
US008070695B2 

(12) Ulllted States Patent (10) Patent N0.: US 8,070,695 B2 
Gupta et a]. (45) Date of Patent: Dec. 6, 2011 

(54) STRAIN MONITORING SYSTEM AND 6,206,835 B1 * 3/2001 Spillman et a1. ............ .. 600/485 
APPARATUS 6,810,750 B1 11/2004 Kiefer et a1. 

7,017,404 B1 3/2006 Kain 
. . _ 7,085,122 B2 8/2006 Wu et al. 

(75) Inventors: Munlsh Gupta, Carmlchael, CA (US), 7,509,870 B2 3/2009 Aebersold et a1‘ 
Deborah schellberger, Placervllle, CA 2002/0092340 A1 7/2002 Prater et al. 
(US); Eunice Lee, Fair Oaks, CA (US); 2004/0011137 A1 1/2004 Hnat et al. 
Amjad Ramahi Carmichael C A (Us) 2004/0183177 A1 9/2004 Curtis et a1. 

’ ’ 2006/0032314 A1 2/2006 Hnat et al. 

(73) Assignee: Deborah Schenberger, Portland, OR 2006/0070451 A1 4/2006 Walsh et al' 
(US) (Continued) 

( * ) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS 
patent is extended or adjusted under 35 EP 1 113 252 A1 7/2001 

U.S.C. 154(1)) by 1246 days. (Continued) 

(21) Appl. No.: 11/620,973 OTHER PUBLICATIONS 

(22) Filed; Jan, 8, 2007 Japanese Patent Of?ce, Translation of an Of?ce Action of Japan 
Patent Of?ce, Patent Application No. 2007-520554, dispatched Nov. 

(65) Prior Publication Data 30, 2010, With claims examined appended thereto, counterpart to 

Us 2007/0276294 A1 Nov. 29, 2007 Us‘ Appl' 11/620973’ PP‘ 1'22‘ 

, , Primary Examiner * Jeffrey G Hoekstra 
RltdU.S.Al t Dt . 
e a 6 PP lea Ion a a (74) Attorney, Agent, or Firm * John P. O’Bamon 

(63) Continuation of application No. PCT/ 
US2005/024340, ?led on Jul. 8, 2005. (57) ABSTRACT 

(60) Provisional applicationNo. 60/586,593, ?led on Jul. 8, A system for monitoring Strain as an indicator Of biological 
2()()4_ conditions, such as spinal fusion, glucose levels, spinal load 

ing, and heart rate. The system includes an inter-digitated 
(51) Int. Cl. capacitor sensor, and RF transmitter, and an associated 

A61B 5/103 (2006.01) antenna, all of Which are microminiature or microscopic in 
A61B 5/11 7 (2006.01) siZe and canbe implanted in abiological host such as ahuman 

(52) US. Cl. ...................................... .. 600/594; 600/587 of animal An inductively Coupled power supply is also 
(58) Field of Classi?cation Search ........ .. 600/5874595; employed to avoid the need for implantation Of Chemical 

73/115, 760, 763, 768, 774, 775, 777, 780 batteries. PoWer is provided to the sensor and transmitter, and 
See application ?le for Complete Search history data is transmitted from the sensor, When an external receiv 

ing device, such as a handheld RF 1D type receiver, is placed 
(56) References Cited proximate the location of the implanted sensor, transmitter 

U.S. PATENT DOCUMENTS 

5,807,258 A * 9/1998 Cimochowskiet a1. .... .. 600/454 

6,092,530 A 7/2000 Weissman et a1. 
6,170,488 B1* 1/2001 Spillman et a1. ............ .. 128/899 

60\ 
Base 

and inductively coupled poWer supply. The implanted sensor, 
transmitter and inductively coupled poWer supply can be left 
in place permanently or removed When desired. 

24 Claims, 29 Drawing Sheets 

Base Fingers 



US 8,070,695 B2 
Page 2 

US. PATENT DOCUMENTS WO WO0019888 Al 4/2000 

2006/0075820 A1 4/2006 Cobianu et a1. W0 WO0030534 A1 6/2000 
2007/0276201 A1 11/2007 Lee etal. W0 WO0215769 A2 2/2002 

WO WO02076289 A2 10/2002 
FOREIGN PATENT DOCUMENTS W0 WO2004005872 A2 1/2004 

W0 WO9926530 A1 6/1999 WO w02004031709 A2 4/2004 

WO WO0013585 Al 3/2000 * cited by examiner 



US. Patent Dec. 6, 2011 Sheet 1 0129 US 8,070,695 B2 

10\ 
18\ Inductive Power 

Subsystem 

16 f 20 

Sensor _ RF Transmitter Receiver 
Subsystem ' Subsystem ANT ANT Subsystem 

/ 
12/ ‘4 FIG. 1 22 

24\ 26\ 1 6 
_ Power 

VCO V Amplifier ANT 

FIG. 2 

| | | "5:6 

0 '1 _ 
1-» “ 

Pure wave form 1 if 

-O.2 I 

Modulated Wave 

-O.6 - 



US. Patent Dec. 6, 2011 Sheet 2 0f 29 US 8,070,695 B2 

Antenna 
Transmission 

Substrate Line 

16\\ i i 
30/ 36] /34 

/34 l 

Substrate 30 T36] 
I /32 

Ground plane 

FIG. 5 

Antenna 
Transmission 

Substrate Line 

/ i 34 

38~\\A 30/ 36/ / 

Cavity i 
FIG- 6 Ground plane 



US. Patent 

FIG. 7A 

FIG. 75 

FIG. 7C 

FIG. 7D 

Dec. 6, 2011 Sheet 3 0f 29 US 8,070,695 B2 

[100 

Si 

102 / 
////////////////// SiOg 

Si 

////////////////// 
PR 
SiOg 

Si 

[106 

/ 
PR 
SiOg 

Si 



US. Patent Dec. 6, 2011 Sheet 4 or 29 US 8,070,695 B2 

\\\\\\\\\\\ 

\\\\\\\\\\\ 

Q 
& 

/////////A 
iOg ' /////////////// 

Al 
SiOg 
Si 

[112 

' //////////////// 
& %////////// 

/////M //// 
4 FIG. 7G / 

[114 ///////// 
Al 
SiOZ 
Si 
PR 

//////////////// ////////// 
i 

7% 
FIG. 7H ; 

A 



US. Patent Dec. 6, 2011 Sheet 5 0f 29 US 8,070,695 B2 

116 f 

\ /%/\////////A 
\\\\\\\\\ 

/ ,/118 

///////////% 

FIG. 7J mm Al 
/////////////// 3102 

1 
PR \\\\ \\\\\\\\ 

FIG. 7K / Si é§ 
// / PR 

7/ / /122 
FIG. 7L x /// // $102 

%/%//>///////// 

\\\\\\\\\\ 
\\\\\\\\\\ \\\ 

\ 





US. Patent Dec. 6, 2011 Sheet 7 0f 29 US 8,070,695 B2 

,/132 
7/ ///////// 

FIG. 7Q \ é 
/ %///>///////% 

FIG. 7R / x 

%//>///////% \\\\\\\\\ \\\\ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J _ _ _ _ _ _ _ _ _ 

l I 

SQI'ISQF VCO / 14 l 

I 00000 
I 

I 12/ A 
l 

l 

l 



US. Patent Dec. 6, 2011 Sheet 8 0f 29 US 8,070,695 B2 

FIG. 9A 

Base Fingers Base 

/ L Strain C1 

W hiq + c2 
+ -+ C3 

04 d1 
0 

O 

O 

= :l: =: = d2 |-cap d2 



US. Patent Dec. 6, 2011 Sheet 9 0f 29 US 8,070,695 B2 

62\ 
Vm+ 

__Cref1 __Cref2 

V_Sense+ V__5ense 

—< iiiiiiiiiiiziiii 
___ TTTTTTTTTTT TTTT 
T :: C1C2C3C4C5C6C7C8 000050 

Cref3 

Vm 

FIG. 10A 

62\ 
Vm+ 

__Cref1 __Cref2 
V_Sense+ 

F® V_Sense 
? :Cref3 2: 0T 

Vm 

FIG. 10B 



US. Patent Dec. 6, 2011 Sheet 10 0f 29 US 8,070,695 B2 

64\ 

Buffer 

V_Sense+ > 
Buffer 

V_Sense- > 

FIG. 11 



US. Patent 

FIG. 12A 

FIG. 12B 

FIG. 12C 

FIG. 12D 

Dec. 6, 2011 Sheet 11 0f 29 

& 

US 8,070,695 B2 

200 / 

Si 

202 / 

/////////////////, 

204 / 

\\\\\\\\\\\\\\\\\“ 
/////////////////, 

Poly 
S102 
Si 

206 f 



US. Patent 

FIG. 12E 

FIG. 12F 

FIG. 12G 

FIG. 12H 

Dec. 6, 2011 Sheet 12 0f 29 

7 

US 8,070,695 B2 

208 f 

E R1 
\\\\\\\\\\\\ 

’//////////// // 

PR 
Poly 
S102 
Si 

[210 

/////////////////, 

PR 
Poly 
S102 
Si 

PI PI P] H 
//////////////// 

Poly 
S102 
Si 

[214 

I?! PI PI PI 
'///////////////// 

PSG 
Poly 
S102 

Si 



US. Patent Dec. 6, 2011 Sheet 13 0f 29 US 8,070,695 B2 

[216 
PR 
PSG 

£98; 1 2 

FIG. 12| Si 

'//9/n/////////rJ/D/// 01y 
FIG. 12J SiOZ 

Si 

/220 

FIG. 12K 

[222 

//;h;?/////////9—/P|/// FIG. 12L $02 



US. Patent Dec. 6, 2011 Sheet 14 0f 29 US 8,070,695 B2 

[224 

226 / 

PR 
P01 P50 
S102 

\\ 

FIG. 12M 

FIG. 12N 

5R1 0 P55 
S102 ““““““ .ononononononononononono“ FIG. 120 

Si 

3 

000000 wwuuvuwwwwg v , , , , , , , , , , 

70>, 

/////////// //// S109 
FIG. 12P 



US. Patent 

FIG. 12Q 

FIG. 12R 

FIG. 123 

FIG. 12T 

Dec. 6, 2011 Sheet 15 0f 29 US 8,070,695 B2 

232 f 

P 1 P38 
/ ////////////. SiO2 

Si 

234 / 

PSG 
Pol 
PS 

////////////////A Sig, 

Si 

236 )/ 

PR 
PSG 
Poly 
SiO2 
Si 

238 /' 

w 
PSG 
Poly 

/////// S102 
Si 



US. Patent 

FIG. 12U 

FIG. 12V 

FIG. 12W 

FIG. 12X 

Dec. 6, 2011 Sheet 16 0f 29 

S 

US 8,070,695 B2 

240 f 

’////////////////1 

PR 
PSG 
Poly 
S102 
Si 

242 / 

///////////// 

PSG 
Poly 
S102 
Si 

244 / 
\\\\\\\\\ 

// ///////// 

Poly 
PSG 
Poly 
S102 
Si 

246 f 

“% 
\\\\\\\\ 

/////////// /// 

PR 
Pol 
PS 
Poly 
S102 
Si 



US. Patent 

FIG. 12Y 

FIG. 12Z 

FIG. 12AA 

FIG. 1255 

Dec. 6, 2011 Sheet 17 0f 29 US 8,070,695 B2 

248 / 

2010 
‘02420 

\\\\\\\\\ Poly 

% PSG Poly 
'///////////////// S102 

.1 02020 Si 

62020102010202.2020‘ PR P01 
T PS 

Poly WA 
//////////// //// S102 

Si 

252 / 
Poly 
PSG 

// //////////// S102 

254 / 
PSG 
Poly 
PSG 

// //////////// S102 



US. Patent 

FIG. 12CC 

FIG. 12DD 

FIG. 12EE 

FIG. 12FF 

Sheet 18 0f 29 Dec. 6, 2011 

/////////// /////, 

//////////// //// 

// //////////// 

US 8,070,695 B2 

,/262 

//////////// ////, 

Poly 
PSG 

SiOZ 
Si 
















































