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D. Maximum CMRR Mathcad

DISTORTION due to DIGITIZING of SINUSOID

The amplifier's CMRR is maximized by equating the right side of i prime o v: 5 = pover-os-z for rrm

(18) to zero. Therefore, let no. of samples: N 32 i:0 N-1 no. of bits: n & D 2"
SIGNAL frequency: m =7
CMRR = _CM—RR'I 19 floor I)s 0.5
2 m 2!
CMRRI sampling: 5 snj2a N 1] quantizing: d,\" — -
. . e [jitter-free] 4 roundin ftt
For the 3-op-ampnstrumentation amplifierCMRR;, = A4, and ’ _ frosmdnst 2
reconstruction:
Adl 1 1 [zero-order-hold(z0H) and “"sinc” (lowpass filter) interpclation]
CMRR; = TAA L An = TAA L (20) © 10°01.N
<icm < = ilcm N 1
For an ideal amplifier wher& A.,,; = 0, CMRR; is infinite and Rio) WN”) Do, wm"N‘ v evend
the second stage is tweaked for maximum CMR. Since there is always 10
a small but finite imbalance in the common-mode gains of the first ds Z0H, R sine*-filier

T T T

stage, however, the conclusion from the analysis is that the second
stage should be adjusted not in isolation but coupled to the first stage

with a common-mode voltage applied to the input of the first stage; -+ ‘
a standard procedure.

normalized
signal period:
[no. of samples
per period]

Ill. EXPERIMENTAL RESULTS

Using an LM747CN strapped with balanced resistors= 1)
and a differential gain of 500, the measured common-mode gain isecrrom Harmonic(= h.m) and
7.00 x 1077 V/V at low frequencies (10 HZ)R; = R3 = 1.0018 k)~ ehove simi /s spestzad dastorcaon ALIASED(= a) components:
and R: = R4 = 500.5 k2. The common-mode rejection ratio for ¢ e M lste) k0 M b1 s
the device is, therefore, CMRR= 500/7.00 X 1073 = 71430, and
CMRq = 97.07 dB, which agrees with the published data.

Tweaking the circuit for minimum common-mode gain by adjusting
resistor R4 to unbalance the resistive network, the common-mode T
gain decreases t8.75 x 10™* at Ry = 497.3 k2. The CMRR
increases td.714 x 10°, or a CMR of 115.1 dB, an improvement
of 18.0 dB over the device’s common-mode rejection. W T

The measured?, is equal to the expected theoretical value. For
maximum CMRR, the resistance ratio is, from (1&)= 1/(1 + H M
500.6/71430) = 0.993, andR4 = rR3(R2/R1) = 0.993(500.5) = UL
497 k. ) I T
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IV. CONCLUSIONS

The study shows that, by redefining the common-mode rejectiofeerdering of samples:
ratio to include the phase angle, the theoretically derived CMRR is ' 23 new, ds g
consistent with practice and simulation; that an amplifier's CMR may--------------===-~==-——-
exceed the CMR of the device(s) or the external components. Theexac SPECTRUM
improved CMR is a_chieved by the unbalancing of the components sy N21< T ¢ FFI(new)
external to the device. e ’ N B g 2 10
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Module Time Plot Permutation

{with reordering of the previous

Correction to “Comments on ‘The Modulo Time of the raw samples) spectrum lines

Plot: A Useful Data Acquisition Diagnostic Tool Fig. 1 Mathcadsimulation: spurious components due to quantization.

Zsolt Papay

In the above papéran error occurred in Fig. 1. An important part
of the figure (the reordering of raw samples) was omitted. Shown
Manuscript received July 16, 1996. here is the correct figure in its entirety.
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