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ABSTRACT

The intelligent hybrid car in this thesis is driven by the motor, with 48 V,
5,000 W, which controls the speed up to 50 km/hr using inverter. This car is designed
to combine of the energies; battery (will be replaced by fuel cell) and solar cell. The
boost converter is included the feedback controller to control the voltage and current of
the energy source for decreasing the damage from load charging at the beginning
operation of motor. This technique can limit the current fed from battery can cause
effect to the stability of the solar cell system.

The achievement of the energy hybrid is demonstred at various operation
conditions such as with high power from solar cell and additional battery which will be

planned to replace by the fuel cell
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1. Proton exchange membrane fuel cell (PEMFC) \Jusfiafilesuanufinsuss
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28 (MPPT) Maximum Power Point Tracking

ATURYIBYBY Maximum Power Point Tracking %39 MPPT wunnfisuanauds
(algorithm) ﬁgnn‘unun?’w'l'i'luqﬂmdmuqu’é‘tﬁnmaﬁnﬁ Folfluniunsisad
urvenfiad FaIaninMdsInililagege ﬁoﬁﬁws‘fq'l.ﬂﬂ']gqqﬂﬁmﬂﬁuuuﬂmiﬂmaJ
Mwniineding 15w anuuyesuasnfiag(Solar radiation) JMBDIRMNUINRBY
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2.8.1 wanMTVaY Maximum Power Point Tracking
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2. Buck regulator; unaulwFhynfvesasussrfindarganiussdniniues
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2.9.1 nstadatila (waaidamitnszua)

Wanamrahinyzuaililalaaldsuntnesaluss nnngraanaiany
=3 *~ :
mIndisuaumslaaeit

L = v = % 2.21)
dt
Ay - Ay Vi (2.22)
At DT L
, V DT 23
(AIL )dosed' = T (2 )

2.9.2 nsvdiadida (moddangaviinszua)

Hanamengmbinszug nazuai nasuduniisnh 2) Tauowdoudia
m3asinaiufinulaly dadulaleadslddunasinafaluss Sovilw

di
VL = Vi - Vo = L X (2.24)
dt
di,  _ Vi-Vo (2.25)

dt L
Ay Al _ Vi-Vo (2.26)
At a-Dyr L
A Vi-Vo)i-D)T (2.27)
I‘f-(f?,!?el") - L

o o . - ' w o o A . x ¢ o L
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M3 (2.17) N (2.22)
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241 Worsuialanyas PWM
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@ MOTOROLA

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit
designed primarily for SWITCHMODE power supply control.

* Complete Pulse Width Modulation Control Circuitry

* On—Chip Oscillator with Master or Slave Operation

®* On—Chip Ermor Amplifiers

On—Chip 5.0 V Reference

Adjustable Deadtime Control

Uncommitted Oulput Transistors Rated to 500 mA Source or Sink
Output Control for Push—Pull or Single—Ended Operation
Undervoltage Lockout

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

D SUFFiX
PLASTIC PACKAGE
" CASE 751B

' {SO-16)

N SUFFIX
18 PLASTIC PACKAGE
. CASE 648

PIN CONNECTIONS

S
Honmy HNonimy
Input E 6] ,
MAXIMUM RATINGS (Full operating ambient temperature range applies, n:v B ;:m
unless otherwise noted.) Input E Vec E Input
Rating Symbol | TL494C | TL494) | Unit Cnm E E Viet
Power Su Vollage V, 42 v Deadtime Outpud
pply g cC . adime 1y i3) Uk
Collector Output Vollage vei. 42
- Vez o8] 12) Voo
Collector Qutput Current Ic1. 2 500 mA Ry 8] 1] ¢z
(Each transistor) {Note 1)
Gromd [7 10] E2
Amplifier nput Voltage Range Vir —0.3tp +42 v o
Ccila 9| E1
Power Dissipation @ Ta, < 45°C Pp 1000 mw E ; l | :I
Thermal Reslstance, Roaa 80 SCAW (Top View)
Junction—to-Ambient
Cperating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55to +125 °C ORDERING INFORMATION
Operaling Ambient Temperature Range Ta °C . Operating
TL494C Qto+70 Device Temperature Range Package
TLA94! —-2510 +85 TL494CD 00 1o a7 SO-16
Derating Ambient Temperature Ta 45 °C TL2540N A=U"o Plastic
ROTE: 1. Maximum thermai limits must ba observed. TLA94IN Ta=- 25° 10 +85:C Plastic

© Motorola, Inc. 1996 Rev 1



TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Voo 7.0 15 40 v
Collector Qutput Voltage vei. Vo2 - 30 40 v
Collector Qutput Current (Each ransistor) lc1. 12 - - 200 mA
Amplified Input Voltage Vin -0.3 - Voo - 2.0 v
Current Into Feedback Terminal o - - 03 mA
Reference Qutput Current Iref - - 10 mA
Timing Resistor RT 18 30 500 kQ
Timing Capacitor . CT 0.0047 0.001 10 pF
Oscillafor Frequency fosc 10 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcc = 15V, CT = 0.01 uF, Ry = 12 k2, unless otherwise noled.)
For typical values Tp = 25°C, for min/max values Ty is the operaling ambient temperature range that applies, unless otherwise noted.

Characteristics [ symbor [ Min | Ty [ max | unit ]
REFERENCE SECTION

Reference Voltage (1o = 1.0 mA) Vref 4.75 5.0 5.25 v

Line Regulation (Vcc =7.0Vio 40 V) Regiing - 20 25 mv

Load Regutation (g = 1.0 mA to 10 mA) Regipad - 3.0 15 mv

Shori Circuit Output Current (Vo = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Of-State Current IC(ofn - 20 100 pA
Ve =40V, VCg=40V)

Emitter Ofi-State Current IE(ofl) - - -100 pA
Voo =40V, Ve =40V, VE=0 V)

Collector-Emilter Saturation Vollage {Note 2) v
Common—Emitter (Vg = 0 V, Ig = 200 mA) VsatiC) - 1.1 13
Emitter—Follower (V¢ = 15V, Ig = —200 mA} Vsat(E) - 1.5 25

Gutput Control Pin Current
Low Slate (VoC <04 V) locL - 10 - HA
High State (VOC = Vref) 10CH - 0.2 3.5 mA

Outpul Voitage Rise Time t ns
Common-Emitter (See Figure 12) - 100 200
Emilter-Follower (See Figure 13) - 100 200

Output Valtage Fall Time i ns
Common—Emitter {(See Figure 12) - 25 100
Emitter-Follower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse techniques are used during 1est to maintain junclion temperature as close 1o ambient temperahure as possible.

2 MOTOROLA ANALOG IC DEVICE DATA



TL494

ELECTRICAL CHARACTERISTICS (vog = 15 V., CT =0.01 pF, Ry = 12 k2, uniess otherwise noted.)
For typical vatues Ta = 25°C, for min/max valves Ta is the operating ambient lemperature range that apphies, unless otherwise noted.

L Characteristics | Symbol Min | Typ Max I Unit ]
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vg (pin 3)= 2.5 V) Vio - 20 10 my
Input Ofiset Current (Vg (pin 3) = 2.5 V) o - 5.0 250 nA
Input Bias Current (Vo (Pin3)=2.5V) ;) - -0.1 -1.0 pA
Input Common Mode Veltage Range (Ve = 40 V, Ty, = 25°C) VICR —0.310 Vo-2.0 v
Open Loop Voltage Gain (AVo =3.0V, Vg = 0.5 V10 3.5V, R = 2.0 k() AvoL 70 95 - dB8
Unity—Gain Crossover Frequency (Vo = 0.5 V1o 3.5V, R =2.0kQ) fo— - 350 - kHz
Phase Margin at Unity-Gain (Vo = 0.5V 10 3.5V, Ry = 2.0 k) 4m - 65 - deg.
Common Mode Rejection Ratio (Voo = 40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVoe =33 V, Vg = 2.5 V. R = 2.0 ki2) PSRR - 100 - dB
Output Sink Current (Vg {Pin3)=07V) o~ 03 07 - mA
Output Source Current (Vo (Pin 3) = 3.5V} o+ 2.0 4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Inpul Threshold Vollage (Zero Duty Cycle) VTH - 25 4.5
Input Sink Current (V(pin 3) = 0.7 V) I= 0.3 14 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin 4 = 0 V10 5.25 V) B (DT} - =2.0 -10 HA
Maximum Duty Cycle, Each Output, Push-Pull Made DCmax %
(VPina=0V,CT=0.0{ pf, RT=12k0}) 45 48 50
(VPin 4 =0 V. CT = 0.001 pF, Ry = 30 k) - 45 50
input Threshold Voltage {Pin 4} Vi A
{Zero Duty Cycle) - 28 33
{Maximum Duty Cydle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, R = 30 kf2) fose - 40 - kHz
Standard Deviation of Frequency® (CT = 0.001 pF, Rt = 30 ki2) ofgsc - 30 — %
Frequency Change with Voltage (Vo = 7.0 V10 40 V, Ty = 25°C) Agsc (AV) - 0.1 - %
Frequency Change with Temperature (ATA = Tigy to Thigh) Agge (AT) - - 12 %
(CT =0.01 uF, Ry = 12 k(2)
UNDERVOLTAGE LOCKOUT SECTION
Tum-On Threshold (VGG increasing, lrer = 1.0 mA) Vi 55 | 643 0o | v |
TOTAL DEVICE
Standby Supply Current {Pin 6 at Vo1, All other inputs and outputs open) icc mA
Mcc=15V) - 55 10
(Vcg=40V) - 7.0 15
Average Supply Current mA
(CT = 0.01 pF, Ry = 12 K2, V(pin 4) = 2.0 V) - 7.0 -
(Voo = 15 V) (See Figure 12)
* Standard devialion is a measure of the statistical distribution about the mean as derived from the formula, o
3

MOTOROLA ANALOG IC DEVICE DATA



TL494

Figure 1. Representative Block Diagram
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Figure 2. Timing Diagram
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APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. {See
Figure 1.) An intemaHinear sawtooth oscillator is frequency—
programmable by two extemal components, RT and GT. The
approximate oscillator frequency is determined by:

1.1

f [ LT
T T

~For more information refer 1o Figure 3.

Outpul pulse width modutation is accomplished by
comparison of the posilive sawlooth waveform across
capacitor CT to either of two control signals. The MOR gates,
which drive oulput transistors Q1 and Q2, are enabled only
when the flip-flop clock-input line is in its low state, This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. {Refer to the Timing
Diagram shown in Figure 2.}

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback inpuL The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadiime to approximatety the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output conirol grounded, and 48% with
il connected to the reference line. Additional deadtime may
be imposed on the output by setling the deadtime-control
input to a fixed voltage, ranging between 0 V1o 3.3 V.

Functional Table

Input/Qutput - fout
Controls Qutput Function G =
Grounded | Single-ended PWM @ Q1 and Q2 1.0

@ Vrief Push—pult Operation 05

The pulse width modulalor comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control inpul, down to zero, as the vollage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from -0.3 V lo (Vcc - 2V), and

may be used to sense power—supply output voltage and
currenl. The ermor—amplifier outputs are active high and are
ORed logether at the noninverling input of the pulse-width
modulator comparator. With this configuration, the amplifier
that demands minimum oulput on time, dominates controf of
the loop.

When capacilor CT is discharged, a positive pulse is
generated on the outpul of the deadtime comparator, which
clocks the pulse-steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected to
the reference line, the puise—steering flipflop directs the
modulated pulses to each of the two oulpul transistors
altemnatety for push—pull operation. The output frequency is
equal to half that of the oscillator. Quiput drive can also be
taken from Q1 or Q2, when single—ended operalion with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a caich diode used for snubbing. When higher
output-drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be lied to ground to disable the
tip—flop. The cutput frequency will now be equal {o that of the
osciltator. T

The TL494 has an intemal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias circuits,
The reference has an intemnal accuracy of 15.0% with a
typical thermal drift of less than 50 mV over an operating
termperature range of 0° to 70°C.

Figure 3. Oscitlator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency

120
S 110 |
= Voo =15V &
= 100 cC — w
3 Y e AVQ=30V o]
w N R =20k 10 &
L&) 80 w
& N A a5
= 10 N V0L =
o 40 w
> \
o 60 e~ 60 g
§ %0 n $ 80 v
™ w
E 40 \\ \ 1|]JB
S < 12035
=2 < 140
Z P, 160
o] 180
1.0 10 100 1.0k 10k 100k 10M
1, FREQUENCY {Hz)
Figure 6. Percent Duty Cycle versus
Deadtime Control Voltage
S %
N EENE
o ‘Q 1 T T I 1
z 40 \\ veo= 15V A
= 2 R VoC = Vet _
u 1. Cr=001pF
g 0 Rr=10k2  _]
> 2. C7=0001 pF
bt R1=30KkQ —
[ h
a2 N
& N
£ 1 N
8 N
o
a g
® 9 10 20 30 s
VpT. DEADTIME CONTROL VOLTAGE (IV)
Figure 8. Common-Emitter Configuration
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Collector Current
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Figure 10. Error-Amplifier Characteristics
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Figure 12, Common—Emitter Configuration
Test Circuit and Waveform

TL494

Figure 11. Deadtime and Feedback Control Circuit
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Figure 13, Emitter-Follower Configuration
Test Circuit and Waveform
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Figure 14. Error—Amplifier Sensing Techniques

YO 1 0upt
Volage of
System 7
R 9 Emor
1 Amp_
O +
Ermor
3
Vief .¢——..<2>___. o Negative Output Vt:lage Rt
= ™
w2 i Posilive Output Vohtage VosViel . vo
R To Outpul
= VO = Vrel 1’# Voltage of
2 Systemn

Figure 15. Deadtime Conftrol Circuoit Figure 16. Soft-Start Circuit
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Figure 18. Slaving Two or More Control Circuits

TL494

Figure 19. Operation with Vin > 40 V Using

External Zener
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Figure 20. Pulse Width Modulated Push-Pull Converter
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Test Conditions Results
-35mH@03A
Line Regulation Vin=10Vic 40V 14 mV 0.28% .ﬁ_ P3 . @;UT C.T. 628 AWG
Load Regulation Vin=28V.Ig=1.0mAto 1.0A | 3.0mv 0.06% Secondary. 1207 C.T. #36 AWG

Output Rippte Vin=28V,I0=10A 65mV pp PA.R.D.
Short Circuit Current Vin=28V.R_ =0.1102 16A
Efficiency Vin=28V,lnp=1.0A T1%

Core: Ferroxcube 1408P-100-3C8
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Figure 21. Pulse Width Modulated Step-Down Converter
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Test Conditions Resulls
Line Regulation Vin=80Vio40V 30mv 001%
Load Regulation Vin=126V, 10 =0.2 mAto 200 mA SO0mV  0.02%
Output Ripple Vin=126V, =200 mA 40mVpp PAR.D,
Short Circuit Current Vin=126V,RL =010 250 mA
Efficiency Vin =126 V, 1o = 200 mA 2%
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Data Sheet No. PD60147 Rev.T

International
ISR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary

* Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VOrFseT (IR2110) 500V max.
Tolerant o negative transient voltage (IR2113) 600V max.
dv/dt immune

® Gate drive supply range from 10 to 20V lo+/- 2A [ 2A

® Undervoltage lockoul for both channels

* 3.3V logic compatible Vourt 10 - 20v
Separate logic supply range from 3.3V lo 20V
Logic and power ground 5V offset tonvoft (typ.) 120 & 94 ns

® CMOS Schmitt-triggered inputs with pull-down . ,

* Cyde by cycle edge-triggered shutdown logic Delay MatChmg (IIRRzZ‘!I?I%) 12% ns max.

* Maiched propagation delay for both channels ( ) ns max.

* Quiputs in phase with inputs Packages

* Also available LEAD-FREE

Description !

The IR2110/IR2113 are high vollage, high speed power MOSFET and

IGBT drivers with independent high and low side referenced output 16-Lead SOIC

channels. Proprietary HVIC and lalch immune CMOS technologies 14-Lead POIP |R211g§nR21138

enable niggedized monolithic construction. Logic inputs are compat- IR2110/R2113

ible with standard CMOS or LSTTL output, down to 3.3V logic. The

outpul drivers feature a high pulse current buffer stage designed for minimum driver cross-conduction. Propaga-
tion delays are matched to simplify use in high frequency applications. The ficating channel can be used to drive
an N-channe! power MOSFET or IGBT in the high side configuration which operates up to 500 or 600 volts.

Typical Connection up 1o 500V or 600V
—] HO h—l_ Er) T
Vop o+ Veo Va1
1T ol
HIN o— HIN Vg * ° 10
SD o— sD — % oLOAD
LINc LIN Ve 4~
Vego Ve COM T Er)
Vee — LO AN A
3
(Refer to Lead Assignments for comect pin configuration), This/These diagram(s) showr elecirical
connections only. Please refer 10 our Application Notes ang DesignTips for proper circuit board Loy,

www.irl.com 1




IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings

International
TR Rectifier

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voitage param-
eters are absolule voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and stitl air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Vg High side floating supply voltage (IR2110) 0.3 525
{IR2113) -0.3 625
Vs High side floating supply offsel voltage Vg-25 Vg +03
Vro High side floating output voltage V5-03 vp+0.3
Veo Low side fixed supply voltage 0.3 25
Vio Low side output voliage -0.3 Voc +0.3 v
Vop Logic supply voltage 0.3 Vgs + 25
Vgg Logic supply offset vollage Voo -25 Vee +0.3
ViN Logic input voltage (HIN, LIN & SD) Vss-03 Vpp +0.3
dVg/dt Allowable offsel supply voltage transient (figure 2) —_ 50 Vins
Po Package power dissipation @ Ta € +25°C (14 lead DIP) — 1.6
(16 lead SOIC) — 1.25 w
RTHJA Thermal resislance, junction to ambient (14 lead DIP) — 75 R
(16 lead SQIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature 55 150 °C
Tu Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The inputfoutput logic timing diagram is shown in figure 1. For proper operation the device should be used within the

recommended conditions. The Vg and VS offset ratings are lested with all su

ralings at other bias conditions are shown in figures 36 and 37.

pplies biased at 15V differential. Typical

Symbol Definition Min. Max. Units
Vi High side floating supply absolute voltage Vg + 10 Vg + 20
Vs High side ficating supply offset voltage  (IR2110) Note 1 S00
{IR2113) Note 1 600
VHo High side fioating output voltage Vs Ve
Veo Low side fixed supply voltage 10 20 v
Vio Low side output voltage 1] vCe
VoD Logic supply voltage Vgg +3 Vgg + 20
Vss Logic supply offset voltage -5 (Note 2) 5
ViN Logic input vottage (HIN, LIN & SD) Vss Vop
Ta Ambient temperature 40 125 °C

Nole 1; Logic operational for Vs of -4 1o +500V, Logic state held for Vg of -4V to

DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vsg offset is limited 1o Vop.

2

-VBs. (Please refer to the Design Tip

www.irf.com



International
TIGR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Dynamic Electrical Characteristics

Vaias (Vcc. Vs, Vop) = 15V, CL = 1000 pF, T4 = 25°C and Vg5 = COM unless otherwise specified. The dynamic
eleclrical characteristics are measured using the test circuit shown in Figure 3.

Symbol Definition Figure | Min. | Typ. |Max. | Units [Test Conditions
ton Turn-on propagation delay m‘f- — 120 150 Vg =0V
toff Turn-off propagation delay 8 —_ 94 125 Vg = 500v/600V
tsd Shutdown propagation delay 9 — 110 140 ns Vg = 500v/600V
i Turr~gn rise time 10 — 25 35
tf Turn-off fall time 11 _ 17 25
MT Delay matching, HS & LS {{R2110) — — — 10
turn-on/off (IR2113) — — — { 20

Static Electrical Characteristics

Veias (Vec., Vs, Vop) = 15V, Ta = 25°C and Vgs = COM unless otherwise specified. The VN, VT4 and 4§y parameters
are referenced to Vs and are applicable to all three logic input leads: HIN, LIN and SD. The Vo and g parameters are
referenced to COM and are applicable o the respective oulpul ieads: HO or LO.

Symbol Definition Figure [Min. | Fyp. Max.| Units [Test Conditions
ViH Logic "1® input voltage 12 95 — —
viL Logic "0” input voltage 13 — - 6.0
Von | Highievel output voltage, Veias - Vo 14 — f — [ 12 v Io=0A
VoL Low level output voltage, Vo 15 -— _ 0.1 lp=0A
hx Offset supply leakage current 16 — — 50 Ve=Vs = 500V/600V
lass Quiescent Vgg supply current 17 — 125 | 230 ViN=0VorVpp
loce Quiescent Voo supply curent 18 - 180 | 340 uA Vin=0VorVpp
lapp Quiescent Vpp supply current 19 —_ 15 0 ViN=0V or Voo
[TV Logic "1™ input bias current 20 —_ 20 40 ViN=VDD
- Logic "0" input bias cumrent 21 —_ _ 1.0 ViN= OV
Vesuvs+ | Vas supply undervollage positive going 22 7.5 8.6 a7
threshotd
Vesuv- | Vas supply undervoitage negative going 23 7.0 8.2 9.4
threshold
Vecuv+ | Voo supply undervoltage positive going 24 7.4 85 96
threshold v
Vecouv- | Voe supply undervollage negative going 25 7.0 8.2 9.4
threshold
10+ Output high short circuit pulsed current 26 20 25 — Vo=0V.ViN=VDD
PW <10 us
o Outpul low short circull pulsed current 27 |20 | 28 | — A ITNG= IV VN0V
PW < 10 ps

www.irf.com



IR2110(S)/IR2113(S) & (PbF) International

IR Rectifier
Functional Block Diagram
s v,
|
Vooh—r : ; : |
: R X . HO
HINI 11 {?\%Of :
SHIFT PULSE —|E Ve

GEN |

1
|
? Ve
[N UV :
P DETECT
| Voo lVer ETEC |
LIN i LEVEL L0
H = SHIFT _l '
1= R DELAY 1
] 1
vs; ?—__L_ : COM

Lead Definitions

Symbol]| Description o

VoD Logic supply

HIN Logic input for high side gate driver output (HO), in phase
sb Logic input for shutdown

LIN Logic input for low side gate driver output {LO), in phase
Vss Logic ground

Vg High side floating supply

HO High side gate drive output

Vs High side floating supply return

Vee Low side supply

LO Low side gate drive outpul

COM Low side return

Lead Assignments

(N o ()
=] Ho b7 (13 ve [12
] voo vp [E] GT] voo va [§]
o] N vs ['%] GZ] (]
07 so 4] 13} so ]
0z} uw ves [3] O} un voe [3]
O3} vss cou (7] (2] vss cou [7]
= —~ o [1] 413 ~ e fm

14 Lead PDIP 16 Lead SOIC (Wide Body)

IR2110/IR2113 IR2110S/IR2113S

4 www.irf.com
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ISR Rectifier
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B

']

Figure 1, Input/Output Timing Diagram
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Figure 3. Switching Time Test Circuit
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Figure 5. Shutdown Waveform Definitions
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Figure 2. Fleating Supply Voltage Transient Test Circuit

Figure 4. Switching Time Waveform Definition
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TSR Rectifier

Case Outlines

IR2110(S)/IR2113(S) & (PbF)
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IR2110(S)/IR2113(S) & (PbF) International

ISR Reclifier

LEADFREE PART MARKING INFORMATION

Part number—_l Rxxxxxx
oecoio— - YWW? TE3R -

IR logo
il —f— ?XXXX_
l':!en‘:lﬁpr . - l
Lot Code
? MARKING CODE {Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free
Released
Assembly site code
Per SCOP 200-002
ORDER INFORMATION
Basic Part (Non-Lead Free) Leadfree Part
14-Lead IR2110 order IR2110 14-Lead IR2110 order IR2110PbF
14-Lead IR2113 order IR2113 14-Lead IR2113 order IR2113PbF
16-Lead IR2110S order IR2110S 16-Lead IR2110S order IR2110SPbF
16-Lead IR2113S order IR2113S 16-Lead IR2113S order IR2113SPhF

International

IGR Rectifier
IR WORLD HEADQUARTERS: 233 Kansas St., Ei Segundo, California 90245 Tel: (310) 252-7105
Data and specifications subject to change without notice,  3/23/2004

16 www.irf.com




International
IR Rectifier

Applications

* High frequency DC-DC converters
e Motor Control
e Uninterruptible Power Supplies

Benefits

* Low Gate-to-Drain Charge to Reduce
Switching Losses

» Fully Characterized Capacitance Including
Effective Cogg to Simplify Design, (See
App. Note AN1001)

PO - 94361

IRFP4710

HEXFET® Power MOSFET
Vpss | Rps(on) max Ib
100V 0.0140 72A

TO-247AC
» Fully Characterized Avalanche Vollage
and Current
Absolute Maximum Ratings
Parameter Max. Units
o @ Te=25C Continuous Drain Curent, Vgg @ 10V 72
Ip @ Tc =100°C | Continuous Drain Cumrent, Vgg @ 10V 51 A
lom Pulsed Drain Cureni ®@ 300
Pp @T¢c = 25°C Power Dissipation 180 w
Linear Derating Factor 1.2 Wi°C
Vs Gate-to-Source Vollage 120 v
dvidt Peak Diode Recovery dvidt @ 8.2 Vins
T, Operating Junction and -55 to+ 175
Tsre Storage Temperature Range ‘C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torge, 6-32 or M3 screw 10 lof-in {1.1N*m)
Thermal Resistance
Parameter Typ. Max. Units
Roxc Junction-to-Case —_ 0.81
Rocs Case-to-Sink, Flat, Greased Surface 0.24 _ *‘Ciw
Roun Junglion-to-Ambient _ 40
Notes @ through ® are on page 8
www.irf.com 1
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IRFP4710 International

I9R Rectifier
Static @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. |Max. Units] Conditions
Vier)Dss Drain-to-Source Breakdown Voltage 100 | — | — v Vgs = OV, Ip = 250pA
AViprpss/aTy | Breakdown Voltage Temp. Coefficient | — [ 0.11] — | VI°C| Reference to 25°C, lp = 1mA
Rosion) Static Drain-to-Source On-Resistance | — {0.011[0.014| & Vgs=10V,ip=45A @
Vasqn) Gate Thresheld Voliage 351 —i55 V | Vps=Vgs. Ip=250pA
bss Drain-to-Source Leakage Current = = 1.0}, | Vos = 95V, Ves = OV

— | — | 250 Vps = 80V, Vgs = OV, T, = 150°C

| Gale-to-Source Forward Leakage — | — } 100 nA Vgg = 20V
Gss Gale-to-Source Reverse Leakage — | — [-100 Vgs =-20V

Dynamic @ T, = 25°C_(unless otherwise specified)

Parameter Min.| Typ. | Max. | Units Conditions
Ois Forward Transconductance B | — | — S | Vpg =50V, Ip= 45A
Qq Tolal Gate Charge ~— | 110 | 170 Ip = 45A
Qgs Gate-to-Source Charge —— : 43 | —~—— | nC | Vps =50V
Qg Gate-to-Drain ("Miller”) Charge — | 40 | — Vgs = 10V,
Lsion) Tum-On Delay Timea — | 35 | — Vop = 50V
tr Rise Time — ] 130 | e ns | Ip=45A
tafom) Tum-Off Delay Time — | 41| — Rg = 4.50
t Fall Time — | 38 | — Vs =10V @
Cies Input Capacitance — | 6160] — Vs =0V
Coss Quiput Capacitance — 40| — Vps = 25V
Crs Reverse Transfer Capacitance — | 250 | — | pF | f=1.0MHz
Coss Output Capacitance — | 1580F — Vgs =0V, Vpg = 1.0V, f=10MHz
Coss Output Capacitance — {280 | — Vgs = 0V, Vps =80V, f=1.0MHz
Coss off. Effective Output Capacitance — | 430 | — Vegs =0V, Vps =0V to 80V ®

Avalanche Characteristics

Parameter Typ. Max, Units
Eas Single Pulse Avalanche Energy@ —_— 190 mJ
Iar -| Avalanche Current® — 45 A
Ear Repelitive Avalanche Energy® —_ 20 omd
Diode Characteristics
Parameter Min. | Typ.{ Max. | Units Conditions
Is Continuous Source Current b 72 MOSFET symbol e
{Body Diode) A showing the
lsnm Pulsed Source Current | V300 integral reverse g
{Body Diode) ® p-n junction diode. s
Vsp Dicde Forward Voltage —_— 1.3 V | T)=25°C, I =45A, Vgs=0V @
[ . Reverse Recovery Time —| 74 | 110 ns | T)=25°C, Ip = 45A
Qp Reverse RecoveryCharge — | 180 260 | nC | didt=100A/ps @
on Forward Tum-On Time Intrinsic fum-on time is negligible (tum-on is dominated by Lg+Lp)
2 www.irf.com
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ISR Rectifier
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Fig 3. Typical Transfer Characteristics
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IoR Rectifier
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IRFP4710

ToR Rectifier
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IRFP4710
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IOR Rectifier

Peak Diode Recovery dv/dt Test Circuit

DAULT b—C+ Circuil Layout Considerations
e —F » Low Stray Induclance
‘Z) ) = Ground Plane
; l » Low Leakage Inductance

Curmrent Transformer

p L] -

dvidl controtied by Rg L+
Driver same type as D.U.T. = Voo
lsp controlied by Duty Facter "D” )
D.U.T. - Device Under Test

@ Driver Gate Drive

N __PWw.
- Period 0= Penod
H
Vgg=10V *
1 &
JF
@ DU.T. kgp Wavelorm
Reversa
Recovery | Body Diode Forward
Current Curremt /'
dval
@ Jo.u.T vyg Wavetorm
Diode Recovery \ 5
dvidt v
DD
/ |4
Re-Appled I~ p—
Voliage Body Diode * ' Forward Drop
@ Inductor Curent S\/-‘;F\
Ripple < 5% 'so
. ]

* Vs = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFET® Power MOSFETs
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IRFP4710

Inlernational
IGR Rectifier

TO-247AC Package Outline
Dimensions are shown in millimeters (inches)
365(.143) 0]
15.00 {626 /— 2 3,55 (140) [ fgg:ﬂ::
l"'"1_5.3o 1802} [EIFois e B[ & I J04.
-1 A A § | . 2.501.089)
K] AT q . 1.50 {.058)
D — Ve L '
—— L
20.30 .800) H
19.70 (.775) [ ax g 50121 : NOTES:
450 (1) 1 DMENSIONING § TOLERANCIWG
PER ANSIY14.5M, 1982,
i ? 3 i 2 CONTROLLING DIMENSION : INCH.
i ; H 2 CONFORMS TO JEDEC OUTLINE
10.00 1589 i i H TO-247-AC.
-804, M i i { 4.30{.170)
14.20;(.5551 i H i 370 {145)
i1
240(098) |} 140 {085 0.80 (031 LEAD ASSIGNUENTS
zmz‘icml'j L 3 150 (939) o 140 (9] 2. oRAm
B B C[AD |, 2.60(.102) 3-SQURCE
I 2.20 {.0&T) 4 -DRAN
3.40{.133)
2 - 3.00(.113)

TO-247AC Part Marking Information

EXAMPLE:  THIS IS AN IRFPE20
WITH ASSEMVBLY INTERNATIONAL D O E PART RUNBER
/
LQG OCCE 5657 RECTIFIER IRFFE30 -]
ASSEMBLED ON WW 35, 2000 toan T hromas
INTHE ASSEMBLY LINE H™ | % s [
- DATE OCDE
ASSENBLY
LOr O00E YEARQ = 2000
WEEK 35
LINE H
Notes:

@ Repetilive rating; pulse width limited by
max, Junction temperature,

@ Startng T, = 25°C, L = 190pH
Ra = 250, las = 45A, Vgs = 10V.

@ lep < 45A, difdt < 420AJps, Voo = V(BR!)SS.
T,5175C.

@ Pulse widlh 5 400ys; duly cycle < 2%.
© Cous efl. is a fixed capacitance that gives the same charging
time as Con while Vpg is fising from 0 to 80% Vpss ..

Data and specifications subject to change wilhout notice.
This product has been designed and qualified for the Indusirial markel.
Qualification Standards can be found on IR's Web site,

International
TIGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: (310) 252-7903
Visit us at www.irl.com for sales contacl information. 01/02

www.irf.com



MOTOROLA

Order this document

SEMICONDUCTOR TECHNICAL DATA by MUR1520/0
SWITCHMODE™ Power Rectifiers MUR1520
.. . designed for use in switching power supplies, inverters and as MUR" 540
free wheeling diodes, these state-of-the—ari devices have the MUR1 560

following features:

+ Ulirafast 35 and 60 Nanosecond Recovery Time

* 175°C Operating Junction Temperature

* Popular TO-220 Package

= High Voltage Capability to 600 Votts

* Low Forward Drop

+ Low Leakage Specified @ 150°C Case Temperature

+ Current Derating Specified @ Bolh Case and Ambient
Temperatures

Mechanical Characteristics:

+ Case: Epoxy, Molded

+ Weight: 1.8 grams (approximately)

» Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

* Lead Temperature for Soldering Purposes: 260°C Max. for
10 Seconds

» Shipped 50 units per plastic tube

Motoroda Preferred Devices

ULTRAFAST

RECTIFIERS

15 AMPERES
200-400-600 VOLTS

. —Pp— CASE 221803
+ Marking: U1520, U1540, U1560 TO-220AC
PLASTIC
MAXIMUM RATINGS
MUR
Rating Symbol 1520 1540 1560 Unit
Peak Repelilive Reverse Vollage VRRM 200 400 600 Volls
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current IF(av) 15 15 Amps
(Rated VR) @ Tc =150°C @ T = 145°C
Peak Reclified Forward Current IFRM 30 30 Amps
(Rated Vg, Square Wave, 20 kHz) @ Tg = 150°C @ Tg = 145°C
Nonrepetitive Peak Surge Current (Surge applied at rated IFsMm 200 150 Amps
load conditions halfwave, single phase, 60 Hz}
Operating Junction Temperature and Storage Tempersture TJ. Tsig ~6510+175 °C
THERMAL CHARACTERISTICS i
Maximum Thermal Resistance, Junction to Case | Rpyc | 15 I "C!Wj
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) vE Volts
(iF = 15 Amps, Tg = 150°C) 0.85 1.12 1.20
(iF = 15 Amps, Tc = 25°C) 1.05 1.25 1.50
Maximum Instantanecus Reverse Current (1) iR HA
{Raled dc Voltage, T = 150°C) 500 500 1000
(Raled dc Voltage, T¢ = 25°C) 10 10 10
Maximum Reverse Recovery Time ber 35 60 ns
(IF = 1.0 Amp, di/dt = 50 Amps/us)

(1) Puise Test: Pulse Width = 300 ps, Duty Cycle € 2.0%.

SWITCHMODE is a trademark of Motorola, Inc.
Preferred devices are Motorola recommended choices for future use and best overall value.

Rev 9

© Molorola, Inc. 1996

@ MOTOROLA



MUR1520 MUR1540 MUR1560
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MUR1520 MUR1540 MUR1560
MUR1520, MUR1540, MUR1550 )
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MUR1520 MUR1540 MUR1560
PACKAGE DIMENSIONS

NOTES:
—] C e 1. DIMENSIONING AND TOLERANCING PER ANSI
Yi4.5M, 1082
ndad B‘j/- F T '-I 5 2 COMTROLUNG DIMENSION: INCH.

l _ INCHES WRLINETERS

Q r% jom] mid | max | @ T aax
f 7 A | 0555 ) o620 | 1501 | 1575 |
B B | 0380 [oa0s | 965 | 3029 |

A ¢ | owo|o0190] 408 | 482
u f p | 0025 | 0.5 | 064 | a9 |

1 3 F 142 | D147 161 73

i : 130 | 8210 | 483 | $33

H T Wl owo oo | 27 33
J [ oma | ooes [ 045 [ 08a |

K K | 0500 [ o562 | 1270 [ 1421

L | 0045 § 0060 TH Y]

. | o | 0100 | 0120 ] 254 | s

i R | 0080 | 0910 | 20¢ | 279

S 10045 | 0055 | 194 [ 138

L l-— (] L— Tloxnsloxs| 597 ] 643

—=l G 3 l u | 0000 | oeso | goon | 127

CASE 221B-03
(TO-220AC)
ISSUE B

Motorola reserves the right to make changes without further notice to any products herein, Molarola makes no warranty. representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any labi'ty arising out of the application or use of any product or circull, and
specifically disclaims any and all liability, including without limitation consequential of incidental damages. “Typical” parameters which may be provided in Mctorola
data sheets andfor specifications can and do vary in different applications andactual performance may vary over fime. Al operaling parameters, including “Typicais”
must be validated for each customer application by cusiomer's lechnical experts. Molorola does nol convey any ficense under its patent rghis nor the rights of
others. Molorola products are not designed, intended, or authorized for use as components In systems intended for surgical implant into the body, or other
applicationsintended 10 support or sustain iife, of for any other application in which the faZure of the Motorola product could create a situation where petrsonal injury
ordeath may occwr. Should Buyer purchase or use Motorota products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmiess against all claims, costs, damages, and expenses, and reasohable atlomey fees
arising out of, directly or indirecily, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Molorola was negligent regarding the design or manufacture of the pari. Motorola and @ are regislered trademarks of Motorola, Inc, Motorola, Inc. is an Equal
Opportunity/Aflimalive Action Employer.

Mfax is a trademark of Motorola, Inc.
How to reach us:
USA/EUROPE/ Locatiors Mot Listed: Molomla Literature Distribution; JAPAN: Nippon Malorota Lid.: SPD, Stralegic Planning Offica, 4-32-1,
PO. Box 5405, Denver, Colorado 80217, 1-303-675-2140 or 1-80D0—441-2447  Nishi-Gotanda, Shinagawa—ku, Tokyo 141, Japan, 81-3-5487-8488

Customer Focua Center: 1-800-521-5274

Mfax™: RMFAXO@emai.sps.mot.com — TOUCHTONE 1-602-244-6509 ASWAPACIFIC: Molorola Semiconductors HIK Lid,; BB Tal Ping Industrd Pak,
NMotorgta Fax Badk System —US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629208

-~ htpfsps.motorola.comimfax/
HOME PAGE: hitp://imotorola.com/sps/

@ MOTOROLA
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

* Output Currentup to IA

*+ Output Voltages of §, 6, 8, 9, 10, 12, 15, 18, 24V
+ Thermal Overload Protection

* Short Circuit Protection

+ Output Transisior Safe Operating Area Protection

Internal Block Digram

Description

The MCT8XX/LMT78XX/MC78XXA serics of three
terminal positive regulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. 1f adequate heat sinking
is provided, they can deliver over 1A oulput current
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3, Quiput

INPUT OUTPUT
[ PASS O
* ELEMENT 3
CURPENT SOR r '/
GENERATOR PROTECTION -3
STARTING REFEREMNCE RO
CIRCUIT VOLTAGE ARMLIEVER
b
THERMAL :'
PROTECTION
] o
o H

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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Electrical Characteristics (MC7815)
{Refer to test circuit 0°C < Ty < 125°C, 10 = 500mA, V} =23V, C)= 0.33uF, Co

=0.1pF, unless otherwise specified)

Parameter Symbeol Conditions . MC7815 Unit
Min. { Typ. | Max.
TJ=+25°C 14.4 15 15.6
Output Voitage Vo 5.0mA<lo<1.0A PO < 15W v
VI=17.5V 10 30V 14.25 15 15.75
. . . V1= 17.5V 1o 30V - 1" 300
Line Regulation (Note1) Regline | T)j=+25°C Vi = 20V 1o 26V - 3 150 mv
10 = 5mA to 1.5A - 12 300
Load Regulation (Note1) Regload | Ty=+25°C 10 = 250maA to ] 4 150 mv
750mA
Quiescent Current o] Ty =+25°C - 52 8.0 mA
Quiescent Current Change Alg 0 =5mAto 1.0 - - 05 mA
Vi=17.5V to 30V - - 1.0
Output Voltage Drift AVO/AT | 1o =5mA - -1 - |mviec
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 90 - nvivo
Ripple Rejection RR Ll:;?g"'s’;l 0.28.5v 54 | 70 | - dB
Dropout Voltage Vorop | 1o = 1A, T)=+25°C - 2 - v
Output Resistance o f=1KHz - 19 - mQ2
Short Circuit Current Isc V| = 35V, TA=+25°C - 250 - mA
Peak Current IPK Ty=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at con
inlo account separately. Pulse testing with |

stant junction temperature. Changes in Vg due to heating effects must be taken
ow duty is used.




MCT8XX/LM7BIOUMCTBXXA

Electrical Characteristics (MC7815A)

{Refer ta the test circuits. 0°C < Ty < 125°C, Ip =1A, V|

=23V, C=0.33pF, C 0=0.1)F, unless otherwise specified)

Parameter Symbot Conditions Min. | Typ. | Max. Unit
Ty=+25"C 147 | 15 153
Output Voltage Vo 10 = 5mA to 1A, Po <15W v
Vi = 17.7V to 30V 1441 15 | 156
Vi= 17.9V to 30V
1o = 500mA - 10 | 150
Line Regulation (Note1) Regline | Vi= 20V 1o 26V N 5 150 mv
. VI= 17.5V to 30V - 1 150
Ty=+25C !
Vi= 20V to 26V - 3 75
Ty=+25°C
N - 12 100
Load Regulation (Note1) Reaload 10 = 5mA to 1.5A iy
9 I0 = 5mA to 1.0A - 12 | 100
Io = 250mA to 750mA - 5 50
Quiescent Current o TI=+25°C - 5.2 6.0 mA
Vi=17.5V10 30V, Ty =+25 C - - 0.8
Quiescent Current Change Alg Vi = 17.5V to 30V, 10 = 500mA - - 0.8 mA
10 = 5mA to 1.0A - - 0.5
Output Voltage Drift avisT | o =5mA - -1.0 - mvi C
. f= 10Hz 1o 100KHz
Output Noise Voltage VN Ta =+25°C - 10 - uvVivo
] o f = 120Hz, 10 = 500mA
Ripple Rejection RR V) = 18.5V io 28.5V - 58 - dB
Dropout Voltage VDrop Io =1A, T)=+25°C - 20 - v
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25°C - 250 - mA
Peak Current IPK TJ=+25C - 2.2 - A
Note:

1. Load and fine regulation are specified at constant

into account separately. Pulse testing with low duty is used.

junction temperature. Change in Vo due to heating effects must be taken

17



MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MUR3020PT/D

SWITCHMODE™ Power Rectifiers MUR3020PT

- . . designed for use in swilching power supplies, inverlers and as free MUR3040P1.*
wheeling diodes, these state—of-ihe-art devices have the following features: Munaosop-r*
* Ultrafast 35 and 60 Nanosecond Recovery Time “Motorola Preferred Devices

» 175°C Operating Junction Temperature

» High Voltage Capability to 600 Volts

» Low Forward Drop ULTRAFAST RECTIFIERS
* Low Leakage Specified @ 150°C Case Temperature 30 AMPERES

s Current Derating Specified @ Both Case and Ambient Temperatures 200-400-600 VOLTS

» Epoxy Meets UL94, Vo @ 1/8”
» High Temperature Glass Passivated Junction

Mechanical Characteristics:

e Case: Epoxy, Molded

* Weight: 4.3 grams (approximately)

= Finish: All External Surfaces Corrosion Resistant and

Terminal Leads are Readily Solderable 1
* Lead Temperature for Soldering Purposes: 260°C Max. 2.4
for 10 Seconds ’
« Shipped 30 unils per plastic tube 3

¢ Marking: U3020, U3040, U3060
CASE 340D-02, Style 2

TO-218AC
MAXIMUM RATINGS, PER LEG
Rating Symbol MUR3020PT | MUR3040PT | MUR30GOPT Unit
Peak Repetitive Reverse Voltage VRRM 200 400 600 Volts
Working Peak Reverse Vollage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current {Raled VR) IF(AV) Amps
Per Leg 15 @ Tg = 150°C 5@Tc=
Per Device 20 @ T = 150°C 30 145°C
Peak Rectilted Forward Current, Per Leg IFRM 30 20 Amps
{Rated VR, Square Wave, 20 kHz, Tg = 150°C) @ To = 150°C @ T =145°C
Nonrepetitive Peak Surge Current IESM 200 150 Amps
(Surge applied af rated Ioad conditions, '
halfwave, single phase, 60 Hz) Per Leg
Operating Junction and Storage Temperature Tg. Tslg -~ 6510 +175 °C
THERMAL CHARACTERISTICS PER DIODE LEG
Maximum Thermal Resislance — Junction to Case RaJc 15 cw
— Junction to Ambient RgJa, 40
ELECTRICAL CHARACTERISTICS PER DIODE LEG
Maximum Instantaneous Forward Voltage (1) Vg Volts
(If = 15 Amp, T¢ = 150°C) 0.85 1.12 1.2
{IF = 15 Amp, Tz = 25°C) 1.05 1.25 1.5
Maximum Instantanecus Reverse Current (1) iR 1)
{Raled DC Voltage, Tj = 150°C) 500 1000
(Rated DC Voltage, T = 25°C) 10 10
Maximum Reverse Recovery Time tr a5 60 ns
(iF = 1.0 Amp, difdt = 50 Amps/us)

(1} Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

SWITCHMOODE is a frademark of Motorola, Inc.
Preferred devices are Motorola recommended choices for future use and best overad value.

Revd

Regctifier Device Data 1



MUR3020PT MUR3040PT MUR3060PT
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