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This application note describes the crystal specifications requirements of VersaClock 7 devices. A list of 
recommended crystals and their vendors is also provided. 

 

Contents 
1. Introduction ................................................................................................................................................... 1 

2. VersaClock 7 External Crystal Characteristics .......................................................................................... 1 

3. Load Capacitance ......................................................................................................................................... 2 

4. Equivalent Series Resistance ...................................................................................................................... 3 

5. Using a Crystal Oscillator (XO) with VersaClock 7 .................................................................................... 4 

6. Drive Level .................................................................................................................................................... 5 

7. Operating Temperature ................................................................................................................................ 5 

8. Frequency Tolerance.................................................................................................................................... 5 

9. Aging ............................................................................................................................................................. 5 

10. List of Acceptable Crystals .......................................................................................................................... 6 

11. Revision History ........................................................................................................................................... 7 

 

1. Introduction 
The VersaClock 7 RC310xx/RC210xx family relies on a crystal as the reference to the analog PLL. To achieve 
optimum performance for a given application, the selection of the crystal must consider the nature of the 
application as well as the specifications of the devices. For more details on the requirements for selecting a 
crystal for timing applications, see the Choosing the Right Crystal for Clocking Devices application note. This 
application note describes the requirements for selecting a crystal for the RC210xx and RC310xx family of 
devices. 

2. VersaClock 7 External Crystal Characteristics 
Table 1 shows the specifications for the external crystal characteristics of the VersaClock 7 family of devices. To 
ensure stable operation of the crystal oscillator circuitry of the device, choose a crystal with specifications that 
fall within the requirements of the device. 

Table 1. External Crystal Characteristics 

Symbol Parameter Conditions Minimum Typical Maximum Unit 

- Resonance Mode - Fundamental - 

fINXTAL 
[1] Crystal input frequency Fundamental mode 8 - 80 MHz 

https://www.renesas.com/us/en/document/apn/choosing-right-crystal-clocking-devices?language=en
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Symbol Parameter Conditions Minimum Typical Maximum Unit 

ESR [1] Equivalent Series 
Resistance 

8MHz ≤ fINXTAL ≤ 12MHz, CL = 12pF - - 120 

Ω 
12MHz ≤ fINXTAL ≤ 28MHz, CL = 12pF - - 80 

28MHz ≤ fINXTAL ≤ 54MHz, CL = 12pF - - 50 

54MHz ≤ fINXTAL ≤ 80MHz, CL = 8pF - - 50 

CO [1] Shunt Capacitance - - 7 - 
pF 

CL [1] Load Capacitance - 6 8 12 

Drive [1] Drive Level - - - 100 µW 

FTOL Frequency Tolerance Center frequency at 25ºC - - 

[2] ppm FSTAB Frequency Stability Over operating temperature range with 
respect to FTOL. 

- - 

Aging Per Year - - - 

1. These parameters are required regardless of the crystal used. 
2. These parameters are customer/application dependent. Common maximum values are FTOL = ±20ppm, and  

Aging = ±5ppm/10years. These parameters can be adjusted to meet particular requirements. 

3. Load Capacitance 
For VersaClock 7, Renesas recommends using a crystal that has a nominal load capacitance between 6pF and 
12pF. VersaClock 7 does not use external tuning capacitors, but instead uses an internal, adjustable load 
capacitance. The internal load capacitance can be adjusted in the programmed configuration file or via register 
writes to the device.  

The total load capacitance can be modeled as seen in Figure 1, where Cpcb1 and Cpcb2 are the stray capacitance 
of the circuit board, Cf1 and Cf2 are the fixed capacitance internal to VersaClock 7 on each leg of the oscillator, 
and Cd1 and Cd2 are the internal tuning caps (digicaps) of the VersaClock 7 device. For all capacitances, Cxx1 
refers to capacitances on the XIN_REFIN pin and Cxx2 refers to capacitances on the XOUT_REFINB pin. 

The load capacitance (CL) for the XIN pin is: 

𝐶𝐶𝐿𝐿 =
1

1
𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

+ 1
𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

 

 
where, 

𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐶𝐶𝑓𝑓1 + 𝐶𝐶𝑑𝑑1 + 𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝1 

𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐶𝐶𝑓𝑓2 + 𝐶𝐶𝑑𝑑2 + 𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝2 
 

The fixed internal capacitance for VersaClock 7 devices is, Cf1 = Cf2 = 5.5pF. The fixed capacitance is always 
present. For Renesas VersaClock 7 evaluation boards it is assumed that Cpcb1 = Cpcb2 = 1.7pF RCx1008B 
boards and Cpcb1 = Cpcb2 = 2.5pF RCx1012B boards. The circuit board stray capacitance values can be manually 
changed by setting the values of xin_pcb_capacitance and xout_pcb_capacitance in the RICBox GUI.  

For VersaClock 7, the capacitance of the internal tuning capacitor for XIN can be controlled via the 
TOP.XO.XO_CNFG.en_cap_x1 register and the capacitance of the internal tuning capacitor for XOUT can be 
controlled via the TOP.XO.XO_CNFG.en_cap_x2 register. Note, the values of TOP.XO.XO_CNFG.en_cap_x1 
and TOP.XO.XO_CNFG.en_cap_x2 are each a combination of the fixed capacitance and the internal tuning 
capacitance for each leg on the crystal. 

  



Choosing a Crystal for VersaClock 7 Devices 

 

R31AN0029EU0103   Rev.1.03 
Oct 13, 2025 

 Page 3  

 

 

 
Figure 1: Crystal Capacitance 

4. Equivalent Series Resistance 
Equivalent series resistance (ESR) is the effective resistance component in series with the LC model of the 
crystal itself. ESR is determined by the crystal size, cut, frequency, and mode of vibration. ESR subtracts from 
the negative resistance in the oscillator. A small package with a very small crystal may have too high an ESR for 
the driver, making it harder to start and sustain oscillation. A large package can fit a larger crystal (at the same 
cut, mode, and frequency) and will have a lower ESR. 

ESR is proportional to the motional resistance (RM) of the crystal and the shunt capacitance (CO). It is also 
inversely proportional to the load capacitance (CL). The ESR can be calculated as follows: 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑅𝑅𝑀𝑀 �1 +
𝐶𝐶𝑂𝑂
𝐶𝐶𝐿𝐿
�
2

 

ESR is commonly expressed as a maximum value in ohms and is significant for two reasons. 

1. The loop gain needed for an oscillator to start up and maintain oscillation is proportional to the ESR.  
2. The drive level of an oscillator is proportional to the ESR. Therefore, if the ESR is too large, the crystal can 

have trouble oscillating or it can lead to a drive level which exceeds the rating that accelerates aging. 
 

For VersaClock 7 devices, the maximum ESR value that is recommended varies with crystal frequency and load 
capacitance (refer to Table 1).  
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5. Using a Crystal Oscillator (XO) with VersaClock 7 
A crystal oscillator (XO) can be used in place of a crystal with VersaClock 7. To use a XO with VersaClock7, the 
XIN_REFIN input must be overdriven. The XIN_REFIN input can be overdriven by an LVCMOS driver or by one 
side of a differential driver through an AC coupling capacitor. The XOUT pin can be left floating. The amplitude of 
the input signal should be between 500mV and 1.2V, and the slew rate must be ≥0.2V/ns. For 1.2V LVCMOS, 
inputs can be DC-coupled into the device as shown in Figure 2. For LVCMOS drivers with > 1.2V swing, the 
amplitude must be reduced from full swing to at least 1.2V to prevent signal interference with the power rail. The 
sum of the driver output impedance and Rs must equal the transmission line impedance to prevent overshoot 
and undershoot. 
 

 

Figure 2. 1.2V LVCMOS Driver to XTAL Input Interface 
 

Figure 3 shows an example of the interface diagram for a high-speed 3.3V LVCMOS driver. This configuration 
requires that the sum of the output impedance of the driver (Ro) and the series resistance (Rs) equal the 
transmission line impedance. This can be done in one of two ways. First, R1 and R2 in parallel should equal the 
transmission line impedance. We also need to scale the 3.3V LVCMOS swing to 1.2V (~1/3 of the swing). This 
yields R1 = 2 x R2 while R1 || R2 = 50Ω. Solving for a 50Ω ohm system gives R1 = 150Ω and R2 = 75Ω. The 
values of the resistors can be increased to reduce the loading for a slower and weaker LVCMOS driver. Different 
scaling factors are required for 2.5V and 1.8V LVCMOS drivers. 
 

 

Figure 3. LVCMOS Driver to XTAL Input Interface 
 

Figure 4 shows an example of the interface diagram for an LVPECL driver. This is a standard LVPECL 
termination with one side of the driver feeding the XIN_REFIN input. Renesas recommends that all components 
in the schematics be placed in the layout. Though some components may not be used by the application, they 
can be used for debugging purposes. 
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Figure 4. LVPECL Driver to XTAL Input Interface 

6. Drive Level 
Confirm that the crystal maximum specified drive level will accommodate the drive level of the VersaClock 7 
product. For VersaClock 7 devices, the maximum recommended crystal drive level is 100µW. To prevent 
exceeding the drive level of the crystal, a series-damping resistor (RS) can be added, but this series resistor will 
decrease the negative resistance and loop gain will increase phase noise. It is preferred to select a crystal that 
can tolerate the required drive strength. Adding an RS, populated with a 0-ohm shunt allows the use of a series 
resistance if a suitable crystal cannot be sourced. 

Exceeding the drive level on the crystal accelerates aging. Renesas recommends measuring the power 
dissipated in the crystal to ensure it is below the crystal maximum specification. For more information, see the 
Quartz Crystal Drive Level Application Note. 

RS should be a small surface mounted part (example 0201 or 0402) to minimize stray capacitance.  

7. Operating Temperature 
Operating a crystal outside of its specified operating temperature range may prematurely age the crystal 
(increased ppm frequency change over time) or may damage the housing. A crystal operating outside of its 
temperature range can result in higher jitter frequency offset caused by the temperature. Crystal performance is 
typically not guaranteed beyond its specified temperature range. The recommended operating temperature 
range for VersaClock 7 devices is -40°C to 85°C. 

8. Frequency Tolerance 
Select a manufacturing tolerance (maximum deviation from the specified resonant frequency at room 
temperature) and frequency shift over the operating temperature range (often called frequency stability) that is 
acceptable for the application. When tight frequency tolerances (< 10ppm) over the operating temperature range 
are a requirement, it may be necessary to use a TCXO (temperature compensated crystal oscillator) or OCXO 
(oven-controlled crystal oscillator) instead.  

Note: For VersaClock 7 products, the crystal or crystal oscillator at XIN is the jitter reference. The preference is 
to use a crystal for low jitter instead of a generated clock signal. 

9. Aging 
Confirm that the crystal aging tolerance (ppm per year) meets the application requirement. Exceeding the drive 
level on the crystal, as well as shock, vibration and operating the crystal outside of its specified temperature 
range, accelerates aging. If the crystal will experience shock or vibration in its application, consider an oven-
controlled SC-cut crystal that is more tolerant of vibration. 

https://www.renesas.com/us/en/document/apn/830-quartz-crystal-drive-level
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10. List of Acceptable Crystals 
Table 2 provides a list of crystals that would be acceptable for applications using a VersaClock 7 device. The 
selection of the crystal frequency will depend on the application. For a clock synthesizer with outputs set at 
100MHz, a 50MHz crystal would be recommended. 

Table 2. Acceptable Crystals for VersaClock 7 Applications 

Manufacturer Part Number Frequency 
(MHz) ESR (Ω) CL 

(pF) 
Drive Level 
Rating (µW) 

Frequency 
Tolerance 

(ppm) 

Frequency 
Stability 

(ppm) 

Aging 
(ppm/year 
at 25°C) 

Temp 
Range (ºC) 

Specification - 8–80 50 
(f>28MHz)  8–12 100 - - - -40 to 85 

NDK NX2016SA-80M 80 50 8 200 ±15 ±50 ±3 -40 to 125 

NDK NX2016SA-50M 50 50 8 200 ±15 ±15 ±3 -40 to 125 

TXC [1] 8Y80072011 80 40 8 300 -5 to 12 -15 to 12 ±1 -40 to 85 

TXC [1] 8Y78172002 78.125 40 8 300 -5 to 12 -15 to 12 ±1 -40 to 85 

TXC [1] 8Y73072002 73 40 8 300 -5 to 12 -15 to 12 ±1 -40 to 85 

TXC [1] 8Y68072001 68 40 8 300 -5 to 12 -15 to 12 ±1 -40 to 85 

TXC [1] 8Y62572002 62.5 40 8 300 -5 to 12 -15 to 12 ±1 -40 to 85 

TXC [1] 8Y60072005 60 40 8 300 -5 to 12 -15 to 12 ±1 -40 to 85 

TXC [1] 7M54072002 54 50 8 100 ±12 ±15 ±3 -40 to 85 

TXC [1] 7M50070021 50 50 10 200 ±15 ±20 ±3 -40 to 85 

Abracon 
ABM11W-

50.0000MHZ-8-
R50-D3Y-T3 

50 50 8 100 ±25 ±30 ±2 -40 to 85 

Raltron RH100-50.000-8-
F-2030-EXT-TR 50 50 8 200 ±20 ±30 ±2 -40 to 85 

KYOCERA CX3225SB54000 54 50 8 100 ±10 ±15 ±1 -30 to 85 

KYOCERA CX2016SA50000 50 50 8 200 ±15 ±50 - -40 to 125 

ECS ECS-500-8-37-
AGN-TR 50 50 8 100 ±25 ±30 ±5 -40 to 85 

Taitien XXDBPLNANF-
40.000000 40 50 12 200 ±10 ±15 ±3 -40 to 85 

Taitien XXCCCLNANF-
49.152000 49.152 50 10 200 ±20 ±20 ±3 -40 to 85 

Taitien XXCBPLNANF-
50.000000 50 50 10 200 ±10 ±15 ±3 -40 to 85 

1. Can be ordered directly from the vendor. 
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11. Revision History 
 

Revision Date Description 

1.03 Oct 13, 2025 

 Added section Load Capacitance 
 Added section Equivalent Series Resistance 
 Added section Using a Crystal Oscillator (XO) with VersaClock 7 
 Added section Drive Level 
 Added section Operating Temperature 
 Added section Frequency Tolerance 
 Added section Aging 

1.02 May 26, 2023 Removed “A” from the referenced RC310xx and RC210xx part numbers. 

1.01 May 24, 2023 Updated list of acceptable crystals in Table 2. 

1.00 Nov 4, 2022 Initial release.  
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