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1.2 Features: 

 Integrates Micropelt MPG-D65x  
solid-state thermogenerator 

 Maintenance-free solid state operation 

 Long life time  

 TGP height offers adequate clearance for  
components on PCB 

 Optimized mechanical design yields maximum 
thermal performance 

 Operating temperatures up to 100 °C  

 High output voltage per degree of temperature  
gradient (60 mV/K) 

1. Introduction 

 

1.1  General description 

The TGP-651 is a packaged Micropelt thermogenerator, 

which offers the superior performance of Micropelt’s 

thin-film, solid-state generators in a standard package.  

 

Micropelt’s thermogenerator chip MPG-D65x offers a 

very high power density, with up to 100 leg pairs per 

mm², and a very high output voltage of up to 1.68 V 

per Watt of thermal input. 

 

 

 

 

 

 

 

 

 

The 

package concept is based on a rectangular metal-base 

laminate with a ring isolator, in order to achieve a good 

thermal performance by maximizing the thermal flow 

through the Micropelt thermogenerator chip. 

Together with a metal top, the components offer a  

solid and stable mechanical construction. 

Thermoelectric legs pairs on wafer substrate 

Solid and stable mechanical construction 

Isolator 

Aluminium 

PCB 

1.3 Applications 

Generic power supply utilizing waste heat to drive  
low-power (milliwatt) applications, including: 

 Wireless sensor networks (WSN) 

 Industrial process monitoring  

 Condition monitoring 

 Thermal event logging 

 Thermal triggering 

 Intelligent buildings and HVAC 

 Automatic meter reading (AMR) 

 Energy monitoring & control 
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2. Specifications 

 

2.1  Absolute Max Ratings 

Operating within the absolute max ratings will not 

damage the device but specifications cannot be guar-

anteed.  

 

Exceeding the absolute max ratings can damage the 

device or lead to premature aging. 

Parameter  Value 

ESD sensitivity 9000 V 

Soldering  
temperature * 

260 ºC for 
 max. 5 sec 

Allowable  
reflow cycles * 

1 

Operating temp. 0 .. 85 ºC 

Storage temp.  -20 .. 85 ºC 

Sustained mechanical force 
onto device top 

600 N 

2.3  Characteristics 

  min TYP max 

TGP-651    

R thermal   28 K/W   

Seebeck voltage   
60 mV/K /     

(Tamb = 25 ºC) 
  

R electrical 170 Ω 
210 Ω           

(Tamb = 25 ºC) 
242 Ω 

General    

ESD sensitivity   9000 V 

Soldering  
temperature * 

 
260 ºC for 

 3 sec 
 

Operating temp. 0 ºC  + 85 ºC 

Storage temp. - 20 ºC    + 85 ºC 

  min TYP max 

Mechanical    

Footprint (l x w)  15 x 10 mm  

Height  9.5 mm  

Weight  2.2 g  

2.2  Recommended  

The package concept is based on a rectangular metal-

base laminate with a ring isolator, in order to achieve a 

good thermal performance by maximizing the thermal 

flow through the Micropelt thermogenerator chip. 

Together with a metal top, the components offer a  

solid and stable mechanical construction. 

* special mounting instructions are valid, see § 6.2 ff 

* special mounting instructions are valid, see § 6.2 ff 
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3 Typical electrical application — ultra low power boost converter 
 

3.1 Boost converter for low start-up voltage 

Electrical diagram of  boost converter, up-converting the TGP output voltage to 2.4 V. 

This circuit is being used in the Micropelt TE-CORE kit (refer to the respective datasheet). 

DC booster concept, as used in Micropelt TE-CORE thermoharvesting power module 

3.2 Boost converter with intelligent charge control , Texas Instruments BQ25504 

Electrical diagram for connection of the TGP to the TI BQ25504 (http://www.ti.com/product/bq25504) combined boost 

converter and charge controller. This part is being used in the  “TE-CORE direct” kit (refer to datasheet)). 

http://www.ti.com/product/bq25504�
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4. Electrical parameters  

4.1 Thermal path and heat sink 

 

A typical thermal energy harvesting application con-

tains a hot side surface and a heat sink (HS) in ambient 

air as cold side. In between the TGP generator is 

“sandwiched” and a heat energy (Q) is floating. 

 

 

 

 

 

 

 

 

 

 

 

 

The output power of a thermogenerator depends on 

the amount of heat energy floating through the device. 

This is represented by the temperature difference di-

rectly over the thermogenerator, which depends on its 

thermal resistance,. This can be described by a thermal 

resistor network (equivalent to Ohm’s law for voltage, 

current and electrical resistance). 

 

 

 

 

 

 

 

 

The effective (net) temperature difference (Delta-T) 

over the TGP is determined by: 

 Gross Delta-T = THOT — TCOLD 

 Thermal resistance TGP: R-thTGP 

 Thermal resistance heat sink: R-thHS 

The net Delta-T (DT) over the TGP can be analyzed as: 

 

 

 

The larger the heat sink, the smaller the R-thHS and 

therefore the more heat energy (Q) is floating through 

the TGP, resulting in a larger, net delta-T over the TGP. 
 

Clear and brief:   

 a larger heat sink result in more output power 

from the TGP 

 

Operation optimum of a thermal system is when: 

 R-thTGP = R-th-HS 

 

Therefore the higher output power capabilities of the 

TGP-65x can be measured when using a larger heat 

sink. 

R-thHSR-thTGP

THOT [K] TCOLD [K]

Rth thermal resistance in K/W

Heat flow Q [W]

Network diagram for thermal system 

Delta‐TTGP * 

Typical energy harvesting application 

DT TGP

Heat source
Heat sink

TGP generator

DT hot-cold

Heat flux Q

Micropelt TE-CORE thermoharvesting module with inte-
grated TGP, DC-Booster, power management  and 
heatsink. 

4.2 Typical thermal application 

 

The TGP can be integrated into a standard (FR4) PCB 

via a through hole for the thermal path. This allows a 

mechanical construction for the hot and cold side of 

the thermal harvester power source, with an optimum 

thermal performance. 

The Micropelt TE-CORE module operates from a heat 

source versus ambient air  with heatsink. 
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4.3 Electrical parameters of TGP component  

The matched output power and open circuit output 
voltage of the TGP depends on the temperature gradi-
ent across the device. 

To achieve well defined test conditions, both the hot 
and cold side of the TGP component are held at de-
fined temperatures. 

 

The characterization measurements of the TGP is 
based on a fixed temperature gradient across the 
device. TGP with preattached wires 
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 4.4. Output power performance application 

The matched output power depends on the character-

istics of the thermal path from heat source to ambient 

(cold side). The heatsink type, dimensions and position 

are of influence. 

 

The TGP measurements are made with the TE-CORE 

ThermoHarvesting power module, using  

different heat sinks from Fischer Elektronik,  

type Sk422 with a length of  33 mm, 50 mm  

and 90 mm.   

 

www.fischerelektronik.de 

For direct link to heatsink page use link below  
http://tinyurl.com/cw9aun6   

Performance diagram of Sk422 heat sink  

TE-CORE with heat sink Sk422-33 

Different heat sink types od Sk422 

Dimensions Sk422 heat sink 

http://tinyurl.com/cw9aun6�
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Summary output power performance: 

The output power performance depends on 

the heat sink (HS) performance in combina-

tion with the selected TGP ThermoGenerator 

Package. The table below describes the rela-

tive output power versus the smallest heat 

sink (33 mm). 

 
Small HS 
(Sk-422 

33) 

Midsize 
HS 

(Sk-422 
5o) 

Larger HS 
(Sk-422 

90) 

TGP-651 100% 125% 135% 

 TGP-651 performance measured with  

TE-CORE ThermoHarvesting Power 

module, using different heat sinks 

from Fischer Elektronik, type Sk422 

with a length of 33 mm, 50 mm and 

90 mm.  

 heat sinks in ambient air at a tem-

perature of 25 ºC. 
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5. Application information 

 

5.1 Product dimensions 

All dimensions are given in millimeters. 
Drawings are not to scale. 

Top view 

Contact pad TGP – 

Contact pad TGP + 

Orientation marker 

L (length) 

W
 (w

id
th

) 

Dimensions TGP  

L = 15.0 mm  

W = 10.0 mm  

T = 9.3 mm  

Weight = 2.2 gr 

 

Tolerances according 

ISO 2768-mK (medium). 

Except tolerances ± are 

given in the drawing. 

(see table §3.1.1) 

Mechanical pad (no function) 

Side View 

T 
(t

hi
ck

ne
ss

) 

Side View 

Bottom View 
(cold side) 

Top View 
(hot side) 

Solder Pad Layout 

HOT 

COLD 

+ – 

cld 

Note: The TGP can be used with the heat flux in both 
directions. Drawings indicate the heat flux from the TE-
CORE power module. 

Heat flux 
direction 
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6.1 Electrical connection and polarity  
 

Output voltage polarity depends on the direction of the 

heat flux.   

 Default heat flux direction of the TGP: the lager rec-

tangular base plate is the cold side. Therefore it is 

indicated on the pcb with “cld” (cold).  

In the TE-CORE power module the larger rectangu-

lar base plate is attached to the heat sink. The hot 

side is the Aluminum cylinder which is attached to 

the heat source. (see  schematic diagram top right) 

 If you use the TGP package the other way round 

then the polarity is inverted and the heat flux is in 

the opposite direction. (see schematic diagram 

down right) 

 -> heat flux direction defines polarity 

5.1.1 General tolerances for linear and angular dimensions according DIN ISO 2768-mk  

For TGP tolerance class „medium“ is applicable, except tolerances ± are given in the drawing.  

Permissible deviations 
in mm for ranges in 
nominal lengths 

 
 

f (fine) 

Tolerance class 
designation (description)  

 
v (very coarse) m (medium) c (coarse) 

0.5 up to 3 ±0.05 ±0.1 ±0.2 - 

over 3 up to 6 ±0.05 ±0.1 ±0.3 ±0.5 

over 6 up to 30 ±0.1 ±0.2 ±0.5 ±1.0 

over 30 up to 120 ±0.15 ±0.3 ±0.8 ±1.5 

over 120 up to 400 ±0.2 ±0.5 ±1.2 ±2.5 

over 400 up to 1000 ±0.3 ±0.8 ±2.0 ±4.0 

over 1000 up to 2000 ±0.5 ±1.2 ±3.0 ±6.0 

over 2000 up to 4000 - ±2.0 ±4.0 ±8.0 

6. Handling and integration of TGP components 

TGP

heat sink

heat flux

Hot surroundingHot surrounding

Magnet

heat source

TIM

TGP

heat source

heat flux

thermal radiation

Magnet

TIM

heat sink

thermal radiation

Heat flux direction of TE-CORE power module 
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6.3 Mechanical design 

The TGP has to be mounted between a hot and cold 

source so that: 

 There is space for placing electronic components 
directly next to the TGP, in case of an embedded 
application with a Printed Circuit Board (PCB) 

 Maximum thermal performance can be achieved, by 
proper distance between a hot and cold source   

 No pulling force acts on the three contact pads of 
the TGP. 

A practical example is described for an application with 

a hot source adaptor (for instance connected to a pipe 

with hot liquid) and a heat sink in ambient air. 

 

 

A good mechanical connection can be achieved by us-

ing a clamp or stainless steel bolts to mount the TGP 

between the hot and cold sources. 
 

Important to observe is: 

 Avoid parallel leakage of thermal energy (bypassing 
the TGP) by using stainless steel bolts, instead of 
steel bolts. They have a reduced thermal  
conductivity.  
Thermal isolator material around the bolts improves 
mechanical stability. 

 When using bolts to clamp the TGP between two 
metal surfaces, the target force is 35 cNm. Bolts 
should be fastened in an alternating manner in 
small steps. 

 Maximum compression force onto TGP is 

 at 25 °C: 100 kg indefinitely 
 at 100 °C: 35 kg indefinitely 

Conditions:  The rectangular base of the TGP is even-
ly supported. The force is applied onto the cylinder 
and is perpendicular to the surface supporting the 
base. 

 Thermal paste can be added between the TGP and 
both the hot and cold sources.  
Alternatively Graphite foil can be used to achieve 
good long-term thermal performance (i.e. eGraph 
type Hitherm 2505, 127µm.) 

Practical energy harvesting application 

Heat sink in ambient air 

TGP position 

Optional PCB 

Hot source or adaptor 

Stainless steel bolts 

TGP position 

Optional PCB 

Hot source or adaptor 

Assembly of TGP 

6.2 Handling & Solder recommendations 

The TGP package can be wired and soldered by using 

standard solder equipment. 
 

The non-functional connection is being used for me-

chanical stability. It can also be used to integrate a tem-

perature sensor (e.g. PT100) close to the TGP to moni-

tor the package temperature. 
 

Reflow procedure for mass production will be accord-

ing IPC/JEDEC.   
 

IMPORTANT NOTE: 

 actual prototypes  have to be manually soldered: 

260 ºC max. and 5 seconds max.,  

to connect wires to the TGP contact pads. 
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8. Environmental compliance 

Micropelt ThermoGenerator-in-package components 

are compliant to the Restriction of Hazardous Sub-

stances Directive of RoHS.  

 

9. Ordering information 

 TGP-651 

7. Reliability Testing 

The TGP components are planned to be tested   

 Lifetime   

 Humidity 

 Vibration  

 Mechanical shock   

 Non-operating thermal shock 

 

IMPORTANT NOTE:  

 actual prototype withstand a mechanical shear 

force of 15 kg in combination with the manual 

solder procedure as mentioned in §3.2 

10. List of Document Changes 

Ver. 1.7 (2011-09.21) First published version of TGP 
datasheet 

Ver. 2.0 (2012-04.04) considerable revision of the 
document, optical improve-
ments 
page 4, Absolute max. ratings; 
page 7, link Fischer Elektronik;  
page 13 overview of thermo-
harvesting modules and sen-
sors 

Ver. 2.1 (2012-11.20) improvements in following 
chapters 
page 5, 2.1 Thermal path and 
heat sink 
page 6, 2.2 Electrical parame-
ters 
page 8, 2.3 Output power 
performance application 
page 11, 3.3 Mechanical de-
sign  

Ver. 2.2 (2012-11.27) page 3, 1.2 Features (weight) 
page 4, 1.6 Maximum Ratings 
(operating, storage tempera-
tures) 

Ver. 2.3 (2013-02.01) page 4, 1.4.2 Texas Instru-
ments DC booster BQ2205 
page 10 ff 3.1 & 3.2 Polarity 
and heat flux directions 

Ver. 3.0 (2014-11.12) considerable revision. Only 
for TGP-651  
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11. Important Notices  –  Please read carefully prior to use 

11.1 Reconfiguration of Products 
The TGP (thermogenerator in package) Product is designed for reliable operation. Micropelt recommends that users do not change pa-
rameters. Micropelt does not accept any warranty claims for Products that have been altered or reprogrammed. 
 

11.2 Preliminary datasheet 
Information in this document is believed to be accurate and reliable. This document is a preliminary version only. The content is still un-
der internal review and subject to formal approval, which may result in modifications or additions. Micropelt does not give any represen-
tations or warranties as to the accuracy or completeness of information included herein and shall have no liability for the consequences 
of use of such information. 

 

11.3 Disclaimers 

Limited warranty and liability 
In no event shall Micropelt be liable for any indirect, incidental, punitive, special or consequential damages (including - without limitation 
- lost profits, lost savings, business interruption, costs related to the removal or replacement of any Products or rework charges) whether 
or not such damages are based on tort (including negligence), warranty, breach of contract or any other legal theory.  

 

Notwithstanding any damages that Customer might incur for any reason whatsoever, Micropelt’s aggregate and cumulative liability to-
wards Customer for this datasheet and the Products described herein shall be limited in accordance to the Terms and Conditions of 
Micropelt, however to the maximum value of the price invoiced to Customer for the relevant defective Products. 

 

Suitability for use  
Applied differently than the use cases described within this datasheet, Micropelt Products are not designed, authorized or warranted to 
be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where failure or malfunction of a 
Micropelt Product can reasonably be expected to result in personal injury, death or severe property or environmental damage.  

Micropelt accepts no liability for inclusion and/or use of Micropelt Products in such equipment or applications and therefore such inclu-
sion and/or use is at the customer’s own risk. 

 

Applications 

Customers are responsible for the design, installation and operation of their application using Micropelt Products and Micropelt accepts 
no liability for given design support. It is Customer’s sole responsibility to determine the suitability and fit of Micropelt’s Products for Cus-
tomer’s or their third parties’ application. Customer is solely responsible to apply relevant expertise and knowhow to design his applica-
tion, to embed its application into his situational context, to apply all appropriate safeguards and protection measures as well as to test, 
verify and release the application (within Micropelt’s Products) in its context in order to minimize installation and operation risks. 
 Micropelt does not accept any liability on Customer application malfunction.   

 

Limiting values 
Stress above one or more limiting values (as defined in the Absolute Maximum Ratings and the handling and storage instructions) may 
cause permanent damage to the Product.   

 

User Feedback 

Micropelt welcomes user feedback on the results of any tests and evaluations of the Prototypes and Products. In particular, we appreci-
ate experience information on use cases with indications of strengths and weaknesses of the Prototypes and Products, their robustness 
in operation and their long-term durability. Please, contact our Micropelt Application Engineering colleagues by email  
at info@micropelt.com. 

 

 Micropelt GmbH | Emmy-Noether-Str. 2 | 79110 Freiburg (Germany) 


