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POWER MOSFET For. IHducrién Heatihg Systém With Various Resonance

Frequencies

Abstract

A MOSFET for an induction heating system with various resonance
frequencies is proposed. Operating Frequency of the MOSFET is controlled
such tha£ an effective value of output current of the MOSFET is kept
maximum after predicting an approximate resonance frequency. This MOSFET:

is cperative even when the resonance frequency changes extensively.
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MIURUUAYG TNERALLI eUDUNA

D Y D v D vV D \Y D vV

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 25 1.02 27 1.06 28 1.10 29 1.14
30 1.18 31 1.22 32 1.25 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 .88 49 1.92
50 1.96 51 2.00 52 2.04 53 2.06 54 J 212
55 2.16 56 2.20 57 2.24 58 2.27 59 2.31
50 2.35 61 2.39 62 2.43 63 2.47 64 2.51
65 255 | 66 2.59 67 2.63 68 2.67 69 | 2.71
70 75 Y| otk 2.78 72 2.82 73 | 286 |- 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 3.41 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 3.91 101 3.96 102 4.00 | 103 4,04 104 4.08
105 4.12 106 4.16 107 420 | 108 4.24 109 4.27
110 4.31 111 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 4.75 122 478 | 123 | 4.82 124 4.86
125 '4.90 126 4.94 127 498 | 128 5.02 129 5.06
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D \Y) D Y, D \Y D \Y D \Y

130 5.10 131 5.14 132 5.18 133 5.22 134 5.25
135 5.29 136 5.33 137 5.37 138 5.41 139 5.45

140 5.49 141 5.53 142 5.57 143 5.61 144 5.65
145 5.69 146 5.73° 147 5.76 148 5.80 149 5.84
150 5.88 151 5.92 152 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 27 161 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 8.04 206 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 B.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 5.56 251 2.84 G.88 253 9.92 254 9.96
255 10.00
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d.

FTOWCHART

START

RCCIEVF & SEND Vg

PRINT Fg, 1

R YES

FINISH ? |——]

NO

CALCULATE Fy \——»H

SENSE 4

PRINT Fy,14

Fo = 1

SEND 1y

A1 0

'l NT l‘] ,1 ]

DELAY

RECIEVE 1,

YES

]] >= ]0 J e ——

NO




RENSD Fy I{iJ
+ !

RECIVE 1,

YES \ NO

DEC ¥y = ¥y ING Iy = ¥y
[

DEC K| = ¥y L

Y

H

SEND 1y SEND 174
RECLVE 14 RECIVE 14

DEC 1y = Faq)

SEND Fir] r— SEND Fqqg

‘ Y

RECIVE 14, RECIVE T4,

! Y

DELAY DELAY

' Y

RECIVE ly,o RECIVE 14,0
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le

.1.;‘!.

[
- O

[N
[N]

-
W

14

o000

0100

0100
0103
0105
0106
0109
0108
Q10C
010E
010F
0110
0113
0114
0117
0118
O11A
O11R
o11D
Ol1E
0121
0123
0124
0126
0127
0128
0128
012C
012F
0130
0132
0133
0135
0136
0137
0139
013A

0138

013C
013D
Q13F
0141
0143
0144
0145
01464
0147
0149
014C
014E
014F
0151

BA
BO
EE
BA
B3
20
ga
EE
S8
BA
51
B9
EC
E2
a9
B4
50
BA
FE
S0
8A
EE
o8
BA
31
B9
EC
E2
59
B4
o
50

-
~

50
53
51
<~

i

B2
E4
CD
5A
9
5B
58

-~
)

BA
FE
50
ga
EE

Q2F3
90

02F1
FO

-y

o

ml:

00

02F1
C3

02F0
0100
FD

00

cg

41
02

21

&

OCZF 1 incre:
C= increl:

-
~

stat:

01-01-~-80

ceeq segment
3ssume cs:cseq
aorg Q0100h

mov dx,021f3h
mov al,090h
out dx,al
mov dx,02f1h
mov bl,0f0h
push ax

mov al,bl
out dx,al
pop ax

mov dx,0210h
push cx

mov cx,0100h
in alydx
loop m1

pop Cox

mov ah,00h
push ax

mov dx,02f1h
inc bl

push ax

mov al,bl
out dx,al
pop ax

mov dx,02f0h
push cx

mov cx,0100h
in al,dx
loop m2

pop cx

mov sh,00h
pop cx

push ax

cCmp cx,ax
push ax

push bx

push cCx

push dx

mov dl1,041h
mov ah,02h
int 021h

pop dx

pop cx

pop bx

pop ax

Jae decre
mov dx,00f1n
inc bl

push ax

mov al,bl
out dx,al



73

76
77
78
79
80
81
az
83
84
85
86

-
/

88
89
Q0
914
92
@3
Q4
95
6
Q7
98
9
100
101
102
103
104
1095
106
107
108

01572
019573
0156
0157
Q15A
0158
015D
015E
0160
0161
0162
0164
0165
Q186
0167
0168
N16A
016C
016E
O16F
0170
0171
0172
0174
0177
0179
Q17A
017C
017D
017E
0181
0182
oigs
0186
0188
0189
0188
o1ec
018F
0190
0192
0194
0196
0197
0198
019A
0198
019C
019D
Q19E
01RO
01A2
Q1A4
01AS

S8
EN
51
B9
EC
EZ
S9
B4
99
50
3
S50

ot

o©
ol

o2
BZ
B4
)
2A
29
SB
28
72
BA
FE
20
8a

[y
[nd

o8
BA
51
B9
EC

-2
£

59
B4
S0
BEA
a1
B9
EC
£E2
59
o9
iB
S0
a3
o1
&2

82
B4
CcD
S5A
59

QR2FO

Q100

FD

(Wiv]

ce

47z
02
02

0100

FD

00

02F0

7100

FD

C8

m3:

incred:

m4

pop ax
mov dx,0210h
push ox
‘mov cx,0100h
in al,dx
loop md
pop c©¥x
mov ah,00h
pop c©x
push ax
Cmp Cx,ax
push ax
push b
push CX
push d=
mov dl,042h
mov ah,Q2h
int 0Zh
pop dx
pop c©x
pop bx
pop ax
jae incre
mov dx,02f1lh
dec bl
push ax
mov al,bl
out dx,al
pop a8
mov dx,02f0h
push cx
mav cx»,0100h
in al,dx
loop m4
pop c©Xx
mov ah,00h
push ax
mov dx,02fCh
push Cx
mov cx,0100h
in &l,dx
loop ma
pop cx
pop CXx
cmp CX,3%
push ax
push bx
push cx»
pucsh a-
MoV dl.f.':fa.'.’.h
mov &h,02h
int 0O21h
pop dx
pop Cx



?09
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
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127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

Q1AL
01A/7
01A8
01AA
01AD
O1AF
01BO
01B2
0O1RB3
O1R4
01B7
QO1B8
C1BR
01iBC
0O1BE
Q1BF
01C1
01C2
01C3
Q1CS
01Cs6
01C7
01C8
01C<e
01CB
Q1CD
Q1CF
01DO
01D1
01D2
01D3
01D5
Q1D8
01DA
01DB
01DD
0O1DE
O1DF
Ql1EZ2
01E2
OlESL
Q1lE7
01E?
OlEA
O1EC
C1lED
Q1FOQO
Q1F1
O1F4.
01FS
QOLF7
01F8
01F<
O1FA

o8B
58
74
BA
FE
20
8A
EE
58
BA
o1
89
EC

o

~

59

B4
a9
20
3B
o0
53
51
52
B2
B4
CD
SA
o9
SB
58
73
BA
FE
50
8A
EE
S8
BA
51
B9
EC

2
£

59
B4
20
EA
31
BY
EC
EZ
59
59
50

-
~

CF
02F1
cB

Qo

ca

D8
Q2F 1
c3

C3

02F0

0100

FD

00

0100

FD

c8

decre:

decrel:

decrel:

decrel:

m7

mg:

pop bx

pop ax

jz incred
mov dx,02f1ih
dec bl

push ax

mov al,bl
out dx,al
pop ax

mov dx,02fQh
push cx

mov cx»,0100h
in al,dx
loop mé

pop Ccx

mov ah,00h
pop Cx

push ax

Cmp Cx,ax
push ax

push b»x

push Cx

push dx

mov dl,044n
mov ah,02h
int 21ih

pop dx

. pop Cx

pop bx

pop ax

jae decrel
mov dx,02f1h
inc bl

push ax

mov al,bl
out dx,al
pop ax

mov dx,02f0h
push cx 7~
mov cx,0100hK
in al,dx
loop m7

pop ox

mov ah,00h
push ax

mov dx,02f0h
push cx

mov Ccx,0100h
in al,d»
loop m8

pop c©x

pop Cx

push ax

CMp Cx,a%



163
164
Yool
1656
1a7
168
169
170
171
172
173
174
177G
176
177
178

QIFC
O1FD
OIFE
Q1FF
0200
0202
0204
Q206
0207
0208
Q209
020A
N20C
QZ0E
0Z10

O~ O)Dmen
D LMD ODD D NN

9E

—~
—

20

push ax
push hx
push cx
push dx
mov dl,045h
mov ah,02h
int O021h
pop dx

pop Cx

pep bx

pop ax

jnz decre
jz decrel
int ©Q20h
ends

end



FREQUENCY INDUHCTION NEATING

., venficusa’i, v 1w e el

L4

cirenit load
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r r I, a1l e, o/v

o L]
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1

v, éé, v | 5% R,

definition :

v, . equivalent

r, . internal resonance of Lhe invertor
v o= outpnti vollage of Lhe inverber

i = oulpul currenl of Lhe inverbor

R, = equivalenl oul pul, resistance of Lhe healing sysbon
a = Lurns ratio of matehine Lransformoer
L = equivalenl induclLance of Lhe healing svshen

¢ = resonance  capacibor



equivalent, circoil

ririi ! a
N Q0 [ N
l
. = 2
v, ny ¢, = ¢c/a
——
X, - WL Wa'L
X, ¢ 1/WC s a/WC
VA | XX N2 iR g
L, =1/ W W/ D i /W )
L, = Va1, 4 L/ C /W,
resonance frequehcy r-1-¢ circuit ,
f, = w/L2nJLCH
thus o= 10z V/atl /W N ) /e)
£, = 10 20Jivza’l, 11/W 0 €W )
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6.1 My8d1e1AToeduum
inverter
powermosfet # MTH 15N50 ,l- 15 samp ,
IP 52 smp 500 volt
highfrequency trensformer
1funy  ferrite uuy c type 2@ high volt w9¢ TV 11

L] » 1
dsenunu e v Ianufinansdinng

AXA = Px 10°/(1.16 £ B d)
L3
H
AL = W.m.uB3UNY ferrite MivuA
AL . WndIRIN WueRae
p =  power ﬁn5an13
£ =  frequency
B = flux density (wbh/m )
d = currentdensity (450 anp/cm’)
Lay e = 4,44 £ N B A_
R = e/(4,44 £ B A.)
resonsnt capacitor 1 uF

» L]
heat coil 1i NaNDIURIININ 3/16 W) uuzﬁu ciol lg“ﬂ?

‘ 4
AUBNRNIY 374 4T 7 Y91
.



6.2 War JInnasg

?ﬂﬁ 6.1 UaneaI W VOLTAGE Ridanlwaan PRINARY 194 TRANSFORMER

100 vV 33 kH
P-p =

716, 2 UERIEMILTDINTLUINTIATN PRIMARY ¥9q TRASFORMER 4 A
‘ ‘ e
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zﬁ 6.3 uam&nwmnaq voltege and current ﬁmw'ﬁﬁdﬁ resonant
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aous 1+ opeNLoop(lil computor) t3MIN1INARES lamiliy
ails  inverter T4TURAWA resonent Tﬂnﬁetnqunnwstﬂéuu
uilaa 10 (EIEATELR ﬁgniﬁqumaziﬁnvmuaéwa sine wave URBNTHUA
Qa§é1§4§ﬂn5a tﬁaqmqﬁuaeTaﬂuléuqaéu aaﬂiwngiwnsuualéuaﬂaa
uauzﬂﬁqumnaenﬁuualéulﬂésu1ﬂ 61n5on111§zﬂ§qumnaansuua§
ANHGL LXVDUL A aend il EaanBaan s %auanaiwaawuﬁgaéu fet
Ealenmsaannerawat dvliesnelnsta  5:1a1E computor Tlun1iia
AR

@oun 2 CLOSED LOOP CONTROL

- e 9w o ‘;ﬁ ' 1-0
tu9u1  computor YIATIUAN ﬂ11lﬂ11ﬂﬁﬂﬁﬂﬂ1ﬁﬂﬁl u1ﬂ001€ HERD!
]
l;l J: & e u . [ 1-'
ﬂTHuﬂﬂ??ﬂ‘ﬂﬂﬁﬂﬂWUUHWQQQﬂﬂQBﬂl1RW ﬂﬂﬂi%ﬂéﬂ n11%l1311ﬂﬂ11 ¥
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ATINTOURNRA uauﬁwﬁagqu§n1un17a3n%4u5n

o ¢ BASAS
T Tnwan1INAaBduREkMIILNATY
olo, o6 -
1, ﬂqn1nlnﬂuun high frequency transformer 1EB3INUNY
' ' » & » o 'l:
ferrite uuﬂﬂ1wq1uunnwa1unaanawa QIRBIUNITHTIIIPUNNLDL BN
L] * & |: n' . »
nﬂ‘rtﬂﬂ lose 1%&1“%810 uauﬂdwnn1un17nwa1u§aﬁ1u
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3. tuaw1un111nﬂ1uiaunauwuas ﬂﬁ1llﬂﬂﬁ1ﬁ”78uﬁvaﬂ AEUINY
.

Y 3 Y v & .1"
4. @M computor aoaan‘ﬂna1uauxasaua nlw inverter
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ADCO0801, ADC0802, ADC0803, ADC0804, ADCC805

National

Sennconduckx .w;.

w AtoD,DtoA

-

fn [ I S R BRI
\ .
vt ihatn ., .
3 U" vy e . ¢ [V PR

ADC0801, ADCO0802, ADC0803 ADC0804 ADCOBOS 8-Bit p.P

Compatible A/D Converters

General Description
The ADCO0801,

converters which use a differential
ladder—similar to the 256R products. These converters
are designed to allow operation with the NSC800 and
INSB080A derivative control bus, and TRISTATE®
output latches directly drive the data bus. These A/Ds”
appear like memory locations or I/0 ports to the micro-
processor and no interfacing logic is needed.

A new ditfferential analog voltage input allows increasing
the common-mode rejection and offsettling the analog
zero input voltage value. In addition, the voltage refer-
ence input can be adjusted to allow encoding any smaller
analog voltage span to the full 8 bits of resolution.

Features : ;

» Compatible with 8080 pP derivatives—no
facing logic needed — access time — 135 ns

inter-

= FEasy interface to all microprocessors, or operates

“stand alone’’ i

ADCO0802, ADC0803, ADC0804 and " -
ADCO805 ate CMOS B-bit successive approximation A/D .
potentiometric’

et h s,
[T TN
PETEERY B LS Vo

GTY My, et

» Differential- analog voltage inputs
Logic inputs and outpuls meet both MOS an
voltage level specifications

s Works‘;fvilh 2.5V (LM336) voltage reference
On-chip clock generator

0V to 5V.analog input voltye range with sin
supply ~ '
No zero adjust required
0.3 standard width 20-pin DIP package
u Operates ratiometrically or with 5 Vpg, 2.5
or analog span adjusted voltage reference-
B - .
Key Specifications
d ¢

= Resolution .
-w Total error
= Conversion time’

¢
I
:

Q
-

d T2L

gic 5V

Vpc.

8 bits

" %1/4 LSB, £1/2 LSB and 21 LSB

100 ps

"-
. . -
Typical Applications ICIA 6
~ ST VIS ]
e W
&y
NW : '
O & 2 .
_._.__”o D AN 19 .
TGS i 14 ) '- TAANSOUCER
| e iTa, e ’ 1 917 RESOLUTION
LIEFIVIRN OVER ANY ul?mn
- L ANALOG INPU
any £ je— 2 toss ] I 1 VOLTAGE RANGE
* - 13 TV A - SLLSLCTIDN 280
|-rRoctsson < |¢ o8s ) DIFF INPUTS
e L N Vint-) - - f
" ] ) . : l____4
< 013 AGND : -
< L P sanans _ | 0. A
" VREF? p——0 SEL SLCTION = . —
< os1 241 Lo
1 18 i
< 8o D GND . .
R !
W |
8080 Interface e .
' ' .
;
:
1 o T URROR SPLCIFICATION INCLUDES FULL SCALE ZEAO EAROR. AND NON LINEARITY)
ey
FULL SCALE VRE#/2= 2800 Vo VALtid® NOCONNECTION
nsCe00, PART NUMBLA ADJUSTED IND ADJUSTMENTS] INO ADJUS TMENTSI
Yoo WRp——0 . A0C0801 1174 L58
1048 ADC0802 : 1aLse
g, >4~ TR ADCOBO} | 11258
N . AOCWI einy, . RS 12 T LOENENEY] 1188 .
ADCOWOS : ' . .o 31138
<:“u P TR 4 BRTSE EUNE A}
TR STATE® Is & registorad trad x of National Semi setor Corp.




Absolute Maximum Ratings {Notes 1 and 2) Operat]ng Raﬂngs {Notes 1 and 2);.!;)“:i;-!

S S 7 X | I S SUMEA LS I ) B L (AN
upply Valiage (V! (Note 3) 6.5V Temperaturs Range TMIN < TA S TMAX -
Voitage --- =  ADCOBO . ‘. -
Logic Control Inputs —0.3V to +18V e ,Aocoao:;zgro‘;/& LCcO ‘ﬁ-%??f{lé?g
At Other Input 8nd Outputs —0.3V to (Vg + 0.3V) .ADC0801/02/03/05LCN -40°C < Ty § 485°C -
Storage Temperature Range —65°C 1o +150°C = e ADCOBO4LCN "~ 0"C S TaA S +470°C -
Package Dissipation s1 Tp = 25°C 876 mwW * Renge of VC'C ] 4.6 Vpc e 6.3 Vpe
Lesd Temperature {Soldering, 10 seconds} 300°C {
Electrical Characteristics e l
The following specifications apply for Vec = 5 VDG, TMIN S Ta < TMAX and {c K = 640 kHz unless otherwlse specified.
PARAMETER CONDITIONS MIN Typ MAX UNITS
ADCOBOY: i
i .
Tots! Adjusted Etror With Full-Scaie Adj. ’ ]_ 21/4 Lsae
(Note B) {Ses Section 2.5.2) A RN N T
ADCO802: S BT .e
Total Unsdjusted Error VREF/2=2500VDpC ] . 12 . ; Lse
(Note 8} f H
ADCO0803: 3 y ' . o E
Total Adjusted Error With Full-Scale Adj. 12 . Lse
{Note 8) (See Section 2.5.2) X . .. 0t
ADCO0B04: N . B
Total Unadjusted Error VREF/2=2.500VpC . | 11 tss
INote ) 1 ) Piren
A A .
ADCOB0S. i
Totsl Unadjusied Error VREF/2~No Connection ¥ o ‘1. . -Ls@ :
{Note 8) . . ) S2E20L U ¢ .- ——
VREF/2 Input Resistance (Pin 9) ADC0B01/02/03/05 L 28 .80 et e h
ADCDB04 (Note 0} 1.0 13 b {1
Ansiog Input Voltage Range {Note 41 V(4] or V(=) "Gnd-0.06 ¢ ¢ I Vee*0.08 voe
. DC Common-Mode Error Over Analog lnput Volupe o VAL | £1/8 | LS8
Range { SO R L B G . NN o
Pawer Supply Sensitivity vee =S VDC 210% Ovar - . IR R B 2116 . 3 :21/8 + o+ - LS8
'Allowed VNG and VING] % 1% l N A - "
‘Voltage nge {Note 4) ' . i
" £ ‘I i ) ] " l{‘. < l A * 14'
AC Electrical Characleristics
. CRUTH
The following specifications apply for Vg = 5 VDG nnd Ta= 25 c unleu otherwnu specilied, . . -~
PARAMETER CONDITIONS TTMINTT "'TYI: MAX UNITS ~ ©
Te Convarsion Time fCLK ® 640 kHz (Nots 6) . Ay 103 4] b
Te Conversion Time {Note 5, 61 " « 68 n WicLx
fcLK Clock Frequency Ve = BV, (Now B} TV T Lt 100 640 1460 AH2
. PEE UL R ¥ Y
Clock Duty Cycle {Noe 6) e 40—t | e 60 - - %
CR Conversion Rate In Free-Running INTA tiad 10 WR with * e e el cuatky mxale e e 0} . 8770 conv/e °
Mode CS-ovpe. feLk ™ NokHz (ERARERPITY RERTEN .
—_ —_ e ooy BT BRI TS v
tWIWRIL Width of WR Input {Start Pulse Cs- 0 Vpg (Note 7? " " e 1 nlt’olo ST, Lo
. .. . ] Al L Labiaprs » . 1]
< Width) . By « e y LT R IL YR I 1] BRI YO B :
A P IR Y .
tACC Access Time {Delay from “CL- 1oq pF ' : : ?f:T .L‘;. 'l' "‘1.?5'"" '200 ‘ ne
) Falling Edge of AD to Output K P ,-();} ,;. TR TR AL PRI ‘ :
Data Valid) . - . .. . "i"'""" viar].en o ..
t1H. 104 TRISTATE Conteol (Delay CL=10pF, RLm 10k -~ e tig 2 O s o0 "
— A wo, ot L ometaplens =, .
t:om Rising Edge of AD to {See TRI-STATE T‘" . : " . :‘ “" vl a : L
Hi-Z State) Cireuits) i e Lo s e .
twis 1R} Delay trom Falling Edge serF ey ansl e300 450 ~ .
ot WA or RD 1o Reset of INTR . Weain 10 )
CIN . tnput Capacitance of Logic s . Db oo 3 5 1.5 X ?F'._
’ Control Inpuus LT
~ . . . 47 rapFa.
! Cout TAI-STATE Output . B IS A R 18 e
Capacitance {Data Butfens} o




ADCO0801, ADC0802, ADC0803, ADC0804, ADC0805

B

Electrical Characteristics
The Tollowsng specilications apply fur Vo = 5 VpC and Tain < Ta € Tmax. uniess otherwise specified.

PARAMETERN 1 CONDITIONS MIN [ TYP MAX UNITS
CONTROLU INPUTS {Nute CLK IN (P 41 1 the mput of @ Schinatt tnigger eircutt and 1 therelore specilied weparstely|
Vin (1} Losptal 1 Bput Vol vee - 5.25 Vpe 20 15 voc
(Eacept P 4 CLK IN)
Vin () Lonpeal 0" Input Voltage Vee=415Vpe 0.8 voc
(Eacept Pin 4 CLK INY :
ITYRAN] Loygicat 17" tnput Curtent VIN®* 5VDC 0.005 1 HADC
LAl Inputs)
1N (0} Logical “'0” Input Cutient Vin=0VpC -1 -0.005 HADC
(AN Inpats)
CLOCK tN AND €LOCK R
VT CLK IN P 4) Pusitive Gomg 2.7 a 15 vpe
Theeshuld Voltap
vt CLK {N {Pin 4) Negative 1.5 1.8 2.1 voc
Going Thieshold Vollaye
Vi CLK IN {Pin 4) Hyslerens 0.6 .3 2.0 vope
(Vye)- tvy-i
VOUT (0} Lol "0 CLK H Oumut 10~ 360 A 0.4 voc
Voultaye vee = 475 Vpe
VouT {1 Logcasl “17 CLK A Ouiput 10 = =360 A 2.4 voc
Voltaye vee=475Vpe
DATA OUTPUTS AND INTIt
VouTi0) Lowea! 0 Quihiut Vohieye
Date Outputs louT = 1.6 mA. Ve =4.75 Vpe 0.4 voc
iNTR Ouiput touT = 1.0mA, Vcc < 4.75Vpe 04 voc
VouT (3} Logcal “1°* Output Voltaye 10 -~ =360pA,. Vcc = 4.75 VpC 2.4 voce
VouT (1) Lowcal “1"* Output Voltage 1o~ ~10pA, Vce =475 VDG 4.5 vVpe
louT TRISTATE Disabiet! Quiput VouT* 0VpcC z T3 HADC
Leakaye (Al Duta Butters) VouT * 5VpC 3 HADC
ISOURCE VQouUT Short ta Gnd, Ta = 25°C 4.5 6 mADC
ISINK VOuT Short 1o Ve, Ta = 26°C 9.0 16 mAQC
POWER SUPPLY il
lcc Suppty Cutrent {includes. IcLk ® 640 kH2,
Ladder Current) VAHEFIZ=NC, Ta " 25°C
and CS» 1" B
ADCOH01/02/03/05 ' 11 1.8 mA
. ADCO0B04 {Note 9) 1.9 2.5 mA

Note 1: Absolule masunum ratings sre those values twyond which the hie of the devics may be impasired,
Note 2: All voltages are meaturuil with reapect to Gnd, unicss otherwise specified. The separste A Gnd point should always be wired 10 the D Gna
Nots 3: A renei diode exiits, inturnally, trom Ve to Gnd and has a typical breuhdown voltope ot 7 Vpc.

—
Nute & For Vil ) = VintE) the thgiial output code will be 0000 DVOD. Two on<hip diocies sre_ 118 10 gach anstog 1nput (ree b:ocl dugu.m.)
winch wall locwined conduct tue analag input vollages one diode UI0p Letow ground of one iode drop gresigr than the Vee wunply. Be carelut,
during testing at luw Ve levels {4.5V), & high levet enolog inputs (SV] cen caule this input diods 10 conduct=—especialiy 8t ,l'_vnled temperaluies,
and cuvse stror far snaloy inputy near fultacale, The snec aliows 50 mV lorwargd LIss of erther dhode, Thes means that a3 long s the analog V
dovs not axcesd the supply voltage by more than 50 mV, 1ha ouipul Code will be cortect. To l::hnvu)n absolute O VG 10 5V input vollse
range wiil therelore requite o minitnum supply voltaye of 4.950 Vi Over lumperaturs vaniations, 1nitial tolerancewnd foathng, .
Note 5 Actutaty 15 guatanteed at Ie g - 640 kHz At ayhwes clock frequencies accuracy can degrade, For lower clock frequencies, |h¢\dulv/
-cycle lumits can Lie extendetd 50 1ony o the minnnum clock high nme intervel or minimum clock low time interval is no [r3s than 215 .
Note 6: With an sasynthronous start pulie, up 10 8 clock penos may Le requued belore the internal clock phases are proper 10 s1art the cOnversion
process. The stert request s intecnatly 1aiched, see Figure 2 and section 2.0, K————\
Note 7. TM.C—S— inpul 15 ossumed to bracket the WR strobe nput and therelore timing ss dependent on the WR pulse widih. Arf ubmuu/iy’h-oe
pulte wdihy will -uld)unc converter 1n 3 resel mode and the start of conversion 13 iniiated by the fow 1o high tranniuon of thé WR puise {se

uming diagrams}, -
Nots 8: None of these A/Ds requires a tero adjust (see section 2.5.1). To oblan zer0 code at other analog input voltajes see section 2.5 ang
Figure 8.

Nots 9: Far ADCD804LCD typical value of VRE£/2 input remistance is B i) and of Icc i 1.1 mA.




rypical Performance Charactleristics ST O R oY

Delay From Falling Edge of

Logic Input Threshold Voltage RD to Output Data Valid CLK IN Schmitt Trip Levels
vs. Supply Voltage vs. Load Capacitance vs. Supply Voltage
= 500 1 0
g ¥ SS8TL € Tau N2s'C : , T1. [ N
= <
o 2z !
E 11 -t kR l - \ [}
a A 400 p— . 2 28 4 ‘ l ,
> ey
- % - T - P
S o 17 £ . > o §5°C< Tpse128°C |
3 > 00 4] 2 Az
o« Ve = T
3 1.9 =4 g‘ 21
5 200 =
zZ s a z 1 MERE
e A x T
2 B = .
2 100 1.8 5 T
450 (R} 5.00 §2% 550 L] 200 409 S00 800 1000 450 4 .00 .28 8.0
Ve - SUPPLY VOLTAGE (vpc) LOAD CAPACITANCE (3F) Ve - SUPPLY VOLTAGE (Vo)
Full-Scale Error vs Effect of Unadjusted Offset Error
fcLK vs. Clock Capacitor Conversion Time — vs. VREF/2 Voltage
1000 1 T ' ‘ 1 ALt
W] Tee 2oLk f | emf - Vin(e) < Vint-1* ov.
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1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer
form} is shown in Figure la. The horizontal scale is
analog input voltage and the particular points labeled are
in steps ol 1 LSB ({19.53 mV with 2,8V tied to the
VREF/2pin). The digital output codes which correspond
to these inputs are shown as D-1, D, and D+1. For
the perfect A/D, not only will center-value (A-1, A,
A+1, . . .) analog inputls produce the correct output
digi'lal codes, but also each riser {the transitions between
adjacent output codes) will be located +1/2 LSB away
from each center-value. As shown, the risers are ideal and
have no width. Correct digital output codes will be
provided {or a range of analog input voltages which ex-
tend £1/2 LSB from the ideal center-values. Each tread
{the range of analog input voltage which provides the
same digital output code) is therefore 1 LSB wide.

Figure 1b shows a worst case error plot for the ADC0O801,
All center-valued inputs are guaranteed to produce the
correct output codes and the adjacent risers are guaran-
teed 1® be no closer to the center-value points than

characteristic (staircase wave-

11/4 LSB. In other words, if we apply an analog input,
equal to the center-value 21/4 LSB, we guarantee that
the A/D will produce the correct digital code. The
maximum range of the position of the code transition is
indicated by the horizontal arrow and it is guaranteed to
be no more than 1/2 LSB,

The error curve of Figure 1c shows a worst case error
plot for the ADCOB02. Here we guarantee that if we
apply an analog input equal to the LSB analog voltage
center-value the A/D will produce the correct digital code.

Next to each transfer function is shown the correspond-
ing error plot, Many people may be more fariliar with
error plots than transfer functions. The analog input
voltage to the A/D is provided by either a linear ramp or
by the discrete output steps of a high resolution DAC.
Notice that the error is continuously displayed and
includes the quantization uncertainty of the A/D. For
example the error at point 1 of Figure la is +1/2 LSB
because the digital code appeared 1/2 LSB in advance of
the center-value of the tread. The error plots always have
a constant negative slope and the abrupt upside steps
are always 1 LSB in magnitude.
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2.0 FUNCTIONAL DESCRIPTION

The ADCOB01 series contains a circuit equivalent of
the 25GR network. Analog switches are sequenced
by successive approximation fogic to match the snalog
ditference input voltage [ViN{+} — ViN(=]] to a corre:
sponding tap on the R network. The most significant
bit is tested first and alter 8 comparisons (64 clock
cycles) a digital 8-bit binary code (1111 1111 = full-
scale) is uansferred to an output latch and then an
interrupt is asserlcd (INTR makes a high-to-low tran-
sition). A conversion in process can be interrupted by
issuing a second start command. The device may be
operated in the {ree-running mode by connecting INTR
to the WR input with C5 = 0. To insure start-up under
all possible conditions, an external WR pulse Is required
during the first power-up cycle,

On the high-to-low transition of the. WR input the
Internst SAR latches snd the shift register stages are
reset, As long as the cs input and WR input remain low,
the A/O will remain in a reset state. Conversion will
start from 1 to 8 clock periods after at leastone of these
inputs makes a low-to-high transition.

A functions! disgram ‘of the A/D converter is shown In
Figure-2. All of the package pinouts are shown and the
ma]orlloqcc control paths sre drawn in huvur waeight
lmes..l EMYSUIRTRLANAY
R A I

The ' converter”is siarted by having CS and WR simul-
‘taneously low. This sets the start tlip-tlop {F/F) sand the
resulting **1°* level resets the 8-bit shift register, resets
the Interrupt'(INTR) F/F and inputs a8 “1” to the D
flop, F/F1, which is at the input end of the B-bit shift
register. Internal 'clock signals then transfer this “*1° 1
“the Q output of' F/F1,"The AND gate, G1, combines
this **1* output*with 8 clock signal to provide a reset
‘signal to the stert’ F/F. [f the set signal is no lfonger
present {either WR or CS Is a 1) the start F/F ls reset
and the 8-bit shift reglister then can have the “1" clocked
in, which starts'the converslon process, |1 the set signal
were to still be’ presem this reset pulse would have no
sffect {both outputs of the start F/F would momentarily
ba st 8 "1 tevalf and the 8-bit shift register would con-
tinue .to be held in the _reset mode. This logic therefore
allows for wide CS and WR signals and the converter will
start after at least one of these signals returns high and
the mternal clocks agaln provide a reset|sigml for the
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After the 1" is clocked through the 8-bit shift register
(which completes the SAR search) it appeais as the
input to the D-type latch, LATCH 1. As soon as this
“1* is output frum the shuft register, the AND gate,
G2, causes the new digital word to transfer to the

" TRI-STATE output latches. When LATCH 1 is sub-

sequently enabled, the Q output makes a high-to-low
wransition which causes the INTR F/F to set. An in-
verting butfer then supplies the INTR output signal.

Note that this SET control of the INTR F/F remains
low for 8 of the external clock periods {as the internal
clocks run at 1/8 of the frequency of the external
clock). f the data output is continuously enabled
(CS and AD both heid low), the INTR output will
still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q
output of the INTR F/F even though the RESET
input is constantly at a "1’ level in this operating
mode. This INTR output will therefore stay low for
the duration of the SET signal, which is 8 periods of
the external clock frequency (assuming the A/D is not
started during this interval).

Wwhen operating in the free-running or continuous
conversion mode [INTR pin tied to WR and CS wired
low—see also section 2.8), the START F/F is SET
by the high-to-low transition of the TNT R signal. This
resets the SHIFT REGISTER which causes the input_ |
to the D-type latch, LATCH 1, to go low. As the latch |,
enable input is still present, the, O output will go high,‘é
which then allows the INTR F/F to be RESET. This
reduces the width of the resulting INTR output pulse
to only a few propagation delays (approximately 300 ns).

When data is to be read, the . combination of both
CS and RD being low will cause the INTR F/F to be
reset and the TRI-STATE output latches will be enabled
1o provide the B-bit digital outputs,

2.1 Digital Control inputs ( P
The digital control inputs {CS., RD, and WR) meet
standard T“L logic voltage levels. These signals have been
renamed when compared to the standard A/D Start and
Output Enable labels. In addition, these inputs are active
low to allow an easy interface to microprocessor control
busses. For non-microprocessor based applications, the
CS input {pin 1) can be grounded and the standard A/D
Start function is obtained by an active low pulse applied
at the WR input {pin 3) and the Output Enable function *
is caused by an active low pulse at the RD input (pin2) }

2.2 Analog Differential Voltage Inputs and s ;

Common-Mode Rejection P
This A/D has additional applications flexibility due to
the analog differential voltage input. The ViN{-) input
{pin 7} cap be used to automatically subtract a fixed .
voltage value from the input reading (1are correction),
This is also useful in 4 mA—-20 mA current loop conver- v,
sion. In addition, common-mode noise can be reduced |
by use of the differential input, : e

The time interval between sampling VN{+) and VIN(~)
is 4-1/2 clock periods. The maximum error voltage due

to this slight time difference betwuen the input voltage
samples is given by:

: 4.5
AVg(MAX]) = (Vp) (2nfcm) ('——) .
. fcLx

where:

AV is the error voltage due to sampling delay

Vp is the peak value of the common-mode voltage

fem is the common-mode {requency
As an example, to keep this error to 1/4 LSB (~5 mV)
when operating with a 60 Hz common-mode frequency,
fem., and using a 640 kHz A/D clock, fCck, would

allow a peak value of the common-mode voltage, Vp,
which is given by:

@ [AVemax) Hork)]
(2nfem) (4.5)

or

© (5 x 1073) (640 x 109)
Vp = .
(6.28) (60) (4.5)

wﬁich gives
TVp==1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise
levels, —

Y,
s

An~analog input voltage with a reduced spen and a

relatively large zero offset can be easily handled by

making use of the differential input (see section 2.4
Reference Voltage).

2.3 - Analog Inputs

2.3.1,"Inlput Current

" Normal Mode

Due !to the :internal switching action, displacement
currents will {low at the analog inputs. This is due to on-
chip stray capacitance to ground as shown in Figure 3.

i t

[ommmmmmmm s —

teaxs — A
PEAR S Cow < Rs

et
. TImE

W
T. Csiaay
(12e#)
SW2 l .

[
IcHARGE
Rg -

Vinis)

tpiscHARGE | ‘oN
—_— 7

S s

ron of SW 1 end SW2a B kD L
12 rONCSTRAY ® 5 ki1 x 12pF =6Qnt ... .

FIGURE 3. Analog Input impedancs

"



The voltage on this capacitance is switched and will
result in cutrents entering the Vn(+) input pin and
leaving the ViN(-) input which will depend on the
analog diflerential input voltage levels. These current
transients occur at the leading edga of the internal
clocks, They rapidly decay and do not cause errors
as the on-chip comparstor is strobed at the end of the
clock pe'riod.

Fault Mode
[}

I{ the voltage ‘source which' is applied to the V|N(+)
pin exceeds the allowed operating range of Voo +
50 mV, large input currents can flow through a par-
asitic diode to the Vg pin. U these currents could
exceed the 1 mA max allowed spec, an external diode
(1N914) should be added to bypass this current to: the
Vce pin (with the current bypassed with this diode,
the voltage at the VnN(+) pin can exceed the. vee
voltage by the forward voltage of this diode). I

2.32 Input Bypass Capacitors '

Bypass capacitors at the inputs will average these charges
and. cause 3 DC current 1o flow through the output.
resistances of the analog signal sources. This charge
pumping action is worse for continuous canversions
with the Vn{+) input voltage at lull-scale. For con-
tinuous conversions with a 640 kHz clock frequency
with the Vip(+) input at 5V, this DC current is'at o
maximum of approximately 5 uA. Therefore, bypass
capacitors should not be used at the analog inputs or
the VRgefF/2 pin for high resistance sources [> 1 k().
I input bypass capacitors sre necessary for noise il
tering and high source resistance is desirable to minimize
capacitor size, the detrimental effects of the voltage
drop across this input resistance, which is due to the
average value of the input current, can be eliminated
with a full-scale adjustment while the given source re-
sistor and input bypass capacitor are both’in place. This
is possible because the average value of the input current
is a precise linear function of the differential input
voltage. i (k &) :

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input
currents settle out prior to the comparison time. I a
low pass lilter is required in the system, use a low
valued series resistor (< 1 k§1) for a passive RC section
or add an op amp RC active low pass filter, For low
source resistance applications, {< 1 k§2), 2 0.1 uF bypass
capaculor at the inputs will prevent pickup due to sencs
lead inductance ot a long wire. A 10052 series resistor
can be used to isolate this capacitor—both the R and C
are’ placed outside the feedback loop— hom |he oulput
o! an op amp, it used. .-

2.3.4 Noise et T

The leads to the analog inputs {pins 6 and 7) should be
kept as short as possible to minimize input: noise
coupling. Both noise and undesired digital clock coupling
to these inputs can cause system errors. The source
‘ resistance f{or these -inputs should, in general, be kept
below 5 k1. Larger values of source resistance can cause
undesired system noise pickup. Input bypass capacitors,
placed {rom the analog inputs 1o ground, will eliminate

system noise pickup but can creats analog scale errors as
these capacitors will average the transient input switching
currents of the A/D (see section 2.3.1). This scale error
depends on both a large source resistance and the use of
an input bypass capacitor, This srror can be eliminated
by doing a full-scsle adjustment of the A/D (adjust
VAaEgF/2 foria proper full-scale reading—ses section 2.6.2
on Full-Scale Adjustment) with the source resistance
and input bypass capacitor In place.

2.4 Reference Voltages

2.4.1 Span Adjust

* For maximum applications flexibility, these A/Ds have
been designed to.accommodate a 5 VpC, 2.5 VP or an
adjusted voltage reference, This has been achieved in the
design of the IC as shown m Figure 4.
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Notice lhal the referencewolhge for the IC is either 1/2
of the voltage which is applied to the Vg supply pin,
or'ig- equal“to the voltage which is externally forcsd at
the VREF/2 pin.a This, allows for a ratiometric voltage
reference - using' the - V¢ supply, 8 5 VpC reference
voltage can berused-for the. Ve supply or 8 voltage less
than 2.6 Vpc csnibe ‘applied to the VREFR/2 input for
increased apphcnlpn {lexibility. The internal.gain to the
VREF/2 Input.ls~2:.msking the full-scale differential
lnpul voltage twucc .the voltage st pin 8,
Hpettie et v '-\u;, Wi hen v

An example of the.use ol,an adjusted reference voltage is
to. accommodate~s reduced 'span—or dynamic voltage
range- of. the anslog input voltage. [f the analog input
voltage were to range from 0.5 VpC 10 3.5 VQC, instead
of OV to 5 VpC, the span would Le 3V as shown in
Figure 5. With 0.5 VpC spplied to the ViN(=) pin t0
absorb the offset,ithe .referencs voltage can be made
equal to 1/2 of the 3V spen or 1.5 VpC. The A/D now
will encode the V|N(+) signal from 0.5V to 3.6V with
the 0.5V input-corresponding to zero and the 3.6 VpC
input "corresponding to full-scale. The full 8 -bits of
resolution-vare 'therefore applied -over this reduced
analcg input voltage range,
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*Add it VREF/2 S 1 Vg with LMIBB

10 draw 3 MA to ground.
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FIGURE 5. Adapting the A/D Analog {nput Voltages, to Match a.ri‘l_\rbi(rnry Input Signal Range . o

2.4.2 Reference Accuracy Requirements‘. X
’ r

The converter can be operated in a ratiometric mode or
an absolute mode. In ratiometric converter applications,
the magnitude of the reference voltage is a factor in both
the output of the source transducer and the output of
the A/D converter and therefore cancels outin the final
digital output code. The ADCOBOS._is specified par-
ticularly for use in ratiometric applications with no
adjustments required. In absolute conversion appli-
cations, both the initial value and the temperature
stability of the reference voltage are important accuracy
factors in the operation of the A/D converter. For
VREF/2 voltages of 2.5 VpC nominal value, initial
errors of $10 mVpC will cause conversion efrors of
+7 LSB due to the gain of 2 of the VREF/2 input.
in reduced span applications, the initial value and the
stability of the VREE/2 input voltage become even
more important, For example, if the span is reduced
to 2.5V, the analog input LSB voltage value is cor
respondingly reduced from 20 mV (5V span} to 10 mV
and 1 LSB at the VREF/2 input becomes.5 mVy As
can be seen, this reduces the allowed initial tolerance
of the reference voltage and requires correspondingly
less absolute change with temperature variations. Note
that spans smaller than 2.5V place even tighter require-
ments on the initial accuracy and stability of the ref.
erence source. o

In general, the magnitude of the reference voitage will
require an initial adjustment. Errors due 1o an improper
value of reference voltage appear as full-scale errors in
the A/D.transfer function. 1C voltage regulators may be
used for references if the ambient temperature changes
are not excessive. The LM3368 2.5V IC relerence diode
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(from‘ Nati.o.nal Semiconductor) is available whlch has
a temperature stability of 1.8 mV typ (6 mV max)
over.0°C < .Ta < +70°C..Other temperature range
.parts are alsq available. . . L
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2.5.1, Zeto Error. .
St
The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, VIN(MIN)¢ is
not ground, a zero offset can be done. The converter
can be made to output 0000 0000 digital code for this
minimum input voltage by biasing the A/D VN (=} Input
at this VIN(MIN) value {see Applications section). This
utilizes the differential mode opgration of the A/D.

" The zero eror of the A/D eonverter relates to the
" location of the first riser of the’ transfer function and
_can be measured by grounding the V (=) input ‘and
_applying a small magnitude positive voltage to the V {+]
input..'Zero, error is the difference between the actual
DC input ‘voltage which is necessary to just cause an
oul'p'ut digital code transition from 0000 0000 to 0000
,.0001 and the ideal 1/2 LSB value (1/2 LSB = 9.8 mV
for VREF/2 = 2.500 Vpc).

3

2.5.2 Full-Scele

The- full-scale sdjustment can be made by applying
differential input voltage which is T-1/2 LS8 down from
the desired” analog full-scale voltage range and then ad-
. justing- the magnitude of the VREF/2 input {pin 9
cori the V¢ supply if pin 9 is not used) for a digital
- output code which is just changing -from 1111 1110

cetor 1111 111.1--\ b o o L

[AY: iy for e el R " .ot . ‘I.l
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2.5.3 Adjusting for sn Asbitrary Anslog Input Voltage
Range .

it the analog zero voltage of the A/D Is shifted away
fiom ground (for example, 10 sccommodate an analog
input signal which does not go to ground) this new
2eto reference should be properly adjusted first. A
Vin{+) voltage which equals this desired zero reference
plus 1/2 LSB (where the LSB is calculated for the
desired analog span, 1 LSB = analog span/256) is applied
to pin 6 and the zero reference voltage at pin 7 should
then be adjusted 1o just obtain the OOHEX to O1THEX
code transition,

The full-scale adjustment should then be made (with
the proper Vin{~} voltage applied} by forcing a voliage
to the ViN(+] input which is given by:

(VMAX—VMIN)
VIN (+) s adj'VMAx—-1.5 -—M—A—;g-g——l" .

where:
VMAX = The high end of the analog input rangs
end

VMIN = the low end (the oifset zero) of the ansalog
range. {Both are ground referenced.)
The VREF/2 {or Vcc) voltage is then adjusted to
provide a code change from FEHEX to FFHEX. This
completes the adjustment procedure. 3

2.6 Clocking Option

The clock for the A/D can be derived from the CPU
clock or an external RC can be added to provide self-
clocking. The CLK IN (pin 4) makes use of a Schmitt
trigger as shown in Figure 6. . L

/ )
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. -/.'~

1-
fcuk =
1.1 RC
L |:> o R Ra 10kf
AND

FIGURE 6. Sel{-Clocking the A/D

Heavy capacitive or DC loading of the, clock R pin
should be svoided as this will disturb normal converter
operation. Loads less than 60 pF, such as driving up to 7
A/D copverter clock inputs from a single clock R pin of
1 converter, are allowed._For larger clock line loading,
CMOS or low power T<L buffer or PNP input logic
shouid be used to minimize §he loading on the clock
R pin (do not use a standard T<U buifer}.

2.7 Restart During a Conversion

It the A/D is restarted (CS and WR go low and return
high) during 2 conversion, the converter is reset and a
new conversion is started. The output data latch.is not
updated if the conversion in process is not allowed to

be "completed, therefore the dats of the previous con-
version remalns®in this latch. The TNTR output also
simply remains at the 1" laval,

PR R

2.8 Continvouq Fonyg_ulom
For operuion'ln' the free-running mode an Initializing
pulse should be used, following power-up, to insure
circuit operation, In this application, the CS Input is
grounded and the WR input is tied to the INTR output.
This WR and INTR node should be momentarily forced
to logic low fol]owing'g power-up cycle to guearantee
operation. A e ‘

2.8 Driving the Data Bus
This MOS A/D, like' MOS microprocessors and mem-
ories, will require & bus driver when the total capacitance
of the data bus gets lerge, Other circuitry, which Is tied

1o the data bus, will add,to the total capacitive loading,

even in TR.I-STATE' (hlgf\.lmpedmcp mode). Backplane
bussing slso greatly adds to the stray capacitance of the
data bus. .

W [TLIAN s bt v . .
There are some altarnatives available to the designer to
handle this problam. Basicslly, the capacitive loading of

the data bus slows down the response time, sven though
.DC specifications . are -still met. For systems opersting

with.s relatively.slow CPU clock frequency, mors time is
svailable in which to establish proper logic levels on the
bus and thersfore highar capacitive losds can be driven
(seo typis_ul char‘llc'tve{'lstiés.,cprvu). ' '

At higher 'CPU clock-{requencles time can pc extended
for 1/O reads (pnd_/oi"_v»)rlus) by Inserting walt states
(8080) or using clock extending circuits (6800).

: RS Sl . ‘

Finally, i time’ ii short and capacitive loading is high,
external bus !drivers must be used. Thess can bas TRI-
STATE buffers {low power Schottky s recommended
such as the DM?@;LS?:%O series)-or special higher drive
current p(pductt'yvhich,:ro designed s bus drivers,
High current- blpoly_ribus drivers with PNP inputs are

recommended. \\ L '

- g, .
2.10 .Pow-r’,Suppliosg H

Noise spikes on the VcC supply line can cause conversion
errors a3 the 'c'ompar‘alor will respond to this noise, A
low .inductance tantalum {itter capacitor should bs used
close to the convsriar Vee pin and vslues of 1 uF or
gruler'aré’recommei’\ded..ll sn unreguisted voltage is
dvailable "in the system, 8 separate LM340LAZ-56.0,
T0-82, !5V voitage regulstor for the ‘converter {snd
other analog circuitry) will greatly reduce digital noise
on the:VcC supply. | ' !

2.11. Wiring and Hook-Up Precautions

Standard digital wire;wrap sockets are not satisfactory
for breadboarding this A/D converter.’ Sockets on PC
boards can be used and eil logic signal wires and leads
should be groupgd.an'd kept as far sway as possible from
the - analog” signal leads.” Exposed feads to the snalog

inputs can cause undesired digital noise and hum pickup,
therefore shielded, I&ad‘s may be .necessary in many ap-
plications.
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A single point analog ground should be used which s
separate from the logic ground points, The power supply
bypass capacitor and the self-clocking capacitor (if used)
should both be returned to digital ground. Any VREF/2
bypass capacitors, analog input filter capacitors, of input
signal shuelding should be returmed to the anatog ground
point, A tast fur proper grounting v 10 measure the
teto error of the AJD cunverter. Zeto eriors in excess of
1/4 LSB can usually be traced to improper board layout
and wiring (see section 2.5.1 for measuring the zero
error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with
testing an A/D converter. One ol the simplest tests is to
apply a known analog input voltage to the converter and
use LEDs to display the resulting digital output code as
shawn in Figure 7. .

For ease of testing, the VREF/2 (pm 9} should be
supplied with 2.560 Vpc and a V¢ supply voltage of
5.12 Vpg should be used. This provides an LSB value
of 20 mV.

1f a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpc (5.120 — 1 1/2 LSB} should be
applied to the VN ({+) pin with the Vin(—) pin grounded.
The value of the VREF/2 input voltage shouid ' then
be adjusted until the digital output code is just changing
from 1111 1110 1o 1111 1111, This value of VREF/2
should then be used for all the tests.

The digital output LED display can be decoded by
dividing the 8 bits inlo 2 hex characters, the 4 most
significant (MS) and the 4 least significant (LS). Table |
shows the {ractional binary equivalent ot these two 4-bit
groups. By adding the decoded volitages which are ob-
tained from the columin: Tnput voltege velue for 8 2,560

VREFE/2 ol both the MS and the LS groups, the value of
10m

4 '
150 pF B
! h—y ki I -0 5.120 Ve
10 uf
2 1 TANTALUM
RES $
) 1 o3
~Of
No. l
4
o /-‘l’\'W_@“"
START
AID : '
Vo 1) L"vw—@-—ﬂ e
01y —OSvpc
14 ( i i )
p
[ 1 '.
acno _| @
1.560 Ve & s
Vnuﬂ I
01 uf

"

n 1 .

L A i

= 0 CND m,  wsusen?
.. .. 0 (',

Lold P PR I L

FIGURE 7. Basic A/D Tester”

. Ly

the digital display can be determined, For exarnple, {of
an output LED display of 1011 0110 or BG {in hex), the
voltage values from the table are 3.520 + 0.120 or
3.640 Vpc. These ‘voltage values represent the center-
values of a perfect A/D converter. The effects of quanti-
ration error have 10 be accounted for in the interprota:
tion of the testresults,

For a higher speed test system, of to obtain plotted
data, a digital-to-analog converter is needed for the test
set-up. An accurate 10-bit DAC can serve as the precision
voltage source for the A/D. Errors of the A/D under test
can be provided as either analog voltages or differences
in 2 digital words,

A basic A/D tester which uses 3 DAC and provides the
error as an analog output voltage is shown in Figure 8.
The 2 op amps can be eliminated if a lab DVM with a
numerical subtraction feature is available to directly
readout the difference voltage, “A-—C". The analog
input voltage can be supplied by a low frequency ramp
generator and an X-Y plotter can be used to provide
analog error (Y axis) versus analog input (X axis}). The
construction details of a tester of this-type are provided
in the NSC appiication note AN-179, “Analog-to-Digital
Converter Testing”’,

For operation with a microprocessor or a computer-
based test system, it is more convenient to present the
errors digitally. This can be done with the circuit of
Figure 9, where the outpul code transitions can be
detected as the 10-bit DAC is incremented. This provides
1/4 LSB steps for the 8-bit A/D under test. If the results
of this test are automatically plotted with the analog
input on the X axis and the error {(in LSB’s} as the Y
axis, a useful transfer function of the A/D under test
results. For acceptance testing, the plot is not necessary
and the testing speed can be increased by establishing
|nternal Ilmns on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To discuss the interface with B080A and 6800 micro-
processors, a common sample subroutine structure is
used. The microprocessor starts the A/D, reads and
stores the results of 16 successive conversions, then re-
turns 1o the user's program, The 16 data bytes are stored
in 16 successive memory locations. All Data and Ad-
dresses will be given in hexadecimal form. Software
and hardware details are provided separately for each
type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives
(8048 8085)
e

This converter has been designed to directly interface
with derivatives of the 8080 microprocessor. The A/D
can be mapped into memory space {using standard
memory address decoding for CS and the MEMR and
MEMW strobes) or it can be controlled as an /0 device
by using the 1/O R and 1/O W strobes and decoding
the address bits A0 — A7 {or address bits AB — A15
as they will contain the same 8-bit address information)
10 obtain the TS5 ‘input. Using the 1/O space provides
256 additional addresses and may allow a simpler
8-bit address decoder but the data can only be input
1o the accumulator. To make use of the additional

‘memory reference instructions, the A/D should be

‘mapped mto memory_ space. An example of an A/D

m 1/0 space os shown in Figure 10.

e P e LTI

.l.
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| Ordering Information

TEMPERATURE RANGE o'c TO 70°C -40°C YO +85°C —40°C TO +85°C ~65°C TO +125°C
21/4 81t Adjusted ADCOB0ILCN ADCO801LCD ADCOBOILD
ERROR £1/2 Bit Unadjusted ADCOBO2LCN ADCO8Q2LCD ADCOB02LD
11/2 Bit Adjusted . ADCO80JLCN ; ADC0803LCD
$1 Bit Unadjusted ADCO804LCN ADCO805LCN +'ADCOBOALCO
PACKAGE OUTLINE N20A-MOLDED OIP D20A—-CAVITY DIP | D2OA-CAVITY DIP

Connection Diagram

ADCO080X

Dual-in-Line Package
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National ;
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DAC0808, DACO0807, DACOBOB 8- Blt DIA Converters

General Descnphon

The DACOB08 series is an B-bit monolithic digital-to-
analog converter (DAC) featuring a full scale output
current settling time of 150 ns while dissipating only
33 mW with $5V supplies. No reference current (IREF)
trimming is required for most applications since the full
scale output current is typically £1 LSB of 2565 IREF/
256. Relative accuracies of better than 10.18% assyre
8.bit monotonicity and linearity while zero leve! output

PIES

Features |

= Relative, ' ac'cuucy: $0.19% error maximum
. '(DAC0808} |

w Full scale current match: 21 LSB*typ

= 7 and 6-bit accuracy available {DAC0B07, DACOBO6)
m  Fast settling time: 150 ns typ

= Noninverting digital inputs are TTL and CMOS

compatible

current of less than 4 pA provides 8-bit zero accuracy - » High speed multiplying input slew rate: 8 mA/us
for IREF > 2 mA. The power supply currents of the Power supply voltage range: £4.5V to 18V
DACOB808 series are independent of bit codes, and de power consumption: 33 mW @ 15V
exhibits essentially constant device characteristics over 4y
the entire supply voltage range. ’
. Lol
The DACO808 wilt interface directly with popular TTL,. a
DTL or CMOS logic levels, and is a direct replacement
tfor the MC1508/MC1408. For higher speed applications,
see DACOB00 data sheet.
Block and Connection Diagrams oustrirn Robacksoe
£ AL ? =0
? T ? ? ? ? ? ? nC(MOTE D rlcouruxﬂlou
RANG - Glo-ii ;l—l-v
:o.mnto"“ CURRENT SWITCHES —0O' Rer
th'z“ P-'-‘-Vn(n-)
P I LI ) | 2 "
AR LADDLA HAS CIACUIT ang Yo == ACRI08 — Ve
‘ l [ -1} Al-; . SLMEd P-‘—z-ll [(§])
1 _l_ r‘-‘-
VL O~ nPN CUARLAT O Ve M . " »
SOURCE PAIR A) b — Al
Vagri-) O— . .
RLATAENCE QO COMPEN M — —— A)
CURRINT AMP
vt 100 Vitw
Typical Application Veco v
1)
s 1 § 600y
sy A O—p e O AAN———==( 18.008V © V5§
1]
uo'_l' 1" "
A B oania p R
. e AA A
oicitaL MO~ oaceens =
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11 L]
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A1 O . .
(§1) AIO-E' 1 L_O:S\"U!
3 X
- v 10V (A‘I *AQ N AB)
o 2 a4 256
Vyg e -1V

FIGURE 1. +10V Output Digital to Anslog Converter

Ordering Information

GPERATING TEMPERATURE ORDER NUMBERS®
ACCURACY AANGE D PACKAGE (D16C) 3 PACKAGE [J10A) N PACKAGE IN16A)
8-bit -55°C < TA < +125°C DACO808LD | MC1508L8
8-bit 0°C<TAL 475°C : . DACOB0BLC] |MC1408LB | DACOBOBLCN | MC1408P8
7.bit 0°C<TAL4I5°C DACOS07LCJ | MC1408L7 | DACOBO7LCN | MC1408P7
6-bit 0°C<Ta<+75°C DACOB06LCS | MC1408L6 | DACOBOBLCN | MC1408P6

*® Note. Devices may be ordered by using sither ordec number.
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Absolute Maximum Ratings

Pawer Supply Voltage

Vce

VEE
Digits! tnput Voltege, V5~V 12
Apphed Output Voltwage, Vo
Relarence Current, 114

Reference Amplifier Inputs, V14, V15

+18 Vo

-18Vpce

-10Vpc to +18 Vpge
-11 Vggto+18Vpe
S mA

Vee. VEE

Electrical Characteristics

Ce
Power Dissipstion (Package Limitation} 1000 mW
Derate sbove Ta = 26°C 6.2 MW/ C

Opesating Temperature Range
DACO0808L
DACOB0OBLC Series
Storage Tempersiure Range

~66°C < Ta S +126°C
0< Ta S +78°C
-65°C to +150°C

{Vce = 5V, VEE = =15 VDC. VREF/R14 =2 mA, DAC0808: Ta = —-55°C to +125°C, DAC0808C, DACO0BO7C,
DACO0B0O6C, Ta = 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

PARAMETER CQONDITIONS MIN TYP MAX UNITS
E, Relative Accuracy {Error Relative (Figure 4) %
to Full Scale 10)
DAC0B08L {LM1508-8), $0.19 %
DACOB08LC (LM1408-8)
DACO0807LC {LM1408.7), (Note 1) *0.39 %
ODAC0806L.C (LM1408.6), {(Note 1} :0.78 %
Settting Time to Within 1/2 LS8 Ta = 25°C (Note 2}, 150 ns
{includes 1P M) (Figure 5}
tPLH. Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
prt
TClg Output Full Scale Current Drift 220 ppm/'C
Ms8 Digital Input Logic Levels (Figure 3) i ks '
ViH High Level, Logic *1* -2 voc
Vi Low Level Logic “'0" g 0.8 voce
MSB Digitat Input Curtent {Figure 3)
High Leve! ViH = 5V 0 0040 mA
Low Level Vi = 0.8V -0.003 -0.8 mA
s Reference Input Bias Current (Figure 3} -1 -3 uA
. Output Current Range (Figure 3}
VEE = ~5V 0 2.0 2.1 mA
VEE = —15V,Ta = 25°C. 1] 2.0 4.2 mA
o Output Current VREE = 2.000V, '
R14 = 100011,
{Figure 3) 1.9 1.99 2.1 mA
Output Cutrent, All Bits Low (Figure 3) 0 4 BA
Qutput Voltage Compliance E, <0.19% Ta = 25°C B
Pin 1 Grounded, —0.55, +0.4 voc
VEE Below ~10V -5.0,40.4 voc
SRIREF Reference Current Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply -5V < VEg < —16.5V 0.05 27 BAN
Sensitivity
Power Supply Current (All Buts (Figure 3) "
Low) .
‘cc ' . 2.3 22 mA
'EE -4.3 =13 mA
Power Supply Voltage Range TA = 25°C, (Figure 3)
vee 4.5 5.0 5.5 voc
VEE . -4.5 -15 -16.5 voc
Power Dissipation
Al Bits Low vee » SV, VEg = -5V 33 170 mw
Vce~ 5V, VEg = 15V 106 305 mw
All Bits High Ve = 15V, Vg = —5V 90 mw
Vce = 15V, VEE = ~16V 160 mw

Note 1: All current switches sre tested 10 guarsntee at least 50% of reted current. e
Nots 2: All bits switched.
Note 3: Range control is not required.
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Typical Performance Characteristics s . Qo
“
Vee =5V, VEE = ~15V, Ta = 25°C, unless otherwise noted o o es
. ot
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Test Circuits

V| and 1§ spply to inputs A1-AB,

e e .
a1 o4 i “Vaus The resistor tied 1o pin 15 Is to temperature compenusts the
uo—'< -t :" biess current and mey not be necessaiy for all spplications.
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Test Circuits (Continued) Wt v RILLEER
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Application Hints
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Application Hints (continued

A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main
advantage of this method. Compensation involves a
capacitor 1o VEg on pin 16, using the values of the
previous paragraph. The negative reference voltage must
be at least 4V above the VEE supply. Bipolar input
signals may be handled by connecting R14 to a positive
reference voltage equal to the peak positive input fevel
at pin 15,

When a DC reference voltage is used, capacitive bypass
10 ground is recommended. The 5V logic supply is not
recommended as a reference voltage. If a3 well regulated
5V supply which drives logic is 1o be used as the refer-
ence, R14 should be decoupled by connecting it to
5V through another resistor and bypassing the junction
of the 2 resistors with 0.1 uF 1o ground. For reference
voltages greater than 5V, a clamp diode is recommended
between pin 14 and ground.

If pin 14 is driven by a high impedance such as a
transistor current source, none of the above compensa-
tion methods apply and the amplifier must be heavily
compensated, decreasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.6 to

0.5V when Vgg = —5V due 1o the current switching
methods employed in the DAC0OB08. & 4

The negative output voltage cornpliance of the DAC0808
is extended to —~5V where the negative.supply voltage is
more negative than —10V. Using a full-scale current of
1.892 mA and load resistor of 2.5 k{2 between pin 4
and ground will yield a voltage output of 256 levels

between 0 and —4.980V. Floating pin 1 does not affect

the converter speed or power dissipation. However, the
value of the load resistor determines the switching time
due to increased voltage swing. Values of Ry up to
50082 do not significantly affect performance, but a
2.5 k) load increases worst-case settling time 1o
1.2 ps (when all bits are switched ON). Refer to the
subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be
used only for negative supply voltages more negative
than =7V, due to the increased voltage drop across the
resistors in the reference current amplifier,

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift,
Relative accuracy is the measure of each output current
level as a fraction of the full-scale current. The relative
accuracy of the DACOB08 is essentially constant with
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temperature due to the excellent temperature tracking .

of the monolithic resistor tadder. The reference current
may drift with temperature, causing a change in the
absolute accuracy of output current. However, the
DACOB08 has a very low full-scale current drift with |
temperature,
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The DACOB0B series is guaranteed accurate to within .
$1/2 LSB at & full-scale output current of 1,992 mA,
This corresponds to a reference amplifier output current
drive to the ladder network of 2 mA, with the loss of |
1 LSB (8 pA) which is the ladder remainder shunted to -
_ground. The input current to pin 14 has a guaranteed
value of between 1.9 and 2.1 mA, aliowing some mis-
match in the NPN current source pair. The accuracy test
circuit is shown in Figure 4. The 12-bit converter is
calibrated for a full-scale output current of 1,992 mA.
This is an optional step since the DACOB08 accuracy is
essentially the same between 1.5 and 2.5 mA. Then the
DACOBOB circuits’ full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the
error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.
[

Two 8-bit D-to-A converters may not be used to
construct a 16-bit accuracy D-to-A converter, 16-bit
accuracy implies a total error of 21/2 of one part in
65,536, or $0.00076%, which is much more accurate
than the *0.019% specification provided by the
DAC0808. ) e
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MULTIPLYING ACCURACY

The DACO808 may be used in the multiplying mode
. with 8-bit accuracy when the reference current is varied
“over a range of 256:1. |f the reference current in the

I multiplying mode ranges from 16 pA to 4 mA, the

additional error contributions are less than 1.6 uA. This
is well within B-bit accuracy when referred to full-scale.

A monotonic converter is one which supplies an increase
in current for each increment in the binary word.
Typically, the DACOB08 is manotonic for all values of
reference current above 0.5 mA. The recommended
range for operation with a DC reference current is 0.5 to
4 mA, :

" SETTLING TIME

The worst-case switching condition occurs when all
bits sre switched ON, which corresponds 1o & low-to-high
transition for sll bits. This time is typically 150 ns
for setiling to within t1/2 LSB, for B-bit sccuracy,
and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The
turn OFF is typically under 100 ns. These times apply
when Ry < 50082 and CO < 25 pF.
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Extra care must be takea in board tayout since this is
usually the dominant factor in satisfactoy test results
when .measuring settting time. Short leads, 100 uF
supply . bypassing for low frequencies, and minimum

. scope lead length are all mandatory.






