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TdsunsuaruaumsiauveslulasaeuInsames

SG1 EQU 40H
SG2 EQU 41H
SG3 EQU 42H
SG4 EQU 43H
SG5 EQU 44H
SG6 EQU 45H
SG7 EQU 46H
SG8 EQU 47H
SV EQU 48H
PV EQU 49H
SGBS EQU 50H
SGB6 EQU 51H
SGB7 EQU 52H
SGB8 EQU 2FH
DISBUF EQU 54H
UR BIT Pd==g)
DOWN BIT P1.1
OUTPUT BIT Pl
CS BIT P .
READ | BIT Ple.
WRITE BIT P1Y
INTR BIT B
ORG 0000H
MOV P1, #0FFH
MOV P3, #0FFH

MAIN: ACALL INP
ACALL COP
JB UP,CDW2
ACALL SCAN
ACALL SCAN
ACALL SCAN
JB UP, CDW2
PUSH 7
MOV R7, SV
CJNE R7, #O0FFH,USP
MOV R7, #00H
MOV SV, R7
MOV B, R7
ACALL CONV1
MOV SG1,SGBS
MOV SG2, SGB6
MOV SG3, SGB7
MOV SG4, SGB8
POP 7
LJMP LOOP

USP: INC R7
MOV SV, R7
MOV B, R7
ACALL CONV1
MOV SG1, SGB5
MOV SG2, SGB6
MOV SG3, SGB7
MOV SG4, SGB8

~ oy U1
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POP 7
LJMP LOOP
CDW2: JB DOWN, LOOP
ACALL SCAN
ACALL SCAN
ACALL SCAN
JB DOWN, LOOP
PUSH 7
MOV  R7,SV
CJNE R7,#00H, DSP
MOV  R7,#0FFH
MOV SV, R7
MOV  B,R7
ACALL CONV1
MOV  SG1,SGB5
MOV  SG2,SGB6
MOV  SG3, SGB7
MOV  SG4,SGBS8
POP 7
LJMP LOOP
DSP: DEC  R7
MOV SV, R7
MOV | B,R7
ACALL CONV1
MOV | SG1,SGB5
MOV | SG2,SGB6
MOV = SG3,SGB7
MOV = 'SG4,SGB8
POP = 7
LJMP LOOP
LOOP: MOV = DISBUE;,SGl
MOV . | DISBUF+1;8G2
MOV | DISBUF+2,8G3
MOV  DISBUF+3,SG4
MOV  DISBUF+4,SG5
MOV  DISBUF+5,SG6
MOV  DISBUF+6;5G7
MOV  DISBUF+7,SG8
T.CALL SCAN
LJMP MAIN
INP: CJNE R3,#03H,INP3
MOV  R3, #00H
ELR (8
ACALL DELAY1
CLR WRITE
ACALL DELAY1
SETB WRITE
ACALL DELAY1
SETE €8
INP1: JNB  INTR, INP2
SJMP INP1
INP2: ACALL DELAY1
GLR. . ES
ACALL DELAY1
CLR  READ
ACALT, DELAYL
MOV PV, P3
SETB- READ
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ACALL DELAY1
SETB CS
MOV B, PV
ACALL CONV1
MOV  SG5, SGB5
MOV  SG6,SGB6
MOV  SG7,SGB7
MOV  SG8, SGBS8
RET
INP3: INC R3
RET
SCAN: MOV P2, #0FEH
MOV R7, 48
MOV RO, #DISBUF
SCAN1:MOV A, @RO
MOV  DPTR, #CG
MOVC A, @A+DPTR

MOV PO, A
LCALL DELAY
MOV  A,P2
RL A
MOV /P2,A
INC J RO

DJNZ  R7,SCANL
MOV P2, #0FFH
RET
CG: DB
OcOh,Of9h,Oa4h,ObOh,Ol9h,012h,OO2h,Of8h,OOOh,Oth,OO8h,OO3h,O46
h, 021h, 006h, 00eh
CONV1: BLSH *
MOV  SGB5, #00H
MOV SGB6, #00H
MOV SGB7, #00H
MOV SGB8, #00H
CHKO: JNB B N0, GHEL
MOV SGB5, #05
CHK1: JNB B.1,CHK2
MOV SGB6, #01
CHK2: JNB B.2,CHRS
MOV A, SGB6
ADD A, #02
MOV  SGB6,A
CHK3: JNB  B.3,CHK4
MOV A, SGB6
ADD A, #04
MOV SGB6, A
CHK4: JNB B. 4, CHK5
MOV A, SGB6
ADD A, #08
DA A
MOV R7,A
ANL A, #0FH
MOV SGB6, A

MOV A,R7
ANL A, #0FOH
RL A

RL

A
RL A
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CHKbS:

CHKG:

CHK7 :

RL

ADD
MOV
JNB
MOV
ADD
DA

MOV
ANL
MOV
MOV
ANL
RL

RL

RL

RL

INC
ADD
MOV
JNB
MOV
ADD
DA

MOV
ANL
MOV
MOV
ANL
RL

RL

RL

RL

INC
INC
INC
ADD
MOV
JNB
MOV
ADD
DA

MOV
ANL
MOV
MOV
ANL
RL

RL

RL

RL

ADD
MOV
ADD
DA

MOV
ANL
MOV
MOV

A
A, SGB7
SGB7,A
B.5,CHK6
A, SGB6
A, #0606

A

R7,A

A, #OFH
SGB6, A
A, R7

A, #0FOH
A

A

A

A

SGB7

A, SGB7
SGBZ, #
B .6 ,/CHK?
A, SGB6
A, #02
A

R7, A

A, #0FH
SGB6, A
A, R7

A, #0FOH
A

A

A

:\

SGB7
SGB7
SGB7

A, SGB7
SGB7 ;A
B.7, ENCONV
A, SGB6
A, #04

A

R7,A

A, #0FH
SGB6, A
A,R7

A, #0FO0H

L i

A, SGB7
SGB7,A
A, #06

R7,A
A, #0FH
SGB7,A
A, R
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END

ANL A, #0FOH

RL A

RL A

RL A

RL A

ADD A, SGBS

MOV  SGBS,A
ENCONV : pPOP 7

RET
COPs CLE. . ©

MOV A, PV

CJNE A,SV,COP 1
OFF: CLR  OUTPUT

RET
COP_1:SUBB A, SV

JNC  OFF

SETB OUTPUT

RET
DELAY : PUSH 7

PUSH 6

MOV R7,#25H
D1: MOV R6,#20H
D2:  DJNZ/R6,D2

DJNZ R7,D1

POP 6

POP | 7

RET
DELAY1:PUSH 6

MOV = R6, #073H
DE1l: NOP

NOP

DJNZ ' R6,DE1

POP | 6

RET
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Order this document
by MPX10/D

10 kPa Uncompensated
Silicon Pressure Sensors

The MPX10 and MPXV10GC series devices are silicon piezoresistive pressure sensors
providing a very accurate and linear voltage output — directly proportional to the applied
pressure. These standard, low cost, uncompensated sensors permit manufacturers to
design and add their own external temperature compensation and signal conditioning
networks. Compensation techniques are simplified because of the predictability of
Motorola's single element strain gauge design. Figure 1 shows a schematic of the internal

circuitry on the stand-alone pressure sensor chip.

Features

e Low Cost

» Patented Silicon Shear Stress Strain Gauge Design

« Ratiometric to Supply Voltage

» Easy to Use Chip Carrier Package Options

« Differential and Gauge Options

» Durable Epoxy Unibody Element or Thermoplastic
{PPS) Surface Mount Package

Application Examples

e Air Movement Control

» Environmental Control Systems

« Level Indicators

¢ Leak Detection

» Medical Instrumentation

« Industrial Controls

» Pneumatic Control Systems

« Robotics

30 +Vg

SENSING
ELEMENT

Figure 1. Uncompensated Pressure
Sensor Schematic

SMALL QUTLINE PACKAGE

=

MPXV10GC6U
CASE 482A

&

y
il
MPXV10GCTU
CASE 482C
PIN NUMBER
1 Gnd 5 NIC
14 +Vout & N/C
3 Vs g N/C
4 =Vout 8 NiC

NOTE: Pin 11s noted by the notch in
the lead

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE

The output voltage of the differential or gauge sensor increases with increasing pressure
applied to the pressure side (P1) relative to the vacuum side (P2). Similarly, output voltage
increases as increasing vacuum is applied to the vacuum side (P2) relative to the pressure

side (P1).

REV 10

© matorola, Inc. 2001

MPX10
MPXV10GC
SERIES

0 to 10 kPa (0-1.45 psi)
35 mV FULL SCALE SPAN
(TYPICAL)

UNIBODY PACKAGE

MPX10D
CASE 344

MPX10DP
CASE 344C
PIN NUMBER
{ Gnd 3 Vg
2 +Vout 4 ~Vout

NOTE: Pin 1is noted by the notch in
the lead.

@ MOTOROLA
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MPX10 MPXV10GC SERIES
MAXIMUM RATINGS(NOTE)
Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Pmax 75 kPa
Burst Pressure (P1 > F2) Pourst 100 kPa
Storage Temperature Tsig 40 to +125 “C
Dperating Temperature Ta -40 10 +125 e 0

NOTE: Exposure bayond the specified limits may cause permanent damage or degradation 1o the device.

OPERATING CHARACTERISTICS (Vg =30 Vdc, Ty = 25°C unless otherwise noted, P1 > P2)

Characteristic Symbol Min Typ Max Unit
Differential Pressure Range(!) Pop 4] — 10 kPa
Supply Voitage!) Vg — 30 6.0 Ve
Supply Current lo —_— 6.0 — mAdc
Fufl Scale Span®? Vesg 20 35 50 my
Offsetl¢! Vot 0 20 35 mv
Sensitivity AViAP — 8.5 e mVkPa
Linearity'®) — =10 -_ 10 %Vess
Pressure Hysteresis® (0 to 10 kPa) — - o - YoVEss
Temperature Hysteresis(} {~40°C to +125°C) = - g — %VEsy
Temperature Coefficient of Full Scale Span() TCVess -0.22 — 016 %Vess/'C
Temperature Coefficient of Offset® TCVog - 5 | uVrg
Temperature Coefficient of Resistance(® TCR 028 g 0.34 %0
Input Impedance Lin 400 — 850 Q
Qutput impedance Zout 750 — 1250 (4]
Response Timel® (10% to 40%) g e 10 — ms
warm-Up Timel?) — - 20 ms
Offset Stabilitys R - 0.5 — %VEss

NOTES:

1. 1.0 kPa (kiloFascal) equals 0.145 psi.
2. Device is ratiometric within this specified excitation range. Operating the device above the specified excitation range may induce additional
error due to device self-heating
Full Scale Span (Vegs) is defined as the algebraic difference between the output voltage at fulf rated pressure and the outlput voltage at the
minimum rated pressure.
. Offset (V) is defined as the output voliage at the minimum rated pressure
. Accuracy (error budget) consists of the faliowing;
+ Linearity: Output deviation from a strasght ling refationship with pressure, using end point method, over the specified
pressure range.
Qutput deviation at any temperature within the operating temperature range, after the temperature is
cycled to and from the minimum or maxirum aperating temperature points, with zero differential pressure
applied.
Ouiput deviation at any pressure within the specified range, when this pressure is eycled 10 and from the
minimum or maximum rated pressure, at 25°C.
Oulput deviation at ful rated pressure over the temperature range of 0. to 85°C, relative o 25
Cutput deviation with minimun: rated pressure applied, over the temperature range of 0 to B5°C, relative
to 25°C
o TCR: Zin deviation with minimum rated pressure applied, over the temperature range of -40°C to +12
relative to 25°C.
6. Response Time is defined as the time for the incremental change in the output to go fram 10% to 90% of its final value when subjected to
a specified step change in pressure.
7. Warm-up Time is defined as the time required for the product to meet the specified cutput voltage after the pressure has been stabilized
8 Offset Stabiiity is the product’'s output deviation when subjected to 1 000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.

o

e

« Temperature Hysteresis:

« Pressure Hysteresis:

+  TcSpan
o TcOffset

5°C
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TEMPERATURE COMPENSATION

Figure 2 shows the typical output characteristics of the
MPX10 and MPXV10GC series over temperature.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to differ-
ences in the thermal expansion of the strain gauge and the
diaphragm, as are often encountered in bonded strain gauge
pressure sensors. However, the properties of the strain
gauge itself are temperature dependent. requiring that the
device be temperature compensated If it is to be used over
an extensive temperature range.

Temperature compensation and offset calibration can be
achieved rather simply with additional resistive components,
or by designing your system using the MPX2010D series
sensor.

Several approaches to external temperature compensa-

- = P
i)
70 } : } -40°C 4 I
" Vg = 3 Vde 25| _ A i
o3 P1>P2 !
b /’/,/ ol bt sean
£% 7 BT France
= -
z 4 H (TYR)
3% ;
20 ,é A
10 QFFSET
{TYP)
0 ! | ! |
PSt 0 tl):! [0.6 l(19 12 15 T
kPa 2.0 4.0 6.0 8.0 10
PRESSURE DIFFERENTIAL
Figure 2. Output versus Pressure Differential
SILICONE
DIECOAT  DIE

MPX10 MPXV10GC SERIES

tion over both —40 to +125°C and O to +80°C ranges are
presented in Motorola Applications Note ANB40.

LINEARITY

Linearity refers to how well a transducer’s output follows
the equation: Vo = Vg + sensitivity x P over the operating
pressure range (Figure 3). There are two basic methods for
calculating nonlinearity: (1) end point straight line fit or (2) a
least squares best line fit. While a least squares fit gives the
“best case” linearity error {lower numerical value), the cal-
culations required are burdensome.

Conversely, an end point fit will give the “worst case” error
{often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola's
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.

70
0 UNEARITY /
;’.‘
50
g
Em SPAN
2 Vrss
;30 FS8)
o}
20
r [oFFsET
0A|Ax||1|v|l|>l(vUFF)
0 MAX T Pop
PRESSURE {kPA]
Figure 3. Linearity Specification Comparison
STAINLESS STEEL
METALCOVER
EPOXY

LEAD FRAME

P2

Figure 4. Unibody Package — Cross-Sectional
Diagram (not to scale)

Figure 4 illustrates the differential or gauge configuration
in the basic chip carrier (Case 344). A silicone gel isolates
the die surface and wire bonds from the environment, while
allowing the pressure signai to be transmitted to the silicon
diaphragm.

The MPX10 and MPXV10GC series pressure sensor oper-

ating characteristics and internal reliability and qualification
tests are based on use of dry air as the pressure media. Me-
dia other than dry air may have adverse effects on sensor per-
formance and long term reliability. Contact the factory for
information regarding media compatibility in your application.
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MPX10 MPXV10GC SERIES
PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor sure sensor is designed to operate with positive differential
as the Pressure (P1) side and the Vacuum (P2) side. The pressure applied, P1 > P2,
Pressure (P1) side is the side containing silicone gel which The Pressure (P1) side may be identified by using the table
isolates the die from the environment. The Motorola pres- below:

Part Number Case Type Pressure {P1) Side Identifier

MPX10D 344 Stairless Steel Cap

MPX10DP 344C Side with Part Marking

MPX10GP 344B Side with Port Attached

MPX10GS 344E Side with Port Attached

MPXV10GCEU A82A Side with Part Marking

MPXVIDGCTU 482C Side with Part Marking

ORDERING INFORMATION — UNIBODY PACKAGE

MPX10 series pressure sensors are available In differential and gauge configurations.  Devices are available in the basic
element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure

connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Differentiat Case 244 MPX100 MPX 100
Ported Elements Differential Case 3440 MPX10DP MPX10DP
Gauge Case 3448 MPX10GF MPX 10GF
Gauge Case 344E MPX10GS MPX10D
ORDERING INFORMATION — SMALL OUTLINE PACKAGE (MPXV10GC SERIES)

Device Type/Order No. Packing Options Case Type Device Marking
MPXV10GCHU Rails Case 482A MPXV10G
MPXV10GCET1 Tape and Reel Case 482A MPXV DG
MPXVIDGCTU Rails Case 482C MPXV10G
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MPX10 MPXV10GC SERIES
UNIBODY PACKAGE DIMENSIONS

HOTES:

1. DIMENSIONING AND YOLERANCING PERASME
Y14.5M, 1954,
CONYROLUNG CIMENSION: INCH.
CIMENSION ~A- 1S INGLUSVE OF THE #OLD
STOP RING. MOLD STOP RING ROT YO EXCEED
16.00 {0.630).

R

INCHES | MILLIMETERS
B | WMAX | WM | MAX_|

¢t DAMBAR TRIM ZONE: —ret—
’ (9| 0136 (0.005) ®| Tl A ®} ATH?SRIS INCLUDED
WITHIN DIM. “F* 8 PL

~<;zzi:r-¢.m-noou>‘§

STYLE Y STYLEZ: STYLES:
PIN 1. GROUND PIN, Vg P 1, GHND
2+ OUTPUT 2.+ SUPPLY 2. -youY
31 SUPRLY 3.« SUPPLY 3.5
4, - OUTPUY 4. GROUND 4, VOUY
CASE 344-15
ISSUEZ
r—A"'| HOTES:
SEATING [_T— liaew) 1. DIMENSIONING AN TOLERAHCING PER ANS)
PLANE Y14.5,1882

2. CONYROLLING DIMENSION: INCH.
MCHES MILLIMETERS

] Mk MAX BN
1145 | 1.475 | 23.08
PORT #1 3. 0685_| 0.115 | 17.40
POSITIVE 775
PRESSURE G
] ‘ll (P1)

Vi
'.....

PIN 1

cmmcvzrxc—:nmunu»lg

E=
[&]@ 02 0010)®]T[0 ©)] S
J e F
B e DanL -
[Sl5u09 @[5 ©[aQ)
PIN 1. GROUND
2. 5 QUTPUT
3.« SUPPLY
4. - OUTPUT
CASE 344B-01

ISSUEB
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MPX10 MPXV10GC SERIES
UNIBODY PACKAGE DIMENSIONS — CONTINUED

“A- HOTES:
v; 1. DINENSIONING AND TOLERACING PER ARSI
u Y1454, 1962,
R —» PORT# W {i 2. CONTAOLLING DIMENSION: INCH,
et H INCHES | MILUMETERS
PORT #2 $ PORT #2 | PORT#1 DM MIN | MAX | MIN | MAX
\‘] N VACUUM ™1 POSITVE PRESSURE A | 1145 | 1,175 | 2008 | 2085
1 P2) (P1) B_| 0.085 | 0715 | 17.40_| 1816
o ¢ 70405 [ 0435 | 1028
‘ [:CI_] D 16 | 0000 | 04t
i p 1 £ | oMs | 0084 | 1
SEATING B smmg 00 - LD + G| .0.0085C
S ) W 082 | 0194 | 4k2
PLANE - :
™ ot Lo / s T 3 oo [ o006 | 03
PIN 1 K | 0695 | 0725 | 1765
_p_|.”./ T — L om0 (00| 73
N 0420 | 9.440 | 1067
7= I &[@02500100@]7]0 O] s l v Tos [otse | s
"""""" . G | 0.53 1
J F i R 0063 |
—» e G S | 9220 [ 0240 | 559
B BL U | 0990BS 2311 B3C
V | 0248 [0278 | 830 | 7.06
[$]o13 0005 B]1[s ©®[a @) w T ot0 1020 | 77 | 838 |
SIYLE ®
PINT. GROURD
2. » QUTPUY
3.5 SUPPLY
4. - QUTPUT
CASE 344C-01
ISSUEB

NOTES:
1. DIMENSIONING AND TOLERANCING PER ARSI
Y14.5M, 1852,
2. GONTROLUNG DIMERSION: INCH.

INCHES BILUMETERS

PORT #1 e
POSITIVE -
PRESSURE BACK SIDE
(P1} - VACUUM
P2}

¢ i WIN | WAX | WIN_ [ MAX
069 | 03 | 1753 18,25
= 0245 | 0255 | 622 | 648
v 0760 | 080 | 1981 | 2082
e 0960020 |04t | 05t
T T 0008 | 0081 | 12 | 18
210085 2,54 88

\

004 [ 0088 | 038 | 041
0845 | 0875 | 8.76 | 9.53
030) 10380 | 7.6 | 787
0478 | 0488 | 452 | 472
0220 | 0240 | 559 1 630
0162 | 0194 | 462 | 4.9

< poim|= xt—:;-ncnm:bjg

STVLE
T Ik S, GROUND
Dapt 2 gg:m

3 1 SURP
e ET= [©]0.3 05 ®[T[B ®] s outhur

CASE 344E-01
ISSUEB
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MPX10 MPXV10GC SERIES

SMALL OUTLINE PACKAGE DIMENSIONS

4____[@:]?(')_.25(0‘010)@{T1 8 ©[A®]
ot

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y1454, 1982,
2. GONTROLUNG DIMENSION: INCH.
DIMENSION A AND B DO NOT INCUJUE MOLD

=

PAOTRUSION.
N @ 4. MAXIMUM MOLD PROTRUSION 0.15 (0.008).
5. ALLVERTICAL SURFACES 5° TYPICAL DRAFT.
2 INCHES | MILUMETERS
| ! it | HWIN | MAX | WIN_| MAX
l A {0415 | 0425 | 1054 | 079
‘ s | B | 0415 | 0405 | 1054 | 079
C | 0.500 | 0820 | 1270 | 132t
b | 0088 | 0.42 | 098 |07
G 3.0 85C 2.5485¢ |
1 " 2 [ 0010 5 [ 925
4| 0009 |00t | 023 | 028
" K | 0081 | ag7t | $55 | 380 |
W 9e Fup gl gn
i ¢ N_| 0444 | 0448 | 1328 | 1138
S | 0709 | o725 | 1801 | 141
V| 0245 | 0255 | 622 | 848
< H wlows [oesl 2821 337
J
1 =
: N\ searnc
E K M PIN-1 IDENTIFIER Gl
CASE 482A-01
ISSUE A
HOTES:
1. DIMENSIONNG AND FOLERANCING PER ANSI

=l

DSPL""] L“
[Slozspon®[T[8 ©[AG)]
DETAIL X

\ &2

PIN 1
IDENTIFIER

\ 5 aREE
\ / K
e
DETAIL X

CASE 482C-03
ISSUE B

Y14.58, 1982,

CONYROLUNG DiMENSION: INCH.

UIMENSION A AND B DO NOT INCLUDE MOLD

PROTRUSION,

. MAXIMUN OLD PROTRUSION 0.15 (0.005).

. ALL VERTICAL SURFACES 5” YYPICAL DHAFT.

. GIMENSIONS YO CENYER OF LEAD WHEN
FORMED PARALLEL.

w

oo

s-:wz;xz—ooomx-l;
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APPLICATION NOTE

One Technology Way ¢ P.O. Box 9106 » Norwood, MA 02062-9106 « Tel: 781/328-4700 « FAX: 781/326-8703 » www.analog.com

OP07 Is Still Evolving
by Reza Moghimi

INTRODUCTION
The QP07 has been tinkered with over the years, and ver-
sions of it are still available in plastic packages.

This application note highlights some of the majorfeatures
that the OP17x7 brings into new designs. A number of
applications using these features are presented.

SINGLE-SUPPLY OPERATION

One of the biggest problems with the part in today’s
environment is that the OP07 requires dual supplies. A
new family of amplifiers from Analog Devices addresses
this problem while still giving a close replica of the
original specifications. The OP777 single, OP727 dual,
and OP747 quad operational amplifiers allow supplies
from +15V down to +£1.35 V with split rails, and from
+30 V down to +2.7 V with single rail operation. The data
sheet characterizes the parts with rails of +#5V and =15 V.
The OP7x7 family’s true single-supply capability snables
designers to operate down to the negative supply or
ground in both single- and dual-supply applications.

R4
28.7x6r V2 GAIN = 100 (V2 ~V1}

R7
10042

b—

+

vi R4
mﬁ 'M\m.qm u Vour
114
\ % 0P747
g% o QPT47

5 R14 A1s
k2 10.4K() 11462

Figure 1. Low Power Single-Supply RTD Amplifier

Figure 1 shows that the gain of the instrumentation arm-
plifier {made up of U3 and U4} is set for 100. The ADB89
establishes 1.235 V while the U1 amplifier servos the
bridge while maintaining the voltage across the parallel
combination of 2.55 M2 and 6,19 k(2 to generate a 200 uA
current source. This eurrent splits evenly and flows into
both halves of the bridge, eventually through RTD, and
establishes an output voltage based upon its value.

As shown in Figure 2, the circuit floats up from the
single-supply (12 V to 30V) return. It consumes only
1.5mA, leaving 2.5 mA available to the user for power-
ing other signal conditioning circuitry.

Vi OV TO 3V
[}
(B [Er
10k =% 100k o 12V TO
R21 R20 <
ik F1.21M80 = I
vl 10042 Vot st
ap~e| oPTIT a
)it ] TR 20 $4-20
1000 3 ma
2 vy N1
i R25 6| | o
LT | 22011 Vour |5+ N
R22 V- i
K0} ——-«-—i}; eND
124 220pF REF-028/D {4
)
L R26 R27
HP5082-2800 100k$) 10k

Figure 2. Self-Powered 4-20mA Carrent Loop
Transtitter
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+ 10.1k()
Rt § R13 Vs e
ot ZT OP747
i Vin
REF142
res | me
& M| 10.1k0
2 Vour
GND v
4] 10k{2

Figure 3. Single-Supply Linear Response Bridge

The OP7x7 is very useful in many bridge applicatians.
Figure 3 shows a single-supply bridge circuit whose out-
put is linearly proportional to the fractional deviation (3}
of the bridge.

AR
Note that 6 = i

To process ac signals in single-supply systems, it is
often best to use a false-ground biasing scheme. This
is shown in Figure 4, done by amplifier A3. The user
should replace the 2.67 ko Twin-T section with a 3.16 k(!
resistor to reject 50 Hz. Sensitivity is due to the
relative matching of the capacitors and resistors in
the Twin-T section. Use Mylar (5§%) and 1% resistors
for satisfactory results.

267keL
Vi v
0
1uF 1uF
i
287K 267k81
100K(
20F l 1,33k
T ke
+3V
WFT
100Ki? E 1nF

Figure 4. 3V Single-Supply 50 Hz/60 Hz Active Notch
Filter with False Ground

MUCH LOWER SUPPLY CURRENTS

The OPO7 has a quiescent current that is higher than
desired in today's portable applications. The quiescent
current of the OP777 in-amplifier is less than 350 1A,
while the old OP07 required 4 mA for £15 V operation. In
terms of power consumption, the new part wins hands
down. This allows the part to be designed into many
portable applications.

v2

v O Vour
o R12 1(?11531!
3 AR A A e
1M fhore
146

R1d
0.1k
Figure 5. Single-Supply Micropower In-Amp

0OP727 can be used to build an instrumentation amplifier
(1A} with two op amps. A single-supply instrumentation
amplifier using one OP727 amplifier is shown in Figure
5. For true difference, R14/R12 = R16/R13. The formula
for the CMRR of the circuit at de is CMRR = 20 = log (100/
(1= (R15 « R14}{R13 x R12)}. It is common to specify the
accuracy of the resistor network in terms of resistor-to-
resistor percentage mismatch. The CMRR equation can
be rewritten to reflect this CMRR =20 x log {10000/%
mismateh). The key to high CMRR is a network of resis-
tors that is well matched from the perspective of both
resistive ratio and relative drift. It should be noted that
the absolute value of the resistors and their absolute
drift are of no consequence. Matching is the key. CMRR
is 100 dB with a 0.1% mismatched resistor network. To
maximize CMRR, one of the resistors such as R12
should be trimmed. Tighter matching of two op amps
in one package (OP727) offers a significant boost in
performance over the triple op amp configuration. For
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this circuit, Vo = 100 {V2 - V1) for 0.02 mV (V1 - V2)
<200mV, 2mV < Vour£29V.

Due to its great dc accuracy and specification, the OP747
can be used to create a multiple output tracking voltage
reference from a single source, as shown in Figure 6.

+15V
2251 IN4DO2
K o 10V
9 10Ki2
'ADGEOAD i
is - s 0P747
5 5 10K 10K( 7.5V
Vin - Vour f
3 i
TEMP |~ :
10ki2
GND 1 14
= 2pF
0P747
i il
i 5Y
RS0
a0, ok E
o 10k E
1pF BE
L_il
¥

i 0 2.5V
‘ OPTAT

Figure 6. Multiple Output Tracking Voltage Reference

Figure 7 shows an example of a 5V, single-supply current
monitor that can be incorporated into the design of a
voltage regulator with foldback current limiting or a
high current power supply with crowbar protection. The
design capitalizes on the OP777's common-mode range
that extends to ground. Current is monitored in the
power supply return where a 0.1 &2 shunt resistor, Regnse,
creates a very small voltage drop. The valtage at the
inverting terminal becomes equal to the voltage at the
noninverting terminal through the feedback of Q1,
which is a 2N2222 or equivalent NPN transistor. This
makes the voltage drop across R1 equal to the voltage
drop across Reense. Therefore, the current through Q1
hecomes directly praportional to the current through
Reense, and the output voltage is given by Voyr = 5 V-
{(R2/R3) » Rsense x I}, The voltage drop across R2increases
with |, increasing, so Vour decreases with higher supply
current being sensed. For the element values shown, the
Vour is 2.5 V for a return current of TA.

. RETURNTO
5¥ GROUND
7 =
RsensE
R2
2,49k} .11

Q1 = $R3
2NZ222NZTX 1004

Vour © ;TF

Figure 7. Low-Side Current Sensing Circuit

Figure 8 shows the OP777 configured as a simple
summing amplifier. The output will be the sum of V1
and V2.

3.3k 3

ke 2

Vi O

10k12

Figure 8. Summing Amplifier

ABSENCE OF CLAMPING DIODES AT THE INPUTS

The large differential voltage capability allows for opera-
tion of the parts in both rectifier circuits and precision
comparator applications. The need for external clamp-
ing diodes {on-board in the OP07) is eliminated; such
diodes are often needed on precision op amps and are
the bane of many comparator designs.

The simple oscillator shown in Figure 9 creates a square
wave output of +Vg at 1 kHz for the values shown.
Other oscillation frequencies can be derived using
f = 1/{2R3x C10 x In {{R61 + R60)/R61).

R&0
100Kk
L
5 O Vour
n
L V, x(Vg) © 1kHz
% Pei0 our = £{Vs)
0.01yF

Figure 9. Free-Running Square Wave Amplifier

The programmable window comparator is capable of
12-hit accuracy. DAC8212 is used in the voltage for set-
ting the upper and lower thresholds.
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Figure 10. Programmable High Resolution
Window Comparator

An OP777 is used to build a precision threshold detector.
In this circuit, when Vi < Voy, the amplifier swings nega-
tive, reverse biasing the diode. Vour = Vyy; if R =infinite.
When Vi > =V, the feedback occurs and Vour = Vi +
(Vg = V)1 + ReRg). € is selected to make the loop
respond in a smoother fashion.
H5V
o

Vi O—N—] R
Your= V(Y- Vid{i+ ﬁ‘;‘)

Vyy O

S
1k

Figure 11. Precision Threshold Detector/Amplifier

For Viy = 0V and less than 2 kHz, there will not be any
currernt flow through the feedback resistors, and the cut-
put voltage tracks the input. For Viy < 0V, the output of
the firstamplifier goesto 0 V (i.e., -Vs), which configures
the second amplifier in inverting follower mode. The
output is then a full-wave rectified version of the input
signal. As can be seen from the schernatic, a half-wave

rectified version of the signal is also available at the out-
put of the first amplifier.

Vour (HALF-WAVE RECTIFIED)
s

Vourt (FULL-WAVE
RECTIFIED)
—

-1
| opar

100k<} 100k(}

Figure 12. Single-Supply Half-Wave and
Full-Wave Rectifier

RAIL-TO-RAIL OUTPUT

With light loads, the output can swing to within 1 mV of
both supply rails and the parts are stable in a voltage-
follower configuration. Short-circuit protection on the
output protects the devices up to 30 mA with split £15V
supplies {10 mA with a single 5V supply}.

NEGATIVE RAIL [INPUT

The amplifiers will respond to signals as low as TmV
above ground in a single-supply arrangement. The
OP7x7 family’s true single-supply capability enables
designers to operate down to the negative supply or
ground in both single- and dual-supply applications.

The high gain and low TCVys of OP727 ensures accurate
operation with microvolt input signals. {See Figure 13.)
In this circuit, the input always appears as a common-
mode signal to the op amps. The CMRR of the OP727
exceeds 120 dB, yielding an error of less than 2 ppm.

AV < Vour « 10V

Figure 13. Precision Absolute Value Amplifier

A single-supply current source is shown in Figure 14.
Large resistors are used to maintain micropower opera-
tion. Output current can be adjusted by changing the
R10 resistor. Compliance voltage is

[Vi] = \Vsarl =1Vsl: lour = R2(RE < R10) = Vs,
lour=1mA-11mA; R2= R10+ R7



67

AN-573

2.7VTO 30V

R7
it 87.3k0)
R10
Rg v 2.7k02
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100Kk}
C1
10pF

Figure 14. Single-Supply Current Source

When in single-supply applications, driving motors or
actuators in two directions is often accomplished using
an H bridge (see Figure 15). This driver is capable of
driving loads from 0V to 5 V in both directions. If this is
used to drive inductive loads, be sure to add diode
clamps to protect the bridge from inductive kickback.

svY

W« Vyy < 25V

Figure 15. H Bridge

The current source shown in Figure 16 supplies both
positive and negative current into grounded load. It
should be noted that Zpyr= R2B~x ({(R2A/R1) + 1)((R2B +
R2A}R1} - R2/R5 and that for Zeur to be infinite, there
should be {(R2A + R2B)/R1 = R2/R5.

R2A

1.8Kk¢2

Vee R2B
) 20002

R2 = R2A+R2B

loyt = ViR/2008)
Rioap

Vee g3

ni
2ki)

+=

R2
2k}

Figure 16. Bilateral Current Source

04
IN22RAVZTX

3V OVER THE INPUT

The PNP input stages are protected with 500 Q current-
limiting resistors, allowing input voltages up to 3V
higher than either rail without causing damage or phase
reversals. The phase reversal protection operates for
conditions where either one or both inputs are forced
beyond their input cormmon voltage range.

Fl

T
i Vg = 215V
—-\‘ Ay=1 T
6B |
/ | |
QUTPUT

VOLTAGE (5V/DIV)
L1

TIME {400,.8/DIV)

Figure 17. No Phase Inversion

Vpep =32V

/-\/ —_—_ »/fwm/

Figure 18a. Unity Gain Follower

T T
Vgy = 215V

Vin

/ /.
\
ST AA [

VOLTAGE (SW/BIV)
L1

TIME {(400ps/DIV}

Figure 18b. Input Voltage Can Exceed the Supply
Voltage without Damage
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The dynamic performance and noise characteristics of
the devices are similar whether they are being used with
single or dual supplies. The slew rate with a 2 ki load is
200 mVius, while the gain-bandwidth product is 700 kHz.
Peak-to-peak voltage noise from 0.1Hz to 10 Hzis 0.4 uV,
while the voltage noise density at 1 kHz is 15 nVVHz.

The gain characteristics, of course, are rather different
at differing rails. The inputs have a maximum, single
temperature offset of 100 1V with an input offset current
of 2 nA and input bias current {lg) of only 10 nA maxi-
mum. With a single 5 V rail, the common-mode rejection
ratio (CMRR) is typically 110 dB and the large signal volt-
age gain is typically 500 V/mV with a 10 k<2 load. With
+15V rails, the CMRR increases, not surprisingly by
10dB to 120dB, and the large signal voltage gain
increases to 2500 V/imV.

For designs operating at +15 V, the OP777 is the first
low noise precision amplifier available in the tiny
MSOP 8-lead package. The OP777 is also available in
the SOIC 8-lead surface-mount package.

This family will be extremely useful in instrumentation,
for remote sensor acquisition, and in precision filters.
The high voltage range will allow the use of the parts for
single-supply current sourcing and large range instrumen-
tation amplifiers. Both single-supply and dual-supply
linear-response bridges can also be built. The parts are
ideal for use in low-side current monitors in power
supply control circuits since the common-mode range
extends to ground in the single-supply configuration.

DESIGN REMINDERS FOR ACHIEVING HIGH
PERFORMANCE

As with any application, a good ground plane is essential
to achieve the optimum performance. This can signifi-
cantly reduce the undesirable effects of ground loops
and | » R losses by providing a low impedance reference
point. Best results are obtained with a multilayer board
design with one layer assigned to the ground plane.

In order to minimize high frequency interference and
prevent low frequency ground loops, shield grounding
techniques are required when sensors are used. The
cable shielding system should include the cable end
connectars.

Switching power supplies with high output noise are
normally used in many systems. This noise generally
extends over a broad band of frequencies and occurs as
both conducted and radiated noise, and unwanted electric
and magnetic fields. The voltage output noise of switching
supplies is short-duration voltage transients, or spikes
that contain frequency compenents easily extending to
100 MMz or more. Although specifying switching sup-
plies in terms of rms noise is a common vendor practice,
a user should also specify the peak {(or p-p} amplitudes
of the switching spikes with the output loading of the
individual system. Capacitors, inductors, ferrite beads,
and resistors are used in filters for noise reduction. One
can also do linear post regulation and separate the
power supply circuit from sensitive analog circuits.
Analog Devices manufactures many anyCAP® low dropout
linear regulators. Examples of these devices are the
ADP3300 to ADP3310 and ADP3335 to ADP3339 for sup-
ply voltages less than 12 V.

Capacitors are probably the single most impaortant filter
component for switchers. There are generally three clas-
ses of capacitors usefulin filters in the 10 kHz to 100 MHz
frequency range suitable for switchers. Capacitors are
broadly distinguished by their generic dielectric types:
alectrolytic, filim, and ceramic. Background and tutorial
information on capacitors can be found in the article
"Picking Capacitors"* and many vendor catalogs.

Chip capacitors should be used far supply bypassing,
with one end of the capacitor connected ta the ground
plane and the other end connected within 1/8 inch of
each power pin. An additional large tantalum electro-
Iytic capacitor (4.7 uF to 10 uF) should be connected in
parallel, This capacitor does not need to be placed as
close to the supply pins as it provides current for fast
large signal changes at the device's output.

Use short and wide PCB tracks to decrease voltage
drops and minimize inductance. Make track widths at
least 200 mils for every inch of track fength for lowest
DCR, and use 1-ounce or 2 ounce copper PCB traces to
further reduce IR drops and inductance.

Be careful not to exceed the maximum junction tem-
perature or the maximum power dissipation rating of an
amplifier. If a capacitive load is to be connected to the
output of the amplifier, be sure to include in the calcu-
lation the power dissipation caused by the rms ac
current delivered to the load.
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LM236-2.5, LM336-2.5, LM336Y-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS063A— NOVEMBER 1988 — REVISED AUGUST 1995

e Low Temperature Coefficient D PACKAGE
® Wide Operating Current . .. 400 nA (TOP VIEW)
to 10 mA
e 0.27-Q Dynamic Impedance Neff 4 "y | CATHODE
e +1% Tolerance Available Egl[: i Z % sg
e Specified Temperature Stability ANODE[] 4 sf a0y
e Easily Trimmed for Minimum Temperature
Drift NC-No internal connection
® Fast Turn-On
® Three-Lead Transistor Package LP PACKAGE
(TOP VIEW)
description ~
ANODE
The LM236-2.5 and LM336-2.5 integrated circuits CATHODE
are precision 2.5-V shuntregulator diodes. These ADJ

monolithic references operate as low temperature

coefficient 2.5-V zeners with a 0.2-Q dynamic symbol

impedance. A third terminal provided onthe circuit

allows the reference voltage and temperature ANODE-T‘?- CRNQDE
coefficient to be easily trimmed.

/ ). ADJ
The series are useful as precision 2.5-V

low-voltage references (Vz) for digital voltmeters,

power supplies, or operational amplifier circuitry. The 2.5-V voltage reference makes it convenient to obtain a
stable reference from 5-Vlogic supplies. Since the series operate as shuntregulators, they can be used as either
positive or negative voitage references.

The LM236-2.5 is characterized for operation from —25°C to 85°C. The LM336-2.5is characterized for operation
from 0¢C to 70°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP FORM
TA SMALL QUTLINE PLASTIC )
(D) (LP)
0¢C t0 70°C LM336D-2.5 LM336LP-2.5 LM338Y-2.5
-25°Cto 85°C LM236D-2.5 LM236LP-2.5 —

The D package is available taped and reeied. Add the suffix R to the device wypa (i.e.,
LIM326DR-2.5).
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LM236-2.5, LM336-2.5, LM336Y-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS063A - NOVEMBER 14983 — REVISED AUGUST 1895

schematic diagram
¢—— CATHODE

Q14 ‘EQ‘H

245245 |
kof kng FOekR

015—4
$500 2

as | 30k
+—w— ADJ
$6.5ka
Q12 1
o
720 2 i
‘ ANODE

All component values are nominal

LM336Y-2.5 chip information

This chip, when properly assembled, displays characteristics similar to the LM336-2.5 (see electrical tables).
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can
be mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

>
>

ANODE CATHODE
(1) H j (2)
ADJ
@)

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tymax = 1566°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

N
-

||l|||||\||||||||||||||||||||||||||||||||||||||||ll||

™1
g

< 55 N
|l

|
il|l|||||||I|Il||I|Il||l}lll|lllll|l|l|||||I|I|I|I|I||
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LM236-2.5, LM336-2.5, LM336Y-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS062A - NOVEMBER 1988 — REVISED AUGUST 1995

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Reverse CUent TR . oo wsms s s v oy v 5 5§ 6 oo mmiaiains o5 < /s e o isioirisin + 5008 0 0t winiminis £ 4 40 3 3 008 20 mA
Forward cUurrent; [5: «cusimmsing o5 s s mabaie 5 £5 o o v e ioimmmusics na s o ¢ a ot isininin vie 43 5 2 5 wRGRI8 6 B E S 45 20 10 mA
Operating free-air temperature range, To: LM236-25 .. ... -25°C to 85°C

EMIBBB22.5) fcvivin he v v v ok e einmsnanin 56 5.5 4 § 5 WARIOE £ 7 43 0°Cto 70°C
Storage temperature range, Tgtg - -« c v vvrrrmnear o -65°C to 150°C
Lead temperature 1,6 mm (1;'16ginch)from case for 10 seconds: Dor LP package ............... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure lo absolute-maximum-rated conditions for extended periods may affect device reliability.

electrical characteristics at specified free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat LiE Hes UNIT
L MIN _TYP MAX| MIN TYP MAX
LM236, LM3236 244 249 254|239 240 254
vz Reference voltage Zz=1mA - 25°C - ~ Vv
LM236A, LM336B 2465 249 2515| 244 249 254
Change in reference . P
AVZ(aT) voltage with Jz et Full range - g 18 6| mv
temperature! Z=
Change in reference 25 G 26 (c] 2% 10
\ - F
Azl voltage with current = AL 100 Full range 3 10 3 12 my
Long-term change 1 ;
Vzan g rleerenC S5 oo [iz=1ma 25°C 20 20 pomvkhr
Reference 25°C 0.2 0.6 0.2 |
z ) lz=1mA, f=1kH 9!
. impedance E . Full range 0.4 1 04 14

1 Full range is —25°C to 85°C for the LM236-2.5 and 0°C'to 70°C for the LM336-2.5.

§ Temparature stability (change in reference voitage with temperature) for these devices is ensured by design. Dasign limits are specified over the

indicated temperature and supply voltage ranges. These limits are not used to caiculate outgoing quaity levals.

electrical characteristics, Tp = 25°C

LM336Y-2.5
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Vz Reference voltage I7=1mA 239 249 2.5¢ v
AVziapy  Changein reference voltage with current Iz =400 pAto 10 mA 28 10 mv
AVzialy Long-term change in reference voltage lz=1mA 20 ppmikhr
Fiv | Reference impedance Iz=4mA, f=1kHz 02 1 ¢}
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AV — Change in Reference Voitage - mV

TYPICAL CHARACTERISTICS

CHANGE IN REFERENCE VOLTAGE NOISE VOLTAGE
vs vs
REFERENCE CURRENT FREQUENCY
2.5 250 T
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o
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i
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5V
2.49 kQ

25V

LM236-2.5 NC

Figure 3. 2.5-V Reference

APPLICATION INFORMATION

o

v

é 2.49 k2

25V

iNg57T

LM236-2.5 10 kot

iNas7t

T Any silicon signat dicde
T Adjustto 2 49V

Figure 4. 2.5-V Reference With

Minimum Temperature Coefficient

Vi=35-40V

V+

LM334

V-

LM336-2.5

68.10
Vo=25V

NC

Figure 5. Wide Input Range
Reference
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED. OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for apptications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of TI covering or relating to any combination, machine, or process In which such semiconductor products
or services might be or are used.
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CMOS 8-bit A/D converters

ADCO0803/4-1

T e e e e e e S e e e R P g ]

DESCRIPTION

The ADCOB02 family is a series of three CMOS 8-bit successive
approximation A/D converters using a resistive tadder and
capacitive array together with an auto-zero comparator. These
converters are designed to operate with microprocessor-controiled
buses using a minimum of external circuitry. The 3-State output data

lines can be connected directly to the data bus.

The differential analog voltage input atlows for increased
common-mode rejection and provides a means to adjust the
zero-scale offset. Additionally, the voitage reference input provides a
means of encoding small analog voltages to the full 8 bils of
resciution.

FEATURES

® Compatible with maost microprocessors

@ Differential inputs

® 3.State outputs

® | ogic levels TTL and MOS compatible

® Can be used with intemal or external clock
® Analog input range BV to Vee

® Single 5V supply

® Guaranteed specification with 1MHz clock

PIN CONFIGURATION

D' NPACKAGES

(1] e
(3]

———

vee
CLKR

(3]
CLKIN [4]
w3}
ViG]
vine 7]
AGND 8]
vreF2[9]
o GND [10]

TOP VIEW

NOTE:
SOL — Released in large SO package only.

APPLICATIONS

® Transgucer-to-microprocessor interface

@ Digital thermomater

® Digitally-controlied thermostat

® Microprocessor-pased monitoring and control systems

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
20-Pin Plastic Dugl In-Line Package (DIF) 40 to +85°C ADCO803/04-1 LCN 04088
20-Pin Plastic Dual In-Line Package (DIP) 0to 70°C ADCO803/04-1 CN 04088
20-Pin Plastic Small Outline {SG} Package 0t070°C ADC0803/04-1 CD 1021B
20-Pin Plastic Small Qutline (SO} Package -40 to 85°C ADC0803/04-1 LCD 10218
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voitage 6.5 \%
Logic controf input voltages 0.3tw0+16 v
; 0310
Alt other input voltages Vee +0.3) Y
Ta Operating temperalure range
ADC0803/04-1 LCD -40to +85 °C
ADC0803/04-1 LCN 40to +85 E
ADC0803/04-1 CD 0to +70 &C
ADCO803/04-1 CN 0to+70 °C
TsTG Storage temperature -65 to +150 “C
Tsowp i ead soldering temperature {10 seconds) 300 °C
P Maximum power {:fissxpation
o TA=25°C (stil air)!
N package 1690 mw
D package 1380 mW
NOTES:

1. Derate above 25°C, at the following rates: N package at 13.5mW/°C; D package at 11.1mW/°C
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DC ELECTRICAL CHARACTERISTICS

Vee = 5.0V, forx = TMHzZ, T € Ta < Timax, unless atherwise specified

SYMBOL PARAMETER TEST CONDITIONS AE V8D UNIT
Min Typ Max
ADCO0803 relative accuracy error (adjusted) Fuli-Scale adjusted 0.50 LSB
ADC0804 relative accuracy error {unadjusted) VRes2 = 2.500Vpc 1 LSB
Rin VRer/2 input resistance® Veg = 0v2 400 80 Q
Analog input voitage range® -0.05 Veet0.05 v
DC cemmon-mode error L aﬂak:gnzgut YOGS 1416 1/8 LSB
Power supply sensitivity Ve = 5V £10%! 118 LSB
Control inputs
Vi Logical "1" input voltage Vee = 5.25Vpc 20 15 Vpe
Vi Logical “0” input voltage Ve =4.75Vpe 0.8 Voe
N Logical "1" input current Vin=5Voe 0.005 1 wAne
i Logical “0” input current Vin = 0Vpe -1 -0.005 HADC
Clock in and clock R
Vr+ Clock in positive-going threshold volitage Bef 3.1 3.5 Vpc
V- Clock in negative-going threshold voltage 1.5 1.8 21 Yoe
Vi Clock in hysteresis (V1+)-(V1-) 0.6 13 20 Voe
Var Logical “0” clock R output voltags loL = 380pA, Voo =4.75Vpe 04 Vpe
VoH Logical “1" clock R output voltage lox = =360pA, Voo = 4.75Vpe 24 Voo
Data output and INTR
VoL Lagical "0” output voltage
Data outputs oL = 1.6mA, Vo = 4.75Vpe 0.4 Vpe
TNTR outputs iow = 1.0mA, Vo = 4.75Vpe Vpe
VoH Logical "1 output voltage ot = SBOUA Vel SVop = Vpe
lon = —10pA, Voo = 4.75Vpe 4.5
oz 3-state output leakage Vout = 0Vpe. TS = logicai “1” -3 WAne
lozn 3-state output ieakage Your = 5Vpe. TS = logical “1” 3 pAoc
Isc +QOutput short-circuit current Vout =0V, Ta = 25°C 4.5 13 MApg
lag —Output short-circuit cusrent Your = Vec, Ta = 25°C 9.0 30 mADG
lec Power supply current f%%:: ?g;:ia;/%gé ::ggECN 30 35 mA
NOTES:

1. Analog inputs must remain within the range. —0.05 <V < Ve + 0.08V,
2. See typical performance characteristics for input resistance at Ve = 5V.
3. VRer/2 and Vi must be applied after the Vg has been turned on to prevent the possibiiity of latching.
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AC ELECTRICAL CHARACTERISTICS

ADCO0803/4
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT
Min | Typ Max

Conversion time forx=1MHz! 86 73 us
folk Clock freguency! 0.1 10 30 MHz

Clock duty cycle! 40 60 %

] TS=0, fork=1MHz A Wi

& e-runf ersion rat L G0
CR Free-running conversicn rate INTR tied to WR 13640 | convis
by WRIL | Start pulse width [op 30 ns
tace Access time Cutput RD T3=0, C| =100pF 75 100 ns

e \ : CL=10pF, R =10k A
t1H, toH 3-State control Output RO She 3:Staté test circuit 70 100 ns
tw, Ry INTR delay INTR O\?Tgm- 100 150 ns
Cin Logic input=capacitance 5 pF
Cout 3-State output capacitance 8, 75 pF

NOTES:

1. Accuracy is guaranteed at fo «=1MHz. Accuracy may degrade at higher clock frequencies.

FUNCTIONAL DESCRIPTION

These devices operate on the Successive Approximation principle.
Analog switches are closed sequentially by successive
approximation logic until the input to the auto-zers comparator

[ Vind+)-Vin(-3 | matches the voltage from the decoder. After all bits
are tested and determined, the 8-bit binary code corresponding to
the input voltage is transferred to an output fatch. Conversion begins
with the arrival of a pulse at the WR input if the CSinputis iow. On
the High-to-Low transition of the sigral atthe WR or the CS input,
the SAR is initialized, the shift register is reset, and the TNTR output
is set high. The A/D will remain in the reset state as long as the 05
and WR inputs remain low. Conversion will start from one to eight
clock periods after one or both of these inputs makes a Low-te-High
transition. After the conversion is complete, the TNTR pinwill make a
High-to-Low transition. This can be used to interrupt a processor, ot
otherwise signal the availability of a new conversion result. A read
{(RD) operation (with TS low) will clear the TNTR line and enable the
output latches. The device may be run in the free-running mode as
described later A conversion in progress can be interrupted by
issuing another start command.

Digital Control Inputs

The digital control inputs (CS, WR, RD) are compatible with
standard TTL logic voltage levels. The required signals at these
inputs correspond to Chip Select, START Conversion, and Output
Enable control signals, respectively. They are active-Low for easy
interface to microprocessor and microcontroller control buses. For
applications not Using MICroprocessors, the CS input {Pin 1) can be
grounded and the A/D START function is achieved by a
negative-going puise to the WR input (Pin 3). The Qutput Enable
function is achieved by a logic iow signal at the RD input (Pin 2),
which may be grounded to constantly have the iatest conversion
present at the cutput.

ANALOG OPERATION

Analog Input Current

The analog comparisons are performed by a capacitive charge
summing circuit. The input capacitor is switched between Vingd
and Vingy, white reference capacitors are switched between taps on
the reference voitage divider string. The net charge corresponds to
the weighted difference between the input and the most recent total
value s&t by the successive approximation register

The internal switching action causes displacement currents o flow
at the analog inputs. The voltage on the on-chip capacitance is
switched through the analeg differential input voltage, resuiting in
proportional currents entering the Vi) input and leaving the Ving.)
input These transient currents occur at the feading edge of the
internal clock puises. They decay rapidly so do rot inherently cause
encrs as the on-chip comparator is strobed at the end of the clock
period.

Input Bypass Capacitors and Source Resistance
Bypass capacitors at the input will average the charges mentioned
above, causing a DC and an AC current w flow through the output
resistance of the analog signal sources. This charge pumping action
is worse for continuous conversions with the Vings) input at full
scale. This current can be a few microamps, so bypass capacitors
should NOT be used at the anaiog inputs of the VRgr/2 input for
high resistance sources (> 1kQ). If input bypass capacitors are
desired for neise filtering and a high source resistance s desired to
minimize capacitor size, detrimental effects of the voitage drop
across the input resistance can be elimmated by adjusting the full
scale with hoth the input resistance and the input bypass capacitor
in place. This is possible because the magnitiude of the nput current
1s a precise linear function of the differential voltage
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Large vaiues of source resistance where an input bypass capacitor
is not used will not cause errors as the input currents setile out prior
to the comparisen time. If @ low pass filter is required in the system,
use a low valued series resistor (< 1k(2) for a passive RC section or
add an op amp active filter (low pass). For applications with source
resistances at or below 1k, a 0.1pF bypass capacitor at the inputs
will prevent pickup due to series lead inductance or a long wire. A
10041 series resistor can be used to isolate this capacitor (both the
resistor and capacitor should be piaced out of the feedback loop}
from the output of the op amp, if used.

Analog Differential Voltage Inputs and Common-
Mode Rejection

These A/D converters have additional flexibility due to the analog
differential voltage input. The Ving. input (Pin 7) can be used to
subtract a fixad voltage from the input reading (tare correction). This
is also useful in a 4:20mA current loop conversion. Commen-mode
noise can also be reduced by the use of the differential input

The time interval between sampling \JIN(+} and \/;NH is 4.5 clock
periods. The maximum error dug to this time difference is given by:

Vimax)=(Vp) (2fcu} (4.5/cLk),

where.
V=error voltage due to sampling delay
Vp=peak value of common-mode voltage
fopm=common made frequency

For example, with a 60Hz common-mode frequency, ey, and 8
1MHz A/D clock, FoLk, keeping this error to 174 LSB (about 5mV)
would allow a common-mode voltage, Vp, which is given by:

[Vimax} (feix)
(2fe4.8)

or

(5 x 10-3) (104)

(6.28) (60) (45) i

Vp =
The allowed range of analog input voltages usually places more
severe restrictions on input common-mode voltage levels than this,
however.

An analog input span iess than the fuil 5V capability of the device,
together with a relatively farge zero offset, can be gasily handled by
use of the difierential input. (See Refarence Voltage Span Adjust).

Noise and Stray Pickup

The leads of the analog inputs (Pins 6 and 7) should be kept as
short as possible to minimize input noise coupling and stray signai
pick-up. Both EMI and undesired digital signal coupling to these
inputs can cause system errors. The source resistance for these
inputs should generally be below 5k<2 to help avoid undesired noise
pickup. Input bypass capacitors at the analog inputs can create
errors as described previously. Fuil scale adjustment with any input
bypass capacitors in place will eliminate these erors.

Reference Voltage

For appiication flexibility, these A/D converters have been designed
to accommodate fixed reference voltages of 5V to Pin 20 or 2.5V to
Pin 9, or an adjusted reference voitage at Pin 9. The reference can
be set by forcing it at Vggs/2 input, or can be determined by the

supply voltage (Pin 20). Figure 1 indicates how this is accomplished.

Reference Voltage Span Adjust

Note that the Pin 9 (Vres/2) voltage is either 1/2 the voltage applied
to the Vg supply pin, or is equal to the voltage which is externally
forced at the VRep/2 pin. In addition to allowing for flexible
references and full span voltages, this also allows for a ratiometric
voltage reference. The intemal gain of the VRer/2 input is 2, making
the full-scaie differential input voltage twice the voltage at Pin 9.

For example, a dynamic voltage range of the analeg input voltage
that extends from 0 to 4V gives a span of 4V (4-0), so the VRes/2
voltage can be made equal to 2V {haif of the 4V span} and full scale
output would carrespond to 4V al the input

On the other hand, if the dynamic input volitags had a range of 0.5 to
3.5V, the span or dynamic input range 15 3V (3.5-0.5). To encode
this 3V span with 0.5V yielding a code of zero, the minimum
expected input (0.5V, in this case) 1s applied to the Viy(-) pin to
account for the offset, and the Vger/2 pin is set to 172 the 3V span,
or 1.AV. The A/D converter will now encode the Vy(+) signal
between 0.5 and 2.5V with 0.5V at the input corresponding o a code
of zero and 3.5V at the input producing a full scale outpul code. The
full 8 bits of resolution are thus applied over this reduced input
voltage range The required connections are shown in Figure 2.

Operating Mode

These converters can be operated in two modes!

1) absolute mode
2) ratiometric mode

In absolute mode applications, both the initial accuracy and the
temperature stabifity of the reference voltage are important factors in
the accuracy of the conversion. For Vrgs/2 vollages of 2.5V, initial
errors of #10mV will cause conversion errors of £1 LSB due to the
gain of 2 at the Vrer/2 input. In reduced span appiications, the nitiat
value and stability of the VRer/2 inpuit voitage become even more
important as the same error is a larger percentage of the Vger/2
nominal value. See Figure 3,

In ratiometric converter applications, the magnitude of the reference
voltage is a factor in both the output of the saurce transducer and
the output of the A/D converter, and, therefore, cancels cut in the
final digital code. See Figure 4.

Generally, the reference voltage will require an mitial adjustment.
Errors due to an improper reference voltage vaiue appear as
full-scale errors in the A/D transfer function.

ERRORS AND INPUT SPAN ADJUSTMENTS

There are many sources of error in any data converter, some of
which can be adjusted out. Inherent errors, such as relalive
accuracy, cannot be eliminated, but such errors as fuli-scale and
zero scale offset errors can be eliminated quite easily. See Figure 2.

Zero Scale Error

Zero scale error of an A/D is the difference of potential between the
ideal 1/2 LSB value (9.8mV for VRer/2=2.500V) and that input
valtage which just causes an output transition from cede 0000 D000
to a code of 0000 0001,

If the minimum input value s not ground potential, a zero offset can
be made. The converter can be made to cutput a digital code of
0000 0000 for the minimum expected input voltage by biasing the
Vin(-) input to that minimum value expected at the Vin(-) input to
that minimum value expected at the Vn(+) input. This uses the
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differential mode of the converter. Any offset adjustment should be
done prior to full scale adjustment.

Full Scale Adjustment
Full scale gain is adjusted by applying any desired offset voltage to
Vin(-), then applying the Vin(+) @ voltage thatis 1-1/2 LSB less than
the desired analog full-scale voltage range and then adjusting the
magnitude of Vges/2 input voltage (or the Ve supply if there is no
Viges/2 input cannection) for a digital output code which just
changes from 1111 1110 to 1111 1111 The ideal Viy(+) voltage for
this full-scale adjustment is given by:
v Viaax ~ Vaan

w-) - 18 x BT

o

Vi ) =

where:
Vaaax=high end of analog input range (ground referenced)
Vyn=low end (zero offset) of analog input {ground referenced)

CLOCKING OPTION

The clock signal for these A/Ds can be derived from external
sources, such as a system clock, or self-ctocking can be
accomplished by adding an external resistor and capacitor, as
shown in Figure 6.

Heavy capacitive or DC joading of the CLK R pin shouid be avoided
as this will disturb normal converter operation, Loads less than 50pF
are allowed. This permits driving up to seven A/D converter CLK IN
pins of this family from a single CLK R pin of one converter. For
larger foading of the clock line, a CMQS or low power TTL buffer or
PNP input logic should be used to minimize the {oading on the CLK
R pin.

Restart During a Conversion

A conversion in process can be halted and a new conversion began
by bringing the TS and WR inputs low and allowing at least one of
them to go high again. The output data latch is not updated if the
conversion in progress is not completed; the data from the
previously completed conversion will remain in the output data
latches until a subsequent conversion s compieted.

Continuous Conversion

To provide continuous conversion of input data, the TS and RD
inputs are grounded and TNTR output is tied to the WRinput. This
TNTR/WR connection shouid he momentarily forced to a logic low
upon power-up ¢ insure circuit operation. Ses Figure 5 for ene way
to accomplish this

DRIVING THE DATA BUS

This CMOS A/D converter, like MOS microprocessors and
memories, will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry tied to the data bus will add to
the total capacitive joading, even in the high impedance mode.

There are alternatives in handling this problem. The capacitive
ioading of the data bus slows down the response time, although DC
specifications are still met. For systems with a rejatively low CPU
clock frequency, more time is avaifable in which to establish proper
ingic levels on the bus, allowing higher capacilive loads to be driven
(see Typical Performance Characteristics).

At higher CPU clock frequencies, time can be extended for 110
reads {and/or writes) by inserting wait states (8850) or using
clock-extending circuits (6800, 8035).

Finally, if time is critical and capacitive loading is high, external bus
drivers must be used. These can be 3-State buffers (low power
Schottky is recommended, such as the N74LS240 series) or special
higher current drive products designed as bus drivers. High current
bipolar bus drivers with PNP inputs are recommended as the PNP
input offers low loading of the A/D output, aliowing better response
time.

POWER SUPPLIES

Noise spikes onthe Vee line can cause conversion ertors as the
internal comparator will respond to them. A low inductance filter
capacitor should be used close to the converter V¢ pin and vaiues
of 1uF or greater are recommended. A separate 5V regulator for the
converter (and ather 5V linear circuitry) will greatly reduce digital
noise on the Ve supply and the attendant problems

WIRING AND LAYOUT PRECAUTIONS

Digital wire-wrap sockets and connections ate not satisfactory for
breadboarding this (or any) A’D converter. Sockets on PC boards
can be used. All logic signal wires and leads should be grouped or
kept as far as possible from the anaiog signal leads. Single wire
analog input leads may pick up undesired hum and noise, requiring
the use of shielded leads to the analog inputs in many applications.

A single-point analog ground separate from the iogic of digital
ground points should be used. The power supply bypass capacitor
and the self-clocking capacitor, if used, should be returnec to digital
ground. Any VRer/2 bypass capacitor, analog input fiter capacitors,
and any input shielding should be returned to the analog ground
point Proper grounding will minimize zero-scale errors which are
present in every code. Zero-scale errors can usually be traced to
improper board fayout and wiring.

APPLICATIONS

Microprocessor interfacing

This family of A/D converters was designed for gasy microprocessos
interfacing. These converters can be memory mapped with
appropriate memory address decoding for TS (read) input. The
active-Low wiite pulse from the processor is then connacled to the
WR input of the A/D converter, while the processor active-Low read
pulse is fed to the converter RDinput to read the converied data. If
the clock signal is derived from the microprocessor system clock,
the designer/programimer sheuld be sure that there is no attempt to
read the converter until 74 converter clock pulses after the start
pulse goes high. Alternatively, the TNTR pin may be used to interrupt
the processor o cause reading of the converted data. Of course, the
converter can be connected and addressed as a peripheral {in /0
space), as shown in Figure 7. A bus driver should be used as a
buffer to the A/D output in large micreprocessor systems where the
data ieaves the PC board andior must drive capacitive leads in
excess of 100pF. See Figure 9.

Interfacing the SCN8048 micracomputer family is prefty simple, as
shown in Figure 8. Since the SCN8048 family has 24 /O lines. one
of these (shown here as bit 0 or port 1) can be used as the chip
select signal to the convarter, eliminating the need for an address



Philips Semiconductors Linear Products

81

Product specification

CMOS 8-bit A/D converters

ADC0803/4-1

decoder. The RD and WR signais are generated by reading from
and writing to a dummy address.

Digitizing a Transducer Interface Output

Circuit Description

Figure 10 shows an example of digitizing transducer interface output
voltage. In this case, the transducer interface is the NE5321, an
LVDT {Linear Variabie Differential Transformer) Signa! Conditioner.
The dicde at the A/D input is used to insure that the input to the AD
does not g excessively beyond the supply voltage of the A/D. See
the NE5521 data sheet for a complete description of the operation of
that part.

Circuit Adjustment

To adjust the full scale and zero scale of the A/D, determine the
range of voltages that the transducer interface output will take on.
Set the LVDT core for null and set the Zero Scale Scale Adjust
Potentiometer for a digital output from the A/D of 1000 000. Set the
LVDT core for maximum voltage from the interface and set the Fuil
Scale Adjust potentiometer so the A/D outputis just barely 1111
1.

A Digital Thermostat

Circuit Description

The schematic of a Digital Thermostat is shown in Figure 11. The
A/D digitizes the output of the LM35, a temperature transducer IC
with an output of 10mV per °C. With Vrer/2 set for 2.56Y, this 10mV
corresponds to 172 LSB and the circuit resolution is 2°C. Reducing
Veer/2 to 128 yields a resolution of 1°C. Of course, the lower
Vreri2 is, the more sensitive the A/D will be to noise.

The desired temperature is set by helding either of the set bultons
closed. The SCC80C451 programming could cause the desired
{set) temperature to be displayed while either button is depressed
and for a short fime after it is released. At other imes the ambient
temperature could be displayed.

The set temperature is stored in an SCN8051 internal register. The
A/D conversion is started by writing anything at alf to the A/D with
port pin P10 set high. The desired temperature is compared with the
digitized actual temperature, and the heater is turned on or off by
clearing setting port pin P12. If desired, another port pin could be
used o turn on or off an air conditioner.

The display drivers are NES87s if common anede LED displays are
used. Of course, itis possible to interface to LCD displays as well.
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TYPICAL PERFORMANCE CHARACTERISTICS
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3-STATE TEST CIRCUITS AND WAVEFORMS (ADC0801-1)

vVee

DATA
OQUTPUT

DATA b toH
QUTPUT VoH
DATA

CLI 10pF GUTPUT 10%
GN|

DATA
QUTPUT
GN

HH ton

TIMING DIAGRAMS (All timing is measured from the 50% voltage points)

RT

STA
CONVERSION
Ts

wi "—_
—*| WWR)
BUSYT
DATAIS VALID IN
ACTUAL INTERNAL "NOT BUSY" QUTPLIT LATCHES
STATUS OF THE
CONVERTER \ 557 DATA WAS READ] k— {rosxticik ~—— INTERNAL Tg ——|
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DATA THREE-STATE
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Output Enable and Reset INTR
NOTE:
Read sirabe must occur & clock periods (8¢ K) afier asseriion of interrupt to guarantee reset of INTR.
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Figure 1. internal Reference Design
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Figure 5. Connection for Continuous Conversion
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Figure 9. Buffering the A/D Output to Drive High
Capacitance Loads and for Driving Off-Board Loads
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Product specification

CMOS 8-bit A/D converters
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Philips Semiconductors Linear Products Product specification

CMOS 8-bit A/D converters ADC0803/4-1
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Features

Compatible with MCS-51™ Products

4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable 1/O Lines

Two 16-bit Timer/Counters

Six interrupt Sources

Programmable Serial Channel

Low-power Idle and Power-down Modes

.

-

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvelatile memory technolegy and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Pin Configurations

vumvuw

P

PQFP/TQFP

1501 33[120.4(AD4
Pe0z 320 P05 (A0S
P1703 31 P06 (AD8)
RSTO4 300107 (80T
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axoie31 07 27 [ ALEFROG
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QEAVFR
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[F2.5 (a14}
LIPP25 Y

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C51

Not Recommended
for New Designs.
Use AT89S51.

Rev. 0265G-02/00
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT83C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vce
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-hit open-drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multipiexed iow-
order address/data bus during accesses to external pro-
gram and data memory, In this mode PO has internal
puliups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional /O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/0 port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 TNTO {external interrupt 0)

P3.3 INTT {external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P36 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock hit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V. for internal program
executions.
This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vps.

XTALA1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when ldle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
] i XTAL2
ct I
[ | XTALt
SND

Note. C1,C2 =30 pF £10 pF for Crystals

= 40 pF +10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 [¢] Data Data Data Data
Power-down External 0 [¢] Float Data Data Data
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Figure 2. External Clock Drive Configuration

N — XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V¢
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U u No program lock features

2 P U u MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

3 P - U Same as mode 2, also verify is disabled

4 P R P Same as mode 3, aiso external execution is disabled
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Programming the Flash

The AT88C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vo) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.
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Vpp = 12V Vpp= 5V
Top-side Mark AT89C51 AT89C51

XXXX XXXX-5

Yyww, Y,
Signature (030H) = 1EH {030H) = 1EH

(031H) =51H {031H)=51H

(032H) =F FH (032H) = 05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entre memory
must be erased using the Chip Erase Mode.
Programming Algorithm: Before programming the
ATB9C51, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the AT89C51, take the
following steps.
1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the

Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the pregrammed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.
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Flash Programming Modes

Mode RST PSEN ALE/PROG EANpp P2.6 | P27 | P3.6 | P3.7
Write Code Data H L H/12V L H H H
e
Read Code Data L H H
Write Lock Bit-1 L Hi12v H H
W
Bit-2 H L H/12V H H L L
e
Bit-3 H L H/12v H L H L
'ﬂ\—/‘—
Chip Erase H b, 1y Hit2v H L L L
"7
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5Y +5Y
AT89C51 T ATB9C51 T
X
ADDR ~ ~ P1 RV ADDR. AL _‘\Z, = Vel & |
OOOOHQFFFH 1 4 PGM QODOHOFFFH S 4 PG DATA
el P2L - P23 PO A AAAAANERYN Y o ——— —pi P20 - P23 FC |- (USE 10K
AB - ATt - icmmgagn n o i PULLUPS)
! P26 ——>»| P25 )
SEE FLASH | P27 ALE |[¢—— PROG SEE FLASH Jm——» P27 ALE
PROGRAMMING o PROGRAMMING A
MODES TABLE | =¥ P34 MODES TABLE | — P36 .
v
<y P37 AP o G
XTAL2 BA l—— ViV XIAL2 EA
324 MHz | = 3-24/ MRz )| o2z
- j sl
| L [
® y—{ X TALS RST | ® XTALI
‘{7 GND PSEN ——l £— GND
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P17 PROGRAMMING VERIFICATION
-7 N — ADDRESS H-:}[ D —
«— tavav
PERT 9 __ DATAIN CDATA OUT
' tover tGHDX‘:'/} g
AVGL GHAX
ALE/PROG Y
toroL [ et an A tomst
- SR N VeI ST S LOGIC 1
EANVpp LOGIC 0
P27
(ENABLE)
P34
(RDY/BSY)

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P10 - P17 PROGRAMMING VERIFICATION
P2.0 - P23 o o] ——— ADDRESS | o 0 4 -
e tavay
PORT 0 _DATA OUT
¢ tver  tenox ;
AVGL GHAX
ALE/PROG
tapoL et ]
- LOGIC 1
EANpp 77 Y o \SAVA W e, (BPOBIED N » N A
— 1t t e
P2 & teLav — [ e W :‘ “Efij --------
(ENABLE) :
tomsL [
P34 __
(RDY/BSY) BUSY READY
e
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Flash Programming and Verification Characteristics
T, =0°Cto 70°C, Voo = 5.0 £10%

Symbol Parameter Min Max Units
Vpal? Programming Enable Voltage 11.5 12.5 \Y
It Programiming Enable Current 1.0 mA
Heven Oscillator Frequency 3 24 MHz
tvoll Address Setup to PROG Low 48tc o

toriax Address Hold after PROG 48tc oy

twes. Data Setup to PROG Low 48te o

tatio Data Hold after PROG 48teien

Wi P2.7 (ENABLE) Highto Ve, 48te o

teaai Vs Setup to PROG Low 10 js
Liuai' V.5 Hold after PROG 10 ps
teion PROG Width 1 110 ps
tavay Address to Data Valid 48tc oL

terov ENABLE Low to Data Valid 48t o

tenaz Data Float after ENABLE 0 48t e

tougt PROG High to BUSY Low 1.0 ps
fic Byte Write Cycle Time 20 ms

Note: 1. Only used in 12-volt programming mode.




Absolute Maximum Ratings*
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Operating Temperature..............ccoooeeeeeeiceees -55°C to +125°C *NOTICE:
Storage Temperature ... -85°C to +150°C

Voltage on Any Pin

with Respect to Ground ..=1.0V to +7.0V

Maximum Operating Volage ............oooviieiiniinn 6.6V

DC OUtpUt CUITBNL....covuiiieniniiiinsineresnsmiasssnnsisssusssses 15.0 mA

DC Characteristics

Ta = -40°C to 85°C, Ve = 5.0V £20% (unless otherwise noted)

Stresses beyond those listed under "Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
V. Input Low-voitage (Except EA) 05 0.2Vee-0.1 v
Vi, Input Low-voitage (EA) D5 2Vee-03 v
Vi Input High-voltage (Except XTAL1, RST) 02V,;+08 Vee + 0.5 Vv
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vea+ 05 4
Vol Output Low-voitage!’ (Ports 1,2,3) lo, = 1.6 mA 0.45 v
Qutptit Low-voltage'” o " <
Vous {Fort 0, ALE, PSEN) lof 97 T0A R d
low = 60 UA, Ve = 5Y £ 10% 24 v
Qutput High-voltage w . 7
Vor (Ports 12,3, ALE, PSEN) Joi: 725 VA RGN Y
lons =10 pA 0.9V v
los = -800 pA, Vee = 5V £10% 24 v
Cutput High-voltage 3 3,
\, b = VYK /
Vo (Port 0 in External Bus Mode) T a2 0.75 Ve b
low = -80 pA 0.9 Ve v
l Logical 0 input Current {Ports 1,2,3) Vi = 045V -50 pA
Logical 1 to 0 Transition Current A K SEE 3 A2
S (Ports 1.2:3) Ve = 2V, VCC = 6V £10% -B50 A
1 Input Leakage Current (Port 0, EA} 0.45 « My < Vee 10 pA
RRST Reset Puil-down Resistor 50 300 K&
Cis Pin Capacitance Test Freq. =1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
i Idie Mode, 12 MHz ] mA
i . Ve = 6Y 100 WA
Power-down Mode'*!
Vee =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:
Maximum lg_ per port pin: 10 mA
Maximum |, per 8-bit port: Port 0: 26 mA
Ports 1,2, 3. 15 mA
Maximum total |, for all cutput pins: 71 mA
If 1, exceeds the test condition, V,, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
e Oscillator Frequency 0 24 MHz
taL ALE Puise Width 127 e o 40 ns
tavie Address Valid to ALE Low 43 torem13 ns
Yax Address Hold after ALE Low 48 terc-20 ns
tuw ALE Low to Valid Instruction In 233 4 <65 ns
tue ALE Low to PSEN Low 43 torc-18 ns
tonni PSEN Pulse Width 205 3te 020 ns
togr PSEN Low to Valid Instruction In 145 ey 45 ns
texix Input Instruction Hold after PSEN 0 0 ns
toxiz Input Instruction Float after PSEN 59 te cy-10 ns
tosav PSEN to Address Valid 75 toreL-8 ns
Ly Address to Valid Instruction in 312 5t -85 ns
toiiz PSEN Low to Address Float 10 10 ns
trLRK RD Pulse Width 400 Bte c-100 ns
Yurwn WR Pulse Width 400 Bty o -100 ns
taLov RD Low to Valid Data In 252 Sty =90 ns
ik Data Hold after RD 0 ] ns
torinz Data Float after RD 97 2terc-28 ns
tuoy ALE Low to Valid Data In 517 Bte . -150 ns
o Address to Valid Data In 585 e, 165 ns
Yo ALE Low to RD or WR Low 200 300 3teieL-50 3teLeL+50 ns
Y Address to RD or WR Low 203 dtei o 75 ns
i Data Valid to WR Transition 23 to, 20 ns
v Data Valid to WR High 433 TtoLci-120 ns
tyriox Data Hold after WR 33 toLer20 ns
truaz RD Low to Address Float 0 0 ns
i RD or WR High to ALE High 43 123 toLcL-20 torc+25 ns
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External Program Memory Read Cycle

ALE

1 L
—» UfpL &=

PSEN * toLy

— fe—to 7

tLLAX < P

PORT 0 Do AD-AT D - INSTRIN

Pt ———

PORT 2 AB-A15 X AB-Al5

External Data Memory Read Cycle

L —
ALE N __../
""" Sl et Y

7.3 tF LRH —™

eme b g >
N
R =1 ax—* N i ¢
tan A1 q 2 RLDV RHDZ
RLAZ £
] |t RHDX
PORT 0 >-KA0 - A7 FROM Rl OR DPL) DATA INJIDXAD - A7 FROM PCL>-CINSTR IN
B Yt >

! s tA\/DV Pt

PORT 2 D P20 - P27 OR AB - Al5 FROM DPH > 7 A8 - Al5 FROM PCH
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External Data Memory Write Cycle

t i —>]
ALE

AT89C51

— S
PSEN
e by ety —
=
‘ il s L
Wh et ax
tavLi—»] o =M [ *| [+ twhox
— taywr —
PORT 0 AD - A7 FROM_RI CR DPL pata out X A0 - A7 EROM PCLO—CINSTR IN
Il tA‘f\"/L
PORT 2 )L P20 - P27 OR AB - Al5 FROM DPH A8 - A15 FROM PGH

External Clock Drive Waveforms

0.45V

02 Voo~ 0V

External Clock Drive

M tcheo

tCé_CL

Symbol Parameter Min Max Units
el Oscillator Frequency 0 24 MHz
toreL Clock Period 41.6 ns
tohex High Time 15 ns
totex Low Time 18 ns
totek Rise Time 20 ns
toneL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V £20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
taxe Serial Port Clock Cycle Time 1.0 1200 Hs
tavxa Output Data Setup to Clock Rising Edge 700 10t 133 ns
txrax Qutput Data Hold after Clock Rising Edge 50 2t o117 ns
trox Input Data Hold after Clock Rising Edge 0 0 ns
oy Clock Rising Edge to input Data Valid 700 10te ¢ -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION
ALE
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AC Testing Input/Output Waveforms'"

07 Voo + 0.0V
TEST POINTS
02 Vg = 0V

045V

Note: 1. AC Inputs during testing are drivenat V- 0.5V fora

logic t and 0.45V for a logic 0. Timing measurements
are made at V. min. for a logic 1 and Y max. for a
logic 0.

Float Waveforms'"

Vioad® &

Timing Reference

Y : -
1955 ; v Points
Y oan” 0V NG YINEN R\
Note: 1. For timing purposes, a port pin Is no longer floating

when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the loaded VoV, level oceurs.
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Ordering Information

Speed Power
{MHz) Supply Ordering Code Package Operation Range
12 5V +£20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P6
AT838C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44 (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Q1 44Q
16 5V +£20% AT89C51-16AC 44A Commercial
AT89C51-16JC 444 (0°C 10 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
ATB9C51-16Al 44A Industrial
AT89C51-16.J1 44J (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Q1 44Q
20 V 1+ 20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44 (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT83C51-20J1 44J (-40°C to 85" C)
AT89C51-20P| 40P6
AT89C51-20Q1 44Q
24 5V +20% AT83C51-24AC 44A Commercial
AT89C51-24JC 44J (0°C to 70°C)
AT83C51-24PC 40P6
AT8IC51-24QC 44Q
AT83C51-24Al 44A Industrial
AT89C51-24J1 44J (-40°C to 85°C)
AT89C51-24P| 40P6
AT89C51-24Q1 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP})
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44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)”

JEDEC STANDARD MS-026 ACB

12210478) o0
T9.75(0458)

1000395
9.90(0.386)

r 1.20{0.047) MAX

0
0.20(.008) T
TOHT03Y _; '/ ““““““

Controlling dimension: millimeters

444, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

045114 X 45T PINNC. 1 045{1.14) X 30° - “4 012(305)
~ 081203

T 0as109)

r| ™ Da0(508;

12003 05}

T 090(2 29)
168(4.57)
165.415)

0E0(1.27) TYP

| 500(32

40P86, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

; 2074526) |
i TU3ETE) PIN'
1

SNTI5)
, T

e 1090(2:29)

|—-— 1.800(48 26} REF i MAX
20658 [ 2
Am Loges
T e e

01350

| C&D(I?sy |
BI0(15 5 :>y

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (inches)”
JEDEC STANDARD MS-022 AB

13 45(0.628) o
12 95 (0.506)

PIN 110 —

0.50 {0.031) 585G = E

=

1010 {C .:‘44‘, sQ

r 245 (0.096) MAX

2
017 0.007) 7
vapan Y W[[WWWFL
8 :HdH 183 [£041) L 925 (©.010) MAX
78 (C.030! ;

Controlling dimension: millimeters
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