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Lecture — 44
Experiments on DAC and it is Applications
Understanding DAC 7821 Datasheet
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We will be seeing the datasheet as we discussed. So, what is the IC name I get ? It is
DAC 7821; this is the part number of the IC, ok. That we are using, this is the digital to
analog convertor IC: Thatthat we will be using DAC 7821.
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12:8it, Parallel Input, Multiplying

Digital-to-Analog Converter
FEATURES DESCRIPTION
+ 2.5Vto 5.5V Supply Operation The DACTB21 is a CMOS 12+t current output
+ Fast Parallel Interface: digital-to-analog converter (DAC), This device
17ns Write Cycle operates from a single 2.5V to 5.5V power supply,

making it suitable for battery-powered and many
other applications.

This DAC operates with a fast parallel intefaca. Data
readback allows the user to read the contents of the

Update Rate of 20.4MSPS
10MHz Multiplying Bandwidth
+10V Reference Input

Low Glitch Energy: SnV-s DAC register via the DB pins. On power-up, the
« Extended Temperature Range: internal register and latches are filled with zerces
—40°Cto +125C and the DAC outputs are at zero scale,
+ 20-Lead TSSOP Packages The DAC7821 offers  excellent  d-quadrant
« 12-Bit Monatanic multiplication characleristics, with a large signal

. qLsBl multiplying bandwidth of 10MHz. The applied
So now, let us just see the datasheet. So, this is how a normal data sheet of any company
or an IC would look like. So, they the-I think you can see my cursor. So, they have the IC
image here, this is how the IC will look like. And then in one line, they will explain what
actually this IC is this is 12-bit parallel input multiplying digital to analog convertor.

So, the in one line they have told us. what all what is it actually. So, this is 12 bit so, let
us note it down. So, how many bits are there-? 12 bits and parallel input. So, it is parallel
input and multiplying type DACs. So, they are different types of DACs which whieh-you
have seen and you will be seeing in the course. And the so, this is a multiplying digital to
analog convertor. In the datasheet also we will see how what how they have explained it.
So, this a 12 bit parallel input multiplied digital to analog convertor. So, what does

parallel input mean-?

So, suppose this is the IC and if it is 12 bit. So, there will be D 0 to D 11, there will be
dedicated pins for this, like this. So, this will be parallelly inputted;. Parallelly input to
the convertor, digital to analog convertor. And at the same time in one shot, it will be

converted to the analog value, ok. That is 12 bit parallel input.

Now, that we have seen, this is the core description of the IC. So, let us see the features
so, when you open the datasheet as I told, we will cover first the, this datasheet things

quite detail. And then, come back again and see guickly when you are seeing the



datasheet what all things we should look at when you are seeing a new datasheet. That is

the whole idea.
\ So, this-featuresthese features will give you a quick view about what is the whole thing.

(Refer Slide Time: 02:45)

12:Bit, Parallel Input, Multiplying

Digital-to-Analog Converter
FEATURES DESCRIPTION
+ 2.5Vto 5.5V Supply Operation The DACTB21 is a CMOS 12:bit current output
+ Fast Parallel Interface: digitalo-analog converler (DAC). This device
17ns Write Cycle operates from a single 2.5V to 5.5V power supply,

making it suitable for battery-powered and many

fulscale voltage output when combined with an
axternal current-to-valtage precision amplifier.

The DACT821 is avallable in a 20-ead TSSOP
APPLICATIONS package.
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Readback Function
Industry-Standard Pin Configuration

+ Update Rate of 20.4MSPS cther spplicalions,

+ 10MHz Multiplying Bandwidth

o 10V Reference Input This DAC operates with a fast parallel interface. Data
- ; Tence mpu readback allows the user to read the contents of the

+ Low Glitch Energy: 6nV-s DAC register via the DB pins. On power-up, the

+ Extended Temperature Range: internal register and latches are filled with zerces
-40°C to +125°C and the DAC outputs are at zero scale,

« 20-Lead TSSOP Packages The DACT821 offers  oxcollent  4-guadrant

B + multiplication characteristics, with a large signal

n '_lz Bit Manotone multplying bandwidth of 10MHz. The applied

+ HLSBINL axtomnal reference Input voltage (Vier) determines

+ 4-Quadrant Multiplication the full-scale output current. An integrated feedback

+ Power-On Reset with Brownout Detection resistor (Ryg) provides temperature tracking and

L]

L]

So, the features see this is the supply operation. So, this is you should always make sure,
see it can operate foundly from 2.5 volt to 5.5 volt;. So, you should never give a supply

more than that.

So, that is one thing so, you will let us say you apply it direct 20 volt or something and
the IC will go bad. Then first parallel interface, 17 nano second right cycle, what does
that mean-? It means that the when we give the input to the IC, like the data bits where
the bits; which needs to be converted to analog. How much time? So, the analog value
that will be converted inside the IC would be stored in some buffer or a internal small
flash which should be written. That value whatever analog value is there that would be

written there.

So, this is the time taken to convert the digital value some. So, it is something like that.
So, that will be written on, written on to it. So, next time you want to update the analog
value you have to latch on the new set of digital inputs. Still, you latch on latch it on

analog value will not change. Then update rate of 20 point 20.4 msps—MSPS: msps
MSPS is mega-Mega samples-Samples per-Per seeendSecond.



So, this is like it can take that much update rates. So, that many samples if it comes it can
‘ keep changing it that speed-; though, 10 megahertz multiplying bandwidth. Then the
multiplying bandwidth in the sense because we had seen know the digital inputs how
they will look like each bit if you want to see. So, each bit if you want to see, we saw it
‘ like this one bit will be the like this, correct? One bit would be having lower freg-uency,
like this correct. So, in the conversion we have to multiply it with 2 raise to 0 2 raise to

one and all right. So, this is how the multiplying type DAC will work.

So, that bandwidth for taking in to account these signals the first changing signals is
‘ what they are mentioned in the datasheet;. So, that is 10 megahertz multiplying

bandwidth, then plus or minus 10-volt reference input.

\ So, this is the input levels of the, they this is reference input. This is what so, this is what
it means. So, plus or minus 10 volt would be like what are the values of the of your
‘ ranges-; like, 0 volt to 10 volt or it can even be minus 10 volt, or it can even be minus 10

volt to 10 volt.
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And you can have so, because this is 12 bit DAC ok, this is 12 bit DAC right so; that
means, there can be up to 2 raise to 12 levels as we have learnt now. So, that is what how

much 2 raise to 10 is 1024;- Seso, 1024 into 2 raise to 2.



So, this will be 1024 into 4, around 4,000, 1024 into 4, 4,016, 4096. So, 4,096 levels are
possible;. 4,096 levels are possible because it is a 12 bit DAC. So, that means that, there
can be from 0 volt up to whatever is the reference voltage. So, here it is 10 volt, this

DAC will be able to give analog voltages with precision of 10 by 4,096, this much value.

So, this will be in like if you take it will be around in some milli volts per in some milli
volts per level, ok. So, that means, if 12 bit right so, 0 0 0 0 0 like that 12 bits will be
there. So, for each change in bit here, it will update the voltage value by some definite

millivolt. That is what this means, hope this is clear to you we have discussed this.

Now, next so, low glitch energy 5 nano volt second. So, the glitch energy is like suppose
there is a delay in one of the bits getting updated to whatever value we have set. That is
what is called glitch in very, very simple way. So, that the, what you call the time taken
volt second is energy right. So, that energy consumed in conversion; that is low glitch
energy. And then extended so, we have to you can you can actually go back and check it

in detail. Then extended temperature range so, this is the operating range of the IC.

So, it can operate up to 125 degree Celsius. 125 degree Celsius is usually called
industrial grid temperature and it can go up_to minus 40 degrees. And then it is a main
thing this is 20 lead TSSOP, TSSOP is the package, and 20 lead means there are 20 pins

or 20 connections.
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‘ So, it will be like this and 20 leads will be there so, may be 10 on each side. 10, 10 we

will see we will see the packaging information in detail.

So, this is that package so, when we are making, when you are making any design,
package like while doing the board design while doing the PCB design, we need to
ensure what is a package and accordingly we have to make footprints we have create foot
prints. what-What we have to create? You have to create the correct foot print on the
PCB. So, let us say the we make a PCB with this DAC, correct-? We will place this is the
PCB. So, the IC will be placed somewhere, right.

So, for this we need to know the package. So, this is TSSOP and 20 lead it will usually
called 20 TSSOP or TSSOP 20. So, 20 leads will be there, accordingly we have to create
the package. So, this also we need to remember when you are making a design. So, we

are always talking from your design point of view.

So, next thing is what-? So, we are going through the main features right, main features

as (Refer Time: 09:02) this is very important to you. So, that this is the way you should
‘ analyze the datasheet 1’s, 2, 3 times. If you look at a datasheet, then guickly you can go

through these things actually. Then 12 bit monotonic, what does 12-bit monotonic
‘ mean—2mean? What does monotonic DAC mean? So, that means, that when you go from

let us say if we take a 3 bit DAC. So, 3 bit DAC means 0, 0, 0, 0, 0, because 12 bit is

very difficult to represent here. That is why we are showing like this. So, 0, 1, 0,
‘ eorreet->correct?

So, this is the increasing digital word right, we have seen. So, if the corresponding
analog voltage also only increases like this, keeps on increasing only up to say 15 volt
‘ whatever voltage we have set—set: then there is a direct correlation between the
increasing digital world and word and the increasing analog voltage. Such a digital to
analog convertor is called monotonic ok. Monotonic means, corresponding to your
digital volt below, your analog voltage will only continuously increase. This is

‘ monotonic type;: This-this monotonic DAC.

\ Then plus or minus 1 LSB is least significant bit, ok; 4 quadrant multiplication. So, this
is the internal logic that is there in the IC. Then power on reset with brownout detection.
So, this is the again the reset process a like when it. So, when it powers on the IC it will

go back to it is (Refer Time: 10:38) state. It will not show any random analog voltage. It



will show the analog voltage of like say the 0, 0, 0, 0 digital word. That is what that is

what power on reset means ok. Then read back function, industry standard pin

eonftgtration;thatconfiguration that is TSSOP.

So, these are the main features. So, in the datasheet first they will show you the main

features. Next what they will show you, they will show you applications.

(Refer Slide Time: 11:03)
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+ Industry-Standard Pin Configuration
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The DAC7821 is available in a 20-lead TSSOP

APPLICATIONS package

Portable Battery-Powered Instruments Vi Viar

Waveform Generators

+ Analog Processing Il DACTEZ! B

+ Programmable Amplifiers and Attenuators | I K "I
+ Digitally-Contrelled Calibration || Foworon .
« P Filters and Oscillators l urd

Composite Video {3 |
+ Ultrasound : W Regisind

What are the applications? So, this is like for your general understanding, this is not
necessarily important for you. Because when you identify an IC, it is already understood
that you know the, what is your specific applications. And if you are like before you
identify IC if you are looking for like candidate IC's which IC can I use for my design.

At that point this section will become important to you.

Let us say some body suggest you there is an IC like this, why ean—netcannot you use
that for your application? You discuss you will have technical discussions with your
colleagues. Then they will tell the, this company has this IC, why do not you check it out
for your application. Then when you like look at it they will tell you application. So, this
section is for that so, it can be used for portable battery powered instruments, way form
generators analog processing, programmable amplifies and attenuators, digitally control

calibration, programmable filters and oscillators, composite video ultrasound like this,.



So, then this is a description, this is I am not going to the full details of it otherwise it
would be like reading the data sheet to you. So, that is fine so, these are whatever we
have discussed only they have discussed here;: The-the reference voltage, the supply
voltage all those things. So, let us look at a block diagram that they have shown. So, the
DAC is available in a 20 lead TSSOP package.

So, what are the things the VD, VD is the V DD is there V ref is there, V ref we saw that
V ref is swhat—2-what? Is here 12 plus or minus 10-volt reference input. Then supply
voltage is there, then they have a power on reset, then control logics. So, CS is what?
Chip select CS is usually called chip select in most IC's. If they have a CS bar signal, it is
chip select, and what does CS bar itegrate-2integrate?

So, if you look at any IC's data sheet. And if you see a bar on top of it ; that means, if you
see a bar on top of it right ; that means, this is an active low signal, ok. So, if any chip
pin description has a bar on top of it, it is an active low signal. What does active low
meat—2-mean? Active low means that the signal will be enabled or the functionality of
the pin will be enabled, when the value of the signal is 0. So, that the complement of it

which is what bar does becomes 1 and it becomes high.

So, that is active low so, what does active low mean—2-mean? Active low means that the
signal or that pin is active when it is low or 0. So, this you should understand this active
low signal ok. And read write bar ok, read write bar would mean that, when if this signal
is high. So, it is read so, it will reading, and when it this signal is 0, it is writing. So, with

the same pin you can have both read or write depending on the value that you give ok.

Then this is your data bus which you have already discussed dB 0 to dB 11; that means,
it is a 12-bit data bus, bus and that will go in as a parallel bus, there will be a latch. So, it
will be it is like an latch would be like a buffer that is there, until the latch is again
refreshed, this the new values of this will not go in to the latch. Then that will be written
in to the register, and then the 12-bit R to R ladder R to R DAC. So, we would have we

would have you could have covered R to R DACs in detail.

So, the 12-bit R to R DAC a 12-bit R to R DAC will convert it into analog voltage, and
we can see it, ok. And the output can be seen here. So, output is measured in terms of

current; which it is given in terms of current. So, (Refer Time: 14:36) connect a resistor



on outside that pin, you can actually see it through as a voltage,. That is the main so,

these are the this is the first page of the datasheet, this is how it will look like, ok.

(Refer Slide Time: 14:49)
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This integrated crcuit can be camaged by ESD. Texss Instuments recommends nat ol inegrated circuts be handied with
‘ appropriate precaubions. Failure lo observe proper handling and installabon procedures can cause damage.

‘II* ESD damage can range from subtie parformance degradation to complede device falure. Precision integrated crcuits may be

more susCeptble 1o damage because very smal paramelic changes could cause the device not fo meet ts published
specfications.

PACKAGE/ORDERING INFORMATION

For the maost current package and ordering information, see the Package Option Addendum at the end of this
document, or see the Tl website at www.ti.com.

"

ABSOLUTE MAXIMUM RATINGS
over operaling free-air femperature range (unless otherwise noted)”’
[ | DACTE UNIT
[Vep o GND Q6T v
Digal input voitage to GND D3 oV +03 v
[Vesur &0 | d3nvge03 v
+

Now, next is, now. So, this is the first page, ok. Next, next is main thing, this table is this

table right, this table is very important.

(Refer Slide Time: 15:13)

PACKAGE/ORDERING INFORMATION

For the most current package and ordering information, see the Package Option Addendum at the end of this
document, of see the Tl website at www fi.com.

ABSOLUTE MAXIMUM RATINGS

over operaling free-air temperature range (unless otherwise noted) "

[ | DACTEZ! UNIT
) | Q36T v
Dighal input vetage 1o GND 0310V + 03 v
[Vooun 0 GND | D303 v
Cperating temperaturs range =4 to +125 <
| Stoage tempeeatse rnge | 1o +150 ¢
Junction tmperatre (T, ) | +150 <
| ES0 Ratmg, HEM | 3000 v

[£50 Rating, com | 1000 v

(1) Stresses above those ksted under Bbsokute Maximum Tatings may cause permanent damags 1o the device. Exposure 1o Bdsolute
maximum condiions for extended panads may affect device relability.

This is what you should make sure that you do not mess with these values while you are

operating the IC. So, main thing is what we did it to ground voltage ok.



So, minus 0.3 to 7 volt it can go. Over operating free air temperature range. So, you
provide that this free air temperature outside, what is the range, then digital input voltage
to ground, it can V DD; where V DD can have a plus or minus 0.3-volt fluctuation V out

to ground operating temperature range, we always saw this minus 40 to 125.

Storage temperature usually so, operating temperature for the IC to operate efficiently
and faithfully, the operating temperature range should vary from minus 40 to 125 degree
Celsius. But it can be stored at a higher temperature, and at a much lower temperature

also minus 65 to 150 degree Celsius.
So, this is like always a storage temperature will be more than operating temperature.

(Refer Slide Time: 16:10)

| If you take any IC always storage temperature;: Sterage-storage temperature will be
greater than operating temperature,. So, most of the IC's will be designed like this you
can open and check any data sheet you want it will be like this. Storage temperature will

be higher than the operating temperature,.

So, that is storage temperature. So, junction temperature, that is plus 150, what is
junction temperatire—?-temperature? Junction temperature is a concept from VLSI. So,
your chip will have a package. 1 will usteklyquickly go through it, this is not actually
within this scope of what we are discussing, but for sense of completeness. So, this will

be the black color you would have seen any IC know it will be black color here full



black. Inside that you will have a small die. This is the actual logic, this is the actual
chip, this is just the package, this is package.

If you if you break it open, if it is a some IC's like damage, you have something you can
break it open and inside you will see a small package. It will be very small. It will be like
1 by 50th of this area outside area. And from here you will see leads been taken out. This
is the silicon wafer, in which your design is built whatever DAC design is here these

leads are then finally, taken out like this as the package pins.

So, this is what you call die, ok. And junction temperature is a temperature on the die
when it is under full operation. So, there are 3 temperatures, if you open any datasheet of
any IC, you can see these 3. Junction temperature, operating temperature and storage
temperature. Usually, junction temperature will be the highest, because that is where the
heat will heat is getting generated, that is the point of generation. That is the point of
generation of heat, junction temperature then operate temperature and storage

temperature,.

Ah-So, this you should understand very clearly, because it is very important for any IC
point of view. Especially, junction temperature is very important if you are having any
design with some analog processors, or a analog digital processes. Because there if it
crosses a lot of computation will be involved, and processes of micro processes, it is

called mu P’s ok.

So, lot computation will be involved, and if lot of computation is involved automatically
the die temperature will go up, ok. So, that time you should make sure that you are
working within the limits of the junction temperature,. And then ESD rating is what
electrostatic discharge rating. So, that is like what is the highest voltage, that you can use

I mean so that it does not get damaged with electrostatic discharge.

So, they will always have this flag. They will tell that stresses above those listed under
absolute maximum ratings may cause permanent damage to the device. Exposure to
absolute maximum conditions for extended periods may affect device durability. So,
what they are telling is that, if you go beyond this values, any way we do not guarantee
proper working, and even we might we are telling that it might even get damaged. Also,
if you keep working at thistmitsthese limits, almost limits though it may be it is told

that it is at this limit also it is working, if you keep working at this high limits also, your



performance will get degraded, or it might even damage the device over time. So, we

would always work within sufficient buffered limits within the maximum ratings,.

So, absetute-maxtmumratingstsabsolute maximum ratings are a very important thing. I

will finally, once we are done with this we will enumerate which are the main sections of
any datasheet that you should go through,. So, that you can keep it as pointer, you can
you can keep it as pointer for yourself. And then stekdyquickly take that list of items and

then check your datasheet every time you open a datasheet.

So now we have seen absolute maximum rating done, eeel—2-cool? Next is electrical

characteristics so, this also we have seen.

(Refer Slide Time: 20:27)
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ELECTRICAL CHARACTERISTICS
Voo = 42,5V 10 45.5V, lpyrd = Virbual GND; logr2 = OV; Viege = +10V, T, = full operating lemperature. All specifications -40'C
o +125°C, unless otherwise noled
[ =1 DACTEH
PARAMETER | CONDITIONS (MM TP max | UMTS

STATIC PERFORMANCE
Restoiiion | 12 | Bits
Fislatve Bocuracy # 158
Differential naningarity [ I #1 | LEB
| Cutput ieakage curent | Data = 000h, T, = +25°C | 40 |
Qulpul leakage curent | Data = 000 Ta = Thaax [ 20 | nf
Ful-scake Gain efor | Al loaded to DAC regiLler | 5 a0 | iy
[ Full-scale tempen l ) T e
-ﬁllmlﬂ capacitance [cose dependent 0 pF
REFERENCE INPUT
-V“F range | [ 15 15 ] v
Input fedstince 8 10 12 kL
| Rey resislance L] 10 12 kil

LOGIC INPUTS AND OUTPUTIT ) ) ‘

So, like what is the output leakage current. So, these are very high details we do not need
actually when you are making (Refer Time: 20:35) this much detail we do not have to
see. Only see main things. So, gain error leakage current and all it is fine, that is. But
what is a design point of view, what is a voltage reference range? It can go up to minus
15 volt to 15 volt. This is your reference voltage. This is the maximum and minimum
values that will be taken to get your step analog step voltage, whatever we saw right 15

minus 0 by 2 raise to 3 2 raise to 12 and all. That will come from here.

Then input resistance feedback resistance and all, this you just you (Refer Time: 21:02)

just keep it keep this in mind. Then this is what I told, when we told right, that noise



level things logic inputs what are logic inputs. V IL, V IH input high voltage input low
voltage. So, these are the-thesethose things those voltages. Input low input high, those
things input leakage current power reg-uirement. So, it the V DD for the IC to operate is

around 5 volt, typically operating voltage.

(Refer Slide Time: 21:28)
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Input high voltage V| Voo = 2.7V 21 v
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'Inpu[ leakage current I | | 10 I}
I Inpuf capacitance C._. [ 0 | pF
POWER REQUIREMENTS

Voo a7 55 v
.|‘)5 {noemal operation) -LD.]IE nputs = 0V | § i}
Voo = +45V 1o 155V [V = Vog and V= GND [ 08 5 | A
Vo = 425V 10 4368V [V = Vg and V= GND | 04 25 | m

AC CHARACTERISTICS

Qutpia voltags sating bme 02 [
| Refesence multiphing BW -Vng: = TWep, Data = FFFh | i [ MHz

DAC ghtch impulse 0o = 75 10808 o TP g s

Faedihiough emor YourVags | Data = 000h, Vige = 100KHz | 70 e
-nbg’.nl feecihrough | | 2 | Vs

Total harmonic distartion | | =106 | a8
[ Qutput spot nose voltage | [ 18 [ i
(1) Specified by cesign and characienzation. not produchon fested

Alg¥hiin =%

3 Rl 1 S R S -0 o .,

Then AC characteristics, these are all very high technical details. Because this is, this is
the results from there, characterization ok. What they will characterize? Everything
because-they, they have to guarantee so many parameters in the datasheet. But many of
this parameters, we might not have to look at it when we are that much in detail when we
are designing it. Only few things that we need to see, what is the reference voltage, what
is the V DD voltage, is there any specific resistance that should be connected. That much

you can see and just leave it.

Then later if you having some issues, see basic things we need to be sure, and then start
working on it may be then you might feel some issues, then you can go and check the
nitigrities in the datasheet. And to see if there is any small issues, ok. Then these are
those things, DAC glitch impulse total harmonic distortion output spot noise voltage.
Noise also we saw right so, they even characterize the noise voltage in the AC

characteristics,.

| Then what we will do-2



(Refer Slide Time: 22:20)
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DATA VALID X

e,

DATA X DATA VALID

TIMING REQUIREMENTS: 2.5V to 4.5V
Al = 1= 1ns (10% to 90% of Vi) and timed from a voliage level of (Vi + Va2, Von = +2.5V fo +4.5V, Viege = +10V,
Iy = OV, Al specifications —30°C to +125°C, unless otherwise noted.
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Then they will also tell you timing information, what will be the once chip. So, I told you

right, this is that thing. Let us take a snapshot of this.

(Refer Slide Time: 23:04)
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So, I just took a snapshot of that. So, that I can annotate it and show it to you here.

So, we saw that chip select is an active low signal, correct ? So, that is why when it is
going low the data is valid. So, that means, data has been latched, till then the data will

not be taken as a valid data. Then what happens—-happens? Right is this signal is low,



when this signal is low; that means it is a right. So, this data, which is the dB 0 to dB H—

11: which we saw, correct.

So, that will be latched on to the DAC, and analog voltage will be taken, correct ? And
then that will happen, and then chip select will go high invalid, then whatever data even
if it is changes know it will not take it. Only next time when this becomes low, that time
it will take it as the valid data. And then, but that time it is read. So, these things you
should see. When it is read, when it is right this is high. So, this is read, this is right, this

is chip select is enabled, this is chip select is high.
So, these things you should see, next.
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So, that is the timing re uirement. Now next.
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Then there are lot of things like (Refer Time: 24:26) later this digital things like set up
time hold time and all. We need not go into that exact details of that, then set up time
load hold time and all those things are there timing reg-uirements. So, the for specific

voltage ranges then have timing reg-uirements.
So, they have characterized everything and that they have put,. Let us keep that.

(Refer Slide Time: 24:45)

DACTEX

TEXAS
INSTRUMENTS
Wik, oM
58A31558- OCTOBER 2005-REVISED JULY 2007

DEVICE INFORMATION

Iyl 7] ° (] Ry
I T F Vi
| -

oo | 3 18] veg

o sy [ 4 | mE

oeto [ 5 | ok
DACTEY =

bBa | 6 15| 080 (L8

oes [ 7] [1a] 0wt
e =

Der | 8 13| paz

oes [ o [12] 0w

DES E T DBd

TS50020

TERMINAL FUNCTIONS




So, this is another main thing ok, this is the main thing package information. Pin out it is
called pin out. This is another thing that you should look at, pin out you should look at

pin out.

So, that will show you what is the package, how many pins are there—>-there? And what
are each pins used for. There is a main thing you need for and your design. So, we have
seen so, this is the pin out. So, there is data bus, dB is data bus. So, we will have from dB
0 which is LSB, up to dB 11 which would be MSB dB 10 and dB 11, MSB correct this is
the data. Then we have chip select, read, write, then V DD whatever is your V ref voltage
and then R fb which is the feedback resistor. And output is given in current. So, if we

connect resistor to it, you will see the e task, then ground very simple connections.

Major thing are the data bus which is a data lines the read or write the read, or write here
and then chip select, I think you can see my cursor and then the data bus. So, I will tell
me go out from snapshot view, yeah. So, and then that is it. This much, this is the pin out
description,. So, this is the pin out description, it is clear to you right. Then I want pin out

to shown, then they will show you description what are each things for.
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So, this is I out is DAC current output, then I out 2 is DAC analog ground. Ground is
there then dB 11 to dB 0 is your data bus. Then CS as I have told is chip select input
active low. And then R w bar read and write V DD V ref, DAC reference voltage, then
DAC feedback resistor establish voltage output for the DAC by connecting to external



amplifier output. So, this will give you the output voltage of the DAC, ok. This is one

main thing.
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Then they will show then another thing that they will show in that the datasheet is typical

characteristics, ok. It is typical characteristics this, you can just glance over it.
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When you are trying to make only when you are having some issues you can come back
and see it actually like you try to see the output of the IC, and then I want to know

whether this is actually correct. Or is it expected then usually the datasheet will have



typical characteristics, which they got well they were characterizing the IC. So, you can

just go through it. So, that is also ok, fine. This is not that very important.
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Then reference multiplying (Refer Time: 27:21) it is supply current versus logic input
means scale DAC glitch, this things we can avoid. Typical characteristics, then that is

done.
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So, linearity error what is linearity error versus digital input code ?
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monotonic in 2 ways. How? Let us see.
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the curve between the digital input and the analog output not might not be a linear curve:-

Fit might be something like this.

So, not exactly like an exponential or something like that. So, that is not linear. So, we
should make sure that preferably it should be linear, but design errors will be there. So,
this is what they have characterize, ideally it should be 0. Ideally it should be 0, but then
there will be linearity errors while converting. So, this is the digital input code, so, they
have converted into like 2 raise to 12 right 2 raise to 12 bit know. So, 4,000 up to 4,096 it

can go, we have seen it.

So, we have seen it here, that it is a 12 bit DAC correct. So, it can go up to 4,096 levels
or the values can go from 0 to 4,095. So, these are small things that you shouldn’t look at

from the data sheet. So, see the-thatthat the code is going from 0 to 4,095.
So, that is what they have done.

(Refer Slide Time: 29:17)

Fle R Yew MWindow Hep .
Opem | ) e e =0 @ “JrRrgry.

2 o k=% = | HE Tosk | FRASgn | Comement
W li.com
SBAS658 - OCTOBER 2005 REVISED JULY 2007

TYPICAL CHARACTERISTICS: Vg = +2.5V
AL T, = +25°C, unless otherwise noted

LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE va DIGITAL INPUT CODE

i 10

T, s °C C

os | ™ 1 A ! ! 1 A 1

. Yige = +10Y| Vigge = 410V

08 P I S S — — Mtk |

04 f— 04

g 0z
?

WO L
)l + , Il
IS S s i, S DN s i

DML JLES,

& 02
04

T o e 08
a8 — e 08
18 -10
0 B12 1024 1536 248 260 072 MBA4 4005 0 812 034 1536 0M8 260 72 4 4095
Dl Inad Gt Digptal Irgadt Code
Figure 15. Figure 16,
LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR

vs DIGITAL INPUT CODE vs DIGITAL INPUT CODE

They have characterized linearity error, and these—differential—tinearity—errorthese

differential linearity errors. So, I hope that is clear to you. Then typical characteristics

that midscale glitch gain error what is a gain error ideally the gain error.
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\ The gain should not sheuldnetbe differing across the temperature. So, that you get same
operation for different temperature. So, they have to they have characterized it with

respect to temperature.

So, you need to know these things these are like technical documentation perspectives
actually. So, for sense of completeness, you should be you should get fascinated when

you see the datasheet.
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It may not be fully relevant to your circuit design re uirements, but then you can see how

much detailed they have gone into preparation of any technical document.

So, because at later point if some issue comes up they should always have data to back
whatever they are claiming. If you are, let us say you are you are studying now you will
later join a tech company, that makes IC's or makes PCB’s. So, and finally, those PCBs
or those products you will be offering to customers. When the so, the-you are actually a

product seller finally.

So, you are offering it to a customer. So, customer while deployment in their field.

Finally, they will face some isstes;issues; they will come back to you. At that point you

should always have data to support you as much as possible. May be there might be

some situations when that that scenario that particular scenario was never encountered.

Then it is ok, but then if it is typical scenario. You are characterization of that IC or your
product within your premises of your company or your organization should be such that
it is very, very exhaustive and rigorous. It is the word to be used is rigorous. We have to
do rigorous characterization so that you can give confidence to your customers, if you
are a product seller, or if you are even if you are in a research and development
institution, your work should be of that walityquality, ok. That is why they have done all
these things.
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When wing an external 1YV converter and e DACTEZN Ry resator, e DAC output voltage is given by
Equafon B




Then they have told R 2 R ladder DAC how it operates. So, I will not get in to the details
of this, this is this has been covered in the theory portion. So, R 2 R ladder DAC how it
will work, and how the digital inputs are given like this from here. And then the analog

voltage is generated;.
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Figure 25. Equivalent R-2R DAC Circuit

When using an extemal I'V converter and the DACT821 Reg resistor, the DAC output voltage is given by
Equafion 1

CODE

4008 (1

Each DAC code determines the 2R leg switch position lo either GND or |yyr. Because the DAC output
impedance as seen looking into the |57 terminal changes versus code, the external IV converter noise gain
will also change. Because of this, the external IV converier op amp must have a sufficiently low offset voltage
such that the amplifier offset is not modulated by the DAC |4r! terminal impedance change. Extemal op amps
with large offsel veltages can produce INL errers in the transfer function of the DACTB21 as a result of offset
modulation versus DAC code.

For best linearity performance of the DACT821, an op amp with a low input offset voltage ([OPA2TT) is
recommended (see Figura 26). This circult allows Veer swinging from =10V to +10V

Then they have given so, what is a code? What is the value of the code and what will be

Vo = = Vi

the V out. So, value of the code can go from here we have seen right, it is a 12 bit DAC.
So, from 0 to 4,096 it can go 4,095 it can go. And as we have seen before when we
initially we saw right how do we convert the 3 bit binary value, we have to multiply it

‘ with the reference step know. So, that voltage is there and then you get the voltage, cool._

\ So, that is what happens.
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3 Each DAC code determines the 2R leg switch position to either GND or loyr. Because the DAC output
M impedance as seen looking into the |1 terminal changes versus code, the extemal IV converter noise gain

will alsa change, Because of this, the external IV converler op amp must have a sufficiently low offset vollage
ke such that the amplifier offset is not medulated by the DAC |71 terminal impedance change. Extemal op amps
with large offset voltages can produce INL errors in the transfer function of the DACTB21 as a result of offset
medulation versus DAC code,

For best lincarity performance of the DACTE21, an op amp with a low input offset veltage (OPA2TT) is
recommended (see Figure 26). This circuit allows Vigge Swinging from =10V to +1QV.

Figure 26. Voliage Output Configuration

And then you can always amplify your output voltage to get the output signal, to the

necessary ranges.
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Then after that on major section of the data sheet will be application information. So,
here what they will do is, they will identify certain typical applications. Typical
application of the IC, and they will give you sample circuits which you can use which

you can use sample circuits which you can use to see how you can implement that

circuit.



So, they have to like stability circuit for current voltage design current output and the
connections. So, they have gain peaking prevention circuit with compensation capacitor.
So, they will prevent the peaking of the gain. And then amplifiers selection. So, these are
all peripheral things actually, look at for your output amplifier.

Let us not go into the details of this.
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Positive Voltage Output Circuit

As Figure 28 illustrates, in order to generate a positive voltage output, a negative reference is input to the
DACTB21, This design is suggested instead of using an inverting amp to invert the cutput because of possible
resistor tolerance emors. For a negative reference, Voyr and GND of the reference are level-shifted to a virtual
ground and a -2 5\Hinput to the DACT821 with an op amp.

25V Rdlererce Vg

Vour s
GHD

Figure 28, Positive Voltage Output Circuit

Ny

05 Voyr s 25V

Bipolar Output Section

The DACTE21, as 2 2-quadrant multiplying DAC, can be used lo generate a unipalar output. The polarity of the
full-scale output |- 18 the inverse of the input reference voltage at Vie..

Then positive voltage output; so, as we have seen the output of by design the output of it
is negative. So, what do if you want to make the output as positive, what you should do
that circuit they have given. We can always go through it in detail, then by polar output

selection.
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Bipolar Output Section

| The DACT821, as a 2-quadrant multiplying DAC, can be used to generate a unipolar output. The polarity of the
| full-scale output |7 is the inverse of the input referance voltage at Vg

Some applications require full 4-quadrant multiplying capabilities or bipolar output swing, As shown in Figure 29
external op amp U4 is added as a summing amp and has a gain of 2X that widens the output span o 5V. A
4-quadrant multiplying circuit is implemented by using a 2.5V offset of the reference voitage to bias U4
According 1o the circuit transfer equation given in Equation 2, input data (D) from code 0 to full-scale produces
outpul voltages of Viayr = =2 5V to Viyr = +2.5V.

D
Vo ( 1) < Ve
05x2 . )

External resistance mismatching is the significant errer in Figure 29

That is like you want you want to have bi polar output ; like, plus or minus so, output
voltage will. So, see here, the full scale produces output voltages of V out e ual to minus

2.5 volt to plus 2.5 volt.

Ideally we were we would see by default we would see only voltage from 0 to 5 volt, or
0 to 15 volt. But now if you want to have a bipolar output that also we can do with this
circuit that they have shown. If you implement this circuit along with the IC, this is the
IC, and then you have to add peripheral other Op-Amp into that IC. Make a circuit like

this, and then you can have bipolar output operation, that is what they have told.

So, if you take any data sheet, you take any datasheet.; they—They will give you this
typteat-appheationsthese typical applications. So, this is what you have to see. This will

help you a lot in 2 things. One is if you are confused or stuck as to what exact circuit you

use for your typical application, most of the time that typical application will be there in
the data sheet;sheet and you can borrow from it and then make minor modifications as
you want. Another one is, you will be able to see applications which you never even

thought of with that IC.

So, this it forms a part of your learning curve also. So, you can you can learn it. So, you
can learn new circuits. This is an analog circuits course, that too with a very high
practical design aspect to it. So, that is why we are covering these-thingthis thing so, this

is one place. One part is us teaching you what all circuits that you can go through and



what all circuits you can read. Another part is us empowering you and pointing you to
how to enrich yourself better cover more things ac uire more knowledge and where to

look for it. That is even more important actually which not many people will tell you.

So, you can always open any data sheet in your board just open datasheets, go to typical
applications, you can always find new circuit applications for the same IC. So, this is a

very important value addition.

(Refer Slide Time: 35:01)
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Programmable Current Source Circuit

A DACT821 can be integrated into the circuit in Figure 30 to implement an improved Howland current pump for
precise voltage-to-current conversions. Bidirectional eurrent flow and high voltage compliance are two features
of the circuit, With @ matched resistor network, the load cument of the circuit is shown by Equafion 3

{R2+R3)/R1
= * Vg x D
3 R3 ¥ 3)
The value of R3 in the previous equation can be reduced lo increase the output current drive of U3, U3 can
drive £20mA in both directions with voltage compliance limited up to 15V by the U3 voltage supply. Elimination
of the circuit compensation capacitor C, in the circult is not suggested as a result of the change in the output
impedance 2o, according to Equalion 4

7 RI'RIR1+R2)

® RUR2 +RY) - RI'(R2+R3) )

As shown In Equation &, with matched resistors, Zs, is infinite and the circuit is optimum for use as a curent
source. However, if unmatched resistors are used, 2 Is positive or negative with negative sutput impedance
being a potential cause of osci Thaerefare, by incorp g C, into the circult, possible oscillation problems
are eliminated. The value of C, can be inad for critical i : for most i however, a
value of several pF is suggested.

-4
1641
S

See another one there is a programmable current source circuit. So, if time permits in the
course we might even go through one of these circuits with the board, ok, then parallel

interface.

So, that is all, with this the datasheet almost gets over. Then once if you want to buy the

IC you will have package information.
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So, they will have the orderable, part number for the device, what is a package, what is a
this thing environment plan is it ROHS complaint. ROHS is like it should not produce

any radioactive hazardous substances; that is ROHS.

So, it is green and what are the things so, that they will show. And then once and the last

part of the datasheet usually is the package information.
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This is mainly for people who want to make the PCB with the IC, footprint if they want
to create, that that like that I have shown. They will give all the engineering drawings of

the packaging. That is what this is about.
So, you will see all the engineering drawing.

(Refer Slide Time: 35:57)
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TAPEAND REEL BOX DIRENSIONS.

How the package is, how it will come packaged it, is it tape and reel or it is a roll, those

things.
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‘ So, these are the pins, what is the pitch distance between the pins, what is the overall
package dimension. What is the angle of the pins, how does a pin sit on the PCB, all
these things they will show?

So, these are more important when you are finally, making the PCB. But if you already
have a board you need not look at these things, you can just directly go head and test it,
taking in to account the functional characteristics that are mentioned in the data sheet.
But this is important if you are making foot prints and or may and or making a PCB on
your ewsa—own: which you will be doing at some point in your career if you are
interested in analog circuits. PCB design in analog circuits is a separate course in itself.

And so, this is this comes under that.

So, those all this all the engineering drawings will be given at the end of the datasheet,
fine. So, that is it we have finished covering the datasheet in like very short time. So,
these are the main things I think you got a very wholesome idea about how a datasheet
looks like. Now let us utekdyquickly write down what in your mind. So, I am also not |
will also not go back to the datasheet, but we will siekdyquickly write down, what is the,
what are the main things that where that we will that we have to look for in a datasheet.

Like, I told like I told before.
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‘ So, first thing=thing; features what are the main features.



So, that will be the first section. So, you will see what are the operating voltages, what
are the how operating voltages, what are the operating voltages, what are the input
voltage range, and other specifications. Like, we saw right 12 bit it is total bit DAC, all
those other specifications,. Then features, then what did we see? Then what will be
there—2>-there? Another thing that will be there is applications, what are the broad areas

where this IC can be applied, this is also very useful;.

Then what we have to look at is package pin out and pin description. This is a most
important. I will put an asterisk, this is most important. When you are opening a
datasheet;: Fhen-then is typical application, which is very useful for your circuit design.
And 5th one is engineering drawings. Only these 5 things you need to look when you
open a datasheet. Just you can note this down, open any datasheet you just need to go
through these things, and then you can immediately do either debug the circuit that you

have in your hand, or start going ahead and making a PCB on your own.

So, let us with this in mind, let these 5 things in mind, let us just go wiekly_quickly go
through the datasheet again, in like under 2 minutes, ok. So, what all what all are there-?
there? So, we go to the first page ok, features are there what is the main description,
features we will see the features. Yes, these things are there, fine. What are the
applications what are the main applications that you should look at ? Fine, then you can

uickly go to the package ok, this is how internally it will look like.

You will already be having some idea about how the circuit works, when you goead to
explore IC's that you need. So, just you will roughly get an idea of what it, it is using R 2
R ladder to convert back, fine. Then you come down, then you have to see the maximum
ratings, this also comes in the features ok, ok. I should not go beyond these voltages,
fine. 1 should not store at this temperature, and I should not operate beyond this

temperature cool.

Then immediately you go to these things, only look at important things like reference
voltage operating V DD and all. Then that will be done, then siekbyquickly go to the
after that main thing is what—2-what? After that main thing is the package, and the pin
out. What all pins are there? What other functionalities or what you should connect to

what. That is it.



Then pin not will be done, correct? Then you can glance through these curves, if it all
something you find interesting, correct? Then you need not spend much time in these
curves. You can just wiekbyquickly go through it, then you can look at the typical
applications, theory of operation ; which also you would already be knowing, but
application information will be smoothing new to you. You can see typical applications
and see if they have already given, some typical application that you can barrow for your
design. And then go through the typical applications. And then finally, what is the part
number you want, and then what is that the engineering drawing you have to see, what is

the dimensions if at all you want to make a foot print on the PCB.
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So, this is the datasheet of so, we cover it in a general point of view, to see how you can
cover a datasheet, ok. So, see it in under 1 minute we have seen tiektyquickly. After we
spent some time, you understood we understood what is what to be looked for in a
datasheet and what is to be just glance through. And then this way you can cover any
datasheet you want in a very uiekquick time, ok. In 1 minute because if you are in a
company or if you are working with an organization if you are into research, you will not
get that much time to go through each and every word that is written in a datasheet. You
just need to look know what to look for, where to look for, what are the important things

to focus. Once you know that you can stekbyquickly finish it off.



So, this is the IC that we are looking at DAC terminate to one. Now next we will look at
the board, and we will give digital inputs and see what are the analog outputs coming.
And see if whatever we have been discussing to understand what all are there in details.
Let us see if actually it is working on the board so that you will get the sense of

completeness.



