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Abstract

This project present a Class D Power Amplifier that is contain with Sawtooth Generator,
Pulse Width Modulator (PWM ),Driver, Switching Amplifier, Lowpass Filter and Feedback.This
CLASS D POWER AMPLIFIER is prefer to use in this present time because it's a small size
Amplifier, and low loss .The 150 kHz sawtooth signal test on 1 kHz Sinewave signal. The

experiment is shown that the maximum efficiency of 38.10%
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2.6 ﬁﬁ’wﬁﬁnﬁm%’mﬁ’u Power Amp.
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Power (Ma4911)
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POWER MOSFET
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3.3 Switching Characteristics
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4.4 7993Switching Amplifier
2995 luduil %z‘lﬁs Power MOSFET lu@aaiind lag Power MOSFET m’dmm%w
aguiuniieu Lﬁmmmﬂﬁmﬂpm PWM Foudniiunnn ¥o3 Power MOSFET Judnuqy

msilauazila dagui 4.5

5 Y
Y+
R1 100
M— | i il
) 1N5242
IN1 R2 — o &
: N . = MUR11S
% =
1N§242 o ] 1N5242 =
03 Z | MUR1IS
4 o
D 5
1N5242
————H]
T0 LPT
D3 ‘
w0
phi6225 =
M2 R3 r—: - D5
i 0 % MUR115 4I|H. Bt 1N5225
100 = = D&
™~
. % MUR115 )
o *l: D12
100 2
) MUR1T1S
MTP12P10
L35V

3 1/%1 4.5 71993 Switching Amplifier

mﬂsﬂw 4.5 911131 15192 19 Power MOSFET 9987fA® p— Channel MOSFET 9

"IﬂuLBJ’EJﬁﬂJﬂJ”ImL‘lﬂLﬂuﬁ‘U(V umﬁ]uau) 1ag n'— Channel MOSFET ‘i]u‘VIN"l‘HLil'E)

4

(3! TfHLﬂJ”ILﬂu‘U’Jﬂ (V llﬂ'l!,‘ﬂuij’)ﬂ)



29

14
< 2
I Taseeuiisdens Power MOSFET 1/e$ MTP 12N10 ttag MTP12P10 B9
vy 9

Tn3901819994 Power MOSFET flaaeadatiuda szansonuusaugega 14t 100 V uaz nu

Y 2
nyzud ldgagane 12 A

y A e o o ¥ q ¥ Ay ¥

la Toataiiauiognieluda Power MOSFET wwyhuthinszuai Idanmsnedlszy

v o & @ v o v A
sensvnasuLacsed landy Ge9gadui Free - Wheeling Diode uAtiiean1nis 19 Power
4 v Y
MOSFET dafivhanuiluaisas Alla Toaaiioudai lanninie 14 (lavlalen
v 1
w@ilou@atl 1A Reverse Recovery Time : Ty 1A 300 ns) AIUULT ey Schottkey Diode
& s ~ a A '

un Tasaz 19 MUR115 @il Ty e 35ns s i ludu a3 19aNnT
45 19950309 NNARNIHIUL Wia®H (Passive Low pass Filter)

Foyqunas PWM 1199A1AN1A Switching Power Amplifier 92 AINIAUNTINTON

A ; A A o 2 9 o A v = o/ a
anuad iRz nsesduaamivzesn ldeez ladygunildnyus o U MURN
o 2 9 2 & v R W

asUINFIAMINAneI 1979930509 NALLILINABENY Second Order udnee ldmannduuy

A A Y as Ao =1 Qs a o/ A
u q iffesnine: dFygunlidnumg Mo Ua YN Input LASUVUIAVDITYTA Alann
= A 2 A ¥ Ao v o sad
19950509ANA  Order U 9 %Qlﬂuﬂ'ﬁlﬂ@ﬂi‘iﬂﬂ‘T!iﬂ'i@\iﬂ’l'mﬂﬂ'm"lu UL YNB TN
{ ' & 9 & A Ao
(Butterworth Low pass Filter) laaiflumsssuun T Fufludnuazued Two Pole Filter $4310R51
1 1 o = e 1 o £
msaanouluag Stop Band 10U 40 dB/decade Hozd Ripple 114979 Pass band A1 BIANUDI L
14
1ag C ﬁl‘l ﬁ'l‘iJ'l‘ﬂ']ﬂﬂﬁﬁ'm’Jﬂ!IﬂfJ@"lﬁﬂ @1 Normalized 993A1 Litas C IﬂfJ@1ﬂ'ﬂ@ﬂ§Nﬂ']
& A 1 A [ Y A 9t % v 3 &K o
Normalized IagasnA1 Ry #AUNINY O 191877 Normalized 40481 L 1iag C 1@ darimnuila

= 2 I Jd T
AYD (Frequency Transformation ) wazulasaouians (Impedance Transformation) A4

AU
' C a
C'=r=2 AUNIN 4.2
a)cR!_
——X -
Jrmnesl aunsn 4.3
a)C

Tagi ¢ fe MC F1eRaE Cut off Wiy We
L &s sl #ldanud cut off wifn We
We o Anud Cut off
C, fo A1 Normalize Y99a1 C
L. fi M1 Normalize V8IA1L

R, fio f1lvan ¥932993631 Low pass Filter



30

Taeaninsevaalnaiuvesdyanuiiewinnyes MOSFET ag317 4.6

LU=

' ‘
' '
Lo i : i
e it Riind e 1 T o s B el Koo s
' ' ¥
' i '

SRR B Sl S S et = Sty b b

““ ai = 13.333K,  24.396 )
R a2 = 153.611K,  16.995

200

SESSERSRASt Tl 4if--148.278K,  7.4089 [

Ul

-

! ‘
N
: .

otz 5BKHz
{ojutout)

180KHZ

Frequenty

260KHz 250KHZ

51/7 4.6 aulnpiuves Foyanaiiieiinyes MOSFET

R uAenldan21ua Cut off fi 20 kHz 1A A8 Cut off 1A 1uIuaAD

21N9157197A1 Normalized U949 Butterworth Low pass Filter 7

Second Order ‘ﬂzllﬁ’
Ln = 1.4142
Cn = 0.7071
Wc = 29x 20k
R =8 Q
SR
GCi= C,
a)cR/.
o 0.7071
27 *20k* 8
C'=703 nF
vazlwfi
@,
% 1.4142* 8
T 27 * 20k
['=90.03 nH

R,

= ¥
L o yagiienly
Rs



31

2z ld19esaegiln 4.7
L1

o ———— /Y'Y ‘I —04
e

1 ‘I; 2

: e

3 191 4.7 Second Order Low pass Filter

4.6 9951oundudayanal (Feedback)
v
reaseutidumsieulasms doundudyana Output LuUaY (Negative
; = A 4 £ 4
Feedback) NBAAANELYBY Output LLOZIWUNTABDUEUDI anudvesas Ay dely

42’ 3 W ] o 9 9 a % 4’ o Y
Tasenuil lgrannIsYBINIHUNLIIAY LLﬂ’J‘ﬂE]LlLﬂI'WI‘U'] Inverting LWEW]”Iﬂ'I’i‘]J‘i‘LIMﬁﬂJEN

o & a & A yiaya i 2
Fayaor nput Midundnass o lalidans Oscillate ¥4

To comparator input

+12
AUDIOIH
B2 1
1K 11 b E
Voluma 100 [}
CAP
-12
¢3 180y
I 3 From feedback
IS
=Y 2, =

i

51/ 4.8 299steundudayan (Feedback)



32

A
unn s

wani1anaas

b4
95 anasuouaiens 1ailu 4 daulng o Ao dau Pulse Width
Modulation (PWM) , 01AYUIAAS (Driver), 1995N5RIANNEATFAIL LA AN HoUNTY

(Feed back)
5.1 719 Pulse Width Modulation (PWM)
719 Pulse Width Modulation 1152 n9UA8EIU 29939818 (Pre Amp.), W i
d' i=$ o/ & d' 1
AMREN (Sawtooth Generator) 1Ay 29954/58UINgUUTIAY (Comparator) Fawah 1a vz

9
ATNIDIAS 9 A

5.1.1 29939818 (Pre-Amp.)

+1IW

El k2
NE LK
Cl ¢
+ /L -
mmo—t( 4 { i

10 1T B (s

B3
81K {I4E__|+C2 2
'T“m uF 1in

5191 5.1 29939810 (Pre Amp.)



9 ] 1
Tunsnaassis I8Tloudaaa Sine Wave fitina1ud 15 kHz 4119 20 mV 1y

BUNNUD42493 Pre-Amp Fez IRl wiMuIIA 432 V Aegalin 5.2

Tek STIE 2MS/s 118 Acgs

: I 2 ]

H L L 7 ) i
_-, ..... 1 chitreq
: : : ; : y : : : ; 1 15.2kHz

1 ¢ch1 Pk-Pk
] 4.32V
........ fv t ¥ . M a4, Més“sc,hx.l,-r,,_sonil
10 Mar 2002
07:21:58
a o/ '8 ~ F4
jj‘l.l‘ﬂ S:2 ﬁa;tgmmmmw"lﬂmmws Pre Amp

5.1.2 2v3eredyaauiiuifes (Sawtooth Generator)

g
L

SAWTOOTH

51/ 5.3 2eserdndygailudes

33



Lﬁa‘ﬁmﬁ%ﬂﬁﬂgﬂpmﬁ‘lﬁ'mmﬁnﬁwmGum'aa%ﬁﬁ%aﬁmmmﬁuaﬁaaiugﬂﬁ 53 924

QU

¢ o = P ad a v P
Foygauomymeasgli 5.4 uag 5.5 Falunfiidonlynnud 150 kHz

Tek SXTE 20MS/s 53 Acgs
? E b oo e e (LT
Ch1 Freq
151.3kHz
Unstable
histogram
Cch1 Pk—Pk
3.12V
Eﬂ'l'!lulv XXXXXX XMK!2.'5'}1§!'CXH1”.II"'“1“3V
10 Mar 2002
071882
a o A A Mt 4 A
;‘ﬂw 54 iUuiy,”lmﬁumﬂﬂﬂgﬂﬂﬂizﬂﬂﬁlusluchﬂll’aﬂ
Tek HTE soMS/s 1652 Acg
L NHAR S T]
. o Chi Freq
! 1 17S.1kHz
: uUnstable
i histogram
. Ch1 Pk-PK
3 2.88V
n I8 .4{,}4‘... R‘ ’.4 Sk ‘}""
o | 71 e i
s @ < A e
o e
L o £ s
/K Ix /I‘ ’} / £ /'[
| 7 s 1/ ) s
¥ [ L L/ y
Lgm TV M ijs Chi 7 = e 5 3

10 Mar 2602
23:16:47

= o A o =
Eﬂ'ﬂ 3.5 ﬂJﬂanum’ﬂﬂ‘wQﬂﬁﬂi:’,ﬂuﬁﬂucﬁﬂau

a-a



5.1.3 29951/ euReuLLs9AU (Voltage Comparator)

35

o ldFaann: Sine Wave fidvunalngimudosnisud is1azthdgeo Sine Wave

i AW e Lot
fuwnmsnBsuienfudyanuiluaes Faez lansmaugy 5.6

Tek HTXE SMS/s

76 Acqs
T

I
L

138 e T 05 T i D

o o

k4

Ch1 Freq
15.13kHz

Ch1 Pk-Pk
4.36 V

Ch2 Freq
151.3kHz
Unstable
histogram

Ch2 Pk-Pk
3.16 V

10 Mar 2002
07:39:01

d' = s 4‘1 s b
17 5.6 ulSeumeudagnuiluinoy Lazan e Sine wave

3 9y
Tums Modulate dyanauidssuazdaguitunosdidoduiu i5ienld 1C

2 o o
Differential Comparator (83 LM311 G lvidaygaueivmesninluguiuudaian Pulse

L a o ~
Width Modulation Beiizasesifludagn 5.7

Sautooth < —t

47k

-12v

10k

"Zvcwwx———’\}/\—'\m—o H2V

10k

pudio signal <_J———

b s
100n L
D1N41

O—AAA—— AR —— AT 112V

10k

10k

2

-Oout1
S4HCo4
10k A2V
100n T
i &
Sane: T
= il
2 *'\\K Tsso ‘\
W11 s 3 4 e
0 l/ f4HC04
3 e 1
i
1 1DoR==
12v 0

10k

gﬂﬁ 5.7 W93 Comparator



36

4 o_w 4 o o Y
eI QJ,mUWqutﬁﬂEJ (A feyey1ad Input 31 Modulate NU Ine1929935 Comparator

FegUi 5.7 02 1édagnauevinnidludagili 5.8

Tek HIieE S5MS/s 74 Acqgs
[--F 1 : :
Ch1 Pk-Pk
4.96 V
12.;’ ....... M:‘Osch]flz.sv
$ 10 Mar 2002
07:23:03

9117 5.8 g1/dryry1ns Pulse Width Modulation
o '8 Ay v < YR o Ay ¥ A v v ~
nndygue i ideziuihdyanaenimila wiidnuazdiudayno Puse A
Sounihanasuias lan Amplitude vaadaanaduym uazlinamhiiunuives

o y 4 = 2 z )
Fuanaihudesfuiinlinmgug Pulse Width Modulation Y103



37

5.2 MAYUAIAS (Driver)
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5.3 1A9951loUNAY (Feed back)
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Power Output (Wrms) Efficiency (%)
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SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.
e Complete Pulse Width Modulation Control Circuitry
e On—Chip Oscillator with Master or Slave Operation
© On—Chip Esror Amplifiers
e On—Chip 5.0 V Reference
e Adjustable Deadtime Control
e Uncommitted Output Transistors Rated to 500 mA Source or Sink
e Output Control for Push—Pull or Single-Ended Operation
e Undervoltage Lockout

MAXIMUM RATINGS (Full operating ambient temperature range applies,
unless otherwise noted.)

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
16
%’s RO TL494xD
D SUFFIX X
NE EASET751B [0 AWLIW
: 1
16
, PDIP-16
N N SUFFIX T
CASE 648 Lo AWLYYWW
16 1
1
" =Corl
A = Assembly Location
WL, L = Wafer Lot
YY,Y =Year

WW, W = Work Week

ORDERING INFORMATION

Rating Symbol | TL434C | TL494l | Unit
Power Supply Voltage Veo 42 \
Collector Output Voltage Ve 42 Vv
Ve
Collector Output Current gt o2 500 mA
(Each transistor) (Note 1.)
Amplifier Input Voltage Range ViR -0.3to +42 \Y
Power Dissipation @ Tp < 45°C Pp 1000 mwW
Thermal Resistance, RoJa 80 °C/W
Junction-to—Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55to +125 °C
Operating Ambient Temperature TaA °C
Range
TL494C 0to +70
TL4941 —40 to +85
Derating Ambient Temperature Ta 45 2C
1. Maximum thermal limits must be observed.
PIN CONNECTIONS
Noninv Noninv
Input E El Input
Inv Inv
Input E: E Input
Col /PWN
85521'; Input E E Vet
Deadtime 73] Quiput
Control |Contro
o] 2] Voo
Ar 6] 1] c2
Ground E 1__0] E2
om o me
(Top View)
©® Semiconductor Components Industries, LLC, 2000 1

July, 2000 — Rev. 2

Device Package Shipping
TL494CD SO-16 48 Units/Rail
TL494CDR2 SO-16 2500 Tape & Reel
TL494CN PDIP-16 500 Units/Rail
TL494IN PDIP-16 500 Units/Rail

Publication Order Number:

TL494/D




TL494

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vce 7.0 15 40 \
Collector Output Voltage Vei, Vo2 - 30 40 vV
Collector Output Current (Each transistor) Ic1s Ic2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vec-2.0 \%
Current Into Feedback Terminal Iy - - 0.3 mA
Reference Output Current lref - - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Ve = 15V, Cr = 0.01 pF, Ry = 12 k, unless otherwise noted.)
For typical values T = 25°C, for min/max values Ta is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol I Min i Typ ‘ Max ‘ Unit
REFERENCE SECTION

Reference Voltage (o = 1.0 mA) Vief 4.75 5.0 5.25 \

Line Regulation (Vcc = 7.0 Vto 40 V) Regjine - 2.0 25 mV

Load Regulation (lo = 1.0 mA to 10 mA) Regioad - 3.0 15 mV

Short Circuit Output Current (Veer = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(of) - 2.0 100 pA
(Ve =40V, Vce=40V)

Emitter Off-State Current Ig(off) - - -100 pA
VCC=40V' VC=40V,VE=0V)

Collector-Emitter Saturation Voltage (Note 2.) A%
Common—Emitter (Vg = 0V, I = 200 mA) Vsat(c) - 1.1 1.3
Emitter—Follower (Vg = 15V, Ig = -200 mA) Vsat(E) - 1.5 2.5

Output Control Pin Current
Low State (Voc <0.4V) locL — 10 - HA
High State (Voc = Vref) locH - 0.2 35 mA

Output Voltage Rise Time tr ns
Common—Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time tr ns
Common-Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

http://onsemi.com
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TL494

ELECTRICAL CHARACTERISTICS (V¢c = 15 V, C1 = 0.01 pF, Ry = 12 kQ, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol Min Typ Max ! Unit l
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin 3) = 2.5 V) Vio - 2.0 10 mV
Input Offset Current (Vo (pin 3) = 2.5 V) lio - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) i - -0.1 -1.0 pA
Input Common Mode Voltage Range (Vcc =40V, Ta = 25°C) Vicr -0.3 to Vgc—2. \"
Open Loop Voltage Gain (AVp =3.0V, Vp = 05Vt03.5V, R =2.0kQ) AvoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo= 0.5V t03.5V, R = 2.0 kQ) fo- - 350 - kHz
Phase Margin at Unity—Gain (Vo= 0.5V t0 3.5V, R = 2.0 kQ) Om - 65 - deg.
Common Mode Rejection Ratio (Vo =40V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVec =33V, Vo=25V,R. = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (pin 3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (Vo (pin 3)= 3.5 V) lot 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) Vrh - 2.5 4.5 \
Input Sink Current (V(pin 3) = 0.7 V) li= 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpijn4 =0V t0 5.25V) lis (OT) - -2.0 -10 A
Maximum Duty Cycle, Each Output, Push-Pull Mode BCHEX %
(Vpina =0V, Cr = 0.01 uF, Ry = 12 kQ) 45 48 50
(Vpina = 0V, Cp = 0.001 pF, Ry = 30 kQ) = 45 50
Input Threshold Voltage (Pin 4) Vin \%
(Zero Duty Cycle) - 2.8 33
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, R = 30 kQ) feod - 40 5 kHz
Standard Deviation of Frequency* (Ct = 0.001 uF, Ry = 30 kQ) Sfosc - 3.0 - %
Frequency Change with Voltage (Vcc = 7.0 V1o 40V, Tp = 25°C) Afosc (AV) - 0.1 - %
Frequency Change with Temperature (ATa = Tiow t0 Thigh) Afgge (AT) - - 12 %
(Ct=0.01 pF, Ry = 12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
Tum-On Threshold (V¢ increasing, lref = 1.0 mA) Vi 5.5 6.43 7o i
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vief, All other inputs and outputs open) Ice mA
(Ve = 15V) o 55 10
(Ve =40 V) . 7.0 15
Average Supply Current mA
(Ct = 0.01 pF, Ry = 12 kQ, Vipin 4 = 2.0 V) . 7.0 =
(Ve = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, ¢
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TL494

APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is
frequency— programmable by two external components, Ry
and Ct. The approximate oscillator frequency is determined
by:

o
RreCy

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—cycle time. This would result in a maximum duty
cycle on a given output of 96% with the output control
grounded, and 48% with it connected to the reference line.
Additional deadtime may be imposed on the output by
setting the deadtime—control input to a fixed voltage,
ranging between 0 Vto 3.3 V.

Functional Table

Input/OQutput 1 Bt
Controls Output Function T =
Grounded Single—ended PWM @ Q1 and Q2 1.0

@ Vrer Push—pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on-time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplifiers have a

common mode input range from -0.3 V to (Vcc —2V), and
may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse-width
modulator comparator. With this configuration, the
amplifier that demands minimum output on time, dominates
control of the loop.

When capacitor Cr is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected
to the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single-ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of
the oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of £5.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C.

500 k =]
1 | e §
==t

1
!
1
Veg=15V

. Cr=0.001 pF 1117~

8

fos» OSCILLATOR FREQUENCY (H2)

0.01 pF
10K s =z =
‘\
! N
I g h
0.1
10k SRS
S s 1 S N o 1
1.0k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M

Ry TIMING RESISTANCE ()

Figure 3. Oscillator Frequency versus
Timing Resistance
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TOSHIBA 25C1815

TOSHIBA TRANSISTOR SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

25C1815

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS. et i s

DRIVER STAGE AMPLIFIER APPLICATIONS.
S1MAX.
« High Voltage and High Current :
. VCEO=50V (Min.), Ic=150mA (Max.) | 2
e  Excellent hpg Linearity : 5
: hpg(2)=100 (Typ.) at VCE=6V, Ic=150mA 0es ! =
: hgg (I¢c=0.1mA)/hyg Ic=2mA)=0.95 (Typ.) C55MAX. -;;(—dl =
« Low Noise : NF=1dB (Typ.) at f=1kHz 0.45 gl &
o« Complementary to 2SA1015 (O, Y, GR class) 3
P S VS
MAXIMUM RATINGS (Ta =25°C) e o
CHARACTERISTIC SYMBOL | RATING UNIT 3 5
@ q =
Collector-Base Voltage VeBo 60 v o -
Collector-Emitter Voltage VCEO 50 \%
Emitter-Base Voltage VEBO 5 A% 1. EMITTER
2. COLLECTOR
Collector Current I¢ 150 mA 3 BASE
Base Current — 1B 50 mA JEDEC T0-92
Collector Power Dissipation Po 400 mW EIAJ SC-43

. g I c
Junction Temperature T 125 ‘C TOSHIBA 2-5F1B
Storage Temperature Range Tstg = 55~125 @ WOEECT 0915

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX.|UNIT
Collector Cut-off Current IcBO Ve =60V, Ig=0 — — 0L | pA
Emitter Cut-off Current IEBO VgB=5V, Ic=0 — — 01 | A

hrEQ)
Ver=6V, Ic=2mA 70 — 700
DC Current Gain (Note) | ' CE C
hrg2) | VCE=6V, Ic=150mA 25 100 —
Collector-Emitter Saturation
= = mA —_— . -
Voltase VCE(sat) | [c=100mA, Ig=10 0.1 | 0.25 v
Base-Emitter Saturation Voltage | VBE(sat)| [¢=100mA, Ig=10mA — — 1.0 v
Transition Frequency fp VeE=10V, Ic=1mA 80 — MHz
Collector Ouput Capacitance Cob Vep=10V, Ig=0, f=1MHz — 2.0 3.5 pl
s : Vecg=10V, Ig=—1mA
Base Intrinsic Resistance I'bb f=30MHz — 50 — Q
; : Ver=6V, Ic=0.1mA

N —

Noise Figure NF f=1kHz, Rg=10k0 1.0 10 | dB
Note : hpg Classification 0 : 70~140 Y : 120~240 GR : 200~400 BL : 350~700
961001EAA2

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can

malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing

TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss

of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified

operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the

TOSHIBA Semiconductor Reliability Handbook.

1997-04-10 1/3
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Switching Transistors MPS2369
.. *
NPN Silicon MPS2369A
*ON Semiconductor Preferred Device
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector—Emitter Voltage Vceo 15 Vdc
Collector—Emitter Voltage Vces 40 Vdc
Collector—Base Voltage Vego 40 Vde
Emitter—Base Voltage Vego 45 Vdc
Collector Current — Continuous Ic 200 mAdc 1 2
Total Device Dissipation @ Tp = 25°C Pp 625 mwW 3
Derate above 25°C 5.0 mw/°C
CASE 29-04, STYLE 1
Operating and Storage Junction Tu Tetg —55 to +150 °C TO-92 (TO-226AA)
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Rgya 200 °C/W
COLLECTOR
3
2
BASE
1
EMITTER
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol | Min l Typ | Max l Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(") V(er)CEO 15 . N — Vdc
(Ic = 10 mAdc, Ig = 0) MPS2369A
Collector—Emitter Breakdown Voltage V(er)ces 40 — — Vdc
(Ic = 10 pAdc, Vge = 0) MPS2368,A
Collector—Base Breakdown Voltage V(BRr)CBO 40 e — Vdc
(Ic = 10 pAdc, lIg = 0) MPS2369,A
Emitter—Base Breakdown Voltage V(BR)EBO 4.5 — — Vde
(Ie = 10 pAdc, I = 0) MPS2369,A
Collector Cutoff Current lcBoO pAdc
(Vcg = 20 Vdc, I =0) —— — 0.4
(Vg =20 Vdc, Ig = 0, Tp = 125°C) MPS2369,A — — 30
Collector Cutoff Current Ices — — 0.4 pAdc
(Vce = 20 Vdc, Vg = 0) MPS2369,A
1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
Preferred devices are ON Semiconductor recommended choices for future use and best overall value.
® Semiconductor Components Industries, LLC, 2001 1 Publication Order Number.

March, 2001 — Rev. 1 MPS2369/D




MPS2369 MPS2369A

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted) (Continued)

r Characteristic l Symbol l Min Typ Max l Unit
ON CHARACTERISTICS
DC Current Gain(1) hre —
(Ic = 10 mAdc, Ve = 1.0 Vdc) MPS2369A — — 120
(Ic = 10 mAdc, Vg = 1.0 Vdc, Ta = -55°C) MPS2369 20 — —
(Ic = 10 mAdc, Ve = 1.0 Vdc) MPS2369 40 = 120
(Ic = 10 mAdc, Vg = 0.35 Vdc) MPS2369A 40 . i
(Ic = 10 mAdc, Ve = 0.35 Vdc, Ta = -55°C) MPS2369A 20 —_ —
(Ic = 30 mAdc, Vce = 0.4 Vdc) MPS2369A 30 ik =
(Ic = 100 mAdc, Vce = 2.0 Vdc) MPS2369 20 — —
(Ic = 100 mAdc, Vce = 1.0 Vdc) MPS2369A 20 — —
Collector-Emitter Saturation Voltage(") Vee(sal) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS2369 — — 0.25
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS2369A = — 0.20
(Ic = 10 mAdc, Ig = 1.0 mAdc, Tp = +125°C) MPS2369A — —_ 0.30
(Ic = 30 mAdc, Ig = 3.0 mAdc) MPS2369A = — 0.25
(Ic = 100 mAdc, Iz = 10 mAdc) MPS2369A e il 0.50
Base—Emitter Saturation Voltage(") Vae(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS2369 0.7 — 0.85
(Ic = 10 mAdc, Ig = 1.0 mAdc, Ta = +125°C) MPS2369A 0.5 = —
(Ic = 10 mAdc, Ig = 1.0 mAdc, T = -55°C) MPS2369A — — 1.02
(Ic = 30 mAdc, Ig = 3.0 mAdc) MPS2369A = b 1.15
(Ic = 100 mAdc, Ig = 10 mAdc) MPS2369A — — 1.60
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cobo — — 4.0 pF
(Veg = 5.0 Vdc, Ig =0, f = 1.0 MH2) MPS2369,A
Small-Signal Current Gain hte 5.0 e — —
(Ic = 10 mAdc, Ve = 10 Vdg, f= 100 MHZ) MPS2369,A
SWITCHING CHARACTERISTICS
Storage Time ts — 5.0 13 ns
(Ig1 = lg2 = Ic = 10 mAdc) (Figure 3) MPS2369,A
Turn-On Time ton — 8.0 12 ns
(Ve = 3.0 Vdc, I = 10 mAdc, Ig1 = 3.0 mAdc)
(Figure 1) MPS2369,A
Turn-Off Time toff — 10 18 ns
(Ve = 3.0 Vdc, I = 10 mAdc, g1 = 3.0 mAdc,
Ig2 = 1.5 mAdc) (Figure 2) MPS2369,A

1. Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%.

http://onsemi.com
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MPS2369 MPS2369A

t 30VO——-4VW——
+106Vj I

=i
-15V P

—>I L<10ns 33 3%-4% * < 4.0 pF
PULSE WIDTH (t;) = 300 ns

DUTY CYCLE =2.0%

Figure 1. to, Circuit

3.0V

eTH
- 2Cg* <40 pF

PULSE WIDTH (t;) = 300 ns
DUTY CYCLE = 2.0% =

Figure 2. tog Circuit

o—— AW
+60V—" l‘_ oY 980
A

-40V ™
<1.0ns L_ 500 CS <3.0 pF

PULSE WIDTH (t;) = 300 ns =
DUTY CYCLE = 2.0%

Figure 3. Storage Test Circuit

*Total shunt capacitance of test jig and connectors.
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General Description

The LM111, LM211 and LM311 are voltage comparators
that have input currents nearly a thousand times lower than
devices like the LM106 or LM710. They are also designed
to operate over a wider range of supply voltages: from stan-
dard + 15V op amp supplies down to the single 5V supply
used for IC logic. Their output is compatible with RTL, DTL
and TTL as well as MOS circuits. Further, they can drive
lamps or relays, switching voltages up io 50V at currents as
high as 50 mA.

Both the inputs and the outputs of the LM111, LM211 or the
LM311 can be isolated from system ground, and the output
can drive loads referred to ground, the positive supply or the
negative supply. Otfset balancing and strobe capability are
provided and outputs can be wire OR’ed. Although slower
than the LM106 and LM710 (200 ns response time vs

&National Semiconductor

December 1994

LM111/LM211/LM311 Voltage Comparator

40 ns) the devices are also much less prone to spurious
oscillations. The LM111 has the same pin configuration as
the LM106 and LM710.

The LM211 is identical to the LM111, except that its per-
formance is specified over a —25°C to +85°C temperature
range instead of —55°C to +125°C. The LM311 has a tem-
perature range of 0°C to +70°C.

Features

m Operates from single SV supply

Input current: 150 nA max. over temperature
Oftset current: 20 nA max. over temperature
Differential input voltage range: +30V
Power consumption: 135 mW at + 15V

Typical Applications**

Offset Balancing
a1

MAGRETIC
[

Relay Driver with Strobe
.

*Absords inductve
kickback of re'gy and
protects IC from
severe voliage
transents o
V* = oine.

m
STROtE

Note: Do Not Ground Strobe Pin.

Strobing

L3
1. Grounc

“*Note: Pin connections shown on schematc di-
agram and lypical applcations are for
HO8 metal can packsge.

Increasing Input Stage Current”®
=

m
stecet

Note: Do Not
Strotre

Bl Ovutput 1S
twrneg  off  whan
curtont s pulled
‘rom Sirode Pin
Digital Transmission Isolator

“InCraasss lyp«cal common
mode slew from 7.0V/us
10 18V/pus.

Vievev

Strobing off Both Input® and Output Stages

FROM O/A RETWORK

ANALOG
oy

*Typwcal input current 1s T
50 pA with inputs strobed off.

Note: Do Not Ground Strobe Pin.
TL/H/5704-1

©1995 Natonel Semiconductor Coporstion  TL/H/5704

RRD-B30M115/PantedinU. S A
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Absolute Maximum Ratings for the tM111/tM211

It Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec) 260°C
please contact the National Semiconductor Sales Voltage at Strobe Pin v+ —5V
C::ﬂ::e;Dlstrlbutors for availability and specitications. Soldering Information
(Note 7) Dual-In-Line Package
Total Supply Voltage (Vga) 36V Soldering (10 S6CONS) . - .+« v nvveueennan.n 260°C
Output to Negative Supply Voltage (V74) 50V Small Outline Package
Ground to Negative Supply Voitage (V14) 30V Vapor Phase (60 seconds) .........ccovnennnn 215°C
Differential Input Voltage +30V 5 Infrared (12 seconds) ........iiilatnn nd ...... .’220"0
e AN-450 “Surface Mounting Methods and Their Eftect
input Vollags (NoB ) .~ =9V on Product Reliability” for other methods of soldering sur-
Output Short Circuit Duration 10sec face mount devices.
Operating Temperature Range LM111 —55°Cto 125°C ESD Rating (Note 8) 300V
LM211 —25°Cto0 85°C
Electrical Characteristics forthe LM111andLM211 (Note 3)
Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 4) Ta=25°C, Rg< 50k 0.7 3.0 mV
Input Offset Current Ta=25°C 4.0 10 nA
Input Bias Current Ta=25°C 60 100 nA
Voltage Gain Ta=25C 40 200 V/mv
Response Time (Note 5) Ta=25C 200 ns
ion Vol B 1 =
Saturation Voltage Vin 5mV, loyt= 50 mA 075 P 0
Tu=25°C
trobe ON Current (Note 6) Ta=25C 2.0 5.0 mA
Output Leakage Current Vinx5mV, Voyt—= 35V 3
0.2 10 Nk
Ta=25°C, IsTROSE= 3 MA
Input Offset Voltage (Note 4) Rg=50k 4.0 mv
Input Ottset Current (Note 4) 20 nA
Input Bias Current 150 nA
Input Voltage Kange V+ =15V, Ve =/=15V,Pin 7
3 —14. 13.8,-14. - Vv
Pull-Up May Go To 5V 2 3417 W
Saturation Voltage Vhadisy, V=0
\ .4 \Y
Vin< —6 mV, loyt< 8 mA RD g
Output Leakage Current Vinz5mV, Voyt =35V 0.1 0.5 A
Positive Supply Current Ta=25C oM 6.0 mA
Negative Supply Current Ta=25°C 4.1 5.0 mA

Note 1: Ths rating apples for * 15 supplies. The positive input voltage limit is 30V above the negative supply. The negalive input vollage limil is equal to he
negalive supply voitage o 30V below the positive supply, whichever is less.

Note 2: The maxmum junction temperature of the LM111 & 150°C, while that of the LM211 is 110°C. For operating at elevated temperatures, devices in the HOE
package must e oecatec based on a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-n-ine
package s 110°C/W, juncton to ambient.

Note 3 These specications epply for Vg= * 15V and Ground pin &t ground, and —55°C < Ta< +125°C, unless otherwisa staled. With the LM211, howaver, alt
lempereture specdcations are imited 10 —25°C < T = +85°C. The offset vollage, offset current and bias current specifications apply tor any supply voltage from &
single SV supply up 10 = 15V supplies.

Note 4 The offset vollages and offset currents gven are the maximum values required 10 drive 1he output within a voit of either supply with a 1 mA load. Thus,
these parameters define an ecror band and take into account the worst-case effects of voitage gain and Rs.

Note 5: The response Irme speatied (see definitions) s for a 100 mV input step with 5 mV overdrive.

Note 8: This specficaton gves the range of current which must be drawn from the strobe pin 1o ensure the output is properly disabled. Do not short the strobe pin
10 ground; it should be curent driven at 3 10 5 mA.

Note 7: Ratfer 1o RETS111X tor the LM111H, LM111J and LM111J-8 miltary specifications.

Note 8: Human bocy mode, 1.5 kil in series with 100 pF.




Absolute Maximum Ratings for the LM311

if Military/Aerospace specified devices are required, Qutput Short Circuit Duration 10 sec
please contact the National Semiconductor Sales Operating Temperature Range 0° to 70°C
Office/Distributors for availability and specitfications. Storage Temperature Range —65°C to 150°C
Total Supply Voltage (Vea) 6y Lead Temperature (soldering, 10 sec) 260°C
Output to Negative Supply Voltage V74) 40V Voltage at Strobe Pin vt _sv
Ground to Negative Supply Voltage V14) 30V Soldering Information

Differential Input Voltage +30V Dual-In-Line Package

Input Voltage (Note 1) +15V Soldering (10seconNdS) . ... vvvnieeinnnnnann.. 260°C
Power Dissipation (Note 2) 500 mW Small Outline Package =
ESD Rating (Note 7 300v ot e

Electrical Characteristics forthe LM311 (Note 3)

See AN-450 “'Surface Mounting Methods and Their Effect
on Product Reliability”” for other methods of soldering sur-

tace mount devices.

Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 4) Ta=25°C, Rg< 50k 20 75 mv
Input Offset Current (Note 4) Taz258 6.0 50 nA
Input Bias Current o 25°C 100 250 nA
Voltage Gain Ta=25C 40 200 V/mV
Response Time (Note 5) Ta=25C 200 ns
Saturation Voltage ViNS —:O mV, loyt = 50 mA ! ’ B 7e o Y
TA=25[C i !
Strobe ON Current (Note 6) TA=25C Ii ‘ 2.0 5.0 mA
Output Leakage Current Vin2 10mV, Voyt —35V : ﬁ%
Ta=25°C, IsTRoge =3 MA i i 02 50 nA
V- = Pini= =5V i |
Input Offset Voltage (Note 4) Rg 50K i 10 mv
Input Oftset Current (Note 4) 70 nA
Input Bias Current 300 nA
Input Voltage Range Entdss: 13.86 144 13.0 \
Saturation Voltage V+tz45V, V=0 0.23 . N:
ViNs —10 mY, loyT58 mA
Positive Supply Current Ta=25C 5.1 7.5 mA
Negative Supply Current Tao=25C 4.1 5.0 mA

Note 1: This rating applies for % 15V supplies. The positive input voltage hmil s 30V above the negalive supply. The nagative input voltaga limit is equal 10 the
negative supply vollage or 30V below the positive supply, whichever 1S less.

Note 2 The maximum junction temparature of the LM311 s 110°C. For operaling ai 6levated lemperalure. Cevices n the HO8 package must be dareled based on &
thermal resistance of 165°C/W, junclion 1o ambient, or 20°C/W, junction 10 case. The thammal resstance of tha duakin-line package s 100°C/W, junction 1o
ambient.

Note 3: These specifications apply for Vg= % 15V and Pin 1 at ground, and 0°C < T, < - 70°C, uniess otherwise specified. The offset voltags, offset current and
bias current specifications apply for any supply voltage from a single SV supply up 10 = 15V supphes

Note 4: The offset voltages and offset currents given are the maximum values requxed 1o drve 1he outpul within a volt of either supply with 1 mA load. Thus, these
parameters define an error band and take into account the worst-case effects of voltage gain and Rg.

Note 5: The response time specified (see definitions) is for 8 100 MV input step with 5 mV ovecdrve

Note 6: This specification gives the range of current which must be drawn from the strobe pin 10 ensure 1ha output 15 property disabled. Do not short the strobe pin
10 ground; it should bs current driven at 3 10 5 mA.

Note 7: Human body model, 1.5 kQ in series with 100 pF.




Application Hints

CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high-speed comparator such as the LM111 is used
with fast input signals and low source impedances, the out-
put response will normally be fast and stable, assuming that
the power supplies have been bypassed (with 0.1 uF disc
capacitors), and that the output signal is routed well away
from the inputs (pins 2 and 3) and also away from pins S and
6.

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high (1 ks! to
100 k€), the comparator may burst into oscillation near the
crossing-point. This is due to the high gain and wide band-
width of comparators like the LM111. To avoid oscillation or
instability in such a usage, several precautions are recom-
mended, as shown in Figure 1 below.

. The tdm pins (pins 5 and 6) act as unwanted auxiliary
inputs. If these pins are not connected to a trim-pot, they
should be shorted together. If they are connected to a
trim-pot, 2 0.01 nF capacitor C1 between pins 5 and 6 will
minimize the susceptibility to AC coupling. A smaller ca-
pacitor is used if pin 5 is used for positive feedback as in
Figure 1.

2. Centain sources will produce a cleaner comparator output
waveform if a 100 pF to 1000 pF capacitor C2 is connect-
ed directly across the input pins.

3. When the signal source is applied through a resistive net-

work, Rg, it is usually advantageous to choose an Rg" ot

substantially the same value, both for DC and for gynarmic

(AC) considerations. Carbon, tin-oxide, and metai-film re-

sistors have all been used successfully in comparator in-

put circuitry. Inductive wirewound resistors are not suit-
able.

-

o

wm

. When comparator circuits use input resistors (eg. sum-

ming resistors), their value and placement are particularly
important. In all cases the body of the resistor should be
close to the device or socket. In other words there should
be very little lead length or printed-circuit foil run between
comparator and resistor to radiate or pick up signals. The
same applies to capacitors, pots, etc. For example, if
Rg =10 k{1, as little as 5 inches of lead between the re-
sistors and the input pins can result in oscillations that are
very hard to damp. Twisting these input leads tightly is
the only (second best) altemative to placing resistors
close to the comparator.

. Since feedback to almost any pin of a comparator can

result in oscillation, the printed-circuit layout should be
engineered thoughtfully. Preferably there should be a
groundplane under the LM 111 circuitry, for example, one
side of a double-layer circuit card. Ground foil (or, positive
supply or negative supply foil) should extend between the
output and the inputs, to act as a guard. The foil connec-
tions for the inputs should be as small and compact as
possible, and should be essentially surrounded by ground
toil on all sides, to guard against capacitive coupling from
any high-level signals (such as the output). If pins 5 and 6
are not used, they shoutd be shorted together. It they are
connected to a tim-pot, the trim-pot should be located, at
most, a few inches away from the LM111, and the 0.01
«F capacitor should be installed. If this capacitor cannot
be used, a shielding printed-circuit foil may be advisable
between pins 6 and 7. The power supply bypass capaci-
tors should be located within a couple inches of the
LM111. (Some other comparators require the power-sup-
ply bypass to be located immediately adjacent to the
comparator.)

TL/H/5704-29

Pin connections shown are for LM111H in the HO8 hermetic package

FIGURE 1. Improved Positive Feedback




Application Hints (continued)

6.1t is a standard procedure to use hysteresis (positive
feedback) around a comparator, to prevent oscillation,
and to avoid excessive noise on the output because the
comparator is a good amplifier for its own noise. In the
circuit of Figure 2, the teedback from the output to the
positive input will cause about 3 mV of hysteresis. How-
ever, if Rg is larger than 1001, such as 50 k{2, it would
not be reasonable to simply increase the value of the
positive feedback resistor above 510 kil. the circuit of
Figure 3 could be used, but it is rather awkward. See the
notes in paragraph 7 below.

7. When both inputs of the LM111 are connected to active
signals, or it a high-impedance signal is driving the posi-
tive input of the LM111 so that positive feedback would
be disruptive, the circuit of Figure 1 is ideal. The positive

HI

®

feedback is to pin 5 (one of the offset adjustment pins). It
is sufficient to cause 1 to 2 mV hysteresis and sharp
transitions with input triangle waves from a few Hz to
hundreds of kHz. The positive-feedback signal across
the 821} resistor swings 240 mV below the positive sup-
ply. This signal is centered around the nominal voltage at
pin 5, so this feedback does not add to the Vpg of the
comparator. As much as 8 mV of Vog can be timmed
out, using the 5 kQ pot and 3 k2 resistor as shown.

These application notes apply specifically to the LM111,
LM211, LM311, and LF111 families of comparators, and
are applicable to all high-speed comparators in general,
(with the exception that not all comparators have tnm
pins).

TL 7515704 <3)

A COnnec Ot $NowA are for LM 11 1H in the HOB hermatic pacaas

FIGURE 2. Conventional Positive Feedback

TL/H/5704-31

FIGURE 3. Positive Feedback with High Source Resistance
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Complementary Silicon Plastic TIP41A
Power Transistors TIP41B*

... designed for use in general purpose amplifier and switching *
applications. TI ga;l c
e Collector—Emitter Saturation Voltage —
VeE(a) = 1.5 Vdc Max) @ Ic TI P42A

=6.0 Adc *
e (Collector—Emitter Sustaining Voltage — TI P4ZB

VCEO(sus) = 60 Vde (Min) — TIP41A, TIP42A

=80 Vdc (Min) — TIP41B, TIP42B TIP42C =

=100 Vdc (Min) — TIP41C, TIP42C

“ON Semiconductor Preferred Device

e High Current Gain — Bandwidth Product

: 6 AMPERE
fr =3.0 MHz (Min) @ I
- d(é )@lc POWER TRANSISTORS
COMPLEMENTARY
e Compact TO-220 AB Package SILICON
60-80-100 VOLTS
*MAXIMUM RATINGS R WALTS
TIP41A | TIP41B | TIP41C
Rating Symbol | TIP42A | TIP42B | TIP42C | Unit
Collector—Emitter Voltage Vceo 60 80 100 Vdec
Collector-Base Voltage Ve 60 80 100 Vdc
Emitter—Base Voltage Ve 5.0 Vdc
Collector Current — Continuous Ic 6 Adc
Peak 10
Base Current Ig 2.0 Adc
Total Power Dissipation Pp
@Tc=25°C 65 Watts CASE 221A-09
Derate above 25°C 0.52 W/°C TO-220AB
Total Power Dissipation Pp
@Ta=25°C 2.0 Watts
Derate above 25°C 0.016 W/°C
Unclamped Inductive Load Energy (1) E 62.5 mJ
Operating and Storage Junction Ty Tstg —-65 to +150 el
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Resa 62.5 °C/IW
Thermal Resistance, Junction to Case Reyc 1.92 °C/W

(1) Ic=2.5A, L=20mH, PR.F. =10 Hz, Vcc =10V, Rgg = 100 2

Preferred devices are ON Semiconductor recommended choices for future use and best overall value.

©® Semiconductor Components Industries, LLC, 2001 1 Publication Order Number:
April, 2001 — Rev. 3 TIP41A/D



TIP41A TIP41B TIP41C TIP42A TIP42B TIP42C

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

I Characteristic I Symbol l Min Max I Unit l
OFF CHARACTERISTICS
Collector—Emitter Sustaining Voltage (1) TIP41A, TIP42A | Vceo(sus) 60 — Vde
(Ic = 30 mAdc, Ig = 0) TIP41B, TIP42B 80 —
TIP41C, TIP42C 100 —
Collector Cutoff Current TIP41A, TIP42A lceo = 0.7 mAdc
(Vce =30 Vdc, Ig =0) TIP41B, TIP41C — 0.7
(Vce = 60 Vdc, Ig =0) TIP42B, TIP42C — 0.7
Collector Cutoff Current Ices pAdc
(Vce = 60 Vdc, Vgg = 0) TIP41A, TIP42A i 400
(Ve = 80 Vdc, Vgg = 0) TIP41B, TIP42B S 400
(Vce = 100 Vdc, Veg = 0) TIP41C, TIP42C B 400
Emitter Cutoff Current (Vgg = 5.0 Vdc, I¢ =0) leBo — 1.0 mAdc
ON CHARACTERISTICS (1)
DC Current Gain (Ic = 0.3 Adc, Vg = 4.0 Vdc) hee 30 - —
(Ic = 3.0 Adc, Vg = 4.0 Vdc) 15 75
Collector—Emitter Saturation Voltage (¢ = 6.0 Adc, Ig = 600 mAdc) VCE(sat) — 4:5 Vdc
Base—Emitter On Voltage (I¢ = 6.0 Adc, Vg = 4.0 Vdc) VBE(on) — 2.0 Vdc
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product (g = 500 mAdc, Ve = 10 Vdg, fiest = 1.0 MH2) fr 3.0 — MHz
Small-Signal Current Gain (g = 0.5 Adc, Veg = 10 Vdg, f = 1.0 kHz) hte 20 — —

(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle = 2.0%.

http://onsemi.com
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TIP41A TIP41B TIP41C TIP42A TIP42B TiP42C
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<

o 2
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2 10 20 <
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T, TEMPERATURE (°C)

Figure 1. Power Derating

Veo
R0V % [
1 1 1
1.0 T)=25°C
— fe—25ps Rg 07 Vee=30V
+11 _V_[ SCOPE 05 Icig=10
Rg
el | j} " 2 osfd
90V = us" 0.2 ™ t‘\ E
1 [= N
= N
t,4<10ns 1 1. 0.1 e
DUTY CYCLE = 1.0% 2 4V ; 0.07 4@ Vg =50V T
0.05 H—
Rg and R VARIED TO OBTAIN DESIRED CURRENT LEVELS 0o
D; MUST BE FAST RECOVERY TYPE, e.g:: 0.02
1N5825 USED ABOVE Ig = 100 mA 006 0.1 0.2 04 06 10 2.0 40 6.0
MSD6100 USED BELOW Ig ~ 100 mA Ic, COLLECTOR CURRENT (AMP)
Figure 2. Switching Time Test Circuit Figure 3. Turn—On Time

http://lonsemi.com
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TIP41A TIP41B TIP41C TIP42A TIP42B TIP42C
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N
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Figure 4. Thermal Response
10 < = There are two limitations on the power handling ability of
- = — \} L 0.5 ms 1] a transistor: average junction temperature and second
e 2 2 =N breakdown. Safe operating area curves indicate Ic — VcE
= 30 T: < 150°C o Yfms \\ NN limits of the transistor that must be observed for reliable
EJ 20 iJi | \Ir SHER\ operation; i.e., the transistor must not be subjected to greater
g " —— SECONDARY BREAKDOWN LTD N[ 5.0ms N dissipation than jche curves indicate. .
= 1.0 . BONDING WIRE LTD = N The data of Figure 5 is based on Ty(pk) = 150°C; Tc is
£ | —— THERMAL LMITATION @ Tc = 25°C = variable depending on conditions. Second breakdown pulse
= o (SINGLE PULSE) N limits are valid for duty cycles to 10% provided Ty(pk)
S ¢.3 CURVES APPLY BELOW RATED Vceo N < 150°C. Typk) may be calculated from the data in
L02 ﬂgﬁ% %E‘g‘g o Figure 4. At high case temperatures, thermal limitations will
TIP41C, TIP42C reduce the power that can be handled to values less than the
0.1 — limitations imposed by second breakdown.
5.0 10 20 40 60 80 100 P y

Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 5. Active-Region Safe Operating Area
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Figure 6. Turn—Off Time Figure 7. Capacitance
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heg, DC CURRENT GAIN

V, VOLTAGE (VOLTS)
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MUR120 Sorles

SWITCHMODE ™
Power Rectifiers

MUR105, MUR110, MUR115, MUR120,
MUR130, MUR140, MUR160

... designed for use in switching power supplies, inverters and as
free wheeling diodes, these state—of-the—art devices have the
following features:

e Ultrafast 25, 50 and 75 Nanosecond Recovery Times
175°C Operating Junction Temperature

Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction
Reverse Voltage to 600 Volts

Mechanical Characteristics:

e Case: Epoxy, Molded

e Weight: 0.4 gram (approximately)

e Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® [ ead and Mounting Surface Temperature for Soldering Purposes:
220°C Max. for 10 Seconds, 1/16” from case

e Shipped in plastic bags, 1000 per bag

e Available Tape and Reeled, 5000 per reel, by adding a “RL” suffix to

the part number

® Polarity: Cathode Indicated by Polarity Band

e Marking: MUR105, MUR110, MURI15, MUR 120, MUR130,
MUR140, MUR160

MAXIMUM RATINGS
Please See the Table on the Following Page J

©® Semiconductor Components Industries, LLC, 2000 1
October, 2000 — Rev. 5

ON Semiconductor™

http://onsemi.com

ULTRAFAST RECTIFIERS
1.0 AMPERE
50-600 VOLTS

o——”——c

AXIAL LEAD
CASE 59-04
PLASTIC

MARKING DIAGRAM

= MUR1xx[—1

MUR1 = Device Code
XX = Specific Device Code

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value.

Publication Order Number:
MUR120/D



MAXIMUM RATINGS

MUR120 Series

MUR
Rating Symbol | 105 110 115 120 130 140 160 Unit
Peak Repetitive Reverse Voltage VRRM 50 100 150 200 300 400 600 | Volts
Working Peak Reverse Voltage VRwM
DC Blocking Voltage VR
Average Rectified Forward Current Ir(av) 1.0 @ Ta = 130°C 1.0 @ Ta = 120°C Amps
(Square Wave Mounting Method #3 Per Note 2.)
Nonrepetitive Peak Surge Current lesm 35 Amps
(Surge applied at rated load conditions, hatfwave,
single phase, 60 Hz)
Operating Junction Temperature and Ty Tstg —65to +175 °C
Storage Temperature
THERMAL CHARACTERISTICS
[ Maximum Thermal Resistance, Junction to Ambient ] Rgya I See Note 2. °C/wW
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (Note 1.) VE Volts
(i = 1.0 Amp, T; = 150°C) 0.710 1.05
(i = 1.0 Amp, T; = 25°C) 0.875 1.25
Maximum Instantaneous Reverse Current (Note 1.) iR HA
{(Rated dc Voltage, T; = 150°C) 50 150
(Rated dc Voltage, T, = 25°C) 2.0 5.0
Maximum Reverse Recovery Time tr ns
(I = 1.0 Amp, di/dt = 50 Amp/us) 35 75
(Il = 0.5 Amp, ir = 1.0 Amp, Irec = 0.25 A) 25 50
Maximum Forward Recovery Time thr 25 50 ns
(Ir = 1.0 A, di/dt = 100 A/ps, Irgc to 1.0 V)
1. Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.
ORDERING INFORMATION
Device Marking Package Shipping
MUR105 MUR105 Axial Lead 1000 Units/Bag
MUR105RL MUR105 Axial Lead 5000 Units/Tape & Reel
MUR110 MUR110 Axial Lead 1000 Units/Bag
MUR110RL MUR110 Axial Lead 5000 Units/Tape & Reel
MUR115 MUR115 Axial Lead 1000 Units/Bag
MUR115RL MUR115 Axial Lead 5000 Units/Tape & Reel
MUR120 MUR120 Axial Lead 1000 Units/Bag
MUR120RL MUR120 Axial Lead 5000 Units/Tape & Reel
MUR130 MUR130 Axial Lead 1000 Units/Bag
MUR130RL MUR130 Axial Lead 5000 Units/Tape & Reel
MUR140 MUR140 Axial Lead 1000 Units/Bag
MUR140RL MUR140 Axial Lead 5000 Units/Tape & Reel
MUR160 MUR160 Axial Lead 1000 Units/Bag
MUR160RL MUR160 Axial Lead 5000 Units/Tape & Reel

http://onsemi.com
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Figure 2. Typical Reverse Current*

* The curves shown are typical for the highest voltage device in the
voltage grouping. Typical reverse current for lower voltage selections
can be estimated from these same curves if Vg is sufficiently below
rated V.
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MUR120 Series

MUR130, MUR140, MUR160
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SEMICONDUCTOR TECHNICAL DATA by MTP12N10E/D
s s
Designer's™ Data Sheet
TMOS E-FET ™ MEP = O
o - Motorola Preferred Device
Power Field Effect Transistor
N-Channel Enhancement—Mode Silicon Gate
TMOS POWERFET
This advanced TMOS E—FET is designed to withstand high 12 AMPERES
energy in the avalanche and commutation modes. The new energy 100 VOLTS
efficient design also offers a drain-to—source diode with a fast RDS(on) = 0.16 OHM
recovery time. Designed for low voltage, high speed switching
applications in power supglies, converters and PWM motor
controls, these devices are particularly well suited for bridge circuits ®
: . : TMOS
where diode speed and commutating safe operating areas are
critical and offer additional safety margin against unexpected
voltage transients. D
» Designed to Eliminate the Need for External Zener Transient
Suppressor — Absorbs High Energy in the Avalanche Mode
« Commutating Safe Operating Area (CSOA) Specified for Use
in Half and Full Bridge Circuits G
¢ Source—to—Drain Diode Recovery Time Comparable to a Discrete
Fast Recovery Diode s
« Diode is Characterized for Use in Bridge Circuits
¢ Ipss and Vps(on) Specified at Elevated Temperature
CASE 221A—06, Style 5
TO-220AB
MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)
Rating Symbol Value Unit
Drain—-Source Voltage Vpss 100 Vde
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 100 Vdc
Gate—Source Voltage — Continuous Vas +20 Vdc
— Single Pulse (tp < 50 us) +40
Drain Current — Continuous ID 12 Adc
— Single Pulse (tp <10 us) Ipm 30
Total Power Dissipation @ Tc = 25°C PD 79 Watts
Derate above 25°C 0.53 WeC
Operating and Storage Temperature Range Ty, Tstg -55t0 175 °C
UNCLAMPED DRAIN-TO-SOURCE AVALANCHE CHARACTERISTICS (T, < 175°C)
Single Pulse Drain-to—Source Avalanche Energy — Starting Ty =25°C Eas 290 mJ
(VDD =25V,Ves =10V, L=4.03 mH, Rg =25 Q, Peak I =12°A)
(See Figures 15, 16 and 17)
THERMAL CHARACTERISTICS
Thermal Resistance — Junction to Case RgJc 1.9 °C/IW
— Junction to Ambient RaJA 62.5
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 10 seconds TL 260 °C

Designer’s Data for “Worst Case” Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit
curves — representing boundaries on device characleristics — are given to facilitate “worst case” design.

E-FET and Designer’s are trademarks of Motorola, Inc. TMOS is a registered trademark of Motorola, Inc.

Preferred devices are Motorola recommended choices for future use and best overall value.

REV 1

f.’ﬁ) MOTOROLA
S

© Motorola, Inc. 1996



MTP12N10E
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

[ Characteristic Symbol l Min | Typ Max I Unit ]
OFF CHARACTERISTICS

Drain-to-Source Breakdown Voltage V(BR)DSS
(Vgs =0, Ip =250 pAdc) 100 — — Vdc
Temperature Coefficient (positive) — 110 — mV/°C

Zero Gate Voltage Drain Current IDss LA
(Vps =100V, Vgs =0) = aF 10
(Vps =100V, Vgs =0, T = 150°C) = = 100

Gate-Body Leakage Current, Forward (VgsF =20 Vdc, Vps = 0) IGSSF - — 100 nAdc

Gate—Body Leakage Current, Reverse (VGsR =20 Vdc, Vps = 0) IGSSR — — 100 nAdc

ON CHARACTERISTICS*

Gate Threshold Voltage VGs(th) Vdc
(Vps = VGs. Ip = 250 pAdc) 2.0 3.0 4.0
Temperature Coefficient (negative) — 6.0 — mV/°C

Static Drain-Source On-Resistance (Vgg = 10 Vdc, Ip = 6.0 Adc) Rps(on) — 0.125 0.16 Ohm

Drain—-Source On-Voltage (Vs = 10 Vdc) VDS(on) Vdc
(Ip = 12 Adc) —_ 1.5 2.4
(Ip = 6.0 Adc, Ty = 150°C) S 1.4 1.92

Forward Transconductance (Vps 2 15V, Ip = 6.0 A) 9Fs 4.0 5.0 — mhos

DYNAMIC CHARACTERISTICS

Input Capacitance (Vbs =25V, Vas =0, Ciss e 600 — pF

Reverse Transfer Capacitance f=1.0 MHz) Grss Ty 70 i

Output Capacitance pre-Sdue 1 Coss — 230 —

SWITCHING CHARACTERISTICS (T, = 100°C)
Turn—On Delay Time td(on) — 10 — ns
Rise Time (VoD =50V, Ip =12 A, t 2 64 il
Vgs =10V, Rg=12Q)

Turmn-Off Delay Time See Figure 7 td(off) = 21 —

Fall Time tf — 30 —

Gate Charge Qr — 18 26 nC

(Vps=80V,Ip=12A, Q4 Ny 4.0 -
Vgs = 10 Vdc)
See Figures 5 and 6 Q2 = 10 =
Q3 — 8.0 —
SOURCE-DRAIN DIODE CHARACTERISTICS®
Forward On-Voltage (Is=12 A, Vgs = 0) Vsp — 1.0 2.5 Vdc
(lg=12A Vs =0, Tj = 150°C) -7 0.83 —
Reverse Recovery Time (Is=12 A, Vgs =0, trr — 110 — ns
dlg/dt = 100 Alus, VR =50 V)
INTERNAL PACKAGE INDUCTANCE

Internal Drain Inductance Lg nH

(Measured from the contact screw on tab to center of die) — 3:5 —
(Measured from the drain lead 0.25” from package to center of die) — 4.5 —
Internal Source Inductance Ls — 7.5 —
(Measured from the source lead 0.25” from package to source bond pad)

*Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%.

Motorola TMOS Power MOSFET Transistor Device Data
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TYPICAL ELECTRICAL CHARACTERISTICS
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SAFE OPERATING AREA INFORMATION

FORWARD BIASED SAFE OPERATING AREA

The FBSOA curves define the maximum drain—to—source
voltage and drain current that a device can safely handle

The power averaged over a complete switching cycle must
be less than:

when it is forward biased, or when itis on, or being turned on. T J(max) — TIc
Because these curves include the limitations of simultaneous ReJc
high voltage and high current, up to the rating of the device,
2 ; a 1000
they are especially useful to designers of linear systems. The E Vpp =50V t
curves are based on a case temperature of 25°C and a maxi- C Ip=12A ,'{ s
mum junction temperature of 175°C. Limitations for repetitive | Vgs=10V | AL (ot
pulses at various case temperatures can be determined by - Tj=25°C = : = T
using the thermal response curves. Motorola Application = 100 t —=
Note, AN569, “Transient Thermal Resistance—General Data = = =" td(on)
and Its Use" provides detailed instructions. g s e
-— /’/
SWITCHING SAFE OPERATING AREA 10 ==
The switching safe operating area (SOA) of Figure 9 is the
boundary that the load line may traverse without incurring
damage to the MOSFET. The fundamental limits are the
peak current, Ipp and the breakdown voltage, BVpss. The 1
switching SOA shown in Figure 9 is applicable for both turn— ) oRNERE S:ggAN CE (OHMS i
on and turn—off of the devices for switching times less than Re. ( )
one microsecond. Figure 7. Resistive Switching Time
versus Gate Resistance
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Figure 10. Thermal Response
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COMMUTATING SAFE OPERATING AREA (CSOA)

The Commutating Safe Operating Area (CSOA) of Figure
12 defines the limits of safe operation for commutated sour-
ce-drain current versus re-applied drain voltage when the
source-drain diode has undergone forward bias. The curve
shows the limitations of Igp and peak Vps for a given rate of
change of source current. It is applicable when waveforms
similar to those of Figure 11 are present. Full or half-bridge
PWM DC motor controllers are common applications requir-
ing CSOA data.

Device stresses increase with increasing rate of change of
source current so dlg/dt is specified with a maximum value.
Higher values of dlg/dt require an appropriate derating of IFM,
peak Vps or both. Ultimately dlg/dt is limited primarily by de-
vice, package, and circuit impedances. Maximum device
stress occurs during t;r as the diode goes from conduction to
reverse blocking.

VDS(pk) isthe peak drain—to-source voltage thatthe device
must sustain during commutation; IFM is the maximum for-
ward source-drain diode current just prior to the onset of
commutation.

VR is specified at rated BVpSS to ensure that the CSOA
stress is maximized as Ig decays from IR to zero.

Rgs should be minimized during commutation. Tj has only
a second order effect on CSOA.

Stray inductances in Motorola’s test circuit are assumed to
be practical minimums.

15
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Figure 12. Commutating Safe Operating
Area (CSOA)
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Figure 11. Commutating Waveforms
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Figure 13. Commutating Safe Operating Area
Test Circuit

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters can and do vary indifferent
applications. All operaling parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death , | .
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and + # are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MTP12P10/D

Designer's™ Data Sheet

Power Field Effect Transistor
P—Channel Enhancement—Mode Silicon Gate
This TMOS Power FET is designed for medium voltage, high

speed power switching applications such as switching regulators,
converters, solenoid and relay drivers.

o Silicon Gate for Fast Switching Speeds — Switching Times

MTP12P10

TMOS POWER FET
12 AMPERES
100 VOLTS
Rps(on) = 0.3 OHM

Specified at 100°C ®
o Designer's Data— IDSS, VDS(on): VGS(th) and SOA Specified TMOS
at Elevated Temperature
¢ Rugged — SOA is Power Dissipation Limited
e Source—to-Drain Diode Characterized for Use With Inductive Loads D
G
CASE 221A-06, Style 5
TO-220AB
MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)
Rating Symbol Value Unit
Drain—Source Voltage Vpss 100 Vdc
Drain-Gate Voltage (Rgg = 1.0 MQ) VDGR 100 Vdc
Gate—Source Voltage — Continuous Vas +20 Vdc
— Non-repetitive (tp < 50 ps) VGsMm +40 Vpk
Drain Current — Continuous ID 12 Adc
— Pulsed IDM 28
Total Power Dissipation Pp 75 Watts
Derate above 25°C 0.6 W/eC
Operating and Storage Temperature Range TJ: Tstg —-65to 150 °C
THERMAL CHARACTERISTICS
Thermal Resistance — Junctionto Case ReJc 1.67 °CIW
— Junction to Ambient RgJA 62.5
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 10 seconds TL 260 °C

Designer’s Data for “Worst Case” Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit
curves — representing boundaries on device characteristics — are given to facilitate “worst case” design.

Designer's is a trademark of Motorola, Inc.

REV 1

© Motorola, Inc. 1996
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MTP12P10
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic Symbol Min Max l Unit J
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BR)DSS 100 — Vdc
(Vgs =0, Ip =0.25 mA)
Zero Gate Voltage Drain Current IDsSs pAdc
(Vps = Rated Vpss, VGs =0) — 10
(Vps = Rated Vpss, Vgs =0, Ty = 125°C) — 100
Gate—Body Leakage Current, Forward (VgsF =20 Vdc, Vps = 0) IGSSF — 100 nAdc
Gate—Body Leakage Current, Reverse (VgsR = 20 Vdc, Vps = 0) IGSSR — 100 nAdc
ON CHARACTERISTICS*
Gate Threshold Voltage (Vps =VGs. Ip = 1.0mA) VGS(th) 2.0 4.5 Vdc
Ty =100°C 1.5 4.0
Static Drain—Source On-Resistance (Vgg = 10 Vdc, Ip = 6.0 Adc) RpS(on) — 0.3 Ohm
Drain—Source On-Voltage (Vgs = 10 V) VDS(on) Vdc
(Ip = 12 Adc) — 4.2
(Ip =6.0 Adc, Tj = 100°C) — 3.8
Forward Transconductance (Vps =15V, Ip =6.0 A) 9FS 2.0 — mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps = 25V, Vas =0, Ciss S 920 pF
Output Capacitance f=1.0 MHz) Coss N 575
Reverse Transfer Capacitance Seq TN Crss — 200
SWITCHING CHARACTERISTICS* (T = 100°C)
Tum-On Delay Time td(on) oy 50 ns
Rise Time (Vpp =25 V, Ip = 0.5 Rated Ip, 18 — 150
- Rg =50 Q)
Turn—Off Delay Time See Figures 12 and 13 td(off) == 150
Fall Time tf — 150
Total Gate Ch 33 50 o]
otal Gate Charge (Vs = 0.8 Rated Vs, Qq (Typ) n
Gate—Source Charge Ip =Rated Ip, Vgs = 10 V) Qgs 16 (Typ) —
Gate—Drain Charge Sog Ry Qgd 17 (Typ) —
SOURCE-DRAIN DIODE CHARACTERISTICS*
Forward On-Voltage Vsp 4.0 (Typ) ! 55 | Vdc
(Is = Rated Ip, 5 — 5
Forward Turn—On Time VGs = 0) ton Limited by stray inductance
Reverse Recovery Time tr 300 (Typ) I — l ns
INTERNAL PACKAGE INDUCTANCE (TO-204)
Internal Drain Inductance Lg 5.0 (Typ) — nH

(Measured from the contact screw on the header closer
to the source pin and the center of the die)

Internal Source Inductance Ls 12.5 (Typ) o
(Measured from the source pin, 0.25" from the package
to the source bond pad)

INTERNAL PACKAGE INDUCTANCE (T0-220)

Internal Drain Inductance L4 nH
(Measured from the contact screw on tab to center of die) 3.5(Typ) —
(Measured from the drain lead 0.25” from package to center of die) 4.5 (Typ) —

Internal Source Inductance Ls 7.5 (Typ) —

(Measured from the source lead 0.25” from package to source bond pad)

* Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2%.

2 Motorola TMOS Power MOSFET Transistor Device Data
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TYPICAL ELECTRICAL CHARACTERISTICS
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SAFE OPERATING AREA INFORMATION

Hil =
= = 10ps__ |
Q‘ = = = =04 ms 05-\ &
=3 10 == - —157 \1 msN & h z
= - NG [
é 7 imimi N E "
4 % | AN <
[s] Vs =20V dc\ [
g 41| siNGLE PULSE AVEAN g 20
X A Tg=25°C N TN 5
a [/ Nzt A = MTMMTP12P08
11" ——— Rps(on) LIMIT  MTMMTP12P 10
& PACKAGE LIMIT 2913 =]
[~ — — — THERMALLIMIT lI\/l|'lfll\/|/M'l'F‘"i2Pl1u . MTMMTP12P10
1 10 100 0 10 20 30 40 50 60 70 80 90 100
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Figure 7. Maximum Rated Forward Biased Figure 8. Maximum Rated Switching
Safe Operating Area Safe Operating Area
FORWARD BIASED SAFE OPERATING AREA SWITCHING SAFE OPERATING AREA
The FBSOA curves define the maximum drain—to—source The switching safe operating area (SOA) of Figure 8is the
voltage and drain current that a device can safely handle boundary that the load line may traverse without incurring
when it is forward biased, or when it is on, or being turned on. damage to the MOSFET. The fundamental limits are the
Because these curves include the limitations of simultaneous peakcurrent, IppMand the breakdown voltage, V(BR)DSS- The
high voltage and high current, up to the rating of the device, switching SOA shown in Figure 8 is applicable for both turn—
they are especially useful to designers of linear systems. The on and turn—off of the devices for switching times less than
curves are based on a case temperature of 25°C and a maxi- one microsecond.
mum junction temperature of 150°C. Limitations for repetitive The power averaged over a complete switching cycle must
pulses at various case temperatures can be determined by be less than:
using the thermal response curves. Motorola Application
Note, AN569, “Transient Thermal Resistance—General Data Ty(max) ~TC
and Its Use” provides detailed instructions. ReJc
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Figure 9. Thermal Response
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Figure 12. Switching Test Circuit
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Figure 13. Switching Waveforms
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PACKAGE DIMENSIONS
NOTES:
SEATING 1. DIMENSIONING AND TOLERANCING PER ANSI
—T—| PLANE Y14.5M, 1982.
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