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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. Dedication to full service is
expressed in our advanced capabilities such as a comprehensive CAD/CAE support team, an
extensive mactro library, and our own state-of-the-art wafer fabrication and test facilities. All
growth, product development, and acquisitions have been funded through retained earnings.

Micrel’s objective is to be a major supplier of smart power products which incorporate
our ASIS™ (Application Specific Integrated Subsystem) philosophy to integrate as much in
silicon as conceivably possible. Thus Micrel has developed a process technology which
combines bipolar, CMOS Si-gate, and DMOS technologies. The bipolar component allows us
to build precision analog functions. CMOS allows us to incorporate fast, low power, dense,
digital logic. DMOS provides high voltage power MOSFETs. This uniquely flexible, high voltage
compatible process enabled our success in several custom smart power designs andled to the
development of the industry’s first semicustom smart power array, the Micrel MPD8020, which
foundedthe semicustom intelligent power niche. Building upon these accomplishments, Micrel
introduced a line of proprietary and second-sourced standard products which address the
intelligent power marketplace.

"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 monolithically we have dramatically improved reliability and packaging
density. Micrel is dedicated to support this new and exciting Intelligent Power semiconductor
market. Whether your application is automotive, industrial controls, telecommunications,
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 its success and has 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.

Ray Zinn
President and Chief Executive Officer
~ Micrel, Inc.




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.

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.

Micrel products are not authorized for use in life support applications where device failure or malfunction can be reasonably expected to cause the
failure or malfunction of the life support system or to significantly affect its safety or effectiveness. Life support systems are defined as apparatus used to
sustain, prolong, assist, or support life, and may or may not be surgically implanted into the body.

Authorization for use in life support applications may only be granted, in writing, by the President of Micrel, Inc.

© 1991, Micrel Incorporated
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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 many industrial, commercial, and military
customers.

Micrel's IC Test Division remains the leading independent
facility for customers who need to supplement in-house ca-
pability with high-accuracy wafer characterization andfunctional
final testing. The operation features six major VLS| 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. Micrel's Wafer Fab Divisionprovides IC manu-
facturers 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.

Micrel has subsequently extended the foundry capability
to produce afullcomplementof CMOS/DMOS/Bipolar/NMOS/
PMOS processes with both metal gate and silicon gate, dual
metal and dual Poly feature size down to 2 microns, with
operating voltage from 1.5V up to 250V.

Introduction

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 silicongate
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 CMOS analog
circuits, TTL/CMOS compatible high speed CMOS logic, and
high voltage DMOS power drivers. MPD8020 wafers are held
atthe last step before metallization. Afterthe customer specifies
the interconnect pattern, Micrelturns 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 Interface Products

Micrel produces a line of standard IC's designed to inter-
face between the microprocessor and the load:

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

MIC426/1426/4420/4423/4465 Low side power MOSFET
drivers

MIC8030 Dichroic LCD driver, 100V/38 segments
MIC4807 Latched driver, 8 outputs, 100V/200mA each
MIC8010 LCD driver, 30V/38 segments

MIC50395 LED driver, 6 decade, up/down counter
MM5451 LED driver, 35 segments

CD4000 Series Radhard CMOS logic family

Serving Today's Customers

Micrel is positioned to become the leader in Smart Power
technology. In 1989 the Company opened a regional design
center in Japan, and in 1990, opened other regional design
centers throughout the United States and Western Europe.
Micrel will continue to announce new standard Smart Power
products and the development of other standard and
semicustom arrays. These products will address key growth
areas of Smart N-Channel Power MOSFET drive and Smart
Control of high voltage components including motors, relays,
displays, printers, and power supplies.

Micrel's customers include major military subcontractors
who impose SCD criteria for standard 883C Class S or B
requirements or special screening. Other customers include
manufacturers of high volume commercial products from
garage door openers and telecom devices to medical pill
boxes. Micrel welcomes customer visits to discuss design,
production and testing issues.
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LP2950
LP2951
MiC1426
MIC1427
MIC1428
MiC2950
MIC2951
MIC3830
MiC426
MiC427
MiC428
MIC4350
MIC4420
MiC4423
MIiC4424
MIC4425
MiC4426
MiC4427
MiC4428
MiC4429
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MIC4466
MIC4467
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MIC5005
MIC5007
MIC5009
MiC5010
MIC5011
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MIC50395
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MIC50398
MIC50399
MIC5800
MiC5801
MIC58P01
MIC58P42
MiC5821
MIC5822
MIC5823
MIC5841
MIC5842
MIC5843
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Description
Adjustable Micropower Voltage Regulator .............cocvveverinnimnrinsnne e cveneeenee
Adjustable Micropower Voltage Regulator .............coceeuiiiiniiniiiinnnnciciiinens
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
Adjustable Micropower Voltage Regulator
Adjustable Micropower Voltage Regulator ....
Compound Topology Control CirCuit. ..........ccceceevervierereneenne
Dual High Speed Low Side Power MOSFET Driver -1.5A .....
Dual High Speed Low Side Power MOSFET Driver -1.5A .....
Dual High Speed Low Side Power MOSFET Driver -1.5A ..... . 24
Counter, Latched Decoder and Display Driver ................... .. 4-4
Low Side Power MOSFET Driver -6A .........cccocveveenennnne
Dual High Speed Low Side Power MOSFET Driver -3A ....
Dual High Speed Low Side Power MOSFET Driver -3A ....
Dual High Speed Low Side Power MOSFET Driver -3A ........c.ccccceueuee. . 2-32
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 ..........coccoceveneneenenenerensennens
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
Quad High Speed Low Side MOSFET Driver & Logic -1.2A
Quad High Speed Low Side MOSFET Driver & Logic -1.2A
80V, 8 Channel BCD, Addressable Low Side Driver ...........ccceveviiinneienennnne.
4 Digit Counter/Display Decoder ...........cccuvrrrrerrernenes

4 Digit Counter/Display Decoder (7 Segment) .
4 Digit Counter/Display Decoder (BCD)............
Counter/Time Base .......cccocevevererenenencnircninnene

Full Featured High/Low Side MOSFET Driver ................
Minimum Parts Count High/Low Side MOSFET Driver ...
Dual High/Low Side MOSFET Driver .........cccccoveueeeeeennee.
Protected High/Low Side MOSFET Diriver .......
6 Digit Counter/Display Decoder (to 99 99 99)......

6 Digit Counter/Display Decoder (to 99:59:59).....

6 Digit Counter/Display Decoder (to 59:59.99)......

6 Digit Counter/Display Decoder (7 Segment) .....
6 Digit Counter/Display Decoder (BCD) ........ccccoverreereneenniicinenineeinrinesesecneanens
50V, 4 Channel Parallel Input Latched Driver ...........ccccooeiemimieeeiinicccecins
50V, 8 Channel Parallel Input Latched Driver .................
70V, 8 Channel Parallel Input Protected Latch Driver .....
70V, 8 Bit Serial Input Protected Latched Driver .............
50V, 8 Bit Serial Input, Latched Driver ......
80V, 8 Bit Serial Input Latched Driver .......
100V, 8 Bit Serial Input Latched Driver .....
50V, 8 Bit Serial Input Latched Driver .......
80V, 8 Bit Serial Input Latched Driver .......
100V, 8 Bit Serial Input Latched DIVET ........cccccuerermrneeceeiiereerere e cnens
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MPD8020
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70V, 8 Channel Parallel Input Protected Latched Driver ........c...ccccoovvnenenencne 3-38
70V, 8 Bit Serial Input Protected Latched Driver .............ccceceeceveuceueeuencne e 3-42
Triplex LCD Decoder/Driver ..............ccceeeeuenenee e 427
Dichroic LCD Driver ............... ... 4-28
Dichroic LCD DRVET .......cccocrmievcreeccnenceeenennes ... 4-34
Dichroic LCD Driver with Switching Regulator .............ccccocevevvereneiinennececeeeenne 4-40
DIiChIOIC LCD DIIVET ......cuenieiiriiiereeieeeeecnceeesceeseneeses et esenesnes e ses s eeseeseseeseneenen 4-47
Dichroic LCD Driver ........... ... 454
50V Dichroic LCD Driver ....... .. 4-61
100V Dichroic LCD Driver . ... 4-61
LED Display Driver ............ ... 4-67
LED Display Driver .........cccceeveune ... 4-67
Semicustom High Voltage Array ...........cccceerieeninicnieneninnncicncsrincsee e enes 5-2
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Ordering Information:

MIC XXXX 01 AEBQ

Micrel 4' Qualification Option

or Industry Std prefix H6 = Rad Hard, 1x10° rad (Si)

Part Number Q=ClassBorS

Speed/Bonding Option Screen Option

only used when required Industrial

Temperature B=ClassB S=ClassS

A =-55°C to +125°C — Package

B =—40°C to +85°C E = Ceramic Quad H = Metal Can J = Ceramic DIP

C= 0°Cto+70°C L = Leadless Chip M = 150 mil Body N = Plastic DIP
Carrier SOIC T=TO-220

V=PLCC WM = Wide 300 mil Body SOIC

Q = QFP (Gull Wing
Quad Flat-Pak)
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Industry Cross Reference Guide

M|cre| 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
Gould AMI SGS
S4520 MIC8010 M5450 MM5450
MIC8030, MIC8031 M5451 MM5451
Holt SGS1626/2626/3626 MIC426, MIC1426, MIC4423,
HI-8010 MIC8010 MIC4426
MIC8030, MIC8031 Silicon General
Intersil SG1626/2626/3626 MiC426, MIC1426, MIC4423,
ICL7667 MIC426, MIC1426, MIC4423, MIC4426
MIC4426 SG1644/2644/3644 MIC426, MIC1426, MIC4423,
ICM7233 MIC7233 MIC4426
IXYS Siliconix
IXLD426 MIC426 S5G1626/2626/3626 MIC426, MIC1426, MIC4423,
IXLD427 MIC427 MIC4426
IXLD428 MIC428 Sprague
IXLD1426 MIC1426 UCN-4807 MIC4807
IXLD1427 MIC1427 UCN-5800A MIC5800
IXLD1428 MIC1428 UCN-5801A MIC5801,58P01, MIC59P50
IXLD4420 MIC4420 UCN-5821A MIC5821
IXLD4423 MIC4423 UCN-5822A MIC5822
IXLD4424 MIC4424 UCN-5823A MIC5823
1XLD4425 MIC4425 UCN-5841A MIC5841,58P42, MIC59P60
IXLD4426 MIC4426 UCN-5842A MIC5842,58P42, MIC59P60
IXLD4427 MIC4427 UCN-5843A MIC5843
IXLD4428 MIC4428 Teledyne
1XLLD4429 MIC4429 TSC426 MIC426
Lansdale TSC427 MIC427
ML4350 MIC4350 TSC428 MIC428
Maxim TSC1426 MIC1426
ICL7667 MIC426, MIC1426, MIC4423, | TSC1427 MiC1427
MIC4426 TSC1428 MIC1428
ICM7233 MIC7233 TSC4420 MIC4420
TSC426 MIC426, MIC1426, MIC4423, | TSC4423 MIC4423
MIC4426 TSC4424 MiC4424
Motorola TSC4425 MIC4425
MC4350 MIC4350 TSC4426 MIC4426
MH0026 MIC426, MIC1426, MIC4423, | TSC4427 MIC4427
MIC4426 TSC4428 MIC4428
National Semiconductor TSC4429 MIC4429
DS0026 MIC426, MIC1426, MIC4423, | TSC4465 MIC4465
MIC4426 TSC4466 MIC4466
LP2950 LP2950, MIC2950 TSC4467 MIC4467
LP2951 LP2951, MIC2951 TSC4468 MiC4468
MM5450 MM5450 TSC4469 MIC4469
MM5451 MM5451 Toshiba
NHMO0026 MIC426, MIC1426, MIC4423, | TC5002B MIC5002
MIC4426
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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 fullcompliance
with MIL-1-45208, 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.

l. 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
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




Quality/Reiliability Program

Micrel

Organization

AtMicrel, quality assurance management reports 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 ontwo levels.

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

Level2 Extended SPC methodology adds Process Limit

Control (PLC) and Process on Exception (POE)
programs as super-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
detailed reports 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 systemis 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 andfabrication,
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). ldentification 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)
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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 also includes 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 wafer; in-process

» 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

«  Documentationfor each product/lotis properand complete
New Products and Processes

New products or major process changes must undergo
complete evaluationbefore they are certified at Micrel. Quality
Assurance participation and approval is required in new
productdesignreviews, productcharacterization and reliability
studies, and documentation preparation.

Certification is granted to new products or processesonly
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 requiredforfinal
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 requiredto ensure that our products
and services meet the highest standards for material and
workmanship.




Quality/Reiliability Program Micrel
Micrel Quality Flow for Semiconductor Circuit Manufacturing

Receiving

Incoming Inspection

Stores

Wafer Fab

Particles
C/V Plots
Parameter drift
SEM inspection

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

|Ship Foundry Wafer Products

I Wafer Sort

QC Monitor
Wafer probe
Outgoing QA
Electrical parameter review
|Ship Foundry Die Products
| Scribe and Break
QC Monitor
Scribe/Break
100% Production 2nd Optical
QC Gate 2nd Optical
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Micrel Quality Flow for Semiconductor Assembly

Assembly

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

l1 00% Production 3rd Opticad

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

IPack QC Accepted Materiall

. QC Final Shipping Acceptance
Visual

Verify customer requirements
Certificates of compliance
Source inspection
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FLOW CHART NOTES
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

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

Failure Analysis — Performed onall 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.
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E“ﬂ'?%j@ =8 MOSFET Drivers

SECTION 2: MOSFET DRIVERS

MOSFET Driver Selection Guide
MIC426/427/428 Dual 1.5A MOSFET DFVEN ....ccccueveieceieirie e sreeeiese e
MIC1426/1427/1428 Dual 1.2A MOSFET DIVET ...ccueoveeeieeeeiieeee e s
MIC4420/4429 High Speed, High Current MOSFET Driver ...
MIC4423/4424/44254 Dual 3A MOSFET Driver ...................
MIC4426/4427/4428 Dual 1.5A MOSFET DIVET ......ccooeririeeieieieiereceiee st e
MIC4465/4466/4467/4468/4469 Power Logic CMOS Quad

1.2A MOSFET DFVET ..ottt ettt e
MIC5010 Full Featured MOSFET Predriver
MIC5011 Minimum Parts Count MOSFET Predriver .........ccoveveeceeeceveiirie e 2-73
AN-1 MIC5011 DeSign TEChNIGUES ......cveeieerimieeiriiee ettt ere e s eeseereerenee
AH-5 Logic Controlled Power Switch..
MIC5012 Dual MOSFET Predriver........c.cccoeveue.
MIC5013 Protected 8-Pin MOSFET Predriver..........ooveeeuieeeeeeeeeeieeiee e 2-100
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'EE ;‘] ]ﬁl ?' =!I FET Driver Selection Guide
; ] ol e e P e
I
vce Ml i igi —] -
sA C426 Famlly (Original) L T~ MIG426
> * 30 nS into 1000 pF 1o
<— * 4.5V to 18 V supply
30 nS * 1.5 A peak output T Mmicszr
1 * 6 Q output impedance =T
Drives a hex 0 - hex 3 * Available in surface mount
size MOSFET; 400 pF packages =1 Mic4szs
to 3000 pF. 1>
MIC1426 Family (Low Cost)
Vee A N , T wmiciaze
Y Low cost predriver —t—
< * 38 nS into 1000 pF
* 475V to 16 V supply — >
38 nS . MIC1427
1.2 A peak output —>+
= * 8 Q output impedance
Drives a hex 0 - hex 3 * Available in surface mount At MIC1428
size MOSFET; 400 pF
to 3000 pF. ® packages =T
VCC MIC 4426 Family (Protected) | L MiC4426
_1_-;‘“ * Latch-up protected o .
< * 25 nS into 1000 pF
25 S : 1.‘_5 A peak output ) _ —>+  Micaas?
Withstands 5 V negative swing . |
= * 4.5V to 18 V supply
Drives a hex 0 - hex 3 * 7 Q output impedance o
size MOSFET; 400 pF * Available in surface mount |0 | MO8
to 3000 pF. packages
vce MIC 4423 Family (High Current)
> * Latch-up protected _ Dl: [ MIC4423
~— * 25 nS into 1800 pF
25 nS * 3 A peak output ]
* Withstands 5 V negative swing | [D [ MiC4424
Drives a hex -: hex 5 . 45 Vto 18 V supply -
' - * 3.5Q output impedance
MOSFET; F : ! - -
f;zf 2000 pF. eoooe * Available in surface mount el MiC4425
packages =T
vce ;
_e; h{llflt4h20/442? éS:jngles)
atch-up protecte
~<— * 25 nS into 10,000 pF T M40
25nS * 6 A peak output
L * Withstands 5 V negative swing
* 4.5V to 18 V supply
Drives a_hex 6 - hex 7 * 2.5 Q output impedance T= MiC44d29
size MOSFET ; 15000 pF * Available in surface mount and :

016000 pF high temperature packages
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MIC4465 Family (Quads)

FET Driver Selection Guide

Avs

*

N

5 nS

* % *  *

Drives ahex 0 - hex 3
size MOSFET; 400 pF to

Latch-up protected
25 nS into 470 pF
1.2 A peak output
4.5V to 18 V supply
Available in surface
mount packages

T

QUAD DRIVERS
;D— »
MIC4468

C4465

MIC4466

DMEW

3000 pF * Five logic choices
7Vto32V MIC5010 7Vio
A~ 1
| S M * Full featured predriver * [::QTZI_—-LS v
nput 03 f2p—7F * Optional speed up caps Input o——o»43  12|—3F
L s ol— * 7Vto 32V supply £ MDY
& o * Internal charge pump 6 9f—
N
T = * 60 uSinto 1 nF £ U8 E
< AW * Qver current sensing 1
LOAD| * Fault flag output 3
High Side Driver i = * Dynamic sensing threshold Low Side Driver =
With Current Sense = * Surface mount packgges With Current Sense
7Vo32V o MIC5011 475V
F 015V Vioap
Ig L v+~ ct}—o * Minimum parts count _E"*l
o—input  com H : Optional speed up caps = v+t > ctf—o
source €2 f—o ) 4.75 V to 32 V supply o—Jinput  comf—o LOAD
Ground Gate | Internql charge pump source  C2 |—o
; l-— | q * 60 uSinto 1 nF o o ||
* Surface mount packages :3_
High Side Driver LOAD@ ~ Low Side Driver -

Push-pull Driver 7Vto32V

L

*

Mi
Dual predriver

12

Dual Low Side Driver

VLOAD

— * Provides high and low side ~ °_| .Y;’; Jateh *‘{ :'_l Vioo,
drive for H-bridge Source A f—o =
=1 * 475V to 32 V supply LT Jon
oo * Internal charge pum o—17]Jvts |
475Vto 15V * 60].18 |nt01r$Fp P l u‘BGateB g_
o— n|
* Surface mount packages | P Source Bf—o =
M]QiQ]_s_ 7V to 15V VLOAD
R ; * Over current sensing LS 3
i * 7Vto 32V supply " Il
—14 * Internal charge pump = p
* 60 pSinto 1 nF = [
| — * Fault flag output 1
1 1 o] * Dynamic sensing threshold b4
High Side Driver i * Surface mount packages Low Side Driver =
With Current Sense -L- = With Current Sense
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N R
MIC426/427/428
E-] F ]' Dual Power MOSFET Driver
- ) &lm»l
R
General Description Features
The MIC426/427/428 are dual CMOS high speed drivers. A« High Speed Switching (CH = 1000 pF) ................ 30 nS
TTL/CMOS input voltage level is translated into an output -  High Peak Output Current ..........coccocccvicincccnnne 15A
voltage level swing equalling the supply. The CMOS output «  High Output Voltage Swing ...........ccccoeeeeuens Vg -25 mV
will be within 25 mV of ground or positive supply. Bipolar GND + 25 mV
designs are capable of swinging only within 1 volt of the Low Input Current (Logic “0” or “17) ....cccceovvvernnne. 1HA

supply.

The low impedance high current driver outputs will swing a
1000 pF load 18 V in 30 nS. 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
current is a low 1 pA making direct interface to CMOS/
BIPOLAR switchmode power supply control integrated circuits

TTL/CMOS Input Compatible
Available in Inverting & Non-Inverting Configurations

Wide Operating Supply Voltage ............... 45Vto 18V
Low Power Consumption
(INPULS LOW) ..cuvenniieiicieiiciiceiicne, 0.4 mA
(Inputs High) .....ccooviiiiiie 8 mA
Single Supply Operation
Low Output Impedance .........c.c.ccceeeeereccnneencrcnnnene 6Q

Pin Out Equivalent to DS0026 & MMHO0026

Pin Configuration

DUAL
NG L. 7.5
MIC426 SUTA Mica27
 _ INVERTING
ouTB
Functional Diagram
V+© *

~500pA

~2.5mA l

INPUT G—'

>

NOTE: MIC428 HAS INVERTING & NON-INVERTING DRIVERS,
GROUND UNUSED DRIVER INPUT

INA 2] Mic428

MIXED

NON-INVERTING INVERTING
OUTPUT QUTPUT

--D>—0

(Mic427) (MiC426)




MIC426/427/428

Micrel

possible as well as open collector analog comparators.

Quiescent power supply current is 8 mA 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

Ordering Information

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

The inverting MIC426 driver is pin compatible with the bipolar
DS0026 and MMH0026 devices. The MIC427 is non-inverting;
the MIC428 contains an inverting and non-inverting driver.

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

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

MIC426CY — CHIP Inverting
MIC427CM 0°C to +70°C 8-pin SOIC Non-Inverting
MIC427BM -40°C to +85°C

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

MIC427CY — CHIP 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

MIC428CY — CHIP Non-Inv. & Inverting

Absolute Maximum Ratings (Notes 1, 2, and 3)
If Military/Aerospace specified devices are required, contact your local
Micrel representative/distributor for availability and specifications.

Supply Voltage

Input Voltage Any Terminal

Maximum Chip Temperature

Storage Temperature

Lead Temperature (10 sec)

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

Operating Temperature Range
C Version
B Version
A Version

20V
Vs+03VtoGND-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 4.5 V < Vg < 18 V unless otherwise specified.
No. | Symbol Parameter Conditions Min Typ Max Units
INPUT
1 VIH Logic 1 Input Voltage 24 Vv
2 ViL Logic 0 Input Voltage 0.8 \'
3 IN Input Current 0<V|NSVs -1 1 A
OUTPUT
4 VoH High Output Voltage Vs-0.025 \'
5 VoL Low Output Voltage 0.025 v
6 Ro Output Resistance VIN =0.8V 10 15 Q
louT = 10 mA, Vg = 18 V
7 Ro Output Resistance VIN =24V 6 10 Q
louT=10mA, Vg =18V
8 Ipk Peak Output Current 1.5 A
SWITCHING TIME
9 TR Rise Time Test Figure 1 30 nS
10 T Fall Time Test Figure 1 20 nS
11 Tpt 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 = 3.0 V (Both Inputs) 8.0 mA
14 Is Power Supply Current VIN = 0.0 V (Both Inputs) 0.4 mA
MIC426 Electrical Characteristics:
Over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified.
No. | Symbol Parameter Conditions Min Typ Max Units
INPUT
1 VIH Logic 1 Input Voltage 24 v
2 ViL Logic 0 Input Voltage 0.8 Vv
3 IIN Input Current 0<V|NS Vs -10 10 pA
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MIC426/427/428 Micrel

MIC426 Electrical Characteristics:
Over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified (Continued).

No. Symbol Parameter Conditions Min Typ Max Units

OUTPUT

4 VoH High Output Voltage Vg-0.025 \

5 VoL Low Output Voltage 0.025 v

6 Ro Output Resistance ViN =08V 13 20 Q
louT =10 mA, Vg =18V

7 Ro Output Resistance VIN =24V 8 15 Q
louT =10 mA, Vg = 18V

SWITCHING TIME

8 TR Rise Time Test Figure 1 60 nS

9 Tr Fall Time Test Figure 1 40 nS

10 Tp1 Delay Time Test Figure 1 . 60 nS

1 Tp2 Delay Time Test Figure 1 120 nS

POWER SUPPLY

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

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

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

No. | Symbol Parameter Conditions Min Typ Max Units

INPUT

1 VIH Logic 1 Input Voltage 24 \

2 ViL Logic 0 Input Voltage 0.8 \

3 N Input Current 0<VINE Vs -1 1 A

OUTPUT

4 VoH High Output Voltage Vg-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 =08V 6 10 Q
louT =10 mA, Vg =18 V

8 Ipk Peak Output Current 1.5 A
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MIC427 Electrical Characteristics: Ta = 25°C with 4.5 V < Vs < 18 V unless otherwise specified. (Continued)

No. | Symbol Parameter Conditions l Min I Typ r Max l Units
SWITCHING TIME
9 TR Rise Time Test Figure 1 30 nS
10 T Fall Time Test Figure 1 20 nS
11 Tpi Delay Time Test Figure 1 40 nS
12 Tp2 Delay Time Test Figure 1 75 nS
POWER SUPPLY
13 Is Power Supply Current V|N = 3.0 V (Both Inputs) 8.0 mA
14 Is Power Supply Current VIN = 0.0 V (Both Inputs) 0.4 mA
MIC427 Electrical Characteristics:
Over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified.
No. | Symbol Parameter Conditions Min Typ Max Units
INPUT
1 VIH Logic 1 Input Voltage 24 \'
2 ViL Logic 0 Input Voltage 0.8 Vv
3 N Input Current 0<VINEVs -10 10 pA
OUTPUT
4 VoH High Output Voltage Vg-0.025 \
5 VoL Low Output Voltage 0.025 \
6 Ro Output Resistance VIN =24V 13 20 Q
louT = 10 MA, Vg = 18 V
7 Ro Output Resistance ViN =0.8V 8 15 Q
louT = 10 mA, Vg = 18V
SWITCHING TIME
8 TR Rise Time Test Figure 1 60 nS
9 Te Fall Time Test Figure 1 40 nS
10 Tp1 Delay Time Test Flgure 1 60 nS
11 Tp2 Delay Time Test Figure 1 120 nS
POWER SUPPLY
12 Is Power Supply Current VIN = 3.0 V (Both Inputs) 12.0 mA
13 Is Power Supply Current ViN = 0.0 V (Both Inputs) 0.6 mA
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MIC426/427/428 Micrel

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

NO'W Symbol l Parameter Conditions ] Min Typ Max Units

INPUT

1 VIH Logic 1 Input Voltage 24 \

2 ViL Logic 0 Input Voltage 0.8 v

3 N Input Current 0<V|N< Vs -1 1 pA

OUTPUT

4 VoH High Output Voltage Vg-0.025 \

5 VoL Low Output Voltage 0.025 v

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

7 Ro Output Resistance Output High 6 10 Q
loyuT=10mA, Vg=18V

8 Ipk Peak Output Current 1.5 A

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 Flgure 1 40 nS

12 Tp2 Delay Time Test Figure 1 75 nS

POWER SUPPLY

13 Is Power Supply Current VIN = 3.0 V (Both Inputs) 8.0 mA

14 Is Power Supply Current VN = 0.0 V (Both Inputs) 0.4 mA

MIC428 Electrical Characteristics:

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

No. | Symbol Parameter Conditions ) Min Typ Max Units
INPUT

1 ViH Logic 1 Input Voltage 24 \"
2 ViL Logic 0 Input Voltage 0.8 \
3 N Input Current 0<V|NS Vs -10 10 HA
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MIC426/427/428 Micrel

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

No. ] Symbol | Parameter Conditions I Min I Typ I Max | Units

OUTPUT

4 VoH High Output Voltage Vs-0.025 Vv

5 VoL Low Output Voltage 0.025 v

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

11 Tp2 Delay Time Test Figure 1 120 nS

POWER SUPPLY .

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

13 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). 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
s o
14.7uF :I:mF
6 — _—
24
INPUT 0—

57
T OUTPUT
MIC426

(172 MIC428)

& = 1000pF

+5V

INPUT

0.4v

18v

OUTPUT

ov

Figure 1. Inverting Driver Switching Time
Vg=18V
Q

. _:[:4.7;1F _j:mF

24 5,

INPUT

© OUTPUT

Y
=t

V¢ = 1000pF

>—
MiC426

(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
70 40
MIC426 %0 N MIC426 MIC426 P
60 Cp = 1000pF - 80 N Cu=1000pF L C, = 1000pF -
Ty =25°C NG Ta=25°C s =18V
50 \ 70 30
\ N\ To2
& 40 & 60 (7} Y
= N \ < \\ £ LATe
o 30 g N o 50 o 20
E §§& € \ E
[ 20 =t — -
40
Tr T~
10 20 bt 10
0 0
0 5 10 15 20 0o 5 10 15 20 25 0 25 50 75 100 125 150
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
Supply Current vs Rise and Fall Time vs
Delay Time vs Temperature Capacitive Load Capacitive Load
100 80 T YT 1k
MIC426 / Toe mcaze " [[[IT " dobkeiz EMicazs
| 7 70 F ~ 950 ~ F T,=25°C TR
90 CL—1000pF - TA 25°C A 'R
Vg =18V / < Vg = 18V L Vs = 18V
80 v £ 0
100
pd & 50 = =
& 70 %) .
) v o 3 v 4 T
3 T 40 b
g 60 [ 30 / £ .
5 > = af
= 50 T / /200 10 ===
a 20 {kHz
Tos 2 Lilii
40 92 10
— —_- I 20kHz
30 0 =t L1 1
25 0 25 50 75 100 125 150 10 100 1000 10000 10 100 1000 10000
TEMPERATURE (°C) CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF)
Supply Current vs Frequency High Output vs Current Low Output Current
30 =TT 2.20 T 1.20 P—r—1— T
MiC426 Vg = 18V | MiC426 | MiC426 Vg = 5V
~ | Ta=25c ~-4- T pz 25°C Ta=25°C
Z CL = 1000pF 1.76 = %6
5 > Vs=8v A &
20 < s 9]
E _5 1.32 '/ E 72 10 V]
(e
z > 13} g L
o © gg A LA — 48
> = - 4 =
210 | o L7 ||
& 18V 5 15V
2 44 ~ 0 24
ot "4— 1 1 |
0 .00 .00
1 10 100 1000 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
FREQUENCY (kHz) CURRENT SOURCED (mA) CURRENT SUNK (mA)
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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
* Mwtar 200 NiGaer 55 T
o To2 Mic427
as | [a=25C . 175 L.é::%go%pF /[ s0 |—I\ Ta-2sc
Vs-18V " y Vs =18V / N\ L
40 150 / 45
Tr y.
& ~ 125 o 40
23 // ) v 2
© o 100 o 35
E -3
F 30 r’,’ E 40“ Tl T E % \ TR
25 35 25
20 30 20
25 0 25 50 75 100 125 150 25 0 25 50 75 100 125 150 0 5 10 15 20
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Supply Current vs Rise and Fall Time vs
Delay Time vs Supply Voltage Capacitive Load Capacitive Load
110 90 —Tr—rrrrmm T 1k p
MiC427 400kHz E MIC427
100 = __ 80 FT,=25C [ Tp=25°C Tr
% 1 02 E 70 | Vs =18V - Vs =18V t
MiC427 -
80 Ta=25C  1— z % 8100 EQE% :
& = 1000 2
2 7% Sl £ _ < i HHTF
40 2 =
§ % ;'_.) 30 200 = 10 !
IR N g L A e :
\\ p] 20 +
40 N = 2 10 [}l 20kHz
30 —— 0 o 1
0 5 10 15 20 10 100 1000 10000 10 100 1000 10000
SUPPLY VOLTAGE (V) CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF)
Supply Current vs Frequency High Output Current Low Output Current
70 T T TTTITT 2.20 ™ T T 1.0 T
TI(Z427 c F ITVIIC427 c ! ! ! N !\rAIC4§g°c L l i
— 60 |} Ta =25° =25° A= VRS
5 | 1.76 |—- Vg =5V —A sos Vs=5V_|/
< 5 Vg = 18V s w
& < "/ Q
- <
« = 10 V7J e} / p
3 / : 15V > 4 ’
O 30 o0 [ /
> f > 88 o4 7
T 2 A 1wy - = = A 15V
5 / . 18V 3o2
» 10 | :
pospaps?
0 e T[SV I 0.0 [ [
1 10 100 1000 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90100

FREQUENCY (kHz)

CURRENT SOURCED (mA)

CURRENT SUNK (mA)
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MIC426/427/428

Micrel

Typical Characteristic Curves (Continued)

Quiescent Power Supply

Quiescent Power Supply

Currentvs Supply Voitage i Package Power Dissipation - Current vs Supply Voltage
20 900
MI0426/427/428 z MIC426/427/428 MIC426/427/428
_ NO LOAD g 800 KOVAR LEAD FRAME __ | NOLOAD
s BOTH INPUTS LOGIC "1" £ 700 CERDIP PACKAGE S | BOTHINPUTS
w 15}Ta=25 g N 9)< 150°C/W w 15 FLOGIC "0
Q & 600 N g |Ta=25C
: £ o 5
> 10 € 400 Q10
> / ol N o]
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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 1000 pF
~ load 18 voltsin 25 nS requires a 0.8 A 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 4.7 uF
solid tantalum capacitor in parallel with one or two 0.1 puF
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 2.5 mA current source load. With a logic “1” input, the
maximum quiescent supply current is 8 mA. Logic “0” input
level signals reduce quiescent current to 400 pA maximum.
Minimum power dissipation occurs for logic “0” inputs for the
MIC426/427/428;unused driverinputs mustbe grounded or
tied to the positive supply.

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

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

Two other power dissipation components are:

* QOutput stage AC and DC load power.
« Transition state power.

Output stage power is:
Po =Ppc+Pac
=Vo (lpc) +1CL vg?

Vo = DC output voltage

Ipc = DC output load current
f = Switching frequency

Vs = Supply voltage

Where:

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.CL = 1000 pF 2. CL =1000 pF
3.Vg =18V 3.Vg=15V
4.Pac =65 mW 4. Pac =45 mW

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

MOSFETS as one device is turning “ON” while the other is  be tied to ground and not be allowed to float. Average
turning “OFF.” The current spike flows only during output power dissipation will be reduced by minimizing input rise
transitions. The input levels should notbe maintainedbetween times. As shown in the characteristic curves, average supply
the logic “0” and logic “1” levels. Unused driver inputs must  current is frequency dependent.
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ESTEEN,

MIC1426/1427/1428
1.2A Dual High-Speed MOSFET Drivers

General Description Features
The MIC1426/27/28 are a family of 1.2A dual high-speed ~ * Low Cost —— AR
drivers. They are ideal for high-volume OEM manufacturers, ~ * Latch-Up Protected: Will Withstand 500 mA Reverse
with latch-up protection, and ESD protection. CMOS fabrica- Output Current
tion is used for low power consumption and high efficiency.  * 5392 ::rec:at:%e?ptCrrent ------------------------------- 12Ail-3e‘;¥
o Hi utput Current ........cceeeeverinnennne .
These devices are fabricated using an epitaxial layer to < High Capacitive Load Drive
effectively short out the intrinsic parasitic transistor respon- Capability .......cccccoirrereerereeeeerieeenine 1000 pF in 38 nS
sible for CMOS latch-up. They incorporate a numberofother < Wide Operating Range .............cc.coo.eeveuveen. 4.75V to 16V
design and process refinements to increase their long-term  «  Low Delay TimMe .....cccovvveevevvereecerirerereenenns 75 nS Max
reliability. » Logic Input Threshold Independent of
. . . . Supply Voltage
The MIC1426 is compatible with the bipolar DS0026, butonly . -
draws 1/5 of the quiescent current. The MIC1426/27/28 are g:’;ﬁl:lg\gor"\jlgf Swing to Within 25 mV of
also compatible with the MIC426/27/28, but with 1.2A peak Low Outout ﬁn edance 80
output current rather than the 1.5A of the MIC426/27/28 p PEAANCE oo
devices. .
Applications
The high-inputimpedance MIC1426/27/28 drivers are CMOS/ .
TTLinput-compatible, do not require the speed-up needed by . goﬁgngop\f;apgwgrgu lies
the bipolar devices, and can be directly driven by most PWM . Pnlllse Transforemer Drive PP
ICs. » Small Motor Controls
This family of devices is available in inverting and non- « Print Head Drive
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
~500pA
=2.5mA |
NON-INVERTING INVERTING
OUTPUT OUTPUT
(MiC1427) (MIC1426)

INPUT o———l

L

NOTE: MIC1428 HASg\I‘RVEERngNG & NON-INVERTING
GROUND UNUSED DRIVER INPUT




MIC1426/1427/1428

Micrel

Ordering Information

Pin Configurations

Temperature J
Part No. Range Package | Configuration neli] (8] ne DUAL
2 7]OUTA 2,4 7.5
MIC1426CM | 0-70°C | 8-PinSO |lInverting IN AE MIC1426 % " ——D‘?—
MIC1426CN 0-70°C 8-Pin Inverting GND Vs INVERTING
Plastic DIP in 8 [4] 5]G0TE
MIC1427CM 0-70°C 8-Pin SO | Non-Inverting J DUA
MIC1427CN | 0-70°C | 8Pin | Non-Inverting nc[i] ® 8] ne UAL
Plastic DIP INA[Z] MIC1427 [7]ouTA 2_.4_D7_.5
MIC1428CM 0-70°C 8-Pin SO | Inverting and GND [3] (6] v NONANVERTING
Non-Inverting INB E E oUTB
MIC1428CN 0-70°C 8-Pin Inverting and
! el v
Plastic DIP| Non-Inverting NG E ° E NC 2 ;
INA[Z] [7]0UTA |> °
MIC1428 +
GND [3] [6]vg 4 |> 5
INB[Z] 5]ouTs
MIXED
NC = NO CONNECTION
Test Circuits .
oVg = 16V oV =16V
TXIoF L TXoiwr L
T wina T OTHFMLC T Wiia T 01 #F ML
= MKS-2 ¥ = MKS2 &
INPUT 0— —-DO—— OUTPUT INPUT 0— ———D—— OUTPUT
TCL=1000pF IC|_=1000pF
MIC1426 MIC1427
(1/2 MIC1428) (1/2 MIC1428)
+5V 20%
INPUT
0.4V
90%~Y
16v 90%) b2 <t
ouTPUT
OV e A~ 10% 10%
oV — — — — ==

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 +0.3Vto GND -0.3V
Plastic DIP 1w
SOIC 500 mw  Operating Temperature: C Version 0°C to +70°C
Derating Factor Maximum Chip Temperature +150°C
Plastic DIP 8mW/°C  gtorage Temperature -55°C to +150°C
SoIC , 4 mW/°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 Vv

ViL Logic 0, Input Voltage 0.8 v

INn Input Current OV<V|y<Vg -1 1 LA

OUTPUT

VoH High Output Voltage Test Figures 1 and 2 Vg-0.025 Vv

VoL Low Output Voltage Test Figures 1 and 2 0.025 \

Ro Output Resistance Vin=0.8V 12 18 Q
loyt =10 MA, Vg = 16V

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

lok Peak Output Current 1.2 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

tpq Delay Time Test Figures 1 and 2 75 nS

tp2 Delay Time Test Figures 1 and 2 75 nS

POWER SUPPLY

Is Power Supply Current VN = 3V (Both Inputs) 9 mA
VN = OV (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 Typ Max Units

INPUT

Vi Logic 1, Input Voltage 3 v

ViL Logic 0, Input Voltage 0.8 \'

N Input Current OV<V|y<Vg -10 10 nA

OUTPUT

VoH High Output Voltage Test Figures 1 and 2 Vg—0.025 Vv

Vou Low Output Voltage Test Figures 1 and 2 0.025 '

Ro Output Resistance Viy=0.8V 15 23 Q
loyt = 10 MA, Vg = 16V

Ro Output Resistance ViN=3V 10 18 Q
loyt =10 mA, Vg = 16V

| Latch-Up Current Withstand Reverse Current >500 mA

SWITCHING TIME

tR Rise Time Test Figures 1 and 2 60 nS

tg Fall Time Test Figures 1 and 2 40 nS

pq Delay Time Test Figures 1 and 2 125 nS

1573 Delay Time Test Figures 1 and 2 125 nS

POWER SUPPLY

Is Power Supply Current V|N = 3V (Both Inputs) 13 mA

Is Power Supply Current Vi = OV (Both Inputs) 0.7 mA

Supply Bypassing

Large currents are required to charge and discharge large
capacitive loads quickly. For example, changing a 1000 pF
load 16 V in 25 nS, requires a 0.8 A 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 (<0.5 in.) should be used. A 1.0 uF
film capacitor in parallel with one or two 0.1 pF 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.

Input Stage

The input voltage level changes the no-load or quiescent
supply current. The N-channel MOSFET input stage
transistor drives a 2.5 mA current source load. With a logic “1”
input, the maximum quiescent supply current is 9 mA. Logic
“0” input level signals reduce quiescent current to 500 pA
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 100 mV of hysteresis. This

- provides clean transitions and minimizes output stage cur-

rent spiking when changing states. Input voltage thresholds
are approximately 1.5 V, making logic “1” input any voltage
greater than 1.5 V up to Vg*. Input current is less than 1 pA
over this range.

The MIC1426/27/28 may be directly driven by the TL494,
SG1526/27, MIC18HC42, 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 Voltage 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 Single MOSFET Driver

General Description

The MIC4420/4429 CMOS MOSFET drivers are tough,
efficient, and easy to use. This family of devices are 6A
(peak) single output MOSFET drivers.

The MIC4420/4429 will drive even the largest MOSFETSs
and improve the safe operating area margin.

These devices are tough due to extra steps taken to protect
them from failures. An epitaxial layer is used to prevent
CMOS latch-up. Proprietary circuits allow the input to swing
negative as much as 5V without damaging the part. Special
circuits have been added to protect against damage from
electrostatic discharge. They are also tough because of
Micrel's commitment to quality in manufacturing.

Because these devices are fabricated in CMOS, they run
cool, use less power and are easier to drive. The rail-to-rail
swing capability of CMOS better insures adequate gate
voltage to the MOSFET during power up/down sequencing.

These CMOS drivers are easy to use. Three or more dis-
crete components can be replaced with a single device to
save PCB area. Any logic input from 2.4V to Vpp can be used
without external speed-up capacitors or resistor networks.

This family is available in inverting (MIC4429) and non-
inverting (MIC4420) configurations.

Features

« Built using reliable CMOS processes

« Latch-Up Protected: Will Withstand >500 mA
Reverse Output Current

= Logic Input Will Withstand Negative Swing of Up
to 5V

Matched Rise and Fall Times ........cccccovevvicnennee 25nS
High Peak Output Current ...........c.cccceeiinnenne 6 A Peak
Wide Operating Range ..........ccccceeevneennnn. 45Vto 18V

High Capacitive Load Drive..
Low Delay Time
Logic High Input for Any Voltage From 2.4 V to Vpp

10,000 pF

Low Supply Current .............. 450 pA With Logic 1 Input
Low Output Impedance .........cccccomvnvcccriennnnn. 25Q
Qutput Voltage Swing to Within 25 mV of Ground

or Vpp

«  MIL-STD-883 Method 5004/5005 version available

Applications

« Switch Mode Power Supplies
« Motor Controls

« Pulse Transformer Driver

» Class D Switching Amplifiers

Functional Diagram

PINS 1,8
Vop @

édSOpA @ 60pA

—
P CHANNEL '+
e 5

MiC4429

| = 4
—ln—» P CHANNEL
[

* INVERTING
' OUTPUT
PINS 6,7
[ 1
MILLER “C" ==

H
i —

weure2 L |l NcHanNe L]k NcHanneL

EFFECTIVE C = 38 pF

(V= 18V) P PINS 4,5 * FOR NON-INVERTING OUTPUT, PINS 4,5

DD GND ORDER MIC4420 GND
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MIC4420/4429 Micrel
Ordering Information
Part No. Temperature Range Package Configuration
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
MIC4420CT 0°C to +70°C 5-Pin TO-220 Non-Inverting
MIC4420ADR -55°C to +125°C 5-Pin MO-078 Non-Inverting
MIC4420ADRB -55°C to +125°C 5-Pin MO-078 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
MIC4429CT 0°C to +70°C 5-Pin TO-220 Inverting
MIC4429ADR —55°C to +125°C 5-Pin MO-078 Inverting
MIC4429ADRB —55°C to +125°C 5-Pin MO-078 Inverting
Pin Configurations
ADR CT DIP SOIC
(@) O Voo [1] ~ (8] Voo Voo [1] 5] Voo
inpuT [2] [7]outrur eyt 2] 7] output
ne [3] [6] outpur ne [3] [6] outpuT
anp [4] BEN) ano [4] 5] anD
HH“““Caseis “”“““Tabls
Isolated Common
to Vpp
58558 52825 NOTE: Duplicate pins must both be connected
soge> go>08 for proper operation.
- 33 - 3

Absolute Maximum Ratings (Notes 1, 2 and 3)

Power Dissipation, Tapgent < 25°C Thermal Impedances (To Case)

PDIP 1w MO-078AA Rg, ¢ 12.5°C/W
SOIC 500 mW 5-Pin TO-220 Rg, ¢ 10°C/W
CerDIP 800 mwW Storage Temperature —65°C to +125°C
MO-078AA 1.75W Operating Temperature (Chip) 150°C
5-Pin TO-220 1.5W Operating Temperature (Ambient)

Power Dissipation, Toasg < 25°C C Version 0°C to +70°C
MO-078AA 10W B Version —40°C to +85°C
5-Pin TO-220 12.5W A Version -55°C to +125°C

Derating Factors (To Ambient) Lead Temperature (10 sec) 300°C
PDIP 8 mwW/°C Supply Voltage 20V
SoIC 4 mW/°C Input Voltage -5V toVpp
CerDIP 6.4 mW/°C Input Current (V,y > Vpp) 50 mA
MO-078AA 14 mW/°C
5-Pin TO-220 12 mwW/°C
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MIC4420/4429 Micrel
Electrical Characteristics: (Ta = 25°C with 4.5 V < Vpp < 18 V unless otherwise specified.)

Symbol Parameter Conditions Min Typ Max Units

INPUT

Vi Logic 1 Input Voltage 24 1.8 v

ViL Logic 0 Input Voltage 1.3 0.8 \"

Vin (Max) | Input Voltage Range -5 Vpp+0.3 Vv

N Input Current 0V<V|Ny<Vg -10 10 RA

OUTPUT

VoH High Output Voltage See Figure 1 Vpp-0.025 Vv

VoL Low Output Voltage See Figure 1 0.025 \'

Ro Output Resistance, loyt=10mA, Vpp =18V 2.1 2.8 Q
Output Low

Ro Output Resistance, loyt=10mA,Vpp =18V 1.5 25 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

Ig Power Supply Current ViN=3V 0.45 1.5 mA

ViN=0V 55 150 pA
Vob Operating Input Voltage 45 18 \'
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MIC4420/4429 Micrel
Electrical Characteristics: (Tp = 25°C with 4.5 V < Vpp < 18 V unless otherwise specified.)
Symbol Parameter Conditions Min Typ Max Units
INPUT
Vi4 Logic 1 Input Voltage 24 \
ViL Logic 0 Input Voltage 0.8 v
VN (Max) | Input Voltage Range -5 >Vpp "
N Input Current 0V<V|y<Vs -10 10 HA
OUTPUT
VoH High Output Voltage See Figure 1 Vpp-0.025 v
VoL Low Output Voltage See Figure 1 0.025 v
Ro Output Resistance, lout =10mA, Vpp =18V 3 5 Q
Output Low
Ro Output Resistance, 'OUT =10 mA, Vpp=18 \Y 2.3 5 Q
Qutput High
SWITCHING TIME (Note 3)
tg Rise Time Test Figure 1, C|_ = 2500 pF 32 60 nS
te Fall Time Test Figure 1, C|_= 2500 pF 34 60 nS
D1 Delay Time Test Figure 1 50 100 nS
p2 Delay Time Test Figure 1 65 100 nS
POWER SUPPLY
Is Power Supply Current ViN=3V 0.45 1.5 mA
ViN=0V 0.06 0.4 mA
Voo Operating Input Voltage 45 18 v
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.
Switching times guaranteed by design.

Voo = 18V
o
|
"
1 8 wWom— - \— 90%
INPUT
01F = = 0.1pF )
i ' 0.4V -—‘w tpr tfF tp2
2 « 1R
INPUT & Dc +—0 OUTPUT +18v 0% 50%
] ouTPUT /
MIC4429 $C|_=2500PF o — — — 0% 10%
7 5
V' Figure 1. Switching Time Test Circuit
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MIC4420/4429 Micrel
Typical Characteristic Curves

Rise Time vs Supply Voltage Fall Time vs Supply Voltage  Rise and Fall Times vs Temperature
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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 2500 pF
load to 18 volts in 25 nS 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 serves to reduce
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. A1 uF low
ESR film capacitor in parallel with two 0.1 uF low ESR
ceramic capacitors, (such as AVX RAM GUARD®), provides
adequate bypassing. Connect one ceramic capacitor directly
between pins 1 and4. Connectthe 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
will appear as negative feedback which can degrade switch-

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

Figure 5 shows the feedback effect in 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
0.05 Q 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 level is
reduced and oscillation may result.

To ensure optimum performance, separate ground traces
should be provided for the logic and power connections.
Connecting the logic ground directly to the MIC4423 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.
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Input Stage

The input voltage level of the 4429 changes the quiescent
supply current. The N channel MOSFET input stage transis-
tordrives a 450 pA current source load. With a logic “1” input,
the maximum quiescent supply current is 450 pA. Logic “0”
input level signals reduce quiescent current to 55 pA
maximum.

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

The MIC4429 can be directly driven by the TL494, SG1526/
1527, SG1524, TSC170, MIC18HC42 and similar switch
mode power supply integrated circuits. By offloading the
power-driving duties to the MIC4420/4429, the power supply
controller can operate at lower dissipation. This can improve
performance and reliability.

Theinputcanbe greaterthanthe VS+ supply, however, current
willflow into the input lead. The propagation delay for Tpa will
increase to as much as 400 nS at room temperature. The
input currents can be as high as 30 mA p-p (6.4 mA rms) 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 38 pF 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

TEK CURRENT
PROBE 6302
LM\
= oV

0.1yF | 0.1uF 1 2500 pF
! POLYCARBONATE
0GIC 6 AMPS
GROUND *F 1
PG TRACE RESISTANGE = 0.05Q

Figure 5. Switching Time Degradation Due to
Negative Feedback

currentto destroy the device. The MIC4420/4429 onthe 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 frequency.

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 2500 pF load. More accurate power dissipation
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, fromthe 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 inthe device:

* Load Power Dissipation (Pp)
= 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=12RoD

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)

Table 1: MIC4429 Maximum
Operating Frequency

Vs Max Frequency
18V 500kHz
15v 700kHz
10V 1.6MHz
5V 6.5MHz
Conditions: 1. CerDIP Package (64 = 150°C/W)
2. TaA=25°C
3. C = 2500pF

2-29




MIC4420/4429

Micrel

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=1/2CV2

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 in the capacitor than is
necessary, as dissipation increases as the square of the
voltage applied to the capacitor. For adriver with a capacitive
load:

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

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

Inductive Load Power Dissipation

Forinductive 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:

PL1=12RoD

However, in this instance the Ro required may be either the
onresistance 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

PL2 =1 Vp (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 a 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[D Iy +(1-D) IL]

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 MOSFETS in
the output totem-pole are ON simultaneously, and a current
is conducted through them from V+g to ground. The transition
power dissipation is approximately:

PT = F V*g (A*S)
where (A+S) is a time-current factor derived from Figure 7.
Total power (Pp) then, as previously described is just
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

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

IL= Powersupply 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.

PL = 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 repeti-
tions per second (frequency) to find Watts.

Ro =
Vtg =

Output resistance of a driver in Ohms.

Power supply voltage to the IC in Volts.
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3A Dual High Speed MOSFET Driver

General Description

The MIC4423/4424/4425 family of parts are CMOS buffer/
drivers built using a highly reliable “tough” CMOS 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 infar more demanding electrical environments
thantheirantecedents. They will notlatchunder 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. Aliterminals
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 CMOS, 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 MOSFETS, the
4423/4424/4426 series drivers are equally well suited to
dnving any other load (capacitive, resistive, or inductive)
which requires a low-impedance driver capable of high peak
currents andfast switching times. For example, heavily loaded
clock lines, coaxial cables, or piezoelectrictransducers allcan
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

Built using reliable, low power CMOS processes
Latch-Up Protected: Withstands >500 mA Reverse Current
Logic Input Will Withstand Negative Swing Up to 5V
ESD Protected .........ccoocvvevnircnincniinnccnecenn
High Peak Output Current ...

Wide Operating Range ..........cccccecerverevennne 4.5V to 18V
High Capacitive Load

Drive Capability ........ccccceovevererenennnne. 1800 pF in 25 nS
Short Delay TiIMeS .......ccoeeeveeeeniricneeseeennn. <40 nS 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
Low Supply Current

— 3.5 mA with Logic 1 Input

— 350 pA with Logic 0 Input

Low Output Impedance ..........cccecevveniininne 3.5 Q Typ.
Output Voltage Swing to Within 25 mV 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
1000 pF gate capacitances in under 30 nS, and provide low
enough impedances in boththe ON and OFF states to assure
that a MOSFET'’s intended state will not be affected even by
large transients.

Functional Diagram

g 3 2mA
V*5+5V OR 22V
(WHICHEVER IS LESS) 'x’ 300mV

INVERTING
OUTPUTS

D VisuPPLY

—
||—.
5

Y
7 L1
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— o
Je—
INPUTE‘r + — H
l
GNDD EFFECT!VE

INPUT C 20pF (each input)
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Ordering Information
Part Number Temperature Range Package
MIC4423CWM 0°Cto +70°C 16-Pin SO Wide
MIC4423BWM -40°C to +85°C
MIC4423CN 0°C to +70°C 8-Pin Plastic DIP
MIC4423BN -40°C to +85°C
MIC4423BJ -25°C to +85°C 8-Pin CerDIP
MIC4423AJ -55°C to +125°C
MIC4423AJB -55°C to +125°C
MIC4424CWM 0°C to +70°C 16-Pin SO Wide
MIC4424BWM -40°Cto +85°C
MIC4424CN 0°C to +70°C 8-Pin Plastic DIP
MIC4424BN -40°C to +85°C
MIC4424BJ -25°C to +85°C 8-Pin CerDIP
MIC4424AJ -565°C to +125°C
MIC4424AJB -55°C to +125°C
MIC4425CWM 0°C to +70°C 16-Pin SO Wide
MIC4425BWM -40°C to +85°C
MIC4425CN 0°C to +70°C 8-Pin Plastic DIP
MIC4425BN -40°C to +85°C
MIC4425BJ -25°C to +85°C 8-Pin CerDIP
MIC4425AJ -55°C to +125°C
MIC4425AJB -55°C to +125°C
Absolute Maximum Ratings Package Power Dissipation
(Notes 1, 2, and 3)
If Military/Aerospace specified devices are required, 1000
contact your local Micrel representative/distributor for
availability and specifications. gEg’PE emwrc
Supply Voltage 2V 800
Maximum Chip Temperature 150°C < CERDP
Storage Temperature Range -65°C to 150°C 600 [SLOPE = -6.4mW/°C
Lead Temperature (10 sec.) 300°C g \
Package Thermal Resistance E d
CERDIP Rgy.a (°C/W) 150 £ o N\
CERDIP Rgy.c (°C/W) 50 N
PDIP Rgy.a (°C/W) 125 N
PDIP Rey.c (°g/W) 42 s |_SLoPE= ot NN\
SOIC Rey-a (°C/W) 250 N
SOIC Rey.c (°C/W) 75 AN
Operating Temperature Range o
-C Version 0°C to +70°C 25 0 75 100 125 150
B Version -40°C to +85°C MBIENT TEMPERATURE (G
A Version -55°C to +125°C A M ¢
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MIC4423/4424/4425 Electrical Characteristics:
Specifications measured at Ta = 25°C with 4.5 V < Vg < 18 V unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
INPUT
ViH Logic 1 Input Voltage 24 \"
ViL Logic 0 Input Voltage 0.8 \'
N Input Current -5 <VN< Vg? -1 1 HA
OUTPUT
VoH High Output Voltage Vg-0.025 \"
VoL Low Output Voltage 0.025 \"
Ro Output Resistance Hl State louT=10mA, Vg =18V 2.8 5 Q
Ro Output Resistance LO State louT =10 mA, Vg =18V 35 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 = 1800 pF 23 35 nS
Tr Fall Time Test Figure 1, C = 1800 pF 25 35 nS
Tp1 Delay Time Test Figure 1, C = 1800 pF 33 75 nS
Tp2 Delay Time Test Figure 1, C = 1800 pF 38 75 nS
POWER SUPPLY
Is Power Supply Current V|N = 3.0 V (Both Inputs) 1.5 25 mA
Is Power Supply Current VIN = 0.0 V (Both Inputs) 0.15 0.25 mA
MIC4426/4427/4428 Electrical Characteristics:
Specifications measured over operating temperature range with 4.5 V < Vg < 18 V 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 \"
N Input Current S<VNsVt -10 10 A
OUTPUT
VoH High Output Voltage Vs-0.025 "
VoL Low Output Voltage 0.025 \
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MIC4426/4427/4428 Electrical Characteristics:
Specifications measured over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
OUTPUT
Ro Output Resistance, Output High| V|N=0.8V
louT = 10mA, Vg = 18V 37 8 Q
Ro Output Resistance, Output Low | V|N=2.4V
louT =10 mA, Vg =18V 4.3 8 Q
SWITCHING TIME
TR Rise Time Test Figure 1, C|_ = 1800 pF 28 60 nS
Te Fall Time Test Figure 1, C_ = 1800 pF 32 60 nS
Tp1 Delay Time Test Figure 1, C_ = 1800 pF 32 100 nS
Tp2 Delay Time Test Figure 1, C = 1800 pF 38 100 nS
POWER SUPPLY
Is Power Supply Current VIN = 3.0 V (Both Inputs) 20 35 mA
Is Power Supply Current VIN = 0.0 V (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: Switching times guaranteed by design.
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Figure 1. Switching Time Test Circuit
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Typical Characteristic Curves
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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, when attended to, 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 20 nS 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 abroad
enough band to get the job done. NOTE PLEASE that many
film capacitors can be sufficiently inductive as to be useless
forthis 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
driverinorderto 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 Al) 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,
andthe inductance of the leads from the driverto 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 canbe worse than none. Attention
to the paths taken by return currents even in a ground plane
is essential. Ingeneral, the leads fromthe drivertoits load, the
driverto the powersupply, and the driverto whatever is 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 a2cmlongland, 1.59mm (.062") wide ona 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 10
nS, and is thus slightly slow for our purposes) a voltage of 13.5
Volts willdevelop along this land in response to our postulated
Al For a 1cm land, (approximately 15nH) 4.5 Volts is
developed. Either way, anyone using TTL-level input signals
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 (.062") land of 2o0z. 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 (inorder to turn the driver’s load
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 at least 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 eachother, 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 short and 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 (.062”) thick G-10 PCB a
pair of opposing lands each 2.36mm (.093") wide translates to
a characteristic impedance of about 50Q. Half that width
suffices on a .787mm (.031”) thick board. For accurate
impedance matching with a MIC4423/24/25 driver, on a
1.59mm (.062") board aland 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 (.125”)
would be required on a 1.59mm (.062") board.

While one could, in theory, use matching transformers at both
ends of a piece of coax, or a dozen or so matched pieces of
coax in parallel fortransmission between a driver and a distant
load. In practice, in situations where the absolute minimum in
delay between the driver and the load must be obtained, it is
generally easiest to relocate the driver as close as possible to
the load (using adequate power supply bypassing, of course)
and then connect the input of the driver back to the logic using
a single piece of coax.

Driving At Controlled Rates

Occasionally there are situations where a controlled rise orfall
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 onthe input. Input voltage switchingthresholdis-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, MIC18HC42, 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
logic input rises 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 powerterminal, 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. Tpp, 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 EMito 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 Vcc 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
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driving large loads at high frequencies. Care must therefore
be paid to device dissipation when operating in this domain.

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 (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=12RoD

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 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

Asthis energy is lostin the driver eachtime 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)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 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:

PL1=12RoD

However, in this instance the Rop 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

PL2=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 Pi

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; a logic high will result in a current drain of <2.0mA.
Quiescent power can therefore be found from:

Pq=V+s[DIH +(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 eachtime 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,gs to ground. The transition power
dissipation is approximately:

PT=F V*g (A-S)

where (A+S) is atime-current factor derived fromthe 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 C x (V¥g)?
PL = 250,000 x (3 x 106 + 3 x 106) x 122
=0.2160W
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Then transition power loss:

PT=F x V¥g X (A+S)
=250,000+ 12+ 2.5 x 108 = 0.0750W

Then quiescent power loss:

Pq =V*sx[DxIH+(1-D) x ]
=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 Rgy-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 50L2 resistive load at 1MHz, with a duty cycle
of 67%, and the otherdriver quiescent, in a maximum ambient
temperature of 40°C:

PL=12xRoxD
First, lo must be determined.
lo =V*s/(Ro + RLoAD)
Given Rp from the characteristic curves then,
lo=15/(6.3 +50)
1o = 0.2664A
and:

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

(because only one side is operating)

= (1,000,000 x 15x3.3x 10°8)/ 2
=0.2475 W

and:

PQ = 15 x [(0.67 x .00125) + (0.33 x .000125) +
(1x 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 Rgy-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

CL = 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
IH = 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 = Powerdissipated inthe driver due to the driver’s load
in Watts.
Pq = Power dissipated in a quiescent driver in Watts.
PT1 = Powerdissipatedinadriverwhen the 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
onpage12inampere-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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Pin Configuration

Ne[T]e [16] nC
NA[Z] 15] out A
NG [3] [12] ouT A
GNDE 16-PIN %VS*
aNo[5 12] Vgt
nc [6] [11) ouTB
NB[7] [10] ouTB
Ne (8] EI NC

Crossover Energy Loss

107

AMP * sec
=
-]
N

109
0 2 4 6 8 10 12 14 16 18

VIN
NOTE: 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.

2 | > 14,15

7 I > 10,11 " 5
DIFFERENTIAL DIFFERENTIAL
2 1415 2 14,15 24 75

7 011 7 10,11

NON-INVERTING INVERTING

NC = NO CONNECTION

NON-INVERTING

24 7.5

INVERTING
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Dual High Speed MOSFET Driver

 HER =S

General Description

The MIC4426/4427/4428 family of buffer/drivers are CMOS
devices built using a new, highly reliable CMOS 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 orlogic upset, up to half an amp of reverse current (of
either polarity) beingforced 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.
Because they are fabricated in CMOS, they dissipate a
minimum 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 MOSFETS, the
4426/4427/4428 series drivers are equally well suited to
dnving any other load (capacitive, resistive, or inductive)
which requires a low-impedance driver capable of high peak
currents andfast switching times. For example, heavily loaded
clock lines, coaxial cables, or piezoelectrictransducers 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 CMOS processes
Latch-Up Protected: Withstands >500 mA Reverse Current
Logic Input Will Withstand Negative Swing Up to 5V
ESD Protected .........ccoceveenincnneneenenenteseneeeene
High Peak Output Current ...

Wide Operating Range ........c.cccceceveevcrueneee 4.5V to 18V
High Capacitive Load
Drive Capability .........cccccoevinniinininnnne 1000 pF in 25 nS

Short Delay Times «.....ccvvevvrereenerrrereererenens <40 nS 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
Low Supply Current

— 4 mA with Logic 1 Input

— 400 pA with Logic 0 Input

Low Output Impedance ..........ccceoeevmrvciiineccvcrinncnnnne. 7Q
Qutput Voltage Swing to Within 25 mV 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
1000 pF gate capacitances in under 30nS, and provide low
enough impedances in boththe ON and OFF states to assure
that a MOSFET's intended state will not be affected even by
large transients.

Functional Diagram

V+5 45V OR 22V
(WHICHEVER IS LESS) 'x’

INVERTING
OUTPUTS

2mA
300mV R

VisuppLY

—
||—~
|__

D
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INPUT D—?—— —
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'
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OUTPUTS

»—D OUTPUT

5

1]

$-
GND DL EFFECTIVE
INPUT C 12pF (each input)
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Ordering Information

Part Number Temperature Range Package

MIC4426CM 0°Cto +70°C 8-Pin SOIC

MIC4426BM -40°Cto+85°C

MIC4426CN 0°C to +70°C 8-Pin Plastic DIP

MIC4426BN -40°C to +85°C

MIC4426BJ -40°C to +85°C 8-Pin CerDIP

MIC4426AJ -55°C to +125°C

MIC4426AJB -55°C o +125°C

MIC4427CM 0°C to +70°C 8-Pin SOIC

MIC44278M -40°Cto +85°C

MIC4427CN 0°C to +70°C 8-Pin Plastic DIP

MIC4427BN -40°C to +85°C

MIC4427BJ -40°C to +85°C 8-Pin CerDIP

MIC4427AJ -55°C to +125°C

MIC4427AJB -55°C to +125°C

MIC4428CM 0°C to +70°C 8-Pin SOIC

MIC4428BM -40°C to +85°C

MIC4428CN 0°C to +70°C 8-Pin Plastic DIP

MIC4428 BN -40°Ct0 +85°C |

MIC4428BJ -40°C to +85°C 8-Pin CerDIP

MIC4428AJ -55°C to +125°C

MIC4428AJB -55°C to +125°C

MIC4426CY 0°C to +70°C Die

MIC4426AY -55°C to +125°C Die

MIC4427CY 0°C to +70°C Die

MIC4427AY -55°C to +125°C Die

MIC4428CY 0°C to +70°C Die

MIC4428AY -55°C to +125°C Die
Absolute Maximum Ratings (Notes 1 and 2) Package Power Dissipation

If Military/Aerospace specified devices are required,

contact your local Micrel representative/distributor for 1000
availability and specifications. PO
Supply Voltage 22V 800 SLOPE - -SmWre
Maximum Chip Temperature 150°C
Storage Temperature Range -65°C to 150°C N FOERD® 1 amwrec
Lead Temperature (10 sec.) 300°C . 600
Package Thermal Resistance 3 \
CERDIP Rgy.a (°C/W) 150 2 ‘\
CERDIP Rgy.c (°C/W) 50 400
PDIP Rgy-a (°C/W) 125 \\
PDIP Regy-c (°C/W, 42 SoIC
SOIC Reya ((°C/W)) 250 200 | SLOPE,= -4mWr"C \i
SOIC Rgy-c (°C/W) 75 N
Operating Temperature Range 25
C Version 0°C to +70°C 25 50 75 100 125 150
B Version -40°C to +85°C AMBIENT TEMPERATURE (°C)
A Version -55°C to +125°C
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MIC4426/4427/4428 Electrical Characteristics:
Specifications measured at Tp = 25°C with 4.5 V < Vg < 18 V unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
INPUT
VIH Logic 1 Input Voltage 24 \
ViL Logic 0 Input Voltage 0.8 v
N Input Current 0<V|NS Vs -1 1 HA
OUTPUT
VoH High Output Voltage Vg0.025 v
VoL Low Output Voltage 0.025 v
Ro Output Resistance louT =10 mA, Vg = 18 V 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
Tr Fall Time Test Figure 1 25 30 nS
Tpq Delay Time Test Flgure 1 30 nS
Tp2 Delay Time Test Figure 1 50 nS
POWER SUPPLY
Is Power Supply Current VIN = 3.0 V (Both Inputs) 45 mA
Is Power Supply Current VN = 0.0 V (Both Inputs) 0.4 mA
MIC4426/4427/4428 Electrical Characteristics:
Specifications measured over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
INPUT
VIH Logic 1 Input Voltage 24 \
ViL Logic 0 Input Voltage 0.8 \'
N Input Current 0<V|NS Vs -1 1 HA
OUTPUT
VoH High Output Voltage Vg-0.025 \'
VoL Low Output Voltage 0.025 v
Ro Output Resistance louT =10 mA, Vg =18V 9 12 Q
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MIC4426/4427/4428 Electrical Characteristics:

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

Symbol Parameter Conditions 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
Tr Fall Time Test Figure 1 40 nS
Tp1 Delay Time Test Figure 1 40 nS
Tp2 Delay Time Test Figure 1 60 nS
POWER SUPPLY
Is Power Supply Current ViN = 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. n

Note 2: Static Sensitive device (above 2kV). Store only in conductive containers. Handling personnel and equipment should be grounded
to prevent static damage.

+5V

Vg = 18V INPUT
0.4V

4.7uF :E1 uF 18V

1H

1

OUTPUT

ov
o OUTPUT INVERTING DRIVER

C| = 1000pF

2,
INPUT ©

+5V

\VARV
=

INPUT

0.4V

18V

||u

OUTPUT

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

Pin Configuration

24 75 24 7.5

INVERTING NON-INVERTING

NC = NO CONNECTION DIFFERENTIAL
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Typical Characteristic Curves
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Typical Characteristic Curves (Continued)

Supply Current vs Capacitive Load Supply Current vs Frequency
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Typical Characteristic Curves (Continued)

Effect of Input Amplitude
on Delay Time
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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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Power Logic CMOS Quad Drivers

General Description

The MIC4465/6/7/8/9 family of 4-output CMOS buffer/drivers
is an expansion from the earlier single- and dual-output
drivers, to which they are functionally closely related. Because
package pincount permitted it, eachdriverhas been equipped
with a 2-input logic gate for added flexibility. Placing four high-
power drivers in a single package also improves system
reliability and reducestotal system cost. In some applications,
one of these drivers can replace not only two packages of
single-input drivers, but some of the associated logic as well.

Although primarily intended for driving power MOSFETS, and
similar highly capacitive loads, these drivers are equally well
suited to driving any other load (capacitive, resistive, or
inductive), which requires a high-efficiency, low-impedance
driver capable of highpeak currents, rail-to-rail voltage swings,
and fast switching times. For example, heavily loaded clock
lines, coaxial cables, and piezoelectric transducers can allbe

Features

Built using reliable, low power CMOS processes
Latchproof! Withstands 500 mA Inductive Kickback
5 Input Logic Choices

Symmetrical Rise and Fall Times ............cccceeueee. 25nS
Short, Equal Delay Times

High Peak Qutput Current..........cccecceeveveececeecnnenes 1.2A
Wide Operating Range ...........ccccceenninnnnnnee 4510 18V

Inputs = Logic 1 for Any Input From 2.4V to Vpp
2 kV ESD Protection on All Pins

Applications

General-Purpose CMOS Logic Buffer
Driving All 4 MOSFETs in an H-Bridge
Direct Small-Motor Driver

Relay or Peripheral Drivers

Dual Differential Output Power Drivers

CCD Driver
driven easily with MIC446X series drivers. The only limitation Pin-Switching Network Driver
Logic Diagrams
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on loading is that total power dissipation in the IC must be  any conditions within their power and voltage ratings. They
kept within the power dissipation limits of the package. are not subject to damage when up to 5V of noise spiking
(either polarity) occurs onthe ground line. They canacceptup
to half an amp of inductive kickback current (either polarity)
into their outputs without damage or logic upset. In addition,
all terminals are protected against ESD to at least 2 kV.

The MIC446X series drivers are built using a very reliable
new CMOS process, which makes them easy and forgiving
parts to use; capable of giving reliable service in very de-
manding operating environments. They will not latch under

Ordering Information Truth Table
Part No. Package Temp. Range Inputs Output
MIC44**CN | 14-Pin Plastic DIP | 0°to +70°C Part No. A B Y
. AR MIC4465 H X H
MIC44**CWM 16-Pin Wi | ° 70°
C C 6 I ide SOIC 0°to +70°C (Each Driver) X H H
MIC44**BN | 14-Pin Plastic DIP | —40°to +85°C L L L
MIC44**BWM | 16-Pin Wide SOIC | —40° to +85°C MIC4466 H X L
MIC44**BJ 14-Pin CerDIP —40° to +85°C (Each Driver) X H L
MIC44**AJ 14-Pin CerDIP -55° 10 +125°C L L H
o = s . MIC4467 L X H
MIC44**AL 20-PinLCC 55°to +125°C (Each Driver) X L H
MIC44**CY Die 0° to +70°C H H L
MIC44**AY Die (100X Visual) | -55°to +125°C MIC4468 H H H
**Two digits must be added in this position to define the device logic: (Each Driver) L X L
S S ASw t x LL L
66 — — with one inverting in|
67— NAND ° nanee MIC4469 L X L
(Each Driver) X H L
Pin Configurations
20-Pin LCC - L 14-Pin Dual-In-Line Package - N, J 16-Pin Wide SOIC - WM
1B 1A Vpp Vpp NC r
N\ 1a[1] [14] Voo 1A 16 1] Voo
2A 1Y 1BE E1Y 1B| | 2 15 | IVDD
28 2 [ 72 2v 2A[173 4]y
NC @ ] av 281 4] 13T ]2y
oA ay 8l 13 sA[I3 2] sy
B o 3 [5] 10] 4v B[ 6 11 ]4Y
a8 [6] 9]48  ano[T ] 0] )48
GNDGND4A 4B NC GND[7] [8]4a  ono[T 8] [0 T ]4A
TOP VIEW
TOP VIEW TOP VIEW
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Absolute Maximum Ratings (Notes 1 and 2)

Supply Voltage 22V Package Thermal Resistance

Input Voltage (GND -5V) to (Vpp +0.3V)

Maximum Ch|p Temperature P Package (14-P|n Plastic DIP) ROJ-A 12 mw/°C
Operatin 150°C RoJ-c 20 mW/°G
St%rage 9 —65°t0 +150°C WM Package (16-Pin Wide SOIC) Rg,.5 8 mW/,°C

. ROJ-C 31 mWreC

Maximum Load Temperature J Package (14-Pin CerDIP) Reya 10 mWrC
(10 sec, for soldering) 300°C Ro.C 45 mW/°C

Operating Ambient Temperature . . L Package (20-Pin LCC) Rega 8 mW/°C
C Version 0°to +70°C RoJ-C 40 mW/°C
B Version —40° to +85°C
A Version -55° to +125°C

Power Dissipation
P Package (14-Pin Plastic DIP) 1.5W
WM Package (16-Pin Wide SOIC) 1w
J Package (14-Pin CerDIP) 1.25W
L Package (20-Pin LCC) 1w

Electrical Characteristics: Measured at Ta = 25°C with 4.5 V < Vpp < 18 V unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

INPUT

ViH Logic 1 Input Voltage 24 v

ViL Logic 0 Input Voltage 0.8 \

N Input Current 0<ViNSVpp -1 1 HA

OUTPUT

Vo High Output Voltage lLoap = 10 mA Vpp-0-15 \

Ro Output Resistance loyt =10 mA, Vpp = 18V 10 15 Q

Ipk Peak Output Current 1.2 A

| Latch-Up Protection >500 mA
Withstand Reverse Current

SWITCHING TIME

tR Rise Time Test Figure 1 25 nS

te Fall Time Test Figure 1 25 nS

tp1 Delay Time Test Figure 1 75 nS

tpo Delay Time Test Figure 1 75 nS

POWER SUPPLY

Is Power Supply Current 4 mA
Supply
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Electrical Characteristics:

Measured over operating temperature range with 4.5V <V, < 18V unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

INPUT

Vi Logic 1 Input Voltage 24 Vv

ViL Logic O Input Voltage 0.8 Vv

™ Input Current 0<V|N<Vpp -1 1 pA

OUTPUT

VoH High Output Voltage lloap=10mA Vpp-0.3 \'

VoL Low Output Voltage loap=10mA 0.3 \'

Ro Output Resistance loyT = 10 mA, Vpp = 18V 20 30 Q

Ipk Peak Output Current 1.2 A

| Latch-Up Protection 500 mA
Withstand Reverse Current

SWITCHING TIME

tr Rise Time Test Figure 1 50 nS

te Fall Time Test Figure 1 50 nS

to1 Delay Time Test Figure 1 100 nS

tpa Delay Time Test Figure 1 100 nS

POWER SUPPLY

Is Power Supply Current 8 mA
Supply

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.
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Test Figure 1
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MIC5010

’{l IWEE@@ Iﬁlw' Full-Featured Power MOSFET Predriver
2|l | D o\ e { i

General Description Features

. . 7V-32V operation
The MIC5010 is the full-featured member of the Micrel . e
MIC501X predriver family. These ICs are designed to drive Less than 1 pA standby cur vent in the ‘off' state
the gate of an N-channel power MOSFET above the sup- Internarl:El_wrar%z purmp “i drive the gate of an N-channel
PR . o ower above supply
ply rail in high-side power switch applications. The p . .
MIC5010 is compatible with standard or current-sensing MIL-STD-883 Method 5004/5005 version available

power FETs in both high- and low-side driver topologies. Available in small outiine SOIC packages

Internal zener clamp for gate protection
The MIC5010 charges a 1 nF load in 60 uS typical and 25 S typical turn-on time to 50% gate overdrive
protects the MOSFET from over-current conditions. Faster Programmable over-current sensing
switching is achieved by adding two 1 nF charge pump ca- Dynamic current threshold for high in-rush loads
pacitors. The current sense trip point is fully programmable Fault output pin indicates current faults
and a dynamic threshold allows high in-rush current loads Implements high- or low-side switches
to be started. A fault pin indicates when the MIC5010 has
turned off the FET due to excessive current.

Power bus switching
Motion control

. ) . Applications
Other members of the Micrel predriver family include the Lamp drivers
MIC5011 minimum parts count 8 pin predriver, MIC5012 Relay and solenoid drivers
dual predriver, and MIC5013 protected 8 pin predriver. + Heater switching

Ordering Information

PART TEMPERATURE PACKAGE

i i i ANGE
Iyplcal Appllcatlon NUMBER R
MIC5010BN —40°C to +85°C | 14-pin Plastic DIP

MIC5010BJ —40°C to +85°C | 14-pin Ceramic DIP
MIC5010BM —40°C to +85°C | 14-pin SOIC

MIC5010 MIC5010AJ -55°C to +125°C | 14-pin Ceramic DIP
Uinhinit~Fauit |4 o o i i
2 MIC5010AJB | -55°C to +125°C | 14-pin Ceramic DIP
= NC N
s i MIC5010B | -40°Cto +85°C | Die
Control Input Input NC
H 4
W Thresh €1 a__ SR(V,, +100mV)
=~ Imp_
= Sense  Com S ORI~ (V.__+100mV)
6lsource  C2 L o TRIP
ond  Gate] 8 - IRCza4 Ri= VSRR
I — ‘ (8=2590, T 00mV (SReRLY
= — Ro11m0) 100mV (SR+Rg)
—;' l‘_'l 00
sene [ s SOURCE Ry~ 221 1000
‘L 230 LOAD TRIP

For this example:

KELVIN
4.3kQ _J_ I =30A (trip current)
Note: The MIC5010 is ESD sensitive = —100mV

= Vime

Figure 1. High-Side Driver with
Current-Sensing MOSFET

Protected under one or more of the following Micrel patents:
patent #4,951,101; patent # 4,914,546
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Absolute Maximum Ratings (Note 1, 2) Operating Ratings (Notes 1, 2)

Inhibit Voltage, Pin 1 -1Vto V+ Power Dissipation 1.56W
input Voltage, Pin 3 ; —10Vto V* 6 (Plastic DIP) 80 °C/W
Threshold Voltage, Pin 4 -0.5t0 +5V 6, (Ceramic DIP) 105°C/W
Sense Voltage, Pin 5 -10Vto V¥ g4 (SOIC) 115°C/W
Source Voltage, Pin 6 -10Vto V* Ambient Temperature: B version —40°C to +85°C
Current into Pin 6 50 mA Ambient Temperature: A version -55°C to +125°C
Gate Voltage, Pin 8 -1Vto 50V  Storage Temperature —65°C to +150°C
Supply Voltage (V+), Pin 13 —-0.5Vto 36V Lead Temperature 260°C
Fault Output Current, Pin 14 -1 mAto+1 mA (Soldering, 10 seconds)

Junction Temperature 150°C  Supply Voltage (V+), Pin 13 7V to 32V high side

7V to 15V low side

Electrical Characteristics (Note 3) Test circuit, Tp = -55°C to +125°C, V¥=15V, V1=0V, 14=I5=114=0,
all switches open, unless otherwise specified.

Parameter Conditions Min | Typ | Max | Units
Supply Current, 113 V+=32V =0V, S4 closed 0.1 10 LA
ViN=VS=32V, 14=200 pA 9 20 | mA
Logic Input Voltage Threshold, | Adjust Vyy for Veatg low 2 Vv
VN Adjust V|y for VgaTe high 45
Logic Input Current, 13 V+=32V ViN=0V -1 uA
V=32V 1
Input Capacitance Pin 3 5 pF
Gate Drive, VGATE S1, S2 closed, V+=7V, 18=0 13 15 v
VS=V+, Viy=5V V+=15V, 18=100 pA 24 27
Zener Clamp, S2closed, V=5V  |V*=15V, VS=15V 11 12.5 15 Y
VGATE-VSOURCE V+=32V, VS=32V 1 13 16
Gate Turn-on Time, ton VN switched from 0 to 5V; measure time 25 50 usS
(Note 4) for VaaTg to reach 20V
Gate Turn-off Time, topf VN switched from 5 to OV; measure time 4 10 uS
for VgaTg to reach 1V
Threshold Bias Voltage, V4 14=200 pA 1.7 2 2.2 \
Current Sense Trip Voltage, | S2 closed, Vjy=5V, [V+=7V, S4 closed 75 105 | 135
VSENSE—VSOURCE Increase 15 14=100 pA VS=4.9V 70 100 130
V+=15V S4 closed 150 | 210 | 270 mv
14=200 pA VS=11.8V 140 | 200 | 260
V+=32V VS=0V 360 | 520 | 680
14=500 pA VS=25.5V 350 | 500 | 650
Peak Current Trip Voltage, S3, S4 closed, 16 21 v
VSENSE-VSOURCE V=15V, V=5V
Fault Output Voltage, V14 ViN=0V, 114=—100 pA 04 1 Vv
Viy=5V, 114=100 pA, current sense tripped 14 14.6
Current Sense Inhibit, V1 V1 above which current sense is disabled 7.5 13 \
V1 below which current sense is enabled 1 7.5 \

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not
apply when operating the device beyond its specified Operating Ratings.

Note 2: The MIC5010 is ESD sensitive.

Note 3: Minimum and maximum Electrical Characteristics are 100% tested at Tp=25°C and Ta= 85°C(125°C for A version), and
100% guaranteed over the entire operating temperature range. Typicals are characterized at 25°C and represent the most likely para-
metric norm.
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Note 4: Test conditions reflect worst case high-side driver performance. Low-side and bootstrapped topologies are significantly fast-

er--see Applications Information.

Test Circuit

V+
—|¢1uF
$ t
Vi MIC5010 =
_L_G ! Inhib—Fault |14
= —r_Z v+ 13 »
-3 Input 12__._
Vv 4 Thresh cCi1it =
IN ——L_inF =
@ A?:A)' 5] sense Com q "
- ! 8] Source  C2 kr'm': Vonte
d 0L 55 7 Gnd Gatel8
S3/14(} Twe _I__ n ate
- - s4 SZL _"-'L - I1nF st
vs = 18
Typical Characteristics
Supply Current DC Gate Voltage
12 above Supply
<
E 10 02 F
|_
g s / 2 /
w = 10
& / +
S 6 Vi >
() / 18
5 4 E 6 /
T <
a / o
7 2 Z > 4
4
‘ 2
0
0 5 10 15 20 25 30 35 0
0 3 6 9 12 15
SUPPLY VOLTAGE (V) .
SUPPLY VOLTAGE (V)

* Time for gate voltage to reach V++5V in test circuit with VS=V+-5V (prevents gate clamp from interfering with measurement).
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Typical Characteristics (Continued)

High-side Turn-on Time* High-side Turn-on Time*
350 140
_. 300 — 120
g 2
o 250 CGATE=1 nF — o 100 CGATE=1nF _
= 500 \ Z g [\ co-1nF
P4 =z
Q 150 Q 60
z z
5 100 5 40
50 — 20 —
0 0
o 3 6 9 12 15 o 3 6 9 12 15
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= = C2=1nF
= 2.0 = 0.8 \
& 15 g os
2 \ 2 \
T 10 T 04
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05 S 0.2
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o 3 6 9 12 15 o 3 6 9 12 15
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Charge Pump Charge Pump
Output Current . Output Current
I 250 < 10
2 _\}GATIIE v+ £ ' ! ! AN
= = =
Z 200 // N Z 08 [—VGATE=V* /[ \\
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5 150 / IE ; S 06 FANZnNAY
3} N °o - / A\
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n:_ 100 I 2 ’ / /VGATE=V++5V
w ] ]
g 50 / g 0.2 S
< VS=V+-5V —— < g
I =\ !
S o L1 5 L Aok
0 5 10 15 20 25 30 0 5 10 15 20 25 30
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
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Typical Characteristics (Continued)
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Applications Information
Functional Description (Refer to Block Diagram)

The various MIC5010 functions are controlled via a logic
block connected to the input pin 3. When the input is low
all functions are turned off for low standby current, and the
gate of the power MOSFET is also held low through 500Q
to an N-channel switch. When the input is taken above the
turn-on threshold (3.5V typical), the N-channel switch turns
off and the charge pump is turned on to charge the gate of
the power FET. A bandgap type voltage regulator is also
turned on which biases the current sense circuitry.

The charge pump incorporates a 100 kHz oscillator and
on-chip pump capacitors capable of charging 1 nF to 5V
above supply in 60 uS typical. With the addition of 1 nF
capacitors at C1 and C2, the turn-on time is reduced to 25
uS typical. The charge pump is capable of pumping the-
gate up to over twice the supply voltage. For this reason a
zener clamp ( 12.5V typical) is provided between the gate
pin 8 and the source pin 6 to prevent exceeding the Vas
rating of the MOSFET at high supplies.

The current sense operates by comparing the sense volt-
age at pin 5 to an offset version of the source voltage at
pin 6. Current 14 flowing in threshold pin 4 is mirrored and
returned to the source via a 1 kQ resistor to set the offset
or trip voltage. When (VgeNSE - VSOURCE) exceeds
VTRIP » the current sense trips and sets the current sense
latch to turn off the power FET. An integrating comparator
is used to reduce sensitivity to spikes on pin 5. The latch is
reset to turn the FET back on by "recycling" the input pin 3
low and then high again.

Block Diagram

A resistor Rty from pin 4 to ground sets 14, and hence
VTRip- An additional capacitor Cyy from pin 4 to ground
creates a higher trip voltage at turn-on, which is necessary
to prevent high in-rush current loads such as lamps or ca-
pacitors from false-tripping the current sense.

When the current sense has tripped, the fault pin 14 will be
high as long as the input pin 3 remains high. However,
when the input is low the fault pin will also be low.

Construction Hints

High current pulse circuits demand equipment and assem-
bly techniques that are more stringent than normal, low
current lab practices. The following are the sources of
common pitfalls encountered while prototyping:Supplies:
many bench power supplies have poor transient response.
Circuits that are being pulse tested, or those that operate
by pulse-width modulation will produce strange results
when used with a supply that has poor ripple rejection, or a
peaked transient response. Monitor the power supply volt-
age that appears at the drain of a high-side driver (or the
supply side of the load in a low-side driver) with an oscillo-
scope. It is not uncommon to find bench power supplies in
the 1 kW class that overshoot or undershoot by as much
as 50% when pulse loaded. Not only will the load current
and voltage measurements be affected, but it is possible to
over-stress various components--especially electrolytic ca-
pacitors--with possibly catastrophic results. A 10 uF supply
bypass capacitor at the chip is recommended.
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25000
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1k
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Pin Description (Refer to Figures 1 and 2)

Pin Number Pin Name Pin Function
1 Inhibit Inhibits current sense function when connected to supply. Normally grounded.
3 Input Resets current sense latch and turns on power MOSFET when taken above thresh-

old (3.5V typical). Pin 3 requires <1 pA to switch.

Sets current sense trip voltage according to: V. 2200

TRIP™ R, +1000
4 Threshold H
where Rty to ground is 3.3k to 21kQ. Adding capacitor Cty increases the trip volt-
age at turn-on to 2V. Use Cyy =10 uF for a 10 mS turn-on time constant.

The sense pin causes the current sense to trip when Vgensg is VTRp above
5 Sense Vsource. Pin 5 is used in conjunction with a current shunt in the source of a 3
lead FET or a resistor Rg in the sense lead of a current sensing FET.

Reference for the current sense voltage on pin 5 and return for the gate clamp zen-
6 Source er. Connect to the load side of current shunt or kelvin lead of current sensing FET.
Pins 5 and 6 can safely swing to —10V when turning off inductive loads.

Ground
Gate Drives and clamps the gate of the power FET. Pin 8 will be clamped to approxi-
mately —0.7V by an internal diode when turning off inductive loads.
9,10, 11 C2,Com, C1 | Optional 1 nF capacitors reduce gate turn-on time; C2 has dominant effect.
13 V+ Supply pin; must be decoupled to isolate from large transients caused by the power
FET drain. 10 uF is recommended close to pins 13 and 7.
14 Fault Outputs status of protection circuit when pin 3 is high. Fault low indicates normal

operation; fault high indicates current sense tripped.
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Applications Information (Continued)

Residual Resistances: Resistances in circuit connections
may also cause confusing results. For example, a circuit
may employ a 50 mQ power MOSFET for low drop, but
careless construction techniques could easily add 50 to
100 mQ resistance. Do not use a socket for the MOSFET.
If the MOSFET is a TO-220 type package, make high-
current drain connections to the tab. Wiring losses have a
profound effect on high-current circuits. A floating millivolt-
meter can identify connections that are contributing excess
drop under load.

Circuit Topologies

The MIC5010 is suited for use in high- or low-side driver
applications with over-current protection for both current-
sensing and standard MOSFETSs. In addition, the MIC5010
works well in applications where, for faster switching times,
the supply is bootstrapped from the MOSFET source out-
put. Low voltage, high-side drivers (such as shown in the
Test Circuit) are the slowest; their speed is reflected in
the gate turn-on time specifications. The fastest drivers are
the low-side and bootstrapped high-side types. Load cur-
rent switching times are often much faster than the time to
full gate enhancement, depending on the circuit type, the
MOSFET, and the load. Turn-off times are essentially the
same for all circuits (less than 10 uS to Vgg=1V). The
choice of one topology over another is based on a combi-
nation of considerations including speed, voltage, and de-
sired system characteristics. Each topology is described in
this section. Note that I, as used in th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>