vV U [

6th - 8th 2014. Boston

Development of
High Efficiency
Integrated Micro-

d transformers on
- Silicon for Power &
Signal Isolation

Ningning Wang!, Rias Miftakhutdinov2, Santosh Kulkarni, Cian O Mathtnat3
Microsystems Center, Tyndall National Institute, University College Cork, Cork, Ireland
Texas Instruments, Dallas, Texas, 75266, United States of America
3Department of Electrical & Electronic Engineering, University College Cork, Cork, Ireland

iy Te—— - www.tyndall.ie UcCcC -

EUROPEAN REGIONAL
DEVELOPMENT FUND




€ Tyndall "“Background & Motivation
- . ______________

Footprint Volume  Frequency -

(mm?) (mm3) MHz "

50 150 1 -

30 25 5 -

> .

Q 7.0 3.5 20 U

@ o 1.0 50-100 &

Isolated Converter Specs .

i Vo Switching Frequency 20 MHz -
ench | 5 Tl ve Turns ratio 1:1 ¥
GND I == J:qBEZiE T iy Ves - ) .
AND = — Vs Footprint <4 mm =
_ Input Voltage 5V -

Isolated Integrated bias supply Dot Vel -

5V
Load Current 100 mA
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Loss breakdown in p-transformer | 7%

OPhys

* |n-h0use Opt|m|zat|0n t00| Transformer Prototype Design 1 Design 2 E

Winding width, um 40 45
* RacetraCk StrUCture Winding thickness, pum 15 15 E
®» higher magnetizing Winding spacing, pm 15 15 i
|nd uctance Turns ratio, 6:6 7:7 E

. Core thick , 4.1 4.1
» good coupling factor Cor tength, o m L
m anisotropic core Device length, mm 2.59 3 E

. . Device width, mm 1.15 1.35

* N|45Fe55 as core materlal DC resistance, Ohm 1.1 1.33 E
Inductance at 20MHz, nH 210 280 E
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NiFe - Bottom core

Fabrication & Characterization
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Converter tests & Conclusion

ational Institute
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P2 -|:L°8°5° Technology This Work
Ty 2 S Footprint 2mm? 3mm?
(sarEioss ase A e Uiios g anacs nacihine: Inductance 8 nH 270 nH
NS~ ' e Secondary voltage
2 B | / s / Inductance  17nH/mm?2 80nH/mm?
'; : "\:‘ ’ \\;\ % DC voltage at output filter denSity
7 i 1T S / FHRESE Frequency 180 MHz 20 MHz
A Nl
- - e g Coupling 0.85 0.97
TR b | Primary current
Wi sater (@B v T Efficiency 70% 78.2%
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Conclusions .
v' Batch micro-fabricated transformers with advanced double layer metal process :
v' High Voltage Gain >-1dB at 10~40MHz -
v' High measured efficiency of 78% at 20MHz n
v' Higher converter efficiency @ 20MHz (> 60%) than air-core based solutions "
v' Small footprint area (<3mm?); Power density- 110 W/cm?3
7 *The authors acknowledge Enterprise Ireland for Funding this work. e



