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IXY S provides datasheets with parameters that are essential and useful for
selecting the appropriate device as well asfor predetecting its performancein an
application. The graphs included in the datasheet represent typical performance
characteristicand can be used to extrapolate from one set of operating conditions to
another. Power MOSFET generally contains a body diode, which provides “free
wheeling” operation inthe inductive load switching. Figure 1 shows the equivalent
circuit for an N-Channel and a P-Channel Power MOSFET.
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Figure 1: (a) an N-Channel (b) aP-Channel Enhancement-Mode Power MOSFET?

Essential Ratings and Characteristics

1. Maximum Ratings

Theratings are limiting values for adevice and valid for the whole range of operating
conditions®,

1.1 Temperature
1.1.1 Junction Temperature Ty and Tjm
The junction temperature (T, ) rangeis-55 ~ 150°C in most cases and it is the

device s permissible temperature range within which the device may be operated
continuously. The maximum junction temperature (T, ) is 150°C unless

otherwise specified (in some cases 175°C). Junction temperature varies electrical
parameters of Power MOSFET, for example, at very low temperature (< -55°C),
the device can lossitsfunctionality and at very high temperature, the device's
threshold voltage becomes very low and |eakage current becomes very high. It
also can cause thermal run away within the device at very high value.

1.1.2 Storage Temperature Tgyq
It is the range of temperature for storage or transportation of the dev ice and it
must be between -55 ~ 150°C.

1.1.3 Lead TemperatureT_
It is the maximum |lead temperature during soldering and it must not exceed
300 °C for 10 seconds at 1/8” from the case.

1.2 Power Dissipation Pp
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The power dissipation is the maximum cal culated power that the device can
dissipate and is function of both on the maximum junction temperature and the
thermal resistance at a case temperature Tc 25°C.

Po =[Tam—Tc]/Rihac @

1.3 Current

131
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134
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ContinuousOn-state Drain Current | pys

Thisisthe maximum current rating for the device at a case temperature (Tc)
25°C. It is calculated based on maximum power dissipation, maximum on-
resistance and temperature dependence of on-resistance. It can be limited by the
current handling capacity of leads.

Maximum Lead Current | prms

Thisisthe maximum current rating of the device' s lead at a case temperature
25°C.

Maximum Peak On-state Drain Current I py

It is the peak current the device can flow above Ip,s5 specification under the
maximum junction temperature. It varies with current pulse widths, duty cycle
and heat dissipation conditions.

Diode Forward Current Is

It’s the maximum DC current the diode can flow in the forward direction at
specified case temperature.

Maximum Diode Forward Current | g

It's the peak current the diode can flow above Is specification under the maximum
junction temperature.

1.4 Voltage

141

142

143

Maximum Drain-Source Voltage Vpss

Thisis defined as the maximum drain-source voltage without causing avalanche
breakdown with gate-source short-circuited (Ves= 0) and the deviceis at 25°C.
The avalanche breakdown voltage is temperature dependent and could be less
than the BVpgg, rating.

Maximum Gate-Sour ce Voltage £V s

Thisisthe maximum voltage that can be introduced between gate and source. It
depends on the thickness and characteristics of the gate oxide layer. The actual
gate oxide withstand voltage is typically much higher than this but varies due to
manufacturing processes, so staying within this rating ensures application
reliability.

Maximum Rate of Rise of Off-state Voltage (dv/dt)

Thisisdefined as the maximum permissible rate of rise of off-state voltage across
the device.

1.5 Avalanche Ener gy (for avalanche devices)®

151

Avalanche Drain Current, Repetitive |l g
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For power MOSFETS, the propensity for current crowding in the die area during
avalanche mandates alimit in avalanche current. It represents the avalanche
energy specification for the device and thetrue capability of adevice.

Maximum repetitive Avalanche Energy, Single Pulse Exr

The maximum permissible reverse-voltage breakdown energy in continuous
operation while observing the maximum permissible chip temperature. The heat
dissipation limits the avalanche energy.

Maximum non-r epetitive Avalanche Energy, Eas

The maximum permissible reverse-voltage breakdown energy in continuous
operation while observing the maximum permissible chip temperature. The heat
dissipation limits the avalanche energy.

1.6 Mechanical Data

16.1

16.2

1.6.3

Mechanical Drawings

This provides the mechanical size of the device with package information.
Weight

This provides the weight information of the devicewith package.

Mounting TorqueM ¢

This provides the maximum permissible torque that can be applied on the device
for mounting’.

2. Characteristics
According to |EC 60747-8:2004, the characteristics of Power MOSFETSs are given at

25°Cand at one specified higher operating temperature3.

2.1 Current

211

212

Gate-Source Leakage Current lgss

It is the maximum gate-source leakage current with the drain and the source
shorted and with the introduction of rated gate-source voltage.

Zero Gate Voltage Drain Current I pss

It is the maximum drain-source leakage current with the gate and the source
shorted and with the introduction of rated drain-source voltage.

2.2 Voltage
2.2.1 Break Down Voltage BVpss

222

The breakdown voltage BVpss is the minimum blocking voltage between the
drain and the source at given drain current and when the gate is shorted to the
source. The break down voltage has a positive temperature coefficient.

Gate Threshold Voltage Vs th)
It is the gate-source voltage at which the drain current starts to flow and the
deviceis considered at ON-State. It has negative temperature coefficient.
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Gate-Sour ce on-state voltage Vgsu
This is agate-source maximum voltage in the on-state.

2.3 On-state Resistance Rps (on)

The specific onresistance for apower MOSFET is defined by
Robs (on) = Rsource + Ren + Ra + Rp + Ry + Rayp + Ry, (2

Where,

Rsource = Source diffusion resistance
Rcn = Channedl resistance

Ra = Accumulation resistance
R;=JFET component resistance

Rp = Drift region resistance

Rsub = Substrate resistance

Rwem = Bond wire resistance

2.4 Transconductance g

It is defined as the change in drain current divided by the change in gate voltage
for aconstant drain voltage. A large transconductance is desirable to obtain ahigh
current handling capability with low gate drive voltage and for achieving high
frequency response.

2.5 Capacitances and Gate Char ges3

251

252

253

254

Input Capacitance Ciss
The input capacitance is measured between the gate and source terminals with the
drain shorted to the source terminal. The Cis is made up of the gate-to-drain
capacitance Cpg in parallel with the gate-to-source capacitance Cgg

Ciss= CestCbc ®

Reverse Transfer Capacitance C,
The reverse transfer capacitance is measured between the drain and gate terminals
with the source connected to ground. The reverse transfer capacitance is the same
as the gate-to-drain capacitance Cpg.

Crss= Cpe (4)

Output Capacitance Cygs
The output capacitance is measured between the drain and source with the gate
shorted to the source terminal. The Coss iS equal to the drain-to-source capacitance
Cbos, in parallel with the gate to drain capacitance Cpg.

Coss = CDS"'CDG (5)

Gate Charges
It' s the total gate charge that’s required to raise the gate-source voltage to 15V in
most casesto fully turn-on the device. It's measured at a specified drain current,
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drain-source voltage and gate-source voltage. The gate chargereflects the charge
stored on the inter-terminal capacitances described earlier and is used in designing
the gate drive circuit.

2.6 SNItChlng ti meS(td (on), tr g (off), tf)3

261

26.2

2.6.3

264

Turn-on Delay Timetg on)

Theturn-on delay time is defined as the time interval when the gate-source
voltage (Vcs) has reached 10 % of its end value (Vag), to the time when the drain-
source voltage (V ps) has dropped to 90 % of itsinitial value (Vpp).

Rise Timet,

Following the turn-on delay time, the rise-time follows; it is the interval between
the drain-source voltages from 90% to 10% of itsinitial value. The drain current
starts to rise and the major part of turn-on losses is generated during this period.
Turn-off Delay Time tq (off)

Theturn-off delay time is defined as the time interval between the moment when
the gate-emitter voltage (Vce) has declined to 90 % of itsinitial value (Vec) and
the drain-source voltage has risen to 10 % of the supply voltage Vop.

Fall Timets

Following the turn-off delay time, the fall-time follows; it isthe interval between
the drain-source voltage rises from 10% to 90% of its end value. During this
period, the drain current starts to fall and the major part of turn-off lossesis
generated during this time.

2.7 Turn-on energy (per pulse) Eon where appropriate3
2.8 Turn-off energy (per pulse) E where appropriate®

2.9 Thermal Characteristic

291

292

Power MOSFETSs operate at elevated junction temperature and it is important to
observe their thermal limitations in order to achieve acceptabl e performance and
reliability.

Thermal Resistance Junction to Case Rinjc

It's the thermal resistance from the junction of the die to the outside of the device
case. Itdescribes the passage of heat between the semiconductor chip and case.
IXY S specifies maximum static Rinic.

Thermal Resistance Caseto Heatsink Rynck

Thethermal resistance case to sink characterizes the static heat dissipation of a
MOSFET and depends on module size, heatsink, case surfaces, thickness
parameters of thermal layersbetween module and heatsink.

3.0 Intrinsic Diode Characteristics

31

3.2

Intrinsic Diode Forward Voltage Vg

The forward voltage is the maximum forward drop of theintrinsic diodeat a
specified value of source current.

ReverseRecovery Timetir
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Reverse recovery timeisthe timeinterval starting as current flow reverses
through the diode until it goes zero. IXY S shows typical t, at given test
conditions.

3.3 ReverseRecovery ChargeQrr
Reverse recovery charge is theintegral of the reverse recovery current that occurs
during current commutation.

3.4  Peak ReverseCurrent I gy
Peak Reverse recovery charge isthe integral of the reverse recovery current that
occurs during current commutation.

Essential Curves Definitions

@ 25°C
280

7
240 '{;8: oV ay

o

"/
200 +—Otmic—Hy
1680 Cuiront - Saluratod

I,- Amperes
il|
Ii |
|
|
i
]I

) 7 2 3 4 & (-] 7 8 g 14
Vg - Volts

Figure 2: Output Characteristics of a Power MOSFET [IXTH/IXTQ130N10T]®

1. Output Characteristics:

Figure 2 shows atypical output characteristic of an N-Channel Power MOSFET in which
the different modes of operation are delineated. In the Cut-off region, the gate-source
voltage (Vgs) isless than the gate-threshold voltage (V estn) and the device is an open-
circuit or off. In the Ohmic region, the device acts as aresistor with amost a constant on-
resistance Rps on) and is equal to Vps /Ipg In the linear-mode of operation, the device
operates in the ‘ Current-Saturated’ region where the drain current (I 45 is afunction of the
gate-source voltage (V gs) and defined by:
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los = Ko (Vs _VGS(th))2 = 01 ® Vos _VGS(th)) ©

Where K is a parameter depending on the temperature and device geometry and gsisthe
current gain or transconductance. When the drain voltage (Vps) is increased, the positive
drain potential opposes the gate voltage bias and reduces the surface potential in the
channel. The channel inversion layer charge decreases with increasing Vpsand
ultimately, it becomes zero when the drain voltage equals to (Vg — Vg ) - This point is

called the “channel pinch-off point” where the drain current becomes saturated”.
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Figure 3: Normalized Rps(on) VS. Junction Temperature [IXTH/IXTQ130N10T] >

2. On-Resistance Rps(on) vs. Junction Temperature

Temperature has a strong effect on Rpgen), Onrresistance, which is an important
parameter in power MOSFET and a measure of the current handling capability of the
device. An important merit is an increase in the on-resistance with increasing temperature
as shown in Figure 3, which portrays a positive temperature coefficient. The positive

temperature coefficient of Rps (on) iS a nice feature when paralleling Power MOSFETs
because it ensures thermal stability.
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Figure 4: Drain Current vs. Case Temperature [IXTH/IXTQ130N 1OT]5

3. Drain Current vs. Case Temperature:
Thedrain current I is arating of the maximum continuous DC current with the die at its

maximum rated junction temperature (Tav) and the case at 25°C. It is related with the
junction-to-case thermal resistance Rinic and case temperature Tc as follows:

P = R =1 t2> ® Ros(onatta (7)
thJC
Solving for Ip as
ID=J T ®
thJC ® RDS(OH)atTJM

Figure 4 isjust the solution of equation (8) over arange of case temperature. Note that in
some cases, the package leads limit the continuous current (the switched current can be
higher). 75A isfor TO-3P, TO-220 and TO-263 and 120A isfor 7-leaded TO-263.
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Figure5: Transfer Characteristics (Input Admittance) [IX TH/IX TQ130N10T]®

4. Transfer Characteristics (Input Admittance):

Figure 5 shows atypical transfer characteristic, which isaplot of drain current asa
function of gate voltage at three different temperature ranges-40, 25 and 150 °C. The
intercepts of theselines at 1 =0 provides the threshold voltagesfor respective
temperature. It can be concluded that the transfer characteristic depends on both
temperature and drain current and the threshold voltage decreases with increasing
temperature. It can be further concluded that at below 120A, which isthe cross-over
point, the gate-source voltage has negative temperature coefficient means less gate-
source voltage at higher temperature for agiven drain current. At above 120A, the
temperature coefficient for gate-source voltage is positive.
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Figure 6: Current Gain (transconductance) vs. drain current [IXTH/IXTQ130N10T] >

5. Current Gain or Transconductance:
It's defined as the change in drain current divided by the change in gate voltage for a
constant drain voltage:

di
gfs = dV(:S r\/DS:constant (9)

A large transconductance is desirable to obtain a high current handling capability with
low gate drive voltage and for achieving high frequency response. A typical variation of
transconductance as a function of drain current is shown in Figure 6. The reduction in the

mobility with increasing temperature adversely affects the transconductance.

10
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Figure 7. Gate Charge [IXTH/IXTQ130N 1OT]5
6. Gate Charge
It's the total gate chargerequired to raise the gate-source voltage to 15V, which is
necessary in most cases to fully turn-on the device. All values are measured at a specified
drain current, drain-source voltage and gate current. A typical gate charge waveform for a
power MOSFET is shown in Figure 7. The gate chargereflects the charge stored on the
inter-terminal capacitances described earlier and is used in designing the gate drive
circuit.

11



IXY S Power MOSFET Datasheet Parameters Definition
Abdus Sattar, IXY S Corporation
| XANOOG5

70,000 I
| f= 7 A
L7
E Ciss
g N\
|\
|
w 1,000 \-..._
Q Coss
&
¢
8 \\
"“--..___\Clli
fap : ———

[ & 10 -] 20 26 30 36 40
V, - Voits

Figure 8: Capacitance [IX TH/IXTQ130N10T]°
7. Capacitance:
Figure 8 shows parasitic capacitances characteristics as a function of drain-source
voltage. Its components include input capacitance (Ciss), which consists of Cgsin
paralel with Cpg, output capacitance (Coss), which consists of Cpg in parallel with Cps
and reverse transfer capacitance (Crss), which is the drain-source capacitance.

12
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Figure 9: Transient Thermal Impedance [IXTH/ IXTQ13ON101]5

8. Transient Thermal | mpedance:
Power MOSFET has junction temperature (T,) limitation. It should be operated below the

maximum junction temperature (T;,) specified in the datasheet to ensure reliability. The
heat generated within the silicon chip istypically dissipated by means of a heat sink into
the ambient surroundings. The junction temperature rise above the ambient surrounding
(T,) isdirectly proportional to this heat flow and the junction-to-ambient thermal
resistance (Ryjn)- The steady-state junction temperature can be defined by:

T, = PoRimoa +Ta < Tyy (10)

Where, P, = Maximum power dissipated in the junction. The total thermal resistance
between junction and ambient is,

Rehyaa = Ranyac + Rithyes + Rthysa (11)
The steady-state thermal resistance is not enough for finding peak junction temperatures
for pulsed applications. When a power pulse applied to the device, the peak junction

temperature varies depending on peak power and pulse width. The thermal resistance for
junction-to-case at agiven timeis called transient thermal resistance and it is defined by:

13
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Z(th)JC (t) = r(t) R(th)JC (12)

Wherer(t) is atime dependent factor that defines the thermal capacity of the device. For
short pulse, the r(t) value is smdl but for long pulse, it approaches 1 that means the
transient thermal resistance approaches to steady-state thermal resistance. A typical
transient thermal resistance curve is shown in Figure9. It approaches the steady-state
value at long pulse values It can be used to estimate the peak temperature rise for square
wave power pulses, which istypical in power supply design circuits
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Figure 10: Resistive Turn-on Rise Times vs. Junction Temperature
[IXTH/IXTQ130N10T]®

9. Resistive Turn-on Rise Timesvs. Junction Temperature
Figure 10 shows the resistive turn-on rise time decreases with increasing junction
temperature. It also shows that rise time increases with increasing current.

14
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Figure 11: Resistive Turn-on Rise Times vs. Drain Current

[IX TH/IXTQ130N10T]®

10. Resistive Turn-on Rise Timesvs. Drain Current
Figure 11 shows the resistive turn-on rise timeincreases with increasing junction
temperature. It also shows that rise time increases with increasing temperature.

15
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11. Resistive Turn-on Switching Timesvs. Gate Resistance:
Figure 12 shows the resistive turn-on switching time increases with increasing gate
resistance. It also shows that rise time increases with increasing drain current.
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Figure 13: Resistive Turn-off Switching Times vs. Junction Temperature
[IXTH/IXTQ130N10T]’

12. Resistive Turn-off Switching Timesvs. Gate Resistance:
Figure 13 shows the resistive turn-on switching time increases with increasing gate
resistance. It also shows that rise time increases with increasing drain current.
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Figure 14: Resistive Turn-off Switching Timesvs. Drain Current
[IXTH/IXTQ130N10T]’

13. Resistive Turn-off Switching Timesvs. Drain Current:

Figure 14 shows the resistive turn-off switching time stays amost constant with
increasing drain current. It also shows the fall time increases with increasing temperature.
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Figure 15: Resistive Turn-off Switching Times vs. Gate Resistance
[IXTH/IXTQ130N10T]®
14. Resistive Turn-off Switching Timesvs. Gate Resistance:
Figure 15 shows the resistive turn-off switching time increases with increasing gate
resistance. It also shows that the fall times decreases with increasing drain current.

Ly (om - NENOSCCONdS

19



IXY S Power MOSFET Datasheet Parameters Definition
Abdus Sattar, IXY S Corporation

| XANOOG5S
1000 I [ | N O |
T,=175°C H
T = o | 1
—RDs (on) Limits ol !
|
® AN\ NI 2588
& AN A N
é. //\ \'\ \ N 100 us
< 700 N N
Q il NN T
-~ 7 NN —tH 1 nl'rs
A\ \\ =10 ms
N
N
DC
0.01
7 10 100 1000
Vps - Volts

Figure 16: Forward-Biased Safe Operating Area (FBSOA) graph for an N-
Channel Power MOSFET [IXFH/IXFT140N10P] °

15. Forward-Biased Safe Operating Area (FBSOA):

The FBSOA is adatasheet figure of merit that defines the maximum allowed operating
points. Figure 16 shows atypical FBSOA characteristic for an N-Channel Power
MOSFET. It is bounded by the maximum drain-to-source voltage Vpss, maximum
conduction current Ipy and constant power dissipation lines for various pulse durations.
In this figure, the set of the curves shows a DC line and four single pulse operating lines,
10ms, 1ms, 100 usand 25 ps. Thetop of each lineistruncated to limit the maximum
drain current and is bounded by a positive slope line defined by the Rpson) Of the device.
Theright hand side of each lineisterminated at the rated drain-to-source voltage limit
(Vds9. Each line has a negative slope and is determined by the maximum allowed power
dissipation of the device Py:

Ps=[Tam —Tc] / Zthic = VbsIp (13)

Where Zic isthe junction-to-case transient thermal impedance and T max) IS the
maximum allowed junction temperature of the MOSFET. These theoretical constant

20
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power curves are derived from cal culation with assumption of essentialy uniform
junction temperature across the Power MOSFET die. This assumption is not always
valid, especially for alarge die MOSFETSs. Firstly, the edge of aMOSFET die soldered to
the mounting tab of a power package has generally lower temperature compared to the
center of the die, the result of lateral heat flow. Secondly, material imperfections (die
attach voids, thermal grease cavities, etc.) may cause local decrease of thermal
conductivity, i.e. increase of local temperature. Thirdly, fluctuations in dopant
concentrations and gate oxide thickness and fixed charge will cause fluctuations of local
threshold voltage and the current gain (grs) of MOSFET cells, which will aso affect local
temperature of the die. Die temperature variations are mostly harmless in case of
switched mode operation; however, these can trigger catastrophic failurein linear mode
operation with pulse duration longer than time required for a heat transfer from the
junction to the heat sink. Modern Power MOSFET s optimized for a switch-mode

applications were found to have limited capability to operate in the right-side bottom
corner of the FBSOA graph.
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