ter for
2 it nalog Conver
Practical No.18: Test the output of given R-2R type Digital to A

the given input.

Practical Significance . ers into analog
A digital toganalog converter (DAC) is a circuit that converts (filgl:;:: ;[:,T;ut voltage is/a
voltage or current output. R-2R ladder is a resistive nctw?rk of w 2 Pan exposure to
properly weighted sum of the digital inputs. With this experiment you

R-2R network which is used in digital to analog converters.

n Industry/Employer Expected Outcome(s) T REL., -, T
Students will be able to test the functionality of the digital circuits/system.

m Course Level Learning Outéo‘mc(s) S Sesvtems
Interpret.the functions of data converters and memories in ,,,(1‘g‘.,\.t?,l,‘e‘,l??tron’.,\‘ YZigms:

IV - Laboratory Learning Outcome(s):;, b o . g I ‘
1-Build R-2R resistive network onbreadboard’toCOIIVCI’t given digital data into ana o\

V' Relévant “Affective Dom i related outcome(s)
Identify PIN configuration of IC. ©

Follow allsafety precaun on 5

Y

Handle the ¢ thpgf}fnt.‘;\ig;i equlpmentcarefully s ‘

Fig 18.1: Basic diagram of R-2R ladder network working of R-2R ladder network DAC

e e
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)
) Digital Techniques (313303)
) e Thisis a4bit DAC. Let us consider the digital data D3D;DyDy=0001 is applied to DAC;
) then the Thevenin’s equivalent circuit reduction is shown below.
)
) [ a%a T =X A
' S2xo 2x0 a et Step 1
LB Do Ds Da 5, WSH
’ Vvvefl ° . .
' %L 1kQ PYey 1‘28 P
e B a Step 2
)
o o o
’ Yeor e e
- axa A, o
! ma| =3 s Step 3
|
v \ | ]
Vi, > .
’ =L Arhis WA DT
) \ %M BED Step 4
' o
4 2k0 1K l o
' %zm Saxe Step 5
' - K b
o
' Yeor A o
' a KO 1xQ
) 7 Step 6
o
' Yeor
8 | zxa
' 2k St 7
ep
D | _
1]
. To Op Ammp
P %0 ' Step 8
' N
)
>

Fig 18.2: Basic diagram of R-2R ladder network working of R-2R ladder network DAC

*  Vrefis nothing but the input binary value reference voltage, that is for binary 1, Vref=5V™.

N
and for binary 0, Vref =0V,
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P

| 2R=2K R=1K R=1K R=1K RiziK

s are at 0V and can be treated as ground. So

For 0001 only DO=VTref, all other input value gets multiplied by the

finally Vref/16 volt is appearing as the input to op amp. This
gain of op amp circuit — (Rf/Ri).

Ty X . ¢ ill get
If we proceed in this manner (Thevenin equivalent reduction), we will g

R Dy, Dy D Da]
f 0 —
Voue =~ Vror [ 7678 YT T 2

Note that you can build a DAC with any number of bits you want, by simply enlarging
the resistor network, by adding more R-2R resistor brgnches. ;

Circuit diagram
a) Sample circuit

Ri=2K

+Vee=15V

‘Nv N' w' N ~ M

6. Oviput

SR=K $MK WK  $2R=K

LB{% D D DsfmsB v fodem
Tig 183 R2R Ludder DAC Network.
b) Actual circuit o e, n sl e
A ‘D\ /
@‘!nm,{_‘ : :
\npul
84}
QR

£9Q R R
Vi

vufll
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pigital Techniques (313303)

Resources Required

vHI
S 4
\' Name of Resource Suggested Broad Specification Quantity
No.
— 1 | Digital Multimeter  [3 % digit display or 2
2 | Analog IC Tester  [Tests awide range of Analog IC’s ] .
3 1 DC Dual Power 1SV fixed power supply or Variable DC power |
supply “lsupply (0-30V)
4 | Breadboard 5.5cm X 17cm, I
5 | Connectin Wifcg Single t‘ ’dﬁb i £0.6 e et
_’g JIES N 1g<i strand-wires of 0.6. mm ) : Requirement
6 |IC N 2 1
7 |[LED % .- Red/Yellow color Smm . , 2
T g T 6 (2 KQ)
8 | Resistor F 1KQ and 2KQ. - Pty 4 (1KQ)
9 - | Potentiometer 10 KQ S5 N 1
IX Precautions to be followed
f 1) Check IC before use. - - s
"2) ~ Set power supply to 15V (Variable DC Power Supply) before connecting.
3). Check.all the connections as per circuit diagram
X Procedure

Tesﬁ IC using IC tester.
-Mount IC on bread board.
Build circuit as per circuit diagram.
* Write down observation table. - RIS
With ‘all inputs (Do to Ds) shorted to ground(Do 0 ,D1=0 D;—O Ds= 0) adjust the 10KQ
~POT until the output is 0V.This will nullify any offset voltage at the input of the
OPAMP.(POT connected between pin 1& pin 5 of OP-AMP)
6. . Measure the output voltage for all binary input states.(0000 to 1111).

(RE d

gea Yab -

X1 Resources Used

Sr. ‘
Nro Name of Resource /Suggested-Broad Specification Quantity
l » ]
5 Digural M 32 digit digplayy 1 qr 2
. Rreadboard ' 5.6 ¢ X W\ oom 5l |
e U} | !
! ok
Rexgtoy I 1 (SN
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Actual Procedure:

...................
------
-----
-----
-----
R
......
-----------------------------------
.......................................

27 Mauok. T 00 0LAdBOOE. .o

XIII

Observation:

Observation Table for R-2R Ladder DAC:

=
N
=]
[y

S
> :

v R-2R Ladder DAC

—

Theoretical (V). ™
e Dz

XN HS)

V0=—-IT:- *Vref G574,

Ds Practical(V)

-0.695

—

O

|
;oc S

-1,960

-0.669

-1-3072

-1.930

it 125

~3.993 |

- 4-930

N eas

=3 S0

~4+593

-65.216

s 5. 006 T

-5.48Yy

-6.520

- 6.%35

—3. 180

& ~‘7~500" Co g

1 M - | =3.QUo

-3 -5\8

ity 2 g/:rgﬁﬁ Shieagi el

-9.1Yp

e B Y Y S Y RO R R Y R e

e 'v 5 ?.C\QO 5

—-9.%10

.............................................

e prackeal...

.of...

L

Result(s)

o

~qiven. Anpuk......

....................................................
........

..........

. .ﬁy.pe
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Practical related questions

Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensurc the achievement of identifies CO.

1 Define resolution of DAC.

State the purpose of op-amp in this circuit?

Write the steps to nullify any offset voltage at the input of the OPAMP.

Write down effect of number of input bits on output of DAC?

= LN

.........................................................................................

@32 The..rexoludion..of... o digired. =30 2. analog... Canverter. . (DAC)...

yefexsi.. X0l dhe. . chxuexk ange ..... sﬂ...r.iic\e ..... ou}wk VO\.’\'(L% Shak

...Qqn...he.....pxoduced qﬁ Q. ehat@e.. AN Hhe. . digrrad. inpuk code...

. Regolyion.. 18- mewu:(ed ..... 0. b, umJn cath..hY... rep¥-
uenr\«m} Q ..... Qwek....qfl 2 ...... S S U > VP

........................................................................

N rz;.:.—fz.fﬂwe....wxpa&e of.an... op=amp. LopexoXional.. Amgiifier). .an be -

3 Pﬁhﬂ)%io:\mn o, ncreose... .. OmP\L%udP Of-... weak: Signod. ...

oy Butfexing . To. ieglole. . Srager...of...0.....cheaulh .m.e.vemw(\g....\mdr\q
........ QX.. mednncenusmqhh
.35 Compoxigon..5. K. compare ... 4wa_ . Vologer . £.... gradice..on..outpub...

...... baved....on... Ahe....
..k\}..’kﬁtqmﬁo ’Ye\nJce Sighal...over. ime............... L &
..5>n\§?ezer\hm\on To... 4t eﬂm}e ..... 0\ ..... N \thxQ ..... Ht 0 B es: ST

..............................................................................
...........................................

61190}’\ .....................................................................

.0PBMP.., %\\nw.....f.\hexe s P I RN )
1>.Conpeck - OPAMP.. .. Va\me...rfﬁ\\qmet .....................................................

U 1) 1 1N 2 TR0 S A TNT £ 18 4] A IR T Twie | S U
- \’. ST ROV bmnq ..... wpuk. £ graundii A ~
..tf\}..Comec\r....m\:....\mpex Ao.adpukb... I o R R AR <Y .
- Sk.Pgply. R0, Iinpulk. TV I TR A R, ) W
8. Adjust.. pak.. unfi.. owbpub . vRads L ZeX0.

............................................................................................................................

Mg finterizes.. offest.. vokoge.. Conaulh. aPaaP. dadushee:.. for.. cpecific
~dashvackions
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------------------------------------------------------------------------------------------------------

........................................

B2 The....nunb@. . of. . myn&...b’&g n...0...digike) - 0.2 daakg...con:
.NRaker.. (DAC).. m...&m...&n\mw\q e@?em...@n....g ..... input,

----------------------

..............................
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XVIII Rcfcrcnccs/Suggcstlons for fur thcr reading )
1. http://vlabs.iitkgp.ac. 1n/psac/ncwIaszOZO/vlabl|tkg
(Virtual Lab Link R-2R.DAC)
2. - https:/www.youtube. com/watch?v—LUMhObAleS (NP TEL Video Link )

30 https: //datashcetSpdf com/datasheet pdf/ 1463096/IC741 _html

pAE/expl 0/index.html#

XIX / Assessment Scheme

,lPréi-th'nance\,\y v e | ‘W,eigltlt'age.'
- Indicators . ot N
Process Related : 15 M‘ll‘kS G a5 60 %
I''|*"Handling of the components ** T Sibria sy Rt 0%
2 | identification of components 20%
3 | Measuring value using su1table mstrument S 20%
4 | working in teams ' e 10%
Product Related: 10 Marks - 40%
5 Calculated theoretical 'values of glven component Shcasnlves e 10%
6 | Interpretation of result e o 05%
{ 7| Conclusion Ve 05%:
8 | Practical related questions 15%
9 | Submitting the journal in time 05%
Total (25 Marks) 2 100.%
Marks Obtained ‘
Process related | Product related | - 7 Total . 'Dated signature of Teacher
(15) (10) S0

S s o : S
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