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I Thermoelectric Device

« Thermoelectric effect is direct conversion of temperature
difference to electric voltage and vice versa

« Thermoelectric device creates voltage with temperature
difference between the two plates.

Electrical Energy

Heat Energy
Conversion
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I Thermoelectric Effect
= Seebeck Effect + Peltier Effect

Key Factor is thermoelectric figure of merit as follows

2 ZT,, Thermoelectric figure of merit
Sol s
7T = m S22  Seebeck Coefficient
m Kk o Electrical Conductivity

k  Thermal Conductivity
S*c Power Factor

Research Points

1. How to increase figure of merit from 1

2. How to increase electrical conductivity or power factor
3. How to reduce thermal conductivity

* Problem is that power factor is in proportion to thermal conductivity
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Figure of Merit Trend

ZT=2.0 @ 800K
Science 303, 818
(2004),
3.5 | A Majumdar. Science 303, 777 (2004)
501 L= d ZT=15 @ 773K
(Nanostructured Science 321, 554 (2008)
55 1 materials)
FEEE
20| (Bulk materials) 7ZT=1.48 @ 705K
K 157 Discovery of compounds | Nature 459, 965 (2009)
3 e——with ZT<1
1.0 = \\\‘!L/,s— P
o5 ® ZT=1.4 @ 373K
Bi,Te; and alloys with Sb,Se Scpnce 320,634 (2060)
0.0 I I | | | [

1950 1960 1970 1980 1990 2000 2010 2020

Bulk material has below figure of meritl

Nanostructed material and compounds has higher than figure of merit 1

By reducing thermal conductivity

Higher than 1.5 is affordable to use it. Over 3 can be expected.
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I Seebeck Effect

AV
Heat source
—
g Q Ju Linear Fitting
, Q I \QJ A (Slope)
T . P
L‘\ : _L ‘_,5 -
- = I
Heat sink AT
—MWW—
Temperature gap create electromotive force
E — —SAT After settling, voltage can be monitored
Measurement temperature by reading
A / voltage(thermocouple)
S = A 7. Electrical energy generation by temperature
(Energy harvest)
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I Peltier Effect

Cooled side O = (HA - HB)/
! Peltier Coefficient of
F H H eltuer coertricient o
?Q o o A*""B conductor A,B
» Q@ QY v / Current from Ato B
4 . o Q= (1, -1,
’ o i 11,11,
Disipzited Heat /

A

C—

=
S

Peltier coefficient represent how much heat is carried per unit charge.
Charge current flow over junction with heat flow.

If there is difference in two coefficients, current flow will develop a
discontinuity of heat flow

Cooled side looses heat, hot side gain heat
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I TE Device Applications

BMW 5 Series TDDI in Japan
By TE device, heat from Thermoelectric refrigerator
engine is converted to Is selling

electrical energy.
Re-use it to heat seat
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TE Device Applications more

- Fits 12 Wine bottles - Adjustable temperature control
- Double tempered glass door - Environmentally friendly
- Reduced noise operation (15dB) - Wind cooling system
- Reversible door - Thermo electric refrigeration
- Internal light - Low power consumption
KERI ACE TEC
Compound thermoelectric Wine cooler using
module to covert heat into thermoelectric device

electric energy directly
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TE Device Applications more

Screen printing Wearable thermoelectric Power generation
technique generator on human body

Wearable generator
Power generation from human body
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I TE Device Test Setup

TH TC
Peltier Peltier
L J @
TH (Reference) ¢ i
Hot Specimen Cold
Power Power
Control Control

TC (Reference)

Step 1. Apply current to peltier device with one or two current sources

to heat or cool the plate

Step 2. Measure voltage or current in the TE device

Step 3. As temperature goes on, measure voltage, plot Seebeck.
* Measurement of electrical conductivity on device
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I TE Device Measurement Parameters

Measurement

- Voc : Open Circuit Voltage Measurement as maximum voltage
from the device

- Isc : Short Circuit Current Measurement as maximum current from
the device

- Temperature Measurement, plot Seebeck graph
- Electrical conductivity measurement by Van Der Pauw.

Source

- Very accurate current source to control temperature
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TE Device Measurement Instruments

2182A Nano Voltmeter

KEITHLEY

Low level voltage measurement for Voc
Electrical Conductivity Measurement

DC Noise Performance 7 (DC noise expressed in volts peak-to-peak)

Response time = time required for reading to be settled within noise levels from a stepped input, 60Hz operation.

Channel 1
Response Range
Time NPLC, Filthr 10 my 100 mV 1V 1oV
250 s 575 6 nV 20 nV 75 oY 730 nV
40 s 5, 10 15 n¥ 50 oV 150 ¥ 15 puV
10 = 1, 18 25 n¥ 175 nV o000 nV 25 pv
607 ms 1, 10ors5, 2 350V 250 n¥ 650 nV 33pv
Gl ms 1, Off 70 n¥V 300 nV 700 nV 6.6 1V
Channel 2 610
250 s 575 — 150 oV 200 ¥ 750 n¥
40 = 5,10 — 150 n¥V 200 oV 15puV
1.0 = 1, 1005, 2 - 175 nV 400 nV 25 pv
85 ms 1, Off — 425 nV 1V 95 Vv
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TE Device Measurement Instruments

One Power Line Cycle
Noise Performance

2pV

The DMM7510 provides noise performance
equivalent to or better than many 8'2-digit DMMs.

1pVv

opv

Volts

-1pv

-2V

6'2 Digit w81/ Digit === DMM7510

New DMM 7410

Measurement for Voc.
Precisely analyze current and voltage waveforms and transients with

1MS/sec, 18-bit digitizer
Large reading memory (27.5 million) to capture more of your signal

Tektron/ix@
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TE Device Measurement Instruments

6485 Picoammeter

KEITHLEY

Low level current measurement for Isc
| Low level to 400fA accuracy

(save |serue)  (Srone [recacs)  (umir |azero) (exir |enter) A

5V Digit Accuracy (1 Year) ' Analog
Default +(% rdg. + offset) Typical Rise Time 3
Range Resolution 18°-28°C,0-70% RH RMS Noise 2 (10% to 90%)
2 nA 10 fA 04 %+ 400fA 20 fA 8 ms
20 nA 100 fA 04 %+ 1pA 100 fA 8 ms
200 nA 1pA 0.2 %+ 10pA 1pA 500 ps
2 uA 10 pA 0.15% + 100 pA 10 pA 500 s
20 pA 100 pA 0.1 %+ 1 nA 100 pA 500 s
200 pA 1 nA 01 %+ 10nA 1nA 500 s
2 mA 10 nA 0.1 %+ 100 nA 10 nA 500 ps
20 mA 100 nA 0.1 % + 1 A 100 nA 500 ps
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TE Device Measurement Instruments

2460 Source Meter

+%0065 () >~ O G Current Source for temperature
2= o == ;25 ) COI’]'[I’O|
§ 7.00000A — =g =~ @l Generate high current up to 7A.
i ~ Touch screen instruments

Local P — No Script CONT> A Source Measure Views Trigger Scripts System

+o1.0065Q = =

1l

o

+7 OOOOOA

+7.00000A | 735000y |

2460 main home screen The Model 2460’s icon-based menu structure
helps even novice users configure tests
quickly and confidently,
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TE Device Measurement Software Example

2R HEE $BTO) SO AW S2H)
. . . . . . @ Horizontal
SN W JE= a2 KRICT (Korea Research Institute of Chemical Technology), Thermo Electric Device Characterization System Software Vertical
Seurce and Measure resource, snmsalesi@isnm co kr
In-Range (H In-Range ( STDEV (H STDEV
o aw [ ecanl 23 les ® ge 4 ® 9e (@ ® " ® © Linear Fitting (Slope) 0
g4 | 3 2EHA | 23 | 2 70 25 s
2182A Channel Current Range () 85 HoT(BUT) | 28 7 Sgebeck L\
Channel 1 [+] Auto [«] " COLD (BUT) | A 27 75
Hot Plate Limit (V) Cold Plate Limit (v) ™ s
26 O o
15 15 Ess coo® [ %2 85
STDEV (*Q) [H] STDEV (FQ) [C] £ 25 5
I o ) PO ¥ §% I s
Accuracy (°C) [H] Accuracy (°0) [C] éas x 5 >1 a5
01 | 01 \ g nE )
Proportional (P) [H] Proportional (P) [C] 5 40 é -10
200 200 | T 22 105
Integral (I) [H] Integral (1) [C] 35 21 "
25 | 25 | )
Derivative (D) [H] Derivative (D) [C] 30 20 -115
100 | 100 | 25 19 12
0 100 200 300 400 500 600 700 800 900 1000 20 225 25 275 30 325 35 375 40 425 45
Timestamps (sec) aT (0
Hot Plate
Cold Plate 10 2 Hot (°C)  Celd ("C) aT(C) &V  Seebeck Current (A) =
HT ('0) C1 (0
o o HOT(P)
[ o I &t Lo 1 ¢ coop 18
HPower (W) 0 CPower (W) 8 ! k 16
= = 7 14
: g g
HCurrent (A) HSTDEV (*C) CCurrent (A) 6 12 &
0 0 0 g 3
| | | [ i, , 3
HVoltage (V) CSTDEV (FQ) CVoltage (V) -9 ]
= 0
o ][ e J[ o ] El 083
3 06
[ ] [ 2 04
[0 Reset Setup
1 02
- E3 Cclose
0 0
Run Stop 0 100 200 300 400 500 600 700 800 900 1000
) Timestamps (sec) - I

Typical TE Device Measurement Software provided by channel SnM

Temperature, Power, Seebeck plot
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TE Device Measurement Software Example

File Edit View Project Operate Tools Window Help

AEAKEIIAAE (Thermoelectric Figure—of-merit Evaluation System Software.)

KRISS

@)

s J ‘ Graph (Average) | Graph (Total) ] Diagram ] Transients | Analysis (Report)

Control Mode All Power Supply  []

)
\ Thickness (d) Area (A) -
L] Temperature Parameter's J 1 1 ;
MCKT
Length (1) Area (a) :
PID Parameter's 1 1
RKC-1 RKC-1I RKC-MI Input Current (A) for =
Wait J Wait J Wait J Electrical Conductivity (o) -
’ ; 0.005 = "H' J‘
Instruments Information. Voltage (Hot Plate)  Current (Hot Plate) Thermal Conductivity (K)
| 0 0 et 1UT] vt
Energy (Hot Plate) [Q = VI ] Seebeck Coefficient (S)
Flactbaionl Famdobhdio, fa e
0 « »
A T [H] (Hot Plate) T [C] (Cold Plate) " Plotting Attribute [,
0 0
0.8} {ATrO SEILS
AT (T[HI-T(Q) [aTco | 8]
0 08/ avy 8]xr
I | coicacmscot e cmin 04
0 Factor (0)
1 02f
“ Thermal Conductivity (K) Correction e ° Voltage (V) Measurement
Factor (K) > Electrical Conductivity (o)
0 3
1 !
0 -04} Current (A) Measurement
Electrical Conductivity (0)
[ o0 J | D e 0
0
’ 08
Seebeck Coefficient (S) Correction
= = = 0 Factor (S) 4
ot R J il 1 0.08 0.09 01 o011 012 013 0.14 Save Report
Run - Stop ZI (pee pn Paits) n (per pn Pairs) Number of pn Pairs ATCO
0 0 1
[ x| Close }

TE Figure of Merit Evaluation Software provided by channel SnM
Electrical conductivity, Seebeck, Figure of merit plot
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TE Device Measurement Software Example

8] VanDerPauw. . . - eme P =l
Van Der Pauw Software(IVsolution) En e 05 KEITHLEY
T1 T2 dr av A Tektronix Company
Measure Type Eeebeck] & [ & Options ~ $Gid %1 & [ e Options v $Grid %1
VanDerPauw AR LA
0.101 T T ;

2400 Address

7001 Address E [CRear s | 0.101 0.1005

2700 Address 22 [TIRear

- | 1 o

Van Der Pauw Measurement
| Start Current(s) 0.5 0.0995 } ; 0.0995 A 0.0995

Stop Current(A) 0.5 |
| Step C.urrent(A) 0.42 0.099 ; : : 0.099 ; : ; 0.099

Compliance(A) Thickness(m) =5 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
| 50 1e-008 |
|| AverageNo Measure Delay -0.916007, 0.100907 x=-0.910271 y= 0.100807 y2= 0.100807
il s 100 |
i|  Measure Cyde DeltaV Accuracy Current(A) T1{K) T2(K) dv(v) dT(K) Seebeck(uv/K)

3 5

c:ifilename. dat

‘ Run ’ ‘ Clear Graph ’

| [
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I Conclusion

- Thermoelectric Device is technology to convert heat into electrical
energy and vice versa

- Keithley provide perfect test solution for TE device in instruments
Nano voltmeter, DMM, Picoammeter, and SourceMeter.

- Keithley also provide total software to measure Seebeck, and
Figure of merit.
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