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Abstract

The magnetic flow meter is based on Faraday's law of electromagnetic induction.

The proportional emf voltage to the conducting fluid is induced in the perpendicular

direction to both flow direction and magnetic field.

The clectronic system of magnctic flow meter is divided to two main parts, i.e.
analog and digital parts.- The function of analog part is driving magnetic coil, detect emf
signal, climinate voise signal and convert the ag signal 1o de signal. The de signal is

converted to digital signal and then is sent to digital part for calculating flow rate and

volume.

The big problem in analog part is the induced noise due to wire wraped circuit

bord and saturation of magnetic coil, [n digital part, the error in measuring volume is

about 0.72%
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200 | 12075 " lsol 0.93
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Cs0 | s2uss | 82 0.79
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miy 148.83 0.78

v = 200 liters/mit
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(liters) (mit) (liters/mit) (%)
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iy 198.57 0.72

v = 255 liters/mit
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2500 9:52.17 253.31 0.66

a0 | tnsos2 sy 0.71
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Y
10
11

13
14
15

16

8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology Page 1

SEGM
DIGIT
Flow
FLbufT
FMbuff
Vpt

Vi

VH
Vptbuft
VLbuff
VMbuif

CMbult

INTR:

Retm:

EQU
RQU
BQU
HQU
HQU
RQU
1LQU
QU
HQU
nou
EQU
QU
ORG
SIMP
ORG
DINZ
MOV
MOV
MOV
PUSI
ACALL
ACALL
ACALL
POP
MOV

RETI

00h

begin

0Bh
R5,Retrn
R5.#02h
THO,#96h
TLO,#4Fh
Acc
INPUT
VOLUME
BIN2BCD
ACC

R4.#01h

;flow rate buffer(bin)

:flow rate buffer(BCD) LSB
flow rate buffer(BCD) MSB
wvolume point buffer (bin)
;volume buffer(bin) LSB
:vohune buffer(bin) MSB
:volume point buffer(I3CD)
;volume buffer(BCD) LSB
;volume buffer(BCD) MSB

:CMPR bulter LSB

Jump over interrupt service

;Interrupt service subroutine

:Reload RS

;Reload Timer0 start-up value

‘Save accumulator

:In flow rate

:Restore accumulator

:Horce to quit delay loop



36
37
38
19

40

48
49
50
S

53

54

8051 Cross-Asscmbler (1.3) (C) 1987, 1989 Binary Technology Page

begin:

main:

BIN2ISCD:

loop1:

vol:

CLR
CLR
MQV
ACALL
SETI3
ACALL
ACALL

ACALL

ACALL

SIMP

ST

MOV
MOvV
MOV
MOV
MOV
DIV

MUV
INC

DINZ
MOY

ACALL

MOV

MOV

RS1

RSO
SP#70h
INIT

TRO
INPUT
VOLUMER
BIN2BCD

DSPLY

main

RS0

R4, 103h
5\,I710w
ROMFLbuff
R1#FMbuff
B,#10AD

AB

@RO,13

RO
R4.loop1
Rd,#02l
CLEAR

R4,#03h
THI1,VH

Select register bank 0
:Set Stack pointer
Jdnitialize enviroment

Start Timer0

In flow rate

:Main program

Seleal register bank |

‘R is o counter

~
P

:RO point to flow buffer LLSB

:R1 point to flow buffer MSB

:Convert binary to BCD

Rd is & counter



55
56
57
5%
59

60

07
68
09

70

80
81

82

8051 Cross-Assembler (1.3)

loop2:

MOV
MOV
MOV
MOV
MOV
DIV
MOV
MOV
ANL
ORL
SWAP
MOV
DIV
XCH
SWAP
ANL
ORI
SWAP
MOV
DIV
SWAP
ORL
SWAP
XCH
MOV
INC
DINZ
MOV

(C) 1987, 1989 Binary Technology Page

TLLVL

RO, #VL.buff
R1,#VMbuff
ATH1
B.#0Ah

AB

TH1,A
ATL1

A #OFO0h :Clear Jow nibble
AB

A

B#0Ah

AB

ATL1

A

_A,#OFOh :Clear low nibble

AB

A
B,#0Ah
Al

A

ATL1

A

ATL1
@R0,B
RO
Rd,loop2
@RO ,T]_fl

3



84
85
86
87
88
89
90

91

95
96
97
98
99
100
101
102
103
104
105
106
107
108

109

8051 Cross-Assembler (1.3)

CLEAR:

break:

MOV
MOV
MOV
MUL
MOV
INC
MOV
MOy
MUL
ADD
MOV
ADDC
MOV
MOV
ACALL
CLR
RET -

MOV
INZ
MOV
DHC
DINZ
RET

MOV
MOV

(C) 1987, 1989 Binary Technology Page 4

RO #Vpt
A@RO |
B,##{0Ah
AB
TL1.B

RO
A@RO
B,#0AR
AB
ATL1
AB 4
A #00h
VplbulT,A
R4,#03h
CLEAR
R'SO

A@R1
break

@R 1L#0Fh
R1

R4,CLEAR

R1.#tFbofl

R2.408h

;find decimal point

iSave carry

:Add Isb with carry

;Add msb with carry

iSave decimal point

;Select register bank 0

IF A is not zero then quit loop
I A is zero then fill blank code

:Prepare for next element

:R1 point to flow rate bulfer

:R2 store control word



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology Page

repeat;

SCAN:

INIT:

MOV
ACALL
INC
INC
MOV
RR
MOV
DINZ

RET

MOV
SWAP
ORI,
MOV
MOV
MOV

DINZ

MOV
RET

MOV
MOV
SHETB
SETB
MOV
MOV
MOV

MOV

R3,#04h :R3 store number of digit
SCAN

RO :Prepare for next segment
R1

AR2

A

R2, :Prepare for next digit
R3,repeat :Display another digits
A@RO ;Get volume

A

APR1 ;Combine flow rate
SEGM.A :Send data

DIGIT,R2 Active digit
R4,#00h :Clear R4

R4,$ :Delay loop
DIGIT#0FFh  :Clear digit.

R5.4021 :Counter in Interrupt service

TMOD,#01h :Set Timer mode 0

BA :Enable global interrupts
LBTO :Bnable Timer0 interrupts
THO,#96h ;TimerO start-up value
TLO.#4kh

3L, #HOFFh JInitialize CMPR buffer

40nh,#0FFh



138

139

144
145
146

147

157
158
159
160
101
162
163
164

165

8051 Cross-Assembler (1.3)

MOV

MOV

MOV
MOV
clr: MOV
DRC
DINZ
RET
VOLUMIL SETB
MOV
MOV
INB
MOV
SIMP
lilow: MOV
call MOV
MUL
ADD
MOV
INC
MOV
ADDC
MOV
loop3: INC
CLR

ADDC

(€) 1987, 1989 Binary Technology Page

41h #0Fh

420 H#27h

RO,# VMbulf
R1,#0Dh
(@RO,#00h :Clear volume buffer
RO

Rl,clr

RS1 :Select register bank?2
RO#Vpt .
R2,#020
1°0.0.Litlow :check for low flow ralte
13, #6Dh

cal

13.#0Bh

AFlow

AB

A@RO

@RO,A

RO

AB

A@RO

@RO,A

RO

A

A@RO

4



166

167

174
175
176
177

178

179
180
181
182
183
184
185
186
187
1883
189
190
101
192

193

8051 Cross-Assembler (1.3)

loop:

exit:

INPUT:

CMPR:

MOV
DINZ
ACALL
JNC

MOV
MoV
MOV
DEC
DINZ
CLR
RET

SETB
CLR
SETB
B
MoV
RET

(C) 1987, 1989 Binary Technology Page

@RO,A
R2,loop3
CMPR

CXit

RO,#VH
R 1,#04h
@RO,#00h ;:Clear buffer

RO
R1,loop4
RSO ;Sclect register bank0
4
P3.0 :Start conversion*
P3.0
 P3.0
P3.1,% :Wait for data
flow.P1 dn tlow rate

;Compare @ volume buffer with 9999.99d (270F.FFFFh)

AF @volume bulfer > 9999.99d then set Carry flag

SETB
SETB
MOV
MOV
MOV
CLR

RSO ;Select Register bank 3
RS1
RO#Vpt :R0O point to volume buffer

R1.#CMbulf :R1 point to CMPR buffer
R2.,it04h :R2 is a counter

C

7



8051 Cross-Assembler (1.3)  (C) 1987, 1989 Binary Technology Page 8

194 loop5: MOV A@R1 ,

195 SUBB A@RO

196 INC RO

197 INC R1

198 DINZ R2,loop5

199 CLR RSO :Select Register bank O
200 CLR RS1

201 RET

202

203 end: END
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SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

DECEMBER 1983—REVISED MARCH 1988

Converts TTL Voltage Levels to MOS Levels ( SN5406, SN5416 . . . J OR W PACKAGE
) . . SN7406, SN7416 . . . N PACKAGE
High Sink-Current Capability (TOP VIEW)
Input Clamping Diodes Simplify Syst ,
D:’Sign ping Di implify System 1t U vee
. 1y 02 130] 6A
Open-Collector Driver for Indicator Lamps 2a0s  1206Y
and Relays 2v e 1] 5A
« Inputs Fully Compatible with Most TTL 3as  1005Y
Ci avy{le  s[%A
ircuits
GND 7 s[] 4Y
description

These monolithic TTL hex inverter buffers/drivers feature high-voltage open-collector outputs for interfacing with high-level
circuits (such as MOS), or for driving high-current loads (such as lemps or rejavsl, #nd are also characterized for use as in-
verter buffers for driving TTL inputs. The SN5406 and SN7406 have minimum breakcown voltages of 30 volts and the
SN5416 and SN7416 have minimum breakdown voltages of 15 volts. The maximum sink current is 30 milliamperes for the
SN5406 and SN5416, and 40 milliamperes for the SN7406 and SN7416.

logic symbolt schematic

1A (1) > Po) (2) 1y

24 (3) (4) 2v

3 (5) (6) ay

4A () (8) ay
5A (R0 | (10) 5Y

(12) -

Vee
t
13

OUTPUT

16kQ

ea 13 |

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.

logic diagram (positive logic)

GND
b

1A v

Cosist0r values sbus  3Te nomMinel

2A 2y

3A 3y
4A 4y

SA——DO———-W
sA—Do—sv

1y

o LN Eid e RTINS T YIRS SEINRI rroeeTE

&
Texas J\’ ' 2.37
INSTRUMEN

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

TTL Devices [ i\Y

|
t

{
1
|
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SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

absolute maximum ratings over operating free-air temperature ran

ge (unless otherwise noted)
Supply voltage, Ve (see Note 1)

* Converts

) INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

............... LSO S * High Sink
P MR 1 . ottt et oo+ ev e 55V
p! ge ( ) s * Input Cle
Output voltage (see Notes Tand 2): SN5406, SN7406 Circuits ..ooee e 30V Desigin
SNS416, SN7416 Cireuits ...,...... ... ... 000 T 15V 9
Operating free-air temperature range: SN5406, SN5416 Circuits .......... ... .. . $samaEe —55°C 10 125°C * Open-Coll
SN7406, SN7416 Circuits .......... ... 0 0°C to 70°C and Relay:
Storage temperature range ... ... R R S R imin @ o % A 5 6 5 56 R e e e s - 65°C 10 150°C
9e P 9 * Inputs Fu
NOTES: 1. Voltage vaiues are with respect to network ground terminal. Circuits
2. This is the maximum voltage which should be applied to any output when itis in the off state.
) . description
recommended operating conditions
These mono
SN5406 SN7406 (such as MO
SN5416 SN7416 T driving TTL i -
MIN NOM MAX [ MIN NOM MAX have minimy
i Vee  Supply voltage 45 5 55 | 4.75 5 525 \ and 40 millia
g Vik  High-level input voltage 2 2 Vv .
it | ViU Lowlevel input voltage 08 08 v; These circuits
06 30 0 fects which
o VOH High-level output voltage e ie 15 v nanoseconds.
: loL  Low-level output current o 30 |- 40 mA | T 125°C; the ¢
Ta Operating free-air temperature - 55 125 0 70 C R
O logic symbolt
(3}
<. electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) . i
(2] b 3
o SNS406 SN7406 . 228
® PARAMETER TEST CONDITIONS? SN5416 SN7416 UNIT 385
MIN TYP$ mAax | min TYP$ MAX 4 9)
Vig Vee=MIN, 1= -12maA -15 -15 | v 1)
o Vec=MIN. V,(=08V, Vgn=: 0.25 0.25 | mA 5“*( .
- [ToL = 16 mA 0.4 04 v GA—1—{
Voo Vee=MIN,  viy=2v oL~ ¥ = : 07
I Vec=MAX, Vv =55V 1 1] mA ! This symbol is in acc
™ Vee= MAX, V=24V 20 20 A IEC Publication 617-
e Vce = MAX, ViL=04vVv -1.6 -16 mA X .
lcos Vce = MAX 30 48 30 48 | mA logic diagram (p:
Icce Vee = MAX 32 5 32 51| mA
i 1A -
t For conditions shown as MIN or MAX, use the appropriate value specified under recoinmended operating conditions.
3 All typicat values are at Vee=5V,Ta =25°C. -
§Vou = 30 V for “06 and 15 V for ‘16, 2A -
€ ioL = 30mA for SN54' and 40 mA for SN74°,
switching characteristics, Vee =5V, Ta = 25°C (see note 3) 8=
F T
PARAMETER ROm ! o TEST CONDITIONS MIN TYP MAX | UNIT 4A —
(INPUT) (OUTPUT)
PLy v C, = 150F 10 15 ns
e A RL=1100 L P 5 >3 ) _5A -—
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 6A —
Y=2a
. F—
- PRODUCTION DATA socume:
Iy
2-38 Texas Q

current as of publication dat
Specifications per the terms
Standard | . Preductic

y & testing ¢




SN54246, SN54247, SN54LS247, SNSMSZ“
SN74246, SW74247, SN741LS247, SN7415248
BCD-TD-SEVEN-SEGMENT DECODERSIDRWEHS

MARCH 1974 —REVISED MARCH 1988

'246, ‘247, 'LS247 © 'LS248
feature feature '

e Internal Pull-Ups Eliminate Need for E)_(temal

[ ] Open-Collector Outputs Drive Indicators
Resistors

Directly

Lamp-Test Provision { @ Lamp-Test Provision

Leading/Trailing Zero Suppression @ Leading/Trailing Zero Suppression

e All Circuit Types Feature Lamp Intensity Modulation Capability

DRIVER OUTPUTS TYPICAL

TYPE ACTIVE OUTPUT POWER
LEVEL CONFIGURATION

DISSIPATION
SN54247 open-collector 40 mA
SN54L5248 2-kQ pull-up

SN74246 open-collector 40 mA [7,)
SN74247 open-collector 40 mA 8
SN74LS247 low open-collector 24 mA -;
SN74L5248 high 2-kQ pull-up 6 mA @
(]
SN54246, SN54247 ... J PACKAGE ' i
SN541L5247 THRU SN54L5248 . . . J OR W PACKAGE SN54LS247. SN54L5248 . . . FK PACKAGE -
SN74246. sN74247 ... N PACKAGE (TOP VIEW) =
SN74LS247, SN74LS248 . . . DORN PACKAGE 2
. oB .
(TOP VIEW) OBZ> -
o 9
BI/RBO al
NC NC

910111213

<oV °®T
zZ

NC - No internal connection

PROGUCTION DATA documents contain information .
current as of publication date. Products conform to I
fications per the terms of Texas Instruments

: : - TEXAS
standard warrant ‘mu:.:n:? :l'l.::::::t :xl not . lN S.I_RUMENTS

wecessarily inclu
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




SN54246, SN54247, SN541LS247, $N54LSZ48
SN74246, SN74247, SN74LS247, SN741LS248
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

description (

»
The ‘246 and ‘247 are electrically and functionally identical to the SN5446A/SN7446A, .,{d
SN5447A/SN7447A respectively, and have the same pin assignments as their equivalents. The 'LS247
and ‘LS248 are electrically and functionally identical to the SN54LS47/SN74LS47 and
SN54LS48/SN74LS48, respectively, and have the same pin assignments as their equivalents. They can
" be used interchangeably in present or future designs to offer designers a choice between two indicator
fonts. The "46A, "47A, 'LS47, and 'LS48 compose the b and the without tails and the ‘248, 247,
'LS247, and ‘LS248 compose the & and the T with tails. Composition of all other characters, including
display patterns for BCD inputs above nine, is identical. The 246, ‘247, and 'LS247 feature active-low
outputs designed for driving indicators directly, and the 'LS248 features active-high outputs for driving
lamp buffers. All of the circuits have full ripple-blanking input/output controls and a lamp test input. Segment
identification and resultant displays are shown below. Display patterns for BCD input counts above 9 arg
unique symbols to authenticate input conditions.

All of these circuits incorporate automatic leading and/or trailing-edge zero-blanking control (RBI and m)_
Lamp test (LT) of these types may be performed at any time when the BI/RBO node is at a high leve!,
All types contain an overriding blanking input (Bl) which can be used te cor.tto! the lamp intensity by pulsing
or to inhibit the outputs. Inputs and outputs are entirely compatible for use with TTL logic outputs,

Series 54 and Series 54LS devices are characterized for operation over the full military temperature range
of —55°C to 125°C; Series 74 and Series 74LS devices are characterized for operation from 0°C to 70°C,

i =

aniL

|
l
LI

3 4 5 6 7 8 9 10 12 13 14 15

.
—
©
-

] NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS
SEGMENT
IDENTIFICATION

S3JINd
|

logic symbolst
‘246, '247, 'LS247 ‘L5248

BIN/7-SEGD BIN/7-SEG
(4) T1) _ (4) (12)

EI/W)-«Y: >1 I/R O-ﬁfﬁ >1
© ©

TGZ‘I

2|
Lg
'
3|
E
[

QG217

0O (3)

CT=0. cr=0
2 2021013 v20
b 20210 (12) (7)
c 20210 (D (1
d 20210 110 4
e
1
9

20,21 @ p—rrme
20219} U2
202101
20210 00
20219
2021©
20210

-

|

@ - ® ana oo

(2)
w210k ©

20210 15
20210k (4

O 0O m »
@ & N

(6)

" ‘_1
DTS

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.

BORj

EXAS
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




5446A/SN7446A, and
guivalents. The 'LS247
.S47/SN74LS47 and
r equivalents. They can
between two indicator
ils and the ‘246, '247,
er characters, including
247 feature active-low
nigh outputs for driving
3mp test input. Segment
iput counts above 9 are

3 control (RBI and REO).
node is at a high level.
amp intensity by pulsing
h TTL logic outputs.

itary temperature range

stion from 0°C to 70°C.

() I
| _ 1=

12 13 14 15
SPLAYS
3
SEG
]

G21

i 20210p— 13,
» 20210 (121
s 20210V
r0210l 00 4
v 2021019,
© 20210118
) 20219) 04
o ’

e S ]

SN54246, SN54247, SN54LS247, SN54LS248
SN74246, SN74247, SN74LS247, SN74LS248
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

( ‘246, '247, ‘LS247 FUNCTION TABLE (T1)
DECIMAL
oR INPUTS BI/RB0" OUTPUTS NOTE
FUNCTION LY | RBI 2] C B A a b c d e 1 9
0 H H L L L L "W . |ON|ON [ON [ ON | ON | ON | OFF
1 H X L L L H H OFF | ON | ON | OFF | OFF | OFF | OFF
2 H X L L H L H ON | ON |OFF | ON | ON |OFF | ON
3 H X L L H H H ON { ON | ON | ON | OFF |OFF | ON
4 H X L H L L H OFF | ON | ON | OFF | OFF | ON .| ON
5 H X L H L, H H ON |OFF | ON | ON | OFF | ON | ON
6 H X L H H L H ON |OFF |ON | ON | ON | ON | ON
7 H X L H H H H ON | ON | ON | OFF | OFF | OFF | OFF
8 H X H L L L H ON | ON |ON | ON | ON | ON | ON !
9 H X H L L H H ON | ON |ON | ON | OFF | ON | ON
10 H X H L H L H OFF |OFF |OFF | ON | ON | OFF | ON
1" H X H L H H H OFF {OFF | ON | ON | OFF | OFF | ON T
12 H X H H L L H OFF | ON |OFF | OFF | OFF | ON | ON g :’)
13 H X H H L H H ON |OFF |OFF | ON |OFF | ON | ON oy
14 H X H H H L H OFF | OFF |OFF | ON | ON | ON | ON -
15 H X H H H H H OFF | OFF |OFF | OFF | OFF | OFF | OFF [72]
Bl X X X X X X L OFF | OFF |OFF | OFF.| OFF |OFF | OFF|" 2 8
REI H L L L L L L OFF | OFF |OFF | OFF | OFF | OFF | OFF 3 ">'
T L X X X X X H on |on [on [on [on jonjon] 4 8
'LS248 FUNCTION TABLE (T2) = L ol
N DECIMAL ||:
OR INPUTS Si/RBO! OUTPUTS NOTE
FUNCTION|LT|RBI{ D C B A a b ¢ d e f g
0 H H |8 L L L H H H H H H H L
1 H X L L L H H L H H L L L L &
2 H X L L H L H H H L H H L H
3 H X L L H H H H H H H L L H
4 H X L H L L H L H H L L H H \
5 H X L H L H H H L H H L H H
6 H X L H H L H H L H H H H H
7 H X (3 H H H H H H H L L L L 1
8 H X H L L L H H H H H H H H
9 H X H L L H H H H H H L H H
10 H X H L H L H L L L H H L H
11 H X H L H H H L L H H L L H
12 H X H H L L H L H L L L H H
13 H X H H L H H H L L H L H H
14 H X H H H L H L L L H H H H
15 H X H H H H H L L L L L L L
Bl X x|[x x X X L [ S 2
RBI HlL|L L oL ot L LtoL b, Lo L.t 3
LT L X X X x X H H " H H H H H H 4
H = high level, L = low level, X = ivr:l_:»..m
NOTES: 1. The blanking input (_B_Ilmuu be open or held at » high logic level when output functions O through 15 sre desired. The
ripple-blanking input (RBI) must be open or high if blanking of & d:iimal zero is not desired. '
2. When a low logic level is applied directly to the blanking input (B1), all segment outputs are low regardless of the level of any
other input.
3. When ri:pla-blnnking input (RBI) snd inputs A, B, C, and D are at a low level with the lamp test input high, all segment outputs
go low and the rippie-blanking output (RBO) goes o 8 low level (response condition).
4. When the blanking input/ripple-blanking output {BI/RBO) is open or heid high and a low is applied to the lamp-test input, all
segment outputs are high. .
1B1/EBO is wire. AND logic serving as blanking input (BI) and/or rippie-bianking output {(RBO).
[ S o=y
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SN54246, SN54247, SN541S247,
SN74246, SN74247, SN74LS247
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS
. me
logic diagram (positive logic) logic
ot . '246, 247, 'LS247 :
(13) OUTPUT
- a
INPUT (7) =0
A ﬂ D 8
¢
m:ur ) 2is (12) our:u*r .
T l
Lo )
INPUT (2) 1]
= . (11) OUTPUT
D :
INPUT (6) fiic
D [ f (10) OUTPUT
- d
- J
3 -
- HVRED (3) OUTPUT
BLANKING
o) INPUT OR 8 e
o} RIPPLE-BLANKING 7 )
< OUTPUT
3 [=fai
(15) OUTPUT
@ | f
LAMP TEST (3) &
INPUT
o= H—H (14) oUTPUT )
RIPPLE-BLANKING 2L i 9
INPUT
Pin numbers shown are for D, J, N, and W packages.
o
4 i
' eI
'  Texas @ ‘ :
3 2-708 :
i | INSTRUMENTS :
o } POST OFFICE BOX 655012 » DALLAS, TEXAS 75265
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= TT

= JTUT

W UTPUT

T OUTRPUT
e

SN541S248, SN74L5248
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

Iogilc diagram (positive logic)

INPUT (7)
A

INPUT (1)
B

INPUT (2)

c ‘DL P‘]

‘Ls248

INPUT (6)
D 1r>° L r
-
BLANKING ?
INPUT OR (4)
RIPPLE-BLANKING -
OUTPUT
y 1
>—
LAMP-TEST (3) -
INPUT
0
RIPPLE-BLANKING (5)
INPUT —

Pin numbers shown are for D, J, N, and W packages.

(13) QUTPUT

(12) ouTPUT
b

(11) ouTPUT
c

(10) OUTPUT
d

(8) ouTPUT
e

(15} ouTPUT

(14) OUTPUT
L]

i
Texas ‘b
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS. TEXAS 75265
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SN54246, SN54247, SN74245. SN74247
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

f schematics of inputs and outputs
‘246, ‘247

‘246, '247

EQUIVALENT OF BI/RBD

s o

EQUIVALENT OF EACH INPUT \
EXCEPT BI/RBO
Vee
== o -
Vee == 24k S 6k
6 kL NOM NOM NOM
INPUT - —— - -
) 4 &
) 4 x 7

BI/RBO :
s :
& 246,247
o - &
e # TYPICAL OF OUTPUTS : .
'5‘ aTHRUg z
& .
e cc
3 -
b (o] OUTPUT
A ®
5 (7]

 Texas V@ | i

=110 . INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




‘247

-

SN54LS247, SN541S248, SN74LS247, SN7415248
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

schematics of inputs and outputs

‘LS247, 'LS248

‘L8247, 'LS248

EQUIVALENT OF EACH INPUT
EXCEPT BI/RBO

EQUIVALENT OF BI/RBO

Vee
Vee———— - - p:
5’ Req p 20x0 ¢ 10 kQ
INPUT < =i | NOM < ¢ NOM
——d
x y - - - -
Y Y lx ¥
i ) 4
77
o Vedd Ve
LT and RBI: Req = 20 k2 NOM BI/ABO
A.B,C.,and D: Rgq =25k NOM
‘LS247 ‘LS248
- TYPICAL OF OUTPUTS TYPICAL OF OUTPUTS
aTHRUg aTHRUg

—_— ° v
cc Vee
2k
NOM l
OUTPUT L
OUTPUT
DT CECN A ST LTI T e

TEXAS
INSTRUMENTS

POST OFFICE BOX 655012 + DALLAS, TEXAS 75285
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

National AT
. : If Military,
Semiconductor please cc
: Office/Dis
Supply Volt
ADC0801/ADC0802/ADC0803/ADC0804/AD C0805 Voltage
. . Logic Coi
8-Bit uP Compatible A/D Converters At Other |
Lead Temp
General Description S
The ADCOB01, ADC0802, ADC0803, ADC0804 and W Differential analog voltage inputs Surface \
ADCO0805 are CMOS 8-bit successive approximation A/D = Logic inputs and outputs meet both MOS and TTL volt- Vapor f
canveriers that use a differential potentiometric ladder— age level specifications Infrarec
similar to the 256R products. These converters are de-  ® Works with 2.5V (LM336) voltage reference - -
signed to allow operation with the NSC800 and INSB080A g On-chip clock generator Electric
denvatlv'e‘comrol bus with TRI-STATE® output. latches di- g oV to 5V analog input voltage range with single 5V The followin
rectly driving the data bus. These A/Ds appear like memory supply
g:uo?s ::rils/segg:: to the microprocessor and no inter- o w0 o0 adjust required -
mng o_gl ' l. ) o | - m 0.3" standard width 20-pin DIP package ; ADCO0801: Tt
onke ena‘og voltage mputs‘a ow increasing the c;om- m 20-pin molded chip carrier or small outline package (. W——
mon-mode rejection and offsetting the analog zero input Oceral tiometricall ith 5 Voo, 2.5 V. . ADCO802: T¢
voltage value. In additior;, the voltage reference input can w Operaies raulomzncahy or wf' oc: 2:5 Vpe: or ana- v —
be adjusted 1o allow encoding any smaller analog voltage log span adjusted voltage reference ADCOB03: T¢
span to the full 8 bits of resolution. . ge . A
Key Specifications ~ ADC0804: Tc
Features ® Resolution 8 bits | ADCO805: Tc
= Compatible with 8080 uP derivatives—no interfacing ™ Total emor +1/,LSB, 1, LSBand +1LSB |- VRer/2 Input
logic needed - access time - 135 ns = Conversion time 100 ps ;
®m Easy interface to all microprocessors, or operates | Analog Input
“stand alone” T
DC Common-
Typical Applications —_—
YpP PP Power Supply
v A d
4 ‘ » ]
5 veo
»0l 0 inn] ™ - AC Elec
WR . TRANSDUCER The followi
, g s [ | samsssmmer, T
< 087 25 Symbol
vle 12 > ANALOG INPUT ym‘o_
5[ 2% e vl U I I 3 To
= : = ::z V-l 7 DIFF INPUTS T\_
c
2 oea aono L——‘ ' =
€ { o2 ¢ SPANADI _L CLK '
l— (L] e VREF/ peeQO SEE SECTION o —3 __1
L. OBC D GND L CR 1
bv TL/H/5671-1 |
_:WM_R)L |\
SISt Error Specification (Includes Full-Scale, Acc :
Zero Error, and Non-Linearity) —_—t
YHton |- 3
8 ——0 Full- _ a2 : ; f
Part Seile VRep/2=2.500 Vpc | VRer/2= No Connection H
8 [—b-0 Number (No Adjustments) (No Adjustments) —
- Adjusted Wit | L
iy —9 o ADC0801 | +,LSB ﬁ__‘
0t IN |
0 pe—tWm ADC0802 +7,15B c
_—
<:__ ADC0803 | 1, LSB Cour . T
CATA
ADCOB04| - +1L88 —l
LONTROL InF
ADCO8O05 +1LSB Vin(1) F
TL/H/5671-31
o i
e B
3-16




-

Electrical Characteristics

>
Absolute Maximum Ratings (otes122) ; b
If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C 8
please ot':c;n't:c: the National Semlcondn.!ctor Sales Package Dissipation at Ty =25°C 875 mwW g
office/Distributors for availability and specifications. ESD Susceptibilty (Note 10) 800V >
Supply Voltage (Vcc) (Note 3) . 6.5V 8
Voltage . o
;cu5 Logic Control Inputs —0.3Vto +18V OPeraung Ratlngs froms ma) 2
At Other Input and Outputs ~0.3Vto (Vg +0.3V) Temperature Range TMN<Ta<Tmax | S
Lead Temp. (Soldering, 10 seconds) ADC0801/02LJ —55°C<Ta<+ 125°C ;
Dual-In-Line Package (plastic) 260°C ADC0801/02/03/04LCJ "~ 40:C STa<+ 85°C =)
Dual-In-Line Package (ceramic) . 300°C ADC0801/02/03/05LCN —40°C<Tp< +85C o
& Surface Mount Package ADCO8B04LCN 0°C<Tp<+70°C S
- ' ADC0802/03/04LCV 0°C<Tp<+70°C o
= TTL volt- o A
== MOS and I\;Ef*g?;z';f;z ;i‘;::sc;’"ds) P ADC0802/03/04LCWM 0°C<Tas+70C | @
 rence . Range of Vg 4.5Vpc 10 6.3 Vpg C>!
o
o
[~
o
&
~
>
=
o
[=3
[=3
o
3

|
|
=== with single 5V ! The following specifications apply for Vo =5 Vbe, TMINS TA<Timax and for k=640 kHz unless otherwise specified.
! Parameter Conditions Min Typ Max Units
L [ ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adij.
. — | (See Section 2.5.2) % 8
o :b 25 F:/Dc & Bl | ADC0802: Total Unadjusted Error (Note 8) VReF/2=2.500 Vpg 1, LSB
et ' | ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. £, LSB
- (See Section 2.5.2) 2
ADCO0804: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpc : +1 LSB
8 bits | ADC0805: Total Unadjusted Error (Note 8) VReg/2-No Connection +1 LSB
£ —:LSBand +1LSB VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
100 ps ADC0804 (Note 9) 0.75 1.1 kQ
! Analog Input Voltage Range (Note 4) V(+) or V(—) Gnd-0.05 Vco+0.05 Vpo
DC Common-Mode Error Over Analog Input Voltage e V% LSB
Range
Power Supply Sensitivity Vee=5 Vpg +10% Over Ve % i LSBE
Allowed Vn(+) and Vin(—) ~
Voltage Range (Note 4)

 AC Electrical Characteristics
— The following specifications apply for Vee=5 Vpg and Ta=25°C unless otherwise specified.

=T FESOLUTION

e Ady BESINED Symbol Parameter Conditions Min Typ Max Units
B L T¢ Conversion Time foLk =640 kHz (Note 6) 103 114 us
- _,TC Conversion Time (Note 5, 6) 66 73 1/foLk
fouk Clock Frequency Vee=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 % )
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s ! }
TL/H/5671-1 _ Mode CS=12 Vpe. fr, k=640 kHz ;&( L
WWR)L Width o* WR Input (Start Pulse Width) CS=0 Vpg (iote 7) 100 ns
= tace Access Time (Delay from Falling C_ =100 pF 135 200 ns
Fui-3cale, Edge of RD to Output Data Valid)
=) “loH | TRI-STATE Control (Delay CL=10 pF, R = 10k 125 | 200 ns
X from Rising Edge of RD to (See TRI-STATE Test
/===/2=No Connection Hi-Z State) Circuits)
No Adjustments) Wila | Delayfrom Falling Edge 300 | 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 75 pF
Control Inputs
Cour TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
+1LSB Vin (1) Logica!l “1" Input Voltage Vee=5.25 Vpg 20 15 Vpe
ey (Except Pin 4 CLK IN)

317




ADC0801/ADC0802/ ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (Continued)

2 @

. A
The following specifications apply for Vec = 5Vpg and TMIN < Ta < Tpmax, unless othpmise specified. 2
Symbol I Parameter I Conditions I Min , Typ I  Max I Unitg ‘
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] !
Vin (0) Logical “0” Input Voltage Veec=4.75 Vpgl 0.8 Voo |
(Except Pin 4 CLK IN)
In(1) Logical “1” Input Current ViIN=5Vpc 0.005 1 RADG
(All Inputs)
Iin (0) Logical “0” Input Current ViN=0Vpg -1 —0.005 AR |
(All Inputs) f
CLOCK IN AND CLOCK R
Vi+ CLKIN (Pin 4) Positive Going 257 3.1 35 Vg
Threshold Voltage s
Vr— CLK IN (Pin 4) Negative 1.5 1.8 21 Ve
Going Threshold Voltage
VH CLK IN (Pin 4) Hysteresis 0.6 1.3 20 Vpe
V1+)—(v1-)
Vour (0) Logical “0" CLK R Output lo=360 pA 0.4 Voo
Voltage Voc=4.75 Vpg i
Vour (1) Logical “1" CLK R Output lo=—360 uA 24 ! Voo
Voltage Vec=4.75 Vpg
DATA OUTPUTS AND INTR
Vout (0) Logical “0” Output Voltage
Data Outputs lour=1.6 mA, Vge=4.75 Vpc 0.4 Vo
INTR Output lout=1.0mA, Vgc=4.75 Vbe 04, Vbe
Vourt (1) Logical ““1” Output Voltage lo=—360 pA, Voc=4.75 Vb 24 ‘ Vbe
Vout (1) Logical “1” Qutput Voltage lo=—10 pA, Voc=4.75 Ve 4.5 Voe
lout TRI-STATE Disabled Output Voutr=0Vpg -3 HADC
Leakage (All Data Butfers) Vour=5Vpc 3 rApc
Isource Vourt Short to Gnd, Ta=25C 4.5 6 mApc |
IsiNK Vout Short to Vg, Ta=25°C - 9.0 16 mApc
POWER SUPPLY
Icc Supply Current (Includes foLk =640 kHz, |
Ladder Current) VRep/2=NC, Tp=25°C i
andCS=5v !
ADC0801/02/03/04LCJ/05 1.1 186 mA
ADCO0804LCN/LCV/LCWM 1.9 25 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical s,

the device beyond its specified operating conditions.

conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vee
as high level analog inputs (5V) can cause this input diode to conduct ially at el ter
spec allows 50 mV forward bias of either diode. This means that as long as the analog Vjy does not
code will be comect. To achieve an absolute 0 Vpg to 5 Ve input voitage range will therefore requir
variations, initial tolerance and loading.

Note 6: With an asynchronous start pulse, up o 8 clock periods may be required before the internal
start request is internally latched, see Figure 2 and section 2.0.

Note 7:The&inpmisusumtobmckettﬂeWRsbobeivwwMMmﬁmingisdependentonmeWﬁ

theconvsnerinnrmtmodemm:mnolmmnﬁuawdbymmmhightunsitionoﬂheWﬁ
Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code

pecifications do not apply when operating

supply. Be careful, during testing at low Ve levels (4.5V),
p . and cause errors for analog inputs near full-scale. The
cxoeedtbelwplyvohgebymhnf»ﬂmv.mm
€ a minimum supply voltage of 4.950 Vpc over temperatur®

'y can degradi Forlowerclockheq.lencies‘mdmyqdelimitsunﬁ
extended so long as the minimum clock high time interval or minimum ciock low time interval is no less than 275 ns,

dockpmmampwp«mmnmecuwuﬁionpm.m

far o Moy

OUTPUT CURRENT (mA)




LOGIC INPUT THRESHOLD VOLTAGE (V)

—
recified. b
Typ I Max I Units
scified separately] =
0.8 Voc
0.005 1 RrApg
-0.005 rADG
31 35 Vbe
1.8 21 Vpg
1.3 20 Ve
0.4 Voe
Ve !
|
0.4 Ve ||
0.4 Ve '\
Voc |
Voo :
pApc § |
3 rApc § !
6 mAgc 1 |
16 mApe i
|
|
|
14 1.8 mA
1.9 25 mA
wcifications do not apply when operating
ays be wired to the D Gnd.
(see block diagram) which wnl( !_omd
during testing at low Vg levels (4.5V
s for analog inputs near full-scale. The
'oltage by more than 50 mV, the outps
voltage of 4.850 Vpc over temperatur®
requencies, the duty cycle limits can b
ser 1o start the conversion process. The
. An arbitrarily wide pulse width will hot
ming diagrams). - . 2 ;»
2s see section 2.5 and Figure 5.
16 ADC0801, ADC0B02, ADC0803, 8%
ILCJ, each resistor is typically 2.2 kil
i

fox (kH2)

OUTPUT CURRENT (mA)

o

Y

4.50 45

1000

~

-

-

2

-50 -25 0

Logic Input Threshold Voltage
vs. Supply Voltage

-§5°C < Ty <+125°C

W

/

s00 52§ 5.50
Ve - SUPPLY VOLTAGE (Vgg)

fcLk vs. Clock Capacitor
: 1
h Wl
\ngﬂ____

\ \
AIANAY
N\

\ = 204 \ \N

CLOCK CAPACITOR (gF)

L

Output Current vs
Temperature

Vee=Svpc | |
1

DATA OUTPUT
BUFFERS

h TTTTd
IsouRce
Vour =24 Vpc

S S

I

"

“Isink
Vour = 04 Vo TSI

% S0 75 W 125
T — AVBIENT TEMPERATURE (°C)

DELAY (ns)

LINEARITY ERROR (LSBs)

Igc — POWER SUPPLY CURRENT (mApc)

400

300

200

100

os

[ )

S0 -5 0

cal Performance Characteristics

Delay From Falling Edge of
RD to Output Data Valid
vs. Load Capacitance

N

0 200 400 600 800
LOAD CAPACITANCE (gF)

Full-Scale Error vs
Conversion Time

Te= 131y

4 8 0 w0 128 0
Tc. CONVERSION TIME (us)

Power Supply Current
vs Temperature (Note 9)
T

IREN!
- ~—A0C085;
. Lec i
0C047; Apronl 4

—. 17
. ADCoa gy~ EC * Sv
DCoggy A
e "'“Dt:noa:;t\'l?yL'=
A T——
L_ Ve =4Sy

1]

FULIR!
foLx = M40 kHz

&
1

% 80 75 1@ 128
Tg - AMBIENT TEMPERATURE (°C)

]

> n

T

—
|

CLK IN THRESHOLD VOLTAGE (V)

OFFSET ERROR (LSBs)

LINEARITY ERROR (L58:")

CLK IN Schmitt Trip Levels
vs. Supply Voltage
35
—
Ll o 5 5
"
27
-55°C < T < +125°C
23
Vi< | et
9
1 ==
15

450 475 500 525 550
Vg - SUPPLY VOLTAGE (Vpg)

Effect of Unadjusted Offset Error

vs. VRep/2 Voltage

6 e
L Vigle) = Vig(-l = oV,

14 [ ASSUMES Vgg = 2mV.
| THIS SHOWS THE NEED 11

B

L

T FOR AZEROADJ.IF ¢
'—\" THE SPAN IS REDUCED. T

T
. 1l
001 01 10 5
VReF2 (Vpg)

Linezrity Error at Low

VRerF/2 Voltages
I e
- —to « 2VRes2l —
1isee— 7
(ZERD AND FULL-
SCALE ADJUSTED) |
{ % i d 1
s 1158 VALUE (mV)
ke
H 4z am || g
(zeirs) NOBITSI 877 ity
7T e T\7
._/:S 74 \_.
ANARy: 3
ATV
[] 1 2 28
VREF/2 VOLTAGE (Vpg)

TL/H/5671-2
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

TRI-STATE Test Circuits and Waveforms

o

Output Enable and Reset INTR
TNTR RESET

\

DATA _
ouTRUTS

—— ..

|
i
fryy tah, CL= 10 pF tou tow CL=10pF |
v v Eh i
vee cc cc s :
o Vee Veo _IL T3
L DATA \ 108 $e%
& ouTPUT oND GND J 0%
DATA -
o 10k 3] oUTPUT "
Vou 90% Vg ————
DATA € DATA /-
ouTPUTS ouTPUTS
= = - = oND I vg, ———F 1%
4t=20ns t,=20ns TL/H/5671-3
Tlmlng Dlagr 2IMS$ (All timing is measured from the 50% voltage points)
START
CONVERSION
[ \ /
—r
i
W f— |
— WL — “susy- g
ACTUAL INTERNAL N SATAIS VALIOIN i
STATUS oL TIE “NOT BUSY” N\ouTPuT LATCHES :
CONVERTER ;
L— 17082 1/ : INTERNAL T ;
i
(LAST DATA WAS READ) |
¥ \ |
(LAST DATA WAS NOT READ) 7 KUIxT AsseRTED |

________C e

—

—{ facC

= "KM

TRISTATE®

Note: Read strobe must occur 8 clock periods (8/1c k) after assertion of interrupt to guarantee reset of INTR.

— V2T

TL/H/5671-4

*For low

Zer

-

SETS ZERC
CODE VOLTAGE

| A
1 TN

3-20




DATA
IUTPUTS

Vou

=20 ns

o reset of INTR.

c /-
o 10%

TL/H/56T1-3

INT ASSERTED

12 Tgx

TL/H/5671-4

Typical Applications (continued)

6800 Interface
£
cs
D
VA
el g TR
a2,
Bl
W Wh
‘ DATA

Absolute with 2 2.500V Reference

M3
6 vpg)
O——{ Vint) Vo 1
+
T Wuf
- >
v g
2500 Ve
O Vit Vage? »
g b "
. I s
L
*For low power, see also LM385-2.5 - =

Zero-Shift and Span Adjust: 2V<V|y<5V

o¥50

. vint) Ve
A _L
it
I 2n
an
Fr—————===ln
l :
|
vt VRer T ‘tm L8 |
14 TV :’:i, 'S |
""" 1uF
5475 260 - | SETS VOLTAGE SPAN |
wotvouTace ¥ Nl IL (SEE SECTION 24) J|
" . | e
2Voc -l- = T
10 zER0 ADI =
=

Ratiometric with Full-Scale Adjust

Vee
6 Vpe)
XDR
————
L \ Vv, ! !
Set—e ) s ! !
< H [ 4 |
' . on
. —r "2 ]
L = T 1 |
= - = ! L ]
AR 1 3Sm 1
! 'L ]
1 Sa )
| <’L [
Vint-) Vaern —4 | = }
| !
| Spp— |
- OFTIONAL
F5 ADJUST

Note: before using caps at Vi or VRer/2,
see section 2.3.2 Input Bypass Capacitors.

Absolute with a 5V Reference

V:& ;::’u

prmmmedly

Vit Vee

WuF

AAA

-

O Vi) VResl

V

Span Adjust: OV<Viy<3V

vee
®vge)

Vin'*) Veo

+

+
10.F >
A > »

Vig ) Vagsh Ty
" ¢ . R ]
15V AD -

TL/H/S671-5
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continued)
f

Directly Converting a Low-Leve! Signal

, |
A pP Interfaced Comparator 1
{

Veo
5 Vpe) Vae)
] \ |
|
o Vinl4) Vee O——viyt+) Voo ‘
1 , :
1045 (s
= _l :' " 1_[ ~
OV Vi< B2my Ay - An
AA—e
172 M35k hA
Vi) Vars2 L Mo, o—vm) ' vagn
+ ‘ QFs s A
» T 1uF < an _.].
20k n = = = =

~15 Vo O——ARA—¢ ‘:';‘- ~AAA- For: Vin(+)>Vin(—)

ug Qi e

L VRer/2=256 mV For: Vin(+)<Vin(—)

= = Outout=001ex
1 mV Resolution with uP Controlied Range ;
Vagr/2=128 mv oy i
1188=1mv |
i
Voac<Vin<(Vpac+ 256 mV) |

Vo
4 Vin+l |
|. K {
Vin T 0uF , :
<
= = $” |
A |
. !
4817 DA |- 280 Vae |
2580 v o |
mi’ﬂ:’: el Vit Vaee?
DAC L 1w

DATA

we  0<Vpac <25V

Digitizing a Current Flow

i = ——— lioap (24 FULL SCALE)
® v.?; O- Ay
<
:: L]
—— Vit Ve L8
b >
< <
Sun $a _L
< < =
1 ”
= "m
Ve uff
e g r
Itvs Q€ Vint+) Vage? "
Q& 3
an
=
4 —
dum =
>
S -~
=

TLH/S6T1-8

Self-(

*Atter pow
of the WF

Gper

ol m

Vin(-
15%




rfaced Comparator

vee
(s Vpg)

1WuF

||}~—) -

VREF? j

» 2500 Vg

l“—-

.

Typical Applications (continueq)

Self-Clocking Multiple A/Ds
t . NC O CLKR

] CLKR +{cixmw AD#
> -
) b
CLKIK
NC O——{ CLKR
"I_- MpF

D #2

*Use a large R value —bjcuxm

to reduce loading
at CLK R output. +

IF MORE THAN § ADDITIONAL
A/Ds, USE A CMOS BUFFER (NOT T21)

Self-Clocking in Free-Running Mode

O——{ Vinl+) KR
O—— Vi =
(ST
-1 an ;7_ 150 pF
L]

WYR
| 2 START®

—O

=

*Atter power-up, a momentary grounding
of the WR input is needed to guarantee operation.

Vee
15 Vpe)
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Operating * itk “Autemotive™ Ratic netric Transducers
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XDR Vigl+) Ve A
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ADJ ¢ =
b 3 A
b3 ADCORSS
<
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172 LM3SER,
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“Vin(—)=0.15 Vo
15% of Voo < Vxpr<85% of Vg

H—AAAAAA

- External Clocking
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feik —— cLx I

100 kHz <fg k< 1460 kHz

pP Interface for Free-Running A/D

- — 0.001 uF
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WR AD CLKR {13 0402680
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (Continued)

EC2R | 'R

{LP Compatible Differential-input Comparator with Pre-Set Vgg (with or without Hysteresis)

=
™
L :@ ' F -
o ouTruT svpo)
o—'at (o8 I ok
- 1
o (
L] . -
A
17 LMISIA 1 | . Sve *
S s
o— Vit Vagr? -___L =
-
' Tm 51 1,$ v onve
= = 172 Coa0IE T
= =
e e e o o o - g_—

*See Figure 5 to select R value

DB7="1" for Vin(+)>Vin(—) + (VReF/2)

Omit circuitry within the dotted area if
hysteresis is not needed

Handiing * 10V Analog Inputs

—o Yoo
& Vpg)

A
VWA
®
.

AAA vint Veo
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+

Vin

)

<r Vint-)

*Beckman Instruments # 694-3-R10K resistor array

Low-Cost, pP Interfaced, Temperature-to-Digital Converter
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<
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338 VWV L) 159 73
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o
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> T, mAX
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n
= =

pP Interfaced Temperature-to-Digital Converter
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A1y \
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1Wmv K . e W F 4 '
10 4! I <
>
= = = = s*
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mn EL

"
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*Circuit values shown are for 0°C<Tp< +128°C

**Can calibrate each sensor 1o allow easy replacement, then
A/D can be calibrated with a pre-set input voltage.
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Typical Applications (continued)

Handling + 5V Analog Inputs

Vee
% & Vpe)
o
<
be
S
Y
VWA wi+) Vee
Vim
- A
-I-—- Vint)

TL/H/5671-33

*Beckman Instruments # 694-3-R10K resistor array

pP Interfaced Comparator with Hysteresis

uPBUS

s
Q8 E

Read-Only Interface

)
DATAIS STARTS NEW

ouTPUT CONVERSION

TL/H/5671-34

Protecting the Input

Vinte) M5B (DB7)]
+
Vin DB¢ M= OUTPUT
= a
Vint) VREFR, ,—1

“VReF

AAA

I

Analog Self-Test for a System

¥y
:m—.>tll Dt

TL/H/5671-35

Vint+)

L}
CHANNEL
AXALOG L
WX
©anst

Mw
X TEST
oS

I O O

i Vint-)

r l' T CHANNEL
SELECT
FROM QUTPUT -
PORT OF P

TL/H/5671-36

Diodes are 1N914

Lo

TL/H/5671-9

A Low-Cost, 3-Decade Logarithmic Converter

“Vwwger
18 mvpcl

Vinte)

Vint) REFZ

“Vaaxgeg
18 vpe)

*LM389 transistors
A. B, C, D = LM324A quad op amp

$x .
il

TL/H/5671-37
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Tyﬁical Applications (continued)

3-Decade Logarithmic A/D Converter

A,B,C,D=LM324A

“Vin
16 mV 7O -10V)

3

(314 PR

I711
i+ ) | -
alt? J X

Vinl+)

AD

Vit REF?

»
e
A

=y

Noise Filtering the Analog Input

L3

fc=20 Hz

Uses Chebyshev implementation for steeper roll-off
unity-gain, 2nd order, low-pass filter

Adding a separate filter for each channel increases
system response time it an analog multiplexer

is used

T

Output Buffers with A/D Data Enabled

DY
=

+—)
=

Multiplexing Differential Inputs

o
tm[ N Vint)
o
+
o
| _ .
o CHANNEL
i DIFFERENTIAL an
o UX
nu' - co40s2
O
.
o
ol Vit
1‘ l' CHANNEL
SELECT
Nyt
FROM OUTPUT
PORT OR 4P

AD
DATAY
L] AT ,

o

TR STATE®
BUFFERS

]

v

*A/D output data is updated 1 CLK period
prior to assertion of INTR

Increasing Bus Drive and/or Reducing Time on Bus

gr—e—an

DATA OUT|

TRISTATE®
i) O el BUFFERS

.“-l

* Allows output data 1o set-up at falling edge of CS

o
DATA B

TUH/STI-¥




~ Ditterential Inputs

[ — ()

—v

b Seewngl
TECT

& Reducing Time on Bus

raouy
TRISTATE®
BUFFERS
5}
| mige of TS

O
DATA B&3

TL/H/S6T1-¥

Sampling an AC Input Signal
fix MAX
LI ' L
ILTER
SKIRT :;Lnl Vinte)
Vix 16
)
AR TTY
= 1-8) ™ A WY
LOWPASS, MULTIPOLE CONTROL LY
FILTER
r Vint-)
L Wh D
—Jref—
—_— [
- m e Li]
Note 1: Oversample whenever possible [keep fs > 21( —60)] to efiminate input frequency folding
(aliasing) and to allow for the skirt response of the filter.
Note 2: Consider the amplitude errors which are introduced within the passband of the filter.
70% Power Savings by Clock Gating
feuk
40 kHz oL
Vee
f] -
[} ° — 8 0 .mnm °
oK g L ] wucw | oK g

Toam l Ny w™TE
4
WE ucn

AR 17740
oA (Complete shutdown takes =~ 30 seconds.)
: Power Savings by A/D and VRrer Shutdown
o D ‘vﬁn:’

#P CONTROL
sus

-]

VRee?

H

>
STk
3

A

A/D DATA DUTPYT )

CMOS
BUFFER

TO DATA
sus

(L 1) 153

L §

+

“Use ADC0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven to Ve with A/D supply at zero volts.
Buffer prevents data bus from overdriving output of A/D when in shutdown mode.

TL/H/5671-11
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.
Functional Description ) ) =1 1| Functic
other words, if we apply an analog input equal to the center- |
1.0 UNDERSTANDING A/D ERROR SPECS value = Vs LSB, we guarantee that the A/D will produce the | 2.0 FUNCT
A perfect A/D transfer characteristic (staircase waveform) is correct digital code. The maximum range of the position of ! The ADCO
shown in Figure 1a. The horizontal scale is analog input the code transition is indicated bythehofizonta! arrowandit || | 256R netw
voltage and the particular points labeled are in steps of 1 is guaranfeed to be no more than 1, LSB. i sive appros
LSB (19.53 mV with 2.5V tied 10 the VRer/2 pin). The digital The error curve of Figure 1c shows a worst case error plot | | put voltage
output codes that correspond 1o these inputs are shown as for the ADC0B02. Here we quarantee that if we apply an the R netv
D—-1,D, and D+1. For the perfect A(D, not only will center- analog input equal to the LSB analog voltage center-value after 8 cor
value (A—1, A, A+1,. .- .) analog inputs produce the cor- the A/D will produce the correct digital code. code (111
rect output ditigal codes, but also each riser (the transitions e 2 : Jatch and t!
. ] Next to each transfer function 1S shown the correspondi i
between adjacent output codes) will be Ioca'ted Ve ALSB error plot. Many people may be more familiar with error pl:t’; to-low tran
away from each center-value. AS shown, the risers &1 el than transfer functions. The analog input voltage 10 the A/D ed by issui
a_nd have no width. Correct fj'g“al output codes will be pro- is provided by either a linear ramp or by the discrete output OPGﬁd it
vidad for & Fangs of analog input voltages that extend * %2 steps of a high resolution DAC. Notice that the error is con- the WR ing
LSB from the ideal center-values. Each tread (the range of tinuously displayed and includes the quantization uncertain- sible condi
analog input voltage that Qrovndes the same digital output ty of the A/D. For example the error at point 1 of Figure 1 first power
code) is therefore 1 LSB wide. is +1, LSB because the digital code appeared 2 LSB in On the hi¢
) Va g
Figure 1b shows & worst case error plot for the ADC0801. advance of the center-value of the tread. The error plots SAR latche
All center-valued inputs aré guaranteed to produce the cor- always have a constant negative siope and the abrupt up- as the CS
rect output codes and the adjacent risers are guaranteed to side steps are always 1 L'SB in magnitude. maininar
be no closer to the center-value points than +'s LSB. In periods afi
Transfer Function Error Plot high transi
+1 158
3 2188
4
E -3
2 £
z &
H “nse
-1158
A-1 L) A+l A-1 A A+t
ANALOG WPUT (Vi) ANALOG (RPUT (Vi)
a) Accuracy = * 0 LSB: A Perfect A/D
Transfer Function Error Plot Vet
+1188
+3/4 LSB
E 172158
E 3
2 H
:_; -12188
-3/4 LS8
-1158
A-1 A A+ A-1 A A+t
ANALOG INPUT (Vim) ARALOG INPUT (Vi)
b) Accuracy = * 1,LSB
Transfer Function Error Plot
1 +1158
s
= «
£ 2
3 s "
z
e
H
Notq
A-1 A A%Y Notq
ARALDG IPUT (Vi)
c) Accuracy = £ 1, LSB
FIGURE 1. Clarifying the Error Specs of an A/D Converter E :
S, S
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Functional Description (continueq)

20 FUNCTIOP#\L DESCRIPTION

The ADCOB01 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [Vin(+) = ViN(=)] to a corresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transferred to an output
iatch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device - may be
operated in the free-running mode by connecting INTR to
the WR input with CS=0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition.

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1” level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a “1" to the D fiop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this “1” to the Q output of F/F1. The
AND gate, G1, combines this 1" output with a clock signal
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WR or CS is a ““1") the start F/F is
reset and the 8-bit shift register then can have the “1”
clocked in, which starts the conversion process. If the set
signal were to still be present, this reset pulse would have
no effect (both outputs of the start F/F would momentarily
be ata “1” level) and the 8-bit shift register would continue
to be held in the reset mode. This logic therefore aliows for
wide CS and WR signals and the converter will start after at
least one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F.

2 17"~ RESET SHIFT REGISTER
3 0" = BUSY AND QUIESCENT STATE
INPUT PROTECTION
FOR ALL LOGIC INPUTS
WPUT i
TO INTERNAL 4
CIRCUITS y
0
RESET V=
(73]
el RN
START CONVERSION
20
vee VRer) O— < | st N l I
< < —
R4 < ¢ IF RESET = 9"
s LADDER |4 SAR —— BT
Vagrz O—— AND LATCH SHIFT Rl
DECODER [€ MOTE2) [€—1 REGISTER | RESET
< —
INTR F/F
DAC N “=
] Viour) 1
- - - [
s LKA
LE D
LATCH 1
1
Vings) AX XX Jr l lv
£© XPER : 62 I TET
7 TRISTATE® -
Ving-) O- OUTPUT LATCHES
R — a1 0
|
| 5
112 13 18 1516 7 0 T IR
DIGITAL QUTPUTS enioT;
1 TRISTATE® CONTROL ——l L—""’cu
TE (voTE 1) . 1" = OUTPUT ENABLE
B &

Note 1: TS shown twice for clarity.
Note 2: SAR = Successive Approximation Register.

RESET
TL/H/5671-13

FIGURE 2. Block Diagram
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Functional Description (continued)

After the “1% is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this “1” is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.

When LATCH 1 is subsequently enabled, the Q output '

makes a high-to-low transition which causes the INTR F/F
to set. An inverting buffer then supplies the INTR input sig-
nal.

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
% of the frequency of the external clock). If the data output
is continuously enabled (CS and RD both held 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).
When operating in the free-running or continuous conver-
sion 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 INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the Q
output will go high, 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 to provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able 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 (pin 2).

2.2 Analog Differential Voltage Inputs and
Commeon-Mode Rejection

This A/D has additional applications fiexibility due to the
analog differential voltage input. The Vin(—) input (pin 7)
can be used to automatically subtract a fixed voltage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.

The time interval between sampling Vin(+) and Vin(—) is 4-
Y, clock periods. The maximum error voltage due to this

given by:
4,
AVg(MAX) = (Vp) (27fcm) (f—cﬁ )

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 frequency

As an example, to keep this error to 4 LSB (~ 5 mV) whey,
operating with a 60 Hz common-mode frequency, for,, ang

using a 640 kHz A/D clock, fcLk, would allow a peak valye |

of the common-mode voltage, Vp, which is given by:

i [AVemax) (fork)]

(27fem) (4.5)

or
_ (5 X 10~3) (640X 103)
© (6.28)(60) (4.5)
which gives

Vp=1.9V.
The allowed range of analog input voitages usually places

more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

Vp

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

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

i Y
EAK® —
: UTRLN
.-
'3
l -
| m
—_—
| TIME
IcHARGE !
l & —— -
tpischance | *oN
-— CsTRAY
) (12pF)
v.,.(—l' w2 I
= | =
i iy s s il —
TL/H/5671-14

ronOf SW1and SW2 = 5k
r=ron CsTRay = 5kl X 12pF = 60ns

FIGURE 3. Analog Input Impedance
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Functional Description (Continued)

The voltage ori'this capacitance is switched and will resultin
currents entering the Vin(+) input pin and leaving the
vinl—) input which will depend on the analog ditferential
wmput voltage levels. These current transients occur at the
wading edge of the internal clocks. They rapidly decay and
o not cause erTors as the on-chip comparator is strobed at
e end of the clock period.

Fault Mode

|t the voltage source applied to the Vin(+) or Vin(—) pin
exceeds the allowed operating range of Vcc+ 50 mV, large
input currents can flow through a parasitic diode to the Voo
pn. if these currents can exceed the 1 mA max aliowed
spec, an external diode (1N914) should be added to bypass
this current to the Vcg pin (with the current bypassed with
whis diode, the voltage at the Vin(+) pin can exceed the
Vg voltage by the forward voitage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vin(+)
input voltage at fuli-scale. For continuous conversions with
a 640 kHz clock frequency with the V() input at 5V, this
0C current is at a maximum of approximately 5 pA. There-
fore, bypass capacitors should not be used at the analog
mputs or the VRer/2 pin for high resistance sources >1
K02). If input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor 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 resistor and input bypass
capacitor are both in place. This is possible because the
sverage value of the input current is a precise linear func-
1on of the differential input voltage.

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 cur-
rents settle out prior to the comparison time. If 2 low pass
titer is required in the system, use a low valued series resis-
tor (< 1 k) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tons, (< 1 kQ), a2 0.1 uF bypass capacitor at the inputs will
revent noise pickup due to series lead inductance of a long
wire. A 1009 series resistor can be used to isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
2s short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
tan cause system errors. The source resistance for these
nputs should, in general, be kept below 5 k. Larger values
of source resistance can cause undesired system noise
pckup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
teate analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
%on 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
error can be eliminated by doing & full-scale adjustment of
the A/D (adjust Vrgr/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust
For maximum applications fiexibility, these A/Ds have been

§0800QV/¥08000V/ £08000V/208000V/108000V

designed to accommodate a 5 Vpc, 2.5 Vpc or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.
vee Vaer)
20
>
ni:
Vaern , DIGITAL
, CIRCUITS
2 }_
‘D
$ }_
‘D
] ANALOG
R | DECODE CIRCUITS
AGND |8 DGND |10
L Vo

TL/H/5671-15 E
FIGURE 4. The VREFERENCE Design on the Ic 1
Notice that the reference voltage for the IC is either % of
the voltage applied to the Vcc supply pin, or is equal to the
voltage that is externally forced at the VReg/2 pin. This al-
lows for a ratiometric voltage reference using the Ve sup-
ply, a 5 Vpc reference voltage can be used for the Ve
supply or a voltage less than 2.5 Vpg can be applied to the
Vg /2 input fcr increased application fiexibility. The inter-
nal gain to the VRer/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage at pin 9.
An example of the use of an adjusted reference voltage is o
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range from 0.5 Vpg to 3.5 Vpg, instead of OV to 5 Vpc,
the span would be 3V as shown in Figure 5. With 0.5 Voc
applied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equal to ¥ of the 3V span of 1.5Vpe.
The A/D now wili encode the Vin(+) signal from 05Vt035
V with the 0.5V input corresponding to zero and the 3.5 Vpc
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range. .
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Functipnal Description (Continued)

*Add if VRgr/2 < 1 Vpc with LM358

to draw 3 mA to ground.

<

SV I vy(+) MAX

1 L (Qs5v)

E yyytenmn SPAN=3V
(0.5v)

Vi)

o - oW s

a) Analog Input Signal Example

FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2 4.2 Reference Accuracy Requirements

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 out in the final digital output
code. The ADC0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
Jute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For VRer/2
voltages of 2.4 Vpc nominal value, initial errors of +10
mVpg will cause conversion efrors of +1 LSB due to the
gain of 2 of the VRer/2 input. In reduced span applications,
the initial value and the stability of the VRef/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 VRgr/2 input becomes 5 mV. 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 requirements on the initial accuracy
and stability of the reference source.
In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0°C<Ta< +70°C. Other temperature
range parts are also available.

05Vpe
ZERD-SHIFT
AD

b) Accommodating an Analog Input from
0.5V (Digital Out = = 00uEx) to 3.5V

0——' Vin)
{

D [
VReF/2
7
Vint)
SPAN2
= (15vpe)
v +
15Vpe 172 Lvase - Se
SPAN Lo L <
o 1

= TL/H/5671-16

(Digital Out=FFyex)

2.5 Errors and Reference Voltage Adjustments

¥ |
2.5.1 Zero Error \ |

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 10
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Vin(—) input at this VIN(MIN) value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding the Vin (=) input and applying a small
magnitude positive voltage 10 the Vn (+) input. Zero error
is the difference between the actual DC input voltage that is
necessary to just cause an output digital Code transition
from 0000 0000 to 0000 0001 and the ideal 1, LSB value
(%, LSB = 9.8 mV for Vger/2=2.500 Vpc)-

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 11/ LSB less than the desired
analog full-scale voltage range and then adjusting the mag-

nitude of the Vrgg/2 input (pin 8 or the Vcg supply if pin 9is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111
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m;;onal Description (continued)

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range}

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A Vin(+) voltage that
equals this desired zero reference plus ¥, LSB (where the
LSB is calculated for the desired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
004ex 10 01HEX code transition.

The full-scale adjustment should then be made (with the
proper ViN(—) voltage applied) by forcing 2 voltage to the

Vin(+) input which is given by:
' (Vmax — VMIN)]
+)fsadj = Vv, =15 ————%
Vin (1) fs adj = Vyax 5[ 256 A

where:

Vmax = The high end of the analog input range
and

Vmin=the low end (the offset zero) of the analog range.
{Both are ground referenced.)
The VRer/2 (or Vo) voltage is then adjusted to provide a

code change from FE gy to FFhEex. This completes the ad-
ustment procedure.

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.

A\
CLKR
0
foke 1
. K iirc
nu‘u _—— R=10kn
¢
i) -
TU/H/56T1-17

FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin shou:u be
avoded as this will disturb normal converter operation.
Loads less than 50 PF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize

the loading on the clock R pin (do not use a standard TTL
buffer).

27 Restart During a Conversion

'the A/D is restarted (TS and WR go low and return high)
duing a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the

conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this
latch. The INTR output simply remains at the “1” Jevel.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. 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 following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves). :

At higher CPU clock frequencies time can be extended for
1/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
buffers (low power Schottky such as the DM74L.S240 seriec
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the Vce supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Ve pin and values of 1 uF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-82, 5V voltage regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the Vce 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 all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.
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Functional Description (continued)

A single 6oinl analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any VRgg/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of 1, 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 test-
ing an A/D converter. One of 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 shown in Fig-
ure 7.

For ease of testing, the VRrer/2 (pin 9) should be supplied
with 2.560 Vpc and a Vg supply voltage of 5.12 Vpg
should be used. This provides an LSB value of 20 mV.

If a fuli-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120-174 LSB) should be - pplied to
the ViN(+) pin with the Vin(—) pin grounded. The value of
the VRgr/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111. This value of VRgr/2 should then be used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS” and “VLS" columns in
Table |, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

‘,,1'.
VRer/2 = 2.560V) can be determined. For example, for ap, i
output LED display of 1011 0110 or B6 (in hex), the voltage !
values from the table are 3.520 + 0.120 or 3.640 Vp, |
These voltage values represent the center-values of a pg,.
fect ’6?/ D converter. The effects of guantization error havety |
be accounted for in the interpretation of the test results,

For a higher speed test system, or to obtain plotted data, 5
digital-to-analog converter is needad for the test set-up, A,
accurate 10-bit DAC can servg as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 dgig.
tal words.

A basic A/D tester that uses a DAC and provides the ey
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,
“A-C", directly. The analog input voltage can be supplisd
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).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors dig-

tally. This can be done with the circuit of Figure 9, where the

output code transitions can be detected as the 10-bit DACis
incremented. This provides Y/, 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 neces- '

sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code. .

4.0 MICROPROCESSOR INTERFACING
To dicuss the interface with 8080A and 6800 microproces-

sors, a common sample subroutine structure is used. The |
microprocessor starts the A/D, reads and stores the results

of 16 successive conversions, then returns to the user's

program. The 16 data bytes are stored in 16 successive

memory locations.” All Data and Addresses will be given in

hexadecimal form. Software and hardware details are pro- |

vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

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 ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the i70R
and |/O W strobes and decoding the address bits AQ —
A7 (or address bits AB —> A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the add-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in l/O
space is shown in Figure 10.
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functional Description (Continued)

'~
eBIT
u“:{‘"m’ | VANALOG OUTPUT
ANALODG
vo:::gIM e
100X ANALOG
ERROR VOLTAGE
FIGURE 8. A/D Tester with Analog Error Output
DIGITAL pACIOnn  \(ANALOG) 0o ]
IGIT)
INPUT m o4 TEST ourrur
TL/H/5671-19
FIGURE 6. Basic “Digital” A/D Tester
TABLE |. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
’ CENTER VALUES
o BINARY FRACTIONAL BINARY VALUE FOR WITH
VRer/2=2.560 Vpg
WS GROUP LS GROUP VMS GROUP* | VLS GROUP*
F
‘ 11 1 1 15/16 15/256 4.800 0.300
: 11 1 0 7/8 7/128 4.480 0.280
g 11 0 1 13/1€ 13/256 4.180 0.260
L i1 1 0 O 3/4 3/64 3.840 0.240
: 1 0 1 1 11/16 11/256 3.520 0.220
. 1 0 1 0 5/8 5/128 3.200 0.200
. 1 0 0 1 9/16 9/256 2/880 0.180
1 0 0 0] 1/2 1/32 2/560 0.160
7
‘ g 1 1 1 7/18 7/256 2.240 0.140
¢ |3 1 1 0 3/8 3/128 1.920 0.120
: 1 0 1 5/16 2/256 1.600 0.100
0 1 0 0O 1/4 1/64 1/280 0.080
3
4 0 0 1 1 3/16 3/256 0.960 0.060
‘ 0 0 1 o0 1/8 1/128 0.640 0.040
. 0 0 o0 1 1/16 1/256 0.320 0.020
0 0 0 O 0 0
oiay Output= VMS Group + VLS Group
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Functional Description (continued)

~$ INT (14)
—< 7O WR an®
~——<¢ V0D 25)*
10k
"‘V"
1 U +
o b Vee %:1-0“ lu-r
?O LU CLKR 2 :__D
— 0w 080 ‘:__'gmmf
= CLKIN DB e D81 (18]
. ——ofm . e e L
AKALOG - Vines) 083 f——————————————p D3 (9"
INPUTS Ving-) DB4 -——;" 084 (51
150 5F : AGND (7] L Sy
-l- O—Vaee DBE ““‘_*uuw
= 1
DGND 087 e 087 (7}*
5V
N
ouT v
15 « B ¢ AD15 (3)
i B4 ¢ ADWM 139)
L n:qz;:v B} fr——————— g AD1ICN
E n COMPARATOR B2 g ADn2030)
n B < ADI1(4Q)
—{T0 B0 g ADT0(1)
4
4 TL/H/5671—l20
Note 1: *Pin numbers for the DP8228 system controller, others are INSB8080A.
Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 k12 resistor to generate the RST 7
instruction when an interrupt is acknowledged as required by the accompanying sample program.
FIGURE 10. ADC0801-INS8080A CPU Interface
SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE
0038 C30003 RST7: JNP LD DATA
L] L] .
L] . L]
0100 210002 START: LXI H 0200H +HLpairwill point to
; data storage locations
0103 3100¢C RETURN: LXI SP 0400H ; Initialize stack pointer (Notel)
0106 7D MOVA, L ; Test # of bytes entered
0107 FE OF CPIOFH ;If#=16. IMP to
0109 CA1301 JZ CONT ; user program
010C D3 EO OUT EOH s Start A/D
010E FB El ; Enable interrupt
010F 00 LOOP: NOP s Loopuntil end of
0110 C30F01 JNMP LOOP ; conversion
0113 . CONT: .
L] L] L]
L4 . (User programto .
L4 L process data) L4
L] L] L] L]
L] L] L] L
0300 DBEO LDDATA: INEOH ; Load data into accumulator
0302 77 NOVNM, A ; Store data
0303 23 INXH : Increment storage pointer
0304 C30301 JMP RETURN

Note 1: The stack pointer must be dimensioned because & RST 7 instruction pushes the PC onto the stack.

Note 2: All address used were arbitrarily chosen.
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mional Description (continued)
The standard control bus signals of the 8080 CS, RD and

WR) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The following sample program and associated hardware
shown in Figure 70 may be used to input data from the
converter to the INS8080A CPU chip set (comprised of the
INSB0B0A microprocessor, the INSB228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlied as an 1/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, E0. The
TRI-STATE output capability of the A/D eliminates the need
- for a peripheral interface device, however address decoding
is still required to generate the appropriate CS for the con-
verter.

It is important to note that in systems where the A/D con-
verter is 1-of-8 or less I1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(A0 to A7) can be directly used as CS inputs—one for each
170 device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0O801 series
(see Figure 17) is simpler than the 8080A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048.
With these extra 1/0 lines available, one of the 1/0 lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an external address decoder. Bus
control signals RD, WR and INT of the 8048 are tied directly
to the A/D. The 16 converted data words are stored at on-
chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below.

0410 JNP
ORG
04 50 JNP
ORG
99 FE ANL
81 MOVX
8901 START: ORL
B8 20 MOV
B9 FF MOV
BA 10 ¥ov
23 FF AGAIN: MOV
99 FE ANL
91 MOVX
05 EN
9621 LOOP: JINZ
EA1B DJINZ
00 NOP
00 KOP
ORG
81 INDATA: MOVX
A0 ¥ov
18 INC
8901 ORL
27 CLR
93 RETR

< sV
18 ) TR C
Ver ppole2 1 om0 Voo T‘m
1
081 e LT =
DT 16
o8z [ on2
15 15
oss e o83
0BL 1" om
085 | 2 oss
ose e )
vssas pg [ 1psr Aocesst
1505F
' 2 1 1%
RD . +| id CLKR
3 l
Ui A ‘: W CLKIN —
T [« INTR =
o= la sl
s DGND
ANALOG [ Vint+)
veg weuT [ vy =
N
=

TL/H/5671-21

FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE

10H : Program starts at addr 10

3H

S50H s Interrupt jump vector

10H ; Main program

P1l, #0FEH ;Chip select

A, @Rl ;Read inthe 1st data
;toreset the intr

Pl; #1 ; Set port pinhigh

RO, #20H ;Data address

R1, #0FFH ; Dummy address

R2, #10H ; Counter for 16 bytes

A, #0FFH ;s Set ACC for intr loop

P1, #0FEH ;Send CS (bit 0 of P1)

@R1, A ; Send WR out

I ;Enable interrupt

LOOP sWait for interrupt

R2, AGAIN ; If 16 bytes are read
;gotouser's program

50H

A, @Rl ; Input data, CSstill low

@RO, A ; Store inmemory

RO s Increment storage counter

Pl,#1 s Reset CS signal

A ; Clear ACC to get out of

;the interrupt loop
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Functional Description (Continued)
4.2 Interfacing t‘|e Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and I/0 request, 10RQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in 1/0 space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the 1/0 devices to respond. Logic to map the
A/D in I/0 space is shown in Figure 13.
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FIGURE 13. Mapping the A/D as an 1/0 Device
for Use with the Z-80 CPU

Additional 1/0 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 1/0 input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode.

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All I/0 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the CS decoding is shown
using Y, DM8092. Note that in many 6800 systems, an al-

ready decoded 475 line is brought out to the commm
pin 21. This can be tied directly to the TS pin of the A7p
provided that no other devices are addressed at HX ADUI
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