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MULTI - SPEED CONTROL OF SINGLE PHASE INDUCTION MOTORS
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A simple electronic scheme is studied for multi - speed operation of a capacitor start

and capacitor run single phase induction motor used to run blowers and pumps. When the

motor is fed at 50 Hz , 33.33 Hz and 25 Hz by means of a four-triac bridge circuit. This

scheme may be a cost effective alternative to tapped-winding or pole - changing motors.
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Triacs
Silicon Bidirectional Thyristors

... designed primarily for full-wave ac control applications, such as light dimmers,

motor controls, heating contrals and power supplies; or wherever full-wave silicon

gate controlied 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.

e Blocking Voltage to 800 Volts

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

e Small, Rugged, Thermowait Construction {or Low Thermal! Resistance, High Heat
Dissipation and Durability

e Gate Triggering Guaranteed in Three Modes (MAC210 Series) ot Four Modes
(MAC210A Series}

MAC21

Series
MAC210A
Series

0

TRIACs

10 AMPERES RMS
200 thru 800 VOLTS

w12 oo
G

CASE 221A-04
{TO-220A8)
STYLE 4
MAXIMUM RATINGS
Rating Symbol Value Unit
Repetitive Peak Off-Siate Voltage, Note 1 VormM Volts
Ty = -4010 -125°C}
12 Sine Wave S0 to 60 Hz, Gete Open VIAC210-4, MACZ10A4 200
MAQ_TI,Q-G, MAC2i0A6 400
MAC210-8, MAC210A8 600
MAC210-10, MAC210A10 800
On-Stzte Current RMS (Te = - 70°C) 17.74:8) 10 Amps
Full Cycie Sine Wave 50 10 60 Hz
Pesh Non-Repetitive Surge Current v 100 Amps
{One Full Cycle, 80 Hz, Tg = = 20°C) [ ! :
Preceded and followed by Rated Current { 4_]
Circuit Fusing Considerations i €1 40 ! AZs !
{t = €3 ms) t ! : '
Pesk Gaie Fower Sanm ! 20 , watls
(g = -70C, Pulse Whigth = 10 us}) i i
Averzge Gate Power (T = -70°C, 1 = 83 ms) 1 AV) ' ¢35 vatt
Peak Gate Current Lotam | 2 | Amps
{Tc = -70°C, Puise Width = 10 ps) ‘ ,
Operaiing Junction Temperature Range Ty ~4010 - 125 ] C
Storace Temperature Range i Tstg -4010 ~ 225 i C {
2_ent source for barhirg fapehaty cuth ihat

Note 1 Ra:-~gs apply for open gate tond tions Thy+istor devices shall not be tested wih & (OrsiE™ I
the vehage epphed enceeds the raied biocking voliage.

MOTOROLA THYRISTOR DEVICE DATA
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MAC210 Series ® MAC210A Series

THERMAL CHARACTERISTICS
[ Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case R,,Jc- 22 Tw
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Peak Forward or Reverse Blocking Current IDRM- 'RRM
(Rated VpRrM of VRRM. §ate cpen) Ty = 25°C —_ — 10 pA
. Ty = +125°C — —_ 2 mA
Pesk On-State Voltage (Either Direction} VIMm - 12 1.65 | Volts
{itm = 14 A Peak; Pulse Width = 110 2 ms, Duty Cycle < 2%)
" Gate Trigger Current {Continuous dc) 6T mA
{Main Terminal Voltage = 12 Vdc, R = 100 Ohms)
MT2(+), G(+) —_ 12 50
WMT2{+), G(-) —_ 12 50
MT2(-), G(~) —_ 20 50
MT2({-), G{+} “A” SUFFIX ONLY — 35 75
Gate Trigger Voltage (Coriinuous dc) VGT . volts
{Main Terminal Vo'tage = 12 Vdc, R = 100 Ohms)
MT2(+), G(~+}_ . — 0.8 2
MT2{+), Gl-) . — 0.3 2
MT2(-1, G(-} —_ 1.1 2
MT2(-1, G{+) “A” SUFFIX ONLY — 14 25
{Main Terminal Voltage = Rated Vpgm. R = 10 k ohms,
Ty = +125C)
MT2(=~), G{=); MT2(-), G(~}; MT2(+), G(~1} 0.2 —_ —
MT2(-), G(+) “A” SUFFIX ONLY 0.2 — —
Holding Current (Either Direction) I - 6 50 mA
{Main Termina! Voltage = 12 Vdc, Gate Open,
Initiating Current = 500 mA, Tc = +25°C)
Tum-On Time g — 15 — HS
(Rated VpRiy. ITM = 14 A)
{iGT = 120 mA, Rise Time = 0.1 us, Pulse Widlh = 2 us)
Critical Rate of Rise of Commutation Voltage dvdt(c) —_ 5 —_" Vs
(Rated VpaM. ITM = 14 A, Commutating didt = 4.3 A'ms,
Gate Unenergized, Tc = 70°C)
Critical Rate of Rise of Of{-State lelage dvdt - 160 — Vous
+ (Vp = Vprom. Exponential Voltage Rise, Gate Open, T¢ = -70°C)

- . e m mme s gt ek e €S AERTeRTS < siegemeateas - Ca o e aee e

- T a et i " ———
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MAC210 Series ® MAC210A Series

FIGURE 1 — CURRENT DERATING FIGURE 2 — POWER DISSIPATION
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IGt. GATE TRIGGER CURRENT (NORMALIZED)

oll), TRANSIENT THERMAL RESISTANCE

FIGURE 6 — TYPICAL GATE TRIGGER CURRENT

MAC210 Series ¢ MAC210A Series

FIGURE 7 — TYPICAL HOLD'NG CURRENT
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MOTOROLA
TECHNICAL-DATA

6-Pin DIP Optoisolators B
Triac Driver Output

These devices conslst of gallxum-arsemde infrared emmmg duodes, optically coupled
to a silicon bilateral switch.
They are designed for appllcatnons requiring isolated triac triggering.

® UL Recognized File. Number E54915 N

L Output Driver Destgnod for 240 Vac Line °,

® VisQ Isolation Voltage of 7500 V Peak -

® Similar to MOC3010 and MOC3011

o Standard 6-PIN Plastic DIP

® VDE approved per standard 0883/6.80 {Certificate number 41853}, with additional
approval to DIN IEC380/VDEO0806, IECA35/VDE0SOS, IEC65/VDEDSE0, VDE110b, covering
all other standards with equal or less stringent requirements, including IECZW.
VDE0113, VDE0160, VDE0832, VDE0833, etc. N 883

® Special lead form available {add suffix “T* to part number) which satisfies VDEOS83/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.

® Various lead form options avaitable. Consuit “Optoisolator Lead Form Options”’ data
sheet for details.

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

m SEMICONDUCTOR -—_——

MOC3020
MOC3021
MOC3022
MOC3023

6-PIN DIP
. OPTOISOLATORS
TRIAC DRIVER OUTPUT

CASE 730A-02
PLASTIC

Rating Symbat Value unit |
INFRARED EMITTING DIODE
Reverse Voltage - VR 3 Volts
Forward Current — Continuous e 60 mA
Total Power Dissipation @ TA = 25°C Pp 100 mw
Negligible Power in Triac Driver
Derate above 25°C 1.33 mwrC
QUTPUT DRIVER
Off-State Output Terminal Voitage VDRM 400 .| Volts
Peak Repetitive Surge Current fTsm 1 A
{PW = 1'ms, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp _ 300 mw
Derate above 25°C 4 mwWrC
TOTAL DEVICE
isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 5 Second Duration}
Total Power Dissipation @ TA = 25°C Pp 330 mw
Derate above 25°C 4.4 mWrC
Junction Temperature Range - - Ty —40 to +100 C
Ambient Operating Temperature Range Ta —-40to +85 °C
Storage Temperature Range ) ) Tstg -40to +150 C
Soldering Temperature {10 s) — 260 °C

COUPLER SCHEMATIC

1:)} 6
2 \%us
30 4

1. ANODE
2. CATHODE
iNe
4 MAIN TERMINAL
5. SUBSTRATE

DO NOT CONNECT
6 MAIN TERMINAL

(1) isolation surge voltage, ViSO, is an internat device dielectric breakdown rating.
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Vs, FORWARD VOLTAGE (VOLTS)

MOC3020, MOC3021, MOC3022, MOC3023

_ STRICAL CHARACTERISTICS (T = 25°C unless otherwisa noted)

. Characteristic | symbol Min | Ty Max | unit |
INPUT LED -
Reverse Leakage Current in —_ 0.05 100 nA
(VR =3V} . .
Forward Voltage , VE - 115 1.5 Voits
{fF = 10 mA)
QUTPUT DETECTOR (If = 0 unless otherwise noted) *
Peak Blocking.Current, Either Direction .. lpaM -— 10 100 nA
{Rated Vpam, Note 1)
Peak On-State Voltage, Either Direction Vim - 18 3 Voits
(ITM = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2} dvidt —_— 10 - Vips -
COUPLED
LED Trigger Current, Current Required to Latch Output T mA
(Main Terminal Voltage = 3 V, Note 3) . MOC3020 — 15 30
MOC3021 _ 8 15
MOC3022 — £ 10
MOC3023 o~ — 5
Holding Current, Either Direction I — 100 — pA
Notes: 1. Test voltage must be applied within dv/dt rating,
2. This is static dv/dt. See Figure 7 for test circult. Commutating dvidt is a function of the load-driving thyristor(s) only.
3. All devices are guaranteed to trigger at an I value less than or equal to max IFT. Therefore, d ing I lies b max
tFT (30 mA for MOC3020, 15 mA for MOC3021, 10 mA for MOC3022, 5 mA for MOC3023) and absolute max {g (60 mA).
TYPICAL ELECTRICAL CHARACTERISTICS
Ta = 25°C
2 +800
it /
Vil
18 7 = /
| ————— PULSE ONLY L¥] E 4w
=————— PULSE ORDC L7 5
L. ad
16 71/ /l g /
T4 SO ;
14 -5 = yd
AT [ A ‘é’ //
2 A =-ac | [~ L1 1|4 os_m
L - =
— 25°C ”_ﬂ./ 1] //
=T
T e | U /-0
1 10 100 1000 - - ~1 1
I, LED FORWARD CURRENT (mA) VM. ON-STATE VOLTAGE (VOLTS)

Figure 1. LED Forward Voltage versus Forward Current
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MOC3020, MOC3021, MOC3022, MOC3023

14
2 13 . ~ .
5N
Z 12
§ :
[ERA N
- S
~<j -

£ ~
£ ~J_
S o3 —
£
£

¥ HEE

A R— 0 20 -4 6. 8 100

Ta, AMBIENT TEMPERATURE {C) ..., .

Figure 3. Trigger Current versus Ter.npérature o

g L]
- ——STATC dvat | |
CIRCUIT IN FIGURE 7

dv o, STATIC (V ps)

% N L 50 60 0 8 0 100
Ta. AMBIENT TEMPERATURE (°C}

Figure 5. dv/dt versus Temperature

e T
Vde }

AAA

[Pres ™

T
1
{
t
|
1
[}
)

PULSE
INPUT MERCURY
WETTED
RELAY

"
4

Figure 7. Static dv/dt
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25
o L L]
£, - NORMALIZED TO:
3 ~ PWiq o= 100 s
B
§ 15 X
(=]
g
[=1
g 10 -
s:g 5 3
= \\~~ v
s —~—1_]

0 N

1 10 20 0 .5 100

PWio, LED TRIGGER PULSE WIDTH (ses)
(1]

Figure 4. LED Current Required to Trigger versus
LED Pulse Width

STATIC

TEST CRCUIT IN FIGURE 7

dvidt, STAYIC (V us)

0 04 03 12 16 2
R(. LOAD RESISTANCE (x(2)

Figure 6. dv/dt versus Load Resistance

1. The mercury wetted relay provides a high speed repeated pulse to

the O.U.T. '

2. 100x scope probes are used, to aliow hi.gh speeds and voltages.
3. The worst-case condition for static dv/dt is established by triggering

the D.U.T. with a normat LED input current, then temoving the
current. The variable RTesT allows the dv/dt to be graduatlly
increased until the O.U.T. i to trigger in to the
applied voltage pulse, even after the LED current has been removed.
Thie dv/dt is then decreased until the D.U.T. stops triggering. 1R is
Mmeasured at this point and recorded.

Vmax'= 400V

ot o s _ 22
TRC

TRC

Test Circuit



MO0C3020, MOC3021, MOC3022, MOC3023

! . Ra 1
Ve o0—amv—0—  MOC —O HOT
i . ) 2020/ S -
:D)-o— w020 S -
3 3022 VAC
E
. o ¥ 001 uF - -

i : o ) ’@—o GROUND

- - [ -

*This eptoieatator should not be used to drive a load dmcay tis in this circuit the “hot” side of the line is switched and
3 intended to be 8 trigger device only. the load connected to the cold or ground side. .
Additional information on the use of optically ccuplod triac drivers is __The 39 ohm resistor and 0.01 uF (;apa(;it_Of are forsnub-

evailatiain tion Note AN-7804 bing of the traic, and the 470 ohm resistor and 0.05 uF

capacitor are for snubbing the coupler. These compo-
nents may or may not be necessary dependmg upon the
particular triac and load used. ’

4

Figure 8. Typical Application Circuit

OUTLINE DIMENSIONS
NOTES:
i r SmEE: 1. DIVENSIONING AND TOUERANGING PER ANS:
OPTIONAL
WAL PR 1. ANOOE YI4SM, 1982,
$ } 2 CATHOOE 2. CONTROLLING DIMENSION: INCH.
bl 3. DIN L TO CENTER OF LEAD WHEN FORMED
(3] ;““"M PARALLEL
TR 24 & MAN TERMINAL
¢ pe—t—— [ weiveress | wowes |
S| V . J o [ veN | MAX | AN | MAX |
I | 1 A [an | am oo Toxwo]
s | 610 | 660 {0200 | 0
52 | c | 28| a5 o200 ]
o | oar { 050 | 0016 [-00%
servg I N 021y _o.%z_ 097
' G | 1 H— s en 1o | ox ox;;w 00
€ M [Henkos® [T[38 ][40 ] C 047!1 254 om;mlém
9 o
Dn : ] [ [ 15
[#Honoa® [1[a@]8®]  CASE 730A-02 N {250 | 361 0100 {0150 ]
{ PLASTIC
¥
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: MAC210FP
Series

. MAC210AFP

Triacs Series

Silicon Bidirectional Thyristors

... designed primarily for full-wave ac control applications, such as light dimmers, .
motor controls, heating cantrols and power supplies; or wherever full-wave silicon gate ISOLATED TRIACs
controlled solid-state devices are needed. Triac type thyristors switch from a blocking to THYRISTORS

' 8 conducting state for either polarity of applied anode voltage with positive or negative 10 AMPERES RMS
gate triggering. [ 200 thru 800 VOLTS

e Blocking Voltage to 800 Volts

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

¢ Small, Rugged, Thermcwatt Construction for Low Thermal Resistance, High Heat
Dissipation and Durability

¢ Gate Triggering Guaranteed in Three Modes (MAC210FP Series) or
Four Modes (MAC210AFP Series)

MT?O—H'_O—‘O M7 CASE 221C-02
< STYLE 3

MAXIMUM RATINGS

4 Rating Symbol Value Unit
Repetitive Peak Off-St,Ae Voltage, Note 1(Tj = —~40to +125°C) VDRM Volts
" 1/2 Sine Wave 50 tc60 Hz, Gate Open

MAC210-4FP, NAC210A4FP 200

MAC210-6FP, RAC210A6FP 400

MAC210-8FP, AAC210A8FP 600

MAC210-10FP MAC210A10FP 800
On-State RMS Currat {Tc = +70°C) Full Cycle Sine Wave 50 to 60 Hz, Note 2 IT(RMS) 10 Amps
Peak NonrepetitiveSurge Current (One Full Cycle, 60 Hz, T = +70°C) ITsm 100 Amps

preceded and folowed by rated current
' Circuit Fusing (1 =8.3 ms) 2t 40 A2s
Peak Gate PowerlTc = +70°C, Pulse Width = 10 ps) PGMm 20 Watts
Average Gate Pever (Tc = +70°C, t = 8.3 ms}) PGlav) 0.35 Watt
Peak Gate Currait (Tc = +70°C, Pulse Width = 10 us) iGM 2 Amps
RMS [solation ‘oltage (Tao = 25°C, Relative Humidity = 20%) Viso) 1500 Volts
Operating Juntion Temperature T ~40 10 +125 °C
Storage Temprature Range Tsig -40to +125 C
THERMAL CHRACTERISTICS
Characteristic Symbol Max Unit

Thermat Reistance, Junction to Case Rgyc 2.2 ‘CwW
Thermal Reistance, Case to Sink Rgcs 2.2 (typ) ‘CW
Thermal Rsistance, Junction to Ambient RoJa 60 ‘CW

Notes: 1. Ratigs apply for open gate conditions. Thyristor devices shall not be tested with a constant current source for blocking capability such that the
voltge applied exceeds the rated blocking voltage.
2. Thease temperature reference point for all T¢ measurements is a point on the center lead of the package as close as possible to the plastic body.

. [ o e S S g s e W P s om . e
B A F sembae e B n B % & IO ¥ = o

MOTOROLA THYRISTOR DEVICE DATA
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MAC210FP Series ¢ MAC210AFP Series

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

Characteristic Symbol Min Typ Max Unit
P;;k Blocking Current (Either Direction) Rated Vpgm, Gate Open IDRM
Ty = 25°C - — 10 HA
Ty = +125°C - — 2 mA
Peak On-State Voltage (Either Direction) Vim — 1.2 1.65 Volts
ITM = 14 A Peak; Pulse Width = 1 to 2 ms, Duty Cycle = 2%
Gate Trigger Current {Continuous dc) IgT ' mA
Main Terminal Voitage = 12 Vdc, R = 100 Ohms
Minimurh Gate Pulse Width = 2 us
MT2(+), G(+) -_ 12 50
MT2(+), G(-) —_ 12 50
MT2(-), G(-) - 20 50
MT2(-}, G(+) "A" SUFFIX ONLY — 35 75
Gate Trigger Voftage {Continuous dc) VGT Volts
Main Terminal Voltage = 12 Vdc, Ry = 100 Ohms
Minimum Gate Pulse Width = 2 us
MT2(+), G{+) — 0.9 2
MT2(+), G(-) -— 0.9 2
MT2(-), G{-) — 11 2
MT2(-), G{+} "A" SUFFIX ONLY — 14 25
Main Terminal Voltage = Rated VDrm. RL = 10kQ, Ty = +125°C
0.2 — —_

MT2(+), G(+): MT2(+), G(-}; MT2(-), G(-}
0.2 - -

MT2(-), G(+) "A" SUFFIX ONLY
Holding Current (Either Direction) IH —_ 6 50 mA
Main Terminal Voltage = 12 Vdc, Gate Open,
Initiating Current = 500 mA, T = +25°C
Turn-On Time tot — 15 —_— us
Rated VDRM. ITM = 14 A, IGT = 120 mA,
Rise Time = 0.1 us, Pulse Width = 2 us
Critical Rate of Rise of Commutation Voltage dvrdt(c) = 5 — Vius
Rated VpaM. ITM = 14 A, Commutating di/dt = 4.3 A/ms,
Gate Unenergized, Tc = +70°C
dv/dt - 100 — Vips

Critical Rate of Rise of Off-State Voltage
{VD = VDROM:. Exponential Voltage Rise, Gate Open, T¢ = +70°C)

MOTOROLA THYRISTOR DEVICE DATA
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MAC210FP Series ® MAC210AFP Series

TYPICAL CHARACTERISTICS
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MAC210FP Series ® MAC210AFP Series
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MOTOROLA

¢« SEMICONDUCTOR
TECHNICAL DATA

MOC3020

6-Pin DIP Optoisolafors MOC3021

Triac Driver Output MOC302.2
MOC3023

These devices consist of gallium-arsenide infrared emitting diodes, optically coupled
to a silicon bilateral switch.
They are designed for applications requiring isolated triac triggering.

e UL Recognized File Number E54915 ) . 6-PIN DIP
® Qutput Driver Designed for 240 Vac Line OPTOISOLATORS
@ V|sQ Isolation Voltage of 7500 V Peak TRIAC DRIVER OUTPUT

& Similar to MOC3010 and MOC3011
o Standard 6-PIN Plastic DIP

¢ VDE approved per standard 0883/6.80 {Certificate number 41853), with additionat
approval to DIN IEC380/VDE0BOS, IEC435/VDE080S, IEC65/VDE0B60, VDE110b, covering
all other standards with equal or less stringent requirements, including IEC204
VDE0113, VDE0160, VDE0832, VDE0833, etc. —— 883
Special lead form available (add suffix “T" to part number) which satisfies VDE0883/

[

6.80 requirement for 8 mm minimum creepage distance between input and output

solder pads. . . 3 o CASE 730A-02 I
® Various lead form options available. Consuit “Optoisolator Lead Form Options™ data PLASTIC

sheet for details.

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating ] Symbol Value 1 Unit COUPLER SCHEMATIC
INFRARED EMITTING DIODE
Reverse Voltage VR 3 Volts
Forward Current — Continuous Ir 60 mA
Total Power Dissipation @ Tp = 25°C Pp 100 mw 1 06
Negligible Power in Triac Driver
Derate above 25°C 1.33 mw.sC
2 X yzos
OUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 400 - Volts 30 ‘
Peak Repetitive Surge Current ITsm 1 A
(PW = 1 ms, 120 pps}
Total Power Dissipation @ Ta = 25°C Pp 300 mW
Derate above 25°C 4 mwW=<C 1. ANODE
2. CATHODE
TOTAL DEVICE aNC
fsolation Surge Voltage (1) Viso 7500 Vac 4 MAIN TERMINAL
(Peak ac Voltage, 60 Hz, 5 Second Duration) 5. SUBSTRATE
> DO NOT CONNECT
Total Power Dissipation @ Tp = 25°C Pp 330 mw
6. MAIN TERMINAL
Derate above 25°C 44 mwW-~C
Junction Temperature Range Ty -401to +100 °C
Ambient Operating Temperature Range Ta -40to +85 °C
Storage Temperature Range Tstg -40to +150 °C
Soldering Temperature (10 s) — 260 °C

(1) tsofation surge voltage, VisQ. is an internal device dielectric breakdown rating.
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MOC3020, MOC3021, MOC3022, MOC3023

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

[ Characteristic [ symbot | Min [ [ max | unt
INPUT LED
Reverse Leakage Current [ -— 0.05 100 #A
(Vg = 3V
Forward Voltage VE —_ 115 1.5 Volts
(g = 10 mA)
OUTPUT DETECTOR (If = 0 uniess otherwise noted) )
Peak Blocking Current, Either Direction IDRM -_ 10 100 nA
(Rated VpRpM. Note 1)
Peak On-State Voltage, Either Direction VM — 18 3 Volts
(M = 100 mA Peak)
Critical Rate of Rise of Ofi-State Volage (Figure 7, Note 2} dv/dt —_ 10 - Vips
COUPLED
LED Trigger Current, Current Required to Latch Output leT mA
{Main Termina! Voltage = 3V, Note 3) MOC3020 — 15 30
MOC3021 -— 8 15
MOC3022 — — 10
MOC3023 — —_ 5
Holding Current, Either Direction IH — 100 —_ uhA

Notes: 1. Test voltage must be applied within dv/dt rating.
2. This is static dv/di. See Figure 7 for test circuit. Co ing dvidt is a function of the load-driving thyristor{s) only.
3. All devices are guaranteed to trigger at an I value less than or equal to max IgT. Therefore, ded operating I lies b max
1fT (30 mA for MOC3020, 15 mA for MOC3021, 10 mA for MOC3022, § mA for MOC3023) and absolute max I {60 mAl.

TYPICAL ELECTRICAL CHARACTERISTICS

TA = 25°C
2 | +800
A A
X v 4/
Z 1 7 T Vi 4
g |- PULSE ONLY a7 E +40 < /
2 ———— PULSE ORDC 17V = )
Q16 1 ra i /
s 1 7l £
(=] 74 o 0
g 271117 /‘ =4
< 14 AT & //
% //' ‘b o g /
Z“' 1 i:iorc __.-: » & g--aoc 7
— T e | LA //
]
T e 1% ol A
1 10 100 1000 - - -1 3
{f, LED FORWARD CURRENT {mAl VM. ON-STATE VOLTAGE (VOLTS}

Figure 1. LED Forward Voltage versus Forward Current Figure 2. On-State Characteristics
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MOC3020, MOC3021, MOC3022, MOC3023

08

07
0.6/
-9 -2 0 2 4

Ta. AMBIENT TEMPERATURE (°C}

Iey, TRIGGER CURRENT -~ NORMALIZED

60 ] 100

Figure 3. Trigger Current versus Temperature
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=
O ~
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Figure 5. dv/dt versus Temperature
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[
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i
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%
i 1]
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= PWip = 100 pus
=
8 g
15
Q
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e .
Z
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0
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Figure 4. LED Current Required to Trigger versus
LED Pulse Width

T
STATIC

TEST CIRCUIT IN FIGURE 7

3

o

dvidt, STATIC {V pus)

~

0 04 08 12 16 2
Ry, LOAD RESISTANCE {1}

Figure 6. dv/dt versus Load Resistance

1 The mercury wetted relay provides a high speed repeated pulse to
the D.U.T.

2. 100x scope probes are used, 1o allow high speeds and voltages.

a. The worst-case condition for static dv/dt is established by triggesing
the D.U.T. with a normat LED input current, then removing the
current. The variable RTEST allows the dv/dt 1o be graduatly
increased unti the D.U.T, continues 10 trigger in rezponse 1o the
apptied voltage pulse, even sher the LED current has been removed.
The dvidt is then decreased until the D.U.T. stops triggering. 7R is
measured at this point and recorded.

Vmax = 400V
et o V5V 22
R RC

Figure 7. Static dv/dt Test Circuit
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. MOC3020, MOC3021, MOC3022, MOC3023

Bn 1 6 4
Vet 0—avv—0— MOC |—O0— VWA O HOT
2 3020/ 3 i }
Yy o 005 uf 7R &) 240
3 3"2221 4 e
—-o———
= =001 uf
LOAD |~-O GROUND .
*This optoisolator should not be used to drive 8 load directly. it is in this circuit the “hot” side of the line is switched and
intended to be a trigger device only. the load connected to the cold or ground side.
Additional information on the use of optically coupled triac drivers is The 39 ohm resistor and 0.01 ;LF capacitor are for snub-

available in Application Note AN- bing of the traic, and the 470 ohm resistor and 0.05 uF

capacitor are for snubbing the coupler. These compo-
nents may or may not be necessary depending upon the
particuiar triac and load used.

Figure 8. Typical Application Circuit

OUTLINE DIMENSIONS

NOTES-
ormona Speew 1 DIMENSIONING AND TOLERANCING PER ANS!
N Y Y o) PN 1. ANODE YI4EM, 1982,
l CONGURATION 2. CATHODE 2. CONTROLLING DIMENSION: INCH.
K 3. DIM L TO CENTER OF LEAD WHEN FORMED
4 WA TERMINAL PARALLEL.
§ SUBSTRATE
AR TR 2 6 MAIN TERMINAL
c r.._ L -

| B ‘ H omt WA | MAX_| BN | WX
| | A 813 | em [ o0x0 | 030 |
8 | 610 | 660 | 0200 | 0260 |

. C_| 255 | 508 [ots | omo

‘ M D_| 041 50 | 0016

] ¥ @ [ 177 [ o0 | 00

——f ] 3 G | 2m85¢ 0.100 B5C

§ | g . 3 Ten o008 | 00u

€ M/ [#]on0o® 1] 8@ [a®] K | o3 | g3 oo e

[T CIXE
gan ] e ] w5 [d 157
[#]onrosi@ [1[a@]e®]  CASE 730A-02 N 1254 | 381 | 0w0 | 0150
PLASTIC
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National
Semiconductor

MM54C00/MM74C00 Quad 2-Input NAND Gate
MM54C02/MM74C02 Quad 2-Input NOR Gate
MM54C04/MM74C04 Hex Inverter —
MM54C10/MM74C10 Triple 3-Input NAND Gate

MM54C20/MM74C20 Dual

general description -

These logic gates employ complementary MOS
(CMOS) to achieve wide power supply operating
range, low power consumption, high noise im-
munity and symmetric coentrolled rise and fall
times. With features such as this the 54C/74C
togic family is close 10 ideal for use in digital
systems. Function and pin out compatibility with
series 54/74 devices minimizes design time for
those designers already familiar with the standard
54/74 logic family.

All inputs are protected from damage due to
static discharge by diode ctamps to V¢ and GND.

4-input NAND Gate

features

s Wide supply voltage range 3.0V 10 15V
& Guaranteed noise margin 1.0V
& High noise immunity 0.45 Ve typ.

s Low power
consumption

® |Low power
TTL compatibility

10 nW/package typ.

fan out of 2
driving 74L

connection diagrams

MMSAC02/MM74C02

MMS4CC4/MM74C04 v

MMS4C00/MM74C00 .~
Vee Vee v‘ﬁ 3 o2 oy o9 e
{4 3 pz g poogs g8 [ AN AN Nl M 1 1
E l ‘ lil ) L] ]
gl
I 3 e s 6 T P PO O PR A R ) L b 5l ds Ts b
GND ra GND N0
0P VIEW Yo vigw TP VIEW
MMS4C10/MMT74L10 MMSAC20/MM74C20
Vee Veo
||l Ax] 12+ 1t l'lﬂ 19 |l l" 1 “2 l" llﬂ |!  }

v 12 1yl d0s 1s T

TOP ViEw

GND
T0e VIEW

I
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ac electrical characteristics
Ta = 25°C, C = 50 pF,.uniess otherwise specitied.

PARAMETER ] CONDITIONS 1 MIN i TP’ ] MAX UNITS
MM54C00/MM74C00, MM54C02/MM74C02) MMSAC04/MM74C04
Piopegation Delay Time to Logical Vee = 5.0V S0 90 ns
=17 o0 “0" {154} Vee * OV 30 , 60 ns
tnput-Capacitance IC.NI' {Note 2) ' . 6.0 oF
Power Disupation Capacitance (C.D‘) {Note 31 Per Gate ar {rvertes 12 oF
MMS4C10/MM74C10
Pu;pagalion Detay Tune 10 Logical Ve * 5.0V 60 100 ne
1" or 0" {t,,) Vee = 10V 35 70 ~
Input Capacitance C,y ) {Nowe 2} 7.0 oF
Power Diswpation Capacitance (Cpp) (Note 31 Per Gate 18 pF
MM54C20/MM74C20 ’
on;aagahon Delay Time to Logical Vee = 5.0V 70 15 ns
1 o 0" (1) Vee = 10V 40 80 n
Inpul Capacitance {Cyo ) (Note 2} 9 of
Power Dusipation Capacitance (Cpp) {Note 3} Per Gate 30 pF

Note 1: “Absolute Maxsmum Ratings” are those vatues bevond which the safety of the device cannot be guaranteed. Except
for “Operating Temperature Range™ they are not mesat 10 rmply thai the devices should ba operated at these timits. The
table of “Electricat Characteristics™ prowides conditons for actuatl device operation.
Note 2: Capacitance is guaranteed by periodic testing

Note 3: Cppy determunes the no load ac povier consumption of any CMOS device. For complete explanation see 54C/74C

Family Characteristics application note — AN-90

typical performance characteristics

Gate Transfer Characteristics

1% B =
te e Ty 128 €
bt e o T, £ 288 € 4
B N SRV | CEA
1 H 1
Vee <10V L35 + t
L A WAL VR (R
3 =
: :
> ] 8
- N Rk e
[] se 10 15
Ve (V)
Propagation Detay vs
Ambient Temperature
MM54C00/MM74C00,
MMS4C02/MM74C02,
MMS54C04/MMT74C04
1o
[ Ve sov _1_ T
SEEAC TEST CIRCUIT ™1~ T
T & PR .
P [
s i LA
s # C,,‘- 58 pf. 1
- - v
SR 7 o
x [ R
PP
g n + 4 —
H ] K
. Ll

-50 -25 0 25 S0 75 w0 125
AMBIENT TEMPERATURE (C)

Guaranteed Noise Margin
Qver Temperature vs Voo

18y

s

GUARANTEED DUTPUT "3~ LEVEL
Vous {1} @ INFUTS » ¥, (0}

308 GUARANTEED QUTPUT "0 LEVEL
Vous (01 @ INPUTS = ¥V, (1)
~

Ve 00~ N

450V A4 18Y

Propagation Delay vs
Ambient Temperature
MMSLCO0/MM74C00,
MMS54C02/MM74C02,
MMS54C04/MM74C04
0
| Vec = 10V i1 _[__
SEE AC TEST CHACUIT !
o} LEBS SN P

PROPAGATION DELAY (as)

~5%0 -25 & 25 S0 7§ 100 13S
AMBIENT TEMPERATURE (C)

Power Dissipation vs Frequency
MM54C00/MM?74C00,
MM54C02/MM74C02,
MMSAC04/MM74C04

POWER DISSIPATION PER GATE fu¥)

e
l_""n",nu:_ .
w WL 7 T
10? 10¢ w 10t i’
INPUT EREQUENCY (H)

Propzgation Delay Time v3
L oad Capacitance
MMS4CO0/MMT4C00,
MMS4C02/MM74C02,
MMEACO4/MM74C04

it 1l oA v -2Cc
Vo <38V 74—4— SEE AC TEST—
: +—circory ~
| it

i i 'y
I Vec =84V
T ey
P sREN
-

— Vee = 10V
=i

158

1
V4

N

i,.

» ."‘ - Tl Voo = 15V

! IERRRNRS

[RNEN] RN RN

s k2 @ 189 i)
€L — LOAD CAPACITANCE (pF)

Yea ~PROPAGATION DELAY TIME {ms)
~

22

2
2
a
&
0
o
=
e
2
3
a
2]
(o]
e
<
2
a
kS
O
o
0
S
<
<
b
I
2]
o
N

0ZOVLNIN/0ZIPSIWW ‘OLO VLW /0LO Y SNIN 'bOO_V[WW/VOOV?:WW




—

€y - LOAD CAPACITANCE (pF}
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MM54C00/MM74C00, MM54C02/MM74C02, MM54C04/MM74C04, MM54C10/MM74C10

switching time waveforms and ac test circuits
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2¢€ V1t 3 e = p d
megnitude of the coniro! vottage Vi, the sw.iching point ¢ cen bt chihied vathin & phase
engle 0! 0'30 1807 el | -
A positive pulse 0f pprox. 30 poec duraliodn EpPELTE $5r every hatvweve 2t the oUlpUts
P r # Y

A 503 A; Thi pulse guralion €20 po protonged L 10 18D vie e czpzrnor Cyp K pin 12
connected 10 oreund, polses withi & garelon oy 12 TEDS waliresuni
Ouipuis £y end Ag sopply 1he inverse miznels of Ay pnt AL

A sizne' ¢ ¢ 218D wtagh ezn be vsed 107 conirp'nng &7 enene’ Fgietis

2 thet it ESCuEE
aipin 3.
A sigrz! vehich, CD!ICi;-?'ldi 15 the 1OR Ld of by hy (H
[ o . .if.A;';-;"z':dz'_,Z:-

The inhbit mpot 2% be ssed 10 o0t oipt

P ... D A
ceerebit gt Lot & fan 7.
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i we like o us® fatutal commutztion,
conyerter cli¢ ults e fed with ac volt-
age.Ahadc-(:H Iy 1he “line commutzied
converer” 1 ¢ without cpecial commu-
tation prranpement. Circuils  with
hig!;er pulee inode, o instenice three-
200 six-pulse, 1€ only possible in con-
neclion wih thiee jhese line network.
The edvantaget v itl (repect 10 two-
pulse circuils nl 1Lt he cutrent line are
in panicular the tugher freguency, a
smaler ammiludr of the.hermonics at
the dc &nd Re { grient nige as well'as a
smsller powe! pruleation. This is why
p:e!gfably thiee: 1 Li» -pulse circuils
are used foi the tatsformetion of
powers hiphet than 10 BW provided a

three-phase melny ix jresent. A cis-

zdvantago I* the necd ef efectrical
veives (S! thy tislers end/or silicon

diodes) and contiol ¢lenients.

in the {ollowlny we de= Gl EpplicElion
exrzmples for atanerded circuits, like

half-contiolicd anid tully conircited ac
current bridger, B (ontrolied thiee-
ohase curien! (T IL 1 Lfier circuits
including piply wtat and Coubie-siar
circuits,

The circult reles fienn e muainly infivenc-
ec by the kindt ot foad 11 the converes
works In @ citgwl v luntng @ high in-
duclznce, one yeix @ haiindnic-poor oc
current glsowitn @ circuit having a low
fulse numlbae I gare, howover, where
ioad has b lown RTINS ETA TN o the current

has 10 bo smcvthenet by an zgitional
Mecl hes to be

choke or a el
zchieved 1y the pulse

\n\nranl.'\g
et ie!.

It is furthot of irgrortand® whether it
cc.’!:c.'ns:.nlv*.\v(rlOg‘r‘;!!;Onbechse'

only fu”): cont:ofted €

woads are zble to
bl 2sinthein-

thyristo.

5'1 i&l.

gt
0 #utter components for

"'-’“”A,.

Nowvsiag

LWIA

zte u,..1"":""7'"‘Ucon-semiconductors

ur.cr,:.lu.m..l\Mvrs- silicon ciodes 2S

TATATONN valves, znd silicon thy-
tlettelled velves.

Semii

Y
Sienu thi valves zre offered from

selet .‘“.'._"":"'ln(-nt power units. The
R VA rectitier
Tente 4 h\“‘ "‘?‘)i.mum on-state cur-
iston y,.,,, ‘,A 10 1500 A 2nd for thy-
revag,), HOICIGTANR The prak
104001y ‘_.\’,U' * 1each valves of 50 v
10350y | _""“”'Cfdiodes.andioov
W '3 Iysistors, With this offer

2nd (b, " valrelection of healsinks
101CE gy, “‘ 'iriems {r.zturzl cooiing.
vy water or oil cooling)

we Cai |
% g .
cover ju. “ A converniers which will

enda. CRLTTNY

e i
AR S (- PR =
FCati ., oA eontinypuely 2 18708

formai, VY that the convener per-
< AN ) e

fomen, | caactlly meel the cuss

we Lt W For Ligher powers,

L] A PO 4 .
valves (. Merin series of pereliel.
.
on whoo, o < vomverers, cepending
<edvoitzges of higher
NN, eed.

currenty
For cost
reed t,

meel v\,
ricole. Nt egoiiements (power
21 ¢

valve Cua L N¥Twibe chosen. As the

vty e cireuit which will
st s —ter of veives to

N 3.
tolal pry 3+ ~porant part of the
ingustey \\ < co~werier, the trend in

pewers o
neclion o,
chezpe o
when e (.
control s\
;nd Clo oy
sidered.

<
< Set highest possibie
lec or parzliel con-

S s
S
S angng trigger pulses)
NTUs313ze civision, is con-

.
»

As Ciovea -
N awgatizlly chezper than

AY

i~ oa;ensive converier

cznbereclized by using Lalf controlied
circuits in which only hall of the valves
has 10 be thyristors and the other hail
may be giodes. The properiies of half-
controtled circuits ditler jargely from
those of fully controlled circuits (alt
ves include thyristors). Their appli-
cends on cerizin con-

vel
czlion thus Ce
gitions.

A converer circuitis themose {avorable
the beiter the vzlves cen be vsed &s
concerns feverse volizage znd on-stele

curntent.

5.2 Rectifier with hzlf-conirolled
tridge clrcuit

orm ac curient

These conveners {rens!
1ecirical

into dc curient by meens ofene
vz've 1elezsing the current cnly in one
direction. A simple exampit {crsucha
device is a rectifier sel tor hali-control-
led bridge circuits.

The hel-controlled ac cursent bricge
.ch znd controi cc joads.

cerves 10 ¢
gs, magnelic ve'ves of

eg. couphn
moiors.

The hzif-ccnairolled bricge circuit €an
also be consicered 2s w0 Mp circuits
connecied in series where one is con-

ed, the oiher one uncernirciled.

{rol}
hin the

There is a sequential conirol wit
cenverier circuil.

The hzl-conliolled bridge is v.2d in
otcerioeduce the riumber of thyrisiers
by a half end 10 spere remarkzbly the
line impecance. Hal!—conxrciied <ir-
cuits, as menlioned, &re equipped by B
thyristors znd diodes, respectively. .- T

znced andE

" \We distinguish belween be!
unbalanced sing'e phese britge cir-T
* cuits. The™ belanced half-controiled.=

o




P i

i
bridge circuit has only cre condrolled
bndgesmde The hzli-controlled un- . 3 220%~-

bzlzncéd bridge, in contrest, hes only * Re oM,

cne controlied bridge trz-ch for each

of the tho bricge sices. ! SAN 3g—

The unbalznced bridge ci-cuil has the T bz

zdve niege that 2t induct've loed, the o] "
loed current zfier cut-c!! by the thy- o —3—1

ristors, czn continue 10 ficw viz the (wo -1, b Ry n -Ug
ur.con:xo!.ec’ reclifiers until the energy g

storedin the conductor is Lced. Thereis
no need of & {ree-whee! ¢ioZe connect-
€d in pereilel to the inducior.

The hal-conirolled briZze is mainly
‘used bgca Jseoleconor’c rezsons end
10 meel the regulations of the relevant
pewer plants for powers Lelow 5 kKW
- &nd for the operatlion in cne energy
Cirection. The cuslomer 1¢

xc.‘.‘.er.:.

o
&s congerns the harmenic content of
ihe dc volizpe, however, is not gllcwed
1o be 100 high.

Fig. 7a shcws the circult d'zzemicf a
..all-comruued belenced  rectifier
bridge incluging two (hyrisiors 2t the
_positivé sice. During the I'ne hz'*aave
the cufrent flows viz thy-.slor TH1, dc
Tcad resistor Ry znd ciode D1, Curing
Le othlr haltwave viz Th2, R and D2. ¥
.As :Hus.r led in Fig. 7z we thus gel cut
100 sing ha'fwaves persezond. ©

] - :
In Fig. 7b is illustrated ﬁ tlack cireuit
of a half-controlled tzlznced single
phzse bricge mr:ludmg (e fwo thy-
r:sfors and the two dicdes conr .ecied
in pa;!ﬁle! to the loac resisiznce.

Fig.7 Elock dzgram of 2 bridge circult Teoe

&) Hall-controlied belanced cechfuer beidge mlh (h) ns!orc al xhe pos-‘.lre jfa"F?"“f
... _{commoun cathode) . N .- (}" 28
“Voltage response and phase angte ols cm!'ollgble bndge chculx v-nh
. and Z dicdes a!resistive load _ .' . - 5 T .{,

.b) Kall-conlrofied unbalanced bnd'\e cucult - - T s .
<) Fu", cmiroﬂed slng!e phase brldwv circult wnh four (hyus!oﬂ X ‘:‘t'

iy '('q.
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Fig. 8 'Half-conirofic€ sinzle phzse bricdge circuit for small inyristors with ome tripptrpulse  Fig. 8 shows how two small thyristors ™
transformer. Using thyristcrs ESt CD5 end CioZes SSi D34 Oc cunrentloabs up to 16.Wean  can be tricgered in a half-controlled

gej.“;:c”:g- " . 3 . e single phase bridge withone ICTCATS0. .

R“ ?‘L‘;SQQ" a;:\’PBV1 AN\ ; f ..The trigger pulses can be varied con-
1 omn = =

- o tinuously in the 0 and 180° phase .mgle*

t:y meens 01 pc»enlzo"neter PI. -

. .Tn"ﬁe' pulse trenzior merl* 2B ¢05/005-05-PF of VAC *

Durmg 1he pccmve hne ha!fw;ve lhe
thyristor Th2 gate_is c'uecﬂy 1nqgered,3
; waha100p< .r-ggerpulsefromTCA780_g
¢ln 18. The line h;!fwcve current ﬂows %
\sa the :c—cuf:er d»ode 72, 1he Ioad:t
sMor and 1hyn<10r Th2 Dunng the.’.;
) HER OIS nE
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negelive line ha'twave the trigzer pulse  Fig. 8 HeM-conirolled ac current bridge circult for small thyristors withtwe 1“; et pulse ©
t-z=clormers. Using thyristcrs BS: Dilend Cioes S51 DG4 e cutient ioeds Ly 10 28 kW

from pin 14 is fed to the gzte of thyrisior
ThlViathetrigcertransiormer. Thelcad €27 beswilched.
= Cusutvoliage Ugay = 198V

;::;rf;:—:l’.ﬂcws new via D1, fozd resisior R;_M « 140 S 1E AP, = ZEWW A .
Trigger pulse transformer IT1, 172; 2KB £08/006-05-PF by VAC | eoents
Flg. @ shiows znciher half-controlled 2¢ Y : g
. Current bridge. Thz thyristers Th1 and
.- Th2'zre directly trigoered by the IC cut- . .
" puts 14 znd 15 via 2 transformer witha - .
ransferratiol = 2: 1¢nd¢\ol age-time. 17 L. - ) VY4 _;. I

- Integral of 200 Vs..
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neca:.\e line haltwave the tvigger pulse  Fig.9 Hali-cenirolled ac current bridge circult for smal! thyristors with twe trigger pulse .
:dsLplo 2B kW

friom pin14isfedto the gz'e clinyristor e "st’f"?rs Using thyrisizrs ES1 D0 202 diodes SS: DG4 de curzentio

Thlviz the trigcer trzns‘ormer. The load ga!?be'sw;}cr-ec:j .
ent iazd rpei vuiveliage Ugay = 35

‘—:u’”cm flows now via DINKS F3/stor Blan= 1400 = 14 AP, = 2.5 kW )

cﬂg T Trigger pulse transformer 1T1, 1T2; 2K 408/005-05-FF by VAC -

Fig. @ shows another half-conirolled ac -

current bridge. The thyristzrs Th1 and
- Th2zre directly iricgered by the IC out- x:
puis 14 and 15 via 2 trans’crmerwitha o
“ranslerratio O = 2: T1andevoilzge-time, "1+ .-
Soregalorzoovs, - — .
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,Fig.10 Hazl-controlled single phase bricge circuil with transistorized trizz2- s isezmplifier  Fig. 10 shows a half-corliciled single

and transiormer. . R . .
,°, th 7, : R phzse bridge circuit with trensisicrized
yristors BSt F25 zre mounted on heat sink FK 10 and the diodes SS: £22 o heal sink . o o i : e
FK11/12, 10285 up 10 5.4 kW can be switched. 11 ?m,ufaer steges and transformer
Outputvoltage Ugay = 158 V ! inseried between regulation circuit and
Rlrn =752 1w =27TA P =54 W | thyristor load circuit. With thyristors

ESt F25 znd the power ciodes SSi E20

Thyristor Thi, Th2: BS1 F2553 i
adclozd can be cohtrcllec upto 5.4 kW.

Diode D1, D2: SSi E2040
Trigger pulse transiormer IT1,172: 2¢E 41£/079-02-PF by VAC : , a2 foeo et to0t'pul ]
2 e 7 elivers output pulses of .
11 mA in a 20 ms sequence via pin 155
, ~ - and from pin 14 11 mA pulses shifted ;
by 160°. The rrimary wincings of the-
trancformers IT1 and IT2 get ezch 2]
conirol current of 1 A via the trigger’.
e Rt n pulse zmplifier stages with the tran-=
sisicrs BD 875. The two thyrisicrs get.

a2 gete current of 1 A during 550 ps 2nd;

s gale cethode volizgeof 2V from the

; transformers’ secondary wingings’
) (trensferrztio 0= 1:1).. i
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, Fully centrolledac cutrent bricse (5} with €arlic 31on 11z 8 Si0T 1195E! pulsezmplitier 5.3 Fully controlled a¢ current bridge
©and Granslormer. If the four thyristors £S5t F25 are Mmoo T €S ezct on a heat sink KK 10,3 dc " 4
Jcuirentload of $ kW canbe switched. \ Fig. 11 shows e use of 3 control st
gu:?m':ogagﬁ“';ﬁv {kw ~ =<} neluging IC TCA 780 in a line com-.
. Loin ™ 4. » Leav = e = % - e . Aulat . se an EXEM lefora'
. Th1,7Th2,Th3, Thé: B31F2553 ; P mula Edlcon\eﬂe.(c-‘sa :‘4; ?
R, R2,R3, R4:! EESUEW / . . - - \ ' fully conirolled bricge rectilier.
8‘1 C’:’CSY G‘t: : 1022 vzfsgvacxgg £ /260 02~ PF ty VAC ‘ ,  The control sets have to provice a sure,
SoRrigger p ranslorrm -z 1E580-02-PFE _ . ve e asure,
< i 39 p"x _.“, O'Heg‘. . 2:Z 0-02 : y VAC " — , function of the tectifier by 1ee_d1ngrsp17j:
oo : e ., ficientlylarge contro! putses {(fg =1 A)
. !+ *40 the thyristors with the respec\ﬂvg“;
FUF I T e respect i
-~ control angle {a = 0°...180%). \‘,’l“h‘ﬂ)‘e‘;

TAully” controlled single’ phase brldges
" ircuit, four line synchronous contrOl
i, oY L T S



ol T

s

aaanssudszne

nrauzdiahlasanuvevounseau srasiser Wsndudy
[] P A
prsdoyiant aaiinda Piluediege fimeninildnesdduui uazbifnSamn
o a aa = Yo 2 A
w1 lagaaea vevoURa 019dRNAY gasdser NMANSSamluGes vevsugun

v . b 4
Siransu il e eeilolunsmannidne q slnsanuiidudegan 1y 18d0d



o w———

o

12091391989
L. Alexander Lo Julian, Richard S. Wallace and Pradeep K. Sood,  Muti-Speed

Control of Single-Phase Induction Motor for Blower Application” IEEE Trans. on Power

Electronic, vol.10,n0.1,PP. 72-77,Jan 1995.
2.Albert Paul Malvino and Donald P.Lcach,”Digitai Principles and Application” Mc

Graw-Hill, Singapore, 1986.
@ o A [13 A o 9 o ]
3. duvs gy, © wiesnalWihaszuaady” , aoniumaluTobnszeound

«d
fu13, 2533.
4. “MOTOROLA THYRISTOR DEVICE DATA” , motorola Inc., U.S.A, 1989.
5. “MOTOROLA SEMICONDOCTOR TECHNICAL DATA”, U.S.A. 1989,

6. qiani fu,  adadannoidnany”, Tssitudemoudonuazmsiiu, . -

-na'lny $104, any, 2521,



L

——

naanssulseme

manazdiamInssnuveveunsqu A3 330y WwwsuSy
v b A
pnsdeyani swaiinde Piluedugs faewihnilldresldduuzii uashisniSawn
o a an = Yo <2 Al
inlasaaen veveuna owisdgany asdser NlMUTanluinaies veveugumn

[ [ 1 4
Fedns sy thiilfiadeciie lummaansdn q sulassniiduSegaacly 1ddaed



Yy a

19091301494

1. Alexander Lo Julian, Richard S. Wallace and Pradeep K. Sood, “Muti-Speed
Control of Single-Phase Induction Motor for Blower Application” IEEE Trans. on Power
Electronic, vol.10,n0.1,PP. 72-77 Jan 1995.

2.Albert Paul Malvino and Donald P.Leach,”Digital Principles and Application” Mc
Graw-Hill, Singapore, 1986.

3. §uwus mgma, © wsesnallfhnszueady” | sonfumaluladwszoound
FUYT, 2533,

4. “MOTOROLA THYRISTOR DEVICE DATA” , motorola Inc., U.S.A, 1989,

5. “MOTOROLA SEMICONDOCTOR TECHNICAL DATA”, U.S.A. 1989,

6. q¥ant M, © adadanwieidvwans”, Taafuiameudenuazmsiin, u. oui-

-na'lng e, any, 2521.





