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A CORPORATE COMMITMENT TO EXCELLENCE IN SUPPLYING
INTELLIGENT POWER SEMICONDUCTORS:

Micrel Semiconductor was founded in 1978 in the heart of "Silicon Valley". We are a profitable, self-
funded, full service semiconductor company. All growth, product development, and acquisitions have
been funded through retained earnings. Micrel is emerging as the new leader in power IC products. Our
line of power MOSFET drivers, low drop out voltage regulators, and protected latched drivers is the most
extensive in the industry.

Micrel's objective is to be a major supplier of intelligent power products to the personal computer,
telecommunications, industrial controls, automotive, medical equipment, office automation, avionics, and
military markets. Our rapidly expanding standard product line complements our long standing semicon-
ductor foundry and testing services business. This second edition of Micrel's Databook has expanded to
almost double the size of the first edition, including many new intelligent power products such as power
MOSFET drivers, protected power latched drivers, low drop-out linear and switching regulators, logic
controlled power switches, and PCMCIA memory card support circuits. In addition to significant product
line expansion, Micrel has received Standard Military Drawing (SMD) approval on several devices.

"Intelligent Power" is the combining of low voltage linear and digital functions with high voltage, high
current output devices. This allows for the further integration of functions heretofore handled primarily by
modules and hybrids. By combining these low voltage and high voltage functions in a single monolithic
IC, we have dramatically improved both reliability and packaging density. Micrel is dedicated to support
this new and exciting Intelligent Power semiconductor market. Whether your application is personal
computers, telecommunications, industrial controls, automotive, medical equipment, office automation,
avionics, or military, Micrel has the solution. We extensively test our products to insure they meet the
highest standards of quality and reliability.

Micrel is proud of our success and have established a standard of business performance envied by
others in the industry. We are dedicated to service and you have my personal commitment that Micrel
will meet or exceed your strictest standard of excellence.

e B
Ray Zinn
President and Chief Executive Officer

Micrel, Inc.

Micrel Semiconductor-The Intelligent Power Company™



The information furnished by Micrel, Incorporated, in this publication is believed to be accurate and reliable. However, no responsibility is assumed
by Micrel for its use, nor any infringements of patents or other rights of third parties resulting from its use. No license is granted by implication or otherwise
under any patent or patent rights of Micrel, Inc. Micrel reserves the right to change circuitry and specifications at any time without prior notice.

PATENTS

Some products in this book are protected by one or more of the following patents: 4,764,589; 4,914,546; 4,951,101; 4,979,001; 5,034,346,
5,045,966; 5,047,820.

LIFE SUPPORT APPLICATIONS POLICY

Micrel products are not authorized for use as critical components in life support devices or systems without the express written approval of the
president of Micrel, Incorporated.

As used herein:

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

(1) A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or system, or to affect its safety or effectiveness.
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Introduction

Micrel History

Micrel Semiconductor has a distinguished history in the
fields of testing, manufacturing and development of digital and
analog high voltage interface integrated circuits in gate array,
semicustom, and standard cell technologies.

Test Service Beginning

Micrel was founded in 1978 as an independent high
performance testing facility for manufacturers and consumers
of digital and analog ICs. The company grew quickly and
added LSI test systems, wafer probers, and autohandling
equipment for high and low temperature production testing.

Micrel established a reputation for excellent customer
service, high quality, and fast turn-around responsiveness.
Design, fabrication, and test services were integrated into
many programs serving IC manufacturers, IC users, and
hybrid manufacturers. Micrel’s services became a recognized
quality resource for industrial, commercial, and military cus-
tomers.

Micrel's IC Test Division remains a leading independent
facility for customers who need to supplement in-house ca-
pability with high-accuracy wafer characterization and functional
final testing. The operation features six major VLSI automatic
test systems as well as wafer probe stations, automatic device
handlers, and support equipment. The operation offers envi-
ronmental and stress facilities to meet most commercial and
Mil-Std test conditions required for ICs.

Foundry Added

Micrel launched a program of reinvestment and diversifi-
cation that first led to custom wafer fabrication for other
merchant/makers, and eventually progressed to developing
the Micrel line of semicustom and standard product Smart
Power ICs.

In 1981, Micrel acquired its own IC fabrication facility in
Sunnyvale, CA. In 1992, Micrel put in a wafer fabrication and
test facility in San Jose, California. This San Jose facility
allowed Micrel to put in place a state-of-the-art fab more than
three times the size of its original factory. Micrel has subse-
quently extended the foundry capability to produce a full
complement of CMOS/DMOS/Bipolar/NMOS/PMOS pro-
cesses with both metal gate and silicon gate, dual metal and
dual Poly feature size down to 1 micron, with operating voltage
from 1.5V up to 250V. Micrel's Wafer Fab Division provides IC
manufacturers with a silicon foundry which addresses their
unique processing requirements for volume production or

short runs. The facility also makes it possible for independent
design groups to produce sophisticated high quality ICs.

Second Sourcing and Radiation Hardened ICs

In 1983, the Company again expanded its base by becom-
ing a qualified second source supplier of discontinued or
follow-on program ICs. Micrel signed agreements with several
manufacturers to produce their products to original specifica-
tions, using— in most cases — the original tooling and special
equipment. Micrel manufactures a number of second-sourced
ICs to Military class B requirements for use in programs such
as Hellfire, Standard Missile |, F-16, and SINCGARS.

In 1987, Micrel signed an agreement with National Semi-
conductor to take over the manufacture of the CD4000 and
MM54CXXX families of radiation hardened (Radhard) ICs
used in a number of critical military programs such as MilStar.
More recently, Micrel purchased tooling and inventories of the
CDlthree micronline. The products include CMOS silicon gate
and metal gate parts. Micrel now supplies these products to
former CDI customers.

Innovative Smart Power Arrays

In 1987, Micrel announced the first semicustom linear/
digital/power array for high voltage (HV) power applications,
the MPD8020. The Smart Power Array does for power circuit
designers what gate and linear array ASICs do for low voltage
digital and linear designers. The IC provides a semicustom
array that can quickly and economically be applied to critical
power design challenges.

On one monolithic IC, Micrel combines bipolar analog
circuits, TTL/CMOS compatible high speed CMOS logic, and
high voltage DMOS power drivers. MPD8020 wafers are held
atthe last step before metallization. After the customer specifies
the interconnect pattern, Micrel turns each IC into a proprietary
Smart Power ASIC.

The MPD8020 ASIS™ (Application Specific Integrated
System) provides high level system integration and intelli-
gence with smaller size and lower cost. Aspects of value,
performance, reliability, and power handling capability are
increased greatly through Micrel's proprietary BCD (Bipolar,
CMOS, DMOS) technology combination.
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Introduction

Micrel

Standard Products and Beyond

Micrel produces a line of standard ICs designed to solve
specific needs:

Power MOSFET Drivers
MIC5010/11/12/13 High side power MOSFET predriver

MIC5014/15/16/17 Low cost high side power MOSFET
predriver

MIC5020/21/22 High speed high and low side power
MOSFET predrivers

MIC426/4426/4420/4421/4423/4451/4465 Low side
power MOSFET drivers

Power Latched Drivers

MIC5800/01/22/42 Parallel and serial input power
latched drivers

MIC58P01/42 and MIC59P50/60 Protected power
latched drivers

MIC4807 Latched driver, 8 outputs, 100V/200mA each

Display Drivers

MIC8030 Dichroic LCD driver, 100V/38 segments
MIC8010 LCD driver, 30V/38 segments
MIC50395 LED driver, 6 decade, up/down counter
MM5451 LED driver, 35 segments

Voltage Regulators

MIC2950 Series linear low drop-out regulators

MIC2937A/2940A Medium current low drop-out
regulators

LM1574/1575/1576 Switching regulators

Special Purpose Devices
¢  MIC4400 Family of high speed power switches
MIC2557/2558 PCMCIA V__ switch matrix

CD4000 Series Radhard CMOS logic family

Micrel is focusing its energy on designing and bringing to
market its own standard products as well as second-sourcing
popular industry standard ICs. Additionally, Micrel enjoys a

significant business in custom circuits where customers can
take advantage of Micrel’s unique design/technology capabili-
ties.

Micrel’'s customers include battery powered computer and
telecommunications equipment manufacturers, avionics sup-
pliers, automotive electronics companies, makers of office
equipment, power supply manufacturers, etc. In addition,
Micrel serves major military subcontractors who impose SCD
criteria for standard 883C Class S or B requirements or
customized special screening. Standard Military Drawings
(SMDs) are also offered.
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MIC18HC43
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MIC18HC45
MIC2557
MIC2558
MIC2920A
MIC29201
MIC29202
MIC29203
MIC29204
MIC2937A
MIC29371
MIC29372
MIC29373
MIC2940A
MiC29401
MIC29402
MIC2941A
MIC2950
MIC2951
MIC2954
MIC3830
MIC38C42
MIC38C43
MIC38C44
MIC38C45
MIC38HC42
MIC38HC43

Description Page
Simple 1.5A SMPS Regulator ..........ccoceiriieiirieiicecccee e 6-96

Simple 3A SMPS Regulator .........
Simple 500mA SMPS Regulator ..
Simple 1.5A SMPS Regulator ......

Simple 3A SMPS Regulator ..........cccveeriviereeenenenceeeneens .. 6-103
Adjustable Micropower Voltage Regulator ...........c.ccccccee.e. .. 6-4
Adjustable Micropower Voltage Regulator .... .. 64
250mA Low Drop Out Voltage Regulator .............cccooveieeniniinineneeceneeeeeen 6-18
5A SMPS REQUIALOT ..ottt 6-74

2.5A SMPS Regulator .....
1.25A SMPS Regulator ... .
5A SMPS Regulator ..... .. 6-88
2.5A SMPS Regulator ..... .. 6-88
1.25A SMPS ReguIator ........c.ccccveeeveninininiereec e .. 6-88
Dual/High Speed Low Side Power MOSFET Driver, 1.2A ....
Dual/High Speed Low Side Power MOSFET Driver, 1.2A ...
Dual/High Speed Low Side Power MOSFET Driver, 1.2A .... .
Monolithic SMPS CONIOIIET ........cveuieuiieiieieieiet e
Monolithic SMPS CONtIONET ........c.ceuiruiiiinieirisiee et
Monolithic SMPS Controller ...
Monolithic SMPS Controller ....................

High Speed Monolithic SMPS Controller ...
High Speed Monolithic SMPS Controller ...
High Speed Monolithic SMPS Controller ....
High Speed Monolithic SMPS Controller
PCMCIA V_, Switching MatriX ........c.coccovriiiiiiinnriiciiininns
PCMCIA Dual V,,, Switching Matrix ........
400mA Low Drop-Out Voltage Regulator
400mA Low Drop-Out Voltage Regulator
400mA Low Drop-Out Voltage Regulator ...
400mA Low Drop-Out Voltage Regulator ...
400mA Low Drop-Out Voltage Regulator ...
750mA Low Drop-Out Voltage Regulator ...
750mA Low Drop-Out Voltage Regulator ...
750mA Low Drop-Out Voltage Regulator
750mA Low Drop-Out Voltage Regulator
1.25A Low Drop-Out Voltage Regulator ..... .
1.25A Low Drop-Out Voltage Regulator ............ccccviririiiiicninenieeseeeseee
1.25A Low Drop-Out Voltage Regulator ..........ccccccceiievenicniniieenece e

1.25A Adjustable Low Drop-Out Voltage Regulator . 6-42
Improved 150mA Low Drop Out Voltage Regulator .... 6-51
Improved 150mA Low Drop Out Voltage Regulator .... 6-51
Improved 250mA Low Drop Out Voltage Regulator . .. 6-64
Compound Topology SMPS Controller................ .. 6-117
Monolithic SMPS Contraller ................. .. 6-111
Monolithic SMPS Controller ... 6-111
Monolithic SMPS Controller ... .. 6-111
Monolithic SMPS CONrOllEr .........c.cceruiiiiirieieeee e 6-111
High Speed Monolithic SMPS Controller ..........c..ocevieiieniiiiieneeeeeseeeeeee 6-111
High Speed Monolithic SMPS Controller ..........c..ccerieeniriineneeeeeeeeeeeen 6-111
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Description

High Speed Monolithic SMPS Controller
High Speed Monolithic SMPS Controller

Dual High Speed Low Side Power MOSFET Driver, 1.5A .......cccociiiiiiiiiee. 2-5
Dual High Speed Low Side Power MOSFET Driver, 1.5A ......ccccooeiiiiieeieiieens 2-5
Dual High Speed Low Side Power MOSFET Driver, 1.5A ... .. 25

Counter, Latched Decoder and Display Driver................
6A Open Drain Power Switch ............ccc.....
6A Open Drain Power Switch ......
High Speed Floating Load Driver-..............ccccoc.....
High Speed Low Side Power MOSFET Driver, 6A
High Speed Low Side Power MOSFET Driver, 9A
High Speed Low Side Power MOSFET Driver, 9A
Dual High Speed Low Side Power MOSFET Driver, 3A ......ccccoeiinioincenneenne.
Dual High Speed Low Side Power MOSFET Driver, 3A ........cccovoiiviiiiieeeee.
Dual High Speed Low Side Power MOSFET Driver, 3A ...........c.......
Improved Dual High Speed Low Side Power MOSFET Driver, 1.5A ..
Improved Dual High Speed Low Side Power MOSFET Driver, 1.5A
Improved Dual High Speed Low Side Power MOSFET Driver, 1.5A ..
High Speed Low Side Power MOSFET Driver, 6A ......c.ccccceevveeeeenenn.
High Speed Low Side Power MOSFET Driver, 12A ......ccooeeieeieveeeeeie e
High Speed Low Side Power MOSFET Driver, 12A .......ccccoooiioiiiiieeeeeeeee
Quad High Speed Low Side MOSFET Driver & Logic, 1.2A
Quad High Speed Low Side MOSFET Driver & Logic, 1.2A
Quad High Speed Low Side MOSFET Driver & Logic, 1.2A .....cccooeiiivinieene
Dual 1.5A Open Drain Power Switch ..........cccecveevienrenen.
Dual 1.5A Open Drain Power Switch ..
Dual 3A Open Drain Power Switch .....
Dual 3A Open Drain Power Switch ..
9A Open Drain Power Switch ..........
9A Open Drain POWEr SWItCh .......c..ccuiiiriiiiiiiiie et
12A Open Drain POWEr SWICH .........coiiieeieiieeie e
12A Open Drain Power Switch ............cccccevveeveeneee.

80V, 8 Channel BCD, Addressable Low Side Driver..
4 Digit Counter/Display Decoder ...........cccccrervernnene.
4 Digit Counter/Display Decoder (7 Segment) ..
4 Digit Counter/Display Decoder (BCD)............
Counter/Time Base .......cccccveveeienensenennens

Full Featured High/Low Side MOSFET Driver ...........

Minimum Parts Count High/Low Side MOSFET Diriver ..
Dual High/Low Side MOSFET DIVET ......cc.cotiiiiieienieeeeieie st
Protected High/Low Side MOSFET DIV ......ccoccvviicieiniiieiieecinre et
Minimum Parts Count High/Low Side MOSFET Driver ..
Minimum Parts Count High/Low Side MOSFET DFVETr ......ccccccoveriivinincieeiee
Dual High/Low Side MOSFET DIVET .....ccvevveeiiieciiesie e se e
Dual High/Low Side MOSFET Driver ..... .
High Speed Low Side MOSFET Driver ...
High Speed High Side MOSFET Driver ..
High Speed Dual MOSFET Driver, Half H-Bridge
6 Digit Counter/Display Decoder (to 99 99 99) ....
6 Digit Counter/Display Decoder (10 99:59:59) .......ccceoiveriirieninienenineeeeee
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Ordering Information

MIC XXXX -01 A E B Q

Micrel |— Qualification Option
or Industry Std prefix H6 = Rad Hard, 1x108 rad (Si)
Part Number Q=ClassBorS n
Speed /Bonding Option Screening Option
only used when required (None) = Industrial
Temperature B=ClassB S=ClassS
A =-55°C to +125°C
B =-40°C to +85°C
C= 0°Cto+70°C

Package
E = Ceramic Quad F = Flat-Pack J = Ceramic DIP
L = Leadless Chip Carrier M = 150 mil body SOIC N = Plastic DIP
Q = QFP (Gull Wing Quad Flat-Pack) S = S0T-223
T=T0-220 U =T0O-263 V=PLCC
WM = Wide 300 mil SOIC Y = Dice Z=TO-92

Micrel Semiconductor
1849 Fortune Drive
San Jose, CA 95131

Telephone:  (408) 944-0800
FAX: (408) 944-0970




Industry Cross Reference

Guide

Micrel Direct Replacement devices are shown in boldface.
Micrel Similar Replacement devices (some circuit modifications may be required) are shown in italics.

Manufacturer Micrel Replacement

Manufacturer Micrel Replacement

Allegro National Semiconductor, continued
UCN-4807 MIC4807 LP2954 LP2954, MIC2954
UCN-5800A MIC5800 MM5450 MM5450
UCN-5801A MIC5801,58P01, MIC59P50 MM5451 MM5451
UCN-5821A MIC5821 NHM0026 MIC426, MIC1426, MIC4423,
UCN-5822A MIC5822 MIC4426
UCN-5841A MIC5841,58P42, MIC59P60 SGS
UCN-5842A MIC5842,58P42, MIC59P60 M5450 MM5450
UCN-5890A MIC5890 M5451 MM5451
UCN-5891A MIC5891 SGS1626/2626/3626 MIiC426, MIC1426, MIC4423,
Gould AMI MIC4426
S4520 MIC8010 SGS3842/43/44/45 MIC38C42/43/44/45
MIC8030, MIC8031 Silicon General
Holt SG1626/2626/3626 MIC426, MIC1426, MIC4423,
HI-8010 MIC8010 MIC4426
MIC8030, MIC8031 SG1644/2644/3644 MiIC426, MIC1426, MIC4423,
Intersil MIC4426
ICL7667 MIC426, MIC1426, MIC4423, Siliconix
MIC4426 SG1626/2626/3626 MIC426, MIC1426, MIC4423,
ICM7233 MIC7233 MIC4426
Teledyne
Lansdale TSC426 MIC426
ML4350 MIC4350 TSC427 MIC427
Linear Technology TSC428 MiC428
LT1070 MIC1070 TSC1426 MIC1426
LT1071 MIC1071 TSC1427 MIC1427
LT1072 MIC1072 TSC1428 MIC1428
LT1170 MIC1170 TSC4401 MIC4401
LT1171 MIC1171 TSC4403 MIC4403
LT1172 MIC1172 TSC4404 MIC4604
Maxim TSC4405 MIC4605
ICL7667 MIC426, MIC1426, MIC4423, TSC4406 MIC4606
MIC4426 TSC4407 MiC4607
ICM7233 MIC7233 TSC4408 MIC4608
TSC426 MIC426, MIC1426, MIC4423, TSC4409 MIC4609
MIC4426 TSC4420 MIC4420
Motorola TSC4421 MIC4421
MC4350 MIC4350 TSC4422 MIC4422
MH0026 MIC426, MIC1426, MIC4423, TSC4423 MiC4423
MIC4426 TSC4424 MIC4424
National Semiconductor TSC4425 MIC4425
DS0026 MIC426, MIC1426, MIC4423, TSC4426 MIC4426
MIC4426 TSC4427 MiC4427
LM1574 MIC1574 TSC4428 MIC4428
LM1575 MIC1575 TSC4429 MIC4429
LM1576 MIC1576 TSC4467 MIiC4467
LM2574 MIC2574 TSC4468 MIC4468
LM2575 MIC2575 TSC4469 MIC4469
LM2576 MIC2576 Toshiba
LM2937 MIC2937A TC5002B MIC5002
LM2940 MIC2940A Unitrode
LM2941 MIC2941A UC1842/3/4/5 MIC18C42/3/4/5
LP2950 LP2950, MIC2950 UC2842/3/4/5 MIC28C42/3/4/5
LP2951 LP2951, MIC2951 UC3842/3/4/5 MIC38C42/3/4/5
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Quality/Reliability Program

Our Philosophy

Product quality and reliability are two of the most critical
elements for achieving success in today’s semiconductor
industry. Micrel has attained success as a semiconductor
supplier by designing and processing parts that meet the
most strenuous applications and most adverse environments.
Micrel has accomplished this by never wavering from the
philosophy that quality must be built into each and every
device and process.

Micrel considers product reliability to be an expression of
the quality philosophy extended over the expected life of each
product. Micrel's philosophy begins in the design stage and
continues, under strict monitoring and control, throughout the
development, production, testing and packaging of each
product.

Micrel's specific goal is to produce devices that are
without defect from their given specifications for performance
and product life. Product testing and comparative studies are
ongoing activities at Micrel as we continue our search for new
and more effective methods for manufacturing products with
built-in quality. The Micrel quality programis in full compliance
with MIL-1-45208, MIL-STD-883 paragraph 1.2.1 compliant
non-JAN devices, and equipment calibration meets all
requirements of MIL-STD-45662.

Quality Program Elements

Quality and reliability in Micrel products are obtained through
a number of quality assurance program elements, most of
which contain multiple levels of requirements and procedures.
These program elements comprise the Micrel Quality
Assurance Program.

. Supplier requirements

Vendor certification of compliance to published
specifications is required for process materials, gasses,
substrates, masks, etc., as well as for components, parts and
materials used in assembly.

Il. Fabrication QA is based on a Statistical Process
Control (SPC) Program including:

1. Test procedures

2. Document control
Specifications/recipes
Process change notice (PCN)

Engineering change notice (ECN)

3. Critical process-step monitoring
Particulates
Critical dimensions
Electrical performance
4. Extended SPC programs
Process Limit Control (PLC)
Process on Exception (POE)
5. Outgoing QA
Visual Inspection
To Micrel Standards
To Mil-883 Class B or Class S Requirements
lll. Vendor Requirements

Certification of compliance to published Micrel or customer
specifications is required for processes, materials, and
services from third-party vendors.

IV. Assembly QA Program
1. Test procedures
2. Document control
Specifications
Control systems
Engineering change notices (ECN)
3. Critical-step monitoring
Assembly processes
Critical dimensions
Environmental processes
4. Acceptance Test Procedure
Electrical performance
Component marking
5. Outgoing QA
Visual Inspection
To Micrel Standards
To Mil-883 Class B or Class S Requirements




Quality/Reliability Program

Micrel

Organization

At Micrel, quality assurance managementreports directly
to the President of the corporation. All quality and reliability
issues are independent of the production organizations.

The QA Manager’s responsibilities are to establish and
maintain effective controls for monitoring Micrel manufacturing
and test services, equipment and processes (as well as our
suppliers and contractors), to report the findings to the
President, and to initiate statistically valid techniques to
further improve Micrel quality and reliability levels.

The QA Manager is responsible for implementation and
administration of multiple quality-related programs and
systems for both commercial and military grade processes
and products. Activities under the QA Manager's control
include: incoming inspection, in-process quality control,
qualification testing, conformance testing, document control,
specification review, failure analysis, internal audit, quality
procedures training, and ongoing vendor qualification and
performance appraisal.

Statistical Process Control

Foremost of the Micrel quality assurance programs is
their Statistical Process Control (SPC) methodology. Because
of the company's unique mix of proprietary, custom and
foundry products, SPC at Micrel is approached on two levels.

Level 1  Traditional SPC utilizing process capability studies,
design of experiments, Paretto analysis, histograms
and X-bar R charting of critical process steps.

Level 2 Extended SPC methodology adds Process Limit

Control (PLC) and Process on Exception (POE)
programs as sub-sets to the standard SPC
programs.

Micrel's Process Limit Control (PLC) program provides
absolute control of wafer runs during processing. Parameters
are measured and recorded at every process steps against
established limits. When any measurement value is found to
exceed a specification limit, the run is immediately stopped
and process engineering is notified. Before the run can
proceed, engineering must evaluate the data and determine
the run disposition during that production shift.

The Process on Exception (POE) program monitors and
controls wafers during electrical testing. Wafer probe results
are compared against specifications. Any exceptions to either
absolute, preferred, or target specifications are noted and
detailedreports are generated. Engineeringmay then exercise
some influence over yield issues by determining which
electrical performance criteria are critical.

The results of SPC, PLC and POE performance monitoring
are reviewed onamonthly basis. Trends are charted, corrective
actions are evaluated and process improvements are
implemented as a result of the data.

Document Control

Document control is an integral part of the Micrel quality
assurance program. It is designed to assure that operating
procedures and customer requirements are translated into
regulatory written instructions. Document control is responsible
for initiating, approving, distributing, revising, recalling, and
archiving internal control systems in the form of product run
sheets (recipes), process and test specifications, etc.

Micrel's two main specification control methodologies
utilize engineering change notice (ECN) and process change
notice (PCN) systems.

ECN The engineering change notice system follows
standard industry procedures for process and test
specifications, travelers, forms, and drawings.

PCN The process change notice system is an extension

of Micrel’s unique, highly-detailed product run sheet
(recipe) control system. PCN mechanisms meet
the extreme demands for accuracy required in
wafer processing.

Packaged product quality is controlled by a detailed set
of instructions that are issued and controlled as part of the
ECN system. These instructions cover all assembly and
back-end processing steps and include the build-diagram,
burn-in drawing, test set-up specification, test traveler, etc.

Inspection and Test Points

The flow charts accompanying this section describe the
sequential steps of semiconductor processing and fabrication,
and the associated test or inspection procedures and
documentation.

Equipment Calibration

Micrel maintains a calibration system that conforms to
MIL-STD-45662 and ensures measurement accuracy of
equipment used to determine product workmanship and
acceptability. Major provisions of the program include:

¢ Qualification of external calibration services,

* References traceable to National Institute of Standards
and Technology (NIST). Identification of measurement
and test equipment for type (electrical, mechanical, and
optical) and frequency of calibration

* Certification history of equipment calibration and recall
* Recall status report history

* Audit history (calibration date stickers and recall
designation)




Quality/Reiliability Program

Micrel

Quality Control

The quality control program includes multiple inspections
of material in-process, as well as final acceptance inspection
of outgoing finished products. The QC system comprises
product integrity characterizations of dimensional, structural,
electrical and visual parameters. It alsoincludes environmental
and procedural monitoring checks.

The program elements include, but are not necessarily
limited to:

¢ Particulate monitoring

* Temperature and relative humidity monitoring

¢ Electrostatic discharge monitoring and control

*  Specification compliance reviews

* Random monitoring of wafers in-process

e Critical dimension qualification of product lot samples
*  Wafer/die electrical sort

¢ Performance/trend data analysis

* Storage, handling, packaging and identification of raw
materials, work-in-progress, and finished goods

* Returned material analysis

Finished product is inspected and tested prior to its
shipment to the customer. Random sampling methodology is
used to check deliverable wafer, die or part quality against
published Micrel workmanship standards and customer
specifications.

This final-product quality control program includes
systems and procedures that assure the following:

¢ Correlation and qualification of test equipment to internal
and customer specifications

* Manufacturing test operations are proper and complete

¢ Product lots conform to detailed test requirements for
visual, mechanical and electrical performance criteria

¢ Documentation foreach product/iotis proper and complete
New Products and Processes

New products or major process changes must undergo
complete evaluation before they are certified at Micrel. Quality
Assurance participation and approval is required in new
product design reviews, product characterization and reliability
studies, and documentation preparation.

Certificationis granted to new products or processes only
after rigorous stress-testing, thorough monitoring of critical
dimensions, careful failure analysis, and full process/trend
data review. New packages are qualified and released for
production only after Quality Assurance has determined that
all environmental, mechanical and electrical tests are
satisfactorily completed.

Complete and proper documentation of all material,
process, procedure or packaging changes is required for final
Quality Assurance certification.

Summary

The Micrel Quality Assurance philosophy — that quality
must be built into every process and product — is realized by
the company's thorough implementation of the policies,
procedures and processes required to ensure that our products
and services meet the highest standards for material and
workmanship.




Quality/Reliability Program Micrel

Micrel Quality Flow for Semiconductor Circuit Manufacturing

Receiving

Incoming Inspection

Wafer Fab

QC Monitor
DI Ho,O
Particles
C/V Plots
Parameter drift
SEM inspection
SPC critical parameters
PLC trend analysis

Outgoing QA
CD Visual inspection per MIL-STD-883 Class B

|Ship Foundry Wafer Products

| Wafer Sort

QC Monitor
Wafer probe

Outgoing QA
Electrical parameter review
IShip Foundry Die Products

| Scribe and Break

QC Monitor
Scribe/Break
100% Production 2nd Optical
QC Gate 2nd Optical




Quality/Reiliability Program Micrel

Micrel Quality Flow for Semiconductor Assembly

Assembly

QC Operator Monitor and Process Audit
Die attach
Lead-bond inspect
Wire pull-test

| 100% Production 3rd Optical|

Mark Components

Production Final Test
100% screen

QC Final Test Acceptance
All DC/AC parameters over temperature range
Military LTPD = 2, Industrial/Commercial LTPD =5

Visual/Mechanical

|Pack QC Accepted Material |

. QC Final Shipping Acceptance
Visual

Verify customer requirements
Certificates of compliance
Source inspection
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Micrel

Customer Returns

Perform analysis, answer and/or generate corrective action
request, make disposition of return.

Specification Review

Review internal specifications, verify agreement to customer
requirements, issue specification to production.

Reliability Assurance

Qualification — Test each device family in accordance with
MIL-STD-883, Method 5004 and 5005, Class B reequirements.

Certification — New products and major process changes
subjected to accelerated test and process analysis.

\
Failure Analysis — Performed on all Qualification and Process
Monitor failures and customer returns as needed.

Document Control — Maintains files of all latest drawings and
specifications, controls and issues wafer run-sheets,
specifications, drawings and ECN numbers, distributes copies
to specification control books and user groups.




MOSFET Drivers

SECTION 2: MOSFET DRIVERS

MOSFET Driver Selection Guide 2-2
MIC426/427/428 Dual 1.5A Low Side MOSFET DFVET .....cccueevieieiiieeiiieeiie e 2-5
MIC1426/1427/1428 Dual 1.2A Low Side MOSFET Driver ................
MIC4420/4429 High Speed, High Current Low Side MOSFET Driver .

MIC4421/4422 High Speed, 9A Low Side MOSFET Driver ................ ... 2-33
MIC4423/4424/4425 Dual 3A Low Side MOSFET Driver ....... .. 2-43
MIC4426/4427/4428 Dual 1.5A Low Side MOSFET Driver .... ... 2-55
MIC4451/4452 High Speed, 12A Low Side MOSFET Driver ........cccccovoiviiiiiiiineiiccinecceen, 2-63
MIC4467/4468/4469 Power Logic CMOS Quad

1.2A Low Side MOSFET DIVET ...c..cccuiiiiiiiiiiiiieiene ettt 2-73
MIC5010 Full Featured High and Low Side MOSFET Predriver ........ccccccovveeinienicneecceeene 2-78
MIC5011 Minimum Parts Count High and Low Side MOSFET Predriver ..........cccccocceeeeenen. 2-94

MIC5012 Dual High and Low Side MOSFET Predriver ........c.ccccoveeueeee.
MIC5013 Protected 8-Pin High and Low Side MOSFET Predriver ...
MIC5014/5015 High & Low Side MOSFET Predriver ...... e ... 2-128
MIC5016/5017 Dual High & Low Side MOSFET Predriver.
MIC5020 High Speed Low Side MOSFET PreDriver .........
MIC5021 High Speed High Side MOSFET PreDriver.........ccccciveviiiineiicccceccscnneen 2-150
MIC5022 Dual MOSFET PreDriver, Half H-Bridge .........cccccoviriencieerceenccic e 2-152
Application Note 1 MIC5011 Design Techniques
Application Note 3 Driving Halogen Lamps ........c..coeiueriiiiiiiiiiieieieesieceeses e
Application Note 4 Using the MIC5010 Family in Automobile Alarm Systems ...........cccccc...... 2-163
Application Note 5 Solid State Circuit Breakers...........cccoeevrereceeenrieeccriinenens

Application Hint 5 Logic Controlled Power Switch ........................
Application Hint 9 Low Voltage Operation of the MIC5014 Family
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MOSFET Driver Selection Guide

MIC4420/4429

¢ 6A Peak Output
—> ¢ 2.5Q Output Impedance
< « 4.5V to 18V Supply > MIC4429
e 25nS into 2500pF
25nS * Latch-up Protected
= * Withstands 5V Negative Swing H> MIC4420
* Surface Mount and High Power
Drives a hex 6—hex 7 size Package Available
MOSFET: 1500pF to 16,000pF
Vee MIC4421/4422
9A * 9A Peak Output
—> ¢ 1.0Q Output Impedance
< + 25nS into 10,000pF 1> MIC4421
e 4.5V to 18V Supply
25nS * Latch-up Protected
= * Withstands 5V Negative Swing +H> MIC4422
e Surface Mount and High Power
Package Available
1500pF to 47,000pF
v, MIC4451/4452
cC 12A ¢ 12A Peak Output
—p ¢ 0.8Q Output Impedance 4 MIC4451
<+ e 25nS into 15,000pF
e 4.5V to 18V Supply
25nS * Latch-up Protected | MIC4452
L * Withstands 5V Negative Swing
- » Surface Mount and High Power
1500pF to 62,000pF Package Available
v, MIC426/427/428
CC  15A * 1.5A Peak Output 1> MIC426
—> ¢ 6Q Output Impedance >
<+ + 30nS into 1000pF
* 4.5V to 18V Supply > MIC427
30nS » Surface Mount Available 4
Drives a hex 0—hex 3 size ™ MIC428
MOSFET: 400pF to 3000pF 1>
vV, MIC1426/1427/1428
CC q2A * 1.2A Peak Output 2 e MIC1426
_>l « 8Q Output Impedance 4>
e 38nS into 1000pF
« 4.75V to 16V Supply 1 MIC1427
38nS * Low Cost Predriver +H>
= * Surface Mount Available
Drives a hex 0—hex 3 size > MIC1428
MOSFET: 400pF to 3000pF 1+

SINGLE

DUAL
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MOSFET Driver Selection Guide

MIC4426/4427/4428 |
CC 1A * 1.5A Peak Output MIC4426
—> ¢ 7Q Output Impedance L{>°—
<+— « 25nS into 1000pF
« 4.5V to 18V Supply 1 MIG4427
25nS * Latch-up Protected 41
— * Withstands 5V Negative Swing
. Avail >
Drives a hex 0—hex 3 size Surtace Mount Available 1 | MIC4428
MOSFET: 400pF to 3000pF 1> a
<
2
V, MIC4423/4424/4425 ] B (=)
oc A * 3A Peak Output C MIC4423
_>I « 3.5Q Output Impedance ~—|>°F
e 25nS into 1800pF
- 4.5V to 18V Supply ™1 MIC4424
25nS * Latch-up Protected +H>1
= * Withstands 5V Negative Swing
Drives a hex 4—hex 5 size * Surface Mount Available > MIC4425
MOSFET: 6000pF to 12,000pF yikay
Vee MIC4467/4468/4469 9
1.2A * 1.2A Peak Output MIC4467
T _—>| « 10Q Output Impedance EY
o— e 25nSinto 470pF 3 g
° * 4.5V to 18V Supply
o— I:Il H- MIC4468 =)
25nS * Latch-up Protected __1 x4 <]
= * Withstands 5V Negative Swing -3
. . * Surface Mount Available
Drives a hex 0—hex 3 size + Three Logic Choices 1 x4 MIC4469
MOSFET: 400pF to 3000pF fmma
MIC5020/5021 MIC5021 12Ve
v MgE020 e 71040V Supply 10uF= 0.1uF
DD ~ Gate i I 4
ot S * Programmable Overcurrent o mput Gt "‘-"-j: |
rce Input e |
il o - CT Source

Fault Sense

Bl el Bl

Cr

Shutdown
Internal Charge Pump
Surface Mount Available

Gnd_Sense

MiC5022  28V§

T
10uF o.
T IvF

Voo Vee 2t
J— ONo— Input GateH

Fit SourceH

CH SenseH
_I—ON EN GateL —!
Ctl SourceL
Rs
Gnd Sense L
=

=

IT

Push-pull Driver

MIC5022
7 to 40V Supply
Programmable Overcurrent
Shutdown

Internal Charge Pump
Surface Mount Available

[3] Fault  Source
[4] CTH Sense
[5] Enable Gate
(Gl CTL Source | |

Gate 4

E2RERERERS G

Sense
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MOSFET Driver Selection Guide

2.75V o] Gate B
v |V =
o= Input B
Source B

- 7Vio 32V MIC5010 w15y
1], i * 60uS into 1nF = P
figrhamwan M1 mu + 71032V Supply a3 12 —
L —1: * Full-featured Predriver I 510
[——o . . r—16 8 o
F1_8 —-—-L": * Optional Speed-up Capacitors s —F
= * Internal Charge Pump
LoA ¢ Dynamic Sensing Threshold
High Side Driver . N X 3
with Current Sense + ¢ Surface Mount Available ;:: g::reeg'ngg] . d
MIC5011 4.5V 10 15V Vioap
+ 60uSinto 1nF ,_L
e o e 4510 32V Supply 'l-:i T
:m ol ¢  Minimum Parts Count e|imeut COM[=— 5 LOAD
Ground Gate * Optional Speed-up Capacitors s:: f’ —
* Internal Charge Pump e _—| g_
LoaD * Surface Mount Available T LowSideDriver -
High Side Driver
Push-pull Driver 4.5V to 32V MIC5012 P Vioan ,
E_—_ﬂ « 60pSinto 1nF Dual Low Side Driver [Load
ot ::\:Tﬁ:a‘eA _-1 ° 475 to 32V supply pr— ::?"(ia“A _-| E VI.OI\DB
Source A e Dual Predriver pSoumeA o T [
. _! * Provides High and Low Side L and
s7svionav | VB OB = drive for H-bridge —] V48 Gatos
e s * Internal Charge Pump o LS 3}__
Source 8 2 * Surface Mount Available )
§ 7Vieazv MIC5013 Vioro
R o~ oy IR e 60pS into 1nF et — 8__l
= . * 71032V Supply Fgpuiom S s N e
s ¢ Overcurrent Sensing s sk= |
18] * Internal Charge Pump |
* Dynamic Sensing Threshold
High Side Driver & * Surface Mount Available Low Side Driver &
With Current Sense -L. g With Current Sense
2,75V to 30V MIC5014/5015 2.75V 0 16V Voo
- + 2.751t0 30V Supply '_L
:;‘ o= * Minimum Parts Count -Lj v el
sowco Colmo * “Load Dump” Protected e—]input COMP— 3 LOAD
Internal Charge Pump ource C2[0
_—] Ground Gate| ° N
_l « Surface Mount Available i _-I g_
High Side Driver LOAD Low Side Driver
Push-pull Driver 2.75V to 30V MIC5016/5017 el Low Side D VLOADA
| :l » 275 to 30V Supply ualLow Side Driver: |oac
viA GateA —-I e  Minimum Parts Count é;’gv—— VHA Gate A —vl E Vioro
M * “Load Dump” Protected —frear LT T
+ 1 on + Internal Charge Pump LT ene
* Surface Mount Available 275018 cates

23

o~ Input B
Source B

|




MIC426/427/428

Dual Power MOSFET Driver

Bipolar/CMOS/DMOS Process

General Description

The MIC426/427/428 are dual high speed drivers. A TTL/
CMOS input voltage level is translated into an output voltage
level swing equalling the supply. The DMOS output will be
within 25mV of ground or positive supply. Bipolar designs are
capable of swinging only within 1 volt of the supply.

The low impedance high current driver outputs will swing a
1000pF load 18V in 30nS. The unique current and voltage
drive qualities make the MIC426/427/428 ideal power MOSFET
drivers, line drivers and DC to DC converter building blocks.

Input logic signals may equal the power supply voltage. Input
currentis alow 1uA making directinterface to CMOS/BIPOLAR
switch mode power supply control integrated circuits possible
as well as open collector analog comparators.

Features
¢ High Speed Switching (CH = 1000pF) ........c..c...... 30nS
¢ High Peak Output Current .................... cveeeen. 1.BA
¢ High Output Voltage Swing .......c.ccccceveneenee. Vg —-25mV
GND + 25mV
¢ Low Input Current (Logic “0” or “1”) ....ccccevveereenenen. 1A
¢ TTL/CMOS Input Compatible
* Available in Inverting & Non-Inverting Configurations
¢ Wide Operating Supply Voltage ................. 4.5V to 18V
* Low Power Consumption
(INPUtS LOW) .o 0.4mA
(Inputs High) .....c.coooiiiiniiinnicies 8mA
¢ Single Supply Operation
e Low Output Impedance ..........cccccevceevnricreeneenieeeeens 6Q

Pin Out Equivalent to DS0026 & MMH0026

Pin Configuration

DUAL
NC NC 2 ; NC
INA MIC426 OouTA INA Mic427
GND V+ GND
INB [4] outB _4 I >O5 INB
INVERTING

Functional Diagram

V4 0—

~500pA

—

=2.5mA

INPUT 0—'

DUAL
LN, nedd e 2>
INA OUTA
GND [3] 5] v+
4 5 INg [E] [51 ouTs ——I" > °
NON-INVERTING MIXED

NON-INVERTING
OUTPUT

INVERTING
OUTPUT

>0

(MIC427) (MiC426)

NOTE: MIC428 HAS INVERTING & NON-INVERTING DRIVERS,
GROUND UNUSED DRIVER INPUT
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MIC426/427/428

Micrel

Quiescentpower supply currentis 8mA maximum. The MIC426
requires 1/5 the current of the pin compatible bipolar DS0026
device. This is important in DC to DC converter applications
with power efficiency constraints and high frequency switch
mode power supply applications. Quiescent currentis typically

6mA when driving a 1000pF load 18V at 100kHz.

The inverting MIC426 driver is pin compatible with the bipolar
DS0026 and MMHO0026 devices. The MIC427 is non-inverting;
the MIC428 contains an inverting and non-inverting driver.

Ordering Information

Part Number Temperature Range Package Configuration
MIC426CM 0°C to +70°C 8-pin SOIC Dual Inverting
MIC426BM —40°C to +85°C

MIC426CN 0°C to +70°C 8-pin plastic DIP Dual Inverting
MIC426BJ —40°C to +85°C 8-pin CerDIP Dual Inverting
MIC426AJ —-55°C to +125°C

MIC426AJBQ* -55°C to +125°C SMD#5962-8850301PX
MIC426CY — CHIP Dual Inverting
MIC427CM 0°C to +70°C 8-pin SOIC Dual Non-Inverting
MIC427BM —40°C to +85°C

MIC427CN 0°C to +70°C 8-pin plastic DIP Dual Non-Inverting
MIC427BJ —40°C to +85°C 8-pin CerDIP Dual Non-Inverting
MIC427AJ -55°C to +125°C

MIC427AJBQ* —55°C to +125°C SMD#5962-8850302PX
MIC427CY — CHIP Dual Non-Inverting
MIC428CM 0°C to +70°C 8-pin SOIC Non-Inv. & Inverting
MIC428BM —40°C to +85°C

MIC428CN 0°C to +70°C 8-pin plastic DIP Non-Inv. & Inverting
MIC428BJ —40°C to +85°C 8-pin CerDIP Non-Inv. & Inverting
MIC428AJ -55°C to +125°C

MIC428AJBQ* -55°C to +125°C SMD#5962-8850303PX
MIC428CY — CHIP Non-Inv. & Inverting

* AJB indicates units screen to MIL-STD 883, Method 5004, condition B, and burned-in for 1 week.

Absolute Maximum Ratings (Notes 1, 2, and 3)
If Military/Aerospace specified devices are required, contact Micrel for

availability and specifications.

Supply Voltage

Input Voltage Any Terminal

Maximum Chip Temperature

Storage Temperature

Lead Temperature (10 sec)

Package Thermal Resistance
CerDIP Rgy-aA (°C/W)
CerDIP Rgy-c (°C/W)
PDIP Rgy-a (°C/W)
PDIP Rgy-c (°C/W)
SOIC Rgy-a (°C/W)
SOIC Rgy-c (°C/W)

Operating Temperature Range
C Version
B Version
A Version

20V
Vs + 0.3V to GND — 0.3V
150°C

-65°C to 150°C

300°C

150
50
125
42
250
75

0°C to +70°C
—40°C to +85°C
-55°C to +125°C
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MIC426/427/428 Micrel

MIC426 Electrical Characteristics: Ta = 25°C with 4.5V < Vg < 18V unless otherwise specified.

No. J Symbol I Parameter J Conditions I Min I Typ | Max | Units
INPUT

1 ViH Logic 1 Input Voltage 24 \
2 VL Logic 0 Input Voltage 0.8 \

3 IIN Input Current 0<V|N<Vs -1 1 HA
OUTPUT

4 VoH High Output Voltage Vs-0.025 \
5 VoL Low Output Voltage 0.025 \

6 Ro Output Resistance ViN =0.8V 10 15 Q

IouT = 10mA, Vg = 18V

7 Ro Output Resistance VIN =2.4V 6 10 Q
loyT = 10mA, Vg = 18V

8 IpK Peak Output Current 15 A

SWITCHING TIME

9 TR Rise Time Test Figure 1 30 nS
10 TF Fall Time Test Figure 1 20 nS
11 TD1 Delay Time Test Flgure 1 40 nS
12 Tp2 Delay Time Test Figure 1 75 nS
POWER SUPPLY

13 Is Power Supply Current ViN = 3.0V (Both Inputs) 8.0 mA
14 Is Power Supply Current V|N = 0.0V (Both Inputs) 0.4 mA

MIC426 Electrical Characteristics:

Over operating temperature range with 4.5V < Vg < 18V unless otherwise specified.

No. | Symbol Parameter Conditions Min Typ Max Units
INPUT

1 ViH Logic 1 Input Voltage 2.4 \
2 ViL Logic 0 Input Voltage 0.8 \
3 IIN Input Current 0<V|NE Vs -10 10 HA
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MIC426/427/428 Micrel
MIC426 Electrical Characteristics:
Over operating temperature range with 4.5V < Vg < 18V unless otherwise specified (Continued).
No. | Symbol I Parameter Conditions T Min [ Typ l Max I Units
OUTPUT
4 VoH High Output Voltage Vs-0.025 Vv
5 VoL Low Output Voltage 0.025 \"
6 Ro Qutput Resistance VN =0.8V 13 20 Q
louT = 10mA, Vg = 18V
7 Ro Output Resistance VIN =2.4V 8 15 Q
lout = 10mA, Vg = 18V
SWITCHING TIME
8 TR Rise Time Test Figure 1 60 nS
9 TF Fall Time Test Figure 1 40 nS
10 Tbp1 Delay Time Test Figure 1 60 nS
11 Tb2 Delay Time Test Figure 1 120 nS
POWER SUPPLY
12 Is Power Supply Current VIN = 3.0V (Both Inputs) 12.0 mA
13 Is Power Supply Current ViN = 0.0V (Both Inputs) 0.6 mA
MIC427 Electrical Characteristics: T =25°C with 4.5 < Vg < 18V unless otherwise specified.
No. | Symbol Parameter Conditions Min Typ Max Units
INPUT
1 ViH Logic 1 Input Voltage 2.4 \
2 ViL Logic 0 Input Voltage 0.8 \'
3 IIN Input Current 0<V|NSVs -1 1 uA
OUTPUT
4 VoH High Output Voltage Vs-0.025 )
5 VoL Low Output Voltage 0.025 '
6 Ro Output Resistance VIN =24V 10 15 Q
louT = 10mA, Vg = 18V
7 Ro Output Resistance ViN =0.8V 6 10 Q
lout = 10mA, Vg = 18V
8 IpK Peak Output Current 15 A




MIC426/427/428

Micrel

MIC427 Electrical Characteristics: Ta = 25°C with 4.5V < Vg < 18V unless otherwise specified. (Continued)

No. [ Symbol | Parameter Conditions | Min | Typ I Max | Units
SWITCHING TIME

9 TR Rise Time Test Figure 1 30 nS
10 Te Fall Time Test Figure 1 20 nS
11 Tp1 Delay Time Test Figure 1 40 nS
12 Tp2 Delay Time Test Figure 1 75 nS
POWER SUPPLY

13 Is Power Supply Current VIN = 3.0V (Both Inputs) 8.0 mA
14 Is Power Supply Current V|N = 0.0V (Both Inputs) 0.4 mA

MIC427 Electrical Characteristics:
Over operating temperature range with 4.5V < Vg < 18V unless otherwise specified.

No. ]V Symbol ] Parameter L Conditions Min ] Typ l Max I Units n

INPUT

1 VIH Logic 1 Input Voltage 2.4 \%

2 ViL Logic 0 Input Voltage 0.8 \

3 liN Input Current 0<V|NSVs -10 10 A

OUTPUT

4 VoH High Output Voltage Vg-0.025 \

5 VoL Low Output Voltage 0.025 \"

6 Ro Output Resistance VIN =2.4V 13 20 Q
louT = 10MA, Vg = 18V

7 Ro Output Resistance VIN =0.8V 8 15 Q
louT = 10MA, Vg = 18V

SWITCHING TIME

8 TR Rise Time Test Figure 1 60 nS

9 TF Fall Time Test Figure 1 40 nS

10 TD1 Delay Time Test Flgure 1 60 nS

11 Tp2 Delay Time Test Figure 1 120 nS

POWER SUPPLY

12 Is Power Supply Current VN = 3.0V (Both Inputs) 12.0 mA

13 Is Power Supply Current VN = 0.0V (Both Inputs) 0.6 mA




MIC426/427/428

Micrel

MIC428 Electrical Characteristics: Ta =25°C with 4.5V < Vg < 18V unless otherwise specified.

No. | Symbol T Parameter Conditions J Min I Typ | Max [ Units
INPUT
1 ViH Logic 1 Input Voltage 2.4 \'
2 ViL Logic 0 Input Voltage 0.8 Vv
3 IIN Input Current 0<V|N<EVs -1 1 HA
OUTPUT
4 VOH High Output Voltage Vs—-0.025 Vv
5 VoL Low Output Voltage 0.025 \
6 Ro Output Resistance Output High 10 15 Q
louT = 10MA, Vg = 18V
7 Ro Output Resistance Output High 6 10 Q
louT = 10MA, Vg = 18V
8 IpK Peak Output Current 15 A
SWITCHING TIM
9 TR Rise Time Test Figure 1 30 nS
10 TF Fall Time Test Figure 1 20 nS
11 TD1 Delay Time Test Flgure 1 40 nS
12 Tp2 Delay Time Test Figure 1 75 nS
POWER SUPPLY
13 Is Power Supply Current V|N = 3.0V (Both Inputs) 8.0 mA
14 Is Power Supply Current VN = 0.0V (Both Inputs) 0.4 mA
MIC428 Electrical Characteristics:
Over operating temperature range with 4.5V < Vg < 18V unless otherwise specified.
No. | Symbol Parameter Conditions Min Typ Max Units
INPUT
1 ViH Logic 1 Input Voltage 2.4 Vv
2 ViL Logic 0 Input Voltage 0.8 \
3 N Input Current 0<V|NSVs -10 10 uHA




MIC426/427/428 Micrel

MIC428 Electrical Characteristics:
Over operating temperature range with 4.5V < Vg < 18V unless otherwise specified.

No. ] Symbol L Parameter L Conditions J Min l Typ ] Max L Units
OUTPUT

4 VoH High Output Voltage Vs-0.025 Vv

5 VoL Low Output Voltage 0.025 \

6 Ro Output Resistance Output High 13 20 Q

louT = 10mA, Vg = 18V

7 Ro Output Resistance Output High 8 15 Q
louT = 10mA, Vg = 18V

SWITCHING TIME

8 TR Rise Time Test Figure 1 60 nS
9 TF Fall Time Test Figure 1 40 nS
10 Tb1 Delay Time Test Flgure 1 60 nS
1 Tp2 Delay Time Test Figure 1 120 nS
POWER SUPPLY

12 Is Power Supply Current VIN = 3.0V (Both Inputs) 12.0 mA
13 Is Power Supply Current VIN = 0.0V (Both Inputs) 0.6 mA

Note 1: Functional operation above the absolute maximum stress ratings is not implied.

Note 2: Static Sensitive device (above 2kV). Unused devices must be stored in conductive material to protect devices from static discharge
and static fields.

Note 3: Switching times guaranteed by design.




MIC426/427/428 Micrel
Switching Time Test Circuits

Vg= 18V
SO

4.7uF 0.1pF

6 = =3

2,4 57

INPUT o— 0 OUTPUT

V = 1000pF

vy
I

MIC426
(1/2 MIC428)

INPUT

18v

OUTPUT

ov

Figure 1. Inverting Driver Switching Time

Vg= 18V
o

4.7uF 0.1uF
S

INPUT 022 ——I >————I——05'7 OuTPUT

V¢ = 1000pF
S
| =

MiC427
(1/2 MIC428)

1

+5V
INPUT
0.4V
18V

OUTPUT

ov

Figure 2. Non-Inverting Driver Switching Time
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MIC426/427/428 Micrel
Typical Characteristic Curves
Rise and Fall Time vs Rise and Fall Time
Supply Voltage Delay Time vs Supply Voltage vs Temperature
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MIC426/427/428 Micrel
Typical Characteristic Curves (Continued)
Rise and Fall Time vs Rise and Fall Time
Temperature Delay Time vs Temperature vs Temperature
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MIC426/427/428

Micrel

Typical Characteristic Curves (Continued)

Quiescent Power Supply

Quiescent Power Supply

Current vs Supply Voltage s Package Power Dissipation Current vs Supply Voitage
0 T T E 900 T L 20 T T T
MIC426/427/428 z MIC426/427/428 MIC426/427/428
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Supply Bypassing The MIC426/427/428 may be directly driven by the TL494,

Charging and discharging large capacitive loads quickly
requires large currents. For example, changing a 1000pF
load 18 volts in 25nS requires a 0.8A current from the device
power supply.

To guarantee low supply impedance over a wide frequency
range, a parallel capacitor combination is recommended for
supply bypassing. Low inductance ceramic disk capacitors
with short lead lengths (< 0.5 inch) should be used. A 4.7uF
solid tantalum capacitor in parallel with one or two 0.1uF
ceramic disk capacitors normally provides adequate
bypassing.

Grounding

The MIC426 and MIC428 contain inverting drivers. Ground
potential drops developed in common ground impedances
from input to output will appear as negative feedback and
degrade switching speed characteristics.

Individual ground returns for the input and output circuits or a
ground plane should be used.

Input Stage

The input voltage level changes the no load or quiescent
supply current. The N channel MOSFET input stage transistor
drives a 2.5mA current source load. With a logic “1” input, the
maximum quiescent supply current is 8mA. Logic “0” input
level signals reduce quiescent current to 400pA maximum.
Minimum power dissipation occurs for logic “0” inputs for the
MIC426/427/428; unused driverinputs must be grounded or
tied to the positive supply.

The drivers are designed with 100mV of hysteresis. This
provides clean transitions and minimizes output stage current
spiking when changing states. Input voltage thresholds are
approximately 1.5V making the device TTL compatible over
the 4.5V to 18V operating supply range. Input current is less
than 1uA over this range.

SG1526/1527, SG1524, SE5560 and similar switch mode
power supply integrated circuits.

Power Dissipation

The supply current vs. frequency and supply current vs.
capacitive load characteristic curves will aid in performing
power dissipation calculations.

The MIC426/427/428 CMOS drivers have greatly reduced
quiescent DC power consumption. Maximum quiescent current
is 8mA compared to the DS0026 40mA specification. For a
15V supply, power dissipation is typically 40mWw.

Two other power dissipation components are:

* Output stage AC and DC load power.
* Transition state power.

Output stage power is:

Po =Ppc+Pac 5
=Vo (Ipc) +fCL Vs

Where: Vo = DC output voltage
Ipc = DC output load current
f = Switching frequency

Vg = Supply voltage

In power MOSFET drive applications, the Ppc term is
negligible. MOSFET power transistors are high impedance,
capacitive input devices. In applications where resistive loads
or relays are driven, the Ppc component will normally
dominate.

The magnitude of Pac is readily estimated for several cases:

A. 1.f=200kHz B. 1.f=200kHz
2. C = 1000pF 2.CL = 1000pF
3. Vg =18V 3. Vg =15V
4. Pac = 656mW 4. Pac = 45mW

During output level state changes, a current surge will flow
through the series connected N and P channel output
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MIC426/427/428

Micrel

MOSFETSs as one device is turning “ON” while the other is
turning “OFF.” The current spike flows only during output
transitions. The inputlevels should not be maintained between
the logic “0” and logic “1” levels. Unused driver inputs must

current is frequency dependent.

be tied to ground and not be allowed to float. Average
power dissipation will be reduced by minimizing input rise
times. As shown in the characteristic curves, average supply

Voltage Doubler

+15V

1N4001

1N4001

Voltage Inverter

+15V

1N4001

11 )
10uF

1N4001 i

47 yF

100

OUTPUT VOLTAGE vs
LOAD CURRENT
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28
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o~ \
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S ™~
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0
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S 90
=
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vour = 100 4
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12,0
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-14.0
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MIC1426/1427/1428
1.2A Dual High-Speed MOSFET Drivers

Bipolar/CMOS/DMOS Process

General Description Features
The MIC1426/27/28 are a family of 1.2A dual high-speed ~ * Low Cost o
drivers. They are ideal for high-volume OEM manufacturers, ~ * Latch-Up Protected: Will Withstand 500mA Reverse
with latch-up protection, and ESD protection. BICMOS/DMOS Output Current
fabrication is used for low power consumption and high . ESD Protected ......cooviviiiieiriee e +2kV
efficiency. » High Peak Output Current ............ccoovniinens 1.2A Peak
¢ High Capacitive Load Drive
These devices are fabricated using an epitaxial layer to CaPabIlity «.c.oovereeerrereeeeeirerseeeecieniens 1000pF in 38nS
effectively short out the intrinsic parasitic transistor respon-  «  Wide Operating Range ..........cc..ccevevenene. 4.75V to 16V
sible for CMOS latch-up. They incorporate a number of other ¢ Low Delay TiMe .....c.coeerrvrevnrcenceriieeniineenenne 75nS Max
defsigr.'n‘ and process refinements to increase their long-term » Logic Input Threshold Independent of
reliability. Supply Voltage
The MIC1426 is compatible with the bipolar DS0026, butonly ~ ° g”tp”tdv"”\‘j‘gf Swing to Within 25mV of
draws 1/5 of the quiescent current. The MIC1426/27/28 are | L roug tor t IS q 80
also compatible with the MIC426/27/28, but with 1.2A peak ow Output IMPedance ........ccceoerrcnenenireenencenennes
output current rather than the 1.5A of the MIC426/27/28 . .
devices. Applications
Thehigh-nputimpedance MIC1426/27/28 driversareCMOS/  »  Fomer MOSFET Drivers
TTLinput-compatible, do notrequire the speed-up neededby | PWII c.? (f) © ovl\:/)e.r uppiies
the bipolar devices, and can be directly driven by most PWM uise fransiormer Lrive
ICs. ¢ Small Motor Controls
¢ Print Head Drive
This family of devices is available in inverting and non-
inverting versions. Specifications have been optimized to
achieve low-cost and high-performance devices, well-suited
for the high-volume manufacturer.
Functional Diagram
V+ o— >
~500uA
NON-INVERTING INVERTING
| OUTPUT OUTPUT
(MIC1427) (MIC1426)

INPUT D—-|

NOTE: MIC1428 HAS INVERTING & NON-INVERTING

DRIVERS

GROUND UNUSED DRIVER INPUT




MIC1426/1427/1428 Micrel
Ordering Information Pin Configurations
Temperature |j—‘—u_
Part No. Range Package | Configuration Nc Lt (8] ne DUAL
2 OUTA 2.4 7.5
MIC1426CM | 0°Ct070°C | 8-PinSO |Dual-Inverting IN AE MIC1426 % . -—DO—
MIC1426CN | 0°Cto 70°C | 8-Pin Dual-Inverting GRDL2 &1Vs INVERTING
Plastic DIP IN B [4] B
MIC1427CM 0°C to 70°C 8-Pin SO | Dual —\J
Non-Inverting ncli] @ E NC DUAL
MIC1427CN | 0°Cto 70°C | 8-Pin Dual INALZ] [7]ouTA ﬁbﬂ
Plastic DIP| Non-Inverting GND E MIC1427 E Vg
MIC1426CM | 0°Ct070°C [ 8-Pin SO |Inverting and B[ Slours o VERTING
Non-Inverting
MIC1428CN 0°Cto 70°C | 8-Pin Inverting and
Plastic DIP| Non-Inverting % NC ED&
7]OUTA
+
[6]vg 4 5
[5]ouTB D
MIXED
NC = NO CONNEGTION
Test Circuits .
Tvs =16V OVE= 16V
1uF 1
I L Yo L
I WIMA I 0.1 yF MLC WiNiA 7= 0.1 uF MLC
MKS-2 T MKS-2 T
INPUT 0— ——Do—— OUTPUT INPUT 0— ———D— —{—oouteuT
rc._=1000p|= ICL=1000pF
MIC1426
(1/2 MIC1428) (1/2 MIC1428)
Y - — — — — 90%
INPUT
0.4V Qo7
el 90%
tD1 tp2
OUTPUT - - tg > <—tp
OUTPUT
O A 10% 10%

Figure 1.

Inverting Driver Switching Time

Figure 2. Non-Inverting Driver Switching Time
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MIC1426/1427/1428 Micrel
Absolute Maximum Ratings (Notes 1, 2 and 3)

Power Dissipation Input Voltage, Any Terminal Vg + 0.3V to GND - 0.3V
Plastic DIP 1w ) . . o o
sSoIC soomw  Operating Temperature: C Version 0°C to +70°C

Derating Factor Maximum Chip Temperature +150°C
Plastic DIP 8mW/°C  storage Temperature -55°C to +150°C
SOIC 4mW/°C

Lead Temperature (10 sec) +300°C

Supply Voltage 18V

NOTES: 1. Functional operation above the absolute maximum stress
ratings is not implied.

2. Static-sensitive device (above 2kV). Unused devices must
be stored in conductive material to protect devices from
static discharge.

3. Switching times guaranteed by design.

Electrical Characteristics: T, =25°C with 4.75V < Vg* < 16V unless otherwise specified.

Symbol Parameter Conditions | Min | Typ | Max | Units

INPUT

ViH Logic 1, Input Voltage 3 \

Vi Logic 0, Input Voltage 0.8 \

N Input Current 0V <V|y<Vg -1 1 MA

OUTPUT

Vou High Output Voltage Test Figures 1 and 2 Vg—0.025 \

VoL Low Output Voltage Test Figures 1 and 2 0.025 \Y

Ro Output Resistance V|y=0.8V 12 18 Q
louT =10 MA, Vg = 16V

Ro Output Resistance ViN=3V 8 12 Q
louT = 10 MA, Vg = 16V

Ipk Peak Output Current 12 A

| Latch-Up Current Withstand Reverse Current >500 mA

SWITCHING TIME

tr Rise Time Test Figures 1 and 2 35 nS

te Fall Time Test Figures 1 and 2 25 nS

tp1 Delay Time Test Figures 1 and 2 75 nS

too Delay Time Test Figures 1 and 2 75 nS

POWER SUPPLY

Is Power Supply Current V|n = 3V (Both Inputs) 9 mA
VN = 0V (Both Inputs) 0.5 mA
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MIC1426/1427/1428 Micrel
Electrical Characteristics:
Over operating temperature range with 4.75V < Vg* < 16V unless otherwise specified.
Symbol Parameter Conditions | Min l Typ | Max | Units
INPUT
ViH Logic 1, Input Voltage 3 \
Vi Logic 0, Input Voltage 0.8 Vv
N Input Current 0V<Vy<Vg -10 10 HA
OUTPUT
VoH High Output Voltage Test Figures 1 and 2 Vg-0.025 \
VoL Low Output Voltage Test Figures 1 and 2 0.025 \
Ro Output Resistance Vi =0.8V 15 23 Q
louT = 10 MA, Vg = 16V
Ro Output Resistance ViN=3V 10 18 Q
louT = 10 mA, Vg = 16V
1 Latch-Up Current Withstand Reverse Current >500 mA
SWITCHING TIME
tg Rise Time Test Figures 1 and 2 60 nS
te Fall Time Test Figures 1 and 2 40 nS
tpy Delay Time Test Figures 1 and 2 125 nS
tpo Delay Time Test Figures 1 and 2 125 nS
POWER SUPPLY
Is Power Supply Current V|n = 8V (Both Inputs) 13 mA
Is Power Supply Current V|N = OV (Both Inputs) 0.7 mA
Supply Bypassing Input Stage

Large currents are required to charge and discharge large
capacitive loads quickly. For example, changing a 1000pF
load 16V in 25nS, requires a 0.8A current from the device
power supply.

To guarantee low supply impedance over a wide frequency
range, a parallel capacitor combination is recommended for
supply bypassing. Low-inductance ceramic MLC capacitors
with short lead lengths (<0.5in.) should be used. A 1.0uF
film capacitor in parallel with one or two 0.1uF ceramic MLC
capacitors normally provides adequate bypassing.

Grounding

The MIC1426 and MIC1428 containinverting drivers. Ground
potential drops developed in common ground impedances
from input to output will appear as negative feedback and
degrade switching speed characteristics.

Individual ground returns for the input and output circuits or
a ground plane should be used.

The input voltage level changes the no-load or quiescent
supply current. The N-channel MOSFET input stage
transistor drives a 2.5mA current source load. With a logic “1”
input, the maximum quiescent supply current is 9mA. Logic
“0” input level signals reduce quiescent current to 500pA
maximum. Unused driver inputs must be connected to
Vg* or GND. Minimum power dissipation occurs for logic “0”
inputs for the MIC1426/27/28.

The drivers are designed with 100mV of hysteresis. This
provides clean transitions and minimizes output stage cur-
rent spiking when changing states. Input voltage thresholds
are approximately 1.5V, making logic “1” input any voltage
greater than 1.5V up to Vg*. Input current is less than 1uA
over this range.

The MIC1426/27/28 may be directly driven by the TL494,
SG1526/27, MIC38C42, TSC170 and similar switch-mode
power supply integrated circuits.
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MIC1426/1427/1428 Micrel
MIC1426/7/8 Typical Characteristic Curves

Rise Time vs Supply Voitage Fall Time vs Supply Voltage Delay Time vs Supply Voltage
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MIC1426/1427/1428 Micrel
MIC1426/7/8 Typical Characteristic Curves (Cont.)
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MIC4420/4429
High-Speed, High-Current MOSFET Driver

Bipolar/CMOS/DMOS Process

General Description Features

MIC4420 and MIC4429 MOSFET drivers are tough, effi- ~ * CMOS Construction
cient, and easy to use. The MIC4429 is an inverting driver, ~ * Latch-Up Protected: Will Withstand >500mA

while the MIC4420 is a non-inverting driver. Reverse Output Current ) .
¢ Logic Input Will Withstand Negative Swing of Up

Both versions are capable of 6A (peak) output and can to 5V
drive the largest MOSFETSs with an improved safe operat-  « Matched Rise and Fall TIMes ..........cccccccvveverunnne. 25nS
ing margin. The MIC4420/4429 accepts any logic input  «
from 2.4V to Vpp without external speed-up capacitors or
resistor networks. Proprietary circuits allow the input to  « High Capacitive Load Dfive ..........cc.co.......... 10,000pF
swing negative by as much as 5V without damaging the  « Low Delay Time ..........ccccocvrueuriercrncisinnnne 55nS Typ
part. Additional circuits protect against damage from elec-  « Logic High Input for Any Voltage From 2.4V to Vpp
trostatic discharge. * Low Supply Current .............. 450uA With Logic 1 Input

. . e Low Output Impedance ..........cccooonvviiiininniencns 2.5Q
MIC4420/4429 dnvgrs can replace thre_e or more ci_lscrgte « Output Voltage Swing to Within 25mV of Ground
components, reducing PCB area requirements, simplify- or Vo

ing product design, and reducing assembly cost. + MIL-STD-883 Method 5004/5005 version available

Modern BiCMOS/DMOS construction guarantees freedom
from latch-up. The rail-to-rail swing capability insures ad- ~ Applications
equate gate voltage to the MOSFET during power up/

down sequencing. * Switch Mode Power Supplies

* Motor Controls
¢ Pulse Transformer Driver
¢ Class D Switching Amplifiers

Functional Diagram

PINS 1, 8
VoD@
@ 450uA B60pA
MIC4429
—e
P CHANNEL '——— —| P! P CHANNEL
*INVERTING
DOfADO—DOf +—® outPuT
PINS 6, 7
Rt r
MILLER “C" ==

EFFECTIVE C = 38 pF
(Vpp=18V)

._
PIN 2 [l4; N cHANNEL \—| N CHANNEL
INPUT

PINS 4, 5 *FOR NON-INVERTING OUTPUT, PINS 4,5
GND ORDER MIC4420 GND
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MIC4420/4429 Micrel
Ordering Information
Part No. Temperature Range Package Configuration
MIC429AJBQ* | -55°C to +125°C 8-Pin CerDIP Inverting
MIC4420CN 0°C to +70°C 8-Pin PDIP Non-Inverting
MIC4420BN —40°C to +85°C 8-Pin PDIP Non-Inverting
MIC4420CM 0°C to +70°C 8-Pin SOIC Non-Inverting
MIC4420BM —40°C to +85°C 8-Pin SOIC Non-Inverting
MIC4420BJ —40°C to +85°C 8-Pin CerDIP Non-Inverting
MIC4420AJ —-55°C to +125°C 8-Pin CerDIP Non-Inverting
MIC4420AJB* —55°C to +125°C 8-Pin CerDIP Non-Inverting
MIC4420AF —55°C to +125°C | 10-Pin Flat Pack Non-Inverting
MIC4420CT 0°C to +70°C 5-Pin TO-220 Non-Inverting
MIC4429CN 0°C to +70°C 8-Pin PDIP Inverting
MIC4429BN —40°C to +85°C 8-Pin PDIP Inverting
MIC4429CM 0°C to +70°C 8-Pin SOIC Inverting
MIC4429BM —40°C to +85°C 8-Pin SOIC Inverting
MIC4429BJ —40°C to +85°C 8-Pin CerDIP Inverting
MIC4429AJ —55°C to +125°C 8-Pin CerDIP Inverting
MIC4429AJB? —55°C to +125°C 8-Pin CerDIP Inverting
MIC4429AF —55°C to +125°C [ 10-Pin Flat Pack Inverting
MIC4429CT 0°C to +70°C 5-Pin TO-220 Inverting
* SMD#5962-8877001PX
T AJB indicates units screened to MIL-STD 883, Method 5004, condition B, and burned-in for 1 week.
Pin Configurations
Flat Pack CT DIP SOIC
Vpp 1, O Voo B Voo [1] (8] Voo
INPUT ey —————————3 outPUT INPUT OUTPUT |NpuT [2] [ 7] outeur
————
ng I————_—,: I—— gzgpm NG [6]outrur NG [3] [6] outpur
NC ] ———————NC GND GND GND E E GND
H H “ H H Tabis
Common
to Vpp
52885 NOTE: Duplicate pins must both be connected
50 >6 & for proper operation.
N 3
Absolute Maximum Ratings (Notes 1,2and 3)
Power Dissipation, Taygient < 25°C Thermal Impedances (To Case)
PDIP 1w 5-Pin TO-220 Ry, ¢ 10°C/W
SOIC 500 mW Storage Temperature —65°C to +150°C
CerDIP 800 mW Operating Temperature (Chip) 150°C
5-Pin TO-220 1.5W Operating Temperature (Ambient)
Power Dissipation, Toage < 25°C C Version 0°C to +70°C
5-Pin TO-220 12.5W B Version —40°C to +85°C
Derating Factors (To Ambient) A Version -55°C to +125°C
PDIP 8 mW/°C Lead Temperature (10 sec) 300°C
SOIC 4 mW/°C Supply Voltage 20V
CerDIP 6.4mW/°C  Input Voltage -5V toVpp
5-Pin TO-220 12 mW/°C Input Current (V> Vpp) 50 mA

If Military/Aerospace specified devices are required, contact Micrel for availability and specifications.
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MIC4420/4429 Micrel
Electrical Characteristics: (1, = 25°C with 4.5V < Vpp < 18V unless otherwise specified.)
Symbol | Parameter | Conditions Min | Typ | Max |Units
INPUT
Vik Logic 1 Input Voltage 24 1.8 \
Vi Logic 0 Input Voltage 1.3 0.8 \
V)N (Max) | Input Voltage Range -5 Vppt0.3 | V
N Input Current 0V<Vy<Vpp -10 10 HA
OUTPUT
VoH High Output Voltage See Figure 1 Vpp—0.025 \Y
VoL Low Output Voltage See Figure 1 0.025 Vv
Ro Output Resistance, 'OUT =10mA, Vpp =18V 2.1 2.8
Output Low
Ro Output Resistance, loyr=10mA, Vpp =18V 1.5 2.5 Q
Output High
Ipk Peak Output Current Vpp = 18 V (See Figure 5) 6 A
IR Latch-Up Protection >500 mA
Withstand Reverse Current
SWITCHING TIME (Note 3)
tr Rise Time Test Figure 1, C|_= 2500 pF 25 35 nS
te Fall Time Test Figure 1, C|_= 2500 pF 25 35 nS
tpq Delay Time Test Figure 1 55 75 nS
tpo Delay Time Test Figure 1 55 75 nS
Power Supply
Is Power Supply Current ViN=3V 0.45 1.5 mA
Viy=0V 55 150 nA
Vbp Operating Input Voltage 4.5 18 \Y
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MIC4420/4429 Micrel

Electrical Characteristics: (1, = -55°C to +125°C with 4.5V < Vpp < 18V unless otherwise specified.)

Symbol | Parameter | conditions Min | Typ | Max |units

INPUT

ViH Logic 1 Input Voltage 2.4 \

ViL Logic 0 Input Voltage 0.8 Vv

ViN (Max) | Input Voltage Range -5 >Vpp \"

N Input Current OV <V|NSVpp -10 10 HA

OUTPUT

Von High Output Voltage Figure 1 Vpp—0.025 \

VoL Low Output Voltage Figure 1 0.025 \

Ro Output Resistance, loyt = 10mA, Vpp = 18V 3 5 Q

Output Low
Ro Output Resistance, loyt = 10mA, Vpp = 18V 2.3 5 Q
Output High

SWITCHING TIME (Note 3)

tr Rise Time Figure 1, C| = 2500pF 32 60 nS

tg Fall Time Figure 1, C| = 2500pF 34 60 nS

tpq Delay Time Figure 1 50 100 nS

tpo Delay Time Figure 1 65 100 nS

POWER SUPPLY

Is Power Supply Current ViN=3V 0.45 15 mA
ViN=0V 0.06 04 mA

Vpp Operating Input Voltage 4.5 18 \'

NOTE 1:  Functional operation above the absolute maximum stress ratings is not implied.

NOTE 2:  Static-sensitive device. Store only in conductive containers. Handling personnel and equipment should be grounded to
prevent damage from static discharge.

NOTE 3:  Switching times guaranteed by design.

Vop = 18V
J
e % "
1 s oo 90%
i INPUT
01F = = 0.1pF
. 10%
B 0.4V w2 104 Lt top
2 6 gha
INPUT 0 Dc +—0 OUTPUT 18V 50% 90%
7 T OUTPUT
MIC4429 $CL=2500pF W — 0% —10%
4] 5

v Figure 1. Switching Time Test Circuit
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Micrel

Typical Characteristic Curves

Rise Time vs Supply Voltage Fall Time vs Supply Voltage Rise and Fall Times vs Temperature
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H | 7 g J / ST N
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40 =
10 10 35
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@ an — &J 56 z
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c 7
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w o 42 = 7
= >~ / ) /
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& 28 A ' 10 £
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10 [ s @ pa /
i’ = iy iV
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Typical Characteristic Curves (Cont.)
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Micrel

Applications Information

Supply Bypassing

Charging and discharging large capacitive loads quickly
requires large currents. For example, changing a 2500pF
load to 18V in 25nS requires a 1.8 A current from the device
power supply.

The MIC4420/4429 has double bonding on the supply pins,
the ground pins and output pins This reduces parasitic lead
inductance. Low inductance enables large currents to be
switched rapidly. It also reduces internal ringing that can
cause voltage breakdown when the driver is operated at or
near the maximum rated voltage.

Internal ringing can also cause output oscillation due to
feedback. This feedback is added to the input signal since
it is referenced to the same ground.

To guarantee low supply impedance over a wide frequency
range, a parallel capacitor combination is recommended for
supply bypassing. Low inductance ceramic disk capacitors
with short lead lengths (< 0.5 inch) should be used. A 1uF
low ESR film capacitor in parallel with two 0.1 uF low ESR
ceramic capacitors, (such as AVX RAM GUARD®), pro-
vides adequate bypassing. Connect one ceramic capacitor
directly between pins 1 and 4. Connect the second ceramic
capacitor directly between pins 8 and 5.

Grounding

The high current capability of the MIC4420/4429 demands
careful PC board layout for best performance Since the
MIC4429 is an inverting driver, any ground lead impedance
willappear as negative feedback which can degrade switch-

5
° (x2) IN4448
5.6 kQ

— 0

50V BYV 10 (x 2)

[|E
1l
220 yuF 50V +

35 uF 50V
UNITED CHEMCON SXE

ing speed. Feedback is especially noticeable with slow-rise
time inputs. The MIC4429 input structure includes 300mV
of hysteresis to ensure clean transitions and freedom from
oscillation, but attention to layout is still recommended.

Figure 5 shows the feedback effectin detail. As the MIC4429
input begins to go positive, the output goes negative and
several amperes of current flow in the ground lead. As little
as 0.05Q of PC trace resistance can produce hundreds of
millivolts at the MIC4429 ground pins. If the driving logic is
referenced to power ground, the effective logic input levelis
reduced and oscillation may result.

To insure optimum performance, separate ground traces
should be provided for the logic and power connections.
Connecting the logic ground directly to the MIC4429 GND
pins will ensure full logic drive to the input and ensure fast
output switching. Both of the MIC4429 GND pins should,
however, still be connected to power ground.

@4 DRIVE SIGNAL p——{

CONDUCTION ANGLE DRIVE P
CONTROL 07 T0 180° >~ LOGIC 1 3
CONDUCTION ANGLE Voo
CONTROL 180° TO 360°
% F Vop
|M|C4420 > . N—%

O OF 3 PHASE MOTOR
Figure 3. Direct Motor Drive

DRIVER USING MiC4420/4429

OUTPUT VOLTAGE vs LOAD CURRENT
30

29

28

VOLTS

30 Q LINE
27

26 N

\\

0 20 40 60 80 100 120 140
mA

Figure 4. Self Contained Voltage Doubler
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Input Stage

The input voltage level of the 4429 changes the quiescent
supply current. The N channel MOSFET input stage tran-
sistor drives a 450uA current source load. With a logic “1”
input, the maximum quiescent supply current is 450uA.
Logic “0” input level signals reduce quiescent current to
551A maximum.

The MIC4420/4429 input is designed to provide 300mV of
hysteresis. This provides clean transitions, reduces noise
sensitivity, and minimizes output stage current spiking
when changing states. Input voltage threshold level is
approximately 1.5V, making the device TTL compatible
over the 4 .5V to 18V operating supply voltage range. Input
current is less than 10pA over this range.

The MIC4429 can be directly driven by the TL494, SG1526/
1527, SG1524, TSC170, MIC38HC42 and similar switch
mode power supply integrated circuits. By offloading the
power-driving duties to the MIC4420/4429, the power sup-
ply controller can operate at lower dissipation. This can
improve performance and reliability.

The input can be greater than the *Vg supply, however,
current will flow into the input lead. The propagation delay
for Tpo will increase to as much as 400nS at room tempera-
ture. The input currents can be as high as 30mA p-p
(6.4mARms) with the input, 6 V greater than the supply
voltage. No damage will occur to MIC4420/4429 however,
and it will not latch.

The input appears as a 38pF capacitance, and does not
change even if the input is driven from an AC source. Care
should be taken so that the input does not go more than 5
volts below the negative rail.

Power Dissipation

CMOS circuits usually permit the user to ignore power
dissipation. Logic families such as 4000 and 74C have
outputs which can only supply a few milliamperes of current,
and even shorting outputs to ground will not force enough

+18
T wiva
MKS-2
o
—
S0V l TEK CURRENT 18V
\ g PROBE 6302
6.7
M|C442£>o—
ov s - ov
0.1uF 4 0.1uF
I L 2,500 pF
’ POLYCARBONATE
LOGIC 6 AMPS
GROUND
300 mV PC TRACE RESISTANCE = 0.05Q
POWER
GROUND

Figure 5. Switching Time Degradation Due to
Negative Feedback

current to destroy the device. The MIC4420/4429 on the
other hand, can source or sink several amperes and drive
large capacitive loads at high frequency. The package
power dissipation limit can easily be exceeded. Therefore,
some attention should be given to power dissipation when
driving low impedance loads and/or operating at high fre-
quency.

The supply current vs frequency and supply current vs
capacitive load characteristic curves aid in determining
power dissipation calculations. Table 1 lists the maximum
safe operating frequency for several power supply voltages
when driving a 2500pF load. More accurate power dissipa-
tion figures can be obtained by summing the three dissipa-
tion sources.

Given the power dissipation in the device, and the thermal
resistance of the package, junction operating temperature
for any ambient is easy to calculate. For example, the
thermal resistance of the 8-pin CerDIP package, from the
data sheet, is 150°C/W. In a 25°C ambient, then, using a
maximum junction temperature of 150°C, this package will
dissipate 800mW.

Accurate power dissipation numbers can be obtained by
summing the three sources of power dissipation in the
device:

¢ Load Power Dissipation (PL)
* Quiescent power dissipation (PQ)
¢ Transition power dissipation (PT)

Calculation of load power dissipation differs depending on
whether the load is capacitive, resistive or inductive.

Resistive Load Power Dissipation

Dissipation caused by a resistive load can be calculated as:
PL=12RpoD

where:

| = the current drawn by the load
Rop = the output resistance of the driver when the output
is high, at the power supply voltage used. (See data
sheet)
D = fraction of time the load is conducting (duty cycle)

Table 1: MIC4429 Maximum
Operating Frequency

Vs Max Frequency
18V 500kHz
15V 700kHz
10V 1.6MHz

5V 6.5MHz

Conditions: 1. CerDIP Package (6)a = 150°C/W)
2. TA=25°C
3. CL = 2500pF
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Capacitive Load Power Dissipation

Dissipation caused by a capacitive loadis simply the energy
placed in, or removed from, the load capacitance by the
driver. The energy stored in a capacitor is described by the
equation:

E=1/2CV2

As this energy is lost in the driver each time the load is
charged or discharged, for power dissipation calculations
the 1/2 is removed. This equation also shows that it is good
practice not to place more voltage on the capacitor than is
necessary, as dissipation increases as the square of the
voltage applied to the capacitor. For a driver with a capaci-
tive load:

PL=FC (V*g)?
where:

F = Operating Frequency
C = Load Capacitance
V+g = Driver Supply Voltage

Inductive Load Power Dissipation

For inductive loads the situation is more complicated. For
the part of the cycle in which the driver is actively forcing
current into the inductor, the situation is the same asitis in
the resistive case:

PL1=12RoD

However, in this instance the Rp required may be either the
on resistance of the driver when its output is in the high
state, or its on resistance when the driver is in the low state,
depending on how the inductor is connected, and this is still
only half the story. For the part of the cycle when the
inductor is forcing current through the driver, dissipation is
best described as

P2 =1Vp (1-D)

where Vp is the forward drop of the clamp diode in the driver
(generally around 0.7V). The two parts of the load dissipa-
tion must be summed in to produce P

PL=PL1+PL2
Quiescent Power Dissipation

Quiescent power dissipation (Pq, as described in the input
section) depends on whether the input is high or low. A low
input will result in a maximum current drain (per driver) of
<0.2mA; alogic high will result in a current drain of <2.0mA.
Quiescent power can therefore be found from:

Pqo=V*s[D I+ (1-D) IL]

where:

Iy = quiescent current with input high

IL = quiescent current with input low

D = fraction of time input is high (duty cycle)
V+g = power supply voltage

Transition Power Dissipation

Transition power is dissipated in the driver each time its
output changes state, because during the transition, for a
very brief interval, both the N- and P-channel MOSFETs in
the output totem-pole are ON simultaneously, and a current
is conducted through them from V*g to ground. The transi-
tion power dissipation is approximately:

PT =F V*g (AsS)
where (AS) is a time-current factor derived from Figure 7.
Total power (Pp) then, as previously described is:
Pp=PL+Pq+PT
Definitions
Load Capacitance in Farads.

D = Duty Cycle expressed as the fraction of time the
input to the driver is high.

F = Operating Frequency of the driver in Hertz

Iy = Power supply current drawn by a driver when
both inputs are high and neither output is loaded.

IL= Power supply current drawn by a driver when
both inputs are low and neither output is loaded.

Ip = Output current from a driver in Amps.
Total power dissipated in a driver in Watts.

Power dissipated in the driver due to the driver’s
load in Watts.

Power dissipated in a quiescent driver in Watts.

Power dissipated in a driver when the output
changes states (“shoot-through current”) in Watts.
NOTE: The “shoot-through” current from a dual
transition (once up, once down) for both drivers
is stated in Figure 7 in ampere-nanoseconds.
This figure must be multiplied by the number of

repetitions per second (frequency) to find Watts.
Rp = Output resistance of a driver in Ohms.

Power supply voltage to the IC in Volts.
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Figure 6. Peak Output Current Test Circuit
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MIC4421/4422
High-Speed, High-Current MOSFET Driver

Bipolar/CMOS/DMOS Process

General Description Features

MIC4421 and MIC4422 MOSFET drivers are rugged, effi- ¢ BiICMOS/DMOS Construction ,
cient, and easy to use. The MIC4421 is an inverting driver, ~ * Latch-Up Proof: Fully Isolated Process is Inherently

while the MIC4422 is a non-inverting driver. Immune to Any Latch-up. )
¢ Input Will Withstand Negative Swing of Up to 5V

Both versions are capable of 9A (peak) output and can  « Matched Rise and Fall Times ............ccceevveveeenne. 25nS
drive the largest MOSFETSs with an improved safe operat-  « High Peak Output Current.... 9A Peak
ing margin. The MIC4421/4422 accepts any logic input  « Wide Operating Range ........ ..4.5V to 18V
from 2.4V 1o Vypy without external speed-up capacitors or  « High Capacitive Load Drive ..............ccooc....... 47,000pF
resistor networks. Proprietary circuits allow the input to o Low Delay TIMe ....ccocevevveevercrienrereseeennien. 30nS Typ.
swing negative by as much as 5V without damaging the  « Logic High Input for Any Voltage from 2.4V to Vp
part. Additional circuits protect against damage from elec-  « Low Supply Current............. 450uA With Logic 1 Input
trostatic discharge. e Low Output Impedance............cccocvcviiiiininninnne 1.5Q

) A ¢ Output Voltage Swing to Within 25mV of GND or Vp
MIC4421/4422 drivers can replace three or more discrete MIL-STD-883 Method 5004/5005 Version Available

components, reducing PCB area requirements, simplify-

ing product design, and reducing assembly cost. Applications n
Modern Bipolar/fCMOS/DMOS construction guarantees ) .

freedom from latch-up. The rail-to-rail swing capability of * Switch Mode IPower Supplies

CMOS/DMOS insures adequate gate voltage to the MOS- : l;/loltor 'I(’; ontr? s Dri

FET during power up/down sequencing. Since these de- . Iu se Drgng °L’.“er nwla_fr'

vices are fabricated on a self-aligned process, they have . Ei::sbrive:\gtc ing Amplifiers

very low crossover current, run cool, use little power, and

are easy to drive. ¢ Driving MOSFET or IGBT Parallel Chip Modules

e Local Power ON/OFF Switch
¢ Pulse Generators

Functional Diagram

O Vop
MIC4421
04mA  INVERTING
—
x [
300mV | -
: IO OUTPUT
| | -
INPUT O——1 il
| NONINVERTING —
— MIC4422
T
|
D 4
OrrecTive
INPUT C 7pF
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Ordering Information
Part No. Temperature Range Package Configuration
MIC4421CN 0°C to +70°C 8-Pin PDIP Inverting
MIC4421BN —40°C to +85°C 8-Pin PDIP Inverting
MIC4421CM 0°C to +70°C 8-Pin SOIC Inverting
MIC4421BM —40°C to +85°C 8-Pin SOIC Inverting
MIC4421BJ —40°C to +85°C 8-Pin CerDIP Inverting
MIC4421AJ -55°C to +125°C 8-Pin CerDIP Inverting
MIC4421AJB* -55°C to +125°C 8-Pin CerDIP Inverting
MIC4421AF —55°C to +125°C | 10-Pin Flat Pack Inverting
MIC4421CT 0°C to +70°C 5-Pin TO-220 Inverting
MIC4422CN 0°C to +70°C 8-Pin PDIP Non-Inverting
MIC4422BN —40°C to +85°C 8-Pin PDIP Non-Inverting
MIC4422CM 0°C to +70°C 8-Pin SOIC Non-Inverting
MIC4422BM —40°C to +85°C 8-Pin SOIC Non-Inverting
MIC4422BJ —40°C to +85°C 8-Pin CerDIP Non-Inverting
MIC4422AJ -55°C to +125°C 8-Pin CerDIP Non-Inverting
MIC4422AJB* -55°C to +125°C 8-Pin CerDIP Non-Inverting
MIC4422AF -55°C to +125°C | 10-Pin Flat Pack Non-Inverting
MIC4422CT 0°C to +70°C 5-Pin TO-220 Non-Inverting
* AJB indicates units screened to MIL-STD 883, Method 5004, condition B, and burned-in for 1 week.
Pin Configurations
Flat Pack CT DIP SOIC
Vop ———,, (@) Voo 8] Voo Vop |1 [e] Voo
INPUT ——7 —————— OUTPUT INPUT OUTPUT |NpUT [ 7] outPuT
G'l:llg —————— —————— g:—I;PUT NG E OuTPUT NG E E OUTRUT
NC ———— [———INC GND n GND GND E E GND
H H H H H Tabis
Common
to Vpp
52825 NOTE: Duplicate pins must both be connected
go>ol for proper operation.
- 3
Absolute Maximum Ratings (Notes 1,2 and 3)
Power Dissipation, TappgenT < 25°C Thermal Impedances (To Case)
PDIP 1w 5-Pin TO-220 Ry . 10°C/W
SOIC 500mW  Storage Temperature -65°C to +150°C
CerDIP 800 mW  Qperating Temperature (Chip) 150°C
5-P|r) TQ-2?0 1.5W  Operating Temperature (Ambient)
Power PISSIpatlon, Tease £25°C C Version 0°C to +70°C
5-Pin TO-220 12.5W B Version -40°C to +85°C
Derating Factors (To Ambient) A Version —55°C to +125°C
PDIP 8 mW/°C | ead Temperature (10 sec) 300°C
soIC 4mW/°C  Supply Voltage 20V
CerDIP 6.4mW/°C  Input Voltage Vpp + 0.3V to GND — 5V
5-Pin TO-220 12mW/°C  Input Current (V| > Vpp) 50 mA
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Electrical Characteristics: (1, =25°C with 4.5V < Vpp < 18 V unless otherwise specified.)

Symbol lParameter Conditions r Min I Typ | Max Tjnits

INPUT

Viu Logic 1 Input Voltage 2.4 '

ViL Logic O Input Voltage 0.8 v

V)N (Max) | Input Voltage Range -5 Vppt+03 | V

N Input Current 0V<V|N<Vpp -10 10 HA

OUTPUT

VoH High Output Voltage See Figure 1 Vpp—0.025 \Y

VoL Low Output Voltage See Figure 1 0.025 \"

Ro Output Resistance, loyTr=10mA, Vpp =18V 0.9 1.7 Q
OQutput Low

Ro Output Resistance, loyT=10mA, Vpp =18V 1.0 25 Q
Output High

Ipk Peak Output Current Vpp = 18 V (See Figure 5) 9 A

Ipc Continuous Output Current 2 A

IR Latch-Up Protection Duty Cycle < 2% >1500 mA
Withstand Reverse Current t< 300 uS

SWITCHING TIME (Note 3)

tr Rise Time Test Figure 1, C; = 10,000 pF 25 75 nS

te Fall Time Test Figure 1, C_= 10,000 pF 25 75 nS

tpy Delay Time Test Figure 1 30 60 nS

tpo Delay Time Test Figure 1 33 60 nS

Power Supply

Is Power Supply Current ViN=3V 0.4 15 mA

ViN=0V 80 150 A
Vop Operating Input Voltage 4.5 18 Vv
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Electrical Characteristics: (over operating temperature range with 4.5V < Vpp < 18V unless otherwise specified.)

| Symbol lErameter | Conditions Min | Typ | Max h)nits

INPUT

ViH Logic 1 Input Voltage 24 \

ViL Logic 0 Input Voltage 0.8 \

V|n (Max) [ Input Voltage Range -5 >Vpp v

N Input Current 0V<ViN<Vpp -10 10 HA

OUTPUT

VoH High Output Voltage Figure 1 Vpp—0.025 \Y

VoL Low Output Voltage Figure 1 0.025 \

Ro Output Resistance, louT = 10mMA, Vpp = 18V 1.4 3.6 Q

Output Low
Ro Output Resistance, louyT = 10mA, Vpp = 18V 1.5 2.7 Q
Output High

SWITCHING TIME (Note 3)

tR Rise Time Figure 1, C|_=10,000pF 30 120 nS

te Fall Time Figure 1, C|_=10,000pF 40 120 nS

tpq Delay Time Figure 1 30 80 nS

tpo Delay Time Figure 1 40 80 nS

POWER SUPPLY

Is Power Supply Current Vin =3V 0.6 3 mA
VN =0V 0.1 0.2 mA

Vpp Operating Input Voltage 4.5 18 \Y

NOTE 1 Functional operation above the absolute maximum stress ratings is not implied.

prevent damage from static discharge.

1 8
0.1uF .

Switching times guaranteed by design.

C,_ = 10,000pF

Figure 1. Switching Time Test Circuit

Input: 100kHz square wave,
trise = tFALL < 10nS

Static-sensitive device. Store only in conductive containers. Handling personnel and equipment should be grounded to
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Typical Characteristic Curves
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MIC4421/4422 Micrel
Typical Characteristic Curves (Cont.)
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Applications Information

Supply Bypassing

Charging and discharging large capacitive loads quickly
requires large currents. For example, charging a 10,000pF
load to 18V in 50nS requires 3.6A.

The MIC4421/4422 has double bonding on the supply pins,
the ground pins and output pins. This reduces parasitic lead
inductance. Low inductance enables large currents to be
switched rapidly. It also reduces internal ringing that can
cause voltage breakdown when the driver is operated at or
near the maximum rated voltage.

Internal ringing can also cause output oscillation due to
feedback. This feedback is added to the input signal since
it is referenced to the same ground.

To guarantee low supply impedance over a wide frequency
range, a parallel capacitor combination is recommended for
supply bypassing. Low inductance ceramic disk capacitors
with short lead lengths (< 0.5 inch) should be used. A 1uF
low ESR film capacitor in parallel with two 0.1uF low ESR
ceramic capacitors, (such as AVX RAM GUARD®), pro-
vides adequate bypassing. Connect one ceramic capacitor
directly between pins 1 and 4. Connect the second ceramic
capacitor directly between pins 8 and 5.

Grounding

The high current capability of the MIC4421/4422 demands
careful PC board layout for best performance. Since the
MIC4421 is an inverting driver, any ground lead impedance
will appear as negative feedback which can degrade switch-
ing speed. Feedback is especially noticeable with slow-rise

time inputs. The MIC4421 input structure includes about
300mV of hysteresis to ensure clean transitions and free-
dom from oscillation, but attention to layout is still recom-
mended.

Figure 5 shows the feedback effectin detail. As the MIC4421
input begins to go positive, the output goes negative and
several amperes of current flow in the ground lead. As little
as 0.05Q of PC trace resistance can produce hundreds of
millivolts at the MIC4421 ground pins. If the driving logic is
referenced to power ground, the effective logicinput levelis
reduced and oscillation may result.

To insure optimum performance, separate ground traces
should be provided for the logic and power connections.
Connecting the logic ground directly to the MIC4421 GND
pins will ensure full logic drive to the input and ensure fast
output switching. Both of the MIC4421 GND pins should,
however, still be connected to power ground.

Voo
WF
%
MiC4421
R

Voo
Voo
l\t i Voo
Mic4422 ‘ m@
@ OF 3 PHASE MOTOR
DRIVER USING MIC4421/4422

@4 DRIVE SIGNAL
CONDUCTION ANGLE
CONTROL 0° TO 180°

CONDUCTION ANGLE
CONTROL 180° TO 360°

DRIVE
LOGIC

<H

Figure 3. Direct Motor Drive

+15
o (x2) 1N4448
5.6k
KR, OUTPUT VOLTAGE vs LOAD CURRENT
560 Q 30
29
,,I n 28
1uF H
120 LINE
50V BYV 10 (x 2 Q
% MKS 2 (x2) g o7
[ 26 ™. N
J1 »s N
560uF 50V b 0 50 100 150 200 250 300 350

100uF 50V
UNITED CHEMCON SXE

mA

Figure 4. Self Contained Voltage Doubler
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Input Stage

The input voltage level of the MIC4421 changes the quies-
cent supply current. The N channel MOSFET input stage
transistor drives a 320uA current source load. With a logic
“1” input, the maximum quiescent supply current is 400pA.
Logic “0” input level signals reduce quiescent current to
80pA typical.

The MIC4421/4422 input is designed to provide 300mV of
hysteresis. This provides clean transitions, reduces noise
sensitivity, and minimizes output stage current spiking
when changing states. Input voltage threshold level is
approximately 1.5V, making the device TTL compatible
over the full temperature and operating supply voltage
ranges. Input current is less than £10pA.

The MIC4421 can be directly driven by the TL494, SG1526/
1527, SG1524, TSC170, MIC38C42, and similar switch
mode power supply integrated circuits. By offloading the
power-driving duties to the MIC4421/4422, the power sup-
ply controller can operate at lower dissipation. This can
improve performance and reliability.

The input can be greater than the Vp supply, however,
current will flow into the input lead. The input currents can
be as high as 30mA p-p (6.4mARms) with the input. No
damage will occur to MIC4421/4422 however, and it will not
latch.

The input appears as a 7pF capacitance and does not
change evenif the input is driven from an AC source. While
the device will operate and no damage will occur up to 25V
below the negative rail, input current will increase up to
1mA/V due to the clamping action of the input, ESD diode,
and 1kQ resistor.

Power Dissipation

CMOS circuits usually permit the user to ignore power
dissipation. Logic families such as 4000 and 74C have
outputs which can only supply a few milliamperes of current,
and even shorting outputs to ground will not force enough
current to destroy the device. The MIC4421/4422 on the

+18

1 WIMA
MKS-2

1uF

SOV TEK CURRENT 18Y
PROBE 6302
MIC4421
ov - ov
0.14F 0.1uF 2,500 pF
POLYCARBONATE
LOGIC 6 AMPS
GROUND

300 mV PC TRACE RESISTANCE = 0.05Q

POWER

1
GROUND f’_j

Figure 5. Switching Time Degradation Due to
Negative Feedback

other hand, can source or sink several amperes and drive
large capacitive loads at high frequency. The package
power dissipation limit can easily be exceeded. Therefore,
some attention should be given to power dissipation when
driving low impedance loads and/or operating at high fre-
quency.

The supply current vs. frequency and supply current vs
capacitive load characteristic curves aid in determining
power dissipation calculations. Table 1 lists the maximum
safe operating frequency for several power supply voltages
when driving a 10,000pF load. More accurate power dissi-
pation figures can be obtained by summing the three
dissipation sources.

Given the power dissipation in the device, and the thermal
resistance of the package, junction operating temperature
for any ambient is easy to calculate. For example, the
thermal resistance of the 8-pin CerDIP package, from the
data sheet, is 150°C/W. In a 25°C ambient, then, using a
maximum junction temperature of 150°C, this package will
dissipate 800mW.

Accurate power dissipation numbers can be obtained by
summing the three sources of power dissipation in the
device:

¢ Load Power Dissipation (P.)
* Quiescent power dissipation (Pq)
¢ Transition power dissipation (Pr)

Calculation of load power dissipation differs depending on
whether the load is capacitive, resistive or inductive.

Resistive Load Power Dissipation

Dissipation caused by a resistive load can be calculated as:
PL=12Ro D

where:

| = the current drawn by the load
Ro = the output resistance of the driver when the output
is high, at the power supply voltage used. (See data
sheet)
D= fraction of time the load is conducting (duty cycle)

Table 1: MIC4421 Maximum
Operating Frequency

Vg Max Frequency
18V 220kHz
15V 300kHz
10V 640kHz
5V 2MHz
Conditions: 1. CerDIP Package (6 = 150°C/W)
2. Ta=25°C

3. CL =10,000pF
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Capacitive Load Power Dissipation

Dissipation caused by a capacitive load is simply the energy
placed in, or removed from, the load capacitance by the
driver. The energy stored in a capacitor is described by the
equation:

E=1/2C V2

As this energy is lost in the driver each time the load is
charged or discharged, for power dissipation calculations
the 1/2 is removed. This equation also shows that it is good
practice not to place more voltage in the capacitor than is
necessary, as dissipation increases as the square of the
voltage applied to the capacitor. For a driver with a capaci-
tive load:

PL=F C (V*s)?
where:

F = Operating Frequency
C = Load Capacitance
V+g = Driver Supply Voltage

Inductive Load Power Dissipation

For inductive loads the situation is more complicated. For
the part of the cycle in which the driver is actively forcing
current into the inductor, the situation is the same as itis in
the resistive case:

PLi=12Ro D

However, in this instance the Rg required may be either the
on resistance of the driver when its output is in the high
state, or its on resistance when the driver is in the low state,
depending on how the inductor is connected, and this is still
only half the story. For the part of the cycle when the
inductor is forcing current through the driver, dissipation is
best described as

Po=1Vp(1-D)

where Vp is the forward drop of the clamp diode in the driver
(generally around 0.7V). The two parts of the load dissipa-
tion must be summed in to produce P

PL= P|_1 + PL2
Quiescent Power Dissipation

Quiescent power dissipation (Pq, as described in the input
section) depends on whether the input is high or low. A low
input will result in a maximum current drain (per driver) of
< 0.2mA; alogic high will resultina currentdrain of <3.0mA.
Quiescent power can therefore be found from:

Po=V*s[DIy+(1-D) ]

where:

Iq = quiescent current with input high

IL= quiescent current with input low

D = fraction of time input is high (duty cycle)
V+g = power supply voltage

Transition Power Dissipation

Transition power is dissipated in the driver each time its
output changes state, because during the transition, for a
very brief interval, both the N- and P-channel MOSFETs in
the output totem-pole are ON simultaneously, and a current
is conducted through them from V*g to ground. The transi-
tion power dissipation is approximately:

Pt =F V*g (AeS)

where (AeS) is a time-current factor derived from the typical
characteristic curve “Crossover Energy vs. Supply Volt-
age.”

Total power (Pp) then, as previously described is just
Pp=P_L+Pq+Pt

Definitions

Load Capacitance in Farads.

D = Duty Cycle expressed as the fraction of time the
input to the driver is high.

F = Operating Frequency of the driver in Hertz

ly= Power supply current drawn by a driver when
both inputs are high and neither output is loaded.

IL= Power supply current drawn by a driver when
both inputs are low and neither output is loaded.

Ip = Output current from a driver in Amps.

Pp = Total power dissipated in a driver in Watts.

P = Power dissipated in the driver due to the driver’s
load in Watts.

Pq = Power dissipated in a quiescent driver in Watts.

Pt = Power dissipated in a driver when the output
changes states (“shoot-through current”) in Watts.
NOTE: The “shoot-through” current from a dual
transition (once up, once down) for both drivers
is stated in Figure 7 in ampere-nanoseconds.
This figure must be multiplied by the number of
repetitions per second (frequency) to find Watts.

Ro = Output resistance of a driver in Ohms.

V+g = Power supply voltage to the IC in Volts.
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Figure 6. Peak Output Current Test Circuit
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MIC4423/4424/4425
3A Dual High Speed MOSFET Driver

Bipolar/CMOS/DMOS Process

General Description

The MIC4423/4424/4425 family of parts are CMOS buffer/
drivers built using a highly reliable BCD process. They are
higher output current versions of the new MIC4426 family of
buffer/drivers, which, in turn, are improved versions of the
MIC426/427/428 family. All three families are pin-compatible.
The MIC4423/24/25 drivers are capable of giving reliable
service in far more demanding electrical environments than
their antecedents. They will not latch under any conditions
within their power and voltage ratings. They are not subject to
damage when up to 5V of noise spiking, of either polarity,
occurs on the ground pin. They can accept, without either
damage or logic upset, up to half an amp of reverse current (of
either polarity) being forced back into their outputs. All terminals
are fully protected against up to 2kV of electrostatic discharge.

As aresult, the MIC4423/24/25 series drivers are much easier
to use, more flexible in operation, and much more forgiving
than any other driver, CMOS or bipolar, currently available.
Because they are fabricated in BICMOS/DMOS, they dissipate
a minimum of power, and provide rail-to-rail voltage swings to
better insure the logic state of any load they drive.

Although primarily intended for driving power MOSFETSs, the
4423/4424/4425 series drivers are equally well suited to
driving any other load (capacitive, resistive, or inductive)
which requires a low-impedance driver capable of high peak
currents and fast switching times. For example, heavily loaded
clocklines, coaxial cables, or piezoelectric transducers all can
be driven from the MIC4423/24/25. The only known limitation
on loading is that total power dissipated in the driver must be
kept within the maximum power dissipation limits of the
package.

Features

e Built using reliable, low power Bipolar/CMOS/DMOS
process

¢ Latch-Up Protected: Withstands >500mA Reverse Current
* Logic Input Will Withstand Negative Swing to -5V
o  ESD Protected .........coceoviiiiiiniiinrce e
* High Peak Output Current .
*  Wide Operating Range ............ccceeuvecuinnenne 4.5V to 18V
e High Capacitive Load
Drive Capability ..........cccoceevueiiuiircnnens 1800pF in 25nS

e Short Delay TiMes .......ccccceeveveriiieiniiienes <40nS typ.
» Consistent Delay Times with Changes in Supply Voltage
* Matched Rise and Fall Times
* Logic High Input for Any Voltage From 2.4V to Vg*
* Logic Input Threshold Independent of Supply Voltage
e Low Supply Current

3.5mA with Logic 1 Input

350uA with Logic O Input
e Low Output Impedance ...........ccccceeeenenennenn 3.5Q typ.
*  Output Voltage Swing to Within 25mV of Ground or Vg*
¢ Pin-Out Same as MIC426/427/428

Available in Inverting, Non-Inverting, and Differential
Configurations
¢ MIL-STD-883 Method 5004/5005 version available

As MOSFET drivers, the MIC4423/24/25 can easily switch
1000pF gate capacitances in under 30nS, and provide low
enough impedances in both the ON and OFF states to assure
that a MOSFET'’s intended state will not be affected even by
large transients.

Functional Diagram

V*g +5V OR 22V
(WHICHEVER IS LESS) /x/

INPUT D—Q~J

A
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GND —

!
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>—|:\ OUTPUT

OUTPUTS

—
1

EFFECTIVE
INPUT C 20pF (each input)
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MIC4423/4424/4425
Ordering Information

Part Number Temperature Range Package Configuration
MIC4423CWM 0°C to +70°C 16-Pin SO Wide Dual Inverting
MIC4423BWM —40°C to +85°C
MIC4423CN 0°C to +70°C 8-Pin Plastic DIP Dual Inverting
MIC4423BN —40°C to +85°C
MiC4423BJ —25°C to +85°C 8-Pin CerDIP Dual Inverting
MIC4423AJ —55°C to +125°C
MIC4423AJB* —55°C to +125°C
MIC4424CWM 0°C to +70°C 16-Pin SO Wide Dual Non-Inverting
MIC4424BWM —40°C to +85°C
MIC4424CN 0°C to +70°C 8-Pin Plastic DIP Dual Non-Inverting
MIC4424BN —40°C to +85°C
MIC4424BJ —25°C to +85°C 8-Pin CerDIP Dual Non-Inverting
MIC4424AJd —55°C to +125°C
MIC4424AJB* —55°C to +125°C
MIC4425CWM 0°C to +70°C 16-Pin SO Wide | Inverting + Non Inverting
MIC4425BWM —40°C to +85°C
MIC4425CN 0°C to +70°C 8-Pin Plastic DIP | Inverting + Non Inverting
MIC4425BN —40°C to +85°C
MIC4425BJ —25°C to +85°C 8-Pin CerDIP Inverting + Non Inverting
MIC4425AJ —55°C to +125°C
MiC4425AJB* -55°C to +125°C

* AJB indicates units screened to MIL-STD 883, Method 5004, condition B, and burned-in for 1-week.

Absolute Maximum Ratings

(Notes 1, 2, and 3)

If Military/Aerospace specified devices are required,
contact Micrel for availability and specifications.

Supply Voltage
Maximum Chip Temperature
Storage Temperature Range
Lead Temperature (10 sec.)
Package Thermal Resistance
CERDIP Rgy.a
CERDIP Rgy-c
PDIP Rgy-a
PDIP Rgy-c
SOIC Rgy-A
SOIC Rgy-c
Operating Temperature Range
C Version
B Version
A Version

22V

150°C

—65°C to 150°C
300°C

150°C/W
50°C/W
125°C/W
42°C/W
250°C/W
75°C/W

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

Package Power Dissipation

1000

800

PDIP
SLOPE = -8mW/°C

600

\ | CERDIP
SLOPE = -6.4mW/°C

Pp (mW)

400

~N

N

200 SLOPE = -4mW/°C|

SoIC

AN

N

25

50 75 100 125
AMBIENT TEMPERATURE (°C)

150
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MIC4423/4424/4425 Electrical Characteristics:
Specifications measured at Tp = 25°C with 4.5V < Vg < 18V unless otherwise specified.
Symbol Parameter Conditions I Min | Typ | Max | Units
INPUT
ViH Logic 1 Input Voltage 2.4 Y
ViL Logic 0 Input Voltage 0.8 Vv
IIN Input Current -5V <V|N<S Vg -1 1 LA
OUTPUT
VOH High Output Voltage Vg—0.025 Y
VoL Low Output Voltage 0.025 \Y
Ro Output Resistance HI State louT = 10mA, Vg = 18V 2.8 5 Q
Ro Output Resistance LO State louT = 10MA, Vg = 18V 3.5 5 Q
Ipk Peak Output Current 3 A
| Latch-Up Protection
Withstand Reverse Current >500 mA
SWITCHING TIME
TR Rise Time Test Figure 1, C|_= 1800pF 23 35 nS
TF Fall Time Test Figure 1, C|_= 1800pF 25 35 nS
Tp1 Delay TIime Test Figure 1, C|_= 1800pF 33 75 nS
Tp2 Delay Time Test Figure 1, C|_= 1800pF 38 75 nS
POWER SUPPLY
Is Power Supply Current ViN = 3.0V (Both Inputs) 1.5 2.5 mA
Is Power Supply Current VIN = 0.0V (Both Inputs) 0.15 0.25 mA
MIC4423/4424/4425 Electrical Characteristics:
Specifications measured over operating temperature range with 4.5V < Vg < 18V unless otherwise specified.
Symbol Parameter Conditions I Min I Typ I Max I Units
INPUT
ViH Logic 1 Input Voltage 2.4 \
ViL Logic 0 Input Voltage 0.8 \
IIN Input Current -5<V|NS Vs -10 10 A
OUTPUT
VoH High Output Voltage Vg—-0.025 \
VoL Low Output Voltage 0.025 \Y
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MIC4423/4424/4425 Electrical Characteristics:

Specifications measured over operating temperature range with 4.5V < Vg < 18V unless otherwise specified.

Symbol Parameter Conditions J Min L Typ I Max l Units
OUTPUT
Ro Output Resistance, Output High| VN =0.8V

louT = 10mA, Vg = 18V 37 8 Q
Ro Output Resistance, Output Low | VN =2.4V

louT = 10MA, Vg = 18V 4.3 8 Q
SWITCHING TIME
TR Rise Time Test Figure 1, C|_= 1800pF 28 60 nS
TE Fall Time Test Figure 1, C|_ = 1800pF 32 60 nS
Tp1 Delay Time Test Figure 1, C_ = 1800pF 32 100 nS
Tb2 Delay Time Test Figure 1, C_ = 1800pF 38 100 nS
POWER SUPPLY
Is Power Supply Current VN = 3.0V (Both Inputs) 20 3.5 mA
Is Power Supply Current V|N = 0.0V (Both Inputs) 0.20 0.3 mA

Note 1: Functional operation above the absolute maximum stress ratings is not implied.

Note 2: Static Sensitive device. Unused devices must be stored in conductive material to protect devices from static discharge and static

fields.
Note 3: Switc

hing times guaranteed by design.
+5V
INPUT
Vg=18V
o
0.4V
T 4.7uF T 0.1uF 18V
OUTPUT
ov
24
INPUT ©- © OUTPUT
C| = 1800pF

1
w

P
> I

+5V

INPUT

0.4V

18v

OUTPUT

oV

INVERTING DRIVER

90%

Figure 1. Switching Time Test Circuit

NON-INVERTING DRIVER
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Typical Characteristic Curves (Continued)
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Typical Characteristic Curves (Continued)
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Application Information

Although the MIC4423/24/25 drivers have been specifically
constructed to operate reliably under any practical
circumstances, there are nonetheless details of usage which
will provide better operation of the device.

Supply Bypassing

Charging and discharging large capacitive loads quickly
requires large currents. For example, charging 2000pF from
0 to 15 volts in 20nS requires a constant current of 1.5A. In
practice, the charging current is not constant, and will usually
peak at around 3A. In order to charge the capacitor, the driver
must be capable of drawing this much current, this quickly,
from the system power supply. In turn, this means that as far
as the driver is concerned, the system power supply, as seen
by the driver, must have a VERY low impedance.

As a practical matter, this means that the power supply bus
must be capacitively bypassed at the driver with at least 100X
the load capacitance in order to achieve optimum driving
speed. It also implies that the bypassing capacitor must have
very low internal inductance and resistance at all frequencies
of interest. Generally, this means using two capacitors, one a
high-performance low ESR film, the other a low internal
resistance ceramic, as together the valleys in their two
impedance curves allow adequate performance over a broad
enough band to get the job done. PLEASE NOTE that many
film capacitors can be sufficiently inductive as to be useless
for this service. Likewise, many multilayer ceramic capacitors
have unacceptably high internal resistance. Use capacitors
intended for high pulse current service. (in-house we use
WIMA™ film capacitors and AVX Ramguard™ ceramics.
Several other manufacturers of equivalent devices exist.) The
high pulse current demands of capacitive drivers also mean
that the bypass capacitors must be mounted very close to the
driverin order to prevent the effects of lead inductance or PCB
land inductance from nullifying what you are trying to
accomplish. For optimum results the sum of the lengths of the
leads and the lands from the capacitor body to the driver body
should total 2.5cm or less.

Bypass capacitance, and its close mounting to the driver
serves two purposes. Not only does it allow optimum
performance from the driver, it minimizes the amount of lead
length radiating at high frequency during switching, (due tothe
large A 1) thus minimizing the amount of EMI later available for
system disruption and subsequent cleanup. It should also be
noted that the actual frequency of the EMI produced by a
driver is not the clock frequency at which it is driven, but is
related to the highest rate of change of current produced
during switching, a frequency generally one or two orders of
magnitude higher, and thus more difficult to filter if you let it
permeate your system. Good bypassing practice is essential
to proper operation of high speed driver ICs.

Grounding

Both proper bypassing and proper grounding are necessary
for optimum driver operation. Bypassing capacitance only
allows a driver to turn the load ON. Eventually (except in rare

circumstances) it is also necessary to turn the load OFF. This
requires attention to the ground path. Two things other than
the driver affect the rate at which it is possible to turn a load
off: The adequacy of the grounding available for the driver,
and the inductance of the leads from the driver to the load. The
latter will be discussed in a separate section.

Best practice for a ground path is obviously a well laid out
ground plane. However, this is not always practical, and a
poorly-laid out ground plane can be worse than none. Attention
to the paths taken by return currents even in a ground plane
is essential. In general, the leads from the drivertoits load, the
driver to the power supply, and the driver to whateveris driving
it should all be as low in resistance and inductance as
possible. Of the three paths, the ground lead from the driver
to the logic driving it is most sensitive to resistance or
inductance, and ground current from the load are what is most
likely to cause disruption. Thus, these ground paths should be
arranged so that they never share a land, or do so for as short
a distance as is practical.

To illustrate what can happen, consider the following: The
inductance of a 2cm long land, 1.59mm (0.062") wide on a
PCB with no ground plane is approximately 45nH. Assuming
a dl/dt of 0.3A/nS (which will allow a current of 3A to flow after
10nS, and is thus slightly slow for our purposes) a voltage of
13.5 Volts will develop along this land in response to our
postulated AI. Fora 1cmland, (approximately 15nH) 4.5 Volts
isdeveloped. Eitherway, anyone using TTL-levelinputsignals
to the driver will find that the response of their driver has been
seriously degraded by a common ground path for input to and
output from the driver of the given dimensions. Note that this
is before accounting for any resistive drops in the circuit. The
resistive drop in a 1.59mm (0.062") land of 20z. Copper
carrying 3A will be about 4mV/cm (10mV/in) at DC, and the
resistance will increase with frequency as skin effect comes
into play.

The problem is most obvious in inverting drivers where the
input and output currents are in phase so that any attempt to
raise the driver's input voltage (in orderto turn the driver’sload
off) is countered by the voltage developed on the common
ground path as the driver attempts to do what it was supposed
to. It takes very little common ground path, under these
circumstances, to alter circuit operation drastically.

Output Lead Inductance

The same descriptions just given for PCB land inductance
apply equally well for the output leads from a driver to its load,
except that commonly the load is located much further away
from the driver than the driver’s ground bus.

Generally, the best way to treat the output lead inductance
problem, when distances greater than 4cm (2") are involved,
requires treating the output leads as a transmission line.
Unfortunately, as both the outputimpedance of the driver and
the inputimpedance ofthe MOSFET gate are atleast an order
of magnitude lower than the impedance of common coax,
using coax is seldom a cost-effective solution. A twisted pair
works about as well, is generally lower in cost, and allows use
of a wider variety of connectors. The second wire of the
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twisted pair should carry common from as close as possible
to the ground pin of the driver directly to the ground terminal
of the load. Do not use a twisted pair where the second wire
in the pair is the output of the other driver, as this will not
provide a complete current path for either driver. Likewise, do
not use a twisted triad with two outputs and a common return
unless both of the loads to be driver are mounted extremely
close to each other, and you can guarantee that they will never
be switching at the same time.

For output leads on a printed circuit, the general rule is to
make them as shortand as wide as possible. The lands should
also be treated as transmission lines: i.e. minimize sharp
bends, or narrowings in the land, as these will cause ringing.
For a rough estimate, on a 1.59mm (0.062") thick G-10 PCB
apairof opposing lands each 2.36mm (0.093") wide translates
to a characteristic impedance of about 50Q. Half that width
suffices on a 0.787mm (0.031") thick board. For accurate
impedance matching with a MIC4423/24/25 driver, on a
1.59mm (0.062") board a land width of 42.75mm (1.683")
would be required, due to the low impedance of the driver and
(usually) its load. This is obviously impractical under most
circumstances. Generally the tradeoff point between lands
and wires comes when lands narrower than 3.18mm (0.125")
would be required on a 1.59mm (0.062") board.

To obtain minimum delay between the driver and the load, it
is considered best to locate the driver as close as possible to
the load (using adequate bypassing). Using matching
transformers at both ends of a piece of coax, or several
matched lengths of coax between the driver and the load,
works in theory, but is not optimum.

Driving At Controlled Rates

Occasionally there are situations where a controlled rise or fall
time (which may be considerably longer than the normal rise
or fall time of the driver’s output) is desired for a load. In such
cases it is still prudent to employ best possible practice in
terms of bypassing, grounding and PCB layout, and then
reduce the switching speed of the load (NOT the driver) by
adding a noninductive series resistor of appropriate value
between the output of the driver and the load. For situations
where only rise or only fall should be slowed, the resistor can
be paralleled with a fast diode so that switching in the other
direction remains fast. Due to the Schmitt-trigger action of the
driver’s input it is not possible to slow the rate of rise (or fall)
of the driver’s input signal to achieve slowing of the output.

Input Stage

The input stage of the MIC4423/24/25 consists of a single-
MOSFET class A stage with an input capacitance of <38pF.
This capacitance represents the maximum load from the
driver that will be seen by its controlling logic. The drain load
on the input MOSFET is a —2mA current source. Thus, the
quiescent current drawn by the driver varies, depending on
the logic state of the input.

Following the input stage is a buffer stage which provides
~300mV of hysteresis for the input, to prevent oscillations

when slowly-changing input signals are used or when noise is
present on the input. Input voltage switching threshold is —
1.5V which makes the driver directly compatible with TTL
signals, or with CMOS powered from any supply voltage
between 3V and 15V.

The MIC4423/24/25 drivers can also be driven directly by the
SG1524/25/26/27, TL494/95, TL594/95, NE5560/61/62/68,
TSC170, MIC38C42, and similar switch mode power supply
ICs. By relocating the main switch drive function into the driver
rather than using the somewhat limited drive capabilities of a
PWM IC. The PWM IC runs cooler, which generally improves
its performance and longevity, and the main switches switch
faster, which reduces switching losses and increase system
efficiency.

The input protection circuitry of the MIC4423/24/25, in addition
to providing 2kV or more of ESD protection, also works to
prevent latchup or logic upset due to ringing or voltage spiking
on the logic input terminal. In most CMOS devices when the
logicinputrises above the power supply terminal, or descends
below the ground terminal, the device can be destroyed or
rendered inoperable until the power supply is cycled OFF and
ON. The MIC4423/24/25 drivers have been designed to
prevent this. Input voltages excursions as great as 5V below
ground will not alter the operation of the device. Input excursions
above the power supply voltage will result in the excess
voltage being conducted to the power supply terminal of the
IC. Because the excess voltage is simply conducted to the
power terminal, if the input to the driver is left in a high state
when the power supply to the driver is turned off, currents as
high as 30mA can be conducted through the driver from the
input terminal to its power supply terminal. This may overload
the output of whatever is driving the driver, and may cause
other devices that share the driver's power supply, as well as
the driver, to operate when they are assumed to be off, but it
will not harm the driver itself. Excessive input voltage will also
slow the driver down, and result in much longer internal
propagation delays within the drivers. Tpo, for example, may
increase to several hundred nanoseconds. In general, while
the driver will accept this sort of misuse without damage,
proper termination of the line feeding the driver so that line
spiking and ringing are minimized, will always result in faster
and more reliable operation of the device, leave less EMI to be
filtered elsewhere, be less stressful to other components in
the circuit, and leave less chance of unintended modes of
operation.

Power Dissipation

CMOS circuits usually permit the user to ignore power
dissipation. Logic families such as 4000 series and 74Cxxx
have outputs which can only source or sink a few milliamps of
current, and even shorting the output of the device to ground
or Vo may not damage the device. CMOS drivers, on the
other hand, are intended to source or sink several Amps of
current. This is necessary in order to drive large capacitive
loads at frequencies into the megahertz range. Package
power dissipation of driver ICs can easily be exceeded when
driving large loads at high frequencies. Care must therefore
be paid to device dissipation when operating in this domain.
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The Supply Current vs Frequency and Supply Current vs
Load characteristic curves furnished with this data sheet aid
in estimating power dissipation in the driver. Operating
frequency, power supply voltage, and load all affect power
dissipation.

Given the power dissipation in the device, and the thermal
resistance of the package, junction operating temperature for
any ambient is easy to calculate. For example, the thermal
resistance of the 8-pin CerDIP package, from the datasheet,
is 150°C/W. In a 25°C ambient, then, using a maximum
junction temperature of 150°C, this package will dissipate
800mW.

Accurate power dissipation numbers can be obtained by
summing the three sources of power dissipation in the device:

* Load power dissipation (P()
* Quiescent power dissipation (Pq)
* Transition power dissipation (P)

Calculation of load power dissipation differs depending on
whether the load is capacitive, resistive or inductive.

Resistive Load Power Dissipation

Dissipation caused by a resistive load can be calculated as:
PL=12RoD

where:

| = the current drawn by the load
Ro = the output resistance of the driver when the
output is high, at the power supply voltage used
(See characteristic curves)
D = fraction of time the load is conducting (duty cycle)

Capacitive Load Power Dissipation

Dissipation caused by a capacitive load is simply the energy
placedin, orremoved from, the load capacitance by the driver.
The energy stored in a capacitor is described by the equation:

E=1/2CV?2

As this energy is lostin the driver each time the load is charged
or discharged, for power dissipation calculations the 1/2 is
removed. This equation also shows that it is good practice not
to place more voltage in the capacitor than is necessary, as
dissipation increases as the square of the voltage applied to
the capacitor. For a driver with a capacitive load:

PL=F C(V+s)?
where:

F = Operating Frequency
C = Load Capacitance
V+g = Driver Supply Voltage

Inductive Load Power Dissipation
For inductive loads the situation is more complicated. For the
part of the cycle in which the driver is actively forcing current

into the inductor, the situation is the same as it is in the
resistive case:

PLi= 12 RoD

However, in this instance the Rp required may be either the
on resistance of the driver when its output is in the high state,
or its on resistance when the driver is in the low state,
depending on how the inductor is connected, and this is still
only half the story. For the part of the cycle when the inductor
is forcing current through the driver, dissipation is best
described as

Plo=1Vp(1-D)

where Vp is the forward drop of the clamp diode in the driver
(generally around 0.7V). The two parts of the load dissipation
must be summed in to produce P

PL=PL1+PL2
Quiescent Power Dissipation

Quiescent power dissipation (Pq, as described in the input
section) depends on whether the input is high or low. A low
input will result in @ maximum current drain (per driver) of
<0.2mA; a logic high will result in a current drain of <2.0mA.
Quiescent power can therefore be found from:

Pq=V+s[DIq+(1-D)I]
where:

IH = quiescent current with input high

IL = quiescent current with input low

D = fraction of time input is high (duty cycle)
V+*g = power supply voltage

Transition Power Dissipation

Transition power is dissipated in the driver each time its output
changes state, because during the transition, for a very brief
interval, both the N- and P-channel MOSFETSs in the output
totem-pole are ON simultaneously, and a currentis conducted
through them from V.g to ground. The transition power
dissipation is approximately:

PT=F V*g (AS)

where (A*S) is a time-current factor derived from the graphon
page 12.

Total power (PD) then, as previously described is just
Pp=PL +Pq+PT
Examples show the relative magnitude for each term.

EXAMPLE 1: A MIC4423 operating on a 12V supply driving
two capacitive loads of 3000pF each, operating at 250kHz,
with a duty cycle of 50%, in a maximum ambient of 60°C.

First calculate load power loss:

PL=F x Cx (V*tg)2
PL = 250,000 x (3 x 1076 + 3 x 1076) x 122
=0.2160W

Then transition power loss:

PT=F x V*g x (A+S)
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=250,000 ¢ 12+ 2.5 x 108 = 0.0750W
Then quiescent power loss:

Pq =Vtgx[DxIg+(1-D)xI]
=12 x[(0.5 x 0.0035) + (0.5 x 0.0003)]
= 0.0228W

Total power dissipation, then, is:

Pp =0.2160 + 0.0750 + 0.0228
=0.3138W

Assuming a plastic package, with an Rgj-a of 170°C/W, this
will result in the junction running at:

0.3138 x 170 = 53.3°C

above ambient, which, given amaximum ambienttemperature
of 60°C, will result in a maximum junction temperature of
113.3°C.

EXAMPLE 2: A MIC4424 operating on a 15V input, with one
driver driving a 50Q2 resistive load at 1MHz, with a duty cycle
of 67%, and the other driver quiescent, in a maximum ambient
temperature of 40°C:

PL=12xRgxD
First, lo must be determined.
lo=V*s/(Ro + RLoAD)
Given Ro from the characteristic curves then,
lo=15/(6.3 + 50)
lo = 0.2664A
and:

PL =0.2664x 6.3x 0.67
= 0.2996W
PT =FxV+gx (AsS)2

(because only one side is operating)

(1,000,000 x 15x 3.3x 1078) /2
0.2475 W

and:

PQ = 15 x [(0.67 x 0.00125) + (0.33 x 0.000125) +
(1 x 0.000125)]

(this assumes that the unused side of the driver has its input
grounded, which is more efficient)

=0.0150W
then:

Pp =0.2996 + 0.2475 + 0.0150
=0.5621W

In a ceramic package with an Rg-a of 150°C/W, this amount
of power results in a junction temperature given the maximum
40°C ambient of:

(0.5621 x 150) + 40 = 124.3°C

The actual junction temperature will be lower than calculated
both because duty cycle is less than 100% and because the
graph lists Rps(on) ata Ty of 150°C and the Rps(on) at 125°C
Ty will be somewhat lower.

Definitions
Load Capacitance in Farads.

D = Duty Cycle expressed as the fraction of time the input
to the driver is high.

F = Operating Frequency of the driver in Hertz

I = Power supply current drawn by a driver when both
inputs are high and neither output is loaded.
IL = Power supply current drawn by a driver when both
inputs are low and neither output is loaded.
Ip = Output current from a driver in Amps.
Pp = Total power dissipated in a driver in Watts.
PL = Power dissipated in the driver due to the driver’s load
in Watts.
Pq = Power dissipated in a quiescent driver in Watts.
Pt = Powerdissipatedinadriverwhenthe outputchanges

states (“shoot-through current”) in Watts. NOTE: The
“shoot-through” current from a dual transition (once
up, once down) for both drivers is stated in the graph
on the following page in ampere-nanoseconds. This
figure must be multiplied by the number of repetitions
per second (frequency to find Watts).

Ro= Output resistance of a driver in Ohms.

V+g=Power supply voltage to the IC in Volts.
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SINGLE DRIVER, DIVIDE THE STATED VALUE BY 4.
Pin Configuration
we[ile e Z_M LD"L
INA[2] l15] ouT A
Ne [3] [14] ouT A
7 10,11 4 5
GND | 4 13| vg* ‘—l >
E 16-PIN :I s
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N [8] [9]nC
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2-54



MIC4426/4427/4428
Dual High Speed MOSFET Driver

Bipolar/CMOS/DMOS Process

General Description

The MIC4426/4427/4428 family of buffer/drivers are built
using a new, highly reliable BICMOS/DMOS process. They
are improved versions of the MIC426/427/428 family of buffer/
drivers (with which they are pin compatible) and are capable
of giving reliable service in far more demanding electrical
environments: they will not latch under any conditions within
their power and voltage ratings. They are not subject to
damage when up to 5V of noise spiking, of either polarity,
occurs on the ground pin. They can accept, without either
damage or logic upset, up to half an amp of reverse current (of
either polarity) being forced back into their outputs. Allterminals
are fully protected against up to 2kV of electrostatic discharge.

As aresult, the MIC4426/27/28 series drivers are much easier
to use, more flexible in operation, and much more forgiving
than any other driver, CMOS or bipolar, currently available.
Becausethey are fabricatedin BICMOS/DMOS, they dissipate
aminimum of power, and provide rail-to-rail voltage swings to
better insure the logic state of any load they are driving.

Although primarily intended for driving power MOSFETSs, the
4426/4427/4428 series drivers are equally well suited to
driving any other load (capacitive, resistive, or inductive)
which requires a low-impedance driver capable of high peak
currents and fast switching times. For example, heavily loaded
clocklines, coaxial cables, or piezoelectric transducers all can
be driven from the MIC4426/27/28. The only known limitation
on loading is that total power dissipated in the driver must be
kept within the maximum power dissipation limits of the
package.

Features

* Built using reliable, low power Bipolar/fCMOS/DMOS
processes

* Latch-Up Protected: Withstands >500mA Reverse Current
e Logic Input Will Withstand Negative Swing Up to 5V
*  ESDProtected .......cooiviiiiiiii e 2kV
e High Peak Output Current ..........cccceceerinnenne 1.5A Peak
¢ Wide Operating Range .........ccccceevenvnnenns 4.5V to 18V
¢ High Capacitive Load
Drive Capability ..........ccocerveeevniiiccnne 1000pF in 25nS

e Short Delay TIMeS .......c.coeveivecirniciiinieiens <40nS typ.
* Consistent Delay Times with Changes in Supply Voltage
* Matched Rise and Fall Times
* Logic High Input for Any Voltage From 2.4V to V*
* Logic Input Threshold Independent of Supply Voltage
e Low Supply Current

4 mA with Logic 1 Input

400 pA with Logic O Input
*  Low Output Impedance ..........ccoeveerreneneninenenens 7Q
* Output Voltage Swing to Within 25mV of Ground or V*
* Pin-Out Same as MIC426/427/428

Available in Inverting, Non-Inverting, and Differential
Configurations
*  MIL-STD-883 Method 5004/5005 version available

As MOSFET drivers, the MIC4426/27/28 can easily switch
1000pF gate capacitances in under 30nS, and provide low
enough impedances in both the ON and OFF states to assure
that a MOSFET’s intended state will not be affected even by
large transients.

Functional Diagram
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(WHICHEVER IS LESS) T/

300mV
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»-D OUTPUT

JEN

1
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o
GND +
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INPUT C=12pF (each input)
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MIC4426/4427/4428

Micrel

Ordering Information

Part Number Temperature Range Package Configuration
MIC4426CM 0°C to +70°C 8-Pin SOIC Dual Inverting
MIC4426BM —40°C to+85°C

MIC4426CN 0°C to +70°C 8-Pin Plastic DIP Dual Inverting
MIC4426BN —40°C to +85°C

MIC4426BJ —40°C to +85°C 8-Pin CerDIP Dual Inverting
MIC4426AJ —-55°C to +125°C

MIC4426AJB* —55°C to +125°C

MIC4427CM 0°C to +70°C 8-Pin SOIC Dual Non-Inverting
MIC4427BM —40°C to +85°C

MIC4427CN 0°C to +70°C 8-Pin Plastic DIP Dual Non-Inverting
MIC4427BN —40°C to +85°C

MIC4427BJ ~40°C to +85°C 8-Pin CerDIP Dual Non-Inverting
MIC4427AJ —55°C to +125°C

MIC4427AJB* —55°C to +125°C

MIC4428CM 0°C to +70°C 8-Pin SOIC Inverting + Non-Inverting
MIC4428BM —40°C to +85°C

MIC4428CN 0°C to +70°C 8-Pin Plastic DIP | Inverting + Non-Inverting
MiC4428BN —40°C to +85°C

MiC4428BJ —-40°C to +85°C 8-Pin CerDIP Inverting + Non-Inverting
MIC4428AJ —55°C to +125°C

MIC4428AJB* —-55°C to +125°C

MIC4426CY 0°C to +70°C Die Dual Inverting
MIC4426AY —55°C to +125°C Die Dual Inverting
MIC4427CY 0°C to +70°C Die Dual Non-Inverting
MIC4427AY -55°C to +125°C Die Dual Non-Inverting
MIC4428CY 0°C to +70°C Die Inverting + Non-Inverting
MIC4428AY -55°C to +125°C Die Inverting + Non-Inverting

* AJB indicates units screened to MIL-STD 883, Method 5004, condition B, and burned-in for 1-week.

Absolute Maximum Ratings (Notes 1 and 2)

If Military/Aerospace specified devices are required,
contact Micrel for availability and specifications.

Supply Voltage
Maximum Chip Temperature
Storage Temperature Range
Lead Temperature (10 sec.)
Package Thermal Resistance

CERDIP Rgy-a

CERDIP Rgy-c

PDIP Rgy-a

PDIP Rgy-c

SOIC ReJ.A

SOIC Ryy-c

Operating Temperature Range
C Version
B Version
A Version

22V

150°C

—65°C to 150°C
300°C

150°C/W
50°C/W
125°C/W
42°C/W
250°C/W
75°C/W

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

Package Power Dissipation
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PDIP
SLOPE = -8mW/°C
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N

Pp (mW)

400
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N

N

200

SLOPE = -4mW/°C|

SoIC

AN

N

N

25

25

50 75 100
AMBIENT TEMPERATURE (°C)
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150
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MIC4426/4427/4428 Micrel
MIC4426/4427/4428 Electrical Characteristics:
Specifications measured at Tp = 25°C with 4.5V < Vg < 18V unless otherwise specified.
Symbol Parameter Conditions I Min r Typ | Max | Units
INPUT
VIH Logic 1 Input Voltage 2.4 \%
ViL Logic 0 Input Voltage 0.8 \
IIN Input Current 0<V|N<Vs -1 1 A
OUTPUT
VoH High Output Voltage Vg-0.025 Vv
VoL Low Output Voltage 0.025 \
Ro Output Resistance lout = 10mA, Vg = 18V 7 10 Q
IPK Peak Output Current 1.5 A
| Latch-Up Protection
Withstand Reverse Current >500 mA
SWITCHING TIME
TR Rise Time Test Figure 1 25 30 nS
TF Fall Time Test Figure 1 25 30 nS
Tb1 Delay Time Test Flgure 1 30 nS
Tp2 Delay Time Test Figure 1 50 nS
POWER SUPPLY
Is Power Supply Current V)N = 3.0V (Both Inputs) 4.5 mA
Is Power Supply Current V|n = 0.0V (Both Inputs) 0.4 mA
MIC4426/4427/4428 Electrical Characteristics:
Specifications measured over operating temperature range with 4.5V < Vg < 18V unless otherwise specified.
Symbol Parameter Conditions | Min | Typ T Max | Units
INPUT
ViH Logic 1 Input Voltage 2.4 \%
ViL Logic 0 Input Voltage 0.8 \
IIN Input Current 0<V|NSVs -1 1 HA
OUTPUT
VOH High Output Voltage Vs-0.025 \
VoL Low Output Voltage 0.025 \
Ro Output Resistance louT = 10mA, Vg = 18V 9 12 Q
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MIC4426/4427/4428 Micrel

MIC4426/4427/4428 Electrical Characteristics:
Specifications measured over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified.

Symbol Parameter Conditions I Min | Typ | Max | Units
OUTPUT
IpK Peak Output Current 1.5 A
| Latch-Up Protection

Withstand Reverse Current >500 mA
SWITCHING TIME
TR Rise Time Test Figure 1 40 nS
TF Fall Time Test Figure 1 40 nS
Tb1 Delay Time Test Flgure 1 40 nS
To2 Delay Time Test Figure 1 60 nS
POWER SUPPLY
Is Power Supply Current V|N = 3.0 V (Both Inputs) 8 mA
Is Power Supply Current ViN = 0.0 V (Both Inputs) 0.6 mA

Note 1: Functional operation above the absolute maximum stress ratings is not implied.
Note 2: Static Sensitive device (above 2kV). Store only in conductive containers. Handling personnel and equipment should be grounded
to prevent static damage.

+5V
INPUT
0.4V
14A7pF _l:o,mF 18V

OUTPUT

ov
o OUTPUT INVERTING DRIVER

Cy = 1000pF

7.5

24
INPUT ©

+5V

INPUT

0.4V

18V 90% 90%

[ % V
1 —

OUTPUT

ov
NON-INVERTING DRIVER
Figure 1. Switching Time Test Circuit

NC B
— 2 7
24 75 INA OUTA 24 7.5 ADO_
MIC4427 MiC44z8

GND 6] v+
INVERTING NON-INVERTING 4 5
INB [5]outB
NG = NO CONNECTION DIFFERENTIAL




MIC4426/4427/4428

Micrel

Typical Characteristic Curves
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MICA4426/4427/4428

Micrel

Typical Characteristic Curves (Continued)
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MIC4426/4427/4428 Micrel
Typical Characteristic Curves (Continued)

Effect of Input Amplitude Propagation Delay Time
on Delay Time vs Temperature
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MIC4426/4427/4428 Micrel

Crossover Energy Loss
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Note 1: The values on this graph represent the loss seen by both
drivers in a package during one complete cycle. For a single driver
divide the stated values by 2. For a single transition of a single driver,
divide the stated value by 4.
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MIC4451/4452
High-Speed, High-Current Single MOSFET Driver

PRELIMINARY

General Description

MIC4451 and MIC4452 CMOS MOSFET drivers are tough,
efficient, and easy to use. The MIC4451 is an inverting
driver, while the MIC4452 is a non-inverting driver.

Both versions are capable of 12A (peak) output and can
drive the largest MOSFETs with an improved safe operat-
ing margin. The MIC4451/4452 accepts any logic input
from 2.4V to Vpp without external speed-up capacitors or
resistor networks. Proprietary circuits allow the input to
swing negative by as much as 5V without damaging the
part. Additional circuits protect against damage from elec-
trostatic discharge.

MIC4451/4452 drivers can replace three or more discrete
components, reducing PCB area requirements, simplify-
ing product design, and reducing assembly cost.

Modern BipolaryfCMOS/DMOS construction guarantees
freedom from latch-up. The rail-to-rail swing capability of
CMOS/DMOS insures adequate gate voltage to the MOS-
FET during power up/down sequencing. Since these de-
vices are fabricated on a self-aligned process, they have
very low crossover current, run cool, use little power, and
are easy to drive.

Features

¢ BiCMOS/DMOS Construction
¢ Latch-Up Proof: Fully Isolated Process is Inherently
Immune to Any Latch-up.

Output Voltage Swing to Within 25mV of GND or Vpp
MIL-STD-883 Method 5004/5005 Version Available

¢ Input Will Withstand Negative Swing of Up to 5V

¢ Matched Rise and Fall Times..........cccocvvvicennnenen. 25nS
¢ High Peak Output Current...........cccccvennnnne 12A Peak
* Wide Operating Range ........ ..4.5V to 18V
¢ High Capacitive Load Drive........c..ccccccuveennnn. 62,000pF
* Low Delay Time 30nS Typ.
* Logic High Input for Any Voltage from 2.4V to Vpp

e Low Supply Current.............. 450uA With Logic 1 Input
e Low Output Impedance..........c.ccccoecvervnciiinicnn. 1.0Q

Applications

¢ Switch Mode Power Supplies

¢ Motor Controls

¢ Pulse Transformer Driver

¢ Class D Switching Amplifiers

s Line Drivers

¢ Driving MOSFET or IGBT Parallel Chip Modules
¢ Local Power ON/OFF Switch

¢ Pulse Generators

Functional Diagram

@ 0.4mA

MIC4451
INVERTING

J‘—O Vob

2
300mV : |
OUTPUT
— | |
INPUT O——— I —
I 1 NONINVERTING
— MIC4452
T
GND 4
CEFFECTIVE
INPUT C = 7pF
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‘MIC4451/4452 Micrel
Ordering Information
Part No. Temperature Range Package Configuration
MIC4451CN 0°C to +70°C 8-Pin PDIP Inverting
MIC4451BN —40°C to +85°C 8-Pin PDIP Inverting
MIC4451CM 0°C to +70°C 8-Pin SOIC Inverting
MIC4451BM —40°C to +85°C 8-Pin SOIC Inverting
MIC4451BJ —40°C to +85°C 8-Pin CerDIP Inverting
MIC4451AJ -55°C to +125°C 8-Pin CerDIP Inverting
MIC4451AJB* —-55°C to +125°C 8-Pin CerDIP Inverting
MIC4451AF —55°C to +125°C | 10-Pin Flat Pack Inverting
MIC4451CT 0°C to +70°C 5-Pin TO-220 Inverting
MIC4452CN 0°C to +70°C 8-Pin PDIP Non-Inverting
MIC4452BN —40°C to +85°C 8-Pin PDIP Non-Inverting
MIC4452CM 0°C to +70°C 8-Pin SOIC Non-Inverting
MIC4452BM —40°C to +85°C 8-Pin SOIC Non-Inverting
MIC4452BJ —40°C to +85°C 8-Pin CerDIP Non-Inverting
MIC4452AJ —55°C to +125°C 8-Pin CerDIP Non-Inverting
MIC4452AJB* -55°C to +125°C 8-Pin CerDIP Non-Inverting
MIC4452AF -55°C to +125°C | 10-Pin Flat Pack Non-Inverting
MIC4452CT 0°C to +70°C 5-Pin TO-220 Non-Inverting
* AJB indicates units screened to MIL-STD 883, Method 5004, condition B, and burned-in
for 1-week.
Pin Configurations
Flat Pack CT DIP SOIC
n— ), O Voo [s]voo Voo [1] 8] Voo
INPUT ——mmmmr] ——— output INPUT OUTPUT |NpUT IZ OUTPUT
N /——— ————————— oUTPUT
P — onD NC [c]outpur  Nc[3] 6] outpur
NC ——— 1 NC anp [4] a0 GNp [4] (5] anp
H H “ U H Tabis
Common
to Vpp
5 g 82 5 NOTE: Duplicate pins must both be connected
3o>6L for proper operation.
- 3
Absolute Maximum Ratings (Notes 1,2and 3)
Power Dissipation, Taygient < 25°C Thermal Impedances (To Case)
PDIP W 5-Pin TO-220 Ry, 10°C/W
SOIC 500 mW  Storage Temperature -65°C to +150°C
CerDIP 800 mW  QOperating Temperature (Chip) 150°C
5-Pin TO-220 1.5W  Operating Temperature (Ambient)
Power Q|SSIpatlon, Tcase £25°C C Version 0°C to +70°C
5-Pin TO-220 12.5W B Version -40°C to +85°C
Derating Factors (To Ambient) A Version -55°C to +125°C
PDIP 8mW/°C  Lead Temperature (10 sec) 300°C
soIc 4mW/°C  Supply Voltage 20V
CerDIP 6.4mW/°C  Input Voltage Vpp + 0.3V to GND - 5V
5-Pin TO-220 12mW/°C Input Current (Vg > Vpp) 50 mA
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MIC4451/4452 Micrel

Electrical Characteristics: (Tp =25°C with 4.5 V < Vpp < 18 V unless otherwise specified.)

Symbol | Parameter | Conditions J Min LTyp I Max IUnits

INPUT

Vi Logic 1 Input Voltage 2.4 \

ViL Logic O Input Voltage 0.8 \

V)N (Max) | Input Voltage Range -5 Vpp+0.3 | V

N Input Current 0V<V)ysVpp -10 10 uA

OUTPUT

VoH High Output Voltage See Figure 1 Vpp—0.025 \

VoL Low Output Voltage See Figure 1 0.025 \Y

Ro Output Resistance, loyT=10mA, Vpp =18V 0.9 1.5 Q
Output Low

Ro Output Resistance, loyT =10 mA, Vpp =18V 1.0 15 Q
Qutput High

Ipk Peak Output Current Vpp = 18 V (See Figure 5) 12 A

Ioc Continuous Output Current 2 A

IR Latch-Up Protection Duty Cycle < 2% >1500 mA
Withstand Reverse Current t< 300 uS

SWITCHING TIME (Note 3)

tr Rise Time Test Figure 1, C_= 15,000 pF 40 75 nS

te Fall Time Test Figure 1, C|_= 15,000 pF 40 75 nS

tpq Delay Time Test Figure 1 30 60 nS

tpo Delay Time Test Figure 1 33 60 nS

Power Supply

Is Power Supply Current Vin=3V 0.4 15 mA

ViN=0V 80 150 pA
Vpp Operating Input Voltage 4.5 18 \4
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MIC4451/4452

Micrel

Electrical Characteristics: (Over operating temperature range with 4.5V < Vpp < 18V unless otherwise specified.)

| Symbol I Parameter | Conditions Min I Typ LMax —F.lnits
INPUT
ViH Logic 1 Input Voltage 2.4 \%
ViL Logic 0 Input Voltage 0.8 \Y
V|n (Max) | Input Voltage Range -5 >Vpp \
N input Current OV <V|y<Vpp -10 10 uA
OUTPUT
VoH High Output Voltage Figure 1 Vpp—0.025 \
VoL Low Output Voltage Figure 1 0.025 \
Ro Output Resistance, louT = 10mMA, Vpp = 18V 1.4 2.2 Q

Output Low
Ro Output Resistance, louT = 10mMA, Vpp = 18V 1.5 2.2 Q
Output High
SWITCHING TIME (Note 3)
tg Rise Time Figure 1, C| = 15,000pF 60 100 nS
te Fall Time Figure 1, C|_= 15,000pF 60 100 nS
tpq Delay Time Figure 1 45 80 nS
tpo Delay Time Figure 1 45 80 nS
POWER SUPPLY
Is Power Supply Current ViN =3V 0.6 3 mA
ViN =0V 0.1 0.2 mA

Vpp Operating Input Voltage 4.5 18 \

NOTE 1 Functional operation above the absolute maximum stress ratings is not implied.

NOTE 2:  Static-sensitive device. Store only in conductive containers. Handling personnel and equipment should be grounded to

prevent damage from static discharge.
NOTE 3:  Switching times guaranteed by design.

0.1yF ==0.

MIC4451 -

C, = 15,000pF

Figure 1. Switching Time Test Circuit

Input: 100kHz square wave,
trise = traLL < 10nS
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MIC4451/4452 Micrel

Typical Characteristic Curves
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MIC4451/4452 Micrel

Typical Characteristic Curves (Cont.)
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Applications Information

Supply Bypassing

Charging and discharging large capacitive loads quickly
requires large currents. For example, changing a 10,000pF
load to 18V in 50nS requires 3.6A.

The MIC4451/4452 has double bonding on the supply pins,
the ground pins and output pins. This reduces parasitic lead
inductance. Low inductance enables large currents to be
switched rapidly. It also reduces internal ringing that can
cause voltage breakdown when the driver is operated at or
near the maximum rated voltage.

Internal ringing can also cause output oscillation due to
feedback. This feedback is added to the input signal since
it is referenced to the same ground.

To guarantee low supply impedance over a wide frequency
range, a parallel capacitor combination is recommended for
supply bypassing. Low inductance ceramic disk capacitors
with short lead lengths (< 0.5 inch) should be used. A 1uF
low ESR film capacitor in parallel with two 0.1uF low ESR
ceramic capacitors, (such as AVX RAM GUARD®), pro-
vides adequate bypassing. Connect one ceramic capacitor
directly between pins 1 and 4. Connect the second ceramic
capacitor directly between pins 8 and 5.

Grounding

The high current capability of the MIC4451/4452 demands
careful PC board layout for best performance. Since the
MIC4451 is an inverting driver, any ground lead impedance
will appear as negative feedback which can degrade switch-
ing speed. Feedback is especially noticeable with slow-rise
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time inputs. The MIC4451 input structure includes 300mV
of hysteresis to ensure clean transitions and freedom from
oscillation, but attention to layout is still recommended.

Figure 5 shows the feedback effectin detail. As the MIC4451
input begins to go positive, the output goes negative and
several amperes of current flow in the ground lead. As little
as 0.05Q of PC trace resistance can produce hundreds of
millivolts at the MIC4451 ground pins. If the driving logic is
referenced to power ground, the effective logic input level is
reduced and oscillation may result.

To insure optimum performance, separate ground traces
should be provided for the logic and power connections.
Connecting the logic ground directly to the MIC4451 GND
pins will ensure full logic drive to the input and ensure fast
output switching. Both of the MIC4451 GND pins should,
however, still be connected to power ground.

Input Stage

MIC4451

4 DRIVE SIGNAL >——]

CONDUCTION ANGLE

: DRI
CONTROL 0° TO 180°

LOGIC

CONDUCTION ANGLE
CONTROL 180° TO 360°

@ OF 3 PHASE MOTOR
DRIVER USING MiC4420/4429

Figure 3. Direct Motor Drive

OUTPUT VOLTAGE vs LOAD CURRENT
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Figure 4. Self Contained Voltage Doubler
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The input voltage level of the MIC4451 changes the quies-
cent supply current. The N channel MOSFET input stage
transistor drives a 320uA current source load. With a logic
“1” input, the maximum quiescent supply current is 400uA.
Logic “0” input level signals reduce quiescent current to
80pA typical.

The MIC4451/4452 input is designed to provide 300mV of
hysteresis. This provides clean transitions, reduces noise
sensitivity, and minimizes output stage current spiking
when changing states. Input voltage threshold level is
approximately 1.5V, making the device TTL compatible
over the full temperature and operating supply voltage
ranges. Input current is less than £10uA.

The MIC4451 can be directly driven by the TL494, SG1526/
1527, SG1524, TSC170, MIC38C42, and similar switch
mode power supply integrated circuits. By offloading the
power-driving duties to the MIC4451/4452, the power sup-
ply controller can operate at lower dissipation. This can
improve performance and reliability.

The input can be greater than the Vpp supply, however,
current will flow into the input lead. The input currents can
be as high as 30mA p-p (6.4mAgrms) with the input. No
damage will occur to MIC4451/4452 however, and it will not
latch.

The input appears as a 7pF capacitance and does not
change even if the input is driven from an AC source. While
the device will operate and no damage will occur up to 25V
below the negative rail, input current will increase up to
1mA/V due to the clamping action of the input, ESD diode,
and 1kQ resistor.

Power Dissipation

CMOS circuits usually permit the user to ignore power
dissipation. Logic families such as 4000 and 74C have
outputs which can only supply afew milliamperes of current,
and even shorting outputs to ground will not force enough
current to destroy the device. The MIC4451/4452 on the
other hand, can source or sink several amperes and drive
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Figure 5. Switching Time Degradation Due to
Negative Feedback

large capacitive loads at high frequency. The package
power dissipation limit can easily be exceeded. Therefore,
some attention should be given to power dissipation when
driving low impedance loads and/or operating at high fre-
quency.

The supply current vs. frequency and supply current vs
capacitive load characteristic curves aid in determining
power dissipation calculations. Table 1 lists the maximum
safe operating frequency for several power supply voltages
when driving a 10,000pF load. More accurate power dissi-
pation figures can be obtained by summing the three
dissipation sources.

Given the power dissipation in the device, and the thermal
resistance of the package, junction operating temperature
for any ambient is easy to calculate. For example, the
thermal resistance of the 8-pin CerDIP package, from the
data sheet, is 150°C/W. In a 25°C ambient, then, using a
maximum junction temperature of 150°C, this package will
dissipate 800mW.

Accurate power dissipation numbers can be obtained by
summing the three sources of power dissipation in the
device:

¢ Load Power Dissipation (P.)
* Quiescent power dissipation (Pq)
¢ Transition power dissipation (Pt)

Calculation of load power dissipation differs depending on
whether the load is capacitive, resistive or inductive.

Resistive Load Power Dissipation

Dissipation caused by a resistive load can be calculated as:

PL=12 Ro D
where:
I = the current drawn by the load
Ro = the output resistance of the driver when the output

is high, at the power supply voltage used. (See data
sheet)
D = fraction of time the load is conducting (duty cycle)

Capacitive Load Power Dissipation

Table 1: MIC4451 Maximum
Operating Frequency

Vs Max Frequency
18V 220kHz
15V 300kHz
10V 640kHz
5V 2MHz
Conditions: 1. CerDIP Package (644 = 150°C/W)
2. TaA=25°C

3. C = 10,000pF
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Dissipation caused by a capacitive load is simply the energy
placed in, or removed from, the load capacitance by the
driver. The energy stored in a capacitor is described by the
equation:

E=1/2C V2

As this energy is lost in the driver each time the load is
charged or discharged, for power dissipation calculations
the 1/2 is removed. This equation also shows that it is good
practice not to place more voltage on the capacitor than is
necessary, as dissipation increases as the square of the
voltage applied to the capacitor. For a driver with a capaci-
tive load:

PL=FC (V+S)2
where:

F = Operating Frequency
C = Load Capacitance
V+g = Driver Supply Voltage

Inductive Load Power Dissipation

For inductive loads the situation is more complicated. For
the part of t