DA  MATRIX Prometheus

MATRIX Thermal Energy Harvesting Module

Features & Benefits

Highest performance
e  Starts up from a temperature difference as low as 0.5°C

e  Operating temperature range of -40°C to +85°C,
satisfying commmon industrial and commercial operating
requirements

Highly integrated thermal energy harvesting modules

e Combines high performance TEG with world's most
efficient energy harvesting boost converter

e  Perfect electrical impedance matching

Easy to use
®  Select the appropriate thermal impedance for
application

e Add heat sink and mount to heat source

Applications

@ Wearables
@ Industrial Process Monitoring
@ Waste Heat Harvesting

Description

MATRIX Prometheus is a family of energy harvesting
modules designed for converting thermal energy between
small temperature gradients into useful electrical output.
Each Prometheus module integrates a MATRIX Gemini
Thermoelectric Generator (TEG) with a MATRIX Mercury
Energy Harvesting Boost Converter. These patented
technologies ensure perfect electrical impedance matching
between the TEG and its companion Boost Converter.

Depending on the application, there are multiple thermal
impedance options between 2K/W and 37K/W that may be
selected. Optimally matched heat sinks are available for
each of these options.

There are many maximum output voltages between 2V and
5V available, allowing the module to directly power
integrated circuits, or charge various battery chemistries
without needing additional charger circuitry. Integrated
Vout regulation prevents voltage overshoot, securing
reliable operation with various battery types.

Prometheus is available as 4-pin modules with 18mm x
30mm x 51mm and 34mm x 46mm x 51mm form factors.
Custom form factors are also available by request.
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Figure 1. Prometheus (standard variants) output current lour Vs temperature
difference AT between hot side and ambient. Assuming ideally matched heat
sinks, ambient temperature of 23°C, and output voltage of 4.2V.
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Figure 2. Prometheus (high power variants) output current lour vs temperature
difference AT between hot side and ambient. Assuming ideally matched heat
sinks, ambient temperature of 23°C, and output voltage of 4.2V.
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MATRIX Prometheus Thermal Energy Harvesting Module

Parameter

Cold side operating temperature range -40 85 °C
Hot side operating temperature limit 150 °C
Storage temperature range -55 120 °C
Compression 0 150 MPa
VOUT voltage to GND -0.5 7 \Y
Electrostatic discharge (ESD) for Human Body Model (HBM) -2 2 kV

according to ANSI/ESDA/JEDEC JS-001-2014

Figure 3. Pinouts for PRMT**-]8305-** Figure 4. Pinouts for PRMT*-34465-***
Pin Name Pin Number Description
VOUT 1 Output voltage
DATA 2 ADC Data output
REF 3 ADC Reference clock
GND 4 Ground connection

Prometheus modules are offered with the following customizable product parameters:
®®@: Thermal resistance (1/Krec): K/IW
®@®®®®: Dimension code

®©@: Maximum output voltage Vourmax: V

Part Number Notes

PRMTOQ-@@B0GD-®©@ Standard
PRMTO@-@@BE®D-®QA Extended Range
PRMTO@-@@BE®®D-®©®B High Power

Standard and Extended Range variants available:

Part Number 1/Krea Dimension Vourmax

PRMTO7-18305-**(A) 7K/W 18x30x51mm? 2.0-5.0V
PRMTI11-18305-*%(A) NK/W 18x30x51mm? 2.0-5.0V
PRMT21-18305-*%(A) 21K/W 18x30x51mm? 2.0-5.0V
PRMT37-18305-**(A) 37K/W 18x30x51mm? 2.0-5.0vV

High Power variants available:

Part Number 1/Kre Dimension VouTMax
PRMTI5-18305-*B 15K/ W 18x30x51mm?3 2.0-5.0v
PRMT02-34465-*B 2K/W 34x46x51mm? 2.0-5.0v

Custom shapes and sizes available upon request.

MORE INFORMATION
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Electrical Electrical Characteristics of Prometheus at ideal thermal impedance match to cold side heat sink.
. Temperature difference AT measured between heat source and ambient.
Characteristics GND = 0V, Tame = 23°C; unless otherwise specified.
Parameter Conditions

Temperature

ATwmax Source-ambient temperature difference ' ¥l PRMT07-18305-** 357 °C
PRMT11-18305-** 35.7 °C
PRMT21-18305-** 357 °C
PRMT37-18305-** 357 °C
PRMTO7-18305-*A 127.0 °C
PRMTI11-18305-**A 127.0 °C
PRMT21-18305-**A 127.0 °C
PRMT37-18305-*A 127.0 °C
PRMTI15-18305-46/50B 711 °C
PRMT15-18305-**B (others) 127.0 °C
PRMTO02-34465-46/508 249 °C
PRMT02-34465-**B (others) 50.0 °C

Tsrc Source temperature at Tamg = 23°C @ B PRMTO7-18305-** 58.7 °C
PRMT11-18305-** 587 °C
PRMT21-18305-** 587 °C
PRMT37-18305-** 58.7 °C
PRMTO7-18305-*A 150.0 °C
PRMTI11-18305-**A 150.0 °C
PRMT21-18305-**A 150.0 °C
PRMT37-18305-*A 150.0 °C
PRMTI15-18305-46/508 941 °C
PRMT15-18305-**B (others) 150.0 °C
PRMT02-34465-46/50B 479 °C
PRMTO02-34465-**B (others) 730 °C

MORE INFORMATION
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Symbol Parameter Conditions Min Typ Max  Unit
Output voltage
Voutmax maximum Vour voltage for charging ¥ PRMTH 0wk 0% 1.98 2.0 202 V
Tams = -40°C to +85°C 1.97 2.0 203 V
PRMT**xktk_ 218 22 222V
Tams = -40°C to +85°C 217 22 223V
PRMTH*-Hxxrk_n G¥ 2.48 25 2.52 \Y
Tame = -40°C to +85°C 2.47 25 2.53 \Y
PRMT -k 30 2975 3.0 3.025 V
Tams = -40°C to +85°C 2.96 3.0 3.04 V
PRMTH*-AHrowrk_2 7% 3275 33 3325 V
Tame = -40°C to +85°C 3.26 33 334 V
PRMT**-soxkk_2 5% 3.57 3.6 363 V
Tame = -40°C to +85°C 3.55 3.6 3.65 \Y
PRMTH*-Hxwrk_z3% 3.77 38 3.83 \Y
Tams = -40°C to +85°C 375 3.8 385 V
PRMT Aok 4.7 4.2 423V
Tame = -40°C to +85°C 415 4.2 4.25 \Y
PRMT**-Hxxxx_ 4 6% 4.56 4.6 464 V
Tams = -40°C to +85°C 4.54 4.6 466 V
PRMT**-#xxxx_5O* 4.96 5.0 504 V
Tame = -40°C to +85°C 494 5.0 5.06 \Y
Vour Vour, operation range Tame = -40°C to +85°C 0] 55 \Y
Leakage current
ILeAk leakage current Vout = 5V, Voc = OV 5 50 nA
Tams = +85°C 20 200 nA
8-bit ADC
tLow low time of an output pulse 10 ns
trer period between two reference pulses 512 ms
toata period between two data pulses 200 us
m When ATwuax is exceeded, the boost converter is stopped to protect the module electronics from excessive power. The module tolerates higher temperature differentials
within the source-ambient temperature difference range.
[2] Assumes ideal thermal impedance match of Prometheus to the cold side heat sink exposed to ambient Taus = 23°C. When Tsre is exceeded, the output is disconnected

to avoid over voltage on VOUT pin. An oversized heat sink will lower Tspe, While an undersized heat sink will increase Tsre. The module tolerates higher hot side temperatures within
the operating temperature range.

[3] Never exceed the hot side operating temperature limit of 150°C and the cold side operating temperature limit of 85°C. Mechanical failure of the part may occur above a
hot side temperature of 232°C or a cold side temperature above 138°C.
[4] The Vour voltage is supervised by a comparator and charging of the output is stopped when Vouruax is reached. The VOUT pin tolerates a higher voltage up to 5.5V.

MORE INFORMATION
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Typlcal Performance of Prometheus at ideal thermal impedance match to cold side heat sink.
emperature difference AT measured between hot side and ambient.
T diff AT d b hot sid d bi
Performance Tame = 23°C; unless otherwise specified.
Characteristics

Standard variants
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Figure 4. Output current for PRMTO7-18305-* with I/Krec=7K/W Figure 5. Output current for PRMT]1-18305-** with I/Krec=TIK/W
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Figure 6. Output current for PRMT21-18305-* with I/Krea=21K/W Figure 7. Output current for PRMT37-18305-** with I/Krec=37K/W
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Figure 8. Output current for PRMTO7-18305-*A with I/Krec=7K/W Figure 9. Output current for PRMTI1-18305-*A with I/Krec=T1IK/W
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Figure 11. Output current for PRMT37-18305-*A with I/Krec=37K/W
Figure 10. Output current for PRMT21-18305-**A with I/Krec=21K/W

MORE INFORMATION

MATRIX Industries - 1600 Adams Drive Suite 123 Menlo Park, CA 94025 - +1650-462-1003
www.matrixindustries.com - info@matrixindustries.com



MATRIX Prometheus Thermal Energy Harvesting Module

MATRIX

High Power variants
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Figure 12. Output current for PRMTI5-18305-**B with 1/Krec=15K/W Figure 13. Output current for PRMTO02-34465-**B with I/Krec=2K/W

Applications Information

Introduction Prometheus is a next-generation thermal energy harvesting module to convert the thermal energy
from small temperature differentials into electrical energy. Multiple output voltage level options are
available to power sensors, microprocessors, and wireless transmitters, or to directly charge batteries or
supercapacitors without the need for additional circuitry. Prometheus harvests energy over an
extended period of time to enable short high power bursts for data acquisition, processing, and
transmission, whilst minimizing losses from self-consumption and leakage. The bursts must occur at a
sufficiently low duty cycle such that the total energy output during the burst does not exceed the total
energy input over the accumulation duration between bursts. For many applications, this duration
could range from seconds, to minutes, to hours, or more.

DUTY CYCLE
0.001% 0.01% 0.1% 1%
0ImA 0.001uA 0.01uA 0.1pA 1A
PEAK TmA 0.01pA O.1uA THA T0pA
CURRENT 10mA O.JuA 1A 10pA 100uA
100mA 1A 10pA 100pA 1000pA
Heat Sources Prometheus is optimized for harvesting energy from small temperature differentials. Suitable heat

sources include body heat, waste heat from industrial processes, dissipated heat from equipment, or
ambient thermal gradients.

There is a minimum temperature difference across the TEG required for Prometheus to start output
regulation. The cold-start temperature difference ATcs is a function of the module choice, which also
determines the cold-start heat flow Qcs required. After start-up, Prometheus can operate at even lower
temperature differentials depending on Vour - see TYPICAL PERFORMANCE CHARACTERISTICS.

Part Number 1/Kre ATcs Qcs
PRMTO7-18305-*** 7TK/W 0.5°C 72mW
PRMTI1-18305-*** NK/W 0.8°C 72mW
PRMT21-18305-*** 21K/W 0.9°C 40mW
PRMT37-18305-*** 37K/W 1.0°C 26mw
PRMTI5-18305-*B 15K/ W 1.6°C 108mW
PRMTO02-34465-*B 2K/W 0.6°C 28ImW

MORE INFORMATION

MATRIX Industries - 1600 Adams Drive Suite 123 Menlo Park, CA 94025 - +1650-462-1003
www.matrixindustries.com - info@matrixindustries.com
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MATRIX Prometheus Thermal Energy Harvesting Module

Prometheus integrates a thermoelectric generator (TEG) with an electrically matched boost converter
circuit, and is designed to be attached between a heat source and a heat sink. The TEG converts
thermal energy to electrical energy, whilst the boost converter multiplies the TEG's small output
voltages to useful levels. Efficient harvesting requires simultaneously maximizing thermal power
transfer into the TEG and electrical power transfer out of the TEG. This means that both thermal and
electrical systems must be impedance matched. In Prometheus, the electrical impedance matching
condition is met by design, so only thermal impedance matching needs to be considered.
When Prometheus is attached to a heat source at a fixed temperature Tsrc, the temperature drop
across the TEG of thermal conductance Krec and the heat sink with thermal conductance Ks is:

ATrec = (Tsre — Tame) * 1/Krec / (1/Kres + 1/Kns)
In practice, most heat sources are not ideal sources, but this is a good approximation when the amount
of heat withdrawn via the TEG is much smaller than the heat generated by the heat source. At maximal
thermal power transfer, the temperature difference ATrec across the TEG becomes exactly (Tsrc -Tame)/2.
This is met by choosing the heat sink so that:

1/Kus = 1/Krec

See HEAT SINK SELECTION for suggested heat sinks for each Prometheus module.

Under natural convection conditions, the following heat sinks are recormmended.
Tams = 23°C; unless otherwise specified.

Module Vendor Part number Orientation  1/Krec Size (mm)
PRMTO7-18305-*** Alpha Novatech N30-25B Horizontal 9.5K/W 30.0x30.0x25.0
N35-25B Horizontal 8.3K/W 35.0%x35.0x25.0
N40-25B Horizontal 6.6K/W  40.0x40.0x25.0
PRMT11-18305-*** Alpha Novatech LPD30-15B Vertical 13.0K/W  30.0x30.0x15.0
N35-10B Horizontal 122K/W  35.0x35.0x10.0
N40-10B Horizontal 102K/W  40.0x40.0x10.0
PRMT21-18305-*** Alpha Novatech LPD30-3B Vertical 19.3K/W  30.0x30.0x3.0
ST30-4B Horizontal 21K/ Wt 30.0x30.0x4.0
PRMT37-18305-*** N/A Flat plate Horizontal 37K/Wt 70.0x70.0x2.5
Flat plate Vertical 37K/Wt  60.0x60.0%x2.5
PRMTI15-18305-**B Alpha Novatech LPD30-10B Vertical 15.0K/W  30.0x30.0x10.0
N30-10B Horizontal 14.0K/W  30.0x30.0x10.0
N35-10B Horizontal 122K/W  35.0x35.0x10.0
PRMT02-34465-**B Alpha Novatech N60-40B Horizontal 2. 7K/W 60.0x60.0%40.0

+Estimated thermal resistance

Under low air velocity conditions, the following heat sinks are recommended.
Tams = 23°C; unless otherwise specified.

Module Vendor Part number Velocity 1/Krec Size (mm)
PRMTO7-18305-*** Alpha Novatech N30-10B 0.5m/s 7.7K/W  30.0x30.0x10.0
ST30-7B 0.5m/s 75K/W  30.0x30.0x7.0
PRMTI1-18305-*** Alpha Novatech LPD30-3B 0.5m/s 149K/W  30.0x30.0x4.0
ST30-4B 0.5m/s TN.6K/W  30.0x30.0x4.0
PRMT21-18305-** N/A Flat plate 0.5m/s 21IK/Wt  60.0x60.0x2.5
PRMT37-18305-*** N/A Flat plate 0.5m/s 37K/WT  40.0x40.0x2.5
PRMT15-18305-*B Alpha Novatech LPD30-3B 0.5m/s 143K/W  30.0x30.0x3.0
PRMTO2-34465-*B Alpha Novatech N60-20B 0.5m/s 1.8K/W  60.0x60.0x20.0

+Estimated thermal resistance

MORE INFORMATION
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ADC OUtpUtS Prometheus includes an onboard ADC that can be used to report the TEG power generation to an
external microcontroller. The two ADC Outputs REF and DATA are open drain, active low outputs and
intended to be connected to GPIOs of a microcontroller. If the microprocessor includes internal pull-up
resistors on the GPIOs, they can be used to define the high level of the two signals. Alternatively,
external resistors may be used and a value of 47kQ) is recommended. If the ADC outputs are not used
they can be connected to GND or left unconnected.

o

DATA '

Figure 14. Timing charts of ADC Outputs

The serial transmission protocol is illustrated above. A pulse on REF signals the start of the data
transmission in each reference period trer, during which a train of pulses is transmitted on DATA. The
open-circuit voltage Voc measured by the ADC is:

Voc = NxVisg
Voc is the product of the number of DATA pulses received n, and the ADC lowest significant bit (LSB)
size Viss. For example, 20 pulses with Visg = 2mV means Voc = 40mV. If there is insufficient input power
to charge the output, Prometheus sends two low pulses on REF before powering down.

Part Number Vise

PRMTQO7-18305-*** 2mV
PRMTI1-18305-*** 2mV
PRMT21-18305-*** 2mV
PRMT37-18305-*** 2mV
PRMT15-18305-*B 4mV
PRMTO02-34465-*B 4mV

For Extended Range (-**A) and High Power (-**B) variants, Voc is not a linear function of Visg.

Assem b|y Notes In most applications, thermal energy will be harvested from a surface that is hotter than ambient.
When used for this purpose, Prometheus should be assembled with its cold side (larger face) attached
to the ambient heat sink, and its hot side (smaller face) attached to the heat source.

A thin layer of thermal interface material (TIM) should be applied to the clean mating surfaces before
attachment. Suitable TIMs include thermal conductive grease, epoxy, foil or other fillers. These can
achieve good thermal contact as long as the TIM thickness is thin and no debris is present at the
interface. Consult the manufacturer’'s recommendations and instructions for application of these TIM
materials.

The module should be mounted to the heat source and heat sink under compression. Screws, springs
and clamps can be used to apply adequate compressive force to maintain good thermal contact
between the mating surfaces. Again, consult the TIM manufacturer’s instructions for best results. At no
point must tensile force be applied to the opposing faces of the module, as it may separate under
tension.

MORE INFORMATION

MATRIX Industries - 1600 Adams Drive Suite 123 Menlo Park, CA 94025 - +1650-462-1003
www.matrixindustries.com - info@matrixindustries.com
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H MATRIX Industries, Inc., certifies that, unless explicitly exempt, assemblies or products supplied by MATRIX or its partners are in

ROHS DeC| a ratlon compliance with and conform to the European Unioyn's Restriction of Use of Hazardous Substancyes in Electrical and Electronic

Equipment (RoHS) Directive 2002/95/EC and 2011/65/EU (RoHS2). Said products have no intentional addition of:

« Lead (Pb)

* Cadmium (Cd)

* Mercury (Hg)

* Hexavalent Chromium (Cr)

« Polybrominated Biphenyls (PBB)

« Polybrominated Diphenyl Ethers (PBDE)

Any trace impurities of these substances are below the threshold limits as specified by the RoHS directive; specifically Cré*, Hg, Pb, PBB,
PBDE do not exceed 1000 ppm (0.1%) and Cd does not exceed 100 ppm (0.01%). This declaration is based on our analysis, vendor supplied
analysis, material certifications, or laboratory tests of the component materials used in the manufacturing of our products.

MATRIX believes to the best of its knowledge that the above statements are accurate as of the date of this certification and the
statements and certifications of suppliers or service providers that MATRIX may have relied upon in the preparation of this statement.
Within the above defined limitations this certificate may be relied upon by the distributors and customers of RoHS designated products
of MATRIX. This certification is valid unless superseded by a revised certification at a later date.

Revision History Revision Date Description
A Jul 2020 Preliminary Datasheet Release
B Mar 2021 Removed obsolete variants, added High Power variants
C May 2021 Revised PRMTO7, added Extended Range variants
D* Feb 2022 Revised operating temperature limits, added 5V data

MORE INFORMATION
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D' I H ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE RELIABILITY,
ISClaimer FUNCTION OR DESIGN OR OTHERWISE.

MATRIX Industries, Inc,, its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively, “MATRIX"), disclaim
any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other disclosure relating to any
product.

MATRIX makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or the
continuing production of any product. To the maximum extent permitted by applicable law, MATRIX disclaims (i) any and all liability
arising out of the application or use of any product, (ii) any and all liability, including without limitation special, consequential or incidental
damages, and (iii) any and all implied warranties, including warranties of fitness for particular purpose, non-infringement and
merchantability.

Statements regarding the suitability of products for certain types of applications are based on MATRIX's knowledge of typical
requirements that are often placed on MATRIX products in generic applications. Such statements are not binding statements about the
suitability of products for a particular application. It is the customer's responsibility to validate that a particular product with the
properties described in the product specification is suitable for use in a particular application. Parameters provided in datasheets and / or
specifications may vary in different applications and performance may vary over time. All operating parameters, including typical
parameters, must be validated for each customer application by the customer’s technical experts. Product specifications do not expand
or otherwise modify MATRIX's terms and conditions of purchase, including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, MATRIX products are not designed for use in medical, life-saving, or life-sustaining applications or
for any other application in which the failure of the MATRIX product could result in personal injury or death. Customers using or selling
MATRIX products not expressly indicated for use in such applications do so at their own risk. Please contact authorized MATRIX personnel
to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by MATRIX or otherwise, to any intellectual property rights is granted by this document or by any conduct
of MATRIX. Product names and markings noted herein may be trademarks of their respective owners.

MORE INFORMATION
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