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TECHNICAL DATA

Designer’s Data Sheet ,

MJ12020-
MJ12021
MJ12022

® Fast Turn-Off Times

® High f1 of 15 MHz

HIGH PERFORMANCE NPN
DEFLECTION TRANSISTORS

® Maximum Storage and Fall Times Specified at 100°C
® Operating Junction Temperature Range -65°C to +200°C

These transistors are designed for high resclution video systems,
such as, high density graphic displays, data terminals, video
scanners . . . wherever high frequency deflaction is required.

5.0, 8.0 and 15 AMPERE

NPN SILICON
DEFLECTION
POWER TRANSISTORS

850 VOLTS
126, 160 and 176 WATTS

Designer's Data for
"Worst Case’’ Conditions

The Designers Data Sheet permits
the design of mast gircuits entirely from
the information presented. Limit data
— representing device characteristics
boundaries — are given to facilitate
“waorst case’” design.

{11 Pulse Test: Pulse Width =5 ms, Duty Cycla < 10%.
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Rating Symbol [MJ12020[MJ12021|MJ12022| unit £
Coltector-Emitter Voltage VCEO 450 Vde — I-;;; o Irl_;gl =
Collector-Emitter Voltage VeEv 850 Vde F——
, u — ¥
Emitter Base Voltage VER 6.0 Vde
Coilactor Current -— Continuous To} 5.0 8.0 15 Adc 3
— Peak (1) IcMm 10 16 20 & Q—ﬂ——@} ¢ B
Base Current — Continuous Ig 4.0 6.0 10 Adc t é’ T
— Peak {1} IBM 8.0 12 156 o
Total Power Dissipation Pp Watts leonown @[T V@]
@ Te=25°C 125 150 176 NOTES.
@ T =100°C 715 8.9 100 1 DIMENSHONiNG AND TOLERANCING PER ARSI
Derate above 25°C 0.714 0.86 1.0 |wsec , g:i%:f;ﬁ DHENSON. INGH.
Operating and Storage Junction | Tj. Tsig -65 to +200 °C 3 AULRULES M:D NOTES Assommzm
Temperature Rangs REFERENCED TO 2MAA CUTLINE .
THERMAL CHARACTERISTICS  ow [ | T W] srve .
Thermal Resistance, RgJc 14 117 1.0 SC/W ; — ?g = ;‘g PIN 1. BASE
Junction to Case 3 535 | a5 | 0250 | 035 ('A:é E%
Maximum Lead Temperature TL 275 °C : ?3; :ﬁ 33‘;2 :ﬁ;ﬁ
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C uniess otherwise noted)

Characteristic Symbel Min Typ Max Unit
OFF CHARACTERISTICS (1}
Collector-Emitter Sustaining Voltage (Table 1} VCEO{sus) 450 — - Vdc
{lc=100mA, Ig=0)
Collactor Cutoff Current Icev mAdc
{Vcev = 850 Vde, Vpag(off) = 1.6 Vdc} — — 0.25
{VcEv = 850 Vde, Vag(off) = 1.6 Vde, Tg = 100°C) - — 1.5
Collactor Cutoff Currant tCER — — 25 mAdc
{Vce = 850 Vdc, Rgg = 50 N, Tg = 100°C)
Emitter Cutoff Current leBO — — 1.0 mAde
{Veg = 6.0 Vde, I = 0}
SECOND BREAKDOWN
Sacond Breakdown Collector Current with Base Forward Biased IS/b Ses Figures 19, 21 or 23
Turn-0ff SOA with Base Reverse Biased RBS0A See Figures 20, 22 or 24
ON CHARACTERISTICS (1)
Collector-Emitter Saturation Voltage VCE(sat) Vdc
{lg = 3.0 Adc, Ig = 0.6 Adc) MJ12020 - — 1.2
{Ic = 5.0 Adc, g = 1.0 Adg) MJ1202% - — 1.2
{Ic = 10 Adc, Ig = 2.0 Adc) MJ12022 —_ — 1.2
Base Emitter Saturation Voltage VBE(sat) Vdo
{Ic = 3.0 Ade, ig = 0.6 Adc) M.J12020 - — 1.5
{Ic = 5.0 Adg, Ig = 1.0 Adc) MJ12021 - - 15
{lc =10 Adg, |g = 2.0 Adc) MJ412022 - - 1.6
DC Current Gain hge —
{Ic = 5.0 Adc, V¢g = 5.0 Vdc) MJ12020 5.0 — —
fic = 8.0 Ade, VeE = 6.0 Vdc) MJ12021 5.0 - —
{ic= 15 Adc, Vg = 5.0 Vde) MJ12022 5.0 — —
DYNAMIC CHARACTERISTICS
Current Gain Bandwidth Praduct fr MHz
{Ic = 0.3 Adc, Vg = 10 Vde, f= 1.0 MHz) MuJ12020 15 - -
{Ic = 1.0 Adc, Vg = 10 Vde, f= 1.0 MHz) MJ12021 15 — —
{lg = 1.3 Ade, Vgg = 10 Vde, £= 1.0 MHz) MJ12022 16 —_ —
Qutput Capacitance Caob pF
{Veg=10Vde, Ig= 0, f=1.0 kHz) MJ12020 — -— 200
MJ12021 - - as0
MJ12022 — - 400

{1) Pulse Tast: Pulse Width < 300 us. Duty Cycle <2%.




ELECTRICAL CHARACTERISTICS {Tc = 25°C unless otherwise noted}

Charactaristic | Symbol Min Typ Max L Unit
SWITCHING CHARACTERISTICS
MJ12020
Inductive Switching, Clamped Drive
Storage Time {lc = 3.0 Adc, Ig = 0.6 Adg, T, = 25°C ts — 440 1200 ns
Fall Time Ve = 40 Vde, VBE[ofi) = 4.0 Vdc, tf — 130 300
Storaga Time Pulse Width = 8.0 us, T, = 100°C tg - 550 1500
Fall Tima Duty Cycle < 2%) Sea Table 1 tf — 200 500
inductive Switching, Series Base Inductance
Fall Time t — 175 — ns
{le = 3.0 Adg, |g = 0.8 Ade, Lg = 24 pH) See Table 2
MJ12021
Inductive Switching, Clamped Drive
Storage Time {Ic = 5.0 Adc, g = 1.0 Adec, T, = 26°C tg — 550 1200 ns
Fall Time Ve = 60 Vde, Vag(off) = 4.0 Vde, tf — 100 300
Storage Time Pulse Width = 8.0 us, T)=100°C ts - 750 1600
Fall Time Duty Cycle < 2%) See Table 1 t — 180 500
Inductive Switching, Serles Basa Inductance
Fall Time tt - 300 — ns
{Ig = 6.0 Ade, Ig = 1.0 Adc, Lg = 24 uH) See Table 2
MJ12022
Inductive Switching, Clamped Drive
Storage Time {lc =10 Adg, Ig = 2,0 Ade, T;=285°C ts - 820 1800 ns
Fall Time Ve = 120 Vde, VgE(off) = 4.0 Vde, tf — 100 300
Storage Time Pulse Width = 8.0 us, T;=100°C tg — 1100 2500
Fall Time Duty Cycle < 2%) See Table 1 tf - 130 400
Inductive Switching, Series Base Inductance
Fall Time i - 350 — ns
{Ic=10 Adc, Ig = 2.0 Adc, Lg = 24 uH) See Table 2




TYPICAL ELECTRICAL CHARACTERISTICS

MJ12020
FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION
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FIGURE 3 — DC CURRENT GAIN FIGURE 4 — COLLECTOR SATURATION REGION
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FIGURE 5 — DC CURRENT GAIN FIGURE 6 — COLLECTOR SATURATION REGION
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TYPICAL ELECTRICAL CHARACTERISTICS

MJ12020
FIGURE7 — COLLECTOR-EMITTER SATURATION VOLTAGE
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FIGURE 9 — COLLECTOR-EMITTER SATURATION VOLTAGE
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FIGURE 11 — COLLECTOR-EMITTER SATURATION VOLTAGE
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FIGURE 8 — BASE-EMITTER VOLTAGE
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FIGURE 10 — BASE-EMITTER VOLTAGE
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TYPICAL DYNAMIC CHARACTERISTICS

MJ12020
FIGURE 13 — STORAGE TIME FIGURE 14 — FALL TIME
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FIGURE 16 — STORAGE TIME FIGURE 16 — FALL TIME
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FIGURE 17 — STORAGE TIME FIGURE 18 — FALL TIME
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SAFE OPERATING AREA INFORMATION

MJ12020
FIGURE 19 — MAXIMUM RATED FORWARD BIAS
SAFE OPERATING AREA
10 =
10 usf 7
50 b a
— ' =
& =
E 0 N 1 ms P : E
€ 0.50 : - =
=
Te = 25°C
£ 020 ; dc - ™ g
5 < 3
g 0.10 ﬁ:::: ;
S 05— — - — BONDING WIRE LIMIT S 3
o [d-==-- THERMAL LIMIT ~ =
002} ———SECOND BREAKDOWN LIMIT , 2
PPYY I A N I I B A
50 7.0 10 20 50 70 100 200 300 450
Vg COLLECTOR-EMITTER VOLTAGE (VOLTS}
MJ12021
FIGURE 21 — MAXIMUM RATED FORWARD BIAS
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FIGURE 20 — MAXIMUM RATED TURN-OFF
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FIGURE 22 — MAXIMUM RATED TURN-OFF
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SAFE OPERATING AREA INFORMATION

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 lc—VCE
{imits 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 19, 21 and 23 are based on Tg =
2B°C; T{pk) is variable depending on power level. Second
breakdown pulse limits are valid for duty cyclas to 10% but
must be derated when T¢ = 26°C. Second breakdown
limitations do notderate the same as thermal limitations.
Allowable current at the voltages shown on Figures 19,
21 and 23 may be found at any case temperature by using
the appropriate curve on Figure 28,

FIGURE 26 — CAPACITANCE VARIATION
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T.J(pk) may be calculated from the data in Figures 29, 30
or 31. At high case temperatures, thermal limitations will
reduce the power that can be handled to values less than
the limitations imposed by second breakdown.

TURN-OFF

In deflection circuits, high voltage and high current
narmally do not occur simultansously during turn-off with
the base-emitter reverse biased. The safe levei of oper-
ating these devices is specified as the Turn-Qff Safe
Operating Area, and represents the area the lead line may
traverse during reverse biased turn off. For reliable oper-
ation, all abnormal operating conditions should be
checked for operation within this area.

FIGURE 26 -~ CAPACITANCE VARIATION
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THERMAL RESPONSE

FIGURE 29 — MJ12020
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

0.02 uF 100 +V =11V _’l I__T1 +Vee
HF.214 | 0 _I—L"'VA .
or Fauiv. 2N6191 -Va ‘I
+ 20 1N4937 (900 V)
0 - 10 uF A *lg £ »
B1
| - A 1N4933 \Y) _[
~-36V a e T.U.T. c MRBS56
= 0.02 uF Rg2 (1.0kV}
50
+ - 2N5337
500
= = 1% v = == 3 —
Tq adjusted to abtain Ig(pk)
-V A adjusted to obtain VBE({off)
VCEO(aus) Inductiva Switching, Clamped Drive Turn-Off SOA
L=10mH MJ12020 | MJ12021 MJ12022 MJt12020 MJ12021 MJ12022
Rpg = o C=0.003uF | €=0020uF | C=0.036uF C=0.003uF | C=0020uF | C=0.037pF
Vee = 20 Vde = = - - _ _
81— Open Vec=40Vde| Veo=60Vde Voo = 120 vde Vee=20Vde | Vee=35Vde | Vee =56 Vde
*Tektronix P-6042 L =100 pH, S1 — Closed L=100 pH
or Equivalent Rpz = O, Rg1 selected for required Iy Rg2 =0, Rp1 selected for required Igq
Scope — Tektronix 7403 or Equivalent S$1 — Closed

TABLE 2 — TEST CIRCUIT FOR INDUCTIVE SWITCHING WITH BASE INDUCTANCE

Com
Q +60V
1k5W
—AA A
wy weonl
05W 750 Hz -1~ IKEW
1 rRecAn ING348) 0.1 T 100 e
* It l —'M—l g 7 X
4 5k 2000 0005 3|~ — g Z e &
TOEW 1500 ig L
15k W 1g ADJ MR8 L3
6000 pFf . {SELECTED T 1.
p 10uF [+ 3
26 69 1 wv | |sw 1ol oyt
PULSEWIDTH ADS Sh% 8 | oo Lo “M——t MPS-Uta : )
50% DUTY CYCLE 1 20 T pirs
= 1041
18k 2 i T 360 pF 5W
COM +125V
DRIVER TRANSFORMER (T1)
® Ferrox cube pot core #4229P-L00-3C8
Device Voc (Volts) | Icipk) {Ama) | C (kF] & Adjust gap for primary inductance Lp =70 mH (approximately 5 mil spacer}
MJ12020 20 3.0 0.003 ® Primary 230T #28 AWG (5 layers)
MJ12021 35 5.0 0..020 . ﬁongarv :57 kaf;zz ﬁ&WG (t lav;;) 1 b ess than 3
[ ] ondary iea e inductarice shou es5s than
MJ12022 55 10 0.036 ® Use 3 mil mylar tape between each winding layer




