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Welcome to the course on Design of Power Electronic Converters. And we were discussing
MOSFETs and we had looked into several terms associated with in the datasheets of MOSFETs.

So, now, let us look into an example of a MOSFET datasheet.
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9 ‘ PD - 95664
International  gups MoskeT
TeR Rectifier
IRFP9ON20DPbF
HEXFET® Power MOSFET
Applications V R max | |
+ High frequency DC-DC converters Ds§ DS(on) D =
+ Lead-Free 200V 0.0230 94
Benefits
+ Low Gate-to-Drain Charge to Reduce
Switching Losses
+ Fully Characterized Capacitance Including
Effective Cogs to Simplify Design, (See \
App. Note AN1001)
+ Fully Characterized Avalanche Voliage
and Current TO-247AC
A
Absolute Maximum Ratings
Parameter Max. Units
ln®To=25C | Continucus Drain Cument, Vos @ 10V 1%}
I @ T = 100°C | Gontinuous Crain Cument, Vg @ 10V 6 A
o Pulsed Drain Gurren! 380
Py@T;=25°C | Power Dissipation 580 W
Tinear Deraling Facior 38 WT
Vos Gate-to-Souree Valtage 230 v

Benefits

» Low Gate-to-Drain Charge to Reduce

Switching Losses

» Fully Characterized Capacitance Including
Effective Cogs to Simplify Design, (See

App. Note AN1001)

» Fully Characterized Avalanche Voltage

and Current

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
lp@Ty =25C | Continuous Drain Current, Vs @ 10V D
0@ Tg = 100°C| Continuous Drain Current, Vs @ 10V 68 A
o Pulsed Drain Current @ 380
Py @T;=25C | Power Dissipafion 580 w
Linear Derating Faclor 38 Wi
Vs Gate-to-Source Voltage 130 v
dvidk Peak Diode Recovery dvidt @ 67 Vins
T, ‘Gperaiing Junciion and 5510+ 175
Tera ‘Storage Temperature Range: o
‘Soldering Temperalure, for 10 segonds 300 {1.6mm from case )
Meunting torge, 632 or M3 screw 10 loten {1.1hem)
Thermal Res
Parameter Typ. Max. Units.
Rax Junction-to-Case — 026
Recs Case-lo-Sink, Flal, Greased Surlace 024 — oW
Raw Junction-fo-Ambient — (]

The example edition that I have chosen is by International Rectifier. So, as you can see here that

this i1s a 200 V MOSFET and Rpg,,) provided is point 0.023 € and then the continuous current

rating is given us 94 A. And these are some of the applications, then the key features of this

MOSFET are also highlighted by the manufacturer.

And this is picture of the MOSFET, in here what it shows is this is the package that is used

TO-247. Now, let us look into some of these ratings that are provided by the manufacturer. So,



you can see here that, this is your i, value, which is at 25°C, continuous drain current is given as

94 A. This is what we had seen before at 100°C the value that is given is 66 A.

So, there is a decrease in that value and this is what we had discussed before also. Then pulse to
drain current this I had also explained you in the diode datasheet example, that there will be
pulse to drain current, pulse to drain current means basically for short time if you want to apply a
pulse, so, then that rating will be much higher than this i, rating which is being passed

continuously.

So, that you can see here this is given as 380 A and the power dissipation at 25°C this is given as
580 W. Then further gate to source voltage maximum rating is given as + 30 V. Now, this is what

is the maximum it does not mean that this is what you are supposed to apply, this is what it can
withstand gate to source voltage. Then peak diode recovery % this we had also discussed when

we discuss the datasheet terms.

So, this % limit also you can see here this is provided 6.7 V/ns, then operating junction

temperature and storage temperature range is given as - 55 to 175°C. Then further you can see
here that there are some other specifications that also may be provided, basically soldering

temperature and mounting torque those specifications.
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Absolute Maximum Ratings 7
Parameter Max. Units.
0@ T =25 | Continuous Disn Curten, Vs @ 10V 4o /
1@ =100 Gontinuous Drain Curent, Vgs @ 10V | 6 A \
low Pulsed Drain Current © 380
Po@T;=25% | Power Disspaton 560 W
Uinear Deraling Factor ) W '
Vos Gate-lo-Source Voltage 30 v 3
dudt Peak Diode Recovery dvict & 67 Vins a
i Operaling Juncion and o175
T Storage Temperature Range < %
Soldering Temperalure, for 10 seconds 300 {1 o from case |
Wouriing ‘orge, 632 or N3 screw 100Bkin {1186 /.
/s
Thermal Resistance Al
Parameter Typ. Max. Units. ;
Rac Junciion-to-Case — 0.25
Rics Case-lo-Sink, Flat, Greased Surface 024 — TW —
Pan Junchon-to-Ambient = [}

Motes @ through @ are on page &
wiw.irf.com 1
73004



Then thermal resistances they are also given here junction to case is 0.26, this is over here given
in °C/W. Previously I had shown you data sheets where it is given in K/W. So, here they have
provided in °C/W. And then case to sink thermal resistance that is also given in the junction to

ambient thermal resistance what could be maximum that is also given by the manufacturer.
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i IRFP9ON20DPbF Infemationc
TOR Recifier
l Static @ T, = 25°C (unless otherwise specified)
Parameter Min. Typ.[Max. Units| Conditions
Vigross | Drainlo Source Breckdawn Vollage | 200 — | — V| Vg =0V, lp= 2500k
AVaryuas/NT, | Breakdown Vollage Temp. Cogfiicient [—  024]—  Wi'C | Relerence 10 23°C, Ip = ImA
Rosir) | Stab Dranlo-Sowrce OnRessiance | —  — (0023 0 | Vgs=10,lp=564 ©
Vasin Gate Threshold Voltage 30 — |50 V| Vos=Ves ln=250u
— ; — —|= Vs = 200V, Vgg = OV
i =—1p Vo= 801 Vo =0T = 0|
= Galelo Souce FovardLeakoge | — — | W0l Ves =00V
= Gafe-lo-Source Reverse Leakage — — |- Vs = -30V
Dynamic @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions
G Forward B/ [ —[—[ 5 Vps=50VIp=56A
@ Total Gate: Charge: — | 180 | 270 Ip = 66A
T Gale-10.Source Charge — [ 45 [ 67 | nC Vgg= 160V
Qp Gate-to-Drain {'Mifer’) Charge: — [ 67 [ 130 Vg =10v, @
[ Turn-Cn Deley Tine — (B — Vop = 100V
L Rlse Time — |80 — |, lo=54
[ Tum-CHf Delay Time — &= Ag=120
[] Fall Time —|n|— Vgs=10v @
[ Input Capasiiance — [6040] — Vg =0V
Cas Quiput Capacitance — |1070| — Vps = 264
i Revese Transler Capaditance — [0 — | oF f=10MHz
= Oulpu Gapaciance — [B380 — Vos = 0¥, Vos = 1.0, £ =1.0WHe
Cass Quiput Capacitance — | 420 | — Vgs = OV, Vos = 160V, f = 1.0MHz
Cuss €l [ Etfective Oufput Capacitance — 870 — Vog = OV, Vos = 0V tn 160V &

Avalanche Characteristics

E Dynamie @ T, = 25°C (unless otherwise specified)
Parameter Win. | Typ. | Max, | Units| Conditians
l 5 [Tewan B [—[—] 5 [Va-Wh=5%
q Total Gale Chaige — 180 2z o= 568
' Oy (Gate-to-Source Charge — | 8 | 87 | nC | Vgs=160V
[ Gate-o-rai [ Wller| Craige — & | Vog =10V, ®
Taion) Tumn-On Delay Time: == Voo = 100V
t Rise Tine — 160 — ] g | lo=56A
e Turn-Off Delay Time: —[s[— Rg=120
4 Fall Time — |8 — Vgs=10V @
Ca Inpul Capacitance — [s0m0] — Vgs =0V
Cot Output Capaciance — || — Vog =25V
Crss Reverse Transler Capacilance — [ 170 —| pF | f=1.0MHz
[ Outout Capaciance — [0 — Vs = OV, Yps = 1.0V, 7 = 10WHz
5 Ouloul Capaciance — |EE— Vigs =0V, Vgs = 160V, [ = 1.0MHz
Coas off__| Effecive Ouipul Capaciance — [ — Vs = OV, Vo = 0V10 160V ©
Avalanche Characteristics
Parameter V. Max. Units
Exe Single Pulse Avalanche Eneigy® 4‘:— 1010 m
[ Aualanche Current(d —_ 56 A
Em Fepetiive Avalanche Energy® — 8 | m
Diode Cl
Parameter Min. | Typ.| Max. | Units| Conditions
& Contimuous Source Curerl WOSFET symbol r
(8ol Do) |1, | showing e =
™ Pulsed Source Cument | _Tsm0 integral reverse 'ﬂ\:jj
{Body Dind} & pn junction dode. :
Vao Diods Farward Votiage —[—[ 15| V [T-%5C. =56k Ves- OV &
& Reverse Recovery Time: |20 340 | ns | T;= 25, Ir = G6A
O Reverse RecoveryCharge —[ 18] 28 | 1o | dict= 100Aks ®
n Forvard Tum On Time: Tnlinsi amon e s neglgibl fun-on s domineied by L+ Lg)




HLrna]-LFL[e] B G (JEA® L LD E @
o o B B Bigwe b R B e Wi Be o R N0 Tanel Sees et
E:,’,., Tum-On Delay Time — = Vpp = 100V [por—
I Rise Time — [ 160 — | o =564 @
B T Tum-Of Delay Time — = fig=122 2
[] Fall Time —|n|= Vgs=10V @
Ca Tnput Capaciiance — (6040 — Ves =0V ¥
[ Ouiput Capacitance — [tom0] — Vs =25V
= Reverse Transler Capacitance — [0 — | oF f=10uHz /
[ Ouiput Capacitance — |80 — Vys= 1.0V, f=1.0MHz X
Cony Oulput Capacitance — a0 = =0V, Vog = 160V, f = 1.0MHz
Caes off. | Effective Ouiput Capacitance — | B0 | — Vgs = OV, Vps = OV 1o 160V @ Y
¢l o
Parameter Typ. Max. Units e
Eus Single Pulse Avalanche Energy® — 1070 mJ
lag Avalanche Current® = 5 A Q
Ein Repeiitive Avalanche Energy® — 58 md 2
Diode Characterlstics /
Parameter Min. Typ.| Max, | Units Conditions Al
Is Continuous Sourcs Current MOSFET symbol d
— —|me f =
(Body Diode) n showing the ( \ =
™ Plsed Seurce Current |l integral feverse a1
{Body Diode) @ p-1 junclion diode =]
Ysp Diode Forward Vattage — — | 15| V |T,=25C Ig=56A Vs =0V @ =
[ Reverse Recovery Time — 230 340 | ns | T,=25%. p=56A
0, Reverse RecoveryCharge — 9] 28 | & | dithp100Ms @
e Forward Tum-On Time. T o)
2 Wi, irf.com
@

Now, let us look into the other specifications. So, here you can see that this is drain to source
breakdown voltage, which is given this 200 V that we saw initially also and what is the condition

at which they measured it that is also provided. Then further this Rpgy, this we have seen before.

So, maximum it is 0.023 Q that is given and at what condition they measure it that is also
provided for gate to source voltage of 10 V and iy, is equal to 56 A that is what the datasheet
shows. Then gate to source threshold voltage you can see here that this is minimum is 3 V

maximum is 5 V and then they measured the threshold for this condition.

Then drain to source leakage current there will be some small leakage in the drain to source also.
So, that also they have given here is 25 pA, 250 pA and you can see here that, that is provided
for two different conditions one here is Vg is 200 V and another one here Vg is 160 V and Vg

in both these cases is 0 V. And here the junction temperature is also specified.

Similarly, this Igg gate to source leakage that is also provided and that is also given here and this
is in nano amperes. Then dynamic characteristics, basically that means switching characteristics
of the MOSFET that is also provided here. So, what do you see is the Forward Transconductance
g, this graph we had seen.

So, that is provided then total gate charge, total gate charges is maximum is 270 and for what

conditions they measured it those are also given here and it is given in nC. Then gate to source



charge then gate to drain charge, this is basically Miller charge, which plays important role

during switching.

So, that is also given as maximum 130 nC. Then turn-on delay time, rise time and turn-off delay
time and fall time what do all these mean, this we had discussed before. So, this also you can see
here that all of these typical values are provided and at what conditions they have tested it they

have measured it that also is given by the manufacturer.

Then input capacitance and output capacitance, reverse transfer capacitance, this is provided.
Now, you can see here this output capacitance is provided 3 times and you can compare the

condition for which these values have been given that you can check.

So, accordingly you can see here that these values, different output capacitance values are given
in pF. And so, there is an effective output capacitance that is given, which is given as 8§70 Pf.
Then some avalanche characteristics, avalanche energy, avalanche current and repetitive

avalanche energy those things are also given in the datasheet.

Further, what is given is the diode characteristics. Now, diode characteristics is important
because the current is going to flow in both the directions and that is how it is used in power
electronic circuits. So, diode also carries the current so that continuous source current is given.
Now, it is not written as forward current because you know that the current is going to flow in

this direction from source to drain.

So, that is why it is written like as continuous source current. So it is also 94 A, which is same
and that is important because if the diodes rating is lesser than that also we should be careful
about that limits for use of the MOSFET. Then pulse to source current if for short time pulse
current is applied then that rating is much higher. So, that we can see is 380 A, again same as the

MOSFET rating.

Then diode forward voltage drop Vg because this drop is going to be from source to drain. So,
that is given as 1.5 V and reverse recovery time of the diode this is important because the diode
should also switch as quickly as the MOSFET. But this may not happen all the time because the
diode turn-off time actually dominates the entire switching process. Then reverse recovery

charge Q,, that is also provided here and forward turn-on time is not given it is just saying that



intrinsic turn-on time is negligible. And that is we had discussed before that usually turn-on

times of diodes are very small.
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Now, let us look into some of the performance curves that are provided in the datasheets. So,
here what is given is drain current, drain to source current versus drain to source voltage, which
is output characteristics. So, what you see here is that this is as gate to source voltage is
increased, it is going into this ohmic region. And then so, from here what we see is that as we
start applying above 10 V or above 12 V that is when it starts to go into ohmic region. So, that
much is the gate to source voltage that then we should be providing. Then this is given for 25°C
this output characteristics then they have given another one which is at 175°C, the same output

characteristics at 175°C and you can see that these characteristics there is some difference in that.
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Then further this is drain current versus gate to source voltage, which is transfer characteristics.
And that also you can see here two graphs are given, one for 25°C and one for 175°C. And from
this graph, what you can observe is that the minimum the threshold is going to be about 5 V gate

to source voltage, above which actually the drain current starts to increase.

Then Rpgn versus junction temperature this we had discussed before. So, what you can see is

that, that as temperature increases this Rpg,, also increases.
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Further this is capacitance versus drain to source voltage. I had told you this before that these
capacitances they are not constant, but they vary with this drain to source voltage and that is
what is shown. So, this is input capacitance you can see not much effect is there on the input
capacitance, but output capacitance and this reverse transfer capacitors they are varying a lot

because as drain to source voltage changes and that is why we see the Miller effect also.

Then, further this is gate charge characteristics. So, gate charge versus gate to source voltage. So,
here you can see that, that initially as the gate to source voltage increases charge is increased that
means the gate source region is being charged the gate to source voltage builds up after that there
is the Miller effect and then although the charge is increasing the gate is being charged, but you
do not see much increase in the gate to source voltage and after that whatever is the leftover

voltage with respect to the what is the voltage applied in the gate by the driver.

So, that is where to gate to source voltage increases and this is the rest of the charge that will be
associated with the gate to source region. And you can see here that this, here this graphs they
separate out and they slightly vary depending on what is the drain to source voltage that is

applied.
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Next, this is diode current versus source to drain voltage, means basically this is forward
characteristics of the diode, which is shown here. So, this is the diode. So, whatever is this,
which is flowing from source to drain that is this Iy current and whatever is the voltage

associated with here that is Vg, voltage.

So, that characteristics is shown here. The forward characteristics and you can see that the
threshold voltage for the diode is around 0.5 over here. And then this is safe operating area. This
also we had discussed before. So safe operating area you can see these 3 limits one this limit is
because of the ohmic characteristics ohmic region and then this is limited by maximum power
dissipation limits and this is current limit and this part is voltage limit and as pulse duration

decreases power dissipation that increases. So, that is safe operating area for the MOSFET.
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Further what you see here is drain current versus case temperature and that derating has to
happen as temperature increases drain current is going to limit i.e., it is going to come down and
that is what this graph shows. Apart from that the manufacturer has also given some tests

circuits, which they have used for doing the measurements.
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Then further the manufacturer has also provided this thermal impedance graphs the thermal
response. So, this we will not discuss now, we will discuss it later on in the course when we go

for thermal design.
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Then further there may be several other these kind of performance graphs that may be provided
by the manufacturer and different test circuits and application circuits may also be provided by

the manufacturer.
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Now, here you can see that the manufacturer has also provided this peak diode reverse recovery
% test, how they have performed it and then some of the waveforms associated with it that also

is given by the manufacturer. So, these kind of lot of information may be given by the
manufacturer. Different manufacturers provide different types of information. So, you can look
into it and usually they are self explanatory and suppose you are not able to follow them. Then

you can go into the application notes by the manufacturer and there you will be finding all that

information.
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Next, this is packaging information that is given, so basically the dimensions are provided, you

can see here that this is the package and the dimensions also usually in this part, they will be
giving the dimensions of the package that are used, which you can refer to while you are making
the PCB footprints for PCB design. So, as you saw here that, this is an example I have taken and
it is International Rectifier’s MOSFET. So, they have given certain set of performance curves
and test circuits and different information apart from the usual notations that are provided in
most of the datasheets. So, like that you can look through it and then based on it, you can choose

the MOSFET that is going to be suitable for application. Thank you.



