qua dra­
ture reference signals. Figure 2 sho ws
an all-digi tal circuit, wh ich you can
implement in a small C PLD (com­
ple x programmable-logic devi ce ) to
generate the 0 and 900 reference sig­
nals in Figu re I . Co unter 1 measures
the reference-signal time in te rms of
the N nu mber of digital cloc k pulses,
whe re the reference time ca n be dif­
ferent from j O%. It receives a preset
co mmand at the N,= I value at each
positive front edge of the reference sig­
nal. D'tvpeflip-flop IC I gene rates such
pulses. At eac h positive edge of the
reference signal, IC1 acqui res the N/4
value Meanwhi le Counter 2 counts. .
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the clock periods and rece ives a restart ares a signal with tw ice the frequency AD630,pdf.
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Figure 2 You can implement this all'digital circuit in a small CPlD.
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