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Figure 5. Typical Phase Noise at 125MHz
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Applications Information

Recommendations for Unused Input and Output Pins

Inputs

LVCMOS Control Pins
All control pins have internal pull-up and/or pull-down resistors; additional resistance is not required but can be added for additional
protection. A 1kQ resistor can be used.

Outputs
HCSL Outputs

All unused differential outputs can be left floating. We recommended that there is no trace attached.

LVCMOS Output

QD1 output can be left floating if unused. There should be no trace attached.

Overdriving the XTAL Interface

The OSCl input can be overdriven by an LVCMOS driver or by one side of a differential driver through an AC coupling capacitor. The
OSCO pin can be left floating. The amplitude of the input signal should be between 500mV and 1.8V and the slew rate should not be less
than 0.2V/ns. For 3.3V LVCMOS inputs, the amplitude must be reduced from full swing to at least half the swing in order to prevent signal
interference with the power rail and to reduce internal noise. Figure 6 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) equals
the transmission line impedance. In addition, matched termination at the crystal input will attenuate the signal in half. This can be done in
one of two ways. First, R1 and R2 in parallel should equal the transmission line impedance. For most 50Q applications, R1 and R2 can
be 100Q. This can also be accomplished by removing R1 and changing R2 to 50Q2. The values of the resistors can be increased to
reduce the loading for a slower and weaker LVCMOS driver.

Figure 6. LVCMOS Driver to XTAL Input Interface
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Figure 7 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 OSCl input. It is recommended that all components in the schematics be placed in the layout. Though some
components might not be used, they can be utilized for debugging purposes. The datasheet specifications are characterized and
guaranteed by using a quartz crystal as the input.
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Figure 7. LVPECL Driver to XTAL Input Interface
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Wiring the Differential Input to Accept Single-Ended Levels

Figure 8 shows how a differential input can be wired to accept single ended levels. The reference voltage V4 = Vpp/2 is generated by the
bias resistors R1 and R2. The bypass capacitor (C1) is used to help filter noise on the DC bias. This bias circuit should be located as
close to the input pin as possible. The ratio of R1 and R2 might need to be adjusted to position the V4 in the center of the input voltage
swing. For example, if the input clock swing is 2.5V and Vpp = 3.3V, R1 and R2 value should be adjusted to set V4 at 1.25V. The values
below are for when both the single ended swing and Vpp are at the same voltage.

This configuration requires that the sum of the output impedance of the driver (Ro) and the series resistance (Rs) equals the transmission
line impedance. In addition, matched termination at the input will attenuate the signal in half. This can be done in one of two ways. First,
R3 and R4 in parallel should equal the transmission line impedance. For most 50Q applications, R3 and R4 can be 100€2. The values of
the resistors can be increased to reduce the loading for slower and weaker LVCMOS driver. When using single-ended signaling, the noise
rejection benefits of differential signaling are reduced. Even though the differential input can handle full rail LVCMOS signaling, it is
recommended that the amplitude be reduced. The datasheet specifies a lower differential amplitude, however this only applies to
differential signals. For single-ended applications, the swing can be larger, however V|_cannot be less than -0.3V and V|4 cannot be
more than Vpp + 0.3V. Suggested edge rate faster than 1V/ns. Though some of the recommended components might not be used, the
pads should be placed in the layout. They can be utilized for debugging purposes. The datasheet specifications are characterized and
guaranteed by using a differential signal.

Figure 8. Recommended Schematic for Wiring a Differential Input to Accept Single-ended Levels
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3.3V Differential Clock Input Interface

CLK/nCLK accepts LVDS, LVPECL and other differential signals. Both Vg ng and Vox must meet the Vpp and Vg input requirements.
Figure 9 to Figure 11 show interface examples for the CLK/nCLK input driven by the most common driver types. The input interfaces

suggested here are examples of direct-coupled termination only.

Figure 9. CLK/nCLK Input Driven by a
3.3V LVPECL Driver
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Figure 10. CLK/nCLK Input Driven by a
3.3V LVPECL Driver
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Figure 11. CLK/nCLK Input Driven by a
3.3V LVDS Driver
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Recommended Termination

Figure 12 is the recommended source termination for applications where the driver and receiver will be on a separate PCBs. This
termination is the standard for PCI Express™ and HCSL output types. All traces should be 50 impedance single-ended or 100Q
differential.

Figure 12. Recommended Source Termination (Where the Driver and Receiver will be on Separate PCBs)
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Figure 13 is the recommended termination for applications where a point-to-point connection can be used. A point-to-point connection
contains both the driver and the receiver on the same PCB. With a matched termination at the receiver, transmission-line reflections will
be minimized. In addition, a series resistor (Rs) at the driver offers flexibility and can help dampen unwanted reflections. The optional
resistor can range from 0Q to 33Q. All traces should be 50Q impedance single-ended or 100 differential.

Figure 13. Recommended Termination (Where a Point-to-Point Connection can be used)
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VFQFN EPAD Thermal Release Path

In order to maximize both the removal of heat from the package and the electrical performance, a land pattern must be incorporated on
the Printed Circuit Board (PCB) within the footprint of the package corresponding to the exposed metal pad or exposed heat slug on the
package, as shown in Figure 14. The solderable area on the PCB, as defined by the solder mask, should be at least the same size/shape
as the exposed pad/slug area on the package to maximize the thermallelectrical performance. Sufficient clearance should be designed
on the PCB between the outer edges of the land pattern and the inner edges of pad pattern for the leads to avoid any shorts.

While the land pattern on the PCB provides a means of heat transfer and electrical grounding from the package to the board through a
solder joint, thermal vias are necessary to effectively conduct from the surface of the PCB to the ground plane(s). The land pattern must
be connected to ground through these vias. The vias act as “heat pipes”. The number of vias (i.e. “heat pipes”) are application specific
and dependent upon the package power dissipation as well as electrical conductivity requirements. Thus, thermal and electrical analysis
and/or testing are recommended to determine the minimum number needed. Maximum thermal and electrical performance is achieved
when an array of vias is incorporated in the land pattern. Renesas recommends to use as many vias connected to ground as possible. It
also recommends that the via diameter should be 12 to 13 mils (0.30 to 0.33 mm) with 10z copper via barrel plating. This is desirable to
avoid any solder wicking inside the via during the soldering process which may result in voids in solder between the exposed pad/slug
and the thermal land. Precautions should be taken to eliminate any solder voids between the exposed heat slug and the land pattern.

Note: These recommendations are to be used as a guideline only. For further information, please refer to the Application Note on the
Surface Mount Assembly of Amkor's Thermally/ Electrically Enhance Leadframe Base Package, Amkor Technology.

Figure 14. P.C. Assembly for Exposed Pad Thermal Release Path - Side View (Drawing not to Scale)

PIN SOLDER EXPOSED HEAT SLUG SOLDER PIN

NNN
N\

Vir77777V

r

VLALILLLLLTLLLLLLL /LA LALL LS L L AL LT AL AL LA LA AL AL S 4

(AL LTLLL AL AL LS L AL LSS LLLL S LALLL D AL AL AT AL AL A

7 L \ \
PIN PAD GROUND PLANE \ / / LAND PATTERN PIN PAD

THERMAL VIA (GROUND PAD)

WALl

NN

NN

©2020 Renesas Electronics Corporation 39 August 27, 2020



RENESAS 8V41NS0412 Datasheet

PCI Express Application Note

PCI Express jitter analysis methodology models the system response to reference clock jitter. The block diagram below shows the most
frequently used Common Clock Architecture in which a copy of the reference clock is provided to both ends of the PCI Express Link.

In the jitter analysis, the transmit (Tx) and receive (Rx) SerDes PLLs are modeled as well as the phase interpolator in the receiver. These
transfer functions are called H1, H2, and H3 respectively. The overall system transfer function at the receiver is:
Ht(s) = H3(s) x [H1(s)— H2(s)]

The jitter spectrum seen by the receiver is the result of applying this system transfer function to the clock spectrum X(s) and is:
Y(s) = X(s) x H3(s) x [H1(s) — H2(s)]
In order to generate time domain jitter numbers, an inverse Fourier Transform is performed on X(s) x H3(s) x [H1(s) — H2(s)].

Figure 15. PCI Express Common Clock Architecture
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System Transfer Function, Ht(s) = H3(s) * [H1(s) - H2(s)]
Reference Clock Spectrum seen by Receiver Sample Latch, Y(s) = X(s) * Ht(s)

For PCI Express Gen 1, one transfer function is defined and the evaluation is performed over the entire spectrum: DC to Nyquist (e.g. for
a 100MHz reference clock: 0Hz — 50MHz) and the jitter result is reported in peak-peak.

Figure 16. PCle Gen 1 Magnitude of Transfer Function
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For PCI Express Gen 2, two transfer functions are defined with 2 evaluation ranges and the final jitter number is reported in RMS. The
two evaluation ranges for PCI Express Gen 2 are 10kHz - 1.5MHz (low band) and 1.5MHz - Nyquist (high band). The plots show the
individual transfer functions as well as the overall transfer function Ht.
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Figure 17. PCle Gen 2A Magnitude of Transfer Function
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Figure 18. PCle Gen 2B Magnitude of Transfer Function
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For PCI Express Gen 3, one transfer function is defined and the evaluation is performed over the entire spectrum. The transfer function
parameters are different from Gen 1 and the jitter result is reported in RMS.

Figure 19. PCle Gen 3 Magnitude of Transfer Function
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For a more thorough overview of PCI Express jitter analysis methodology, please refer to Renesas application note, PCI Express
Reference Clock Requirements.
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Schematic and Layout Recommendations

Figure 20 and Figure 21 show an example 8V41NS0412 application schematic operating the device at V¢ = 3.3V. This example focuses
on functional connections and is not configuration specific. Refer to Pin Description to ensure that the logic control inputs are properly set

for the application.

Figure 20. 8V41NS0412 Application Schematic - Page 1

vee sP
oscl
R8Y R87
267k 267k
Ci14 100
= Jo8 } } CLK
SC R47 499
ci1g 100
= } CLK
: Ja7 O nCLKO Rag Rag
RSO 499 267K 267K
nCLK
oS
FINY
FINO
REF_SEL
0scO
oscl
vee sP
T
Ra1 Ra2 VCCA XT
7K a7k ca 4 T
NP (0.10) Emum) 1
R4 o cs c7
SOR a7u 01
a =
R39 =
soLp———— AN NAD vee oK
0 T
VCCOA
RS
28K co
Tt 0.1y
c11
= 0.1y
I I
ui_®
> VCCOA
2
% f
cis
01
8
VCCOB-1 VCCOA48 =
GBO 7 o =
NGB0 3| B0 QA n0AD
o1 | naeo QA0 on}
QBT 5| a8t QA1 AT veeae
QB2 5| nast QA1 a
QB2 | a2 [ o
QB3 5| nas2 nQA2 oK
QB3 5| 083 ars g ci9
5| naBa nQA3 o1
VCCOB-10 VCCOA39
Do VCCOC-38 =
N1 Qaco oo :
[oT] VCCOD-13 nQCo Bt
QD0 Qo1 act nQCT veeoe
GDD QDo nQC1 |33 P
QDo VCCOG-33 I
c2a
01
IDT8VATNS04T2
Loop Fiter - Use pads which permit
VooA It rework for different component values.
T L J
cat RSB
0 0 RS9 RE0
150
= ca2 NP
47 £
—] —
VCGA IN2 = NP 200p
T
cs2
01y
Ccse
0t
= cs5 A1
47
cs6 NP
= 10u
veeA Ri14
T =
il :
cs8
0t ci15
220
vee_cp °
h L
ces
0.
= NBO
NB1
NGO
NC1
NA1

©2020 Renesas Electronics Corporation 42

August 27, 2020



RENESAS 8V41NS0412 Datasheet

Figure 21. 8V41NS0412 Application Schematic - Page 2
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To demonstrate the range of output stage configurations possible, the application schematic assumes that the 8V41NS0412 is
programmed over 12C. For alternative DC coupled LVPECL options, please see Renesas Application Note, AN-828; for AC coupling
options, use Renesas Application Note, AN-844.

For a 12pF parallel resonant crystal, tuning capacitors C145 and C146 are recommended for frequency accuracy. Depending on the
parasitic of the PCB layout, these values may require a slight adjustment to optimize the frequency accuracy. Crystals with other load
capacitance specifications can be used. This will require adjusting C145 and C146. For this device, the crystal tuning capacitors are
required for proper operation.

Crystal layout is very important to minimize capacitive coupling between the crystal pads and leads and other metal in the circuit board.
Capacitive coupling to other conductors has two adverse effects: it reduces the oscillator frequency leaving less tuning margin and noise
coupling from power planes, and logic transitions on signal traces can pull the phase of the crystal resonance, inducing jitter. Routing 12C
under the crystal is a common layout error, based on the assumption that it is a low frequency signal and will not affect the crystal
oscillation. In fact, 1°C transition times are short enough to capacitively couple into the crystal-oscillator loop if they are routed close
enough to the crystal traces.
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In layout, all capacitive coupling to the crystal from any signal trace is to be minimized, that is to the OSCI and OSCO pins, traces to the
crystal pads, the crystal pads, and the tuning capacitors. Using a crystal on the top layer as an example, void all signal and power layers
under the crystal connections between the top layer and the ground plane used by the 8V41NS0412. Then calculate the parasitic
capacity to the ground and determine if it is large enough to preclude tuning the oscillator. If the coupling is excessive, particularly if the
first layer under the crystal is a ground plane, a layout option is to void the ground plane and all deeper layers until the next ground plane
is reached. The ground connection of the tuning capacitors should first be made between the capacitors on the top layer, then a single
ground via is dropped to connect the tuning cap ground to the ground plane as close to the 8V41NS0412 as possible as shown in the
schematic.

As with any high-speed analog circuitry, the power supply pins are vulnerable to random noise. To achieve optimum jitter performance,
power supply isolation is required. The 8V41NS0412 provides separate power supplies to isolate any high switching noise from coupling
into the internal PLL.

In order to achieve the best possible filtering, it is recommended that the placement of the filter components be on the device side of the
PCB as close to the power pins as possible. The ferrite bead and the 0.1uF capacitor in each power pin filter should always be placed on
the device side of the board. The other components can be on the opposite side of the PCB if space on the top side is limited. Pull-up and
pull-down resistors to set configuration pins can all be placed on the PCB side opposite the device side to free up the device side area if
necessary.

Power supply filter recommendations are a general guideline to be used for reducing external noise from coupling into the devices.
Depending on the application, the filter may need to be adjusted to get a lower cutoff frequency to adequately attenuate low-frequency
noise. Additionally, good general design practices for power plane voltage stability suggest adding bulk capacitance in the local area of all
devices.

Power Dissipation and Thermal Considerations

The 8V41NS0412 is a multi-functional, high speed device that targets a wide variety of clock frequencies and applications. Since this
device is highly programmable with a broad range of features and functionality, the power consumption will vary as each of these features
and functions is enabled.

The 8V41NS0412 device was designed and characterized to operate within the ambient industrial temperature range of -40°C to 85°C.
The ambient temperature represents the temperature around the device, not the junction temperature. When using the device in extreme
cases, such as maximum operating frequency and high ambient temperature, external air flow may be required in order to ensure a safe
and reliable junction temperature. Extreme care must be taken to avoid exceeding 125°C junction temperature.

The power calculation examples below were generated using a maximum ambient temperature and supply voltage. For many
applications, the power consumption will be lower. Please contact Renesas technical support for any concerns on calculating the power
dissipation for your own specific configuration.
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Example of Junction Temperature Calculation
This section provides information on power dissipation and junction temperature. Equations and example calculations are also provided.

Table 31. Power Calculations Configuration #1

Output Output Style
QA0 HCSL
QA1 HCSL
QA2 HCSL
QA3 HCSL
QBO HCSL
QB1 HCSL
QB2 HCSL
QB3 HCSL
QCO0 HCSL
QC1 HCSL
QDO HCSL
QD1 LVCMOS

1. Power Dissipation.
The total power dissipation is the sum of the core power plus the power dissipated due to output loading.
The following is the power dissipation for Vpp = 3.465V and Temperature = 85°C.
= Power(core)yax = Voo, max * (Inp_max + Iooa_max * Iopo_max!) = 3.465V x (110 + 165 + 265)mA = 1871.1mW
= Power(HCSL outputs)yax = 40.7mW/loaded output pair.
— If all outputs are loaded, the total power is 11 x 40.7mW = 447.7TmW

= Total Poweryax = Power(core) + Power (HCSL outputs) =
1871.1mW + 447.7mW = 2318.8mW

2. Junction Temperature.

Junction temperature, T, is the temperature at the junction of the bond wire and bond pad and directly affects the reliability of the device.
The maximum recommended junction temperature is 125°C. Limiting the internal transistor junction temperature, T, to 125°C ensures
that the bond wire and bond pad temperature remains below 125°C.
The equation for T is as follows: T; = Tp + Pp X 0a:

T, = Junction Temperature

T = Ambient Temperature

pp = Power Dissipation (W) in desired operating configuration

0,5 = Junction-to-Ambient Thermal Resistance

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance must be used. Assuming no air flow and
a multi-layer board, the appropriate value is 15.6°C/W per Table 32.

(1] Ippo_max includes all output current including LVCMOS switching current.
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Therefore, assuming T, = 85°C and all outputs switching, T, will be:

85°C +2.3188W x 15.6°C/W = 121.2°C. This is below the limit of 125°C.

This calculation is only an example. T ; will obviously vary depending on the number of loaded outputs, supply voltage, air flow and the

type of board (multi-layer).

Table 32. Thermal Resistance Table for 64-pin VFQFN Package

Symbol Thermal Parameter Condition Value Unit
GJA[a] Junction-to-Ambient No air flow 15.6 °CIW
0)c Junction-to-Case 15.3 °CIW
045 Junction-to-Board 0.6 °CIW

[a] Theta Jp (6,) values calculated using an 8-layer PCB (114.3 x 101.6mm), with 20z. (70um) copper plating on all 8 layers, with ePad connected

to 4 ground planes.

3. Calculations and Equations.

The purpose of this section is to calculate power dissipation on the IC per HCSL output pair. HCSL output driver circuit and termination

are shown in Figure 22.

Figure 22. HCSL Driver Circuit and Termination
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HCSL is a current steering output which sources a maximum of 15mA of current per output. To calculate worst case on-chip power
dissipation, use the following equations which assume a 50Q2 load to ground.

The highest power dissipation occurs when Vppo_max-

Power = (Vppo_max — Vout) * lout
since VOUT = lOUT X RL

Power = (Vppo max — lout x RL) % lout
= (3.465V — 15mA x 50Q) x 15mA

Total Power Dissipation per output pair = 40.7mW
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Package Drawings

The package outline drawings are appended at the end of this document and are accessible from the link below. The package information
is the most current data available.

www.idt.com/document/psc/64-vfqfpn-package-outline-drawing-90-x-90-x-09-mm-body-05mm-pitch-epad-60-x-60-mm-nlg64 p5

Marking Diagram

1. Line 1 indicates the part number prefix.
IDT . o
SVATNSL2 2. Line 2 indicates the part number.
::‘IFEJVWS 3. Line 3 indicates the part number suffix.
4. “YYWW?”: date code
$ LOT €00 “#”. stepping

“YY” is the last two digits of the year;
“WW? is a work week number that the part was assembled;
“$” is the mark code.

Ordering Information

Part/Order Number Marking Package Shipping Packaging Temperature
8V41NS0412NLGI IDT8V41NS0412NLGI 9 x 9 mm 64-VFQFN, Lead-Free Tray -40°C to +85°C
8V41NS0412NLGI8 IDT8V41NS0412NLGI 9 x 9 mm 64-VFQFN, Lead-Free Tape and Reel -40°C to +85°C

Revision History

Revision Date Description of Change
August 27, 2020 Removed all references to the function, “No active receivers should be connected to QA outputs” in Table 7 to
Table 10, and in Table 13 to Table 16
April 25, 2018 Initial release.
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