SiT7201/2

10 MHz-220 MHz, +20 ppb, -159 dBc/Hz @ 10 kHz

HiTime

Ultra-Low Phase Noise | Endura™ Ruggedized Precision Super-TCXO

Description

The SiT7201/2 are £20 ppb to £250 ppb precision Endura™
MEMS Super-TCXOs ideally optimized for ruggedized
synchronization RF applications, such as secure radio,
satellite, radar, and GNSS systems. The SiT7201 covers
frequencies from 10 MHz to 60 MHz and the SiT7202 covers
frequencies >60 MHz to 220 MHz.

The SiT7201/2 combines SiTime’s MEMS technology with a
low-noise digital PLL to deliver:
= RF-quality phase noise

= Excellent dynamic stability in the presence of
airflow and thermal excursions

m  Extreme resistance to shock and vibration

Multiple on-chip regulators are included to filter power supply
noise, eliminating the need for an external dedicated LDO.

The SiT7201/2 offer two device configurations for:

1) TCXO with non-pullable output frequency

2) DCTCXO enabling digital pulling of output frequency
via an I2C/SPI interface with a resolution of 0.05 ppt
(parts per trillion)

The SiT7201/2 are factory programmed for frequency,
stability, voltage, and pull range, eliminating long lead times
and customization costs associated with quartz devices.
Refer to Manufacturing Guideline for proper reflow profile
and PCB cleaning recommendations.
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Figure 1. SiT7201/2 Block Diagram

Features

= Any frequency from 10 MHz to 220 MHz

s Ultra-low Phase Noise -159 dBc/Hz (10 kHz)
at 19.2 MHz

= Best dynamic stability under airflow, thermal shock

= +20 ppb stability across temperature

= 12 ppb/°C frequency slope (dF/dT)

= 1e-11 ADEV at 10 seconds averaging time

= 0.009 ppb/g max acceleration sensitivity

-55°C to +125°C operating temperature range

No activity dips or micro jumps

Resistant to shock, vibration, and board bending

On-chip regulators eliminate the need for external LDOs

Digital frequency pulling (DCTCXO) via I2C/SPI

= Digital control of output frequency and pull range

= Up to +400 ppm pull range

= Frequency pull resolution down to 0.05 ppt (5e-14)

= 1.8 Vto 3.3V supply voltage

s LVCMOS (SiT7201/2) or clipped sinewave (SiT7201)
output

= RoHS and REACH compliant

= Pb-free, Halogen-free, Antimony-free

Applications

Ruggedized radios

RF upconverters and downconverters
Radar, satellite, microwave equipment
GPS, GNSS systems

SATCOM

Military, defense, space, avionics systems

5.0 mm x 3.5 mm Package Pinout

MISO/SDA/NF

OE/NFJ m |iVDD

SCLK/NF|2 | | 8]|NF

MOSI/A1/NF[3 | [ 7|NF

GND| 4 | m [s]CLK

CS/AO/NF

Figure 2. Pin Assignments (Top view)
(Refer to Table 11 for Pin Descriptions)
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Ultra-Low Phase Noise | Endura™ Ruggedized Precision Super-TCXO

Ordering Information

The part number guide illustrated below is for reference only, in which blue boxes identify order codes having more than
one option.

Part Silicon Package Size Pin 1 Function — TCXO mode only
Family Revision e 50 mmx 3.5 mm "E": Output Enable

AN Letter\ l "N": No Connect
SiT7201 AE-FQ-33E00A19.123456 T

SiT7202 AE-FQG33JR0A100.12345T
I I

Frequency Family Packaging
"1" : 10 MHz to 60 MHz, CMOS or "T": 12 mm Tape & Reel, 3 ku reel
Clipped Sine output "Y": 12 mm Tape & Reel, 1 ku reel

"X": 12 mm Tape & Reel, 250 u reel
"F": 12 mm Cut Tape, 25 u to 249 u
Blank®: Bulk, up to 24 u

"2" : >60 MHz to 220 MHz, CMOS output

Temperature Range

"I": Industrial, -40 to 85°C - Frequency

"E": Extended Industrial, -40 to 105°C — "SiT7201": 10 Mhz to 60 MHz
"M": Military, -55 to 125°C "SiT7202": >60 MHz to 220 MHz
Output Waveform

Special Features
""" LVCMOS™M "A": Low g-sensitivity, 0.009 ppb/g
"C": Clipped Sinewave®!

Pull Clamp Limit — DCTCXO mode

Frequency Stability "V": £3.125 ppm "B": +50 ppm
"T": for £0.020 ppm ("I","E") — Contact SiTime "T": £6.25 ppm  "E": +100 ppm
"S": for 0.050 ppm ("I","E" options) "R": £10 ppm "H": £200 ppm
"Q": for £0.1 ppm  ("I","E" options) || "Q": £12.5 ppm  "X": +400 ppm
"P": for £0.2 ppm  ("I","E" options) "M": 25 ppm

"N": for £0.25 ppm ("I',"E","M" options)
Note, for "M" option:
-40 to 125°C: £0.25 ppm
-55 to -40°C: £0.5 ppm

Pin 1 Function — DCTCXO mode only

"I": Output Enable
"J": No Connect, software OE control

TCXO-DCTCXO Designator

and Serial Interface (DCTCXO Only) Supply Voltage
) "18": 1.8 V £5%
I°C Mode "25":2.5V £10%
MO AP MOW ugn mgw wgn wgu wgu mgw wgu waw wgw "28":2.8V +10%
"C", "D", "E", "F": Order code representing hex 30":3.0V £10%
value of I°C address. When the I°C address is 33" 3.3V +10%
factory programmed using this code, pins AO and
A1 have no function (NF).
“G”: I°C pin addressable mode. Address is set by
the logic on AO, A1 pins.
SP| Mode
"H": SPI interface

Notes:

1. ““ corresponds to the default rise/fall time for LVCMOS output as specified in Table 1 (Electrical Characteristics). Contact SiTime for other rise/fall

time options for best EMI or driving multiple loads. For differential outputs, contact SiTime.
2. Bulk is available for sampling only.
3. Contact SiTime for Availability.
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Electrical Characteristics

All Min and Max limits are specified over the rated temperature and operating voltage with 8 pF output load unless
otherwise stated. Typical values are at 25°C and 3.3 V Vdd.

Table 1. Output Characteristics

Parameters Symbol ‘ Min. . . i Condition

Frequency Coverage

Nominal Output Frequency Range F_nom I 10 I - 220 I MHz I
Temperature Range
Operating Temperature Range T _use -40 - +85 °C Industrial “I”
-40 - +105 Extended Industrial “E”
-55 - +125 Military “M”
Rugged Characteristics
Acceleration (g) Sensitivity, Gamma F g - +0.004 +0.009 ppb/g | Total gamma over 3 axes; 15 Hz to 2 kHz;
Vector MIL-PRF-55310, computed per section 4.8.18.3.1
Frequency Stability — 0.020 ppm, 0.050 ppm, 0.1 ppm, Industrial and Extended Industrial Temp Ranges
Frequency Stability over F_stab - +0.005 +0.020 ppm | Temp Ranges: “I” -40°C to +85°C, “E” -40°C to +105°C
Temperature £0.050 Referenced to (max frequency + min frequency)/2 over the
+0.1 rated temperature range, in TCXO or DCTCXO
Initial Tolerance F_init - +0.01 +0.3 ppm Initial frequency at 25°C at 48 hours after 2 reflows
Supply Voltage Variation F_Vdd - +2 +4 ppb Vvdd 5%
Output Load Sensitivity F_load - +0.4 - ppb SiT7201: LVCMOS output, 8 pF +10%. Clipped sinewave
output, 10 kQ || 10 pF £10%
- +1.5 - ppb SiT7202: LVCMOS output, 8 pF £10%.
Frequency vs. Temperature Slope dF/dT - +2 +2.5 ppb/°C | 1°C/min temperature ramp rate
Dynamic Frequency Change during | F_dynamic - +0.033 +0.042 ppb/s | 1°C/min temperature ramp rate
Temperature Ramp
24-hour holdover stability F_24 Hold - - +0.11 ppm Inclusive of frequency variation due to temperature, +10%
supply variation, +0.8 pF load variation and 24-hour aging
Hysteresis Over Temperature F_hys - +5 +10 ppb 1°C/min ramp rate, defined as +dF/2 as shown in Figure 18
One-Day (24-hr) Aging F_1d - +0.2 - ppb At 50°C, after 30-days of continued operation. Aging is
measured with respect to day 31
One-Year Aging F_1y - +40 - ppb At 50°C, after 2-days of continued operation. Aging is
10-Year Aging F 10y _ +50 _ measured with respect to day 3
20-Year Aging F_20y - +70 -
20-Year Total Stability F_tot_20y - +0.087 - ppm | SiT7201 %0.020 ppm option
- +0.089 - SiT7202 +0.020 ppm option
Allan deviation ADEV - 1e-11 - - 10 second averaging time!
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Table 1. Output Characteristics (continued)

Parameters Symbol ‘ Min. . . i Condition

Frequency Stability — 0.2 ppm and 0.25 ppm
Industrial, Extended Industrial, and Military Temp Ranges
- +0.01 +0.2 ppm | Temp Ranges: “I” -40°C to +85°C, “E” -40°C to +105°C

Referenced to (max frequency + min frequency)/2 over the
rated temperature range

+0.02 +0.25 ppm | Temp Ranges: “I” -40°C to +85°C, “E” -40°C to +105°C

Frequency Stability over F stab - Temp Range: “M” -55°C to +125°C only offered in
Temperature - +0.25 ppm option.
-40°C to +125°C = +0.25 ppm

002 | 025
+0.5 PPM | _55°C to -40°C = £0.50 ppm

Referenced to (max frequency + min frequency)/2 over the
rated temperature range.

Initial Tolerance F_init - +0.08 +1 ppm Initial frequency at 25°C at 48 hours after 2 reflows
Supply Voltage Variation F_Vvdd - +2.5 5 ppb Vdd 5%
Output Load Sensitivity F_load - +4.5 - ppb LVCMOS output, 8 pF £10%. Clipped sinewave output
(SiT7201 only), 10 kQ || 10 pF £10%
Frequency vs. Temperature Slope dF/dT - +6.4 +10 ppb/°C
Dynamic Frequency Change during | F_dynamic - +0.11 +0.17 ppb/s | 1°C/min temperature ramp rate
Temperature Ramp
Hysteresis Over Temperature F_hys - 5 +10 ppb 1°C/min ramp rate, defined as +dF/2 as shown in Figure 18
24-hour holdover stability F_24_Hold - - +0.22 ppm Inclusive of frequency variation due to temperature, +10%
supply variation, +0.8 pF load variation and 24-hour aging
One-Day (24-hr) Aging F_1d - - +3 ppb | At 50°C, after 30-days of continued operation. Aging is
measured with respect to day 31
One-Year Aging F_1y - +1 - ppm | At 50°C, after 2-days of continued operation. Aging is
10-Year Aging F 10y _ +0.20 _ opm measured with respect to day 3
20-Year Aging F_20y - +0.28 - ppm
- +0.377 - 0.2 ppm, SiT7201/SiT7202
20-Year Total Stability F_tot_20y ppm - -
- +0.387 - 0.25 ppm, SiT7201/SiT7202
Allan Deviation ADEV - 1e-11 - - 10 second averaging time*!
LVCMOS Output Characteristics
Duty Cycle DC 45 - 55 %
Rise/Fall Time Tr, Tf 0.3 0.6 2 ns 20% to 80% Vdd
Output Voltage High VOH 80% - - Vdd IOH = +3 mA
Output Voltage Low VOL - - 4% Vdd IOL =-3 mA
Output Impedance Z_out_c - 20 - Ohms | Impedance looking into output buffer, Vdd = 3.3 V
- 20 - Ohms | Impedance looking into output buffer, Vdd = 2.5 V
- 20 - Ohms | Impedance looking into output buffer, Vdd = 1.8 V
Clipped Sinewave Output Characteristics
Output Voltage Swing V_out 0.8 - 1.2 \% Clipped sinewave output, 10 kQ || 10 pF +10%
Rise/Fall Time Tr, Tf 15% - 25% 1/F_nom | 20% to 80% Vdd
Start-up Characteristics
Start-up Time T_start - 5 10 ms Time to first pulse, measured from the time Vdd reaches
90% of its final value. Vdd ramp time = 100 ps from 0 V
to Vdd
Output Enable Time T_oe - - 400 ns SiT7201: F_nom = 10 MHz
- - 125 ns SiT7202: F_nom = 122.8 MHz
Time to Rated Frequency Stability T_stability - 10 - ms Time to first accurate pulse within rated stability, measured

from the time Vdd reaches 90% of its final value.
Vdd ramp time = 100 ps

OE Disable Characteristics
Time to Disable from OE Pin T_od - - 200 ns SiT7201: F_nom =10 MHz
- 110 SiT7202: F_nom = 122.8 MHz

Note:
4. Measured 2 hours after startup in a temperature chamber with a constant temperature in still air.
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Table 2. DC Characteristics

Parameters in. g Condition
Supply Voltage
1.71 1.8 1.89 \
2.25 25 2.75 \
Supply Voltage Vdd 2.52 2.8 3.08 \%
2.70 3.0 3.30 Vv
297 3.3 3.63 Vv
Current Consumption
SiT7201: F_nom = 19.2 MHz, No Load, TCXO and
Current Consumption Idd 80 * ™ DCTCXO modes
_ 92 110 mA SiT7202: F_nom = 122.8 MHz, No Load, TCXO and
DCTCXO modes
OE Disable Current I_od - 78 88 mA OE = GND, output weakly pulled down. TCXO, DCTCXO
Table 3. Input Characteristics
Parameters Symbol Min. . Condition
Input Characteristics — OE Pin
Input Impedance Z_in 75 - - kQ Internal pull up to Vdd
Input High Voltage VIH 70% - - Vdd
Input Low Voltage VIL - - 30% Vdd
Frequency Tuning Range - I2C (DCTCXO) modes
Pull Range PR +400 - - ppm | DCTCXO mode
Absolute Pull Range[5] APR +399.53 - - ppm +0.1 ppm F_stab, DCTCXO for PR = +400 ppm
+399.43 - - ppm | 0.2 ppm F_stab, DCTCXO for PR = +400 ppm
+399.38 - - ppm | +0.25 ppm F_stab, DCTCXO for PR = +400 ppm
Frequency Pull Clamp Limit(®! PC L t3.135, +6.25, 10, £12.5, £25, ppm DCTCXO mode
+50, £100, 200, +400
I12C Interface Characteristics, 200 Ohm, 550 pF (Max I2C Bus Load), DCTCXO mode
Bus Speed F_l2C <1000 kHz | SDA capacitance <20 pF
<400 SDA capacitance <50 pF
<100 SDA capacitance <165 pF
Input Voltage Low VIL_I2C - - 30% Vvdd
Input Voltage High VIH_I2C 70% - - Vdd
Output Voltage Low VOL_I2C - - 10% Vdd
Output Voltage High VOH_I2C 90% - - Vdd
Input Leakage current I 0.5 - 24 uA 0.1 Vop< VOUT < 0.9 Vop. Includes typical leakage current
from 200 kQ pull resister to VDD.
Input Capacitance Cin - 5 - pF
Aggregate Pull-Up Impedance Zpy 5 - - kQ
SPI Interface Characteristics, DCTCXO mode
Bus Speed F_SPI <5000 kHz MISO capacitance < 15 pF
<1000 kHz MISO capacitance < 50 pF
Input Voltage Low VIL_SPI - - 10% Vdd
Input Voltage High VIH_SPI 90% - - Vdd
Output Voltage Low VOL_SPI - - 10% Vdd |IOL=2.7mA (Vdd=2.5V)
Output Voltage High VOH_SPI 90% - - Vdd |IOH=2.2mA (Vdd =2.5V)
Input Capacitance C_SPIn 5 pF
Leakage in High Impedance Mode I_SPIL 0.5 - 24 uA 0.1 Vpp< VOUT < 0.9 Vop.

Notes:
5. APR = PR - initial tolerance — 20-year aging — frequency stability over temperature.

6. Clamp limit is specified at time of order, which prevents pulling the frequency beyond the specified value.
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Table 4. Jitter & Phase Noise - LVCMOS

Parameters Symbol ‘ Min. ‘ b . Condition
Jitter
RMS Phase Jitter (random) T_phj - 80 - fs F_nom = 19.2 MHz, Integration bandwidth = 12 kHz to
5 MHz
RMS Period Jitter T_jitt_per - 1 - ps F_nom =19.2 MHz, measured per JESD65B
Peak Cycle-to-Cycle Jitter T_jitt_cc - 6 - ps F_nom =19.2 MHz, measured per JESD65B
Phase Noise (SiT7201)
1 Hz offset - -84 - dBc/Hz
10 Hz offset - -113 - dBc/Hz
100 Hz offset - -135 - dBc/Hz
1 kHz offset - -145 - dBc/Hz | F_nom =19.2 MHz
10 kHz offset - -159 - dBc/Hz TCXO and DCTCXO modes
100 kHz offset - -170 - dBc/Hz
1 MHz offset - -171 - dBc/Hz
5 MHz offset - -172 - dBc/Hz
Spurious T_spur - -105 - dBc F_nom = 19.2 MHz, 1 kHz to 5 MHz offsets, 8 pF +10%
Phase Noise (SiT7202)

1 Hz offset - -68 - dBc/Hz
10 Hz offset - -97 - dBc/Hz
100 Hz offset - -116 - dBc/Hz
1 kHz offset - -131 - dBc/Hz
10 kHz offset - -142 - dBc/Hz | F-nom = 122.8 MHz
100 kHz offset - -153 - dBc/Hz | TexO and DCTCXO modes
1 MHz offset - -153 - dBc/Hz
5 MHz offset - -161 - dBc/Hz
10 MHz offset - -166 - dBc/Hz
20 MHz offset - -170 - dBc/Hz
Spurious T_spur - -93 - dBc F_nom = 122.8 MHz, 1 kHz to 20 MHz offsets, 8 pF +10%

Power Supply Noise Immunity
Power Supply-Induced Jitter PSJS - 0.2 - ps/mV | Power supply ripple from 1 kHz to 20 MHz
Sensitivityl”l
Power Supply-Induced Phase Noise PSPN - -70 - dBc 19.2 MHz, 50 mV peak-peak ripple on VDD

Table 5. Jitter & Phase Noise — Clipped Sinewave
Parameters Symbol ‘ Min. ‘ g : Condition
Jitter
RMS Phase Jitter (random) | 1oh | - ] 100 - | s [F_nom=19.2MHz, Integration bandwidth = 12 kHz to 5 MHz
Phase Noise

1 Hz offset - -84 - dBc/Hz
10 Hz offset - -113 - dBc/Hz
100 Hz offset - -135 - dBc/Hz
1 kHz offset - -140 - dBo/Hz | F-nom =19.2MHz
10 kHz offset - -155 - dBc/Hz TCXO and DCTCXO modes
100 kHz offset - -164 - dBc/Hz
1 MHz offset - -165 - dBc/Hz
5 MHz offset - -165 - dBc/Hz
Spurious T_spur - -105 - dBc F_nom = 19.2 MHz, 1 kHz to 5 MHz offsets, 10 pF +10%

Power Supply Noise Immunity
Power Supply-Induced Jitter PSJS - 0.1 - ps/mV | Power supply ripple from 1 kHz to 20 MHz
Sensitivityl”
Power Supply-Induced Phase Noise PSPN - -70 - dBc SiT7201: 19.2 MHz, 50 mV peak-peak ripple on VDD

Note:

7. Terminology chosen for clarity; referred to historically as power-supply noise rejection (PSNR).
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Table 6. Absolute Maximum Limits

Attempted operation outside the absolute maximum ratings may cause permanent damage to the part.

Actual performance of the IC is only guaranteed within the operational specifications, not at absolute maximum ratings.

Parameter Test Conditions Value Unit
Storage Temperature -65 to 150 °C
Continuous Power Supply Voltage Range (Vdd) -0.5t0 4 \%
Human Body Model (HBM) ESD Protection JESD22-A114 2000 \%
Soldering Temperature (follow standard Pb-free soldering guidelines) 260 °C
Junction Temperaturel® 150 °C
Input Voltage, Maximum Any input pin Vdd + 0.3 \Y
Input Voltage, Minimum Any input pin -0.3 \%

Note:

8. Exceeding this temperature for an extended period of time may damage the device.

Table 7. Thermal Considerations!

Package 0,al191 (°C/W)

6.8, Board (°C/W)

O4c, Top (°CIW)

W yrl8l (°C/W)

Ceramic 5.0 mm x 3.5 mm 61

11

12

Notes:

9. Simulated in still air. Refer to SiTime Application Note AN23033 for more information on thermal considerations
10. Devices soldered on a JESD51 2s2p compliant board.

Table 8. Maximum Operating Junction Temperature!'"!

Max Operating Temperature (ambient)

Maximum Operating Junction Temperature

70°C 85°C

85°C 100°C
105°C 120°C
125°C 140°C

Note:

11. Datasheet specifications are not guaranteed if junction temperature exceeds the maximum operating junction temperature.

Table 9. Environmental Compliance

Parameter Test Conditions Value Unit
Mechanical Shock Resistance MIL-STD-883F, Method 2002 20,000 el
Mechanical Vibration Resistance MIL-STD-883F, Method 2007 70 g
Ambient Pressure MIL-STD-202 TM 105 Condition C 70,000 ft

Temperature Cycle

JESD22, Method A104

Solderability

MIL-STD-883F, Method 2003

Moisture Sensitivity Level

MSL1 @260°C
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Device Configurations and Pin-outs

Table 10. Device Configurations

Configuration Pin 1 I12C and SPI Programmable Parameters
TCXO OE /NF NF NF NF NF -
cTeXO OE / NF SCLK A1 A0 SDA 12C: Frequency Pull Range, Frequency Pull Value, Output Enable control
DCTCX
OE / NF SCLK MOSI SS/NF MISO SPI: Frequency Pull Range, Frequency Pull Value, Output Enable control
Pin-outs (Top View)
MISO / SDA / NF
NF
OE/NF|[ 1] Iil [¢]voD OE/NF| 1| I_I | ¢ | vbD
NF[2 ] [ _&]NF SCLK / NF 8 |NF
NF| 3 7 |NF MOSI/ A1/ NF 7 |NF
GND |« |T| [« ]cLk GND_| |_| [s]cLK
NF
CS/AO/NF
Figure 3. TCXO Figure 4. DCTCXO
Table 11. Pin Description
Pin Symbol /10 et UL Function
Down Resistor
HI'2I: specified frequency output
1 OE / NF OE — Input 100 kQ Pull-Up L: output is high impedance. Only output driver is disabled
NFI'3 — No Function - H or L or Open: No effect on output frequency or other device functions
SCLK — Input 200 kQ Pull-Up 12C/SPI serial clock input
2 SCLK / NFU3I
No Function H or L or Open: No effect on output frequency or other device functions
MOSI - Input 100 kQ Pull-Up SPI serial data input
3 MOSI / A1/ NFU3! — Input 100 kQ Pull-Up 12C address, most significant bit (MSB), when address is selected via pins.
No Function - H or L or Open: No effect on output frequency or other device functions
4 GND Power - Connect to ground
CS — SPI Chip Select 100 kQ Pull-Up SPI Chip select, active low
12C address, least significant bit (LSB), when address is selected via pins.

5 CS/ A0 / NF['® — Input 100 kQ Pull-Up This pin is NF when I°C device address is specified in the ordering code.

CSis SPI chip select, active low
NF — No Function - H or L or Open: No effect on output frequency or other device functions.

6 CLK Output - LVCMOS, or clipped sinewave oscillator output

7 NF03 No Function - H or L or Open: No effect on output frequency or other device functions

8 NF03 No Function - H or L or Open: No effect on output frequency or other device functions
Connect to power supply.

9 VDD Power _ A 0.1 pF capacitor in parallel with a 10 yF capacitor are required between
VDD and GND. The 0.1 pF capacitor is recommended to place close to
the device, and place the 10 pF capacitor less than 2 inches away.

MISO - Output - SPI serial data output
10 MISO / SDA / NFI™l | SDA — Input/Output 200 kQ Pull Up 12C Serial Data
NF — No Function - H or L or Open: No effect on output frequency or other device functions
Notes:
12. In OE mode for noisy environments, a pull-up resistor of 10 kQ or less is recommended if pin 1 is not externally driven. If pin 1 needs to be left floating,
use the NF option.
13.  All NF pins can be left floating and do not need to be soldered down.
14. Vias from the GND pins to the GND plane should be maximized.
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Typical Performance Plots
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= — -80
£ i -90
g M0 @ -100
T 120 2 110
£ 130 & -120
2 -140 S 130
§ -150 @ -140
8 150
< 160 <
o o 160
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-180 -180
1 10 100 1000 10000 100000 1000000 1 100 10000 1000000
Offset Frequency (Hz) Offset Frequency (Hz)
Figure 5. Phase Noise — 19.2 MHz Fc Figure 6. Phase Noise —122.8 MHz Fc
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Test Circuit Diagrams for LVCMOS and Clipped Sinewave Outputs

VDD CLK Test Point
+ O, @ ®
0.1uF
Power N @ J
Supply - T —— 8F
10uF includi b
: ® @ 6 @ i
capacitance)
Vdd
07 p—
OE Function -

Figure 7. LVCMOS Test Circuit (OE Function)

VDD CLK Test Point
® ®
0.1uF
Power J Bl @
Supply _ T 8pF
- 10pF (including probe
O @ @ and fixture
capacitance)
Any state
or floating 1
NC Function

Figure 9. LVCMOS Test Circuit (NF Function)

Test Point

VDD CLK
. el | @ ®
-u 10pF
Power i I @ —_1 % 10kQ

E)E 10;_ T T (including probe

- O @ @ @ and fixture
resistance and
capacitance)

vdd
OE Function -

Figure 8. Clipped Sinewave Test Circuit (OE Function)

for AC and DC Measurements

Test Point

VDD CLK
+ ©® © ®
Power __Oﬂi_ @ @ _L10F ; 10kQ
Supply 10“:— - T (including probe
N (P @ @ @ and fixture
resistance and
capacitance)
Any state
or floating —1
NC Function

Figure 10. Clipped Sinewave Test Circuit (NF Function)
for AC and DC Measurements
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Test Circuit Diagrams for LVCMOS and Clipped Sinewave Outputs (continued)

VDD CLK Test Point
+ ® @ ® | Amc
0.1pF
Power —1 —_
Supply pu— @ —_— 8pF
- 10uF (including probe
SDAM O @ @ @ and fixture
capacitance)
Any state JR

or floating
NG SCLK

Function

Figure 11. LVCMOS Test Circuit (I2C Control), DCTCXO mode for AC and DC Measurements

VDD CLK Test Point
. ® ® ® | Aonc
0.1uF

Power L (5}4T ::mpF % 10kQ

Supply 1007 (including probe
N (P @ @ @ and fixture

SpDAM4 resistance and
capacitance)

Any state JR
or floating

SCLK
NC
Function

Figure 12. Clipped Sinewave Test Circuit (I2C Control), DCTCXO mode for AC and DC Measurements

VDD CLK
Test Point
. ©® ® ® | aomnc
0.1pF 1 10pF
IE"EI - == ® = 10k0
Supply 10pF (including probe
- @ @ @ and fixture
resistance and
capacitance)
Any state
or floating 1
NC Function

Figure 13. Clipped Sinewave Test Circuit for Phase Noise Measurements, Applies to All Configurations
(NF Function shown for example only)

Note:
15. SDA is open-drain and may require pull-up resistor if not present in 1°C test setup.
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Waveforms
tr —» [ tf —» [
90 % Vdd
50 % Vdd
10 % Vdd
High Pulse Low Pulse
¢ Period ——>|
Figure 14. LVCMOS Waveform Diagram('6]
tr —» [ tf —» l—
80 % Vout
50 % Vout Vout
20 % Vout /
l— High Pulse e Low Pulse N
(TH) (TL)
——— Period —
Figure 15. Clipped Sinewave Waveform Diagram!['¢l
Note:

16. Duty Cycle is computed as Duty Cycle = TH/Period.
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Timing Diagrams

vdd
90% vdd 9
| 50% Vdd
I |
vdd Pin [ T_start OE Voltag :<—>T—°e
Voltage | |
I I
| |
i I
CLK Output CLK Output m

T_start: Time to start from power-off T_oe: Time to re-enable the clock output

Figure 16. Startup Timing Figure 17. OE Enable Timing (OE Mode Only)

Stability Diagrams

Over temperature range specified for hysteresis

s N
A dF

Frequency
Stability

Ambient Temperature

Figure 18. lllustration of hysteresis, where dF is max
frequency difference between up and down cycles
across temperature
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Dimensions and Patterns
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Additional Information
Table 12. Additional Information

Document Description Download Link
ECCN #: EAR99 Five character designation used on the commerce —
Control List (CCL) to identify dual use items for
export control purposes.
HTS Classification Code: A Harmonized Tariff Schedule (HTS) code developed —
8542.39.0000 by the World Customs Organization to classify/define
internationally traded goods.
Manufacturing Notes Tape & Reel dimension, reflow profile and other https://lwww.sitime.com/support/resource-library/manufacturing-notes-
manufacturing related info sitime-products
Qualification Reports RoHS report, reliability reports, composition reports http://www.sitime.com/support/quality-and-reliability
Termination Techniques Termination design recommendations http://www.sitime.com/support/application-notes
Layout Techniques Layout recommendations http://www.sitime.com/support/application-notes
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Elite RF Digital Control Guide

Introduction

This document details the SiT7201/2 Elite RF register map.
The detailed description focuses on the sections of the
register map that control DCXO mode operation and
determine ambient temperature with the temperature to
digital converter (TDC) function. DCXO mode is a mode of
operation where the TCXO output can be precisely
controlled via digital inputs applied through the serial (12C

Register Map

Table DG1 below shows the details of the Elite RF register
map dealing with the DCXO mode. For parts
preprogrammed with fixed addresses, Elite RF's 12C
address is 0x5x where the last x can be any hex number
from O to F. For parts that use the A1 A0 pins to set the
address the address decode is shown in the last part of
Table DG1.

or SPI) interface. It is used commonly to phase lock the
TCXO output to another reference or to do aging
compensation of the TCXO output frequency. Using the
DCXO Function Section covers the details of DCXO mode
operation. Finally, we describe how to determine ambient
temperature from the TDC temperature in Using the TDC
Information Section.

Table DG1. Elite RF Register Detail

Description of Registers

Register
Name Size (bits) Format (16 bit registers) Scaling | Read/Write

Address

0x00 DCXO_Clip 13 DCXO_Clip[12:0] register bits[12:0] R
0x0C DCXO 16 DCXO[38:23] R/W
0x0D DCXO 16 DCXO0[22:7] R/W
0x0E DCXO 7 DCXO[6:0] register bits[15:9] R/W
0x13 Output disables 1 Output disables bit 12 R/W
0x20 TDC 16 TDCI[45:30] R
0x21 TDC 16 TDCI[29:14] R
0x22 TDC 14 TDCI[13:0] register bits[15:2] R
0x2A Chip ID 16 Chip ID [15:0]  (Expected readback DOxx) R
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Table DG2. Preprogrammed Address Decode (12C)

Ordering Code ‘ Address (in binary)

101 0000

101 0001

101 0010

101 0011

101 0100

101 0101

1010110

101 0111

101 1000

101 1001

101 1010

101 1011

101 1100

101 1101

101 1110

MM O|O0|m|>»P|lo|lw|N|[o|ja|lh|lw|N|=a2]|oO

101 1111

Table DG3. A1 A0 Pin Address Decode (I12C)

A1 A0 Pin Address Decode (I12C)

A1 A0 Address (in binary)
0 0 101 0000
0 1 101 0010
1 0 101 1000
1 1 101 1010

SPI Usage Notes

The SPI bus for the Epoch family uses the below standard pin definitions.
SCLK - Serial clock

MOSI — Master output slave input

MISO — Master input slave output

CS — Chip select, active low

The general format of communication to the chip via SPI is as shown below.

Command([7:0] Address[7:0] Data[15:0]

The write and read commands are as shown below:
Write: 57h
Read: A5h

Address and data are as shown in Table DG1.
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Using the DCXO Function

The DCXO function is controlled by 39 bits contained in
registers 0x0C, 0xOD and OxOE. The bits are arranged as
shown in Table DG1. The maximum pull range is controlled
by the 13 bits contained in register 0x00 and called
DCXO_Clip.

The DCXO binary control number represents the fractional
portion of the total possible pull of the output frequency. The
total pull available is £800 ppm. The next sections describe
how to determine the DCXO control words based upon a
desired frequency.

Pull Range, Absolute Pull Range

Pull range (PR) is the amount of frequency deviation that
will result from changing the control word over its maximum
range under nominal conditions.

Absolute pull range (APR) is the guaranteed controllable
frequency range over all environmental and aging
conditions. Effectively, it is the amount of pull range
remaining after taking into account frequency stability,

FREQUENCY

tolerances over variables such as temperature, power
supply voltage, and aging, i.e.:

APR =PR - Fstability — I'aging

where Fgpiity iS the device frequency stability due to initial
tolerance and variations on temperature, power supply, and
load. For the case of the Elite RF Fapiity and Faging are so
small compared to PR APR is essentially equal to PR.

Figure DG1 shows a typical SiTime DCXO Freq vs
Frequency Control Word (FCW) characteristic. The
Frequency vs FCW characteristic varies with conditions, so
that the frequency output at a given FCW can vary by as
much as the specified frequency stability of the DCXO. For
such DCXOs, the frequency stability and APR are
independent of each other. This allows very wide range of
pull options without compromising frequency stability.

0 FREQUENCY STABILITY
(Temp, Voltage, Aging, etc)

APR

FCW_low

>
>

Figure DG1. Typical SiTime Frequency vs FCW graph for DCTCXO

The FCW_low and FCW_max are the specified limits of the
FCW range as shown in Figure DG1 above. Applying FCW
values beyond the upper and lower limits does not result in
noticeable changes of output frequency. In other words, the
Frequency vs FCW characteristic of the DCXO saturates
beyond FCW_low or FCW_max.
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DCTCXO-Specific Design
Considerations

Pull Range and Absolute Pull Range

Pull range and absolute pull range are described in the
previous section. Table DG4 below shows the pull range
and corresponding APR values for each of the frequency
vs. temperature ordering options.

Table DG4. APR Options

APR ppm APR ppm
PuII.Range Pull Range 3 ppb option 5 ppb option

R +80ppb 20-year aging +80ppb 20-year aging
\" +3.125 +3.039 +3.035
T 16.25 16.164 +6.160
R +10 +9.914 +9.910
Q +12.5 +12.414 +12.410
M +25 +24.914 +24.910
B +50 +49.914 +49.910
E +100 +99.914 +99.910
H +200 +199.914 +199.910
X +400 +399.914 +399.910

Output Frequency

The device powers up at the nominal operating frequency
and pull range specified by the ordering code. After power-
up output frequency can be controlled via 12C writes to the
respective control registers. The maximum output frequency
change is constrained by the pull range limits.

The frequency output is specified by the value loaded in the
DCXO register. The output frequency is determined by the
following equation: Fout=(1+DCX0O*800e-6)Fo. DCXO is a
signed 39 bit fraction, S.38f, with range 1. Fo is the
nominal output frequency.

Table DG5 below shows the frequency resolution versus
pull range programmed.

Table DG5. Frequency Resolution versus Pull Range

Programmed Pull Range Frequency Resolution

+3.125 ppm 5.0x10""
+6.25 ppm 5.0x1074
+10 ppm 5.0x1074
+12.5 ppm 5.0x10""
+25 ppm 5.0x10"4
+50 ppm 5.0x10"4
+100 ppm 5.0x10"4
+200 ppm 5.0x10"4
+400 ppm 5.0x10"4
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The ppm frequency offset is specified by the 39 bit DCXO
frequency control word in two’s complement format as
described in the 12C Register Descriptions. 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 0x0C[38:23] (Most Significant Word), 0x0D[22:7]
(Next Significant Word) and O0x0E[6:0] register bits[15:9]
(Least Significant Word). The MSW value should be written
first followed by NSW and finally the LSW value; the

frequency change is initiated after the LSW value is written.

Figure DG2 shows how the two’s complement signed value
of the frequency control word sets the output frequency
within the +800 ppm full pull range. To set the desired
output frequency, one just needs to calculate the fraction of
full scale value ppm, convert to two’s complement binary,
and then write these values to the frequency control
registers.

111 1111 1111 1111

1111 1111 111 1111 1111

Decimal (2138)-1 = 274,877,906,943

ppm +800ppm

0000 0000 0000 0000

Decimal

ppm

0000 0000 0000 0000 0000

0000 0000 0000 0000

Decimal (2138) =

ppm

0000 0000 0000 0000 0000
-274,877,906,944

-800ppm

Figure DG2. Frequency Control Word

The following formula generates the control word value:

Control word value = RND((238-1) x ppm shift from
nominal/800ppm), where RND is the rounding function
which rounds the number to the nearest whole number.

3 examples follow. Examples 1 and 2 cover the case where
DCXO_Clip=0. In this case the full pull range is +800 ppm.
Example 3 shows how the DCXO_Clip factory setting is
used to reduce the max pull range.

Example 1:
= Default Output Frequency = 19.2 MHz
s Desired Output Frequency = 19.201728 MHz (+90 ppm)

238-1 corresponds to +800 ppm, and the fractional value
required for +90 ppm can be calculated as follows.

= 90 ppm /800 ppm x (23-1) = 30,923,764,531.0875.

Rounding to the nearest whole number yields
30,923,764,531 and converting to two’s complement gives
a binary value of, 0111 0011 0011 0011 0011 0011 0011
0011 0011 or 733333333 in hex.

In general, the max pull range is calculated using the
below relation.

Equation 1
MaxDCXOpull = +/-(800ppm*(DCXO_Clip/(2*13))).

The only exception is when DCXO_Clip=0. In this case,
the DCXO pull range is +800ppm.

Example 2:

= Default Output Frequency = 10 MHz

= Desired Output Frequency = 9.9995 MHz (-50 ppm)
Following the formula shown above,

= (-50 ppm / 800 ppm) x (238) = -17,179,869,184.

Converting this to two’s complement binary results in -
1*(000 0100 0000 0000 0000 0000 0000 0000 0000 0000)
=111 1100 0000 0000 0000 0000 0000 0000 0000 0000,
or 3C00000000 in hex. The negative number is
represented as a 2’s complement.

Since the DCXO_Clip value is 0 the DCXO pull range is
+800 ppm.
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Example 3: Converting 2048 into binary gives, 0100000000000. This
is the value that will be read from register 0x00. The
formula to calculate the FCW for a given desired ppm
offset remains the same. So the FCW for 90 ppm is still
calculated as in Example 1 and is the two’s complement
value 0111 0011 0011 0011 0011 0011 0011 0011 0011
Equation 2 or 733333333 in hex. Negative values are still calculated

In this final example let’s look at the case when the max
pull range is factory set to 200 ppm. Now the DCXO_Clip
value will be set at shown below. Solving Equation 1 from
Example 1 and rounding gives:

. 13 MazDCXOPull\\ 3 as in Example 2. This means the DCXO_Clip value does
DCXO_Clip=RND ((2 )) .((4800 ppm )] =2.048-10 not change the DCXO slope. It only changes the DCXO
saturation point. This is illustrated in Figure A3 below.
A
FREQUENCY vs FCW
+/-800ppm
A
2
>
% é +/-200ppm
w4
g o
—
i I
(@]
|_
- Input FCW Range ”
FCW_low FCW_max

Figure DG3. DCXO_Clip lllustration

It is important to note that the maximum DCXO update rate
is 50 kHz for an SPI bus speed of 5 MHz and 10 kHz for an
12C bus rate of 1 MHz. For faster update rates contact
SiTime. The minimum read cycle time, or the minimum time
between successive reads of a register, is 50 ms.

Using the TDC Information

The Elite RF platform has an on-board dual resonator
temperature to digital converter (TDC) with 46 bit resolution.
This TDC can be used to measure the on-chip MEMS
temperature with very high resolution. It can also, with some
simple calibration, be correlated to ambient temperature.

The relationship between the TDC bits TDC [45:0] and
ambient temperature will be linear. The linear equation that
relates ambient temperature to the TDC output can be
found by reading the TDC bits at 2 separate ambient
temperatures, plotting the ambient temperature vs TDC
value and then deriving the linear equation that relates TDC
value to ambient temperature. It is recommended to choose
2 temperatures at least 10°C apart.
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