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BAW Resonator Technology

Bulk Acoustic Wave (BAW) is a micro-resonator
technology that enables the integration of high-
precision and ultra-low jitter clocks directly into
packages that contain other circuits. In the BAW
oscillator, the BAW is integrated with a colocated
precision temperature sensor, a ultra-low jitter, low-
power fractional output divider (FOD), a single-
ended LVCMOS and differential LVPECL, LVDS, and
HCSL output driver, and a small power-reset-clock
management system consisting of several low-noise
low dropout (LDOs) regulators..

Figure 1 shows the structure of the BAW resonator
technology. The structure includes a thin layer of
piezoelectric film sandwiched between metal films
and other layers that confine the mechanical energy.
The BAW utilizes this piezoelectric transduction to
generate a vibration.
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Clock and Timing Solutions

BAW Oscillator in Network Interface Card

Some SmartNICs implement a common clock and
independent reference PCle clocking architecture at
the same time. The card receives a clock from the
motherboard through a PCle connector. Additionally,
the card needs a PCle clock source in the case

the common clock from the connector is unavailable.
The PCle buffer can be necessary since ASIC and
FPGA typically needs more than one PCle clock.
The LMK6H BAW oscillator can be used in Network
Interface Card (NIC) applications to clock the PCle
buffer and MUX, as well as the Ethernet buffer, which
is shown in Figure 2.

Every NIC or SmartNIC require an Ethernet oscillator,
which can require precise jitter performance. Tl's
current design, the LMK6H, LMK6P, and LMK6D
provides 125 fs maximum at 156.25 MHz (12k- 20M).
This Ethernet oscillator serves as the clock source
for the Ethernet buffer. The LP-HCSL buffers that are
used in PCle meet the requirements for the Ethernet
clock fan-out, that being the CDCDB family.

Electrodes

Piezoelectric layer

Figure 1. Basic Structure of a Bulk Acoustic Wave (BAW) Resonator
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Figure 2. Typical SmartNIC Clock Tree

Benefits of the BAW Oscillator

One of the key benefits of the BAW oscillator

in comparison to microelectromechanical systems
(MEMs) and quartz oscillators is the exceptional jitter
performance. Figure 4 shows the jitter performance
for TI's BAW oscillator design.

TI's BAW oscillator family supports 1.8-V, 2.5-V, and
3.3-V supply voltages and is available in DLE (3.2
mm x 2.5 mm) and DLF (2.5 mm x 2 mm) packages,
which save space in compact board designs. Figure 3
showcases the two BAW oscillator layouts on the left
in comparison to both a typical crystal layout, and a
crystal with BAW oscillator combination.

The BAW oscillator is tolerant to temperatures up
to 105°C and features a 20 to 30 higher Mean
Time Before Failure (MTBF) than competing crystal
oscillator designs. Figure 5 shows that through the
lifetime of the BAW oscillator, it has a reliable
frequency stability of £25 ppm, inclusive of all aging
and environmental factors. Over temperature, the
BAW oscillator has a +10 ppm frequency stability
that is significantly better than current quartz-based
oscillators.

Figure 6 shows the vibration sensitivity of the BAW
oscillator. The BAW oscillator has a typical vibration
sensitivity of 1 ppb/g, which is significantly better than
the 5-10 ppb/g sensitivity of quartz oscillator designs.

Figure 3. PCB Footprint Comparison of BAW Oscillator and Crystal

2 BAW Oscillator Solutions for Network Interface Card

SNAA382 — MAY 2023
Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SNAA382
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNAA382&partnum=LMK6C

13 TEXAS

INSTRUMENTS
www.ti.com
pPhase Moise 10.00dB/ Ref -30.00dBc/Hz [Smo]
20.00 r Carrier 156.250331 MHzT 2.5855 dBm
) 1: 100 H=z -66.0390 dec/Hz
2: 1 kHz +94.1173 dBc/Hz
-30.00 M 3: 10 kHz  -128.4626 dBc/Hz
4: 100 kHz -147.4792 dBc/Hz
5: 1 MHZ -156. 4445 dBC/HZ
~40.00 6: 10 MHz  -158.4357 dBc/Hz
7: 20 MHz -159.5252 dBc/Hz
-50.00 8: 40 MHz -155.7958 dBc/Hz
*9: 5 MHz -158.1841 dBC/HZ
X: start 12 kHz
-60.00 stop 20 MHZ
Center 10.006 MHzZ
20,00 M Span 19.988 MHz
e === NOois5e ===
Analysis Range X: Band Marker
-80.00 Analysis Range Y: Band Marker
Intg Noise: -84.1616 dec / 19.69 MHz
RMS Noise: 87.5865 prad
-80.00 5.01833 mdeg
RMS Jitter: 89.215 fsec
100.0 5 residual FM: 836.487 Hz
-110.0
-120.0
130.0
3
140.0
150.0 4 [}
160.0 ;3 f\_‘ﬂm‘
6 3
170.0
1800445 Z ey 185k 25 A Em o= &
| IF Gain 40dB Band [99M-1.5GHz Lo >150kHz 724pts| Corre 15
Stop 40 MHz IIETEN |

Cor]Ctrl OV]Pow OV|Atin OdB]ExtRef1|ExtRef2|Stop

Figure 4. BAW Oscillator 156.25-MHz Phase-Noise Performance (Normalized Spur Mode)

Figure 5. BAW Oscillator vs Quartz XO: Frequency Stability Over Temperature
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Figure 6. Vibration Sensitivity Comparison of BAW Oscillator and Quartz
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