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Plaintiff STMicroelectronics, Inc. ("STI") alleges for its complaint against Defendant 

2 InvenSense, Inc. ("InvenSense") as follows: 

3 

4 

5 

INTRODUCTION 

I. This is an action for patent infringement brought before this Court pursuant to 28 

U .S.C. §§ 1331 and 1338(a). STI seeks remedies for InvenSense's infringement of one or more 

6 claims of each of United States Patents Nos. 6,504,253; 6,846,690; 6,405,592; 6,546,799; 6,928, 

7 
872; 7,450,332; 7,409,291; 5,874,850; and 5,986,861 (collectively, "the Asserted Patents"). 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

True and correct copies of the Asserted Patents are attached hereto as Exhibits A-I. 

PARTIES 

2. STMicroelectronics, Inc. is a corporation organized and existing under the laws of 

the State of Delaware, having its corporate headquarters and principal place of business at 750 

Canyon Drive, Coppell, Texas 75019. STI is a subsidiary ofSTMicroelectronics NY, a 

Netherlands corporation, and does business in the Northern District of California. STI, 

STMicroelectronics N. Y., and their various subsidiaries and affiliates are hereinat!er referred to 

as "ST." 

3. On information and belief, InvenSense: (i) is a corporation organized under the 

laws of the state of Delaware, having its corporate headquarters and principal place of business at 

1197 Borregas Avenue, Sunnyvale, CA 94089; (ii) may be served with process by serving its 

Delaware registered agent The Corporation Trust Company, The Corporation Trust Center, 1209 

Orange Street, Wilmington, Delaware 19801; and (iii) does business in the Northern District of 

21 California. 

22 

23 

24 

25 

26 

27 

28 

JURISDICTION AND VENUE 

4. This lawsuit is a civil action for patent infringement arising under the patent laws 

of the United States, 35 U.S.C. § 101, et seq. Accordingly, this Court has subject matter 

jurisdiction pursuant to 28 U.S.c. §§ 1331 and 1338(a). 

5. This Court has personal jurisdiction over InvenSense for at least the iollowing 

reasons: (i) on information and belief, InvenSense's corporate headquarters and principal place 
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of business are located in the Northern District of California; (ii) InvenSense has committed acts 

2 of patent infringement, and/or contributed to or induced acts of patent infringement by others, in 

3 this District and elsewhere in California and the United States; (iii) InvenSense regularly does 

4 business or solicits business, engages in other persistent courses of conduct, and/or derives 

5 substantial revenue from products and/or services provided to individuals in this District and in 

6 this State; and (iv) InvenSense has purposefully established substantial, systematic, and 

7 continuous contacts with this District and expects or should reasonably expect to be sued here. 

8 Thus, this Court's exercise of jurisdiction over InvenSense will not offend traditional notions of 

9 fair play and substantial justice. 

10 6. Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391 (b)-(c) and 

11 1400(b) because InvenSense does business in the State of California, has committed acts of 

12 infringement in this State and in this District, a substantial part of the events or omissions giving 

13 rise to this complaint occurred in this District, and InvenSense is subject to and has previously 

14 subjected itself to personal jurisdiction in this District. Moreover, InvenSense's corporate 

15 headquarters are located in this District. 

16 

17 7. 

INTRADISTRICT ASSIGNMENT 

This is an Intellectual Property Action to be assigned on a district-wide basis 

18 pursuant to Civil Local Rule 3-2( c). 

19 BACKGROUND 

20 ST's MEMS Innovations 

21 8. ST is a global leader in the semiconductor market serving customers across the 

22 spectrum of sense and power technologies and multimedia convergence applications. Since its 

23 inception, ST has maintained an unwavering commitment to research and development 

24 ("R&D"). STI and the other ST companies make a substantial investment in the research and 

25 development of inventions and other intellectual property. Almost one quarter of the world-wide 

26 employees of ST work in R&D and/or product design, and ST has advanced research and 

27 development centers around the world including in the United States. Today, STI and the other 

28 
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ST companies own over 21,500 patents and pending patent applications worldwide, including 

2 over 7,500 issued U.S. patents and 2,500 pending U.S. patent applications. 

3 9. One area in which ST has made a substantial and long-term R&D investment is in 

4 the field of Micro-Electro-Mechanical Systems ("MEMS"). ST launched the consumer MEMS 

5 revolution through the combination of innovative product design, manufacturing know-how, 

6 deep application expertise, and bold and timely infrastructure investments. ST was the tirst 

7 major manufacturer in the world to start producing MEMS on 8-inch silicon wafers. ST also 

8 developed the THELMA (Thick Epi-Poly Layer for Microactuators and Accelerometers) surface 

9 micro-machining process for use in manufacturing both accelerometers and gyroscopes. In 

10 addition, ST introduced the world's first high-performance 3-axis MEMS gyroscope. 

11 10. One of the tirst applications of ST' s MEMS was the "Free Fall" feature in 

12 notebook computers to protect data. ST's MEMS are also used in devices such as smart phones, 

13 tablets, personal media players, game consoles, digital still camera, remotes and other 

14 applications with motion-acti vated interfaces. 

15 II. ST is the leading supplier by revenue of MEMS devices for consumer and mobile 

16 MEMS. Building on its track record of success, ST continues to invest in MEMS R&D and 

17 innovative applications for MEMS. 

18 The Asserted Patents 

19 12. STI is the owner by assignment of all rights, title, and interest in the Asserted 

20 Patents, including the right to bring this suit for injunctive relief and damages. 

21 13. U.S. Patent No. 6,504,253 ("the '253 patent"), entitled "Structure For Electrically 

22 Connecting A First Body Of Semiconductor Material Overlaid By A Second Body Of 

23 Semiconductor Material Composite Structure Using Electric Connection Structure," was duly 

24 and legally issued by the United States Patent and Trademark Office on January 7, 2003. 

25 14. U.S. Patent No. 6,846,690 ("the '690 patent"), entitled "Integrated Circuit 

26 Comprising An Auxiliary Component, For Example A Passive Component Or A 

27 Microelectromechanical System, Placed Above An Electronic Chip, And The Corresponding 

28 
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I }'abrication Process," was duly and legally issued by the United States Patent and Trademark 

2 Office on January 25, 2005. 

) 15. U,S. PUlent No. 6,405,592 ("the' 592 patent"), entitled Hermetically-Sealed 

4 Sensor With A Movable Microstructure," was duly and legally issued by the United States Patent 

5 and Trademark Oft1ce on June 18,2002, 

6 16. U.S. Patent No. 6,546,799 ("the '799 patent"), entitled "Method For 

7 Compensating The Position Offset Of A Capacitive Inertial Sensor, And Capacitive Inertial 

8 Sensor," was duly and legally issued by the United States Patent and Trademark Office on April 

9 15,2003. 

\0 17. U,S. Putent No. 6,928,872 ("the '872 patent"), entitled "Integrated Gyroscope Of 

II Semiconductor Material With At Least One Sensitive Axis In The Sensor Plane," was duly and 

12 legally issued by the United States Patent and Trademark Office on August 16,2005, 

II I 8. U,S. Patent No. 7,450,332 ("the '332 patent''), entitled "Free-Fall Delc(;tion 

14 Device And Free-Fall Protection System For A Portable Electronic Apparatus," was duly and 

15 legally issued by the United States Patent and Trademark Office on November II, 2008, 

16 19. U,S. Patent No. 7,409,291 ("the '291 patent''), entitled "Device For Automatic 

17 Detection Of States Of Motion and Rest, And Portable Electronic Apparatus Incorporating It," 

18 was duly and legally issued by the United Stales Patent and Trademark Office on August 5, 

19 2008, 

20 20. U,S, Patent No. 5,874,850 ("the '850 patent"), entitled "MOS Voltage Elevator 

21 OfThe Charge Pump Type," v,as duly and legally issued by the United States Patent and 

22 Trademark Office on February 23,1999, 

23 21. U.S. Patent No. 5,986,861 ("the '861 patent"), entitled "CLAMP," was duly and 

24 legally issued by the United States Patent and Trademark Office on November 16, 1999. 

25 

26 

27 

28 
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InvenSense Infringes STl's Patents 

2 22. On information and belief, InvenSense was incorporated in California in June 

3 2003 and reincorporated in Delaware in January 2004. 

4 23. InvenSense competes, or seeks to compete, with STI in the United States and 

5 other ST companies around the world in the MEMS market. On information and belieC 

6 InvenSense offers four primary product families: (I) MPU (MotionProcessing Units); (2) IMU 

7 (Inertial Measurement Units); (3) Digital Gyroscopes; and (4) Analog Gyroscopes. 

8 24. InvenSense has infringed, and continues to infringe, the Asse11ed Patents. As of 

9 April 3, 20 11, InvenSense claims to have sold over 110 million units of MEMS products. 

10 25. InvenSense's infringing MEMS products are sold by InvenSense with the 

11 expectation that they will be incorporated into consumer electronic products that are purchased, 

12 used and/or sold in, or imported to, the United States, including in the Northern District of 

13 California. As stated on its website, InvenSense's MEMS gyroscopes "have been designed into 

14 digital still cameras and camera phones for image stabilization; GPS devices for dead reckoning; 

15 and 3D peripherals such as 3D mice, TV remote controls, and game controllers. There are 

16 millions of consumer electronic products and applications incorporating the Company's 

17 integrated dual-axis gyros." 

18 26. On information and belief, InvenSense designs its MEMS products in the United 

19 States and particularly in the N011hern District of California. 

20 27. InvenSense's Registration Statement, as amended, for its initial public offering 

21 ("Registration Statement") further touted that "in 20 II, its ITG/IMU/MPU-3000 family of 

22 products started high volume shipments for the portable gaming, digital television and set-top 

23 box remote control, smart phone and tablet markets." In a September 14, 20 I I press release, 

24 InvenSense announced that "it is shipping in volume the MPU-6050 product to handset and 

25 tablet OEMs and ODMs." On information and belief, by way of example, InvenSense's 

26 infringing products are intended for use in, and are incorporated into, devices such as the 

27 following in order to enable motion-based applications: 

28 
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I 

2 

3 

4 , 
6 

1 

8 

9 

10 

• Gaming devices, such as Nintendo Wii MotionPlus Accessory. Nintendo WE 
Remote Plus Controller, Nintendo JOS and Roku 2 xs (which incorporate, by 
v.'lIy of example, InvenSense's infringing MEMS products, such as ITG-3205, 
IDG-600, ITG-3270 oodlor IMU·3000) 

• TV remotes, such as LG's Magic Motion Remote Control (which inoorporate, by 
way of example, InvenSense's infringing products, such as !XZ-SOO); 

• Air mice, such as Logitech MX Air Mouse and the Air Mouse Elite from 
Gyration (which incorporate, by way of example, InvenSense's infringing 
products, such as IDG-300); and 

• Smart phones, such as LG's Oplimus Black P970 (which incorporate, by way of 
example, InvenSense's infringing products, such as MPU-3050). 

28. In addition, InvenSense indirectly infringes the Asserted Patents. InvenSense 

II induces distributors, consumers, and end-users to directly infringe the Asserted Patents by selling 

12 or using its MEMS products, including those identified above and herein. InvenSense's 

13 marketing, sales, and customer support materials instruct customers to use infringing features of 

14 its MEMS products in an infringing manner. For example, InvenSense's website provides 

15 customers and potential customers with product specifications, technical papers and other 

16 marketing materials for InvenSense's MEMS products that tout their infringing features and 

17 instruct customers to use them in un infringing manner. On infonnation and belief, !nvenSense 

18 also provides verbal and written instructions, including sales support and technical know·how, to 

19 its distributors and customers that intentionally aid, assist, and encourage infringement. 

20 29. invenSense's MEMS products - .....nich it sells directly, as well as wough its 

21 distribution partners, to consumers and assemblers - arc designed to be used (and are used by 

22 said parties) in an infringing manner. Additionally, on information and belief. InvenSensc's 

23 MEMS products were especially designed, made, and/or adapted for use in an infringing manner. 

24 InvenSense's MEMS products either embody the claimed inventions on their own or are 

25 material, non·staple components of end·user products that embody the claimed inventions, whicb 

26 components have no substantial non-infringing uses. In fact, as part of its Registration 

27 Statement, InvenSensc touted its "direct customer engagement model": "We work directly with 

28 
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large original equipment manufacturer (OEM) customers to assist them in developing solutions 

2 and applications that may lead to more demand for our products .... For our larger OEM 

3 customers, we believe that our direct customer engagement approach, ecosystem partnerships 

4 and adoption of our APls into major software operating systems provides us with significant 

5 differentiation in the customer sales process by aligning us more closely with the changing needs 

6 of these OEM customers and their end markets. We acti vely utilize field application engineers 

7 as part of our sales process to better engage the customer with our products . . .. Our direct 

8 customer engagement model extends to service and support." 

9 InvenSense Knowingly Induced And Contributed To The Infringement Of Others 

10 30. InvenSense is, and has been on notice of, one or more of the Asserted Patents and 

11 its infringement thereof since at least February 2012. In or around December 2011, the parties 

12 engaged in license negotiations during which S1' identitied particular patents that InvenSense 

13 was infringing. In or around February 2012, ST made various presentations to InvenSense that 

14 demonstrated how certain InvenSense products infringed certain patent claims of various ST 

15 patents, including the ' 253, ' 592, '332, '291, '850 and ' 861 patents-in-suit. Despite such notice, 

16 InvenSense has failed to cease its infringement. Instead, InvenSense continues to sell its 

17 infringing products and encourage its customers to use InvenSense products in an infringing 

18 manner. 

19 InvenSense's Infringement Harms STI 

20 31. STI is harmed by InvenSense's use of ST1's patented technologies in a way that 

21 cannot be remedied by monetary damages alone. InvenSense has received substantial revenue 

22 and increased its market share by selling products that incorporate STI's technology without 

23 having to incur the costs of developing or licensing this technology. 

24 32. On information and belief, InvenSense's infringement has caused STI to suffer 

25 irreparable harm due to, among other things, lost business opportunities, lost market share, and 

26 price erosion. Even if InvenSense were to subsequently pay past due royalties, lost profits, or 

27 other damages, there is no reason to believe that InvenSense would stop infringing, and it would 

28 
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still enjoy the market share it has developed while infringing upon the Asserted Patents. Due to 

2 the difficulty in predicting whether, if at all, STI can recover this market share, STl's harm 

3 cannot be compensatoo by payment of monetary damages alone. 

4 

5 

6 32. 

7 

33. 

34. 

COUNT I: INFRINGEMENT OF U.S. PATENT NO. 6,504,253 

STI incorporates by reference the preceding averments set forth in paragraphs 1-

InvenSensc has infringed and continues to infringe, has contributed to and 

8 continues to contribute to acts of infringement, and/or has actively and knowingly inducod and 

9 continues to actively and knowingly induce the infringement of the '253 Patent by making, 

10 using, offering for sale and selling in the United States, and by importing into the United States 

II without authority, and/or by causing others to make, use, otTer for sale and sell in the United 

12 States, and import into the United States v.ithout authority, MEMS products and services, 

\3 including but not limited 10 InvenSense's JTG-3200 produclline. 

14 35. On information and belief, InvenSense's infringement, contributory infringement, 

15 andIor inducement of infringement is literal infringement or, in the alternative, infringement 

16 under the doctrine of equivalents. 

17 36. !nvenSense's infringing activities have caused and will continue to cause STI 

18 irreparable harm, for which it has no adequate remody at law, unless InvenSense's infringing 

19 activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

20 37. STI has been and continues to be damaged by InvenSense's infringement of the 

21 '253 Patent in an amount to be determined at trial. 

22 38. On information and belief, InvenSense's infringement of the '253 Patem was 

23 willful and deliberate, entitling STI to enhanced damages and attorneys' fees. 

24 

25 

26 38. 

27 

28 

39. 

COUNT ll: INFRINGEMENT OF U.S. PATENT NO. 6,846,6!J0 

STI incorporates by reference the preceding averments set forth in paragraphs 1_ 
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40. InvenSense has infringed and continues to infringe, has contributed to and 

2 continues to contribute to acts of infringement, and/or has actively and knowingly induced and 

3 continues to actively and knowingly induce the infringement of the '690 Patent by making, 

4 using, offering for sale and selling in the United States, and by importing into the United States 

5 without authority, and/or by causing others to make, use, otTer for sale and sell in the United 

6 States, and import into the United States without authority, MEMS products and services, 

7 including but not limited to InvenSense's ITG-3200 product line. 

8 41. On information and beliet: InvenSense's infringement, contributory infringement, 

9 and/or inducement of infringement is literal infringement or, in the alternati ve, infringement 

10 under the doctrine of equivalents. 

II 42. InvenSense's infringing activities have caused and will continue to cause STI 

12 irreparable harm, for which it has no adequate remedy at law, unless InvenSense's infringing 

13 activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

14 43. STi has been and continues to be damaged by InvenSense' infringement of the 

15 '690 Patent in an amount to be determined at trial. 

16 44. On information and beliet: InvenSense's infringement of the '690 Patent was 

17 willful and deliberate, entitling STI to enhanced damages and attorneys' fees. 

18 

19 

20 44. 

21 

45 . 

46. 

COUNT 1[[: INFlUNGEMENT OF U.S. PATENT NO. 6,405,592 

STI incorporates by re ference the preceding averments set forth in paragraphs 1-

InvenSense has infringed and continues to infringe, has contributed to and 

22 continues to contribute to acts of infringement, and/or has actively and knowingly induced and 

23 continues to actively and knowingly induce the infringement of the' 592 Patent by making, 

24 using, offering for sale and selling in the United States, and by importing into the United States 

25 without authority, and/or by causing others to make, use, offer for sale and sell in the United 

26 States, and import into the United States without authority, MEMS products and services, 

27 including but not limited to InvenSense's ITG-3200 product line. 

28 
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47. On information and belief, InvenSense's infringement, contributory infringement, 

2 andlor inducement of infringement is literal infringement or, in the alternative, infringement 

3 under the doctrine of equivalents. 

4 48. InvenSense's infringing activities have caused and will continue to cause STI 

5 irreparable hann, for which it has no adequate remedy at law, unlesslnvenSense's infringing 

6 activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

7 49. STI has been and continues to be damaged by InvenSense's infringement of the 

8 '592 Palent in an amount to be detennined at lrial. 

9 50. On information and belief, InvenSense's infringement of the '592 Palent WlI.'I 

10 willful and deliberate, entitling STito enhanced damages and attorneys' fees. 

11 

12 

13 50. 

14 

51. 

52. 

COUNT IV; INFRINGEMENT OF U.S, PATENT NO. 6,546,799 

STI incorporates by reference the preceding averments set forth in paragraphs \-

InvenSense has infringed and continues to infringe, has contributed to and 

15 continues to contribute to acts of infringement, and/or has actively and knowingly induced and 

16 continues to actively and knowingly induce the infringement of the '799 Patent by making, 

17 using, offering for sale and selling in the United States, and by imJX;H1ing into the United States 

18 without authority, and/or by causing others to make, use, offer for sale and sell in the United 

)9 States, and import into the United States without authority, MF.MS products and setVices, 

20 including but nnt limited to InvenSense's MPU-60S0 product line. 

53. On information and belief, InvenSense's infringement, contributory infringement, 

22 and/or inducement of infringement is literal infringement or, in the alternative, infringement 

23 under the doctrine of equivalents. 

24 54. InvenSense's infringing activities have caused and will continue to cause STI 

25 irreparable hann, for which it has no adequate remedy at law, unless InvenSense's infringing 

26 activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

27 
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55. STI has been and continues to be damaged by InvenSense's infringement of the 

2 '799 Patent in an amount to be determined at trial. 

3 56. On information and belief, InvenSense's infringement of the '799 Patent was 

4 willful and deliberate, entitling STI to enhanced damages and attorneys' fees. 

5 

6 

7 56. 

8 

57. 

58. 

COUNT V: INFRINGEMENT OF U.S. PATENT NO. 6,928,872 

STI incorporates by reference the preceding averments set forth in paragraphs 1-

InvenSense has infringed and continues to infringe, has contributed to and 

9 continues to contribute to acts of infringement, andlor has actively and knowingly induced and 

10 continues to actively and knowingly induce the infringement of the' 872 Patent by making, 

II using, otTering for sale and selling in the United States, and by importing into the United States 

12 without authority, andlor by causing others to make, use, offer for sale and sell in the United 

13 States, and import into the United States without authority, MEMS products and services, 

14 including but not limited to InvenSense's ITG-3200 product line. 

15 59. On information and belief, InvenSense's infringement, contributory infringement, 

16 andlor inducement of infringement is literal infringement or, in the alternative, infringement 

17 under the doctrine of equivalents. 

18 60. InvenSense's infringing activities have caused and will continue to cause STI 

19 irreparable harm, for which it has no adequate remedy at law, unless InvenSense's infringing 

20 activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

21 61. STI has been and continues to be damaged by InvenSense's infringement of the 

22 '872 Patent in an amount to be determined at trial. 

23 62. On information and belief, InvenSense' s infringement of the' 872 Patent was 

24 willful and deliberate, entitling STI to enhanced damages and attorneys' fees. 

25 

26 

27 

28 
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COUNT VI: INFRINGEMENT OF U.S. PATENT NO. 7,450,332 

2 63. STI incorporates by reference the preceding averments set forth in paragraphs 1-

3 62. 

4 64. InvenSense has infringed and continues to infringe, has contributed to and 

5 continues to contribute to acts of infringement, and/or has acti vely and knowingly induced and 

6 continues to actively and knowingly induce the infringement of the ' 332 Patent by making, 

7 using, offering for sale and selling in the United States, and by importing into the United States 

8 without authority, and/or by causing others to make, use, offer for sale and sell in the United 

9 States, and import into the United States without authority, MEMS products and services, 

10 including but not limited to InvenSense's MPU-6050 product line. 

1 1 65. On information and belief, InvenSense's infringement, contributory infringement, 

12 and/or inducement of infringement is literal infringement or, in the alternative, infringement 

13 under the doctrine of equivalents. 

14 66. InvenSense's infringing activities have caused and will continue to cause STI 

15 irreparable harm, for which it has no adequate remedy at law, unless InvenSense's infringing 

16 activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

17 67 . STI has been and continues to be damaged by InvenSense's infringement of the 

18 '332 Patent in an amount to be determined at trial. 

19 68. On information and belief, InvenSense's infringement of the '332 Patent was 

20 willful and deliberate, entitling STI to enhanced damages and attorneys' fees. 

21 COUNT VII: INFRINGEMENT OF U.S. PATENT NO. 7,409,291 

22 69. STI incorporates by reference the preceding averments set forth in paragraphs 1-

23 68. 

24 70. InvenSense has infringed and continues to infringe, has contributed to and 

25 continues to contribute to acts of infringement, and/or has actively and knowingly induced and 

26 continues to actively and knowingly induce the infringement of the '291 Patent by making, 

27 using, offering for sale and selling in the United States, and by importing into the United States 

28 
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without authority, and/or by causing others to make, lI5e, offer for sale and sell in the United 

2 States, and import into the United States without authority, MEMS products and services, 

3 including but not limited to InvenSense's MPU-6050 product line, 

4 71. On information and belief, InvenSense's infringement, contributory infringement, 

5 and/or inducement of infringement is litcral infringement or, in the alternative, infringement 

6 under the doctrine of equivalents. 

7 72. InvenSense's infringing activities have caused and will continue to cause STI 

8 irreparable hann, for which it has no adequate remedy at law, unless InvenSense's infringing 

I) activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

10 73. STI has been and continues to be damaged by InvenSense's infringement of the 

II '291 Patent in an amount 10 be determined at trial. 

12 74. On information and belief, InvenSense's infringement of the '291 Patent was 

13 willful and deliberate, entitling STI to enhanced damages and attortleys' fees. 

14 

15 

16 74. 

17 

75. 

76. 

COUNT VIII: INFRINGEMENT OF U.S. PATENT NO. 5,874,850 

STl incorporates by reference the preceding averments set forth in paragraphs 1-

InvenSense has infringed and continues to infringe, has contributed to and 

18 continues to contribute to acts of infringement, and/or has actively and knowingly induced and 

19 continues to actively and knowingly induce the infringement of the '850 Patent by making, 

20 using, olTering for sale and ~lling in the United States, and by importing into the United States 

21 without authority, and/or by causing others to make, use, olTer for sale and sell in the United 

22 States, and import into the United States without authority, MEMS products and services, 

23 including butoot limited to lnvenSense's !DG-500 product line. 

24 77. On information and belief, lnvenSense's infringement, contributory infringement, 

25 and/or inducement of infringement is literal infringement or, in the alternative, infringement 

26 under the doctrine of equivalents. 

27 

28 
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78. InvenSense's infringing activities have caused and will continue to cause STr 

2 irreparable harm, for which it has no adequate remedy at law, unless InvenSense's infringing 

3 activities are enjoined by this Court in accordance with 35 U .S.C. § 283. 

4 79. STr has been and continues to be damaged by In venSense' s infringement of the 

5 '850 Patent in an amount to be determined at trial. 

6 80. On information and belief, InvenSense's infringement of the '850 Patent was 

7 willful and deliberate, entitling STr to enhanced damages and attorneys' fees. 

8 

9 

10 80. 

II 

81. 

82. 

COUNT IX: INFRINGEMENT OF U.S. PATENT NO. 5,986,861 

STI incorporates by reference the preceding averments set forth in paragraphs 1-

InvenSense has infringed and continues to infringe, has contributed to and 

12 continues to contribute to acts of infringement, and/or has actively and knowingly induced and 

13 continues to actively and knowingly induce the infringement of the '861 Patent by making, 

14 using, offering for sale and selling in the United States, and by importing into the United States 

15 without authority, and/or by causing others to make, use, offer for sale and sell in the United 

16 States, and import into the United States without authority, MEMS products and services, 

17 including but not limited to rnvenSense's IMU-3000 product line. 

18 83. On information and belief: InvenSense's infringement, contributory infringement 

19 and/or inducement of infringement is literal infringement or, in the alternative, infringement 

20 under the doctrine of equivalents. 

21 84. rnvenSense's infringing activities have caused and will continue to cause STI 

22 irreparable harm, for which it has no adequate remedy at law, unless InvenSense's infringing 

23 activities are enjoined by this Court in accordance with 35 U.S.C. § 283. 

24 85. STI has been and continues to be damaged by InvenSense's infringement of the 

25 '861 Patent in an amount to be determined at trial. 

26 86. On information and belief, rnvenSense's infringement of the '861 Patent was 

27 willful and deliberate, entitling STr to enhanced damages and attorneys' fees. 

28 
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REQUEST FOR RELIEF 

2 WHEREFORE, Plaintiff STMicroelectronics, Inc. respectfully requests that: 

3 (a) Judgment be entered that InvenSense has infringed one or morc claims of each of 

4 the Asserted Patents; 

5 (b) Judgment be entered permanently enjoining InvenSense, its directors, officers, 

6 agents, servants and employees, and those acting in privity or in concert with them, and their 

7 subsidiaries, divisions, successors and assigns, from further acts of infringement, contributory 

8 infringement, or inducement of infringement of the Asserted Patents; 

9 (c) Judgment be entered awarding STI all damages adequate to compensate it for 

10 InvenSense's infringement of the Asserted Patents including all pre-judgment and post-judgment 

11 interest at the maximum rate pennitted by law and enhanced damages; 

12 (d) Judgment be entered that this is an exceptional case and awarding STI attorneys' 

13 fees and costs; and 

14 (e) Judgment be entered awarding STI such other and further relief as this Court may 

15 deem just and proper. 

16 

17 DATED: May 16,2012 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
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QUINN EMANUEL URQUHART & 
SULLIVAN, LLP 

By 
~S-ean~P~~~-------------------------

Attorneys for STMicroelectronics. Inc. 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

UNITED STATES DISTRICT COURT 

NORTHERN DISTRICT OF CALIFORNIA 

STMICROELECTRONICS, INC., 
Case No. 

Plaintitl', 

vs. DEMAND FOR JURY TRIAL 

INVENSENSE, INC., 

Defendant. 

TO EACH PARTY AND TO THE COUNSEL OF RECORD FOR EACH PARTY: 

Plaintiff STMicroelectronics, Inc. hereby demands a jury trial in the above-titled action 

pursuant to Rule 38(b) of the Federal Rules of Civil Procedure. 
14 

15 

16 
DATED: May 16,2012 

17 
Respectfully submitted, 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

;2011/4755432.1 

QUINN EMANUEL URQUHART & 
SULLIVAN, LLP 

By: 5~ I~ 
Sean Pak 
Attorneys for STMicroelectronics, Inc. 
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provided on a second wafer, by performing a low
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Next, as illustrated in FIG. 3, the first wafer 1 is bonded 
to a second wafer 10 formed of a monocrystalline silicon 
substrate 11 and an insulation and/or passivation layer 12. In 
particular, the substrate 11 houses conductive and/or insu
lating regions forming electronic components for biasing the 
acceleration sensor 8 and for detecting and processing 
electrical signals generated by the acceleration sensor 8. As 

4 
wafer 10, not directly accessible from the front, to be 
connected to the outside, without requiring costly processes 
to be carried out from the back. In addition, as is shown in 
the left-hand half of FI G. 8, this solution also enables 
connection of regions formed in the first wafer 1 to the 
outside. Ilere the rotor 4 is connected to the outside through 
a first connection region 23 (beneath the biasing region 32), 
a metal region 13, a second connection region 23 (beneath 
the plug region 3), and the plug region 3 . The plug regions 

an example, FIG. 3 shows conductive regions 15-16 of the 
NIP-type belonging to an electronic circuit 40, which is 
shown only schematically. In addition, the insulation and/or 
passivation layer 12 houses metal regions 13, 18, which 
terminate, at one or both of their ends, with pad regions 19 
facing the surface 22 of the second wafer 10. 

Connection regions 23 are provided on the surface 22 of 
the second wafer 10, on top of the pad regions 19, and are 
of a metal that is able to react at a low temperature with the 
silicon of the first wafer 1 to form a gold/silicon eutectic or 

10 3 are insulated by insulation regions formed by the insulat
ing material 6 and possibly by the air present in the first deep 
trenches Za, and are thus electrically insulated from the rest 
of the first wafer 1, except, obviously, for the regions 
connected to them via electric connection lines 30, shown in 

15 FIG. 10. 

a metallic silicide. Typically, the connection regions 23 are 
made of gold, in the case where the aim is to obtain a 
eutectic, or of a metal chosen from among tbe group 20 

comprising palladium, titanium, and nickel, in the case 
where the aim is to obtain a silicide. Bonding regions 24 are 
also provided on the surface 22 and are preferably formed at 
the same time as the connection regions 23. 

For bonding the first wafer 1 to the second wafer 10, the 25 

first wafer 1 is turned upside dovro so that the first surface 
7 of the first wafer 1 faces the second wafer 10. The plug 
regions 3 of the first wafer 1 are brought into contact with 
the connection regions 23 of the second wafer 10, and 
subsequently a heat treatment at low temperature, for 30 

example 350-450° C., is carried out for a period of 30-45 
minutes, so that the metal of the connection regions 23 of the 
second wafer 10 react with the silicon of the plug regions 3 
and form a metallic silicide which bonds the first and the 
second wafers 1, 10. Thereby, a double wafer 25 is obtained, 35 

as shown in FIG. 3. 

With the solution of FIGS. 1-8 a pressure sensor, instead 
of an acceleration sensor, may be formed . 

FIGS. 9-11 show a second embodiment of the invention 
regarding a unit for micrometric regulation of the read/write 
head of a hard-disk driver. In detail, initially the same steps 
are carried out as described previously with reference to 
FIGS. 1-4. After thinning the first wafer 1, an oxide layer 35 
is deposited and removed selectively at the plug regions 3 to 
form openings 28. The second trenches 2b are then formed 
through the oxide layer 35 and through the wafer 1. 

Subsequently, as illustrated in FIG . 10, an insulating layer 
38 is deposited, for example a stick foil which does not enter 
the second trcnches 2b. The insulating layer is removed from 
above the openings 28, and metal connection regions are 
formed by depositing and defining a metal layer. In 
particular, in the illustrated example the metal layer filL~ the 
openings 28, whert;; it forms contacts 29. In addition, an 
electric connection line 30 is formed and extends from the 
contact 29 arranged above the plug region 3 furthest to the 
right, up to above the rotor 4. 

Subsequently, the composite wafer 25 is cut into dice, the 
insulating layer 38 is removed in oxygen plasma, and a 
ceramic body, referred to as slider 41, is bonded to the rotor 

Subsequently, as illustrated in FIG. 4, the first wafer 1 is 
thinoed from the back mechanically, for example by 
grinding, preferably so as to obtain a thickness of 30-40 ~m . 
The first wafer 1 then has a second surface 26 opposite to the 
first surface 7. 

Next, as illustrated in FIG. 5, a metal layer, for example, 
an aluminum layer, is deposited and defined, so as to form 
metal regions 27 extending above the plug regions 3 and in 
direct electrical contact with the latter. 

40 4 in a per se known manner (FIG. 11). The slider 41 carries 
a transducer 42 for data reading/writing on a hard disk (not 
shown). The transducer 42 is electrically contacted through 
connection regions 43, one of which may be seen in F1G.n, 
which are formed directly on one side of the slider 41. Each 

Subsequently, the first wafer 1 is masked and etched so as 

45 connection region 43 extends from the transducer 42 as far 
as a pad 44 in electrical contact with an electric connection 
line 30. 

to form second trenches 2b defining an acceleration sensor 
8. In particular, as may be seen in FIGS. 6 and 7, the second 
trenches 2b separate a mobile region, forming a rotor 4, and 50 

a fixed region, forming a sta tor 5, from the rest of the wafe r 
I and from one another. The rotor 4 is connected, through 
elastic-connection regions, also referred to as springs 31, to 
fixed biasing regions 32, which arc set in areas correspond-
ing to respective connection regions 23, connected, through 55 

the metallic regions 13, to the plug regions 3. 
Next, as illustrated in FIG. 8, a cap element 34 is fixed to 

the wafer 1 through adhesive regions 36, in a per se known 
manner, and then the double wafer 25 is cut into individual 
dice. Finally, the metal region 27 is contacted applying the 60 

usual wire-bonding technique. 
Thereby, the connection regions 23 ensure mechanical 

connection between tht;; monocrystalline silicon wafers 1 
Jlld 10 and electrical connection between the surface 22 of 
the St;;cond wafer 10 and the plug regions 3. In turn, the plug 65 

regions 3 allow the second wafer 10 to be contacted from 
above. In particular, some plug regions 3 enable the second 

Thereby, the plug region 3 furthest to the right enables 
electrical connection between the transduccr 42 on the slider 
41 and the electrical circuit 40, which can thus transmit to 
the transducer 42 the data to be written, or process the signal 
picked up by the transducer 42. In addition, in a known 
manner, the electrical circuit 40 controls movement of the 
rotor 4, and consequently of the slider 41. Finally, a con
nection via an intermediate plug region (not show D) enables 
connection of tht;; electrical circuit 40 to the outside, in a way 
similar to that illustrated in the right-hand part of FIG. II . 

Consequently, also in this case the plug regions 3 enable 
connection of non-acct;;ssibk regions of the second wafer 10 
to elements arranged above them (here, the transducer 42), 
as well as to the outside. 

FIG. 12 shows a third embodiment regarding the manu-
facture of circuits or structures to be kept in vacuum 
conditions. In the illustrated example, the wafer 1, after 
forming the plug regions 3 by digging tht;; ilrst trenches 211 
and filling them with insulating material 6, has bt;;en bonded 
to a second wafer HI, wherein a filter 411 has been previously 
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made, for example of the band-pass type for high frequen
cies. The first wafer 1 is bonded to the second wafer 10, not 
only through the connection regions 23, but also through a 
sealing region 49 which extends between the first wafer 1 
and the second wafer 10, and completely surrounds the area 
in which the filter 48 is formed, as well as the plug regions 
3. The sealing region 49 is, for example, made using a 
low-melting temperature glass and has a closed shape. If 
bonding of the first wafer 1 and second wafer 10 is carried 
out in a low-pressure environment, the filter 48 remains 
vacuum encapsulated. 

Next, the first wafer 1 is thinned as described above, and 
the double wafer 1, 10 is cut into dice SO. The dice 50 are 
then bonded to a third wafer 51 which houses a circuit 52 
and which has previously been provided with connection 
regions 23a similar to the connection regions 23. The 
thinned side of the first wafer 1 faces the third wafer 51, and 
the plug regions 3 must be aligned to the connection regions 
230. 

In this case, the first wafer I, in addition to protecting and 
isolating the filter 411 from the outside environment and 
maintaining it in vacuum conditions, enables its electrical 
connection with the circuit 52 incorporated in the third wafer 
51. In addition, it is possible to carry out electrical testing of 
the circuit 52 connected to the filter 48 at the wafer level 
(EWS-Electric Wafer Sort test). 

FIGS. 13-16 show a fourth embodiment of the invention. 
According to FIG. 13, initially the first wafer 1 comprises a 

6 
inside which components of the circuit 40 have already been 
formed, and on top of which the connection regions 23 have 
already been made. Also in this case, a low-temperature heat 
treatment is carried out to enable a chemical reaction 

5 between the silicon of the epitaxial layer 56, at the second 
plug portions 62, and the metal of the connection regions 23. 
Next, the substrate 53 of the first wafer 1 is thinned until the 
insulating material 76, or at least the bottom of the first 
trenches 72a, is reached, an oxide layer 35 is deposited, the 

10 openings 28 are formed in the oxide layer 35, and then 
second trenches 72b are made which separate fixed parts 
from mobile parts in the substrate 53. 

Next, as has been described with reference to FIG. 10, an 
insulating layer, for example stick foil, is deposited and 

J5 selectively removed, and the electrical contacts 29 and 
electric connection lines 30 are formed. In FIG. 16, an 
electric connection line 30 connects the portion of the 
substrate 53 to which the rotor 58 is anchored, for example 
at cap region 67, to the first plug region 73 that is furthest 

20 to the left, thus enabling electrical connection of the rotor 58 
to the circuit 40 through the cap region 67, the first plug 
portion 73 on the left, and the second plug portion 62 on the 
left. Shown in the right-hand half of FIG. 16 is instead the 
electrical connection between the circuit 40 and the outside, 

25 through the second plug portion 62, the first plug region 73, 
and the connection region 23 on the right. 

~r~bn~~~~ iia aa~Ofi~I~;!ai:i~rn~~~!t~~:~:t~~;~7:~~ :~:u~:~~ 30 

Subsequently, the insulating layer is removed, and a body 
to be moved, for example a slider similar to the slider 41 of 
FIG. 11, can be fixed to the cap region 67. 

The solution shown in FIGS. 13-16 thus provides a 
micromechanical structure 57 protected by a cap, for 
example cap region 67, and easily connects the circuit 40 
both to the micromechanical structure 57 and to the outside. 

first plug portions 73, in a way similar to that described with 
reference to FIG. 1 for the plug regions 3. Then a sacrificial 
layer 54, for example of silicon dioxide, is deposited or 
grown, then is masked and etched so as to form openings 55 
on top of the first plug portions 73 and in areas where 
anchorages with the structure on top are to he made, as 
descrihed hereinafter. 

35 FIG. 17 shows a variation of the structure of FIG. 16, in 
which the rotor 58 is not anchored to the substrate 53, but is 
supported by springs (not shown) and biasing regions 60, 
similar to the biasing regions 31, 32 of FIG. 7. In addition, 
the cap region 67 is fixed and does not have the second Subsequently (FlU. 14), a polycrystalline silicon seed 

layer is deposited on top of the sacrificial layer 54 and in the 
openings 55, and then a polycrystalline silicon epitaxial 
layer 56 is grown. In this way, the epitaxial layer 56 is in 
direct contact with the substrate 53 at the openings 55. Next, 
inside the epitaxial layer 56 third and fourth trenches 60a, 
60b are dug, which reach as far as the sacrificial layer 54. In 
particular, the third trenches 60a delimit second plug por
tions 62 aligned vertically with the first plug portions 73 in 

40 trenches 72b. The rotor 511 and stator 59 arc connected via 
connection regions 23 and pad regions 19 to metallic regions 
13, 18 formed in the second wafer lO. 'The metallic regions 
13 are connected to the outside, as shown in the left-hand 
half of FIG. 17, via further connection regions 23 aligned 

the substrate 53, and the third trenches 60a define a desired 
micromechanical structure (in the example illustrated, a 
microactuator 57 of the rotating type, including a rotor 58 
and a stator 59, with the rotor 58 supported by springs, 
which arc not illustrated). 

45 with plug regions 62, 73 formed in the first wafer I, in a way 
similar to that described with reference to FIGS. 13-16, and 
via contacts 29. In addition, the metallic regions 18 enable 
connection of the circuit 40 to the stator 59 and, via plug 
regions 62, 73 and contacts 29, to the outside, as shown in 

50 the right-hand half of FIG. 17. An insulating layer 110 covers 
the surface 26 of the first wa fer 1. 

Subsequently, in a known way, a part of the sacrificial 
layer 54 is removed through the fourth trenches 60b. In 
particular, the sacrificial layer 54 is removed beneath the 55 

rotor 58 to form an air gap 63, and it substantially remains 
underneath the stator 59. The sacrificial layer 54 is removed 
only to a very small extent through the third trenches 60a, 
given the different geometry (the micromechanical structure 
is formed by thin regions and/or perforated regions, allow- 60 

ing the sacrificial layer 54 to be substantially removed; this, 
instead, is not done through the third trenches 60a) . 

In a way not shown, it is then possible to fill the third 
trenches, at least partially, with insulating material, in a way 
similar to that described for the first trenches 2a of FIG. 1. 65 

Subsequently, as illustrated in FlU . 15, the first wafer 1 is 
turned upside down and bonded to the second wafer 10, 

FIGS. 18 and 19 show a sixth embodiment, in which a 
micromechanical structure, for example an acceleration sen
sor 8, is protected by a cap and electrio.:ally connected to the 
biasing and sensing circuit via plug regions. 

Initially, as illustrated in FIG. 18, the first wafer comprises 
a substrate 53, which, in contrast to the previous 
embodiments, is not etched to form trenches. On the sub
strate 53, a sacrificial layer 54 is deposited and defined, and 
is removed only at openings 55. Next, a polycrystalline 
silicon seed layer is deposited, and the epitaxial layer 56 is 
grown, as described with reference to FIG. 14. 

The epitaxial layer 56 is etched to form fifth trenches 65a 
for delimiting second plug portions 64. Here, the fifth 
trenches 65a are filled , eitber partially or completely, with 
insulating material 66, sixth trenches 65b are formed for 
defining the accelerometric sensor II, and the sacrificial layer 



US 6,504,253 B2 
7 

54 is partially removed through the sixth trenches 650, so as 
to free the rotor 58 of the acceleration sensor 8. As for the 
embodiment shown in FIGS. 1-8, the rotor 58 is carried by 
the fixed part via springs (not illustrated). 

Subsequently, the first wafer 1 is bonded to the second 
wafer 10 using the connection regions 23 already formed on 
the surface 22 of the second wafer 10. Then the first wafer 
1 is thinned by grinding until the desired thickness for the 
substrate 53. Next, the substrate 53 is selectively removed so 

8 
What is claimed is: 
1. An electric connecting structure for connecting a first 

body of semiconductor material overlaid by a second body 
of semiconductor material, the connecting structure com
prising: 

a plug region extending through a portion of said second 
body and made of monocrystalline semiconductor 
material; 

as to form a cap region 67 of larger dimensions than the rotor ]0 

58, but of smaller dimensions than the chip housing the 
circuit 40, obtained after cutting the wafers 1, 10. In this 
way, the cap region 67 covers the rotor 58 from the back, 
protecting it mechanically, but leaves the plug regions 64 

an insulation region surrounding laterally said plug 
region; and 

a first electromechanical connection region o[ electrically 
conductive material arranged between said [ust body 
and said second body and in electrical contact with said 
plug region and with conductive regions of said first 
body. 

free. 
Finally, the contacts 29 and the electric connection lines 

30 are formed, which, in this embodiment, contact directly 
the silicon of the epitaxial layer 54. In particular, in the 
example illustrated in FIG. 19, an electric connection line 30 
connects a region (not shown), arranged inside the fixed part 
and is electrically connected to the rotor 58, to the plug 
region 64 on the left, and thus to the circuit 40. A ball-and
wire connection on the right instead ena bles connection of 
the circuit 40 to the outside. 

]5 

2. The electric connection structure of claim 1, wherein 
said plug region extends throughout a thickness of said 
second body and has a first face and a second face, said first 

20 face being in contact with said first electromechanical con
nection region; and 

further comprising a contact region of electrically con
ducting material in contact with said second face o[ 
said plug region. 

When the acceleration sensor 8 is to be kept at low 25 

pressure, for example to reduce friction with air during 
movement, a sealing region 49 may be provided which 
surrounds the area of the acceleration sensor 8, then the first 
wafer 1 may be bonded to the second wafer 10 in vacuum 
conditions, as already described with reference to FIG. 12. 30 

3. The electric connection structure of claim 2, further 
comprising an electric connection line extending above said 
second body and having a first end forming said contact 
region. 

4. The electric connection structure of claim 3, wherein 
said electric connection line has a second end in electrical 
contact with a conductive region of said second body. The advantages of the process and structures described 

are evident from the above. In particular, they enable 
mechanical connection of two bodies of semiconductor 
material, in particular of monocrystalline silicon, arranged 
on one another, and at the same time the electrical connec
tion of a structure or circuit formed in the underlying body, 
which is covered by the overlying body, to the outside or to 
a structure made in the overlying body; or else, they enable 
electrical connection of the underlying body to regions 
arranged above the overlying body, without requiring com
plicated and costly processes to be carried out from the back, 
without damaging the structures and circuits already made, 
and applying single manufacture steps that are commonly 
used in the manufacture of wafers of semiconductor material 
for forming micro-electromechanical structures. 

The described solutions moreover make it possible, when 
necessary, to isolate preset areas of the underlying body 
and/or of the overlying body from the ou tside environment, 
for example to enclose delicate elements in a low-pressure 
environment, and/or to isolate and prevent contamination of 
these elements during manufacture, for example cutting 
semiconductor material wafers, during subsequent manipu
lation steps, and during use. 

Finally, it is ckar that numerous modifications and varia
tions may be made to the connection structure, the compos
ite structure, and to the manufacture process described and 
illustrated herein, all falling within the scope of the 
invention, as defined in the attached claims. In particular, the 
present connection structure may be used for a wide range 

5. The electric connection structure of claim 3, wherein 
said electric connection line has a second end in electrical 
contact with a contact region formed on a third body fixed 

35 to said second body. 
6. The electric connection structure of claim 2, for elec

trically connecting said second body to a third body of 
semiconductor material arranged on said second body, 
wherein said contact region further comprises a t least one 

40 second electromechanical connection region made of a 
material resulting from the chemical reaction of said semi
conductor material with a metal, said second electrome
chanical connection regions being arranged between said 
second body and said third body. 

45 7. The electric connection structure according to claim 1, 
wherein said insulation region comprises a trench having a 
closed shape filled at least partially with insulating material. 

8. The electric connection structure according to claim 1, 
wherein said first electromechanical connection region is 

50 made of a material resulting from the chemical reaction of 
said semiconductor material with a metal. 

9. The electric connection structure according to claim 1, 
wherein said first electromechanical conm:ction region is 
made of a metal resulting from the chemical reaction of 

55 silicon with a metal chosen from among a group comprising 
gold, palladium, titanium, and nickel. 

10. The electric connection structure of claim 1 wherein 
said plug region and said second body are made of the same 
material. 

11. An electric connecting structure for connecting a first 
body of semiconductor material overlaid by a second body 
of semiconductor material comprising a substrate region and 
an epitaxial region arranged on each other and partially 
insulated from one another by insulating regions, the con-

of applications, both for the connection of electronic circuits 60 

integrated in two or more different substrates, and [or the 
connection of micro-electromechanical structures of various 
kinds to biasing/control/sensing circuits associated to the 
micro-electromechanical structures. The present cOlmection 
structure may be used for connecting a high number of 
~ubstrates, according to the requirements and to general 
considerations of a mechanical/electrical nature. 

65 necting structure comprising: 

a plug region extending through a portion of said second 
body and made of semiconductor material; 
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an insulation region surrounding laterally said plug 
region; and 

a first electromechanical connection region of electrically 
conductive material arranged between said first body 
and said second body and in electrical contact with said 
plug region and with conductive regions of said first 
body, wherein: 

said plug region further comprises a first plug portion 
extending throughout the thickness of said substrate 
region, and a second plug portion formed inside said 10 

epitaxial region, said second plug portion being aligned 
and in direct electrical contact with said first plug 
portion; 

said insulation region further comprises a first insulation 15 

portion lateralIy surrounding said first plug portion, and 
a second insulation portion laterally surrounding said 
second plug portion; 

a contact region of electrically conducting material 
extends on a free face of said substrate region in 20 

electrical contact with said first plug portion; and 

said second plug portion faces and is in direct electrical 
contact with said first electromechanical connection 
region. 

12. The electric connection structure of claim 11 wherein 25 

said plug region and said second body are formed from a 
common material. 

10 
an insulation region laterally surrounding said plug 

region, and 
a first electromechanical connection region of electri

cally conductive material arranged between said first 
body and said second body and in electrical contact 
with said plug region and with conductive regions of 
said first body. 

18. The composite structure according to claim 17, 

wherein said plug region extends throughout the thickness 
of said second body and has a first face and a second 
face, said first face being in contact with said first 
electromechanical connection region; 

further comprising a contact region of electrically con
ducting material, in contact with said second face of 
said plug region; and 

wherein said first body houses an electronic circuit); and 

said second body houses a micro-electromechanical 
device comprising a fixed part and a mobile part 
separated from each other by at least one delimita tion 
trench extending through said second body. 

19. 'The composite structure of claim 18, further compris
ing an external electric connection wire bonded to said 
contact region . 

20. lbe composite structure of claim 18, wherein said 
electric connection structure further comprises an electric 
connection line extending above said second body and 
having a first end forming said contact region, and a second 
end in electrical contact with said micro-electromechanical 

13. The electric connection structure of claim 11 wherein 
said plug region is made of monocrystalline semiconductor 
material. 30 device. 

14. An electric connecting structure for connecting a first 
body of semiconductor material overlaid by a second body 
of semiconductor material comprising a substrate region and 

21. The composite structure of claim 18, further compris
ing a third body fixed to said second body, said electric 
connection structure further comprising an electric connec
tion line having a first end forming said contact region and an epitaxial region arranged on one another and reciprocally 

insulated by insulating regions, the connection structure 
comprising: 

35 a second end in electrical contact with a contact region 
formed on said third body. 

a plug region extending through a portion of said second 
body and made of semiconductor material; 

an insulation region surrounding laterally said plug 
region; and 

22. The composite structure of claim 21, wherein said 
third body is a slider, and said composite structure forms an 
actuator unit for micrometric position regulation of a hard-

40 disk driver. 

a first electromechanical connection region of electrically 
conductive material arranged between said first hody 
and said second body and in electrical contact with said 
plug region and with conductive regions of said first 45 

body, wherein said substrate region has a smaller area 
than said epitaxial region, said plug region extends 
throughout the thickness of said epitaxial region, and 
has a first face and a second face, said first face being 
in contact with said first electromechanical connection 50 

region, and said second face being in direct contact 
with at least one electric connection region of electri
cally conducting material. 

IS. The electric conm:ction structure of claim 14 wherein 
~itid plug region and said second body are both formed from 55 

a common material. 
16. 'Ibe electric connection structure of claim 14 wherein 

said plug region is made of monocrystalline semiconductor 
material. 

17. A composite structure comprising: 
a first body of semiconductor material; 

a second body of semiconductor material arranged on said 
first body); and 

all dectric connection structure, including: 

60 

a plug region extending through a portion of said 65 

second body and made of monocrystalline semicon
ductor material, 

23. The composite structure of claim 17, wherein the first 
body of semiconductor material further houses a first elec
tronic circui«; 

further comprising a third body of semiconductor material 
and housing a second electronic circuit, said third body 
fixed to said second body; and 

the electric connection structure, wherein: 

said plug region includes a first face and a second face, 
said plug region connecting together said first and 
second electronic circuits, 

said first electromechanical connection region arranged 
between said first body and said second body is further 
in electrical contact with said first face of said plug 
region, and 

further comprising a contact region of electrically con
ducting material in contact with said second face of 
said plug region, the contact region having at least one 
second electromechanical connection region made of a 
material resulting from the chemical reaction of said 
semiconductor material with a metal, said second elec-
tromechanical connection regions being arranged 
between said second body and said third body. 

24. The composite structure of claim 23, further compris
ing a sealing region having a closed shape and arranged 
between said first and said second bodies, outside one of said 
first and second electronic circuil~. 
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25. A composite structure comprising: 

a first body of semiconductor material; 

a second body of semiconductor material arranged on said 
first body and comprising a an epitaxial region housing 
a micro-electromechanical device having a fixed part 
and a mobile part separated from one another by a 
delimitation trench extending through said epitaxial 
region and a substrate region forming a cap region and 
arranged over the mobile part of said epitaxial region, 
said epitaxial region and said substrate region being ]0 

arranged on each other and partially insulated from one 
another by first and second insulating regions; and 

an electric connection structure, including: 
a first plug portion formed of semiconductor material ]5 

and extending throughout the thickness of said sub
strate region, 

a second plug portion formed of semiconductor mate
rial and formed inside said epitaxial region, said 
second plug portion being aligned and in direct 20 

electrical contact with said first plug portion and 
further facing and in direct electrical contact with a 
first electromechanical connection region, 

said first electromechanical connection region being 
formed of electrically conductive material arranged 25 

between said first body and said second body and in 
electrical contact with conductive regions of said 
first body, 

said first insulation portion laterally surrounding said 
first plug portion, and 30 

said second insulation portion laterany surrounding 
said second plug portion; and 

contact region of electrically conducting material 
extending on a free face of said substrate region in 
electrical contact with said first plug portion. 

12 
26. A composite structure comprising: 

a first body of semiconductor material; 

a second body of semiconductor material arranged on said 
first body and comprising an epitaxial region housing a 
micro-electromechanical device comprising a fixed 
part and a mobile part separated from one another by at 
least one delimitation trench extending through said 
epitaxial region and a substrate region forming a cap 
region which has larger dimensions than said lIlobile 
part and is fixed to said fixed part, said epitaxial region 
and said substrate region overlaid to each other and 
reciprocally insulated from one another by insulating 
regions; and 

an electric connection structure, including: 
a plug region extending throughout the thickness of 

said epitaxial region of said second body and made 
of semiconductor material, said plug region having a 
first face and a second face, said first face being in 
contact with a first electromechanical connection 
region, and said second face being in direct contact 
with at least one electric connection region of elec
trically conducting IIlftterial, 

said first electromechanical connection region of elec
trically conductive material arranged between said 
first body and said second body and in electrical 
contact with said plug region and with conductive 
regions of said first body, and 

an insulation region laterally surrounding said plug 
region. 
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(57) ABSTRACT 

The fabrication of an integrated circuit includes a lirst pbase 
of producing an electronic chip and a second phase of 
producing at least one auxiliary component placed above the 
chip and of producing a protective cover which covers the 
auxiliary component. The lirst phase of producing the chip 
is effected from a first semiconductor substrate and com
prises the formatio[) of a cavity lying in a chosen region of 
the chip and emerging at the upper surface of the cbip. The 
second production phase includes the production of the 
auxiliary component from a second semiconductor 
substrate, separate from the first, and then the placement in 
the cavity of the auxiliary component supported by the 
second substrate and the mutual adhesion of the second 
substrate to the upper surface of the chip lying outside the 
cavity. The second substrate then also forms the protective 
cover. 
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INTEGRATED CIRCUIT COMPRISING AN 
AUXILIARY COMPONENT, FOR EXAMPLE 

A PASSIVE COMPONENT OR A 
MICROELECTROMECHANICAL SYSTEM, 
PLACED ABOVE AN ELECTRONIC CHIP, 

AND THE CORRESPONDING FABRICATION 
PROCESS 

2 
ponent to be covered. However, the discrete nature of the 
solder bumps does not protect the side walls of the 
component, for example a microswitch. 

According to a second approacb, again after having 
produced the component on tbe passivation layer covering 
the integrated circuit, the component is covered with a wafer 
in which a cavity intended to receive the component has 
been made. This wafer is fixed to the passivation layer of the 
integrated circuit with the aid of a polymer material which 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims priority from 
prior French Patent Application No. 0115594, filed on Dec. 
3,2001, the entin: disdosure of which is herein incorporated 

10 acts as adhesive. Mechanical isolation is complete. On the 
otber hand, the two wafers remain electrically isolated and 
only localized etching of the cover above the contact pads 
will allow contact with the lower circuit by means of 

by reference . 15 

BACKGROUND OF THE INVENTION 

additional steps during packaging. 

Thus, in the prior art, no method allows both the com
ponent to be protected and tbe electrical contacting, indis
pensable for packaging, to be guaranteed. 

1. Field of the Invention 

The invention relates to integrated circuits and more 
particularly to the incorporation of auxiliary components, 
such as high-performance passive components or microelec
tromechanical systems, on an electronic chip. 

Added to this limitation are further drawbacks which are 
20 associated with the contemplated approach and which com

plicate the integration. 

2. Description of the Related Art 
The development of microelectronic technologies has 25 

been accompanied by an increasingly systematic integration 
of compkx electrica I functions, hit herto loea ted outside the 
package of the integrated circuit. Among these functions, 
mention may be made of microelectromechanical systems 
(MEMS) and passive components known to those skilled in 30 

the art as above-Ie components produced above the passi
vation layer covering the integrated circuit. 

The production of these MEMS systems or passive com
ponents requires strict compatibility, especially thermal 
compatibility, of their steps with those of the production of 35 

the lower interconnect levels, and a protective layer before 
the circuit is packaged . 

This is because the component is produced above the 
electronic chip. 1b avoid any damage to the lower intercon
nect levels, this production must not involve temperatures 
above 450· C. However, this constraint in particular prc
vents the use of specific materials, such as certain dielectrics 
having a very high permittivity. 

Moreover, the processes of the prior art finally end up 
with a stack substantially greater than 500 microns in height, 
which no longer allows the standard packaging procedures 
to be applied. It is then necessary to thin the cover, but its 
handling then becomes a tricky operation because of its 
mechanical fragility. 

Moreover, once tbe wafers have been assembled, it 
becomes difficult to perform further technological opera
tions because of the non-uniformity of the thickness of the 
adhesive polymer and of the solder bumps which mean that 
the upper surface has a poor flatness. 

At the present time, the incorporation of high
Jlerformance passive components and microelectromechani
cal systems is divided into two steps, namely the incorpo
ration of the component on the one hand and the assembly 
with a protective cover on the other. 

Accordingly, there exists a need for overcoming the 
40 disadvantages of the prior art as discussed above. 

The production of the component takes place directly on 
the chip where the digital and analogue circuits are 45 
integrated, above an insulating passivation layer. 

The protective cover is produced by means of an addi
tional layer placed above the component, tbis additional 
layer having to allow it to be mechanically isolated from the 
external world without thereby degrading performance or 50 

preventing its movement, especially in the case of micro
electromechanical systems. In addition, strict compatibility 
betwecn the ''I,:hip/component/protective cover" stack and 
the standard packaging processes proves to be necessary, in 
particular in the case of electrical connection of the chip to 55 
the package. At the present time, processes are known which 
ensure one or other of these functions. 

By way of indication, mention may be made of the 
process known to those skilled in the art by the name 
"flip-chip". This process involves contacts which ensure the 60 

mechanical integrity of the stack and the electrical connec
tion between the chip and the lower face of the cover. More 
specifically, a wafer, aligned with respect to the passivation 
layer on which the component has been produced, is bonded 
by partial fusion at a moderate temperature with the aid of 65 

solder bumps whieh then serve as support. lbis flip-chip 
procedure damages neither the interconnects nor the com-

SUMMARY OF ll-IE INVENTION 

The invention aims to provide a solution to these prob
lems. 

One object of the invention is to provide an assembly 
which has an almost perfectly plane upper surface allowing 
further technological steps to be carried out. 

The object of the invention is also to make the production 
of an "electronic chip/component" assembly compatible 
with standard packaging processes. 

The object of the invention is also to ensure at the same 
time electrical connection of the component to the chip and 
its mechanical encapsulation. 

The invention therefore provides a process for fabricating 
an integrated circuit, comprising a phase of producing an 
electronic chip and a phase of producing at least one 
auxiliary component (for example a passive component or 
else a MEMS-type component) placed above the chip and of 
producing a protective cover which covers the auxiliary 
component. 

According to a general feature of the invention, the chip 
is produced from a first semiconductor substrate, whereas 
the auxiliary component is produced from a second semi
conductor substrate, separate from the first. The second 
substrate supporting the auxiliary component is made to 
adhere mutually to the first semiconductor substrate in an 
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adhesion region lying outside a cavity containing the aux
iliary component and extending into one or other of the two 
substrates or into both substrates, the second substrate then 
also forming the protective cover. 

In other words, according to the invention, the chip on a 
standard semiconductor wafer and the auxiliary component 
on another specific wafer are produced independently. Thus, 
there is no risk of the processes involving the auxiliary 
component damaging the chip interconnects. 
Moreover, the use of a virgin wafer as support for producing 
the auxiliary component greatly widens the choice of mate
rial processes, independently of the constraints associated 
with the interconnects. 

The cavity may be produced only in the chip from it's 
front face, or else only in the wafer used to produce the 
auxiliary component. The cavity may also be formed from 
two cavity portions formed facing each other in the chip and 
in the wafer, respectively. 

Thus, according to a first implementational variant, the 
phase of producing the chip comprises the formation of the 
cavity lying in a chosen region of the chip and emerging at 
the upper surface (i.e. the front face) of the chip, and the 
phase of producing the auxiliary component and the protec
tive cover comprises the placement, in the cavity, of the 
auxiliary component supported by the second substrate and 
the mutual adhesion of the second substrate to the upper 
surface of the chip lying outside the cavity, the second 
substrate then also forming the protective cover. 

According to a second implementational variant, the 
phase of producing the auxiliary component and the cover 
comprises the formation of the cavity in the second substrate 
and the production of the auxiliary component in the cavity, 
Jnd then the mutual adhesion of the second substrate to the 
upper surface orthe chip lying ouL.,ide the cavity, the second 
substrate then also forming the protective cover. 

According to a third implementational variant, the phase 
o[ producing the chip comprises the formation of a first 
cavity portion lying in a chosen region of the chip and 
emerging at the upper surface of the chip. The phase of 
producing the auxiliary component and the cover comprises 
the forma tion of a second cavi ty portion in the second 
substrate and the production of the auxiliary component in 
the second cavity portion, and then the mutual adhesion of 
the second substrate to the upper surface of the chip lying 
outside the cavity which is then formed by the two cavity 
portions, the second substrate then also forming the protec
tive cover. 

According to a method of implementing the process 
compatible with the three abovementioned variants, the 
production of the auxiliary component comprises: 

the formation on an initial substrate, for example a silicon 
substrate, of an intermediate layer composed of at least 
one sublayer of a material that can be selectively 
removed with respect to the material forming the 
second substrate and with respect to the material form
ing the initial substrate; 

the formation of the second substrate on the intermediate 
layer; and 

the formation of the auxiliary component 011 the second 
substrate, this auxiliary component projecting from the 
upper surface o[the second substrate (it being possible, 
depending on the implementational variant, for this 
upper surface to be plane or recessed in order to provide 
a cavity or a cavity portion). 

Moreover, the production of the protective cover 
comprises, after the upper surface of the chip lying outside 
tht! cavity has adhered to the corresponding facing portion of 

4 
the surface of the second substrate, the removal of the 
sublayer and of the initial substrate. 

The use of a buried layer (intermediate layer) allows fine 
control of the thickness of the layer which will cover the 
electronic chip, that is to say the thickness of the second 
substrate. Etching of the vias (interconnect holes) is thereby 
considerably facilitated and the thickness of the whole 
assembly remains compatible with the standard packaging 
processes. In addition, this process permits, as final 
passivation, a wide choice of materials compatible with the 

lU radiofrequency performance required, should this be neces
sary. 

When the intermediate layer is entirely formed from the 
removable material, it is completely removed. However, as 
a variant, the intermediate layer may be formed from a stack 

15 of several sublayers, some but not all of which are composed 
of a material that can be selectively removed with respect to 
the material forming the second substrate and with respect to 
the material forming the initial substrate. In this case after 
the adhesion step, all the removable sublayers and the initial 

20 substrate are removed. 
In this variant, there then remain sublayers, which may be 
made of silicon, for example, on which further transistors or 
other active components may, for example, be produced. 

According to one method of implementing the invention, 
25 the production of the electronic chip comprises the produc

tion of first contact pads emerging at the upper surface of the 
chip within the adhesion region. The production of the 
auxiliary component comprises the production of second 
contact pads within the adhesion region (at the periphery of 

30 the auxiliary component). During mutual adhesion, the 
second contact pads come into contact with the first contact 
pads. 

Thus, if the first and second contact pads are made of 
metal and at least ODe of the first contact pads is connected 

35 to the chip, while at least one of the second contact pads is 
connected to the auxiliary component, electrical connection 
and mechanical connection between the chip and the aux
iliary component are made at the time. 

Moreover it is particularly advantageous that the produc-
40 tion of each second contact pad comprises the [ormation of 

an orifice passing through the pad. Thus, after a second pad 
has been brought into contact with a corresponding first pad, 
a rivet is made by metallization in the orifice of the second 
pad. In other words, metallization of the vias which pass 

45 through the protective cover electrically connect t he two 
wafers and improve the mechanical strength of the assembly 
by generating microscopic rivets. The latter may be distrib
uted where the designer chooses, at key points on the chip 
so as to optimize the mechanical integrity of the whole 

50 assembly. 
AJthough various options are provided for carrying out 

the step of mutual adhesion of the two substrates, such as for 
example the use of a polymer material, it is particularly 
advantageous for this adhesion to be carried out by low-

55 temperature molecular bonding. This prevents any circuit 
from being damaged. Moreover, molecular bonding pre
serves the option of carrying out both the electrical connec
tion and the mechanical connection, whereas if an adhesion 
technique using a polymer material between the contact pads 

60 is employed, it is necessary to provide an electrical connec
tion at a point other than at the contact pads. 

The subject of the invention is also an integrated circuit 
comprising an electronic chip, at least one auxiliary com
ponent placed above the chip and a protective cover which 

65 covers the auxiliary component. 
According to a general feature of the invention, the 

auxiliary component projects from the lower face of a 
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semiconductor substrate and extends into a cavity made in 
the chip or in the semiconductor substrate or in both. The 
substrate also forms the protective cover. The lower face of 
the substrate is fixed to that portion of the upper surface of 
the cbip lying outside the cavity and the upper face of the 
substrate supporting the auxiliary component is approxi
mately plane. 

6 
Moreover, on a substrate separate from the substrate SB2, 

in a conventional manner known per sc, an electronic ch ip 
PC is produced and a cavity CY intended to house the 
component CAX is provided, at a chosen point, in the upper 
portion of this electronic cbip PC. 

Next, as illustrated in the right-hand part of FIG. 1, the 
upper face (whicb has become tbe lower face in the right
hand part of FIG. 1) of the substrate SB2 is fastened to that 
part of the upper face of the electronic chip lying outside the 

According to a first embodiment variant, the lower sur
face of the scmiconductor substrate is plane and the upper 
surface of the chip has a shape which provides tbe cavity in 
a chosen region of the chip. 

10 cavity CY. 

According to a second embodiment variant, the upper 
surface of the chip is plane and the lower surface of the 
semiconductor substrate has a shape which provides the 
cavity in this semiconductor substrate . 15 

According to a third embodiment variant, the lower 
surface of the semiconductor substrate has a shape which 
provides a first cavity portion in this semiconductor 
substrate, and the upper surface of the chip has a shape 
which provides a second cavity portion in a chosen region of 20 

the chip. The cavity is then formed from the two cavity 
portions facing t:ach other. 

According to an embodiment of the invention compatible 
with these three embodiment variants, the electronic cbip 
includes first contact pads emerging at the upper surface of 25 

the chip outside the cavity. The auxiliary component for its 
part includes second contact pads lying on the periphery of 
the auxiliary component. The second contact pads are in 
contact with the first contact pads. 

The integrated circuit advantageously includes rivets fas- 30 

tening each second contact pad to the corresponding first 
pad. 

TJRIEF DESCRIPTION OF TilE DRAWINGS 

An integrated circuit is then obtained which, after 
packaging, comprises an assembly consisting of an elec
tronic chip PC and an auxiliary component CAX, the upper 
surface of which assembly is approximately plane . 

This method of implementing the invention will now be 
explained in greater detail with reference to the following 
figures. 

In FIG. 2a, the electronic chip PC is produced in a 
conventional manner known per se from a silicon substrate 
Slll, above which a certain number of interconnect levels 
YL are provided . The whole assembly is covered with an 
insulating passivation layer PS, for example formed from 
silicon dioxide. Metal tracks and contact pads, PCTI, 
PCTIO, produced in a conventional manner known per se, 
emerge at tbe surface of the passivation layer and allow 
interconnections with components of the electronic chip 
located in the silicon substrate, by means of various inter
connect levels. 

Moreover, a cavity CY, which is intended to house the 
auxiliary component CAX, is provided in a chosen region of 
the electronic chip. This cavity CY (FIG . 2b) lies in a region 
which is, for example, stripped of metal and which, in any 
case, will not interfere with the structure or the operation of 

Further advantages and features of the invention will 
become apparent on reading the detailed description of 
entirely non-limitiog embodiments and methods of 
implementation, and the appended drawings in which: 

FIG. 1 illustrates in a very general and highly schematic 
manner, a first method of implementing tbe process accord
ing to the invention, making it possible to end up with a first 
embodiment of an integrated circuit according to tbe inven
tion; 

35 the electronic components of the chip . The depth of the 
cavity depends on the height of the auxiliary component 
CAX which will be inserted thereinto. Depending on the 
applications, the cavity may extend only into the passivation 
layer or else may be etched through the passivation layer, a 

40 certain number of interconnect levels YL and possibly right 
down to the substrate SBt. 

HGS. 2a and 2b illustrate in greater detail, but again 
schematically, steps in a method of implementing the 45 

process, leading to the furnishing of the electronic chip; 

Moreover, the auxiliary compon~nt CAX shall be pro
duced on a second substrate SB2 (FIG . 3a) which is com
pletely separate from the substrate of the electronic chip PC. 

More specifically, in this method of implementation, the 
substrate SB2, for example made of silicon, is produced 
from an initial substrate SB1, on which a layer, called 
"intermediate layer CIT", has been produced. The substrate 
Sll2 rests on this intermediate layer CIT. 

FIGS . 3a to 3c illustrate in greater detail, but again 
schematically, certain steps in a method of implementing the 
process resulting in the production of an auxiliary compo- 50 

nent; The intermediate layer CIT is therefore a buried layer. It 
is formed from a material which can be removed selectively 
with respect to the material forming the substrate SB2 and 
the substrate SRI. 

FIGS . 4 and 5 illustrate in greater detail, but again 
schematically, assembly steps in the process according to the 
invention, making it possible to end up with an integrated 
circuit according to the invention; and 

FIGS. 6 and 7 illustrate in a very general and highly 
schematic manner, two other methods of implementing the 
process according to the invention, making it possible to end 
up with two other embodiments of an integrated circuit 
according to the invention . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the left-hand part of FIG. 1, the reference SB2 denotes 
a scmiclInductor substrate on which an auxiliary component 
('AX, lor example a passive component, or else a micro
electrolllechanical system, has been produced . 

55 As an example, the assembly formed from the initial 
substrate SBI, from the buried layer CIT and from the 
second substrate SB2 may be a silicon-on-insulatorsubstrate 
(SOl) substrate, the structure and the production of which 
are well known to those skilled in the art. In this case, the 

60 substrate SB2 is, for example, a thin layer of silicon resting 
on silicon dioxide forming the buried layer CIT. 

As a variant, the layer CIT may be formed by epitaxial 
growth of a silicon-germanium alloy on the initial substrate 
SBI formed from silicon. The second, silicon substrate SB2 

65 is then itself grown epitaxially on the layer CIT. 
Next, as illustrated in FIG . 3b, an auxiliary component 

CAX, in this case a microelectromecbanical system, is 
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produced in a conventional manner known per se in and on 
the substrate SB2. 

This component CAX includes peripheral extensions 
forming contact pads PCf2. 

As illustrated in FIG. 3c, each contact pad PCf2 is 
pierced by a central orifice OR which is extended by a hole 
or via VA into the substrate SB2 as far as the buried layer 
CIT. Ilowever, as a variant, this central orifice may be etched 
subsequently, for ~xample at the same time as the cavities 
PCf20 (FIG. 5), once the adhesion has been effected. 

As will be seen in greater detail below, the pads PCf2 
which flank the microswitch are intended to connect it 
electrically and mechanically to the other wafer, that is to 
say to the c1ectronic chip, on which the control circuits are 
to be found. 

The next step consists in turning the assembly supporting 
the auxiliary component CAX upsid~ down and then in 
aligning this assembly with the electronic chip so that the 
microswitch CAX fits perfectly into the cavity CV provided 
for this purpose (fiG. 4). 

The contact pads PCf2 then come into contact with the 
contact pads pcn of the electronic chip. 

The adhesion of the substrate SD2 to the upper surface of 
the electronic chip lying outside the cavity CV is preferably 
effected by low-temperature molecular bonding. Such 
molecular bonding is well known to a person skilled in the 
art and he may refer, for example, to the article by M. Bruel, 

8 
intermediate layer is formed from a stack of sub layers, some 
of which were not selectively removable, since in this case 
there remains on the upper surface of the substrate SB2 one 
or more plane sublayers on which these other levels may be 
produced. 

Although in the variant that has just been described the 
cavity CV was produced just in the substrate SB2, it is 
possible to produce this cavity just in the chip PC (FIG. 6) 
or else both in the substrate SB2 and in the chip PC (FIG. 

10 7). The cavity CV is then composed of two cavity portions 
CVl and CV2 facing each other. 

While there has been illustrated and described what are 
presently considered to be the preferred embodiments of the 
present invention, it will be understood by those of ordinary 

15 skill in the art that various other modifications may be made, 
and equivalents may be substituted, without departing from 
the true scope of the present invention. 

Additionally, many modifications may be made to adapt 
a particular situation to the teachings of the present inven
tion without departing from the central inventivc conccpt 

20 described herein. Furthermore, an embodiment of the 
present invention may not include all of the features 
described abovc. Therefore, it is intended that the present 
invention not be limited to the particular embodiments 
disclosed, but that the invention include all embodiments 

25 falling within the scope of the appended claims. 
What is claimed is: 
1. A process for fabricating an integrated circuit compris-

D. A~par and A. .1. Auberton-Herve "Smart-Cut: a New 
Silicon-On-Insulator Material Technology Based on Hydro- 30 

gen Implantation and Waj"er Bonding", Japanese Journal of 
Applied Physics, Vol. 36, pp. 1636--1641, Part I, No. 3B, 
March 1997. 

ing the production of an electronic chip and the production 
of at least one auxiliary component placed above the chip 
and of a protective cover whicb covers the auxiliary 
component, wh~rein the chip is produced from a first semi-
conductor substrate, in that the auxiliary component is 
produced from a second semiconductor substrate, separate 
from the first and in that the second substrate supporting the This molecular bonding has the advantage of not requir

ing any additional material to elIect the adhesion. Moreover, 
it damages no circuit and thus makes compatible simulta
neous electrical connection with mechanical connection 
effected at the contact pads PCJ1 and PCT2. 

35 auxiliary component is made to adhere mutually to the first 
semiconductor substrate in an adhesion region lying outside 
a cavity containing the auxiliary component and extending 
into one or other of the two substrates or into both substrates, 

The material of the buried layer CIT is then selectively 40 

removed, for example by selective etching well known to 
those skilled in the art, the characteristics of which depend 

the second substrat~ then also forming the protective cover. 
2. The process according to claim I, wherein the phase of 

producing the chip comprises the formation of the cavity 
lying in a chosen region of the chip and emerging at the 
upper surface of the chip and in that the phase of producing 
the auxiliary component and the protective cover comprises 

on the material uscd. Removal of this material of the CIT 
layer also involves removal of the initial substrate SD1, if 
the latter had not been removed beforehand by another 
technique, for example by a process well known to those 
skilled in the art by the name "smart-cu t". 

45 the placement, in the cavity, of the auxiliary component 
supportcd by the second substrate and the mutual adhesion 
of the second substrate to the upper surface of the chip lying 
outside the cavity, the second substrate then also forming the There then only remains (FIG. 5) the second substrate 

SD2 which supports the component CAX and which con
sequently forms the upper layer of the integrated circuit 50 

formed from the "electronic chip PC/auxiliary component 
CAX" assembly. 

protective cover. 
3. The process according to claim 1, wherein the phase of 

producing the auxiliary component and the cover comprises 
the formation of the cavity in the second substrate and the 
production of the auxiliary component in th~ cavity, and then 
the mutual adhesion of the second substrate to the upper 

Next, the substrate SD2 is etched so as to prodw.:e vias and 
mctal tracks and/or contact pads PCT20 which, after 
metallization, come into contact with the tracks and/or 
contact pads peno. l.ikewise, surface cavities are produced 
in the extension of the vias VA, which will form on the 
surface, after metallization, the metal tracks and/or contact 
pads. Moreover, at the interface between the substrate SB2 
and the passivation layer of the electronic chip, this metal
lization of the orifices OR will generate microrivets MRV 
which will improve the mechanical integrity of the assem
bly. 

The integrated circuit thus obtained has an almost per
fectly plane upper surface and if necessary it will be possible 
to produce, on this upper surface, other levels of vias and 
metal tr~("ks, or of active components, particularly when the 

55 surface of the chip lying outside the cavity, the second 
substrate then also forming the protective cover. 

4. The process according to claim 1, wherein the phase of 
producing the chip comprises the formation of a first cavity 
portion lying in a chosen region of the chip and emerging at 

60 the upper surface of the chip, in that the phase of producing 
the auxiliary component and the cov~r comprises the for
mation of a second cavity portion in the second substrate and 
the production of the auxiliary component in the second 
cavity portion, and then the mutual adhesion of the second 

65 substrate to the upper surface of the chip lying outside the 
cavity formed by the two cavity portions, the second sub
strate then also forming the protective cover. 
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..,.. '. _ .... tbo <'" .. p_ rO)", • I .... _ . 
.:.>ool"""" _" ....... 1 '''' .~ _It 10 ,. 

~-'-""-"'-"""P"'" r-. tho d .. aad ill .... , .. ...."., .. _." _ "'" 
..-,. '.: io ........ _ .. _DOily" ... ft .. 
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_ ... _;"'00 .. Iokl.l-.IO 01 '" ~IO 
10)"0' ~ 01 .......... """,.,.,01. """ri.1 *" e •• ,. 
100 oeloctiftljo ,..".".... wil~ '""""' .. ,bo .,.lOriol formlnt; 
tbo __ .10 and wi'~ _ot .. "" ","oriol ~ 
1110 ~01_ .... "" _i00i oflilo __ ... .. 
lbo __ to I.j'« .ocI lIIO _ .... of tho ... iliorJ' 
OOIII~ "" ............. .--.... ..... iUry __ » 
_ .. opdioc r""" .. opper -r..,. 01 ___ .. b-
_ -' ill "'" 1110 .....,,i00i 0( Iloo prnooctioe _ 
....,...., _ "" _, __ 0("" <flip ~ .... IUI< 

.. <O~ hoo ...... .., ........... ',' '"clocio&poniooo( 
"'" ocuf"", 0( Ibo _ .. boa .... "'" ....... oJ 01 OlIo .. 
""'lip .<111 0( ,bo ioritioJ ....... .... 

1. Tho ___ ..... elolol •• who,.in l!Io inlu. 
_ ... Io~r ._d /rom ,"ook ol .... ,a1....,la,. ... 
_ bot _ 011 of _ 'N '"'''I ,j 0( .... terial II,,, 
< .. "" ""'ctiYoly n_ wi'~ rapo<l '0 "'" "'OIorioj .. 
I ..... tbo __ 10 ..., """" _10 tho ""IOrio] 
r.:.r..., Ibo iaitioI .......... od I. ""'~ 0110< .............. 
Ole,. all """ .......- .'-')'0" """ ......... , _ II< -• Tho_O«<IfIHt ......... _ .. _ so 
...,;, .. .....,!If _Lor --.. 

•. " _,,, fobri<oo", ...... _ ....... -.... 

...... ~of .. 'IocI_", """ u.. "' ........ 
of " I .... _ ... iIi", """'_ pIo<ood atoo.. t100 ""'" 
.ool 0( • ,...,«1;.. _" ....... b """'" I'" .~<lIi", 
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HF.RMF.11C1.UX..sr .... UD SF.NSOR WITH A 
MOVABlE MICJtOSTRIJCf1JRE 

'f'EOlNlCAi. ~mLLl 

, 
.... 101 .~ for cwiu.. , ... bl.do. J"<!D"" <tid<iq '" 
" .. _" of ,III noovato .. Dlicrootnoc1ii'" Ito ... od<rlri .. 
...no« or .... ""oi I ... <llip "'", <><CVI. 'Jhlo, ,",,":"1 
pt.:,.""..... .. oool." tho .. MOt ...... bJe. 

SUMMARY OF HiE !~!!NJ1ON 

A<¢Or<lios '" priocipl<loltloo pt< .... .... _ . . .. """ 
is provId<~ ..... ilti. _'''''' .lemo", io. iItsI <blp or 
.... ioroodoc>'" ... I<tiol. ll>< .. 0Iiiv •• 10 .... ' 1"_' •• 

50...".. .. i'~ """.bk ",;..no""""", ,,,,,b ". rot 
, .. ",pl<. loottIal .."..,.. " lIi<h en OK .. ''' •• ~ysi<ol 

"'~" ,<I" in!: .. . """"""' .. or Iho ......,. .... pro<II!oo 

.. • IoCllic.1 IiI.r><l dep<lldOlll "" , <I<W<IIIODI 01 • """,obI< 
...,.,..-.clor, .. Wi .. ,,, • ""''''' ol ....... cllip of 
__ "" ..... ri ... Tho .. noitiw <II1lI<1I1 •• _ i. 

'0 _, s;e .. 1 d<p<_ "" Il1o qu .... , ...... ~ io • mIIow ...".'"' ",_, oool • P'~I 0'""", for_ 
i. ,be oocoad chip .1o,micordo<Ior m".ri.l. ""'plod '" ...... 'Pl'l;c" ,,"", '" ,,_10.;' !lIo ••• "","; .. !icIol fo< 

0I0IIiI0riD& .. ..- d<"'- ""'"' ... ~ b.p. ,otioOlOp brat· 
iq ,""0. (ADS) •• 0<1 ",live JIIOPO"';'-' or io o!h<r Soldo 
1OClI .. " .... "".".1ocIroai<:s. """'1""" on:! .... ~ ... 50 .. 
"'" wi" ..."..bI< _1IltIO ." fom>o<l "" • ~ 

" r«civ<:...t P"""" !lIo ,10""",1 .;p..l_ !he .....,;u", 
....... , Tl>e _""",,,, """"',, ir>cJodo. , . , ,,. 1 .... U 

oe<>pic ",01" ill cb;po of .... _ .... ,;.~, .. """ or 
Obi. ')'pO ~plk5 . .. "',i .. ,10 ...... "'...,~ .... poudI>« '" 
••• 1e<!<ic.1 ';1",1 ",loti1lll '" tI.: """,<m<nI or. "'~ 
""""" .. """,. bI< .... " .. 10 .... 1..,. ol ,ho <hit· 

I • ......,. ..... b ..",._ "'1ctooI""' ..... 1l>t .. 0IJ1iv< 
"\0:",,, .. b .. '" Ix .. illbl, _~ '" beOt. "ocl<>o<d i •• 
h<rm<tic >lrucII>r< '" e..., .... , it ."..,,, .. i •• """"'11«l '" 
,~""'; t'" .Iloowo tho """-",, 01 ...... """ .. 
"\0:",,, ....... "'b h ... "'''- MIIll ...... to """"" ... ~b 6"", 
,......,. ond mio""'-l d.~ '" .. '" ,...." pol 
..".,';';',01,.., ........ A .. """ or ,,"" '!'PO ,1>0 iod_ 
' '''''"_, w~"" 1"""""" !lIo'-" ';1",1"" """tOO '" '" 
tl>o iI",""'" ,1< ... ,,, MId _. in "to. Ill' '" Ix .DC' p-
1IIl_ i ..... obIt """ ..... o<pl<bJe ..- p",,,,,,uu.e 
p,,,,,, .. ioil c;".a" lrom "'''.') "nvi,o" .. ,""1 
coodilioM •• 1ISIIrin£ ,ho, ~ """"'" """"~,. » 

A_oecboiq .. f(}lpr<l~."""'''''b. """'_ 
~_ "''''''''. io ,be ''''''I'"''!.o'''''' ol ,100 .., .... i .. 
<l<Ir>oot .nd 'ho rroo:o .. iq cira<itry io • _. for 
.~ .. , "'''"''' or _I>I poeIc.l"; 'be .. ".;ti .. ,lemo" 
.,d 1h< proooooUoi ci""i", co. , ... be ~oed io II>< .. 
...,.. .. '"~ <!><p. 

!"""' ..... , ,0;, _iqooo. "'''''''1)0 "'po' ..... «aIt
.. io • ~iaIl find PI"'I"'" <0>1. 

A ___ "" ... "", <OOI>Isto ill ,be pt<:JdO<1ioo.ol 

, bo)Iow """"'" 0.' ~ 00110 (. Illicro-c.vi,,) ., 
wiri<h _. tIx .... iii .. ,1001001. 11l. 001000' __ 

"'YOtII .. "'ict'.'''''""'"'' ol.';1i«>o '" ,ta.. <ilip _ io 
,~ .. ~d '" ,I>< <II1p 00 wbio:b 11M .. ",",.". <II"", .. is 

I", .. d. lo"",,opl<, '" '" ..00", Oo.cfi .. 'O<hoOp:; '" 
_."., .110 .... ;"",p,,,,.i .. OI_~ pl-ostic POCOl<" '" '" 
I>< ... d for '''''' l''uIOl"" 11M lloo.1 f""d"" . ..."..""' ..... 
....,.... ooLotioo deocritOOll obo> •• q.iIo """1'1« .n<! 
..... .w.-•. """"""". ,iii< 'o<boli'l'" _ "'" >1m. .... 
.. ..;~ .. ,Je"ooOl aod ..., procesIi~ cj,C\litry '" b< iDo>T. 
pon .. ~! ....... "" oIdp '""'" ,ho ~ ... p ""l"~ ,.., " 
Ad."", joio<d " Ix porf;:ctl, h' (wi," • po.k· .. IIo, 
"*1_ or ,be 0KIi:, of ... D<hd '''i'''''''',y. _,olly. 

_OIl ...... noiti", "",-,,, )/lot ;. Ii>«l beI_" 'll< 'ISO 
clOp MId ...... oood clIi,. 

ll>< .."....wilil. "", .. b .. __ OJ" """'dios "' .. 
embo<li"",., or Ill< p"",,., i."oo"''' i . p' rI"",IIII, 
coaIpt" ..... pIo..! 1 ... 1""':'" 'llIis _ .... po""' .... ,ho 
<>pC»o. 1 _ of • p!.ool"' •• oool be_ ,.rIO""), ""'>;po: ...... 
pO<lr .. ' lot """po,loU. Il>o no.1 ptodoet. 

A "",bod or prod"""", Ibo ...... _ .... _tlx, 
._., 01.111 pr'''", i"""",K>o ..,.,. "'" l<qIIir< ""'ro
~. of • ''''' ... .;~_ '" Jl ... .... w at ". _ 
,bonol '" \Ix .... Io:r on _ ,be .. wive ol,,_.,. 
_. Mo...,v",. boIb of ........ i::ood_ "";PO _d .. 

'''' M","'"" 01 '''' pro,,,. "",,1K>o '''''''' .. ",,;",\0:_ ... 
(,be .. oo.iti .. , d ..... ' .n<! ,be p"", ... io, C;fCO;!tJ', 
" . poem,I,) JO tI," Iller<;' '" ...... p 01 ",."rill. 

BRIEF DESCRIf'JlON OF TIlE DRAWING 

FIG.! _ . """" io. poni.U,·"ctioo«l_ti< 
v;ow """'<d;'~ '" o. ,..oo.s;",.01 .f!be P""" ;""'otioo. 

DBTAJL.ED De5ClUI'I1ON Of nm 
INVENTlON 

FiG. I ........ .., ..... !1111." ... ",;". ", . " ,_,I 
of ,Ix pr<oI<Ol i ... ,_ ~""" , """"bIe " .. "",,,",,",, 
'l1li. in portico..,.. '" io«>i ,l .'''''0' """'I"fisiOll ' ...... tiv< 
dem .. ' !., ... bicb e .. ,,",,00'. pbj'licol qu.,'" rei .... .. .... ',",r!" ol "'" at , .. ". """"bl< """"",,,,,,,,,,<5 rox! ••• 
pt<doc • • o_~ ,k<~ic.l1 .. ",I. Tho O<lI&IU .. 
,10""", 1115 iooclolles. I", , .......... _ ... _ ... 1 
'''''''OJtt ( , mI<ro-<Jectro._"",,-1 SItII<tot<. '" MEMS) _ OR" _, OW{"",ol . '1Up 11001 .. _ 
... "tf.I.1Jpic'1/y Iilicoo. 1loe .. noiti ..... lome", )<111 p'. 
otolty h .. . """'"' ..... . ""_ '" Ibo oII;p III " 
pred<," .... ~ poolo .. ond 0KIV>b1o ttl" ... ,110 .. "" .. 
......""',. heioJ """",n,~ in'" ..... bk e\o<!r"'.1 .... 01 . 
f« 'nmplo ..... ......., ro,. IIl'Y COOII'n.t • ftnt .Ioc· 
tro<E or • "",,0'1« .... ;"1 • ....,.".l ,locIro<Io ....,.,., ;. 
pPYt_ on \Ix <IIip nl; • 1IIOV<IlI<Il' oj ,1II .. iIrnic ....... 
00,,' _ • ""''''' i. ,I>< Ct....,..""" ol .... etpo<i"" 
wIIicI> i, """. ""'_"'~ t.,. ... ilobl< .imoit. The "'''"'''' 
1l1li .,,' boo fo< "''''P'', .. '".k"'''' ...... In ... "1It 
1'0100;', """"('11'""".,.,.) or ... ib .. tiO!l """". io_ 
II>< ."'''''''''".,. ~ tile lCO'I.i .... 410.,,,, 10.5 ""'_ ... 

the pi"'. roo"~ ,ho""';'; .. ,11-." .... ,10>1 ......... 
"c , .. _<is",,""-;try 'Ie .""opl,"" b, _.n<! ,I< 
--.I,IocI';';;oU, b1 ""_ 01 .. i'ob" ... ,,1 wir<I. 

lbe """,iii,,, "Jo.ro"ts <>f ... ,"". witb ,,,,,.obi< ",;.,ro_ 
.. " ... ufllDt"i . ....... """10",",",,, of .... pl. ~Iocity 

01 •• ,..em (I .. ",,_plo •• _..,u ) "" wloich ~ ;. 
"""''''''' ....... ll, .. O<le ;., !.o"" ... _" in """,II 
"'oticoj ..... of .... lfer ol .. ~ •• O<rlol ...web 
ore ... boo ..... OIIy ....... 10<1 b1 ... iI.bk "'"loi: .,.,.!>Iioo . 
• Jll< <1'0;",. "''''toU, ",rrled OIlt by ox ... of. bleb . 
velo<ity. ,,01., __ 1«l. <Ii.o_-blld< ...... AIIu! ... , d;..d

".''Il' of!loc kr.>WJI """''' .Ibo'. <Jorins .... <Ir1illl ol tIx 

".".o1Oil, 'ooblloi , ... doIited pbJlic.l .... "tity to bo <De •• 
...-..!. ! •• 1 .. "",tIw ._h: •• " .. ol , ..... , ........ _ 
.... ""'''''' ;. • 1<00000\ .,"''''' in wbic' .... movoble 

.. ~"" ol tloo ...... ) ..... ""'" I~ .. 0-.... " • 
r,<q"'''''1 wbicll • .,;... io dol"'''''''''''' 00 till ,1,,''''.1 '" ... 
de,,,,,1I. 
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"",XinI po;"" 1..- ..... ple. I .. o-tio. 0< try pioj; wltb • 
"'""hi< _"". The pock us .'" 000llI0CI0d 10 ,be cot",· 
.pOndi ... ekc<rod« try mea", Qf ..... _,.1. fo< UltIlpJe, 
,old "';'<1. lJopicoly. ,"" _LI wire> . r< ..,ld<tod <0 .... 
p .... 1.~ "" 1100 """ ,.rod OJ><! ., ,be -. .!Ids of. ,110 , 
e~ 00 obo <>lbo, holld "..;u, "" alloy b .... , • low 

6 
hnt <IIip .... bi ..... hollow ""lDlolie ' '''''Iore, .",b .1 .... t 
"",!hinl pod be.,. roaaeot.d to • r""nh, flcinI. 00<>l0<-ti .. 
pod ronnod .. '"' .. m."" of tIM .. 000:1 cbip lOt lU<ivillf, 
OR _ol o.ip" ~ bJ' .... ""'-aseir<ooilrJ, 

5.1lIo ...... oc.:oroit1J to d,;", •• funbe, ~"I 
10.., _ ~no C<l<><bcti •• pod _d "" lhe oud"" 0( 1100 
... , cl>ip o...;do lbe lIollow ",,,,,,tic .....". .... oocb ,I 10 .. ' 
_ ftfih pod bot ... """""",,d .loctrio:.oUy 10 • "",..,..,...a;.a 
oWl> pod for .'*"'~'"" ,be p",.:." •• d .1«""1l "JlUI 

... U"" po(/II. h)' • """ ... I-oIk.-ic =<tlIod. '/bo .. ooor 
viii! n ... p<O<Iooed CO" l>< " .. 6 6irt«y if fI .. ft to..l !o • ')'&1'" i •• _~ollo<l e._ .... ~ .. ;" __ dri ...... 
Allemoll .. ]" u.. ,oil.,., be ..,..10<1 .. , .. ...,10 &e ",,0 " ~dooftloo_, 
wb;oo • pi"'"' 0111<';11, for , .... pl< •• 1ho::r_n"'l CPO'Y 
,...,. i. iojo<\o<l" .Iiq.oo ...... AA<'poly""'';Oltic'" of ,II< 
r<>Wn. ..... .,. """'J<ioiol on ..... J""'II body wIlicll iocor-
pot .... Ih< ._ dcscrDed >bov< =I from whicb .... 
• l<ct_ po>joct iN monectioo 10 In .. ,,, .. I cinouil ;, " 
th .. prodI>ood. The .. nlOl of .... pr_OI io"Illio, "'Y, 
00"",''''', .»0 bo _6 !. diII'<:<," ..... i< ... for ''''''ple, 
b,lI·arid ''''Y (or BOA) dev"" ,O<l 1M 1ilI •. 

N."nlty, ill onI<, '" .. ti>1y COOIi"i"OI , OIl 'p«ili< 
«q1lw",or .. ,n .xpen ill tbe ut """ >pply to ,110 >bo ... " 
~d "000< willi • ...,..1>1. ",.,_IUI<.,..,Y oDOdI· A<,,_ .0<1 .,,;"rioo> all of wbicll, ~, •• f< ioch>dod 
<rltbio the """"" of p!OIed;"" of 'be ... '0';0" .. de~",,6 by 
tbo follow"" el . .. , 

From .., ",,"POI il wiD be .ppt",,;.!<d tbl" altho"", " 
. po";'" ._IDe"'" of (he ;nv<o!;'" h • .., bo<o obu-;o.d 
hem. lor pU"",""" fir il~"t"'" V""- ",,,,Meaoo", 
... y ho .. ode "';,I!oul (\e,ilt",i. I""" til< "do . al scope 0( 
,ho i,""nOOo. _.,.Iy. lho ;"v,a",," ;. n<>I l"I!t<I 
'_pi .. bJ' til< """ocbl clai.... .. 

Whit iI <I>imo<! is: 
I. A oe"" .... h • "",vobl, micro>tnod" •• eoo>p<iI .. , . 

kmil;', ,10 ... ," fwme<l to • ft'" <hip of .. _ ... 
",."ri.1 for p<O<locic, "" ,Icc~;"ol ..... 1 d<p<odeOl on • """"",".,,,f , I low "'" """,obk mi=oIno:ru .. tdOli .. !. >l 

, .~d"" 0( til< tlrsl "hip, ,ho .. mit;., ,10"",,,, beiDi 
,oei<>ood "' • Ilollow be"""., _.re I<mood by • >«ODd 
,,!lip of .. mic_ .. ,leriol ... "bod 10 lbe fn&l <ioip of 
k~ ",,,,,",,I "',r tbe .. tIOitiw ......... UHl • 
~, oir"";1 rot !"oc,,,.jDi .. id ,k<:,,;c,l iiIl",l .., 
10tll><d in tho IK<IlIol ""Ip of .. m~"" ",,,oriol .tIIl i. 
,_.1 ~ will> lh< ,10..,;.:.1 .... 1 ptod"cd by 
tho t<n>ili .. <l<m<., 10!mCd "' lhe n,. d.p. ,he Il0l_ 
benne,;" .1"",",'" _i"1 • "", .. I .,111 <Mposed "" • 
...-r." of \II< lin< ,hip .,.,.....r ,ho ""';';" <.I,m."" Ibo ... 
",on:! ot.ip bein/r h«l to .. id ... 111. 

1. The ..,.- ooo;;""!ini ",01';", 1 wbe"'i<I .... Ol<W .... 1) 
io """pri..cl "'"",,,,tillly of ";ct.I, 

J.11oo ""...,,- """,,"iIIf, '0 ol,im 1. lurtllor ..,."prisiol " 
.. , II ~'" nl>l oon(["",i .. p.,rfunned 011 lho .. ,[..., of lh< 50 
~'" doip willl;' ,"" hollow he""'.., ..... cn". -r ", ... CIod 
,kctric>llylO ,"" "",.jti¥< <10m .... ,>eh" .... I """ nISI """"",,i .. pad bei"i\ """"." .. d '0 • _. flci"i 00/1. 

dod;" pod !or-.l 0' ... ,r.", of .... _ cbip for 
....... inq !be .1000000, 1 oi&n,l to ,be proccllio, dIali" " 

., Tbe oeooor """,,"in, to cl,;", J. funber oomprisioil " 
I ... , "'" 'oin! roooobctivo pod f",mod "" 1 ... "nOCO ol lbo 

~. Tb< "nOOl "",00];"1 "' cbim 1 who" .. 1110 .. ___ 
oompriIo •• 0 Inonill ......... 

7. A.o .l<ocrrom.: dovico oomprisi", lIlo"""'-=><""'i 
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METHOD FOR COMPENSATING THE 
POSITION OFFSET OF A CAPACITIVE 
INERTIAL SENSOR, AND CAPACITIVE 

INERTIAL SENSOR 

TECHNICAL FIELD 

'I he present invention regards a method for compensating 
the position offset of a capacitive inertial sensor, and a JO 

capacitive inertial sensor. 

BACKGROUND OF THE INVENTION 

2 
It is also known, however, that, on account of the imper

fect configuration of the elastic-suspension and anchoring 
elements 10 and on account of tbe residual mechanical stress 
of the material of which the inertial sensor 1 is made, the 
rotor 4 is generally affected by a position oflSet; i.e" the 
effective zero position of the rotor 4 does not coincide with 
tbe nominal zero position envisaged in the design pbase, 

The position offset consequently gives rise to a corre
sponding capacitive oCIset, defined as the difference between 
the capacitances of the capacitive elements 21, 22 in the 
absence of acceleration or deceleration, which has an 
adverse effect on the overall performance of the system 
comprising tbe inertial sensor 1 and the corresponding 
driving and measuring circuitry, 

A known technique used for compensating tbe aforesaid 
capacitive offset involves the use, within tbe measuring 
circuit, of regulatable compensation capacitors, whicb are 
connected in parallel to the capacitive elements 21, 22 and 
have the purpuse of compensating the differences which, in 

A~ is known, owing to their reduced size, excellent 
technical characteristics, high reliability, and low cost, inte- J5 

grated capacitive inertial sensors manufactured using the 
micromachining technique are progressively laying claim to 
market segments up to now occupied by conventional iner
tial sensors, One of the main applications of the above 
inertial sensors is in the field of airbag systems for motor 
vehicles as a means for measuring the deceleration to which 

20 the absence of acceleratinn or deceleration, the capacitances 
of the said capacitive elements 21, 22 present as compared 
to the nominal values which they ought to assume in the 
absence of position offset. In this way, then, even in the 
presence of a capacitive offset, the equivalent capacitances 

a motor vehicle is subjected upon impact. 

To provide an example, FIG , 1 presents the structure of an 
integrated rotary inertial sensor of a known type . 

'I he inertial sensor, indicated as a whole by I, is made of 
semiconductor material, has a circular structure, and com
prises an inner stator 2, which is integral with the die 3 in 
which the inertial sensor 1 is formed, and an outer rotor 4, 
which is electrostatically coupled to the stator 2. 

25 measured by tbe measuring circuit in static conditions, i.e" 
in the absence of acceleration or deceleration, again assume 
the same value, 

The rotor 4 comprises a suspended mass 6 having an 30 

annular shape, a plurality of mobile arms 8, extending 
radially towards the stator 2 from the suspended mass 6, 
identical to each other and angularly equispaced, and elastic
sllspension and anchorage elements 10 (represented sche-
11iaticaUy as springs) elastically connecting the suspended 35 

mass 6 to fixed anchoring and biasing regions 12, through 
which the suspended mass 6 and the mobile arms 8 are 
biased (typically at a potential of 1.5 V). 

The stator 2 comprises a plurality of pairs of fixed arms 40 

14, 16, one for each mobile arm 8 of tbe rotor 4, which 
extend radially with respect to the suspended mass 6 towards 
the suspended mass 6, 'Jbey are arranged in such a way that 
between each pair of fixed arms 14, 16, a corresponding 
mobile arm 14 of the rotor 4 is arranged and are connected 45 

to respective fixed anchoring and biasing regions 18, 20, 
through which the fixed arms 14, 16 are biased (typically at 
a potential ranging between 1.5 and 2,2 V), 

This technique presents, however, the drawback of com
pensating the capacitive offset only under static conditions, 
i,e" in the absence of acceleration or deceleration applied to 
the inertial sensor, but not under dynamic conditions, i.e" in 
the presence of acceleration or deceleration applied to the 
inertial sensor, and this is typically a cause of errors in the 
measurement of the unknown inertial quantity, 

In fact, after the compensation performed as described 
above, the rotor 4 continues in any case to assume a zero 
position that is not the nominal one, and because of the 
position offset the application of an acceleration or decel
eration to the inertial sensor 1 does not bring about any 
modulation in phase opposition of the capacitances of the 
capacitive elements 21, 22 that occurs in the absence of 
position offset, but causes asymmetrical variations of these 
capacitances whicb depend both on the direction of rotation 
of the rotor 4 and on the amount of the position offset; these 
variations consequently lead to measuring errors, 

SUMMARY OF THE INVENTION 

The fixed arms 14, 16 are connected, via the fixed 
anchoring and biasing regions 18,20, to a measuring circuit 
having the purpose of measuring the acceleration or decel
eration to which the inertial sensor 1 is subjected, 

The present invention provides a method for compensat-
50 ing the offset and a capaci tive inertial sensor that is free from 

the drawbacks of the known art. 

In particular, the inertial sensor 1 can be electrically 
modeled as shown in FIG, 2, i,e" by means of two capacitive 
clements 21,22 connected in series, wherein the two outer 55 

plates are defined by thc fixed arms 14 and 16, respectively, 
of the stator 2, and the two inner plates are defined by the 
mobile arms 8 of the rotor 4, whieh although they are 
illustrated as being separate, ill fact constitute a single plate, 

The rotational motion of the rotor 4 determines a modu- 60 

lation in phase opposition of the capacitances of the capaci
tive elements 21 , 22, which should assume, in the absence 
of acceleration or deceleration applied to the inertial sensor 
I, equal values, Consequently, by measuring these 
capacitances, it is possible to detect the unknown inertial 65 

quantity, i,e" the acceleration ur deceleration to which the 
inertia I sensor 1 is subjected, 

According to the disclosed embodiments of the present 
invention, the inertial sensor is made of semiconductor 
material and comprises a stator element and a rotor element 
electrostatically coupled together and an actuator made of 
semiconductor material coupled to the rotor element and 
controlled to compensate the position offset of the rotor 
clement with respect to the stator element. 

In accordance with another aspect of the present 
invention, an inertial sensor is provided that includes a 
sensor element having a stator and a rotor, and an actuator 
formed on the sensor element, the actuator comprising a 
fixed arm connected to one of the stator and the rotor and a 
mobile arm connected to the other of the stator and the rotor, 
the actuatur configured to adjust the pusitions of the statur 
and the rotor relative to one another in response to a driving 
signal. 
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In accordance with another aspect of this embodiment of 
the invention, a driver circuit is provided that is coupled to 
the sensor element and the actuator and configured to 
determine a position offset of the stator and rotor relative to 
one another and to generate the driving signal in response 
thereto. 

In accordance with yet another embodiment of the present 
invention, a method for compensating the position offset of 
an inertial sensor made of semiconductor material and 
having a stator element and a rotor element electrostatically 
coupled together is provided. Tbe method includes moving 
the rotor element relative to the stator element to compen
~ale for the positinn offset thereof. 

4 
arranged parallel to one another and equispaced along the 
respective mobile arms 30. 

Each actuator element 28 further comprises a pair of fixed 
arms 34, 36 extending radiaIJy with respect to the suspended 
mass 6, arranged on opposite sides of, and facing, the 
respective mobile arm 30, connected to respective fixed 
anchoring and biasing regions 38, 40, tbrough which the 
fixed arms 34, 36 are biased (typically at a potential ranging 
between 1.S and S V). Each of the fixed arms 34, 36 carries 

10 a plurality of fixed electrodes 42, 43 extending in a substan
tiaIJy circumferential direction towards the respective 
mobile arm 30 and interleaved, or "comb-finger" shaped, 
with the mobile electrodes 32 of the respective mobile arm 

In accordance with another aspect of the metbod of the 
present invention, the moving of the rotor includes driving 15 

at least one actuator element made of semiconductor mate
' ial coupled to the rotor clement. More particularly, driving 
includes applying a potential difference between a mobile 
ann and a fixed arm in the actuator element. 

30. 
In addition, the actuator elements 28 are defined on the 

wafer together with the suspended mass 6 of the rotor 4, and 
consequently do not require additional fabrication phases 
other than those already envisaged for the fabrication of the 
inertial sensor 1'. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, two 
preferred embodiments thereof are now described, merely to 
provide non-limiting examples, with reference to the 
attached drawings, in which: 

FIG. 1 is a schematic representation of the structure of a 
known rotary capacitive inertial sensor; 

FIG. 2 presents an equivalent electrical diagram of the 
inertial sensor of FIG. 1; 

FIG. 3 is a schematic representation of the structure of a 
rotary capacitive inertial sensor according to the present 
invention; 

20 The fixed arms 34, 36 of the actuator elements 28 are 
connected, through the fixed anchoring and biasing regions 
38, 40, to a driving circuit 44-shown in FIG. 4 and 
described in detail in what foJ\ows--having the purpose of 
applying a biasing voltage to either one or the other of the 

25 two fixed arms 34, 36 of each actuator element 28 in such 
a way that the potential difference between the fixed arm 34, 
36 thus biased and the corresponding mobile arm 30 causes 
a rotation of the rotor 4 in one direction or the other, 

30 sufficient for bringing the rotor 4 back into the nominal zero 
position. 

In particular, as a result of the cJectrostatic coupling 

He;. 4 is a schematic representation of a control circuit for 35 

the inertial sensor of FIG. 3; and 

existing between each mobile arm 30 and the corresponding 
fixed arms 34, 36, the rotor 4 is subjected to a transverse 
force proportional to the number of pairs of fixed arms and 
mobile arms 30, 34, 36. This force tcnds to move the mobile 

FIG . 5 is a schematic representation of the structure of a 
linear capacitive inertial sensor according to the present 
illvention. 

OETAILED DESCRIPTION OF 'IHE 
INVEN110N 

In FIG. 3 an inertial sensor according to the prescnt 
invention is designated, as a whole, by 1', wherein the parts 
that are identical to those of the capacitive inertial sensor 1 
of FIG. 1 are designated by the same reference numbers. 

The inertial sensor l' has a structure similar to that of the 
inertial sensor 1 and differs from the latter in that it further 
('comprises an integrated microactuator 24 made of semicon
ductur material, coupled to the rotor 4 and having the 
purpose of rotating the rotor 4 by an amount equal to the 
position offset to bring it back into the nominal zero posi
tion. 

In particular, the microactuator 24 comprises four distinct 
actuator groups 26, each of which is arranged in a respective 
quadrant of the inertial sensor l' and is formed of a plurality 
of actuator elements 28, numbering four in the example 
illustrated in FIG. 3, identical to one anotber and angularly 
equispaced. 

In detail, each actuator element 28 comprises a mobile 
arm 30 integral with the suspended mass 6 of the rotor 4 (and 
cnn~eqllcntJy biased at the same potential as that of the 
suspcllckd mass 6), extending radially outwards from the 
suspended mass 6, and carrying a plurality of mobile elec
trodes 32 extending from either side of the respective mobile 
ami 30 in a substantialIy circumferential direction and 

arm 30 away from the fixed arm 34, 36, with respect to 
which the mobile arm 30 has a smaller potential difference, 
and to bring the mobile arm 30 closer to the fixed arm 34, 

40 36, with respect to which the mobile arm 30 has a greater 
potential ditference, thus causing rotation of the suspended 
mass 6. 

Owing to the presence of the comb-finger shaped elec
trodes 32, 42, 43, the force necessary to bring the rotor 4 

45 back from the effective zero position to the Dominal zero 
position is altogether independent of the amount of offset 
with respect to the nominal zero position itself. 

In addition, the microactuator 24 does not interfere with 
the operation of the inertial sensor l' in that the phenomenon 

50 known as "electrostatic softening" is not present; i.e., the 
microactuator 24 does not modify the mechanical rigidity of 
the system. Furthermore, there is no interference between 
the capacitances defined by the fixed arms 34, 36 and 
corresponding mobile arms 30 of the actuator element 211 

55 and the capacitances defined by the fixed arms 14, 16 ancl 
corresponding mobile arms 8 of the stator 2 and rotor 4. 

FIG. 4 is a schematic representation of the circuit struc
ture of tbe driving circuit 44 for tbe actuator elements 28. 

The driving circuit 44 comprises a differential preampli-
60 fier stage 46 having a first input connected to the fixed arms 

14 of the stator 2, a second input connected to the fixed arms 
16 of the stator 2, a third input connected to mobile the arms 
8 of the rotor 4, and a first and a second output providing a 
first and, respectively, a second signal indicating the values 

65 of the capacitances of the: capacitive clements 21, 22, 
respectively, previously referred to and defined by the fixeU 
arms 14, 16 with respect to the mobile arms II; an amplifier 
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stage 48 having a first and a second input connected t? .the 
outputs of the preamplifier stage 46, and an output provldlDg 
a tbird signal indicating the unbalancing, i.e., the difference, 
between tbe aforesaid capacitances; and a first-order low
pass filtering network 50 formed of a resistor 52 and a 
capacitor 54 connected in series, and having an output n?de 
(node intermediate between the resistor 52 and the capacIlor 
54) on which there is present a fourth signal having a value 
equal to tbe mean value of the third signal, and thus having 
an amplitude proportional to the position offset. 

The driving circuit 44 furtber comprises a processing 
stage 56 having an input connected to the output of tbe 
filtering network 50 and providing, on an output, an nbit 
digital correction word, for example with n=6, indicating the 
compensation potential to be applied to the fixed arms 34, 36 
of the actuator elements 28 to compensate the position offset 
of the rotor 4. This word is stored in a control register 58 
connected to the output of the processing stage 56. 

In particular, the correction word is generated by.imple
menting a simple algorithm which calculates the dl[lerence 
between the amplitude of the fourth signal, proportional to 
the position ofIset of the rotor 4, and a reference amplitude 
indicating the amplitude that the fourth signal would assume 
in the absence of position offset and converts the difference 
thus obtained into tbe digital correction word. 

In addition, the processing stage 56 could alternatively be 
a stage external to the driving circuit and could form part of 
the machine performing the testing operation on the inertial 
sensor 1', and in this case the compensation of the position 
offset would be made only once during the testing phase, or 
it could be a stage internal to the driving circuit 44, and in 
this case the compensation of tbe position offset could be 
made continuously; in this latter way, also possible drifts of 

6 
hence not described in detail, so as to supply information on 
the acceleration or deceleration to which the inertial sensor 
l' is subjected. 

lbe advantages of the inertial sensor l' according to the 
present invention are evident from the above description. 

In particular, it is emphasized that the construction of the 
microactuator 24 dedicated to effecting the movement of the 
rotor 4 to bring it back into the nominal zero position does 
not involve additional phases in tbe process of fabrication of 

10 tbe inertial sensor l' and does not interfere in any way with 
tbe operation of the said inertial sensor 1'. 

Finally, it is clear that modifications and variations may be 
made to the inertial sensor l' described and illustrated 
herein, without thereby departing from the scope of protec-

15 tion of tbe present invention. 

For example, the number of actuator groups 26 and the 
number of actuator elements 28 in each actuator group 26 
could be different from what has been described. In 

20 particular, even a single actuator element 28 connected to the 
s\l~pended mass 6 could be envisaged, or else four actuator 
elemenL~ 28, each arranged in its respective quadrant, or two 
actuator elements 28 arranged on diametrically opposite 
sides of the suspended mass 6, or two actuator groups 26 

2S arranged on diametrically opposite sides of the suspended 
mass 6. 

In addition, the inertial sensor l' could be of the linear 
type, as represented in FIG. 5, in wbich the various parts of 
the inertial sensor are designated by the same reference 

30 numbers as those used in FIG. 3. In this case, tbe microac
tuator 24 is driven in such a way as to impress on the mobile 
mass 6 a translational motion with respect to tbe stator along 
a direction Y, and the mobile and fixed electrodes 32, 42, 43 

the position offset over time could be compensated. 35 

The driving circuit 44 further comprises a digital-to
analog converter stage 60 having n inputs connected to the 
outputs of the control register 58 and an output supplying the 
compensation potential to be applied to the fixed arms 34, 36 

are parallel to the direction Y. 
Although representative embodiments of the invention 

of the actuator elements 28; and a connection stage 62 
arranged between the output of the digital-toanalog con
verter stage 60 and the fixed arms 34, 36 of the actuator 
elements 28 and having the purpose of selectively connect
ing the fixed arms 34, 36 that are to be biased to the output 
of the digital-to-analog converter 60. 

In particular, FIG. 4 shows only one part of the connection 
stage 62 for just one actuator element 28 and, as illustrated, 
for each pair of fixed arms 34, 36 to be biased, the connec
tion stage 62 comprises two pairs of controlled switches Tl, 
T2, 1'3, T4, made, for example, using MOS transistors. 

In particular, the switches 1'3 and T4 are connected 
between the output of the digital-to-analog converter stage 
60 and the corresponding fixed arms 34, 36, and are con
trolled in phase opposition so as to connect the output of the 
digital-to-analog converter stage 60 to only one of the two 
fixed arms 34, 36, whilst the switcbes T1 and 1'2 are 
connected between the third terminal of the preamplifier 
stage 46 and tbe fixed arms 34, 36 and are also controlled in 
pbase opposition so as to bias the fixed arm 34, 36 that is not 
connected to the output of tbe digital-to-analog converter 
stage 60 at the same potential at which the mohile arms 14, 
16 of the rotor 4 are biased. 

Furthermore, connected to the outputs of the preamplifier 
stage 46 are a first and a second input of a preprocessing 
stage 64 having the pu.rpose of processing, under normal 
operating conditions, the first and the second signal provided 
by the preamplifier stage 46, in a way which is known and 

have been illustrated and described, it is to be understood 
tbat various changes may be made therein without departing 
from the spirit and scope of the invention. Thus, the inven
tion is to be limited only by the claims that follow and the 

40 equivalents thereof. 
What is claimed is: 
1. An inertial sensor made of semiconductor material, 

comprising a stator element and a rotor element electrostati
cally coupled together; and an actuator made of semicon-

4S ductor material, coupled to said rotor clement and controlled 
so as to compensate a position offset of tbe rotor element. 

2. The inertial sensor of claim 1, wherein said actuator 
means comprise at least an actuator element comprising a 
first mobile arm extending from said rotor element and at 

50 least a first fixed arm facing said first mobile arm. 
3. The inertial sensor of claim 2, wherein said first mobile 

arm is provided with a plurality of mobile electrodes extend
ing transversely with respect to the first mohile arm towards 
said first fixed arm; and wherein said first fixed arm is 

55 provided with a plurality of fixed electrodes extending 
transversely with respect to said first fixed arm towards said 
first mobile arm. 

4 . The inertial sensor of claim 3, wherein said mobile 
electrodes are arranged parallel to one another along said 

60 first mobile arm and in that said fIxed electrodes are arranged 
parallel to one another along said first fixed arm and are 
interleaved with said mobile electrodes. 

5 . The inertial sensor of claim 2, wherein said actuator 
element comprises a pair of said first fixed arms arranged on 

65 opposite sides of said first mobile arm. 
6. 'Ibe inertial sensor of claim 2, wherein said actuator 

comprises a plurality of actuator elements. 
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7. The inertial sensor of claim 6, wherein said rotor 
element has a circular structure and said actuator comprises 
at least one pair of said actuator elements arranged on 
diametrically opposite sides of said rotor element. 

8. The inertial scnsor of claim 7, wherein said actuator 
comprise two actuator groups, eacb actuator group formed 
of at least two said actuator elements and arranged on 
diametrically opposite sides of said rotor e1emen!. 

9. The inertial sensor of claim 6, wherein said rotor 
clement has a circular structure and said actuator comprises 10 

four said actuator elements, each actuator element arranged 
in a respective quadrant of said rotor element. 

10. The inertial sensor of claim 9, wherein said actuator 
comprises four actuator groups, each actuator group formed 
of at least two said actuator elements and each actuator 15 

group arranged in a respective quadrant of said rotor ele
ment. 

11 . The inertial sensor of claim 2, wherein said rotor 
element comprises a suspended mass and a plurality of 
second mobile arms extending from said suspended mass, 20 

and said stator element comprises a plurality of second fixed 
arms, each facing a respective said second mobile arm. 

12. The inertial sensor of claim 11, wherein said stator 
element further comprises a plurality of third fixed arms, 
each facing a respective said second mobile arm, each 25 

second mubile arm being arranged between a respective 
second fixed arm and a respective third fixed arm. 

13. A method for compensating the position otfset of an 
inertia I sensor made of semiconductor material and having 
a stator element and a rotor element electrostatically coupled 30 

together; comprising moving said rotor element to compen
sate for a positon offset thereof. 

8 
19. An inertial sensor, comprising: 

a sensor element, comprising: 
a stator; 
a rotor; and 
an actuator formed on the sensor element, the actuator 

comprising a fixed arm connected to one of the stator 
and the rotor and a mobile arm connected to tbe other 
of the stator and the rotor, the actuator configured to 
adjust positions of the stator and the rotor relative to 
one another in response to a driving signal. 

20. The sensor of claim 19, further comprising a driver 
circuit coupled to the sensor element and the actuator and 
configured to determine a position offset of the stator and the 
rotor relative to one another and to generate the driving 
signal in response thereto. 

21. The sensor of claim 20, wherein the stator and the 
rotor are configured to form a capacitive element that 
generate a first capacitive signal and a second capacitive 
signal, and wherein the driver circuit is coupled to the 
capacitive element and is configured to receive the first 
capacitive signal and the second capacitive signal and to 
generate a difference signal, the driver circuit furtber con-
figured to compare the different signal to a reference signal 
and to generate the driving signal in response thereto. 

22. The sensor of claim 20, wherein the sta tor and the 
rotor are configured to form a capacitive element tbat 
generate a first capacitive signal and a second capacitive 
signal, and wherein the driver circuit comprises a first 
amplifier stage coupled to the capacitive element and con-
figured to receive the first and second capacitive signals and 
to generate first and second capacitive value signals; a 
second amplifier stage coupled to the first amplifier stage 

14. The method of claim 13, wherein said moving com
prises driving at least one actuator element, made of semi
conductor material, coupled to said rotor element. 

15. 'The method of claim 14, the actuator element having 
a mobile arm extending from said rotor element and at least 
one fixed arm facing said mobile arm, wherein said driving 
comprisies applying a potential difference between said 
mohile arm and said fixed arm. 

35 and configured to receive the first and second capacitive 
value signals and to generate a difference signal in response 
tbereto. 

16. The method of claim 15, wherein said applying a 
potential ditlerence comprises generating an unbalancing 
signal correlated to the position offset of said rotor element 
and gcnerating said potential difference as a function of said 
unbalancing signal. 

17. lbe method of claim 16, wherein said generating said 
potential difference comprises calculating a difference 
between said unbalancing signal and a reference signal and 
generating said potential difference as a function of said 
calculated difference. 

23. The sensor of claim 22, wherein the driver circuit 
further comprises a processing stage coupled to the second 

40 amplifier and configured to receive the difference signal and 
to compare the dilJerence signal to a reference signal and to 
generate a driver signal in response thereto. 

24. The sensor of claim 23, wherein the driver circuit 
further comprises a filter network coupled between the 

45 second amplifier stage and the processing stage, the filter 
network configured to receive the difference signal from the 
second amplifier stage and to output a modified difference 
signal having a value equal to a mean value of the difference 
signal. 

50 25. The sensor of claim 20, further comprising a connec-
18. The method of claim 17, wherein said generating said 

potential difference comprises generating a digital correc
tion wurd as a function of said difference between said 
unbalancing signal and said reference signal, and carrying 
out a digital-to-analog conversion of said digital correction 55 

word. 

tion stage coupled to the actuator and to the driver circuit, 
tbe connection stage configured to reactive the driving signal 
and to selectively couple the driving signal to the actuator in 
response to the driving signal. 

* 
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