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Department Applied Physics
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Abstract

The purpose of this special project is to construct a measuring
system to get a property of lasers. That is the spot size of a lowest
order (TEMgpg) Guassian beam. The Guassian beam can be recorded by
magnifying it first and then moving a photodetector slowly across the
intensity pattern which is large enough. All data are stored on a
computer. Thé system consists of a X-Y holder which is . designed
and constructed for moving the photodetector using a stepping motor
driver circuit with an analog to digital converter and a 8255 PIO
card for controlling the data. This card will transmit and control the
direction of the stepping motor. Softwares are also used in the data
acquisition part and these data will be converted 1into a graphic
form to be analyzed the spot size of the laser. It has been found that
the spot size is 0.22 mm which is in the same order of the practical

value ( 0.2 ~ 0.6 mm).
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N1TNTEAU (Stepping Motor Excitation)
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3) half step excitation
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]88 Bt6 data duty cydlo as BUF 0SC GUT.
12 { B5 BitS * bits — input low configures OSC IN, OSC OUT for
13 | B4 Bit4 - - —=-{ crystal ascitator — clock frequency wilt be
" Se e 1/58 of traquency at BUF OSC-OUT.
© Ba___._.ﬁ ,B_.'_w —_— s R 25 | BUF OSC OUT | Butfered Oscitator Output™=~- -
2 Bz,,’;* 2 — = - 26 | RUN/FOLE mm@—mmu
16 { Bt "L .{_Bit1_ __| fLoast Sgnificant Bit) " { performed every 8782 ciock pulses. -
17 | TEST. | isput High —NormalOperation. ... | . <e + - | Input Low.~ Conversion in progress
- - | 'inpttow—Fercos el blowtputs high.- — 4 - 1} - e amwmamvawﬂwwhAmﬁbm7
o Nots:ﬂnsmrsmeﬂlutestpwposesonly counts before integrata, AR
| Tiehighif not used. - S hwrﬂmahmm&amm«w
18 | DBEN LowByleEmb-e—WMode(sz‘l)lowtv ability of an extamal device o accopt data.
) | end TETLOAD 1Pin 2070w, l‘a.ldng:?mpmbw " | CorneeTts 5Vt notused. ~<¥ & Ve
i acﬁvateshruﬂarby&mtsa‘l—ss.» oy Ve | Analog Negative Supply — Nominally =5V~
" = - bigh s v .} with respact e GND (Pin 7). i
ey —meodeG&:Zﬂ h, plnservesasa P N — -
- lo»byleﬂaguwwm}mﬂshkemod"‘ R_E‘F._OQB_.A. Bdmm;z'@xw Narinaily 28V. | .
e .| See Figuras 8,9, 10. down .
1 | FBEN  |High Byts Enable—With Mode (Pin 21) low;Ttx | .5 130 BUFFER, oot Buler Ampltfier Ouiput . —
==} = ~=~t-and TE/LOAD (Pin 20} low, taking tes'Bin low= -4 31- |- AUTO-ZERO~—]-Autc-Zero Node— inside tod of Caz
_ w;rmmbmmes—mzsﬁ | 32 | nTEGRATOR IntegratorDntput=<- Outside 1010t G ™™ ¢ i
- S P — ; ¥ m’“‘, Ny "1 33 | COMMON N\a!ongmn—SystemlsAmo-Zeroedto
- shiz = - . i ON X
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Sec Figures 8,8,40. - - — . .- L5 - INPUT HE.
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-Integrating Capacitor &1MTu ICL7109 na3181W +5 V 4’z analog
) £ ar v b 24 a 2.’; 1 ‘4
common RAAY GND ﬂﬁw1unW1uﬂaﬁﬂa§aaaaaa1ﬁ 7.5 ATeRadwan (Armawadnn
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e’ 4 d +
wiuarmduilinnay 9 fwnsawnan €, 1R

C = (2048%clock period)(20uA) uF

INT

integrator output voltage swing
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-Reference Capacitor 1ﬁ1§éﬂﬁﬁtﬁuﬂisitﬁﬂﬁu 1 uF
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g » o L] 4‘4 bv
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P <% ' Y3 4 . o 4
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. 2 { ﬁ . 4 ¥ y‘ﬁ .
UART handshake uaznagaLawnan uiuy 2 tun 3nuusznauldsdusuninin direct

) ) & . o )91 4 =
piatiimnaLilie high nauﬂaqﬁmmwmaziﬁﬁagaLawﬂqnﬁuuuulwua handshake Tunn 7
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Table 2— Direct Mode Timing - - - —
: Requirements
} {See Note 4 of Electrical Characterlsﬁce)

SYMBOL | DESCARIPTION | MIN | TYP | MAX | UNIT B
taza | Byte Enable Width1-350 | 220}  |~'ns
_ | Data Access Time: L e L
10487 | romByte Enable | - | 210 | 350 | ©S
DataHotd Time ~ -f--yorfiz o cfm 1o =)
AoH8 2| pom By ERBLIE o0 300 RS T -
tees | Chip Enabls Width | 400.3.260 ns
DataAccessTuﬁe e .
10AC - | trom Crip Enabte - [=+|-280 | 400 }..ns
- Daa&ﬁﬁmq_ el By
1M | trom Chip Enable +{ -z ] -2401:400 |..ns

R 1 . .
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o a1 e . {4 w o
-Handshake Mode LUunﬂiaaaanu1uTﬂiiﬂ1Lﬁﬁaﬁainazﬁaqﬁnﬁiﬂﬂ handshale
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DATA AND GRAPH FOR THE FIRST EXPERIMENT

—
X (cm) Y (cm) I (volts)
0.0 2.5 0.80
0.5 2.5 1.65
1.0 2.5 2.75
1.5 2.5 3.30
2.0 2.5 3.90
2.5 2.5 4.25
3.0 2.5 2.50
3.5 2.5 1.61
4.0 2.5 0.70
4.5 2.5 0.52
5.0 2.5 0.44
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SPOT SIZE MEASURING SYSTEM

INTENSITY (Volt in arbitary unit)

Experiment 1



DATA AND GRAPH FOR THE SECOND EXPERIMENT

X (cm) Y (cm) I (volts)
0.0 2.5 0.52
0.5 2.5 1.30
1.0 2.5 1.85
1.5 2.5 2.55
2.0 2.5 3.33
2.5 2.5 3.78
3.0 2.5 4.07
3.5 2.5 2.30
4.0 2.5 1.17
4.5 2.5 0.65
5.0 2.5 0.45
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DATA AND GRAPH FOR THE THIRD EXPERIMENT

X (cm) Y (cm) I (volts)
0.0 2.5 0.15
0.5 2.5 0.22
1.0 2.5 0.60
1.5 2.5 1.39
2.0 2.5 2.32
2.5 2.5 3.00
3.0 2.5 4,03
3.5 2.5 3.19
4.0 2.5 2,50
4.5 2.5 0.64
5.0 2.5 0.50

73



PL

SPOT SIZE MEASURING SYSTEM

INTENSITY (Volt in arbitary unit)
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M =5/0.2 =25

w(z)= 2.28/25 =0.09 cn
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w(z) = 1.84/22.5 = 0.081 cnm
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0. 081
= 0.21 mm

o R . fd_ v vo ¥
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' . 4 v >4
A1 spot size nila3magIn 1
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' . 4 v o
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) . 4w ¥4
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<

<

L d L] N 1
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Program GETDATA:;

Uses crt;

Var Row,Coni,Con2,Col,Izinteger;

Las_datazArray[1..200] of bytes;

Dt:Array [1..200]1 of Reals

OutFile : Texts;

Const Pal=$0300;

Pb1=803013;

Pc1=80302;

Pcont_1=$03033

Procedure Get_ADC(Var Ord:integer); {Get Digital Data}

Var X,Y,Z,Y1,Z1:Bytes;
Z2:1Integer;
Volt:Reals;

Begin

Port.[Pcont_11:=%$83;

Port[Pc11:=$80;
Port.CPcont_11:=9$8B;
Repeat

X:=Port[Pcl1l;

Until (X or $BF)=$BF

PortC[Pcont_11:=$83;

Delay(600)s

Y:=Port(Pb1l;

{Pa1,Pci_high =ouput , Pbi,Pci_low=input
for get ADC )

{ ADC pin Run/Hold begin Sampling}

{Delay For Getdata}



Z:=Port[Pcll;
Z1:=(Z and $0F);
Z2:=(Z1%16%16);
Voltz= ((Z24Y)/1000);
DtLordl:=Volt;

End;

Procedure Move_y(Var Z:Integer)s; {Control stepping motor in

vertical exist}

Var Y,X :Integers;

Type Ar_data =Array[1..41 of bytes;

Const Data_out2 :Ar_data=($50,8C0,860,830);

Begin
Sound (540 );Delay(400);Nosounds
For X:= 1 to 400 do
Begin
For I :=1 to 4 do
Begin
Port[Pall:=Data _out2CI1;
delay(100);
End;
Gotoxy(66,21) sWRITELN(’Counter = ?,X); {For 0.5 cm}

End;

Gotoxy(66,23) sWRITELN(’LOOP_Y = ’,Z); {When 0.5cm}



Z:=7+1;

Ends

Procedure Show_Datal(A,B,Col,{:integer);

Var Dat,Cor_X,Cor_Y:Reals;

Begin
Cor_X:=((X - Conl -1 )%0.5); {Coordidate X}
Cor_Y:=(Con2 #* 0.5); {Coordidate Y}
Dat:=DtI[x13 {Data From ADC}
Gotoxy(1+(2%Col), D sWrite(’X Y I

Goboxy(14+(2%Col),2+Row) sWrite(Cor_X:1:1,’ ?,Cor_¥:1:1
s >,Datz1:3);
Writeln( OutFile, Cor_X:4:1,” ’, Cor_Y:4:1,’ ’, Dat:5:2 )3

Row:=Row+1; {Skip Row}

End;

Procedure Show_Data2(A,B,Col,X:integer);

Var Dat,Cor_X,Cor_Y:Real;

Begin
Cor_X:= (4.5-((X - Conl - 1) *0.5))3 {Coordidate X}
Cor_Y:= (Con2%0.5); {Coordidate Y}
Dat:= DtCX1: {Dat From ADC}
Gotoxy (1+(2%Col), (34-Row));Write(Cor_X:1:1,”  *,Cor_Y:1:1

. ’,Dat:1:3)3



Writeln( OutFile, Cor_X:4:1,° ’, Cor_Y:4:1,’ *. Dat:5:2 ):

Row:=Row+1; {Skip Row}

If Row=22 Then Row:=0;

End;

Procedure Contrl_SM;
Var I :byte;
Lpi,Lp2,Lp3,Lim1,Lim2,Z :integers;
Type Ar_data =Array(1..4] of byte;
const Data_out12 tAr_data=(803,806,80C,$09);

Data_out11 :Ar_data=($09,80C,$06,803);

Begin
Clrscrs
Port[Pcont_11:=$83; {Pal,Pcl1_high =ouput , Pbl,Pci_low=input
for ADC 3}
Z:=13 {Compare for work the 2nd stepping motor}
Lim1:=11; Lim2:=13  {Limit Range of X exist}

Lp1:=0; Lp2:=0;5 Lp3:=0; {Clear begining value)

For Lpl == 1 to 6 do

Begin
For Lp2:=Lim2 to Lim2+10 do {Set for distance 5 cm}
Begin
Lp3:=03

For Lp3 := 1 to 400 do {Set for distance 0.5 cm}



Begin
For I:= 1 to 4 do
Begin
Port[Pall:=Data_out11CI];
Delay(100);
Ends
Gotoxy (68,21) sWRITELN(’Counter = ?>,Lp3); {For 0.5 cm}
Ends;
Sound(800) ;Delay(400) sNosounds
Gotoxy (86, 22) sWRITELN(’LOOP_X = ’,Lp2); {When 0.570m%
Delay(500); {Delay for getdata from ADC}
Get_adc(Lp2);
Show_Dpatal(Con1,Con2,Col,Lp2);
Eqd;
Move_y(Z)s

Conl:=Conl+ils;Con2:=Con2+1;

For Lp2:=Liml to Lim1+10 do {Set for distance 5 cm}
Begin
Lp3:=0;
For Lp3 := 1 to 400 do {Set. for distance 0.5 cnm}
Begin

For I:= 1 to 4 do

Begin
Port[Pall:=Data_out12CI1;
delay(100)s

End;



Got.oxy(66,21) sWRITELN(’Counter = ?,Lp3)s {For 0.5 cn)
End;
Sound(800) ;Delay(400);Nosounds;
Gotoxy(69,22) sWRITELN(’LOOP_X = ’,Lp2); {¥hen 0.5cn)
Delay(500); {Delay for getdata from ADC}
Get_adc(Lp2)s
Show_data2(Conl,Con2,Col,Lp2);

End;

Move_y(Z);
Liml:=Lim1422; { To Skip}
Lim2:=Lim2+22; { To Skip}
Conl:=Conl+113;Con2:=Con2+15Co0l:=Col+103
1f (Lpl = 3) Then
Begin
Clrsers
Col:=03Rou:=0;
End;
End;
Readln;
Sound (600) 3Delay (400) sNosound;
Sound(600) ;Delay(150) ;Nosound;
Clrsers
Gotoxy(30,12);Writeln(’Scanning success already’);

End;



Procedure Choices;

Var Ch:chars;
UserQuits:Boolean;

Begin

Clrscr;

UserQuits:=Falses;
Gotoxy(30,12)sWriteln(’Check Hardware ’);
Gotoxy(30,13)sWriteln(’Press Y To Process’);

Gotoxy(30,14);Writeln(’Press N To Cancel’);

Repeat
Ch:=Readkey;
Case Upcase(Ch) of

*y? Contrl_SM;

(2]

,N’

UserQuits:=trues;
Else "Choices;
End;s {case}

Until UserQuits;

End;



Begin {Main Program}
Clrser;
Assign( OutFile, ’DataFile.xxx’ );
Rewrite( OutFile )3
I:=0; Con1:=0; Con2:=0;
Row:=0; Col:=0;
Choices

Close( OutFile )3

END.
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Photodiodes

Basics of photometry

This is a brief introduction to the basics of photometry.
To be able to understand this subject belter a brief
review of geometric principles utilised is required.

Geometric principles

Radian

In plane geometry the angle whese arc is equal to the
radius generating it is called a radian. Therefore, if C =
2aR (Circumference of a circle) 27R = 360°. Radian =
180°/7 = S1.27° (approx.).

Figure |

Two dimensional figure

Other abbreviations used.

Ae = Area of emitting (or reflecting) surface.

Ap = Apparent area of an emitting source whose
image is proiected in space and viewed at
some angle, 9.

Ad = Detection area. Whether a physical target or
merely a defined spatial area, it is the area of
interest.

Steradian

In solid geometry one steradian is the solid angle
sublended at the centre of a sphere by a portion of the
. surface area equal io the square of the radius of the
sphere. Therefore, if AREA/R? = | = | steradian and
the area on the surface of a sphere equals 47R? then
47R¥R? or 4r steradians of solid angle ‘@ about the
centre of a sphere. The steradian is usually abbreviated
as STER.

Figure 2

Three dimensional figure

Photometric Terminology
Flux (Symbol F)

Any radiation, whether visible or otherwise, can be
expressed by a number of FLUX LINES about the
source, the number being proportional to the intensity
of that sowrce. This LUMINOUS flux is expressed in
LUMENS for visible radiation.

Luminous emittance (Symbol L)
A source measurement parameter. it is defined as the
ratio of the luminous flex emitted from a source to the
area of that source, or L = F/Ae. Typically expressed in
urnits of:
lumens/cm? or one PHOT,
lumens/m? or one LUX (or one METRE CANDLE),
lumens/? or cne FOOT CANDLE.

Tlyminance (Symbol E)

This is a target or detector area measurement para-
meter. It is the ratio of flux lines incident on a surface to
the area of that surface or E = I/Xd. Typical measure-
ment units are the same for LUMINOUS EMITTANCE
ie. lumen/cm?® = one phot, lumervm? = one lux, and
lumen/ft? = one ft candle.

Figure 3
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Juminous intensity (Symbol I)

7 A spatial flux density concept. It is the ratio of luminous
flux of a source to the solid angle subtended by the
detected area and that source. The LUMINOUS IN-
TENSITY of a source assurnes that source to be point
rather than an area dimension. The LUMINOUS IN-
TENSITY (or CANDLE POWER) of a source is mea-
sured in LUMENS/STERADIAN which is equal to one
CANDELA (or loosely, one CANDLE).

Figure 4

Luminance (Symbsoi B)
Sometimes called photometric brightness (although the
term brightness should not be used alone as it encom-
passes other physiological factors such as colour,
sparkle, texture, etc.) it is applied to sources of appreci-
able area size. Mathematically, if the area of an emitter
(circular for example) has a diameter or diagonal
dimension greater than 0.1-the distance to the detector,
it can be considered as an area source. If less than this
12% figure, the source can be treated as point in nature.
This one to ten ratio of source diameter to distance is
offered as it MATHEMATICALLY very closely approxi-
mates results obtained when comparing an area source
to its point equivalent. LUMINANCE presents itself as
an extremely useful parameter as it applies a figure of
ment to:

1. Apparent or protected area of the source (Ap).

2. Amount of luminous f{lux. contained within the

projected area of the source (Ap).
3. Solid angle the projected area generates with
respect to the centre of the source.
Note. The projected area Ap varies diectly as the
cosine of © ie. max. at 0° or normal to the surface and
minumum at 80°
Ap=Aecos ®

LUMINANCE is defined as the ratio of LUMINOUS
INTENSITY to the projected area of the sowrce Ap.

Figure § o : o

LUMENS
LUMINOUS INTENSITY _ STERADIAN  CANDELAS

Ap Aecos 6 (Sq. Unit)

And depending on the units used for area:

| CANDELA/cm =1 STILB

1 CANDE:I;A:‘m"mz = [ NIT

1 CANDELA/ = - .

| GANDELA/RZ _ } no designator available.
Also:

I/r candela/cm?® = LAMBERT

/7 candela/m® = APOSTILB (or BLONDEL)

l/n candela/in? .= no designator available

1/ candela/ft? = FCOT LAMBERT
CIE curve

Photometric quantities are related to the corresponding
radiometric quantties by the CIE Standard Luminositr
Function which is often called the 'standard eyeball'.

The eye responds to the rate at which radiant energy
falls on the retina, ie, on the radiant flux density
expressed as Watts/m®. The corresponding photomet-
nc quantity is Lumens'm®, The standard lurrunosity
function is then, a plot of Lumens/Watt as a function of
wavelength.

The function has a maximum value of 680 Lumens/Watt
at 555nm and the % power points occur at 510nm and
610nm (Figure 6).

Figure 6 CIE stand photopic luminosity function
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The following range of discrete opto devices is de-

Electromagnetic radiation spectrum _
scribed, each of which may be used in a variety of
sensing applications.
Figure 7 Electomagnetic spectrum Product RS stock no.
General purpose photodiode 305-462
BPX 65 high speed photodiode 304-346
BPW21 photodiode 303-719
Quadrant silicon photodiode 652-027
l [ — 15mm? silicon photodiode 194-076
vy 1 ’ Medium area photodiode 651-995
R T B N e Large area photodiode 303-674
Iy ATEAE Integral amplifier Smm? _ 308-067
unrarers 0" - T e 7 1 [ntegral amplifier 100mm® §90-963
s ; } , 5.8mm? UV photodiode 564-021
| T P O i | 33.6mm? UV photodiode 564-037
rereve "1 o —1 100mm?® UV photodicde 564-043
-, w* /&7 16 element linear array 194-060
. w0° 4 b\t hunt
2aruve L v nem ‘0
w0 </ QA' 7, —_ R .
wedl i Light s [ || General purpose photodiode
el weommn w4l Visible radiation  — (RS stock no. 303-462) ‘
0" {m green |
wrdl N — A planar diffused photodiode in a 2-lead TO-18 can with
vl N \ reiiow-groes [ glass window. A very linear output of current versus
Do | Merowvas " LI — light level can be obtained over a wide range of inputs.
U, B jpuindl Light falling on the diode induces current in the diode,
n* LA F“* || thus when the device is reversed biased thereby
\ %\ arangeres X )
1 ' \ 6’6 N —_ conducting very low leakage currents, it behaves as a
o wdl ' 2 romrons current source controlled by the incident illumination.
h—?;: 10’ \ it -\m'mn -1
-] "1 e \\ e |\ sarena Absolute maximum ratings
o A v e O Fra || at +25°C (unless stated)
0" 5 il A . Reverse voltage Vg +80V
e 1o’ 1 v, \ Forward current I 100mA
M R | I o \ Operating temperature range 0°Cto +70°C
o | \ —— o || Storage temperature range —55°Cto +125°C
, r L Power dissipation Pd 200mW
M " -
Figure 8 Typical quantum efficiency curves
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Pin connections and case dimensions

1 Il 2

Casa is connected to Pin2. .
Chip placement sccuracy =0.25mm of cancentre.

pasd

7 T
\ "\':'ﬂtl“

i [- T X}

One
*Note: 850 muls =~ 0.7mm x 0.7mm.

Nominal photosensitive srea 850mils (nesrsquare)®,

Electrical characteristics (at +22°C +2°C unless otherwise stated)

Symbol Parameter Min, Typ. Max. Units Test conditions
Vieary Breakdown voltage ] v Daric; rev. current 10pA

lo | Darkcwrent 1.4 14 nA Dark: rev. bias 20V

R. Responsivity 035 0.7 14 nA/mW/cm? | Zero bias; 400 W/em?
C Capacitance 12 pF Dark rev. bias 10V

g Response time 250 ns 10-90% levels

- Temp. coefl of responsivity 0.35 % per °C 0°Cto +70°C

- Temp. coefl of dark current x2 per 10°Crse | 0°Cto +70°C

Typical performance curves

Figure 9 Photo current vs. irradiation
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Figure 10 Open circuit voltage vs. irradiation
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Figure 11 Normalised capacitance vs. bias voltage
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Figure 12 Photo current vs. bias voltage
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Figure 13 Normalised spectral response
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'fypical applications

Analogue light level sensor - direct reading
Low input bias current op amps such as LM 308 or FET
nput types can be used to qive steady dc indication of
light levels as 1s necessary for photometric applications,
photocell measurements, transmission and reflection
coefficients, etc.
The values shown give approximately 14V/mW/cm? of
irradiation. The value of R and R2 may be reduced for
less sensitivity but should be kept equal. For values less
than 100k(2, a less sophisticated amplifier may be used,
eg. nAT4l.
The 1000pF capacitors may be mncreased to reduce
gpplle from ac bighting or control response ime accor-
ingly.

Figure 14 Analogue light level sensor - direct
reading '
«17Vio - 15V
1000pF
1
L
\\t Qutout
RS stockno. 4
305-462
1000pf
-
-1V - 15V

ac coupled analogue sensor for optical communications
links

.. A stage of amplification qiving the substanual gamn

necessary for optical communication links 15 im-
plemented as shown. An op amp with low input bias
currents such as LM 308 or an FET wmput iype is
necessary.

The input ac coupling Cl gives a dc isolation of steady
ambient conditions, and C2 munmmses effects of offset
voltages, both such lower break frequencies are below
10Hz

Upper frequency response 1s approximately 3kHz and
ac sensitivity is 70V/mW/cm?. A further amplifier/buffer
stage 1s necessary to drive a headset or loudspezker.



Figure 15 ac coupled analogue sensor for optical
corunurications links

«17Vio =15V

Qutout

ov
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Logarithmic detector for exposure meter

Feeding the RS stock no. 305462 into a high tmpedance
‘gives a logarnthmic voltage/illumination respornse.

The circut shown is the basis for a sumple battery-
operated exposure meter. At very low light levels
where the amplifier bias current may czause the output
to go negative, a diode avoids the spurnous state of
negative indication.

The movement may be calibrated in photcgraphic
scales. one stop being approximately 7pA. Sensitivity
can be tnmmed by adjusting R1.

BPX 65 high speed photodiode
(RS stock no. 304-346)

The BPX 65 is a planar silicon PIN photodiode housed
in a modified TO-18 case incorporating a plain glass flat
window which has no influence on the beam path of
optical lens systems. The cathode is electrically con-
nected to the case. Because the BPX 85 is capable of
detecting wide bandwidth signals due to its excellent -
high frequency response, this coupled with its high
sensitvity makes the device ideal for signal detection
applications. This photodiode 1s outstanding for low
jnchon capacitance and short swatching times.

Absolute maximum ratings

at +25°C (unless stated)

Reverse voltage Vg .50V

Forward current I 10mA (200mA puised lus
1% duty cycle)

Operating temperature range —25°Cto +70°C

Storage temperature range —~55°Cto +125°C

Junction temp. T +125°C

Power dissipation Pd 250mwW

(derate linearly 2.5mW/°C above +25°C)

Figure 16 Logarithmic detector for exposure meter
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RS stocx no.
308-462

Shape and dimensions
1 ’ l 2
48
@ -
\1/ FLAT GLASS
WINDOW
— DIA.3.8
l 28 4
{ =01]5.0 Cathode is
connected
I to case.
Chip placement
12.7 accuracy * 0.2mm
0o of can centre.
[ Y] °
I
.
212ads 0.5 max. dia.
on 0.10” P.C.D.




Electrical characteristics at +25°C (unless stated)

Parameter Test conditions min. typ. |max. units

A Radiant sensttive area H mm?
A smax. | Wavelength of max sensitvity 850 nm

Re Responsiity A =450nm 0.2 AW

A =900nm 0.55 AW

A =1064nm 0.15 AW
e Response ume (10-80% levels) Ry =50€L; Vg=20V: A =900nm 05 | ns
Co ¥ | Capacitance Vp=0V 15 pF
C Va=1V 12 pF
Cs Ve=20V . 35 pF

4 Cut-off frequency S0 MHz
lo Dark current Ve=20V, Dark (E=0) 1 S nA

S Spectral sensitivity Vg=20V: see Note | 7 10 nA/lx

NEP Noise equivalent power V=20V 36x 107" wWiviz

Note 1. The illuminance indicated refers to unfiltered radiation of a tungsten filament lamp at a colour temperature of 285€K (standard kit An
accordance with DIN 5033 and IEC publ. 306-1).

Typical performance curves

Figure 17 Normalised spectral responses ( A ) and Figure 19 Polar sensitivity curve
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. . , Figure 20 Variation of diode dark current with
Figure 18 Van;nor} of output current with reverse voltage
{llumination
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Figure 22 Variation of diode capacitance with
reverse voltage
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BPW21 photodiode
(RS stock no. 303-719)

A silicon photodiode housed in an hermetically
sealed case with a {lat window incorporating built-in
colour correction. Sensitivity approximating the
human eye response. Linear current (short circui)
versus illumination. Log. voltage versus illumination
This photodiode is designed for use in the photoam-
peric mode and is ideally suited for use in light moni-
toring and control, optical instrumemation and cam-

era control.

Absolute maximum ratings

Ambient temperature range —25°C to +100°C

Reverse voltage, V, 1ov
Open circuit voltage 650mv
Power dissipation (at 25°C),Pd _________ 250mW
Muminance, E - 10° lux
Features

® Response approximating to the human eye
® Photovoltaic cell operation )

@ Linear output current versus lumipation -
® Hermetically sealed TOS case.

@
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~Negative Supply Voitage (GND to V=) --——9V - v - : 133W-@¥85°C
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Ly &pprybeappﬁedtomla.ﬁoswfwaasm&WySWWMnWWWNWNNWINNm\mxm
&TNshnhraletsmmtdmpadageardﬂlmtbaobwdmmmlmm_. s L Tt L. .
LMWWSMMMMSWWM o
% &, Rollower error tof Tp= <55C o +1257C is 3 counts madmum.
% & A full scale votage of 2048V isarsed bocaise & full scale voltage of 4.096V
=- 7. For Cerdip packepe the Ratiometric error can be —& (Min.). =

NOTE: Al pypical welues have boen cheracierized tul are not tested. AT - W R A AT~ b MG o7 LT
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%
-g Pt 2 oo STABLE 1: Pin Assignment and Function Description ———--- S S

= jprn| symbol | Description .. Pin| Symbol | Description
1 |GND___ _DigigaI‘G_romd.OV.Grumran.mtorahcﬁgnal.j 21 {MODE  °° | inpul Low~—Direct output mode where
e |dogie. - . vo tenthoe | e | CETTORD (Pin 20), ABEN (Pin 18) v TBEN
2 | sTATUS.-] mnwghmmmxewmmm ‘P"“)”‘”md"*“"m’g

. h'lpunhdsadl-ﬁgb—Ca;sasMsenw
moha.radshakemodaarndmmuldataash

o Outpu'lLowwnananalogsectonsmAmo-
~='|'Zero configuration. o

— Figure10. . N ey B
3 (pPOL — vPolamy—HHofPosmvemwt —_ lﬂpml'iigh—Embi&sCElLOAD(PmEO),d_
4 }|'OR =" | Overange ~ Hlif Overranged. . —— - HBEN(PNHB).EME (Pmn 18) as ;
: Significant B ~{ - P I 1 mode will bo entreat and | - :
- p8 18 ani Most 181 = [ — - f-data output asin Figures 8 and 8 at rawe—
6 { BT - Bttt o B cornversion completion. Te—- -
7 | 810 Bu1o..| v ome v ovait |t .| Osciligtordnput’ 77T S Vf
8 lse . |sio ’ ‘throo "Oscillator Output :
o
91 BE Bite ' | smte ) Cscillator Select — Input high configures '
10(B7 © [Bt7 | Hi=tue T OSQ N, OSC OUT, BUF OSC OUT as RC™ .
e " S DAV RV B e .- Joscilator - clock wll be same phase and —
11 Bs Bis data duty cycle as BUF OSC OUT.
12 | B5 Bit5 ' bits - Input fow configures OSC IN, OSC OUT for
13 | B4 Bitd - -+ | erystal oscillator — clock frequency will be
- e -~ - - - ---- | 1758 of frequency at BUF OSC-OUT.
i 4 it
£ ! T e s SR 25 | BUF OSC OUT | Butered Oscillator Qutput="="."""
: 15 2 .. it 2 : .. R B - —
E—i — o - = "™ | 25 | RUN/HOLD Input High ~ Conversions contir “WS’Y»."_e
& 16 | B1 Bt . (Laast Significant Bit) " | pertormed every B182 clock pulses. -
t 17. | TEsT . 2] input Kigh — Normal Operation. e - ems '"P‘RLU'L-—M"‘"P"‘MTT-
X e, lnputLaw-—-Fo.cesaHbﬂwtpxmh;g —— e C e e mpmadmwlmpmNmZm:
L . NoE: T"usmpmnsusedfortempmposesomy counts befora integrata. PRI
E‘;- _ Tiehigh #f not used. - i T fersEND Tl lanR"'“Usedmhandshakamodm
o 18 ENv*g LowBy‘.eEnable—wnh Mode (Pin 21) low, 5 }- ~--—1 | ===~ o~ abtﬁtydananermlmwawemuma.

I3

Wmlﬁnm)lmﬂ,tahngthsphbw h'_—:f— 7| T T Connectlo ¥ SVt notused. <éf &3
acnvatesloworderbwamnpmsm-—sa e F— . AnalogNegaﬁveS:;aply—Nérihall}%SV"

%; 14545 Mode (Pin 21) high, this Ty o et DD ) !
- = pin serves 2s —
e { ow Eyto g ot used nhandakaTRaga 7| | 20 | FEF.OUT,: - | Fferance Vofiage Output — Nominally 28
- ..]-. - .| seeFiguress,9,10. - down from V- (Pin 40). -
L 19 | ASEN  |:High Byte'Enablo—With Mode (Bin 21) lowsT 1s J BUFFER. .., por} Buffer Amplifier Output . .~ A
B — and CEJLOAD (Pin 20) low, taking thispin low= -}auro-zero— -Auto-ZeroNode—hs’deloﬂoiCAz———-u -
4 :‘o":“é“;“@“m”’mm“" B12,55). 32 | INTEGRATOR | IntegratorQmtpute- Qutside follof Cpir ™™=
te |- | Nt - ; 33 |COMMON | Analog Common— SystamlsA.roZe(oedto
o gmm-Mode(szﬂhlgh.mspmsewesasa- . JOOMMON. ..
i . -_h:ghbytetlagompv.nusedmhands'hakema-» 7 |B4]INPUTLO 27 Diﬂeremia.l input Low Side ™.
o5 e o} SeeFigues8,9,10. -, .. - ==l " [a5 | INPUTHE= 3 | Ditferestial nput High Side. -+

20 | -CE/LOAD- ChrpEnableLoad—thModa(Pm21)low T FIN$ 5 ~| Different T — -

N -CEJLOAD serves as a master output enable.* . % |REF N = Drl'fere?_‘h..a'lnef'ereftcelnmeos—mva PR

P .. =} -When-high, B1:— B12, POL, OR outputs are: - _.. | 37 | REFCAP + .| Relerence Capacitor Positive. ... ... __._.

38 | REF CAP -»*. | Reference Capacitor Negative .~ 3" -2 ;T
33 |REFIN % | Differential Reference Input Negative °

—With Mode (Pin 21) high, this pin serves as a

.load strobe used in handshake mode. See .. 4 |v+ _,':IA * " | Positive Supply Voitage — Nominally +5V,
: Figures 8, 9, 10. oL ‘with respect to GND (Pin 1).
. B . oo Note: Alldigﬂallevelsamposmvem :
2 o L. T ) : 3 o e e !
- . -
s
{
!
i
i NOTE: AS lypica’ vaties have been characterzsd bul #re not tesied. Aot et WL YT e i | et T e et e TR A I
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Figure 2A. Typlcal Connectionﬂiagram UART lnte
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- -Flgure 28B: Typical Connectlon Dlagmm Parallel_l_r;terface With 8048 Mncrocomputer L

DETAILED DESCRIPTION — = i~ - .&.

Analog Section ~ ey

T Figure 3 shows the” equrvalent urcuxt of the Anajog Sec-
uon of the ICL7109. Whenthe RUN/HOLD input is left open
or connected to V+, the circuit will perform conversions ata
rate determined by the clock-frequency ncy (8192 clock periods
per tycle).-Each measurement-cycie-ts divided into-three
phases.as shown in Figure:4: They-are (1) Auto-Zero (AZ).

(2) Slgnal lnlegrate (INT) and (3) Demtegrate (DE). =

NOTE: Af typical vakues have beon charcisorized tad are ot tasted.

Auto-Zero Phase

© During auto-zero three things happen. First, input high
and iow are disconnected from their pins and intemally
shorted to analog COMMON. Second, the reference capaci-
tor-is charged to the reference voltage. Third, a feedback
loop. is_closed around the system to charge the auto-zero
capacitor Caz 16 compensate for offset voitages in the buff-
er amplifier, integrator, ardd comparator. Since the compara-
tor is included in the loop, the AZ accuracy is fimited only by
the noise of the system. in any case, the offset referrad to
---—theinputrslessthanwpv .

|3 . S
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Signal lntegrate Phase
[ Dunng signal mtegrate the auto-zero loop :s opened the
internal short is removed and the internal high.and:low in-
puts are connerted to the exiernal pins. The converter then
integrates thé ditferential voltage between IN H and.iN LO
for a ﬁxed hme bf 2048 clotk penods. Note that this dxﬂer—

ennal voltage must be w:thm the common mode rangefof
(<

NOTE: A typicat vahsess have boan charactonzed buf are nat 193ted
.

e :
The ﬁnal phase.nsde-imegmte .or :eferenca mtegrate. ln-
put low is mtemally connected 1o analog COMMON and in-
ecled

auto-zero) referencq,.capadtor, Cn'cunry within the chip en<'
sures that.the.ca acitor will be conriected wnth the cor

numbér-6f clock penod§ -cotmted) s proporﬁonal 10 the'in-
* put signal.
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eorTass ACL73i09
Differential input= e e S duced-furthar=Thiswwill increass-both Toise-and Tolover
: errors. To tmprove the performance, supplies of 6V may

} "The input can accept differential voltages anywhere with-

lin the common mode range of the input amplifier; or specifi- beused . .. e

scally from~1.0 volts below the positive supply.t0-1.5 voits . . Integrating Reslistor ] L s
‘above-the negative supply. -fn:trusxangemesystemhas - p—_— __Bomme.bu?ferampﬁﬁerendahemgrator havea class A
'CMH&of 86dE typical. However, since the imtegrator ‘also - ——oumutstage With 100pA of quiescent current. They supply
iswings with the common mode-voltage, care Tiiust be exer- - 20pAof dnveemrant-\mth negligible non-linearity. The inte-

:cised to-@ssurdthe integrator output dogs not saturate, A ,.ogratmg resistor; should be Jarge amugh 10 remain in this
worst ease-oondmon would bea,large -positive : common. w-vary.lihear ¥égion over the input: voltage:range, but small
ymode voltage with a.near full-scale negative differential-in-  *~. . enougiTthat undueieakage requirements ‘are not'placed on

:put voltage. The negative input signal drives the integrator ~the, PG board. Foi 4:096 voltfull scale, 200KQ is near opti-
ipositive when imost of its swmg;has been used up “by the mum-and similarly a‘20kn‘lor a 409.6mV scale. For other
ipositive common mode voliage! Fordhese ritical applica- - - ---values of full scale'vohage, .Flm should be chosen by the
ltions the integrator swing can‘bem‘loTess‘than the = - "'relabon ,-,,, . ;

srecommended 4V full scale with somgJoss of acctiracy. The
tintegrator output mn_wmg w:thm Oﬁvolts-of:enhersupply =
fwnhouflcssoﬂmeamy . i(\ {‘ S St i ti R—JO"A‘—-—@"-“-':

! Th&1CL7109 has, however been optmuzed for operaﬁon ntegra ng Capac o o :

twith analog common near, dignal ‘ground. With-power sup- . ~ Thentegrating capacitor™ Ciitrshould e selectsd to Q'VG
iplieg oL+ 5 and =5V, this allows a4V full'scale | mtegrator_.._zftb?mmum,ime,grator-oummvdhagamg Without, satu:

1swing positive-or-negative thus manmsznng the performance — —raing the intagrator.{approximately 0.3.volt from either_sup:
-of the analog section. ; ply). For the ICL7109 with £5 volt supplies-and analog

B _’ f common connected 10 GND, 2 3.5 to +4 volt integrator
‘Dlﬂereﬂt'al Reference "s:}—_-—r . output swing is nominal. For 7-%; conversions per second
, Therélérenceé vo.tige & Canbe generg‘teu‘ anywl ere’\?n'thiﬁ"" T6T. 72k tlock reqUericy) as provided 591he crystal oscil-

ithe power supply vohage of the converter. The main source - Jator,-nominalvalues—or-Ciny’ and Caz are 0. 1_5):.F and
tof common-mode eror is a roll-over voltage caused by the s 0. 33pF, respectively. if different clock frequenaes are used,
rreference capacitor losing or gaining charge to stray capaci- - = —thess values should be changed to maintain-thé-integrator
hy onits nodes. If thére-is a large common modewoltage;C!514 output&'atage SWlng-aln general, “the valug_of C‘qm is gfven

‘the reterence capacitor cart Gaii i eharge ricrease Voltage) by
fwhen -calied up to deimegrate a positive signal but lose i (2048xclockpenod)(20pA) [
icharge(decrease voltage) when called up to deintegrate a ,‘_» rian Clm integr raior .t voltage swing | pF :

negative input signal. This ditference in reterence for.{+) or.-- i H
{~) input voltage will give a roll-over eror. However by - % AR_sdditional requirement of the imtégrating ‘capacitor is
selecting the reference capautoMarge enough in compar ~— it that it have low dielectric absorpuon to prevent roll-over er-
son 1o the stray capacitence, this'ermor.can be held 1o less - = rors. While other Yypes of capacitors are adequate for this
than 0.5 count for the worst case. condiuon (see Component applmﬁorr'powpmpyrene capacitors give undetectable er-
Values Selection below) - >'rors at réasonable cosf up to 85°C. For the military tempera-

‘r."l = pn .-—-'—, P V- %
The roll-over error from these soutces -is ~minimized by v -:g;?:?:c’;:ﬂ :;somc:gz?‘:?\r:raitrznshcsm\::?ase:meﬁ:z
having the reference common mode voltage near or at ana- trom unit fo unit, selected devices should give less than 0.5
wx—- _-l-—- . T
dog COMMON. B .comi.error due to dielectric absorpuon .
‘Component Value Select(om-ﬂa : Auto-Zero-Capacltor SR
., For optimum performance of the .analog_section, care . = The stz .of the auto-zero capacitor has -some .influence
must be taken in the selection of-Values for the mtegrator #Tigh the_noise of the’ system: a smaller physical size and a
. capacrtor and resistor, auto-zero capacitor; reference volt- larger capacitance -value lower the overall. system .noise.
;age, and conversion rate. Thesexal_uas;nust be chosen.to..; - 23.Howaver,; G7 cannot:beincreased without limits since it, in
suit the particular application.? ;-j;;'“_‘;;‘ 35 g “"",parallef'mth the .integrating .capacitor forms. an R-C time
‘ The most important consideration is that the integrator constant that determines the speed of recovery from over:

output swing (for full-scale input) be:as large-as;possible. . ;v Joads and mofegrnponant the error that exists at the end of
Eor example, with_+5V_supplies. and‘COMMON copnected = ‘an-anto-zero “cycle. For 409.6mV._ full scale whe where noise is
to GND; the nominal integrator oitgiit;swing.at full cale is - ~—¥ ety importantand the Integrating ressm,r o7 small,a value of

+4V. Since the integrator output can g6 16 0.3V frori either Chz twice Cyyy Is ‘optimum. Simitary for %1096V full scale
supply without significantly affecting linearity, 3 4V integra- Where-récovery is“more-important than‘nals?,a value of
107 Gutput swing ‘allgws 0.7V Tor variations in*sutput'swing Cazéqialiot halloT Gy is recommen'ded Phane s u

die’ to mmponent ‘value, and*qscullator tolerances:“With ‘For Sptimal (e]echon of stray pfckup, th outerfonl of CAZ
+5V. supphes and a common modefange of—t1V1equ1red should'be co ebted o the’RC" summing Juncuon "and the
the componen‘t values should be ‘seiected tof provxde 13V inner foil 10 pin 31! ‘Slmllarly‘the outter fojl ot Cijt should be
lmegrator Sutput’ sw'mg:Nmse-end rollover erTors. wm be connected 10 pin 32 end the inner 16‘1 to the R-C stimming
slightly worse” than in"the 2 4V*case’ For larger &ommon junclion, Teflon®, o equivalent, capacitors.are reconmend-
mode voltage Tanges 1 evﬂegfatg-bgt‘tyug §wnng mustte ed above B5°C for their low leakage characteristics: ="
NOTE: A typical vataes have been cwactunzed but ars not esiod. AR —he O TR Rl T T rer s T BT
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‘Reterence:Capachor———-—-——: ——- ~—— — ——— -Note that-f pins 29 and 38 are tied together and pins 3¢

. A 1pF capacitor gives good resullts in most applications. --
However, where a large reference common mode voltage _
exists (i.e. the reference lovg is_not at analog qommon) and:,

a 409.6mV scale’is used, a larger value is required to°pro-

vent roll-over. error. Generally 10;.:F will-hold the -roll-over -~ —
error ta 0.5 count in this instance.’ Again, Teflon®, or equiva-.-; »y -

lent capacitors should bo used fortemperatures above BS‘C
tor their low leakage characteristics.

--and 40 accidentally shorted (e.g., during testing), the reter-

ence supply will sink enough cument to destroy the device.
Duscanbeavoidedbyplawmgamnres:stormseneswm

LPpiN39.c T
DETA".ED ‘DESCRIPTION = .

Digital Section -
" The digital section includes the clock oscillator and swl—

. . ing cirduit, a'12-bit binary counter with output latehes and

: The analog input reqmre&—to genera!e a {ullstala output —-..TTLcompatible three-state output -drivers, polarity, over-

of 4096 counts is Vyy=2Vger. Thus for a nomalized scale,
a reference of 2.048V should be used for a-4.096V full '
-scale; and 204.8mV should be used for a 0.4096V. full scale. ._

range and control logic, and UART handshake logic, as

-~ ~shown in.Figure 5.

- -Throughout this description, logic levets will bérafared to

However, in many applications where the A/D.is sensmg_.-__ as “low” or “high”..The actual logic levels are defined in the

the output of a transducer, there will exist a~stale factor_~

_Electrical Characteristics Table. For minimum power con-

other than unity between the absolute output.voltage tobe_____ . sumption,_all -nputs should swing from GND (low) to v+

measured and a desired. digital output: For- instance, in a _
weighing system, the designer might like to have & full scale -
reading when the vottage from the transducer is 0.682V."
Instead of dividing the input down to 408.6mV;-the input

voltage should be measured directly and a reference volt-. .
age of 0.341V should be used. Suitable values for ntegrat- - -
ing resistor and capacitor are 33kQ and 0.15uF. This avoids

a divider on-the input.. Another advantage of this system

occurs when a zero reading is desired for non-zero mput. =

Températura dnd weight_measurements Wwith an oftset of___
tare are examples. The offset may be introduced by con-
necting the voltage output of the transducer between com-
mon and analog high, and the offset voltage between com-

mon and analog low, observing pclanhes carefully. Howev- .
er, in processor-based systems using the ICL7109, it may -

be more efficient to perform this type of scalmg or tare sub-
traction digitally using software: e

3 "HandshalgeMode"for tmtherdetaﬂs) T

(high). Inputs ngen..frorn TTL gates should have 3-5kQ

: pullup resistors added for rnaxunmn nozse immunity. '

_— MODEdnput™

The MODE.input is used to control the output mode of the
converter. When the MODE pin is low or left open (this input
is provided with a pulldown resistor to ensure a low level
when the pin is left ‘open), the converter is in its “Direct™

* output mode, where the output data Is directly accessible
—_"under tha contrel of tha chip and byte enable inputs _Whén

the MODE input is pulsed high, the converter enters the
UART-handshake mode and outputs the data in two bytes,

"+ then retuimis to “direct” mode. When the MODE input is left

hugh ‘thé converter. will output data in the handshake mode
" at the end of every conversion cycle. (See ssction ertxﬁad

R IS T by

__STATUSOutput -~ - © " -

Reference_Sources — i
" The stability of the reference voltage is a major factor [

the overall’ Ebsol'u'te accuracy of the converter, J'he

__.Duinga convemon,cycle, the STATUS ouiput goes hi gh

at the beginning of Signal intégrate (Phase 1), and goes low

U e one-halt- clock=peripc :afternew-datafrom the conversion

tion. of_the_ICL7109. at 12 bits.is one-parl in 4098, .or_x..... ‘has been'stored in"the output latches. See Figure 4 for de- -

244ppm. Thus if the reference has a temperature coefficient
of 80ppm/°C (onboard reference) a temperature | difference

of 3C w:ll mtroduce aon ona—brt absolute ermor.” v-'m,vac._ LiCH

“For‘threreason-rr isTecommendsd- thatan'extemrhzg e

quality reference beused where the ambient temperamre is
not controlied-or: .where hngh-accuracy absolute maasure-—
ments are bemg made RER TLtRomis ie
“The ICL7109 provndes “aiREFerence OUTput {pm, 29)
which may-be used with-a resistive divider to generate-a
suitable reference voltage This outpu1 will sink up to about
20mA without significant variation in output. voltage and is
provided., “with” a ‘pullup bias,'device 'which sources -about
10pA Thé output voltage'is ‘nominally 2.8V balow V+, and
has a temperatiire coefficient of 80ppm/°c typ. Whenus-
ing the onboard reference, REF OUT (Pin_29) should be
connected to- REF— (pm 39), and REF+ should be con-
nected to the’ wnper of a precision potentiometer_ between
REF OUT -and V+.The circuit for a 204.8mV reference’is
shown in the test circuit For a 2.048mV referencs, the fixed
resistor: S"lOUld be removed; and a 25k -precision potenh-
ometer between REF OUT and V+ should be us!

NOTE: A¥ typacas vaiues have boon cheractorzed i are nol tesisd.

tails of this timing. This s:gnal may be used as.a.'data vaﬁd‘
flag (data never.changes while STATUS is low) to drive m—
terrupts, or for monrtonng the status of the ‘converter. .}

-=When' the RUN/FOLDinput is hlgh dr left open; the cif«
cuit will “continudusly perform conversion cycles;: ‘updating
the output” latches’ after zero crossxng dunng the Deinte-
grate (Phase II) pomon of the cohversion cycle {See Figure
4). In'this ‘mdde of operation,.the conversion: ¢ycle will be
performed in-8192 clock: periods. regardless of the resulhng
value; " B riedegnyt -'w- S O e R S b
ot RUN/HOLD goes Iow at any tlme dunng Dexntegrate
(Phass:1il)-atter. the zero trossing has occurred; the circuit
will. immedi ately terminate Deintegrate and jump to Auto-
Zero. This feature can be used to eliminate the time'spent in
Deintegrate aﬂ'er ‘the zero-crossing. If RUN/HOLD 'stays or
goes-low, ‘the converter.will ensure.minimum* - Auto-Zero
time, and-then wait in"Auto:Zero unti! the RUN/HOLD input
goes high. The converter-will begin the integrate (Phase 1)
portion of the next conversion {and the'STATUS output will
go high) seven clock periods after the high level is detected
at RUN/HOLD. See Figure 6 for details. .
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Tiiut 10 counts mowmn-.—;— .

RI.ININOLD INPUT

- .. Figure 6: Run/Hold Operation - «* N

Using.the RUN/HOLD input in this' manner allows ‘an
easy.'‘convert on demanc” interface’to be used. The-con-
verter.may be held at idie in auto-zero with RUN/HOLD low.
When RUN/HOLD goes high the conversion-is started, and
when the STATUS output goes low the newdata is valid (or
transferred to the UART —see ‘Handshake Mode).- RUN/
HOLD ray.now be taken low which terminates deintegrate
and ensures a mmlmum Auto-Zero time -before the -next
conversnon -t .. s_‘—n n_ .

Altemalely.\FlUN/ HOLD can be used to minimize conver-
sion-time - by .ensuring that it -goes low during Deintegrate,
after zero crossing,.and goes high -after the -hold -point is
reached..The required activity on the RUNZHOLD input can
be.provided by connecting it to the Buffered Oscillator.Out-
put- in this-mode the conversion time is dependent on the
input value measured. Also refer to Harris Appiication Bulle-
tin. A032 for a dlscussnon of the eﬁects this ;will have on
Auto-Zero performance MR

332

- if the RUN/HOLD-input goes low-and-stays-low during
Auto-Zero (Phase 1), the converter will simply stop at the
end of Auto-Zero and wait for RUN/HOLD to.go-high- As
above, Integrate (Phase I) begms seven clock penods ‘atter
the high level is detected

Direct Mode -

When the MODE pm‘is leﬂ ataiow level 'the data outputs
(btts‘1 through 6'low order byte] bits 9. through’ 12.-polanty
and over-range high order’ ‘byte) are accessible under _con-
trol of the byte and chip: ena.ble termmals as mputs.‘l'hese
three mputsare allacﬁve fow, and are prowded with pullup
res«stors to ~efisure _an mac_nvg]ngh {evel_when Tett open.
nable inplnt s low,” ‘taking a- byte enable
tha_outputs of that byte to becomme Aactive
(three-stated on).'Thls allows'a variety of pa:allel data ‘ac-
cessing techmques to be used, ds shown in the section enti-
tied “Intefacinig™ The xlmmg reqmrements Yor these out-
puts are shown in Figure 7 and Table 2. .-
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Requirements
(See Note 4 of Electrical Characteristics)

e ACL71089
———Table 2—Direct Mode Timing > - - - —-:ICL7103 provides ali tha contro!-and flag-signals-necessary
t0 sequentially transter two bytes of data into the UART and

hmatemerrn-anstmwonmsenalfom'misgraatlyeases
the taskandreducesme cost of de&grmgm:ote data ac-
quisition stitions Using serial data transmission. -

-Entry into_the handshake mode.is controlled by the

-—MODE—pm.f When-the MODE-terminal is held high, the
- ICL7109 wili-enter the handshake mode aftermew data has

-—— been stored in the'output latches at the end of a conversion
(See Figures 8 and-9)- The"MODE:terminal may aiso be

— - usedto tiigger entry into the handshake mode on demand.

| T At any: hme_dumg the_cornversion:cyde, the low. to high

transmon of ‘a’short. pulsa-at the MODE input will cause

~immediate entry.into the handshake.mode. If this pulse oc:
. curs .while .iew cata .is being stored, the entry into hand-

" shake mode-is.delayed until the data’is stable” While the
‘converter- Is -in- the- handshake-mode, the”MODE input is
"~—— ignored, and although conversions will stilbe ‘performed,

data updating will be inhibited (See Figure 10).until the con-
e venercompletes the output.cycle and clears the handshake

- i

S L T e

.- When the.converter enters tha handshaka mode or when .
the MODE input is high, the chip and byte enable terminals
__ become TTL-compatible outputs which provide the controf

s:gnals for the output cycle (See Figures 8, 9, and 10).

-« In handshake mods, the SEND input ts used by the con-
vanar as an indication of the ability of the recemng devnce
" (suchas.a UART) to acceptdata.  ___ ° !
Fgure-s shows the sequence of-the-output-cycle wnh
~ - ~SEND-held-high. The handshake-mode~(intemnat~MODE

-high) is~entered after the data latch pulse, and since MODE

4SYMBOL | DESCRIPTION | MIN | TYP | MAX | UNIT|
taga | Byte Enable Width+350 | 220 |*  |~ns
Data Access Time |— — o=
1DAB | trom Byte Enable 210 ns
DataHold Time 47+ -1:3z e - |z 2.
. . o selia e 0450, §£300 )=
< oHg -+ “from Byta Enable T 300 =us o
toes | Chip Enable Width | 400.3. 250 ns
Data Access Time | 7| - N
'DAC - | trom Chip Enabte - [===={ 280 | 4%0 |- | -
toH Data Hold Time, - -, “ns-
C | trom Chip Enable +} - <}- I e
i e o
o v L_J“N =
T s FX
== T \3% il
toag —d -

..-- remains high the-CE/LOAD, LBEN and HBEN terminals are
active mmputs _The: 'hrgh lsvel=at the SEND input is
sensed on the same high to fow internal clock.edge that-

. —terminates the. data latch pulse. On the next low to. high

——i -intemnal-clock edge-the CE/LOAD and-the -HBEN-outputs -
assume-a low-level, and the high-order byte (bits 9 thre thraugh

Flgure 7 Dlrecmode’OEtpW T i

——12;POLTand 'ORY) outputs are enabled?The CEILOAD out-.
put remains {ow-for-one Tull intemnal clock:period: only; tha

| '_muts tamain. active for -5 internal clock” periodsi

C Ziandihe hxghbyte enabla remains.low foriwoclock periods;
Thus:thy

15

4

! -The handshake output mode is prowdedas analtematwe
smeans of interfacing the 1C1.7109- todlgnal Systems, whiefe'
ithe A/D converter becomes octive in controlling the flow of
Idata instead of. passively responding to chip.and byte en
;able inputs. This mode is specifically designed 1o aliow a,

wdirect interface between the ICL7109 and mdustry-standa;d

4

. CE{LOAD output.low leével oclow 1o hlgh:edge

‘It should be noted that these control inputs are asynchro— . =
'nous with respect to tha converter tlock — the data may be™ =™ .and'the

may be used as-a synchromzmgsugnal to ensure valid data! .
byte enable'as an-output may- besused.as abyte

'accessed at any time=Thus-it i$-possible to access the— — “identification flag: With-SEND réinaining high-the:converter
atches while they are being-updated;zwhich “could Jead to~ —completes—theoutput-cycle - uslng\ CE/LOAD - and+LBl

‘erroneous ‘data. Synchronizing the- accessofthe_latches -
iwith the conversion cycle by monitoring the"STATUS output
will prevent this. Data is never. updated -while STATUS i§™

flow. ::

Handshake Mode

"UARTS (such as the Harris IM6402/3) with no extemal logic
required. When triggered into the handshake mode, the

s

TET e L Lt U Fgire § éhows an oufput Séquence where e SEND i -
-~ -— ~—putisused todelay portions of the sequerice, or handshake -

vihile'thé low.order byte outputs (bits 1 through 8)-are- acb-
vated, Thmhaké'msis tarrmnated when beth bytes
——are sent,.: 3

to ensure correct data transfer.’ Thls'l:rnmg diagram.-shows
. —-- the- relationships -that..occur using an’ ‘industry-standard -
1M6402/3 CMOS UART to Interface 1o serial data channels’
in this interface, the SEND input to the ICL7109 is driven by
the TBRE (Transmitter Butter Fleglster Empty) output of the
gy TUARTgand the: CEZLCAD terminal of the ICL7109 dnves
‘the-TBRL- (Transmitter- Buﬁer-Regnster—l;oad) mput-to—the
UART. The data outputs are paralleled mto the’ elght Trans-
mmer Buffar Register inputs. e S

LR TV B W TETWIIBMIL Tromd S BTy W B 10V
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b Assumlng the UART TransmrnerBuﬁer Register is empty,
" the SEND .input will be hlgh when ‘the handshake mode is
“entered after new data is stored. Tha CEJLOAD and HBEN
’!emunals will go low'afte:. SEND is: sensed..anthhe high .
order byte .outputs become acuve..wpep‘_CElLOAD goes
high at the end of one clock period, the high orderbyte data
is ‘clocked into the UART Transmitler Buffer Register. The .
UART TBRE output will.now go Tow, ‘which haits the output .
cycle with. the HBEN, output low, ‘and the"high order byte

- . the Transmitter Register and cleared the Transmitter Butfer

-Register, the TBRE returns high. On the nextICL7109 Inter-.
nal clock high to low edge, the high order byteoutputs are *
disabled, and one-half internal clock later, the ABEN output -
returns high. At the same time, the CE/LOAD and LBEN
outputs go low, and the low order byte outputs become ac-
tive: Similarly; when the CE7LOAD retums high at the end of
one clock period,-the low order data is ciocked into the
UART Transmitter Buffer Register, and TBRE again goes
low. When TBRE returns to athigh it will be sensed on the

. next ICL7109 internal.clock ‘high toJow_edge, disabling the

mode will bs cleared, and the CE/LOAD, HBEN, and LBEN
terminals retum hxgh and s!ay acuve (.s long as MODE‘,
stays hlgh)

NOTE: A typice! vaises have been charactarired but are not ssted.

* outputs active. When. the UART-has:transferred.the-data to ——

-data outputs. One-half internal clockelater, the handshake . *

- With the MODE. input rernalrung high as in thesa exam-
¥ '*‘ples -converter:wilk output-tha faslts: of t-every conver-
sion except those completed during a handshake cperation.
. Bytriggering the converter int fiandskiake mode with'a tow
o, high, edge on the MODE, input, handshake output se-

....handshake _outpul Sequencs. tnggered by, such, an edge. In
additién, the SEND input is ,shown as being-low when the
" converter eriters handshake, mogé. In ‘this case, the whole
+"output sequence is controﬂe_dgy the SEND input, and the
sequence for the first (high order) byte Is similar to the se-
- quence for the second byte-This-diagram-also shows the
# output sequence taking longer-than a conversion cycle.
<Note that the converter stili makes conversions, with the
© STATUS output and RUNIHOLD input functioning normally.
The only difference is_that new data-will not be latched
when |n handshake mode. ancf is therefore lost.

}

Oscﬂlator,__ e it
L -The'ICL7109 is. provndea with a-versatile three ten'mnal
osdllator to generate the internal clock. The oscillator may
pe i over en, or may be operated with an RC network or

‘oscﬂlator_to ophrmze it tor RC or,

nal conﬁgurauon of tha
: operanon ;

kG4 r-;r PRI
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Z:rystal “The OSCILLATOR SELECT input changes the inter<;
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£= Whed‘the‘OSCllJJ&TOR"SELECTﬁnpm ﬂis‘ﬂgmeﬂ
open (the input is provided with a puliup resistor), the oscii- -

-ator is configured for RC opegratian;-and the intemal clock

will be of the sams frequency andphasees the signal at the -
BUFFERED OSCILTATOROUIPUT: The resistor and ca-
pacitor should be connected as’in Figure 1 1.7Tho croutt will

v——::uq' o LIS _;
ednvmgsvgnalshould beappl'nedmﬂieDSClLLATDRl -
PUTarﬂﬁreOSClLLATOROUTPUTs!mﬂdbeiehoperL
“Ihamarnaldod(wmbeolmesamaﬁmnqc dmyqrde'
_-..,andphasaasmemnsgmlmnosmu.ATORSELECT
~Js left open. When OSCILLATOR SELECT is at GND, me

‘oscillate at a frequerrcy-given by £=10.45/RC A100kfl re- —— . clock will ba'a factor dssbelawﬂaamput frequency. ;
sistor is recommended-or: usetul -ranges -of- haquem.y—-ForI-—l - nWriBn Wq_-,mg With IS TMB403 UART: it is pos-

‘pphmum 60Hz finesejectionthe capacitor valuashouldbs
hosen such that-2048 clock periods i ‘clasi’to an integral -

~—4sibla to~msesone™358MHztrydtal for -both dévices. The
- BUFFERED OSCILLATOR OUTPUT of the ICL7:108 may ba

muttiple of the. SOHuneqcfr_i fout_should:not. be. |35_53baﬂ-"—”":u§adtodme 1ho' OSGILEATOR INPUT-0fth6 UART, saving
"50pF). . [ S 3’ ey Zthe. nead for-e Secondx¥ystal, However, the, BUFFERED,

q

25
——— 'm‘\
‘BUFFERED
OSC H
/...—.-_.— o)

S .S

N

._.._-F|9ui'e.1:l:RC.Oscl!\ator.......“‘_‘_‘ g peyrrer

‘device ang outpurand'umn‘wpacdors are: addetHo the*
oscnlator Iri this’t conﬁgurabon -as-shown-inFi gure“rz.'the
osciliator will opera(e .\mmmcsl.cryslaks in tHe 175 5MRz-
range with no extemnal components. Takmg the OSCILLA-

S S0SCILLATOR OUTPUToes ot hava sigreatdeal of drive
__capability, and when “0vitig mord; than;nne slave device,

emajbuﬁen_qgsho&ﬂdbetsed

ot el

‘ —-——Test-hlpul——b r-;;—:_:-_-L . s;., _". ' . 4

— - ~When'the TEST: et is tukercioaieve! haliway between
GNDMhe coxmerwouuxnmdws ata enabled, ak,
< lowing the countercartents 25ba Examined-anytime. i

‘_* :_Wheythe TEST-inpits-connectedto GND;he counted-

._._»-outputsare all forced into the'hxgﬁ state, and'the imemal
~clock is; led. When thg Jriput retums _to the % (V¥
7 GND)oltage o0 ¥ +) aretons otk s eppled, el the
co-.mteroutputswmbeclockedtothe fow state. This allows

»uwaasy teshng ol thecounter-and itsoutpuxs. 3tAaks

]
K :
= Whenmepsclu/\“roa SELECT inputis |m«feedbacx—-—-—‘-‘lNTERFAGlNG———\__ Sl i

s”m‘ o e T E e R T

= —~_Direct.Mode x
= Figirre Fshows SHHE 61 1 tombinitions of chip enable
<-and byte enable contro! signals which may be used when

-TOR SELECT input low also inserts & fixed :3°58 dividerzwearainierfacing the ICL7409 mparalleldatﬁ.‘lmes The CE/LOAD, .

tircuit between the BUFFERED OSCILLATOR OUTPUT
and the intemal clock. Using an inexpensive 3.58MHz TV .
crystal, this division rahoprowdes an mtaaratlon‘ume gweﬂ

by:,

This ﬁme is very close to two GOHz penods or 33 33ms. The
error is less than one percent, Wwhich wiil pive’ better than"
40dB 60Hz re;ection"The tonverier will operate :eﬁably“at
conversmn rates 01 up to 30 per second, whlch corresponds

_.‘ ._several conveners togetper,.and using’ the CE/ LOAD inputs

- mput may be tied low, allowmg either byte to be controlted.
by its own enzble_as in"Figure 13A. Figure 13B shows &’
B’t“%nﬁgumtlon -where the fwo byte enables are connected
&thér. i tEis coffigiratic, the CE/LOAD sérves as 4
,_chip enable, and ‘the HBEN and LBEN may be connected to
"“GND of serve as aSecond chip enable. The 14 data outputs
will 2l be'enabledmﬂtaneous]y' Figure 13C shows the
. ,J-lBEN and TBEN as flag inputs; sind CE/LOAD as a master
¢ t-gnable; ‘which could be’ the"’ EAD-‘strobe avaxlable !rom
~— -—mostmmprocawors
R Fgure 14 shows .ari ‘approach’ o mterfadng several
"JCL71095 103 bus, gangmgﬁe'?ﬁ-ﬁﬂ and TBEN signals to

(pe:haps decoded ﬁom an address) £l select’ the desved

NOTE. All iypics! vaiuas heve boor charscteraed but 8o not ssied.
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1CL7108

Flgure 14: Trl-statlng Several 7109's to a Small Bus

" Some practical circuits utilizing the parallel three-state -

output capabilities of the ICL7108 are shown in Figures 15
through 20. Figure 15 shows a-straightforward application to-

converter clock period. If STATUS E_no; To—v;,. t.he second:
reading is cormrect, and if it is still high, the first reading is-
g2t £0

n'ect.-Altematrver this timing -problem is completely

the -Intel..8048/80/85 - microprocessors-via an.- 8255PP1,..._..ﬁ-av01dedby using a read-after-update sequence, as shown

where the ICL7109 data outputs are active af all times. The_____m Figure 16, Here the high.{o low transition of the STATUS -

I/O ports of an 8155 may, be. used in the same way. ~This,

read. performed wh:le»:he data latches-are bemg upMed,
will lead to scrambled data.wThls wﬂl occur very farely, in the;
proportion of satup~skew hmesio conversion time. Oneway
ta overcome this is to read the STATUS outpul as wall..and
il it is high, read the data again atter a delay of more than %

.scftware control

output dnves an interrupt to the mcroprocessor‘causmg it
to access the, data latches. This application also shows the.
RUN/HOLD input being used to initiate conversions under.

“or Rockwell

..kA SImTamnterface 10 Motorc;la

*. RE50X systems is shown in Figure, 17, The fngh o fow. tran-

smon.of the STA‘IZUS output generates an mtem.rpx via the

L .o e e ke S aeTL i e W SDe e eI e e
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ST Figure 16 FulHlme Parallel Interface to 8048/80/85Hicroprocessors Wfth Interrupt S

ietITs - L

Control Register B<CB1;-line. Note ‘that-CB2 controls the
RUN/HOLD pin through Control Flég'ister B, allowing-soft-
wa.re-controlled JInittiation "of ‘conversioris iy thi 'system as
welli- I i¢ --"‘A-,J.»-, U Ul Qe prREC LT

The three-state output capability of the ICL7109" ‘allows
direct mterfacmg to most?meroprooessor bussesiExamples
of this:are shown in Fgures 18°and:19; It is necessary to
carefully consider the system timifig in this type of inlerface,

P NOTE: A? typics! vshaes harve bean characisrized but are not lested.

3-38

to be sure‘that requirements for setup ‘and hold times; and
minimum*pulse widths are met Note aiso“the drive fimita-
tions onlong buses.- Generalty this typé of interfaceis only’
tavored if the emory peripheral addrewdenﬁtyis'iﬁw s0
that simple address decod” ing caff’ be-used 1ntanupl =han-

casel ' &
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: Figure 19 Direct ICL7109=—MCE80X BUSs Interface R S
N g e e&STo . CE TRy

Handshake Mode — __“Ginder software control Nots tha:.one.porl.ouhe 8255is not

.
joe

AT

-—-ewused, @and-can service another-peripheral device.-The samse.

t The handshake mode allows ready.interface with 8Wido——— 0 i eirionT can sq be 554 With T B155. i
ariety_of external devices_Fot_instance, external latches __ :

;{nay be. clocked by the fising edge_of CE/LOAD, and the - = Tigure 21 shows a Similar arrangerment with the MCBB00,

e

e enable be byte i O MICSBS0X Ticroprocessors, except that both MODE and 3
f;yatdert::gle: "fy : used as yt identification flags or‘ F.;-EUN/ OLD-are tiea high-to save port- outputs. - 3
: Figure 20 shows & “handshake mtedace to ttel-micro— -+ --The handshake mode is particularly convenient for d‘rect- 2
processors again using an 8255PPL. The-handshake opera_—frymterfaang to industry standard-UARTs{such as the Har- 5
tion with the 8255 is controlled by inverting its Input Butfer_.. /75 HiSTIM6402/6403 “or Western Digital TR1602) providing & 2
Full (IBF) fiag o drive the SEND input to the ICL7109, and miRimum companent count means of Sefially transmitting 5
using the CE/LOAD to drive the 8255 strobe. The intemal ~ .. Cofverted data. A typical UART connaction is shown in Fig- :
controf register of the PPI should beset in MODE T for thé 5= ~re 2A. In this circuit -any word received by the UART caus, i
port used. If the 7109 is in handshake mode and the 8255 | €5 the UART DR (Data Ready) output to go high. This drives 2
IBF fiag is low, the next-word will be strobed into the port. @ the MODE input to the ICL7109 high, triggering the ICL7109 i
The strobe will cause IBF.to go high (SEND goes low), . [ntc handshake.mode. The high order byte is outpui to the 3
which will keep the enabled byte outputs active. The PPIwill  © UART first, and when the UART has transferred the data to
generate an interrupt which when executed will resultinthe | the Transmitter Register, TSRE (SEND) goes high and the z
data being read. When the byte is read, the IBF will bereset ¢ Second byte is outpul. When TBRE (SEND) goes high h
Jow, which causes the, ICL7109 to sequence into the next | again, CBEN will go high, driving the"UART DRA (Data 3
byte. This figure shows the MODE input fo the ICL7109 con- | Fieady Reset) which will signal the efid of the transfer of 3
nected to a control ine on the PPL. If this outputis left high, ¢ 9218 from the ICL7109 to the UART, .
or tied high separately, the data from ‘every conversion {pro-  : “-Figure 22 shiows an extension of the one converter— E
vided the data access.takes less time.than a conversion) ~—; ~~one UART scheme to several ICL7109s with one UART. In
w]ll be sequenced in‘two'bytes into the system. o EhuBsRurwn, the word réceived by the'UART {available at the
i I this output is mada to go from low to high, the outputs when DR Is high) is used to select which con-
Squence”;’;n be obtained on domand, O high, o ,m‘;‘ﬁ:: verter will handshake with the UART. With no external com-
may be used to reset the MODE bit. ‘Note that the RUN/ = <% ponents, this scheme will allow up to eight ICL7108s to in-

m&s input 10 the ICL7109 may also. be. driven bya’ bitiof "¢ 3z ierface. with.one.UART.- Using a few more components to
the 8255 so that conversions may-be-obtained-ori t:t.vmmarxd‘——-‘jecode Hie received word willallow_up 9 256 converters. 1o

beaccessedononesenal line. .- -

NOTE: A typical vakses have boon charactecized but 8¢ not tosied.
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:"The apphcahons ‘of the 1CL7109 are not fimited to-those . i
shown here. The purpose of these exampies is to provide a e - -
starting point for users-4o-develop usetul ‘systems; and to T . i
show some of the variety of interfaces and uses of the o - I Y S
ICL7109. Many of the ideas suggested here may be used in T ’
_combination; in particular the uses of the ST. ATUS RUI\I
HOLD, and MODE signals may be mixed."" . ’ )

e e ema e e

APPLICATIGN NOTES- - = U L
A016 “Selecting-A/D Converers,” by David Fullagar . - '
A017 *The Integrating A/D Converters,” by Lee Evans.
A018 “Do's and Don'ts of Applying AJD Converters,” by
; Peter Bradshaw and Skip Osgood. & y.v.2 oy 300 — =
A030° ~“The ICL7104 <A ‘Binary Cutput A/D Convenerfof""
Microprocessors, " by Peter Bradshaw
- A032 . “Understanding the Auto-Zero and Common Mods
"+ Performance of~the lCL7JOG Famd >
Bradshaw .~ :
RO0S - “Interfacing Data Convertets & Mu'oprocessors,
_~+ byPeter Bradsnaw ot 2|, Electronics, Dec. 9, 1976.-
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. m Fully Compatible with Intel® Micro-

8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

= MCS-85™ Compatible 8255A-5 - Dlr'ect Bit Set/Reset Capabllity Easing
» 24 Programmable 1/O Pins g°;‘"°‘ Agp“t““‘;" ':‘9”32" t
s Reduces System Package Coun
Completely TTL Cor Ibl
- P Y TTL Compatible s Improved DC Driving Capability
= Avallable in EXPRESS

. —-Standard Temperature Range
s Improved Timing Characteristics —Extended Temperature Range

processor Families

The Intel® 82554 is a general purpose programmable O device designed for use with Intai€ microprocessors, it has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 /O pins may be programmaed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of Input or output. Of the ramaining 4 pins, 3 are used for hana-
shaking and Interrupt control signats. The third mode of operation (MODE 2} is a bidirectional bus mode which uses 8
lines far a bidirectional bus, and § lines, borrowing ona from Lhe other group, for handshaking.
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Figure 1. 8255A Block Diagram Figure 2. Pin Configuration
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A Is a programmable peripheral interface (PPI)
device designed for use in intel* microcomputer
systems. Its function is thal of a general purpose VO
companent to interface peripheral equipment to the
microcomputer system bus. The functional conligura.
tion of the 8255A is programmed by the system software
30 that normally no external logic is necessary to inter-
face penipheral devices or struclures.

Data Bus Buffer

This 3-state bidirectional 8-bit bulfer is used to interface
the 8255A to Lthe system data bus. Data is transmitted or
received by the bulfer upon execution of inpul or output
instructions by the CPU. Control words and status infor-
mation are atso transferred through the data bus dutfer.

(RD) .
Read. A “low” on this inpul pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essencs, it allows the CPU to “read (rom”
the 8255A.

(WR}
Wrils. A “low” on this input pin enables the CPU ta write
data or control words into the 8255A.

.
'

(Ag and Ay)

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 thrae ports or the cantrol word
registers. They are normally connectel o the least
significant bits of the address dus (Ag and A,).

.

8255A BASIC OPERATION

Ay | Ag| AD | WR | €5 | INPUT OPERATION IREAD)
Read/¥Writs and Control Logic 0! ol o 1 0 ' PORT A=DATASUS
. 01 1 [ 1 0 , PCAT S — CATA 3us
The function of this block is to manage al!l of the internal T 0 0 11 0 ; PORTC— DATA 8US
and external transfers of both Data and Control or Status i OUTPUT OPERATION
words, It accepts inputs from the CPU Address and Con- . (wRITE}
trol busses and in turn, issues commands to both of the 0! o ! 9 9 ! CATABUS~POATA
Contro! Grou 0 1 1 G | 0 ' DATASUS—~PCRTS
- 11 0 1 0 | 0 ' OATABUS=-PCATC
(K 1 0 | 0 : DATABUS=CCNTAOL
— ] { ; DISABLE FUNCTION
(CS) x | x X | 1 . DATASUS— 3-STATE
- L . : =%STIoN
Chip Select. A “low™ on this input pin enables the com. ! ! 0 1] 0 0 ILLEGAL CONIITIO
muniction detween the 8255A and the CPU. x x| 1 1 | @ | DATA 3US=3-5TATE
e 1 [=
ety .
T | e | onmummy: BT Gnsnsuy JANY
| contoon Ko | .
U !
1 % B "
X A =i F——— <
SXm PR B
8 PCTImay Date BA :“nx: pu !
) a.(( v{ﬁ - = __:V) :
["‘:' -.4.‘“ ..,','.':.‘ H S,
A } .
l‘«——«‘_‘" it e P
! B
[ 14
o) A |
e [T Y
! .
[ li -

Figure 3. 8255A Block Dlagram Shaowing Data Bus Butfer and Read, Write Control Logic Fupcticns
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(RESET)

Reset. A "high” on this input clears the control register
and alil ports (A. B, C) are set to the input mode,

Group A and Group B Controls

The functional configuration of each port is program.
med by the systems software. In essence, the CPU “out-
puis™ a control word to the B255A. The control word con-
tains information such as “mode”, “bit set”, “bit reset”,
etc., that initializes the functional configuration of the
8255A. :

Each of the Control blocks (Group A and Group B} accepts
“commands” from the Read\Write Comro_l Logic, receives
“control words™ from the internal data bus and issues the
proper commands to its associated ports,

Control Group A ~ Port A and Port C upper (C7-C4)
Control Group 8 ~ Port 8 and Port C lower (C3-COJ
The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The B255A contains three 8-bit ports (A, B, and C). All
can be configured in a wide variety of functional charac-
teristics Dy the system software but each has its own
special features or “personality” to further enhance the
power and tlexibility of the 8255A.

Port A. One 8-bit data output latch/dufter and one 8-dit
data input latch. .

Port B. One 8-bit data inputioutput lalctvbuiler and one
8-bit data input bulfer,

Port C. One 8-bit data output latchbulfer and one 8-bit
dalta inpul bulfer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4.-bit latch anad it can be used
for the control signal outputs and status signal inputs in
conjunction with ports A and 8.

PIN CONFIGURATION

a3 L} - ohs
ay ] B ras
eav(Ja u[ras
r L) L] ]'t car
! ! L nt] Y
. a e ey
s [ hod — -
- — . v cmo v »a
. bl P < A = K ) mine s »lo,
] tmtea F.——‘ - iy n;: s
3
. L Pall] e,
L -:ugn B N,
ws i n 8,
= e T nDe
* -3
ey IESTE smseme PN mgu .
- e G, Bote M = [ 3m£1) ~t vag
- "'g" Al =
e T K - o m—
rar ~ -
evenn g - =
L Jall) nls -
Pty 3 . ve c
! (:} -] V—: =y e - TIre = .
b -~ ~1 2 -
-
[ J—
- d == o - PIN NAMES
Lom s 1 p—— hd we
[YQUI— tomra -
POpU— - - l . L By 0, | DATA 8k B DeRECTIONAL’
STt mes{t eyt !
-t — ] . O
(2] | S~ stitl?
I !JB L aLAS eyt
LT L wATE eyt
i a3 Al #G 8 ADC LIS .
a _~___J rarras | oAt 2N {
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WIeCo  RORTC T !
ver o8 OIS :
o] $vOL TS

Figure 4. 8225A Block Dfagram Showing Group A and

Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 - Basic Input/Output
Mode 1 — Strobed Input/Output
Mode 2 - Bi-Directional Bus

When the reset inpul goes “high™ ail ports will be set to
the inpul mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the B255A can
remain n the input mode wilh no addiional initialization
required. During the execution of the system program
any of the other modes may be selected using a singie
oulput instruction, This allows a single 8255A to service
a variely of peripheral devices with a simple software
maintenance routine.

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 outout registers, in-
cluding the status flip-tiops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition czn be “tailored” to almost any 1°Q
structure. For instance; Grouo 8 can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tauonal resuits, Group A could be programmed in AMode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

| DDA ST 3uS ]
1 ¢
f CONTROL B8 )
j 1 [
( Sats aus 1
¥ it i}
< & {‘7 < 7
CPRLY 0,3 A,

82884
vomo{, < . l
a‘ho ‘a';-o <l!:l.0 .l\o
s Y - X
A AL RN
8,78, 0 e, "<, rayra,
¢
vooe 1 —] 8 s T
< ] D)
.sho [BERE ‘f" o
R R TR
73,98, CONTAOL  CONTROL %, 7a,
GR 1O oA N0
c
w0t 2 ——[_R — L §
S L4 s K} LS
Wl | ? i l l i I :;E-umlcm\uu
vo R [ "
8, *n, 10 S P8 P
CONTAOL

Figure 5. Basic Mode Delinitions
and Bus Interface
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Figure 6. Mode Definition Format

The mode deliniicns ang possidie MOCe COMTINALIONS
rmay seem confusing at first Syl atter 3 SursSty seview Gf
the completle gevice 5Ceration a simaie, i0g-cal v¥Q ao
sroach will surface The cesign of ™2 82554 nas raken
\nto azcount thungs such as ethcrent PC tears layout
control signal celr:hion vs PC 1a.0ut anc Za™olete
functional tlexiDiily 13 SuUPPOIt &Mast any Cengneral
gevice with no exlz/nal logic Sulh G2sign rarresents
the maximum use ¢! the avatiadie pins.

Single Bit SeUReset Feature

Any of the eight tots of Part C can 2 Setor Feset Lang a
single OUTout instruction. This teatsre reduces sottware
requirements in Control baseq apphcations
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1 CONTRAOL wOaD

By | Dy | By | 0 {0 TD’ Dy | Oy
I | |
BIT SETRESET
1] x * 1« 3817
—— a- nesET
DONT
CARE
87 SELLCY
Pl ) S
G 12TLAEET
9 OO TO0Y

0°1 1:0 0't- 1'%y

=10 0.0:9-1:1:1.¢" 85

GIT SETMESET FLAG
e ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as status’cantrai for Port A or 8,
these bits can be set or reset by using the 2it Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 82554 is programmed 10 agerate 1a mocae 1 Or
mode 2, control signals are proviced tha! can be used as
interrup! request inputs to the CPU. The intarrupt re.
quesl signals, generated from port C, can be innibited or
enabled by setling or resetling the assoctatec INTE llip-
flop, using the dit set/reset funci:en of port C.

This function allows the Programmer to disatlow or allow a
specitic 1/0 device to interrupt the CPU without affecting
any other device in the interrupt structure.
INTE flip-flop definition:
(BIT.SET) - INTE is SET — Interrupt enabie
(BIT-RESET) — INTE is RESET - Interrudt disable

Note: All Mask flip-flops are azismatically reset during
mode selection and device Reset.

Operating Modes

MODE 0 (Basic InpuUOulpul). This functional configura-
tion provices simple input anc oulpul operations for
each of the three por's. No “handshaking” is required,
data is simply wntten to or read from a specified port.

Mode 0 Basic Functional Detinitions:

® Two 8-bit ports and two 4-bit parts.

Any port can be input or outout.

Cutouts are latched.

Inguts are not laiched.

16 citferent Input/Qutput contigurations are possible
in this Mode,

N

£, a1, a0 X i

Yy
MCDE 0 (Basic Input)
= R
9100
tam ~a )
(S SIPY) X x
ouTruT i x

MODE 3 (Baslc Output)
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- MODE 0 Port Definition
A 8 GROUP A GRQUP B
D¢ | D3| 0y | 09| PORTA PORT C » | porra |PORTC
{UPPER) ! (LOwER)
0 J 0 |6 {0 | OUTPUT | OUTPUT | 0 | OUTPUT : OUTPUT
0 o | o 1 | outPuT | OUTPUT | 1 | OUTPUT | INPUT
0 i0 vt | o :outeut | outPuT | 2 1 INPUT ' OUTPUT
ato i 1! OUTPUT | OUTPUY | 3 { INPUT | INPUT
0 } 1 '@ { 0 i, OUTPUT | INPUT 4 | OUTPUT ! QUTPUT
0 ;1 {0 it ! OUTPUT | INPUT . 5 |, OUTPUT ;| INPUT
6 | 1 | 1 .0 | OUTPUT | INPUT | 6 INPUT | QUTPUT
0§ v b1 | 1t | OUTPUT | INPUT | 7 INPUT ! INPUT
T 1 0 10 i 0 i INPUT | QUTPUT ' 8 | OUTPUT ¢ OUTPUT
10 0 1 0 {1 [ INPUT 1 QUTPUT | 8§ | QUTPUT . INPUT
1 o 1 1 i 0 | INeuT OUTPUT | 10 [ INPUT  : QUTPUT
1 e |t v | NeUT QUTPUT | 11 | INPUT | INPUT
TV T 1 ] 6 T 9 TINeuT ] INRuT 12 | OUTPUT | OUTPUT
1 10 1 INPUT | INPUT 13 | OUTPUT | INPUT
) V.11 0 | INPUT | OINPUT 14 | INPUT i OUTPUT
Tl P Y 1 [ NPUT  INPUT 15 | INPUT | INPUT b
MODE 0 Configurations
CONTROL wOAD #0 CONTROL WORD s
% O D O, 5 0 D, B S 5 8, 3, % 9 3 @8,
tirelu]Toinlvnio!n] ['iqéu:uin;einie]
a ". PA, Pay a Pa,ra,
s235A 12334
r 2t ", %, r L] ", %,
0y 0y -y €= By O ] c=
N e L et e,
. ———-’——" ", o, [y L e e

CONTA0L wORD 21

H 2 0, 0O,
o!e

o o,
’:Iosoi

5 3,
BEIR
» L (LT
assa
[ e a2,
€4
1 , 4
- <%
a———,d—'—-s,'s,
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CONTAQOL WORD «4
0, o, O 9, 0O

LT

CONTAQL WORLT =t

% 0 0 5 9 B8 o D

(LTt

A‘__,L-. ra,.pa, a -——ﬂ———-" ra.ra,
22554 82854
4 4
———rp—— %, 2, ;' 22, 0,
0y 0y =t c-'— 0, 0y ~———— €4
L ) 4 i X
N5 L,
. i v, ot N . .
CONTROL WORD «§ CONTROL WORD »9
9 0, 0y O, D, D, DB, D, 8, 0, 0 9 9 95 29 DO,
i .
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! B [
A ——,L—- [T 7 P L a0,
12854 32584
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CONTROL wORD #12
o, 0 9 © 0y 0, O O,

oaEnnnnn

CONTROL wORD s 14
% 0, & O, 0, O, O, By

Clelelieirle]

s ," »ayra, a ’n,ra,
52354 12534
4 [
[, | . =,
0,-0y =—————f [ J’ 0,8y =] [ 4 -!-
- .4 i 4
L—-—,——-rc,nc‘ - - ”,
L)
L 3,79, 8 g 5, 8,
CONTRAOL WOAD #13 CONTAQL WOAD #18 .
85 O 0, O, 8 0 DO, 0 O, O Oy O, Dy D, D, O
['l°§°i‘["°|°'T] ['|°'°"I':°;‘ 1J
A o "y o, a _—'— ra, o,
42584 22834
S S B r e,
0,84 -———-—-J ¢ J 9,8, € -i
) ML S Lt
N .3
8 e 8, r8, 8 p————— 3. g,

Operating Modes

MODE 1 (Strobed Input/Oulpul). This tunctional con-
figuration provices a means for lransierring IO cata to
or from a spectlied port 1n conjunction wilh strobes or
“handshaking” signals. In mode 1, port A anc Port B use
the lines on port C to generale or accept these “"hang-
shaking” signals.

Made 1 Basic Functional Tefinitions:

® Two Groups [Group A ana Grouo 8!}

® Each group contains one 8-bit data DOt anc one 2011
controlidata port.

o The 8-hit data port can be either input or 2ulidul.
S6th inputs and outputs are latched.

® The 4.bit port is used for control and status of tne
8-bit data port.
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input Control Signal Delinition

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

IBF (Input Buffer Full FIF)

A ""high” on this output indicates that the data has been.
loaded into the input latch; in essence, an acknowledgement,
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A *high”* on this output can be used to interrupt the CPU
when an input device is requesting service, INTR is set by
the STB is a "one™, IBF is a “one” and INTE is 3 “one”
It is reset by the falling edge of RD. This procedure aliows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A
Controlied by bit set/reset of PC,,
INTEB
Controlled by bit set/reset of PC.

wOUL 1 MIAT AL

CONTROL WOAD
0, 0, B, 0, 5, 0, O, D,

<

1o INPYUT
@« QUTPUT

e o <TT

- —
3 [ <3
VT e
e ——]

Xy

»ODL ) (PORT 1)

CONTAGL WORD
8, 0, 0, 0, 0, 0, O, O,

[ XXX e X

A ———a

el b Ty

Figure 8. MODE 1Input

L] )

ST FROM
reamERAL

INTR , | o '
/ -ty _..\ -

Figure 3. MODE 1 (Sltrobed Input)
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Output Control Signal Definition

O8F {Output Butfer Full F/F). The OBF output will go
“ow” to indicate that the CPU has wnitten gata out 1o the
specitied port. The CBF FF will be set by he nising ecge
of the WR input and reset by ACK input deng low.

ACK (Acknowledge Input). A"low™ on this input informs
the 8253A that the data from port A or pont B has been
accepied. In essence. a response from the penpheral
Cevice incicating that it has recieved the data output by
the CPU

INTR (Interrupt Request). A “high” on this oulput can be
used 1o interrupt the CPU when an output cevice has
accepted data transmitted by the CPU. INTR is set when
ACKisa“one”. OBF isa“one”. and INTE isa "one". Itis
reset by the falling edge of WR.

INTR (Interrupt Request). A “high” on this output ¢an be
used 10 interrupt the CPU when an oulpul cevice has
accepted data transmitted by the CPU. INTR s set when
ACK is a“one”, OBF 1s a “one”. anc INTE is a “one” Itis
resel by the falling edge ot WR

INTE A
Controtied by but setreset of PCg.
INTE B

Controlied by 0.t set'reset of PC;

MOO0E 3 (PQRT AL

rayoa, F._‘>

CONTROL wORD
9, 0, & 0, 0, 0, 9, 9,

", f— %,
1Ny
8- OuTPUT
e INYI‘
PR ——ct
b
"Co 4 foien
MODE 1 PORY 81
a2 VI >
CONTROL wORD

O, Oy Oy D, Dy O, 0, O,

o INTRy

Figure 10. MODE 1 Output
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Figure 11. Mode 1 (Strobed Output)
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Combinations of MODE 1

Part A and Port B can be individually defined as input or
output in Mode 1 10 support a wide variety of strobed 1/0
applications,

N

b,

"y e 185,
CONTROL WORD
B, B, Dy O, 0, Oy 6, B,

S p——inTR,
H
Ky 3 fope 10
<A—— O8%,
" f— %,

”<, ——Tn,

FORT A = (STROGLD INPUTY
PORT B - (STAQSLD QUTPUT

va,ra, '-T'>

[T} S—v.; 3§

WA —-1
CONTAOL WORD

By Oy B D, Dy O; Oy Dy

[l eper ] e 1o

"ot

1o oyt o

9= ouTPuT il LS

- ——_ <y e ITE,

», L—- 8r,

PORT A - ISTROBED CUTIUIT)
AT 8 - :STROBED INPUTS

Figure 12, Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus VO). This functional
conliguration provices a means for communicating with
a peripheral device or structure on a singie 8-bit bus for
both transmitting and receiving data (bidirectional bus
WO). “Hangshaking™ signals are provided to maintain
proper bus {low discipline in a similar manner to MODE
1. interrupt generation and enable/disable functions are
also availabte. °

MODE 2 Basic Functional Definitions:

o Used in Group A only,

* One 8-bit, bidirectional bus Port (Port A and a 5-bit
control Port {Port C).
Both inputs and outputs are latched.

® The 5.bit control port {Port C) is used for control
and status for the B-bit, bi-directional bus port (Port
Al

Bidlrectional Bus VO Control Signal Definition

INTR (Intarrupl Request). A high on this output can be
used lo interrupt the CPU lor both inpul or output opera.
tions,

Quiput Operations

OBF (Output Butier Full). The CBF outputwiligo icw"to
indicate that the CPU has written data out {0 pont A

ACK (Acknowliedge). A “low™ on this input enables the
tri-state output butfer of port A to send out the cala.
Otherwise, the outpul buffer will be in the high im-
pedance state,

INTE 1 (The INTE Flip-Flop Associated with O8F). Con-
troiled by bit setireset of PCg.

Input Operalions

STB (Strobe Input). A “low™ on this input ICaZs £ala into
the input latch,

18F (Input Bulfer Full FIF). A "high™ on this oulgul in-
cicates thal data has been loaced into the nput latch.

INTE 2 (The INTE Flip-Flop Assoclated with IBF). Con-
trolled by bit setreset ot PC,.
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CONTROL wOAD

% 8 o 9 0, B, 0 D,

[T DK ATE]
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2= ouTruT
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Figure 13. MODE Control Word Figure 14. MODE 2
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;
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CaTA FROM SATA FROM 7
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reareataAL ! e e e e ——
117 S e —-ly.——

Figure 15. MODE 2 (Bidlrectionat)
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MODE 2 AND MODE 0 (INPUT)

MODE 2 AND MODE 0 (OUTPUT)

CONTROL WOROD
Sy 04 & 8, B; 0, 0, 0,

[|T|MOT| {1}

rey = wrn,

oK)

<, — &%,

e, [o—— X, CONTROL WORD
0 By Oy O, 8, Oy O, O,

[ [ XXX oo o]

”<, fo—r——— §TH,

ey p—— 1, 7 "C1e
1o iNFUT -
s 9. oUTRIT
’yy {10
#% ——=q
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R e
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‘l

e

e TR,

=

-

| v AC[.

I—

e ]
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MODE 2 AND WOOE 1 {QUTPUT)

MOODE 2 AND MODE 1 (INPLT)

CONTRQL w020
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CONTROL WORD
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—
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Figure 16. MODE Y« Combinations
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Mode Definition Summary
MODE 0 MODE 1 MODE 2
IN ouT IN ouy GROUP A ONLY

PAy IN ouT IN oyt s o
PAy IN our IN out -~
PAg IN our IN our -
PA3 N our IN ouT -
Pay IN out IN ouT <~
PAg N ouT iN ouT e
PAg N out IN out -
PA7 IN our IN out -
P8 IN our N out _— 7
By IN out W {1 out _—
12:%) IN out N ouT _—
P83 IN our IN out _— MODE 0
PBg IN our IN out — — OR MODE 1
P85 L IN out IN our —_— ONLY
PBg N out IN our —_—
P8y IN ouT iN ouT _—
PCo IN our INTRg INTRg o
PCy N ouT 18Fg Osfg uo
PCq N ouT STeg ACKg "o
PCy N our WTR, | INTR, INTRA
PCq IN ouT §TBa 1o STB,
PCs IN out 1BF 5 7] 1BF 4
PCg IN ouT 110 ACK A ACKp
PCy IN our 1o OBF 5 08F,

Speclal Mode Combination Considerations

There are several combinations of medes when not alt of the
bits in Port C are used for control or status. The remaining

bits can be used as foliows:

if Programmed as Inputs =

All input lines can be accessed during a normal Port C

read.
1f Programmed as Qutputs —

8its in C upper {PC7.-PC4l must be individually accessed

using the bit set/reset function.

Bits in C lower {PC3-PCy) can be axccessed using the bit
set/reset function or accessed as a threesome by writing

into Port C.

Source Cutreni Capability on Port B and Port C

allows the programmer to test or venfy the “siatus” of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the sratus intorma-
tion from Port C. A normal read operat:on of Port C is
executed to perform this function.

INPUT COMBIGURATION
Dy O O O B By 3 %

I "o l m‘[ s, ;mu.;mu.gm".; .8, ::.v‘-‘J

GROW A [ 54 ]

OUTIUT CONFIGURATION
5, O O O B8y 9 9 I

[w, {vﬂl.rln l "o !.vhfl.gm'[.i ST, iu.rn_

CAOLP A LV )

Any set of eight output buffers, selected randomly from —

Ports B\ and C can source ImA at 1.5 volts, This teature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data 10 or from the peripheral
device. VWhen the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “hand shaking™ signals
with the peripheral device. Reading the contents ot Port C

Figure 17, MODE 1 Status Word Format

0, 9, 8 9, 9, 9 2.

2y
[&.{mvl,i ne, ]'uu(, :nnv-‘;x :></>\J

e

GROLP A

L. CROUV 8
—

IDLFINELD 87 MOOE O Q8 wOOE § 3L\ ECT 0N

Figure 18. MODE 2 Slatus Word Format

i
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8255A/8255A.5
INTERRLPT
APPLICATIONS OF THE 8255A ngouesT l
The 8285A is a very powerful tool for .interfacing €3 oy ",
penpheral equipment 10 the microcomputer system. it . R Ry
represents the optimm yse of available pins and is flex Pa: R
.. . L}
ible enough to interface almost any VO device without :’ B atvaosno
the need for addilional externai logic. n: a
]
Each peripheral device in a microcomopuler system L ay sry
usually has a “service routine” associated with it. The A, conTROL
routineg manages the software :nterface between the
device and the CPU. The functional defimition of the < sRase
8255A is programmed by the LO service roytine and 1" aex
becomes an extension of the sysiem soltware. By ex-
amining the VO devices intertace characieristics for
both data transfer and liming. ang matching this infor- e a
mation to the exampies and tabtes in the cdetlailed opera- .,: 8,
tional description, a control word can easily be devel- R 8, ';J‘:';C;‘g:’
.oped to initialize the 8255A to exactly "Ht” the applica- s, B, OisrLay
ton. Figures 19 through 25 present a few examples of ", By
typical applications of the 8255A. S 5
|:x;.‘r°'tr‘r|" e, sacxseact
PS, CLEAR
"<, DATAa AEADY
"<y ack
", BLANKING
T — % L
=y v INTERALST
2EQUEST
”, }-——4 H
u : I I -t Figure 20. Keyboard and Dispiay Interface
", | pE— P
o b L—
lo??-:l;l oAy "1
(LI e — wAMIR
S— Myiavs e Nt
Py et DATS BEADY ] Atouesy .
N e —) H
1 % | rartn seto S <, a
-l 2y pm——e| SORRAZD A1V pad ~ *
LS 7V = o oA, -
| = p—| — va, .
!-., SR S ot t [ %Y " m':;.::u
T8y pm—— et Laa, s, siveZam0
i:‘ I — :ln sqany " [N
l N (7% [ i |
LBl NS s | PAPLS 11D AIAA .
OMTRYT ) -, L___, OsSmang Ngy ., canTetn
”, — e bl ad
Pt SARSEASE SEN -, sTonse
i ”<. L——ﬂ Saras agade ", ACe NS 2CH
N <, i atx [ AVLY
-, . LT
- ' CONTROL LOCIK Ans DRIving Fo-=" ';'_‘: -. : .
*1gu(st -,
", tT
w318 | ™H < - )
L LA T >
. . "‘ i )
Figure 19. Printer interface o -
I .-
~. —
Figure 21, Keyboard and Terminat AdZress

interface
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8255AJ8255A-5

0t e | Ay

=t N
MT/RCT

12807

B-a
SonvearTia
1848)

TR DATA
OUTRT I

P ANALOG OUTHIT

1

0t 0 i
WryT)

PIRIFPI A2

= ANALOG oY

areansr
*1oULST l
— —
< e o,
A, ﬂ‘
say o,
” [ (S e
CONTROLLER
" % AN DaIVE
1o &
-00[ 2= he o,
"y oy
=, zata £
i< acx
l ", Data afapy
[ ACTIOUT)
Y ok
<, TRAZR 3 SISO
<, Svac ALADY
<, mot
rn. [CAGE =14
- rorwaroaty
! e aLas thasug
7L Enasit
more % -
OUTIUT | "B 58 L ECT
EN InasLt Cag
[y st
L vaver
k%

Figure 22, Digital to Analog, Analog to Digital

Figure 23. Basic Floppy Disk interlace

WTlART
"EOULET _1'
-:,r,* -
ra, Ll £t DNTAALR
] % o Zeasagta Gl
’A,. .I . R{SS(3m BUPILA
»a, ., o Can10n CONTROL
ray a,
mOOL 1y Py st
TR G eay coxrao,
<, Sata stady
~”, aca
~ sLame(o
"< WaCk Wt
L
'-"5; aOm sT2
. e X1
i ~ CoRIQN m ™ TR
-
oo |
T | .y
- CURESA Do OOt Lran
Aot
. v
bty
-,
b

wtgauer

atoutst T
’=| 'L' -.
\ *a, -
v
"4 o )
>4 " -anrt
., s, Stadis
-o:.l.' ~ * -
wuty 7 T *
. .
. [3]
o T
<, sroe.nn
L
it waZ=ng "30L
. $Tant grow
woot e -~ Vil BINEGR 1=ty
e

DT O LD

S=amE TO0L
LT MmGmt

W

58 $TLF $7 8001

wiSTY ST LTACHS

Sutwt(e

LIST-R LTIV

f=tagials 3700

Figure 24. Basic CRY Controller [nterface
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Figure 25. Machine Toal Controller Interface
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8255A/8255A-5

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . ....... 0°C t0 70°C
Storage Temperature . . ... ......... —65°C 10 +150°C
Voltage on Any Pin ’
With RespecttoGround. .. ......... -0.5V 1w +7V
Power Dissipation . . .. ..........0c00venun. 1 Watt

D.C. CHARACTERISTICS (Ta=0°Cto70°C,Vce

*NOTICE: Stresses abave those listed uncer “Absolute
Maximum Ratings’ may cause permanent camage (o the
device. This is a siress rating only and funclionai opers-
tion of the device at these or any otler conditions adbove
those indicated in the operational sections of tnis specifi-
cation is not implied. Exposure to absoluie maximum
rating conditions for extenaed periocs may affec: aevice
reliability.

= ~5V =10%. GND = 0V) *

Symbol Parameter Min, | Max, | Unlt Test Conditions
Vie Inout Low Voltage -0.5 | 0.8 v
Vin Input High Voltage 20 | Vee v
Vor (D8} ] Output Low Voltage {Data Bus) 0.45°] Vv log = 2.5mA
Vo {PERI] Output Low Voltage (Peripheral Port) 0.45°) Vv loL = 1.7mA
Vow (DB} | Output High Voltage (Data Sus) 24 v lon * -400:A
Vor(PER}| Output High Voltage (Peripheral Port} | 2.4 Y lom = ~200cA
lnagrlY | Daclingtan Drive Curcent -10 1§ -40 | mA Rexy = 7500 Vexr= 1.5V
lce | Power Supply Current 120 | mA
Iy, Input Load Current =10 HA Vin = Vee to OV
lory Quiput Fioat Leakage 210 | =A VouTt = Vg o .45V
MOTX:
1. Aesiadle on any 8 pins from Port € and C,
CAPACITANCE (1, = 2°C. V¢ = GND = 0)
Symbot . Parameter T Min, Typ. Wax. Unit Test Condttions
Cin Input Capacitance oo of fo = 1MH2
Cuo 170 Capacitance 20 i pF Unmeasured pins returnes 10 GND

A.C. CHARACTERISTICS (Ta=0'Cto70°C.Vee = -5V =10%. GND = OV) *

Bus Paramelers

READ
. 8255A 8255A.5 i

Symbol Parameter Min. Max Min. [ Max. | Unit

tan Address Siable Sefore READ o] 0 } i as

taa Address State Alter READ ] 0 o™

tag READ Pulse Wicth 300 300 i s

tap Data Valid From READI ! 250 | 200 ¢ s

tof Data Float After READ 10 150 10 | w0 | ns

v Time Setvoeen READs aneor WRITEs 850 J €50 ] ! ns
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Coemge

H’Tte[ 8255A/8255A-5

A.C. CHARACTERISTICS (Continued)

WRITE
8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unit
taw Address Stable 3efore WRITE 0 \ 0 ns
wa Address Stable After WRITE p.¢} 20 ns
tyow WRITE Pulise Width 400 300 | ns
tow Data Valid to WRITE (T.E.) 100 : 100 as
two Data Valid After WRITE 30 [ ns
OTHER TIMINGS
' 8255A 8255A-5
Symbol Parameter Min, Max, Min. Max. Unit
twe WR = 1 to Outout } 350 350 as
tiR Peripheral Data Before RO 0 [o} ns
WA Peripheral Data Aker RD 0 0 ns
tax ACK Pulse Wicth 300 300 - ng
tst ST3 Pulse Width 500 500 as
tog Per. Data Before T.E. of ST8 ] .0 | ns
tom Per. Data After T.E. of STB 180 | 120 P
a0 ACK = 010 Outputi 300 0 ! on
D ACK = 1 10 Outout Float 20 250 20 250 | a8 ]
Wwos WR = 110 OBF = 01"l i §50 | 650 | a !
ta08 | ACK=0100BF = 11l i 30 | 0 | - i
ts1m ST8 = 010 IBF = 1111 [ 300 | | 300 1 -~ |
tog RD =110 1BF = Q' f 300 300 ns
tRyT RD = Qto INTR = Qi | 400 100 s
tsit ST8 =110 INTR = 11l I | 300 | [ 300 a8 |
terr ACK = 11to INTR = 11! | I 350 ns I
tyert WR = 0to INTR = 0}13! | | 250 | 350 | i
NOTES: .

1 Test C3ncitions G = 188 pfF
2. Perod of Reset duise must be at least SQus during ot after power on. Sudsequent Reset pulse can be 530G ns min.
3 NTR® may occur as early as WHY

* For Extendec Temperature EXPRESS use MB2SSA electrical parameters

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

DNyt QUTRYY

2tnct
umOEn

i1s
_m .’HL TEST

%

€ - 186 pF

P S N T R R TAPTE DY ST 'Y

K . N ' YR Coanlist. b K SETATLARIDUS VAL TAGES SLRNG TTETING IO CuUsdanTlE o=t
e T e as Gy em et sl eat

ERERL R e HE MO € ™Ca DS NG Sabulitanil

v
i
3
z
an
= A
n
8
%
]
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ll’Tte[ 8255A/8255A-5

WAVEFORMS

MODE 0 (BASIC INPUT)

o tan

- ) " P
e N X
. '
. Tan ? -

MODE 0 (BASIC OUTPUT)

p
L

———— low o —

)
'
’ '
RN }
Taem
.
.

-

—t




8255A/8255A-5

YWAYEFORMS (Continued)

MODE 1 (STROBED INPUT)

" [ gy T | P S
- e W N
Lo

neUTIROM __
PUATSCAAL

MODE 1 (STROBED OUTPUT)
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8255A/8255A-5 -

WAVEFORMS (Continued)

MODE 2 (BID!IRECTIONAL)

OATA FROM

\ p—— 08—
o \ i \Lf ﬂ /
!—-'-o- ; : 1/
e \\5 i ﬂ .
\_ l. [ tan —~ :\
% \ N /
E‘-——'v—ﬁ . !
m \ : .
| l
Rt — ‘ .
- /A -
: - E——'.ai-— — 4p —
PEMIPNERAC ! _;_G _________
¥ Ty —

DATA FRCH
PERIPHERAL TC 4258

NOTE: Any mauence where WR occurs before ACK and STB occurs bel

CATA FROM
54 TO PERIPmMERAL

ore RO is permitble.

JaTA 'uo-
£ TO o0

WRITE TIMING

oo X Y

.
¥

_..5;._

Sats nx X X

'READ TIMING

Ag.y. €3 X

- Tas

Ao

SATA suS wir ime{OaRCE

WALID  mi w et TanCl
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