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Abstract

This project aim to invent the vaccine refrigerator control with microcontroller which is
PID Controller refrigeration by using peltier and study the PID theory with Ziegler-Nichols
mean of parameter setting. The mean of value adjustment of PID Controller has to experiment
and calculate the K, K; and K, parameter equation from the result of the experiment in the
temperature control of the air inside ihe vaccine refrigerator. The result of the project was found
that the vaccine refrigerator control with microcontroller can refrigerate as temperature setting

of 5-8°C.
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Product Line (lead free) Classification number
70 200 °C Maximum 0 Standard module 1 Small size module
+ Long Life 2 Miniature module 3 High current module
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f .
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Shape A Standard type - plain ceramic surface

¢ Standard module E B Lapped type - plain ceramic surface
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hot and cold side external surface
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Qc [W]
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SCRATCHPAD
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23.5 0.50 0.52 0.49 0.51 0.53 0.51
23.0 105 1.08 1.03 1.09 1.09 1.07
22.5 1.20 1.23 L.15 121 1.20 1.20
22,0 1.34 139 127 135 1.34 1.34
215 1.48 1.53 1.41 1.50 1.49 1.48
21.0 2.03 2.09 1.54 2.04 2.05 2.03
20.5 2.18 2.23 2.07 220 2.20 2.18
20.0 2.32 239 2.20 232 231 231
19.5 2.47 2.55 2.34 247 2.49 2.46
19.0 3.01 3.09 2.47 3.03 3.07 3.01
18.5 3.17 3.27 3.02 3.20 3.22 3.18
18.0 3.34 3.44 3.16 3.36 3.39 3.34
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szuzri lumyangomail (1)

ANRAY (L)

QUNQH (C) | 73 73 T3 T
5N 1 AT 2 1590 3 54N 4 134N 5
175 351 | 404 | 332 | 355 | 359 3.52
17.0 409 | 421 | 347 | a1z | 420 4.10
165 427 | 440 | 403 | 430 | 440 428
160 446 | 502 | 420 | 452 | 506 4.49
5.5 507 | 524 | 439 | su | sa7 5.08
15.0 528 | s47 | 456 | 532 | 536 5.20
145 ssi | 612 | s26 | sss | 6ol 5.53
14.0 616 | 641 | 600 | 620 | 617 6.19
13.5 644 | 711 | 631 | 648 | 643 6.47
13.0 715 | 740 | 707 | 727 | 217 721
12.5 747 | 817 | 731 | 756 | 750 7.52
12.0 822 | 854 | 813 | 831 | 821 8.28
1.5 002 | 939 | 852 | 916 | 854 9.09
11.0 949 | 1025 | 929 | 1000 | 931 9.51
105 1045 | 1123 | 1016 | 1055 | 1020 10.44
100 146 | 1226 | 1124 | 1141 | 1133 11.46
9.5 1308 | 1350 | 1238 | 1259 | 1257 13.06
9.0 1522 | 1500 | 1502 | 1543 | 1519 15.19
8.5 1700 | 1651 | 1641 | 17.10 | 17.09 16.58
8.0 1851 | 1917 | 1833 | 1857 | 1847 18.53
7.5 2050 | 2213 | 2014 | 2102 | 2103 21.04
7.0 2301 | 2512 | 2241 | 2341 | 2412 23.39
6.5 2653 | 2824 | 2550 | 2709 | 2649 27.03
6.0 3325 | 3401 | 3302 | 3500 | 3431 34.00
5.5 4821 | 4853 | 4811 | 4931 | 49.15 48.50
5.0 6125 | 6430 | 6251 | 6501 | 63.54 63.32
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ﬂ'li'l\‘iﬁ 4.3 ﬂ13ﬂ1u1mﬂ1ﬂ1w151ﬂiﬂﬂﬁTﬂﬂﬂ'l'i3Lﬂ§13ﬂ§]1ﬂﬂﬁﬂﬂﬂﬁﬂﬂﬁﬂ§) I

v
Yutu lalaslsis Zicgler-Nichols

Type of Controller K, Tn Ty
P K, - Ts . )
Ks x Tt
344
P1.667x16
K, =12.900
PI K —09_1% Tn =3.3Tt -
P Ks- Tt
_09_ M Tn =33x16
B 1.667x16
Kp =11.610 Tn =52.800
s
PID K, =12 s Tn =2 Tt Tv=0.5Tt
Ks-Tt
344 T 2x%x16 T 0.5x16
=12 —==iF n= =0.5x
P 1.667 x 16 v
K, =15.480 Tn =32 Tv =38

H 1 L = Q‘ L 1 i
Fl'liN'ﬁ 4.4 ﬂ'l'iﬂ'm']ﬂlﬂ’lﬂ1ﬁﬂﬂ‘i$ﬁﬂﬁ‘ﬂﬂ\1ﬂ?ﬂ')ﬂﬂﬂ HazAINIRveILIaT

msudasninar K, Tv, Tn Wit K, K, mstlasenm K, K, K, il Tn, Tv
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Tn K,
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4.3 Hansnaaed

1INAINABEBIMIguURL luTZozIa 1R 1 WA dlelrmigungii 199 15.0, 12.0
o o & F o
42100 avrnaFu Taveziinsnaasasisnue 5 51 Fwamsnaasszilumuaisieh

4.5, 4.6 Unz 4.7

a13197 4.5 HamInaaeagungiiluszzang 1 i ilomagungil 15.0

parhsaltod
punal (°C) .
o1 (1) T Fa 7 7 Aundo (C)
afan 1 | a2 | adefis | afeh4a | aieis
0 25.0 25.0 25.0 25.0 25.0 25.0
1 23.5 23.5 23.5 235 23.5 235
2 21.5 21.5 21.5 210 21.5 21.5
3 19.5 19.5 19.5 19.0 19.5 19.4
4 17.5 17.5 18.0 17.0 17.5 17.5
5 16.¢ 16.5 16.5 15.0 16.0 16.0
6 14.5 15.0 15.0 14.5 14.5 14.7
7 14.5 14.5 14.5 14.0 14.0 14.3
8 14.0 14.0 14.5 13.5 13.5 13.9
9 13.5 13.5 13.5 14.0 13.5 13.6
10 14.0 14.0 14.0 14.0 13.5 13.9
11 14.0 14.0 14.0 14.5 13.5 14.0
12 14.0 14.5 14.5 14.5 14.0 14.3
13 14.0 14.5 14.5 14.5 14.0 14.3
14 14.0 14.5 14.5 14.5 14.5 14.4
15 14.5 14.0 14.0 15.0 14.0 14.3
16 15.0 15.0 15.0 15.0 15.0 15.0
17 14.5 15.0 15.0 14.5 15.0 14.8
18 14,5 14,5 15.0 14.5 14.5 14.6
19 14.5 14.5 15.0 14.5 14.5 14.6
20 14.5 14.5 15.0 14.5 14.5 14.6
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. gl (C) Coa
187 (W) A ¥ 3 ¥ 3 73 ¥ Awnay (C)
3dn 1 I3 2 3N 3 171N 34N 5
21 14.5 14.5 14.5 14.5 14.5 14.5
22 14.5 14.5 14.5 14.5 14.5 14.5
23 14.5 14.5 14.5 14.5 14.5 14.5
24 14.5 14.5 14.5 14.5 14.5 14.5
25 14.5 14.5 14.5 15.0 14.5 14.6
26 15.0 15.0 15.0 15.0 15.0 15.0
27 15.0 15.0 15.0 15.0 15.0 15.0
28 15.0 15.0 15.0 15.0 15.0 15.0
29 15.0 15.0 15.0 15.0 15.0 15.0
30 15.0 15.0 15.0 15.0 15.0 15.0
31 15.0 15.0 15.0 15.0 15.0 15.0
32 14.5 15.0 15.0 14.5 15.0 14.8
33 14.5 14.5 14.5 14.5 14.5 14.5
34 14.5 14.5 14,5 14.5 14.5 14.5
35 14.5 14.5 14.5 14.5 14.5 14.5
36 15.0 15.0 14.5 15.0 15.0 14.9
37 15.0 15.0 15.0 15.0 15.0 15.0
38 15.0 15.0 i5.0 15.0 15.0 15.0
39 15.0 15.0 15.0 15.5 15.0 15.1
40 15.5 15.5 15.5 15.5 15.5 15.5
41 15.5 15.5 15.5 15.5 15.5 15.5
42 15.5 15.5 15.5 15.5 15.5 15.5
43 15.0 15.5 15.5 15.0 15.5 153
44 15.0 15.0 15.0 15.0 15.0 15.0
45 15.0 15.0 15.0 15.0 15.0 15.0
46 15.0 15.0 15.0 15.0 15.0 15.0
47 15.0 15.0 15.0 15.0 15.0 15.0
48 15.0 15.0 15.0 15.0 15.0 15.0
49 15.0 15.0 15.0 15.0 15.0 15.0
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a1 (W) ¥ T 73 73 T4 fumae (C)
AN | 93N 2 1991 3 nidn 4 AIIN S
50 15.0 15.0 15.0 15.0 15.0 15.0
51 15.0 15.0 15.0 15.0 15.0 15.0
52 15.0 15.0 15.0 15.0 15.0 15.0
53 15.0 15.0 15.0 15.0 15.0 15.0
54 15.0 15.0 15.0 15.0 15.0 15.0
55 15.0 15.0 15.0 15.0 15.0 15.0
56 15.0 15.0 15.0 15.0 15.0 15.0
57 15.0 15.0 15.0 15.0 15.0 15.0
58 15.0 15.0 15.0 15.0 15.0 15.0
59 15.0 15.0 15.0 15.0 15.0 15.0
60 15.0 15.0 15.0 15.0 15.0 15.0
N ('C)
30 sadema ﬂ%&ﬁ 1
S A
25 '\’ o ) S/ =T oAasan 2
\ v
% e o
20 739N 3
B . e - r [} T ——— - e . “" ‘;
15 7 kﬂ*“ﬁf Lo 1390 4
24
10 B AFIN 5
s1——— """ = = aundy
1 e e 1N (mﬁ)
0 10 20 30 40 50 60

31l9 4.3 nswludaswanaSouieumauugiiniimnlaoumlag

; 1 = ' o = o it o 4
g1l 4.3 wu gungiilivzaess anas ldidalenesgah hivndu 1 Taed

3 1oy [ v =Y T A
Toesyn Ly 2.0 assrumiBod uazguinainsuniswesguugiiluaniusegafives

[ b4
ﬁf!ﬂ ﬂgiuma 14.5-15.0 DIAATUY 1INN1TNAADING 5 HAR1INARDY
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A13191 4.6 HaMINARBINIgUHYL TussUzIMA | Wi emgamigil 12.0

GGG
. - aunpil (°C) i
1381 (W) 74 E A v 7 4 aunay (C)
AN 1 | AFIN2 | ATIN3 [ ATIN4 | ATINS
0 25.0 25.0 25.0 25.0 25.0 25.0
1 23.5 23.5 235 235 23.5 23.5
2 21.0 21.5 21.0 21.5 21.5 213
3 19.0 19.5 19.0 19.5 19.5 19.3
4 17.0 17.5 17.0 17.5 17.5 173
5 15.0 16.0 15.0 16.0 . 16.0 15.7
6 14.5 15.0 14.0 14.5 14.5 14.6
‘ 7 13.5 13.5 3.5 13.5 13.5 13.6
! 8 12.5 12.5 12.5 12.5 12.5 12.6
9 12.0 11.5 11.5 12.0 12.0 11.8
10 11.0 11.0 11.0 11.0 110 11.1
11 10.0 10.5 10.5 10.5 10.5 10.5
12 10.0 10.0 10.0 10.0 10.0 10.1
13 95 9.5 95 10.0 10.0 9.7
14 9.5 9.5 9.5 9.5 9.5 9.5
15 9.5 9.5 9.5 9.5 9.5 9.5
‘ 16 9.0 9.0 9.0 9.0 9.0 9.0
17 8.5 9.0 9.0 9.0 8.5 8.8
18 8.0 8.5 8.5 8.5 8.5 8.4
19 8.0 8.0 8.0 8.0 8.5 8.1
20 8.0 8.0 8.0 8.0 8.0 8.0
21 9.0 8.5 9.0 9.0 8.5 8.8
22 10.0 9.5 10.0 10.0 9.5 9.8
23 10.0 10.0 10.0 10.0 10.0 10.0
; 24 10.0 10.0 10.0 10.0 10.0 10.0
| 25 10.5 10.5 10.5 105 10.0 104
26 10.5 10.5 10.5 10.5 10.5 10.5




65

. ungii (C) o
1381 (M) 73 ¥ A 73 ¥ AnRaY (°C)
Asan 1 | A3eN2 | afan3 | asind | Asans
27 11.0 11.0 11.0 110 10.5 10.9
28 11.5 11.5 115 1L5 11.0 114
29 115 11.5 115 1L5 115 115
30 115 11.5 11.5 115 115 115
31 12.0 12.0 12.0 12.0 12.0 12,0
32 12.0 12.0 12.0 12.0 12.0 12.0
33 115 11.5 11.5 11.5 12.0 11.6
34 11.5 115 11.5 1L5 115 11.5
35 12.0 115 115 11.5 115 11.6
36 12.0 12.0 12.0 12.0 12.0 12.0
37 12.0 115 12.0 1L.5 12.0 11.8
38 12.0 12.0 12.0 12.0 12.0 12.0
39 11.5 12.0 12.0 12.0 12.0 11.9
40 12.0 12.0 12.0 12.0 1.5 1.9
41 12.0 12.0 12.0 12.0 12.0 12.0
42 12.0 12.0 12.0 115 12.0 12.0
43 12.0 12.0 12.0 12.0 12.0 12.0
44 12.0 12.0 12.0 12.0 12.0 12.0
45 12.0 12.0 12.0 12.0 12.0 120
46 12.0 12.0 12.0 12.0 12.0 12.0
47 12.0 12.0 12.0 12.0 12.0 12.0
48 12.0 12.0 12.0 12.0 12.0 12.0
49 12.0 12.0 12.0 12.0 12,0 12.0
50 12.0 12.0 12.0 12.0 12.0 12.0
51 12.0 12.0 12.0 12.0 12.0 12.0
52 12.0 12.0 12.0 12.0 12.0 12.0
53 12.0 12.0 12.0 12.0 12.0 12.0
54 12.0 12.0 12.0 12.0 12.0 12.0
55 12.0 12.0 12.0 12.0 12.0 12.0
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s guvgii ('C) 4
1781 (WD) A T LA ¥ 73 auRay (C)
Asan 1 | afeii2 | A3 | aend | asens
56 12.0 12.0 12.0 12.0 12.0 12.0
! 57 12.0 12,0 12.0 12.0 12.0 12.0
58 12.0 12.0 12.0 12.0 12.0 12.0
59 12.0 12.0 12.0 12.0 12.0 12.0
60 12.0 12.0 12.0 12.0 12.0 12.0
guul ('C)

30 creoasan

2 4
25 === a2

¥

‘ ) 24
20 “\ - et ATAN 3

\ &
15 N === A3 4

‘\‘ Mlvr-}-l_l-'_l- 3 dl
10 T ‘\ri;‘r'/ AFN 5
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M3199 4.7 Hamsneandngungiiluszoznamng | Wi iemeguugil 10.0

DI NTAIKL
. gaunfil (°C) o4
! (107 (W) v 3 ¥ 3 L ¥ 3 B Aunaw (C)
7N |1 1791 2 74N 3 ATIN 4 33N 5
0 25.0 25.0 25.0 25.0 25.0 25.0
1 23.5 23.5 23.5 23.5 23.5 23.5
2 21.5 21.5 21.0 21.5 21.0 21.3
3 19.5 19.5 19.0 19.5 19.0 19.3
4 17.5 17.5 17.0 17.5 17.0 17.3
5 16.5 16.0 15.0 16.0 15.0 15.7
6 15.0 14.5 14.5 15.0 14.0 14.6
; 7 14.0 13.5 13.5 13.5 13.5 13.6
| 8 13.0 12,5 12.5 12.5 12.5 12.6
9 12.0 12.0 12.0 11.5 11.5 11.8
10 115 11.0 11.0 11.0 11.0 11.1
11 11.0 10.5 10.0 10.5 10.5 10.5
12 10.5 10.0 10.0 10.0 10.0 10.1
13 10.0 10.0 9.5 9.5 9.5 9.7
14 9.5 9.5 9.5 9.5 9.5 9.5
15 9.5 9.5 9.5 9.5 9.5 9.5
[ 16 9.0 9.0 9.0 9.0 9.0 9.0
17 8.5 9.0 9.0 9.0 8.5 8.8
18 8.5 8.5 8.5 8.5 8.5 8.5
19 8.5 8.0 8.0 8.0 8.0 8.1
20 8.0 8.0 8.0 8.0 8.0 8.0
21 8.0 7.5 8.0 8.0 7.5 7.8
22 8.0 7.5 7.5 75 7.5 7.6
23 7.5 7.5 7.5 7.5 7.0 7.4
24 7.5 7.0 7.0 7.5 7.0 7.2
25 7.5 7.0 7.0 7.0 7.0 7.1
26 7.0 7.0 7.0 7.0 6.5 6.9
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gaunnil (°C)

Pa () 3 v 7 ¥ 7 Aunde ()
asaft 1 | AfaN2 | asan3 | asshd | adehs
27 7.0 6.5 7.0 1.5 7.5 7.1
28 7.0 7.5 7.5 7.5 8.0 1.5
29 7.0 8.0 7.5 8.5 7.5 7.
30 7.5 8.0 8.5 8.5 8.5 8.2
3 8.0 8.5 8.5 85 8.5 8.4
32 8.0 8.5 8.5 9.0 9.0 8.6
33 8.5 9.0 2.0 9.0 9.0 2.9
34 9.0 9.0 9.0 9.0 9.0 9.0
35 9.0 9.0 9.0 9.5 9.5 9.2
36 9.0 9.5 9.5 9.5 9.5 9.4
37 9.0 9.5 9.5 9.5 9.5 9.4
38 9.5 9.5 9.5 9.5 9.5 9.5
39 9.5 9.5 9.5 9.5 9.5 9.5
40 9.5 9.5 9.5 10.0 10.0 9.7
4l 9.5 10.0 10.0 10.0 10.0 9.9
42 9.5 10.0 10.0 10.0 10.0 9.9
43 10.0 10.0 10.0 10.0 9.5 9.9
44 10.0 10.0 9.5 10.0 10.0 9.9
45 10.0 10.0 10.0 10.0 10.0 10.0
46 10.0 10.0 10.0 10.0 10.0 10.0
47 10.0 10.0 10.0 10.0 10.0 10.0
48 10.5 10.0 10.0 10.0 10.0 10.1
49 9.5 10.0 10.0 10.0 10.0 9.9
50 10.0 10.0 10.0 10.0 10.0 10.0
51 10.0 10.0 10.0 10.0 10.0 10.0
52 10.0 10.0 10.0 10.0 10.0 10.0
53 10.0 10.0 10.0 10.0 10.0 10.0
54 10.0 10.0 10.0 10.0 10.0 10.0
55 10.0 10.0 10.0 10.0 10.0 10.0
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a1 (U1H) 73 7 7 73 ¥ funag (C)
Asai 1 | ATaN2 | AT3 | ATIN4 | ATans
56 10.0 10.0 10.0 10.0 10.0 10.0
57 10.0 10.0 10.0 10.0 10.0 10.0
58 10.0 10.0 10.0 10.0 10.0 10.0
59 10,0 10.0 10.0 10.0 10.0 10.0
60 10.0 10.0 10.0 10.0 10.0 10.0
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finclude <mega64.h>

#include <delay.h>

#include <string.h>

#include <stdio.h>

#include <stdlib.h> /# CHAR TO INT

flinclude <math.h>

#define LED1 PORTA.1
#define LED2 PORTA.2
#define Relay FAN PORTA.0
#define Buzzer PORTA.3
fidefine SW_Up  PINEA4
#define SW_Down  PINE.5

char Show led[16];
int LDR;
int Data_Ds1820;

int Timer ovf;

N T T T s 820 1T T T T
unsigned char devices=0;
ftdefine MAX DEVICES 8
unsigned char rom codesiMAX_ DEVICES][9];
float temp=0;

eeprom float Set Temp = 0;

T A o AN L T
float kp,ki,kd,dt;

float error PID ;

float actual position,integral ;

eeprom float setpoint=5.0;

float derivative, previous_eiror;



int j;

int Start_Buzzer=0;

int frequency=100,duty=0;

/ 1 Wire Bus functions

ffasm
equ_ wl port=0x03 ;PORTE
equ_ wl bit=2

#endasm

#include <lwire.i>

// DS1820 Temperature Sensor funclions

finclude <dsi820.h>

/f Alphanumeric LCD Module functions
flasm

equ_ led port=0x12 ;PORTD
#endasm

#include <lcd.h>

#define RXBS 1

#define TXB8 0

#define UPE 2

#define OVR 3

#define FE 4

#define UDRE 5

ftdefine RXC 7

#tdefine FRAMING _ERROR (1<<FE)
fidefine PARITY ERROR (1<<UPE)

fidefine DATA OVERRUN (1<<QVR}

#define DATA REGISTER _EMPTY (1<<UDRE)

#define RX_COMPLETE (1<<RXC)
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{/ USARTO Recetver buffer
#define RX BUFFER SIZEO 8

char rx_bufferOfRX_ BUFFER_SIZEQ];

#if RX_BUFFER _SIZE0<256

unsigned char rx_wr_index0,rx rd index0,rx_counter(;
Helse

unsigned int x_wr_index0,rx_rd_index0,rx_counier0;

#endif

#/ This flag is set on USARTG Receiver buffer overflow

bit x_buffer overflow(;

// USARTO Receiver interrupt service routine
interrupt [USARTOQ RXC] void usart®_rx_isr(void)
{
char stalus,daia;
status=UCSROA;
data=UDRO;
if ((status & (FRAMING ERROR | PARITY ERROR | DATA_OVERRUN))==0)
{
rx_bufferO[rx_wr index0]=data;
if (++rx_wr _index0 == RX_BUFFER_SIZEQ) rx_wr_index0=0;
if (++rx_counter0 == RX_BUFFER_SIZEQ)
{
rx_counter0=0;
rx_buffer_overflow0=1,;
b
b

#ifndef DEBUG TERMINAL_IO_
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#/ Get a character from the USARTO Receiver buffer
#idefine  ALTERNATE GETCHAR

#pragma used+

char getchar(void)

{

char data;

while (rx_counter0==0);
data=rx_bufferQ[rx_rd_index0];

if (++rx_rd_index0 == RX BUFFER SIZE0) rx rd index0=0;
#asm("cli")

--rx_counter(;

#Hasm("'sei"

return dala;

}

#pragma used-

#endil

// USARTO Transmitter buffer
#define TX BUFFER SIZEC 8
char tx_buffer0[TX BUFFER_SIZEO];

#if TX BUFFER_SIZE0<256

unsigned char tx_wr_index(,tx rd_index0,tx_counter(;
#Helse

unsigned inl tx_wr_index0,tx_rd index0,tx counter(};

Hendif

// USARTO Transmilter interrupt service routine
interrupt [USARTO TXC] void usariC tx_isr(void)
{
if (x_counter0}

{
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--1x_counter(;
UDRO=tx buffer0ftx rd index0];
if (++tx_rd_index0 == TX BUFFER_SIZE0) tx rd_index0=0;

|5

#ifndef _DEBUG TERMINAL IO
/f Write a character to the USARTO Transmitter buffer
#define  ALTERNATE PUTCHAR_
f#fpragma used+
void putchar(char ¢)
{
while (tx counter) == TX_BUFTFER_SIZED);
#tasm("cli")
if (tx_counter0 || ((UCSROA & DATA. REGISTER, EMPTY )==0))
{
tx bufferOix wr index0l=c;
if (++tx wr index0 == TX BUFFER SIZEO}tx wr index0=0;
++tx counter(;
}
else
UDRO=c¢;
#asm("se1"
}
#pragma used-

#endif

/! Standard Input/Output funclions

#include <stdio.h>

/! Timer 0 overflow interrupt service routine

interrupt [TIMO_OVF] void timer0_ovf isr(void)



Timer_ovi+;

if{ Timer ovf> 1000)

{
if{(!SW_Up) && (setpoint < 100.0)) { setpoint += 0.5; LED2 = ILED2; Timer_ov{=0;}
ifl(!SW_Down} && (setpoint > 0.0)) { setpoint -= 0.5; LED2 = ILED2; Timer ovf=0;}

if{Timer_ovf> 1000) Timer ovf = 1000

// if(Start Buzzer = 1)} Buzzer = |Buzzer;

/f else Buzzer=0;

}
#define ADC VREF TYPE 0x00

// Read the A} conversion result

unsigned int read adc{unsigned char adc_input)

{

ADMUX=adc_inputlADC_VREF TYPE;

// Start the AD conversion

ADCSRA[-0x40;

#/ Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);

ADCSRA=0x10;

relum ADCW;

}

void main(void)

{

// Input/Qutput Posts inilialization

// Port A initialization

/f Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
/ State7=T State6=T State5=T State4=T State3=T State2="T Slatc1=T State0=T
PORTA=0x00;

PORTA.3 =1;
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DDRA=0xFF;

// Port B initialization

{/ Func7=In Func6=0uf Func5=0ut Funcd=In Func3=In Func2=In Funcl=In Func0=In
/f State7=T State6=0 Slale5=0 State4=T State3I=T State2=T State]1=T State0=T
PORTB=0x00;

DDRB=0x60;

// Port C initialization

{/ Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
/! State7=T State6=T State5=T State4=T State3=T State2=T Slate|=T State0=T
PORTC=0x00;

DDRC=0x00;

# Port D initialization

# Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In Func0=In
# State7=T State6=T State5=T State4=T Stale3=1 State2=T State =T State0=T
PORTD=0x00;

DDRID=0x00;

/ Port E initialization

{/ Funce7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func=In FuncO=In
// State7=T Siate6=T State5=T State4=T Stale3=T State2=T Statel=T State0=T
PORTE=0xFO0;

DDRE=0x00;

/f Port F initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funci=In FuncO0=In
/f State7=T State6=T State5=T State4=T State3=T State2=T State1=T Slate0=T
PORTF=0x00;

DDRF=0x00;



// Port (5 initialization

{// Funcd=In Func3=In Func2=In Funcl=In Func0=In
// Stated=T State3=T State2=T State1=T Statc(=T
PORTG=0x00;

DDRG=0x00;

# Timer/Counter { initialization
# Clock source: System Clock
/f Clock value: 1000.000 kHz

/f Mode: Normal top=FFh

// OCO output: Disconnecied
ASSR=0x00;

TCCRO=0x02;

TCNTO0=0x00;

OCRO=0x00;

// Timer/Counter | inilialization

// Clock source: System Clock

// Clock value: 1000.000 kHz

// Mode: Ph. & fr. cor. PWM top=1CRI
# OC1A output: Non-Inv.

/1 OC1B outpul: Non-Inv.

/ OC1C output: Discon.

// Noise Canccler: Off

// Input Capture on Falling Edge

// Timer 1 Overflow Interrupt: Off
// Input Caplure Interrupt; Off

/f Compare A Match Interrupt: Off
{/ Compare B Match Interrupt: Off
/! Compare C Match Interrupt: Off
TCCRIA=0xAQ;

TCCRIB=0x12;
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TCNT1H=0x00;
TCNT1L=0x00;
# ICR EH=0x00;
// TCRIL=0x00;
// OCR1AH=0x00;
# OCR1A1=0x00;
// OCR1BH=0x00;
# OCR1BL=0x00;
f OCR1CH=0x00;
# OCR1CL=0x00;

# Timer/Counter 2 initialization
/! Clock source: System Clock
#f Clack value: Timer 2 Stopped
// Mode: Normal top=FFh

// OC2 output: Disconnected
TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

# Timer/Counter 3 initialization
#/ Clock source: System Clock
/ Clock vailue: Timer 3 Stopped
#/ Mode: Normal top=FFFFh

#/ Noise Canceler: Off

// Input Capture on Falling Edge
// OC3A output: Discon.

/ OC3B output: Discon.

// OC3C output: Discon.

// Timer 3 Overflow Interrupt: Off
// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
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// Compare B Match Interrupt: Off
{// Compare C Match Interrupt: Off
TCCR3A=0x00;

TCCR3B=0x00;

TCNT3H=0x00;

TCNT3L=0x00,

ICR3H=0x00;

ICR3L~=0x00;

OCR3AH=0x00;

OCR3AL=0x00;

OCR3BH=0x00;

OCR3BL~0x00;

OCR3CH0x00;

OCR3CL=0x00;

// External Interrupl(s) initialization
// INTO: Off
// INTI1: Off
I INT2: Off
[/ INT3: Off
{/ INT4: Off
HINT5: Off
/ INTa: Off
H INT7: Off
EICRA=0x00;
EICRB=0x00;

EIMSK=0x00;

// Timer{s)/Counter(s) Interrupt(s) initialization
TIMSK=0x01;

ETIMSK=0x00;
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// USARTO initialization

// Communication Parameters: 8 Data, 1 Stop, No Parity
/ USARTO Receiver: On

/A USARTO Transmitter: On

#f USARTO Mode: Asynchronous
#/ USARTO Baud rate: 9600
UCSROA=0x00;
UCSROB=0xD8;
UCSROC=0x06;
UBRROH=0x00;
UBRROL=0x33;

{// Analog Comparator initialization

/} Analog Comparator: Off

// Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

{/ ADC initialization

If ADC Clock frequency: 1000.000 kHz
// ADC Voltage Reference: AREF pin
ADMUX=ADC_VREF TYPE;

ADCSRA=0x83;

// | Wire Bus initialization

wi_init();

/1 LCD module initialization

led init(16);

// Global enable interrupts

Hasm("sei"



e

Buzzer=1;

led_gotoxy(0,0);

sprintf(Show_lcd, "Vaccine Refriger");

fed puts{Show_lcd);

led gotoxy(0,1);

sprintf{ Show_lcd,"Coolness Control"),

led puts{Show _lcd);

printf("\\r\nVaccine Refrigerator Controt With Microcontroller");

delay ms(1000);

Buzzer =0;
delay ms(50);
Buzzer = 1;

Relay FAN=1;

kp = 15.480;
ki=0.484;
kd = 123.840;

while {1}
{
devices = wl_search(0xf0,rom_codes);
Data Ds1820 = ds1820_temperature 10(&rom_codes[0][0]);
temp = (float)Data_Ds1820/10.0;
LED1 =!LEDI;
LDR =0;
for (7=0;j<20,j++)
{
LDR = LDR + read_adc(0);
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LDR = LDR/20;

if(LDR > 50) Buzzer = 'Buzzer; //Start_Buzzer = 1;

else Buzzer = 1 ;// Start Buzzer = 0;

actual_position = temp;
error PID = actual position - setpoint;
integral = integral + (error_PID*dt);

derivative = (error PID - previous_error)/dt;

duty = (int)(kp*error_PID) + {(int)(ki*integral) + (int)(kd*derivative);

if{ duty >= 100 ) duty = 100;
if{ duty <0) duty = 0;

ICRI = frequency;  H#F
OCRIA =duly; // duty
OCRI1B =duty; / duty

previous_error = error_PID ;

led_gotoxy(0,0);

if{temp < -10.0)

{
sprintf(Show_lcd," No Sensor "}
lcd_puts(Show_lcd);
led_gotoxy(0,1);
sprintf{Show_led," Press Connect ");
led_puts(Show_led);

print{(" No Sensor Press Connectir\n" );

else

sprintf(Show_led,"T:%2.1fC S:%2.1{C " temp,setpoint);
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fcd puts(Show led);

led_gotoxy(0,1);

sprintf(Show_lcd,"D:%i%% E:%]1.if ",duty,error PID);

led puts(Show lcd);

printf(" Error:%1.If Integral:%1.1f Derivative:%1.1f Duty:%i%%  T:%2.1fC
S:%2. 1 fCyv\n"

,error_PID,integral derivative,duty temp,setpoint);
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Features
* High-performance, Low-power AYR® 8-bH Microceniroller
* Advanced RISC Archileclure
~ 130 Pawerful Instrucllens — Most Single Clock Cyele Execution
— 32 x 8 General Purpose Working Reglsiers + Paripheral Conlrol Registers
- Fully Slalle Oporalion
—~ Up to 16 MIPS Throughput at 16 MHz
- On-chlp 2-cycle Mulllplier
+ HNon-volatile Program and Dala Memories
~ 64K Bytes of In-Syslem Reprogrammable Flash
Endurance: 10,000 Wrile/Erase Cycles
= Optlanal Boot Code Section wilh Independent Lock Bits
In-Syslem Progremming hy On-chip Bool Program
True Read-While-Write Operalion
— 2K Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 4K Byles Inlernsl SRAM
— Up lo 64K Byles Oplional Exiernal Memory Space
— Programming Lock for Soflware Securily
= 5Pl Inlerface for ln-Syslem Programming
¢ JTAG {IEEE oid. 1149.1 Compllani} Interface
— Boundary-scan Capabliities According 1o the JTAG S1andard
- Exlenslve On-chip Debug Supporl
- Programming of Flash, EEPROM, Fuses, and Lock Bils (hrough the JTAG Inlerface
¢+ Peripheyal Featlures
— Two B-blt Timer/Counters wilh Separate Prescalers and Compare Modes
- Two Expanded 16-bli Timer/Gounters wilh Separate Prescaler, Compare Mode, and
Caplure Mode
— Real Time Counler with Separate Osclilalor
~ Two 8-bit PWM Channels
— 6 PWM Channele wilh Programmable Resolulion from 1 1o 16 Blis
— 8-channel, 10-bil ADG
8 Single-ended Channels
7 Dilferenlial Channels
2 Dilferential Channets wilh Pregrammable Galn (1x, 10x, 200x)
- Byle-orienled Two-wire Seral interace
— Dual Programmable Serial USARTS
- MasterfSlave SP1 Sedal Inlerface
~ Programmable Watchdog Timaer with On-chip Oscillalor
— On-chip Analog Comparalor
¢ Special Micracontroller Fealures
~ Power-on Aeset and Programmable Brown-oul Delection
= Inlernal Calibrated AC Osclltalor
— External and fnlemnal Interrupt Sources
— Six Sleep Modes: ldle, ADC Hoise Reducllon, Power-save, Power-down, Standhy
and Extended Slandby
~ Sgltware Selecinhle Clock Frequency
~ ATmegai03 Compaliblily Mode Seiecled by a Fuse
- Giobal Pult-up Disable
s /O and Packages
= 53 Programmable 'O Lines
— Gd-{ead YOFP and 64-pad QFH/MLF
¢ Operaling Yollages
— 2.7 - 6.5V lor ATmegna&4L
— 4.5 - 55V for ATmegasd
¢+ Speed Gradas
— 0+ B MHz lor ATmega&dL
— 0 - 16 MHz for ATmegas4

[0

8-bit AYR"
Microcontroller
with 64K Bytes
In-System
Programmable
Flash

ATmegat4
ATmegat4L

Summary

24005-AVA-0AT5



Pin Configuration

Disclalmer

AIMEL

Figure 1. Pinoul ATmegat4
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Note:  The bollom pad under the QFN/MLF package should be soldered lo ground.

Typical values contained in this dala sheel are based on simutalions and characteriza-
lion ol other AVR microconirollers manufactured on the same process lechnology. Min
and Max values wilt be available aller the device is characterzed.
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——————————————see A TEQA64(L)

Overview

The ATmega®4 is a low-power CMOS 8-bil microconlroller based on the AVR enhanced RISC archilecture. By execuling
powerful instructions in a single clock cycle, the ATmega64 achieves throughpuls approaching 1 MIPS per MHz, allowing
the syslem designer 1o optimize povser consumplion versus processing speed.

Block Diagram

Figure 2. Block Diagram

BP0 EATL 3

—n

L4

. i

The AVR core combines a tich inslruclion set with 32 general purpose working regislers. All the 32 regislers are directly
connected 1o tha Arithmatic Logic Unit {ALU}, allowing two indepandent registers 1o be accessed in one singlo instruclion
execuled in one clock cycle. The resulling archilocture is more code efficien while achiaving throughpuls up to ten imes
faster than conventional CISG microcontrollers,
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| ATmega64(L)

ATmega103 Compalibilily
Mode

PIn Descrlptions
vee
GND

Port A {PAT..PAD)

Port B (PR7..PBO)

By programming lhe M103C Fuse, \he ATmega64 will be compalible with lhe
ATmega 103 regards 1o RAM, VO pins and [nlerrupt Veclors as described above, How-
ever, some naw features in ATmega64 are nol available in this compatibilily moda,
these lealures are listed below:

+  One USART instead of two, asynchronous mode only. Only tha eighl leas]
significant hils of the Baud Rale Regislar is available.

+  One 16 bits Timet/Counter with two compare registars instead of two 16 bits
Timer/Counters with three compare registers.

*  Two-wire serial Interface Is nol supported.

+  Porl G serves alternale funclions only {not a general YO port).

« Porl F serves as digital inpul only in addition to analog inpul lo the ADC,

+  Boot Loader capabilities Is not supported,

+ s not possible lo adjusl lhe frequency of the internal calibrated RC Oscillater.

*  The Exiernal Memary Inlariace can not release any Addrass pins lor general ¥O,
neilher configure different wail slates to dilferent Externat Memory Address
seclions.

s Dnly EXTRF and PORF exist in the MCUCSR Register.

*  Notimed sequence Is requlred lor Walchdog Timeoul change.

= Only low-level external interrupls can be used on four of tha eight External Interrupl
sources.

«  Porl G is oulput only.

*  USART has no FIFO buffer, 5o Dala OverRun comes earlier.

*  The usar must have set unused IO bils 10 0 in ATmega 103 programs,

Digilal supply voltage.
Ground,

Por A is an 8-bil bi-direclional IO pon wilh intarnal pull-up resistors {selected tor each
bit). The Port A oulpul bulfers have symmelrical drive characteristics with both high sink
and source capabiflily. As inpuls, Port A pins that are externally pulled fow will source
currenl il Ihe pull-up resistors are activated. The Porl A pins are lri-staled when a reset
condition becomes aclive, even if tha clock Is not runaing.

Por A also serves tha functions ol various speclal fealuras of the ATmegaé as lisled
on page 72.

Porl B is an 8-bit bi-directional /0 porl wilh inlernal pull-up resistors (selecled lor sach
bit). The Port B oulpul buflers have symmatrical drive charactenslics with both high sink
and source capability. As inpuls, Porl B pins that are extemally pulted low will source
current il 1he pull-up reskstors are activaled. The Por B pins are in-slaled when a reset
condition becomes aclive, even If the clock [s nol ninning.

Por B also serves the lunctions ol various special features of the ATmega64 as listed
of page 73.
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Port C (PC7..PCO)

Port D {FD7..FD0)

Parl E (PE7..PEQ}

Port F (PF7..PFD)

Porl G (PG4..PGOD)

AIMEL

Port C is an 8-bit bl-directional YO port with Internal pull-up resistors (selected lor each
pit}). The Pont C outpul buflers have symmetrical drive characteristics with boll high sink
and source capability. As inputs, Port G pins thal are externally pulled low will source
current if the pull-up resislors are activaled. The Porl C pins are iri-stated when a resel
condilion becomes aclive, even if the clock is not running.

Port G also serves Lhe lunctions of special features of the ATmega64 as listed on page
76, In ATmega103 compalibilily mode, Port C |s output only, and the port C plns are not
tri-staled when a reset condilion becomes aclive.

Port D is an 8-bit bi-directional O port with inlernal putl-up resistors (selecled lor each
bit). The Por D oulpwi bufiers have symmetrical diive characleristics with both high sink
and source capabily. As inputs, Porl D pins thal are exlernally pulled low will source
current If the pull-up resistors are aclivated. The Port D pins are Iri-staled when a resel
condition becomas aclive, even il Ihe clock is not nunaing.

Port D al50 serves the funcbons of various special lealures of the ATmega64 as listed
on page 77.

Porl E is an 8-bil bi-directional O porl wilh inlernal pull-up resistors {selected lor each
bit). Tha Porl E oulpul bulleis have symmetrical driva characleristics with both high sink
and source capability. As inpuls, Porl E pins Lhal are exlemally pulled low will source
current il the pull-up resislors are activated. The Poent E pins are ir-staled when a resel
condition becomes aclive, even if the clock is nol running.

Peorl E also sarves the funclions of various special lealures of lhe ATmega€4 as listed
on page 80,

Port F serves as the analog inputs to the A/D Converer,

Porl F also serves as an 6-bil bl-directional 1O port, il the A/D Converler Is not used.
Pord pins can provide internal pull-up resistors (selected for each bit). The Port F oulpin
bullers have symmeltrical drive characleristics with both high sink and source capability.
As inputs, Porl F pins thal are externally pulled low wil! source currant it the pull-up
resistors are activaled. The Port F pins are iri-slaled when a resel condition becomes
aclive, even if the clock is nol running. If Ihe JTAG intarace is enabled, the pull-up resis-
tors on pins PEF{TON, PF5(TMS} and PR4(TCK} will ba activaled even il a reset ocgwrs.

The TDO pin is Ii-staled untess TAP slales thal shitl oul dala are entered,
Porl F also serves the functions of ihe JTAG intedace.
In ATmega103 compalibility mode, Port F is an input port only.

Porl G Is a 5-bil bi-directional ¥O porl with inlernal pull-up resislors (selecled for aach
bit). The Porl G oulpul butiers have symmelrical drive characlerislics with boih high sink
and source capability. As inputs, Por G pins thal are externally pulled low will source
current i the pull-up resislors are aclivaled. Tha Porl G pins are tri-slaled when a reset
condilion becomas active, even if the clock is nol unning.

Porl G also serves the lunctions of various special leatures.

In ATmaga103 compalibility mode, Ihese pins enly serves as strobes gignals to the
external memory as well as inpul Lo the 32 kHz Oscillalor, and the ping are initialized to
PGO = 1, PG1 = 1, and PG2 = 0 asynchronously when a reset condilion becomes
aclive. even il the clock Is nol running. PG3 and PG4 are Oscillator pins.
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———————es A TMega64(L)

RESET

XTALT
XTAL2

AVCC

AREF

PEN

Resel input. A low level on this pin for loager tiran the minimum pulse length will gener-
ate a rese!, even if the clock is nol running, The minimum pulse length is given in Table
19 on page 51. Shorler pulses are nol guaranleed 1o gengrale a reset.

Input 1o the inverling Oscillator amplilier and inpul 1 Ihe infernal clock operaling circuit.

Qurtpur from the inverling Oscillalar amplifier.

AVCC is the supply voltage pin for Porl F and the A/D Converler. Il should be extemally
connecled to Vg, even if the ADC is nol used. If the ADC Is used, il should be con-
nected 10 Yee lhiough a low-pass liller.

AREF is the analog relerence pin lor the A/D Converter.

This s a programming enable pin for the SPJ Serial Programming mode. By holding this

pin low during a Power-on Rasel, the device will anlar the 5P} Seral Programming
modse. PEN has no function during normal operation,
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-—
VISHAY

LCD-016M002B

16 x 2 Character LCD

FEATURES

Vishay

G P @ .
= 5 x B dots with cursor
g — : « Buili-in controller (KS 0066 ar Equivalent)
i Y « « 5V power supply {Also available for + 3V)
k - + 1716 duly cycle
& ) + B to ba driven by pin 1, pin 2 o pin 15, pin 16 0r AK (LED)
+ M.V optional for + 3V power supply
MECHAMICAL DATA ADSOLUTE MAXIMUM RATING
MEM STANDARD VALUE UNT ITEM 7 SYMBOL STANDARD VALUE UNIT
Module Dimension 80.0x350 mm WM. | TYE. [ MAX.
Vigwing Atea 66.0x 160 L] Power Supply | VDD-¥SS | -03 | - 70
Dol Size 0.56 x 0.66 mm Inpul Voilage VI 00 -~ YOO
| CharaclerSize i~ ! NOTE: VSS =0 Vait, VDD = 5.0 Vol
ELECTRICAL SPECIFICATIONS
ITEM SYNMBOL COHMTION Sy STANDARD VALUE UNIT
M. TYP. MAX.
Inpul Vollage VDD VDD = & 5V 47 5.0 5.3 v
VDD = + 3V 2.7 3.0 5.9 v
Supp'y Currem DD VDD = 5V — 1.2 3.0 mA
£ 20°C - - -
Recommended LG Driving ¥YDD - v 0°C 42 4.8 541 Y
Vallzge for Nzrmal Temp A 25°G 3a 42 37 B
Version Module 50°C 36 40 4.4
G - - -
LED Forward Yotage VF 250 - 42 46 v
LED Forward Currant IF 25°C | Array - 130 260 mA
Edgs v 20 40
EL Pawet Supply Cutrent IEL Val = 11DVAC:400HE - - 50 mA
DISPLAY CHARACTER ADDRESS CODE: o
Dispiay Position 1 2 3, 5 [} & 4 10 1 12 13 i4 5 16
OORMMAdess (00 Tor [ T T 1 [ T T | T Tor]
IR N N S N I [T 1+ o]

OD RAM Address | 40
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LCD-016M002B VISHAY

Vishay 16 x 2 Character LCD
PIN HUMBER . SYMBOL FURCTION _
1 Vs5 GND
2 vcd + AV or+ SV
3 \o Conlrasl Adustmenl
4 RS H:L Registar Selac Signal
5 __ B AW i /L ReadiWrita Signal
B _ E . ~_H -l Erable 5:gnal
7 DB} . HA Data Bus Ling
8 . DB - R/l Dala Bys Lina B
g 02 H/L Data Bus Ling
10 DRl H:L Data Bys Ling
1t D34 H/1 Data Bus Lina
12 Das 1 Daia Bus Ling
i3 D36 H1 Pala Bus Lina
14 Da7 H/L Da'a Bus Line
15 . Aivag - + 4.2V lar LED:Negatve Vollags Output
16 K Power Supply for BL (OV)

DIMENSIONS H'[miltimelers

800105
495 | 2
7.55 5.0 (YA}
1245 562 (AA)
2R les Pasg 18- 304
o wp o S “
vl @f -——_—_;y! J.ar 16 0 1.0 PTH | ™
| Lr/f (|
SU-CR J T 6 AU RLE ] e r\?}
R ¥

28.040.8
25.2

16.0 (VA

115 (AA)

4018/ 4055 | 0 2.5 PTH
25 150 4-3 5.0 PAD
LED - H/L B/L
.| HIGH | LOW
Hi 12.2 12.1
H2 86 7.5
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MANHIN 3

sieazdeaved TLP250N, IRFP2907, LM2575, POWER RELAY



TOSHIBA TLP250

TOSHIBA Pholocoupler  GaAlAs lred & Pholo-IC
TLP250

Translstor Inverter

Inverter For Air Conditionor o
Unit in mm

IGBT Gate Drive
Power MOS FET Gale Drive

He
Fl~
Ha
Flw

41023

The TOSHIRA TLP250 eonsiste of a GaAlAs light emitting diede and a
integrated phiotedetector. .-%l li- -il ]Il'
This unil ie £-lead D' package. .
TLP250 is suiiable for gate driving cireuit of LGBT or power MOS FET, -—M—g

L3

+ Input threshald cureent: Ir=smA{max)
e Supply cunent (Igc)k 11mA(max.} 120145 —]
o Supply veltage (Vee): 10-35V 058017

»  Qulput current {10k £1.64 fmax.) reTozs
o Switching time (G HARHLY 1.5psimex.)
o lsolation voltage: 2500Vrmsimin.}

o Ul recognizeds ULIST7, Gle No FG731% e
«  Option (D1} type

0.84£0323

2.5MIN |

VDE npproved: DIN VDEORS £06.92 certificate No 76820 TOSHIBA 11-10CA

Maoximun operating insulation veltage: G30VPK Weight: 0.54 g
Iighesl permissible over voltage: 1000V PR
(Hote) When a VDEO384 approved (ype s needed,

please deslgnale the "oplion {D4)”
+  Creepage distanee: - dmm{min.}

Clearance 6. Aumfmin
Schmallc Pin Conliguration (lop view)
[+

Vee 1[0 F e
Vo :E}i { J;::

\: q  LLAh

GhD

5 1:NGC.
A 0,1pF bypass capcdor must ba 2 Anpde
connected batveen pin 8 and 5 {See Nola 5) 3 Cathode
4:NC.
5: GND
6. Vo (Oulput)
7:Vo
6: Voo
Truth Table
T Tr2
Input On On Off
LED on o on
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Chaiacternistic Symbat Rating Unit
Fonward current e 20 mA
Forward currend derating (Ta 2 76°C) Ale i ATa -0.38 mA/‘C
@ Peak branstent forward curent (dote 1) tepr 1 A
Raverse voltage VR 5 v
Junection iemperature T 125 ‘c
“Hpeak output current (Pyy s 2 5pis.f < 15kHz) (Note 2) YorH -1.5 A
L'peak output cument (Py S 2 Sps.f < 15kHz) {Note 2) loPL 1.5 A
a5 70°C) 35
Oartpud voilage Vo v
5 (Ta - A5'C) 24
8 {Ta s 70°C) 35
a Supply voltage Vee v
(Ta=85°C) 24
Qutput yoltage derating {Ta 2 70°C) Aol ATa -0.73 Vi'C
Supply vohage derating (Taz 70°C) AVec ! AT 073 vic
Junction lemperalus T 125 '
Ogperating froquenty {Note 3) T 25 kHz
Operating lempesatas @ngse Topr -20-85 ‘c
Storage temperalineg range Titg -55~12% 'c
Lead soldering lemperature (10 s} Taot 260 ‘c
Isodation voltage {AC, 1 min,, R.H.< 60%) {Nota 4} Bvg 2500 Yms

(Note 1) Pulse width Py S 1ps. 300pps
(Note 2) Exporenential wavefom

{Note 3) Exporenential wavefom, lopy £ —1.0A{ < 2.5ps), fopg £ +1.0A( £ 2.5)is)

{Note 4) Davice considerd a two terminal device: Pins 1, 2.3 and 4 shoited logelher, and pns 5, 6. 7 and 8 shorted

together.

{Note 5) A ceramic capacilor(0.1pF) should b connecled from pin 8 to pin 5 lo stabilize lhe operation of the high
gain linear amplifier. Fatlure to provide the bypassing may impair the swilching proparty. The total lead
lenglh between capacilor and coupler shoukd not exceed Tcm,

Recommended Operating Condltions

Characleristic Symbl M. Typ. Max. Unil
Inpi curment, on IF(oH) 7 8 10 mA
Inpud voltage, oft VE(OFF) 0 A na v
Supply voltage Ve 15 — N E v
Peak culpot current topHToPL — —_ H5 A
Operaling lemperatura Tom -20 25 70 | &8s ‘G




TOSHIBA TLP250
Electrical Characteristics (Ta = -20~70°C, untess otherwise specified}
Test
Characteristic Symbal Cir— Test Condition Kin. Typ.* Max. Unit
cu
Input forward voltage Ve —~ lp=10mA, Ta=25'C 16 18 v
Temparat e eoelficiant of avprstal — [ip-toma — | 20| — fimwvive
Inpud reversa cument IR — Vr=5¥, Ta=25C — 10 HA
InpiA capatiance Cr — |v=o0.f=tmHz Ta=25C| — 45 250 oF
. IF =10 mA
H level lopH k) 05 -1.5 —
- Vgg= 4V
Culput corent :"“\'f sy |78 A
. IF=0
1 level lopL 2 Voaw2sv | 08 2 -
e Veet = #15Y, Vegy = -15Y o
H lovel Vou 4 R0, 1= 5 1 128
Output vy 15V, V| 15 v
. ! 'cey = +15V, Vegy = - _ - R
T level Vs 5 Ip czeon vi-o8v 142 12.5
Ve = 30V, I = 10mA B 2 _
“H laved lecH - Ta=25'C
Voo = 30V, I = 10mA — — i1
Supply curent £C & A
Voo = 30V, iy = OmA — 7.5 —
“L* taved v _ |Te=esc :
Ve = 30V, Ip = BmA — —_ 11
Threshoid inpul "Oulput h . Yoot = +15V, VEE = - 15V - 2
current Fut Ry = 2000y Vo > OV K 5 ™A
Theeshold inoui “Output ' — [veor = +15v, vegy = -15Y B B
voilage e Ry = 2000, Vg < OV ¢ v
Supply voltage Veo — 10 - 35 v
Capacitante C v Vg=0,1=1MHz B
finpui-oulput) % Ta=25C 'y 20 pF
( ; Vg = 500V, Ta = 25°C 17 14
 Rosistancefinpul-oulput) Rs =3, oy Te 2 %10 10 — n

* All typical values are al Ta =25'C

(*1): Duraton of to time < 50ps
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TOSHIBA

TLP250
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characleristic Symrbat Clr- Test Conditicn My, Typ." Max. Unit
cud
Propagation L—H Lot 44 — 0.15 0.5
delay tme H-L for, e = BmA — 015 05
- [} Vegr = HI5W, Vegy = ~15V HE
Cutput rise tima Y = 2000 — — —
Oulput fatl ime. i — - —
Commeon mode ranskent = =
fmmunity at high levet Cun 7 Vom0V I = Bma om0 | — — | vrps
output cc=30V.Ta =
Comman mode transient
h b Viss © BOOV, Iy @ OmA
:1:;1mity all low leve) Cry, 7 Ve = 30V, Ta = 25°C 5000 — — Vips

* Afl typical values are at Ta = 25°C
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I . I PD-93908D
nfernationa IREP2907
IR Rectifier  automorive mosrer
HEXFET® Power MOSFET
Typical Applications o
. ImegraledSlaﬂer.AMemalo_r Vpgg = 75V
» 42 Volls Arlomolive Eleclrical Syslems l
Benefiis A HDS(an] = 4.5m¢}
« Advanced Process Technalogy G
« UliraLowOn-Resislance
+ Dynamic dv/dt Raling s Ip = 209A®
» 175°C Operaling Temperalure
+ Fas! Swilching
+ Repetilive Avatanche Allowed up lo Tjmax
Description
Specificaly designed for Automaolive applications, Ihis
Stripa Planar design of HEXFET® Power MOSFETs
ulilizes 1he laslesl processing lechniques to achieve
exlromely low on-reslstance per sillcon area.
Addilional features of this HEXFET power MOSFET
are a 175°C [unction operating temperalure, (asl
swilching speed and improved repatitive avalanche TO-247AC
raling. These benelils combine 1o make this designan
exiremely efficient and reliable device for vse in
Automotive applications and a wide variety of olher G D P
applications, P
Absolute Maximum Ratings Gate Drain Source
Parameter Max. Units
Ip @ Tg = 25°C Continuous Draln Gurrent, Vaes & 10V 2099
In @ T = 100°C{  Contmuous Drain Curtent, Vs & 10V 1483 A
Iy Pulsed Drain Cuicen @ 8443 A I
Po €Tc=25°C | Power Dissipation 4w | W
Linear Deraling Faclor 31 WrG
Vs Gale-10-Source Voflags + 20 v
E.g Single Pulse Avalanche Energy @ 1970 mJ)
[ Avalancha Current Sse Fig.12a, 42b, 45, 16 A
Ean Repelitiva Avalanche Energy @ \ | md
dv/dt Peak Diode Recovery dvidl & 5.0 Vins
T, Oparaimg Junction ard -55 104 175
Tsta Slorags Temperature Range G
Soldering Temperalure, lor 10 seconds A 300 {1.6mm from case )
Mounting Torque, 6-32 or M3 screw 10 lbf+m {1.1Nsm)
Thermal Reslslance
Parameler __Typ. Max. Unilts
Tm' b Junchon-to-Case —_ 0.32
Pucs Casa-lo-Sink, Fial, Greased Surfaca 0.24 —_ oAy
Ruya Junction-le-Ambient —_ 40




IRFP2907 Inlernational
ToR Reclifier
Elecirical Characteristics @ T = 25°C {unless otherwlse specified)
Parameter Min. | Typ. [Max. | Unils Condllions
Vienoss Drair-io-Soure Breakdown VYoltage 75 | — | — | V | Vgs =0V, In=250pA
AViga o523 | Breakdown Vollage Temp. Coellident | — |0.085| — | ¥/°C | Referencea lo 25°C. Ip = 1mA
Rpsery Stal:c Drain-lo-Source On-Resislance | — | 36 | 45 | mil | Vas = 10V, [p = 125A ©
Yosim Gate Threshold Voltage ] PO |—]40 vV | ¥ps = 10V, Ip = 250pA
Ty Forward Transconductance 130 [— | — | 8 |Vos=25V,lo=125A
. — | — ] 20 Vns = 75V, ¥os = OV
toss Dragio Sowvee Leakage Cutrent " Teme | M [Vos = 60V, Vas = 0V, 11 = 160G
lass Gate-lo-Sourca Forward Leakage — | — {200 nA Vag = 20V
Gate-lo-Source Roverse Leakaga — | —|-200 Vas = -20V
Cy Total Gato Charge — | 410 ] 620 Ip = 125A
Op Gata-lo-Source Charge — | 92 140 | nC | Vps =60V
Qs Gate-lo-Drain ("Miles”) Chamge — | 140} 210 Vs = 1V@
Esory Tum-On Deday Time — 23 [ — Yoo = 38V
Y Rise Time o L -— _19_0 — | s Ip=125A
[ Tum-Oll Detay Time — | 180 — o =1.200
Iy Fall Tine — {130 | — Vgg = 10V @
. Between lsard,
Lo Intemeal Drain inghuoiance — | 50— - &enen (0.25i0)
Irom package
L et ind.ciancy (1 1y and cevler of die contast
Cis Input Capacitance — | §3000 — Ves =0V
Cosa Oulpul Capacitance — | 2100} — | pF | Vpu =25V
Cren Reverso Transter Capastanco — | 500 | — f =1.0MHz, Sea Fig. 6
Cas Cutpud Capacitance - gm0 — Vas = 0¥, Vps = 10V, f = 1.0MHz
Coas Owpul Capacilance — [ 1360 — Vos = 0V, Vos = 60V, f = 1.0MHz
Cons Bl Eilective Dulput Capacilance ® — | 2320 — Vgs = OV, Vps = OV lo 60V
Source-Drain Ratings and Characlerislics
Parameler Min. | Typ.| Max. | Unils Conditions
Is Cord-muous Soue Gurrent NI |\ P MOSFET symbo! P N
{Body Dicde) 5 | showing e / H{
[ Pulsed Sourca Current — | A gap integrat raverse U\\
{Body Dicde) @ p-n junction dlode, T
Ven Diode Forward Volage — | —] 13| v | Tj=25¢C. 5= 1254 ves =0V @
b Reversa Recovary Time —— | 1£0] 210 | ns | Ty=25°C, k= 125A
Cy Reverse RecoveryCharge — | 80| t320| nC | didi= 100A/s @
Lon Forvard Tum-On Time bnirinsic LAm-Gn Ema Is mngigitie (um-on is dominatod by Lg+Lg)
Hotes:

O Repetitive raling; pulse widih kmited by
max. junction temperalwe. (Sea fg. 11).
@ Slartng Ty=26°C, L = 0.25mH
Rg =250, a5 = 1254, (See Figure 12).

D 1gn = 1254, didl < 260A/8, Vpp £ Viprinss,

Ty6175°C
@ Pulse width 5 400y3; duty cycle < 23%.

@ Cyux eff. I3 a fixed capacitance that gives the same charging time
as C gy whda Yps is fising from 0 lo BO% Vpss .
@ Cakculaled continvous current based on maximem aligwable
fumetion lemperalure. Packags Endation curent ks S0A.
@ Umited by Tymae, 3ee Fig. t2a, 12h, 16, 16 kor typical ropelitive
avalanche perlormance,
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[nternationa!
TGR Rectifier

1000 VES =
TP 15y T
HIv
z e
— [l frd =11 -
& i 111
l::, BOTTOM 4 5% |71 —
3 100 =
8
F o
% Wi
: V
| e 14
o
& L/
20y PULSE WIDTH
. il Ti=25°C
3] 1 10 100
Vps . Drain-lo-Souwce Veoltage (V)
Flg 1. Typical Outpul Gharacterislics
1000
< . P i
i [—Ty= 175
BT
8 100 ==t
E A
3 —]—T)=25¢C
3 /
=
E 10
[=)
o
V5= 25V
! 208 PULSE WEDTH
40 S0 6o 70 80 90 100

Vgg. Gale-to-Source Vollage {V)

Fig 3. Typical Transler Characteristics

IRFP2907

el )
wy 111 ‘_J
g & :
£ HH T
g 5o¥
BATTOMAS RASC S—
3 /
o ] -
2 -ty
‘§wo r - —
4 fh
& 4.5V
£
D | ——
& 7\ Tl
20us PULSE WIDTH
o | Tu=175°C
0.1 1 10 100
Vipg. Dran-to-Sowrce Voltage (V)
Fig 2. Typical Output Characterislics
B 30 I = 2094
§ /
[ =4
52
(4
Ex
a.:;; 215 ~
&2 ) -
|-
- 1
£) Jf -
- el
T o5
2
o« Vag=10V

00
60 40 20 0 20 40 60 80 100 120 140 160 160
T, Junction Temperature (“Cy

Fig 4. Nomalized On-Resistance

Vs, Temperature
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IRFP2907 inlernational

IOR Rectilier
20000 20
Vgs =0V, I=1M0Z I = 1254 | | f
{cas =G G G SHORTED - B0
Crss = Z Vooo 37V,
18000 rss = g <8 pa= 3
M Cogs = Gys* G 2 |
T =ECIiE s -
Frzooo i 2 12 A
o 8 /4
= 5 J/
> o
/
aaoao l 'g A/
3 N z ° za
N N N : z
S o v
‘ ; /
4000 ] Coss\ 84
TS =
M Torss FOR TEST CIRCUAT
° o SEE FIGURE 13
5 10 100 0 0 200 200 400 500 600 70O
Vpsg» Drain-to-Source Vollage (V) Qg Total Gale Charge (nG)
Flg 5. Typical Capacitance Vs. Flg 6. Typical Gale Charge Vs.
Drain-to-Source Vollage Gate-to-Source Vollage
1000 10000
3 7 z
(= — -
L = <
£ 5
a £
e o
E 8
a 1w 5
@ 7 @
Id T f
< i B
& i —l' T)-25°C £
) &
o .
o =+ el
1. |
11
A ’ l Vag=0VY
00 05 4D 1§ 20 25 a0

0.1 1 10 1060 1000

Vg Source-to-Drain Voliage (V)
50 Vpg. Drain-lo-Source Vollage (V)

Fig 7. Typical Source-Drain Diode Fig B. Maximum Safe Operating Area
Forward Vollage



Internalional IRFP2907

IoR Rectifier

240 T T 1T T] Ry
LIMITED BY PACKAGE Vs 2
P~
200 [~ v
“-.\\ \ G5 U,
. < fio J’
g’!ﬁo Y BhhAdn Non
2 b
3 VI Tk ; 10v
c 120 \ ~ Pu'se Wish 5 1 s
B Dty Fackor £41 1 ¢
a : A I
- B P L " N .
o Flg 10a. Switching Time Test Circuit

40 \ Vps
25 50 75 100 125 150 175

Tc, Case Temperature  (°G}

’ Yas
Flg 9. Maximum Draln Current Vs.
Case Temperature Yoy b foier)

Fig 10b. Swilching Time Wavelcrms

| ——TT ~T T .
e P = B D R = =S ===
oo = — 5 == =
% 02t E=cci e = —
r: o == :
5 0.05 ,_j.-’/
e 0 e o M v e i - EnDi| SR
g oot g1 i e S F =]
3 7”7 L NE 1] 1
T | A
Bo001 |—=SINGLE PILSE= 1 — 4 i
g THERMAL RESPONSE H (== | {4FH o H I —
F — 1. Duty Factor D =1
z.PeakTrPdmelh‘r:vTr
0.000% LE bl 1 Lil
1E-006 {E-005 0.0001 0.001 0.01 0.1

1y . Rectangular Pulse Duration (sec)

Fig 11. Maxlmum Effeclive Transient Thermal Impedance, Junction-lo-Case
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Natfonal Apr
Semicondnctor

LM1575/LM2575/LM2575HV
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator

General Descriptlon Features

The LM2575 series of regulalors are monolithic integraled  m 3.3V, 5V, 12V, 15V, and adjustable output versions
circuits thel provida all the active functions for a slep-dovn  u Adiustable version oulpit voliage range,
(buck) swilching reguiator, capable of driving o 1A load with 1.23V o 37V (S7V for HV version) +4% max over
excel‘!em line end load regulption. These devices ara avail- line and foad conditions
ai;y:silr;gxeed mﬂp.rtevahages ol 3.3V, 5V, 12V, 15V, and B0 Guaranieed 1A output current
adjustable outpul version. = Wit input voltage range, 40V up to 80V for HV version
Requiring a minimum number of exlernal components, lese Requl dex ) r
feguiators are simple 1o use and Include intemal irequency ™ Dedquires only 4 extemat components
compensation and a fxed-frequancy oscillalor. m 52 kHz fixed Irequency Intermnal oscillator
The LM2575 series offers a high-eificiency replacement for ~ ® TTL shuidown capability, bow powet standly mode
popular thteeterminal knear (agulalors. i substantially re-  m  High efliciency
d'uf's the ?eiinr the heal sink, and in many cases no heal  w Ygag 1patky available standard Induciors
:"ﬂm - t i T T oo o T w Thermmat shuldown and current mit protection
Senes o uclors IS or -}

LM2575 aro avatable from several differert manutacturers, F roduet Enhancement lested
This feature greatly simplifies Ihe desian of swilch-mode pow- .
er supplies Applications
Other features include B guaranieed +4% tolerance onoutpul. = Simple high-ehlickency step-down (buck) regulator
m ::dmnimo“ i e;e kmm_l\:"a?es and ou!mrlBrl loa‘lj &"S u Elficient pre-regutalor for Bnear regulators

iors, and +10% on the asaliator lrequency. Extemal . .
down & inchuded, Teaturing 50 wA {ypical) standby current,  © OTCA/d swiiching reguiators
The output switch includes cycke-by-cycle current fimiting, as @ Positive 10 negativa cofiverer (Buck-Boost)
well as thermnal shutdown (o full protection under fault con-
dhitions.

Typical Application
{Fixed Output Vellaga Verslons}

FEEDBATK
W - 40¥(80¥) wy| LM2575/ |7

U&!’E;Jll.:;z? g LM'{?;HV L fav
+ c ] 2
I 100 pf ; c

1171

blote: Pin mumbers are for Be TO-220 package.

SAIPLE ST CACH® tn a rejie o e ok o W T ¢ Semicormhachor G oo sn

Jojenbay abejjoA umoQ-dsis VI HIHOLIMS FT1dNIS SRS AHSLSZW/SLSSNT/SLSLINT
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Block Diagram and Typlical Application

TWIRNEL
RESLLATCR

UNRERAATAD

b 115t _L.
Irﬂ

FOUD GAM
Recs

—i

BAsL-GaP 53 kHp Toiiwal | | Curkiar
|FEFIRTwCr | JOSCE LATER S TO0E] LT

A3V A2= 1.7k

&Y, A2 =31k

12y, M2 = B Bak

15V, R2 = 11.9%

For ADJ. Versign

A1 =Open, 12 « 00

Hote: P rarmbers ars for the T0-220 package,

FIGURE 1.

Yt
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Connection Diagrams

{X tnoicalas outpul vetlage oplion. Sea Ordaring Informalion table for compiete part numbar.)

Straigh! Leads Benl, Slaggered Leads Pra 1.3 %5
5-Lead TO-220 (T) 5Lead T0-220 {T) .
= 5 Gu/r Py 3 LR/ Pregdd
34— Faecbazk F—F 3 " 4-Feodback
O ————13- Ground O F——r—13- G1oud
———7-cutp F—r—Tr—17-Cutnst taTS2L
of ——-v, o 1=y Side View
i sz S LM2575T-XX Flow LBOJ or
: LM2576HVT-XX Flow LBO3
Top View Top View
LMIS7ET-XX o LM2575HVT-XX See NS Package Humber T050
See NS Package Number TOSA
16-Lead DIP (N or ) 24-Lead Surface Mount ()
_" . =, mos-e -
3 15 Y i L
*— — E] i,
) X 1 f— —
ouTeuT — —anp o 1] o1,
4 L gt el 2
oy — RER .5 AL
6 7 L]
- l—gD s — sralaiail
7 xS L3 CUTFET
16— " - 1 it
.l 19 o f0: ] [
o/ o /e S0 %"n
- T ks
*Hao Intemal Connecsa FrR G50 — —
N Top View —
LM2575N-XX or LM2575HVYN-XX ok -
Ses NS Package Number H16A podkprall Copecti Top View
LM15750-XX-OML
NS P bar JIGA LM25750-XX or LM2575HVM-XX
54 achage Humeer See NS Package Number M24B
TO-263(S)
5-iLead Surface-Mounl Package
s - onfoir
T2E 15 [ i~ Fesdiern
GND 35 3~ Grownd
3 2- Cutpul
[=1- vy,
. RAE B+
Top View

T S

1nY
Slds View

LM25755-XX or LM2575HYS-XX
Sea NS Package Number 1S58

AHSLSTINT/SLSZINY/SLS LN
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[0
FU]ITSU TRE POSSIBILITEES LAE JNFIRITE

POWER RELAY
1 POLE—3,5,10A

FBR160 SERIES

I FEATURES
+ Compacl with high power (3 Ale 10 A)
+ 6 lypes of conlact malerials available for home electronics
and aulomotive applicalions
+ Dasign conforms to the following safety slandards
UL114 No. E63G15
UL508 No. E63614
CSA  No.LR64026
Japan Eleclric Appllance Gonlrof Law (150-300 ¥}
¢ Foi avtomatic assembly
Tube packaging suitable for automalic insertion
equipmaent [s available

N ORDERING INFORMATION = S
FBR16 1 S E D 012 UH -CSA -+ -8

@ @ (0 E M@ h W 0

(a) | Series Name FBR16: FBR160 Series

[Exampia]

{b) | Contacl Arrangement 1 4 form C (SPDT)
3 i form A{SPST-RO)
{c} | Enclosure 5 :Fluxfree
N : Plastc seaiec[
{d) ! Cof Rating E : Nominal power 0.6 W bype
~ . C : Nominal power 0.5 W lype (refler to the SPE_QFJCATIONS)
(e} | GCoil i D :DC Cail ks
{f) [ Nominal Vollage (Example} 012: 12 VDT cail
024; 24 YDC coil {refer 1o the COIL DATA CHART)
(g) | VUL Standardg and Conlacl Materlal UL 114 UL508 Material ! Rating
recognized | recognized
u R Sifver (3A}
UK RK Sitver-cadmium oxide (3 A)
UH RH Silver-cadmium oxide (S A)
uw RW Silver lin oxkle alloy (5 A}
UHB RHB Sitver-cadmium oxida (AC 10A)}

uwB RWB Sitver tin oxide alloy {DC 10 A
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FBR160 SERIES

W DIMENSIONS

& Sthematic @ PC board mounting hole layout
(BOTTOM VIEWY) (BOTTOM VIEW)
E—-— PET —-e e 16270 o 4-e1.3%
|

® Dimensions

I i

- 18200 —

e ¢ T onee

® Tube carier

223 max. f

60§ maximum ——- — - —-

25.8 max.

25 plecesiube

Unit: mm
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DS18520-PAR
(= RALLAS AMI /1K /W 1-Wire Parasite-Power

Digital Thermometer

www.maxim-ic.com

FEATURES PIN ASSIGNMENT

¢ Unigue I-Wire® interface requires only one
port pin for communication DALLAS

* Derives power from data line (“parasile 18520P
power”}—does not need a local power supply

¢  Multi-drop capabilily simplifies distributed
temperature sensing applications

+ Requires no external components

o 10.5°C accuracy from —10°C to +85°C

o Moeasures  temperaiures  from  —55°C  to
+100°C (—67°F to +212°F)

¢ 9-bit thermometer resolution

s Converls {emperalure in 750 ms (inax.)

s Usecr—definable  mon-volalile  temperature
alarm settings

e Alarm search command identifies and
addresses devices whose temperature  is
oulside of programmed limits (tcmperature @
alarm candition)

+ ldeal for use in remote scnsing applications

{e.g., temperature probes) that do not have a TO-92
local power source (DSI18520-PAR)

1

o
4
(0]

DG
NG [

(BOTTOM VIEW)

PIN DESCRIPTION
GND - Ground

DQ - Data [n/Out

NC - No Connect

DESCRIPTION

The DS18520-PAR digilal thermometer provides 9-bit cenligrade temperature ineasurements and has an
alarm function with nonvolalile user-programmable upper and lower tripger points. The DSI8S20-PAR
does not need an external power supply because it derives power directly from the dala line (“parasile
powcer”}), The DSIBS20-PAR communicates over a 1-Wire bus, which by delinilion requires only ane
dmta line (and ground) for communication with a central microprocessor. 1t has an operaling {emperature
range of —55°C to +100°C and is accurate 1o £0.5°C over a range of ~10°C to +85°C,

Each DSIES20-PAR has a unique G4-bit identification code, which allows multiple DS18820-PARs (o
function on the smne {-wire bus: thus, il is simple to use one microprocessor to control many
DS18520-PARs disiributed over a large area. Applications that can bencfit from this feature include
HVAC environmental controls, tcimperature monitoring systems inside buildings, equipment or
machinery, and process monitoring and control syslems.
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DSI8520-FAR

DETAILED PIN DESCRIPTIONS Table 1

PIN | SYMBOL DESCRIPTION
1 GND Ground.
2 DQ Data Input/Output pin. Open-drain 1-Wire interface pin. Also provides power
lo the device when used in parasite power mode {sec "Porassite Power™ section.)
3 NC No Connect. Docsn’t connecl fo internal circuil.
OVERVIEW

The DS18520-PAR uscs Dallas’ exclusive 1-Wire bus protocol that implements bus communication
using one conlro! signal. The control line requires a weak pullup resistor since all devices are linked (o
the bus via a 3-slate or open-deain port (the DQ pin in the case of the DS18S20-PAR). In this bus system,
the microprocessor (the masler device) idenltifics and addresses devices on the bus using cach device's
unique 64-bit code. Because cach device has a unique code, the number of devices (hat can be addressed
on one bus is virwally unlimiled. The 1-Wire bus protocol, including detailed explanalions af the
commands and “time slots,” is covered in the 1-WIRE BUS SYSTEM section of this datasheel.

An imporiani leature of the DSI8S20-PAR is its ability lo operate without an extemnal power supply.
Power is instead supplied thirough the |-Wire pullup resistor via the DQ pin when (he bus is high, The
high bus signal also charges an internal capacitor (Cep), which then supplies power to the device when the
bus is low. This method of deriving power from the 1-Wire bus is referred 1o as “parasile power.”

Figure [ shows a block diagram of the DS18S20-PAR, aud pin descriptions are given in Table i. The
64-bit ROM slores {he device's unique serial code. The scratchpad memory contains the 2-byle
temperature register that stores Lhe digital output from the temperature sensor. In addition, the scratchpad
provides access lo the 1-byte upper and lower alarm (rigger registers (Ty and Tp). The Ty and Ty
registers are nonvolatite (EEPROM), so they will retain their data when the device is powered down.

DS18520-PAR BLOCK DIAGRAM Figure 1

Vey
PARASITE POWER
78 SRCOT 4-»| HeworrcontroL DS18520-PAR
H »
DG v
q—-l TEMPERATURE SEHSOR I
INTERHAL ¥, 64-81T ROM
“ 1ol an0
t-wlre PORT ALARM HIGH TRIGGER (Tw)
g Cor SCRATEHESD q"l REGISTER (EEPRON)
4_,' ALARM LOW TRIGGER {T.}
REGISTER (EEPROM}
GND :
d—b-l S-BIT CRC OFNERATOR |
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NSI8520-PAR

PARASITE POWER

The DSI8320-PAR’s pasasite power circuit allows the DSIRS20-PAR 1o operate withowt a local external
power supply. This ability is especially useful for applications that require remole lemperature seasing or
that are very space constrained. Figure | shows the DS18820-PAR’s parasile-power control circuilry,
which “steals” power from the 1-Wire bus via the 12Q pin when the bus is high. The stolen charge
powers the DS18S20-PAR while the bus is high, and some of the charge is stored on the parasiic power
capacitor {Cpp} to provide power when the bus is low,

The 1-Wire bus and Cpp can provide sulTicicnt parasite power (o the DS18820-PAR for most operations
as long as the specilied liming and voltage requirements arc mel (refer o the DC ELECTRICAL
CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this data sheet).
However, when the DS18S20-PAR is performing temperature conversions or copying data from the
scratchpad memory lo EEPROM, the operating current can be as high as 1.5 mA. This corrent can couse
an unacceplable voltage drop across the weak 1-Wire piltup resistor and is more current than can be
supplied by Cpp. To assure that the DSI8520-PAR has sufTicient supply curreni, i is necessary lo
provide a strong pullup on the 1-Wire bus whenever lemperalure conversions are laking place or data is
being copied from the scralchpad to EEPROM. This can be accomplished by using a MOSFET 1o pull
the bus dircetly to ihe rail as shown in Figure 2. The |-Wire bus must be swilched o the sirong pullup
within 10 ps (inax) afler a Convert T [44k] or Copy Scratchpad [48h] command is issued, and the bus
must be held high by the pullup for the duration of 1he conversion {t.u) or dala transfer (I, = 10 ms).
No other activily can take place on 1he 1-Wire bus while the pullup is enabled.

SUPPLYING THE D518520-PAR DURING TEMPERATURE CONVERSIONS
Figure 2

Viu
Cl DSI18S20-PAR
Mi Vrg o 02
Icro-
Processor 47K $
. To Oiher
13\ lreus 1-Wire Devices

COPERATION — MEASURING TEMPERATURE

The core functionality of the DS18S20-PAR is its direcl-to-digital temperature sensor. The lemperature
sensor outpul has 9-bil resolution, which corresponds to 0.5°C steps.  The DS18S20-PAR powers-up in a
low-power nlle state; (o iniate a temperature measurement and A-to-D conversion, the master must issue
a Convert T [44h] command. Following the conversion, the resulting (hermal data s slored in the 2-byte
temperature register in the scraichpad memory and the DSI18520-PAR remms to its idle stawe. The
DS18S20-FAR outpul data is calibrated in degrees centigrade; for Fahrenheil applications, a tookup table
or conversion routinec must be used. The temperaure dala is stored as a 16-bil sign-cxlended two's
complement number in the lemperature register (see Fignre 3). The sign bits (S) indicale if the
tempernlure is posilive or negative: for positive numbers S = 0 and for negative numbers S =1, Table 2
gives examples of digital oulput data and the corresponding lemperature reading,

Resolutions greater than 9 bits can be calculated using the data from the tempemture, COUNT REMAIN
and COUNT PER °C registers in the scratchpad. Note that the COUNT PER °C register is hard-wired to
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DSI18520-PAR

16 {10h). Afer reading the scratchpad, the TEMP_READ value is obtained by truncating the 0.5°C bit
{bil 0) from the temperaiure data (sce Figure 3). The ¢xtended resolution temperature can then be
calcafated using the following equation:

COUNT _PER_C'—COUNT _REMAIN
COUNT _PER_C

TEMPERATURE =TEMP _READ-0.25+

TEMPERATURE REGISTER FORMAT Figure 3

bil 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit I biLl
Lseyte] 2° [ 2 [ 2 T 2 ] 22 | o | 2 [ 27
bil 15 bil 14 bit 13 bit 12 biv 11 bit 10 bit 9 bit B

msByte] s | s [ s | s | s | s | s | s

TEMPERATURE/DATA RELATIONSHIP Table 2

TEMPERATURE DIGITAL OUTPUT DIGITAL OUTPUT
(Binary) (Hex)

+85.0°C* 0000 0000 1010 1010 00A AR
+25.0°C 0000 0000 0011 0010 00321
+0.5°C 0000 0000 0000 0001 0001h

oeC 0060 0000 0000 0000 0000h

-1.5°C ITLE LT dTEL 3Lt FEFTh
-25.0°C 11 1E1L 1100 4110 FI'CEh
-55.0°C FITE 11T 1001 0010 FF92h

*The power-on reset value of the tempevature register is +85°C

OPERATION — ALARM SIGNALING

Alier the DS18S20-PAR perfonms a temperature conversion, the lemperature value is compared to the
user-defined two's complement alarm wrigger values stored in the )-byte Ty and Ty, registers (see Figure
4). The sign bil (S) indicates if the value is positive or negative: for positive mimbers § = 0 and for
negalive numbers S = 1. The Ty and Tp registers are nonvolatile {(EEPROM) so they will relain dala
when the device is powered down. Typ and T can be accessed through bytes 2 and 3 of the scratchpad as
explained in the MEMORY section of this datasheet.

Ty AND Ty REGISTER FORMAT Figure 4

bit 7 bil & bit 5 bitd bit 3 bit 2 bit i bit 0
[ AN A D ARA/F | P |

Only bits & through 1 of the temperature register are uscd in the Ty and Ty comparison since Ty and T,
are B-bit registers. [T the result of a temperature measurement is higher than Ty or lower than Ty, an
alarm coudition exists and an alarm flag is set inside the DXS18526-PAR. This flag is updated after every
temperature measurement; therefore, ifihe alanm condition gocs away, the flng will be tumed off after the
next temperalure conversion.

The master device can check the alann flag status of all DS DS18520-PARs on the bus by issuing an
Alarm Searciy [ECh] conumand. Any D518520-PARs with a sct alann (lag will respond (o the command,
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DS18520-PAR

so the masler can detenmine exactly which DSI18520-PARs have experienced an alarm condition, I an
alam condition cxists and the Ty or Ty seltings have changed, another (emperature conversion should be
done (o validate the alarmy condition,

64-BIT LASERED ROM CODE

Fach DS18S20-PAR contains a unique 64-bil code (see Figure 5) stored in ROM. The least significant 8
bits of the ROM code contain the DSI18520-PAR's 1- wire family code: 10h. The next 48 bils comtain a
unique scrial sumber. The most signilicant 8 bits contain a cyclic redundancy check (CRC) byte that is
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC GENERATION section. The 64-bit ROM code and associaled ROM function conlrel logic
allow (e DSIRS20-PAR 10 operate as a 1-wire device using the prolocol detailed in the 1-WIRE BUS
SYSTEM section ol this dalasheet,

64-BiT LASERED ROM CODE Figure 5
[ $-BI1 CRC | 48-BIT SERIALNUMBER | 8-BIT FAMILY CODE (10h) |
M5B LS8 MS3 LS MSD LSB

MEMORY

The DS18520-PAR’s memory is organized as shown in Figure 6. The memory cousists of an SRAM
scralchpad with nonvolatile EEPROM storage for the high and low alann trigger regislers (T and Ty).
Note that if the DS18520-PAR atarm function is not used, the Ty; and Ty registers can serve as general-
putpose memory. All memory commands are deseribed in detail in the DS18520-PAR FUNCTION
COMMANDS seclion.

Byte 0 and byte | of the scratchpad contain the LSB and the MSB of the temperature regisier,
respeclively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty registers. Bytes 4
and 5 are reserved for internal use by the device and cannot be overwrilten; these bytes will return all 1s
when read. Byles 6 and 7 contain the COUNT REMAIN and COUNT PER °C registers, which can be
used lo calculate extended resolution resulls as exphained in the OPERATION — MEASURING
TEMPERATURE section. Byte 8 of the scratchpad is read-only and contains the cyclic redundancy
check (CRC) code lor bytes 0 through 7 of the seratchpad. The DS18520-PAR srencrates this CRC using
the method desceribed in the CRC GENERATION section.

Data is wrilten to byles 2 and 3 of the scratchpad using the Write Scratchpad [4Eh] command; the dala
must be transmilted 1o the DSI8S20-PAR slarling with the least significant bit of byte 2. To verify dala
integrity, the scratchpad can be read (using the Read Scratehpad [BEL] command) after the data is
written.  When reading the scratchpad, dala is transferred over the 1-Wire bus starling wilh the least
significant bil of byte 0. To transfer the Ty and Ty data Irom the scratchpad to EEPROM, the imasler
musl issue the Copy Scratehpad [48h] conumand.

Data in the EEPROM regisiers is retained when the device is powered down; at power-up the EEFROM
data is reloaded into the corresponding scratchpad locations.  Data ¢an also be reloaded from EEPROM
to the scratchpad at any time using the Recali £ [B8h] command. The master can issuc “read time slots”
{sce the 1-WIRE BUS SYSTEM scction) following the Recall E* command and 1he DS18520-PAR will
indicate the status ol the recall by transmiiting 0 while the recall is in progress and 1 when the recall is
donc.
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DSISS20-PAR

DS18520-PAR MEMORY MAP Figure 6

SCRATCIIPAD (Power-up Slalc)
byte 0 | Temperature LSB (AAI\} (85°C)-

byte | | Temperature MSB {00h) EEPROM
byte 2 | Ty Register or User Byte 1* <—»| Ty Regisler or User Byte |
byte 3 | Ty. Register or User Byte 2* 4—»| T Register or User Byie 2

byte 4 | Reserved {FFi)

byte § | Reserved (FFh)

byte 6 [ COUNT REMAIN (0Ch)
byte 7 [ COUNT PER °C  (10h)
byte 8 | CRC*

*Pouvr-up state depends on value(s) stored
in EEPROM
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+5V-Powered, Multichannel R§-232

Drivers/Receivers
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