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Tiristores (Silicon Controlled Rectifier)

i

i

TSI q
—F

i
i

T
1111
S

iy

> FEL SCR es el dispositivo electronico mas
robusto que existe.

> Puede manejar tensiones y corrientes
realmente impresionantes.
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> Algunos ejemplos son realmente
espectaculares.
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Este es uno de los 12 SCR para un
rectificador trifasico de 500 MW y
500 KV (Inga-Shaba, ZAIRE)
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Tiristores (Silicon Controlled Rectifier)

SCR - Caracteristica tension corriente.

VTM: tension directa

de pico en conduccién.
# «
IL: corriente de enganche. Es la corriente de anodo
minima que hace conmutar al dispositivo del estado
de bloqueo al estado de conduccion.
IRRM: corriente _ : IDRM: corriente
inversa maxima I3z connente de 1 pico repetitiva de
repetitiva. mantenimiento. bloqueo.
q L J
-V =" |> +V
©
&) : 2
= VRRM: tension VDRM: tensic
: - : tension
O INVErsa d€ PICO wupy ) umm o pico repetitiva
o repetitiva en en blogueo
c bloqueo inverso. directo.
<
©
=
C .
'O VRWM: tension VBo: tensiéon de
5 inversa maxima ===—pp| == 1,2 directa.
@ de trabajo. ATt
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Tiristores (Silicon Controlled Rectifier)

Ejemplo de funcionamiento:

Cargador de baterias.
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Tiristores (Silicon Controlled Rectifier)

Tiristor de paso del cargador.

KYI TN12, TS12 and TYNx12 Series

®

SENSITIVE & STANDARD 1 2A SC RS

A
Table 1: Maln Features ’>>
KéA 7
G

Symbol Value Unit
lr(Rms) 12 A
DPAK D2PAK
VDRMNRRM 600 to 1000 \Y) (TN12'B /TS12'B)
'GT 0.2to0 15 mA
DESCRIPTION

Available either in sensitive (TS12) or standard
(TN12 / TYN) gate triggering levels, the 12A SCR
series is suitable to fit all modes of control, found
in applications such as overvoltage crowbar

nrntaentinn  mntnr ~antral eirctiite in nnwear tnnle

IPAK TO-220AB
(TN12-H / TS12-H) (TYNXx12RG)
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Tiristores (Silicon Controlled Rectifier)

Ejemplo de funcionamiento:

Cargador de baterias.
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Tiristores (Silicon Controlled Rectifier)

Tiristor de paso del cargador.

TN12, TS12 and TYNx12 Series

m STANDARD
TN1215 TYN
Symbol Test Conditions Unit
B/H| G [x12T| x12
MIN. 2 0.5 2
IGT mA
Vp=12V R =33Q MAX. 15 5 15
Var MAX. 1.3 Vv
Vebo [Vp=Vpru RL=3.3kQ Tj=125°C | MIN. 0.2 Vv
Iy I+ =500 mA Gate open MAX. | 40 30 15 30 mA
I lg=12IgT MAX. 80 60 30 60 mA
dv/idt |Vp= 67 % Vprm Gateopen|T;=125°C MIN. 200 40 200 V/us
VTM lTM =24A tp = 380 HS T] =25°C MAX. 1.6 \'}
Vio Threshold voltage Tj=125°C | MAX. 0.85 Vv
R4 Dynamic resistance Tj=125°C | MAX. 30 mQ
T- = 25°C 5 pA
Vpam =V : MAX.
L | S e T,=125°C 2 mA
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Tiristores (Silicon Controlled Rectifier)

Ejemplo de funcionamiento:

Cargador de baterias.

—VVWV i
22 Ohm D4
5 W 1N4001

H, =TYN612

Bateria
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2200 AC Hé
0

&
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Tiristores (Silicon Controlled Rectifier)

Tiristor de control del cargador.

C106 Series

Preferred Devices

Sensitive Gate Silicon
Controlled Rectifiers

Reverse Blocking Thyristors

Glassivated PNPN devices designed for high volume consumer
applications such as temperature, light, and speed control: process and
remote control. and warning systems where reliability of operation 1s
important.

Features

® Glassivated Surface for Reliability and Uniformity

® Power Rated at Economical Prices

® Practical Level Triggening and Holding Characteristics

® Flat. Rugged. Thermopad Construction for Low Thermal Resistance.
High Heat Dissipation and Durability

® Sensitive Gate Triggering
® Pb—Free Packages are Available*

ON Semiconductor®

http://onsemi.com

SCRs
4 A RMS, 200 - 600 Volts

G
Ao ’f/o o K

TO-225AA
CASE 077
STYLE 2



Tiristores (Silicon Controlled Rectifier)

Tiristor de control del cargador.

C106 Series

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

Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Peak Repetitive Forward or Reverse Blocking Current IbrRM, IRRM
(Vak = Rated Vprm or VrRrM, Rek = 1000 Ohms) Ty=25°C - - 10 uA
T,=110°C o = 100 uA
ON CHARACTERISTICS
Peak Forward On-State Voltage (Note 3) Vim - - 22 A"
(rm=4A)
Gate Trigger Current (Continuous dc) (Note 4) It pA
(Vak = 6 Vdc, R = 100 Ohms) Ty=25°C - 15 200
Ty=-40°C - 35 500
Peak Reverse Gate Voltage (Igr = 10 pA) VGerM - - 6.0 A
Gate Trigger Voltage (Continuous dc) (Note 4) Ver \"
(Vak = 6 Vdc, Ry = 100 Ohms) T,=25°C 04 0.60 08
C_G T,=-40°C 05 0.75 10
L_J Gate Non-Trigger Voltage (Continuous dc) (Note 4) VeD 02 - - v
(@)) (Vak =12V, R = 100 Ohms, T; = 110°C)
O
C_G Latching Current I mA
c (Vak =12V, Ig =20 mA) T,=25°C - 0.20 50
< Ty=-40°C - 0.35 70
(40 Holding Current (Vp = 12 Vdc) IH mA
.9 (Initiating Current = 20 mA, Gate Open) T,;=25°C - 019 30
c Ty=-40°C - 0.33 6.0
*E Ty;=+110°C - 0.07 20
d—
(&)
=
L



Tiristores (Silicon Controlled Rectifier)

Ejemplo de funcionamiento:

Cargador de baterias.

—VVWV i
22 Ohm D4
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Tiristores (Silicon Controlled Rectifier)

TRIAC - Caracteristica tension corriente.

IRRM: corriente
pico repetitiva de
bloqueo inverso.

-V

IL Directa sy
1 IH Directa =

VTM: tension directa
¢ de pico en conduccién.

IDRM: corriente
pico repetitiva de
- bloqueo.

- =

—

VRRM: tensién
de pico repetitiva
en bloqueo
inverso.

—

e

>V

s |H inversa
@ | INVersa

VDRM: tension
de pico repetitiva
en bloqueo
directo.

VTM: tensioén inversa

de pico en conduccioén.



TRIAC (Tiristores bidireccionales)

Caracteristicas de disparo

MT2 en el semiciclo positivo
+

A
(+) MT2 (+) MT2
Quadrant Il ) lgr ) lgr Quadrant |
GATE GATE
MT1 MT1
REF REF
et - » +lgr
(-) MT2 (-) MT2
Quadrant lll ) lar () lgr Quadrant IV
GATE GATE
MT1 MT1
REF REF

MT2 en el semiciclo negativo

Todas las polaridades referidas al MT1
Se puede disparar en los cuatro cuadrantes.
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TRIAC (Tiristores bidireccionales)

KYI BTA40, BTA41, BTB41

40 A standard TRIACs
Features Az
: 'm High current TRIAC
B Low thermal resistance with clip bonding
® High commutation capability °
B BTA series UL1557 certified (File ref: 81734) Al
m Packages are RoHS (2002/95/EC) compliant o
2 =]

Applications /

PP o@vi

m On/off function in static relays, heating RDY1 Insulated

C_G regulation, induction .moto.r sfartlng circuits (BTA40)

O ® Phase control operations in light dimmers,

(@)) motor speed controllers, and similar )\

0 <&

© G iz /

g Description

(qv] Available in high power packages, the "

= BTA/BTB40-41 series is suitable for general TOP3 insulated TOP3
\% purpose AC switching. (BTA41) (BTB41)
| -

o The BTA series provides an insulated tab (rated at

@ 2500 V rms).

L



TRIAC (Tiristores bidireccionales)

Ly

BTA40, BTA41, BTB41

40 A standard TRIACs
Table 1. Device summary
Symbol Parameter BTA40() BTA41(D BTB41 Unit
r@ams) On-state rms current 40 41 41 A
VoamVeam Repetitive peak off-state voltage 600 and 800 | 600 and 800 | 600 and 800 Vv
lgT Triggering gate current 50 50 50 mA
Table 2. Absolute maximum ratings
Symbol Parameter Value Unit
On-state rms current TOP3 T.=95°C
T®MS) | (full sine wave 40 A
( ) RD91/TOPins. |T.=80°C
| Non repetitive surge peak on-state F=50Hz t=20ms 400 A
c_s TSM lcurrent (full cycle, T;initial =25°C)  [F_ g0 Hz t=16.7ms 420
= It It Value for fusing t, =10 ms 1000 A’s
(@)}
O Critical rate of rise of on-state current - $. B
= dl/dt le =2 X lg7 , &, < 100 ns F=120Hz Tj=125°C 50 A/us
C
< Non repetitive surge peak off-state _ oo Vpsw/'Vaesm +
= Vosw/Vasw | yottage t,=10ms T;=25°C o0 v
LE’ lam Peak gate current , =20 ps Tj=125°C 8 A
O Pgav) | Average gate power dissipation Tj=125°C 1 w
dd
8 Tetg Storage junction temperature range -40to + 150 oc
m T; Operating junction temperature range -40to+ 125




TRIAC (Tiristores bidireccionales)

Ly

BTA40, BTA41, BTB41

40 A standard TRIACs
Table 3. Electrical characteristics (T 1= 25 °C, unless otherwise specified)
Symbol Parameter Value Unit
laT M Vp=12V R =330 I Illv i MAX. 1%% mA
Var ALL MAX. 1.3 v
Vep Vp=Vpam R =3.3kQ T;=125°C ALL MIN. 0.2 v
Iy (2) Iy = 500 mA MAX. 80 mA
[-M-1v 70
5 lg=12Ilg7 - MAX. o mA
dv/dt® | Vg = 67% Vpgy gate open T,=125°C MIN. 500 Vs
c_s (dv/dt)c@® | (didt)c = 20 A/ms Tj=125°C MIN. 10 V/us
% Table 4. Static characteristics
‘C_Cé Symbol Test conditions Value Unit
é vih |y =60A  t,=380ps Tj=25°C MAX. 1.55 v
o Vip®@ | Threshold voltage Tj=125°C MAX. 0.85 v
é’ Ry® | Dynamic resistance Tj=125°C MAX. 10 mQ
O I T,=25°C 5 pA
§ | /O™ Ve Til= 125 °C MAX mA
I
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TRIAC (Tiristores bidireccionales)

2N6071A/B Series

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Silicon Bidirectional Thyristors

Designed primarily for full-wave AC control applications, such as
light dimmers, motor controls, heating controls and power supplies; or
wherever full-wave silicon gate controlled solid-state devices are
needed. Triac type thyristors switch from a blocking to a conducting
state for either polarity of applied anode voltage with positive or
negative gate triggering.

Features

® Sensitive Gate Triggering Uniquely Compatible for Direct Coupling
to TTL, HTL, CMOS and Operational Amplifier Integrated Circuit
Logic Functions

® Gate Triggering: 4 Mode - 2N6071A, B; 2N6073A, B; 2N6075A, B

® Blocking Voltages to 600 V

e All Diffused and Glass Passivated Junctions for Greater Parameter
Uniformity and Stability

® Small, Rugged, Thermopad Construction for Low Thermal
Resistance, High Heat Dissipation and Durability

® Device Marking: Device Type, e.g., 2N6071A, Date Code

ON Semiconductor®

http://onsemi.com

TRIACS
4.0 ARMS, 200 - 600V

REAR VIEW
SHOW TAB

TO-225
CASE 077
STYLES



TRIAC (Tiristores bidireccionales)

2N6071A/B Series

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted; Electricals apply in both directions)

Characteristic Symbol Min Typ | Max | Unit
OFF CHARACTERISTICS
*Peak Repetitive Blocking Current IpRM,
(Vb =Vorm = Vram; Gate Open) Ty=25°C IrRM - - 10 WA
T,=110°C - . 2 | mA
ON CHARACTERISTICS
*Peak On-State Voltage (Note 3) (lrm = + 6.0 A Peak) Vrum - - 2 \Y
*Gate Trigger Voltage (Continuous DC), All Quadrants Var \Y%
(Main Terminal Voltage = 12 Vde, R = 100 Q, T; = -40°C) - 14 25
Gate Non-Trigger Voltage, All Quadrants Veb \Y%
(Main Terminal Voltage = 12 Vdc, R_ = 100 Q, T = 110°C) 0.2 - -
*Holding Current Iy mA
(Main Terminal Voltage = 12 Vdc, Gate Open, Initiating Current = +1 Adc)
— Ty=-40°C - - 30
- Ty=25°C - - 15
O Turn-On Time (irm = 14 Ade, IgT = 100 mAdc) tat - 15 - us
\@ QUADRANT
C_Cé (Maximum Value)
(- 1 1} ]| v
< Type kr@T, mA | mA | mA | mA
8 Gate Trigger Current (Continuous DC) 2N6071A +25°C 5 5 5 10
o — (Main Terminal Voltage = 12 Vdc, R = 100 Q) 2N6073A
% 2NBO75A -40°C 20 20 20 30
\
= 2N6071B +25°C 3 3 3 5
(&) 2N6073B
ﬁ 2N6075B -40°C 15 15 15 20
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TRIAC (Tiristores bidireccionales)

Gallium-Arsenide-Diode Infrared Source and
Optically-Coupled Silicon Traic Driver
(Bilateral Switch)

UL Recognized ... File Number E65085

: High Isolation ... 7500 V Peak :

Output Driver Designed for 220 V ac
Standard 6-Terminal Plastic DIP

Directly Interchangeable with
Motorola MOC3020, MOC3021, MOC3022,
and MOC3023

Direct Replacements for:

— TRW Optron OPI3020, OP13021,
OPI3022, and OPI3023;

— General Instrument MCP3020,
MCP3021, and MCP3022;

— General Electric GE3020,
GE3021, GE3022, and GE3023

MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025 — OCTOBER 1986 — REVISED OCTOBER 1995

MOC3020 - MOC3023 . . . PACKAGE

(TOP VIEW)

ANODE [[% & [ MAIN TERM
catHope [|2 5[l TRIAC suBt
nells  4fman TERM

T Do not connect this terminal
NC — No internal connection

logic diagram

11— — 6
—>
—>

2— — 4




TRIAC (Tiristores bidireccionales)

MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS
MOC3020, MOC3023

S0OES5025 — OCTOBER 1886 — REVISED OCTOBER 1995 Rin 1 6 180 0 2.4 ki
Cemmmms — e S = e e ] AN — N

2L

220 V, 60 Hz
APPLICATIONS INFORMATION

v T VA| o137

o MOC3020, MOC3023 < RL
in 180 0 IGT <15 mA
AMA— 6 _an GT
Vcc 220V, 60 Hz Figure 6. Inductive Load With Sensitive-Gate Triac
—»
Yy 3 ¥Ya
_ 5 . R MOC3020, MOC3023 Zy
)f Rin 1 g 1809 12k0
— 'UC C .-.“..4.1__4\_‘_ W'_'_,au

220V, 60 Hz
Figure 5. Resistive Load

Y 3 VA | o2

15 mA <lgT < 50 mA

Figure 7. Inductive Load With Nonsensitive-Gate Triac

Electronica Analdgica |



TRIAC (Tiristores bidireccionales)

SIEMENS TCA 785

Bipolar IC

ooooooooooooooooooooooooooooooooooooooooo

.
oooooooooooooooooooooooooooooooooooooooo

Features

® Reliable recognition of zero passage

@ Large application scope

® May be used as zero point switch

® LSL compatible

@ Three-phase operation possible (3 ICs)
@ Output current 250 mA

® Large ramp current range

® Wide temperature range

P-DIP-16-1

Type Ordering Code Package
TCA 785 Q67000-A2321 P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 °~ and 180 °. Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

Electronica Analdgica |



TRIAC (Tiristores bidireccionales)

1 N&005
0.47 uFJ: 5 ®
10 k§2
’ L L i []4.7 kQ
? 5 BAY 61 T-
SIOHR] 3 1% BAY 61| 150 Q ;ZE
1% BAY[BAY| - TXC10
220 V~ 61 (81 | — —1- M 60
5| TCA 785 |12 == 2.2 uF(MKH)
_[0.22 yF 6 1 2%2 [/] 10 kQ
250y~ | 2515V ) W
8 2 Ll
— 150 pF
8 22kQ
= G
=2 0.1 uF == 0
= 100 |47 pF
© kS
c
< v L 4
8 ol
" — MD _ rreansm ,
c Para rectificacion onda completa
‘O
| -
-
O —_—— U a Sen2a
2D Application Examples Uge = MAX \//]__ Z 4
LU Triac Control for up to 50 mA Gate Trigger Current \/E T 2




Tiristores (EL DIAC)

EL DIAC

» Una vez disparado se comporta como un diodo
» Cuando su corriente pasa por cero, se apaga

» Para dispararlo hay que sobrepasar una tension caracteristica
Vpiac que suele ser de 30 V.

> Es totalmente simétrico

IT12

No es un interruptor
T1

# v
-30V v

T2

Electronica Analdgica |



Tiristores (EL DIAC)

EL DIAC

DB3 DB4 SMDB3 ,

&
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise specified) /
4 D0-35
Symbol Parameter Test Conditions SMDB3 | DB3 | DB4 | Unit /%/ (DB3 and DB4)
— B0 Breakover voltage * C=22nF* MIN. 28 28 35 V
TYP. 32 32 40
2
MAX. 36 36 | 45 $
1 VBo1 - VBoz2 | | Breakover voltage C=22nF * MAX. 3 v :
symmetry SOT-23
) (SMDB3)"
AV Dynamic breakover | Vpoand VFat 10mA | MIN. 10 5 Y Pin1and 3 "‘“;‘“‘” shorted
voltage * toges
Vo Output voltage * see diagram 2 MIN. 10 5 v
(R=20Q) e 1E
s |ag Breakover current * C=22nF = MAX. 10 50 LA
tr Rise time * see diagram 3 MAX. 0.50 2 us
C_G IR Leakage current * VR=05Veomax | MAX. 1 10 pA
(&) Ip Peak current * see diagram 2 (Gate) | MIN. 1 0.30 A
([@)) * Applicable to both forward and reverse directions.
O ** Connected in parallel to the device. Ry,
©
c
< PRODUCT SELECTOR /\
(0]
(&) Part Number Veo Package
c SMDB3 28-36 SOT-23
‘O
s DB3 \ -3 | DO-35
(&
D DB4 35-45 DO-35 -IF
L



Tiristores (Silicon Controlled Rectifier)

Ejemplo de aplicacion del DIAC

1
| I |

3 i A

S TRIAC controlado por DIAC

g

5 g
)

2 R1 =0, maxima potencia

~§ R1 = Elevada, minima potencia

8

L
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GTO
Gate Turn-Off Thirystor



Tiristores (GTO) Gate Turn-Off Thirystor

. “_‘:3?
\ S

AFG2000JV-90DA ¥
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Tiristores (GTO) Gate Turn-Off Thirystor

Vak

» En muchas aplicaciones, el hecho
de no poder apagar el SCR es un grave
problema.

> El GTO solventa ese inconveniente.

» Con corriente entrante por puerta,
se dispara.

» Con corriente saliente por puerta, se
apaga.
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Tiristores (GTO) Gate Turn-Off Thirystor

K
G
EL GTO
A A 4 4
T T Iy=1I
» El GTO es basicamente igual N 7, e T P
n T,
que un SCR. N 5 B S 1 IT | o
o 2 1
» Se han modificado algunos G o—{ps ¢ 1) ¢ o—— I
parametros constructivos para e & A | T
poder apagarlo por puerta. ) J 4
K K K

> La Ganancia de corriente en el momento del corte es ;

a9

Dot =

a1+a2 +1

= a2=1 Iimplica que la base de T2 (capa de control) sea estrecha y
poco dopada y que su emisor (capa catodica) esté muy dopado.

= a1 =0 implica que la base de T1 (capa de bloqueo) sea ancha y
tenga una vida media de los huecos muy corta.
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Tiristores (GTO) Gate Turn-Off Thirystor

Existen tambien en el mercado las tarjetas de disparo de compuerta
para los GTO ( GTO Gate Drivers ) , también conocidos como GTO
Gate Units.

Estos dispositivos estdn especialmente disefiados para cada
aplicacion proporcionando caracteristicas como:

« Compensacion de Temperatura para Corriente de Compuerta.

» Tension Negativa Continua para Condicion de Bloqueo.

- Fibra Optica para la interfase de sefial con confirmacion de estatus
» Pulsos de Encendido y Apagado.

 Fuente de poder con Transformador de Aislamiento
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MCT

Tiristor controlado por Mos



Tiristores MCT (Mos-Controlled Thyristor)

MCT (Tiristor controlado por Mos)

G
<o|os LDoﬁn- o J< o»
P P-v- Son P
n
A G ®A
L p
! n

Simbolo Estructura Interna

Electronica Analdgica |
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Tiristores MCT (Mos-Controlled Thyristor)

MCT - Descripcion

» EI MCT es un GTO con mejor tolerancia mas un transistor P-MOS entre
la compuerta y la fuente y un N-MOS adicional para su encendido.

» Mientras un GTO se corta mediante un pulso negativo de compuerta,
debido a sus estrechos margenes de conduccion, el GTO interno de un
MCT se corta cortocircuitando sus terminales de compuerta y catodo.

» En consecuencia, su excitacion es similar a la de un MOS vy su
comportamiento al de un GTO.

Electronica Analdgica |



Tiristores MCT (Mos-Controlled Thyristor)

MCT - Caracteristicas

Puesta en conduccion por tension negativa en puerta
Apagado por tension positiva en puerta
Ganancia elevada de tension de control
Disponibles hasta 1000V. Y 100A.

Potencias medias bajas.

Tiempo de activacion bajo (cerca de 0.4 us)

Tiempo de apagado del MCT es muy bajo (cerca de 1.25 us)

vV V V VYV V V V V

Es un dispositivo de conmutacion ideal
(elevado di/dt (1000 A/us) y dv/dt ( 5000 V/us)

Electronica Analdgica |



Tiristores MCT (Mos-Controlled Thyristor)

MCT - Caracteristicas

Integra las ventajas de los GTO y los de una compuerta de MOSFET.

Alta impedancia de entrada.
Posibilidad de control. '
Mayor velocidad de conmutacion. |

Potencias On-Off y tiempo de retardo pequenos.

U

Baja caida de voltaje directo durante conduccion.

Bajas pérdidas de conmutacion.

vV V V VYV V V V VY

Baja capacidad de blogueo en voltaje inverso.

JEDEC STYLE TO-247
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Tiristores MCT (Mos-Controlled Thyristor)

MCT - Comparacion

» No alcanza potencias elevadas.
» No es competitivo con el MOS en bajas potencias (frecuencia menor
y mayor complejidad de fabricacion = mayor costo).

& As power ming increases,

P frequency decreases
_ it
= SCR
e -
T * GTO
g 1* MCT
4 e

=
5
®

! As frequency increases,
b & power decreases

107 L IGBT

101~ e /]/
\Mi

0P T T T T T T T T T
i Il 1 i ¥ W 10 W 100

Frequency {Hz)
Power vs frequency for different power devices.
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Tiristores y MosFets

Corriente

1KHZ
10KHZ

100KHz

i

S
2000 A 3000 A

1500 A

S S

COMPARACION

Voltaje
1000 A

S L S S

500 A

\y
Frecuencia
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