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Improved System Performance with Digital Frequency Tuning
in Precision Super-TCXOs
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1 Introduction

Historically, frequency tuning has been achieved through pulling the frequency using a voltage input.
This type of frequency control device is called a VCXO (voltage controlled oscillator). A large number of
TCXO (temperature compensated oscillator) applications use a voltage control function for frequency
tuning during operation. These devices are often called VCTCXOs or TCVCXOs. An alternative method for
tuning frequency is by use of a digital input.

Several SiTime Elite Platform™ Super-TCXO™ families, listed in Table 1, offer both voltage control and
digital control for frequency tuning. This application note provides information on the DCO mode
(digitally controlled oscillator mode) of these precision Super-TCXO families which support digital input
through an I°C digital interface. Using the DCO mode, the output frequency can be continuously pulled
within the specified pull range. The pull range can be changed in-system to one of 16 available pull
range options, from +6.25 to +3200. Additionally, DCO mode allows users to control the output enable
(OE) state of the device through the writes to the device’s registers (corresponding part number option
has to be selected).
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Table 1: SiTime Super-TCXO devices with digital control

Family Frequency Range (MHz) Freg. Stability (ppm) Output Signal Type(s)
SiT5155 10 std. frequencies 0.5, 1.0, £2.5

LVCMOS, clipped sinewave
SiT5156 1to 60 +0.5,+£1.0,£2.5
SiT5157 60.000001 to 220 +0.5, £1.0, £2.5 LVCMOS
SiT5356 1to 60 +0.1, £0.2, £0.25 LVCMOS, clipped sinewave
SiT5357 60.000001 to 220 0.1, £0.2, £0.25 LVCMOS
SiT5358 1to 60 +0.05 LVCMOS, clipped sinewave
SiT5359 60.000001 to 220 +0.05 LVCMOS
SiT5186* 1to 60 +0.5, +1.0, £2.5 LVCMOS, clipped sinewave
SiT5187* 60.000001 to 220 +0.5, £1.0, £2.5 LVCMOS
SiT5386* 1to 60 +0.1, £0.2, £0.25 LVCMOS, clipped sinewave
SiT5387* 60.000001 to 220 +0.1, £0.2, £0.25 LVCMOS

* AEC-Q100 Compliant

DCO mode offers multiple advantages compared to voltage control including reduced BOM cost by
eliminating the DAC (digital-to-analog converter) and shrinking the PCB area (if an external DAC is used),
simplified design, greater flexibility, increased noise immunity, and improved system performance.

1.

Frequency control resolution as low as 5E-12 — This high resolution minimizes accumulated
time error in synchronization applications.

Lower system cost — Traditional VCXOs require a DAC to drive the control voltage input. In a
DCO, the frequency control is achieved digitally by writing to the control registers using a serial
interface, eliminating the need for a DAC.

Better noise immunity — The analog signal that is used to drive the voltage pin of a VCXO can be
sensitive to noise and the trace over which the signal is routed can be susceptible to noise
coupling from the system. Because frequency control for the DCOs is performed over a digital
interface, they do not suffer from analog noise coupling.

No frequency pull non-linearity — The frequency pulling is achieved via a fractional feedback
divider of the PLL, eliminating any pull non-linearity that is sometimes associated with quartz-
based VCXOs. Better pull range linearity improves the dynamic performance in closed loop
operations.

Programmable wide pull range — Because the pulling mechanism is achieved via a fractional
feedback divider, it is not constrained by resonator pullability as it is in quartz-based solutions.
SiTime digitally controlled oscillators have 16 frequency pull range options from +6.25 ppm to
+3200 ppm, offering system designers greater flexibility.
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2 Theory of Operation

Figure 1 shows a high-level block diagram of the DCO.

Digital
Control
_ OE
Pull value LSW 0x00[15:0] .
0: Disabled
Pull value MSW 0x01[9:0] 1: Enabled
Pull range  0x03([3:0] 0x01[10]

47 MHz

-

Figure 1: Digitally Controlled Oscillator High-Level Block Diagram

2.1 Digital Control

The device powers up at the nominal operating frequency and pull range specified by the ordering code.
After power-up, both the pull range and output frequency can be controlled via digital interface writes
to the respective control registers. The maximum output frequency change is constrained by the pull
range limits. Pull ranges are specified in the form of half of the peak-to-peak deviation (e.g. £100 ppm
which is 200 ppm peak-to-peak).

The pull range is specified by the value loaded to the digital pull range control register (Reg2[3:0]). The
16 pull range choices are documented in the control register and range from +6.25 ppm to +3200 ppm.
Table below shows the frequency resolution vs. pull range programmed value along with the
corresponding programming codes.
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Table 2: Frequency Resolution vs. Pull Range

Reg2[3:0] Programmed Pull Range = Frequency Resolution
0000b +6.25 ppm 5x10-12
0001b +10 ppm 5x10-12
0010b +12.5 ppm 5x10-12
0011b +25 ppm 5x10-12
0100b +50 ppm 5x10-12
0101b +80 ppm 5x10-12
0110b +100 ppm 5x10-12
0111b +125 ppm 5x10-12
1000b 1150 ppm 5x10-12
1001b +200 ppm 5x10-12
1010b +400 ppm 1x10-11
1011b 1600 ppm 1.4x10-11
1100b +800 ppm 2.1x10-11
1101b 11200 ppm 3.2x10-11
1110b 11600 ppm 4,7x10-11
1111b 13200 ppm 9.4x10-11

The frequency offset (in ppm) is specified by the 26-bit DCO frequency control register in two’s
complement format. The power-up default value is 00000000000000000000000000b which sets the
output frequency at its nominal value (0 ppm). To change the output frequency, a frequency control
word is written to Reg0[15:0] (least significant word, LSW) and Reg1[9:0] (most significant word, MSW).
The LSW value should be written first followed by the MSW value; the frequency change is initiated
after the MSW value is written.

After the MSW pull value is written, control logic changes the feedback divider value during Tdelay
timeframe to accommodate the new frequency. Then the output frequency starts to change and settles
to 1% of the final frequency value within the Tsettle timeframe (see Figure 2).

Serilfr::a‘a: : : ><PuIIControIWordBin (Lsw) > PullControlWordBin (MSW)>I< : : : I_ : : : : : ::: : : : : : : : :
oo mwwww
Frequency FO | FO | FOtoF1 : F1
| | transient |
;<Tdelay>;< Tsettle >!

Figure 2: Frequency Pulling Timing Diagram

The device output is not disabled during frequency change. Therefore if the software output enable (OE)
control function is enabled, the user can disable output manually for frequency change period.
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I Important note: Maximum digital control update rate is 38 kHz regardless of digital interface bus speed.

2.2 Additional Functions

Output is enabled/disabled within the Tenable/Tdisable time after the control word containing OE bit is
written to the device.

. —_—— I —_— = _|. _______________
Serll?'lq:ata >< DisableCommand |

Output | — S
Frequency | : - —

I Tdisable |
1 1
I I
. —_—_— - I _—_— - _|. _______________
Serial data >< EnableCommand |
line —_—_/~—_ - @@ @ SN - __
I I
- — ! | - —
Output K
Frequency — — — I | - —
Output | |
disabled |

Figure 3: Output Enable/Disable Timing Diagram

3 Frequency Pulling

Following is the procedure for frequency pulling of SiTime digitally controlled oscillators:
1. Calculate the fraction of the target pull value (targetPull) relative to the pull range (pullRange):

targetPull Eq.1
pullRange

fractionPull =

2. Multiply the fraction of the target pull value by the full half scale word value and round to the
nearest whole number:

pullControlWordDec = round ( fractionPull = 2% —1) Eq. 2

3. Convert the result of step 2 to two’s complement binary (pullControlWordBin).
Read Regl value from the device as it may include control bits for other settings.
5. Form the register content for writing:

a. Reg0[16:0] — pullControlWordBin[15:0] (LSW)

b. Regl[9:0] — pullControlWordBin[25:16] (MSW)

c. Regl[15:10] — Do not change
6. Write registers with the sequence as follows:

a. Reg0

b. Regl

E
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4 Additional Functions

The output driver can be enabled or disabled through control registers. (The corresponding part number
option should be selected to enable this function. Refer to the datasheet of the selected product family).
To enable the output driver, Reg1[10] (address 0x01) should be set to 1; to disable set it to 0.

Important note: By default (at startup) output is disabled in this mode and should be enabled by
appropriate write operation after start-up.

5 Evaluation Tools

The SiT6722EB evaluation board (EVB) is designed for use with SiTime TCXOs. It supports the
5.0 x 3.2 mm 10-pin ceramic package. This EVB enables users to evaluate all aspects of the TCXO devices
including signal integrity, phase noise, phase jitter, and output frequency digital control via I°C interface.

EVB Features:

Support for all three Super-TCXO configuration modes: TCXO, VCTCXO, and DCTCXO

Probing points for frequency measurements

Connector access for controlling the output frequency via I°C interface

Connector for current measurement

SiTime typically ships the EVB with the Super-TCXO mounted using SiTime-recommended reflow profile.
The Super-TCXO device should only be evaluated in its original soldered down state for best signal
integrity and frequency stability. The device performance is not guaranteed if it is de-soldered and then
re-soldered either manually or via reflow process.

More details can be found in the SiT6722EB EVB user manual.
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Appendix A: Frequency Pulling Examples

Example 1

Pull range: £200 ppm (pullRange)

Default output frequency: 156.25 MHz

Desired output frequency: 156.2640625 MHz (targetPull = +90 ppm)

Follow this frequency pulling procedure:

1. fractionPull = +90 /200 = 0.45
2. pullControlWordDec = round(0.45 * 2%-1) = round(15,099,493.95) = 15,099,494
3. pullControlWordBin = 111001100110011001100110b = OxE66666

Don’t care OEcontrol[0] pullControlWordBin[25:16]

14 | 13 12 10 9 8 7 6 5 4 3 2 1
Regl

Do not 0 0111 00 1 1
change
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Example 2

Pull range: +200 ppm (pullRange)

Default output frequency: 122.88 MHz

Desired output frequency: 122.873856 MHz (targetPull = -50 ppm)
Follow this frequency pulling procedure:

1. fractionPull =-50 /200 = -0.25
2. pullControlWordDec = round(-0.25 * 2%-1) = round(-8,388,607.75) = -8,388,608
3. pullControlWordBin = 11100000000000000000000000b = 0x3800000

25 24 23 22 21 20 19|18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

4. Register content for the writing is:

pullControlWordBin[15:0]
Reg0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
0O 0 0 0O O O O OO OOU OTUOTU OO

Don’t care OEControl[0] pullControlWordBin[25:16]
Regl 14 ‘ 13 12 11 10 9 8 7 ‘ 6 5 4 3 ‘ 2 1
0 0 ‘ 0O 0 O X 1 1 1 ‘ 0 0 0O ‘ 00
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Table 1: Revision History

Version Release Date Change Summary

1.0 01/29/2019 Initial release

SiTime Corporation, 5451 Patrick Henry Drive, Santa Clara, CA 95054, USA | Phone: +1-408-328-4400 | Fax: +1-408-328-4439

© 2019 SiTime Corporation. The information contained herein is subject to change at any time without notice. SiTime assumes no responsibility or liability for any loss,
damage or defect of a Product which is caused in whole or in part by (i) use of any circuitry other than circuitry embodied in a SiTime product, (ii) misuse or abuse including
static discharge, neglect or accident, (iii) unauthorized modification or repairs which have been soldered or altered during assembly and are not capable of being tested by
SiTime under its normal test conditions, or (iv) improper installation, storage, handling, warehousing or transportation, or (v) being subjected to unusual physical, thermal, or
electrical stress.

Disclaimer: SiTime makes no warranty of any kind, express or implied, with regard to this material, and specifically disclaims any and all express or implied warranties, either in
fact or by operation of law, statutory or otherwise, including the implied warranties of merchantability and fitness for use or a particular purpose, and any implied warranty arising
from course of dealing or usage of trade, as well as any common-law duties relating to accuracy or lack of negligence, with respect to this material, any SiTime product and any
product documentation. Products sold by SiTime are not suitable or intended to be used in a life support application or component, to operate nuclear facilities, or in other mission
critical applications where human life may be involved or at stake. All sales are made conditioned upon compliance with the critical uses policy set forth below.

CRITICAL USE EXCLUSION POLICY
BUYER AGREES NOT TO USE SITIME'S PRODUCTS FOR ANY APPLICATION OR IN ANY COMPONENTS USED IN LIFE SUPPORT DEVICES OR TO OPERATE
NUCLEAR FACILITIES OR FOR USE IN OTHER MISSION-CRITICAL APPLICATIONS OR COMPONENTS WHERE HUMAN LIFE OR PROPERTY MAY BE AT STAKE.

SiTime owns all rights, title and interest to the intellectual property related to SiTime's products, including any software, firmware, copyright, patent, or trademark. The sale of
SiTime products does not convey or imply any license under patent or other rights. SiTime retains the copyright and trademark rights in all documents, catalogs and plans
supplied pursuant to or ancillary to the sale of products or services by SiTime. Unless otherwise agreed to in writing by SiTime, any reproduction, modification, translation,
compilation, or representation of this material shall be strictly prohibited.
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