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Abstract

signal over the audio band is rejected by low-pass filter.
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Features

« High Performance, Low Power AVR® 8-Bit Microcontrolier
+ Advanced RISC Architecture
— 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
- Up to 20 MIPS Throughput at 20 MHz
- On-chip 2-cycle Multiptier
« Non-volatile Program and Data Memories
— 4/8M16K Bytes of In-System Self-Programmable Flash {ATmegad8/88/168)
Endurance: 10,000 Write/Erase Cycles
- Optional Boot Code Section with Independent Lock Bits
In-System Pragramming by On-chip Boot Program
True Read-While-Write Operation
- 256/512/512 Bytes EEPROM (ATmega48/88/168)
Endurance: 100,000 Write/Erase Cycles
— 512/1 KK Byte Internal SRAM (ATmega48/88/168)
— Programming Lock for Software Security
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
- One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
- Six PWM Channels
- 8-channel 10-bit ADC in TQFP and QFN/MLF package
- G-channel 10-bit ADC in PDIP Package
- Programmable Serial USART
- Master/Slave SP! Serial Interface
— Byte-oriented 2-wire Serial Interface (Philips I2C compatible}
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change
» Special Microcontroller Features
- Power-on Reset and Programmabie Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Five Sleep Modes: ldle, ADC Noise Reduction, Power-save, Power-down, and
Standby
* /O and Packages
- 23 Programmabile VO Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:
— 1.8 - 5.5V for ATmegad8V/88V/168V
— 2.7 - 5.5V for ATmegad8/88/168
» Temperature Range:
- -40°C to B5°C
Speed Grade:
— ATmegadBV/BBV/168V: 0 - 4 MHz @ 1.8 - 5.5V, 0 - 10 MHz @ 2.7-5.5V
— ATmegad8/86/168: 0 - 10 MHz @ 2.7 - 5.5V, 0-20 MHz @ 4.5 - 5.5V
Low Power Consumption
— Active Mode:
250 pA at 1 MHz, 1.8V
15 pA at 32 kHz, 1.8V (including Oscillator)
— Power-down Mode:
0.1pA at 1.8V

ATMEL
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8-bit AVR’
Microcontroller
with 8K Bytes
In-System
Programmable
Flash

ATmegad8/V
ATmega88/V *
ATmegal168/V *
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Pin Configurations
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1.1

1.14

1.1.2

113

1.1.4

Pin Descriptions

VCC

GND

Digital supply voltage.

Ground.

Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

Port C {PC5:0)

PC6/RESET

Port D (PD7:0)

2545J5-AVR-12/06

Port B is an 8-bit bi-directional 1/O port with internal pull-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.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifies.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in "Alternate Functions of Port B" on page
78 and "System Clock and Clock Options” on page 27.

Port C is a 7-bit bi-directional 1/O port with internal pull-up resistors (selected for each bit). The
PC5..0 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 puli-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 RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical char-
acteristics of PC8 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a 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 27-3 on page 307. Shorter pulses are not guaran-
teed to generate a Reset.

The various special features of Port C are elaborated in "Alternate Functions of Port C” on page
81.

Port D is an 8-bit bi-directional /O port with internal 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

AIMEL 3
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resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

The various special features of Port D are elaborated in "Alternate Functions of Port D" on page

84.

1.1.7 AVee
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be externally
connected to Vg, even if the ADC is not used. If the ADC is used, it should be connected to V¢
through a low-pass filter. Note that PC#6..4 use digital supply voltage, V.

1.1.8 AREF

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

1.1.9 ADC7:6 (TQFP and QFN/MLF Package Only})
In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter.

These pins are powered from the analog supply and serve as 10-bit ADC channels.

4 ATmega48/88/168

2545J5-AVA-12/08
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2. Overview

The ATmegad8/88/168 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega48/88/168 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

2.1 Block Diagram

Figure 2-1.  Block Diagram
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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

ATMEL ;

2545J5-AVR-12/06



2.2

6

AIMEL

— 0

architecture is more code efficient while achieving throughputs up te ten times iaster than con-
ventional CISC microcontrollers.

The ATmega48/88/168 provides the following features: 4K/8K/16K bytes of In-System Program-
mable Flash with Read-While-Write capabilities, 256/512/512 bytes EEPROM, 512/1K/1K bytes
SRAM, 23 general purpose /O lines, 32 general purpose working registers, three flexible
Timer/Counters with compare modes, internal and external interrupts, a serial programmable
USART, a byte-oriented 2-wire Serial Interface, an SPI serial port, a 6-channel 10-bit ADC (8
channels in TQFP and QFN/MLF packages), a programmable Watchdog Timer with internal
Oscillator, and five software selectable power saving modes. The ldle mode stops the CPU
while allowing the SRAM, Timer/Counters, USART, 2-wire Serial Interface, SPI port, and inter-
rupt system to continue functioning. The Power-down mode saves the register contents but
freezes the Oscillator, disabling all other chip functions until the next interrupt 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 /O modules except asynchronous timer and ADC, 1o minimize switching noise dur-
ing ADC conversions. In Standby mode, the crystal/resonator Oscillator is running while the rest
of the device is sleeping. This allows very fast start-up combined with low power consumption.

The device is manufactured using Atmel’s high density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SFI
serial interface, by a conventional non-volatile memory programmer, or by an On-chip Boot pro-
gram running on the AVR core. The Boot program can use any interface to download the
application program in the Application Flash memory. Sofiware 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-Programmabie Flash on a
monolithic chip, the Atmel ATmega48/88/168 is a powerful microcontroller that provides a highly
flexible and cost effective solution to many embedded controt applications.

The ATmega48/88/168 AVR is supported with a full suite of program and system development
tools including: C Compilers, Macro Assemblers, Program Debugger/Simulators, In-Circuit Emu-
lators, and Evaluation kits.

Comparison Between ATmega48, ATmega8s, and ATmegai68

The ATmega48, ATmega88 and ATmega168 differ only in memory sizes, boot loader support,
and interrupt vector sizes. Table 2-1 summarizes the different memory and interrupt vector sizes
for the three devices.

Table 2-1. Memory Size Summary

Device Flash EEPROM RAM Interrupt Vector Size

ATmega4d8 4K Bytes 256 Bytes ' 512 Bytes 1 instruction word/vector
ATmegasé | 8KByles | 512Byles | 1KByes | 1 instruction wordivector
| ATmegal68 - 16K Bytes " 512 Bytes 1“K Bytes 2 inslruétion words/vects;

ATmega88 and ATmega168 support a real Read-While-Write Self-Programming mechanism.
There is a separate Boot Loader Section, and the SPM instruction can only execute from there.
In ATmega48, there is no Read-While-Write support and no separate Boot Loader Section. The
SPM instruction can execute from the entire Flash.

ATMmegad8/88/168 e ——
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WENSHING®® TRW-24G

TRW-24G High Frequency Transceiver Module(GFSK)

&Specification :

* Frequency Range: 2.4~2.524 GHz

* Modulate Mode: GFSK

* Work Voltage: 3V

* Channel: 83

* Qutput Power: +4dBm

* Data Rate: 1Mbps; 250Kbps

* Operating Tempeature: -40~+85 Centigrade

* The longest range : 280m (250Kbps); 150m (1Mbps)

* No dead spaces in reception.

* Built in antenna.

* Competitive price.

* Apply for various type of products: Wireless Joysticks, Wireless
Speaker, Wireless Earphone , Wireless Cell phone , Wireless
Intercom . Wireless Mouse, Wireless Keyboard and Data
Communication.....
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Symbol Parameter(condition) Notes Min. Typ. Max. Units

vDD Supply voltage 1.9 3.0 3.6 V
TEMP Operating temperature -40 +27 +85  Centigrate
fop Operting frequency 1) 2400 2524 MHz
Rgersk Data rate direct mode 3) 250 1000 kbps
Feuannee Channel spacing 1 MHz
Supply current one channel
lvpo PPy 18 mA
250kbps
Supply current one channel
lVDD PP 19 mA
1000kbps
Supply current two channels
lVDD PPYY 23 mA
250kbps
Supply current two channels
IVDD PPY 25 mA

1000kbps

Sensitivity at
RXsens -80 ds
0.1%BER{@250kbps})

Sensitivity at

RXsens -80 dB
0.1%BER(@1000kbps)

Part No. Description
TRW-24G High frequency Transceiver module (GFSK) 2.4GHz

TRW-2.46  Yranscsiver Partnership rrw.z.3¢ Transceiver



PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

ELECTRICAL SPECIFICATIONS
Conditions: VDD = +3V, VS5 = 0V, Ta = - 40°C to + 85°C

Symbol |Parameter (condition) | Notes | Min. [ Typ. | Max. | Units
Operating conditions
VDD Supply voltage 1.9 3.0 3.6 v
TEMP  |Operating Temperature -40 +27 +85 C

Digital input pin

Viu HIGH level input voltage YDD- 0.3 VDD v
Vi LOW level input voltage Vss 0.3 A%
Digital output pin
Vou HIGH level output voltage (Igy=-0.5mA) VDD- 0.3 VDD \
Vou LOW level output voltage (1o =0.5mA) Vss 0.3 \Y
General RF conditions
foe Operating frequency 1) 2400 2524 MHz
fxral Crystal frequency 2} 4 20 MHz
Af Frequency deviation 156 kHz
Rersk Data rate ShockBurst™ =0 1000 kbps
Reiirsk Data rate Direct Mode E)) 230 1000 kbps
F(‘HANN‘EL Channel Spacing 1 MHz

Transmitter operation

Py Maximum Output Power 4) 0 +4 dBm
Pere RF Power Control Range 16 20 dB
Paicr  |RF Power Control Range Resolution 13 dB
Paw 20dB Bandwidth for Modulated Carrier 1000 kHz
P> 2nd Adjacent Channel Transmit Power 2MHz -20 dBm
Pria 3" Adjacent Channel Transmit Power 3MHz -40) dBm
Ty Supply current @ 0dBm output power 5) 13 mA
Tvop Supply current (@ -20dBm output power 5) 8.8 mA
Ivrn Average Supply current @& -5dBm output ) 0.8 mA

power, ShockBurst™

Ivbp Average Supply current in stand-by mode 7) 12 pA
Typn Average Supply current in power down 400 nA

Receiver operation

fvop Supply current one channel 250kbps 18 mA
lvpn Supply current one channel 1000kbps 19 mA
Ivon Supply current two channels 250kbps 23 mA
Ivpn Supply current two channels 1000kbps 25 mA
RXqrvs | Sensitivity at 0. 1%BER {@250kbps) -90 dBm
RX.ins | Sensitivity at 0. 1%RBER (@ 1000kbps) -80 dBm
Cile C/1 Co-channel 8) 1074 dB
C/lisy 1* Adjacent Channel Selectivity C/1 IMHz ) -20/) dB
Cllavp [2™ Adjacent Channel Selectivity C/1 2MHz 8) -37/-20 dB
Cllirp 39 Adjacent Channel Selectivity C/1 AMHz 8) -43/-30 dB
RX5 Blocking Data Channel 2 -45/-41 dB
[} Ulsable band is determined by local regulations
2} The crystal frequency may be chosen from 5 different values (4, 8, 12, t6. and 20MHy) which are specificd in the
configuration word, sce Table @, 16MHz are required for 1Mbps operation.
33 Data rate must be cither 250kbps or 1000kbps.
4)  Antenna load impedance = 100£+]17X2
5] Antenna load impedance = 100€-j1 752 Effective daia rate 250kbps or 1Mbps.
6}  Antenna load impedance = 100€2+{1752 Effective data rate 10kbps.
7} Current if 4 MHz crystal is used.
8)  250kbps/1000kbps
Table 4 nRF2401 RF specifications
Nordic Serniconductor ASA - - Vestre Rosten 81, N-7075 Tiller, Norway - Phone —477289%900 - Fax —477289898%

Revision: 1.1 Pagc 4 of 39 June 2004
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LM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED

B LARGE DC VOLTAGE GAIN: 100dB

8 WIDE BANDWIDTH {unity gain): 1.1MHz
(temperature compensated)

B VERY LOW SUPPLY CURRENT/OP (500uA)

ESSENTIALLY INDEPENDENT OF SUPPLY

VOLTAGE

LOW INPUT BIAS CURRENT: 20nA

{temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA

INPUT COMMON-MODE VOLTAGE RANGE

INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE

EQUAL TO THE POWER SUPPLY VOLTAGE

LARGE QUTPUT VOLTAGE SWING 0V TO

(Vce - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to cperate from a sin-
gle power supply over a wide range of voltages.
The iow power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers,
dc gain blocks and all the conventional op-amp
circuits which now can be more easily implement-
ed in single power supply systems. For example,
these circuits can be directly supplied with the
standard +5V which is used in logic systems and
will easily provide the required interface electron-
ics without requiring any additional power supply.

Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from

™

N
DiPa
(Piastic Package}

e »

D&s
S$08 & miniSO8
(Plastic Micropackage)

*

P
TSSOPS
(Thin Shrink Small Outline Package}

ORDER CODE
Part Temperature Package
Number Range N s D P
LM158 A -55°C, +125°C . . .
LM258 A -40°C, +105°C . . .
LM358,A 0°C, +70°C . . . .
Example : LM25BN

N = Dual in Line Package (DIP&

D = Small Outline Package 35 ) - also available in Tape & Reel (DT

5 = Smalt Qutline Package (miniS0} on(i¥ available in Tape & Reel (DT)
P=

Thin Shrink Small Outline Package (TSSOP) - only available in Tape

only a single power supply voltage. BReel (PT)
PIN CONNECTIONS (top view)
\_/ 1 - Output 1
2 - Inverting input
1 8
E j 3 - Non-inverting input
2o 1] 7 4 -Veg’
‘ e 5 - Non-inverting input 2
3 E:/ - ) -_‘I,:] 6 6 - nverting input 2
o 7 - Output 2
4 [ ~# s 8-Vee'

July 2003
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Jntersit HIP4080A

80V/2.5A Peak, High Frequency

March 1995 Full Bridge FET Driver
Features Description

* Drives N-Channel FET Full Bridge Including High Side
Chop Capability

Bootstrap Supply Max Voltage to 95VDC

Drives 1000pF Load at 1MHz in Free Air at +50°C with
Rise and Fall Times of Typicaliy 10ns

User-Programmable Dead Time

Charge-Pump and Bootstrap Maintain Upper Bias
Supplies

DIS (Disable) Pin Pulls Gates Low

Input Logic Thresholds Compatible with 5V to 15V
Logic Levels

Very Low Power Consumption

Undervoltage Protection

Applications

« Medium/Large Voice Coil Motors

Fuil Bridge Power Supplies
* Class D Audio Power Amplifiers

High Performance Motor Controls

Noise Cancellation Systems

The HIP4080A is a high frequency, medium voltage Full Bridge
N-Channel FET driver IC, available in 20 lead plastic SOIC and
DiP packages. The HIP4080A includes an input comparator,
used to facilitate the “hysteresis” and PWM modes of operation.
Its HEN (high enable) lead can force current to freewheel in the
bottorn two external power MOSFETSs, maintaining the upper
power MOSFETs off. Since it can switch at frequencies up to
1MHz, the HIP40B0A is well suited for driving Voice Coil
Motors, switching amplifiers in class D high-frequency switching
audio amplifiers and power supplies.

HIP4G80A can also drive medium voltage brush motors, and
two HIP4080As can be used to drive high performance step-
per motors, since the short minimum “on-time” can provide
fine micro-stepping capability.

Short propagation delays of approximately 55ns maximizes
control loop crossover frequencies and dead-times which
can be adjusted to near zero to minimize distortion, resulting
in precise control of the driven load.

The simitar HIP4081A IC allows independent control of all 4
FETs in an Full Bridge configuration.

The Application Note for the HIP4080A is AN9404.

Ordering Information

« Battery Powered Vehicles PART TEMPERATURE
NUMBER RANGE PACKAGE
» Peripherals
HIP4DB0AIP -40°C to +85°C |20 Lead Plastic DIP
» UPS.
HIP4080AIB -40°C to +85°C |20 Lead Plastic SOIC w)
Pinout Application Block Diagram
HIPA0BOA (PDIP, SOIC) sov
TOP VIEW |
y a L,
ahe [1] 20] BHO 12v o B _:'II——
HEN [2] 19] BHS |
Dis [3] 18] BLO BHO —‘—"
vss [4] 7] BLS BHS
our [5] E Voo ~JHEN  Bio *— LOAD —
IN+ [ 15] Ve — o
IN- E % ALS :IP4080A —h:_' :;'
HDEL E El ALO
=1 IN+ ALO !
LDEL E E AHS i AHS
AHB E 11} AHO AHO
GND GND

CAUTION: These devices are sensitive 10 electrostatic discharge; follow proper IC Handling Procedures.
1-888-INTERSIL or 321-724-7143 | Copynght © Intersil Carporation 1999

1

File Number

3658.4



HIP4080A

Functional Block Diagram (1/2 HIP4080A)

[y AHB HIGH VOLTAGE BUS = 80VDC
* 4 10
! =
. DRIVER
V%':_'.:I’.i:E CHARGE LEVEL SHIFT AHO Il: 1.
PUMP AND LATCH 1 1 T “Bs
AHS
- | 3
L
HEN E—D———-D— TURN-ON
— DELAY
TO Vpp (PIN 16)
A Do
Vee
DRIVER ALO 1 +12vpe
TURN-ON 13 {I: 2= BIAS
¥ F SUPPLY
DELA ALS T Car ]
'm.
d
LDEL |9
ves [2]
Typical Application (Hysteresis Mode Switching)
l BOV
L
S
— {7 sHs  sHo [20]
12v ZIHEN  BHs [19}
DIS 3lois _ BLo (18] \ LOAD —
ANA— {5] out % Voo [16} ) .
BY —AMA [6] s 8 Vec (15— 12v _lr__l.._. _
1N 3 12l
N [7]IN H ALs [14]
—A\W—e &1 31
[8]HDEL™ ALO [T3]
—
__E LDEL  ans [17}
_@ AHB  AHO E_
s s <
< < =
e ANA—————
GND
/ AVAVAY_
.VAVAT

A A A
Yyy

% GND




Specifications HIP4080A

Absolute Maximum Ratings
Supply Voltage, Vpp and Vee. . .

Thermal Information

................ -0.3V 1o 16Y  Thermal Resistance )
Logic VO Voltages . ........ ... .. ... ... -0.3Vto Vpp +0.3V SOICPackage. ... .. ......... ... ..... ... +B5°CIwW
Voltage an AHS, BHS . . . . -6.0V {Transient} to 80V (25°C 1o 125°C) MPPackage ..... ... ........ ... . ... . . .. +75°CIwW
Voltage on AHS, BHS . . . -6.0V (Transient) to 70V (-55°C to 125°C)  Maximum Power Dissipation at +85°C
Voitage on ALS BLS ... .. .. -2.0V (Transient} 1o +2.0V (Transient) SOICPackage. . ......... ... ... ... . .. ... 470mw
VOHElgE on AHB, BHB....... .. VAHS. BHS -0.3V to VAHS. BHS +VDD DiP Package .................................. 530mwW
Voltage on ALO,BLO .. ... .. . ... Vars Bls -0.3Vio Ve +0.3V  Storage Temperature Range. . ... .. ..... .. -B5%C to +150°C
Voltage on AHO, BHO ... .. .. Vans, ars 0.3V 10 Vapg grg +0 3V Operating Max. Junction Temperature . ... .. . ... +125%C
Input Current, HDEL and LDEL ... ... ... ... .. .. -5mA 1o OmA  Lead Temperature (Soldering 10s) ... .. ...... .. .. . +300°C
Phase SlewRate . ....... ... ... ... ... ... . .. . 20V/ins (For SOIC - Lead Tips Only)

NQTE: All Voltages relative to Vsg, unless otherwise specified.

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

Operating Conditions

Supply Voltage, Vppand Vee. .o oo +95Vito +15V  Input Current, HDEL and LDEL. ... ... ... ... .. -500pA to -50pA
Vollage on ALS,BLS ......... .. ....... ... .. -1.0Vio +1.0V  Operating Ambient Temperature Range . . . .. ... . -40°C to +85°C
Voltage on AHB,BHB. . ... .. .. VAHS. BHS +5V to VAHS. AHs T 15V

Electrical Specifications Vi = Voo = Vayg = Vgug = 12V, Vgg = Va g = VeLs = Vans = Vans = OV, Rypg. = R pgy = 100K, and
Ta = +25°C, Unless Otherwise Specified

T,=-40°C
T, =+25°C TO +125°C
PARAMETERS SYMBOL TEST CONDITIONS MIN l TYP | MAX | MIN | MAX JUNITS
SUPPLY CURRENTS AND CHARGE PUMPS
Vpp Quiescent Current lon IN- = 2.5V, Other Inputs = OV 8 1 14 7 14 ma
Vpp Operating Current oo Outputs switching f = 500kHz, No Lead] 9 12 15 8 15 mA
Voo Quiescent Current lce IN- = 2.5V, Other Inputs = OV, - 25 80 - 100 HA
lao=lpo=0
Ve Operating Current lcco f = 500kHz, No Load 1 125 | 2.0 0.8 3 mA
AHB, BHB Quiescent Current - lake: lBHe | IN- = 2.5V, Cther tnputs = OV, Ig0 = 50 | 25 | -1 60 | -10 uA
Qpump Output Current IBro = 0. Vpp = Ve =Vapg = Vapg = 10V
AHB, BHB Operating Current laHBo-lanso [ f = 500kHz, No Load 082 12 15} 05 1.9 mA
AHS, BHS, AHB, BHB Leakage Current IHLk Vaus = Vaps = 80V, - Qg2 ] 1.0 - 10 HA
Vana = Vpnp = 93V
AHB-AHS, BHB-BHS Qpump Vanb - Vans | lase = laps = 0. No Load 11.5 | 126 | 140 | 105 | 145 v
Qutput Voltage Vang - Vans
INPUT COMPARATOR PINS: IN+ IN-, QUT
Cffset Voltage Vos Qver Commen Mode Voltage Range -10 0 +10 | -15 | +#15 mvy
Input Bias Current g 0 0.5 2 & 4 HA
Input Offset Current los -1 0 +1 -2 +2 HA
Input Cammon Mode Voltage Range CMVR 1 - V$D5 1 VPg v
Voltage Gain AVOL 10 25 - 10 - VimV
QUT High Level Output Valtage Vau IN+ > IN-, |y = -250uA Vpp - - Vpp - Vv
-0.4 -05
QUT Low Level Qutput Voltage VoL IN+ < IN-, Iy = +250pA - - 0.4 - 0.5 A
Low Level Qutput Current lov Vout = 8V 6.5 14 19 6 20 mA
High Level Culput Current lon Vour = BV -7 ] 10 -3 20 | 25| mA
INPUT PINS: DIS
Low Level Input Voltage ViL Full Operating Conditions - - 10 - 08 \
High Level Input Voitage Vi Full Operating Conditions 2.5 - - 27 - V
Input Voltage Hysteresis - a5 - - - mV
Low Level Input Current I Vi = OV, Full Operaling Canditions -130 } 100 | -75 | -135 | -65 pA
High Level Input Current (™ Vin = 5V, Full Operating Conditions -1 - +1 -10 § +10 HA




Specifications HIP4080A

Electl‘ical Speciﬁcatlons VDD = VCC = VAHB = VBHB = 12V, Vss = VALS = VBLS = VAHS = VBHS = OV, RHDEL = RLDEl = TOOK, and
Ta = +25°C, Unless Otherwise Specified (Continued)

T,=-40°
T, =+25°C TO +125°C
PARQM ETERS SYMBOL TEST CONDITIONS MiN | TYP [ MAX | MIN | MAX JuniTs
INPUT PINS: HEN
Low Level Input Voltage Vi Full Operating Conditions - - 1.0 - 0.8 v
High Level Input Voltage Vih Full Operating Conditions 25 - - 27 - v
Input Voltage Hysteresis - 35 - - - my
Low Level Input Current n Vin = OV, Full Operating Conditions -260 | -200 } 150 | -270 | 130 ] uA
High Level Input Current " Vin = 5V, Full Operating Gonditions -1 - +1 -10 | +10 pA
TURN-ON DELAY PINS: LDEL AND HDEL
LDEL, HDEL Voltage 1 Viper V' HupeL = liper = -100ud | 4.9 | 5.1 | 53 | 48 I 5.4 | v
GATE DRIVER OUTPUT PINS: ALO, BLO, AHO, AND BHO
Low Level Output Voltage Vo loyr = 100mA 07 o085 ] 10 | 05 1.1 v
High Level Output Voltage Ve - Vou | loyt = -100mA 08 Joos5| 1.1 0.5 i.2 \'4
Peak Pullup Current ot Voutr =0V 1.7 2.6 38 1.4 4.1 A
Peak Pulidown Current lo- Vour = 12V 1.7 24 3.3 1.3 3.6 A
Under Voltage, Rising Threshold Uv+ B.1 8.8 9.4 8.0 9.5 \"
Under Voltage, Falling Threshold Uv- 7.6 a3 8.9 75 9.0 A
Under Voltage, Hysteresis HYS 025]| 04 | 065 F 02 0.7 v
Switching Specifications Vpp = Ve = Vang = Vg = 12V, Vs = Vais = Vais = Vans = Vans = OV, Ruper = RipeL = 10K,
C| = 1000pF, and Ty, = +25°C, Unless Otherwise Specified
T,=-40°C
T,=+25°C TO +125°C
PARAMETERS SYMBOL | TEST CONDITIONS [ MIN | TYP | MAX | MIN | MAX]JUNITS
Lower Turr-off Propagation Delay (IN+HIN. to ALO/BLO} TLPHL =140 70 - 189 ns
Upper Turn-off Propagation Delay (IN+IN- to AHQ/BHG) ThprL - 50 | 80 - 110 ns
Lower Turn-on Propagation Delay (IN+/IN- to ALO/BLO) TLpiH - 40 | 70 - a0 ns
Upper Turn-on Propagation Delay {IN+/IN- 1o AHO/BHO) TheLH - 70 | 110 - 140 ns
Rise Time Tk - 10 | 25 - 35 ns
Fall Time T - 10 25 - 35 ns
Turn-an Input Pulse Width Tewin-on 50 - - 50 - ng
Turn-off Input Puise Width TrwIN-OFF 40 - - 40 - ns
Disable Tum-off Propagation Delay TpisLow - 45 | 75 - a5 ns
(DIS - Lawer Qutputs)
Disable Tum-off Propagation Delay ThisHIGH - 55 | 85 - [ 105} ns
{DIS - Upper Outputs)
Disahle to Lower Turn-on Propagation Delay ToipLH - 45 | 70 - 80 ns
(DIS - ALO and BLO)
Refresh Pulse Width (ALO and BLO) TREF-PW 240 § 380 | 500 | 200 | 800 ns
Disable to Upper Enable (DIS - AHO and BHO) Tuen - 480 | 630 - 750 ns
HEN-AHO, BHC Turn-off, Propagation Delay Tuen-pHL  fRHuDEL = RipeL = 10K - 40 { 70 - 90 ns
HEN-AHO, BHO Turn-on, Propagation Delay Tuen-pivt [RupeL = RepeL = 10K - 60 | 90 - 110 ns
TRUTH TABLE
INPUT OUTPUT
IN+ > IN- HEN unv Dis ALO AHO BLO BHO
X X X 1 0 1] 0 ¢
0 0 a 0 1 0 [4] 0
1 1 0 0 G 1 1 0
0 1 a 0 1 0 4] 1
1 0 0 0 0 0 1 0
X X 1 X 0 0 c 0




HIP4080A

Pin Descriptions

PIN
NUMBER | SYMBOL DESCRIPTION

t BHB B High-side Bootstrap supply. External bootstrap diode and capacitor are required. Conneci cathode of boot-
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30pA out of this
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximalely 12 .8V,

2 HEN High-side Epable input. Logic level input that when low overrides IN+IN- (Pins 6 and 7) 1o put AHO and BHO
drivers (Pins 11 and 20) in low output state. When HEN is high AHO and BHO are controfled by IN+/IN- inputs.
The pin can be driven by signal levels of 0V to 15V {no greater than V). An internal 100uA pull-up to Vpp will
hold HEN high, so no connection is required if high-side and low-side autputs are to be controlled by IN+/IN-
inputs.

3 s DiSable input. Logic level input that when taken high sets all four outputs low. DIS high overrides all other inputs.
When DIS is taken low the outputs are conirolled by the other inputs. The pin can be driven by signal tevels of
OV to 15V (no greater than Vpp). An internal $00pA pull-up to Vpp will hold DIS high if this pin is not driven.

4 Vgs Chip negative supply, generally will be ground.

5 ouT OUTput of the input control comparator. This output can be used for feedback and hysteresis.

6 IN+ Neninverting input of control comparator. §f IN+ is greater than IN- (Pin 7}then ALO and BHO are low level out-
puts and BLO and AHO are high level outputs. If IN+ is less than IN- then ALO and BHO are high level outputs
and BLO and AHO are low level outputs. DIS (Pin 3) high level wilt override IN+/IN- control for ali outputs. HEN
(Pin 2} low level will override IN+/IN- control of AHO and BHO. When switching in four quadrant mode, dead
time in a half bridge leg is controlled by HDEL and LDEL {Pins B and 9.

7 IN- Inverting input of comrol comparator. See IN+ (Pin 6) description.

8 HDEL High-side turn-on DELay. Connect resistor from this pin io Vgg to set iming curent that defines the turn-on delay
of both high-side drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guarantees
no shoot-thyough by delaying the turn-on of the high-side drivers. HDEL reference voltage is approximately 5.1V.

9 LDEL Low-side turn-on DELay. Connect resistor from this pin 1o Vgg to set timing current that defines the turn-on delay
of both low-side drivers. The high-side drivers turn-off with no adjustable deday, so the LDEL resistor guarantees
na shoot-through by delaying the turn-on of the low-side drivers. LDEL reference voltage is approximately 5.1V

10 AHB A High-side Bootstrap supply. External bootstrap diode and capacitor are required. Cannect cathade of boat-
strap dicde and positive side of boolstrap capacitor to this pin. Internal charge pump supplies 30pA out of this
pin to maintain bootsirap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V.

11 AHO A High-side Qutput. Connect to gate of A High-side power MOSFET.

12 AHS A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of
bootstrap capacitor to this pin.

13 ALO A Low-side Output. Connect to gate of A L.ow-side power MOSFET.

14 ALS A Low-side Source connection. Conneclt to source of A Low-side power MOSFET.

15 Vee Positive supply to gale drivers. Must be same polential as Vpp {Pin 16). Connect to anodes of two bootsirap
diodes.

16 Voo Positive supply to lower gate drivers. Must be same potential as V¢ (Pin 15). De-couple this pin ta Vg {Pin 4).

17 BLS B Low-side Source connection. Connect to source of B Low-side power MOSFET.

18 BLO 8 Low-side Output. Connect to gate of B Low-side power MOSFET.

19 BHS B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of
bootsirap capacitor to this pin.

20 BHO B High-side Output. Connect to gate of B High-side power MOSFET.
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Timing Diagrams
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Data Sheet

14A, 100V, 0.160 Ohm, N-Channel Power
MOSFETs

These are N-Channel enhancement mode silicon gate
power field effect transistors. They are advanced power
MOSFETSs designed, tested, and guaranteed to withstand a
specified level of energy in the breakdown avalanche mode
of aperation. All of these power MOSFETs are designed for
applications such as switching regulators, switching
convertors, motor drivers, relay drivers, and drivers for high
power bipalar switching transistors requiring high speed and
low gate drive power. These types can be operated directly
from integrated circuits.

Formerly developmental type TA17411.

Ordering Information

} PART NUMBER PACKAGE BRAND

IRF530 TO-220AB IRF530

NOTE: When ordering, use the entire parl number.

IRF530

February 2002

Features

14A, 100V

rpg(oN) = 0.1600

Single Pulse Avalanche Energy Rated
SOA is Power Dissipation Limited
Nanosecond Switching Speeds

Linear Transfer Characteristics

= High tnput Impedance

Related Literature
- TB334 "Guidelines for Soldering Surface Mount
Components to PC Boards”

Symbol

Packaging

JEDEC TO-220AB

DRAIN {FLANGE)

T

SOURCE
DRAIN
GATE

1 CAUTION: These devices are sensilive la elactrostatic discharge; follow proper ESD Handiing Procedures

E2002 Farch 19 Semicanduclor Carparation

IRF530 Rav B1



IRF530

Absolute Maximum Ratings T = 25°C, Unless Otherwise Spesified

IRF530 ) UNITS
Drain te Source Breakdown Voltage (Note 1) . ... ... ... ... . .. .. ... Vps 100 A
Drain to Gate Voltage (Rgg =20k (Note 1) .. ... ... ... .. .... Vber 100 \
Continuous Drain Current . ... ........ ... ... ... o 14 A
Te=1007C . ip 10 A
Pulsed Drain Current (Note 3). ... ... ... .. . . oM 56 A
Gateto Source Voltage . . ... ... ... ... Vs 120 \
Maximum Power Dissipation .. .. ... ... ... .. . . ... ... . ... .......Pp 79 w
Dissipation Derating Factor . ... ... ... ... ... ... . ... .. ... . .. ... . ... .. ... 0.53 w/oc
Single Pulse Avalanche Energy Rating {Note 4). . . .. . R Eas 69 m.J
Operating and Storage Temperature .. .. ... ... ... ... ..... - Ty Tt 5510 175 °c
Maximum Temperature for Soldering
Leads at 0.083in (1.6mm) from Case for10s. . ... ...... .. . .. ... ......... TL 300 °c
Package Body for 10s, See Techbrief 334 .. ... . . ... .. ... ... Tokg 260 oc

CAUTION: Stresses above those listed in "Absoiute Maximum Ratings” may cause parmanen! damage o the device. This is a stress only rating and operation of the
device af these or any other conditions above those indicated in the operalional sections of this specification is rot implied.

NOTE:
1. T, =25°C 1o 150°C.

Electricai Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP Max | UNITS |
Drain to Source Breakdown Voltage BVpss In = 250uA, Vg = OV {Figure 10} 100 - - vV
Gale o Threshoid Voltage VasitHy | Ves = Vps. Ip = 250pA 2 - 40 \
Zero Gale Voltage Drain Current Ipss Vpg = 95V, Vgg = 0V - - 25 pA
Vpsg = 0.8 x Rated BVpsg, Vgs = OV, Ty = 150°C - - 250 pA
On-State Drain Current (Note 2} IDtoN) Vps > ‘D[ON} XTDS(ON) MAX. Ves = 10V 14 - - A
Gale 1o Source t eakage Current lgss Ves = 120V - - 500 nA
Drain to Source On Resistance (Note 2) 'psioN) | !p = 8.3A. Vg = 10V (Figures 8, 9) 7 - 0.14 0.16 Q
Forward Transconductance (Noie 2) Ofs Vpsg 2 50V, Ip = 8.3A {Figure 12} 5.1 76 - S
Turn-On Delay Time td{ON} Vpp =50V, Ip = 14A, Rg ~ 12Q, R =340 - 12 15 ns
Rise Time Ly :\ASSFEZ S\:’i!?f(l)ing TipesTare Essc-tzmially _ 35 65 ns
ndependent of Operating Temperature
Turn-Off Delay Time taor) P perating Temp : 2% | 70 ns
Fall Time t - 25 59 ns
Total Gate Charge Qg(TDT) Vs = 10V, Ip = 14A, Vpg = 0.8 x Rated BVpgg - 18 30 nC
{Gale to Source + Gate 1o Drain) lg(reFy = 1.5mA (Figure 14)
Gate to Source Charge Qgs Gate Charge is Essentially Independent of R 4 R nC
- - QOperating Temperature
Gate to Drain “Miller” Charge Qg - 7 - nC
Input Capacitance Ciss Vpg = 25V, Vg = OV, f = 1MHz (Figure 11) - 600 - pF
Output Capacitance Coss - 250 - pF
Reverse Transfer Capacitance Crss - 50 - pF
Internat Drain Inductance Lp Measured from the Modified MOSFET - 35 - nH
Contact Screw on Tab To | Symbol Showing the
Center of Die Internal Devices
Measured from the Drain | INduclances - 45 - nH
tead, 6mm (0.25in) from
Package to Center of Die
Internal Source Inductance Lg Measured from the Source - 7.5 - nH
Lead, 6mm (0.25in) From
Header to Source Bonding
Pad
Thermal Resistance Junction to Case Rgic - - 1.9 Scw
Thermal Resistance Junction to Ryia Free Air Operatian - - 62.5 Scaw
Ambient - - . -

@2002 Farchild Semconduclor Corparalian IRF 530 Rev. B1



IRF530

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP MAX |(UNITS

Cantinuous Source 1o Drain Current IsD Modified MOSFET Symbol - - 14 A
Pulse Source to Drain Current (Note 2) lsom | Showing the Integral 0 - - 56 A

Reverse P-N Junction

Diode

G
5

Source to Drain Diode Veltage {Note 2) Vsp Ty = 25°C, Igp = 14A, Vgg = OV {Figure 13) - - 2.5 Y
Reverse Recovery Time i T)=25°C, Igp = 14A, digp/dt = 100A/us 55 120 250 ns
Reverse Recovery Charge Qrr Ty =25°C, Igp = 144, digp/dt = 100A/s 0147 0.6 13 nc

NOTES:

2. Pulse test: pulse width < 300us, duty cycle < 2%.
3. Repetitive rating: pulse width jimited by Max juncticn temperature. See Transient Thermal Impedance curve {Figure 3).
4. Vpp = 25V, slarting T = 25°C, L = 530uH, Rg = 250}, peak lag = 14A (Figures 15, 16).

Typical Performance Curves uniess Otherwise Specified
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