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SQUARE WAVE INVERTOR USED IN A CAR

Mr. Cheewin Phenjunlon 48015160

Assis.Prof.Pholpadung Padungkul (Advisor)

ABSTRACT

This project is The push-pull inverter is designed to convert 12 Volts DC Power Supply to 220
Vs AC Power Supply with 50 Hz and maximum output power 150 Watts.

IC TL 494 generates square waves to drive the push-pull converter through a transformer with 280
VDC output and drives 1C drive to generate square waves without the third harmonic that results in 220

Vrms at 50 Hz.
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CORE TYPE A (ew’) B nm)  HeGnm § 4mm)
L 814250 (17 o7 2.1 3429
L EIE1ET L33 9.3 3.2 36.32
I5 8121391 0.4 10.0 12 37.50
LBI2E250 U.58 1Q.1 4.9 55,12
L FRZE272 (R3] 7.3 4.7 55.K8
1378 .05 16.% 6.6 73.41
21 1.14 179 6.0 KA. 16
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@ MOTOROLA

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit

designed primarily for SWITCHMODE power supply control.

On—Chip Error Amplifiers
On-Chip 5.0 V Reference
Adjustable Deadtime Control

Undervoltage Lockout

MAXIMUM RATINGS (Full operating ambient temperature range applies,

unless otherwise noted.)

Complete Pulse Width Modulation Control Circuitry
On-Chip Oscillator with Master or Slave Operation

Uncommitted Output Transistors Rated to 500 mA Source or Sink
Output Control for Push—Pull or Single-Ended Operation

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE 751B

! (SO-186)

N SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

A
Noniny E 1'—9] Neniny
input B ‘@ Input
Inv Inv
Input E Vee E Input

Ratin Symbol | TL494C | TL494] | Unit CompenPWN 50V
i y Comp Input [3] 14] Vet
Power Supply Voltage Voo 42 W Deadtime 13} Output
Contral Contral
Collector Cutput Voltage Vet 42 )
Vo2 cy (5] [12] vee
Collector Output Current Ic1, lo2 500 mA Ry [6] 1] cz
(Each transistor) {Note 1) \—L{i
Ground E E E2
Amplifier Input Voltage Range VIR —0.3to +42 \ o
— c1 ] 9] Et
Power Dissipation @ Tp < 45°C FPp 1000 mw
Thermal Resistance, Rgja 80 °cw (Top View)
Junction-to—Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55t0 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range Ta °C Operating
TL494C Qto+70 Device Temperature Range Package
TL494) -25t0+85
TL494CD Ta =00 o $70°C $0-16
- - " = 0° to +70°
Derating Ambient Temperature Ta 45 c TL494CN A Plastic
NOTE: 1. Maximum thermal limits must be observed. -
TL494IN Ta =— 25°to +85°C Plastic
© Motorola, inc. 1996 Rev 1




RECOMMENDED OPERATING CONDITIONS

TL494

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vce 7.0 15 40 \
Collector Output Voltage Ve1. Vo2 - 30 40 Vv
Collectar Output Current (Each transistor) Ic1. g2 - - 200 mA
Amplified input Voltage Vin -0.3 - Vog-20 \'
Current Into Feedback Terminal Ifp - - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor RT 1.8 30 500 k2
Timing Capacitor CT 0.0047 0.001 10 nF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vg = 15V, C1 = 0.01 pF, RT = 12 k), unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol | Min I Typ I Max l Unit |
REFERENCE SECTION

Reference Voitage (Ig = 1.0 mA) Vref 4.75 5.0 5.25 \

Line Regulation (Voo = 7.0 V to 40 V) Regjine - 2.0 25 mv

Load Regutation (I = 1.0 mA to 10 mA} Regload - 30 15 my

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

OUTPUT SECTION

Collector Off-State Current IC(off) - 20 100
(Voo =40V, VoE =40 V)

Emitter Off-State Current IE{off) - - -100 HA
Vo =40V, Vo =40V, VE=0V)

Collector—Emitter Saturation Voltage (Note 2) \
Commen—Emitter (VE = 0V, I = 200 mA) Vsat(C) - 1.1 1.3
Emitter—Follower (Vg = 15V, IE = 200 mA) Vsal(E) - 1.5 25

Output Control Pin Current
Low State (Vo 0.4 V) locL - 10 - HA
High State (VOG = Vref) I0oGH - 0.2 35 mA

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

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

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

MOTOROLA ANALQOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vog = 15V, CT = 0.01 uF, RT = 12 k{2, unless otherwise noted.}

For typical values Ta = 25°C, for min/max values Tp is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics J Symbol Min Typ Max l Unit I
ERROR AMPLIFIER SECTION
Input Offset Voltage (VQ (Pin 3) = 2.5 V) Vio - 2.0 10 mV
Input Offset Current (VO (pin 3)= 2.5 V) ho - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V} hB - -01 -1.0 UA
Input Common Mode Voltage Range (Vo =40V, Ta = 25°C) Vicr -0.3 to Vg2 \
Open Loop Voltage Gain (AVo =3.0V, Vo =05V 10 3.5V, R =2.0 kQ2) AvoL 70 95 - dB
Unity—Gain Crossover Freguency (Vo =0.5V1to 3.5V, R| =2.0 k) fo-- - 350 - kHz
Phase Margin at Unity—Gain (Vo =0.5Vto 3.5V, R = 2.0 kQ) dm - 65 - deg.
Common Mode Rejection Ratio (Vo =40V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVoc =33V, Vo =25V, R = 2.0 k) PSRR - 100 - dB
Output Sink Current (VO (pin 3) = 0.7 V) 10— 0.3 0.7 - mA
Output Source Current (Vo (pin 3) =3.5 V) lo+ 20 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 2.5 45 A
Input Sink Current (V(pijn 3) = 0.7 V) b 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
input Bias Current (Pin 4) (Vpjn 4 =0V 10 5.25V) B (DT) - -2.0 -10 LA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
{VPin4 =0V, CT=0.01F, Ry =12 kQ) 45 48 50
(Vpin 4 =0V, CT =0.001 pF, RT = 30 k) - 45 50
Input Threshold Voltage (Pin 4) Vih v
(Zero Duty Cycle) - 2.8 33
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (C1 = 0.001 uF, RT = 30 k() fosc - 40 - kHz
Standard Deviation of Frequency* (Ct = 0.001 uF, RT = 30 kf2) ofosc - 3.0 - %
Frequency Change with Voltage (Ve =7.0 Vio 40V, Ta = 25°C) Afgge (AV) - 0.1 - Y%
Frequency Change with Temperature (ATA = Tjgw t0 Thigh) Afpge (AT) - - 12 %
(CT =0.01 uF, RT = 12 k)
UNDERVOLTAGE LOCKOUT SECTION
| Turn—On Threshold (vc increasing, Iref = 1.0 mA) Vi 5.5 6.43 70 | v |
TOTAL DEVICE
Standby Supply Current (Pin 6 at V,gf, All other inputs and outputs cpen) lcc mA
(Mcc=15V) - 55 10
(Vce =40 V) - 7.0 15
Average Supply Current mA
(CT=0.01 uF, RT = 12k, V(pjn 4) = 2.0V} - 7.0 -
(Voo = 15 V) (See Figure 12)
* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, ¢
3
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Figure 1. Representative Block Diagram

Rt

s

Output Control vee
f————————————
6 |
i Oscillator
75 °
CT I | Deadtime Flop
= Comparator - 11 I
= | ck Q a2!
| 0.12v 4 | 3
o—t i} 1o
C |
Deadtime | O.ITV |
Control | it | 2 =
| C_\ | VU
| NS PWM - 49V | ‘cc
= 07mA Comparator uv =
| - |
= Reference
| Regulator [
| [
I |
| J
14 7 B
Gnd
Emor Amp Feedback PWM Error Amp Ref. i
1 Comparator [Input 2 Output -

This device contains 46 active transistors.

Figure 2. Timing Diagram
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Feedback/PWM Comp. \ :;,/_
Deadtime Control ——»f A

AANAANAL
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A
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Clock Input
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Flip—Flop
Q

Flip—Flop
Q

oupsct | L]

Output Q2 |_- [— I-
Emitter

Output
Control
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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, RT and C1. The
approximate oscillator frequency is determined by:

fosc = — 11
RTe=CT

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawlooth waveform across
capacitor CT to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop ciock—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 puise 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 2 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 0V t0 3.3 V.

Functional Table

Input/Output R fout
Controls Output Function fosc =
Grounded | Single—ended PWM @ Q1 and Q2 1.0

@ Vref Push—pull Operation 05

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 rode input range from —-0.3 V to (Vgg — 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 CT 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 osciflator. 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.

Figure 3. Oscillator Frequency versus
Timing Resistance

500 k I — | —
£ S = FH
= et _

5 Ly = 0001 uF - Voe=18Y
o 100k =
2 L~ .
[w)
w
&
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= 10k = =
=
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O .
¢ Ny
o)
FPNEsSEi Oras,
It i~

500
10k 20k 50k 110k 20k 50k 100k 200k 500k 1.0M
Rt TIMING RESISTANCE (£)
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Figure 4. Open Loop Veltage Gain and Figure 5. Percent Deadtime versus
Phase versus Frequency Oscillator Frequency
120 £ 20
o =2
5110 ! E
310 Mooy @ 2w
| — 0=3 L x
% NS R=2000 & Q. Cr = 0,001 pF
2 8 & 04 i} Vi
arn N, AVOL 40 "J,T UEJ 12
Q L a 5 "‘—'
[
z 9 3 RN Z 60 -
30 12025 Q 0.001 pF
[&] \ 1] & 40
S0 140 wo
(=] N E=3 a
>0 | e 20
0 180 2 0
1.0 10 100 1.0k 10k 100k 1.0M 500k 1.0k 10k 100k 500 k
f, FREQUENCY {Hz) fose, OSCILLATOR FREQUENCY (Hz)
Figure 7. Emitter—Follower Configuration
Figure 6. Percent Duty Cycle versus Output Saturation Voltage versus
Deadtime Control Voltage Emitter Current
'é 50 19
N o
2 \\\ ! vog =15V _ W
2 2 VOC = Vref £ 17
w 1 Cr=001uF B
= RT=10kQ | > 16
o 2. C7=0001 pF & T
=30kQ e 15
3% NS 2 14l
e N 3 (
& N = 13
O @
g 10 - a
i ™ ERE
8= o 11
= 0 1.0 20 3.0 35 0 100 200 300 400
VpT. DEADTIME CONTROL VOLTAGE (V) Ig, EMITTER CURRENT (mA}
Figure 8. Common-Emitter Configuration
Output Saturation Voltage versus Figure 9. Standby Supply Current
Collector Current versus Supply Voltage
2.0 10
=T 90
8 2 80 —
518 = 70
> z
z 4 ] g 60 /
g 12 /4/ O 59 'I
= o
g 10 . g 40
7. 2 =2
- // @30
308 il 8 20 /
Nl = 20
= 08 1.0
04 oL
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Figure 10. Error-Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit
Q
Voe = 15V |
Error Amplifier 150 ¢ 150
2W o 2w

o +~._Under Test
Vee
0 - T O—— Deadtime C1 —0 Qutput 1
est E1

O——1 Feedback Jf
Te,;:‘r!mgal Ry c2 O Qutput 2
{Pin 3} P/\/\"_._l cT E2 L__L_.

{*+) -

J_——O—>_ N ]
= N Emor
Veef " Gther Error L %:;

Amplifier Output gﬁ{
50k§ Control Gnd
+
Figure 12. Common-Emitter Configuration- Figure 13. Emitter—Follower Configuration
Test Circuit and Waveform Test Circuit and Waveform
15V
f——————
|
i- i' Each
I Output
Each { Transistor
I Output |
[ Transistor |
| [
|
b

Gnd
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Figure 14. Error—-Amplifier Sensing Techniques

Vref
Vo To Output
Voltage of
System f
R Ermor
1 Amp
o +
Error
3
Vyef = _Amp Negative Output Voltage R1
‘ VO = Vref i
R2 i Positive Output Voltage Ry Vo
Ry To Output
- VO = Vref ( 1+ “Ro Voltage of
2
System

Figure 15. Deadtime Control Circuit Figure 16. Soft-Start Circuit

Output
Control T I
R
Vi - C
Output : ref 4 Vref S
o— Q DT OUtpUl 4
o—1Q DT
RT Cr
R2
6 si ‘% Rs
30k I 0.001
80
Max. % on Time, each output = 45 — R1
1+
R2
Figure 17. Output Connections for Single—Ended and Push-Pull Configurations
o ¢l
© > Qc 2.4V Ve < Vief ©
L Q | gt (10mAto250mA
Output ° Output —°
Controf 1.0mAto Control
Single_Ended 500 mA Push-Pull
c2 c2
——o
0<Vog <04V —‘1\02 £2 ‘E £2 1.0 mA to 250 mA

» Qp —0
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vi, > 40 V Using
External Zener

Vief
r———"
Rg vee | |
O— A ’
p Vin > 40V 12 1 | I
RT 1NGT5A |
5 Master Vz =30V : 5 0V I
RIS [ToeT 1"
T ! |
1 L Gnd i [ |
Vref i 7| |
= [ |
6
RT Slave
5 (Additional
L—o{ CT Circuits)
Figure 20. Pulse Width Modulated Push—Pull Converter
+Vin =8.0Vto 20V
s,
129 +|vo 3 gsAv
4 1N4934 o=0.
. vee i T N
1 7
1M 32 —L1 +
33k ~n i
3 comp TL4%4 ) |—<+ - 3550\/_‘
2 32| 25V el
6] + L/\Ah— AAN— 35V
OC Vrgr DT C7 Ry Gmd E! EZ pet i) o
13| 14| 4| 5| 6f{ 7| 9| 10
AN +I 240 ?
4.7k 10 §
15k
4.7k 10k 0_7{01 S
O O
All capacitors in pF
Test Conditions Results
L11-35mH@03A
Line Regulation Vin=10Vt0 40 V 14mV 0.28% =y Primna]ry'@Z’OT T 428 AWG
Load Regulation Vin=28V,Inp=10mAto10A | 3.0mV 0.06% gecongary: 12?; 10436 *;3? 30\/!?(:8
ore. FEmaxXCU -
Output Ripple Vin=28V,Ip=1.0A 65mV pp PARD.
Short Circuit Current Vin=28V,RL=0140 16 A
Efficiency Vin=28V Ig=10A 1%
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Figure 21. Pulse Width Modulated Step—Down Converter

1.0mH @ 2A
+Vip =10VIeo 40V +V =50V
(I:ll Tip 324 0 =5
L_[ Ip =10A
47
150
47k
12 A
T 8 " 0
1.0M
vee C1 2 compl?
12
’ 5.1k 5.1k
5 LY + o ANA- 5
50v ] TL494 Vg L1 .
15 500 -
- O0—e AN A MR350 10V
16 5.1k
+
Ct Rf DT 0OC. Gnd E1 Fp
+__ 50
5 6 4 |13 |7 |9 |10 T 1ov
g 150
0.001 r‘* 47k
Q
% 0.1
O
Test Conditions Results
Line Regulation Vin=8.0Vto40V 30mv  0.01%
Load Regulation Vin = 12.6 V, 1o = 0.2 mA to 200 mA 50mv  0.02%
Output Ripple Vin=12.6V, lp =200 mA 40 mV pp P.A.R.D.
Short Circuit Current Vin=126 VR =0.1Q 250 mA
Efficiency Vin =126 V, Io =200 mA 72%
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IRF840

ISR

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vierioss Drain-to-Source Breakdown Voltage 500 — — V | Vags=0V, Ip= 250pA
AV(sripss/AT.| Breakdown Voltage Temp. Coefficient — | 078 | — | V/°C | Reference 10 25°C, lp= 1mA
Roston) Static Drain-to-Source On-Hesistance —_ — 085 | Q |Vgs=10V, ip=4.8A @
Vash) Gate Threshold Voltage 20 [ — | 40 V | Vos=Vgs, Ip= 250pA
i Forward Transconductance 4.9 — — S | Vops=50V, Ip=4.8A @
loss Drain-to-Source Leakage Current — — 25 HA Vos=500V, Vas=0V
— — | 250 Vps=400V, Vas=0V, Ty=125°C
less Gate-to-Source Forward Leakage —_ — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — — 63 Ip=8.0A
Qgs Gate-to-Source Charge — | — | 93 | nC [Vps=400V
Qg Gate-to-Drain ("Miller") Charge — — | 32 Ves=10V See Fig. 6and 13 ®
td(on) Tum-On Delay Time — 14 — Vpp=250V
1 Rise Time — 23 — ns Ip=8.0A
ta(om Tum-Oft Dselay Time — 49 — Re=9.1Q
U Fall Time — 20 — Rp=31Q See Figure 10 @
Lo Internal Drain Inductance — | 45 | — 6B ?nt\:ne?& 2'%?,? ) @
nH | from package a
Ls Internal Source Inductance — | 75| — and center of
die contact s
Ciss Input Capacitance — [1300| — Vas=0V
Coss Output Capacitance — | 810 | — | pPF |Vos=25V
Crss Reverse Transfer Capacitance e 120 | - f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min, ; Typ. | Max. | Units Test Conditions
Is Continuous Source Current . . 8.0 MOSFET symbol o
(Body Diode) ’ A showing the
Ism Pulsed Source Current _ _ 30 integral reverse e
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage — — 2.0 V | Ty=25°C, Is=8.0A, Vas=0V @
trr Reverse Recovery Time — | 460 [ 970 [ ns |Ty=25°C, |~=B.0A
Qrr Reverse Recovery Charge —_ 42 | 89 uC |di/dt=100A/us @
{on Forward Tum-On Time Intrinsic turn-on time is neglegible (lumn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by
mabx. junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=14mH
Ra=25(, ias=8.0A (See Figure 12)

® Isp<8.0A, di/dt<100A/us, VDp<V(eR)DSS

Tu<150°C

@ Puise width < 300 ps; duty cycle <2%.
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las — — _— - Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current Regulator

oVl — — -9 ————
]‘ - Qas QaD
Va
g ¥ |
Charge Current gampling HelsDislors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking Information — See page 1516 Intemational
Appendix E: Optional Leadforms — See page 1525 IOGR R ectiﬁ er
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IRF540N

HEXFET® Power MOSFET

Advanced Process Technology D
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching G
Fully Avalanche Rated

International
IR Rectifier

VDSS =100V

RDS(on) =44mQ

Ip =33A

Description
Advanced HEXFET® Power MOSFETs from International
Rectifier utilize advanced processing techniques toachieve
extremely low on-resistance persilicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides the designerwith an extremely efficient
and reliable device for use in a wide variety of applications.

The TO-220 package is universally preferred for all Lk
commercial-industrial applications at power dissipation '
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220 contribute
to its wide acceptance throughout the industry.

TO-220A8

Absolute Maximum Ratings

Parameter Max. Units
Ip@ Tc=25C Continuous Drain Current, Vgs @ 10V 33
Ip @ T¢ = 100°C| Continuous Drain Current, Vgs @ 10V 23 A
Iom Pulsed Drain Current @ 110
Pp@Tc =25°C Power Dissipation 130 w
Linear Derating Factor 0.87 w/eC
Vs Gate-to-Source Voltage + 20 \
Iar Avalanche Current® 16 A
Ear Repetitive Avalanche Energy® 13 mJ
dv/dt Peak Diode Recovery dv/dt @ 7.0 Vins
T, Operating Junction and -55 to+ 175
Tsre Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 {1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N*m)
Thermal Resistance
Parameter Typ. Max. Units
Raic Junction-to-Case —_— 1.15
Rycs Case-to-Sink, Flat, Greased Surface 0.50 —_ °C/W
Rgia Junction-to-Ambient —_ 62

www.irf.com
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n__tgm ati Onal PD-9.376H
©r| Rectifier | IRF840

EXFET® Power MOSFET

Dynamic dv/dt Rating
Repetitive Avalanche Rated D _

Fast Switching Vpss = 300V
Ease of Paralleling

Simple Drive Requirements

escription

1ird Generation HEXFETs from International Rectifier provide the designer
ith the best combination of fast switching, ruggedized device design, low
~-resistance and cost-effectiveness.

he TO-220 package is universally preferred for all commercial-indusirial
splications at power dissipation fevels to approximately 50 watts. The low
iermal resistance and low package cost of the TO-220 contribute to its wide
zceptance throughout the industry.

TO-220A8
bsolute Maximum Ratings
Parameter Max. Units

0@ Tc=25°C Continuous Drain Current, Vas @ 10 V 8.0
0@ Tc=100°C | Continuous Drain Current, Vas @ 10V 5.1 A
DM Pulsed Drain Current ® 32
b @ Tc=25°C | Power Dissipation 125 w

Linear Derating Factor 1.0 W/eC
Jas Gate-to-Source Voltage 120 vV
ZAS Single Pulse Avalanche Energy @ 510 mJ
AR Avalanche Current © 8.0 A
ZAR Repetitive Avalanche Energy © i3 mJ
Iv/dt Peak Diode Recovery dv/dt @ 3.5 Vins
I Operating Junction and -85 to +150
TsTG Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 {(1.6mm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nom)
"hermal Resistance

Parameter Min. Typ. Max. Units

Rasc Junction-ta-Case — — 1.0
Recs Case-to-Sink, Flat, Greased Surface — 0.50 — °C/W
Rasa Junction-to-Ambient — — 62 N
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IRF540N International
TOR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max. | Units Conditions
V(BRIDSS Drain-to-Source Breakdown Voltage 100 | — | — | V | Ves =0V, Ip=250pA
AVgrpse/AT) | Breakdown Voltage Temp. Coefficient | — | 0.12| — | V/°C| Reference to 25°C, Ip = 1mA
Rps(on) Static Drain-te-Source On-Resistance | — | — [ 44 m | Vggs =10V, Ip=16A @
Vasith) Gate Threshold Voltage 20| — | 40 V% Vbs = Vgas, Ip = 250pA
dts Forward Transconductance 21 | — | =—— S | Vpg =50V, Ip = 16A®
lbss Drain-to-Source Leakage Cument — | 1% HA Vps = 100V, Ves = 0V
-— | — | 250 Vps = 80V, Vgs = OV, T = 150°C
lass Gate-to-Source Forward Leakage — | — | 100 A Vgg = 20V
Gate-to-Source Reverse Leakage — [ [ -100 Vgs = -20V
Qg Total Gate Charge — | —] M Ip = 18A
Qgs Gate-to-Source Charge — | — 14 nC | Vps =80V
Qg Gate-to-Drain ("Miller”) Charge — | — ] 21 Vgs = 10V, See Fig. 6 and 13
tdton) Turn-On Delay Time — | 1] — Vop = 50V
te Rise Time — | 3B { — Ip = 16A
oo Tum-GHf Delay Time — 3| — | " |RrRe=510
t; Fall Time —_— 35 | — Vgs = 10V, See Fig. 10 @
. Between lead, ]
Lp Intemal Drain Inductance — | 45| — i
6mm (0.25in.)
nH )
from package <
Ls Intemal Source Inductance — | S| and center of die contact :
Ciss input Capacitance — | 1960 — Vgs = OV
Coss Qutput Capacitance -— | 250 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 40 | — | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy@ — |700®|185@ | mJ | lag= 16A, L = 1.5mH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
I Continuous Source Current _ | = MOSFET symbol °
(Body Dicde) A showing the
Ism Pulsed Source Current | 110 integral reverse G
(Body Diode)® p-n junction diode. s
Vso Diode Forward Voltage — —] 1.2 V | Ty=25C, Is=16A, Vgs =0V @
tr Reverse Recovery Time — | 115] 170 ns | Ty=25°C, Ir=16A
Qpr Reverse Recovery Charge — | 505] 760 | nC ] di/dt = 100A/us @
ton Forward Tum-On Time Intrinsic tum-on time is negligible (tum-on is dominated by Ls+.p)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature. {See fig. 11)

@ Starting Ty =25°C, L =1.5mH
Rg = 250, s = 16A. (See Figure 12)

€Y lSD < 16A, dildt < 340A/LIS, VDDS V(BR)DSS:
T,£175°C

@ Pulse width < 400ps; duty cycle < 2%.

® This is a typical value at device destruction and represents

operation outside rated limits.
® This is a calculated value limited to T; = 175°C .

www.irf.com
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IGR Rectifier
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Fig 1. Typical Output Characteristics Fig 2. Typical Output Characteristics
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www.irf.com 3



IRF540N

C, Capacitance (pF)

3000 Vs =0V, f=1MHz
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Fig 5. Typical Capacitance Vs.
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Fig 7. Typical Source-Drain Diode
Forward Voltage
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Ip. Drain-to-Source Current (A)

0.1

International

IGR Rectifier
Ip=16A | |
Vpg= 80
Vps= 50&
VDS: 200V
/ FOR TEST CIRCUIT
SEE FIGURE 13
0 20 40 60 80
Qg Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
OPERATION IN THIS AREA T
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|
|||
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il |
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Fig 8. Maximum Safe Operating Area
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IRF540N

TGR Rectifier
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N Fig 10a. Switching Time Test Circuit
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IGR Rectifier
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Fig 12b. Unclamped Inductive Waveforms
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Charge — Current Sampling Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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TGR Rectifier

Peak Diode Recovery dv/dt Test Circuit

. —<+ Circuit Layout Censideraticns
DUTAI—3 « Low Stray Inductance
# « Ground Plane
::l_ ¢ Low Leakage Inductance

Current Transformer

<

o i .
{Wm

o f—“'_,
Y
Rg :j_ « dv/dt controlled by Rg |+
e Igp controlied by Duty Factor D" "+ Vpp

e D.U.T. - Device Under Test

* Reverse Polarity of D.U.T for P-Channel

® Driver Gate Drive
o Peried D= FW.
P W— Period

f
[Vag=tov] ***

@|purt Igp Waveform

Reverse
Recovery | Body Dicde Forward
Current Current
@ |D.U.T. vipg Wavetorm
Diode Recovery \ B3
dv/dt

Re-Applied = 7 ___{)
Voltage Body Diode * ~ Forward Drop

Ripple < 5% ['so]
;

*** Vgg = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For N-channel HEXFET® power MOSFETs
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Package Outline
TO-220AB
Dimensions are shown in millimeters
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International
TGR Rectifier
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LEAD ASSIGNMENTS
§- GATE
2 - DRAIN
3-SOURCE
4-DRAIN

0.55 (.022)

X g6 (ore)

2.92(.t15)
=T 284 (50

3 OUTLINE CONFORMS TGO JEDEC OUTLINE TD-220AB

4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUOE BURRS

Part Marking Information

TO-220AB

EXAMPLE :
WITH ASSEMBLY
LOT CODE 9B1M

THIS IS AN IRF1010

O

INTERNATIONAL - PART NUMBER
RECTIFIER \ RF10104
LOGO IeR9246\
188 1M DATE CODE
ASSEMBLY YYWW]
LOT CODE YY = YEAR
WW = WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the industrial market.
Qualification Standards can be found on IR’s Web site.

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.03/01

www.irf.com



Data Sheet No. PD60147 rev.U

International
ISR Rectifier  IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dv/dt immune
¢ Gate drive supply range from 10 to 20V lo+/- 2A | 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vour 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay MatChmg (Ilgg‘]l‘!l%) ?2% ns max;
® Matched propagation delay for both channels ( ) ns max.

® Qutputs in phase with inputs Packages

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and

IGBT drivers with independent high and low side referenced output chan-

nels. Proprietary HVIC and latch immune CMOS technologies enable | o IR;‘?:—S;;I’RSZ?ES
ruggedized monolithic construction. Logic inputs are compatible with IRZ110/R2113

standard CMOS or LSTTL output, down to 3.3V logic. The output

drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

Typical Connection up ta 500V or 600V
'
— HO ] l Ea ;L
Vop @ * Vo Ve & —VWY
T
HIN o HIN Vg [ ° 1o
SD o— SD — X LOAD
LIN® LIN Vee 2
Vgg o Ve  COM [ !E)
Ve — LO ANV

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s} show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.
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Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. Ail voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured

under board mounted and stiil air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Vg High side floating supply voltage (IR2110}) -0.3 525
(IR2113) -0.3 625
Vg High side floating supply offset voltage Vg-25 Vg +03
VHo High side floating output voltage Vg-03 Vg +0.3
Voo Low side fixed supply voltage -0.3 25 y
Vio Low side output voltage -0.3 Vee +0.3
Vbbb Logic supply voitage -0.3 Vgg + 25
Vgs Logic supply offset voltage Vee - 25 Vee + 0.3
VIN Logic input voltage (HIN, LIN & SD) Vgg -0.3 Vpp + 0.3
dvg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6 w
(16 lead SOIC) — 1.25
RTHJA Thermal resistance, junction to ambient {14 lead DIP) — 75 .
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recomimended conditions. The Vg and Vs offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

\') High side floating supply absolute voltage Vg + 10 Vg +20

Vg High side floating supply offset voltage  (IR2110) Note 1 500

(IR2113) Note 1 600

VHo High side floating output voltage Vg Ve
Vee Low side fixed supply voltage 10 20 v
Vio Low side output voltage 0 vce
Vo Logic supply voltage Vgg +3 Vgg + 20
Vss Logic supply offset voltage -5 (Note 2) 5

ViN Logic input voltage (HIN, LIN & SD) Vss Voo

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.

2
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Dynamic Electrical Characteristics

Vajas (Vce. Vas. Vpp) = 15V, CL = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max. | Units [Test Conditions

ton Turn-on propagation delay 7 — 120 | 150 Vg =0V
toff Turn-off propagation delay 8 — 94 125 Vs = 600V/600V
tsa Shutdown propagation delay 9 —_ 110 | 140 ns Vg = 500v/600V
t Turn-on nise time 10 — 25 35
t Turn-off fall time " — 17 25
MT Delay matching, HS & LS _(IR2110) — — — 10

turn-on/off {IR2113) —— — -— 20

Static Electrical Characteristics

Veias (Vce, Ves, Vo) = 15V, Ta = 25°C and Vsg = COM unless otherwise specified. The Vi, VTH and iy parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and Ig parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure |Min. | Typ. Max.| Units Test Conditions
ViH Logic “1” input voltage 12 9.5 — —
ViL Logic “0" input voltage 13 — —_ 6.0
VoK High level output voitage, Vaias - Vo 14 — 1 —Th2 v lo = 0A
VoL Low level output voltage, Vo 15 — — 0.1 lo =0A
ILK Offset supply leakage current 16 —_ — 50 Vg=Vg = 500V/600V
loBs Quiescent Vgg supply current 17 — 125 230 ViN=0VorVpp
tQcc Quiescent Ve supply current 18 — 180 | 340 A ViN = 0V or Vpp
lapD Quiescent Vpp supply current 19 — 15 30 v VIN =0V or Vpp
N+ Legic “1” input bias current 20 — 20 40 VIN = VDD
IIN- Logic “0" input bias current 21 — —_ 1.0 ViN =0V
VeSUV+ Vs supply undervoltage positive going 22 7.5 8.6 9.7
threshold
VBsuv- Vgs supply undervoltage negative going 23 7.0 8.2 94
threshold
Vccuvs | Ve supply undervoltage positive going 24 74 85 9.6
threshold v
Vecuv- | Voo supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit pulsed current 26 20 25 — Vo=0V, VIN=VDD
PW <10 ps
lo- Output low short circuit pulsed current 27 20 25 — A Vo =15V, VIN=0V
PW < 10 ys

www.irf.com
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Functional Block Diagram

|
Vo DETECT|
! R Q LEVEL ¢—{ PULSE
! 8 SHIFT FILTER
] Voo/Vec
1

LEVEL 1~
SHIFT PULSE _“ E Vg

GEN _ ]
! :
G
uv |

| . Vee
|
= |
i DETECT
4 Voo Vec |
LIN 13 LEVEL LO
| 3 T SHIFT —l |
R |
= DELAY I
|
Vss?__L__. | COM
| =
1

Lead Definitions

o Th T
ol

I

o

¥
T/
A

Symbol| Description

VDD Logic supply

HIN Logic input for high side gate driver output (HO), in phase
sD Logic input for shutdown

LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground

Vg High side floating supply

HO High side gate drive output

Vs High side floating supply return

Vee Low side supply

LO Low side gate drive output

cOM Low side return
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IR Rectifier
Lead Assignments
=] Ho [1] =] Ho [3]
(=] vop ve [€] (o] va [1]
o] 1N vs [5] (7] voo vs [6]
o so (2] [iz] HIN 1
2] LN vee [31] (iF] so ]
(i3] vss com [2] G4 uN vee [2]
(%] ~ o ] 15| vss coM [ 2]
16 o~ Lo 1]
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110AR2113 IR2110S1R2113S
2] Ho [ 7] B Ho [J
=] voo vs [€] =1 voo ve 8]
o] HIN vs [5] [i8] HIN vs [
01} so [ ] sb r
GZ{ uN vee (3] [z} un vee (31
3] vss coM [z G3] vss com [ 2]
fid] —~ LT [14] ~ Lo[d
14 Lead PDIP wfo lead 4 14 Lead PDIP w/o leads 4 & 5
iIR2110-1/IR2113-1 IR2110-21R2113-2
Part Number
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HIN
LIN

SD

HO
Lo

-

Figure 1. Input/Output Timing Diagram

Vo =15V
o

[ 10 I 0.1

T uF 1 pF

=

PP S—

SD Ot 19

v,
ﬂB

+
01 10

¥ T v
uF uF ¥

- Vg

L
I o I(o to 500V/600V)
10

LINO—LD—F_TO

Lo L uF

Figure 3. Switching Time Test Circuit

sD

HO
LO

Figure 5. Shutdown Waveform Definitions

Voo =15V

ﬁ'_‘ 10KF6
Tur ToF | S
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TSR Rectifier

HV = 10 to 500V/600V

R
¥ 1004F
uH ‘IOKFGI "

1o
9 3 6 na
10 g
< HO
—n 1

MONITOR

90%

LO HO

10%
MT

80%

LO

v l
1LD_I_ OUTPUT  10KFE
IRFBNC

Figure 2. Floating Supply Voltage Transient Test Circuit

dvg
~—=>50 V/ns
dt

JL

(T

Figure 4. Switching Time Waveform Definition

MT

HO

Figure 6. Delay Matching Waveform Definitions
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50 50
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Temperature (°C) Veo/Ves Supply Voltage (V)
Figure 7A. Turn-On Time vs. Temperature Figure 7B. Tum-On Time vs. Vcc/Ves Supply Voltage
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|
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£ 10 1T 2 B A s
3 ) P e R B ey
& 100 & M - I
e & 100 =
: E |
F 50 50
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Figure 7C. Turn-On Time vs. VDD Supply Voltage Figure 8A. Tum-Off Time vs. Temperature
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3 — Te—— < 100 b Y
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2 T Q
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0
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veo/ves Supply Voltage (V) VoD Supply Voitags (V)
Figure 8B. Tumn-Off Time vs. Vcc/VBs Supply Voltage Figure 8C. Turn-Off Time vs. VDD Supply Voltage
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Shutdown Delay Time (ns)

Shutdown Delay Time (ns)

250
200
-
A -
I
-
150 p———
| - //
M "]
100
Tt
50
0
-50 -25 0 25 50 75 100 125

Temperature ("C)

Figure 9A, Shutdow'n Time vs. Temperature

250 .
N
200 "\
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150 | \\ re s
\h-— ..."-
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100 —
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50 |
0

0 2 4 6 8 10 12 14 16 18 20
VDD Supply Voltage (V)

Figure 9C, Shutdown Time vs. VDD Supply Voltage
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Figure 10B. Turn-On Rise Time vs. Voltage
8

TSR Rectifier
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o
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Figure 9B. Shutdown Time vs. Vce/Ves Supply Voltage
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Figure 10A. Turn-On Rise Time vs. Temperature
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Figure 11A. Turn-Off Fall Time vs. Temperature
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Figure 11B. Tum-Off Fall Time vs. Voltage
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Figure 12B. Logic “1” Input Threshold vs. Voltage
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Figure 13B. Logic “0” Input Threshold vs. Voltage
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Figure 12A. Logic “1” Input Threshold vs. Tempera-
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Figure 13A. Logic “0” Input Threshold vs. Tempera-
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Figure 14A. High Level Qutput vs. Temperature
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Figure 14B. High Level Output vs. Voltage
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Figure 15B. Low Level Output vs. Voltage
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Figure 16B. Offset Supply Current vs. Voltage

10

International
TSR Rectifier

1.00

0.80

o
@
o

0.40

Low Level Quiput Voltage {V)

e
4]
o

0.00

-50 -25 0 25 50 75 100 125
Temperature (*C)

Figure 15A. Low Level Output vs. Temperature
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Figure 17B. Ves Supply Current vs. Voltage
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WAX
A 4
4.06 %150] l i \t\
2.93 [.115] ) v A Y
13X a- 15 # N
{ 0.558 [.022 -~y
TR 138 0356 {014 Gt
0¥ [#lo2s [on] @CBEAE : A Y gggl {'011551
5} 204 [ 008}
01-6010
14-Lead PDIP w/o Lead 4 01-3008 02 {MS-001AC)
16
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International

ToR Rectifier IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

233 {.aﬂ = NOTES:
18.93 .745 ] - 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982
. f (6) 2. CONTROLLING DIMENSION: INCH.
E === © 3 DMENSIONS ARE SHOWN IN MILUMETERS [INCHES].
o &'ﬁ%]] 4 OUTLINE CONFORMS T0 JEDEC OUTUNE MS~D0J1AA
) E MEASURED WITH THE LEADS CONSTRAINED TO BE
: PERPENDICULAR TO DATUM PLANE €.
e — (53 DIMENSION DOES NOT INCLUDE MGLD PROTUSIONS. MOLD
177BO7EJ u|- B I PROTUSIONS SHALL NOT EXCEED 0.25 [.010)
X445 ffoﬁ]l
«-1 1,27 [.050]
0.39 [.015] | | i
MIN = , \ [
) ; I | | 533 { 210] ]
iwll M WAX f__ 1k
. I W
4.06 Fso} ! | K f \:\
2.93 [.115 1ax 0% 157 4 g
s *-} 1K 0 3o E[D)sz}
11X 356 Lore] 762300 Tl 031 (03]
762 [ 300)— | [0z o] @cBE[AO)] (5] 0.204 [ 008)
16 Lead PDIP w/o Leads 4 & 5 01-6015
01-3010 02
1050 [4133] _
10,10 [.3877] NOTES:
] [5) 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M—1982.
&
1 2. CONTROLUNG DIMENSION: MILLIMETER.
o RHHHHAHH
) T = 3. DIMENSIONS ARE SHOWN IN MILUMETERS [INCHES]
760 [ 2992 10.65 [.419] 4. QUTUNE CONFORMS TO JEDEC OUTUNE MS—D13AA.
7.40 [ 2914] 10.00 [ 394] DIMENSION 1S THE LENGTH OF LEAD FOR SOLDERING T0
[®fo.2s [ow]@c @] A SUBSTRATE.
DIMENSION DCES NOT INCLUDE MOLD PROTUSIONS. MOLD

' : PROTUSIONS SHALL NDT EXCEED 015 [006 ]
HEEHEEHE
075 [029) \, ..
" I‘“ 025 [.o10] * ®

30 [.01 i
i ﬁﬂ?@ 10 [ 00603 265 1043]‘
/alntuti 2.35 [.0926
27 oso J , 049 [ 0152] m 16X g)% m 0129)

X 0.35 [.0138] 023 [ o001
[@]o0.25 [.010 @]C[B@iA@]
. 016015
16-Lead SOIC (wide body) 01-3014 03 (MS-013AA)
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Infernational

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF vl

LEADFREE PART MARKING INFORMATION

Part numberf—l RXXXXXX

pascote— YWW? JTEIR | rioso
Pin 1 _ﬁ}f . ?XXXX——
Identifien 4
Lot Code
? MARKING CODE (Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free
Released

Assembly site code

ORDER INFORMATION

Part only available Lead Free

14-Lead PDIP IR2110 order IR2110PbF

14-Lead PDIP IR2110-1 order IR2110-1PbF
14-Lead PDIP IR2110-2 order IR2110-2PbF
14-Lead PDIP IR2113 order IR2113PbF

14-Lead PDIP IR2113-1 order IR2113-1PbF
14-Lead PDIP IR2113-2 order IR2113-2PbF
16-Lead SOIC IR2110S order IR2110SPbF
16-Lead SOIC IR2113S order IR2113SPbF

Infernational

TR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
This product has been qualified per industrial level

Data and specifications subject to change without notice 3/23/2005

18 www.irf.com



EIC

Certificate Number: Q10561 Certificate Number: E17276

1N5820 - 1N5822 SCHOTTKY BARRIER
RECTIFIER DIODES

PRV : 20 - 40 Volts DO-201AD
lo: 3.0 Ampere

FEATURES : 100!25 .

* High current capability 0.21 (5.33) ,| |, TN

* High surge current capability 019{4.82)

* High reliability l

* High efficiency 0.375 (9.52)
0,285 (7.24)

Low power loss

* Low cost _T_

* Low forward voltage drop

1.00 (25.4)
* Pb/ RoHS Free 0.052(1.32) MIN.
o8 (122) v
MECHANICAL DATA: t

* Case : DO-201AD Molded plastic

* Epoxy : UL24V-O rate flame retardant

* Lead : Axial lead solderable per MIL-STD-202, Dimensions in inches and ( millimeters )
Method 208 guaranteed

* Polarity : Color band denotes cathode end

* Mounting position : Any

* Weight: 1.1 grams

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Rating at 25 °C ambient temperature unless ctherwise specified.

Singte phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.

— eme— — — —

RATING SYMBOL| 1N5820 | 1N5821 | 1N5822 | UNIT
Maximum Recurrent Peak Reverse Voltage VRRM 20 30 40 A
Maximum RMS Voltage VRMs 14 21 28 \Y
Maximum DC Blocking Voltage Voc 20 30 40 \
Maximum Average Forward Current Fav) a0 A
0.375", 9.5mm Lead Length at TL = 95 °C
Maximum Peak Forward Surge Current,
8.3ms single half sine wave Superimposed IFsm 80 A
on rated load (JEDEC Method) TL=75°C
Maximum Forward Voltage at IF = 3.0 A (Note 1) VE 0.475 0.500 0.525 \
Maximum Reverse Current at Ta=25°C iR 20 mA
Rated DC Blocking Voltage (Note 1}  Ta =100°C IR(H) 20 mA
Typical Thermal Resistance (Note 2) ROJL 20 “CW
Junction Temperature Range T -65to+ 125 °C
Storage Temperature Range Tste -65to+ 125 °C

Notes :

{1} Pulse Test. Pulse Width = 300 us, Duty Cycle = 2%.
(2) Thermal Resistance from Junction to Lead Vertical PC Board Mounting, 0.5" (12.5mm) Lead Lengths with 2.5 in?
(63‘5mmz) copper pads.
Page 1 0f 2 Revy. 02 : March 25, 2005
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Certificate Number: Q10561 Certificate Number: E17276

AVERAGE FORWARD CURRENT,

AMPERES

FORWARD CURRENT, AMPERES

RATING AND CHARACTERISTIC CURVES { 1N5820 - 1N5822 )

FIG.1 - FORWARD CURRENT DERATING CURVE
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FIG.4 - TYPICAL REVERSE CHARACTERISTICS
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Electrical Characteristics (Ta = 25°C)

TOSHIBA 2SA1015(L)
TOSHIBA Transistor Silicon PNP Epitaxial Type (PCT process)
Audio Frequency Amplifier Applications
. - . . Unit: mm
Low Noise Amplifier Applications
5.1 MAX,
High voltage and high current: VCEQ =—50 V {min), | ,‘5‘(
Ic =-150 mA (max) 3
4
Excellent hFE linearity: hF (2) = 80 (typ.) at VCE = —6 V, IC = 150 mA oss M';xs —+ 2]
. . 4
. hFE (¢ =—0.1 mAVhFE (Ic = -2 mA) = 0.95 (typ.) 0.5 = 2
Low noise: NF = 0.2dB (typ.) (f = 1 kHz) ' o
Complementary to 28C1815 (L) L
. . 127 127
Maximum Ratings (Ta = 25°C) 2 :
b fhad) %
1 [ -] s
Characteristics Symbol Rating Unit e |
123
Collector-base voltage Veso -50 \

— ~ 1. EMITTER
Collector-emitter voltage VcEo 50 2. COLLECTOR
Emitter-base voltage VEBO -5 3. BASE
Collector current IS -150 mA

JEDEC TO-92
Base current IB -50 mA
Collector power dissipation Pc 400 mw JEITA SC-43
Junction temperature T 125 °C TOSHIBA 2-5F1B
Storage temperature range Tsig —55~125 °C Weight: 0.21 g (typ.)

Characteristics Symbol Test Condition Min Typ. Max Unit
Collector cut-off current Iceo Veg=-50V,lg=0 — — -0.1 WA
Emitter cut-off current lesO VEg=-5V,Ic=0 —_ — -0.1 WA
hrE (1
t Vee=-6V,Ic=-2mA 70 — 400
DC current gain {Note)
hrE (2) Vce =-6 V., Igc =-150 mA 25 80 —
Collector-emitter saturation voltage VCE (sat) Ic ==-100 mA, ig =-10 mA — -0.1 -0.3 \
Base-emitter saturation voltage VBE (sat) Ic =—100 mA, Ig =-10 mA - — -1.1 \Y
Transition frequency fr Vee=-10V, Igc=-1mA 80 _— — MHz
; Veg=-10V, Ig=0
Collector output capacitance Cob f=1 MHz — 4 7 pF
N . , Veg=—-10V. l[g=1mA _
Base intrinsic resistance bb f = 30 MHz —_ 30 Q
Vece=-8V, lc=-0.1mA
. NF( =900 Hz, Ra = 10kQ — | 05 | 6
Noise figure dB
Vee=-6V, g =-0.1mA
NF(2) 1529 kHz, Rg = 10 k2 — | %2 3
Note: hrg (1) classification O; 70~140, Y: 120~240, GR: 200~400
1 2003-03-27



TOSHIBA 2SA1015(L)

Ic - VCE In — VBE
-2 ; — 1000 = S COMMON
i -20 I COMMON _snol Ff EMTITER
& (/ 15 EMITTER i-ao 1 ’II VeE= -6V
2 / _-—T— Te=25C
& - 160} /’/ i =~ -100 A .
~1.0 -] o & A )
. =~ 50 8 A
/ P et —30 T
v B Ta=t00°C f 250 1] _25
: / 0.5 1
2 Y
—80 '/ | )
Ig=-0.2ZmA -
g -3 i
8 0 —lL JL L L L
) ~2 “a -6 _8 —o.5f = t
—0' 1 T1r I 1 I 1
OOLLECTOILEMITI‘ER VOLTAGE VCE (V) "’0 —-02 -04 -06 -—-0B8 10 ~-12 l4 -16
BASE-EMITTER VOLTAGE Vg (V)
hFE - IC
500,
g F Ta=100°C i
- 3 {
E T28
3 . -25
sof ) fp —- IC
COMMON EMITTER 3 1
3 Vem=—8V COMMON
B CE & 500] EMITTER
2 === Veg=-~1V a0o] VCE=-10V
— "
O —os -1 -3 -0 -8 -100 B Ta=26C — -
COLLECTOR CURRENT Ic (mA) g 1 =l
E 50
Z sl —
E
g VCE (sat) — IC 0
E_ _os . —01 -03 -1 -3 -10 -3 -—100
& | coumMon mA
% -0. l:mm COLLECTOR CURRENT Ic (mA)
53 Ic/1g=10
B -01 Ta=100C 3
> e
-0, I
é_g-o.oall =t 25
] -25
]
> ool 11
%1 -0 -1 -3 -10 -3 -100
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b4
=]
2
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;E ~5 ag 30
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FR301 THRU FR307

s 3.0 AMPS. Fast Recovery Rectifiers

. Voltage Range
- 50 to 1000 Volts
- Current
3.0 Amperes

Features

< Low forward voltage drop

<% High current capability

< High reliability

< High surge current capability

Mechanical Data
Cases: Molded plastic

Lead: Axial leads, solderable

T o

High temperature soldering g

< Weight: 1.2 grams

Epoxy: UL 94V-0 rate flame retardant

STD- 202, Method 208 guaranteed
Polarity: Color band denotes cathode end

.220 (5.6)
97 (5.0

DIA.

|—.-l

per MIL-

DO-201AD

j

1.0 (25.4)
MIN.

pat

.375(9.5)
335 (8.5)

1.0 {25.4)
MIN,

uaranteed: s -
260°C /10 seconds/.375",{9.5mm) lead DIA.
lengths at 5 Ibs.,(2.3kg) tension

Dimensions in inches and {millimeters)

For capacitive load, derate current by

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.

20%

Type Number Symbolf FR | FR | FR | FR | FR | FR | FR |Units
301 | 302 | 303 | 304 | 305 | 306 | 307

Maximum Recurrent Peak Reverse Voltage | .., | 50 | 100 | 200 | 400 | 600 | 800 |1000| V
Maximum RMS Voltage Vems | 35 | 70 | 140 | 280 | 420 | 560{ 700 | V
Maximum DC Blocking Voltage Voe | 50 | 100 | 200 | 400 | 600 | 800 [1000] Vv
Maximum Average Forward Rectified
Current .3757(9.5mm) Lead Length lav) 3.0 A
@TA =55C
Peak Forward Surge Current, 8.3 ms Single
Half Sine-wave Superimposed on Rated IFsm 150 A
Load (JEDEC method )
Maximum Instantaneous Forward Voltage Vg 1.2 Vv
@ 3.0A
Maximum DC Reverse Current @ Ta=25C Ir 5 uA
at Rated DC Blocking Voltage @ Ta=100C 100 uA
Maximum Reverse Recovery Time (Note 1) [ Trr 150 | 250 | 500 ns
Typical Junction Capacitance ( Note 2 ) Cj 60 pF
Typical Thermal Resistance (Note 3) R 40 ‘c/w
Operating Temperature Range Ty -65to +150 T
Storage Temperature Range Tsra -65 to +150 C

Notes:1. Reverse Recovery Test Conditions: 1g=0.5A, Ir=1.0A, Irr=0.25A

2. Measured at 1 MHz and App

lied Reverse Voltage of 4.0 Volts D.C.

3. Mount on Cu-Pad Size 16mm x 16mm on P.C.B.

- 356 -




S5

AVERAGE FORWARD CURRENT AMPERES

INSTANTANEOUS FORWARD CURRENT. (A)

RATINGS AND CHARACTERISTIC CURVES (FR301 THRU FR307)

FIG.1- MAXIMUM FORWARD CURRENT DERATING FIG.2- MAXIMUM NON-REPETITIVE PEAK FORWARD
CURVE SURGE CURRENT
4 150
<
s It
3 & 100
¥
=
N : =
. N g «
71 [y
Single Phase \ 2 -
Half Wave 60Hz \ g - TE
1 j— Resistive or x 8.3ms Single Half Sine Wave
Indugtive Load N < L— JEDEC Method
0.375"(9.5mm) &
Lead Length o
¢ L L 10
0 25 50 75 100 125 150 175 1 5 0 50 100
AMBIENT TEMPERATURE. {°C) NUMBER OF CYCLES AT 60Hz
FIG.3- TYPICAL FORWARD CHARACTERISTICS FiG.4- TYPICAL JUNCTION CAPACITANCE
20 100
10
v 4 [
y 4 a
ra g oo ——F
30 / E o
¢ 4
E9
/ g 3
1.0 5] Tj=25°C
r4
o
: ~
= 2 20 u
63 I’ B
= 10
01 ,I ;Ef\fvmn:wnn 1 2 4 6 10 20 40 60 100
1% Duty Cycle REVERSE VOLTAGE. (V)
03 l'
o1 ’

0.4 0.6 08 10 12 14 16 1.8
FORWARD YOLTAGE. (V)

FIG.5- REVERSE RECOVERY TIME CHARACTERISTIC AND TEST CIRCUIT DIAGRAM

500 100
NONINDUCTIVE ~ NONINDUGTIVE I- wr _.I
AW MW +0.5A ;
)
¥ DUt
(*t PULSE [
L sovde GENERATOR - A
{approx} (NOTE 2) «0.25A
0 OSCILLOSCOPE
gv (NOTE 1) )
NOTES: 1. Risa Time=7ns max. Input Impedance= = -1.0A
1 megohm 22pt —~l 1cm1——
2. Rise Time=10ns max. Sourse Impedance= SET TIME BASE FOR
50 ohms 5/ 10ns/ cm
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4448

FEATURES

= Hermetically sealed leaded glass SOD27 (D0O-35)
package

» High switching speed: max. 4 ns K

a
» General application C ) @I — ——

MAM246

« Continuous reverse voltage: max. 100 V

Repetitive peak reverse voltage: max. 100 V

* Repetitive peak forward current: max. 450 mA. The diodes are type branded.
APPLICATIONS Fig.1 Simplified outline (SOD27; DO-35) and
symbol.
+ High-speed switching.
DESCRIPTION
The 1N4148 and 1N4448 are high-speed switching diodes ~ MARKING
fabricat_ed in planar technology, and encapsulated in TYPE NUMBER MARKING CODE
hermetically sealed leaded glass SOD27 (DO-35)
packages. 1N4148 1N4148PH or 4148PH
1N4448 1N4448
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
1N4148 - hermetically sealed glass package; axial leaded; 2 leads sSoD27
1N4448

2004 Aug 10 2



Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. mMAX. UNIT
VRrM repetilive peak reverse voltage - 100 Y
Vg continuous reverse voltage - 100 v
I continuous forward current see Fig.2; note 1 - 200 mA
IFRM repetitive peak forward current - 450 mA
lFsm non-repetitive peak forward current | square wave; T;= 25 °C prior to
surge; see Fig.4
t=1pus - 4 A
t=1ms - 1 A
t=1s - 0.5 A
Piot total power dissipation Tamb = 25 °C; note 1 - 500 mW
Tstg storage temperature -65 +200 °C
T junction temperature - 200 °C
Note
1. Device mounted on an FR4 printed-circuit board; lead length 10 mm.
ELECTRICAL CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vg forward voltage see Fig.3
1N4148 Ir =10 mA - 1 Vv
1N4448 IF=5mA 0.62 0.72 Y
Ir =100 mA - 1 \'s
Ir reverse current Vr =20V, see Fig.5 25 nA
Vr=20V; Tj= 150 °C; see Fig.5 |- 50 HA
R reverse current; 1N4448 VR =20V, T;=100 °C; see Fig.5 |- 3 HA
Cy diocde capacitance f=1MHz; Vg =0V, see Fig.6 - 4 pF
trr reverse recovery time when switched from I = 10 mAto |- 4 ns
Ir =60 mA; R =100 ©;
measured at Ir = 1 mA,; see Fig.7
Vi forward recovery voltage when switched from |F = 50 mA; |- 25 v
t; =20 ns; see Fig.8
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rin(itp) thermal resistance from junction to tie-point | lead fength 10 mm 240 Kw
Ring-a) thermal resistance from junction to ambient | lead length 10 mm; note 1 350 KW
Note

1. Device mounted on a printed-circuit board without metallization pad.

2004 Aug 10



Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4448

GRAPHICAL DATA

bg451
300 o9 800 ~ f MEGI64
-
IF IF
(mA) (mA)
¥/
i )
T
\ ms f@ / (3}
N 7
S AL/
/
100 \\ 200 , / Y
7
\ ; /
7
\ , /
o R 4
I} 100 Tamb (°C) 200 0 1 VE V) 2
Device mounted on an FR4 printed-circuit board; lead length 10 mm. {1} T;=175°C; typical values.

(2) T;=25°C; typical values.
. i . . (3) T; =25 °C; maximum values.
Fig.2 Maximum permissible continuous forward

current as a function of ambient Fig.3 Forward current as a function of forward
temperature. voltage.
102 MBG70
TFsM
(A}
10
{1 ]
= -—L
] -
1
10_1 2 3 4
1 10 10 10 tp (1) 10

Based on square wave currents.
T; = 25 °C prior lo surge.

Fig.4 Maximum permissible non-repetitive peak forward current as a function of pulse duration.
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4448
103 — mgd290 12 MGDOo4
Ir Cq
(nA) A {pF)
102
= ?Zé 1.0
d
Gy
10 (PP
7 ’I’ [
y.a 08
1 —
I" I’
~ 06
107 5
A
yAD 4
102 V4 0.4
100 160) 200 0 10 VR (V) 20
(1) VR =75V, typical values.
(2) Vg =20V, typical values. f=1MHz; T = 25°C.
Fig.5 Reverse current as a function of junction Fig.6 Diode capacitance as a function of reverse
temperature. voltage; typical values.
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Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

input
signal

r————"-_-- A
| ir tp e
2 ! f _
| 10% KR
Rg = 50 Q I +iE -—
S L 1| saweune i " ] .
""""" OSCILLOSCOPE
V=VgptipxRg R;=50Q /}
o (1
MGABST
input signal output signal
(1) lg=1mA,
Fig.7 Reverse recovery voltage test circuit and waveforms.
]
. 1kQ 450 O | v
| 9%0%
Rg=50 0 OSCILLOSCOPE Vi
DT,
| | R;=50Q
I J 10%
MGASL2 J t
ir tp ——»

output
signal

Fig.8 Forward recovery voltage test circuit and waveforms,
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4448

PACKAGE OUTLINE

Hermetically sealed glass package; axial leaded; 2 leads

s0D27
(1)
) i
I | S— [ 3 -
1 l J +
ot [} L 4 G1 L
DIMENSIONS (mm are the original dimensions)
G 0 1 2mm
UNIT b " 1 L Lisslonasl]
max, max. max. min. scale
mm 0.56 1.85 4.25 254
Note
1. The marking band indicates the cathode.
REFERENCES
QUTLINE PiqufIOPEANN ISSUE DATE
VERSION IEC JEDEC EiAJ ECTIO
soD27 A24 DO-35 5C-40 = @ 97-06-09
2004 Aug 10



Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

DATA SHEET STATUS

DATA SHEET

LEVEL| "~ statust)

PRODUCT
STATUS(2®)

DEFINITION

! Objective data

Development

This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

] Preiiminary data

Qualification

This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

" Product data

Production

This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be communicated via a Customer Product/Process Change Notification

(CPCN).

Notes

1. Please consult the most recently issued data sheet before initiating or compileting a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

3. For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

DEFINITIONS

Short-form specification — The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition —Limiting values given are in
accordance with the Absolute Maximum Rating System
{IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information — Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.

2004 Aug 10

DISCLAIMERS

Life support applications — These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes — Philips Semiconductors
reserves the right to make changes in the products -
including circuits, standard cells, and/or software -
described or contained herein in order to improve design
and/or performance, When the productis in fult production
(status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no licence or title under any patent,
copyright, or mask work right to these products, and
makes no representations or warranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified.
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