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Abstract

To address the requirements for high stability and miniaturization in the detection of micro-accel-
eration sensing signals by inertial navigation systems, this study investigates an integrated system
technology for an I/F SiP micro-module. Utilizing hybrid integration processes and a composite ce-
ramic material system, a high-precision current-to-frequency conversion circuit featuring a paired ar-
chitecture of thin-film resistors and temperature-compensation resistors was designed, capable of
converting sensor output signals ranging from 10-1° to 10-12 A into digital signals. Concurrently, a
novel LTCC + HTCC dual-material, multi-cavity, integrated PiP structure is proposed, enabling the
heterogeneous integration and compartmentalized layout of diverse functional circuits, including
current integration, comparison units, high-precision constant current sources, current expansion
units, and switching units. This scheme achieves highly stable detection of weak acceleration signals.
Experimental results demonstrate that the output stability of the SiP reaches 14 ppm for the positive
channel and 25 ppm for the negative channel, while the SiP volume is reduced to 13% of that of the
original system, thereby resolving critical technical challenges in the miniaturization and lightweight
design of inertial navigation systems. The proposed integrated technology provides a valuable refer-
ence for the system integration of similar high-precision acceleration sensing micro-modules and dig-
ital current detection micro-modules.
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Figure 1. Schematic diagram of I/F conversion micro-module circuit
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Figure 2. Integral circuit
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Figure 3. Schematic diagram of constant-current source circuit
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Figure 4. Preparation process flow of temperature-compensated thin-film resistor
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Figure 5. Cross-section schematic diagram of I/F conversion SiP micro-module
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Figure 6. Schematic diagram of PiP packaging structure design
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Figure 7. Thermal simulation diagrams for packages adopting different main materials. (a) Al2Os substrate; (b) AIN substrate
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Figure 8. Physical photograph of I/F conversion SiP micro-module
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Figure 9. Measured signal waveforms of I/F conversion SiP. (a) Measured output of the
integrating circuit; (b) Measured output of the comparator circuit
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Figure 10. Output stability of I/F conversion SiP. (a) Measured output stability of positive
channel; (b) Measured output stability of negative channel
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