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Brushless DC Motor Controller
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Abstract

This report presents structure, operating principle and controller of brushicss DC motor.
Detect part is detect back-EMF to know rotor position, that usc in main controf. Microcontrollcr
is cmployed as a main controller. The tasks of the microcontroller is gencrate pulsc signal, which
is generated by PWM techniques and sending the PWM signals to the driver part. The main

componcnts of driver part are FET, which operated 6 steps to drive motor.
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Features
* High-performance, Low-power AVR® 8-bit Microcontroller
* Advanced RISC Architecture
~ 131 Powerful Instructions — Most Single-clock Cycle Execution
- 32 x B General Purpose Working Registers
— Fully Static Operation _@

~ Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Muitiplier
* High Endurance Non-volatile Memory segments
— 16K Bytes of In-System Self-programmable Flash program memory

- 512 Bytes EEPROM 8'blt AVR )

- 1K Byte Internal SRAM

- Write/Erase Cycles: 10,000 Flash/100,000 EEPROM i ntr ||e r

— Data retention: 20 years at 85°C/100 years at 25°Ci" Mlcroco t o

~ Optional Boot Code Section with Independent Lock Bits H
In-System Programming by On-chip Boot Program W'th 1 6 K Bytes
True Read-While-Write Operation

— Programming Lock for Software Security In'SVStem

* JTAG (IEEE std. 1149.1 Compliant) Interface
~ Boundary-scan Capabilities According to the JTAG Standard Pr Ogl’ amma ble

~ Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface FlaSh
* Peripheral Features
~ Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
~ One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode ATmegal6
- Real Time Counter with Separate Oscillator
~ Four PWM Channels ATmega‘l 6L
— 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface
~ Programmable Serial USART
— Master/Slave SPi Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
* Special Microcontrolier Features
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
— External and internal interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
* /O and Packages
- 32 Programmable I/O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
* Operating Voltages
- 2.7 - 5.5V for ATmegai6L
— 4.5 - 5.5V for ATmega16
* Speed Grades
- 0-8 MHz for ATmegal6L
— 0-16 MHz for ATmega16b
* Power Consumption @ 1 MHz, 3V, and 25°C for ATmega16L
— Active: 1.1 mA
- Idle Mode: 0.35 mA
— Power-down Mode: < 1 pA

ATmET
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Pin
Configurations

Disclaimer

2 ATmega16(L)

]

ATMEL

Figure 1. Pinout ATmegal6

PDIP
)
(XCK/TO) PBO : | 1 40| PAD (ADCO)
(T4} PB1 1 | 2 39 {1 PAT (ADCH)
(INT2/AINO) PB2 - | 3 ag |1 pA2 (ADC2)
(OCO/AINT) PB3 | 4 37 | 1 PA3 (ADC3)
(§5) PB4: |5 36 [ | PA4 (ADCY)
(MOSH} PB5 7| & 35 [ 1 PAS (ADCS)
(MISO) PBE '] 7 34 11 PAB (ADCE)
(SCK) PB7 : | & 33 [ ! PA7 (ADCT)
RESET : | 9 32 |1 AREF
VGC 1| 10 311 GND
GND 7] 11 30 |1 AVCC
XTALZ - | 12 24 | PC7 (TOSC2)
XTALT ] 13 28 1. PCs (TOSC?)
(RXD) PDO "] 14 27 [ PC5 (TDI)
(TXD) PD1 : §{ 15 26 | | PC4 (TDO)
(INTO) PD2 ¢ | 1% 25 | : PC3 (TMS)
(NT1) PD3 ] 17 24 |+ PC2 (TCK)
(OC1BY PD4 . | 18 23| PC1 (SDA)
{OC1A) PD5 - | 19 22 1 PCO (SCL)
(ICP1) PDB | 20 21 1 PD7 (OC2)
TQFP/QFN/MLF
g
gz g SR
328 538%
DLL X LLLL
18858202532
oo @>aa0aan
Lol piioe] el
® 4,42, 40,.38,.36, 34
(MOSI} PBS ' | 1 33 | 1 PA4 (ADC4)
(MISO) PBB | |2 T - "t 32 {1 i PA5 {ADCS5)
(SCK) PBT 113 ‘I 31 |1 PAB (ADCB)
RESET 1|4 | | 30 | 1 PA7 (ADC?)
vee Lis , 29 | . AREF
GND i'|6 | 28 | ' GND
XTAL2 | |7 ¢ 27 11 Avee
XTAL1 1|8 ! I 26 | i PC7 (TOSC2)
(RXD) PDO | | 9 : : 25 |1 PCB (TOSCT)
(TXD) PD1 1 {10+ 24| PC5 (TD)
(INTD) PD2 .| 11 23 | 1 PC4 (TDO)
121304 %61 187 %02 22
T T T T
O T WO OO0 TNM
O0O0O0ODQozZzCO000
NOTE D.D_D.ﬂ_ll>o£l(lllﬂ.
Bottom pad should TomE - N e )
be soidgred 1o ground. E g g § 5 % %g z

Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontroflers manufactured on the same process technology. Min and Max vaiues
will be available after the device is characterized.

2466P-AVR-08/07



EEEEEEEssssememmmmen A TMegai6(L)

Overview The ATmega16 is a low-power CMOS B-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega16 achieves

throughputs approaching 1 MIPS per MHz aliowing the system designer to optimize power con-

sumption versus processing speed.

Block Diagram Figure 2. Block Diagram

PAD - PAY PCu - PCY
vee A A & a A a A a A A A &4 A 4 a A
&
e e e e e e e .
.
’___L!_'__!__'_L__I‘L___; - Y ¥ Y ¥ ¥ Y ¥ ¥
PORTA DRIVERS/BUFFERS PORTC DRIVERSBUF EHS I
& F
k1 i el ¥
GND POHTA DIGITAL INTERFACE RORTC DIGHTAL sNTETEAGL J
r ) & T
v v
AVCE ¥
MUX & J a0 B
i " Wi
<Loc | mreRrAGE -
AREF
£ TIMERS: T
PROGRAM STAGK COUNTERS [* % OSCHLATON
COUNTER POINTER f ]
A 4 b & — -
PROGRAM SHAM INTERNAL
FLASH ? OSCILLATOR
XTALT
x . 3 . S
INSTHUCTION GENERAL WATGHDOG e ]
REGISTER »  PUHPOSE TIMEA OSCILLATOR —
e REGISTERS T T e
e X - % S | xaAL2
INSTRUCTION |~ -, MCU CTRL -
DECODER : . & TIMING BEL
_ . M z S — |
v X Loy P s
CONTROL AV INTEARUPT INTLHNAL
UINES . ALU e CALBRATED
\ALU S e LOSC\LLA!’OH
— e . et
SIAIUS .
AVR CPU HEGISTLR ]- .'7 EEPROM
PHOGRAMMING N -
l—- LoaIe r o 3P -‘4 { USAIRT

B | come l
:I> "l iINTCRFACC

. A 2

PORTRH DIGITAL INTERFACE

KT
x

PORTE DRIVEASBUFFERS

L S S S R N S S
-

-
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Pin Descriptions
vce
GND

Port A (PA7..PAO)

AIMEL

The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit {ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times taster than con-
ventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K byte SRAM, 32
general purpose 1O lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Internal and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain {TQFP package only}, a programmable Watchdog Timer with Internal Oscil-
lator, an SP! serial port, and six software selectable power saving modes. The Idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter-
rupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all IO modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nator Oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low-power consumption. In Extended Standby mode, both the main Osciliator
and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the Application Fiash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Seli-Programmable Flash on a monotithic chip,
the Atmel ATmega 16 is a powerful micracontroller that provides a highly-flexible and cost-effec-
tive solution 10 many embedded control applications.

The ATmegal16 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators,
and evaluation kits.

Digital supply voltage.
Ground.

Fort A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional I/O pon, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors {selected for each bit). The Port A output bufters have sym-
metrical drive characteristics with both high sink and source capability. When pins PAQ to PA7
are used as inputs and are externally puiled low, they will source current if the intemal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

4 ATmega16(L) me————————————————————————

2466P-AVR-08/07



s A TMega16(L)

Port B (PB7..PBD)

Port C (PC7..PCO)

Port D (PD7..PD0D)

XTAL1

XTAL2

AVCC

AREF

2466P-AVR-08/07

Port B is an 8-hit bi-directional I/O port with internal puli-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed on page
58.

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the puil-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins
PC5(TD!), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmega18 as listed on page 61.

Port D is an 8-bit bi-directional I/O port with interna! pull-up resistors {selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port D also serves the functions of various special features of the ATmega16 as listed on page
63.

Reset Input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page
38. Shorter pulses are not guaranteed to generate a reset.

input to the inverting Oscitlator amplifier and input to the internal clock operating circuit.

Output from the inverting Osciliator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externaily con-
nected to V., even if the ADC is not used. If the ADC is used, it should be connected to V¢

through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.



Data Sheet No. PDE0043 Rev.O

International
TSR Rectifier IR2101(S)IR2102(S) &(PbF)

HIGH AND LOW SIDE DRIVER

Features Product Summary

® Floating channel designed for bootstrap operation
Fully operational to +800V VOFFSET 600V max.
Tolerant to negative transient voltage |O+/' 130 mA / 270 mA
dV/dt immune

® Gate drive supply range from 10 to 20V VouT 10 - 20V

® Undervoltage lockout

® 3.3V, 5V, and 15V logic input compatible ton/off (typ.) 160 & 150 ns

® Matched propagation delay for both channels

® Qutputs in phase with inputs {IR2101) or out of Delay Matching 50 ns
phase with inputs (IR2102)

® Also availabie LEAD-FREE Packages

Description

The IR2101{S)/IR2102(S} are high voltage, high speed

power MOSFET and IGBT drivers with independent @ m’\

high and low side referenced output channels. Pro-

prietary HVIC and latch immune CMOS technologies |R:§;I(_)‘:E§n§g1lgzs 8-Lead PDIP

enable ruggedized monoalithic construction. The logic IRZ101/1R2102

input is compatible with standard CMOS or LSTTL
output, down to 3.3V logic. The output drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. The floating channel can be used to drive an N-channel power MOSFET or IGBT in
the high side configuration which operates up to 600 volits.

Typical Connection

up 1o BV

IR2101

— E— — g 1 BV

v ——

R w—r—— HIN HO b——
(Refer to Lead Assignments for correct pin ot O Vg
configuration). This/These diagram{s} show -— COM Lopb———
electrical connections only, Please refer to (_
our Application Noles and DesignTips for IR2102

proper circuit board layout.

www.irf.com 1



IR2101(S)/IR2102(S) & (PbF) International

IR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voitages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions.

Symbot | ~  _ Definition | Min. Max. | Units
Vg | Highside floating supply voltage | -03 | 625
Vs High side floating supply offset voltage Vg -25 Vg +0.3
VHo High side floating output voltage Vg-03 Vg+0.3 v
h___&;(; Low side and logic fixed supply voltage 0.3 25
Vio Low side output voltage -0.3 Veg +0.3
ViN Logic input voltage (HIN & LIN) -0.3 Vee + 0.3
dVg/dt Allowable offset supply voitage transient — 50 Vins
Po Package power dissipation @ Ta < +25°C (8 lead PDIP) — 1.0
{8 lead SOIC) — 0.625 w
Rthga Thermal resistance, junction to ambient (8 lead PDIP) — 125 “C/\N“
(8 lead SOIC) — 200
Ty Junction temperature —_ 150
Tg Storage temperature 55 150 °C
T Lead temperature (soldering, 10 seconds) — 300_“

Recommended Operating Conditions

The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg offset rating is tested with all supplies biased at 15V differential.

Symbol ¢~ . Definition .| Min_ | Max. | Units
Vg High side floating supply absolute voltage | vg+10 |vs+20 |
Vg High side floating supply offset voltage Note 1 600
VHO High side floating output voltage Vs VB v
Vee Low side and logic fixed supply voltage 10 20
ﬁo Low side output voltage 0 Voo
ViN Logic input voltage (HIN & LIN) (IR2101) & (HIN & TIN) (IR2102) 0 Vee
Ta Ambiant temperature -40 125 ] °C

Note 1: Logic operational for Vg of -6 to +600V. Logic state held for Vg of -5V to -Vggs. (Please refer to the Design Tip
DT97-3 for more details).

2 www.irf.com



International
TGR Rectifier

IR2101(S)/IR2102(S) & (PbF)

Dynamic Electrical Characteristics
Vaias (Vce, VBs) = 15V, C = 1000 pF and Tp = 25°C unless otherwise specified.

Symbol ... Definition Min. | Typ. |Max. | Units |Test Conditions
ton Turn-on propagation delay ] — e f220] | wvs=ov
toff Turn-off propagation delay — 150 | 220 Vg = 600V 1

tr Turm-on nse time —_ 100 | 170 ns i
t Turn-off fall time - 50 920
MT Delay matching, HS & LS turn-on/off — — 50 ‘1

Static Electrical Characteristics

VBias (Voe. VBs) = 15V and Tp = 25°C unless otherwise specified. The Vi, Vrn and iy parameters are referenced to
COM. The Vg and I parameters are referenced to COM and are applicable to the respective output leads: HC or LO.

Symboly =~~~ Definition | Min. | Typ.|Max. Units Test Conditions
Viy Logic “1” input voltage (IR2101) '“3 bl H"_' - Vee = 1010 20V
Logic “0” input voltage (IR2102) v
ViL Logic “0” inpul voltage (IR2101) N . 08 Ve = 10V 1o 20V
| Logic “1"input valiage (IR2102)
VoH High level output voltage, Vgias - Vo — — 100 mv lo = 0A
Voo Low level output voltage, Vo — — 100 Io = OA
Wk Offset supply leakage current —_ — 50 VB = Vg = 600V
loBS Quiescent Vs supply current — 30 55 Vin =0V or 5v
lacc Quiescent Ve supply current —_ 150 | 270 Vin = OV or 5v *{
hne Logic “t” input bias current . 3 10 pA Vi =5V {IR2101)
Viy =0V (IR2102}
- Logic “0" input bias current __ o ] Vi =0V (IR2101)
Vin =5V (IR2102)
Veouvs Vi supply undervoltage positive going 8 B.9 9.8
threshold
VCouy- Ve supply undervoltage negative going 7.4 8.2 9 v
threshold
lg+ Output high short circuit pulsed current 130 210 — Vo =0V
mA Vin =Logic*1"
L PW < 10 ps
lo- Qutput low short circuit puised current 270 | 360 | — Vo =15V
Vin = Logic “0”
PW <10 ps
www.irf.com 3



IR2101(S)/IR2102(S) & (PbF) ermaticnl

Functional Block Diagram

HIN # PULSE

GEN

t

|

|

|

!

|

|

[

|

|

| uv
| DETECT
|

|

|

|

i

|

i

1

LIN

IR2101

e e e e  — — — — — — —  —— — — — — — —  — — —  —— m— — e — — —

PULSE [E Vg

GEN ]

gl |

) vf;(',
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I
tI: ‘ I
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=
Lo e e !

iR2102
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International IR2101(S)/IR2102(S) & (PbF)

TR Rectifier

Lead Definitions

Symbol| Oescripion

HIN | Logicinput for high side gate driver output (HO), in phase (IR2101}

HIN Logic input for high side gate driver output (HO), out of phase (IR2102)

LiN Logic input for low side gate driver output (LO), in phase (IR2101)

LIN Logic input for low side gate driver output (LO), out of phase {IR2102)

\':] High side floating supply —l
HO High side gate drive output T
Vg High side floating supply return 4_‘
Voo Low side and logic fixed supply

LO Low side gate drive output “
COM Low side return ]

Lead Assignments

[ vee ~ Va8 E Veo N~ va 8]
E HIN HO [ 7 E HIN HO E
[3]un vs (s [31um vg | 6 |
E coM Lo ’E] &1 com Lo E]
8 Lead PDIP 8 Lead SOIC
IR2101 IR2101S
N Tvee ™ wlE]
[_Tj i Ho [ 7] 2 | HIN Ho [ 7]
[(]wm Vs E 3 | TN vs s ]
[ ] com wls [a]com Lis]
8 Lead PDIP 8 Lead S0IC
IR2102 iR2102S

www.irf.com 5



International

lR21 01 (S)"R21 OZ(S) & (PbF) TSR Recﬂfi@

Figure 1. Input/Qutput Timing Diagram Figure 2. Switching Time Waveform Definitions

Figure 3. Delay Matching Waveform Definitions

www.irf,com



International
TR Rectifier

Advanced Process Technology
Surface Mount (IRFZ44NS)
Low-profile through-hole (IRFZ44NL)
175°C Operating Temperature

Fast Switching

s Fully Avalanche Rated

Description
Advanced HEXFET® Power MOSFETs from International

PD-94153

IRFZ44NS
IRFZ44NL

HEXFET® Power MOSFET

o Vpgs = 55V

RDS(OH) =0.01750Q

Rectifier utilize advanced processing techniques toachieve Ip = 49A
extremely low on-resistance per silicon area. This benefit, S
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are wefl known
for, provides the designer with an extremely efficient and
reliable device for use in a wide variety of applications.
The D?Pak is a surface mount power package capabie of
accommodatingdie sizesupto HEX4. It provides the highest
power capability and the lowest possible on-resistance in
any existing surface mountpackage. The D?Pakis suitable
for high current applications because of its low intemal D? Pak T0-262
connection resistance and can dissipate up to 2.0W ina
typical surface mountapplication.
The through-hole version (IRFZ44NL }is available for low-
profile applications.
Absolute Maximum Ratings
Parameter Max. Units |
@ T¢g=25C Continuous Drain Current, Vgs @ 10V 49
Is @ Te = 100°C| Continuous Drain Current, Vgs @ 10V 35 i A
lom Pulsed Drain Cument @ 160
Po@Ta = 25°C Power Dissipation 38 W
Pp@T¢ =25°C Power Dissipation 94 w
Linear Derating Factor 0.63 wreC
Vos Gate-to-Source Voltage 120 vV
@__ Avalanche Current® 25 A
Ear Repetitive Avalanche Energy® 9.4 md
dv/dt Peak Dicde Recovery dv/dt @ 5.0 Vins
T, Operating Junction and -55 to + 175
Tsie Storage Temperature Range i *C
Soldering Temperature, for 10 seconds 300 (1.6mm from case ) ]
Thermal Resistance
Parameter Typ. Max. Units
Raic Junction-to-Case — 15
Raja Junction-to-Ambient _ 40 "CW
www irf.com 1
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IRFZ44NS/IRFZ44NL

International
TOR Rectifier

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

Parameter Min. | Typ. |Max. |Units' Conditions ]
Vgripss | Drain-to-Source Breakdown Voltage 55 | — |— | V | Vgs =0V, Ip = 250uA T
AVigrpss/aTy Breakdown Vollage Temp. Coefficient] —— (0.058] — | V/°C | Reference to 25°C, Ip = 1mA
Roson) Static Drain-fo-Source On-Resistance] — | — |17.5 | mQ | Vgs =10V, Ip = 25A @ ]
Vastn) Gate Threshold Voltage 20 | — | 40 V | Vps = Vgs, Ip = 250uA
Ots Forward Transconductance 18 | — | — S Vps = 25V, Ip = 25A@
Ibss Drain-to-Source Leakage Current -] 25 pA Vs = 55V, Vgs = OV
— | — | 250 Vps = 44V, Vg = OV, Ty = 150°C

lass Gate-to-Source Forward Leakage — | — | 100 nA Vis = 20V

Gate-to-Source Reverse Leakage — | =— [-100 Vgg = -20V
Q, Total Gate Charge — | ——| 83 Ip = 25A
Qgs Gate-to-Source Charge —_— - 14 nC | Vpg =44V
Qg Gate-to-Drain ("Miller”) Charge ~— | — 23 Ves = 10V, See Fig. 6 and 13
lg(en) Turn-On Delay Time _ 12 | — Vop = 28V
tr Rise Time — ! 60 | — Ip = 25A
o Turn-Off Delay Time —Taa | —| " | Rg=120
ke Fall Time — | 45 | — Vgs = 10V, See Fig. 10 @
Lg Intemal Source Inductance —— | 75 | — | nH | Between lead,

and center of die contact
Ciss input Capacitance —— 11470} — | Vgg = 0V
Coss Qutput Capacitance — | 360 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 88 | — | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy@ —— [530@150® | mJ | lag = 25A, L =0.47mH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions

Is Continuous Source Current [ S TS MOSFET symbal T

{Body Diode) A showing the ’
Ism Pulsed Source Current i1 460 integral revetse @

(Body Dicde)® _p-n junction diode. s
Vsp Diode Forward Voltage —_ | -1t 13 V | Ty=25°C,15=25A, Vgs =0V ®
ter Reverse Recovery Time — | 63| 95 ns | Ty=25°C, {g = 25A
Qe Reverse Recovery Charge — | 170] 260 | nC | difdl = 100A/us @
ton Forward Turn-On Time Intrinsic tum-on time is negligible (tum-on is dominated by '—s*'—DU
Notes:

(O Repetitive rating; pulse width limited by

max. junction temperature. (See fig. 11)

@ Starting T, = 25°C, L = 0.48mH
Rg = 250, Iag = 25A. (See Figure 12)

** When mounted on 1" square PCB (FR-4 or G-10 Material ).

@ Igp < 25A, difdt < 230A/ps, Voo < Vipripss.
T,£175°C

@ Pulse width < 400us; duty cycle < 2%,

® This is a typical value at device destruction and represents
operation outside rated limits.

® This is a calculated value limited to T; = 175°C.

For recommended footprint and soldering techniques refer to application note #AN-994.

2
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IRFZ44NS/IRFZ44NL

D?Pak Package Outline

International
TGR Rectifier

10.54 (415) 1016 (.400)
“ 10.29 (.405) [‘ 4.69 {185) REF. ["
140 (055) - 420(188) 132 (052] .
MAX | 1 \j ) 22 (0 ' ] ¥
¥ - ( 1 647 ( 255)
} ] L 6.18 (.243)
| by
A i
78(070) | 15491810) 273(110) Il
27 L0350} I H 14.73(.580) 2.291.090) TTHIT [
T T sza (208 Ll ¢ (] Dasrino
I ' 475(188 tn J 232{081)
- B.BY {350
o L J vsiam | - e
14 (.045) 0.93(.037 035 (.022} 114(045]
i -3 0595.02?1 0.46 (018) T
| 5084200 = = fg] 05 (or0) @ [sEM]

NOTES:
1 DIMENSIONS AFTER SOLDER DIP

2 DIMENSIONING & TOLERANCING PER ANS1Y14.5M, 1982
3 CONTROLLING DIMENSION : INGH.

4 HEATSINK & LEAD DIMENSIONS DO NQT INCLUDE BURRS

Part Marking Information

MINIMUM RECOMMENDED FOOTF‘RINT

-11143 450) -
LEAD ASSIGNMENTS .89 (.350) ; | i
1-GATE l ; {
2-DRAN : 17, 75(700)
3 -50URCE 4 ; |
i v
331(150)“““ I
‘ I} @ 254 (100)
2.08(.082) f | 2%
x 7k

~ PART NUMBER
e

- DATE CODE
(YYWW)
Y = YEAR
WW = WEEK

D2Pak

INTERNATIONAL
RECTFIER [ pgans o
LOGO IQR 9246~
A 9B M

ASSEMBLY — H ”]#
LOT CODE |

8

www.irf.com



International IRFZ44NS/IRFZ44NL

IGR Rectifier

Package Outline
TO-262 Qutline

10.54 [.415] oy
1 10.29[.408] 4.69[.185] _ 3
[A] 4.20 [.165] 1.32 [.052]
r—”?_—.‘—’—\ ™ 1.22[.048]
0.54 [.415) : r‘ﬁ
10. 415 .
ot [ - 1.15 [.045]
991 [.3s0] I MIN.
J 123 || ¢
=T T '
- [ ! [
[ L — '
14.09 [.555] If 1 | 4.06[.180]
13.47 (.530] I 3.55 [.140]
il
g
‘ 0.55 [.022]
x 1.40 [.055] ‘ 0.46 [.018] -
oy - 32
ETYRT] 0.691.027] . 84,
2x [#]0:35 [.074] @[B[AGH] NOTES:
1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982
LEAD ASSIGNMENTS 2. CONTROLLING DIMENSION: INCH.
1 = GATE 1 = SQURCE 3. DIMENSIONS ARE SHOWN N MILLIMETERS [INCHES].
2 - DRAIN 4 - DRAIN 4. HEATSINK & LEAD DIMENSIONS DO NOT INGLUDE BURRS.

Part Marking Information
TO-262

EXAMPLE: THIS IS AN IRL3103L

LOT CODE 1789 INTERNATIONAL - PART NUMBER
ASSEMBLED ON WW 19, 1897 RECTIFIER e o
N THE ASSEMBLY LINE "C* 1050 “{rem 7100 -
17 a9 " DATE CODE
A
ASSEMBLY YEAR 7 = 1997
LOT CODE WEEK 19
LINE C

www.irf.com 9



IRFZ44NS/IRFZ44NL Infernational
TOR Rectifier

Tape & Reel Information
D2Pak

_TRR
o0°n
B0 (063}

P 1
1 150059}
104181}
T 90 (.1 53;7 J“

A

1801063
150 (059) 0368 {0145)
*]r 0342 (0135)

) i I/
S AN i [G o & .;) R Y — i i
FEED DIRECTION 185(073) | = 1160 1457) oL |
165 {.065) A ) 2430 1957)
T 1522 (601) 2380 (841
TRL [ S A P ‘\
eorvo 1090(42; i g ;,51;5(0;53) ; J ——
M 1.25 (049) J
faf 1070 (421) - 4120130)
' 16.10 (634) 52(178)
J 1590 { 626)
ST N
FEED DIRECTION
13.50 {.632) 2740(1.079) _
= ©1280 (504) 23.90{ 941)
{
¢ 60.00 {2.362)
MIN
7t
N 3040(1 187}
NOTES
1. COMFORMS TG EIA-418. ) g
2. CONTRGLLING DIMENSION: MILLIMETER. . mggifdl. .4_,,
T DIMENSION MEASURED @ HUB B

@ INCLUDES FLANGE DSTORTION @ OUTER EDGE.

Data and specifications subject to change without notice.
This product has been designed and qualified for the industrial market.
Qualification Standards can be found on IR’s Web site.

International
TR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: {310) 252-7903

Visit us at www.irf.com for sales contact information. 3/01

10 www.irf.com



Data Sheet

Quad, 1MHz, Operational Amplifiers for
Commercial, Industrial, and Military
Applications

The CA124, CA224, CA324, LM324, and LM29802 consist of
four independent, high-gain operational ampilifiers on a
single monolithic substrate. An on-chip capacitor in each of
the amplifiers provides frequency compensation for unity
gain. These devices are designed specially to operate from
either single or dual supplies, and the differential voltage
range is equal to the power-supply voltage. LLow power drain
and an input common-mode voltage range from OV to V+
-1.5V {single-supply operation) make these devices suitable
for battery operation.

Part Number Informatlon

CA124, CA224, CA324, LM324, LM2902

May 2001 File Number 796.5

Features
» Operation from Singie or Dual Supplies
+ Unity-Gain Bandwidth ... ... ... .... ... 1MHz (Typ)
« DCVoltage Gain ...................... 100dB (Typ)
« InputBiasCurrent ...... ... ... ... ... 45nA (Typ)
- InputOffsetVoltage . ... ... ....... ... ... 2mV (Typ)
* Input Offset Current
- CA224, CA324,LM324,1M2902 . ... ...... 5nA (Typ)
- CA124. . e InA(Typ)

+ Replacement for Industry Types 124, 224, 324

Applications

« Summing Amplifiers

{ PART
NUMBER TEMP. PKG. -
. I rator
| (BRAND) | RANGE (°C) PACKAGE NO. Multivibrators
I . i
iCAO124E | .55 o125 [14Ld PDIP E14.3 Osciilators
ICA0124M 1 5510125 |14 Ld SOIC M14.15 * Transducer Amplifiers
[(124) | | o - DC Gain Blocks
\CA0124MY6 | 5510125 |14Ld SOIC Tapeand  |M14.15 .
(124} ! Reel Pinout
IcA0224E | 401085 |1 4 PP Ei;{g i CA124, CA224, CA324, LM2902 (PDIP, SOIC)
| it R LM324 (PDIP)
tCA0224M -40 to 85 14 Ld SOIC M14 15 TOP VIEW
(224) ] —
:CA0324E 0to70 |14Ld PDIP E14.3 OUTPUT 1 E [13] ouPuT 4
* S - P B
‘CAD324M ! Oto70 |14Ld SOIC M14.15 NEG [ Q —3] NEG
il(324) ! INPUT 1 INPUT 4
o o U POS. POS.

[CA0324M96 01070 |14 Ld SOIC Tapeand  |M14.15 A 2] o
‘(324) [ Reel

- - et (i 11 A
'LM324N 0070 |14Ld POIP E14.3 v+ E :I v

— R o _ POS.
LMZQOZN N 401085 14 Ld PDIFV'W.ri o 7E1tf.73 - .“P':ﬂsz 5 10 m?:m 3
LM2902M 401085 14 Ld SOIC M14.15 NEG. 2 S NEG
{2902) [ INPUT 2 INPUT 3
F 4 e e
|LM2802M96 | -4D10 85 14 Ld SOIC Tapeand  |M14.15 outpuT2 [ 7 & ] outpuTs
(2902) & Ree! j

1 CAUTION: These devices are sensitive 1o electroslalic discharge; follow proper IC Handling Procedures.

1-888-INTERSIL or 321-724-7143 | trtersil and Design is a trademark of intersil Americas Inc f Copyright @ Intersil Americas Inc. 2001



CA124, CA224, CA324, LM324, LM2902

Absolute Maximum Ratings

Supply Voltage

Differential input Voltage

Input Voltage

input Current (V| < -0.3V, Note 1)
Qutput Short Circuit Duration (V+ < 15V, Note 2)

Operating Conditions
Temperature Range

CA124

CA324, LM324

CA224, LM2902

Thermal Information

Maximum Storage Temperature Range
Maximum Lead Temperature {Soldering 10s)

(SOIC - Lead Tips Only})

-55°C to 125°C
-40°C to 85°C
0°C to 70°C

32V or 16V Thermal Resistance (Typical, Note 3}
.................. 32v PDIP Package
-0.3V to 32V SOICPackage . . ........................
---------------- S0mA Maximum Junction Temperature (Die)
...... Continuous

Maximum Junction Temperature (Plastic Package). . . .. .. ..

-65°C to 150°C

CAUTION: Stresses above those listed in “"Absolute Maximum Ratings” may cause permanent damage lo the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specificafion is not implied.

NOTES:

1. This input current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base junction of the
input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral n-p-n
parasitic transistor action on the IC chip. This transistor action can cause the oulput voltages of the ampilifiers to go to the V+ voltage level {or to ground
for a large overdrive) for the time duration that an input is driven negative. This transistor action is not destructive and normal output states will re-
eslablish when the input voltage, which was negative, again returns to a value greater than -0.3V.

2. The maximum cutput cusrent is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruction of

the device.

3. 8)a is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Vvalues Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,
Unless Otherwise Specified

i ’ TEST  lremp| | CAt24 ' CA224, CA324,LM324 |  LM2902 | 1
| PARAMETER CONDITIONS ©c) | MIN | TYP | MAX | MIN | TYP l MAX | MIN { TvP | MAX [ UNITS \
I
[ Input Offset 25 } 2 5 ; 2 |7 l‘ : . - mv
! S S S S P [ S 4 - i
\EVoItage (Note 6) Full ) N 7 N g ‘ } i 10 ¢ mv .
i - - - - - ———— — N et U - S -4 i - I
| Average input Rs = 00 Full - 7 - Sy S B - ’ uviec |
| Offset Vollage | | ) :
Drif | | | i
- — — - ——— e —_ e S - - [ 4 | B -
Differential Input Full - - V+ - - V+ - ‘ - V+ o V|
Voltage (Note 5) I | i i
. SR D . — S S SR S JE— F e T — H H
input Common | V+ = 30V 25 0 - lvyasl 0 AL - - f
f Mode Vo!tage ' _” y B T T P - L T T . | _ I i
| Range {Note 5) E,Vf SV B L I AR A T B - . | ; 5
: Ve =26V Full - - - - - - 10 - V-2 | i
. N . R - P 1 i
! Common Mode { DC 25 70 85 | - 65 70 - . R T T < I
'Rejection Ratio | ‘ | ! |
| Power Supply fnc 25 | 85 | 100 - 65 100 | - e I
| Rejection Ratio | : ! i
\ InputBias |+ or - B 25 | - | 45 | 150 | - | 45 | 250 - - - o
e t (Not - —— - — e e B T T - —- - !
Cumrent (Note 4) 1 or - Ful | - - 300 - - 500 - a0 | 500 [ nA
| Input Offset - 25 | - 1 3 "3 -} s | s | - \ - A |
| R R - B A S, P R, o F PN (R b
i Current I+ - I Fuit B . 100 _ . 180 1 - \ 45 | 200 [ nA w
!Averageinput ) lFulli o 7 1(7)” - ‘7 - 7 10777%7 - - {10 i - ‘ pAPG |
Offset Current 1 I f ‘
Drift L | i | ‘\ |
. . e ) ) U S IR . — i | i ‘ i
Large Signal Ry > 2kQ, V+ = 15V 25 94 100 - 88 100 - ’ - ’ - - . d8
Voltage Gain {For Large Vg Swing)} | \ ‘ ; \ |
| RL>2k V+=15v | Fat | 88 | - | - | 83 A N N P - dB
i {(For Large Vg Swing) l ! ‘ !

inters;l



CA124, CA224, CA324, LM324, LM2902

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,
Unless Ctherwise SpeCIﬁed (Contlnued)

i

. N .
M324 | LM2902 |
] TEST Tewe | CA124 - ' CA224, CA324,  LM324. [ |
| PARAMETER CONDITIONS ecy | wiN | TYP | max | mN | TYP | MA MIN | TYP | MA ‘ UNITS
| Output RL = 2k2 25 | 0 - ZEE ( B ’ v
|Voltage iy R|_ 20, V+=30V | Ful | 26 - - - ! 3 v
swing 9" Rl R T
| RL = 2kQ, V+ =26V | Ful - - . 22 | - 1 - v
j — e e - - S - - - I R : ‘,
R._ = 10k(, V+ = 3ov DRl | 27 28 28 ) 23 | 28 | - |V
. —— e s - . e — e - - - — . ! H
! Low R|_ = 10kQ Full - 5 5 20 - 5 100 . mv
1\ Level ﬁ “
|Output  Source Vi = MV, V=0V, | 25 | 20 40 40 ; - b ma
| Current \ V+ = 15V j } \‘
Vs vve=o, | Fa |10 | 20 ; 10 20 - l 10 | 20 - ma
3 Ve =15V l l
; Sink |V =OV,V-=1V, | 25 10 | 20 | - 10 20 ; ; \ b ma
f V+ = 15V ] , |
| | S S IO U . I [ . - R |
1 \ Vit = OV, Vi = 1V, 25 12 50 - 12 50 . - \ - - A
| O A N B T o
i Vi-= AV, Vi = 0, Full 5 8 - 5 8 - 5 W 8 , - . mA
! V+ = 15V | i \ {
| - e S S - R - e - - 1
| Crosstalk i = 1 to 20kHz 25 - 2120 - - 2120 . - ] - - a8
\ (Input Referred) l l \
t S - e ol [ [ —————s S .- PR - - 1 1 1
| Totat Supply R._- Ful | - | 08 2 . 0.8 2 - 07 12 | mA
- (RPN R S . .- ——— [ - - I 1 i !
| Current tRL oo Vit = zev j Ful - - - - - - - 151 3 ma
NOTES: 7 S

4. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the current is
essentially constant, independent of the state of the output.

5. The input signal voltage and the input common mode voltage should not be aliowed 1o go negative by more than 0.3V. The positive limit of the
common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage.

6. Vo = 1.4V, Rg = 00 with V+ from 5V to 30V, and over the full input common mode voltage range (0V to V+ - 1.5V).

Schematic Diagram (One of Four Operational Amplifiers)

T02,3,4

- Q4
INPUTS
O

50uA
Bus l
- — & —» 70 2,3, 4
()

3 [ intersil



CA124, CA224, CA324, LM324, LM2902

Typical Performance Curves

14
O 4= 40 Taz 85 Ta=25°C
= 120 V+ =30V
2 ] ‘
Z 100 50
3 N 0 “
w 5 Vo
§ 8 N E 450 3 D
50pF
§ 60 \ § 400 M i _1' ’\mim
a N s A = F/
3 =
% @ > 350 ;
é vi=10T z ouTPUT
20 5 300
[ \N 8
0 250
1 10 100 1K 10K 100K 1M 10M 0 1 2 3 4 5 6 7 8
FREQUENCY (Hz) TIME (us)
FIGURE 1. OPEN LOOP FREQUENCY RESPONSE FIGURE 2. VOLTAGE FOLLOWER PULSE RESPONSE
(SMALL SiGNAL)
Tao= 25°C
V+ =15V
Ry = 2k Py
2
4 w
2
-
2 ©
/ \ .2
4 >
s o &
o 4 o
g 3
5]
2 2
5 1
i, —
4
o 10 20 30 40
TIME {us)
FIGURE 3. VOLTAGE FOLLOWER PULSE RESPONSE (LARGE SIGNAL)
_— . .
Vicr = OV
60
- -
50 | V4 = 30V g
3 P
s a0 15V L E 4 |
z - &
=
g 20— - v o 3 L—
= ]
Q 1 &
5 2 & 2
a w
z Ta=0°C TO 125°C
10 1
-55°C
0 [} 1
75 50 -25 0 25 50 75 100 125 0 5 10 15 20 25 30
TEMPERATURE (°C}) POSITIVE SUPPLY VOLTAGE (V}
FIGURE 4. INPUT CURRENT vs AMBIENT TEMPERATURE FIGURE 5. SUPPLY CURRENT vs SUPPLY VOLTAGE

4 ] intersijl



CA124, CA224, CA324, LM324, LM2902

Typical Performance Curves (Continued)

20 T T

——— 70 :
= 100k(2
Ta=25°C } Ve = 15V
- < 60
s £
@ 15 ] =z
g qu 50 \
B 4
« A 4
a 10 \ - - o
- [ 5] \
<] ® 30 \\
z 2
i~ 0 \
o =20
= 5 2
2 o
o] E
g v
I ™
0 0
1K 10K 100K ™ 75 50 25 0 25 50 75 100 125
FREQUENCY (Hz) TEMPERATURE (°C)
FIGURE 6. LARGE SIGNAL FREQUENCY RESPONSE FIGURE 7. OUTPUT CURRENT vs AMBIENT TEMPERATURE
Ta = 25°C Ty = 25°C
75 ~
I g 150
= z
T g B RL =20k ]
= w
é 50 —| / g 100 N Ry = 2k(} —r]
3 V a l
il > 75
5 G
g L—" o
Z 25 4 50
z
|
c 25
0
0 — 10 20 30 20 0 10 20 30 40
POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE {V)
FIGURE 8. INPUT CURRENT vs SUPPLY VOLTAGE FIGURE 9. VOLTAGE GAIN vs SUPPLY VOLTAGE
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CA124, CA224, CA324, LM324, LM2902

Dual-In-Line Plastic Packages (PDIP)

SEATING -
PLANEJ

=

Y .
Y 'A JJ;
L ¢ H\
A L
ec—» c

[$losr00zs@[c[a[e@®] e — >

D1
B1
B

NOTES:

1.

Controlling Dimensions: INCH. in case of conflict between English
and Metric dimensions, the inch dimensions control.

2. Dimensioning and tolerancing per ANS| Y14.5M-1982.
3. Symbols are defined in the "MO Series Symbol List” in Section 2.2 of

Publication No. 95.

. Dimensions A, A1 and L are measured with the package seated in

JEDEC seating plane gauge GS-3.

. D, D1, and E1 dimensions do not include mold flash or protrusions.

Mold flash or protrusions shall not exceed 0.010 inch {0.25mm).

. Eand are measured with the leads constrained to be perpen-

dicular to datum .

. €g and ec are measured at the lead tips with the leads uncon-

strained. e must be zero or greater.

. B maximum dimensions do notinclude dambar protrusions. Dambar

protrusions shall not exceed 0.010 inch (0.25mm).

. N is the maximum number of terminal positions.
. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28 3,

E426 will have a B1 dimension of 0.030 - 0.045 inch (0.76 -
1.14mm}.

E14.3 (JEDEC MS-D01-AA ISSUE D)
14 LEAD DUAL-IN-LINE PLASTIC PACKAGE

{ "INCHES | MILLIMETERS l ‘;
SYMBOL| MIN | MAX | MIN | MAX | NOTES
A - 0.210 . \‘ 533 \ 4
Al 0.015 03 . - 4

T A2 015 | 0195 | 203 495 \ -
B | 0014 | 0022 | 0356 ' 0558 @ - |
B1 | 0045 | 0070 | 115 | 177 8
c 0008 | 0014 : 0204 l 0355 | -

b o7 | 0775 | 1866 { 19.68 f 5
D1 0.005 - 013 | 5

E o300 | 0325 762 | 825 6
E1 0.240 J 0280 | 610 | 7.11 L 5
e 0.100 BSC 254BSC | - |
en | 0300BSC 7628SC 6 \
e | - [ oa% - [t0e2 | 7 |

O '"6'.115'{' 0150 | 293 | 381 | 4 |
N RV 14 9 !
T N “Rev. 012/93

6 intergil
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FAST RECOVERY RECTIFIER

VOLTAGE RANGE

IN4933 THRU  1N4937 CURRENT

50 to 60() Volts

1.0 Ampere
FEATURES
- Low cost construction. T 054 (0.9)
- Fast switching for high efficiency. “’T ‘“_J—Aoza 0.7 2'A
« Low reverse leakage
+ High forward surge current capability. 1.0 125.4)
+ High temperature soldering guaranteed: MIN.
260°C/10 seconds, 0.375" (9.5mm)lead length
at 5 1bs (2.3kg) tension, 4|
1205 (5.2)
MECHANICAL DATA 160 42y &
+ Case: transfer molded plastic '-l %% Dl1A.
« Epoxy: UL94V - 0 rate flame retardant.
- Polarity: Color band denotes cathode end. 1.0 (2:'4)
- Lead: Plated axial lead, solderable per MIL - STD - 202E MmN
method 208C
« Mounting position: Any —1t i
« Weight: 0.012 ounce, (0.33grams
[20-41
MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
- Ratings at 25'C ambient temperature unless otherwise specified
- Single phase, half wave, 60Hz, resistive or inductive load.
+ For capacitive load derate current by 20%
SYMBOLS | IN4933] IN4934] IN4935[ IN4936| IN4937 UNIT
Maximum Repetitive Peak Reverse Voltage Verm 50 100 200 400 600 Volts
Maximum RMS Voltage Vawms 35 70 140 280) 420 Volis
Maximum DC Blocking Voltage Voe 50 100 200 400 600 Volts
Maximum Average Forward Rectified Current, I
N o (AV) 1.0 Amp
0.375" (9.5mm) lead length at T, =75C
Peak Forward Surge Current
8.3ms single half sine - wave superimposed on lesm 30 Amps
rated load (JEDEC method )
Maximum Instantaneous Forward Voltage at 1.0A Vi 1.2 Volts
Maximum DC Reverse Current at rated| Ta=25C e 5.0 0 A
DC blocking voltage Ta= 100TC 100
Maximum Reverse Recovery Time (Note 3) T, = 25C t, 200 nS
Maximum Reverse Recovery Current (Note 3) Trm(REC) 2.0 Amps
Typical Junction Capacitance (Note 1} o8 15 pF
Typical Thermal Resistance (Note2) Ry 50 TIW
Operating and Storage Temperature Range T, (-65 to +150) C
Storage Temperature Range Ts1g {-65 to +150) [y

NOTES:

1. Measueed at O MEz and applicd reverse volage of 4.0 Vohs,

2. Thermal Resistance from Junction o Ambient at (2375" (9.5mm) lead length, P.C. board mounted.

3, Reverse Recovery Tess Condition: 1, =1 0A, Wy, = 30V, 44,

a - SOAJPS, 1y = 10% T for the measurement of 4,

MIC INVESTMENTS (CHINA) COMPANY LIMITED




AVERAGE FORWARD CURRENT,

INSTANTANEQOUS FORWARD CURRENT,

JUNCTION CAPACITANCE (pF)

FIG.1-TYPICAL FORWARD CURRENT
DERATING CURVE

17y
1.0
aa
<
= 4 .
Swgle Phase
0.8 Haf Wave 60Hr -
Resistive or
02 Indu tive |.oad
03759 Srom) Lead Length
I | B — -
n 24 50 i) 100 175
AMBIENT TEMPERATURE, (¢ (}
F¥G.3-TYPICAL INSTANTANEQUS
FORWARD CHARACTERISTICS
20
0
X e
0
Pulse Width=30005
T 1% Duty Cycle
0oy
0.’ 09 LR
INSTANTANEOUS FORWARD VOLTAGE,{V)
FIG.5-TYPICAL JUNCTION CAPACITANCE
100
1w

- 1MH s

Vi SOMY L. - g ke

S LT

0.1

REVRESE VOLTAGE, {V)

PEAK FORWARD SURGE

CURRENT, (A)

INSTANTANEQUS REVERSE CURRENT,

[

<
2

FIG.2-MAXIMUM NON-REPETITIVE PEAK
FORWARD SURGE CURRENT

LR

8.3 Single Half S ine Wave
(JEDEC Mothody =TT,

.

i
|
L~ S P

(‘\ ’{ \,/ \'\ l "~
L

[
JR NN
1 2 ¢ & @8 10 20 s eb 80100

NUMBER OF CYCLES AT 60 Hz

FIG.4-TYPICAL REVERSE
CHARACTERISTICS

(e

R |
l1 I

o 20 40 sl &

PERCENT OF RATED PEAK
REVERSE VOLTAGE (%)
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Small Signal Diode

(continued)
Electrical Characteristlcs T, =26°C unless otherwise noted
Symbol Parameter Test Conditions Min | Max | Units
A Breakdown Voltage Ig = 100 pA 100 v
Iz = 5.0 uA 75 \%
Ve Forward Veltage 1N914B/4448 | |- =50 mA 620 720 mVv
1N916B | | = 5.0 mA 630 730 myv
1N914/916/4148 | - = 10 mA 1.0 v
1N914A/916A | |- =20 mA 1.0 v
1N916B | |- = 20 mA 1.0 "
1N914B/4448 | I = 100 mA 1.0 \'4
I Reverse Current V=20V 25 nA
Ve =20V, T,=150°C 50 HA
Vg =75V 50 uA
C, Total Capacitance
1N916A/B/4448 | V. =0,f = 1.0 MHz 2.0 pF
1N914A/B/4148 | V,=0,f = 1.0 MHz 4.0 pF
t, Reverse Recovery Time le= 10 mA, Vg = 6.0 V (60mA), 4.0 ns
I, =1.0mA, R, = 100Q
Typical Characteristics
160 T 120
J— _ Ta= 25°C
E 150 JR— — E- 100 -
T ]
> =t ol |
§ 149 — —"* § i
= — S S = w60 -
$ s |
o 130 4 Fhi S w0 L
5 R R e e A R A B H -
> . | 2
E 120 - r - [ - --——;{» — 2 oof---
-l
110 _ L [ ‘ L 010 20 k[i] 50, 70 100
4 2 3 5 10 20 30 50 100 Reverse Voltage, V [V]

Reverse Current, |, [uA]

Figure 1. Reverse Voitage vs Reverse Current
BV -1.0to 100 uA

2
I
=)

Forward Voltage, vV, [mV]

10 20 30 50
Forward Current, 1. [uA]

Figure 3. Forward Voltage vs Forward Current
VF -1to 100 uA

10Q

GENERAL RULE: The

Reverse Current of a diode will approximately

double for every ten {10} Degree C increase in Temperature

Figure 2. Reverse Current vs Reverse Voltage
IR-10to 100V

Forward Voltage, \ [mV]
« = > S ~
2 2 2 3 3
[=] =] < (=] (=]

o
=]
&

s
in
=)

0.1 02 03

Forward Current, ), [mA}]
Figure 4. Forward Voltage vs Forward Current
VF-0.1to 10 mA

8¥v¥y / 8viv / G/VI9L6 / G/V/¥L6 T1A4/NL



Small Signal Diode

{continued)

Typical Characteristics (continued)

T LT
T o

7

Forward Voltage, V_[mV]

N NN
o i
Forward Voltage, V _ {mV]
P
=] i=]
=} =1

T |-

t0 20 30 50 100 200 100 500 800 oo
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Figure 5. Forward Voltage vs Forward Current Figure 6. Forward Voltage
VF - 10 to 800 mA vs Ambient Temperature

VF - 0.01 - 20 mA (-40 to +65 Deg C)
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Figure 9. Average Rectified Current(l_, ) Figure 10. Power Derating Curve
versus Ambient Temperature (T,)
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TRADEMARKS

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

ACEx™ FAST ® MICROWIRE™ SILENT SWITCHER® UHC™
Bottomless™ FASTr™ OPTOLOGIC® SMART START™ UltraFET @
CoolFET™ FRFET™ OPTOPLANAR™ SPM™ VCX™
CROSSVOLT™ GlobalOptoisolator™ PACMAN™ STAR*POWER™
DenseTrench™ GTO™ POP™ Stealth™

DOME™ HiSeC™ Power247™ SuperSOT™.-3

EcoSPARK™ pC™ PowerTrench® SuperSOT™6

E:CMOS™ ISOPLANAR™ QFET™ SupersOT™-8

EnSigna™ LittleFET™ QS™ SyncFET™

FACT™ MicroFET™ QT Optoelectronics™ TinyLogic™

FACT Quiet Series™ MicroPak™ Quiet Series™ TruTranslation™

STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME 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 FCOR 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 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or {c) whose be reasonably expecled to cause the failure of the life
faiture to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative of This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

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

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued hy Fairchild semiconductor.
The datasheet is printed for reference information only.
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