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ABSTRACT

The air flow speed measurement system is developed employing the relationship between
the air flow speed and air pressure by mean of Bernoulli’s equation. The completed measurement
set includes a pressure sensor model MPXV5004G7U. CASE 482B-03, supported circuit and
display unit, The system was applied to measure the air flow speed. During test, air flow is
directed to impinge on the pressure sensor causing the pressure.difference and the sensor
consequently generates the electrical voltage. The faster of air flow causes the increment of
output voltage. The calibration between output voltage, pressure difference and air flow speed

was done and the outputdata is displayed on the display unit.
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d (Y] ]
2.8 qﬂnsmmqmﬂmmﬂu (Pressure sensor)

& o @ v A ' a8 == =
Iﬂﬂﬂjqﬂ?}ﬂﬂimﬂsjﬂﬁﬂﬂ'Tillﬂu“ﬂa"lﬂﬂixlﬂ”ﬂ Elﬂiuﬂuﬂxﬂlﬂﬂﬁ‘]gﬂ'ﬂlWﬂQ 2 ¥UP

d [ @ = ada 1A . .. i

1. 'Q‘IJﬂiﬂmi’)i]’)ﬂﬂ’.]'mﬂuLLUUlﬂUT“ﬁ"Bﬂﬂﬂ (Piezoresistive Pressure Sensor) 3&91f8

d’ o 9 = % d. £ o tli d'dy 9

msifdsunilasvesdidumusnzinansgualves laezursy Weldnnuau aelunilez 14
a o ::’1’ 4 Y o o s [
psueadeiiluGoandnmsauvesglnsainsinianaudy

4 Y s = ) ¥
2. gunsalasdvinanuaunyuniagina (Capacitive Pressure Sensor) 9281ABNNT

= = = @ P 9 @
nlasunlasvesdufvilszyuaipamsguaives lnezuimmdielinnudu

Plezpresistors Glass.cap
7z 5] 17
///A MM/}/ Palysiticont
P diaphragny
é = 2
) 5 I A I I I POV ST -+ Ancdic bonding
& ] : GlassSupport
L Inlethole
("
Referencé Sensing
capacitors capagitons
= Electronic
ey circuit

Pressure

(V)

4 o LY a a A Aa A
sUN 29 (0) gunsaimsaviannuausiaileTaS&Wiy (Piezoresistive Pressure Sensor)

@) guUnsalns ViR MUANIYATFRY(Capacitive Pressure Sefidor)
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a £ d [ [y
2.9 malamMsa319gUnIsngIvInn NNAY
v21lsznoudie 2 uuy A
b =1 ' J @ & A ' 1
1. Bulk micromachining v2iilunisaisunuildu laverdunisnaitlaseaing (cavity)
@ v & <] @ = v a Y
Aundeunueeguses  deeziflumsiauuuilon  (Wet etching) msnaitioeld
LY 4 ]
Msazawdan lay (alkaline) %W potassium hydroxide (KOH) Hio tetramethylammonium
Ay o d ] an = n-:lg
hydroxide (TMAH) 3539214 substrate A unrunesFanou (silicon wafer) ¥9Av03351
Yy ° 1 o = 1
vz lgaunud uaddgUnseisziivinn lus
3| 1= Y v a ' 4
2. Surface micromachitung V21U s 1uHuW A advagun snaaresndunih
] 3', o = & @ = P o [
uwu Tavez 14 1dvanaspAluualdnuasivuiiy sdeidomsdagia nnisnadwisms 1y
=1 5 2’; 1 H ] 1 o = a : =
1317 NN AR URIN) AReIns an AT DLR T Teeadildalas0 19 substrate i

Fuudmionandan munrnavissaano 1

Polysilicon diaphragm

Memilcomact Piezoresistors

()

Metal.contact Piezoresistors cavity Poljgsilicon diaphragm

()

4 7 o o a o o
3 2.10 () gunsainsrndaanuauiiadleTeiadRlvnagamanuuiian

o @ w a A A 1A a a
(v) gUnsalnadvannuanytailo TasawnlvuiaganiauuumaE
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2.10 #ipmamanvesginsainsiainnnuduriiailelaiaving
msfasuudasnnuduminsedalddomstadadumuniadle Ta3 Wiy aasu
N . . = o 1w 1 a4 o b d dy o
NV (piezoresistive strain guage) mwnumuﬁuamuummu"lﬂﬂzuﬂiu Taondmuniuin
nAMsRemIdeganeu uaz ldsumsesnuuyIRinIseuA100nLINI1I95 1Y Inalau
o o
U377 (Wheatstone Bridge)
d‘l ] o Y o o ] =Y ] Qs A' d’:y & d'!
wedanuawsnludglnsalsin laszurdsuaziinig Insdunfouiituniens e
] [ ] o 1 =Y - | =1 o 9 3 o - o 9o 3
vauenNNusIuInsemeide las sl lvanududou 39 lvaaiuduniu
H [ :’J t:l Y] @ o ar
wlasuuasmy liéde dniunswlasuulammuduiosile I3 W fddunusniuuseny
T H - 3 @ af Y g . . . N
(p-P,) MAuisansavzilsiuiuassdudul sz Ansidu 1o 3wl (piezoresistive coefficient

: T0) veviagueast Jaezumsy Taslianudunusaatnis.16)

v

out

CAR o 7(P—F) (2.16)

d od
2.11 Fudszansilelasdnndarisna: dudszansialasawndama
$Y)

§ e o Lo o o a = 3 '
wietiusalanuinsziinuiagudam it iagiuianumunadu wuhauinis

(E) aeiinnuduiusdua niyininassie-0) uazanundi (o) fagumsi (2.17)
E=pl+ o (2.17)

&4 & [
dio N AannATNAIUNIY
m aod 4
7 ~aodulssansdleTaiGWimuses
"] ar d‘ = 3 = 4 = i
dmFuaus Idfhnnetnlufianielag lulaswdn tennisannnaunish (2.17)
A 3 as l:f
sremnIn@ou1dnal

E=p,J+m p,J,0, (2.18)

A - 3 Ly
[$)3)] P o TATHANUAIUMUITUAY
=

s
m, fio dulszansidloTaddWiUa1ue12 (ongitudinal piezoresitive

coefficient)
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= or ar

'8 [y o o ¥
vinngueslaviu guin Wiz danuduiuiduanimanuduniunezany

VUIUUNSSHARITUNITA (2.19)

E=pJ (2.19)

Weunuaaunsh 2.18) aaluaums (2.19) 32181

P = Pod + o) O (2.20)
30
Py =Pyt 7, PeO; (2.21)
£l ey’ 7,0, (2.22)
20
M— = 7,0, (2.23)
Po

L= ke 4 -3 or -l n"
Mupupmnuiedinualy z, fie (dudszansi)elaiawiUamwuiie (ransverse

. P ! o g P - 91
piezoresistive coefficient) AYHUNIATUNITN (2.18) 03 (2.23) e 19

A
—£=7z,0'1 (2.24)
Po
o " Y e a fa P
PINTUAITH (223) uaz  (2.24) nunaduldszanidelaTawndainerinas
o a d’d o4 a4 =4 s 5 d' =l o o o 3 e Y a 3 3
dudszanidlo T anndauens favuisliusannsginuisguanih dinannusuiu
Y] w da o = 9/ ar é 3 T a
Tauduwusiusasulasumfasvesamwanuduniululdag Fvusgiufimmaveduss (F)
A A H

=0

P o o a La A A 4 a X 0 @ w @
nunsevi lasdulszinsde Tasdindawentsfatudieliusannszvinuagagy

et

] ar = q" o =t o a d‘ ~ [- S A o
2.11(n) drududszansile laFddidauunszifaiisiussmuunaninseiinuiaanasy

@ QG

»
=t

N 2.11(v)
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F CoE
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F

(M) (1)

51l 211 Aemisussussfnnseitag 15 nouAILMm) 15483 813 (V) 15 4RI MY

¢
2.12 anupuasFutlseansilalaFawndlugadumm

as

1 » r H
msAenilasin g mund 4 dauu leozursugudmaseigiaesdsznouly

e

P a

foiamununYL el laesidin 2 62 R, R, vazdamumuluindmin 2 47 R,
. 4 4 4 , o Y L 2
R, suaalugin 2. 12 Famswlasuadasdnnusummeluiasiosiidminvus
o o

@ e ¥ o [ { a 3 ar s £
Tanusunylsezitnsytioz Tnudunuisuanudund et uasdudssan s o Taa

i Aaerunish (2.25)

>
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AR
— |=m0, +70 (2.25)
R tt i~
4 AR A U 1 = 1 by
e - fin  sandauvssmsifaswilasmnnudiumu
7, Ao duilszansidleTa5EWAdame)
I'd
7, An  dulszEnmidlyleddEdidemuuns
o, o AanuduaIne’
o, A0 AR

= - d
2.13 2995 INAIAUYSAD

o oF o o = ¢ o
29973 naTaunial (Wheatstone/ Bridge: circuit) 9xgniiun lfiilung wadawes a

° =S

ar 4 o’ hord @ é
anuawie lrlunsulsArnnenuanllddyapanssdu Il ieesyh Iddansanaois

% { § -3 o =y é’
Wuraanuaumdaountasly TasfiosanlanaFuouseu Wi nina vy 1995 na1s

o

o < =1 = as o o { 5 4
wiiavsiamadwilliesasidsenoudsiamuniusdmenuiluglassii 2.13 Faile

a & o L4 : ' o o
299503 adeg Az ruaansedu lileiyn v, sziiamnn 0 Taad wazezihld

BATITIUMAMLAUNTL AITUNTN (2.26)

‘RZ
— = 2.26
7 (2.26)

+ 0

i<

0|

51 2.13 2095 Imalaunsas
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o '

v, =V, xﬁ (2.27)
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20 "
1.0
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Freescale Semicondctor |
Technical Data

Integrated Silicon Pressure Sensor
On-Chip Signal Conditioned,
Temperature Compensated and
Calibrated

The MPXV5004G series piezoresistive transducer is a state-of-the-art
monolithic silicon pressure sensor designed for a wide range of applications, but
particutarly those employing a microcontroller or microprocessor with A/D inputs.
This sensor combines a highly sensitive implanted sirain gauge with advanced
micromachining techniques, thin-film metallization, and bipolar processing 1o
provide an accurate, high ievel analog output signal that is proportional to the
applied pressure.

Features

+  Temperature Compensated over 10° to 60°C

« Available in Gauge Surface Mount (SMT) or Through-Hole (DIP)
Configurations

» Durable Themmoplastic (PPS) Package

Typical Applications
+ Washing Machine Water Level
* ldeally Suited for Microprocessor or Microconiroller-Based Systems

ORDERING INFORMATION!")

Device Case MPXV Series Packing Device

Type No. Order No. Options Marking
Through- 4808 MPXVS004GT7L Rails MPXV50046
Hole 482C MPXV5004GC7U Rails MPXV5004G
Surface 482 MEXV5004G6Y Rails MEXV5004G
Mount 482 MPXV5004G5TT || Tapes Real | MPXVS004G
4824 MPXVS004GCEU Rails MPXVS004G
4828 MPXVS004GC6T1 | Tape & Reel MPXV5004G
1351 MPXV5004DP Trays MPXV5004G
1368 MPXV5004GVP Trays MPXVS004G
1369 MPXVS004GP Trays MPXV5004G

1. MPXV5004G series pressure sensors are available in the basic element package or
with a pressure port. Two packing aptions are offered for the suiface mount
configuration.

SMALL QUTLINE PACKAGES
SURFACE MOUNT

MPXV5004GC6U
CASE 482A-01

MPXV5004DP
CASE 1351-01

© Freescale Semiconductor, Inc., 2007. All rights reserved.

MPXV5004G
Rev 10, 01/2007

MPXV5004G
SERIES

INTEGRATED
PRESSURE SENSOR
0 TO 3.92 kPA
{0 TO 400 mm H,0)
1.0 TO 4.9 V OUTPUT

SMALL OUTLINE PACKAGES
THROUGH-HOLE '

PIN NUMBERS(!)
1 N/C 5 N/C
2 Vg 6 NC
3 GND 7 N/C
4 Vourr 8 NAC

1. Pins 1, 5, 6, 7, and 8 are internal device
connections. Do not connect to external
circuitry or ground. Pin 1 is noted by the
notch in the lead.

MPXV35004GP
CASE 1369-01

RS

Z*freescale
semiconductor
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Figure 1. Fully Integrated Pressure Sensor Schematic

Table 1. Maximum Ratings(")

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Puax 16 kPa
Storage Temperature Ts10 —30 to +100 °C
Operating Temperature Ta 0to +85 °C
1. Exposure beyond the specified limits may cause permanent damage or degradation to the device.
Table 2. Operating Characteristics (Vg = 5.0 Ve, Ta = 25°C unless otherwise noted, P1 > P2)
Characteristic Symbol Min Typ Max Units
Pressure Range Pop 0 — 3.92 kPa
400 mm H,0
Supply Voltage™ Ve 475 5.0 525 Vpe
Supply Curvent Is — A 10 mAdc
Span at 306 mm H,0 (3 kPa)'® Vess X 3.0 : v
Offset™ Vore 0.75 1.0 1.25 v
Sensttivity VP — 1.0 -5 VikPa
98 mv/mm H,0
Accuracy® ©® 0o 100 mm H,0 (1010 60°C) = = — £1.5 %Vegs
100 10° 400 mm H,0 (10 t0-60°C) = ¥ 1 — 25 %Vss

1. Device is ratiometric within this specified excitation range.

2. Spanis defined as the algebraic difference between the output voltage at specified pressure and the output voltage at the minimum rated

pressure.

3. Offset (V,g) is defined as the output voltage at the minimum rated pressure.

4. Accuracy {error budget) consists of the following:
« Linearity:

Output deviation from a straight line relationship with pressure over the specified pressure range.

» Temperature Hysteresis:Cuiput deviation at any temperature within the operating temperature range, after the temperature is cycled to
arx from the minimum of maximum operating temperature points, with zero differential pressure applied.

* Pressure Hysteresis:

minimum o maximum rated pressure, at 25°C.

« Offset Stability:

rated pressure applied.
« TeSpan:
« TcOffset

Output deviation over the temperature range of 10 to 60°C, relative to 25°C.
Output deviation with minimum rated pressure applied, over the temperature range of 10 to 60°C, refative 10 25°C.
* Variation from Nominal: The varation from nominal values, for Offset or Full Scale Span, as a percent of Vigg, at 25°C.

Qutput deviation at any pressure within the specified range, when this pressure is cycled to and from the

Qutput deviation, after 1000 temperature cycles, —30 to 100°C, and 1.5 million pressure cycles, with minimum

5. Auto Zero at Factory Installation: Due to the sensitivity of the MPXV5004G, external mechanical stresses and mounting position can affect
the zero pressure output reading. Autozeroing is defined as storing the zero pressure output reading and subtracting this from the device's
outpit during normal operations. Reference AN1636 for specific information. The spedified accuracy assumes a maximum temperature

change of + 5°C between autozero and measurement.

MPXV5004G

Sensors

Freescale Semiconductor




ON-CHIP TEMPERATURE COMPENSATION, CALIBRATION AND SIGNAL CONDITIONING

The performance over temperature is achieved by
integrating the shear-stress strain gauge, temperature
compensafion, calibration and signal conditioning circuitry
onto a single monolithic chip.

Figure 2 illustrates the gauge configuration in the basic
chip carrier (Case 482). A fluorosilicone gel isolates the die
surface and wire bonds from the envirenment, while allowing

the pressure signal to be transmitied to the silicon diaphragm.

The MPXV5004G series sensor operating characteristics
are based on use of dry air as pressure media. Media, other
than dry air, may have adverse effects on sensor
performance and long-term reliability. Intemal reliability and
qualification test for dry air, and other media, are available

Fluorcsiicone

from the factory. Contact the factory for informaticn regarding
media folerance in your appfication.

Figure 3 shows the recommended decoupling circuit for
interfacing the output of the MPXV5004G to the A/D input of
the microprocessor or microcontroller. Proper decoupling of
the power supply is recormmended.

Figure 4 shows the sensor output signal relative to
pressure input. Typical, minimum and maximum output
curves are shown for operation over a temperature range of
10°C to 60°C using the decoupling circuit shown in Figure 3
The output will saturate outside of the specified pressure
range.

Gel Die Coat Die

S 2
Differential Sensing
Eement

5,

Figure 2. Cross-Sectional Diagram (Not fo Scale)

By
T Vi o
vs
“T1opF [ ootpF GND 470 pF

v v

Figure 3. Recommended Power Supply Decoupling and
Output Filtering.
(For additional cutput filtering, please refer te Application
Note AN1646.)

50 L Ieooas, | 0 a
| TRANSFER FUNCTION: I
Vi = Vs T(02°P) + 0.2] +£25% Vise
20 Vs =80V £025Vac
1 TEMP = 104 60°C
= AN
g P Typical
(o]
Ma X
20 Min
10
2kPa 4kPa
200mm H,0 400 mm H,0

Figure 4. Output versus Pressure Differential
at+2.5% sts
(See Note 5 in Operating Characteristics)
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PRESSURE (P1YVACUUM (P2) SIDE IDENTIFICATION TABLE

Freescale Semiconductor designates the two sides of the Freescale Semiconductor pressure sensor is designed to
pressure sensor as the Pressure (P1) side and the Vacuum operate with positive differentiail pressure applied, P4 > P2,
(P2) side. The Pressure (P1) side is the side containing The Pressure {P1) side may be identified by using the
silicone gel which isolates the die from the environment. The table below.

Part Number Case Type Pressure (P1) Side Identifier
MPXV5004GCEUT1 A82A Side with Port Attached
MPXV5004G60T1 482 Stainless Stee] Cap
MPXV5004GC7U 482C Side with Port Attached
MPXV5004G7U 4828 Stainless Steel Cap
MPXV5004GP 1369 Side with Port Attached
MPXV5004DP 1351 Side with Port Marking
MPXV5004GVP 1368 Stainless Steel Cap

INFORMATION FOR USING THE SMALL OUTLINE PACKAGE (CASE 482)

MINIMUM RECOMMENDED FOOTPRINT FOR SURFACE between the board and the package. With the correct

MOUNTED APPLICATIONS footprint, the packages will self align when subjected to a
Surface mount board layout is a critical portion of the total solder reflow process. It is always recommended to design

design. The footprint for the surface mount packages mustbe boards with a-solder mask layer fo avoid bridging and

the correct size to ensure proper solder connection interface shorting between sclder pads.
D0 TYP8X
0.660 254
1676
0.060. TYP 8X I
1) = 0300
» W] £ An
. CllA
L_ 0.100 TYP 8X ngh
i ot 254 mm _SCALE 2:1

Figure 5. SOP Footprint (Case 482)
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PACKAGE DIMENSIONS
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Features

» Compatible with MCS-51® Products

» 4K Bytes of In-System Programmable (ISP) Flash Memory
- Endurance: 1000 Write/Erase Cycies

4 0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Full Duplex UART Serial Channe!

t ow-power Idle and Power-down Modes

Interrupt Recovery from Power-down Mode

Watchdog Timer

Duai Data Pointer

Power-off Flag

Fast Programming Time

Flexible ISP Programming (Byte and Page Mode)

Description

The AT89S51 is a low-power, high-performance CMQS 8-bit microcontroller with 4K
bytes of in-system programmable Flash memory. The device is manufactured using
Aimet's high-density nonvolatile memory technolegy and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvoiatile memory pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on a
monolithic chip, the Atmel ATBIS51 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of
RAM, 32 I/O lines, Watchdog timer, two data pointers, fwo 16-bit imer/counters, a five-
vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
clock cireuitry. In addition, the AT89S51 is designed with slatic logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle 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 con-
tents but freezes the oscillator, disabling all other chip functions until the next external
interrupt or hardware reset.

ANEL

(@)

8-bit
Microcontroller
with 4K Bytes
In-System

| Programmable
Flash

AT89551

Rev. 2487A-10/01




AImEL

Pin Configurations
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Pin Description

VCC
GND

Port 0

Port1

Port 2

Port 3

AlNEL

Supply voitage.
Ground.

Port 0 is an 8-bit open drain bidirectional YO 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 can also be configured to be the multiplexed low-order address/data bus during
accesses ta external program and data memory. In this mode, PQ has internal puli-ups,

Port 0 also receives the code bytes during Flash programming and cutputs the code bytes
during program verification. External pull-ups are required during program verification.

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

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

Port Pin Altemate Functions

P1.5 MOSI {used for In-System Pragramming)
P1.6 MISO (used for In-System Programming)
P1.7 SCK (used for In-System Programming)

Port 2 is an 8-bit bidirectional /O port with internal pull-ups. The Port 2 output buffers can
sink/sourcefour TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the
internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are extemnally being
pulled low will source current {1, ) because of the intemal pull-ups.

Port 2 emits the high-order address byte during fetches from external program memory and
during accesses o external data memory that use 16-bit addresses (MOVX @ DPTR). in this
application, Port 2 uses strong intemal pull-ups when emiiting 1s. During accesses to external
data memory that use 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and some control signafs during Flash pro-
gramming and verification.

Port 3 is an 8-bit bidirectional /O port with internal pull-ups. The Port 3 output buffers can
sink/scurce four TTL inputs. When 1s are writlen to Port 3 pins, they are pulled high by the
internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are extemally bemg
puiled fow will source current (J, ) because of the pull-ups.

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S51, as shown in the
fotlowing table. .

4 AT89S51 s
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RST

ALE/PROG

PSEN

EA/VPP

XTAL1

XTAL2

2487A-10/01

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P34 Td (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P37 RD (externat daia memory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillator is running resets the
device. This pin drives High for 98 oscillator periods after the Waichdog times out. The DIS-
RTQ bit in SFR AUXR (address 8EH) can be used to disable this feature. in the default state
of bit DISRTO, the RESET HIGH out featurets epabled.

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

In normal operation, ALE is emitied at a constant rate of 1/6 the oscillator frequency and may

be used for external timing or clocking purposes. Note, however, that one ALE puise is
skipped during each access to external data memory.

If desired, ALE operation can be disabled by setting bit 0 of SFR [ocation 8EH. With the bit set,
ALE is active only during 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 extemal execution
mode.

Program Store Enable {(PSEN) is the read sircbe to external program memory.

When the AT89551 is executing code from exiemal program memory, PSEN is activated
twice each machine cydle, except that two PSEN activations are skipped during each access
to extemal data memory.

External Acgess Enable. EA must be strapped to GND in order to enable the device to fetch
code from extemal program memory locations starting at 0000H up to FFFFH. Note, however,
that if lock bit. 1 is programmed, EA will be intermnally latched on reset.

EA should be strapped to V. for intemal program-executions.

This pin also receives the 12-volt programming enable voltage (Vep) during Flash
programming.

Input to the inverting oscillator ampilifier and input to the internal clock operating circuit

Output from the inverting oscillator amplifier

AIMEL ;



#define BUSY 0x80

xdata char LCD_command_write _at  0x0000;
xdata char LCD_data_write _at_ 0x0001;
xdata char LCD _cornmand_read _at 0x0002;
xdata char LCD_data_read _at_ 0x0003;
LedReady()

{

while(LCD_command_read&BUSY)
continue; // wait until busy flag=0

}void clr_screen(void)

{

LedReady(;

LCD command write=0001;

H

goto_xy(char x,char y)

{

LedReady();

switch(y)}

case 0 : LCD_command_write=0x80+x; break;
case I : LCD_command_write=0xC0+x; break;
case 2 : LCD command write=0x94+x; break;
case 3 : LCD _command. write=0xd4+x; break;
}

}

Initl cd(void)

{

LedReady();

LCD _command_write=0x38;

LedReady(;

LCD command write=0x0c;



cir_screen();
goto_xy(0,0);

}

char *Puts(char *str)
{

unsigned char i;

for (i=0; stefi] ="0"; i++){
LcdReadyQ);

LCD data write=strfi];

#include <reg52.h>

#include <stdio.h>
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#include <math h>

// function prototype declaration
InitLed(void);
void goto_xy{char x,char y);

char *Puts(char* str);

float read_volt_out(void) ;
float read_volt vec(void);
float read_pressure(void) ;
float read_velocity(void) ;

// global variables
sbit Data =P1"1;
sbit CLK = P1"2;
sbit CS = P1°3;
float xyz;

int timer3;

char cputick;
char buffer{20];

float read ADC{char.n)
{

intk;
char i,channel;

k=0;

CS=0;

iflo==0) channel= 0x0d;



else channel= 0x0f;

/* send config nibble dummy read NULL bit after config
nibble */
for(i=0; i<4; i++)

{
CLK = 0;
if(channel&8) Data = 1;
else Data = Q:
CLK=1;
channel <<=];

3

Data =1; // enable internal pullup
CLK = 0;

// now read 12-bit data
for(i=0; i<12; i++)
{
k<<=l;
CLK=EL
CLK=90;
if(Data) k |=1;

elsek &=~1;

€8 = 1; // shutdown ADC
return k&=0xfiT;

void timerQint (void) interrupt 1 using 1



THO |= Oxdc; // reload timer 0 with ODCOOH
cputick++;
j
void print ADC(Q
{
if(++timer3>100) // print ADC every 100ms
{
timer3 =0;
/%
sprintf{buffer,"%.0f %.0f" read _ADC(0),read, ADC(1));
goto, xy(0,1};
Puts(buffer);
printf(’"\n%s" buffer); // debug on screen | */

sprintf{buffer,” Vout | Vec.");

goto xy(0,0);

Puts(buffer);

Hprinti("\n%s" buffer); // debug on screen

sprintf{buffer,"%.3tY %.2f ",read. volt -out(),read voit vce();
goto_xy(0,1);

Puts(buffer);

printf™n%s" buffer); // debug on screen

sprintf(buffer," Pres Speed "),
goto xy(-4,2);
Puts(buffer);

printf("\-n%s",buffer); // debug on screen



sprintf{buffer,"%.2f Pa %.2fm/s "read_pressure() read velocityQ);
goto_xy(-4.3);

Puts(buffer);

printf{"Mn%s",butter); // debug on screen

floatread_volt_out(void)

{
return{((xyz*5)/4096)-.23) ;

float read_volt vocfvoid)

{
return((4096* 5)/4096) ;
}
float read_pressure(void)
{
return(((read_volt_out()-1*1000)) ;
}

float read_velocity(void)

{
return(sqrt{read_pressure(}*(2/1.2))) ;



void mainQ
{
InitLcd();
EA=1;
ETO = 1; // set bit EA and Timer0 enable
TMOD |= 0x01; // timer0 16 bit counter

TRO = L; {/ run tim
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