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Designer’s Data Sheet 20 AMPERE

NPN SILICON
SWITCHMODE (Il SERIES POWER TRANSISTORS
NPN SILICON POWER TRANSISTORS

450 VOLTS
) . . 260 WATTS
These transistors are designed for high-voltage, high-speed,
power switching in inductive circuits where fall time is critical. They
are particularly suited for line-operated switchmode applications.
The MJ16016 is a selected high-gain version of the MJ16014 for
applications where drive current is limited.
Typical Applications:
@ Switching Regulators
@ Inverters Designer’s Data for
*““Worst ’* Conditi
® Solenoid and Relay Drivers orst Case™ Conditions
® Motor Controls The Designers Data Sheet permits
. L. the design of mostcircuits entirely from
@ Deflection Circuits the information presented. Limit data
@ Fast Turn-Off Times — representing device characteristics
40 ns Inductive Fall Time — 75°C {Typ) boundaries — are given to facilitate

40 ns Inductive Crossover Time — 75°C (Typ) worst case” design.

800 ns Inductive Storage Time — 75°C {Typ)

@ Operating Temperature Range -65 to +200°C A
B —= -
® 100°C Performance Specified for: _rc

Reverse-Biased SOA with inductive Loads 1|

Switching Times with Inductive Loads T ) }

Saturation Voltages -E /, . o K

SEAT!
Leakage Currents A 'P’t':“ 3
F ——
e J —)
MAXIMUM RATINGS
Rating Symbol Max Unit Q },J .
Collector-Emitter Voltage VeE 450 Vdc 1 o)

i CEO H \Y Y/ R
Collector-Emitter Voltage VCEV 860 Vde T @) +
Emitter Base Voitage VEB 6.0 Vvdc STYLE 6y
Collector Current — Continuous Ic 20 Adc PIN 1. BASE

— Peak {1} IcMm 30 2. EMITTER
CASE. COLLECTOR
Base Current — Continuous i 10 Adc
— Peak {1) IsM 20 MILLIMETERS
—— DIMI"MIN TMAX
Total Power Dissipation @ T¢ = 26°C Pp 250 Watts 38.35 | 39.37
@ Tg=100°C 143 .30 [ 21.08
Derate above 25°C 1.43 wrseC
Operating and Storage Junction Ty, Tstg |-65to+200f °C

Temperature Range

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 0.7 °C/W 1
Maximum Lead Temperature for Solderirig Tu 275 °C CASE 197-01
Purposes: 1/8" from Case for 5 Seconds TQ-204AE TYPE
(1) Pulse Test. Pulse Width = 5 ms, Duty Cycle < 10%. (TO-3 TYPE)
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MJ16014
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristic l Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Coll itter Sustaining Voltage (Table 2} VCEO(sus) 450 - - Vde
{lc=100 mA, ig=0)
Collectar Cutoff Current Icev mAdc
(Vcev = 850 Vde, VgE(off) = 1.6 Vdc) - - 0.26
{Vcev = 850 Vde, VBE({off) = 1.6 Vde, Tc = 100°C) -— — 1.5
Collector Cutoff Current ICER - - 25 mAdc
{VcEg = 860 Vdc, Rgg = 650 Q, Tg = 100°C)
Emitter Cutoff Current IEBO — - 1.0 mAdc
{Vgg = 6.0 Vde, Ic = 0)

SECOND BREAKDOWN

S d Breakdown Coll Current with Base Forward Biased is/b See Figure 15
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 16
ON CHARACTERISTICS (1)
Collector-Emitter Saturation Voltage VCE(sat) Vde
{ic =10 Adg, ig = 1.3 Adc) — - 25
({Ic = 15 Adg, Ig = 2.0 Adc) — — 3.0
{lc = 156 Adc, Ig = 2.0 Ade, T¢ = 100°C) — — 3.0
Base-Emitter Saturation Voltage VBE(sat) Vde
(Ic = 15 Adg, Ig = 2.0 Adc) —_ — 1.5
(lc = 16 Adc, ig = 2.0 Adc, Tg = 100°C) - — 15
DC Current Gain heg 5.0 - — —
{lc = 20 Adc, Vg = 5.0 Vde
DYNAMIC CHARACTERISTICS 3
QOutput Capacitance Cob — — 500 pF

(Ve =10 Vde, Ig = 0, f1ggt = 1.0 kHz)
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)

Delay Time R td — 20 80 ns
Rise Time Sc - :‘Z::‘\’,' ” {ig2 = 4.0 Ade, & = 200 500
Storage Time cc g Rg=1.60) 1o = 1200 2700
§ 11 = 2.0 Ade,
Fall Time tf — 200 360
Storage Time PW = 30 us, t 660
= S _ —
Fail Time Duty Cycle £2.0%) {VBE({off) = 5.0 Vde) m — 50 —
Inductive Load (Table 2)
Storage Time tgv — 800 2700 ns
Fall Time {Ig = 15 Adc, (Tc = 100°C) t; P 50 200
Crossover Time a1 = 2.0 Ade, tc — 90 250
Storage Time VBE(oft) = 5.0 Vde, tgy — 1050 —
Fall Time VCE(pk) = 400 Vdc) (T¢ = 160°C) 1t — 70 —
Crossover Time [ — 120 -
{1} Pulse Test: PW - 300 us, Duty Cycle <2%.
A=l
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Characteristic [ symbot | smin [ Twp | Max | umit |
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (Table 2) VCEO(sus) 450 - — vde
{Ic=100mA, 1g=0Q)
Collector Cutoff Current ICEV mAdc
{Vcey = 860 Vdc, Vgg(off) = 1.6 Vdc) —_ — 0.25
(Vgev = 860 Vde, Vgg(offy = 1.6 Vdc, Tg = 100°C) - — 1.5
Collector Cutoff Current ICER - - 25 mAdc
(Ve = 850 Vdc, Rgg = 50 ., Tg = 100°C)
Emitter Cutoff Current feBO - — 1.0 mAdc
{Vgg = 6.0 Vde, Ig =0}
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased is/b See Figure 15
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 16
ON CHARACTERISTICS (1)
Collector-Emitter Saturation Voltage VCE(sat) Vde
(ic = 10 Adg, 1g = 1.0 Adc) — — 25
{Ic =15 Ade, Ig = 1.5 Adc) - — 3.0
{ic = 15 Ade, Ig = 1.5 Adc, Tg = 100°C) — — 3.0
Base-Emitter Saturation Voltage VBE(sat) Vde
{ic = 15 Adc, Ig = 1.5 Adc) — - 1.6
{Ic = 16 Adc, Ig = 1.6 Adc, Tc = 100°C) — — 15
DC Current Gain hgg 7.0 — — —
{Ic = 20 Adc, V¢g = 5.0 Vde
DYNAMIC CHARACTERISTICS
Output Capacitance Cab — — 500 pF
(Vg = 10 Vde, Ig = O, f1gst = 1.0 kHz)
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time _ td — 20 50 ns
Rise Time (\;c = :52‘5“:‘\’/' e (Ig2 = 3.0 Adc, % = 200 560
Storage Time | cc’ 5 Ade. Rg=1.60) ts py 900 2200
Fall Time 817 % T = 00 750 |
Storage Time PW= 30 us, tg — 500 —
Fall Time Duty Cycle <2.0%) (VBE(off) = 5.0 Vdc) Y — 0 —
Inductive Load (Table 2)
Storage Time tgy —_ 750 2500 ns
Fall Time {ic = 15 Adc, {Tc=100°C) ti — 30 150
Crossover Time Ig1 = 1.5 Ade, tc - 50 200
Storage Time VBE(off) = 5.0 Vde, [ — 900 —
Fall Time VCE(pk) = 400 Vdc) {Tc = 160°C) i — 30 —
Crossover Time te — 70 —
{1) Pulse Test PW . 300 us, Duty Cycle <2%.
A=l
181
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TYPICAL STATIC CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION
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TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 7 — STORAGE TIME

FIGURE 8 — STORAGE TIME
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FIGURE 9 — COLLECTOR CURRENT FALL TIME FIGURE 10 — COLLECTOR CURRENT FALL TIME
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FIGURE 13 — INDUCTIVE SWITCHING MEASUREMENTS
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FIGURE 14 — REVERSE BASE CURRENT
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GUARANTEED SAFE OPERATING AREA LIMITS

FIGURE 16 — MAXIMUM FORWARD BIAS
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FIGURE 16 — MAXIMUM RATED REVERSE BIAS
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FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ilc—VcE
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 15 is based on T¢ = 25°C; TJ(pk)
is variable depending 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 15 may be found
atany case temperature by using the appropriate curve on
Figure 18.

TJ(pk) may be calculated from the data in Figure 17,
Athigh case temperatures, thermal limitations will reduce

the power that can be handied to values less than the
limitations imposed by second breakdown.

REVERSE BIAS

For inductive loads, high voltage and high current
mustbe sustained simultaneously during turn-off, in most
cases, with the base-to-emitter junction reverse biased.
Under these conditions the collector voltage must be held
to a safe level at or below a specific value of collector
current. This can be accomplished by several means such
as active clamping, RC snubbing, load line shaping, etc.
The safe level for these devices is specified as Reverse Bias
Safe Operating Area and represents the voitage-current
condition allowabte during reverse biased turn-off. This
rating is verified under ciamped conditions so that the
device is never subjected to an avalanche mode. Figure 16
gives the RBSOA characteristics.
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FIGURE 17 — THERMAL RESPONSE
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FIGURE 18 — POWER DERATING
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TABLE 1 — RESISTIVE LOAD SWITCHING +Vde =~ 11 Vde
td and t, tgand t¢ 100
<
ov 0 3
AN 2N6191
=-35V + l )I l
= 002uF
HP 214 Tiour * Re1
or
Equiv 4 A
P.G.
R0.02uf Raz
50
3} 2N5337
10uf S
5003 # 'ooi:
3
L L1 1 v
Vg = 250 Vde v
RL=160 oV
Ic=15A 5V
=11V Ig=16A
Vin A (o fs.al
= =]
< m ||
50
Vee _T
“Tektronix Vee = 250 Ig1=16A Rg1=760
P-6042 or RL=160 ig2=3.0A Rg2=1.60
Equivalent Ic=16A For VgEgjoff)= 6.0V Ra2=00
*Note" Adjust -V to obtain desired Vgg(otf at Point A.
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TABLE 2 — INDUCTIVE LOAD SWITCHING

002 uF 100 T‘V*”V -
Y AAA
W
HP. 214 4 |
or Equiv WA 2N6191
PG 20
o =
h 10 uF Rg1
=35V U ? A
— R 3 1
= PR 002 ,F 82 =
$50 104F
< ad ): 2N5337
i: 500
Ictpky
+ + 100 ), P .
e —/L_
VCE(pk) —=
Vce
}
T~ Leou 'cpk!
Vee 181
T1 adjusted to obtarn Igpk)
s
VCEO(sus) Inductive Switching RBSOA
L=10mH L =200 xH L =200 uH
Rp2 == Rg2=0 Rg2=0 '82
Vee = 20 Volts Ve =20 Volts Vee = 20 Valts:
Rp1 selected for desired gt Rp1 selected for desired gy
*Tektronix Scape - Tektronix
P-6042 or 7403 or
Equivatent Equivalent Note" Adjust -V to obtan desired VgEg(off) at Point A.

TYPICAL INDUCTIVE SWITCHING WAVEFORMS

|C(pk) =15 A
Ig1=15A
VBE(off} = 5.0 Volts
VCE(pk) = 400 Voits §
Tc = 26°C

Icipky= 16 A
Ig1=15A
VBE(off) = 5.0 Volts
VCE(pk) = 400 Volts

Te=25°C
Time Base = 100 Time Base = 10
ns/cm ns/cm
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