a2 United States Patent

US006172582B1

10y Patent No.: US 6,172,582 B1

Hickernell 5) Date of Patent: Jan. 9, 2001
(54) SAW RESONATOR AND LADDER FILTER 5,274,345 12/1993 GAU ..o
WITH SPECIFIED NUMBER OF 5,471,178 * 11/1995 Hickernell
S T R
,559, * atoh et al. ..ooccoevievvienennen.
(75) Inventor: (Télé))lnas Slocum Hickernell, Mesa, AZ FORFEIGN PATENT DOCUMENTS
0481733A1 4/1992 (EP) .
(73) Assignee: CTS Corporation, Elkhart, IN (US) %3323% . 1‘1%33} 8112 333105
(*) Notice:  Under 35 U.S.C. 154(b), the term of this * cited b .
patent shall be extended for 404 days. clied by examinet
Primary Examiner—Robert Pascal
(21) Appl. No.: 08/603,523 Assistant Examiner—Barbara Summons
(74) Attorney, Agent, or Firm—Frederick M. Fliegel; Brian
(22) Filed: Feb. 20, 1996 M. Mancini
(51)  Int. CL7 e HO3H 9/64  (57) ABSTRACT
(52) US.Cl .. .. 333/195; 310/313 D ]
(58) Field of Search ..........oooooovevec. 333/193-196, A method and apparatus for a ladder filter (400) incorpo-
333/150, 134; 310/313 R, 313 B, 313 D rating same. The filter (400) includes a substrate and a first
series resonator (100, 403) disposed on the substrate and
(56) References Cited electrically coupled in series between the first electrical port

U.S. PATENT DOCUMENTS

(401) and a first node. The first series resonator (100, 403)
includes a first series acoustic reflector (115), a first series
gap (112), a first series transducer (105, 403), a second series

—_—
o

4,048,594 * 9/1977 Weglei wooomeeverererrererersrnen 333/195 : )
4,130,813 12/1978 Sandy et al. woovoooocoororrrrrne. 333/72  2ap (112) and a sccond series acoustic reflector (1157
4,144,507 3/1979 Shreve ... ... 333/191 collectively disposed in an in-line configuration along a
4,410,823 10/1983 Miller et al. .. 310/313 D principal axis of the substrate. The filter (400) also includes
4,454,488 * 6/1984 Hartman ........... ... 333/195 a first shunt resonator (100, 404) disposed on the substrate
4,542,356 9/1985 Nakazawa et al. ... - 333/195 and electrically coupled in shunt between the first node and
4,575,698 3/1986 Schofield ....... - 333/195 ground. The first shunt transducer (105, 404) and the first
j’gi;’ggg %ﬁggg ikel,e etal. .. 310/334123/5]; series transducer (105, 403), if reflectors (115, 115" are
4683 394 771087 Ki\:ﬁ?n; """ " 310 313 R included, have an optimized number of reflective elements
4760359 7/1988 Shiba et al. woooooooorerere.. 333104 (116, 116') included therein.
5,010,269 4/1991 Hikita t al. ..cceeeeeeernennnne 310/313 B
5,223,762 6/1993 Masaie et al. ...o.ccoeeueee. 310/313 D 4 Claims, 4 Drawing Sheets
102
i15 (‘ 104 115
116' 116' 112' 112"
‘ l 1—-(—. 1—(—)
“ +109
) )
\ I
} 108103 109" 4 116 116
112 \ 112
101
A R > AT -
8 9



U.S. Patent Jan. 9, 2001 Sheet 1 of 4 US 6,172,582 B1
102
15! 115
Nueus 1z M 107 g,
ey oy : (
(S H“"\L —
) 103];103 109" 4 116 116
112 \ 112
101 105
AR BN AT <«
8 9
100
FI1G. 1
FIGH 2
0
/,_:11201
@ 2N
= / \
= -5
Z.
a i)
% il ) 12,205
S 10 ,’/ \ N
O y n n \
2 | |
: \i| LY
E -15 I,n i n‘\
= —~ I | ~
o /\\/\N | | W\/I\\
\
Lo MV | I |
800 850 900 950 1000

FREQUENCY (MHz)



U.S.

GAIN (dB)

Patent Jan. 9, 2001 Sheet 2 of 4 US 6,172,582 B1
w02 03 405 410 405 jost o
o7 T T T T o
401 402'
T T T T
7 7 YA 7
404 l 406 1 406’ l 404’ l
400
FI1GG. 3
FI1G. 4
0
-2 ——
/f -
—— TN \
_4 ,/)//: - \\‘ \
gy N \\\
4 )\\
420 \\
-6 / N
\
\
/ \
-8 4y \\
/ \
/ \
/ \
_10 1 L
840 850 860 870 880 890

FREQUENCY (MHz)



U.S. Patent Jan. 9, 2001 Sheet 3 of 4 US 6,172,582 B1

GAIN (dB)
-

-10
891 861 871 881 891 301 an

FREQUENCY (MHz)



U.S. Patent Jan. 9, 2001 Sheet 4 of 4 US 6,172,582 B1

FROM
TRANSMITTER

§7» 1801

1803
DIPLEXER |

1805\45 I.F.
_T—I 1823
~JFILTER ] LR

1807

1809\ 1821

_J 1813 1815 1817
\ \ 1819
—-k—-_'—— FILTER |—-

1811 1831

1829
TERI/
1827
1800

1825
FIG. 6 ‘!:'


















