US006523560B1

a» United States Patent (10) Patent No.:  US 6,523,560 B1
Williams et al. @#5) Date of Patent: Feb. 25, 2003
(549) MICROVALVE WITH PRESSURE 2,875,779 A 3/1959 Campbell
EQUALIZATION 3,031,747 A 5/1962 Green
3,729,807 A 5/1973 Fujiwara
(75) TInventors: Kirt R. Williams, Portola Valley; Bert 3,747,628 A 771973 Holster et al.
P. van Drieenhuizen, Fremont, both of 43173(6)2’49145‘491 2 }ﬁgzg Etofcffertt ei al.
CA (US); Dominik P. Jaeggi, Zurich J010388 A 4 oo
. . R . ,019, /1977 Hall, II et al.
(CH); Nadim I. Maluf, Mountain View, 4023725 A 571977 Ivell et al.
CA (US); Edward N. Fuller,
Manchester; Richard J. Barron, Ann (List continued on next page.)
Arbor, both of MI (US) FOREIGN PATENT DOCUMENTS
(73) Assignee: General Electric Corporation, DE 2215526 A 10/1973
Fairfield, CT (US) DE 2930779 Al 2/1980
DE 340104 Al 7/1985
(*) Notice:  Subject to any disclaimer, the term of this Li ued
patent is extended or adjusted under 35 (List continued on next page.)
U.S.C. 154(b) by 0 days. OTHER PUBLICATIONS
(21)  Appl. No.: 09/326,931 Nonworolski et al., “Process for in—plane and out—of—plane
B ’ single—crystal—silicon thermal microactuators”, Sensors and
(22) Filed: Jun. 4, 1999 Actuators A. Ch, Elsevier Sequoia S.A. Lausanne, vol. 55,

No. 1, 1996, pp. 65-69.*
Related U.S. Application Data
(List continued on next page.)

(63) Continuation-in-part of application No. 09/148,026, filed on

Sep. 3, 1998. Primary Examiner—Jack Lavinder
5 Assistant Examiner—Robert A. Siconolfi
(51) Inmt. CL7 ot F16K 31/02 (74) Attorney, Agent, or Firm—Morrison & Foerster LLP
(52) US.CL ..covevvvnne 137/14; 251/11; 251/129.06;
251/129.07; 251/368; 303/116.1; 303/119.2  (57) ABSTRACT
(58) Field of Search .............. 60/527, 528; 251/129.06,

Disclosed is a microvalve suitable for use in high pressure
applications such as refriigeration. The microvalve has a
displaceable member that slides across an inlet port, thereby
creating an orifice. A pressure-equalizing contour is posi-
tioned beneath the displaceable member and is in fluid

251/129.07, 129.08, 368, 11, 281-283,
231, 301, 87, 88; 137/591.17, 596, 6254,
625.42, 625.44, 625.45, 625.65, 505.18,
601.02, 14; 303/119.2, 119.3; 310/306,

307, 310 contact with the inlet port. The pressure on the displaceable
. member from the inlet port is equalized by the pressure from
(56) References Cited I .
the pressure-equalizing contour. Consequently, the microv-
U.S. PATENT DOCUMENTS alve can be configured with its inlet port and outlet port on
) opposite sides of the microvalve. Pressures in the x and y
. Sggrggg 2 1‘1‘; }ggg Eh;h? et al. direction are also equalized because of recesses that permit
886, yfor ; : .
1026031 A 9/1933 Boynton ?nlgi tfzcr)m the inlet to contact all faces of the displaceable
2412205 A 12/1946 Cook :
2,504,055 A 4/1950 Thomas
2,840,107 A 6/1958 Campbell 35 Claims, 9 Drawing Sheets

38" 30 50¥ 467 447267 N N8
~\,

T
18

.



