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Block Diagram
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State-of-the-arts

Si-based Gold_windings Magnetic-core Si-embedded
6um-thick 100pm-Thick
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(1.56x3.33 mm?)
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100-pm-thick primary coil

[W. Qin ISSCC'19] [Y. Zhuo ISSCC’19] [L. Li ISSCC20]

SOIC Packaging

20-pm-thick polyimide Tx TF Rx

—\

Reference Freq. (MHz) Quality factor (T1I':r)a gfzf:m(::q Max. Pgyt (W) Eﬁ?;:ﬁcy
W. Qin ISSCC’19 160-210 6.8 5.2 0.8 34%
Y. Zhuo ISSCC’19 16-25 12 8.4 1.1 52%
L. Li ISSCC’20 11 16/7 4 0.165 34%

Design challenges for fully-integrated isolated DC-DC converters
« Trade-off between size, cost and quality factor of transformer for high efficiency
« Compact form factor for high power density
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Wafer-Level Packaging

Market drivers & Wafer Level
Packaging capabilities
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Implement the transformer
using RDL to save one die?
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Outline

B Proposed TiP FOWLP Isolated DC-DC converter
® System Architecture & TiP Solution
® The Glass-based Transformer
® Circuit Implementation
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System Architecture

Glass-based FOWLP Package
Glass TF

Vop=3~6V LC Tank
v | Oscillator

Viso=3.3/5V

' PogT,max=1 25W

B Glass-based transformer (TF) in fan-out wafer level packaging (FOWLP)

B TX chip with wide V, range
B RX chip with on-chip TF for PWM digital isolator

Control
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Transformer-in-Package Solution

Wafer Clean C2W

3D view of glass-based transformer in FOWLP
FP4&UBM
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RDL2
RDL3:Secondary arconnections TGV Lamination1 E
. N
Lamination3&
Bonding RDL1 RDL3 BGA&Dicing

Fan-out area Transformer in package Glass

PAD
RDL1 Tx Chip S;c’ondary cmlm

RDL2~s
RDL3--,.. l Height ~78um

Solder ball~ c anary_cerl’ \Polyimide
. PCB

B The TX and RX chips are planted into the cavities with 300um in the glass
B 3-RDL for TF and interconnections without extra TF chip
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Glass-based Transformer

Electromagnetic-simulated results of glass-based transformer
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Cross section view of the glass-based transformer

B RDL1 and RDL3 for Primary and Secondary
coils: 10-um thick, 100-um wide and 3.5
turns of windings

B Simulated coupling factor: 0.8
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Circuit Implementation

DC-AC
Ve .. Viso=5/3.3V
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B LC tank oscillator operated at ~200MHz resonate frequency
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Circuit Implementation

DC-AC AC-DC
T
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B PWM control with Type-ll compensation

B PWM signal running at 625kHz is transmitted from RX to TX via a digital
isolator
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Power Stage
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B 20V LDMOS for power transistor M, ,
B The varactor section for wide supply voltage range of 3~6V
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Power Stage
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B Fully-bridge MOS rectifier with common-gate bootstrapped for preventing the
reverse current
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Power Loss Breakdown

B Simulated power loss breakdown of the proposed converter
Increased loss of TF results in reduced efficiency of TF at 5V-5V mode

Power Loss Breakdown Power Loss Breakdown
@3.3V-5V

Simulated
power loss breakdown

Loss

239 LC Tank

Oscillator Loss Oscillator Loss

50%
: Transformer 48%
Transformer Loss
Loss 31%

yLys

Simulated

. Condition
efﬂmency @250mw r|LC Tank Osc r|TF rlRectifier rIOveraII
3.3V-5V 75.6% 84.1% 82% 52.1%
5V-5V 73.5% 76.7% 82% 46.2%
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Outline

B Measurement Results

17 of 32



Measurement Results

0.18um BCD process

Chip area:
TX:0.8mm X1.45mm
RX:1.2mm X1.45mm

TF area:2mm X4mm
Package area:5mm X 5mm
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Measurement Results
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Measurement Results

Start-ug measurement
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Measurement Results

Steady-state measurement
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Measurement Results
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Measurement Results

Load transient measurement
1] B 200v/ @ 5009/ i 3440¢ 2000% Auto £ R 675¢

Viso 100us

>

370mV
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Measurement Results
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Vpp/Vis0=3.3VISV: peak efficiency=46.5%@0.3W
B V,/Vso=5VI5V: efficiency>36.9%@0.1W~1.05W
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Comparison

Reference TCASI'18 [6] | ADuM6020°'18 [7] | ISSCC19[2] | ISSCC19[3] | ISSCC20[4] | This work
Technology | 0.35um BCD N/A 0.35um BCD | 0.35um BCD | 0.35um BCD | 0.18um BCD
Traqu;;mer Coreless N/A Coreless Magnetic-Core | Coreless Coreless
Input Voltage 3.3V 5V 4.5-5.5V 4.5-5.5V 3.3V 3-6V
Output Voltage | 2.4V-3.3V oV/3.3V 3.3V-5V 5V 3.3V 3.3V/I5V
Max. Pyt 0.093W 0.5W 0.8W 1.1W 0.165W 1.25W
Peak Efficiency 19% 33% 34% 52% 34% 46.5%
No. of Die 2 N/A 3 4 3 2
Package SOIC-16 S0IC-8 SOIC-28 Glass-based
. N/A . . . N/A FOWLP
(Size) (10mm*13mm) | (10mm*6mm) | (10mm*18mm) .
(Smm*5Smm)
Power Density* N/A 3.85mW/mm? | 13.33mW/mm? | 6.11mW/mm? N/A 50mW/mm?

*Power density is calculated by dividing the maximum output power by the package size
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Comparison

*Power density is calculated by dividing the maximum output power by the package size

Reference TCASI'18 [6] | ADuM6020°'18 [7] | ISSCC19[2] | ISSCC19[3] | ISSCC20[4] | This work
Technology | 0.35um BCD N/A 0.35um BCD | 0.35um BCD | 0.35um BCD | 0.18um BCD
Traqu;;mer Coreless N/A Coreless Magnetic-Core | Coreless Coreless
Input Voltage 3.3V 5V 4.5-5.5V 4.5-5.5V 3.3V 3-6V
Output Voltage | 2.4V-3.3V oV/3.3V 3.3V-5V 5V 3.3V 3.3V/I5V
Max. Pyt 0.093W 0.5W 0.8W 1.1W 0.165W 1.25W
Peak Efficiency 19% 33% 34% 52% 34% 46.5%
No. of Die 2 N/A 3 4 3 2
Package SOIC-16 S0IC-8 SOIC-28 Glass-based
. N/A . . . N/A FOWLP
(Size) (10mm*13mm) | (10mm*6mm) | (10mm*18mm) .
(Smm*5Smm)
Power Density* N/A 3.85mW/mm? | 13.33mW/mm? | 6.11mW/mm? N/A 50mW/mm?
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Outline

B Conclusions
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Conclusions

B ATIiP solution for isolated DC-DC converters by using glass-based
FOWLP to achieve 46.5% peak efficiency and 1.25W maximum Pg
in a compact 5Smm X 5mm package

B A high-Q transformer (TF) and the interconnections can be both
formed by using RDLs without an extra TF chip, and the system
only needs two dies (the Tx chip and the Rx chip)

B A varactor section in LC tank oscillator is proposed to cope with a
wide V,p range of 3~6V
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