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Fig. 1. Schematic diagram of the isolated XA ADC system.
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Table 1.  Physical structure and electrical paramet-

ers of the two on-chip micro-transformers.
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Fig. 2. Internal layout of the six-die hybrid package.
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Fig. 3. Photograph of the six-die hybrid packaged sample.
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Table 2.  Comparison of ADC dynamic performance
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Fig. 5. Comparison of ADC output spectra between Config-
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4.4 [REBIESUREEINE

Shy ity B ) T o 5 L VR B AR i ST S X O K
L+ i S0 AT S . SEI AN 6 B, £
W Vip = 14 mV, WU “BRip - F- 50 JE 45
¥, FE A 1.66 ps, WK 2y 600 kHz. 13RI
JE ADC 51 2% Fm4h 1.024 MHz (1) {7 B8 800y
W, L 5 rf oA B E 2O R R A T B e
ZH, PRI AN SR <o R S0 e e BB ) A5 R
P R — 4 B RIS, 45 AL E B MiEL:
Mg ISR THRRAE, R 25 L R S0 T T R 26 L U/
BHLPT . 77 A B 25 FIR R TR B IR AR L AL Al N Bty

Mg

15

T=1.66 ms (f~ 600 kHz)

—

10+

Voltage/mV

Vippa 14 mV
—10 +

0 2 4 6 8 10 12
Time/ps

Bl 6 Cs B H o b g LIRS0 0 S P

Fig. 6. Measured ripple waveform at the C3 rectifier output.
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Abstract

Weak-signal acquisition across a large common-mode voltage difference requires the isolation interface to
provide both high-voltage withstand capability and low noise coupling.This paper investigates the degradation
in measurement precision introduced by the magnetic-isolation link in a sigma-delta (XA) analog-to-digital
converter (ADC) with an effective resolution of approximately 18 bits.A magnetically isolated measurement
system based on silicon-based on-chip microtransformers is implemented, with the ADC, signal isolator, and
isolated power supply integrated within the millimeter-scale cavity of a six-die hybrid package.Controlled
comparisons are carried out on devices from the same fabrication batch under a non-isolated reference
configuration and a fully magnetically isolated configuration.Measurements of isolated-power-supply ripple are
combined with magnetic leakage-field estimates and steady-state thermal simulations of the package to analyze
the principal noise-coupling paths.The fully magnetically isolated configuration reduces the signal-to-noise ratio
(SNR) by 9.5 dB and raises the average in-band noise floor by 11.4 dB over 200-1200 Hz, without introducing
additional prominent discrete spurs.Further analysis indicates that the rectifier ripple, with a peak-to-peak
amplitude of 14 mV at a repetition frequency of 600 kHz, can couple through interlayer parasitic capacitance
and the package parasitic network to generate a common-mode disturbance.Nonideal differential sampling and
aliasing then convert this disturbance into in-band broadband noise, making it the main factor limiting system
precision. These results provide experimental evidence for package-layout optimization and mnoise suppression in

high-precision magnetically isolated measurement systems.
Keywords: magnetic isolation, sigma-delta analog-to-digital converter, hybrid packaging, noise coupling
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