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Analog Input/OQutput Unit For PC Computer.

A Gantumur , D.Tselmeg

Properties of the unit are as follows:

Analog Input part Is bullt around A/D converter ADC080S. The chip offers 8 bit resolution for
converslon of analog voltages Inta digital representation, k takes appioximatelly 100 micro
seconds 1o do a converslon. It's specified differentlal nonlinearity Is below 1/2 LSB. It can
measure voltages fromn 0 to §V.

Analog outpui part Is bullt around DAC0808, 8 bit digital to analog convertar. Again it's differentlal
nonilnearity Is below 1/2 LSB, converslon time is around 1us. it's output current ranges from 0
to 2mA.

Four Inputs are avallable at the front plate. Those Inputs are fed to four amplifiers and outputs
of them are connected to ADCOB0S. Therefors It Is possible to measure four voltages simulat-
neously. Furthermore It Is possible to change galn of two ampiiflers by software. The other two
amplifiers have differentlat inputs and fixed gain.

Currently selected gains for the two inputs are: 0.5: input voltage range is 0 to 10V 1 :input
voltage range Is0 to 5V 2 : Input voltage range Is 0 to 2.5V 5 : Input voltage range Is 0 to 1V
Galn for each of the two channels can be set independently. :

Currently selected galns for two differential inputs are: 1 : Input voltage range is 0 to 5V 10
Input voltage range Is 0 to 0.5V

All analog Inputs are protected from overvoltage up to 20V. A

The output of DAC0808 Is fed to simple current to voltage converter on the board. This produces
voltage in the range from 0 to 5V corresponding to digital equivalent written into DAC0808. This
voitage Is avallable to the user at front-panel.

The unlt is additionally equipped with four TTL compatible digital outputs and four TTL
compatible digital Inputs. These are avallable at front plate through DS connector.

The unlt s assembled on slngfé EURO size board. It fits Into Agency propagated EURC crates. From there
it uses +15V, -15V and +5V power supplles. A connection to the PC SLOT unit Inside a PC computer is
made by means of D25 connector which Is located at the front plate.

1.2,

Circuilt description

Tha circult’s block diagram can be sean inappendicss InFig. 1. Fromthere it canbe seenthat the fo!low(ng
blocks are needed:

a) analog to digital converter

b) Input ampilifler

c) input ampilifier

d) input ampliiier

e) input amplifier

f) dighal to analog converter with latch
@) current to voltage convertor

h) digital Input

/) digital output Y

i} address decoding

143



a) Analog to digital converter U2

ADC0803 is used. Detalled specifications on the chip can be found In Natlonal data book about linear
integrated clrcults. The chip itself has 8 analog inputs named INO to IN7. Thesa Inputs accept input
voltages in the range from 0 to 5V (depending on connection of the chip, range span and offset can be
altered, see data book for detalls). Reference voltage for the chip has to be provided externally. A single
zener dlode D1 takes care of it.

Since the convsrter has elght Inputs it Is obvious that it can not measure all the inputs simultaneously. it
can measurs one Input at a time. User can select which input to-meastire by writting a digital number of
the Input selected Into a chip through corresponding pins (A0 to A2). Writting is again done through data
bus of the computer, so lines DBO to DB2 are connectad to A0 to A2 inputs of the converter chip, Writting
of pattern from data bus Into the converter will take place when ALE line of the converter chip s pulled
low. If this line Is high, pattern on data bus has no Influence on operation of converter chip.

ADC0809 needs a clock for proper operation. The frequency of it should be maximum 640KHz and it
should be applied to CLK input of the' chip. Stabllity and precise frequency of the clock are not very
important, only converion time Is affected by clock frequency. Therefore & simie clock generator suffices
and this Is constructed around U3A, Schmidt trigger 1nput NAND gate. The frequency of asclliation is
around 550KHz. -

The converter chip needs a kick to start a converslon. This kick has to be provided by the user or In this
case by computer. Corresponding signal Is connected to START input of the chip. When this line Is pulled
Jow the conversion Is Intiated.

The result of converslon Is avallable at chip's digital outputs D010 D7. Thess are connected to PC SLOT's
data bus (DBO to DB7). Outputs of the chip are three stated, so whenever computer wants to read-a result
of converslon from this chip It has to pult the three state control line for the converter fow. This linels
named OE, Output Enable.

The complete sequence of signals needed for this converter 1o operate Is therefore: - select Input you
want to measure, you do {t by writting number of input to AQ to A2 input of the chip, - start conversion by
asserting START signal - walt for converion to finish {(about 100 micro seconds) - read result of the
converslon from DO to D7 lines. :

Since It Is difficoult to walt 100 microseconds for conversion to end this chip has another output called
End Of Converslon, EQC. It Is high during the conversion and goes low afterwords. This signal Is also
avallable to the computer. It s connected to PG SLOT's data bus through a three state buffer. Therefore
by reading this signal computer can determine if conversion Is already finished. It does not need to wait
for 100 micro seconds, it rather waits unt the conversion Is finlshed. Walting for specified time difficoult
since different computers may be used to run the software, also differant converslon times will result In
diferent clock frequencies. Third line of the previous recipe therefore reads: - walt untl EOC signal from
converter chip goes back low.

On the board one simpitfication Is introduced. Lines START and ALE are connected tagether. This results
In modifled select Input / start. conversion procedure. Instead of writting selected input number and after
this starting a conversion software shoukd rather write selected channel number twice one after another.

b)v Input ampﬂﬁer '
Input of the ADCD809 can accept only voltages betwaen 0 and 5V. This Is not enough, since users want
to measure voltages of different spans. One operational amplifler Is used to bulld input stage that will
accomodate for user's needs.

For Input 0 (INO) of ADC chip one quarter of TLOB4, USA is used. The operational Is connected as normal
noninverting amplifer. it's gain Is determined with feedback resistor R7 and resistor conncted from
Inverting Input () to ground (R2, R3, or R4). Two more fesistors are added at. noninverting Input of
operational to protect it’s Input from overvoltage. These are R1 and R8. Since R1 is equal to RS voltage
applied to the noninverting input of UsA will be one half of voltage at INPUTO, the cne connected at the
front plate by a user. Gain of the stage can therefore be expressed as:

144



=05 [1+8L
G =05 (H-RX)

Rx stands for ane of R2, R3, or R4 resistors depending on selaction. With resistor values used In the clrcult
the galn can be:

8 A Selected resistor Galn Max. Input voltage
0 0 R2 5 1v
0 1 R3 25 2V
1 0 R4 1 Y
1 1 NONE 05 10V

and with & certaln galn selected maximum input voltage which can be measured Is also determined. By
selecting different resistor different sensltivity of converslon can therefore be selected.

In order to select different resistor a switch Is needed. Thers are various verslons of analog switches
avallable. One of the possible solutions would be to use relays. By closing contacts ofa certaln relay gain
would ba selected. There are better components for this purposa than refays. These are so called analog
switches.

In the clrcult analog switch named CD4051 Is used (U5). Internally it Imploys MOS transistors to open a
condyctive path between pins selected. A connaction exists betwesn X# (#1s a number between 0 and
7) and X Which of the X# will be connected to X is determinewd with a pattern appiled to A,B and C Inputs
of the chip. Comblination A =low, B=low, C=high for Instance connects X4 with X By applying certaln
comblnatlon of loglc levels certaln resistor of R2, R3, R4 Is connectsd to ground thereby used in formula
given above. Digital pattem applled at A, B, C determines galn of the stage.

Since there are only four possible galns (R2, R3, R4 or none of them}, only two digital inputs to analog
switch chip are needed. A and B are used. Ses former table for possible comblinations.

Appropriate digital pattern is supplled by computer through dightal output chip A Zener dicde D2 Is added
In the clrcult to clamp voltage at the Input of ADC ¢Ehipto maxlmum 5V

¢) Input amplifier 1 (UGB, U7)

Does the same as Input amplifier 0, the connection Is replica of connection of ihput amplifier 0. in this
clreult U6B and U7 are used In placa of UsA and Us. Ompm of thls stage is connscted to IN1 of the ADC
chip. S . )

d) Input amplifier 2 (UsC)

It 1s assumed that user sometimaes wants t¢ measure differentlal voitages. Fer this purposs input amplifter
2 was bullt as differential ampilfier. it's galn is fixed to 1 since alt resistors used have equal value. Output
-ofthe amplifler Is connected to IN2 o ADC cRip. The voltage atthis output Is agaln clamped 108V maxlmum
to prevent ADC chip from, being damaged A\

€) Input amplifier 3 (U6D)

Input amplifier 3 Is agaln repllca of Input amplfler 2 with small diﬁerences Galn for this stage Is seiected
to be 10. Output of the stage Is connected to IN3 af ADC chip. B



f) Digital to analog converter with latch

This part of clrcuit is built around simple digital to analog converter circult DAC0808. This Is 8 bit chip and
It has current output. Reference voltage for it must be supplled externally, manufacturer recommends
reference voitage of 5V in combination with reference resistor of 25K for Inverting and noninverting
reference voltage Inputs. See data book about the chip for detalls.

As mentioned output of this converter Is current. It can range from 0 to the same value as current flowing
Into reference pin has. In our case 5V reference voitage flows through 2.5K raference reslstor, therefore
reference current Is 2mA. This Is at the same time recommenxiad value by the producer. Output current
of the chip can consequently range from 0 to 2mA. -

The converter chip will try to sink current {in the connection used) of 2mA through it's pin ## when digita
comblnation on it's inputs Is all ones, &hFF. Output current wiil be 0 for digital combination of all zeroes
at the Inputs of the chip. Any Intermediate pattem at the inputs of the chip wiil dictate correspondlng

different output current.

The user wants output current to hold desired value. Since the pattern on the data bus of a computer s
not fixed a latch Is Introduced at the inputs of DAC chip. Data pattern from computar’s data bus Is stored
into the latch when writting at certain address occures. Integrated circult used for the purpose Is 'LS374.
It's omputs are permanently enabled, writting into t occures on low-to-high transistion at pln ##.

g) Current to voltage convertor

Generating current as an output value of dighal to analog converter Is not so very useful. Majority of users

_ request-output voltage to conform to computer dictated value. Therefore a convarter from current to

_ voltage Is needed, This conslsts of a single operational ampiffier type LM318. The ampiifier Is additicnaily

" compensated-agalnst ringing which might occurs due to large capacttive loads (long cables connected

to the output of a clrcult). The values of components usad In this additional clrcult are selected to give

output voltage of 0 volts for digltal pattem of all zerogs at the input of DAC chip and 5V for pattern of all
ones

h) Digital Input
p

Computer can read dightal pattrem from peripheral units or from any devices wa need to connect there.
Howaever an informatioh from peripheral must not be permanently tied to computer's data bus. It should
be present there only during the time computer Is trying to read perlpheral data in question. Therefore a
three state buffare must be Inserted between peripheral and computer’s data bus.

In the clrcult LS245 is used for the purpose. It Is transparent for Information present at it's Inputs during
computer’s read operation from pradefined address. Therefore data pattern present atirt’s inputs s placed
aonto the computer's data bus during this time,

Four dighal input lines are avallable. One additional bit from computer’s data bus Is connected to ECC
signal of ADC0809 analog to digital converter. By reading this input port user also read status of ADC
chip.

. 1) digital output

Pattern of signals on data lines of computer changes all the time. If user wants to send a méssage o a
peripheral and this message is to remain ftxed for some time, then the message has to be locked from
data bus Into a latch. This should happen on compuiter write operation at certaln address.

One L8374 Is usad In the clrcult to accomplish this operation. it's outputs are permanently active and
data pattern from computer's data bus Is written Into the chip on low-to-high transltion of clk signal, which
In turn happens only when computer is writting onto certaln address. ;

Upper four outputs of this chip are avallable to a user for it's purpose (D4 to D7). Additional four outputs
are used on board to control gain of Input. amplifiers 0 and 1, two bits per amplifier stage.
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PCB layout, solder side

Appendices:
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) Address decoding

As mentioned certain signals should be written into chips througout the board only when computer is
writting or reading to/from cedrtaln address. Address decoder takes care of generating all the read, write
and possible chip select signals for the chips on board. Two ‘LS138 chips are used, one for address
decoding when computer Is writting to peripherals, one for address decoding when computer Is reading
from peripherals. :

Appendices: ‘- List of components

Item Quantity Reference Part

1433 €1,£3,C4,C5,C6,C8,C9,C010 0.1u
C11,C12,G13,C14,C15

2f i C2 2nF
3] f e “10p
4 D1,02,03 BZX55C
58 d p BNC CONNECTOR
Byt J2 BNC CONNECTOR
% ¥l J3 BNC CONNECTOR
g2 P1,P2 CONNECTOR DB25
9. 6 R1,R2,R27,R28,R29,R30 1K

10 4 R3,R4,R5,R31 15K

I w2 R6,R32 22K.

1y 82 R7.R8 220K

13 1 R9 - 100

14 4 R10,R13,R14,R15 M

15 =2 R11,R12 200K

16, &5 R16,R17,R18,R21,R25 25K

1r &2 R19,R23 1.2K

18 4 A20,R22,R24,R26 10K

19 1 Ut 7418367

20 1 u2 . ADC0809

21 1 us 7415139

23 %1 U4 7418132

23 2 Us,Us 74L8374

24 1 u7 DAC0808

25 w2 Us,u9 i CD4051

28 o uio = TLos4

2% 1 Ut LM318
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Appendices: 1. Detalled shematic
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AHHoTauus

B pantioli pabote M3NOXKEHO TEXHUYECKOE pellieHne OAuH U3 8apuaHToB 8 BUTHOMG .
ananoro-yucpposoro npecbpasosartens Ha ocHose BUC ADC0809, DACO808 # aHo
obecrnednBaeT npeobpasosaHyie B ABYX BXO4aX aHANOroBble CUrHanb! amnauTyaoln or OV
o 10V, n 8 AByx auddheperLManbHbiX BXOAAX aHaorasble curHasst amnivryaon ot OV
0 5V COOTBECTBEHHO B AUCKPETHbLIE CUrHanb!. YCTPOUCTBO Takke UMEeT BOSMOXHOCTh
npeobpasoBankus NYCKPETHLIX CUTHANoB B aHanoroBbie Ana AanbHenlwero ynpasnexsus
pasHbIMK UCMIONHUTENbHIMI YCTPOICTBAMM.

[laHHoe yCTPORCTBO PeKOMEHAYETCA B CUCTEMAaX aBTOMATU3aLMN M3MEpUTENbHLIX paboT
1 0BpaboTkn peaynbTaToB SKCAPUMEHTaNbHbBIX AaHHbBIX PA3HbIX HayYHbIX paboT , a Takke
B @BTOMaTU3UPOBAHHbLIX CUCTEMAX YNPaBNEHUAX TEXHONOMMHECKUMMU NPOLBccamu ¢
NOMOLUBID MUHW KOMNBIOTEPOB. "
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