Practica 1 — FlyBack — 2017

Practica N° 1
Convertidor Flyback
Instructivo

1 Objetivos:

- Analizar el funcionamiento de un convertidor DC-DC aislado.

- Comprender como afecta al funcionamiento del convertidor la inductancia de fugas del
transformador. Aprender a simular esta no idealidad.

- Comprender qué variables afectan y como a la tension de salida y al modo de
funcionamiento del convertidor.

2 Materiales:

Planta fisica del convertidor

Fuente de alimentacion

Osciloscopio

Punta de osciloscopio de efecto hall y su amplificador asociado.
¢ Voltimetro

Software de simulacion: Spice (LTSpice o NgSpice, por ejemplo)
3 Descripcion de la planta fisica:

La planta fisica se representa en la Figura 1:
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Figura 1
Donde:

Vi: fuente de alimentacion continua, 12.5V.
Ci: condensador de entrada.
M: MOSFET IRF640, del cual se adjuntan las hojas de datos.
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T: transformador con nucleo de ferrita, n=1, L=40uHy.

Control: bloque de comando. Basado en el circuito integrado TL494, del cual se
adjuntan las hojas de datos.

Rf: resistencia de carga fija, 470Q.

Rv: resistencia de carga variable. ( 0..60€2)

Rs: resistencia de sensado de la corriente.

Drl: diodo BY229-600, del cual se adjuntan hojas de datos.

Ds: diodo serie, BY229-600.

Dap, diodo antiparalelo, BY229-600.

Sw, llave de bypass de los diodos Ds y Dap.

Co, capacitor de salida, 10puF

Shy, Sh,, Shs, Shs, puntos para medicion de corriente con punta hall.

A, B, C, D, puntos para medicion de tension.

Nota: se llamara Ro el paralelo de Rv y Rf.

La Figura 2 es un esquemadtico simplificado del bloque de control, donde Ct=1000pF,
Rt=10K, y E, F, G y H son puntos para medicion de tension.
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Figura 2

La Figura 3 muestra la ubicacion de los distintos componente en la placa.

4 Desarrollo de la practica:

Al llegar al laboratorio, el estudiante debe conocer el funcionamiento del convertidor, la
distincion entre los modos de conduccion continua y discontinua y el funcionamiento a
grandes rasgos del TL494. Influencia de la inductancia de fugas del transformador en el
comportamiento del convertidor.
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4.1 Preinforme.

a— Hallar en forma teorica la ecuacion que fija el voltaje de salida del convertidor en
conduccion continua y discontinua.

b— Hallar la ecuaciébn que determina el valor de la carga que hace pasar al
convertidor de funcionamiento en conduccion continua a discontinua. Calcular la
resistencia critica. (De que otras formas es posible variar el modo de
funcionamiento del convertidor?

¢ — Simular el circuito de potencia con Ro=470L. ;En que modo de funcionamiento
se encuentra el convertidor?. Presentar las formas de onda de la corriente por el
MOSFET (Ids), por el diodo Drl (Id), la tension sobre los mismos (Vds y Vd), y la
tension en la salida del convertidor (Vo). Verificar si las tensiones y corrientes
maximas coinciden con las calculadas y si el comportamiento es el esperado
tedricamente.
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Figura 3

d — Simular el circuito en el umbral de conduccidén continua. Presentar las formas de
onda simuladas de Ids, Vds, Id, Vd y Vo. Verificar con los calculos teoricos.
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e — Considerar la influencia de las inductancias de fugas del transformador. Volver a

simular el circuito de la parte ¢, considerando que la inductancia de las fugas es el
5 % de la magnetizante. Observar como varian Ids, Vds, Id y Vd.

f— En modo de conduccién discontinua, analizar qué consecuencias puede traer la

recuperacion inversa del diodo Drl. Dibuje la corriente por el MOSFET y por Drl.

g — Realizar un plan de medidas, con las sefiales a observar en el osciloscopio y los

puntos de medida a utilizar.

Notas:

1. Adjuntar al preinforme los archivos simulados.

2. Para todas las simulaciones se ignoraran los diodos serie y antiparalelo del
MOSFET.

3. Para las simulaciones se utilizara un ciclo de trabajo del 50%. Se empleara como
modelo del MOSFET y del diodo Drl a los disponibles en la web del curso.

4. Para simular el transformador pueden utilizarse dos enfoques:

- Representar el circuito de salida en el primario.
- Modelarlo por dos inductancias acopladas con un coeficiente k, asi:

Lp Nodo pl Nodo p2 Valor
Ls Nodo sl Nodo s2 Valor
Kps Lp Ls k

Si k=1 el acoplamiento es perfecto.

El primer nodo de los inductores identifica el comienzo del arrollamiento.

Recordar que para la simulacion los circuitos primario y secundario deben estar
conectados.

4.2 Laboratorio.

Precaucion: la temperatura alcanzada por los elementos resistivos puede ser elevada.

Observar el circuito e identificar sus partes.

Comportamiento del circuito

Colocar la llave de bypass de forma que los diodos Ds y Dap queden en
funcionamiento. Colocar en funcionamiento el circuito en la configuracion de la
parte c¢. Medir la frecuencia y verificar que el ciclo de trabajo del MOSFET sea el
adecuado.

Medir las tensiones de entrada y salida del flyback. Relevar las formas de onda
simuladas.

Efecto de los diodos Ds y Dap

Coloque la llave de bypass de modo de eliminar los diodos Ds y Dap. Observe la
corriente por el primario y en el diodo del secundario. Aprecie el transitorio de

UdelaR-FI-IIE-Taller Laboratorio de Electronica de Potencia Pagina 4 de 5
Instructivo



Practica 1 — FlyBack — 2017

apagado del diodo del secundario. ;Como se ve reflejado dicho transitorio en el
primario?

Colocar nuevamente la llave de bypass de modo que los diodo Ds y Dap queden
en funcionamiento. Observe la tension en el MOSFET y las corrientes por los
diodos Ds y Dap. Relevar las formas de onda de interés

Pérdidas en el MOSFET

Cargue el circuito con Ro=50Q. Tome los datos necesarios como para calcular las
pérdidas en el MOSFET.

Efecto de la variacion de la carga

Varie la carga del convertidor, relevando la forma de onda de las corrientes por el
primario y por el secundario, y la tensién del Gate, de forma de visualizar el
cambio de comportamiento entre los modos de conduccién continua y
discontinua. Mida las tensiones de entrada y salida del convertidor, asi como la
carga aplicada para las distintas situaciones.

Efecto de la variacion del ciclo de trabajo

Vuelva a cargar el circuito con Ro=50 Q. Observe las corrientes por el primario y
por el secundario. Varie el punto de funcionamiento del circuito de forma de
visualizar el cambio de comportamiento entre ambos modos.

4.3 Informe.

SRR

. Analizar y comparar las formas de onda relevadas en el laboratorio con los
resultados obtenidos en las simulaciones.

(Qué utilidad tienen el diodo en serie y el en antiparalelo con el MOSFET?.
Justifique.

Calcule las pérdidas del MOSFET con Ro=50Q

Analice las medidas realizadas al variar la carga y la transferencia del convertidor.
Analice las formas de ondas obtenidas al variar el ciclo de trabajo.

Resumen

Notas:

1.

2.

En todos los casos se verificaran los valores calculados en el preinforme y de ser
necesario se recalcularan de acuerdo a los datos medidos durante la practica.
Respecto al resumen solicitado en el punto 6 del informe, el mismo deberd enumerar
y describir someramente las ensefianzas y conceptos aprendidos. El mismo sera de
aproximadamente 300 palabras.
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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.

® Complete Pulse Width Modulation Control Circuitry

® On-Chip Oscillator with Master or Slave Operation

® On-Chip Error Amplifiers
® On-Chip 5.0 V Reference
* Adjustable Deadtime Control

* Uncommitted Output Transistors Rated to 500 mA Source or Sink

¢ Output Control for Push—Pull or Single—Ended Operation

* Undervoltage Lockout

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE 751B
1 (SO-16)

N SUFFIX
16 PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

\
Noninv Noninv
. . . Input E E Input
MAXIMUM RATINGS (Full operating ambient temperature range applies, | |
unless otherwise noted.) input |2 Veo 15] 1hput
Ratin Symbol | TL494C | TL494l | Unit Compen/PWN 50V
9 Y Comp Input L2] o1y 14] Ve
Power Supply Voltage Vee 42 % Deadime _"'_FD T3] Output
Control Control
Collector Output Voltage Ve, 42 \
V2 Cr E_ E Vee
Oscillator
Collector Output Current Ic1, Ic2 500 mA Rt [ 6] 1] c2
(Each transistor) (Note 1) ‘—fgz:
Ground [ 7] 10] E2
Amplifier Input Voltage Range VIR -0.3to +42 \% o
Power Dissipation @ Tp < 45°C Pb 1000 mw ¢t E E £l
Thermal Resistance, ReJa 80 °C/IW (Top View)
Junction—-to—Ambient
Operating Junction Temperature T3 125 °C
Storage Temperature Range Tstg —55to +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range TA °C Operating
TL494C Oto +70 Device Temperature Range Package
TL494| -25t0 +85
TL494CD TA = 0° t0 +70°C SO-16
. . ° A =0° o+ o
Derating Ambient Temperature TA 45 C TL494CN Plastic
NOTE: 1.Maximum thermal limits must be observed. -
TL494IN Tp =—25°to +85°C Plastic
[J 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 Vci1, Ve2 - 30 40 \
Collector Output Current (Each transistor) Ic1, Ic2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vce-2.0 \
Current Into Feedback Terminal It - - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor RT 18 30 500 kQ
Timing Capacitor Crt 0.0047 0.001 10 uF
Oscillator Frequency fosc 10 40 200 kHz

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

Characteristics Symbol | Min ‘ Typ ‘ Max | Unit
REFERENCE SECTION

Reference Voltage (Ip = 1.0 mA) Vref 4.75 5.0 5.25 \

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

Load Regulation (Io = 1.0 mA to 10 mA) Regjoad - 3.0 15 mV

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

OUTPUT SECTION

Collector Off—State Current Ic(off) - 2.0 100 MA
(Vcc=40V,Vcg=40V)

Emitter Off—State Current IE(off) - - -100 HA
Vcc=40V,Vc=40V,VE=0V)

Collector—Emitter Saturation Voltage (Note 2) \Y
Common-Emitter (Vg =0V, Ic =200 mA) Vsat(C) - 1.1 1.3
Emitter—Follower (V¢ = 15V, Ig = -200 mA) Vsat(E) - 15 2.5

Output Control Pin Current
Low State (Voc <0.4 V) 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 tf ns
Common-Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.
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ELECTRICAL CHARACTERISTICS (Vcc =15V, CT=0.01 pF, RT = 12 kQ, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics | Symbol Min Typ Max ‘ Unit
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) o - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) B - -0.1 -1.0 HA
Input Common Mode Voltage Range (Vcc =40V, Tp = 25°C) VICR -0.3to Vcc—2.0 \Y
Open Loop Voltage Gain (AVo =3.0V,Vp=0.5Vt0 3.5V, R =2.0kQ) AvoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo =0.5V t0 3.5V, R =2.0 kQ) fc— - 350 - kHz
Phase Margin at Unity—Gain (Vo = 0.5V to 3.5V, R = 2.0 kQ) ®m - 65 - deg.
Common Mode Rejection Ratio (Vcc =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVcc =33V, Vo =25V, R =2.0kQ) 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) lo+ 2.0 -4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 25 45 \
Input Sink Current (V(pjn 3) = 0.7 V) l— 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin 4=0V t0 5.25V) B (DT) - -2.0 -10 MA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(Vpin4 =0V, CT=0.01 yF, RT =12 kQ) 45 48 50
(Vpin 4 =0V, CT = 0.001 UF, RT = 30 kQ) - 45 50
Input Threshold Voltage (Pin 4) Vih \Y
(Zero Duty Cycle) - 2.8 3.3
(Maximum Duty Cycle) 0 - -

OSCILLATOR SECTION

Frequency (CT = 0.001 pF, RT = 30 kQ) fosc - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 pF, RT = 30 kQ) ofpsc - 3.0 - %
Frequency Change with Voltage (Vcc =7.0 Vto 40V, Tp = 25°C) Afgsc (AV) - 0.1 - %
Frequency Change with Temperature (AT = Tiow t0 Thigh) Afgsc (AT) - - 12 %

(CT=0.01 pF, RT=12kQ)

UNDERVOLTAGE LOCKOUT SECTION

Turn—On Threshold (V¢ increasing, Iyef = 1.0 mA) Vih 55 6.43 7.0 ‘ \
TOTAL DEVICE

Standby Supply Current (Pin 6 at Vyef, All other inputs and outputs open) Icc mA
(Vec=15V) - 5.5 10
(Vec =40V) - 7.0 15

Average Supply Current mA
(CT=0.01 uF, RT =12kQ, V(pin 4) = 2.0V) - 7.0 -
(Vcc =15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o
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Figure 1. Representative Block Diagram
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Figure 2. Timing Diagram
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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 CT. The
approximate oscillator frequency is determined by:

1.1

f = ==
0sc RT+ CT

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth 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 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 V to 3.3 V.

Functional Table

f
Input/Output Output Function Jout =
Controls fosc
Grounded Single-ended PWM @ Q1 and Q2 1.0
@ Vyef 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 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 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.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and Figure 5. Percent Deadtime versus
Phase versus Frequency Oscillator Frequency
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Figure 7. Emitter—Follower Configuration
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Figure 10. Error—Amplifier Characteristics
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Figure 11. Deadtime and Feedback Control Circuit
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Figure 14. Error—Amplifier Sensing Techniques
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Figure 17. Output Connections for Single—Ended and Push—Pull Configurations
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with VV in > 40V Using
External Zener
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Figure 20. Pulse Width Modulated Push—Pull Converter
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O
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Test Conditions Results
: - L1-35mH@0.3A
- 0
Line Regulation Vin=10Vto40V 14 mV 0.28% T1 - Primary: 20T C.T. #28 AWG
Load Regulation Vin=28V,lp=1.0mAto 1.0A | 3.0mV 0.06% Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3CB
Output Ripple Vihn=28V,lp=1.0A 65 mV pp P.A.R.D.
Short Circuit Current Vih=28V,R_.=0.1Q 16A
Efficiency Vih=28V,lp=1.0A 71%

MOTOROLA ANALOG IC DEVICE DATA 9
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Figure 21. Pulse Width Modulated Step—Down Converter

1.0mH @ 2A
O Ip O
N lo =10A
47
150
47k
T 8 11 01
1.0M
Vce Ck Cp Comp 3 A
1.2
1 5.1k 5.1k
+ +
50 —
50V TL494 Vier |24 R
15 y 500 —<
-—o0—+ - A MR850 10V
16 5.1k
+—0
Cr Ry DT 0C.Gnd E; Ep
* 1 50
5 6 4 |13 |7 |9 |10 T 10v
150
0.001 »‘\ 47k
O
O

Test Conditions Results
Line Regulation Vin=8.0Vto40V 3.0mV  0.01%
Load Regulation Vin=12.6 V, 1o =0.2 mA to 200 mA 5.0mV  0.02%
Output Ripple Vin=12.6 V, Ip = 200 mA 4A0mVpp PARD.
Short Circuit Current Vih=126V,R_.=0.1Q 250 mA
Efficiency Vin=12.6 V, Ip = 200 mA 72%

10
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 648-08
ISSUE R

NOTES:
1

w N

FORM

(SIS

. ROUN

A4
€— o —>

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.

. DIMENSION L TO CENTER OF LEADS WHEN

ED PARALLEL.

. DIMENSION B DOES NOT INCLUDE MOLD FLASH.

DED CORNERS OPTIONAL.

L

—C

| DIM}

INCHES MILLIMETERS
MIN MAX MIN | MAX
0.740 | 0.770 | 18.80 | 19.55

0.250 | 0.270 6.35 6.85

0.145 | 0.175 3.69 4.44

0.015 | 0.021 0.39 0.53

SEATING

0.040 0.70 1.02 177

PLANE

\
=S

0.100 BSC 2.54BSC

0.050 BSC 1.27BSC

—K

0.008 | 0.015 021 0.38

L
|
J L ﬁ\,m

0.110 | 0.130 2.80 3.30

0.295 | 0.305 7.50 7.74

D 16 PL

0° 10° 0° 10°

(20 <l Lol Pl Ol = ol (] i a (W (@) (oo 3 b g

[@]0250010@[T[A @]

0.020 | 0.040 051 101

D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
(SO-16)
ISSUE J

RAAAAAARA %
g T g-
P gpL

y

[]0.250.010)®[B O

@ 8
Hjl_ II];H_H_H_H_H 1
G

4.

5.

NOTES:
1. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.
CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

MILLI
MIN
9.80

ETERS
MAX
10.00

INCHES
MIN | MAX
0.386 | 0.393

=
=

3.80 4.00 | 0.150 | 0.157

1.35 1.75 | 0.054 | 0.068

0.35 049 | 0.014 | 0.019

T
=SS =il

0.40 125 | 0.016 | 0.049

SEATING

1.27BSC 0.050 BSC

PLANE

0.19 025 | 0.008 | 0.009

0.10 025 | 0.004 | 0.009

Tt
D 16PL

0° 7° 0° 7°

5.80 6.20 | 0229 | 0.244

|9 |0250010@|T[B ©[AG]

;U'szuo-ncom>|

0.25 050 | 0.010 | 0.019

MOTOROLA ANALOG IC DEVICE DATA
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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 or incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating 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
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arisingout of, directly orindirectly, 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 @ registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
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International
Rectifier

PD-9.374G

IRF640

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating

® Repetitive Avalanche Rated
® Fast Switching

® Ease of Paralleling

¢ Simple Drive Requirements

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

° Vpss = 200V .
RDS(on) = 01 8Q
s ID .= 18A

on-resistance and cost-effectiveness.

The TO-220 package is universally preferred for all 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-220AB
Absolute Maximum Ratings
Parameter Max. Units
Ib@ Tc=25°C Continuous Drain Current, Ves @ 10V 18 :
Ib @ Tc =100°C | Continuous Drain Current, Vas @ 10V 11 A
lom Puilsed Drain Current © 72
Pp @ Tc=25°C " | Power Dissipation 125 W
Linear Derating Factor 1.0 w/reC
Vas Gate-to-Source Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 580 mJ
lan Avalanche Current @ 18 A
EAr Repetitive Avalanche Energy ® 13 md
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
] Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nern)
Thermal Resistance
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case — — 1.0
Recs Case-to-Sink, Flat, Greased Surface — 0.50 — °C/W
Raua Junction-to-Ambient — — 62
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IRF640

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

Parameter Min. | Typ. | Max. | Units Test Conditions
Visripss Drain-to-Source Breakdown Voltage 200 | — 2 V | Vas=0V, Ip= 250puA
AVsripss/AT,| Breakdown Voltage Temp. Coefficient — | 029 | — | V/°C |Reference to 25°C, Ip= 1mA
Rpsion) Static Drain-to-Source On-Resistance — — 1018 | Q [Vas=10V,Ip=11A @
Vasith) Gate Threshold Voltage 2.0 — 4.0 V | Vps=Vas, lo= 250uA
dts Forward Transconductance 6.7 — — S | Vos=50V, lp=11A ®
Ipss Drain-to-Source Leakage Current : : 22550 HA xz::fgg\\; \\;zz:gx T125°C
loss Gate-to-Source Forward Leakage — — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qq Total Gate Charge — — 70 Ip=18A
Qgs Gate-to-Source Charge — | = 13 | nC |Vps=160V
Qgo Gate-to-Drain ("Miller") Charge — — 39 Vas=10V See Fig. 6 and 13 @
tdgon) Turn-On Delay Time — 14 — Vpp=100V
tr Rise Time — 51 — ns lp=18A
ta(ot) Turn-Off Delay Time — 45 - R=9.1Q
t Fall Time — 36 — Rp=5.4Q See Figure 10 @
Lo Internal Drain Inductance — 4.5 — gigvr\:’]e?(;\' 2'%?,? ’) :
nH | from package @
Ls Internal Source Inductance — | 75| — and center of
die contact s
Ciss Input Capacitance — 1300 | — Vas=0V
Coss Output Capacitance W | — | 430 | — pF . | Vpg=25V
Cres Reverse Transfer Capacitance — 130 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current —_ | — | 18 MOSFET symbol o
(Body Diode) A showing the
Ism Puised Source Current o . 70 integral reverse ¢
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage — — | 20 V | Ty=25°C, Is=18A, Vas=0V @
trr Reverse Recovery Time — | 300 | 610 | ns |T,=25°C, Ir=18A
Qn Reverse Recovery Charge — 34 | 71 pC | di/dt=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=2.7mH

RG=25%, las=18A (See Figure 12)

@ lsp<18A, di/dt<150A/us, VDDV(BR)DSS,
Tu<150°C

@ Pulse width < 300 ps; duty cycle $2%.
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Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

T - T g

Tap 1 1T
10° 11
ERe
3
oY
s, sV
5.0V

borron_3:3V)

10!
i
A
1
100 Z
7
Z

7 4 .5V

e 20us PULSE WIDTH
P Tg = 25°C
1071 100 10t

Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,

Tc=25°C
=
o
0,
ot 15000 L]
FF
Va4
y 4%
Vs 250¢
o
100/ /
7
1
Vpsg = 50V
107 = 20us PULSE WIDTH
5 8 9 10

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

ves I
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= 4.5Y
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5
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Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

Te=150°C
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Fig 4. Normalized On-Resistance
Vs. Temperature
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20
3000 Vos = OV, F = M2 Ip = 184
Ciss = Cgs *+ Cgd. Cgs SHORTED ™ Vps = 160V .
2500 Crss = Cqa © Vgg = 100V T\
Coss = Cgs *+ Cgg 2 16 Vpg = 40V
N T i S )’)
AN g 4
o 2000 ~< 5 /
a ™. S 12
[s+ CISS ©
S w00 | T e
8 It l — 3 /
& AN : D s
0SS
% 1000 ~J i "?
(] N %
\"E O q /
500 rss = 4 I3 [
N
M~ P~ L FOR TEST CIRCUIT
| o SEE FIGURE 13
?00 101 0 15 30 45 60 75
Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
103 m T T T
+ — OPERATION IN THIS AREA LIMITED
b = s BY, Fos (an)
2 ~ T
g 2
0 ’ —
< G 2 o0
c 250¢C € sops 11
s 10
g i /// $ ~ [N Jl—[
3 10 - N T
[S) - 7 g 2 3 y Y R uio s r-n-
= 7 - S 10
‘®© V4 VA S 3
a o ins H
i & |
Y & 4 i
§ / / 5 2 7 i som ‘t,
K / / 6 ! : :
% 100 5 b
o) 10 f To=25%C !
- 2| T =150 1
Vgs = OV o1 LSINGLE PULSE 1]
0.50 0.70 0.90 1.10 1.30 1.50 "0.12 5 1 2 5 10 2 5 4022 5 103
Vsp, Source-to-Drain Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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Ip, Drain Current (Amps)

20

16

12 AN

[¢]
25 50 75 100 125 180

T¢, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

IRF640

L+
r- VoD

Vbs AV
D.UT.
K
F1ov
Pulse Width < 1ps
Duty Factor < 0.1%
X

Fig 10a. Switching Time Test Circuit

N,

Vbs
90% \l /
|
10% !
Vas ] l
tdon)

t(off)

Fig 10b. Switching Time Waveforms

10
T
—~
[
2 1
N =
3 ] .
g N - i .
% 1 ettt -
B o1 ;
o fo- i
a T v AmuEun|
£ = IR
£ = i NI |=‘PIUI T
g '”’// FHNERRA S ponsE) o3
= 1072 _I‘ u
s
NOTES:
1. DUTY FACTOR, D=ty/tp
10-3 2. PEAK T =Py X Zenog + To
1075 1074 1073 1072 0.1 1 10

t1, Rectangular Pulse Duration (seconds)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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. .
Vary tp to obtain Vos > (]

required las
1400
Ip
TOP 8.0A
. 1200 BOTTOM ié: 1
£ \
>, 1000
o
[
5 eo0
@
Fig 12a. Unclamped Inductive Test Circuit § a0
N
o ’\‘ N
cg” 400 N
] NN
) ~
LIT 200 <]
Vpp = 50V
Vps 1} " —
25 50 75 100 125 150
Starting T, Junction Temperature(°C)
las — — —— - Fig 12¢. Maximum Avalanche Energy
. . Vs. Drain Current
Fig 12b. Unclamped Inductive Waveforms
Current Regulator
'F"' “8ame Type as DUT. 7|
[ 1\
! x
| 50KQ |
l1av I_L-ZuF ,'
Q : I [ gl !
13V e S— e m e - I,
DUT T-'08
- Qas -+— QeD x
Vas }j—
Va
3mA Iﬂ_
4— A~
Charge —» la i ID_
Current Sampling Resistors
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 ReCtiﬁel’
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BY229(X,B)-200 thru BY229(X,B)-800
Vishay General Semiconductor

Fast Switching Plastic Rectifier

TO-220AC ITO-220AC FEATURES
¢ Glass passivated chip junction

* Superfast recovery time for high efficiency

* Low leakage current

* High forward surge capability RoHS

e Meets MSL level 1, per J-STD-020, LF COMPLIANT
maximum peak of 245 °C (for TO-263AB package)

BY229 Series BY229x Series e Solder dip 260 °C, 40 s (for TO-220AC and

PIN 1

E_TJE@E e ITO-220AC package)
h e * Component in accordance to RoHS 2002/95/EC
TO-263AB

and WEEE 2002/96/EC
K

TYPICAL APPLICATIONS

For use in fast switching rectification of power
supply, inverters, converters and freewheeling diodes
application.

2
1
BY229B Series

PIN 1 K

PIN 2 Z:'—HSATSINK

MECHANICAL DATA

Epoxy meets UL 94V-0 flammability rating

IFav) 80A L .

v 200 V to 800 V Terminals: Matte tin plated leads, solderable per
RRM J-STD-002 and JESD22-B102

IFsm 100 A E3 suffix for commercial grade, meets JESD 201 class
ter 145 ns 1A whiskter test, HE3 suffix for high reliability grade
Ve 1.85V (AEC Q101 qualified), meets JESD 201 class 2

T, max. 150 °C whisker test

Polarity: As marked
Mounting Torque: 10 in-lbs maximum

MAXIMUM RATINGS (T = 25 °C unless otherwise noted)

PARAMETER SYMBOL | BY229-200 | BY229-400 | BY229-600 | BY229-800 | UNIT
Maximum recurrent peak reverse voltage VRRM 200 400 600 800 \"
Maximum RMS voltage Vauvs 140 280 420 560 %
Maximum DC blocking voltage Vpe 200 400 600 800 \
Maximum average forward rectified current at To = 100 °C IF(Av) 8.0 A

Peak forward surge current 8.3 ms single half sine-wave

superimposed on rated load IFsu 100 A

Maximum slope of reverse recovery current

lp = 2.0 A, Vg = 30 V, dl/dt = 20 s d/e 60 Aus

Operating junction and storage temperature range Ty, Tsta -40to + 150 °C

Isolation voltage (ITO-220AC only)

from terminal to heatsink t = 1 min Vac 1500 v
Document Number: 88540 For technical questions within your region, please contact one of the following: www.vishay.com

Revision: 06-Nov-07 PDD-Americas @vishay.com, PDD-Asia @vishay.com, PDD-Europe @vishay.com 1




BY229(X,B)-200 thru BY229(X,B)-800
Vishay General Semiconductor

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

PARAMETER TEST CONDITIONS SYMBOL | BY229-200 ‘ BY229-400 ‘ BY229-600 | BY229-800 | UNIT
Mammu(r:w)lnstantaneous forward 20 A Ve 185 v
voltage

Maximum DC reverse current at Ty=25°C | 10 A
rated DC blocking voltage Ty=125°C R 300 H

|F=1.0A, VR=3OV,

Maximum reverse recovery time dl/dt =50 A/IJ.S, Irr= 10% IRM

ter 145 ns

lF=2.0A,VR=30V,

dl/dt = 20 Algis Qrr 700 nC

Maximum recovered stored charge

Note:
(1) Pulse test: 300 us pulse width, 1 % duty cycle

THERMAL CHARACTERISTICS (T = 25 °C unless otherwise noted)

PARAMETER SYMBOL BY229 BY229X BY229B UNIT
Typical thermal resistance from junction to case RoJc 2.0 4.8 2.0 °C/W
Typical thermal resistance from junction to air Roua 20 - 20 °C/W

ORDERING INFORMATION (Example)
PACKAGE PREFERRED P/N UNIT WEIGHT (g) | PACKAGE CODE |BASE QUANTITY | DELIVERY MODE
TO-220AC BY229-200-E3/45 1.80 45 50/tube Tube
ITO-220AC BY229X-200-E3/45 1.95 45 50/tube Tube
TO-263AB BY229B-200-E3/45 1.77 45 50/tube Tube
TO-263AB BY229B-200-E3/81 1.77 81 800/reel Tape reel
TO-220AC BY229-200HE3/45 (1) 1.80 45 50/tube Tube
ITO-220AC BY229X-200HE3/45 (1) 1.95 45 50/tube Tube
TO-263AB BY229B-200HE3/45 (1) 1.77 45 50/tube Tube
TO-263AB BY229B-200HE3/81 (1) 1.77 81 800/reel Tape reel
Note:

(1) Automotive grade AEC Q101 qualified

www.vishay.com For technical questions within your region, please contact one of the following: Document Number: 88540
2 PDD-Americas @vishay.com, PDD-Asia @vishay.com, PDD-Europe @vishay.com Revision: 06-Nov-07




BY229(X,B)-200 thru BY229(X,B)-800
Vishay General Semiconductor

RATINGS AND CHARACTERISTICS CURVES
(Ta =25 °C unless otherwise noted)

12 T T T 1000
< Resistive or Inductive Load ° %
o 10 g 100 I
S © [ mm— TJ =125 oC
o S —
3 8 S o T,=100°C
S g3 ———
O =
£ 6 il
kel w £
° 85 1
©
s 4 § ©
B g T,=25°C —
81 » % 0.1 S
o c
3 £
<
0 0.01
0 25 50 75 100 125 150 0 20 40 60 80 100
Case Ambient Temperature (°C) Percent of Rated Peak Reverse Voltage (%)
Figure 1. Forward Current Derating Curve Figure 4. Typical Reverse Leakage Characteristics
~ I T s P
T,=25°C L
< 105 T =75°C ] f=1.0MHz ]
= 8.3 ms Single Half Sine-Wave ™ Vg = 50 mVp-p
5 5 |
5 @
3 100 e
(] 9 \
N =
3 N g SN
° NN 3 s
@ \\,_~ c \
g 50 ~— S Y
o T~ © ~
[ T~ 5 N
X T~ S
© - =S \
§ = N
™
0 10
1 10 100 1 10 100
Number of Cycles at 60 Hz Reverse Voltage (V)
Figure 2. Maximum Non-Repetitive Peak Forward Surge Current Figure 5. Typical Junction Capacitance
100 :
= !
<
<
g
5 T,=150°C T,=25°C
S 10 " A -
E T 7
©
g e
o
h /
@ /a4 T,=100°C
3 /
8 1 A —
= 7 A .
S A/ — T,=125°C
§ 1/
» / / Pulse Width = 300 ps
= // / 1 % Duty Cycle 1
/i L
04 06 08 10 12 14 16 18 20
Instantaneous Forward Voltage (V)
Figure 3. Typical Instantaneous Forward Characteristics
Document Number: 88540 For technical questions within your region, please contact one of the following: www.vishay.com

Revision: 06-Nov-07 PDD-Americas @vishay.com, PDD-Asia @vishay.com, PDD-Europe @vishay.com 3




BY229(X,B)-200 thru BY229(X,B)-800

Vishay General Semiconductor

PACKAGE OUTLINE DIMENSIONS in inches (millimeters)

TO-220AC ITO-220AC
0.404 (10.26) 0190 (4.83)
0.415 (10.54) MAX. 0.384 (9.75) - m
0 0370(2.40) | 0.154 (3.91) DIA. 0.185 (4.70) 4‘ r«+— 0.076 (1.93) REF. 0.110 (2.79)
o 360 (9. 14) 0.148 (3.74) DIA. %-:)g ((‘:'?;;)) 0.100 (2.54)
0.113 (2.87) —| ~ooaeita = 0.076 (1.93) REF. § 7° REF. 5=
0.045 (1.14) ks
0.103 (2.62) T (14 45° REF. /| ! Y 0.140 (3.56) DIA. | | 0.135(3.43) DIA.
| e N\ 0.125 (3.17) DIA. 0.122 (3.08) DIA.
0.145 (3.68) = T f
0.135 (3.49) 0.600 (15.24) ‘ 87-2; :1;-22; T —
0.603 (15.32) 0580 (14.73) PIN ’ ’ 0350 (; SF;TF'
Sess (165 0.550(889) peTe 14 | 0.330 (8.38)
- 0.330 (8.38) 1 5 ;
1.148 (29.16) — ‘ —1 l 1 ——
1.118 (28.40) ¥ N 0.191 (4.85)
0.160 (4.06) | 0.110(279) ‘ 0.171 (4.35)
0.140 (3.56) 0.100 (2.54) B —
- 0.560 (14.22) 0.110 (2.79)
0057 (145) Il PIN 1 0.560 (14.22) 0.530 (13.46) ‘ . 0.057 (1.45) 0.100 (2.54)
0.045 (1.14) '—o 0.530 (13.46) 0.045 (1.14)
PIN2 CASE
0.105 (2.67) r ‘
0.095 (2.41) (e 0.087 0.94) 0,025 068 0oh ‘ L Il 0.035 (0.89)
b= 5027 (0.68) 0.022 (0.56) »‘ ‘F ot 08 ‘ 0.025 (0.64) 0028 (071
0 205 (5.20) 0.014 (0.36) - =59 | 0205 (521) N *&JT(&J
0.195 (4.95) 0.195 (4.95) .020 (0.51)
TO-263AB
0411 (1045) 0.190 (4.83) Mounting Pad Layout
0.380 (9.65) 0.160 (4.06) | _, | 0.055 (1.40)
0.245 (6.22) ‘ 0.045 (1.14) 0.42 (10.66) MIN.
MIN. ! o \7
K [ T
|
0.360 (9.14) 78'2‘55 g "1‘3; ! 0.33 (8.38) MIN.
0.320 (8.13) 0.624 (15.85) ’ ' | i
1 K 2 [|o591(15.00) T -
- - 0.670 (17.02)
(RENE —»|l«— 010 0.01 (0 to 0.254) 0591 (15.00) |
. 0.110 (2.79) ’ ’ |1 #
_¥0.090 (2.29) | -
0.037 (0.940)
e
0.027 (0.686) | 0021 059 |I| | |I| 0.15 (3.81) MIN.
0.014 (0.36) = |5
0.105 (2.67) ‘ ‘ ‘T
0.095 (2.41) | 0:140 (3.56) 0.08 (2.032) MIN. -»| | i |
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For technical questions within your region, please contact one of the following:
PDD-Americas @vishay.com, PDD-Asia @vishay.com, PDD-Europe @vishay.com
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay’s knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer’s responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application. Parameters
provided in datasheets and/or specifications may vary in different applications and performance may vary over time. All
operating parameters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product specifications do not expand or otherwise modify Vishay’s terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk and agree
to fully indemnify and hold Vishay and its distributors harmless from and against any and all claims, liabilities, expenses and
damages arising or resulting in connection with such use or sale, including attorneys fees, even if such claim alleges that Vishay
or its distributor was negligent regarding the design or manufacture of the part. Please contact authorized Vishay personnel to
obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

Material Category Policy

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EC. We confirm that
all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.
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