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USING THE RATE-LOCKED-LOOP (RLL) MODE

1.0 INTRODUCTION

The RLL mode of the GC3011 chip is used to convert an input data rate to an output data rate when
the exact ratio between the rates is unknown. The RLL mode drives the resampling ratio to a value which

keeps the chip’s output FIFO half full. A block diagram of the chip operating in this mode is shown below:

Input Input
Clock Data

IN
INTERPOLATION
RATIO

2"A OR CLEAR
32 bits

A 4

RATIO

RESAMPLING
FILTER

2B orcLear w

RATE-LOCKED-LOOP
FILTER

v

VALID _ OUT

A 4
IN

OUTPUT
FIFO

Output I
Clock

ouT

Half Full Flag output

Data

Figure 1. Resampler in RLL Mode

The restrictions on this mode is that the output rate must be less than the input rate, but not less
than one-fourth the input rate. If one wishes to up or down sample the data, then one should use the

GC2011 Digital Filter chip to double the data rate before using the GC3011 chip to downsample.



2.0 LOOP PARAMETERS

One controls the RLL mode by setting the initial interpolation ratio and the loop filter parameters A
and B as shown in Figure 1. The interpolation ratio is the ratio of the input clock rate to the output clock rate.
The ratio should be preset to an estimate of the resampling ratio if it is known, other wise it should be set to

2. The ratio is programmed as a 32 bit integer formatted as:

RATIO = (desired ratio) * 23°

For example, a resampling ratio of 2.0 would be programmed as 231 = (HEX) 80000000 and a
resampling ratio of 1.5 would be (HEX) 60000000.

The values of A and B are critical to in order to insure loop convergence and stability. The matrix
shown in the following table shows which combinations of A and B will converge, and what jitter
performance can be expected for each combination. No entry in the table means that it was unstable and a
U in the table indicates that the jitter was unacceptable. The number in the table is the peak to peak residual
jitter measured in parts per 1000 of the output clock period. One can show that the worst case rms noise
level due to a jitter of one part per 1000 is A*0.8*17(2450), where A is the rms amplitude of the signal. This

means that the worst case noise level is 60 dB below the signal level.

The -60 dB noise level due to jitter is for a sinewave near 40% of Fg;, where Fg; is the output

sample rate. The noise level will be lower for broadband signals and sinewaves at lower frequencies.

Table 1: LOOP PARAMETERS

B
A
16 17 18 19 20 21 22 23 24

8 U U U U U

9 U U U U

10 U 2 15 15 2 U

11 U 15 1 13 4 U
12 U
13 U U U
14

As one can see the loop filter shows the minimum jitter at A=11 and B=19 or 20.



3.0 SUGGESTED OPERATING PROCEDURE

To use the RLL mode the user should initialize the control registers with the following settings

Table 2: INITIAL CONTROL REGISTER SETTINGS

Register Value (hex) Comment
0 00 Ratio
1 00
2 00
3 80
4 00 No offset
5 COo
6 0B A=11
7 D3 B=19
8 FF Force al syncs
9 30 Counter is unused
10 03 reset FIFO
11 00 PLL isunused
12 20
13 00 used for status selection

and then turn on the RLL mode by setting registers 8 and 9 to 0. The RLL is locked when the FIFO depth
toggles between 7 and 8 and the FE (FIFO ERROR) output pin stays low.



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Clocks and Timers www.ti.com/clocks Digital Control www.ti.com/digitalcontrol
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
RFID www.ti-rfid.com Telephony www.ti.com/telephony
RF/IF and ZigBee® Solutions www.ti.com/Iprf Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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