o
Jhuees

Design and Simulation of 3D TSV Inductor for IoT Applications

Bruce Kim, Ph.D.
City University of New York

17th International Conference on
Device Packaging
April 12-15, 2021

CU piss
,Hvi fW Yo



Device Packaging Conference 2021 - April 12-15, 2021
QOutline

Introduction
Objectives
Approach & Results
Packaging

Summary






Inductor

& One of the major passive component in RF application to dc -dc converter.

Conventional Passive
Inductor

* Inductor size varies depending on applications.
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Motivation

 Conventional 2D inductor needs larger footprint.
& High inductance density for 3D inductor.
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HESS Setup
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HFSS Setup

Parametric Frequency sweep from 1 to 20 GHz
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HESS Setup

Inductance and Quality factor formula from Y parameters.
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3D Design
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Design
Parameters

TSV Length

TSV Diameter

Metal Width

Metal Thickness

Minimum
Spacing D

dimensions




Tunable Inductance
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Tunable Q Factor
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Tunable Inductor
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Results for 700MHz LTE Band

Control 1 | Control 2 |Inductance| Quality
Factor

Low 6.19 nH

Low 4.94 nH

High 4.94 nH

High 3.78 nH




===Roth FET are on
sf=Rith FET are off

Single FET is on
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220 .
Magnetic

core

Polyimide

Core ring length for
single loop 1210-2670
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"RF Receiver

Antenna

BPF1 LNA BPF2 Mixer BPF3 IF Amp

Demodulator

———————————————————————————————————

RF front end LO
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Cascode LNA Design

& The input return loss
511 is less than — 10dB at

L, a frequency range
between 1.4 GHz and
2GHz

2
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of IoT
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Response

Challenge

Multiplexer
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Secured RF Receiver

Secured

Demodulator

———————————————————————————————————

RF front end LO



Packaging Challenges for
TSV Inductors

As the vertical area of the die is used in TSV
based inductors, the inductance density is
much higher than conventional 2D inductors.

The substrate loss becomes high in case of TSV
based inductors, for which the quality factor
performance degrades.
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Conclusions

* We designed 3D TSV Inductors for IoT

* We designed Tunable Inductors based on
TSV Inductors

* We used Physically Unclonable Function to

achieve security of IoT.
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