ON Semiconductor™

High Speed, High Gain Bipolar
NPN Power Transistor with
Integrated Collector-Emitter
Diode and Built-in Efficient

Antisaturation Network
D2PAK For Surface Mount

The MJB18004D2T4 is state—of—art High Speed High gain Bipolar
transistor (H2BIP). High dynamic characteristics and lot to lot
minimum spread{150 ns on storage time) make it ideally suitable for
light ballast applications. Therefore, there is no need to guarantee an
heg window.

Main features:

* Low Base Drive Requirement

¢ High Peak DC Current Gain (55 Typical) @+ 100 mA

* Extremely Low Storage Time Min/Max Guarantees Due to the

H2BIP Structure which Minimizes the Spread
* Integrated Collector—Emitter Free Wheeling Diode
* Fully Characterized and Guaranteed Dynamig (¥at)

* “6 Sigma” Process Providing Tight and Reproductible Parameter

Spreads

It's characteristics make it also suitable for PFC application.

O Semiconductor Components Industries, LLC, 2001 1
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MJB18004D2T4

POWER TRANSISTORS
5 AMPERES
1000 VOLTS
75 WATTS
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MAXIMUM RATINGS

MJB18004D2T4

1/8" from case for 5 seconds

Rating Symbol Value Unit
Collector-Emitter Sustaining Voltage Vceo 450 Vdc
Collector-Base Breakdown Voltage Veeo 1000 Vdc
Collector—Emitter Breakdown Voltage VcEs 1000 Vdc
Emitter—Base Voltage VEBO 12 Vdc
Collector Current — Continuous Ic 5 Adc
— Peak (1) lem 10
Base Current — Continuous Is 2 Adc
— Peak (1) Ism 4
*Total Device Dissipation @ T¢ = 25°C Pp 75 Watt
*Derate above 25°C 0.6 w/°C
Operating and Storage Temperature T3, Tstg —65 to 150 °C
THERMAL CHARACTERISTICS
Thermal Resistance — Junction to Case Reac 1.65 °CIW
— Junction to Ambient Raia 62.5
Junction to Ambient, When Mounted With the Minimun Reia 50 °CIW
Recommended Pad Size.
Maximum Lead Temperature for Soldering Purposes: T 260 °C

(1) Pulse Test: Pulse Width =5 ms, Duty Cycle < 10%.
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MJB18004D2T4

ELECTRICAL CHARACTERISTICS (T¢ =25°C unless otherwise noted)

Characteristic | Symbol | Min Typ | Max | Unit
OFF CHARACTERISTICS
Collector—Emitter Sustaining Voltage VcEO(sus) 450 547 Vdc
(Ic = 100 mA, L = 25 mH)
Collector-Base Breakdown Voltage Veeo 1000 1100 Vdc
(lceo =1 mA)
Emitter—Base Breakdown Voltage VEBO 12 14 Vdc
(lepo =1 mA)
Collector Cutoff Current Iceo 100 pAdc
(Vce = Rated Vo, Ig = 0)
Collector Cutoff Current (Vcg = Rated Vcgs, Vgg = 0) @ Tc=25°C IcES 100 pAdc
@ Tc =125°C 500
(Vce =500V, Vgg =0) @ Tc =125°C 100
Emitter—Cutoff Current lEBO 100 pAdc
(Veg =10 Vdc, Ic = 0)
ON CHARACTERISTICS
Base—Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 0.8 Adc, Ig = 80 mAdc) @ Te =25°C 0.8 1
@ Tc=125°C 0.7 0.9
(Ic = 2 Adc, Ig = 0.4 Adc) @ Te =25°C 0.9 1
@ Tc=125°C 0.8 0.9
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 0.8 Adc, Ig = 80 mAdc) @ Te =25°C 0.38 0.5
@ Tc=125°C 0.55 0.75
(Ic = 2 Adc, Ig = 0.4 Adc) @ Te =25°C 0.45 0.75
@ Tc =125°C 0.75 1
(Ic = 0.8 Adc, Ig = 40 mAdc) @ Te =25°C 0.9 15
@ Tc =125°C 1.6
(Ic =1 Adc, Ig = 0.2 Adc) @ Tc=25°C 0.25 0.5
@ Tc=125°C 0.28 0.6
DC Current Gain heg -
(Ic =0.8 Adc, Vcg =1 Vdc) @ Tc=25°C 15 28
@ T¢ =125°C 10 14
(Ic =2 Adc, Vg = 1 Vdc) @ Tc=25°C 6 8
@ Tc =125°C 4 6
(Ic =1 Adc, Vcg = 2.5 Vdc) @ Tc=25°C 18 28
@ Tc =125°C 14 20
DYNAMIC SATURATION VOLTAGE
) @1us | @ Tc=25°C VeE(dsat) 9 v
Ic=1A = °
Dynamic Saturation c” ¢ @Tc=125°C 16
i Ig1 =100 mA
Voltage: ) Vee =300 V @ 3 ps @ Tc=25°C 3.1
Determined 1 ps and @ Tc=125°C 9
3 ps respectively
after  rising Ig; ~ @lps | @Tc=25C 1
reaches  90% of final lc =2 Adc @ Tc=125°C 18
| IBl =04A
B1 Vee =300 V @ 3 ps @ Tc=25°C 1.4
@ Tc=125°C 8

3
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MJB18004D2T4

ELECTRICAL CHARACTERISTICS (T¢ =25°C unless otherwise noted)

Characteristic | Symbol Min Typ Max | Unit |
DIODE CHARACTERISTICS
Forward Diode Voltage VEc 1.5 \
(Igc = 1 Adc) @ Tc =25°C 0.96
@ Tc =125°C 0.72
(Igc = 2 Adc) @ Tc=25°C 1.15 1.7
@ Tc =125°C 0.8
Forward Recovery Time ter 440 ns
(I = 0.4 Adc, di/dt = 10 A/us) @ T¢ =25°C
(I = 1 Adc, di/dt = 10 A/us) @ Tc=25°C 335
(I = 2 Adc, di/dt = 10 A/us) @ Tc=25°C 335
DYNAMIC CHARACTERISTICS
Current Gain Bandwidth fr 13 MHz
(Ic = 0.5 Adc, Vg = 10 Vdc, f = 1 MHz)
Output Capacitance Cob 60 100 pF
(Veg = 10 Vdc, Ig = 0, f = 1 MHz)
Input Capacitance Cih 450 750 pF
(Ic = 0.5 Adc, Vg = 10 Vdc, f = 1 MHz)
SWITCHING CHARACTERISTICS: Resistive Load (D.C. < 10%, Pulse Width = 40 ps)
Turn—on Time Ic =2.5 Adc, Ig; = 0.5 Adc @ T =25°C ton 500 750 ns
- Ig2 =1 Adc
Turn—off Time Ve = 250 Vdc @ Tc=25°C tof 1.1 1.4 us
Turn—on Time @ Tc=25°C ton 100 150 ns
Ic =2 Adc, lIg; = 0.4 Adc @ Tc =125°C 150
- |32 =1 Adc
Turn—off Time Vce = 300 Vdc @ Tc=25°C toff 1.15 1.3 us
@ Tc=125°C 1.6
Turn—on Time @ Tc=25°C ton 120 150 ns
Ic =2.5Adc, Ig; = 0.5 Adc @ Tc=125°C 500
- g2 = 0.5 Adc
Turn—off Time Ve = 300 Vdc @ Tc=25°C toff 1.85 2.15 us
@ Tc =125°C 2.6
SWITCHING CHARACTERISTICS: Inductive Load (Vcc =15V)
Fall Time @ Tc=25°C t 130 175 ns
Ic = 2.5 Adc @ Tc=125°C 300
Storage Time g1 = 500 mAdc @ Tc=25°C e 2.12 2.4 us
IBZ =500 mAdc @ T~ = 125°C 26
V7 =350V ¢ :
Crossover Time Lc =300 pH @ Tc=25°C tc 355 500 ns
@ Tc =125°C 750
Fall Time @ Tc=25°C t¢ 95 150 ns
Ic =2 Adc @ Tc=125°C 230
Storage Time g1 =400 mAdc @ Tc =25°C ts 2.1 2.4 us
IBZ =400 mAdc @ T = 125°C 29
V7 =300V c :
Crossover Time Lc =200 pH @ Tc=25°C te 300 450 ns
@ Tc=125°C 700
Fall Time @ Tc=25°C ts 70 90 ns
Ic =1Adc @ Tc=125°C 100
Storage Time :Bl = 288 mﬁgg @ Tc = 25°C te 0.7 0.9 us
B2 = - °
Vy =300 V @ Tc=125°C 1.05
Crossover Time Lc =200 pH @ Tc=25°C te 75 120 ns
@ Tc=125°C 160
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hrg, DC CURRENT GAIN

VGE, VOLTAGE (VOLTS)

VGE, VOLTAGE (VOLTS)

MJB18004D2T4

TYPICAL STATIC CHARACTERISTICS
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MJB18004D2T4

TYPICAL STATIC CHARACTERISTICS
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MJB18004D2T4

TYPICAL SWITCHING CHARACTERISTICS
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MJB18004D2T4

TYPICAL SWITCHING CHARACTERISTICS
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VOLTS

TYPICAL SWITCHING CHARACTERISTICS

MJB18004D2T4

Figure 27. t  Measurements
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MJB18004D2T4

TYPICAL SWITCHING CHARACTERISTICS

Table 1. Inductive Load Switching Drive Circuit
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POWER DERATING FACTOR

r(t), TRANSIENT THERMAL RESISTANCE
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MJB18004D2T4

TYPICAL CHARACTERISTICS
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Figure 30. Forward Bias Power Derating

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicat®'¢g
limits of the transistor that must be observed for reliable
operation; i.e., the transistor must not be subjected to
greater dissipation than the curves indicate. The data of
Figure 28 is based oncT= 25°C; Ty(pk) is variable de-
pending on power level. Second breakdown pulse limits
are valid for duty cycles to 10% but must be derated when
Tc > 25°C. Second breakdown limitations do not derate
the same as thermal limitations. Allowable current at the
voltages shown on Figure 28 may be found at any case
temperature by using the appropriate curve on Figure 30.

Ti(pk) may be calculated from the data in Figure 31. At
any case temperatures, thermal limitations will reduce the
power that can be handled to values less than the limita-
tions imposed by second breakdown. For inductive loads,
highvoltage and current must be sustained simultaneously
during turn—off with the base—to—emitter junction reverse
biased. The safe level is specified as a reverse—biased safe
operating area (Figure 29). This rating is verified under
clampedconditions so that the device is never subjected to
an avalanche mode.

TYPICAL THERMAL RESPONSE
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Figure 31. Typical Thermal Response (Z gyc(y) for MIB18004D2T4
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MJB18004D2T4

INFORMATION FOR USING THE D2PAK SURFACE MOUNT PACKAGE

RECOMMENDED FOOTPRINT FOR SURFACE MOUNTED APPLICATIONS

Surface mount board layout is a critical portion of the interface between the board and the package. With the
total design. The footprint for the semiconductor packagescorrect pad geometry, the packages will self align when
must be the correct size to ensure proper solder connectiosubjected to a solder reflow process.

0.33
8.38
T 0.08 T
0.42 B | B 2'932 0.24
10.66 ; 6.096
004
1.016
0.12 T
f— ———
3.05
0.63

17.02 inches
' mm

POWER DISSIPATION FOR A SURFACE MOUNT DEVICE

The power dissipation for a surface mount device is a Although one can almost double the power dissipation with
function of the Collector pad size. These can vary from the this method, one will be giving up area on the printed
minimum pad size for soldering to a pad size given for circuit board which can defeat the purpose of using surface
maximum power dissipation. Power dissipation for a mount technology. For example, a graph @fRversus
surface mount device is determined bydax) the Collector pad area is shown in Figure 32
maximum rated junction temperature of the digjaRthe 70

= \ 1 \
thermal resistance from the device junction to ambient, and% Board Material = 0.0625" |
the operating temperatures TUsing the values provided = G-10/FR-4, 2 0z Copper T, =25°C
on the data sheetpRan be calculated as follows: é 2.5 Watts
TJ(max) - TA ?3:
PD = g 50
Resa B
The values for the equation are found in the maximum 3 4 ‘ 3.5 Watts
. . . [*]
ratings table on the data sheet. Substituting these valueg %/
into the equation for an ambient temperatukeoT 25°C, 2 a0 5 Watts
one can calculate the power dissipation of the device. For &5
D2PAK device, BB is calculated as follows. E 2
p. = A50°C—25°C _ 5 5\yatts w0 2 4 6 8 10 12 14 16
° 50°C/W EB A, Area (square inches)
The 50C/W for the ZPAK package assumes the use of Figure 32. Thermal Resistance versus Collector Pad
X . S 2 i
the recommended footprint on a glass epoxy printed circuit Area for the D “PAK Package (Typical)
board to achieve a power dissipatior2df Watts. There are Another alternative would be to use a ceramic substrate

other alternatives to achieving higher power dissipation or an aluminum core board such as Thermal@:lau;ing a
from the surface mount packages. One is to increase théyoard material such as Thermal Clad, an aluminum core

area of the Collector pad. By increasing the area of theboard, the power dissipation can be doubled using the same
collection pad, the power dissipation can be increased.footprint.
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MJB18004D2T4

SOLDER STENCIL GUIDELINES

Prior to placing surface mount components onto a printedtypical stencil for the DPAK and 4PAK packages. The
circuit board, solder paste must be applied to the padspattern of the opening in the stencil for the Collector pad is
Solder stencils are used to screen the optimum amountnot critical as long as it allows approximately 50% of the
These stencils are typically 0.008 inches thick and may bepad to be covered with paste.
made of brass or stainless steel. For packages such as tie
SC-59, SC-70/SOT-323, SOD-123, SOT-23, SOT-143
SOT-223, SO-8, SO-14, SO-16, and SMB/SMC diode N \\‘ <
packages, the stencil opening should be the same as the pad k\\ & \\ SOLDER PASTE

. ; ) . i OPENINGS
size or a 1:tegistration. This is not the case with the DPAK

2

and PPAK packages. If one uses a 1:1 opening to screen \ O Q

solder onto the Collector pad, misalignment and/or & & N\N] STENCIL
“tombstoning” may occur due to an excess of solder. For

these two packages, the opening in the stencil for the paste

should be approximately 50% of the tab area. The opening Figure 33. Typical Stencil for DPAK and
for the leads is still a 1:1 registration. Figure 33 shows a D2PAK Packages

SOLDERING PRECAUTIONS

The melting temperature of solder is higher than the ratede When shifting from preheating to soldering, the
temperature of the device. When the entire device is heated maximum temperature gradient shall B€ %r less.
to a high temperature, failure to complete soldering within « After soldering has been completed, the device should
a short time could result in device failure. Therefore, the  be allowed to cool naturally for at least three minutes.
following items should always be observed in order to  Gradual cooling should be used as the use of forced
minimize the thermal stress to which the devices are cooling will increase the temperature gradient and
subjected. result in latent failure due to mechanical stress.
« Always preheat the device. ¢ Mechanical stress or shock should not be applied
e« The delta temperature between the preheat and during cooling.

soldering shoulld be 160 or Igss.* * * Soldering a device without preheating can cause
» When preheating and soldering, the temperature of the . . .

: excessive thermal shock and stress which can result in

leads and the case must not exceed the maxmumdamage 1o the device
temperature ratings as shown on the data sheet. When '

using infrared heating with the reflow soldering * * Due to shadowing and the inability to set the wave

method, the difference shall be a maximum ¢iCLO height to incorporate other surface mount components, the
« The soldering temperature and time shall not exceedD2PAK is not recommended for wave soldering.

260°C for more than 10 seconds.

http://onsemi.com
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TYPICAL SOLDER HEATING PROFILE

For any given circuit board, there will be a group of The line on the graph shows the actual temperature that
control settings that will give the desired heat pattern. Themight be experienced on the surface of a test board at or
operator must set temperatures for several heating zonesjear a central solder joint. The two profiles are based on a
and a figure for belt speed. Taken together, these controhigh density and a low density board. The Vitronics
settings make up a heating “profile” for that particular SMD310 convection/infrared reflow soldering system was
circuit board. On machines controlled by a computer, theused to generate this profile. The type of solder used was
computer remembers these profiles from one operating62/36/2 Tin Lead Silver with a melting point between
session to the next. Figure 34 shows a typical heatingl77-189C. When this type of furnace is used for solder
profile for use when soldering a surface mount device to areflow work, the circuit boards and solder joints tend to
printed circuit board. This profile will vary among heat first. The components on the board are then heated by
solderingsystems but it is a good starting point. Factors that conduction.The circuit board, because it has a large surface
can affect the profile include the type of soldering system in area, absorbs the thermal energy more efficiently, then
use, density and types of components on the board, type oflistributes this energy to the components. Because of this
solder used, and the type of board or substrate materiakffect, the main body of a component may be up to 30
being used. This profile shows temperature versus time.degrees cooler than the adjacent solder joints.

STEP1  STEP2  STEP3 STEP 4 STEP5  STEP6 STEP7
PREHEAT ~ VENT  HEATING HEATING ~ HEATING  VENT COOLING
ZONE1  “SOAK’ ZONES2&5 ZONES3&6 ZONES4&7
RAVP" | RAVP “SOAK’ “SPIKE” < 205°T0219°C
200°C—_|- 170°C PEAK AT
DESIRED CURVE FOR HIGH ) SOLDER JOINT
MASS ASSEIT/IBLIES 160°C
150°C y
150°C_| Y
SOLDER IS LIQUID FOR
40 TO 80 SECONDS
100°C 140°C (DEPENDING ON
1000 ‘MASS OF ASSEMBLY)
DESIRED CURVE FOR LOW
MASS ASSEMBLIES
50°C_|
TIME (3 TO 7 MINUTES TOTAL) Tiax

Figure 34. Typical Solder Heating Profile

http://onsemi.com
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PACKAGE DIMENSIONS

D2PAK
CASE 418B-03
ISSUE D

—» C

\%
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

.—
l«— E
4 O Y14.5M, 1982,
T 2. CONTROLLING DIMENSION: INCH.
A

INCHES MILLIMETERS
DIM[ MIN | MAX | MIN | mAX
S A | 0340 | 0380 | 864 | 9.65
1.2 3 B | 0380 | 0405 | 965 | 1029
C | 0160 | 0.190 | 4.06 | 483
i D | 0020 | 0035 | 051 | 089
= K E | 0045 | 0055 | 114 | 140
SEATING , G | 0.100BSC 2.54 BSC
PLANE H | 0080 | 0.110 | 203 | 279
—>| G I‘- <~ J J | 0018 [ 0025 | 046 | 064
K | 0090 | 0.110 | 229 | 279
b H = S | 0575 | 0625 | 1460 | 15.88
3PL V [ 0045 [ 0.055 | 114 | 140
[ 013 (0.005®[T] B @] STYLE &
PIN 1. BASE
2. COLLECTOR
3. EMITTER

4. COLLECTOR
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