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ABSTRACT

This project is made for the degree of bachelor in enginering
It's describe using of N MOSFET that including Phase Locked Loop
for speed control that can control direction of D.C. motor ,
clockwise turning and can invert direction of turding for
counter clockwise,

Using MOSFET can decrease heat loss more +than other device,
thyristor for example, thus we can decrease a size of heat sink.

On working at 20 kHz we can reduce noise too.

Driver circuit 'use Pulse Width Modulation :PWM pass pulse to
transformer use as switching at very high frequency +to control
MOSFET in brige driver to drive motor,

Phase Locked Loop work by use signal comparator compare
frequency from VCO (voltage control oscillator) with frequency of
motor moving from the sensor +that will be a control direction

and control PWM in speed control motor.
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SCL4046B
SCL44468

FEATURES

@ Very low power consumption — 70 uW (typ)
e fo = 10kHz, 5Vdce
@ Opersting frequency range {no offset) —
Up to 3MHz {typ) @ 10Vdc {SCLA0AEB)
Up to 4MHz {typ) € 10Vdc (SCL44468B)
Low frequency drift — 0.04%/°C (typ} @ 10Vde
Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-pulse output for fock indication
VCO Inhibit control for ON-OFF keying and
ultra-low standby power consumption
High VCO tlinearity 1% (typ)
Source-follower output of VCO control input
{Demodulator Output)
Zener Diode to assist Supply Regulation
Balanced Output Drive Current Specifications

* e

o S0 o

APPLICATIONS .
FM demoduiator and modulator
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signs! conditioning

L X X X X ¥ ¥ ¥ J

DESCRIPTION

The SCLA40468B and SCL4446B phase-locked
loops contain two phase comparators, 2 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 8 series capacitor) tb sma!l 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 2
digital error signal PClg . and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cyctel. Phase
comparator II {with leading edge sensing logic) pro-
vides digital error signals PCIlgq and Phase Pulses,
and maintains 8 0% phase shift between input
signals (duty cycle is immaterial). The linear VCO
produces sn output signal VCOg,,; whose frequency
is determined by the voltage of input VCO;,, and
the capacitor and resistors connected to pinsClpg,
Cig., R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCO;, signa! 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 m power supply regulation,

' -

CONNECTION DIAGRAM

{all packages)
ZENER DEMOD OUT ;
SIG P vCO *.7
Vpp N 65 R2 A1 N
i | R N | :

16 15 14 i3 12 31 10 9
SCLAD46B  SCL4446B
1 2 3 & 5 6 71 8

PHASE COMP 3.
PULSES N

heok f &

Add suffix for peckage: )
16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS ‘:I'

For maximum reliability: e

DC Supply Voltage Vpp-Vgs 3to1s Vi

Operating Temperature TA

C, D, F, H Device -55 10 +125 °€_

E Device 40 to +85 OG:
el

. =
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VCO SECTION

The VCO requires one external capacitor (C1)
g3 ONE 10 tWO external resistors (R1 or R1 and
g2 Resistor R1 and capacitor C1 determine the
rezuency range of the VCO and resistor R2 en-
¢ o5 the VCO 1o have a frequency loszset if re-
5. -ed. The high input impedance (10 Q) of the
voO simplifies the design of low-pass filters by
pe-mitling the designer a wide choice of resistor-to-
eanzcitor ratios. In order not to load the low-pass
. 1¢-, @ source-follower output of the VCO input
v :age is provided at terminal 10 (DEMODULA-

TOR OUTPUT). if this termina!l is used, a load
resistor (Rg) of 50k§2 or more shouid 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
VEO. A logic O on the INHIBIT input “enables”
the VCO and the source follower, while a iogic 1
“turns off” both to minimize stand-by power
consumption,

PHASE COMPARATORS

The phase-comparaipr signal input {terminal 14)
.2~ be direct-coupled provided the signa! swing is
» *hin CMOS logic levels [ logic “0"< 30% (Vpp -
vest. Jopic 1" 2 70% (Vpp-Vss)]. For smaller
1o 38 the signg! must be capacitively coupled to
:he self-biasing amplifier a1 the signa! input.

Phase comparator 1 is an exclusive-OR network;
- opeiates snelogously to  an over-driven balanced
~ e TO maximize the lock range, the signal and
cumparator-input  frequencies must have a 50%
asty cycle. With no signal or noise on the signal
input, this phase comparator has an average output
voliage equal to Vpp/2. The low-pass filter con-
nected 10 the output of phase comparator I supplies
h2 averaged voltage to the VCO input, and causes
the VCO 10 oscillate at the center frequency {fg).

The frequency range of input signals on which
the PLL will jock, if it was initially out of lock,
1s defined as the frequency capture range (2f¢).

The frequency range of input signals on which

the lobp will stay locked if it was initially in lock is .
detined 2s the frequency lock range (2 ). The-

capture range can not exceed the lock range.

With phase cormnparator I, the range of frequen-
cies over which the PLL can scquire lock {capture
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phasecomparator I enables a PLL system to remain
i 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 the signal and the comparator input
varies between 0° and 180°, and is 90° a: the center
frequency. Figure 2 shows the (typical} triangular
phase-to-output response characteristic of phase-
comparator I. Typicel wavelorms for a CMOS
phase-locked-loog: employing phase comparator T
in locked condition is shown in Figure 3.

AVERAGE OUTPUT
VOLTAGE

Voo

Vpp/2

1 il

[¢) 80° 80*
SIGNAL-T0- COMPARATOR
INPUTS PHASE DIF FERENCE

AVERAGE QUTPUT VOLTAGE —V

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

PHASE COMPARATORI

input State ]

Sig Comp
In In |

Q==

PC I Out o l A

SIGNAL INPUY (TERM. 14) l | I I
vCO OUTPUT (TERM €)e
COMPARATOR INPYT l | l

(TERM 3}
PHASE COMPARATOR I | | | | | | |
OUTPUT (TERM. 2) v
(1)
VCO INPUT (TERM.9)s SN\ N\
LOW-PASS FILTER : .
OUTPUT 1

Fig. 3 — Typical waveforms employing phase comparator I in locked condition
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PHASE COMPARATOR IT

BXY
input State

Sig Comp
In In

| @) @:bwwa oA
NoagiP o 5

NN

3 State
PCILOut ° Output Coaconnectec ¢
Phase Pulses ] 1 [

VCO OUTPUT {TERM &)«
COMPARLIOR INFUT
(TERM 3)

PHASE COMPARATOR NN
OUTPUY (TERM 13)

SIGNAL INPUT (TEGM 14) _J_l

ST~ I -

2 IRy

o 20N B2 k), oo

L ST

“vsg
VCO INPUT (TERM 9)» —r 43 2———""00
LOW-PASS FILTER ~Vss
oUTPUT % 5
-V,
PHASE PULSE (TERM. 1) |] R NS ) vDD
-Vss

NOTE: DASHED LINE tS A% OPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase comparator Il in locked condition.

Phase-comparator IT is an edge-controlled digital
memory network, {1 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 pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and .comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL sysiem
utilizing this type of comparator, If the signal lags
the comparator input in phase, the n-type oulput
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 sand com-
parator inputs are equal in both phase and frequen.
cy. At this stable point, both p- and n-type output

EL
drivers remain OFF. Thus, the phase comparltoj;
output becormes an open circuit and holds the volts®
age on the capacitor of the low-pass filter constant.}
Moreover, the signal a1 the “phase pulses” output h'
2 high leve! which can be used for indicating l’
locked condition. Thus, for phase comparator II,*
no phase difference exists between signal and com-;
“parator input over the full VCO frequency range.s L
Moreover, the pbwer dissipation due to the fow-}
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 signel:
input cycle. B
It should be noted that the PLL lock range for
this type of phase comparator is equal to the W
ture range, independent of the low-pass filter. W-th
no signal present at the signal input, the VCO A
adjusted to its lowest frequency for phase coms
parator 1. Figure 4 shows typical waveforms
2 CMOS PLL employing phase comparator I m'i
locked condition,
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DESIGN INFORMATION

This information is & guide for approximating R1, R2 = 2k{l, Rg # 10kQ2
values of external components for the C1 3> 15pF
c140468 and SCL4446B in 2 Phase-Locked Loop In addition to the given design information refer
.em. The selected external components must be to Figure 5 for R1, R2, and C1 component selec-
othun the following ranges: tions, .
USING PHASE COMPARATOR T USING PHASE COMPARATOR XL
WITH OFF 17
CHARACTERISTICS vCo .IT:O:H-DF FET veo OFFSEY vCoOw o O:I:O"SEY VOO WITH OF FEET
2 2
——
fo
'-Al '“‘ - - - —
-= 21
a,,_,dr—)l ¢
[} 1
° i
+ 20 Fraquency 1 1
l~ H S SR T
Yop? Y0 Yo't Vo v’ “po
vEO INPUT VOLTAGE vCC intut VOLTAGE WCO IXPUT VO YAGE VEE AT VOLTASE
H
[ i VCO in PLL sysiem wil‘ achust
For No Signal Input VCO in PLL system wili agjust to center frequency, fy 10 lowest operating (1eQuency. fan
2 f) = futt VCO frequency range
' §requency Lock Ranpe, 21| !
L2142 Tmax-fmin
¥
Frequency Capture e ouT .
Range, 2iC 0—/\/\/\1—0 )
T1-R3C2 _I_cz. 21c a'? J .
Loop Filter ic~ L
Component 1N A3 ouY
Selection
. he
For 2 fc.swe Ref,
’ Tt
90° at center frequency {fg), spprossmeting €2 and
Prase Angle between A ° ng Always 0° wn fock
Signat anc Comparatot 180° a1 ench of lock renge (21, )
Locks on Harmonics of Yes 'No
Centet Frequency .
S.gna! Input Noise "
Rejection Hig! . Low
~ Given. 1y - Grven. 1y ond #_ = Given: frrpy - Given: foin & tmgy
- Usef, with FigSato - Caiculate fmipn from — Calcuiste 1, from — Use tmn with Fig 50
determine R1 snd C1 the equation the equation 10 Geiermine R2anaCt
. femn = fo - L - fnax fran
- Use fmun withFig 5b © - Calculate m— .
10 determmene R28ndClH  _ Use 1o with Fig.5e to ‘
frnax deter e &t and CY - men
vCOo - Catculsre —'m‘n Lhe tonen "'": Frg &
1]
Component trom the equation 1¢ delermine
Selection ' 1.1 rsuo R2/R1 0
man_ ‘ot 'L
3 —_— obtan R1
ten  fo—fL
fma
- Lhey with
man
Fig 5¢ 1o determine
rsto R2/R1 10 oblain
Rt

REF.G.S. Moschv:(z, ~Miniaturized RC Filters Using Phase-Locked Loop~, BSTJ, My, 1965,
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ELECTRICAL CHARACTERISTICS "+

’ ©
PARAMETER Voo | conDITIONS | TLOW *5C
vde) Min. | Max. | Min. | Typ. | Max.
QUIESCENT DEVICE oo
CURRENT 5 tinhibit = Vpp - 5 - {005 5
10 {Signal Input= - 10 - 1 0.0 10
) 15 Voo - | 20 - |02 20
TOTAL POWERDISSIPATION [Py Inh = Vgg.
: vco,, - Yoo
f, = 10kHz,
: 5 | Cu = 150F - - —~lo07 | -
1o | R1=1MQ, = - - |06 -
15 R2= RS ® oo - = - 24 -

Remsining Static Electrical Chararierisiics are tisted under “SCL4

0008 Series Family Specifications”.

Lakt

HOTES: !
* T, ow = -55°C for C. D, F, H device. %
= -40°C for E device. 52
Trugn = +125°C for C, D. F, H device. =
y = + 85°C for E device. =
? vCU output {pin &) and Phase Comparator Outputs (pins 2 and 13} have been designed for
balanced output drive current specifications. Consult Family Specifications. =
PARAMETER CONDITIONS v 25 uRIT E
A
0o Min. | Typ. l Max, b
VCO SECTION ;
MAXIMUM OPERATING! foax 4
FREQUENCY
SCL40468 Rt C1 ]
R2 =90 10k 50pF s |.05 08 - MHz
\CO, » Voo 10 1.0 15 - ]
15 1.3 1.9 -
5k S50pF 5 0.6 1.0 - MHz
10 1.4 2.1 -
15 18 2.7 -
2k 50pF 5 - 1.3 - MHz
10 - 2.9 -
15 - 3.8 -
SCL44468 R2=w R C1
VCON = Voo | 10k 50pF 5 0.7 10 - MHz
10 13 2.0 -
15 1.8 2.8 -
Sk 50pF 5 0.9 1.3 - MHz
10 1.9 29 - )
15 2.6 3.9 -
2k 50pF 5 - 1.8 - MH2z
10 - 39 -
15 - 5.4 -
LINEARITY R2= oo
VCON = 2.5:0.3V, 5 - 1 - %
R1>10k Q2
VCO,y = 5.0=2.5V, 10 - 1 -
R1>400x 2
VCO, = 7.525.0V, 15 - 1 -
R121MQ
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ELECTRICAL CHARACTERISTICS (Cohtinued)

N

e : +25°C
; PARAMETER CONDITIONS Voo Win T Tye. | Mex. UNIT
:T,ES-SECHON (Continued)
"YEMPERATURE-
fREQUENCY
STABILITY
No Offset R2=ce 5 - 0.12-0.24 - %/°c
10 - 0.04-0.08 -
15 - 0.015-003 | -
With Offset R2< 10X R1 5 - 0.06-0.12 - %/°C
10, - 0.05-0.1 -
15 - 0.03-0.06 -
w.PUT RESISTANCE Rin
-vCO,,,) ) 5,10, 15 - 10¢ - 'm0
TPUT DUTY Al valid input combin-
CYCLE ations and voltages - 50 o %
QUTPUT TRANSITION h.. ¢
TAE TLHTMU S, = 50pF 5 = 100 200 | ns
10 2 50 100
15 = 40 80
PHASE COMPARATORS 3
{NPUT RESISTANCE
Signa!l Input Rin 5 1 3 - MO
' 10 0.2 0.7 3
: 15 0.1 0.3 -]
Comparator Rin 5, 10, 15 - 10° - MO
; Input
| AC-COUPLED INPUT [V .
{SENSITIVITY .
| Signal Input 5 g 200 400 | mv
l 10 - 400 80O .
5 15 £ 700 1400
"OUTPUT TRANSITION '
T TIME
; PCI, PCO T LH tTHL 5 - 100 200 | ng
i Outputs C, = 50pF 10 - 50 100
I 1% - 40 80
i Phase Pulses  [trim. tTme 5 - 130 260 ns
| Output 10 - " 65 130
! 15 - 50 100
' DEMODULATOR OUTPUT
"OFFSET VOLTAGE  [VCOw-
Vpewm | Rg> 50K 5 - 14 22 | vde
10 - 1.6 2.2
N . 15 - 1.8 2.2
LINEARITY Rg>50k 2
5 VCOn = 2.5¢03V 5 - 0.1 - %
i VCO = 5.0:2.5V 10 - 06 -
i - VCOyy = 7.545.0V 15 - 0.8 -
. ZENER DIODE
. ZENER VOLTAGE vz 17 = 50pA - 63 70 .17 v
,' DYNAMIC R iz = TmA - - 100 - Q
. RESISTANCE
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Fig. 6 (a) - Typical VCO power dissipation
at center frequency vs R1.
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Fig. 6 (b) - Typical VCO power dissipation
at fm;n vs R2.

[ 2upiENY TEPIRATUNE 4T, 1+23°C
[ vCOuy*vppf2. RisR2-©

5!

8
[~ o v,
"“ .

»

a

Ky

o

s

g

4

-

s

sl

& ¢

g N oty
e 3 v

s 0% \ ‘og

i N

| 1S

L 1 S 2y

éln ~

- I

E of .
-

» 1 1 L i 1 1 s A i

F] ‘0 ? 2 « &8 3 2 4« &0
e L] L
[ TR 3]

Fig. 6 (c) - Typical source follower
power dissipatior. vs Rg.

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

PD (TC?ID” - PD ('0)4 PD ('MIN) +PD (Rs)
— Phase Comparator 1

PD (Total) = PD “MlN,
— Phase Comparator 11
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AMBINT TEMPERATURL 11410 28%C i l l
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Fig. 7 — Typical lock range vs
signal input amplitude
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N-CHANNEL ENHANCEMENT MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR

These TMQOS Power FETs are desipned for high voliage. high
speed power switching apphcations such as line opersted switching
regulators. converiers, and motof controls.

- o Silicon Gate for Fast Switching Speeds — Switching Times
Specified st 100°C

@ Designer's Data — Ipss. Vps(on) and SOA Specified at
Elevated Temperature

® Rugged — SOA is Power Dissipation Limited

® Source-10-Drain Diode Characterized for Use With
{nductive Loads

@ Low Drive Requitement, Vg(ih) = 4.5 Volts {max)

TVMOS

‘o

!

15 AMPERE

N-CHANNELTMOS

POWER FET

DSion) = 04 OHM

450 and 50C VOLTS

MAXIMUM RATINGS

+Rating Symbol |MTMISNAE [MTMIBNSO| Unit
Drain-Source Yoltage voss 460 800 Vac
Drain-Gate Voltage vVp50 450 §30 Veo:
(Rgs = 1.0 M)
Gate-Source Voliape VGs 220 Voo
Oteun Cuteant 7 Aoc
Continuous o 15.
Pulsed tom (]
Geore Cuttent — Puly-d [[YY] 1.8 Ads
Tosl Power fp Wails
Dissipstson & Tc = 25°C 250
Cetate atwrs 25°C 20 wrsel
Cpera1ing o= Storage Ta leyg €510 160 *C
Tempera.ure Rangs
THERMAL CHARACTERISTICS
Thermal hemsiance Ragc [+23 o
Juncuon 1o Cese
Mazimum Lead Temp. for T 7% “Cc
Soicening Putpcses, 1/8°
from case for 5 seconds

Dwsigrear's Data tor “Worst Case’ Condiuons
The Cwsigner’s Ds1a Snest permits the Ossiprof meetcircudts entirelylrom
tneardormenonpraseniet Limilculves—gpre senung boundatiss ondevice
CharaCistislics—a18 Jiven 10 18C 1ot “worsi Case™ Gosign.
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ELECTRICAL CHARACTERISTICS (Tc s 25°C uniass otherwise noted)
{ Chatactensuc [ sygoot | Min I Max Unlt
OFF CHARACTYERISTICE N
Diein-Source Brashdown Volispe . VieRIDSS voc
(vgs* 0. ip* B.0mA)} MINIBNAS 450 -
MTMIENS0 . 600 —_
2e10 Gote Voniege Diairi Cuttent ipss mAde
Vps * 0.65 Rated Vpss. VGS * O) . - 0.2¢
73+ 100C . - 2t
Gaite-Budy Lasbage Current igss - &0 nAdc
{vgs * 20 Voc, Vpg = O}
ON CHARACTERISTICE®
Geoir Trnreshold Vottspe vGsan} 20 vac
¢p* 1.0mA Vps* vis) 4.5
73: roorc - ST YeS 1.5 4.0
Drain-Source On-Volisge (VGE # 10 V] ¥DS{on}) vdc
ttp = 7.6 Aac) - 3.0 ]
tipe 15 Aoc) - 7.8 A,
(ip = 7.5 Adc, Tys 100°C) - Lo W\
Ststic Drain-Source On-Resistance tDS{on) -— .4 Onms
(Vgs = 10 Vds, Ip = 7.5 Aae)
forward Transconduciance 613 40 - mhes
{Vps= 16 V.ip= 2.5 A}
EAFE OPERATING ARLAS
Forward Biased Sefe Operating Ated FESCA See Figuie 8
Swnthing Safe Opstauing Ares $SOA See Fipure 10
DYNAMIC CHARACTERISTICS
Ingut Casacuance Ciss -—_— 360 uf
Outpul Capacitance (vps* 25V, Vgs* 0.1+ 1.0 MH1) Coss — 0 of
Reverse Transter Capscname Ciss -t v of
EWITCHING CRARACTERISTICS® (1) 100°C) 0
Turn+On Delay Yime ta.0nd - 120 n
Rise Time (Vps* 125V, Ip* 2.6 A 1 —_ 300 ns
Turn-Of Delsy Time Rgen* 50 ohms} Leioft) = 400 n
fall Time 3 — 240 ns
SOUHCE DRAIN DIODE CHARACTERISTICS®
! Chasacreristic Symbol Typ Unit
Forwars On-volage ig= 1b A Ve 1.8 va:
Futwar€ Turn-0On Time . Vs 0 ion 178 ns
fievrrse Recovery Tane LY} 600 ni

*huise Tost Futer Wigin €300 54, Doty Crele €29

RESISTIVE SWITCHING
FIGUKE 2 — SWITCHING WAVEFORMS

FIGURE 1 ~ SWITCHING YEST CIRCUIT
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TMOS POWER FET CONSIDERATIONS

Switching Speed — The swilching spreds of thess dovices are
dependent on the uiving impedence. Extremely fost Swatiung
speeds canbe atlainea by driving the gate liom a vollage souite.

Tranefer Characteristics - The transfercharscieristics are
linearatdraincurrents of 2.5 Amps.(Sep Figure 6.)Linear ampli-
tiers with high h‘oqucncy response can be desipned using this
product,

Gate Voltage Rating — Never sxceed the gate voliage ratng

ol 220 V. Exceeding the rated VGS can result in psrmarant

damage to the oaige layer in the gate region.

Gate Termination — The gate of these devices are essentisliy
capacitors Circuits thas isave the gate open-cucuited or floaung
should bs avoided These conditions canresult inturn-on ¢! the
devices dus 10 voltage build-wp on the input capacitar due ¢ -
leakage currents of pickup. i

Gate Protection — These devices do not have an internat
monolithic zener diode Trom gate 10 source. The addition of an
internal sener chode may resvll in detrimental oflecis on the
tehability of @ power MOSFET, it @ale protection is reguired, an
external zener diode is recommended.

Handling snd Packaging — MOS ICs are susceptibie to Sarnage
lrom electsostanic charge. Experience hes shown that these
devices are more fugged than MOS ICa. This s primarnity due
1o the comparatively larger capacitances sssocisted with
powser devices, howsever, reasonable precaviions in hanoling
and packaging MOS cevices should be observed.

MOTOROLA TMOS POWER MOSFET DATA
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SAFE OPERATING AREA INFORMATION

FIGURE 8 — MAXIMUM RATED FORWARD BIAS
SAFE OPERATING AREA
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FORWARD BIASED SAFE OPERATING AREA

The dc dats of Fipure 9 is besec on & case tempersluie
(Te) of 25°C and a maximum junclion lemperaiure
Tymax) ©f 1507 The actus! junction temperature de-
pends onthe power gissipated inthe device angits case
temperature. For vatious pulse widths, uty Cyeles, snd
case temperatutes, the pesk aliowable draln curtent
{Inr) may be calculeted with the aid of the following
equtlion:

ool Licert = 1€
‘DHBC{PD-ch-NU]

the dc drbin curient 81 T¢ = 25°C trom
Figute 9. .

Ibm "

where
ipt25°Cl =

Tjimax) ™ foled meximum junction tempersture.
Tc = device cose tempetaivre.

Pp « raied power dissipetion st Tg « 25°C.
Rgyc = feled steady sisle thermsl! resisiance.
") « normelired therms! response from

Figure 11,

' FIGURE 10 — MAXIMUM RATED SWITCHING
SAFE OPERATING AREA
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§ 30
E &
= MINISKSD
€ 38 1, €150% ]
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i (AT YLS ey
0 1 .
o 100 200 300 -400 S0

Vps DRAIN-TO-SOURCE VOITAGL (VOLTS)

SWITCHING SAFE OPERATING AREA

The switching safe operating area (SDA) of Figure 10
is the boundcary thai the load line masy tipverse without
incurting damege 1o the MOSFET. The fundamemal
fimits ate the pesk current, Ipy and the breakcdown
vollape, V(BRIDSE: The switching 8OA shown In Figure
10 is spplicabie for both turn-on and turn-off of the
Gevices for switching times less than one microsecond.

The powet s-=21sped over s vomplete swhching eycle
snus! be hoos than:

Titmaxt = T¢
Raic

MOTOROLA TNOS POWER MOSFET DATA



National
Semiconductor

Industrial Blocks

LM2907, | M2817 Frequency to Voltage Converter

General Description

The LM2907, LM2917 series are mcolithic frequency
to voltage converters with a high gain <p amp/compara-
tor designed to operate a relay, lamp, ot other load when
the input frequency reaches or exceeds 3 selected rate.
The tachometer uses a charge pump technique and
oifers frequency doubling for low ripple, full input
protection in two versions (LM2907.8, LM2917-8)
and its output swings to ground for a zero frequency
input. .

Advantages

® Output swings to ground for zero frequency input

&= Easytouse; Voyt = fin X Vee x R1x C1

® Only one RC network provides frequency doubling

® Zener regulator on chip allows accurate and stable
frequency to voltage or current conversion, {LM2817)

Features

s Ground referenced tachometer input interfaces
directiy with variable reluctance magnetic pickups

® Op asmp/comparator has fioating transistor output

® 50 mA sink or source to operate relays, solenoids,
meters, or LEDs

& Frequency doubling for low ripple

8 Tachometer has built-in hysteresis with either differ-
ential input or ground referenced input

® Built-in zener on LM2917

® 2().3% linearity typical

B Ground referenced tachometer is fuily protected
from damage duc to swings above Vee and below
ground .

Applications

Over/under speed sensing
Freguency to voltage conversion
Speedometers

Breaker point dwell meters
Hand-held tachometer

Speed governots

Cruise controt ¢
Automotive door lock control
Ciutch contro!

Horn control

Touch or sound switches

{tachometer)

Block and Connection Diagrams oual-in-Line Packages, Top Views
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Order Number LP2907N.8
Seu NS Package NOSB

L3 Ne

1" 'u

fo
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Order Number L122007J
Ser NS Package J33A
Order Nomber LM29U7N
See NS Package NT4A

1 ]
]: ‘J 2
Order Number LA12017N-€
Soe NS Package N0BS

l: !x ll IA Y le !;
Order Number LM.2017J
Sec NS Packoge J14A

Crder Number LM2917N
Ser NS Package W14 A




"Typical Performance Characleristic\s (Continued)

QUTPUT LINEARITY ERROR (%) QUTPUT LINEARITY LRRDR (%)

Vee - Vemrraa (V)
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Anti-Skid Circuit Functions

“Belect-Low” Circuit
Ve O
WHEEL W1 LT oy .
w1 -
WHUEL NPT ! ] l L 3
o .
we? __l l
ﬁ'-_’ E L. —r) l__’ ] P Y Your WALELAD 1
= I = _I- ' WHEEL %0 2
3 ] . 3 U
‘ I ~ -% () 5 l [ )
T T " N
:; Rioin WHECE SPLED
10 1 VOUT is proportional 1o the lower
*W + of the two input whee' speeds.
13 Vour
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!
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“Setect-High* Circuit
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L {1 WPyT
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WHELL WY 1
[« S Se——
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e e Y
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Equivalent Schématic Diagram

ACTIVE IERER
u(:mno_s_

J

S v e tms o e

[ o e e e e L

J
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— e e me e —

WPUY HYSTERESS AMFLIFILA

* Nots: This cannection macie on LM2807-8 and
LM29378 oniy.

* ¢ Note: This connection made on LM291? and
LM2912L only. N



General Description (Continvea)

The op amp/comparator is fully compatible with the
tachometer and has a floating transistor as its output.
This feature aliows either a ground or supply referred
i0ad of up to 50 mA. The collector may be taken aboye
Ve Up 10 @ maximum Veg of 28V.

The two besic configurations offered include an 8-pin
device with a ground referenced tachometer input and
an internal connection between the tachometer output
and the op amp non-inverting input. This version is
well svited for single speed or frequency switching or

fully buffered frequency to voltage conversion
applications.
Test Circuit and Waveform
TACKOKETER ] ,
tNPUT : "uml 'm-‘
e
1
]
i
TACHOVETER ] or AP
SECTION 1 SECTION
i
]
CHARGE :
PUMP i
4 ]
}
[}
t
[}
i
]
I

1
1
1ACHDMETER mT e " ,_éo .mlfﬂl
wrut L m:: T“ 1 t
‘.
Applications Information =

The LM2907 series of tachometer circuits is designed
‘or minimum external part count applications"and
manimum  versstility. In order to fully explait its
features and advantages let’s examine its theory of
operation. The first stage of operation is 8 ditferentia!
amplifier driving a positive feedback flip-flop circuit.
The input threshold voltage is the amount of differen-
tial input voltage at which the output of this stage’
changes state. Two options {LM2907-8, LM2917-8)
have one input internally grounded so that an input
signal must swing above and below ground and exceed
the ingut thresholds to produce an output. This is
offered specifically for magnetic varisble reluctance
pickups which typically provide a singleended ac
output. This single input is also fully protected against
voltage swings to *28V, which are easily attained with
these types of pickups.

The differential input options (LM2907, LM2N7)
give the user the option of setting his own input
suntching level and still have the-hysteresis around that
teve! for excellent noise rejection in any application.
0¢ course in order to aliow the inputs to attain common-
mode voltages above ground, input protection is removed

The more versatile configurations provide differential
tachometer input and uncommitted op amp inputs.
With this version the tachometer input may be fioated .
and the op amp becomes suitable for active filter condi
tioning of the tachometer output,

Both of these configurations are available with an active
shunt regulator connected across the power leads. The
reguiator clamps the supply such that stable frequency
to voitage and frequency to current operations are
possible with any supply voltage and a suitable resistor,

Tachometer Input Threshold Measurement

v
NEGATIVE / POSITIVE
WY1 INPUT
THRESHOLO /- THRESHOLD
Vo, YACHOMETER .
/"" =5

and neither input should be taken outside the limits of
the supply voltage being used. It is very important
that sn input not go below ground without some resis:
tance in its lead to limit the current that will then fiow
in the epi-substrate diode.

Follewing the input stage is the charge pump where the
input frequency is converted to 2 dc voltage. To do this
requires one timing capacitor, one outf.t resistor, and
an integrating or filter capacitor. When the input stage
changes state (due to 2 suitable zero crossing or differ-
ential voltage on the input} the timing capacitor is either
charged or discharged linearily between two voitages
whose difference is Vec/2. Then in one hatf cycle ot
the input frequency or a tims equal to 1/2 fy, the
chsnge in charge on the timing capacitor is equa! 10
Vcef2 x Cl. The average smount of current pumped
into or out of the capacitor then is:

20 Vee

T = ic(AVG) =C1x x (2'.,.4) = VCC X',H x C1

The output circuit mirrors this current very accurately
into the load resistor R1. connected to ground, such that
if the pulses of current are integrated with a filter



Applications (continued)
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Typical Applications continue)

Changing the Output Voltage for an Input Frequency of Zero
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Typical Applications continued)
. 4 —O5T0 18V
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Finger Touch or Contsct Switch
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Typical Applications (continued)

Some Frequency Switch Applications May Require Hysteresis in the Comparator
Function Which Can Be Implementsd in Several Ways:

17v
>
P
. >
< 50
S .
< b
210 174
> LED
fa
¢
Vage * 6V uv
2v
T 1303 <
< :l.n
<4
- 1 +
’ Vour
lz B T 7 -
foy Q=i
v3 188
' L
— P4
l P4 > + <
< b WP v
Ti ]
- - Vogr* 8V
Vouv Vour
0 - 2y -
L (%] - ]
3 L} v

$5% 6.9 v



Typical Applications (continveq)

Two-Wire Kemote Speed Switch
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