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Gluco Meter

Nattavut Kaiyocorawong
Teerayuth Tephruksa

Bradipat Chuorn

” Khanittha Saetung Advicer
1988 .
Abétract #

This thesis is composed from Gluco Meter. It's
used for measure the glucose levels in.blood. In this
method must use the dextrostix. It's color will
change by the glucose levels . The measuring s

measure the intensity. of the reflectance that be
filtered only suitable frequency for each +type of
dextrostix. Photo diode is the photo detector. After
passing the Integretor and the Comparator curcuit, the
result is converted io be pulse. Pulse width should
be wvarying on the glqcoée values. All of the
processes are Controlled,by the microprocessor Z-80.
ﬁor the other types of dextrostix, the.wabelength of
t he light source should be change by changing the
filter and change EPROM jn‘the processing unit for the

new monitor program,
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PUSH
LD
LD
LD
LD
PUSH
LD
CALL
DJNZ
POP
DJNZ
INC
DEC
POP
RR
LD
JRC
JR
LD
PUSH
LD
LD
POP

I1X,0UTBF
HL,COL.1!
DE,COL.2
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PUSH BC
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LD A, 34H

OUT  (93H),A
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OUT  (91H),A

LD A,ON

OUT  (91H),A

o a o pd (
U LUINTTBULNOTUN
El



t

24

' - o a d v o
maWﬂqvmﬁu1ﬂ7un7uﬂaﬂ?uauqnnnmwuﬂ way i UaeuL iy ,
-] \ld n:
FruwnliuiAulfuoniaTa RAW

COM IN A, C12H) v
BIT  4,A -
JR Z,COM

a4 uw ¢ v & & S48 vo &
Vowatidann v9aTivherasanadnwinldiy TeaneAn QUENCY
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SUB. FLASH ERROR o
LD HL, ZERO .
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EXX
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LD IX, TABLE
INCR LD HL, (DATA)

LD E, (IX)
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AND A
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U5 3minanaesdimuiunedss  LAvfuen L aTa ‘SUB.SUGAR
ioxa fusrwniivitennindaly 1 AvfiwentaTa REAL COUNT
Tnafiwasusnonunacirun 1 lud
STOP LD HL, DE

DEC  IX

DEC  1IX

DEC  IX

LD D, (1X)

DEC  IX

LD E, (1X)

AND A

SBC  HL,DE

LD (SUB. COUNT),L

LD . HL, (DATA)

AND A

SBC  HL,DE

LD (REAL COUNT),L

INC  IX

INC  IX

LD E, (1X)

INC  IX

LD D, (1X)

INC  IX

INC  IX

INC  IX
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LD E, (REAL COUNT)
LD A, (SUB. SUGAR)
LD B, 8

XOR D

LD H,D

LD L,D

MULT! ADD  HL,HL
RLC A
JR NZ,NOADD
ADD  HL,DE
NOADD 'DJNZ MULTI

LD (OPERATE) ,HL
foN198UN LD (OPERATE)/(SUB.  COUNT) waﬁwéaéﬁ
(RESULT) w2 lued

LD DE, (OPERATE)

LD C,(SUB. COUNT)

XOR B

LD H,B

LD L,B

LD A, 16H
DVO RL E

RL D

ADC HL,HL
SBC HL,BC
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JR NC,DV1
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ADC  HL,HL
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LD (BIN. GLUCO),HL
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CLEAR LD (HL), A
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INC  HL
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Tagiliau 4 Smancues A tidn  SotdRawldudreefvuin fu
8 1n %qaéﬁ A p8ngtdn 1313ed0eTnananly & 1diRufisy
waaSeroninA1iargis 2 SruwauidnTuanld A Bnade NYUIY
11 4 Av nﬁoqwnﬁuqﬁﬁuzﬁu HEX7 Bnasouiiv  1iiolUauan
vargan 2 IR Hudaiwad TEa wd23vron Tuananfilalui Ay
wihaa N snaT e avin eluund 8 TnaviuBeu fuda
wadlan 16 In  Tasfaaiwadlan 8 Snavnanaifudaian 1 &
TurunTuniTii@audn Beo (Hudaiwadion Heed

LD DE,BCD. GLUCO
LD HL, OUTBF
LD B, 4

CONV LD A, (DE)
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PUSH AF

CALL HEX7

LD (HL),A B
INC' HL o
POP  AF ]

RRCA

RRCA

RRCA

RRCA .

CALL HEX7

LD (HL),A

INC  HL

INC DE

DJNZ  CONV

(f093anntT1LRey A1 BCD wune 2 lud setuireels
Aaiwag 1an AR ouTBF (Faeacly 4 Tud  Teefiudnmisoee
0%uuqan?aeao1ﬂauﬁow§ﬂﬁu

Fughin  HEX7 Lﬁunw7nﬂ%audwLaﬂgwuaaoﬁaéqu 4 1n
ar9u9daaines A ¥ fudrdaiuadlan  Tasfildudnnisadienn
T1edatwatian 13nou fMiusnuosniTisaviiulanues  "ov  uds
LS299319uT9 1ARLDY 9" AU IUOALATATDIRANTIINILTAUINNL
4 SnaneuneTanines A wasudnldevilifuen nsaffininTantes
4 fmanewes A selUTunsanelud

SUB. HEX7
PUSH HL
LD HL,SEGTAB
AND OFH
ADD A, L
LD L,A
LD A, CHL)
POP HL

RET

~~
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LﬁaiﬁdwaatwaéTﬁﬂuﬁuﬁu Aruan AT INATA AT
sew3n shuan s iferaTadaanaint Ind 1§ lifoon17ax 80y
aunuaandsnufols  &fnTneadnd Ind  1eSosfsrnselanly
dTlsunsaman  (omartsuatinaiarInidn  usdrlignTne
#ndiafosaraumsdsaing IndluiFon 0 wienhsaunudrisann
&wmﬁaoéaéﬁoi isuaTursesnisfisuuesiagos  Tisunsa
ATudR IS INBEANa warn1TaTadaunaing Indazuan of ofio
1t N

LD 1X,0UTBF
SHOW  CALL SCAN I

IN A, C12H)
BIT 6,A
JR Z,SHOW

JR TOO
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N
PHOTO DIODES
PIN SILICON PHOTO DIODES PIN SILICON
100 VOLTS
100 MILLIWATTS
... designed for application in laser detection, light demodulation,
detection of visible and near infrared light-emitting diodes, shaft or
position encoders, switching and logic circuits, or any design requiring . MRDS00
radiation sensitivity, ultra high-speed, and stable characteristics. {CONVEX LENS)
CASE 209-01
® Ultra Fast Response — {<1.0 ns Typ) K‘,
. i MRDS500 (1.2 pA/mW/em2 Min) MRDS10
® High Sensitivity = R D510 (0.3 gA/mW/cm? Min) AT SLase

for Wide

® Popular TO-18 Type Package for Easy Handling and Mounting

Application

® Annular Passivated Structure for Stability and Reliability

® Available With Convex Lens (MRDS00) or Flat Glass (MRD510} for
Design Flexibility

® Sensitive Throughout Visible and Near Infrared Spectral Range

MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted)

Rating l Symbol Value Unit
Reverse Voltage 3 VR 100 Volts
Total Power Dissipation © T = 259C | Py 100 mw
Derate above 25°C 0.57 mw/eC
Operatung and Storage Junction TJ'Tng -65 to +200 ac
Temperature Range

FIGURE 1 —~ TYPICAL OPERATING CIRCUIT

-

Vygnar

NOTES
1 PIN 2INTEANALLY CONNECTED
G CASE

2 LEADSWITMIN @ 13 9= 10005
RADIUS OF TRUE $OSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITiON
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- —— NOTES
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-3 2. LEATS WITHIN 0 13 6 03
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O Ty Tmar W varx
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MRD500, MRD510

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 2 — IRRADIATED VOLTAGE ~ CURRENT
CHARACTERISTIC FOR MRD500
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FIGURE 4 — DARK CURRENT versus TEMPERATURE
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FIGURE 3 — IRRADIATED VOLTAGE — CURRENT
CHARACTERISTIC FOR MRD 510
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FIGURE 5 — DARK CURRENT versus REVERSE VOLTAGE
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BiMOS OPERATIONAL AMPLIFIERS

WITH MOS/FET INPUT, BIPOLAR OUTPUT

s

CA3140B, CA3140A,
' CA3140

FEATURES
e MOS/FET Input Stage
(a) Very high impedance — 1.5 x 1020} typ.
(b) Very low input current — 10 pA typ. at *15V
“(c) Low input-ofiset voltage — to 2 mV max,
{d) Wide common-mode input-voltage range — can be
swung 0.5 volt below negative supply-voltage rail
(e) Output swing complements input common-mode
range . . i
) Rugged input stage — bipolar diode protected
¢ Directly replaces industry type 741 in most applications

VOLTAGE OFFSET NULL CIRCUITS: .

‘AAd N Ald

v. ov- i ov-
(s} BASIC {b) IMPROVED RESOLUTION ~ {c) 8IMPLER IMPROVED

EQUIVALENT CIRCUIT

SECOND OYNAMIC
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ALL RESISTANCE VALUES ARS 1N OWMS

GENERAL DESCRIPTION

The CA3140B, CA3140A, and CA3140 are integrated-
circuit operational amplifiers that combine the

" advantages of high-voitage PMOS transistors with high-

voltage bipolar transistors on-a single monolithic chip.
The CA31408, CA3140A, and CA3140 BiMOS operational
.amplifiers feature gate-protected -MOS/FET (PMQOS)
transistors in the input circuit to provide very-high-input
impedance, very-low-input current, and high-speed per-
formance. The CA3140B operates at supply voltages from
4 10 44 volts; the CA3140A and CA3140 from 4 to 36 volts
feither single or dual- supply). These operational .
amplifiers are internally phase-compensated to achieve
stable operation in unity-gain follower operation, and,
additionally, have access terminals for a supplementary
external capacitor if additional tfrequency roll-off is
desired. Terminals are also provided for use in applica-
. tions requiring input offset-voltage nulling. The use of
PMOS field-effect transistors in the input stage results in
common-mode input-voltage -capability down to 0.5 volt
below the negative-supply terminal, an important
attribute for single-supply applications. The output stage
uses bipolar transistors and inciudes built-in protection
against damage from load-terminal short-circuiting to
either supply-rail or to ground. ..
The CA3140 Series has the same 8-lead terminal pin-out
used for the “741" and other industry-standard
operational amplifiers. -

r .

COijECTldN DIAGRAMS, TOP VIEW

STROBE

PA Suftix

ORDERING INFORMATION

PART | TEMPERATURE

NUMBER RANGE PACKAGE ,?UR,?:SR
31408 -55°C to +125°C TO99 | CA3140BT
3140A  -55°C to +125°C TO99 CA3140AT
3140A -25°C to +85°C MINI-DIP | CA3140APA
3140 -55°C to +125°C TO99 CA3140T
3140 -25°C to +85°C MINI-DIP | CA3140PA
3140 (DICE) | -55*C to +125°C DICE CA3140/D

8 LEAD PLASTIC DIP

-
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{
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ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage

(Between V+and V- Terminals)

Differential-Mode Input Voltage

Common-Mode DC Input Voltage
input-Terminal Current

Device Dissipation:

Without Heat Sink ~

Upto55°C
Above55°C

- With Heat Sink -

Upto55°C
AboveS55°C

Operating Temperature Range:

CA3140, CA3140A  CA31408
36V 44v
+8v +8v

(V++8V) to (V--0.5V)
1mA
" e30mw

Derate llnearlye.67 mw/°.C

iw
Derate linearly 16.7 mw/°C

1 At Vo = 26Vp-p, +12V, ~14V and R = 2 k.

2 At RL=2kf.

4 AtV+ =22V, V-=-22V,
§ AtVo =+19V,-21V, and Ry = 2 kQ.

,TPackage ' - Y -55t0+125°C
PA Package A =252 10 +85°C
Storage Temperature Range -65t0 +150°C
‘Output Short-Circuit Duration® INDEFINITE
Lead Temperature (During Soldering):
At Distance 1/16 + 1/32 inch (1.59 + 0.79 mm) v
Frgm Case for 10 Seconds Max +265°C
* Short circuit may be applied to ground or to either supply. i 4
GUARANTEED ELECTRICAL CHARACTERTISTICS
AtV+ =15V, V- = 15V, Ta = 25°C Uniéss Otherwise Specified
¢ LIMITS
CHARACTERTISTIC CA31408B CA3140A CA3140 UNITS
S Min. | Typ. | Max.| Min. | Typ. | Max.| Min. | Typ. | Max.
Input Ofiset Voitage - 0.8 2 - .2 5 - 5 15 mV
Input Offset Current - 0.5 10 - 0.5 20 - - 0.5 30 pA
input Current ‘. - 10 30 - 10 40 - 10 50 pA
Large Signal ~ W 50k | 100k - 20k | 100 k - 20k | 100k - v
Voltage Gain () 94 100 - | 86 100 - | 88 100 - dB
Common Mode - 20 50 - 32 320 - 32 320 VIV
Rejection Ratio 86 94 - 70 90 5 70 90 - das
Common Mode -15.5 | =165 ¢ ~15.5
_input Voltage -} -15 to +12 | -15 to +12 | -15 to +11 v
Range . +125 +12.5 +125
Power Supply Rejection - 32 100 - 100 150 - 100 150 uV/vV
Ratid 80 20 - 76 80 - 76 80 - daB
Max. Output Voitage (®) = _Pos| +12 | +13 - { +12 | +13 - | +12 | +13 - v
. Neg| -14 | —14.4 - | -14 344 - | 14| —144 -
Supply Current - 4 6 - 4 6 " 4 6 mA
Devige Dissipation - - 120 180 - 120 180 - 120 180 mw
Input Current (3 - 10 30 | - 10 - - 10 - nA
Input Offset Voltage (3) - 1.3 3 - '3 - - 10 + - mv
Input Offset Voltage Temp. Drift - 5 - - [ - - 8 - uVv/°C
Large Signal . 20k | 100k - - 100 k - - 100 k- - v/v
Voltage Gain (3 86 100 - - 100 - - 100 B dB
Max. Output Voum+ | +19 | +1958 - - - - - - - v 7
Voltage (4) Vom-| =21 | -214 - - - - - - -
Large Signal 20k 50 k - - - - - - - ~ VIV
Voltage Gain @) ® [ 94 < < - - - - - dB
NOTE: 3 AtTa = Thin t0 Tiax, V# = 15 V, V= =15V, Vg = 26Vp-p, AL = 2 ki,
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Voltage Comparators

LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903

Low Power Low Offset Voltage

General Description

The LM193 series consists of two independent precision
voltage comparators with an offset voltage specification
as low as 2.0 mV max for two comparators which were
designed specifically to operate from a single power
supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power
‘supply current drain is independent of the magnitude
of the power supply voltage. These comparators also
have a unique characteristic in that the input common-
mode voltage range includes ground, even though
operated from a single power supply voltage.

Application areas include limit comparators, simple
analog to digital converters; pulse, squarewave and time
delay generators; wide range VCO; MOS clock timers;
multivibrators and high voltage digital logic gates. The
LM193 series was designed to directly interface with
TTL and CMOS. When operated from both plus and
minus power supplies, the LM193 series -will directly
interface with MOS logic where their low power drain

is a distinct advantage over standard comparators. N4
[

Advantages

" High precision comparators .

® Reduced Vg drift over temperature

Dual Comparators

Eliminates need for dual supplies ™
Allows sensing near ground

Compatible with all forms of logic

Power drain suitable for bartery operation

Features

Wide single supply
Voltage range 2.0 Vpc t0 36 Vpe
or dual supplies - 1.0 Vpe 10 218 Ve
Very tow supply current drain {0.8 mAJ—~indepen-
dent of -supply -voltage (1.0 mW/comparator at
5.0 Vpel

Low input biasing current 25 nA
Low input offset current 5 nA
and maximum offset voltage 3 mV

Input fnrm@_c_m_-mode voltage range includes ground
Differehtlat jnput voltage range equal to the power
suppiy‘!t?jtage

Low output

saturation voltage .
Output. voltage compatible with TTL, DTL, ECL,
MOS and CMOS logic systems .

250mV at 4 mA

Schematic and Connection Diagrams
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Typical Applications (v+=5.0vgcl

Basic Comparstor

Driving CMOS

Metal Can Package

Order Number LM193H, LM193AH,
LM293H, LM293AH, LM393H or LM393AH
See NS Package H08C

Dual-In-Line Package

. -

> -
T avenving meut & 2 F—omware
IOIJIV'!:'\"‘I,IG ) 4 [
q 1] 01
b wruts
TSP VItR
Order Number LM393N,

LMB393AN, or LM2903N
See NS Package NOSB
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Driving TTL




Application Hints

The LM193 series are high gain, wide bandwidth devices
which, like most-comparators, can easily oscillate if the
output lead is inadvertently allowed to capacitively
couple to the inputs via stray capacitance. This shows up
only during the output voltage transition intervals as the
comparator changes states. Power supply bypassing is
not required to solve this problem, Standard PC board
layout is helpful as it reduces stray input-output
coupling. Reducing the input resistors to < 10 kQ
reduces the feedback signal levels and finally, adding
even a small amount (1.0 to 10 mV} of positive feedback
{hysteresis) causes such a rapid transition that oscilla-
tions due to stray feedback are not possible, Simply
socketing the [C and attaching resistors to the pins wil!
cause input-output oscillations during the small transi-
tion intervals uniess hysteresis is used. {f the input signal
is a pulse waveform, with relatively fast rise and fall
times, hysteresis is not required.

All pins of any unused comparators should be grounded.

The bias network of the LM 193 series establishes a drain
current which is independent of the magnitude of the
power supply voltage over the range of from 2.0 Ve to
30 Vpe. '

It is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications continued) (v* =15 vpe)

The differential input voitage may be larger than V*
without damaging the device {see Note 8). Protection
should be provided to prevent the input voltages from
going negative more than —0.3 Vp (at 25°C), An input
clamp diode can be used as shown in thg applications
section, -

The output of the LM 193 series is the uncommitted col-
lector of a grounded -emitter NPN output transistor. Many
collectors can be tied together to provide an output
OR'’ing function, An output pull-up resistor can be
connected to any available power supply voltage within
the permitted supply voltage range and there is no
restriction on this voltage due to the magnitude of the
voltage which<is applied to the V* terminal of the
LM193 package. The output can also be used as a
simple SPST switch to ground (when a pull-up resistor
is not used). The amount of current which the output
device can sink is limited by the drive available (which is
independent of V*} and the § of this device, When the
maximum current limit is reached (approximately
16 mA), the output transistor will come out of satura-
tion and the output voltage will rise very rapidly. The
output saturation voltage is limited by the approxi-
mately 602 rgat of the output transistor. The low
offset voltage of the output transistor (1.0 mV) allows
the output to clamp essentially to ground level for
small load currents,
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Pulse Generator

Crystat Controiled Oscillator
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SCL4066B

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Transmission or Multiplexing of Analog or
Digital Signats
80£2 Typica! ON-Resistance for 15-Volt oper-
ation
Switch ON-Resistance Matched to within 5§
over 15-Volt Signal-Input Range
ON-Resistance Flat over Full Peak-to-Peak Sig-
na! Range
High Degree of Linearity:
<0.5% Distortion (typ) @ f;s = TkHz,
Vis=5Vpp, Vpp-Vgs =10V, Ry = 10kQ2
¢ Extremely Low OFF switch Leakage Resulting
n very Low Offset Current and High Effective
OFF Resistance: -
10pA (typ) @ Vpp-Vgg= 10V, Ta=25°C
¢ Extremely High Control Input Impedance (Con-
trol Circuit Isolated from Signal Circuit):
101282 (typ)
¢ Low Crosstalk between Switches:
-50dB (typ) @ fig= 0.9MHz, R| =1k}
¢ Matched Control-Input to Signal-Output Capac-
itance Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

* & & o

DESCRIPTION

The SCLAO66B is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signals. It is pin-for-pin compatible
with the SCL4016B, but exhibits a much lower
ON-resistance. In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCL4066 consists of four independent bilat-
eral switches, A singte control signal is required per
switch. Both the P and the N device in a given
swit¢h are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
N-channel device on each switch is either tied to
the input when the switch is ON or to Vgg when
the switch is OFF, This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM (one of four switches)

SwrTcK

HORMAL OPERATION
CONTROL -LINE_ BIASING
SwITCH 0N, s vpp

SWITCH OFF, Ve 0 »vgg

_{ ol o

X 1 1.}"0\&:
S S

3 SIGNAL-LEVEL RANGE.

Vss S Vis =Vpo

CONTROL
Ve

CONNECTION DIAGRAM
(all packages)

Switch .

A Switch D  Switch C

e At A

Vpp € C IN OUT OUT IN
] 1% Y l ] |
14 13 12 11 10 89 8

SCL4066B

1 2 3 4 5 7

1 I I 1 1 i

6

1
IN OUT OQUT IN C C Vss
e —— e
Switch A Switch B _$w&tch

Add suffix for package:

C  14-pin Cerdip F  14-pin Fiat
D 14-pin Ceramic H Chip,
E 14-pin Epoxy < NE.

RECOMMENDED OPERATING‘CON_DITI_O_NS_
For maximum reliability: .2 .

DC Supply Voltage Vpp-Vgs 3to15 Vdc

1

Operating Temperature Ta Lizovc -
C, D, F, H Device -5510.+125 OC
E Device " 4010 +85 ©°C

.

voltage with input-signal, and thus keeps the ON-
resistance fow over the full operating range.

The advantages over single-channel switches in-
clude peak input-signal voltage swings equal to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range. For sample-and-.
hold applications, however, the SCL4016 s
recommended. : [ A o

LOGIC DIAGRAM

sy o

o T
—8 s
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SPECIAL CONSIDERATIONS — SCL4066B

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/R (R = effective external
_load of the 4 SCL40668B bilateral switches}). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed
from SCL40668B.

2. In certain applications, the external load-resistor current may include both Vpp and
signal-tine components, To avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 volt (calculated from Ry values shown).
No Vpp current will flow through Ry_ if the switch current flows into terminals 2,3,
9, or 10. Failure to observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION
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Basic Switch Functions using the SCL4066B
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5404 /7404

Hex Inverter

electrical characteristics over recommended operating
free-air temperatuie range
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— ar miteg VOO ; e} L] $s 4t $ % v
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S04 CIRCUIT

PARAMETER | TEST CONDITIONS * IMIN TYP $ MAX I UNIT
Vin 3T ~eees D.° vollage d 2 v
Vit Lonseve' im0t vd'1age oty v
v 1ap.1 clamE voita Vee =W A = —18nA =18l v
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o
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Resistor values shown are nominal and in ohms

1For conditions shown 28 MIN or MAX, use the aZpropriale vatue $O6CiTsed under recOmmended OOEr3LNG CONAILONS.
$AL typrcal vales are ot VOO ™ 5V, T4 =25T
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5432/7432 Quadruple 2-Ilnput Positive- OR Gate
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Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL t.ow-Power TTL
Package " Package Package Packige Package
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. Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Fower TTL
] Package Package Package Package Package
Device Type Device Type T Device Type Device Type Device Type
YPe  ETPIMCF PeIcTPIMCH YPercTr IMcr TP TR IMIcH Yoo reTemicH
T S.545138 [ w3 t . | snsacsias K w i
ot SNIEE139 i N | ' [ snIaLSIs ) ANy
LY I Fusaisiyg o Funsiyy | o0 71
FAIRCHLD Fmrmnw et T | soasos rvsim 0| RG I
HE| ] H
MOTOROLA ] T | ] SRTALS 138 | P31
T [ CWSaLSi8 i 3
N 1 i
N.S.C. T : ] B Cnvscsizs | 17 !
- : - i e !
PHILIPS 7 [ 58,5139 T . !
hud ot ] i
SIGNETICS W I N et §133 &3 [ N [
7
SIEMENS : , ! —
4 L. .
H o i ! i Ly
FUJITSU 0 t > Ti_c138 NI i !
HTACH i i ] [ 1 | i
! . LI RN Fol i : [ i
T_._ I i ! i
MTSUBISHI . N Dt Fe i N !
e P - 5 ) 27 ] | .
NEC T : b Te_S 138 . el [ !
_ . 1 | ! g
AVD z . : AT .
Electrical Characteristics SN54L.S138 SN74LS |39 Pin Assignment (Top View)
absolute maximum ratings over operating ([ ’ *
free-air temperature range SELECT DATA OUTPUTS
JE ENSBLE A
* s iv D Grecatng ed-ac __usu.sl -88¢Ci 125C Ve ,é.“ T 1%0 1% vg o1 .
IR, 4 W ALk L ol 3 . llt”n”u”u”zz”n”xo” 9]
e . L Swra¥ temaease vanze 1 —— XY B
recommended opering conditions LG & E YO ¥t 'v2:}>—: I
' EN52. 5138 SNTL_ T2
W Nowm MAX M Nowm MAX T -
4t s ssfes S €251 v r<+, J
T 200 ool s & ve vt ov2 w3
! . § | ma T, Te) Tt (7
. T ] -88 5] o 0! C PIRSIEICII I ]
electrical characteristics over recommended operating ;M‘:,_E _"_J_:/ WL ALY o
free-a:r tamperature range SELECT OATA QUTPUTS
. PARAMETER _TEST CONDITIONS®  MIN TYP 3 MAX UNIT Bositive logic  see funcuon taie
. - .. 2 v
T r . 0e v Function Table
T TN . gra 15"y E . g
- - . wNo o 2y Seas. 25 34 ; Si38 'LSi39
- Ik o aeaTSNAG 27 34 1Y {EACH DECODER. DEMULTIPLEXER"
SN v 2V, T TNBUTS
. o ) 03 g5 v .
.. . e~ té. . s ENABLE | SECECT QUTRUTS
. wiso.n 0t ma G '8 AJYovivzvs
. - R O] X X |, H H W W
. .. RPTLL-A NI A C— L tL Lie ®w noH
- A IS 6: ra . L L oHlwe L oMoA
g .« o was i IR | L o im W om oL om
L vEA D B o iz i L ’ R OR R M OH L
——— TN e L% Uerar 1 st et
2 t
s -, SN Functional Block Diagram
T . ] s . 3
.o 2 2 :D_,.o
T - = .. € 2 . H
. : T unu..:m—-—«{@_ t ..,
B )
i ™ 1
SELECT o ,
NEYTS 3 . [Ny (15
_D'_.*{)'—‘—D— CATs
- ] )L uTens
- o r
EME;EZG-4>—:*— P
: —
sevecr J* "“D°"—‘b—‘< i
LRS- 2E— D _ b — Z'IJ
: ‘5139 'L.S133 DECODER DEMUTIPLEXER™

L L L I Y )
R N L3 N 7 I O PR . B4
L R e SO B LN Sha

CORLA X ebaadlet DY TOTe mensta e on il 15w PODasaton

L CTe BUDODNA'E YR IDPCTILC UNDuT FECAMMANGeS ODATAY T CONG LOLS 167 INE AD(nCATWE Qv lyDe

ey Lma. S Ie10-OweHwr | Gulti?



-~

9/ 4 y 'y
smamé’ﬂﬂﬁuaga‘luiﬂﬂﬂﬁwamamaz%wauuaqu

Z80-CPU
Z80A-CPU

v

Product Specification

MARCH 1978

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z80 and Z80A CPU's are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPUPs are very easy to imple-
ment into a system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel, jon implanted, silicon
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers or
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

multiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-  _ |

lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register is used
in a’powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

® Single chip, Nchannel Silicon Gate CPU.

® 158 instructions—includes all 78 of the 8080A instruc-
.tions with total software compatibility. New instruc-
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

® 17 internal registers. '

® Three modes of fast interrupt response plus a non-
maskable interrupt.

® Directly interfaces standard speed static or dynamic
memories with virtually no external logic.

® 1.0 us instruction execution speed.

® Single S VDC supply and single-phase S volt Clock.

® Out-performs any other single chip microcomputer in
4., 8-, or 16-bit applications.

® All pins TTL Compatible

® Built-in dynamic RAM refresh circuitry.
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Z80, Z80A-CPU Pin Description
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Z80, Z80A CPU PIN CONFIGURATION

Ag-Ays
(Address Bus)

Do-Dy
(Data Bus)

M
(Machine
Cycle one)

MREQ
(Memory
Request)

.

, I0RQ
(Input/
Qutput
Request)

(Memory
Read)

WR
(Memory
Write)

Tri-state output, active high. Ag-Aj 5
constitute a 16-bit address bus. The

address bus provides the address for

memory (up to 64K bytes) data

exchanges and for I/O device data exchanges.

Tri-state input/output, active high,

Dq - D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 1/0 devices.

Output, active low. M| indicates that the
«curren: machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for a memory
read or memory write operation.

Tri-state output. active low. The IORQ
signal indicates that the lower half of the
address bus holds a valid 1/0 addiess for
3 1/0 read or write operation. An IORQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output. active low. RD indicates
that the CPU wants to read data from
memory or an 1/O device. The addressed
1/O device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active Jow. WR indicates
that the CPU data bus holds valid data to
be stored in the addressed memory or 1/0
device.

L4

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus
Acknowledge)

Output. active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dvnamic
memories and the current MREQ signal
should be used to do a refresh read to all
dynamic memories.

Output, active low, HALT indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or 2 maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP’s to maintain memory refresh
activity,

Input, active low, WAIT indicates to the
Z-80 CPU that the addressed memory or
1/0 devices are not ready for a data
transfer. The CPU continues to enter wait
states for as ong as this signal is active.

Input, active low. The Interrupt Request
signal is generated by 1/0 devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled. R

Input, active low. The non-maskable
nterrupt request line has a hugher priority
than INT and is always recognized at the
end of the current instruction. indepen-
dent of the status of the interrupt enable
flip-flop. NM! automatically forces the
Z-80 CPU' 10 resiart to location 0066y.

Input, active low. RESET initializes the
CPU as follows: reset-inierrupt enable
flip-flop, clear PC and registers [ and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
2 high impedance state and all control
output signals go to the inactive state,

Input, active low. The bus request signal has
a higher priority than NMT and is always rec-
ognized at the end of the current machine
cycle and is used to request the CPU address
bus. data bus and tri-state output control
signals 10 go to 2 high impedance state so
that other devices can control these busses.

Output, active low. Bus acknowledge is

used to indicate to the requesting device

that the CPU address bus, data bus and
tri-state contro! bus signals have been set

to their high impedance state and the
external device can now control these signals.
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Timing Waveforms

INSTRUCTION OP CODE FETCH

The profram counter content (PC) is placed on the
address bus immediately at the start of the cycle. One half
clock time later MREQ goes active. The falling edge of
MREQ can be used directly as a chip enable to dynamic
memories. RD when active indicates that the memory
data should be enabled onto the CPU data bus, The CPU
samples data with the rising edge of the clock state T3.
Clock states T3 and T4 of a fetch cycle are used to refresh
dynamic memories while the CPU is internally decoding
and executing the instruction. The refresh control signal
RFSH indicates that a refresh read of all dynamic memories
should be accomplished.
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MEMORY READ OR WRITE CYCLES

Hlustrated here is the timing of memory read or write
cycles other than an OP code fetch (M cycle). The MREQ
and RD signals are used exactly as in the fetch cycle. In
the case of 2 memory write cycle. the MREQ also becomes
active when the address bus is stable so that it can be used
directly as a chip enable for dynamic memories. The WR.
line is active when data on the data bus is stable so that it
can be used directly as a R/W pulse to virtually any type of,
semiconductor memory.
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INPUT OR OUTPUT CYCLES

Dlustrated here is the timing for an 1/0 read or 1/O write
operation. Notice thdi during 1/O operations a single wait
State is automatically inserted (Tw*). The reason for this is
that during 1/0 operations this extra state allows sufficient
time for an 1/O port 1o decode its address and activate the
“WATT line if 2 wait is required.

_

Cyele

SR i g

s S

oo o]

i

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the
rising edge of the last clock at the end of any instruction.
When an interrupt is accepted. a special My cycle is
generated. During this M eycle, the TORQ signal becomes
active (instead of MREQ) to indicate that the interrupting
device can place an 8-bit vector on the data bus. Two wait
states (Tw*) are automatically added to this cycle so that a
ripple prioritly interrupt scheme, such as the one used in the
Z80 peripheral controllers, can be easily implemented.
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Absolute Maximum Ratings
Temperature Under Bus Speuified operating range *Comment Note  Fot Z8OCPL! all AC and DC characienstics remam the
Siorage Temperature -65°C 10 +150°C Stresses above those listed under ~Absolute same (ot the military grode parts except |,
Voliage On Any Pine D3IVio eV Maximum Rating™ may cavse permanent
with Respect to Ground damage 10 the device. This is a stress rating fec * 200 mA
Power Disupation 15w only and functional operation of the dewce
at these or any other condition sbove those
p indicated in the operational sections of this
specificstion is not implied. Exp o

absolute maximum rating conditions for
extended periods may sffect device reliability.

Capacitance

To=25°C,0=1MHz,
unmeasured pine retumed to ground

Z80-CPU D.C. Characteristics

T, =0°Co70°C. Ve ® 3V 2 5% unless otherwue specified

Symbol { Parameter Min, | Typ. | Max. [ Unit [ Test Condition Syrobol | Parameter Max. { Unit
ViLe Clock Input Low Voltage 03 045 v 3 Chock Capacitance 1 oF
Vine Cloxk Input High Vaoltage Vo= Veet3 v (9 input Capacitance H pF
YiL Input Luw Vualiage -0.3 08 v Cour Ouiput Capacrtance | 10 pF
Vin input High Voltage 20 Ve v
Vot Output Lom Voltage ~ 04 v lop =1 8mA -
v Ouiput High Voltege 24 v ioy = ~250pA ZBO.CPU
> > Ordering Informati
lec Power Suppiy Current 150 mA rae g ormation
i tnput Leakage Current 10} | -vyowv,, ¢ s
S — Standard 5V 5% 0° 10 70°C
ILon | TrState Output Leakage Currentin Fiost 10 | ua | voyrtarav E L Estendsd SV 25% 40" 10 85°C
. - M - Miitary 8V :10% -35° 10 125°C
Lol To-State Ouiput Leakage Current in Fluat <10 | wA Your o4V
o Data Bus Leakage Current 1n Input Mude *10 uA 0<VINS Ve .
. Capacitance . ;
Z80A-CPU D.C. Characteristics .
. Tp=25C £%] MHz,
Ta 20 013070 V=5V 2 57 unlew wthers ne spevciined unmeasuted pins retvened (o ground
Svmbol | Parameter Min. | Typ | Mav | Unit | Teu Condition Symbol | Parsmeter Mav | Unit
M Chol tupun Live Vidtage <02 04s v ty Ok Capastame 35 pr
e Chonk tup o Hgh Vaotigge Ve -6 Vet 3]V Cn Iupit Capasitanee N M
‘i inpus Low Valiaye 03 o v Ca Ouipw Capsatame | pt
M Input High Vot age MY Ve v .
Von Output Lume Voo 03 |_v foutamA

‘o Ouiput g \ odtape 14 Vo gt Tt0eA 780A-CPU

- Po o1 Suppiy Canrent %0 | 20 | ma Ordering Information

" Input Leskap Current e T B S A € - Ceramc

T - v . P - Pasus
ll on o State Opeput Leabage Custent i Flogt [11] A orrirdeN S - Standard SV 5% 0° 10 70°C
o Tos State Outpun eabage t urrent in Floay -0 »A Vorr v

Yo Dats Bus Leahage Cursent i Input Mude 10 | wA | 0QV &V




- 2732A
32K (4K x 8) UV ERASABLE PROM
» 200 ns (2732A-2) Maximum Access « Industry Standard Pinout. .. JEDEC
Time ... HMOS*-E Technology Approved
= Compatible with High-Speed 8mHz u L ow Standby Current...30 mA Maximum
_'APX ‘.186...Zero WALL Sptp u +10% V¢ Tolerance Available
= “Two Line Control

® intgligent Identifier™ Mode
s TTL Compatible

The Intel 2732A is a 5V only, 32,768 bit ultraviolet erasable and electrically programmable read-only-memory
(EPROM). The standard 2732A access time is 250 ns with speed selection (2732A-2) available at 200 ns. The
access time is compatible with high performance microprocessors such as the 8 MHz iAPX 186. In these
systems, the 2732A allows the microprocessor to operate without the addition of WAIT states.-

Compatible with 12 MHz 8051 Family

An important 2732A feature is the separate output control, Output Enable (OE), trom the Chip Enable con-
trol {CE). The OE contro! eliminates bus contention in microprocessor systems. Intel's Application Note
AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel's
EPROMs. AP-72 is available from Intel's Literature Department.

The 2732A has a standby mode which reduces power consumption without increasing access time. The .
maximum active current is 125 mA, while the maximum standby current is only 35 mA, a 70% saving. The
standby mode is selected by applying the TTL-high signal to the CE input. 3o e

The 2732A is fabricated with HMOS*-E technology, Intel’s high-speed N-channel MOS Sificon Gate Technology.

*HMOS is a patented process of Intel Corporation. - ' =

PIN NAMES

‘ Ag-A1t | ADDRESSES
A N CHIP ENABLE

- . | DEvpp | OUTPUTENABLEI  Vpp
: 0g-0; | OUTPUTS

. DATA OUTPUTS :
vVCeC o0—— 00-07 - vip am =
U N—— : .

o PROGRAM } IJ lJ ] ] 1 g i

OEVpp — OEAND |—
& —| CEtogic OUTPUT BUFFERS K
[]
= ¥ |+ T
Ao-Ayy | —| OEcoper |a.|  YGATING
ADDRESS
INPUTS | ——ed *
= X M 32,768-8IT
—==| OECODER M CELL MATRIX
)

Figure 1. Block Diagram Figure 2. Pin Configuration
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2732A

ABSOLUTE MAXIMUM RATINGS’

“NOTICE: Stresses above those listed under “Absolute

Temperature UnderBias............ ~-10°Cto +80°C Maximum Ratings” may cause permanent damage to the
Storage TemMpPerature «............ —65°Cto +125°C device. This is a stress rating only and functional operation
All Input or Output’ Voltages with of the device at these or any other conditions above thosg
Respect 10 Ground ..........ooevnss. +6Vio —0.3V indicated in the operational sections of this specification
Voltage on Pin 22 with Respect is notimplied. Exposure to absolute maximum rating con-
toGround .....iiiiii il +13.5Vt0 - 0.3V ditions for extended peiods may affect device reliability.
Vpp Supply Voltage with Respect to Ground .
During Programming .............. +22Vio ~0.3V .
D.C. AND A.C. OPERATING CONDITIONS DURING READ -
2732A/A-2/A-3/A-4 2732A-20/A-25/A-30
Operating Temperature Range 0°C-70°C 0°C-70°C
Vcc Power Supply'? T 5V = 5% 5V = 10%
READ OPERATION
D.C. CHARACTERISTICS i 1 e
Limits - ' )
Symbol Parameter Win. | Typ | Max. Unm‘ Conditions
N Input Load Current \ ) 10 uA | Viy = 5.5V Tk
Io Output Leakage Cutrent ) 10 WA | Vour =55V st
tccr? | Vee Current (Standby) 35 | mA |CE=V, OE=V ~.F
Yeca? Ve Ciirrent (Active) 100 | mA |OE=CE=V, -. ~ ;
Vi input Low Voltage ~0.1 0.8 v - 47
Viu Input High Voltage 20 Vee+1| Vv <o
VoL Output Low Voltage 045 | V |lg =21mA R ¥
Vou Output High Voltage 24 : V| lon = —400 A —_—3
Vpp? Vpp Read Voltage 3.8 Vee V | Vee=5.0v=0.25v i
A.C. CHARACTERISTICS o
: 2732A-2 2732A 2732A-3 | 2732A-4
2732A-20 | 2732A-25 | 2732A-30 Test
Sfmbol Parameter Min. {Max.| Min.| Max. [Min.|Max. | Min. |Max. |Units|{ Conditionst-}]=
e &
tace Address to Qutput Delay 200 250 | 300 4 450 ns |CE = OFE = V¢ {-
tee CE to Output Delay 200 250 300 450 | ns |OF = Vj ~— -4~
toe OE to Output Delay 70 100 150 150 | ns |CE=Vy—-:--
tor¥ | OE High to Output Not Driven | 0 60| © 60 | 0 {130 | 0 | 130 | ns [CE =V, o
ton Output Hold from Addresses, 0 0 0 ’ 0 .| ns {CE=0E =V ¥
CE or OE Whichever Occurred
First
tA.C. TEST CONDITIONS <
Outputload .............. 1 TTL gate and C = 100 pF Timing Measurement Reference Leve!: "::
Input Rise and FallTimes . ...........c.vennn.n <20 ns INPULS L e e e 0.8 and 2.0V
Input Pulse Levels ............covnvnnnn. 0.45V to 2.4V OUtpULS  oiiit ittt e ieeanenaeaan 0.8 and 2.0V

NOTES: 1. V¢ must be applied simultaneously or before Vpp and removed simultaneousty or after Vpp.
2. Vpp may be connected directly to Ve except during programming. The supply current would then be the sum of icc and Ipn.
3. Typical values are for {, = 25°C and nominal supply voltages.
4. This parameter is only sampled and is not 100% tested. Output Float Is defined as the point where data is no longer “3
driven — see timing diagram on page 3. . “.-a
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2732A

CAPACITANCE!?! (1, = 25°C, 1 = 1 MHz)

Symbol Parameter Typ. | Max. | Unit {Conditlons
Cing Input Capacitance

Except OE/Vpp 4 6 pF Ivin =0V
Cinz OEVep Input

Capacitance 20 pF {ViN =0V
Court Output Capacitance 8 12 pF |Vour = 0V

A.C. TESTING INPUT/OUTPUT WAVEFORM

:

A.C. TESTING LOAD CIRCUIT

"

TN914

3.3K0

Vo

2.4
20 2.0
DEVICE
> TEST POINTS < UNDER Q out
os os TEST 1
s ; I & = YO PF
AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1° AND 0 45V FOR _— 5
A LOGIC *0 " TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC ™1~ .
AND 08V FOR A LOGIC "0~ - 100 pF
C, INCLUDES JIG CAPACITANCE
" | A
y 3
k3
\ =
"; . [
- i “ L
A.C. WAVEFORMS [ )
Vin & . o.o . —\ V
ADDRESSES X i R
vu N soee ._]
N *
]
. Vin : ! ’ -
. I
53 | S Z
v sose —;
r t T ?
Vi ' 1
OENps = Z
Vo e 2 0 0 ¢ .__] na
tog™ —
tace™= [ l"—
Vin p— 00
HIGH Z /;;;;; "HIGHZ
oUTPUT VALID OUTPUT




HM6116P-2, HM6116P-3, HM6116P-4

2048-word X B-bit High Speed Static CMOS RAM

® FEATURES
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® PIN ARRANGEMENT

1Y V!
® ABSOLUTE MAXIMUM RATINGS
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8255AJ8255A-5
. PROGRAMMABLE PERIPHERAL INTERFACE

» MCS-85™ Compatible 8255A.§ u Direct Bit SeUReset Capabdillty Easing
- 24P mmable 10 Pins Control Application inteclace
s Compietety TTL Compastible ® 40-Pin Dual In-Line Package
a Fully Compatible with intel* Micre- '
essor Families s Reduces System Package Count
u Improved Timing Characteristics a improved DC Driving Capability
The imet® R235A is & general pUrpose Prog VO device desry 10r uss with Inle?® microproceesors. it has

24 0 ping which may de Indrviduaity programmed in 2 groups of 12 1S used In 3 frae MOoes of Coerston. 1n the first
mode MODE O, sach group of 12 VO pine May Be Programmed in se18 of 4 10 Be Mo oF cutput 1n MODE 1, the second
MOOE. 03Ch groud My be Programmed 10 have § ines of 1nput o Sutput Of the remaining 4 ping, 3 are used for hang.
ShakIng and interrupt control signals The third mode of cperstion (MODE 2) is 8 BG:rectional but mode which uses
Nnos for g Bigirechions! bus, 8nd § lines, DOTTOWING One 1rOm the OTher Oroup. Ior Randshaling.
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PROGRAMMABLE INTERVAL TIMER
= MCS-85™ Compstlble 82535 s Count Blnary or BCD
= J Independent 168-Bit Counters
s Single + 5V Suppty
s DC to 2 MHz
s Programmable Countler Modes & 24-Pin Dua! In-Line Package
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