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1 Introduction 

1.1 About this Application Note 

This Application Note is intended to help the users of Xensor-Integration NanoCaloriMeters and interface 
electronics with the set-up and execution of their experiments. It will give some theoretical background 
information, practical guidelines, specific applications and references to the work of other users. 
The Application Note is by no means exhaustive. This means, that if you miss something and have ques-
tions, or if you have useful information or interesting applications that you want to share, we highly appre-
ciate your contribution to improving this note. 

2 Short description 

Introduction 
There are two types of nanocalorimeter chips available from Xensor, those based on thicker monocrystal-
line silicon membranes and those based on thin silicon-nitride membranes.  
The first types have low thermal isolation, but are very robust, they are well suited for use in liquid and 
slow applications (XEN-LCM2506, XEN-LCMquad, XEN-NCM9924).  
The last type is fragile but very well isolated and fast, this is more suited for application in gaseous envi-
ronments and for fast measurements, such as scanning calorimetry (XEN-TCG3880, XEN-NCM4000). 
 
XEN-LCM2506 

The XEN-LCM2506 is a thermopile-based calorimeter chip consisting of a 3.5 3.5 mm square membrane 

of monocrystalline silicon, approximately 4-8 m thick (depending upon technology). The membrane is 

suspended in a 5 5 mm outer size silicon frame of 500 m thick (the original thickness of the wafer and 
the membrane area before etching). In the membrane a thermopile of 160 p-type monocrystalline silicon 
versus aluminum couples is integrated, leaving a free area in the middle in which a heater is integrated 
for calibrating the transfer of the nanocalorimeter, see Fig. 2.1 & 2.2. 
 
XEN-LCMquad 

The XEN-LCMquad contains 4 chips of the same type as in the XEN-LCM2506 on a 10 10 mm die, see 
Fig. 2.3. Both XEN-LCM2506 and XEN-LCMquad are customarily mounted in a PGA-68 ceramic housing, 
with a hole to accommodate the silicon chip. The chip is mounted flush with the surface of the ceramic, 
this allows flow-injection analysis systems, in which liquid flows over the surface of the sensor.  
 
XEN-NCM9924 
Next to the XEN-LCM2506, the heavy-duty sensor XEN-NCM9924 is available. This sensor features a 

membrane of 22-45 m thick, 8.3 8.3 mm large in a 10 10 mm frame, which gives a more robust sensor. 
It also has an integrated silicon-aluminum thermopile, but also has aluminum heaters, galvanically sepa-
rating heater and thermopile, see Fig.2.4. 
Because of the thickness of the membrane, only a low thermal resistance is achieved, which makes this 
sensor especially suited for liquid applications, where high thermal resistances are strongly decreased by 
the flowing liquids. The strong membrane makes this sensor suitable for repeated use with enzyme layers 
or other coatings, which can be removed without destroying the membrane. Also this sensor has the chip 
flush with the housing for flow-injection analysis applications. 
But apart from liquid applications, applications in, for instance, electronic noses have also been reported 
[Lerchner et al, Par 4.1]. 
The sensor has also been used for more traditional calorimetric analysis, in which the epoxy glue be-
tween chip and housing has been replaced by highly-conductive silver glue, improving the thermal link 
between chip frame and housing. Then, fast calorimetric measurement can be carried out [Winter and 
Höhne, Par. 4.5]. 
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XEN-TCG3880 
The newest trend in calorimetric research is fast scanning calorimetry, in which heating rates and cooling 
rates are not measured in Kelvin/minute, but in kiloKelvin/second or even faster. For this, you want to 
have as little mass to heat and (more difficult) to cool, and thick membranes are less advantageous. The 
XEN-TCG3880 has been used extensively by Schick et al from the University of Rostock in fast calorime-
try experiments with heating and cooling rates in excess of 10 kK/s. The XEN-TCG3880 features a thin-

film membrane of low-stress silicon-nitride (SiN), with polysilicon thermopile and heater, in a 3.33 2.50 
mm silicon frame. The thin (fragile) and thermally highly isolating membrane make this sensor less suita-
ble for liquid applications. So, probably someone will try just that in the near future.  
 

2.1 Applications 

Applications 
Below is a list of (known) applications of the calorimeter sensors. For more on applications see the over-
view article in Thermochimica Acta (2005) in Section 4.6, available on www.xensor.nl. 

  
application sensors references [chap. 4] 

Fast scanning calorimetry XEN-LCM2506, XEN-LCMquad, XEN-NCM9924, 
XEN-TCG3880 

Rostock, Inst. Analysentech. 

Enzymatic blood analysis XEN-LCM2506, XEN-LCMquad, XEN-NCM9924 Ciba, Freiberg 
Electronic nose XEN-LCM2506, XEN-LCMquad, XEN-NCM9924 Freiberg 
Liquid calorimetry XEN-LCM2506, XEN-LCMquad, XEN-NCM9924 Freiberg 
Thermal analysis XEN-LCM2506, XEN-LCMquad, XEN-NCM9924 Catalonia 
Mixing reaction heat detection  XEN-LCM2506, XEN-NCM9924  

 

http://www.xensor.nl/
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3 Technical data 

3.1 Specifications 

Table 2.1 Specifications (ambient temperature 22 
o
C) 

 XEN-LCM 
2506 

XEN-LCM 
quad 

XEN-NCM 
9924 

XEN-TCG 
3880 

    

Parameter typ typ typ typ  unit symbol notes 

         
Dimensions         

 housing size 29x29x7 29x29x7 29x29x7 3.3x2.5x0.3  mm
3
   

 chip dimensions 5x5 4 of 5x5 10x10   mm
2
   

 membrane size 3.5x3.5 3.5x3.5 8.3x8.3   mm
2
 

 
  

 membrane thickness 4-8 4-8 22-45 1  µm 
 

  

         

Output         

 in air at 1013 mbar 8 8 1.2-2.4 30  V/W   

 in still water 4 4 - -  V/W   

         
Time constant         

   in air    9  ms   

   in vacuum    36  ms   

         
Stability          

   short term    100  ppm   

   long term    1000  ppm   

         
Thermopile          

 resistance 150 150 50 55  k  Rtp  

 effective sensitivity    1.3  mV/K Stp  

   intrinsic sensitivity 50-80 50-80 50 2.4  mV/K   

   temp coefficient    0.05  %/K   

         
Heater          

 resistance 0.8 0.8 0.44 0.6  k  Rheat  

 resistance R1-R2  - - 1.0 -  k  Rheat Alu heater 

 resistance R1-R3 - - 0.25 -  k  Rheat Alu heater 

 temperature coefficient    0.1  %/K   

         
Thermal resistance         

   membrane    100  kK/W   

   temperature coefficient      %/K   

   membrane + gas    23  kK/W   

   temperature coefficient    -0.08  %/K   

 chip to housing      K/W   

         
Maximum heating voltage       Uheat  

   in air    2.5  V   

   in vacuum    1  V   

         
Sensor ambient temp         

   minimum    -273  
o
C   

   maximum    240  
o
C   

         
Heater max temp    250  

o
C   
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3.2 Sensor photo s and packaging information 

XEN-LCM2506: 68 pins 11x11 PGA cavity down 

 

PGA 29 x 29 mm

View into PGA cavity

Epoxy 6 x 6 mm

Chip 5 x 5 mm

TP   = output
Rh  = heater
P, N = diode

TP- TP+ P N Rh Rh

 
 
Figure 2.1 Liquid side of XEN-LCM2506  Figure 2.2 Electronics side of XEN-LCM2506 
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XEN-LCMquad: 68 pins 11x11 PGA cavity down 

 

PGA 29 x 29 mm

View into PGA cavity

Epoxy (or silicone) filling

TP   = output
Rh  = heater
P, N = diode

P

N

TP+

TP-

TP-

TP+

P

N

Rh

Rh

TP-

Rh

Rh

TP+ P N Rh Rh

TP+ TP-PNRhRh

Chip
5 x 5 mm

Chip
5 x 5 mm

Chip
5 x 5 mm

Chip
5 x 5 mm

 
 
Figure2.3 Electronics side of XEN-LCMquad 
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XEN-NCM9924: 68 pins 11x11 PGA cavity down 

 

TP- TP+ P N R1 R2

R3

RhRh

Epoxy (or silicone) fill 

TP              = output 
Rh              = integrated heater 
R1,R2,R3   = aluminum heaters
P, N            = diode 

PGA-68: 
29 x 29 mm 

View into PGA-68 cavity 

Chip 
10 x10 mm 

 
 
 
 

Figure 2.4 Electronics side of XEN-NCM9924 

 
 

 










