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ABSTRACT

~

A POWER MOSFET for an induction heating system with various resonance
frequencies is proposed. The various resonance frequency for the POWER MOSFET
worked is controlled by Computer. The principle of the Induction Heating is that
operating resonance frequency for POWER MOSFET kept the maximum current. The
computer will be locked resonance frequency for POWER MOSFET worked under

resonance frequency.
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=-2ja’H, =0
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H,(y) = A, exp (ky)+A, exp (-ky)

(2.10)

(2.11)

(2.12)
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H,(y) = H,, exp (-ky) exp (jot)
H,(y) = H,, exp (/2] ay) exp (jot)
ua 2j =+(1+]) S
H,(y) = H,, exp (- ay (1+]j)) exp (jot)
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H,, exp (- oy) cos (0t—oy)

H,(y)

(2.13)
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(2.16)
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B,(y) = B, exp (- ay) cos (wt—o0y) (2.18)
TGERRG) ¥ = curl(H) ‘ | (2.19)
HEAIT J,=- 8;)1; k; J,=0; J,=0 (2.20)

7, { 2j exp (- J_+Jwt)} Lk @.21)

3, ={ a2 exp ( oy (1+j)+j ot +j§)} H_k 222
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Huldannlsngmsalfa  uazenanuMUILUATINT  ARNTOMAINTZIANATINADHUILAIIY
9 o "y
o1 1Adail
1="J, (y) dy(x1) (2.28)

I=j0“J°m exp (- ocy) cos ( a)t-ay)dy

1=1,, Re[ [Texp (j wt-(1+3) ay) ey

I=J,.Re

| (1+))

I=—’Iﬂ“— cos (@t - n/4)

V2 o
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PNHANAVVDITUNTTN (2.28) a:wnimszuﬁwasmﬂ:nnunﬁ'anuammUn%zﬁquu‘lﬁéﬁ

¥ ] 'A ) ]
wiauavesnunuuniunszuaiinieg /A4 uAdn

J,. = a2 H,, exp (jn/4) (2.29)
A 1= o2 H,, exp j( wt-7/4) exp [(j m/4)]/ 02

I= H_ exp(jot) (2.30)
anzdiuedy I= H_cos ot @231

o A . | PR ) 1 & eda &
NAUNITN (2.31) WINUMINTLUARDVNUIAININIUA UNMNLANNIVUTUIVUHUNANNHT K

s ooty
aepndeaiungrhiuadinn

§ﬁ d1=1 (2.32)

nie I= H,_cos ot

o

" A a Py ' a y 4 ° ] o
ﬂ‘lﬂﬂﬂaTnJ11“Ollfﬁ3llﬁ1ﬂalu‘nuﬁ1uﬂaiﬂﬂﬂﬂ')’ln5ﬂu‘Uu ﬂ']aqqmlaﬂmﬂ 1 MITNILAT N

]

- -y = t
HIFUITUITUM

P, = _[0" p 12(y) dy (x1) (x1) (2.33)

4 Y

A ' ﬂ - v & o
deennauruniunssuaudsmunaniuseaw lumsmmmagyde revilaiiuil 3wmea

’ a o o Y a 2
MAUR[SNIRT 1 AuNWaAUNIIN (2.33) i]»llﬁu

T poo
P, =% 2 Io J.o exp (-2 ay) cos? ( ot-oy)dy dt (2.34)
P, =§ 12 exp (-2 ay) dy (2.35)
__P
B 4 Jom
_Pd
R=7 Tom
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LADIN o] = V2Ha| _2H,
om| 6 - 5
P =% H2 (2.36)
P
2= 1-exp (-2 ay) 2.37)

Tavii H, fomiediduiea ver Hyy, 6116 Py AofmdsgmRtuesiuauaniate
seduANan y  dadauved Pgy iy P AR 237)  waranuduiusszIn
daduves Py uay Py fudaduvesszormennAuara miniaa fglize v
AL NMaD aunsamamdnTmmuniminsmdenilanusauazaus

A " P o g o o y
waoumu i fifanardndauuiiminaandnn 1ddedl

o= B, (y) dy

A

» .
P oA o

[] L4
507 29 anwduiusszuinmdiguidoaeiuiiafussuznnRaFusu
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¢ =Real [ /,LHomI: exp (j cot-(1+j)) dy]

H
¢=u—°‘“ cos ( wt-m/4)
a2
d
Hazn E= N—¢
dt
N '
E =-gtx . sin ( wt-7/4)
a2
H No
E=B e 2@ o (wt-m/4)
a2
Hg. I, 3nd
leakage flux ¥
1
Vx
VYoliage drop
associated with
leakage of Nux l ¥
from coil Voltage drop associated v

with resistance of coil R

(2.38)

(2.39)

(2.40)

(2.41)

»

{ v o o 1 ]
31f 2.1 wlenwes lnesunsuuaannuduiuiseninnuduauanmiman

fuussdulunsdifidivaaiahigaund
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d°H 1dH .., _ 2.42)
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=a.

Tao k = J—%ﬁ = 2 0?j (2.43)

H = Al (kr)+B1I, (kr) (2.44)

1 4 [ ?
nadnsvosaumsiiozeglugll Bessel's Function laoligduvudeaumsn 2.44) Tavdi I,
uay K, f9 Bessel's Function sudugud A uaz B flemail vinnadwiluaums (244)

") v Ao 4 2 oo & o o
ADININIAININIAN Tﬂmmuuau"l'u'ua'uum‘uawm1u1m'iﬂmmﬂi:uaﬂ Fave lAnail

r

H _  ber V2 o+ jbei V2 ar

2.45
H,  ber 2 aR+jbei V2 aR @4)

$ " d da : o :
Taofi Hy - Aeanuduaumumimdnfimifuaues By flo anwduauumivand

v »
TUT x mnf,futfﬂammam nasmNT 0N m'mmamnmuuunszua"lﬁ'mu

ber's/far+jbei 'V2 ar

J, =2aH 2.46
j “ber 2 o R + jbei 42 &R (249
J, ber 'v2 ar+ jbei V2.0t
randh 3 (2.47)
Jr ber 'v/2 a R+ jbei 'v2 aR
J (ber V2 ozr)2 +(bei V2 ()tr)2
- = (2.48)
Ix (ver 'v2 aR)’ +(bei 'vZ aR)’

vnanadeduannsonganwduiuives |[1,/7,]  fu 1/6 Tasli  R/$S

o a o i o v o o
Hudmnsiiined dagalfi 213 uazannsaiddngaunuimannas i ldfeauns (2.50)

6 = [2 muHg r] bei'v2 ar-jber V2 ar (2.49)
' Na ber\/_2_ar+jbeiw/§ar .
2 wpuH, R bei'v2 cR-jber'v2 aR
b = — (2.50)
o ber v2 a R+ jbei +2 aR
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0. = uHp, A, (a-ip) = 0,-9, @.51)

Tﬂa'ﬁ q= «/f bei ﬁaRber ﬁaR—ber «/EaRber ﬁa 2.52)

aR ber 242 R+ bei? 42 R

p = V2 bei'\/—2-aRberx/§aR+ber'x/§aRberx[2-a (2.53)
aR ber 24/2 R+ bei® ¥2 &R )

uay A. = nR?
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— = 27p o H, | . _ (2.55)
1, 0 ber’2 aR+bei’v2 aR
P, _ JZrpoaH, R ber«/EaRberZ«/EaR+be:/§aRbe1 J2aR (2.56)
1, ber’+/2 aR +bei \/EaR\
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'
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9 2.15 wlawed laezunsuveaTinwang



[ =] =

L d
wioamsolouaums 2.56) Tmildmasgdeveadunuminy

P, =unfH; 1 A,p (2.57)

=

y [] L4
niomdsgaufuaonuifizunu P, = unfH;,

s

P (2.58)

N |

o o Ay o a”
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T ] 2 o o a o
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20 0 = L (2.59)
\/un f

4 1 2 o
ADAINNUANHT

=n.

Tay
-} ] 1Y ]
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foAIAIINFUAIVYDITUIU
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fosanuan iy
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Amsusuandiduuialanensanssvensedl R
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]
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fnssualvaniuduau NI, mdasingiyuamnesiia
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P, = unfH; 1A,p (2.63)
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OVER CURRENT PROTECTTION AND CURRENT SENSER FOR ADC. CIRCUIT
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CONTROL WORD

D7 | Os | Ds | Da | D3 | Dz { D1 | De

GROUP B

PORT C (LOWER)
L~ 1 = INPUT
0 =« QUTPUT

PORT®S
1 = INPUT
0 = OUTPUT

Y

MODE SELECTION
> 0 = MODE O
1 = MODE 1

GROUP A

PORT C (UPPER)
1 = INPUT
0 = QUTPUT

\

PORT A
»1 1 = [NPUT
0 = OUTPUT

MODE SELECTION
00 = MODE 0
™| 01 = MODE 1
1X = MODE 2

- MODE SET FLAG
1 = ACTIVE
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4.3 D/A ABMIBININDS (Digital to Analog converters)
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4.4 A/D nowunesines (Analog-to-digital converters)
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1 4 1
19100 Inverter) M idyqa T/C fneawsadinedn "1
i
o o & A [ 1 1
dmsudyanuilszuemmsadiod o luinlunmsdsiudoyavosvuiums pMA  Tuuy
& o do iKY o \I o S e
walauyuuuanias  asumudauiidiua Taoi? ludrdygnafisrgnldlunisdy
oo L 9/ v 4 o/ ay a8 ] J
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o A 4 . < 4 g &
Fugnu DACK eldamisonswldn dygre T fdedwindudyapavewsuuuale

o d' e.’a, e 1 a' é
dwsulurunuafl dudyans T/C szuoafiviiuginariinedie yn 9 990.804 millisec. Fahfo

Hranafi ¥ lumss nlsrvmiienus1vuIa 64 byte Mo

Yaveaviasn g vlussszuy

+5Vdc (V1 B3 tag B29) ; ‘
Y1vApanonuuaInie’l DC +12v vos: vy Taveclinnnuiiunsy Regulated) 5%

foogluvae +4.75 f3 +5.25 Vde
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+12Vdc (v1 B9) |

v .
Wilvzdetuumnaesio i DC12v vesszuy Taveslinnuifioinss (Regulated) 5% NooYy

U39 +11.4 D8 +12.6 Vdc

-5Vdc (V1 B5) ;

a e Vot ) P A '
ﬂlTuﬂzﬂﬂﬂUllﬁaQﬂ']leVl DC -5V 9933211 Iﬂﬂ%zﬂﬂ’lﬂ'ﬂnnmﬂﬂiq (Regulated) 10% fnooy

1929 -5.5 09 4.5 Vde

-12Vdc (v1 B7) |

gl’l 1 o \J 1 o0 :: -
ariiszasfuunainis’ i DC -12v vesszuy laoazlininmmiednsa (Regulated) 10% A9

oy 11933 132 57°-10.8 Vde

GND (11 B1, B10 uag B3) ;

[ 4 L4
o o 4
‘U']‘}Nﬁ'luﬁﬁgﬂ'm‘l!l"lﬂUﬂiTJﬂ'(Ground) YOIV

(o9
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(3 a o 4 a a -
PC/XT szviimsiuiuaienuumuveiaduiiu s afon samAnfifiegfivs 5 afonuu IBM PC
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Y 1 o‘l' o o o XY ) -
Taomssadygnuan 9 luite 8 afoaszdenamiloudvlu BM PC vauadygnu an 9 fiee

' o o : & (R o ' g o g
gﬂﬁaﬂaﬂmuwwmﬁﬁamﬁ 8 UU %:Qﬂﬂaﬂm’)wi‘wm:uﬁ (Buffer) NOU l!agiuﬁaﬂﬂﬂ 8 UV
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AU 8 YR 91NN A/D vi’ﬁmmamuacmmamﬁnmaaﬂmmmdnuﬂszmawa uasﬁﬂﬁnn

as 1 1 o a 4 1o o
neserdndyan VF aold aaumein € %zﬁf]uauvmua:Lamﬂﬂﬂw:maﬂgmu'lmﬂiusqu‘lﬁnn

4 q9 ¥ 7 y
2993 A/D tivo Winsdadeyard 1dgndosaziminzay

TN 4]
Hex Range Usage

000-00F DMA Chip 8237A-5
020-021 interrupt 8259A
040-043 Timer 8253-5
060-063 PPi 8255A-5
080-083 DMA Page Register

0AX NMI Mask Register

0CX Reserved

O0EX Reserved
200-20F Game Control
210-217 Expansion Unit
220-24F Reserved
278-27F Reserved
2F0-2F7 Reserved
2F8-2FF Asynchronous Communications (Secondary)
300-31F Phototype Card
320-32F Fixed Disk
378-37F Parallel Printer
380-38F SOLC Communications
3F0-3AF Reserved
3B0-3BF IBM Monochrome Display Printer

- 3C0-3CF Reserved

3D0-3DF Color Graphics )
3E0-3E7 Reserved
3F0-3F7 Diskette
3F8-3FF Asynchronous Communications {Primary)

At power-on time the Non Mask Interrupt (NM1) into 8088 is masked off.
This mask bit can be set' and reset via system software as follows.
Set mask write hex 80 to I O Address hex AO (enable NMI)0

Clear mask write hex 00 to I O Address hex AO (disable NMDO
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a 1 _aa Y v oa
ﬂ]ﬁu.'aUuﬂ]ﬂ%ﬂﬁ)aﬂﬂﬂ“ﬁﬂﬂu@uﬂﬂ

D A\ D v D v D A% D v
0 0.00 1 0.04 2 0.08 3 0.12 4 0.16
5 0.20 6 0.24 7 0.27 8 0.31 9 0.35
10 0.39 11 0.43 12 0.47 13 0.51 14 0.55
15 0.59 16 0.63 17 0.67 18 0.71 19 0.75
20 0.78 21 0.82 22 0.85 23 0.90 24 0.94
25 0.98 26 1.02 27 1.06 28 1.10 29 1.14
30 1.18 31 1.22 32 125 33. 1.29 34 1.33
35 1.37 36 1.41 37 1.45 38 1.49 39 1.63
40 1.57 41 1.61 42 1.65 43 1.69 44 1.73
45 1.76 46 1.80 47 1.84 48 1.88 49 192
50 1.96 51 2.00 52 2,04 53 2.06 54 2.12
55 2.16 56 2.20 57 2.24 58 227 59 2.31
60 2.35 61 2.39 62 2.43 63 2.47 64 2.51
65 2.55 66 2.59 67 2.63 68 2.67 69 2.71
70 2.75 7 2.78 72 2.82 73 2.86 74 2.90
75 2.94 76 2.98 77 3.02 78 3.06 79 3.10
80 3.14 81 3.18 82 3.22 83 3.25 84 3.29
85 3.33 86 3.37 87 341 88 3.45 89 3.49
90 3.53 91 3.57 92 3.61 93 3.65 94 3.69
95 3.73 96 3.76 97 3.80 98 3.84 99 3.88
100 391 101 3.96 102 4.00 103 4.04 104 4.08
105 4.12 106 4.16 107 420 108 4.24 109 427
110 431 111 4.35 112 4.39 113 4.43 114 4.47
115 4.51 116 4.55 117 4.59 118 4.63 119 4.67
120 4.71 121 4.75 122 4.78 123 4.82 124 4.86
125 4.90 126 494 127 4.98 128 5.02 129 5.06
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M3 42 (9) MmaAoumasaoa (D) Wunussdudunn (v)

P ' aa YK v a
mm]aﬂummmanumsmﬂuauﬂn

D Vv D v D v D Vv D v
130 5.10 131 5.14 132 5.18 133 522 134 5.25
135 5.29 136 5.33 137 5.37 138 541 139 5.45
140 5.49 141 5.53 142 5.57 143 5.61 144 5.65
145 5.69 146 573 147 5.76 148 5.80 149 5.84
150 5.88 151 592 152 5.96 153 6.00 154 6.04
155 6.08 156 6.12 157 6.16 158 6.20 159 6.24
160 6.27 151 6.31 162 6.35 163 6.39 164 6.43
165 6.47 166 6.51 167 6.55 168 6.59 169 6.63
170 6.67 171 6.71 172 6.75 173 6.78 174 6.82
175 6.86 176 6.90 177 6.94 178 6.98 179 7.02
180 7.06 181 7.10 182 7.14 183 7.18 184 7.22
185 7.25 186 7.29 187 7.33 188 7.37 189 7.41
190 7.45 191 7.49 192 7.53 193 7.57 194 7.61
195 7.65 196 7.69 197 7.73 198 7.76 199 7.80
200 7.84 201 7.88 202 7.92 203 7.96 204 8.00
205 8.04 506 8.08 207 8.12 208 8.16 209 8.20
210 8.24 211 8.27 212 8.31 213 -8.35 214 8.39
215 8.43 216 8.47 217 8.51 218 8.55 219 8.59
220 8.63 221 8.67 222 8.71 223 8.75 224 8.78
225 8.82 226 8.86 227 8.90 228 8.94 229 8.98
230 9.02 231 9.06 232 9.10 233 9.14 234 9.18
235 9.22 236 9.25 237 9.29 238 9.33 239 9.37
240 9.41 241 9.45 242 9.49 243 9.53 244 9.57
245 9.61 246 9.65 247 9.69 248 9.73 249 9.76
250 9.80 251 9.84 252 9.88 253 9.92 254 9.96
255 10.00
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@onA C =01 JF  uazaums (3.10)
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VR
10K

ST
oK
717 5.6 1995 VF

FGHz) | V) |F®HD
66.67 3.00 76.92 6.51 100
0.577 66.67 3.54 81.63 7.06 108.1
1.042 66.67 4.04 84.03 7.54 111.1
1.633 67.79 4.55 88.89 7.96 111.1
1.98 68.96 5.02 90.90 8.13 R
2.00 68.96 5.55 95.23 8.31 11Ed
2.50 74.07 6.03 99.50 8.63 111.1
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ISOLATED AMPLIFIER FOR ADC AND DAC

1 4 1 4 )
135 Isolated Amp. flafavuiitonen Ground ¥03 Computer 99N INNITAIUAN Iﬂﬂ_
s [ o
9 fiuMANN13 VDY Optoisolation MuTnsaam1Y Optoisolated 18T 4N26
=} o dy 9 o dv - (Y3 - B &
Taoiudnmaidesdusll  fo owomsdun/awenszug  LED  dniugulag
! & ] P
1NTYNYDI Amplifier (Op-Amp) 1UANNTENUVT base D3 Transistor Faagnwlu 4aN26 Slinsud
Tawin szt ldanuduvosasiiliannsenuv base 9211 Transistor &Sy luneaga ld
o o T “‘: © ’ . o A
Russduomiynannson R geawlfw mniu sxihhid12993 Noninverting Amp.  1iev010

1399181819710 Optoisolator @480 Out Put Ao 1)

b13

INPUT FORR
CURRENT SENSER R
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1 OFFSET! ; 23%
) ) OFFSET2
T =T
P:
Q- 8k

U7 5.12 Isolated Amplifier for ADC

1 4
p/a  lulnseaufingnnisved 2R-Ladder 1AuHINI4DS Noninverting Amp. 1Aull Gain
& A 3 L . P A e b
Y0 Ay = ( 1+R¢ /R;) V;  nazsidoadiundannes biussduiinigiga dio Py Py iy
5 Y ¢ J ' < -y = 5 3 I :1; ' o
High Lifussfuoniymiawiiiy 800 v uaz Py -P; Haulu Low hinssdumniyniaumiy
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R14

NOTE:R:-RO=20K
R1S Ro-issiak
R16
gﬂ'ﬁ 5.13 Isolated Amplifier for DAC

Po Py Pg P3 Py Ps Pg P7 Vo
H H H H H H H H 8.00
L L L L L L L H 4.03
L L L L L L H L 2.00
L L L L L H L L 1.00
L L L L H L L L 0.50
L L L H L L L L 0.25
L L H L L L L L 0.12
L H L L L L L L 0.06
H L L L L L L L 0.03
L L L L L L L L 0.00
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msesnuuunteulaslaads Area Product (Ap)

Tui 1
- MHUA ] = 4 A/mm2
- IHUA K = 025
Juil 2
Bpax =0.1T, fg=50KHz, P=1kW
A e 100000 mm?
= = mm
P = 57%0.1X0.25X 4 X 50 kHz
{1’ -}
@Aonunu EE-70 M Ap 1NN T8A7 W = 492 mm2- S =222 mm?2
wuil 4
. 200
9IUIUOY NiLF = 45 tums
4 X 0.1X 222X 50 kHz
20
No» = = 4 tums
4X0.1X 222X 50 .kHz
o o~
dy s' ¥V o
VAT URNAAY0Ia IR
W = 0.25X 192 26 o
AW = Sy T Libmm
W = 025X 292
AW = TaixXas 15.37 mm
3 ¢ . + X 1.6 -
FUAIgUINANYEIVARIANI P = \TT = 1,22 mm

2 el c-‘
@URIgUINaIYDIVAAIANI Sec = N\ T e
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ncls

screen 9

color 0,9

line (2,2)-(637,346),19,b

line (150,170)-(450,290),7,bf

line (152,172)-(448,288),8,b

color 3l:locate 13,16:print"5.0"

color 3l:locate 21,16:print"0.0"

color 7:locate 8,32:print "[";date$;"]"
porta=&h300

portb=&h301

portc=&h302

out &h303,&H89

out &h303,8&H89

out porta,&h00

out portb, &h00

out portc,&h00

key (10) on

on key (10) gosub 100

color l4:locate 5,29:print " Induction Heating "'
color l4:locate 23,28:print "Press F10 then EXIT"
i=0:vmax=0

x1=153:y1=287

ch0=0

5

out porta,&h3c. ' select channel analog input
delay 0.05

out porta,&h3d ' start convertion adc
delay 0.05-

out porta,&h3e
delay 0.05

out portb,i
chO=inp(portc)

if ch0>255 then ch0=255
if chO0 > vmax then vmax=chO:i=i+l

out portb,i-1

'if ch0 < vmax then i=i-1

color 4:locate 10,23:print " Data is [";

color l4:print using " ##it#.## ";ch0*5000/255;
color 4:print "] millivolts."

color 4:locate 11,23:print " Max is [";

color l4:print using " ####.## ";vmax*5000/255;
color 4:print "] milliVolts."

color 23:lo¢ate 7,33:print "[";timeS;"]"
X2=x1+3

if x2>446 then x2=153:x1=153
y2=287-(ch0*112/255)

line (x1,yl)-(x2,y2),4:line (x2,173)-(x2+3,287),7,bf
x1=x2:yl=y2

goto 5

100

beep

end

read data form adc



Data Sheet No.'PD-9.4588

INTERNATIONAL RECTIFIER |JCAR

hEPETITIVE AVALANCHE AND dv/dt RATED*
HEXFET°TRANSISTORS IRFP450
IRFP451

N-CHANNEL IRFP4As2
IRFPA53

x

500 Voit, 0.40 Ohm HEXFET Product Summary
TO-247AC (TO-3P) Plastic Package

Part Number Vbs Rpston) o
"The HEXFET® technology is the key to International 1RFP450 500v 0.4052 1A
Rectifier's advanced line of power MOSFET transistors. IREP45] 450V 0.4092 14A
The efficient geometry and unique processing of the
*HEXFET design achieve very low on-state resistance IRFP452 500V 0.50¢2 12A
combined with high transconductance and great device IRFPA53 450V 0.505) 12A
_ruggedness.

The HEXFET fransistors also feature all of the well FEA -
established advantages of MOSFETSs such as voltage SRIPRES
control, very fast switching, ease of paralleling, and B’ Isolaled Central Mounting Hole

temperature stability of the electrical parameters. 23 ]
They are well suited for applications such as switching Repetitive Avalanche Ratings
power supplies, motor controls, inverters, choppers, H Dynamic dv/dt Rating
audio amplifiers, and high energy puise circuits. ) . )

B Simple Drive Requirements

B Ease of Paralleling

CASE STYLE AND DIMENSIONS 530(0.209)
\ s B8
25 (0.038) 3650140 0307
15.90 (0.626) ROU L S O | sw;(o 2
MAX. : \@_q k]
T 55010217, }: l R:r 2030 (0 800)
A 15010 177) 130010973
| o U TWO PLACES |
i |
L 20 30 (C.800) i}
- 08010032) J)&T;?Sl ! iaie I 1480 (0 543
oewns” ") 4300 170y 14 2000583)
22010087 . 1100 14%)
r MAX, 1 ? 3
24010 095) -
S I 1.40 10 056}
max a {2 mi“’”" I"“l"?ﬁ{gg}gi
14.80 (0.583) TEAM 1 - GATE
MAX, TERM 2 . DAAIN

TEAM 3  SOURCE
TEAM & - DRAIN

Conforms to JEDEC Outline TO-247AC (YO 3P)
Dimensions in Millimeters and {Inches)

* This data sheet applies to product with balch codes that begin with a digit, ie, 2A38

C-545



IRFP450, IRFP451, IRFP452, IRFP453 Devices

Absolute Maximum Ratings

Paramaer 1AFP4SY, tAFP4S5SY IRFP452, IRFPAS3 B Units
Ip® T¢ = 25°C Continuous Dran Cument 14 2
peTc- 100C Continuous Dran Cumant [ X bz A
om Buisec Oraun Current O { 56 4 A
Pp @ Tg = 25°C Max, Powsr Dissipation i 180 w
Lnew Derating Fastor i 1.4 Wik ®
vgs Gateto-Sourse Voltage 20 v
Eas Sngie Puise Avaiancne Energy a 780 m
(Ses Fig. 1)
lan Avsianche Current 2 . A
Bevetive o No~Aepetitve) (See EoR} Y
EaR 2eoetitve Avaianche Enegy < i 8 mJ
5 {See iag)
vt Beax Cioce Recovery owie 3 as Ving
{See Fgg. 17
Ty Soemrating Juncticn «£% 10 150 £
816 Sizrage “emderaise Aange
022 Temderaturs 30C (0083 = (1 &= trom zase tor 108) H *C
Electrical Characteristics @ Tj = 25'C (Unless Otherwise Specified)
Sra-eter Tite MR, Ty Var.  Jnis Tes: Conaimons
Breassiwc L2%Ge 00
{ - - v V35« W.ip = 250uA
* a5
(Bagiom) §107 S naSizy - FET-
< o8 Sane . D v3g e cOV.ig e70A
- L S 5C
i3, S--Suate Zram Soment f 3
] .
L2t LML AS - A ‘25> 'Dom * Soson Max.
Vag = WOV
: 8 38
VSEemy Se Thesn3S MIuge b - L] . ‘35 = Vgs Ip ¢ 250uA
¥ Fremars Tramsion 32 14 - STy Vog z NV.ingg « 794
33 Ir: Sae zmage T - ko +=g = Ma Raung Vgg = OV
5 - - > Aog e 28 x Mux Raing
va5 =V Ty e 1280C
20350 S2maT . - - ¢ 4 Vzg e 20V
tarape Srerse 1. - - 50 -4 vsg e -2V
I3 SXe Tt Aee - L1 a0 =S Mg e 'CV.p = ‘A
_ N e . o5 =08 x M Ranng
Sy ASS ' i S Seeig 6
S Srelac Ve Ttage = 43 % -< of sperating
s o A - ‘e ad =$  .2= e 280v.ip « 134 Rg = 810
1 . - - 5 e ]
age LY. - Ny X htd
" A - L] 5 -3 of cosraung
- Ao bl - == Mpas,ec hom the Sran Moaitrec MCSFET sympot
SACWING he nternal
ncuzlances o
=3 mema Rutte S0.3uNe Ace - 3 - S= Veasurec DM 1ne source | fas
€2 6= 0.25 4 from of +
sazeage it source L
Naang oag 3
Tas o lasasuanse Ae - X - 3= v3g = O\, Vpg = 28V
Toss S lasactance L. - 8% - e tdwm
vy peetse TS JISasUNe a - ] - M Seeg W0
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IRFP450, IRFP451, IRFP452, IRFP453 Devices

’
u gource-Drain Diode Ratings and Characteristics
3 Parameter Type | Min | Typ | Max | Unts Tew1 Conaiions
“lig ¢ Continuous Source Cumrent aL| - | - " A | Mocied MOSFET symbol showing the intsgral 3
{Booy Dreoe) Reverss p-n junction rectifier.
[ Puisec Source Current A | — - [ A ]
{Boay Dioce) © 4
Vs0 Dicoe Forward Votage @ ALL - - 14 v T_,-u-c,|s-vu.ves.uv
[ Reverss Recovery Time ALL | 280 | 580 1200 a8 [Ty = 25°C, 5 = 13A, 0Vt = 100 Ahs
OpA Meverss Recovery Charge ALL 32 &7 14 ut
ton Forwnrd Tun-On Time ALL IntnAsc turm-on time & neghgdia, Turncn soesd is subsiantally controlied by Lg + Lp-
i
Thermal Resistance
RensC Juncon-10-Case ALL - - 0.70 xwe
Rinct Case-1o-Sink ALL - 024 - wwG [ Mounting suripce flat, smooth, and greased
[N Juncuon-o-Ampent ALL - - « WD | Typical socket mount
Mountng Torque ALL - - 10 in.oIbe. | Stancwrd 6-32 screw
(D Revenie Rating: e wath imaed by @ 50 5 14A ova1 5 130ANS, @ ww = oW

MAXRTM UNCION LETOe RS (308 hgure 5}
Reler. 10 curent HEXFET selabitty repon

€ Vpp = V. Suamng Ty = 28°C.

L e 7.0me, Rg = 250 Seax | = 144

I, LRAIH CUBIENT  {AMPERES)

Vpp s BVpgs. Ty 3 150°C WK = WIC
Suggesiec Rg = 200

(D Puss wamh 3 300 us: Duty Cyce s 2%

i

v

Fig. 1 — Typical Qutput Characteristics
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Fig. 2 — Typical Transfer Characteristics



IRFP450, IRFP451, IRFP452, IRFP453 Devices
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E IRFP450, IRFP451, IRFP452, IRFP453 Devices
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Fig. 6 — Typical Transconductance Vs. Drain Current
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IRFP450, IRFP451, IRFP452, IRFP453 Devices
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v
[t

ORATH- TO SOINCE O BFSISTANCE
—

Mg (on) -

I~ DRaIN CURRINT aw32

-

Fig. 12 — Typical On-Resistance Vs. Drain Current

-
5

Vgge GATE-TO-SOURCE VOLTAGE {VOLTS)

Fig. 11

LA f Tob

(LS TRV R ]

Fig. 13

4
.

a5

:_-_f(
20 I = 134

Vpg = 400V
16 vpg * 250V |

Vpg * :oov7>
12 ’7/

r///

. 4

W4
T 1
|

‘ FOR YEST CIRCUIY .

- ___._J__

sEE FIGURE :f

0
) 25 50 -] 100 2
Sg T0T:L 3ATZ THARSE (nC)

i
— Typical Gate Charge Vs. Gate-to-Source Volup |
i

T e

— Maximum Drain Current Vs. Case Temperatu?



IRFP450, IRFP451, IRFP452, IRFP453 Device
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{ Fig. 148 — Unclamped Inductive Test Circuit 2
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Fig. 152 — Swilching Time Test Circuit Fig. 15b — Switching Time Waveforms

Fig. 163 — Basic Gate Charge Waveform Fig. 16b — Gate Charge Test Cireuit



IRFP450, IRFP451, IRFP452, IRFP453, Devices
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-+OTOR
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TECHNICAL DATA

6-Pin DIP Optoisolators
Transistor Output

4AN25

4AN25A
4N26
aN27

These devices consist o' » golluum ide infrared ing diode opticalty lod
o8 tithic silicon pl d 4N28
® Convenient Plastic Dusl-in-Line Package
o Most Economical Optoisolstor
e High input-Output Isolstion Guaranteed — 7500 Vohs Peak
o Meets or Exceeds All JEDEC Registered Specifications S-PIN DIP
® UL Recognized. File Number E52915 ) OPTOISOLATORS
® VDE approved per standsrd 0883/6.80 (Certificate number 41853), with sdditionat TRANSISTOR OUTPUT
apptoval to DIN 1EC380°VDEDBOE, IECA35VDEDBOS, IECE5VDEDSS0, VDE110b,
il other standards with equal or iess stringent requirements, inciuding IEW@ z -
VDEQ113, VDEO160, VDEDS32, VDEOS3, etc. oy
® Specis! lgad form available {add sutfix T to pm numbor) which satisfies VDEDSSY
6.80 requirernent for 8 mm minil pag input and output
solder psds.
¢ Various isad form options svailable. Consult “Optoisol Lead Form Options” data
sheet for details. .
CASE 730A-82
MAXMUM RATINGS (Tp = 25°C unless otherwisa'noted) AT
[ Rating [ symbot | vaie | uem |
INPUT LED SCHEMATIC
Reverse Volage v 3 Ves
Forward Currgnt — Continuous ¥ ® mA
LED Powst Dussipetion @ Ty = 25°C o 120 mwW
with Negligidle Power i Output Derector 1 s
Derste above 25°C 1.4 L e
OUTPUT TRANSISTOR .
Colwector-Emmer Vohiage veeo 0 Vohs : 5
Emmaee-Coliecior Vorage VECD ? Vois 4
Colecior-Base Voitage veBo 0 Vol o=
Coliecaor Current — Contmous ic 150 mA
Detoctor Power Dsoatron € T4 = 25°C Pp 150 mw
with heghp e Power in Input LED
Derate sbove 25°C 176 L a 1. LED ANODE
AMOOE *
TOTAL DEVICE :ﬂ
solsnon Surge Vorage (1) viso 7500 vae & EMTTER
{Pezk a5 VoRape. 63 Ho 1 sec Durstion) iﬁ:ﬂm
Tota! Device Power Dusipation § Ta = 25°C fp %0 mw
Deran above 25°C 294 mwre
Ambent Ope-sting Tempersture Range Ta -E510 « 100 <
Storsge Temoersture Range Tq - w <10 <
Sotoenng Tempecsture (1€ sec. 116 from case) Teot 260 <

11) Molation SUrpt VORM? € N PTG’ Sevits Y-acIrg brostiitren Bng.
For Pus tst. Porg 3 0 2 o commmon, and Puws 4. § and § ave corveman.




4N25, 4N25A, 4N26, 4N27, 4N28

i ;1] E'"; i 3 =
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Figure 3. Collector Current versus

Ta AMBENT TEMPERATURE 1)
Figure 4. Output Current versut Ambient Temperaturs
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4N25, 4N25A, 4N26, 4N27, 4N28

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

| Charsctorietic [ Srmbot | Min | Typ | Max | U |
INPUT LED
Forward Vohage {if = 10 mA) Ta = 25°C Ve - 118 15 Velits
Ta = ~55C - 13 -
Ta = 100C 1.05 -
Reverse Leakage Current (Vg = 3V) L - - 100 mA
Capecitanca {V = OV, { = 1 M) (4] - 18 - oF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current AN25.25A26.27 0 - 1 0 nA
(VeE = WV, To = 25°C N8 - 1 100
(VCE = 10V, T4 = 100°C) All Devices \cE0 - ) N Py
Coliector-Base Dark Current (Veg = 10V} 80 - 0.2 - nA
Collector-Emittar Breskdown Vohsge fic = 1 mA) VBRXCED 0 3 - Vohs
Coliscior-Base Braskdown Volage (ic = 100 uA) V{BRICBO 0 100 - Volts
Eminer-Collector Breakdown Vohage (ig = 100 A} V(BRECO ? 3 - Venhs
OC Curremt Gain i = 2mA Vg = 5 V) heg - $00 -— -
Collector-Eminer Capacitance (f = 1 MRz, Vg = 0) Cce - ? —_ oF
Colisctor-Base Capacitance {f = | MKz vcg = 0) [<<"] - " -— pF
Eminer-Base Copecitence {f = 1 MHz, Vgg = 01 Ces >4 1] - pF
COUPLED
Output Collector Current (ip = 10 mA Ve = 10V} ic mA
AN25,25A.26 2 7 —_
| eN2128 1 $ -
Collector-Eminer Ssturation Vohspe (i = 2 mA If = 50 mAl VCE(san - 0.15 oS Vons
Tum-On Trme (I = 10 mA Ve = 10V. Ry = 100 0} Ton —_ 28 - ns
Tum-Off Time fiF = 10 mA Veg = 10V, AL = 1000) o — 45 - us
Mise Time (If = 10 mA Voe = 10V, R = 100 0) % - 12 - ns
Foll Time (I = 30 mA, Voo = 10V, R = 1000} 1] - 13 - s
Isoiation Vohage f = BOHZ 1 = 1 swc viso 7500 - —_ Vacipk)
isolation Resistance [V = 500 V) RO w0t - - n
Isolstion Capacitance [V = OV, f = 1 MH2) G50 —_— 02 - oF
TYPICAL CHARACTERISTICS
N PRASLRA Y e ]
L ----- PULSE OMLY .l E .
RILSE Of DC K [—— om0 R 20011 I 0 D
13 4 mlrE 111 TR A
E 1 ALY — FRETYES 1; ;1 T
& AT7 . i 1
- 273 7 =
a 1l 4 s I S Yo S
1 T
u Al g o H. n Z
§ AR Bl E EEERRy AR st
L L L4 ] 8 =
o - e " 4
# 1 4 o i E [ QTI']Iq "
Rl - ] > T PIT 1 L1
w = L] wn “u 2 . = L]
. LD FORWARD CURRENT dnil A LED BPUT CUREXT sl

Figure 1. LED Forward Voltage versus Forward Carrent




4N25, 4N25A, 4N26, ‘4N27, 4N28

¢ v x l:
T ——— T 11
i = N R f= 1
£l peal o R
s 5 A i“ ™ }\
-§) 4k g 1® \\ ‘\
e § Gl ] T NJ TH
g y’ dud 3 P ! LN
g| - % 4 Ccx =i
2uA ¢
] =
2 1A & l
L)
¢ 2 4 W2 oW o% uox o & oS x »
Ve, COULECTOREMTTEA VOLTAGE (VOLTS) V, VOLTAGE VOLTS)
Figure 8. DC Current Gain (Detector Only) ﬁm‘ﬁ.&mm\lﬂb’o
TEST CICUIT WAVEFORMS
Vet = 10V _4—_1_ WTRASE
' )
KRl =y N -wn ! :

L]
e smu 1 DREGORG A TOLRRAICRG /R N
we - s e
A= 1 e 1 COICRLIG DMENI0R SOt
b 3 DY 1 70 CENTIN OF LLAD WhEN FORMED
iy ey
§ CuRn
[ 1 sox P A
[~ e T
| ) %——1—5&-‘.
! T3
(7]
VT
T m
,- e S on [T
TR
./ io.ltu-e -num l, ._7‘; 1)
RALEE B
LURNBE i1/ a8 1O CASE TIoA-R2 7 13
PMASTIC e 2» ar |




ANS71A

5 .
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lg =60 ma

v
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FIGURE 11 « Couplar-Driven SCR

APPLICATIONS

The following circuits are presented to give the designer
ideas of how the 4N26 can be used. The’ circuits
have been bread-boarded and tested, but the values of the

FIGURE 12 — Opte Coupler In A Losd Te Logic Tranalstion

let output current must be at least 10 mA. To guarantee
10 mA of output current, the input current to the LED
must be 50 mA. The current limiting resistor R can be

circuit components have not been selected for opti

per over all temp

Figure 1] shows a coupler driving a silicon controlled
rectifier (SCR). The SCR is used to contro! an inductive
load, and the SCR is driven by a coupler. The SCR used
is a sensitive gate device that requires only 1 mA of gate
current and the coupler has a minimum current transfer
ratio of 0.2 so the input current to the coupler, IF, need
only be S mA. The I k resistor connected to the gate
of the SCR is uséd 1o hold off the SCR. The IN400S
diode is used to supress the self-induced voltage when the
SCR turns off.

Figure 12 is 2 circuit that couples a3 high voliage Joad
to a low voltage logic circuit. To insure that the voltage
to the MTTL flip-flop exceeds the logic-one level, the coup-

V-V
Joul ‘ﬁomtheequuionk-o—n:. If the power
supply voltage, V., is much greater than VE, the equation
v
foc R reduces to R» —.
0.05

The circuit of Figure I3 shows s coupler driving an
operational amplifier. In this application an a¢ signal is
passzd through the coupler and then plified by the op
wep. To pam an a¢ signal through the coupler with mini-
musm distorton, it is necemsary to bias the LED with a dc
current. The ac sgnal is summed witk the dc cument so
the output voltage of the coupler will have an ac and 2
d: component. Since the op amp s capacitively coupled
to the coapler, only the ac sgmal will appear at the out-
put.

rx = 10ma

WO

b Veur

a--e

FIGURE 13 o Conmiimg An AL Sepuel tn o0 Oprvinpayl Avaplifant




ANS71A

The circuit of Figure 14 shows the 4N26 being used as a dipde-diode coupler, the output being taken from the collector-
base diode. In this mode of operation, the emitter is left open, the losd resistor is connected between the base and ground,
and the collector is tied to the positive voltage supply. Using the coupler in this way reduces the switching time from
2103 ps 10 100 ns.

0.1 uF  Ovwut
Veut
v
Input ®
Puiee !
oSV - =
TGN '
o

0
1 10900 %100 A

FIGURE 14 ~ Using the AN2$ 25 » Disde-Diede Coupler

The circuit of Figure 15 is 2 dard two-

thot. with one transistor being the output transistor of the
coupler. The trigger to the oneshot i the LED input to the coupler. A pulse of 3 is in duration and 15 mA will trigger

the circuit. The output pulse width (PWQ) is equal 10 0.7 RC + PW) + 6 ;s where PW) is the input pulse width and 6

45 is the turn-off delay of the coupler. The amplitude of the output pulse is a function of the power supply voltage of the
output side and independent of the input.
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ADC0808, ADC0809

National ,
Semiconductor

With 8 Channel Multiplexer

General Description NG

The ADC0808, ADCOB09 data acqulsmon component Is a
monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel multiplexer and microprocessor
compatible control logic. The 8-bit A/D converter uses suc-
cessive approximation as the conversion technique. The

| converter features a high impedance chopper stabllized

comparator, a 256R voltage divider with analog switch tree
and a successive approximation register. The B-channel
multiplexer can directly access any of 8-single-ended ana-
log signajs. 3

The device eliminates the need for external zero and full-
scale adjusiments. Easy interfacing to microprocessors
is provided by the latched and decoded multiplexer ad-
dress inputs and laiched TTL TRI-STATE® outputs.

| The design of the ADC0808, ADC0809 has been optimized

by Incorporating the most desirable aspects of several
A/D conversion techniques. The ADC0808, ADC0809 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabi-
lity, and consumes minimal power. These features make
this device ideally suiled to applications from process and
machine control to consumer and automotive applica-
tions. For 16-channel multiplexer with common output
(sample/hold port) see ADC0816 data sheet. (See AN-247
for more information.

ADCO0808, ADCOBOQ 8-Bit pP Compahble A/D Converters

AtoD, D to Al

Features ' LEONE

R Resolution — 8-bits

B Total unadjusted error — = 1/2 LSE and +1LSB

R No missing codes

W Conversion time — 100 us

® Single supply — 5 Vp¢

| Operales ratiometrically or with § V¢ or analog span
adjusted voltage reference

K 8channel multiplexer with latched control logic’

B Easy interface to all microprocessors, or operales
“stand alone”

B Outputs meet T2 voltage level specifications :

® OV to 5V analog input voltage range with single 5V
supply

B No zero or full-scale adjust required

¥ Standard hermetic or molded 28-pin DIP package

B Temperature range —40°C to +85°C or —55°C ,to‘
+125°C -

8 Low power consumption — 15 mW

M Latched TRI-STATE® oulput

"SAR = ,S\JCCOSS!UK

Ap prusciwat i (‘Q;b%uf\j

Block Dlagram START . CL0CK ]
I
3 Maran 1717 = 71 ;
! END OF CONVERSION 4
o—r1 | CONTROL & VIMING | ——0 {ixTEARUIT) -4
| . ! .
o | 1 :
o— scHanNELS : I
3 ANALOG INPUTS — WULTIRLLXING I ;
o—1{ sWTCHES SAR. | 4 .
L—o - h
o—— =
::nmnnnou : " —o [ k
° | ) sate® Lo 1
ouTPUT
0
o— LATCH
~ } i wiren [ O
- e
g | s
L SWITCHTREE I
Ol I |
- |
3-8ITADDRESS | O—— |
O——di ADDRESS b s e e I
{ LATCH . ] l i |
svoness o p;conen | |
LATCH ENARLE I 1 F— 256R RESISTOR LADDER
| i
Veo GND RERp ner-) uTrUT
TRI-STATE® 13 8 reg o of Corp.
8-60
¥ *
-
£
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‘Absolute Maximum Ratings (Notes 1and2)

Supply Voltage(Voc)(Note 3)

¢ Voitage al Any Pin

6.5v

-03V10(VGG +0.3V)

Except Control Inputs

Yoltage at Controt inpuls

(BTART, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range

Package Dissipation at Tp = 25°C
Lead Temperature (Soldering, 10 seconds)

; .
'Electrlcal Characteristics

{‘comortor Spoclllclllom. Vee=5 Vo= VREF(+)- VREF( -)= GND, Tyins Tas Tyax and fo x = 640 kHz
" unless otherwlse stated.

=0.3Vto +15V

-85'Cto +150°C

875 mw
300°C

Operating Ratings (otes 1and 2)

Temperature Range (Note 1)
ADCO0808CY

ADCO0808CCJ, ADCOBOSCCN,
ADCO0B09CCN

Range ol Vo (Note 1)

TMIN S TASTMAX
-55'CsTas +125°C

~40°CxTp s +85°C
4.5Vpc100.0Vpe

Parameter Conditions Min Typ Max Units
i ADCO0808
v Total Unadjusted Error 25°C +1/2 LS8
{Note 5) Twmin 10 Tmax + 3/4 LS8
ADCO0809
Total Unadjusted Error 0°Cto 70°C +1 LSB
K {Note 5) Tain 10 Tmax 114 LSB
3, Input Reslstance From Ref(+) to Ref(—-) 1.0 2.5 kQ
I8
} Analog Input Voitage Range (Note 4) V(+) or V(~-) GND-0.10 Vee+0.10 | Voo
1
. VReF(4) Voltage, Top of Ladder Measured at Ref(+) Vee Vec+01 | V
( .
§ !ﬂﬁﬂi%'hﬁi’ Voltage, Center of Ladder Veol2-01 | Vegl2 | Vegl2+04) v
i :
i VRer(-) Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0 v
"1 Comparator Input Current f. =640 kHz, {Note 6) -2 +0.5 2 pA
&
I
,;Iectrical Characteristics
Dloml Levels and DC Specifications: ADC0808CJ 4. 5VSVccS5 5V, =65°CsTys + 125°C unless otherwlse noled
ADCOBOBCCJ ADCO0B0BCCN, and ADCOB03CCN 4,75 sVcgx5.25V, —~40°C=Ty< +85°C unless otherwlse nolod
Parameter Conditions Min l Typ [ Max l Unlts
ANALOG MULTlPLEXER
'orFu) OFF Channel Leakage Current | Voo =5V, Viy=5V,
{ Ta=25°C o 200 nA
' i Tamin 10 Tmax 1.0 uA
;lop,:(_, OFF Channel Leakage Current | Voo =5V, V|y=0,
Ta=25C - 200 -~ 10 nA
A TMIN to TMAX -1.0 ;AA
CONTROL INPUTS
Vingy Logical *1" Input Voltage Vee-1.6 v
Vin Logical “0" Input Voltage 1.5 \'
ey Logical *1" Input Current Vin= 15V 1.0 pA
) (The Control Inputs)
Tingy Logical 0" Input Current Vin=0 -1.0 #A
; (The Control Inputs)
;‘oc Supply Current foLx =640 kHz 0.3 3.0 mA

i
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ADC0808, ADC0809

Electrical Characteristics (continved) . dr

Digital Levels and DC Specifications: ADC0808CJ 4.5V sVcc<5.5V, —55°CsTys +125°C unless otherwlse noted .
ADCO0808CCJ, ADCOBOBCCN, and ADCOBOICCN 4.75 5 Ve £5.25V, - 40°Cs Ty < + 85°C unless otherwise noted - '+~

3

Parameter [ Conditions 1 Min | Typ J Max | Uniyy
4

DATA OUTPUTS AND EOC (INTERRUPT) L
Vouty Logical “1” Output Vol(ége lo= -360,A Vee-0.4 v
Vop'r(o) Logical 0" Output Voltage lo=16mA ’ 0.45 v
Vourm Logical “0" Output Voltage EOC | Io=1.2 mA 045 | 'y
lout TRI-STATE® Output Current Vo=5V 3 Yy
Vo=0 -3 A

Electrical Characteristics
Timing Specifications: Vo= Vaer(4)=5V, Vrer—)= GND, t;= 1;= 20 ns and T, = 25°C unless otherwise noted.

Symbol Parameter Condltions Min_ Typ Max | Unls
tws Minimum Start Pulse Width | (Figure 5) 100 |20 [
twaLE Minimum ALE Pulse Width (Figure 5) 100 200 m
1s Minimum Address Set-Up Time | (Figure 5) 25 50 mn
tn Minimum Address Hold Time | (Figure 5) 25 ns
t Analog MUX Delay Time R =00 (Figure 5) 1 25 | »

From ALE
the tho OE Control to Q Logic State C_ =50 pF, R_ = 10k (Figure 8) 125 250 | m
tiw toH OE Control to HI-Z Cy =10 pF, Ry = 10k (Figure 8) 125 250 |
te ‘ Conversion Time f. =640 kHz, (Figure 5) (Note 7). 90 100 116 - pl
e Clock Frequency 10 640 1280 | kK
teoc EOC Delay Time (Figure 5) 0 1 8+ 2us| Cloct
Perioa
Cin Input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE® Output At TRI-STATE® Outputs, (Note 12) 10 15 | “pF
Capacitance o] s
-

Note 1: Absolute maximum ratings are those values bayond which the life of the device may be impalred.
Note 22 All voltag are d with respect 10 GND, uniess otherwise speciiied. .-
Note 3: A zener diode exists, internally, from Vg to GND and has a typical breakdown voltage of 7 Vpc. N

Note 4: Two on-chip dlodes are tied 1o each analog Input which will forward conduct for analog Input voltages one diode drop below ground or one dlode o
greater than the Vi supply. The spec aliows 100 mV forward blas of either diode. This means that as long as the analog Vi does not exceed the spP)

“voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vpc 10 5 Vp input voltage range wiil therefore require a minimum e
o

ply voltage of 4.800 Vpi over temperature vari Initial toi and § g

Note §: Total djusted error includes offset, futl-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a 2010 o full-scate sdiv
However, if an alf zero code Is desired for an anslog Input other than 0.0V, or If a narrow full-scale span exis!s (for example: 0.5V 104.5V tull-scale) the reforenct
vollages csn be adjusted to achieve this. See Figure 13.

Note §: Comparator input current Is a blas current into or out of the chopper stabliized comparator. The blas current varies directly with clock lroquﬂﬂ"

has littie temperature dependence (Figure 6). See paragraph 4.0. e
Nots 7: The outputs of the data register are updated one clock cycie before the rising edge of EOC.
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anctional Description

Mg’: The devica contalns an 8-channel single-

anatog signa! multiplexer. A particular input chan-

s selected by using the address dacoder. Table |

powt (he Input states for the address lines to select any

"w‘, The address is latched Into the decoder on the

,,phlgh transition of the address latch enable signal.
o}

M TABLEI

[ SELECTED [ ADDRESS LINE
ANALOGCHANNEL [C [ B [ A
" INO N
T o I
o e IN2 T
A ING L] H|H
IN4 Hio]|t
INS H|L|H
IN6 Wt
IN7 H|H|n
CONVERTER CHARACTERISTICS
P Conveqter, IXSE

anh €3¢ 2
Moheat of this single chip data acquisltlon systems its
#atanalog-to-digital converter. The converter is dasigned

P4
to glve fast, acct:rate, and repeatable conversions over a
wlide range of temperatures. The converter Is partitioned
into 3 major sections: the 256R ladder network, the suc-
cesslve approximatlon register, and the comparator. The
converter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because ol its Inherent
monotonlcity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause osclllations that will be catastrophic for the
system. Additionally, the 256R network does not cause
load variations on the reference voltage.

The bottom resistor and the top resistor of the ladder
network in Figure 1 are not the same value as the
remainder of the network. The difterence in these
resistors causes the output characteristic to be sym-
metrical with the zero and full-scale points of the transfer
curve. The first output transition occurs when the analog
signal has reached + 1/2 LS8 and succeeding output
transitions occur every 1 LSB later up to full-scale.

i, e
The su'cr&;a";ive ﬁproxlmallon register (SAR) performs 8
iterations to approximate the input voltage. For any SAR

" type converter, n-iterations are required for an n-bit con-

verter. Figure 2 shows a typical example ol a 3-bit con-
verter. In the ADC0808, ADC0809, the approximation
technique Is extended to 8 bits using the 256R network.

CONTROLS FROM S.A.R.
L

REF(4)

.

TR $

»
AAA L @=AAA s
A A A4 I A AA4 T vy
e
<t

ne
8
x

-
=

Bl AA e AA pumadh
vavvﬁM sose

*
£l

10
. - COMPARATOR
INPUT

AEF(-) O——A

FIGURE 1. Resistor Ladder and Switch Tree
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ADCO0808, ADC0809

(RPN
e

‘Functional Description (continued)

The A/D converter's successive approximation register
(SAR) Is reset on the positive edge of the start converslon
(SC) pulse. The conversion Is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new starl conversion puise.
Continuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the rising edge of start
conversion.

The most imporiant section of the A/D converter is the
comparator. It s this section which Is responsible for the
ultimate accuracy of the entire converter. It is also the

¥

FULL-SCALE

19 IDEAL CURVE - ERROR = 1/2LS8

Lo NONLINEARITY = 1/2 18
B
NONLINEARITY = ~1/2 LS8
26RO ERROR = =174 LS8

(]
88 18 20 31 A8 S8 §n 1
Vi AS FRACTION OF FULLSCALE

A/D OUTPUT CO0E
=2

4
EJ=7

VIN

FIGURE 2. 3-Bit A/D Transfer Curve

\"-
. .';‘.’_)fw-i

comparator drift which has the greatest influence 5,,
repeatabllity of the device. A chopper-stabllized oon
parator provides the most effective method of satig
all the converter requirements. .

The chopper-stabilized comparator converts the D¢ Ingy
signal Into an AC signal. This signal is then fed througs
high gain AC amplifier and has the DC level restored, try
technique limits the drift component of the amplifier gieg
the driftis a DC component which Is not passed by thy k'
amplifier. This makes the entire A/D converter ext
insensitive lo temperature, long term drift and Input ofty
errors.

Figure 4 shows a typical error curve for the ADCO0S &
measured using the procedures outlined in AN-179,

bt
- 't
INFINITE RESOLUTIA
n PERFECT CONVERTIA
1e "T/; TlSl 1DEAL 3-BIT CONVERTIA
w AL (
o 1 ummusno"‘].."’ - Cnes
4 Lo ERROR 1 s s ek
£ ABSOLUTE L
3 ot ACCURACY .
=) -12L58
QUANTIZATION
001 ERROR
ViN

000
0% 18 2/8 378 41 578 67 N
VIN AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE e

QUANTIZING
:unon{ T =il i
INPUT OV FULL
VOLYAGE SCALE
FIGURE 4. Typical Error Curve
864 Sne



Dual-in-Line Package
2
w4 22
4 =4 ' L
s = L
s
e = 25 a0 a
wr =3 LN
stanr 2L aooc
y 2
£oc — ADCON F— ALE
il
-4 Aocot L r-iuse
ouUTRUT _ 8 i 2
EXAILE ™| r
ctock =4 1 2
H
Vee i s 4
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agsio) 2 — W5
oo X FE aeri)
r’.ﬁ % e
Top view
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« of THY
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aLe—1
L STABLE ADORESS [\ /2
ABORESS S¥%- 0%
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ADC0808, ADC0809

Typical Performance Characteristics

]
fe = 1200 kHz

/

= g
g s £

=
z M “BA0kH S
- 0 -
h fo = G40 KMz s
£ s £
[ S /V l -

-1 A 1 = 1200 kM2
-15 I
0 125 25 5

Vin (V)

FIGURE 8. Comparator [, vs Vi

(Vec=Vaer=5Y)

TRI-STATE® Test Circuits and Timing Dlagrams

tiw Tt

Vee

tows tho

Vee

Vee
: o]
10k
OUTPUTO
ENABLE o=
' T

o}

ouTPUT N
enanie © g
. L 10k
\ QN

t“‘, CL= 10 PF

Y

Ta=85°C

%Q\

1.2§ 28 315 | I
Vi (V) '

FIGURE 7. Multiplexer RON vs Vm
(Vec=Vaer=5V)

Vee
OUTPUT “;"w
ENABLE o
GND by
J un
Vou 90%
oUTPUT
6N ————————————
Lo CL‘—' 10pF
—|tf
Vee-
ouTeyt 0%
ENABLE - 50%
GND 10% 1)
N
Vee
oUTPUT /
—eeed
Vou £iox

FIGURES
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mllcatlons Information

MT’ON )
u pstiometric Conversion

, ADCO0809 Is designed as a complets Data

nion System (DAS) for ratiometric conversion
uns. in ratiometric systems, the physical varlable
measured is exprassed as a percentage of full-scale

|s not necessarily related to an absolute standard.

e voltage input to the ADC0808 Is expressed by the

m.lloﬂ .
. v;"'i 0 Dx
N R — 1
Va—VYz  Omax—Dmn M
Vg =input voitage Into the ADC0808
V= Fuil-scale voltage
yy=Zero voltage .
Dy=Data point being measured
Duax= Maximum data limit
Dy = Minimum data limit

4 good example of a ratiometric transducer is a poten-
tometer used as a position sensor. The position of the
siper I8 directly proportional to the output voltage which
waratio of the full-scale voltage across it. Since the data
u represented as a proportion of full-scale, reference
mquirements are greatly reduced, eliminating a large
wurce of error and cost for many applications. A major
wvantage of the ADC0808, ADC0809 Is that the Input
wiage range is equal to the supply range so the
ransducers can be connected directly across the supply -
»d thelr outputs connected directly Into the multiplexer

inputs, (Figure 9).

Ratiomstric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc.,
are sultable for measuring proportional relationships;
however, many types of measurements must be rafecred
to an absolute standard such as voitage or current. This
means a system reference must be used which relates
the full-scale voitage to the standard volt. For example, If
Vee = Vaer=5.12V, thenthe full-scalerange is dividedin-
to 256 standard steps. The smallast standard step Is 1
L.SB which Is then 20 mV. '

2.0 Resistor Ladder Limitations

The voltages from the resistor ladder are compared to the
selected input 8 times In a conversion. These voltages are
coupled to the comparatorviaan analog switch tree which
Is referanced to the supply. The voltages at the top, center
and bottom of the ladder must be controlled to maintain
proper operation.

The top of the ladder, Ref{ +), should not be more positive
than the supply, and the bottom of the ladder, Ref(~),
should not be more negative than ground. The center of
the ladder voltage must also be near the center of the
supply because the analog switch tree changes from
N-channel switches to P-channel switches. These limita-
tions are automatically satistied in ratiomatric systems
-and can be easlly met in ground referenced systems.

Figure 10 shows a ground referenced system with a
separate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. Forin-
stance, If a5.12V is used, the supply should be adjusted to
the same voltage within 0.1V.

» <
m Q
- o
z

MS3

DIGITAL
OUTPUT

TO ANALOG

L]

*

: Qgut PROPORTIONAL
. INPUT

oour= N L N
Vaer Vee

‘

REF{-) LS8
_[[._ ano

475V sV =VREFS $.25V
* Ratiometric transducers

ADC0808

FIGURE 9. Ratiomstric Conversion System
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ADC0808, ADC0809

Applications Information (continueq)

Tha ADC0808 needs less than a milllamp of supply current
80 developing the supply from the reference Is readlly
accomplished. In Flgure 11 a ground referenced system !s
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficlent drive to
supply the milllamp of supply current and the desired bus
drive, or If a capacltive bus is driven by the outputs a large
capacltor will supply the translent supply current as seen
In Figure 12. The LM301 is overcompensated to Insure
stabllity when loaded by the 10 uF output capacitor.

and ground, respectively, but they can be symmetr
less than Ve and greater than ground. The center of
1adder voltage should always be near the center of
supply. The sensitivity of the converter can be Incre
(l.e., 8ize of the LSB steps decreased) by using a
metrical reference system. In Figure 13, a 2.5V rele .
is symmetrically centered about Vgo/2 since the i

current flows In Identical resistors. This system with
2.5V reference allows the LSB blt to be half the size ¢#
5V reference system. :

il

vee
SUPPLY Vee
mss
Vaer REF() DIGITAL
- ouTAUT
Syt " * ) REFERENCED :
O==d lp7 10 8 .
VIN{O~—{ ¢ GROUND
.
O—=11n
1—- REF(~) [61]
v
@——{ GND o IN
OUT* Vner
ADCOSOd 4,75V sVoo = Vaer 5.25V.

FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

. Vec
vT ; Mss
DIGITAL OUTPUT
VAt =9 REF() Qgur AEFERENCED TO
REF(+) O~ la GROUND
Vin { O— 5
O 1,0
I— REF(-) Lse
v
aND Qoyr=
OUT™ Vper
ADCOSOS 475V <Voe = VREF <5.28V

FIQURE 11. Ground Referenced Conversion System with
Reference Generating Vo Supply
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Applications Information (Continued)
) ’ i

10-15 Vpe
O

4
4 1000 pF
3
!
'5 ’
{' w:{m vee
{ @ —E: REF()
b
N .
10 + 10uF
3 — SOLID
i TANTALUM
$ &——@-——P GND
i t— REF(-)
! FIGURE 12, Typical Reference and Supply Circult
{ . 1B
s : Ra 3 +
s Vee
2;, :.ufv At mss
4 .
oy 18934 < |
3 -« n?
4
e iz g .
1 1§ 4 DIGITAL OUTPUT
k) .
5»,:5 . Ogyr PROPOATIONAL TO
: ANALOG INPUT
‘ 1! 1.25V S ViN S LISV
INS14 . Ing
1.26V
<= REF(~)
5V -
REFERENCE Ra Lsa
GND Ra=Rg

:80 Converter Equations

SO

m transition between adjacent codes N and N+1 Is
given by:
. (¥3]

N 1
Vin= (Vmalr(o)'-Vner(--))[z-g6 +51—é]ivrus +Vaer(-)

.The center of an output code N Is given by:

N
o Y=} Vrers)— Vaer-)) [2?8]*\’“’5 +Veaer-) . @

ilh output code N for an arbitrary input are the Integers

whhin the range: .

o Yn—Vrer)
Vrer(+) — VRer(-)

~etrR e

X 256 + Absolute Accuracy (4)

o

whaere: V), = Voltage at comparator Input

Vrer(+)= Voltage at Ref(+)

VREF(-) = Voitage at Ref(—-)

Vyue = Total unadjusted error voitage (typically
Vaer(+)+ 512)

* Ratiomelric transducers

FIGURE 13. Symmotrlcllly Centered Reference

4.0 Analog Comparator Inputs

The dynamlc comparator input current Is caused by the
periodic switching of on-chlp stray capacilances. These
are connected alternately to the output of the resistor
ladder/switch tree network and lo the comparator input as
part of the operation of the chopper stabllized comparator.

The average value of the comparator Input current varles
directly with clock frequency and with Vy as shown in
Figure 6.

It no fliter capacitors are used at the analog Inputs and the
signal source impedances are low, the comparator Input
current should not Introduce converter'errors, as the tran-
slent created by the capacitance discharge will dle out
before the comparator output is strobed.

I Input filter capacitors are deslred for nolse reduction
and signal conditioning they will tend to average out the
dynamlc comparator input current. It will then take on the
characteristics of a OC bias current whose effect can bo
predicted conventionally.

608000V ‘80800QYV
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ADCO0808, ADC0809

\ T —
Typlical Application e
READ S
|
INTERRUPT -
500 kHy — CLK o 5
- ADDRESY 5.000v—{ v €0C INTERRUPT !
- "BErOBE REF(+) N
(AD4-ADIS)® 0.000V —4VREF(-) N
21— mss o
START 1-2|— 088 -
- ALE 2-3}——> 085
24— o
ADD—4A 3-5p——p 083
AD1—{8 :gg:::: 2-8 f——b 082
AD2=—{C 2~ ——p D81 .
2~ —> o8t Lss <
SVsuPPLY t . ;
Vee laf—Vin?
GND o .
I h -5V ‘
GROUND == e ANALOG
INPUT RANGE
¢ :
lng = Vin 1t K
* Address latches needed for 8085 and SC/MP Interfacing the ADCOB08 to a microprocessor R
A o
MICROPROCESSOR INTERFACE TABLE 3
PROCESSOR READ WRITE INTERRUPT (COMMENT) .l
8080 WEMR WENW INTR (Thru RST Circul) o
8035 ) WR INTR (Thru RST Circult) N
2-80 RD WR TNT (Thru RST Clrcult, Mode 0)
SCIMP NRDS NWDS SA (Thru Sense A} e
6800 VMA-¢ 2AW VMA-2TAW | TRGA or TRAB (Thru PIA) it
s
iq
. TR
‘Ordering Information o
L4
coH
TEMPERATURE RANGE -40°C to +85°C ~55°Cto +125°C , :s
Error + 1/2 Bit Unadjusted ADCOB08CCN ADC0808CCJ ADCO0808CJ 3 ':F?
= 1 Bit Unadjusted ADCO809CCN ___—',

Package Outline

N2BA Molded DIP

J2BA Hermetic DIP | J2BA Hermetic DIP

~

“ARFr 4

870

ey \":J"ql,",(
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Davies , Eran John , 1926 “Induction heating handbook” , Davies and Peter Simpson .
London , McGraw-Hill , 1979 . 426 P. diagrs
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