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Assoc. Prof. Somsak Chearsirikul Advisor

Educational Year 2005

Abstract

Semiconverter Supply is a very important equipment which support electricity to High
Voltage Load . Application be used to Plasma Arc Lamp for Plasma Cut process . The efficiency
Semiconverter Supply must Jow ripple rejection and be adjusted current for drive High Voltage
Load.

This project is design and produce Semiconverter Supply. It uses the knowledge of
Semiconverter Supply design theory . Semiconverter Supply can take output DCvoltage 200
Volts and maximum output DCcurrent 5 Amperes . It endures power about 1 kilo Watts . This
circuit has One Phase SCR Control Board controls current and voltage for driving load and High
Voliage Board 10 kilovolt trigs high voltage which like a starter .

The purpose that is the learners be able to design and produce the Semiconverter Supply
circuit to have property that they want and using their knowledge both design and produce the

circuit to be guideline develop other Semiconverter Supply in the future.
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CORE TYPE A em®) A, (em’} V. {emY) £, (mm)

Ef19 0.24 0.517 0.9%0 9.6

. I T El 22719 0.41 0.44 1.630 i

E! 25/19 0.42 0.813 2.02 5.8

E128/20 0.85 0.725 4.11 8.4

E[ 30/26 I.1t 0.791 6.45 581

Ei 35/29 - 1.21 1.36 B.18 67.06

SN— 5 €l 40/35 1.48 1.08 11.3 769
L El 50742 2.30 1.7 - 218 94.8

Et 60544 2.48 2.94 27.2 109.7
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CORE TYPE A tom®) AL {em?) WV, (em’) 0, (mm)
EE 20/20/5 0.3 0.35 1.34 4310
I [ EE 30/30/7 0.59 0.18 4.00 66.9
EE 42/42/15,  1.82 1.78 17.6 97.0
EE 42/42/20 2.3 178 23.1 97.4
EE 41/54/720 2.36 2.40 28.8 122.0
I ] EE 42/66/20 2.36 3.40 345 143.0
EE 55/55/21 1.54 2.50 137 123.0
] 1 EE $5/55/25 420 250 . 520 123.0
EL 65/66/27 5.32 1.93 78.2 147.0
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[ CORE TYPE A, (cm’} A_ {em®) V, (cm®) £, (mm)
[ N .
[—\ ETD 34 0.971 1.220 7.64 78.6
ETD 39~ 1.250 1.740 11.50 92.2
\/ ETD 44 1.740 2.130 18.00 1030
P ETD 49 2110 2.710 24.20 1:4.0
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MC14538B

Dual Precision
Retriggerable/Resettable
Monostable Multivibrator

The MCI4535B is a dual. retriggerable, resettable monostable
mudtivibrator. It may be triggered from cither edge of an input pulse,
and praduces an accurate output pulse over a wide range of widths, the
duration and accuracy of which are determined by the extemal timing
components, Cy and Ry.

Qutput Pulse Width = (%) (Rx} where:

Rx 15 in k€2

CxismpF

Unlimited Rise and Fall Time Allewed on the A Trigger Input
Pulse Width Range = 10 ps o 10 s

Latched Trigger Inputs

Separate Latched Reset Inputs

3.0 Vde o 18 Vde Operational Limits

® Tnggerable from Positive (A Input) or Negative Going Edge
{B--Input}

® Capable of Driving Two Low—power TTL Loads or One Low--power
Schottky TTL Load Over the Rated Temperature Range

® Pin-for-pin Compatible with MC14528B and CD4528B (CDHI9R)

® Usc the MC34/74HC4538A for Pulse Widths Less Than 10 us with

Supplics Upto 6 'V

MAXIMUM RATINGS (Voltages Referenced to Vgg) (Note 2.)

Symbol Parameter Value Unit
Vop DC Supply Voltage Range -05w+180 V
Vin, Vou | Input or Oulput Voltage Range -05t Y5 +0.5 i
(DC or Transient)
lin- lout input or Qulput Current 10 mA
(DC or Trarsient) per Pin
Pn Power Dissipation, 500 mw
per Package {Note 3.)
Ta Operating Temperaiure Range -55to+125 “C
Tstg Storage Temoerature Range ~65to +150
T Lead Temperature 260 “C
(B8-Second Soldering)

2. Maximum Ratings are those values beyond which damage 1o the device
may occur.

3. Temperature Deraling:
Plastic "P and 0O/DW" Packages: — 7.0 mW/*C From 65°C To 125°C

This device contains protection cireuitry to guard against damage due 1o high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than rmaximum raled voltages to this
high-impedance circuit. For proper operation, Vi, and W, should be constrained
to the range Vgg < {Vip or V) = Voo

Unused inpuls must always be tied tc an appropriate logic voltage levet (a.g
either Vgg or Vpp). Unused outputs must be left open.

i Semiconduclor Companenls industaes, LLC, 2000 1
March, 2000 - Rev. 3

ON Samiconductor

http://onsemi.com

MARKING
DIAGRAMS
PDIP-16 8
]l. P SUFFIX Mf&iﬁﬁﬁp
(o]
CASE 648 JCOooOoog
16
soic-1s fARANONNAD
\M DSUFFIX | awlyww
? CASE 751B e ew s
16RRARRRA
TSSOP-16 14
'%6 DT SUFFIX 5388
CASE 948F o ALYW
HELEELL
whiAAAATA
Q SOIC-16 145388
;. DW SUFFIX
S ASE 751 \
s CASETHIG 0 AWLYYWW
WHETENET
lInistalnininislnl
SOEIAJ-18
i E SUFFIX MC14538B
- ..-“‘l' CASE 966 o A\JVLYWN
OOoOoTog
A = Assembly Locaticn
WLaorL = Wafer Lot
YYarY = Year

WW or W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14538BCP PDIP--16 2000/Box
MC145388D S0IC-18 48/Rait
MC14538BDR2 SOIC-16 | 2500/Tape & Reel
MC14538B0DT TSSOP—16 96/Rail
MC14538BDTR2 | TSSOP--16 | 2500/Tape & Reel
MC14538BDW S0IC-16 47/Rail
MC14538BDWR2 | SOIC-16 | 1000/Tape & Reel
MC14538BF SOEIAJ-16 See Note 1.
MC14538BFEL SOEIAJ-16 See Note 1.

1. For ardering information an the EiAJ version of

the SCIC packages, please

contact your local

OM Semiconductor representative.

Putlication Order Number:

MC14538B/D



100 ns

MC14528B
MC14536B
MC14538B
MC14541B
MC4533A°

MC14538B

PIN ASSIGNMENT

Ves [
Cy/RyA ]
RESFT A [
A (]

Be []

Qe [

Qs [

Vg []

16
15
14
13

1 Vo

1 Vss

[1 CxiRcB
1 RESETB
U s

1B

1 Qs
] O

BLOCK DIAGRAM

Ry AND Cy ARE EXTERNAL COMPONENTS.
Vpp = PIN 16
Vgo = PIN G PIN T, PIN 15

ONE-SHOT SELECTION GUIDE

Tus  10ws 100us

1ms

Wms  100ms  1s

|

"LIMITED OPERATING VOLTAGE (2 - 6V}

TOTAL QUTPUT PULSE WIDTH RANGE -
RECOMMENDED PULSE WIDTHRANGE w¢— v

http:/fonsemi.com
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MC14538B

ELECTRICAL CHARACTERISTICS (Valtages Referenced lo Veg)

Vap -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ (4} Max Min Max Unit
Output Voltage ‘0" Level Voo 50 — 0.05 — 0 0.05 — 0.05 Vdc
Vip = Vpgor 0 10 — 005 — 0 0.05 — 0.05
15 — 0.05 — 0 0.08 — 0.05
“1" Level Voh 5.0 4.95 — 4.95 50 —— 495 — Vde
Vap=00rvpp 10 5.95 — 9.95 10 — 9.95 —
15 14.95 - 14.95 15 — 14.95 —

Input Valtage ‘0" Leve! Vi Vdc
(Vo =4.50r0.5 vdc) 50 — 1.5 - 2.25 15 — 15
(Mp=9.00r1.0Vvdc) 10 -— 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0

1" Level | v, Vi
(Vo =0.50r 45Vdc) 5.0 a5 — 35 275 — 315 —
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 -
Vo =1.50r 135 Vdc) 15 11 — 11 8.25 — 11 —

Qutput Drive Current IOy mAdc

{Von = 2.5 Vde) Source 5.0 -3.0 — -24 -42 - -1.7 -
{(Vpp = 4.6 Vdc) 5.0 -0.84 — -0.5 -0.88 — -0.36 -
(Vop = 9.5 Vdc) 10 - 1.6 — -1.3 -225 - -09 —
{Von = 13.5 Vde) 15 -42 — -34 -88 -— -24 —
(VoL = 0.4 Vdc) Sink lor 5.0 064 — 0.51 0.88 — 0.36 — mAdc
(Vo = 0.5 Vde) 10 16 — 1.3 225 — 0.8 —
(VoL = 1.5 Vdg) 15 42 — 34 88 — 2.4 —

Input Current, Pin 2 or 14 lin 15 — +0.05 — +0.0000t | x0.05 — =05 wAdc

Input Current, Qther Inputs [ 15 — -0.1 — +0.00001 { 0.1 — 1.0 uAdc

Input Capacitance, Pin 2 or 14 Cin — — — — 25 — — — pF

Input Capacitance. Gther Inputs Cin — — — — 5.0 7.5 — — pF
(Vi = 0)

Quiescent Current Inp 5.0 — 50 — 0.005 a0 — 150 wAde
{Per Package) 10 — 10 — 0.010 10 — 300
Q=Llow, Q = High 15 — 20 — 0.015 20 — 600

Quiescent Current, Active State loo 50 — 20 — 0.04 0.20 — 2.0 mAdc
(Both) {Per Package) 10 - 20 — 0.08 0.45 - 2.0
Q=High, Q = Low 15 — 2.0 — 0.13 0.70 — 2.0

Total Supply Current at an external I 50 It = {3.5% 1072) RyCyf + 4Cyf + 1 x 10°5 Cuf uAdc

load capacilance {C, ) and at 10 by = (8.0 x 1072) RyCxf+9Cxf+2x1075C I

external timing network (R, Cy) '3

I ={1.25x 10" 1) RyCxf+ 12Cxf+3x 1075 Cf
where: I in uA (one monostabie switching anly},
Cx inuF. Cy in pF, Ry in k ohms, and
fin Hz is the input frequency.

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the 1C's potential performance.
5. The formulas given are for the typical characteristics only at 25°C.

http:ffonsemi.com
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MC145338B

SWITCHING CHARACTERISTICS {8)(C| =50 pF T, =25 C)

All Types
Voo
Characteristic Symbol Vdc Min Typ (7 Max Unit
Output Rise Time trim ns
Ly ={135ns/pF) C + 33 ns 5.0 — 100 200
t7LH = (0.60 ns/pF} G| + 20 ns 10 — 50 100
tTLH = (040 I'ISJ'DF) CL + 20 ns 15 — 40 80
Output Fall Time 1THL ns
lTHL = (1 35 I'ISJ'DF} CL +33ns 5.0 — 00 200
type = (060 ne/pFY C + 20 ns 10 — 50 100
tr = (040 nspr) CL + 20 ns 15 — 40 80
Prepagation Delay Time teiwy, ns
AorBteQorQ tpHL
tpLH. tphr, = (0.9C ns/pF} CL +255ns a.0 —— 300 600
lpL R, tpHL = (0.36 ns/pF} CL + 132 ns 10 — 150 300
1pLy. tepL = (0.26 ns/pF) C + 87 ns 15 — 100 220
Resetto QorQ ns
IpLH. tpp = (0.90 ns/pF?Y CL + 205 ns 50 — 250 500
oL, trrL = (0.36 nsicF} G + 107 ns 10 — 125 250
1oL, tppL = (0.26 nsipF} CL +82ns 15 — 55 190
input Rise and Fall Times L., & 5 — — 15 Us
Reset 10 — — 5
15 — — 4
B Input 5 — 300 1.0 ms
10 — 1.2 0.1
15 — 04 0.05
A Inpul 5 —
10 Mo Limit
15
Input Pulse Width b 5.0 170 85 — ns
A, B, or Reset twl 10 a0 45 —
15 ac 40 —
Retrigger Time - 5.0 0 — — ns
1 ¢ — —
15 ] — —
Output Pulse Width — Q or Q T us
Refer to Figures 8 and 9
Cy = 0.002 uF, Ry = 100 ko2 50 198 210 230
10 200 212 232
15 202 214 234
Cyx = 0.1 pF, Ry = 100 k&2 54 9.3 9.86 10.5 ms
10 9.4 10 10.6
15 9.5 10.14 16.7
Cyx=10uF Ry =100 kQ2 5.0 0.91 0.965 1.03 s
10 0.92 0.98 104
15 0.93 0.99 1.06
Pulse Width Match between circuits in 100 5.0 — 1.0 =50 Yo
the same package. HTq—To)Tq} 10 — 1.0 +5.0
Cy =01 F, Ry = 100 k) 15 — +1.0 +50

6. The formulas given are for the typical characteristics only at 25°C.

7. Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the 1C's potential performance.

hitp://lonsemi.com
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MC14538B

OPERATING CONDITIONS

External Timing Resistance Ry — 5.0 — t8) ko)
External Timing Capacitance Cy — 0 — No uF
Limit 19}

8. The maximum usabie resistance Ry is a funclion of the leakage cof the capacitor Cy, leakage of the MC 145388, and leakage due to board
laycut and surface resistance. Susceptibiiity 1o externally induced noise signals may occur for Ry > 1 Ml
2 1fCy =15 uF use discharge protection diode per Fig. 11

Voo @ g‘-’un
EL

Ry <
9 ‘
L_._(Z, 4 | p . ENABLE
S v ‘lhm v o __D—R af—os 110)
STy ! ENABLE el OUTPUT
L LATCH
S IfF—-o7 @
1
CONTROL
Ok Ok NOTE: Mins 1, 8 and 15 must
s ) RESETLATCH 2] be externally grounaed

Figure 1. Logic Diagram
(1/2 of Device Shown)

Voo
0.1uF
s00pF A E S Lo,
P T o T ceramc
Ry Ry’
Ver, Oy Cx’ v
Tﬁ ET—_| s
Vi = CaiRy -
[> SRR W S
b—o—8 Q ——-—o———-———_l_
Cl 20ns ;.‘, Abl r— 20ns
b——RESET e T i Von
CL T = - 50% =
o—iA o v——-(}--—-—j
) _ O = v 10% oy
b—o—B Q —01 I n
. C =
L o—|RESET 'T
i\"ss

Figure 2. Power Dissipation Test Circuit and Waveforms

http:flonsemi.com
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MC14538B

Yo
bt INPUT CONNECTIONS
Ry Ry’ "CL=50pF Characteristics Reset A B
Ve Cx Ly’ y teLH. tRHL ETLH. tHL VoD PG1 Voo
5!’_[_ | ; ¢ ] ¥ss T, b, b,
B CulRy - teLH: PHL trin tree, Voo Vsg PG2
PULSE O T, b bl
GENERATOR [~°
i a—B Q '—Oﬁ lPLH(R}w tPHL,[R)- BG3 PGA PG2
N _ L et b
PULSE O—RESET Q _0—_..j I twh, b
GEME?MDR o—A Q —o———_l_ ' I " Includes capacitance of probes, PG = I !
Y 5 T LLI = wiring, and fixture parasitic.
PULSE 1§ & Ctl = NOTE Switching test waveforms PG2 - [ i
GENERATOR o—{RESET' 1: for PG1, PG2, PG3 are showr

LI In Figure 4. paz- |

Figure 3. Switching Test Circuit

T

50% o0 ”
A ) 10% 50% 7HI \ Voo
b b L4 -——l I<— e i
t ¥
B | THL —™ ;" ‘
5 y

e

RELATIVE FREQUENCY OF OCCURRENCE

RESET
/ Voo
—]
T teLH ITHL *
‘F’kH — - —— —
f 50% 5% /
a i
— tpuL tpHL
5
5% 50% \
Figure 4. Switching Test Waveforms
] I ;\:\: :
e o ] |
- Ry = 100 k2 0% POINT PULSE WIDTH — %,‘ =) Ry = 100 k2
— Cx=DIpF Vpp=50V.T=98ms — £ Cy- 01 F
10 Vpp=10V, T=10ms —] g:@ b
iR Vpp=15V,T=102ms _| EL
04 Zu |
9= 0 e
i ! \ 5 ey
L& i =
! ! \ al |e—
| / \ 52 2
0.4 7 2c
. 2]
. / 5
' \ e
N 7/ . s
-4 -2 0 2z 4 5 & 7 8 0§ 10 M 12 13 14 15
T, GUTPUT PULSE WIDTH (%} ¥pg. SUPPLY VOLTAGE (VOLTS)
Figure 5. Typical Normalized Distribution Figure 6. Typical Pulse Width Vartation as
of Units for Qutput Putse Width a Function of Supply Voltage Vpp
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TOTAL SUPPLY CURRLNT (pA)

TYPICAL NORMALIZED ERROR

MC145388

Ta AMBIENT TEMPERATURE (°C}

-eeo e e e £33
e e e e e e e B
1 Ry = 100ke2, C, = 50 pF 1
100 Ll ONE MONOSTABLE SWITCHING ONLY i
i e
NIV AN |
Vipp = 15V 4o A
10 i 50V
oV
>
P
>
2
1.0 FrH =
a
0.1 Pa L ;
0.001 01 i0 10 100
QUTPUT DUTY CYCLE (%}
Figure 7. Typical Total Supply Current
versus Qutput Duty Cycle
=
= 1 |
. Ry = 100 k€2 o
=] o =
=) ) Cx=01pF Upp = 15¥ 2
= — T o
W ] e ‘ =
= Vpp =10V R
§-‘_ 0 ¥ } =
R s Vpp=5Y z
~NOT —— 7 Czl
2, =" 2
5 ] 1S
Lt =
(=2 >
w —
i .
jad t
= | ;
= i i
= B0 -40 -2¢ O 20 40 60 80 100 120 140

Figure 8. Typical Error of Puise Width
Equation versus Temperature

FUNCTION TABLE

inputs Outputs
Reset A B Q Q
H i H I gy
H L e JL gu
H yah' L Not Triggered
H H O Not Trniggered.
H L H ™ H Not Triggered
H L L, H Not Triggered
L X L H
e S X Not Tnggered

£ T

= Ry = 100k i

Lo

= Cy = .002 puF

& 30 /__,_,1-;

:9 20 e

=z &

u:J 10 VYop=15V - ] ’/ ]

Y B

NI e P

20

§ _a0 "] VDD=5.0U

[¥a]

[

o

=

= -60 -40 -20 0 20 40 a0 BO 100 120 140

Ta AMEIENT TEMPERATURE (*C)

Figure 9. Typical Error of Pulse Width
Equation versus Temperature
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MC14538B

THEORY OF OPERATION

@

©

@ Pesitive edge trigger
(@) Negalive edge trigaer
(3) Positive edge trigger

@ Positive edge re—lIrigger (pulse lengthening)

@ Positive edge re—trigger (pulse Jengthening)

Figure 10. Timing Operation

TRIGGER OPERATION

The block diagram of the MCI14338B is shown in
Frgure [ with cireuit operation following.

As shown in Figure 1 and 10. before an input trigger
oceurs. the monostable is in the quicscent state with the
output low, and the iming capacitor Cy completely charged
1o Vpp. When the trigger inpus A goes from Vgg to Vpp
(while tnputs B and Reset are held to Vpp) a valid trigger is
rccognized. which tums on comparator Ct and N—channel
transistor N1 . Atthe same time the output latch is set. With
transistor NI on, the capacitor Cx rapidly discharges toward
Vgs until Vipp 15 reached. At this pomt the output of
comparator C1 changes state and transistor N1 turns oft,
Comparater C1 then turns off while at the same time
comparator C2 turns on. With transistor N1 off, the capacitor
Cx begins to charge through the (iming resistor, Ry, loward
Voo When the veltage across Cy equals Ve, comparatar
C2 changes swute, causing the output latch to reset (Q goes
low}while at the same time disabling comparator C2 . This
ends at the timing cycle with the monostable in the guiescent
state, waiting for the next trigger.

In the quiescent state, Cy; is fully charged to Vpp causing
the current through resistor Ry, to be zere. Both comparators
are “off” with total device current duc only to reverse
Junction leakages. An added feature of the MC 143388 is
that the output lateh is st via the input trigger without regard
to the capacitor voltage. Thus, propagation delay from
triggerto Q is independent of the valie of Cyx, Ry, orthe duty
cycle of the input waveform.

RETRIGGER OPERATION

The MC14538D is retriggered if a valid tnigger oceurs
followed by another valid wigger  before the Q output has
returned to the quiescent {zero) state. Any retrigger, alter the
umineg node voltage at pin 2 or 14 has begun to rise from
Vier 1. but has not vet reached Vg2, will cause an increase
in vutput pulse width T. When a valid retrigger is inittated

. the voltage at Cx/Ry will again drop to Vear | before
progressing along the RC charging curve toward Vpp. The
Q ourput will remain high until time T. after the last valid
retrigger.

RESET OPERATION

The MC14538B may be reset during the generation of the
ontput pulse. In the reset mode of aperatian, an input pulse
on Reset sets the reset lateh and causes the capacitor to be
fast churged to Vpp by turning on transistor P! When the
voltage on the capacitor reaches Viera, the reset latch will
clear, and will then be ready to accept another pulse. [t the
Resetinput is held low, any trigger inputs that aceur will be
inhtbited and the @ and (G outputs of the output tatch will not
change. Since the () output is reset when an input tow level
isdetected on the Resetinput, the cutput pulse T can be made
significantly shorter than the minimum puise width
specification.

http/fonsemi.com
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MC14538B

POWER-DOWN CONSIDERATIONS

Large capacitance values can cause problems due to the
farge amount of energy stored. When a system contaming
the MC 145388 15 powered down, the capacitor voltage may
discharge from Vpp through the standard protection diodes
at pin 2 or 14, Current through the protection diodes should
be limited to 10 mA and therefore (he discharge tme of the
Voo supply must nol be faster than (Vpp). (C)/(10 mA).
Forexample. tf Vpp = 10V and Cx = 10 pF, the Vpp supply
shoutd discharge no faster than (10 VY x (L0 tF)/ (10 mA}
= 10 ms. This is normally not a problem since power
suppliesare heavily filtered und cannot discharge at this rate.

When a more rapid decrease of Vpp to zero volts oceurs,
the MC14338D can sustain damage. To avoid this possibility
use an external clamping diode, Dy, connected as shown in
Fig. 11.

TYPICAL APPLICATIONS

RESET

T

Figure 11. Use of a Diode to Limit

Power Down Current Surge

Cx 2y
) )—T—Mm——,
Vop

nﬂ-l

C)f Rx
RISING-EDGE = Voo
TRIGGER
A Q
B N—Q

RESET = Vip
Sy
A=V = Yo
= Q
8 C——0
FALLING-EDGE (l)
TRIGGER

RESET - Voo

Figure 12. Retriggerable
Monostables Circuitry

= NC
]
Qf— NC
OD _ p— NC
Co
o Ve Yo

RISING-EDGE Q
TRIGGER
B o——a
RESET = Vpp
CX Rx
= Yo
A Q
B [>——10
FALLING-EDGE
TRIGGER (?
RESET = Vpp

Figure 13. Non—-Retriggerable

Monostables Circuitry

Figure 14. Connection of Unused Sections

http:/fonsemi.com
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LM324, LM324A, LM224,
LM2902, LM2962V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents about one-fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.
® Short Circuited Protected Outputs
® True Differential Input Stage
¢ Single Supply Operation: 3.0 V to 32 V (LM224, LM324, LM324A)
® Low Input Bias Currents: 100 nA Maximum (LM324A)
¢ Four Amplifiers Per Package
® [nternally Compensated
¢ Common Mode Range Extends to Negative Supply
¢ Industry Standard Pinouts
® ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

MAXIMUM RATINGS (T, = +25°C, uniess otherwise noted.)

LM224
LM324, LM2302,
Rating Symbol LM324A LM2902V | Unit
Power Supply Voltages Vde
Single Supply Vee 32 26
Split Supplies Vee. VEE +16 +13
Input Differential Voltage Vior +32 +25 Vdc
Range {Note 1)
tnput Common Mode Vicr ~031032 | 031026 | Vdc
Vollage Range
Output Short Circuit isc Continuous
Duration
Junction Temperature T 150 *C
Storage Temperature Tsiq —65 to +150 °C
Range
Operating Ambient Ta °C
Temperature Range
1LM224 —2510 +85
LM324, 324A Oto +70
LM2502 —40to +105
LM2302V, NCV2902 —40to +125
1. Split Power Supplies.
@ Semiconduclor Components Industries, LLC. 2002 4

May, 2002 — Rev. 8

QN Semiconductor”

http:{fonsemi.com

PDIP-14
N SUFFIX
CASE 646

50-14
D SUFFIX
CASE 751A

TSSOP-14
DTB SUFFIX
CASE 948G

PIN CONNECT!ONS

vee [¢]

Inputs 2 { E%
Out 2 E

S
Out 1[1]
Inputs 1 {Ebj

73] Qut 4
% } Inputs 4

1] Vg, Gt

l‘@% } Inputs 3
(2] Ou3

[Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 9 of this data sheet.

DEVICE MARKING INFORMATION
See general marking irformation in the device marking
section on page 10 of this data sheet.

Publication Order Number;
LM324/D



LM324, LM324A, L M224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vo = 5.0 V, Vee'= Gnd, Ty = 25°C, unless otherwise noted.}

Lm224 LM324A LM324 Lm2902 LM2902V/INCV2902

Characteristics Symbol | Min | Typ | Max | Min | Typ | Max [Min | Typ | Max | Min Typ | Max | Min | Typ | Max | Unit

Input OFset Voltage Vig my
Veg=50Vio30V
{26 V for LM2502, V),
Viecr=0Vlio
Ve -17 V.
Vo=14V,Rg=00
Ts = 25°C - 2.0 30 - 2.3 3.0 - 2.0 70 - 2.0 7.0 - 20 7.0
Ta = Thgn (Nole 2) - - 70 | - - 50 | - - 90 | - - 10 - - 13
Ta = Tiow (Note 2) - - 70 | - - 50 { - - 90 | - - 10 - - 10

Average Temperature AV p/aT - 7.0 - - 7.0 30 - 7.0 - - 7.0 - - i - uvieC
Coeflicient of Input
Offset Voitage

Ta = Thign 10 Tig
(Notes 2 and 4)

Input Offset Current o - 30 30 - 5.0 [} - 50 50 - 5.0 50 - 5.0 50 nA
Ta = Trign 10 Tiom - - fwe | - - s - - 156 | -~ - f{zama | - - | 208
(Note 2}

Average Temperalure AlfAT - 10 - - 10 300 - 10 - - 10 - - 10 - pAFC
Coefficient of Input
Dffset Cument

Ta= T@ 10 T
{Noles 2 and 4)

Input Bias Current Lg - |90 1150 - | 45 (-t00f - | 90 |-250} - [-90 (250 - | -90 [-250| na
T = Trign 10 Tiow - - J-ao0 ]| - - |-200t - - |-s00f - - f-s00| -~ - | -s00
{Note 2)

Input Common Mode Vicr \
Voltage Range
[Note 3)
Vec =30V
(26 V for LM2902, V)
Ta = +25°C o] - 283 | © - 283 1 0 - 283} 0 - 24.3 0 - 243
Ta = Trigh 10 Tiow 0 - 28 0 - 28 0 - 28 0 - 24 0 - 24
{Nole 2)

Difterential Input Vior - - Vee | - -

Voo |- - | Vec | - - fVee - - [ Vec | V¥
Voltage Range

Large Signai Open AvoL Vimy
Loop Vollage Gain

Ry = 2.0 kg, 50 100 - 25 100 - 25 100 - 25 100 - 25 100 -
Voo =15V,
for Lame Vi Swing
Ta=Thgn 10 Tigw 25 - - 15 - - 15 - - 15 - - 15 ~ -
{Note 2}

Channel Separaticn cs - | ~120 - - -120 - - {120 - - | -120 - - | -120 - aB
10 kHz 515 20 kHz,
Input Referanced

Common Mode CMR ] 70 | B5 - BS § 70 - §85 | 70 - 150 ] 70 - 50 | 70 - dB
Rejection,
Rg < 10 k)

Power Supply PSR &5 100 - 65 100 — 65 100 - 50 100 - 50 160 - dB
Rejection

2, LM224: Ty, = —25°C, Trygn = +85°C
LM324/LM324A: Tiq,, = 0°C, Tign = +70°C
LM2902: Tigu = —40°C. Thign = + 105°C
LM2902V & NCV2902: T\, = —40°C, Thigh = +125°C
NCVZ2902 is qualified for automative use.
3. The input commen mode voitage or either input signal voltage should not be allowed Lo go negative by mare than 0.3 V. The upper end of
the common made voltage range is Ve —1.7 V.
4. Guaranleed by design.

hitp://onsemi.com
2



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vi =56 V. Vie = Gnd. Ta = 25°C, uniess otherwise nofed.j

Characteristics

Symbol

LM224

LM324A

LM324

LM2302

LM2902VINCV2902

Min

Typ

Max

Min

Typ | Max | Min

Typ

Max

Min

Typ

Max

Min | Typ | Max

Unit

Output Voltage—
High Limil
{Ta = Thigh 1 Tiow)
[Note 5)
Voo =50V, R =
2.0 kL, T = 25°C
Vec =30V
(26 V for L2902, V),
R, = 2.0 kQ
VCC =30V
(26 V for LM2902, V),
R, =10 k2

You

3.3

26

27

35

28

33

26

27

35 - 33

28 - 27

315

28

13

22

23

35

24

Jee) a5 -

23 24 -

Output Voltage —
Low Limit,
Voo = 0.0V,
Ry = 10 ke,
Ta = T,.,,gh 10 Tjow
(Note §)

VoL

50

20

50 20 -

50

20

50

100

100

my

QOutput Source Current
Mp=+1.0V,
Vee = 15 V)
Ta = 25°C
Tn = Thups 10 Tiny
{Nale 5)

20
10

40
20

20

40
20

20
10

40

20 40 -
1a 20 -

mA,

Cutpun Sink Current
(Vip=-1.0V,
Vee =15V)
Ta=25°C
Ta = Trign b Ty,
{Nale 5)
Vo =-10V,
Vg = 20 mV,
Ta = 25°C)

10

5.0

12

20

a.0

50

1

5.0

20 - 10

8.0 - 5.0

20

8.0

50

10

5.0

20

8.0

10 20 -

50 { 80 -

mA

pA

Output Sharl Circuit
to Ground
(Note 6)

40

60

40 60 -

40

60

40

mA,

Power Supply Current
(TA = Th\gn 10 wa)
(Nole 5)
Vcc =30V
(26 V for LM2902, V),
Vo+=0V, R ==
VCC =50V,
V=0V, ALz~

30

1.4

0.7 1.2 -

0

30

1.2

3.0

mA

5. LM224. Ty, = —25°C, Trign = +85°C

LM324/LM324A: Ty = O°C, Tpign = +70°C
LM2802: Ty = —40°C. Thigh = ¥105°C
LM2902V & NCV2802" Ty, = 40°C, Tpign = +125°C
NCV2802 is qualified for automotive use.
6. The input common rmode valtage or either input signai voltage should not be allewed to go negalive by mare than 0.3 V. The upper end of
the common made voltage range is Ve -1.7 V.

http:/fonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Circuitry
Comman 1o Four
Qulput Amplfiers
0

0 Voo

|
I
I
|
!
|
I
I
I
|
I
!
|
I
|
t
I
[
!

Q3

QIO |
—e I * 1 0 VgelGnd

Figure 1. Representative Circuit Diagram
{One—Fourth of Circuit Shown)

http:/onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 serics is made using four internally
compensated, two-stage operational amplifiers. The first
stage of cach consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor {only 5.0 pF) can be employed, thus
saving chip area. The transconduciance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the ncgative supply or ground, in
single zupply operation, without saturating either the input
devices or the differential to single—ended converter, The
second stage consists of a standard current source load
amplifier stage.

d0Vie VeGimax)

Single Supply

S Vee = 15 Vde
; Ry = 2.0k0)
I Tp = 25°C
> T
S bt S s e e o
= I /
\ = /
r :
NI /|
q:
5.0 DIV

Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a fow temperature coefficient thus
giving cach amplifier good temperature characteristics as
well as excelient power supply rejection.

&

= 15Vio VeCimay

= 15Vio VEEimar)

4
Vee q

Split Supplies

o
Lo
3 e
L o

77379792°9

Figure 3.

http:/fonsemi.com



LM324, LM324A, LM224, LM2902, LM29302V, NCV2902

o B o T T
; g_ 100 . VCC:15V —ai]
= 16 - — ;_:J = H\ VEE = Gnd
&5 P Z I N Ts - 25°C
2 s 4 & @80 PN -
S A T : )

g ! 7] o EE .

5 10 S Ege; ™

& 80 Negafive //4/ 1,7 40 ™y 1
- & o Qo

= oo ‘/’/‘/ Pasitive q"? Q o0 I [\\L

i a0 v & ™

’ / L] )} I

20

o -29

0 20 40 60 €0 1 12 14 18 {8 20 10 10 100 10k 10k 1004 1.0M
+ ¥eoVeg, POWER SUPPLY VOLTAGES (v) f, FREQUENCY (Hz)
Figure 4. Input Voltage Range Figure 5, Open Loop Frequency

14

- Jr\ IA T 350
=2 L= 20kQ 500
= 1 \ Vog=15V s gt
g Vee = Gnd W 450
= Gain = -10D 2 Output
o N\ A= 10Kk £ a0 .
a0 A = 100 kQ 2 < /
E 5 350 \ /
O &0 a A
-
300 N—
é \ % V vy
g 40 AR o0 \/ — vec=a0v
i N, Ve = Gnd
& 20 4 200 Ta=25°C
2 " [~ J G:[: CL=50pF
10 10 100 1000 6 1u 28 36 40 BN BO 75 80
1, FREQUENCY {kHz) t, TIME {u3)
Figure 6. Large-Signal Frequency Response Figure 7. Small-Signal Voltage Follower
Pulse Response (Noninverting)

PAp— — ——— ]

24 —J B | Ta=257C ] ] 11 i
E A= ] Z 0
s 18 =
£ 15 & I,

3 IR £ 1 <
> 1.2 = i —
o l ) B
% 0.9 4 E BO I
g | z I
g 06 I] z
2 03— @
EI IHER j m i
D 50 10 1% 20 25 a0 35 20 40 60 80 10 12 i 16 18 20
Vg, POWER SUPPLY VOLTAGE (V) Vg, POWER SUPPLY VOLTAGE (V)
Figure 8. Power Supply Current versus Figure 9. Input Bias Current versus
Power Supply Vollage Power Supply Voltage
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features
» Ouiput Current up o 1A

Qulput Voltages of 3. 6. 8,9, 10,12, 15, 18, 24V

+ Thermal Overload Protection
+ Short Circuit Protection

* OQutput Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MCTEXX/LM7EXX/MCTEX XA sertes of three
terminal positive regulators are available in the
T0-220/1-PAK packape and with several {ixed outpu
vohinges, making then uselul in aowide range of
applications. Each type employs inlernal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. I adequate heat sinking
is provided. they can deliver over 1A outpwt current.
Although designed primarily as fixed voltage regulators.
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

&3

|
|

1. fnput 2. GND 3. Output

INPUT SERIES CUTPUT
o PASS
1 ELEMENT a
CURRENT SOA
GEMERATDA PROTECTION
STARTING REFERENCE ERAOR
CHACUIT VOLTAGE AMPLIFIER N
b
THERMAL }
PACTECTION
GHND
[ <
z

Rev. 1.0.1

©2004 Fairchild Semiconductor Carporation



MCTBXXAMTBOUMETEX XA

Absolute Maximum Ratings

Parameter Symbol Value Unit
MInput Voltage (for VO = 5V 1o 18V) Vi \
[ (for Vo = 24v) Vi ( ’ v
} Thermai Resistance Junction-Cases (TO-220) ReJc OCMw ‘!

Thermal Resistance Junction-Atr (T 0-220) RaJA DC"W

Operating Temperature Range ToPR 0~ +125
[ Storage Temperature Range TsTG | -65~+150 l

Electrical Characteristics (MC7805/LM7805)
{Refer to test circuit ,0°C < Ty < 125°C, I = 500mA, V) = 10V, Ci= 0.33uF, Co= 0.1uF, unless otherwise specified)

[ - | mcraosimrsos |
Parameter Symbol Conditions — Unit
Min. | Typ. | Max.
T)=+25°C 48 | 50 | 52 ]
H _— )
Qutput Voltage VO 5 OmA <o < 1.0A, PO < 15W v
=7V io 20V 475 5.0 5.25
A _ _ Vo = 7V to 25V ; 40 | 100
Line Regulation (Notet) Regline | Ty=+25°C - e L my
V)= 8Vto 12V - 1.6 50
[ o = 5.0mA to1.5A g | 100
Load Regulation {Notet) Regload | Ty=+25°C I =250mA to mV
4 50
750mA
Quiescent Cusrent o] Ti1=+25°C lo- 50 8.0 mA
ou Cumrent Ch N lo = 5mA to 1.0A “t - joo03l os R
uiescent Current Change S e e ML
g Q Vi= 7V 1o 25V - 03 13
Output Voltage Drift AVO/AT | 1= 5mA T 08 | - [mwC
Output Noise Voltage VN f= 10Hz to 100KHz, Ta=+25°C - 42 HVAO
. o f=120Hz
Ripple Rejection RR Vo = 8V 1o 18V 62 73 - dB
Dropout Voltage vDrop\( IO = 1A, T4 =+25°C | 2 - v
QOutput Resistance 0 f=1KHz - 15 - mil
Short Circuit Current isc Vi= 358V, TA=+25°C - 230 - mA
Peak Current PR | Ty=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at censtant junction temperature. Changes in Vo due to heating effects must be taken

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




Electrical Characteristics (MC7815)
(Refer to test circuit 0°C < TJ < 125°C, ip = 500ma, V| =23V, C|= 0 33pF, Co=0.1uF, unless otherwise specified)

MC7RXOGLMTEXX/MCTEXXA

. MC7815 )
Parameter Symbol Conditions e Unit
: Min. | Typ. | Max.
T)=+25°C 14 4 15 156
Qutput Voltage VO 1 50mA<lgs1.0A Po<15W v
VI =17.5V to 30V 14.25 15 15,75
A _ _ o V| =175V to 30V - 11 | 300
Line Regulation (Note1) Regline | T)=+25°C my
V=20V to 26V - 3 150
IO = 5mA to 1.5A - 12 300
Load Regulation {Note1) Regload | Ty =+25°C 10 = 250mA to my
- 4 150
750mA
Quiescent Current o] T)=+25°C - 5.2 8.0 mA
) o = 5mAto 1.0A - - 0.5
Quiescent Current Change Alg mA
Vi=17.5V to 30V - - 1.0
Qutput Voltage Drift AVO/AT | 1o = 5mA - -1 - mv/ °C
Output Noise Voltage VN f= 10Hz 10 100KHz, TA =+25°C - S0 - pVivo
. - f=120Hz
Ripple Rejection RR V| = 18.5V 10 28.5V 54 70 - dB
Dropout Voltage Vorop | 10 =1A,Ty=+25°C - 2 - vV
Output Resistance ro = 1KHz - 19 - me2
Short Circuit Current 1sC Vi =35V, Ta=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 22 A

Note:

1. Lead and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
inte account separately. Pulse testing with low duly is used.




PACTEXOULMTROUMETBARA

Typical Perfomance Characteristics

Vi = 10w !
Vo=5v
lg=5ma
578 PR I T [ SR
|

58— BpP” ok i I SR SE—

/_____p_._@%i

QUTPUT CURRENT (A}

QUIESCENT CURRENT {mhl
w
o
&

NN (1 |

-5 - o 2% 50 75 100 123 o 5 w0 15 0 23 0 5
JUNCTION TEMPERATURE (*C) INPUTQUTPUT NFFERENTLAL {¥)
Figure 1. Quiescent Current Figure 2. Peak Output Current
1.02 ' ?
Vi~V =5V T,=25%C
o =5mh | Yo=5v
! gs| lo=toma [
§ T .
[=1
: 1. s I
2 z Py
£ 1 ""—-s-...‘:: § 55 /
_ &

8 I 3 s 1 S
- =2 i
I = —— \« s '
g 43 e

o : R

-5 ] » 50 75 100 125 5 p1} 15 Fadl 1 a0 as
JUNCTION TEMPERATURE (*C) INPUT YOLTAGE ¥y
Figure 3. Qutput Voltage Figure 4, Quiescent Current




MCTIAXILMTBIIMCTBX XA

fypical Applications

o—— ) MeTsOULMTEROL P
nput Outpul

€ Co —~

—!VOJ],.F oLt
S
’

Figure 5. DC Parameters

o— p —] MCTEXXILMTBXX , 0
input Qutput
P N ropF
g Va
T o.r 1 ‘ ]
ZHEIT Vo av
OREC laid Mt
O IJv 0
Figure 6. Load Regutation
A0 y 3
O AAf—m - ]  MCT7EXXILMTSXX —0
Input —L Output
> AL
~3
j}'u 33,F ]1 z &
o ———————0

120Hz

1
oL

Figure 7. Ripple Rejection

Figure 8. Fixed Output Regulator
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MCTBXX/LMTEXX/IMETEXXA

MCTBXXLMTEXX | — ~ =0 Qutpul
| |
H —_ A1 l\.‘u
1 2 H

f’m
ik

nputo— -

| Wixx
R
A e

Figure 8, Constant Current Regulator

Notes:

{1} Te specify an cutput voltage, substitute voitage value for "XX." A comman ground is required between the input and the
Output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input

fipple voltage.
(2) Ciis required if requlator is located an appreciable distance from power Supply filter,
{3) Coimproves stability and transient response.

Input

DT MG78XX/LMT XX
2

Lo e
J 033.F

Qutpul

gy = 610

YO = Vxx(1+R2/R1j+lQRz2
Figure 10. Circuit for Increasing Output Voltage

tnput l MC7805 Sutpat
< - LM7305
l bt
cl
GA3,.F

IR 25 1
Vo = Vxx(1+R2/R1)+1aR2
Figure 11. Adjustable Output Regulator (7 to 30V}
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Input

Qt HU536
o m—— peon

A= __ Yere
- e lon Boy
1o =lage + Bo (lnge-Vpca /Ry Y

Figure 12. High Current Voltage Regulator

lnput ——

az

At 3
MCTEXX/LMTEXX
an Qutput

_rn a3, F 7 e ,.FT
P

Qi = TiP42
Q2 =TIPaZ

Figure 13. High Cutput Current with Short Circuit Protection

f
ME7IXN/IM7IXX ———O
v, _l_ Vo
—ro..m.F 2 4 7hiy
| —4
COMMON COMMON
O—-
4.7
Wit
- i 0
— Vs TIP4g —Vo

Figure 14. Tracking Voltage Regulator

MCT7BXXILMTBXX/IMCTEXXA
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MC7BXX/LM7BXX/MCTBXXA

1 3
O - MCTE15 : 9
wooy | 15y
l I 2 T
-[_GJJ,.F j o uT 601

}
REFA W,
1 I
' h4001
o L i .
. 2 MCT915 3

-13¥

Figure 15. Split Power Supply ( £15V-1A)

] Output
Input
O1,.F
?
N
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Figure 16, Negative Qutput Voitage Circuit

Input Da5H11

1mH

Qulput
—0

MCTEXX/ M7BXX 2

I woF

2000.F

Figure 17. Switching Regulator
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FEATURES

& Excellent Temperature Stability {(20ppm/°C)
s Linear Frequency Sweep

* Adjustable Duty Cycle (0.1% to 99.9%)

* Two or Four Level FSK Capability

& Wide Sweep Range (1000:1 Minimum)

® Logic Compatible Input and Output Levels

¢ Wide Supply Voltage Range (+4V to + 13V)
¢ Low Supply Sensitivity (0.1% /V)

* Wide Frequency Range (0.01Hz o 1MHz)

® Simultaneous Triangle and Squarewave Cutputs

XR-2207

Voltage-Controlled
Oscillator

June 1997-3
APPLICATIONS

®* 5K Generation
¢ ‘Voltage and Current-to-Frequency Conversion
s Stable Phase-Locked Loop
* Wavaform Generation
- Triangle, Sawtooth, Pulse, Squarewave

® FM and Sweep Generation

GENERAL DESCRIPTION

The XR-2207 is a monolithic voltage-controlled oscillator
(VCO) integrated circuit featuring excellent frequency
stability and a wide tuning range. The circuit provides
simultaneous triangle and squarewave outputs over a
frequency range of 0.01Hz to 1MHz. Itis ideally suited for
FM, FSK, and sweep or tone generation, as well as for
Phase-locked loop applications.

The XR-2207 has a typical drift specification of 20ppm/°C.
The oscillator frequency can be linearly swept over a
1000:1 range with an external contro! voltage; and the
duty cycle of both the triangle and the squarewave
outputs can be varied from 0.1% to 99.9% to generate
stable pulse and sawtooth waveforms.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2207M 14 Lead 300 Mil CDIP -55°C 1o +125°C
XR-2207CP 14 Lead 300 M POIP 0°C 10 +70°C
XR-2207D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C
XR-2207ID 16 Lead 300 Mil JEDEC SOIC -40°C to +85°C

BLOCK DIAGRANM

Voo GND  BIAS

O] @
S s @
Tient C1 @—— I
iming vCD
Cappior_ e1 @—o T
— R @
Timing R2 {3 Current @
Resislors  R2 (6) . Switches (&
' Ré Hr—i

Figure 1. Block Diagram

TWO  Triangle Wave Out
5WO0 Square Wave Out
VEE

e

inary

B2 Keying
BKI1 Inputs

- 1
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EXAR Corporation, 48720 Kato Road, Fremant, CA 94538 + (510) BBE-7000 ® FAX (510} 668-7017
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14 Lead PDIP, CDIP {0.300")
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3] swo e
(2] Vee R1
1] BIAS R?
1a] GND R3
E BKi2 R4
(2] Bt BKI1

G000AA0

COE I U A

rooooooo

BKI2

72 BEXAR

16 Lead SOIC {Jedec, 0.300")

PIN DESCRIPTION

Pin # Symbol Type {Description
1 Vee Positive Power Supply.
2 C1 | Timing Capacitor Input.
3 c2 ! Timing Capacitor Input.
4 R1 1 Timing Resistor 1 Input.
5 R2 | Timing Resistor 2 Input.
6 R3 i Timing Resistor 3 input.
7 R4 I Timing Resistor 4 input.
8 BKI1 ] Binary Keying 1 Timing Resistor Select input.
9 BKI2 1 Binary Keying 2 Timing Resistor Select input.
10 GND Ground Pin.
11 BIAS Bias input for Single Supply Operation.
12 VeE Negative Power Supply.
13 SWO O Sguare Wave Oulput Signal.
14 TWO 0 Triangle Wave Qutput Signal.
15,18 NC Only SOIC-16 Package.

TOM
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22 EXAR

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 3and Figure 4, Ve = Vgg = BV, Ta = +25°C, C = 5000pF, Ri=Rz~=
R3=Ry4 =20k}, RL = 4.7k}, Binary Inputs Grounded, $1 and S; Closed Uniess Otherwise Specified

XR-2207

XR-2207ID/XR-2207M

XR-2207CP/D

Parameters M l Top. l Max. VI I Typ. l Max. Units | Conditions
General Characteristics
Supply Voltage
Single Supply 26 26 v See Figure 3
Spiit Supplies =4 13 | 24 +£13 V | See Figure 4
Supply Current See Figure 3
Singte Supply 5 7 5 8 mA Measure at Pin 1, 54, S,
Open
Split Supply See Figure 4
Positive 5 7 5 B mA, Measure at Pin 1, S4, Sp
Open
Negative 4 8 4 7 mA, Measured at Pin 12, S4, S;
Open
Oscillator Section - Frequency Characteristics
Upper Frequency Limit 0.5 1.0 0.5 1.0 MHz | C=500pF, Ry = 2kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Ry = 2MQ
Frequency Accuracy =1 +3 =1 +5 % of fg
Frequency Matching 0.5 0.5 % of fg
Frequency Stability
Temperature 20 50 30 ppmC JOPC < Ta< 70°C
Power Supply 0.15 0.15 %V
Sweep Range 1000:1 | 3000:1 1000:1 /L R3 = 1.5k for fyy
R3 = 2MQ for fi
Sweep Linearity % C =5000pF
10:1 Sweep 1 2 15 fy=10kHz, f = TkHz
1000:1 Sweep 5 5 f4=100kHz, f, = 100Hz
FM Distortion 0.1 0.1 % +10% FM Deviation
Recommended Range of
Timing Resistors 15 2000 15 2000 kQ See Characteristic Curves
impedance at Timing Pins 75 75 Q Measured at Pins 4, 5,6, 0r 7
DC Levei at Timing Terminais 10 10 my
Binary Keying lnputs
Switching Threshold i4 2.2 2.8 1.4 2.2 28 v Measured at Pins 8 and 9,
Referenced to Pin 10
Input impedance 5 5 kL2

Notes

Bold face parameters are covered by production lest and guaranteed over cperating temperature range.

ATV A VA A VAW

3
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XR-2207

ELECTRICAL CHARACTERISTICS (CONT'D)

Z* BEX4R

XR-2207ID/XR-2207M XR-2207CP/D
Parameters Min.i v, ~[ Mo, Min LTYP- T Max. Units | Conditions
Qutput Characteristics
Triangle Output Measured at Pin 13
Amplitude 4 & 4 6 Vpp
Impedance 10 10 Q
DC Level +100 +100 mV | Referenced to Pin 10
Linearily 0.1 0.1 % | From 10% to 90% to Swing
Squarewave Qulput Measured at Pin 13, Sp
Closed
-~ | Amplitude 11 12 11 12 Vpp
./ | Saturation Voltage 0.2 0.4 0.2 0.4 Y Referenced to Pin 12
Rise Time 200 200 nsec |C_ < 10pF
Fali Time 20 20 nsec §C_ < 10pF
Notes

Bold face parameters are covered by production lest and guaranteed over pperating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply

Storage Temperature Range

Power Dissipation (package limitation)

Ceramic package

Derate above +25°C

Flastic package

SOIC package
Derate above +25°C

i

T ShmEeds

Derate above +25°C

T

TEM
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+ 14 Output
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Q1Y QY
Q9 ;{,
x]
a't R4
4R
1
Timing Resistors ol C‘}i« 05—- é«
Square Wave
Q16 Q18 Output
Ri 4 RS R6 R7 13
g b1 —
017 [ @20 Q21
Binary — 27
Keying B B 1
inputs 8 i
D_ | 0 ] H , [ qz3
A A Ground Or———% a2z Q4 =
11

BIAS O——K023
VEE

-0 12

Figure 2. Equivalent Schematic Diagram
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XR-2207

PRECAUTIONS

The following precautions should be observed when
operating the XR-2207 family of integrated circuits;

1. Pulling excessive current from the timing terminals
will adversely affect the temperature stability of the
circuit. To minimize this disturbance, it is
recommended that the total current drawn from pins
4, 5, 6, and 7 be limited to << 6mA. In addition,
permanent damage o the device may occur if the
total timing current exceeds 10mA.,

2. Terminals 2,3,4,5,6,and 7 have very low internal
impedance and should, therefore, be protected from
accidental shorting to ground or the supply voltage.

3. The keying logic pulse amplitude should notexceed
the supply voltage.

0.1uF
1 2

22 EXIR

SYSTEM DESCRIPTION

The XR-2207 functional blocks are shown in the block
diagram given in Figure 1. They are a voltage controfled
oscillator (VCO), four current switches which are
controlled by binary keying inputs, and two buffer
ampilifiers for trianglie and squarewave outputs. Figure 2
is a simplified XR-2207 schematic diagram that shows the
circuit in greater detail.

The VCO is a modified emitter-coupled current controlled
multivibrator. Its oscillationis inversely proportional to the
value of the timing capacitor connected to pins 2 and 3,
and directly proportional to the total timing current I1. This
current is determined by the resistors that are connected
from the four timing terminals {pins 4, 5, 6 and 7) to
ground, and hy the logic levels that are applied to the two
binary keying input terminals (pins 8 and 9). Four different
oscillation frequencies are possible since Iy can have four
different values.

The triangle cutput buffer has a low impedance cutput
{1002 TYP) while the sguarewave is an open-coliector
type. An external bias input allows the XR-2207 to be
used in either single or split supply applications.

Vee

o d

RL
3 Square Wave

- - 13 Output

ey 8] v+ C1 c2 SWO

_ A 14 i
Keying Inputs g XR-2207 T™WO Tn%ngtlgubt\'ave

B 1
0.1uF ﬂj BIAS W O Vee
F_‘ GND 5.1K
Ri R2 R3 R4 W

Figure 3. Test Circuit for Single Supply Operation

AV AT AT AT

TOM’



XR-2207

Vo
1!2 ‘_3
c1 c2 SJE;

U.‘I%FH
RL
L Square Wave
- Vi 13 Qutput
8
Binary 1A 14  Trangle Wave
Keying lnputs g | B XR-2207 TWO | Qutput
1
10 BIAS
GND
== R1_RZ R3 R4 V- |

Figure 4. Test Circuit for Split Supply Operation

OPERATING CONSIDERATIONS

Supply Voltage (Pins 1 and 12)

The XR-2207 is designed to operate over a power supply
range of x4V to + 13V for split supplies, or BV to 26\ for
single supplies. Figure 5 shows the permissible supply
voltage for operation with unequaf split supply voltages.
Figure 6 and Figure 7 show supply current versus supply
voltage Performance is optimum for + BV split supply, or
12V single supply operation. At higher supply voitages,
the frequency sweep range is reduced.

Ground (Pin 10)

For split supply operation, this pin serves as circuit
ground. For single supply operation, pin 10 should be AC
grounded through a 1uF bypass capacitor. During split
supply cperation, a ground current of 2} flows out of this
terminal, where 17 is the totat timing current.

Bias for Single Supply (Pin 11)

For single supply operation, pin 11 should be externally
biased to a potential between V*/3 and V2V (see
Figure 3). The bias current at pin 11 is nominally 5% of the
total oscillation timing current, I1.

AV LT A

7

Bypass Capacitors

The recommended value for bypass capacitors is 1pF
although larger values are required for very low frequency
operation.

Timing Resistors (Pins 4, 5,6, and 7)

The timing resistors determine the total timing current, i,
available to charge the timing capacitor. Values for timing
resistors can range from 2kQ to 2ZMS; however, for
optimum temperature and power supply stability,
recommended values are 4kQ to 200k} (see Figure 8,
Figure 9, Figure 10and Figure 11). To avoid parasitic pick
up, timing resistor leads should be kept as shor as
possible. For noisy environments, unused or deactivated
timing terminals should be bypassed to ground through
0.1uF capacitors.

Timing Capacitor (Pins 2 and 3}

The oscillator frequency is inversely proportional to the
timing capaciter, C. The minimum capacitance value is
limited by stray capacitances and the maximum value by
physical size and leakage current considerations.
Recommended values range from 100pF to 100pF. The
capacitor shouid be non-polarized.

e

TEM



XR-2207

y ______/ J /[

Figure 5. Operating Range for Unequal Split

Negative Supply Current (mA}

25
20
> \
g Ll N
a Typical \
o Operating]
;33'- Range \
in 10 J
a /
5 i
L+
8]
-§ -10 -15 -20
Negative Supply (V)

Supply Voltages

15

Ty=25°C

10
/ /

5

/
0

0 6 =8 =10 #1214
Split Supply Voltage (V)

Figure 7. Negative Supply Current, I-
(Measured at Pin 12) vs. Supply Voltage

35 [Ry=Paraliel Gombination
| of Activated Timing
30 Resistors
TA=25°C
Fa < -
: 20 | =]
-
§ Ry=2k(} LRT=3k§r2/ R:=5k!31
wn 15 —
2 T LT Rz
2 = .
8 5 L1 | Rr=20kQ ;:’T{irzzmm
/ //
oL L
10 +12 +14

=4
|

+6 +8
|

L1 11

O

8 10 12 14 16

18 20 22 24 26 28

Single Supply Voltage (V)

Figure 6. Positive Supply Current, 1* {Measured
at Pin 1) vs. Supply Voltage

Totat Timing Resistor RT

TA=25°C
TMS2
100k —
Tlmlln?
Resislor
Range
10k -
-—"‘/
[
1kQ
o} +4Y =BV +12v
I | ! |
Q 8 16 24

Single Supply Voltage (V)

Figure B. Recommended Timing Resistor
Value vs. Power Supply Voitage
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7 EXAR XR-2207

7 - 1.04
5 V5= 26V e ] '
= = = Rr=2MQ
g5 C=500CpF E 2 Ry220KE: -
- 4 - \
[a] Q
£ 3 c ”"T',’A
g > A g 1.00 B Ry=200kS2 1
o> T
g 1 g / %
s 9 w98 7
g T
w s 96
-3 £ Ta=25°C
4 5 Rr=Tofal Rr=2ki2
5 Z 94 Timin,
6 Resistance \
-7 .gz | C=5000pF |
1K 10K 100K M 10M +2 +4 +b =8 =10 *12 =14
li v
Timing Resistance (Q} I | SplltSuppiy!'VGIlag?(} i J
4 8 12 16 20 24 28

Single Supply Voitage (V)

Figure 9. Frequency Accuracy vs.

Figure 10, Frequency Drift vs. Supply Voltage
Timing Resistance

ko7
R Vg=26V
) > .
T C=5000pF .
T 1% A
3 4k | 2k 200k )
A I ==
[ = ;
g— ':.r// 2 kg T
2 ok || Ok |
el ) i
3 200k(} /
H
E -2%
Q
=z

=202
2MO
-3%

-50 -25 0 +25 +50 +75 +100 +125
Temperature (°C)

Figure 11. Normalized Frequency Drift with
Temperature
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Binary Keying tnputs (Pins 8 and 9)

The fogic levels applied to the two binary keying inputs
allow the selection of four different oscillator frequencies.
The internal impedance at these pins is approximately
5kQ. Keying voltages, which are referenced to pin 10, are
< 1.4V for"zero" and > 3V for “one” logic levels. Table 1
relates binary keying input logic levels, and selected
timing pins to oscillator output frequency for each of the
four possible cases.

Figure 12 shows the oscillator control mechanism in
greater detail. Timing pins 4, 5, 6 and 7 correspond to the
emitters of switching transistor pairs T1, T2, T3, and T4
respectively, which are intemal to the integrated circuit.
The current switches, and corresponding timing
terminals, are activated by extemal logic signals applied
to pins 8 and 8.

Logitc Level Selected Freguency
Ping 1 Ping Timing Pins
Q0 0 6 fq
0 1 Band7 fi + Afy
1 0 5 fo
1 1 4 and 5 fa + Afy
Table 1. Logic Table for Binary Keying Controls

Definitions:
= ] | =1 =1
h=pcdh~gpedt=grdt=zg

Logic Levels: 0 = Ground, 1> 3V

Note

For single supply operation, logic levels are referenced to
voitage at pin 10

i0

Z* EXAR

Timing Capacitor
C

Veo

Ve wad v

N T4

M T3
“u T2
M, T T 1 10
A .
Binary
Keying —_ -
Controls VD v
B 5 4950 50|70
l1¢ 52‘1' I3¢ I4¢
R15R25 R3S R4
12
VEE

Figure 12. Simplified Schematic of Frequency
Control Mechanism

Squarewave Output (Pin 13)

The squarewave output at pin 13 is an "open-collector”
stage capable of sinking up to 20mA of lead current. R
serves as a pull-up lpad resistor for this output.
Recommended values for R range from 1kQ to 100Kk

Triangle Qutput (Pin 14)

The output at pin 14 is a triangle wave with a peak swing of
approximately one-half of the total supply voltage. Pin 14
has a 102 output impedance and is internally protected
against short circuits.

MODES QF OPERATION

Split Supply Operation

Figure 13 is the recommended configuration for split
supply operation. The circuit operates with supply
voltages ranging from =4V to +13V. Minimum drift
occurs with =6V supplies. For operation with unequal
supply voltages, see Figure 5.

With the generalized circuit of Figure 73A, the frequency
of operation is determined by the timing capacitor, C, and
the activated timing resistors (R4 thraugh Ry4). The timing
resistors are activated by the logic signals at the binary

oM



22 EXAR

keying inputs (pins B and 9), as shown in the logic table
(Table 1). If a single timing resistor is activated, the
frequency is 1/RC. Otherwise, the frequency is either
1/{R4{[R2)C or 1/{Raf[R4)C.

Figure 13B shows a fixed frequency application using a
single timing resistor that is selected by grounding the
binary keying inputs. The oscillator frequency is 1/R;C.

The squarewave cutput is obtained at pin 13 and has a

XR-2207

peak-to-peak voltage swing equal to the supply voltages.
This output is an “open-collector” type and requires an
external pull-up load resistor (nominally SkQ) to the
positive supply. The lriangle waveform cbtained at pin 14
is centered about ground and has a peak amplitude of
V2.

Note

For Single-Supply Operation, Logic Levels are referenced to
voftage at Pin 10.

Vee
V, C
cB cC l
RL
112 3
- Square Wave
V+ C1 c2 13 QOutput
Sla swor— . N
Keying Inputs ] riangle Wave
g XR-2207 TWO Qutput
11
10 GND BIAS |—
—[__. R1 R2 R3 R4 V-

415

R1} R2

CB = Bypass Cap g

R3

6 §7 |12
R4 Vie

O

A. Geperal Case

Vee

RL

Sgquare Wave

CB = Bypass Cap

VEE

XR-2207

R1 R2 R3 R4 V-

Qutput

14 Triangle Wave
TWO r-;——-—- Quiput

BIASI™™  f=1R3+C

B. Fixed Frequency Case

Figure 13. Split-Supply Operation
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Single Supply Operation

The circuit should be interconnected as shown in
Figure 14Aor Figure 148 for single supply operation. Pin
12 should be grounded, and pin 11 biased from Vee
through a resistive divider to a value of bias voltage
between V*/3 and V*/2. Pin 10 is bypassed to ground
through a 1uF capacitor.

For single supply operation, the DC voitage at pin 10 and
the timing terminals (pins 4 through 7) are equal and
approximately 0.6V above Vg, the bias voltage at pin 11.
The logic levels at the hinary keying terminals are
referenced to the voltage at pin 10.

Veo
Y] cC
CB e l
— 1 2 3 Square Wave
v+ 1 c2 13 Output
Bla SWO
Keying Inputs 14 Triangle Wave
i1 XR-2207 WO Ogutput
CB 11
H2 o BIAS AAA—O Ve
—— R1 R2 R3 R4 v- Sk
415|686 7 12
= 39K
CB = Bypass Cap Rt| RD R3§ R4§
A. General Case v
[orel
CB v c
l RL
— P2 3 Square Wave
v+  Ci c2 i
8 N WO 13 Output
m 14 Triangle Wave
g XR-2207 TWO Output
o .
t0
GND BIAS S Voo
R1 R2 R3 R4 V-
) 39K
cB 4 1.5 16 T o[12
R3

CB = Bypass Cap

f=1/R3«C

B. Single Frequency

Figure 14. Single Supply Operation
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SGS-THOMSON
MICROELECTRONICS

&7

IRF540
IRF540FI

N - CHANNEL100V - 00.50Q2 - 30A - TO-220/TO-220F!
 POWER MOSFET

F
B TYPE_ Vpss Ropsion | o )
IRF540 100V [<0077Q, 30A
IRF540F | 100 v <0077 QJ 16 A
« TYPICAL Rps(on; = 0.050 (3

AVALANCHE RUGGED TECHNOLOGY

» 100% AVALANCHE TESTED

» REPETITIVE AVALANCHE DATA AT 100°C
s LOW GATE CHARGE

a HIGH CURRENT CAPABILITY

» 175°C OPERATING TEMPERATURE

» APPLICATION CRIENTED
CHARACTERIZATION

APPLICATIONS

= HIGH CURRENT, HIGH SPEED SWITCHING

= SOLENGID AND RELAY GRIVERS

v DC-DC & DC-AC CONVERTER

o AUTOMOTIVE FNVIRONMENT (INJECTICN,
ABS, AIR-BAG, LAMP DRIVERS Etc )

ABSOLUTE MAXIMUM RATINGS

4
Q\\

TO-220

\

TO-220F|

INTERNAL SCHEMATIC DiAGRAM

ey

Symbol Parameter Value Unit
IRF530 IRFS30FI R
Vps Drain-saurce Yoltage (Vgs = 0) 100 VoL
Voer | Drain- gate Voltage (Ras = 20 k) 100 v
Ves Gate-source Voltage =20 Vo .
B '!0"77 Drain Current {continuous) at T. =25 °c 30 17 A '
B Ip Drain Current (continuous) at T, = 100 \0‘6“ ) 21 12 A
Jom(+) |[Drain Current {puised) B 120 120 A
Piat Total Dissipation at T, = 25°C 150 45 W
Derating Factor 1 0.3 wWi°C
Viso tnsulation Withstand Voitage (DC) B 2000 W
Tsiy Storage Temperalure o 6510 175 °C j
Tj Max Operating Junclion Temparature a7 "t
(+) Puise width limitad by safe operaling area’ Y lse <30 AL dudt< 200 AME, Vo € Mpiinas, 1) £ Tiies
1/6

April 1938




IRF540/IRF540FI

ELECTRICAL CHARACTERISTICS (continued)

SWITCHING ON
Symbol Parameter Test Cenditions Min. | Typ Max. Unit
ldion) :Turn-on Time Vop=50V =18 A 240 28 ns
t iRisa Time Re=47 0 Ves =10V | 80 a5 ns
Qg Total Gate Charge Vop =B0V ip=30A Vgs=10V 80 110 nC
Qgs :Gate-Source Charge 13 nC |
Qge  |Gate-Drain Charge 28 nC ;
SWITCHING OFF
FSymbol Parameter B TesitiCondin'inns Min. | Typ. | Max U_'li.‘
trpvotn Off-voltage Rise Time (Vpp =80V g =30A i 22 30 ns
1] Fall Time Re=4.70 Vgs =10V ;25 35 ns
te | Cross-over Time 55 75 ns
SOURCE GRAIN DIODE
LSyrnhc! Parzineter | Test Cond'tions | Min Typ. . Max. | Unit
[ Isc | Souice-drain Current ‘ a0 A
! jeomf*] Source-deain Cuerent i 120 A .
JApulsed; ;
F“D (+} 'Farward GnVotiage  ['sn= 30 A Vo3 2 0 ! i 5 Y
! Lir iReverse Recovery lgn =30 A difdt = 100 Adss 175 ns
iTime Voo =30V Tj=150°C
Q2+ ‘Reverse Recovery 14 ne
{Chaige
Iarm  !Reverse Recovery 12.8 ! A
: ICurrent i
(-} Pulsed: Pulse duralion = 330 ps. duty cycle 1.5 %
{=) Pulsa “idin limited hy safe operaling area
344

3




THYRISTORS

2P4M, 2P5M, 2P6M

2 A4 Arm.s. ) PLASTIC MOLDED THYRISTOR

DESCRIPTION

The 2PAM to 2P6M are P-gzte all diffused plastic molded
type SCR granted average onstate current 2 Amps {Te =
77 °C}, with rated voltages up to 600 valts.

FEATURES

® Easy installation by its miniature size and thin electrode
leads.

® Less holding current Jistribution provides free applica-
tion desiqn.

@ Low cost because of mass-nroducticn.

QUALITY GRADE
Standard

Please refer to (ua'ity grads on NFEC Scmiconductor
Devices” {Dacument rumber 1%§-1209) pubtished by NEC
Corporation to know the specification of quality grade on
the devices and its recommended applications.

APFLICATICNS

clectric blanket, Eiectronic jar, Various temperature con-
rol,

Zlectric sewing machine, Speed control of miniature type
fctor,

-ight display equicmen:, Lamp dimmer <uch as z display
or entertainment.

\Utomatic gas lighter, Sattery charger.

‘olid state static switches etc.

PACKAGE DIMENSIONS

{in milfimeters)

)
|

]

13.0 MAX.

| 77

|
—.

333 MAX.

W
[N

4.7 MAX.
s

11 1.75
VN L

1. Cathode
2. Angde
3. Gate !

sument Mo, SC~10318
(0.DMNe. 5G-7523)
¢ Published February 1994 M

Mad s lanans

@ NEC Corporation 1985



ZP4M, ZP5M, 2P6M

JLUTE MAXIMUM RATINGS (T,=25 °C)

sMPLE GF R INSERTION

CHARACTERISTIC . SYMBOL 2P4M 2P5M 2P6M UNIT NOTE
" T
Non-Repetitive Peak Reverse Voliage® VRSM 500 600 700 vV | RGK=1kD
r Nan-Repetitive Peak Off-state Voltage* VpsMm 500 600 700 V| Rgr =1kn
Repetitive Peak Reverse Voltage® VRERRAM 400 500 600 V | Rgr=1k8
Repetitive Peak Off-state Voltage* VORM 400 500 8§00 V | Rgr=1kn
L
On-state Current IT(av) 2{T=777C, 8 =180 ° Single phase (1/2 wave] | A See Fig.3, Figd
Surge Non-Repetitive On-state Current [Tt 20 A i See Fig. 10
Peak Gate Power Dissipation PoM 0.5 [f Z 50 Hz, Duty < 10 %) W
Average Gate Power Dissipation PGiAV] 0.1 w
Peak Gate Forward Current lFGM 0.2 (f = 50 Hz, Duty < 10 %) A
Peak Gate Reverse Valtage VARGM o 6 v
Junction Temperature T -4010+125 *C
Storage Temperature Terg —55 to + 150 °C
Weight o 1.4 g
ci Case Temperature is measured at 1.5 mm from the neck of Tablet.
-ECTRICAL CHARACTERISTICS (T,- 25 °C)
CHARACTERISTIC - IsvmsoL | TESTCONDITIONS | MiN. | TyP. Imax [UNIT | NOTE
- L T - y | |
lepetitive Peak Heverse Current® IRRM | VR =VRam, Ti=125°C - — ] 100 uA
o Agk =1k | ‘ R
— i I = T -195°C | : I
epttive Feak Otf-state Current* bolpam | ;grz 11?? TR R -] - ]‘ 190 LA
n-state Voltage VTm ' v =4 A o - - 122 v Sec Fig. 1
T — e T .
| = = . £ Fig.
ate-Trigger Current* T ! Vpm=6V.A) =100 2 — - ;200 HA See fg 3
e Bog=1k2 S Flg. 7
ate-Trigger V oltage * v Vom =6V Ry <1060 - - og | v |Sefiab
¢ 6T | Rgx=1kn ; | o8 r__Fin8
oot ~ e !
ite Non-Trigger Voltage* Veo ! VDM = 1/2Vpam. Ti=1257C 02 - - v
i RG'S = 1 ki ) e
. . T VD =2/3Vppm T~ 125°C e |
tical Rate-of-Rise of Off-state Voitage dv/dt | Rg;\:=1 1 DR, j : 10 10 — V/ug ! 2?5M,2?§M
ilding Current® | IH VD=23V, Fg=1ka - 1 3 W mh | See Fig. @
. ITM=4 A A - ,+. -
T ion 1c T _ - 0 See Fig, 11
ermal Resistance MM_“ o u————lg—-——
Rih {j-a) | dunction to Ambiet - - 7| See Fig. 11

"* Note: Insert a resistance less than 1 k{2 between gate and cathode, because the items indicated

are guaranteed by connecting shoit resistance between gate and cathode {(Agr =1 k&h

RGK

?
i
Rz eT
I O
| L
Ry | 2 gRck
I r
C._._,'
Rek =R1~Az &

|
P.T. Rf\,m ‘
T
RGK=rs+iR2 '1
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