XENESAS VCXO and Synchronous Ethernet

Jitter Attenuator

8102511
Data Sheet

General Description

The 8102511 is a high performance, low jitter/low phase noise
VCXO. The 810251i uses a low frequency and low cost pullable
crystal to achieve jitter attenuation for synchronous Ethernet
applications. The 8102511 can take an input of either 25MHz or
125MHz and produce a single LVCMOS output of 25MHz.

The device is packaged in a small 16 lead TSSOP package and is
ideal for use on space constrained boards typically encountered in
most synchronous ethernet applications.

Applications

® Synchronous Ethernet v0.39a
* End equipment compliant with Std IEEE 802.039a
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Features

25MHz

One single-ended output (LVCMOS or LVTTL levels),

output Impedance: 15Q

Phase jitter attenuation by the VCXO-PLL using a 25MHz pullable

external crystal (XTAL)

Input frequencies: 25MHz or 125MHz

Output frequency: 25MHz

PLL loop bandwidth adjustable by external components
25MHz or 125MHz auto input frequency detect

Full 3.3V or 2.5V supply voltage

-40°C to 85°C ambient operating temperature
Available in lead-free (RoHS 6) package

Pin Assignment

PLL_SEL {1 16 J CLK_IN
GND [ 2 151 Voo
Reserved [} 3 14[1] LF1
o4 13[1 LFo
Vooo [} 5 12[] GND
OE[]6  11[7 XTAL IN
Voba [ 7 10[J XTAL_OuUT
Vob [} 8 90 GND
8102511

16-Lead TSSOP

4.4mm x 5.0mm x 0.925mm
package body

G Package

Top View
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Table 1. Pin Descriptions

Number Name Type Description
| Puse | men | puwp | Drerereor ToVCOPLE srabed When LoW e VOROTLLE T
2,9,12 GND Power Power supply ground.
3 Reserved Reserved Reserved pin. Do not connect.
4 Q Output Single-ended clock output. LVCMOS/ LVTTL interface levels.
5 Vbbo Power Output power supply pin.
6 OE Input Pullup Output enable pin for Q output. LVCMOS/LVTTL interface levels.
7 Vppa Power Analog supply pin.
8,15 Vop Power Core supply pins.
11? X')I'(/_?_)I&T_OlllJ\lT, Input VCXO crystal oscillator interface. XTAL_IN is the input. XTAL_OUT is the output.
Analog
13, 14 LFO, LF1 Input/ Loop filter connection node pins.
Output
16 CLK_IN Input Pulldown | Single-ended clock input. LVCMOS/LVTTL interface levels.

NOTE: Pullup and Pulldown refer to internal input resistors. See Table 2, Pin Characteristics, for typical values.

Table 2. Pin Characteristics

Symbol Parameter Test Conditions Minimum | Typical Maximum Units
Cin Input Capacitance 4 pF
Vpp. Vppo = 3.465V 8 pF
Cpp Power Dissipation Capacitance bb, 7bbo
VDD, VDDO =2.625V 5 pF
RpuLLup Input Pullup Resistor 51 kQ
RpuLLpown | Input Pulldown Resistor 51 kQ
VDDO = 3.3Vx5% 15 Q
RouTt Output Impedance
VDDO =2.5V+x5% 20 Q
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Absolute Maximum Ratings

NOTE: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These ratings are stress specifications only. Functional operation of product at these conditions or any conditions beyond
those listed in the DC Characteristics or AC Characteristics is not implied. Exposure to absolute maximum rating conditions for

extended periods may affect product reliability.

Item Rating

Supply Voltage, Vpp 4.6V

Inputs, V, -0.5V to Vpp + 0.5V
Outputs, Vg -0.5V to Vpp + 0.5V

Package Thermal Impedance, 0

92.4°C/W (0 mps)

Storage Temperature, Tgtg

-65°C to 150°C

DC Electrical Characteristics

Table 3A. Power Supply DC Characteristics, Vpp = Vppo = 3.3V + 5%, T, = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Core Supply Voltage 3.135 3.3 3.465 \
Vppa Analog Supply Voltage Vpp—0.07 3.3 Vpp \
Vbbo Output Supply Voltage 3.135 3.3 3.465 \Y,
Ibp Power Supply Current 40 mA
Ibpa Analog Supply Current 7 mA
Ibpo Output Supply Current No Load 5 mA
Table 3B. Power Supply DC Characteristics, Vpp = Vppg = 2.5V + 5%, T, = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vb Core Supply Voltage 2.375 25 2.625 \
Vbpa Analog Supply Voltage Vpp — 0.07 25 Vbp \Y
Vbbo Output Supply Voltage 2.375 25 2.625 \
Ibp Power Supply Current 35 mA
Ibpa Analog Supply Current 7 mA
Ibbo Output Supply Current No Load 5 mA
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Table 3C. LVCMOS/LVTTL DC Characteristics, Vpp = Vppg = 3.3V £ 5% or 2.5V + 5%, T, = -40°C to 85°C
Symbol | Parameter Test Conditions Minimum | Typical Maximum Units
v, LTipUt Vpp = 3.465V 2 Vpp + 0.3 Vv
gh Voltage Vpp = 2.625V 1.7 Vpp + 0.3 Vv
v Input Vpp = 3.465V -0.3 0.8 \
- Low Voltage Vpp = 2.625V 03 0.7 v
| Input CLK_IN Vpp = V)N = 3.465V or 2.625V 150 pA
H High Current | OE PLL_SEL Vpp = Vi = 3.465V or 2.625V 5 uA
Input CLK_IN Vpp = 3.465V or 2.625V, V| = 0V -5 pA
e Low Current | OF PLL_SEL Vpp = 3.465V or 2.625V, Vi = OV -150 uA
Vbpo = 3.3V £ 5% 2.6 %
VoH Output High Voltage; NOTE 1
Vbpo =2.5V + 5% 1.8 \
Vbpo = 3.3V £ 5% 0.6 \
VoL Output Low Voltage; NOTE 1
Vpbpo =2.5V £+ 5% 0.5 \
NOTE 1: Outputs terminated with 50€2 to Vppp/2. See Parameter Measurement Information section. Load Test Circuit diagrams.
AC Electrical Characteristics
Table 4A. AC Characteristics, Vpp = Vppg = 3.3V + 5%, T, = -40°C to 85°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
25 MHz
fRer Input Reference Frequency 125 MHz
fvco VCXO-PLL Frequency 25 MHz
fouT Output Frequency 25 MHz
turco) Cycle-to-Cycle Jitter; NOTE 1 45 ps
tit(0) Eg?EPgase Jitter (Random); fout = ZSI\:II;I'i,ZIEt?gI\;/Irat;on Range: 0.22 ps
turper) | Period jitter 5 ps
tr/te Output Rise/Fall Time 20% to 80% 500 1200 ps
odc Output Duty Cycle; NOTE 3 48 52 %
odc Output Duty Cycle; NOTE 4 45 55 %

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when device is
mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. Device will meet specifications after thermal equilibrium has
been reached under these conditions.

NOTE: Characterized using a 616Hz bandwidth filter.

NOTE 1: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 2: Please refer to the Phase Noise Plot.

NOTE 3: Specified with the VCXO-PLL free running high.

NOTE 4: Specified with the VCXO-PLL locked.
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Table 4B. AC Characteristics, Vpp = Vppo = 2.5V = 5%, T, = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
25 MHz
fReF Input Reference Frequency 125 Mz
fvco VCXO-PLL Frequency 25 MHz
fouT Output Frequency 25 MHz
turco) Cycle-to-Cycle Jitter; NOTE 1 35 ps
tit RMS Phase Jitter (Random); fout = 25MHz, Integration Range: 0.24 ps
NOTE 2 1kHz — 1MHz
turper) | Period jitter 10 ps
tr/tF Output Rise/Fall Time 20% to 80% 700 2200 ps
odc Output Duty Cycle; NOTE 3 48 52 %
odc Output Duty Cycle; NOTE 4 44 56 %

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when device is
mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. Device will meet specifications after thermal equilibrium has
been reached under these conditions.

NOTE: Characterized using a 616Hz bandwidth filter.

NOTE 1: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 2: Please refer to the Phase Noise Plot.

NOTE 3: Specified with the VCXO-PLL free running high.

NOTE 4: Specified with the VCXO-PLL locked.

© 2019 Renesas Electronics Corporation 5 Revision B March 3, 2016




RRENESANS

Typical Phase Noise at 25MHz (3.3V)
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Parameter Measurement Information
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Parameter Measurement Information, continued

tPW

odc = x 100%

tPEF{IOD

Output Duty Cycle/Pulse Width/Period

Application Information

Recommendations for Unused Input Pins

Inputs:
LVCMOS Control Pins

All control pins have internal pull-ups or pull-downs; additional
resistance is not required but can be added for additional protection.
A 1k< resistor can be used.
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Schematic Example

Figure 1 shows an example of the 8102511 application schematic. In
this example, the device is operated either at Vpp = 3.3V or 2.5V.

The decoupling capacitors should be located as close as possible to
the power pin. The input is driven by an LVCMOS driver. An optional

3-pole filter can also be used for additional spur reduction. It is
recommended that the loop filter components be laid out for the
3-pole option. This will also allow the 2-pole filter to be used.

3-pole loop filter example - (optional)
R3
LFO AN LF1
Rs TBD VDD
TBD VDDO
A~ Cp T~ C3 cl
Cs TBD TBD 0.u
TBD
T 1 -
1 = 0.1u
= VDD
N VDD
2 6ND voD | RZ10
XTAL_OUT VDDA
in STALT 1(1) XTAL_OUT VDDA g * A
c5 = 12 | TALIN OE ‘5—EI i i
sPare | x| 13 EFNoD VDDS 4 30 c45
— - I—ig LF1 Reserved —Ug 0.0 10v
- Rs = 167 oD GND [
1K - CLKIN PLL_SEL 1 —
1 A
C6 ~T~Cp =
SPARE Cs 0.001 uF | 70 =50
100F A~C4 UL
= L 0.1u R4 33
= = Logic Control Input Examples LUEIOS Receive
2-pole loop filter Set Logic o Set Logic
T Inputto | T Inputto
1 111 n'
Q RL 33 1 0
RUL RU2
1K Not Install VDD=VDDO0=3.3V
LVCMOS _Driver ) ToLogic | To Logic
Input Input
pins pins
RD1 RD2
Not Install 1K
Figure 1. P.C. 8102511 Schematic Example
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VCXO-PLL ExternaL COMPONENTS

Choosing the correct external components and having a proper
printed circuit board (PCB) layout is a key task for quality operation
of the VCXO-PLL. In choosing a crystal, special precaution must be
taken with the package and load capacitance (C|). In addition,
frequency, accuracy and temperature range must also be
considered. Since the pulling range of a crystal also varies with the
package, it is recommended that a metal-canned package like HC49
be used. Generally, a metal-canned package has a larger pulling
range than a surface mounted device (SMD). For crystal selection
information, refer to the VCXO Crystal Selection Application Note.

The crystal’s load capacitance C, characteristic determines its
resonating frequency and is closely related to the VCXO tuning
range. The total external capacitance seen by the crystal when
installed on a board is the sum of the stray board capacitance, IC
package lead capacitance, internal varactor capacitance and any
installed tuning capacitors (Ctyng)-

If the crystal C|_is greater than the total external capacitance, the
VCXO will oscillate at a higher frequency than the crystal
specification. If the crystal C_is lower than the total external

The frequency of oscillation in the third overtone mode is not
necessarily at exactly three times the fundamental frequency. The
mechanical properties of the quartz element dictate the position of
the overtones relative to the fundamental. The oscillator circuit may
excite both the fundamental and overtone modes simultaneously.
This will cause a nonlinearity in the tuning curve. This potential
problem is why VCXO crystals are required to be tested for absence
of any activity inside a +/-200 ppm window at three times the
fundamental frequency. Refer to F|_zoyt @and Fi_sovT_spurs in the
crystal Characteristics table.

The crystal and external loop filter LFo
components should be kept as LF1
close as possible to the device.

Loop filter and crystal traces Rs

should be kept short and
separated from each other. Other
signal traces should be kept
separate and not run underneath
the device, loop filter or crystal

Ty

XTAL_IN
Crune
—
25MHz |

capacitance, the VCXO will oscillate at a lower frequency than the components.
crystal specification. In either case, the absolute tuning range ig . c XTAL_OUT
reduced. The correct value of C|_is dgpendant on the characteristics ; TUNE
of the VCXO. The recommended C,_in the Crystal Parameter Table
balances the tuning range by centering the tuning curve.
VCXO Characteristics Table
Symbol Parameter Typical Units
kvexo VCXO Gain 15000 Hz/V
Cv Low Low Varactor Capacitance 9.8 pF
Cv nign | High Varactor Capacitance 22.7 pF
VCXO-PLL Loop Bandwidth Selection Table
Bandwidth Crystal Frequency (MHz) Rg (kQ) Cs (uF) Cp (HF)
246Hz (Low) 25 0.4 10 0.01
616Hz (Mid) 25 1.0 10 0.001
1000Hz (High) 25 1.65 10 0.001
Crystal Characteristics
Symbol Parameter Test Conditions Minimum Typical Maximum Units
Mode of Oscillation Fundamental
N Frequency 25 MHz
fr Frequency Tolerance +20 ppm
fs Frequency Stability +20 ppm
Operating Temperature Range -40 +85 oc
CL Load Capacitance 10 pF
Co Shunt Capacitance 4 pF
Co/C4 Pullability Ratio 220 240
ESR Equivalent Series Resistance 20 Q
Drive Level 1 mwW
Aging @ 25 9C +3 peryear | ppm
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Power Considerations

This section provides information on power dissipation and junction temperature for the 8102511.
Equations and example calculations are also provided.

1. Power Dissipation.

The total power dissipation for the 8102511 is the sum of the core power plus the analog power plus the power dissipated in the load(s). The
following is the power dissipation for Vpp = 3.3V + 5% = 3.465V, which gives worst case results.

° Power (Core)MAX = VDD_MAX * (lDD + lDDA + IDDO) = 3.465V *(40mA +7mA + 5mA) =180.18mW

e Output Impedance Rgyt Power Dissipation due to Loading 50Q to Vpp/2
Output Current IOUT = VDD_MAX /[2*(50Q + ROUT)] =3.465V /[2 * (50Q + 15Q)] = 26.7mA

e Power Dissipation on the Ryt per LVCMOS output
Power (Royt) = Rout * (lout)* = 152 * (26.7mA)? = 10.7mW per output

Dynamic Power Dissipation at 25MHz
Power (25MHz) = Cpp * Frequency * (Vpp)? = 8pF * 25MHz * (3.465V)? = 2.4mW per output

Total Power Dissipation

¢ Total Power
= Power (core)yax + Power (Royt) + Power (25MHz)
=180.18mW + 10.7mW + 2.4mW
=193.28mW

2. Junction Temperature.

Junction temperature, Tj, is the temperature at the junction of the bond wire and bond pad and it directly affects the reliability of the device. The
maximum recommended junction temperature is 125°C. Limiting the internal transistor junction temperature, Tj, to 125°C ensures that the bond
wire and bond pad temperature remains below 125°C.

The equation for Tj is as follows: Tj = 6,4 * Pd_total + Tp

Tj = Junction Temperature

6,4 = Junction-to-Ambient Thermal Resistance

Pd_total = Total Device Power Dissipation (example calculation is in section 1 above)

T = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance 6, must be used. Assuming no air flow and
a multi-layer board, the appropriate value is 92.4°C/W per Table 5 below.

Therefore, Tj for an ambient temperature of 85°C with all outputs switching is:
85°C + 0.193W *92.4°C/W = 102.8°C. This is well below the limit of 125°C.

This calculation is only an example. Tj will obviously vary depending on the number of loaded outputs, supply voltage, air flow and the type of
board (multi-layer).

Table 5. Thermal Resistance 0, for 16 Lead TSSOP, Forced Convection

0, by Velocity
Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 92.4°C/W 88.0°C/W 85.9°C/W
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Reliability Information
Table 6. 0, vs. Air Flow Table for a 16 Lead TSSOP

6,4 vs. Air Flow
Meters per Second 0 1 25

Multi-Layer PCB, JEDEC Standard Test Boards 92.4°C/W 88.0°C/W 85.9°C/W

Transistor Count
The transistor count for 8102511: 937

Package Outline and Package Dimensions

Package Outline - G Suffix for 16 Lead TSSOP Table 7. Package Dimensions for 16 Lead TSSOP
All Dimensions in Millimeters
Symbol Minimum | Maximum

N 16

A 1.20
A1 0.5 0.15
A2 0.80 1.05
b 0.19 0.30
c 0.09 0.20

D 4.90 5.10

E 6.40 Basic

E1 4.30 | 4.50

e 0.65 Basic
L 0.45 0.75

0° 8°
aaa 0.10
A2 Reference Document: JEDEC Publication 95, MO-153
e ]
[=C-]
SN e
o[aaa|C|
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Ordering Information
Table 8. Ordering Information

Part/Order Number Marking Package Shipping Packaging Temperature
810251AGILF 10251AIL 16 Lead “Lead-Free” TSSOP Tube -40°C to 85°C
810251AGILFT 10251AIL 16 Lead “Lead-Free” TSSOP Tape & Reel -40°C to 85°C

© 2019 Renesas Electronics Corporation
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Revision History Sheet

Rev Table Page Description of Change Date
1 Updated Figure 1, Schematic layout.
10 VCXO-PLL External Components section, reworded second from last paragraph
A “The frequency of oscillation in the third overtone mode....". 7/28/09
T8 14 Changed marking from 810251AL to 10251AL.
Changed datasheet header/footer format.
1 Features List: deleted ‘Absolute pull range is +50 ppm (using the internal oscillator)’
T4A 4 3.3V AC Characteristics Table - Added additional odc row with specs of 45min and 55max.
B Added Notes 3 & 4-. . - . . 7117/2012
T4B 5 2.5V AC Characteristics Table - Added additional odc row with specs of 44min and 56max.

Added Notes 3 & 4.
HiPerClock references have been deleted throughout the datasheet.

T4A 4 Added ‘high’ to Note 3.
B T4B 5 Added ‘high’ to Note 3. 10/5/2012
T8 13 Deleted quantity from Tape and Reel.

B Removed ICS from the part number where needed. 3/3/16
Updated data sheet header and footer.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.
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