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1. Market Overview 

 How is the growth of 5G affecting time sensitive applications at the newtork edge? 

The rapid adoption of 5G is driving explosive growth in edge 

deployments from public and private telecom networks to edge 

datacenters, industrial IoT, and autonomous vehicles. By 2025 the 

5G radio access network (RAN) is expected to support over 30% of 

all mobile internet connections, server shipments to edge 

datacenters will grow by 4000% from 2020, and 22 million 

autonomous vehicles will be on the road. The substantial increase 

in data being shared across the network edge, along with demands 

for faster speeds and lower latency, is in turn accelerating and 

compounding the need for precision time. This trend appears in a 

broad set of applications at the edge. The 5G access network 

requires each radio to be synchronized within 130 ns, 10X more 

stringent than 4G. Hosted financial transactions need time stamps 

accurate within 50 micro-seconds to meet regulatory requirements 

and IoT sensors need to maintain under one millisecond of time 

error over 30 days or more. 

 How are timing requirements for edge applications changing beyond time accuracy?   

In addition to the growing need for precise time, today’s oscillators 

need to be more environmentally robust, reliable, smaller, and 

lower power than ever before. Rapid thermal shock and vibration 

are common occurrences in outdoor environments where radio 

units, edge datacenters, vehicles are increasingly prevalent. 

Compact devices like small cell radio units and remote sensors are 

driving precise timing solutions to be smaller and lower power. 

Finally, as mission critical applications like the 5G network and 

autonomous vehicles become increasingly dependent on precise 

time, quality and reliability need to improve dramatically.  

 What precision oscillators does SiTime offer for applications at the network edge?  

SiTime offers a full range of precision Super-TCXOs and OCXOs 

that support at wide array of applications from the network edge 

to industrial infrastructure and aerospace and defense. Elite X fills 

an important role in SiTime’s portfolio, extending the 

performance of the existing Elite Super-TCXO family to meet the 

Emerald OCXO. With Elite X, customers can now choose the best 

device at any level of dynamic performance between ±2.5 ppm 

and ±5 ppb frequency stability over temperature while getting the 

elevated environmental robustness and reliability they’ve come to 

expect of SiTime’s MEMS timing solutions. 
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Product 
Elite  

Super-TCXO 

Elite X 

Super-TCXO 

Emerald  

OCXO 

Target Use Case 
IEEE1588 Clock 

Recovery 

IEEE1588 Clock Recovery 

Short term holdover 

IEEE1588 Clock 
Recovery Extended 

Holdover 

Stability-over-Temp ±50 to ±2,500 ppb ±10 to ±20 ppb ±5 to ±8 ppb 

dF/dT ±3.5 ppb/°C ±0.5 ppb/°C ±0.15 ppb/°C 

Holdover (1.5 µsec) 1/2 hour 1 - 2 hours 4 - 8 hours 

 

2. Elite X Super-TCXO Product Overview 

 What is the Elite X Super-TCXO? 

The Elite X Super-TCXO is an innovative Stratum 3E MEMS Super-

TCXO designed to obsolete quartz miniature OCXOs in network 

edge applications, delivering superior dynamic performance while 

consuming less power in a smaller and more robust ceramic 

package. Elite X is the highest performance device included in 

SiTime’s Elite Super-TCXO platform. This platform leverages 

SiTime’s unique DualMEMS™ architecture with 

TurboCompensation™. Elite X is engineered to solve deep-rooted 

timing problems in high-performance applications such as 

telecom, networking, and aerospace-defense equipment. The 

Elite X Super-TCXO delivers the most stable timing in the presence 

of environmental stressors. SiTime’s Elite X Super-TCXO delivers 

the highest performance, best reliability, and the highest quality 

of service under real life operating conditions. 

 How big is the market for the Elite X Super-TCXO? 

The market for the Elite X Super-TCXO will grow to $175M by 

2025, $100M of which will be at the network edge. The size of the 

market is a SiTime estimate.  

 How do system engineers and end users benefit from the Elite X Super-TCXO? 

In addition to the growing need for precise time, today’s 
oscillators need to be more environmentally robust, reliable, 
smaller, and lower power than ever before. Elite X prevents 
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engineers from having to make difficult compromises between 
performance, power, size, and reliability.  

The Elite X Super-TCXO’s dynamic performance is crucial to 
network edge applications where rapid thermal shock and 
vibration are common occurrences such as radio units, edge 
datacenters, and autonomous vehicles. Elite X also enables more 
accurate packet based synchronization in space constrained 
devices like small cell radio units. With the low current 
consumption of Elite X, power sensitive and battery operated 
edge devices like remote sensors can be deployed for longer 
periods of time compared to similar devices using a miniature 
OCXO. Finally, engineers for mission critical applications like 
autonomous vehicles need time accuracy that is pushing the limits 
of quartz TCXOs, but they cannot accept the poor quality and 
reliability of quartz miniature OCXOs. Elite X delivers leading 
dynamic performance in addition to environmental robustness 
and reliability, empowering connected vehicles while keeping the 
end user safe. 

 How is the Elite X Super-TCXO different from quartz TCXOs and OCXOs? 

The Elite X Super-TCXO creates a new class for timing solutions, 

outperforming quartz TCXOs with ±10 ppb stability over temperature 

without the drawbacks associated with quartz OCXOs. By leveraging 

SiTime’s unique DualMEMS™ architecture with 

TurboCompensation™, Elite X can detect temperature changes as 

small as 30 micro-Kelvin, 10 times more accurate than quartz TCXOs 

and compensate for temperature changes 40 times faster than a 

quartz TCXO. In combination with SiTime’s advanced thermal 

compensation technology, the silicon manufacturing process allows 

for detailed over temperature trimming unique to each device, 

enabling Elite X to achieve ±10 ppb stability over temperature, a level 

of precision beyond the capability of any quartz TCXO. Unlike an 

OCXO, there is no heating element in the Elite X Super-TCXO. 

Removing the heating element allows for an operating temperature 

of 105°C, higher than quartz OCXOs, while significantly reducing both 

the power consumption and size of the device. In addition to being 

large and generally consuming over 400 mW of power, passive 

components and solder joints are increasingly prone to failure after 

years of operation at internal temperatures above 85°C, leading for 

the quartz OCXO’s reputation for poor reliability.  
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 What applications in the network edge benefit from the Elite X Super-TCXO? 

The typical edge applications for the Elite X Super-TCXO include: 

• SONET/SDH Stratum 3E and Stratum 3 

• Synchronous Ethernet (G.8262, Options 1 and 2) 

• Edge grandmasters 

• Edge datacenters 

• Remote radio units, small cells, and femtocells 

• Packet based timing, including IEEE 1588 PTP 

• Carrier routers and switches 

• Microwave backhaul 

• Remote sensors 

• Industrial Infrastructure 

• Vehicle to Everything (V2X) and ADAS 

• Test instrumentation 

• GNSS and critical asset tracking 

• Ruggedized communication systems 

 What are the key features of the Elite X Super-TCXO? 

The Elite X Super-TCXO is an innovative MEMS timing solution, 

unmatched by quartz TCXOs and miniature OCXOs. The key 

benefits of Elite X include: 

• 1 to 60 MHz any frequency output 
• ±10 ppb stability over temperature 
• -40 to 105°C temperature range 
• ±0.5 ppb/°C  stability over temperature slope 
• 0.5 ppb/day short term aging  
• 110 mW power consumption at 2.5V 
• 2E-11 Allan deviation at 10 seconds averaging time 
• 7.0 mm x 5.0 mm ceramic package  
• ±3200 ppm digital control 

 How does the Elite X Super-TCXO fit within SiTime’s precision product portfolio? 

Refer to section 1.3.  
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3. Technology Overview 

3. 

 How does the Elite X Super-TCXO achieve its dynamic performance? Can quartz TCXOs 

do the same? 

The Elite Super-TCXOs have an innovative DualMEMS architecture 

with TurboCompensation that is designed to deliver superior 

dynamic performance. 

Underlying this architecture is the world’s most accurate silicon 

temperature sensor. This temperature sensing scheme consists of 

two MEMS resonators fabricated on the same die (a unique 

construction that is only possible with semiconductors and not 

with quartz). One is designed with flat frequency characteristic 

over temperature; the second MEMS resonator is sensitive to 

temperature changes and acts as a temperature sensor. The ratio 

of frequencies between these two resonators provides an 

accurate reading of the resonator temperature with 30 µK 

resolution. 

This DualMEMS design eliminates thermal gradients between the 

resonator and the temperature sensor. There is no lag between 

the MEMS resonator and the MEMS temperature sensor as both 

resonators are physically located on the same die substrate and 

therefore have 100% thermal coupling. 
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This accurate DualMEMS temperature sensing structure is combined 

with a state-of-the-art temperature compensation circuit in the 

CMOS IC. The MEMS die is mounted on top of the mixed-signal 

oscillator IC, creating tight coupling between the MEMS and CMOS 

IC die. The TurboCompensation design, with compensation 

bandwidth that runs at 100s of Hz, achieves dynamic performance 

that is far superior to any quartz TCXO. 

Because DualMEMS share the same substrate, they are very tightly 

coupled. Additionally, the DualMEMS die is physically stacked on 

top of the oscillator/PLL IC thereby creating tight coupling between 

the MEMS and CMOS IC. With this tightly coupling arrangement, 

Elite X can sense and compensate for temperature transients much 

more quickly than a quartz-based solution. 

Quartz TCXO and OCXO performance is fundamentally hindered 

using a discrete temperature sensor that is located on the 

oscillator IC at a distance from the resonator. The quartz crystal 

is mounted on pads and connected to the oscillator IC through 

vias. A separation between the resonator and oscillator IC must 

be maintained so the crystal can freely vibrate. 

This physical separation between quartz resonator and 

temperature sensor results in a thermal lag which leads to 

frequency compensation error, especially during fast thermal 

transients. As a result, quartz TCXOs and OCXOs can generate 

abrupt and large frequency transients when subjected to airflow 

and/or temperature perturbation. 

 How does the Elite X Super-TCXO achieve its high reliability? 

To achieve their performance over temperature, Quartz OCXOs 

rely on heating the crystal to an ideally constant internal 

temperature, generally above 85°C. Over years of operation at 

these high temperatures, the passive components and solder 

joints inside the OCXO weaken and fail, causing the performance 

to dramatically deteriorate in the best cases total device failure in 

the worst cases. Alternatively, quartz TCXOs use ceramic packages 

primarily for hermetic sealing, and proper sealing has been a 

concern for the quality and long-term reliability of these devices. 
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In contrast, SiTime’s silicon MEMS resonators are hermetically 

sealed at the wafer level through the high-temperature Epi-Seal™ 

process and does NOT need hermetic sealing at the package level, 

and therefore not subject to the same quality and reliability 

concerns as quartz devices. SiTime uses the ceramic package for 

its mechanical rigidness, leading to the lowest possible. Every Elite 

X Super-TCXO is trimmed, programmed, and tested after 

assembly to ensure best performance and quality. 

 

4. Availability and Supporting Collateral 

 What is the availability of the Elite X Super-TCXO? 

The Elite X Super-TCXO is sampling now and will be in mass 

production with the third quarter of 2022. 

 Are datasheets available? 

Yes, the datasheet can be requested from SiTime website. 

 Does SiTime have reliability test data and qualification report? 

Reliability and quality reports will be available at the time of mass 

production, within the third quarter of 2022. 

5. Terminology 

 What is an oscillator? 

An oscillator (XO) is an active device that uses a resonator and an 

oscillation circuit to generate a clock signal. XOs are also known as 

OSC and SPXO in various geographies. Typical frequency stability 

(variation of frequency over temperature) of XOs is between ±10 

and ±100 ppm. 
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 What is a TCXO? 

A TCXO is a temperature-compensated oscillator and is and active 

device. These devices typically have frequency stability of ±0.01 

ppm to ±5 ppm over the operating temperature range. These 

devices are used in applications where precision timing references 

are required such as high performance telecom and networking 

equipment including small cells, synchronous Ethernet, optical 

transports, and GNSS modules. 

 What is an OCXO? 

OCXO stands for oven controlled oscillator. These devices have 

very high stability, typically better than ±50 ppb, and more 

commonly in the range of ±1 to ±20 ppb. OCXOs achieve high 

stability by encasing the crystal along with temperature-sensing 

and compensation circuits inside a heated enclosure to create an 

oven with a relative constant temperature. A double-oven OCXO 

(an oven inside another oven) can reach <±1 ppb stability. 

Quartz OCXOs use complex constructions and consume high 

power, 400 mW for a low-grade OCXO to 2.5W for a double oven 

OCXO. Quartz OCXOs are generally larger than MEMS devices and 

suffer from inconsistent performance and poor reliability. 

 What is Stratum 3E? 

Five Stratum levels are defined by Bellcore GR-1288, Clock for 

Synchronized Network to represent intrinsic accuracy of reference 

clocks needed for certain levels of network performance. The 

lower the stratum level, the more accurate the clock is. 

• Stratum 1 

• Stratum 2 

• Stratum 3E 

• Stratum 3 

• Stratum 4 

A Stratum 3 clock has a free run stability of ±4.6 ppm over 20 

years and a hold-over requirement of ±0.37 ppm over 24 hours, 

both inclusive of frequency errors under all conditions. Stratum 

3E is a more accurate version of Stratum 3, with the same 
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±4.6 ppm free run stability, but with ±0.01 ppm over 24 hold-over 

spec, 37 times tighter than Stratum 3.  

 Why does SiTime use “X” within its product category names (i.e., TCXO)? 

While all of SiTime’s devices use MEMS technology (and not 

quartz crystal technology), we have chosen to not replace the “X” 

in the above acronyms with a “M” because these product 

category names have been established in the market for many 

decades and are associated with certain timing functions. As 

SiTime devices offer the same or better functionality, it causes 

less confusion to continue with the same well-known acronyms. 

 

 


