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OCXO Thermal Management IC
DESCRIPTION

The TM200 is a fully integrated programmable thermal management unit that monitors, controls, and corrects analog
circuitry across a wide temperature range. The TM200 is primarily intended for OCXO applications and includes a
temperature sensor, internal Pierce oscillator & output stage, thermal controller, internal heater and data converters
combined with a microcontroller (MCU) and memory structures. The TM200 controls and regulates the temperature
environment of small enclosures by executing temperature stability and correction programs. The Pierce oscillator and
output stage are designed to be flexible with a variety of oscillator and crystal configurations. The TM200 includes many
programmable functionality options, and its software package makes it easy to configure and implement various crystal
correction algorithms. It communicates via an 1°C interface and is available in a 3mm x 3mm package or as die.
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FEATURES APPLICATIONS
e Low Phase Noise Oscillator e OCXO Modules
e Low Allan deviation for high stability clocks e Thermal Protection & Management
e High accuracy temperature sensor e Environmental Control Systems
e Controls internal (1W) or external heaters e Precision Measurement

ORDERING INFORMATION

Order Number Package Quantity MSL Rating Leadframe
TM200-T1 20L STSLP QFN 122 — Tube Yes 1 NiPdAu
TM200-R1 20L STSLP QFN 1000 — 7” Reel Yes 1 NiPdAu

TM200-X Die Upon Request n/a n/a n/a
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SPECIFICATIONS

Environmental Specifications

Table 1 Recommended Operating Conditions

RFA-04-039 Rev 1.1

Parameter Conditions Min Typ Max Unit
Supply Voltage +5% 3.135 3.3 3.465 Vv
Operating Temperature -40 125 °C
OTP Programming Temperature 0 50 °C
Internal Temperature Sensor Specifications
Table 2 Temperature Sensor Specifications
Parameter Conditions Min Typ Max Unit
Absolute Accuracy -0.25 0.25 °C
Voltage Range -40C to 125C 1.32 2.5 "
Resolution ADC LSB 0.11 °C
-40C to 125C 0.6
Linearity %
70C to 125C 0.2
Thermal Controller Specifications
Table 3 Thermal Controller Specifications
Parameter Conditions Min Typ Max Unit
-40C 160 267 mA
Internal Heater Current 100C 160 221
125C 160 211
Continuous Internal Heater Power 3.3V Supply (VDDHXx) 0.5775 W
Thermal Controller Output Drive Range Internal Heater 0 vdda-0.1 \Y
External Heater 0 Vdda - 0.1
Max Thermal Controller Drive Current External Heater 7 8.1 mA
Internal Heater 0 0.653 0.782
Thermal Controller Feedback Range Vv
External Heater 0 1.5
Current Limiting DAC Reference 2.9 \Y,
Current Limiting DAC Resolution 7 bits
Current Limiting DAC Codes 128 steps
Current Limiting DAC LSB 22.7 mV
Internal resistor network 70 110
Temp Set Point Range °C
External resistor network -20 110
Temp Set Point Resolution 12-bit resolution 0.04 °C
4 hexiussemi.com

HEXIUS

SEMICONDUCTOR



TM200 Datasheet RFA-04-039 Rev 1.1

Data Converter Specifications
Table 4 Correction DAC DC Specifications

Parameter Conditions Min Typ Max Unit
Temperature Range -40 27 125 °C
Monotonicity 12 Bits
Resolution 12 Bits

Least Significant Bit BYPASS = 2.9V 0.708 mV
Differential Non-Linearity -1 +0.5 +1 LSB
Integral Non-Linearity -4 +2 +4 LSB
Output Range BYPASS = 2.9V 0.3 2.9 \Y

Oscillator Specifications
Table 5 Oscillator Specifications

Description Conditions Min Typ Max Unit
Input Frequency Internal CA/CB capacitors only 51 155 MHz
CA Range Adjustable 2 52 pF
CB Range Adjustable 2 62 pF
RD Range Adjustable 25 1000 Q
RF Range Adjustable 1.6k 100k Q
Duty Cycle Adjustable 45 50 55 %

1 Using external capacitors allows for operation below 5MHz

Output Specifications
Table 6 Output Stage Specifications

Parameter Conditions Min Typ Max Unit
15pF load 200

Maximum Output Frequency MHz
50pF load 100
8mA drive - 15pF Load 2.0

Rise/Fall Time (10%-90%) of 8mA drive - S0pF Load 4.8 .

VDDA 4mA drive - 15pF Load 3.7
4mA drive - 50pF Load 9.1

Digital Clock Specifications
Table 7 Processor Clock Frequency

Parameter Conditions Min Typ Max Unit

Internal Ring Oscillator Frequency 10 MHz

Processor Clock Frequency 1 10 MHz
OTP Read Temperature -40 125 °C
OTP Programming Temperature Set VDDA to 3.465V for best results 0 50 °C

OTP Memory Size 32k Bytes

ROM Memory Size 3k Bytes

RAM Memory Size 1k Bytes
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Absolute Maximum Ratings

TM200 Datasheet

Table 8 Absolute Maximum Ratings

RFA-04-039 Rev 1.1

Parameter Conditions Min Max Unit
Supply Voltage 0.5 3.8 \"
EN -0.5 5.5
Pin Voltage > 05 > Vv
SDA -0.5 5.5
All Other Pins -0.5 3.8
Soldering Temperature 260 °C
Storage Temperature -55 150 °C
Junction Temperature 150 °C
Human Body Model (HBM) 2000
ESD Ratings Machine Model (MM) 100 \Y,
Charged Device Model (CDM) 1000
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PIN CONFIGURATION AND FUNCTION
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Figure 1 TM200 Package Pinout
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_________________________________________________________________________________________________________________________________________________________________________________________________________
Table 9 TM200 Pinout

Pin ‘ Name 1/0/P Description
1 0OSCD 1/0 Crystal drive when internal Varicap is used.
2 oscc 1/0 Crystal drive when internal Varicap is bypassed and not used.
3 VDDH1 P 3.3V Internal Heater supply. The current on this pin can be up to 175mA.
Internal oscillator power supply. Will require either 22uF/0.01uF bypass capacitors
4 BYPASS 1/0 . . . . .
or 1nF compensation capacitor depending on configuration.
5 GNDD P Digital ground

Tuning (EFC) & I12C interface input clock. An external pullup resistor to VDDA of 10kQ
6 SCL 1/0 is needed during 12C communications. The pin contains an internal pull-down
resistor of 110 kQ. 5V tolerant.

Open drain serial data input/output for the 12C interface. An external pullup resistor
7 SDA 1/0 to VDDA of 10kQ is needed during I2C communications. The pin contains a high
value internal pull-down resistor. 5V tolerant.

8 N/C n/a Not connected

External NTC thermistor input. Use this input to use an external thermistor as an

9 THRM | . .
alternative crystal measurement method than the internal IC temperature sensor.

External Tuning Voltage. The pin is driven by the output of the Correction DAC
10 XTUNE 1/0 and/or the EFC input. It typically controls the voltage on a varactor. It is not
connected when the Correction block is configured to drive the internal Varicap.

Enable signal. The polarity and default state is programmable through the internal

1 EN /0 processor. 5V tolerant.
12 HTHRM /0 Thermal Controller thermistor terminal. This pin is used to connect an NTC
thermistor required to close the feedback loop of the Thermal Controller.
13 VDDH2 P 3.3V Internal Heater supply. The current on this pin can be up to 175maA.
RF Output. The RFOUT pin provides a CMOS output signal with properties defined in
14 RFOUT 0 .
the output stage section.
15 REIN RF Input. RFIN is the input receiver connection from the oscillator stage output. It is

usually driven via a capacitor from OSCB.

External Heater Drive. This is used only when external heaters are being
16 HDRV 0] implemented and needs to be configured to drive either NMOS or NPN heater
transistors and can drive up to 9mA

External Heater Feedback. Voltage signal connected to the load resistors of the

17 HFB ! external heaters that provides feedback to the thermal controller.
18 VDDA P 3.3V Analog positive supply. The current on this pin can be up to 30maA.
Pierce inverter state output. This signal is usually fed to RFIN via a series
19 0scB 1/0 . . .
capacitance to provide a drive to the output stages.
20 OSCA 1/0 Pierce inverter stage input from crystal.
21 GNDA P Analog ground
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BLOCK DESCRIPTION & FUNCTIONALITY

Oscillator Stage
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Figure 2 Oscillator Stage Architecture

Pierce Oscillator Core

The oscillator uses a Pierce architecture, designed to be compatible with fundamental or overtone AT cut crystals and
overtone SC cut crystals up to 156MHz. It includes an embedded inverter with adjustable resistors and capacitors. The gain
stage (X1) is an optimized P/N FET inverter pair. The values for Ca, Cs, Cr, Cy, Rf, and Rp are set using the control registers
and are easily configured with the TMx00 Control Software. The oscillator stage is powered through the BYPASS pin and
can be shorted to the VDDA pin of the IC or decoupled from VDDA by configuring an internally 2.9V regulator to drive the
BYPASS pin. See the Application Notes more information.

Most oscillator applications can be met with the internal component value selections, thereby reducing the amount
external components needed to construct an oscillator. Alternatively, the Rr and Rp select logic allows disabling the
internal resistors for use with external components. Ca and Cg capacitors can be fully disabled especially for applications
with matching and trap networks in series with overtone crystals. When the Ca and Cg capacitors are disabled, the
minimum capacitance is ~2pF.

Oscillator Connections

OSCA is the Pierce inverter input, typically connected to one side of the crystal. OSCB is the Pierce inverter output used to
feed an output stage. OSCA and OSCD are the crystal connections for applications that use the internal Varicap. A blocking
cap is necessary between OSCC or OSCD and the crystal to prevent DC bias across the crystal. For applications that use an
external varactor, the other side of the crystal is connected to OSCC and OSCD is left open.

Please refer to the TMx00 Design Example Manual for examples of various oscillator architectures that can be built with
the TM200.
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Internal Varicap Tuning

The internal Varicap, Cy, and Cg provide internal voltage controlled tunability. The internal Varicap is a MOS device that
has a variable capacitance value that varies with the DC voltage applied via the two control points shown in Figure 2. Cy
controls the capacitance range of the Varicap. Ce is a series capacitor that can also tune the Varicap operation.

The Internal Varicap capacitance can be varied between 9pF to 34pF depending on the bias condition across the device.
Referring to Figure 2, the left-hand terminal of the Varicap is set to the BYPASS/2 voltage when in operation (A GND or
OPEN connection is made when an external varactor is used). The right-hand side of the Varicap can be driven from the
Correction DAC or EFC pin (A GND or OPEN connection is made when an external varactor is used).

When the voltage applied to the right-hand terminal is at BYPASS voltage, the Varicap capacitance is set to the minimum
value of 9pF. Conversely, when the right-hand terminal is 0V, the Varicap capacitance is set to the maximum value of
34pF.

Internal Varicap Capacitance

40

35

30

25

20

15

Varicap Capacitance (pF)

10

0 0.5 1 1.5 2 2.5 3
Voltage Applied to Internal Varicap (V)

Figure 3 Internal Varicap Capacitance Curve
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.

RF Output Stage

The TM200 includes an RF Output Stage block that conditions the RF output waveform of the oscillator signal, usually
driven by a capacitor from OSCB. It restores the clock edges, makes duty cycle adjustments, and performs any necessary
clock division before driving the output load. The block also detects the presence or absence of an oscillator input signal
(RFIN) and buffers the clock signal for use as an internal microprocessor clock.

Clock frequency divisions of 1, 2, 4 and 8 are available. The CMOS clock driver has a 4mA/8mA drive current setting that
allows the user to select the appropriate drive characteristics for a given output load.

An enable function under the control of the MCU allows tri-state output.

drive_select
4mA drive RFOUT S
—> —]
RFIN RFOUT
. Duty Cycle Divider
u Recelver Adjust (1,2,4,8) |
8mA drive
drive_selectb RFOUT F
O———— -
0sC o
Detector To MCU
Driver QO
To MCU Clock

Figure 4 RF Output Stage Architecture
Using the RF Output Stage is not required to produce an output waveform. An unbuffered inverter driven from RFIN is an
alternative signal path that may produce a lower phase noise floor. Additional information regarding the output signal
generation is described in the Application Notes section.
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s
Thermal Controller
The Thermal Controller is used to control the thermal characteristics of an enclosed module or section of an assembly. It
was specifically designed to implement an oven-controlled crystal oscillator (OCX0) with low Allan deviation but can be
used to construct other thermal application designs. For an OCXO design, the thermally controlled section encloses the
crystal resonator in a temperature-controlled region.

Thermal Controller

Current Limit
DAC

Current Limiter

% A 4
w0
(]
(=
HDRV Internal or External
Heater Driver P Heater
e Temp Set > Feedback (NMOS/NPN)
DAC
Network
HTHRM _
> J HFB
_>

L e Thermal Feedback_
Figure 5 Thermal Controller Architecture

The Thermal Controller uses a driver to control a heater circuit that dissipates heats and causes the cavity temperature to

rise. When it is initially turned on, the controller produces more heat until the cavity temperature stabilizes. During this

warmup period, the Current Limit DAC & Limiter limits the maximum supply current. After the warmup period,

proportional control allows the cavity to remain at the desired temperature via an external thermistor. Heater power

provides a data input into the feedback network to adjust and stabilize the cavity temperature. The Temp Set DAC allows

for fine grained temperature control managed by the TM200 MCU.

A A

Limited Warmup Current

(]

S

S

Temperature Set Point | g

S

[ ()
] o
= Thermal Controller £
g Settling Steady-State Current '0_-’
>

=

>

©

@]

> T
Figure 6 Thermal Controller Current & Cavity Temperature
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_________________________________________________________________________________________________________________________________________________________________________________________________________
Heater Driver
The heater driver is a circuit that drives either NMOS or NPN transistors of heater structures. It is designed to deliver the
appropriate current for the transistors through the HDRV pin to achieve the desired thermal output. Two different drive
levels available, one for FET transistors and one for Bipolar transistors. The FET mode can drive up to 500uA sourcing, and
the Bipolar mode can drive up to 7mA (worst case, -40C). 7mA is sufficient typically for 4 Bipolar NPN transistors loaded
into 2Q resistors, for a large cavity of at least 30mm x 30mm.

In the case of using the TM200 internal heaters, the heater driver needs to be configured for the FET level of drive current
and the HDRV pin is not connected externally as the connection is already made internally within the IC.

Current Limit DAC & Current Limiter

Upon startup, the Thermal Controller heater driver will produce more heat until the crystal resonator (for an OCXO
application) temperature stabilizes (warmup period). The Current Limiter is used to limit the maximum operation current
during this warmup period. (Proportional control allows the cavity to remain at the desired temperature after the warmup
period.) This is useful to prevent any unintended power-up in-rush current timing, thermal runaway conditions, and long-
term reliability.

A 7-bit Current Limit DAC sets the maximum current the heater will deliver by setting the trip point of the comparator.
When the heater power is applied and the cavity temperature is low, the heater current and the resulting HFB voltage
increases until the comparator trips. Once tripped, the driver limits the heater current and thus the overall current
dissipation of the heaters. The appropriate voltage trip value is dependent on the heater network and the full-scale voltage
of HFB.

In the case of using the TM200 internal heaters, the HDRV & HFB pins are not connected externally as the connection is
already made internally within the IC.

HDRV

Heater Driver

Current Limiter
————————————— - Heater

Comparator

Current Limit
DAC

Figure 7 Current Limiter
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_________________________________________________________________________________________________________________________________________________________________________________________________________
Feedback Network
The feedback network is an input bridge consisting of R1, R2, feedback resistors R5 & R6, and the Thermal Range Resistor
R3. R1 and R2 shift the feedback bias voltage up to a mid-point level for easy comparison to the thermistor voltage. The
feedback resistors R5 & R6 monitor the voltage across the heater resistors (through HFB), indicating the power provided
to the heated thermal environment. The NTC thermistor provides the necessary thermal feedback.

When the two voltage inputs of the driver circuit are equal, the bridge is in balance and the controlled temperature is held
at that point. Balance occurs when V+ and V- are approximately Veypass/2, with the series connection of R1/R2/R6. HFB is
the current sense input that provides a slight perturbation of the balance point. This analysis assumes the Temp Set DAC
is Vaypass/2 resulting in no current through R4. Moving the Temp Set DAC output voltage into R4 produces a current used
to make fine grain temperature adjustments. The TMx00 Control Software provides an estimate of the temperature set

point.
Feedback Network
BYPASS Voltage (2.9V-3.3V
BYPASS | ltage ( )
R3
Thermal
R1 VDDA
Range 3kQ-14.2kQ 100kQ F-———====—==—=-==
Resistg | |
V- : Internal External :
Driver HDRV | | Leater [-OF- Heater |
V+ |
I NPN/
| | NMOs NMOS :
I
I
R2 > 100kQ : I
| I
I
I
R4 R5 I
Temp Set DAC HEB | |
12bit VVV—1? 1 i | :
301ka 220-10kQ : |
I
-
HTHRM R6 5620 ] - J'
NTC
|‘> Thermistor =

Figure 8 Thermal Controller Feedback Network
Temperature Set Point
Determining the Thermal Controller’s temperature set point is a function of three circuit elements.

e NTC Thermistor
e Thermal Range Resistor (R3) — Coarse temperature set point adjustment
e Temp Set DAC — Fine temperature set point adjustment

The TM200 is primarily designed to work with a negative temperature coefficient (NTC) thermistor that has a 100kQ
resistance value at room temperature. The temperature set point is coarsely determined by setting the Thermal Range
Resistor (R3) equal to the resistance of the NTC thermistor at the desired temperature. Assuming the Temp Set DAC output
voltage is Veyrass/2, this balances the feedback network legs at the desired temperature. The temperature set point is
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finely adjusted with the Temp Set DAC output voltage which provides a trim current through R4. The R3 values and the
range of the Temp Set DAC are designed to have overlapping temperature ranges eliminating gaps in the temperature set
point.

110C

Thermal Range
Resistor
Adjustment

90C

Temperature Set Point

Temp Set DAC
Adjustment

70C

ov [ |
1.45V 29V

Temp Set DAC Output Voltage

Figure 9 Approximate Temperature Set Point Ranges

Thermal Range Resistor (R3) Structure

R3 is constructed with two banks of resistor values. Only one of the resistors in the first bank may be selected (or all
resistors OPEN). Any of the resistors in the second bank may be selected in parallel with the first bank or individually to
determine the R3 value. The defined values of the resistors are approximate because of IC process variation. Using the R3
internal values provides a temperature set point range of approximately 70C and 110C. This range matches many OCXO
applications.

Using an external Thermal Range resistor supports extended temperature range operation. In some applications the
external resistor may result in tighter thermal control of the cavity. Additional details and examples on using an external
resistor, NTC thermistor, Thermal Range Resistor (R3) and the Temp Set DAC to set the temperature set point are
described in the Application Notes section.

—_————eeee e — —_—_—— e e ——

BYPASS [

3.7kQ 4.1kQ 4.4kQ 5.0kQ 5.8kQ 6.9kQ 9.0kQ 14.2kQ

HTHRM [} e ¢ . . . .

Figure 10 Coarse Temp Set Resistor Structure
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Thermal Feedback

The thermal control circuitry is stable with excellent phase margin based on the built-in compensation network for internal
heater applications. The value of resistor R5 is selected for optimum thermal settling time without excessive overshoot.
The internal compensation assumes current feedback in addition to thermal feedback. No external components are
needed, except for a possible snubber network on the HDRV in some external drive scenarios (Figure 12).

Controlling the internal heaters in conjunction with external heaters is not supported as the loop stability dynamics can
be significantly different. This is especially the case between NMOS and NPN transistors.

The TM200 firmware also supports a delay time from power on to the time at which the heater power is enabled. It also
supports soft start that ramps the current limit from O to the desired limit value over a defined time.

MCU Thermal Controller Inputs
The HFB, THRM, and internal temperature sensor signals are digitized under program control and fed to the MCU through
the common ADC. The resulting data can be used for diagnostics, algorithm adjustments, and related purposes.

16 hexiussemi.com
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Internal Heaters
Two nominal 0.565W heating elements are used to produce a minimum 1W of total output power at -40 degrees with a
3.3V supply. The heaters are composed of NMOS FET devices in source follower configurations with a resistive load as the
heating element. The heater transistors and resistors tightly couple to the center bottom pad of the TM200. Heat from
the transistors and resistors combine as the thermal source for the oven cavity.

Each heater contains 4 current legs, one of which includes an HFB terminal that swings roughly between OV to 0.7V as the
HDRV terminal swings between 0V to 3.3V. The power should be limited to 1W total for long term reliability which
corresponds to an HFB voltage of approximately 0.5V

HDRYV and HFB are controlled and sensed, respectively, by the Thermal Controller. No external connections to those pins
are necessary when the internal heaters are used. If more than 1W of power output is desired, an external heater structure
must be used (see next section). The TM200 does not support using internal and external heaters simultaneously because
the IC is not capable of stabilizing two thermal loops.

Heater 1 is supplied by the VDDH1 pin and Heater 2 is supplied by VDDH2. VDDH1 and VDDH2 are connected externally
and 175mA of current can flow through each of these pins. Metal routing outside of the IC needs to be sized accordingly.

VDDHx |
HDRV [} I & I e I — H: \
VDDH1 [l é TM200 % - @VDDH2
130 § 130 § 130 § 130 § £ Die £
HFB [J———
13Qf 130% 13Q§ 13Q§

Figure 11 Internal Heater Structure

Current Restriction

Due to resistor value variation that occurs during manufacturing, the IC is often capable of producing a power output
beyond the safe operating limits. To maintain long term reliability, the total continuous power output must be limited
with the current limiting setting in the Thermal Controller.

Table 10 Individual Heater Output Variation

Min Typ Max Unit
HFB range 457.6 617.3 733.3 mV
Power @ -40 501.6 742.9 mwW
Power @ 100 501.6 618.4 mW
Power @ 125 501.6 591.8 mwW

The resistance of the internal heater feedback resistor is measured during production testing and stored in the IC’s
memory. Reading this value from memory is required to programming the correct current limit setting.
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External Heaters
An external heater structure can be controlled by the Thermal Controller through the HDRV and HFB pins. If more than
1W of power output is desired, external heater elements must be used. The TM200 does not support using internal and
external heaters simultaneously because the IC is not capable of stabilizing two thermal loops.

Either NMOS FETs or NPN bipolar transistors can be used for external heaters. PMOS and PNP transistors are not
supported. FETs require very little gate drive from the HDRV pin, while bipolar power transistors need a base drive of
1/(transistor B). The maximum available drive is a programmable option of the Thermal Controller heater driver set to
either 500pA maximum for FETs or 7mA maximum for bipolar transistors. The 7mA maximum output supports up to 4
high B bipolar power transistors that can drive thermal enclosures approximately 30mm x 30mm.

Bipolar heaters may need equalizing resistors on each device base to avoid current hogging in which one device handles
most of the overall heater current. The resistors improve the balance between devices ensuring that one leg does not
attempt to provide all the current needed.

Heater Supply

HDRV H y -—-
~47'47OQ BC68 or
1-20 similar
HFB =
(on one leg) 1-20
Figure 12 External Bipolar Heater Example
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Correction System

The correction system is designed to correct the frequency shifts of a crystal across temperature with either the TM200’s
internal Varicap or an external varactor. Using the ADC to convert temperature sensor data, the MCU provides the input
code to a 12-bit DAC with an output voltage that adjusts the internal Varicap or external varactor to corrects crystal
frequency variation across a defined temperature range. For OCXO applications, the range will likely be limited around
the turnover point of the crystal since the module is designed to have the cavity operate at a constant temperature.

The correction system uses either the internal Varicap or an external varactor to provide the appropriate crystal pull. The
internal Varicap is suitable for low-cost designs that require minimal components. For higher performance requirements,
an external varactor may be used and controlled with the XTUNE pin. Please refer to the Design Examples for more
information.

The internal Varicap or XTUNE pin can also be controlled from the dual use SCL (EFC) pin via an analog connection.
Alternately the EFC and MUX pins can be used as an input to the ADC. The digitized value is processed in the MCU via
correction algorithms and fed out via the correction DAC to control the Varicap or external varactor.

Correction Circuitry

100k

OSCL (EFC)

110k 100k )
MUX _ Internal Oscillator_

Varicap Bias o—/ OSCD |
(BYPASS/2 V, aYAYAY, ] /
0V, Open) 100k :

|

|

Varicap Tune O_/._/\/\/\/_ I
(0V, Open) |

|

|

|

|

|

|

————0 Temp Sensor
———OTHRM
—— OHDRV

Cv

/._/\/\/\/ I__ilnternal

-
L

100k

Figure 13 Correction System Diagram

Microcontroller .

MCU) DAC

Internal Temperature Sensor

The internal temperature sensor is sampled and digitized by the ADC to provide a 12-bit resolution temperature
measurement of the IC. The measured value is the temperature of the IC substrate. This value is an indicator of the
oscillator crystal temperature with proper module construction. Alternatively, an external thermistor (through the THRM
pin) can be used for temperature measurements, correction, and monitoring. The internal temperature sensor is located
near the center of the die and is calibrated during production test. Reference Design Examples and Application Notes for
more information about thermal coupling.
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Analog to Digital Converter & MUX

The ADC is a Successive Approximation architecture (SAR) in combination with a multi-channel input MUX. This
architecture provides medium conversion speed and digitizes certain internal signals required to implement the correction
algorithm. Control of the ADC and MUX is self-contained within the TM200 software. The THRM pin is available for
additional external temperature measurements. Please reference the Application Notes for more information about using
the THRM and MUX inputs.

Power Domains
The TM200 operates with the following external voltage domains:

= VDDA - 3.3V Main analog supply
o Required supply voltage
= VDDH1 & VDDH2 — 3.3V Internal Heaters Supplies
o Required for internal heater usage
= BYPASS — Internal Oscillator Supply (connection options listed below)
o Shorted to VDDA
o Internal 2.9V Regulator
o External regulator

Upon application of VDDA power, the POR (Power on Reset)/Power Sequencing block enables the bandgap and 1.8V
regulator. Other internal regulators startup with the proper delays defined within the IC. The timing control and power
sequencing ensures the MCU, memory, and analog blocks start up in the correct sequence. The POR structure and startup
sequencing makes the IC tolerant to wide variations in supply rise time up to 1sec. If the internal 2.9V BYPASS regulator is
enabled, a 1nF capacitor on the BYPASS pin to ground is required for stability.

The BYPASS pin (oscillator supply) has 3 connection options. The first is to short it to VDDA. Alternately, the oscillator
supply can be decoupled from VDDA and driven with the Internal 2.9V Regulator. Lastly, the BYPASS pin can be driven by
a separate external regulator. Further information is available in the Application Notes.

VDDA (33V) | :
|
Analog/Control |
> |
|
|
VDDH1 Internal Heater > MCU/Digital I
@3v) T 1 POR/ 1.8V Regulator ~ f————p(7 1.8V :
Power Sequencing > |
|
|
|
|
v I
|
|
VDDH2 Internal Heater 2.9V Regulator Oscillator I
— — 5 e ———-
(3.3V) 2 Bandgap (programmable option) BYPASS
Figure 14 Supply and Voltage Domains
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The control unit for the IC is an embedded 8-bit microcontroller (MCU) including ROM, RAM, and OTP programmable
memory. The microcontroller’s main purpose is to configure, store, and adjust parameters. The embedded firmware

actively tunes the crystal based on the sensed temperature.

SCL 2 Ring Derived
DA I“C CPU Clock Oscillator r\gTj;ekr
Memory
ROM > -
CPU o
RAM - > 8051 <«— LATCHES
oTP -— —
A
h 4 \
DAC (3) ADC

1. I2C Communications

Figure 15 Digital Architecture

Setup of the TM200 is supported via the 1°C interface. Refer to the TMx00 Programming Reference Manual for details of

the commands.

Interface Type

Table 11 TM200 Communication Interface

TM200 Communication Interface

12C Slave

3.3V open drain

external pullups required < 10kQ when active

Max Data Rate 100kbps
Address 5A hex
Data Pin SDA
Clock Pin SCL

2. Programmable Memory
The nonvolatile programmable memory (OTP) allows customers to store TM200 setup items including oscillator setup,
OCXO frequency corrections over temperature, production serial numbers/trackability information, and other items as

needed.
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Typically, test sequences and program code will be programmed into the OTP memory during Hexius’ production test. For
customer production flows, the specific customer parameters for operational modes and oscillator configuration are
initially loaded into RAM during the testing and burn-in phase. When those parameters are determined to be stable,
commands issued to the microcontroller via the 12C interface write the resulting setup parameters into the nonvolatile
OTP memory. Each time power is applied to the TM200, the contents of the nonvolatile OTP memory are used to configure
the IC to the desired state.

Each OTP memory location can only be written one time. However, the OTP memory contains several subsections which
allow effectively multiple rewrites (6) of the setup parameters, allowing rework and fine adjustment after burn-in and
aging test cycles.

The OTP memory has a read temperature range of -40C to +125C, with a programming temperature range of OC to 50C.
For best programming results when writing OTP code sets, the VDDA supply voltage should be set to the maximum value,
3.465V.

Microcontroller Clock Source

No external clock source is required for the microcontroller. At power on reset, an internal self-starting clock of nominally
10MHz (ring oscillator) provides the master clock to the microcontroller. Under software control, the microcontroller clock
source can be switched glitch-free from the ring oscillator to a signal from the crystal oscillator. Operating the
microcontroller from the crystal oscillator will likely result in lower noise spurs from a common clock source. The
microcontroller target clock speed is between 1 and 10 MHz, and internal frequency dividers provide the proper clock rate
for OCXO outputs exceeding 10MHz.

A detector circuit determines if a stable oscillator operation is available. The processor reads a flag from the detector
circuit and controls the switch to the main oscillator as commanded by software. If the main oscillator fails, the puP will
automatically switch back over to the internal ring oscillator.

Ring Oscillator

41>e—l>e—% | Divider *
monitor O0—— \;
Detector Microcontroller

failsafe O—

Oscillator Clock Divider T
(Through RFIN)

Figure 16 Clock Source Switching
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OCXO TEMPERATURE CORRECTION ALGORITHM OVERVIEW

The TM200 supports three correction algorithms to compensate for temperature and voltage non-idealities:
1. Lookup Table — Temperature correction algorithm

2. Temperature Polynomial Curve Fit — Temperature correction algorithm
3. Supply Voltage Curve Fit — Voltage correction algorithm

The TM200 correction algorithms use integer numbers (digital codes) that represent temperatures and voltages to make
compensation adjustments. The ADC converts analog signals into the digital domain for the MCU to calculate the
appropriate Correction DAC input code and produce an analog correction voltage.

The first two algorithms use a Temp Code input to generate a CorrDAC Code from the Correction DAC output to correct
frequency variations over temperature. Only one of the temperature correction algorithms may be used during operation.

The Temp Code value is an integer with the range of 0 to 4095 and corresponds to the temperature being measured and
digitized through the ADC. A -40C to 90C temperature range will utilize a Temp Code range of approximately 2000 to 3200.
The Temp Code is produced from either the IC internal temperature sensor or an external thermistor (via the THRM pin).

The CorrDAC Code value is an integer with the range of 0 to 4095 and corresponds to the DAC input code needed to vary
the capacitance across an external varactor or the internal TM200 Varicap to correct the frequency variation for a given
temperature.

The CorrDAC Voltage is resulting Correction DAC output voltage for a given CorrDAC Code. It is calculated by multiplying
the Correction DAC's reference voltage by the ratio of the CorrDAC Code to the Correction DAC’s full-scale code (4095).

CorrDAC Code

CorrDAC Voltage = 2095

* BYPASS Pin Voltage

As a brief relationship example, a measured temperature of 25C may produce a Temp Code of 2541 and results in a
CorrDAC Code of 1983 and a CorrDAC Voltage of 1.4043V for the correct center frequency of a unique OCXO assembly.

4095
40
\ Correction
\ Response via
\\ CorrDAC Code
\

\ — - - - ~ D
8 N - ~ o __5 I
b \ _- Corrected Freq N N o
Q — < = Response — 3
o ~ e \ 5 3
(@) S~ - —— - \ -

\
\
\
Natural Crystal \
Frequency Response
-40
0 Temp Code 4095
Figure 17 Temp Code and CorrDac Code Relationship
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Adjustable Timing Parameters
The TM200 correction mechanism is a hybrid analog/digital implementation and has several adjustable timing parameters
that allow customers to tune timing modules to the time constants of the intended applications. The adjustments also
implement low pass filters to reduce crystal adjustment transients.

Supported adjustable timing parameters include:

Temperature Sample Interval — This sets the time interval (in ms) for measuring the temperature sensor and VDDA value.
The interval is between 20ms and 2550ms. Both the temperature and VDDA readings are averaged over 8 sample intervals,
updated at each sample interval (rolling average).

Frequency Correction Interval - This sets the time interval (in ms) for updating the Correction DAC value applied to the
Varicap or external varactor. The interval is between 20ms and 2550ms.

Averaging Intervals - This sets the number of Frequency Correction Intervals used to calculate an average DAC correction
value, updated each correction interval (rolling average). The averaging is between 1 and 16.

Lookup Table Curve Fit
The Lookup Table correction technique uses the measured reading from the IC temperature sensor or external thermistor
(Temp Code) and generates a CorrDAC Code via a lookup table.

The lookup table is arranged from the lowest Temp Code to the highest Temp Code with up to 80 defined points. The
spacing between the points is user defined to account for changing crystal temperature coefficient slopes. The appropriate
DAC correction code (CorrDac Code) between the defined Temp Code points is calculated by linear interpolation.

Temp | CorrDAC
Code Code

-40 2005 2720
-30 2085 2318 40|
-20 2167 2028
-10 2250 1856 Compensation
Response
0 2333 1794
10 2416 1822
20 2500 1906

Temp

Linear Lookup Table
Data Points

€ T

s L
25 2542 1961 | 2 >

w 1
30 2584 2014 | S
40 2669 2124
50 2754 2164 Natural Crystal

Frequency Response
60 2841 2142
70 2923 2015
-40
80 3009 1723 i
90 3096 1032
Figure 18 Linear Lookup Table Concept
24 hexiussemi.com

HEXIUS

SEMICONDUCTOR



TM200 Datasheet RFA-04-039 Rev 1.1
.

Temperature Correction Polynomial Curve Fit

The temperature polynomial curve fit correction technique uses the measured temperature reading from the IC sensor or
external thermistor (Temp Code) and calculates a CorrDAC Voltage via polynomial curve fit using the correction order
coefficients, a, - ao.

The correction process computes the Correction DAC voltage needed for best correction. The CorrDAC Voltage range is
from OV up the voltage of the BYPASS pin (typically, 2.9V or 3.3V depending on configuration). The correction value is
converted into a 12-bit DAC input digital code (CorrDAC Code), 0 for 0V, and 4095 for the max BYPASS Voltage. The internal
tuning Varicap operates over a range of OV to 2.9V, so the CorrDAC Voltage needs to be limited when BYPASS is operated
from a supply greater than 2.9V.

CoTTromp(x) = ag + arx + azx? + azx® + agx* + asx® + agx® + a;x7 + agx® + agx?®

x = TempCodeNormalized: TempCode normalized for Mean and Standard Deviation
CorTiemp(x) = CorrDAC Voltage = Correction DAC voltage
To use the polynomial curve fit algorithm, the following data needs to be selected or entered:

1. Desired correction order: For some applications 3™ or 5" order corrections may produce better results over
temperature than a 7™ or 9" order correction. This item can be set as needed for each oscillator application.

2. Temp Code Mean and Temp Code Std Dev: Measure the module over temperature and capture the Temp Code for
each measured temperature point. Compute the mean and standard deviation of the Temp Code values. Then
scale the Temp Code values by the mean and standard deviation generating x (Temp Code Normalized) for the
above equation.

3. CorrDAC Codes over Temperature: As part of the module measurements over temperature, determine the
CorrDAC Code that produces the least error. Convert the CorrDAC Code to CorrDAC Voltage by scaling it, 0 to 4095
for the voltage range O to the BYPASS pin Voltage. CorrDAC Voltage is Corrimp(x) in the equation above.

4. Use polynomial curve fit software to find the values of ao to a, based on x and Corriemp(X).
5. Enter the coefficients, ag - aq, the Temp Code mean, and the Temp Code Std Dev for the respective correction
order. The coefficients are single precision floating point numbers stored in the microcontroller. Single precision

floating point numbers have 7-8 decimal digits of precision and ensure that all significant digits are entered into
the microcontroller.

Please refer to the separate application document titled TMx00 Correction Algorithm Development for details.
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Supply Voltage Curve Fit
The CorrDAC Voltage values are not overly sensitive to supply voltage (VDDA) variation when the internal BYPASS regulator
is enabled. The Temp Code Normalized values have some dependency on supply voltage. This means that supply voltage
variations will shift the Temp Code values. The supply voltage polynomial curve fit correction techniques are optional
enhanced correction methods that generate adjustment terms to account for this shift.

A Corroitage term corrects for frequency shifts over supply voltage variation and uses the coefficients, by - bs.

A Corryoitage temp term corrects for frequency shifts from cross correlated supply voltage and temperature variation and
uses the coefficients, ¢q - c3.

The user selects whether these correction terms are applied to either the Temp Code or CorrDAC Code depending on the
architecture and sensitivity of supply voltage movement of the OCXO module. Each choice has further options regarding
the order of correction desired.

Temp Code Adjustment Option
Because the supply voltage range of the TM200 is +5%, the standard deviation of the VDDA Code range is set internally
with respect to the nominal VDDA Code.

VDDAsp = Standard deviation of VDDA

The Standard Deviation is defined so a 5% high supply voltage gives a VDDAsp (or o) of +3.0, and a 5% low supply gives a

VDDAsp of -3.0.

0.05
VDDASD = VDDACOdeNOM (T)

VDDACodenowm is the ADC code value measured by the IC when the VDDA supply voltage is 3.3V. A typical ADC code value
is 2330. Note that the VDDA ADC input is divided by 2, so the 2330 code represents an input value of 1.65V.

VDDACodeppqs — VDDACodeyom

AVDDA =
VDDA,

Applying the correction by adjusting the TempCode:

Tempap; = TempCodeNormalized + ATempCode(AVDDA)
Where:
Temp,p, is the new TempCodeNormalized value input into the main CorTen,y, (x) function for frequency correction

ATempCode is the Temp Code adjustment based on voltage and temperature measurements
Temp Code Corryoitage 1°* Order Correction Option
ATempCode(AVDDA) = Corryeirage (AVDDA) = by (AVDDA)

Temp Code Corrysitage 3™ Order Correction Option
ATempCode(AVDDA) = Corr,,olmge(AVDDA) = b;(AVDDA) + b,(AVDDA)? + b;(AVDDA)3

Temp Code Corrysitage & COlTyotage temp 3" Order Correction Option

ATempCode(AVDDA) = Corryeitage (AVDDA) + CorTygitage temp(AVDDA)
= b (AVDDA) + b,(AVDDA)? + b3(AVDDA)3 + ¢, (AVDDA)(TempCode)
+ c,(AVDDA)?(TempCode) + c;(AVDDA)(TempCode)?
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CorrDAC Code Adjustment Option
Applying the correction by adjusting the CorrDAC Code:

CorrDACyp; = CorrDAC Code + ACorrDAC Code(AVDDA) - when using the Lookup Table Correction
Or
CorrDAC,p; = CorrDAC Voltage + ACorrDAC Voltage(AVDDA) - when using the Polynomial Correction

Where:
CorrDACyp; is the new CorrDAC Code value output for frequency correction (Lookup Table Correction)

ACorrDAC Voltage is the new CorrDAC Voltage output for frequency correction (Polynomial Correction)
ACorrDAC Code is the CorrDAC Code/Voltage adjustment based on voltage and temperature measurements.

CorrDAC Code Corryoitage 1°t Order Correction Option
ACorrDAC Code(AVDDA) = CorTyoitag¢(AVDDA) = by (AVDDA)

CorrDAC Code Corryoltage 3" Order Correction Option
ACorrDAC Code(AVDDA) = Corr,,oltage(AVDDA) = b;(AVDDA) + b, (AVDDA)2 + b; (AVDDA)3

CorrDAC Code Corryoitage & COrtyoltage temp 3™ Order Correction Option
ACorrDAC Code(AVDDA) = CorTyoitage (AVDDA) + CorTygitage temp(AVDDA) = by (AVDDA) + b, (AVDDA)? +
b;(AVDDA)3 + ¢, (AVDDA)(TempCode) + c,(AVDDA)?(TempCode) + c3(AVDDA)(TempCode)?

Correction Algorithm Implementation

Various methodologies exist for obtaining the unique crystal and OCXO module frequency responses across temperature
during the manufacturing process. Please refer to the separate application document titled TMx00 Correction Algorithm
Development for details regarding the development flow of each correction algorithm and additional information.

For more information regarding the memory structure and commands needed to program the TM200, please refer to the
TMx00 Programming Reference Manual or use the TM200 Control Program software to enter the values.
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APPLICATION NOTES

Oscillator Power Supply Options
The BYPASS pin/net is the internal Pierce oscillator’s power supply with 3 connection options. The BYPASS pin/net should
be operated between 2.9V and 3.3V. (Other connections omitted. Refer to Design Examples.)

BYPASS Shorted to VDDA

Connecting the BYPASS pin directly to the VDDA pin operates the oscillator supply voltage at 3.3V. If the incoming VDDA
supply is a well-regulated low noise source, this can produce excellent oscillator phase noise performance. 22uF and
0.01uF external bypass capacitors are highly recommended located in very close proximity to the resulting supply node to
reduce or eliminate spurious energy.

VDD (3.3V) @)

< m < m >

O 0O 0O L

O » O I A

O O > T
—1 OSCD RFIN —
—— OSCC RFOUT |—
—— VDDHA1 VDDH2 I——
BYPASS HTHRM ——
—— GNDD EN[—

s £

X >

T F

F X

a4 <
o a 9
n n =z

Figure 19 Oscillator Power Supply (BYPASS) Connected to VDDA
Internal BYPASS Regulator

Enabling the TM200’s Internal 2.9V Regulator provides a low noise supply for the oscillator and decouples it from the
VDDA supply without the need for a separate regulator. The BYPASS pin needs to have 1nF capacitor externally to stabilize
the regulator. The noise of the internal regulator is very low given the size constraints of the IC.

VDD (3.3V)

< m < oo >

O O O L x

w O o I QO

o O > T
—1 OSCD RFIN ——
— OSCC RFOUT —
—— VDDH1 VDDH2 —

2.9V
BYPASS HTHRM ——

—— GNDD EN—
1nF

SCL
SDA
N/C
THRM
XTUNE

Figure 20 Oscillator Power Supply (BYPASS) Powered by Internal Regulator
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External BYPASS Regulator

Connecting the BYPASS pin to an external regulator also decouples the oscillator from VDDA and can provide a lower noise
supply for the oscillator for higher performance applications where the oscillator noise is below that of the internal
regulator. Potential regulator choices include the Texas Instruments LP5907 or Analog Devices AD7151.

VDD (3.3V)

< o < o >

O O O WL x

w O o I QO

O O > T
—1 OSCD RFIN —
—1 OSCC RFOUT (——
—— VDDH1 VDDH2 —

2.9V-3.3V

Regulator BYPASS HTHRM —
—— GNDD EN ——

L

= Z

X >

I

F X

1 <
o o 9
n n Z

Figure 21 Oscillator Power Supply (BYPASS) Powered by External Regulator
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Internal Pierce Oscillator Properties
Negative Resistance

Internal Pierce Oscillator Negative Resistance vs Frequency
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Figure 22 Pierce Oscillator Negative Resistance vs Frequency
Internal Pierce Oscillator Negative Resistance vs Temperature - 20MHz
0
-40 -20 0 20 40 60 g0 100 120
-200
-400
7
£
=
(=}
3 -600
=
©
B
7
&
-800
Oscillator Parameters
Co = 2pF
Rf =100k
Rd =25
-1000
-1200

Temperature (C)
—CA/CB=1pF ——CA/CB=2pF CA/CB=4pF CA/CB=8pF

Figure 23 Pierce Oscillator Negative Resistance vs Temperature — 20MHz
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Internal Pierce Oscillator Negative Resistance vs Temperature - 100MHz
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Figure 24 Pierce Oscillator Negative Resistance vs Temperature — 100MHz
Internal Pierce Oscillator Negative Resistance vs Temperature - 155MHz
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Figure 25 Pierce Oscillator Negative Resistance vs Temperature — 155MHz
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Integrated Capacitors CA & CB
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Figure 26 CA Capacitance Values vs Temperature — 20MHz
CA Q Value vs Temperature - 20MHz
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Figure 27 CA Q Values vs Temperature — 20MHz
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CB Q Value vs Temperature - 20MHz
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Figure 29 CB Q Values vs Temperature — 20MHz
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CA Q Value vs Frequency
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Figure 30 CA Q Values vs Frequency
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Figure 31 CB Q Values vs Frequency
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Disabling Pierce Oscillator

Certain applications may require the use of an external oscillator structure. An example would be to construct a Colpitts
based oscillator architecture and using the TM200 as the correction device for the oscillator. In this scenario, the internal
oscillator circuit should be disabled. The proper way to disable the oscillator circuit is to do implement the following:

1. Ground the OSCA pin
2. Set Ca, Cs, Cr, Cy, and Rp to OPEN states.
3. Set Reto 100k
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s
Output Signal Architecture Options
The output signal can be generated with several architecture options primarily using pins RFIN and RFOUT. Other
configurations are possible with careful oscillator design considerations. Output driver options include the internal TM200
RF Output Stage, an unbuffered inverter, or Hexius CF Series Fanout ICs. (Other connections omitted. Refer to Design
Examples.)

RFIN TO RF Output Stage

The internal TM200 RF Output Stage restores the clock edges, makes duty cycle adjustments, and performs any necessary
clock division before driving the output load. The RF Output Stage is an effective alternative to using external ICs to
condition the output signal of an OCXO module. With this configuration, the MCU may be clocked with the internal ring
oscillator or switched over to the crystal oscillator.

" 0.01uF
[
< 0O < o >
O O O W
w O Ao T 0O
o O > T
—— OSCD RFIN
—— 0OSCC RFOUT —— 0 OUT
—— VDDH1 l VDDH2 (——
— BYPASS — HTHRM ——
—— GNDD EN——
L
= Z
X >
T
= X

a1 <
O O
" w

— N/C

Figure 32 RFIN to RF Output Stage Option
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_________________________________________________________________________________________________________________________________________________________________________________________________________
RFIN into Inverter
If the RF Output Stage features are not needed, driving the unbuffered inverter from RFIN produces excellent phase noise
floor performance while retaining the ability for duty cycle adjustment and MCU clock control. With this configuration,
the MCU may be clocked with the internal ring oscillator or switched over to the crystal oscillator. The RFOUT stage needs
to be disabled and the RFOUT pin should be left unconnected.

0.01uF

< m < m >
O O O Ww
0w O O I QO
o O > T ouT
—— OSCD RFIN
— OSCC RFOUT ——
— VDDHA1 VDDH2 —
—— BYPASS Jf HTHRM —
—— GNDD EN ——
w
E Z
O TP
Z - X

a1 <
O 0
n 0

- —

igure 33 RFIN to Unbuffered Inverter Option

RFIN into Hexius CF Series Fanout Buffer

Another option that produces multiple output signals is to use Hexius’ CF Series of fanout buffer that produce CMOS or
LVPECL outputs. The CF Series fanout buffers have frequency division and industry leading extremely low additive jitter.
With this configuration, the MCU may be clocked with the internal ring oscillator or switched over to the crystal
oscillator. The RFOUT stage needs to be disabled and the RFOUT pin should be left unconnected.

N 0.01uF
[
< o0 < oo >
O O O w x
»n u O I A
o o0 > T
—10scD RFIN INP Q ——
— VDDH1 l VDDH2 — N o
— | BYPASS 1 HTHRM |—
— 1 GNDD EN}— -
s ¥
X o
T
= X

1 <
O
" 0N

— N/C

Figure 34 RFIN to Hexius CF Series Fanout Buffer
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HTHRM NTC Thermistor Usage
Typical applications for HTHRM use a 100kQ NTC (Negative Temperature Coefficient) with tight thermal coupling to the
crystal. The variation of the resistance over temperature is given by the beta equation or Steinhart-Hart equation.

The beta equation is:
11
Rpy = RToeﬁ(ﬁ_ﬁ)
TO = Reference Temperature (25C) in °K = 298.15
T1 = Test Temperature in °K
Rro = Resistance at Reference Temperature = 100k( typical

B = Parameter from vendor that illustrates the value shift over temperature, typically ~4200

The beta equation is an approximation since the beta value varies somewhat over temperature. The Steinhart-Hart
equation is more accurate but is not documented for all candidate thermistors.

TO 298.15 )
B 4200 NTC Resistance Value
RO 100000 100000
Temperature Resistance Value

-20 1223236
-10 651176

- 100000
0 363024 e

<
10 210909 ]

(]
20 127159 e

©
30 79268 )

O
40 50928 o 10000
50 33628
60 22765
70 15766
80 11148
90 8035 1000

-40 -20 0 20 40 60 80 100 120

100 >893 Temperature (C)
110 4393

Figure 35 NTC Thermistor Resistance Curve (Logarithmic Scale)
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HTHRM Thermal Controller Temperature Set Point Example
Typical OCXO temperature set points are based on the turnover point of the crystal used.

AT-Cut

AF,
_________________ Crystal

Lower Turnover
Temperatures

~®——— ypperTurnover

Temperatures

SC-Cut
Crystal

T

>

Figure 36 AT-cut and SC-cut Turnover Points

The TMx00 Control program’s Thermal Setup tab provides an easy method to perform the initial thermal range setup
based on the thermistor chosen and the temperature needed.
Assume for this example:

e 90C Target temperature set point

e 100kQ at To (25C) NTC

e 4170 Thermistor

The circuit will be in thermal balance when the voltage at HTHRM is approximately BYPASS/2 voltage. To configure the
temperature set point, assume the Temp Set DAC (fine tuning) is adjusted to the midpoint voltage, or BYPASS/2 V. The
current through R4 can then be assumed to be 0.

The resistance of a 100kQ NTC thermistor with a B of 4170 at 90C is 8.181kQ. Configure the value of the Thermal Range
Resistor, R3, to this target resistance to determine the approximate middle point of the temperature set point range. The
Temp Set DAC output voltage provides the high and low limits of the temperature set point adjustment range and is
calculated within the software. When configuring R3, the TMx00 Control program will calculate the High, Center, and Low
temperature range for that resistance. The target temperature set point must be within this range.

R3 is constructed with two banks of resistor values. Bank 1 of the Thermal Range Resistor must be individually selected.
Bank 2 resistors may be selected in parallel with the first bank or individually to determine the R3 value. In this example,
only selecting the 9kQ resistor shows an estimated temperature range of 78.7 to 95.3 C, supporting the 90C target
temperature.

Adjusting the Temp Set DAC value will provide the final temperature set point. This is determined by measuring the cavity
temperature. Techniques for this measurement are described in the Application Notes section.
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Alternately, the Thermal Range Resistor bank 1 can be set to OPEN and bank 2 resistors not selected. That allows an
external resistor between HTRHM and BYPASS to replace R3 and provide a custom thermal range matching the thermistor

resistance.
Thermistor Thermal
and (i) Range
Temperature Resistor
Farameters () Open
Target Temp C (®) Open
Resistance @ O 6.9k
25C ka O s.a@
Beta D 5.0k
Resistance @
Target Temp 8.181 ka O 44@
Estimated Temp O 4.1ka
Range from Range
Resistor & Therm O .7
Params Parallel Resistors
High Temp: 95.3 C %k
Mid Temp: 87.0 C [114.2a
Total: 9.00ka
Low Temp: 78.7 C
Figure 37 Thermal Range Settings in TMx00 Control Software
95.3C
=
e}
o
o)
P s7C
5 Center Temp for
‘§ R3 =8.181kQ
@
Q
£
©
78.7C
| |
oV I I
1.45V 2.9V

Temp Set DAC Output Voltage

Figure 38 Approximate Temperature Set Point Range
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External Thermal Range Resistor
An external resistor may be more desirable to use in place of the Thermal Range Resistor R3. Using an external resistor
provides two opportunities:

1. Extended temperature range - The temperature range of the Thermal Controller can be moved downward to as
low as -20C by replacing the 100kQ NTC thermistor with one with a lower resistance at the reference temperature.
50kQ, 25kQ, or 10kQ thermistors provide the needed range and require an external resistor value not within the
range of internal resistor R3.

2. Reduced Temperature Dependency — The TM200 internal Thermal Range Resistor exhibits a small temperature
dependency as the IC temperature fluctuates which results in the movement of the temperature set point. An
external resistor without a temperature coefficient and a 1% tolerance eliminates this effect.

Implementing an external resistor requires setting R3 to OPEN and connecting the needed resistor between the BYPASS
and HTHRM pins of the TM200 as shown below.

Feedback Network

BYPASS 2.9V (BYPASS)
R3
Thermal R1
Rarjge OPEN 100kQ
Resist
External Thermal V-
Range Resistor —
Driver
V+
+
R2
R4
'1I'§gi1tp Set DAC A A A \ . HFB
30.1kQ 220-10kQ
[ | * R6 <~ 5620
HTHRM
NTC
Themistor =
Figure 39 External Thermal Resistor Range Configuration
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Cavity Temperature Measurement
The temperature of the thermal cavity needs to be verified in the initial design and setup phase. The cavity temperature
is not read during normal closed loop thermal operation. This approach avoids any possibility of the measurement
disrupting the thermal loop operation.

Methods to measure temperature during setup:

1. Connect MUX to the HTHRM terminal. Switch out R3 in the bridge and use an external precision resistor between
HTHRM and BYPASS. This allows monitoring of the voltage on the thermistor terminal and thus the operating
temperature of the cavity. Using the external precision resistor removes the tolerances of R3.

2. Use a separate thermistor or thermocouple to measure the cavity temperature. This technique has the benefit
that the thermal loop is not disturbed during the setup.

3. Replace the AT or SC cut crystal with a Y cut crystal with a defined, high temperature coefficient. Measure the
temperature by measuring the oscillator frequency with the manufacturer’s calibration. This is a very sensitive
measurement method. However, it does require a special crystal in the same package as the normal
manufacturing one.

4. Characterize a production crystal over temperature use it for initial temperature calibration.

In production each OCXO will need to be characterized over ambient temperature to ensure the correct cavity
temperature is achieved. That measurement process may eliminate the need for precision temperature measurement
except for the initial cavity setup.

Thermal Time Constants

The size of the cavity and the thermal mass set the thermal time constant of the feedback loop and driving amplifier. The
thermal time constant will indicate how fast the cavity shifts in temperature. All cavities have some thermal loss based on
their thermal impedance to the outside environment.

The time constants and other thermal properties are difficult to compute without finite element or other thermal
modeling software. In many cases these tools are not available to an OCXO designer.

The time constants and losses can be experimentally determined by closing the thermal feedback loop, starting from a
lower temperature (usually room temperature) and observing the temperature and heater supply currents (HFB voltage)
as the cavity heats up.

The TM200 includes a range of thermal feedback resistors that cover most cavity sizes. For smaller cavity sizes, start from
the higher value feedback resistors. Observe the temperature over time to ensure the loop is not underdamped. Slightly
overdamped is usually better. Then reduce the thermal feedback resistor until the underdamped condition. The best
selection will usually be somewhere between one step and several steps toward a higher value.
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Allan Deviation (Allan Variance)

All oscillators are noisy and exhibit phase noise mainly consisting of white noise and flicker noise. The flicker noise is also
defined at 1/f noise. Moving lower in frequency the noise spectrum follows a 1/f* curve, then a 1/f curve, continuing
downward. Normal statistical analysis such as standard deviation will not converge as the time interval increases.

Dr. David W. Allan developed a statistical process (two sample variance) that allowed long term measurement of frequency
stability in clocks (and other noisy physical processes). The Allan variance is defined as 0%(t), and the Allan deviation is the
square root of the Allan variance, oy(t).

The design and implementation of the TM200 was configured to show very low Allan deviation, with particular care for
low noise in the flicker noise regime.

Measuring Allan deviation consists of a series of frequency measurements, without gaps, that are sampled using precise
time intervals. The frequency measuring counter must contain the firmware needed to match the measurement
requirements.

An effective analysis program is Stable32, available free of charge from IEEE-UFFC either on their website or from Github
at IEEE-UFFC/stable32.

43 hexiussemi.com

HEXIUS

SEMICONDUCTOR



TM200 Datasheet RFA-04-039 Rev 1.1

MCU Clock Source Selection

As mentioned in the Microcontroller Clock Source description, the MCU can be clocked using the internal ring oscillator
within the TM200 or by the crystal oscillator itself. Upon startup, the MCU must be initially clocked by the internal ring
oscillator because the crystal oscillator is not yet available. However, the ring oscillator is noisy and asynchronous
compared to the crystal oscillator, so it is advantageous to run the MCU from the crystal oscillator for better phase noise
floor performance and less spurious energy.

The TM200 is designed to have the MCU clock source switch over glitch-free from the ring oscillator to the crystal oscillator
once it detects stable oscillator operation. This operation must be selected by the user otherwise the TM200 will
continuously run off the ring oscillator. Please refer to the TMx00 Control Software & EVB Kit Guide for instructions on
how to do this using the TMx00 Control Software and the TMx00 Programming Reference Manual for how to do this via
I2C commands.

The MCU target clock speed is between 1 and 10 MHz, so internal frequency dividers can provide the proper clock rate
for OCXO outputs exceeding 10MHz. If the crystal oscillator signal fails, the TM200 will automatically switch back to the
ring oscillator so that MCU functionality and communication can be maintained.

External Thermistor (THRM Pin)

The THRM pin is an optional external thermistor input that replaces the internal temperature sensor to support direct
monitoring of the crystal temperature. A typical circuit is shown in Figure 40. The thermistor has a negative temperature
coefficient so the voltage on the THRM pin increases as the temperature increases. The voltage on the pin is scaled by the
parallel resistor RO and the series resistor R1.

. Il BYPASS

10k- 100kQ
RO NTC Thermistor

o——o— THRM

R1

Figure 40 Typical External Thermistor Circuit

The resistance of Negative Temperature Coefficient thermistors is defined as:

1 1
RT = RO * eﬁ*(T_T_O)

Typical values for the thermistor R are 10k, 20k, 50k, or 100k at 25 C. Beta values depend upon the manufacturer and
type, with typical values of 3500 to 4500.
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External Thermistor Implementation Example
Design Variables:

BYPASS = 2.9 Volts

Maximum Operating (correction) Temperature: 90 C
Minimum Operating (correction)Temperature: -40 C
Thermistor: Ro@25 C = 100k

Beta = 3.97k

Set RO and R1 so that the maximum voltage at 90 Cis 2.6 V. R1is the primary determinant of this voltage. This configuration
allows good temperature step resolution at the high end and sufficient headroom for thermistor operation. Next set RO
and R1 (mostly RO) so the minimum voltage is a few tenths of a volt. In this case the minimum voltage is 0.3V. The values

selected are 806KQ for RO and 80.6KQ for R1.
2.9V

ol BYPASS

100kQ

RO NTC Thermistor

NV

THRM

Figure 41 Thermistor Circuit Example

Figure 42 shows the resultant voltage curve over the operating temperature range. Note that the voltage is not a linear
function of temperature. The firmware in the MCU properly handles the curvature so the proper DAC code can be sent to
the Internal Varicap or external varactor for frequency tuning. Since the correction temperature range is reduced, the
effective correction temperature step is also reduced.

3

2.5

1.5

THRM Voltage (V)

0.5

-40 -20 0 20 40 60 80
Temperature (C)

Figure 42 External Thermistor Circuit Transfer Curve
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DESIGN EXAMPLE

The design example described below is one of many different possibilities as the TM200 supports many different types of
oscillator architectures and OCXO module construction configurations. The example below is used to present one such
configuration and its performance. This example uses a 20MHz fundamental AT-Cut crystal with the internal Varicap of
the TM200, an unbuffered CMOS inverter output driver, and external thermistor for crystal temperature sensing.

Oscillator

The oscillator uses a 20MHz fundamental AT-Cut crystal with the internal Varicap and an unbuffered CMOS inverter output
driver. This configuration can produce better phase noise floor performance by bypassing the additional stages in the RF
Output Stage that provide increased functionality. Alternatively, output signal fanout and frequency division functionality
with extremely low additive jitter can be achieved with the Hexius CF Series Fanout Buffers.

TMx00
e
OSCA X1 OSCB Unbuffered
Inverter
—— e Rp
—T— 20MHz Ca 0SCC
Fundamental
AT-Cut =
.
0ScD Varicap Ce 1 Cs
W W
7 l 1
Cy § XTUNE
| o
Correction
1.45V DAC

Figure 43 Oscillator Design Example
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An OCXO module can be constructed using the above oscillator design in the schematic shown below. The configuration

uses a 100kQ thermistor for the thermal controller loop and can use TM200’s internal temperature to provide additional

crystal temperature monitor data. The module uses the TM200 internal heaters to control the oven temperature for a

9mm x 7mm enclosure. The oscillator supply (BYPASS) connects directly to VDD and an unbuffered inverter provides the

best phase noise floor for the output signal. Note the bypass caps that should be used externally of the module.

VDD
O
0.01uF 22uF | I0.01uF
[
= = 1 20MHz
[ IFundamental
T AT-Cut T T
< o < o >
O O O w
nw N A I A
o O > T
0SCD RFIN Unbuffere
Inverter
x— OSCC TM200 RFOUT ——
VDDH1 l VDDH2
BYPASS — HTHRM EN
|||7 GNDD EN O
s <
a4 < o ¥ >
O O X I
n n Z + X
@ 100kQ NTC
J( J( J( Thermistor GND
| <
ol
0wl w
O O

Figure 44 OCXO Module Design Example

Figure 45 OCXO Module example with a Fund AT-Cut crystal, Internal Heaters, Internal Varicap, RFOUT Stage and Internal Regulator
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Phase Noise Performance

The oscillator configuration described above in conjunction with a 5032 20MHz crystal produces the following phase noise
plot and is typical of many crystals. Many variables external to the TM200 contribute towards the phase noise performance
of any oscillator and requires thoughtful design to meet an application’s specifications. Most of the spurs seen in plot
below are artifacts of the Holzworth Phase Noise Analyzer and the evaluation board. This design example achieves an
integrated jitter performance of 31fs and with a phase noise floor of roughly -175dBc/Hz. Updated and refined phase
noise perfor3mance will be presented in future revisions of the datasheet and within the TMx00 Design Example Manual.

Phase Moiss 20.0MHz

dBoiHz Holrworth HATOG2C

=20

MCU - O5C

0|

80

180
-180
10.0 Hz i i Cnn'etatinrll Couwnt: 5 i i 10,000 MHz i
=200
10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Freguency Offsst
Mazs Name: Meas Typs: Mezs Time: CUT Freg: DUT Power: Jitter Start: Jitter Stop: RMS MNoiss: RMS Jitter:
MCU - O5C Absolute 10.737 = 15, 5588200 MHz 10,067 dBm 12.00 kHz 20,000 MHz 22372047 31.073 fs

Figure 46 Phase Noise Performance
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e —
Frequency Stability
The TM200 has the ability to compensate for frequency variations across temperature below 10ppb with proper OCXO
module construction, frequency-temperature characterization, and correction algorithm implementation. The IC provides
the control and computational power to achieve very tight frequency stability performance, but the performance
ultimately depends on the user’s ability to achieve tight thermal coupling and detailed characterization of a OCXO module

design.
10,0
8,0
6,0
= 4,0
j=1
B
E 2,0
&
& 00
-c r
o
o
g 2,0
(=2
i
40
-6,0
-8,0
-10,0

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90
Temperature [°C]

Figure 47 Frequency Stability Performance

Other Design Examples

Many other design examples are feasible with the TM200 to include 30T crystals and various frequency ranges. Please
refer to the TMx00 Design Example Manual for additional examples of various oscillator architectures that can be built
with the TM200. The Hexius EB-TMx00 Evaluation board supports many of the possible options for rapid prototyping.
Please contact Hexius Semiconductor for support in developing oscillator configurations and OCXO modules for your
specific application.
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PCB CONSIDERATIONS

Power Supply Filtering
On-chip regulation, power supply filtering and good PCB layout all contribute to minimizing power supply noise. For
optimal performance the TM200 should be isolated from the power supply noise with the following guidelines:

1. Power supply traces need to be appropriately sized for the current demands.
Place a 22uF bypass capacitor from the power supply to the device’s supply pins. An 0805 or larger X7R ceramic
or tantalum capacitor is recommended.

3. One set of bypass capacitors values of 22uF, 0.1uF & 0.01uF should be placed as close as possible to the device.

Signal Traces

Improper routing of the signals of the TM200 can have adverse effects on the performance and therefore must be treated
with care. Signals should not be treated as digital signals but rather high-performance RF analog signals otherwise system
performance may be degraded. Signal routing guidelines include:

Physically locate the signal source as close to the load as possible

Limit the length of traces

Do not run signals through or near large FPGAs (or similar) with lots of switching activity and various frequencies
Do not run signals adjacent to digital data lines

Avoid routing signals near or alongside digital lines

Avoid crossing digital traces on an adjacent PCB planes

Shield signals with ground planes, adjacent traces, or both

Try to keep clock trace routes straight; if turns are necessary, make them with round bends

O NV R WNPRE
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DIE & PAD COORDINATES

(1820,1980)
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Figure 48 Die Pad Locations
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_________________________________________________________________________________________________________________________________________________________________________________________________________
Table 12 Pad Coordinates

Pad Pad Name 1/o/P Description X (um) Y (um) Bonded In Package
1 OSCA I/0 Pierce inverter stage input from crystal 74.20 1797.04 Yes
2 VDDA P 3.3V Analog Positive Supply 74.20 1712.80 No
3 GNDA P Analog Ground 74.20 1628.56 No
4 0sCD I/0 Crystal drive 74.20 1544.32 Yes
5 0scc 1/0 Crystal drive 74.20 1460.08 Yes
6 GNDH P Heater Ground 74.20 1222.32 Yes
7 GNDH P Heater Ground 74.20 1138.08 Yes
8 VDDH1 P 3.3V Heater Supply 74.20 1053.84 Yes
9 VDDH1 P 3.3V Heater Supply 74.20 926.40 Yes
10 GNDH P Heater Ground 74.20 842.16 Yes
11 GNDH P Heater Ground 74.20 757.92 Yes
12 VDDA P 3.3V Analog Positive Supply 74.20 435.92 No
13 GNDA P Analog Ground 74.20 351.68 No
14 BYPASS 1/0 Oscillator Regulator Voltage (2.9V) 74.20 267.44 Yes
15 GNDD P Digital Ground 74.20 183.20 Yes
16 ScL I/0 I*C Clock 183.20 74.20 Yes
17 SDA /o I°C Data 267.44 74.20 Yes
18 GNDA P Analog Ground 699.52 74.20 No
19 VDDA P 3.3V Analog Positive Supply 783.76 74.20 No
20 THRM | Thermistor Input 1468.56 74.20 Yes
21 GNDD P Digital Ground 1552.79 74.20 No
22 XTUNE 6] Adjustable Tuning Voltage 1637.04 74.20 Yes
23 EN 1/0 Enable 1743.26 183.20 Yes
24 HTHRM 1/0 Temperature Controller Thermistor 1743.26 267.44 Yes
25 GNDA P Analog Ground 1743.26 351.68 No
26 VDDA P 3.3V Analog Positive Supply 1743.26 435.92 No
27 GNDH P Heater Ground 1743.26 757.92 Yes
28 GNDH P Heater Ground 1743.26 842.16 Yes
29 VDDH2 P 3.3V Heater Supply 1743.26 926.40 Yes
30 VDDH2 P 3.3V Heater Supply 1743.26 1053.84 Yes
31 GNDH P Heater Ground 1743.26 1138.08 Yes
32 GNDH P Heater Ground 1743.26 1222.32 Yes
33 RFOUT_F o Fast RF Output - 3.3V 1743.26 1460.10 Yes
34 RFOUT_S o Slow RF Output - 3.3V 1743.26 1544.32 Yes
35 GNDA P Analog Ground 1743.26 1628.56 No
36 VDDA P 3.3V Analog Positive Supply 1743.26 1712.80 No
37 RFIN 1/0 Oscillator Input to Output Stage 1743.26 1797.04 Yes
38 HDRV (0] External Heater Driver 1637.04 1903.26 Yes
39 HFB 1/0 Heater Feedback 1552.80 1903.26 Yes

40 GNDA P Analog Ground 952.24 1903.26 Yes
41 VDDA P 3.3V Analog Positive Supply 868.00 1903.26 Yes
42 0scB I/0 Pierce Inverter Stage Output 267.44 1903.26 Yes
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DIE Bonding Guidance

Bonding the TM200 die into a module will depend heavily on the circuit architecture that it is configured for. As a result,
it is difficult to recommend a definitive bonding diagram for a die application. The packaged version of the TM200 is
designed for maximum configurations but may not represent the optimum bonding for a specific module using the TM200.
As a starting reference, Table 13 states which pads are bonded in the packaged version of the TM200.

Oscillator Pad Connections — Pads 1, 4, 5, 42

If the oscillator circuit of the TM200 is being used, OSCA (1) and OSCB (42) will need to be bonded. Bonding OSCC (5)
and/or OSCD (4) will depend on the oscillator configuration and what TM200 internal devices are used. For example, if
the internal Varicap of the TM200 is being used for the oscillator circuit, OSCD needs to be bonded.

Analog Power Supply (VDDA) — Pads 2, 12, 19, 26, 36, 41

The TM200 has multiple analog supply pads throughout the pad ring for robust ESD protection. Only one of these power
supply pads need to be connected to power the 3.3V analog rail. The packaged version of the TM200 uses pad 41. Multiple
pads may be connected.

Analog Ground Supply (GNDA) - Pads 3, 13, 18, 25, 35, 40

The TM200 has multiple analog ground pads throughout the pad ring for robust ESD protection. Only one of these power
supply pads need to be connected to power the 0V analog rail. The packaged version of the TM200 uses pad 40. Multiple
pads may be connected.

GNDH Pad Connections — Pads 6, 7, 10, 11 & Pads 27, 28, 31, 32

These pads support the internal heater functionality and need to be connected to ground. The packaged version of the
TM200 bonds all the pads but only one on each side of the heater is required. For example, 6 & 10 or 7 & 9 for Heater 1
and 27 & 32 or 28 & 31 for Heater 2. GNDH may be shorted to GNDA outside of the IC.

VDDH Pad Connections — Pads 8,9 & Pads 29,30
These pads support the internal heater functionality and need to be connected. Both VDDH pads should be connected to
split the high current requirements of the heater and provides reliability. VDDH may be shorted to VDD outside of the IC.

Digital Ground Supply (GNDD) — Pads 15, 21

Separating the digital ground from the analog ground is essential in reducing spurious energy so a separate ground exists
that needs to be bonded. The packaged version only bonds pad 15 but bonding both pad 15 and 21 is a good idea. GNDD
may be shorted to GNDA outside of the IC.

Communication Connections (SCL, SDA, EN) — Pads 16, 17, 23
SCL and SDA must be bonded to have 12Ccommunication with the IC. EN may be connected to control the enable function.
Alternatively, it may be left unbonded and subsequently pulled to a logic HIGH via an internal pullup.

Optional Functionality — Pads 20, 22
XTUNE & THRM are pads for optional functionality. XTUNE needs to be bonded if an external varactor is being used. THRM
needs to be bonded to use an external thermistor for additional temperature measurement.

RFOUT Options — Pads 33, 34

The TM200 RFOUT Output Stage has two driver options to produce different edge rates. Depending on the application,
one driver can be bonded instead of the other. However, the driver circuits can be bonded together (shorted) and
individually selected via the control software. The packaged version of the TM200 shorts pad 33 and 34 to the RFOUT pin.

- 53 hexiussemi.com
HEXIUS

SEMICONDUCTOR



Package Outline

PIN 1 DOT
BY MARKING

TM200 Datasheet

¢« 3.00:0.050 ——»]

HEXIUS
TM200
YYWW

TOP VIEW

v

RFA-04-039 Rev 1.1

PIN 1 Identification

2.10£0.050
- Exp. DAP
Jguuguy
s ah
0.400 Bsc j E
5 t
D (ot
g = C]°®
J 0.200+0.050 | | (] i
v (1Ll
0.200+0.050—» |«—
BOTTOM VIEW

All units are in millimeters

0.550+0.050

}

L 0.000+0.005

PCB LAND PATTERN/FOOTPRINT

—» }«023

MDDDDD

210 ——»

DDDDD

[l S—

o

]

NN

<+« 210 ——»

0.152 Ref
SIDE VIEW
—r
040
w
S

L]
[ ]
[ ]

S vl ooooo—

I

HEXIUS

SEMICONDUCTOR

54

hexiussemi.com



TM200 Datasheet RFA-04-039 Rev 1.1

HEXIUS

SEMICONDUCTOR

For more information about all Hexius Semiconductor products visit our website at

www.hexiussemi.com
B VETERAN
*t*******t**** DWN m

SMALL

| — |
—— BUSINESS

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice. Hexius
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or incidental damages. Hexius Semiconductor products are not designed, intended, or authorized for use in applications intended to support or
sustain life, or for any other application in which the failure of the Hexius Semiconductor product could create a situation where personal injury or
death may occur. Should Buyer purchase or use Hexius Semiconductor products for any such unintended or unauthorized application, Buyer shall
indemnify and hold Hexius Semiconductor harmless against all claims and damages.

5 hexiussemi.com

v

HEXIUS

SEMICONDUCTOR


http://www.hexiussemi.com/

	TABLE OF CONTENTS
	REVISION HISTORY
	SPECIFICATIONS
	Environmental Specifications
	Internal Temperature Sensor Specifications
	Thermal Controller Specifications
	Data Converter Specifications
	Oscillator Specifications
	Output Specifications
	Digital Clock Specifications
	Absolute Maximum Ratings

	PIN CONFIGURATION AND FUNCTION
	BLOCK DESCRIPTION & FUNCTIONALITY
	Oscillator Stage
	RF Output Stage
	Thermal Controller
	Internal Heaters
	External Heaters
	Correction System
	Internal Temperature Sensor
	Analog to Digital Converter & MUX
	Power Domains
	Microcontroller & Memory
	1. I2C Communications
	2. Programmable Memory

	Microcontroller Clock Source

	OCXO TEMPERATURE CORRECTION ALGORITHM OVERVIEW
	Adjustable Timing Parameters
	Lookup Table Curve Fit
	Temperature Correction Polynomial Curve Fit
	Supply Voltage Curve Fit
	Correction Algorithm Implementation

	APPLICATION NOTES
	Oscillator Power Supply Options
	Internal Pierce Oscillator Properties
	Disabling Pierce Oscillator
	Output Signal Architecture Options
	HTHRM NTC Thermistor Usage
	HTHRM Thermal Controller Temperature Set Point Example
	External Thermal Range Resistor
	Cavity Temperature Measurement
	Thermal Time Constants
	Allan Deviation (Allan Variance)
	MCU Clock Source Selection
	External Thermistor (THRM Pin)

	DESIGN EXAMPLE
	Oscillator
	OCXO Module
	Phase Noise Performance
	Frequency Stability
	Other Design Examples

	PCB CONSIDERATIONS
	Power Supply Filtering
	Signal Traces

	DIE & PAD COORDINATES
	DIE Bonding Guidance
	Package Outline


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



