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ABSTRACT

Renewable energy has become increasingly interesting in many countries due to
energy crisis and global warming problems. Several renewable energy sources have been
converted to electrical energy. Wind energy is one of the most interesting renewable energy
sources. Wind energy conversion technology is quite mature and has also been developed
continuously. Many generator types have been applied to convert wind energy to electrical
energy. A doubly-fed induction generator (DFIG) is the most widely used generator in a wind
turbine especially in a large size wind turbine. This thesis presents control of the DFIG
concentrating on the machine-side converter (MSC) which is used to control the generator. The
stator-flux vector control of the rotor currents is applied to control the MSC. The equations and
model of the controlled system are discussed. MATLAB/SIMULINK program is used to simulate
control of thé DFIG to prove the possibility of controlling the DFIG. The algorithm used in the
simulation is applied to implement the system constructed. In this thesis, the scopes of the
experiment are to prove the capability of the converter to drive the machine and to prove the
algorithm of estimating the stator flux linkage for stator flux vector control. The simulation,

hardware system design and the results are discussed and finally concluded.
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dsPIC33FJXXXMCX06/X08/X10

TABLE 1-1: PINOUT VO DESCRIPTIONS
" Pin Buffer e
Pin Name Description
Type | Type P

ANO-AN31 i Analog }Analog input channels.

AVDD P P Positive supply for analog modules. This pin must be connected at all times.

AVSS P P Ground reference for analog modules.

CLKI 1 STICMOS |External clock source inpit. Always associated with OSC1 pin function.

CLKO o] — Oscilfator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes. Always associated
with OSC2 pin function.

CNO-CN23 t ST Input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.

CIRX 1 ST ECAN1 bus receive pin.

C1TX (o] — ECAN1 bus transmit pin.

C2RX | ST ECAN2 bus receive pin.

C2TX (o] — ECAN2 bus transmit pin.

PGED1 1o ST Data /O pin for programming/debugging communication channel 1.

PGEC1 | ST Clock input pin fot programming/debugging commusnication channel 1.

PGED2 o ST Data /O pin for programming/debugging communication channei 2.

PGEC2 I ST Clock input pin for programming/debugging communication channel 2.

PGED3 110 ST Data I/O pin for programming/debugging communication channel 3.

PGEC3 1 ST Clock input pin.for programming/debugging communication channei 3.

ict-C8 { ST Capture inputs 1 through 8.

INDX | ST Quadrature Encoder index Pulse input.

QEA 1 ST Quadrature Encoder Phase A input in QE! mode. Auxiliary Timer External
Clock/Gate input in Timer mode.

QEB i ST Quadrature Encoder Phase A input in QE! mode. Auxiliary Timer External
Clock/Gate input in Timer made.

UPDN o CMOS  [Position UpfDown Counter Direction State.

INTO | ST External interrupt 0.

INT1 | ST External interrupt 1.

INT2 i ST Extemal interrupt 2.

INT3 ] ST External interrupt 3.

INT4 f ST External.interrupt 4.

FLTA I ST |PWM Fault Ainput.

FLTB t ST PWM Fault Binput.

PWMIL o - PWM 1 low output.

PWM1H o — PWM 1 high output.

PWM2L (¢] - PWM 2 jow output.

PWM2H o — PWM 2 high output

PWM3L o — PWM 3 low output:

PWM3H (o] - PWM 3-high output

PWM4L [e] — PWM 4 low output.

PWM4H (0] — PWM 4 high output.

MCLR e sT Master Clear (Reset) input. This pin is an active-low Reset to the device.

OCFA l ST Compare FaultA input (for Compare Channels 1, 2, 3 and 4}.

OCFB ' ST Corripare Fault B'input;(for Compare Channefs 5, 6, 7 and 8).

0C1-0C8 o] — Compare outputs 1 through 8.

OSC1 | ST/ICMOS {Osciliator crystai input ST buffer when configured in RC mode;
CMOS: otherwise.

0SC2 o —-— Oscillator crystal output Connects to crystal-or resonator in Crystal Oscillator
maode. Optionally functions as CLKO in RC and EC modes.

Legend: CMOS =CMOS compatible input or ocutput Analog = Analog input P =Power

ST = Schimitt Trigger input with CMOS levels O = Output 1= Input

@ 2009 Microchip Technology fnc.

DS70287C-page 15
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dsPIC33FJXXXMC X06/X08/X10

TABLE 1-1: PINOUT 10 DESCRIPTIONS {CONTINUED)
. Pin Buffer i
Pin Name Description
Type Type P
RAQ-RA7 j7le] ST PORTA is a bidirectional! {/O port.
RAS-RA10 [[{e] ST
RA12-RA15 le] ST
RBO-RB15 "o ST PORTB is a bidirectional /O port.
RC1-RC4 1o ST PORTC is a bidirectional ifO port.
RC12-RC15 110 ST
RDO-RD15 [{[e] ST PORTD is a bidirectional /O port.
REO-RE9 Ie] ST PORTE is a bidirectionat /0 port.
RFO-RF8 1o ST PORTF is a bidirectional I/O port.
RF12-RF13
RGO-RG3 o] ST PORTG is a bidirectional /O port:
RGB-RGS t{e] ST
RG12-RG15 lie] ST
SCK1 110 ST Synchronous serial clock input/output for SPI1.
Sbi 1 ST SPi1 datain.
SDO1 Q _— SPI1 data out.
SS1 [[{e] ST SPi1 slave synchronization or frame puise 1/O.
SCK2 70 ST Synchronous serial clock input/output for SPI2.
SDi2 H ST SP12 datain.
SDO2 o — SP12 data out.
552 1o ST SPI2 skave synchronization or frame pulse /0.
SCu1 o ST Synchronous serial ctock input/output for 12C1.
SDA1 1o ST Synchronous serial data input/output for 12C1.
SCL2 [[[e] ST Synchronous serial clock inputfoutput for 12C2.
SDA2 110 ST Synchronous senal data input/output for 12C2.
SOSCI i ST/ICMOS {32.768 kHz low-power oscillator crystal input, CMOS otherwise.
S0SCO e] — 32.768 KHz low-power osdillator crystal output
T™MS | ST JTAG Test mode seiect pin.
TCK i ST JTAG test.clock input pin.
TOI 1 ST JTAG test data input pin.
TDO o] — JTAG test data output pin.
T1CK | ST Timer1 external clock input.
T2CK 1 ST Timer2 external clock input.
T3CK 1 ST Timer3 external clock input.
TACK | ST Timer4 external clock input.
TSCK f ST Timer5 external clock input.
T6CK 1 ST Timer6 external clock input.
T7CK ! ST Timer?7 external clock input.
T8CK 1 ST Timer8 external clockifput.
TOCK f ST Timerd external clock input.
UiCTS 1 ST UART1 clear to send.
U1RTS O — UART1 ready to send.
U1IRX | ST UART 1 receive.
utTxX o — UART1 transmit.
U2CTS { ST UART2 clear to send.
U2RTS [e] — UART2 ready to send.
U2RX t ST UART2 receive.
u2TX o — UART2 transmit.
VDD P — Positive supply for peripheral logic and IO -pins.
VCAP/VDDCORE P — CPU fogic filter capacitor connection.
Legend: CMOS =CMOS compatible input or output Analog = Analog input P'= Power
ST = Schmitt Trigger input with CMOS levels O ="Qutput 1= Input

DS70267C-page 16

©:2009 Microchip Technology Inc.
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dsPIC33FJXXXMCX06/X08/X10

TABLE 1-1: PINOUT VO DESCRIPTIONS {CONTINUED)

Pin Name TF;;:e B,r;fgir Description
Vss P _ Ground reference for logic and /O pins.
VREF+ i Analog [Analog voltage reference (high) input.

VREF- | Analog |Analog voltage reference (low) input.

Legend: CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels 0O = Output

Analog = Analog input P = Power
| = Input

@ 2009 Microchip Technology Inc.
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N
FAIRCHILLD

e v =]
SEMICONDUGCTOR®

Data Sheef

20A, 500V, 0.270 Ohm, N-Channel
Power MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranleed to withstand a specified level of
energy in the breakdown avalanche mode of operalion. All of
these pawer MOSFETSs are designed for-applications such
as switching regulators, switching convértors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly deveiopmental type TA17465.

Ordering Information

PART NUMBER PACKAGE BRAND

IRFP460 TO-247 IRFP460

NOTE: When ordefing, use the entire part number.

IRFP460

January 2002

Features
« 20A, 500V

IDS(ON) = 0.2700

Single Pulse Avalanche Energy Rated

.

SOA is Power Dissipation Limited

Nanosecond Switching Speeds

Linear Transfer Characteristics

.

High input Impedance

.

Refated Literature

- TB334 “Guidelines for Soldering Surface Mount
Components {o PC Boards”

Symbol

Packaging

JEDEC STYLETO-247

SOURCE

DRAIN
(Tas)

@2002 Fairchid Semicanducior Corporation

1AFP460 Rev. B
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1RFP460

Absolute Maximum Ratings Tg =25°C, Unless Otherwise Specified

Drain to Source Voltage (Note 1).. .. .............
Drain to Gate Voltage (Rgg = 20k<) (Note 1}
Continuous Drain Current

Pulsed Drain Gurrent {Note 3)
Gate to Source Voitage
Maximum Power Dissipation
Linear Derating Factor
Single Puse Avalanche Energy Rating (Note 4). .. .
Operating and Storage Temperature
Maximum Temperature for Soldering

Leads at0.063in (1.6mm) from Case for 10s

Package Body for 10s, See Techbrief 334

IRFP460
500
500

20
12
80
+20
250
20
960
5510 150

300
260

UNITS

S8 ga§s<>>><<

CAUTION: Strasses above those listed in “Absolule Maxmum Ralings” may cause psrmanent damage 1o the device. This is a slress only rating and operafion of the

device af these or any other above those il

inthe

NOTE:
1. Ty=259 to Ty= 125°C.

sections of this specification is nof implisd.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNTS
Drain to Source Breakdown Voitage BVpss |ip=250uA, Vgs = OV (Figure 10} 500 - - v
Gate Threshold Voltage VasH) |Vas=Vps.Ip=250pA 2 - 4 v
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpss, Vas =0V - - 25 A
Vps = 0.8 x Rated BVpgg. Vs = 0V, Ty= 125°C - - 250 | pA
On-Stats Drain Currant (Note 2) Ipjony | Vos > Ipiony X fos{onmax. Yas = 10V 20 - - A
Gate.to Sourca Leakage Current lgss Vgg = 120V - - 100 nA
Drain to Source On Resistance (Note 2) psion) |lb =114, Vgs = 10V (Figures 8, 9) - 024 | 027 Q
Forward Transconductance {Note 2) Gis Vps 2 50V. Ipg > 11A (Figure 12) 13 19 - S
Tum-On Delay Time taony | VoD =250V, Ip = 21A, Rgs = 4.3Q, Rp = 12Q, - 23 35 ns
Rise Time 1 Vgs= 10V MOSFET S\.Nitching Times are.Essantially ~ 81 120 ns
independent of Operating Temperature
Tum-Off Delay Time td(OFF) - 85 130 ns
Fall Time 1 - 65 98 ns
Total Gate Charge Qqrony |{Ves=10V.1p=21A, Vpg = 0.8 x Rated BVpgg, - 120 190 nC
{Gate to Source + Gats-Drain) IgRER = 1.5mA (Figure: 14). Gate Charge is
Gate to Sorce Charga Qgs Essentially Indepandent of Operating Temperature N 18 N nc
Gate to Drain “Miller” Charge Qqd - 62 - nC
Input Capacitance Crs Vps =25V, Vgs = 0V, f= 1MHz (Fgure 10) - 4100 - pF
Output Capacitance Coss - 480 - pF
Revarse Transfer Capacitance CRpss - 4 - pF
intemal Drain Inductance Lp Moasured from the Drain | Modified MOSFET, - 5.0 - nH
Lead, 6mm (0.25in)from | Symbol Showing the
Package to Center of Die-  jlntemnal Device
tntemal Source Inductance Lg Measured from the Source Inductances ° - 13 - nH
Lead, 6mm (0.25in) from
Header to Source Bonding
Pad
Thermnal Resistance Junction to Case Radc - - 050 | %cw
Themal Resistance Junction to Ambient Raga Fras Air Oparation - N 30 °cav

£2092 Fairetild Semiconductor Ceporaton

IRFP460 Rev.B
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IRFP460
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS RMiN TYP MAX UNITS
Continuous Source to Drain Current Isp Modified MOSFET D - - 20 A
. Symbal Showing the
Pulse Source to Drain C t ! - . 80 A
S8 Sour uren SOM integral Reverse P-N
{Note 3) . -
Junction Rectifier
G
s
Source to Drain Diode Voltage (Note 2} Vsp Ty=25°C, Igp = 21A, Vgg = OV (Figure 13) - - 18 v
Reverse Recovery Time tr T, =25°C, Igp = 21A, digp/dt = 100A/ s 280 580 1200 ns
Reverse Recovery Charge Qpp Ty=25°C, Igp = 21A, digp/dt = 100A/us 38 8.1 18 uc

NOTES:

2. Pulse tost: pulse width < 300us, duty cycle <2%.
3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedanca cuive {Figure 3).
4. Vpp =50V, starting Ty = 25°C, L = 4.3mH, Rgg = 250, Peak Iag = 20A.

Typical Performance CUrves unless Otherwise Spedified
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FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE
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FIGURE 2. MAXIMUM.CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
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FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE

@2002 Fairchild Szmiconducior Gemporaton
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IRFP460

Typical Performance Curves uniess Otherwise Spadfied (Continued)
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FIGURE 6. SATURATION CHARACTERISTICS
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IRFP460

Typical Performance CUrves unless Otherise Specdified (Gontinued)
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IRFP460

Test Circuits and Waveforms

VARY tpTO OBTAIN
REQUIRED PEAK Ipg
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT
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FIGURE 17. SWITCHING TIME TEST CIRCWT

CURRENT
REGULATOR

Vos
ig CURRENT b= 15 CURRENT
SAMPLING —  SAMPLING
RESISTOR RESISTOR

FIGURE 19. GATE CHARGE TEST CIRCUIT

)l‘Av e

FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns o is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST @ OPTOLOGIC™ SMARTSTART™  VCX™
Bottomless™ FASTI™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Steatth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247 ™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISCPLANAR™ QFET™ SyncFET™
E2CMOS™ LitheFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™ TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UttraFET®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which. (a} are intended for surgical implant into
the body, or (b) support or sustain life, or {¢) whose
faiture ta perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device of system whose failure to perform can
be redsonably expected to cause the failure of the fife
support device or system, or to affect its safety or
effectiveness.

Deflnition of Terms

Datasheet identification

Product Status

Definition

Advance Information

Formalive or
in Design

This datasheet contains the design specifications for
product development. Specifications may change in
any mannér without notice.

Prefiminary

First Production

This datasheet contains preliminary data, and
supplementary data wil be published at a later date.
Fairchild ‘Semiconductor reserves the right to make
changes-at any time without notice in. order to. improve
design.

Mo Identification Needed

Full Production

This: datasheet contains final specifications. Fairchitd
Serniconductor reserves the right to make changes.at
any time without ndtice. in order to improve design.

Obsolete

Net In Production

This datasheet: contains specifications on a p'rodud
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference inforrnation only.

Rev Hd
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Dimensions LV 25-P (in mm. 1 mm = 0.0394 inch)

Bottom view

Back view

Right view Top view
26
r&" 2x.0.635mm 20 3
" i i}’ 1 ,__ v
WT T ’ LEM ® swiss
== made
O
2l g C€
oy ©
o O o
3xoimm LY 25-p
00-00 00
O S o \
. - + M H i M7 SN
' e /7 \
- 2x7.62 - /= \
- *_L 6 - 1645 4501 Standard 00 Year Week
or N° SP..
Secondary terminals
Terminal + : supply voltage + 12, 15V
- Terminal M : measure
EN o Terminal - : supply voitage - 12.. 15V
2
7 H m m —d Connection
; ¥ - oHT
T,
o
[y e
LV 25P Mb—(D—F—oDy
[—<-HT [P o~

HT

Mechanical characteristics

e General tolerance
+ Fastening & connection of primary

* Fastening & connection of secondary
* Recommended PCB hole

+ 0.2 mm

2 pins

0.635 x 0.635 mm
3 pins & 1 mm
1.2'mm

Remarks

e |_ is positive when V,, is applied on terminal +HT.

s This is-a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements..},
please. contact us.

Instructions for use of the voltags transducer model LV 25-P

Primary resistor R | : the transducer’s cptimum accuracy is obtained at the nominal primary current. As far as possible, R, should be
calculated so that the nominal voltage to be measured comesponds to a primary current of 10 mA.

Example: Valtage ta be measured V,,,, =250 V

a) R, =25kQ/2.5 W.1.=10mA
B} R, =50kQ/1.25W,1,= SmA

Accuracy = £ 0.8 % of V,, (@ T, = +25°C)
Accuracy = £1.6 % of V(@ T, =+25°C)

Operating range (recommended) : taking into account the resistance of the primary windirigs (which' must remain low compared to R, in order
to keep thermal deviation as low as possible) and the isolation, this transducer is suitable for measuring nominal voltages. from 10 to 500 V.

LEM reserves the right to-carry oiit modifications on its transducers, in-order to improve them, without previous notice.
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Package CB-PFF |

Package CB-RSF

Package CB-PSS

1
2

Pin 1: VCC Terminal 4: 1P+
Pin 2: GND Teminal 5 IP-
Pin 3: VOUT

ABSOLUTE MAXIMUM RATINGS
Supply Voltage, Ve
Reverse-Supply Voltage, Ve -
Output Voltage, VouT --w-mere
Reverse Output Voltage, Vygyieiver
Oufput Current Source, LouTsauree -
Output Current Sink; Toy iy
Operating Témperatire,

Ambient, Ty, Lrange ..
Ambient, T, Srange ..
Maximum Juncti

J(maxy

The-Allegro ACS75x family of current sensors provides economical and
precise solutions for current sensing in industrial, automotive, comnmercial, and
commmunications systems. The device package allows for easy implementation
by the customet. Typical applications include motor control, load detection and
management, power supplies, and overcurrent fault protection.

The device consists of a precision, low-offset linear Hall sensor circuit with a
copper conduction path located near the die. Applied current lowing through

this copper conduction path generates a magnetic field which is sensed by the
integrated Hall IC and converted into a proportional voltage. Device accuracy

is optimized through the close proximity of the magnetic signal to the Hall
transducer. A precise, proportional voltage is provided by the low-offset, chopper-
stabilized BICMOS Hall IC, which is programmed for accuracy at the factory.

The output of the device has a positive slope (>V o/ 2) when an increasing
current flows through the primary copper canduction path (from terminal 4 to
terminal 5), which is the path used for current sensing. The internal resistance of
this. conductive path is typically 100 pQ, providing low power loss. The thickness
of the copper conductor allows survival of the device at up to 5% overcurrent
conditions. The terminals of the conductive path are electrically isolated from the
sensor leads (pins 1 through 3). This allows the ACS75x family of sensors tobe
used in applications requiring electrical isolation without the use of opto-isolators
or other costly isolation techniques.

The device'is fully calibrated prior to shipment from the factory. The ACS75x
family is lead-free. All leads are coated with 100% matte tin, and there is no lead
inside thepackage. The heavy gauge leadframe is made of oxygen-free copper.
Features and Benefits

+ Monolithic Hall IC for high reliability

« Single +5V supply

+ 3 KVpyg isolation voltage between terminals 445 and pins 1/2/3

» 35kHz bandwidth

- Automotive temperature range

« End-ofline factory-trimmed for gain-and offset

« Ultra-low power loss: 100 uQ internal conductor resistance

« Ratiometric output from supply voltage

- Extremely stable: output offset voltage

- Small package size; with easy mounting capability

< Output proportional to ac:and dc currents

Applications

< Automctive systems « Servo systems

« Industrial systems » Power conversion
« Motor control < Battery monitors

Maximum Storage Temperature, Tg ...-65t0 170°C|  Use the following complete part nimbers when ordering:
Part Number Signal Pins Terminals Ambient
ACST54LCB-050-PFF Formed Formed
ACST5ALCBO50-PSE Fomed Straight —40t6 150°C
OV America ACST54LCB-050PSS “Straight Straight
ACST54SCB-050-PFF Fomed Formed
s Certificate Number: ACST54SCBO50-PSF Formed Steaight 210 €5°C
Usy 04 1154214 001 ACS7545CB-050FSS Straight Straight

ACS754050-DS; Rev. 3

115 Nottheast Cumt{ B 15038
Worcesier, Massachusstis 01615-0006 (508) BE3.5000
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ACST754050-DS, Rev: 3
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ELECTRICAL CHARACTERISTICS, over operating ambient temperature range unless otherwise stated

ACST754050-DS, Rev. 3

1S Northeest Qunf, Box 15036
WWorodstar, Massachusets 18120036 (S08) 8535000

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sensed Current Ip -50 - 50 A
Supply Voltage Vee 45 5.0 55 \
Supply Current icc Vee =5.0V, output open 6.5 8 10 mA
Qutput Resistance Rout lour=1.2mMA - 1 2 Q
Qutput Capacitance Load Cioan VOUT to GND - - 10 nF
OQutput Resistive Load Rioap VOUT to GND 47 - - kQ
Primary Conductor Resistance Rprimary  |lp=100A; To=25°C - 100 - uQ
Pins 1-3 and 4-5; 6Q Hz, 1 minute 3.0 - ~ KV
PERFORMANCE CHARACTERISTICS, -20°C to +85°C, V¢ = 5 V uniess otherwise specified
Propagation time torop lp=150 A, Ty =25°C - 4 - us
Response time tresponse  |Ip =150 A, Ty =25°C - 12 - us
Rise time t, Ip=$50A, To=25°C - 1 - us
Frequency Bandwidth f -3dB,Ta=25°C - 35 - kHz
e Over full range of Ip, Tp = 25°C - 40 - mV/A
Sensitivity Sens [ overTull range of Ty 78 - 20 | mviA
o T e e R
Nonlinearity Ern Over full range of ip - - 1.5 %
Symmetry Esvm Over fuli range of Ip 98 100 102 %
Zero Current Output Voltage Vouty i=0A To=25C - Veol/?2 - \4
Electrical Offset Voltage v 1=0A, Ty=25C —-10 - 10 mV
{Magnetic error: not included) o€ 1=0A —20 - 20 mv
Magnetic Offset Emor lerRROM 1 =0 A, after excursion of 100 A - 0.1 +0.30 A
Total Output Error E Over full range of Ip, Ty = 25°C - +1.0 - %
(including all offsets) TOT IOver full range of I = - +5.0 %
PERFORMANCE CHARACTERISTICS, 40°C to +150°C, V. = 5 V unless otherwise specified
Propagation time teroP Ig =250 A, Ty = 25°C - 4 - ps
Response time tresponse  [fp =190 A, T =25°C - 12 -~ us
Rise time t 1p =450 A, To=25°C - i - us
Frequency Bandwidth f -3dB, Tp=25°C - 35 - kHz
o Over full range of Ip, Ty = 25°C - 40 - mV/A
Sensitivity SenS | verfullange of Iy 360 = 28 | mvA
. -to-peak, Ta = 25
Noise Vnoise ::aetter:al f':l‘t(-:rA e - & - mv
Nonlinearity Epn Over full range of Ip = - +1.8 %
Symmetry Esvi Qver full range of Ip 98 100 102 %
Zero Current Output Voltage Vouriy:  |!=0A Tp=25C - Veol2 - \"
Elecirical Offset Voltage v =0 A Ty=25C -10 - 10 mv
(Magnetic error not included) OE 1=0A 35 _ 35 mv
Magnetic Offset Error lerrom I =0 A; after excursion of 100 A - 0.1 +0.40 A
Totat Output Error E Over full range of Ip, To = 25°C - +1.0 - %
(Includinig all offsets) ToT Over full range of fp - — 9.9 %
3
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Definitions of Accuracy Characteristics

Sensitivity (Sens): The change in sensor output in response to a 1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear IC amplifier gain (mV/G). The linear IC amplifier gain is trimmed at the
factory to optimize the sensitivity (mV/A) for the full-scale current of the device.

Noise (Vyoysg): The product of the linear [C amplifier gain {mV/G) and the noise floor for the Allegro Hall effect linear IC (=1 G).
The noise floor is derived from the thermal and shot noise observed in Hall elements. Dividing the noise (mV) by the sensitivity (m V/
A) provides the smallest. currerit that the device is able to resolve.

Linearity (Egyy): The degree to which the voltage output from'the sensor varies in direct proportion to the primary current through
its full-scale amplitude: Linearity reveals the maximum deviation from the ideal transfer curve for this transducer. Nonlinearity in the
output can be attributed to the gain variation across tem perature and saturation of the flux concentrator approaching the full-scale cur-
rent, The following equation is used to derive the linearity:

160 ‘1 A gain X % sat {Vout_tull-scale amperes  Youri) ) ”
| 2 {Fout_half-scale amperes  YouT(0))
where
A gain = the gain variation as a function of temperature changes from 25°C,
% sat = the percentage of saturation of the flux concentrator, which becomes significant as the current
being sensed approaches full-scale +ip, and

Vout_full-scale amperes = the output voltage (V) when the sensed current approximates full-scale +lp.

Symmetry (Esyng): The degree to which the absolute voltage output from the sensor varies in proportion to either a positive or nega-
tive full-scale primary current. The following equation is used to derive symmetry:

Fout_+fullscale amperes. Four) 1
Your Vout  full-scale amperes

Quiescent output voltage (Vgyygy): The.output of the sensor when the primary current is zero. For a unipolar supply voltage, it
nominally remains at Vee/2. Thus, Ve =5 V translates into Vigyreq, = 2.3 V. Variation in Vg q) can be atiributed to the resolution
of the Allegro linear IC quiescent voltage trim, magnetic hysteresis, and thermal drift.

Electrical offset voltage (Vg): The: deviation of the device output from its ideal quiescent value of V/2 due to nonmagnetic causes.

Magnetic offset error (Iggraar): The magnetic offset is due'to the residual magnetism (rernant field) of the core material. The mag-
netic offset error is highest when the magietic circuit has been saturated:; usually when the device has been subjected fo a full-scale or

high-current overload condition. The magnetic offset is largely dependent on the material used as a flux concentrator: The larger mag-
netic offsets are observed at'the lower operating temperatures.

Accuracy (Eygrp): The accuracy represents the maximum deviation of the actual output from itsideal value. This is also known as'the
total ouput error. The accuracy is illustrated graphically in the Output Voltage versus Current chart on the following page.

Aceuracy is divided into four areas:

o 0'Aat25°C: Accuracy of sensing zero current flow at 25°C, without the effects of temperature.

¢ 0 A over temperature: Accuracy of sensing zero current flow including temperature effects.

¢ Full-scale current at 25°C:. Accuracy of sensing the full-scale cumrent at 25°C, without the effects of temperature.

o Full-scale current over A temperature: Accuracy of sensing full-scale current flow including temperatre effects.

s 4
E XY S s 115 Notheest Quf or 15036
ACS754050-DS, Rev:-3 ;”m i NGrosstr, Massazhusets (16150036 (508) 8535000
o :

“a oo
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Output voltage vs. current, illustrating sensor accuracy at 0 A and at full-scale current

Accuracy
Over ATemperature

Accuracy
25°C Only

e (A)

Accuracy
25°C Only

Accuracy
Over ATemperature

ACS754050-DS, Rev. 3

A

Increasing Vi (V)

Accuracy
Over ATemperature

Accuracy
25°C Only

Average

VOUT

>
50 A
+, (A)

Full Scale

Decreasing Vi (V)

11§ Northeast Quisil, 2or 15036
Worcsstir, Massachusets 016150036 (508) 353-5000
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Typical Percentage Error versus Ambient Temperature
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ACS754050-DS, Rev: 3

11§ Northeest Cuto Sar 15035
WWorcastr, Massachusetts (15150036 {508) 353-5000
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Definitions of Dynamic Response Characteristics

Propagation delay (tprop): The time required for the sensor output to reflect a change in the primary current
signal. Propagation delay is attributed to inductive loading within the linear IC package, as well as in the induc-
tive loop formed by the primary conductor geometry. Propagation delay can be considered as a fixed time offsat

and may be compensated.

1{%)

80

a

/— Pnmary Current

Transduser Cuput
|

[N .
™| Propagation Time, Lpoe

Response time (trpsponse): The tinie interval between a) when the primary current signal reaches 90% of its
final value, and b)when the sensor reaches 90% of its output corresponding to the applied current.

Transducer Qutput

|
1
!
1
|
!
HXL—‘ Respoase Tima. lagsponse

Rise time (t;): The time interval between a) when the sensor reaches 10% of its full scale value, and b) when
it reaches 90% of its. full scale value. The rise time to a step response is used to derive the bandwidth of the
current sensor, in which f(-3 dB)=0.35/t. Both t, and tpgspoysg are detrimentally affected by eddy current
losses.observed in the conductive IC ground plane and, to varying degrees, in the ferrous flux concentrator

within the current sensor package.

ACS754050-DS; Rev. 3

15 Modheat Cubof|, Sox 15036
Woroeatin, Massachisets 016150035 (508) 3535000
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Standerds and Physical Spedifications

Parameter

Specifration

Fiamm ability (oackage molding com pound)

UL recognized to UL 34V-0

Fire and.Electric Shock

ULB0S50-1:2003
ENB0950-1:2001
CAN/CSA C22.2 No. 60250-1:2003

Creepage digtance, currert temminals to sensor pins

725mm

Clearance distance, currert temninals to sensor pins

725mm

Package mass

4 63 g typical

Step Response, |, = 0ta 50 A, no external filter

Y

& Ko o
1 336m¢. DL
2 4904 0L 5

. ! G284 v

ACS754050 DS Rev. 3

15 NotheastCetog fo: 1915
Wbk, Mook we EOIS1S0DG (ESIAN
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Device -Branding Key (Two alternative styles are used)

ACS Allegro Current Sensor
754 Device family number
T Operating ambient temperature range code [L or 3]
ACST4 CB Package type designator
TCBO50 - -
YYWWA 050 Maximum measurable current
rr Manufacturing date code: Calendar year (last two digits)
ww Manufacturing date code: Calendar week
A Manufacturing date code: Shift code
ACS Allegro Current Sensor
734 Device family number
ACST54 T Operating ambient temperature range code [L or §]
TCRO50 CB Package type designator
L.L 050 Maximum measurable current
rYww L.L Manufacturing lot code
Yy Manufacturing date code: Calendar year (last two digits)
14:4 Manufactunng date code: Calendar week

ACS754050-DS, Rev: 3

115 Natheest Cuof, Sar 15036
\Woxvetin,

 Massachugets 018150006 {503) 2535000
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ACS754050-DS; Rev. 3

Qimerriony s mimesians.
S Custmary Smensiong &ny 1 Maxess, for iolgeencr sy
/A Camber ot uszn

A Femeter Proup b et

115 Nostheast Cuoif Boi 15036
Yorcesier, Massachusetts 016150005 (508) 8535000

10
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Package CB-PSF Package CB-PSS

Deversons i mlrates
5. 'y ions 505 i breches, K Y

Diranrees i mlimetens
[ pr <
Attt

u5.< .
B Danbir e i

The products described herein are manufactured.under ane'or more of the following us:. patents: 5,045,920; 5,264,783; 5,442,283; 5,389,889;
5,581,179; 5,517,112; 5,619,137; 5,621,319;-5,550,719; 5,686,894; 5,694,038; 5,729,130;-5,912,320; and qther patenis pending.

Allegre MicroSystems, Inc. reserves thé right to'make, from time to time, such departures from the detail specifications as may be required to
[permit improvements in the performance, reliability, or manufacturability ofits products. Before piacing aworder, the user s cautioned to verify that
the information being relied-upon is current.

Allegro produrts are not authorized for use.as critical components in life-support devices or systems without express wiritien approval.

The information included herein is believed to be-accurate.and reliable. However, Allegro MicroSystenis, Inc. assumes no responsibility jor its
use; por for any infringement of patents or other rights of third parties which mdy result from ifs use.

Copyright © 2004, 2005, AllegroMicrosystems, Inc.

"
115 Nosthead Cutof{ Box 19006,

ACS754050-DS; Rev. 3 Viorcester, Massachusalts 01615006 (508) 8535000
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IS73

TL082
TLO82A - TL082B

GENERAL PURPOSE J-FET

DUAL OPERATIONAL AMPLIFIERS

M WIDE COMMON-MODE (UP TO V™) AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
8 QUTPUT SHORT-CIRCUIT PROTECTION

B HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

B INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION
W HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

Thie TLO82, TLOB2A and TLO82B are high speed
J-FET input dual operational amplifiers. incorpo=
rating well matched, high voltage J=FET and bipo-
{ar transistors in-a monolithic integrated circuit.

The devices feature high slew rates, low input bias
and-offsét current, ‘and low offset voitage temper-
ature coefficient.

PIN CONNECTIONS (fop.view)

N
DiPg
(Plastic Package)

*

508
(Plastic Micropackage)

.

P
TSSOP8
(Thin Shrink Small Qutiine Package)

ORDER.CODE
Package
Part Number Ten&genra;ure
9 TN E
TLO8Z2M/AM/BM -55°C, +125°C . . 12
TLO82I/AIBI -40°C, +105°C . . .
TLO82C/ACIBC 0°C, +70°C » . .

Example : TLOS2CD, TLO82IN

N = Dual in ling’ Package (Dg
D = Small Qutfine Package (S0) - also availablé in Tape & Reel (DT).

Pz Thin Shrink Smaii Qutfins Package (TSSOR) - only availabletn Tape
kplh u ge )~ only 2p

1. - Offset null 1

2~ inverting input 1

3 - Non-inverting input 1
4-Veo© :

5 - Non-inverting input:2
6 - [averting.input 2

7 - Otutput 2

8- VCC”

March:2002

1141
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TLOB2 - TLO82A - TL082B

SCHEMATIC DIAGRAM

VCC+ G

~{"7 output

-

1/2TL0OB2

5 |
o A
Non-mveiat’l)%? D
e
' _l_{:m 2002
l’] 100
0k
it |
'—ll—T J Pan
8.2k H x
1.3k 35k 1.3k kh 1000
Veeo

ABSOLUTE MAXIMUM RATINGS

Symbot Parameter TLOS2M, AM, aﬂ TLO82I, Al, B! | TLO82C, AC, BC | wnit
Veo | Supply voltage - note V) +18 v
Vi |{Input Voitage - note @ £15 %
Via  |Differential Input Volfage - note 3 £30 v
Pt |Power Dissipation 680 mw
Output Short-circuit Duration - note 4 Infinite
Toper | Operating Free-air Temperature Range -55t0 +125 -40 to +105 | Oto+70 °C
Tag |Storage Temperature Range -65 to +150 °C
. Al vollz valyes, exce)

dﬂemﬂal volm Q are with respect to the zero reference level (ground) of the supply voltages where the zero réferencs.
fevel 1s midpoint between Ve and

2 Themagnitude of the input vottage must never exceed the magnitude of the supply valtaga or 15 volts; whichever is less.
3,  Differential voltages are.the non-inverting input terminial with respect to the inverting input teminal.
4. Theoutput may be sharted to graund or to"either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating
is not excee
2011
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TLO82 - TLOB2A - TL0828

ELECTRICAL CHARACTERISTICS
Vee = £15V, Tamp = +25°C (unless otherwise specified)

TLOB%I,(?A,;;(;,GL AN, TLO82C
Symbol| Parameter e Unit
Min. | Typ. | Max. | Min.{ Typ. | Max.
Input Offset Voltage (Rg = 500) mv
Tamy = +25°C TLOB2 3 10 3 10
TLO82A 3 6
Via TLO82B 1 3
Tenin < Tamp € Tmax TLO82 13 13
TLO82A 7
TLO82B 5
DV;, |input Offset Voltage Drift 10 10 uvre
Input Offset Current - note ¥
lio Tamb = +25°C 5 100 5 100 pA
’ Trin < Tamb STma)( 4 10 nA
input Bias Current -note' 1
hn Tamp = +25°C 20 | 200 20 | 400 | pA
Trin< Tamb S Trmax 20 20 nA
Large Signal Voitage Gain (R = 2kQ, V, = £10V} VimV
Ayq Tamp = +25°C 50 200 25 200
Tmin < Tamb S Trmax 2 15
Supply Voitage Rejection Ratio (Rg = 50Q2) a8
SVR Tamp = +25°C 80 | 86 70 | 86
Tmin < Tamb < Tmal 80 70
Supply Current, no load mA
lec Tamb = +25°C 141 25 14| 25
Trin < Tamb S Tenax 25 25
Viem {Input Common Mode Voltage Range 1 f:g £ f}; v
Common Mode Rejection Ratie (Rg = 500) a8
CMR Tamp = +25°C 80 86 70 86
Tenin € Tamp, € Tmax 80 70
Output Shortcircuit Current mA
los Tamp = +25°C 0] 4| 60| 10] 40| 60
Teniee € Tamb: < Teriax 10 60 10 60
Qutput Voltage Swing v
Tamp = +25°C RL=2iQ 10| 12 10§ 12
Voop RL = 10kQ 12 | 135 12 | 135
Toin S Tamb < Trnax RL=2kQ 10 10
RL = 10kQ 12 12
SR Slew Rate (Tyms = +25°C) Vius
Vi = 10V R = 2k, € = 100pF; unity gain 8 16 8 16
in L 1 YL P!
¢ Rise Time (Tymy = +25°C) us
Vin = 20mV, R = 2k€,'C = 100pF, unity gain 0.1 0.1
Overshoot (Typy= +25°C) ) %
Kov v, =20mV, Ry = 2k, G, = 100pF, unity gain 10 10
GéP "{Gain Bandwidth Product (T, = +25°C) ) MHz
Vip.= 10mV; R =2KQ, C = 100pF, f= 100kH2 25| 4 25| 4
R; |Input Resistance 10%2 10'2 Q
57

31
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TLO82 - TLOB2A - TLO82B

TL082BI.‘;\II,BAI«%’:I,AM TLO82C
Symbol| Parameter v Unit
Min. } Typ. | Max.| Min. | Typ. | Max.
Total Harmonic Distortion (T, = +25°C),
THD f= 1kHz, R = 2kQ,C = 100pF, A, = 20dB, %
V. =2 001 0.01
0 = 2Vpyp
e Equivatent input Noise Voitage nv
n Rg = 100Q, f = 1KH2 15 15 JAz
Im |Phase Margin 45 45 degreed
Channel Separation
YoilVo2 A, =p1 00 120 120 a8
1. Theinpitbias currents are junction feakage currents which approximately double for every 10°C increase in the junction temperature.
IS7]

4111
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‘b TEXAS
INSTRUMENTS

Data stheet acquired from Harris Semonductor cD4 o 93 B ' es
SCHS115D ~ Revised September 2003

CMOS Features:
a Schmitt-tri acth ing jith s
Quad 2-Input NAND o comer ey o crch inpat it no o
H 3 ® Hysteresis voltage typically 0.9V at Py— LI
Schmitt Triggers el o 09 @ @

B 5 # Noise immunity greater than 50%
High-Valtage Types {20 Volit Rating} & No limit on input rise and foHl tinvs PR

® Standardized, symmatrical output characteristics

s o
® 100% tested for quiescent current at 20 V ] —*
B CD40938 consists of four Schmitt: = Maximum inpu(::lrrenl of TpAat 18V s "Z—ép %.
T

trigger circuits. Each circurt functions as a
3 " L over full package-temperature range,
two-input NAND gate with Schmitt-trigger 100 0A at 18 V and 26°C w35~

action on both inputs. The gate switches at a5V, 10V, and 15-V parametric ratings
ditferent points for positive- and negative- ’ o

going signals. The difference between the  eets alf rsquium«:txnf JEDEC - FUNCTIONAL DIAGRAM
positive voltage {Vp} and the negative volt- mﬂm::ig&;:m'm Oavicas”
age (Vi is defined as hystecesis voitage (V) ) :

(see Fig. 2).

32c3-23880

Applications: RECOMMENDED OPERATING CONDI TIONS
The CD4093B types are supplied in 14-ead 8 Wave and pulse shapers For maximum reliability, naminal operating
heninetic dual-inline ceramic packages {F3A - H'gh-nommvuronmm systems conditions should be selected so thatoperation
suffix), 14-4ead dual-indine plastic packages (€ - bl is atways within the following ranges.
sufiix), 14-lead smali-outline packages {M, BT,  Astable muttivibrators.
3196, and NSR suffixes}, and 141ead thin shrink # NAND logic CHARACTERISTIC [MIN.| MAX JUNITS
Hl-outline p {PW and PWR suff

Supply Voltage Rangel
{T 4 = Full Package
Temp. Range} 3 13 v

MAXHAUM RATINGS, Absokre-Maximum Valien

DG SUPPLY-VOLTAGE RANGE, (Vpp) "‘-‘”_i So-Orasn
Votiages referanced 1o Vgg TOMMINAI . .c.iiiiitii e caiaciion vt sananedaannnns =05V to +20V UL E

INPUT VOLTAGE RAMGE ALL INFUTS .
©C INPUT CURRENT, ANY ONE INPUT
PACKAGE THERMAL IMPEDANCE, QJA (See Note

¥ary 1uruTs MOTECTED BY ¢ om
PROTESTION METWS AN

E package AOCW Yoy
M package .
NS package. e ..
DEVICE DISSIPATION PER OUTPUT TRANSISTOR - &
FOR Tp = FULL PACKAGE-TEMPERATURE RANGE {All Package Types)

OPERATING-TEMPERATURE RANGE (T3). .
STORAGE TEMPERATURE RANGE (T,
LFAD TEMPERATURE (DURING SOLDERINGE

550C10 +1250C Shddan aa
-859C to +150%C

Atdistance 1/18 £ 1/32inch {1.59 3 0.79mm) {rom case for 108 MAX .. .ocoiniiianinirnnennane .. +285%C M
azes-asvaim 15
NOTE 1:  Packaga themmat k d is in d: wilh JESD 517, Fig 1 — Logic diagram—1 31 4 Schmitt triggery.
Veo
Jue
- - PSR
, ; - Lo
Yoo onrven Loan
1 0 ¥
g SR I S N
t 1 I T o=t wrrir
Vag. f 1 <} Test setvp v CHARACTERISTIE
+ 1 o 2
1 1 vr L001E
o oo st
“ 1 Trantdor charactecistic Fove -—— N
f £y £ - -
of } of d'gates. 275u-23002m ' o
iNPUT
Vsa + 4 AU
af Definition o Vp Vi Vi ¥olyss 2
. . N 3 1acs-73m00m3
Fig 2 — Hysteretis definition, chacacteristic, and {esT setup.

Fig-3 — input and output charscteristicr.

PRDDUCTIM  DATA informaion is current as of publication date.
1o specifications pes the terms of Teias istuments
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SYATIC ELECTRICAL CHARACTERISTICS

CD469338 Typeas

¥ input i vemmicets 1.5,8,12 or 2,681 X i Inpits 10 Voo
Binins o corméanh 1304 2, 5 and 6.9.5849. o 12 and 13; oiner inputs 10 V.

.
CHARACTER- | CONDITIONS LIMITS AT INDICATED TEMPERATURES (0C) S
1sHc uNITS 3
Yo {Vinfvoo - b i -
Wl |-ss{-40 jeas Je1zs MmN [riee. [max. = o
QuiescemDayice 1 - (o8] s1 1] 1 m| ] - 002] 1 £ ; o
Current, igp - los] w0 2 2] e 80.) -~ 002 2 4 ., 2 R {
Max: ~foas] 6] 4] a] 20 20 - 002 4 i R 1
“—1o20] 0] 207 20 e00| a0 | - .| o04] 20 i B
Positive Trigger - a §1 22} 22 2.2 2?1 2.2 29} - Fig 4~ ;:::?;::MM::W
Threshald Voltage! ~ | 2 [-10] 48] 48] 46| 46]. a6]. sa| -
Vp Min. -1 aj5]68f 68 638 68.] &8 a8 § - ¥
-1 o] s|26] 26| 26| 28] 26 a33] - v s
-~ b-]wls6l s6] 56| 58 56 7] -
-1 njwlea} 63 63| 83| 63| 94 -
Vp Max. - |'a] slae{-ae] 36| 3a] - 29 36
b N Y X X N X 58] 73 HE
-{ ajsj08] w08 | w8 | 108§ - &8.{108 v t HHAH
-] bt slvef a 4 ai- 33) & T
“Jeiwle2 82| 82 s2] - 7| 8z L 1i
-t b jwhar| 27 | 27§ 27} - 94 {127 et Bt e A
Negavive Trigger a 5 V&s 0.9 0.9 08 0.9 191 - Fig 5 “L'ﬁ,:ﬁ:f,";;ﬁﬂl""d’m
Treshold Voltagal ~ | a [ w|25] 25| 25| 25| 25| as| - '
VN Min. “Jafs| 4 2 ] 4 4 58 | - ¢
- v 5}14 14 T 14 i4 23 -
-} bjwj3af 34 33 34 | 34 51 ~
~to]5]a8] as| 48] 48] a3 73] -
Vo Max. ~]3j sj28f 28 281 28] 19} 28
-l alwls2f s2] s2] s2{ -~ 39152
- a 15| 7.4. 14 14 74 - 58 7.4 v
- 61 s3] 32) 32 32].- 23| 22
-6 }wmlse} es | es] &5 53166
-jblsledl-98| a6] 98 731 96 s v onth egret
Hvue’f:ﬂs Votae { ~§ 11 5 ?: - ?: ‘:; o‘: g‘: e Fig 6 — Typicat outaut low {siok} carrent charscterittics
Vi Min. ERRIRE . . (3 =B
- a[15]18] 16 1.6 351 - v
= [ o] 5]a3] a3 63 09| -
| & j15] 12} 12 1.2 23| ~
— o B[] 18 16 35| -
Vpy Mo, —Ta| s|ie]| 16 16 | - 6o ]is
~[a]w]zal 3a caw | - 23] 34
~Ja{s]s] .5 posstos by
—~1b§ §L1SF 16 16 1.6 © 09 | 1.8
—{ujojas] aa ] aa] aa |- B S
“ 1o fesf 5] s 5 s |- 35| s

Pig ¥ — Minimoni ocput Soer [sinkd catvent
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STATIC ELECTRICAL CHARACTERISTICS (CONT'D}

CD40938: Types

DRAM- 10~ 30U WLTAGE tupy) -

et porron

Fig 8 ~ Typical output high {source] current

-
Fig 9— Minimem output high frource] currant

CHARACTER. CONDITIONS |  LIMITS AT INDICATED TEMPERATUAES (©C)
1sTIC : UNITS
Vo {Vin {Voo 425
i {vjivi]-s8 |-e0 |e8s MIN. | TYP. |MAX.
Output Lowisinkl | 0.4105] 5| 064 | 061 ] 0a2] 036] ost 1] -
Current, asfotof 10} 16| 15| 11] o9 13 26| -
log Min. asloas) s | &2 af 28] 24| 34 68 -
mA
Output High 46105| s |-064 {061 |-042 |-038 [ -051 -] -
(Source) 2sJos) s| -2f-18} c3f-tis] 16| -32] =
:3“"'“"‘_‘- 9.51010{ 10| -16 | -15 ] -1+ ]| 68| 13| -26] -
On T wsjossl 15| -42 | -4 | -28 -34| e8] - charscteristics,
Outpun Vottage - los{ s 0.05 B 0 [o.05
Law-Level, - fo.1o] 10 0.06 - o005
Vo Max. ~ oasf 15 0.0 = 0005 |
Output Vottage - Jos) s 4395 495 Sl -
High-Level, - loao] 10 9.95 9.95 0] -
Vou Min. ~ {oas) s 14,95 14.95 _
Input Current, N
Ty Max. - o8] 13 ] s01 | 204 ] a1 - [0St |pa
DYNAMIC ELECTRICAL CHARACTERISTICS
At T, =25°C; Input ¢, = 2003, Cp- = 50pF, R =200k
charscreristics
TEST CONDITIONS LIMITS
CHARACTERISTIC UNITS
v
DO | tvp. MAX.
VOLTS
Propsgation Delay Time; 5 190 380 ]
PHL- 10 90 180 ns
PLH 15, 65 130
S 100 200
Transitioe: Time, THL. 10 50 100 ns
ey 15 40 80
input Capacitance, Cypy - Any foput 5 7.5 pF.

==

Fig 11 — TypecH trasasition time vs. ioad
capacitance.

I e

SUPPLY vOLTSE ()~ ¥

soca- g

Fig 12 — Typical triager thesshald vottage vi ¥y,

Fig 10~ Typlcal propagetion delay time
v supply voltage.

.
Fig. 13 — Typécaf per cent hysteresis re.
supply voltage.

(%]
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CD40938 Types

eteT DATT - ST AT
\ LoAD CAPCTTANKE 1K il e
i 2L Torce ryrmert
» % ¥ recovency 1o m 4
by T |
i P E
£ 3 o FYx-TT
H P /
i LR st .
3 = § F /
T 2T [
3 ST
5 4 23 ISP ATSIITE EN R UT N S Y RS s
4 ++ + -
3 HroeE BRIRAL L FU L e R .
ar w0 FaLL T U3, g tmm
S aven arcopeere
Fig 14 = Typical powsr ditsipalin vi. Fig 15 ~ Typical cower dissipttion vs. rise snd
frequency charactecistics fe 23
Voo TO CaMTMOL GNAL
9 conTaoL L .
gisua =174 v 11
o A
. [l
+300400™ 8

:::ﬂ.. = cf sracoaonss

v

3040 ga5iud
i00pFsCs taf

FOR THE AANGE GF W 4ADC

: — Voo
£ _.J_L
vsg

e (2

erfi

0@ 5 RS eun,
100 F S €31 aF

"w")

FOR THT RANGT OF R 4RO C GIVEW
Tar < 14 <O

s naem

GIVEW $an <ty <o

s piee

Fig 17 ~ Moncstabla multivibeator.

wruts

Vas 70 8GTH Vo 0 Vay:

sy aeena

Fig. 20 — tnput corrent sest cireust,

Fig. 18 - Astable multivibrator.

1700 vigw)
$263-24233
TERMINAL ASSIGNMENT

APPLICATIONS
To CoNTROL
S1Gmat,
o8 Vg
hAVAE oS -
z
Yegrdl o AL m»:
4 COa0w3B =
azcsazms
FREQUENCT RANGE OF WAVE SHAPE
15 FROM 0 TO 1 MHa
Fig 16 — tave shaper.
Yoo
neytTs
-
Vss
asts Treain
Fig 19 — Quiescent davice current test
circyit,
Voo
R= 1xKA
SWITCH
GA_RELAY
CONTACT Cou8
£Z 0OOIRF

o

I

Fig 21 - Contac! Debaucer
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3 Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS
www.ti.com 28-Fab-2005

PACKAGING INFORMATION

Orderable Device status 'Y Pack Pach Pins Pach EcoPlan!? Lead/Ball Finish MSL Peak Temp &
Type Drawing Qty
7704602CA ACTIVE cop J 14 1 None Call Ti Level: NCNC-NC
CD4093BE ACTIVE POP N 14 25 Pb-Free CUNIPDAU  Level-NCNC-NC
{RoHS)
CD4093BF ACTIVE cDIP J 14 1 None Call TI Level- NCNC-NC
CD4093BF3A ACTIVE CDIP J 14 1 None Call T Level-NCNCNC
CD4093BM ACTIVE soic D 14 50 Pb-Free CUNIPDAU  Level-2-260C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CDA4093BMS8 ACTIVE soic D 14 2500 Pb-Free CUNIPDAU  Level2-260C-1 YEAR/
{RoHS) Level-1-235C-UNLIM
CD4093BMT ACTIVE soic D 4 250 Pb-Free CUNIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4093BNSR ACTIVE S0 NS 14 2000 Pb-Free CUNIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4093BPW ACTIVE  TSSOP PwW 14 90 Pb-Free CUNIPDAU  Level-1-250C-UNLIM
(RoHS)
CD4093BPWR ACTIVE  TSSOP pw 14 2000 Pb-Free CUNIPDAU  Level-1-250C-UNLIM
(RoHS)

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device wifl be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to suppart existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Ti has discontinued the production of the device

@ Ecg Plan - May not be currently avaitable - please check hitp. /Awwvs.ti.com/preductcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): Ti's terms “Lead-Free" or "Pb-Free" mean semiconductor praducts that are compatible with the current RoHS requirements
for all 6 substances, inciuding the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, T! Pb-Free products are suitable for use in specified lead-free: processes.

Green (RoHS & no Sb/Br): Tl defines "Green” to mean "Pb-Free® and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information pravided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted déstrictive tesfing or chemical analysis on
incoming materials and chemicals. Ti and Ti suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall Ti's liability arising out of such information exceed the total purchase. price of.the T1 part(s) at issue in this document sold by Ti
to Customer on an annual basis.

Addendum-Page 1
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MC74AC00, MC74ACTOO

Quad 2-Input NAND Gate
High—-Performance Silicon—-Gate CMOS

Features

¢ Qutput Drive Capability: +24 mA

® Operating Voltage Range: 2to'6 V AC00;4.5to 5.5 ACT00

® Low Input Current: 1.0 pA

. High Noise Immunity Characteristic of CMOS Devices

& [n Compliance With the JEDEC Standard No. 7A Requirements
e Chip Complexity: 32 FETs

® Pb-Free Packages are Available®

9 Y=AB
b 3
10 Y3
12
M LA
B
PIN 14 =V¢g
PIN 7 - GND
Figure 1. Logic Diagram
Veo

Y4 B3 M Y3
10

1] [u] [e] [u] o] [&]

D)

LT LT G Tad L] Bed 1

Bi ¥Y! A2 B2 Y2 GND

Figure 2. Pinout: 14~Lead Packages (Top View).

“For additional informiation on our Pb—Free strategy and scidering detalls, please
download the ON Semiconductor Soldering and. Mounting Techniques
Reference Manual, SOLDERRM/D.

ON Semiconductor®

http:/lonsemi.com

MARKING
DIAGRAMS

, PDIP-14
A N SUFFIX
CASE 646
14
1

/ solc-14
. @ D SUFFIX
1N ; CASE 751A
TSSOP-14
‘Q DT SUFFIX
1 \@ CASE M8G ALYW

14
anponnn
SOEIAJ-14

14
' 7450KX00
s 4w M SUFFIX ALYW
1
XXX
A

CASES65 |Q
1l]ll[]l.ll.\l.!

=ACor ACT

= Assembly Location
WL or L. =Wafer Lot
YYorY =Year
WW or W= Work Week

FUNCTION TABLE
inputs Output

Y

T T >
T r~IrC|@
~ T T T

ORDERING (NFORMATION
See-detailed ordexing and shipping information in the package
dimensions section on page 5 of this data shest.

© Semicondudor Components Industries, LLC..2005 1
January, 2005 - Rev. 8

Publication Order Number:
MCT4AC00/D
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MC74AC00, MC74ACT00

MAXIMUM RATINGS

Symbot Paramster Value Unit
Vee DC Supply Voltage -05t0 +7.0 Vv
Vi DC input Voltage 05 <V} € Vee+05 Vv
Vg DC Output Voltage (Note 1) -05 s Vg £ Vee +0.5 v
ik DC nput Diode Current +20 mA
lok OC Output Diode Current +50 mA
o DC Output Sink/Source Cutrent *50 mA
lee DC Suppty Current per Output Pin +50 mA
iGND DC Ground Current per Output Pin +50 mA
Tste Storage Temperature Range -65to +150 °C
T Lead temperature, 1 mm from Case for 10 Seconds 260 °C
T Junction temperature under Bias +150 =C
7Y Thermal resistance POIP 78 °C/W
Soic 125
TSSOP 170
Pn Power Dissipation in Still Ajr at 85°C POIP. 78 mw
SoiC 125
TSSOP 170
MSL Moisture Sensitivity Level 1
Fr Flammabiity Rating Oxygen tndex: 30% - 35% UL 94 V-0@ 0.125in
Vesp ESD Withstand Voltage Human Bedy Model (Note 2) > 2000 \"
Machine Model (Note 3) > 200
Charged Device Model (Note 4) > 1000
ILaten-up | Latch-Up Performance  Above Ve and Below-GND at 85°C (Note 5) +100 mA

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress imit

values (not normal operating conditions) and are not valid simultaneously. if these limits are exceeded, device functionai operation & nctimplied,

damage may occurand reliability may be affected.
1. lgabsolute maximum rating must be observed.
2. Tested to EIAJJESD22-A114~-A.

3. Tested to EIAJJESD22-A115-A.

4. Testedto JESD22-C101-A.

5. Testedto EWAJESD78.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage MC74ACD0 20 50 6.0 Y
MC74ACTO00 45 50 55
Vin Vout DC Input Voltage, Output Vitage (Ref..to GND} 0 - Vee v
ot Input Rise arid Fall Time (Note 6) Vee @ 3.0V - 150 - BN
MC74AC00 Vec @ 45V - 40, -
Ve @ 55V - 25 -
te. by Input Rise and Fall Time {Note'7) Voo @ 45V - 10 - nsiV.
MC74ACTOO Voo @55V - 8.0 =
Ty Junction Temperature - - 150 °C
Ta Operating Ambient Temperature’'Range. 55 25 125 °C
lon Output Cuirent — High - - -24 mA
fov Cutput Current ~ Low - - 24 mA

6. Vi from 30% to 70% Vec.
7. Vaorom0.8Vte 20V

http:Hfonsemi.com’
2
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DC CHARACTERISTICS

MC74AC00, MC74ACTO00

MC74AC00
v Ta=+25°C | Ty = —40°Cto +85°C I Th =-55°C +125°C
cc
Symbol Parameter (9] Typ Guaranteed Limits Unit Conditions
Vi Minimun High Leve! 3.0 15 21 21 21 A\ Vouyr=01V
fnput Voltage 4.5 225 | 3.15 315 315 orVec =01V
55 275 {385 3.85 385
Vi Maximum Low Level 30 1.5 0.9 08 09 v Vour=0.1V
input Voltage 45 225 1135 1.35 135 ofFVec - 0.1V
55 2,75 {165 1.65 1.65
Von Minimum High Level 3.0 | 299 ] 29 29 2.9 vV |ioyr=-50 pA
Output Voltage 45 | 449 | 44 44 44
55 549 | 54 54 54
V| "Vin=ViLorVig
3.0 - 256 2456 2.4 =12 mA
4.5 - 386 3.76 37 foH —24 mA
55 - lass 476 47 =24 mA
Voo Maximum Low Level 30 J0.002{ Ot 01 0.1 v loyr = 50 pA
Outplt Voltage 45 |0001| 01 0.1 01 ’
55 {0.001} 0.1 01 0.1
V| ViN= Vi of Vig
3.0 - 0.36 0.44 05 12mA
45 0.36 0.44 0.5 oL 24 mA
5.5 - 0.36 0.44 0.5 24 mA
in Maximum Input 55 - =0. +1.0 10 A | Vi=Vee. GND
Leakage Current 1
lows tMinimum Dynamic 55 - - 75 50 mA | Voup = 1.65 VMax
Output Current
toHD 55 - - -75 -50 mA | Voup = 3.85 VMin
Icc Maximum Quiescent 5.5 - 4.0 40 40 ®A | Vin=Veg or GND
Supply Current

*All outputs loaded; thresholds on input associated with cutput under test.
TMaximum test duration 2.0 ms, one output loaded at a time.

iy and e @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vee.

NOTE:

AC CHARACTERISTICS {t; = tr = 3.0 nS; € =50 pF; see-Figures 3 and 4 for Waveforms)

MC74AC00
Vot Tp = +25°C Ta=-40°Cto +#85°C | T4 =-55°C to +125°C

cc
Symbol Parameter V) Min Tvp Max Min Fax Min Max Uriit
torH Propagation Delay 33 20 70 9:5 20 10.0 10 1.0 ns

5.0 1.5 6.0 8.0 1.5 8.5 1.0 8.5
tone Propagation Delay 33 15 55 8.0 1.0 8.5 10 9.0 ns

5.0 1.5 45 65 1.0 7.0 10 7.0

“Voitage Range 3.3 Vis 33V £0.3 V.
Voltage Range 5.0 Vis 5.0V 05V,

http:flonsemicom
3
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DC CHARACTERISTICS

MC74AC00, MC74ACTO00

MCT74ACTO00
Ta=+25°C [ Ta=~40°C to 485°C [T, = -55°C to + 125°C
Vee
Symbol Pparameter ™M | Tvp Guaranteed Limits Unit Conditions
Vi Minimum High Level 45 | 15 | 20 20 20 V [ Vour=01v
input Voltage 55115 | 20 20 2.0 o Ve =01V
Vi Maximum Low Level 45| 15 | o8 08 0.8 v {vour=o01v
input Voltage 55115 | o8 0.8 0.8 oVee-01V
Vou Minimumm High Level 45 | 449 | 4.4 44 4.4 Vv | lour=-50uA
Output Voltage 551543 | 54 54 5.4
v “ViN=ViLorVig
45| - |38s 376 3.7 lo 24
55 - 4.86 476 47 -24 mA
Vot Maximum Low Level 45 |ooo1] 01 0.1 0.1 V| lour=50 pA
Output Voltage 5.5 §0.001 | 0.1 01 0.1
V| Vin=ViLorViy
45 - 0.36 0.44 0.5 lor 24
55 - 0.36 0.44 0.5 24 mA
fing Maximum Input 55 - +0.1 +10 +1.0 A | Vi =Vce, GND
Leakage Cutrent
Alecr | -Additionat Max. Igofnput | 55 | 06 | — 15 1.6 mA | Vi=vee—21v
lown TMinimum Dynamic 55 - - 75 50 mA | Vo p =165V Max
Qutput Current -
{onD 55| - - -75 -50 mA | Vorp =3:85V Min
lec Maximum Quiescent 55| - 4.0 40 40 PA | Vin = Voo or GND
Supply Current

*All cutputs loaded; thresholds on input associated with output under test.
tTMaximum test duration 2.0 ms, one output loaded at a time.

AC CHARACTERISTICS {t, = t; = 3.0 nS; C_= 50 pF; see Figures 3 and 4 for Waveforms)

MCT4ACTO0
Vee Ta = +25°C Ta = -40°C to +85°C | Ta =—55°Cto +125°C
Symbof Parameter V) | Min ] Typ | Max Min Max Min Max Unit
tpLr Propagation Defay. 50 15 55 9.0 1.0 95 1.0 9.5 ns
tPHL Propagation Delay 5.0 1.5 4.0 7.0 1.0 8.0 1.0 8.0 ns
"Voltage Range 5.0 Vis S0V *05V.
CAPACITANCE
Valfue
Symbol ) Parameter Typ Test Conditions Unit:
Cin {nput Capacitance 45 Vee=50V pPF
Cep. Power Dissipation Capacitance 30 Vee =50V pF

hitp:/fonsemi.com
4
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National
Semiconductor

LM111/LM211/LM311
Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are voitage comparators that
have input currents neardy a thousand times lower than
devices like the LM106 or LM710. They are aiso designed to
operaie over a wider range of supply voltages: from standard
+15V op amp supplies down to the single 5V supply used for
IC logic. Their output is compatible with RTL, DTL and TTL.
as well as MOS circuits. Further, they can drive lamps or
relays, switching voltages up to 50V at currents as high as
30 mA.

Boih the inpuis and the outputs of the LM111, LM211 ar the
LM311 can be isolated from system ground, and the output
can drive {oads referred to ground, the positive supply or the
negative supply. Offset balancing and strobe capability are
provided and outputs can be wire OR'ed. Although sicwer
than the LM106 and LM710 {200 ns response time vs 40 ns)

January 2001

the devices are aiso much less prone te spurious oscilla-
tions. The LMitt has the same pin configuration as the
LM106 and LM710.

The LM211 is identical to the LM1i11, except that its perfor-
mance is specified ovar a -25°C to +85°C temperature range
instead of —55'C to +125°C. The LM311 has a temperature
rangs of G'C to +70°C.

2.0 Features

u Operates from single 5V supply

u {nput current: 150 nA max. over temperature
= Oifset current: 20 nA max. over temperature
= Difterential input voltage range: +30V

u Power consumption: 135 mW at £15V

3.0 Typical Applications vote 3

Offset Balancing

00875406

{ncreasing Input Stage Current (Note 1}

Note 1: Increases typical common mode siew from 7.9V/ps 1o 18Vis.

Strobing

CO5TUAIT
Note: Do Nat Ground Strehe Pin. Cutput is tumed off when currentis
pullad from Steobe Pin,

Detector for Magnetic Transducer

WAGHETIC
PCkUP

© 2004 National Semiconductor Corporation DSe05704

www.naticnal.ccm

tojesedwo aBelOoA LLEINT/LEZINT/ LN
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LM111/LM211/LM311

3.0 Typical Applications pee 3 (co:

Digital Transmission {sclator

Vesev _ o 55y
L) *s
N kX RS 4
(![ ]D g d
i,
+ s
b3
L] m
. b a3 wan outeur
TN, ok 1 1
GATE AP -
1 LT
>
c1 L]
;:‘. um—l— :;;.-
=
20525119
transients on V¥ lire.
HNote: Do dot Ground Swobe Pin.
Strobing oft Both input and Output Stages {Note 2)
£90M VA NETWORK
DD570442
Note: Bo Not Ground Strobe Pin.

Note 2: Ty

mical input current is 50 pA with inpats strobed off.

Note 3: Pir conpactions shown cn schematic diagrain and typical appli

tions are for HO8 motal can package.

Positive Peak Detector
15V

p—ouTPUT

00875423
Sckd tantaium

Relay Driver with Strobe

[ %S

*Ausorbs induclive kickback of relay and protects IC fmom severs voltage

Zero Crossing Detector Driving MOS Logic

www.national.com 2




4.0 Absolute Maximum Ratings for LMttt -55°C 10125°C
the LM111/ALM211note 105 Lm21t -25C 0 es’C
it Military/Aerospace specified devices are required, Lead Temperature {Soidering, 10 sec) 265°C
please contact the National Semiconductor Sales Office/ Voitage at Strobe Pin V-5V
Distributors for availabifity and specifications. Soldaring Information
Tota! Supply Voltage (V) 36V Duatin-Lina Package
QOutput 1o Negative Supply Voltage Soldering {10 seconds) 280°C
V74) 56V Small Cuttine Package
Grourd to Negative Supply Voltage Vapor Phasa {60 seconds) 215°C
Via) 30V infrared {15 seconds} 220°C
Differential input Voltage =30V Sae AN-450 “Surface Mounting Metriods and Their Effect
Input Vottage (Mote 4j =15V on Product Reliability” for other methods of soidering
Output Short Circuit Duration 10 sec surface mount devices.
Oparating Temperature Range ESC Rating {Note 11} 360V
Electrical Characteristics pow & for the LM111 and LM211
Paramaeter Conditions Min Typ Max Units
Input Cifset Voltage {Note. 7) Ta=25"C. Rg<50k 2.7 3.0 mV
Input Offset Cument T,=25'C 4.0 16 nA
Input Bias Currant T=25C 60 160 nA
Voltage. Gain T,=25"C 40 200 Vimv
HResponse Time {Note 8) Ta=25C 200 ns
Satyration Voltage YiE-8 MV ogp=50 mA a75 1.5 ]
T,=25'C
Strobs ON Currant {Mote 6) TA=25C 2.0 S0 mA
Cutput Leakage Current Vpizd mVY, Ve, =35V 9.2 10 nA
Ta=25'C. lapops=3 MA
Input Offset Voltage (Nots 7) Res30 k 4.0 my
input Cifset Cument {Ncle 7) 20 nA
input Bias Current 150 nA
Input Vaftage Range V=15V, ¥V =—15V, Fin 7 -145 13.8,-14.7 13.0 !
Pyll-Up May Go To 5Y
Saturation Voltage V4.5V, V=0 023 04 v
Vii$-8 MV, 1o rs8 mA
Cuiput Leakage Current Y28 MV, Vo =35V 2.1 0.5 pA
Positive Supply Cursant T.=25C 5.1 6.0 nA
Negative Supply Current Ta=25'C 4.1 5.0 mA

Note 4: This tating apphas for 115 supgsies. The positive arput veltage Bt is 30V above the negative supply The negative input witage limil s aqual (o e
negative supply voltage o 30¥ batow the pasitive supply, whichovar is less,

Note'5: The maximuny junchion temperalure of the LM111 is 150°C, vhile that <f the LM2 11 is {17
package must:be derated based-on atheumal resistance of 185°CW. junction k> aratiant. or 20°C5
package'is 110°CAY, functicn 1o, anibient.

opefaling at edevatad terneratures, devices. o the HO8
junction o cass. The thermal resistance of the dual-in-ting

Note &: Thaso spaifications apply for Ye=215Y and Ground pin at ground, and -35"C<T5+125°C. unlass cthervise stated. ¥ith the LA, howaver, all
temporatire specfications arefimited 18 -25°C<T,-85°C. The offsat voltaga, -flsat current and bins current specifications apply ke any supply voliege fram a single
5V supply up 1o £ 15V supplies

Hote 7: Tha olfset voltages and olfsat cuments givan ara tho maximum values requirad to drive the sulput within a voll of ather supply with a t mA oad. Thus  these
parametets deline an eror band and take Mo avcount the worstcase olfects of voltage gan amd Rg,
Hote 8; The respnso time spacified {soe dediniiions) i for a 100 mY wpul step with 5'as¥ overdiive.

Note 9: This specilication gives tho range of cuent whish must be drawn liom tho sirxbo pin to-ensure the outpul i geaperly disabled. Do not short the sirabe pin
o grotimd; & shotid be cument drivers at 3105 mA.

Kote 10: Raler fo RETS 111X lortha (M 1114, IM111J and LM 11158 inditary - specifications,
Note 11: Human body mode, 1.5 kQ in senigs with 100 pF

wvi.naional.com
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LM111/L M211/LM311

5.0 Absolute Maximum Ratings for Cutput Short Circut Duration 0 sec
the LM311mote 12 Operating Temperatura Range 0" t6 70°C
It Milhary/Aerospace specitied devices are required, Storaga Tamperaturs Range -65°C to 150°C
please contactthe Nationa! Semiconductor Sales Office/ Lead Temperaturs {sokiering, 10 sec) 260°C
Distributors for availability and specitications. “oltage at Strobe Pin VBV
Total Supply Voltage (Vq.) 36V Soldering Infcrmation

Output to Negative Suppiy Vottage Duagl-in-Line Package

Vst 4oV Soldaring {10 saconds) 280°C
Ground to Megative Supply Voltege Small Outline Packags

Vaal 30V Vapor Phase {80 seconds) 215°C
Ditferential Input Vottage +30V Infrared (15 secends) 200°C
input Voltage {Note 13; 18V See AN-450 *Surface Mounting Metheds and Their Effact
Power Dissipation (Note 14) 500 mW on Product Refiability” for other methods of soldering
ESD Rating {Note 16} 363V surface mount devices.

Electrical Characteristics ote 15 for the LM311

Paramster Conditions Min Typ Max Unlts
Input Offset Voltage {Note 16} T.=25'C. Rgz50k 20 75 my
Input Oftset Current{Ncte 18) T,=25C 6.0 59 n&
input Bias Cirrent Ta=25C 106 250 nA
Voltage Gain T.=25C 40 200 Vimyv
Responsa Tima (Ncte 17) T,=25°C 200 ns
Saturation Voltage Vira3=10 MV 1, r=58 mA 075 15 v
TA=25'C
Sirobe ON Current {Nots 18 Ta=25°C 20 5.0 mA
Cutput Leakage Current Vip210 MV, Vi, =38V
Ta=25°C, lerncer=3 MA 02 56 nA
V- =Pint=-5V
Input Cffset Yoltage {Note 1€} Re250K 10 my
input Otfset Current (Note 16} 70 nA
input Bias Currant 200 nA
input Voltage Range -145 13.8.-147 13.0 v
Saturation Voltage VP25V, ¥V-=0 0.23 0.4 \
Vins=10 mV, L0588 ma
Positive Supply Current T,=25C 5.1 7.5 mA
Negative Supply Current Ta=25'C 4.1 5.0 mA

Nole 12: “Absnlute Maxirasm Ratings indsate limits beyond which damage (o thy desdce may wonur. Opaating Rarings indnate condiions tor which the divics is.
fnctional, but do.not. quiarantes sp perforance finnts ®

HNote 13: This rating appiies ke £15V supplies. The posiive npul voliage fimit is 36V above tw negalive supply. the nogative inpt vollaga limil is agual o the
negative supply vollage or 30% below the positive supnly, whichever' is less.

Note 14: Thia maxinium unction fetpesature +f the LM is 110°C. For opesating at olavated temparstura, devices in the HOE packagy inist bo dorated based
on'a thomal resistance of 155 C. junction o> ambient, of 20°G/A. junction &> casa, The thermal resisianco f. tha duak-in-line packaga i$ IQU°CAY, junction lo
andient,

Note 15: These specifications apply for ¥g=215Y and Pin 1 &t ground. and §°C < Ta < +70°C, unless <thersise spenitied. The ol sed vohage, offset cumrant and
bias current specificatixis appy foc any supply wollaga rom a single 5 supply up 50 15V eupplias

Nota 16: Theolizet voliages andoliset Cunents given aro the maximum values rorquired 1o drive the output wilkin a volt of cither supply with { maibad. Thus; theso
patamelers delino an emor band and take info acsount the worst-casie offects of vollage gain arxd Rs.

Note 17: The response tima spectied] (see delnittens) 1s 11 a 100 10V mgin Slep with 5 1NV overdive.

Note 18: This. specilication gives the tange o current which must v drawn rmm e sicobe pin to ensure the culpit is propertly disebled. Do not short the strobw
Fintes grotind; & shoutd ba ssurent driven at 310 5 MA.

Mote 19: Human tody micel. 1.5 kQ in saries with 100 pr.

wyr. national.com 4
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SNS4HC74, SNT4HCT4
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS
WITH CLEAR AND PRESET

SCLS094D - DECEMBER 1882 - REVISED JULY 2003

Wide Operating Voltage Range of 2Vto 6 V
Outputs Can Drive Up To 10 LSTTL Loads
Low Power Consumption, 40-uA Max icc
Typical tpg = 15.ns

+4-mA Output Drive at 5V

Low Input Current of 1 A Max

SNS4HCT4 ... J OR W PACKAGE
SN74HC74 . .. D, DB, N, NS, OR PW PACKAGE
(TOP VIEW)

Ve
] 2CLR
] 20

] 2cLk
] 2PRE

description/ordering information

The "HC74 devices contain two independent
D-ype positive-edge-triggered flip-flops. A low
level atthe preset (PRE) or clear (CLR) inputs sets

or resets the outputs, regardless of the levels of SNMHCI%[:'VI:EV:,ACKAGE

the otherinputs:. When PRE and CLR are inactive o v

(high), data atthe data (D) input meetingthe setup aldo 8‘5

time requirements are transferred to the outputs - - z>d

on the positive-going edge of the clock (CLK) 3 21 2019

pulse. Clock triggering occurs at a voltage level 1CLK 18f} 20

and is not directly related to the rise time of CLK. Nefls 17N

Following the hold-time interval, data at the 1PRE {1 6 16[] 2CLK

Dinput can be changed without affecting the NC )7 15[ NC

levels at the outputs. 1af{ls 14[} 2PRE
910 1112 13

90 0IC O
—ZZANN

NC — Nointernal connection

ORDERING INFORMATION

i PACKAGE PARTNUMBER | MARKING
PDIP-N Tube of 25 SN74HC74N SN74HC74N
Tube of 50 SN74HC740
sSoIC~D Ree! of 2500 SN74HC74DR HC74
Reel of 250 SN74HC74DT
—40°Cto 85°C SOP ~ NS Reel of 2000 SN74HC74NSR HC74
SSOP - DB Reel of 2000 SN74HC74DBR HC74
Tube of 90 SN74HCT74PW
TSSOP -PW Reel of 2000 SN74HC74PWR HC74
Reel of 250 SN74HC74PWT.
CDIF-J Tube of 25 SNJ54HC744 SNJ54HC74J
~55°Ct0125°C |CFR-W Tube of 150 SNJ5S4HC74W SNJ54HC74W
LCCC~FK Tube of 55 SNJS54HC74FK SNJ54HC74FK
T Package drawings, standard packing quantities. thermal data, symbolizafion, and PCB design guidelines are

available at www ti.com/sc/package.

Please be aware that an important notice conceming aveilability, standard warranty, and use in critical applications of
Texas instruments semiconductor products and disclaimers théreto appears at the end of this data sheet.

PRODUCTION OATA information b-.cument-as of publication date.
Products canfori o spectficallom per the lerms of Texas Instymonts

Y. does not necassarity fncluds
wsting of all parameters.

Copyright @ 2003, Texas Instruments. incorporated

On prodocts compliant 0 ML-PRF-38535, all pasitoeters ar sted

sy olherwise :ued On alf_olber m:::l, production
o y sting

» TEXAS
INSTRUMENTS

POST OFFICEBOX 655303 ® DALLAS, TEXAS 75265 1
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SN54HC74, SNT4HCT74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS
WITH CLEAR AND PRESET

SCLS0840 - DECEMBER 1982 — REVISED JULY 2003

FUNCTION TABLE

INPUTS OUTPUTS

PRE CLR CLK D Q q
L H X X H L
H L X X L H
L L X X HT Ht
H H T H H L
H H T L L H
H H L X Q Qo

T This configuration is nonstable; that is, it does not

persist when PRE or CLR retums to its inactive
(high) fevel.

logic diagram (positive logic)

PRE

CLK

CLR

— >o—

ol

absolute- maximum ratings over operating free-air temperature range {unless otherwise noted)¥

Supply voltage range, VoC - -« oo cer i i A 05Vto7V

Input clamp currert, ik (Vy <0or Vi >Vge) (seeNote 1) ...
Qitput clamprcurrent, ok (Vo < 0 or Vo > V) (see Note 1)
Continuous output current, ig (Vg = 0to Vo)
Continuous current through Ve or GND

120 mA

Package thermal impedance, 834 {seeNote2): Dpackage ..................c.......... ... 86°CW
DBpackage ......... ... i 96°CAW
N PACKAGE ..o 80°CW
NSpackage ....................... ... 76°C\WV
PWpackage .........coiveiiiiiiiiiiiiiiin 113°C/W
Storage temperature range, Tatg . -« et e e —85°C to 150°C

1 Stresses beyondthose listed under “absolute maximum ratings” may cause permanent damagetothe device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under ‘recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability:
NOTES: 1. The inputand output voltage ratings may be exceeded if the input and output current.ratings are observed.
2. The package thermal impedance is calculated in accordance with JESD 51-7.

TExAas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285
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SN54HC74, SNT4HCT4

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS

WITH CLEAR AND PRESET

SCLS084D - DECEMBER 1882 - REVISED JULY 2003

recommended operating conditions (see Note 3)

SN54HCT4 SN74HC74 UNIT
MIN NOM MAX] MIN NOM MAX
Vee Supply voltage 2 5 6 2 5 6 \"
Veg=2V 15 15
ViH High-levet input voltage Veo=45V 3.15 3.15 v
Vee=6V 42 42
Veg=2V 0.5 05
ViL Low-level input voltage Vee=45V 1.35 1.35 A\
Vee=6V 1.8 18
\ Input voltage 0 Vee 0 Ve \"
Vo Qutput voltage Vee 0 Vee v
Vee=2V 1000 1000
AYAV  input transition riseffaif time Vee=45V 500 500 ns
Veg=6V 400 400
Ta Operating free-air temperature -55 125 —40 85 °C
NOTE3:

All unused inputs of the device must be held at Ve or GND to ensure proper device operation. Refer to the T1 application report,

Implications of Siow or Fioating CMOS Inputs, literature number SCBAQ04.

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

TA =25°C SNS4HCT74 SN74HCT74
PARAMETER TEST CONDITIONS Vee UNIT
MIN  TYP MAX|] MIN MAX] MIN MAX
2V 1.9 1998 1.9 1.9
loH=-20gA 45V 4.4 4499 44 4.4
VOH Vi=Vig o Vi 8V 59 5999 59 59 A\
1oH = -4 mA 45V 398 43 37 3.84
IoH =-52mA 6V 548 58 52 5.34
2V 0.002 0.1 04 01
loL =20pA 45V 0.001 0.1 01 0.1
VoL Vi=Vigor Vi 6V 0.001 041 0.1 0.1 v
foL=4mA 45V 0.17 0:26 04 0.33
lor =52mA 6V 015 026 04 0.33
il Vi=Vco o0 6V 0.1 £100 1000 +1000 nA
lec Vi=V¢cor 0, 1o=0 6V 4 80 40 uA
C{ 2Vto6V 3 10 10 10 pF
TexAs
INSTRUMENTS

POST OFFICEBOX 655303 & DALLAS, TEXAS 75265 3




113

SN54HCT74, SN74HC74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS

WITH CLEAR AND PRESET

SCLS0940 ~ DECEMBER 1982 — REVISED JULY 2003

timing requirements over recommended operating free-air temperature range (unless otherwise

noted)
Ta =25°C SN54HCT74 SN74HC74
Vee UNIT
MIN  MAX MIN  MAX MIN  MAX
2V 6 42 S
fiock  Clock frequency 45V, 31 21 251 MHz
6V 0 36 0 25 0 29
2V 100 150 125
PRE or CLR low 45V 20 30 25
L 6V 17 25 2
tw Pulse duration - ns
2V 80 120 100
CLK high or low 45V 16 24 20
6V 14 20 17
2V 100 150 125
Data 45V 20 30 25
. 8V 17 25 21
tsu Setup time before CLKT ns
2V 25 40 30
PRE or CLR inactive 45V 5 8 6
6V 4 7 5
2V ] 0 0
th Hold time, data after CLKT 45V 0 0 0 ns
6V 0 0 0

switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF
(unless otherwise noted) (see Figure 1)

PARAMETER FROM 10 vee Ta =25°C SN54HC74 | SN74HCT74 uNIT
(IRPUT) {OUTPUT) MIN  TYP MAX| MIN MAX| MIN MAX
2v 6 10 4.2 5
Tnax 45V 31 50 21 25 MHz
6V 36 60 25 29
2V 70 230 345 290
PRE or CLR QorQ 45V 20 45 69 58
tha 6V 15 39 59 sl
2V 70 175 250 220
CLK Qor@ 45V 20 35 50 44
6V 15 30 42 37
2V 28 75 110 95
t Qo Q 45V 8 15 2 19| ns
sV 6 13 19 16
operating characteristics, Tp = 25°C
PARAMETER “TEST CONDITIONS | TYP| unIT
Copd Power dissipation capacitance per flip-fiop Noload 35 pF

Q TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75235
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SN54HC74, SN74HC74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS
WITH CLEAR AND PRESET

SCLS084D ~ DECEMBER 1982 — REVISED JULY 2003

——Ve¢ T Vee
Reference 50% Input 50% 50%
Input | |
av

Data
{nput

SETUP AND HOLD AND INPUT RISE AND FALL TIMES Out-of-Phase

NOTES: A
B,

moo

PARAMETER MEASUREMENT INFORMATION

From Output Test High-Level s0% ——n— Vee
Under Test [ Point Pulse ] | 50%
ov

CL=50pF
{see Note A) %4-— tw —DI
Low-Level | | Vee
o
LOAD CIRCUIT Pulse 50% _50_%_ ov
VOLTAGE WAVEFORMS

PULSE DURATIONS

] ov
i
b tou b1 th — i e~ tpLy - e o »
| A Vee n-Phase | | t o K1 — VoH
sy ) 3% 0% N 50% Output | g I Bl 7
0% | 1% gy 10% | | | ¥et0% o
| i i —¥ et —
—n et —» [t
r f 4= tpHL —M M tprn ¥
VOLTAGE WAVEFORMS ] VOH

Qutput

VOLTAGE WAVEFORMS
PROPAGATION DELAY AND QUTPUT TRANSITION TIMES
Cyincludes probe-and test-fixture capacitance.
Phase réfationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR € 1 MHz, Zp =50 £1, {, =6 ns, ty=6 ns.
For clock inputs, fmay is Measured when the input duty cycle is 50%.
The outputs are'measured one at a time with one input transition per measurement.

. tpH and tpy|_ are the same as:tpg.

Figure 1. Load Circuit and Voltage Waveforms

TEXAS
INSTRUMENTS

POST OFFICE'BOX 855303 ® DALLAS, TEXAS 75265 5
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Agilent Technologies

Very High CMR, Wide V¢ Logic
Gate Optocouplers

Technical Data

Features

+ 10 kV/ps Minimum Common

Mode Rejectlon (CMR) at

Vex = 1060V

@CPL-2211/2212/0211/

2232, ICNW2211)

Wide Operating Vo Range:

4.5 to 20 Volis

300 ns Propagation Delay

Guarantecd over the Full

Temperature Range

3 Mbd Typical Signal Rate

Low Input Current (1.6 mA

to 1.8 mA)

Hysteresis

* Totem Pole Output (No

Pullup Resistor Required)

Avatlable in 8-Pin DIP,

SOIG-8, Widebody Packages

Guaranteed Performance

from -40°C to 85°C

Safety Approval

UL Recognized -3750 V tins
for 1. minute (5000 V rms
for 1 minute for
HCNW22XX) per UL1577

C3A Approved

IEC/EN/DIN EN 60747-5-2

Approved with Vg = 830

Vpeak (HCPL-221 172212 Option

080 only) and Vigpy = 1414

V peak (HCNW22XX only)

.

-

.

* MIL-PRF-38334 Hermetic
Version Available
(ICPL-52XX/62XX)

Applications

» Tsoiation of High Speed
Loglc Systems

* Cofnputer-Peripheral
Interfaces

« Microprocessor System
Interfaces

* Ground Loop Elimination

« Pulse Transformer
Replacement

« High Speed Line Receiver
* Power Control Systems

Fanctional Diagram

HCPL-220t/11
HCPL-0201/11
HONW2201/11

ne 1]

Anooe f2]
CATHODE E}
ne [4]

o
D
6] ne
BERY

.____\?‘\_.._..

[EN—
SHIELD

HOPL-2231/32.

ANODE 1 Ej—EZ:—E]Vcc
caTHoDE 1 [2}— ‘?‘@—Z}Vm
caTHoDE 2 3 ?{@E} vor
: 5] e

anove2 [ s

A 6.1 uF hypass capacitor st be connected betwean pins 5iand 8.,

HCPL-2201
HCPL-2211

HCPL-2202
HCPL-2212

HICPL-2231 HCPL-2232
HCPL-0201 HCPL-0211
HCNW2201 HCNW2211
Description

The HCPL-22XX, HUPL2XY,

and HONW22XX are optically-
coupled logie gates. The
HCPL-22XX, and HCPL-02XX
contain a GaAsP LED while the
HONW22XX contains an AlGaAs
LED. The detectors have ictem
pole output stages and optical
receiver input stages with buiit-in
Schunitt triggers to provide logie-
eompatible waveforms, eliminal-
ing the need for additional
waveshaping.

A superior internal shield an the
HCPL-2211/i2, HCPL-G21%,

HCPL-2202H2

uc {i]
CATHODE [3] 32

4 [
Ne E SHIELD

2] vec
7] ne
v
5] anp

B/

TRUTH TABLE

(POSITIVE LOGIC)
E0 | Vo
ON | HIGH
OFF | tow

CAUTION: It is advised that-normdal stulic precautions be taken in handling and assembly of this component
to prevent damage arvdjor degradation whick may be induced by ESD:
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HCPL-2232 and HCNW2211
guarantees conuuon mode

transient immunity of 10 kVius at

The electrical and swiiching
characteristics of the HCPL-
22XX, HCPL-02XX #nd

wide Voo range allow compaftitil-
ity with TTL, LSTTL, and CMOS

logic and result in iower power

a common mode voltage of 1 HONW22XX are guaranieed from consumption compared fo other
volts. -40°C to +85°C and a Vg from high speed couplers. Logic signals
4.5 volts te 20 volts. Low Iy and are transmitted with-a typical
Sclection Gulde propagation delay of 150 ns.
Smali- Widebody
Minirmum CMR Input 8-Pin DIP (300 M) Outline SO-8 | (400 Mil) Hermetic
On- Single Dual Single Single Single and
dvide Current Channel Channel Channel Channel | Dual Channel
Vi) | Veur (V)| (ma) Package Package Package Package Packages
1000 50 1.6 HCPL-2200021 HCPLO201 | HCNW2201
HCPL-2201
HOPL-2202
18 HCPL-2231
2,500 400 18 HOPL-22180.21
35,0001 30013 1.8 HCPL-2211 HOPLO211 | HONW2211
HCPL-2212
1.8 HCPL-2232
1,000 a0 2.0 HCPL-52XNXE
Notes:

1. HCPL-2200/221¢ devices include catgui enable/disabls funci
achrical data for the HCPL-22

2. T
3

00/2219, HCPL-52XX and HO

3. Minimann CMK of 10 KVAS withi Ve = 1009 V can ha achieved witht input currert, I, of 5 1ad.

Ordering Information
Specity Part Nuber followed by Option Number (G desired).

Example:

HOPL-2211 #XXXX

-62XX are on szparate Agilent publications.

0BC = IEC/EN/DIN EN 80747-5-2 Viggy = 830 ¥ paax Optitn*
300 = Gull Wing Surface Mount Option**
50C = Tape.and Reel Packaging Option

L———XXXE = Lead Free Option

Opticn data sheets available. Contact your Agilent sales representative or authorized distributor for information.

Remarks: The notation “#7 is used for existing products, while {new} products launched since 15th July 2001
and lead free option will usé -7
*For HOPL-2211/2212 anly.
*#(ll wing surface mount option applias to though hole parts ony.

Schematic

2 I H
1

Ve %
= (]
3 }
1

SHIEC

Icc

£

7

g Vee

LN Jor

e a T D
icc a
“*—o Voo - 1
3 2 1

& [F>=2ov

GND 2

SHIELD

et alls

+ ~
45

SHIELD

HCPL-2231/32
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Package Outline Drawings
8-Pin DIP* Package (HCPL-2201/02/11/12/31/32)
762025
"—(o.gﬁ : ggo)_ {0.300 = 0.016)
TYPE NUMBER l—é\‘ r’;" rl;_‘ ré] . OPTION CODE* 635025

o
Aoz« _}- DATE CODE

{0250 £ 0.010) ‘

Yww A |

O ~ UL
[ 2T [2114] Recoanrmion

1.19(0.047) MAX. _.l L_ "I L*IJB {0.070} MAX.

| J __“ +0076
y { le—5°TYP. 0234 _g 051

] 0.009)
(osiig =013 , 470(0.185) MAX. {oot0” ofooe))
¢
¥ —
! ! 0.51 (0.020) MIN.
1 i1 252(0115)MIN
1,080~ o.:zo__j —l|le— a.65(0.005) MAX. DIMENSIONS (N MILLIMETERS AND (INCHES).
0.04320013) "1 * MARKING CODE LETTER FOR OPTION NUMBERS
A =025 “V*.= OPTION 060
(0100 =0.010) OPTION NULIBER'S 300.AND 500 NOT MARKED.

NOTE: FLOATING LEAD PROTRUSION IS 0.25 mwm (10 mils) MAX.

8-Pin DIP Package with Gull Wing Surface Mount Option 360 (HCPL-2201/02/11/12/31/32)

LAND PATTERN RECOMMENDATION
: .

(o.gsﬁ : 3.%50) - I‘_ 1.016{0.040) :

B salinsls S sl vl h— %

FavErvanivareaisiazasiay ‘

63602025
(0.250:2 0.010)

LT
20/(0.080) ;

o
C

1780 9652026
(0.070) “ (0380 +0.010]
(01. J:,)—>I MAX. 7622025
k. 03002 o.moT‘ <007

T fos 02 -ocer
356013 +0.003)
(0140 = 0005} | 010" g5
- — Y
108020320 _ ol le | 1
06352025
(0.043= 0013} i . ™1 70,025 0.010)
254 0,635 £0.130 — 12° NOM.
(©.700) {0,025 = 0.006)
8sC

DIMENSIONS IN MILLIMETERS, (NCHES).
LEAD COPLANARITY = 0.10 m {0.004 INCHES).

NOTE: FLOATING LEAD PROTRUSION IS 0.25 mim (10 mils) MAX.
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Smali-Outline SO-8 Package (HCPL-0201/11)

6.004 =0.203
(0236 0.008)
3.097 = 0.127
{0.155 = 0.005)

PIN ONE

o4oe=oo7s—-l l-—
(0.01620.003)

——l L—127\)Bsc

(0.050)

“—~TYPE NUMBER
(LAST 3 DIGITS)
DATE CODE
d

LAND PATTERN RECOMHMENDATION

Il

‘508020127 T—elio. oy 0432
02002 o.oos)‘\ 1 r 45 X0 017y
317620127 . fF +
(0.125 = 0.005) 1524 0-7 N (022820025
(0.063) } (0.009  0.001)
H T
- 0208 £0.102
{0.008 = 0.004)
* TOTAL PACKAGE LENGTH (INCLUSIVE OF MOLDFLASH) 9305
5207 = 0.254 {0.205 + 0.010) ©o12)N-
DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0,10 mm {0.004 INCHES) MAX.
NOTE: FLOATING LEAD PROTRUSION IS 0.15 mm (6 mils) MAX.
8-Pin Widebody DIP Package (HCNW2201/11)
11.00
{04z MAX

*7&13‘25:36‘35)“]
fh o A

9.00 =0.15

{0354 = 0.006}

_ TYPE NUMBER
A -1
HCNWIO :m‘///nnmcooe
-~
YYWW
o}
1 3 i 4
R L gy
’ 10.16 (oaoo) ‘\
155
1 o ] x
+09076
MAX 0254 g 0051
] (0. mofgg)
5.10
l JJ @ Jlsm)mxx
§ 3:10(0.122)
i 3IF0(0.154)  0.51({0.021)MIN.
2.54.{0.100)—
TP
1782015 _ 0.40{0.01
(0.070 = 0.006) F—W{ﬁ, DIMENSIONS IN MILLIMETERS (INCHES).

HOTE: FLOATING LEAD PROTRUSION IS 0.25 mm (10 mils) MAX
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW2201/11)

. 11162015
(0.442 2 0.006) LANDPATTERN RECOMMENDATION

o i o B =] == N
P i :
Lo : i
900:015 | & : i
: H H 1356 H
(0354-0006) | + e i
o : I :
e A s s | s =t T |
i 12 229 !
H (0651 (0.09) :
166 12:30:0.30
(0.061) (0484 '+ 0012)
M
i 11.00 11ax.
(0.433)
¥
4.00
A
¥ { !
T 7 L v
1782015 [ 7y
(0.070 2 0.006) } _4 L—- 1.00 = 0.16 !
254 0.75 +0.25 (0.039 x 0.006) +0.076
(0030 = 0.010) i 0254_9 0051
(0.100)
Bee o325
DIMENSIONS IN MILLIMETERS (INCHES).
7
LEAD COPLANARITY =0.10 mam {0.004 INCHES): HOR
NOTE: FLOATING LEAD PROTRUSION IS 0.25 mm (10 mils) MAX.
Solder Reflow Temperature Profile
300 T - T N
| . PREHEATING BATE 3°C + 1°C/-0.5°CISEC,
REFLOW HEATING RATE2.5°C'2 0.5°CISEC: - peAK
B PEAK
¥ PEAK
I TEMP.
—~ 230°C
g w0 75
pr L
160°C
B I 150°C &
g pomy
F;
g FoLE /, C +1°C-05C
@ 00 A - L
PHEHEATING TIME t.— )
150°C, 90 + 30 SEC. S0SEC
eseen= TIGHT
——TYPICAL
ROOM
TEMPERATURE —> e LOOSE
[ L] 1 1 It 1 | -3 I 1 1 1 il I i L 1 13 1 1 t
(] 50 " 100 150 200

TIME (SECONDS)
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Recommended Pb-Free IR Profile

TIMEWITHIN 5 °C of ACTUAL
.~ PEAKTEMPERATURE
S 20408€C.
Pow
T .
H H AAMP-DOWN
E ' 6 C/SEC. MAX. -
%z Tomax :
& Tamint :
o H
& i
= PREHEAT : 6010150 SEC.
L 1 600 180 SEC, ;
:
25 1 1 [ Lty $ L
le———125°C to PEAK———|
TME —=
NOTES:

THETIME FROM 25°C ta PEAK TEMPERATURE = 8 MINUTES MAX.

Temax =200 °C, T = 150°C

Regulatory Information
The HOPL-22XX/A02XX 2nd

HCNW22XX have been approved

by the following organizations:

UL

Recognized under UL 1577,

Component Recognition

Prograun, File B55361.

CSA

Approved under CSA Component

Aceeptance Natice #5, File CA

88224

Insulation and Safety Reliated Specifications

8-pin DII* PacKkage

IEC/EN/DIN EN 60747-5-2

Approved under:

[EC 60747- 1997 + Al:2

EN 80747-5-2:2001 + A1:2002

DIN EN § y B 0884
Teit 2):200)

{Option 080 and HONW only}

§-Pin DIP Widebody
(300 Mily | SO-8 | (400 Mil)

Parameter Symibol Value Value Value Units Conditions
Minimum External L{10L) 7.1 4.9 9.8 mm | Measured from input termninals
Air Gap (Extemnal to output terminals, shortest
Clearance) distance through air.

Minirnurn External L{102) T4 4.8 10.0 mm | Measured from input tenuinals
Tracking (Extemal o output terminals, shortest.
Creepage) distance path along body.
Minimum internal 0.08 0.08 19 mm | Throughinsulation distance,
Plastic Gap conductor to conductsr, usually
(Internal Clearance) the direct distance between the
photoemitter and photodeiector
inside the optocoupler cavity.
Mirimura Intenial NA NA 4.0 mm | Measured from input terminals
Tracking (Internal to output terminals, along
Creepage) intemnal cavity.
Tracking Resistance CTl 200 200 200 Volts | DINIEC 112/VDE 0303 Padt. i
(Comparative
Tracking Index)
Isclation Group Iffa Hla ia Material Group
(DIN VDE 0110, 1/89, Table 1)

Option 200 - surface mount.classification is Class A in aceordancewith CECC 60802.
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-1

IEC/EN/DIN EN 60747-5-2 Insulation Related Characteristics
(FICPL-2211/2212 Option 060 ONLY)

Description Symboli Characteristic | Unlts
Installation elassification per DIN VDE 0116/1.89, Table 1
for rated mains voliage < -V
for rated maing voltage < 450 V rms i
Climatic Classification 5578521
Pollution Degree (DIN VDE 0110/1.89) 2
Maximum Working Insulation Voltage Vioru 6320 V peak
Input to Output Test Voltage, Method b®
fiorM X 1.875 = Vpg, 100% Production Test with ty, = 1 see, Vpr 1181 V peak
Partial Discharge < 5 pG
Input to Output Test Voltage, Method a*
Viopm X 1.5 = Vpp, Type and sample test, Vpr 945 ¥ peak
tw = B0 sec, Partial Discharge < 5 pC
Highest Allowable Overvoliage*
(Transient Overvoltage, tyy = 10 sec Viot™ 8000 V peak
Safety Limiting Values
{Maximiun values alowed in the event of 3 failure,
also see Figure 12, Thermal Derating curve.}
Case Temperature 175 °C
{nput Current 230 A
Quiput Power &G0 [a\%%4
[nsifation Resistance at Ty, Vg =500V >10° Q

*Rafer to the fromt of
66747-5-2, for a detaile

opieeanpier section of the current cataloy, under Product Safely Regutations section IEC/EN/DIN EN
< description.

lation charactaristics are guaranteed ordy within the safety maxboumn vatings which st be ensured by protective ehrenits in
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IEC/EN/DIN EN 60747-5-2 Insulation Related Characteristics (HCNW22XX ONLY)

Description Symbol : Characteristic { Units
{nstallation classifieation per DIN VDE 011(/1.83, Table 1
for rate«l rains voltage < 600 ¥V rms -V
for rated mains voltage < 1000 V nns 111
Climatie Classification 55/100/21
Pollution Degree (DIN VDE 0110/1.83) 2
Maxinum Working Insuiation Voltage Vioru 1414 V peak
Input to Output Test Voitage, Method b*
Viorm x 1.873 = Vpg, 160% Production Test with tn = 1 see, PR 2852 V peak
Partial Discharge < 5 pC
Input to Output Test Yoltage, Method a*
Vierm X 1.5 = Vpgr. Type and sdmple test, Vpg 2121 V peak
tm = B0 see, Partial Discharge < 5 pC
Highest Allowable Overvoltage®
{Transient Overvoltage, tiy = 10 sec) Viors 8000 V peak
Safety Limiting Values
{Maximum values aliowed in the event of a failure,
also see Figure 12, Thennal Derating curve.)
Case Temperature Ty 150 <«
Current {Input Current Iy, Py = 0) Igrpur 400 mA
QOutptt Power Ps.oureur 700 awW
Insulation Resistance at Tg, Vip = 500 V Rs > 108 Q

*Rafar to the front of the npoceuplar secdon of the curtent catalog, under Producs Safsty Regulations section IBCG/EN/DIN EN

60747-

2, for a detailed deseriptinn.

applicatics.

Absolute Maximum Ratings

: (solation clarzeteristics are guaranteed only within the safewy nvaximmn ratings which mutst be ensured by protective cirenitsan

Parameter Symbol Min. Max. Tnics Note

Storage Temperature Ts -65 125 <
Operating Temperature Ta -440 85 T
Average Forward Input Current Togavc)y 10 A i
Peak Transient input Current

(< 1 ps Pulse Width, 300 pps) Irrramy 1.0 A i

< 200 ps Pulse Width, HONW22XX 40 mA

< 1% Duty Cycle)
Reverse Input Voltage Vi 5} v 1
HONW22XX 3
Average Output Current Ig 25 mA 1
Supply Voltage Voo 0 20 v
Output Voltage Vo -0.8 20 v 1
Taotal Package Power Dissipation Py 210 mW 2
i HCPL-223X 294
Qutput Power Dissipation Py Sée Figure 7 1
Lead Solder Temperature (Through Hole Parts 260°C for 10 sec.,
Only) 1.8 i below seating plane
| HONW22XX 260°C for 10 see., up to seating plane

Solder Reflow Temperature Profile (Surface See Package Outline Drawings section
Mount Parts Only)
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9
Recommended Operating Conditions
Parameter Symbol Min. Max. Units

Power Supply Yoltage Veo 4.5 20 AY
Forward [nput Current (ON) lwon; 1.5% 5 mA

HCPL-223X 1.8t
Forward luput Voltage (OFF) Viosey - 0.8 v
Qperating Temperature Ta -40) 85 T
Junction Teraperature Ty -40 125 T
Fan Out N 4 TTL Loads

*The initial switching thresheld is 1.6 mA or less. Itis recommended that 2.9 mA he used to perniit at lzast 2 20% LED dagradation
guardband.
+The fnitial switching threshold is 1.8 mA or less. 1t is vecommended that 2.5 A be used t6 paonit at least a 20% LED degradation
guardband.

Electrical Specifications

1.8 mA < Ipon* S 5 A, 0 VS Vrops € 0.8V, unless otherwise
ote 7.

specified. All Typicalsat Ty = 25°C. Se

Parameter Sy, | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Logic Low Output Voitage Vo, 0.5 \% o = 6.4 mA (@ TTL Loads) 11,3 1
Logie High Qutput Voltage ‘oi | 24 o V | igg=-26mA 2,3, I
2.7 D.4mA 8
Output Leakage Current lonm 100 | pA | =55V e =56mA 1
Natmr > Vo) 500 Vo =20V
Lagie Low Supply lear A7 180 | mA | V=55V V=0V
Current 4.2 1 70 Voo =20V I = Open
HCPL-223X 74 | 120 Voo =05V
8.4 1140 Vg =20V
Logie High Supply ook 24 140 | mA | Vg=5DV Ip=5mA
Current 27 V50 P Ig = Open
HCPL-223X 4.8 | &0 Voo =558V
5.4 1109 Ve =20V
Logic Low Short Cireuif, s 15 mA | a=Vee =580V V=0V 1,3
Qutput Current 20 Vo=Ve=20V
Logic HighShort Circuit losu 10 | mA | V=55V Ig=DmA 1,3
Output, Currént. 90 V=20V V5 = GND
Input, Forward Voltage ) 1.5 17 V | Ty =25 IF=0mA | 4 1
1.85
HONW2Z2XX 1.5 |1.82 Ty = 25C ]
1.95
[nput Reverse Breakdown BVp 5 V | p=10wA 1
Voltage | HONW22XX 3 Iy = 100 pA
Input Diode Temperature AVg 1.7 nv/C lp =5 mA
Coefficient | HCNW22XX | ATy -1.4
[nput Capacitance O 60 pF { [=1MHz, =0V 1,4
| HCNW22XX, 70

*For HOPL-223X; 1.8 mA £ Tyeag € 5 A
*sTypical Vg = Veg - 2.1 V.
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Switching Specifications (AC)
SA0NCE Ty € 869, 4.5V E Ve S 20V, LEmA S foy £ 5 mA 0 VS Ve < 0.8 V.

All Typicals at

Ty = 25°C, Voo = 3 V, Ipgony = % MA unless otherwise specified.

Parameter

Sym. | Min. j Typ. jMax. {Units Test Conditions Fig. { Note
Propagation Delay Time tenr 150 ns | Without Peaking Capacitor 3,8 | 1,8
to Logic Low 180 m
Output Level 150 | 300 With Peaking Capacitor
Propagation Delay Time fprp 110 ns | Without Peaking Capacitor [ 5,6 | 1.6
to Logic High 180 HONW22XX
Output Level 9 | 200 With Peaiing Capacitor
Output Rise Time {10-90%) i, 30 11§ 5,8 1
Output Fail Time {80-10%) t 7 ns 5,9
Parameter Sym. Device Min. | Units Test Conditions Fig. | Note
Logic High ACPL220102 | 1000 | Vius | |Ve] =30V | Vc=5bVv | 10 1,7
Comanon Mode HCPLN201 = L6mat Ty =25T
Transient HCPL-2231
Tratnunity HCONW2201
HCPL-2211/12 | 2000 | Vis IVem} = 300V
HCPL-0211 p = 1.6 maA¥
HGPL-2232 100001 Vius | [Vem] = 1 kV
HONW?2211 F=50ma
Logic Low [CM;] | HCPL2201/02 | 1,000 | VA | |Vew| =80V | % =0V | 10] L7
Comroon Mode HCPLL0201 Vea =5V
Transient HCPL-2231 Ty = 25T
Immunity HCONW2201
HCPL-2211/12 | 10,000 { V/us [Vepel = 1KV
HCPLO211

*For HCPL-223X, 1.8 ma < IF@N_; < 5 mA.

i1z = 1.8 A for HCPL-2231.
tz = 1.8 mA for HOPL-2235.
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1t
Package Characteristics
Parameter Sy | Min.| Typ. | Max.| Units Test Conditions g, | Note
nput-Output Momentary Vio | 3750 Vrns | RH < 500, & = | min. 5,103
Withstand HONW22XX 5000 5,11
Voltage”
Inpt-Outpui Resistance Rig 1012 Q Vig = 500 Vde 5
HONW22XX 102] 107 T, = 25°C

104 Ty =.100C

inpui-Output Capacitance Cro 0.6 ol f=1Miz, H
[HONW22XX 05 | 06 T, = 25C | Yo =0 Vde

Input-friput nsulation Iyt 0.005 A | Relative Humidity = 45%, 12
Lealage Current 5,V =500V
Resistance {Input-Input) Ry 1ot Q V=300V 12
Capacitance (Input-input) Cry 0.25 pF | f=1MHBz 12

1not be interprated as an input-outpul

#Tha lopul-Oneput Momerntary Withstand Voltage is a dielectrie voltage rating that shoule
comtinunus voltage rating. For the conthgous vcliage tating tefex to the [EG/EN/DIN BN
(if applicable}, your equipmeant jevel safety spzcification ot Agilent Applisation Note 1074 endidled “Optoconpler Inpui-Cutpot
Endurancs Voltege,” publication number 5953-2203E.

0

Notes:
{. Fach channal.

. Derate total gackags power dissipation, Ps

3. Dusation of ontpint short circuit fire should not exceed 10 mas.

4, For singls devi input capacitalies is measured between pin 2 «nd pin %,

5. Devicz considered a two-termirial device: pins'1, 2, 3, and 4 shored togesher and pins 5, 8, 7, and 8 shoried wegether,

: propagation delay is measured from the 50 % point o the feading edge of the inpwt pulse to the 1.3V paint on the

adge < apagation debay s maasursd from the 50% point on the railing sdge of the input

palse o the £, of thi.cutpat pulse.
7. (M Is the maximun slew rate of the commen mode voliage thay can be susaingd with the cuipit voltage in the logic high state,

lireatly above 70°C frze -air temperature at a rale of 4.5 mW/°C.

%12, Vais onpind.
Q. Use of a 0.1 uF bypass capacitor conmected batwiden pins & and 8 is recommended.

10.In srdance with GL 1577, sach optocoupler is proof tested by-applying an insulation test voltage-2 4500 Vrms for one second

' ge datection current limit, I , £ 5 ). This test is parformed befors the 100% production test for partial discharge (Mathod
b showre in the [ECEN/DIN EN 60747-5-2 Insulation Characierisiies Table, if applicable,

11. In accordance with UL 1575, edch optocoupler is proof tested by applying an insulation ast viltage 2 6000 V rms for one second
{leakaga detection current limit, I 5 €6 ). This test is parformed before the 100% production test for partal dischargs (Method
b showt it the [EGEN/DIN EN 80747-5-2 fisulation Characteristics Table.

12. For HCPL-2231/52 only. Measured between pins 1 and 2, shorted tegether, and pins 3-and 4, shortzd together.
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Ta - TEMPERATURE - °C

Figare L. Typical Logic Low Output
Voltage vs. Temperatare.
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Figure 2. Typical Logic High Ountput
Current vs. Tewperature.

Veg =45V
> Ta=25°C
1 4
w
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b
3
3
i o= -2.6mA
2 2
&
2
o
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> ig=64mA
o
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1F— INPUT CURRENT - mA

Figure 3. Typical Output Voltage vs.
Forward Input Current.

HCPL-22XX
1000 HCPL-02X( 1000 HCNW22XX
I T
< ‘ Ta=25°C Ta=25°C
g€ 2 o0
1 g ! ) 1
= R - .
-4 + - z Rid
g "g . g ‘0 4
g / E
, 2 /
3 E / E /
= 01FE / % 01
z E
o E / /
w t w /
001 0.01
M < &
0.001 0.001
11 12 13 14 15 13 12 13 14 15 16
Vi - FORWARD VOLTAGE -V Vg — FORWARD VOLTAGE - V
Figure 4. Typical Input Diode Forward Characteristie.
PULSE GEN. Voo PULSE GEN.
i et ¥ oo kdie
= HCPL2201A1 OUTPUT V. = z
10 % DUTY HCPL02XX MONITORING 0% OUTY Vee
ey HeNwazx( NooE sy Sres OUTPUTY,
0= 0=
2050 7 . véels Zo =50 MONITORING
f : p; 2610 HCPL-223X NODE 5V
! =
L__._| 171 . Vi
NPUT 2324( ;0 m e ! EZ; cc el o, Tewe0
MONITORING e D,  MONITORING
i Co= : =
“°°F—°—n-—‘|§ : g -1 15pF NODE z ? 70 n
% —
< . GNDI > 1 = D
b3 _[%}E : el oD | Te
4 > < Dy
: B2 TG = {3} L GNDI 25K
= ) T 120 pF Dy
= THE PROBE AND JIG CAPACITANCES
ARE INCLUDED [N Cq AND C,. :

[Tr; Jp1swajiioxa]es1al
||p(0N)11.emA| 3mA |5mAJ

ALL DIODES ARE 1N916 OR 1N3064.

Figure 5. Circult for tpLu. tPHL, Tr, U

* 0.1 yF BYPASS — SEE NOTE 9.

THE PROBE AND JIG CAPACITANCES
ARE INCLUDED IN C{ AND C».

TRy [sskalitewa]esra]
[frON[T8ma] 3mA” [5mA |
ALL DIODES ARE 1H916 OR 1N3064.
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13
HCPL-22XX
HCPL-02XX HCNW22XX
250 80
Vee=50V,20V | Vec=50v,20v | [ |
(o
2 €7 {120 pF) PEAKING 2 C1 {120 pF) PEAKING CAPACITOR [
T CAPACITOR IS USED. 15 (mA) T IS u]s&u. SEE AGURE 5. z
> SEE FIGURE 5. s > L o
< 201a;_ 1 8 mA FORFCPL223X |70 3 < 20 IF('":) Lg &
] p 5E
B DEVICES. Ve / 16t @ / 2=
X 3 i
% e . | 52,
E M g P 16 = 4 6 G2 4
g tpHLp=—T""_| ot 8 b1 PHL| J <
| et -5 [*] ] 25
g — / << 16, = Ta=95C
2 100 & 5 §§ 20
£ L z |- = \
! L~ i 1oL ul >
S e = o
50 50 [
60 40 20 O 20 40 & 80 100 60 40 20 O 20 40 60 80 100 0 s 10 15 20
Ta - TEMPERATURE - °C Tp - TEMPERATURE -°C Voo- SUPPLY VOLTAGE -V
Figure 6. Typical Propagation Delays ¥s. Temperature, Figure 7. Maxinum Qutpnt Power pet
Channel vs. Supply Voltage:
>| 20 T 100 T T T
4 TYPICAL Vee=5V
< Vouvs. Yoo a
'a 5| ATlo=-25mA T 80
> ! Ta=257C / g
2 o
,5 10 #
] / w
= u a0 .
& / C ol
- 5 1
x -
] / =
z / -~ ] Yy
3 o o
kS 0 5 10 15 20 60 40 20 0 20 40 60 80 100
Ve - SUPPLY VOLTAGE -V Ta- TEMPERATURE - °C
Figure 8. Typical Logle High Output Figure 9. Typical Rise, Fall Time vs.
Voltage vs. Supply Voltage. Temperature.
HCPL-2201/11
HOPL-02XX Vee R . Vee
HONW22XX v HCPL-2231/32
1 j_I_s QUTPUT Vg T . o1 OUTPUT Vo
A : MONITORING EZ i = HONTORING
i NODE B T, NOD!
) —}y’@]——rﬂ . A D
RiN L = Vee = I . -
t 0.1 yfF FF = 1 0.1 pF
3 ! g BYPASS E 27 [D BYPASS
i 4 s 4 e Is
yVeM i (yvem
PULSE GENERATOR +\./— 1 PULSE GENERATOR +'r/- ]
el - Vo (PEAK)
ov
SWITCH AT A: (p=16mA*™
You
<N (MY
QUTPUT Vg SWITCH ATB: V=0V
2y VO(MAX)
Vot
*“SEENCTE7.9.

** jp=1.86'mA FOR HCPL-2231/32 DEVICES.

Figare 10. Test Cirenit for Cotmnon Mode Transient Irmunity and Typieal ‘Waveforms.
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Figure 11. Typical Input Threshold Cwirent vs. Temperatare.
o 4 HCNW22XX
# 0 HCPL-221 /2212 OPTION 060 1000
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z |t .
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<] o 200
g L0 e AR 5
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Figure 12. Thermal Derating Curve, Dependence of Safety Limiting Valune with
Case Temperature per IEC/EN/DIN EN 60747-5.2.
HCPL-2201411
HCPL-02XX
HONW22XX
Veez (+5V)
Veet (+5V)
DATA GUTPUT
DATA INPUT ’
[ ]
oo uUPTO 16 LSTTL LOADS
1#7 |  OR4TILLOADS
"l—':

*0.1 yF BYPASS

v

Figure 13a. Recommended LSTTL o LSTTL Circait where 500 ns Propagation
Déelay is-Sufficient.




130

15
HCPL-2201/11
HCPL-02XX
HCONW22XX
Veea (+8
00 cca(+8VY)
Vee1(+5V) 1
11k 120 pF
2 DATA QUTPUT
DATA INPUT 3
TTL. OR LSTTL
2 UPTO 16 LSTTL LOADS
OR4TTL LOADS
J 0.1 uF BYPASS
Figure 13b. Recoramended LSTTL to LSTTL Cireuit for Applications Requiring
a Maximum Allowsble Propagation Delay of 300 ns.
Veea
HCPL-2201A11 @sTo2oV)
HCPL-02XX
HCNW22XX
vec [a] $#
! oATA HCPL-2201/11
71 HCPL-02XX
7 MOS>—o0
} ,f\/ @_ Rl OuTPUT Vet (45 V) o HONW22XX
{ Al
H LARER R A K veels
1 GND S DATA ]
i
INPUT? 2 32 v @_ z
Lok O 3 ! LE'
:? LSTIL !
Ri t GND
11k <120 pF PEAKING CAPACITOR 4 — {5
237k MAY 8E OMITTED AND 80 QY
5V 3mKQ RESISTOH MAY BE SHORTED
WHERE 500 nis PROPAGATION
20V 51tk D1 (1N4150) REQUIRED FOR
DELAY IS SUFFCIENT. N ACIVE PULL-P DRNER.
*0.1 yF BYPASS
Figure 14: LSTTL to CMOS Interface Circuit. Figure 15. Alternafive LED Drive
Circuit.
HCPL-2201/11
HCNW22XX
Voo (+5 V) Veels
LD
EZd
DATA INPUT i L
1
t GND S
OPEN
COLLECTOR * 120 pF PEAKING CAPACITOR
GATE MAY BE OMITTED AND 80 Q
RESISTOR MAY BE SHORTED!
WHERE 500 ns PROPAGATION
DELAY IS SUFFICIENT.

Figure 16. Series LED Drive with.Open Collector Gate
(4.7 k Resistor Shunts Ioy from the LED).
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3.0V to 5.5V, Low-Power, up to TMbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

Typical Operating Characteristics (continued)

(Voo = +3.2V, 235kbps data rale. 0.1UF capacitors, all transmillers loaded wills 3kQ, Ta = +257C, unless athamwise robed.)

MAX3241 MAX3241 MAX3241
TRANSMITTER OUTPUT VOLTAGE SLEWRATE SUPPLY CURRENT vs. LOAD
vs, LOAD CAPAGITANCE vs. LOAD CAPACITANCE CAPACITANGE WHEN TRANSMITTING DATA
i5 1o 24 M 45 T A
g o i
P opE
2 Y z %
z
Z o \\ = £ 3 A atkps o
s 1 TRANSMITTER AT 238kbps. . NG ] AT A
& 2 TRANSMITTERS AT 30kpps i £ 5 L
= [ = 14 =3 ot
e s N 5 o -
e Z 1z 2 <
£ 28 [ LSUEW | g 1 gl 20hpe
= [ ~ 5 R
Z s Yaur 5 \E\ 1o
Z 50
S s . NG c
s
4 o
0 1000 2000 3000 4000 5000 o 1000 2000 3000 4000 5000 0 1600 2000 3000 4000 5000
LOAD CAPACITANCE (pR) LOAD CAPACITANCE {pF) LOAN CAPACITANCE {pf)
MAX3237 MAX3237 MAX3237
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE SLEW RATE vs, LOAD CAPACITANCE
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3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232

NAXIM

Transceivers Using Four 0.1uF External Capacitors

General Description

FiIMAX3247 rans-
pOUE ransmitter out-
abimq lrue 3-232 performance from a
V supply with a dual charge pump. The
ire only four small 0. 11.1F E
ors. The MAX
g guaranteed to
2 ms Jmtmnma RS
MAX3237 is guaranteed N ¢
m lln normal o ')r
AT

a TpA shuk
umption and

; THA »u;‘pl
are: pin,
wth the industry-s

a complete “erim port {3 drivers/
SIgHF:d for notebo 3} mhnntﬂbook

CUMpULE
for farst modem

rd outputg Tt
. nnowlnq external o
S monitored without forward b
3 in circuditry that may have

d MAX3241 are available
iy u Ay nq TSSOP aned SSOP packages.

Applications
Naotebook. Subnotebook. and Palmtop Computers

High-Speed Modems

¢] Euipment

Eopipmant

NAXLMN

Features
+ Low Supply Current:
300pA (MAX3222/MAX3232/MAX3241}
§00pA {(MAX3237)
+ Guaranteed Data Rate:

120kbps {(MAX3222/MAX3232/MAX3241)
250kbps {MAX3237—Normat Operation}
1Mbps {(MAX3237—MegaBaud Operation)

1uA Low-Power Shutdown with Receivers Active
({MAX3222/MAX3I237/MAX3241}
Flow-Through Pinout {MAX3237)
Meets EiAfTIA-232 Specifications Down to 3.0V
Guaranteed Mouse Driveability (MAX3241)
Pin Compatible with Industry-Standard MAX232
{MAX3232)
Pin Compatibie with Industry-Standard MAX242
{MAX3222)
Guaranteed Slew Rate:
6Vips {(MAX3222/MAX3232/MAX3237/MAX3241)
24Viys {MAX3237-—MegaBaud Operation)

>

>

>

Ordering Information

TEMP. RANGE PIN PACKAGE

Ordering Information continued at end of data sheet.

Pin Configurations

TOP VIEW —
B mEm
i 2] 7] vec
ve [5] 16] Gho

o [2] anasxaa [i] oo

e 3] Maezze [u] an
cz- 5] [12] riour

v [1] [12] 11

Tz0u7 [ 1] am
rani 4 M

Maxim Integrated Products 1

For free samples & the latest literature: hiip://www.maxim-ic.com, or phone 1-800-858-8800.

For small orders, phone 1-800-835-87685.

s LPCEXVINLECEXVIN/ZECEXTINGCZZEXVIN
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3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

ABSOLUTE MAXIMUM RATINGS
VoG JRUPUTSP L-03Y 0 +BY
V+ {Mote 1} RoRe\TATNAY
V- (Mot 1)

Vi + V- {Nole
Ingat Vol

Note 1: ¥ and V- can have a maximum magnitude of 79, bul iheir absolule differance cannot excaed 134,
Stressas beyond thise isted under "Absolule Maxirmum Ralings” may cause permsnent damage o the gevice. These arg strass ratings only. 3nd ful
operstion of the device at these or any other conditians payand thase i d in the opatational sectians of the spasifications Is not impie:d. Exposure t
2bs0iuta maximum (3ting conditions for axtended periods may alfest device reliahility.

ELECTRICAL CHARACTERISTICS

(Voo = +3.0V o +5.5Y, C1-C4 =01 UF INots 2), Ta = Tmin to Traax, unless atherwise noted Typical values are 2l Ta=+25"C}
PARAMETER l CONDITIONS MIN TYP  MAX | UNITS

DC CHARACTERISTICS

MAX3222/MAX3232/MAX3237/MAX3241
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3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

ELECTRICAL CHARACTERISTICS (continued)

. 230V 0 +5.5Y, C1-C4a = G.1F {(Note 20, Ta = Taen 10 Tivax, unless othaiwise rioted, Typical valuss arg 5l Ta = +25°C )

PARAMETER CONDITIONS MIN TYP  MAX UNITS
Input Hysteresis Q.3 v
Inpust Resistance Ta=+25C 2 5 ¥ kQ
TRANSMITTER OUTPUTS
Cutput Voltage Swing All transmitter outputs loaded with 3kQ to ground =50 +54 v
Output Resistance: Vee = Ve = V- = OV, TouT = 22V 200 10M
Qutput Short-Circuit Current +35 +50 mA

Vour = =12V, Voo = OV or 3V 1o 5.5V, transmitlers
disabled

MOUSE DRIVEABILITY (MAX3241)

TUN = T2IN = GND, T3IN = Viee,
Transmitter Ouiput Valtage TI0UT lnaded with 3kQ to GND., +5.0 \
T10UT and T20UT Inaded with 2.5mA each

Outpuit Leakage Current

I
]
[

=
=g

TIMING CHARACTERISTICS—MAX3222/MAX3232/MAX3241

(Voo = +3.0V 10 +5 5V, C1-C4 = 0.1yF (Nole 2), Ta = Tmin 10 TMax, Uriess othenwise noted. Typical values are at Ta = +25° C

PARAMETER CONDITIONS MIN TYP  MAX UNITS
Maximum Data Rate FL = 3kQ. C = 1000pF, one transmitter switching 120 235 kbps
. - IPH 0.3
Rereiver Propagation Delay | R_UIN o R_OUT, €1 = 150pF L — us
. ’ PLH 0.3
Receiver Output Enable Time | Mormal eperation 200 ns
Recaiver Dutput Disable Tima| Normal operation 2G0 nz
Transmitter Skew L pHL - tRLH 300 ns
Recaiver Skew {LPHL - tPLH 00 s
L = 150pF to P
vVoe = 3.3V, Ry = 3Q 1o 7k, 1000pF P 6 30
Transiton-Region Slew Fate | +3¥1to-3Vor-3Vio +3V, — Vijs
Ta = +25°C L = 150pF to 4 0
2500pF

MNAXIMN 3
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MAX3222/MAX3232MAX3237MAX3241

3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0. 1uF External Capacitors

TIMING CHARA

CTI

L1-Ca

ERISTICS-MAX3237

L Ta = : Traay, un

PARAMETER

CONDITIONS

MIN TYP  MAX UNITS

[RET

(VoC = +3.3V, 235kbps data rate, 0 10F capacitors, 2ll ransmitiers 1oaded with 3kQ, Ta

L2580

=+25

Typical Operating Characteristics

C. unless ctherwise noterl.)

MAX3222MAX3232 MAX3222/MAX 3232 MAX3222/RAAX3232
TRANSMITTER OUTPUT VOLTAGE SLEW RATE SUPPLY CURRENT vs. LOAD CAPACITANCE
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE WHEN TRANSMITTING DATA
8 I 3 22 L ° H
s s Voure 114 2 FOR DATA FATES UP TO 235khps|;;‘ = | { A
oo 18 ) 2 kbp}// )
= 3 16 < ®% i
3z = N £
[l g N = %
g ! S . -SLEW g
=R = [
a 7 2 . R
z z oS | %o
= @ A0 &
zZ 2 8 A o
Z 4 4
& V- . 5
-5 | G 4
0 00 2000 3000 4000  £(00 150 1000 2000 KOG 4000 60O G 1000 2002 3000 4000 SG0C

LOAD CAPACITANCE (pFy

LOAD CAPACITANCE {pF)

LOAD CARACITANCE (pF)

MAXIMN
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 Hex SchmRit-Trigger Inverter
igh-Performance Silicon—-Gate CMOS

* {The MC5474HC144is identical in pinoutto the L514, L504 and the
H{D4 . The devce inputs are compatible with S@andard CMO S outputs;

with. pullup resistors, they are compatible with LSTTL outputs.

- |The HC14Ai5 useful to "square up” dow input rise and fall imes. Due

to [hysteresis voltage ofthe $chmitt rigger, the HC14A finds ap plications
in |noisy environments,

+ |Output Drive Capability: 10 LSTTL Loads

+ (Outputs Dire atly Interface to CMOS, NWMDS and TTL

+ Upéming_w@ge Range: 2to 6%

+ |Low Input Current: 1A

+ |High Moise: Inmunity Characteristic of CAO S Devices

+ | Compliance With the JEDEC $tandard No. 7 A Requirements
+ |Chip Complexity: 80 FETs or 15 Bquivalent Gates

) LOGIC DKL GRAM
-
1
A éc 2
. -
[~
w2 Pc ' va
B2 bl>c ® 3
\‘\.., Y'E
9 8
e ?ﬁ Y pniteibo
: PnT=GHD
L
&5 éz, 0 s
|
[
IS, 2
5 ::>u 2 _ve

“Pinout: 14=Lead Packages (Top Mew)

) M M ¥E AS W M YE

[ (6] [2] [ [6l [5] [5]

i T & W 6 6 G
| A n ) ag 3

AL v2 g el £

1088

MC34/7aHCG14A

- 1 BUFER
if; CERAMIC PACKAGE
1+ CASE 53208

A

. M SUFFI%
jl; PLASTIC PACKAGE
1 , CASE 645-06
i

DIUFFIE

“@ SOIC FACKAGE
4 CASETS1A-03
y OT § UFFIX
1+ TSSOR PACKAG E
2 CASE 948G-01

CQROER NG WFORMATION

ISCSLHCXXA
MCTLHC XX AN
MCTLHCZXAD
WCTAHCXXADT

Ce'@niic
PEstc
S
TSSOR

FUNCTIONTABLE

inputs ouputs
A ¥
L H
H L

N
O prolorcts; inc: 1966
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MC54/74HC14A
MAXIMUM RATINGS*

gymbol Parameter Value Unit This device contains protection
Ve | DC Supply Voltage (Referenced to GND) —_05t0+7.0 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -05tovec+t05) V fields. However, precautions must
=1 be taken to avoid applications ofany

V, DC Output Volta Referenced to GND ~-05toVect05) V
n out i P ge ( rence ) ovee voltage higher-than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high-impedance cir-
w N - cuit. For proper operation, Vi and
| lout DC Qutput Current, per Pin £25 mA Voyt should be constrained to the
icc: | DC Supply Current, Ve and GND Pins +50 mA range GND < (Vi or Vout) < Ve
w B P - - Unused inputs must always be
Pp Power Dissipation in Still Air, Plastic tggl%r;rzéckg|2¥ ggg mw tied to an appropriate logic voitage
TS60p Package ; 250 jevel (e.g., either GND or Vco).

g Unused outputs miust be left open.
Tstg Storage Temperature Range ~65to + 150 °C
TL ‘Lead Temperature, 1 mm from Case for 10 Seconds °C
Plastic DIP, SOIC or TSSOP Package 260
Ceramic DIP 300

tDerating — Plastic DIP: ~ 10 mW/°C from 85° to 125°C

-

Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

* paximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted tothe Recommended Operating Conditions.

br high'frequency or heavy load considerations, see Chapter 2 of the Motorola High—Speed CMOS Data Book (DL123/D).

Symbol! Parameter Min Max Unit
| Vee DC Supply Voltage (Referenced to GND) 20 6.0 \Y
Min. Vout | DC input Voltage, Output Voltage (Referenced to 0 Vee \'
GND)
i TA Operating Temperature Range, All Package Types —-55 +125 °C
i tr. tf input Rise/Fall Time Vec =20V 0 No Limit* { ns
: (Figure'1) Ve =45V 0 No Limit*
Ve =60V 0 No Limit*
* PNhen Vip =50% Ve, lce > TmA
MOTOROLA 2
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MCS54/74HC14A

CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit
Vce
symbol Parameter Condition Vv -55t025°C | <85°C |<125°C } Unit
T+ Max Maximum Positive-Going Input Vout = 0.1V 2.0 1.50 1.50 1.50 \'4
Thresheld Voltage llout] <20pA 3.0 2.15 215 215
(Figure 3) 45 3.15 315 3.15
6.0 420 420 420
T+ min Minimum Positive—Going Input Vout = 0.1V 2.0 1.0 0.95 0:95 \'Z
Threshold Voltage Houtl < 20pA 3.0 15 1.45 1.45
(Figure 3) 45 2.3 225 225
6.0 3.0 295 2.95
T— max Maximum Negative—Going input Vout = Ve - 01V 20 0.9 0.95 0.95 \'4
Threshold Voltage llout! <20uA 3.0 1.4 1.45 1.45
(Figure 3) 45 20 205 2.05
6.0 26 2.65 2.65
JT—min Minimum Negative-Going Input Vout = Vee— 0.1V 20 0.3 0.3 0.3 A2
Threshold Voltage lloytl €20uA 3.0 0.5 0.5 0.5
(Figure 3) 45 09 0.9 0.9
6.0 1.2 1.2 1.2
Vymax Maximum Hysteresis Voltage Vout = 0.1V or Voc - 0.1V 20 120 1.20 1:20 Vv
Note 2 {Figure 3) loutl <20pA 3.0 1.65 1.65 1.65
45 225 225 225
6.0 3.00 3.00 3.00
VHmin Minimum Hysteresis Vcltage Voyut = 0.1V or Voc - 0.1V 2.0 0.20 0.20 0:20 \'4
Note 2 (Figure 3) llout] $20uA 3.0 0.25 0.25 0.25
45 0.40 0.40 0.40
| 60 0.50 0.50 0.50
VoH Minimum High—-Level Output Vin €£VT-min 20 1.9 1.9 19 \'A
Voltage llout} < 20pA 45 4.4 4.4 44
6.0 5.9 5.9 59
Vin € V7—min Houtl<2.4mA | 3.0 248 2.34 2.20
Houtl <4.0mA | 45 3.98 3.84 3:70
lloutts5.2mA | 6.0 5.48 5:34 5.20
VoL Maximum Low—Level Output Vin 2 VT+ Max 2:0 01 0.1 0:1 \4
Voltage lout] <20pA 45 0.1 0.1 0.1
6.0 01 0.1 0.1
Vin 2VT+ max Houtl €2.4mA | 3.0 0.26 033 0.40
ltoutl S4.0mA | 45 0.26 0.33 0:40.
floutl £5.2mA } 6.0 0.26 0.33 0:40
lin Maximum Input Leakage Current Vin =V or GND 6.0 0.1 1.0 | £1.0 nA
lee Maximum Quiescent Supply Vin = Ve or GND 6.0 1.0 10 40. A
Current (per Package) tout = OUA

. Information on typical parametric-values along with frequency or heavy load considerations can be found in Chapter.2 of the Motorofa High—
Speed CMOS Data Book (DL125/D).

. Vymin > (V. min) - (V7 max); Vymax = (V1 max)— (V- min).

3 MOTOROLA
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AC CHARACTERISTICS (Cy_ = 50pF, Input tr =tf = 6ns)

142

Guaranteed Limit
Vee
Symbol Parameter \Y -55t0.25°C <85°C <125°C Unit

tPLH. Maximum Propagation Delay, input A or B to Output Y 20 75 95 110 ns
tpHL (Figures 1 and 2) 3.0 30 40 55
45 15 19 22
6.0 13 16 19

tTLH. Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 3.0 27 32 36
45 15 19 22
6.0 13 16 19

Cin Maximum Input Capacitance 10 10 10 pF

NOTE: For propagation delays with loads.cther than 50 pF, and information on typical parametric values, see Chapter 2 ofthe Motorala High—
Speed CMOS Data Book (DL129/D).

i
!

CpD

Power Dissipation Capacitance (Per Inverter)*

Typical @ 25°C, Vcc =50V

22

pF

*

-t

90%
INPUT A 50%

10%

b l.f

tory

QUTRUTY 50%

10%

I

Figure 1. Switching Waveforms

DEVICE
UNDER
TEST

TEST
POINT

QUTPUT

I

*Includes ali probe and jig capacitance

Figure 2. Test Circuit

topt

Vee

GND

se— {THL

Used to determine the no-load dynamic power consumption: Pp = Cpp Vec2f + Icc Vog- For load considerations, see Chapter 2.of the
Motorota High—Speed CMOS Data Book (DL129/D).

'\YIOTOROLA



143

MC54/74HC14A
2
L
o
=
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=z
=
<
o
Q.
fa
=
=
2 k! 4 5 6
Ve, POWER SUPPLY VOLTAGE (VOLTS})
Vityp = (V74 typ) — (V7 typ)
Figure 3. Typical Input Threshold, VT+, VT- versus Power Supply Voltage
A Y
(a) A Schmitt-Trigger Squares Up Inputs With Slow Rise and Falf Times (b) A Schmitt-Trigger Offers Maximum Noise immunity
vee
—— VT
e VT-
GND
VoH
Vout Vout
- VoL —= VoL

Figure 4. Typical Schmitt—Trigger Applications
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>54/74HC14A
OUTLINE DIMENSIONS
J SUFFIX
CERAMIC DIP PACKAGE
CASE 632-08
ISSUEY
(A} NOTES:
£ et ey g e 1. DIMENSICNING AND TOLERANCING PER ANSI
12 Y143, 1982,
2. CONTROLLING CAMENSI ON- (NCH.
[-B-] 3. DIMENSICH L TO CENTER OF LEAD WHEN
FORMED PARALLEL
1 4. DIMESNION F MAY NARROW TO 076 (0.030)
T oA T LT G o o WHERE THE LEAD ENTERS THE CERAMIC
Cj BODY.

G
D 1apL

N_7 JL

(@025 00100 ®[T] A®]

(@025 0010 ®[T] 8O |

INCHES MILUMETERS

oM | MN [ MAX | MN | MAX
A | 0750 0785 | 1905 | 1984
B | 0245| 0280 | 623| 11
C [ 0155| 0200| 394 508
D | 0015 0020 | 033 ] 050
F | 0055| 0065 | 140 ] 165
G 0.1 85C 254 B5C

J [ oooB] a5 | 921 ] 038
K | 0125] 01/0] 318 431
L 0.30).85C 76285C
M 7 ] 15° [ S
N | 0020 0440 0851 10t

N-SUFFIX
PLASTIC DIP PACKAGE
CASE 64606
ISSUE L

AARNAAAS
14 8

o

ot [y —]

A
Pl

TATETATRTATET

NOTES:
1. LEADS WATHIN 0.13(0.005) RADIUS OF TRUE

POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDI TION.

. DIMENSION L TO CENTER OF LEADS ‘WHEN

FORMED PARALLEL

. CIMENSION B DOES NOT (INCLUDE MOLD
FLASH.
. ROUNDED CORNERS OPTIONAL.

INCHES MLLIMETERS

DM MN [ MAX | MIN | MAX
A | 0715 | 0770 | 1818 | 19.56
B | 0.240 | 060 | 610-] 660
C | 0145 | D485 | 369 | 4869
0 | 0015 | 0021 | 038 | 053
F | 0040 | D00 | 102 ] 178
G 0.100.BSC 25485C
H | 0052 ] 0095 | 132 ] 241
J | 0008 | 0015 | 020 | 038
K | 01151 0135 | 202 | 343
L 07300 8SC 76285C
M g° 18° 0°] 10°
N | 0015 | 0me | 039 [ 1061

OTOROLA
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Control of a Doubly-Fed Induction Generator
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Abstract

This paper presents control of the DFIG concentrating
on the machine-side converter (MSC) which is used to control
the generator. The stator-flux vector control of the rotor currents
- is applied to control the MSC. The equations and model of the
controlled system are discussed. MATLAB/SIMULINK program is
used to simulate contro} of the DFIG to prove the possibility of
controlling the DFIG. The algorithm used in the simulation is
applied to implement the system constructed. In this thesis, the
scopes of the experiment are to prove the capability of the
converter to drive the machine and to prove the algorithm of
estimating the stator flux linkage for stator flux vector control. The
simulation, hardware s;rstem design and the results are

discussed and finally concluded.
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