MOTORCLA SC XSTRS/R F L2E D IEBE.?ESH 008468 Y l 773373

MOTOR

OLA
m SEMICONDUCTOR I |

TECHNICAL DATA

Designer’s Ddta Sheet -

SWITCHMODE lll SERIES
NPN SILICON POWER TRANSISTORS

These transistors are designedfor high-voltage, high-speed,
power switching in inductive circuits where fall time is critical. They
are particularly suited for line-operated switchmode applications.
Typical Applications:
® Switching Regulators
® [nverters
® Solenoid and Relay Drivers
@ Moator Controls
@ Deflection Circuits
® Fast Turn-Off Times

60 ns Inductive Fall Time — 75°C (Typ)
70 ns Inductive Crossover Time — 75°C (Typ) =
500 ns Inductive Storage Time — 75°C ({Typ)
@ Operating Temperature Range 65 to +150°C
® 100°C Performance Specified for:
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads
Saturation Voltages
Leakage Currents

5.0 AMPERE

NPN SILICON
POWER TRANSISTORS

450 VOLTS
80 and 126 WATTS

MAXIMUM RATINGS
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CASE 221A-04
TO-220AB

Rating Symbol | 2N6833 | 2N6834 | Unit
Collector-Emitter Voltage* VCEO{sus} 450 Vde
Collector-Emitter Voltage® VCEV 850 Vde
Emitter Base Voltage® VEB 6.0 Vde
Collector Current — Continuous® I 5.0 Adc

— Peak (1) Icm 10
Base Current — Continuous® g 4.0 Adec
— Peak (1} lgm 8.0
Total Powaer Dissipation @ Tg = 26°C* Pp 80 125 Watts
@ Tg = 100°C* 32 7.5
Derate above 26°C* 0.64 0.7t14 |W/°C
Operating and Storage Junction TJ Tstg -65to -65to °C
Temperature Range* +150 +200
THERMAL CHARACTERISTICS
Characteristic Symbol | 2N6833 | 2N6834 | Unit
Thermal Resistance, Junction to Case® RgJc 156 1.40 °C/W
Maximum Lead Temperature for Soldering TL 275 °C
Purposaes: 1/8° from Case for 6 Seconds®

(1) Puise Tast: Pulse Width = 5.0 ms, Duty Cycle < 10%.
*indicate JEDEC Registered Data
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Designer’s Data for *'Worst Case’’ Conditions

The Designer's Data Sheet permits the design of most circuits entirely from tha infor-
matlon presented. Limit data — representing device characteristics boundaries — are
given to facilitate “worst case” design.
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ELECTRICAL CHARACTERISTICS (T¢ = 26°C unless otherwise noted)

T-33-/3

Characteristic Symbol | Min Typ Max Unit —l
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (Table 2) VCEO(sus) 450* — — Vde
{Ilc=100 mA, Ig=0)
Collector Cutoff Current icev mAde
{VcEv = 850 Vde, VgEg(off) = 1.5 Vdc) — — 0.25*
{VcEev = 850 Vdc, Vgg(off) = 1.5 Vde, Te = 100°C) - - 1.6*
Collector Cutoff Current Icer — - 25 mAdc
(VCE = 850 Vdo, Rgg = 60 0, Tg = 100°C)
Emitter Cutoff Current lego — — 1.0* mAdc
{VEg = 6.0 Vde, Ic =0}
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased Is/b See Figures 15° and 16*
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 17
ON CHARACTERISTICS (1)
Collector-Emitter Saturation Voltage VCE(sat) Vdc
{Ic = 1.5 Adc, Ig = 0.15 Adc) — - 10
{Ic = 3.0 Adc, Ig = 0.4 Adc) — - 2.5
{I¢ = 3.0 Adc, Ig = 0.4 Adc, Tc = 100°C} — — 2.5*
Base-Emitter Saturation Voltage VBE(sat) Vde
(¢ = 3.0 Adc, Ig = 0.4 Adc) — — 1.5*
{ic = 3.0 Adc, Ig = 0.4 Ade, Tg = 100°C) — — 1.5
DC Current Gain hgg —
(g = 3.0 Adc, V¢g = 5.0 Vdc) 7.5 - 30
{ic = 6.0 Adc, Ve = 6.0 Vde) 5.0 — —
DYNAMIC CHARACTERISTICS (2)
Current Gain - Bandwidth Product fr 15* - 75* MHz
(Ve = 10 Vde, I¢ = 0.25 Adec, figgq = 10 MHz)
Output Capacitance Cob 20* — 200* pF
(Vg = 10 Vdc, Ig = 0, fregy = 1.0 kHz)
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time . td — 30 100 ns
Rise Time SC f'zosgd\%c {Ig2 = 0.8 Ade, i — 100 300°
Storage Time ccs i Rg2=8.0 O) ts — 1000 3000°
i1 =0.4 Adc.
Fall Time i — 60 300*
Storage Time PW =30 us, t 400
< = S - —
Fall Tima Duty Cycle <2.0%) (VBE{off) = 5.0 Vdc) m — 130 —
fnductive Load (Table 2)
Storage Tune tsv — 500 1600* ns
Fall Time {ic = 3.0 Ade, {Tc = 100°C) 1 — 100 200"
Crossover Time Ig1 = 0.4 Adc, te — 120 250*
Storage Time VBE(off) = 5.0 Vde, tsy — 600 —
Fall Time VCE{pk) = 400 Vdc) (T =150°C} tfi — 120 —
Crossover Time [ — 160 —

{11 Pulse Test PW - 300 us. Duty Cycle <2%.
(2)f7 2 hpe: g
*Indicates JEDEC Registered Linmig
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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 13 — INDUCTIVE SWITCHING MEASUREMENTS
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FIGURE 14 — PEAK REVERSE BASE CURRENT

GUARANTEED SAFE OPERATING AREA LIMITS

FIGURE 15 — MAXIMUM FORWARD BIAS
SAFE OPERATING AREA
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handting ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic—Vcg
timits 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 Figures 16 and 16 are based on Tg = 25°C;
TJ(pk) is variable depending on power level, Second break-
down pulse limits are valid for duty cycles to 10% but must
be derated when T¢ = 26°C, Second breakdown limita-
tions do not derate the same as thermal limitations. Allow-
able current at the voltages shown on Figures 15 and 16
may be found at any case temperature by using the appro-
priate curve on Figures 18 or 19.

TJ{pk) may be calculated from the data in Figures 20 or
21. At high case temperatures, thermal limitations will

3-240

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

REVERSE BIAS

For inductive loads, high voitage and high current
must be sustained simultaneously during turn-off, in most
cases, with the base-to-emitter junction reverse biased.
Under these conditions the collactor veltage 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 voltage-
current condition allowable putting reverse biased turn-
off. This rating is verified under clamped conditions so
that the device Is never subjected to an avalanche mode.
Figure 17 gives the RBSOA characteristics.

-33-/3
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FIGURE 17 — MAXIMUM REVERSE BIAS
SAFE OPERATING AREA
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FIGURE 18 — POWER DERATING FIGURE 19 — POWER DERATING
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TABLE 1 — RESISTIVE LOAD SWITCHING +Vde ~ 11 Vde
tdand t, tgand t¢ 100
<
ov w0 3
AMA- 2N6191
HP 214 ~-35V N [ 3 |
or b
Equiv ‘e T, 0024F Rg1
e I8 HszM _|howrF
Equiv 1 A
TUT AL PG A
[ Rg=330 N002,F 82
50 3 vee = 50
3 cc I > 3 2N5337
awkas b
= = = so03 ' OMF 1003
<L 1
Vee = 260 Vde = T = -V
AL=830n
Ic=3.0 Adc
lg =04 Adc
~12V
oV
| tr<18ns
*Tektronix Vee = 260 Ig1 =0.4 Ade Rg1=330N
P-6042 or R =830 Ig2=0.8 Ade Rg2=800
Equivalent Ic= 3.0 Ade For VBE(off} = 5.0 VRg2 =0 0

*Note Adjust -V to obtain desired Vgg(off) at Point A
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TABLE 2 — INDUCTIVE LOAD SWITCHING

002uF wo V=TV
): AN
HP 214 l)
or Equiv
—AAA 2N6191
PG s %0
0 - N2 10 uF
35v|_. ? A
= PR 0024F
1
$% 'O\IH‘F 2N5337
U
>
2 500
+ 1

h N A)
Ti—e] |ja—-'y Ic
°V—’—l_|—v VCE(pk) —*
) (o]
Vce
A (0 i

_ Leantllepk!
Ty = V—CC 50 Velamp — Vee o1
T1 adjusted to obtain Ig(pk) . L . i |
- - - - 8
V(BRICEO Inductive Switching RBSOA
L=10mH L=200puH L =200 pxH
Rga == Rg2=0 Rg2=0 a2
Vee = 20 Volts Vee = 20 Valts Ve = 20 Volts
fg1 selected for desired igy Rp1 selected for desired ig¢

* Tektromx Scope - Tektronix

P-6042 or 7403 or

Equivatent Equivalent Note: Adjust -V to obtan desired VgE(off) at Point A.

TYPICAL INDUCTIVE SWITCHING WAVEFORMS
tav ti- te
' Icipk) = 3.0 Amps i il 2

g1 =0.4 Amp iz =
VBE(off) = 5.0 Volts
* VCE{pk) = 400 Voits
To=25°C
Time Base =
20 ns/cm

Ig(pk) = 3.0 Amps
gy = 0.4 Amp
VBE(off) = 5.0 Volts
VCE(pk) =400 Valts
Tg=25°C

Time Base =

20 ns/cm
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THERMAL RESPONSE

FIGURE 20 — 2N6833
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