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Edmund
Scientific

INFORMATION AND INSTRUCTIONS

INSTR'UMENT QUALITY PLANE REFLECTION GRATINGS
Nos. 41,013-41,048

Grooves per inch 15,240 15,240 30,480 30,480
{600/mm) (600/mm) {1200/mm) {1200/mm)
Blaze wave length 4,000A 5,000A 2,400A 4,000A
Size Groove Igth, Ruled Width Stock No. Stock Na. Stock No. Stock No. .
"B %" 1" 41,021 41,030 ! 41,038 41,048
1" x 1" 1 i 41,019 .| 41,037 41,046
2" x 2" 2" 2" 41,018 . 41,034 41,043
4" x 4" 4" 4" 41,013 47,02 41,031 41,040
Examination of the' repiica's surface may reveal small’ Fig. 2

imperfections which will have litlle if any effect upon the
spectrum. The graling should not be touched with your
fingers, and if inadvertently the grating becomes soiled,
DO NOTATTEMPT to clean the ruled surdacewith lens tissue,
or cotton swabs. in most cases dust and oil can be removed
by flushing the ruled surface wilh laboratory grade ether
and drying quickly with a jel of clean air.”

These high-quality replicas were produced from
precision-made, impored masters. The masters were
made on an interferometrically;controlled ruting engine,
which is the'most modern’and’ décurale method.

Basically, a replica grating consists of a series of
closely-spaced lines impressed on the surface by the master.
Because'of the phenomena of ditiraction arid intederence,
these lines cause a dispersion of light according to
wavelength. The resullis a series of bright bands or spectra,

each of which contains all*visitile: Wavelengihs of the light:

source. These bands lie perpendicular lo the grating lines.

Because of the regular distribution of the spectral bands and
wavelengths in each band, replica granngs are exiremely
-useful in spectrographic studies, such as determining the
wavelengths of unknown color bands, analyzing the spectral
characleristics of an unfamiliar light source and
photographing spectra.

Fig. 1
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Figure 1 illustrates the dispersion efiect of grating..

Cross Sectlon Of A Grating h

If we could examine a grating in cross seclion we wou'd

see something like Figure 2. The norma! is 'he ine
perpendicular to the face of the graling. All angles are
measured from this line. *7 " is the angle the incoming
light makes with this tine, * r " the angle ol the reliected
light. " g " is the distance between one ruled groove anc
the next. The dispersing action of ihe graling is determuruac

. by the [allowing formula:

Ar=d(sin; +
where;

s5inr)

-t s woidef (Bkpiaihdd batow)

A='wavelength of light, measured in Angstinms
units 1 A= 1010 meters = 3934 x1C
. inches
o = Spacing, as explained above, alsa in Angsitms
I = Angle of incidence
F = Angle of reflection and the minus sian =yt
where 7 and r are on opposite ale. i

“the grating normal,

Fig. 3
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sensilivity also. Any source of light may be used in
conjunction with a spectrograph; some of the more
common ones are lungsten lilament, metallic and carbon
arce, Mercury, Neon, Argon, elc. glow tubes, flames with
various salts introduced into them, & the sun. Following
are sketches of 2 common mountings and-commenls
concerning their use.

Fig. 8
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(1) Plane gratings:

The condenser of diameler "b” focuses the tight on tha
slit. The collimator, and camera lens of focal length

“f" and diameter "D", may be simple lenses or preferably
achromats, "D" should be equal lo the size of grating.
See figure 6.

"o should be al least %xa.

"
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{(2) Littrow

This is similar to (1) but uses. only one iarger lens. The
bearn from the slit goes through a hole in the focal curve.
Referred to as the Littrow Arrangement, see Figure 7.

It is strongly suggested thal the interested experimenter
consull the following references, as they give many
more details than can be shown here:

1. Praclical Spectroscopy, Harrison, Ford and Loofbourow,
Prentice-Hall, New York, 1948. Good general
spectrographic relerence,

. Experimental Spectroscopy, Sawyer, Prentice-Hall,
Englewood Cliffs, New Jersey, 1951. Good treatment of
mathematical design. ]

3. Experimenta! Physics, Strong, Prentice-Hall, Engle vood

Cliffs, New Jersey, 1338. Especially vaiuable for the
general experimenter,

A+

Advantages of reflection grating over transmission:

1. Less light loss by absorption.

2. Refleclion grating can be blazed to put mosl of igh
at a given angie.

3. "Folded” layout can be used lo reduce space.

4, Will transmit LLV.

Advantages of reflection grating over prism:

1, More speed per dollar,

2. More resolution per dollar,

3. Higher dispersion with a single grating ino need (¢ use
several as in prism systems) by using high orders and
small grating spacings.
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SONY

ILX511

2048-pixel CCD Linear Image Sensor (B/W)

Description

The ILX511 is a rectangular reduction type CCD
linear image sensor designed for bar code POS
hand scanner and optical measuring equipment use.
A built-in timing generator and clock-drivers ensure
single 5 V power supply for easy use.

Features

= Number of effective pixels: 2048 pixels

* Pixel size: 14 pmix 200 ym
(14 um pitch)

* Single 5 V power supply

« Ultra-high sensitivity
= Built-in timing generator and clock-drivers
« Built-in sample-and-hold circuit

» Maximum clock frequency:  2MHz

Absolute Maximum Ratings

» Supply voltage Vop 6 vV
* Operating temperature —10to+60 °C
« Storage temperature -30to+80¢ °C

Pin Configuration (Top View)
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Sony reserves the right to change products and specifications without prior notice, This information does not convey any license by
any implication or otherwise under any palents or other right, Application circuits shown, if any, are typical examples iliustrating the
aperation of the devices. Sony canno{ assume responsibiltty for any preblems arising aut of the use of these circuits.
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SONY X511
Pin Description
Pin No. Symbol Description
1 Vourt Signal output
2 GND GND
3 GND GND
4 SHSW | Switch {with S/H or without S/H)
5 $CLK | Clock pulse input
6 VoD 5V power supply
7 NC NC
8 NC NC
9 VoD 5V power supply
10 NC NC
" ¢ROG | Readout gate pulse input
12 GND GND
13 NC NC
14 NC NC
15 Voo 5V power supply
16 GND GND
17 GND GND
18 VGG Output circuit gate bias
19 GND GND
20 VDD 5V power supply
21 Vob 5V power supply
22 VoD 5V power supply
Mode Description
Mode in Use Pin 4 (SHSW)
With S/H GND
Without S/H Voo
Recommended Voltage
ltem Min. Typ. Max. Unit
Voo 4.5 5.0 55 A
Input Clock Voltage Condition (Note)
item Min. Typ. Max. Unit
Vix 4.5 5.0 55 v
Vi 0 — 0.5 v
Note) This is applied to the all pulses applied externally. (¢ CLK, ¢ ROG)
ltern Symbol Min. Typ. Max., Unit
Input capacity of ¢ CLK pin CgcCLK — 10 — pF
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ILX511

Electro-optical Characteristics
(Ta = 25 *C, Voo = 5 V, Clock frequency: 1 MHz, Light source = 3200 K, IR cut filter: CM-500S (t = 1.0 mm),

Without S/H mode)

ltem Symbot Min. Typ. Max. Unit Remarks

Sensitivity 1 R1 160 200 250 Vi{lx « s) Note 1
Sensitivity 2 R2 — 1800 — Vi(Ix « s) Note 2
Sensitivity nonuniformity PRNU — 5.0 10.0 % Note 3
Saturation output voltage VsaT 0.6 0.8 — v —
Dark voltage average VORrK — 3.0 6.0 my Note 4
Dark signal nonuniformity DSNU — 6.0 12.0 my .. Note 4
Image lag IL - 1 — Yo Note 5
Dynamic range DR — 267 —_ — Note 6
Saturation exposure SE — 0.004 — Ix-s Note 7
5 V current consumption {vop — 5.0 10.0 mA —_—
Total transfer efficiency TITE 92.0 98.0 — % -
Output impedance Zo — 250 — Q —
Offset level Vos o 28 — vV Note 8
Note)

1. For the sensitivity test light is applied with a uniform intensity of flumination.
2. Light source: LED A = 660nm
3. PRNU is defined as indicated below. Ray incidence conditions are the same as for Note 1.

PRNU =

{Vmax-Vimin)/2
Vave

% 100 (%)

The maximum output of all the valid pixels is set to Vmax, the minimum output to VmiN and the average

output to VAVE,

NSRS

Integration time is 10ms.
Typical value is used for clock pulse and readout pulse. VOUT = 500 mV.
DR = Vsat/Vore. When optical integration time is shorter, the dynamic range sets wider because dark

voltage is in proportion to optical integration time.

7. SE = Vsar/R1

Vos is defined as indicated below.

VouTt - -

GND

D30

D31

Vos

81
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1L X511

SONY
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ILX511

SONY
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SONY ILX511
¢ CLK Timing (For all modes)
$CLK
ltem Symbal Min. Typ. Max. Unit
¢ CLK puise riseffall time t1, &2 0 10 100 ns
¢ CLK pulse duty (Note 1) — 40 50 60 %
Note 1) 100 x t4 /(3 +t4)
¢ ROG, ¢ CLK Timing
$ROG
t7
4CLK
liem Symbel Min. Typ. Max Lnit
¢ ROG, ¢ CLK pulse timing 1 ts 0 3000 —_
#ROG, ¢ CLK pulse timing 2 t9 1000 3000 —
¢ ROG pulse rise/fall ime 16, 18 0 10 — ne
¢ ROG pulse period 7 3000 5000 —
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SONY ILX511
¢ CLK, VOUT Timing (Nate 1)
‘ . (Note 3}
‘ —
$CLK
Vout
Vout * . : o
{Note 2) I : \ |
f e — >
= 412
ltem Symbal Min. Typ. Max. Unit
¢ CLK-VOUT 1 t10 40 115 280
¢ CLK-VOUT 2 t11 55 120 205 ns
¢ CLK-VOUT* (with S/H) t12 10 165 240

Note 1} fck = TMHz, ¢ CLK pulse duty = 50 %, ¢ CLK pulse riseffall time = 10 ns
Note 2)  Output waveform when internal S/H is in use.

Note 3) @ indicates the correspondence of clock pulse and data period.
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SONY ILX511

Spectral sensitivity (Typ.) (Ta = 25°C)
10

7\
0.8 \

ol X
0.2 l \

Relative sensitivity

\\
G
400 500 600 700 BOO 200 1000
Wavelength {nm}
MTE of main scanning direction {Typ.) Dark vollage rate vs. Ambient temperature (Typ.}
Spatial frequency {cycles/mm)
0 7.1 14.3 214 286 as.7
1.0
— ]
10.0
08 ] i
]
\\ %
" 0.6 o,
= =
[}
* o4 = 100 pd
©
o ]
0.2
0 0.10 /
0 02 0.4 0.6 0.8 1 0 10 20 30 40 50 B0

Normalized spatial frequency =560nm Ta—Ambient temperature (*C)
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SONY X511
Qutput voltage rate vs. Integration time {Typ.) Curmrent consumption rate vs. Clock frequency (Typ.)
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SONY

ILXS511

Application Circuit (Without S/H mode (Note))

10p/16V

5V

®
&

Voo
voep
Voo

(&) SHSW  GND

e 8 ¢ %
& @ Q
23 ®&
Qutput signal i
Lo+l
%3*‘9 JT ﬂ{T l ,L & &
25A1175 $CLK dROG  0.01p 22pf1ov

#

Note} This circuit diagram is the case when internal S/H is not used.

Application circuits shown are typical examples illustrating the operation of the devices. Sony cannot assume responsibility for

any problems arising out of the use of these circuits or for any infringement of third party and other right due to sarne,
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SONY ILX5H

Notes on Handling

1) Static charge prevention
CCD image sensors are easily damaged by static discharge. Before handling, be sure to take the following
protective measures.

a)

b)
c)
d)
e)

Either handle bare handed or use non-chargeable gloves, clothes or material. Also use conductive
shoes.

When handling directly use an earth band,

Instalt a conductive mat on the floor or working table to prevent the generation of static electricity.
lonized air is recommended for discharge when handling CCD image sensors.

For the shipment of mounted substrates use cartons treated for the prevention of static charges.

2} Notes on handling CCD Cer-DIP package
The following points should be observed when handling and installing this package.

a)

c)

(1) Compressive strength:  39N/surface
(Do not apply any load more than 0.7 mm inside the outer perimeter of the glass
portion.)

(2) Shearing strength: 29N/surface
(3) Tensile strength: 29N/surface
(4) Torsional strength: 0.9Nm

tipper ceramic layer 39N

Lower ceramic layer T(‘i Low-melling glass @ L o]

in addition, if a load is applied to the entire surface by a hard compenent, bending stress may be

generated and the package may fracture, etc., depending on the flatness of the ceramic portion,

Therefore, for installation, either use an elastic load, such as a spring plate, or an adhesive.

Be aware that any of the following can cause the glass to crack because the upper and lower ceramic

layers are shielded by low-melting giass.

(1) Applying repetitive bending stress to the external leads.

{2) Applying heat to the external leads for an extended period of time with a soldering iron.

(3) Rapid cooling or heating.

{4) Applying a load or impact to a limited portion of the low-melting glass with a small-tipped tool such
as tweezers.

(5) Prying the upper or lower ceramic layers away at a support point of the low-melting glass.

Note that the preceding notes should also be observed when removing a component from a board

after it has already been soldered.

3) Soldering

a)
b)

c)

Make sure the package temperature does not exceed 80 °C.

Solder dipping in a mounting furnace causes damage to the glass and other defects. Use a grounded
30W soldering iron and solder each pin in less than 2 seconds. For repairs and remount, cool
sufficiently.

To dismount image sensors, do not use a solder suction equipment. When using an electric
desoldering too!, ground the controller, For the control system, use a zero cross type.
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SONY X511

6}

7

Dust and dirt protection

a) Operate in clean environments.

b) Do not either touch glass plates by hand or have any object come in contact with glass surfaces.
Should dirt stick to a glass surface blow it off with an air blower. (For dirt stuck through static
electricity, ionized air is recommended.)

¢) Clean with a cotton bud and ethyl alcohol if the glass surface is grease stained. Be careful not to
scratch the glass.

d) Keep in case to protect from dust and dit. To prevent dew condensation, preheat or precool when
moving to a room with great temperature differences,

Exposure to high temperature or humidity will affect the characteristics. Accordingly avoid storage or
usage in such conditions.

.CCD image sensors are precise optical equipment that should not be subject to mechanical shacks.

Make sure the input pulse should not be -1 V or below.

Normal output signal is not obtained immediately after device switch on. Use the output signal added
22500 pulses or above to ¢ CLK clack pulse.
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SONY . ILXS11

Package Outline Unit: mm

22pin DIP {400mil)

41.6 £0.5 E
54508 26672 (14um « 204BPixels) & }\
rr3 12 - —
i = & i
| “a o
i o 0o
.2 H z - dh-1.
- oo g
S 2 © 1y
5 . b g
(=]
w o ¥ E3
! 402 "

1. The heigh! from the bottom fo Ihe sensor surface is 2,45 2 0.3wmm.

£ 2. The Ihickness ol the cover glass is 0.8mm. and he rafraclive index is 1.5.

PACKAGE STRUCTURE
PACKAGE MAYERIAL Cer-OIP R
LEAD TREATMENT TIN FLATING
LEAD MATERIAL 42 ALLOY
PACKAGE WEIGHT 529
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&National Semiconduc

ADC0820 8-Bit High Speed uP Compatible
A/D Converter with Track/Hold Function

Generat Description

By using a hafi-flash conversion technique, the B8-bit
ADCDB20 CMOS A/D offers & 1.5 ps conversion time and
dissipates only 75 mW of power. The half-flash technigue
consists of 32 comparators, a mest significant 4-bit ADG
and a least significant 4-bit ADC.

The input ta the ADG0BZ0 is tracked and held by the input
sampling circuitry eliminating the need for an external sam-
ple-and-hold for signais moving at less than 100 mV/ps.
For ease of interface 1o microprocessors, the ADC0820 has
been designed to appear as a memaory location or /0 port
without the need for external intertacing logic.

Key Specifications
m Resolution
m Conversion Time

8 Bits
2.5 ps Max (RD Mode)
1.5 ps Max (WR-RD Mode)
m Input signals with slew rate of 100 mv/us converted
without externat sample-and-hold to B bits
m Low Power
® Total Unadjusted Eror

75 mW Max
+ % LSBand = 11SB

; February 1995
or

Features

# Built-in track-and-hold function

| No missing codes

m No extemat clocking

m Single supply—S Vpg

m Easy interface to all microprocessors, or operates
stand-alone

m Latched TRI-STATE® output

m Logic inputs and outputs meat both MOS and T2L volt.
age level specifications

wm Operates ratiometrically or with any reference value
equal to or less than Vg

m 0V to 5V analog input voltage range with single 5V
supply

u No zero or full-scale adjust required

m Qverflow cutput available for cascading

® 0.3" standard width 20-pin DIP

M 20-pin molded chip carrier package

= 20-pin small outine package

m 20-pin shrink small outline package (SSQF)

Connection and Functional Diagrams

Dual-in-Line, Small Quitiine and

SSOP Packages
h—
¥yt 20—Vee
080 —{2 19]—HC
oa1—3 1843
poz=—{4 17}-b87
a3 ~{s 16§—D86
/Ry —6 154=p8S
MODE~{7 14}—DB4
Fo=ts EY ST -
H—9 12f=VYeep{+}
GO =10 =Yerpi=}
YLM/5501-1
Top Yiew
Molded Chip Carrler
Package
EEEEZ
—C5
[ Vegr (4
e (=)
[—GHD
el
EERE"
3 TLIH/ES01-33

TAKSTATE? iy u regishered lrademm k of Malional Sewicoimlucion Corpontion.

| o
— D81
-
+- —0t5
[
eutrul
Lt
ANG
TALSIATE.
srrTng
» e
|—on
81
-
I TIMING AND CONTAIR, ERCURAT I—m
AOOE WR/R0Y EL L1}

TLIKISS03-2
FIGURE1

See Qrdering Information

1565 Natonal Semiconducior Corporalion

TL/M55MH

RRD-830M115/Frnkad In WL 5. A,

UOHOUNZ PIOH/}OBIL UM JO1I9AU0D A/ Y dldiedwo) 4 pasds yBIH Hg-8 028000V
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Absolute Maximum Ratings (notes 18 2)

It Milltary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Otiice/Distributors for avallabllity and specifications.

Supply Voltage (Vee)

Logic Contral Inputs

Voltage at Other Inputs and Output
Storage Temperature Range

10v

—-0.2Vio Vg +0.2V

Package Dissipation at Ty = 25°C

Input Current at Any

Pin (Note 5)

Package Input Current [Note 5)
ESD Susceptability {Note 8)

Converter Characteristics tne soliowin
and Vgee(—)=GND unless otherwise specified. Boldf:

—D.2V to Vog +0.2V
—65'C 1o +150°C
875 mwW

imA
4mA
1200V

Lead Temp. (Soldering, 10 sec.}
Dual-In-Line Package (plastic)

Dual-In-Line Package (ceramic)

Surface Mount Package
Vapor Phase (60 sec¢.)
Inafrared (15 sec.)

260°C
300°C

215°G
220°C

Operating Ratings puoies 15 2)

Temperature Range
ADC0820CCY
ADCRI20CTWM
ADCO820BCN, ADCOB20CCN
ADCO0820BCY, ADCU820CGV

ADC0B20BCWM, ADCOS20CCWM

ADCOB20CCMSA
Ve Range

TMINSTAS Timax
—40°C=Tp< +85°C
—40°C<Tas +85C

0'CSTALT0C
*CLTA<70°C
O*C<TA<70°C
O"C<TA<70°C

4.5V to gv

g specifications apply for RD mode (pin 7=0), Vo =5V, Veer(+) =5V,
ace limlts apply from Ty to Tyax; all other limits Ta= Tj=25"C.

ADCO0320BCN, ADCO820CCN
ADCGB20BCV, ADCOB20CCY
ARCO820CCS ADCOB20BCWM, ADCD820CCWM
Parameter Conditlons ADCO#20CCMSA, ADCOBZOCIWM l’jﬂl-ltlt
nits
T Tested | Design T Tested Design
(Nof: g umit | Limit (Nof: g | Umit Limit
(Note 7) | (MNote 8) (Nota 7) (Note 8)
Resolution 8 [} g Bits
Total Unadjusted ADCOB20BCN, BCWM 15 /A LS8
Emor ADC0820CCJ *1 LSB
(Note 3) ADCDB20CCN, CCWM, CIWM, +1 1 Ls8
ADCO820CCMSA +1 +1 LSB
Minimum Referance 23 1.00 23 1.2 k)
Resistance
Maximum Reference 23 6 23 53 -] k2
Resistance
Maximum Vaee(+} Yoo Voo Voo v
Input Voltage
Minimum Vgge(—) GND GND GND v
Input Voltage
Minimum Vgee(+) Vrer(—) VRer(—} | VRee{—) v
input Voltage
Maximum Vgee{ —} Vrer(+) VRer(+) | VRee(+) | WV
Input Voltage
Maximum Vi input Voo +0.1 Voo+0.1 | vee+od b v
Voltage
Minimum V| Input GND—-0.1 GND—-0.1 | GND—0.1 v
Volage
Maximum Analog CS=vpge
Input Leakage Vin=Vecc 3 0.3 3 gA
Current ViN=GND -3 -0.3 -3 A
Power Supply Vee=5Vi5% e E A Ve E37A % LsSB
Sensithvity
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DC Electrical Characteristics the following specifications a

Bold{ace Umits apply from Ty to Tuax: all other limits To=T,=25C.

PPy for Voo =5V, unless otherwise specified.

ADCDB20BCN, ADCO820CCN
ADCO0820BCV, ADC0820CCY
ADCOs20EEY ADCOS20BCWM, ADCO820CCWM [
Parameter Conditions ADCOB20CCMSA, ADCOB20CIWM IL}:;:
T Tested | Design T Tested Design
(No:': g| Lmit | Limit GNO:E g | Lmit Uimit
(Note 7) | {(Note 8) (Note 7) (Note 8}
Vingp Logical “1” | Voo =5.25v TS, WR.RD 2.0 2,0 20 v
input Voitage Mode 3.5 35 3.5 v
Ving). Logical 0" [vep=4.75v TS, WR. RD 0.8 0.8 0.8 v
input Voltage Mode 15 15 15 v
hngn), Logical 4" | Vigy=5V; C8, RD 0.005 1 0.005 1 A
Input Current Vingp =5V; WR 0.1 3 0.1 0.3 3 A
Vi) =5V; Mode 50 200 50 170 200 pA
hiyoy. Logical “0" | Vingy=0V: £5, AD, WR, -0005| -1 —0.005 -1 pA
Input Current Mode
Youri). Logical 1" | Voo =4.78V, loyr = — 360 pa; 24 2.8 24 v
Qutput Voitage DB0-D87, OFL, INT
Voo =475V, lour= — 10 pA; 4.5 46 4.5 v
DBG-DB7, OFL, INT
Vourtop Logical “0” [ vee =4.75V.£U.1:1 & mA; 0.4 0.34 04 v
Output Voltage DB0-DB7, OFL, INT, RDY
loyr, TRISTATE | Vour=5V; DBO-D87, ROY 0.1 8 0.1 0.3 3 RA
Cutput Current Vour =0V: DBO-DB7, RDY —0.1 -3 —0.1 -03 -3 uh
lsouRCE, Output Vour=0V; DB0-D87, OFL -12 -6 -12 =-7.2 -6 mA
Source Cumrent INT —-g ~4.0 -9 —5.3 —4.0 mA
Ik, Quiput Sink | Vo7 =5V; DBO-DB7, BFL, 14 7 14 8.4 7 mA
Current INT, RDY
lcc, Supply Current | ES =WR=R0=0 7.5 15 7.5 13 15 mA

AC Electrical Characteristics tre

following specifications app!

y for Voo =BV, t=t=20 ns, Vage{+) =5V,

VaEr{—)=0V and T = 25°C unless otherwise specified.
- Tested Resign
Parameter Conditions (No:,:s) Limit Limit Units
{Note 7) (Note 8)
tcro. Conversion Time for RD Mode Pin? = 0, (Figurg 2) 1.6 2.5 1S
1acco. Access Time (Delay from Pin7 = 0, (Figure 2) tocRrp+20 tcrp+ 50 ns
Falling Edge of RD to Output Valid)
tewr-RD, Conversion Time for Pin7 = Vg twr = 600 ns, 1.52 us
WR-f1D Mode trp =600 ns; (Figures Ja and 35)
twg. Write Time Min Pin 7 = Vg (Figures 32 and 3b) 600 ns
Max {Note 4) See Graph 50 ps
trp, Read Time Min Pin7 = Veg: (Figures 5a and 3b) 600 ns
(Note 4) See Graph
tacot, Access Time (Defay from Pin 7 = Vg, tap<ty; (Figure 3a)
Falling Edge of A to Output Valid} Gy =15pF 190 200 ns
Cp=100pF 210 320 ns
taccz. Access Time (Delay from Pin ¥ = Vg, tap>ty; (Figure 3b)
Falling Edge of RO to Output Valid) Cp=15pF 70 120 ns
. C, =100 pF 90 150 ns
facca, Access Time (Delay from Rising RpuwLup = tkand Gy = 15pF 30 ns
Edge of RDY to Quiput Valid)
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AC Electrical Characteristics (Continued The following specitications 2pply for Vag =5V, L=1=20ns,
Virer(+}=5Y, Vrer(—) =0V and T, = 25°C untess otherwise specified.

Typ Tested Design
Parameter Conditions (No?e %) Limit Limit Units
{Note 7} (Note 8)
t;, Internal Comparisan Time Pin 7 =Veg; (Figures 3b and 4} 800 1300 ns
CL=50pF
tyu. tgn, TRI-STATE Control RL=1k G, =10pF 100 200 ns
{Detay from Rising Edge of RD 10
Hi-Z State)
tingTL, Delay from Rising Edge of Fin7 = Veg, CL= 50 pF
WR to Falling Edge of INT tro~t: (Figure 8b) ty ns
tro<t; (Figure 3a} tap+200 tpn+ 280 ns
HiiTH. Delay from Rising Edge of (Figures 2, 38 and 3b) 125 225 ns
RD fo Rising Edge of INT Cr=50pF
YirarHwe, Delay from Rising £dge of (Figure 4}, C =50 pF 175 270 ns
WR to Rising Edge of INT
apy, Delay from T8 to RDY (Figura 2), Cy =50 pF, Pin 7 =0 50 100 ns
tip. Delay from INT to Qutput Valid {Figure 4) 20 50 ns
ta1. Delay from ARG to INT Pin7 =Vec. tap < 200 290 ns
(Figure 3a)
tp, Delay from End of Conversion {Figures 2, 3a, 3b and 4) 800 ns
to Next Conversion (Mote 4) See Graph
Stew Aate, Tracking 0.1 Vius
Oy, Analog input Capacitance 45 pF
Cour. Logic Qutput Capacitance 5 pF
Cin, Logic Input Capacitance 5 pF

Note 1: Asolula Maximum Ratings indicate (imils beyond which damage to he davice may occur. OC and AC electiical specificatiens do not apply when oparating
the device beyond ils specified operating conditions.

Note 2: All voliages are measured with sespsci to the GND pin, unless olherwisa specified,
Hete 3:; Tola) unadjusied emor includes olisal, lull-scale, and linearity errors.

Nate 4: Accuracy may dagrada il Ly or p is shorter than the minimum value specified, See Acturacy vs bwg and Accuraty vs lpg graphs.

Hote 5: When he input vollage [V al any pin exceads Lha power Supply raits (Vi < V= or Vi > V) the nbsolute value of current at that pin should be limited
to 1 mA or fess. The 4 mA packaga fnput cutren! limits the number of pins thal can excesd tha pawer supply bourdaries with a 1 mA current bmit 1o four.

Note 6 Typicals are at 25°C and ropresent most likely paramelric nomn.

Hota 7; Tasled limits are guaranteod to National's AQGL (Average Gulgoing Qualily Laval).
Note 8; Dasign limits are guaranised bul not 100% tesied. These limils are nol used 1o calcutate oulgoing quality lavels,
Kote 9: Human body modsl, 100 pF discharged through a 1.5 kil resistor.

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams
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Typical Performance Characteristics
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Description of Pin Functions

Pin Name Function

Vin Analoginput; range ~GND<Viy<Vee
DBO TRI-STATE data output—bit 0 (LSB)

pe1 TRI-STATE data cutput—bit 1

DBz TRI-STATE data ocutput—bit 2

DBa TRI-STATE data cutput—bit 3

WR/RDY WR-RD Mode

WR: With TS low, the conversion is start-
ed on the falling edge of WR. Approxi-
mately 800 ns (the preset internal time
out, t) atter the WA rising edge, the result
of the conversion will be strobed into the
output latch, provided that RD does not
ocecur prior to this time out (see Figures
3a and 3b).

RD Mode

ADY: This is an open drain output (no in-
ternal pull-up device). RDY will go low af-
ter the faling edge of ©5; RDY will go
TRI-STATE when the result of the conver-
sion is strobed into the output latch. it is
used o simplify the interface to a micro-
procassor system (see Figure 2).

Mode: Mode selection input—it is inter-
nally tied to GND through a 50 pA curent
sourca.

RD Mode: When mode is low

WR-RD Mede: When mode is high
WR-RD Mode

With 5 low, the TRI-STATE data outputs
(DBO-DBY) wilt be activated when AD
goes low {see Figure 4). BD can also be
used to increase the speed of the con-
verter by reading data pricr to the preset
interal time out (t, ~800 ns). If this is
dene, the data result transferred to output
latch is latched after the faling edge of
the AD (see Figures 3a and 3b).

RD Mode

With TS low, the conversion will start with
RD going law, also RD will enable the
TRI-STATE data outpits at the comple-
ticn of the conversion. RDY going TRI-
STATE and INT going low indicates the
completion of the conversion (see Figura

2.

1.0 Functional Description

1.1 GENERAL OPERATION

The ADCO820 uses two 4-bit flash A/D converters to make
an 8-bit measurement (Figure 7). Each flash ADG is made
up of 15 comgarators which compare the unknown input to
& reference ladder to get a 4-bit result. To take a full 8-bit
reading, one flash conversion is done 1o provide the 4 most
significant data bits (via the MS flash ADC}, Driven by the 4
MSBs, an internal DAC recreates an analog approximation
of the input voltage. This analeg signal is then subtracted
from the input, and the difference vollage is converted by a
second 4-bit flash ADC fthe LS ADC), providing the 4 least
significant bits of the output data word.

MO B Wk -

Pin Name Function

8 INT

WR-RD Mode

iNT going low indicates that the corwer-

sion is completed and the data result is in

the output latch. INT wilt go low, ~ 800 ns

(the preset intemal time out, t) after the

rising edge of WH (see Figure 3b); or INT

will go low after the falling edge of RD, it

RD goes low prior 1o the 800 ng time out

(see Figurg 3a). INT is reset by the rising

edge of RD or TS (see Flgures 9a and

36,

AD Mode

INT going low indicates that the conver-

sion is completed and the data result is in

the output latch. INT Is reset by the rising

edge of RD or TS (see Figure 2).

10 GND Ground

11 Vgee(—)} The bottom of resistor ladder, voltage
range: GNDSVppe(—)}<VRer{+) (Note
5}

12 Vggr(+) The top of resistor Jadder, valtage range:

- VRer(—)<Vrer(+) < Vg (Note 5)
13 C3 CS must be low i order for the RD or WR
ta be recognized by the converter.

14 DB4 TRI-STATE data output—bit 4

15 D85S TRI-STATE data output—bit 5

16 DR6 TRI-STATE data cutput—bit 6

17 0B7 TRI-STATE data output—bit 7 (MSB}

18 OFL Overflow output—i the analog inp is
higher than the Vigep(+ ), OFL will be low
at the ena of conversion. It can bo used to
cascade 2 or more devices to have more
resolution (3, 10-bit). This output is always
active and does not go into TRI-STATE
as DBO-DB7 do.

19 NC No connection

20 Veo Power supply voltage

The intemal DAC is actually a subsection of the MS flash
converter. This is accomplished by using the same resistor
ladder for the A/D as well as for generating the DAC signal.
The DAC aulput is actually the tap on the resistor ladder
which most closely approximates the analog Input. In addi-
tion, the "sampled-data’ comparators used in the ADC0O820
provide the ability to.compare the magnitudes of several
analeg signals simultaneously, without using input summing
amplifiers. This is especially usefu! in the LS flash ADC,
where the signal to be converted is an analog difference.
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1.0 Functional Description (continueq)

1.2 THE SAMPLED-DATA COMPARATCR
Each comparator in the ADCC820 consists of a CMOS in-
verter with a capacitively coupled input (Figure 5). Analog
switches connect the two comparator inputs to the input
capacitor (C) and aiso connect the inverter's input and out.
put. This device in effect now has one differential input pair.
A comparison requires two cycles, one for zeroing the com.
parater, and another for making the comparisen.
In the first cycle, one input switch and the inverter's feed.
back switch (Figure 5a) are closed. In this interval, C is
charged to the connected input (V1) less the inverter’s bias
voltage (Vg, approximately 1.2V). In the second cycle {Fig-
ure 5b), these two switches are opened and tha other (V2)
input’s switch is closed. The input capacitor now subtracts
its stared voltage from the second input and the difference
is amplified by the inverter's open loop gain. The inverter's
input (Vg") becomes

[+]

C+Cg
and the output will go high or low depending on the sign of

Vg'—Vg.
C
LL]
LU
43

¥l a5

Vg~ (V1-v2)

l‘Z—O/

TULHS501-12
*Vo =V
"VonC = Vi-Vg
* Cg = stray inpul
foGe capacilor
* Vg = inverier input
bias vollage

FIGURE 5a. Zeraing Phase

The actual circuitry used in the ADCOB20 is a simple but
impeortant expansion of the basic comparator described
above. By adding a second capacitor and another set of
switches 1o the input (Figure £}, the scheme can be expand-
ed to make dual differential compartsons. In this circuit, the
feedback switch and one input switch on each capacitor (Z
switches) are closed in the zeroing cycle. A comparison is
then made by connecting the second input on each capaci-
tor and opening all of the other switches (S switches). The
change in voltage at the inverter's input, as a result of the
change in charge on each ingut capacitor, will now depend
on both input signal differences.

1.3 ARCHITECTURE

In the ADC0820, one bank of 15 comparators is used in
each 4-bit flash A/D converter {Figure 7). The MS [most
significant) flash ADGC also has ane additional comparator to
detect input overrange. These two sets of comparators op-
erate alternately, with one group in its zerolng cycle while
the other is comparing.

w—o"c

¥
v’ ¢
N T
TL/H/S501-13
, [
"Vg'-Vg = M—Vl)m
Wy = A [cve —cv1)
C+Cg

*¥g' is depandent on V2-¥1

FIGURE 5h. Compare Phase

FIGURE 5. Sampled-Data Comparator
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FIGURE 6. ADC0820 Comparator (from MS Flash ADC)
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Detailed Block Diagram
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1.0 Functional Description (continued

When a typical conversion is started, the WR fine is brought
low, At this instant the MS comparators go from zeroing to
comparison mode (Figure 8). When WH is returned high af-
ter at least 680 ns, the output from the first set of compara-
tors {the first flash) is decoded and latched. At this point the
two 4-bit converters change modes and the LS (teast signifi-
cant) tlash ADC enters its compare cycle, No less than 600
ns tater, the AC line may be pulled low to latch the lower 4
data bits and finish the 8-bit conversion. When RD goes low,
the ftash A/Ds change state ence again in preparation for
the next conversion.

Figurs 8 also outlines how the converter's interface timing
relates {o its analog input (V). In WR-RD mode, Viy is
measured whiie WR is low. In RD mode, sampling occurs
during the first 800 ns of RD. Because of the input connec-
tions to the ADC0820's LS and MS comparators, the con-
verter has the ability to sample V)N at one instant (Section
2.4), despite the fact that two separate 4-bit conversions are
being done, More specifically, when WR is low the MS tlash
is in compare mede (connected to Vi), and the LS flash is
in zero mode {also connected to V). Therefore both flash
ADRCs sample Vi at the same time.

1.4 DIGITAL INTERFACE

The ADCO820 has two basic interface modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With tha MODE pin grounded, the converter is set to Read
mode. In this configuration, a complele conversion is done
by pulling RD low until output data appears. An INT line is
provided which goes low at the end of the conversion as
well as a RDY output which can be used to signal a proces-
sor that the converter is busy or can also serve as a system
Transfer Acknowledge signal.

RD Mode (Pin 7 Is Low)

a7\

e o7 -----..--------(:)-.._.._--

TL/HIS5501-18

When in RD mode, the comparator phases are intemally
triggered. At the falling edge of RO, the MS flash converter
goes from zero i compare mode and the LS ADC's com-
parators enter their zero cycle. After 800 ns, data from the
MS fiash is latched and the LS flash ADC enters compare
mode, Following another BOD ns, the lower 4 bits are recov-
ered.

WR then RD Mode

with the MODE pin tied high, the A/D will be set up for the
WR-RD mode. Here, a conversion is started with the WR
input; however, there are two options for reading the cutput
data which relate to interface timing. If an interrupt driven
schema is desired, the user can wait for TNT to go low be-
fore reading the conversion result (Figure B). INT will typi-
cally go low 800 ns after WR's rising edge. However, if a
shorter conversion time is desired, the processor need not
wait for INT and can exercise a read after only 600 ns (Fig-
ure A). It this is done, INT will immediately go low and data
will appear at the outputs.

s\ /N o
m N/ N

" ./

\_/

sagt = — el

TLAHIE501 - 17
FIGURE A. WR-RD Mode (Pin 7 Is High and tgp <t;)

I Y s A o

W\ / =
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R

TL/H/E501-18
FIGURE B. WR-RD Mode {Pin 7 Is High and trp> t;)

Stand-Alone

For stand-alone aperation in WA-RD mode, TS and AD can
be tied low and a conversion can be started with WR, Data
will be valid approximately 800 ns following WR'S rising
edge,

W

WR-RD Mode {PIn 7 Is High} Stand-Alone Operation

Euw

D Low

—

TL/H/5583-19




1.0 Functional Description (continued)

* MS COMPARATORS ZERD

T0 AEFEREHCE LADDER,
* 5 COMPARATORS FLOAT.| | = M3 COMPARATORS COMPARE
Vit TO THEIR REFERENCE
LADDEA TAP, TRE COMMRATOA
OUTPUTS DIGTALLY TRACK
W WADDER TP

+ L5 COMPARAFORS IERQ TO
V. THE COMPARATOR'S
3WPUT CAPACITOAS TRACK Viy.

Note: M5 means most signiticant
LS means loast significant

B0 my

~ NS COMPARATOR OUTPUTS * LS COMPARATOR QUTPUTS

ARE LATCHED, THE WS ARE LATGHED-AND LAY
DAC IS SET. THE MS -
COMPARATOR FLUATS. « MS COMPARATORS RETURN

* LS COMPARATORS COMPARE Y0 2ER0 MODE/

158 SECTION GF REFERENCE
LADDER.

TL/HISSOt-20

FIGURE 8. Operating Sequence (WR-RD Mode)

OTHER INTERFACE CONSIDERATIQNS

In order to maintain conversion accuracy, WR has a maxi-
mum width spec of 50 us. When the MS flash ADC's sam-
pled-data comparators (Section 1.2} are in comparison
mode (WR is low), the input capacitors (C, Figure 6) must
hold their charge. Switch iéakage and inverter bias current
can cause emors if the comparator is left in this phase for
too long.

Since the MS flash ADG enters its zercing phase at the end
of a conversion (Section 1.3), a new conversion cannot be
started untif this phase is complete. The minimum spec for
this time (tp. Figures 2, 3a, 3b, and 4) is 500 ns.

2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Vpgp inputs of the ADC0B2Q are fully differential
and define the zero 1o full-scale input range of the A to &
converter, This allows the dasigner to easily vary the span
of the analeg input since this range will be equivalent to the
voltage difference between Viy(+) and Vy(—). By reducing
VRer(VRee = VRes(+ ) ~ VRer(—)) to0 less than 5V, the' sen-
sitivity of the converter can be increased {i.e., it VRer=2V
then 1 LSB=7.8 mV). The input/reference amangement
also faciitates ratiometric operation and in many cases the
chip power supply can be usad for fransducer power as well
as the Vper source,

This reference flexbility lets the input span net only be var-
ied but also offset from zero. The voitage at Vper(—) sets
the Input level which produces a digital output of all zeroes.
Though V|y is not itself differential, the reference design
afferds nearly differentéal-input ¢apability for most measure-
ment applications. Figure § shows some of the configura-
tions that are possile.

2.2 INPUT CURRENT

Cue to the unique conversion techniques employed by the
ADCU820, the analog inpwt behaves somewhat differently
than in conventional devices. The A/D's sampled-data com-
parators take varying amounts of input cument depending
on which cycle the conversion is in.

The equivalent input circuit of the ADGCO820 is shown in
Figure 10a. When a conversion stards (WR low, WR-RD
mode), all inpul switches close, connecting V) to thirty-one
1 pF capacitors. Although the two 4-bit flash circuits are not
both in their compare cycle at the same time, Vyy still sees
all input czpacitors at once. This is becausa the MS ftash
converter is connected to the input during its compare inter-
val and the LS flash Is connected to the input during its
zeroing phase (Section 1.3), In other words, the LS ADC
uses Vyy as its zero-phase input.

The inpul capacitors must charge to the input voltage
through the on resistance of the analog switches (about 5
k€l to 10 kil). In addition, about 12 pF of input stray capaci-
tance must also be charged. For farge source resistances,
the analog input can be modeled as an RAC network as
shown in Figure 10b. As Rg increases, it witl take longer for
the input capacitance to charge.

in RD mode, the input swilches are closed for approximately
800 ns at the start of the conversion. In WR-RD mode, the
fime that the switches are closed to allow this charging is
the time that WR is low. Since other factors force this time
to be at least 600 ns, input time constants of 100 ns canbe
accommedated withowt special consideration. Typical totat
input capacitance values of 45 pF allow Rg o be 1.5 kQ}
without lengthening WH to give Viy more time o setfte.
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2.0 Analog Considerations (continved)
External Reference 2.5V Full-Scale

e

Y ()

an-l?

Lk

QND

REF(+) W

LM3ES-1.5

REF{—}

TL/HIS501-21

Power Supply as Reference

Y {4+ ]

'm-lT

EN

Input Not Referred to GND

FIGURE 9. Analog Input Options

16 M5B COMPARATOAS

TLHISS01-24
FIGURE 10a

2.3 INPUT FILTERING

It should be made clear that transients in the analog input
signal, caused by charging current flowing into Vi, will not
degrade the A/D's perdormance in most cases. In effect the
ADCD820 does not “lock” ai the input when these tran.
sients occur. The comparators’ outputs are not fatched
while WA is low, so at least 600 ns will be provided to
charge the ADC's input capacitance. i is therefore not nec-
essary to filter out these transients by putting an external
cap on the V) terminal.

2.4 INHERENT SAMPLE-HOLD

Another benefit of the ADCOB20"s input mechanism is its
ability to measure a vanety of high speed signais without the
help of an external sample-and-hctd. In a conventional SAR
type converter, regardless of its speed, the input must re-
main at least ¥4 LSB stable throughout the conversion pro-
cess if full accuracy is to be maintained. Ci tly, for
many high speed signals, this signal must be extemally
sampled, and held stationary during the conversion,

N+ Yo {4 p=——q N+
=% e
1
FEFi + | W AN - REF{+]
Iws2s Zh
BEE(—| (-3 REF[—]
O
ol
TLHAS501-22 b ]
+
* Current paih must
St exiat trom Vig(-]
1o graund
TLIMISS01-23
s 50
Vin
s
=TT
TL/H/S501-25

FIGURE 10h

Sampled-daia comparaters, by nature of their input switch-
ing, already accomplish this function to a large degree (Sec-
tion 1.2). Although the conversion time for the ADC082Q is
1.5 ps, the time through which Vyy must be 1/2 LSB stable
is much smaller. Since the MS flash ADC uses Vjy as its
“compare” input and the LS ACC uses V| as its "“zero"
input, the ADCOB20 only “samples" Vyy when WR is low
(Sections 1.3 and 2.2). Even though the two flashes are not
done simultaneousty, the analog signal is measured at one
instant. The value of Vi approximately 100 ns after the
rising edge of WR (100 ns due o internal logic prop delay)
will be the measured value.

Input signals with slew rates typically below 100 mV/ps can
be converted without errar, However, because of the input
time censtants, and charge injection through the opened
comparaior input switches, faster signals may cause emors.
Stili, the ADCOB20's loss in accuracy for a given increase in
signal slope is far less than what would be witnessed in a
conventional successive approximation device. An SAR
type converter with a conversion time as fast as 1 ps would
still not be able to measure a 5V 1 kHz sine wave without
the aid of an external sample-and-hold. The ADC0B20, with
no such help, can typically measure 8V, 7 kHz waveforms.
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3.0 Typical Applications

8-Bit Resolutlon Configuration

- ¥
LN vee |22
Lol 0.14F 7.
+ . E
: ROY [
e ;= =
o ] mone |
L dons e L
* s oz 12
4 21} Varel+1 ¥
PRTE o |
P 1t 0.1 »F
16 Vaeri~) -—_] .
T e = =
T b o = =
AN e §
TLIH/SS0L-28
9-Bit Resolution Configuration
3 ': 3] L b
w m Wy
L
— - [
:: ; o0  wont T’;"“
=M q
1 [22 5] 01
1] ul™ j_:
s [T o 1] N
o 1 L winl- |
[0 [11 e kel
.. w LT
1] ] 3 =
L.us Mn-j 1
= $eu
&1\
7] n
3 ; bl i
Dot
2 1
1 [0 LN
: om w2
i 1
10 e (R
": s e e 1_
| =T
0yl ot
1-:- TLIH/E501-27
Telecom A/D Converter Multiple Input Channels
25k w__ maxm
L{R]
150K T-
B L ! Vi at WAL S
< LT ¢
‘“i: = arr ) }
=% —Hl iy 1¥
WA = [ =]
Y =
" ow faHe P s - =
n SANFLE RATE
we wh e
*
I (131 Apteam 164 Lk
L) GATE 3
[} e KB £H . T
= . 1 oo
. 1 o L]
DB L OB? L w
i) M TOTAL topuT E—_:" o 1251
T woe CRANKELS = Hvrtes normoe?
= ViN=3 kHz max % avp = T L)
* No frack-and-hold needed wope"™" |

* Low power consumplion

TLAH/S501-28

T

TL/HIS50L-26




91

3.0 Typical Applications (continued)

8-8it 2-Quadrant Analog Multiplier
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3.0 Typical Applications (continued}
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Ordering Information

Total Temperature
Part Number Unadjusted Error Package Range
ADC08208CV V26A—Molded Chip 0°Cto +70°C
Carrier
ADC0820BCWM +14 LSB M20B—Wide Body Small | 0'Cto +70°C
Outline
ADC08208BCN N20A—Molded DIP 0°Cto +70°C
ADC0820CCY J20A—Coerdip —40°C to +85'C
ADCOBZ0CCMSA MSA20— Shink Small 0°Cto +70°C
Qutline
Package
ADCOB20CCY +1L88 V20A—Molded Chip 0°Cto +70°C
Canier
ADCQ820CCWM M20B—Wide Body Small | 0°Cto +70°C
Qutline
ADC0820CIWM M20B—Wide Body Small | —40°Cto +85°C
Qutline
ADCOB20CCN Nz20A—Maldad DIP 0°Cto +70°C
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Physical Dimensions inches (milimeters)
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Physical Dimensions inches mitimeters) (Continued)

t

r
1
|
P | D |
1.50 ' |
Ay '
H[JIJLIH'LIULIU
10
2
7.40 MAX 7.90% 0.20 ————d
7.204 0.05 prm—5.502 0,05 —=ed
0682 01211
|
[ T ’ ] 0.20+ 0.05
130005 1 } et " [ L mickwess
0.800% o.025) |} ) ! T acx 30
%— v
0.30% 0.10 m-] |- 0.85 TV __l L-G.Gﬂt 0.15
0.128) B WSAZD {REV )
Shrink Smatl Qutline Package {(SSOP)
Order Number ADCD820CCMSA
NS Package Number MSA20
1.013-1.940
4092 X883 {15.73-26471
2337 X0.762) " £.032 10005
MAX DP mmmmmmmmmm latazearn
RAD
PN rw.unmr\ @ D.266 :0.005 -
] X INNO. TIDENT—._
-~ o . (6.604 =0,177) -
g T 0T ] o
0.300-0.320 _ %:% 0*Tionz
(7.620-8.120) M.!‘_aﬁ ﬂ | DFTIONZ 013 8005
poss (15290 {1098 80 —r———
Ggm  _Tr Trr 136 oazn 1
i | _\ 9.165-0.200
1 i {2.683-5.080)
Y o B.008-0,015 J—-’én‘;n 00a*
[ETEET T nnzn
TYP IWNDIU_’ 0.135-8.140 {0508}
! 0.080+0.005 L“ Fios6250) |-'- on1ws0.003 l BTiamE MM
040 sy | 045720078 4
0325 _g'ots

+1msj
('255 -63mi

N4 Y &y

Moided Dual-in-Line Package (N}
Order Number ADC08208CN or ADC0820CCN
NS Package Number N20A




96

ADC0820 8-Bit High Speed p.P Compatible A/D Converter with Track/Hold Function

Physical Dimensions inches {millimeters) (Continued)
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LIFC SUPPQRT POLICY
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%204 (REv L)

NATIONAL'S PRODUGTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION, As used herein:

1. Life support devices or systems are devices or

systems which, (a} are intended for surgical implant
into the body, or (b) support or sustain dfe, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

1o the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the {aitura of the life
support device or system, or to affect its safety or

eftecliveness.

Nationsl Semiconducior
Corporation

1111 West Bardin Aoad
Artington, TX 76017

Tek: 1{800) 272.8959
Fax 1(800) 737-7018

o

National Semiconductor
Europe
Fax: {+49} 0160530 85 8§
Email; cofwge€levmZnsccom
Deutsch Tel: {+43) 0-580-530 85 85
English  Tek: {+45) 0180532 78 32
Francais Tet (+49) 0-180-532 B3 53
lafiang  Tet (+49) 0-1680-534 18 B0

Natlona! Semiconducter
Heng Kong Lid.

13t Floor, Siraight Biock,
Ocaan Contre. 5 Canlon Rd.
Taimshalsid, Kowloon

Hong Kong

Tot {852) 273716800

Fax: {852) 27369960

Hational Semiconcuctor
Japan Lid.

Tel: 81-043-299-2309
Fax: B1-043-299-2408
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BALLS 82C55A

CMOS Programmable

June 1998 Peripheral Interface
Features Description
+ Pin Compatible with NMOS 8255A The Harris 82C55A is a high performance CMOS version of

the industry standard 8255A and is manufactured using a
self-aligned silicon gate CMOS process {Scaled SAJl V). It
= Fully TTL Compatible is a general purpose programmable I/ device which may be

o " . . e used with many different microprocessors. There are 24 /O
* High Speed, No “Wait State” Operation with SMHz and pins which may be individually programmed in 2 groups of

+ 24 Programmable /0 Pins

8MHz 80CE6 and 80C88 12 and used in 3 major modes of operation. The high
« Direct Bit Set/Reset Capability performance and industry standard configuration of the
~ 82C55A make it compatible with the 80CB8S, 80CB88 and
+ Enhanced Control Word Read Capability other microprocessors.
* L7 Process Static CMOS circuit design insures low operating power. TTL
+ 2.5mA Drive Gapability on All [fO Ports campatibitity over the full military temperature range and bus
hold circuitry eliminate the need for pull-up resistors, The
* Low Standby Power {ICCSB) ................, 10RA  Harris advanced SAJI process results in performance equal
. p to or greater than existing functionally equivalent products at
Ordermg Information a fraction of the power.
PART NUMBERS TEMPERATURE] PKG.
5MHz 8MHz | PACKAGE RANGE NO.
CPB2CS55A5  |CPBZCS5A 40 L4 PDE O°C o 10°G E40.6
FB2C55A5  [IPB2C55A, Z0C1065°C | }EA06
CS82C554-5  |CSBZCS5A [ LAPLEC 0°Cto 70°C N44.65
I882C55A-5 | IS8ICE5A AWC10855G  |N44.65
CD82C55A-5  |CD82C55A 0°Ci0 70°C Fan.e
IDB2CSSAS  [102C5oA |0l | [A0°CIaev’c —|F406
MDB2C5A-5/8 |MDBZCE5AB 55°C lo 125°C | F406
B4066MQA  |BA0GE020A | SMO¥ Fab.6
MRB2CS5AS8 |MRBZCSSAB( St 20 |.ssoCtotaste [sean
8406601XA  |B40BG02XA | SMD¥ JadA
Pinouts
B2CS55A (DIP) 82C55A (CLCC) B2ZC55A (PLCC)
7 TOP VIEW TOP VIEW TOP VIEW
PA3
PAZ
PA1
Ao I3
RD
<8
GND
M [E
AL[S
PCT
PCH
PCS
PC4 [
hor I 120(2) 272 7 4 23 172 42
— () 1 - ) [N 4]
P2 g fEgg e
PC3 [T
PEG [iR
P81 fi
P82 [

CAUTION: These devices are sensitive lo electrostatic discharge, Users should follow proper IC Handling Procedures.

File Number 2969.2
Copyright © Harris Coeporation 1998
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82C55A

Pin Description

PIN
SYMBOL NUMEBER TYPE PESCRIPTICN
Voo 26 Vee: The +5V power supply pin. A 0.1uF capacitor between pins 26 and 7 is
recommended for decoupling.
GND 7 GROUND

Do-D7 27-34 o DATA BUS;: The Data Bus lines are bidirectional three-state pins connected to the
system data bus,

RESET s I RESET: A high on this input clears the control register and all ports (A, B, C) ara set
1o the input mode with the "Bus Hold" circuitry turned on.

cs B | CHIP SELECT: Chip selactis an active low Input used to enabile the 82C55A onto tha
Data Bus for CPU communications,

RD 5 1 READ: Read is an active low input control signal used by the CPU o read status
information or data via the data bus.

WE 36 i WRITE: Wrile is 2n active low input control signal used by tha CPU to load contral
words and data into the 82C55A,

AD-A1 8,9 i ADDRESS: These input signals, in conjunction with the RD and WR inputs, control
the selection of onie of the three ports or the contro! word register. AD and A1 are
normally connected to the least significant bits of the Address Bus AD, Al.

PAQ-PAY 14, 3740 l{e] PORT A: 8-bit input and output port. Both bus hold high and bus hold fow circuitry are
present on this port.
PRO-PE7 18-25 l{e] PORT B: 8-bit input and output port. Bus hold high circuitry is present on this port.
PCO-PCY? 16-17 o PORT C: 8-bit input and output port. Bus hold circuitry is present on this port.
Functional Diagram
s
— 45V GROUP A ]
o K ot KD entoms
—p GND N GROUP A /‘l_._ (8)
CONTROL |\ (o +
L
I .
GROUP A 1o
PORTC
BI-DIRECTIONAL <:> UPPER <::> PC7-PC4
DATA BUS ) <
DATA BUS N -
D7-D0 ¢ A BUFFER - )
E-BIT GROUP B /1_
INTERNAL PORT C :> 1o
T DATA BUS LOWER |V PC3-FCO
' (4] +
| t
Rp *1  reao
WR ———»of WRITE GROUP B <:
| CONTROL CONTROL GROUP B L]
M —— "Logic <:> PORT B <: PB7-PEO
A @ —
RESET mmemmssemmp b ry

m_ %
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82C55A
Functional Description ”
I PAT.
POWER +5V I AD
Data Bus Butfer SUFPLIES GND . snoupot C:.‘r GPROORL"rPAA
This three-state bi-directional B-bit buffer is used o interface T S
the B2C55A to the system data bus. Data is transmitted or —_ - ';cfg_
received by the buffer upon execution of input or outpurt GPI'\;JOJPA PC4
instructions by the CPU. Control words and status informa- BHONRECTIONAL K= GRRIE
tion are also transferred through the data bus buffer. DATA: {4 uo
3 Py 5 PC3-
ReadfWrite and Contro{ Logic | mhill IB%'-ER& i K= O('?;ER b
The function of this block is ta manage ali of the internal and 8BS T
external transfers of both Data and Control or Status words. - Plgg_
It accepts inputs from the CPU Address and Centrol busses L oNTRa eroue 5 550
and in turn, issues commands to both of the Cantrol Groups. 2] F0(§)TB ]
(CS} Chip Select, A “low™ on this input pin enables the: I - T
communcation between the 82C55A and the CPU.

(RO} Read. A “low™ on this input pin enables 82C55A to sendd
the data or status information to the CPU on the data bus. In
essence, it allows the CPU to “read from" the 82C55A.

(WR) Write, A “low" on this input pin enables the CPU to
write data or control words into the 82C52A.

(A0 and A1} Port Select 0 and Port Select 1. These input
signals, in conjunction with the RD and WR inputs, control
the selection of one of the three poris or the contral word
register. They are normally connected 1o the least significant
bits of the address bus (A0 and A1),

82C55A BASIC OPERATION

INPUT OPERATION

Al I A0 | RDfWR] C5 {READ)

0 0 0 1 D | Port A = Data Bus

Port B = Data Bus

Port C — Data Bus

Controf Word — Data Bus

OUTPUT OPERATION
{(WRITE)

Dala Bus — Port A

Data Bus — Pont B

Dala Bus — Port C

Data Bus — Control

DISABLE FUNCTION

Data Bus — Three-Slate

Data Bus — Three-State

FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER,
READ/WRITE, GROUP A & B CONTROL LOGIC
FUNCTIONS

(RESET) Reset. A *high™ on this input initializes the controf
register o 98h and ali poris {A. B, C) are set to the nput
mode. “Bus hold” devices internal to the 82C55A wilt hold
the I/ port inputs to a logic “1” state with a maximum hold
curent of 400uA.

Group A and Group B Controls

The functional configuration of each porl is programmed by
the systems software. In essence, the CPU “outputs™ a con-
frol word fo the 82C55A. The contral word contains
information such as ‘mode”, *bit set”, “bit reset”, etc., that inj-
tializes the functional configuration of the 82CS5A.

Each of the Control blocks {Group A and Group B) accepts
‘commands” from the ReadfWrite Confrol logic, receives
“control words” fram the internal data bus and issues the
Proper commands to its associated ports.

Conitral Group A - Port A and Port C upper (C7 - C4)
Control Group B - Port B and Port G lower (C3 - C0)

The control word register can be both written and read as
shown in the “Basic Operation™ table. Figure 4 shows the
control word format for both Read and Write operations.
When the control word is fead, bit D7 will always be a logic
1%, as this implies contro! word mode information,
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82C55A

Ports A, B, and C

The B2C55A contains three 8-bit ports (A, B, and C), All can
be configured to a wide variety of functional characteristics
by the system software but each has its own spscial features
or “persenality” to further enhance the power and flexibility of
the B2C55A.

Port A One 8-bit data output latch/buffer and one B-bit daa
input latch. Both “pull-up™ and “pull-down” bus-hold devices
are present on Port A, See Figure 2A.

Port B One 8-bit data inputfoutput talch/buffer and one B-bit'

data input buffer. See Figure 2B.

Port C One 8-bit data output tatch/buffer and one 8-bit dala
input buffer {no latch for input). This pert can be divided into
two 4-bit ports under the mode control. Each 4-bit port con-
tains a 4-bit lateh and it can be used for the control signal
output and status signal inputs in conjunction with ports A
and B, See Figure 28.

INPUT MODE
MASTER
RESET
OR MODE
CHANGE

INTERNAL
DATA IN

INTERNAL
DATA OUT
{LATCHED)

EXTERNAL
PORT A PIN

QUTPUT MODE

FIGURE 2A, PORT A BUS-HOLD CONFIGURATION

Yee
[——Pj
EXTERNAL
=" PORTB, C
N PIN

OUTPUT MODE

RESET
OR MODE
CHANGE

INTERNAL
DATA IN

INTERMAL
DATA OUT
{LATCHED}

FIGURE 28. PORT B AND C BUS-HOLD CONFIGURATION
FIGURE 2, BUS-HOLD CONFIGURATION

Operational Description
Mode Selection

There are three basic modes of operation than can be
selected by the system software:

Mode Q - Basic input/Output

Mode 1 - Strobed fnput/Quiput

Mode 2 - Bidirectional Bus

When the reset input goes “high™, alt ports will be set to the
input made with alt 24 port lines held at a logic “one” level by
internal bus hold devices. After the reset is removed, the
82C55A can remain in the input mode with no additional ini-
tialization required. This eliminates the need to pullup or pull-
down resistors in at-CMOS designs. The conirol word

register will contain 9Bh. During the execution of the sysiem
program, any of the other modes may be selected using a
single output instruction. This allows a single 82C55A to
seflvice a variety of peripheral devices with a simple software
maintenance routine. Any port programmed as an output
portis initialized to all zeros when the control word is written.

3 ADDRESS BUS 1
1 T

H CONTROLBUS )
| L1

Y DATA BUS 2

RD, WR B7-DO AQ-A1
82C55A s a
MODE ¢ I c

B —_——— A

uo @uo @uo uo

FBT-PBO  PC3-PC0 PC7-PC4  PA7-PAD
MODE 1 c
—:I B A

ST

PBT-PE0  CONTROL CONTROL PAT-PAC
OR IO ORVO

MODE 2
—;I; B ¢ A T

oe]]] uﬂ_ 4 D recronn.

PB7-PBO PAT-PAD
CONTROL

FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE

CONTROL WORD

|:n D605 [ D4 Dslozlmlno]

GROUP B

FORT C {LOWER)
] 1=INPUT
0s0UTPUT

+{ 1= |RPUT
0=0UTPUT

MODE SELECTION
+| 0=MODE 0
1=MODE 1

GROUP A

PORT G (UPPER}
1= INPUT
0=0UTPUT

PORT A
1=INPUT
0=QUTPUT

MODE SELECTION
00=MODE 0
“} 01=MODE 1
1X=MGDE 2

»]| MODE SET FLAG
1=ACTIVE

FIGURE 4. MODE DEFINITION FORMAT
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82C55A

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers,
including the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored™ to almost any IFO
structure, . For instance: Group B can be programmed in
Mode 0 to monitor simple switch closings or dispiay compu-
tational results, Graup A couid be programmed in Mode 1 to
monitor a keyboard or tape reader on an intermupt-driven
basis.

The mode definitions and possible mode combinations may
seem confusing at first, but after a cursory review of the
complete device opetation a simple, logical /O approach will
surface. The design of the 82C55A has taken into account
things such as efficient PC board layout, control signal defi-
nition vs. PC layout and complete functional flexibility to sup-
port almost any peripheral device with no external logic.
Such design represents the maximum use of the available
pins.

Single Bit Set/Reset Feature (Figure 5)

Any of the eight bits of Port C can be Set or Reset using a
single Output instruction. This feature reduces software
requirements in control-based applications.

When Port C is being used as status/control for Port A or 8,
these bits can be set or reset by using the Bit Set/Reset
operation just as if they were output ports.

This function allows the programmer to enable or disable a
CPU interrupt by a specific FO device without affecting any
other device in the interrupt structure.

INTE Flip-Flop Definition
(BIT-SET)-INTE is SET - Interrupt Enable
(BIT-RESET)-INTE is Reset - Interrupt Disable

NOTE: Al Mask flip-flops are automatically reset during mode se-
lection and device Reset.

QOperating Modes

Mode 0 (Basic Input/Output). This functional configuration
provides simple input and output operations for each of the
three ports. No handshaking is required, data is simply writ-
ten {o or read from a specific port.

Mode 0 Basic Functional Definitions:
= Two 8-bit ports and two 4-bit ports
+ Any Port can be input or output

+ Qutputs are latched

input are not latched

16 different Input/Qutput configurations possible
MODE @ PORT DEFINITION

A B GROUP A GROUPB
PORTC PORTC
CONTROLWORD o4 | 03 | b1 | Do |PORT Al(Uppen] # |PORTB|(Lowen
for|osjos | p4{p3|oz{o1|0e ] 0{0] 0| 0 |Ouwput]Ouput] 0 | Outpet ] Output
[ BIT SETIRESET
X X X { s=se7 0 4] 1] 1 Quiput | Qutput | 1 | OQutput | Input
DON'T 0= RESET o[of 1| o |ouput|ou
CARE puf put | 2 Input | Output
BT SELECY 010 i 1 | Output{ Output | 3 § Input | Input
NOBBEEREH
JerTeTenTelTies 0 1 0 0 | Quiput ] Input | 4 | Output | Output
v TR RA LI L ) B X 0 1 0 1 | Output | Input § 5 | Output | Input
NNEOOOOanEs
0 1 1 0 |[Output | Input | 6 | Input } Output
| e sevireseT FLAG 0 1 1 1 (Qutput| Input | 7 | Imput § Input
7] 0=ACTVE 1ol o] of mput [ovteut| 8 | Output | output
FIGURE 5. BIT SET/RESET FORMAT 110309 1 | Input | Qutput | 9 | Cuiput | lnput
1|0 i 0
tnterrupt Control Functions ihput | Output [ 10 tnput | Output
1 0 1 1 Input | Output | 1 | Input Input
When the 82C55A is programmed to operate in mode 1 or P P mp npy
moede 2, control signals are provided that can be used as 111 0 0 | nput | Input {12 | Qutput | Output
interrupt request inputs to the CPU. The intefrupt request 1 1 0 1 input | tnput | 13 | Output | input
signals, generated from port C, can be inhibited or enabled
by setling or resetting the associated INTE flip-flop, using the T 1)1 0 | Input | tmput | 14 | Input | Qutput
bit set/reset function of port C. 1t ] 1 | nput | teput |15} Input | input
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82C55A
Mode ¢ (Basic Input)
— tRR
RD —)
_.l R fe— «—s tHR l'—-
INPUT
A K
l'!— AR — f=—— (RA —]
€S, A1, AD
X X
D?—Do...--....------.....-..----..(_ .l )
fe—— RD —p tOF
Mode 0 {Basic Qutput)
— LWV,
WR N i
oW —pk— W0,
D700 ); K_
I fd A s
€S, A1, A0 )( K
]
OUTPUT y
—— (WEB -,/
Mode 0 Configurations
CONTROL WORD #0 CONTROL WORD #2
D7 D6 D5 D4 D3 Dz D1 DG D7 D6 D5 D4 D3 D2 D1 DO
[tlofofofefe]e]e] LrlefofoTo el o]
-1
A—E——p PAT-PAD A 8 PAT - PAD
B2C55A 82C55A
ﬁLp PGT - PC4 .%44_, PCT - PC4
D7 - DO ————mep c{ 3 D7 - 00 ] C‘[ 4
bl PC3- PCO -4 PC3.PCO
a.—%-f-—;ra?-s’ao B 17&—PET-PBO
CONTROL WORD #1 CONTROL WORD #3
DY D6 D5 D4 D3 D2 D1 DO D7 DE D5 D4 D3 D2 D1 DO
[rlofefofefofeft] Lrlofefefele T
8 .
AL PAT PAO A —7;“ PAT - PAD
82C55A 4 B2C5S5A .
| PCT-PC4 < pC7-PCa
D7 - D0 —— 3} c{ s D7 - D0 4———— ] c{ 4
e PC3 . PCO Myl PC3 - PO
B
B8 |—<—+rB7-P80 8 q—/_a PB7 - PBO
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82C55A

Mode 0 Configurations (Gontinued)

CONTROL WORD #4

D7 06 D5 D4 D3I DZ D1 DO

Ulefofofrfefe]o]

82CS55A

D7 - DO ] c«[

=]

CONTROL WORD #5

DY D6 D5 D4 D3 D2 D1 DO

Lfefojeltfolel]

82C55A

D7-DO— & c{

CONTROL WORD #6

D7 D6 D5 D4 DX D2 D1 DO

Llefofofrfefrfo]

B2C55A

D7 - D0 ——————p C‘[

CONTROL WORD #7

D7 D6 D5 D4 D3 D2 D1 DO

frfofofofsfefsft]

B2C55A

D7 - DO s3] C‘[:

=]

A ﬁL. PAT - PAQ
H«"'——-Pcv -PC4
—,Lp BC3-PCO
ﬁL; PBY - FBO

A __,Z-.ﬂ-_.. PAT - PAD
4_,L4_Pc1 -PC4
c—/‘—Pca -pCo
8l—<5+ps7-pm0

A —,,L; FAT - PAQ
HLPCLPM
—,4-4—+ PC3- PCO
B .—,.A——pav-r:ao

A --7L> PAT - PAG
QﬁLPCT -PC4
q—,LPcs -PCO
4#957 - PBO

CONTROL WORD #8

D7 D6 DS D4 D3 D2 D1 DO

Clefel«eo o o]

B2CS5A

D7 - DO ] c‘l:

CONTROL WORD #9

DT D6 D5 D4 D3 D2 DY DO

FlelelTeToTeol ]

B2CS55A

D7 - DO 4——— ) c«[

CONTROL WORD #10

D7 DG DS D4 D3 D2 D1 DG

[lefof+[efe]T0]

82C55A

O7 - DY 4—————p} c~|:

GCONTROL WORD #11

D7 D6 DS D4 D3 D2 D1 DO

uolo§1]o|u[1|1|

BACSSA

D7 - DO m————] °{

A +7L PAT - PAD
_/.L, PCT . PC4
—7/4—>Pcs ~PCO
B —-;A-bPBT -PBO

A 4—-,L PAT . PAS
——,L»Pcr-rau
‘4_/_..._4 PC3 . FCO
B —7L>P57- PBO

A 4—,.LPA7-PA0
ﬁd——p PC7 - PC4
.-ﬂé—;Pca- PCO
B +—,L—--P81 -PBO

A 4-7L PAT - PAO
—7/4—«> PCT - PC4
bzt _pes.pco
B #—A—-PB?-PBU
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B2C55A
Mode 0 Configurations {Continued)
CONTROL WORD #12 CONTROL WORD #14
DY D6 D5 D4 D3 Dz D1 DO 07 DE D5 D4 D3 D2 D4 Do
LiefefsifeTels] plefol+ T Te 7]
8
AL PAT - PAQ A -4+8_._PA7-pAu
B2CSSA 4 820554 ‘
le—<~L—— b7 - PCa H—L— _PCT . PC4
c c
D7 - DO tm——p] ‘[ 4 D7 -D0 ] ‘[
——<— 4 PC3-PCD <2 epc3.peo
8
B{—<— 4 PBY.PBO 8 4—,/—8-—1737430
CONTROL WORD #13 CONTROL WORD #15
D7 D6 D3 D4 D3 D2 DT DO D7 D6 b5 D4 DI D2 DY DO
Lfefof1]sTofo]7] Llele A ToT 7]
8 . 8
Al—fL—— pAT. PAD A PA7 - PAD
82C554 4 B2CSEA .
—L— _PCT- PG4 H—r <~ PCY . PC4
D7« DO 4} c‘[ 4 D7 - D0 ——— ] C‘[: .
—<——rC3. PCO M-—<—— PC3.PCO
8
8 |—<—PBT7- PO B 4—,,48__}’57-?30
Operating Modes MODE 1 (PORT A}

Mode 1 - (Strobed input/Output). This functionat configura-

PAT7-PAQ 8
/ N . CONTROL WORD < :
tion provides a means for transferring I/ data 1o or from a D7 D5 05 D4 D3 D2 D1 Do

specified port in conjunction with strobes or “hand shaking”
signals. In mode 1, port A and port B use the lines on portC
{o generate or accept these "hand sha king"” signals.

PCs, PCT

. 1= INPUT
Mode 1 Basic Function Definitions: 0= QUTPUT
* Two Groups (Group A and Group B)
* Each group contains one B-bit port and one 4-bit RD ——q

control/data port

* The 8-bit data port can be either input or output. Both
inputs and cutputs are latched.

MODE 1 (PORT B)

* The 4-bit port is used for control and status of the 8-bit
port. CONTROL WORD PBY-FBO
. " D7 D6 D5 D4 D3 DZ D1 DO Nnrel
input Control Signal Definition . T B TS
(Figures 6 and 7) —» 1BFB
STB (Strobe input)
A “low” on this input loads data into the input latch, [—> INTRB
RO ——0y

1BF (Input Buffer Full FIF)

A “high™ on this output indicates that the data has been FIGURE 6. MODE 1 INPUT
loaded into the input latch: in essence, and acknowledg-

ment, {BF is set by §TB input being low and is reset by the

rising edge of the RD input.
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82C55A
8T
578 5,( 7-(
IS8 JL
IBF
15T g SE—
RO / / 0
tPH
INPUT FROM ______3 Ny
PERIPHERAL L e Ec e .-
p——s——— {P§ ———

FIGURE 7. MODE 1 (STROBED INPUT}

INTR (Interrupt Request}

A “high” on this output can be used o interrupt the CPU
when and input device is requesting service. INTR is set by
the condition: STB is a “one”, IBF is a “one” and INTE is a
“one”, It is reset by the falling edge of RD. This procedure
allows an input device to request service from the CPU by
simply strobing its data into the port.

INTE A
Controlled by bit set/reset of PCA.

INTEB
Controlled by bit set/reset of PC2.

Output Control Signal Definition
(Figure 8 and 9)

OBF - Qutput Buffer Full F/F). The OBF output wilt go “low"
to indicate that the CPU has written data out io be specified
port. This does not mean vaiid data is sen! out of the part at
this time since OBF can go true before data Is available,
Data is guaranteed valid at the rising edge of OBF, (See
Note 1). The OBF F/F will be set by the rising edge of the
WR input and reset by ACK input being tow,

ACK - Acknowledge Input). A “low” on this input informs the
82C55A that the data from Port A ar Pori B is ready to be
accepted, In essence, a response from the peripheral device
indicating thal it is ready to accept data, (See Note 1).

INTR - {Interrupt Request). A “high” on this output can be
used to interrupt the CPU when an output device has
accepted data transmitted by the CPU. INTR is set when
ACK is a "one”, OBF is a “one” and INTE is a “ong”. It is
reset by the falling edge of WR.

INTE A
Controlled by Bit Set/Reset of PCS,

INTE B

Controlled by Bit Set/Reset of PC2.
NOTE;

1. To sirobe data into the peripheral device, the user must operate
the strobe line in a hand shaking mode, The user needs to send
OBF to the peripheral device, generates an ACK from the pe-
ripheral device and then latch data into the peripheral device on
the rising edge of GBF,

MODE 1 (PORT A)

CONTROL WORD
D7 D& D5 D4 D3I D2 D1 DO

PC4, PCS
1=INPUT
0= OUTPUT

WR——

MODE 1 (PORT B)

CONTROL WORD Fe7PRO) 8
D7 D6 D5 D4 D3 D2 DI Do el
] PC1}—» BBFe
1 -
oo i
2d

PCO = INTRB
WR———>q

FIGURE 8. MODE 1 OUTPUT
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82C55A
— wosl——
WR 5
\ |
tAOB
OBF 5 *
INTR Wi i(
ACK b
[ 4 tAK tAIT
OUTPUT
— we
FIGURE 9. MODE 1 (STROBED QUTPUT)
PAT-PAQ paT-PA0|_ 8
RO ~———pr) PC4 |+— STBA WR ——9 PCY |—+ GBFA
CONTROL WORD HBFA CONTROL WORD —_
DT D6 D5 D4 D3 D2 D1 DO PCs D7 06 D5 D4 D3 D2 DT DO PCE ACKA
Lefofs[+fwl 1] D] pesf—y s e fof 1ol 1[1X] Pea [ INTRA
2 2
PCE, PCT PC6, PCT [l 110 | PC4, PCS PC4, PCS =<~ 110
1= INPUT 1= INPUT
0= OUTRUT po7,PEC| & 0= OUTPUT 87, PBO
i ——df PC1}— GBFB D —d PC2 li— §THB
PC2 p4— ACKB pPC1{~—+ IBFB
PCO | INTRB pco}—+ INTRB

PORT A - (STROBED INPUT}
PORRT B - (STROBED QUTPUT)

PORT A - (STROBED OUTPUT)
PORT B - (STROBED INPUT)

Combinations of Mode 1: Pert A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed YO

applkcations.

FIGURE 10. COMBINATIONS OF MODE 1

Operating Modes

Mode 2 {Strobed Bi-Directional Bus V0)

The functional configuration provides a means for communi-
cating with a peripheral device or structure on a single 8-bit
bus for both fransmitting and receiving data (bi-directional
bus 1VQ). "Hand shaking™ signais are provided to maintain
proper bus flow discipline similar to Mode 1. Intetrupt gener-
ation and enablefdisable functions are also available.

Maode 2 Basic Functional Definitions:
* Used in Group A only

= One 8-bit, bi-directional bus Port (Port A} and a 5-bit
controf Port (Port C)

+ Both inputs and outputs are latched

+ The 5-bit control port (Port C) is used for controf and
status for the 8-bit, bi-directional bus port (Port A)

- Bi-Directional Bus YO Control Signal Dafinition
(Figures 11, 12, 13, 14)

INTR - (Interrupt Request). A high on this oulput can be
used to interrupt the CPU for both input or cutput operations.

Qutput Operations

OBF - (Qutput Buffer Full). The OBF oulput will go "low" to
indicate that the CPU has written data out to port A,

ACK - (Acknowledge). A “low" on this input enables the
three-state output buffer of port A to send out the data, Oth-
erwise, the ouiput buffer will be in the high impedance state.

INTE 1 - (The INTE flip-flop associated with OBF). Con-
trolled by bit setireset of PC4.

Input Operations

STB - (Strobe Input). A “low” on this input loads data into the
input latch.

IBF - {Input Buffer Full F/F}. A “high” on this oulput indicates
that data has been loaded into the input latch.

INTE 2 - {The INTE flip-flop associated with IBF). Controlled
by bt setfreset of PC4,
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B82C55A
CONTROL WORD
D7 D6 D5 D4 D3I D2 DI DO
L INTRA
tl 1 I>< I>< l>< ]1lu|1ro|1rol
PAT-PAD
PCT |—» OBFA
PC2-PCO PC6 f+— ATRA
l— 1= iNPUT —
0= OUTPUT
PORT B PC4 J4— STEA
L 1=INPIT ;
0 =0UTPUT PCS |—» 1BFA
WR——3 —
GROUP B MODE
——— s
= MODE . 3
RD 3 PCZ-PCQ“ Ly 120
FIGURE 11. MODE CONTROL WORD FIGURE 12. MODE 2
DATA FROM
CPU TO BZCS55A
wR 4
\ — tAOB ——y
GEer \
twon
) o
INTR \ /
) oy
ACK 3( : 74
18T —»
sTH A
1518 |
18F Ao
tKD,
PS — —* ’-—
PERIPHEgﬁé----uu-------n--{ }---- E.---u--- - - -
/' tPH— h— tRIB s
"D 7 7
DATA FROM DATA FROM
PERIPHERAL TO 82CSSA BZG55A TO PERIPHERAL
DATA FROM
82C55A TO CPU

NOTE: Any sequence where WR occurs before ACK and 5T8 occurs befare

MASK « ACK « WR)

RD is permissible. {INTR = IBF « MASK « STE « RO «

FIGURE 13. MODE 2 (BI-DIRECTIONAL)

BF
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I**********************i************************************

‘Program : SPECTROPHOTOMETER(SPECTRO.BAS)
'Language : Quickbasics version 4.5
'Edit by : RADEN PHOTHIDEE

Laser and Applied Optics Research Laboratory

PB1-346 Department of Physics Faculty of Science

Chiangmai University
CLS
DIM a(10000) AS INTEGER, b(10000) AS INTEGER
PA = &H308
PB = &H309
PC = &H30A
PCC = &H30B
OUT PCC, &H93
BI=0:BF=0
FORi=1T0O 10000
XX
Bl = INP{PC)
IF Bl = BF THEN GOTO xx
a(i) = INP(PA)
BF = BI
FORr=17018
NEXT r
NEXT i
INPUT "FILENAME ", FILENAME$
OPEN "CADATA" + FILENAME$ FOR QUTPUT AS #1
FORi=1TO 10000
PRINT #1, a(i)
NEXT i



CLOSE #1

CLS

INPUT "FILENAME FOR SMOOTH =", f$
n = 9999

OPEN f$ FOR INPUT AS 1
FORi=0TOn

INPUT #1, a(i)

NEXT

CLOSE

FORiIi=1TOn

IF a(i) < 100 THEN GOTO ZZ

NEXT

ZZ:

m=0

FORj=iTOn

IFa()) <225 THEN m = m + 1: a(m) = a(j)
IF m = 2500 THEN GOTO yy

NEXT

yy:
PRINT "Data Start st .... " |

INPUT "FILENAME TO SAVE * $
OPEN ff$ FOR OUTPUT AS 1
FORj =1 TO 2500

PRINT #1, a(j)

NEXT

CLOSE

111
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INPUT " am here..."; t

fff$ = "c:\gb\smootione?2, txt"
OPEN fff$ FOR OUTPUT AS #2
m=20

FORi=0TOn-m

x=0

FORj=1TOm

X=x+a(i+j)

NEXT j

alil =x/m

NEXT i

FORi=1TO 10000
PRINT #2, a(i)
NEXT

CLOSE #2

END
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