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COMPANY PROFILE +

hnology change life, innovation wins the future
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TKD Science and Technology Co., LTD.

TKD Science and Technology Co., Ltd. is specialized in the quartz frequency
control components and production equipment research, development,
production and sales of national high-tech enterprises. TKD is the leading
enterprises in domestic quartz crystal industry area and one of the domestic
largest 100 electronic components companies.

Company has a complete product line of quartz crystal resonator, oscillator,
thermistor and quartz crystal chip, products containing DIP, SMD
encapsulation of high and low frequency crystal resonator, the upstream
chip, WAFER, pedestal, shell, etc. And 2016 listed A shares in Shanghai stock
exchange (stock code: 603738).



TKD Science and Technology Co., LTD. o WTL International Limited

ZREERBERAT \ .w“_@ R T REEE R ERAD

INTRODUCTION >>>

I 1.Vibration Modes and Orientation Angles

Regarding the vibration mode of the AT cut, the
orientation angle at which the primary coefficient of
the frequency temperature characteristics near room
temperature reaches zero is indicated in Fig.1

Fig.1 Orientation angle
““““““ &P ooomozoanes ? in Z plate artificial crystals
l
----------- L A And the mode of thickness shear
Hlg:2 Thicknessshearuibration vibration is shown virtually in Fig.2.

I 2.Frequency-temperature characteristics

The frequency-temperature characteristics of a

crystal are categorized into two types according to its : /’IL __ﬁ
shape of curve. One is a tertiary curve and the other .: /:/{ SN ] ;;7;
is a quadratic curve. The typical frequency- g s // gt :-:E: ) e ﬁfl
temperature characteristics of AT cut are shown in .—f_ “j/ ;?;E;:E T = E:::izj
Fig.3, respectively. AT cut crystal units are most '//E,{/(/ | *\:*:\f/ :
widely used because they produce smaller frequency m?%f{} Ao ane=0 | { \\\\:WEE-«_;
changes in response to temperature changes in the L L 1] || | LN ui)
room temperature range. Fig-% Example of AT €t frequency stabiliy

I 3. Equivalent circuit and various constants

The equivalent circuit of quartz crystal near the resonance frequency is represented by the

arrangements shown in Fig.4.

Ri L1 C,
Ri:Series Resistance —AW—gs— |
Li: Motional Inductance oO— o 0O
Ci: Motional Capacitance i
Co: Shunt Capacitance ]clu
Fig.4 Equivalent circuit of quartz crystals

; 1
Series resonance frequency f = —

Parallel resonance frequency f,= ! = s 1+£
o e 27 LG\ G,
46
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KHz Crystal (SMD)

1.1 M8

Metal Can Type Crystals
M8 Series

FEATURES

-Ultra-small size: 8.0*3.8*2.5 mm

-Reflow resistance type crystal units

Higher frequency pull ability and lower equivalent
series resistance

-Lower cost and highly mass production capability

-RoHS Compliant/Pb Free

e

Y

TYPICAL APPLICATION

‘The best choice of Notebook Computer

TV,STB,LCDM and Cable Modem

DIMENSIONS
Rk 3 Recommended solidering pattern
Marking © g F -@é{ 4 | | 3
T : == |
1 2 1| :
Z EF 2
| i Jgﬁ
ELECTRICAL SPECIFICATION
Item/Type M8
Frequency Range 32.768KHz

Frequency Tolerance (at25°C)

+20ppm, or specify

Operating Temperature Range -40 ~ +85°C
Shunt Capacitance (C,) 2.0pF Max.
Drive Level 1.0pW typical

Load Capacitance

Series, 7TpF, 9pF, 12.5pF, or specify

Aging (at 25°C) +5 ppm First year Max.
Storage Temperature Range -55 ~+125°C
Turnover Temperature 25%5°C

Temperature Coefficient

(-0.035+0.005) ppm/°C2

Insulation Resistance 500MQ@DC 100+ 10V
EQUIVALENT SERIES RESISTANCE(ESR)
Frequency Resistance
32.768KHz 50KQ Max.
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KHz Crystal (SMD)

1.2 M6

Metal Can Type Crystals
M6 Series
FEATURES

-Ultra-small size: 7.0*1.5*1.5 mm
-Reflow resistance type crystal units

Higher frequency pull ability and lower equivalent

series resistance

-Lower cost and highly mass production capability

-RoHS Compliant/Pb Free

>y

TYPICAL APPLICATION

‘The best choice of Notebook Computer

TV,STB,LCDM and Cable Modem

DIMENSIONS
6.920.1 - A
%M l:.iD,_Tﬂ
i () MARKING Owﬁﬁ %J _E_ w
g % L -
ol [ B.70£0.1 ..JI 1+0.05) Recommended solidering pattern
g - 73]
] 19 g
°1 = 1,20 210 1,20
ELECTRICAL SPECIFICATION
Item/Type M6
Frequency Range 32.768KHz
Frequency Tolerance (at 25°C) +20ppm, or specify
Operating Temperature Range -40 ~ +85°C
Shunt Capacitance (C,) 1.0pF Max.
Drive Level 1.0uW typical

Load Capacitance

Series, TpF, 9pF, 12.5pF, or specify

Aging (at 25°C)

+5 ppm First year Max.

Storage Temperature Range

-55 ~ +125°C

Turnover Temperature

25%+5°C

Temperature Coefficient

(-0.035+0.005) ppm/°C2

Insulation Resistance

500MQ@DC 100+ 10V

EQUIVALENT SERIES RESISTANCE(ESR)

Frequency

Resistance

32.768KHz

65KQ Max.
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KHz Crystal (SMD)

1.3 K3215 .

Metal Can Type Crystals 5
M5 Series
FEATURES TYPICAL APPLICATION

‘The best choice of Notebook Computer
TV,STB,LCDM and Cable Modem

-Ultra-small size: 3.2*1.5*0.9 mm
-Reflow resistance type crystal units

06

Higher frequency pull ability and lower equivalent
series resistance

-Lower cost and highly mass production capability

-RoHS Compliant/Pb Free

DIMENSIONS

321008

MARKING

1.5+0.08
g
i
Y

=Connection>

=Suggested Layoul>

ELECTRICAL SPECIFICATION

Item/Type M5
Frequency Range 32.768KHz
Frequency Tolerance (at 25°C) +20ppm, or specify
Operating Temperature Range -40 ~+85°C
Shunt Capacitance (C,) 1.5pF Max.

Drive Level

0.1uW typical, 0.5pW Max.

Load Capacitance

Series, 7pF, 9pF,12.5pF, or specify

Aging (at 25°C) +3 ppm Firstyear Max.
Storage Temperature Range -55~+125°C
Turnover Temperature 2515°C
Temperature Coefficient (-0.035%£0.005) ppm/°C?
Insulation Resistance 500MQ@DC 10010V
EQUIVALENT SERIES RESISTANCE(ESR)
Frequency Resistance
32.768KHz TOKQ Max.
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KHz Crystal (SMD)

1.4 K2012

Metal Can Type Crystals
M3 Series
FEATURES

-Ultra-small size: 2.0*1.2*0.6 mm
-Reflow resistance type crystal units

Higher frequency pull ability and lower equivalent

series resistance

-Lower cost and highly mass production capability

-RoHS Compliant/Pb Free

DIMENSIONS

TYPICAL APPLICATION

‘The best choice of Notebook Computer
TV,STB,LCDM and Cable Modem

20=x01

MARKING E
- RO.1

=

I[1]

0.60Max

<Connection=

<Suggested Layout=
07 0.8

801

1.4

ELECTRICAL SPECIFICATION

Item/Type M3
Frequency Range 32.768KHz
Frequency Tolerance (at 25°C) +20ppm, or specify
Operating Temperature Range -40 ~+85°C
Shunt Capacitance (C,) 1.5pF Max.

Drive Level

0.1uW typical, 0.5pW Max.

Load Capacitance

Series, 7pF, 9pF,12.5pF, or specify

Aging (at 25°C) +3 ppm Firstyear Max.
Storage Temperature Range -55~+125°C
Turnover Temperature 2515°C

Temperature Coefficient

(-0.035+0.005) ppm/°C?

Insulation Resistance >500MQ@DC 10010V
EQUIVALENT SERIES RESISTANCE(ESR)
Frequency Resistance
32.768KHz T0KQ Max.
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KHz Crystal (SMD)

1.5 K1610

Metal Can Type Crystals

TF 1610
FEATURES TYPICAL APPLICATION
-Ultra-small size: 1.6 x1.0x0.5 mm -Small wireless device, Wireless module, loT,
- Ceramic seam welding package Wearable device, TWS
-High stability -Health care equipment, Small consumer
-Pb Free and RoHS compliant equipment etc
DIMENSIONS

e

« Buggastad Layor
G 98 99 i g8

azoss
5

. )

—

ELECTRICAL SPECIFICATION

Item/Type TF1610
Frequency Range 32.768KHz
Frequency Tolerance (at 25°C) +20ppm
Operating Temperature Range -40 ~ +85°C
Shunt Capacitance (C,) 2.0pF Max.
Drive Level 0.1pW(0.5uW Max.)
Load Capacitance Series, 7pF, 9pF,12.5pF, or specify
Aging(at 25°C) +5 ppm First year Max.
Storage Temperature Range -40 ~ +125°C
Turnover Temperature 25%5°C
Temperature Coefficient (-0.035£0.005) ppm/°C?
Insulation Resistance 500MQ@DC 10010V

EQUIVALENT SERIES RESISTANCE(ESR)

Frequency Resistance

32.768KHz 90KQ Max.
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MHz Crystal (SMD)

2.1 M3225

Metal Can Type Crystals
M3225 Series

FEATURES

-Reflow resistance type crystal units

Higher frequency pull ability and lower equivalent
series resistance

-Lower cost and highly mass production capability

-RoHS Compliant/Pb Free

DIMENSIONS

TYPICAL APPLICATION

-The best choice of Notebook Computer
TV,STB,LCDM and Cable Modem

0.1

25

Pin Connect

#2123 | Crysal

< Gonneciion>

=Suggested Layout =

R

ELECTRICAL SPECIFICATION

Item/Type M3225
Frequency Range 8 ~ 54 MHz
Frequency Tolerance (at 25°C) +10 ppm, or specify
Frequency Stability Over Operating Temperature Range +10 ppm;or specify
Operating Temperature Range -10 ~+60°C, or specify
Shunt Capacitance (C,) 3pF Max.
Drive Level 100pW (typical)

Load Capacitance

Series,6pF, 10pF, 12pF,16pF,or specify

Aging (at 25°C)

+3 ppm/year Max.

Storage Temperature Range

-40 ~+125°C

EQUIVALENT SERIES RESISTANCE(ESR)

FREQ. STABILITYvs. TEMP. RANGE

Frequency Resistance Tempre PPM | 410 | £15 Temp.("cppm +20 | £30 | £50
8MHz<F,<10MHz 300 Q Max. -10 ~ +60 O O -40~+105 | A O O
10MHz<F,<15MHz 150 O Max. -20~+70 | O O 40~ +125 | X JaN 5
15MHz=<F,<19.5MHz 80 O Max. -40 ~ +85 X A
19'5MHZ“€F0<27MHZ 60 O Max. *o:Available A:Condition X:Not available
2TMHZz<F < 54MHz 50 Q Max. Note: not all combination of options are available. Other specifications may be available upon request.
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MHz Crystal (SMD)

2.2 M2520
Metal Can Type Crystals
M2520 Series
FEATURES TYPICAL APPLICATION
-Reflow resistance type crystal units -The best choice of Notebook Computer
Higher frequency pull ability and lower equivalent TV, STB,LCDM and Cable Modem

series resistance
-Lower cost and highly mass production capability
-RoHS Compliant/Pb Free

DIMENSIONS

2001

Fin Connect

#1235 | Crmm

#2242 GND

ELECTRICAL SPECIFICATION

Item/Type M2520

Frequency Range 12 ~ 54 MHz

Frequency Tolerance (at 25°C) +10 ppm, or specify

Frequency Stability Over Operating Temperature Range +10 ppm, or specify

Operating Temperature Range -10 ~ +60°C, or specify

Shunt Capacitance (C,) 3pF Max.

Drive Level 100pW (typical)

Load Capacitance Series, 6pF, 12pF, 16pF, or specify

Aging (at 25°C) +3 ppm/year Max.

Storage Temperature Range -40 ~ +125°C

EQUIVALENT SERIES RESISTANCE(ESR) FREQ. STABILITY vs. TEMP. RANGE
Frequency Resistance Temp_{acppm +5(+10(£15 Temp.("cppm +15/£20|£30( %50

12MHz<F,<20MHz 150 Q Max. -10~+60 | A | O | O 40~+105 | A [ O [ O | O
20MHz<F,<30MHz 80 Q2 Max. -20~+70 X A 50 -40 ~ +125 X X VAN O
30MHz<F,<54MHz 600 Max. -40 ~ +85 X X A

*o: Available A: Condition X: Not available
Note: not all combination of options are available. Other specifications may be available upon request.
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MHz Crystal (SMD)

2.3 M2016
Metal Can Type Crystals
M2016 Series
FEATURES TYPICAL APPLICATION
-Reflow resistance type crystal units -The best choice of Notebook Computer

-Higher frequency pull ability and lower equivalent TV,STB,LCDM and Cable Modem
series resistance

-Lower cost and highly mass production capability

-RoHS Compliant/Pb Free

DIMENSIONS

1.6+0.1

MARKING

4-R01

= E
057501
. F2 =2
2 =2
co2

Pin Conned
=

Ban

# =8 I crystal

2 3a ! S0

9.‘}?51?.1

ELECTRICAL SPECIFICATION

Item/Type M2016

Frequency Range 12 ~ 96 MHz

Frequency Tolerance (at 25°C) +10 ppm, or specify

Frequency Stability Over Operating Temperature Range +10 ppm; or specify

Operating Temperature Range -10 ~ +60°C; or specify

Shunt Capacitance (C,) 3pF Max.

Drive Level 10pW (100pW Max.)

Load Capacitance Series, 6pF, 12pF, 16pF, or specify

Aging (at 25°C) +3 ppm/year Max.

Storage Temperature Range -40 ~ +125°C

EQUIVALENT SERIES RESISTANCE(ESR) FREQ. STABILITY vs. TEMP. RANGE
Frequency Resistance Temp_{acppm +5(+10(£15 Temp.("cppm +15/£20|£30( %50

12MHz<F,<16MHz 300 Q Max. -10~+60 | A | O | O -40 ~ +105 O1|O
16MHz<F_ <20MHz 120 Q Max. -20~+70 X Al O 40~+125 | X X el [
20MHz=<F,<30MHz 80 O Max. -40 ~ +85 X X A
30MHz<F,<60MHz 60 O Max. *o: Available A: Condition X:Notavailable
60MHZ<F,<96MHz 40 Q Max. Note: not all combination of options are available. Other specifications may be available upon request.
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MHz Crystal (SMD)

2.4M1612
SMD AT cut crystal unit
M1612 series
FEATURES TYPICAL APPLICATION
-Ultra-small size: 1.6 X 1.2 X 0.35 mm -Small wireless device, Wireless module, loT,
- Ceramic seam welding package Wearable device, TWS
-High stability and low aging +Health care equipment, Small consumer
-Pb Free and RoHS compliant equipment etc
DIMENSIONS

< Connection=

= Suggested Layout=

087 030 087

=01

MAEKING

12

Pin Connect

#1#3 Crystal

#2124 GND

ELECTRICAL SPECIFICATION

Item/Type M1612

Frequency Range 24 ~ 96MHz

Frequency Tolerance (at 25°C) +10 ppm, or specify

Frequency Stability Over Operating Temperature Range +10ppm, £15ppm, or specify

Operating Temperature Range -10~+60°C

Shunt Capacitance (C,) 3.0pF Max.

Drive Level 100uW (typical)

Load Capacitance Series, 8pF, 10pF, or specify

Aging(at 25°C) +3 ppm/year Max.

Storage Temperature Range -40 ~ +125°C

EQUIVALENT SERIES RESISTANCE(ESR) FREQ. STABILITY vs. TEMP. RANGE
Frequency Resistance o PPM | +5 | +10|+15 Temp.(ncppm +15/£20|£30( %50

24MHz<F,<32MHz 120 O Max. -10~460 [ A [ O | O -40 ~ +105 Q| O
32MHz<F_,<52MHz 800 Max. -20~+70 X A O -40 ~ +125 X X A O
52MHz<F_,<96MHz 50 Q Max. -40 ~ +85 X X A

*o: Available A: Condition X: Not available
Note: not all combination of options are available. Other specifications may be available upon request.
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MHz Crystal (SMD)

2.5M1210

SMD AT cut crystal unit
M1210 series

FEATURES

-Ultra-small size: 1.2 X 1.0 X 0.3 mm

-Sealing with gold-tin preform ceramic package

-High stability and low aging
-Pb Free and RoHS compliant

DIMENSIONS

TYPICAL APPLICATION

-Small wireless device, Wireless module, loT,

Wearable device, TWS

-Health care equipment, Small consumer
equipment etc

1.22£0.03

MAEKING

AR E K]

0,35 MAK,

|

Fin Gonnect

T3 | Ceystal

1 4 o

< Coangetjgn =
4 1

< Gaggestsd Layost ¥

ELECTRICAL SPECIFICATION

Item/Type M1210
Frequency Range 32 ~48MHz
Frequency Tolerance (at 25°C) +10 ppm, or specify

Frequency Stability Over Operating Temperature Range

+10 ppm,or specify

Operating Temperature Range

-10 ~ +60°C

Shunt Capacitance (C,)

3.0pF Max.

Drive Level

100pW (typical)

Load Capacitance

Series,8pF, 10pF,or specify

Aging (at 25°C)

+3 ppm/year Max.

Storage Temperature Range

-40 ~ +125°C

EQUIVALENT SERIES RESISTANCE(ESR)

FREQ. STABILITY vs. TEMP. RANGE

Frequency Resistance T PP | 5[ 10 e (Dcppm +15/+20| £30|£50
32MHz<F,<48MHz 80Q Max. -10~460 [ A [ O | O -40 ~ +105 Q| O
20 ~+70 x | & | © A~1135 | %X | x | & | ©
-40 ~ +85 X pd A

*0: Available A: Condition X: Notavailable

Note: not all combination of options are available. Other specifications may be available upon request.
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Thermistor Quartz Crystal

3.1T2520
Thermistor Quartz Crystals
T2520 Series
FEATURES TYPICAL APPLICATION
-Low aging -The best choice of Automotive,
-Excellent shock and vibration performance Communtications GPS, Wifi and Mobile
-Thermally coupled temperature sensor phones
DIMENSIONS
g 0 I
# MARKING

£ F2 Pin Conneat

Cryatal

ELECTRICAL SPECIFICATION

Iitem/Type T2520
Frequency Range 19.2MHz,26MHz
Frequency Tolerance (at 25°C) +10ppm;,or specify
Frequency Stability Over Operating Temperature Range +12ppm,or specify
Operating Temperature Range -30 ~ +85°C, or specify
Shunt Capacitance (C,) 3pF Max.
Load Capacitance TpF, or specify
Drive Level 100uW (typical)
Aging(at 25°C) +1 ppm/year Max.
Storage Temperature Range -40 ~ +85°C
EQUIVALENT SERIES RESISTANCE(ESR)
Frequency Resistance
19MHz < f_nom < 20MHz 700 Max.
20MHz < f_nom <26MHz 500 Max.

FREQ. STABILITY vs. TEMP. RANGE

*o:Available A:Condition X: Notavailable
Temp.{nc) Ppm i 12
Note: not all combination of options are available. Other specifications
-30~+85 o may be available upon request.
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Thermistor Quartz Crystal

3.2T2016

Thermistor Quartz Crystals
T2016 Series

FEATURES

-Low aging

-Excellent shock and vibration performance

-Thermally coupled temperature sensor

DIMENSIONS

TYPICAL APPLICATION

-The best choice of Automotive,
Communtications GPS, Wifi and Mobile
phones

205007

i1l maRkiNG
11 4-R01

=]
-]
ﬁ
2]
=]

<Suggested Layout>
075 070 075
—

ELECTRICAL SPECIFICATION

Item/Type

T2016

Frequency Range

19.2MHz, 26MHz,38.4MHz

Frequency Tolerance (at 25°C)

+10ppm, or specify

Frequency Stability Over Operating Temperature Range

+12ppm, or specify

Operating Temperature Range

-30 ~ +85°C, or specify

Shunt Capacitance (C,)

3pF Max.

Load Capacitance

TpF, or specify

Drive Level 100pW (typical)
Aging(at 25°C) +1 ppm/year Max.
Storage Temperature Range -40 ~ +85°C
EQUIVALENT SERIES RESISTANCE(ESR)
Frequency Resistance
19.2MHz < f_nom < 30.0MHz 800 Max.
30.0MHz < f_nom < 54.0MHz 60Q Max.

FREQ. STABILITYvs. TEMP. RANGE

Temp.(°C) gpm +12

-30~+85

@

*0:Available A: Condition X: Notavailable

Note: not all combination of options are available. Other specifications
may be available upon request.
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Thermistor Quartz Crystal

3.3T1612
Thermistor quartz crystal
T1612 series
FEATURES TYPICAL APPLICATION
-Ultra-small size: 1.6 X 1.2 X 0.35 mm -Small wireless device, Wireless module, loT,
- Ceramic seam welding package Wearable device, TWS
- High stability and low aging -Health care equipment, Small consumer
-Pb Free and RoHS compliant equipment etc
DIMENSIONS
1.65+0.05

E.I MAEKING

7 = =~.4-R0.08 PFin Connect

— ==

ELECTRICAL SPECIFICATION

Item/Type T1612
Frequency Range 26 ~76.8MHz
Frequency Tolerance (at 25°C) +10ppm, or specify
Frequency stability over Operating Temperature +12ppm, or specify
Operating Temperature Range -30 ~ +85°C
Shunt Capacitance (C,) 3pF Max.
Drive Level 100uW (typical)
Load Capacitance TpF, or specify
Aging(at 25°C) +1 ppm/year Max.
Storage Temperature Range -40 ~ +85°C

EQUIVALENT SERIES RESISTANCE(ESR)

Frequency Resistance
26MHz < f_nom < 40MHz 80Q Max.
40MHz < f_nom=< 52MHz 600 Max.
52MHz< f_nom < 96MHz 400 Max.

FREQ. STABILITYvs. TEMP. RANGE

*o:Available A:Condition X: Notavailable
Temp.(°C) ppm 112
Note: not all combination of options are available. Other specifications
-30~+85 o may be available upon request.
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.1 XO03225
3.2x2.5mm SMD
Crystal Oscillator
FEATURES TYPICAL APPLICATION
- Typical 3.2x 2.5 x0.95mm Ceramic SMD Package - WLAN/WiMAX
- Tight Symmetry (45 to 55%) Available - Mobile Phone
- Operation Voltage: 1.8V, 2.5V, 3.3V - DSC, Set-Top Box, HDTV

- Tri-State Enable/Disable Operation

DIMENSIONS

| 01 |
i
&
H

. M
= a—
=
3

ELECTRICAL SPECIFICATION
3.3V 2.5V 1.8V .
Parameter Min. | Max. [ Min. | Max. | Min. | Max. it
Supply Voltage Variation (VDD) VDD-5%| VDD+5%| VDD-5% | VDD+5%| VDD-5%| VDD+5%|  V
Frequency Range 125 | 125 | 125 | 125 | 125 | 125 MHz
Standard Frequency 24, 26, 30, 40 MHz
At 15pF Load = 15 — 10 = 7 mA
No Load Condition, 1.25MHz<F ,<10MHz = 1.5 — 15 = 12 mA
Supply Current No Load Condition, 10MHz<F <20MHz - 2 — 2 - 1.5 mA
No Load Condition,20MHz<F_,<80MHz == 3 — 2.5 = 15 mA
No Load Condition, 80MHz<F_,<125MHz = 8 — 7 = 5 mA
Duty Cycle 45 55 45 55 45 55 %
Outputiavel Output High 2.97 - 2.25 - 1.62 — "
Output Low = 0.33 = 0.25 = 0.18
1.25MHz=<F <10MHz = 3 = 4 = 5 nsec
Transition Time: 10MHz<F,<20MHz - 3 — 3 — 4 nsec
Rise/Fall Time+ 20MHz<F_,<80MHz - 3 - 3 — 4 | nsec
80MHz<F_ <125MHz 3 3 4 nsec
Startup Time — 2 - 2 - 2 msec
Tri-State Enable (High Voltage or Floating) 231 — 1.75 — 1.26 — v
(Input to Pin2 or Pin1) Disable (Low Voltage or GND) - 0.99 — 0.75 — 0.54
Output Loading 15 15 15 pF
Stand by Current (@-40 ~85%C) — 10 — 10 - 10 uA
(@-40 ~ 125°C) = 20 — 20 = 20 uA
Aging (@25°C, 1st Year) — +3 — +3 — +3 ppm
Storage Temp. Range -55 125 -55 125 -55 125 °c
Period Jitter(Pk-Pk) = 40 = 40 = 40 psec
RMS Phase Jitter({intergrated 12 KHz ~ 20MHz) ~ 1 — 1 — 1 psec
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RERERBERAT \ .WTL® R EERREARA D

Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

FREQ. STABILITYvs. TEMP. RANGE

Temp.(°C) ppm +20 +325 +50
-10 ~ +60 O O O
-20 ~+70 A O O
-40 ~ +85 X O O

*o:Available A: Condition X:Not available
*Inclusive of calibration @ 25 °C, operating temperature range, input voltage variation, load variation, aging (1st year), shock, and vibration.

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.2 X02520
2.5x2.0mm SMD CMOS Output

Crystal Oscillator
FEATURES TYPICAL APPLICATION
- Ultra Low Power Supply Voltage: 0.9V, 1.2V, 1.5V -loT
- Low Noise Typical: 0.3ps at 12kHz to 20MHz - Game Console
Supply Options Frequency Offsets -Smartphone
- Singled-end Output: CMOS -Wearable Device
- Temperature Range: -40 ~ 85°C Operation - Digital Camera
- Frequency Support from 1IMHz to 50MHz - Digital Consumer Electronics

- Pb-free/RoHS Compliant

DIMENSIONS

=3

ST

-

El Top View H = Bottom View g Side View Pin Connection
ELECTRICAL SPECIFICATION
0.9V 1.2v 1.5V .
e Min. | Max. | Min. | Max. | Min. | Max. it
Supply Voltage Variation (VDD) VDD-5% | VDD+5% | VDD-5% | VDD+5%| VDD-5%| VDD+5%|  V
Frequency Range 1 50 1 50 1 50 MHz
At 15pF Load — 15 — 2 - 3 mA
No Load Condition,1.25MHz<F_<10MHz — 0.9 — 1 = 12 mA
Supply Current e >
No Load Condition, 1L0MHz<F_,<20MHz - 1 - 12 — 12 mA
No Load Condition,20MHz<F_ <80MHz = 1.2 = 15 == 15 mA
Duty Cycle 45 55 45 55 45 55 %
Output Level Output High 2.97 — 2.25 - 1.62 — ¢
Output Low = 0.33 — 0.25 - 0.18
Transition Time: 1.25MHz<F,<10MHz = 4 = 3 = 3 nsec
Rise/Fall Time+ 10MHz<F,<20MHz - 3 — 3 — 3 nsec
20MHz<F ,<80MHz = 2 — 2 = 2 nsec
Startup Time - 4 — 4 - 4 msec
Tri-State Enable (High Voltage or Floating) 0.7vDD| — [07vDD| — [07VDD| — v
(Input to Pin2 or Pin1) Disable (Low Voltage or GND) — |o3wp| — |o3vbD| — | o0.3vDD

19
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

ELECTRICAL SPECIFICATION

0.9V 1.2V 1.5V A
PREAMEtSE Min. | Max. | Min. | Max. | Min. | mMax. Uait
Output Loading 15 15 pF
Stand by Current - 100 - 100 — 100 uA
Aging (@25°C, 1st Year) - +3 - +3 = +3 ppm
Storage Temp. Range -55 125 -55 125 -55 125 %
Phase Noise(Typ.) Typ. | Max. | Typ. | Max. | Typ. | Max.
1 kHz offset -130 — -133 = -135 —
AtVDD=1.2V, 10 kHz offset -140 — -143 = -143 = _—
Fout=24MHz 100 kHz offset 48 | — | as0o | — | a1s0 | —
1 MHz offset -152 — -155 — -155 —
Period Jitter(Pk-Pk) = 40 ~ 40 — 40 pSec
RMS Phase Jitter(intergrated 12 KHz ~ 20MHz) — 1 — 1 — 1 pSec
Standard frequencies are frequencies which the crystal has been designed and does not imply a stock position.
+ Transition times are measured between 20% and 80% of VDD.
FREQ. STABILITYvs. TEMP. RANGE
Temp.(°C) R +20 +25
-10 ~ +60 O O
-20 ~+70 O O
-40 ~ +85 A O

*0:Available A: Condition X:Not available

*Inclusive of calibration @ 25 °C, operating temperature range, input voltage variation, load variation, aging (1st year), shock, and vibration.

Note: not all combination of options are available. Other specifications may be available upon request.

Specifications subject to change without notice.
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RERERBERAT \ .WTL® R EERREARA D

Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.3 LV3225
3.2x 2.5 mm SMD LVPECL/LVDS/ HCSL

Crystal Oscillator

FEATURES TYPICAL APPLICATION

-Industry Standard 3.2 x 2.5 x 0.9 hermetically -10Gbit Ethernet, Fiber Channel, Storage Area
sealed ceramic package Network, SONET

-Very low jitter performance: typical 0.1 pS RMS -Enterprise Servers, Reference clocks for ADC
from 12 kHz ~ 20 MHz and DAC

-Fundamental/3rd overtone crystal design -Telecom

-Output frequency up to 250 MHz
-Tri-state enable/disable
-Up to 125°C operating temperature range

DIMENSIONS

[TOP VIEW] [EOTTOM VIEW]
s 180£0.15

#4 =5 =6

0.70:0.15

s
0.80£0.15

[SIDE WIEW] TG tn L HG

w
m
=

0.5020.15

ELECTRICAL SPECIFICATION

LVPECL LVDS
Parameter 3.3V 2.5V 3.3V 2.5V Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Supply Voltage Variation (VDD) VDD-5%| VDD+5% | VDD-5% | VDD+5% | VDD-5% | VDD+5%| VDD-5%| VDD+5% | V
Frequency Range 10 250 10 250 10 250 10 250
Standard Frequency 25, 106.25, 125, 156.25, 161.1328, 212.5 Mz
10MHz<F _ <160MHz == 75 = 75 = 50 = 50
Supply Current 160MHZ<F_<250MHz — | a0 | = [ 200 | — | m0 | = | =0 | ™
Output Level Output High 2.275 — 1.475 — — 1.6 — 1.6 v
Output Low — 1.68 - 0.88 0.9 = 0.9 =
Transition Time: Rise/Fall Time+ - 1 — 1 - 1 - 1 nsec
Startup Time - 10 - 10 — 10 — 10 | msec
—— ﬁ_ﬂgﬁ{imge srElaating 231 - 175 - 231 | — 175 - .
(Input to Pin2 or Pinl) Rl:\?r?flcﬁtage I = 0.99 s 0.75 <o 0.99 L 0.75
Aging (@25°C, 1st Year) = +3 = #3 — +3 = +3 | ppm
Storage Temp. Range -55 125 -55 125 -55 125 -55 125 °C
) 100 Hz -95 -90 -90 -90
Phase Noise 1kHz -125 -125 -120 -120 dBc/Hz
@ 136.25 MHz 10 kHz -140 -140 -140 -140
F,<80MHz — 1 — 1 — 1 = 1
RMS Phase Jitter 80MHz<F_ <125MHz = 0.5 = 0.5 = 0.5 — 0.5
(Intergrated 12 KHz ~ 20MHz) 125MHz<F,<170MHz = 03 = 0.3 — 0.3 = 0.3 | pSec
170MHz<F,<200MHz = 0.5 = 0.5 — 0.5 = 0.5
200MHz<F, -~ 0.3 = 0.3 — 0.3 — 0.3
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

HCSL
Parameter 3.3V 2.5V Unit
Min. Max. Min. Max.
Supply Voltage Variation(VDD) VDD-5% VDD+5% VDD-5% VDD+5% v
Frequency Range 25 175 25 175
Standard Frequency 100 MEE
Supply Current 25MHz<F,<175MHz = 50 = 50 mA
Output High 0.6 — 0.58 -
Output Level Output Low - 0.15 = 0.15 ¥
Transition Time: Rise/Fall Time+ - 0.5 = 0.5 nsec
Startup Time — 10 = 10 mSec
Tri-State ;El-ﬂgl?{filtage or Floating) 0.7v0R o 0.7voR - v
(Input to Pin2 or Pinl) R::;:?f!:eltage o _ 0.3VDD . 0.3VDD
Aging (@25°C, 1st Year) = +3 - +3 ppm
Storage Temp. Range -55 125 -55 125 G
Eﬁg;ﬁ?jﬁﬁﬁg‘efmm i 25MHZ<F,<175MHz — 05 - 05 pSec

standard frequencies are frequencies which the crystal has been designed and does not imply a stock position.
+ Transition times are measured between 20% and 80% of VDD.

FREQ. STABILITYvs. TEMP. RANGE

Temp.(°C) ppm +25 +50
-10 ~ +60 O O
20~ +70 O O
-40 ~ +85 A O
-40 ~+125 X O

*o:Available A:Condition X:Not available
*Inclusive of calibration @ 25 °C, operating temperature range, input voltage variation, load variation, aging (1st year), shock, and vibration.

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.



TKD Science and Technology Co., LTD. WTL International Limited
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.4 LV5032
5.0 x 3.2 mm SMD LVPECL/LVDS/ HCSL

Crystal Oscillator

FEATURES TYPICAL APPLICATION

- Typical 5.0 x 3.2 x 1.25 mm hermetically sealed - 10Gbit Ethernet, Fiber Channel, Storage Area
ceramic package Network, SONET

- Very low jitter performance: typical 0.3 pS RMS - Enterprise Servers, Reference clocks for ADC
from 12 k ~ 20 MHz and DAC

- Fundamental/3rd overtone crystal design - Telecom

- Output frequency up to 320 MHz
- Operating temperature up to 125°C
- Tri-state enable/disable

DIMENSIONS

[BOTTOM VIEW|

120:0.18

0.1uf

Fia¥ Fastian
Mo/ Tr i=State |

Tri=5tate M3

20

- = bad
ELECTRICAL SPECIFICATION
LVPECL LVDS
Parameter 3.3V 2.5V 3.3V 2.5V Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min, | Max.
Supply Voltage Variation (VDD) VDD-5% | VDD+5% | VDD-5% | VDD+5% | VDD-5% | VDD+5% | VDD-5%| VDD+5% | V
Frequency Range 10 320 10 320 10 320 10 320
Standard Frequency 25, 106.25, 125, 156.25, 161.1328, 212.5 Mz
10MHz<F,<160MHz - 75 — 75 - 50 - 50
Supply Current 160MHz<F,<250MHz — 100 = 100 = 50 — 50 mA
250MHz<F,<320MHz — 100 - 100 - 65 — 65
Output High 2.275 — 1475 — — 1.6 = 1.6
Outplttevel Output Low = 1.68 = 0.88 0.9 = 0.9 = &
Transition Time: Rise/Fall Time+ - 1 — 1 - 1 - 1 nSec
Startup Time = 10 = 10 = 10 = 10 | msec
— mgﬁﬁlmg e or Floating) 38 | — | T | ~ |EEL | - | 24 | — "
(Input to Pin2 or Pin1) R?\?t?flcﬁtage S . 0.99 . 0.75 . 0.99 . 0.75
Aging (@25°C, 1st Year) - +3 # +3 = +3 - +3 | ppm
Storage Temp. Range -55 125 -55 125 -55 125 -55 125 °C
) 100 Hz -95 -90 -90 -90
Phase Noise 1KkHz 125 125 -120 -120 dBc/Hz
SRR 10 kHz -140 -140 -140 -140
F,<80MHz — 1 - 1 — 1 — 1
RMS Phase Jitter 80MHz<F_ <125MHz — 0.5 — 0.5 - 0.5 = 0.5
(Intergrated 12 KHz ~ 20MHz) | 125MHZ<F,<170MHz = 0.3 = 0.3 = 0.3 = 0.3 | psec
170MHz<F ,<<200MHz = 0.5 — 0.5 — 0.5 — 0.5
200MHz<F = 0.3 — 0.3 = 0.3 = 0.3
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

HCSL
Parameter 3.3V Unit
Min. Max. Min. Max.
Supply Voltage Variation(VDD) VDD-5% VDD+5% VDD-5% VDD+5% v
Frequency Range 25 175 25 175
MHz
Standard Frequency 100
Supply Current 25MHz<F,<175MHz = 50 = 50 mA
Output High 0.6 — 0.58 -
Output Level Output Low _ 0.15 = 0.15 il
Transition Time: Rise/Fall Time+ - 0.5 = 0.5 nsec
Startup Time — 10 = 10 mSec
Enable
Tri-State (High Voltage or Floating) 0.7v0R o 0.7voR - v
(Input to Pin2 or Pinl) Disable . _
(Low Voltage or GND) 9.3/0D 900
Aging (@25°C, 1st Year) = +3 - +3 ppm
Storage Temp. Range -55 125 -55 125 G
RMS Phase Jitter
(Intergrated 12 KHz ~ 20MHz) 25MHz<F,<175MHz - 05 - 05 psec
standard frequencies are frequencies which the crystal has been designed and does not imply a stock position.
+ Transition times are measured between 20% and 80% of VDD.
FREQ. STABILITYvs. TEMP. RANGE
Temp.(°C) ppm +25 +50
-10 ~ +60 O O
-20 ~ +70 O O
-40 ~ +85 A O
-40 ~ +125 X @)

*o:Available A:Condition X:Not available
*Inclusive of calibration @ 25 °C, operating temperature range, input voltage variation, load variation, aging (1st year), shock, and vibration

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.5 TLV5032
5.0 x 3.2 mm SMD LVPECL/LVDS

Crystal Oscillator
FEATURES TYPICAL APPLICATION
- Industry Standard 5.0 x3.2 x 1.25mm - High-Speed Gigabit Ethernet, Fiber Channel,
hermetically sealed ceramic package Storage Area Network, SONET
- Very low phase jitter: < 1 pS (0.6 pS, typ.) RMS - Enterprise Server, SAS/SATA
- Tri-state enable/disable - Microprocessors/DSP/FPGA
- Fast delivery - Broadband Access
- Smart Grid
DIMENSIONS
[BOTTOM WIEW|
% Piik Faacti Ehe =
; Tri‘SGt.':jt.eM ﬁ I
g; ; Ga-p.t;n;n (0 50
ELECTRICAL SPECIFICATION
LVPECL LVDS
Parameter 3.3V 2.5V 3.3V 2.5V Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Supply Voltage Variation (VDD) VDD-5% | VDD+5% | VDD-5% | VDD+5% | VDD-5% | VDD+5%| VDD-5%| VDD+5% |  V
Frequency Range 10 1500 10 1500 10 1500 10 1500 -
Standard Frequency 106.25, 125, 133.33, 150, 155.52, 156.25, 187.5, 212.5, 312.5, 622.08 z
Supply Current 10MHz<F,<1500MHz - 50 = 50 — 50 — 50 mA
Output Level Output High 2215 | — | 1415 | — - 16 - 16 y
Output Low - 1.68 = 0.88 0.9 = 0.9 -
Transition Time: Rise/Fall Time+ - 1 - 1 — 1 - 1 nsec
Startup Time — 10 = 10 — 10 = 10 | msec
Enable
Tri-State ] (High Voltage or Floating) 231 B LIS B e B 175 B v
{Input to Pin2 or Pinl Disable
(Low Voltage or GND) == 0.99 o .75 - 9.29 - L
Aging (@25°C, 1st Year) = +3 = +3 — +3 = +3 | ppm
Storage Temp. Range -55 125 -55 125 -55 125 -55 125 °C
— 100 Hz -85 -85 -85 -85
@ la;g 2;';1?_'2 1kHz -105 -105 -105 -105 dBc/Hz
’ 10 kHz -115 -115 -115 -115
RMS Phase Jitter(intergrated 12 KHz ~ 20MHz) — 1.2 — 12 — 1.2 — 13 pSec
+Transition times are measured between 20% and 80% of VDD.
FREQ. STABILITYvs. TEMP. RANGE
= *0: Available A:Condition X: Notavailable
Temp.( pm +25 50 *Inclusive of T:Ialibration @ 25 °C, operating I_::en;peradturg range, input voltage
iation, | iation, aging (1st year), , ibrati
10 ~ +60 O O variauon,oad variation aglng{ year] SNock, and vibratuon
Note: not all combination of options are available. Other specifications may be
-20~+70 O O available upon request. a ] ) g ¥
40 ~ +85 % 0O Specifications subject to change without notice.

25



26

RRBHRNBRAE

TKD Science and Technology Co., LTD.

\

SWTL

© RYITREEER AR T
WTL International Limited

Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.6 LV7050

7.0x 5.0 mm SMD LVPECL/LVDS/HCSL

Crystal Oscillator
FEATURES

- Typical 7.0 x 5.0 x 1.45 mm hermetically sealed

ceramic package

- Very low jitter performance: typical 0.3 pS RMS

from 12 k ~20 MHz

TYPICAL APPLICATION

- 10Gbit Ethernet, Fiber Channel, Storage Area
Network, SONET
- Enterprise Servers, Reference clocks for ADC

and DAC
- Fundamental/3rd overtone crystal design _Teleeof
- Qutput frequency up to 320 MHz
- Operating temperature up to 125°C
- Tri-state enable/disable
DIMENSIONS
JH HH |
ELECTRICAL SPECIFICATION
LVPECL LVDS
Parameter 3.3V 2.5V 3.3V 2.5V Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Supply Voltage Variation (VDD) VDD-5%| VDD+5% | VDD-5%| VDD+5% | VDD-5% | VDD+5% | VDD-5%| VDD+5% | V
Frequency Range 10 320 10 320 10 320 10 320
Standard Frequency 77.76, 106.25, 125, 155.52, 156.25, 187.5, 212.5, 312.5 Mz
10MHz<F,<160MHz — 75 - 75 o 50 — 50
Supply Current 160MHz<F ,<250MHz - 100 - 100 - 50 — 50 | mA
250MHz<F,<320MHz = 100 — 100 - 65 = 65
outpiut el Output High 2275 | — | 1415 | — - 16 — 16 y
Output Low = 1.68 = 0.88 0.9 = 0.9 =
Transition Time: Rise/Fall Time+ — 1 - 1 — 1 - 1 nsec
Startup Time - 10 = 10 — 10 - 10 | mSec
Tri-State _ ;El-rl}gl?iﬁaltage or Floating) i B 153 B AL B A:d3 B i
{Input to Pin2 or Pinl) Disable
(Low Voltage or GND) E= 0.99 = 0.75 — 0.99 E= 0.75
Aging (@25°C, 1st Year) = +3 = +3 = +3 = +3 | ppm
Storage Temp. Range -55 125 -55 125 55 125 -55 125 o
) 100 Hz -100 -100 -100 -100
Phase Noise 1kHz 130 130 130 130 dBc/Hz
@156.25MHz2 10 kHz -145 -145 -145 -145
F,<80MHz — 1 - 1 - 1 - 1
RMS Phase Jitter 80MHz<F _ <125MHz - 0.5 - 0.5 = 0.5 = 0.5
(Intergrated 12 KHz ~ 20MHz) 125MHz<F,<170MHz = 0.3 = 0.3 = 0.3 = 03 | pSec
170MHz<F ,<200MHz - 0.5 - 0.5 — 0.5 = 0.5
200MHz<F = 0.3 = 0.3 = 0.3 = 0.3
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

HCSL
Parameter 33V 2.5V Unit
Min. Max. Min. Max.
Supply Voltage Variation(VDD) VDD-5% VDD+5% VDD-5% VDD+5% v
Frequency Range 25 175 25 175
MHz
Standard Frequency 100
Supply Current 25MHz<F,<175MHz = 50 = 50 mA
Output High 0.6 — 0.58 -
Outpyt Level Output Low - 0.15 = 0.15 il
Transition Time: Rise/Fall Time+ - 0.5 = 0.5 nsec
Startup Time — 10 = 10 mSec
Enable
Tri-State (High Voltage or Floating) 0.7v0R o 0.7voR - v
(Input to Pin2 or Pinl) Disable . _
(Low Voltage or GND) 9.3/0D 900
Aging (@25°C, 1st Year) = +3 - +3 ppm
Storage Temp. Range -55 125 -55 125 *c
RMS Phase Jitter
(Intergrated 12 KHz ~ 20MHz) 25MHz<F,<175MHz - 0% - 03 e
standard frequencies are frequencies which the crystal has been designed and does not imply a stock position.
+ Transition times are measured between 20% and 80% of VDD.
FREQ. STABILITYvs. TEMP. RANGE
Temp.(°C) ppm +25 +5
-10 ~ +60 O O
-20 ~ +70 O O
-40 ~ +85 A O
-40 ~ +125 X @)

*0:Available A: Condition X:Not available

*Inclusive of calibration @ 25 °C, operating temperature range, input voltage variation, load variation, aging (1st year), shock, and vibration

Note: not all combination of options are available. Other specifications may be available upon request.

Specifications subject to change without notice.
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.7 TLVT050

7.0 x 5.0 mm SMD LVPECL/LVDS
Crystal Oscillator

FEATURES

- Typical 7.0 x 5.0 x 1.45 mm hermetically sealed
ceramic package

- Very low phase jitter : <1 ps(0.6 ps, typ.) RMS

- Any frequency between 10 MHz and 1500 MHz

- Fast deliver

TYPICAL APPLICATION

- High-Speed Gigabit Ethernet, Fiber Channel,
Storage Area Network, SONET

- Enterprise Server, SAS/SATA

- Microprocessors/DSP/FPGA

- Broadband Access

- Tri-state enable/disable - Smart Grid
DIMENSIONS
ELECTRICAL SPECIFICATION
LVPECL LVDS
Parameter 3.3V 2.5V 3.3V 2.5V Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Supply Voltage Variation (VDD) VDD-5% | VDD+5% | VDD-5% | VDD+5% | VDD-5% | VDD+5% | VDD-5%| VDD+5% |  V
Frequency Range 10 1500 10 1500 10 1500 10 1500 -
Standard Frequency 106.25, 125, 133.33, 150, 155.52, 156.25, 187.5, 212.5, 312.5, 622.08 .
Supply Current 10MHz=<F_,<1500MHz = 50 = 50 — 50 = 50 A
Output High : — 1.475 — — —
Suipubleyel utput Hig 2275 1.6 16 .
Output Low = 1.68 == 0.88 0.9 — 0.9 —
Transition Time: Rise/Fall Time+ - 1 = 1 - 1 - 1 nsec
Startup Time - 10 - 10 - 10 - 10 | msec
Enable
Tri-State (High Voltage or Floating) 2l B 1t - 231 B L5 B v
(Input to Pin2 or Pin1) Disable
(Low Voltage or GND) = 0.99 = 012 = 0.59 = 0.5
Aging (@25°C, 1st Year) = +3 = +3 — +3 = +3 | ppm
Storage Temp. Range -55 125 -55 125 -55 125 -55 125 °C
. 100 Hz -85 -85 -85 -85
Phase Noise TKH 105 105 105 105 dBc/Hz
@ 156.25 MHz & z : : #
10 kHz -115 -115 -115 -115
RMS Phase Jitter(intergrated 12 KHz ~ 20MHz) - 1 = 1 = 1 — 1 pSec

*0: Available A:Condition X: Not available

*Inclusive of calibration @ 25 °C, operating temperature range, input voltage

available upon request.

FREQ. STABILITYvs. TEMP. RANGE
Temp.(® pm +25 +50
-10 ~ +60 O O
20 ~ +70 O O
40 ~ +85 X O

Specifications subject to change without notice.

variation, load variation, aging (1st year), shock, and vibration.

Note: not all combination of options are available. Other specifications may be
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Oscillator (CMOS/LVPECL/LVDS/HCSL Output)

4.8 ULV7050

7.0 x 5.0 mm SMD Ultra Low Phase Jitter
LVPECL Crystal Oscillator

FEATURES TYPICAL APPLICATION

- Typical 7.0 x 5.0 x 1.45 mm 6 pads ceramic SMD - 40 Gbit/100 Gbit Ethernet, MAN, SONET
it o itter perf 100 fs RMS f =R NIMAY, XDSL

- Ultra low jitter performance: < s rom o
12k ~ 20MHz Fiber Channel .

- Tight symmetry (45 to 55%) available - Test Instrumentation

- Complementary output

DIMENSIONS

Irapvies 1B T M MEw]

-

BAF

ELECTRICAL SPECIFICATION
LVPECL
Parameter 3.3V 2.5V Unit
Min. Max. Min. Max.
Supply Voltage Variation (VDD) VDD-5% VDD+5% VDD-5% VDD+5% v
Frequency Range 70 170 100 160 MHz
Standard Frequency 100, 125, 155.52, 156.25
Supply Current 25MHz<F_<175MHz - 75 — 75 mA
Output High ] = 1.475 -
Output Level i el 2283 v
Output Low — 1.68 — 1.095
Transition Time: Rise/Fall Time+ - 1 - 1 nsec
Startup Time — 10 — 10 msec
Enable _ —
Tri-State (High Voltage or Floating) &l 315 v
(Input to Pin2 or Pin1) Disable
(Low Voltage or GND) - 0.99 - 075
Aging (@25°C, 1st Year) — 32 — +3 ppm
Storage Temp. Range -55 125 -55 125 C
h . 100 Hz -100 -100
(I; lagg gg’hﬁl?—lz 1kHz -130 -130 dBe/Hz
’ 10 kHz -150 -150
RMS Phase Jitter _ _
(Intergrated 12 KHz ~ 20MH2) TOMHz<F_,<170MHz 0.1 0.1 pSec
FREQ. STABILITYvs. TEMP. RANGE
5 *o: Available A:Condition X: Not available
Temp. ( pm +25 +50 *Inclusive of calibration @ 25 °C, operating temperature range, input voltage
10 ~ +60 A O variation, load variation, aging (1st year), shock, and vibration.
= Note: not all combination of options are available. Other specifications may be
-20~+70 A O available upon request.
40 ~ +85 » O Specifications subject to change without notice.
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TCXO

5.1 TC2016

2.0 x 1.6 mm SMD Voltage Controlled
Temperature Compensated Crystal Oscillator

FEATURES TYPICAL APPLICATION
- Typical 2.0 x 1.6 x 0.7 mm ceramic SMD package -GPS

- For automatic assembly - WiMAX, WLAN

- Compactness and lightweight - Mobile Phone

- VCTCXO available - loT, wearable Electronics
- Miniature size and low profile

DIMENSIONS

2052010 (. B0MAK

166010

ELECTRICAL SPECIFICATION

3.3/3.0/2.8V 2.5V 1.8V .
Parameter Mir{. Max. | Min. | Max. | Min. | Max. it
Supply Voltage Variation (VDD) 2.66 | 3.465 | 2375 | 2625 | 171 | 189 v
Frequency Range 10 52 10 52 10 52 it
Standard Frequency 192, 26.0, 32.0, 38.4
Frequency Tolerance* — +15 = +15 - +15 | ppm
Vs Supply Voltage (£5%) change +0.1 | 02 | *01 | 02 | %01 | 0.2
Frequency stability Vs Load (+10%) change +01 | 02 | *0. | *0.2 | 01 | +02 | ppm
Vs Aging (@1st year) — +1.0 — +1.0 - +1.0
10 MHz < F, < 26 MHz = 15 = 1.5 = 1.5
Spply Curent 26 MHz <F, <52 MHz ~ {20 | = | 20 | = [ 20 ]
Output Level (Clipped sine wave) 0.8 - 0.8 = 0.8 — Vp-p
Load 10KQ // 10pF 10KQ // 10pF 10KQ // 10pF
Control Voltage Range (VCTCXO) 0.5 2.5 0.4 24 0.3 15 v
Pulling Range (VCTCXO) +50 | £17.0 | *5.0 | £17.0 | £5.0 | +17.0 | ppm
Vc Input Impedance (VCTCXO) 500 — 500 - 500 - KQ
100 Hz -115 -115 -115
Phase Noise @ 19.2 MHz 1KHz -135 -135 -135 dBc/Hz
10 KHz -148 -148 -148
Start time = 2 - 2 - 2 mSec
Storage Temp. Range -55 125 55 125 -55 125 ¢

standard frequencies are frequencies which the crystal
FREQ. STABILITYvs. TEMP. RANGE has been des?gn ed and does notimply a stock posri¥icn.
*Frequency at 25°C, 1 hour after reflow.

Temp.ey—PP™M | #05 | +1.0 | #15 | +2.0 | #25
-20 ~ +70 O O O O O
*o:Available A: Condition X: Not available
30~+85 © O O O O Note: not all combination of options are available.
A HES © © O O TR e
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TCXO

5.2TC2520
2.5x 2.0 mm SMD Voltage Controlled

Temperature Compensated Crystal Oscillator

FEATURES

- Typical 2.5 x 2.0 x 0.7 mm ceramic SMD package
- For automatic assembly

- Compactness and lightweight

-VCTCXO available

- Low thickness

TYPICAL APPLICATION
- GPS

- WiMAX, WLAN

- Mobile Phone

DIMENSIONS
i 0.1
2554010 0. BaHAK
E' e IC Bonding l
INDEX
ELECTRICAL SPECIFICATION
3.3/3.0/2.8V 2.5V 1.8V .
Parameter Mir{. ;Max. Min. | Max. | Min. | Max. it
Supply Voltage Variation (VDD) 2.66 | 3.465 | 2375 | 2625 | 171 | 189 v
Frequency Range 10 52 10 52 10 52 it
Standard Frequency 192, 26.0, 32.0, 38.4
Frequency Tolerance* = +15 = £1:5 = 15 || Apm
Vs Supply Voltage (£5%) change +0.1 | 02 | *01 | 02 | %01 | %o0.2
Frequency stability Vs Load (+10%) change 401 | 02 | *0.1 | *0.2 | 01 | +02 | ppm
Vs Aging (@1st year) — +1.0 +1.0 +1.0
10 MHz < F, < 26 MHz = 15 = 1.5 = 1.5
Spply Curent 26 MHz <F, <52 MHz 20 | = | 20 | = [ 20| ™
Output Level (Clipped sine wave) 0.8 - 0.8 = 0.8 — Vp-p
Load 10KQ // 10pF 10KQ // 10pF 10KQ // 10pF
Control Voltage Range (VCTCXO) 0.5 2.5 0.4 24 0.3 15 v
Pulling Range (VCTCXO) +50 | £17.0 | £5.0 | £17.0 | £5.0 | +17.0 | ppm
Vc Input Impedance (VCTCXO) 500 — 500 - 500 - KQ
100 Hz -115 -115 -115
Phase Noise @ 19.2 MHz 1KHz -135 -135 -135 dBc/Hz
10 KHz -148 -148 -148
Start time = 2 - 2 = 2 mSec
Storage Temp. Range -55 125 55 125 -55 125 ¢

FREQ. STABILITYvs. TEMP. RANGE

Standard frequencies are frequencies which the crystal
has been designed and does not imply a stock position.
*Frequency at 25°C, 1 hour after reflow.

Temp.ey—PP™M | #05 | +1.0 | #15 | +2.0 | #25
-20 ~ +70 O O O O O
*o:Available A: Condition X: Not available
30~+85 © O O O O Note: not all combination of options are available.
A HES © © O O TR e
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TCXO

5.3 TC2520C

2.5 x2.0 mm CMOS Temperature
Compensated Crystal Oscillator

FEATURES TYPICAL APPLICATION

- Tolerance: =2 ppm accuracy @25°C, £2.5ppm - Wireless Connectivity
over -40° ~ +85°C - Smart grid

- LVCMOS Output Logic

- Tight symmetry (45 to 55%) available

- Operation voltage: 1.8V, 2.5V, 3.3V

- Tri-state enable/disable

- Femto second phase jitter and -145dBc/Hz at 10kHz offset

DIMENSIONS

25520, 10 0. S5AY

2052010

ELECTRICAL SPECIFICATION

3.3V 2.5V 1.8V -
Parameter - - -
Min. | Max. | Min. | Max. | Min. | Max. Unit
Supply Voltage Variation(VDD) 5% 3135 | 3465 | 2375 | 2625 | 171 | 1.89 v
Frequency Range 9.5 60 9.5 60 9.5 60 MHz
Supply Current  9.5MHz < F_ < 60 MHz — 10 — 7 = 5 mA
Duty Cycle 45 55 45 55 45 55 %
Output Hight (Logic*1” 2.97 - 225 - 1.62 —
Output Level (CMOS) putHight (Logic 1) v
Output Low (Logic“0") - 0.33 — 0.25 = 0.18
Transition Time : Rise/Fall Time+ — 8 — 8 - 8 nsec
Start time — 5 -~ 5 = 5 mSec
TricStateii Fropin Enable(High voltage or floating) 231 — 1.75 — 1.26 — v
n-State{inputto Pin'1) Disable(Low voltage or GND) = 0.99 = 0.75 = 0.54
RMS Phase Jitter (integrated 12kHz ~ 20MHz) — 1 — 1 — 1 psec
10Hz = -80 = -80 = -80
. = -110 — -110 = -110
Phase Noise @ 26 MHz 100 Hz dBc/Hz
1 KHz = -130 — -130 = -130
10 KHz — -145 — -145 = -145
Aging (@25°C 1st year) = +1 = +1 = +1 | ppm
Storage Temp. Range -55 125 -55 125 -55 125 °C
standard frequencies are frequencies which the crystal has been
FREQ. STABILITY vs. TEMP. RANGE designed and does not imply a stock position.
+Transition ti|:|1e? are measured between 10% and 90% of VDD, with
m an output load of 15pF.
Temp.(C) PP +2.5 +5 +10
-40 ~+85 O O O
*o: Available A: Condition X: Not available
=00 - O O Note:fnot all combination of options are available. Other
N specifications may be available upon request.
-40 ~ +105 X A O Specifications subject to change without notice.
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TCXO

5.4 TC3225

3.2 x2.5 mm SMD Voltage Controlled
Temperature VCTCXO Compensated Crystal Oscillator

FEATURES TYPICAL APPLICATION
- Typical 3.2x2.5x0.9 mm SMD - For automatic assembly ‘GI?S
- Compactness and lightweight - Low power consumption - WiMAX, WLAN
-VCTCXO available - Low thickness - Mobile Phone
DIMENSIONS

[TCPVIEW] [BOTTONM VIEW]

0.60£0.10

#1
[SIDE VIEW]

=
= 3

2 S 0.70+0.10 ' | Mt

= = z =

7 g E -

4 = : ™

=

ELECTRICAL SPECIFICATION

3.3/3.0/2.8V 2.5V 1.8V .
Parameter - = :
Min. | Max. | Min. | Max. | Min. | Max. Unit
Supply Voltage Variation (VDD) 2,66 | 3.465 | 2.375 | 2.625 | 171 | 189 v
Frequency Range 10 52 10 52 10 52
10, 12.8, 13, 16.367667, 16.368, 16.369, 19.2
Standard Frequency 19.44, 20, 25, 26, 27, 30, 30.72, 32, 38.4 MHz
Frequency Tolerance* = +2.0 = +2.0 = +20 | ppm
Vs Supply Voltage (£5%) change — +0.2 — +0.2 = +0.2 ppm
Frequency stability Vs Load (+10%) change — +02 | — +0.2 — +0.2
VsAging (@1st year) = +1.0 = +1.0 ~ +1.0 | Ppm
10 MHz < F, < 26 MHz = 1.5 = 15 = 1.5
mA
SUppty Cumgeot 26 MHz < F_ < 52 MHz — [ 20 | = | 20 | = | 20
Output Level (Clipped sine wave) 0.8 - 0.8 ~ 0.8 - Vp-p
Load 10KQ // 10pF 10KQ // 10pF 10KQ // 10pF
Control Voltage Range (VCTCXO) 0.5 25 0.4 24 0.3 1.5 v
Pulling Range (VCTCXO) +5.0 - +5.0 - +5.0 - ppm
Vc Input Impedance (VCTCXO) 500 — 500 — 500 — Ko
100 Hz -115 -115 -115
Phase Noise @ 19.2 MHz 1KHz -135 -135 -135 dBc/Hz
10 KHz -148 -148 -148
Start time — 2 — 2 — 2 msSec
Storage Temp. Range -40 85 -40 85 -40 85 G
standard frequencies are frequencies which the crystal
FREQ. STABILITYvs. TEMP. RANGE has been des?gned and does not imply a stock pcs?t!icn.
*Frequency at 25°C, 1 hour after reflow.
Temp.coy—PP™M | £05 | #1.0 | *1.5 | #2.0 | *25
-20 ~+70 O @) O O @)
*o: Available A: Condition X: Not available
i O O O O O Note: not al} combination of options are available.
Other specifications may be available upon request.
40 ~ +85 O O O O O Specifications subject to change without notice.
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TCXO

5.5TC3225C

3.2 x2.5 mm CMOS Temperature
Compensated Crystal Oscillator TCXO

FEATURES TYPICAL APPLICATION

- Tolerance: £2 ppm accuracy @25°C, £2.5ppm - Wireless Connectivity
over -40~ +85°C -Smart gnd

- LVCMOS Output Logic

- Tight symmetry (45 to 55%) available

- Operation voltage: 1.8V, 2.5V, 3.3V

- Tri-state enable/disable

- Femto second phase jitter and -145dBc/Hz at 10kHz offset

DIMENSIONS
[TOP VIEW] . [BOTTOM VIEW] o
2 I » "
w
S| I
% e e aae ) 8 §
Hl 2 ) = =
[SIDE VIEW] - ﬂ
o 0.90:0.15 [ v —L
L=} 2 D
ol ¥ |3 = 2]
= S E = 120

ELECTRICAL SPECIFICATION

3.3V 2.5V 1.8V B
Paameter Min. | Max. | Min. | Max. | Min. | Max. Unit
Supply Voltage Variation(VDD) % 5% 3135 | 3465 | 2375 | 2625 | 171 | 1.89 v
Frequency Range 9.5 60 9.5 60 9.5 60 MHz
Supply Current 9.5 MHz < F_<60MHz — 10 - 7 — 5 mA
Duty Cycle 45 55 45 55 45 55 %
Output Level (CMOS) Output Hight &t{gi:“ﬂl”) 2.97 — 2.25 - 1.62 — i
Output Low (Logic“0") - 0.33 — 0.25 = 0.18
Transition Time : Rise/Fall Time+ = 8 — 8 = 8 nSec
Start time = 5 = 5 - 5 mSec
i i Enable(High voltage or floating) 2.31 — 1.75 - 126 =
Tri-State(Input to Pin 1) Disable(Low voltage or GND) = 0.99 = 0.75 = 0.54 v
RMS Phase Jitter (integrated 12 kHz ~ 20 MHz) = 1 = 1 - 1 pSec
10 Hz = -80 = -80 — -80
Phase Noise @ 26 MHz 100 Hz = St I Wl i il (PRSP
1 KHz - -130 - -130 - -130
10 KHz - -145 — -145 - -145
Aging (@25°C 1st year) — +1 - +1 - +1 ppm
Storage Temp. Range -55 125 -55 125 -55 125 °C
FREQ. STABILITY vs, TEMP. RANGE e et the sl s e

+Transition times are measured between 10% and 90% of VDD, with

Temp.(C) Ppm +2.5 +5 +10 an output load of 15pF.
-40 ~+85 O O O
*o: Available A:Condition X: Not available
4u=t9Y - O S Note:fnot all combination of options are available. Other
specifications may be available upon request.
-40 ~ +105 X A O Specifications subject to change without notice.
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TCXO

5.6 TC5032

5.0 x 3.2 mm SMD Voltage Controlled
Temperature Compensated Crystal Oscillator VCTCXO

FEATURES TYPICAL APPLICATION

- Typical 5.0 x 3.2 x 1.85 mm ceramic SMD package - Time Synchronization

- High Stability for Stratum 11l - Microwave Communication

- High Precision for £0.1ppm @ -40 ~ +85°C, - Test & Measurement
+0.2ppm @ -40 ~ +105°C - Telecom Systems

- Frequency support from 10MHz to 52MHz - Satellite Communation

- Wide temperature range
- Tri-state Enable/Disable function
- Pb-free/RoHS compliant

DIMENSIONS

rarvien| 1B TOIM W]
(a0, 20

080015

EDE WIEW] 0.80:0.15
0602015

185

ELECTRICAL SPECIFICATION

3.3V 2.5V .
rAramieter Min. Max. Min. Max. Hnit
Supply Voltage Variation (VDD) vdd-5% vdd+5% vdd-5% Vdd+5% v
Frequency Range 10 52 10 52 MHz
Frequency Tolerance(@25°C) - +1.0 - +1.0 ppm
Vs Supply Voltage (+5%) change = +0.1 = +0.1
Frequency stability Vs Load (£10%) change — +0.05 = +0.05 ppm
Vs Aging (@1st year) = +1.0 — +1.0
Output Waveform CMOS
10 MHz < F, <38 MHz = 6.5 = 6.5
Supply Carrent 38 MHz < F, <52 MHz = 75 = 75 ™
Supply Current(Clipped Sine) 10 MHz < F,< 52 MHz = 35 = 3.5 mA
T ——"m, Output High 90%\Vdd — 90%\Vdd — "
P Output Low = 1096vdd = 109%vdd
Transition Time Rise Time = 6.5 = 6.5 -
(10% ~ 90%) Fall Time - 6.5 - 6.5
Duty Cycle 45 55 a5 55 %
Load = 15 = 15 pF
Output Waveform clipped sine wave
Supply Current 10 MHz < F,< 38 MHz — 45 — 45 -
38 MHz < F,< 52 MHz = 5.0 == 5.0
Output Level 0.8 — 0.8 — Vp-p
Load 10KQ // 10pF 10KQ // 10pF
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TCXO

3.3V 2.5V .
Carameter Min. Max. Min. Max. Unit
Tri-State Control Er_1able i = e = v
Disable — 20%Vdd — 20%Vdd
Startup time - 5 = 5 ms ec
Control Voltage Range(VCTCXO) 0.5 2.5 0.5 25 v
Pulling Range(VCTCXO) +5.0 = +5.0 = ppm
Vc Input Impedance 100 — 100 — KO
100 Hz offset -122 -122
Phase Noise @Tcxo 1 kHz offset -142 -142
VDD=3.3V, 10 kHz offset -154 -154 dBc/Hz
Fout=20 MHz 100 kHz offset -157 -157
1 MHz offset -159 -159
standard frequencies are frequencies which the crystal has been designed and does not imply a stock position.
*Frequency at 25°C, 1 hour after reflow.
FREQ. STABILITY vs. TEMP. RANGE
Temp.(°C) ppm +0.05 +0.1 012 +0.28 +0.5
-10 ~ +60 O O O O O
20 ~+70 O O O O O
.40 ~ +85 A @) @) @) O
-40 ~ +95 A A O O O
-40 ~ +105 X A O O O

*0:Available A: Condition X:Not available

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.

36



TCXO

5.7TC7050

7.0 x 5.0 mm SMD Voltage Controlled
Temperature Compensated Crystal Oscillator

FEATURES TYPICAL APPLICATION

- Typical 7.0 x 5.0 x 1.9 mm ceramic SMD package - Femtocell, Base Stations

- High Precision for -40 ~ +85°C, +0.28ppm, - WLAN/WiMAX/WIFI, Wireless Communications
-40 ~ +105°C, £2ppm

- CMOS and Clipped Sine wave (without DC-cut
capacitor) output optional

DIMENSIONS

11aF VEwW| 187 FM WIEw]

Fird Fuee Linn
i T W-TE
GHVHG. TEH
1 ]
i

ELECTRICAL SPECIFICATION

5.0V 3.3V .
shlililes Min. Max. Min. Max. Unit
Supply Voltage Variation (VDD) vdd-5% vdd+5% | Vvdd-5% vdd+5% v
Frequency Range 5 52 5 52 s
Standard Frequency(for COMS) 10, 12.8, 16.384, 19.2, 19.44, 20, 25, 26
Frequency Tolerance* = +2.0 = +2.0 ppm
Vs Supply Voltage (£5%) change — +0.1 = +0.05
Frequency stability Vs Load (+10%) change — +0.05 = +0.05 ppm
Vs Aging (@1st year) — +1.0 - +1.0 ppm
Supply Current(CMOS output) - 6 — 6 A
Output Level (Clipped sine wave) — 35 - 35
Output High 90%\Vdd - 90%\Vdd -
ButputievclEnas) Output Low = 10%vdd = w0evdd |V
CMOS Duty 45 55 45 55 %
Output Level(Clipped sine) 0.8 = 0.8 = Vp-p
Load(CMOS) 15pF 15pF pF
Load(Clipped sine) 10KQ // 10pF 10KQ // 10pF
Control Voltage Range(VCTCXO) 0.5 25 0.5 25 v
Pulling Range(VCTCXO) +5.0 - +5.0 — ppm
Vc Input Impedance 100 ~ 100 - KQ
100 Hz -130 -130
Phase Noise @ 19.2 MHz 1KHz -145 -145 dBc/Hz
10 KHz -154 -154
Start time - 2 — 2 mSec
Storage Temp. Range -55 125 -55 125 €

standard frequencies are frequencies which the crystal has been designed and does not imply a stock position.
*Frequency at 25°C, 1 hour after reflow.

37



RERERBERAT \ .WTL® R EERREARA D

TKD Science and Technology Co., LTD. ° WTL International Limited

TCXO

FREQ. STABILITY vs. TEMP. RANGE

Temp.(°0) PPM | +0.05 +0.1 +0.14 +0.2 +0.28 +0.5 +2
-10~+70 @) @) @) @) @) @) @)
-20~+85 X O O O O O O
-40 ~ +85 X X X A O 0O 0O
-40 ~+95 X X X X X A O
40 ~+105 X X X X X X O

*o0:Available A:Condition X:Not available

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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TCXO

5.8 TC7050S

7.0 x 5.0 mm SMD Voltage Controlled
Temperature Compensated Crystal Oscillator

FEATURES TYPICAL APPLICATION

- Typical 7.0 x 5.0 x 1.9 mm ceramic SMD package - Stratum 3

- High Precision for -40 ~ +85°C, +0.28ppm, - Femtocell, Base Stations
-40 ~ +105°C, £2ppm

- CMOS and Clipped Sine wave (without DC-cut
capacitor) output optional

DIMENSIONS

1rap view 1BITTaM I B |

Firdl Fure Linn
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ELECTRICAL SPECIFICATION

5.0V 3.3V i
rammeter Min. Max. Min. Max. Hni
Supply Voltage Variation (VDD) vdd-5% vdd+5% vdd-5% vdd+5% v
Frequency Range 5 52 5 52 s
Standard Frequency(for COMS) 10, 12.8, 16.384, 19.2, 19.44, 20, 25, 26
Operating Temp. Range jg :;: °C
Frequency Stability (Overall, 20 Years)* - 4.6 - +4.6 ppm
+0.14 +0.14
Frequency Stability Vs Temp. Range _ (-20 ~+70°C) _ ERH0L)] som
(Ref. to (FMAX+Fmin)/2) +0.28 +0.28
(-40 ~ +85°C) (-40 ~ +85°C)
Holdover Stability + = +0.32 - +0.32 ppm
Supply Current(CMOS output) = 6 = 6 _
Output Level (Clipped sine wave) - 35 - 35
Output High 90%Vdd — 90%\Vdd —
Output Level(CMOS) Output Low - 10%vdd — 0%vdd |
Duty 45 55 45 55 %
Output Level(Clipped sine) 0.8 — 0.8 — Vp-p
Load(CMOS) 15pF 15pF pF
Load(Clipped sine) 10KQ // 10pF 10KQ // 10pF
Control Voltage Range(VCTCXO) 0.5 25 0.5 25 v
Pulling Range(VCTCXO) +5.0 - +5.0 — ppm
Vc Input Impedance 100 — 100 - KQ
100 Hz -130 -130
Phase Noise @ 10 MHz 1KHz -145 -145 dBc/Hz
10 KHz -154 -154
Start time - 2 = 2 mSec
Storage Temp. Range -55 125 -55 125 °C

standard frequencies are freguencieswhich the crystal has been designed and does not imply a stock position. -
* Including caljbration @ 25°C, suppl}r vcltaﬁe VDD 5%, load +10%, reflow soldering, 20 years aging and frequency stability over temperature.
+Including 24hours aging, supply voltage VBD 5% and frequency stability over temperature.

Note; not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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TCXO

5.9 TC7050L
7.0 x 5.0 mm SMD Voltage Controlled

Temperature Compensated Crystal Oscillator

FEATURES

- Typical 7.0 x 5.0 x 1.9 mm ceramic SMD package
- For automatic assembly

- Compactness and light weight

- Low power consumption

-VCTCXO available

DIMENSIONS

TYPICAL APPLICATION

- Femtocell, Base Stations
- WLAN/WiMAX/WIFI, Wireless Communications
- Mobile Phone

rarvien| (BT 1M B

T VT

GHVHG. TEH

g

ELECTRICAL SPECIFICATION

3.3/3.0V 2.5V B
FArmeter Min. : Max. Min. Max. it
Supply Voltage Variation (VDD) vdd-5% vdd+5% | vdd-5% vdd+5% v
Frequency Range 5 52 5 52
Standard Frequency(for COMS) 5,6.4,8,8.192, 10, 12.5,12.8, 16, 16.384, 19.44,25,26 | MHz
Standard Frequency(for Clipped Sine) 8,8.192,10, 12.5, 12.8, 16, 16.384,19.44, 25, 26
Frequency Tolerance* = +2.0 = +2.0 ppm
Vs Supply Voltage (£5%) change - +0.1 - +0.1
Frequency stability Vs Load (+10%) change - +0.2 - +0.2 ppm
Vs Aging (@1st year) — +1.0 — +1.0 ppm
Supply Current(CMOS output) = 6 = 6 ik
Output Level (Clipped sine wave) - 35 - 35
Output High 90%\Vdd - 90%\Vdd -
Output Level(CMOS) Output Low = 10%vdd = 0%vdd |
Duty 45 55 45 55 %
Output Level(Clipped sine) 0.8 — 0.8 — Vp-p
Load(CMOS) 15pF 15pF pF
Load(Clipped sine) 10KQ // 10pF 10KQ // 10pF
Control Voltage Range(VCTCXO) 0.5 25 0.4 24 v
Pulling Range(VCTCXO) +5.0 +12.0 +5.0 +12.0 ppm
Vc Input Impedance(VCTCXO) 100 - 100 = KQ
100 Hz -115 -115
Phase Noise @ 19.2 MHz 1KHz -135 -135 dBc/Hz
10 KHz -148 -148
Start time — 2 - 2 mSec
Storage Temp. Range -55 125 -55 125 '

Standard frequencies are frequencies which the crystal has been designed and does not imply a stock position.

*Frequency at 25°C, 1 hour after reflow.
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TCXO

FREQ. STABILITY vs. TEMP. RANGE

Temp.(°C) ppm 10.5 +1.0
20 ~+70 O O
30~ +85 ® 0O
-40 ~ +85 A O

*0: Available A: Condition X: Notavailable

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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OCXO

6.1 TOC1409

14.5 x 9.6 mm Oven Controlled
Crystal Oscillator Features

FEATURES

- Dimension 14.5 * 9.6 * 6.5mm typical

- 6-pin SMD Package

- Frequency Range, 10 MHz to 40 MHz

- £30ppb stability over -40 ~ +85°C

- Stratum 3 (Overall £4.6ppm including 20 years

TYPICAL APPLICATION

- SDH/SONET, Telecommunication base
station

- Test and measurement equipment

- Synthesizer, Digital switch, Reference
Timing Circuit

aging) - Packet Timing Protocol (e.g. 1588)
DIMENSIONS
e _-Iﬂr-_ Kespat area zs-t‘w: | | PIN_CONNECTIONS
'—n ~r r?%_ - AH FUHCTIOH
A0 T
2 3
AR e
AH 13YUBOL AR OR 182 "!H—B—Ht’, —3 3
N ey a ] |
ELECTRICAL SPECIFICATION
Parameter Min. Typ. | Max.| Unit. Test Condition
Available frequency range is from 5MHz to 40MHz.
Frequency - 20 — MHz Standard frequencies are 10, 12.8,19.2, 20, 26
and 38.88MHz.
Waveform — Rectangular | — — Please contact us for detail information.
Level = HCMOS — s
Output “1” Level 2.4 — -
Vv
“0” Level = — 0.4
Load — 15 - pF
Duty Cycle 45 50 55 % @+1.65V
Spurious — — -60 dBc
. -40 ~ +85°C, referenced to +25°C
Ambient 0 - *30 ppb Refer to Freq. Stability Vs Temp. Range table.
Aging = — = Per day, at time of shipment.
. Daily 2.0 — +2.0 ppb after 30 days
requency Yearl -0.4 — +0.4
Stability y - : ppm
10 years -2.0 — +2.0
Voltage 5 - +5 ppb +5% Change
Load -10 — +10 ppb +10% Change
Warm-up 0.1 — +0.1 ppm In 5 minutes @ +25°C, referenced to 1 hour.
— -98 92 @10Hz
— -126 120 @100 Hz
i dBc/Hz
Phase Noise @20 MHz - . - / e
=) -152 -150 @10kHz
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Parameter Min. | Typ. | Max.| Unit. Test Condition
— — -5. VCo@ oV
. Range . PPM 2
Electrical 5.0 — — VCO@ 3.3V
Frequency Control 0 1.65 3.3 v
Adjustment Slope = Positive =
Inputimpedance | 100 — — ko
5.0V input voltage is available. Consult factory for
Voltage B 53 /188 v ccntrcrvoltage §nd output level. Y
Input Power | cyrrent - 500 600 mA @turn on
Steady state = 0.5 0.6 w @+25°C
FREQ. STABILITYvs. TEMP. RANGE
Temp.(°C) ppb +10 +20 +30 +50
-20~+70 A O O O
40~ +85 X A O O

*0: Available A:Condition X: Not available

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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6.2 TOC0907

9.7x7.5x4.1mm Oven Controlled
Crystal Oscillator Features

FEATURES

-Dimension 9.7*7.5mm, miniaturized 4-Pad SMD
package

- Low Power Consumption

- £20ppb stability over -40 ~ +85°C

- Stratum 3 (Overall +4.6ppm including 20 years
aging)

DIMENSIONS

TYPICAL APPLICATION

- Small Cell, Portable Telecommunication

Device

- Test and Instrumentation
- Synthesizer, Digital switch, Reference

Timing Circuit
- Packet Timing Protocol (eg. IEEE 1588)

CAEW FRON TOF)

PIN CONNECTIONS

P FUNCTION

1 VGO ILIPUT
==r=l| NOT CONNECTED

2 | 0VOLTS & CASE

3 | R_F.QUTPUT

4 | +VDC

oot 1. W e speccification does ol specily.
parametars for FIN 1 fan PR must semain
unconnected.

Moba 3. Copper in 1his 6rea should ba kapl 1o A
minimm ko reduce heat haat kss from OCXO,

Hote 3. Boltom side rflow is forbidden unisds
spactiad in e ascilalor spechication.

ELECTRICAL SPECIFICATION

Parameter Min. Typ. Max. | Unit. Test Condition
Available frequency range is from 10MHz to 40MHz.
Frequency 10 - 40 MHz Standard frequencies are 10, 12.8, 19.2, 20,25
and 30.72MHz.
Rectangular iy ;
Waveform — Clipped sine | — - Please contact us for detail information.
Level o= = = =
Output “1" Level 24 — -
Ll V
0" Level Rectangular | — — 0.4
Duty Cycle 45 50 55 % @+1.65V
Clipped Sine 0.8 — — Vp-p
Load (Rectangular/
Clipped Sine) 15pF / 10Kohm / 10pF
Spurious = - -60 dBc
. -40 ~ +85°C, referenced to +25°C
Ambient =20 - 20 ppb Refer to Freq. Stability Vs Temp. Range table.
Aging e — = Per day, at time of shipment.
Stability Yearly -0.6 - +0.6
ppm
10 years -3.0 - +3.0
Voltage 5 — +5 ppb +59% Change
Warm-up -0.1 — +0.1 ppm In 5 minutes @ +25°C, referenced to 1 hour.
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OCXO

Parameter Min. | Typ. | Max. | Unit. Test Condition
— -98 -92 @10 Hz
: — -126 -120 @100 Hz
Phase Noise @20 MHz — =T e dBc/Hz T
— -152 -150 @10 kHz
— — -5.0 vco@ ov
Range ppm
Electrical 5.0 = = VCO@ 3.3V
Frequency Control 0 1.65 33 v
Adjustment Slope — Positive =
Inputimpedance 100 - - kQ
5.0V input voltage is available. Consult factory for
Voltage LS 3 Seths v control voltage and output level.
Input Power [ ¢\ rent — = 350 mA @turnon
Steady state — 0.3 0.4 w @+25°C
FREQ. STABILITYvs. TEMP. RANGE
Temp.(°C) ppb +5 +10 +20 +30 +50
20~ +70 A O O O O
-40 ~ +85 X A @ @ @

*0: Available A: Condition X: Not available

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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OCXO

6.3T0C2012
20.3 x 12.7 mm Oven Controlled

Crystal Oscillator
FEATURES TYPICAL APPLICATION
- Dimension 20.3 x 12.7 x 11.0 mm typical - SDH/SONET, Telecommunication base station
- Stratum 3 (Overall * 4.6 ppm including 10 years - Test and measurement equipment
aging) - Synthesizer, Digital switch, Reference Timing
Circuit
DIMENSIONS
i RS 20.7MAX.
TOP SURFACE 1 s 02 PIN CONNECTIONS
R i AT bk r_ R PIN FUNCTION
S— ] R VGO INPUT
=1 * . @ ¥ 1 =L nor BonecTED
070 5.16 2 TE2EO.2  1RIMAX.
e Ty el T [svecmacine
Squars comer designass PIN 1 | . Pue Dy i 14 [ V00
L, GLASS STANDOFE Number for reference anly. “E"ﬁﬁ";‘ﬂ:ﬁ.’mﬁ%ﬁ'ﬂ?&"&”
R TAEHEOR AL TTON) e el
ELECTRICAL SPECIFICATION
Parameter Min. Typ. Max. | Unit. Test Condition
Available frequency range is from 5MHz to 40MHz.
Output Frequency == 10 — MHz Standard frequencies are 10, 12.8, 15.36,19.2, 20, 26
and 38.88MHz.
Waveform - Rectangular | — — Please contact us for detail information.
“1" Level 2.4 — —
v
“0” Level ~ — 0.4
Level Load — 15 — pF
Duty Cycle 45 50 55 % @+2.0V
Spurious — — -60 dBc
A -30 ~ +70°C, referenced to +25°C
Ambient 01 - 101 pRm Refer to Freq. Stability Vs Temp. Range table.
Aging 5.0 - +5.0 ppb Per day, at time of shipment.
Stabili Yearl 0.5 — +0.5
Y 4 ppm
10 years -3.0 — +3.0
Voltage -50 — +50 ppb +5% Change
Warm-up -0.1 - +0.1 ppm In 2 minutes @ +25°C, referenced to 1 hour.
- — -105 @10 Hz
— — -130 @100 Hz
i dBc/Hz
Phase Noise @20 MHz — — — / e
- — -150 @10 kHz
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Parameter Min. Typ. | Max.| Unit. Test Condition
_ — B vVco@ ov
. Range = ppm 2
Electrical 5.0 — - VCO@ 5.0V
Frequency Control 0 2.5 5.0 v
Adjustment | sjope = Positive —
Inputimpedance | 100 — - ka
3.3Vinput voltage is available. Consult factory for
Voltage i =0 s v controrvcltage gnd output level. v
Input Power | cyrrent - — 400 mA @turnon
Steady state ~ — 0.8 w @+25°C
FREQ. STABILITY vs. TEMP. RANGE
Temp.(°C) ppb +50 +100 +200
0~+70 O @ @
30~ +70 VAN O O
-40 ~ +85 A O O

*o0:Available A:Condition X:Not available

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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OCXO

6.4T0C2020
20.6 x 20.6 mm Oven Controlled

Crystal Oscillator
FEATURES TYPICAL APPLICATION
- Dimension 20.6 x 20.6 x 11.0 mm typical - SDH/SONET, Telecommunication base station
- SC Cut Crystal - Test and measurement equipment
- Synthesizer, Digital switch, Reference Timing
Circuit
DIMENSIONS
pa— $534 CENT, —
! P = PIN CONNECTIONS
se ? : ¥ PIN]__FUNCTION
L l [ ® ® 624 CEmT, ; :.;E_’couwu'r
H || ' i - 3 |0VOLTS & CASE
| 2 VCO INPUT
MARKING THIS \' [ 9 ® o =, NOT CONNECTED
SURFACE 5 nss sTanporF & S 1 |5 | REFERENGE VOLTAGE |
[VIEW FROM TOP) & PLACES) fgs I TR RLALES) £ ~=='| NOT CONNEGTED
(VIEW FROM BOTTOM) NUMBERS FOR REFERENCE ONLY otn 1. If the spechicalion does not specity
Ll o P MG Pl COMMECTED
ELECTRICAL SPECIFICATION
Parameter Min. | Typ. |Max.| Unit. Test Condition
Available frequency range is from 5MHz to 40MHz.
Output Frequency - 10 - MHz Standard frequencies are 10, 12.8, 13, 15.36, 16.384,
19.2,20 and 25MHz.
Sine wave output is not available.
Waveform — | Rectangular | — = Consult factory for more information.
“1”Level 3.5 — —
“0”"Level — = 0.5 v
Level Load
o 15 — pF
(HC0S) Duty Cycle 45 50 55 % @+2.0V
Spurious = = -60 dBc
5 -30~+70°C, referenced to +25°C
Ambient 10 == b PRb Refer to Freg. Stability Vs Temp. Range table.
Aging -0.5 = +0.5 ppb Per day, at time of shipment.
Stability Yearly -50 — +50 ppb
10 years -0.3 — +0.3 ppm
Voltage -0.5 — +0.5 ppb +5% Change
Warm-up -50 — +50 ppb In 3 minutes @ +25°C, referenced to 1 hour.
— — -115 @10Hz
— — -135 @100 Hz
i dBc/Hz
Phase Noise - — o / T
— — -150 @10kHz
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Parameter Min. Typ. Max. | Unit. Test Condition
= = 0. VCo@ oV
Range 05 ppm @
Electrical 0.5 - - vco@4.ov
Frequency Control 0 2 4 v
Adjustment Slope = Positive =
Inputimpedance | 100 — — ka
3.3Vinput voltage is available, Consult factory for
Voltage it e 333 v ccnh’or\mltage §nd output level. v
Input Power [ cyrrent = - 500 mA @ turnon
Steady state = — 1.0 w @ +25°C
Reference Voltage 3.8 4.0 42 v
Voltage Load 9 - - ka
FREQ. STABILITY vs. TEMP. RANGE
Temp.(°C) ppb +5 +10 +20
0~+70 O O O
30~ +70 A ® O
-40 ~ +85 A O O

*o0:Available A:Condition X:Not available

Note: not all combination of options are available. Other specifications may be available upon request.

Specifications subject to change without notice.
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6.5 TOC2522

25.4 x 22.1 mm Oven Controlled
Crystal Oscillator

FEATURES

- Dimension 25.4 x 22.1 x 11.0 mm typical
- SC Cut Crystal

TYPICAL APPLICATION

- SDH/SONET, Telecommunication base
station

- Test and measurement equipment

- Synthesizer, Digital switch, Reference
Timing Circuit

DIMENSIONS
(VIEW FROM TOR) r— otd —'I RECOMMENDED SOLOER PAD LAYOUT
m bl 3568
_T D-r B PIN CONNECTIONS
e 'f— ‘l PIN FUNCTION
- | VO NPT
224 % 2 -
g s | NOT CONNECTED
L 3 7 | REFERENCE VOLTAGE
- o J " | noT ConnEcTED
Sl \ | ] = TR P GO
- 5 |0VOLTSAGASE
SURFACE MIEW FRCM BOTTOM) et

P 1. ¥ the wpecificarion coms ol specly
perametnes for either FIN 1o 26 fhen Pal
respoecive FIN i HOT memally COMNECTED

ELECTRICAL SPECIFICATION

Parameter Min. Typ. Max. | Unit. Test Condition
Available frequency range is from 5MHz to 40MHz.
Output Frequency - 10 - MHZ Standard frequencies are 10,12.8,15.36,
16.384, 19.2, 20 and 25MHz.
Sine wave output is not available.
Waveform — | Rectangular | — - consult factory for more information.
“1"Level 2.4 33 -
i “0”Level - — 0.4 v
Leve
Load - 15 = PF
(HCMOS) Duty Cycle 45 50 55 % @+1.4V
Spurious — — -60 dBc
s 0 ~+70°C, referenced to +25°C
Ambient 40 - +10 ppb Refer to Freg. Stability Vs Temp. Range table.
Aging -0.5 - +0.5 ppb Per day, at time of shipment.
Frequency Daily -0.5 — +0.5 ppb after 30 days
Stability Yearly -50 — +50 ppb
10 years -0.4 — +0.4 ppm
Voltage -0.5 = +0.5 ppb +5% Change
Warm-up -10 o +10 ppb In 2 minutes @ +25°C, referenced to 1 hour.
— — -115 @10Hz
— — -130 (@100 Hz
i dBc/Hz
Phase Noise @ 20MHz — — 40 / ikt
= = -150 @10k Hz
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OCXO

Parameter Min. Typ. Max. | Unit. Test Condition
= — -0.5 VCo@ oV
. Range ppm @

Electrical 03 - - vco@2.8v
Frequency Control 0 14 258 Vv
Adjustment Slope = Positive =

Input impedance | 100 — - ka

Voltage 3135 33 3.465 v 5.0V input voltage is available. Consult factory

for control voltage and output level.

Input Power | current

= — 1000 mA @ turnon
Steady state - — 1.2 w @ +25°C
Reference Voltage 2.7 2.8 2.9 v
Voltage Load 9 — — ko
FREQ. STABILITY vs. TEMP. RANGE
Temp.(°C) ppb +5 +10 +20
0~+70 45 O O
-30 ~+70 A O O
-40 ~ +85 A O O

*0:Available A: Condition X: Notavailable

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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6.6 TOC2525
25.4 x 25.4 mm Oven Controlled

Crystal Oscillator
FEATURES TYPICAL APPLICATION
- Dimension 25.4 x 25.4 x 12.7 mm typical - SDH/SONET, Telecommunication base station
- SC Cut Crystal - Test and measurement equipment
- Synthesizer, Digital switch, Reference Timing
Circuit
DIMENSIONS
L (s -
“m““ H ) A5 ) 2 T "-Eﬂ E;E%%\:?Tﬂ
ﬂ.n‘WI — : ! o _.!;\ g — b ijﬂ:fmmmsn |

Mok 1. ¥ e specication does nal speclly
for withe P or F1H then that
eepactm FIN s MOIT inkemally CONMECTRD,

ELECTRICAL SPECIFICATION

Parameter Min. Typ. Max. | Unit. Test Condition

Available frequency range is from 5Hz to 40MHz.
Output Frequency — 10 — MHz standard frequencies are 10, 12.8, 13, 15.36,
19.2, 20, 25, 38.88MHz.

Sine wave output is not available.

Waveform - Rectangular | — - Consult factory for more information.
Level - WTTL —
“1"Level 2.4 — —
“0”Level — — 0.4 i
Load = 15 — pF
Duty Cycle 45 50 55 % @+1.4V
Spurious — = -60 dBc
Ambient -10 - +10 Bpb ;23593;&10;[%; .E gg?:?l?f; \}: ‘:eznf',l:? Range table.
Aging == = =
Frequency Daily -0.5 — +0.5 ppb after 30 days
Stability Yearly -50 — +50 ppb
10 years -0.3 - +0.3 ppm
Voltage -5.0 — +5.0 ppb +50 Change
Warm-up -10 — +10 ppb In 10 minutes @ +25°C, referenced to 1 hour.
— — -120 @10 Hz
, — - 135 @100 Hz
Phase Noise @ 20MHz = — T dBc/Hz e

== — -150 @10 kHz
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OCXO

Parameter Min. Typ. Max. | Unit. Test Condition
e — -0.5 vco@ ov
Range ppm @
Electrical +0.5 = — VCO@3.3V
Frequency Control 0 1.65 &3 v
Adjustment Slope = Positive =
Inputimpedance | 100 — — ka
5.0V input voltage is available. Consult factory
Voltage 310 A 37468 v for control voltage and output level.
Input Power [ cyrrent = - 1000 | maA @ turnon
Steady state = = 13 w @ +25°C

FREQ. STABILITY vs. TEMP. RANGE

Temp.(°C) ppb +3 +5 +10
0~+70 O O O
-30 ~+70 A O O
-40 ~ +85 A O O

*0:Available A:Condition X:Not available

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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6.7 TOC3627

36.3 x 27.2 mm Oven Controlled
Crystal Oscillator

FEATURES

- Dimension 36.3 x 27.2 x 12.7 mm typical
- SC Cut Crystal

DIMENSIONS

TYPICAL APPLICATION

- SDH/SONET, Telecommunication base station

- Test and measurement equipment

- Synthesizer, Digital switch, Reference Timing

Circuit

|

[}

p— 30,32 MAK. —

I

16.00 MAX_ 3 R
: | i |
2
{ E__#— ‘ 17.7T8CENT. 2718
0.66 5.08 MIN 1 PIN CONNECTIONS
MARKING THIS 42 ol | 1 &
BN RGO SURFACE 0.79 DIA. PIN (5 PLACES) o1 1) e woﬁ:;ﬁ: o
GLASS STANDOFF | 2| NOTCONNECTED |
3 +VDC
e wEwerowsorrow  WIESSIOVSTE o P
ELECTRICAL SPECIFICATION
Parameter Min. | Typ. |Max. | Unit. Test Condition
Available frequency range is from 5MHz to 40MHz.
Output Frequency = 10 — MHz Standard frequencies are 10,12.8, 13, 15.36, 19.2, 20, 25
and 38.88MHz.
Since wave output is available.
Waveform — |Rectangular | — - Consult factory for more information.
“1"Level 2.4 = —
€ 2 V
‘0" Level = — 0.4
Level L
oad - 15 - pF
(LVTTL)
Duty Cycle 45 50 55 % @+1.4V
Spurious — - -60 dBc
. -40 ~ +85°C, referenced to +25°C
Ambient = - i peb Refer to Freq. Stability Vs Temp. Range table.
Aging -0.5 — +0.5 ppb
Frequency Daily -0.5 — +0.5 ppb after 30 days
Stability Yearly -50 — +50 ppb
10 years -0.3 — +0.3 ppm
Voltage -0.5 — +0.5 ppb +5% Change
Warm-up -10 — +10 ppb In 10 minutes @ +25°C, referenced to 1 hour.
— — -120 @10 Hz
= = -135 @100 Hz
i dBc/Hz
Phase Noise — — 7 / Bk
= — -150 @10kHz
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Parameter Min. Typ. Max. | Unit. Test Condition
= — -0.5 vVCo@ oV
. Range ppm
Electrical 05 - - YEO@s.
Frequency Control 0 25 5.0 v
Adjustment Slope = Positive =
Input impedance | 100 — - ka
3.3Vinput voltage is available. Consult factory for
Voltage Hi13 20 a3 ¥ control voltage and output level.
Input Power | cyrrent e e 850 mA @turnon
Steady state — — 13 w @ +25°C

FREQ. STABILITY vs. TEMP. RANGE

Temp.(°0) ppb 43 +5 +10
0~+70 O O O
30 ~+70 A O O
-40 ~ +85 A O O

*0:Available A: Condition X: Not available

Note: not all combination of options are available. Other specifications may be available upon request.
Specifications subject to change without notice.
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Quartz Crystal
Crystal Oscillator
TCXO

OCXO

Timing Module

WTL International Limited
(Authorized overseas distributor of TKD)

Address: Room 203, Unit A, Block 7, D&J Innovation Park Phase 2,
No.73 Xiali South Road, Longgang District, 518114, Shenzhen, China

Phone: +86-75-82677582
Email: wtl@wtlcrystals.com
Web: www.wtlcrystals.com

Alibaba; http://wtlcrystals.en.alibaba.com

Output)



	Sayfa 1
	Sayfa 2
	Sayfa 3
	Sayfa 4
	Sayfa 5
	Sayfa 6
	Sayfa 7
	Sayfa 8
	Sayfa 9
	Sayfa 10
	Sayfa 11
	Sayfa 12
	Sayfa 13
	Sayfa 14
	Sayfa 15
	Sayfa 16
	Sayfa 17
	Sayfa 18
	Sayfa 19
	Sayfa 20
	Sayfa 21
	Sayfa 22
	Sayfa 23
	Sayfa 24
	Sayfa 25
	Sayfa 26
	Sayfa 27
	Sayfa 28
	Sayfa 29
	Sayfa 30
	Sayfa 31
	Sayfa 32
	Sayfa 33
	Sayfa 34
	Sayfa 35
	Sayfa 36
	Sayfa 37
	Sayfa 38
	Sayfa 39
	Sayfa 40
	Sayfa 41
	Sayfa 42
	Sayfa 43
	Sayfa 44
	Sayfa 45
	Sayfa 46
	Sayfa 47
	Sayfa 48
	Sayfa 49
	Sayfa 50
	Sayfa 51
	Sayfa 52
	Sayfa 53
	Sayfa 54
	Sayfa 55
	Sayfa 56
	Sayfa 57

