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1. INTRODUCTION

SAY RESONATOR utilizes Surface Acoustic Wave, and is able to be applied to high
frequency circuits where conventional crystal, ceramic resonators are not available, as
SAY RESONATOR oscillates stably with its fundamental mode over frequency range from 50 MHz
to around 1 GHz. (See Fig.1-1)

MURATA SA¥ RESONATOR - SAR series - has high stability, good temperature characteris-
tics provided by quartz crystal substrate and is developed with SAW technology accumlated
for SAY FILTERs through MURATA’s long experience.

SAW RESONATOR can be applied to many types of high frequency devices including RF re-
mote controls, CATV FSK demodulators and CATY 2nd. local oscillators.
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Fig.1-1 Vibration Mode and Suitable Frequency Range

2. GENERAL CHARACTERISTICS

SA¥ RESONATOR generally has the following features.

@® HIGH OSCILLATION FREQUENCY STABILITY
Both initial tolerance and temperature coefficient of oscillating frequency of
SA¥ RESONATOR are between quartz bulk resonator’s and LC's / RC’s.
Temperature coefficient of oscillating frequency for quartz crystal: 10°%/°C,
LC: 1073-10"%/°C, while SA¥ RESONATOR: 5x10°%/°C. (See Fig.2-1)

® ADJUSTMENT FREE
As SAW RESONATOR utilizes mechanical vibration of piezoelectric material, while
LC/RC utilizes electrical resonance, oscillator using SAW RESONATOR is stable
against peripheral circuit or supply voltage fluctuation, and is basically free
from adjustment.



@ SIMPLE/LOW COST CIRCUIT BY FUNDAMENTAL OSCILLATION
Multiplying circuit necessary for quartz bulk wave resonator is not required as
SAY RESONATOR oscillates with its fundamental mode over the frequency range of
50 MHz to 1 GHz. Therefore, oscillation circuit is simple and low cost.

SAR series also has the following features.

@ QUARTZ CRYSTAL SUBSTRATE
SAR series realizes better temperature characteristics, higher stability against
peripheral circuit, by utitizing quartz crystal substrate, compared to SAW RESO-
NATORS with other materials.

@ EPITAXIALLY GROWN ALUMINUM THIN FILM ELECTRODES
High power handling and long life have been achieved by specially developed
epitaxially grown aluminum thin film electrodes. (See Sec.4.)

NAME SYMBOL INITIAL TOLERANCE ADJUSTMENT NOTE

need delicate adjustment of
LC 2. 0% NEEDED resonant frequency.

unsuitable for high frequency

CR 2. 0% NEEDED circuits.

need ancther devices to
QUARTZ CRYSTAL | o——{[j—o 0. 001% FREE oscillate at overtone mode
in high frequency.

°“<§%E}‘"° high frequency oscillation
SA¥ RESONATOR o_—(i;ijﬁ.o +0. 1% FREE with fundamental mode.

Table 2-1 Characteristics of Various Resonator




3. TYPE

/_ _TYPE NAME

Part numbering system for MURATA SAW RESONATOR - SAR series - is as follows;

SAR M [] [} X
g

a b c d e f h
a/ SAW RESONATOR
b/ oscillating frequency [MHz]
¢/ MHz
d/ Resonator Type
B’ ---- 1-port type
"DA’ --- 2-port type (in/out phase shift: 180")
e/ Package
'3’ ---- T0-39 (round metal case hermetically sealed)
"4’ ---- SF-712 (square metal case hermetically sealed) 3%
f/ Specification
0’ ---- Standard
*1-9’ -- Custom Specification
g/ Quartz Crystal Substrate
h/ lInitial Frequency Tolerance [ * KHz ]
% See Fig.3-1
Standard frequency list is shown in Appendix attached.
Dimensions A Dimensions B
SF-712 (40X types) T0-39 (30X types)
12.5 max. ——= 9.14 ¥ 0.2——>
¥
4.0 max. 3.4 max
/ \ I |
. | L —
¢0.45i0.l 5.0 0.5
7.7 + 1.0 |
$0.5 2 0.2 ]
I
¥
3-2.5t 0.5
.
2.2% 0.3
@¢@@ f5.08t0.3
7.7 max 4 3 2 1 1: NC
;: :z:e GND /\ 1: cold
4: col 14 Y00 : hot
Bottom View unit: mm ! 07 3//< f25: case GND
Bottom View unit: mm
0.79 Y 0.1

Fig.3-1 Dimensions



4. ELECTRICAL CHARACTERISTICS

Frequency stability of SAW RESONATOR is between that of quartz bulk wave resonator and
LC/RC. Temperature coefficient of SAR series is *5 ppm/ C max., and initial tolerance
of standard products is *150 - £250 KHz depending on nominal oscillting frequency.
Tighter initial tolerance down to 50 KHz may be available. Please contact MURATA.

1-port SAY RESONATOR is basically a 2 terminal device and its application is similar
to that of quartz bulk wave resonator or ceramic resonator. Most of the application cir-
cuit is Colpitts or similar type that can be made with low cost. I1-port SAW RESONATOR is
also applicable to V.C.0. application.

2-port SAW RESONATOR is a kind of very narrow, low loss band-pass filter. Oscilla-
tion circuit is mostly like a RF amplifier with feedback loop. Oscillation circuit de-
sign is easier with 2-port SAW RESONATOR in high frequency because oscillation can be
analyzed by evaluating transmission characteristics, which can be measured with a network
analyzer.

4—1. 1-PORT SAW RESONATOR

1-port SAW RESONATOR has one IDT(Interdigital Transducer), which generates and re-
ceives SAW(Surface Acoustic Wave), and two grating reflectors, which reflect SAW and gen-
erate a standing wave between the two reflectors. 1DT and reflectors are fabricated on
quartz crystal substrate by photolithographic process. Cut angle of the substrate shall
be selected carefully. SAW RESONATOR chip is encapsuled in a metal case hermetically
sealed.

Fig. 4-1: Basic structure of I-port SAW RESONATOR

Table 4-2: Examples of electrical specification for t-port SA¥ RESONATOR
Fig. 4-3. Test circuit

Fig. 4-4: Transmission, temperature characteristics of 1-port SA¥ RESONATOR
Fig. 4-5: Electrical equvalent circuit of I-port SAW RESONATOR

Table 4-6: Typical constant values in equivalent circuit

REFLECTOR o7 REFLECTOR

Fig.4-1 Basic Structure of
1-port SA¥ RESONATOR



Resonant Parallel Temp. Coef. of
Part Number Resonant Loss Frequency Capacitance | Resonant Freq. | Test Dimensions
[dB] max. [Miiz] [pF) [ppn/ 'C) max. | Circuit
SAR173.24B40X150 1.8 173.18 +/- 0.15 4.2 +/- 1 +/-5 1 A
SAR224.5MB40X200 2.0 224.46 +/- 0.20 3.9 +/- 1 +/-5 1 A
SAR300.0MB40X250 2.0 299.95 +/- 0.25 3.1 +/- 1 /-5 1 A
SAR418.0MB30X250 2.5 417.95 +/- 0.25 2.5 +/- 1 +/- 5 2 B
SARA33.9MB30X250 2.5 433.87 +/- 0.25 2.5 +/- 1 +/- 5 2 B

Table 4-2 Specification of 1-port SA¥ RESONATOR

Test Circuit 1 Test Circuit 2
SF-712 (40X types) TO-39 (30X TYPES)
500 S0
AAA
- AAA
@ @ 1 2
@ O
2 1 é

Fig.4-3 Test circuit
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Fig.4-4 Transmission, Temperature Characteristics
of 1-port SAW RESONATOR




1
415 LI} A Li [=h} | C1 (pFTJR1 COhm] | CO [pFJ
SAR(73.2MB40X150 0.30 0.0028 17.1 4.19
o4 | SAR224.5MB40X200 0.20 0.0025 19.1 3.7
SAR300.0MB40X250 0.13 0.0022 19.3 3.22
Pl SAR41B.0MB30X250 0.08 0.0018 20.6 2.83
{1 SAR433.9KB30X250 0.08 0.0016 21.9 2.67

Fig.4-5 Equivalent Circuit of 1-port SAW RESONATOR Table 4-6 Typical Constant Values
of Equivalent Circuit

4—-2. 2-PORT SAW RESONATOR

2-port SAW RESONATOR has two IDTs, one for input, another for output of signal and two

grating reflectors. It is basically an ultra-low loss B.P.F. in the feedback Loop of os-
cillation circuit. For popular oscillation circuit using transistor or linear IC, suit-
able phase shift across the resonator is 180 degrees. It is easier in measurement and

circuit design to take 2-port SAW RESONATOR instead of l-port especially for relatively
high frequency application.

Fig. 4-7: Basic structure of 2-port SAW RESONATOR

Table 4-8: Examples of electrical specification for 2-port SAW RESONATOR
Fig. 4-9: Transmission, temperature characteristics of 2-port SAW RESONATOR
Fig. 4-10: Electrical equivalent circuit of 2-port SAW RESONATOR

Table 4-11:Typical constant values in equivalent circuit

INPUT OouTRUT
REFLECTOR ﬁn o7 I REFLECTOR

Fig.4-7 Basic Structure of 2-port SAW RESONATOR
INUT QD OUTPUT GND

Insertion Center In 7 Out Spurious | Temp. Coef. of
Part Number Loss Frequency Capacitance | Response | Resonant Freq. | Test Dimensions
[dB) max. [Mlz] [pF] [dB] min. | [ppw/'C) max. | Circuit
SAR224.54DA30X200 12.5 224.5 +/- 0.20 1.65 +/- 1 12.0 +/- 5 2 B
SAR300.0MDA30X250 12.5 300.0 +/- 0.25 1.65 +/- 1 10.0 +/- 5 2 B
SARA18.0XDA30X250 12.0 418.0 +/- 0.25 1.65 +/- 1 7.0 +/- 5 2 B
SAR433.9MDA30X 250 12.0 433.92 +/- 0.25 1.65 +/- 1} 8.0 +/- 5 2 B

Table 4-8 Specification of 2-port SA¥ RESONATOR
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Table 4-11

Ll (wHJ [ CI [pF] [RIL [Ohm] [Cin (pF] [Cout[pF]
SAR224.5MDA30X200 1.70 2.9 138 1.6 1.7
SAR300.0MDA30X250 0.98 2.9 104 1.7 7
SARA18.0MDA30X250 0. 46 3.2 86 1.6 1.6
SAR433.9MDA30OX250 0.44 3.1 87 1.6 1.7
210~

Typical Constant Values of Equivalent Circuit




4—-3. POWER HANDLING AND LIFE

As frequency available by SAW RESONATOR goes high, it is getting a problem that stress
migration of aluminum electrode is caused by a high power applied.

MURATA has successfully developed a new technology: epitaxially grown aluminum elec-
trodes and realized much greater power handling, long life

Epitaxial aluminum film can be grown by controlling deposition condition. Fig.4-12
shows the RHEED(Reflection High Energy Electron Diffraction) analysis result of epitaxial
aluminum film. Fig.4-13 shows RHEED result of polycrystal aluminum film for comparison.

Set-up and result of operational life test are shown in Fig.4-14, 4-15 respectively.
Here, SAW RESONATOR under test is a 674MHz Z2-port type designed for CATV 2nd. local oscil-
lator, and applied power is 1 Watt. The computer controls the frequency of the signal
generator to trace the resonant frequency of the device under test.

When defining the life of resonator in terms of resonant frequency shift: 100ppm,
life with epitaxial aluminum is more than 10,000 minutes, which is about 100-1,000
times longer than that of the conventional SAW RESONATOR using polycrystal aluminum elec-
trodes.

Long term stability/reliability is required especially for the application, such as
CATYV 2nd. local oscillator, which keeps SAW RESONATOR under operation.

Fig.4-12 RHEED Result of Fig.4-13 RHEED Result of
Epitaxial Aluminum Film Polycrystal Aluminum Film

Temp. Chamber

Power Amp. (85 ©)

S.G. - D.U.T Power Meter

T

CH——(")
‘ ll I Computer

Fig.4-14 Operating Life Test Set-up
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5. PRINCIPLE OF OSCILLATION

Oscillation circuits using LC or quartz crystal are called 'Feedback 0Oscillators’.
Feedback oscillator consists of an amplifier and a feedback circuit.

The circuit oscillates, with no input singal applied from outside of the oscillator,
when feedbacked signal from the output of the amplifier has the same amplitude and phase
to the input signal. The conditions required to the feedback to enable oscillation are
as follows;

Amplitude: G
Phase: o

a + B8 =z 0 [dB ]
61+ 62 =360 xn [ degree ] (n: Natural number)

Awplifier

Gain: « >
Phase delay: 61

Feedback Circuit
Gain: B
Phase delay: 62

Fig.5-1 Principle of Oscillation



6. OSCILLATION CIRCUITS

6—1. OSC. USING 1-PORT SAW RESONATOR

1-port SAW RESONATOR is a kind of two terminal resonant device utilizing piezoelec-
tricity, like quartz crystal bulk wave resonator or ceramic resonator. The equivalent
circuit of 1-port SAW RESONATOR is same to that of quartz or ceramic resonator, and there-
fore, impedance characteristics of SAW RESONATOR is as shown in Fig.6-1.

Colpitts is one of the popular oscillation circuits. Basic structure of Colpitts
oscillator is as shown in Fig.6-2. The oscillating frequency is approximately same to
the resonant frequency of L, CL1 and CL2.

fosc =1/ 2 m ( LeCLl*CL2Z / (CL1+CL2) )'7?

Impedance

;
L

Impsdance

Phase (*)

J;_J.“LJ:

3
793.00 0. 1.

Fig.6-1 lupedance Characteristics Fig.6-2 Basic Structure of Corpitts Osciilator

of 1-port SAW RESONATOR

In the case of an oscillation circuit using piezo resonator, the inductor in Fig.6-2
can be replaced by the resonator because its impedance is inductive between fr (impedance
minimum) and fa (impedance maximum) as shown in Fig.6-1.

Fig.6-3 shows an example of oscillation circuit using l-port SA¥ RESGNATOR. Rb1, Rb2

are for DC bias. Re is a load impedance. Rd, Cd are for power line de-coupling. CL1,
CL2 are load capacitances to satisfy osciliation conditions.
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Rbl ; ;IL/;Cd
_L P

CS'L
Jer1 ,
Rb2 3 l > OUT
Rp J;,CLZ Re
774 7 /4

Fig.6-3 Example of 1-port SAY Oscillator

Values of CLI, CL2 must be evaluated to get desired osciliating frequency.

Transistor shall be a high frequency type - fT a few GHz or more.

SMT type transistor, resistor, capacitor are recommended for application more than 100
MHz due to the inductance of the lead terminals.

Cs and Rp are recommended for DC de-coupling and discharge respectively to protect SAW
RESONATOR from electro-migration.

6—2. 0OSC. USING 2-PORT SAW RESONATOR

2-port SAW RESONATOR is a four-terminal device. The simplified oscillation circuit
diagram is as shown in Fig.6-4.

SAW RESONATOR is connected to tuning networks, and the networks are connected to input
/ output of amplifier. Network here is generally a #-type consists of one inductor and
two capacitors. The networks control phase shift in the feedback loop to satisfy oscil-
lating conditions, and work as tuning circuit for impedance matching of SAW RESONATOR and
amplifier tec get small_ insertion loss.

| AMP
L/////

2PORT
Tuning Tuning

Network @%?

LOAD

Network

Fig.6-4 Basic Structure of 2-port SAW Oscillator



Fig.6-5 shows an example of oscillation circuit using 2~port SA¥ RESONATOR. Amplifier

here is a grounded-emitter transistor. The smaller Re, the larger gain, however, proper
Re value shall be selected considering current consumption and DC bias condition. To get
large RF gain, it is recommended to put Ce, however, Ce value shall not be too large be-
cause of its low self-resonance. Ce shall be between 100 and 1000 pF generally.

One 7 -type tuning network consists of LS1, CL1 and CL2, and another LS2, CL3 and CL4.
Input / ouput capacitance of SAW RESONATOR may be substitutive to CLZ, CL3. Input / outp
ut capacitance of transistor may be substitutive to CLl, CL4.

Phase shift in the feedback loop is controlled mainly by the resonance of LSI / CL2 and
LS2 / CL3. The values of those elements shall be especially precise, so LS1, LSZ shall
be fine tuned. Air core coils are recommended due to high self-resonant frequency and
high Q.

DC de-coupling capacitor: CS1, CS2, discharge resistor: RP1, RP2 are recommended.

Rb1 < Rd
csi LS1 Re J;Cd
TS
3 ;LFLZ ;£CL1 ' F—out
cs2 LS2 >
o
1F l—

1
Rpl jiRPz ;L§L3 Tevs
77/sz§ Re J; Ce
7

Fig.6-5 FExample of 2-port SAW Oscillator




7. ACTUAL MEASUREMENTS OF SAW OSCILLATOR

7—1. 1-PORT SAW OSCILLATOR

Fig.7-1 shows an example of oscillator with 1-port SAW RESONATOR. Here, transistor
is NEC 2SC3356, SAW RESONATOR is SAR300.0MB40X250 (300.0 MHz resonator).

Supply voltage (Vcc) characteristics and temperature characteristics are shown in Fig.
7-2, 7-83 respectively. Vcc characteristics depends partly on amplifier (Tr or FET) used,
but is generally within £ 200 ppm. Temperature characteristics of the circuit mainly
depends on that of SAW RESONATOR itself as you can see comparing to Fig.4-4. Capacitors
taken here are CH grade types. Some popular transistors may have relatively strong
dependence upon temperature. It is important to test the whole circuit in a temperature
chamber.

v o
o ;l/; o
. (@]
O —
l/
TR
a _L J_ ™ 300MH2
§ -—1— 18p lp +50 -
q‘ég 2 |l ouT =
. B
) J: §° 50 ohm Load <
r~ |
7p ™ 2 o} 0\‘0“0“°-o-_o
M 3
/4 7 777 777 5
TR: 2503356 3
w
SAW:SAR300.0MB40X250 £ sol
Fig.7-1 1-port SAW Oscillator 3 . 5 P
VCC(V)
600
300MHz
E 300MHz
& ~ 400}
5O
: g
% -100} = 200}
] w
=] %]
(54 =
2 200t
36 0 20 40 60 80 0 3 . s s
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0 JOOMRz
0 %
T 300MHz S -0r
S gof ° o ° g
by =]
]
- -40 i 1 _— A A i i -l‘o i 1 A 1 AL
-20 0 20 40 60 80 3 4 6
L TEMP(°C) vee(v)
Fig.7-2 Vecc Characteristics Fig.7-3 Temperature Characteristics



7—2. 2-PORT SAW OSCILLATOR

An oscillator using SAR674.0MDA30X250 (674 MHz 2-port SAW RESONATOR) shown in Fig.7-4

was measured.

Measurement results are shown in Fig.7-5, 7-6.

100k

Results are similar to that of 1-port type.

+5V
51
8.2k
j= 9
(o]
o Q
2200p 47n P ;[/;S
TS
1p t+——=our
2200p 7 13n l 1P 50 ohm Load
L~ TR
x I l L ;L M
o
1) ]
o~ R 674MH2
~d S ~
:} o~ 3 & +50+
&
) s
TR:25C3356 -3
SA¥:SAR674.0MDA30X250 5 o o,o——o——o"o”o
fad
2
Fig.7-4 2-port SAW Oscillator ]
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Fig.7-5 Vcc Characteristics

Fig.7-6 Temperature Characteristics




8. DESIGNING SAW OSCILLATOR

8—1. DESIGNING 1-PORT SAW OSCILLATOR

1-port SAW RESONATOR shows an impedance curve just like a quartz crystal or ceramic
resonator. The oscillation circuit is also similar to that with quartz crystal or ceram-
ic resonator.

For example, Fig.8-1 shows the "Sabaroff Oscillator” using emitter follower amplifier.

When admittance of resonator is Y=G-jB, mutual conductance of amplifier is gm, then
from Fig.8-2, the oscillation conditions are;

gm = Gx(1+CL2/CL1)+1/RE-B/wxCL1xRE
Bx(1+CL2/CL1)-wxCL2+G/wXxCLIxRE = 0

cL1

O O ; O
t T | | j r
vl 2 vl V2 vl
1RBZ l gmi‘ tCLZ |
O o o O

Fig.8-1 Sabaroff Oscillator Fig.8-2 Equivalent Circuit of
Sabaroff Oscillator

Oscillation condition will be affected by Cil, CLZ other than gm and admittance of the
resonator. Therefore, the vatues of CL1, CL2 shall be different for different types of r
esonator, transistor. In the case of the oscillztion circuit shown in Fig.8-1 with SAW
RESONATOR 300 MHz or so, the aim for loarding capacitors are: CLI = 10-20 pF, CL2 = 5-10
pF.

In high frequency or with small gm, suitable CL1 and CLZ may be a few pF.  Stray
capacitance of P.C.B. pattern will not be negligible and require careful consideration.



8—2. DESIGNING 2-PORT SAW OSCILLATOR

2-port SAW oscillator consists of an amplifier, SA¥ RESONATOR and tuning network cir-
cuit. The tuning network circuit has two roles: impedance matching between amplifier and
SA¥ RESONATOR, Controlling phase shift. Generally it is a m-type circuitof one inductor
and two capacitors.

Values of the inductor and capacitors can be obtained by the following procedure.

(1) Measurement of Input/Output Impedance of Amplifier
Measure input/output impedace, gain and phase shift of amplifier used.
Actual measurement result using a circuit shown in Fig.8-3 is about 9 dB at the
desired oscillation frequency.

+9V

TR:2SC3356 (NEC)

Fig.8-3 Amplifier

(2) Determination Source/Load Impedance for SAW RESONATOR
The higher source/load impedance, the lower insertion loss.
Insertion loss should be much smaller than the gain measured in (1) for stable
oscillation. Although you want to ucsign source/load impedance large, however,
there is a limitation for capacitance value controllable by discrete capacitor.
Impedance in this case is determined to be 300 ohms because larger impedance will
require cgpacitor of smaller than 1 pF.
Fig.8-4 shows transmission characteristics of 674MHz 2-port SAW RESONATOR with 300
ohms source/load impedance.






