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ATMega 328P

Features

* High Performance, Low Power AVR® 8-Bit Microcontroller
* 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 Multiplier
* High Endurance Non-volatile Memory Segments
— 4/8/16/32K Bytes of In-System Self-Programmable Flash progam memory
(ATmega48PA/88PA/168PA/328P)
— 256/512/512/1K Bytes EEPROM (ATmega48PA/88PA/168PA/328P)
- 512/1K/1K/2K Bytes Internal SRAM (ATmega48PA/88PA/168PA/328P)
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
— Data retention: 20 years at 85°C/100 years at 25°C'")
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 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
Temperature Measurement
— 6-channel 10-bit ADC in PDIP Package
Temperature Measurement
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Byte-oriented 2-wire Serial Interface (Philips 12C 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 Programmable Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
* |/O and Packages
— 23 Programmabile I/O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:
— 1.8 - 5.5V for ATmega48PA/88PA/168PA/328P
* Temperature Range:
— -40°C to 85°C
* Speed Grade:
-0-20MHz @ 1.8 -5.5V
* Low Power Consumption at 1 MHz, 1.8V, 25°C for ATmega48PA/88PA/168PA/328P:
— Active Mode: 0.2 mA
— Power-down Mode: 0.1 pA
— Power-save Mode: 0.75 pA (Including 32 kHz RTC)

ATMEL

Y )

8-bit AVR"
Microcontroller
with 4/8/16/32K
Bytes In-System
Programmable
Flash

ATmega48PA
ATmega88PA
ATmega168PA
ATmega328P

Summary
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———————————— ATmega48PA/88PA/168PA/328P

1. Pin Configurations

Figure 1-1.  Pinout ATmega48PA/88PA/168PA/328P
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———————— A TmMega48PA/88PA/168PA/328P

1.1 Pin Descriptions

111 vCcC

1.1.2 GND

Digital supply voltage.

Ground.

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

1.1.4 Port C (PC5:0)

115 PC6/RESET

11.6  PortD (PD7:0)

8161DS-AVR-10/09

Port B is an 8-bit bi-directional I/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 amplifier.

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
76 and "System Clock and Clock Options” on page 26.

Port C is a 7-bit bi-directional I/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 pull-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 /O pin. Note that the electrical char-
acteristics of PC6 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 28-3 on page 308. 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
79.

Port D is an 8-bit bi-directional 1/0O 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
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

AIMEL
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e————————————— A TMega48PA/88PA/168PA/328P

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

82.

1.1.7 AV
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be externally
connected 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. Note that PC6..4 use digital supply voltage, V¢c.

1.1.8 AREF

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

1.1.9 ADC?7:6 (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.

AIMEL
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———————— A TmMega48PA/88PA/168PA/328P

2. Overview

The ATmega48PA/88PA/168PA/328P 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
ATmega48PA/88PA/168PA/328P achieves throughputs approaching 1 MIPS per MHz allowing
the system designer to optimize power consumption versus processing speed.

2.1  Block Diagram

8161DS-AVR-10/09

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
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——————— A TmMega48PA/88PA/168PA/328P

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

The ATmega48PA/88PA/168PA/328P provides the following features: 4/8/16/32K bytes of In-
System Programmable Flash with Read-While-Write capabilities, 256/512/512/1K bytes
EEPROM, 512/1K/1K/2K bytes SRAM, 23 general purpose /O lines, 32 general purpose work-
ing 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
Idle mode stops the CPU while allowing the SRAM, Timer/Counters, USART, 2-wire Serial Inter-
face, 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 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 Reduc-
tion mode stops the CPU and all I/O modules except asynchronous timer and ADC, to minimize
switching noise during 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 SP!I
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. 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 Self-Programmable Flash on a
monolithic chip, the Atmel ATmega48PA/88PA/168PA/328P is a powerful microcontroller that
provides a highly flexible and cost effective solution to many embedded control applications.

The ATmega48PA/88PA/168PA/328P 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.

2.2 Comparison Between ATmega48PA, ATmega88PA, ATmega168PA and ATmega328P
The ATmega48PA, ATmega88PA, ATmega168PA and ATmega328P differ only in memory
sizes, boot loader support, and interrupt vector sizes. Table 2-1 summarizes the different mem-
ory and interrupt vector sizes for the three devices.

Table 2-1. Memory Size Summary

Device Flash EEPROM RAM Interrupt Vector Size
ATmega48PA 4K Bytes 256 Bytes 512 Bytes 1 instruction word/vector
ATmega88PA 8K Bytes 512 Bytes 1K Bytes 1 instruction word/vector
ATmega168PA 16K Bytes 512 Bytes 1K Bytes 2 instruction words/vector
ATmega328P 32K Bytes 1K Bytes 2K Bytes 2 instruction words/vector

ATmega88PA, ATmega168PA and ATmega328P support a real Read-While-Write Self-Pro-
gramming mechanism. There is a separate Boot Loader Section, and the SPM instruction can
only execute from there. In ATmega48PA, there is no Read-While-Write support and no sepa-
rate Boot Loader Section. The SPM instruction can execute from the entire Flash.

AIMEL
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s————————— A TMega48PA/88PA/168PA/328P

3. Resources

A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

4. Data Retention

Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

AIMEL
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BD139

®
i l E[ BD135/137/139

BD135/BD137/BD139 TRANSISTOR (NPN)
TO-126
FEATURES Q
Power dissipation
Pem 125 W (Tamb=25°C) 1. EMITTER
Collector current 2. COLLECTOR
lom: 1.5 A
Operating and storage junction temperature range 3.BASE e
Ty, Tsg: -55°C to +150°C

ELECTRICAL CHARACTERISTICS (Tamb=25C unless otherwise specified)

Parameter Symbol Test conditions MIN TYP MAX | UNIT
BD135 45
Collector-base breakdown voltage V(BRrICBO 1c=100pA, lg=0 BD137 60 \
BD139 80
BD135 45
Collector-emitter breakdown voltage | Vericeo Ic=30mA, 15=0 BD137 60 \
BD139 80
Emitter-base breakdown voltage V(eriEBO Ie=100pA, Ic=0 5 \
Collector cut-off current lcso Vee=30V, Ig=0 0.1 MA
Emitter cut-off current leBo Ves=5V, Ic=0 10 MA
hegg) Vce=2V, lc=5mA 25
BD135 40 250
DC current gain hreR) | Vee=2V, Ic=150mA
BD137/BD139 40 160
hrE(3) Vce=2V, lc=500mA 25
Collector-emitter saturation voltage VeEsat) 1c=500mA, [g=50mA 0.5 \
Base-emitter voltage VBe Vce=2V, Ic=500mA 1 Y,
CLASSIFICATION OF hegg(y)
Rank 6 10 16
Range 40-100 63-160 100-250

WEJ ELECTRONIC CO. Http:// www.wej.cn E-mail:wej@yongerjia.com




Industria Elektronikaren eta Automatikaren Ingeniaritzako Gradua Gradu Amaierako Lana

MBR3045CT

MBR3020CT~MBR30100CT KERSEMI

SCHOTTKY BARRIER RECTIFIERS

R7 el 20 to 100 Voits | HE;5=008 30.0 Amperes Unit: inch (mm)

FEATURES
« Plastic package has Underwriters Laboratory
Flammability Classification 94V-O. ;;?:g'“a:f’ 196(5.00)
Flame Retardant Epoxy Molding Compound. s A634:19)
« Exceeds environmental standards of w gf;‘:-f:’
MIL-S-19500/228 . _ (1:18)
« Low power loss, high efficiency. Ef f_
+ Low forwrd voltge, high current capability A HH

High surge capacity.

For use in low voltage, high frequency inverters
free wheeling , and polarlity protection applications.
« In compliance with EU RoHS 2002/95/EC directives . L

624(15.87)
548(13.93)

§

i

H z

.038(0.96) ‘: i E 2 025(0.65)MAX.
MECHANICAL DATA “ots0s0) ¢ § 3
+ Case: TO-220AB Molded plastic of | ]
« Terminals: Solder plated, solderable per MIL-STD-750, Method 2026 1(2.54) Ll s
+ Polarity: As marked. @ A
+

« Standard packaging: Any Positive CT
« Weight: 0.083 ounces, 2.24grams. AC

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratings at 25°C ambient temperature unless otherwise specified. Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%

PARAMETER SYMBOL| MBR3020CT | MBR3030CT| MBR3035CT| MBR3040CT | MBR3045CT | MBR3045CT [ MBR3050CT | MBR3060CT | MBR3080CT | MBR30100CT| UNITS
Maximum Recurrent Peak Reverse Vollage Viai 20 Kl 35 40 45 4 50 60 80 100 v
Maximum RMS Voltage Vs 14 2 245 28 35 35 35 42 56 10 v
Maximum DC Blocking Voltage Vs 20 3 35 40 45 45 50 60 80 100 v
Maximum Average Forward Current lead length at 20 A
Tc=90°C lmw
Peak Forward Surge Current :8.3ms single half sine- L 2175 A
wave superimposed on rated load(JEDEC method) w
Maximum Forward Voltage at 15, per leg Ve 0.55 0.70 0.80 v
Maximum DC Reverse Current T =25 °C | 01 A
lat Rated DC Blocking Voltage T=100°C R 20
ITypical Thermal Resistance Ryc 1.5 oCIW
(Operating Junction and Storage Temperature Range | T,T¢. -50 T0 + 150 °c

www.kersemi.com
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MBR3020CT~MBR30100CT V
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MC34063A

Order this document by MC34063A/D

@ MOTOROLA

DC-to-DC Converter
Control Circuits

The MC34063A Series is a monolithic control circuit containing the
primary functions required for DC-to-DC converters. These devices consist
of an internal temperature compensated reference, comparator, controlled
duty cycle oscillator with an active current limit circuit, driver and high current
output switch. This series was specifically designed to be incorporated in
Step-Down and Step-Up and Voltage—Inverting applications with a
minimum number of external components. Refer to Application Notes
AN920A/D and AN954/D for additional design information.

® Operation from 3.0 V to 40 V Input
Low Standby Current

Current Limiting

Output Switch Currentto 1.5 A
Output Voltage Adjustable
Frequency Operation to 100 kHz
Precision 2% Reference

Representative Schematic Diagram

Drive &

Collector Collector

o Switch

Emitter

|
| Iok |
| osclstor CT |
| | ———— |
Vee g—{ % Timing

MC34063A
MC33063A

DC-to-DC CONVERTER
CONTROL CIRCUITS

SEMICONDUCTOR
TECHNICAL DATA

1

P, P1 SUFFIX
PLASTIC PACKAGE
CASE 626

8

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

Switch Driver
Collector Collector
Switch
Emitter Ipk Sense
Timing V,
Capacitor n cC
Comparator
Gnd Inverting
Input

(Top View)

ORDERING INFORMATION

I Comparator | Capacitor Operating
| 125V | Device Temperature Range| Package
Reference
| MC33063AD SO-8
: Reguianor: | | Ta = 40°to +85°C
Comparatorg 1 | | 3(; ; MC33063AP1 Plastic DIP
Invertin T 1 n
mpu% R N 4 MC33063AVD Th = 40° to +125°C SO-8
: = _40° to +125°
{Ection View) MC33063AVP| Plastic DIP
MC34063AD SO-8
This device contains 51 active transistors. WC34063AP1 Ta =0°to +70°C Plastic DIP
astic
© Motorola, Inc. 1996 Rev 5
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MC34063A MC33063A

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vece 40 Vdc
Comparator Input Voltage Range VIR —0.3to +40 Vde
Switch Collector Voltage V¢ (switch) 40 Vdc
Switch Emitter Voltage (Vpjn 1 =40 V) VE(switch) 40 Vde
Switch Collector to Emitter Voltage VCE(switch) 40 Vdc
Driver Collector Voltage VC(driver) 40 Vdc
Driver Collector Current (Note 1) Ic(driver) 100 mA
Switch Current Isw 15 A
Power Dissipation and Thermal Characteristics
Plastic Package, P, P1 Suffix
Ta =25°C Pp 1.26 W
Thermal Resistance RoJA 100 °C/W
SOIC Package, D Suffix
Ta =25°C Pp 625 w
Thermal Resistance RgJA 160 °C/W
Operating Junction Temperature Ty +150 °C
Operating Ambient Temperature Range TA °C
MC34063A 0to +70
MC33063AV —40to +125
MC33063A —40 to +85
Storage Temperature Range Tstg —65 to +150 °C

NOTES: 1. Maximum package power dissipation limits must be observed.
2. ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vcc =5.0V, TA = Tjow to Thigh [Note 3], unless otherwise specified.)

Characteristics Symbol I Min | Typ l Max I Unit I

OSCILLATOR

Frequency (Vpjn 5 =0V, C1=1.0 nF, Tp = 25°C) fosc 24 33 42 kHz

Charge Current (Vcc =5.0 Vto 40V, T = 25°C) Ichg 24 35 42 uA

Discharge Current (Vcc = 5.0 Vto 40V, Tp = 25°C) ldischg 140 220 260 uA

Discharge to Charge Current Ratio (Pin 7 to V¢, Ta = 25°C) ldischg/lchg 52 6.5 7.5 -

Current Limit Sense Voltage (Ichg = ldischg: TA = 25°C) Vipk(sense) 250 300 350 mV
OUTPUT SWITCH (Note 4)

Saturation Voltage, Darlington Connection (Note 5) VCE(sat) - 1.0 1.3 \

(Isw = 1.0 A, Pins 1, 8 connected)
Saturation Voltage, Darlington Connection VCE(sat) - 0.45 0.7 \
(lsw=1.0 A, Rpjn 8 =82 Qto V¢, Forced B = 20)
DC Current Gain (Isyy = 1.0 A, Vcg =5.0 V, Tp = 25°C) hgg 50 75 - -
Collector Off-State Current (Vcg =40 V) Ic(off) - 0.01 100 HA

NOTES: 3. Ty = 0°C for MC34063A, —40°C for MC33063A, AV

Thigh = +70°C for MC34063A, +85°C for MC33063A, +125°C for MC33063AV

4. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

5. If the output switch is driven into hard saturation (non—Darlington configuration) at low switch currents (< 300 mA) and high driver currents (= 30 mA),
it may take up to 2.0 us for it to come out of saturation. This condition will shorten the off time at frequencies > 30 kHz, and is magnified at high
temperatures. This condition does not occur with a Darlington configuration, since the output switch cannot saturate. If a non-Darlington
configuration is used, the following output drive condition is recommended:

IC output

Forced B of output switch : m

=10

*The 100 Q resistor in the emitter of the driver device requires about 7.0 mA before the output switch conducts.

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (continued) (Vcc = 5.0 V, TA = Tjow to Thigh [Note 3], unless otherwise specified.)

Characteristics | Symbol | Min | Typ | Max | Unit |
COMPARATOR
Threshold Voltage Vith \
Ta =25°C 1.225 1.25 1.275
TA = Tiow t0 Thigh 1.21 - 1.29
Threshold Voltage Line Regulation (Vcc =3.0 Vto 40 V) Regjine mV
MC33063A, MC34063A - 1.4 5.0
MC33363AV - 14 6.0
Input Bias Current (Vi =0 V) B - -20 —400 nA
TOTAL DEVICE
Supply Current (Vcc =5.0Vto40V,CT=1.0nF, Pin7 =V, Icc - - 4.0 mA

VPpin 5 > Vth. Pin 2 = Gnd, remaining pins open)

NOTES: 3. Tjo, = 0°C for MC34063A, —40°C for MC33063A, AV

Thigh = +70°C for MC34063A, +85°C for MC33063A, +125°C for MC33063AV

4. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

5. If the output switch is driven into hard saturation (non-Darlington configuration) at low switch currents (< 300 mA) and high driver currents (= 30 mA),
it may take up to 2.0 us for it to come out of saturation. This condition will shorten the off time at frequencies = 30 kHz, and is magnified at high
temperatures. This condition does not occur with a Darlington configuration, since the output switch cannot saturate. If a non-Darlington

configuration is used, the following output drive condition is recommended:

IC output

Forced B of output switch : ———————— = 10

Ic driver — 7.0 mA* —

*The 100 Q resistor in the emitter of the driver device requires about 7.0 mA before the output switch conducts.

Figure 1. Output Switch On-Off Time versus

Oscillator Timing Capacitor

= 1000
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Y 500 Vec =50V

= 200 [ [Pin7=Vcc

(] [ Pin5=0Gnd B
= 50 ton—=

g ~ /
= 2 a1

2 10 LA

&

5 50

B, ~ ST o

~$ 20 |

5 10 '

001 002 005 01 02 05 10 20
Cr, OSCILLATOR TIMING CAPACITOR (nF)

50 10

Vosc: OSCILLATOR VOLTAGE (V)

Figure 2. Timing Capacitor Waveform

10 us/DIV

200 mV/DIV
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Figure 3. Emitter Follower Configuration Output
Saturation Voltage versus Emitter Current
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= 2 Pins1,7,8 = Voo —
2 Pins 3,5 = Gnd
oo Ta=25°C —
= - (See Note 4)

0 0.2 04 06 08 10 12 14 16
I, EMITTER CURRENT (A)

Figure 5. Current Limit Sense Voltage
versus Temperature
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Figure 4. Common Emitter Configuration Output
Switch Saturation Voltage versus
Collector Current
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Figure 6. Standby Supply Current versus
Supply Voltage
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NOTE: 4.Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.
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Figure 7. Step-Up Converter

Y. IN5819
Vin o 6 |v I
12Vt cc | Cr
T 100 | 125V | T
= Comp. Ref 2
| P Reg | 1500
| %
sl 4
b 4 = 1.0 uH
R2 Vout —
A © 28 V/175 mA Vout
R1 222k ok 3 g 00
- 330T Co I 1
Optional Filter
Test Conditions Results

Line Regulation

Vin=8.0Vto 16V, Ig = 175 mA

30 mV =+0.05%

Load Regulation

Vin=12V,lp =75mAto 175 mA

10 mV =£0.017%

Output Ripple Vin=12V,lp =175 mA 400 mVpp
Efficiency Vin=12V,lp =175 mA 87.7%
Output Ripple With Optional Filter Vin=12V,lp =175 mA 40 mVpp

Figure 8. External Current Boost Connections for Ic Peak Greater than 1.5 A

8b. External NPN Saturated Switch
(See Note 5)

8a. External NPN Switch

R —0for
constant Vi

NOTE: 5. If the output switch is driven into hard saturation (non-Darlington configuration) at low switch currents (< 300 mA) and high driver currents
(=30 mA), it may take up to 2.0 ps to come out of saturation. This condition will shorten the off time at frequencies > 30 kHz, and is magnified
at high temperatures. This condition does not occur with a Darlington configuration, since the output switch cannot saturate. If a non-Darlington
configuration is used, the following output drive condition is recommended.
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Figure 9. Step-Down Converter

©

~

e R T e eg)

|
Rsc |
0.33 | 3
Vin .6l I3
v 1, |Vee Tl t 3” 220 uH
100~ | 125V | T
= Ref =
= | Comp. Reg l 470
| pF
5 I_U_1
| |
O S A S S 4 = 1.0uH
R2 Vout N
0 50V/500 A «—f \—_T_—o v,
R1§1 2k 3ok 4 "100 "
. 470 ‘I‘ Co I
Optional Filter
Test Conditions Results
Line Regulation Vin=15V1t0 25V, Ig =500 mA 12 mV =10.12%

Load Regulation

Vin =25V, Ig =50 mA to 500 mA

3.0 mV =£0.03%

Output Ripple Vin =25V, Ip =500 mA 120 mVpp
Short Circuit Current Vin=25V,R.=0.1Q 1.1A
Efficiency Vin =25V, Ip =500 mA 83.7%
Output Ripple With Optional Filter Vin =25V, Ig =500 mA 40 mVpp

Figure 10. External Current Boost Connections for Ic Peak Greater than 1.5 A

10a. External NPN Switch

10b. External PNP Saturated Switch

MOTOROLA ANALOG IC DEVICE DATA

16



Industria Elektronikaren eta Automatikaren Ingeniaritzako Gradua

Gradu Amaierako Lana

Vino—4
45Vto6.0V 4

MC34063A MC33063A

Figure 11. Voltage Inverting Converter

rE A
8l | 1
| }
|
D @) |
| q Q)
7] )
Tr |
| L || 88 uH
Rsc Pk H H
024 I osc T I T
81 | vee I 3
|
1007 1 125V | | tlyspp
T 1N5819
= Comp. Ref | pF A
I Reg |
5 l4
|
e d 1.0 uH
R1 Vout E
© 12 V/100 mA <— TOV
- 1000 pf 100 "
R2 E&Zk u I+ Co {[
) ) Opﬁon_al Filter
Test Conditions Results
Line Regulation Vin=45V1t06.0V, o =100 mA 3.0mV=+0.012%
Load Regulation Vin=5.0V, o =10 mAto 100 mA 0.022 V = +0.09%
Output Ripple Vin=5.0V, g =100 mA 500 mVpp
Short Circuit Current Vin=5.0V,RL=0.1Q 910 mA
Efficiency Vin=5.0V, Ip =100 mA 62.2%
Output Ripple With Optional Filter Vin=5.0V, Ip =100 mA 70 mVpp

Figure 12. External Current Boost Connections for Ic Peak Greater than 1.5 A

12a. External NPN Switch

12b. External PNP Saturated Switch
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Figure 13. Printed Circuit Board and Component Layout
(Circuits of Figures 7, 9, 11)
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- \ m Sor 1 L1 ] \ /]
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a o (100 S 8 E 0
B =\ ev) Ba B S 3
¥ E P e o £ x *oe
sl = O :U Py 5 WY R, S
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[Pl 77487\ 100*
PN ) Y Cio01(e9) Il m
» \a3sv,/ 5 \ey/ 5 :_’O o
&, = = =
+0O_ O- o +0
2 Vout ~ Vout Vout
(Top View, Component Side) *Optional Filter.
INDUCTOR DATA
Converter Inductance (uH) Turns/Wire
Step-Up 170 38 Turns of #22 AWG
Step-Down 220 48 Turns of #22 AWG
Voltage—Inverting 88 28 Turns of #22 AWG

All inductors are wound on Magnetics Inc. 55117 toroidal core.

MOTOROLA ANALOG IC DEVICE DATA
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Figure 14. Design Formula Table

Calculation Step-Up Step-Down Voltage-Inverting
ton/toff Vout + VE ~ Vin(min) Vout + VE Voutl * Vg
vin(min) = Veat Vin(min) = Vsat — Vout Vin = Vsat
(ton * toff) 1 1 1
f f f
toff ton + tog ton + tog ton + tog
t t t
20 49 e e
off off off
ton (ton * toff) — toff (ton * toff) — toff (ton * toff) — toff
cT 4.0x 105 top, 4.0x10-5 top 4.0x10-5 top
| .
pk(switch) ('on ) t
2| 204 2l ut(max 21 20 g
out(max) toff ( ) out(max) toff
Rsc 0.3/lpk(switch) 0.3/Ipk(switch) 0.3/Ipk(switch)
(min) (Vin(min) ~ Vsat) " (Vin(min) = Vsat = Vour) i (Vin(min) = Vsat) ¢
lok(witcn) /o™ lok(switch) on(max) ok(owitch) ] (M)
Co o loutton Iok(switchy(ton + tof?) o _louton
Viipple(pp) 8V ipple(pp) Viipple(pp)

Vgat = Saturation voltage of the output switch.
VE = Forward voltage drop of the output rectifier.
The following power supply characteristics must be chosen:

Vin — Nominal input voltage. R2

Vout — Desired output voltage, [V, 4l = 1.25 (1 + ﬁ)

lout — Desired output current.

fmin — Minimum desired output switching frequency at the selected values of Vi, and Ig.

Vripple(pp) — Desired peak-to—peak output ripple voltage. In practice, the calculated capacitor value will need to be increased due to its equivalent series
resistance and board layout. The ripple voltage should be kept to a low value since it will directly affect the line and load regulation.

NOTE: For further information refer to Application Note AN920A/D and AN954/D.

MOTOROLA ANALOG IC DEVICE DATA
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OUTLINE DIMENSIONS

NOTE 2
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CASE 626-05
ISSUE K

NOTES:
1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
2. PACKAGE CONTOUR OPTIONAL (ROUND OR
SQUARE CORNERS).
3. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
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MILLIMETERS | INCHES
MIN_| MAX | MIN | MAX
480 | 500 | 0.189 | 0.196
380 | 400 | 0150 | 0157
135 | 175 | 0054 | 0.068
035 | o4l ooulao
040 | 125 | 0016 | 0.
127 BSC 0,050 BSC
018 | 025 0007 [ 0009
010 | 025 | 0.004 | 0.009
05| 7°| oe] 7°
580 B20 | 0229 | 0244
025 | 050 | 0010 | 0.019

2

=4
=

PR

=Ny

=

zﬂ!xv_mﬂcnubl

MOTOROLA ANALOG IC DEVICE DATA

20



Industria Elektronikaren eta Automatikaren Ingeniaritzako Gradua Gradu Amaierako Lana
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MICROCHIP TC1262

500mA Fixed Output CMOS LDO

Features Package Type
* Very Low Dropout Voltage 3-Pin TO-220 3-Pin DDPAK
+ 500mA Output Current | Front View
+ High Output Voltage Accuracy O Tabis GND Tab is GND
» Standard or Custom Output Voltages
« Over Current and Over Temperature Protection TC1262 TC1262
[e]

Applications Al s 1 2% 3
« Battery Operated Systems [ [
. Portéble Computers g‘ & E 3PinSOT-223 = o &
* Medical Instruments > %3 ——— g 2
« Instrumentation
« Cellular/GSM/PHS Phones [3] Vour
« Linear Post-Regulators for SMPS ]
* Pagers o |: Q 2 | GND

2

@

o
Device Selection Table

Tet262 [V
Part Number Package Jungtion
Temp. Range

General Description

TC1262-xxVDB | 3-Pin SOT-223 | -40°C to +125°C The TC1262 is & fixed outout. high (typical
" = - e is a fixed output, high accuracy (typically
= S-an 10-220 | -40°C to +125°C +0.5%) CMOS low dropout regulator. Designed specif-
TC1262-xxVEB | 3-Pin DDPAK | -40°C to +125°C ically for battery-operated systems, the TC1262's
NOTE: xx indicates output voltages. CMOS constructroq eliminates _wasted ground current,
significantly extending battery life. Total supply current

Avallable Output VolRges; 2.5,2,8,:5.0:9:3:9.0. is typically 80uA at full load (20 to 60 times lower than
Other output voltages are available. Please contact Microchip in bipolar regulators).
Technology Inc. for details.

TC1262 key features include ultra low noise operation,
very low dropout voltage (typically 350mV at full load),
and fast response to step changes in load.

The TC1262 incorporates both over temperature and
over current protection. The TC1262 is stable with an
output capacitor of only 1uF and has a maximum
output current of 500mA. It is available in 3-Pin
SOT-223, 3-Pin TO-220 and 3-Pin DDPAK packages.

Typical Application

ViN O—ViN Vout [— Vout
TC1262 | T §if

f GND

® 2002 Microchip Technology Inc. DS21373B-
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1.0 ELECTRICAL *Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device. These
CHARACTERISTICS are stress ratings only and functional operation of the device
Absolute Maximum Ratings* at these or any other conditions above those indicated in the
operation sections of the specifications is not implied.
INpUtVOIAGR .- G R R 6.5V Exposure to Absolute Maximum Rating conditions for
Output Voltage (Vss — 0.3V) to (Vy + 0.3V) extended periods may affect device reliability.
Power Dissipation................ Internally Limited (Note 6)

Maximum Voltage on Any Pin ........ VN +0.3V to -0.3V
Operating Temperature Range......-40°C < T; < 125°C
Storage Temperature............c.cccccueve. -65°C to +150°C

TC1262 ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Vy = Vg1 + 1V, I = 100uA, C = 3.3uF, Ty = 25°C, unless otherwise noted. Boldface type
specifications apply for junction temperatures of -40°C to +125°C.
Symbol Parameter Min Typ Max Units Test Conditions
Vin Input Operating Voltage 27 — 6.0 \ Note 7
louTmax Maximum Output Current 500 — — mA
Vour Output Voltage —_ Vg £0.5% — \ Note 1
Vg -2.5% — Vg +2.5%

AVout/AT Vout Temperature Coefficient — 40 —_ ppm/°C | Note 2
AVoyut/AViN Line Regulation — .003 0.35 %IV [ (VR +1V)sVy<s6V
AVoyut/Vout | Load Regulation — 0.002 0.01 %ImA |1 = 0.1mA to lgyTyax (Note 3)
Vin-Vout Dropout Voltage — 20 30 mV IL = 100pA

— 60 130 I, = 100mA

— 200 390 I, = 300mA

350 650 I = 500mA (Note 4)

lop Supply Current — 80 130 HA IL=0
PSRR Power Supply Rejection Ratio — 64 — dB Fre < 1kHz
loutsc Output Short Circuit Current — 1200 — mA | Vour =0V
AVoyt/APp Thermal Regulation — 0.04 = VIW | Note 5
eN Output Noise — 260 — nVAHZ |1 = lourmax Fre = 10kHz

Note 1: Vgisthe regulator output voltage setting.

2: TCVour = (Vourwax = Vourmn) x 10

Vour X AT

3: Regulation is measured at a constant junction temperature using low duty cycle pulse testing. Load regulation is tested over a load range
from 0.1mA to the maximum specified output current. Changes in output voltage due to heating effects are covered by the thermal
regulation specification.

4: Dropout voltage is defined as the input to output differential at which the output voltage drops 2% below its nominal value measured at a
1V differential.

5: Thermal Regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or
line regulation effects. Specifications are for a current pulse equal to I,y at V,y = 6V for T = 10 msec.

6: The maximum allowable power dissipation is a function of i P the i allowable junction temperature and the
thermal resistance from junction-to-air (i.e., Ty, T, 6,4). Exceeding the i power dissipation causes the device to initiate
thermal shutdown. Please see Section 4.0 Thermal Considerations for more details.

7:  The minimum V) has to justify the conditions: Vi 2 Vg + Vpropoyt @and Viy = 2.7V for I = 0.1mA to loytax-

DS21373B- ® 2002 Microchip Technology Inc.
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2.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 2-1.

TABLE 2-1: PIN FUNCTION TABLE
Pin No.

(3-Pin SOT-223) A
(3-Pin TO-220) Symbol Description
(3-Pin DDPAK)

1 Vin Unregulated supply input.

2 GND Ground terminal.

3 Vout Regulated voltage output.

3.0 DETAILED DESCRIPTION

The TC1262 is a precision, fixed output LDO. Unlike
bipolar regulators, the TC1262’s supply current does
not increase with load current. In addition, Voyr
remains stable and within regulation over the entire
OmA to | papmax l0ad current range (an important
consideration in RTC and CMOS RAM battery back-up
applications).

Figure 3-1 shows a typical application circuit.

FIGURE 3-1: TYPICAL APPLICATION

CIRCUIT

V v v,
W IN out T_T_;’ out
+ I 1uF TC1262 ;[ 1uF

Battery —

N f GND

3.1 Output Capacitor

A 1uF (min) capacitor from Vot to ground is required.
The output capacitor should have an effective series
resistance greater than 0.1Q and less than 5Q, and a
resonant frequency above 1MHz. A 1uF capacitor
should be connected from V| to GND if there is more
than 10 inches of wire between the regulator and the
AC filter capacitor, or if a battery is used as the power
source. Aluminum electrolytic or tantalum capacitor
types can be used. (Since many aluminum electrolytic
capacitors freeze at approximately -30°C, solid
tantalums are recommended for applications operating
below -25°C.) When operating from sources other than
batteries, supply-noise rejection and transient
response can be improved by increasing the value of
the input and output capacitors and employing passive
filtering techniques.

® 2002 Microchip Technology Inc.

DS21373B-
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4.0 THERMAL CONSIDERATIONS
4.1 Thermal Shutdown

Integrated thermal protection circuitry shuts the
regulator off when die temperature exceeds 160°C.
The regulator remains off until the die temperature
drops to approximately 150°C.

4.2 Power Dissipation

The amount of power the regulator dissipates is
primarily a function of input and output voltage, and
output current. The following equation is used to
calculate worst case actual power dissipation:

EQUATION 4-1:

Pp = (Vinuax = VouTum)!LoADmAx
Where:
Pp = Worst case actual power dissipation
Vinuax = Maximum voltage on Vg

Voutmn = Minimum regulator output voltage
ILoADmax = Maximum output (load) current

The maximum allowable power dissipation (Equation
4-2) is a function of the maximum ambient temperature
(Tamax): the maximum allowable die temperature
(TJyax) and the thermal resistance from junction-to-air

(8n)-

EQUATION 4-2:

Pomax = (Tumax — TAuax)
Oun
Where all terms are previously defined.

Table 4-1 and Table 4-2 show various values of 6, for
the TC1262 packages.

TABLE 4-1: THERMAL RESISTANCE
GUIDELINES FOR TC1262 IN
SOT-223 PACKAGE
Copper Copper Thermal
Area Area B:ard Resistance
(Topside)* | (Backside) roa (654)

2500 sq mm | 2500 sq mm | 2500 sq mm 45°C/W
1000 sqg mm | 2500 sqg mm | 2500 sq mm 45°C/W
225sqmm | 2500 sq mm | 2500 sq mm 53°C/W
100 sq mm | 2500 sq mm | 2500 sq mm 59°C/W
1000 sqg mm | 1000 sg mm | 1000 sq mm 52°C/W
1000 sgmm | 0sq mm 1000 sq mm 55°C/W

*Tab of device attached to topside copper

TABLE 4-2: THERMAL RESISTANCE
GUIDELINES FOR TC1262 IN
3-PIN DDPAK/TO-220
PACKAGE

Copper Copper Thermal
Af:a Area BA(:_ae;d Resistance
(Topside)* | (Backside) (654)

2500 sq mm | 2500 sq mm | 2500 sq mm 25°C/W
1000 sq mm | 2500 sq mm | 2500 sq mm 27°C/W
125sqmm | 2500 sq mm | 2500 sq mm 35°C/W

*Tab of device attached to topside copper

Equation 4-1 can be used in conjunction with Equation
4-2 to ensure regulator thermal operation is within
limits. For example:

Given:
Vi = 3.3V £ 10%
Voutun = 2.7V £0.5%
lLoADmax = 275mA

Thx = 125°C
Tamx = 95°C
0)a = 59°C/W (SOT-223)

Find: 1. Actual power dissipation
2. Maximum allowable dissipation

Actual power dissipation:

Pp = (Vinwax — VouTmin)ILoADmax
=[(8.3x1.1) - (2.7 x .995)]1275 x 1073
=260mW

Maximum allowable power dissipation:
Pomax = (Tumax = Tamax)

0)a
= (125 -95)
59
=508mW

In this example, the TC1262 dissipates a maximum of
260mW; below the allowable limit of 508mW. In a
similar manner, Equation 4-1 and Equation 4-2 can be
used to calculate maximum current and/or input
voltage limits. For example, the maximum allowable
V|n. is found by sustituting the maximum allowable
power dissipation of 508mW into Equation 4-1, from
which Vyuax = 4.6V.

DS21373B

® 2002 Microchip Technology Inc.
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5.0 TYPICAL CHARACTERISTICS

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein are
not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Line Regulation vs. Temperature Output Noise vs. Frequency Load Regulation vs. Temp
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6.0 PACKAGING INFORMATION

6.1 Package Marking

Information

Package marking data not available at this time.

6.2 Taping Form

| User Direction of Feed

1

wng O O O O O

Component Taping Orientation for 3-Pin SOT-223 Devices

/|uuu O00| (O00)| |O0O| (00O
PIN 1 p

Standard Reel Component Orientation

for TR Suffix Device

(Mark Right Side Up)
Carrier Tape, Number of Components Per Reel and Reel Size
Package Carrier Width (W) Pitch (P) Part Per Full Reel Reel Size
3-Pin SOT-223 12mm 8 mm 4000 138in

PIN 1

| User Direction of Feed

Component Taping Orientation for 3-Pin DDPAK Devices

Bunjep
oeqg O O O O O
n|-|nI Innn onn Il'll'ln w
|\ — | — | —
P
Standard Reel Component Orientation
for TR Suffix Device
(Mark Right Side Up)
Carrier Tape, Number of Components Per Reel and Reel Size
Package Carrier Width (W) Pitch (P) Part Per Full Reel Reel Size
3-Pin DDPAK 24 mm 16 mm 750 13in

DS21373B-
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6.3 Package Dimensions

3-Pin SOT-223

264 (6.70)
248 (6.30)

122 (3.10)
114 (2.90)

I._

264 (6.70) .130 (3.30)

e
287 (7.30) .146 (3.70)

PIN1_./;J

.091 (2.30) TYP.

=

HH O

041 (1.04)
1033 (0.84)

.031 (0.80)
.024 (0.60)
| 1
071 ‘ T / ‘
U RN 1= - SN R A—Ra Losom
MAX. | | 107 MAX. i__l | 7.009(0.24)
.004 (0.10)
'001 (0.02) .181 (4.60) TYP. .036 (0.91) MIN.
Dimensions: inches (mm)
3-Pin TO-220
1185 (4.70)
1165 (4.19)
.410 (10.41) - I~
113 (2.87) 357 (9.06) 055 (1.40)
103 (2.62) ]45283?3 1045 (1.14) — |~—
7 t " DA RO
1258 (6.55) - 1.
.230 (?.84) { i \
L1 30.75°
.594 (15.09) —_—
569 (14.45) J SPLCS.
-
244 (6.20)
234 (5.94)
e 055;(1 40)
SR |*:o45(1:14) 1020 (0.51)
037 (094 .012 (0.30)
.027 (0.69)
105 (2.67)
e 1| =095 (2.41) e O o
1095 (2.41)
1205 (5.21)
1195 (4.95)

Dimensions: inches (mm)

® 2002 Microchip Technology Inc.
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6.3 Package Dimensions (Continued)

3-Pin DDPAK
410 (10.41) .183 (4.65)
.385 (9.78) 170 (4.32)
.067 (1.70)
045 (1.14 .055 (1.40)
(‘ ) “| =7.045 (1.14)
?_ g0.70{
®) 7
.370 (9.40)
.330 (8.38) .010 (0.25)
/=000 (0.00)
eossan ||l o
.549 (13.95) 051 (1.30) 1026 (0.66)
049 (1.24) .014 (0.36)
: : —.110(2.79)
B .068 (1.72)
| |-_-037 (0.94)
PIN 1 _/ | | .026 (0.66)
- | —— ~ -
100 (2.54) TYP. 8° MAX.
Dimensions: inches (mm)
DS213738B- ® 2002 Microchip Technology Inc.
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TIP41/41A/41B/41C %@

TIP41/TIP41A/TIP41B/TIP41C ﬁnons @

NPN Silicon Epitaxial Power Transistor

FEATURES:
* Medium Power Linear Switching Applications
* Complement to TIP42/TIP42A/TIP42B/TIP42C

9.90:020 »

-—
|1
—

E\
6.5010.2

8l & L
S 8 o
v o S
@) @
COLLECTOR 4
2 | L
i 240020
| 127020 et
Bﬁ‘SE S| 1.52:02 &
8 = &
& 3
3 5 3 1
EMITTER 1.BASE 1 | 0.80:020
2. COLLECTOR 254typ G
3. EMITTER TO-220C 254tp l e

MAXIMUM RATINGS (Ta=25°C unless otherwise noted)

Package Dimension

4 502020
1.30:02

Dimensions in Millimeters

Symbol Parameter TIP41 TIPA1A | TIP41B | TIP41C | Units
VcBo Collector-Base Voltage 40 60 80 100 \%
Vceo Collector-Emitter Voltage 40 60 80 100 \
VEBo Emitter-Base Voltage 5 \VJ
Ic Collector Current -Continuous 6 A
Pc Collector Power Dissipation 2 w
T, Junction Temperature 150 C
Tstg Storage Temperature -55-150 °C

© 2006 Thinki Semiconductor Co.,Ltd.

http://www .thinkisemi.com/
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SEMICONDUCTOR ®

TIP41/41A/41B/41C

ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise specified)

Parameter Symbol Test conditions MIN MAX UNIT
TIP41 40
TIP41A 60
Collector-base breakdown voltage TIP41B | Viericeo | lc=1mA, Ig=0 80 v
TIP41C 100
TIP41 40
) TIP41A 60
Collector-emitter breakdown voltage TIP41B Vericeo | Ic=30mA, 15=0 80 \%
TIP41C 100
Emitter-base breakdown voltage Viereso | le= TmA, 1c=0 5 vV
TIP41 Vce=40V, [g=0
TIP41A Vce=60V, lg=0
Collector cut-off current Icgo ' E
TIP41B Vcs=80V, Ig=0 0.4 mA
TIP41C Vcg=100V, IE=0
TIP41/41A Vce=30V, Ig=0
Collector cut-off current Iceo - '8 0.7 mA
TIP41B/41C Vce=60V, 18=0 :
Emitter cut-off current leBo Ves=5V, 1c=0 1 mA
hFe) | Vee=4V, 1c=0.3A 30
DC current gain
hre@) | Vee=4V, 1c=3A 15 75
Collector-emitter saturation voltage Ve sat) | Ic=6A, I8=0.6A 1.5 \Y;
Base-emitter voltage Veewn) | Vee=4V, lc=6A 2 \Y
Vee=10V, Ic=0.5A
Transition Frequency fr CE ¢ 3 MHz
f=1MHz
© 2006 Thinki Semiconductor Co.,Ltd. http://www.thinkisemi.com/
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