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Abstract

Thais project is an experiment of the 4 Qusdrant parallel poles
DC Motor constant speed control. It was applied Lo the technique
of chopper from PWM (Pulse Width Modulator) wave at higher than 20 KHz. .
Ite device is operated by using power MOSFET Lransisidr to gain dn—éff
switch position to feed tp the motor. It reduces the:ﬁiss to the level
of normal human clea}ity listening and reduces the effect of switching
losses. This can become to reduce the size of hestsink to ventilate the
heal from Lfansistor end also its size s smull. ‘

For the constant speed control, this device is operated by
‘using the technique of Phase Lock Loop . It is the most widely used in
the system of communication. For example, it .is used to lock constant
frequency. it can be applied to operate to lock tha speed of thé motor
both clockwise and couterclockwise. The principle is by the generation of
control fréquenéy and defines the order as an aspire direct;on {n order
to compare with the decode frequency and the direction of the detected
signal frequency. This 1{is the control signel Eo control PWM wave (to

continue) to drive the motor.
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MOTOﬁOLA .
= SEMICONDUCTOR
TECHNICAL DATA

Designer’s Data Sheet

Power Field Effect Transistor
N-Channel Enhancement
Mode Silicon Gate TMOS

MTM8N18
MTM8N20
MTP8N18
MTP8N20

high speed power switching applications such as switching regu-
iators, convertars, solenoid and relay drivers.
® Siticon Gate for Fast Switchiny Speeds — Switching Times
Specified at 100°C TMOS
® Designer's Dats — Ipss. VoS(on)- VGS(ih) 8nd SOA Specified
at Elevated Temperature
® Rugged — SOA s Pawer Dissipation Limited
& Source-to-Drain Diode Characterized for Use With Inductive Loads

-

These TMOS Power FETs are designed for medium voltage, r
1 (5]

TMOS POWER FETs
8 AMPERES
DS{on) = 0.4 OHM
180 and 200 VOLTS

MAXIMUM RATINGS
N > MTM or MTP | e
i - 8N1S 8N20
Deasn-Source Voltage vVpss 180 200 Vde
Orain-Gate Votlage (RGs = ¥ MI2) ‘VDGR 180 200 Vde
Gete-Source Voitage vGs =20 Vdc
Drain Current — Continuous o 8 Adc
- Pulsed ) oM 25
Total Powst Dissipation @ T = 25°C Pp 75 Watts mm::;:
Deordte above 25°C 0.6 wre CASE 1-04
Operating snd Storage Temperature Range T3 Tstg - 65 to 150 *C TO-204AA
(TO-3
THERMAL CHARACTERISTICS (ro-3)
Thermal Rensiance ‘cw s
Juncuion to Case Raye” 1.67 >
Junction to Ambeent T0-204 RayA 0
»
T0-220 ‘ . 625
Maximum Lead Temperaturs lor Soldenng T e 275 °c
Purposes. 18" from case for 5 seconds N
MTPENIS
MTPSNZO
CASE 221A-02
TO-220A8

Designar’s Deta lor “Werst Case™ Conditions — The Detsgner's Data Sheet permits the design of most circuits entirely from the information presented.

S0A Luvst curves — representing boundares on device charstisristics — are given 1o facilitate “worst case” design.

MOTOROLA TMOS POWER MOSFET.DATA
- 3460
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MTM/MTPBN18, 20

ELECTRICAL CHARACTERISTICS (Tc = 25°C uniess otherwiss noted)

I ’ Chasacteristic | symbol l Min I Max l Unit J
OFF CHARACTERISTICS )
Desin-$ource Breakdown Voltage V(BR)DSS vde
(Vgs = 0.1p = 0.2 nA} MTM/MTPBN18 180 — .
: . MTMWMTPEN20 200 -
Zero Gats Voitage Drain Current Ipss mAdc
{Vps = Rated Vpss-VGS = O o~ 0.2
(Vpg = 0.8 Reled Vpss. VGs @ 0.7y & 126°CH - 1
Gola-Body Leskage Curtent, Forward (VGs¢ = 20 Vdc, Vog = 0) 1g8yF - 100 nAdC
Gate-Body Leskaga Current, Reverse (VGsg = 20 Vdc. Vps = 0) IGSSR . - 100 ' nAdc
ON CHAMCTERISTICS*
Gats Tiveshoid Voltage VGSth) ‘2 45 vdc
(Vps = VGS. Ip = Y mA) 15 4
Ty = 100°C .
Static Depin-Source On-Resistance (VGs =. 10 Vdc, Ip = 4 Ad) DSlon) - 0.4 ' Ohm
- Desin-Soarce On-Voltage (VGs = 10 V) : VDSton} Vde
tip = 8 Asc) - 4
~ Up = 4Adc, Ty = 100°C) et 36
Forward Transconductance (Vps = 15V, Ip = 4 Al OFS 3 - mhos
OYNAMIC CHARACTERISTICS ]
Input Capecitance (Vps = 25V.VGs = O, LCiss + - 800 pF
Owtput Capscrtance { = 1 MH2) Coss Cod 300
Reverse Transier Capacitance Posfigurs 11 Crss - 100
SWITCHING CRARACTERISTICS® (T = 100°C) -
Turn-On Delay Time d{on) — 40 ns
Ase Time {(VpD = 25V.!p = 0.5 Rated ip 1 =0 150
en = 50 ohms)
Turn-Off Delay Time See Figures 9, 13 and 14 td(ofl) = 20
Fall Time t - 100
Totsl Gate Charge Qg 15 (Typ) 30 nC
(Vps = 0.8 Raied Vpss.
Gate-Source Chatge 1§ = Rated ip. VGs = 10V) 09, 8 (Typ! -
Gate-Drain Charge ) Qgg 7 (Typ) - Vi
SOURCE DRAIN DIODE CHARACTERISTICS® . N
Forward On-Voliage s = Rated Ip Vsp 1 {Typl | 25 i Vde
forward Tum-On Time Vgs = 0 ton Limited by stray inductance
Reverse Recovery Time ter 325 (Typ} I -— I ns
INTEANAL PACKAGE INDUCTANCE (TO-204) . 7
Interna) Drain inductance Lg 5 (Typ) - .nH
{Measured from the contact screw on the header closer .
to the source pin and the centsr of the die) y N
internal Source Inductance s L 12.5 (Typ) -
(Measured from the source pin, 0.25" from the package
1o the soutce bond pad)
INTERNAL PACKAGE INDUCTANCE (T0-220)
irternal Deain inductance Ly " aK
{Measured from the contact screw on tab to centet of die} 3.5 {Typ) -—
{Maasured from 1he drain lead 0.25° from package 1o center of dis) 1 4.5 (Typ) —_
Intarnal Source Induclance . ’ Ly | 7.5(Typ) -
{Measured trom the source lead 0.25° from package 0 source bond pad.) :

*Pulse Toat. Puise Wicth & 300 us, Ovty Crie € 2%

- <

MOTOROLA TMOS POWER MOSFET DATA
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MTM/MTPEN18, 20 ’
TYPICAL ELECTRICAL CHARACTERISTICS
w ] a
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_MTM/MTPSN18, 20
4

SAFE OPERATING AREA INFORMATION
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Figure 7. Maximurn Rated Forward Biased >
Safe Operating Area %

FORWARD BIASED SAFE OPERATING AREA

The FBSOA curves define the maximum drain-to-
souwrce voltsge and dreirr current that » device ¢an safely
handie when it is forward biased, or when it is on, or
being turned on. Because these curves include the limi-
tauons of simultaneous high voltags and high current,
up 10 the raLing-C. the Qevice, * =y Are + pecisily useful
to designers of lingar systems. The curves are based on
& case lemperature of 25°C and a maximum junction tem-
perature of 150°C. Limitations for repetitive pulses at var-
ious case tlemperstures can be determineg by using the
thermal response curves. Motorola Application Note,
ANS69, “Transient Therfnal.Resistance-General Data and
Rts Use™ provides detsiled instructions.

SWITCHING SAFE OPERATING AREA

The switching safe operating area (SOA) of Figure 8 is
the boundaty that the load.line may traverse without in-
curting damage to the MOSFET. The fundamental limits
8re the peak current, Ipp and the braskdown voltage,
V(BRIDSS: The switching SOA shown in Figure 8 is ap-
picabie for both turn-on and turn-off of the devices for
switching tumes lgss than one microsecond.

!.
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18} | ]
g MIMMIPENZO
i 1
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Figure 8. Maximum Rated Switching
Safe Opoarating Area
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SCL40468
SCL44468
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FEATURES

@ Very low pawsr c.nsumption = 70 W (iyp)
@ 1o = 10kHL, BVue

& Operating frequen. y tangye (no offsel) ~
Up to 3MHz (typ) @ 10Vdc (SCL4046B)

Up to 4MHz (typ) 4 10Vdc (SCL44468)

Low {requency drift — 0.04%/°C {typ) @ 10Vde

Choice of two phasa comparators:

1. Exclusive-OF network
2. Edge-controlied memory network with
phase-pulse output for lock indication

VCO Inhiblt contral tor ON-OFF keying and
wltradow standby | Jwer consumption
High VCO linsarsty 1% (typ!

_Sourcs-tollowar ou ‘put of VCO control input
{Demodulator Outy.ut) .
Zener Diode 10 ass: - Supply Rogulahon
Balanced Qutput D:ive Current Specifications

[ X 4

ee oo o

APPLICATIONS

FM demodulator a1 | modulator
Frequency synthes: and multiplication
Frequenty discrimi ator

Data synchronizstu
Voltage-to-frequen. / conversion

Tonae decoding

FSK-Modems

Signal conditioning .

P

[ X X X X & X X J

DESCRIPTION

The SCL4046B ar | SCL44468 phase-locked
100ps contain twQ ph.-w COMParators, a voltage-
controlled oscitlator (\ COI, tource follower, and
2sner diode. The com; urators have two common
inputs. The Signal ir.>ut can be used disecily
coupled to large vol 43¢ signals, or md»recxly
coupled (with a series pacitor) to small voltage

signals. The self-bias ¢ 'cuit agjusts small voltage

signals in the linear re. <n of the amplifier. Phase
comparator I (an exci .ve-OR gate) provides a
digital error signal PGl |, and maintaing 90° phause
dhift at the center ice. ency between Signal and
Comparator inputs (boi » at 60% duty cycle), Phase
compaiator IL {with lea. g edge sensing logic) pro-
vides digital error signai PCH gy and Phase Pulses,
and maintains 8 0% | wuse shift between input
hgnals (Quty cycle is it materiall. The lingar VCO
produces an output sign. VCOq, ¢ whose frequency
1 determinsd by the v -i1age of input VCO;, and
the capacitor and rasist (s connected to pins C1 a,
Ctg, R1, and R2. Th' sourcs follower output,
Demod Out, wiih an ex4ranal resistor is used where
the VCO;, signal is nee.jed but no loading can be
tolerated, The inhibit inj ut Inh, when high, disables
the VCO and sourcs foi-ower to minimize standby
power consumption. Tt e zener diode can be used
10 258ist in powsar supply regulation.

cmos PHASE LOCKED LUGPS"E
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Add suftix tor packaga:

CONNECTIOUN DIAGRAM
{ull puckages)
ZENER DEMOD QUT ’
S1G vCco
VoD’ N &Gt R2 R1 IN
| | I S S 1,
16 15 14 13 12711 ¥
SCL40468 SCL44468
) 2 3 4 5 6 71 8
P2 | r1 1 |
4 PCI VEO ik C1 C1 Vg
ouT uT (A) 1)
PHASE  COMP
PULSES N

16-pin Cerdip
16-pin Ceramic
16-pin Epony
16-pin Flat
Chiip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

0C Supply Voltage
Operuting Toinperature

C. D, F, H Davice
E Device

Vpp-Vss 31016 vy

TA
55 to +126 ¢C
4010185 «
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‘SCLA0468, SCLA446. .
PHASE COMPARATOR II : .
wat'State’  f Y 5 : *
2
LI} '
¥
v Comp K
on n .
v
- - - :
CCIROut | 0 Ouiput o‘:‘:..mo.-u.a !
P) ase Puirey ° ' v ]

VIO OUTPAUT ITERM 4)
C *MPARATOR . INPUT

{ FRAM 3) 1

F A3 COMPARATOR 1§
CJTPUT (TERM i3]

T.GNAL INPUT {TERM. 14} J_]

WA — =T

LA

TR B A i WV

R ey

LOWSPASS FILTER
. WTPUT

VLO INPUT (TERM. 9)e g 7

o

PrASE PULSE LTEAM. 1)

KOTE: DASHED LINE 15 AN OPEN-CIRCUIT CONDITION

"v5s

P ISR { 1))
A ~Vss
3 2 Voo
I 48

*  Fig. 4 - Typical waveforms esmploying phase comparator I in locked condition.

Phase-comparstor IT (. an edgecontrolied digital
memory network. It ccnsists of several tlip-fiop
stages, control gating, .nd a three state output
circuit comprising p- anJd n-type drivers having a
common output node. V:hen the p-MOS or n-MQS
drivers are ON, they pull the output up to Vpp or
down 16 Vgs, respectivels . This type of phase com-
parator acts only on the j.0sitive edges of the signal
and comparator iaputs. The duty cycles of the
§gNnal and comparator inputs are not important
since positive transitions controt the PLL system
uwtiizing this type of comparator, i the signal lags
the comparator input in phase, the n-type outpul
driver is maintaingd ON ‘or a time corresponding
to the phase ditference. |f the comparator input
lags the signal in phate, tne p-type output driver is
maintained ON for a time corresponding to the
phase difterencs. Subsequently, the capacitor voit.
age Of the low-pass filter connected to this phase
comparator is adjusted uatil the signal and commn-
parator inputs ars 8qual in both phass and trequen-

cy. At this stable point, bOLh p- and n-typs output

150

drivers remain OFF, Thus, the phass comparator
output becomes an open circuit and holds the volt.
sge on the capacitor 0f the low-puss filter constant,
Moreover, the signal at the “phase pulses” output iy
a high level which can be used for indicating a
locked condition. Thus, for phase comparator II,
no phase difference exists between signal and gom-
parator input over the full VCO frequency range.
Moreover, the power dissipation due to ths low-
pass Nilter is ceduced when thi! type of phase com:
parator is ‘'used because both the p- and n-type
output drivers are OFF for most of the signal

- input cycle,

it should be noted that the PLL lock range for
this type of phase corhparator is equal to the cag:
turg range, independent of the low-pass filter. With
no signal presant at the signal input, the VCO is
adjusted to its lowest frequency for phase com-
parator II. Figure 4 shows typical waveforms for
a8 CMOS PLL employing phasg comparator ILsin o
locked condition.



" Fig. 6 {c) Typical fmux/fmin vs R2/R1 .
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