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The old adage “A watched pot never boils’ has some basisin fact. With a
constant heat from the element, a pot of water will heat up towards 100°C (212°F) pretty
steadily, but it will then take alot of heat to make the water actually boil. This
demonstrates a property of enthalpy: as materials change temperature and go through a
transition point such as melting, boiling etc., the amount of external energy required can
be much greater than that needed to simply raise/lower the temperature by an equal
amount at nearby temperatures. Actually, energy may be given off, not absorbed, at a
transition temperature, depending upon the substance and the particular transition.

This property isvery useful in the Material Science field. A common instrument
to measure thisis the Differential Scanning Calorimeter. These instruments are ableto
measure over a wide temperature range, with a very accurate temperature resol ution.
They also have avery high sensitivity with regards to measuring the enthal py energy
itself. Because of these features, these instruments cost upwards of $60,000 and are not
really suited to the rigors of a university undergraduate teaching lab.



| set out to design a Differential Scanning Calorimeter which would handle the
measurements needed to demonstrate the concepts, from a teaching point of view. Its
temperature range, accuracy and enthalpy energy resolution don’t match those of a
research-grade instruments, but it handles teaching measurements easily and costs only a
few hundred dollars to build. Because students are often carel ess with lab instruments, |
designed the actual measurement “head” in such away that it is easy to replace if
destroyed, at a cost of about $40. In contrast, the Perkin-Elmer commercial DSC “head”
costs about $10,000 to replace, (as we' ve unfortunately discovered in one of our research
|abs)

Since today’ s students are very comfortable using computers, | settled on an
inexpensive PC computer as the user interface/ display part of the project, rather than
designing a“free-standing” instrument. This drastically reduced the cost of the
instrument, since PCs are already present in the lab for use with other instruments. All
the temperature control and measurement functionsin my DSC are performed by an
Atmel ATmega8 MCU: the “smallest” member of the ATmega family.

Block Diagram of the Differential Scanning Calorimeter

REF—— 025V

+IN
AN POL ——

12 ak
Error Amplifier
0-40%V

12BitDAC

Temperature S-point DAQ

Preamplifier

ATMega8 MCU

ADQ

IRFD110 MOSET ociA o
o

RD ——Srrid DataLink
ToPC

O —

MAX232 Level shifter




Cc2

VAT Adj for ref9.25v ]
R R2 |I-
PoT4 256V REF.
3 100K 330K .68/10
5.6V _l__\/>‘ R3 -R
= ICL7135CN e — 2 ATMEGASL-8PC
U1 10K
G4 vee urRNG —28 & L _Res pcs —28
= |||—| REF ORNG —5&- —=4710 RXD 5— RO PC4 —5¢
A com STB = : TXD 2— TxD PC3 —52
= || & INTO RHLD —22 2 Pp2 PC2 —2°
Ao AZ DGND —22 PD3 PCL —22
BFO POL —53 PD4 PCo 55
e £ CR- CLK a 1 vee GND a
: g— CR+ BUSY o o GND  AREF —5=
T IN- D1 —i- o XTALL  AvVCC —F¢
= IN+ 02— a XTAL2  PB5S o
VCC+ D3 —=- —— 151 Pb5 PB4 7 vee
|—' = D5 D4 —7— = 15— Po6 PB3 o
D2 |39 =81 B8 —i— 1 PO7 PB2 5
| = B2 B4 —> PBOICP  PB1 —
TH—4—
1N914 \zee MAX232 a
D3 us 7 (7S
= R 6MHz RLOUT RxD ?
P oY c9 R2OUT — 9
1N914 T10UT !
-I||—4 INAL03KP(16) __»—||:||—~_ T200T [ S o
C2+
5 o
1 2 | C10 C11 C2- +C8 4 15
5 N7 OUT —13—7 47 )
e IN- RG- 2pf = 22pf : S
5— GSENSE:  RG+ — 4.7 [
£ — GSENSEOSNULL- —3—
REF  OSNULL+ —5— Voo
4 10 = s DBY FEMALE
G100  GDRIVE- cL 5 o
| S (S | RS-232 Level Shifting
o U3 R8 i DAC7611 l:
1K 10T E 100k ’ B
rror Amp
NI IS Hi Limit L vop vo —&
A24 oa il -CS GND —£
5| CLK-CLR —¢ -Reset
DI LD
MED U5
D4 u7 PD2 Setpoint DAC
I
|+
2N LM2903 l
PCO 314 1
D5 1N914 +15V Reg.
vee Hlgh Limit Interloc
+15V Reg.
REF200AP
=) V+
ve Dual 100 uaCC source LS
8 7 D6
: | INAL03KP(16)
100ua  100ua
IN+ 2 our 10 et o2
{ ) 7 3 RS
IN- RG-
GSENSE-  RG+ (— 10K
1 > G SENSEOSNULL- IRFD110
REF  OSNULL+ —3> RIG L
RT1 GO0  GDRIVE- —% 10K =
R11 SENSE G DRIVE+
F3132RTD . Offset ruill
o . . . .
500 @0C . por Differential Scanning Calorimeter
@ o AS2 V- RTD Preamp

Set for 57 ohms




Condor 15V 0.9A Linear Power Supply

u? 3 us ©
+15V RegRo Vcee
20' Nowm L vin 7809 out &l 1 L Vs Z 5
.2 £ L c? g 2
© T~ & z
2 - %
10 uf/2 o 1071
2
SW SPST DCP010512DBP
F2
1ASB
L
)
PLUGACMALE

Power Supply




