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ABSTRACT

This thesis are presented designing of an energy harvesting device from the
solar that using of the exchanging from a._thermal ~gradient’ to electrical by
Thermoelectric. Thermoelectrig is able to generate energy from different thermal of
the other side’s Thermoelectric: We_had to. create the prototype and tested about
an energy harvesting device, then the prototype‘s finished had to design the
structure of the prototype, but it need to consider the different temperature from
two source. Then it had to use GreenHouseeffice that it has accumulating of heart
for raising of the different temperature and energy. Lastly led to energy from
GreenHouseeffice through the circuit power management for it can be collected. in

capacitor which it can use with some circuit.
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Thermoelectric
Cooler
TEC1-12706
Performance Specifications
Hot Side Temperature (°C) %C | 0°C
Qmax (Watts) 50 57 \
Delta Tmax (°C) 66 75
Imax (Amps) 6.4 6.4
Vmax (Voits) 144 | 164
Module Resistance (Ohms) 1.9 230
Performance curves on page 2

Copynight HB Corporation. HB rescrves the nght to change these specifications without notice Rev 203

1
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TEC1-12706
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Copyright HB Corporation. HB rescrves the night to change these specifications without notice. Rev 203
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TEC1-12706
AWG 16 TEFLON
L= 150MM
(THCKNESS) C
> |

Ceramic Material: Alumna (ALO,)
Soider Construction: 138°C. Bismuth Tin (BiSn)

Size table:

40 40 3.8

Operating Tips

* Max. Operating Temperature: 138°C * Please consult HB for moisture
¢ Do not exceed Imax or Vmax when protection options (seeling).

operating module. Failure rate based on long time testings: 0.2%.
Life expectancy: 200.000 hours

Copynght HB Corporation. HB reserves the nght to change these specifications without notice Rev 203

3
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p Amanidmemandauazmalfaow (Technical properties)

Aluminium Alloys

mswfsuuamasidueslavenansaiilusdiiimmin
(COMPARISON OF ALUMINIUM ALLOYS PROPERTIES)

vl nu-wenfuainlSuaadadume! 4175

steel

Cold | \achin
Corrosion Anodisabitity Weldability work -ability
Grade resistance -ability (brightness
_ TIG/MI (forming
Normal | Marine. | Hard | Bright | """ | Brazing ) )
AA 2024 | C D B C A B D b
AA 5052 A A A 8 B8 B A A
AA 5083 A A A C A A B A
AA 2061 A B £ L B B D A
AA 7022 L D A C N C D B
AA 7075 D A C D C ‘ D B
P nmaﬁilvmﬂlni (Physu:al propemes)
AA7074 | 500635 23.2 20 920 1619
AA 5052 605-650 23.8 58 ~ 945 1 19-21
AA 5083 |- - 580-640 738 120 945 1618
AA 6061 575650 756 167 | |- 9407 2426
AA 7022 485-640 250 165 A 18-22
AA 7075 375630 236 130 915 17.21
p Amdndnana (Mechanical properties)
Grade | Yild stength | Tensile strength | Eongation | Haraness |  You's
T —(NIma) (N/mm’) - | (min. %) (HB) (GPa)
AA 2024 270-440 420-550 10 120 73
AA 5052 B0-150 180-230 14 48 70
AA 5083 110-200 270-350 12 7 5 71
AA 6001 260-350 300-370 3 95 69
AA 7022 400-500 470-550 7 145 71.9
AA 7075 450-620 510-650 7 150 72
1

ThyssenKrupp
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Aluminium Alloys

M Bufeums [EusRRwa AN

P nndan“ngﬁtﬂmﬁﬁuqnﬂmwﬁgﬂnmﬁn .

REUNTIN wiawaradn imnvasmnzalidon
S e PE. PP, PS, ABS AA 2024 AA T022, AATOTS
Al adr PE.PET AA 6061, AA 5083
PROWE RN PE,PP AA 6061, AA T022, AATOTS
Iwainms FRP AA 7022, AA T0T5, AA 2024
p fatheenmmRnsivnhelomizc s nieglideadimmsdasiimivendin®
1 o o 30 % 10 M
2 s sons 10N
3. ceerrsefelil {cycletime) 307 f 20507
4. fwhpends 9 60 3 P 30 B
s Faomaius 5.000 L 25,0001
6. AR U ARG Y] 16 %, L
7. AT i 3 | 100,000, 70%% 50,000140%%

» manfsuiunmanibhdgsrwhainiuecailidonlunmsdauiiniwnadin

a = S i Steel | ' “Grade of Aluminium alloys

Condtions Q&T | T4 J H112| 7651 | T651 | Te51
| Density (g/cm?) 775 1. 277 | 266.] 270 | 280 | 280
Thermal conductivity at 0-100°C fW/m-K) 34 120 | 120 | 167 | 165 | 130
Thermal expansion coefficient at 0-100°C (104°C) | 124 | 232 } 239 | 236 | 235 | 235
Specific heat at 0-100°C (J&g°C) 465 | 920 ) 945 | 940 | 963 | 915
Average Tensile strength (N'mm?) 1100 465 305 305 565 565
Average Hardness {(HB) 300 120 70 95 150 150
Modulus of elasticity (GPa) 210 72 71 69 8°) 72

~s

> ¥ « e 8 3 » i -~ £ v .. A - -
!I*l“i-l’ VT UWTTIR “IMOLATT PRSI TSN, TN, ALY 3 UV 11 o 31-33

2

urEn np-eenfusduaadadume! $1fs

steel

(=5
a.
o= |
a
c
o
W
S
>
=
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Aluminium Alloys

Q anuéinwousi lt) (General Characteristics) O acumaiimeidng (Physical Properties)

[ danes | Mg Si Cu Cr | Al roamalf wnade

il (Sewt.) | 05-1.2 J0.4-08 p.15-0.409.04-0.39 bal #samousiu / Density (gloam’) 7
AA 006 | -
— 180 [ \Niziske pinifvaasine / Melting range (°C) | sx0-050

11 (AIMg T5iCu) rmberrsdion @ 20°-100°C

HnnTiMSs wasRa e e (T6S1) wim Thermal C ity (Wim-K
wdsothwlon 90 HB mmﬂmwnm

s Si—— Wi 20°-100°C
AA 606] (LAY RRNSD BRI N LT LAY Cocfficicnt of thermal expansion
udnsmd i sanodee sl idsdEng between  20°-100°C (pm'm K )
' $ e bt # 2000

AT TIUNRRSNIRTY TRy 2426

J anainwasdn (Significant Characteristics) Modulus of clasticity (10’ N/mm™)

150-170

L ; 4 V.l [ WD ,4.. ' Vi e 3 oF W
o Bfinberedoveinigdwin U arumnifmena (Mechanical Properties)
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DESCRIPTION

The DS18B20 digital thermometer provides 9-bit
to 12-bit Celsius temperature measurements and
has an alarm function with nonvolatile user-
programmable upper and lower trigger points.
The DSIEB20 communicates overa |-Wire bus
that by definition requires only one data line (and
ground) for communication with. a | central
microprocessor. [t has an operafing temperature
ran%c of -55°C" to +125°C-and is accurate 1o
+0.5°C over the range of -10°C to +85°C. In
addition, the DSI18B20 can denive power directly
from the data line (“parasite power ), eliminating
the peed for an external power supply.

Each DS18B20 has a unique 64-bit serial code,
which allows multiple DSISB20s to function on
the same |-Wire bus. Thus, it is simple to use one
microprocessor  tocontrol many  DS1SB20s
distributed over a large area. Applications that
can benefit from this feature mclude HVAC
environmental controls, temperature monitoning
systems. inside  buildings.. equipment.  or
machinery, and process monitoring and control
systems.

FEATURES

*  Unique |-Wire® Interface Requires Only One
Port Pin for Communication

= Each Device has a Unique 64-Bit Serial Code
Stored in anOn-Board ROM

= Muhidrop Capability Simplifies Distributed
Temperature-Sensing Applications
Requires No External Components

* Can Be Powered from Data Line; Power Supply
Range is 3.0Vie 5.5V

*  Measures Temperatures from -55°C to +125°C
{(-67°F to +257°F)

* #0.5°C Accuracy from -10°C to +85°C

* Thermometer Resolution is User Selectable
from 9 to 12 Bits

* Converts Temperature to 12-Bit Digital Word in
750ms (Max)

67

DS18B20
Programmable Resolution
1-Wire Digital Thermometer

User-Definable Nonvolatile (NV) Alarm
Settings

Alarm Search Command Identifies and
Addresses Devices Whose Temperature is
Outside Programmed Limits (Temperature
Alann Condition)

Avalablen 8-Pin SO (150 mils), 8-Pin xSOP,
and 3-Pin TO-92 Packages

Software Compatible with the DS1822
Applications Include Thermostatic Controls,
Industrial Systems, Consumer Products.
Thermometers. or Any Thermally Sensitive
System

PIN CONFIGURATIONS

SO (150 mils)
(DS18820Z)

AgHES
g
@ e
(DS188B20V)
WOTTOM VIEW )
TO-92
(DS18820)

1-Wire & a regitared rademark of Maxim indegrated Products. Inc

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim's website at www.maximintegrated.com.

REV: 042208



DSR2
ORDERING INFORMATION
PART TEMP RANGE PIN-PACKAGE TOP MARK
DS 18820 -55°C 10 +125°C 3 10-92 18820
DS 18620+ S5°Cto +125°C___ 3 10.02 T8B20
DS I8B20 T&R S5°Cto +125°C 3 10-92 (2000 Prece) .
[DSISB20-T&R S5Cto +125°C 3 T0-92 (2000 Piece) 18B20
DSISB20-SLT&R _ 55°Cto +125°C 3 T0-92 (2000 Piece)® 18820
DSISB20-SL-T&R -55°C to +125°C 3 TO-92 (2000 Piece)* 18B20
[DSTRBI0U -55°Cto +125°C___ 8 uSOP _ T8B20
DSI8B20U+ S5°Cto +125°C___ 8 uSOP 18820
DS 18B20U T&R -55C1to +125°C____ 8 uSOP (3000 Picce) 18820
DS18B20U-T&R S5Clo +125°C 8§ uSOP (3000 Piece) _18B20
[ DSTSB0Z -55°C 1o +125°C__ _ 8 SO _DSISB0
DSI18B20Z+ .55°Cto +125°C | 850 DSISB20
| DSTSB0ZT&R _55°C to +125°C_ % SO (2500 Prece) DSI8B20
DSI18B207 - T&R 55°C o +135°C NS0 (2300 Piece) DSI8B20

*Denotes 3 lead-free pachkage A “+” will appear an e o0 mark of a0 free packages

T&R = Tape and reei

"TO-92 packages o lape 813 ree! can e ovdered weh syaght of Kemad eads, Croose “SL” R SEaont seads Bl YO.92 orders are straight
inads only

PIN DESCRIPTION :
o NAME FUNCTION
SO | psoP | TO92| J d
2/ 3R
1'7:"‘36' "6'?"7' * — N.C. No Connection
3 g 3 v Optional Viyp. Vi must be grounded for operation in
0 | parasite power mode.
Data Input/Output. Open-drain 1-Wire inferface pin. Also
4 I 2 DO provides power to the device when used w parasite power
mode (see the Powering the DSI5B20 section.)
5 - I GND ' | Ground
OVERVIEW

Figure | shows a block diagram of the DS18B20, and pin descripfions are given in the Pin Description
table. The 64-bit ROM stores the device's unique serial code. The scratchpad memory contains the 2-byte
temperature register that stores the digital output from the temperature sensor. In addition, the scratchpad
provides access to the I-byte upper and lower alarm trigger registers (Ty and Ti) and the I-byte
configuration register. The configuration register allows the user to sel the resolution of the temperature-
to-digital conversion.10°9, 10, I, 'or 12 bits. The Ty, Ti. and configuration registers are nonvolatile
(EEPROM), so they will retain data when the device is powered down.

The DS18B20 uses Maxim’s exclusive [-Wire bus protocol that implements bus communication using
one control signal. The control line requires a weak pullup resistor since all devices are linked to the bus
via a 3-state or open-drain port (the DQ pin in the case of the DSI8B20). In this bus system. the
microprocessor (the master device) identifies and addresses devices on the bus using each device's unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on one
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bus is virtually unlimited. The 1-Wire bus protocol, including detailed explanations of the commands and
“time slots,” is covered in the /- Wire Bus System section.
Another feature of the DSI8B20 is the ability to operate without an external power supply. Power is
instead supplied through the |-Wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor (Crp). which then supplies power to the device when the bus is
low. This method of deriving power from the 1-Wire bus is referred to as “parasite power.” As an
alternative, the DS18B20 may also be powered by an external supply on Vpo.

Figure 1. DS18B20 Block Diagram

Vi
lh? "mm SR %m DS1 8B20
DQ

im"‘ o "y ALARM HIOH TRIGOER (T
%h

moﬂl
V. B . E ‘I, I !‘!""’ml

) T

sa7 cac gewemaon |

OPERATION-—-MEASURING TEMPERATURE

The core functionality of the DSIZB20 is #s direct-to-digital temperature sensor. The resolution of the
temperature sensor is user-configurable 10 9. 10, 11, or 12 bits. corresponding to increments of 0.5°C,
0.257C. 0.125°C. and 0.0625°C, respectively. The default resolution at power-up is 12-bit. The DSISB20
powers up in a low-power idle state. To initiate a temperature measurement and A-to-D conversion, the
master must issuc a Convert T [44h] command. Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scraichpad memory and the DSIXB20 returns to its idle
state. If the DSI8B20 s powered by an external supply, the master can issue “read time slots” (see the
I-Wire Bus System section) afier the Convert T command and the DSTSB20 will respond by transmitting
0 while the temperature conversion is in progress and | when the conversion is done. 1f the DS18B20 is
powerad with parasite power, this nofification techmque cannot be used singe the bus must be pulled high
by a strong pullup during the entire temperature conversion. The bus requirements for parasite power are
explained indetail in the Poswering the DSISB20 section.

The DSISB20 output temperature data is calibrated in degrees Celsius; for Fahrenheit applications, a
lookup table or conversion routine must be used. The temperature data i stored as a 16-bit sign-extended
two's complement number in the temperature register (see Figure 2). The sign bits (S) indicate if the
temperature is positive or negafive; for positive numbers §= 0 and for negative numbers S = 1. If the
DS18B20 is configured for 12-bit resolution, all bits in the temperature register will contain valid data.
For 11-bit resolution, bit 0 is undefined. For 10-bit resolution, bits | and 0 are undefined. and for 9-bit
resolution bits 2, 1, and O are undefined. Table | gives examples of digital output data and the
corresponding temperature reading for 12-bit resolution conversions.
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Figure 2. Temperature Register Format

17 BITS i 14 BIT3 BIT2 BIT 1
l.smrre|2’I2’|2'|2°]z']z"|2"[2‘|

BIT 15 BIT 14 BIT 13 BITi2 __BIT11 BIT 10 BITO
MS BYTE s s s s s 2 o 2 I

S = SIGN

Table 1. Temperature/Data Relationship

TEMPERATURE (°C) D'TB’I‘;.'&U‘,T,"‘T mc";‘_,:'é:: il
+125 0000 0111 1101 0000 07D0h
+85* 0000 0101 0101 0000 0550h

+25.0625 0000 0001 1001 0001 ~_0191h
+10.125 0000 6000 1010 0010 00A2h
+0.5 0000 0000 H000 1006 000&h
0 1 0000 0000 0000 0600 0000h
05 INLURLEE 1T 1000 FFF8h
210,128 VT 0100 1110 FFSEh
-25.0625 1101101111 FE6Fh
-55 111 1100 1001 0000 FC90h
* The power cn resel vaiue of ihe lampesstiure rogBler s +83°C
OPERATION—ALARM SIGNALING

After the DSISB20 performs a temperature conversion, the temperature valve is compared to the user-
defined two’s complement alarm tnigger values stored in the I-byte Ty and T, registers (see Figure 3).
The sign bit (S) indicates if the value 1s positive or negative: for positive numbers S = 0 and for negative
numbers S = |. The Ty and T. registers are nonvolatile (EEPROM) so they will retain data when the
device s powered down. Tyyand Ty can be accessed through bytes 2 and 3 of the scratchpad as explained
n the Mepsory section

[fgm 3. TH and T|_ Register Format

BITZ _~ BITe BTS84 BII3 B2 Jaif1__ BiTo
CANH T 72 P~ z o2 A7 | 7 |

Only bits 11 through 4 of the temperature register are used.in'the Ty and Ty comparison since Ty and Ty
are 8-bit registers. [f the measured temperature is lower thanor equal to Ty or higher than or equal to Ty,
an alarm condition exists and an alarm flag is set inside the DSISB20. This flag is updated after every
temperature measurement; therefore, if the alarm condition goes away, the flag will be turned off after the
next temperature conversion.
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Figure 4. Supplying the Parasite-Powered DS18B20 During Temperature Conversions
Veu
Ds18B20
Ve GND DQ Vee
uP ]
4Tk V
TO OTHER
§Wire BUS 1-WIRE DEVICES
Figure 5. Powering the DS18B20 with an External Supply
Ve DS18820 Voo (EXTERNAL SUPPLY)
uP %— GND-DQ Vo
“n 6 |_-I
TO OTHER
: Lo d 1WIRE DEVICES
64-BIT LASERED ROM CODE

Each DS18B20 contains a unique 64-bit code (sce Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DST8B20°s 1-Wire family code: 28h. The next 48 bits contain a unique
serial number. The most significant & bits contain a cyclic redundancy check (CRC) byte that is
cakulated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC Gencration section. The 64-bit ROM code and associated ROM function coatrol logic allow the
DS18B20 to operate as a 1-Wire device using the protocol detailed in the /-Wire Buy Svstem section.

Figure 6. 64-Bit Lasered ROM Code

[ —_BBIT CRC | 388IT SERIALNUMBER | 6-BIT FAMILY.CODE (28n) ]
MSB LSB  WMSB LS8 MSB LS8
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ABSOLUTE MAXIMUM RATINGS
Voltage Range on Any Pin Relative to Ground..........ccovvivviiiiiicciniinniicnsisccesssinneennn=0.5V 10 6.0V
OPeniting TomPRate RENGE ... .ccoco.oniscmsisamismiiimasiiimmatimesimis st s (=R I
Storage Temperature Range.............ccocvmnaennsinnces w10 +125°C

SOMer TEMPEIAtUIE........... ... RefeE 10 the IPCIEDEC J.STD-020 Specification.

These are stress ratings only and functional operation of the device at these or any other conditions

above those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

DC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=3.0V to0 5.5V)

PARAMETER SYMBOL | CONDITIONS | MIN _TYP MAX UNITS | NOTES |
%mh' Voltage Vop Local Power 3.0 5.5 vV 1
Hup Supply v Parasitc Power | +3.0 5.9 v 12
Voltage - Local Power <30 Vio i
Thermometer L -10°C 1o +85°C +0.5 °C 3
Error S50 10 +125°C £
Input Logic-Low 'y 0.3 +0.8 Vv 1.4,
Locat Power 32 The 'g‘:“ of
Input Logic-High Vi e v 1.6
Parasite Power | 3.0 Vig+ 0.3
[Sink Current - Vic =04V 30 mA ]
| Standby Current Inps p. 750 1000 nA 78
Active Current Iop Vop = 5V i LS mi 9
DX) Input Current lng § A 10
Drift : 00 T 1

NOTES:

1) Allvoltages are referenced to ground.

2) The Pullup Supply Vohage specification assumes that the pullup device is ideal, and therefore the
high level of the pullup is to Veu. In order to meet the Vi spec of the DS 18B20, the actual
supply mil for the strong pulhup transistor must include margin for the voltage drop across the
transistor when it is turned on; thus: ‘l.y['_y.“ AL B> v";'u” AL T \'IWSTU&'

3) See typical performance curve inFigure 17.

4) Logic-low voltages are specified at a sink current of 4mA.

5) To guarantee a presence pulse under low voltage parasite power conditions, Viiuax may have to be
reduced to as low as 0.5V.

6) Logic-high voltages are specified at a sousce current of ImA.

7) Standby current specified up to+70°C. Standby current typically is 3pA at# 125°C.

) To minimize lpps. DX should be within the following ranges: GND < DQ < GND + 0.3V or
Voo - 0.3V <D0 < Vi,

9) Active current refers to supply current during active temperature conversions or EEPROM writes.

10) DQ line is high (“high-£” state).

11) Drift data is based on a 1000-hour stress test at +125°C with Vpp = 5.5V,
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AC ELECTRICAL CHARACTERISTICS—NV MEMORY
(-55°C to +100°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITIONS | MIN __TYP__ MAX | UNITS
NV Write Cvcle Time twg 2 10 ms
3 M Writes Nizwe | -05°C 10 +35°C S0k g writes
"EEPROM Data Retention leepe | -39°C 10 +35°C 10 years
AC ELECTRICAL CHARACTERISTICS _ (-55°C to +125°C: Vpp = 3.0V to 5.5V)
PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS | NOTES
9-bit resolution 9375
Temperature Conversion R 10-bit resolution 187.5 ’
Time €OV I'TT-bt resolution 37 -
12-bil resolution 750
Time to Strong Pullup On teron E‘:;: undﬂm ellss‘ch 10 s
.Iilw Slot lsro7 60 120 us |
Recovery Time t;B— ] S I
Write 0 Low Time tLown 60 Ti(l s |
| Write | Low Time trow) | 15 us 1
Reaﬁd_llata Vahd trov 15 us |
Reset Time High tesTy 430 us |
;R!SE' Time Low lasty 480 us 12
Presence-Detect High |t 15 60 s |
Presence-Detect Low troLow 60 240 us |
Capacitance Coour 25 pk
NOTES:

I) See the timing diagrams in Figure 18,
2) Under parasite power, if tast. > 960us. 4 power-on reset may occur,

Figure 17. Typical Performance Curve

DS10820 Tipkca Errer Curve
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Pin Descriptions
vee
GND

Port B (PBT7..0) XTALY/
XTAL2TOSC1/TOSC2

Port C (PC5..0)

Port D (PD7..0)

Digital supply voltage.
Ground.

Port B is an 8-bit bi-directional 'O port with intemal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capatulity. As inputs, Port B pins that are externally pulled low will source
current if the puli-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not Tunning.

Depending on ihe clook selection fuse settings, PB6 can be used as input 10 the invert-
ing Osciftator ampiifier and input o the intemnal clock operating circuit.

Depending onthe clock selection fuse settings. PB7 can be used as output from the
inverting Osciliator amplifier.

if the Internal Cakbrated RC Oscillator is used as chip clock source, PB7.6 is used as
TOSG2..1input for the Asynchronous TimenCounter2 if the AS2 bit in ASSR is set.

The vanous special features of Port B are elaborated in “Altemate Functions of Port B
on page 69 and “System Clock and Clock Options”™ on page 24,

Port C is a 7-bit br-dwectional VO port with internal puil-up resistors (selected for each
Bt). The PC5_0 output bullers have symmetrical drive characteristics with both high
sink and source capability. As inputs. Port C pins that are externally pulled low will
source curtent it the pull-up resistors are activated. The Port C pins are tri-stated when a
Teset condition becomes active, even if the clock is not ranning,

if the RSTDISBL Fuse is programmed. PCB i used as an L0 pin. Note that the electri-
cal characteristics of PCE differ from those of the ather pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PCE is used as a Resetinput. A low level on
this pin for longer than the minimum puise length wil generate a Reset, even # the clock
is not renaing. The minimum polse length is given in Table 20 on'page 41. Shorter
pulses are not guaranieed o generats a Reset.
TMva:h;;memlbaaudeCanelﬂmam in “Alternate Functions of Port C*
on page 73,

Port D is an 8-bit bi-directional VO port with inteenal pull-up resistors (selected for each
us.mmnmmsm»smmmmmmmmm
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the ciock is not running.

mmq;ssmmudeDnmmn'mmFmdeD‘
on page 75.

AVCC is the suppiy voitage pin for the A'D Converter, PC3..0, and ADC7..6. It should be
extemnally connected to V.. even i the ADC is not used. If the ADC is used, it should be
connected to Vcc through a low-pass fiter. Note that PC6..4 use digital supply voltage,
Vee.

(==

AREF is the analog reference pin for the A'D Converter.

THES-AVR-O0N 08
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enocean

ECT 310 is a low-cost ultra-low-voitage
DC/DC converter for powering battery-less
EnOcean radio modules by Thermal Energy.
Wireless sensors and even actuators can be
operated.

Operation starts at typ. 20 mV relating to a
2 Kelvin temperature difference at a stan-
dard low-cost Peltier element.

The output power Is I the range from pw to mw )
and depends on the actuat temperature differ- - EET 310 kY features’.
ence at the Peitier element. ECT 310 1s designed y & m-clas lm*ﬁ” rvester solution
ules In sensors and actuators. To achieve best
system efficiency the ocutput voitage s regulated
only roughly. A typical thermo-driven sensor
consists of 3 sensor element, a small Peitier ele-
ment, the ECT 310 DC/DC converter and an EnO-
cean STM 300 or STM 312 radio module. Other
than STM 300, the STM 312 madule already has

an energy storage on board.

.1 Pawers STM 300 moduie o reaize bi-
Energy Calculation Example \ wmmwm

CTempetao B Rk br Reie sinsans
o L £ RETE B ol A e |

For evaldation of ECT 310 the development kit
EDK 312 s provided:

m:nm-tkm;m
%868 MHz 5TM 312 all-in-one wireless sen-
wwmm.ruww
* msmmmm
ver
n mmm 15-15-15-5.6
Output power from ECT 310 in combination with Le mmuum
Peitier elemant TEC2L-15-15-15-5.6; & Detailed documentation
® Red = temp. diff. @ Peltier, blue = temp. diff. =
against ambient temp. (via heat sink).
® Start up at 2K, ~100 YW of energy Is already Key Applications
produced for a temp. diff. of 7 K. ® Sensors for Building and Industrial automation
and Medical (heat cost allocator, temperature
An EnOcean radio module that wakes up every 2 sensor, process control, preventive mainte-
min. to transmit a telegram needs ~5 YW on nance, stc.) .
average only. Enough energy is left even to ® Actuators for Bullding and Industrial automa-
power some actuators! tion (water valve, air flap, other mech. dev.)




Thermo powered STM 312 radio sensor
ljntenna

STM 312

Thermo powered actuator with STM 300
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Dimensions & Pinout (Top View)

Top View /.fgf_’_.. \\ 4

GND
(3)

Vin - 14 mm

(1)

GND (2)

5
P"“' 1 Smart Wiredess,

enocean’

Technical Data

Input start-up voltage 20 mV typ. oc
Inpat voltage max. 500 mV oc
{oc = open circult)
Output voltage 3.5V
(Input = 20 .. 500 mV, load < 10 MQ2)
Input source < 2 Ohm
Efficiency @ 25 mv 30 % typ.
Operating temperature -20 °C .. +60 °C
Storage temperature -40 °C .. +8S5 °C
0..93 % rH,
non-condensing

( 312
MHZ

312C Dev K1t

Mn2

EnOcean GmbH cwns muitpie patents n the area of
: M,Mwmwmma

k- 4
Patent pending for ECT 310

Purchase of the ECT 310 DC/DC converter module or
ECT 310 developer kit does not give ths right to use
this component to power any radio interface other
than the EnOcean Radio protocol.
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