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DC.MOTOR CONTROL

SOMBOON ANUNSIRIVOOT
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1992

Abstract

This thesis is about how to control the speed of dc motor.
The principle that out group have used is called PWM. There are
three kinds of PwWM. One is bipolar, another is unipolar, the
other is limitunipolar In our case, we use unipolar. The driving
circuit of this project is full-bridge which give the the correct
torque on the range of the velocity that we have already
specified and this circuit also have the capability of reducing
the heat.

For the part which is used for controlling the speed, we
have used the method called phase locked loop. We have selected
“IC.No 40486 for this purpose. The advantage of PLL is that it is
not  sensitive to the noise and by this, causes the velocity of

the motor constant all the time
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SCL40468 ®
SCL4446B

CMOS PHASE-LOCKED LOOPS

FEATURES

# Very low power consumption — 70 uW (typ)
@ fo = 10kHz, 5Vde
4 Operating frequency range (no offset)
Up to 3MHz (typ) @ 10Vdc (SCLA0468B)
Up to 4MHz (typ) @ 10Vdc (SCL4446B)
Low frequency drift — 0.04%/°C (typ) @ 10Vdc
. Choice of two phase comparators: -
1. Exclusive-OR network
‘2, Edge-controllied memory network w:th
‘phase-pulse output for lock indicatiori
VCO Inhibit control for ON-OFF keying and ™
uftra-low standby power consumptlon
High VCO linearity 1% (typ) . y
Source-follower output of VCO control input
(Demodulator Output)
Zener Diode to assist Supply Regufation
Balanced Output Drive Current. Specnflatlons

T et s a4

APPLICATIONS

FM demodulator and modulaton -
Frequency synthesis and multlplacatlom i
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding - S

FSK-Modems

Signal conditioning

L X J

-0 S <

T a eV T e — - arw

PO
-

DESCRIPTION

The SCL4046B and SCL44468 phase-locked
loops contain two phase comparators, a voltage-
controlled oscillator {VCO}, source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly
coupled {with a series capacitor) to small voltage
signals.” The self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR gate) provides a
digital error signal PCIgy¢, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cycle). Phase
comparator IT (with leading edge sensing logic) pro-
vides digital error signais PCIloy¢ and Phase Pulses,
and maintains a 0° phase shift between input
signals (duty cycle is immaterial). The linear VCO
produces an output signal VCOq,¢ whose frequency
is determined by the voltage of input VCOjpn and
the capacitor and resistors connected to pinsC1a,
Clg, R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCOjj, signal is needed but no loading can be
tolerated: The inhibit input Inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
to assist in power supply regulation.

- b

148

Vl]DD

" CONNECTION DIAGRAM
{all packages)y

ZENER

SIG VEOo
| W |

DEMOD OUT.

.

Add sufﬁx for paekage e

16 15 14 13 12 11 10 9
SCL4046B SCL4446B |
b1 2 3 4 5 6 7- 8.
. . | 1 | 1 I- i
s _ pCI VCO INH €1 C1 Vss
ouT ouT (A) (B) !
PHASE COMP -
PULSES IN .

»

- - -

——— o

C . "16-pin Cerdip
D 16-pin Ceramic
T E 16-pin Epoxy” " b &
F  16-pin Flat -
‘H Chip <.

RECOMMENDED OPERATING CONDITIONS d

For maximum

DC Supply Voltage
Operating Temperature

reliability:

C, D, F, H Device

E Device

VDD -
Ta

3to15 Vdc

Vss

5510 +125 OC
4010 +85 OC

BLOCK DIAGRAM

SiNAL @ Vbo
'

v

PHASE
COMPARATOR '

COMPARATOR
iN
-~ -G
EZ’ veo
out

(L1 1) g

7

PHASE
COMPARATOR
I

PHASE COMR I OUT

PHASE COMP I OUT P
PHASE PULSES R3

vCO IN

DEMOOULATOR
ouTt

vss @z:u:n.

vss
Rs
4
vss

Fig. 1



SCL40468, SCL44468

VCO SECTION

*

The VCO requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and
R2). Resistor Rt and capacitor C1 determine the
frequency range of the VCO and resistor R2 en-
ables the VCO to have a frequency offset if re-
quired. The high input impedance (10 §2) of the
VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. In order not to load thé low-pass
filter, a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA.-

TOR OUTPUT). If this terminal is used, a load
resistor {Rg) of 50k§2 or more should be connected
from this terminal to Vgg. if unused, this terminal
should be left open. The VCO can be connected
directly-or through frequency dividers to the com-

‘parator input of the phase comparators. A full

CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns off” both to minimize stand-by power
consumption.

PHASE COMPARATORS

The phase-comparator-signal input {termina! 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ fogic “0"< 30% (Vpp -,
Vgs), logic “17 2 70% (Vpp-Vss!]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal mpqt

Phase comparator I is an exclusivé-OR network;
it operates analogously to an over-driven balanced
mixer. To maximize the lock: range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no signal or noise on the signal
input, this phase comparator has an average output
voltage equal t0 Vpp/2. The low-pass’ filter con-
nected to the output of phase comparator I supplies
the averaged voltage to the VCO input, and causes
the VCO to oscillate at the center frequency {fy,).

The frequency range of input signails on which
the PLL will lock, if it 'was initially out of lock,
is defined as the frequency capture range (2f.).

The frequency range of input signals on which
the loop will stay locked if it was initially in lock is
defined. as the frequency lock range (2f_ ). The
capture range can not exceed the lock range.

With phase comparator I, the range of frequen-
cies over which the PLL can acquire lock (capture
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator ] enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

One characteristic. of this type of phase com-
parator is that it may lock onto input frequencies
that are close ‘to harmonics of the VCO'center-
frequency. A second characteristic is that the phase )
angle between theé signal and the comparator input

- varies between 0° and 180°; and is 90° at the center

frequency. Figure 2 shows the (typical) triangular
phase-to-output response characteristic of phase- .

‘comparator I. Typical waveforms for a CMOS

phase-locked-loop employing phase comparator I

“in locked condition is shown in Figure 3.

AVERAGE OUTPUT
© VOLTAGE
Voo i

Voor2

i 1
(o} 90° B8o*

AVERAGE OUTPUT VOLTAGE —V

SIGNAL-TO- COMPARATOR
INPUTS PHASE DIFFERENCE

Fig. 2 — Phase-comparator I characteristics at -
low-pass filter output.

PHASE COMPARATORI

input State

X X

Sig Comp
in In

PCIOut

SIGNAL INPUT (TERM. |4l_r_—L___[_l_

VCO QUTPUT (TERM 4)a
COMPARATOR INPUT __._l l_l
(TERM 3)

PHASE COMPARATOR I
OUTPUT (TERM. 2) v
oo
VCO INPUT (TERM.9): oSNNS N7
LOW-PASS FILTER
OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator L'in locked condition



SCLA4046B, SCL44468

PHASE COMPARATOR IL

.t
Input State

Sig Comp
n In > 0

~r

. o 3-State
PCILOut 9 . Output Disconnectad '
Phase Pulses 9, - 1 o

e

(TERM 3} -

PHASE COMPARATOR I’
OUTPUT {TERM.I3)

. SIGNAL INPUT (TERM. 14] =Pl

-
_

PR s VCO OUTPUT (TERM 41+ —_—
Ny 4 . . COMPARATOR INPUT )

e ol _.:__Q__Ir_‘voo

R -

o

-Vss§ -
" v
VCO INPUT (TERM. 9)s - — P———. 00. .
LOW=-PASS FILTER f ~Vss
oUTPUT . > R Yoo
~y PHASE PULSE (TERM:1) 1] U vee

NOTE:- DASHED LINE IS AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typica! waveforms employing phase comparator II in locked condition.

Phase-comparatog’I[ is an edge-controlled digital
memory network. ft consists of several flip-flop

stages, control gating, and a three state output:

circuit comprising p- and n-type drivers having a
common output node. When the p-MOS or n-MOS
drivers are ON, they puli the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signai
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. If the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently; the capacitor voit-
age of the low-pass filter connected to this phase
comparator is adjusted until the signal and com-
parator inputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

—— h v

drivers remain OFF. Thus, the phase comparator
output becomes an open circuit and holds the voit-
age on the capacitor of the low-pass filter constant.
Moreover, the signal at the “phase puises” output is
a high level which can be used for indicating a
locked condition. Thus, for phase comparator II, ,
no phase difference exists between signal and com-
parator input over the full VCO frequency range.
Moreover, the power dissipation due to the low-
pass filter is reduced when this 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 comparator is equal to the cap-
ture range, independent of the.low-pass filter. With
no signal present at the signal input, the VCO is
adjusted to its lowest frequency for phase com-
parator I. Figure 4 shows typical waveforms for
a CMOS PLL employing phase ¢omparator I in a
locked condition.
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SCL40468, SCL44468

DESIGN INFORMATION :

This information is.a guide for approximating

the values of external components for

SCL40468B and SCL44468 in a Phase-Locked Loop
system. The selected external components must be

R1

the C1

,R2>>2k{}, Rg =10k
2 15pF

In addition to the given design information refar
to Figure 5 for R1, R2, and C1 component selec-

within the following ranges: tions.

. USING PHASE COMPARATOR L USING PHASE COMPARATOR IT

CHARACTERISTICS VCO WITHOUT OFFSET VCO WITH OFFSET VCO WITHOUT OFFSET VCO WITH OFFSET

Rps = Ry= =
o = .
v lm/_ - .- b

== L8
- 1
VCO Frequency )

Ty . I S 1

Yoo’2 Moo vorrz Voo voo/2 Voo Yo’ Voo

YCO INPUT VOLTAGE VYCO INPUT VOLTAGE Y¥CO INPUT VOLTAGE VCO INPUT VOLTAGE
oot 5;.’4: + o 4 Lt R

For No Signal Input

VCO in PLL system will adjust to center frequency, fq

VCQO in PLL system will adjust
to lowest operating frequency, fmin

2 f_ = full VCO

frequency range

Frequency Lock Range,2f(_ e
21 = fmax—Tmin
Fregquency Capture w RS ouT .
Range, 2fc O-I\NTO
. 1 ’21!'"_
*R3C2 c2 —

L .‘n ;_[ 2fc=s . N
Loop Filter " o=ty 3 .
Component IN R3 ouT . .

Selection - ‘
R4 2
For 2 {c,see Ref.
2

vy lf5), spproximating C° and

Phase Angle bstween 90° at center freq

Always 09 in tock

1809 at ends of lock range (2f¢ )

“Signal and Comparator
Locks on Harmonics of Y N .
Center Frequency o« o
Signsl input Noise .
Rejection High Low
-~ Given: fg — Given: | and f|_ - Given: fmax — Given: fmin & frmax
— Use f, with Fig.5a to ° = Calculate fmn from ~— Calculate fg from ~ Use tmjn with Fig.5b
! determine R1 and C1 the equation the equation 10 determine R2andC1
fenin = fo — fL - fmax fmax
— Use {min withFig, 5b 0" - Calculate 7
to determine R2 and C1| .. Uge f, with Fig.5a to '
. max
determine Rt and C1 - —_— i
vCoO - Calculste Trmin Use frin with Fig.5¢
Component from the equation to determine
Selection 1 £+t ratio R2/R1 to
max _ ‘ot L
—_— obtain R1

fmin fo—1fL
fmax

-Un' — with
min

Fig.5¢ to determine

R1

ratio R2/R1 to obtain

enypm—
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REF. G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965,
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SCL4046B, SCL44468

ELECTRICAL CHARACTERISTICS !'?

,

2 S 2 ;
PARAMETER Voo | conpITIONS | TLow *5°C TuiGH ™| ynits
{vde) Min. | Max. | Min. | Typ. | Max. | Min. { Max.
QUIESCENT DEVICE Ioo )
CURRENT 5 |Inhibit = Vgp - 5 - ].0.08 5 - 150 |uAdc
10 |Signal tnput= - 10 - | 0.01 10 - | 300
15 Voo - 20 - 102 20 - 600
TOTAL POWERDISSIPATION [Py |~ inh = Vsg, )
VCO, = Yoo
fo = HIJkHz,2 -
Cy = 150F - - | =007 = = = |'mw’
18 R1=1MQ, - - - |06 - - "
15 | R2Z=Rg== | _ | _ - |24 S -
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family.Specifications”.
? TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
X =+ 85°C for E device.
3 VCO output {pin 4) and Phase Comparator Qutputs {pins 2 and 13) have been designed for -
balanced output drive current specifications. Consult Family Specifications.
25°C
PARAMETER CONDITIONS Voo - UNIT -
Min. l Typ. | Max.
VCO SECTION
MAXIMUM OPERATING| friax
FREQUENCY
SCL40468 R C1
R2=c0 10k 50pF 5 0.5 0.8 - MHz
VCOin = Vpo 10 1.0 1.5 -
15 1.3 1.9 — X
5k 50pF 5 0.6 1.0 - MHz
10 1.4 2.1 - ¢
15 1.8 2.7 . -
2k 50pF 5 - 13 - MHz
10 - 29 -
15 ~ 3.8 — ™~
SCL44468 R2 =00 R1 C1
VCO\N =Vpp | 10k 50pF 5 0.7 1.0 - MHz.
10 1.3 20 -
15 1.9 2.8 -
Sk 60pF 5 0.9 1.3 - MHz
10 1.9 2.9 -
15 2.6 3.9 —
2k 50pF 5 — 1.8 - MHz
10 - 3.9 -
15 - 54 -
LINEARITY R2 = oo
VCOIn = 2.520.3V, 5 - 1 - %
R1210k
VCOyn =5.0£2.5V, 10 - 1 -
R122400k2
VCO)y = 7.5£5.0V, 15 - 1 -
R1=21MQ
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SCL4046B, SCL44468

ELECTRICAL CHARACTERISTICS (Continued)

- N\

. +25°C
PARAMETER CONDITIONS Voo Min T Tvo. | M UNIT
VCO SECTION {Continued) -
TEMPERATURE- - —
FREQUENCY - ,
STABILITY ) .
. No Offset R2=co 5 ~ | 012024 - |%fc
. 10 - - 0.04-0.08 - R
15 - 0.015-003 | -
With Offset R2< 10X R1 . 5 | - 0.06-0.12 - %/°c
10 — ‘= [ 0.05-0.1 - |
) 15 - 0.03-006 | .— -
INPUT RESISTANCE Rin A
(veo,,) {510,156 | - 10° - |mMa
QUTPUT DUTY . | At valid input combin- - . ———
CYCLE ations and voltages - 50 — %
OUTPUT TRANSITION . . ¢ ) )
TIME TLHTHL e = 50pF 5 h 100 200 |ns
@ . 10 - 50 100 : -
. 15 - 40 80 -
PHASE COMPARATORS
INPUT RESISTANCE
Signal Input | RN 5 1 3 - MQ
10 0.2 0.7 -
15 0.1 0.3 -
Comparator Rin i 5,10, 15 - 10% - MQ
Input
AC-COUPLED INPUT |V iy
SENSITIVITY
Signal Input 5 .- 200 400 mV
10 . oD 400 800
15 - 700 . 1400
OUTPUT TRANSITION
TIME
PCI, PCO trim. tTHL 5 - 100 200 | ns
Outputs C. = 50pF 10 - 50 100
15 - 40 80
Phase Pulses  ftyyu, trHo 5 - 130 260 ns
Qutput 10 - 65 130
15 - 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE  [VCOw-
Vpem | Rs>50kSY 5 - 14 22 | Vde
10 - 1.6 2.2
15 - 1.8 2.2
LINEARITY Rs>50k
VCOy =2.5£0.3V 5 - 0.1 - %
VCOy =5.0£2,5V 10 - 0.6 -
VCOy = 7.5¢5.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE V2 Iz = 502A - 6.3 7.0 77 |V
DYNAMIC Rz Iz = 1mA - - 100 - Q
RESISTANCE .

- . 183
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o n ="
SCL40468 SCL44a5E
e ]
H—t H—+
wesz Ry=2x82,vpo = 15V e Ay=2x{, vpp 15V
Hi Voo = 10V Voo 10V
- v 5
QNN Voot v I oo oY
- IINNNIZYA - VA
T Sene i Yl e
3 N
(<] N o N
-
2w TN K Ry = 10682, vpp = 18V hel R Ry« 10xQ, Vpo = 15V
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e N N\ Voo = SV c L1 N N I$= sv
S AN NI . @ 3 N i ;
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<= N = 1 1711 N N N!
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Fig. 5 (a) Typical center frequency (fg) vsC1 (R2= o0, VCO|y = —— , T = 25°C)
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OB 22% NN N voo - 10vIL R AN
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Fig. 5 (c) Typical fiyax/fmin vs R2/R1

154



S AMBIENT TEMPERATURAE (T,):25°C
VCOy s¥pg/2, A2+ O
o | INWHIBIT ¢ Vg

~_a

» N
1 OgF
1 Som,
. 2= 3
z k [2e Vop!
: 1 \\x
- C1+50 pF
s .
§ao’ \ \ 10y, i
’ S5
s 2p
o i v
o - 30 pF
2}
i 'l Ll i L 11 A -
2 LI ) 2 4 ¢ 9 H a &0
o 10! 0’
R~

Fig. 6 (a) - Typical VCO power dissipation
at center frequency vs R1.
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Fig. 6 (b} - Typical VCO power dissipation
at fo,in vs R2.
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Fig. 6 {c) - Typical source follower
power dissipation vs Rg.

NOTE: To obtain approximate total
power dissipation of PLL system
for no-signal input

PD (Total) = PD (fo) + PD (fMlN) +--PD (Rs)
— Phase Comparator |

PD (Total) = PD (fMlN)
— Phase Comparator 11
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Fig. 7 — Typical lock range vs
signal input amplitude
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Fig: 8(a, b) — Typical VCO linearity vs R1 and C1





