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100W Maximum Power Point Tracking
Converter for Thermoelectric Generators

The KM3 converter builds on the reliable performance
of the KM2 converter, considerably expanding input and
output operating range and powe r rating. A proprietary
algorithm ensures top -level MPPT performance during
both transients and steady thermal conditions. An it
optional touchscreen display shows input/output S — e
current and voltage measurements.

Operational Features
x Interfaceto & charge ofl2V or 24Vbatteriesat the output(48V inlate 2018)
Innovative MPPTmethodfor effective trackingf steadystates and transients
Low heat dissipation due tlectrical Efficiencyp to 98.3%
WideInput Voltagerange:2V ¢ 75V with 100V input/output volage transient capability
Fixed frequency switching provides predictable EMI performance
Deliversin excess 0150 WOutput Power with Natural Convecti¢B8ee Fig. 13

X X X X X

Control and Communication Features
x |2CCommunication Interfacér measurement data, liits and control
Analogue Input and Output Curremteasurementoutputs
Optional TouckscreerDisplaywith Input/Output voltage, current and power information
Seamles®peration with the monTEG devi¢é used
Forced MPPT (within battery safe limits) orteay charging management modes

X X X X

Mechanical Features

Available with screwonnectorsor with headers for easy integration to the backplane
x  Dimensions85 x 65 x 25 mrh

x  Total weight100 grams

x  Side notches ensures reliable mechanical connection to the bawkplaring vibrations

X

Protection Features
x  Input undervoltage lockout and output under/over voltage and current limit
x  Input/output reverse voltage protection (external fuse required to prevent damage)
x  Thermal shutdown protects the KM3 converter from abnoleavironmental conditions
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KM3-series MPPT Converter for TEGs

Quick Description

The KMB converteris a Maximum Power Point Tracking (MPPT) converter for thermoelectric power
generating arrays (TEGS). It operates the TEGs at their optimal operating point and efficiently transfers
electricityto the necessary output batterfnot included) Battery charging managemeimprovesthe

state of charge of the output battergnd can be deactivated by jumper selectid2V and 24V
batteries are currently supported and 48V batteries will be supportethfthe beginning of 2018.

The proprietary MPPT algorithm tracks fast thermal transients and recognises steady states to
increase the thermato-electrical efficiency of the systerithe KM3 converter interfaces TEGs whose
voltage can be eitheriver or higler than that of theoutput battery. It starts its voltage stepip
operation with input voltages as low as 2V and continues harvesting electrical power provided that
the TEG opewircuit voltage does not excedbV. The KM3anverter uses synchronous redtidition

to operate in BoostBuckBoostor Buckmodes. Its innovative construction design minimises heat
dissipation and EMI and allows extremely high power densities. No externasinéas required and

all components are mounted on the tegide of thePCB.

The KNB converters can communitato other devices througHC.It answers to an?C master using
the TCS communication protocol, based on the PMBus protocol. An optional-sotedn display
shows input and output voltage, current and power andtcols the operation of the converter.

Diagram of Connections
The KMB requires a 12V or 24V battery at thatput. Please refer to Fig. 1 and Fig. 2 for the
connection diagramslhe output is not isolated from the inpute. TEGis connected to BAT

Touch-screen Display

TEG +
TEG -

Battery -
Battery +

12C SCL monTEG sensor +/
12C SDA monTEG sensor - |

i
Optional Connections

(no connectors are provided on
the screw-terminal version)

Hgure 1: Diagram of connections to the KM3 converter véithewconnectors
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KM3-series MPPT Converter for TEGs

Touch-screen Display
>
wn
.
L]
N
"

TEG +
TEG -

/ = Battery -
S Battery +

monTEG sensor + /
. 12CSDA monTEG sensor - /

Optional Connections

Figure2: Diagram of connections to the KM3 converter with pin headers connectors

x A jumper shorting s1 to GND activates jumpe2sand s5 which can be used when no screen
is connected. A jumper shorting s2 to GND selects 24V batteries (default is 12V). A jumper
shorting s5 to 5 V-maewittbhard lanits‘aBMinwmang and NeRiRUM”
Output Voltages for turfon (defaultis battery management (Jumpers are not provided)

x  The KM does not require any information about the TEG devices to which it is connected,
i.e. it automatically selects the operating puilt optimises systens usingthe monTEG (sold
separately by TCSymnected to the KM3 monTEG sensoregnnectors.

x lout and lin are buffered analogue values representing the output current and input current,
respectively, scaled by .,fuliplHieop4 e, t o obtain

x  The touchscreen display is sbseparately by TCS. It must be connedsgber Fig. 2. The
KM3checks for screen connection every 60 Sdte screen provides measurement data
(input/output current/voltage/power) and options to enable features and set parameters.

X The monTE positveamdnegativesterminals should be left unconnected if a
monTEG device is not used. Depending on the KM3 version purchased, to properly operate
with the monTEG device the KM3 code might need to be upgraded oeldited option
selected using the tach-screen display.
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KM3-series MPPT Converter for TEGs

Display Operation

The display, available on request, shows the operating values of the converter and the TEG array
connected to it. It also allows setting operational parameters: battery voltage type, use of monTEG
pellets measurementattery management and turn on/off and 12C address.

Battery Voltage Selection

Tes kva [ 24 v/ 48 v/

Enable voltage reading
from monTEG device

i

TEG Voc=16_207V Rint=2.080hm <«

Estimated TEG

paramet ers
Current (A)

Vol t age (V)

Power (w)

ON and OFF

Turn battery management ON and OFF

parameters
TEG Battery
3.763 2. 334 _
Operating
8.380 13 119 values
31..533 30.618

Figure3: De<ription of screemperation.

Electrical Characteristics

12C address

subject

Ta=23" C, no forced airfl ow; speci fications
Absolute Maximum Ratings
Value
Min Max Unit
Input VoltageOpencircuit -05 100 \%
Input VoltageAt-load 15 80 \%
Output Voltage 10 100 vV
Input power 0 150%* (225%) W
Input Curent 0 12** A
Output Current -0.15 12%** A
Operating Temperature -25 95 °C
StorageTemperature -40 110 °C

* With 10 CFM Forced Air Cooling

** This value can be sinked only for certain inplaictricalO2 Y RA G A 2 Y & =
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KM3-series MPPT Converter for TEGs

General Electrical Characteristics

Minimum Input Opertircuit voltage foturn-on 3|V
Maximum Input Opertircuit voltage for turron 85|V
Off-state Power Consumption Without Display <0.25| W
Off-state Power Consumption With Display <16|W
Maximum Output Pealeak Voltage Ripple 2* | %
Maximum Input Pealeak Voltage Ripple 2| %
Switching Frequency 125| kHz
MaximumThermalTransientTracking-requency 1| Hz
MPPT Efficiency in Stealyate Constant temperature 99.85 | %
Constant heat 1047 | %
MPPT Efficiency during Thernfahnsients 98.7| %
1| Hz

* This value reduces to 1%h&n the KM3 converter is mounted on a TCS Backplane

Electrical Characteristics for 12V -Battery Output (Vbat)

Minimum Output Voltagefor turn-on 10.2|V
MaximumOutput Voltage for turron 14.4\V
Off-state Power Consumption Without Display 02| W
Off-state Power Consumption With Display 1w
Maximuminput PeakPeak Voltage Ripple BuckBoost & Buck 2
Boost 0.5
Maximum Output Pealeak Voltage Ripple BuckBoost & Buck 2*
Boost 0.5
Minimum Input Opertircuit voltage for turron 3

Boost to Buk-Boost Transition

Approx. (Vbat-1.75)

BuckBoost to Boost Transition

Approx. (Vbat2.5)

BuckBoost to Buck Transition

Approx. (Vbat + 2.5

Buck to BuciBoost Transition

Approx. (Vbat + 1.75

gl g ol<|<|> > <|<|<|<|<|s gl ©

Maximum Output Current 125
Trickle Charge Gput Current 0.2
Battery Lowvoltage range for trickle charge 10.2-10.8
Battery Voltage threshold for charge manageme 138
Electrical Efficiency in Boost Mode 10% Rated Powe 94.5
50% Rated Powe 96.9
100% Rated Powe 96.2
Electricd Efficiency in BueBoost Mode 10% Rated Powe 93.5
50% Rated Powe 94.1 | %
100% Rated Powe 93.2 | %
Electrical Efficiency in Buck Mode 10% Rated Powe 95.6 | %
50% Rated Powe 97.0 | %
100% Rated Powe 96.7 | %

* This value reduces to 1% when the KddBverter is mounted on a TCS Backplane
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KM3-series MPPT Converter for TEGs

Electrical Characteristics for 24V-Battery Output (Vbat)

Minimum Output Voltage for turon 20.4
Maximum Output Voltage for turon 28.8
Off-state Power Consumption Without Display 0.22
Off-state Power Casumption With Display 1.2
Maximum Input Pealeak Voltage Ripple BuckBoost & Buck 2
Boost 0.5
Maximum Output Pealeak Voltage Ripple BuckBoost & Buck 2*
Boost 0.5
Minimum Input Opertircuit voltage for turron 6

Boost to BuckBoostTransition

Approx. (Vbat2.5)

BuckBoost to Boost Transition

Approx. (Vbat 3.5)

BuckBoost to Buck Transition

Approx. (Vbat 8.5)

Buck to BuclBoost Transition

Approx. (Vbat 2.5)

XX R IRLKIKPIPIKKILKIKKIR RR gLl

Maximum Output Current 7.5
Trickle Charge Output Curre 0.2
Battery Lowvoltage range for trickle charge 20.4-21.6
Battery Voltage threshold for charge manageme 27.6
Electrical Efficiency in Boost Mode 10% Rated Powe 94.5
50% Rated Powe 96.9
100% Rated Powe 96.2
Electrical Efficieey in BuckBoost Mode 10% Rated Powe 93.5
50% Rated Powe 94.1 | %
100% Rated Powe 93.2 | %
Electrical Efficiency in Buck Mode 10% Rated Powe 95.6 | %
50% Rated Powe 97.0 | %
100% Rated Powe 96.7 | %

* This value reduces to 1% when the KM3 converteounted on a TCS Backplane
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KM3-series MPPT Converter for TEGs

Typical Characteristics

All tests are carried out with thequipment setup shown in Fig. Bhe inputpower supplyunit (PSU)
in series with a power resistor emulatéhe electrical characteristic of a TEIhe outputbattery is
emulated by the output PSwlith electronic load in parallel to the KM3 outptithe openrcircuit
voltage measurement ) and the input TEG current (IIN) are measured by the input P&J.
input (VTEQ and output(VBAT) voltages are measured layKeyght 34972A datalogger, whictiso
measuresthe voltage dropacrossa highprecisionlms ense resi stor in |line wi
Fig.3). When using a similar test setup the electronic légset in current mode to a value greater
than the maximum output current expected to be generated by the KM3 conveltarcurrently
the output PSU current settingg greater than this value to provide power to the electronic load
when the (TEG) input is off.

PSU _ ST "
Keysight Programmable - Vear lout
N5750A Resistor [Rint] : =

3t Electronic Kl

or : y L& : Load . NSZI:JA
N5765A L 55 8@ ® e (Keysight HQ Power
@

or s ¥ o®a N33900) PS1320
N[8v74]]'A AN « 144 ' e [Vbat]
oC

Figure4: Test Setup for all measurements carried out on the KM3 converter.

Electrical Efficiency
Ta=23° C, foreedairflow, KM3 PCB located directly on top of a cardboard surface; specifications
subject to change without notice.

Electrical Efficiency vs Input Electrical PoweMioat = 13.8V
100
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KM3-series MPPT Converter for TEGs

Electrical Efficiency vs Input Current for Vbat=13.8V

Buck

BuckBoost

2 4 6 8 10 12
Input Current (A)

Figure6:' I@for VBAT=13.8V

Electrical Efficiency vs Opeircuit Voltage
for 5q Internal Resistance and 13.8V Outout

Boost BuckBoos Buck

A

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Voltage (V)

Figure7:' vs \ocfor RNT=5¢ and \BA+13.8V
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KM3-series MPPT Converter for TEGs

Electrical Efficiency vs Input Electrical PoweMoat = 24V

Boost

20 40

Buck

wst

60

Turn -on and turn -off waveforms

i

80 100 120 140 160
Input Electrical Power (W)
Figure8: ' vs INnfor VBATF24V
[

it

Figure9: Typical turron waveforms. Input voltage in pini
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and output vdtage in yellow.
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FigurelO: Typical turroff waveforms. Input voltage in
pink and output voltage in yellow.
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KM3-series MPPT Converter for TEGs

Thermal Performance
Ta=23" C, no forced airfl ow, KM3 PCB | oc&dtiend direct
subject to change without notice.

Figurell: Thermal image of the KM3 converter operatir Figurel2: Thermal image offte KM3 converter operating
in Boostmodewith Voc=B+ £ wA Y il n ®3.8v. in BuckBoost mode with Vo0V, Rint2.5w | Y R
Pin80.0? = ' ™ahp @ Vbat=13.8V. Pins84# = 3.6%h

Figurel3: Thermal image of th&M3 converter operating Figurel4: Thermal image of the KM3 converter operatin
in Buck mode with Voc=50V, Rinte5 | Y R+ 6 | i in Buckmode with Voc56V, Rintsm | Yy R +06 | { |
Pind22 ¥ 69%%db Pind52 = 6.9%Mb
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KM3-series MPPT Converter for TEGs

Input an d Output Voltage Ripple
Ta=23" C, no forced airfl ow, KM3 PCB | ocated direct
subject to change without notice.

LI A I
IR R IR
) ' J | ! J |
Figurel5: Input (pink) and output (yellow) voltage ripple Figurel6: Input (pink) and outpufyellow) voltage ripple
at Boost operation with Vod8V, Rint=08 I y R at BuckBoostoperation with Vocdn + ¥ wA y i T
Vbat=18.8V.Pin=9612 = ' I chp Py2 Vbat=.8V.t Ay T dpc ®n% > ' T ¢

W\ﬂ\ ol N
.

Figurel?: Input (pinkjand output (yellow) volta}ge ripple  Figurel8: Input (pink) and output (yellow) voltage ripple
4 . dzO1 2LISNY GA2Yy & A(K38Y.2 Fa4 . 22a0 2LSNIGA2Y GAGE
tAyrmHo®nz s ' T dcod Vbat=24VPn=66.1W, =97.7%

&

3

NARNAAARA s

Figurel9: Input (pink) and output (yellow) voltage ripple Figure20: Input (pink) and outpugyellow)voltage ripple
atBuck. 22a 0 2LISNY GA2Yy ¢ A GK atBuckoperation with Voc=60V, Rint=40 I Yy R *0
Vbat=24VPin=95.2W; =95.5% Pin=89.5W,; =98.2%
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KM3-series MPPT Converter for TEGs

Thermal Considerations

In order to ensure safe operation of the Bh the enduse equipment, the temperature of the
components listed in the table below must nat bxceeded. Temperature should be monitored
using thermocouples placed on the hottest part of the component (out of direct air flow).

Temperature Measurements (At maximum ambient)
Component al EAYdzy ¢SYLIS
Powerlnductor 150
Electrolytic Capators 105
PGTDSOMN MOSFES 125
Other components 85

Service Life

The estimated service life of the KM8 determined by the cooling arrangements and load

conditions experienced in the end application. Due to the uncertain nature of the end application
this estimated service life is based on the actual measured temperature of components within in the

product when installed in the end application.

Mechanical Drawings

85 mm
- Y4 mm
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Figure21: Mechanical Drawing of the KM3 PCB

Thermoelectric Gwversion Systems Limited (TCS) does not assume any responsibility for use

circuit described, no circuit patent licenses are implied and TCS reserves the right at any tirr

without notice to change said circuitry and specifications.

This TCS produist not authorised for use as critical component in life support devices.
Thermoelectric Conversion Systems Limiteghw.Teconversion.com
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