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Evaluating the AD9550 Integer-N Clock Translator

FEATURES

Converts preset standard input frequencies to standard
output frequencies

Input frequencies from 8 kHz to 200 MHz

Output frequencies up to 810 MHz LVPECL and LVDS
(200 MHz CMOS)

Preset pin-programmable frequency translation ratios

On-chipVCO

Single-ended CMOS reference input

2 output clocks (independently programmable as LVDS,
LVPECL, or CMOS)

Single supply (3.3V)

Very low power: <450 mW (under most conditions)

Small package size: 5 mm x 5 mm

Exceeds Telcordia GR-253-CORE jitter generation, transfer
and tolerance specifications

APPLICATIONS

Cost effective replacement of high frequency VCXO, OCXO,
and SAW resonators

Flexible frequency translation for wireline applications such
as Ethernet, T1/E1, SONET/SDH, GPON, xDSL

Wireless infrastructure

Test and measurement (including handheld devices)

GENERAL DESCRIPTION

This user guide describes the hardware of the AD9550 eval-
uation board. The AD9550 evaluation board is a compact,
easy-to-use platform for evaluating all features of the AD9550
integer-N clock translator.

The AD9550 is a phase-locked loop (PLL) based clock trans-
lator designed to address the needs of wireline communication
and base station applications. The device employs an integer-N
PLL to accommodate the applicable frequency translation
requirements. It accepts a single-ended input reference signal
at the REF input.

The AD9550 is pin programmable, providing a matrix of
standard input/output frequency translations from a list of
15 possible input frequencies to a list of 52 possible output
frequency pairs (OUT1 and OUT?2).

The AD9550 output is compatible with LVPECL, LVDS, or
single-ended CMOS logic levels, although the AD9550 is
implemented in a strictly CMOS process.

The AD9550 operates over the extended industrial temperature
range of —40°C to +85°C.

DIGITAL PICTURE OF THE AD9550 EVALUATION BOARD
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Figure 1. AD9550 Evaluation Board

PLEASE SEE THE LAST PAGE FOR AN IMPORTANT
WARNING AND LEGAL TERMS AND CONDITIONS.
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EVALUATION BOARD HARDWARE

The following instructions are for setting up the physical
connections to the AD9550 evaluation board.

SETTING UP THE POWER CONNECTIONS

Set up the power connections as follows:

1. The AD9550 evaluation board is powered via the TB1
connector located in the top center of the evaluation board.
Connect Pin 1 and Pin 5 to ground. Connect Pin 2, Pin 3,
Pin 4, and Pin 6 to a 3.3 V power supply.

2. Pin 2, Pin 3, Pin 4, and Pin 6 may be tied together as well
as Pin 1 and Pin 5, for ease of use.

SETTING UP THE SIGNAL CONNECTIONS

After setting up the power connections, use the following
procedure to set up the signal connections:

1. Connecta 3.3 V CMOS signal, with the intended input
frequency, to the reference input (SMA Connector J1,
labeled REFA). By default, the reference input of this
evaluation board is dc-coupled.

2. The AD9550 does not support a differential input or a
secondary input (REFB).

3. Connect a measurement device (such as oscilloscope,
spectrum analyzer, or frequency counter) to any of the
SMA Connectors J3 through J6. By default, the output
signals of the AD9550 evaluation board are ac-coupled
with a 100 Q differential termination.

PROGRAMMING THE AD9550 GUIDELINES

The AD9550 is programmed via pin programming, that is,
setting the logic levels on the frequency select pins of the device,
which is accomplished by using the DIP switches located on
four switch groupings, S1 through S4, located at the bottom
right of the AD9550 evaluation board. Within the frequency
select pins are three subsets of pins, A[3:0], Y[5:0], and
OM][2:0], which together determine the AD9550 operation. The
A[3:0] pins define the expected reference input frequency, the
Y[5:0] pins define the output frequency, and the OM[2:0] pins
define the output drivers. Once the user-defined pin
combinations are implemented via the DIP switches and the

expected reference input frequency is preset, the RESET pin
should be toggled low to high to reset the AD9550, load the part
settings defined by the frequency select pins, and assert an
autocalibration on the VCO. Note that some A[3:0] and Y[5:0]
pin combinations are not compatible or may require the
changing of external loop filter components on the evaluation
board (described in further detail in the Loop Filter section). To
avoid this, verify the chosen frequency select pin combinations
with Table 4.

DIP SWITCH PIN CONTROL DESCRIPTIONS
A[3:0] Pins

These pins define a four-digit binary value, which is decoded to
a set of predetermined input frequencies, described in Table 2.
These pins are located on Switch Group S3.

Y[5:0] Pins

These pins define a six-digit binary value, which is decoded to a
set of predetermined output frequencies, described in Table 3.
These pins are located across Switch Group S1 and Switch
Group S2. Note that the A[3:0] and Y[5:0] pin combination
determines the charge pump current and feedback divider of
the PLL (see Table 4).

OM[2:0] Pins

These pins define a three-digit binary value, which is decoded
to a set of predetermined output driver modes for the two
output clocks, described in Table 1. These pins are located on
Switch Group S4.

Table 1. Logic Family Assignment via the OM[2:0] Pins

Logic Family

OMI[2:0] OUT1 ouT2
000 LVPECL LVPECL
001 LVPECL LVDS
010 LVDS LVPECL
011 LVPECL CMOS
100 LVDS LVDS
101 LVDS CMOS
110 CMOS LVDS
111 CMOS CMOS

RESETB Pin

This pin performs a hard reset of the AD9550. It also asserts
an autocalibration of the VCO, though this calibration is
only effective if the frequency select pins are set to a valid
combination and a valid reference input frequency, as
determined by the A[3:0] pins, at the time that RESETB is
brought high.

REFB_SEL Pin

The AD9550 supports only one reference input and; therefore,
this pin is tied to a logic low state.
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Table 2. Pin-Configured Input Frequency, A[3:0] Pins

A[3:0] frer (MHz) | Divide-by-5' x2' | R (Decimal)
0000 Not used

0001 0.008 Bypassed On 1
0010 1.536 Bypassed Bypassed 96
0011 2.048 Bypassed Bypassed 128
0100 16.384 Bypassed Bypassed 1024
0101 19.44 Bypassed Bypassed 1215
01102 25 Bypassed On 3125
0111 38.88 Bypassed Bypassed 2430
1000 61.44 Bypassed Bypassed 3840
1001 77.76 Bypassed Bypassed 4860
1010 122.88 Bypassed Bypassed 7680
1011 125 On On 3125
1100 1.544 Bypassed On 193
11013 155.52 Bypassed Bypassed 59
1110* 250r77.76 Bypassed Bypassed 16
RN 200/3 Bypassed Bypassed 5000

' For divide-by-5 and x2 frequency scalers, on indicates active.

2Using A[3:0] = 0110 to yield a 25 MHz to 125 MHz conversion provides a loop bandwidth of 170 Hz. An alternate 25 MHz to 125 MHz conversion uses A[3:01= 1110,
which provides a loop bandwidth of 20 kHz.

3 A[3:0] = 1101 only work with Y[5:0] = 101101 through 110010.

4 A[3:0] = 1110 only work with Y[5:0] = 110011 or 111111.

Table 3. Pin-Configured Output Frequency, Y[5:0] Pins

Y[5:0] fuco (MHz) | four: (MHz2) | four2 (MHz) Po | P P2
000000 Not used

000001 3686.4 245.76 245.76 5 3 3
000010 3686.4 245.76 122.88 5 3 6
000011 3686.4 245.76 61.44 5 3 12
000100 3686.4 245.76 16.384 5 3 45
000101 3686.4 245.76 2048 5 3 360
000110 3686.4 245.76 1.536 5 3 480
000111 3686.4 122.88 122.88 5 6 6
001000 3686.4 122.88 61.44 5 6 12
001001 3686.4 122.88 16.384 5 6 45
001010 3686.4 122.88 2048 5 6 360
001011 3686.4 122.88 1.536 5 6 480
001100 3686.4 61.44 61.44 5 12 12
001101 3686.4 61.44 16.384 5 12 45
001110 3686.4 61.44 2.048 5 12 360
001111 3686.4 61.44 1.536 5 12 480
010000 3686.4 16.384 16.384 5 45 45
010001 3686.4 16.384 2048 5 45 360
010010 3686.4 16.384 1.536 5 45 480
010011 3686.4 2048 2048 5 360 360
010100 3686.4 2048 1536 5 360 480
010101 3686.4 1,536 1536 5 480 480
010110 3750 156.25 156.25 6 4 4
010111 3750 156.25 125 6 4 5
011000 3750 156.25 25 6 4 25
011001 3750 125 125 6 5 5
011010 3750 125 25 6 5 25
011011 3750 25 25 6 25 25
011100 373248 155.52 155.52 6 4 4
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Y[5:0] fvco (MH2z) four: (MHz) four2 (MHz) Po P, P
011101 373248 155.52 77.76 6 4 8
011110 3732.48 155.52 19.44 6 4 32
011111 3732.48 77.76 77.76 6 8 8
100000 3732.48 77.76 19.44 6 8 32
100001 3732.48 19.44 19.44 6 32 32
100010 3686.4 153.6 153.6 6 4 4
100011 3686.4 153.6 122.88 6 4 5
100100 3686.4 153.6 61.44 6 4 10
100101 3686.4 153.6 2.048 6 4 300
100110 3686.4 153.6 1.536 6 4 400
100111 3600 100 100 6 6 6
101000 3600 100 50 6 6 12
101001 3600 100 25 6 6 24
101010 3600 50 50 6 12 12
101011 3600 50 25 6 12 24
101100 3705.6 1.544 1.544 6 400 400
101101 ~3985.53 fo! fo! 6 1 1
101110 ~3985.53 fo! fo/2' 6 1 2
101111 ~3985.53 fo! fo/4! 6 1 4
110000 ~3985.53 fo/2 fo/2' 6 2 2
110001 ~3985.53 fo/2' fo/4! 6 2 4
110010 ~3985.53 fo/4 fo/4! 6 4 4
110011 373248 622.08 622.08 6 1 1
110100t0 111110 Undefined
111111 3750 125 25 |5 |6 30
'fo=39,191.04/59 MHz.
Table 4. Pin Configuration vs. PLL Feedback Divider Value and Charge Pump Value
A[3:0] Y[5:0] N’ CP?
0001 to 1100 000001 to 010101 230,400 121
010110t0 011011 234,375 121
011100 to 100001 233,280 121
100010 to 100110 230,400 121
100111to 101011 225,000 121
101100 231,600 121
101101 to 111111 Undefined
1101 000001 to 101100 Undefined
101101 to 110010 1512 255
110010to 111111 Undefined
1110 000001 to 110010 Undefined
110011 768 121
110100to 111110 Undefined
111111 2400 121
1111 000001 to 010101 276,480 145
010110to 011011 281,250 145
011100 to 100001 279,936 145
100010to 100110 276,480 145
100111 to 101011 270,000 145
101100 277,920 145
101101 to 111111 Undefined

" PLL feedback divider value (decimal).
2 Charge pump value (decimal). Multiply by 3.5 pA to yield lcp.

Rev.0|Page 5 of 8


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

UG-203

LOOP FILTER

The internal portion of the loop filter has two configurations:
one is for low loop bandwidth applications (~170 Hz) and the
other is for medium (~20 kHz)/high (~75 kHz) bandwidth
applications. The low loop bandwidth condition applies when
the feedback divider value (N) is 2'* (16,384) or greater. Other-
wise, the medium/high loop bandwidth configuration is in
effect. The feedback divider value depends on the configuration
of the A[3:0] and Y[5:0] pins per Table 4.
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Figure 2. External Loop Filter
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The bandwidth of the loop filter primarily depends on three
external components: R, C1, and C2 (labeled on the evaluation
board as R48, C15, and C3, respectively). There are two sets of
recommended values for these components corresponding to
the low and medium/high loop bandwidth configurations (see
Table 5).

Table 5. External Loop Filter Components

Loop
A[3:0] Pins R Cc1 c2 Bandwidth
0001to 1100and 1111 | 6.8kQ | 47 nF | 1 yF 0.17 kHz
1110 12kQ | 51pF | 220nF | 20 kHz
1101t0 1110 12kQ | 51pF | 220nF | 75kHz

'The 20 kHz loop bandwidth case only applies when the A[3:0] pins= 1110
and the Y[5:0] pins=111111.

To achieve the best jitter performance in applications requiring
a loop bandwidth of less than 1 kHz, C1 and C2 must have an
insulation resistance of at least 500 QF.

The evaluation board comes preconfigured with the external
loop filter components required for the low loop bandwidth
setting. However, it is good practice for any frequency select pin
combination to reference Table 5 for loop filter validation. For
more detail on the AD9550 loop filter, reference the AD9550
data sheet.

PLL LOCKED INDICATOR

The PLL provides a status indicator (LOCKED) that appears at
SMA Connector J2 and LED CR2. When the PLL acquires
phase lock, the LOCKED pin switches to a Logic 1 state. When
the PLL loses lock, however, the LOCKED pin returns to a
Logic 0 state.

USING DIP SWITCHES

1. Determine the desired reference input frequency, output
frequencies, and output drivers by referencing Table 2,
Table 3, and Table 1 respectively and set the DIP switches
appropriately.

2. Reference Table 5 to confirm the preprogrammed loop
bandwidth and that the components of the evaluation
board external loop filter match those required to the
current frequency select pin combination.

3. Set up the power and signal connections to the evaluation
board according to the Evaluation Board Hardware
section.

4. Toggle the RESETB DIP switch, to apply the pin settings
and calibrate the VCO.

5. Confirm that the PLL is locked by observing the lock
detect signal via LED CR2 or SMA Connector J2. If this
signal is low, confirm the reference input frequency and
external loop filter components. If these are correct, initiate
another VCO calibration by toggling the RESETB DIP
switch again.

6. Observe the output via the connected lab measurement
equipment.
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NOTES

ESD Caution
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
m circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board"), you are agreeing to be bound by the terms and conditions
set forth below ("Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation Board until you
have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”) and Analog Devices, Inc.
("ADI"), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to Customer a free, limited, personal,
temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that the Evaluation Board is provided
for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made subject to the following additional
limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third Party to access the Evaluation Board. As used herein, the term
“Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold to Customer; all rights not expressly granted herein, including
ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be considered the confidential and proprietary information of ADI. Customer may
not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of use of the Evaluation Board or termination of this Agreement, Customer agrees to
promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any
occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited to soldering or any other activity that affects the material content of the Evaluation Board.
Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice
to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO
WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED
TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL
PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER'S POSSESSION OR USE OF
THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE
AMOUNT OF ONE HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable
United States federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of
Massachusetts (excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby
submits to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.

©2010 Analog Devices, Inc. All rights reserved. Trademarks and ANALOG
registered trademarks are the property of their respective owners.
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