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Research Title ot A Development of Breaking Strength Meter for Motorcycle Spokes
Researcher : - Assistant Professor Wisuit Atiporntum [
Department : Engineering Education, Faculty of Industrial Education

King Mongkut’s Institute of Technology Ladkrabang
Year : 2004

ABSTRACT

The objectives of this research were to development and to test in operation of the Breaking.
Strength Meter for Motorcycle Spokes. The meter consisted of spokes pulling set, converter circuit,
switch push limit circuit, processing circuit, display circuit and supply circuit. The spokes pulling set
used the hydraulic system for supply a pulling force and used the transducer for translate a oil flow
pressure of the system to a electric signal. The converter circuit convert a electric signal to a 8 bits
digital signal. The 89C51 microcontroller - processing circuit translate a 8 bits digital signal to a data
for display in the Newton unit.

The research results of testing with 50 motorcycle spokes in each standard n.umber (number
9, 1.0, 11 and 12) found that the total average error value of the average breaking streﬁgth values was
0.71 percentages that compared with the standard breaking strength wvalues from; tested by the
Material Properties. Analysis ‘and  Development Centre, Thailand Institute of |Scientific and’
Technological Research, Ministry of Science and Technology, which was lower than the standard
criteria error of +5 percentages and showed that the quality of the meter was responded to the

hypothesis.
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;******************************************************************

; SPOKE BRAKING STRENG WITH MOTORCYCLE METER

’-******************************************‘k************************

ORG 0000H
STARTDIS: .

MOV A,#00001111B

MOV PO, #0FCH
RELOOP:

MOV P2,A

LCALL DELAY1

RR A

CJINE A,#01111000B, RELOQP
STANDBY :

MOV PO, #0FDH

MOV P2, #00000001B

LCALL DELAY1

MOV 2CH; #00H

;**-k******************************‘k********************************

;CHECK SWITCH CLEAR AND COMPARATOR MAX-MIN

;**************************************************************1\—***

CHKLEFT:

MOV A, P3

ANL A, #00001000B

CJINE A, #08H, NORM
RUN:

MOV A, #00000001B
RESHO:

MOV PO, #01100010B

MOV P2,A

LCALL DELAY1

RL A

CJNE A,#00100000B, RESHO

MOV A,P3

ANL A, #00001000B

CJINE A, #00H, RUN

MOV R1, #03H
RELOAD:

MOV A, #0FH
CDOWN :

MOV PO, #0EH

MOV P2,A

LCALL DELAY1

LCALL DELAY1

RR A

CJINE A,#01111000B, CDOWN

DEC R1

CJINE R1, #00H, RELOAD

AJMP STANDBY
NORM:

MOV 2EH, P1

"MOV A, #44H

SUBB A, 2EH
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MOV
ANL
CJNE
CHKCLEAR:
MOV
ANL
CJNE
COMPARAT:
CLR
MOV
MOV
SUBB
MOV
ANL
CJNE
MOV

;***-'r*-i-****'\Ir*-&**-Ar*******'&************‘******************************

; PROCESSING-AND-DICIMAL -ADJUST FROM HEX CODE

;***\"V**'it'*"r'*'**i'*'*****'*************************************I‘***W******

MAIN:
MOV
MOV
MUL
MOV
MOV
MOV
MOV
MOV
LOOP:
MOV
MOV
CJNE
CJNE
MOV
MOV
AJMP
RET
LOOP1:
DEC
LOOP2:
INC
MOV
ANL
CJINE
ANL
MOV
ADD
MOV
ANL
CJINE
ANL
INC
MOV
ANL
CJINE
ANL
MOV

A, ODOH
A, $10000000B
A, $10000000B, STANDBY

A,P3
A,#00000100B
A, #00H, STARTDIS

C

A, 2CH

2DH, P1

A, 2DH

A, ODOH

A, #10000000B

A, #100000008, LED7SEG
2CH, 2DH

A, 2CH

B, #27H
AB

24H,B
25H,A
26H,4#00H
27H,#00H
28H, #10H

R7,25H
R6,24H
R7, #00H, LOOPR1
R6, #00H, LOOP3
2RH, 26H
2BH,27H
LED7SEG

25H

27H

A,27H
A,#00001111B
A, #0AH, LOOP
27H,#11110000B
A,27H

A,28H

27H,A
A,#11110000B
A,#10100000B, LOOP
27H,#00001111B
26H

A,26H

A, #00001111B
A, #0AH, LOOP
26H,#11110000B
A,26H
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ADD
MOV
ANL
CJINE
AJMP
LOOP3:
DEC
MOV
AJMP

A, 28H

26H,A
A,#11110000B
A,#10100000B, LOOP
STARTDIS

24H
25H,#11111111B
LOOP2

;******************************************************************

;ADJUST TO LED 7 SEGMENT DISPLAY

;******************************************************************

LED7SEG:
MOV
MOV
LOWBIT:
MOV
AJMP
CHKOVER:
CJINE
MOV
MOV
ANL
CJINE
AJMP
GO:
AJMP
HIGBIT:
MOV
CJINE
DISPLAY:
ANL
MOVC
MOV
MOV
LCALL
MOV
RL
MOV
CJINE
MOV
CONV :
SWAP
AJMP
CHKZERO:
ANL
CJINE
AJMP
DELAYO:
MOV
DEL1:
MOV
DEL2:
DJINZ
"DJINZ
RET
DELAY1:

RO, #00000001B
DPTR,#TABLE

A,2BH
DISPLAY

RO+#00010000B, HIGBIT
P2, #00000000B

A,P3

A, #00001000B

A, #00H,GO

CHKCLEAR

RON

A, 2AH
RO,#00000100B, CHKZERO

A, #00001111B

A, @A+DPTR

PO, A

P2, R0

DELAYO

A,;R0O

A

RO, A

RO, #00000010B;CHKOVER
A, 2BH

A
DISPLAY

A,#11110000B
A, #00H, CONV
CHKLEFT

R6, #05H

< R7,#50H

R7,DEL2"
R6,DEL1
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DL1:
DL2:

DL3:

TABLE:

MOV
MOV

MOV

.DJNZ

DJNZ
DJNZ
RET

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
END

R4, #00H
R3, #00H
R2, #02H

R2,DL3
R3,DL2
R4,DL1

OFDH
061H
ODBH
OF3H
067H
OB7H
OBFH
OE1H
OFFH
OF7H
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. December 1994

&National Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADCO0805.
8-Bit uP Compatible A/D Converters

General Description

The ADCO0801, ADC0802. ADC0803, ADCOB04 and ™ Differential analog vollage inpuls

ADCO0805 are CMOS 8-bil successive approximation A/D  ® Logic inputs and oulputs meet both MOS and TTL volt-
converlers thal use a differential potentiometric ladder— age level specificalions ¢

similar to the 256R products. These converlers are de- Works with 2.5V (LM336) vollage reference

signed lo allow operalion wilh the NSC800 and INSB080A On-chip clock generator

denval'rv_e_conlroi bus with TRI-STATE® oulpul_ latches di- OV ta 5V analog-input vollage range with single 5V
reclly driving the data bus. These A/Ds appear like memory supply

locations or 1/0 poris to the microprocessor and no inter- No-zero adjust required

facing logic i ded.
el e i ‘fl A, 0.3* slandard width 20-pin DIP package
ereriial anaiog VORBOEFINIS S (T TIORRGLI SHE S 20-pin molded chip carrier or small oulline package

mon-mode rejeclion and offsetling lhe .analog zero input ] ; .
vollage value. In addition, the vollage reference input can Operates ratiometrically or with 5 Vpg, 2.5 Vpg. or ana-
log span adjusted voltage reference

be adjusled to allow encoding any smaller analog voltage
span {o the full 8 bits of resolution.

Key Specifications
Features B Resolution 8 bils
® Compatible with 8080 uP_derivatives—no interfacing  ® Total error +%1SB. £, LSB and %1 LSB
logic needed - access lime - 135.as 8 Conversion lime 100 ps
B Easy inlerface 1o all.-microprocessors, or opérales
“stand alone™
Typical Applications
W
r"—-’b -4 Yrc - I
__.% 7] ]
TS P ‘“R‘——“{E__r'l Ij7 TRAHSOUCER
4—"9 TR - A | | smreesoLunion
4 " < OVER ARY DESIRED
ARY Zle L e § | b :’:ﬂfgslmjnrsz
APROCEISOA :a < :: s\ (2 :.j': ,>uri - SEE SECTION 24.1
i o Vinl-)
- 15 o83 AChD L3 L__'.
- LT PP b BMARACI
v, LM Y Vaer [—O GEE SECTIOR "= —
+ o 14 0] DEND -
W TL/H/5671-1
8080 Int
080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearlty)
8 p————p Full-
: Part Scale VREF/2=2.500 Vpc | VRer/2= No Connection
5 f————p-0} Number (No Adjustments) (No Adjustments)
— Adjusted
I p—— an ADCO0801 | +14 188
s, .
e o+———— INTK ADC0B02 1% LS8
<: ADC0803 | £, LSB
OATA |
ADC0804 +1LS8 ,
ADC0805 ' *:1LSB

TL/H/5671-31




Absolute Maximum Ratings (otes1a2)
it Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Otfice/Distributors for avallability and specifications.

Supply Vollagse (Vcg) (Note 3) 6.5V
Voltage
Logic Contro! Inputs -0.3Vto +18V
At Other input and Outputs —0.3Vto (Vg +0.3V)
Lead Temp. {Soldering, 10 secords)
Dual-In-Line Package (plastic} 260°C
_Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

Electrical Characteristics

-65°Clo +150°C
875 mw
800V

Storage Temperalure Range
Package Dissipation at T4 =25°C
ESD Susceptibility (Note 10)

Operating Ratings (notes 18 2)

Temperalure Range TMINSTAS Tiax
ADC0801/02LJ, ADC0802LJ/883 —~55°C<Ta< +125°C
ADC0801/02/03/04LCJ —40°C<Tps +85°C

ADC0801/02/03/05LCN —40°C<Ta< +85C
ADCO0B04LCN 0°C<LTa< +70°C
ADC0802/03/04LCV 0°C<Tp= +70°C
ADC0802/03/04LCWM 0°CsTas +70°C
Range of Voo 45Vpg l06.3Vpe

The following speciticalions apply for Vog=5 Vpg, TMINS TA< Tmax and fog =640 kHz unless olherwise specified.

Parameter Conditions Min Typ Max Units
ADC0801: Tolal Adjusted Error (Note 8) with Ful-Scale Adj. £, LSB
(See Seclion 2.5.2) 4
ADC0802: Tolal Unadjusted Error (Note 8) Vree/2=2.500 Vpc L3 LSB
ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. £ LSB
(See Saction 2.5.2) 2
ADC0804: Tolal Unadjusted Error (Note 8) VRep/2=2500 Vpe +1 LSB
ADCO0805: Tolal Unadjusted Error (Nota 8) Vreg/2-No Conneclion +1 LSB
VREer/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 ko2
ADC0804 (Note 9) 0.75 1.1 kQ
Analog Inpul Vollage Range (Nole 4) V(+) or V(—) Gnd-0.05 Voo 0.05 Voo
DC Common-Mode Error Over Analog Input Voltage + Vs % LSB
Range
Power Supply Sensilivily Vee=5 Vpg £10% Over + Ve +£% LSB
Allowed Vin(+) and Vin(—)
Voltage Range (Nola 4)
AC Electrical Characteristics
The following specifications apply for Vog=5 Vpg and Tao=25"C uniess otherwise spacified.
Symbol Parameter Conditlons Min Typ Max Units
Te Conversion Time fot i =640 kHz (Nole 6) 103 114 s
Tc Conversion Time {Nole 5, 6) 66 73 1/1c1K
folk Clock Frequency Vec=5V.(Nole ) 100 640 1460 kHz
Clock Duly Cycle {Note 5) 40 60 %
cA Conversion Rale in Fres-Running INTR tied to WR with 8770 9708 conv/s
Mode CS=0Vpg.Icik=640 kHz
tWWREIL Width of WR Input (Start Pulse Width) CS=0Vpe (Note 7) 100 ns
tacc Access Time (Delay from Falling CL=100pF 135 200 ns
Edge of RD to Output Data Valid)
Y toy TRI-STATE Control (Delay C_=10pF,R_ =10k 125 200 ns
from Rising Edge of RD lo (See TRI-STATE Test
Hi-Z State) Circuits)
twi R Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
Cin Input Gapacitance of Logic 5 75 pF
Control Inputs
Cout TRI-STATE Output 5 7.5 pF
’ Capacitance (Dala Buffers)
CONTROL INPUTS [Note: CLK IN {Pin 4)is the inpul of a Schmitt trigger circuit and is therefore specified separalely)
Vin (1) Logical “1” Input Voltage Vee=5.25Vpg 20 15 Vo
(Except Pin 4 CLK IN)




112

AC Electrical Characteristics (continued)
The fotlowing specifications apply for Voo = SVpg and Ty < Ta < Timax, unless otherwise specified.

Symbol I Parameter I Conditions I Min | Typ I Max I Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of & Schmitt trigger circuit and is therefore specified separately]

Vin (0) Logical “0"" Input Voltage Voe=4.75Vpe , 08 Voo
(Except Pin 4 CLK IN)

Iin (D) Logica!l “1" Input Current ViIN=5 VDo 0.005 o rApc
(All Inputs) :

liny (0) Logical “0™ Input Current ViN=0Vpg -1 —0.005 pApG
(All Inputs)

CLOCK IN AND CLOCK R

V1+ CLK IN (Pin 4) Positive Going 27 3 35 Voo
Threshold Vollage

V- CLK IN (Pin 4) Negative 1.5 1.8 © 21 Vpc
Going Threshold Voltage

Vi CLK IN (Pin 4) Hysteresis \ 0.6 13 20 Voc
Vr+)—(vV1-)

Vour (0) Logical “0" GLK R Output lo=360 pA 0.4 Voo
Voltage Voo =4.75 Vpo \

Vour (1) Logical 1" CLK R Output lo=—860 pA 2.4 ; Vog
Vollage Vec=4.75Vpoc

DATA OUTPUTS AND INTR

VouT (0) Logical “0” Oulpul Vollage i
Data Oulpuls lour=1.6mA, Vec=4.75Vpe 0.4 Voc
INTR Output lour=1.0mA, Veg=4.75Vpe 0.4 Voc

VouT {1) Logical “1” Oulput Voltaga lo =360 pA, Vgo=4.75 Vpg 2.4 Vbe

VouT (1) Logical *1" Oulput Voltaga =—10 pA. Vog=4.75 Vpc 45 Voc

lout TRI-STATE Disabled Output Vour=0Vpc -3 rADC
Leakage (All Dalz Buffers) Vour=5Vpe 3 wApc

ISOURCE Vout Short o Gnd, Tp=25°C 4.5 mApG

Isink Vout Shortto Vo, TA=25°C 9.0 16 mApG

POWER SUPPLY

lco Supply Current (Includes foLx =640 kHz,
Ladder Current) VREE/2=NC, Ta=25C

and CS=5Y

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO0804LCN/LCV/LCWM 1.9 25 mA

Note 1: Absclute Maximum Ratings indicals fimits beyond which damage lo tha device may oceur. DG and AC elecirical specifications do not apply when operating
the device beyond its specified operating conditions. :

Note 2; All voltages are measured with raspact to Gnd, unless olherwise spedified, The separale A Gnd point should always be wired 1o the D Gnd.

Note 3: A zener diode exdists, intemally, from Vi to Gnd and has a typical breakdown voltage of 7 Vpe.

Note d: For Vip{—) > Vin{ +) the digital output coda will be 0000 0000, Two onchip dicdes are tied o each analog input {sea block diagram) which will forward
conduct for analog inpul voltages one dioda drop below ground or one diode drop greater than the Vg supply. Be careful, during testing at low Voo levels {4.5V),
as high level analog inputs (5V) can causae this input diode 1o congducl-espedaly at elevaled lemperaluras, and cause emors for analog inpuls near full-scale. The
spec allows 50 mV forward bias of eithar diode. This means thal as bng a3 the analog Vi does not exceed the supply vollage by more than 50 mV, the ouiput
code wil be cocrect. To achisve an absoluta 0 Vpg 10 § Ve Input voltage ranga will therefore require a minimum supply voltage of 4.950 Ve over temperature
variations, inilial tolerance and loading.

Note 5: Accuracy is guaranteed al o = 640 kMz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be
extended so long as the minimum clock high time interval or minimum clock bow time interval is no fess than 275 ns. .
Note 6: With an asynchronous start putse, up 1o 8 clock perods may be required before the internal dock phases are proper to start the conversion process. The
stanl request is intemaly laiched, see Figure 2 and seclion 2.0.

Note 7: The TS input is assumed 1o bracket the WTT strobe input and therefore timing is dependent on the Wi pulse width. An arbitrarity wide pulse width will hold
the converter in a reset mode and the stan of conversion is initiated by the low 1o high transition of the WH pulsa (ses timing diagrams). |

Note 8: None of these A/Ds requires a 2ero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5.

Note 9: The VRgr/2 pin is the ceniar poinl of a two-resistor divider connected from Vo 1o ground. In all versions of the ADC0801. ADCOB02, ADCOBO3, and
ADCO0805, and in the ADCOB04LCY, each resistor Is typically 16 k2., In all versions of the ADCO804 except the ADCOBO4LCY, each resistor is typically 2.2 k.
Note 10: Human body model, 100 pF discharged through a 1.5 ki) resisior.
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Typical Performance Characteristics

Delay From Falling Edge of

Logic Input Threshold Voltage AD to Output Data Valid CLK IN Schmitt Trip Levels
vs. Supply Voltage vs. Load Capacitance vs. Supply Voltage
s u S TASTIST 50 e
8 =2 —
< w =
:‘;‘ d y L) g » Y1 ]
> =3
2 s ,/ ] 7 S »[ ety
4 % ] 3 s
I3 " = =
<
Z 14 w ’/ '!' - Vio | et
] ,4 = ==
g » 8 ]
4 13 10 15
45 475 s00 53 550 3 W s BN WM 1000 458 47 AN 51 550
Vg ~SUPPLY VDLTABE (Vg) LOAD CAPADITANCE () ¥eg - SUPPLY VOLTAGE (Vpe)
Full-Scale Errorvs Effect of Unadjusted OffsetError
1 vs. Clock Capacitor Converslon Time vs. Vpegp/2 Yoltage
CLK P REF
1008 v - 1% T
——— \ To=73Tg g -t vigiel s Vigd-) s ov. 1]
LY NS 7 H [ ASSUNES Vog « 2mV. 4
AR=T L = NS SH0WS THE NEED
R=50k N § [ o n L[ FOAXIEROADLIF 17
\ \ e = y ' THE SPAM IS REDULED.T11]
3 g8 P \¥ec=45v s i -
x A1) 4 i £ O } ] .
_3 \ \ E 32 { E s i i
L Voo 60V &
- g ? AN S |'u' i ]
3N
f' 1 N, ? AL
X £l i, 1 R AL
W 1 s i =
1 18 1000 0noH o e 1 n u L I
CLOEK CAPACITOR (pF) Te. CONVERSION TIME Lup Vaepf2 Woed
Output Current vs Power Supply.Current Linearity Error at Low
Temperature vs Temperature (Note 9) VREr/2 Voltages
o 24 12
Veg *5 V, o ~] T T .11
;l:'il_n: 2 - T‘Halr oc J_,.‘ _!Wg[;ﬂlr—.
T ] + £ 2n T e -~ L.:.l~_ua
g ATA QUTPUT_| | - - Yoo sy 8 -
£ N UFFERS ] ADCogy kel Voure = (ZERQ AND FULL- _ |
= ¢ 9 E 18 fapro ADCoRT o 4 5V = SCALE ADJUSTED)
$ !l ARES S b=t AN ADrpc e v g pr 2 } ———
g e Vaor o 16 Ve » u ooy : 2 1L RVALUE (V) .|
£ % Ml
e N < B Yog 5V E LT ' S N BT
2 4 = » s Ve dv 2 2 AT 137y aivs
g = g H g ANV AL
® ] g " ILR = MO LR = 117 ¢
“lank r [ %] . " ~
: Vour * M Ve 8 L1ty LA LA 4
~§0 25 8 25 50 IS5 1M 15 MO 0 25 W Y 1% 135 s f 2
Ta ~ AMBIENT TEMPERATURE (°C) Ta — AMBIENT TEMPERATURE () VReF/2 VOLTAGE (V)

TUH/8671-2
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TRI-STATE Test Circuits and Waveforms ;

tin ti, CL=10pF ton toy, CL= 10 pF
Vet
? Vee
wo
/0
OE GND —t
€ - v
oaTa o
outeuTS
- - - - VoL
=20 rs TL/H/8671-3
Timing Diagrams (ai timing is measured from the 50% voltage points)
START
CONVERSION
WR 7[
f—t
) beg
—=1 SN{AAIL [ . “Qusy” L
TUAL MTEREAL 7[ X oataisvauow
STATUS OF THE - “WOT Susv™ \ QuTPUT LATEHES
CONVERTER l ; :
le———— 17008 gy g : INTERNAL Tp — -
(LAST DATA WAS READ)

RYA B
[LAST DATA \IAS NCT READ) = A

W Tepyg

Output Enable and Reset INTR

y THTR RESET
= \ W /

KB “}ix I

OATA s { _ TRESTATEY
e - - - i Y e R

—{ lacc

— MR-
N . N — TL/H/S6T1-4
Note: Raad strobe must oceur 8 clack periods (8/1q k) after assertion of intemupt to guarantse reset of INTR.




Typical Applications (continued)

6800 Interface

E

EEd

E]
yay =

Absolute with a 2.500V Reference

¥
aV50)
et Vi ee ]
L
T 10
- »
am 2n
-
O——{Vutt Vet —L
fy wd v
L n
AT
*For low power, see also LM3BS-2.5 i Ly

Zero-Shift and Span Adjust 2VEVjy<5V

u'&‘w

. Vi Yig T
'™ _I_'
st
T 2in
= - 9
| |
I i
Yt A\ om |
>4
1de 1V QCan I
l s
SETS 2ERQ SETEVALTACE I7AN I
cavevoLTasE, ¥ Ree) 1| et senonzs i
v WA
n (18 FERRN ) S
2ng — —4 =3
193170 = = =
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Ratiometric with Full-Scale Adjust

v,
l!‘f:;I
]
o8
r_————
> *? ) !
'_‘ ® il e« T 1
H . LI T
::: e ) !
T = i i
e i L,2m |
I S
I on ]
(I 2 1
Vit Vagpd —9 : = :
™N g
- oAy oPTIDNAL
nre 2 ABdETT
Nota: before using caps at Viy of Vegr/2, =
500 section 2.3.2 Input Bypass Capacitors,
Absolute with a 5V Reference
'ﬁ" §
o
r"'"‘l
O—dvmt LE3 ; :
I
-k l - 1
T'lh!l i:h I
= ) § I
- L ydm |}
1Y )
] T |
JEEN
Yat o gm0 1 :
=
| SRR |
wrrMaaL
F8 ADRST
Span Adjusk: 0V =Vjy=3V
H"IPT;I
i Vaied Yeo ]
1
pF
1'\ s
&
]
-rqu Yrird + 'E:l- Lo
* 15¢ ¢ A
- T

TI/H/5871-5
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Typical Applications continued)

Directly Converting a Low-Level Signal

A pP Interfaced Comparator

Vep |
[ ! . e
'I !
. ) vee O—e—tvyitt ¥Yeo
vix |¢ ! +
> 1
X T 0 uf 5: "~ | ‘I\ 1925
o Vg S MImY e i AD |
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Typical Applications (continued)

Self-Clocking Multiple A/Ds
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Operating with “Automotive” Ratiometric Transducers
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Typical Applications continued) ’

'

1P Compatible Differential-Input Comparator with Pre-Set Vgg (with or without Hystéresls)
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Typical Applications (continued)
Handling 5V Analog Inputs
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter

A.B,C, D= LM324A
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Tybical Applications (continued)

Sampling an AC Input Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveformy) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vrgr/2 pin). The digital
output codes that correspond to these inputs are shown as
D~ 1, D, and D+ 1. For the perfect A/D, not only wilt center-
value (A—1, A, A+1,. . . .) analog inputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
between adjacent output codes) will be located %1, LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided for a ranga of analog input voltages that extend %%
LSB from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therelore 1 LSB wide.

Figure 1b shows a worst case ermor plot for the ADC0801.
All center-valued inputs are guarantesd to produce the cor-
rect oulput codes and lhe adjacent risers are guaranteed to
be no closer to the center-value points than +14 LSB. In

Transfer Function

4

DIGITAL OUTPUT CODR

x
A=1 Art
ANALOS INPUT (Vi)

H
i
i
Ll
i
1 1
'
H
A
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other words, if we apply an analog input equal to the center-
value x ¥ LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the pasition of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than %4 LSB.

The error curve of Figure fc shows a worst case error plot
for the ADC0802. 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 corresponding
error plot. Many people may be more familiar with error plots
than transfer funclions. The analog input voltage to the A7D
is provided by either a linear ramp or by the discrete output
steps of a high resalution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is +1 LSB hecause the digital code appeared . LSB in
advance of the cenler-value of the lread. The error plots

. always have a constant negative slope and the abrupt up-

side steps are always 1 LSB in magnitude.

Error Plot
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FIGURE 1. Clarifying the Error Specs of an A/D Converter




Functional Description (continusq)

2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 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 digita! 8-bit binary
code (1111 1111 = f{ull-scale) is transferred to an output’
latch 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 TS=0. To ensure start-up under all pos-
sible conditicns, 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 alter at least one of these inpuls makes a low-to-
high transition.
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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 flop, F/F1, which
is at the input end of the 8-bit shift register. Intemal 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
ressl 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 elfect (both outputs of the start F/F would momentarily
be at a "1 level} and the 8-bit shift register would continue
to be held in the resel mode. This logic therefore ailows 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.
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1 8= BUSY AND QUIESCENT STATE
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i o
TO INTERBAL l l
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Y 220V by B
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FIGURE 2. Block Diagram



Functional Description ontinued)

After the “1” is clocked through the 8-bit shift register
{which completas 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
Vs of the frequency of the external clock). If the data output
is continuously enabled (CS and RD both held low), the
TNTR 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 mede. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clack frequancy
(assuming the A/D is not started during this interval).
When operaling in the free-running or conlinuous conver-
sion moda (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 @
output will go high. which then allows the INTR F/F to ba
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 provida the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, AD, and WR) meet standard
T2L logic voltage levels. Thase 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 inlerface to microprecessor control busses, For
non-microprocessor based applications, the €S input (in 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 Qutput Enable funclion is caused by an aclive
fow pulse at the RD input (pin 2).

2.2 Analog Differential Voltage Inputs and
Common-Mcde Rejection
This A/D has additional applications flexibility 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-
V% clock periods. The maximum erfor voltage due to this
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slight time difference between the input voltage samples is
given by:

4.5
AVe(MAX) = (Vp) 27rtem) (@ )

where:
AV, is the error voltage due to sampling delay
Vp is the peak value of the common-made voltage
fem is the common-mode frequency

As an example, to keep this error to ¥, LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, fem. and
using a 640 kHz A/D clock, foLk. would allow a peak value
of the comman-mode voltage, Vp, which is given by:

wp [AVemax) okl
or

(6 X-10-5) (640X 103)

~ . _{6.28)(60) (4.5)
which gives

Vp=19V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noisa lev-
els.
An analog input voltage with a reduced span and a refatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due fo the internal switching action, displacement currents
will flow at the analag inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.
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|
|
L T i —————

TL/H/S671-14
ron Of SW 1 and SW2 = § k0 .
t=ron CsTRAY = 5 kit X 12pF = 60 ns

FIGURE 3. Analog Input Impedance




Functional Description (continued)

The'voltage on this capacitance is switched and will result in
currents entering the Vin(+) input pin and leaving the
Vin(—) input which will depend on the analog differential
input voltage levels. Thase current transients occur at the
leading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fault Mode

If the voltage source applied to the V() or Vin(—) pin
exceeds the allowed operating range of Voo +50 mV, large
input currents can flow through a parasitic diode to the Voo
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be addad to bypass
this current to the Vg pin (with the current bypassed with
this diode. the voitage at the Viy(+) pin can exceed the
Veg voltage by the forward voltage of this diede).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average thess charges
and cause a DC current to flow through the outpul resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Yyn(+)
input vollage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Viy{ +) input at 5V, this
DG curmrent is at a maximum of approximately 5 pA. There-
tore, bypass capacitors should not be used at the analog
inputs or the Vgee/2 pin for high resistance sources (> 1
k(). lfinput bypass capacitors are necessary for noise filter-
ing and hign source resistance is desirable to minimize ca-
pacitor size, the delrimental 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 inpul bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an inpul bypass
capacitor is not used, will not cause errors as the input cur-
rents sattle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series rasis-
tor (£ 1 ki) for a passive RC section or add an op.amp RC
active low pass filter. For low source resistance applica-
tions, (= 1 kf}), a 0.1 uF bypass capacilorat the inputs will
prevent noise pickup due to series lead inductance of a long

" wirg. A 10041 series resistor can be usad lo isolate this ca-
pacitor—both the R and C are placed outside the feadback
loop—from the output of an op amp, if used.

2.3.4 Nolse

The leads to the analog inputs (pin 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 systeam errors. The source resistance for these
inputs should, in general, be kept below 5 ki}. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source
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resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust Vreg/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 flexibility, these A/Ds have been
designed to accommodate a 5 Vpc, 2.5 Vpg or an adjusted
voltage reference. This has been achieved in tha design of
the IC as shown in Figure 4.
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TL/HIS621-15

FIGURE 4. The Vrererence Design on the IC

Notice that the reference voltage for the IC is either 5 of
the voitage applied to the Vg supply pin. or is equal to the
voltage that is externally forced at the Vgep/2 pin. This al-
lows for a ratiometric voltage reference using the Vgg sup-
ply. a 5 Vpg relference voltage can be used for the Vgog
supply or a voltage less than 2.5 Vpg can be applied to the
VRer/2 input for increased application flexibifity. The inter-
nal gain to the Vrer/2 inputis 2. making the full-scale differ-
antial input voltage twice the voltage at pin 9.

An example of the use of an adjusted reference voltage is to
accommadate a reduced span—aor 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 Vpg
applied to the V|n(—) pin to absorb the offset, the reference
voltage can be made equal to %; of the 3V span or 1.5 Vpg.
The A/D now will encode the Vin(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpg
input corresponding to full-scale. The: full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.



Functional Description continued)

*Add if VRer/2 1 Vpg with LM358

o draw 3 mA o ground.
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a) Analog Input Signal Example
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b) Accommodating an Analog Input from |

0.5V (Digital Out = =00ygx) to 3.5V
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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 ADCOB0S is specilied particularly for use in ratio-
melric applications with no adjustments. required. In abso-
lute 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 Vaer/2
voltages of 2.4 Vpc nominal value, initial errors of +£10
mVpe will cause conversion efrrors of +1 LSB due to the
gain of 2 of the Vgep/2 input. In reduced span applications,
the initial value and the stability of the Vreg/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 Vper/2 input becomes 5 mV. As can be ssen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smatler than
2.5V place even lighter 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 Nalional
Semiconduclor) 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.

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, Vingming. is not ground,
a zero offset can be donea. The converter can ba made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Vjy( —) input at this Vinginy value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero eiror 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 Vi (=) input and applying a small
magnitude positive voltage to the Viy (+) input. Zero emor
is the difference betwean the actual DC input voltage that is
necassary lo just cause an output digital code transition
from 00000000 to 0000 0001 and the ideal V%, LSB value
(%2 LSB = 9.8 mV for Vaer/2=2.500 Vpg).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input vollage that is 1% LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vrer/2 input (pin 9 or the Vg supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111, :
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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 LS8 =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
00uEex 1o 01yex code transition.

The full-scale adjustment shoula then be made (with the
proper Vin(—) voltage applied) by forcing a voltage to the
VIn{+) input which is given by:

(Vmax — VMTN]]
256 .

where:

Vmax= The high end of the analog input range
and

VM|N =the low end (the offset zero) of the analog range.
(Both are ground referenced.)

The Vgep/2 (or Vg) vollage is then adjusted to provide a
code change from FEHgx to FFyex. This completes the ad-
justment procedure.

2.6 Clocking Option

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

</
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¢ v
TLIH/SET1-17

FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided 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).

2.7 Restart During a Conversion

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

127

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” level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing puise
should be used, following power-up. to ensure circuit opera-
tion. In this appiication, 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 gels large. Other drcuitry, 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 DG
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).

Al higher CPU clock frequencies time can be extended for
170 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 Schotlky such as tha DM74L.S240 series
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 Ve supply line can cause conversion
arcors 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 pF or greater are
recommended. I an unregulated voltage is available in the
system, a separate LM340i AZ-5.0, TO-92, 5V voltage regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the Vg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockels are not satisfactory for
breadboarding this A/D converter. Sockets on PG 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 shieldad
leads may be necessary in many applications.
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A single point 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 VRer/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 arrors in excess of 14 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 associaled 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 resuiling digital output code as shown in Fig-
ure 7.

For ease of testing. the VRer/2 (pin 9) should be supplied
with 2,560 Vpg and a Vg supply voltage of 5,12 Vpo
should be used. This provides an LSB value of 20 mV.

It a full-scale adjustment is to be made, an analog input
voltage of 5.020 Vpg (5.120-11; LS8) should be applied to
the Vy(+) pin with the Vyy(—) pin grounded. The value of
the VRrer/2 input voltage should then be adjusted until the
digital output coda is just changing from 11111110 to 1111
1111, This value of Vree/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 cbtained from the “VYMS™ and “VLS™ columns in
Table I. the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester
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Vgeg/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (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 per-
fect A/D converter, The effects of quantization error have to
be accounted for in the interpretation of the test results.

For a higher speed test system, or 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
expraessad as either analog voltages or differences in 2 digi-
tal words. '

A basic A/D tester that uses a 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 sub-
traction feature is available to read the difference voltage,
“A-G", direclly. 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).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be dane with the circuit of Figure 9. where the
output cods transitions can be detected as the 10-bit DAC is
incremented. This provides 4 LSB steps for the B-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 transter funclion of the A/D under
test resulls. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
intemal limils on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 80B0A and 6800 microproces-
sors, a2 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 fo 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 MEMA and MEMW strobes)
or it.can'be controlled as an 1/0 device by using the /O R
and. I7O0'W strobes and decoding the address bits A0 —»
A7 (or address bits A8 —» 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 addi-
tional memory reference instructions, :the A/D should be
mapped into memory space. An example of an A/D in I/0O
space is shown in Figure 10. ;
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Functional Description (continued)
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FIGURE 8. A/D Tester with Analog Error Output

OIBITAL pacioes  \YAxa WI A0 URgER DIEITAL
0 ‘:ﬂ' TEST oUTPUT
TL/H/5671-19
FIGURE 9. Basic “Digital” A/D Tester
TABLE |. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CEVJ=R VALUES
HEX BINARY WITH
VRer/2 = 2.560 Vpe
MS GROUP. LS GROUP VMS GROUP* | VLS GROUP*

F 1 1 1 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 0.280
D 1 1 ] 1 13/16 13/256 4.160 0.260
(o} 1 1 0 0 3/4 3/64 3.840 0.240
B 1 0 1 1 11/16 11/256 3.520 0.220
A 1 0 1 0 5/8 51128 3.200 0.200
9 1 o 0 1 9/16 9/256 2/880 0.180
8 1 0 0 0] 1/2 1/32 2/560 0.160
7 0 1 1 1 7/16 7/256 2.240 0.140
6 o 1 1 0 3/8 3/128 1.920 0120,
5 0 1 0 1 5/16 2/256 1.600 0.100
4 0 1 0 0 1/4 1/64 1/280 0.080
3 0o o0 1 1 3/16 3/256 0.960 0.060
2 o 0 1 0 1/8 1/128 0.640 0.040
1 0 0 © 1 1/16 1/256 0.320 0.020
0 0 0 0 o 0 0

*Display Output=VYMS Group + VLS Group
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Functional Description (continued)

>¢% > INT (14)
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n oS wk -4 AD11{ID)
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i
a7 TL/H/S671-20
Hote 1: *Pin numbers for the DP2228 system controller, others ara NSE080A.
Note 2 Pin 23 of the INS228 must be tied 1o + 12V through & 1 kil resistor te generale the RST 7
nstruction when an intermupt is acknowledged as required by the accompanying sample program.
FIGURE 10. ADC0801-INS8080A CPU Interface
SAMPLE PROGRAM FOR FIGURE 10 ADCO0801~INS8080A CPU INTERFACE
0038 C30003 RSI"7% JuMP LD DATA
Ll L] L]
- - L]
0100 210002 START : LXI HO0200H tHE:pairwill paint to
;data storage locations
0103 310004 RETURN: LXI SP 0400H tInitialize stack pointer {Note 1)
0106 7D MOVA,L ;Test # ofbytes entered
0107 FEOF CPI OFH :If#=16. JMP to
0102 CA1301 JZ CONT suser program
0oloc D3 EO OUTEOH : Start A/D
010E FB El 1Enable interrupt
010F 00 LOOF: HOF s Loopuntil end of
0110 C3I0F 01 JMP LOOP :conversion
0113 . CONT: .
[ ] L] L] [ ]
. . {User programto .
. . process data) .
* . L) *
L ] L] L] L]
0300  DBEO LD DATA: INEOH : Load data into accumulator
0302 77 MOV M, A {1 Store data
0303 23 INXH : Increment storage pointer
0304 £30301 JMP RETURN

Note 1: The stack ponter must be dimensioned because & RST 7 instruction pushes the PG onto the stack.
Note 2: All address used were arbitrarlly chosen.
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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 aliow 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 hoard and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Clrcuitry and
Program

The following sample program and associated hardware
shown in Figure 10 may be used to input data from the
converter to the INSBO80A CPU chip set (comprised of the
INS80B0A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, tha A/D is
controlied as an I/0 device, spedifically 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
tor a peripheral interface device, howaver address decoding
is still required to generate the appropriate TS lor the con-
verter.
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Itis important to note that in systems where the A/D con-
verlter is 1-of-8 or less 1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AQ to A7) can be directly used as CS inputs—one for each
170 device.

4.1.2 INS8048 Interface

The INS8048 interface lechnique with the ADC0801 series
(see Figure 11) is simpler than the 8080A CPU interface.
There are 24 1/0 fines and three test input lines in the 8048,
With these extra 1/0 lines available, one of the I/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, W and INT of the 8048 are tied directty
to the A/D. The 16 converled data words are slored 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, respeclively. A sample interface program
is shown below.
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FIGURE 11. IN5B048 Interface
SAMPLE PROGRAM FOR FIGURE 11 INSB8048 INTERFACE

04 10 JME
ORG
04 50 JMP
ORG
99 FE ANL
Bl NOVX
89 01 START : ORL
BB 20 MOV
B9 FF Hov
BA 10 Mov
23 FF AGAIN: NOV
99 FE ANL
91 NOVX
05 EN
96 21 LOOP: Nz
EA 1B DINZ
00 NOP
00 NOP
ORG
81 INDATA : MOVX
20 MOV
18 INC
89 01 ORL
27 CLR
93 RETR

10H +Programstarts at addr 10 .
SH
S50H : Ioterrupt jump vector
10H s ¥ain progran
Fl, #0FEH :Chip select
A, &R1 ;Readdin the 1st data
ttoreset the lntr
Fl, #1 i Set port pinhigh
RO, #20H :Data address
R, #0FFH : Dummy address
R2, #10H : Counter for 16 bytes
A, #0FFH +Set ACC for intr loop
Fl, #0FEH :Send CS (bitQof P1)
GR1, A ; Send ¥R out
I s Enable interrupt
LOOP ; Wait for interrupt
R2, AGAIN +If 16 bytes are read
s 80 touser’'s program
SOH
A, GR1 ;s Input data, CS still low
@RO, A :Store inmemory
RO : Increment storage counter
Pl, #1 s Reset CS signal
A :Clear ACC to get out of

s the interrupt loop
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ready decoded 4/5 line is brought out 16 the common bus at

Functional Descnptlon (Gontinued) pin 21. This can be tied directly to the TS pin of the A/D,

4.2 Interfacing the Z-80 provided that no other devices are addressed at HX ADDR:
The 2-80 contral bus is slightly different from that of the 4XXX or 5XXX. .
8080. Generai RD and WR strobes are provided and sepa- The following subroutine performs essentially the same
rate memory request, MREQ, and I/O request, IORQ, sig- function as in the case of the B0B0A interface and it can be
nals are used which have to be combined with the general- called from anywhere in the user’s program.
ized strobes to provide the equivalent 8080 signals. An ad- In Figure 15 the ADCO801 series is interfaced to the M6800
vantage of operating the A/D in 1/0 space with the Z-80 is microprocessor through (the arbitrarily chosen) Port B of the
that the CPU will automatically insert one wait state (the RD MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
and WR strobes are extended one clock pariod) to allow Here the TS pin of the A/D is grounded since the PIA is
more lime for the 1/0 devices to respond. Logic to map the already memory mapped in the M6600 system and no CS
A/D in I/O space is shown in Figure 13. decoding is necessary. Also notice that the A/D output data -
lines are connected to the microprocessor bus undeL pro-
AD mal gram contral through the PIA and therafore the A/D RD pin

can be grounded.

- P A3 A sample interface program equivalent to the previous one
- is shown below Figure 15. The PIA Data and Control Regis-
MMM TL/H/SET1-22 ters of Port B are located at HEX addressas 8006 and B007,
FIGURE 13. Mapping the A/D as an /0 Device respectively.
for Use wiift S Z-00.GPU 5.0 GENERAL APPLICATIONS

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

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant to be restrictive. Each of these application cir-
cuits would have ils counterpart using any microprocessor

: that is desired.
ing moda.
k CPU Int ]
4.3 Interfacing 6800 Microprocessor Derivatives S| Yultipis AQOUERE SpNelQ MCB300 n erla(fe
(6502, etc.) To transfer analog data from several channels to a single

micropracessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-convertar approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel, Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor’s total system servicing time by the number of channels,
since all conversions occur simultaneously. This scheme is
shown in Figure 16.

The control bus for the 6800 nicroprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and addilional timing, if needed, can
be derived fom the $2 clock. All 1/0 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figwre 74 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the CS decoding is shown
using %, DMB092. Nota that in many 6800 systems, an al-
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FIGURE 14. ADC0801-MC6800 CPU Interface




Functional Description (continueq)

0010
ool2
0015
0018
001B
001C
001D
001F
o022
0024
0027
0028
0024
ooz2c
002E
0031
0033
0034

0036
0038
003B
003D
003F
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SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE
: Save contents of X
; Upon IRQ 1ow CPU

s Jumps to 002C

s Start ADCO801

DF 36
CE 00 2C
FFFF F8
B7 5000
OE

3E

DE 34
8C 02 OF
2714
B7 50 00
08

DF 34
20 FO
DE 34
B6 50 00
A7 00
3B

02 00

0000
CE0200
DF 34
DE 36
39

DATAIN

CONVRT

INIRPT

TENPY

TEMP2
ENDP

STX
LDX
STX
STAA
cL1
WAL
LDX
CPX
BEQ
STAA
INX
STX
BRA
LDX
LDAA
STAA
RTI
FDB

FDB
LDX
STX
LDX
RTS

TENP2
#8002C
SFFF8
85000

TENP1
#3020F
ENDP
$5000

TEMP1
CONVRT
TENF1
$5000
X

30200

$0000
#80200
TEWP1
TENPZ

sWalt forinterrupt

s Is final data stored?

s Restarts ADCOS8OL

7 Read data

$Storeitat X

: Starting address for
:data storage

:Reinitialize TEMPL

s Return from subroutine
; TousSer's pragram
Hote 1: In arder for the microprocessor 1o service subroutings and interrupts, the Stack pointer must be dimensioned in the user's program.

FiA
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ANALDg O = Ving) o083 " —plpa
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FIGURE 15. ADC0801-MCE820 PIA Interface

TL/H/5871-25
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Functional Description (continued)
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TEMP RANGE 0°C TO 70°C 0°CTO 70°C 0°C TO 70°C ~40*C TO +85°C
4+ Bit ADCOB01LCN
Adjusted
%Y, Bit ADCO802LCWM ADC0802LCV ADCO0802LCN
ERROR )
Unadjusted
+14 Bit ADCO803LCWM ADCO803LCV ADCOB03LCN
Adjusted
t1Bit ADCOB04LCWM ADCOBO4LCY ADC0804LCN ADCO0805LCN
Unadjusted
PACKAGE OUTLINE M208—Small Oulline V20A—Chip Carrier N20A—Molded DIP
TEMP RANGE —40°C TO +85°C =55°CTO +125°C
+ %, Bit Adjusted ADC0801LCY ADCO801LJ
ERROA + %2 Bit Unadjusted ADC0802LCJ ADCO0802L,
1 Y2 Bit Adjusted ADC0803LCJ ADC0802LJ/883
+1Bit Unadjusted ADCOB04LCY
PACKAGE OUTLINE J20A—Cavity DIP J20A—Cavity DIP
Connection Diagrams
ADCO080X ADCO80X
Dual-In-Line and Small Outline (SO) Packages Molded Chip Carrier (PCC) Package
y | S
RD=2 19=CtKR
WR—3 18{~D20 (LSB) = D5
CLKIN=—14 17 =D — DB6-
INTR—=15 16=DB2 - DB7 (MSB)
Vu(#)—e 15083 —~ D GND
Vin(=) =17 14}~084 e Vo2
AGND=~—{8 13}~DBS
Vrer/2—9 12}=DB6 ZESE 2
DGND—{10 11f=D87 (MSB) = EF=EED
o —= ;-. -
TLH/S6T1-30 TL/H/5671-32

See Ordering Information
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Physical Dimensions inches (millimeters)

0985
(zsme) >
(0-535)
Bd [} [1] [v] IF| [is] [] [is] [re] fid
0.220-0.310 _
(5.558—7.8514)
Bl sl el ] e] [e] i ‘
9.005—0.020 :
(0.127—0.508)
L 0.837£0.005
(0,840 0.12
0.085 0.055 +0.005
0180 0003 e | TR 80720370 | 0.020-0.050
:mﬂ m’l ELASS SEALANT [ | [0.508—1.524)
e \ = ¥ 0.200 I
{5.080)
h“’\I Illlllllll
s 4 I L '—2%,‘%, 0.125-0.200
(0,203 — 0.305) Moy (3.175-5.080)
| _9310-0410 o060 | -0.018.40.803 _._“4_
T8 - 104n) {1:524) (0.457£0.875)
sa 05 Sit0x00m0
{2540 £0.254) N
Dual-In-Line Package (J)
Order Number ADC0801LJ, ADC0802LJ, ADC0801LCJ,
ADCO0B02LCJ, ADCOBQ3LCJ or ADCO804LCJ
ADC0802LJ/883 or 5962-9096601MRA.
NS Package Number J20A
Q435 -0.512
e e ==
__._ﬁ ﬁ ﬁ ﬁ 1ﬂ5 ﬁ " ﬁ 17N
i
i
i
0.351-pa18
{10 m-mwrh)
tmm.l,}.—-"" ij
R LR -
TV 2 2048 B8 7T 8 8 a
0010 gy
0.254)
. DT80
} 7.9%1-1.5%)
9.010-0.079 0930104
#5soan “4° - ‘ Rx%r—rea
» 0.604-0.012
f 1 8~ WAXTYP 20040012
{6.162-0.305)
i |
i—-——_ __'z:-U L ‘ _i_'i Al ol A =123 = Y sumse
1 PLANE
u.m-gn.m: (:?::,/ :f,:m T (:‘—‘i’;-) J L 0054 | . | e o.m«f-o.oz.nm
©.229—0.330) < S 327G - T iam 03s8-0.908 -
TYP AL LEADS A Lekoiss o ML 108 e L (0.355-0.569
) 0.008 yyp
10.203) vXRIYF
SO0 Package (M)

Order Number ADC0802LCWM, ADC0803LCWM or ADC0804LCWM

NQ Dankans Numhar M?20R
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Physical Dimensions inches miimeters) (Continued)

1.6913-1.040
0.082 X 0,030 5.73-28.32}
237 %076 0.032 :0.005
M D \ [28)_iv] [} (7] (W] (%) e (@) [ () Fanon (7] []
RAD N
Pt no.unsnr\[\ o R PN N, 1 1DENT—_ S
N N NO. .
020 (6.608 =0.120) ~F,
b OPTION 1
MIN =
03000320 0PTION 2
{1.620-2.128)
0050 NOM 0.040 OPTION2
0060 o p— 0.130 0005
ates 11528 {1578 £ 14x) \ oA owen |
) TYP TvP i }
[ | \ 0.145-0.200
{3.533-5.080)
95%5° t.m-n.ml 9n‘=u.uo-'l i T
(02290381 o, 0.028
T 10028010 _J 0.125-0340  {0.508)
’ 0.060 10005 254020250 F"“”*”-m_“_ 11753558 MM
0325 Y0880 152420127} {#35730078)
-0015
+1.018
(p2ss 23208
WA REy O

Molded Dual-In-Line Package (N)
Order Number ADCO801LCN, ADCOB02LCN,
ADCDB03LCN, ADCO804LCN or ADCOBOSLCN
NS Package Number N20A
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Physical Dimensions inches (milimeters) (Continued)

0.350 1000 1
e RS 0,15
(888 Z5gq] 0.017£0.004 1.
PIN #1 IDENT 0.065 [0.43%0.10]
459x O
3Nt 18 [1.65) _\
) S o 3/ —F
O 0 0.029£0.003 f F
O 1 [0.74%0.08] 0.310£0.020 [
O 7 (7.87+0.51]
8[] (114
1 e —
P i 1 |~ SEATING PLANE
0.020
| 0.050 e WIN TYP 0.390£0.005
4.\ = [|.2}'}WP [0.51] [o.5120.13] ''F
0.200 0.105£0.015
(s.08) TP [2.67%0.38] TYP
0.165-0.180
” .- TP
[4.19-4.57)
& 10.004 [0.10] V20A (REY L}

Molded Chip Carrier Package (V)
Order Number ADC0802LCV, ADC0803LCV or ADC0804LCV
NS Package Number V20A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or syslems are devices or 2. A crilical componenl is any componenl of a lile

systems which, (a) are inlendsd for surgical implant
into the body, or (b) support or sustain life, and whosa
failure to perform, when propery used in accordance
with instruclions for use provided in the labeling, can
be reasonably expected to result in a significant injury
lo the user.

supporl device or system whose failure lo perform can
be reasonably expected to cause the failure of the lite
supporl device or system, or to affect ils safety or
effectivenass. '

{

National Semiconductor
Corporation

1111 West Bardin Road
Addington, TX 76017

Tel: 1(800) 272-9958
Faxz 1(800) 737-7018

N

National Semlconductor
Europe
Feoc: (+ 49) 0-180-530 85 86
Emait cnjwgedlevm2.nsc.com
Deutsch Tek (4-43) 0-180-630 85 65
English  Tek: (+ 49} 0-180-532 78 32
Francais Tet (+48) 0-180-632 €3 58
haliano Tel: (+49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

13th Floor, Straight Biock,
Ocesn Centre, § Canton Rd.
Tsimshatsul, Kowloon

Hong Kang

Tek (852) 2737-1600

Fax (652) 2736-9960

National Semiconductor
Japan Ltd,

Tet: 81-043-299-230%
Fax: 81.043-299-2408



efectorsod
Elektronischer
Drucksensor
Electronic pressure
sensor
Capteur de pression
électronique
PA
3
~
4
m
i
R
i
L
Montage

Avan: de monter / démaonter le capteur, s'assurer que ka pression
n'est pas appliquée au arouit,
Morler e capteur de pression 4 V'aige d"un montage process appio-
prié {voir éliquette ~Port Size”),

Raccordement électrique
L'apparel doit &tre monle pa® un deciricien.
Les réglements nationaux ef internationaux retatifs A l'irstallati-
on de matériel électrique dowent tre respectés,
Alimentation seion ENSQ178, TATS, TR

Metwre Finstaliaten hors lension avant le raccordement.
Schema ce branchement.

PAZxxx (4 ... 20mA analogique)

Branchement
LonnpLla
(e r]aptm

2@4

3

1 8N

PA9xxx {0 ... 10V analogique)

branchement
connecteur
L+ (cOre ciapleuv)

2
i- 3

Couleurs des fik conducteurs des connect2uts femelles itm:
i = BN {brun), 2 = WH iblanc), 3 = BY (hieu), 4 = 8K inowrd,
n ¢ = non raccotadée.
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Sicherheitshinweise

Lesen Sie vor der Inbatriecbnahme des Gerites die
Produktbeschreibung. Vergewissern Sie sich, daB sich das
Produkt uneingeschrankt fiir die betreffende Applikationen
signet.

Die MiBachtung von Anwendungshinweisen oder technischen
Angaben kann zu Sach- und/oder Personenschiden fGhren.

Prifen Sle In allan Applikationen die Vertriglichkeit der
Produktwerkstoffe {s. Technische Daten) mit den zu messen-
den Druckmedien,

Bel gasférmigen Druckmedien ist der Einsatzberelch generell
auf max. 25 bar begrenzt.

BestimmungsgemiBe Verwendung

Der Drucksensor erlaBt den Systerndiuck ung set2t thin in e anaiones
Awsgangssignal um,

* 4 20 mi [FAGon)

* 0 .. 10V (PAGxx)

Einsatzberesch,
:am:i» ascRiich Zulissiger Bes st
PAzes0 0 . 400 byt E0C bar 7000 bat
ol Pl 0 .. 250 bar 400 bar 30 bt
PAxxx) Q.. 100 bar 300 b 630 bar
PAxad 0 .. 250 100 bar 350 bar
Ao 0. 10 bar 50 bar 150 bar
| Plaod 0. 25bar 20 bae 50 bar
AT D 1ba 10 bar 30 bat
PADO T.. 0bar 10 bar 30 bar

Vermeiden Sie stabische und dynamische Uberdrike, dhe den
A angegebenen Uerasidruck uberschreiten.
Schon ber kurzzeiiger Uberschrestung des Berstdrucks kann das
Gerdl zerstort wercen (Verletzungsgefahrj

Données techniques
i . .20 mA
max.l'UB--O&xSO‘G&DaUB 24v
.......................... 0..10Vv
.............................. rnin.SOOO
Tensicn d'alimentation PA3wo [V]. 10.8...300C
Tensicn d'alimentation PAGoot [V] . 16...30DC
Exactitude signal analogique [%) . sl ol <x10
ReptutiBil tea ...t L veoee %01
Dém!.’ternpé:almmdele!.enduederrmum(par‘lo“c,] ....<z0.3
dans la plage de température [°C) . . ...-25..+80
Température ambiante [°C) . . .. ... .. .25, +80
Température du fluide [°C]. . LS A28 +80
Protection PAXD ... PAXGZ - . . ..o\ <t ... wewas wasayeos IPBY Y
Protection PAxo3 . PRocd . ol LIP 65 e
Résistance disolation IMQ] .. .- .. .. ... 00 .. ... > 100 (500 V DC)
Tenue dx chocs [gl . vt v aits v en s 50 (CiN / CE) 68-2-27, 11ms)
Tenue aux vibrations [g] .... .. .. ... 20 (DIN/CEl 63-2.6, 10 - 2000 Hz)
Bofier ... ol ...... .. ..FPM(Viton); PA; Pocan; INOX 304
Iﬂmimen contact avec Je fluide FPM {(Viton); céramique; INOX 303

tection renforcé (P €8) avec connecteur IPGS. .
"Pmlectmn tenforcé (IP 68) avec connecteur IP68 et accessoirs de montage
(No de commande E30039)



Safety instructions

Please read the product desaription prior to installing tha unit.
Please check that the product I8 sultsble 1oryour application
without any restrictions.

i the operating instructions or tha technical data are not
adhered to, personal injury and/or damags to property may
ocour. .
Please chedk in all applications that the product materials (see
Technical data) are compatible with the media to be moa-
sured.

For gaseous media the application is Hmited to max. 25 bar.

Function and features
The pressure sensor detects the system pressure and converts it into
an analoq output signal.
4 .. 20 mA (PAZx00)
® 0 .. 10 V(PAGxxx)

Applicatrons;
Orderno. |Measuring range | _ P™=S01e g iing pressure
overl, pressure
PADD 0 .. 400 bar 600 bar 1000 bar
| P! 0.. 250 bar 200 bar 850 bar
PADNQ 0 . 100 bar 300 bar 650 bar
SArxx3 0..25bar 100 bar 350 bar
PADOE Q.. 10 bar 50 bar 150 bar
PAOS 0..25ba 20 bar 50 bar
PAXxa? 0 .1 ba 10 bar 30 bar
PAX9 -1..0kar 10 bar 30 bar
Avoid static and dynamic overpressure weedm the grven over-
load pressure.

Even if the bursting pressure 15 exceeded only for a short time
the ymil can be destroyed (danger af injuries)!

Technical data
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Instaliation .
Before mounting and removing the sensor, make sure that no
pressure is applied to the system.

Mount the pressure sensor on a suitable process connectxon {see type

label "Port Size®). : ’

Electrical connection
A\ The unit must only be connected by an electrician.
The national and international reguiations for the instailation of
electrical equipment must be observed.
Voltage supply to ENSO178, SELV, PELV.

Disconnect power before cannecting the unit,

Wiring.
PAZ)0ux (4 ... 20mA analog)
CONNECIOr view
LaN 14 {sensor)
7 Wit »ﬂ 3 B
4 BK . 2 @ 4
S
L HE
PASxxx (0 ... 10V analog)
CONNBECION View
im;son
> (34
! nd

Care colours of dm sockets:
1= BN (brown): 2 = WH (white), 3 = BU ibluel, 4 = BK {black),
n.C =not onnected.

Remarque sur la sécurfté

Analog output PA3xcx . SR 11} R, . 20mA
Load [Q] . AR, mu.(UB IOB}:SD’GEOatU&:ZdV
AnalogoulpulPAQm - pEE Fa, ™ 391
toad (O . . AR e L e L. mir. 5000
Operating voltage PA3ooc V] .. ..oo0u....o..o. .. 108.. 30DC
Operating voltage PAGox [V] ......0. ... . ... . .. 16 ..30DC
Characteristics deviation [%]. .. ... .. e 210
Repeatability [%). . | ALY
Temperaturednftl%of valueofmmmgrangehﬂ K! k]
o the temperature range [°C] ... . . L ... ... Lo 25 480
Operating temperature [°Cl. ... ... ii i v ia it 25 480
Medium temperature [°C] . .. .... [ . Bl L .-25...480
Protection PAXO) ... PR, . . .vuvnnn . B i . T . . (P &7*
Protection PAxod ... PAwod .. . ... .. I.PSS"'
Protection class . .

Insulation resstance M1 >100 {500V D’C]'

Shock resistance [g] . ... 80 mmuscaa 2-27, 11ms)
Vibraton tesistance (g . 20 (OIN/IEC 68-2-5, 10 = 2000 Hz)
Housing matenal. .. ..... FPM (Viton); PA; Pocan; stainless steel (304515)
Materials (wetted parts) .. . . FPM (Viton); ceramics; stainfess steel (303522)

*Increased protection (IP 68) with IPE8 connector,
* *increased protection (IP 68) with IP68 connector and mounting accessories’
(Ordes no. E30039).

Avant la mise en service de I'apparell, veuillez Hire la desaip-
tion du produtt. Assurez-vous que le prodult est approprié
pour application concernée sans aucaune restriction d'utilisation,
Le non-respect des remarnques ou des données tachmqu«
peut provoquer des d q tériels etfou corp .
Pour toutes les applications, veulllez vérifier I3 compatibilité
des matléres du produit (volr données tndmlques) avec les
fluldes sous pression & mesurer.

Pour les fluldes gazeux sous pression, lemplal est tw]nl.ws
limité & 25 bar maximum,

Fonctionnement et caractéristiques
Le capteur de pression détecte 1a pression du ircuit et la convertit en
un signal de sortie analogique

& ... 20 mA (PA3xxx)

0. 10V IPASK0)

Apphtations.
N° de Etendue de Surp Press!
d dmi: d'éclatement
FAo0 0. . 400 bar £00 bar 1000 bur
AKX 0 .. 250 bar 400 bar 850 bar
PAT G 100 bar 300 bar €50 bar
PFAxax3 0. 25bar 100 bar 350 bar
[~ FAmd 0 .. 10 bar SOba 150 bar
PAxash 0. 2,5 bar 20 bar 50 bar
PAXXT? 0..1bar 10 bar 30 bar
PAOKg 1. Obar 10 bar 30 tar

Ewiter les pics de pression staliques et dynamiques qui dépassent
1a valeur de surpression indiquée. Méme 1 1a pression d'édlate-
ment est dépassée bnévement ["appareil peut

étre détrun (danger de blessures)!




Montage
Stellen Sie vor Ein- und Ausbau des Sensors sicher, daB die
Anlage druckfrei ist.
Befestigen Sie den Drucksensor an einem entsprechenden ProzeR-
anschiu} (s. Typaufkleber “Port Size”).

Elektrischer Anschlu8
Das Gerdt darf nur von ener Elektrofachkraft installiert werden
Befolgen Sie die nationalen und internationalen Vorschriften zur
Errichtung elektrotechnischer Anlagen.
Spannungsversorgung nach EN50178, SELV, PELV.

Schaiten Sie die Anlage spannungsfrer und schliellen Sie das Gerdt
folgendermaflen an:

PA30 (4 ... 20mA analog)

Steckeranzicht
— .a‘n l"mhl.l

’©

1 BN

Steckeransicht
fam Geran)
1

2@4

3

Adernfarben ber ifm-Kabeldosen:
1= BN (braun), 2= WH (weil), 3 = BU (blau), 4 = BK {schwarz)
0.¢ = nicht balegt.

MaBzelchnung
Scale drawing
Dimensions

Mi2x)

95

anaEER N
/ 21,5 [
27\
o 2 ProzeSanschluB
process connection

MON1age process
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Téchnische Daten

Analogausgang PA3wxx . .. 4. 20mA
Burdel] ... L. . max (dE - lO 8): SG; 660 bei UB 28v
Amlogausgang PAGx . . . .10V
Birde [03). . e . .mm 5000
Berriebsspannung PA3wex V] . .. .. . L. L. 108 30DC
Betriebsspannung PA9xxx V], . .. . .. . | .16 300C
Kennfinienabweichung [%). . ... . ...... ... ... . . <=z1.0
Wiederholgenauigkeit [%). . ......................... . ... <0,
TemperatureinfluB [% vom MeBbereichsendwert/pro 10K]. . .. .. <203
im Temperaturbereich (°C). .. ...... ... .. ... . ... .. -25.. 80
Umgebungstemperatur [°C). . A . . .. .25, +80
Mediumtemperatue [°C) ... . .. e ; .25 +80
Schutzart FAxoeD ... PAx2 .. .. v s o hnswi i3S L P67
Schutzart Flvon3 . . PAond 3 o @y APESTT
Schutzklasse. . . N
Isclationswiderstand [Mm = 100 (500 v DC)
Schoodestigket [g] . .. .. . - 50 DN /7IEC 68-2-27, 1img)
Vibrationstestigkeit ol . . . . 20 (D / IEC 65-2- 6, 10 - 2000 HD)
Gehausewerkstoffe .. .. FPM Nrtm} PA; PBTP (Pocan); V2A (1 4301)
WerkstoHe im Kontakt

mit demMedium. .. ... 0 e FPM (Vitonl; Keramsk; VZA (1.4305)

*Erhohte Schutzart (IP 68) mit IP-68 Steckverbinder.
**Erhahte Schutzan (IP 68) mit IP-68 Steckverbinder und Mcntagerubehor
(Bestelk-h. £30039).
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