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Abstract

!

?escribed. The system consists of two modes of measuring of heart beat, electrocardiograme

measurement and a indirect method based on a detection of variation of light intensity passing

E;hrough a finger tip. The measured signals are processed to provide the heart rate which are displayed
génd record in memory by microprocessor then the data are transfered for monitoring the HRV trace on

}1 microcomputer.
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In this thesis a design and construction of the heart rate variabity (HRV) aquisition system is - -
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MNINARDIUNDN Frequency Response YINYYIUNYA TP2 WILUTAIAIAITNN 8.1

f (Hz) 1 2 3 4 5 6 8 10 20 30
Vin(mv) 5 5 5 5 5 5 5 5 5 5
TP2 625 | 625 625 | 6.25 625 [6.25 625 | 680 | 728 | 664
TP2(dB) | 61.94 | 61.94 | 61.94 | 61.94 | 61.94 | 61.94 | 61.94 | 6267 | 63.26 | 62.46
f(Hz) 40 |50 60 |70 80 | 100 120 | 150 200 300
Vin(mV) 5 5 5 5 5 5 5 5 5 5
TP2(V) | 3.84 | 040 360 |4.834 536 | 540 |5.08 448 | 360 | 2.56
TP2(dB). | 57.70 | 38.00 | 57.14 59.70 60.60 | 60.66 | 60.13 | 59.04 | 57.14 | 54.18
f(Hz) 500 1000 | 2000 | 2500 | 3000 | 3500 | 4000 | 5000 | 10000 | 20000
{7in(mV) S 5 5 5 5» 5 5 S 5 S
TP2(V) | 160 | 0.80 | 041 | 030 | 028 | 0.21 020 | 0.16 | 0.06 | 0.30
TP2(dB) | 50.10 | 44.00 | 38.40 | 35.60 | 34.90 | 32.70 | 32.04 | 30.10 | 22.14 | 15.56

] o o
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f (Hz) 1 2 4 5 6 8 | 10 20 30 40
Vin(mv) | 5 5 5 5 5 5 5 5 5 5
Vot (V) | 12 | 12 | 12 | 12 | 12 | 12 | 116 | 112 | 112 | 1.08
Vout(dB) | 47.60 | 47.60 | 47.60 | 47.60 | 47.60 | 47.60 | 4730 | 47.00 | 47.00 | 46.68

£ (Hz) s0 | 60 | 70 | s | 100 | 120 | 150 | 200 | 300 | 500
Vin(mv) | 5 5 5 5 s 5 5 5 5 5
Vout (V) | 020 | 1.08 | 1.08 | 112 | 112 | 112 | 1127| 1.04 | 1.00 | 092
Vout(dB) | 32.04 | 46.68 | 46.68 | 46.68 | 47.00 | 47.00 | 47.00 | 46.36 | 46.02 | 45.29

f(Hz) | 800°| 1000 | 2000 | 2500 | 3000 | 3500 | 4000 | 5000 | 10000 | 20000

Vinmv) | 5 5 5 5 5 5 5 5 5 5

Vout (V) | 082 | 0.74 | 044 | 032 | 026 | 022 | 018 | 1.14 | 006 | 003
Vout(dB) | 44.29 | 43.40 | 38.89 | 36.12 | 3432 | 32.86 | 31.12 | 28.94 | 21.58 | 15.56

3 o o o
m31efl 8.2 UAAINAMIIAUTIAUN Vout
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ﬂ’JTiJ?II(Hz) 200 190 180 170 160 150 140 130 120
Ad 400 420 440 470 480 500 540 560 600

Ac 0.5 0.5 0.5 0.5 | 0.5 0.5 0.5 0.5 0.5
CMRR 58.06 | 58.48 | 58.88 | 59.46 | 59.64 60 60.66 | 60.98 | 61.58

ﬂ’J’]&l‘fz‘l(Hz) 110 100 90 80 70 60 50 12.5 0
Ad 640 680 720 740 ;760 " 760 780 800 800

Ac 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CMRR 62.14 | 62.67 | 63.16 | 6340 | 63.63 | 63.63 | 63.86 | 64.08 | 64.08

M3191l 8.8 uanIN1siania1 CMRR
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ANALOG
DEVICES

Low-Noise Precision
Operational Amplifier

0P-27

FEATURES

¢ LowNOISE ....ecunernneennenn 80nV,,.p (0.1Hz to 10H2)
.......................................... 3nV/J/ Hz

o LOW DRIl 1ovniiteiieeiees e 02uV/°C

2.8V/us Slew Rate
8§MHz Gain Bandwidth

& LOW Vg vttt it s 10uV
e Excellent CMRR ........ » 12648 at Yoy of =11V
e High Open-Loop Gain ........vvvuinnennnns 1.8 Million

s Fits 725, OP-07, OP-05, ADS10, ADS17, 5534 A sockels
e Availablein Die Form

OROERING INFORMATION
PACKAGE

signals. A gain-bandwidth product of §MHz and a 2.8V/usec
slew rate provides excellent dynamic accuracy in high-speed
data-acquisition systems.

A low input bias current ¢f Z10nA is achieved S'y use of a
bias-current-cancellation circuit. Over the military temper-
ature range, this ciccuit typically holds ig and lgg t0 £20nA
and 1SnA respectively.

The outpUt stage has good load driving caoability. Aguaran-
teed swing ot = 10V into 6000 2nd low output distortion make
the OP-27 an excelient cnoics ior protessional aucio applica-
tions. R,

PSRA and CMRRA exceed 120d8. These characteristics,
coupled with long-term arift ot 0.2uV/month, allow the circuit
.designer to achieve perfcrmance lavels previously attained
only by discrete designs.

T, =e25C CFERATING
Vgg MAX CERDIP  PLASTIC Lce TEMPERATURE
Wy TC-¢5 &PIN &PIN 20-CONTACT  RANGE
=] CPTAS  OPIAZ” - - MIL
25 CPTEJ  OP276Z  CSPRTEP - NDCOM
[5s) CP2712J°  oPR7eT - OP278R2E] ML
-] CPRIFY  CP2IFT oPere? - NOCCH4
100 CcP7Cy  cP7CZ - - L
00 OPIGJ  OP2IGZ |, CPTGP - XIND
100 - - oP27GSHT - XONO

-

PIN CONNECTIONS

P

Foraances crocessad n tolal compnance to MIL-STU-883. 200,333 aner part

aymoer. Consuft tactory for 881 ¢ata sneet.
t Bummnis avaiadble 0n commercial anG ingustnal temparature range pars in

CecO1P, stasuc DIP, anc TO-can packages.
Foe avallabuity ana buramn intormaton on SO and PLCC pacvages, contact

your locat sates office.

GENERAL DESCRIPTION

The QP-27 precision operational amplifier combines the low
oifset and drift of the OP-07 with ‘both high spesc 3and low
noise. Otfsets down to 25V and arift of 0.6uV/° C maximum

4 V. ICASE}
TO-99
(J-Suftix)

o
1

2-PIN BERMETIC DIP
(Z-Suifix)

EPCXY MINI-DIP
(P-Sutfix)
8-PINSO
{S-Sutfix)

.

OP-27BRC/883
LCC PACKAGE

IS

u:l/gcxz; |\" | ! .:m‘
Sy

~NT

make the OP-27 ideal for precision instrumentation 2pplica~ “: : = ::’T
tions. Exceptionally low noisa, e, = 3.5nV/«/ Hz , 21 10Hz. a e F7 = e (RC-Sutflx)
low 1/f noisa comer frequency of 2.7Hz, and high gain (1.8 Inimiminio
million), allow accurate high-gain amplification of low-level e
. z 2 T2
SIMPLIFIED.SCHEMATIC
3 T | ST A
L. =0 0 919
—_— St
| ln- = gv- H 3 l R r\m " l I'-K‘
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0P-27

Low cost, high-volume production of 0OP-27 is achieved by
using an on-chip zener-zap trimming network. This reliable
and stable offset timming scheme has proved its effective-
ness over many years of production history.

The OP-27 provides excellen; performance in low-noise
high-accuracy amplification of low-level signals. Appiica-
tions include stable integrators, precision summing ampli-
fiers, precision voltage-threshold detectors, comparators,
and professional audio circuits such as tape-head and
microphone preamplifiers.

The OP-27is a direct replacement for 725, OP-06, OP-07 and
OP-05 amplifiers; 741 types may be directly replaced by
removing the 741's nulling potentiometer.

ABSOLUTE MAXIMUM RATINGS (Note 4)

Supply Voltage 222V
Input Voitage (Note 1) =22V
Output Shor-Circuit Ouration .. Incefinite
Diferental input Veitage (Note 2) ... e 207V

. =25mA

Ditferantial input Current (Note 2) ...
Storage Temperature RanNge ..ooeceecvncnenne

ELECTRICAL CHARACTERISTICS at Vg = Z15V, Ta = 25°C, uniess otherwise noted.

Operating Temparature Range
OP-27A, OP-278, OP-27C (J, Z, RC) o ~35°Cto +125°C
OP-27E, CP-27F (J, Z) ermerrereecemermamens s ~25°C 10 +35°C
OP-27E, OP-27F {P) 0°Cic +70°C
—40°C lo +85°C

OP-27G (P,S.J. 2)
Lead Tempaerature Range (Soldering, 60 S8C) wvevecenaens 300°C
Junction Temparature ..o ercemmmmseens —85C 10 +150°C
PACKAGE TYPE 8, (Now 3) 8¢ UNTS
TO-93 (B 150 18 <
8-Pin Hermade DIP (2) 128 16 <
3.Pin Plasdc OIP (P) 103 43 Y
20-Contact LCC {RC) $3 28 W
8-Pin SO(S) ), 158 3 o
NOTES:. .
1. For susply voltages less than =22, the absohuia maximum inout voftage is
aqual to ha supply voRage.

2. The OP-2T's inputs are protecied by back-to-back dioces. Curent limdng
resismes are not used in order 1o achieve low norse. If diferental input vortage
axceeds 20.7V, the input currer shouid be irrfed o 25mA.

3.8, is specified for worst case mountrg condidons, i.e., @, is soeafied for
device in socket for TO, CarOIP, P-01P,"and LCC packages; &M is specified
for device soldered to printed crauit board ‘or SO package.

+. Absolyts maximum radngs aopry o bom DACE and packaged parts, unless

.‘amem'ue noted.

*

s OP-27A/E OP-278B/F QpP-27C/G
PARAMETER SYMBOL CONOITIONS MIN  TYP  MAX MIN  TYP  WAX MIN TYP  MAX  UNITS
Input Otfset Voitage  Vpg (Nots 1) -_ 0 25 - 20 8 - 0 100 av
Long-Term V,
ong-tem Yos Vog/Time (Notes 2. 3) = 0.2 10 N0’y i ¥ 0 20 wviMo
Stabitity -
Input Otfsat Current gy - 7 s ra ] 0 - ” il aa
Input Bias Cucrent l,' - = 240 I =12 55 - =15 80 nA
1 Noise Votta a2 c.08 018 c.08 0.13 o.09 a.28 Vo~
nput NO - 2 8 had 2 -— .
o = 9¢  thoo 1Notas J. 5) b
g
ot Nowss 1g = 10Kz (Nate 3) - as 5.5 - 35 5.5 - 18 2.0
‘:‘,‘“ . 1 = 30Hz (Note 31 - . .5 L a1 s - 13 <5 avr/re
g8 Oensity 1) = 1000Hz (No.4 3) e, 20 3.8 - 1.0 13 - 12 s
1ot Noise fo = 1CHZ (Notes 3.6) - 17 1.0 - 17 10 - L7 .
L]
P n 1 = 30Hz (Nates 3, &) - w0 23 - 10 23 - 19 — nfFz
Currant Denuity
to = 1000HZ [Notes 3, 6) - 0.4 0.6 - 0.4 0.6 - 0.4 0.6
1 esisance —
nput R R \Nate 7Y 3 s - 0s4 s - a7 4 - M
Ditterendai-Moce .
Input Resstance —
a - 3 - - 25 - - 2 - Gan
Comrman-Mode NCH 5.
Inout Voitage Aange  IVR - =10 =123 - =no =23 - e z123 - v
Comman-iioce CMAR Ve mT1V ™ 128 . - 108 123 - 100 120 - a8
Rejection Raud
Powe ooty
e Su PSARA yy=zeViozIav - 1 1o - 1 o - 2 0 v
Rejection Rano -
Large-Signal X Az AL V=2V toco0 3800 - 1000 1800 - o0 1500 - -
vorage Gain Vo Ry 2 5000 Vg = 230V 06 ‘500 - 200 1500 - 00 1500 -
Cutauc Yortage " Az a0 z120 =18 - =120 133 - s =13.5 - v
Swing < A 26000 ~100 =S - =100 =115 - =0 =118 -
Siew Rate SR A, 2 20 (Note &) w7 2.3 - W7 28 - 17 28 - Vius
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ELECTRICAL CHARACTERISTICS at Vs = 215V, Tx = 25°C, uniess otherwise noted. {(Continued)

OP-2TA/E OP-278/F op-27C/G
PARAMETER SYMBOL CONOITIONS MIN  TYP  MAX MIN  TYP  MAX MIN  TYP  MAX  UNTS
Gan Sanawnatn Prog, GBwW «Note & 0 10 - 5.0 30 - 0 8.0 - MMz
Qoer~1.000 Output Ve =0, l = O 0 1 -
= - 7 - - - - 7 -

Aesrstance o~ %0 a
Power Consumotion P, v - %0 140 - T - o 0 .
Oftsat Agusimnant 3 .

Rg = 10a0 - 240 - - 40 - - =40 - mv

Range .

NOTES: days are rypically 2.5.V — reter to typical petcrmance Curve,
1. inout offsat voitage messurements are pertormed - 9.3 saconds after 3. Samcte (estea,

applicauon ol power. A/E grades guaranteed tuily warmed-uo.

2. Long-tesminput ofiset voitage staoHity relers to the average trend line of
Vog v3. Time over extended 2enoas aftar (ne tirst 30 days of coeraton,
Exciuaing the wmlial hour of operauon, changes in Vg cunng tne first 30

Lol

~oor

Guaranteea by cesign.

See test aircuit ang trequency responsa curve for 0142 to 10HZ testar.
S2e test circuit for current notse measurement.

Guaranteed by inout bras current,

ELECTRICAL CHARACTERISTICS for Vg = =15V, =535°C < T, < +125° C, unless otherwise noted.

OP-27A op-278 opP-27C
PARAMETER SYMBOL CONDITIONS MM TrP MAX MiN TYP MAX MIN TYP, MAX UNITS
tnout Otfset Vottage  Voq ‘Note 1 - 30 £ - W s ] - 70 300 "4
Average input TCVqs iNote 23
fo £4 .2 3 . ) -— .4 1. V.
Ottsat Onnt | TCVgss  *Noteds i 24 = % ¢ s wrc
Inout Oftam Current  1gg - 15 50 = 22 ES - XA 135 nA
Inout Blas Current lg . =20 =50 = =28 =55 - =35 2150 nA
Inout Voizge Range  IVA z103 =115 - =103 zits - 102 =1 - v
Commaon-iaa
™ i CMRR Yoy ® 210V 108 122 - -~ m 19 L ” 1 - )
Aarecton Ratto = ey
Power Suooty
PSARA Vg =™ 24 3Vio =13V -— 2 18 - 2 Fa:] — 4 s1 \ /Al
cection Raho S, . 5= 3Vio =13 m
sonal .
Large~Signa Avo R, 22%0, V= z 10V &0 1200 Al 00 1000 A x0 @0 - VimV
Voftage Gain a
Outmnt Voiage
VP Volag vo A, 220 s zas A sno =2 - =105 =130 - v
Swing - ’

ELECTRICAL CHARACTERISTICS at Vg =218V,-25°C< T, < +85°C for OP-27J and OP-27Z,0°C = T, s +76°Cicr OP-27EP,
FPand—20°C =T, = +85°C for OP-27GP, GS, unless atherwise noted.

OP-27E OP-27F 0opP-27G
PARAMETER SYMBOL CONOITIONS MIN TP MAX MiN TY? MAX: MIN TYP MAX UN'TS
Inout Cttset Voltage  Vgg f - Bl Y - 0 149 - s 220 av
A tnput TCV, N
verage inou 0s T2 - 0.2 0.6 - 23 13 - 0.¢ 18 wrc
Otiset Orift TCVosa tNots 3»
Inout Oftsat Current g - 0 50 - 14 és° - 20 1as A
Inowt Bias Current q - 214 =60 - =18 =95 - =25 =150 nA
tnout Voitage Aange VR .5 =18 - =105 =118 - =S5 =118 - v
L * CMAR Vey, » 210V 10 124 - 102 el - > 18 - a8
Raetection Rasio . -
Powar Suoply -
Suos 3 PSRR Vg=z45Vio =18V -— 2 15 - 2 1% - 2 2 74
Rejecton Ratio
Large-Signat
A A 0 Vo= ziCY 5 « 1500 - 00 1300 - 450 1000 - v/mv
“forage Gain vo. V23 Vg m
Outout Vortage -
Vo A, =g =13.8 - =11 =135 - =no =3 - v
Swing . o L2 20 7 3.3
NOTES: : i 2. The TCV:,S performance is within ine scecificanons yanuited or when
1. Inout oftset voltage measurements ars serformed by autcmated test -nulled with R = 8k to 20k TCVqg is 100% testec for A/E grades,
" ap y 05 s after a of cower. ASE samote tested for 8/C/F/G grades.

%

Grades Guaranteed iutly warmed-ua.

Guaranteed By cesign.
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TECHNICAL DATA .

Infrared LED

This device is designed for 3 wide vaniety of infrared applications, induding teyboards,
end-of-tape sensors, coin or paper handlers, and other general sensing applications. The
MLED71 can be used in conjunction with any MRD700 series detector. It features high

power output, using gallium srsenide technology.
e Low Cost

® Popular Case 349 Package, with Molded Lens

¢ Uses Stable Long-Life LED Technology

o Clear Epoxy Package

MLED71

LED

S40 nm

INFRARED

EROWN
BAZ:

[N —

CASE 343.01
PLASTIC
MAXIMUM RATINGS
Rating Symbol ] Yalue Unit ;

Reverse Voitage VR f 6 Volts i

Forward Current — Conunuous 13 2 50 ma ;

Forward Current — Peak Puise 3 1 A M

Totsl Power Dissipation @ Tz « 25°C (Note 1) Po $0 mw

Oerate above 55°C 2 myr~C

Ambient Operating Temperature Range Ta -401t0 + 100 *C

Storage Temparature Tstg -40to « 100 el

Lead Soldering Temperature {(Note 2) - 260 *C 1
ELECTRICAL CHRARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbol | Min | Typ | Max Unht.

Reverse Leakage Current (VR = 6 V) IR — 0.05 100 nh

Forward Yoltage (I = 50 mA) Ye - 1.3 1.5 v

Temparature Coatficient of Forward Voltage AVE -— -15 - mV'KJ

Capacitance (V « 0V, { = 1 MHz) c - 18 - pFf '
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwisz noted)

Paak Wavelengt}\ {ig = 60 mA) ip - 40 - nm ;

Spectral Hall-Power Bandwidth A —_ — am !

Continubus Power Outout lIf = 50 mAJ {Note 3 Po z 2.5 - mw J}

Instantaneous Power Output {Ig = 100 mA) Po - S — mw |

1 )5 Axial | y ig = 100 mA} (Note 4} Ly - 3s - mwer |

Power Haif-Angle ¢ - =30 - * ;

Optical Turn-On and Turn-Off Times lon- Loff —_ 1 —_ us :

d with device w0 a typ=cal prntec Circurt Sos-a -

Notes 1 M

2. $ s0conds maz, 1 16 (ncCh (rom caze Heal mna thourd De o0 wed Qurning soidenng,

3 Measured using 3 PROIOATe E22LA wrth 3 #2350 wtegrating sonere.
4 On O axis, with cone angle of = 13

10 prevent case femoeraiure hom eaceecing 10C°C

’
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Figure 1. Powaer Dissipation Figure 2, Instantaneous Power Output
versus Ambient Tempersture
o o w ¥
B 1
a8 ey
i 5 ¢ 3
J 5 o 7 T
] EAFY
- ]
Pt & X
i 2 ¢t
1 = g / \
i £
= 8 £ / \
' 3 04
R 2 ] \
g 10 ; 03
| - 02 -
X ol s 0 .
~J
« o (] ]
80 0 00 M *® 0 1006
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Figure 4. Relative Spectral Output
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i5. LED FORWARD CURRENT ima}

Figure 5. Forward Voltage versus

Forward Current

. RSTANTANEOUS FOPWART CURRENT (mA)

Figure 6. Instantaneous Power Output

versus Forward Current
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MSMG62428B

DIRECT BUS CONNECTED CMOS REAL TIME CLOCK/CALENDAR

DESCRIPTION

The M5M6242B is a silicon gate CMOS Real
Time Clock/Calendar for use in direct bus-
connection Microprocessor /Microcomputer
applications. An on-chip 32.768 KHz crystal
oscillator time base is divided to provide ad-
dressable 4-bit I/0 data for SECONDS,
MINUTES, HOURS, DAY OF WEEK, DATE,
MONTHand YEAR. Data accessis controlled
by 4-bit address, chip selects (C50, CS1),
%m TE, READ, and ALE. Control Registers
D, E and F provide for 30 SECOND error
adjustment, INTERRUPT REQUEST (IRQ
FLAG) and BUSY status bits, clock STOP,
HOLD, and RESET FLAG bits, 4 selectable
INTERRUPTS rates are available at the STD.P

.

FEATURES

(STANDARD PULSE) output utilizing Con-

trol Register inputs TO, T1 and the ITRPT/
STND (INTERRUPT/STANDARD). Mask-
ing of the interrupt output (STD.P) can be
accomplished via the MASK bit. The
MSM6242B can operate in a 12/24 hour for-
mat and Leap Year timing is automatic.

The MSM6242B normally operates from a 5V
110% supply at 40 to 85°C. Battery backup
operation down to 2.0V allows continuation
of time keeping when main power is off. The
MSM6242B is offered in a 18-pin plastic DIP
and a 24-pin plastic Small Outline package.

DIRECT MICROPROCESSOR /MICROCONTROLLER BUS CONNECTION

TIME MONTH DATE YEAR DAY OF WEEK

23:59:59 12 31 80 7

* 4-bit data bus s 12/24 hour format

* 4-bit address bus ® Auto leap year

» READ, WRITE, ALE and CHIPSELECT  + 30 second error correction
INPUTS ¢ Single 5V supply

¢ Status registers — IRQ and BUSY e Battery backup down to V, =2.0V

¢ Selectable interrupt outputs - 1/64 ¢ Low power dissipation:
second, 1 second, 1 minute, 1 hour 20pW max at ¥V, =2V

* Interrupt masking " 150uW max at V=5V

¢ 32.768 KHz crystal controlled operation e 18 pin Plastic DIP (DIP18-P-300)

.

24 Pin-V Plastic SOP (SOP24-P-430-VK)

23
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FUNCTIONAL BLOCK DIAGRAM

XT
- 1Hz
32.768KH2
|:= ost} _couten |4 ]

RESET STOP J0 ADJ HOLD BUSY
bit  bit bit bit  bit

241 2bt

o
>y
7

Ds ; Dia|—=MOMO Yi iV

TDP
~86C CIY e
{-mincarry —e-
(7 m * 1-hout carry ._.L—_'ﬁ

* §1~W-Y1q are time counter register
¢ Cy~Cr are control register

RAz>r>r S pooo

GATE § LATCH
I—vb——
DECODER
L
SN

PIN CONFIGURATION
STO.P Voo  STOP =10 24 Vop Acfs  Address input
=, T TS =2 2 ; ¥T DoDx  Dataloputioutput
NC =3 2= XT (%, CS;: CHIPSELECTSO1
ALE XT ALE =4 21 N¢ FD.. READ enabile
ko cS; L — 20k CS$ WR WRITE ¢nable
NC =6 9 D ALE Address latch enable
A Da . A =17 8= NC STD.P Standard puliss output
Az Dy NC =8 170=3 NC XT.XT°  XTAL oscillstor input/output
A D, 1] 18/ 0 Voo +5V supply
T Dy A =i 5= D, Vs ground
sl RD == HE 0y
GND WA GND —=]12 13— WH
18 pin Plastic DIP 24 pin Plastic Smafl Outline
‘ Package
24
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REGISTER TABLE

Addreas| AGIOSSIPR  ngiister , Dets Count | (o iotign
Input | a3 | Az Ay (A0 | M | Dy | D | Dy | Do | VHUe
0 gjo0}0 0 S Sa S4 8 S 0-~9 | 1-second digit register
1 o{o0j]oj S0 * Se S20 | Sw 0~ 5 |10-second digit register
2 0oj10)11]0 My mig' | misx | min | mis 0-9 | 1-minute digit register
3 0{0 1 {1 Mitwo * Mito | mizm | mio { 0-5 |10-minute digit register
4 0] 1 00 Hy he he h2 bt 0-9 | 1-hour digit register
5 oltlalal we | - lmi W gr-oz_1 PM/AMr, .;?s-:);ur digit
0| ti1]|0 D1 ds de t di 0~-9 1-day digit register
7 L2 I I S I O Dw . g 6o | 6w | 0-3 | 10-day dipitregister
8 1106 (0|0D MO4 mog | mosa| moz | mot | 0-9 | 1-month digitregister
] 1]0]0|1] MO X Y * | MOw | 0~1 |10-month digit registar
A |1]o0 0| vi | va | va|-v2a| wn| 0-9 | 1yeardigitregister
B 1101 |1 Y10 ¥8o Yao y20 | Yo 0~9 | 10-year digit ragister
G 1 1 cio0 w d We w2 Wy 0-86 Week register
301 e
D 11101} 1 Co s8C. | g ag | BUSY HOLD — Controf Register D
ADJ
E 1tl1{11]e Ce t to m MASK | — Control Register E
F LI O O Cr | TEST | 24112 | STOP | REST | — | Control Register F
REST = RESET }

ITRPT/STND = INTERRUPT/STANDARD

Note 1) — Bit * does not exist (unrecognized during & write and helkd at "0° during a read).
Note 2) — Ba sure to mask the AM/PM bit whan procassing 10's of hour's data.
Note 3) — BUSY dit Is read only. The IRQ FLAG bit can only be Set to a "0". Setting the tRQ FLAG to a "1" is dane by

‘hardware,

Note 4] — PM at 1 and AM at 0 for PM / AM bit.

RIS

25

Figure 1. Rogister Table
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit
Power Supply Voitage Voo » 0.3~7 v
Input Voltage Vi Ta=25C GND -0.3 ~ Voo +0.3 v
Qutput Voltage Vo GND -0.3 ~ Voo +0.3 v
Storage Temparature Tsre -55 ~ +150 °C
OPERATING CONDITIONS
Parameter Symbol Condition Rating Unit
Power Supply Voltage Voo —_— 4-6 v
Standby Supply Voitage Vaax - 2.6
Crystal Frequency tom) — 32.768 kHz
Operating Temparature Tor —_ 40 - +85 °C
D.C. Characteristics
(Voo = 5V £ 10%, TA = -40 ~ 485)
Applicable
Parameter |Symbol Condition Min. Tvp. Max. Unit :pl rminal
‘H Input Voitage | Vit _— 22 = wa v | Allinput termin-
‘L" Input Voitage il —_ — =L 0.8 als except G54
Input terminats
Input Leak Cureant | 1.kt — B\ 141 other than
Vi = Vpp/OV pA Do ~ D3
Input Leak Current| Ix2 — —_ 10410 0g~ D3
'L" Qutput Voltage | Vo1 loL = 2.5mA — — 0.4 ) 80~ Dy
L Output VON&GB Vou lon = -mM 24 ST —
"L’ Output Votage | Vo2 | 1o0 =2.5mA - — |~o04 v
STD.P
OFF Laak Current losmx V = Vpo/OV - — 10 yA
. input frequency 1) All input
inpul Capacitance G 1MHz [ — PF terminais
Current Con- frut) » Voo =
) 00 - —
sumption D01 | sa7ss | sv %0
KHz A Voo
Cureent Con- oo CSy=0 Vpp » 10
sumption 0D 1Y Loy - -
H Input Vo V 45V -— —_
putVotaoe | V42 | yopw2- 55V d v csy
‘L' Input Voltage | wvy2 —_ - 1/5Veo
27
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PIN DESCRIPTION

Pin No.

. &
‘Name rs | a8 Deacription
Do 14 19
Dy 13 16 0ata Input/Output pins ta be directly connested to a microcontrolier bus for
reading and writing of the clock/calendar's registers and control registers. DO = LSB
04 12 1 15 | andD3=MS8.
D 1R 14
o 4 S * Address input pin for use by a microcomputer to sefect internal clock/calsndar's
A 5 7 registers and control registers for Read/Writa operations (See Function Table
A2 6 9 Figure 1). Address Input pins AO-A3 are used in combination with ALE for
As 7 10 addressing registers.
Address Latch Enabls pin. This pin enables writing of address data when ALE = 1
AE q | 4 and C30 = 0; address data is latched when ALE = 0 Microcontrolier/Micro-
processors having an ALE output should connect to this pin; otherwiss it should
be connected at Vpp
Writing of data is performed by this pin. )
WE 10 | 13 When CS1 = 1 and TS0 « 0, Do - Ds data is written into the register at the rising
edge of WR,
Reading of register data is sccomplished using this pin. When €Sy = 1, TS0 = 0
RO 8 | 1 and RD = 0, the data of thig register is output 10 D ~ Da. I both AD and WR are
set at 0 simaitaneously, R is to be inhibited.
TSe 2 2 Chip Select pins. These pins enable/disable ALE, RD and W opsration. TS
and ALE work in combination with one another, while CSy work independent
CSy 15 20 :gm ALE. CS1must be connected to power failure detection &s shown in Figure
Output pin of N-GH OPEN DRAIN type. The output data Is controlled by the
STO.P 1 1 Dy data content of Gg register. Thig pin has a priority to TSg and CS1.
Refer to Figure 9 and FUNCTIONAL DESCRIPTION OF REGISTERS.
XT 18 22 32.768 kHz crystal 13 to be connected to these pins.
When an external clock of 32.768 kHz is to ba used for MSMG6242's osciilation
T 17 23 source, either CMOS output or pull-up TTL output is to be input from XT, while
XT should be lsft open. .
Voo 18 | 24 Power supply pin. +2 ~ +8V power is to be appiied 10 this pin,
GND 9 12 Ground pin.
¥i'rey Vo
G STO.P QUTPUT
Voo OR GND N-CH
& ST
G = Cy= 15 ~ SODF -
The impedance of the crystal shousd be Jess than 0x0Y
Figure 8. sacifistar Circult Figure &,
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S| Absolute Maximum Ratings (Notes1&2)
8 If Military/Aerospace specified devices are required, Storage Temperature Range -65°Cto +150°C
<\: please contact the National Semiconductor Sales Package Dissipation at T = 25°C 875 mW
< Otfice/Distributors for availability and specifications. £SD Susceptibility (Note 10) 800V
§ Supply Voitage (Vee) (Note 3) 6.5V
Voltage ing Ratings (votes 1 &2

2 Logic Contral Inputs —0.3Vio +18V gppeerr:u?eggnge gS (Notes T) it

her Input and Qutputs —0.3Vto (Veo +0.3V m MINS TA< Tpax
< At Other input and Qutpu Ves ) ADC0801/02LJ, ADC0802LJ/883 —55°C<Ta< +125°C

Lead Temp. (Soldering, 10 seconds)

: : o ADC0801/02/03/04LCJ —40°C<To< +85°C
Duai-In-Line Package (plastic) 260°C g A )
Dual-In-Line Package {ceramic) 300°C :gggggl{ 22\1/03/ OSLCN - 48.2 z;“z : 33.2

LGOI A
Su\;face h;r?unt Pe:)ckage 215G ADC0802/03/04LCV 0°C<Ta< +70°C
apor Phase (60 seconds} A ADC0802/03/04LCWM 0°C<TAL +70°C
Infrared (15 seconds) 220°C Range of Veg 4.5Vpgto 8.3 Vpe

Electrical Characteristics
The following specifications apply for Vcc =5 Vpc, TMiNS TAS Timax and forx =640 kHz unless otherwise specified.

ADC0801/ADC0802/ADC0803

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adij. ' v, LSB
(See Section 2.5.2) . =/
ADC0802: Total Unadjusted Error (Note 8) Vres/2=2.500 Vpc =% LS8
ADCO0803: Total Adjusted Errar (Note 8) With Full-Scale Adj. ny LS8
{SeeSection 2.5.2) -2
ADC0804: Total Unadjusted Error (Note 8) Vrer/2=2.500 Vo +1 LS8
ADCO0805: Toral Unadjusted Error (Note 8) Vger/2-No Connection +1 LSB
Vrer/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 kQ
. ADCO0804 (Note 9) 0.75 1.1 k0l
Analog Input Voltage Range (Note 4) V(+) or V(—) Gnd-0.05 Voo~ 0.05 Vog
DC Common-Mode Error Over Analog Input Voltage =Y A LSB
Range ..
Power Supply Sensitivity Vee=5 Vpg =10% Over * e % LS8
Allowed Vin(+) and Vin(—)
Voltage Range (Note 4)

AC Electrical Characteristics
The following specifications apply for Vag =5 Vpc and Ta =25°C unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time foLk = 640 kHz (Note 6) 103 114 ns
Tc Conversion Time {Note 5, ) 66 73 1/fcik
fork Clock Frequency Vee =5V (Note 5) 100 640 1460 kHz
Clock Cuty Cycle (Note 5) 40 50 % {
CR Conversion Rate in Free-Running INT R tied to WR with 8770 9708 conv/s ;
Mode CS=0Vpg, foLk =540 kHz i
tWIREIL Width of WR Input (Start Pulse Width) C8=0 Vpg (Note 7) 100 ns
tace Access Time (Delay from Falling Ce =100 pF 135 200 ns
Edge of RD to Qutout Data Valid)
YH, ton ;. TRI-STATE Convol (Delay CL=10pF, Ry =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi tR1 Celay from Falling Edge 300 450 ns
of WR or RD to Reset of INTH
Cin Inout Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output | s 7.5 pF
Capacitance (Cata Buffers) |
CONTROL INPUTS (Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore soecified separately]
Vin (1) Logical “*1" Input Voltage Veec=5.25 Vg 2.0 15 Voc
(Except Pin 4 CLK IN)

2.20
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AC Electrical Characteristics (Continues) . .
The following specifications apply for Ve = 5Vpc and Tmin € Ta € Tmax unless otherwise specified.

Symbol l Parameter l Conditions i Min I Typ l Max l Unit
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmutt trigger circuit and is therefore specified separately]
Vin (0 Logicat “0" Input Voitage Vee=4.75Vec 0.8 Vi
(Except Pin 4 CLK IN) -
I (1) Logical 1" Input Current ViN=35 Voc 0.005- 1 pAN
{All Inputs)
I (0) Logical “0" Input Current ViN=0Vpe -1 ~0.005 ‘ A
i (All Inputs)
CLOCK IN AND CLOCK R -
Vi+ | CLKIN (Pin 4) Positive Going 2.7 3.1 as Viee
Threshold Voltage
Vr— CLK IN (Pin 4) Negative 15 1.8 21 | v
Going Threshold Yoitage
VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Vi
(Vr+)—(V1-)
Vour (0) Logical “0" CLK R Output lo=2360 pA 0.4 Vi
Voltage Vee=4.75Vpe
VouT (1) Logical “1"" CLK R Output lo=—360 pA 2.4 Ve
Voltage . Vee=4.75Vpe '
DATA QUTPUTS AND INTR
Vour (0) Logical “0".Output Voltage
Data Outputs lout = 1.6 MA, Ve =475 Voc ’ 0.4 Vine
iNTR Cutput louT=1.0 mA, Voo =4.75 Voe 0 0.4 Viye
Vour (1) Logical *“1" Output Voltage lo= —360 pA, Vec=4.75 Vo 2.4 Vi
Vour (1) Logical-"1" Output Voltage lo=—10pA, Vcc=4.75 Vpc 4.5 ) Vi )
lout * TRI-STATE Disabied Output Vout=0Vpe -3 A
Leakage (All Data Buffers) Vout=5Voc F 3 mAN
ISoURCE Vourt Short to Gnd, T4 =25"C 4.5 8 . MAy, .‘—
ISINK Vout Shortto Ve, TA= 25°C 9.0 16 mA, ,——
POWER SUPPLY -
Ice Supply Current (includes foLk = 640 kHz, -
Ladder Current) VRep/2=NC, Tp=25'C
: / and CS =5V
ADC0801/02/03/04LCJ/05 1.1 18 mA
ADC0804LCN/LCV/LCWM 1.9 2.5 mA

Note 1: Absciute Maximum Ratings indicate kmuls teyond whicn damage to the device may occur. OC and AC astectncal soecifications do not aoply when operain,

the dewvice beyond its p g
Note 2 All voitagas are measured with respact to Gnd, untess atherwise specified. The séparats A Gng oout shouid always be wired to the D Gnd.

Note 3: A zener diade exsts, internally, from Vg to Gnd and has a typical breakdown voitage of 7 Voc.

Note 4: For Vin(—12 Vin{+) the cigital oumut code wil be 0000 0000. Two on-chip giodes are ved 10 e3cn analog INput (5ee biock ciagram} witich will 10rwey
conduct for analog Input voltages one diode drop below ground or ane dioge drop graater than the Veg supoly. 3e carstul, during testing at low Vg laveis (4 hy)

as hign level analog inputs (5V) can cause tis input dioda to c at o3, and cause erors {or analog Inouts near futl-scale. i
spec atiows 50 mV forward bras of aither diode. This means that as long as the analog Viy does nct excesd the supply voitage-ty more than S0 mV, the nuiuy
code will ba correct. To acivave an absaluta 0 Vpg to § Vog nput voitage range wiil theratore recure 2 mummum supply voltage of 4.950 Voo over temperany e
vanauons, iniial tolerance and toaaing. :

Note 5: Accuracy 1$ guaranteed at forx = 540 kHz. At higher clock frequencies acCuracy can 0egrace. For tower clock irequencies, the aut'y't.yda MRS Can it
extanded so long as the mimmum ciock high time interval or minimum clock low yme nterval is no less than 275 ns. .

Note 6: With an asynchronous stant puise, up 16 8 clock penods may be required before the internal clock presas 8re prapef to siar the CONVersIon process i
start request I1s internaity latcned, see Figure 2 and sectron 2.0.

Note 7: The &3 inout is assumed to bracket the WR strooe input and therefore arming is dependent on the WA ouise width, An arbitranty wide pulss width wil b i)
the converter in a reset Mode and the start of convers:an ig imtiated by the tow (o nightransiton of ™e Wi puise (sae umung diagrams).

Note 8: None of these A/Ds requires a zero adjust (see secton 2.5.1). To obtain zero Code at OtHer anaiog MOt voitages sae secuon 2.5 and Figure 5

Note 9: The Vagg/2 oin 15 the canter point of a two-resIstor awder connected fram Veg 10 ground. In ad versions of the AGCCBO1. ADCC802, ADCTR, avy
ADCOB05. ana in the ADCSB04LCY, eacn resistor 1s typically 16 ki), In ait versions of the ADCO804 axcept Twe ADCO804LCY, aach resistor 1s fyprcaily 22 iy

Note 10: Human tody moaed, 100 oF discharged througn a 1.5 kil resistor.

2-21

$0800aV/¥0800AV/€0802AV/208020V/ 108000V

!



s

L A

-

. e L T

N s

—m v N e

P TR N T WD T R N RITRS W MOWR M A m e

e

ww Tmow e mm wom el B e

L

. ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Performance Characteristics
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TRI-STATE Test Circuits and Waveforms

_F[——
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5%
0%

aaml L]

&

TL/H/S5671-3

tiy tin, CL =10 pF toH tom, CL=10 pF
Vee Vee
Y

Yee 0% Veo

DATA s ,zr 108 L
ourpuT GND ND

th LY DATA
v & quTPuT

DATA an e €y, DATA Yo

oUTPUTS sunuTs
Ny ——————————— l ™
=20 ns =20 ns

Timlng Dlag rams (Al timing is measured from the 50% voitage points)

START *
CONVERASION

— WRAN -3usY”

) N OATA IS VALIO N
ACTUAL INTERNAL “NOT BUSY™ K QUTPUT LATCHES
STATUS OF THE

508000V/50800QV/E0800AY/20800QV/10800QY

CONVERTER
b 1 7O 82 Ut x t INTERNAL T
(LAST OATA WAS READ)
|
T I
(LAST DATA WAS NOT READ) =y _"l INT ASSERTED
—] V2T
Output Enable and Reset INTR
THYR RESET
o WTR ‘
T
[ —i -
i
o _——y\____i[

h

-

0ATA v TRISTATE?
U = = = ———{— | -
l i
ace ——
s LA L]
Note: Read strobe must occur 8 clock periods (871 ) atter jon of i to¢ resat ot INTH. TUH/SETY-4
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&'| Absolute Maximum Ratings (ote 1) - &
= If Military/Aerospace specified devices are required, Power Dissipation _ - S
- 4 .
~ please contact the National Semiconductor Sales LM2907-8, LM2917-8 - 71200 mw
B Office/Distributors for availability and specitications. LM2907-14, LM2917-14 . 1580 mw
& | Ssupplyvottage , . . i wd.., 28V (SeeNoel) . . T s
E Supply Current (Zener Optlons) t -7 25 mA ~ OperatmgTemperature Range R —40‘C'tcr-+85‘c
Collector Voltage .- e 28V Storage Temperature Range- .. .~ T85°Cto +150°C
Differential Input Voltage Soldering Information ST
Tachometer 28V Dual-In-Line Package - - T
Op Amp/Comparator 28V SO"’S““Q (10 seconds) T 280°C
Small Qutline Package
Input Voltage Range
Tachometer LM2907-8, LM2917-8 - t28v Vapor Phase (80 seconds) 2ase
LM2907, LM2917. .  0.0Vto +28V + Infrared (15 seconds) S 2200
Op Amp/Comparator i 0.0V to +28V See "AN-450 “Surface Mounting, Methods and Their Effect
- L on Product Reliability' for other methods of soldanng sur-
) o face mount devices.
Electrical Charactenstlcs Ve = 12 Vpc, Ta = 25°C, see test circuit T
Symbol l Parameter: [ Conditions l Min l ,' Typ ] Max ‘| - Units
TACHOMETER o i
. Input Thresholds Vin = 250 mVp-p @ 1 kHz (Note 2) £10 25 - %40 ' mv
Hysteresis Vin = 250 mVp-p @ 1 kHz (Note 2) ’ 30 . mv
Offset Voltage - ViR = 250 mVp-p @ 1kHz (Note 2) | Y
LM2907/LM2917 . 3.5 10 mv
LM2907-8/1L.M2917-8 5 15 mv
Input Bias Current Vin = £50mVpe . 0.1 1 rA
Vo Pin2 ViN = + 125 mVpg (Note 3) . 83 v g
VoL Pin 2 s Vin = —125 mVpg (Note 3) ] 23 . i v iy
Ia, I3 Qutput Current V2 = V3 = 6.0V (Note 4) 140 180 240 CMHA
I3 Leakage Current  ~ ‘12=0,V3=0 )7 ~o.1 pA
K Gain Constant s (Note 3) .09 1.0 1.1
Linearity fin = 1 kHz, 5 kHz, 10 kHz (Note 5) -1.0 |7 03 + 1.0 %
' OP/AMP COMPARATOR o & T
Vos A ' Vi = 6.0V | . 3 10 mv'
lsias ViN = 6.0V 50 500 nA
Input Common-Mode Voltage- |- - y S8 - -0 4 ~ Veo— 1.5V \'
Voltage Gain X . 200 V/mV
Qutput Sink Current - | Vg=1.0 ‘AN - 40 50 - mA
"Output Source Current Ve = Vgg ~2.0 A\ 10 mA
Saturation Voltage IsINK = 5 mA 0.1 0.5 v =
o lging: = 20 mA . B : . 1.0
e Ising: = S0 mA ‘ 1.0 ~1.5

3-248
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Applications Information

The LM2907 series of tachometer circuits is designed for
minimum external part count applications and maximum ver-
satility. In order to fully exploit its features and advantages
let's examine its theory of operation. The first stage of oper=:
ation is a ditferential amplifier driving a positive feedback-
flip-flop circuit. The input threshold voitage is the amount of:
differential input voltage at which the output of this stage-
changes state. Two options (LM2907-8, LM2917-8) have
one input internally grounded so that an input signal must.

swing above and beiow ground and exceed the input
thresholds to produce an output. This is offered specifically -

for magnetic variable reluctance pickups which typically pro-
vide a single-ended ac output. This single input is also fully
protected against voltage swings to 28V, which are easily
attained with these types of pickups.

The ditferential input options (LM2907, LM2917) give the
user the option of setting his own input switching level and
still have the hysteresis around that level for excslient noise
rejection in any application. Of course in order to allow the
inputs to attain common-mode voltages above ground, input
protection is.removed and neither mput should be taken
outside the limits of the supply voitage being used. It is very

important that an input not go below ground without some

resistancs in its lead to limit the current that will then flow
the epi-substrate diode. =
Following the input stage is the charge pump where the
input frequency is converted to a dc voitage. To do this
requires one timing capacitor, one output resistor, and an-
integrating or filter capacitor. When the input stage changes
state (due to a suitable zero crossing or differential voitage
on the input) the timing capacitor is sither charged or dis-
charged linearty between two voltages whose difference is

s g S I T
k:

The size of C2 is dependent onily on the amount of rippie
voitage allowable and the required response time.

CHOOSING R1 AND C1

There are some.limitations. on the choice of R1 and Ct
which should be considered. for optimum performance. The
timing capacitor also provides internal compensation for the
charge pump and should be kept larger than 500 pF for very
accurate operation. Smaller values can cause an error cur-
rent on R1, especially at low temperatures. Several consid-
erations must be met when choosing R1. The output current
at pin 3 is internally fixed and therefore Vo/R1 must be less
than or equal to this value. If R1 is too large, it can become
a significant fraction of the output impedance at pin 3 which
degrades linearity. Also output ripple voltage must be con-
sidered and.the size of C2 is affected by R1. An expression
that describes the ripple content on pin 3 for a single R1C2

. combination is:

VCC X fin X C1

Ve , C1
VappLe = 7 X &5 X (1 I ) pk-pk

It appears R1 can be chosen independent of rippie, howev-
er response time, or the time it takes Voyr to stabilize at a
new voltage increases as the, size of C2 increases, so a
compromise between ripple, response tme, and Ilneanty

" must be chosen carefully.

Vce/2. Then in one half cycle of the input.frequency or a

time equal to 1/2 fy the change in charge on the timing

capacitor is equal to Vog/2 X C1. The average amount of.._ .

current purnped into or out of the capacitor then is:

AQ Ve
¥ = igavg) = C1 X —2—' X (2fin) = Veg X f|N X C1

The output circuit mirrors this current very accurately into

the load resistor R1, connected to ground, such that if the

pulses of current are integrated with a filter capacitor, then-

Vo = i X R1, and the total conversion equation becomes:
Vo =Veg X iy X C1 X R1 XK

Where K is the gain constant—typicaily 1.0.

Typical Applications

As a final consideration, the maximum attainable input fre-
quency is determined by Vgc, C1 and I

o Iy T
5} . Pia% Ct X Vee

"USING ZENER REGULATED OPTIONS (LM2917)

For- those applications where an output voitage or current
must be obtained independent of supply voltage variations,
the LM2917 is offered. The most important consideration in
choosing a dropping resistor from the unregulated supply to
the device is that the tachometer and op amp circuitry alone
require about 3' mA at the voltage level provided by the
zener. At low supply voltages there must be some current
flowing in the'resistor above the 3 mA circuit current to op-
erate the regulator. As an example, if the raw supply varies
from 9V.t0 16V, a resistance of 4700 will minimize the ze-
ner voltage variation to 160 mV. If the resistance goes un-
der 4000} or over 6000 the zener varation quickly rises
above 200 mV for the same input variation.

Minimum Component Tachometer
Vi1V

e

- - -

VARIABLE
AELUCTANCE
MAGNETIC

PICK UP

b -

_H""

*®

1

+Vour = 87 HyV

= TU/H/7342-8

L1621/ 20621

3-251
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(SOURCE CODE)

MY WPAIFNTIA Z80

(Z80 ASSEMBLY LANGUAGE )
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## A HEART-RATE VARIABILITY ACQUISITION SYSTEM ##

;Control System By Z-80 Microprocessor

CPU "Z80.TBL"

HOF  "INT8"

ORG  0000H
;Get I/O Port Address
CMD_POTW: EQU 60H ;Command Port Write
CMD_POTR: EQU ©64H ;Command Port Read
DAT_POTW: EQU 62H ;Data Port Write
CONTROL1: EQU 98H = P.CL=OutP.C H=In
CONTROL2: EQU 9AH " ;Control 8255#2
CPORT!: EQU  33H ;Control 8255#1
IPORTI: EQU 32H ;Input Port 1
OPORTI: EQU 32H ;Output Port 1
SYSCTRL: EQU 31H ;TX Port To Send
CPORT2: EQU 43H ;Control Port 8255#2
IPORTA: EQU  40H ;Input Port 2A
IPORT2: EQU 41H ;Input Port 2B
IO_PORT2: EQU 42H ;P.C L=In,P.C H=Out
HOURL: EQU 04H ;Hour Address Of RTC
MINT1: EQU 02H ;Minuate Address Of RTC
SECI: EQU : 00H ;Second Address Of RTC
DATEL: EQU 06H ;Date Address Of RTC
MONT1: EQU 08H ;Month Address Of RTC
YEARI: EQU 0AH ;Year Address Of RTC
CREG_F: EQU (OFH ;Control Internal Reg
CREG_E: EQU (OFH - ;Interrupt RTC
;Get Memory Address
STACK: EQU  8020H ;Stack Pointer
CBUF: EQU  8050H ;Display Buffer
KEYTMP: EQU  805AH ;Key Buffer

R

K_PRESS: EQU  80SDH ;Check Key Buffer

O
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8060H :Divisor Buffer

DIVISOR: EQU
AVG_VAL: EQU» 8063H ;Average Buffer
PMN_HR: EQU  8065H ;Permanent For Save
TEMP_ORD: EQU  B8067H ;Temp Order
TEMP_CNT: EQU  8065H ;Temp Counter
SETADR: EQU  8071H ;Temp Set

TIME_MD: EQU 8073H ;Sampling Mode
TEMP_1M: EQU 8075H ;Temp Save Delay Value
TEMP_END: EQU  8080H ;Temp Save End Measure
TEMP_SHW: EQU  8085H ;Temp Save HR Display
BAUD: EQU  8090H ;Baud Rate

BAUDLY: EQU  8095H ;Baud Rate Delay
RS_USR: EQU 809AH ;User Address
TEMP_HR1: EQU  8100H ;Heart Rate Temp 1
TEMP_HR2: EQU  8200H ;Heart Rate Temp 2
MEM_HR: EQU  83FEH ;Heart Rate Begin
MEM_END: EQU OFFFFH ;Heart Rate End
;~—————Main Program—mHo——;

;Get Address For Stack Pointer

LD  SPSTACK ;Stack Pointer

;Get Initial 8255 I/O Port

INIT_PORT: LD
ouT
1D
ouTr

A,CONTROLI1 ;Initial 8255
(CPORT1),A *“

A,CONTROL2

(CPORT2),A

;Initial LCD 1 Line 16 Character

START: CALL

;Display Message To LCD
LD
CALL
1D
CALL
LD
CALL
LD

INIT_LCD ;Initial LCD

B,1

DSEC

HLMSG_HRV

HL.MSG_VAR

HL,MSG_ACQ
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LOOP_SCAN:
CP_KEY:

SCAN_KEY:

RETURN:

g%ggaagwagwaag%@%@%gwggggsgsg

:
;

i

3

HL,MSG_SYS
REP
HL,MSG_DONE
CLR_LCD
SHOW
SCAN_KEY
01H
ZHR_SHOW
02H
Z,TIME_SHOW
03H
Z,TIME_SET
04H
ZDATE_SET
05H
ZHR_MSR
06H
ZUPL_DATA
07H

ZHELP
LOOP_SCAN
SCAN

OFFH

K_RELEASE
C,SCAN_KEY

y==—s————Sub Routine Service 1-G————mmaamen

;Sub 1 Heart Rate Show

;Compare Key No
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HR_SHOW: LD HL,MSG_F1
CLR_LCD
SHOW

B,2

*

CEEUCREEEEVECER

DSEC
HL.MSG_HR
CLR_LCD
SHOW
CNVRT
SCAN_KEY

0AH

CV_AG:

NZCV_AG
HLMSG_EXIT
CLR_1CD

;Sub 2 Time & Date Show
TIME_SHOW: LD HL.MSG_F2
CLR_LCD
SHOW
HLMSG_TI
CLR_LCD
SHOW
READ_TI

SHOW_REP1:

TIME_SH:
B,100

DMSEC
SCAN_KEY
0CH
ZDATE_SHOW

CHK_EXT1:

0AH
NZ,SHOW_REP1
MAIN

TANOREEREREE]

DATE_SHOW:
SHOW_REP2: LD HLMSG_DATE
CALL CLR_LCD

;Delay Display
;Screen

;Check Exit
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DATE_SH:

CHK_EXT2:

;Sub 3 Time Set
TIME_SET:

AGAIN:

HAPR:

w?

55EGEEGEEEEE‘?’gEG‘?@%%E«EEE

TReragEEEg

SHOW
READ_DATE
B,100

DMSEC
SCAN_KEY
O0CH
Z,TIME_SHOW
0AH

NZ,SHOW_REP2

MAIN

HL,MSG_TSET
CLR_LCD
SHOW
SCAN_KEY

ZT_SET
0AH
NZ,AGAIN
HLMSG_EXIT
CLR_LCD
REP

MAIN

HL,MSG_HOUR

IY,SETADR
CLR_LCD
SHOW
ay+0,12
IY+5),23
SET_TIME
A,(IY+0)
(CBUR),A
A,(CBUF+2)
IY+1,A
IY+0),30

1

;Delay Display
;Screen

;Check Exit

;Hour Set
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AY+5),59
HL,MSG_MINU ;Minute Set
CLR_LCD

SHOW

SET_TIME ,
A,IY+0)

(CBUFA

A,(CBUF+2)

IY+2)A

(IY+0),30

(IY+5),59 .
HL,MSG_SEC ;Second Set
CLR_LCD

SECOND:

SHOW
SET_TIME
A,(IY+0)
(CBURA
A,(CBUF+2)
dY+3),A
SEING

%EESEEEEEEEEEEGEEEEEE

TIME_SHOW
SET_TIME:
DIS_VAL: D,8 ;Display Set
DA

LCDHEX

INP_VAL: SCAN_KEY

08 ;Inc Key
ZJINCR_VAL

09 ;Dec Key

ZDECR_VAL

0CH :Enter key

%E’]Q%Q%Q"?QEESE

EXIT_TL: CALL SCAN_KEY :Chezk Set?
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INCR_VAL:

DECR_VAL:

SETING:

;Sub 4 Date Set
DATE_SET:

CP  OCH
RET

LD A(IY+5)
CP  (IY+0)
RET

LD  AOFFH
CP  (IY+0)
RET

LD  (IY+0),0
P DIS_VAL
LD A,dY+5)
LD IY+0),A
P DIS_VAL
INC  (IY+0)
CALL CHK_MAX
P C,SET_MIN
CALL EXIT_TI
RET Z

P DIS_VAL
DEC  (IY+0)
CALL CHK_MIN
P ZSET_MAX
CALL EXIT_TI
RET Z

P DIS_VAL
LD  B(Y+l)
LD  CaY+2)
LD  DQY+3)
CALL WR_TIME
LD  HLMSG_SETI
CALL CLR_LCD
CALL REP

RET

LD < HI3MSG_DSET

;Check Max

;Check Min

;Get Min

;Get Max

;Inc Value

;Dec Value

;Set Time
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AGAIN1:

D_SET:

DATE:

MONTH:

5555666 R 266656565656 28668866988699%08¢¢

CLR_LCD

SHOW ° o
SCAN_KEY

ZD_SET
0AH
NZ,AGAIN1
HI.MSG_EXIT
CLR_LCD
REP
MAIN
HLMSG_DTE
IY,SETADR
CLR_LCD
SHOW
IY+0),15
IY+5),31
SET_DATE
A,JY+0)
(CBUR),A
A,(CBUF+2)
dIY+D,A
IY+0),6
IY+5),12
HLMSG_MNT
CLR_LCD
SHOW
SET_DATE
A,qY+0)
(CBUB,A
A,(CBUF+2)
dY+2),A
(IY+0),50
IY+5),99
HLMSG_YAR

CALL CLR_ICD

;Date Set

;Month Set

;Year Set
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SHOW
SET_DATE
A,(IY+0)
(CBUF),A
A,(CBUF+2)
IY+3),A
SEING1

‘?EEEEEEE

DATE_SHOW
SET_DATE:
DIS_VALL: D,8 ;Display Set
GOTO_ADR

A,IY+0)

(CBUR),A

HTOD

A,(CBUF+2)

DA

LCDHEX

SCAN_KEY ;Scan Input
08 ;Inc Key
ZINCR_VALL1

INP_VALL:

ZDECR_VALLI

g%

0CH ;Enter key
z

gfafag%fa%faggesgssgs

CHK_MAX1: LD A,(IY+5) ;Check Max

A,0FFH ;Check Min

IY+0),0 iGet Min
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INCR_VALL:

DECR_VALL:

SETNG1:

EXIT_TII:

S|

INC

DEC

AR R LA\

dY+0),A
DIS_VAL1
IY+0)
CHK_MAX1
C,SET_MIN1
EXIT_TI1

z
DIS_VAL1
dy+0)
CHK_MIN1
Z,SET_MAX1
EXIT_TI1

z
DIS_VALI
B,dIY+1)
C,(IY+2)
D,(IY+3)
WR_DATE

HL,MSG_SETIl

CLR_LCD
REP

SCAN_KEY

;Sub 5 Heart Rate Measurement

HR_MSR:

T_SEL:

EEEEEEEEE

HLMSG_F5
CLR_LCD
REP
HILMSG_SEL
IY,SETADR
CLR_LCD
SHOW
IY+0),1
ay+s),s

;Get Max

;Inc Value

;Dec Value

;Set Date

;Check Set?
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SET_MODE ;Date Set
A,(IY+0)

dY+1),A

(CBUR,A

A,(CBUF+2)

SETNG2

SET_MODE:
DIS_VAL2: D,11 ;Display Set
GOTO_ADR

A,(IY+0)

(CBUB),A

HTOD

A,(CBUF+2)

DA

LCDHEX

SCAN_KEY ;Scan Input
08 ;Inc Key
ZJINCR_VAL2

(1Y ;Dec Key
Z,DECR_VAL2

0AH

ZMAIN

0CH ;Enter key

z

INP_VAL2

A,(IY+5) ;Check Max
IY+0)

INP_VAL2:

AQFFH ;Check Min
IY+0)

8
:
%5595595%59%@%9%%Egsegssgs 2EEEE

@QY+O5t T GerMir—-
DIS_VAL2

A,dY+5)

@Y-+0),A ;Get Max
DIS_VAIL2

4
:
N BB
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INCR_VAL2r

DECR_VAL2:

SETNG2:

LP_CHK:

T_OK:

EXIT_TI2:

ST_MSR:

WAITS:

INC (IY+0) ;Inc Value
CALL CHK_MAX?
P C,SET_MIN2

CALL EXIT_TR2

RET Z

JP DIS_VAL2

DEC TY+0) ;Dec Value

CALL CHK_MIN2
P ZSET_MAX2
CALL EXIT_TI2
RET Z

P DIS_VAL2

LD A,(IY+1)

‘LD B,A '
LD  HLTAB_SEL
DEC B
P ZT_OK
INC HL

LD A,(HL)

LD (TIME_MD),A

LD A,(CBUF+2)

LD (MEM_HR-3),A

P ST_MSR

CALL SCAN_KEY ;Check Set?
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BGN_MSR:

BGN_MSRI1:

HR_SV:

SV_REPO:

SV_REP:

il

EEEEESF’

2

EEEEEESEEEEEEBE%E%E%EEEE%E%E

NZ,WAITS
HLMSG_MSR
CLR_LCD
SHOW
HLMEM_HR
RD_DATE

(HL),B
HL),C
(HL),D

(PMN_HR),HL
RD_TIME

HL,(PMN_HR)
(HL),B

(HL),C
(HL),D
(PMN_HR),HL

DE,0
DE,1

(TEMP_ORD),DE

IY,TEMP_HR2
A,(TIME_MD)
(TEMP_IM),A
A0

(TEMP_CNT),A

Gl
AC
(DIVISOR),A

HL,TEMP_HR1

B,1

7
8

;Begin Date

;Begin Month

;Begin Year

;Begin Hour

;Begin Minute

;Begin Second

;Order Of HR

;Num Divided

;Delay 1 Sec
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SV_HRI:

WAIT_CVT:

READ_DAT:

SV_HR2:L.D

LD

our
NoP
Nop

NOP
Nop

56 %85

DEC

P
LD

A,00000001B
(I0-_PORTYS,A

A,00000011B
(IO_PORT2),A
A,(IO_PORT2)
4A
NZWAIT_CVT
A,00000010B
(I0_PORT2),A

A,00000011B
(IO_PORT2),A
A,(PORT2)
(HL),A

HL

C
NZSV_REP
SCAN_KEY
0AH
ZDISP_RATE
IX,TEMP_HR1

CALL FIND_AVG

569 EEZE66EGE

A(TEMP_1M)

B.A
A,(AVG_VAL)
dY+0),A
A,(TEMP_CNT)
A
(TEMP_CNT),A
B

ZHRSV

AB
(TEMP_1IM),A

;Check Terminate

;First Find AVG
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HRSV:

DISP_RATE:

&

INC

EGE‘E‘EEE’G

3

E 66

IY

¥ SV_REPO

IX,TEMP_HR2 :Second AVG

A,(TEMP_CNT)
(DIVISOR),A
FIND_AVG
HL,(PMN_HR)
BC,0
BC,(TEMP_ORD)
BC
(TEMP_ORD),BC

- A,(AVG_VAL)

(HL),A

HL
(PMN_HR),HL
., :

DEMEM_END

HL,DE

HL

ZDISP_RATE

(PMN_HR),HL

HR_SV

HL,(PMN_HR)

ANE ;End Code
HLA

HL

HL).A

HL

(HL)A

HL

A,OFFH ;End Block
HL)A

BC,0

BC,(TEMP_ORD)
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EC BC _
(MEM_HR-2),BC
HL,.MSG_COMPT
CLR_LCD

REP
SCAN_KEY
0CH
NZNO_CMP
HLMSG_HR
CLR_LCD
SHOW

CNVRT

v

NO_CMP:

SHOW_RATE:

TEEECTOEEEST

;Sub 6 Upload Data
UPL_DATA: HLMSG_F6
CLR_LCD
HL,MSG_DUPL
CLR_LCD
SHOW

WAIT6: SCAN_KEY

0AH

ZMAIN

OCH

NZ,WAIT6

HL MSG_CHKPC
CLR_LCD

SHOW
WT_CHKPC:

SCAN_KEY

0AH
Z,UPL_DATA
0CH
NZ,WT_CHKPC
HL.MSG_NOWUP
CALL CILR_LCD

sTevagpgErovaggpEge
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SEND_DAT:

WT_RST:

;Get Baud Rate

GBAUD:

GBAUDO:

GBAUDI:

GBAUD2:

MODE:

5 355G g
o

2 % 2

55 % g

25§62

POP

PUSH
CALL

BC
HL,T_BAUD
B4

A,(HL)

C
Z,GBAUDI1
HL

HL
GBAUDO

GBAUD2
A,(HL)
(BAUD),A
HL

A,(HL)

HL
(BAUDLY),A
A

BC

HL
GBAUD

;Send Data To Block

;Delay Baud Rate
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POP HL

LD AH
OR L
R NZMODEL1
DI
MODEI: LD (RS_USR),HL
RET
;Send To Block
TXBLOCK: LD A,HL)
cr OFFH
RET Z
CALL CONOUT
INC HL
JR TXBLOCK
RET
;3end To Reg
DSPC: PUSH DE
PUSH HL
CALL HTOA
CALL PCSBY
LD DE
CALL PCSBY
POP HL
POP DE
RET
;Hex To Ascii
HTOA: LD AC
CALL HEXASC
RET
;Output To console
CONOUT: PUSH HL
PUSH DE
PUSH BC
PUSH AF

:Send Block
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;Send One Bye
PCSBY:
PCSBY1:

PCSBYP:

PCSBY11:

POP
POP

POP

PUSH
POP
DEC

;Baud Rate Delay

PCSBYD:
PCSBYD1:

LD
DEC

JP

PCSBY

BC
DE

A0ACH
AF
AF

L

NZPCSBY1
A,00000000B
(SYSCTRL),A
PCSBYD
BC
B,
A
D
A
00000001B
(SYSCTRL),A
PCSBYD
PCSBYI11
BC
A,00000001B
(SYSCTRL),A
PCSBYD

A,(BAUDLY)
A

NZPCSBYD1

MAIN

;Delay dos up load

;Sart= H,Bit0 C=L

;8 BIT DATA LOOP

;PCO
;SERIAL OUT

:STOP BIT = LOW
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;Sub 6 Help

HELP: CALL CLR_ICD
LD HI,MSG_HELP
CALL REP
LD HL,MSG_PF1
CALL REP
LD HL,MSG_F1
CALL REP
LD HLMSG_PEF2
CALL REP
LD HL,MSG_F2
CALL REP
LD HL MSG_PF3
CALL REP
LD HL,MSG_F3
CALL REP
LD HL,MSG_PF4
CALL REP
LD HL,MSG_F4
CALL REP
LD HL,MSG_PF5
CALL REP

. LD HLMSG_F5

CALL REP
LD HL,MSG_PF6
CALL REP
LD HL MSG_F6
CALL REP
P MAIN

;Display Options

REP: CALL SHOW
CALL CUR_OFF
LD B,2
CALL DSEC

CALL CIR_LCD

A o’

LD B,1
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SHOW: CALL WR_LCD_MSG
CALL CUR_OFF
RET
. 3 X 4 MATRIX KEYBOARD————*
SCAN: ID  C,0PORTI
LD Lo
ID B4
ID D3
LD  E11111110B
LD  H,00000111B
SCAN_L: OUT (O
IN A,(IPORTY)
SRL A
SRL A
SRL A
SRL A
AND H
CP H
R NZSCAN_2
LD AL
ADD AD
LD LA
RIC E
DINZ SCAN_1
LD  HLK_PRESS
RES O,HL)
LD  AOFFH
SCAN_2: RET
K_RELEASE: LD HL,K_PRESS
BIT 0,(HL)
SCF
RET NZ

;Get Key No.

;Key Release
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SEIT O,HL)
CCF
RET
KEY_CODE: INC L ;Find Key
_RR A
JR CXKEY_CODE
LD AL
LD (KEYTMP),A ;Key No
RET
;————-FIND AVERAGE VALUE SUB-————*
FIND_AVG: PUSH AF
PUSH BC
PUSH DE
PUSH HL
LD H,0
LD D,0
LD A,(DIVISOR)
LD BA
LD L,(IX+0)
ADDER: NG X
DEC B
JP Z,ADDED
LD E,IX+0)
ADD HL,DE
P ADDER
ADDED: LD A,(DIVISOR)
LD EA
LD D,0
CALL DIVIDED ;Go Division
LD AL
LD (AVG_VAL)A
POP HL
POP DE
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POP

BC
POP AF
RET
: 16 BIT DIVISION SUB—————*
DIVIDED: LD AE ;DE Zero
OR D ;Or Not
JR NZ.DIV
LD HL,0
LD DH
1D EL
SCF
RET
DIV: LD CL
LD AH
LD HL,0
LD B,16
OR A
DVLOOP: RL C
RLA
RL L
RL H
PUSH HL
SBC HLDE
CCF
JR C,DROP
EX (SP),HL
DROP: INC SP
INC SP
DINZ DVLOOP
EX DE,HL
RL C
LD LC
RLA
LD HA
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OR A

READ 1 PULSE SUB

RD_PULSE:
RD_1:

RD_2:

RD_3:

PUSH AF

IN A,(IPORTA)
BIT 0A

R NZRD_1
IN A,(IPORTA)
BIT O0A

JR ZRD_2

IN A,(IPORTA)
BIT O0A

JR NZRD_3
POP  AF

RET

;Check 1 Pulse
;Check Low

;Check High

;Check Low

;1 Pulse Pass

;——ANALOG TO DIGITAL CONVERTER SUB—*

CNVRT:

CNVRTI1:

HL,TEMP_SHW

LD
LD G10
LD  A,00000001B
OUT  (IO_PORT2),A

LD A,00000011B
OUT  (IO_PORT2)A
IN A,(IO_PORT2)
BIT 4A

JR NZREAD

LD A,00000010B
OUT  (I0_PORT2),A
NOP

NOP

;Read Data
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IN_DAT:

CONVERT:

DISP1:

DISP2:

our

EEEE

PUSH
PUSH

EEBE

g

FEEEEEEREEE 3

A,00000011B
(IO_PORT2),A
A,(IPORT2)
B,30

DMSEC
(HL).A

HL

C

NZ,CNVRT1
A,(DIVISOR)
AF

X

A10
(DIVISOR),A
IX,TEMP_SHW
FIND_AVG

X

AF
(DIVISOR),A
A,(AVG_VAL)
(CBUR,A ;Hex to Dec
HTOD
A,(CBUF+3)
DA

DISP1 ;Dec Value
A,(CBUF+2)
DA

DISP2

DE

D,6
GOTO_ADR
DE
LCDHEX

DE

o
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D38

CALL GOTO_ADR

POP DE
CALL LCDHEX
RET

>

j——————-REAL TIME CLOCK SUB

]

;TIME
READ_TI;

DISPLY1:

DISPLY?2:

DISPLY3:

;DATE
READ_DATE:

DISPLAY1:

PUSH

RD_TIME

D,B
DE " ;Display Time
D5
GOTO_ADR
DE
LCDHEX
DC
DE
D3
GOTO_ADR
DE
LCDHEX
DL
DE
D,11
GOTO_ADR
DE
LCDHEX

RD_DATE

DB
DE ;Display Date
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DISPLAY2:

DISPLAY3:

; Write Port RTC

WR_RTC:

;Set RTC
WR_TIME:

POP

1D
PUSH

58386

PUSH

CALL
POP

PUSH
PUSH

PUSH
PUSH
PUSH

25 g6

D5
GOTO_ADR
DE
LCDHEX
D,C

DE

D3
GOTO_ADR
DE
LCDHEX
DL

DE

D,11
GOTO_ADR
DE
LCDHEX

BC
HEX_BCD
©).B

©O.A
BC

AF

BC

HL
A,00000111B
(CREG_F),A
LC
CHOURI
WR_RTC

;HIGH

;24,STOP RES

;HOUR
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;Write Date
WR_DATE:

;Read Port RTC

RD_RTC:

258 EEEEE

P
P

5333

PUSH
SH

g6 3

EEEEEEEEEE

o

§ & g

PUSH

C,MIN1
B.L
WR_RTC
C,SEC1

BD
WR_RTC
A,00000100B
(CREG_HA

BC

AF

BC

HL
A,00000111B
(CREG_B,A
LC
C,DATE1
WR_RTC
CMONT1
BL
WR_RTC
CYEARI
B,D
WR_RTC
A,00000100B
(CREG_F),A
HL

BC

AF

BC

;24,STOP,RES

;DATE

;MONTH

;YEAR

;HIGH
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;Read time
RD_TIME:

;Read Date
RD_DATE:

BEEEEEEGGEE

5 Bz B

588

SH

d g

SH

EEEEE

B,(©)

OFH
BA

AQ)

OFH

CA
BCD_HEX
BC

C,HOUR1

RD_RTC

HA ;HOUR
CMIN1

RD_RTC

C,SEC1
RD_RTC
DA ;SEC

C,DATEL
RD_RTC

HA ;DATE
C,MONT1

RD_RIC
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LD LA ;MONTH
LD ~C\YEARI
CAIL RD_RTC
LD DA ;YEAR
LD CL ;MONTH
LD BH ;DATE
POP HL
POP AF
RET
;Get RTC Interrupt
GET_IRTC: LD A3
OUT (CREG_F,A
LD A,02H
SLA A
SLA A
ourT (CREG_E),A
LD A4
OUT (CREG_F),A
RET
;Clear Interrupt RTC
CLRIRIC  IN  A(CREG_E)
SEIT © 0,A
OUT (CREG_E),A
RET
; LCD GROUP PROGRAM *
sInitialize LCD Module
INIT_LCD: PUSH DE
LD D,38H ;Reset code
CALL LCDCMD ;Out command
LD D,0FH ;Disp on & blink
CALL LCDCMD
LD D,6 ;Cursor move ->
CALL LCDCMD
CALL. CLR_LCD ;HOME
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POP DE

RET
;Out LCD Command
LCDCMD: PUSH AF
CALL READY
LD AD
OUT (CMD_POTW)A
CALL READY
POP  AF
RET
;Wait For LCD
READY: PUSH AF
RDYI: IN A,(CMD_POTR)
BIT T.A
JR NZRDY1
POP AF
RET
;Goto LCD Address
GOTO_ADR: PUSH AF
LD AD
CcpP 16
RET NC
BIT 3A
R Z,GOTO_A1
RES 3D
SEIT 6D
GOTO_AL: SEIT 7D
CALL LCDCMD
POP AF
RET
;Write IﬁD
WRLCD: PUSH AF
PUSH DE
CALLL READY
LD AD

OUT (DAT_POTW),A

;Save reg

;Wait for LCD

;Save reg

;Check for wait

;Wait

;Write character
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;Write Block
WR_LCD_MSG:

WR_MSGO:

WR_MSG1:

;Read Cursor

;Clear LCD
CLR_LCD:

READY ;to LCD

DE

DE
A(HL)

Z,WR_MSG1
DA
WRLCD
RDCUR

8

DA
Z,GOTO_ADR
HL
WR_MSGO
DE

AF

A,(CMD_POTR)

T.A

6,A

6.A

3A

DE ;Clear LCD

D,1

DE
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;Write Hex To LCD

LCDHEX: PUSH
PUSH
LD
CALL

DE ;Off Cursor

D,00001100B

LCDCMD

DE

DE

AD
HEXASC

D.E

DE

CONVERT CODE—~~—————*

;Binary To Ascii
HEXASC: PUSH

HEXAL: AND

HEXAI1
DA

OFH
A90H

A40H

EA
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;Hex To BCD

HEX_BCD: LD

PUSH

" POP

;BCD To Hex
BCD_HEX:

;Hex To Decimal

HTOD:

HTOD1:

HTOD2:

HTOD3:

SRL
SRL
SRL

SLA
SLA
SLA

OR

XOR

DEC

DINZ

INC

> 56 %R

DAA

o

>>>>g§§§§

O>Z>>I>g

HL,CBUF+5

;Low byte

;High byte
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LD (HL).A

INC HL
DINZ HTOD3
DEC C
JR NZ HTOD2
RET
; DELAY TIME
;Delay In Second
DSEC: PUSH HL
PUSH AF
DSEC1: LD HI,58823
DSEC2: PUSH HL
POP HL
PUSH -HL
POP HL
DEC HL
LD AH
OR L
JR NZ.DSEC2
DINZ DSEC1
POP AF
POP HL
RET
;Delay In Millisecond
DMSEC: PUSH HL
PUSH DE
PUSH AF
PUSH BC
DMSO0: LD HL,99
DMS1: LD DE,0
NoP
DEC HL
LD AH

OR L
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NOP
NOP
NOP

DINZ

POP

POP
POP

NZ,DMS1

DE,0
DMS0
BC

DE

’

;—————Get Message For LCD Display——-———-

£ 3

MSG_PFI:
MSG_PF2:
MSG_PF3:
MSG_PF4:
MSG_PF5:
MSG_PF6:
MSG_PRES:
MSG_F1:
MSG_F2:
MSG_F3:
MSG_F4:
MSG_Fs:
MSG_Fé:
MSG_HR:
MSG_TI:
MSG_DATE:
MSG_HOUR:
MSG_MINU:
MSG_SEC:
MSG_DTE:
MSG_MNT:
MSG_YAR:

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

N

"PRESS 1 FOR",00H
"PRESS 2 FOR",00H
"PRESS 3 FOR",00H
"PRESS 4 FOR",00H
"PRESS 5 FOR",00H
"PRESS 6 FOR",00H
"PRESS (1-6)",00H

"HEART-RATE-SHOW",00H
"TIME&DATE-SHOW™ ,00H ~

"—TIME SET—",00H
"——DATE SET-—--",00H

"—HR MEASURE—--",00H

"—UPLOAD DATA-",00H

"HR = BPM ",00H

"TIME : : ",00H
"DATE : : ",00H
"HOUR:",00H
"MINUTE:",00H
"SECOND:",00H
"DATE:",00H
"MONTH:",00H
"YEAR:",00H
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MSG_SEL:
MSG_HRYV:
MSG_VAR:
MSG_ACQ:
MSG_SYS:
MSG_DONE:
MSG_TSET:
MSG_DSET:
MSG_DUPL:
MSG_YESI:
MSG_YES2:
MSG_SETL:
MSG_SETII:
MSG_HELP:
MSG_EXIT:
MSG_START:
MSG_MSR:
MSG_NOWUP:
MSG_NOW:
MSG_COMPT:
MSG_UPCOM:
MSG_CHKPC:
TAB_SEL:
T_BAUD:

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

“TIMEMODE: ",00H

"

"

"

n

"

[

HEART RATE ",00H
VARIABILITY ",00H
ACQUISITION ",00H
SYSTEM ", 00H
PRESS KEY 1-6 !",00H
TIME SET ? ",00H
DATE SET ? ",00H
DATA UPLOAD ? ",00H
PRESS ENTER ",00H
FOR DONE ",00H

"NOW TIME SETTING",00H

"NOW DATE SETTING",00H

"

HELP ! ",00H

NOW EXIT ! ",00H
START MEASURE ?",00H
NOW MEASURING !",00H
NOW UPLOAD ! ",00H
NOW SAVING ! ",00H

"—COMPLETE-—-",00H

L,

UPLOAD COMPLETE",00H

PCRUN OK ? ",00H
5,10,30,60

12H,40,24H,32,48H,26,96H,
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VERSION 4.00 .
Sub Comm_Close()

SePort.PortOpen = False Default Port
End Sub -
Sub Comm_Open()

' Set Port Property
‘Baud Rate=9600 BPS,None Parity
'8 Data Bits,1 Stop Bit,Com2
SePort.CommPort = 2
SePort.Settings = "9600,N,8,1"
SePort.InputLen = 0
" Open the port.
SePort.PortOpen = True
* Set Count
SePort.InBufferCount = 0
End Sub

Private Sub Poll_Comm()
Dim I As Integer, h As Integer
LetI=1 Data Order
Leth=1 ‘'Head files Order
On Error Resume Next
'Get Common Dialog to Save File Action
CMDijalog2.Action = 1
Fls$ = (?MDialogZﬁlenmne
If FIs$ = Empty Then
Labell.Caption =" Now Busies "
Exit Sub
Else
Labell.Caption ="  Now Wait Data"
End If
'Open file For Save File
Open Fls$ For Output As #1
Do
Dummy = DoEvents()
If SePort.InBufferCount Then
instring$ = instring$ + SePort.Input
If InStr(instring$, "###") Then
Exit Do
End If
Eod If

‘Save To File In Mcmou'y
End Sub -
Private Sub Save_To_File(buffer$, 1%, h%)
Dim Cnt%, b%, temp%
'Read Data From Buffer
For Cnt = 1 To Len(buffer)

temp = Cnt

C$= Mid$(buffer, Cnt, 1)Textl.Text = buffer

If C$ = "#" Then
temp = Cnt
Cnt = Cnt + 1
C$ = Mid$(buffer, Cnt, 1)
If C$ = "#" Then
temp = Cnt
Cnt=Cnt+1
C$ = Mid$(buffer; Cnt, 1)
If C$ = "#" Then

Labell.Caption =" Download Complet

Close #1
GoTo DatStop
End If
End If
End If
Cnt = temp
b= Val(Asc(C$))
IfI=10Then  'Check Head Order
GoTo NewOrd
End If
Write #1, St$(I), b Write Head To File
Val (I)
I=I+1
GoTo BgnRd
NewOrd:

Write #1, Str$(h), b "Write Data to file

h=h+1
BgnRd:
- Next Cut
DatStop:
End Sub

Private Sub Download el
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' Warnning-Message!
Msgstr$ = "Before download you must connect wire
beetween PC and SYSTEM "
“ "Options = 0
Title$ = "Warning..."
Response = MsgBox(Msgstr$, Options + 48, Title$)
Select Case Response
Case 1
GoTo Downjoad
End Select
Download:
Comm_Open '‘Open Com Port
Poll_Comm "Process Data

Comm_Close 'Close Com Port

Dwncomm. Visible = False

Download.Enabled = True

If At;toGraph.Value =1Then 'Check Auto Graph
AutoGraph.Value = 0

hrvplt.Show
Else
Menu.Show
End If
Labell.Caption = " STATUS"
End Sub

*

Private Sub Extdown_Click()
Fls$ = Empty Let Empty File
AutoGraph.Value = False
Download.Enabled = True

Labe}1.Caption = " STATUS"
Menu.Show
Dwncomm. Visible = False

End Sub

Private Sub Form_Load()

Fis$ = Empty

‘Get Format expand

CMDialog.ZFi;i'iér = "Text Files(*.txt)I*.txt"
End Sub

Dvncomm. Width = 7605
If WindowState = 0 Then
Move (Screen.Width - Dwncomm. Width) / 2,
(Screen Height - Dwncomm.Height) / 2
End ¥
End SubPrivate Sub dwnload_Click()
Dwncomm.Show
End Sub

Private Sub Exprog_Click()
End
Menu.Visible = False

End Sub

Private Sub Form_Load()
'Gét File Expansion ‘
CMDialog2.Filter = "Text Fxls("‘.nct)l*.u(tl"l
End Sub

Private Sub Form_Resize()
Menu.Height = 8235
Menu. Width = 7905
If WindowState = 0 Then

(Screen.Height - Menu.Height) / 2
End If
End Sub

Private Sub hrvplot_Click()
On Error Resume Next
hrvplt.Show
End Sub
"Declaration Variable
Dim maxHR!, numHR%, Div%, b%, LpChk%
Dim DateVal$, MonthVal$, YearVal$
Dim HourVal$, MinuteVal$, SecondVal$
Dim BgnHr%, EndHr%, Numhrl1%, ChkHR %
Dim slight1%, slight2%, slight3%
Dim Minuteltv%, MinuteAcp%, TempM%
Dim Hourltv%, HourAcp%, TcmPH%

Private Sub Form Resize()

Dim CntDate$. CntMonth$, CntYear$

Move (Screen.Width - Menu. Width) ,
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Dim CntMode$, CntHRLS$, CntHRHS$
_ Dim HRHS, HRLS$, CountHRS$, Order$
Option Explicit

Private Sub Display_Graph()
Dim hrv As String
Let hrv = "HEART RATE VARIABILITY"

"Plot Heart Rate Variability Graph
pCls
Call Read_numHR Find Number Of Heart
Rate
On Error Resume Next
On Error GoTo ED
ReDim Tm(1 To numHR) As String
ReDim Hr(1 To numHR) As Single .
Call ReadData(Tm(), Hr()) ~ Read Heart Rate data
ChkHR = numHR .
slight.Max = numHR
If numHR <> Numbr]l Then
numHR = Numhrl
End If
If ChkHR > 30 Then
slight.Enabled = True
slight. Top = 7600
slight Min = 300

slight.LargeChange = 300
slight.SmallChange = 300
End If
p-MousePointer = 11
Draw Grid And Title
Display_grid hrv, numHR, Tm(), Div, maxHR
b=1
‘Draw Line
Display_Lines numHR, Hr(), maxHR
p-MousePointer = 0
GoTo ED

ED:
1 R

End Sub

Private Sub Display_grid(Title$, Nheart%, Times() As
String, Ndivid%. Maxvalue!)

Dim Tm$, Hr$, Yvalue!, Value$, Xvalue!
Dim HourBgn%, MinuteBgn%, numHRtmp%
Draw x-axis,y-axis
‘Draw grid, Title
Tm$ = "TIME (SECONDS)"

Hr$ = "HEART RATE (BPM)"

p.Scale (-15, 120)~(110, -15)

p.CurrentX = (100 - p.TextWidth(Title)) / 2
p-.CurrentY = 120 + p.TextHeight(Title)
p.ForeColor = QBColor(12)

p.Print Title ' print graph title

p-ForeColor = &HCOCOCO

p-CurrentX = (3 - p.TextWidl!l(Hrs)) /2

p-CurrentY = 115 + p.TextHeight(Hr$)

p.PriPt "HEART RATE (BPM)"

Itvtime.Caption ="  Time Scale x " + Str$(Val
(ModeVal))

Draw Time And Date

p-CurrentX = 25

p.CurrentY = 105

p-Print "Save at ";

p.Print " Date "; Hex$(DateVal); ":"; Hex$(MonthV
":"; Hex$(YearVal),

p-Print " Time "; Hex$(HourVal); ":"; Hex$(Minute?

1":"; Hex$(SecondVai)

p.CurrentX = (100 - p.TextWidth(Tm$)) / 2
p-CurrentY = -2 + p.TextHeight(Tm$)
p.Print Tm$
*p.ForeColor = &HCOC0CO
p.CurrentX = -1
p.CurrentY = -2
p.Print "0"
p-Line (0, 0)-(0, 100)
p.Line (0, 0)-(100, 0)
Draw HR Title
For I = 1 To Ndivid
p.DrawStyle = 0
Yvalue = 100# * I / Ndivid

' draw x-axis

' draw y-axis

' draw grid lines

p.Line (-1, Yvalue)-(0, Yvalue) ' y-axis tick marks

p.DrawStyle = 2
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pLine (0, Yvalue)-(100, Yvalue)

' y-axis grid dashed

grid lines

Value$ = Format$§(Maxvalue * I / Ndivid, "###0.4#")

. R.CurrentX = -3 - p.TextWidth(Value$) ' right jiistify text

p.CurrentY = Yvalue - p.TextHeight(Value$) /2 ' center
veritcally
pPrint Value$;
Next I

' y-axis values

'Check number of HR
BgnHr = Nheart - 250
EndHr = 50
BgnHrl = BgnHr - 49
Draw Time Title
Leta=50
For I = BgnHr To Nheart Step EndHr ' Print Time
Description
p.DrawStyle = 0
Xvalue = 100 * a / 300
p.Line (Xvalue, -1)-(Xvalue, 2)
p.CurrentY = -2
p-CurrentX = Xvalue - p.TextWidth(Times(I)) / 2
p-Print Times(I)
p-DrawStyle = 2
p-Line (Xvalue, 0)-(Xvalue, 100)
p-DrawStyle = 0

'x-axis grid

a=a+50
Next I
End Sub

Sub Read_numHR()

Dim Ord As Integer, Fst As Integer
Dim Snd As Integer, Trd As Integer
Dim HrCvt As Integer
On Ermor Resume Next

) Open Fis$ For Input As #1

Read Head Of File

Input #1, Order, CntMode  Mode
Input #1, Order, CntHRL "Number HR Low
Input #1, Order, CttHRH  'Number HR High
Input #1, Order, CntDate  Date
Input #1. Order. CntMonth  ‘Month

‘Open File

' x-axis tick marks

Input #1, Order, CntHour  Hour
Input #1, Order, CotMinute 'Minute
Input #1, Order, CntSecond ‘'Second

‘Store To Variable ~ a+
ModeVal = CntMode
DateVal = CntDate
MonthVal = CntMonth
YearVal = CntYear
HourVal = CntHour
MinuteVal = CatMinute
SecondVal = CntSecond
"‘Convert To Decimal
HRH = Hex$(CntHRH)
HRL = Hex$(CntHRL)
CountHR = HRH + HRL
Fst = Val(HRE)
Snd = Val(Left$(HRL, 1))
Trd = Val(Mid$(HRL, 2))
HrCvt = (Fst * 256) + (Snd * 16) + (Trd * 1)

numHR = HrCvt Number Of HR
Close #1 'Close File
End Sub

Sub ReadData(Tm() As String, Hr() As Single)
Read Data From file
Dim n%, tmp$, tmp_num%, maxHR 1%, Div1%, Ntm
Let maxHR = 0
Open Fls$ For Input As #1
For Ntmp=1To 9
Input #1, tmp, tmp_num Read no
Operate
Next Ntmp
For n = 1 To numHR
Input #1, Tm(n), Hr(n)
Val (Hr(n))
If Hr(n) > maxHR Then  'Find HR Max
Let maxHR = Hr(n)

Read to Variable

) Eﬂd If e

Nextn

Close #1

If maxHR >= 30 Then Find Range Title
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Let Divl = 5

End If -

If maxHR >= maxHR1 Then
Let maxHR1 =100
Let Divl = 10

End If

If maxHR >= maxHR1 Then
Let maxHR1 = 120
Let Divl = 10

End If

If maxHR >= maxHR1 Then
Let maxHR1 = 180
Let Divl =9

End If

maxHR = maxHR1

Div = Divi

End Sub

Private Sub Display_Lines(Nheart%, Values() As Single,
Maximum!)
Dim Cat As Integer, PreviousX As Double, PreviousY
As Double
Dim NewX As Double, NewY As Double
Draw Line
p-ForeColor = &HFFFF00
p.FillStyle = 0
p.DrawWidth = 1
PreviousX = 100 / 300
PreviousY = Values(BgnHr - 49) * 100 / Maximum
For Cat = BgnHr - 48 To Nheart
NewX = PreviousX + 100 / 300
NewY = Values(Cat) * 100 / Maximum
p.DrawWidth = 1.5
p.Line (PreviousX, PreviousY)-(NewX, NewY),
QBColor(14)
p.CurrentX = PreviousX
p-CurrentY = PreviousY
p-DrawWidth = 1.5
‘p-PSet (PreviousX, PreviousY)
PreviousX = NewX
PreviousY = NewY

p-CurrentX = PreviousX
“p.CurrentY = PreviousY
pDrawWidth = 1.5
'p.PSet (PreviousX, PreviousY)
p.DrawWidth = 1
p-ForeColor = &HCOCOCO
End Sub

Private Sub Clear_Click()
pCls
End Sub

Private Sub Auto_Click()
Timerl.Enabled = True
slight Enabled = False

End Sub

Private Sub Cir_Click()
slight.Enabled = False
Fls$ = Empty
Itvtime.Caption = Empty
p.Cls

End Sub

Private Sub Continue_Click()
"Timer Enable
Timer1.Enabled = True

End Sub

Private Sub Exit_Click()
p.Cls
Fls$ = Empty
slight Enabled = False
Menu.Show
hrvplt.Visible = False
End Sub

*1""Private Sub Fast_Click()

'Set Time Interval
Timerl.Interval = 100

End Sub
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Private Sub Form_Load()

Let LpChk = 0
'Set Location Of Slight
Sit_Name.Width = 4335
Sit_Name.Top = 7300
Slt_Name.Left = 1440
'Set Location Of Timer
Itvtime.Top = 7300
Itvtime.Left = 7000
Ttvtime.Width = 3500
slight.Top = 7600
slight.Left = 1440
slight.Min = 300
slight.Value = 300
slight Enabled = False
"Defauit Number Of Heart Rate -
Numbrl = 300 _ -
CMDialog?2.Filter = "Text File(*.txt)l*.txtl"
hrvplt.Height = 9030
hrvplt. Width = 12060
'Set Window To Didle
If WindowState = 0 Then
Move (Screen.Width - hrvplt. Width) / 2,
(Screen.Height - hrvplt.Height) / 2
End If
End Subr

Private Sub Form_Resize()

hrvplt.Height = 9030
hrvplt. Width = 12060
p.Cls
p.Left = 0.025 * hrvplt.ScaleWidth
p.Width = 0.95 * hrvplt.ScaleWidth
p-Top = 0.03 * hrvpit.ScaleHeight
p.Height = 0.8 * hrvplt.ScaleHeight
hrvplt.Cls
p.Cls
hrvplt.FontSizé* tirvplt.Width / 100

End Sub

Timer1.Enabled = False
End Sub

Private Sub Normal_Click()
'Set Time Interval For Normal
Timerl Interval = 1000

End Sub

Private Sub Opfile_Click()
On Error Resume Next
LpChk =0
Numbhrl = 300
CMDialog2.Action = 1
Fls$ = CMDialog2 filename
If Fis$ = Empty Then
" Slight Enabled = False
Exit Sub
End If
hrvplt.Caption = " Open:
slight. Enabled = True
'Goto Display Graph
Display_Graph
End Sub

Private Sub Pause_P_Click()
"Pause Timer
Timerl.Enabled = False

End Sub

Private Sub Plot_Click()
On Error Resume Next
If Fls$ = Empty Then
slight.Enabled = False
Exit Sub
End ¥
slight Enabled = True
Display_Graph
End Sub

Private Sub Pm_Click()

Private Sub Manual Click()

Print Picture Box To Printer

" 4+ CMDialog2.FileTitle

v TR
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pHeight = 6735 .
p.Width = 10095
p-Move (hrvplt.Width - p.Width) / 0.85, (hrvplt.Height -

I

p.Height) / 1.35
p-BackColor = &HFFFFFF
p-ForeColor = &HO0&
Display_Graph
p-ScaleWidth = 690
p-ScaleHeight = 460
p-ScaleLeft = 0
p-ScaleTop = 0
On Error GoTo CancelPressed:
'Get Common Dialog To Printer Action
CMDialogl.Flags = PD_NOPAGENUMS Or
PD_HIDEPRINTTOFILE
CMDialogl.Action = DLG_PRINT
Read Pixel Of Color
ReDim cpix&(0 To p.ScaleWidth - 1)
Dim XRdé&, YRd&, ScrX!, ScrY!
Dim PixX&, PixY&, PelX!, PelY!
PixX& = p.ScaleWidth
PixY& = p.ScaleHeight
SerX! = Screen. TwipsPerPixelX
ScrY! = Screen. TwipsPerPixel Y
For-YRd& = 0 To PixY& - 1
PelY! = p.Top + (YRd& * ScrY!)
For XRd& = 0 To PixX& - 1
PelX! = p.Left + (XRd& * ScrX!)
cpix&(XRd&) = p.Point(XRd&, YRdA&)
"Send To Printer
Printer.Line (PelX!, PelY!)-Step(ScrX!,
SerY?), cpix&XRd&), BF
Next XRd&
Next YRd&
'End Document
Printer.EndDoc
CancelPressed:
hrvplt.BackColor = &H800000
p-BackColor = &HO0&
pCls

p.Top = 0.03 * hrvplt.ScaleHcigh-t A
p-Height = 0.94 * hrvplt.SéaleHeight
hrvplt.Cls

p.Cls

hrvpit FontSize = hrvplt.Width / 100
Display_Graph

Exit Sub

End Sub

Private Sub PrnSet_Click()

On Error Resume Next

'Get Common Dialog To Printer Action
CMDialogl.Flags = PD_PRINTSETUP
CMDialogl.Action = DLG_PRINT
End Sub

Private Sub slight_Change()
Numhrl = slight.Value
Display_Graph

End Sub

Private Sub slight_Scroll()
Numhrl = slight.Value
Display_Graph

End Sub

Private Sub Slowly_Click()
'Set Time Interval For Slowly
Timerl.Interval = 2000

End Sub

Private Sub Timerl_Timer()

‘Set Auto Graph

slight.Enabled = Faise

If ChkHR <= 30 Then
Timerl.Enabled = False
Exit Sub

End If

If Numbrl = ChkHR Then

p.Left = 0.025 * hrvolt.ScaleWidth

Numbrl = ChkHR
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slight Enabled = True
Exit Sub

End If

Numbrl = Numbhrl + 1

Display_Graph

End Sub

Attribute VB_Name = "Modulel"
‘Setting CMDialogs Action a print dialog
Global Const DLG_PRINT = 5
‘Printer Dialog Flags
Global Const PD_ALLPAGES = &H0&
Global Const PD_SELECTION = &H1&
Global Const PD_PAGENUMS = &H2&
Global Const PD_NOSELECTION = &HA&
Global Const PD_NOPAGENUMS = &H8&
Global Const PD_COLLATE = &H10&
Global Const PD_PRINTTOFILE = &H20&
Global Const PD_PRINTSETUP = &H40&
Global Co:st PD_NOWARNING = &H80&
Global Const PD_RETURNDC = &H100&
Global Const PD_RETURNIC = &H200&
Global Const PD_RETURNDEFAULT = &H400&
Global Const PD_SHOWHELP = &HS00&
Global Const PD_USEDEVMODECOPIES = &H40000
Global Const PD;DISX?BLEPRNITOF]LE = &H80000
Global Const PD_HIDEPRINTTOFILE = &H100000
‘Global Variable
Global Fls As String
Global ModeVal As String

A
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