(12)

United States Patent

Flammer et al.

US007371970B2

(10) Patent No.: US 7,371,970 B2

(54)

(76)

@
(22)

(65)

(60)

(1)

(52)
(58)

(56)

RIGID-FLEX CIRCUIT BOARD SYSTEM

Inventors: Jeffrey D. Flammer, 11226 N. 75% St.,
Scottsdale, AZ (US) 85260; Robert
Forcier, 2448 N. Rose St., Mesa, AZ

(US) 85213

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 375 days.

Appl. No.: 10/731,390

Filed: Dec. 8, 2003

Prior Publication Data

US 2004/0118595 Al Jun. 24, 2004

Related U.S. Application Data

Provisional application No. 60/431,239, filed on Dec.
6, 2002.

Int. CI.

HO5K 1/03 (2006.01)

US. CL et 174/255; 174/254

Field of Classification Search 361/749-751,
361/780, 781; 174/254, 255, 261, 259
See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS

3,766,439 A * 10/1973 Isaacson ............c...... 361/714

156

45) Date of Patent: May 13, 2008
4,028,509 A * 6/1977 200/5 A
4,173,035 A * 10/1979 ... 362/249
4,680,675 A * 7/1987 ... 361/748
4,687,695 A * 81987 Hamby .......cccocvnvneeneee 428/192
5,072,074 A * 12/1991 DeMaso et al. ............ 174/254
5,121,297 A * 6/1992 Haas ................ 361/751
5,428,190 A * 6/1995 Stopperan 174/261
5434362 A * 7/1995 Klosowiak et al. ......... 174/254
5,997,738 A * 12/1999 Lin ..o.ccvveeeiiiininnnnnn. 210/195.1
6,099,745 A * 8/2000 McKenney et al. ........... 216/13
6,350,387 B2* 2/2002 Caron et al. ................ 430/314
6,665,170 B1* 12/2003 Warner et al. . 362/317
6,762,942 B1* 7/2004 Smith ........coovveeiiinnnnns. 361/749

FOREIGN PATENT DOCUMENTS

JP 2001-036246 *9/2001

* cited by examiner

Primary Examiner—Ishwar (I. B.) Patel
(74) Attorney, Agent, or Firm—Stoneman Volk Patent
Group; Martin L. Stoneman; Michael D. Volk, Jr.

(57) ABSTRACT

A rigid-flex circuit board system that can be manufactured
using less expensive and more reliable rigid circuit board
methods and equipment, and can maintain rigidity and
dimensional stability until the time when it is first desired to
flex.

15 Claims, 20 Drawing Sheets

148 146
\ 128 160
7 120
B oy
:\\*‘ RN - X | =
LN - 111
105/\ QQ m §
N \
\& §P\E -\\ —\ \
NS ) \\\- l\ mn\\\\ \W}
’//}‘7 XA ’////?7 W 7 ////7
/ - bhnhhbhidl bbbt )
122 1||||||||| v\
128
146 160 158



U.S. Patent May 13, 2008 Sheet 1 of 20 US 7,371,970 B2

105

105 100

Figure 1



U.S. Patent May 13, 2008 Sheet 2 of 20 US 7,371,970 B2

110
o4 INNNNNNNNNNNNNNN TR
0 — RS ¢ 100
104 — 105
OO NAANR S SN N NNNNN— 106
111
AN
Figure 2 10
144

kel L
W ' 100

5 ey
SN Al 000 I SN "
\
114 112 105 111
Figure 3
116a /105 144 o
105 —— .. - o / " Q
105 \
<+— 100
105
105 AN
Y 112 105 116b 111

Figure 4



U.S. Patent May 13, 2008 Sheet 3 of 20 US 7,371,970 B2

124
> a2
0, I, 177
(/ST 0000

105

NTA

105 116bJ \/ 132 122

120 v 7,
R 8
124
Figure 5
124
116 132
a 105
122
$ , 120

+«— 130

105 \\\\ 120

""""" / j N

122

126
116b 124

132
Figure 6



U.S. Patent May 13, 2008 Sheet 4 of 20 US 7,371,970 B2

138 134
\ 124
o T 122
\\ L
NN \ « 130
105 ‘S
\\\ .
\E y
N N\ 7120
» oy
138 116 132
134
Figure 7
116 132 140 140
; ////ﬂ//‘z'/////ﬂ////m 124
\d\ 122
N
105 \S <+“— 130
W N N\ 120
NN NN N\
122 G q@uzxmzwéﬁ%{ 124

{ 116
140 140

Figure 7a



U.S. Patent May 13, 2008 Sheet 5 of 20 US 7,371,970 B2

140 111 105
144 / 144
« ‘ 120
- - 111
NN
VNN
105 0 <+« 130
N Y
N
i ]
& B 111
s 124
144 116
140 132
Figure 7b
148 146
W 7 120
PN,
d _ _ A S SS LSS LSS N
NN N
R N
105 N 111
N N
Wi
AN NPT
;’/7\2 R
(Z ’d . b
/ 140 116 132
152

146

Figure 8



U.S. Patent May 13, 2008 Sheet 6 of 20 US 7,371,970 B2

148 146 154
\ 116a
144//»?
o . / / 120
///7 — // —
K _ \\7//5 . /\\. 111
NI e
105 WY
D \\\\§\
FRAN N\k | ‘\““ \ \\\\
120 N 4////7 717/6’///76’////}7/\
P\ TR
116b 132
155 152 140
146 154
Figure 9
156
148 146 154
\ 116a
. 120
L7 4 - - /
N - 111
105 :SQ —
NN 155
RN WNNY_
— 7\ % ;
122
132
146 154 158

Figure 10



U.S. Patent May 13, 2008 Sheet 7 of 20 US 7,371,970 B2
156
148 146
\ 128 T 160
“ “
, .\ 7 120
A _ _ u ) " -
N \§ | \ \ 111
NSNS
105 NNV \
t ‘k § \\
N N :
RARRAN &
: o2 B =
122 Ml v\
128
146 158
Figure 11a
160
) oy 130
NG
RN
N 160
/\<§§' B X At 7
“ ' R
N,
// 25 i N
128 E\ T
100 —» ] 128
N AN /
,,9:\‘\;
122

158

146

:%éégz |

Figure 11b



U.S. Patent May 13, 2008 Sheet 8 of 20 US 7,371,970 B2

T\ 162
148 166 '

120
/
N 1S
\\E: NN \
105 N N 111
N !

Figure 12a 116
166

— 100
Figure 12b
124
158 l,— 122
&'\% 165 oo o
148 \Q\\@/ /
%\\\3/ 132 7 120
i o / / \ ,_/. /
:'\‘- ~§ \
N A
3 E§ 111
AR E§ /
Xy 21
» >
Figure 13 132



U.S. Patent May 13, 2008 Sheet 9 of 20 US 7,371,970 B2

142 168 — 164

146 167 168 124

Figure 14

DRI

\\\\\ O
\\\\ W\
L

m\?

122

X

S %/sx/m“za &

NN
N

\\\ ‘//
Q\{\‘\(\i ) ‘_\‘\3

<§<€Q
Y

i\\

>>><’// S w>~\>>/
>\,«

Figure 15



— 300a
— 300a
300a

300

US 7,371,970 B2

/ 304

Sheet 10 of 20

e
\ﬁ
o

85

%
7

301

302

F . -

Figure 16a

301

\

May 13, 2008

U.S. Patent

\\&Eﬁ\l\\
\ \ ﬁ@w

301
302

301a— |
302a — |

30la ——_

302a

\

Figure 16b

\

301a




U.S
/

A




























































