
https://www.researchgate.net/publication/302820185_Rolled-up_transformer_structure_for_a_radiofrequency_integrated_circuit_RFIC?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/302820185_Rolled-up_transformer_structure_for_a_radiofrequency_integrated_circuit_RFIC?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Self-rolled-up-membrane-microtube-platform-for-biomedical-bioelectronic-applications?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/3D-Photonic-Integration?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiuling_Li2?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiuling_Li2?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Illinois_Urbana-Champaign?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiuling_Li2?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wen_Huang23?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wen_Huang23?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hefei_University_of_Technology?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wen_Huang23?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wen_Huang23?enrichId=rgreq-f25464bf32cbe686c0696b61a82db337-XXX&enrichSource=Y292ZXJQYWdlOzMwMjgyMDE4NTtBUzo1OTI2NzA3MzcwNTk4NDBAMTUxODMxNTEyMzI3MQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


USOO8941460B2 

(12) Unlted States Patent (10) Patent N0.2 US 8,941,460 B2 
Li et a]. (45) Date of Patent: Jan. 27, 2015 

(54) ROLLED-UP TRANSFORMER STRUCTURE (56) References Cited 
FOR A RADIOFREQUENCY INTEGRATED 
CIRCUIT (RFIC) U.S. PATENT DOCUMENTS 

- _ 6,067,183 A * 5/2000 Furlani et a1. ............... .. 359/254 

(71) Appllcam' ITJh‘? Bog: "ffgiusleesUOfbthe IL (Us) 6,245,444 B1 * 6/2001 Marcus et al. .............. .. 428/616 
n1vers1 0 1n01s, r ana, _ 

(Contmued) 
(72) Inventors: Xiuling Li, Champaign, IL (US); Wen 

Huangs Champaign’ IL (Us) FOREIGN PATENT DOCUMENTS 

(73) Assignee: The Board of Trustees of the EP 2 423 162 A1 2000 

University of IllinOiS, Urbana, ( * ) N01166: subleqw any diSCIaimeri the term Ofthis Ali, M.S. Mohamed et al., “Out-of-plane spiral-coil inductor self 

Patem 15 eXtended or adJUSted under 35 assembled by locally controlled bimorph actuation,” Micro & Nano 
U-S-C- 154(1)) by 0 days- Letters, 6, 12 (2011) pp. 1016-1018. 

(21) Appl. No.: 14/051,208 (commued) 

(22) Filed: oct' 10’ 2013 Primary Examiner * Mangtin Lian 

(65) Prior Publication Data (74) Attorney, Agent, or Firm * Brinks Gilson & Lione 

US 2014/0104030 A1 Apr. 17, 2014 (57) ABSTRACT 

Related US“ Application Data A rolled-up transformer structure comprises a multilayer 
(60) Provisional application No. 61/888,833, ?led on Oct. Sheet haVing a Toned con?guration COmpr 15mg muniple turns 

9, 2013, provisional application No_ 61/818,689’ ?led about a longitudinal axis. The multilayer sheet comprises 
on May 2, 2013, provisional application NO_ more than one conductive pattern layer on a strain-relieved 
61/712,360, ?led on Oct 11, 2012~ layer, including a ?rst conductive ?lm and a second conduc 

tive ?lm separated from the ?rst conductive ?lm in a thickness 
(51) Int, Cl, direction. The ?rst conductive ?lm comprises an even number 

H01F 27/28 (200601) of primary conductive strips, Where each primary conductive 
H01 F 5/00 (200601) strip has a length extending in the rolling direction, and the 

(Continued) second conductive ?lm comprises an even number of second 
ary conductive strips, Where each secondary conductive strip 

(52) U-s- Cl- has a length extending in the rolling direction. In the rolled 
CPC H 01L 23/66 (2013-01); H 01F 5/02 (2013-01); con?guration, turns of the primary conductive strips and turns 

H01F 41/02 (201301); H01L 28/10 (201301); of the secondary conductive strips wrap around the longitu 
H01F 2 7/284 7 (2013-01); dinal axis. The primary conductive strips serve as a primary 

(Continued) Winding and the secondary conductive strips serve as a sec 
(58) Field of Classi?cation Search ondary Winding of the rolled-up transformer structure. 

USPC ........................ .. 336/220, 182, 223, 200, 232 
See application ?le for complete search history. 7 Claims, 11 Drawing Sheets 

200,110 



US 8,941,460 B2 
Page 2 

(51) Int. Cl. 
H01L 23/66 (2006.01) 
H01F 5/02 (2006.01) 
H01F 41/02 (2006.01) 
H01L 49/02 (2006.01) 
H01F 41/06 (2006.01) 
H01L 23/64 (2006.01) 
H01L 21/48 (2006.01) 

(52) vs. C]. 
CPC ....... .. H01F 41/0604 (2013.01); H01L 23/645 

(2013.01); H01L 21/4814 (2013.01); H01L 
2924/0002 (2013.01); H01L 2223/6627 

(2013.01) 
USPC .......................... .. 336/220; 336/223; 336/200 

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,396,620 B1 * 5/2002 Goodwin-Johansson 359/292 
6,879,084 B2 * 4/2005 PiZZi ...... .. . 310/309 

7,000,315 B2 * 2/2006 Chua et al. .................... .. 29/874 

7,707,714 B2 5/2010 Schmidt et a1. 
7,710,232 B1 * 5/2010 Stalford et al. ............. .. 336/192 
7,876,190 B2 * 1/2011 Yamamoto .................. .. 336/200 

8,576,469 B2 * 11/2013 Kim et al. ................... .. 359/230 

OTHER PUBLICATIONS 

Arora, William J. et al., “Membrane folding to achieve three-dimen 
sional nanostructures: Nanopatterned silicon nitride folded with 
stressed chromium hinges,” Applied Physics Letters, 88, 053108 
(2006) pp. 053108-1-053108-3. 
Bianucci, P et al., “Self-Organized 1.55 pm InAs/InP Quantum Dot 
Tube Nanoscale Coherent Light Sources,” Winter Topicals (WTll/I) 
IEEE, Conference Publication (2011), pp. 127-128. 
Bof Bufon, Carlos César et al., “Self-Assembled Ultra-Compact 
Energy Storage Elements Based on Hybrid Nanomembranes,” Nano 
Letters, 10 (2010) pp. 2506-2510. 
Bo gush, V. et al., “Electroless deposition of novel AgiW thin ?lms,” 
Microelectronic Engineering, 70 (2003) pp. 489-494. 
Chen, Daru et al., “A novel low-loss TerahertZ waveguide: Polymer 
tube,” Optics Express, 18, 4 (2010) pp. 3762-3767. 
Chun, Ik Su et al., “Controlled Assembly and Dispersion of Strain 
Induced InGaAs/GaAs Nanotubes,” IEEE Transactions on 
Nanotechnology, 7, 4 (2008) pp. 493-495. 
Chun, 18. et al., “InGaAs/GaAs 3D architecture formation by strain 
induced self-rolling with lithographically de?ned rectangular stripe 
arrays,” Journal ofCrystal Growth, 310 (2008) pp. 2353-2358. 
Chun, Ik Su et al., “Geometry Effect on the Strain-Induced Self 
Rolling of Semiconductor Membranes,” Nano Letters, 10 (2010) pp. 
3927-3932. 
Dai, Lu et al., “Directional scrolling of SiGe/Si/Cr nanoribbon on 
Si(111) surfaces controlled by two-fold rotational symmetry 
underetching,” Nanoscale, 5 (2013) pp. 971-976. 
Dai, L. et al., “Strain-driven self-rolling mechanism for anomalous 
coiling of multilayer nanohelices,” Journal of Applied Physics, 106, 
114314 (2009) pp. 114314-1-114314-5. 
Doerner, M. et al., “Stresses and Deformation Processes in Thin 
Films on Substrates,” CRC Critical Reviews in a Solid State and 
Materials Sciences, 14, 3 (1988) pp. 224-268. 
Du, Frank et al., “Aligned arrays of single walled carbon nanotubes 
for transparent electronics,” Proceedings of SPIE, 8725 (2013) pp. 
87251S-1-872518-7. 
Frankel, Michael Y., “TerahertZ Attenuation and Dispersion Charac 
teristics of Coplanar Transmission Lines,” IEEE Transactions on 
Microwave Theory and Techniques, 39, 6 (1991), pp. 910-916. 
Golod, S. V. et al., “Fabrication of conducting GeSi/Si micro- and 
nanotubes and helical microcoils,” Semiconductor Science and Tech 
nology, 16 (2001) pp. 181-185. 
Golod, S.V. et al., “Freestanding SiGe/Si/Cr and SiGe/Si/SiXN/Cr 
Microtubes,”Applied Physics Letters, 84, 17 (2004) pp. 3390-3393. 

Gorin, A. et al., “Fabrication of silicon nitride waveguides for visible 
light using PECVD: a study of the effect of plasma frequency on 
optical properties,” Optics Express, 16, 18 (2008) pp. 13509-13516. 
HaraZim, Stefan M. et al., “Fabrication and applications of large 
arrays of multifunctional rolled-up SiO/SiO2 microtubes,” Journal of 
Materials Chemistry, 22, 7 (2012) pp. 2878-2884. 
Heiliger, H.-M. et al., “Low-dispersion thin-?lm microstrip lines 
with cyclotene (benzocyclobutene) as dielectric medium,” Applied 
Physics Letters, 70, 17 (1997) pp. 2233-2235. 
Huang, G. S. et al., “Optical properties of rolled-up tubular 
microcavities from shaped nanomembranes,” Applied Physics Let 
ters,94, 141901 (2009) 141901-1-141901-3. 
Huang, Minghuang et al., “Nanomechanical Architecture of Strained 
Bilayer Thin Films: From Design Principles to Experimental Fabri 
cation,”Advanced Materials, 17 (2005) pp. 2860-2864. 
Huang, Gaoshan et al., “Thinning and Shaping Solid Films into 
Functional and Integrative Nanomembranes,” Advanced Materials, 
24 (2012) pp. 2517-2546. 
Huang, Gaoshan et al., “Rolled-up transparent microtubes as two 
dimensionally con?ned culture scaffolds of individual yeast cells,” 
Lab Chip, 9 (2009) pp. 263-268. 
Huang, Minghuang et al., “Mechano-electronic Superlattices in Sili 
con Nanoribbons,”ACS Nano, 3, 3 (2009) pp. 721-727. 
lnberg, A. et al., “Novel Highly Conductive SilveriTungsten Thin 
Films Electroless Deposited from Benzoate Solution for Microelec 
tronic Applications,” Journal of the Electrochemical Society, 150, 5 
(2003) pp. C285-C291. 
Ishigaki, Tsukasa et al., “Photonic-Crystal Slab for TerahertZ-Wave 
Integrated Circuits,” Photonics Conference (IPC) IEEE, Conference 
Publication (2012) pp. 774-775. 
Jan, C.-H. et al., “A 32nm SoC Platform Technology with 2'” Gen 
eration High-ldMetal Gate Transistors Optimized for Ultra Low 
Power, High Performance, and High Density Product Applications,” 
IEEE, (2009) pp. 647-650. 
Jiang, Hongrui et al., “On-Chip Spiral Inductors Suspended over 
Deep Copper-Lined Cavities,” IEEE Transactions on Microwave 
Theory and Techniques, 48, 12 (2000) pp. 2415-2423. 
Li, Feng et al., “Coherent emission from ultrathin-walled spiral 
InGaAs/GaAs quantum dot microtubes,” Optics Letters, 34, 19 
(2009) pp. 2915-2917. 
Li, WeiZhi et al., “In?uences of Process Parameters of Low Fre 
quency PECVD Technology on Intrinsic Stress of Silicon Nitride 
Thin Film,” Proc. OfSPIE, 7658 (2010) pp. 765824-1-765824-7. 
Li, Xiuling, “Self-rolled-up microtube ring resonators: a review of 
geometrical and resonant properties,” Advances in Optics and 
Photonics, 3 (2011) pp. 366-387. 
Li, Xiuling, “Strain induced semiconductor nanotubes: from forma 
tion process to device applications,” Journal of Physics D.‘ Applied 
Physics, 41 (2008) 193001, pp. 1-12. 
Logeeswaran, V. J. et al., “Ultrasmooth Silver Thin Films Deposited 
with a Germanium Nucleation Layer,” Nano Letters, 9, 1 (2009) pp. 
178-182. 
Luchnikov, V. et al., “Toroidal hollow-core microcavities produced 
by self-rolling of strained polymer bilayer ?lms,” Journal of 
Micromechanics and Microengineering, 18 (2008) 035041, pp. 1-5. 
Luo, J. K. et al., “Modelling and fabrication of low operation tem 
perature microcages with a polymer/metal/DLC trilayer structure,” 
Sensors andActuators A, 132 (2006) pp. 346-353. 
Masi, Maurizio et al., “Modeling of Silicon Nitride Deposition by RF 
Plasma-Enhanced Chemical Vapor Deposition,” Chemical Engineer 
ing Science, 49, 5 (1994) pp. 669-679. 
Mei, Yongfeng et al., “Versatile Approach for Integrative and 
Functionalized Tubes by Strain Engineering of Nanomembranes on 
Polymers,”Advanced Materials, 20 (2008) pp. 4085-4090. 
Mi, Zetian et al., “1.3-1.55 um Self-Organized InAs Quantum Dot 
Tube Nanoscale Lasers on Silicon,” Photonics Conference (PHO), 
IEEE, Conference Publication (2011) pp. 535-536. 
Mitrofanov, Oleg et al., “Reducing Transmission Losses in Hollow 
THZ Waveguides,” IEEE Transactions on Terahertz Science and 
Technology, 1, 1 (2011) pp. 124-132. 
Mitrofanov, Oleg et al., “Dielectric-lined cylindrical metallic THZ 
waveguides: mode structure and dispersion,” Optics Express, 18, 3 
(2010) pp. 1898-1903. 



US 8,941,460 B2 
Page 3 

(56) References Cited 

OTHER PUBLICATIONS 

Moiseeva, E. et al., “Single-mask microfabrication of three-dimen 
sional objects from strained bimorphs,” Journal of Micromechanics 
and Microengineering, 17 (2007) pp. N63-N68. 
Muller, Christian et al., “Tuning giant magnetoresistance in rolled-up 
Co4Cu nanomembranes by strain engineering,” Nanoscale, 4 
(2012) pp. 7155-7160. 
Nguyen, Nhat M. et al., “Si IC-Compatible Inductors andLC Passive 
Filters,” IEEE Journal ofSolid-State Circuits, 25, 4 (1990) pp. 1028 
103 1 . 

Pahlevaninezhad, H. et al., “Advances in TerahertZ Waveguides and 
Sources,” IEEE Photonics Journal, 3, 2 (2011) pp. 307-310. 
Pang, Liang et al., “Transfer printing of ?exible hybrid inductor 
capacitor ?lters via pre-etched silicon-on-insulator mother wafer,” 
Applied Physics Letters, 101, 063113 (2012) pp. 063113-1-063113 
4 
Park, Min et al., “The Detailed Analysis of High Q CMOS-Compat 
ible Microwave Spiral Inductors in Silicon Technology,”IEEE Trans 
actions on Electron Devices, 45, 9 (1998) pp. 1953-1959. 
ParviZian, M. et al., “Residual stress improvement of platinum thin 
?lm in Au/Pt/Ti/p-GaAs ohmic contact by RF sputtering power,” 
Applied Surface Science, 260 (2012) pp. 77-79. 
PrinZ, V. Ya. et al., “Free-standing and overgrown InGaAs/GaAs 
nanotubes, nanohelices and their arrays,” Physica E, 6 (2000) pp. 
828-831 . 

Rottler, Andreas et al., “Rolled-up nanotechnology for the fabrication 
of three-dimensional ?shnet-type GaAs-metal metamaterials with 
negative refractive index at near-infrared frequencies,”AppliedPhys 
ics Letters, 100, 151104 (2012) pp. 151104-1-151104-4. 
Schulze, Sabine et al., “Morphological Differentiation of Neurons on 
Microtopo graphic Substrates Fabricated by Rolled-Up Nanotechnol 
ogy,” Advanced Engineering Materials, 12, 9 (2010), pp. B558 
B564. 
Seidel, H. et al., “Anisotropic Etching of Crystalline Silicon in Alka 
line Solutions,”J. Electrochem. Soc., 137, 11 (1990) pp. 3612-3632. 
Seleznev, V. A. et al., “Generation and Registration of Disturbances in 
a Gas Flow. 1. Formation of Arrays of Tubular Microheaters and 
Microsensors,”Journal oprplied Mechanics and Technical Physics, 
50, 2 (2009) pp. 291-296. 
Shacham-Diamand, Yosi et al., “Electroless Silver and Silver with 
Tungsten Thin Films for Microelectronics and Microelectromechani 
cal System Applications,” Journal of the Electrochemical Society, 
147, 9 (2000) pp. 3345-3349. 
Shiplyuk, A. N. et al., “Generation and Registration of Disturbances 
in a Gas Flow. 2. Experiments with Arrays of Tubular Microheaters 
and Microsensors,” Journal of Applied Mechanics and Technical 
Physics, 50, 3 (2009) pp. 454-458. 
Smith, Donald L. et al., “Mechanism of SiNXHy Deposition from 
NH3-SiH4 Plasma,”J. Electrochem. Soc., 137, 2 (1990) pp. 614-623. 

Smith, Elliot J. et al., “Lab-in-a-Tube: Detection of Individual Mouse 
Cells for Analysis in Flexible Split-Wall Microtube Resonator Sen 
sors,” Nano Letters, 11 (2011) pp. 4037-4042. 
Songrnuang, R. et al., “From rolled-up Si microtubes to SiOQ Si 
optical ring resonators,” Microelectronic Engineering, 84 (2007) pp. 
1427-1430. 
Tang, Chih-Chun et al., “Miniature 3 -D Inductors in Stande CMOS 
Process,” IEEE Journal of Solid-State Circuits, 37, 4 (2002) pp. 
471-480. 
Tian, Dongbin et al., “Dual cylindrical metallic grating-cladding 
polymer hollow waveguide for terahertZ transmission with low loss,” 
Applied Physics Letters, 97, (2010) pp. 133502-1-133502-3. 
Tian, Zhaobing et al., “Controlled Transfer of Single Rolled-Up 
InGaAstaAs Quantum-Dot Microtube Ring Resonators Using 
Optical Fiber Abrupt Tapers,” IEEE Photonics Technology Letters, 
22, 5 (2010) pp. 311-313. 
Tian, Zhaobing et al., “Single rolled-up InGaAs/GaAs quantum dot 
microtubes integrated with silicon-on-insulator waveguides,” Optics 
Express, 19, 13 (2011) pp. 12164-12171. 
Timoshenko, S., “Analysis of Bi-Metal Thermostats,” Journal of the 
Optical Society ofAmerica, 11 (1925) pp. 233-255. 
Walmsley, Byron A. et al., “Poisson’s Ratio of Low-Temperature 
PECVD Silicon Nitride Thin Films,” Journal of 
Microelectromechanical Systems, 16, 3 (2007) pp. 622-627. 
Wang, To-Po et al., “High-Q Micromachined Inductors for 10-to-30 
GHZ RFIC Applications on Low Resistivity Si-Substrate,” Proceed 
ings ofthe 36th European Microwave Conference, (2006) pp. 56-59. 
Wheeler, Harold A., “Formulas for the Skin Effect,” Proceedings of 
the LR.E., (1942) pp. 412-424. 
Wiemer, L. et al., “Determination of Coupling Capacitance of Under 
passes, Air Bridges and Crossings in MICs and MMICs,” Electronics 
Letters, 23, 7 (1987) pp. 344-346. 
Xu, Xiangdong et al., “Chemical Control of Physical Properties in 
Silicon Nitride Films,” Appl. Phys. A., 111 (2013) pp. 867-876. 
Yue, C. Patrick et al., “A Physical Model for Planar Spiral Inductors 
on Silicon,” IEEE, IEDM, 96 (1996) pp. 155-158. 
Yue, C. Patrick et al., “Physical Modeling of Spiral Inductors on 
Silicon,” IEEE Transactions on Electron Devices, 47, 3 (2000) pp. 
560-568. 
Yu, Minrui et al., “Semiconductor Nanomembrane Tubes: Three 
Dimensional Con?nement for Controlled Neurite Outgrowth,” ACS 
Nano, 5, 4 (2011) pp. 2447-2457. 
Zang, Ji et al., “Mechanism for Nanotube Formation from Self 
Bending Nano?lms Driven by Atomic-Scale Surface-Stress Imbal 
ance,” Physical Review Letters, 98, (2007) pp. 146102-1-146102-4. 
Zolfaghari, Alireza et al., “Stacked Inductors and Transformers in 
CMOS Technology,” IEEE Journal of Solid-State Circuits, 36, 4 
(2001) pp. 620-628. 

* cited by examiner 



US 8,941,460 B2 Sheetlofll Jan.27,2015 U S. Patent 

m; .GI 






































