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DC TO AC INVERTER

Jackrit Homthong

Chana Yiengkamolsing
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1994

Abstract

Due to rapid technological development, induction motor
three phase, has been produced consistantly by monitoring
into size and quality aspect. Motor’s speed control is
.one of the most significant factor influenced to
effective working of induction motor three phase. As a
result, DC to AC inverter, a source of power to induction
motor three phase, was created to convert direct current
to alternating current and to be able to adjust induction
motor three phase. Stemmed from this research, typical
motor of speed of induction motor five horse power ( four
kilowatt) was produced by using IGBT for electronic power
to motor. Impulsivé controller is designed by economic
curcuit, As it is called " Pulse Width Modulation : PWM ".
It could be said from the practical typical model that

the result from this research is in a satisfactory level.
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. AN-985

The IR2130: A Six-Output, High Voltage

MOS Gate Driver

(HEXFET is a trademark of International Rectifier)
gy Peter Wood

Introduction

MOS-gated devices are becoming increasingly popular for
use as high power switches in motor drives, UPS and
coaverters operating at dc bus voltages up to 600Vdc.
These power switches may be MOSFETs, IGBTs or MCTs,
but all of them require voltage drive in order 0 achieve
asaturated *ON*’ state condition. The drive signal must
have the following characteristics:

1) An amplitude of 10V to 15V,

2) A low source resistance for rapid charge and
discharge of the gate capacitance.

3) A floating output so thac high side switches can
be driven.

In addition to the above requirements the actual driver
should be capable of driving combinations of devices in
both low-side and high-side switch configurations. With
this in mind the driver should aiso provide the following:

1) Low internal power loss at high switching frequency
and maximum offset voltage.

2) Accept ground referenced logic level input signals.

—b-O-
g 3 48 a B & 3 3

i

Figure 1. Functional block diagram of the iR2130.




3) Protect the power switch from damage by clamping
the gate signal to the low state in the event of gate
undervoltage or overvoltage or if the load current exceeds
a predetermined peak value.

Traditionaily the functions described above have required
discrete circuits of some complexity but International
Rectifier’s [R2130 six-channel gate driver performs all the
requirements for interfacing logic level control circuits to
high power MOS-gated devices in high-side/low-side
switch configurations using up to six devices.

1. IR2130 Block Diagram

As shown in Figure 1 the {R2130 consists of six output
drivers which receive their inputs from the three input
_signal generator blocks each providing two outputs. The
three low-side output drivers are driven directly from the
signal generators L1, L2 and L3 but the high-side drive
signals H1, H2 and H3 must be level shifted before being
applied to the high-side cutput drivers.

An undervoltage detector circuit monitoring the Vec
level provides an input to inhibit the six outputs of the
signal generator circuits. In addition, there are individual
undervoltage lockout circuits for the high-side outputs
should any of the floating bias supplies fall below a
predetermined level, b
The [tgip signal which can be derived from a current
sensor in the main power circuit of the equipment (current
transformer, viewing resistor, etc.) is compared with a
0.5-volt reference and is then “ORRED’" with the UV
signal to inhibit the six outputs from the signal generators.

A fault logic circuit set by the UV or Igp inputs
provides an open drain TTL output for system indication
or diagnostics. There is also an internal current amplifier
that provides an analog signal proportional to the voltage
difference between Vs and V. Thus, a viewing resistor
in the main power circuit can provide a positive voltage
at. Vg and by suitable feedback resistors the current
amplifier can be scaled to generate 0-5Vdc as a funcrion
of actual load current (see 1.2.4).

1.1 input Control Logic

A logic low at any of the six inputs causes its
corresponding output to go high, as shown in the truth
table (Table 1).

Tabie 1. Truth table for each inputioutput pair

HIN LIN HO [Ke]

1 1 Q 0

1 s] a 1

0 1 1 o !

1] 0 0 a Jl
Note: 1 = Higni-0 = Low

~>

[P —

{nternal 50kQ pull-up resistors to Ve ensure that app
outputs are low if the inputs are open-circuited. Inpueg
are TTL and CMOS compatible with Vyy set at 2.2V apg
Vi at 0.8V. A 5C0 nsec input filter prevents spurioug
wriggering from fast noise pulses. The input logic circuiy

also provides deadtime to avoid overlap when neart

coincident transitions take place at the Lyy and Hy inpye
pins in the same channel. This is illustrated in Figure 2:

me—
| |
s ey W TR —

-t

k]
o m—} g L |

INPUT FILTER TIME: Tl ~ Q3 us
CEAQTIME:: Tdt ~ 1.2 pS

Figure 2. input to output timing diagram

A further protection against.shoot-through currents in'the
power devices is provided by shutting down both high and
low outputs if both are simultaneously commanded
“ON.?

1.2, Protection Circuits and Fault Reporting- i
1.21 UV Protection ;

An undervoltage condition on the Ve level, defined as
less than 8.9V as Ve is reduced and less than 9.3%
nominal as Vce is increased causes all outputs t

shutdown (see Section 1.2.3). ’

With Vec at around 9 volts the [R2130 provid

marginally adequate drive voltages to ensure full
enhancement of the power switches for most applications
Separate UV lockout circuits are provided on the three
high-side outputs. They aiso have 2 0.4V hysteresis band
but the nominal levels are 8.3 volts: for a falling bias‘
voltage and 8.7 volts for a rising voltage. Unlike the Vee
UV circuit they inhibit only their paricular high-side
output and do not affect the operation of aay othet
function. . 3

1.2.2 Current Trip

{n the event of a shoot-through current or an output
overload it is desirable to terminate alf the output signald
from the IR2130 driver. This is accomplished through 2
current comparator circuit which monitors the voltagé
drop across a low side viewing resistor and compares it
with a 0.5 volt reference level. The current comparatof
output is “ORRED”" with the Ve UV circuit output
(1.2.1) so that a fault condition of either type causes the
fault logic circuit to actuate. :



1,23 Fault Logic

This circuit consists of 2 lacch which is set by the
conditions described in 1.2.2 and is reset by holding all
(e low-side inputs high for more than 10 microseconds
ot by recycling the Vec bias supply. When the fault latch
is set it produces two ourput signals. One is used to inhibit
4ll three input signal generator circuits thus inhibiting all
six outputs. The other output signal appears as a fault
indicator which goes low in the presence of a fault
condition as defined in 1.2.2. The active low condition
«m drive an LED fault indicator or external logic
cireuit.

1.2.4 Curent Sense

Using the same currenc viewing resistor described in 1.2.2
the currenc sense voltage of 0-0.5V is amplified in the
currenc amplifier to generate 3 0-5V analog function for
processing in an external control circuit.

[n actual operation the voltage difference berween the Vs
and Vgs pins forms the input voitage for the non-
inverting amplifier although only the positive current (Vs
positive WRT Vss) is measured. Two resistors Ry and Rin
set the gain of the amplifier as shown in Figure 3.

vsmrD———J-

81,

1y

P A S
fm VS AANGE: -3V TO 7V
Cam AMNGE OV TO TV
<& € RUGE: ¥ TO 8
VSS | UNITY GAN: BANOWOIH | i
SLEW RATE TWes AB -1 N/es

Figure 3. Current feedback amplifier connection

Actual voltage gain is given by the relationship

LR+ Ry
Rin

A

for a gain of 10 with' Ry = ke

Ry + K
-
1K

10

Re + IK = 10K
R; = 9K

Power for the current amplifier is supplied from Vee.

1.3 Output Drivers

The [nternational Rectifier [R2130 has six output drivers,
three referenced to Vs and three floating drivers capabie
of operating with offset voltages up to 600V positive to
Vs. All outpurs have inverted logic, i.e., they go positive
when the cormesponding Ly o¢ Hyx goes low unless there
is an over-riding fault condition (see 1.2.3). The output
currenc is typically 0.25A on the positive edge and 0.5A
on the negative edge of the output pulse, and when driving
a typical MOS gate of 1000pF results in a maximum
risetime of 99 nsec and failtime of 48 nsec.

Figure 2 shows the time relationship between input and
output waveforms. The input filter delay is typically 300
nsec and the deadtimes are 1.5 gsec minimum and 2.0 psec
maximum.

1.3.1 Low Side Output Drivers

Because of the current amplifier requirements and the fact
that load current can flow in either direction in a motor
drive applicadon, the Vs to Vsg offset voltage capability
is bi-directional at =5V.

1.3.2 High-Side Qutput Drivers-

When driving inductive loads the Vs, Vs and Vg
terminals are driven negative with respect 0 Vs as
inductive energy is commutated by the diodes across each
low side pawer switch. For this reason the total offset
capability of the IR2I30 is specified as -5V to +600V.
The -5V spec is needed to accommodate instantaneous
diode drops due to forward recovery as well as inductive
effects of high current wiring, etc.

As previously mentioned in section 1.2.1, undervoltage
lockout is provided for each high side driver to prevent
marginal operation if the bootstrap capacitors become
discharged. This problem occurs more frequently in six-
step brushless dc drives at extremely low speed or stail
conditions and could result in high dissipation operation
of the upper power switches if the UV lockout circuits
were absent.

During long pulses, when the bootstrap capacitors supply
all the energy for the floating driver, the capacitors
gradually discharge until at 8.3 volts nominal the UV
detector shuts down the output and prevents the power
switch from overdissipating.

If long pulses have 10 be delivered to the outputs the
shutdown condition can be avoided by:

1) Using larger bootstrap capacitors.

(2) Refreshing bootstrap charge by momentarily
turning off and reapplying input command pulse.

3) Providing continuous bias from floating dc power
supplies.



2.0 .Application Guidelines
2.1 Bootstrap and Decoupiing Capacitors

Three bootstrap capacitors are required to supply power
for the floating outputs of the [R2130, the values of which
are a function of the gate charge requirements of the
power switch and the maximum power switch “‘ON”
times.

The internal floating driver current also must be supplied
from the bootstrap capacitors. After all these energy
requirements have been met there must still be enough
charge remaining on Caggr t0 avoid UV shutdown
(8.3V nominal).

Example:

What is the maximum tqy under the following
conditions?

If Vcc = 15V and the charging of the bootstrap
capacitor occurs when Vs = -1.0V and Vg of the

bootstrap diode is 1.0V we have a net voltage on Cgoor
of 15Vde. Let us also assume that we are using a #5 size
power switch such as an IRF450 or IRGPCS0U either of
which require a total gate charze of around 0.12:C and
that we want to maintain a Cgogy Of 0.1uF at a
minimum voltage of 10Vde:

during discharge Av = SV

Qavar, = CV = 0.1 x 104 x 5 Volts
= 0.5C

QREQD = 0.12uC (See data sheet [RF450
or [RGPCS50U)

Excess charge available = 0.38:C. (Av = 3.8V)
v = Eeéi— where E = 13.8V, v = 10V

C = 0.IxF R = ImQ (IQ = 15pA @ Ve = 15V)

e—=L - E 233
CR v
T
s —— = 0322
logs: TR =

- 0.322 x 0.1 x | sec
0.4343

0.0322 sec
0.4343

Max tgn = = 74.1 msec

4

Since the charge reqmremem for the power switch ;
constant per event the maximum Toy is proportional
the value of Cypor, i.e., for a 1 second Ton;

Caoor = °°i’ X O0uF = 135pF

The above calculation does not consider leakage cu;
in the bootstrap diode, which must be a fast recovery
to avoid discharging Cpoor.

In terms of decoupling requirements a capaci
approximately 10X the value of Cgogr is required fro;
Vec 10 Vss to provide adequate charging current fi
Cgoor and also minimize voltage transients on the V,
supply resulting from these currents.

2.2 Power Dissipation-

The IR2130 has a **fault’” output on pin 8 which is rea
an open drain MOSFET with its source connected to Vy
(pin 12). The intrinsic diode of this MOSFET hass:
negative temperature coefficient of Vf aimost exa
equal to -0.002V/°C. Thus we have a ‘‘built-i
thermometer to monitor die temperature using 2 ~in
constant current supply to pin 8.

Graphs of temperature rise versus frequency and offsq
voltage are shown in Fig. 4, and a similar graph of powel
dissipation versus frequency in Fig. 5. Both graphs appl§
to the IR2130 driving six IRF450 devices in a 3-phas
bridge circuit. Similar graphs using power devices from
hex-2 thru hex-5 die sizes are given in the TR2130 dau
sheet. Note that Flg 5 dos not mclude the small amou

isolation wells. But this dissipation does contribute to th §
temperature curves shown in Fig. 4.

The curves shown in Figs. 4 and § also indicate 2 quiescem
power level of 40mW which causes a At of 14°C
ambient. The IR2130 is capable of appro:dmaxdy 1 Watf
of -power dissipation in a 25°C ambient

3.0 lLayout Guidelines

The IR2130 forms the interface between thelow level logh
circuitry and the high power switching devices. It foll
then that signal grounds and high power returns sho!
not be mixed together indiscriminately but should foliow
carefuily formulated rules so that crosstalk problems can
be avoided. Some basic rules are as follows: i
1) Common mode currents ansmg from wiring layo

that allow load currents to flow in signal return circui
must be avoided.

2) Load current loop size must be small to minimiz5
circuit inductancs.
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3) High current buses must be adequately decoupled
at the switching point to minimize inductive spiking.

4) Adequate shiciding between high voltage, high dv/dt
points and low level signal circuits must be provided.

5) Transformer designs . must minimize voliage
gradients between adjacent windings and to the core @
prevent capacitively coupled currents from flowing in
sensitive signal circuits.

6) Power switch dv/dt values should be kept as low as

possible consistent with overall system efficiency so that -

induced bus voltage spikes are minimized.

Contrary to generally accepted theory thatfaster switching
is better, there are several conflicting. requitements in the
interface between the driver and the driven power device:

1) If the distance between driver and power stage is
more than a couple of inches, the drive signal should
be run in a wisted pair routed directly to the gate and
source (or emitter) of the power device.

2) Drivers such as the [R2130 have low impedance
outputs and. consequently cause very fast switching of
power MOSFETS. Severe ringing occurs at the switching
transistors resulting in unwanted RF1 generation and
possible dv/dt failure of the power MOSFETS. A quarter-
watt non-inductive series gate resistor.of about 15 or 22
Ohms usually provides sufficient roil-off with Ciss to
damp out the ringing. With small HEXFETs (die sizes
{ to 3) the resistor value should be increased to about 30
to 50 Ohms.

3) In motor drive circuits where the load inductance
is high, the motor current is commutated by diodes across
the power switches when the switches are ‘*OFF." As the
opposite switch in a particular bridge leg is turned “‘ON’
it must pull the conducting commutation diode out of
conduction through its reverse recovery condition. A spike
of current occurs ac this time which causes ringing and
RFT generation. The magnitude of the current spike can
be reduced by the use of the series gate resistor described
in (2) above.
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Flgure-6. 3-phase six-step motor drive

L

¢
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4. Specific Applications

4.1 Six-Step 3-Phase Motor Drive

Figure 6 shows a typical 3-phase non-regulated motor
drive in which the IR2130 supplies 2l the gate drive signals
for the high-side and low-side IGBTs:

The [R2130 is operated from a 15-volt de supply from a
3-terminal regulator and the inputs are derived from a six-
step ring counter with its input signal supplied by a 533
astable multi-vibrator operating at 360 Hertz. The dc bus
for the six-step inverter is supplied off-line by rectifying
the 115-volt ac input and filtering it with a 50 microfarad
250-volt capacitor.

Motor current is sensed by, a series viewing resistor in the
negative bus with a 20-Ohm pot across the resistor so that . g -
a voltage proportional to load current is delivered to the Figure 7. Six-step motor drive waveforms
[raip Pin 9 of the [R2130. Also, a dc voliage
proportional to motor current is available at pin 10. This
uses a 9K feedback resistor and a 1K@ input resistor on
pin 11, the iaverting input to the current amplifier.




12 A 1000W Mercury Vapor Ballaat

Figure 8 shows the schematic for a 1kW HID ballast using
(he"IR2130 to perform the drive functions for ail high-
side and low-side switches. This cirguit uses the IR2130
15 a full-bridge driver and aiso as a pre-regulator driver
for a buck regulator front end. The input ac in this case
s 2 3-phase 230-volt line-to-line 60 Herz supply which
is rectified to produce 2 320-volt unregulated bus.

An UltraFast [GBT switches this voltage in a buck
regulator circuit whose output then feeds the full bridge
of four fast [GBTs directly driving the 1000W lamp. The
frequency of operation of this ballast is 20kHz for the
input buck regulator and 10kHz for the full bridge lamp
driver. Since all high intensity discharge lamps require 2
constant current power source for correct operation, the
UC3843 pulse width modulator (PWM) was operated in
the current mode,
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Figure 8. 1000W HID ballast



PWM QUTPUT
FROM UC3843
(10V/0IV)

IR2130
HiNg INPUT
(1ov/on) -

1R2130
102 OUTPUT
{10V/0IV)

NOTE: OFFSET Vs TO Vss DURING
CONDUCTION OF BUCK REGULATOR 68T

Figure 9. Driver waveforms

Lamp current was sensed by a viewing resistor in the
negative bus with a 502 pot across the viewing resistor
supplying an input dc signal to the 3843 PWM regulator.
The output from this regulator was fed in to the Channel
1 high-side input pin 2 of the IR2130. Note that since the
IR2130 has a logic invert function, the PWM signal was
first inverted by a smail H power MOSFET
before being applied td pin 2. The PWM signal was also
used to trigger a flip-flop which provided the square wave
inputs to the IR2130 for driving the full bridge lamp drive
circuit. Notice that only a small filter capacitor is used

ey

IR2130
HINT INPYT -
(SV/DIV)

Ex 4

QUTPUT
BRIDGE
CURRENT
(INOV)

NOTE: 60 Hz INPUT RIPPLE MODULATION

Flgure 10. Output bridge current

[Py VTR S

on the dc output of the buck regulator so that thzﬂ
supply to the lamp driver full bridge effectively beco

a current source. This allows the bus to be instantaneousiy
shorted to ground without damage to the cutput IGBTs

This is important because the input signals to the [G
in the full bridge are in fact 50% duty cycle square wa
and although dead time is actually built into the [R213
for driving IGBTS, the deadtime is only approximat
1.75 micvosaconds, so the current-fed topology is essentialf
to prevent shoot-through failures.
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A.C. motor control circuit

HEF4752V
LS

APPLICATION INFORMATION

Figure 2 shows the functional block diagram of a 3-phase a.c. motor speed control system using a
" thyristorized inverter with variable frequency output. The inverter control signals are generated by

e

the HEF4752V [PWM.-IC). A special feature of the PWM (Pulse-Width Modulation) - IC is here, that

. the motor is supplied by sinnoidally modulated pulses, hence the resulting motor current will approach
a sine-wave with a minimum on higher harmonics. In this way, an optimum speed drive with high per-
formance is obtained.

Furthermore, the HEF4752V contains all logic circuitry required for this special waveform generation,
so that the amount of control circuit components is reduced considerable. The speed drive system in
Fig. 2 is controlled by the analogue control section.
The FCT and VCT clock pulse oscillators are driven in such a way, that a fast response speed control
of the a.c. motor is obtained, depending on: the reference values for speed; motor voltage; motor cur-
rent {Limited by the measured motor current via DCCT - d.c. current transformer -); the increasing
value of V¢, during braking action.

s,

1Z82749
5

/ INVERTER
O—
FILTER RECTIFIER | ["SMOOTHING }° X ¥ X
3-phase A I | CA:cnon Cb L a by -8 J_@
maing
T T SO ;L 4 v W 3-phase
~s
vab
L—— +15V * + I
smps  |—+12v PULSE
- AMPLIFIER ocer
12V
o ’ 1T
’VCb.
s ATC
M 1 PWM —IC
N ANALOGUE | S | HEF4752V
N CONTROL o /7 :
CW/CCW
' .
'mn' * m
/4

Fig. 2 PWM motor speed control system using HEF4752V.

MORE APPLICATION INFORMATION SUPPLIED ON REQUEST
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BV~ —

IGBT®Za—1
IGBT MODULE

W4EE : Features

oMXEZA vF Y High Speed Switching
o KAWL Low Saturation Voltage
o EANY — tER(MOSH — F#:@) High Input impedance

OB =Ny =

Module Packaging

M £ | Applications

®:RRA »»/3—9 General Purpose Inverter
o HEFTRABERM Uninterruptible Power Supply

®AC, DCH—#7>7 AC-

O BEMDRL v Fr/RE

W e L4544 - Maximum Ratings and Characteristics

DC Servo
Switching Power Supplies
for Welding Machine

o} K | Absolute Maximum Ratings

M 44f~ti% ¢ Outline Drawings.
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Equivalent Circuit Schematic

items Symbols Ratings Units
AL29 T3y PMRE Vees 600 v -
Y=F -Tiv2MBE Vges +20 v
R Ic 200
= ims Ic pus 400
ALIIRE o= | -k 200 i
Ims =I¢ puts 400 ,
BXIAE Pc 800 i w ¢ £1c2 ez
ZEBAN T +150 € & € 62
REAX Tatg —40~+125 1]
BREHR [AC. 1min. .| Visou 2500 v
Mounting*1 [ 35 g
;i rng Terminals*1 | 35 kg:em
* 1 {520 | Recommendable Value 25~ 35kg-cm(MS5) -
o WMay4444 © Electrical Characteristics (Tj=25'C)
items Symbals Test Conditi Min. Typ. Max, Unics
Av29 - T3y 5 BRI | lees ot VeE=0V Vce=600V T,=25C 2.0 mA
=Ly MBARR lces Vee =0V Vag= £20V 200 nA
I=bTiv9MLEVARE | Voew Vee =20V lc=200mA 3.0 6.0 v
L2923y PMBRNRBE | Veersn Voe =15V _lc=200A 2.7 3.5 v
ANBR Coes Vee =0V 19000
HHER Coes Vee= 10V — pF
AR R Cas = IMHz —
. ton Vec =300V 0.6 0.8
FovALEML t 1c=200A N
. ton Vee= 115V 0.7 1.0
bt u Re=9.1Q 02|05
14 F—-FHRE VF I = 200A Ve =0V 2.5 v
frdet 0] te 1r=200A —di/dt=600A/ss Vog= — 10V 300 ns
* 2 EHL LT ¢ Resistive load * 33504 : Inductive load
© May444E | Thermal Characteristics
items Symbats Test Conditi Min, Typ. Max, Units
Ring-ct IGBT 0.156
IR R Rinty-cr Oiode 0.30 ‘c/w
Rinie 0 With Thermal compound 0.025




2MBI200L-060(200A)

BE/NRT—FDa~N
Wi51Ed$8 | Characteristics
I I 1 A O O e T
v..-zlvm:zv w Ti=28% T|=25C
g ®
[ ;
»
a I/ 3 8
:
1]
3 /
w F At e m‘ ~ e
—EATT o SRm==SHH
AP |
/| , I
[ 2 0 6 [ 0 ] i [] s EREL

ALIYRRA—-L29 -T2y yREHHE
Collector Current vs. Collector-Emitter Voitage

AL 2P -2y IMBRIE Ve (V)

T T T
Veem30QY —hmte

-

Vum:lisy

Re =810
1 =28C

\

|\g \!l

\

SO BERNV RN

\

L\

e 40 & RO %0 200 280

AL IR 1 (A)
2L v F o JE@M—2 Lo IRRSE
Switching Time

S MABwmHNNTU

] ‘ 24
Tim28¢
T
Ves =~
I Ve {8
»
\ - IR TI
7 300w
) - -] “~4gov |8
- - —
~seov | | s
~100v
7 ~200v
S

200 00 600 600 K00 .12000
XRRENM Q, (C)
T4+ iy s ANHE
Dynamic Input Characteristic

SF

E i
43

(us)

WRReNTUY
:

AABY S mH T
HBZ~—%A%)

<

=e
=
»

Y=t T Ly SMBE Ve (V)
AVIF XLy IARE—H =}« Ty TMREHS
Collsctor-Emitter Voltage vs. Gate-Emitter Voltage

A 5 (O
't L te
2 "8
; ,/ bote
179 4 L V=300V
L RS le=2004A) | l
V=2 5v[]
" Ti=m2§%¢C E
s
o /f" it
/”’
s .
5 0 0 50 00 300 500 i
o'~ PR Re (Q) |
A 9F 2 SEM— 5 — PERIE -t

Switching Time-Gate Resistance

T |

Ti=28c |

:

3
—

E

Vs
v

]

[+] 04 28 2 8 20 24

ZiyP L2 IMRIE Ve (V)
(74— FRAREV)

BR7 ) =R T 1+ — FRARENE
Forward Voitage of Free Wheel Diode

37



FE4 TSI

2MBI200L-060(200A)

-'Oll‘l'!l ulﬂ ‘/'Ml bl ] ITITE
500 ;T:;;%V 300—_ Ay ;-!514!
N
@ o Y0 oc la 100us
8
oA
5% 8
e ®
(ns) ;
g 50 Repetitive puise
[ Tem25C
w7
9
0 . .
] 8 R0 %0 200 3 o ] ©
MR b (A) AL2Y Ty yMRE Ve (V)
trr, hrr-le $84E REMFTH(BYEL)
trr, re-le Safe Operating Area
500 ! I
Log= —
300 & = :
== FAE TR0 olak
poi
0 [
593 & TH ==za:
5 Tin2sC " T i il
; % *VamiSY Rentiecs n
W —VaS 15V (c/w}
i3
() Remd1Q o L l
:Fﬁ I il
0 i i
0!
p WS 200 X0 40 50 600 « o o P
SL2Y Ty IMBE Ve (V) 726 Py (sec)
REWIETEGH/ M 7 X) BEAMIEN

Reverse Biased Safe Operating Area Transient Thermal Resistance



P

ghisaloa

RELE' TERMICI
THERMAL O/L RELAYS

1 rele’ termici GHISALBA sono realizzati
per la protezione contro if sovraccarico e
la mancanza di fase, secondo le norme
|EC 947-4-1, VDE 0660, EN60947-4-1,
UTE-NFC 63-650. RTD23E
GHISALBA thermal overoad relays are
manufactured for protection against
overload and phase fallure, according to
{EC 947-4-1, VDE 0660 EN 60947-4-1
and UTE-NFT 63-650 standards.
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Nelle condizioni di servizio si possono considerare
vétorl pari ol 20-30% di queili esposti.

Proceding from sarvice condilion Ihe limes
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RIVOL! {TORINO) ITALY ov.
GHISBNCNONEN GHISETFT GH1SBN | GH1SCN | GH1SDN | GHISEN| GHISET | GHISFT
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AC13ph)
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GH13..N3-10 GH15..T3-00 GH15..N4-00 GH15BN22-00
schema contatti contatioi  ATAZ 135 13 1.3°% cantattari 1357 1R R3 3
tripalari ‘ l J l J l ‘ tetropotarn _J _1‘_‘ _‘ _J_ 2 -l
contac! diagrams 3-pole ’\‘ \‘ \“\ ‘5\' 3]‘\ 4-pote \Y \ \' \ \
confactors o 3 4 4 246 CONTTNEE W2 4 6 8 2 RZRé &
H 801-24AC BO1-48AC B01-110AC | 801-220AC | B01-380AC | BO1-440AC
Soncara votiages AL | 25e | *av | 1i0-r20v [220-240v] 380-415V |440-480V
agssorbiments bobing Doone s sieses 110. 190-120ve0Hz  doudie cols ex:10 -120V60HT some col
cod consumption spunto inrush  80-100VA ritenuta holding  9-12VA
"),-,w-—ﬂa- GH15T10/01 46 ingombri e fissaggi

overall and fixing dimensions

{») Per 'montaggio su guida OIN non orizzonidle & necessara
mantare, nello parte inferiore, un blocco dorresta del cantaliore.

when OIN rai is rot honzpnial it is necessary to ht,
n the lower part, o grip block for of the contactor.

sostituzione bobina
cait changing

-t contallori devano ebsere instailati seconda i vigenti norme
antinfortunistiche.

-don manovrare a mano se fa linea di alimentazione non & sezcnata,
-inserre a monte cet conlaliore appartum dispasiivi di protezione dot
corfocircuto.

-Posizione & lavoro: sul prano verhcale come ndicalo nai disegn & ngombro
-Messg n opera: verticare che i movimenio di chiusurg-gperturg non sia
oslacaicto da eventyati corpi estranel penetrati dentro il contatlore durante
e cpergziont df montaggo ¢ collegomenta,

-Centroliare che la fensione di comands sia corretla e che le oscilozioni &
tensione siano conlenute nel campo 0.85Ucmin-1.1UCmax.

-Verificare ¢he t componentt (oressastati, termastat etc} che azionano i
orculo ¢f comonda del cantgltore, non diana luogo g funzionament instabili,
provocgndo rovwviCingte operazioni ¢ chiusura e apertura det cantaltore.

MANUTENZIONE
-Un ronzio del pocco magnehco denuncia che cliinterno del contatiore e
penelrata un corpo esiranqo (pezzi di filo, di isolante, di limatura di terro
ecct.  Per atimnare il ronzio scollegare § contatiore, aperlo e pulire i
pgna magnehico de quanto penetrata.
~Per it conlgton GHISET e GHISFT.
(9 Ispezionare {operando frontgtmente) periodicamente lo stata & usura
der contatii
(2) A seguia & un cortocrcwla controllare o stalo dan conlath,
Eventual satdoture detle pastiglie di centatlo possono essare separcte
con un cacciovite,

. 0 2 8 0
Connessioni circuili principall Fezonaiuel cava gl Coppia di chiusurg s 7
Main circuil connections Hessibile Semrigida o rigido Tightening torque x N
Hexible Siranded or sotid - Q.
X 15-4 1X 15-6
GHISBN.EN 2% 15 7% 156 1§
1X 15-6 1% 15-10
GHISET.FT 2 X 156 2 X 15-10 G
‘bloccare onche i@ vill del termingll non utlizzali lock atso the screws of non-ulilized lermincls .
INSTALLAZIONE

MOUNTING

-Conlactors ta be mounted according to the Accident Prevention Slandards
n force

-0o nat operale by hond with connecled power supply

-Adeguate prolections agcinst shori-circuils must be provided on the
supply tine of the contactor

-Warking position: in the vertical plane as shown in tha overall drowings.
-instatiation: check that closing-opening movemeni is iree from any external
body which may have fallen hside Ihe contactor during mounhng and wiring
aperations.

~Chack that control vgilage is correct: during operation the vollage
fluctuation mus! be limted i Ihe renge 085-1.1Uc.

-Check that components (pressosials, lermostals elc) driving the conlaclor
control ccul do nol cause unsleady ocperdtions thal may cause
uncanirotied breaking &nd making operations of the contactors.

MAINTENANCE

-Ndise trom the eleciromagnel sigruties that a foregn body has penelrated
into the contaclor (pieces of wre, of insulation coalihg. wran fillings ecc.
For remove the noise disconnect Ihe contaclor, disassemble it and clean
the magnehc surface from the debrrs.
-For GHISET and GRISFT conlactars.

(1} Periocicatly check (frontally operating) the camtacls weor

12) After @ shart citcuit check Ihe cantacts condiion Shuld ihere be

som@ contact ha weldea. # wil be disjonied by a screwariver .

cad 5807141
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CONTATTI AUSLIARI PER
HONTAGGIO LATERALE
maesima 2 par contallcred

SIDE MOUNTING

AUXILIARY CONTACT BLOCK
{maximum 2 per contactor}

A calologe tipo contotti
catalogue n. contacts type

GH1SS1 INO-INC

NTERBLOCCO
MECCANKCO

MECHANICAL
INTERLOCK

n colalogs
calglogue n Q)

BMOH

costruzioni eleltromeccaniche ed aletironiche Fogtio 2/~
RIVOLI (TORINO) ITALY Nov. 92
ACCESSOR! ACCESSORIES CONTATT! AUSLIAR! PER TOP MOUNTING

MONTAGGIO FRONTALE  AUXILIARY CONTACT BLOCKS

n colclogo tipo contolfi
calalogue n. conlocts type
GH15T40 4NO
GHISTH 3NO-INC
GH15T22 2NO-2NC
GHISTI NO-INC
GH1ST10 N0
GH1STO1 WNC

" TENPORIZZATORE PNEUMATCO
(prediaporibie con ritordo ON opp. OFF)
PNEUMATIC TIMER
tsettectie for ON or OFF deloyt

n cotologe  campo di regolax
calalogue n.  adjustable range
€3207PY 0.3-30s
€3207P2 10-180s

RELE’ TERMICO Di SOVF.?ACCARICO C316FNA3

Contottore a 4 poli
4-pole contactor

Contottore a 3 poli
3-pole contactor

Base per montaggio
separato C3067B1

THERMAL OVERLOAD RELAY (316FNA3

Curvo nominale di sgancio con carico irifase
3pn typical Iripping characleristics

1. Configurazione

Posiziona di montaggio: quolunque pasizione, Connassione direlta af contaltori
fig1 e 2). Monlaggo separata su canatina DN con gdaltatore C06TB1 fig.3.

2. Cablaggio
Connessioni  Sezione del cava (mm? R
semigido rigido 2o
P <25A 2 x 154 2% 15-6 AL
principali spgs 2 X 075-6 2 x 0756 e a
tx 0.75-10 1% 1-10
Ausilar} 2% 07525 2 xQ75-4 2 8 e %6 98

3. Regatazione della corrente di motore
Ruotare i quadrante (1) finche' 1o scala di regolazione con g correnie desi-
derato corfisponda gfia treccia t8). Per avwiafori slella irigngalo, con rete’
collegah ol'mierng del crcwio o lrengoio, regalare d rete’ g 0.58 X le.
4. Variazione da riarmo manuale ad automgtico
Regolare lo Ireccic del quadranle (2) come segue:
= rigrmo monuale tramile i pulsante {3
= riarmo aulomatica

I normo Quiomatico &' sconsighato con orcuh & comando g confalio perma-
nenle poichy’. N Casoc o arresto per sovraccarico, il motore viene riavvialo
automaticamenie dopo d tempa di raffreddamento del rele’
S. Funziont del puisonta di riarmo
I pulsante o riarmoa (3) puo’ essere pracisposia, ramte 'opposta wite
di regotazione, cile seguenti funzioni

~ solo riarmo

= riafmo ed crresto
Azionanda d puisante (3) in pasizicne . W contatta NC 95-96 si richude
se il rete’ era scatloto, oppure apre momenioneamenie se non €' scattato.
4. Prave pring della messa in funzione
Premere { pulsante (3} par npristingre § rele’. Spingendc I'azionatore (4)
nella direzicrie della freccia, A rele' scalla_| contalti NC 95-96 corona e
i contalft NO 97-98 chiudono. Lndicalare {7} varia da Nero G rosso.
7. Fusibili di protezione

I cawbro massima oei fushiti gi prolezione dei poli principotl @ indicota
sullo larga a igto det rele’

GH1SBN.CN.OM.EN GHISET.FT Fissaggo a vile o DN 35an
Base for separate 4000
mounting C306781 ] ____ca freado)
. & & ! Screw or OIN 35mm rad fixing 2000 {rom coid
Figl|@ @|® @ Fig.2 ®+ B @ 1000 ---?ﬁ,;-‘m’
i e | = ) Fig3 3 o
R0 1 - F] g 2 ]
oo} ) ¥ 100 0
® @ 4 T2 e T
1 €5 70w 3 " ° gld U -
i ) S 20 \\ S
8 ol ;-5 " N
ge0d & Ty N
[CHCHE E 4
: 81 -
=Ry <
0811215 0 X le
Correnta {mylfipti della corrente di regolazione)

INSTALLATION INSTRUCTIONS IN ENGLISH ARE SUPPLIED WITH THE RELAY

Current (mullighes of setting current

8, Temperolura ambiente di funzionamento

-25°C..+35%C. compensato

9. UL/CSA Requiremenis

The Culler Hommer C318FNA3 overload relay is suilgbte for use with
Ghisalba confactors GH1S8N. -CN. -ON, -ET and -FT

Power circut termingts - Tighten terminais to 12lb-in
Contral circuit termingls - Max. cable size 814 AWG.
Use 60/75°C copper conductors only.

Trip current is 125% ot huil load currents.

UL/CSA CONTACT RATINGS CONTROL CIRCUIT

AC_VOLTS 120V 240V 480V 600V
NC CONTACT B6GO
MAKE AMPS| 30 B 75 é
BREAK AMPSY 3 15 075 06
CONTINUOUS AMPS} S 5 ] S
NO CONTACT €600
MAKE AMPS| 15 75 375 3
BREAK amMPS| 15 075 0375 03
CONTINUOUS AMPS| 25 25 25. 25

Overload relay is suitgbte far use on a circuit caopable of celivenng nat mare
fhan 5000 RMS symmelricat amperes at 600 voits maximum.

Moxmum Branch circuit protection for contactars and overicad relays
twith or wilhout contacrorl

contactor

fuse| circut [ overload |luse| crcul {overicad |fuse| crcut
breaker || C316FNA3 breaker || C316FNA3 breaker
[lomp]| [amp) (cmp)] {ompl {amp)] [amp]
Folel 21 5 (115 & |3
GHISCN S50 50

GHsoN | 70| 70 E |13 8 N[BT R
GHISET | w0 | 100 G A 5 Q S0 | 30
GHISFT | 125 125 H 6 ] R 70 70
] 0 15 S 100 100

K 15 15 T 125 125

cod 5807141



MOTOROLA
i SEMICONDUCTOR 10

TECHNICAL DATA

6-Pin DIP Optoisolators m}ﬂ |

Logic Output

-

.. gallium arsenide IRED optically coupled to a high-speed integrated detector with -~

Schmitt trigger output. Designed for applications requiring electrical isolation, fast 8-PIN DIP PP BN
response time, noise immunity and digital logic compatibility such as interfacing com- . OPTOISOLATORS i
puter terminals to peripheral equipment, digital control of power supplies, motors and LOGIC OUTPUT -

other servo machine applications.

e High Isolation Voltage — Vigo = 7500 Vac pk Min
Guaranteed Switching Times — tgp, toff < 4 us
Built-in ON/OFF Threshold Hysteresis

Economical, Standard Dual-In-Line Plastic Package
UL Recognized, File No. E54915

CASE 730A-02
PLASTIC
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 7
l Rating J Symbol Vatue I Unkit I
INPUT LED v
Reverse Voltage - VR 6 Volts
Forward Current — Continuous e 60 mA
— Peak 1.2 Amp
Pulse Width = 300 us, 2% Outy Cycle
LED Power Dissipation @ Tp = 25°C g Po ) 120 mw
Derate above 25°C 1.41 mwrC ,
QUTPUT DETECTOR
Qutput Voltage Range Vo 018 Voits
Supply Voitage Range Vee 3-18 Volts
Qutput Current lo 50 mA
o} Power Dissipation @ Tp = 25°C Pp 150 mw
Derate sbove 25°C . 1.76 mwrC
TOTAL DEVICE
Total Device Dissipation @ Tp = 25°C Pp 250 mwW
Darate above 25°C 2.94 mwWrc
Maximum Operating Temperature TA -40to +85 *c
Storage Temperature Range ’ Tstg ~55t0 +150 ‘c
Soldering Temperature (10 s) 269 ‘c
Isolation Surge Voltage (Pk ac Voltage, 60 Hz, 1 Second Duration) (1) Viso 7500 Voits

(1) Isotation surge voltage is an internal device dielectric breakdown rating.



H11L1, H11L2

ELECTRICAL CHARACTERISTICS (T4 = 0 to0 70°C)

I Characteristic l Symbot l Min ] Typ Max Unit
INPUT LED '
Reverse Leakage Current (VR = 3V, Ry = 1+ M(1) IR - 0.05 10 nA
Forward Voltage (Ig = 10 mA} Vg —- 1.2 1.8 Volts
(Ig = 0.3 mA} 0.75 0.95 —
Capacitance (VR » OV, f = 1 MHz) [ - 18 -— pF
QUTPUT DETECTOR
Operating Voltage Vee 3 —_ 15 Volts
Supply Current (Ig = 0, Veg = 5V) lcClofhy - 1 S mA
Qutput Current, High {ig = 0, Ve = Vg = 16 V) loH —_ —_— 100 pA
COUPLED
Supply Current (Ig = Ig(on), VoC = S VI IcClon) — 1.6 S mA
Output Voltage, Low (R = 270 0}, Ve = SV, IF = Ig(on)) vou — 0.2 0.4 Voits
Threshold Current, ON HUL 'Flon} - - 1 1.6 mA
(R, '= 270 . Vegc = 5 V) H11L2 - - 10
Threshold Current, OFF ) H11L1 IF{o#) 0.3 0.7% — mA
(R = 270 0. Vg = 5V} H1IL2 0.3 —_ ——
Hysteresis Ratio (R = 270 (1, Ve = 5V) IFlofn) 0.5 0.75 0.9
If(on}
Isalation Voltage (1) 60 Hz, AC Peak, 1 second, Tp = 25°C Viso 7500 — - Vaclpk}
Turn-On Time RL 3 700k ton - 1.2 4 us
Fall Time Vee = 5V. tr — 0.1 -
Turn-Off Time IF = IFion) toff - 1.2 4
Ta = 25°C
Rise Time te —_— 0.1 -

{1} For this test IRED Pins 1 and 2 sre cormmon snd Output Gats Pins 4, 5, 6 are common,

Iy =t = 0.01 s

Z=50ﬂ_i———

IF(on} .Z- - - %
| |

!

i

—

‘on

[
—t —t

R
1
—

Figure 1, Switching Test Clrcuit

QUTLINE DIMENSIONS

3}
_, )=

€ r_...‘
I [ i i

EZT—
JEN SN
lal
[riswe [ :e7@]
NOTES: [ wimerons_]
Luqmmwuummms _E_%m‘!!! -
YILSM, 190, 1]
2 CONTROLLIG DIMENSION: HOL AN
2. O L TO CENTER OF LEAD WHEN FORMED I 1
PARALLEL. .41 Y1
o | 1 (s 9
1AL
sTMES: [¥1 @i i
e 1. AnooE 4 oyt @ | 14 Tom 100
1 CAMOCE 1 GAOUMG 181
1 ¢ vee 0 | 15 5
- IR INT]) slg 109}

CASE 730A-02
PLASTIC
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H11L1, H11L2

{F, INPUT CURRENT {mA}

Figure 2. Transfer Characteristics for H11L1

TYPICAL CHARACTERISTICS

z o4
6 5
=
- ! 1
§ 3 Floff) Flon) -
= 3 A = 270
g 2= = 4 veg =5V ——
3 Ta = 5°C

A 1

= VoL
N ]

0 0.75 1 2

1f, THRESHOLD CURRENT (NORMALIZEO)

04

g
EIRE
z
3 2
TURN ON THRESHOLD T = v /
1 b 12
o
] 3 1
b a
L~T_ TURN OFF THRESHOLD 2 o >
3 1 = RO O
ENORMALZEDTO 4—  FL gt
tr{om) AT VC = SV —— s
Tp = 5C - 2 l !
fot? N} )V g
0 5w 1 W & “w -5 0 5 % 5 W
Vgg, SUPPLY VOLTAGE (VOLTS) "Ta, TEMPERATURE (°C]

Figure 3. Threshold Current versus Supply Voitage

05

0.2

LA

0.08

Vot OUTPUT VOLTAGE, LOW (VOLTS}

002

Figure 5. Output Voltage, Low versus Losd Current

Figure 4. Threshoid Current versus Temperature

|
Z Ta =0C
B
T § PR
/'/ Z IS
”
// E . Ip = SmA ’,‘/isf
Z .= Fw
3 g B
- ~N
E 2 e __7.-0.5\*5 ]
3 s 3;:_::—;-""_____._:\-—
o ol ] e L
. =1 Ll;-om
N
S 10 20 50 100 [] 2 4 14 16

1. LOAD CURRENT (mA}

-6-57

[] 8 10 12
Ve, SUPPLY VOLTAGE (VOLTS)

Figure 6. Supply Current versus Supply Voltage
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International
1R Rectifier IRFD110

HEXFET® Power MOSFET

* Repetitive Avalanche Rated oD

* Dynamic dv/dt Rated

+ For Automatic Insertion l ,2': BVDSS 100V

« End Stackable G } =l | Rps(on) 0.54Q
\ Ib 1.0A

Description pignnei

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast swilching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 walt.

Absolute Maximum Ratings

Parameter Max. Units
lp @ Tc = 25°C | Continuous Drain Current, Vgs@10V 1.0
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 0.71 A
lom Pulsed Drain Current ® : 8.0
Pp@ T¢ = 25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 WK®
Vas Gate-to-Source Breakdown Voltage +20 \4
Eas Single Pulse Avalanche Energy @ 140 md
lag Avalanche Current ® 3 Ve v 1.0 * A
Eap Repetitive Avalanche Energy © 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
Ty Operating Junction and -55t0 +175
Tst1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance o
Parameter Max. Units
Roua Junction-to-Ambient, Typical Socket Mount 120 Kw®




IRFD110

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | - - V| Vgs=0V, Ip=250uA
ABVpss/AT, | Temp. Coelficient of Breakdown Voltage | - | 0.12 | - | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance .- - [0.54 Q  |Vgg=10V, Ip =0.60A®
Vasity Gate Threshold Voltage 20 | - | 40 V | Vps=Vgs, lp=250pA
Jrs Forward Transconductance 0.80 | --- .- S | Vpg=50V, lng=0.60A@
Ipss Zero Gate Voltage Collector Current .- -~ | 250 | pA |[Vpg=100V, Vgg=0V
-- --- | 1000 Vps=80V, Vgs=0V,T;=150°C
lgss Gate-to-Source Forward Leakage -es -—- 1 500 . Vgg=20V
Gate-to-Source Reverse Leakage --- 1-500 Vgg=-20V
Qq Total Gate Charge -~ | - 183 lp=5.6A, VDs=é0V. Vag=10V
Qgs Gate-to-Source Charge - - | 23 nC See Fig 6 and 13®
Qg Gate-to-Drain ("Miller”) Charge - — | 3.8
taton) Turn-On Delay Time - | 6.9 - Vpp=50V, Ip=5.6A
t Rise Time -— 16 - s |Rg=24Q, Rp=8.40Q
tatorn Turn-Off Delay Time - 15+ --- See Fig. 10®
Y Fall Time - | 94 | - &
Lo Internal Drain Inductance - | 40 | -- Betwaen lead,- o
mmi (0.25in.) |_§L0
Ls Internal Source Inductance - 6.0 - ii :ﬁéncl:?g?g‘ehi o ¢
contact. s s
Ciss Input Capacitance -- | 180 | -- Vgs=0V, Vps=25v
Coss Output Capacitance - 81 e pF | f=1.0Mhz
Crss Reverse Transler Capacitance 15 - See Fig. 5
Source-Drain Diode Ratings and Characteristics ’
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | 1.0 ; o
(Body Diode) , ﬁgiﬁiﬂ:ﬁ mool
lem Pulsed Source Current @ - -— 8.0 2 integral reverse &
(Body Diode) @ Ul p-n junction diode. s
Vep Diode Forward Voltage - - | 25 V' | T,=25°C, Ig=1.0A, Vg=0V®
te Reverse Recovery Time 50 -~ | 200 | ns [T =25°C, Ir=5.6A,
Qpn Reverso Recovery Charge 0.22| -~ | 088} pC |diidt=100A/LS®
ton Forward Turn-On Time Intrinsic turn-on ime is negligible (turn-on is dominated by Lg + Lp)
Notes:

@ Repetitive raling; Pulse width limited by
max. junction temperature (See figure 11),

@ Vpp=25V, Starting T;=25°C, L=52mH,

Rg=25Q, Peak I5g=2.0A (See ligure 12)

©)] Isp ¢ 5.6A, di/dt<75A/us, VppsBVpss,
T;5175°C Suggested Rg=24Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surfaca:
flat, smooth, greased

® KW = °Crw

14



IR IRFD110
Top 353 /‘/‘ 101 ros E;gv //
M AT T 800
to! HEN z R %
: v '; 80T TOM 3:: s
BOTTON o 5v 74 L 8%
@ 7 = %%
Q. Y/, S Q.
E -
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S / ALA
- 2 -—
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(& i 5 4
L / ” = /
3 w /74 3 Z
c Z c 4.5V
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> T > o
o o a
[=] 7 -
LS 7 L 4.5Y Q2
//. g /A
(B 20us PULSE WIDTH 20us PULSE WIOTH
Te = 259C Tc = 175°C
101 100 10! 1071 100 10!
Vps, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (voits)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C To=150°C
1 e
10! I 174_‘{, 3.0 o5 on
259¢ D R et ®
= g
8 a5
1723
- 750 3
Q. < &D:
g - 2.0
= o5
§ 100 1_,/ g8 //
= y 4 5=1.5
=] rA 8 [y ve
© T[ f yal {als U') E
£ 62
o o £.:.0 <]
Q 5 »
0 a ]
/ ’g’ 0.5
10-1} Vpg- = 50V @
20us PULSE WIDTH  , Vgg = 10V

4 S 6 7 8 9 10
Vgs. Gate-to-Source Voltage (voits)

Fig 3. Typical Transfer Characteristics
R

'960 ~40-20 O 20 40 60 80 100 120 140 160 18C

T,, Junction Temperature {°C)

Fig 4. Normalized On-Resistance Vs.
Temperature
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IRFD110

IOR

{Amps)

Isp, Reverse Drain Current

100

S
[}
-

400 Y6s = OV, f = 1z
CISS = CQS + Cgu. COS SHOARTED
Crss = Cgq
320 Coss = Cgs + Cqa
g § 1
2 ] [ !
g c
‘% 155
'§ 160 | il ]
Q I (17
S Coss
. L
i
Crss
g
?oo 10l
Vps, Drain-to-Source Voltage (volts)
Fig 5. Typical Capacitance Vs, Orain-

to-Source Voltage

i

" 250¢C

T

7
[

Ll _
== S=SESSS
== I ves - o

.8 0.6 0.7 0.8 0.9 1.0 1.1 1.2

Vso, Source-to-Drain Voltage {volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Ip, Drain Current (Amps)

Vas, Gate-to-Source Voltage (volts)

R P ] | [
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DS 30
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- A
NN

m
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FOR TEST CIRCUIT

£y

SEE FIGURE 13

% 2 4 6 ) 10
Qq, Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs. Gate-
to-Source Voltage
102 T
OPERATION IN THIS AREA L IMITED
3 Aps (on)
Lo 1 odun L
T JI/IV f ]
10 + . $
! s
T ? X - 10y
5 i . 1 B
1 7 -\ A r 100us
\
2 ya AN
v - ias
1 N
- 1901 — — H ?
5 iy 1 $ o] 10ms
N re-250s i
Tg=1750¢
, SINGLE PULSE I ‘
0.1 & % 4y 2 s a2 s 1022 5 43

Vps, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safe Operating Area
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IRFD110

Ip, Drain Current (amps)

o5 50 75 100 125 150 175

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

Rp
Vos > AAA
D.UT.
- Voo
Pulse Width $ 1us
Duty Factor $ 0.1%
E3

Fig 10a. Switching Time Test Circuit

\
WA N\ .

|
|

10%
o7 k) |

VGS —b—t
td(on) t 'td(otl) %

Fig 10b. Switching Time Waveforms
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PD-9.385G

s

it

IRFD120

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
* Dynamic dv/dt Rated

+ For Automatic Insertion

* End Stackable

oD
— BVDSS 100V
Ros(n) 0.27Q
N\ Ib 1.3A
n-channel

Description

Third Generation HEXFETS from International Reclifier provide the designer
with the best combination of fast swilching speed, ruggedized device design,

and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power

dissipation levels up to 1 wall.

Absolute Maximum Ratings

Parameter Max. Units
Io @ Te =25°C | Continuous Drain Current, Vgs@10V 1.3
lp @ T¢ = 100°C_| Continuous Drain Current, Vgg@10V 0.94 A
lom Pulsed Drain Current ® 10 i
Po@ T¢ = 25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/IK®
Vas Gale-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalagche Energy @ 100 mJ
laR Avalanche Current @ 1.3 A
Ean Repetitive Avalanche Energy ® 0.13 mJ
dv/dt Peak Diode Recovery dvidt @ 5.5 Vins
T, Operating Junction and -551t0 +175
Tsta Storage Temperature Range °C
Soldering Tem,. =.iure, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Roua Junction-to-Ambient, Typical Socket Mount 120 Kw®




IRFD120

Electrical Characteristics @ T = 25°C (unless otherwise specified) '

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 [ --- - V | Vgs=0V, Ip=250pA
ABVpgs/aAT, | Temp. Coeflicient of Breakdown Voltage | --- | 0.13 | --- | V/°C |Reference to 25°C, ip=1mA
Ros(on) Static Drain-to-Source On Resistance -— —~ 10271 Q |Vgg=10V, Iy =0.78A®
Vasithy Gate Threshold Voltage 20| — | 40 V | Vps=Vgs, lp=250uA
Ois Forward Transconductance 080} -- | - S |Vps=50V, Ipg=0.78A® -
Ipss Zero Gate Voltage Collector Current -~ | - | 250 | pA [Vpg=100V, Vgs=0V
-- | -~ [1000 Vps=80V, Vgg=0V,T;=150°C
lgss Gate-to-Source Forward Leakage - -~ | 500 A Vgs=20V
Gate-l0-Source Reverse Leakage - -- | -500 Vgs=-20V
Qq Total Gate Charge - | - [ 16 Ip=9.2A, Vpg=80V, Vgg=10V
Qgs Gate-to-Source Charge -e- - | 44 nGC See Fig 6 and 13®
Qg Gate-to-Drain ("Miller") Charge - - | 7.7
Latony Turn-On Delay Time - | 6.8 | - Vpp=50V, Ip=9.2A
t Rise Time - | 27 | e ns  |Rg=18Q, Rp=5.20
ta(oln Turn-Off Delay Time - 18 - See Fig. 100
[ Fali Time 17 1 -
Lo Intsrnal Drain Inductance - | 40 | — Between lead,
émm (0.25in.) Lo
Lg Internal Source inductance - | 60 | - oM :z? ;ﬂfg?&e < s
contact. s
Ciss Input Capacitance -—- | 360 | .- Vgg=0V, Vpg=25v
Coss Output Capacitance -- 1150 | - pF | f=1.0Mhz
Css Reverse Transfer Capacitance --- 34 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | 13 o
(Body Diode) / goofv;it:gmw ‘
lsm Pulsed Source Current - -— 10 integral reverse €
(Body Diode) @ e p-n junction diode. s
Vsp Diode Forward Voltage -— - |25 V | T;=25°C, Ig=1.3A, Vgg=0V®
ty Reverse Recovery Time 65 | - | 260 | ns [T =25°C, p=9.2A, C
Qgrn Reverse Recovery Charge 033 ] -- | 1.3 | pC |[di/dt=100A/LS®
fon Forward Turn-On Time ... . Intrinsic turn-on time is negligible (turn-on Is dominated by Lg + Lp)
Notes:

@ Repetitive rating; Pulse width limited by
max. junction temperature (See figure-11)

@ Vpp=25V, Starting T,=25°C, L=24mi,
Rg=25Q, Peak [75=2.6A (Sea figure 12)

@ Igps9.2A, di/dt<110A/s, Vop<BVpss,

Ty$175°C Suggested Rg=18Q

@ Pulse width < 300ps; duty Cycle <2%

® Mounting surface:
fiat, smooth, greased

® K/W = °Crw
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IRFD120
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International
zor| Rectifier

PD-9.389G

IRFD9110

HEXFET® Power MOSFET

» Repetitive Avalanche Rated
« Dynamic dv/dt Rated

« For Automatic Insertion

« End Stackable

« P-Channel”

Description -

Third Generation HEXFETs from International Reclilier provide the designer
with the best combination of fast switching speed, ruggedized device design,

BVpss -100V
RDS(on) 1.2§2
Ip -0.70A|

S
p-channel

and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power

dissipation levels up to 1 watt.

Absolute Maximum Ratings

HD-1
Similar to M0-001AN

Parameter Max. Units
lo @ T = 25°C | Conlinuous Drain Current, Vgs@-10V -0.70
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -0.49 A
lom Pulsed Drain Current ® -5.6
Po@ Tc =25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 140 mJ
Ian Avalanche Current @' * -0.70 A
Ean Repetitive Avalanche Energy @ 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ -5.5 Vins
Ty Operating Junction and -55to +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Bosa Junction-to-Ambient, Typical Socket Mount 120 Kw®
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IRFD9110

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Condit
BVpss Drain-to-Source Breakdown Volitage 100 —~ | - V| Vgg=0V, Ip=-250pA
ABVpss/AT, | Temp. Coelficient of Breakdown Voltage | --- [0.091] -~ | V/°C |Reference to 25°C,
Ros(on) Static Drain-to-Source On Resistance - - | 12 Q  |Vgs=-10V, Ip »-0.4:
Vasun Gate Threshold Voitage 20 -~ |-40 V | Vps=Vgs, ly=-2501
Ois Forward Transconductance 060 | - - S Vpg=-50V, Ipg=-0.4
loss Zero Gate Voltage Collector Current - = | -250 | HA | Vpg=-100V, Vgg=O\
- | — |-1000 Vpg=-80V, Vgg=0V,
lgss Gate-lo-Source Forward Leakage - -~ | -500 A Vgg=-20V
Gate-to-Source Reverse Leakage - | -- | 500 Vgg=20V
Qq Total Gate Charge ' — - 187 Ip=-4.0A, Vpg=-80V

Qqs Gate-to-Source Charge - | 22 | nC See Fig 6 and 13®
Qqd Gate-to-Drain ("Miller”) Charge -~ | 41
:d(on) ,T:m-gn Delay Time - ; (7) - Vpo=-50V, Ipm-4.0A
. ise Time - - -
o Turn-Off Delay Time o THEL | SN® ::e i??':;% ne
4 Fall Time = [ ]
Lo Internal Drain Inductance ~ | 40 | - Between lead,
6mm (0.25in.)
Ls Internal Source Inductance -~ | 60 | -- ns ;r:;nc’:f:fg?'di o
. contact.
Ciss Input Capacitance -—-- | 200 | --- Vas=0V, Vpg=-25v
Coss Output Capacitance - | 84 | - pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 18 | -—- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Tast Conditi
Is Continugus Source Current - - |-0.70 MOSFET symbol
\§odygioge) A | showing the
lgm Pulsed Source Current - - | -5.6 integral reverse ¢
(Body Diode) ® p-n junction diodeX
Vsp Diode Forward Voltage - - | -5.5 V| T =25°C, Ig=-0.70A,
te Reverse Recovery Time 41 - | 160 | ns |T;=25°C, lp=-4.0A,
Qpn Reverse Recovery Charge 0075} -- | 0.30 | pC |di/dt=100A/USD
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated b
Notes:

@ Repeatitive rating; Pulse width limited by @ I5ps-4.0A, di/dts-75 Aluis, Vpo<BVpss, ® Mounﬁ,{g
max. junction temperature (See figure 11) T $175°C Suggested Rg=24Q flat, smoo

@ Vpp=-25V, Starting T)=25°C, L=53mH, @ Pulse width < 300us; duty Cycle <2% @ K/W = °C/
Rg=25Q, Peak Ias=-2.0A (See figure 12) ‘.of‘.
T KGN
o
o)
T
48 *
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IRFD9110 ISR
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IRFD9110
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er|Redlifier = -

PD-9.331H

HEXFET® Power MOSFET 27

« Repetitive Avalanche Rated
« Dynamic dv/dt Rated

« For Automatic insertion

« End Stackable

« P-Channel

Description

Third Generation HEXFETS from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

IRFD9120

9}

p-channel

BVpss -100V
RDS(on) O.GOQ
Ip -1.0A

S

and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The

dual drain pin serves as a thermal'link to the mounting surface for power HD-1
dissipation levels up to 1 watt.
Absolute Maximum Ratings
Parameter Max. Units
lp @ T¢ = 25°C | Continuous Drain Current, Vgs@-10V -1.0 :
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -0.70 A
lom Pulsed Drain Current ® -8.0 )
Pp@ Te = 25°C | Maximum Power Dissipation 1.25 w
Linear Derating Factor 0.0083 WK®
Vgs Gate-to-Source Breakdown Voltage +20 \
Eas Single Puise Avalanche Energy @ 140 mJ
lar Avalanche Curfeit © -1.0 A
Eag Repetitive Avalanche Energy ©® 0.13 mJ '
dv/dt Peak Diode Recovery dv/dt @ -5.5 Vingy
T, Operating Junction and -55 10 +175
TsTg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from cass)
x
Thermal Resistance -
Parameter Max. Units
Rasa Junction-to-Ambient, Typical Socket Mount 120 Kw®

-
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IRFD9120

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -100 | - | - V | Vgs=0V, lp=-250pA
ABVpss/aT; | Temp. Coetficient of Breakdown Voltage { --- | 0.10 | - | V/°C |Referance o 25°C, lp=-1mA
Rps(on) Static Drain-to-Source On Resistance --- | 0.60 Q  {Vgs=-10V, lp =-0.60A®
Vasih) Gate Threshold Voitage 20 - | -40 V | Vps=Vas: Ip=-250pA
Ois Forward Transconductance 071 | -- - S [Vpg=-50V, lpg=-0.60A®
loss Zero Gate Voltage Collector Current .- — |-250 | pA |Vpg=-100V, Vgg=0V
--- |-1000 Vpg=-80V, Vgg=0V,T;=150°C
lgss Gate-lo-Source Forward Leakage --- | -500 A Vgs=-20V
Gate-to-Source Revarse Leakage --- | 500 Vgs=20V
Qq Total Gate Chargs - | - | 18 lp=-6.8A, Vpg=-80V, Vgg=-10V
Qs Gate-to-Source Charge - | 30| nC See Fig 6 and 13®
Qgq Gate-to-Drain ("Miller”) Charge - 190
ta(on) Turn-On Delay Time -~ | 9.6 == Vpo=-50V, Ip=-6.8A
. Rise Time TR 29 bt ns RG"1 8Q, RD"‘7-1 Q
t(ofh Turn-Off Delay Time - 21 | - See Fig. 10®
] Fall Time -1 25 | -
Lo Internal Drain inductance — {40 | - Between lead, ?
émm (0.25in.) Lo
Ls Internal Source Inductance - | 80 | - ol 'ar::incp:rl::ra%?'di o ¢ s
contact. s
Ciss Input Capacitance -~ | 390 | -- Vgg=0V, Vpg=-25v
Coss Qutput Capacitance - | 170 | - pF | f=1.0Mhz
Cras Reverse Transfer Capacitance - | 45 | - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
ls Continuous Source Current --- -- | -1.0 o
(Body Diode) o & Aol
Ista Pulsed Source Current " - | -8.0 integral reverse &
(Body Diode) @ Adwee p-n junction diods. s
Vso Diode Forward Voitage - - | -63 V | T,=25°C, Ig=-1.0A, Vgg=0V®
b Reverse Recovery Time 49 - | 200 ns |T;=25°C, lg=-6.8A,
Qpa Reverse Recovery Charge 017 | — | 066 ] uC |didt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lp)
Notes:

@ Repetitive raling; Pulse width limited by
max. junction temperature (Ses figure 11} .

@ Vpp=-25V, Slarting T;=25°C, L=55mH,

Rg=25Q, Peak lxg=-2.0A (See figure 12)

T,<175°C Suggested Rg=18Q

@ Pulse width < 300us; duty Cycle <2%

" @ 1gp<-6.8A, dildt<-110A/s, VppsBVpgs, & Mounting surface:

flat, smooth, greased

@K/W-°CIW
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IRFD9120

ISR
top -?E: 4-/ Top :?E: ’
R | 5y
-8 e: L4 € o: /"———
M Pzozd v
— IBOVTUN -4 3V /// BOTTOM -4 SV A L]
2 AT % o —
£ 10! S g-
I A7 A
~ A7 A Vil 4=
e T r— - A 1"
I3 P/ AP c Y7 ———
s [T o £ T =
a - ,n‘-
o | Z A4 —T1 O G —
e 2 - - / e
s o1 § A%
[t 7 —
e —=4.5VT| (@) / 4.5V
a 4 T 3 T
+ L 0 %/
109 " 100FL
20us PULSE WIDTH 20us PULSE WIDTH
Tg = 25°9¢C Te = 175°C
100 10! 100 104

-lp, Drain Current (amps)

-Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,

Te =25°C
%
e // //
10! s b/‘/
.
)
7
/17 1175%
Y A
//V
/7/ 168
Vos‘ = =50V
100 20us PULSE WIDTH
4 <] 6 7 8 9 10

-Vgs, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer. Characteristics

Rpsion). Drain-to-Source On Resistance

(Normalized)

-

n

-

-Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

Te = 150°C
.0
ID = -5.8A
25
0 / ‘
. L
L~
0 < !
///

5 1

VGS = =10V

0
~60-40-20 0 20 40 60 80 100 120 140 160 1

Ty, Junction Temperature (°C)

’

Fig 4. Normalized On-Resistance Vsi
Temperature :
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IRFD9120

TER

800 'IGS = QV, f = iMHZ
Ciss = Cgs * Cgg. Cgs SHORTED
Crss = Cqq
750
Coss = Cys *+ Cgg
—~ 600 >
{600
& [
©
I~
Q -
450 == Cigg
g Y
G 0 Coss
\\ \
150
'\\\ el
Crss>\
il S e
0
100 101

-Vps, Drain-to-Source Vollage (volts)

Fig 6. Typical Capacitance Vs. Drain-
to-Source Voltage \

e

é. 101 1/ 1/

(1]
S 175 C7 —
= 717
g 7 i 4
£ " ANIZ
a3 4
1=
©
a 10 .
o z 7 2s0¢
[ 7
o 7
2 VA -
@ / /
3 /

1 . Vs = OV
10 1.0 2.0 3.0 4.0 5.0

" -Vgp, Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

-Vgs, Gate-to-Source Voltage (volts)

-Ip, Drain Current (Amps})

20 Iy = -6.84 | l ]
VDS = =80V
. s - .ZLL\\)>
| 2/
12

N

H

FOR TEST CIRCUIT
SEE FIGURE 13

-Vps, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safe Operating Area

56

ki

0
0 4 8 12 16 2c
Qq, Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs. Gate-
to-Source Voltage
102 Ty =T
IITHII T errrny l I lllllu T
OPERATION IN THIS AREA LIMITED
s BY Apg (on)
2
10 £
17 2 - 100us.
S s > 1me
7 N
/
2 % ~~
’ j1Oms;
1
5 7
4
7/
NV Te=25°C
4 Ty=1759C
o1 SINGLE PULSE
‘012 5y 2 s 92 5 zz 8 g2



IGR IRFD9120
Rp
Vos > AN
190 D.U.T.
N )
0.8 \\" T Yoo
— ~N
8 N
1S \ Pulse Width < 1ps
A N Duty Factor 5 0.1%
= 0.6 < +
[
= Fig 10a. Switching Time Test Circuit
(6] s
£ 0.4 taony tr taom
« 8 Pty
5 \\ N N/
2 o | | |
\ | | |
| |
: 90%
e 50 75 100 125 150 175 Vos Y ¥ / _

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.

Fig 10b. Switching Time Waveforms

Case Temperature

103
F
i {l:
B 102 i
f\? wER Itj m 1
~ i 1
1 =
g = = B3 i
(= l pwes ,!
§ 10 B |
&’ o5 H o 1 i
—_ 1 L~ i | i
1] | T -— I
E 0,02 b1 ) "
E . B =TT LA -‘%l I '
" e i R
S Sl T s T T
0.1 //A ”[ “" ! ”””” ‘ 2. PEAK Ty=Ppy X Zypyc +Tg |
10-5 1074 1073 1072 0.1 1 10 102 103

t1, Rectangular Pulse Duration (seconds)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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IRFD9120

L 350 .
1
Vary tp 1o obtain Vos >—r—1g TP -.82
reauired peak I D.U.T. . . 300 N BOTTOM :é..g: ]
y 2 N
> _J Voo - E 250\
K & A
[eb]
b & 200 \
T 0.010 2 \\ N
* 2 150 \\
Fig 12a. Unclamped Inductive Test Circuit g TN N
£ 100 NN N :
IL ——— o —— U()I3 \\\ \\
\ / Lfl( 50 \\ ™~ \\
\ / ERNAON
Vos N 5 el o2V =N
. :
\ Voo . 25 50 75 100 125 150 475
= _ - Starting T, Junction Temperature (°C)
BVpss - Fig12c. Maximum Avalanche Energy

vS. Drain Current
Fig 12b. Unclamped Inductive Waveforms

— Current Regulator _

I— Same Type T [
| as D.U.T, E |
| 50K 19]
lav '[_‘=.2pF 1 I{:L ]
| T.3uF l
TN — — Ly
10V OuT. T’ os
Y
Vas ::t)
VG —3mA[U
1A
0 Charge — e s 'o
Current Sampling Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B: Package Outline Mechanical Drawing

Appendix D: Part Marking Information lnternational
zeR]Rectifier
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SCL40258B, SCL4078B

SCL4001B, SCL4002B S&

CMOS NOR GATES

SCL4001B - Quad 2-input NOR
SCL40028 — Dual 4-Input NOR
SCL.4025B — Triple 3-input NOR
SCL4078B — 8-input NOR

FEATURES

4 Buffered Outputs

4 Diode Protection on all Inputs

4 Fully “B~ - Series Compatible

¢ Balanced Output Drive Current Specifications

Inputs ' Output
00...0 1
All other combinations . 0

FUNCT!ON DIAGRAMS

SCL4001B

1A1 3. 1A
2 1Y 18
18 1Y

3A ' T2a

D‘—o 3y 05} U3
38 oy
aal 114y e ‘
48l 20

SCL4002B

-

NN

@ »

ib

[N}

~<

N9 .1
oo
5o ju [» o |V

vy =K7B Y=A+BFC+0
SCL4025B SCL4078B
1A A2
1c8 g
13

2A3 9 Y

4 6 E
28 2Y g 10
2c2 6.1l

11 H 12

3A
33‘®-‘—° 3y
3C1 3

Y-ATBETE Vpp = Pin 14

Vgg =Pin7
for All Devices

Y = A+B+C+D+E+F+G+H

CONNECTION DIAGRAMS
(all packages)

Vpp 4B 4A 4Y 3Y 38 3A

| | | | | )| 1

14 13 12 11 10 8 8
SCL4001B

1 2 3 4 5 6 17

1 i 1
1A 18 1Y 2Y 2A 28 Vgg

Vpp 2Y 2D 2C 2B 2A NC

= ] ) I 1 ]

14 13 122 11 10 9 8
SCL4002B

1 2 3 4 5 6 17

1 [ 1 | !

1Y 1A 1B 1C 1D NC Vgg

—_—

Vpp 3C 38 3A 3Y 1Y 1C

— N M | ] l
14 13 12 11 10 9 8
SCL40258
1 2 3 4 5 6 1
I 1 e | 1 | |
1A 18 2A 2B 2C 2Y Vgg

Vopp Y H G F E NC

1 1 I 11 | !
14 13 12 11 10 9 8
SCL40788B
1 2 3 4 5 & 7
! 1 I | | | i

NC A B C D NC vgg

Add suffix for package:

C  14-pin Cerdip
D 14-pin Ceramic
E  14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VDO - Vss 31015 Vdc

Operating Temperature  Tp
C, D, F, H Device
E Device

-55t0 +125 ©°C
40 to+85 ©°C



SCL4001B, SCLAD02B, SCLA4025B, SCL40788

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS *-?

2 ® 2
PARAMETER Voo | conprmions | Ttow EC TuigH” | yniny
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lod
CURRENT 5 |[Vin*VssorVpo | — | 0.05| ~ {00008 0.05| - | 1.5 |pade
10 { Al valid input - 01| - looot] 00| - ! 30
15 {combinations - | 020 - |0.002}| 0.20| - 6.0

NOTES: ! Remaining Static Electrical Characteristics are listed under "SCL4000B Series Family-Specifications”,
Tiow = =55°C for C, D, F, H device,
= ~40°C for E device. -3
Trign = *125°C foc C, D, F, H device.
=+ B5°C for E device. .
3 These devices have been designed for balanced output drive current specifications. Consult Famify Specifications.

DYNAMIC CHARACTERISTICS (C_ = 50pF, T, = 25°C)

PARAMETER (‘\’/gg’ Min. Typ. Max. Units
PROPAGATION DELAY TIME L oL
5 N 125 250 ns
10 = 60 120
15 - 45 30
OUTPUT TRANSITION TIME TrLme e
3 5 - 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vdc) " : L —
20 -18 -16 -14 -12 -1Io ? ? 4 J2h0m 0/ 36 Vo, = 16 Vi
Ves==5 Vie T— -5 - E 40
1 i A -10 z : 35 ]
R /A 15 b= E 30 /
Vg ==10 Voc 7 52 &
== , 20 = St Ves = 10 Ve
Vi 25 2 © 20 -
; E 15 / <] l
30 g v T
f o 2 12 ‘AT v =5vec| A
Vos =15 Vee_} «0 3 = &7 °¢ T, =250
R S o
i T 1 *r,-zs'-c--ts < 0 2 4 6 8 10 12 14 16 18 20
. -50 ¥oe, ORAIN VOLTAGE. (Vec)
Typical P-Channel Typicai N-Channe!
Source Current Characteristics Sink Current Characteri?ics )
LOGIC DIAGRAMS” . SCHEMATIC DIAGRAM SCL4002B {1 of 2 gates)

M ; _ -
SCL40018 :D°—°[>—Dc~— ¥

SCL40028

HRIR =
WOZSB,M = :é l L’Ei

SCL4078B

54




S

CMOS QUAD

SULANTED S AND-OR SELECT GATE
FEATURES
¢ Replaces Three Simple Gate Packages CONNECTION DIAGRAM
4 Medium Speed Operation {ail packages)
¢ All Inputs Diode-Protected
¢ All Outputs Buffered ) Vpp Ag Ky Dg D3z Dz Dy K,
4 Balanced Output Drive Current Specifications l L1 L1 | il Il
16 15 14 13 12 11 10 g

DESCRIPTION SCL4019A

The SCL4019B is comprised of four “AND- 1 2 3 4 S 6 71 8
OR Select” gate configurations, each consisting of T 0T o ]
two 2-input AND gates driving a single 2-input B4 A3 B3 Ay By Ay By Vgs

OR gate. Selection is accomplished by control
bits Ky and Kp. in addition to selection of either
channel A or channel B information, the control

bits can be applied simultaneously to accomplish-

the logical A + B function.

TRUTH TABLE
{one of four gates)

Add suffix for package:

C  16-pin Cerdip
D 16-in Ceramic
E 16-pin Epoxy
F  16-pin Flat

H Chip

) Ka | Kb { D RECOMMENDED OPERATING CONDITIONS
0 0 0 " For maximum reliability: .
1 0 A DC Supply Voltage Vppb - Vss 31015 Vdc
0 1 B Operating Temperature Ta
1 1 A+B C, D, F, H Device -55 to +125 ©C
E Device 4010 +85 ©C
SCHEMATIC DIAGRAM .
{one of four gates) LOGIC DIAGRAM
Voo
A IQ..
(=2 Ae
X, sJ [ 1 : hu
= . I' 7 -
1 ot r—t R
' = — -
l"
T ( “"
h=a: il
. — = o
| i #
i ‘|-— ]‘-—— _] v '
1 1 " — - D
—C vy
— — . .
R = i .
o t — I3
_ = = %

92




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS !-2

SCL40198B

2 o
PARAMETER Voo | conpiTions | TLOw *5C TwigH® | Ynies
{Vde) Min. | Max. | Min. [ Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo .
CURRENT 5 [Vin=VgsorVpp| — | 10| - looos| 10 | - 30 | pAde
10 |All valid input - 2.0 - {0:01 2.0 - 60
15 |combinations — | 40} - {002 | 4.0 - | i20

NOTES: ' Remaining Static Electrical Characteristics are fisted
TLow =-55°C for C,.D, F, H device.

=~40°C for E device.
Trigu = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consuit Family Specifications.

DYNAMIC CHARACTERISTICS (Cy =50pF, T, =25°C)

under “SCL4000B Series Family Specifications”.

A\l

*Shift ieft/shift right’’ register.

Q3

VDD . .
PARAMETER (vae) Min. Tye. Max. Units
PROPAGATION DELAY TIME e, thrar
From Any lnput 5 - 150 300 ns
10 - 60 120 ’
15 - 50 100
OUTPUT TRANSITION TIME frims trHe g - 100 200 ns
10 - 50 100
- 15 — 40 80
Voo DRAIN VOLTAGE (Vds) . . 50 —
20 -18 16 -14 12 10 8 6 4 -2 0 A
TeTo=vT g 4 Vog = 15 Vée
Yos =~ 5 Voc —— S =~ E Y P
P | a0 F : 35 / >
! ZA 1 8 £
Vea=>18 Ve VAR IS g :
vt L 2. = 5.2 7 T [ Ves=10v&
Va 25 € e 20 -
2 . s
3 30 2 § 15
a5 3 21
;, Vs =—15 Ve 40 ’i =S 544 v.,l-sjm r‘l.zsl-c-
AN T=2C4{45 2 0 2 4 6 8 10 12 14 16 1§ 20
- .50 Vou. DRAIN VOLTAGE (Vdc)
Typical P-Channel _ Typical N-Channel
Source Current Characteristics Sink Current Characteristics
erT o Pary
mont r;‘ 4 o | LeFT wemyr
5 .
";I"FT : : SMPFT
LerT. ! ! aiGHY
SELECT 1 1
1 1
scraoros_J._L_J._f_Y_ 1 Y._. J
sv——— L
QLock r r B
' - I
a ! | ! rionT
wrer | ! . [ Sakiad
LEFT : ! !
ITPUT .
*SCLA0138

“Trua/complement’’ salector.



SCL4020AB

CMOS
14-STAGE BINARY COUNTER

FEATURES

14 Fully Static Stages

Buffered Outputs Available from 12 Stages
. Common Resst Line

8MHz Counting Rate @ 10Vdce

All tnputs Buffered

L X X X X 4

DESCRIPTION

The SCL4020AB consists of 14 ripple-carry
binary counter stages with appropriate -input buf-
fers and reset circuitry. Buffered outputs are ex-
ternally available from stages 1, and 4 through 14.
The counter is reset to its “ail zeroes'' state by a
high level on the Reset input. The counter is ad-
vanced one count on the negative-going transition
of each input pulse. lsolation from externa!l noise
- and the effects.of loading is provided by output
buffering.

Appiications include time delay circuits,
counter controls, and frequency-dividing circuits.

{al! packages)

CONNECTION DIAGRAM

Vpp @11 Q10 Q8 Q8 R CL Qa1
| - | 1 L ] !
16 15 14 13 12 11 10 9

_ SCL4020AB
1 "2 3 4 5 6 1 8

1 I I

- Add suffix tor package:

C 16-pin Cerdip
D  16-pin Ceramic
E  16-pin Epoxy.
F  16-pin Flat

H Chip

|

]

Q12 Q13 Q14 Q6 Q5 Q7 Q4 Vsg

For maximum reliability:

RECOMMENDED OPERATING CONDITIONS

Vde

DC Supply Voltage Vpp-Vss 31015
TRUTH TABLE Operating Temperature TA
C, D, F,'H Device 55 t0+125 9C
cLOCK RESET OUTPUT STATE E Device 4010 +85 ©OC
— -0 No Change S
: ’ . Ad t
—3l\ 0 vansg:“o next . )
X ) 1 . All Qutputs are low
X = Don‘t Care "
Qr o8 0% O On O -—.; “ Toe .
(00 r" L] 2 3 N
1 : \
K}
P -THAL P '1&' - he
» @ & 3
-n:v'—?—-—D-——% 1 i

Q4



SCL.4020AB
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS!

2 o
PARAMETER Voo | conpiTions | Ttow BC Tign” | i
(Vde) Min. | Max. { Min. | Typ. | Max, | Min. | Max.
QUIESCENT DEVICE CURRENTIgp | 5 {Vin=VesorVpo| - 5 - loos}) 5| = | 150 |pAde.
10 jAl valid input - {10 - | o0a 10 - | 300
15 |combinations - 15 - 0.2 20 - 600
OUTPUT HIGH {SOURCE) o
CURRENT
C.D. F, H device 5 Vou = 4.6V -0.15| = |-0.12 |-05 - |[-008| — ImAdc
10 |[Vou = 9.5V -037| - |03 (115 - {-021] - .
15 |Vou =135V |-125| - |-1.0 |5 - {089 | -~
© Vin=Vgs or Vo . ="
E device 5 Vow =4.6V -0.14| - 012 |-05 — [-0.10| - |mAdc
10 {Vou = 9.5V ©035| - |03 |-115] — [-025| -
15 Vou =135V {-1.2 | = |-1.0 |45 - |-0.85 | -
Vin=Vss of Voo
OUTPUT LOW (SINK) lot,
CURRENT :
C.D, F, H device 5 Vo =04V 015| - Joi12]o0s - 008 ~ jmAdc
10 |[VoL = 0.5V 037 - {03 |10 - lo2t} =
15 VoL = 1.5V 125| - }10 |58 ~ {069 -
Vin*Vgs of Vpo -
Edevice 5 VoL = 0.4V 014 - {01205 - {010 - |mAde
10 [Vo, = 0.5V 035| ~ {03 |10 - j025] -

15 Vg, = 1.5V 1.2 - 110 |58 - | 0.85 -
Vin=Vss Of Voo .

NOTES: Remumng Smlc Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
2 Tiow™ -55 Cfor C, D, F, H device.
=.40° C for E device:
Trigw =+125°C for C, D, F, Hdmce
=+ 85°Cfor E dewce

DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C) .

PARAMETER (‘\//35) : l Min.. l Typ. I Mex. l Units.
CLOCKED OPERATION
PROPAGATION DELAY TIME L
Clock to Q1 tpL . tPML 5 - | 200 400° ns
10 - 100 200
15 - 80 160
Q;10Q; +1 teLm. tPHL 5 - 150 30 ns
-2 : . 10 £ 75 150
15 - 50 120
OUTPUT TRANSITION TIME trim, trme 5 A 180 360 ns
10 - 90 180
15 o 65 130
MINIMUM CLOCK PULSE WIDTH T PWer 5 - 100 200 ns
10 - 50 100
. 15 - 40 80
MAXIMUM CLOCK FREQUENCY oL 5 20 4.0 - MHz
: 10 40 8 -
15 5 10° -
MAXIMUM CLOCK RISE AND FALL TIME bttt 5 15 - - us
10 15 - -
15 5 - -
| RESET OPERATION
PROPAGATION DELAY TIME tort 5 - 300 600 ns
10 - 150 300
15 - 120 240
MINIMUM RESET PULSE WIDTH PWa 5 - 150 300 ns
10 - 75 150
15 - 50 120
RESET REMOVAL TiME trern 5 - 250 500 ns
10 - 125 250
15 - 100 200
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SCL4046B
SCL4446B

CMOS PHASE-LOCKED LOOPS

FEATURES

4 Very low power conéumption — 70 pW (typ}
@ fo = 10kHz, 5Vde

4 Operating frequency range {no offsat) —
Up to 3MHz (typ) @ 10Vdc {SCL4046B)
Up-to 4MHz (typ) @ 10Vdc (SCL4446B)

¢ Low frequency drift = 0.04%/°C.({typ) @ 10Vde
4 Choice-of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled. memory network with
phase-pulse output for lock indication
4 VCO Inhibit control for ON-OFF keying and
uitra-low standby power consumption
¢ High VCO linearity 1% (typ)
-4 Source-follower output of VCO control input
(Demodulator Output) :
4. Zener Diode to assist Supply Regulation
L 4

Balanced Output Drive Current Specifications

.

_APPLICATIONS

¢ FM:demodulator and modulator
Frequency synthasis and multiplication
Frequency-discriminator
Data synchronization
Voitage-to-frequency conversion
Tone decoding.

¢ FSK-Modems

4 Signal conditioning -

PR 2

DESCRIPTION

The SCL4046B and SCL44468B phase-locked
- loops contain- two phase: comparators, a voitage-
controlled -oscillator (VCOY, source’ follower, and
zener diode. The comparators have .two. common
- [dnputsy=Ther Signak:input- cam be-used: directly
coupled td: large: voltage signals, or indirectly
coupled (with a. series. capacitor) to small voltage
signals.. The self-bias cireuit adjusts small voltage
signals-in the linear region of the amplifier. Phase
comparator I {anm-exclusive-OR gate) provides a
_digital error.signal PCIoyy, and maintains 99°_ phase
shift at.the center frequency between Signal- and
‘Comparatorinputs (bottr at 50% duty.cycle} Phase
comparator IT (with leadingedge sensing'logic) pro-
vides digital error signals PCILoy ¢ and Phase Puises,
and- maintains a 0°_phase shift between input
signals (duty cycle is immaterial). The linear VCO
produces an output signal VCO gy whose frequency
is determined by tha~voltage of input VCO;, and
the capacitor and- resistors connected to pins C1 4,
C1g, R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCO;p signal is needed but no-loading can be
tolerated. The inhibitinput inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
to assist i powaer supply reguiation.

CONNECTION DIAGRAM

{all packages)
ZENER DEMOD OUT
. SIG P vCo
Vpp . IN OUT gy Ry~ IN
1 | 1 | 1

1615 14 13 12 11 10 9
SCL40468 .SCL444§B~ '

1 2 3 4 &5 6 7 8

| Lo ]
'PCI VCO INH C1 C1 vgg
~ oUT | ouT (A) (8)
. PHASE -COMP

PULSES ~ IN

. ‘Add' suffix for pack'ago:

C  16-pin Cerdip

D 16-pin Ce.ramic
E  16-pin Epoxy

F  16-pin Flat -
H Chip

_RECOMMENDED OPERATING CONDITIONS

; For-maximum\reliability: .
DC Supply Voltage: “Vpp=Vgs 3Ito15 Vdc °”

Operating Temperature ~ Ta
C, O, F, H Device
E Device

-

DRI L P oy T S N,

BLOCK DIAGRAM

5510 +125 OC
4010 +85 OC

[PMASE PULSES

VEO

mem!
vs @ @mo:n . v;

Fig. 1" -

wad T

B L R



SCL40468, SCL44468

VCO SECTION

The VCO requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and
R2). Resistor R1 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'%Q) 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 the 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, 2 load
resistor [Rg) of 50k§2 or more should be connected
from this terminal 10 Vgg. If unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers t0 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 {terminal 14}
can be direct-coupled provided the signal swing is
within CMOS logic fevels [ logic “0"< 30% (Vpp .
Vgg), fogic “1” 2 70% (Vpp-Vsg!]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input.

Phase comparator I is an exclusive-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 ‘to 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 (f,).

The frequency range of input signals 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.aver 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 J enables a PLL system to remain
in lock in.spite of high amounts of noise in the-in-
put signal.

One characreristic 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° 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 [
in locked condition is shown in Figure 3.

’

AVERAGE OUTPUT
. JVOLTAGE

Voo

Voo/2

i1 1
0 90° BO*
" SIGNAL-TO- COMPARATOR - °
INPUTS PHASE DIFFERENCE

“AVERAGE OUTPUT VOLTAGE —V

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

. -

PHASE COMPARATOR I

input State ~

x X

Sig Comp
In In

PCIOu

t

SIGNAL INPUT {TERM. 14) I I l I
VCO OUTPUT (TERM 4 V= [——] l—_
COMPARATOR INPUT

{TERM 3)

prase cowparator I [T LT

OUTPUT {TERM. 2) p—)
00

VCO INPUT (TERM. 9)¢ SN

LOW=-PASS FILTER
OUTPUT —Vss

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

Input State tt ! ;
! 1
& ® @
G | QO W DN ®
woerl O © >
| 1
* PCITOut ' L} oumulal:::;:nocnc i !
Phase Pulses 0 ! °

r] b l—

SIGNAL INPUT [TERM. 14) " J—l

VCO OUTPUT {TERM 4)»
COMPARATOR INPUT
(TERM 3}

"PHASE COMPARATOR n'
OUTPUT (TERM.I3)

B e S P

-
alx | L 1y I

VCO INPUT (TERM. 9}»
LOW~PASS FILTER
oUTPUT

PHASE  PULSE {TERM. I)

-Vss
—_— 0D
b -Vss.
@ 'y Voo .
i) e

NOTE: DASHED LINE 1S AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase combarator II in locked conditiqm

Phase-comparator II is an edge-controlled digita!
memory network. it 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 system
utilizing this type of comparstor. 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 1o 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

150
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drivers remain OFF. Thus, the phase- comparator
output becomes an open circuit and holds the vojt-’
age on the capacitor of the low=pass filter constant:
Moreover, the signal at the “phase pulses” 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 II. Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator II in a
iocked condition.



This information is a guide for approximating
of external
SCL4046B and SCL.4446B in a Phase-Locked Loop
system. The selected external components must be

values

DESIGN INFORMATION

R1,R2 22k, Rg = 10k§2

C1215pF

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

components for the

SCL40468, SCL4446B

within the following ranges: tions.
USING PHASE COMPARATOR I USING PHASE COMPARATOR TT
CRANACTERISTICS vco wn;oout; OFFSET VCO WITK OFFSET veo m;nou: OFFSET VCO WITH OFFSET
2" 2°
. 10 .
e =
4 - t

:.,,_4:12 v

1

VCO Frequency 1
——
¥5p? YoD Yo'z Voo Yop/2 Voo wo’? Yoo

vCO INPUT vOLTAGE YCO INPUT VOLTAGE YCO INPUT VOLTAGE vCO 1ePUT VOLTAGE

For No Signal input

VCO in PLL system will aciust to center freqaency, i,

YCO in PLL system wilt adjust
10 lowest operating frequency, {min

Frequency Lock Range,2f

2 21 * tmax—tmin

21 = full VCO frequency rsnge

Frequency Capture

in a3 ot

Phase Angie between
Signal snd Comparator

Aange, 2ic O-'WTO
’
TIem3C2 =RC2 21c =L [0 .
I W ~
Loop Filter e~ f{_.
Component Val N, our
Sglectiop |
Ra
For 21¢,see Ref. - %
c2 N
90° at conter itg!, g C° sna

180° a1 ends of lock renge (21 )

Always 02 in iock

Tmax fo*fL
& ——

fmin  fo—fL
frax

- Use 1 with
min

: Fig.5¢ 10 determine
ratio R2/R1 to obtain
(230

Locks on Harmonics of 3
Center Freauency.. -. .. \\ Yo - No
Signal Input Noise W, -
Rejection High i - Low
= Given: §g — Given: 1_"and f{_ — Given: fray 1 — Given: fyin & Iy
~ Use [, with Fig.Se 10 — Calculate fm,, from — Calculate {4 trom = Uss iy with Fig.5b
determine R1 and C1 the squation the equation to determine R2andC1
- fonin ® fo ~ T 1 o imax frnex
- Use tmin withFig. 5b ° 2 - = Calcuiste T
to.determine R2end Cl|  _ g 1o with Fig.5s 10 '
fmax Getermine R1 and C1. — Use 22X itk Fi
vCo “— Caiculste Tt Use Tervie, withr Fig.5¢
Component from the equation to derermine
Selection ratio R2/R1 10

obtain R1

REF. G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
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ELECTRICAL CHARACTERISTICS "*

2 o 2
PARAMETER Voo.| CONDITIONS |TLow B¢ THIGH” | Units
(Vde) Min. | Max.| Min. | Typ. | Max. [ Min. | Max,
QUIESCENT DEVICE loo
CURRENT 5 |Inhibit = Vpp - 5 - 1 0.05 5 - 150 |uAdc
10 {Signal Input = - 10 - {00 10 - |-300
15 Voo - 20 - 102 20 - | 600
TOTAL POWERDISSIPATION [Py Inh = Vgg,
V€O, =_00 “
1, = 10k Hz!
5 | C.=15pF . - — {007 - - - | mw
10 R1 = 1MQ, = - - 0.6 - - -
15 | R2=Bs=e | _ | _ | _ 24 | - | - | -
NOTES: '-Remamlng S.tauc Electrical Characteristics are listed under “SCL40008B Series Family Specifications”.
2 Tiow =-55°C for C, D, F, H device.
» —40° C for £ devace
Trigw = +125°C for C, D, F, H device.
=+ B85°C for £ device.
2 VvCO output {pin 4) and Phase Comparator Outputs {pins 2 and 13) have been designed for
balanced output drive current specifications. Consult Family Specifications.
25°c 7
PARAMETER CONDITIONS Voo - UNIT
) Min. Typ. Max.
VCO SECTION -
MAXIMUM OPERATING| frmax
FREQUENCY -
SCL40468 R1 C1 .
E R2 =< 10k 50pF | & 0.5 0.8 - | ‘MHz
ke VCO"‘ = Voo 10 1.0 1.5 - i
: 15 1.3 1.9
5k 50pF| & 0.6 1.0 —. | MHz
s - ©10 ‘1.4 2.1 - - e
. 15. 1.8 2.7 -
Eat s g ey " |2k B0pF| - "5~ - 1.3 7 HfT =TT MHz -
10- L 2.9 -
- 15 — 3.8 -
" SCL44468 R2 =0 R1 C1
VCOn *Vgp | 10k 50pF 5 0.7 1.0 - MHz
10 1.3 2.0 -
. 15 1.9 2.8 —
5k 50pF 5 0.9 1.3 - MHz
10 1.9 + 29 -
-15 2.6 3.9 - -
2k 50pF 5 - 1.8 - MHz
10 - 3.9 -
15 - 5.4 -
LINEARITY R2=o0 R
- - VCOin = 2.5£0.3V, 5 - 1 - %
R12>10kQ
VCOy = 5.0£2.5V, 10 - 1 -
R12400k2 . "
VCOyn = 7.525.0V, 15 - 1 -
R121MQ
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ELECTRICAL CHARACTERISTICS (Continued)

~

. SCLAD46B, SCLAAA6E

_+25°C
PARAMETER CONDITIONS Vpo vy Tye. T Mo UNIT
VCO SECTION (Continued)
TEMPERATURE.
FREQUENCY v .
STABILITY :
No Offset R2=o= 5 - 0.12-0.24 - %°c
10 - 0.04-0.08 -
15 - 0.015-0.03 | —
With Offset R2< 10X R1 .5 - 0.06-0.12 - %/°¢C
10 - 0.05-0.1 -
15 - 0.03-0.06 -
INPUT RESISTANCE Rin ° \
V€O, ) 5,10, 15 - 10¢ - MQ
| OUTPUT DUTY All valid input combin-
CYC'.E ations and voltages — 50 — %
OUTPUT TRANSITION f_ ¢
TIME TLHTTHY 6 = S0pF 5 & 100 200 | ns.
10 )3 50 100
15 = 40 80
PHASE COMPARATORS -
‘INPUTRESISTANCE : N
Signal Input | Ry 5 1 3 - MO
10 0.2 0.7 -
15 0.1 0.3 -~
Comparator Rin 5,10,15 | — 10° - MQ
Input. . \ -
AC-COUPLED INPUT |V, -
SENSITIVITY, . IS % - :
* Signal Input 5 - 200 400 mV.,
100 — |- 400 800
--15 = 700 1400
OUTPUT TRANSITION ;
TIME b f
PCI, PCT trim, trie 5 - 100 200 | ns
Outputs ( Ci = 50pF -’10 Vo 50 100 |.
15 2 40 80
Phase Pulses  fepip,triy| 5 - 130 260 ns
Output 10 - 65 130.
15 — 50° 100
DEMODULATOR OUTPUT . = :
OFFSET VOLTAGE  |VCOp- i
Vpewm | Re>»50kQ 5 - 14 22 | Vde
10 - 1.6 22
15 - 1.8 2.2
LINEARITY Rg>50k O
VCOy =2.5$0.3V 5 - 0.1 - %
VCOy = 5.0£2.5V 10 - 0.6 -
VCOy = 7.55.0V 15 - 0.8 -
ZENER DIODE o "
ZENER VOLTAGE 2 1z = 50uA - 6.3 7.0 77 v
DYNAMIC Rz Iz = 1mA - - 100 - Q
RESISTANCE
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NOTE: To obtain approximate total
power dissipation of PLL system

, for no-signal input
Pp (Totall = Py () + Pp lfyn) +Pp (R}
— Phase Comparator |

PD {Totat) = PD (fMIN)
— Phase Comparator 11
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SCL40668

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Transmission or Multiplexing of Analog or
Digital Signals .
80§2 Typical ON-Resistance for 15-Volt oper-
ation
Switch ON-Resistance Matched to within 552
over 15-Volt Signal-Input Range .
ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
High Degree of Linearity:
£0.5% Distortjon (typ) @ fis = TkHz,
Vis =5Vq p, Vpp-Vss 210V, R = 10k§2
¢ Extremely Low OFF switch Leakage Resulting
n very Low Offset Current and High Effactive
OFF Resistance:
10pA ltyp) @ Vpp-Vgs= 10V, Tpo=25°C
4 Extremely High Control Input Impedance (Con-
trol Circuit Isolated from Signal Circuit):
10128 (typ) -
4 Low Crosstalk between Switches:
-50dB (typ) @ fig= 0.9MHz, R| = 1k§2
4 ‘Matched Control-Input to Signal-Output Capac-
itance Reduces Qutput Signal Transients_
4 Frequency Response, Switch ON = 40MHz (typ)

> & > o

DESCRIPTION

The SCL4066B is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signals. It is pin-for-pin compatible
with the SCL40168, but exhibits a8 much lower
ON-resistance.. In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCL4066 consists of four independent bilat-
eral switches. A single control signal is required per
switch. Both the P and the N device in a-given
switch are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
N-channel device on-each switch is either tied to
the input when the switch is ON or to Vgg when
the switch is OFF. This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM {one of four switches)

NOAMAL OPERATION
CONTROL-LINE_ BIASING.
SWITOM DW= vpp
SwITOH OFF, v 0" swyg

CONTROL
Yo

SIGMAL-LEVEL RANGE:
Vg5 S Vis ZVpo

479

CONNECTION DIAGRAM
{all packages)

Switch
A Switch D Switech C
R T N e
Vpp € C IN OUT OUT IN |
1 I 1! | § |
14 13 12 11 10 9 8
' sCL40668
1 2 3 4 5

6 7
1 l 1 T [
IN OUTOUT IN C C Vsgs
s eat r” ap

Switch A Switch B Sw&tch

Add'suffix for package:
C 14-pin Cerdip F  14-pin Flat
D  14-pin Ceramic H Chip
~ E  14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vss 31015 Vdc

Operating Temperature Ta
C, D, F, H Device -65 10 +1256 ©C
E Device i 4010 +85 ©C

voltage with input-signal, and.thus keeps the ON-
resistance low over the full operating range.

The advantages over single-channel switches in-
clude peak input-signal voltage swings equal to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range. For sample-and-
hold applications, however, the SCL4016 is
recommended.

‘LOGIC DIAGRAM
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STATIC CHARACTERISTICS '*

ELECTRICAL CHARACTERISTICS

SCLA40668B

v V Teow® 25°C TrigH’ )
PARAMETER CONDITIONS | (v5e) (vae) Low 1 __RISH | ynizs
c el Min, | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT loo |Vin=Vss of Vpp 0 s | — | 008 - loooos] 005 — | 15| uAdec
All valid input 0 10 - 0.1 - 0001 01 - 3.0
combinations 1} 15 - 0.2 - 10002} 0.2 - 6.0
MINTMUM INPUT HIGH Vin
VOLTAGE Vis = Vss 0 51 - | 40| - j275 | 40| - | 40| vdc
{Control input) Vos= Voo 0 0| - 80| ~ 155 go| ~ | 8o
’ los =10uA o | 15| - |120]| - [825 120} - | 120
MAXIMUM INPUT LOW Vie :
VOLTAGE Vis = Vss 0 5 10| - 10]225 ) ~ | 10| - | Vde
{Contro! Input) Vos* Voo oj1w|20| - | 20|45 - | 20| -
los = 10uA o| 11130 -]30j67s| - | 30} -
SWITCH INPUT/QUTPUT TS
LEAKAGE Ve =Vss 75 | +.5] = |+w00| - |2001]2100| - |2200{nAdc
| | Vig=£7.5Vde
ON-RESISTANCE Ron
C.D.F,H device Ve = Voo TS5 | o0 - | so| 280| - | 3200 @
Ves< V5% Voo 0 | +15. .
R = 10k
S | b _ | 30] - | 120] a00| - | ss0] @
0 |+i0
25 14285| _ loga] - | 270 | 2500} - | 3500} @
0 |45
E device Ron | Vc Voo 7.5 [ 475 _ 250 - goi 280| - | 300
Vss&Vis<Vpp 0. | +15
Ry s10kQ 5 45
Pl 33| - | 120| 400} - | 520 Q
) -g.s :"5’5 - (2100{ - .| =270|2300| - | 3200 @
ON-RESISTANCE MATCH ARow
{Same-package! Ve =Vpo 7.5 | 475} _ ~ . _ | a-
3 Ves& Vi€ Voo 0 | +15 )
R =10kQ
=g | - 1= - 10 - - Q.
o | +10
: 25 {+25| _ | .| _ S I _ q
0 |45

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”
TLow = -55°C for'C, D, F, H device.

= -40°C for E device.

Twign = +125°C for C, D, F, H devics.

=+ B5°C for E device. .

3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.
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SCLA4066B

ELECTRICAL CHA RAdTE RISTICS (Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)

Vss | Voo , ,
R PARAMETER CONDITIONS {vde) | (vde) Min Typ. Max. ) Units
SIGNAL INPUTS (V) AND OUTPUTS {Vos)
PROPAGATION DELAY TIME |ty |V =Vop
tee | Vie=Square 0 5 - 20 40 ns
Signal input to Signal Qutput Wave 0 10 - 10 20
R, = 10k 0 15 - 7.5 15
BANDWIDTH (<308} BW [Ve=Vpo RL i
(Sine Wave) V=5Vpp| 1kQ -5 +5 - 54 - MHz
R centered | 10k} - 40 -
’ © 0.0Vddi00kD - 38~ -
1MQ - 37 -
INSERTION LOSS
(=20 logso ot
o910y ) Ve=Vpo R
_ VesSVool 1kQ| -5 +5 - 23 - dB
centered | 10k} - 0.2 -
©0.0Vde[l 00k a - 0.1 -
1ML —_ 0.05 —
SIGNAL DISTORTION , [
{Sine Wave) Ve=Vpo -5 +5 - 0.16 - %
'’ _Vh'SV”
' centered
@ 0.0Vde
I f;=1.0kHz
Ry = 10kQ
FEEDTHROUGH (-50dB) Ve=Vgs Ry :
A Vam5Vo,| 1kQ -5 +5 - 1250 L= kHz
centered | 10k2 ~ - 140 . -
@0.0Vde 100k |. - 18 -
1MQ & 2 -
CROSSTALK (-50d8} Ve(A)=Vgp -5 +5 - - 0.9- - - . MHz2-
Between two switches Ve(B)=Vgg -
Vi lA)=5V,,
centered -
@0.0Vde
Ry = 10k
CAPACITANCE a’
Input Cy = -8 - .~ pF
Output Cos |Ve = Ves -5 +5 - 8 - pF
Feedthrough Cios - 0.5 - pF
CONTROL INPUT (V¢) .
PROPAGATION DELAY TIME | tp¢ V$<V;<VDD 0 5 - 50 100 ns
Turn on Ry =10k 0 10 - 25 50
0 15 — 20 40
MAXIMUM INPUT fe Vgs<Voa<Vppo 0 5 - 5 - MHz
FREQUENCY Ry =1.0kQ o 10 - 10 -
2 0 15 — 12 —
CROSSTALK .
{To signal port) Vc=Square Wave 0 S - 30 - mV
- [Ry = 10kQ 0 10 - 50 -
Rin = 1.0k 0 15 - 100 -
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SCL4066B

33 E[SUPPLY VOLTAGE: vppe 3V [=LOAU
R 3% AUDIENT TEMPERATURE py > Vee * _’9‘9 E‘.‘:L'_'.'?o xQ,10K8
3 (Tare28°c L T a— ” ss L B
& 300 - teisiiaay Y 5 AMBIENT TEMPERATURE [Ty1+25°C d
i < re iy 184 SUPPLY VOLTAGE g e 2
3 e S ssce il A AL L e 2
£ I : 7T $ e S
- et IS abd ol g i 132825221 z s
¢ . T3 Jaasunt 1 X 1 1 i 4; w e
H T — T IS g R
2 pacTaas: 7 T gl 2 e = Vevoo . Y
e b > = o—
« seuveadgsuinidppoeniss sune inad Rawd » 2 s Vie Voo
- ity —— LIy amusands g toF a .
2 Tt Tt @ SWITCHES N
¥ swe — * dner—adid Vi 4 - - L
R s e T ‘2 g
z e e e e e B T 2 vas
——t <. AN REAS ¢ - g
e T It PN S5 R O R W 08 oot ALL UNUSED TEAMINALS
Tt T IS 1 Inseuni - . ARE COMNECTED TO Vss. M
e - 2 ° + ST S =2 ) F 0 0 p
BIGNAL VOLTAGE tv;,) = VOLTS INPUT SIGNAL VOLTAGE {V,y) — VOLTS :
Typical channel ON resistance vs. signal voltage for’ Typical ON characteristics for 1 of 4 channels.

three values of supply voltage (Vpp-Vgg)

SUPPLY VOLTS: V00" +3,vss* =5 [ R £ VOLTMETER T v
INPUT SIGHAL VOLTS {Vigle 8 Vip A T AT R A [
SINE WAVELLTT RuS) ) ! om gouv . INPUT SIGNAL VOLTS (Vi 4}<S Vpop SIME WAVE (LT RMS)
|coMTROL VOLTS tweiess s i ! 3 30 LOAD CAPACITANCE (CLI*CEIXTURE "CMETER-
o LDAD CAPCITANGE = (Cr o+ CareTER) 5 1 Vos Z FIXTURE AND METER MULLED OUT
£2 O-'—] H ] 7 [
W (L] g p
3 3
Ve*¥oo g b E
Y " o E
| RN ! {1 b1 3 ~ p
) . 3 L 1 -
F [ Loao mesisTance R}« iua T T { % o] 3
: "NEe : 5
33 o | I S < A
x>
g~ woan N - 4
: ne 2 /
=5 & 5
H 2 3~ S
= k . & / A
32 r & Y V
1ot : o L 1 IW .
. % ! 0 00 ottt R © oz & 003 o4
WPUT SIGHAL FAEOQUENCY (1)) Muz WPUT SIGNAL FREQUENCY (1) khr
'

Typ. switch frequency response - switch “ON” Typ. feedthru vs. freq. — switch “OFF” -
SUPPLY VOLTS:VppeeS; ¥gg -5 T T 1
INPUT SIGNAL VOLTS (Vig)® 5 Vpup SINE WAVE (177 RuS)
"2 30} FIXTURE ANO METER MALED OUT 338 . ,
z IR TR . i
YeVop y - Ve
5 a2s- 7
g &Y v _% ; o~ -~ -
g - wwers 20ns
i iy s14 £ .
v ey "(g ma ,9.
= <
52
1 ¥ Vss s0onTon RADO z
3 O wmovEL 91-Ca -
-3 N -—.“,- OR £0uUIV, / s
: Foe I a1 anil e YRR
i : -H/{/ i
of || [zorsmmmenes ||
o 1 o ©2 103 -
NPUT SIGNAL FREOUENCY U“)— L1
Typ. crosstalk between switch circuits in the same Test circuit, crosstalk-controf input to signal output

package
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SCL40668B

SPECIAL CONSIDERATIONS - SCL4066B

1. in applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/R (R = effective external
load of the 4 SCL4066B bilateral switches). This provisior: avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed
from SCL40668B.

2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 volt {calculated from Ry values shown),
No Vpp current will flow through R if the switch current flows into terminals 2,3,
9, or 10. Failure to observe this condition may result in distortion of the signal.

i

APPLICATIONS INFORMATION

al w37

») SPOT

@ orOT
<} OPST ’
Vogaz Visa v
Visa Voss %isa Yosa d Vasu . Vosaz
0—-@ 0—"!""'"0 Visa O——— Vosas O— °—?
) 32
T " "}”—8.
188
—~0'% Yise O 0
Ove i
- Basic Switch Functions using the SCL4066B
C4=0.001C;
——
i
r'ca
SELECT O v
C3=0.01C, - —
+—i} S TN
s ) ;® & 2. 0PEN LOOP GAIN
SELECT O~ . < ~
S C2=0.1C; & S
conTROL| = @ g o1 12 Jtes e L
stLect o— = § - \ \ \ ™~
A N
[ N
—~ \ k 1 i by
teq L (E 2. TUE s TR T
\ sELECT O~ \\\
FREQUENCY - M
AA
Ry Rz AL(VOLTAGE GAIN BELOW BNEAX FREQUENCY)
VIN O——AA——] - -{‘e,
O vour f¢ (BREAK FREGUENCY) = z.n:c,(
+ A {UNITY GAIN FREQUENCY) o
. =Acx

MAX ATTENUATION - “DSlen)

Active Low Pass Filter with Di:gitally Selected Break Frequency
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SCL4093B Preliminary

CMOS
QUAD SCHMITT TRIGGER

FEATURES

4 Schmitt Trigger Action on each Input with no
Externat Components

Quad 2-input NAND Configuration

Noise Immunity Greater than 50%

No Limit on Input Rise and Fall Times
Balanced Output Drive Current Specifications

L E X X 4

DESCRIPTION

The SCLA4093B consists of four Schmitt
trigger circuits.  Each circuit functions as a 2-
input NAND gate with Schmitt trigger action -on
both inputs. The gate switches at different points
for positive- and negative-going signais. The differ-
ence between the positive voltage (Vp) and the
negative voltage (V) is defined as the hysteresis
voltage (V). This device is useful in high-noise
environments and in wave and pulse shapers and

multivibrators.. N

LOGIC DIAGRAM

*
A QO
8 O* B I >— >0
Y=AB
* All inputs protected by

Standard Protection Network

204

CONNECTION DIAGRAM
{all packages)

Vpp 4A 4B 4Y 3Y 3A 3B

1 | 111 ]l

14 13 12 1 1 9 8
SCL4093B

1 2 3 4 5 6 17

l I { 1 i | ]
1A 18 1Y 2Y 2A 2B Vgg

Add suffix for package:

C 14-pin Cerdip
D  14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VDD - Vss
TA

DC Supply Voltage 3to15 Vde

Operating Temperature
C, D, F, H Device
E Device

-85 10 +125 ©C
401to +85 ©C

BLOCK DIAGRAM

1A —4= ~ I vpp
18_5% LI YN
1y 4 2 4g
2y — L 4
2A—’-L@ 10 3v
28 —* e 3A
vss_'n '—:jiB
Y - AB




STATIC CHARACTERISTICS *-?

SCL40338B (Preliminary)

ELECTRICAL CHARACTERISTICS

O 2
PARAMETER Voo | conpimions | Trow’ *5¢C THIGH | iy
(Vdc) Min. | Max. | Min. | Typ. { Max. | Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 |VinVssorVop | ~ 1005 | - 10.0005|0.05 | - |15 |uade
10 |All valid input - {1 0.10 - 10.001 | 0.10 - 3.0
15 |combinations -~ 10.20 — 10.002 |0.20 - | 6.0
POSITIVE TRIGGER Ve
THRESHOLD VOLTAGE MU 5 3 wyp 291typ 29typ  |Vde
10 5.9 typ 5.9 typ 5.9 typ
15 8.9 typ 8.9 typ 8.9 typ
NEGATIVE TRIGGER Vn .
THRESHOLD VOLTAGE (V] 5 2.6 typ 2.3typ 21typ  [Vde
10 4 typ 3.9 wyp 3.8 typ
15 5.5 typ 5.4 typ 5.3 typ

NOTES: !

* Tiow

3

Remaining Static Elec
= -55°C for C,

= —40°C for E device.
Frign = +125°C for C, D, F, H device.
=+ 85°C for £ device.

trical Characteristics are listed under
D, F, H device.

DYNAMIC CHARACTERISTICS (CL =50pF, T, =25°C)

“SCLA4000B Series Family Specifications”.

This device has been designed for balanced output drive current specifications. Consult Family Specifications.

Vop

PARAMETER WA Min “Typ: Max. Units
PROPAGATION DELAY TIME tPLm. oy 5 44 300 600 ns
10 = 150 300
15 — 120 240
OUTPUT TRANSITION TIME trime TreiL 5 - 100 | 200 ns
10 in 50 100
15 < 40 80
Vos. DRAIN VOLTAGE (Vdc) 50 ——
<20 -18 16 <14 12 .10 -8 6 4 -2 0 -
— g 45 Vee = 15 Vde
1 vm=-svnc____,// 5o~ -
t— 70 % g B vd
Vex =~ 10 Vdc 7 15 E E 30 k
0 = g2 Vee = 10 Vde
Z 25 & e}
2 3 25 b=
-30 =
35 g e 1w .
Ve mts v L2 '40—3: 2 s vml=5_!voc 1,1.251.1:
; T ] Ty=2C 45 2 0 2 ¢ 6 8 10 12 v 15 18 20
-50 Ve, DRAIN VOLTAGE (Vdc)

Typical P-Channel

Source Current Characteristics

205

Typical N-Channel
Sink Current Characteristics



SCLA0938 (Preliminary)

e (%111
oo 1 ouTPUT NPyt
- - - - - v CHARACTEMSTIC
[ ° LN -k T
T REGICN
| L v vwan— - .
A\ B
vy I T B e~
LOGK "0 LOGC D",
\ v outruT INPUT
REGION REGION
£ —vor meso
=0 gy ——
Vi tVp IMAR) Vo RV fMAR)
Fan® Vim LMY vg By, LMINT
Definition of Vp VN and VH. Transfer characteristic Input and output characteristics.
of 1 of 4 gates.
T I PUEAS o DUNRR e
AMBIEHT TEMPERATURE (T41:29°C e e : -
. A s - el S0
ESURPLY VOLTAGE [vppleis v L 3 \ / ot SUPPLY VOLTAGE (vppl®19 v i S T
T T 1 =3 T 1— - D et e
T rid rwu T T B
< I she podhe
= : : : e o =
| 123fr, T | 1 B —H ¥ =
- i il l 1y
£ T IRaNsss 3 £ + e Frifte T Ve .
Z O ovi ju = . v =
1o + - 2 e L $ ) o o Bhde
- B Z K st T v, ]
5 FoTen T 4 > JETsr OV £
3 fclmgewt v o b= o e (a8 & B T ) —
> 18t reax LI 0 2 > + Iy = A e [ad
- 1Ll T S T p i yi ALl OTHER [TJ
2 BE=lTh E H A S5V IR -980C == pacwacE —d
R waidd = v 3 y - ose Y t 4*125°C 1 “mpyrs T
3 : re b4 . -1 ) 35 " o ] =" YO Vpo «
. T¢I T N - t- IRl S AR [T hen
8 17 s e I ! T T 1+
23| sa T SR A e b s GwwE S s Sean sas =i s —
Aﬂ e FENBINEENSNI be - > 1 Ry g 1T ﬁ - 4]}1 + - J'Jf
o T o TIT ° +r > | i . ~+
K 0 25 EX) 0 o125 3 ° 5 po 19
INPUT VOLTAGE le =V INPUT VOLTAGE (Vl Y=y
Typical current and voltage transfer characteristics. Typical voltage transfer characteristics as a
. function of temperature.
> H A ] AMBIENT TEMPERATURE {T1e 287 ¢ Fo T T T
A e s 2 . it
t I I SombusasaAsBanSu: > URE 1Tpl023" C bt
T T T AESESOEESSEsE DS i b 308 B TIE REERD &1 T 1 LB
- - i - 5 I e A -+
z [T T T + z T 11 -
- 1 1T T ' T TT * ne T b
L - 1 1131 e )t ImeNS S RELGS 1 S o
« e T T p° ry e T » ik T et
- ’e 0 Ll N . d
at pamE SN 13 X - ™
' T T ¥ e e Ben by b8 ARRARS U PwN
F3 T T R W < T I T T
g T T ¥ TS AREE S SEY R U1 = yus T Tt ISNASHE
- i, 1 LS I i r o ST 3 b .
- L SRS Da — e o © T b -
o ¥ e L SN SAEEA K I DS E A 4 ’> L It T
| o 11 yuy T e re T . mesuat i3 e
> L1 NSNS SNaERSS ras - -— ——e b
= RS EERSTE S . T T ress e 4 3 1T e T 1
- v T o crow e -
" k- BRNeNEE N A GSWTn S - e ) il ly T e
" DR e . "N )10 L 1 1 PRI i 3 - TI3 1T — ) i ek
1 T R D& e LA S S ORI bl = RSN i 10
3 © T ek 1 = -~
- S e ar ad . < -t + ol - T
Ty L T S50 N1 11 o e —
X g T ki 8 T : el 1T ho
I i U A S B R0 e ° by
1L F s i - -
Y = 1
> X i 3 la i et - i s 1 T s
- i e 1ot T T 1 T T HO N
T T I 1t e 11 L S SR R T L9 D LA S
3 0 (B} 20 ] s ) S 20
SUPPLY VOLTAGE {Vpgl—V SUPPLY VELTAGE {¥po) =V
Typical trigger threshold voitage vs. Vpp. Typical per cent hysteresis vs. supply voltage.

APPLICATIONS INFORMATION

v

oo ' TO CONTAOL SIGNAL
10 ComtaoL

70 ComTROL SiGNaL I’ u—1 onv

SIGNAL

ok vop

ey

1
, 174 SCL40S3B " '-] r

v
rec Yo o>
¥n

% SCL40938

Voo =y == [ ~vob
INZI S TUCL | =5
vegd o Moo vy 00 €==1/4 SCLA0938
“ss

@ #C Ja (BB, =t soefl sAguD
vss v e \ 1000F s CLIal
FREOULWCT RANGE OF WAVE SWaPE s0efl s va vss
1S FAOM DC TO ( Whs FOR TWE RanGL OF B anD C 100 8F $C 8 1af FOR Tof RANGE OF A ANDC GIVEN
GIVEM 3,00 < 1y €0 34 Tut < 1a <023
Wave shaper. Monostable mulitivibrator. Astable multivibrator,
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