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Semlconductor

AtoD,Dto A"

ADC0808 ADCO809 8-Bit .P Compatible A/D Coriverters

With 8-Channel Multiplexer

| General Description

The ADC0808, ADC0809 data wquloltlon component is a
monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel . multiplexer and microprocessor
compatible control logic. The 8-bit A/D convertec uses suc-
cessive approximation as the conversion technique. The
converter features a high Impedance chopper stabllized

eompmtoquaseﬂvolnqodmdomlmmdogawltch tree .

a successive approxlmnlon register. The 8-channel

-|{ and-a
: multlplout can dlnctly access nny of &slnglundod ana:’

Jogsignais. . -1

The dovtep eliminates the nood for' external zero and full
scale adjustments. Easy lntodnclna 1o microprocessors
Is provided by the latched and décoded multiplexer ad-
dress Inputs and latched TTL TRISTATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of savaral
AID conversion techniques. The ADC0808, ADC0809 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabl-
lity, and consumes minimal power. These features make
this device Ideally sulted to applications from process and
‘machine control to consumer and automotive applica-
tions.. For 16-channel multlplexer with common output
(sample/hold port) see ADC0816 data sheet.

Features

H Resolution — 8-bits

B Total unadjusted error — = 1/2LSBand =1LSB | -

B No missing codes

= Converslon time — 100 ;s Tl Sl

® Single supply — 5 Vpc g e

B Operates ratiometrically or with § Vpc or analog span
adjusted voltage reference

" | 8chaninel multiplexer with latched control logic
. B Easy lntomco to all microprocessors, or operates

. “stand alone”

™ Outputs meet T2L voltage level specifications

N 0V to 5V analog Input voltage range with single sV
. supply

B No zero or full-scale adjust required

E Standard hermetic or molded 28-pin DIP package

- B Temperature range —40°C to +85°C or —-55°C to

+125°C
W Low power consumption — 15 mW
B Latched TRI-STATE® output

Block Dlagrz_am START — CLOGK
= T ] Mt ¢ EE
o o | a0 ., END OF CONVERSION
> = CONTROL & TMING - MNTERATY
o— oN{ | |
| |
: ; 0—1 acHANNELS
MULTIPLEXING 1
_BANALOG WPUTS —{ ANALOG :
o— SWITCHI SAR. l
—
O —0
: COMPARATOR :
™ —o
o— ; | e [ benroumen
] ouTPUT o [HuTOUTPY
' LATCH
Cam 1 | sFFER O
—0
g | ' ”
% SWITCH TREE :
3 [ | I
JsiTagomess 1 O—f —_—— ﬂ |
" LATCH ] '
|

AODRESS o  pecooen

LATCH ENASLE

Ve GND  REF(e)

1 [l

REF(-) OuUTPUY
ENASLE
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ADC0808, ADC0809
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Functional Description

Multiplexer: The device contains an 8-channel single-
ended analog signal multiplexer. A particular input chan-
nel Is selected by using the address decoder. Table |
shows the Input states for the address lines to select any
channel. The address is latched into the decoder on the
low-to-high transition of the address latch enable signal.

TABLE|

SELECTED - ADDRESS LINE
ANALOG CHANNEL C B | A

INO
. N

IN2

IN3

INe

INS

ING

IN7

e s ol S G R e ol
R e e o R e S A b o
NI e X X

- 'CONVERTER CHARACTERISTICS

"l'hg Converter :
The heart of this single chip data acquisition system Is its
8-bit analog-to-digital converter. The converter Is designed

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the suc-
cessive approximation register, and the parator. The
converter’s digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity Is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can

“ cause oscillations that will be catastrophic for the

system. Additionally, the 256R network does not cause
load varlations on the reference voltage.

The bottom resistor and. the top resistor of the ladder

network In Figure 1 are not the same value as the
remainder of the network. The difference in these
resistors causes the output characteristic to be sym-
metrical with the zero and full-scale points of the transfer
curve. The first output transition occurs when the analog
signal has reached + 1/2 LSB and succeeding output
transitions occur every 1 LSB later up to full-scale.

The successive approximation register (SAR) performs 8
lterations to approximate the input voltage. For any SAR
type converter, n-iterations are required for an n-bit con-
verter. Figure 2 shows a typical example of a 3-bit con-
verter. In the ADC0808, ADC0809, the approximation
technique is extended to 8 bits using the 256R network.

CONTROLS FROMS.A.R.
i

10
. - COMPARATOR
: INPUT

REF(#) Oy " *
>
%R
R
‘ .
R
.
-
256R o .
. e,
n .
.
R .
%R
T
REF(-) O—d

FIGURE 1. Reslistor Ladder and Swiich Tree
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Electrical Characteristics (continued)

Digital Levels and DC Specifications: ADCOB0BCJ 4.5V <Vcc<5.5V, -55°C < Ty < + 125°C unless otherwise noted
ADC0808CCJ, ADCOBOBCCN, and ADCOB0SCCN 4.75 sV s5.25V, —40°Cs Ty +85°C unless otherwise noted

; Parameter | Conditions I Min l Typ I Max I Units

DATA OUTPUTS AND EOC (INTERRUPT)

Voury Logical *1" Output Voltage lo= — 360 yA Vec-04 v

Vourm Logical “0" Output Voltage lo=1.6 mA 0.45 v

Vouto Logical “0" Output Voltage EOC | Ig=12mA 0.45 v

PP TRI-STATE Output Current Vo=5V T
Vo=0 ' -3 »A

Electrical Characteristics

Timing Specifications: Voc=Vpgr(+)= 5V, Vaer(-)=GND, 1, = t; = 20 ns and Tp = 25°C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max | Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twate Minimum ALE Pulse Width | (Figure 5) 100 200 | ns
v : Minimum Address Set-Up Time (Figufo 5 25 50 ns
ty - Minimum Address Hold Time |(Figure 5) 25 50 ns
to Analog MUX Delay Time Rs=08 (Figure 5) 1 25 | us

: From ALE

th tho ‘ OE Control to Q Logic State C_ =50 pF, R, =10k (Figure 8) 125 250 ns

15 tows OE Control to Hi-Z Cy= 10 pF, R = 10k (Figure 8) 125 250 | ns

te Conversion Time 1= 640 kHz, (Figure 5) (Note 7) % 100 16 | us

fi Clock Frequency 10 640 | 1280 | kHz

teoc EOC Delay Time (Figure 5) 0 B8+ 2us| Clock
Periods

Cin Input Capacitance At Control Inputs 10 15 pF

Cour TRI-STATE® Output At TRI-STATE® Outputs, (Note 12) 10 15 pF

e Capacitance

Nots 1: Absolute maximum ratings are those values beyond which the life of the device may be Impaired.

Note Z All voit. are d with respect 1o GND, uniess otherwise specitied.

Note X A zener diode exists, Internally, from VoG 1o GND and has a typical breakdown voltage of 7 Vpc. )

Note & Two on-chip diodes are tied to each analog input which wiil forward conduct for analog Input voltages one diode drop below ground or one diode drop
~ greater than the Vi supply. The spec allows 100 mV forward blas of elther diode. This means that as long a3 the analog Vyy does not exceed the supply

voitage by more than 100 mV, the output code will be ct.To an lute 0 Vpc 105 VpC Input voitage range witt fore require a b sup-

ply voitage of 4.900 Vpc over P { initial and loading

Nots 5: Total unadjusted error Includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust.

However, if an all zero code Is desired for an analog input other than 0.0V, or If a narrow full-scale span exists (for exampie: 0.5V 10 4.5V full-scaie) the reference

itages can be 10 achleve this. See Figure 13.

Note & Comp Input tisablas t Into or out of the chopper stabilized comparator. The blas current varies d y with clock 1 y and

has little temperature dependence (Figure 6). See paragraph 4.0.

Note 7: The outputs of the data reglister.are updated one clock cycle before the rising edge of EOC.

608000V 80800QY
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ADC0808, ADC0809
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Absolute Maximum Ratings (Notes 1and2)

Operating Ratings (Notes 1and 2)

Supply Voltage (Vcc)(Note 3) ) 6.5V Temperature Range (Note 1) TN sTAS TMax
Voltage at Any Pin ~0.3Vio(Veg +0.3V) ADC0808CY -55°CsTos +125°C
Except Control Inputs ADCO0808CCJ, ADCOBOSCCN,
Volitage at Control inpuls -03Vio +15V ADCOB09CCN -40°Cs Ty s +85°C
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) % Rangeo! Vcc(Note 1) 45Vpc108.0Vpe
Storage Temperature Range ~85°Cto +150°C
Package Dissipation at Ty = 25°C 875mwW
Lead Temp (s g. 10 seconds) 300°C
\
Electrical Characteristics
Converter sml"c‘"ﬂm: ch =5 ch = VREF(Q) v"Eﬂ_ »>= GND. TMIN STASTW and 'CLK =640 kHz
unless otherwise stated.
Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C =12 LSB
(Note 5) 1'“'“ to Tm =34 LS8
ADC0809
Total Unadjusted Error 0°Cto 70°C =1 Lss
(Note 5) y TMIN to Tm =114 LSB
Input Resistance From Ref(+) to Ref(-) 10557 25 ko
Analog Input Voltage Range (Note 4) V(+) or V(=) GND-0.10 Vee+0.10 | Vpc
VRer(+) Voltage, Top of Ladder _Measured at Ref(+) Vee Vec+0.1 v
YEFL';_!&EE) Voltage, Center of Ladder Vecl2-01 | Vee2 |Vecr2+0a| v
Veer-) Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 v
Comparator Input Current f. =640 kHz, (Note 6) -2 =05 2 rA

Electrical Characteristics

Digital.Levels and DC Specifications: ADC0B08CJ 4.5V <Vec=5.5V, - 55°C<Tp< + 125°C unless otherwise noted
ADC0808CCJ, ADCO80BCCN, and ADCOB09CCN 4.75 < V=525V, ~ 40°C s T +85°C unless otherwise noted -

Parameter l Conditions ] Min | Typ l Max l Units
ANALOG MULTIPLEXER
loFF(+) OFF Channel Leakage Current | Vge =5V, Viy=5V,
Ta=25°C 10 200 nA
Tain 10 Tuax ' 1.0 nA
loFF(-) OFF Channel Leakage Current | Vcc =5V, Viy=0,
: Ta=25°C - 200 -10 nA
Toun 10 Tmax -10 sA
CONTROL INPUTS
Vi Logical 1" Input Voltage Vee-15
Vine Logical “0" Input Voltage 1.5 v
hinen Logical 1" Input Current Vin=15V 10 A
{The Control Inputs)
hinoy Logical 0" Input Current Vin=0 -1.0 »A
(The Control Inputs)
lee Supply Current foux =640 kHz 03 30 mA
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Functional Description (continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of

. the start conversion pulse. A conversion in process will be
Interrupted by receipt of a new start conversion pulse.
Continuous conversion may be accomplished by tying the
« wd-of-conversion (EOC) output to the SC Input. If used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the rising edge of start
conversion.

The most Important section of the A/D converter is the

comparator. It Is this section which is responsible for the .

ultimate accuracy of the entire converter. It is also the

FULL-SCALE

10 IDEAL CURVE = ERROR=1/2 LS8

L NONLINEARITY = 172 LSB
icg

A/D OUTPUT CODE

NONLINEARITY = -172 LSB
ZERO ERROR = -1/4 LS8

000
0% 18 28 38 AR 88 A IR
Vin AS FRACTION OF FULL-SCALE

3
e

Vin

FIGURE 2. 3-Bit A/D Transter Curve

INPUT OV
VOLTAGE

QUANTIZING {

comparator drift which has the greatest influence on the

Jopouublllty of the device. A chopper-stabilized com-
parator provides the most effective method of satistying
all the converter requirements.

The chopper-stabilized comparator converts the DC Input
signal Into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which Is not passed by the AC
amplifier. This makes the entire A/D converter extremely
Insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADCO808 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION

m PERFECT CONVERTER

1 2 Ls8 IDEAL 3-8IT CONVERTER
w . TOTAL {
S 101 | UNADJUSTED .

ERROR |
5 » 1158
E ABSOLUTE
2 m ACCURACY
Sm -12158
QUANTIZATION
L ERROR
Vin

03 18 2838 4R 5B A IR
Vin AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

FuLL
SCALE

.FIGURE 4. Typlcal Error Curve

1608000V ‘80800QY
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ADC0808, ADC0809.
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Typical Performance Characteristics

15 T * 2 T
fe= 1200 kiHz Ta=05°C
1
Ed Ta=25°C ;
3 7 2' A \
3 fe= 40kH: e N
= RN
Y £
= i Ta=-4°C
-1 fo= 1200 kHz |
PP ‘
St 25 w8 8 2% R 28 5
T v vinv)
FIGURE 8. Comparator lu, v Vix FIGURE7. Multiplexer Ry v8 Vi
(Vec=Vner=5V) (Vec=Vaer=5V)
TRI-STATE® Test Circuits and Timing Diagrams
'1» .m '“. ch 10 pF lu‘, cL= 50 PF
Vee - Yy Yy
Vee o 0%
ouTPUT
T ENABLE o g%
S e’ 1% 0%
enaste 0 © —J un on
Vou 0% "
I ouTPuT s0%
SRy D o —————————
tom tho toss CL=10pF tyo C =50 pF
Vee y
1 ouTPUT TEE
ENABLE sox
ouTPUT o —Jf] : :
'}
evane O ° = ton
Ve
ouTePut
ok : ol .
-m — oL
FIGURE 8

608000V ‘808000YV

86 -



5402,/7402 . Quadruple 2-Input Positive-NOR Gate
~ Schottky TTL " High-Speed TTL Low-Power Schottky TTL " Standard TTL Low-Power TTL
ke “ . | Package Package Package - Package ; Package
eda - - - .
Device T Device T - De 3§ Device Type z
c[P[m[cF YPe reTrImlcr o' P IcTrmlce] - c° " YP° [cTP[M]cH CP|M|CF
I v 13| WO SNSALS02 0 | |wof snsa02 ) SNSAL02 ) OINO[T @
Tl SN74502 ) OINT) SNT4LS0Z ) DN SN7402 ) QN SN74L02 i ) [
FUSASOR/ FUSSO 0 FOf . s/ s | oD FO| FMs402/F MaNo2 0@ |
FAIRCHILD i resse [0 [FO sz /Fouse |00 | PO|  |F® | F 07402/F CINOZ_[DDIP |
: & ; MC5402 Lol | o
MOTOROLA . |snraLso2 PO MC7402 L D[P % ;
NS.C DM54L.502 DM5402 DN DMS4L02 TOND| |F
5 DM74LS02 DM7402 J OIND| DM74L02 JOIND|  F
; |
PHILIPS N74S02 - [0} N74LS02 [0) F JH221/7402 -
= 5 J S$5402 F
SIGNETICS N74502 AD| N74LS02 A N7402 OAD]
SIEMENS FLHIS
FUJITSU 4L 502 u% MBAIT DM
Z : : |
HITACHI HD74502 P HD74L S02 lpal | | HD7402/HD2511 QE%
MITSUBISHI MTALS02 PO iS50z PO
NEC 1PB232 D
TOSHIBA |- S o
- - Electrical Characteristics SN54LS02/SN74L502 .
e e ey T Schematics (each gate)
s-n-—-n-'cc v Uperatmg troe-air SNSALS) —T e 5c
Input voltage v omperature range SN74LS ¥C ®© WC Yee
Storage wemperatwe range —85C 19 INT wes o »e
o = = ; i
|_____SN74Lso2 |
Swpoly voltage. VGG . as s 55 | a8 s 55| v "',"' 02 CIRCUIT
Fogh-ievel output_ current. 10 —0 "o | A %
Low-level output current, oy - 4 3 3 mA - b
Operatng Wos-ow tomperature, T, -5 125 0 ) T B v "
oloeMell characteristics over recommended oponﬁnz )
free-air unponmro range ’
PARAMTER " _TEST CONDITIONS t MIN_ TYP$ MAX[uNIT
Viy __ High-level input volitage 2 v
Vi Low-level input voltage - 08| v
Vi Input_clamp voltage Vee=MIN. Ij=—18mA =15 v
E Vee=MIN, Vj_=V)_max,
Vo  High-level output voltage Ton=MAX , 2.1 34 v
VoL  Low-level output voltage :ﬁ_c::: Ll 0.25 04| V
'S02 CIRCUIT
Input current at .
M phee hw:mw VEG=MAX. - Vy=7v 0.4 ma
? _High-level | : N
[ e Data inputs | VGO =MAX. Vin=2.7v, wf s |
Low-level ; ; ;
s Data inputs | Voo =MAX. Vi =0.4v 04| mA -
54LS F: -20 100 Y
105 Short-crouit output current® [ Voo =MAX, e ey ol ™
Icon__ Supply current Voo =nax [0k 0utputs high 1.6 3.2| mA
igoL_ Supply current co Total, outputs low 2.8 54| mA |’
T a Average per gale
Icg  Supply current Vee=5v (50% duty cycle) 0.55 mA
Propagation delay time, T .
tPLH n’-wm:m::x VooV, S FA=25C. o 15| ns ‘502 CIRCUIT
Propagation deiay time,
PHL r-w-w—ao:m:, u:nm CL=15F, R =22 0 s ns
Pin Assignments (Top View)
® @
Voo 4y 4B 4A 3Y 38 3A 4y 48 4A OND 38 aA sv
14 _[1s]_[1z] [1] [r0
‘LOZ CIRCUIT
J s e s e s s o
WOIA B IV ZA GND e B IV Voo 7 : -
positive logic:
Y=A+B Resistor values shown are nominal and in ohms.

1 For conditions shown as MIN or MAX, use the appropriate valve under

$ All typical values are at Voo =5V, Tp=25C.

@Not more than one output should be shorted at a time, and for SN54S°/SN74S’, duration of output short-cirouit should not exceed one second.
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5473 /7473 Dual J-K Master-Slave Flip-Flop with Clear L s
__Schottky TTL - High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
- bees o0 | Package 5 | Package ; Package Package " Package
“HENG | Device-Type Device Type |- Device T —] Device T Device T
o c[P[mcH c[P[m[cF YPe IcTPM[cH YP® (TP m[cF ""-.cpmcs
T % SNSAHT3 3 SNSILST3 ) SNS4T3 1) WO| SNSAL 73 1O
sie SNT4HT3 ) OIND SN74LST3 )| SNT4T3 ) O|ND SN74LT3 L o[ND[TO!
an' [F MS4HT3/F MIHT3 [0D) F @] Posasn/ s FM5473/F MSNT3_[DD) Fo
[F C74HT73/F C9H73 (DD FINLSTS,/FONSTY FC7473/F OINT3_|DO)|
MC3163 LD F MCS473 LD Ea
MOTOROLA M C3063 LOPO| |F O] SNTALSTY P MCT473 LO[PO)]
NS.C DMS4HT3 D OIND DMS4LST3 PO DM5473 J O[ND| DMS4LT3 | FO
- DM74HT3- L OND| DM74LST3 P DM7473 N DM74LT3 ojno]  [FO
. PHILIPS N74H73 [0) NTLSTI [0] F1J121/7473 [0) ’
: SS4H73 OO} - S5473 FO[AD
SIGNETICS N7AHT3 FO[AD) N7ALST3 A NTAT3 FO[AD
SIEMENS FLI2I [0
FUJITSU
HITACHI HD7ALST3 =0 HD7473,/H2515 | ©[PO
MITSUBISH! M74LST73 P! MS53273 PO
|
NEC uPB225 DO|cO
: |
TOSHIBA - . : v 7
_ Electrical Characteristics SN54LS73/SN74LS73A . A g
sbsolute meximum ratings over free-air range Pin A."‘nm.nt (Top Vi.W)
Swooly vorisge. YOO n Oserateg Woeer | SNSILS -MT m st N 10 10 oND
ot voliage . 5.5V orperstwe range | SHMLS T . we L8y {12] {11] {10! 8
Sirege weversnse range * =T B T
SNSALSTIA SN74LS73A ey ) o
N NOM  MAX | N NOM MAX . QR cre
Suwely vonegs. VO X3 [P K D RO) i vt Fib I
Hogh-lovel output current, IO ~400 " e A ’_'
Low-lovel cutput ouvent. IO 4 L) [ |
Coch igh 20 3 2SI e 7
Poin wiil, e -
Proset or choar low 2 3 & K - 1. 1K VMI{W
High-level data 2 =1 LR CLR
AT Tow-level data 2. 1 3
—r - = = 3 Function Tables
Oreraong Sooor toporsios, TA = ey e S1e 78 H.7.3. 'L73 (See Note 2) LS73 (See Note 2)
electrical characteristics over recommended operating OIS QUIPUTS INPUTS OUTPUTS
free-air temperature range A CLEAR CLOCK J Kk | @ @ CLEAR" cLocx J K|l@ @
PARAMETER ¥ TEST CONDITIONST _|MIN._ TYP 3 MAX [UNIT Lo Mo X XCFL o W L X XL 8
Viy__ High-level input voltage 2 v B ML) L L |0 Ty H l t ki %
Vi Low-level mput voltage o8| v H - R W S H ¥ w7 e
Vi Input_clamp voltage VGG=MIN, 1;=—I8mA =YY SR H Y L H L M H i (P e T
7 ¥ VCO=MIN, Vip=2V, H 1 H H | TOGGLE H H. H | TOGGLE
v Hi
OH  High-level ou(wi voltage Vi =0.8V. Iou=MAX 2.7 34 v > H H X X |0 T
VCC=MIN, ~Vjy=2v,~ e : .
v L A
OL  Lowdlevel output voltage i mav. - ip kN 0.25. 04| v Functiona: Block Diagrams
D.J.K. . 0.1
Input current at | Clear . 0.3 e —2
R input — [Preset YOO SMAX. Sz H ; R ol
voltage Glook 0.4 i
0, J. K, 20
High-level Cloar 50 ’
NH it carrent o BRI O VTR %] “*
Clock 30 &
D.J. K, z —0.4
3 Low-level Clear ~0.8 HII-DUAL J-K WITH CLEAR
e put curem  [Preset Vee mx il it = s ;
Clook —0.8 k=
— Short-orouit Series SALS —20 —100 [ G
108 i curent s [Seriss TRLS] 00" VA% —20 —io] ™
Supply current 5 . ¥
] =
cc (Average per tlip-fiop) VgGc=MAX, See Note | 4 6| mA ' ——"
tmax  maximum clock frequency Vao=5V 30 45 MHz meow
cC cLoex
PLH from clear, preset or clock TA= s » % S ke Ao Sk e L
(as appropriate) 10 O or O CL=15F o
tPHL from clear, preset or clock AL =24 B b NOTES: 1. with all outputs open. 1gG is measured with the Q and O ovtputs high in turn
(as appropriate) 1o O or O At the time time of mesauremen?, the clock input is grounded.
% 2. H =high level (steady state). L =low level (steady state), X =irrelevant
1 =trangition from high to low level
Jl=high-level . pulse; data inouts should be held constant while clock is high:
data is transferred 1o output or tho hllmn ouoo of the of the puls.
Qo=the level ol Q before the indi were
: » TOGGLE: Each output changes to the oomphmonl of its previons levei on
o each active transition (pul'se) of the clock.
tFor conditions shown as MIN or MAX, use the appropriate value

2AN typical values are at Vog=5V, TpA=25C.

® Not more than one output should be shorted at time.

®1p|_ =propagation delay time, low-to-high-level output :
tpHL ™propagation delay time, high-to- low- level output.

§ llTMuvwmtumado-ol tmmwmmao-nm 1 for the rising edge, | for the falling edge.
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Schottky TLL High- Speed TTL - Low- Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package 1P e
Device T: Device T: Device T: Device T = Device T
YPe [ TRIM[CH YP® [CTP[M[CF YPe CTP[M[cF ad 0 YP® [CTR [M]cF,
Tl SN54154 J W] SNSAL 154 3
S SN74154 J OIND, SN74L 154 J OIND!
2 L)
FAIRCHILD - FCTA154 o0 | PD
MOTOROLA s =
N.S.C DMSAL S 154 [ DMS4 154 J @) DMSAL IS4A N FO
ey DM74L S 154 @ DM74154 ) O] D] DM7AL IS4A DD|ND!
|
PHILIPS N74LS 154 [0) NT74154
S54154 FO) O
SIGNETICS Ras D
SIEMENS ST D
FUJITSU
2
HITACHI HD7ALS 154 P HO7A154 7 HD2580 TO%
MITSUBISHI M53354 %
NEC uPB2154 DO
TOSHIBA
Electrical Characteristics SN54 1 SN74 | s :
; SN54154 /SN74 154 . 2 Function Table
absolute maximum ratings over operating free-air temperature range 154, 'LI54
Supply voltage, VoG [ 7 | Operating free-sir SNSE' | —55T 10 125T RS koo L
Togut voltage T5:5v | tomperature range SNIF | 0C 10 0T | GIG2 [ DCBA|O1 2348678 9I101112131418
Storage range - 65T 1o 10T LL|LLLL|[LHHHHHHHNHHHNHHHRN
: Li |LLLH | HLHHRHHHHHHHHNRNAN
recommended operating conditions ~ e L B o e
L L & K NN HHHLHHHHHHHHHHHH
SNS4 154 SN74154 UNIT LL LHLL HHHHLELHHHHHHHHHHEH
Lt LHLHN HHHHHLHHHHHNHHHENN
WIS NOM MAX JIUN'/ NOMPIAK LL | LHHL H'HHHHHLHHHHNHHHNH %
| _Supply voltage. Voo 45 5 55415 S 55| V LL | LHHH|HHHHHRNLHEHENEHENHNNN
High- levei output current, oy —800 —800 | A e HLLL HHHHHHEHHLHHHHNHHNHNN
LUl HLLHW [ HMHHHHAHNNHLHNNHNHAN
Low-fevel output cwrest, I, o 18 LomA LLIHLHU | HHHHHHHHHHLNEHEHRENR
oEan_n.mtlivlmtuvqTA . | =55 125 0 ] T L L HLHN HHHHHHHHHHHNLHHNHEA
. . . SR HHLL HHHHHHHHHNHRHHALAHN
olocm?al characteristics over recommended operating Cilunwin | nunumnnunwnuwsnnenn
free- air temperature range ; (o B N T unuunuw»:uunuuLn
I < H H.HH HHHHHHHN HHHHHHKL
‘PARME.TERI TEST CONDITIONSt [MIN TYP$ MAX [UNIT PR AED % % %o | W W KRN R
ViH __High-level input voitage 2 : ¥ HiL | xxxx HHHHHHHHHHHHHHHHEHN
Vi Low-level input voltage 08| v M H S 50 ol 4 HHHHHHHHEHHHHHHH
Vi Input clamp voltage Veg=MIN, 1)=—12mA -1.5] v H =high level, L=low level X=irrelevant
VoH High-level output voltage NOD=M, < Vi =2V, 24 34 v Functional Block Di
4 € ViL=0.8V, lon=—800uA % unctiona o Diagram
=3 Veo=MIN, V=2V, |
VoL Low-level output voltage Vi =0.8V. lgp=16mA 0.2 04 .v r -0
Input current at maximum ]
1 s Voo=MAX%, V=55V ! —
' input ‘volisge ce=MA%. Vi mA 5 :
W High-level input current Voo =MAX, V|=2.4V 0| xA m"‘) a = 2
T Low-level input current Voo =MAX, V;=0.4V 16| mA o1 > A
S SNS&" | —20 —55 :
los Short-circuit output current ® | Voo =MAX, > mA
SNI4* | 18 —51 o T 7]
Voo =MAX SNS4 U A—){ >—r{ >=
100, S et See Note SNIE w w ™ - s
from A, B, C, or D inputs 3 2 B )
'PLH | through 3 levels of logic e Dl uwu'%‘ $
from A, B, C, or D inputs veo=5V. SA=25C . ey 7
'PHL | through 3 levels of logic CL=I5pF, Ry =4000 sy, . g > oUTPUTS
tPLH | from either strobe input 20 0| ns ; 2 8| 2t
tpyy | from either strobe input 8 27| ns ll"
. io 2 D
Pin Assignment (Top View) DW -
WPUTS ouTPUTS 0 10f
veo 5 % ~ N 13
® mimamEnEnImat 1
i h2|
A B C D G2 01 15 M 13 12 — 1S 13}
] n
- 9 x ),
N4 St SRl Aol VOO Yeenl oo DY .
] A = I
U e OgUREgORLg0 of pof 1 2 JROWTEEN " - /
Ut 154, 'L154 4-LINE-TO- 16-LINE DEW/WJWHPLEXER
positive fogic : 3ee fwnction table NOTE: Igg is ieasured with all inputs grounded and all outputs open.

1 For conditions shown as MIN or MAX, use the appropriate value specified under

$ AN typical values are at Yoo =5V, TA=25T.

©Not more than one output should be thorted at a time.

® tp|_H™propagation delay nme. low-to-high-level output
IPHL ™propaganon delay tme. high-to-low-level output

diti for the appli

je type.
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54245 /74245  Octal Bus Transceivers with 3-state Outputs ;
~ .| 7. Schottky TTL - High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL |
Qs o | Package : | Package Package Package Package | |
Device T Device' T = Device T Device T i Device T
Pe IcTPIMEF YPe IcTPMEF P TP IMEF YPe IcIPMEF e e[ P [mker
i ¢ SN54L 5245 L[ fwilwe .
T . SN74L S245 DNy
FAIRCHILD = ;
MOTOROLA s :
NS C 3
PHILIPS
SlGPEnC_S
SIEMENS : 9
FUJITSU g 3
HITACHI
MITSUBISHI
NEC
TOSHIBA ’
Electrical Characteristics SN54LS245/SN74L.S245
absolute maximum ratings over operating free-sir temperature range - % ! = X
Supply voltage. VGG | TV Operating free-air | SNSALS [ ~55C 1o 125C : A L
Input voltage V.| temperature rarige | B UC 1o 10T
i Storage temperature range -65C 1o -I150°C .
r operating conditions %
’ ; - SN54LS245 SN74LS245 2, et e m ® m owow ow o
MIN__NOM___MAX |MIN_ _Nom _ MAX| | - [n].[#] [s] [v] [w] [n] [w] [0] [e] [n]
Supply voltage, VCC = 45 5 5.5|4.75 s  5.25] V o3 i 3 4
High-leve!_output ‘current. 10H -12 15| mA
Low-level output current. IOL ‘- 12 24 mA J
free-ar TA 55 Tis| o 0| © L :
- olnc!ric-l"chauctpristicl over recommended operating
free-air temperature range 3 i
SN74LS245
& 4 e Tt MIN TXP$ MAX i DeBsDsldedsOedsdsls]
ViH  High-level nput voliage 2 v M A A A M M M AN M e
ViL Low-level input voitage - 08| -V SNB4LS248 (J) SN74LS245 (J,N)
VIK___Input clamp voltage VCC=MIN. 1) =—18mA -15] v : .
Hysteresis(VT + —VT -) vee =MIN :
A G it 0.2 0.4 v
2 | vec=MIN. |igy=-3mA | 2.4 34 H 3
VoH' * High-level output voltage VIH=2V. - v ~ :
£ ViL=v) max |lgH=MAX 2 y
VCC=MIN. |1g, =12mA 0.4 %
VoL Low-level output voltage ViH=2V, - v
. — _| ViL=ViLmax |ig =24mA E 05|
ot~
10ZH... e b e s i aes Vegeute=ro=t1y 10
s { A
1021 c""“"\:’m ‘;"::;‘ : Lt b Vo=0.4v —0|
Input current. at A or B ¥ V) =5.5V 0.1 #
"' maxmum input voltage Imnw T | VeesMAX. o ol ™
IH  High-level input current _VCC=MAX, ViH=2.7V 20| wA
J_L Low-level input current VCC =MAX, VL =0.4V -0.2| mA .
10S Short-cirowt output current VCC=MAX —40 -225| mA
K  Total, outputs high 48 . 70
Icc Supplycurrent Total, cutputsiow | Voo =MAX, Outputs open 62 90 | mA
Outputs at Hi-Z 64. 95
switching characteristics. VCC 5V. TA - 25C
PARAMETER TEST CONDITIONS MIN TYP MAX [uNIiT
PLH o iohi X ] 12| rs
. Propagation delay time,
- | 1PHL high-to-low-level output !;Ls':soF.z H.L.=u79. 8 12; ns
PZL_Output onable time to low lovel Sikise )
tPZL Output enable time to high level .25 40| ns
1PLZ Output disable time from lowlevel | Ci_=50F. R =667Q, 15 25| ns
IPHZ_Output disable ime from highjevel | See Nets 2 15 25| ns :
\

1 For conditions shown as MIN or MAX. use the apprognate value specified under r

$ AN typical values are at V@g =5V, Tp =25C.

®=Not more than one output should be shorted at a time, and durafion of the short-short should not not exceed one second.
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10

20

IR0

413

50

S

7

80

G0

100
119
120
130
14
1390
1460
170
180
190
200
210
220
2EO
240
HE0
Er e
270
280
200
OO0

a10-

J20
HE0
S40
EEOD
B&O
E70
280
EG0
400
410
420
43R0
440
GH0
4 én

REM 80K X080k KKK 0K K H0K KKK KOk % % % %
REM
REM OFF ALL SWITCHES
REM
REM K000 50k % %00k TR Kk
REM
FOR I = O TO & STEP 2
POKE (50176 + 1),0
MEXT I
FOR I = O TO & STEP 2
FOKE (30185 + I),0
NEXT I
REM
REM K500 K08 K080k 50K 80K 0K KK
REM
REM READ DATA FROM DISK-
REM
REM 30RKO0E 500008 %80 8k ok K K o ko
REM
D% = CHR$ (4)
PRINT D%3;"OFEN EM,D2"
PRINT D$; "READ EM"
INFUT F
INFUT T
PRINT D#%;"CLOSE BM"
HOME
FRINT "DATA FROM DIGK ARE : v
FRIMT 3 PRINT
FRINT "FACTOR = "iF
FRINT : PRINT
FRINT "TIMES = "7
FEM
REM 300800800 ok K ok ko
REM
REM LIGHT
REM
REM $X K850k E KKKk R
REM
SUM = ©
FOR I = 1 TO 10
FOKE (49344),0
UM = SUM + PEEK (49344)
NEXT ¥
LIGHT = SUM / 10
IF LIGHT > 200 THEN 470
FOKE (50184),0

91



470
480
490
E00)

310

SR
G40
HERO
St
VA
S
D
i
&H10
HED

EQ
G40
&H G0
ESHQ
\537’:'
S0
&0
T
710
720
TED
7a0
Eawte)
FHEOD
770
780
Farie
800
810
820
2ED
a0
85O
8260

874

880
B0
PO
G1o
G20

i o e e
HEM K0k K ok Ok %
REM
FEM LEVEL
RN
REM kb k £ K0k K %
R
SUM = 0
FOR [ = 1 TO 10
FOKE fa93as)Jjo 1 .
SUM = SUM + FEEK (4934%5)
NEXT I
LEVEL = SUM / 10
IF LEVEL > 170 THEN 700
FOR I = 1 TO 10
FRINT CHRE$ (72
MEXT I ,
FRINT D&:"OFEN WATER”
FPRINT D$;"DELETE WATER"
FRINT D$:"OFEN WATER"
PRINT D$3 "WRITE WATER"
FRINT D$: CLOSE WATER®
GOTO 1280
REM
REM S0 00 K000k ok g%
REM
REM MOTSTURE
FIE M
FEM 50k Kook % oSk ok % Kk
FREM
N(L) = ©
N(2) = 0
UM = O
FOR I = 1 TQ 10
FOKE (49734431 ,0
BUM = SUM + FEEK (49344)
MEXT 1
ML) = 8UM / 10O

IF M{1) < 200 THEN J = 1: GOSUR 31320

SUM = O
i s v ) e S
FOKE (49347) .0

8UM = BUM + FEEK (49347
MEX X

M(Z) = 8UM ¢ 10O

IF M(2) < 200 THEN J = 2: GOSUR 1320
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| 930 REM
3 i w Q40 REM Bk R ek ko b Kk
| 980 REM
| 940 REM SAVE DATA ON DISK
P70 REM
FBO  FREM ARk ke ek kg
S 990 REM
w 1000 N$ = "DATA” + STR$ (T)
i 1010 PRINT D$;"OFEN ":N$
1020 PRINT D$:;"WRITE "jN®
LOZO PRINT N(1)
1040 FRINT N({2)
10%0  PRINT D#;"CLOSE "3:Ns
. 1060 PRINT D& "OEEN EBMY
L0700 PRINT D&y "DELETE EM»
] 1080 PRINT D$:"OPEN RM"
v 1090  PRINT DS3"WRITE ®M»
1i00 PRINT F
1310 PRINT T + 1
L1120 PRINT "CLOSE REMY
L1130 REM
1140 REM Xkksekks® ik
1150 REM
1160 REM i DAy 7
L1700 REM
1180 REM dkoikkdok sk
1190 REM
1200 IF (T / 12 <7 ANESSRY 12N < = O B0OTO 1270
1210 POKE (S50177),0 :
1220 FOR I = 1 TO 1900z MEXT I
1230 POKE (S0179) .0
1240 FOR 1 = 1 .70 600000 NEXT 1
1250 POKE (S0178),0
: 1260 FOR I = 1 TO 1000: NEXT I
R 1270 POKE (5GL76),0
s e 1280 END
W e e 1290 REM
EE SRR 1300 REM KEKEXERRKER R ae Rk ks
TR 1710 REM
1320 REM SURRCUT INE MOISTURE
RO REM ;

el 1340 REM LADDER
i 1350 REM

~T 1360 REM sdokdkk ook s kdok ik R a sk x
: : 1370 REM
i ol Dy 1380 IF M(J)Y > 170 THEN K = GETO

s 1390 IF M(J)Y > 140 THEN K : B3OTO
1400 IF M(J) » 110 THEN K = Z: B0O7TD
1410 ¥ = 4
1420 POKE (BOL177),0
1430 FOR I = 1 TO 1000: NEXT I
s i 20 1440 POKE (50179 + 2 % J),0

e 1450 FOR I = 1 TO 100000 % K ¥ F3: MEXT I
¢ \ 1460 POKE (50178 + 2 % J),0

! 1470 N(3) = K
1480 RETURN

i
ot
ax

Hi
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10 FEM  RR R R R R R R R
20, - REM
30 .REM FROGRAM TO READ DATAH

| 40 REM

' 50 REM #5005 I R RN
60 REM

{ 70  HOME

! ‘80 INFUT "No. of ilst file = "iM
90 INFUT "No. of last file = "iN

100 D% = CHR# (4)

{10 FOR I = M TO“N

120 N = "DATA" + _STR$% (1)
130 PRINT D#3"OFEN "3N#%
140 PRINT Dz "READ "jiN#F
150  INFUT Ni

160 INFUT NZ

170 PFRINT D$j"CLOSE "iN¥
180 FRINT @ FRINT

190 PRINT "DATA FROM FILE " NERMLOARE:Z Y
200 FRINT

2i{0 PRINT "K VALUE OF AREAH#1
220 FRINT

230 - PRINT "K VALUE OF AREAH#Z
240 NEXT I

i
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Y
ot

i
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i
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ety
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410
50
&0
T
=18
Qi
10
3 )

1320

10
20
30
403
S0
&0
70
g0
G0
100
110
120
L1320
140
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£ u‘::\"{,\&n»-« i

FUEmpd 30 56 R R 2 RN
FEM .
FEM  FROGRAM TO CHANGBE DATA
FEM
FUFTE 3 3 e 3 B0 R
HOME
FRINT "YOU ARE RUNNING PROGRAM TO CHANGE
ERINT -8 PRENT INFUT "FalToR = "3 F
FRINT .2 PRINT INFPUT "TIME = 22T
FRINT = FRINT
DFE = CHRFE (4)
PRINT D%; "OFEN BMY
PRINT D#: "DELETE=RN"
FRINT D#¥; "OFEN BM"
FRINT DEFy "WRITE BMY
PRINT F
RRINT T
PRINT D#3 "CLOSE Y
END

o,

e **%*ﬁ-*******-ﬁ-ﬁ-*#-ﬁ-**-ﬁ-%***
REM ,
REM PFPROGRAM TO DELETE DATA
REM
I R F E R TR R
REM
HOME

INFUT "No. of ist file
INFUT "No. of last file = "N .
DF = CHRE 4)

FOR I =M TO N
MNFE = "DATAY + STHE (i3
PRINT D#s"DELETE "iN%
MEXT I

it
-
=

DATA"
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wilaan 2

Jun 2 299N IINAREN

21.00 W.
23.00 u.
01.00 W.
03.00 u.
05.00 W.
07.00 u.
09.00 W.
11.00 .
13.00 .
15.00 .
17.00 u.
19.00 u.

(RGN~ AR R o S > R o M o e A > M <o RN = SRR < Sl =

e epat JE RS O O e s Ol D

1281 uﬂa\ﬁ; 1 uﬂmﬁ -
21.00 u. 0 0
23.00 . 0 0
01.00 u. 0 0
03.00 u. 0 0
05.00 u. 0 0
07.00 u. 1 1
09.00 . 1 1
11.00 u. 1 1
13.00 u. s 1
15.00 W. 1 |
17.00 u. & 1
19.00 . 1 1
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= = = N = = = O 0 O O O
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wilaen 1

wilasn 2
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WUN 10 1aNNIINARAN

21.00 .
23.00 .
01.00 u.
03.00 .
05.00 u.
07.00 u.
09.00 .
11.00 u.
13.00 u.
15.00 u.

17.00 B.

19.00 u.

= = N N = = 2 O = = O O

e & 0

N TR - T S =

(Be1 gl uﬂaQﬁ 1 uﬂavﬁ 2
21.00 u. 0 0
23.00 u. 0 0
01.00 u. 1 1
03.00 . 1§ 0
05.00 . 0 0
07.00 1. 1 1
09.00 . 1 1
11.00 u. 1 1
13.00 u. 2 2
15.00 . 2 2
17.00 u. 1 1
19.00 u. 1 1
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21.00 .
23.0b u.
01.00 .
03.00 u.
05.00 u.
07.00 .
09.00 u.
11.00 u.
13.00 u.

15.00 .

17.00 .
19.00 u.

= N = R = O = = O O

= B =N R B, O = O O O

(Serlg} uﬂaxﬁ‘\ 1 uﬂaxﬁi 2
21.00 u. 0 0
23.00 u. 0 0
01.00 u. 1 O
03.00 u. 1 0
05.00 u. 0 0
07.00 u. 1 1
039.00 . 1 1
11.00 u. 1 1
13.00 U. 2 2
15.00 w. 2 2
17.00 . 1 1
19.00 u. 1 1
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4 YV oo w ‘l 4 s A’d‘
AT |/N ¥-1 ﬂ'nugxma\mmnqomaaumman 1 #239n1TNeRaN  (Hu.)

Bud wlash | 1 uaen 2

1 6.5 3.5

2 5.0 7.0

3 6.0 4.0

4 4.9 3.5

5 8.0 4.5

6 8.0 6.5

¥ 6.0 5.0

8 3.5 3.5

9 4.5 4.5

10 5.0 7.9

11 5.5 4.9

12 5.5 5.0

13 6.5 3.0

14 6.0 4.9

15 5.9 4.5

16 5.0 4.9

17 5.0 4.5

& X 95 78
Tz K" 554.5 378.0
X 5.59 4.59

(X x)*/n 530.88 375.88
(n-1) s? 23.62 21,12

Pool S? 23.62 + gg,]g
16 + 1
Sp = 4/ 2x14

t 1 / 0.4856

IMMANTN L 3 ta, @ 0.05

1.4 , df = 32

@.4056 7.
2.466

2.938 < t
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4 i L) } 74 ‘ ]
AT N ¥-2 n‘)'mgxmmﬁuwnij:\nﬁaaum?m?\ 2 aaNNNINeaaN (Hu.)

i wlaes 1 wlasn 2
1 18.0 9.5
2 15.0 9.0
3 14.9 12.5
4 14.9 14.8
5 23.5 11.5
6 48.9 10.0
7 15.9 13.0
8 11.0 11.9
9 15.9 9.9
10 15.0 24.0
11 17.9 8.0
12 15.9 14.5
13 17.5 9.8
14 15.0 .5
15 14.0 16.0
16 12.5 10.0
17 9.5 8.5
- X 288.5 202
ez’ 6081 2642.5
X 16.97 11.88
(Zx)*/n 4896.01 2490.24
=1 s? 1184.99 242.26
Pool s* = 1184,98 + 242.26 = 44.6 , df = 32
B & ¢/ g_gréigi = 2.2907 1.
t =  5.89 / 2.2907 = 2.222

AMANTW L 3 ty,@ 0.05 = 2.038 < t
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AT 9-3 ﬂ?ﬂﬂﬁﬂnﬂﬂﬁ%ﬂﬂ:ilﬁﬂ%ﬂﬂ'\‘ﬁﬂﬂﬂ 3 gasn1Tneaay (1u.)

Hu ulasn 1 wlaen 2
1 68.5 46.5
2 66.0 43.9
3 48.0 58.5
4 47.5 55.0
5 83.0 57.0
6 118.0 52.0
T 42.0 62.0
8 34.9 508.5
9 75.9 48.9
19 81.0 86.0
11 43.9 41.9
12 3.5 49.5
13 42.0 43.9
14 22.5 54.0
16 27.9 34.9
16 29Vh 53.5
g 15.8 55.0

lﬂgﬁ 51.3 52.3
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