VETERAN
OWNED
SMALL

— ) JEINESS

HEXIUS TM100 DATASHEET BRIEF

SEMICONDUCTOR

www.hexiussemi.com RFA-04-0034 Rev 1.0

TCXO Thermal Management IC

Description

The TM100 is a fully integrated programmable thermal management unit that monitors, controls, and corrects analog
circuitry across a wide temperature range. The TM100 is primarily intended for TCXO applications and includes a
temperature sensor, internal Pierce oscillator & output stage and data converters combined with a microcontroller (MCU)
and memory structures to run temperature correction programs. The integrated Pierce oscillator and output stage are
designed to be flexible with a variety of oscillator and crystal configurations. The TM100 includes many programmable
functionality options, and a software package makes it easy to configure and implement customizable crystal correction
algorithms. It communicates via an I°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 TCXO Modules

e High accuracy temperature sensor

e Various crystal correction options available
o Selectable polynomial order curve-fit
o Lookup tables

e Simple software configuration

Ordering Information

Order Number Package Quantity MSL Rating Leadframe
TM100-T1 20L STSLP QFN 122 —Tube Yes 1 NiPdAu
TM100-R1 20L STSLP QFN 1000 - 7” Reel Yes 1 NiPdAu

TM100-X Die Upon Request n/a n/a n/a
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SPECIFICATIONS

Environmental Specifications

TM100 Datasheet Brief

Table 1 Recommended Operating Conditions

RFA-04-034 Rev 1.0

Parameter Conditions Min Typ Max Unit
Supply Voltage VDDA £ 5% 3.135 33 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
Oscillator Specifications
Table 3 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 4 Output Stage Specifications
Parameter Conditions Min Typ Max Unit
Maximum Output Frequency 15pF load 200 MHz
50pF load 100
8mA drive - 15pF Load 2.0
Rise/Fall Time (10%-90%) of 8mA drive - S0pF Load 4.8 n
VDDA 4mA drive - 15pF Load 3.7
4mA drive - 50pF Load 9.1
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PIN CONFIGURATION AND FUNCTION

Table 5 TM100 Pinout

Pin Name 1/0/P Description
1 0SCD 1/0 Crystal drive when internal Varicap is used.
2 oscc 1/0 Crystal drive when internal Varicap is bypassed and not used.
3 GNDA P Analog ground
4 BYPASS /0 Internal oscillator power supply. Will require either 22uF/0.01uF bypass capacitors
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
9 THRM | External NTC thermistor input. Use this input to use an external thermistor as an
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 an external 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
11 EN 1/0
processor. 5V tolerant.
12 N/C n/a Not connected
13 GNDA P Analog ground
RF Output. The RFOUT pin provides a CMOS output signal with properties defined in
14 RFOUT 0} .
the output stage section.
RF Input. RFIN is the input receiver connection from the oscillator stage output. It is
15 RFIN | . . .
usually driven via a capacitor from OSCB.
16 N/C n/a Not connected
General purpose input for ADC conversion. Signals on this pin can be sampled,
17 MUX converted to the digital domain, and used as part of the correction/monitoring
algorithm. Contact Hexius for use of this pin.
18 VDDA P 3.3V Analog positive supply. The current on this pin can be up to 20maA.
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

OO HEXIUS'

SEMICONDUCTOR

3 hexiussemi.com




RFA-04-034 Rev 1.0

TM100 Datasheet Brief

O/N

XN

vYada

g0s0

vYOSsO

T
- <
i e = 0 -
4 4 0] Z iw
lw | el Tl 1Tl 1|
| o= | T |~ | | | o~ |
__ (I - — | — | [ |
-MMM |||||||||| ﬂMwl
Bror LE
| |
L — . r——
= " | _ _ o
[ _ _ - —
. . .
aom | _ mm _ I «©
—— _ _ _
L — ==
I i
L | | L__
| |
L. ==
{r L 2 e
I — —
....uli!l_ r——- r——- r——- r——n-
I I | | | | | | | |
[ N T T T T T
1 | 1 | 1 | L | 1 |
(m) O < w (m)
Q Q o w [m]
)] D) P < =z
0 O O W o
m

INNLX

WHHL

Q/IN

vas

108

Figure 1 TM100 Package Pinout

hexiussemi.com

™



TM100 Datasheet Brief RFA-04-034 Rev 1.0

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, Cg, Ct, Cy, R, 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.
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Figure 3 - 20MHz Fundamental, AT-Cut, Internal Varicap Phase Noise
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_________________________________________________________________________________________________________________________________________________________________________________________________________

Correction System

The correction system is designed to correct the frequency shifts of a crystal across temperature (Beckman Curve) with
either the TM100’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
correct crystal frequency variation across 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 Oscillator Design Examples and
TCXO 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 or MUX pin 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 internal Varicap or external varactor.
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TCXO TEMPERATURE CORRECTION ALGORITHM OVERVIEW

The TM100 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 TMx00 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 TMx00 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 TCXO assembly.
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PACKAGE OUTLINE
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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
Semiconductor assumes no responsibility for errors and omissions and disclaims responsibility for any consequences resulting from the use of
information included herein. Additionally, Hexius Semiconductor assumes no responsibility for the functioning of undescribed features or
parameters. Hexius Semiconductor reserves the right to make changes without further notice. Hexius Semiconductor makes no warranty,
representation or guarantee regarding the suitability of its products for any particular purpose, nor does Hexius Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation consequential
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.
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