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IttyBitty™ and TinyFET™ Part Identification Index
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* early production identification

* Summary information. For full details, contact Micrel.
T Available by Standard Military Drawing number only.
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A CORPORATE COMMITMENT TO EXCELLENCE IN SUPPLYING
HIGH-PERFORMANCE ANALOG POWER ICs

Micrel, Inc., founded in 1978, is the recognized leader in power-IC products. Our line of low-dropout voltage regula-
tors, power MOSFET drivers and switches, and protected latched drivers is the most extensive in the industry. We have
expanded our standard product offerings to include Universal Serial Bus products, operational amplifiers, comparators,
and the industry’s first semicustom high-voltage interface devices.

Our objective is to be the major supplier of high-performance analog power ICs to the personal computer, telecom-
munications, industrial controls, automotive, office automation, avionics, and military markets. Our rapidly expanding
standard product line complements our long-standing semiconductor foundry capacities, our custom ICs, and our
EZAnalog™ semicustom ICs that are the most advanced high-voltage analog interface devices available today. These
devices are easily designed using free design tools located on the Micrel Website. We also offer foundry and testing
services to a wide variety of customers.

Advanced LDO regulators are another example of our technology leadership. They have the lowest dropout voltage
of any high-current voltage regulators available in the industry. Our superb technology gives our customers the Micrel
Advantage. Our class-10 wafer fabrication facility is second to none in the markets we serve and is now ISO 9001
certified.

“High-Performance Analog Power”is the combining of low-voltage linear and digital functions with high-voltage,
high-current output devices. This action allows for the further integration of functions previously handled primarily by
modules and hybrids. By combining these low-voltage and high-voltage functions on a single monolithic IC, we have
dramatically improved both reliability and packaging density.

We at Micrel are proud of our success. We have established a standard of business performance envied by others
in the industry. Micrel is dedicated to supporting and expanding high performance analog power semiconductor markets.
Quality is our goal, in both production and customer service. Our company is also dedicated to service, and you have my
personal commitment that Micrel will meet or exceed your strictest standard of excellence.

Micrel's unique process technologies have allowed us to produce a wide range of products for power-management
applications. It is Micrel's focus and intention to provide our customers with as much functionality as exists in the industry,
using the popular new small-outline packages. Our customers need and expect the best in performance and value, and
we are here to deliver what they need.

~

Ray Zinn
President and Chief Executive Officer

Micrel, Inc.

Micrel Semiconductor—your source for High-Performance Analog Power ICs



FMIEREL

Corporate History

Introduction

Micrel Semiconductor designs, develops, and manufacturers
high-performance analog power integrated circuits. Micrel
currently ships over 700 standard products which are used in
a wide variety of electronic products, including those in the
communications, computer, and industrial markets. Micrel
also manufactures custom analog and mixed-signal circuits,
and provides wafer foundry services, for a widely diverse
range of industries. Standard products are sold through a
worldwide network of independent sales representative firms,
independent distribution firms, and a direct sales force.

Micrel History
Since its founding in 1978 as an independent test facility of
integrated circuits, Micrel has maintained a reputation for

excellence, quality and customer responsiveness that is
second to none.

In 1981 Micrel acquired its first independent semiconductor
processing facility. Initially focusing on custom and specialty
fabrication for other IC manufacturers, Micrel eventually
expanded to develop its own line of semicustom and stan-

dard-product Intelligent Power integrated circuits. In 1993,
with the continued success of these ventures, a new 57,000
square feet facility was acquired. This new Class 10 facility
has allowed Micrel to extend its process and foundry capabili-
ties with a full complement of CMOS/DMOS/Bipolar/NMOS/
PMOS processes. Incorporating metal gate, silicon gate,
dual metal, dual poly and features sizes down to 1.5 micron,
Micrel is able to offer its customers unique design and
fabrication tools.

The ability to combine high-speed/high-density digital, preci-
sion, high-performance analog, and high-voltage/high-power
devices all on the same monolithic circuit opened new fron-
tiers in semiconductor design. One early example of this

capability was the MPD8020 ASIS™ (Applications Specific
Integrated System). This semicustom Intelligent Power
Array allows users to economically design a proprietary IC by
specifying the final interconnect pattern of an array of low-
voltage analog and logic CMOS along with customized high-
voltage PMOS and high-voltage DMOS power drivers.

As Micrel moved forward toward its goal of becoming an
independent supplier of integrated circuits, it expanded its
base by entering into agreements to second source products
for some major manufacturers. Since then, Micrel has
announced numerous proprietary lines of standard products
including low-dropout regulators, MOSFET drivers, SMPS
regulator and controller ICs, CardBus (PCMCIA card) power
controller ICs, latched drivers, display drivers, and many
others.

Micrel Today and Beyond

Building on its strength as an innovator in process and test
technology, Micrel has expanded and diversified its business
by becoming a recognized leader in the high-performance
analog power control and management markets.

A successful initial public offering, in December 1994, and
ISO9001 compliance are just two additional steps in Micrel's
long range strategy to become the preeminent supplier of
high performance analog power management and control
ICs. By staying close to the customer and the markets they
serve, Micrel will remain focused on cost-effective standard
product solutions for a changing world.

High-Performance Analog Power ICs

High Performance Precision voltages, high technology
(Super Reta PNP™ process, patented circuit tech-
nigues, etc.) combined with safety features—such as
overcurrent, overvoltage, and overtemperature protec-
tion

Analog Continuously varying outputs of voltage or
current as opposed to digital on/off. Micrel also manu-
factures mixed-signal (analog plus digital) ICs which
take advantage of the best of both.

Power ICs High current and/or high voltage

Market Segments

Power supplies

Battery-powered computers, cellular phones, and
handheld instruments

Industrial and display systems

Desktop computers

Aftermarket automotive

Avionics

Plus others

ASIS and Super Reta PNP are trademarks of Micrel, Inc.




Part Identification

FNIEREL

Packaged Devices

MIC XXXX -01 A E B Q

Micrel J |— Quialification Option

or Standard Prefix H4 = Rad Hard, 1x10* rad (Si)
Part Number Q =ClassBorS

Speed /Bonding Option —U5creening Option

only used when required (None) = Industrial
B=ClassB S=ClassS

Temperature
A =-55°C to +125°C
=-40°C to +85°C

C= 0°Cto+70°C
Package
E = Ceramic Quad J = Ceramic DIP L = Leadless Chip Carrier
M = 150 mil SOIC M3 = SOT-23 M4 = SOT-143
M5 = SOT-23-5 MM = MSOP N = Plastic DIP
Q =QFP S = SOT-223 SM = SSOP
T=TO-220 U =TO-263 V =PLCC
W = Flat-Pack WM = 300 mil Wide SOIC
WT = TO-247 Y = Dice Z=T0O-92
Die MIC XXXX A Y P X

(Minimum Order $500)
Micrel 4| I—

or Industry Standard Prefix

Special Processing

H: Radiation Wafer Lot Qualification
L: Backlapped

G: Backlapped and Gold Backed
HG: Rad Hard and Gold Backed

Part Number

Quality
C: Commercial Visual
(0°C/+70°C design temperature)

Element Evaluation
Die Form

A: Class B Visual, per Mil-Std-883/2010
(-55°C/+125°C design temperature)
Wafer Lot Traceability C of C, requires
element evaluation, 883/5008, Class B

S: Class S visual per Mil-Std-883/2010
(-55°C/+125°C temperature)

Wafter Lot Traceability C of C, requires
element evaluation, 883/5008, Class S
and Wafer Lot Acceptance 883/5007

W: Wafer Form
T: Sticky Tape
P: Waffle Pack

Package
Y: Die are 100% tested at 25°C
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Part Identification

IttyBitty™ and TinyFET™ Part Identification

IttyBitty, TinyFET, and other SOT-143, SOT-23, or SOT-23-5 packaged devices use abbreviated markings for identification.

Mark Part Number Description
All MIC6211BM5 IttyBitty™ Op Amp
A51 MIC6251BM5 IttyBitty™ Instrumentation Amplifier +2, +1, =1 gain amp.
A52 MIC6252BM5 IttyBitty™ Instrumentation Amplifier +0.5, +1 gain amp.,
avg. value amp.
B10 MIC6270BM5 IttyBitty™ Comparator
C10 MIC2660BM5 IttyBitty™ Charge Pump
D10 MIC4416BM4 IttyBitty™ Low-Side MOSFET Driver noninverting
D11 MIC4417BM4 IttyBitty™ Low-Side MOSFET Driver inverting
ML10 MIC4416BM4 IttyBitty™ Low-Side MOSFET Driver early production mark
F10 MIC2514BM5 IttyBitty™ Integrated High-Side Switch
H10 MIC5018BM4 IttyBitty™ High-Side MOSFET Driver noninverting
MH10 MIC5018BM4 IttyBitty ™ High-Side MOSFET Driver early production mark
LAXX MIC5203-x.xBM4 80mA Low-Dropout Regulator fixed output
LBAA MIC5205BM5 150mA Low-Dropout Regulator adjustable output
LBxx MIC5205-x.xBM5 150mA Low-Dropout Regulator fixed output
LC50 MIC5230-5.0BM5 10mA Microcurrent Voltage Regulator 5.0V output
LDxx MIC5206-x.xBM5 150mA Low-Noise LDO Regulator fixed output
LEAA MIC5207BM5 180mA Low-Noise LDO Regulator adjustable output
LExx MIC5207-x.xBM5 180mA Low-Noise LDO Regulator fixed output
P30 MIC94030BM4 TinyFET™ P-Channel MOSFET
P31 MIC94031BM4 TinyFET™ P-Channel MOSFET with gate pull-up resistor
Rab LM4040bIM3-x.x Precision Micropower Shunt Voltage Reference
LM4041bIM3-x.x
X.X: output voltage (volts)
a: voltage code
b: tolerance code
[see data sheet for details]
T10 MIC1555BM5 IttyBitty™ Timer/Oscillator
T11 MIC1557BM5 IttyBitty™ Oscillator

1997



FMIEREL

Part Number
Cross Reference

Part Number Micrel Replacement Part Number Micrel Replacement
Allegro (Sprague) CS3842ANS MIC38C42N*, MIC38HC42BN*
UCNABO7A MICA807BN CS3842D8 MIC38C42BM*, MIC38HC42BM*
UCNS800A MIC5S00BN CS3842D14 MIC38C42-1BM*, MIC38HC42-1BM*
UCNS800L MIC5S00BM CS3842N8 MIC38C42N*, MIC38HC42BN*
UCNS800R MIC5800AJ CS3843ADS8 MIC38C43BM*, MIC38HC43BM*
UCN5801A MIC5801BN, MIC58P01, MIC59P50 CS3843AD14 MIC38CA3-1BM*, MIC38HCA3-1BM*
UCNS8OLEP MIC5801BY. MIC58P01BY CS3843ANS MIC38C43N*, MIC38HC43BN*
UCNS80LR MIC5801AJ CS3843D8 MIC38C43BM*, MIC38HC43BM*
UCNS810A MIC5810BN CS3843D14 MIC38C43-1BM*, MIC38HC43-1BM*
UCNS810AF MIC5S10BN CS3843N8 MIC38C43N*, MIC38HC43BN*
UCN5810LWF MIC5810BWM élantec
UCNS812A MICS5812BN EL7202CN MIC1427CN, MIC4424BN
UCN5812AF MIC5812BN EL7202CS MIC14270M
UCNS812EP MICS5812BV EL7212CN MIC1426CN, MIC4423BN
UCN5812EPF MIC5812BV EL7212CS MIC14260M
UCNS818AF MICS5818BN EL7222CN MIC1428CN, MIC4425BN
UCN5818EPF MIC5818BV EL7222CS MIC14280M
UCN5821A MIC5821BN
UCN5822A MIC5822BN Goldstar
UCN5841A MIC5841BN, MIC58P42, MIC59P60 GL3842... MIC38C42...* MIC38HC42...*
UCN5841EP MIC5841BV GL3843... MIC38C43...* MIC38HC43...*
UCN5841EPTR MIC5841BV T&R GL3844... MIC38C44...* MIC38HC44...*
UCN5841LW MIC5841BWM GL3845... MIC38C45...* MIC38HC45...*
UCN5841LWTR MIC5841BWM T&R Gould AMI
UCN5842A MIC5842BN, MIC58P42BN, MIC59P60
UCNS5842EP MIC5842BV, MIC58P42BV S4520 MIC8030
UCN5842LW MIC5842BWM, MIC58P42BWM Harris Semiconductor
UCN5891A MIC5891BN ICL7667CBA MIC1426CM, MIC4426CM
UCQ5800A MIC5800BN ICL7667CPA MIC1426CN, MIC4423CN, MIC4426CN
UCQ5801A MIC5801BN ICL7667MJA MIC4423AJ, MIC4426AJ
UCQ5801ABU MIC5801AJB, MIC58P01AJB
UCQ5801R MIC5801AJ, MIC58P01AJ Holt
UCQ5821A MIC5821BN HI-8010 MIC8030
UCS5800H883 5962-8764002CA (MIC5800AJBQ) Linear Technology Corp.
ngggg;:ggg ggg;‘g;gﬂg?g’: (MIC5801AJBQ) LT1083CP MIC29752BWT* MIC29753BWT*
- (MIC5822AJBQ)
ULN2803A MIC2803BN LT1084CT MIC29502BT*, MIC29503BT*
LT1085CT MIC29302BT*, MIC29303BT*
ULN2803LW MIC2803BWM
ULN2804A MIG2804BN LT1083CP-5 MIC29750-5.0BWT*
ULN2804LW MIG2804BWM LT1084CT-5 MIC29500-5.0BT*
LT1085CT-5 MIC29300-5.0BT*
Astec LT1085CT-12 MIC29300-12BT*
AS3842... MIC38C42...*, MIC38HC42...* LT1086CT MIC29152BT*, MIC29153BT*
AS3843... MIC38C43...*, MIC38HC43...* LT1086-5CT MIC29150-5.0BT*
AS3844... MIC38C44...*, MIC38HC44...* LT1086-12CT MIC29150-12BT*
AS3845... MIC38C45...*, MIC38HC45...* LT1172 MIC2172% MIC3172*
uUC3842. . MIC38C42...* MIC38HC42...* LT1241CN8 MIC38C45BN, MIC38HC45BN
UC3843... MIC38C43...*, MIC38HC43...* LT1241CS8 MIC38C45BM, MIC38HC45BM
UC3844. .. MIC38C44...* MIC38HC44...* LT1242CN8 MIC38C42BN*, MIC38HC42BN*
UC3845... MIC38C45...* MIC38HCA5...* LT1242CS8 MIC38C42BM*, MIC38HC42BM*
, LT1243CJ8 MIC38C43AJB*
Cherry Semiconductor LT1243CN8 MIC38C43BN*, MIC38HC43BN*
CS2843ADS MIC38C43BM*, MIC38HC43BM*
CS2843AD14 MIC38C43-1BM*, MIC38HC43-1BM* _ _ _ _
CS3842AD8 MIC38C42BM*, MIC38HC42BM* M!crel EgU|yalent devices are s_hown in boldfac_e .
CS3842AD14 MIC38C42-1BM*, MIC38HC42-1BM* Micrel Similar Replacement devices are shown in italic.

* Indicates Micrel Improved Version devices.
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Part Number Micrel Replacement Part Number Micrel Replacement
LT1244CJ8 MIC38C44AJB* LM2931T-5.0 MIC2954-03BT*
LT1244CN8 MIC38C44BN*, MIC38HC44BN* LM2931Z-5.0 MIC2950-06BZ*
LT1244CS8 MIC38C44BM*, MIC38HC44BM* LM2937ET-5.0 MIC2937A-5.0BT*
LT1245CJ8 MIC38C45AJB* LM2937ET-12 MIC2937A-12BT*
LT1245CN8 MIC38C45BN*, MIC38HC45BN* LM2940CS-3.3 MIC2940A-3.3BU*
LT1245CS8 MIC38C45BM*, MIC38HC45BM* LM2940CS-5.0 MIC2940A-5.0BU*

Linfinity Micro (Silicon General)

SG1626/2626/3626 MIC426, MIC1426, MIC4423, MIC4426
SG1644/2644/3644 MIC426, MIC1426, MIC4423, MIC4426
*

LM2940CS-12
LM2940CT-5.0
LM2940CT-12
LM2940T-5.0
LM2940T-12
LM2941CS
LM2941CT
LM2941T
LM4040...
LM4041...
LP2950ACZ-5.0
LP2950CZ-5.0

MIC2940A-12BU*
MIC2940A-5.0BT*
MIC2940A-12BT*
MIC2940A-5.0BT*
MIC2940A-12BT*
MIC2941ABU*

MIC2941ABT*

MIC2941ABT*

LM4040...

LM4041...

LP2950-02BZ, MIC2950-05BZ*
LP2950-03BZ, MIC2950-06BZ*

SG3842... MIC38C42...*, MIC38HC42...
SG3843... MIC38C43...*, MIC38HC43...*
SG3844... MIC38C44...*, MIC38HC44...*
SG3845... MIC38C45...*, MIC38HCA45...*
Maxim

ICL7667 MIC426, MIC1426, MIC4423, MIC4426
TSC426 MIC426, MIC1426, MIC4423, MIC4426
Motorola

MHO0026 MIC426, MIC1426, MIC4423, MIC4426
UC2842AD MIC38C42-1BM*, MIC38HC42-1BM*
UC2842AN MIC38C42BN*, MIC38HC42BN*
UC2842AJ MIC38C42AJB*

UC2843AD MIC38C43-1BM*, MIC38HC43-1BM*
UC2843AJ MIC38C43AJB*

UC2843AN MIC38C43BN*, MIC38HC43BN*
UC3842AD MIC38C42-1BM*, MIC38HC42-1BM*
UC3842AJ MIC38C42AJB*

UC3842AN MIC38C42BN*, MIC38HC42BN*
uC3842D MIC38C42-1BM*, MIC38HC42-1BM*
uC3842DJ MIC38C42AJB*

UC3842N MIC38C42BN*, MIC38HC42BN*
UC3843AN MIC38C43BN*, MIC38HC43BN*
UC3843AD MIC38C43-1BM*, MIC38HC43-1BM*
National Semiconductor

DS0026CJ-8 MIC4426AJ

DS0026CN MIC4426CN, MIC4426CN
LM2574M-3.3 LM2574-3.3BWM, LM4574-3.3BWM
LM2574M-5.0 LM2574-5.0BWM, LM4574-5.0BWM
LM2574M-12 LM2574-12BWM

LM2574M-ADJ LM2574BWM, LM4574BWM
LM2574N-3.3 LM2574-3.3BN, LM4574-3.3BN
LM2574N-5.0 LM2574-5.0BN

LM2574N-12 LM2574-12BN

LM2574N-ADJ
LM2575M-ADJ
LM2575M-3.3
LM2575M-5.0
LM2575M-12
LM2575N-ADJ
LM2575N-3.3
LM2575N-5.0
LM2575N-12
LM2575T-ADJ
LM2575T-3.3
LM2575T-5.0
LM2575T-12
LM2576T-ADJ
LM2576T-3.3
LM2576T-5.0
LM2576T-12
LM2930T-5.0
LM2931AT-5.0
LM2931AZ-5.0

LM2574BN, LM4574BN
LM2575BWM

LM2575-3.3BWM
LM2575-5.0BWM
LM2575-12BWM

LM2575BN

LM2575-3.3BN

LM2575-5.0BN

LM2575-12BN

LM2575BT, MIC4575BT
LM2575-3.3BT, MIC4575-3.3BT
LM2575-5.0BT, MIC4575-5.0BT
LM2575-12BT

LM2576BT, MIC4576BT
LM2576-3.3BT, MIC4576-3.3BT
LM2576-5.0BT, MIC4576-5.0BT
LM2576-12BT

MIC2954-03BT*
MIC2954-03BT*
MIC2950-06BZ*

LP2951ACM LP2951-02BM, MIC2951-02BM*
LP2951ACN LP2951-02BN, MIC2951-02BN*
LP2951AIT MIC2954-02BT*

LP2951ICM LP2951-03BM, MIC2951-03BM*
LP2951CN LP2951-03BN, MIC2951-03BN*
LP2951IT MIC2954-03BT*

LP2954AIT MIC2954-02BT*

LP2954IT MIC2954-03BT*

LM2980 MIC5205*, MIC5207*

LM2981 MIC5205*

MM5450 MM5450

MM5451 MM5451

NHMO0026 MIC426, MIC1426, MIC4423, MIC4426
Phillips

uC3842... MIC38C42...* MIC38HC42...*
uC3843... MIC38C43...* MIC38HC43...*
uC3844... MIC38C44...* MIC38HC44...*
UC3845... MIC38C45...* MIC38HC45...*
Samsung

KA3842B MIC38C42BN*, MIC38HC42BN*
KA3842BD MIC38C42-1BM*, MIC38HC42-1BM*
KA3843B MIC38C43BN*, MIC38HC43BN*
KA3843BD MIC38C43-1BM*, MIC38HC43-1BM*
KA3844B MIC38C44BN*, MIC38HC44BN*
KA3844BD MIC38C44-1BM*, MIC38HC44-1BM*
KA3845B MIC38C45BN*, MIC38HC45BN*
KA3845BD MIC38C45-1BM*, MIC38HC45-1BM*
Semtech

LM2575T-ADJ LM2575BT

LM2575T-3.3 LM2575-3.3BT

LM2575T-5.0 LM2575-5.0BT

LM2575T-12 LM2575-12BT

LM2575N-ADJ LM2575BN

LM2575N-3.3 LM2575-3.3BN

LM2575N-5.0 LM2575-5.0BN

LM2575N-12 LM2575-12BN

LM2575M-ADJ LM2575BWM

LM2575M-3.3 LM2575-3.3BWM

LM2575M-5.0 LM2575-5.0BWM

LM2575M-12 LM2575-12BWM

LM2576T-ADJ

LM2576BT

Micrel Equivalent devices are shown in boldface .
Micrel Similar Replacement devices are shown in italic.
* Indicates Micrel Improved Version devices.
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Part Number Micrel Replacement Part Number Micrel Replacement
LM2576T-3.3 LM2576-3.3BT TC4424COE MIC4424CWM
LM2576T-5.0 LM2576-5.0BT TC4424CPA MIC4424CN
LM2576T-12 LM2576-12BT TC4424EQE MIC4424BWM
SGSThomson TC4424EPA MIC4424BN
TC4424MIA MIC4424AJ
M5450 MM5450 TC4425COE MIC4425CWM
M5451 MM5451 TC4425CPA MIC4425CN
SGS1626/2626/3626 MIC426, MIC1426, MIC4423, MIC4426 T CAM25EOE MIGA425EBWM
uC3842... MIC38C42...*, MIC38HC42...* TCA475EPA MIG4425BN
UC3843... MIC38C43...*, MIC38HC43...* TCA425MIA MIG4425A]
UC3844... MIC38C44...*, MIC38HC44...* TC4426COA MIGA426CM
UC3845... MIC38C45...*, MIC38HC45...* TC44260PA MIG4426CN
Siliconix TC4426EOA MIC4426BM
SG1626/2626/3626 MIC426, MIC1426, MIC4423, MIC4426 TCA4426EPA MIC4426BN
TC4426MJIA MIC4426AJ
Telcom (Teledyne) TC4427COA MIC4427CM
TC426COA MIC426CM TC4427CPA MIC4427CN
TC426CPA MIC426CN TC4427EOA MIC4427BM
TC426EOA MIC426BM TC4427EPA MIC4427BN
TC426MJIA MIC426AJ TC4427TMJIA MIC4427AJ
TC427COA MIC4427CM TC4428COA MIC4428CM
TC427CPA MIC4427CN TC4428CPA MIC4428CN
TC427EOA MIC4427BM TC4428EOQA MIC4428BM
TC427TMJIA MIC4427AJ TC4428EPA MIC4428BN
TC428COA MIC4428CM TC4428MJIA MIC4428AJ
TC428CPA MIC4428CN TC4429CPA MIC4429CN
TC428EOA MIC4428BM TC4429EPA MIC4429BN
TC428MJIA MIC4428AJ TC4429COA MIC4429CM
TC1426COA MIC1426CM TC4429EOA MIC4429BM
TC1426CPA MIC1426CN TC4429MJIA MIC4429A]
TC1427COA MIC1427CM TC4429CAT MIC4429CT
TC1427CPA MIC1427CN TC4467COE MIC4467CWM
TC1428COA MIC1428CM TC4467CPD MIC4467CN
TC1428CPA MIC1428CN TC4467EPD MIC4467BN
TC28C42EPA MIC38C42BN*, MIC38HC42BN* TC4467EOE MIC4467BWM
TC28C43EPA MIC38C43BN*, MIC38HC43BN* TC4467EID MIC4467AJ
TC28C44EPA MIC38C44BN*, MIC38HC44BN* TC4468COE MIC4468CWM
TC28C45EPA MIC38C45BN*, MIC38HCA45BN* TC4468CPD MIC4468CN
TC38C42CPA MIC38C42BN*, MIC38HC42BN* TC4468EPD MIC4468BN
TC38C42CPD MIC38C42-1BN*, MIC38HC42-1BN* TC4468EOE MIC4468BWM
TC38C43CPA MIC38C43BN*, MIC38HC43BN* TC4468EJD MIC4468AJ
TC38C43CPD MIC38C43-1BN*, MIC38HC43-1BN* TC4469COE MIC4469CWM
TC38C44CPA MIC38C44BN*, MIC38HC44BN* TC4469CPD MIC4469CN
TC38C44CPD MIC38C44-1BN*, MIC38HC44-1BN* TC4469EPD MIC4469BN
TC38C45CPA MIC38C45BN*, MIC38HCA45BN* TC4469EOE MIC4469BWM
TC38C45CPD MIC38C45-1BN*, MIC38HC45-1BN* TC4469EID MIC4469AJ
TC4420CPA MIC4420CN Texas InSTUments
TC4420EPA MIC4420BN
TC4420COA MIGA420CM SN75518FN MIC5818BV
TC4420EOA MIC4420BM SN75518N MICS818BN
TCA420MIA MIGA420A) TL4810AIN MIC5810BN
TGA420CAT MIGA420CT TL4810BDW MIC5810BWM
TC4421CPA MIC4421CN TLS812FN MIC5812BV
TC4421EPA MIC4421BN TLS812N MICS5812BN
TC4421MIA MIGA421A] TL750L05LP LP2950-03BZ*, MIC2950-06BZ*
TCA421CAT MIGA421CT uC2842 MIC38C42BN*, MIC38HC42BN*
TC4479CPA MIGA4220N uC2843 MIC38C43BN*, MIC38HC43BN*
TCA429EPA MIGA422BN UC2844 MIC38C44BN*, MIC38HC44BN*
TCA429MIA MIGA422A] UC2845 MIC38C45BN*, MIC38HC45BN*
TCA429CAT MIGA422CT UC3842P MIC38C42BN*, MIC38HC42BN*
TCA473COE MIGA423CWM UC3843P MIC38C43BN*, MIC38HC43BN*
TC4423CPA MIC4423CN
TC4423EOE MIC4423BWM Micrel Equivalent devices are shown in boldface .
TC4423EPA MIC4423BN Micrel Similar Replacement devices are shown in italic.
TC4423MJA MIC4423AJ * Indicates Micrel Improved Version devices.
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Part Number Micrel Replacement

uC3844P MIC38C44BN*, MIC38HC44BN*
UC3845P MIC38C45BN*, MIC38HC45BN*
Unitrode

UC2575T-ADJ LM2575BT

UC2576T-ADJ LM2576BT

UC2576T-5.0 LM2576-5.0BT

UC2576T-12 LM2576-12BT

UC2842AD MIC38C42-1BM*, MIC38HC42-1BM*
UC2842AD8 MIC38C42BM*, MIC38HC42BM*
UC2842AN MIC38C42BN*, MIC38HC42BN*
uC2842D MIC38C42-1BM*, MIC38HC42-1BM*
uC2842D8 MIC38C42BM*, MIC38HC42BM*
UC2842N MIC38C42BN*, MIC38HC42BN*
UC2843AD MIC38C43-1BM*, MIC38HC43-1BM*
UC2843AD8 MIC38C43BM*, MIC38HC43BM*
UC2843AN MIC38HC43BN*, MIC38HC43BN*
UC2843D MIC38C43-1BM*, MIC38HC43-1BM*
uC2843D8 MIC38C43BM*, MIC38HC43BM*
UC2843N MIC38HC43BN*, MIC38HC43BN*
UC2844AD MIC38C44-1BM*, MIC38HC44-1BM*
UC2844AD8 MIC38C44BM*, MIC38HC44BM*
UC2844AN MIC38C44BN*, MIC38HC44BN*
uC2844D MIC38C44-1BM*, MIC38HC44-1BM*
uC2844D8 MIC38C44BM*, MIC38HC44BM*
UC2844N MIC38C44BN*, MIC38HC44BN*
UC2845AD MIC38C45-1BM*, MIC38HC45-1BM*
UC2845AD8 MIC38C45BM*, MIC38HC45BM*
UC2845AN MIC38C45BN*, MIC38HC45BN*
UC2845D MIC38C45-1BM*, MIC38HC45-1BM*
uC2845D8 MIC38C45BM*, MIC38HC45BM*
UC2845N MIC38C45BN*, MIC38HC45BN*
UC3842AD MIC38C42-1BM*, MIC38HC42-1BM*
UC3842AD8 MIC38C42BM*, MIC38HC42BM*
UC3842AN MIC38C42BN*, MIC38HC42BN*
uC3842D MIC38C42-1BM*, MIC38HC42-1BM*
uC3842D8 MIC38C42BM*, MIC38HC42BM*
UC3842N MIC38C42BN*, MIC38HC42BN*
UC3843AD MIC38C43-1BM*, MIC38HC43-1BM*
UC3843AD8 MIC38C43BM*, MIC38HC43BM*
UC3843AN MIC38C43BN*, MIC38HC43BN*
UC3843D MIC38C43-1BM*, MIC38HC43-1BM*
UC3843D8 MIC38C43BM*, MIC38HC43BM*
UC3843N MIC38C43BN*, MIC38HC43BN*
UC3844AD MIC38C44-1BM*, MIC38HC44-1BM*
UC3844AD8 MIC38C44BM*, MIC38HC44BM*
UC3844AN MIC38C44BN*, MIC38HC44BN*
uC3844D MIC38C44-1BM*, MIC38HC44-1BM*
uC3844D8 MIC38C44BM*, MIC38HC44BM*
UC3844N MIC38C44BN*, MIC38HC44BN*
UC3845AD MIC38C45-1BM*, MIC38HC45-1BM*
UC3845AD8 MIC38C45BM*, MIC38HC45BM*
UC3845AN MIC38C45BN*, MIC38HC45BN*
UC3845D MIC38C45-1BM*, MIC38HC45-1BM*
UC3845D8 MIC38C45BM*, MIC38HC45BM*
UC3845N MIC38C45BN*, MIC38HC45BN*

Micrel Equivalent devices are shown in boldface .
Micrel Similar Replacement devices are shown in italic.
* Indicates Micrel Improved Version devices.

1997

1-9




ENIEREL

Quality/Reliability Program

Our Philosophy

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

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

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

Quiality 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.

I.  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.

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

1. Test procedures

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

Engineering change notice (ECN)

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

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

IV. Assembly QA Program

1. Test procedures

2. Document control
Specifications
Control systems
Engineering change notices (ECN)

3. Critical-step monitoring
Assembly processes
Critical dimensions
Environmental processes

4. Acceptance Test Procedure
Electrical performance
Component marking

5. Outgoing QA
Visual Inspection
To Micrel Standards

To Mil-883 Class B or Class S Requirements

1-10
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Quality/Reliability Program

Micrel

Organization

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

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

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

Statistical Process Control

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

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

Level 2 Extended SPC methodology adds Process Limit
Control (PLC) and Process on Exception (POE)
programs as sub-sets to the standard SPC

programs.

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

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

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

Document Control

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

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

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

PCN The process change notice system is an extension

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

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

Inspection and Test Points

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

Equipment Calibration

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

¢ Qualification of external calibration services,

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

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

e Audit history (calibration date stickers and recall
designation)

1997
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Quality/Reliability Program

Micrel

Quality Control

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

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

e Particulate monitoring

e Temperature and relative humidity monitoring

e Electrostatic discharge monitoring and control

e Specification compliance reviews

e Random monitoring of wafers in-process

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

» Performance/trend data analysis

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

e 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:

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

e Manufacturing test operations are proper and complete

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

e Documentationforeach product/lotis properand complete
New Products and Processes

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

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

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

Summary

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

1-12
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Quality/Reliability Program Micrel

Micrel Quality Flow for Semiconductor Circuit Manufacturing

Receiving

Incoming Inspection

Stores
[
Wafer Fab
QC Monitor
DI H,O
Particles
C/V Plots

Parameter drift

SEM inspection

SPC critical parameters
PLC trend analysis

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

Ship Foundry Wafer Products

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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Quality/Reliability Program Micrel

Micrel Quality Flow for Semiconductor Assembly

Assembly

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

100% Production 3rd Optical

QC Gate 3rd Optical

_O_

Final Seal

Q QC Monitor Seal Quality

Environmental Processing

QC Process Audit

(O<>—

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

—O-

Pack QC Accepted Material

O_

QC Final Shipping Acceptance
Visual
Verify customer requirements
Certificates of compliance
Source inspection

Ship
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Quality/Reliability Program

Micrel

Customer Returns

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

Specification Review

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

Reliability Assurance

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

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

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

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

1997
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MIEREL

Computer Peripherals
Selection Guide

PC Card Slot
(PCMCIA)
Power Controllers

Vee
Vep1 Vep1 Vep
Vpp Vpp2 Vpp2 Error Flag

Vee
Vep
Error Flag

inni

AVcc
Vee A Vpp
Vep B Vce

Error Flag B Vpp

NEW

Typical R o MIC2557 MIC2558 MIC2559 MIC2560 MIC2561 MIC2562A MIC2563A
Vee = 3.3V 40mQ 110mQ 100mQ 100mQ
Vee =5V 70mQ 210mQ 70mQ 70mQ
Vpp = 12V 500mQ 500mQ 500mQ 550mQ 550mQ 600mQ 600mQ
Current Limit A A A A
Thermal Shutdown A A A A A
Charge Pump A A
Dual A A A
Lowest Cost Applications A
Controlled Switching A A A A A A A
MIC2557 MIC2563A*
Vee —— 3.3V
T
Vep ———4 —» Vpp A Vee
T
v
MIC2560
m MIC2561
MIC2562A* 5.0v
—_—
CONTROL 3.3V 19 12v g A Vpp
INPUTS T =)
E83
MIC2558 ki - : I =&
5.0V aetinlll €5 g2
MIC2559 =| BEE S
m— =% S E B Vce
Vcel 14T P \pp1 12v— _'L—%—'L_ 8 g Ver =
T <
A = o)
Vep — —{ T oA
4] Control Logic
— : B Vep
Vcez J__%_J_ - \Vpp2 « -,
- L “NeUTS
Control Logic
m * 12V supply not required
_— CONTROL
CONTROL INPUTS
INPUTS
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In 1992, Micrel introduced the first dedicated PCMCIA power
supply Vpp drivers, the MIC2557 and MIC2558. These
industry-standard devices replace several discrete power
components plus “glue logic,” reducing board space and cost
while increasing system reliability.

Micrel then designed the MIC2560, a do-everything PCMCIA
power supply controller with full protection. Beyond merely
switching Vpp voltages, the MIC2560 features an ultra-low
ON-resistance V- matrix allowing over 1A of output and is
capable of meeting or exceeding all PCMCIA power specifi-
cations. Protection features include currentlimiting, overtem-
perature shutdown, and an error flag that signals the PCMCIA
logic controller of a power system fault condition.

+3V, Ve IN ©
+5V, Ve IN O———————————
Vees EN O
Vees EN © =
ENO o O
&
EN1 O o —
FLAG © B
+12V, Vpp IN © S
0 Ve OUT
O Vpp OUT
MIC2562
Vppand Vee
Switching Matrix
+12V, Vpp IN 0
+5V, Vs IN o
+3.3V, Vees INO 0 Ve OUT

—0 Vpp OUT

INME09S22OIN

O FLAG

MIC2560

Vppand Vee
Switching Matrix

Vpp OUT 10 O Vpp

O Hi-Z / Low 1 Control
O ENO,

O EN1,

O Hi-Z / Low 2 Control
O ENO,

+3.3Vor +5V, Ve INO
+12V, Vpp INO

INEG8SSZIIN

Vpp OUT 20

O EN1,

MIC2558
Dual Vpp
Switching Matrix

Vpp IN(+12V) O
Vppm OUT ©
Vee (+3.3V or +5V) 0

Next, Micrel released the MIC2561, a smaller Vpp and V-
power supply controller. The MIC2561 has all of the MIC2560
features in a small, lower cost package. The MIC2561 has
higher ON resistance than the MIC2560, and is intended for
small notebook or palmtop applications.

Now, Micrel has engineered the new MIC2562 and MIC2563.
These fully protected power controllers feature optimized
resistance-versus-cost ratios and minimum package size.
The MIC2562 drives a single PC Card slot and the MIC2563
handles two slots.

+12V, AVpp IN ©
+3.3V, AV IN © I

+5V, AVees IN o——g

AVers EN © OA V¢e OUT
AVees EN | =
AENO c: | g ————0A Vpp OUT
AEN1 o e
@
+12V, B Vpp IN o—I 2
+3.3V, BV IN © OB Ve OUT
+5V, B Ve IN o—— | [ | 1
B Vces EN = =
O
BV BN °—| B Vpp OUT
BENO 0
BEN1 o
MIC2563
Dua] VF.,,D and \_/CC
Switching Matrix
+5V, Ve IN ©
+3.3V, V¢ IN 00—
Vees EN O
Vees EN O =
ENO 0 o
o
EN1 a !
FLAG © ®
+12V, Vpp IN © <
0 Ve OUT
0 Vpp OUT
MIC2561
Vpp and V¢

Switching Matrix
(also 16-pin Wide SOIC)

Vpp OUT 10 0 Vpp

O Hi-Z / Low 1 Control

+3.3Vor+5V, V. INO
+12V, Vpp INO
O Hi-Z / Low 2 Control

ING6SSZOIN

Vpp OUT 20

o Voo

MIC2559

O Hi-Z / Low Control

Dual Vpp
Switching Matrix

MIC2557

Vep

Switching Matrix
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IEREL

MIC2557
PCMCIA Card Socket V , Switching Matrix

General Description

The MIC2557 switches the four voltages required by PCMCIA
(Personal Computer Memory Card International Association)
card V,,, Pins. The MIC2557 provides selectable 0V, 3.3V,
5.0V, or 12.0V (£5%) from the system power supply to V,
or Vpp,. Output voltage is selected by two digital inputs.
Output currentranges up to 120mA. Four control states, V,,
Ve, high impedance, and active logic low are available. An
auxiliary control input determines whether the high imped-
ance (open) state or low logic state is asserted.

In either quiescent mode or full operation, the device draws
very little current, typically less than 1pA.

The MIC2557 is available in an 8-pin SOIC and an 8-pin
plastic DIP.

Applications
« PCMCIA VPP Pin Voltage Switch

» Power Supply Management

» Power Analog Switch

Features

e Complete PCMCIA VPP Switch Matrix in a Single IC
e No External Components Required

« Digital Selection of 0V, VCC' VPP' or High Imped—
ance Output

* No VPP ouT Overshoot or Switching Transients

* Break-Before-Make Switching

e Low Power Consumption

e 120mA VPP (12V) Output Current

e Optional Active Source Clamp for Zero Volt Condition
e 3.3V or 5V Supply Operation

e 8-Pin SOIC Package

Ordering Information

Part Number Temperature Range Package
MIC2557BM —40°C to +85°C 8-pin SOIC
MIC2557BM T&R|[ —40°C to +85°C _ [8-SOIC Tape & Reel*

* 2,500 Parts per reel.

Typical Application

Vee VPP IN VbD
+3.3Vor+5v  +12V +5V
(@) (@)

o——

{1}

VPpP(n) OUT
—— T
0.1uF 1pF WE| F

EN1 |ENO |Hi-Z/Low |V ...
0 0 0 0V, (Sink current)
0 0 1 Hi-Z (No Connect)
0 1 X VCC (3.3V or 5.0Vv)
1 0 X Vop
1 1 X Hi-Z (No Connect)

Pin Configuration

Vpp IN T Vbp_
Vpp OUT Hi-Z/Low
+Vee ™ ENO
GND ) EN1

Hi-Z/ Low Control
ENO
EN1

Simplified Block Diagram

Vbb VPP IN Vee

|
1

j ® O Vpp ouT
ENO O——— Decoder,
Driver &
EN1 O—— Bias Control Figh
L Impedance or
= Pull Down :3_

Select
|

Hi-Z/LowOr

For a dual PCMCIA Card Socket V,,, Switching Matrix, see the MIC2558.
For a Vv, and V. Switching Matrix, see the MIC2560.
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MIC2557

Micrel

Absolute Maximum Ratings

Power Dissipation, TaygienT < 25°C
SOIC

Derating Factors (To Ambient)
SOIC

Storage Temperature

Operating Temperature (Die)

Operating Temperature (Ambient)

(Notes 1 and 2)

800 mwW

4 mW/°C

—65°C to +150°C

125°C

—40°C to +85°C

Lead Temperature (5 sec) 260°C
Supply Voltage, Vpp |\ 15v
Vee 7.5V
Vpp 7.5V
Logic Input Voltages —0.3Vto Vpp
Output Current
Vpp ouTt = 12V 600mA
Vep out = Vee 250mA
Logic Block Diagram
VDD % ® °© Vpp IN
@
EN1 7 :3
5 H
o Vcc
Vbb VPPN
VbD
—o
._
ENO o1/ H
VbD
® oV
VDD T > PP OUT
|_
HiZ/ :%
Low o GND
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MIC2557

Micrel

Electrical Characteristics:

(Over operating temperature range with V=V _=5V, V,

PP IN

=12 V unless otherwise specified.)

Symbol Parameter Conditions Min Typ Max Units
INPUT
vV, Logic 1 Input Voltage Vy, = 3.3V or 5.0V 2.2 \%
V, Logic O Input Voltage Vy, = 3.3V or 5.0V 0.8 \%
V. (Max) Input Voltage Range -5 Voo \%
Ly Input Current oOvV<V, <V, *1 HA
OUTPUT
Vo Clamp Low Output Voltage ENO =EN1=HizZ =0, Iy, = 1.6mA 0.4 \
lour HI-Z High Impedance Output ENO=EN1=0,Hiz=1 1 10 HA
Leakage Current 0V, o S12V
Rec Clamp Low Output Resistance Resistance to Ground. I, = 2mA 130 250 Q
ENO = EN1 =0,Hiz=0
R, Switch Resistance, lop our = —10 MA (Sourcing) 25 5 Q
VPP ouT = VCC
R, Switch Resistance, lop our = —100 MA (Sourcing) 0.5 1 Q
VPP out — VPP IN
SWITCHING TIME (See Figure 1)
t, Delay + Rise Time Voo our = 0V to 5V (Notes 3, 5) 15 50 ps
t, Delay + Rise Time Voo our = DV 10 12V (Notes 3, 5) 12 50 [V
t, Delay + Fall Time Voo our = 12V t0 5V (Notes 3, 5) 25 75 us
t, Delay + Fall Time Veoour = 5V 10 OV (Notes 3, 5) 45 100 ps
t, Output Turn-On Delay Voo our = HI-Z to 5V (Notes 4, 5) 10 50 us
t Output Turn-Off Delay Voo our = 5V to Hi-Z (Notes 4, 5) 75 200 ns
POWER SUPPLY
I V,, Supply Current - 1 MA
lec V.. Supply Current lpour =0 - 1 HA
lp I, Supply Current Veoour =0V - 10 HA
or VPP ) IPPOUT = o
VPP ouT = VCC lO 40 HA
2-6 1997



MIC2557 Micrel

Electrical Characteristics, (continued)

Symbol Parameter Conditions Min Typ Max Units

POWER SUPPLY, continued

Ve Operating Input Voltage 6 \%
Voo Operating Input Voltage 2.8 6 \%
Voo Operating Input Voltage 8.0 145 \

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

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

NOTE 3: WithR =29kQandC,, = 0.1yFonV

NOTE 4. R =2.9kQ. R, isconnected to V. during t,, and is connected to ground during t,.

NOTE 5:  Rise and fall times are measured to 90% of the difference between initial and final values.

PPOUT"

3V~
Hi-Z/Low
0
3V~
ENO
O —
3V ~©
EN1
0
12v —

VppoOuT SV -

—» {1 <+t <3 —» 11 -5 » —» 15

Figure 1. Timing Diagram
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MIC2557 Micrel
Applications Information v
PCMCIA Vpp control is easily accomplished using the oyetem o "|vec switeh )
MIC2557 voltage selector/switch IC. Two control bits deter- Power Vee
mine output voltage and standby/operate mode condition. Supply
Output voltages of OV (defined as less than 0.4V), V¢ (3.3V 12v ) v
or 5V), Vpp, or a high impedance state, are available. When ENO[ Vepw Voo v
either the high impedance or low voltage conditions are MIC2557 PF:
selected, the device switches into "sleep” mode, and draws ENI,, PCMCIA
only nanoamperes of leakage current. Ca“jf"‘"
The MIC2557 is a low-resistance power MOSFET switching
matrix that operates from the computer system main power v v
supply. Device power is obtained from V5, which may be || ENo | VPP Vec Vpp2
either 3.3V or 5V, and FET drive is obtained from Vpp |\ eny | MO >
(usually +12V). Internal break-before-make switches deter- o
mine the output voltage and device mode.
Supply Bypassing
PCMCIA v
For best re_sults, bypass V¢ and Vpp |y at their inputs with Sard Siot Vee
1uF capacitors. Vpp gyt Should have a 0.01uF to 0.1uF
capacitor for noise reduction and electrostatic discharge ! s
(ESD) damage prevention. Larger values of output capacitor eno. | Ve vee y
will create large current spikes during transitions, requiring EN1> MIC2557 e
larger bypass capacitors on the V¢ and Vpp |\ Pins. > PCMCIA
Card Slot
B
L
5V >
V¢ Select and * *
Power 3.3V »|  Switch vee > ENO_| VPPN Vec Vpp2
Supply "1 wmiczss? >
12v | ENl>
v v '
ENO_ | VepIN Vee
> VppP1
MIC2557 >
ENTy PCMCIA Figure 3. MIC2557 Typical two slot PCMCIA applica-
Card Slot tion with single 5.0V V ..
A
« PCMCIA Implementation
S S T P
|| ENo | VPP Voo Vpp2 The Personal Computer Memory Card International Asso-
eny | MO > ciation (PCMCIA) specification requires two Vpp supply pins
" per PCMCIA slot. Vpp is primarily used for programming
Flash (EEPROM) memory cards. The two Vpp supply pins
v may be programmed to different voltages. Fully implement-
> ing PCMCIA specifications requires two MIC2557, and a
PCMCIA Vcc Select and . . . . .
Card Slot Switch vee controller. Figure 2 shows this full configuration, supporting
Controller g " both 5.0V and 3.3V V¢ operation. Figure 3 is a simplified
— \ design with fixed V- = 5V. Palmtop computers, where size
- V‘ and battery life are tantamount, can sometimes use a com-
E:% PP,\I:'C2557 cc VPP>1 Z;omise implementation, with Vpp tied to Vpp,, (see Figure
o PCMCIA '
Card Stot When a memory card is initially inserted, it should receive
Ve, usually 5.0V £5%. The card sends a handshaking data
— ﬁ stream to the controller, which then determines whether or
eno | Verm Ve v notthis card requires Vpp and if the card is designed for 5.0V
o I Pz or 3.3V V. |If the card uses 3.3V Vi, the controller
EN,, commands this change, which is reflected on the V- pins of
both the PCMCIA slot and the MIC2557.

Figure 2. MIC2557 Typical two slot PCMCIA applica-
tion with dual V. (5.0V or 3.3V).

During Flash memory programming, the PCMCIA controller
outputs a (1,0) to the MIC2557, which connects Vpp |\ tO
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Micrel

MIC2557
3.3V ’ > Vcc v
1 System Switch
II Power 3.3Vto 12V
- Supply DC-DC [ A
Converter
1 \ 4 l
ENO_| VePIN Vcc VDD
> Vpp1
MIC2557 »| PCMCIA
EN1_ Card Slot
PCMCIA
Card Slot Vpp2
Controller >

Figure 4. MIC2557 Palmtop application. Note that the
Vpp; and V_PP2 pins are Com_b_ine(_JI. Alt_ho_ugh _this does
not fully satisfy PCMCIA specifications, it simplifies the
circuitry and is acceptable in certain applications.

Vpp out- The low ON resistance of the MIC2557 switch
requires only a small bypass capacitor on Vpp gy, With the
main filtering action performed by a large filter capacitor on
Vpp IN- The Vpp gyt transition from Ve to 12.0V typically
takes 25uS. After programming is completed, the controller
outputs a (0,1) to the MIC2557, which then reduces Vpp ot
to the V¢ level. Break-before-make switching action re-
duces switching transients and lowers maximum current
spikes through the switch from the output capacitor.

If no card is inserted, or the system is in sleep mode, the
controller outputs either a (0,0) or a (1,1) to the MIC2557.
Either input places the switch into its shutdown mode, where
only a small leakage current flows.

The HiZ/Low input controls the optional logic low output
clamp. With Hiz/Low in the high state and ENO = EN1 =0,
Vpp oyt enters a high impedance (open) state. With Hiz/
Lowinthe low state and ENO = EN1 =0, Vpp o7 is clamped
to ground, providing a logic low signal. The clamp does not
require DC bias current for operation.

MOSFET drive and bias voltage is derived from Vpp |-
Internal device control logic is powered from Vpp, which
should be connected to the same supply voltage as the
PCMCIA controller (normally either 3.3V or 5V).

Output Current

MIC2557 output switches are capable of far more current
than usually needed in PCMCIA applications. PCMCIA Vpp
output currentis limited primarily by switch resistance voltage
drop (Ix R) and the requirement that Vpp o cannot drop
more than 5% below nominal. Vpp o1 Will survive output
short circuits to ground if Vpp |\ and V¢ are current limited
by the regulator that supplies these voltages.
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MIC2558

PCMCIA Dual Card Socket V , Switching Matrix

General Description

The MIC2558 Dual V,, Matrix switches the four voltages
required by PCMCIA (Personal Computer Memory Card
International Association) card V.., and V., Pins. The
MIC2558 provides selectable 0V, 3.3V, 5.0V, or 12.0V (5%)
from the system power supply to Vj,; and V,,. Output
voltage is selected by two digital inputs per V pin. Output
current ranges up to 120mA. Four output states, Vg, V.,
highimpedance, and active logic low are available, and V,,
is independent of V,,,. Anauxiliary control input determines
whether the high impedance (open) state or low logic state is
asserted.

In standby mode or full operation, the device draws very little
quiescent current, typically less than 1pA.

The MIC2558 is available in a 14-pin SOIC and a 14-pin
plastic DIP.

Applications
e PCMCIA VPP Pin Voltage Switch

e Power Supply Management

Features
e Complete PCMCIA VPP Switch Matrix in a Single IC
 Dual Matrix allows independent V,; and V,

< Digital Selection of OV, V, VPP, or High
Impedance Output

* NoVppour

* Break-Before-Make Switching

cc

Overshoot or Switching Transients

e Ultra Low Power Consumption

e 120mA VPP (12V) Output Current

e Optional Active Source Clamp for Zero Volt Condition
e 3.3V or 5V Supply Operation

e 14-Pin SOIC Package

Ordering Information
Part Number

Temperature Range Package

MIC2558BM —40°C to +85°C 14-pin SOIC

MIC2558BM T&R —40°C to +85°C 14-SO Tape & Reel*

* 2,500 Parts per reel.

Typical Application

Pin Configuration

VPP IN Vee VbD
+12V  +3.3V or +5V +5V Vpp OUT1 e 1 VbD
(@) o NC |2 13| Hi-Z/Low1l
0.1pF :-/VCCI:&I- T Bucaség = ENOL
VPP oUT 1 = I I pp IN T4 bl mm ENll_
. fo——= Hi-Z/Low 1 Control +Veeo s 10| Hi-Z/Low?2
iczssh] O Emgl GND s ]| mmm| EN02
0.1uF % 4 1f————Q 1
" I AV — 1uWF—— 5 1gf———0 Hi-Z/ Low 2 Control Vpp OouT2 M7 8 EN]_2
s Jp—O ENOp
L = EN1,
VPP OUT 2 OI 1
0.1pF . _—
I EN1 [ENO |Hi-Z/ILow |V ..o
= 0 0 0 0V, (Sink current)
0 0 1 Hi-Z (No Connect)
0 1 X VCC (3.3V or 5.0V)
1 0 X VPP
1 1 X Hi-Z (No Connect)
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MIC2558 Micrel
Absolute Maximum Ratings  (Notes 1 and 2)

Power Dissipation, TaygienT < 25°C Supply Voltage, Vpp |\ 15V
SOIC 800 mW Vee 7.5V

Derating Factors (To Ambient) Vbbp 7.5V
SOIC 4 mW/°C Logic Input Voltages —0.3V toVpp

Storage Temperature —65°C to +150°C Output Current (each Output)

Operating Temperature (Die) 125°C Vpp ouT = 12V 600mA

Operating Temperature (Ambient) —40°C to +85°C Vpp out = Vee 250mA

Lead Temperature (5 sec) 260°C

Logic Block Diagram

VDD °7; ® ° Vpp IN
4
EN1q J—IL—{
11

—
H
|_
o Vccl
Voo VPPN 3
Vbb
]’ -
—@
ENOq OTI? H
Vbb
@ oV
VoD 7° VPP OUT1
J I
Hiz/ o 7 ) |Ii

Low, 13 |
VbD
¢——o V
ENL, n PP IN
8 =
o Vce2
Voo VPPN 5
Vbb
| Al
ENO> og—I{} H
Vbb
@ oV
VoD —° VPP OUT2
y I
Hiz/ o B ) Iq
Low, 10 T —° GND

1997 2-11



MIC2558

Micrel

Electrical Characteristics:

(Over operating temperature range with Vo = V=5V, Vpp |y = 12 V unless otherwise specified.)

Symbol Parameter Conditions Min Typ Max Units
INPUT
ViH Logic 1 Input Voltage 2.2 \%
ViL Logic O Input Voltage 0.8 \%
Viy (Max) | Input Voltage Range -5 Vbp \%
N Input Current 0V <V|N<VpDp +1 HA
EACH OUTPUT
VoL Clamp Low Output Voltage ENO =EN1=HiZ=0, Ignk = 1.6mA 0.4 \
louT: Hi-Z | High Impedance Output ENO =EN1 =0, HiZz = 1. 1 10 HA
Leakage Current 0<Vpp oyt =12V
Roc Clamp Low Output Resistance Resistance to Ground. IgnK = 2MA 130 250 Q
ENO = EN1 =0, HiZ=0.
Ro Switch Resistance, Ipp ouT = —10 MA (Sourcing) 2.5 5 Q
Vep out = Vee
Ro Switch Resistance, Ipp ouT = —100 MA (Sourcing) 0.5 1 Q
Vep out = Vep IN
SWITCHING TIME (See Figure 1)
ty Delay + Rise Time Vpp out = 0V to 5V (Notes 3, 5) 15 50 Hs
ty Delay + Rise Time Vpp out = 5V to 12V (Notes 3, 5) 12 50 us
ta Delay + Fall Time Vpp out = 12V to 5V (Notes 3, 5) 25 75 us
ty Delay + Fall Time Vpp ouT = 5V to OV (Notes 3, 5) 45 100 Hs
ts Output Turn-On Delay Vpp out = Hi-Z to 5V (Notes 4, 5) 10 50 us
tg Output Turn-Off Delay Vpp ouTt = 5V to Hi-Z (Notes 4, 5) 75 200 ns
POWER SUPPLY
IpD Vpp Supply Current - 1 HA
e Ve Supply Current Ipp ouT =0 - 1 HA
lppouT = 0-
Vpp ouT1 = VPPouT2 = Vee 20 80 KA
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MIC2558 Micrel

Electrical Characteristics (continued)

Symbol Parameter Conditions Min Typ Max Units

POWER SUPPLY, continued

Vee Operating Input Voltage 6 \%
Vbb Operating Input Voltage 2.8 6 \%
Vep IN Operating Input Voltage 8.0 145 \%

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

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

NOTE 3: WithR =29kQand C, = 0.1pFonV,_ .

NOTE 4. R =2.9kQ. R is connected to V . during t, and is connected to ground during t,.

NOTE 5:  Rise and fall times are measured to 90% of the difference of initial and final values.

3v ©
Hi-Z/Low
0
3V ©
ENO
0 —
3V ~
EN1
0
12V —

VppoOuT 5V~

— 1] le— et -3 — <t —» i5 e

Figure 1. Timing Diagram.
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Figure 2. MIC2558 Typical two slot PCMCIA applica-
tion with dual V= __ (5.0V or 3.3V).

MIC2558 Micrel
Applications Information ¥
PCMCIA Vpp, and V., control is easily accomplished e v ™l Ve switch v
using the MIC%SSS voltage selector/switch IC. Two control Power vee
bits per Vpp gyt Pin determine output voltage and standby/ Supply
operate mode condition. Output voltages of OV (defined as 12v ) q
less than 0.4V), V¢ (3.3V or 5V), Vpp, or a high impedance e
. . . . > Vpp1
state, are available. When either the high impedance or low ent -
voltage conditions are selected, the device switches into e PCMCIA
"sleep” mode and draws only nanoamperes of leakage Card Stot
current. MIC2558
The MIC2558 is a dual low-resistance power MOSFET
switching matrix that operates from the computer system L ENO2 - Vpp2
main power supply. Device power is obtained from Vpp, Ele' >
which may be either 3.3V or 5V, and FET drive is obtained >
from Vpp |\ (usually +12V). Internal break-before-make
switches determine the output voltage and device mode.
Vpp; and VF>F>2 are completely indepenent from each other. CMGIA !
Supply Bypassing ggﬁ?ﬁf& Yee
For best results, bypass V¢ and Vpp |y inputs with 1uF ! i
capacitors. Both Vpp gyt pins should have a 0.01uF to Enoy [ o y
0.1pF capacitor for noise reduction and electrostatic dis- o VPPL
charge (ESD) damage prevention. Larger values of output M, -
capacitor will create large current spikes during transitions, B
requiring larger bypass capacitors on the Vs and Vpp | pins. P B
v
v > V¢ Select and ENO»
System | switch Vee > VP2
Power 3.3V > > EN1p >
Supply >
12v + +7
ENOl; VepIN Vee
" vePL Figure 3. MIC2558 Typical two slot PCMCIA applica-
EN1 . . .
Ly BCMCIA tion with single 5.0V V ..
Card Slot
A
MIC2558 PCMCIA Implementation
The Personal Computer Memory Card International Asso-
L | ENO2 Vpp2 ciation (PCMCIA) specification requires two Vpp supply pins
ENLp > per PCMCIA slot. Vpp is primarily used for programming
o Flash (EEPROM) memory cards. The two Vpp supply pins
may be programmed to different voltages. Fully implement-
v ing PCMCIA specifications requires a MIC2558 and a con-
. *|\Vee select and troller. Figure 2 shows this_full co_nfigura_tion, _supp(_)rting bgth
Card Slot Switch Vee 5.0Vand 3.3V V¢ operation. Figure 3is a simplified design
Controller > > . .
with fixed Vo = 5V.
Eno v When a memory card is initially inserted, it should receive
Ll veem e Vpp1 Ve — usually 5.0V £5%. The card sends a handshaking
EN1g > data stream to the controller, which then determines whether
i’ Zemein or not this card requires Vpp and if the card is designed for
B 5.0V or 3.3V V. Ifthe card uses 3.3V V, the controller
MIC2558 commands this change, which is reflected on the V- pins of
both the PCMCIA slot and the MIC2558.
. VF’FE During Flash memory programming, the PCMCIA controller
FN2 - outputs a (1,0) to one or both halves of the MIC2558, which
connects Vpp |y10 Vpp gyt @and/or Vpp oyt2- The low ON

resistance of the MIC2558 switch requires only a small
bypass capacitor on the Vpp o7 pins, with the main filtering

2-14
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Micrel

action performed by a large filter capacitor on Vpp |- The
Vpp ourt transition from V¢ to 12.0V typically takes 25uS.
After programming is completed, the controller outputs a
(0,1) to the MIC2558, which then reduces Vpp gt to the
Ve level. Break-before-make switching action reduces
switching transients and lowers maximum current spikes
through the switch from the output capacitor.

If no card is inserted, or the system is in sleep mode, the
controller outputs either a (0,0) or a (1,1) to the MIC2558.
Either input places the switch into shutdown mode, where
current consumption drops even further.

The HiZ/Low input controls the optional logic low output
clamp. With HiZ/Low in the high state and ENO = EN1 = 0,
Vpp oyt enters a high impedance (open) state. With Hiz/
Lowinthe low state and ENO = EN1 =0, Vpp o is clamped
to ground, providing a logic low signal. The clamp does not
require any DC bias current for operation.

MOSFET drive and bias voltage is derived from Vpp |-
Internal device control logic is powered from Vpp, which
should be connected to the same supply voltage as the
PCMCIA controller (normally either 3.3V or 5V).

Output Current

MIC2558 output switches are capable of far more current
than usually needed in PCMCIA applications. PCMCIA Vpp
output currentis limited primarily by switch resistance voltage
drop (Ix R) and the requirement that Vpp o cannot drop
more than 5% below nominal. Vpp oyt Will survive output
shortcircuits to ground if Vpp | Or Vo are current limited by
the regulator that supplies these voltages.

VPP IN VbbD
+12V +5V
@)
0.1pF
VPP OUT 1 o I —
]z 13— Hi-Z/ Low 1 Control
@1 uicasst] 0O ENOl
0.1pF [ i |+  ufo——— O EN1;
1uF —]|s 1fm—— QO Hi-Z/ Low 2 Control
—ls Jfo—— O ENO,
| L EN1,

Vpp OUT 2 QI A

0.1pF

v,
SHUTDOWN 3 ouT
INPUT o——]SD  MIC2951

—/— OFF
oN 100pF

3.3pF

-

TTL Logic Level GND FB
4J_ 7
High (V > 1.5V) Vo = 5.0V 220kQ
I 470 kQ 1%
O
MYt ooz

Low (V< 0.5V) VCC =3.3Vv

i

180kQ
1%

Ve Switching and Control Block

Figure 3. Full PCMCIA Implementation of V. and V.

switching using MIC2558 and MIC2951 voltage regulator.
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MIEREL

MIC2559

PCMCIA Dual Card Socket V , Switching Matrix

Preliminary Information

General Description

The MIC2559 Dual V,, Matrix switches the four voltages
required by PCMCIA (Personal Computer Memory Card
International Association) card V.., and V., Pins. The
MIC2559 provides selectable 0V, 3.3V, 5.0V, or 12.0V (x5%)
from the system power supply to Vj,; and V,,. Output
voltage is selected by two digital inputs per V pin. Output
current ranges up to 120mA. Four output states, Vg, V.,
highimpedance, and active logic low are available, and V,,
is independent of V,,,. Anauxiliary control input determines
whether the high impedance (open) state or low logic state is
asserted.

In standby mode or full operation, the device draws very little
quiescent current, typically less than 1pA.

The MIC2559 is available in a 14-pin SOIC.

Applications
e PCMCIA VPP Pin Voltage Switch

e Power Supply Management

Features
e Complete PCMCIA VPP Switch Matrix in a Single IC
 Dual Matrix allows independent V,; and V,

< Digital Selection of OV, VCC, V
ance Output

* NoVppour

* Break-Before-Make Switching

ppr OF High Imped-

Overshoot or Switching Transients

e Ultra Low Power Consumption

e 120mA VPP (12V) Output Current

e Optional Active Source Clamp for Zero Volt Condition
e 3.3V or 5V Supply Operation

e 14-Pin SOIC Package

Ordering Information

Part Number Temperature Range Package

MIC2559BM —40°C to +85°C 14-pin SOIC

MIC2559BM T&R —40°C to +85°C 14-SO Tape & Reel*

* 2,500 Parts per reel.

Typical Application

Pin Configuration

VPP IN Vee VbD
+12V  +3.3V or +5V +5V Vpp OUT1 e 1 VbD
(@) o NC |2 13| Hi-Z/Low1l
0.1pF :-/VCCI:&I- T Bucaséd = ENOL
VPP oUT 1 = I I pp IN T4 bl mm ENll_
. fo——= Hi-Z/Low 1 Control +Veeo s 10| Hi-Z/Low?2
icassh] O Emgl GND s ]| mmm| EN02
0.1uF % 4 1fi———Q 1
" I AV — 1uWF—— 5 1gf———0 Hi-Z/ Low 2 Control Vpp OouT2 M7 8 EN]_2
s Jp—O ENOp
L = EN1,
VPP OUT 2 OI 1
0.1pF . _—
I EN1 [ENO |Hi-Z/ILow |V ..o
= 0 0 0 0V, (Sink current)
0 0 1 Hi-Z (No Connect)
0 1 X VCC (3.3V or 5.0V)
1 0 X VPP
1 1 X Hi-Z (No Connect)
2-16 1997



MIC2559 Micrel
Absolute Maximum Ratings  (Notes 1 and 2)

Power Dissipation, TaygienT < 25°C 800 mwW Supply Voltage, Vpp |\ 15V

Derating Factors (To Ambient) 4 mW/°C Vee 7.5V

Storage Temperature —65°C to +150°C Vbp 7.5V

Operating Temperature (Die) 125°C Logic Input Voltages -5V toVpp

Operating Temperature (Ambient) —40°C to +85°C Output Current (each Output)

Lead Temperature (5 sec) 260°C Vpp out = 12V 600mA
Vpp out = Vee 250mA

Logic Block Diagram

VDD °7; ® ° Vpp IN
4
EN1q J—IL—{
11

—
H
|_
o Vccl
Voo VPPN 3
Vbb
]’ -
—@
ENOq OTI? H
Vbb
@ oV
VoD 7° VPP OUT1
J I
Hiz/ o 7 ) |Ii

Low, 13 |
VbD
¢——o V
ENL, n PP IN
8 =
o Vce2
Voo VPPN 5
Vbb
| Al
ENO> og—I{} H
Vbb
@ oV
VoD —° VPP OUT2
y I
Hiz/ o B ) Iq
Low, 10 T —° GND
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Electrical Characteristics:

(Over operating temperature range with Vo = V=5V, Vpp |y = 12 V unless otherwise specified.)

Symbol Parameter Conditions Min Typ Max Units
INPUT
ViH Logic 1 Input Voltage 2.2 \%
ViL Logic O Input Voltage 0.8 \%
Viy (Max) | Input Voltage Range -5 Vbp \%
N Input Current 0V <V|N<VpDp +1 HA
EACH OUTPUT
VoL Clamp Low Output Voltage ENO = EN1=HiZ=0, Ignk = 1.6mA 0.4 \
louT: Hi-Z | High Impedance Output ENO =EN1 =0, HiZz = 1. 1 10 HA
Leakage Current 0<Vpp oyt =12V
Roc Clamp Low Output Resistance Resistance to Ground. IgnK = 2MA 130 250 Q
ENO = EN1 =0, HiZ=0.
Ro Switch Resistance, Ipp ouT = —100 MA (Sourcing) 0.8 1.5 Q
VPP ouT = VCC TA = -40°C to +60°C
Ro Switch Resistance, Ipp ouT = —100 MA (Sourcing) 0.5 1 Q
Vep out = Vep IN
SWITCHING TIME (See Figure 1)
ty Delay + Rise Time Vpp out = 0V to 5V (Notes 3, 5) 15 50 Hs
ty Delay + Rise Time Vpp out = 5V to 12V (Notes 3, 5) 12 50 us
ta Delay + Fall Time Vpp out = 12V to 5V (Notes 3, 5) 25 75 us
ty Delay + Fall Time Vpp ouT = 5V to OV (Notes 3, 5) 45 100 Hs
ts Output Turn-On Delay Vpp out = Hi-Z to 5V (Notes 4, 5) 10 50 us
tg Output Turn-Off Delay Vpp ouTt = 5V to Hi-Z (Notes 4, 5) 75 200 ns
POWER SUPPLY
IpD Vpp Supply Current - 1 HA
e Ve Supply Current Ipp ouT =0 - 1 HA
lppouT = 0-
Vpp ouT1 = VPPouT2 = Vee 20 80 HA
2-18 1997
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Electrical Characteristics (continued)

Symbol Parameter Conditions Min Typ Max Units

POWER SUPPLY, continued

Vee Operating Input Voltage 6 \%
Vbb Operating Input Voltage 2.8 6 \%
Vep IN Operating Input Voltage 8.0 145 \%

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

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

NOTE 3: WithR =29kQandC_, = 0.1uFonV,, ..

NOTE 4. R =2.9kQ. R is connected to V__during t, and is connected to ground during t,.

NOTE 5:  Rise and fall times are measured to 90% of the difference of initial and final values.

3v ©
Hi-Z/Low
0
3V ©
ENO
0 —
3V ~
EN1
0
12V —

VppoOuT 5V~

— 1] le— et -3 — <t —» i5 e

Figure 1. Timing Diagram.
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Applications Information ¥
PCMCIA Vpp, and V., control is easily accomplished e v ™l Ve switch v
using the MIC%559 voltage selector/switch IC. Two control Power vee
bits per Vpp gyt Pin determine output voltage and standby/ Supply
operate mode condition. Output voltages of OV (defined as 12v ) q
less than 0.4V), V¢ (3.3V or 5V), Vpp, or a high impedance e
. . . . > Vpp1
state, are available. When either the high impedance or low ent -
voltage conditions are selected, the device switches into e PCMCIA
"sleep" mode and draws only nanoamperes of leakage Caﬂi\S'ot
current. MIC2559
The MIC2559 is a dual low-resistance power MOSFET
switching matrix that operates from the computer system L ENO2 - Vpp2
main power supply. Device power is obtained from Vpp, Ele' >
which may be either 3.3V or 5V, and FET drive is obtained >
from Vpp |\ (usually +12V). Internal break-before-make
switches determine the output voltage and device mode.
Vpp; and VF>F>2 are completely indepenent from each other. CMGIA !
Supply Bypassing ggﬁ?ﬁf& Yee
For best results, bypass V¢ and Vpp |y inputs with 1uF ! i
capacitors. Both Vpp gyt pins should have a 0.01uF to Enoy [ o y
0.1pF capacitor for noise reduction and electrostatic dis- o VPPL
charge (ESD) damage prevention. Larger values of output M, -
capacitor will create large current spikes during transitions, B
requiring larger bypass capacitors on the Vs and Vpp | pins. B
MIC2559
v
v > V¢ Select and ENO» vV
System | switch Vee > PP2
Power 3.3V > > EN1p >
Supply >
12v + +7
ENOl; VPP IN Vee
" VF’F’; Figure 3. MIC2559 Typical two slot PCMCIA applica-
o, BeMCIA tion with single 5.0V V ..
Card Slot
A
MIC2559 PCMCIA Implementation
The Personal Computer Memory Card International Asso-
L | ENO2 Vpp2 ciation (PCMCIA) specification, version 2.0 (September,
ENLp > 1991), requires two Vpp supply pins per PCMCIA slot. Vpp
o is primarily used for programming Flash (EEPROM) memory
cards. The two Vpp supply pins may be programmed to
v different voltages. Fully implementing PCMCIA specifica-
PCMCIA ™\ Select and tiqns require_s a MIC2559 and_a controller. Figure 2 shows
Card Slot | switeh vee - this full configuration, supporting both 5.0V and 3.3V V¢
controller " g operation. Figure 3is a simplified design with fixed V- =5V.
o v When a memory card is initially inserted, it should receive
Ll veem e Vpp1 Ve — usually 5.0V £5%. The card sends a handshaking
EN1g > data stream to the controller, which then determines whether
i’ Zemein or not this card requires Vpp and if the card is designed for
B 5.0V or 3.3V V. Ifthe card uses 3.3V V, the controller
MIC2559 commands this change, which is reflected on the V- pins of
both the PCMCIA slot and the MIC2559.
. VF’FE During Flash memory programming, the PCMCIA controller
FN2 - outputs a (1,0) to one or both halves of the MIC2559, which
connects Vpp |y10 Vpp gyt @and/or Vpp oyt2- The low ON

Figure 2. MIC2559 Typical two slot PCMCIA applica-
tion with dual V= __ (5.0V or 3.3V).

resistance of the MIC2559 switch requires only a small
bypass capacitor on the Vpp o7 pins, with the main filtering
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action performed by a large filter capacitor on Vpp |- The
Vpp ourt transition from V¢ to 12.0V typically takes 25uS.
After programming is completed, the controller outputs a
(0,1) to the MIC2559, which then reduces Vpp gt to the
Ve level. Break-before-make switching action reduces
switching transients and lowers maximum current spikes
through the switch from the output capacitor.

If no card is inserted, or the system is in sleep mode, the
controller outputs either a (0,0) or a (1,1) to the MIC2559.
Either input places the switch into shutdown mode, where
current consumption drops even further.

The HiZ/Low input controls the optional logic low output
clamp. With HiZ/Low in the high state and ENO = EN1 = 0,
Vpp oyt enters a high impedance (open) state. With Hiz/
Lowinthe low state and ENO = EN1 =0, Vpp o is clamped
to ground, providing a logic low signal. The clamp does not
require any DC bias current for operation.

MOSFET drive and bias voltage is derived from Vpp |-
Internal device control logic is powered from Vpp, which
should be connected to the same supply voltage as the
PCMCIA controller (normally either 3.3V or 5V).

Output Current

MIC2559 output switches are capable of far more current
than usually needed in PCMCIA applications. PCMCIA Vpp
output currentis limited primarily by switch resistance voltage
drop (Ix R) and the requirement that Vpp o cannot drop
more than 5% below nominal. Vpp oyt Will survive output
shortcircuits to ground if Vpp | Or Vo are current limited by
the regulator that supplies these voltages.

High (V > 1.5V) Ve = 5.0V
470 kQ

[

Low (V <0.5V) Vog=3.3V

VPP IN VbD
+12V +5V
O
0.1pF
VPP OUT 1 mm IR I
|z 13— Hi-Z/Low 1 Control
3MICZSSJS-)Z : ENO]-
0.1pF @ i {4+ ff—0O EN1L
1uF —]s 1 gfm—0O Hi-Z/ Low 2 Control
— |6 0 ENO,
1 o gff—O EN1,
VPP OUT 2 O—I 1
0.1pF:I:
______ s |
+V|N |
Voutl , '
SHUTDOWN 3 |
INPUT o——SD MIC2951
OFF . |
oN _/_ Tioope | 300kQ = 3:3WF |
TTL Logic Level GND FB 1% I
K | |
= é - |
1 |

Vcc Switching and Control Block

Figure 3. Full PCMCIA Implementation of V

e @nd V . switching using MIC2559 and MIC2951 voltage regulator.
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MIC2560

PCMCIA Card Socket V . &V, Switching Matrix

General Description

The MIC2560 V. &V, Matrix controls PCMCIA (Personal
Computer Memory Card International Association) memory
card power supply pins, both V.. and V.. The MIC2560
switches voltages from the system power supply to V. and
Vpp- The MIC2560 switches between the three V. voltages
(OFF, 3.3V and 5.0V) and the V, voltages (OFF, 0V, 3.3V,
5V, or 12.0V) required by PCMCIA cards. Output voltage is
selected by two digital inputs for each output and output
current ranges up to 1A for V.. and 200mA for V.

The MIC2560 provides power management capability under
the control of the PC Card controller and features overcurrent
and thermal protection of the power outputs, zero current
“sleep” mode, suspend mode, low power dynamic mode, and
ON/OFF control of the PCMCIA socket power.

The MIC2560 is designed for efficient operation. In standby
(“sleep”) mode the device draws very little quiescent current,
typically 0.01pA. The device and PCMCIA ports are pro-
tected by current limiting and overtemperature shutdown.
Full cross-conduction lockout protects the system power

supply.

Ordering Information
Part Number

Temperature Range Package

MIC2560-0BWM —40°C to +70°C 16-pin Wide SOIC

MIC2560-1BWM —40°C to +70°C 16-pin Wide SOIC

MIC2560-2BWM —40°C to +70°C 16-pin Wide SOIC

Refer to the Control Logic Table for an explanation of the
differences between the three MIC2560 versions.

Applications

e« PCMCIA Power Supply Pin Voltage Switch
» Font Cards for Printers and Scanners

e Data Collection Systems

e Machine Control Data Input Systems

e Wireless Communications

e Bar Code Data Collection Systems

e Instrumentation Configuration/Datalogging
e Docking Stations (portable and desktop)

e Power Supply Management

e Power Analog Switching

Features

e Complete PCMCIA VCC and VPP Switch Matrix in a
Single IC

* No External Components Required

e Logic Compatible with Industry Standard PCMCIA
Controllers

* No Voltage Overshoot or Switching Transients

« Break-Before-Make Switching

e Output Current Limit and Over-Temperature Shutdown

< Digital Flag for Error Condition Indication

e Ultra Low Power Consumption

< Digital Selection of VCC and VPP Voltages

¢ Over 1A VCC Output Current

e 200mA VPP (12V) Output Current

e Options for Direct Compatibility With Industry Standard
PCMCIA Controllers

e 16-Pin SOIC Package

Typical Application

Pin Configuration

Card Slot

5V
System
Power 3.3V
Supply
12v
+ A4 \4
VppIN VeeaN VecsN
VPP1
- ENO 1€
Vpp2 | PCMCIA
1 EN1
MIC2560
V
PCMCIA > v CC=
Card Slot CC5_EN L &
Controller
> Vces EN

Vees IN e 1630 Vcc OUT
VCC OUT |2 15|11 Vcc5|N
Vcc3 IN |3 14 Ve OUT
GND |4 B3 Vpp OUT
VCC5 EN [ 12|13 VPP IN
Vees En TP HE NIC
ENO |7 0 N/C
EN1 s 93 FLAG
Note: both V __, IN pins must be connected.
All three V .. OUT pins must be connected.

2-22
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Absolute Maximum Ratings  (Notes 1 and 2)

Power Dissipation, TaygienT < 25°C .... Internally Limited Supply Voltage, Vpp | e 15V
SOIC v 800 mW VEE3 IN o Vees N

Derating Factors (To Ambient) Vees IN 7.5V
SOIC oo 4 mW/°C Logic Input VOltages............co.ovvvirinnenen, —0.3Vto +15V

Storage TEMPErature ................oe.eeeee.. —65°C to +150°C Output Current (each Output)

Maximum Operating Temperature (Di€) ................ 125°C VPP QUT wwoveeessssssssssesssssns >200mA, Internally Limited

Operating Temperature (Ambient) .......... —40°C to +70°C VECC OUT memsssmssssmmmsssssssssnnn >1A, Internally Limited

Lead TEeMPErature (5 SEC)........cvwvrrrerrereererreernennn. 260°C Vee out: Suspend Mode ... 600mA

Logic Block Diagram

o Vpp IN

/ 0.5Q
EN1 o—] >— I
j ® o Vpp OUT
|_
Control —|K ¢ 0.7Q
ENO 0—|>— Logic H
¢ ° Vccout
|_
Vces EN °—| > I'f— - 0.07Q
|_
IK — 20
|_
Vces3 EN °—| > I'ﬁ_
Vces IN © @
Vees IN o ® 0.04Q
vy
Flag o—— I jmit/ Thermal Shut Down | GND
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Electrical Characteristics:

otherwise specified.)

(Over operating temperature range with Voeg IN=3.3V, Vg IN=5.0V, Vpp IN = 12V unless

Symbol Parameter Conditions Min Typ Max Units
INPUT
ViH Logic 1 Input Voltage 2.2 15 \%
ViL Logic O Input Voltage -0.3 0.8 \%
N Input Current 0OV<V)y<5h5V *1 MA
Vpp OUTPUT
Ipp OUT High Impedance Output Shutdown Mode 1 10 HA
Hi-Z Leakage Current 1V < Vpp oyt £ 12V
Ippsc Short Circuit Current Limit Vpp out =0 0.2 A
Ro Switch Resistance, Select Vpp oyt = 12V 0.55 1 Q
IPP ouT =-100mA (SOUrClng) Select VPP ouT =5V 0.7 1
Ro Switch Resistance, Select Vpp gyt = Clamped to Ground 0.75 2 kQ
lpp ouT = 50KA
Vpp SWITCHING TIME
tq Output Turn-On Rise Time Vpp oyt = Hi-Z to 5V 50 us
ty Output Turn-On Rise Time Vpp oyt = Hi-Z t0 3.3V 40 us
ta Output Turn-On Rise Time Vpp ouTt = Hi-Z to 12V 300 us
ty Output Rise Time Vpp out = 3-3Vor5Vito 12V 300 us
Vee OUTPUT
lcc out High Impedance Output 1V <Vee oyt S5V 1 10 HA
Hi-Z Leakage Current (Note 3)
lcesce Short Circuit Current Limit Vecout =0 1 2 A
Ro Switch Resistance, lcc ouT = —1000mA (Sourcing) 70 100 mQ
Vee out =50V
Ro Switch Resistance, lcc ouT = —1000mA (Sourcing) 40 66 mQ
Vec out =33V
Ro Switch Resistance, lcc ouT = 50MA (Sinking) 0.75 2 kQ
Vee out = Clamped to Ground
(MIC2560-2 only)
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Electrical Characteristics (continued)
Symbol Parameter Conditions Min Typ Max Units
Vee SWITCHING TIME
ty Rise Time Vee out =0V 10 3.3V, gyt = 1A 100 600 us
ts Fall Time Vee out = 5.0V to 3.3V 300 us
ty Rise Time Vee out = Hi-Z to 5V 400 us
POWER SUPPLY
ICC5 VCCS IN Supply Current lCC ouT = 0 0.01 10 HA
Vee out = Hi-Z (Sleep Mode) 0.01 10
Ipp IN Vpp IN Supply Current Ve Active, Vpp gyt = 5V or 3.3V 15 50 HA
Vees IN Operating Input Voltage Vees IN2Vees IN Vees IN 5.0 6 \
Vees IN Operating Input Voltage Vees INSVees IN 2.8 3.3 Vees IN \%
Vep IN Operating Input Voltage 8.0 12.0 145 \
SUSPEND MODE (NOTE 4)
ICC3 Active Mode Current VPP IN= oV, VCC5 = Vcc3 =3.3V 30 IJ.A
VCC3 = Enabled
Vpp = Disabled (Hi-Z or 0V)
RonVee | Vecour Row Vpp N =0V, Vces = Vees =33V 4.5 Q
Vcc3 = Enabled
Vpp = Disabled (Hi-Z or 0V)

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

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

NOTE 3: Leakage current after 1,000 hours at 125°C may increase up to five times the initial limit.

NOTE 4: Suspend mode is a pseudo power-down mode the MIC2560 automatically allows when Vpp | = 0V, Vpp OUT is deselected, and V¢
OUT = 3.3V is selected. Under these conditions, the MIC2560 functions in a reduced capacity mode where V¢ output of 3.3V is allowed,
but at lower current levels (higher switch ON resistance).
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MIC2560 Micrel
MIC2560-0 Control Logic Table

Pin 5 Pin 6 Pin 8 Pin 7 Pins 2 & 14 Pin 13
Vees EN | Vees EN EN1 ENO Vee out Vpp ouT
0 0 0 0 High Z High Z
0 0 0 1 High Z High Z
0 0 1 0 High Z High Z
0 0 1 1 High Z Clamped to Ground
0 1 0 0 3.3 High Z
0 1 0 1 3.3 3.3
0 1 1 0 3.3 12
0 1 1 1 3.3 Clamped to Ground
1 0 0 0 5 High Z
1 0 0 1 5 5
1 0 1 0 5 12
1 0 1 1 5 Clamped to Ground
1 1 0 0 3.3 High Z
1 1 0 1 3.3 3.3
1 1 1 0 3.3 5
1 1 1 1 3.3 Clamped to Ground

MIC2560-1 Logic (Compatible with Cirrus Logic CL-PD6710 & CL-PD6720 Controllers)

Pin 5 Pin 6 Pin 8 Pin 7 Pins 2 & 14 Pin 13
Vees EN | Vees BN | Vep Pem | Vee Ve Vee out Vpp ouT
0 0 0 0 High Z Clamped to Ground
0 0 0 1 High Z High Z
0 0 1 0 High Z High Z
0 0 1 1 High Z High Z
0 1 0 0 5 Clamped to Ground
0 1 0 1 5 5
0 1 1 0 5 12
0 1 1 1 5 High Z
1 0 0 0 3.3 Clamped to Ground
1 0 0 1 3.3 3.3
1 0 1 0 3.3 12
1 0 1 1 3.3 High Z
1 1 0 0 High Z Clamped to Ground
1 1 0 1 High Z High Z
1 1 1 0 High Z High Z
1 1 1 1 High Z High Z
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MIC2560-2 Logic (Compatible with Databook Controllers)

Pin5 Pin 6 Pin 7 Pins 2 & 14 Pin 13
VeeseLo@) | VepseLo() | VecseL2(3) Vee out Vep ouT

0 1 0 Clamped to Ground [ Clamped to Ground
1 1 0 3.3V 3.3V
0 0 0 3.3V 12v
1 0 0 3.3V Clamped to Ground
0 1 1 Clamped to Ground [ Clamped to Ground
1 1 1 5V 5V
0 0 1 5V 12v
1 0 1 5V Clamped to Ground

The Databook DB86184 PCMCIA controller requires two 100kQ pull-down resistors from pins 5 and 7 to ground and
a 100kQ pull-up resistor from pin 6 to +3.3V (or +5V). Connect MIC2560-2 pin 8 to ground.

Note: other control logic patterns are available. Please contact Micrel for details.

Applications Information

PCMCIA V¢ and V, control is easily accomplished using
the MIC2560 voltage selector/switch IC. Four control bits
determine Vec oyt @and Vpp oyt Voltage and standby/
operate mode condition. Vpp gyt output voltages of V¢
(3.3V or 5V), Vpp, or a high impedance state are available.
When the V¢ high impedance condition is selected, the
device switches into “sleep” mode and draws only nano-
amperes of leakage current. An error flag falls low if the
output is improper, because of overtemperature or overcur-
rent faults. Full protection from hot switching is provided
which prevents feedback fromthe Vpp o7 to the V¢ inputs
(from 12V to 5V, for example) by locking out the low voltage
switch until Vpp gt drops below V. The V¢ output is
similarly protected against 5V to 3.3V shoot through.

The MIC2560 is a low-resistance power MOSFET switching
matrix that operates from the computer system main power
supply. Device logic power is obtained from V3 and
internal MOSFET drive is obtained from the Vpp IN pin
(usually +12V) during normal operation. If +12V is not
available, the MIC2560 automatically switches into “sus-
pend” mode, where V¢ o can be switched to 3.3V, but at
higher switch resistance. Internal break-before-make switches
determine the output voltage and device mode.

Supply Bypassing

External capacitors are not required for operation. The
MIC2560 is a switch and has no stability problems. For best
results however, bypass V3 IN, Veesg IN, and Vpp IN
inputs with filter capacitors to improve output ripple. As all
internal device logic and voltage/current comparison func-
tions are powered fromthe V-3 INline, supply bypass of this
line is the most critical, and may be necessary in some cases.
Inthe most stubborn layouts, up to 0.47uF may be necessary.
Both V¢ oyt @nd Vpp oyt Pins may have 0.01uF to 0.1pF
capacitors for noise reduction and electrostatic discharge
(ESD) damage prevention. Larger values of output capacitor
might create current spikes during transitions, requiring larger
bypass capacitorsonthe V3IN, Ve IN, and Vpp IN pins.

PCMCIA Implementation

The MIC2560 is designed for compatibility with the Personal
Computer Memory Card International Association’s (PCM-
CIA) Specification, revision 2.1 as well as the PC Card
Specification, (March 1995), including the CardBus option.

The Personal Computer Memory Card International Associa-
tion (PCMCIA) specification requires two Vpp supply pins per
PCMCIA slot. Vpp is primarily used for programming Flash
(EEPROM) memory cards. The two Vpp supply pins may be
programmed to different voltages. Fully implementing PCM-
CIA specifications requires a MIC2560, a MIC2557 PCMCIA
Vpp Switching Matrix, and a controller. Figure 3 shows this
full configuration, supporting both 5.0V and 3.3V V- opera-
tion.

5V
System
Power 3.3V
Supply
12v
+ A \4 PCMCIA
VppIN VeealN VecsiM| Card Slot
Vpp1
> ENO >
Vpp2
» EN1 >
MIC2560
V
PCMCIA >l v C(:>
Card Slot CC5_EN >
Controller
® Vces EN
Y VY v
Vepin VoD Vec
| ENO Vpp OUT

» EN1

MIC2557

Figure 3. MIC2560 Typical PCMCIA memory card
application with dual V. (5.0V or 3.3V) and separate
VPF’l and VPF’Z.
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5V
System
Power 3.3V
Supply
12v
vy v
VppIN VeeaN VeesN
Vpp1
# ENO >
Vpp2 | PCMCIA
| EN1 Card Slot
MIC2560
V
PCMCIA >l v CC=
Card Slot CC5_EN L _»
Controller
1 Vces EN

Figure 4. MIC2560 Typical PCMCIA memory card application with dual V

driven together.

However, many cost sensitive designs (especially notebook/
palmtop computers) connect Vpp4 to Vpp, and the MIC2557
is not required. This circuit is shown in Figure 4.

When a memory card is initially inserted, it should receive
V .~ — either 3.3V = 0.3V or 5.0V +5%. The initial voltage is
determined by a combination of mechanical socket “keys”
and voltage sense pins. The card sends a handshaking data
stream to the controller, which then determines whether or
not this card requires V. and if the card is designed for dual
V . ~.Ifthe card is compatible with and desires a different VV
level, the controller commands this change by disabling VCC,
waiting at least 100ms, and then re-enabling the other VCC
voltage.

If no card is inserted or the system is in sleep mode, the
controller outputs a (Vceg IN, Vg IN) = (0,0) to the
MIC2560, which shuts down V. This also places the switch
into a high impedance output shutdown (sleep) mode, where
current consumption drops to nearly zero, with only tiny
CMOS leakage currents flowing.

During Flash memory programming with standard (+12V)
Flash memories, the PCMCIA controller outputs a (1,0) to the
ENO, EN1 control pins of the MIC2560, which connects
Vpp INto Vpp oyt The low ON resistance of the MIC2560
switches allow using small bypass capacitors (in some cases,
none atall) onthe V¢ gyt and Vpp gy Pins, with the main
filtering action performed by a large filter capacitor on the
input supply voltage to Vpp IN (usually the main power
supply filter capacitor is sufficient). The Vpp gyt transition
from V¢ to 12.0V typically takes 250us. After programming
is completed, the controller outputs a (EN1, ENO) = (0,1) to
the MIC2560, which then reduces Vpp o710 the V¢ level
for read verification. Break-before-make switching action
reduces switching transients and lowers maximum current
spikes through the switch from the output capacitor. The flag
comparator prevents having high voltage on the Vpp gyt
capacitor from contaminating the V- inputs, by disabling the
low voltage Vpp switches until Vpp oy drops belowthe Ve

cc (5.0Vor3.3V). Note thatV _ and V__, are

level selected. The lockout delay time varies with the load
currentand the capacitor on Vpp o With a 0.1uF capacitor
and nominal Ipp oy, the delay is approximately 250us.

Internal drive and bias voltage is derived from Vpp IN. Internal
device control logic is powered from V-3 IN. Input logic
threshold voltages are compatible with common PCMCIA
controllers using either 3.3V or 5V supplies. No pull-up
resistors are required at the control inputs of the MIC2560.

Output Current and Protection

MIC2560 output switches are capable of more current than
needed in PC Card applications (1A) and meet or exceed all
PCMCIA specifications. For system and card protection,
output currents are internally limited. For full system protec-
tion, long term (millisecond or longer) output short circuits
invoke overtemperature shutdown, protecting the MIC2560,
the system power supplies, the card socket pins, and the
memory card. Overtemperature shutdown typically occurs at
a die temperature of 115°C.

Single V _. Operation
For PC Card slots requiring only a single V

fo connect
\./ccslﬁN and vV
(i.e.,

cCs | together and to the system \900 supply
ins 1, 3, ano|\115 are all connected to system V C)'
Either the V switch or the V switch may be used to
enable the card slot V c generally the VCC3 switch is
preferred because of its?ower ON resistance.

Suspend Mode

Anadditional feature inthe MIC2560 is a pseudo power-down
mode, Suspend Mode, which allows operation withouta V

IN supply. In Suspend Mode, the MIC2560 supplies 3.3V to
V c OUT whenever a V ~ ~ output of 3.3V is enabled by the
P%MCIA controller. This mode allows the system designer
the ability to turn OFF the VPP supply generator to save
power when it is not specifically required. The PCMCIA card
receives V . . at reduced capacity during Suspend Mode, as
the switch resistance rises to approximately 4.5Q.
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Drive Enableo@_

0.1uF 1N914

4.7kQ
—MA—

+5V o

T
0.02uF
I 0.014F 1N914 &

Switcheg Vpp IN

L 4

(Optional Schottky)

Figure 5. Circuit for generating bias drive for the V

High CurrentV __ Operation Without a
+12V Supply

Figure 5 shows the MIC2560 with V . . switch bias provided
by a simple charge pump. This enables the system designer
to achieve full VC performance without a +12V supply,
which is often helpﬁjl in battery powered systems that only
provide +12V when it is needed. These on-demand +12V
supplies generally have a quiescent current draw of a few

C][e | -
] 15T +——
[ ] 14/ T]
MIC2560
[ 13|
115 12|11
1116 111
117 10|17
1|8 9|1

cc Switches when +12V is not readily available.

milliamperes, which is far more than the microamperes used
by the MIC2560. The charge pump of figure 5 provides this
low current, using about 100pA when enabled. When VF>F> ouT
=12V is selected, however, the on-demand V__ generator
must be used, as this charge pump cannot deliver the current
required for Flash memory programming. The Schottky diode
may not be necessary, depending on the configuration of the
on-demand +12V generator and whether any other loads are
on this line.
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PCMCIA Card Socket V . &V, Switching Matrix

General Description

The MIC2561 V. &V, Matrix controls PCMCIA (Personal
Computer Memory Card International Association) memory
card power supply pins, both V.. and V.. The MIC2561
switches voltages from the system power supply to V. and
Vpp- The MIC2561 switches between the three V. voltages
(OFF, 3.3V and 5.0V) and the V, voltages (OFF, 0V, 3.3V,
5V, or 12.0V) required by PCMCIA cards. Output voltage is
selected by two digital inputs for each output and output
current ranges up to 750mA for V. and 200mA for V. For
higher V. output current, please refer to the full-perfor-
mance MIC2560.

The MIC2561 provides power management capability under
the control of the PC Card controller and features overcurrent
and thermal protection of the power outputs, zero current
“sleep” mode, suspend mode, low power dynamic mode, and
ON/OFF control of the PCMCIA socket power.

The MIC2561 is designed for efficient operation. In standby
(“sleep”) mode the device draws very little quiescent current,
typically 0.01pA. The device and PCMCIA portis protected by
current limiting and overtemperature shutdown. Full cross-
conduction lockout protects the system power supply.

Ordering Information

Applications

e« PCMCIA Power Supply Pin Voltage Switch
e Data Collection Systems

e Machine Control Data Input Systems

e Wireless Communications

e Bar Code Data Collection Systems

e Instrumentation Configuration/Datalogging
e Docking Stations (portable and desktop)

e Power Supply Management

e Power Analog Switching

Features
e Complete PCMCIA V and VPP Switch Matrix in a
Single IC

e No External Components Required

e Controlled Switching Times

e Logic Options for Compatible with Industry Standard
PCMCIA Controllers

* No Voltage Overshoot or Switching Transients

* Break-Before-Make Switching

e Output Current Limit and Over-Temperature Shutdown

« Digital Flag for Error Condition Indication

e Ultra Low Power Consumption

« Digital Selection of V. . and V Voltages

e Over 750mA of V 8utput Current

Part Number Temperature Range Package * 200mA of V Output Current
e 14-Pin SOIgllgackage
MIC2561-0BM 0°C to +70°C 14-pin SOIC
MIC2561-1BM 0°Cto +70°C 14-pin SOIC
Typical Application
5V
System
Power 3.3V
Supply
12v
vy oy
VppIN VeesIN VeesIN
VpPpP1
# ENO >
Vpp2 | PCMCIA
» EN1 Card Slot
MIC2561
Vee
PCMCIA
————»
Card Slot Vecs_EN —::
Controller
—— ™| Vcc3 EN
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Absolute Maximum Ratings  (Notes 1 and 2)

Power Dissipation, Taygient < 25°C ... Internally Limited Supply Voltage, Vpp [ e, 15V
SOIC ettt 800 mwW Veea IN Vees IN
Derating Factors (To Ambient) Vees IN 7.5V
SOIC o 4 mW/°C Logic Input Voltages...........ccccevvnnnnn. 0.3V to +15V
Storage Temperature ............cocoeeeeene... —-65°C to +150°C Output Current (each Output) .
Maximum Operating Temperature (Di€) ................ 125°C VPP QUT seversssssssssssssssssnssssssssssssssinns Internally Limited
Operating Temperature (Ambient) .............. 0°C to +70°C VEG QUT wovemesssssssssssssssissssssssssninns Internally Limited
Lead Temperature (5 SEC) .....coovvvrerverererrererereererenns 260°C Ve outs Suspend Mode........on 600mA
Pin Configuration
Vees EN coe . &)k GND
Veez EN o 18lfo Vees IN
ENO s 12|00 Ve OUT
ENl s 1 Vs IN
FLAG P 10| Ve OUT
Vpp IN {6 9 2 Vs IN
Vpp OUT 7 81 Ve OUT

14-Pin SO Package

Note: Both V __, IN pins must be connected. All three V

<c OUT pins must be connected.

Logic Block Diagram

o Vpp IN

/ 550mQ
ENL o—[>—
j ® o Vpp OUT
MIC2561 -
Control ~||1 D 700mQ
ENO o—[>— Logic H
° Vcc out
| H
Vces_EN °—>— |« - 210mQ
'_
Iu — 20
'_
Vces EN °—>— I,N_
VcesIN ©
Vces IN o L 110mQ
v
Flag o—— I jmit/ Thermal Shut Down GND
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Electrical Characteristics:

otherwise specified.)

(Over operating temperature range with Vecg IN= 3.3V, Voeg IN = 5.0V, Vpp IN = 12V unless

Symbol Parameter Conditions Min Typ Max Units
INPUT
ViH Logic 1 Input Voltage 2.2 15 \%
ViL Logic O Input Voltage -0.3 0.8 \%
N Input Current 0OV<V)y<5h5V *1 MA
Vpp OUTPUT
Ipp OUT High Impedance Output Shutdown Mode 0.1 50 HA
Hi-Z Leakage Current 0<Vpp oyt <12V
Ippsc Short Circuit Current Limit Vpp out =0 0.2 A
Ro Switch Resistance, Select Vpp oyt = 12V 0.55 1 Q
IPP ouT =-1000mA (SOUI’CIng) Select VPP ouT =5V 0.7 1
Ro Switch Resistance, Select Vpp gyt = Clamped to Ground 0.75 2 kQ
Vpp SWITCHING TIME (See Figure 1)
tq Output Turn-On Rise Time Vpp oyt = Hi-Z to 5V 50 us
ty Output Turn-On Rise Time Vpp oyt = Hi-Z t0 3.3V 40 us
ta Output Turn-On Rise Time Vpp ouTt = Hi-Z to 12V 300 us
ty Output Rise Time Vpp out = 3-3Vor5Vito 12V 30 us
t5 Output Turn-Off Delay Vpp ouTt = 12V to 3.3V or 5V 25 75 us
tg Output Turn-Off Delay Vpp out = 5V to Hi-Z 75 200 ns
Vee OUTPUT
lcc ouT High Impedance Output 1<Vee ouT 5V 0.1 10 HA
Hi-Z Leakage Current
lccse Short Circuit Current Limit Veec out =0 1.5 2 A
Ro Switch Resistance, lcc ouT = —650 mA (Sourcing) 210 300 mQ
Vee out =50V
Ro Switch Resistance, lcc ouT = —650 mA (Sourcing) 110 185 mQ
Vee out =3:3V
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Electrical Characteristics (continued)
Symbol Parameter Conditions Min Typ Max Units
Vee SWITCHING TIME
ty Rise Time (10% to 90%) Vee out = 0V to 3.3V, Igyt = 750mA 70 140 us
ty Rise Time (10% to 90%) Vee out = 0V to 5.0V 50 60 us
ts Fall Time (note 3) Vee out = 5.0V to OV or 3.3V to OV 40 us
ty Rise Time Vee out = Hi-Z to 5V 60 us
POWER SUPPLY
ICC5 VCCS IN Supply Current lCC ouT = 0 0.01 10 HA
Vee out = Hi-Z (Sleep Mode) 0.01 10
Ipp IN Vpp IN Supply Current Ve Active, Vpp gyt = 5V or 3.3V 15 30 HA
Vees IN Operating Input Voltage Vees IN2Vees IN Vees IN 5.0 6 \
Vees IN Operating Input Voltage Vees INSVees IN 2.8 3.3 Vees IN \%
Vep IN Operating Input Voltage 8.0 12.0 145 \%
SUSPEND MODE (NOTE 6)
lces Suspend Mode Active Current Vpp IN = OV, Vees = Vs = 3.3V 30 100 HA
(from Vcc3) VCC5 = Enabled
Vpp = Disabled (Hi-Z or 0V)
Ron Vee Vecour Row Vpp N = 0V, Vees = Veeg = 3.3V 4.5 6 Q
Vcc3 = Enabled
Vpp = Disabled (Hi-Z or 0V)
NOTE 1: Functional operation above the absolute maximum stress ratings is not implied.
NOTE 2: Static-sensitive device. Store only in conductive containers. Handling personnel and equipment should be grounded to prevent damage
from static discharge.
NOTE 3: From 90% of V, to 10% of V.. R =2.1kQ
NOTE 6: Suspend mode is a pseudo power-down mode the MIC2561 automatically allows when Vpp | = 0V, Vpp OUT is deselected, and V¢
OUT = 3.3V is selected. Under these conditions, the MIC2561 functions in a reduced capacity mode where V¢ output of 3.3V is allowed,
but at lower current levels (higher switch ON resistance).
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MIC2561-0 Control Logic Table
Pin 1 Pin 2 Pin 4 Pin 3 Pins 8 & 12 Pin 7
Vees EN | Vees EN EN1 ENO Vee out Vpp ouT

0 0 0 0 High Z High Z
0 0 0 1 High Z High Z
0 0 1 0 High Z High Z
0 0 1 1 High Z Clamped to Ground
0 1 0 0 3.3 High Z
0 1 0 1 3.3 3.3
0 1 1 0 3.3 12
0 1 1 1 3.3 Clamped to Ground
1 0 0 0 5 High Z
1 0 0 1 5 5
1 0 1 0 5 12
1 0 1 1 5 Clamped to Ground
1 1 0 0 3.3 High Z
1 1 0 1 3.3 3.3
1 1 1 0 3.3 5
1 1 1 1 3.3 Clamped to Ground

MIC2561-1 Logic (Compatible with Cirrus Logic CL-PD6710 & CL-PD6720 Controllers)

Pin 1 Pin 2 Pin 4 Pin 3 Pins 8 & 12 Pin 7
Vees EN | Vees eN | Vep_pPeMm | VPP Vec Vee out Vpp ouT
0 0 0 0 High Z Clamped to Ground
0 0 0 1 High Z High Z
0 0 1 0 High Z High Z
0 0 1 1 High Z High Z
0 1 0 0 5 Clamped to Ground
0 1 0 1 5 5
0 1 1 0 5 12
0 1 1 1 5 High Z
1 0 0 0 3.3 Clamped to Ground
1 0 0 1 3.3 3.3
1 0 1 0 3.3 12
1 0 1 1 3.3 High Z
1 1 0 0 High Z Clamped to Ground
1 1 0 1 High Z High Z
1 1 1 0 High Z High Z
1 1 1 1 High Z High Z

Note: other control logic patterns are available. Please contact Micrel for details.
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Applications Information

PCMCIA V¢ and V, control is easily accomplished using
the MIC2561 voltage selector/switch IC. Four control bits
determine Ve oyt @and Vpp gyt Voltage and standby/
operate mode condition. Vpp oyt output voltages of V¢
(3.3V or 5V), Vpp, or a high impedance state are available.
When the V¢ high impedance condition is selected, the
device switches into “sleep” mode and draws only nano-
amperes of leakage current. An error flag falls low if the output
is improper, because of overtemperature or overcurrent
faults. Full protection from hot switching is provided which
prevents feedback from the Vpp o1 to the V¢ inputs (from
12V to 5V, for example) by locking out the low voltage switch
until Vpp gy drops below V. The V¢ output is similarly
protected against 5V to 3.3V shoot through.

The MIC2561 is a low-resistance power MOSFET switching
matrix that operates from the computer system main power
supply. Device logic power is obtained from V-c3 and
internal MOSFET drive is obtained from the Vpp IN pin
(usually +12V) during normal operation. If +12V is not avail-
able, the MIC2561 automatically switches into “suspend”
mode, where V¢ gy can be switched to 3.3V, but at higher
switch resistance. Internal break-before-make switches de-
termine the output voltage and device mode.

Supply Bypassing

External capacitors are not required for operation. The
MIC2561 is a switch and has no stability problems. For best
results however, bypass V3 IN, Vees IN, and Vpp IN
inputs with filter capacitors to improve output ripple. As all
internal device logic and voltage/current comparison func-
tions are powered fromthe V-3 INline, supply bypass of this
line is the most critical, and may be necessary in some cases.
Inthe most stubborn layouts, up to 0.47uF may be necessary.
Both Ve oyt @and Vpp gyt Pins may have 0.01uF to 0.1uF
capacitors for noise reduction and electrostatic discharge
(ESD) damage prevention. Larger values of output capacitor
might create current spikes during transitions, requiring larger
bypass capacitorsonthe V31N, Ve IN, and Vpp IN pins.

PCMCIA Implementation

The Personal Computer Memory Card International Associa-
tion (PCMCIA) specification requires two Vpp supply pins per
PCMCIA slot. Vpp is primarily used for programming Flash
(EEPROM) memory cards. The two Vpp supply pins may be
programmed to different voltages. Fully implementing PCM-
CIA specifications requires a MIC2561, a MIC2557 PCMCIA
Vpp Switching Matrix, and a controller. Figure 3 shows this
full configuration, supporting both 5.0V and 3.3V V- opera-
tion.

>
ENL \icass?

5V
System
Power 3.3V
Supply
12v
+ PCMCIA
VppIN VeegN VeesiN Card Slot
VPp1
> ENO —>
Vpp2
> EN1 —
MIC2561
Vce
PCMCIA > Voos N q
Card Slot | ‘
Controller —>
» Vces EN
Y VvV v
Vepin VDD Vcc
—»
ENO Vpp OUT

Figure 3. MIC2561 Typical PCMCIA memory card application with dual V

o (5.0Vor3.3V)and separate V _, and V __,
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5V
System
Power 3.3V
Supply
12v
vV v
VppIN VeegN VeesIN
VPp1
# ENO <
Vpp2 | PCMCIA
| EN1 Card Slot
MIC2561
V,
PCMCIA > v CC>
Card Slot CC5_EN L
Controller
> Vces EN

Figure 4. MIC2561 Typical PCMCIA memory card application with dual V

driven together.

However, many cost sensitive designs (especially notebook/
palmtop computers) connect Vpp4 to Vpp, and the MIC2557
is not required. This circuit is shown in Figure 4.

When a memory card is initially inserted, it should receive
V .~ — either 3.3V = 0.3V or 5.0V +5%. The initial voltage is
determined by a combination of mechanical socket “keys”
and voltage sense pins. The card sends a handshaking data
stream to the controller, which then determines whether or
not this card requires V. and if the card is designed for dual
V . ~.Ifthe card is compatible with and desires a different VV
level, the controller commands this change by disabling VCC,
waiting at least 100ms, and then re-enabling the other VCC
voltage.

If no card is inserted or the system is in sleep mode, the
controller outputs a (Veeg IN, Vg IN) = (0,0) to the
MIC2561, which shuts down V. This also places the switch
into a high impedance output shutdown (sleep) mode, where
current consumption drops to nearly zero, with only tiny
CMOS leakage currents flowing.

During Flash memory programming with standard (+12V)
Flash memories, the PCMCIA controller outputs a (1,0) to the
ENO, EN1 control pins of the MIC2561, which connects
Vpp INto Vpp gyt The low ON resistance of the MIC2561
switches allow using small bypass capacitors (in some cases,
none atall) onthe V¢ gyt and Vpp gy Pins, with the main
filtering action performed by a large filter capacitor on the
input supply voltage to Vpp IN (usually the main power
supply filter capacitor is sufficient). The Vpp gyt transition
from V1o 12.0V typically takes 15ps. After programming is
completed, the controller outputs a (EN1, ENO) = (0,1) to the
MIC2561, which then reduces Vpp o to the V- level for
read verification. Break-before-make switching action re-
duces switching transients and lowers maximum current
spikes through the switch from the output capacitor. The flag
comparator prevents having high voltage on the Vpp gyt
capacitor from contaminating the V- inputs, by disabling the
low voltage Vpp switches until Vpp oy drops belowthe Ve

cc (5.0Vor3.3V). Note thatV _, and V__, are

level selected. The lockout delay time varies with the load
currentand the capacitor on Vpp o With a 0.1uF capacitor
and nominal Ipp oy, the delay is approximately 250us.

Internal drive and bias voltage is derived from Vpp IN. Internal
device control logic is powered from V-3 IN. Input logic
threshold voltages are compatible with common PCMCIA
controllers using either 3.3V or 5V supplies. No pull-up
resistors are required at the control inputs of the MIC2561.

Output Current and Protection

MIC2561 output switches are capable of more current than
needed in PCMCIA applications and meet or exceed all
PCMCIA specifications. For system and card protection,
output currents are internally limited. For full system protec-
tion, long term (millisecond or longer) output short circuits
invoke overtemperature shutdown, protecting the MIC2561,
the system power supplies, the card socket pins, and the
memory card. The MIC2561 overtemperature shutdown oc-
curs at a die temperature of 110°C.

Suspend Mode

An additional feature inthe MIC2561 is a pseudo power-down
mode, Suspend Mode, which allows operation without a V

IN supply. In Suspend Mode, the MIC2561 supplies 3.3V to
V .. OUT whenever a V . . output of 3.3V is enabled by the
PE%/ICIA controller. This mode allows the system designer
the ability to turn OFF the VPP supply generator to save
power when it is not specifically required. The PCMCIA card
receives V . . at reduced capacity during Suspend Mode, as
the switch resistance rises to approximately 4.5Q.

High CurrentV __ Operation Without a
+12V Supply

Figure 5 shows the MIC2561 with V ~ . switch bias provided
by a simple charge pump. This enables the system designer
to achieve full Vc performance without a +12V supply,
which is often help?ul in battery powered systems that only
provide +12V when it is needed. These on-demand +12V
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Switched Vpp |y
0o

L 4

0.1uF  1N914 (Optional Schottky)

4.7kQ 0.02uF

VWV oot
| 0.01pF

! 1N914 X

14
13

+5V o

O
O

12

11
10

H?HHHHH

HgHHHHH

Figure 5. Circuit for generating bias drive for the VCC switches when +12V is not readily available.

supplies generally have a quiescent current draw of a few
milliamperes, which is far more than the microamperes used
by the MIC2561. The charge pump of Figure 5 provides this
low current, using about 100pA when enabled. When Vv

=12V is selected, however, the on-demand V__ generator
must be used, as this charge pump cannot deliver the current
required for Flash memory programming. The Schottky diode
may not be necessary, depending on the configuration of the
on-demand +12V generator and whether any other loads are
on this line.

1997 2-37



FNIEREL

MIC2562A

PCMCIA/CardBus Socket Power Controller

Preliminary Information

General Description

The MIC2562A PCMCIA (Personal Computer Memory Card
International Association) and CardBus Power Controller
handles allPC Card slot power supply pins, both V.. and V.
The MIC2562A switches between the three V. voltages (0V,
3.3V and 5.0V) and the V, voltages (OFF, 0V, 3.3V, 5V, or
12.0V) required by PC Cards. The MIC2562A switches
voltages from the system power supply to V.. and V.
Output voltage is selected by two digital inputs each and
output current ranges up to 1A for V. and 250mA for V...

The MIC2562A provides power management capability con-
trolled by the PC Card logic controller. Voltage rise and fall
times are well controlled. Medium current V., and high
currentV . output switches are self-biasing: no +12V supply

is required for 3.3V or 5V output.

The MIC2562A is designed for efficient operation. In standby
(sleep) mode the device draws very little quiescent current,
typically 0.3pA. The device and PCMCIA port is protected by
current limiting and overtemperature shutdown. Full cross-
conduction lockout protects the system power supply.

The MIC2562A is an improved version of the MIC2562,
offering lower ON-resistance and a V. pull-down clamp in
the OFF mode. It is available in a 14-pin 0.150" SOIC.

Ordering Information
Part Number

Temperature Range Package

MIC2562A-0BM —40°C to +85°C 14-pin Narrow SOIC

MIC2562A-1BM —40°C to +85°C

14-pin Narrow SOIC

Note: see the logic table inside for a description of the differences
between the logic options

Applications

e PC Card Power Supply Pin Voltage Switch
e CardBus Slot Power Supply Control

e Data Collection Systems

e Machine Control Data Input Systems

e Wireless Communications

e Bar Code Data Collection Systems

e Instrumentation Configuration/Datalogging
e Docking Stations (portable and desktop)

e Power Supply Management

e Analog Power Switching

Features

e High Efficiency, Low Resistance Switches Require No
12V Bias Supply

* No External Components Required

e OQutput Current Limit and Overtemperature Shutdown

e Open-Drain Flag for Error Condition Indication

e Ultra Low Power Consumption

e Complete PC Card/CardBus VCC and VPP Switch Matrix
in a Single Package

e Logic Compatible with Industry Standard PC Card Logic
Controllers

* No Voltage Shoot-Through or Switching Transients

« Break-Before-Make Switching

e Digital Selection of V, c and VPP Voltages

¢ Over 1A VCC Output Current

e Over 200mA VPP Output Current

e Small 14-Pin SOIC Package

Typical Application

Pin Configuration

5v VCCS_EN e 14[3 GND
System Vces EN e 13|11 Vs IN
Power 3.3V =
Supply ENO [ K] 12|11 VCC ouT
(ooh vV vy EN1 1 Vees IN
R N FLAG cr{s 100 Ve OuT
| ENO > 6 9
I_>VPP2 . Vpp IN 1 Vees IN
» EN1 Card Slot VPP OuUT k7 )| mm| VCC ouT
MIC2562
PCMCIA > vees en VCC> 14 Pin S.O. Package
Sara Sot - > Both V . IN pins must be connected.
* Vces EN All'three V . OUT pins must be connected.
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MIC2562A Micrel
Absolute Maximum Ratings  (Notes 1 and 2)

Power Dissipation, TaygienT < 25°C ... Internally Limited ~ SUPPlY VOItage, Vpp N v 15V
SOIC et 800 mW Ve IN 7.5V
Derating Factors (To Ambient) _VCC5 IN s 7.5V
SOIC o 4mw/°C  FLAG Pull-up Voltage ..o 7.5V
Storage TemMpPerature .............ceeveeveeneenn. —65°C to +150°C Logic Input Voltages..........ccccvvveeeeeeeeeeeiiinnnns -0.3V to +10V

Operating Temperature (Di€) ..........cccoovvveveeereenn. 125°C  Output Current (each Output)
Lead Temperature (5 SEC) ........ovvveveeeeereeerereereeenns 260°C VPP QUT rweereerersersesessensanens >200mA, Internally Limited
VEGC QUT woereereemsemssesssissssssnnnns >1A, Internally Limited

Logic Block Diagram

o Vpp IN
J (optional)
EN1 o——>—
® o Vpp OUT
ENO o |}
g
MIC2562 - L
Vees_EN © e —|'<,_
Vcecs EN © ® r o Vcc ouT
- |
q
| —
| —
|
SN I
FLAG o—
- |
|
|
A
Vces IN © @ @
Vces IN © @
ILimit / Thermal
Shut Down
Gate Drive

Generator
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Electrical Characteristics:
otherwise specified.)

(Over operating temperature range with Vc3 IN = 3.3V, Ve IN=5.0V, Vpp IN = 12V, unless

Symbol | Parameter | Conditions Min ITyp | Max Units
DIGITAL INPUTS
ViH Logic 1 Input Voltage 2.2 7.5 \%
ViL Logic 0 Input Voltage -0.3 0.8 \%
N Input Current 0OV<V)y<5h5V 1 HA
Vpp OUTPUT
Ipp OUT High Impedance Output Shutdown Mode 1 10 A
Hi-Z Leakage Current 0<Vpp oyt =12V
Ippsc Short Circuit Current Limit Vpp out =0 0.2 0.4 A
Ro Switch Resistance, Select Vpp oyt =5V 1.8 2.5 Q
Ipp ouT = —100MA (Sourcing)
Ro Switch Resistance, Vpp N = 12V 0.6 1 Q
Select VPP ouT =12V IPP ouT =-100 mA (SOUrClng)
Ro Switch Resistance, Select Vpp gyt = clamped to ground 2500 3900 Q
Vpp SWITCHING TIME (See Figure 1)
ty Output Turn-ON Delay Vpp out = Hi-Z to 10% of 3.3V 5 50 us
ty (Note 3) Vpp oyt = Hi-Z to 10% of 5V 10 50
t3 Vpp oyt = HI-Z to 10% of 12V 70 250
ty Output Rise Time Vpp out = 10% to 90% of 3.3V 100 200 800 us
ts (Note 3) Vpp out = 10% to 90% of 5V 100 300 1000
tg Vpp ouTt = 10% to 90% of 12V 100 225 800
ty Output Transition Timing Vpp out = 3-3V to 90% of 12V 100 250 1000 us
tg (Note 3) Vpp oyt = 5V to 90% of 12V 100 200 800
tg Vpp oyt = 12V to 90% of 3.3V 100 200 800
t14 Output Turn-Off Delay Time Vpp out = 3.3V to Hi-Z 200 1000 ns
t16 Vpp oyt = 12V to Hi-Z 200 1000
t11 Output Turn-OFF Fall Time Vpp ouTt = 90% to 10% of 3.3V 50 1000 ns
t1o (Note 3) Vpp oyt = 90% to 10% of 5V 50 1000
t13 Vpp out = 90% to 10% of 12V 300 2000
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Electrical Characteristics (continued)

Symbol Parameter Conditions Min Typ Max Units
Vee OUTPUT
lccse Short Circuit Current Limit Vee out =0 1 15 A
Ro Switch Resistance Select Ve oyt = 3:3V 100 150 mQ
lcc ouTt = —1A (Sourcing)
lcc out = —1A (Sourcing)
Select V¢ oy = clamped to ground 500 3900 Q
lcc oyt = 0-1mA (Sinking)
Ve SWITCHING TIME (See Figure 2)
ty Output Turn ON Delay Time Vee out = 0V to 10% of 3.3V 300 1500 us
ts Output Rise Time Vee out = 10% to 90% of 3.3V 200 700 2500 us
(Note 4)
ty Vee out = 10% to 90% of 5V 200 1500 6000
ty Output Turn-Off Delay Vee out = 3.3V 2.4 8 ms
(Notes 4, 5)
t8 VCC ouT =5V 2.8 8
tg Output Fall Time Vee out = 90% to 10% of 3.3V 100 240 1000 us
(Note 4)
tg Vee oyt = 90% to 10% of 5.0V 100 600 2000
POWER SUPPLY
ICC5 VCCS IN Supply Current (5V) VCC ouT = 5V or 3.3V, ICC ouT = 0 8 50 HA
Vee out =0V (Sleep Mode) 0.2 10
(Note 6) Vee out = 0V (Sleep Mode) 0.1 10
(NOte 7) VPP ouT = Hi-Z, 0or VPP 0.3 4
Vees Operating Input Voltage (5V) Veces N Not required for operation — 5.0 6 \%
Vees Operating Input Voltage (3.3V) (Note 6) 3.0 3.3 6 \%
Vep IN Operating Input Voltage (12V) Vpp |y Not required for operation — 12.0 14.5 \

(Note 8)
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Electrical Characteristics (continued)
Symbol Parameter Conditions Min Typ Max Units
THERMAL SHUTDOWN
Tsp Thermal Shutdown Temperature 130 °C
FLAG OUTPUT
vV, OK FLAG Threshold Voltage FLAG High (OK) Threshold voltage V=1 \%
(Note 9) V-1
NOTE 1:  Functional operation above the absolute maximum stress ratings is not implied.
NOTE 2:  Static-sensitive device. Store only in conductive containers. Handling personnel and equipment should be grounded to
prevent damage from static discharge.
NOTE 3: R =100Q connected to ground.
NOTE 4. R _=10Q connected to ground.
NOTE 5:  Delay from commanding Hi Z or OV to beginning slope. Does not apply to current limit or overtemperature shutdown
conditions.
NOTE 6:  The MIC2562A uses V__, ,, for operation. For single 5V supply systems, connect 5V to both V__, ,and V.. See Applica-
tions Information for further details.
NOTE7: V.., is notrequired for operation.
NOTES8: V,,, mustbe either high impedance or greater than or approximately equal to the highest voltage V__ in the system. For
example, if both 3.3V and 5V are connected to the MIC2562A, V,__,  must be either 5V, 12V, or high impedance.
NOTE 9: A 10kQ pull-up resistor is connected between FLAG and V__, IN.
A B c D E F G H J K
Vpp
Enable Vppto 33V | Vppto 12V Vpp to 3.3V \é'F;’F:’ Vpp to 5V Vpp to 12V Vpp to 5V Vpp OFF | Vpp to 12V Vpp OFF
o __
113
— -—
t7 tg tg t10 tg t1g
) . . . N o [l 26
12V———] R
3
Vpp > 1) - — -
Output
> 115
t11 ts
— - > —p [—t1o
Vet f o —
3.3V——— / / -t / 7777777777
o o
FLAG |_

Figure 1. MIC2562A V _, Timing Diagram. V __ Enable is shown generically: refer to the timing tables (below). At

time “A” V

programmed to 5V. At F, V
12V. And atK, V __ is again disabled. R

=3.3Vis selected. AtB,V _ issetto 12V. AtC,V _, =3.3V (from 12V). AtD, V _ is disabled. AtE, V _ is
issetto 12V. At G, V  is programmed to 5V. AtH, V __is disabled. AtJ,V _,is setto
= 100Q for all measurements. Load capacitance is negligible.

PP
PP
L
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Vce

Enable Vg to 3.3V

Vce OFF

Ve to 5V

wa

Vce
Output

¥

FLAG

Figure 2. MIC2562A V __ Timing Diagram. V __ Enable is shown generically: refer to the timing tables (below) for

specific control logic input. At time A, V

cc Is programmed to 3.3V. At B, V

CcC

to5V. And atD, V __is disabled. R | =10Q. FLAG pull-up resistor is 10k Qto V. IN.

MIC2562A-0 Control Logic Table

is disabled. At C, V __is programmed

Vees EN | Vees EN EN1 ENO Vee out Vpp ouT
0 0 0 0 Clamped to Ground High Z
0 0 0 1 Clamped to Ground High Z
0 0 1 0 Clamped to Ground High Z
0 0 1 1 Clamped to Ground| Clamped to Ground
0 1 0 0 3.3 High Z
0 1 0 1 3.3 3.3
0 1 1 0 3.3 12
0 1 1 1 3.3 Clamped to Ground
1 0 0 0 5 High Z
1 0 0 1 5 5
1 0 1 0 5 12
1 0 1 1 5 Clamped to Ground
1 1 0 0 3.3 High Z
1 1 0 1 3.3 3.3
1 1 1 0 3.3 5
1 1 1 1 3.3 Clamped to Ground
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MIC2562A-1 Control Logic (compatible with Cirrus Logic CL-PD6710 & PD672x-series

Controllers)

Vees EN | Vees EN | Vep peM | VPP vee Vee out Vpp ouT
0 0 0 0 Clamped to Ground| Clamped to Ground
0 0 0 1 Clamped to Ground High Z
0 0 1 0 Clamped to Ground High Z
0 0 1 1 Clamped to Ground High Z
0 1 0 0 5 Clamped to Ground
0 1 0 1 5 5
0 1 1 0 5 12
0 1 1 1 5 High Z
1 0 0 0 3.3 Clamped to Ground
1 0 0 1 3.3 3.3
1 0 1 0 3.3 12
1 0 1 1 3.3 High Z
1 1 0 0 Clamped to Ground| Clamped to Ground
1 1 0 1 Clamped to Ground High Z
1 1 1 0 Clamped to Ground High Z
1 1 1 1 Clamped to Ground High z
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Applications Information

PC Card V. and Vp'D control is easily accomplished using
the MIC2562A PC Card/CardBus Slot V- & Vpp Power
Controller IC. Four control bits determine V. o7 and Vpp
ouT Voltage and standby/operate mode condition. V. out-
puts of 3.3V and 5V at the maximum allowable PC Card
current are supported. Vpp 7 OUtput voltages of V- (3.3V
or 5V), Vpp, 0V, or a high impedance state are available.
When the V. clamped to ground condition is selected, the
device switches into “sleep” mode and draws only nano-
amperes of leakage current. An error flag alerts the user if the
output voltage is too low because of overtemperature or
overcurrent faults. Protection from hot switching is provided
which prevents feedback from the V- 5,7 (from 5V to 3.3V,
for example) by locking out the low voltage switch until the
initial switch’s gate voltage drops below the desired lower
Vee

The MIC2562A operates from the computer system main
power supply. Device logic and internal MOSFET drive is
generated internally by charge pump voltage multipliers
powered from V5 IN. Switching speeds are carefully con-
trolled to prevent damage to sensitive loads and meet all PC
Card Specification speed requirements.

Supply Bypassing

External capacitors are not required for operation. The
MIC2562A is a switch and has no stability problems. For best
results however, bypass V3 IN, Vo5 IN, and Vpp IN inputs
with 1pF capacitors to improve output ripple. As all internal
device logic and comparison functions are powered from the
Vs IN line, the power supply quality of this line is the most
important, and a bypass capacitor may be necessary for
some layouts. Both V¢ oyt @and Vpp gyt PiNs may use
0.01pF to 0.1pF capacitors for noise reduction and electro-
static discharge (ESD) damage prevention. Larger values of
output capacitors are not necessary.

PC Card Slot Implementation

The MIC2562A is designed for full compatibility with the
Personal Computer Memory Card International Associa-
tion’s (PCMCIA) PC Card Specification, (March 1995), in-
cluding the CardBus option. One MIC2562A is required for
each PC Card slot.

When a memory card is initially inserted, it should receive
V¢ —either 3.3V £ 0.3V or 5.0V £5%. The initial voltage is
determined by a combination of mechanical socket “keys”
and voltage sense pins. The card sends a handshaking data
stream to the controller, which then determines whether or
not this card requires V, and if the card is designed for dual
V. Ifthe cardis compatible with and desires a different V-~
level, the controller commands this change by disabling V¢,
waiting at least 100ms, and then re-enabling the other Vi
voltage.

V¢ switches are turned ON and OFF slowly. If commanded
to immediately switch from one V. to the other (without
turning OFF and waiting 100ms first), enhancement of the
second switch begins after the first is OFF, realizing break-
before-make protection. Vp switches are turned ON slowly
and OFF quickly, which also prevents cross conduction.

If no card is inserted or the system is in sleep mode, the slot
logic controller outputs a (V3 IN, Vs IN) = (0,0) to the
MIC2562A, which shuts down V.. This also places the
switch into a high impedance output shutdown (sleep) mode,
where current consumption drops to nearly zero, with only
tiny CMOS leakage currents flowing.

Internal device control logic and MOSFET drive and bias
voltage is powered from V5 IN. The high voltage bias is
generated by an internal charge pump quadrupler. Systems
without 3.3V may connect V3 INto 5V. Inputlogic threshold
voltages are compatible with common PC Card logic control-
lers using either 3.3V or 5V supplies.

The PC Card Specification defines two Vpp supply pins per
card slot. The two Vpp supply pins may be programmed to
different voltages. Vpp is primarily used for programming
FLASH memory cards. Implementing two independent Vpp
voltages is easily accomplished with the MIC2562A and a
MIC2557 PCMCIA Vpp Switching Matrix. Figure 3 shows this
full configuration, supporting independent V, and both 5.0V
and 3.3V V. operation. However, few logic controllers
support multiple Vpp—most systems connect Vpp, t0 Vpp,
and the MIC2557 is not required. This circuit is shown in
Figure 4.

During Flash memory programming with standard (+12V)
Flash memories, the PC Card slot logic controller outputs a
(0,1) to the ENO, EN1 control pins of the MIC2562A, which
connects Vpp IN (nominally +12V) to Vpp o1 The low ON
resistance of the MIC2562A switch allows using a small
bypass capacitor on the Vpp 7 pins, with the main filtering
action performed by a large filter capacitor on Vp IN (usually
the main power supply filter capacitor is sufficient). Using a
small-value capacitor such as 0.1uF on the output causes
little or no timing delays. The Vpp o1 transition from V- to
12.0V typically takes 250us. After programming is com-
pleted, the controller outputs a (EN1, ENO) = (0,1) to the
MIC2562A, which then reduces Vpp o7 to the V. level.
Break-before-make switching action and controlled rise times
reduces switching transients and lowers maximum current
spikes through the switch.

Figure 5 shows MIC2562A configuration for situations where
only a single +5V V. is available.

Output Current and Protection

MIC2562A output switches are capable of passing the maxi-
mum current needed by any PC Card. The MIC2562A meets
or exceeds all PCMCIA specifications. For system and card
protection, output currents are internally limited. For full
system protection, long term (millisecond or longer) output
short circuits invoke overtemperature shutdown, protecting
the MIC2562A, the system power supplies, the card socket
pins, and the PC Card. A final protective feature is the error
FLAG, which signals the PC Card slot logic controller when
a fault condition exists, allowing the controller to notify the
user that the card inserted has a problem. The open-drain
FLAG monitors the voltage level on both V¢ o1 and Vpp
ouT and activates (pulls low) when either output is 1V below
its programmed level or an overtemperature fault exists.

This FLAG signals output voltage transitions as well as fault
conditions. Refer to Figures 1 and 2 for details.
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5V
System System
Power 3.3V Power 3.3V
Supply Supply
12v
v Vv ¥ PCMCIA (opt) vy v
VppIN VeeaN VeesIN Card Slot VppIN VeeaIN VeesIN v
(©pY) Vpp1 (op) PP1
» ENO > | ENO >
Vpp2 Vpp2 | PCMCIA
» EN1 »> | EN1 Card Slot
MIC2562 MIC2562
V V
PCMCIA > v CC; PCMCIA >l v CC>
Card Slot CC5_EN > Card Slot CC5_EN —
Controller Controller
» Vces EN 1 Vces_EN
Y VY v
Vepin VDD Vec
BENO o ouT

Figure 3. MIC2562A PC Card slot power control applica-
tion with dual V . (5V and 3.3V) and separate V _, and

\Y,

PP2°

\d

EN1 MIC2557

5V
System
Power
Supply
12V
(opt) + Y
VppIN VeesIN VeesIN
(opt) Vpp1
» ENO >
Vpp2
| EN1
MIC2562
V,
PCMCIA > v CC=
Card Slot CC5_EN L »
Controller
# Vces EN

Figure 5. PC Card slot power control application without an available 3.3V V

together. The MIC2562A is powered by the V

CC3IN

line. In this configuration, V

PCMCIA
Card Slot

o Note that vV
will be 5V when either V

CCouT

is enabled from the logic table. Take advantage of the lower switch resistance of the V
control as your main V. __ switch.

CC3IN

ccs SWitch by using the V

and V

Figure 4. Typical MIC2562A PC Card slot power control
applicationwithdual vV . (5Vand3.3V). NotethatV _, and
V.., are driven together.

are driven

CC5IN

Ccc3

orV ccs

CC5_EN
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MIC2563A

Dual Slot PCMCIA/CardBus Power Controller

Preliminary Information

General Description

The MIC2563A Dual Slot PCMCIA (Personal Computer
Memory Card International Association) and CardBus Power
Controller handles all PC Card slot power supply pins, both
Ve and V. The MIC2563A switches between the three V.
voltages (0V, 3.3V and 5.0V) and the V, voltages (OFF, OV,
3.3V, 5V, or 12.0V) required by PC Cards. The MIC2563A
switches voltages from the system power supply to V.. and
Vpp- Output voltage is selected by two digital inputs each and
output current ranges up to 1A for V. and 250mA for V...

The MIC2563A provides power management capability con-
trolled by the PC Card logic controller. Voltage rise and fall
times are well controlled. Medium current V,, and high
currentV . output switches are self-biasing: no +12V supply

is required for 3.3V or 5V output.

The MIC2563A is designed for efficient operation. In standby
(sleep) mode the device draws very little quiescent current,
typically 0.3pA. The device and PCMCIA port is protected by
current limiting and overtemperature shutdown. Full cross-
conduction lockout protects the system power supplies.

The MIC2563A is an improved version of the MIC2563,
offering lower ON-resistances and a V. pulldown clamp in
the OFF mode. It is available in a 28-pin SSOP.

Applications

e Dual Slot PC Card Power Supply Pin Voltage Switch
e CardBus Slot Power Supply Control

e Data Collection Systems

e Machine Control Data Input Systems

e Wireless Communications

e Bar Code Data Collection Systems

e Instrumentation Configuration/Datalogging

e Docking Stations (portable and desktop)

e Power Supply Management

e Power Analog Switching

Features

e Single Package Controls Two PC Card Slots

e High Efficiency, Low Resistance Switches Require No
12V Bias Supply

« No External Components Required

e OQutput Current Limit and Overtemperature Shutdown

e Ultra Low Power Consumption

e Complete Dual Slot PC Card/CardBus VCC and VPP
Switch Matrix in a Single Package

e Logic Compatible with Industry Standard PC Card Logic
Controllers

* No Voltage Shoot-Through or Switching Transients

« Break-Before-Make Switching

< Digital Selection of V.~ and VPP Voltages

e OverlA VCC Output Current for Each Section

e Over 250mA VPP Output Current for Each Section

e 28-Pin SSOP Package

Ordering Information

Part Number Temperature Range Package
MIC2563A-0BSM —40°C to +85°C 28-pin SSOP
MIC2563A-1BSM —40°C to +85°C 28-pin SSOP

Note: see the logic table inside for a description of the differences
between the logic options

Typical Application

5V
(opt)
System
Power 3.3V
Supply
12v
(opt) + \ Y
VppIN VoesIN VecsiN VPp1
(opt) »
™| ENO vV PCMCIA
» EN1 PP2 Card Slot
A
> Vces_EN Vee
PCMCIA » Vees EN L
Card Slot -
Controller MIC2563
VPpP1
- »>
> ENO VPP2 | PCMCIA
» ENL Card Slot|
Vee 8
> Vces EN >
> Vces EN
I I
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Absolute Maximum Ratings  (Notes 1 and 2)
Power Dissipation, TAMBIENT <25°C ...... /n[erna//y Limited Supply Voltage, VPP [N soreeeeeemne s 15V
ST 0] = R 800 mwW VEea IN 7.5V
Derating Factors (To Ambient) VCC5 IN s 7.5V
SSOP ettt 4 mw/°C Logic Input VOltages...........c.covvvniiiiiniinn, -0.3V to +10V
Storage Temperature ............cococeeevevn.n.. —-65°C to +150°C  Output Current (each Output) o
Operating Temperature (Di€) ..........cocoveeeeeeerennnn. 125°C VPP QUT +oreeerereenerernanenennns >200mA, Internally Limited
Lead Temperature (5 SEC) ........ovvveveeeeereeerereereeenns 260°C VGG QUT e >1A, Internally Limited
Pin Configuration Logic Block Diagram
® ® o AVppIN
AVces IN e 280 AVcc OUT | J (optional)
AVce OUT o 2710 AVeez IN D [:[
AVces IN 261 AV OUT A BN "l
o AVpp ouT
GND {4 2511 NC AENO°—| > |._T
AVces_EN TP 24/ A Vpp OUT MIC2563 ltﬂ_
AVCC3 EN C 6 23| 3 AVPP IN Section - —
AENO CT{fr 22|11 B EN1 Avees en o2 cgtmrmA i
AEN1Cp 21|11 B ENO o |> Logic oAV,
B Vpp IN o 2|0 B Vees En AVecs en I'-T ceout
B Vpp OUT /o 190 B VCC5_EN I Iﬂ__
NC it 18/0 GND [ -
B Vcc OUT ] t2 17| B Vees IN [
B Veeg IN o fis 16/f1 B Ve OUT 1
B Vcc OUT s 150 B Vs IN |K>—l
AVccsIN @ A L
28 Pin SSOP Package Aveesit e
o O Down
Connect all pins with the same name together for
proper operation. | Cawone
3 3 o B VppIN
| J (optl?(?nal)
B EN1 c~—|>— —| >o—|
B ENO o—|>— I:}' ° B Vppout
MIC2563 '_ :ﬂT_
| | | B Voes en o] > Sz;‘:; *Hi
MIC2563A-1 Redefined Pin Assignment o veea ey o> - ovecour
. . e |1
Function Pin Number b
a
Slot A Slot B puld
H
VPP_VCC 7 21 ; gl
VPP_PGM 8 22 vees i ¢
Vces IN o
Some pin names for the MIC2563A-1 are different from the o
MIC2563A-0. This table shows the differences. All other pin _
names are identical to the MIC2563A-0 as shown in the Pin L Gaeprve | © GND

Configuration , above.
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Electrical Characteristics:
otherwise specified.)

(Over operating temperature range with Voeg IN=3.3V, Ve IN=5.0V, Vpp IN =12V, unless

Symbol | Parameter | Conditions Min ITyp | Max Units

DIGITAL INPUTS

ViH Logic 1 Input Voltage 2.2 7.5 \%

ViL Logic O Input Voltage -0.3 0.8 \%

N Input Current 0V <V)y<55V +1 HA

Vpp OUTPUT

Ipp OUT High Impedance Output Shutdown Mode 1 10 HA

Hi-Z Leakage Current 0<Vpp gyt =12V

Ippsc Short Circuit Current Limit Vpp out =0 0.2 0.3 A

Ro Switch Resistance Select Vpp oyt =5V 1.8 25 Q

Ipp ouT = —100MA (Sourcing)

Ro Switch Resistance, Vpp N = 12V 0.6 1 Q
Select Vpp gyt = 12V Ipp ouT = —100 MA (Sourcing)

Ro Switch Resistance, Select Vpp oyt = clamped to ground 2500 3900 Q

Vpp SWITCHING TIME (See Figure 1)

ty Output Turn-ON Delay Vpp out = Hi-Z to 10% of 3.3V 5 50 us

ty Output Rise Time Vpp ouTt = 10% to 90% of 3.3V 100 200 800 us

t5 (Note 3) Vpp oyt = 10% to 90% of 5V 100 300 1000

tg Vpp ouT = 10% to 90% of 12V 100 225 800

ty Output Transition Timing Vpp ouT = 3-3V to 90% of 12V 100 250 1000 us

tg (Note 3) Vpp ouTt = 5V to 90% of 12V 100 200 800

tg Vpp out = 12V to 90% of 3.3V 100 200 800

tiy Output Turn-Off Delay Time Vpp out = 3.3V to Hi-Z 200 1000 ns

t15 (Notes 3, 5) Vpp oyt =5V to Hi-Z 200 1000

t16 Vpp oyt = 12V to Hi-Z 200 1000

t11 Output Turn-OFF Fall Time Vpp out = 90% to 10% of 3.3V 50 1000 ns

t13 Vpp out = 90% to 10% of 12V 300 2000
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Electrical Characteristics (continued)

Symbol Parameter Conditions Min Typ Max Units
Ve OUTPUT
lccse Short Circuit Current Limit Vee out =0 1 15 A
Ro Switch Resistance Select Ve oyt = 3:3V 100 150 mQ
lcc out = —1A (Sourcing)
lcc ouTt = —1A (Sourcing)
Select V¢ oyt = clamped to ground 500 3900 Q
lcc ouT = 0.1mA (Sinking)
Ve SWITCHING TIME (See Figure 2)
ty Output Turn ON Delay Time Vee out = 0V to 10% of 3.3V 300 1500 us
ts Output Rise Time Vee out = 10% to 90% of 3.3V 200 700 2500 us
(Note 4)
ty Vee out = 10% to 90% of 5V 200 1500 6000
ty Output Turn-Off Delay Vee out = 3.3V 2.4 8 ms
(Notes 4, 5)
t8 VCC ouT =5V 2.8 8
ts Output Fall Time Vee out = 90% to 10% of 3.3V 100 240 1000 us
(Note 4)
tg Vee oyt = 90% to 10% of 5.0V 100 600 2000
POWER SUPPLY
Vee out =0V (Sleep Mode) 0.2 10
ICC3 Vcc3 IN Supply Current (3.3V) VCC ouT = 5V or 3.3V, ICC ouT = 0 40 100 HA
(Note 6) Vee out = 0V (Sleep Mode) 0.1 10
(NOte 7) VPP ouT = Hi-Z, 0or VPP 0.3 4
Vees Operating Input Voltage (5V) Vees N Not required for operation — 5.0 6 \
Vees Operating Input Voltage (3.3V) (Note 6) 3.0 3.3 6 \%
Vep IN Operating Input Voltage (12V) Vpp N Not required for operation — 12.0 145 \%
(Note 8)
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Electrical Characteristics (continued)

Symbol Parameter Conditions Min Typ Max Units

THERMAL SHUTDOWN

Tsp Thermal Shutdown Temperature 130 °C

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

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

NOTE 3: R _=100Q connected to ground.

NOTE 4: R _=10Q connected to ground.

NOTE 5:  Delay from commanding Hi Z or OV to beginning slope. Does not apply to current limit or overtemperature shutdown
conditions.

NOTE 6:  The MIC2563A uses V__,
tions Information for further details.

NOTE7: V, is not required for operation.

PP IN

NOTES8: V,,, mustbe either high impedance or greater than or approximately equal to the highest voltage V_. in the system. For

example, if both 3.3V and 5V are connected to the MIC2563A, V_, must be either 5V, 12V, or high impedance.

for operation. For single 5V supply systems, connect 5V to both V, and V, See Applica-

CC3 IN CC5IN*

A B C D E F G H J K
Vpp
Enable Vpp to 3.3V | Vpp to 12V Vpp to 3.3V \é'F;'F:’ Vpp to 5V Vpp to 12V Vpp to 5V Vpp OFF | Vpp to 12v Vpp OFF
O—,—— — 1 e— A e—— ]
13
! e
{3 t16
> o—
Ve g L L —
Vpp —»
Output
115
- t12
5V———| B
3.3V——— B

Figure 1. MIC2563A V _, Timing Diagram. V __ Enable is shown generically: refer to the timing tables (below). At

time “A”V _ =3.3Visselected. AtB,V _ issetto12V.AtC,V ,, =3.3V (from 12V). AtD, V ., is disabled. AtE,V _ is
programmed to 5V. AtF,V __issetto 12V. AtG, V _ is programmed to 5V. AtH,V _ is disabled. AtJ,V __is setto
12V. And at K, V __ is again disabled. R | =100Q for all measurements. Load capacitance is negligible.
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Vee
Enable Ve to 3.3V Vee to 5V

0 ——tm————___ e—

5V——

3.3V———

Vce
Output

Figure 2. MIC2563A V __ Timing Diagram. V __ Enable is shown generically: refer to the timing tables (below) for
specific control logic input. Attime A,V __is programmed to 3.3V. At B,V __is disabled. AtC,V __is programmed
to5V.And atD, V __is disabled. R  =10Q

C

MIC2563A-0 Control Logic Table

Vees EN | Vees EN EN1 ENO Vee out Vpp ouT
0 0 0 0 Clamped to Ground High Z
0 0 0 1 Clamped to Ground High Z
0 0 1 0 Clamped to Ground High Z
0 0 1 1 Clamped to Ground| Clamped to Ground
0 1 0 0 3.3 High Z
0 1 0 1 3.3 3.3
0 1 1 0 3.3 12
0 1 1 1 3.3 Clamped to Ground
1 0 0 0 5 High Z
1 0 0 1 5 5
1 0 1 0 5 12
1 0 1 1 5 Clamped to Ground
1 1 0 0 3.3 High Z
1 1 0 1 3.3 3.3
1 1 1 0 3.3 5
1 1 1 1 3.3 Clamped to Ground
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MIC2563A-1 Control Logic (compatible with Cirrus Logic CL-PD6710 & PD672x-series

Controllers)

Vees EN | Vees En | Vep peM | VPP vee Vee out Vpp ouT
0 0 0 0 Clamped to Ground| Clamped to Ground
0 0 0 1 Clamped to Ground High Z
0 0 1 0 Clamped to Ground High Z
0 0 1 1 Clamped to Ground High Z
0 1 0 0 5 Clamped to Ground
0 1 0 1 5 5
0 1 1 0 5 12
0 1 1 1 5 High Z
1 0 0 0 3.3 Clamped to Ground
1 0 0 1 3.3 3.3
1 0 1 0 3.3 12
1 0 1 1 3.3 High Z
1 1 0 0 Clamped to Ground| Clamped to Ground
1 1 0 1 Clamped to Ground High Z
1 1 1 0 Clamped to Ground High Z
1 1 1 1 Clamped to Ground High Z
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Applications Information

PC Card power control for two sockets is easily accom-
plished using the MIC2563A PC Card/CardBus Slot VCC &
VPP Power Controller IC. Four control bits per socket deter-
mine V and V voltage and standby/operate
mode condition. V coutputs of 3.3V and 5V atthe maximum
allowable PC Carg current are supported. V output
voltages of V. . (3.3V or 5V), VPP, 0V, or a high impedance
state are avaﬁ:a%le. When the VC clamped to ground condi-
tion is selected, the device switc%es into “sleep” mode and
draws only nanoamperes of leakage current. Full protection
from hot switching is provided which prevents feedback from
theV (from5Vto 3.3V, for example) by locking out the
low voltage switch until the initial switch’s gate voltage drops
below the desired lower VCC.

The MIC2563A operates from the computer system main
power supply. Device logic and internal MOSFET drive is
generated internally by charge pump voltage multipliers
powered from VC 3N Switching speeds are carefully con-
trolled to prevent é;amage to sensitive loads and meet all PC
Card Specification timing requirements.

Supply Bypassing

External capacitors are not required for operation. The
MIC2563Ais a switch and has no stability problems. For best
results however, bypass VCC3 IN, Vcc5 IN, and V_ IN
inputs with 1uF capacitors to improve output ripple. As all
internal device logic and comparison functions are powered
from the V IN line, the power supply quality of this line is
the most important, and a bypass capacitor may be neces-
sary for some layouts. Both VV uT and VPP ouT pins may
use 0.01pF to 0.1uF capacitors for noise reduction and
electrostatic discharge (ESD) damage prevention.

PC Card Slot Implementation

The MIC2563A is designed for full compatibility with the
Personal Computer Memory Card International Associa-
tion’s (PCMCIA) PC Card Specification, (March 1995), in-
cluding the CardBus option.

When a memory card is initially inserted, it should receive
VCC — either 3.3V £ 0.3V or 5.0V £5%. The initial voltage is
determined by a combination of mechanical socket “keys”
and voltage sense pins. The card sends a handshaking data
stream to the controller, which then determines whether or
not this card requires V_  and if the card is designed for dual
V . ~.Ifthe cardis compatible with and desires a differentVCC
level, the controller commands this change by disabling V c
waiting at least 100ms, and then re-enabling the other cc
voltage.

V . . switches are turned ON and OFF slowly. If commanded
to immediately switch from one V. . to the other (without
turning OFF and waiting 100ms first), enhancement of the
second switch begins after the first is OFF, realizing break-
before-make protection. V_ _ switches are turned ON slowly
and OFF quickly, which also prevents cross conduction.

If no card is inserted or the system is in sleep mode, the slot
logic controller outputs a (Vccs IN, VC 5 IN) = (0,0) to the
MIC2563A, which shuts down VCC. T%|s also places the
switch into a high impedance output shutdown (sleep) mode,
where current consumption drops to nearly zero, with only
tiny CMOS leakage currents flowing.

Internal device control logic and MOSFET drive and bias
voltage is powered from VCC3 IN. The high voltage bias is
generated by an internal charge pump quadrupler. Systems
without 3.3V may connect V IN to 5V. Input logic thresh-
old voltages are compatible with common PC Card logic
controllers using either 3.3V or 5V supplies.

The PC Card Specification defines two V P supply pins per
card slot. The two VPP supply pins may Ee programmed to
different voltages. V p is primarily used for programming
FLASH memory cards. Implementing two independent V
voltages is easily accomplished with the MIC2563A and a
MIC2557 PCMCIAVPP Switching Matrix. Figure 3 shows this
full configuration, supporting independent V_ _ and both 5.0V
and 3.3V VC operation. However, few logic controllers
support muInp?e V_,—most systems connect V to VF,F,2
and the MIC2557 is not required. This circuit is shown in
Figure 4.

During Flash memory programming with standard (+12V)
Flash memories, the PC Card slot logic controller outputs a
(0, 1) to the ENO, EN1 control pins of the MIC2563A, which
connects V IN (nominally +12V) to VPP ouT The low ON
resistance of the MIC2563A switch allows using a small
bypass capacitor on the VP uT pins, with the main filtering
action performed by alarge filter capacitor on V p IN (usually
the main power supply filter capacitor is sufficient). Using a
small-value capacitor such as 0.1uF on the output causes
little or no timing delays. The V transition from Vcc to
12.0V typically takes 250us. After programming is com-
pleted, the controller outputs a (EN1, ENO) = (0,1) to the
MIC2563A, which then reduces Vep ouT 0 the V. . level.
Break-before-make switching action an&J controlled rise times
reduces switching transients and lowers maximum current
spikes through the switch.

Figure 5 shows MIC2563A configuration for situations where
only a single +5V Vcc is available.

Output Current and Protection

MIC2563A output switches are capable of passing the maxi-
mum current needed by any PC Card. The MIC2563A meets
or exceeds all PCMCIA specifications. For system and card
protection, output currents are internally limited. For full
system protection, long term (millisecond or longer) output
short circuits invoke overtemperature shutdown, protecting
the MIC2563A, the system power supplies, the card socket
pins, and the PC Card.
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5V 5v
(opt) (opt)
System System
Power 3.3V Power 3.3V
Supply Supply
12v 12v
(opt) + A 4 Y (opt) 1 Y Y
VppIN VeeaIN VeesiN| Vpp1 VppIN Veea!N VeesiN| Vpp1
(opt) > (opt) (opt) * >
» ENO V > PCMCIA > AENO V| PCMCIA
» EN1 PP2 Card Slot » A EN1 P2 Card Slot
A A
» Vces EN Vee » AVces EN Vee
» Vces EN p PCMCIA » AVCC3_EN | —-
Card Slot
MIC2563 Controller MIC2563
PCMCIA Vpp1 Vpp1
Card Slot > -
Controll o > _ ) -
ontrerer ™1 ENO Vpp2 |PCMCIA > BENO Vpp2 | PCMCIA
» EN1 Card Slot] »| B EN1 Card Slot
Vee B Vee B
> Vces EN P » BVces EN -
» Vces EN > » B Vccs EN >
I I I
ENO
EN1 -
MIC2558
» ENO il
L ENL
Figure 3. PC Card slot power control application with Figure 4. Typical PC Card slot power control application
dual V . (5.0V or 3.3V) and separate V _, and V.. W|_th dual V _. (5.0V or 3.3V). NotethatV . andV_, are
driven together.
5V
System
Power
Supply
12v
(op) Vv v
VppIN VeeaIN VeesIN Vpp1
(op) P
> A ENO j—
Vppy |PCMCIA
» A EN1 Card Slot
A
» AVces EN Vcc
PCMCIA » AVces BN —
Card Slot -
Controller MIC2563
VPpP1
> B ENO VPP2 [ PCMCIA
» B EN1 Card Slot
v, B
» BVces EN o CC=
» B Vce3 EN »
I I
Figure 5. PC Card slot power control application without a 3.3V V cc Supply. Note thatV ., andV__. lines are driven
Fogethslr.;'he MIC2563Ais powered fromtheV ., line. Inthis configuration,V . willbe 5V when eitherV __ orV .
is enabled.
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QO A_VPP_PGM (Pin 8)

QO A_VPP_VCC (Pin 7)

O A_VCC5_EN (Pin 5)

O A_VCC3_EN (Pin 6)

O B_VPP_PGM (Pin 22)

QO B_VPP_VCC (Pin 21)

O B_VCC3_EN (Pin 19)

rsT# O
Vee \L
] T .
I S 74x175
‘h 2 j‘ | 1cLR 9 CLK }
\
SER_DATA O } F—p o7 } ; —° ° ) }
\ | \ |
I3 18 | | 5 7|
‘ D Q=+ f \ b Q !
\ | \ |
\ | \ |
laty olgar, ‘ 2 15 o 0
\ | \ |
\ | \ |
} 5 1o o| g8 ; A E B A 15 ;
| =
\ H \ T 1 L
6 15 4 2
} D Qf—» } i b Q !
7 b o _ 14 ‘ | 5 D O 7 |
} } \ \
\ \
\ \
8 13 | 12 10 |
5 o 13
} Q ; | b e |
\
\ . 12 | I 13 15 }
} D Q ; ! b Q \
10 —— ! |
[ 74x574 | | 9CLK
sER.CLKO— 1 TASTA 4 4 HCLRMXNS%J
SER_LATCH O

O B_VCC5_EN (Pin 20)

Figure 6. Interfacing the MIC2563A with a serial-output data controller. Pinouts shown are for the MIC2563A-1

and a three-wire serial controller.

Serial Control

Figure 6 shows conversion from a three-wire serial interface,
such as used by the Cirrus Logic CL-PD6730, to the standard
eight-line parallel interface used by the MIC2563A-1. This
interface requires three common, low cost 7400-series logic
ICs:

» 74x574 Octal D Flip-Flop
* 74x175 Quad Flip-Flop with Latches (two needed)

Either 3.3V or 5V logic devices may be used, depending upon
the control voltage employed by the slot logic controller. Pin
numbers in parenthesis refer to the MIC2563A-1BSM.
Gerber™ files for this P.C. board layout are available to Micrel
customers. Please contact Micrel directly.

Another serial-to-parallel solution for this application is the
74HC594, 8-bit shift register with output registers. This de-
vice contains the eight D flip-flops plus has latched outputs
suitable for this purpose.

Serial Control Adapter P.C. Board Layout

P P
@ @

Component Key

95090201.PCB
Top Layer

uz )
u4 |IU:|
H us
95090201.PCB
Top Overlay

95090201.PCB
Bottom Layer
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General Description

The MIC2564 is dual-slot PC Card (PCMCIA) and CardBus
power controller. It is a sophisticated power switching matrix
that controls V- and Vpp voltages to two PC Card slots. The
MIC2564 is used in conjunction with a serial-data output logic
controller.

When connected to 3.3V, 5V, and 12V system power sup-
plies, the MIC2564 can switch its V. outputs between 0V,
3.3V,and5.0Vatupto1AandVpp outputs between 0V, 3.3V,
5V, 12V, and high-impedance states at up to 250mA. Voltage
rise and fall times are well controlled. The MIC2564 also
features an efficient standby (sleep) mode at 0.3pA typical
quiescent current.

12V and 5V supplies are not required for MIC2564 operation
making it possible to omit one or both supplies when they are
notrequired by the system. Aninternal charge pump supplies
the internal bias voltages required for high-performance
switching.

The MIC2564 is protected by thermal shutdown, and protects
itself and the system with current limiting and cross-conduc-
tion lockout.

The MIC2564 is available in a 24-pin SSOP.

MIC2564

Dual Serial PCMCIA/CardBus Power Controller

Advance Information

Features

» Controls two card slots from one surface mount device
* Independent V- and Vpp, voltage selection

» High-efficiency, low-resistance switches

e 12V supply optional (not required by MIC2564)

» External components not required

e Current limit and overtemperature shutdown

¢ Ultra-low power consumption

¢ Cross-conduction lockout (no switching transients)
* Break-before-make switching

* 1A minimum V- output per slot

» 250mA minimum Vpp output current per slot

e 24-pin surface-mount SSOP

Applications

e PC Card and CardBus power control

e Zoom Video port power control

* Wireless communications

e Bar code data collection systems

e Docking stations (portable and desktop)
« Power supply management

Ordering Information

Part Number Temperature Range Package
MIC2564BSM —40°C to +85°C 24-pin SSOP
Typical Application
Slot A
b Addres;s and data lllines J v 1_ v
etween logic controller an pl] §
PCMCIA cards not shown. ( Syst)em Power Sup(ply ) Voo >—
OPTIONAL OPTIONAL
12V 33v 5V = >— PCMCIA
T : T « Card
> | >— A
VCC N
System Reset | > >_
Vep IN  Vees IN - Vegs IN
(oPTIONAL) (oPTIONAL)
A Slot B
RST# A Vpp OUT ™V \
Dual-Slot MIC2564 Vool
Logic Controller |—— gl Power AV OUT P [ >—
= PCMCIA, Serial Controller Vpp2 ¢
CardBus, [ Control B Vpp OUT 21 [>—  pcmcia
or Zoom Video ~ f—— gl BUS Card
GND BVccOUT y > B
cC
L o -
Motherboard

PCMCIA Card Power Management Application
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Pin Configuration

Pin Description

B FLAG 9

Vees IN[[]10
B Vee OUT[ 1L
Vees IN[[]12

O 24] ] AVccOUT
23] ] Vees IN
22] ] A Ve OUT
21 ] GND
20] ] A Vpe OUT
19T ] Vee IN
18] ] Vee IN
17]7] B Vpe OUT
16] ] GND
15] ] B Ve OUT
14] ] Vees IN
[13] ] B Ve OUT

24-lead SSOP (SM)

Pin Number Pin Name Pin Function
1,3,10,12 Vees IN 5V Supply Input: Optional system power supply connection. Required only
for 5V V. and Vpp output voltage.
2,22,24 AV OUT Slot A V¢ Output
4 A FLAG Slot A V¢ & Vpp Error Flag (Output): Low indicates output error condition.
5 SDA Serial Data (Input/Output)
6 SCL Serial Clock (Input)
7 RST# System Reset (Input): Active low signal deactivates the MIC2564, clearing
the serial registers and forcing V. to OV and making Vpp high impedance.
8 SLA Serial Data Latch (Input)
9 B FLAG Slot B V¢ & Vpp Error Flag (Output): Low indicates output error condition.
11,13,15 B Ve OUT Slot B V¢ Output
14,23 Vees IN 3.3V Supply Input: Required system power supply connection. Powers 3.3V
V¢ and Vpp outputs and all internal circuitry.
16,21 GND Ground
17 B Vpp OUT Slot B Vpp Output
18,19 Vpp IN 12V Supply Input: Optional system power supply connection. Required only
for 12V Vpp output voltage.
20 A Vpp OUT Slot A Vpp Output
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General Description Features

The MIC5204 is an active terminator designed to comply with  « + 194 Output voltage accuracy
SCSI-Il specifications. The MIC5204 is enabled by aCMOS . Gyaranteed 1A output
or TTL compatible logic signal. When disabled, power . | ow quiescent current
consumption drops nearly to zero and the outputgoesintoa . | ow dropout voltage
highimpedance state. Key MIC5204 featuresinclude protec-  « Extremely tight load and line regulation
tion against reversed battery, current limiting, and over- .« very low temperature coefficient
temperature shutdown. « Current and thermal limiting
» Zero OFF mode current
e Logic-controlled electronic shutdown
¢ Available in SO-8 and SOT-223 packages

Applications

Preliminary Information

e SCSI-II Active Terminator

< Desktop, Laptop, Notebook, and Palmtop Computers
« Intelligent Instrumentation

e Printers

 Disk Drives

« Voltage Reference

Ordering Information Pin Configuration
Part Number |Temperature Range* | Package
MIC5204BM —40°C to +125°C SO-8 Vout ™ - xIN
MIC5204BS | —40°Cto+125°C | SOT-223 Vour 5 - YIN
NC 'T1 NC
* Junction Temperature GROUND [ 'T1 ENABLE
MIC5204BM
Typical Application Both V, and both V_ pins must be tied
together. ENABLE must be pulled high for
operation.

TAB IS GROUND

SCSI Bus
+5V | MIC5204 | 18 to 27
Lines
+
10uF T L 2 3
I J 110Q IN GND OUT
MIC5204-xxBS
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Absolute Maximum Ratings

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.

Power Dissipation Internally Limited
Lead Temperature (Soldering, 5 seconds) 260°C
Operating Junction Temperature Range —40°C to +125°C
Input Supply Voltage —20V to +20V
ENABLE Input Voltage —0.3V to +20V
ESD Rating > 2000V

Recommended Operating Conditions

Input Voltage

Operating Junction Temperature Range

ENABLE Input Voltage

3V to 6V

—40°C to

+125°C

-0.3Vto V.

Electrical Characteristics

Limits in standard typeface are for T; = 25°C and limits in boldface apply over the junction temperature range of —40°C to +125°C.
Unless otherwise specified, V| = Vo7 + 1V, I, = 1mA, C| = 3.3pF, and Vgyag g 2 2.0V

Symbol Parameter Conditions Min  Typical Max  Units
Vo Output Voltage 2.8215 2.8785 \%
Accuracy 2.793 2.907
AVg Output Voltage (Note 2) 20 100 | ppm/°C
AT Temperature Coef.
AVg Line Regulation Vin=Vour +1Vio 6V 0.004 | 0.10 %
Vin 0.40
AVg Load Regulation I, =0.1mA to 100mA (Note 3) 0.04 0.16 %
I 0.30
Vin— Vo Dropout Voltage I, = 100pA 30 mV
(Note 4) 75
I, =50mA 190
240
I, = 100mA 210
350
I, =750mA 600
1000
I, =1000mA 750
1200
lo Quiescent Current VenagLe < 0.7V (Shutdown) 0.01 HA
lanD Ground Pin Current VenagLE 2 2.0V, || = 100pA 130 HA
I = 20mA 240
I, =30mA 300
I, =50mA 450
I, =100mA 900
PSRR Ripple Rejection 70 dB
lenDDO Ground Pin Vin = 0.5V less than designed V1 270 330 A
Current at Dropout I, = 100pA (Note 5)
v Current Limit Vout = 0V 15 A
AV Thermal Regulation (Note 6) 0.05 %/W
AP
e, Output Noise 30 [\Y
ENABLE Input
Input Voltage Level
Vi Logic Low OFF 0.7 \
Logic High ON 2.0
e ENABLE Input Current vV, £0.7V 0.01 HA
(" Vig22.0vV 15 50
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Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not
apply when operating the device outside of its rated operating conditions. The maximum allowable power dissipation is a
function of the maximum junction temperature, T, (MAX)’ the junction-to-ambient thermal resistance, 8;,, and the ambient
temperature, T,. The maximum allowable power dissipation at any ambient temperature is calculated using: P(,\,IAX =
(TJ(MAX) —Tp) 854 Exceeding the maximum allowable power dissipation will result in excessive die temperature, and the
regulator willgointo thermal shutdown. The 6, ofthe MIC5204BS is 15°C/W and 6, for the MIC5204BMis 160°C/W mounted
on a PC board (see “Thermal Considerations” section for further details).

Note 2: Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.

Note 3: Regulation is measured at constant junction temperature using low duty cycle pulse testing. Parts are tested for load regulation
inthe load range from 0.1mAto 100mA. Changes in output voltage due to heating effects are covered by the thermal regulation
specification.

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

Note 5: Ground pin current is the regulator quiescent current plus pass transistor base current. The total current drawn from the supply

is the sum of the load current plus the ground pin current.

Note 6: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied,
excluding load or line regulation effects. Specifications are for a 1A load pulse at V= 6V for T = 10ms.

Typical Characteristics

Output Voltage Variation Ground Current
€ 10 vs. Junction Temperature 6.0 VS Junction Temperature
o . T T
Z 08 = LR, :_20(2
= 0.6 §5-5 FVin =6V
3 04 \ E
z > N Z 50
< AN _ i
> 0.2 AN // %
G 00 ~~ — 545
< @)
502 0 —
o]
'é 06 €35
a-08
8 -1.0 3.0
-50 25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
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Applications Information

External Capacitors

A 2.2uF capacitor is recommended between the MIC5204
output and ground to prevent oscillations due to instability.
Larger values serve to improve the regulator's transient re-
sponse. Most types of tantalum or aluminum electrolytics will
be adequate; film types willwork. Many aluminum electrolytics
have electrolytesthatfreeze atabout—30°C, so solid tantalums
are recommended for operation below —25°C. The important
parameters of the capacitor are an effective series resistance
of about 5Q or less and a resonant frequency above 500kHz.
The value of this capacitor may be increased without limit.

A 1uF capacitor should be placed from the MIC5204 input to
ground if there is more than 10 inches of wire between the
input and the AC filter capacitor or if a battery is used as the
input.

The MIC5204 will remain stable and in regulation with no load
in addition to the internal voltage divider.

Thermal Considerations
Part |. Layout

The MIC5204BM (8-pin surface mount package) has the
following thermal characteristics when mounted on a single
layer copper-clad printed circuit board.

PC Board 6,
Dielectric
FR4 160°C/W
Ceramic 120°C/W

Multi-layer boards having a ground plane, wide traces near
the pads, and large supply bus lines provide better thermal
conductivity. The "worst case" value of 160°C/W assumes no
ground plane, minimum trace widths, and a FR4 material
board.

Part Il. Nominal Power Dissipation and Die Temperature

The MIC5204BM at a 25°C ambient temperature will operate
reliably at up to 625mW power dissipation when mounted in
the "worst case" manner described above. At an ambient
temperature of 55°C, the device may safely dissipate 440mW.
These power levels are equivalent to a die temperature of
125°C, the recommended maximum temperature for non-
military grade silicon integrated circuits. In normal SCSI
terminator applications, the average power dissipation is very
small and this minimum geometry heat sink is suitable. The
total dissipation does not approact the 400mW to 625mwW
range described above.

For MIC5204BS (SOT-223 package) heat sink characteris-
tics, please refer to Micrel Application Hint 17, “P.C. Board
Heat Sinking”. As with the SO-8, average power dissipation
in SCSI terminator applications is low and a minimum pad size
is generally adequate.

245 mil 150 mil

4

30 mil 50 mil

Minimum recommended board pad size, SO-8.
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Interfacing the MIC2557/8 to PCMCIA Controllers
by Bob Wolbert

MIEREL

General Description Pin Configuration

The MIC2557 and MIC2558 provide "Programming and
Peripheral” voltage (Vpp) switching for PCMCIA card sock-

\Y
ets. They have simple logic compatible inputs and easily Vpp IN £ o PD_
interface with industry standard PCMCIA controllers. This VppOUT 2 7P Hi-Z/Low
note gives circuit examples for several PCMCIA controllers. +Vee O3 6= ENO
For controllers supporting dual V- (3.3V and 5.0V), two GND 4 s EN1

simple high current V- switch matrices are shown.

PCMCIA

Vpp OUT1 e @ VbD
P‘ NC ]2 130 Hi-z/Lowl
*Veer ™ Sncas | ENOp
d VppIN s ulFo EN1,
af +Veco tHs 103 Hi-Z/Low2
GND s 9|0 ENO,
Vpp OUT2 )7 sl EN1
MEMBER COMPANY PP 2
MIC2557 (Y2 MIC2558) Block Diagram
VbD VPP IN Vce
(@) (@)
|_
—7 s
>—| [
® O Vpp ouT
ENO O————— Decoder,
Driver &
EN1 O———— Bias Control High
—_ | Impedance or
- Pull Down &
Select 1
Hi-Z/LowO | -
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5V or 12V

T MIC5014
Voo Gate 4'

5V Control o— Control

Input
L

Gnd Source

5V or 12V
MIC5014

T_ Voo

Control
Input

Gnd Source

3.3V Control O—

330k

Micrel
5V
Q1
Switched V¢
0V /3.3V/5V
3.3V
Q2 Q3

Gate —T—{ }—I

—

Figure 1. PCMCIA Compatible Dual V - Switch Matrix. This circuit uses power MOSFETSs driven by two MIC5014

high side MOSFET drivers to select between 3.3V and 5V V

cc- MOSFET "body diodes" are shown for

information.
+3.3V  +5V
@) @)
MIC5016
ssoko  LLINC In A16 |— O Vees EN
—WA— 2] Source A NC[15]
—_3]cnd v+A[14 —9
Ly —
Ve Output F [ 4lcateA  mBJ1I3}—F+—0 Vees BN
O T_| [ 5]SourceB Vv+B|12 |—
E p 6] cat 11]
_6] Gate B NCJ11
[7]ne NC|10]
[ nc| ]

Figure 2. PCMCIA Compatible Dual V-

¢ Switch Matrix. This circuit uses power MOSFETSs driven by a single
MIC5016 high side MOSFET drivers to select between 3.3V and 5V V

ccCr

V¢ Switching

Figures 1 and 2 show the MIC5014 and MIC5016 high side
power MOSFET drivers configured as a V. select matrix.
Both circuits operate identically; the MIC5016 is a dual
MIC5014. For convenience, we will discuss the circuit
operationreferringto Figure 1. Initially, both MOSFET drivers
are OFF andthe MOSFET gates are clamped low, placing the
V¢ outputinthe highimpedance condition. ATTL High level
on VCCS_EN enables Q1, and 5V appears on V. gyt
Likewise,when V-3 gy isHigh, Q2and Q3 are ON and 3.3V

appears on the output. Ve gy @nd Vs gy @re mutually
exclusive: circuit damage might occur if both switches are
commanded ON simultaneously.

The inherent "body diode" of the power MOSFET, shown in
Figure 1, creates circuit problems that are dealt with by
adding another MOSFET, Q3, connected in the reverse
direction. Without Q3, whenever the 5V supply is enabled,
currentwould flow from V. 5,1 through the body diode of Q2
into the 3.3V supply, thereby contaminating the low voltage
supply. Q3'sreverse direction connects its body diode anode
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to anode with Q2 and eliminates reverse current. When
Vees en is High and the MIC5014 enhances the MOSFET
gates, both Q2 and Q3 are ON, and 3.3V appears on V¢
ouTt- The enhanced channel shorts out the body diodes, so
no diode forward voltage drop is evident. The ON resistance
of Q3 is slightly higher in its reverse direction than in normal

operation, but with reasonably sized MOSFETS, the voltage
drop is small. Although a Schottky diode would provide the
required protection, its forward voltage drop is much too large
and would prevent the 3.3V switch from meeting its £5%
accuracy requirement.

Cirrus Logic CL-PD6710

The Cirrus Logic CL-PD6710 provides support for a single
PCMCIA socket. Key features include full support for dual
V¢ Voltages (3.3V and 5.0V). The CL-PD6710 assumes
Vpp is tied to Vpp,. The MIC2557, in a small 8-pin surface

mount package, provides Vpp power control for this single
socket. V. switching is accomplished using the circuit of
(either) Figure 1 or Figure 2. Note that no additional compo-
nents are required, although filter capacitors are recom-
mended for best performance.

+12V
Q System Vg (3.3V or 5V)
+
—1F®  wmicass7 CL-PD6710
= | VePio—— o i e +5 (pi
IS VppOUT —[F 9§ (pin 1)
Hios | Vpp_Vcc (pin 3)
z_t) o :_[ +Vee _—ECGEN4D S ENL Vpp_PGM (pin 2)
§ Vee 5 1 4 o SLOT Vce
(pins 18, 52)
) ] . ) Slot Ve
Figure 3. Cirrus Logic CL-PD6710 Single card slot + (3.3V or 5V, Switchable)
controller
CL-PD6710 & CL-PD6720 Control Logic
VCCS_EN VCCS_EN VPP_PGM VPP_VCC VCC ouT VPP ouT
(EN1) (ENO)

0 0 0 0 High Z Clamped to Ground
0 0 0 1 High Z High Z
0 0 1 0 High Z High Z
0 0 1 1 High Z High Z
0 1 0 0 5 Clamped to Ground
0 1 0 1 5 5
0 1 1 0 5 12
0 1 1 1 5 High Z
1 0 0 0 3.3 Clamped to Ground
1 0 0 1 3.3 3.3
1 0 1 0 3.3 12
1 0 1 1 3.3 High Z
1 1 0 0 High Z Clamped to Ground
1 1 0 1 High Z High Z
1 1 1 0 High Z High Z
1 1 1 1 High Z High Z
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PCMCIA Socket A

PCMCIA Socket B

+12V
o

Slot Vcc (3.3V or 5V, Switchable)

System Vcc
O (3.3Vor 5V)
+
T I CL-PD6720
- A SLOT V¢
Vv MIC2558 (pins 24, 52)
PP1 O__l Vpp OUT1 VbD
Vpp2© T o ¢ +5 (pin 1)
1UE VCClEI: 2 13 )
0.1p I T3, 02 ENG, A VPP_V%C (pln 2)
Vee Q——l = i ENL; A Vpp_PGM (pin 1)
O B | =0 B Vpp_Vcc (pin 205)
= o L ENT B Vpp_PGM (pin 204)
Vpp OUT2
B SLOT Vce
(pins 88, 117)
VpPp1 o——l
Vpp2 O T
0.1pF I
Vce OC _l B )\ s Slot Ve
(3.3Vor by,
Switchable)

i

Figure 4. Cirrus Logic CL-PD6720 dual slot PCMCIA controller

Cirrus Logic CL-PD6720

As shown in Figure 4, the Cirrus Logic CL-PD6720 provides
support for two PCMCIA sockets. Key features include full
support for dual V. voltages. The CL-PD6720 assumes
Vpp, is tied directly to Vp,. The MIC2558, in a small 14-pin
surface mount package, provides all necessary Vpp power
control for both sockets. V. switching is accomplished
using the circuit of (either) Figure 1 or Figure 2. No additional
components are necessary, but filter capacitors are recom-
mended for best performance.

Acomplete dual slot PCMCIA power control subsystem using
this controller appears as Figure 8.
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+12V +Vce
O O
_|__| |io Intel 82365SL
= ® L Ve (pins 20, 38, etc.
MIC2558
Vpp OUT1 I
< Vv O 'm0 14 -
D PP1 0 1L1Fl |2 13
A‘:c.) . I [ wcesd ENOq VPP]‘—ENO (pm )
& — O— s+ u = Vppl_ENL1 (pin 76)
< VCC 8_ i 10 1 )
3 ] ° ENO, Vpp2_ENO (pin 77)
< — 7 s ENL, Vpp2_ENL1 (pin 78)
O
o | Vpp2© _T_ Vpp OUT2
0.1pFI
— MIC2558
Vpp OUT1
m V O mm 10 14
k) PP1 0 1Ll|:l [ ) 13
S ST T et ENO; Vpp1_ENO (pin 158)
3 — ——ls 1 = Vppl_EN1 (pin 159)
< VCC 8_ T]|s 10 1 )
S B 9 ENG, Vpp2_ENO (pin 160)
s — r— = ENL, Vpp2_ENL1 (pin 1)
8 \Y; O
PP2 Vpp OUT2
0.1uFI
— EN1 ENO Vpp OUT
0 0 0
0 1 Vce
1 0 Vpp
X X 0 (reserved)l

Figure 5. Intel 82365SL "PC Card Interface Controller (PCIC)" implementation

Intel 82365SL Vee N

The Intel 82365SL supports fully independentVpp, and Vpp, ?

for two PCMCIA slots. Two MIC2558 allow the necessary [+ *

voltage combinations for all four Vpp pins. No additional 1hF T L MIC5014

components are necessary, although filter capacitors are = 1y, NelB—o

recommended for best performance. The Intel 82365SL Control Input 7

does not support dual V. selection, so no other power o T Input NCI—o

control is required. V- ON/OFF is supported, and may be 3 source  Nc—o

|mplem_ented by asimple V. switch consisting ofa_MIC5014 4 Gnd Gate |5 {*; RLZ24

and a single power MOSFET (per slot). Refer to Figure 6 for f H

details on this ON/OFF V. switch. = _
Switched
Vce ouT

Figure 6. V - ON/OFF Switch for use with
the Intel 82365SL.
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Vpp (pins 12, 33, 56, etc.)
VCPOL (pin 66)

' Vcc SELO (pin 68)

Vpp SELO (pin 70)
| Ve SEL1 (pin 69)

Vpp SEL1 (pin 71)

Databook TCIC-2/N

+12V +Vce +VDD
O O
r' li‘
= 9

< v MIC2558
E) PP10O Vpp OUT1
g | Vep2© : ! =
n 0.1pF ¢
< H I Miczsa2 ENO4
ey — — 4 11
(2) VCC _l - ——1]|s 10 EN1q
Q © i | ENO
o —_E — 17 8 2

= EN1,

Vpp OUT2

b Vv
3 Pplo—1
S | Vpp2© T
n 0.1uF
< T
O O— -
= V
5 cC § 4

I e

Figure 7. Databook TCIC-2/N family PCMCIA controller interfacing with the MIC2558.

Vpp SEL | Voe SEL | EN1 ENO Vpp OUT
0 0 0 0 0
0 1 0 1 Vcc
1 1 1 0 Vpp
1 0 X X 0 (illegal)

Databook TCIC-2/N Control Logic

Databook TCIC-2/N Family

The Databook TCIC-2/N family of PCMCIA controllers has  the polarity of the output enable signals. When VCPOL istied
Vpp and V. voltage enable signals a bit different than  to V,, the control signals are active high, and with VCPOL
provided by the other controllers. A logic gate is necessary  low, the control outputs are active low. The configuration
to complete the interface between the TCIC-2/N and the  shown uses the active high option.

MIC2558. The TCIC-2/N has a pin, VCPOL, which controls
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Complete PCMCIA Power Control Circuitry Using MIC2558 and Cirrus Logic CL-PD6720

+12v +3.3V 45V

/ MIC5016
Connect to EITHER 3.3V or 5V. sk [Z]ne n Al16—
—MW— 2] source A NC[15]
L —[E Gnd V+AE
I {4]catea InB[13}
F E Source B V+BE
Iio | . L' | E Gate B NCE
T | CL-PD6720 | q | [7]ne nel]
) ASLOT_Vcc Celne nef 9]
< v MIC2558 (pins 24, 52) |
© Pplo__l Vpp OUT1 VDD _ =
9 VPPZO ® i = ) +5 (pin 1) AVce_3(p4)
) 0.1pF== Vel P ¥ :
<_( H J_ = 3MIC255182 ENOl A VPP_VCC (pm 2) A VCC_S(p- 5)
0 vee O__J. = i | ENI; A Vpp_PGM (pin 1) BVce 5
O O A ——rr{ls 9 B Vpp_Vcc (pin 205) (p-207)
6 ] ENO, . BVce 3
= = ENL B Vpp_PGM (pin 204) cc-
2 (p.206)
Vpp OUT2
B SLOT_Vcc
o [, (pins 88, 117) MIC5016
8 PP10O— - ssoko [2fne in Af161—
9 VPPZO hd l 2| Source A NC[15]
2 0.1uF L, —{ 3] &nd v+A[14}
g o ; I {4 cateA  InB[13]—
S Vce o j F ——1{ 5] Source B v+B[12}——
8 - + . L' {6]cateB  NC[11]
o —| |—0 [ S NC[10]
I [ e e )|
| I

Figure 8. Complete dual slot PCMCIA power control system using MIC2558 and Cirrus Logic CL-PD6720

Figure 7 shows a complete dual slot PCMCIA power control
implementation for dual V- systems. CL-PD6720 pin 1
("+5V") is connected to 5V if available, and to 3.3V if the logic
lines are powered from this voltage. This pin, and the
MIC2558 V5 pin (pin 14) set up reference levels for the logic
input pins (and output pins on the CL-PD6720).

As of the time of this writing, the PCMCIA field is quite
dynamic. Please contact Micrel for the latest information on
PCMCIA controller compatibility and new Micrel devices
designed for this application.
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Interfacing PC Card Power Controllers to Logic
Controllers

General Description

This application note describes the interface connections
between Micrel PCMCIA Power Controllers and industry
standard logic controllers from Cirrus Logic, Data Book, Intel,
and Vadem. Combining one or two Micrel PC Card Power
Controller sand one of these controllers produces a complete
PCMCIA-compatible PC Card slot. In most cases, no other
components are necessary.

This note concentrates on the power control subsystem only.
For full details on designing-with and operating the PC Card
logic controllers, please refer to the respective manufacturer’s
literature. For detailed specifications and additional informa-
tion on the MIC2560, MIC2561, MIC2562, and MIC2563
please see their datasheets earlier in this section.

Overview

The MIC2560 is a fully-protected PC Card Power Controller
that meets all PCMCIA specifications. It provides full control
of both V- and Vp forone PC Card slot. It features industry-
leading ON resistances and is available in different control
logic configurations for “glueless” compatibility with the major
industry-standard PC Card logic controllers.

The MIC2561 is also a fully protected card slot controller,
similar to the MIC2560, but has higher ON resistances,
enabling its use in price-sensitive applications. It is available
in the same MIC2560 pinout as well as in a smaller package
that is less than half the size of the MIC2560.

The MIC2562 is a new design, providing full functionality from
a 3.3V supply. The new MIC2563 is a dual version of the
MIC2562 in a SSOP package.

5V
(opt)
System
Power 3.3V
Supply
12v
(opt) +
VppIN VeesN VecesiN VPP1
(opt) (opt) —E:
» A ENO
Vppy |PCMCIA
p A EN1 Card Slot
A
» AVcces EN Vce
PCMCIA » AVces EN -
Card Slot -
Controller MIC2563
VpP1
> B ENO VPP2 | PCMCIA
»| B EN1 Card Slot
v B
» BVces EN _é:
» BVces EN
T T

This note details the connections between the PCMCIA slot logic controller and Micrel PC Card Power Controllers.
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Cirrus Logic Controllers

PC Card logic controllers from Cirrus Logic are compatible
with Micrel's “~1" option of PC Card power controllers. Tables
1, 2, and 3 show pin connections between three popular
Cirrus Logic controllers and the MIC2560-1 and MIC2561-1.

Figure 1 is a schematic of a typical two slot PC Card
implementation using the CL-PD6720 and the MIC2560-1.

CL-PD6710 MIC2560-1BWM  |MIC2561-1BM
MIC2561-1BWM [MIC2562-1BM
Pin Name | Pin# Pin Name Pin # Pin #
VCC_5 6 Vees En 5 1
VCC_3 5 Vees en 6 2
VPP_VCC 3 Vep vee 7 3
VPP_PGM 2 Vep paM 8 4
Table 1. CL-PD6710 single slot controller and MIC2560-1/MIC2561-1 pin equivalencies.
CL-PD6720 MIC2560-1BWM MIC2561-1BM MIC2563-1BSM
MIC2561-1BWM MIC2562-1BM
Pin Name Pin # Pin Name Pin # Pin # Pin #
Slot A |Slot B Slot A Slot B
VCC_5 5 207 Vees En 5 1 5 19
VCC_3 4 206 Vees En 6 2 6 20
VPP_VCC 2 205 Vep vee 7 3 7 21
VPP_PGM 1 204 Vep peM 8 4 8 22

Table 2. CL-PD6720 dual slot controller and MIC2560-1/MIC2561-1 pin equivalencies.

CL-PD6729 MIC2560-1BWM MIC2561-1BM | MIC2563-1BSM
MIC2561-1BWM MIC2562-1BM

Pin Name Pin # Pin Name Pin # Pin # Pin #

Slot A | Slot B Slot A Slot B
VCC_5 130 138 Vees En 5 1 5 19
VCC_3 129 136 Vees En 6 2 6 20
VPP_VCC 128 135 Vep vee 7 3 7 21
VPP_PGM 127 134 Vep paM 8 4 8 22

Table 3. CL-PD6729 dual slot controller and MIC2560-1/MIC2561-1 pin equivalencies.
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Cirrus Logic CL-PD6720 Application Circuit
3.3V 5V 12v
@) @] (@)
Slot A
L L ¢ VccglNI °® 16 j:VCC ouT
{12 15
Ve OUT Vees IN EVCC
o—— (1] T}
I VC(:3|N 3 14\t Vcc OUT
= —ET GND 4 13 j:Vpp ouT VPP
A VCC 5 v 115 12 ([ 13 ® [2
- - CC5_EN Vpp IN
A VCC 3 v {116 11T INe
— — CC3_EN
A_VPP_VCC ENOI 7 10 [ N/C
o A_VPP_PGM N 18 9 TAC
s
© MIC2560-1BWM
(@)
Q.
—l A_SLOT _VvCC
@)
©
(@)
(@] B_SLOT _VCC
|
(7))
S Slot B
-
=
@)
] Veces IN °® 16 j:VCC ouT
2 15
VCC ouT VCC5 IN £§VCC
3 14 || 11
Vcc3|N Vcc OUT
_E: GND 4 13 j:Vpp ouT VPP
B VCC 5 15 12 |11 [2
- - Vees EN Vpp IN
B VCC 3 v {116 11T Nie
CC3_EN
B_VPP_VCC o 7 10 (T N/C
B_VPP_PGM T i 9 TTAC

Figure 1. A typical two slot PC Card (PCMCIA) implementation using the Cirrus Logic CL-PD6720 and two

MIC2560-1BWM

MIC2560-1. The lower cost MIC2561-1BWM may be directly substituted for the MIC2560-1 in this circuit. The
MIC2561-1BM will also work: refer to Table 2 for pin connection changes.
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Data Book Controllers

Micrel’s option “—2" PC Card power controllers are designed
to interface with Data Book logic controllers. The Data Book
devices have individually programmable power supply con-
trol pin polarity, which is determined at power-up. Resistors
are used to force positive polarity for proper interfacing with
the MIC2560-2. Refer to the control logic shown in Table 4 for
details. When V. is deselected (OFF), aMIC2560-2 internal
clamp actively pulls-down the output, insuring zero volts on

the socket. This clamp has an ON resistance of approxi-
mately 1.2kQ. The Databook DB86184 PCMCIA controller
requires 100kQ pull-down resistors from VCCSELO,
VCCSEL1, VPPSELO, and VPPSELL1 to ground and 100kQ
pull-up resistors from VCCSEL2 and VCCSEL3 to +3.3V (or
+5V). MIC2560-2 pin 8 should be connected to ground.

While not required, a 0.1uF capacitor from V5 IN to ground
provides decoupling for the current sense amplifier.

Pin5 Pin 6 Pin 7 Pins 2 & 14 Pin 13
VCCSELl VCCSELZ VPPSEL VCC ouT VPP ouT
0 1 0 Clamped to Ground |Clamped to Ground
1 1 0 3.3V 3.3V
0 0 0 3.3V 12v
1 0 0 3.3V Clamped to Ground
0 1 1 Clamped to Ground | Clamped to Ground
1 1 1 5v 5v
0 0 1 5v 12v
1 0 1 5V Clamped to Ground
Table 4. MIC2560-2 Logic
3.3V Y 12v
7 ? 7 Slot A
J_ Veaa W [*  °|Fvccour
WEI: 2 15 :DW" vV,
I VeoaN 2 \/(Z;CCSOUT Lg cc
= 2 4 13|[1¢ 9O
VCCSELO =l e Lovee
CCSEL1 PP
VCCSEL2 ol u|fme
VcesEL2
VPPSELO s [ RRRVS
8 9 —
< OVERCURY¥ (opt) 100:} e
B 1 1[es MIC2560-2BWM
o = =
©
m VDDSO01,VDDS11
)
X
o
O VDD S02,VDDS12
m
©
4&; Slot B
[m)
VeoanH[® ¥ |F"vccour
Vecour | P 15| [T ——— N
100kQ Vees IN N 1411 VZCCSOUT J':g e
(x3) 3 4 1|1 ' 39
VCCSEL1 T = 1 ot Lovee
VeeseLL VepIN
VCCSEL3 {16 11| nie
VcesEL2
VPPSEL1 L 4 VPPSELI 7 10 |[TI N/IC
j s 9| FraG
L 1 MIC2560-2BWM

Figure 2. The Data Book DB86184 and two MIC2560-2BWM in a typical two slot application.

1997

2-73




Application Note 11

Micrel

Intel Controllers

Intel PC Card logic controllers generally interface with the
option “-0", MIC2560-0 and MIC2561-0. The older Intel
82365 supports two Vpp, pins per slot, but only one V. level
(5V). Use the MIC2558 PCMCIA Dual Card Slot Vp, Switch-
ing Matrix to control the additional V, for each socket. Since
the MIC2558 has separate V. inputs, full independence
between Vpp, of slot Aand Vpp, of slot B is maintained. Since

only 5V is available for V- OUT, connect all MIC2560/
MIC2561 V. inputs together. These inputs, including both
Vces iy PiNs, are rated to 6V, so no damage will occur. Take
advantage of the lower ON resistance of the 3.3V V. switch
by using the Vc3 gy CONtrol as the V- enable. Figure 3
shows this configuration.

+5V +12V
o o
Slot A
(4
MIC2560-0BWM
O Ve —®* | vccour
2 T+————@ [2
Ve OUT 15 Vees IN vee
Vccs IN 8 4 VCC ouT
= [ GND ¢ iz ——VppouT OVPP1
5 Y
Vees EN u Ve ¢ Ovee2
Vcc_EN Vecs ENI 6 T IN/IC
Vppl_ENO (pin 75) _ENOI 7 10| NiC
Vppl_ENL1 (pin 76) =8 9 —
. [
Vpp2_ENO (pin 77)
Vpp2_ENL1 (pin 78
_, VpPZ (pin 78) .
0 I—CE
8 0 14 :
™ ok 13
AN mm |RP)
w 4MIC25?§.
— o 5 10
8 TI 6 9
< = —Jr 8
Vpp2_ENO (pin 160) Slot B
Vpp2_EN1 (pin 1) Y
Ve e S *
(1|2 15 |[—
Ve OUT Vees IN Egvcc
Vccs IN 3 - VCC ouT '
oo 4 iz jjvpp SUT OVPP1
Vees EN ° ——Vep N OVPP2
Vcc_EN {1]|6 [ mmp /e
. Vces EN
Vppl_ENO (pin 158) = 7 10 || T NiC
Vppl_EN1 (pin 159) =8 9 jjﬁo
MIC2560-0BWM

Figure 3. A two slot configuration using the Intel 82365 controller and the MIC2560-0. Note that this Intel

controller does not support 3.3V supplies: for best results, connect the +5V supply to all V

cc pins (both V' ~~3 IN

pins and the V g IN pin.
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Interfacing with the Intel PPEC PCI to PCMCIA logic controller
The Intel PPEC (PCI to PCMCIA Enhanced IDE Controller)
isadualslot, dual V. controller that does not provide latched
data outputs for power control. Thus, an external latch is
required. This latch is easily implemented using a 74273 or

equivalent Octal D Flip-Flop. One octal latch supplies two
slots (two MIC2560-0 or MIC2561-0). Figure 4 and Table 5

illustrate this system.

S

174 |172 | 170

ACDATA2
ACDATA1
ACDATAO

Intel
PPEC

‘ |
‘ |
f D Q T 2
3 | |
| —QOp> cLock |
‘ CLEAR ‘
— 1
} | VeesINCT] e 16|10 Vec out
| } VecOUTIT{R  15|[TIveesIN
| | Vees INC| B 14|13 Ve ouT
D
4 } Q | GND LT 4 13|73 vpp OUT
| 5 12| vpp IN
‘ K gtgz: ‘ Yoo en i 1| .
‘ P S— \ Vs EN nie
‘ | ENOEE 7 10|13 E
} f 3 =B 9|[0 FLAG
I
| |
D Q }
7 | 6
} &--O> cLock \ Micrel
CLEAR
| ] } MIC2560-0BWM
‘ |
‘ |
‘ |
f D Q :
8 | | 9
| &1OP> cLock |
‘ CLEAR ‘
| —— |
‘ |
‘ |
‘ |
f D Q T 12
ACDATAT7 13 | |
122 | &+—OP>> cLock |
| CLEAR
ACDATA6 o——1 |
120 } | Vees INCO[|® 16[3 Vec ouT
ACDATAS | } Ve OUTC] p 15[ TVees IN
117 | o 0 | Vees INC B 14|70 Vec out
14 | GNDCT| B 13| vpp OUT
ACDATA4 | ‘ PP
115 ®--OP> cLock | v 5 12| T3 Vpp IN
‘ CLEAR | ccs en || iy
ACDATA3 ‘ [ S— \ Vcca_En e
113 | | ENOI 4 10| N/C
‘ f e 9| [ FLAG
PWRWR# 109 | | 15
| I
D Q
17 | | 16
| ¢--OP> cLock | Micrel
LEAR
| — | MIC2560-0BWM
‘ |
‘ |
‘ |
D Q
18 } 19
i p——(O> CLOCK |
11 | CLEAR |
| | |
+5V O ; 74273

.

Octal D Flip-flop with clear |

Figure 4. A dual slot system using the Intel PPEC controller and the MIC2560-0/MIC2561-0.

Intel PPEC 74273 MIC2560-0
Power Signal Pin Name Pin # Pin#In Pin# Out Hin Name Pin #
A-ENO ACDATAO0 170 3 2 ENO 7
A-EN1 ACDATA1 172 4 5 EN1 8
A-VCC3V ACDATA4 115 7 6 Vees BN 6
Table 5. Power control A-VCC5V ACDATA5 117 8 9 Vees en 5
signals for Figure 4.
B-ENO ACDATA2 174 13 12 ENO 7
B-EN1 ACDATA3 113 14 15 EN1 8
B-VCC3V ACDATA6 120 17 16 Vees EN 6
B-VCC5V ACDATA7 122 18 19 Vees N 5
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Omega Micro Controllers

The MIC2560, MIC2561, MIC2562, and MIC2563 are com-
patible with Omega Micro logic controllers, including the
82C722GX ISA to PCMCIA (use the “~1” option, shown in
Figure 5) and the 82C094 PCI to PCMCIA (use the “-0”
option, shown in Figure 6) controllers. Both controllers sup-

Figure 5. The Omega Micro 82C722GX and two MIC256x-1 (or one MIC2563-1) adapt the ISA bus to two PCMCIA

sockets.

port dual V. voltages to dual slots. The 82C094 offers a
serial control output: the Omega Micro 82C28 converts this
serial output into the latched parallel control required by
Micrel MIC256x-0 Power Controllers.

Slot A

gchc

tzVPP

Slot B

Lgvcc

Omega Micro 82C094
PCl to PCMCIA

Vee
o

10kQ

10kQ
SCLK
SDATA
SLATCH

=

Figure 6. The Omega Micro 82C094 and two MIC256x-0 (or one MIC2563-0) adapt the PCI bus to PCMCIA. An
Omega Micro 82C28 converts serial output from the 82C094 to the parallel control needed by the MIC256x-0.

VCC (28) A_VCC_5 (8)
A_VCC_3(9)
A_VPP_VCC (7)
A_VPP_PGM (6)
VCC_ACT_HIGH (2)

VPP_ACT_HIGH (4)

A_SLOT_vCC
B_SLOT_vCC
SCLK (19)
SDATA (18)
SLATCH (16)
B_VCC_5 (12)
B_VCC_3 (13)
B_VPP_VCC (11)
GND (14) B_VPP_PGM (10)

3.3V 5V 12v
o Q Q
L e Voc ouT
Vocour P ®IFVeeew
— T
I Vo [ vecour
= LowH[* P verour
A_VCC_5 v {15 12\[TH—
A_vcC_3 N b ufoae
— = Vces EN
A_VPP_VCC o 7 10| NC
< A_VPP_PGM | =
S MIC2560-1BWM
N
3]
& A_sLoT_vee
©
[e]
=
2 B_SLOT_vCC
s S )
©
[@)
]
S
o]
VeoanH [ B|Hccour
Vocour P BT Neew
VocaW P “|Fvecour
Low H* | verour
B_vec.s Vees_en : ﬁ Vpp IN
B_VCC_3 Veca En I Nic
B_VPP_VCC —————— [ 1o|Tnc
— 7 f——o0
B_VPP_PGM e | ) SR
MIC2560-1BWM

tzVPP

Slot A

_fgvcc

3.3V 5V 12v
Q o (o]
i VoeawH[* | vecour
Vcc ouT 2 jjw“
I ¢ —Voon P | vecour
= Low [t | verour
Vees_en P 2 veew
reymas [ =P
ENOI 7 10 Ne
| o0

MIC2560-0BWM

Omega Micro 82C28

The Omega Micro 82C28 converts
serial power control signals from the
82C094 into standard MIC256x-0
parallel logic.

tZVPP

Slot B

r;vcc

Voo [* | vecour
Vooour [P B Veem
VoW 1 |Fvecour
Low [ [ verour
T A
Vees En [ e
49\‘0[‘: 7 10T Ne
——ae o0

MIC2560-0BWM

t(O)VPP
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Opti Controllers

The Opti 82C852 is logic compatible with Micrel “~1" option Figure 8 shows the Opti 82C824 dual-slot logic controller
logic power controllers. Figure 7 shows a typical single-slot interfacing with the MIC2563A-1. Two MIC2560-1, MIC2561-
PC Card implementation using the Opti 82C852 and the 1, or two MIC2562A-1 power controllers are also compatible
MIC2560-1 power controller. The MIC2561-1 and MIC2562-  with the 82C824.

1 are also directly compatible with the 82C852.

3.3V 5V 12v

Slot
0 16 j:lw
2 15| [T F—
Voes N fo Ved|
o _ = Low* | veeour T_gVPP
0o Vvec sy (p!n 98) Veos N 5 1 Vep IN
(O vCC_3V (pin 99) v A | e
~ . CC3_EN
 VPP_VCC (pin 1) o7 O|pNe
.g_ VPP_PGM (pin 2) Enp |8 o FLAG
@)
MIC2560-1BWM

Figure 7. The Opti 82C852 is a single slot PC Card logic controller that directly interfaces with Micrel MIC2560-1,
MIC2561-1, or MIC2562-1 power controllers.

3.3V 5V 12v
] o (o]
il
- Slot A
T ]fe 28|+
1|2 27\ [ +—
L3 26|[ T3 L_(:)VCC
_L—EI: 4 25|11
VCC_5V (pin 151) — 1|5 24|13 9O
VCC_3V (pin 152) ==l 23| Lover
VPP_12 (pin 149) |7 22|17
VPP_3/5 (pin 150) |8 21|13
i 1 20| [ T3
—— 11|10 19|17
§ 1|11 18 :D__I_
8 —1] | 12 17 jjf—o
% |13 16— Slot B
— {11 14 15| T+
g. Lovee
MIC2563A-1BSM
) T_gVPP
VCC_5V (pin 7)
VCC_3V (pin 6)
VPP_12 (pin 9)
VPP_3/5 (pin 8)

Figure 8. The Opti 82C824 dual slot CardBus controller/docking station that works with the MIC2563 forming a
two-IC solution for two PC Card slots.
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Vadem Controllers

The MIC2560-0, MIC2561-0, MIC2562-0, and MIC2563-0  VG-469 with its flexible voltage control scheme requires a
are compatible with Vadem logic controllers, including the  strapping option for voltage control. Refer to Vadem’s design
VG-365, VG-465, VG-468, and VG-469. The VG-365, VG- literature for full details. Table 6 shows the VG-469 V.
465, and VG-468 are straight forward implementations; the  strapping options for positive pin polarity.

+5V +12v
o o
Slot A
MIC2560-0BWM
Vooam | [* | vecour
Fs 2 b °
Vce OUT 15 Vees IN vee
Ve N2 Vce ouT -0
i e | W OVpp1
5 12
Vees_En T Vep Over2
Ve EN Ve oiH e u|fone
Vppl_ENO —oT7 omNe
Vppl EN1 i |8 9 )—(m )
Vpp2_ENO
Lo Vpp2_EN1
3 pp2._|
@
[©)
>
IS
3]
e
©
>
Vpp2_ENO Slot B
Vpp2_EN1
Vooam | [* | vecour
Vec OuT 2 15 Vees IN vee
Voo | | vecoor -0
cc3 cc
%o le =2[verour OVpp1L
= 5 12
Vees_EN - Vpp IN Ovep2
Vcc_EN 6 1 Mne
Vees EN
Vppl_ENO =7 10| one
—_— ] —
Vppl_EN1 e ol
MIC2560-0BWM

Figure 7. A dual slot PC Card system using the Vadem VG-365 and the MIC256x-0.
One MIC2563-0 may replace the two MIC2560-0 shown in this schematic.

D1 DO Vec ent | Vec eno | Vec OUT
Reg 2F/6F | Reg 2F/6F

1 0 0 0 Hi-Z

1 1 0 1 3.3V

0 0 1 0 5V

0 1 1 1 3.3v

Table 6. Vadem VG-469 flexible voltage control strapping scheme for the MIC2560-0,
MIC2561-0, MIC2562-0, or the MIC2563-0.
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Serial-Interface Logic Controllers

With the advent of the CardBus option, logic controllers need
more and more pins to handle the extra functions. Some of
the eight pins previously reserved for power control are now
employed for these new functions. Converting from a parallel
control bus to a serial bus is one answer: this change frees up

to six pins. However; the control logic inside the power
controller must be significantly more complex to handle serial
data protocols.

Existing parallel bus power controllers may be adapted for
serial control operation. A typical circuit consists of two main
blocks: a serial to-parallel converter and an eight-bit latch.

RsT# O

Tiiizoiiij‘ | 1o K}
|
SER_DATA O } 2 1o q 19 } ; 4 1o o 2 } O A_VPP_PGM (Pin 8)
LT ‘ [ \
| | |
[Bb o 18 } 5 1o o L O A_VPP_VCC (Pin 7)
! ! g — !
| | |
1o o 17 } 2 15 o 10 | O A_VCC5_EN (Pin 5)
\ \ ‘ \
\ \ o \
B —b o 16 | 2 1p o 5 | O A_VCC3_EN (Pin 6)
| | I
R e T
} 5 b o = } 4 16 o 2 . O B_VPP_PGM (Pin 22)
! |
\ \ ‘ (S
|
} ” 1o o 14 } ; 5 1o o Lo O B_VPP_VCC (Pin 21)
| | | [ !
\ \ 1 ‘
o o 3 } 12 15 o 10 ; O B_VCC3_EN (Pin 19)
| | |
\ \ | ] \
12 1o o 12 | —p o 15 } O B_VCC5_EN (Pin 20)
\ N ‘ |
‘ |
l

SER_LATCH O

Figure 6. Interfacing the MIC2563A with a serial-output data controller. Pinouts shown are for the MIC2563A-1

and a three-wire serial controller.

Serial Control

Figure 6 shows conversion from a three-wire serial interface,
such as used by the Cirrus Logic CL-PD6730, to the standard
eight-line parallel interface used by the MIC2563A-1. It is
compatible with any of Micrel's “-1” controllers. This interface
requires three common, low cost 7400-series logic ICs:

e 74x574 Octal D Flip-Flop
e 74x175 Quad Flip-Flop with Latches
(two needed)

Either 3.3V or 5V logic devices may be used, depending upon
the control voltage employed by the slot logic controller. Pin
numbers in parenthesis refer to the MIC2563A-1BSM.
Gerber™ files forthis P.C. board layout are available to Micrel
customers. Please contact Micrel directly.

Another serial-to-parallel solution for this application is the
74HC594, 8-bit shift register with output registers. This de-
vice contains the eight D flip-flops plus has latched outputs
suitable for this purpose.

Serial Control Adapter P.C. Board Layout

Component Key U H vz
Ul.......... MIC2563
Uz, us ...... 74x175 |l:|
Ud ... 74x574 H s

.
:

"a?

!
|

|
o

7

|

95090201.PCB
Top Overlay

95090201.PCB
Top Layer

95090201.PCB
Bottom Layer
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Application Hint 15
A High Current V . Switching Matrix

by Brenda Kovacevic

Introduction

Some applications require a multiplexer that can deliver two
or more supply voltages at 1A or greater. An example is the
Ve multiplexer for the PCMCIA interface. A low cost
multiplexer for high current loads can be made using the
Micrel MIC5014 and a few discrete power MOSFETs. A
simple 3.3V and 5V switch is shown in Figure 1. Since low
cost discrete MOSFETSs are available with ON resistances of
a few milliohms, these multiplexers can manage currents
exceeding several tens of amperes.

The MIC5014

Making this solution possible is the MIC5014 MOSFET
driver. This driver is designed to provide gate enhancement
above the positive rail for an N-channel FET. N-channel
FETs have the advantages of lower cost and lower RDS(ON)
than similar P-channel FETs. The MIC5014 consumes a
maximum of 1A in the OFF state and typically 100pA in the
ON state while powered from a5V supply. The MIC5014 does
not require its supply to be the input logic supply since the
control input threshold is approximately 1.2V and is indepen-
dent of supply voltage. Likewise, the MIC5014 does not
require its supply to be the MOSFET drain supply voltage
because the voltage supplied to the gate is regulated and will
not exceed 16V above the source voltage and is also inde-
pendent of the supply voltage. The MIC5014 is available in
an 8-pin SOIC package which helps minimizes the size of the
complete switch matrix.

The Switch Matrices

Figure 1 shows the basic switching matrix configurations. Q1
through Q3 can be any low impedance N-channel power
FETs. Table 1 shows the expected V, for several FETs
with different RDS(ON) values.

5V or 12V

T MIC5014
Voo Gate

c | Switched V¢
5V Control 0—— ln%’l‘}{o 0V/3.3V/5V

Gnd Source VF&

J___ 330k

5V or 12V

T MIC5014

Voo Gate
3.3V Control o——{ ol
J__ Gnd Source

Figure 1. Switch Matrix for 0V, 3.3V, and 5V

Each FET has its body internally connected to its source,
resulting in an intrinsic diode between the body and the drain
known as a “body diode.” Figure 1 shows that the body diode
does not present a problem for the Q1 switch, because it is
always reverse biased. If Q3 were not in the circuit and the
source of Q2 connected directly to the output, then Q2’s body
diode would be reverse biased when both Q1 and Q2 are OFF
and the output voltage is zero. However, Q2’'s body diode
would be forward biased when Q1 is ON and the 5V supply
would be shorted to the 3.3V supply through Q1 and the
forward biased body diode of Q2. Similarly, if Q2 were not in
the circuit and the source of Q3 connected to 3.3V, then Q3’s
body diode would be reverse biased when Q1 is ON but
forward biased when both Q1 and Q3 are OFF and the load
would be held one diode drop below 3.3V. Withtwo MOSFETs
connected back to back, both body diodes will be reverse
biased when all switches are OFF as long as the output
voltage remains positive with respectto ground. Although Q3
conducts current in the reverse direction when it is ON, the
body diode will not conduct because it is shorted by Q3's ON
resistance.

FET Part Rps(on) Vour at 1A
Number 5.0V Input 3.3V Input
IRFZ20 100mQ 4.9V 3.1v
IRFZ30 50mQ 4.95V 3.20V
SMPO6N06-14 14mQ 4.99V 3.27V

Table 1. Power FETs and Expected
Output Voltages at 1A

Low Current PCMCIAV pp
Switching Matrices

IfVpp programming currents are switched, the new MIC2557/
2558 devices provide all level shifting, timing, and high
current switches for this function in one package. The
MIC2557 serves as a single channel and is available in an
8-pin SOIC package (see Figure 2). The MIC2558 is a duall
channel device, and is available in a 14-pin SOIC package
(see Figure 3). Seethe MIC2557 or MIC2558 data sheets for
full details.

MIC2557
Vpp IN (+12V) O 1 8 o Voo
Vpp( OUT © 2 7 O Hi-Z / LOW Control
Ve (+3.3V or 45V) © 3 6 O ENO
4 5———O0OEN1

L

Figure 2. Typical MIC2557 Application
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5V or 12V 5V

‘[ MIC5014* o1
Voo Gate ——]

VCC
o (0V/33V/5V)

Control
Input

R1
Gnd Source

I 330k

5V Control 0——

5V or 12V

3.3V Control 0—— ot

3.3V
MIC5014* Q2 Q3
L Vo  Gate H
Control

Gnd Source

—

Vee OUT ©
Vee IN
(+12V)

L 4
Vpp OUT 1
0.1pF LuF [ 1pF

1l 1 1

Vpp OUT 2 0

* Use (2) MIC5014 MOSFET drivers
or (1) MIC5016 dual MOSFET driver

_T_O.luF
1

VDD

o
MIC2558
1 14}—e
2 13 O Hi-Z / LOW 1 Control
3 12 0 ENO,
4 11 O EN1,
5 10 O Hi-Z / LOW 2 Control
6 9 0 EN1,
7 8 0 EN1,

—— 0.1pF

Figure 3. Full PCMCIAV pp and V . Circuit
using MIC5014 (or MIC5016) and MIC2558
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Low-Dropout Regulator Selection Guide

Device VOUT Accu- | | ouT Dropout Features Package
see racy (mA)|Voltage @ | |l ,, | Therm |Error |Logic Reverse |Load
3.0 | 3.3| note| 5.0] 12 Adjust. (Max. @ 25°C) Protect | Flag {Control Bupply Dump

MIC5230 . 3% 10 [132mV typ. SOT-23-5
MIC5208 . . O . 3% | 50x2| 500mV . . . . MM8™
MIC5203 . . ) . 3% 80 450mV . . . . SOT-143
MIC5200 . . A . 1% | 100 450mV . . . . SO-8, SOT-223
MIC5202 . . A . 1% [100xZq 450mV . . . . SO-8
LP2950 . 0.5% | 100 450mV . . TO-92

1% @ 100mA
LP2951 A . 1.2t0 29 0.5% . . . . P DIP, SO-8

1%
MIC2950 . 0.5% | 150 300mV . . . . TO-92

1% @ 100mA
MIC2951 . A . 1.2t029 0.5% . . . . . . P DIP, SO-8

1%
MIC5205 . . u . 1.2t0 16 1% | 150 275mV . . . . SOT-23-5
MIC5206 . . | . 1.2t0 16 1% | 150 275mV . . . . . SOT-23-5, MM8™
MIC5207 . . u . 1.2t0 16 3% | 180 300mVv . . . . SOT-23-5
MIC5201 . . . 1.2t0 16 1% | 200 450mV . . . . SO-8, SOT-223, MM8™
MIC2954 . 1.2t029 0.5% | 250 500mV . . . . . . TO-92, TO-220

1% @ 250mA SOT-223, SO-8
MIC2920A . A o | o 1% | 400 450mV . . . . TO-220, SOT-223
MIC29201 . A o | . @ 250mA | - . . . . . TO-220-5, TO-263-5
MIC29202 1.2to0 26 370mV typ. | - . . . . TO-220-5, TO-263-5
MIC29204 1.2to0 26 . . . . . . P DIP, SO-8
MIC2937A . o | e 1% | 750 450mV . . . . TO-220, TO-263

@ 500mA

MIC29371 . o | o 325mVityp | - . . . . . TO-220-5, TO-263-5
MIC29372 1.2to0 26 . . . . . TO-220-5, TO-263-5

x2 = Dual Regulator;

A =485;e¢ =3.6V, 3.8V, 4.0V,4.75V; m =3.6V, 3.8V, 4.0V; 0 =3.6V, 4.0V
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Device Vour Accu- |1, | Dropout Features Package
racy | (A) |Voltage @ I |l Error |Logic F
3.0 5.0 Adjust. (Max. @ 25°C) Control
MIC2940A . 1% | 1250 450mV TO-220, TO-263
MIC2941A 1.2to0 26 . TO-220-5, TO-263-5
MIC29150 . 1% | 1.5A| 450mV TO-220, TO-263
MIC29151 . 1% | 1.5A| 450mV . TO-220, TO-263
MIC29152 1.2to0 26 1% | 1.5A| 450mV . TO-220, TO-263
MIC29153 1.2t0 26 1% | 1.5A| 450mV TO-220, TO-263
MIC29300 . 1% | 3A 450mV TO-220, TO-263
MIC29301 . 1% | 3A 450mV . TO-220, TO-263
MIC29302 1.2t0 26 1% | 3A 450mV . TO-220, TO-263
MIC29303 1.2t0 26 1% | 3A 450mV TO-220, TO-263
MIC29310 . 3A v TO-220
MIC29312 1.2t0 16 3A v . TO-220
MIC29500 . 1% | 5A 450mV TO-220
MIC29501 . 1% | 5A 450mV . TO-220, TO-263
MIC29502 1.2t0 26 1% | 5A 450mV . TO-220, TO-263
MIC29503 1.2t0 26 1% | 5A 450mV TO-220, TO-263
MIC29510 . 5A v TO-220
MIC29512 1.2t0 16 5A v . TO-220
MIC29710 . 7.5A v TO-220
MIC29712 1.2t0 16 7.5A v . TO-220
MIC29750 . 1% | 7.5A| 450mV TO-247
MIC29751 . 1% | 7.5A| 450mV . TO-247
MIC29752 1.2t0 26 1% | 7.5A| 450mV . TO-247
MIC5156 . 1.2to 36 1% O O . SOIC, P DIP, CerDIP
MIC5157 O 1% O O . 0 Max. |, and dropout
MIC5158 O O 1% O O . determined by choice
of extermal MOSFET
O Selectable: 3.3V/5V/12V
[0 Selectable: 5V/adjustable

D = Dual Regulator; o =4.85; ¢ =3.6V, 3.8V, 4.0V, 4.75V; m =3.6V, 3.8V, 4.0V; 0 =3.6V, 4.0V
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Micrel Super Reta PNP™
LDO Regulator Family

INPUT (B)

MIC5230
132mV @ 10mA —|
e Guaranteed 10mA output
VIN Micrel Vout ¢ 50V fixed INPUTSOT-ZB-S
o— ——O « 132mV typical dropout at 10mA MIC5230 srouo 17T
CMOS loma ° CMOS design for ultralow (1pA) ground current
J_ « Available in SOT-23-5 package
MIC5208
250mV @ 50mA —|
e Guaranteed dual 50mA output
. Micrel wh 3.0V, 3.3V, 3.6V, 4.0V, and 5.0V fixed ourrura ]~ neura
O— ‘swermem [—° * 250mV typical dropout at 50mA MIC5208  ooiie 45 Wers”
PNP™ 50mA  ° Super Reta PNP™ minimizes ground current
J_ ) « Available in the MM8™ MSOP package
MIC5203
300mV @ 50mA —
e Guaranteed 80mA output
Micrel | . ° 30V.33V,36V,38V,40V,475V, sor14s
O ‘Swpertem 2 and 5.0V fixed MIC5203 X2 T X
PNP™ somA 300mV typical dropout at 50mA
J_ « Super Reta PNP™ minimizes ground current
e * Available in SOT-143 package
MIC5200/5202
230mV @ 100m . outrut 508 INPUT
"7 A_" » Guaranteed single/dual 100mA output GROUND ENAeLE
- e 3.0V, 3.3V, and 5.0V fixed
VIN Vout ! ’ MIC5200
O— Mgg Ee?al —O « 230mV typical dropout at 100mA
PNPT™ + Super Reta PNP™ minimizes ground current soras [f GO
|1 %ggmﬁ/ + MIC5200 Single is available in SO-8 and o
- x 2 SOT-223 packages
« MIC5202 dual is available in SO-8 MIC5202  .cou EABLE

ENABLE (B)

’<—300mv @ 150mA—»]

VIN i Vout
" Micrel z
Super Reta
PNP™

1

150mA

MIC2950

e Guaranteed 150mA output
e 3.3V, 4.85V, 5.0V fixed or adjustable
e 300mV typical dropout at 150mA

e Super Beta PNP™ minimizes ground current
e Available in SO-8, DIP, and TO-92 packages

MIC2950

MIC2951

OUTPUT

TO-92
————— \pUT

GROUND

OUTPUT
SENSE
SHUTDOWN
GROUND

SO3) INPUT
ADJUST

and 5V TAP
DIP ERROR

1997



Micrel Super Reta PNP™
LDO Regulator Family

’<—270mv @ 150mA—]

VIN i Vout
" Micrel z
Super Reta
PNP™

J_ 150mA

MIC5205

Guaranteed 150mA output

3.0V, 3.3V, 3.6V, 3.8V, 4.0V, 5.0V or adj.
165mV typical dropout at 150mA

» Ultralow noise
e Super Beta PNP™ minimizes ground current
Available in SOT-23-5 package

SOT-23-5

-
GROUND ﬂ ouTPuT
ENABLE BYPASS

MIC5205

-
GROUND ﬂ ouTPuT
ENABLE ADJUST

’<—270mv @ 150mA—»]

VIN i Vout
" Micrel z
Super Reta
PNP™

J_ 150mA

MIC5206

Guaranteed 150mA output

3.0V, 3.3V, 3.6V, 3.8V, 4.0V, 5.0V or adj.
165mV typical dropout at 150mA

* Low noise/ultralow noise
» Fault flag output

Super Reta PNP™ minimizes ground current
Available in SOT-23-5 and SO-8 packages

SOT-23-5

INPUT

GROUND ﬂ OUTPUT
ENABLE BYPASS

INPUT
¥ ENABLE
S0-8 GROUND
BYPASS
INPUT
g ENABLE
SO-8 GROUND
ADJUST

OUTPUT

MIC5206 %

ROUND

OUTPUT
OUTPUT
FLAG
GROUND

MIC5207
165mV @ 150m
Guaranteed 180mA output WPUSTOT’Z&S
Micrel 3.0V, 3.3V, 3.6V, 3.8V, 4.0V, 5.0V or adj. aroue 4 T
o0— Super Reta —O 165mV typif:al dropout at 150mA MIC5207
PNP™ 180mA Ultralow noise .
| « Super Reta PNP™ minimizes ground current aroue 4 T L
— * Available in SOT-23-5 package
MIC5201
’7270mv @ 200m : arouD
e Guaranteed 200mA output o HEE NeUT
5 : o * 3.0V, 3.3V, 4.5V, 5.0V, or adjustable
Oo— M;g Egal —O « 270mV typical dropout at 200mA MIC5201
PNPT™ 200mA Super Reta PNP™ minimizes ground current o eur
J_ « Available in SO-8 and SOT-223 packages arouNs N
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’7375mv @ 250mA——‘

Micrel Super Reta PNP™
LDO Regulator Family

MIC2954

Guaranteed 250mA output
5.0V fixed or adjustable

OUTPUT
GROUND

= |\puT

OUTPUT

o ';/licgel S+ <450mV dropout at 250mA MIC2954 sorzm ] E - crowo
Al R Super Reta PNP™ minimizes ground current oyt ner
[ 250mA - Available in SO-8, SOT-223, T0-220, and aroino i
— TO-92 packages A
- O [T0-220—==—== crounp
———— INPUT
MIC2920A O [romE== tow
————— INPUT
450mV @ 400mA Guaranteed 400mA output MIC2920A soT223 HEE oureur
3.3V, 5V, 12V fixed or adjustable puT
i ; wor ® 450mV typical dropout at 400mA T0-220 = SHUTOOMN
Sa— MASEEJ —© Super Reta PNP™ minimizes ground current MIC2920110 O pe s . Nl
PNPT  Available in SO-8, DIP, TO-220, TO-263, and Ton—— UV
[ 400MA - 50T-223 packages MIC29202| O | e I, i
MIC29204 ., eee Jland |- rowsr
GROUND DIP ERROR
MIC2937A —
300mV @ 500mA—e Guaranteed 750mA output MIC2937A 0 | an == crowe
_ 3.3V, 5V, 12V fixed or adjustable T e R e
o Micrel vour 370mV typical dropout at 750mA MIC29371 | O | = gioo
Superfera | — Super RBeta PNP™ minimizes ground current — .
J_ 750mA * Available in TO-220 and TO-263 packages MIC29372| O | e === colne
MIC2940A
300mV @ 1250mA—| TO-220 [—=———= ouTPUT
Guaranteed 1250mA output MIC2940A| O | and EE—— croun
U Micrel vour 3.3V, 5V, 12V fixed or adjustable
O— Super Reta —O 300mV typical dropout at 1.25A
PNP™ " Super Beta PNP™ minimizes ground current Toee——
1.25A MIC2941A| O | and F/=——_crounno

1

Available in TO-220 and TO-263 packages

TO-263|

F——— sHuTDOWN
—————— ADJUST

3-6
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’-7 220mV @ 750mA4‘

o | Micrel |z

Super Reta >

PNP™ _ 11.5A

1

Micrel Super Reta PNP™
LDO Regulator Family

MIC29150

Guaranteed 1.5A output

3.3V, 5V, 12V fixed or adjustable

<450mV dropout at 1.5A

Zero power shutdown mode

Super Reta PNP™ minimizes ground current
Available in TO-220 and TO-263 packages

MIC29150

MIC29151

MIC29152

MIC29153

TO-220|
and
TO-263|

'TO-220|
and
TO-263|

[TO-220
and
[TO-263

[TO-220
and

[TO-263

300mV @ 2A

o Micrel o

Super Reta
PNP™

J_ 3A

MIC29300

Guaranteed 3A output

3.3V, 5V,12V fixed or adjustable

Input range to 26V

370mV typical dropout at 3A

Zero power shutdown mode

Super Reta PNP™ minimizes ground current
Available in TO-220 and TO-263 packages

MIC29300

MIC29301

MIC29302

MIC29303

TO-220|
and
TO-263|

'TO-220|

TO-263|

[TO-220
and
[TO-263

[TO-220
and

[TO-263

600mV @ 3A

o Micrel |

Super RBeta
PNP™

J_ 3A

MIC29310

Guaranteed 3A output

3.3V, 5V fixed or adjustable

600mV typical dropout at 3A

Zero power shutdown mode

Input range to 16V

Available in TO-220-3 and -5 packages

MIC29310

MIC29312

TO-220|

[TO-220

300mV @ 3A

o Micrel o

Super RBeta
PNP™

J_ 5A

MIC29500

Guaranteed 5A output

3.3V, 5V fixed or adjustable

Input range to 26V

370mV typical dropout at 5A

Zero power shutdown mode

Super Reta PNP™ minimizes ground current
Available in TO-220 and TO-263 packages

MIC29500

MIC29501

MIC29502

MIC29503

TO-220|
and
TO-263|

'TO-220|

TO-263|

[TO-220

[TO-263

[TO-220
and
[TO-263

1997
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VIN
5V

Micrel Super Reta PNP™
LDO Regulator Family

MIC29510

700mV @ 5A Guaranteed 5A output 0220 ———— ourpur
_ 3.3V, 5V fixed or adjustable MIC29510 | O | ad Fom—= orouo
o Micrel |z 700mV typical dropout at 5A
Superfeta | —p- Zero power shutdown mode
J_ 5A Input range to 16V onsr
L Available in TO-220-3 and -5 packages MIC29512 [0 | 2 30
— TO-263——enhbLt
MIC29710
450mV @ 5A Guaranteed 7.5A output 70220 ———— oureur
: 3.3V and 5V fixed or adjustable MIC29710 | O | and Eom—= orouo
& Micrel |« 700mV typical dropout at 7.5A
S“,Eﬁ;‘ffta —- Zero power shutdown mode
75A Input range to 16V

1

Available in TO-220-3 and -5 packages

r0-200/=———A00UsT
———

MIC29712 | O | and == Grotwo

—— pur
[TO-263——enmBLe

-

’—— 270mV @ 4A
VIN 1
" Micrel
Super Reta
PNP™

Vout

1

7.5A

MIC29750

Guaranteed 7.5A output

3.3V, 5V fixed or adjustable
425mV typical dropout at 7.5A
Zero power shutdown mode

Super Reta PNP™ minimizes ground current

Available in TO-247-3 and -5 packages

MIC29750

MIC29751

MIC29752

O |=———— outPUT
OTO—247 b GROUND

O |———— ERROR

(O TO-247|————= GROUND

L= |

=T e}

TO-247—————— GROUND
O INPU

L= |

2 9
5 3

MIC5156-3.3(]

5

>
=

8

3mQ 3

P

o Vout

_+Rs

<]_
H

3.3V, 10A

MIC5156/5157/5158

MIC5156-3.3/5"
MIC5156"

Super LDO™ Regulator Controller

6mA typical operating current

<1pA typical standby current

3.3V, 5V fixed output (MIC5156)

3.3V, 5V, 12V fixed output (MIC5157)
1.3V to 36V adjustable output (MIC5156/8)
1% initial output voltage tolerance
Enable/shutdown control

Internal gate-to-source protective clamp
DIP and SOIC packages

EN [T] [8] SU (Source)/EAL)
FLAG [2] [7] D (Drain)
GND [3] [6] G (Gate)
ve ] 5] Voo
MIC51575
MIC5158Y
N\
svO/EAD [T] [ra] En
33vOssv FB0 [2] [13] s (Source)
FLAG [3] [i2] D (Drain)
GND [4] I1] G (Gate)
Ver [5] 0] Voo
co-[6] [9] c1-
c2+ 7] 8] c1+

3-8
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] MIC2920A/29201/29202/29204
m ! I g = I 400mA Low-Dropout Voltage Regulator

General Description Features

The MIC2920A family are “bulletproof” efficient voltage * High output voltage accuracy
regulators with very low drop out voltage (typically 40mv at * Guaranteed 400mA output

light loads and 370mV at 250mA), and very low quiescent ° LOW quiescent current

current (140pA typical). The quiescent currentofthe MIC2920A ¢ Low dropout voltage _ .
increases only slightly in dropout, thus prolonging battery life. *  Extremely tight load and line regulation
Key MIC2920A features include protection against reversed *  Very low temperature coefficient

battery, fold-back currentlimiting, and automotive “loaddump”  *  Current and thermal limiting
protection (60V positive transient). e Input can withstand —20V reverse battery and +60V

positive transients
e Error flag warns of output dropout
e Logic-controlled electronic shutdown

The MIC2920 is available in several configurations. The
MIC2920A-xx devices are three pin fixed voltage regulators

available in 3.3V, 4.85V, 5V, and 12V outputs. The MIC29201 | Output programmable from 1.24V to 26V (MIC29202/
is afixed regulator offering logic compatible ON/OFF switching MIC29204) '

input and an error flag output. This flag may also be used as Availablein TO-220. TO-220-5. DIP. CerDIP. and Surface

a power-on reset signal. A logic-compatible shutdown input is Mount TO-263-5 SbT-223 a;ld 8’0_8 pack,ages

provided on the adjustable MIC29202, which enables the L. ' ' '
Applications

regulator to be switched on and off. The eight-pin DIP and _
SOIC adjustable version, the MIC29204, includes both Battery Powered Equipment
shutdown and error flag pins, and may be pin-strapped for5v ¢ Cellular Telephones

output, or programmed from 1.24 Vto 26 V with the use oftwo  *  Laptop, Notebook, and Palmtop Computers
external resistors. + PCMCIAV_. and V_, Regulation/Switching

e Bar Code Scanners

e Automotive Electronics

e« SMPS Post-Regulator/ DC to DC Modules
e Voltage Reference

e High Efficiency Linear Power Supplies

Pin Configuration

OUTPUT ! ] N 8— INPUT Q O
SENSE 2 | 7— FEEDBACK
SHUTDOWN 31 6 5V TAP
GROUND S_W
1 2 3
IN GND OUT
SO/DIP Packages MIC2920A-xXBS
(MIC29204BJ/MIN)
D
Five Lead Package Pin Functions:
MIC29201 MIC29202
1) Error Adjust YT
2) Input Shutdown HHHHH 12 3 1 234 5
3) Ground Ground INPUT GROUND OUTPUT
4) Output Input TO-220 Package TO-220-5 Package
5) Shutdown  Output 12345 (MIC2920A-xxBT) (MIC29201/29202BT)

TO-263-5 Package
(MIC29201/29202BU)

The TAB is Ground on the SOT-223, TO-220, and TO-263 packages.

1997 3-9



MIC2920A/29201/29202/29204

Micrel

Ordering Information

Absolute Maximum Ratings
If Military/Aerospace specified devices

Part Number Voltage [femperature Range* |Package are required, contact your local Micrel
MIC2920A-3.3BS 3.3 —40°C to +125°C SOT-223 representative/distributor for availability
and specifications.
MIC2920A-3.3BT 3.3 —-40°C to +125°C TO-220 o i
Power Dissipation (Note 1) ............... Internally Limited
MIC2920A-4.8BS 4.85 —40°C to +125°C SOT-223 Lead Temperature (Soldering, 5 seconds) ........ 260°C
° ° Storage Temperature Range ............ —65°C to +150°C
MIC2920A-4.8BT 4.85 —-40°C to +125°C TO-220 Operating Junction Temperature Range
MIC2920A-5.0BS 5.0 —40°C to +125°C SOT-223 | o g SMEEEE ~40°Cto +125°C
ermal Characteristics:
MIC2920A-5.0BT 5.0 —40°C to +125°C TO-220 | SOT-2280 oot 157w
TO-220 8, oo 3°C/W
MIC2920A-12BS 12 —40°C to +125°C SOT-223 | TO-263 0, oo 3°C/W
8-PiN CerDIP 6, ....ccoiiiiiiiicii 130°C/W
MIC2920A-12BT 12 —40°C to +125°C TO-220 8-Pin Plastic DIP 6, ........cocovmueiiieiiiiccns 105°C/W
8-PiN SOIC B, .o See Note 1
MIC29201-3.3BT 3.3 —40°C to +125°C TO-220-5 Input Supply VOItage ............cccceveveverrenns —20V to +60V
o o Operating Input Supply Voltage ................... 2V to 26V
MIC29201-3.3BU 3.3 —-40°C to +125°C TO-263-5 Adjust Input Voltage (Notes 9 and 10)
R om | o mam e | e, ~1.5V to +26V
MIC29201-4.8BT 4.85 —40°C to +125°C T0-220-5 Shutdown Input Voltage ..........cccvevveeee.. —0.3V to +30V
MIC29201-4.8BU 4.85 —40°C to +125°C TO-263-5 Error Comparator Output Voltage .......... —0.3V to +30V
MIC29201-5.0BT 5.0 —40°C to +125°C TO-220-5 ) .
T Across the full operating temperature, the minimum
MIC29201-5.0BU 5.0 —40°C to +125°C TO-263-5 input voltage range for full output current is 4.3V to 26V.
Output will remain in-regulation at lower output voltages
MIC29201-12BT 12 —40°C to +125°C TO-220-5 and low current loads down to an input of 2V at 25°C.
MIC29201-12BU 12 —40°C to +125°C TO-263-5
MIC29202BT Adj —-40°C to +125°C TO-220-5
. * Junction temperatures
MIC29202BU Adj —40°C to +125°C TO-263-5
MIC29204BM 5 and Adj —40°C to +125°C SO-8
MIC29204BN 5 and Adj —-40°C to +125°C 8-pin PDIP
3-10 1997



MIC2920A/29201/29202/29204

Micrel

Electrical Characteristics

Limits in standard typeface are for T, = 25°C and limits in boldface apply over the full operating temperature range. Unless

otherwise specified, vV, =V

ouT

+1V,l =1mA, C =10uF. Adjustable version are set for an output of 5V. The MIC29202 V.
< 0.7V. The eight pin MIC29204 is configured with the Adjust pin tied to the 5V Tap, the Output is tied to Output Sense (V

SHUTDOWN
ouT

=5V),and Vg oown < 0.7V,
Symbol Parameter Conditions Min ypical Max nits
vV, Output Voltage Variation from factory trimmed V_ ;. -1 1 %
Accuracy —2 2
1mA <1 < 400mA, across temp. range -2.5 2.5
MIC2920A-12 and 29201-12 only -1.5 15
-3 3
1mA <1 < 400mA, across temp. range -4 4
AV, Output Voltage (Note 2) 20 100 | ppm/°C
AT Temperature Coef. [ V_ > 10V only 80 350
AV Line Regulation V=V + 1V to 26V 0.03 0.10 %
Vg 0.40
AV Load Regulation I =1to 250mA (Note 3) 0.04 0.16 %
Vg 0.30
Vii— Vo Dropout Voltage I =1mA 100 150 mV
(Note 4) 180
[, =100mA 250
Vur > 10V only 350
I, =250mA 370
Vur > 10V only 500
I, =400mA 450 600
750
lono Ground Pin Current | | = 1mA 140 200 MA
(Note 5) 300
[, =100mA 1.3 2 mA
25
I_=250mA 5 9
12
|, =400mA 13 15
lenooo Ground Pin V,, = 0.5V less than designed V . 180 400 HA
Current at Dropout [ (V,; = 3.3V)
(Note 5) I, = 1mA
(- Current Limit Vour = 0V 425 1000 mA
(Note 6) 1200
AV Thermal Regulation | (Note 7) 0.05 0.2 %/W
AP
e, Output Noise C, = 10uF 400 HV RMS
Voltage
(10Hz to 100kHz) C, = 100uF 260
I, =100mA
1997 3-11




MIC2920A/29201/29202/29204

Micrel

Electrical Characteristics  (Continued)
MIC29202, MIC29204
Parameter Conditions Min Typ Max Units
Reference Voltage MIC29202 1.223 | 1.235 1.247 \%
1.210 1.260
Reference Voltage MIC29202 (Note 8) 1.204 1.266 \%
Reference Voltage MIC29204 1.210 1.235 1.260 \%
1.200 1.270
Reference Voltage MIC29204 (Note 8) 1.185 1.285 \%
Adjust Pin 20 40 nA
Bias Current 60
Reference Voltage (Note 7) 20 ppm/°C
Temperature
Coefficient
Adjust Pin Bias 0.1 nA/°C
Current Temperature
Coefficient
Error Comparator MIC29201, MIC29204
Output Leakage Vou= 26V 0.01 1.00 HA
Current 2.00
Output Low Vi =45V 150 250 mvV
Voltage loL = 2500A 400
Upper Threshold (Note 9) 40 60 mV
Voltage 25
Lower Threshold (Note 9) 75 95 mV
Voltage 140
Hysteresis (Note 9) 15 mV
Shutdown Input MIC29201, MIC29202, MIC29204
Input Logic Voltage 1.3 \%
Low (ON) 0.7
High (OFF) 2.0
Shutdown Pin Veuutoown = 24V 30 50 HA
Input Current 100
Veuutoown = 26V 450 600 HA
750
Regulator Output (Note 10) 3 10 HA
Current in Shutdown 20
3-12 1997



MIC2920A/29201/29202/29204 Micrel

General Note:  Devices are ESD protected; however, handling precautions are recommended.

Note 1:  Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not
apply when operating the device outside of its rated operating conditions. The maximum allowable power dissipation is a function of the
maximum junction temperature, T, MAX)? the junction-to-ambient thermal resistance, 6,,, and the ambient temperature, T,. The maximum
allowable power dissipation at any ambient temperature is calculated using: P = (TJ(MAX)— T,)/6,, Exceeding the maximum allowable
power dissipation will result in excessive die temperature, and the regulator will go into thermal shutdown. The junction to ambient thermal
resistance of the MIC29204BM is 160°C/W mounted on a PC board.

Note 2:  Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.
Note 3:  Regulation is measured at constant junction temperature using low duty cycle pulse testing. Changes in output voltage due to
heating effects are covered by the thermal regulation specification.

Note 4:  Dropout Voltage is defined as the input to output differential at which the output voltage drops 100mV below its nominal value
measured at 1V differential. At low values of programmed output voltage, the minimum input supply voltage of 4.3V over temperature must
be taken into account. The MIC2920A operates down to 2V of input at reduced output current at 25°C.

Note 5:  Ground pin current is the regulator quiescent current. The total current drawn from the supply is the sum of the load current plus
the ground pin current.

Note 6:  The MIC2920A features fold-back current limiting. The short circuit (V
normal output voltage.

Note 7:  Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding
load or line regulation effects. Specifications are for a 200mA load pulse at V, = 20V (a 4W pulse) for T = 10ms.

Note 8 Vo <V 1<V —1V), 43V<V, <26V, 1mA<I| <400mA, T )<T

Note 9:  Comparator thresholds are expressed in terms of a voltage differential at the Adjust terminal below the nominal reference voltage

measured at 6V input. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain =V . V=
(R1 + R2)/R2. For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by 95
mV x5V/1.235V =384 mV. Thresholds remain constant as a percent of VouT as VouT is varied, with the dropout warning occurring at typically
5% below nominal, 7.7% guaranteed.
Note 10: Vg rpown 2 2V, V iy S 26V,V ;= 0, with Adjust pin tied to 5V Tap or to the R1, R2 junction (see Figure 3) with R1 = 150kQ.
Note 11: When used in dual supply systems where the regulator load is returned to a negative supply, the output voltage must be diode
clamped to ground.

Note 12: Maximum positive supply voltage of 60V must be of limited duration (< 100ms) and duty cycle ( < 1%). The maximum continuous

supply voltage is 26V.

our = OV) current limitis less than the maximum current with

Schematic Diagram

7
VTAP

% R28

J024
|
R2

J R21 8Q

t w wﬁ %

LN R23 60 kQ
R22
150kQ
DENOTES CONNECTION ON

R24
50 kQ
T T 7T MIC2920A-xx AND MIC29201-xx
VERSIONS ONLY

el
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MIC2920A/29201/29202/29204

Micrel

Typical Characteristics

Dropout Voltage

vs. Output Current

100
0
0 100 200 300 400
OUTPUT CURRENT (mA)
Ground Current
vs. Output Current
20
<10 /
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~ 7
=
&
4 /
g /
=2 /
o 1
[a]
5
2
o e
1
0.1
1 10 100 400
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o
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o
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g
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200
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MIC2920A/29201/29202/29204 Micrel

MIC29201/2 Shutdown Current

vs. Temperaure Load Transient Load Transient
125 < 200 : : < 100 I I
C, = 10uF -
= £ 100 ouT £ 507Cou1- 100pF N_
2100 ™ E E N
c - g 0 2 0 NI
= N Vg =5V E E
E 75 3" 00 3 -50
3 \\~ ; = ; a
o 50 £ 400 £ 400
3 Ve =2V e e
< — 5 200 1mA 5 200 1mA
g — E E
5 0 5 o
0 o e}
60 -30 0 30 60 90 120 150 0 5 10 15 20 25 0 5 10 15 20 25
TEMPERATURE (°C) TIME (ms) TIME (ms)
MIC29202 Adjust Pin
Current vs. Temperature Line Transient Line Transient
50 < 40 —T—T < 20 ——T
2 £ 2 Cour=10pF | £ 10 Cour =100 pF |
<40 i \ I, = 10mA i I, = 10mA
= 2 0 A 2 0
Z o v o
: S ol Y :
% 30 C O '20 O '10
0 < = < o
P
£20 — =
& -— 2 8 2 8
=
2] _ 5 ,5
210 lLoap = IMA 2 6 5 .
2 | z z
. ]
60 -30 0 30 60 90 120 150 0.0 0.2 04 06 0.8 1.0 1.2 1.4 0.0 0.2 04 06 0.8 1.0 1.2 1.4
TEMPERATURE (°C) TIME (ms) TIME (ms)

Output Impedance
vs. Frequency
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MIC2920A/29201/29202/29204

Micrel

Applications Information

External Capacitors

A 10uF (or greater) capacitor is required between the
MIC2920A output and ground to prevent oscillations due to
instability. Most types of tantalum or aluminum electrolytics
will be adequate; film types will work, but are costly and
therefore not recommended. Many aluminum electrolytics
have electrolytesthatfreeze atabout—30°C, so solid tantalums
are recommended for operation below —25°C. The important
parameters of the capacitor are an effective series resistance
of about 5Q or less and a resonant frequency above 500kHz.
The value of this capacitor may be increased without limit.

At lower values of output current, less output capacitance is
required for output stability. The capacitor can be reduced to
2.2uF for current below 10mA or 1uF for currents below
1 mA. Adjusting the MIC29202/29204 to voltages below 5V
runs the error amplifier at lower gains so that more output
capacitance is needed. For the worst-case situation of a
500mA load at 1.23V output (Output shorted to Adjust) a 47uF
(or greater) capacitor should be used.

The MIC2920A/29201 will remain in regulation with a minimum
load of LmA. When setting the output voltage of the MIC29202/
29204 versions with external resistors, the current through
these resistors may be included as a portion of the minimum
load.

A 0.1uF capacitor should be placed from the MIC2920A input
to ground if there is more than 10 inches of wire between the
input and the AC filter capacitor or if a battery is used as the
input.

Error Detection Comparator Output (MIC29201/
MIC29204)

Alogic low output will be produced by the comparator whenever
the MIC29201/29204 output falls out of regulation by more
than approximately 5%. This figure is the comparator’s built-
in offset of about 75mV divided by the 1.235V reference
voltage. (Refer to the block diagram on Page 1). This trip level
remains “5% below normal” regardless of the programmed
output voltage of the MIC29201/29204. For example, the
error flag trip level is typically 4.75V for a 5V output or 11.4V
for a 12V output. The out of regulation condition may be due
either to low input voltage, extremely high input voltage,
current limiting, or thermal limiting.

Figure 1 is a timing diagram depicting the ERROR signal and
the regulated output voltage as the MIC29201/29204 input is
ramped up and down. The ERROR signal becomes valid (low)
at about 1.3V input. It goes high at about 5V input (the input
voltage at which V. = 4.75). Since the MIC29201/29204’s
dropout voltage is load-dependent (see curve in Typical
Performance Characteristics), the input voltage trip point

(about 5V) will vary with the load current. The output voltage
trip point (approximately 4.75V) does not vary with load.

The error comparator has an NPN open-collector output
which requires an external pull-up resistor. Depending on
system requirements, this resistor may be returned to the 5V
output or some other supply voltage. In determining a value
for this resistor, note that while the output is rated to sink
250pA, this sink current adds to battery drain in a low battery
condition. Suggested values range from 100k to 1MQ. The
resistor is not required if this output is unused.

Programming the Output Voltage (MIC29202/29204)

The MIC239202/29204 may be programmed for any output
voltage between its 1.235V reference and its 26V maximum
rating, using an external pair of resistors, as shown in Figure
3.

The complete equation for the output voltage is

- |IFB| R,

where V. is the nominal 1.235 reference voltage and I is
the Adjust pin bias current, nominally 20nA. The minimum
recommended load current of 1 PA forces an upper limit of
1.2MQ on the value of R,, if the regulator must work with no
load (a condition often found in CMOS in standby), I, will
produce a —2% typical error in V. which may be eliminated
at room temperature by trimming R,. For better accuracy,
choosing R, = 100k reduces this error to 0.17% while
increasing the resistor program current to 12 pA. Since the
MIC29202/29204 typically draws 110pA at no load with
SHUTDOWN open-circuited, this is a negligible addition. The
MIC29204 may be pin-strapped for 5V using the internal
voltage divider by tying Pin 1 (output) to Pin 2 (sense) and Pin
7 (Adjust) to Pin 6 (V Tap).

Vour = Vege X{1+R/Rz}

F

Reducing Output Noise

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output

4.75V,
OUTPUT
VOLTAGE

ERROR NOT ¥ NOT *
VALID VALID
INPUT 5V
VOLTAGE

1.3V

* SEE APPLICATIONS INFORMATION
Figure 1. ERROR Output Timing
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capacitor. This is relatively inefficient, as increasing the
capacitor from 1 pF to 220 pF only decreases the noise from
430pV to 160uV,,, for a 100kHz bandwidth at 5V output.
Noise can be reduced fourfold by a bypass capacitor across
R,, since it reduces the high frequency gain from 4 to unity.
Pick Cevpass 0 — L1

2TIR1 » 200 Hz

or about 0.01 puF. When doing this, the output capacitor must
be increased to 10 uF to maintain stability. These changes
reduce the output noise from 430 uV to 100 pV rms for a 100
kHz bandwidth at 5V output. With the bypass capacitor added,
noise no longer scales with outputvoltage so thatimprovements
are more dramatic at higher output voltages.

Automotive Applications

The MIC2920A isideally suited for automotive applications for
a variety of reasons. It will operate over a wide range of input
voltages with very low dropout voltages (40mV at light loads),
andvery low quiescent currents (100pA typical). These features
are necessary for use in battery powered systems, such as
automobiles. It is a “bulletproof’ device with the ability to
survive both reverse battery (negative transients up to 20V
below ground), and load dump (positive transients up to 60V)
conditions. A wide operating temperature range with low
temperature coefficients is yet another reason to use these
versatile regulators in automotive designs.

Typical Applications

\|’|N
*VIN
Vout V. =5V
ouT
+
—~ 10pF
GND
Figure 2. MIC2920A-5.0 Fixed +5V Regulator
+VIN
8
+VIN
ERROR 5| =575 1 *VouT=VIN
GUTPUT | ERROR VouT ——————+

SHUTDOWN 3
INPUT Sb

I OFF
ON

GND ADJUST

F T

*MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
DEPENDING ON LOAD CURRENT.

Figure 4. MIC29204 Wide Input Voltage Range Current Limiter

+VIN

100kQ 8

VN VouTt
ERROR 5|ERROR VouTlt_, 127 26V
OUTPUT
3
—&HP%TTDOWN SHUTDOWN — = 10pF
OFF I: R1]100
I GND ADJUST » " |pF
ON
4 7
J,— 1.23V 1
R1 \% ! Ro )
\Y/ =V X (1+—== REF i
ouT = VREF X ( R2) i ]

NOTE: PINS 2 AND 6 ARE LEFT OPEN

Figure 3. MIC29202/29204 Adjustable Regulator. Pinout is for

MIC29204.
=53V
8
+VIN vce ouT
v 1,
SHUTDOWN ouTt 0
INPUT SHUT- J
HIGH = OFF DOWN
+
300kQ 10pF
LOW = ON o
GND  ADJUST] 1%
‘i 7
HIGH = 5V OUT 470 kQ 18OkQ

1%
I o =
AL 2N2222

LOW = 3.3V OUT

PIN 3 LOW= ENABLE OUTPUT. Q1 ON = 3.3V, Q1 OFF =5.0V.

Figure 5. MIC29202/29204 5.0V or 3.3V Selectable Regulator
with Shutdown. Pinout is for MIC29204.
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MIC2937A/29371/29372

750mA Low-Dropout Voltage Regulator

General Description

The MIC2937A family are “bulletproof’ efficient voltage
regulators with very low dropout voltage (typically 40mV at
light loads and 300mV at 500mA), and very low quiescent
current (160pA typical). The quiescent current ofthe MIC2937A
increases only slightly in dropout, thus prolonging battery life.
Key MIC2937A features include protection against reversed
battery, fold-back current limiting, and automotive “load dump”
protection (60V positive transient).

The MIC2937 is available in several configurations. The
MIC2937A-xx devices are three pin fixed voltage regulators
with 3.3V, 5V, and 12V outputs available. The MIC29371 is a
fixed regulator offering logic compatible ON/OFF switching
input and an error flag output. This flag may also be used as
a power-on reset signal. A logic-compatible shutdown inputis
provided on the adjustable MIC29372, which enables the
regulator to be switched on and off.

Features

e High output voltage accuracy

e Guaranteed 750mA output

e Low quiescent current

e Low dropout voltage

e Extremely tight load and line regulation

e Very low temperature coefficient

e Current and thermal limiting

e Input can withstand —20V reverse battery and +60V
positive transients

e Error flag warns of output dropout

e Logic-controlled electronic shutdown

e Output programmable from 1.24V to 26V(MIC29372)

e Available in TO-220, TO-263, TO-220-5, and TO-263-5
packages.

Applications

e Battery Powered Equipment

e Cellular Telephones

e Laptop, Notebook, and Palmtop Computers

+ PCMCIAV_. and V,, Regulation/Switching

e Bar Code Scanners

e Automotive Electronics

e SMPS Post-Regulator/ DC to DC Modules

e High Efficiency Linear Power Supplies

Pin Configuration

N

ikl

INPUT GROUND OUTPUT

TO-263 Package
(MIC2937A-xxBU)

it

TO-263-5 Package
(MIC29371/29372BU)

Five Lead Package Pin Functions:

MIC29371 MIC29372
1) Error Adjust
2) Input Shutdown
3) Ground Ground
4) Output Input
5) Shutdown Output

The TAB is Ground on the TO-220 and TO-263 packages.

O O

1 2 3
INPUT GROUND OUTPUT

TO-220 Package
(MIC2937A-xxBT)

TO-220-5 Package
(MIC29371/29372BT)
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MIC2937A/29371/29372 Micrel

Ordering Information Absolute Maximum Ratings
- If Military/Aerospace specified devices
Part Number Voltage [Temperature Range Package are required, contact your local Micrel
MIC2937A-3.3BU 3.3 —40°C to +125°C TO-263-3 representative/distributor for availability
and specifications.
MIC2937A-3.3BT 3.3 —-40°C to +125°C TO-220 o i
Power Dissipation (Note 1) .............. Internally Limited
MIC2937A-5.0BU 5.0 —40°C to +125°C TO-263-3 Lead Temperature (Soldering, 5 seconds) ........ 260°C
° ° Storage Temperature Range ............ —65°C to +150°C
MIC2937A-5.0BT 5.0 —-40°C to +125°C TO-220 Operating Junction Temperature Range
° o | TA 99 9 | —40°C to +125°C
MIC2937A-12BU 12 —40°C to +125°C TO-263-3 TO-220 B oo 2 5°CAW
MIC2937A-12BT 12 —40°C to +125°C TO-220 | TO2638ic it 2.5°CIW
Input Supply Voltage ...........cccuv..... ..—20V to +60V
MIC29371-3.3BT 3.3 —40°C to +125°C TO-220-5 Operating Input Supply Voltage .................. 2V'to 26V
Adjust Input Voltage (Notes 9 and 10)
MIC29371-3.3BU 3.3 —-40°C to +125°C TO-263-5 | s -1.5V to +26V
Shutdown Input Voltage ..........cccceeevenenne —-0.3V to +30V
MIC29371-5.0BT 5.0 —40°C to +125°C TO-220-5 Error Comparator Output Voltage .......... —0.3V to +30V
MIC29371-5.0BU 5.0 —-40°C to +125°C TO-263-5
° ° T Across the full operating temperature, the minimum
MIC29371-12BT 12 —40°C to +125°C T0-220-5 input voltage range for full output current is 4.3V to 26V.
. _A0° o . _ Output will remain in-regulation at lower output voltages
MIC29371-12BU 12 40°C to +125°C T0-263-5 and low current loads down to an input of 2V at 25°C.
MIC29372BT Adj —-40°C to +125°C TO-220-5
MIC29372BU Adj —40°C to +125°C TO-263-5

* Junction temperatures
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Electrical Characteristics

Limits in standard typeface are for T, = 25°C and limits in boldface apply over the full operating temperature range.
Unless otherwise specified, V, =V, + 1V, | =5mA, C = 10uF. The MIC29372 are programmed for a 5V output voltage,

ouT

and Vg, rpown < 0.6V (MIC29271-xx and MIC29372 only).
Symbol Parameter Conditions Min Typical Max Units
vV, Output Voltage Variation from factory trimmed V. -1 1 %
Accuracy —2 2
5mA <1 < 500mA -2.5 25
MIC2937A-12 and 29371-12 only: -1.5 15
-3 3
5mA <1 <500mA -4 4
AV Output Voltage (Note 2) 20 100 | ppm/°C
AT Temperature Coef. Output voltage > 10V 80 350
AV, Line Regulation Viy = Vour 1V to 26V 0.03 0.10 %
vV, 0.40
Avg Load Regulation I, =5 to 500mA 0.04 0.16 %
vV, (Note 3) 0.30
V=V, Dropout Voltage I, =5mA 80 150 mV
(Note 4) 180
[, =100mA 200
Output voltage > 10V 240
I, =500mA 300
Output voltage > 10V 420
I =750mA 370 600
750
leno Ground Pin Current | I = 5mA 160 250 HA
(Note 5) 300
I, =100mA 1 25 mA
3
I, =500mA 8 13
16
I, =750mA 15 25
lenooo Ground Pin V,, = 0.5V less than designed V . 200 500 HA
Current at Dropout | (V,; = 3.3V)
(Note 5) I, =5mA
i Current Limit Vour =0V 11 15 A
(Note 6) 2
AV, Thermal Regulation | (Note 7) 0.05 0.2 %/W
AP,
e, Output Noise C, = 10uF 400 MV RMS
Voltage
(10Hz to 100kHz) C, = 100uF 260
I, =100mA
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MIC2937A/29371/29372 Micrel
Electrical Characteristics  (Continued)
MIC29372
Parameter Conditions Min Typical Max Units
Reference Voltage 1.223 1.235 1.247 \%
1.210 1.260 V max
Reference Voltage (Note 8) 1.204 1.266 \%
Adjust Pin 20 40 nA
Bias Current 60
Reference Voltage (Note 7) 20 ppm/°C
Temperature
Coefficient
Adjust Pin Bias 0.1 nA/°C
Current Temperature
Coefficient
Error Comparator MIC29371
Output Leakage Vou= 26V 0.01 1.00 HA
Current 2.00
Output Low Vi =45V 150 250 mV
Voltage loL = 2500A 400
Upper Threshold (Note 9) 40 60 mV
Voltage 25
Lower Threshold (Note 9) 75 95 mV
Voltage 140
Hysteresis (Note 9) 15 mV
Shutdown Input MIC29371/MIC29372
Input Logic Voltage 1.3 \%
Low (ON) 0.7

High (OFF) 2.0
Shutdown Pin Veuutoown = 24V 30 50 HA
Input Current 100

Veuutoown = 26V 450 600 HA

750

Regulator Output (Note 10) 3 10 HA
Current in Shutdown 20

June 1997
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Note 1:  Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not
apply when operating the device outside of its rated operating conditions. The maximum allowable power dissipation is a function of the
maximum junction temperature, T, MAX)? the junction-to-ambient thermal resistance, 6,,, and the ambient temperature, T,. The maximum
allowable power dissipation at any ambient temperature is calculated using: P = (TJ(MAX)— T,)/6,, Exceeding the maximum allowable
power dissipation will result in excessive die temperature, and the regulator will go into thermal shutdown.

Note 2:  Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.
Note 3:  Regulation is measured at constant junction temperature using low duty cycle pulse testing. Changes in output voltage due to
heating effects are covered by the thermal regulation specification.

Note 4:  Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value
measured at 1V differential. At low values of programmed output voltage, the minimum input supply voltage of 4.3V over temperature must
be taken into account. The MIC2937A operates down to 2V of input at reduced output current at 25°C.

Note 5:  Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus
the ground pin current.

Note 6:  The MIC2937A family features fold-back currentlimiting. The shortcircuit (V
with normal output voltage.

Note 7:  Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding
load or line regulation effects. Specifications are for a 200mA load pulse at V, = 20V (a 4W pulse) for T = 10ms.

Note 8: Vo sV ,r=(Vy—1V), 43V<V £26V,5mA<| <750 mA, T)<T .

Note 9:  Comparator thresholds are expressed in terms of a voltage differential at the Adjust terminal below the nominal reference voltage
measured at 6V input (for a 5V regulator). To express these thresholds in terms of output voltage change, multiply by the error amplifier gain
=Vour Veer = (R1+R2)/R2. For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output
drops by 95 mV x 5V/1.235 V = 384 mV. Thresholds remain constant as a percent of VouT as VourT is varied, with the dropout warning

occurring at typically 5% below nominal, 7.7% guaranteed.
Note 10: Circuit of Figure 3 with R1 = 150kQ. V¢, i1pown 2 2V and V, < 26V,V .. = 0.

Note 11: When used in dual supply systems where the regulator load is returned to a negative supply, the output voltage must be diode
clamped to ground.

Note 12: Maximum positive supply voltage of 60V must be of limited duration (< 100ms) and duty cycle ( < 1%). The maximum continuous
supply voltage is 26V.

=0V) currentlimitis less than the maximum current

Schematic Diagram

R18
izokn J
Q24

![ LIQZS

pal—y
I
R27

V TAP

% R28

J R21 8Q

t w w )
r % R4 R23 60 kQ

LN
R22
150kQ 50kQ

. DENOTES CONNECTION ON
MIC2937A-xx AND MIC29371-xx
VERSIONS ONLY
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Typical Characteristics
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Applications Information

External Capacitors

A 10upF (or greater) capacitor is required between the
MIC2937A output and ground to prevent oscillations due to
instability. Most types of tantalum or aluminum electrolytics
will be adequate; film types will work, but are costly and
therefore not recommended. Many aluminum electrolytics
have electrolytes thatfreeze atabout—30°C, so solid tantalums
are recommended for operation below —25°C. The important
parameters of the capacitor are an effective series resistance
of about 5Q or less and a resonant frequency above 500kHz.
The value of this capacitor may be increased without limit.

At lower values of output current, less output capacitance is
required for output stability. The capacitor can be reduced to
0.5uF for current below 10mA or 0.15uF for currents below
1 mA. Adjusting the MIC29372 to voltages below 5V runs the
error amplifier at lower gains so that more output capacitance
is needed. For the worst-case situation of a 750mA load at
1.23V output (Output shorted to Adjust) a 22uF (or greater)
capacitor should be used.

The MIC2937A/29371 willremainin regulation with a minimum
load of 5mA. When setting the output voltage of the MIC29372
version with external resistors, the current through these
resistors may be included as a portion of the minimum load.

A 0.1uF capacitor should be placed from the input to ground
if there is more than 10 inches of wire between the input and
the AC filter capacitor or if a battery is used as the input.

Error Detection Comparator Output (MIC29371)

Alogic low output will be produced by the comparator whenever
the MIC29371 output falls out of regulation by more than
approximately 5%. This figure is the comparator’s built-in
offset of about 75mV divided by the 1.235V reference voltage.
(Refer to the block diagram on Page 1). This trip level remains
“5% below normal” regardless of the programmed output
voltage of the MIC29371. For example, the error flag trip level
istypically 4.75V fora5V outputor 11.4V fora 12V output. The
out of regulation condition may be due either to low input
voltage,extremely high inputvoltage, currentlimiting, orthermal
limiting.

Figure 1 is a timing diagram depicting the ERROR signal and
the regulated output voltage as the MIC29371 inputis ramped
up and down. The ERROR signal becomes valid (low) at
about 1.3V input. It goes high at about 5V input (the input
voltage at which V . =4.75). Since the MIC29371’s dropout
voltage is load-dependent (see curve in Typical Performance
Characteristics), the input voltage trip point (about 5V) will
vary with the load current. The output voltage trip point
(approximately 4.75V) does not vary with load.

The error comparator has an NPN open-collector output
which requires an external pull-up resistor. Depending on
system requirements, this resistor may be returned to the 5V
output or some other supply voltage. In determining a value
for this resistor, note that while the output is rated to sink
250pA, this sink current adds to battery drain in a low battery
condition. Suggested values range from 100k to 1IMQ. The
resistor is not required if this output is unused.

Programming the Output Voltage (MIC29372)

The MIC29372 may programmed for any output voltage
betweenits 1.235V reference and its 26V maximum rating. An
external pair of resistors is required, as shown in Figure 3.

The complete equation for the output voltage is

Vour = Vage X{1+R/R2} — |1l R,

F

where V,__is the nominal 1.235 reference voltage and I is
the Adjust pin bias current, nominally 20nA. The minimum
recommended load current of 1uA forces an upper limit of
1.2MQ on the value of R,, if the regulator must work with no
load (a condition often found in CMOS in standby), I, will
produce a—2% typical error in V .. which may be eliminated
at room temperature by trimming R,. For better accuracy,
choosing R, =100k reducestthis errorto 0.17% while increasing
the resistor program current to 12uA. Since the MIC29372
typically draws 100pA at no load with SHUTDOWN open-
circuited, this is a negligible addition.

Reducing Output Noise

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output
capacitor. This is relatively inefficient, as increasing the
capacitor from 1uF to 220uF only decreases the noise from
430pV to 160uV,,,. for a 100kHz bandwidth at 5V output.
Noise can be reduced by a factor of four with the adjustable

4.75V,
OUTPUT
VOLTAGE

ERROR NOT* NOT™
VALID VALID
INPUT 4_\
VOLTAGE

1.3V

* SEE APPLICATIONS INFORMATION
Figure 1. ERROR Output Timing
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regulators with a bypass capacitor across R , since itreduces
the high frequency gain from 4 to unity. Pick

Ceveass O — 1

2TIR1 « 200 Hz

or about 0.01pF. When doing this, the output capacitor must
be increased to 10uF to maintain stability. These changes
reduce the output noise from 430uV to 100uV,,,. for a 100
kHz bandwidth at 5V output. With the bypass capacitor
added, noise no longer scales with output voltage so that
improvements are more dramatic at higher output voltages.

Automotive Applications

The MIC2937A is ideally suited for automotive applications
for a variety of reasons. It will operate over a wide range of
input voltages with very low dropout voltages (40mV at light
loads), and very low quiescent currents (LOOpA typical).
These features are necessary for use in battery powered
systems, such as automobiles. Itis a “bulletproof” device with
the ability to survive both reverse battery (negative transients
up to 20V below ground), and load dump (positive transients
up to 60V) conditions. A wide operating temperature range
with low temperature coefficients is yet another reason to use
these versatile regulators in automotive designs.

Typical Applications

ViN

+VIN

\Y,

OUT] vV =5V

ouT

—~ 10uF

I E

Figure 2. MIC2937A-5.0 Fixed +5V Regulator

+VIN

VIN
VouT =VIN
VouT

GND ADJUST

1 L

*MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
DEPENDING ON LOAD CURRENT.

Figure 4. MIC29372 Wide Input Voltage Range Current Limiter

+VIN

100kQ

VIN VouT
ERROR ERROR VouT 1.2V — 26V
OUTPUT
SHUTDOWN | spiytpown = oo
INPUT
OFF Ry (100
I GND ADJUST T |pF
ON
L 1.23V 1
N =
V. v 1+ Ruy VREF iRz
= + —
ouT =VREFX(1+ &) 1 L
ERROR OUTPUT ON MIC29373 ONLY
SHUTDOWN INPUT ON MIC29372 ONLY
Figure 3. MIC29372 Adjustable Regulator
+5V to +7V
VIN Vce OuT
SHUTDOWN VouT|— —0
INPUT - 6 SHUTDOWN
OFF +
oN I 100pF | 300kQ 10uF
GND  ADJUST 1% I

L

220kQ g 180kQ
I sv 470 kQ 1% 1%
o =
ssv M 2N2222
Input Output
0 3.3v

1 5.0v

SHUTDOWN PIN LOW= ENABLE OUTPUT. Q1 ON = 3.3V, Q1 OFF =5.0V.

Figure 5. MIC29372 5.0V or 3.3V Selectable Regulator with
Shutdown.
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MIC2940A/2941A
1.25A Low-Dropout Voltage Regulator

MIEREL

General Description Features

The MIC2940A and MIC2941A are “bulletproof’ efficient *  High output voltage accuracy

voltage regulators with very low dropout voltage (typically * Guaranteed 1.25A output

40mV at light loads and 350mV at 1A), and low quiescent ° LOW quiescent current

current (240pA typical). The quiescent currentofthe MIC2940A  * Low dropout voltage _ .
increases only slightly in dropout, thus prolonging battery life. *  Extremely tight load and line regulation
Key MIC2940A features include protection against reversed *  Very low temperature coefficient

battery, fold-back currentlimiting, and automotive “loaddump”  *  Current and thermal limiting
protection (60V positive transient). e Input can withstand —20V reverse battery and +60V

. . . . positive transients
The MIC2940 is available in both fixed voltage (3.3V,5V,and | Logic-controlled electronic shutdown

12V) and adjustable voltage configurations. The MIC2940A- Output programmable from 1.24V to 26V(MIC2941A)

xx devices are three pin fixed voltage regulators. A logic- | A\ zilable in TO-220 TO-263. TO-220-5. and TO-263-5
compatible shutdown input is provided on the adjustable packages ' ' ’

MIC2941A, which enables the regulator to be switched onand . .
off. Applications

Battery Powered Equipment
e Cellular Telephones
e Laptop, Notebook, and Palmtop Computers
+ PCMCIAV_. and V,, Regulation/Switching
e Bar Code Scanners
e Automotive Electronics
e« SMPS Post-Regulator/ DC to DC Modules
e Voltage Reference
e High Efficiency Linear Power Supplies

Preliminary Information

Pin Configuration

O ’ : | ‘ O

itiki ilfff

1 2345
INPUT GROUND OUTPUT TO-263-5 Package

TO-263 Package (MIC2941ABU)
(MIC2940A-xxBU)

MIC2941A Pinout

1) Adjust v
1 2 3 2) Shutdown 12345
3) Ground
INPUT GROUND OUTPUT 2) Input
TO-220 Package 5) Output TO-220-5 Package
(MIC2940A-xxBT) (MIC2941ABT)

The Tab is Ground on TO-220 and TO-263 packages
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MIC2940A/2941A

Micrel

Ordering Information

Part Number Voltage [Temperature Range* |Package
MIC2940A-3.3BT 3.3 —40°C to +125°C TO-220
MIC2940A-3.3BU 3.3 —-40°C to +125°C TO-263
MIC2940A-5.0BT 5.0 —40°C to +125°C TO-220
MIC2940A-5.0BU 5.0 —-40°C to +125°C TO-263
MIC2940A-12BT 12 —40°C to +125°C TO-220
MIC2940A-12BU 12 —40°C to +125°C TO-263
MIC2941ABT Adj —40°C to +125°C TO-220-5
MIC2941ABU Adj —40°C to +125°C TO-263-5

Schematic Diagram

* Junction temperatures

Absolute Maximum Ratings

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

Power Dissipation (Note 1) ............... Internally Limited
Lead Temperature (Soldering, 5 seconds) ........ 260°C
Storage Temperature Range ............ —65°C to +150°C

Operating Junction Temperature Range
................................................. —40°C to +125°C

TO-220 0, covviiiieiiei 2 °C/W
TO-263 0, wooviiiieiiii 2 °C/W
Input Supply Voltage ...........cccveene —20V to +60V
Operating Input Supply Voltage .................. 2V' to 26V
Adjust Input Voltage (Notes 9 and 10)
...................................................... -1.5V to +26V
Shutdown Input Voltage ..........cccceeeveennne —-0.3V to +30V
Error Comparator Output Voltage .......... —0.3V to +30V

T Across the full operating temperature, the minimum
input voltage range for full output current is 4.3V to 26V.
Output will remain in-regulation at lower output voltages
and low current loads down to an input of 2V at 25°C.

IFEEDBACKI

RI18
20kQ
Q4

4 LTQZS

R OUT

R22
150 kQ

Q30 Q31

R2 kQ
R24 3 60

50 kQ

{cnp |

DENOTES CONNECTION ON FIXED

VOLTAGE VERSIONS ONLY
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MIC2940A/2941A Micrel

Electrical Characteristics

Limits in standard typeface are for T, = 25°C and limits in boldface apply over the full operating temperature range.
Unless otherwise specified, V=V, + 1V, | = 1000mA, C = 10uF. The MIC2941A is programmed to output 5V and has
VSHUTDOWN s 06V

Symbol Parameter Conditions Min Typical Max Units
vV, Output Voltage -1 1 %
Accuracy -2 2
S5mA<I| <1A -2.5 2.5
AV, Output Voltage (Note 2) 20 100 | ppm/°C
AT Temperature Coef.
AV, Line Regulation Viy = Vour 1V to 26V 0.03 0.10 %
vV, 0.40
AV, Load Regulation I,.=5mAto 1A 0.04 0.16 %
vV, 0.20
(Note 3)
V=V Dropout Voltage I_=5mA 60 150
(Note 4) 180
I, =250mA 200 250
320
|, =1000mA 350 450
600
I =1250mA 400 600
leno Ground Pin Current | 1 = 5mA 240 350 HA
(Note 5) 500
I, =250mA 3 4.5 mA
6
I, =1000mA 22 35
45
I, =1250mA 35 70
lenooo Ground Pin V,, = 0.5V less than designed V_ . 330 600 MA
Current at Dropout | (V,; 2 3.3V)
(Note 5) I, =5mA
- Current Limit Vour =0V 1.6 2.4 A
(Note 6) 3
AV, Thermal Regulation| (Note 7) 0.05 0.2 %/W
AP,
e, Output Noise C, = 10pF 400 MV RMS
Voltage
(10Hz to 100kHz) C, = 33uF 260
|, =100mA
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MIC2940A/2941A Micrel
Electrical Characteristics  (Mic2941A Only)

Parameter Conditions Min Typical |Max Units

Reference Voltage 1.223 1.235 1.247 \%
1.210 1.260 V max

Reference Voltage (Note 8) 1.204 1.266 \%

Adjust Pin 20 40 nA

Bias Current 60

Reference Voltage 20 ppm/°C

Temperature

Coefficient

Adjust Pin Bias 0.1 nA/°C

Current Temperature

Coefficient

Shutdown Input

Input Logic Voltage 1.3 \%
Low (ON) 0.7
High (OFF) 2.0
Shutdown Pin Veuutoown = 24V 30 50 HA
Input Current 100
Veuutoown = 26V 450 600 HA
750
Regulator Output (Note 10) 3 30 HA
Current in Shutdown 60

Note 1:  Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not
apply when operating the device outside of its rated operating conditions. The maximum allowable power dissipation is a function of the
maximum junction temperature, T, ..., the junction-to-ambient thermal resistance, 6,,, and the ambient temperature, T,. The maximum
allowable power dissipation at any ambient temperature is calculated using: P, = (T, .0 — T,)/ 6,, Exceeding the maximum allowable
power dissipation will result in excessive die temperature, and the regulator wiﬁl go into thermal shutdown.

Note 2:  Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.
Note 3:  Regulation is measured at constant junction temperature using low duty cycle pulse testing. Changes in output voltage due to
heating effects are covered by the thermal regulation specification.

Note 4.  Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value
measured at 1V differential. At low values of programmed output voltage, the minimum input supply voltage of 4.3V over temperature must
be taken into account.

Note 5:  Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus
the ground pin current.

Note 6:  The MIC2940A features fold-back current limiting. The short circuit (V
normal output voltage.

Note 7:  Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding
load or line regulation effects. Specifications are for a 200mA load pulse at V, = 20V (a 4W pulse) for T = 10ms.

Note 8: V. <V, <(V,—1V),43VsV, <26V,5mA<I| <125A T <T

Note 9:  Circuit of Figure 3 with R1 > 150kQ. VSHUTDOWN >2Vand VIN <26 V,VOUT =0.

Note 10: When used in dual supply systems where the regulator load is returned to a negative supply, the output voltage must be diode
clamped to ground.

Note 11: Maximum positive supply voltage of 60 V must be of limited duration (< 100 ms) and duty cycle (< 1%). The maximum continuous
supply voltage is 26V.

our = OV) current limitis less than the maximum current with
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MIC2940A/2941A Micrel
Typical Characteristics
Dropout Voltage Dropout Voltage Dropout
vs. Output Current vs. Temperature Characteristics
500 1000 6
S N .
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- -} | ’
) o o3 2
> > LT S ® v
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g i | || ]
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MIC2940A/2941A Micrel

MIC29401/2 Shutdown Current

vs. Temperaure Load Transient Load Transient
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MIC2940A/2941A

Micrel

Applications Information

External Capacitors

A 10upF (or greater) capacitor is required between the
MIC2940A output and ground to prevent oscillations due to
instability. Most types of tantalum or aluminum electrolytics
will be adequate; film types will work, but are costly and
therefore not recommended. Many aluminum electrolytics
have electrolytes thatfreeze atabout—30°C, so solid tantalums
are recommended for operation below —25°C. The important
parameters of the capacitor are an effective series resistance
of about 5Q or less and a resonant frequency above 500kHz.
The value of this capacitor may be increased without limit.

At lower values of output current, less output capacitance is
required for output stability. The capacitor can be reduced to
3.3uF for current below 100mA or 2.2uF for currents below 10
mA. Adjusting the MIC2941A to voltages below 5V runs the
error amplifier at lower gains so that more output capacitance
is needed. For the worst-case situation of a 1.25A load at
1.23V output (Output shorted to Adjust) a 22uF (or greater)
capacitor should be used.

The MIC2940A will remain stable and in regulation with load
currents ranging from 5mA on up to the full 1.25A rating. The
external resistors of the MIC2941A version may be scaled to
draw this minimum load current.

A 0.22uF capacitor should be placed from the MIC2940A
inputto ground if there is more than 10 inches of wire between
the input and the AC filter capacitor or if a battery is used as
the input.

Programming the Output Voltage (MIC2941A)

The MIC2941A may be programmed for any output voltage
betweenits 1.235V reference and its 26V maximum rating. An
external pair of resistors is required, as shown in Figure 3.

The complete equation for the output voltage is

Vour = Vage X{1+R/R2} —|Io| R,

F

where V,__ is the nominal 1.235 reference voltage and I is
the Adjust pin bias current, nominally 20nA. The minimum
recommended load current of 1 YA forces an upper limit of
1.2MQ on the value of R,, if the regulator must work with no
load (a condition often found in CMOS in standby), I, will
produce a—2% typical error in V .. which may be eliminated
at room temperature by trimming R,. For better accuracy,
choosing R, = 100kQ reduces this error to 0.17% while
increasing the resistor program current to 12 pA. Since the
MIC2941Atypically draws 100 pA at no load with SHUTDOWN
open-circuited, this is a negligible addition.

Reducing Output Noise

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output
capacitor. This is relatively inefficient, as increasing the
capacitor from 1 pF to 220 uF only decreases the noise from
430pV to 160uV,,, for a 100kHz bandwidth at 5V output.
Noise can be reduced by a factor of four with the MIC2941A
by adding a bypass capacitor across R, since it reduces the
high frequency gain from 4 to unity. Pick

1

CeypaAss 0 ——— =
2TR1 » 200 Hz

or about 0.01 puF. When doing this, the output capacitor must
be increased to 22 pF to maintain stability. These changes
reduce the output noise from 430 uV to 100 pV rms for a 100
kHz bandwidth at 5V output. With the bypass capacitor added,
noise nolonger scales with outputvoltage so thatimprovements
are more dramatic at higher output voltages.

Automotive Applications

The MIC2940A isideally suited for automotive applications for
a variety of reasons. It will operate over a wide range of input
voltages with very low dropout voltages (40mV at light loads),
andvery low quiescent currents (240pAtypical). These features
are necessary for use in battery powered systems, such as
automobiles. It is a “bulletproof’ device with the ability to
survive both reverse battery (negative transients up to 20V
below ground), and load dump (positive transients up to 60V)
conditions. A wide operating temperature range with low
temperature coefficients is yet another reason to use these
versatile regulators in automotive designs.

4.75V,
OUTPUT
VOLTAGE

ERROR NOT* NOT*
VALID VALID
INPUT 4\
VOLTAGE

1.3V

* SEE APPLICATIONS INFORMATION
Figure 1. ERROR Output Timing
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MIC2940A/2941A

Micrel
Typical Applications
*VIN
| VN Vout
1.2V — 26V
*VIN VouT >
\Y —
T VOUT =V SHUTDOWN
iNPOT SHUTDOWN —— - 22uF
+ OFF Rl 100
= 10pF I GND ADJUST b pF
ON J_
GND = 1.23V 1
1 1 ! i
= = Rl VREF jRZ
Vout =VREFXx(1+ =)
2 =
Figure 2. MIC2940A-5.0 Fixed +5V Regulator Figure 3. MIC2941A Adjustable Regulator
+5Vto +7V
*VIN
*VIN vce OuT
VIN v
VouTt = VIN SHUTDOWN out
VouTlbmmm-— INPUT

o)
o0——— SHUTDOWN

I OFF
ON

]
I

= 10pF
100pF | 300kQ H
GND  ADJUST 1%
GND ADJUST l |
J; J__ 220kQ < 180kQ
I 5v 470 kQ 1% 1%
R =
aav M 2N2222
Input Output
0 3.3V
1 5.0V

*MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV, ADJUST PIN LOW= ENABLE OUTPUT. Q1 ON = 3.3V, Q1 OFF = 5.0V.
DEPENDING ON LOAD CURRENT.

Figure 4. MIC2941A Wide Input Voltage Range Current Limiter

Figure 5. MIC2941A 5.0V or 3.3V Selectable Regulator with
Shutdown.
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LP2950/2951

100mA Low-Dropout Voltage Regulator

FNIEREL

General Description Features

The LP2950 and LP2951 are micropower voltage regulators +  High accuracy 5V, guaranteed 100 mA output
with very low dropout voltage (typically 40mV at light loads +  Extremely low quiescent current

and 380mV at 100mA), and very low quiescent current (75pA ¢ Low-dropout voltage

typical). The quiescent current of the LP2950/LP2951 + Extremely tight load and line regulation
increases only slightly in dropout, thus prolonging battery life. <  Very low temperature coefficient

This feature, among others, makes the LP2950 and LP2951 + Use as regulator or reference

ideally suited for use in battery-powered systems. ¢ Needs only 1uF for stability

e Current and thermal limitin
Available in a 3-Pin TO-92 package, the LP2950 is pin- g

compatible with the older 5V regulators. Additional system
functions, such as programmable output voltage and logic- |_P2951 Versions Only
controlled shutdown, are available in the 8-pin DIP and 8-pin
SOIC versions of the LP2951. *  Error flag warns of output dropout

. . e Logic-controlled electronic shutdown
Appllcatlons e Output programmable from 1.24 to 29V
* Automotive Electronics

* Voltage Reference
* Avionics

Block Diagram and Pin Configurations

UNREGULATED DC 5V
*> 100 mA
MAX.
N |7 8 1
? — - reeosack| { wput | { outPut |- -~
— | |
= | ')
: SENSE
| 182 ,
I3 kQ 6
1 ERROR
FROM ' || 330
cMos »—| SHUT- AMPLIFIER SVTAP I | KO
ORTTL DOWN 60 mV 60 ™ — LuF
! — kQ .
! I+ % ERROR » TO CMOS
! z ERROR OR TTL
! I+ DETECTION "
I 1-5%2/ T COMPARATOR '
A GROUND
LP2950 and LP2951 Block Diagram
(Pin Numbers Refer to LP2951)
1 8
OUTPUT — ~ —— INPUT
SENSE _2 —7 FEEDBACK
OUTPUT INPUT SHUTDOWN _3 6_ 5V TAP
GROUND GROUND — 2| > =rom
TO-92 Plastic Package Bottom View DIP and SO Packages
(B2) (BN and BM)

See MIC2950 for a part with 1) higher output (150 mA), 2) transient protection (60V), and 3) reverse input protection to —20V)
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Micrel

Additional features available with the LP2951 also include an
error flag output that warns of a low output voltage, which is
often due to failing batteries on the input. This may also be
used as a power-on reset. Alogic-compatible shutdown input
is also available which enables the regulator to be switched on
and off. This part may also be pin-strapped for a 5V output,
or programmed from 1.24V to 29V with the use of two external
resistors.

The LP2950 is available as either an -02 or -03 version. The
-02 and -03 versions are guaranteed for junction temperatures
from—40°Cto+125°C;the -02 version has atighter outputand

reference voltage specification range over temperature. The
LP2951 is available as an -01, -02 , or -03 version. The -01
version is guaranteed for junction temperatures from-55°C to
+150°C, and has slightly different specifications limits over
the full operating temperature range.

The LP2950 and LP2951 have a tight initial tolerance (0.5%
typical), a very low output voltage temperature coefficient
which allows use as a low-power voltage reference, and
extremely good load and line regulation (0.05% typical). This
greatly reduces the error in the overall circuit, and is the result
of careful design techniques and process control.

Ordering Information

Part Number Voltage [Temperature Range* Package Atcuracy

LP2950-02BZ 5.0v —40°C to +125°C 3-Pin TO-92 plastic 0.5%
LP2950-03BZ 5.0v —40°C to +125°C 3-Pin TO-92 plastic 1.0%
LP2951-02BM 5.0v —40°C to +125°C 8-Pin SOIC 0.5%
LP2951-03BM 5.0v —40°C to +125°C 8-Pin SOIC 1.0%
LP2951-02BN 5.0v —40°C to +125°C 8-Pin Plastic DIP 0.5%
LP2951-03BN 5.0v —40°C to +125°C 8-Pin Plastic DIP 1.0%
LP2951-4.8BM 4.85V —40°C to +125°C 8-Pin SOIC 1.0%

* Junction temperatures

Absolute Maximum Ratings
If Military/Aerospace specified devices are required, contact your local

Micrel representative/distributor for availability and specifications.

Power dissipation

Lead Temperature (Soldering, 5 seconds)

Storage Temperature Range

Internally Limited
260°C
—65°C to +150°C

Operating Junction Temperature Range (Note 8)

LP2951-01

LP2950-02/LP2950-03, LP2951-02/LP2951-03

Input Supply Voltage

Feedback Input Voltage (Notes 9 and 10)

Shutdown Input Voltage (Note 9)

Error Comparator Output Voltage (Note 9)

ESD Rating is to be determined.

-55°C to +150°C
—40°C to +125°C

—-0.3V to +30V
—-1.5V to +30V
—-0.3V to +30V
—-0.3V to +30V
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LP2950/2951 Micrel
Electrical CharacteristicsS  Note 1 T, = 25°C except as noted.
Parameter Condition Min Typ Max nits
Output Voltage LP2951-01 (+0.5%) 4.975 | 5.000 | 5.025 V
T,=25°C LP295x-02 (+0.5%) 4.975 | 5.000 | 5.025 \Y,
LP295x-03 (+1%) 4.950 | 5.000 | 5.050 \Y,
LP2951-4.8 (+1%) 4.802 | 4.850 | 4.899 V
Output Voltage LP295x-02 (+0.5%) 4,950 5.050 \%
—25°C < T;<+85°C LP295x-03 (+1%) 4.925 5.075 \Y,
LP2951-4.8 (+1%) 4777 4.872 \Y,
Output Voltage LP2951-01 (+0.5%), —55°C to +160°C 4.940 5.060 \Y,
Over Full Temperature Range LP295x-02 (+0.5%), —40°C to +125°C 4,940 5.060 \%
LP295x-03 (+1%), —40°C to +125°C 4.900 5.100 \Y,
LP2951-4.8 (+1%), —40°C to +125°C 4.753 4.947 \Y,
Output Voltage LP2951-01 (+0.5%), 100puA < I, <100mA, T; < T j(max) 4.925 5.075 \Y,
Over Load Variation LP295x-02 (+0.5%), 100pA < |, < 100mA, T, < T)(max) 4.930 5.070 Y,
LP295x-03 (x1%), 100pA < |, < 100mA, T; < T3 (max) 4.880 5.120 Y,
LP2951-4.8 (+1%), 100pA <1 < 100mA, T; < T j(max) 4.733 4.967 \Y,
Output Voltage LP2951-01 (+0.5%), Note 12 20 120 |ppm/°C
Temperature Coefficient LP295x-02 (+0.5%), Note 12 20 100 |ppm/°C
LP295x-03 (+1%), Note 12 50 150 |ppm/°C
LP2951-4.8 (+1%), Note 12 50 150 |ppm/°C
Line Regulation LP2951-01 (+0.5%), Notes 14, 15 0.03 0.10 %
0.50 %
LP295x-02 (+0.5%), Notes 14, 15 0.03 0.10 %
0.20 %
LP295x-03 (+1%), Notes 14, 15 0.04 0.20 %
0.40 %
LP2951-4.8 (+1%), Notes 14, 15 0.04 0.20 %
0.40 %
Load Regulation LP2951-01 (+0.5%), Note 14, 100pA < |, <100mA 0.04 0.10 %
0.30 %
LP295x-02 (+0.5%), Note 14, 100pA < |, <100mA 0.04 0.10 %
0.20 %
LP295x-03 (+1%), Note 14, 100pA < |, < 100mA 0.10 0.20 %
0.30 %
LP2951-4.8 (+1%), Note 14, 100pA < |, < 100mA 0.10 0.20 %
0.30 %
Dropout Voltage Note 5, I, = 100pA 50 80 mV
150 mV
Note 5, I, = 100mA 380 450 mV
600 mV
Ground Current I, =100pA 100 150 HA
200 A
I, =100mA 8 12 mA
14 mA
Dropout Current VN = 4.5V, I = 100pA 180 250 HA
310 HA
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Parameter Condition Min Typ Max Units
Current Limit Vout = 0V 160 200 mA
220 mA
Thermal Regulation Note 13 0.05 0.20 %/W
Output Noise 10Hz to 100kHz, C| = 1uF 430 MVRuvs
10Hz to 100kHz, C, = 200pF 160 HVruvs
10Hz to 100kHz, C| = 3.3pF, 100 HVruvs
0.01pF bypass Feedback to Output
Reference Voltage LP2951-01 (+0.5%) 1.220 | 1.235 | 1.250 \%
1.200 1.260 \Y,
LP295x-02 (+0.5%) 1.220 | 1.235 | 1.250 \Y,
1.200 1.260 \Y,
LP295x-03 (+1%) 1.210 | 1.235 | 1.260 \Y,
1.200 1.270 \Y,
LP2951-4.8 (+1%) 1.210 | 1.235 | 1.260 \Y,
1.200 1.270 \Y,
Reference Voltage LP2951-01 (x0.5%), Note 7 1.190 1.270 \%
LP295x-02 (+0.5%), Note 7 1.190 1.270 \Y,
LP295x-03 (+1%), Note 7 1.185 1.285 \Y,
LP2951-4.8 (+1%), Note 7 1.185 1.285 Y,
Feedback Bias Current 20 40 nA
60 nA
Reference Voltage LP2951-01 (x0.5%), Note 12 20 ppm/°C
LP295x-02 (+0.5%), Note 12 20 ppm/°C
LP295x-03 (+1%), Note 12 50 ppm/°C
LP2951-4.8 (+1%), Note 12 50 ppm/°C
Feedback Bias Current 0.1 nA/°C
Temperature Coefficient
Output Leakage Current Vop = 30V 0.01 1.00 HA
2.00 HA
Output Low Voltage (Flag) Vin=4.5V, Ig =200pA 150 250 mV
400 mV
Upper Threshold Voltage Note 6 40 60 mV
25 mV
Lower Threshold Voltage Note 6 75 95 mV
140 mV
Hysteresis Note 6 15 mV
Input Logic Voltage LP2951-01 (+0.5%) 1.3 \%
Low 0.6 \%
High 2.0 \%
LP295x-02 (+0.5%) 1.3 \Y,
Low 0.7 \%
High 2.0 \%
LP295x-03 (+1%) 1.3 \Y,
Low 0.7 \%
High 2.0 \%
LP2951-4.8 (+1%) 1.3 \Y,
Low 0.7 \%
High 2.0 \%
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Parameter Condition Min Typ Max Units
Shutdown Input Current Vsyutbown = 24V 30 50 HA
100 MA
Vsputpown = 30V 450 600 HA
750 MA
Regulator Output Current Note 11 3 10 HA
in Shutdown 20 HA

Note 1: Boldface limits apply at temperature extremes.

Note 2:  Unless otherwise specified all limits guaranteed for T; = 25°C, V,, = 6V, I = 100pA and C, = 1uF. Additional conditions for the 8-pin versions
are Feedback tied to 5V Tap and Output tied to Output Sense (Vg1 = 5V) and Vgytpown < 0-8V.

Note 3: Guaranteed and 100% production tested.
Note 4:  Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels.

Note 5:  Dropout voltage is defined as the input to output differential at which the output voltage drops 100mV below its nominal value measured at 1V
differential. At very low values of programmed output voltage, the minimum input supply voltage of 2V (2.3V over temperature) must be taken
into account.

Note 6: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference voltage
measured at 6V input. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain = Vg1 Ve =
(R1 + R2)/R2. For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by
95mV x 5V/1.235V = 384mV. Thresholds remain constant as a percent of V1 as Vo7 is varied, with the dropout warning occurring at
typically 5% below nominal, 7.5% guaranteed.

Note 70 Vggr < Vour < (Vin—1V), 2.3V <V <30V, 100pA < || <100mA, T; < Tyyax-

Note 8: The junction-to-ambient thermal resistance of the TO-92 package is 180°C/W with 0.4” leads and 160°C/W with 0.25” leads to a PC board.
The thermal resistance of the 8-pin DIP package is 105°C/W junction-to-ambient when soldered directly to a PC board. Junction-to-ambient
thermal resistance for the SOIC (M) package is 160°C/W.

Note 9: May exceed input supply voltage.

Note 10: When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-
clamped to ground.

Note 11: Vgyutpown = 2V, Vin £30V, Vot =0, with Feedback pin tied to 5V Tap.
Note 12: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.

Note 13: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line
regulation effects. Specifications are for a 50mA load pulse at V= 30V (1.25W pulse) for t = 10ms.

Note 14: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating
effects are covered in the specification for thermal regulation.

Note 15: Line regulation for the LP2951 is tested at 150°C for I = 1mA. For I, = 100pA and T; = 125°C, line regulation is guaranteed by design to
0.2%. See Typical Performance Characteristics for line regulation versus temperature and load current.
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Typical Performance Characteristics
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Typical Performance Characteristics
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Applications Information

External Capacitors

A 1.0uF (orgreater) capacitoris required between the LP2950/
LP2951 output and ground to prevent oscillations due to
instability. Most types of tantalum or aluminum electrolytics
will be adequate; film types will work, but are costly and
therefore not recommended. Many aluminum electrolytics
have electrolytes thatfreeze atabout—30°C, so solid tantalum
capacitors are recommended for operation below—-25°C. The
important parameters of the capacitor are an effective series
resistance of about 5Q or less and a resonant frequency
above 500kHz. The value of this capacitor may be increased
without limit.

At lower values of output current, less output capacitance is
required for output stability. The capacitor can be reduced to
0.33pF for current below 10mA or 0.1uF for currents below
1mA. Using the 8-Pin versions at voltages below 5V runs the
error amplifier at lower gains so that more output capacitance
is needed. For the worst-case situation of a 100mA load at
1.23V output (Output shorted to Feedback) a 3.3uF
(or greater) capacitor should be used.

The LP2950 will remain stable and in regulation with no load
in addition to the internal voltage divider, unlike many other
voltage regulators. This is especially important in CMOS
RAM keep-alive applications. When setting the output voltage
of the LP2951 version with external resistors, a minimum load
of 1pA is recommended.

A 0.1uF capacitor should be placed from the LP2950/LP2951
inputto ground if there is more than 10 inches of wire between
the input and the AC filter capacitor or if a battery is used as
the input.

Stray capacitance to the LP2951 Feedback terminal (pin 7)
can cause instability. This may especially be a problem when
using high value external resistors to set the output voltage.
Adding a 100pF capacitor between Output and Feedback and
increasing the output capacitor to at least 3.3uF will remedy
this.

Error Detection Comparator Output

Alogic low output will be produced by the comparator whenever
the LP2951 output falls out of regulation by more than
approximately 5%. This figure is the comparator’s built-in
offset of about 60mV divided by the 1.235V reference voltage.
(Referto the block diagram on Page 1). This trip level remains
“5% below normal” regardless of the programmed output
voltage of the LP2951. For example, the error flag trip level
is typically 4.75V for a 5V output or 11.4V for a 12V output.
The out of regulation condition may be due either to low input
voltage, current limiting, or thermal limiting.

Figure 1 is a timing diagram depicting the ERROR signal and
the regulated output voltage asthe LP2951 inputis ramped up
and down. The ERROR signal becomes valid (low) at about
1.3Vinput. Itgoes high at about 5V input (the input voltage at

Micrel
which V ;; = 4.75V). Since the LP2951’s dropout voltage is
load-dependent (see curve in Typical Performance
Characteristics), the input voltage trip point (about 5V) will
vary with the load current. The output voltage trip point

(approximately 4.75V) does not vary with load.

The error comparator has an open-collector output which
requires an external pull-up resistor. Depending on system
requirements, this resistor may be returned to the 5V output
or some other supply voltage. In determining a value for this
resistor, note that while the output is rated to sink 400pA, this
sink current adds to battery drain in a low battery condition.
Suggested valuesrange from 100k to 1IMQ. Theresistoris not
required if this output is unused.

Programming the Output Voltage (LP2951)

The LP2951 may be pin-strapped for 5V using its internal
voltage divider by tying Pin 1 (output) to Pin 2 (SENSE) and
Pin 7 (FEEDBACK) to Pin 6 (5V TAP). Alternatively, it may be
programmed for any output voltage between its 1.235V
reference and its 30V maximum rating. An external pair of
resistors is required, as shown in Figure 2.

The complete equation for the output voltage is

Vour = Veee X{1+R/Re} + 1R,

F

where V. is the nominal 1.235 reference voltage and I is
the feedback pin bias current, nominally 20 nA. The minimum
recommended load current of 1 pA forces an upper limit of 1.2
MQ on the value of R,, if the regulator must work with no load
(a condition often found in CMOS in standby), I, will produce
a 2% typical error in Vg ,; which may be eliminated at room
temperature by trimming R,. For better accuracy, choosing
R, =100kQ reduces this error to 0.17% while increasing the
resistor program current to 12pA. Since the LP2951 typically
draws 60 PA at no load with Pin 2 open-circuited, thisis a small
price to pay.

Reducing Output Noise

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output
capacitor. This is the only method by which noise can be
reduced on the 3 lead LP2950 and is relatively inefficient, as
increasing the capacitor from 1uF to 220uF only decreases
the noise from 430uV to 160uV rms for a 100kHz bandwidth
at 5V output.

Noise can be reduced fourfold by a bypass capacitor across
R,, since it reduces the high frequency gain from 4 to unity.
Pick

1

CeypAss  ———
2TIR1 » 200 Hz

orabout 0.01 uF. When doing this, the output capacitor must
be increased to 3.3 yF to maintain stability. These changes
reduce the output noise from 430uV to 100uV rms for a
100kHz bandwidth at 5V output. With the bypass capacitor
added, noise no longer scales with output voltage so that
improvements are more dramatic at higher output voltages.
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*SEE APPLICATIONS
+V INFORMATION
IN VouT =V
4.75V \ OUT = VREF
R1
OUTPUT Y (1+ 1
VOLTAGE 100kQ 8 1+g, )
VIN VouTt
* * ERROR 5| ERROR vouTl: 1.2 30V
ERROR NOT NOT OUTPUT
VALID VALID LP2951
SHUTDOWN 3 1 L
NPUT — —SD = = 3.3uF
/_\ OFF R1[100
INPUT 5V I GND FB ' |PF
VOLTAGE / \ oN Ta
13V + 1.23V 1
_/ ¥ NOTE: PINS 2 AND 6 ARE LEFT OPEN * =
* SEE APPLICATIONS INFORMATION VREF ERZ
Figure 1. ERROR Output Timing J_- =
Figure 2. Adjustable Regulator
Typical Applications
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+VIN C-MOS
*SLEEP ?ATE
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ERROR __ " 1 "ouT=V 47kQ 8 N Aroka
SlERROR  VouT |~ OUT=VIN v
OUTPUT IN ny:
LP2951 ERROR 5| ===  Vourlt .o ouT
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————— 150 LP2951
NPUT SHUTDOWN 3 2N3906% 1%+
GND FB INPUT Sb ::100pF 100kQ — 3.3uF
OFF
4 7 GND FB
g i ON I 4l 7’
= 1% =

*MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
DEPENDING ON LOAD CURRENT. CURRENT LIMIT IS TYPICALLY 160mA.

Wide Input Voltage Range Current Limiter

*HIGH INPUT LOWERS V. TO 2.5V

A%lOOkQ

5 V Regulator with 2.5 V Sleep Function
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+
+V=2- 30V VIN
r——=-—== A
oyl ! 1.23
Lt} LOAD I = = Y
| I IN *! =
i VOUT 5V
5 Vourt
VIN LP2950Z
VouT £ *l 1uF
- 1M
LP2951
SHUTDOWN 3| = 0.1pF GND
INPUT
GND FB i A4
4 7 - o
5 Volt Current Limiter
R 1 * MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
1%% 1HFT DEPENDING ON LOAD CURRENT.

Low Drift Current Source

+VIN Dy
8 2
+V|N SENSE 2 MEMORY
1
VouTt
LP2951 l i
#1
5 L 36V
ERROR [ I =
| T NICAD
GND - -
4
= 27kQ
?2 MO Dy D 3¥ EARLY WARNING
g > -
/é RESET
8 |2
330kQ P
+V|N SENSE MAIN H
OUTPUT
vout VDo
LP2951
3 #2
L~ sp ERROR
GND

i

Regulator with Early Warning and Auxiliary Output

* EARLY WARNING FLAG ON LOW INPUT VOLTAGE
* MAIN OUTPUT LATCHES OFF AT LOWER INPUT VOLTAGES
* BATTERY BACKUP ON AUXILIARY OUTPUT

OPERATION: REG. #1'S V. IS PROGRAMMED ONE DIODE DROP ABOVE 5 V.
ITS ERROR FLAG BECOMES ACTIVE WHEN V, <5.7 V. WHEN V DROPS
BELOW 5.3 V, THE ERROR FLAG OF REG. #2 BECOMES ACTIVE AND VIA Q1
LATCHES THE MAIN OUTPUT OFF. WHEN V, AGAIN EXCEEDS 5.7 V REG. #1
IS BACK IN REGULATION AND THE EARLY WARNING SIGNAL RISES,
UNLATCHING REG. #2 VIA D3.
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+VIN +5V
. 4— 20mA 4. 7mA
8
470kQ in V8 L Ol;TPUT*
S V IN
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LP2951 Ry A IN ¥ N
4001
3 e I/ + LP2951
Lo 1 o2 sD 1uF 01uF = 7 L 4
RESET oND R, Ap FB 2
f GND * HIGH FOR
[ 360 IL<35mA
- g 4 1N457
Latch Off When Error Flag Occurs -—

MIN. VOLTAGE = 4V

Open Circuit Detector for 4mA to 20mA Current Loop

8 2
39kQ +V|Ny  SENSE
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¢ o1 o>l ERROR Vout ng
RESET 1pF
LP2951 I
p} 3 SD FB |-
soxql GND__ TAP
4 6
+
L ogv 106$ 120 3 N 100k
— LEAD- C1 3
L ACID y <5 g\
BATTERY L '
1% kQ *— — 100kQ |
<6.0V**
100kQ
<6.2V*

Regulator with State-of-Charge Indicator

*OPTIONAL LATCH OFF WHEN DROP OUT OCCURS. ADJUST R3 FOR C2
SWITCHING WHEN V| IS 6.0V

**OUTPUTS GO LOW WHEN V| DROPS BELOW DESIGNATED THRESHOLDS.
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Jg 6V
= SEALED
1 LEAD- 8
= ACID +V
BATTERY| FB IN .
SOURCE VouT > MAIN V+
LP2951
= 400kQ 2
FOR 5.5 SENSE F——i¢— MEMORY V+
| | GND rt 200
i ) 4 T +
* i = — NI-CAD
Sets disconnect voltage =
- . L = BACKUP
** Sets disconnect hysteresis = BATTERY

Low Battery Disconnect
For values shown, Regulator shuts down when V, < 5.5 V and turns on again at 6.0 V. Current drain in disconnected mode is 150pA.

+VIN
8
10kQ
+VIN
_ 5° PRE-SHUTDOWN FLAG
AUX. SHUTDOWN | 3| ¢ ===o5 15 ~
INPUT
LP2951
1
VouT ? l
EXTERNAL CIRCUIT
GND __ FB PROTECTED FROM _ | oo P o
+ 4 7 OVER TEMPERATURE |©OR
= V+ GOES OFF WHEN
TEMP. [ LM34 OR ( A
SENSOR | LM35 TEMP.> 125°) RELAY
l— 8.2kQ T

LM34 for 125°F Shutdown ~ ~ =
LM35 for 125°C Shutdown

System Over Temperature Protection Circuit
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FEEDBACK
R18
Q15A 20kQ
W Q158
Q24
) 4 (' Jos
@ 7 ouT

Q20

R12

110

kQ

R21 8Q
50kQ Q30 Qa1
R23 60 kQ
R22 R24
150 kQ 50kQ
[10kQ |
— — — DENOTES CONNECTION ON LP2950 ONLY
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MIC2950/2951

150mA Low-Dropout Voltage Regulator

General Description

The MIC2950 and MIC2951 are “bulletproof” micropower
voltage regulators with very low dropout voltage (typically
40mV at light loads and 250mV at 100mA), and very low
quiescent current. Like their predecessors, the LP2950 and
LP2951, the quiescent current of the MIC2950/MIC2951
increases only slightly in dropout, thus prolonging battery life.
The MIC2950/MIC2951 are pin for pin compatible with the
LP2950/LP2951, but offer lower dropout, lower quiescent
current, reverse battery, and automotive load dump protection.

The key additional features and protection offered include
higher output current (150mA), positive transient protection
for up to 60V (load dump), and the ability to survive an
unregulated input voltage transient of —20V below ground
(reverse battery).

The plastic DIP and SOIC versions offer additional system
functions such as programmable output voltage and logic
controlled shutdown. The 3-pin TO-92 MIC2950 is pin-
compatible with the older 5V regulators.

These system functions also include an error flag output that
warns of a low output voltage, which is often due to failing
batteries on the input. This may also be used as a power-on
reset. A logic-compatible shutdown input is also available
which enables the regulator to be switched on and off. This
part may also be pin-strapped fora 5V output, or programmed
from 1.24 V to 29 V with the use of two external resistors.

Features

e Highaccuracy 3.3,4.85, or5V, guaranteed 150mA output

e Extremely low quiescent current

e Low-dropout voltage

e Extremely tight load and line regulation

e Very low temperature coefficient

e Use as regulator or reference

e Needs only 1.5uF for stability

e Current and thermal limiting

e Unregulated DCinput can withstand —20V reverse battery
and +60V positive transients

e Error flag warns of output dropout (MIC2951)

e Logic-controlled electronic shutdown (MIC2951)

e Output programmable from 1.24V to 29V (MIC2951)

Applications

e Automotive Electronics

e Battery Powered Equipment

e Cellular Telephones

e SMPS Post-Regulator

e Voltage Reference

e Avionics

e High Efficiency Linear Power Supplies

Block Diagram

Lt
— Unregulated
I DC Supply _J:FB
= Lout . 0 5V/150mA
/ Output
L ——
SNS
182k TAP 330K
TTL/CMOS 60mV 60k
Control Logic - Error Detection
Input Comparator ERR TTL/CMOS
1 Compatible
- + Error Output
1.23v ——15uF
REF. GND
MIC2951-0x
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MIC2950/2951

Micrel

The MIC2950 is available as either an -05 or -06 version. The
-05and-06 versions are guaranteed for junction temperatures
from—40°Cto+125°C;the -05 version has atighter outputand
reference voltage specification range over temperature. The
MIC2951 is available as an -01, -02 , or -03 version. The -01
version is guaranteed for junction temperatures from-55°Cto
+150°C, and has slightly different specifications limits over the
full operating temperature range.

Ordering Information

The MIC2950 and MIC2951 have a tight initial tolerance
(0.5%typical), avery low output voltage temperature coefficient
which allows use as a low-power voltage reference, and
extremely good load and line regulation (0.04% typical). This
greatly reduces the error in the overall circuit, and is the result
of careful design techniques and process control.

Part Number Voltage Accuracy Temperature Range* Package
MIC2950-05BZ 5.0V 0.5% —40°C to +125°C TO-92
MIC2950-06BZ 5.0V 1.0% —40°C to +125°C TO-92
MIC2951-02BM 5.0V 0.5% —40°C to +125°C 8-pin SOIC
MIC2951-03BM 5.0V 1.0% —40°C to +125°C 8-pin SOIC
MIC2951-02BN 5.0V 0.5% —40°C to +125°C 8-pin plastic DIP
MIC2951-03BN 5.0V 1.0% —40°C to +125°C 8-pin plastic DIP
MIC2951-03BMM 5.0V 1.0% —40°C to +125°C 8-lead MM8™
MIC2951-3.3BM 3.3V 1.0% —40°C to +125°C 8-pin SOIC
MIC2951-4.8BM 4.85V 1.0% —40°C to +125°C 8-pin SOIC
* junction temperature
Pin Configuration
MIC2951-xx
ouT [1] i ™7 8] IN
1
MIC2950-xx SNS IZ i zl FB
1
SHDN [3] ! 6] TAP
! —
GND [4] i 5] ERR
GND
TO-92 (2) DIP (N), SOIC (M), MM8™ (MM)
(Bottom View) (Top View)
Pin Description
Pin # Pin # Pin Name Pin Function
MIC2950 MIC2951
3 1 ouT Regulated Output
2 SNS Sense (Input): Output-voltage sensing end of internal voltage divider for
fixed 5V operation. Not used in adjustable configuration.
3 SHDN Shutdown/Enable (Input): TTL compatible input. High = shutdown,
low or open = enable.
2 4 GND Ground
5 ERR Error Flag (Output): Active low, open-collector output (low = error,
floating = normal).
6 TAP 3.3V/4.85/5V Tap: Output of internal voltage divider when the regulator is
configured for fixed operation. Not used in adjustable configuration.
7 FB Feedback (Input): 1.235V feedback from internal voltage divider's TAP (for
fixed operation) or external resistor network (adjustable configuration).
1 8 IN Unregulated Supply Input
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Absolute Maximum Ratings Operating Ratings
Input Suppy Voltage (V,\) Note 2 ................. —20V to +60V Input Supply Voltage (V|y) «eoveeeeneiininnns +2.0V to +30V
Feedback Input Voltage (Vg) Note 3, 4 ...... -1.5Vto +26V  Junction Temperature (Tj) .....ccccocoviniiiiiniininnnnnn, Note 1
Shutdown Input Voltage (Vgpy) Note 3 ... -0.3V to +30V MIC2951-01 ....ooovivviieeeieee e -55°C to +150°C
Power Dissipation (Pp) Note 1 ................ Internally Limited MIC2950-05/MIC2950-06...................... —40°C to +125°C
Storage Temperature ............cccceoeveveeeeees —65°C to + 150°C MIC2951-02/MIC2950-03..........c.evvveeeee. —40°C to +125°C
Lead Temperature (soldering, 5 S€C.) ....ccocvvvvvvvvnnnn. 260°C
Electrical CharacteristicsS  Note 5,6 T, = 25°C except as noted.
Parameter Condition Min Typ Max nits
Output Voltage MIC2951-01 (+0.5%) 4.975 | 5.000 | 5.025 v
T,=25°C MIC295x-02/-05 (£0.5%) 4.975 | 5.000 | 5.025 \%
MIC295x-03/-06 (+1%) 4.950 | 5.000 | 5.050 \%
MIC2951-3.3 (£1%) 3.267 | 3.300 | 3.333 \%
MIC2951-4.8 (+1%) 4.802 | 4.850 | 4.899 \%
Output Voltage MIC295x-02/-05 (+0.5%) 4.950 5.050 \Y
—25°C<T;<+85°C MIC295x-03/-06 (+1%) 4,925 5.075 \%
MIC2951-3.3 (+1%) 3.251 3.350 v
MIC2951-4.8 (+1%) 4777 4.872 \%
Output Voltage MIC2951-01 (+0.5%), —55°C to +160°C 4.940 5.060 \%
Over Full Temperature Range MIC295x-02/-05 (£0.5%), —40°C to +125°C 4,940 5.060 \%
MIC295x-03/-06 (+1%), —40°C to +125°C 4.900 5.100 \%
MIC2951-3.3 (+1%), —40°C to +125°C 3.234 3.366 \%
MIC2951-4.8 (£1%), —40°C to +125°C 4.753 4.947 \%
Output Voltage MIC2951-01 (+0.5%), 100pA < I < 150MA, T;< Ty 4.925 5.075 \Y;
Over Load Variation MIC295x-02/-05 (+0.5%), 100pA < I < 150MA, Ty < T a0 4.930 5070 | V
MIC295x-03/-06 (+1%), 100pA < I < 150MA, Ty < T a0 4.880 5120 | V
MIC2951-3.3 (+1%), 100pA < I < 150MA, T < Tya 3.221 3379 | VvV
MIC2951-4.8 (+1%), 100pA < I < 150MA, Ty < Tyia 4.733 4.967 | Vv
Output Voltage MIC2951-01 (+0.5%), Note 7 20 120 |ppm/°C
Temperature Coefficient MIC295x-02/-05 (+0.5%), Note 7 20 100 |ppm/°C
MIC295x-03/-06 (£1%), Note 7 50 150 |ppm/°C
MIC2951-3.3 (+1%), Note 7 50 150 |ppm/°C
MIC2951-4.8 (+1%), Note 7 50 150 |ppm/°C
Line Regulation MIC2951-01 (+0.5%), Note 8, 9 0.03 0.10 %
0.50 %
MIC295x-02/-05 (+0.5%), Note 8, 9 0.03 0.10 %
0.20 %
MIC295x-03/-06 (+1%), Note 8, 9 0.04 0.20 %
0.40 %
MIC2951-3.3 (+1%), Note 8, 9 0.04 0.20 %
0.40 %
MIC2951-4.8 (+1%), Note 8, 9 0.04 0.20 %
0.40 %
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Parameter Condition Min Typ Max Units
Load Regulation MIC2951-01 (+0.5%), 100pA < |, < 150mA, Note 8 0.04 0.10 %
0.30 %
MIC295x-02/-05 (+0.5%), 100pA < I, < 150mA, Note 8 0.04 0.10 %
0.20 %
MIC295x-03/-06 (+1%), 100pA < I, < 150mA, Note 8 0.10 0.20 %
0.30 %
MIC2951-3.3 (+1%), 100pA < I, <150mA, Note 8 0.10 0.20 %
0.30 %
MIC2951-4.8 (+1%), 100pA < I, <150mA, Note 8 0.10 0.20 %
0.30 %
Dropout Voltage MIC2951-01/-02/-03/-05/-06, I, = 100pA, Note 10 40 80 mV
140 mV
MIC2951-01/-02/-03/-05/-06, I, = 100mA, Note 10 250 300 mV
MIC2951-01/-02/-03/-05/-06, I, = 150mA, Note 10 300 450 mV
600 mV
MIC2951-3.3 (+1%), I, = 100uA, Note 10 40 80 mvV
150 mV
MIC2951-3.3 (+1%), I, = 100mA, Note 10 250 350 mvV
MIC2951-3.3 (£1%), I, = 150mA, Note 10 320 450 mV
600 mV
MIC2951-4.8 (£1%), |, = 100pA, Note 10 40 80 mV
140 mV
MIC2951-4.8 (£1%), I, = 100mA, Note 10 250 300 mV
MIC2951-4.8 (+1%), I, = 150mA, Note 10 300 450 mvV
600 mV
Ground Current MIC2951-01/-02/-03/-05/-06, I, = 100uA 120 180 HA
300 HA
MIC2951-01/-02/-03/-05/-06, I, = 100mA 1.7 25 mA
3.5 mA
MIC2951-01/-02/-03/-05/-06, I, = 150mA 4 6 mA
8 mA
MIC2951-3.3 (£1%), |, = 100pA 100 180 HA
300 HA
MIC2951-3.3 (£1%), I, = 100mA 1.7 25 mA
MIC2951-3.3 (+1%), I, = 150mA 4 6 mA
10 mA
MIC2951-4.8 (+1%), I, = 100pA 120 180 HA
300 HA
MIC2951-4.8 (+1%), I, = 100mA 1.7 25 mA
3.5 mA
MIC2951-4.8 (£1%), I, = 150mA 4 6 mA
8 mA
Dropout Ground Current MIC2951-01 (+0.5%), V| = 4.5V, I = 100pA 280 HA
400 HA
MIC295x-02/-03/-05/-06 (+0.5%), V| = 4.5V, I = 100pA 280 350 HA
400 HA
MIC2951-3.3 (£1%), V| = 3.0V, I, = 100pA 150 350 HA
400 HA
MIC295x-4.8 (+1%), V| = 4.3V, || = 100pA 280 350 HA
400 HA
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MIC2950/2951 Micrel
Parameter Condition Min Typ Max Units
Current Limit Vout = 0V 240 300 mA
350 mA
Thermal Regulation Note 11 0.05 0.20 %/W
Output Noise 10Hz to 100kHz, C| = 1.5uF 430 MVRuvs
10Hz to 100kHz, C, = 200pF 160 HVRvs
10Hz to 100kHz, C| = 3.3pF, 100 HVrvs
0.01pF bypass Feedback to Output
Reference Voltage MIC2951-01 (+0.5%) 1.220 | 1.235 | 1.250 \%
1.200 1.260 \Y,
MIC295x-02/-05 (+0.5%) 1.220 | 1.235 | 1.250 \Y,
1.200 1.260 \Y,
MIC295x-03/-06 (+1%) 1.210 | 1.235 | 1.260 \Y,
1.200 1.270 \Y,
MIC2951-3.3 (+1%) 1.210 | 1.235 | 1.260 \Y,
1.200 1.270 \Y,
MIC2951-4.8 (+1%) 1.210 | 1.235 | 1.260 \Y,
1.200 1.270 \Y,
Reference Voltage MIC2951-01 (+0.5%), Note 12 1.190 1.270 \%
MIC295x-02/-05 (+0.5%), Note 12 1.190 1.270 \Y,
MIC295x-03/-06 (+1%), Note 12 1.185 1.285 \Y,
MIC2951-3.3 (+1%), Note 12 1.185 1.285 \Y,
MIC2951-4.8 (+1%), Note 12 1.185 1.285 \Y,
Feedback Bias Current 20 40 nA
60 nA
Reference Voltage MIC2951-01 (+0.5%), Note 7 20 ppm/°C
Temperature Coefficient MIC295x-02/-05 (£0.5%), Note 7 20 ppm/°C
MIC295x-03/-06 (+1%), Note 7 50 ppm/°C
MIC2951-3.3 (+1%), Note 7 50 ppm/°C
MIC2951-4.8 (+1%), Note 7 50 ppm/°C
Feedback Bias Current 0.1 nA/°C
Temperature Coefficient
Error Comparator (Flag) Voy = 30V 0.01 1.00 HA
Output Leakage Current 2.00 HA
Error Comparator (Flag) Vin =45V, Ig =200pA 150 250 mV
Output Low Voltage 400 mV
Error Comparator Note 13 40 60 mV
Upper Threshold Voltage 25 mV
Error Comparator Note 13 75 95 mV
Lower Threshold Voltage 140 mV
Error Comparator Hysteresis Note 13 15 mV
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MIC2950/2951 Micrel
Parameter Condition Min Typ Max Units
Shutdown Input Logic Voltage MIC2951-01 (+0.5%) 1.3 \%
Low 0.6 \%
High 2.0 \%
MIC295x-02/-05 (+0.5%) 1.3 \Y,
Low 0.7 \%
High 2.0 \%
MIC295x-03/-06 (£1%) 1.3 \Y,
Low 0.7 \%
High 2.0 \%
MIC2951-3.3 (£1%) 1.3 \Y,
Low 0.7 \%
High 2.0 \%
MIC2951-4.8 (£1%) 1.3 \Y,
Low 0.7 \%
High 2.0 \%
Shutdown Input Current Vshutpown = 2:4V 30 50 HA
100 MA
Vsputpown = 30V 450 600 HA
750 MA
Regulator Output Current Note 4 3 10 HA
in Shutdown 20 MA

General Note: Devices are ESD protected; however, handling precautions are recommended.

Note 1:  The junction-to-ambient thermal resistance of the TO-92 package is 180°C/W with 0.4” leads and 160°C/W with 0.25” leads to a PC board.
The thermal resistance of the 8-pin DIP package is 105°C/W junction-to-ambient when soldered directly to a PC board. Junction-to-ambient

thermal resistance for the SOIC (M) package is 160°C/W. Junction-to-ambient thermal resistance for the MM8™ (MM) is 250°C/W.

Note 2:  The maximum positive supply voltage of 60V must be of limited duration (€100ms) and duty cycle (€1%). The maximum continuous supply

voltage is 30V.

Note 3:  When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-

clamped to ground.

Note 4. Vgyutpown 2 2V, Vi £30V, Vot =0, with Feedback pin tied to 5V Tap.

Note 5:  Boldface limits apply at temperature extremes.

Note 6: Unless otherwise specified all limits guaranteed for T; = 25°C, V, = 6V, I, = 100pA and C_ = 1pF. Additional conditions for the 8-pin versions

are Feedback tied to 5V Tap and Output tied to Output Sense (Vg1 = 5V) and Vgyytpown < 0-8V.

Note 7:  Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.

Note 8: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating

effects are covered in the specification for thermal regulation.

Note 9:  Line regulation for the MIC2951 is tested at 150°C for I, = 1mA. For | = 100pA and T, = 125°C, line regulation is guaranteed by design to

0.2%. See Typical Performance Characteristics for line regulation versus temperature and load current.

Note 10: Dropout voltage is defined as the input to output differential at which the output voltage drops 100mV below its nominal value measured at 1V
differential. At very low values of programmed output voltage, the minimum input supply voltage of 2V (2.3V over temperature) must be taken

into account.

Note 11: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line

regulation effects. Specifications are for a 50mA load pulse at V,, = 30V (1.25W pulse) for t = 10ms.
Note 12: Vper < Voyur < (Viyn—1V), 2.3V <V <30V, 100pA < || <150mA, T; < Tyyax-
Note 13: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference voltage

measured at 6V input. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain = Vg1 Ve =
(R1 + R2)/R2. For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by
95mV x 5V/1.235V = 384mV. Thresholds remain constant as a percent of V1 as Vo1 is varied, with the dropout warning occurring at
typically 5% below nominal, 7.5% guaranteed.
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Typical Characteristics
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Applications Information

Automotive Applications

The MIC2950/2951 are ideally suited for automotive
applications for a variety of reasons. They will operate over a
wide range of input voltages, have very low dropout voltages
(40mV at light loads), and very low quiescent currents. These
features are necessary for use in battery powered systems,
such as automobiles. They are also “bulletproof” devices; with
the ability to survive both reverse battery (negative transients
up to 20V below ground), and load dump (positive transients
up to 60V) conditions. A wide operating temperature range
with low temperature coefficients is yet another reason to use
these versatile regulators in automotive designs.

External Capacitors

A 1.5 pF (or greater) capacitor is required between the
MIC2950/MIC2951 output and ground to prevent oscillations
due to instability. Most types of tantalum or aluminum
electrolytics will be adequate; film types will work, but are
costly and therefore not recommended. Many aluminum
electrolytics have electrolytes that freeze at about —30°C, so
solid tantalums are recommended for operation below —25°C.
The important parameters of the capacitor are an effective
series resistance of about 5Q or less and aresonantfrequency
above 500kHz. The value of this capacitor may be increased
without limit.

At lower values of output current, less output capacitance is
required for output stability. The capacitor can be reduced to
0.5pF for current below 10mA or 0.15uF for currents below 1
mA. Using the 8-pin versions at voltages below 5V runs the
error amplifier at lower gains so that more output capacitance
is needed. For the worst-case situation of a 150mA load at
1.23V output (Output shorted to Feedback) a 5uF (or greater)
capacitor should be used.

The MIC2950 will remain stable and in regulation with no load
in addition to the internal voltage divider, unlike many other
voltage regulators. Thisis especially importantin CMOS RAM
keep-alive applications. When setting the output voltage of
the MIC2951 version with external resistors, a minimum load
of 1pA is recommended.

A 0.1puF capacitor should be placed from the MIC2950/
MIC2951 inputto ground if there is more than 10 inches of wire
between the input and the AC filter capacitor or if a battery is
used as the input.

Stray capacitance to the MIC2951 Feedback terminal (pin 7)
can cause instability. This may especially be a problem when
using high value external resistors to set the output voltage.
Adding a 100pF capacitor between Output and Feedback and
increasing the output capacitor to at least 3.3uF will remedy
this.

Error Detection Comparator Output

Alogic low output will be produced by the comparator whenever
the MIC2951 output falls out of regulation by more than
approximately 5%. This figure is the comparator’s built-in

offset of about 60mV divided by the 1.235V reference voltage.
(Refer to the block diagram on Page 1). This trip level remains
“5% below normal” regardless of the programmed output
voltage of the MIC2951. For example, the error flag trip level
istypically 4.75V fora 5V outputor 11.4V fora 12V output. The
out of regulation condition may be due either to low input
voltage, current limiting, thermal limiting, or overvoltage on
input (over (040V).

Figure 1 is a timing diagram depicting the ERROR signal and
the regulated output voltage as the MIC2951 input is ramped
up and down. The ERROR signal becomes valid (low) at
about 1.3V input. It goes high at about 5V input (the input
voltage at which V. = 4.75—for 5.0V applications). Since
the MIC2951's dropout voltage is load-dependent (see curve
in Typical Performance Characteristics), the input voltage trip
point (about 5V) will vary with the load current. The output
voltage trip point does not vary with load.

The error comparator has an open-collector output which
requires an external pull-up resistor. Depending on system
requirements, this resistor may be returned to the output or
some other supply voltage. In determining a value for this
resistor, note that while the output is rated to sink 200pA, this
sink current adds to battery drain in a low battery condition.
Suggested values range from 100k to 1IMQ. The resistor is not
required if this output is unused.

Programming the Output Voltage (MIC2951)

The MIC2951 may be pin-strapped for 5V (or 3.3V or 4.85V)
using its internal voltage divider by tying Pin 1 (output) to Pin
2 (sense) and Pin 7 (feedback) to Pin 6 (5V Tap). Alternatively,
it may be programmed for any output voltage between its
1.235V reference and its 30V maximum rating. An external
pair of resistors is required, as shown in Figure 2.

The complete equation for the output voltage is
Vour=Veer X{1+R/Re} + 15 R,

where V. is the nominal 1.235 reference voltage and I is
the feedback pin bias current, nominally —20nA. The minimum
recommended load current of 1 YA forces an upper limit of
1.2MQ on the value of R,, if the regulator must work with no
load (a condition often found in CMOS in standby), I, will
produce a 2% typical error in V. which may be eliminated
at room temperature by trimming R,. For better accuracy,
choosing R, = 100k reduces this error to 0.17% while

increasing the resistor program current to 12 pA.
Reducing Output Noise

In some applications it may be advantageous to reduce the
AC noise present at the output. One method is to reduce the
regulator bandwidth by increasing the size of the output
capacitor. This is the only method by which noise can be
reduced on the 3 lead MIC2950 and is relatively inefficient, as
increasing the capacitor from 1uF to 220uF only decreases
the noise from 430V to 160uV rms for a 100kHz bandwidth
at 5V output.
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Noise can be reduced fourfold by a bypass capacitor across
R,, since it reduces the high frequency gain from 4 to unity.

orabout 0.01 uF. When doing this, the output capacitor must
be increased to 3.3 uF to maintain stability. These changes
reduce the output noise from 430 uV to 100 pV rms for a 100

Pick:
kHz bandwidth at 5V output. With the bypass capacitor
Caypass [ 1 added, noise no longer scales with output voltage so that
2 TIR1 » 200 Hz improvements are more dramatic at higher output voltages.
4.75V VN
OUTPUT | VouT = VREF
VOLTAGE R1
100kQ 8 x@+ g5 )
VN VouTt
—_— 5|ERROR 1 1.27 30V
ERROR NOT * NOT ERROR ERROR VouT
VALID VALID OUTPUT
MIC2951
SHUTDOWN 3
o —SD — - 3.3uF
INPUT 4_\ INPUT e |: rRpfioo] "
VOLTAGE / \ A GND  FB bR
1.3v ON ) =
— | — J_— 1.23V 1
* =
VREF ERZ
1 =
*SEE APPLICATIONS
* SEE APPLICATIONS INFORMATION NOTE: PINS 2 AND 6 ARE LEFT OPEN INFORMATION
Figure 1. ERROR Output Timing Figure 2. Adjustable Regulator
Typical Applications
+V N +V|N
C-MOS
*SLEEP SATE 8
INPUT
*VIN
470 kQ ERROR 5|=—=5a8 1 *VouT=VIN
47kQ RROR 5| [+ YOUT ~VIN_
8 OUTPUT ERROR VouT
VN
+V out MIC2951
OUTPUT ERROR SHUTDOWN sD
200kQ INPUT
MIC2951 . OFF
SHUTDOWN 3 | oNzo063 1%+ - I GND  FB
INPUT | T100pF 100kQ : ON 2 -
I OFl GnD FB I é L
> i

1% =
100kQ *MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
DEPENDING ON LOAD CURRENT.
*HIGH INPUT LOWERS V. TO 2.5V =

5 V Regulator with 2.5 V Sleep Function Wide Input Voltage Range Current Limiter
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+V =2 - 30V
- - 5V BUS
1.23V
Ly} LoAD |1 ="R
I +VIN
*\,
=5V
8 VOUT ouT=
VIN . MIC2950Z
Vout [ L uF
MIC2951
SHUTDOWN 3| oy - O.1pF GND
INPUT L
OFF GND FB = _T_
ON I 4 7 5 Volt Current Limiter
R R
1%§ 1MF T * MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
- - DEPENDING ON LOAD CURRENT.

Low Drift Current Source

*VIN D
8
+V|y SENSE D MEMORY
1 2 V+
Vout
MIC2951
#1 - 1uF
e |2 WF L 36v
ERROR I =3
| T NICAD
GND = =
4]
= 27kQ
§ 2.7MQ Dy D3W¥ | EARLY WARNING
\
. P !
RESET
@t 8 2 S
330kQ b
+ViN SENSE MAIN H
1) | OUTPUT |,,
Vout DO
MIC2951 —
#2
————— +
3 sp ERROR |2 — 1pf
GND
4] il

Regulator with Early Warning and Auxiliary Output

* EARLY WARNING FLAG ON LOW INPUT VOLTAGE
* MAIN OUTPUT LATCHES OFF AT LOWER INPUT VOLTAGES
* BATTERY BACKUP ON AUXILIARY OUTPUT

OPERATION: REG. #1'S V. IS PROGRAMMED ONE DIODE DROP ABOVE 5 V.

ITS ERROR FLAG BECOMOIEEZ ACTIVE WHEN V, £5.7V. WHEN V DROPS
BELOW 5.3 V, THE ERROR FLAG OF REG. #2 BECOMES ACTIVE AND VIA Q1
LATCHES THE MAIN OUTPUT OFF. WHEN V, AGAIN EXCEEDS 5.7 V REG. #1
IS BACK IN REGULATION AND THE EARLY WARNING SIGNAL RISES,

UNLATCHING REG. #2 VIA D3.
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*VIN +5V
* 4—» 20mA 4.7mA
8
470kQ VN 8 L Ol;TPUT*
5| == v 1 Vout VIN
o] ERROR ouT v 1
ouT \ £
MIC2951 R1 x
4001
7 MIC2951
3 + 1L 4
Lo 1 o2 SD FB 1pF 0.1uF 7 L
RESET R ’ FB 2
GND 2 oD *HIGH FOR
l4 360 L <3:5MA
1 L L 4 1N457
Latch Off When Error Flag Occurs - MIN. VOLTAGE = 4V

Open Circuit Detector for 4mA to 20mA Current Loop

8 2
39kQ +VIN SENSE

———— | o—— ERROR Vout

MIC2951 1
p» 3l sp FB [

GND TAP

J__4 6

C 3
+
<5.8V**
C 3
+
<6.0V**

h 100kQ

C3
<6.2V**

C1 TO C4 ARE COMPARATORS (LP339 OR EQUIVALENT)
*OPTIONAL LATCH OFF WHEN DROP OUT OCCURS. ADJUST R3 FOR C2
SWITCHING WHEN V| IS 6.0V

**OUTPUTS GO LOW WHEN V| DROPS BELOW DESIGNATED THRESHOLDS.

Regulator with State-of-Charge Indicator
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i 6V
= SEALED
LEAD-

= ACID

* Sets disconnect voltage
** Sets disconnect hysteresis

For values shown, Regulator shuts down when V| < 5.5V and turns on again at 6.0 V. Current drain in disconnected mode is 150pA.

8
+VIN
1
Vour pr MAIN v+
MIC2951
2
% SENSE |2 iq MEMORY V+
GND 1pF+—I— 200
f = L NI-CAD
L = BACKUP
- ] BATTERY

Low Battery Disconnect

+VIN
8 10kQ
+V|N
E— 5° PRE-SHUTDOWN FLAG
AUX. SHUTDOWN| 3| ¢ ERROR 124 .
INPUT
I OFF MIC2951
1
ON Vout ? l
EXTERNAL CIRCUIT
GND _ FB PROTECTED FROM | oo P Y1
+ 14 7 OVER TEMPERATURE |3
= V+ GOES OFF WHEN
TEMP. | LM34 OR ( o
SENSOR | LM35 TEMP.> 1257) RELAY
T is.zkg T T
LM34 for 125°F Shutdown - N
LM35 for 125°C Shutdown . L
System Over-Temperature Protection Circuit
Schematic Diagram
FEEDBACK
L R18
20kQ 100x
| Q158 -
o
Yo -
w )| %o
Qs Q17 ik/ﬂ\ﬁp>77 i
L ém
60 kQ
hd R21 8Q
o a o R23 60 kQ
5%5“, J 5?5‘19
[0k |
— — — DENOTES CONNECTION ON MIC2950 ONLY
[Gnp ]
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250mA Low-Dropout Voltage Regulator

FNIEREL

General Description

The MIC2954 is a "bulletproof" efficient voltage regulator with
very low dropout voltage (typically 40mV at light loads and
375mV at 250mA), and low quiescent current (120pA typical).
The quiescent current of the MIC2954 increases only slightly
in dropout, thus prolonging battery life. Key MIC2954 features
include protection against reversed battery, fold-back current
limiting, and automotive load dump protection (60V positive
transient).

The MIC2954-07/08BM is an adjustable version thatincludes
an error flag output that warns of a low output voltage, which
is often due to failing batteries on the input. This may also be
used as a power-on reset. Alogic-compatible shutdown input
is provided which enables the regulator to be switched on and
off. This part may be pin-strapped for 5V output, or programmed
from 1.24 V to 29 V with the use of two external resistors.

The MIC2954 is available in two voltage tolerances, +0.5%
. 0 .
maximum and +1% maximum. Both are guaranteed for Laptop, Notebook, and Palmtop Computers

junction temperatures from —40°C to +125°C. . L
+ PCMCIAV_. and V,, Regulation/Switching
The MIC2954 has a very low output voltage temperature « Bar Code Scanners

coefficientand extremely good load and lineregulation (0.04% «  Automotive Electronics

typical). +  SMPS Post-Regulator/ DC to DC Modules
e Voltage Reference
e High Efficiency Linear Power Supplies

Features

e High accuracy 5V, guaranteed 250mA output

e Low quiescent current

e Low dropout voltage

e Extremely tight load and line regulation

e Very low temperature coefficient

e Current and thermal limiting

e Input can withstand —20V reverse battery and
+60V positive transients

e Error flag warns of output dropout

e Logic-controlled electronic shutdown

e Output programmable from 1.24V to 29V
(MIC2954-07/08BM)

e Available in TO-220, TO-92, and Surface Mount
SOT-223 and SO-8 packages.

Applications
e Battery Powered Equipment
e Cellular Telephones

Pin Configuration

TAB IS GROUND TAB CONNECTED TO

GROUND PIN

outpur ——] ~ 2 weur
SENSE 2 | 7— FEEDBACK Q
3 6
SHUTDOWN " ! 5— 5V TAP OUTPUT INPUT
GROUND |—— ERROR GROUND
1 2 3 Bottom View
SO Package IN" GND oUT TO-92 Package
(MIC2954-07BM, -08BM) MIC2954-xxBS (MIC2954-02BZ, -03BZ)

Ordering Information

Part Number Temperature Range* Package Accuracy
MIC2954-02BT —40°C to +125°C TO-220 0.5%
MIC2954-03BT —40°C to +125°C TO-220 1.0%
MIC2954-02BS —40°C to +125°C SOT-223 0.5%
MIC2954-03BS —40°C to +125°C SOT-223 1.0% 1 2 3
MIC2954-02BZ —40°C to +125°C T0-92 0.5% INPUT GROUND OUTPUT
TO-220 Package Front View
MIC2954-03BZ —-40°C to +125°C TO-92 1.0% (MIC2954-02BT, -03BT)
MIC2954-07BM —40°C to +125°C 8-Pin SO-8 0.5% . .
Junction temperatures
MIC2954-08BM —40°C to +125°C 8-Pin SO-8 1.0%
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MIC2954-02BT/BZ & 2954-03BT/BZ Block Diagram

FROM
CMOS
ORTTL

Unregulated
D.C. Input 5V, 250mA
o—— o
INPUT OUTPUT
b (i
182kQ 2.24F ——
/| Error Amplifier
62kQ
1.23V Reference :
L GROUND o
MIC2954-07BM & 2954-08BM Block Diagram
UNREGULATED DC
L 7 8 1
% ,— — JFEEDBACK[ { INPUT | { OUTPUT | - -

— | |

= | ')
| —] SENSE
| 182 .
I 3 kQ 6
| ERROR

SHUT- AMPLIFIER 1 SVTAP I |
DOWN 60 mV 60 s ™

' /| \ kQ '
! o /s ERROR
! / ERROR
! 123v DETECTION ”
: REF. T COMPARATOR '
G GROUND

330
kQ

.. TO CMOS

||}

ORTTL
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required, contact your local Micrel representative/distributor for
availability and specifications.

Power Dissipation (Note 1) Internally Limited Input Supply Voltage —20V to +60V
Lead Temperature (Soldering, 5 seconds) 260°C gﬁe?(;)ack Ilnpui Y/ollttage (Notes 10 and 11) _égx :0 :ggx
Storage Temperature Range —65°C to +150°C E u gwn nput (z)atget Volt _0'3\/ to +30V
Operating Junction Temperature Range —40°C to +125°C rror Comparator Output Voltage - 0

Electrical Characteristics
Limits in standard typeface are for T, = 25°C and limits in boldface apply over the full operating temperature range.
Unless otherwise specified, V, = 6V, | = 1mA, C = 2.2uF. The MIC2954-07BM,-08BM Feedback pin is tied to the 5V

Tap and Output is tied to Output Sense (V,, =5V) and V , poun < 0.6V,
MIC2954-02/-07 MIC2954-03/-08
Symbol Parameter Conditions Typical Min Max Min Max Units
V, Output Voltage 5.0 4,975 5.025 4.950 5.050 \Y,
4.940 5.060 4.900 5.100
ImA <1 <250mA 5.0 4.930 5.070 4.880 5.120
AV, Output Voltage (Note 2) 20 100 150 ppm/°C
AT Temperature Coef.
AV, Line Regulation V,, =6V to 26V 0.03 0.10 0.20 %
vV, (Note 3) 0.20 0.40
AV, Load Regulation I, =1to 250mA 0.04 0.16 0.20 %
Vg 0.20 0.30
(Note 4)
Vii— Vo Dropout Voltage I, =1mA 60 100 100 mV
(Note 5) 150 150
I, =50mA 220 250 250
420 420
I_=100mA 250 300 300
450 450
I, =250mA 375 450 450
600 600
leno Ground Pin Current [ 1 = 1mA 140 200 200 HA
(Note 6) 300 300
I, =50mA 0.5 1 1 mA
2 2
|, =100mA 1.7 2.5 2.5
3.5 3.5
I =250mA 5 9 9
12 12
lenooo Ground Pin VvV, =45V 180 300 300 MA
Current at Dropout
(Note 6)
- Current Limit Vour = 0V 750 750 mA
(Note 7) 800 800
AV, Thermal Regulation| (Note 8) 0.05 0.2 0.2 %/W
AP_
e, Output Noise C =2.2uF 400 uv RMS
Voltage
(10Hz to 100kHz) C, =33uF 260
I, =100mA
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Electrical Characteristics, MIC2954-07BM/-08BM,(Continued)

MIC2954-07BM MIC2954-08BM
Parameter Conditions [yp. Min Max Typ. Min Max Units
Reference Voltage 1.235 1.220 1.250 | 1.235 1.210 1.260 \%
1.200 1.260 1.200 1.270 V max
Reference Voltage (Note 9) 1.190 1.270 1.185 1.285 \%
Feedback Pin 20 40 20 40 nA
Bias Current 60 60
Reference Voltage (Note 8) 20 50 ppm/°C
Temperature
Coefficient
Feedback Pin Bias 0.1 0.1 nA/°C
Current Temperature
Coefficient
Error Comparator
Output Leakage VOH =30V 0.01 1.00 0.01 1.00 HA
Current 2.00 2.00
Output Low V=45V 150 250 150 250 mV
Voltage loL = 400pA 400 400
Upper Threshold (Note 10) 60 40 60 40 mV
Voltage 25 25
Lower Threshold (Note 10) 75 95 75 95 mV
Voltage 140 140
Hysteresis (Note 10) 15 15 mV
Shutdown Input
Input Logic Voltage 13 1.3 \%
Low (ON) 0.7 0.7
High (OFF) 2.0 2.0
Shutdown Pin Vsuutoown = 24V 30 50 30 50 A
Input Current 100 100
Vsuutoown = 30V 450 600 450 600 A
750 750
Regulator Output (Note 11) 3 10 3 10 HA
Current in Shutdown 20 20
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Note 1:  Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not
apply when operating the device outside of its rated operating conditions. The maximum allowable power dissipation is a function of the
maximum junction temperature, T, MAXY the junction-to-ambient thermal resistance, 6,,, and the ambient temperature, T,. The maximum
allowable power dissipation at any ambient temperature is calculated using: P = (TJ(MAX)— T,)16,, Exceeding the maximum allowable
power dissipation will result in excessive die temperature, and the regulator will go into thermal shutdown. The junction to ambient thermal
resistance ofthe MIC2954BM is 160°C/W mounted ona PC board. (See MIC2954BM Thermal Characteristics section for further information.
Note 2:  Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.
Note 3:  Line regulation for the MIC2954 is tested at 125°C for | =1 mA. For| =100 pA and T, =125°C, line regulation is guaranteed
by design to 0.2%. See Typical Performance Characteristics for line regulation versus temperature and load current.

Note 4:  Regulation is measured at constant junction temperature using low duty cycle pulse testing. Changes in output voltage due to
heating effects are covered by the thermal regulation specification.

Note 5:  Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value
measured at 1V differential. At very low values of programmed output voltage, the minimum input supply voltage of 2 V (2.3 V over
temperature) must be taken into account.

Note 6:  Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus
the ground pin current.

Note 7:  The MIC2954 features fold-back current limiting. The short circuit (V.
normal output voltage.

Note 8:  Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding
load or line regulation effects. Specifications are for a 200mA load pulse at V, = 20V (a 4W pulse) for T = 10ms.

Note 9: V<V (V) 1V)23V<V|N_30V 100uA<I<250mAT<T
Note 10: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference
voltage measured at 6V input. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain =V ..

N gee = (R1+R2)/R2. For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops
by 95 mV x 5V/1.235 V = 384 mV. Thresholds remain constant as a percent of VouT as VouT is varied, with the dropout warning occurring

at typically 5% below nominal, 7.5% guaranteed.

Note 111 Vg rpown 22 V.V, £30 V.V ;; = 0, with Feedback pin tied to 5V Tap.
Note 12: When used in dual supply systems where the regulator load is returned to a negative supply, the output voltage must be diode
clamped to ground.

Note 13: Maximum positive supply voltage of 60 V must be of limited duration (< 100 ms) and duty cycle (< 1%). The maximum continuous
supply voltage is 30 V.

Note 14: Thermal resistance (6,.) of the TO-220 package is 2.5°C/W, and 15°C/W for the SOT-223. Thermal resistance (6,,) of the TO-92

package is 180°C/W with 0.4" leads and 160°C/W with 0.25" leads.

our = OV) current limit is less than the maximum current with
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Typical Characteristics
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Typical Characteristics, Continued
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Applications Information

External Capacitors

A 2.2uF (orgreater) capacitor is required between the MIC2954
output and ground to prevent oscillations due to instability.
Most types of tantalum or aluminum electrolytics will be
adequate; film types will work, but are costly and therefore not
recommended. Many aluminum electrolytics have electrolytes
that freeze at about —30°C, so solid tantalums are
recommended for operation below —25°C. The important
parameters of the capacitor are an effective series resistance
of about 5Q or less and a resonant frequency above 500kHz.
The value of this capacitor may be increased without limit.

At lower values of output current, less output capacitance is
required for output stability. The capacitor can be reduced to
0.5pF for current below 10mA or 0.15uF for currents below 1
mA. Adjusting the MIC2954-07BM/-08BM to voltages below
5V runs the error amplifier at lower gains so that more output
capacitance is needed. For the worst-case situation of a
250mA load at 1.23V output (Output shorted to Feedback) a
5uF (or greater) capacitor should be used.

The MIC2954 will remain in regulation with a minimum load of
1mA. When setting the output voltage of the MIC2954-07BM/
-08BM version with external resistors, the current through
these resistors may be included as a portion of the minimum
load.

A 0.1uF capacitor should be placed from the MIC2954 input
to ground if there is more than 10 inches of wire between the
input and the AC filter capacitor or if a battery is used as the
input.

Error Detection Comparator Output
(MIC2954-07BM/-08BM)

Alogic low output will be produced by the comparator whenever
the MIC2954BM output falls out of regulation by more than
approximately 5%. This figure is the comparator’'s built-in
offset of about 60mV divided by the 1.235V reference voltage.
(Refertothe block diagram on Page 1). This trip level remains
“5% below normal” regardless of the programmed output
voltage of the MIC2954-07BM/-08BM. For example, the error
flag trip level is typically 4.75V for a 5V output or 11.4V for a
12V output. The out of regulation condition may be due either
to low input voltage, current limiting, or thermal limiting.

Figure 1 is a timing diagram depicting the ERROR signal and
the regulated output voltage as the MIC2954-07BM/-08BM
input is ramped up and down. The ERROR signal becomes
valid (low) at about 1.3V input. It goes high at about 5V input
(the input voltage at which V ;. =4.75). Since the MIC2954-
07BM/-08BM'’s dropout voltage is load-dependent (see curve
in Typical Performance Characteristics), the input voltage trip
point (about 5V) will vary with the load current. The output
voltage trip point (approximately 4.75V) does not vary with
load.

The error comparator has an open-collector output which
requires an external pull-up resistor. Depending on system
requirements, this resistor may be returned to the 5V output
or some other supply voltage. In determining a value for this
resistor, note that while the output is rated to sink 400pA, this
sink current adds to battery drain in a low battery condition.
Suggested valuesrange from 100k to 1IMQ. Theresistoris not
required if this output is unused.

Programming the Output Voltage
(MIC2954-07BM/-08BM)

The MIC2954-07BM/-08BM may be pin-strapped for 5V using
its internal voltage divider by tying Pin 1 (output) to Pin 2
(sense) and Pin 7 (feedback) to Pin 6 (5V Tap). Alternatively,
it may be programmed for any output voltage between its
1.235V reference and its 30V maximum rating. An external
pair of resistors is required, as shown in Figure 3.

The complete equation for the output voltage is

Vour = Veee X{1+R/Re} + 1R,

F

where V. is the nominal 1.235 reference voltage and I is
the feedback pin bias current, nominally -20nA. The minimum
recommended load current of 1 PA forces an upper limit of
1.2MQ on the value of R,, if the regulator must work with no
load (a condition often found in CMOS in standby), I_, will
produce a 2% typical error in V. which may be eliminated
at room temperature by trimming R,. For better accuracy,
choosing R, = 100k reduces this error to 0.17% while
increasing the resistor program current to 12 gA. Since the
MIC2954-07BM/-08BM typically draws 60 pA at no load with
Pin 2 open-circuited, this is a negligible addition.

Reducing Output Noise

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output
capacitor. This is relatively inefficient, as increasing the
capacitor from 1 pF to 220 uF only decreases the noise from
430uV to 160uV,,,. for a 100kHz bandwidth at 5V output.

RMS

4.75V,
OUTPUT
VOLTAGE

ERROR NOT* NOT™
VALID VALID
INPUT 4\
VOLTAGE

1.3V

* SEE APPLICATIONS INFORMATION
Figure 1. ERROR Output Timing
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Noise can be reduced fourfold by a bypass capacitor across
R,, since it reduces the high frequency gain from 4 to unity.
Pick:

1

2TIR1 « 200 Hz

or about 0.01 uF. When doing this, the output capacitor must
be increased to 3.3 pyF to maintain stability. These changes
reduce the output noise from 430 uV to 100 pV rms for a 100
kHz bandwidth at 5V output. With the bypass capacitor
added, noise no longer scales with output voltage so that
improvements are more dramatic at higher output voltages.

Cgypass U

Automotive Applications

The MIC2954 is ideally suited for automotive applications for
a variety of reasons. It will operate over a wide range of input
voltages with very low dropout voltages (40mV at light loads),
and very low quiescent currents (75pAtypical). These features
are necessary for use in battery powered systems, such as
automobiles. It is a "bulletproof* device with the ability to
survive both reverse battery (negative transients up to 20V
below ground), and load dump (positive transients up to 60V)
conditions. A wide operating temperature range with low
temperature coefficients is yet another reason to use these
versatile regulators in automotive designs.

Typical Applications

\‘/IN
+V|N
Vout V. =5V
ouT
+
—— 2.2uF
GND
Figure 2. MIC2954 Fixed +5V Regulator
+VIN
8
+VIN
ERROR 5| =575 1 *VouT=VIN
GUTPUT —|ERROR  VOUT /-
SHUTDOWN 3
INPUT Sb
OFF
I GND FB
ON

*MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
DEPENDING ON LOAD CURRENT.

Figure 4. MIC2954-07BM/-08BM Wide Input Voltage Range
Current Limiter

+V|N v -v
| ouT =VREF
R1
100kQ 8 X+ g2 )
VN Vout
ERROR 5|ERROR Voutlt_, 127 30V
OUTPUT

SHUTDOWN 3 L
INPUT SD |: RiTi00] 10pF

OFF 100
I GND  FB
ON

J_—4 ! 1.23Vv

F ERZ

*SEE APPLICATIONS
INFORMATION

Figure 3. MIC2954-07BM/-08BM Adjustable Regulator

\Y,

.||_|Eﬁ_>

NOTE: PINS 2 AND 6 ARE LEFT OPEN

+7V

+VIN

Vcc OUT

SHUTDOWN

INPUT

A
ON

+
300kQ 3.3pF
1% I

PIN 3 LOW= ENABLE OUTPUT. Q1 ON = 3.3V, Q1 OFF =5.0V.

Figure 5. MIC2954-07BM/-08BM 5.0V or 3.3V Selectable
Regulator with Shutdown.
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MIC2954-07BM/-08BMThermal Calculations PC Board Dielectric Material 6,

Layout Considerations FRA 160°C/W

The MIC2954-07BM/-08BM (8-Pin Surface Mount Package)

has the following thermal characteristics when mounted on a Ceramic 120°C/w

single layer copper-clad printed circuit board.

Pad Layout (minimum recommended geometry) Multi-layer boards having a ground plane, wide traces near
the pads, and large supply bus lines provide better thermal
conductivity.

Our calculations will use the "worst case" value of 160°C/W,
50 mil which assumes no ground plane, minimum trace widths, and
a FR4 material board.

245 mil 150 mil . . . . .
Nominal Power Dissipation and Die Temperature

The MIC2954-07BM/-08BM at a 55°C ambient temperature
will operate reliably at up to 440mW power dissipation when
mounted in the "worst case" manner described above. This
v power level is equivalent to a die temperature of 125°C, the

o — . . recommended maximum temperature for non-military grade
30 mil 50 mil silicon integrated circuits.

Schematic Diagram

|FEEDBACKI

R18
20kQ
\i Q158
Qu
Ral—y
| I
R27
182kQ
ISVTAP I

R28
60kQ

R21 8Q

SHDN

— — — DENOTES CONNECTION ON
MIC2954-02Bx/-03Bx ONLY

[Gno]
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MIC29150/29300/29500/29750 Series

High-Current Low-Dropout Regulators

MIEREL

General Description Features

The MIC29150/29300/29500/29750 are high current, high « High Current Capability

accuracy, low-dropout voltage regulators. Using Micrel's MIC29150/29151/29152/29153......uvvvviiiieiiiiiiiiine 1.5A
proprietary Super Reta PNP™ process with a PNP pass MIC29300/29301/29302/29303 ......eeveieeieaeeaiiiiiiiieen 3A
element, these regulators feature 300mV to 370mV (full load) MIC29500/29501/29502/29503 ......oeevieeieeeiiiiiiiiiiiieenn 5A
dropout voltages and very low ground current. Designed for MIC29750/29751/29752 ....ccoiiiiiiiiiieeee e 7.5A
high current loads, these devices also find applications in e Low-Dropout Voltage ..............cc....e. 350mV at Full Load

lower current, extremely low dropout-critical systems, where ¢ Low Ground Current
their tiny dropout voltage and ground current values are  « Accurate 1% Guaranteed Tolerance
important attributes. « Extremely Fast Transient Response

The MIC29150/29300/29500/29750 are fully protected against ~ * Reverse-battery and “Load Dump” Protection

overcurrent faults, reversed input polarity, reversed lead * Z€ro-Current Shutdown Mode (5-Pin versions)
insertion, overtemperature operation, and positive andnega- ~ * ErTor Flag Signals Output Out-of-Regulation

tive transient voltage spikes. Five pin fixed voltage versions (5-Pin versions) _
feature logic level ON/OFF control and an error flag which ~ * Also Characterized For Smaller Loads With Industry-
signals whenever the output falls out of regulation. Flagged Leading Performance Specifications

states include low input voltage (dropout), output current ~ * Fixed Voltage and Adjustable Versions
limit, overtemperature shutdown, and extremely high voltage Applications

spikes on the input. .
) » Battery Powered Equipment
On the MIC29xx1 and MIC29xx2, the ENABLE pin may be , High-Efficiency “Green” Computer Systems

tied to V| if it is not required_ for QN/OFF cor_ltrol. The . Automotive Electronics
MIC29150/29300/29500 are available in 3-and 5-pin TO-220
and surface mount TO-263 packages. The MIC29750 7.5A  ,
regulators are available in 3- and 5-pin TO-247 packages.

High-Efficiency Linear Power Supplies
High-Efficiency Post-Regulator For Switching Supply

Pin Configuration —~ R

0 0 itk il

123 1234 5
MIC29150/29300BU MIC29151/29152/29153BU
MIC29301/29302/29303BU

Pinout On all devices, the Tab is grounded.

MIC29150/29300/29500/29750 Three Terminal
Devices:

Pin 1 = Input, 2 = Ground, 3 = Output
MIC29151/29301/29501/29751 Five Terminal
Fixed Voltage Devices:

Pin 1 = Enable, 2 = Input, 3 = Ground, 4 = Output,

Jguuulvl

12 3 12345

5= Flag
MIC29150/29300/ MIC29151/29152/29153BT MIC29152/29302/29502/29752 Adjustable with
29500BT and MIC29301/29302/29303BT ON/OFF Control
MIC29750BWT MIC29501/29502/29503BT ;"2 id:juEs?able’ 2 = Input, 3 = Ground, 4 = Output,

MIC29751/29752BWT MIC29153/29303/29503 Adjustable with Flag

Pin 1 = Flag, 2 = Input, 3 = Ground, 4 = Output,
5 = Adjust
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Ordering Information

* Junction Temperature

Part Number Temp. Range* Volts Current Package Part Number Temp. Range* Volts Current Package
MIC29150-3.3BT —-40to +125°C 3.3 15A TO-220 MIC29500-3.3BT -40to +125°C 3.3 5.0A TO-220
MIC29150-5.0BT —-40to +125°C 5.0 1.5A TO-220 MIC29500-5.0BT —-40to +125°C 5.0 5.0A TO-220
MIC29150-12BT —-40to +125°C 12 15A TO-220 MIC29501-3.3BT -40to +125°C 3.3 5.0A TO-220-5
MIC29150-3.3BU —-40to +125°C 3.3 15A TO-263 MIC29501-5.0BT —-40to +125°C 5.0 5.0A TO-220-5
MIC29150-5.0BU —-40to +125°C 5.0 15A TO-263 MIC29501-3.3BU -40to +125°C 3.3 5.0A TO-263-5
MIC29150-12BU —-40to +125°C 12 15A TO-263 MIC29501-5.0BU -40to +125°C 5.0 5.0A TO-263-5
MIC29151-3.3BT —-40to +125°C 3.3 15A TO-220-5 MIC29502BT —40to +125°C Adj 5.0A TO-220-5
MIC29151-5.0BT —-40to +125°C 5.0 1.5A TO-220-5 MIC29502BU —-40to +125°C Adj 5.0A TO-263-5
MIC29151-12BT —40to +125°C 12 1.5A TO-220-5 MIC29503BT —40to +125°C Adj 5.0A TO-220-5
MIC29151-3.3BU —-40to +125°C 3.3 15A TO-263-5 MIC29503BU —40to +125°C Adj 5.0A TO-263-5
MIC29151-5.0BU —40to +125°C 5.0 1.5A TO-263-5 MIC29750-3.3BWT —-40to +125°C 3.3 7.5A TO-247-3
MIC29151-12BU —-40to +125°C 12 15A TO-263-5 MIC29750-5.0BWT —-40to +125°C 5.0 7.5A TO-247-3
MIC29152BT —-40to +125°C Adj 1.5A TO-220-5 MIC29751-3.3BWT —-40to +125°C 3.3 7.5A TO-247-5
MIC29152BU —40to +125°C Adj 15A TO-263-5 MIC29751-5.0BWT -40to +125°C 5.0 7.5A TO-247-5
MIC29153BT —-40to +125°C Adj 1.5A TO-220-5 MIC29752BWT —40to +125°C Adj 7.5A TO-247-5
MIC29153BU —40to +125°C Adj 15A TO-263-5

MIC29300-3.3BT  —40to +125°C 3.3 3.0A TO-220

MIC29300-5.0BT —-40to +125°C 5.0 3.0A TO-220

MIC29300-12BT -40to +125°C 12 3.0A TO-220

MIC29300-3.3BU —-40to +125°C 3.3 3.0A TO-263

MIC29300-5.0BU —-40to +125°C 5.0 3.0A TO-263

MIC29300-12BU -40to +125°C 12 3.0A TO-263

MIC29301-3.3BT —-40to +125°C 3.3 3.0A TO-220-5

MIC29301-5.0BT  —40to +125°C 5.0 3.0A TO-220-5

MIC29301-12BT —40to +125°C 12 3.0A TO-220-5

MIC29301-3.3BU —-40to +125°C 3.3 3.0A TO-263-5

MIC29301-5.0BU  -40to +125°C 5.0 3.0A TO-263-5

MIC29301-12BU —-40to +125°C 12 3.0A TO-263-5

MIC29302BT —-40to +125°C Adj 3.0A TO-220-5

MIC29302BU —40to +125°C  Adj 3.0A TO-263-5

MIC29303BT —-40to +125°C Adj 3.0A TO-220-5

MIC29303BU —40to +125°C  Adj 3.0A TO-263-5

MIC29xx0 versions are 3-terminal fixed voltage devices.
MIC29xx1 are fixed voltage devices with ENABLE and ERROR
flag. MIC29xx2 are adjustable regulators with ENABLE control.

MIC29xx3 are adjustables with an ERROR flag.
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Absolute Maximum Ratings Operating Ratings

Power Dissipation ........ccccccooeviiiivviiieeenenn. Internally Limited Operating Junction Temperature ............. —40°C to +125°C

Lead Temperature (Soldering, 5 seconds)................ 260°C Maximum Operating Input Voltage...........cccccvvvvvveeeennn. 26V

Storage Temperature Range ................... —65°C to +150°C TO-220 B30 iceerreieieiiieiee e 2°C/W

Input Supply Voltage (NOte 1) .......vvvveveeeeen.. 20V 10 460V TO-263 00 i 2°C/W
TO-247 B0 i 1.5°C/W

Electrical Characteristics

All measurements at T; = 25°C unless otherwise noted. Bold values are guaranteed across the operating temperature range.
Adjustable versions are programmed to 5.0V.

Parameter Condition Min Typ Max Units
Output Voltage lo=10mA -1 1 %
10MmA <5<, (Vour +1V) <V <26V (Note 2) -2 2 %
Line Regulation lg=10mA, (Vout +1V) £V <26V 0.06 0.5 %
Load Regulation Vin = Vour + 5V, 10mA < Iyt < ey Loap (Note 2, 6) 0.2 1 %
AV, Output Voltage (Note 6) 20 100 | ppm/°C
AT Temperature Coef.
Dropout Voltage AV 7 = — 1%, (Note 3)
MIC29150 lo = 100mA 80 200 mV
Ig = 750mA 220
lo=1.5A 350 600
MIC29300 I = 100mA 80 175
lop=1.5A 250
lo=3A 370 600
MIC29500 lo = 250mA 125 250
lg=2.5A 250
lo =5A 370 600
MIC29750 Ig = 250mA 80 200
Io=4A 270
lo=7.5A 425 600
Ground Current MIC29150 lo =750mA, V| =Vgyt + 1V 8 20 mA
lo=1.5A 22
MIC29300 lg=1.5A,Vy=Voyr +1V 10 35 mA
lo=3A 37
MIC29500 lg=25A,Vy=Voyr +1V 15 50 mA
lo=5A 70
MIC29750 lg=4A,Vy=Vour + 1V 35 75 mA
lo=7.5A 120
lenopoGround Pin V,, = 0.5V less than specified V. |,; = L0mA
Current at Dropout MIC29150 0.9 mA
MIC29300 1.7 mA
MIC29500 2.1 mA
MIC29750 3.1 mA
Current Limit MIC29150 Vout = 0V (Note 4) 2.1 3.5 A
MIC29300 Vout = 0V (Note 4) 45 5.0 A
MIC29500 Vout = 0V (Note 4) 7.5 10.0 A
MIC29750 Va1 = 0V (Note 4) 9.5 15 A
e,,» Output Noise C, = 10uF 400 uv RMS
Voltage
(10Hz to 100kHz) C_=33uF 260
I =100mA
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Electrical Characteristics  (Continued)

Reference MIC29xx2/MIC29xx3
Parameter Conditions Min Typical Max Units
Reference Voltage 1.228 1.240 1.252 \%
1.215 1.265 V max

Reference Voltage (Note 8) 1.203 1.277 \%
Adjust Pin 40 80 nA
Bias Current 120
Reference Voltage (Note 7) 20 ppm/°C
Temperature
Coefficient
Adjust Pin Bias 0.1 nA/°C
Current Temperature
Coefficient
Flag Output (Error Comparator)  MIC29xx1/29xx3
Output Leakage VOH =26V 0.01 1.00 HA
Current 2.00
Output Low Device set for 5V. Viy=45V 220 300 mV
Voltage loL = 250pA 400
Upper Threshold Device set for 5V (Note 9) 40 60 mV
Voltage 25
Lower Threshold Device set for 5V (Note 9) 75 95 mV
Voltage 140
Hysteresis Device set for 5V (Note 9) 15 mV
ENABLE Input MIC29xx1/MIC29xx2
Input Logic Voltage \%
Low (OFF) 0.8
High (ON) 2.4
Enable Pin Ven = 26V 100 600 HA
Input Current 750

Vg =0-8V 1 A

2
Regulator Output (Note 10) 10 HA
Current in Shutdown 500
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Notes

Note 1: Maximum positive supply voltage of 60V must be of limited duration (<100msec) and duty cycle (€1%). The maximum continuous supply
voltage is 26V.
Note 2:  Full Load current (I, ) is defined as 1.5A for the MIC29150, 3A for the MIC29300, 5A for the MIC29500, and 7.5A for the MIC29750 families.

Note 3:  Dropout voltage is defined as the input-to-output differential when the output voltage drops to 99% of its nominal value with V1 + 1V applied
toV
IN

Note 4: Vl_N = YOUT (nominal) 1_V. For example, use V| = 4.3V for a 3.3V regulator or use 6V for a 5V regulator. Employ pulse-testing procedures to
minimize temperature rise.

Note 5:  Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus the ground
pin current.

Note 6: Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.

Note 7:  Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line
regulation effects. Specifications are for a 200mA load pulse at V= 20V (a 4W pulse) for T = 10ms.

Note 8:  Vger<Vour<(Vin—1V), 23V <V <26V, 1I0mA<I <1, T3S Ty yax.

Note 9: Comparator thresholds are expressed in terms of a voltage differential at the Adjust terminal below the nominal reference voltage measured at
6V input. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain = V1 /Vgge = (R1 + R2)/R2. For
example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by 95 mV x 5V/1.240 V = 384
mV. Thresholds remain constant as a percent of V1 as Vg7 is varied, with the dropout warning occurring at typically 5% below nominal,
7.7% guaranteed.

Note 10: Vg, < 0.8V and V<26V, Voyr =0.

Note 11: When used in dual supply systems where the regulator load is returned to a negative supply, the output voltage must be diode clamped to
ground.

Block Diagram

INJ‘

“owv. !
I |

g _ ——

7
i AN

28V

/: 1.180V 1.240v]

FLAG ¢ Reference
~

I
I
|
|
N A :
I
I
I
I

EN C
Thermal [ | b
Shut-
down L |
| 5 | S

7\

AAA
AA
\4

I
I
%
|
+ —O ADJT
I
i
;

L g & & & TGND
* Feedback network in fixed versions only
T Adjustable version only
Typical Applications
O
L]
5V + 5% 00— 0 3.3Vt
= MIC29500-3.3 _L 33V=1% @A
47pF
i I VIN = Vout
L L R1 +
VouT = 1.240V x [1 + (R1/R2)]
Figure 1. Fixed output voltage. Figure 2. Adjustable output voltage configuration. For

best results, the total series resistance should be small
enough to pass the minimum regulator load current.
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Typical Characteristics MIC2915x
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MIC29151-xx/2 Enable Current MIC2915x MIC2915x
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Typical Characteristics MIC2930x

MIC2930x Dropout Voltage
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MIC29301-x/2 Enable Current MIC2930x MIC2930x
vs. Temperaure Load Transient Load Transient
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Typical Characteristics MIC2950x
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MIC29501-xx/2 Enable Current
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MIC29150/29300/29500/29750 Micrel
Typical Characteristics MIC2975x
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MIC29751-xx/2 Enable Current

vs. Temperaure

MIC2975x
Load Transient

MIC2975x
Load Transient

30 <1500 ‘ — < 300 ‘ —
z £ 1000 Cour=10HF _| E 200 Cour = 100 uF |
EE 5 \ £ 100 J
2 2 500 8 ™.
=20 \\ E \ 5 O N
& N Ven =5V o) 5-100
X5 A < L < ~
-] ~ =~
8 * < 75 < 75
210 _ = . g - |
D Ny Ven =2V £ 50 ILoap = 10MA — £ 50 lLoap = 10MA
= B— & 25 & 25
S8 —F 5 \ 5 \

o 00 3 00
0
60 -30 0 30 60 90 120 150 0 5 10 15 20 25 5 10 15 20 25
TEMPERATURE (°C) TIME (ms) TIME (ms)
MIC29752/3 Adjust Pin Current MIC2975x MIC2975x
vs. Temperature Line Transient Line Transient
& < 100 T T T < 30 T T 1
<70 E 50 Cour =10WF _| E 20 Cour = 100 pF |
= oo 5 oL\ . 5 10
z & & o0 \
 —"
& 50 2 50 210 ~
i L o o
040 <4 = q =
z — I = 10mA — I oap = 10MA
o 30 S 63 i S 63 2
$20 I =10mA 5 x 5 \,
LOAD ~ o
310 o~ g 43 g 43
< = =
0
60 -30 0 30 60 90 120 150 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
TEMPERATURE (°C) TIME (ms) TIME (ms)
MIC2975x Output Impedance
vs. Frequency
10
S
L 1 /™
O
Q /|
< o
o LA
D 0 | J
= /
= /1
z /
& 0.01fm
=)
[}
0.001 U
T BT T B BB
- tol — - — —
x x x x x x
o o — o o —
— o - o
- -
FREQUENCY (Hz)
1997 3-85




MIC29150/29300/29500/29750

Micrel

Applications Information

The MIC29150/29300/29500/29750 are high performance
low-dropout voltage regulators suitable for all moderate to
high-current voltage regulator applications. Their 300mV to
400mV dropout voltage at full load make them especially
valuable in battery powered systems and as high efficiency
noise filters in “post-regulator” applications. Unlike older
NPN-pass transistor designs, where the minimum dropout
voltage is limited by the base-emitter voltage drop and
collector-emitter saturation voltage, dropout performance of
the PNP output of these devices is limited merely by the low
Vg saturation voltage.

A trade-off for the low dropout voltage is a varying base drive
requirement. But Micrel's Super Reta PNP™ process re-
duces this drive requirement to merely 1% of the load current.

The MIC29150-29750 family of regulators is fully protected
from damage due to fault conditions. Current limiting is
provided. This limiting is linear; output current under overload
conditions is constant. Thermal shutdown disables the de-
vice when the die temperature exceeds the 125°C maximum
safe operating temperature. Transient protection allows de-
vice (and load) survival even when the input voltage spikes
between —20V and +60V. When the input voltage exceeds
about 35V to 40V, the overvoltage sensor temporarily dis-
ables the regulator. The output structure of these regulators
allows voltages in excess of the desired output voltage to be
applied withoutreverse currentflow. MIC29xx1 and MIC29xx2
versions offer a logic level ON/OFF control: when disabled,
the devices draw nearly zero current.

An additional feature of this regulator family is a common
pinout: a design’s current requirement may change up or
downyetuse the same board layout, as all of these regulators
have identical pinouts.

O

Figure 3. Linear regulators require only two capacitors
for operation.

Thermal Design

Linear regulators are simple to use. The most complicated
design parameters to consider are thermal characteristics.
Thermal design requires the following application-specific
parameters:

* Maximum ambient temperature, T,
 Output Current, |7

 Output Voltage, Vo1

* Input Voltage, V)

First, we calculate the power dissipation of the regulator from
these numbers and the device parameters from this datasheet.

Pp = lout * (1.01V |y = Vour)

Where the ground current is approximated by 1% of Io .
Then the heat sink thermal resistance is determined with this
formula:

Tyvax—Ta
Ogp = —— = (B¢ + 6cg)
Pp

Where T, ax < 125°C and 6¢ is between 0 and 2°C/W.

The heat sink may be significantly reduced in applications
where the minimum input voltage is known and is large
compared with the dropout voltage. Use a series input
resistor to drop excessive voltage and distribute the heat
between this resistor and the regulator. The low dropout
properties of Micrel Super RBeta PNP regulators allow very
significant reductions in regulator power dissipation and the
associated heat sink without compromising performance.
When this technique is employed, a capacitor of at least
0.1pF is needed directly between the input and regulator
ground.

Please refer to Application Note 9 and Application Hint 17 for
further details and examples on thermal design and heat sink
specification.

Capacitor Requirements

For stability and minimum output noise, a capacitor on the
regulator output is necessary. The value of this capacitor is
dependent upon the output current; lower currents allow
smaller capacitors. MIC29150—29750 regulators are stable
with the following minimum capacitor values at full load:

Device Full Load Capacitor
MIC29150......c..ceeeeeivieeeennen. 10uF
MIC29300........cecevvvrireeeennen. 10uF
MIC29500........ccceeecirireeeennen. 10uF
MIC29750.....c..cceeeviiiieeeeeee. 22uF

This capacitor need not be an expensive low ESR type:
aluminum electrolytics are adequate. In fact, extremely low
ESR capacitors may contribute to instability. Tantalum ca-
pacitors are recommended for systems where fast load
transient response is important.
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Where the regulator is powered from a source with a high AC
impedance, a 0.1uF capacitor connected between Input and
GND is recommended. This capacitor should have good
characteristics to above 250kHz.

Minimum Load Current

The MIC29150-29750 regulators are specified between fi-
nite loads. If the output current is too small, leakage currents
dominate and the output voltage rises. The following mini-
mum load current swamps any expected leakage current
across the operating temperature range:

Device Minimum Load

MIC29150 ...coeeieiiiieeeeee e 5mA
MIC29300 .....eueeieeiieeieee e 7mA
MIC29500 ......ueiieeiieee e 10mA
MIC29750 ...coueiieeiieee e 10mA

Adjustable Regulator Design

O

MIC29152BT

4.75v R1 3.45v
+ 158k +
100F 22F
R2
88.7kQ

VouT = 1.24V x [1 + (R1/ R2)]

Figure 4. Adjustable Regulator with Resistors

The adjustable regulator versions, MIC29xx2 and MIC29xx3,
allow programming the output voltage anywhere between
1.25V and the 26V maximum operating rating of the family.
Two resistors are used. Resistors can be quite large, up to
1MQ, because of the very high inputimpedance and low bias
current of the sense comparator: The resistor values are
calculated by:

Vour g

Ri=Re*Hom ~ 1

Where Vg is the desired output voltage. Figure 4 shows
component definition. Applications with widely varying load
currents may scale the resistors to draw the minimum load
current required for proper operation (see above).

Error Flag

MIC29xx1 and MIC29xx3 versions feature an Error Flag,
which looks at the output voltage and signals an error
condition when this voltage drops 5% below its expected
value. The error flag is an open-collector output that pulls low
under fault conditions. It may sink 10mA. Low output voltage
signifies a number of possible problems, including an over-
current fault (the device is in current limit) and low input
voltage. The flag output is inoperative during overtempera-
ture shutdown conditions.

Enable Input

MIC29xx1 and MIC29xx2 versions feature an enable (EN)
input that allows ON/OFF control of the device. Special
design allows “zero” current drain when the device is dis-
abled—only microamperes of leakage current flows. The EN
input has TTL/CMOS compatible thresholds for simple inter-
facing with logic, or may be directly tied to < 30V. Enabling the
regulator requires approximately 20pA of current.
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MIC29310/29312
3A Fast-Response LDO Regulator

Preliminary Information

General Description

The MIC29310 and MIC29312 are high-current, high-accu-
racy, low-dropout voltage regulators featuring fast transient
recovery from input voltage surges and output load current
changes. These regulators use a PNP pass element that
features Micrel's proprietary Super Beta PNP™ process.

The MIC29310/2 is available in two versions: the three-pin
fixed output MIC29310 and the five pin adjustable output
voltage MIC29312. All versions are fully protected against
overcurrent faults, reversed input polarity, reversed lead
insertion, overtemperature operation, and positive and nega-
tive transient voltage spikes.

A TTL compatible enable (EN) control pin supports external
on/off control. If on/off control is not required, the device may
be continuously enabled by connecting EN to IN.

The MIC29310/2 is available in the standard three and five
pin TO-220 package with an operating junction temperature
range of 0°C to +125°C.

For applications requiring even lower dropout voltage, input
voltage greater than 16V, or an error flag, see the MIC29300/
29301/29302/29303.

Features

 Fast transient response

« 3A current over full temperature range

e 600mV dropout voltage at full load

» Low ground current

e Accurate 1% guaranteed tolerance

e “Zero” current shutdown mode (MIC29312)
» Fixed voltage and adjustable versions

Applications

e Pentium™ and Power PC™ processor supplies
» High-efficiency “green” computer systems

» High-efficiency linear power supplies

» High-efficiency switching supply post regulator
» Battery-powered equipment

Ordering Information

Part Number Temp. Range* Voltage Current Package
MIC29310-3.3BT 0°C to +125°C 3.3V 3.0A TO-220-3
MIC29310-5.0BT 0°C to +125°C 5.0V 3.0A TO-220-3
MIC29312BT 0°C to +125°C Adj. 3.0A TO-220-5
* Junction Temperature
Typical Application
MIC29310 MIC29312
of I o— EN ouT Vour

¥

V|NO—T— IN ouT ﬁ—ovow
1+

GND
4

|

Fixed Regulator Configuration

V|N0—T—_+ IN . ADJ
1l 1

R1

* For best performance, total series resistance
(R1 + R2) should be small enough to pass
the minimum regulator load current of 10mA.

Adjustable Regulator Configuration
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Pin Configuration

123 12345
MIC29310BT MIC29312BT

On all devices, the Tab is grounded.
Pin Description
3-Pin TO-220 (MIC29310)

Pin Number Pin Name Pin Function
1 IN Unregulated Input: +16V maximum supply.
2 GND Ground: Internally connected to tab (ground).
3 ouT Regulated Output

5-Pin TO-220 (MIC29312)

Pin Number Pin Name Pin Function

1 EN Enable (Input): Logic-level ON/OFF control.

2 IN Unregulated Input: +16V maximum supply.

3 GND Ground: Internally connected to tab (ground).

4 ouT Regulated Output

5 ADJ Output Voltage Adjust: 1.240V feedback from external resistive divider.
Absolute Maximum Ratings Operating Ratings
Input Supply Voltage (Note 1) ........cccvveeneee —20Vto +20V  Operating Junction Temperature ................. 0°C to +125°C
Power Dissipation ............ccccceevieiciinnne. Internally Limited 83 (TO-220) ....ccoviviiiiiiiiiiie 2°CIW
Storage Temperature Range ................... —65°C t0 +150°C 034 (TO-220) ..oovoiiiiiiiiiiiciic 55°C/W
Lead Temperature (Soldering, 5 secC.) ......ccccoeeiunnenne 260°C
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Electrical Characteristics

All measurements at T; = 25°C unless otherwise noted. Bold values are guaranteed across the operating temperature range.

Parameter Condition Min Typ Max Units
Output Voltage 10MmA <5< I, (Vour +1V) £V <8V (Note 2) -2 2 %
Line Regulation lg=10mA, (Vout +1V) £V |y <16V 0.06 0.5 %
Load Regulation Vin=Vourt + 1V, 10mA < I 7 < Iy Loap (Notes 2, 6) 0.2 1 %
AVl AT Output Voltage Temperature Coefficient (Note 6) 20 100 |ppm/°C
Dropout Voltage AV 7 = = 1%, (Note 3)
MIC29310/29312 |5 = 100mA 80 200 mV
lo = 750mA 220 mv
lo=1.5A 330 mvV
lo=3A 600 1000 mV
Ground Current MIC29310/29312 |5 = 750mA, V= Vgoyr + 1V 5 20 mA
lo=1.5A 15 mA
lg=3A 60 150 mA
lsnppo Ground Pin V |y = 0.5V less than specified V1. oyt = 10mA 2 3 mA
Current at Dropout
Current Limit MIC29310/29312 V ;1 = OV (Note 4) 3.0 3.8 A
Minimum Load Current 7 10 mA
e,, Output Noise Voltage C_ =10uF 400 MVRuvs
(10Hz to 100kHz) I, = 100mA C, =33uF 260 HVzms
Reference (MIC29312 only)
Reference Voltage 1I0MA < Iy < I, Vour + 1V £V <8V (Note 2) 1.215 1.265 | Vyax
Adjust Pin Bias Current 40 80 nA
120 nA
Reference Voltage (Note 7) 20 ppm/°C
Temperature Coefficient
Adjust Pin Bias Current 0.1 nA/°C
Temperature Coefficient
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Parameter Conditions | Min 11ypica| '\/Iax llJnits
Enable Input (MIC29312 only)
Input Logic Voltage Low (Off) 0.8 \%
High (On) 2.4 \%
Enable (EN) Pin Input Current VeEn = Vin 15 30 HA
75 MA
Vgy = 0.8V - 2 HA
4 HA
Regulator Output (Note 8) 10 MA
Current in Shutdown 20 MA

General Note: Devices are ESD sensitive. Handling precautions recommended.
Note 1: The maximum continuous supply voltage is 16V.
Note 2:  Full Load current is defined as 3A for the MIC29310/29312. For testing, Vg7 is programmed to 5V.

Note 3:  Dropout voltage is defined as the input-to-output differential when the output voltage drops to 99% of its nominal value with V1 + 1V applied
to V.
IN

Note 4:  For this test, V| is the larger of 8V or V1 + 3V.

Note 5:  Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus the ground
pin current.

Note 6:  Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.
Note 70 Ve <VourS(Vin—1V), 24V <V <16V, I0mA<I <1, T3S Ty yax.
Note 8: Vg <0.8Vand V<8V, Vg, =0.

Block Diagram

o 2 0o
IN \ / ouT
Bias
EN O— On/Off — 1
| o.V.
| ILmr |
| v |
Reference + | |
. | b
I [
- | |
| l Feed
i i baak [FOADI
Thermal | 1 | 4
ermal
Shut- - |
down | < |
< <
| _3 | B3
L g L g L O GND
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Typical Characteristics

MIC29312 Load Transient Response
(See Test Circuit Schematic)
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Vour load (not shown): Intel® Power Validator
- 3A
]
MIC29312 Load Transient Response Test Circuit %
O
[a)]
<
o
-
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with 3A Load, 10uF Output Capacitance with 3A Load, 100uF Output Capacitance
g w
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Applications Information

The MIC29310 and MIC29312 are high performance low-
dropout voltage regulators suitable for all moderate to high-
current voltage regulator applications. Their 600mV of drop-
out voltage at full load make them especially valuable in
battery powered systems and as high efficiency noise filters
in “post-regulator” applications. Unlike older NPN-pass tran-
sistor designs, where the minimum dropout voltage is limited
by the base-emitter voltage drop and collector-emitter satu-
ration voltage, dropout performance of the PNP output of
these devices is limited merely by the low V¢ saturation
voltage.

A trade-off for the low dropout voltage is a varying base drive
requirement. But Micrel's Super RBeta PNP™ process re-
duces this drive requirement to merely 2% to 5% of the load
current.

MIC29310/312 regulators are fully protected from damage
due to fault conditions. Current limiting is provided. This
limiting is linear; output current under overload conditions is
constant. Thermal shutdown disables the device when the
die temperature exceeds the maximum safe operating tem-
perature. Transient protection allows device (and load) sur-
vival even when the input voltage spike above and below
nominal. The output structure of these regulators allows
voltages in excess of the desired output voltage to be applied
without reverse current flow. The MIC29312 version offers a
logic level ON/OFF control: when disabled, the devices draw
nearly zero current.

An additional feature of this regulator family is a common
pinout: a design’s current requirement may change up or
down yet use the same board layout, as all of Micrel’s high-
current Super Beta PNP™ regulators have identical pinouts.

O

VIN Vout
+

Dl

Figure 3. The MIC29310 regulator requires only two
capacitors for operation.

Thermal Design

Linear regulators are simple to use. The most complicated
design parameters to consider are thermal characteristics.
Thermal design requires the following application-specific
parameters:

* Maximum ambient temperature, T,
* Output Current, |51

 Output Voltage, Vg1

* Input Voltage, V|

First, we calculate the power dissipation of the regulator from
these numbers and the device parameters from this datasheet.

Pp = lout * (1.02V)y = Vour)

Where the ground current is approximated by 2% of |5 .
Then the heat sink thermal resistance is determined with this
formula:

Tyvmax—Ta
Ogp = —— = (B¢ + 6cg)
Pp

Where T, ax < 125°C and 6¢ is between 0 and 2°C/W.

The heat sink may be significantly reduced in applications
where the minimum input voltage is known and is large
compared with the dropout voltage. Use a series input
resistor to drop excessive voltage and distribute the heat
between this resistor and the regulator. The low dropout
properties of Micrel Super Beta PNP regulators allow very
significant reductions in regulator power dissipation and the
associated heat sink without compromising performance.
When this technique is employed, a capacitor of at least
0.1pF is needed directly between the input and regulator
ground.

Please refer to Application Note 9 for further details and
examples on thermal design and heat sink specification.

Capacitor Requirements

For stability and minimum output noise, a capacitor on the
regulator output is necessary. The value of this capacitor is
dependent upon the output current; lower currents allow
smaller capacitors. MIC29310/2 regulators are stable with a
minimum capacitor value of 10uF at full load.

This capacitor need not be an expensive low ESR type:
aluminum electrolytics are adequate. In fact, extremely low
ESR capacitors may contribute to instability. Tantalum ca-
pacitors are recommended for systems where fast load
transient response is important.

Where the regulator is powered from a source with a high AC
impedance, a 0.1uF capacitor connected between Input and
GND is recommended. This capacitor should have good
characteristics to above 250kHz.

Transient Response and 5V to 3.3V Conversion

The MIC29310/2 have excellent response to variations in
input voltage and load current. By virtue of their low dropout
voltage, these devices do not saturate into dropout as readily
as similar NPN-based designs. A 3.3V output Micrel LDO will
maintain full speed and performance with an input supply as
low as 4.2V, and will still provide some regulation with
supplies downto 3.8V, unlike NPN devices that require 5.1V
or more for good performance and become nothing more
than a resistor under 4.6V of input. Micrel’s PNP regulators
provide superior performance in “5V to 3.3V” conversion
applications than NPN regulators, especially when all toler-
ances are considered.

3-94

1997



MIC29310/29312

Micrel

Minimum Load Current

The MIC29310/2 regulators are specified between finite
loads. If the output current is too small, leakage currents
dominate and the output voltage rises. A 10mA minimum
load current is necessary for proper regulation.

Adjustable Regulator Design

O

MIC29312BT

[

VIN = Vout
4.75V to 5.25V R1 3.45V
+ 100k +

10uF 22uF
R2
56.2k

VOUT = 1.240V x [1 + (R1/R2)]

Figure 4. Adjustable Regulator with Resistors

The adjustable regulator version, MIC29312, allows pro-
gramming the output voltage anywhere between 1.25V and
the 15V maximum operating rating of the family. Two resis-
tors are used. Resistors can be quite large, up to 1MQ,
because of the very high input impedance and low bias
current of the sense comparator. The resistor values are
calculated by:

VOUT

R1=R2 x( ~1)

1.240

Where V, is the desired output voltage. Figure 4 shows
component definition. Applications with widely varying load
currents may scale the resistors to draw the minimum load
current required for proper operation (see the table below).

Enable Input

The MIC29312 version features an enable (EN) input that
allows ON/OFF control of the device. Special design allows
“zero” current drain when the device is disabled—only micro-
amperes of leakage current flows. The EN input has TTL/
CMOS compatible thresholds for simple interfacing with
logic, or may be directly tied to V. Enabling the regulator
requires approximately 20pA of current into the EN pin.

Resistor Value Table for the MIC29312 Adjustable Regulator

Voltage Standard ( Q) Min. Load ( Q)

R1 R1 R2
2.85 100k 76.8k 162 124
2.9 100k 75.0k 165 124
3.0 100k 69.8k 174 124
31 100k 66.5k 187 124
3.15 100K 64.9k 191 124
3.3 100k 60.4k 205 124
3.45 100K 56.2k 221 124
3.6 100k 52.3k 237 124
3.8 100k 48.7k 255 124
4.0 100k 45.3k 274 124
41 100k 43.2k 287 124

Note: This regulator has a minimum load requirement. “Standard” values assume the load meets this requirement. “Minimum
Load” values are calculated to draw 10mA and allow regulation with an open load (the minimum current drawn from the load

may be zero).

1997
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MIC29510/29512
5A Fast-Response LDO Regulator

Preliminary Information

General Description

The MIC29510 and MIC29512 are high-current, high-accu-
racy, low-dropout voltage regulators featuring fast transient
recovery from input voltage surges and output load current
changes. These regulators use a PNP pass element that
features Micrel's proprietary Super Beta PNP™ process.

The MIC29510/2 is available in two versions: the three pin
fixed output MIC29510 and the five pin adjustable output
voltage MIC29512. All versions are fully protected against
overcurrent faults, reversed input polarity, reversed lead
insertion, overtemperature operation, and positive and nega-
tive transient voltage spikes.

A TTL compatible enable (EN) control pin supports external
on/off control. If on/off control is not required, the device may
be continuously enabled by connecting EN to IN.

The MIC29510/2 is available in the standard three and five
pin TO-220 package with an operating junction temperature
range of 0°C to +125°C.

For applications requiring even lower dropout voltage, input
voltage greater than 16V, or an error flag, see the MIC29500/
29501/29502/29503.

Features

 Fast transient response

e 5A current capability

e 700mV dropout voltage at full load

» Low ground current

e Accurate 1% guaranteed tolerance

e “Zero” current shutdown mode (MIC29512)
» Fixed voltage and adjustable versions

Applications

e Pentium™ and Power PC™ processor supplies
» High-efficiency “green” computer systems

» High-efficiency linear power supplies

» High-efficiency switching supply post regulator
» Battery-powered equipment

Ordering Information

Part Number Temp. Range* Voltage Current Package
MIC29510-3.3BT 0°C to +125°C 3.3V 5.0A TO-220-3
MIC29510-5.0BT 0°C to +125°C 5.0V 5.0A TO-220-3
MIC29512BT 0°C to +125°C Ad;. 5.0A TO-220-5
* Junction Temperature
Typical Application
MIC29510 MIC29512
o I o—{EN ouT

ouT ﬁ—ovow

¥

oy f
|

|

GND
<

Fixed Regulator Configuration

\Y o—T— IN ADJ
" + GND
1

Vour = 1240

Adjustable Regulator Configuration
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Pin Configuration

123 12345
MIC29510BT MIC29512BT

On all devices, the Tab is grounded.
Pin Description
3-Pin TO-220 (MIC29510)

Pin Number Pin Name Pin Function
1 IN Unregulated Input: +16V maximum supply.
2 GND Ground: Internally connected to tab (ground).
3 ouT Regulated Output

5-Pin TO-220 (MIC29512)

Pin Number Pin Name Pin Function

1 EN Enable (Input): Logic-level ON/OFF control.

2 IN Unregulated Input: +16V maximum supply.

3 GND Ground: Internally connected to tab (ground).

4 ouT Regulated Output

5 ADJ Output Voltage Adjust: 1.240V feedback from external resistive divider.
Absolute Maximum Ratings Operating Ratings
Input Supply Voltage (Note 1) ........cccvveeneee —20Vto +20V  Operating Junction Temperature ................. 0°C to +125°C
Power Dissipation ............ccccceevieiciinnne. Internally Limited 83 (TO-220) ....ccoviviiiiiiiiiiie 2°CIW
Storage Temperature Range ................... —65°C t0 +150°C 034 (TO-220) ..oovoiiiiiiiiiiiciic 55°C/W
Lead Temperature (Soldering, 5 secC.) ......ccccoeeiunnenne 260°C
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Electrical Characteristics

All measurements at T; = 25°C unless otherwise noted. Bold values are guaranteed across the operating temperature range.

Parameter Condition Min Typ Max Units
Output Voltage 10MmA <5< I, (Vour +1V) £V <8V (Note 2) -2 2 %
Line Regulation lg=10mA, (Vout +1V) V<8V 0.06 0.5 %
Load Regulation Vin=Vourt + 1V, 10mA < I 7 < Iy Loap (Notes 2, 6) 0.2 1 %
AVl AT Output Voltage Temperature Coefficient (Note 6) 20 100 |ppm/°C
Dropout Voltage AV 7 = = 1%, (Note 3)
MIC29510/29512 |5 = 100mA 80 200 mV
lo = 750mA 200 mv
lo=1.5A 320 mV
lo=3A 500 mV
lo =5A 700 1000 mV
Ground Current MIC29510/29512 |5 = 750mA, V| = Vgoyt + 1V 3 20 mA
lo=1.5A 10 mA
lo=3A 36 mA
lo=5A 100 150 mA
lenppo Ground Pin V|n = 0.5V less than specified Vg 1. Igyt = 10mA 2 3 mA
Current at Dropout
Current Limit MIC29510/29512 V5,1 = OV (Note 4) 5.0 6.5 A
e, Output Noise Voltage C_=47uF 260 HVrms
(10Hz to 100kHz) I, = 100mA
Reference (MIC29512 only)
Reference Voltage 1I0MA < Iy < I, Vour + 1V £V <8V (Note 2) 1.215 1.265 | Vyax
Adjust Pin Bias Current 40 80 nA
120 nA
Reference Voltage (Note 7) 20 ppm/°C
Temperature Coefficient
Adjust Pin Bias Current 0.1 nA/°C
Temperature Coefficient
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Parameter Conditions | Min 11ypica| '\/Iax llJnits
Enable Input (MIC29512 only)
Input Logic Voltage Low (Off) 0.8 \%
High (On) 2.4 \%
Enable (EN) Pin Input Current VeEn = Vin 15 30 HA
75 MA
Vgy = 0.8V - 2 HA
4 HA
Regulator Output (Note 8) 10 MA
Current in Shutdown 20 MA

General Note: Devices are ESD sensitive. Handling precautions recommended.
Note 1: The maximum continuous supply voltage is 16V.
Note 2:  Full Load current is defined as 5A for the MIC29510/29512. For testing, Vg7 is programmed to 5V.

Note 3:  Dropout voltage is defined as the input-to-output differential when the output voltage drops to 99% of its nominal value with V1 + 1V applied
to V.
IN

Note 4:  For this test, V| is the larger of 8V or V1 + 3V.

Note 5:  Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus the ground
pin current.

Note 6:  Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.
Note 70 Ve <VourS(Vin—1V), 24V <V <16V, I0mA<I <1, T3S Ty yax.
Note 8: Vg <0.8Vand V<8V, Vg, =0.

Block Diagram

INO * \ / oouT
Bias
EN O— On/Off — 1
| o.V.
| ILmr |
| v |
Reference + | |
. | b
I [
- | |
| l Feed
I i ek [FOADJ
Thermal | 1 | 4
ermal
Shut- - |
down | < |
< <
| _3 | B3
L g L g L O GND
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Typical Characteristics

MIC29512 Load Transient Response
(See Test Circuit Schematic)

o
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MIC29512
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Vin = Vour + 1V T 1% 4 x 330F a
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+ GND 49.9kg  TPSE337M006R0100 o
0
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L L -+
Vour load (not shown): 5A
Intel® Power Validator £
&
g
MIC29512 Load Transient Response Test Circuit =
<
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200mA
OmA
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with 5A Load, 10uF Output Capacitance with 5A Load, 100uF Output Capacitance
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MIC2951x Dropout Voltage MIC2951x Dropout Voltage MIC29510-3.3
vs. Output Current vs. Temperature Dropout Characteristics
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Applications Information

The MIC29510 and MIC29512 are high performance low-
dropout voltage regulators suitable for all moderate to high-
current voltage regulator applications. Their 600mV of drop-
out voltage at full load make them especially valuable in
battery powered systems and as high efficiency noise filters
in “post-regulator” applications. Unlike older NPN-pass tran-
sistor designs, where the minimum dropout voltage is limited
by the base-emitter voltage drop and collector-emitter satu-
ration voltage, dropout performance of the PNP output of
these devices is limited merely by the low V¢ saturation
voltage.

A trade-off for the low dropout voltage is a varying base drive
requirement. But Micrel's Super RBeta PNP™ process re-
duces this drive requirement to merely 2 to 5% of the load
current.

MIC29510/512 regulators are fully protected from damage
due to fault conditions. Current limiting is provided. This
limiting is linear; output current under overload conditions is
constant. Thermal shutdown disables the device when the
die temperature exceeds the maximum safe operating tem-
perature. Transient protection allows device (and load) sur-
vival even when the input voltage spike above and below
nominal. The output structure of these regulators allows
voltages in excess of the desired output voltage to be applied
without reverse current flow. The MIC29512 version offers a
logic level ON/OFF control: when disabled, the devices draw
nearly zero current.

An additional feature of this regulator family is a common
pinout: a design’s current requirement may change up or
down yet use the same board layout, as all of Micrel’s high-
current Super Beta PNP™ regulators have identical pinouts.

O

VIN Vout
+

Dl

Figure 3. The MIC29510 LDO regulator requires only
two capacitors for operation.

Thermal Design

Linear regulators are simple to use. The most complicated
design parameters to consider are thermal characteristics.
Thermal design requires the following application-specific
parameters:

* Maximum ambient temperature, T,
* Output Current, |51

 Output Voltage, Vg1

* Input Voltage, V|

First, we calculate the power dissipation of the regulator from
these numbers and the device parameters from this datasheet.

Pp = lout * (1.02V)y = Vour)

Where the ground current is approximated by 2% of |5 .
Then the heat sink thermal resistance is determined with this
formula:

Tyvmax—Ta
Ogp = —— = (B¢ + 6cg)
Pp

Where T, ax < 125°C and 6¢ is between 0 and 2°C/W.

The heat sink may be significantly reduced in applications
where the minimum input voltage is known and is large
compared with the dropout voltage. Use a series input
resistor to drop excessive voltage and distribute the heat
between this resistor and the regulator. The low dropout
properties of Micrel Super Beta PNP regulators allow very
significant reductions in regulator power dissipation and the
associated heat sink without compromising performance.
When this technique is employed, a capacitor of at least
0.1pF is needed directly between the input and regulator
ground.

Please refer to Application Note 9 for further details and
examples on thermal design and heat sink specification.

Capacitor Requirements

For stability and minimum output noise, a capacitor on the
regulator output is necessary. The value of this capacitor is
dependent upon the output current; lower currents allow
smaller capacitors. MIC29510/2 regulators are stable with a
minimum capacitor value of 47uF at full load.

This capacitor need not be an expensive low ESR type:
aluminum electrolytics are adequate. In fact, extremely low
ESR capacitors may contribute to instability. Tantalum ca-
pacitors are recommended for systems where fast load
transient response is important.

Where the regulator is powered from a source with a high AC
impedance, a 0.1uF capacitor connected between Input and
GND is recommended. This capacitor should have good
characteristics to above 250kHz.

Transient Response and 5V to 3.3V Conversion

The MIC29510/2 have excellent response to variations in
input voltage and load current. By virtue of their low dropout
voltage, these devices do not saturate into dropout as readily
as similar NPN-based designs. A 3.3V output Micrel LDO will
maintain full speed and performance with an input supply as
low as 4.2V, and will still provide some regulation with
supplies downto 3.8V, unlike NPN devices that require 5.1V
or more for good performance and become nothing more
than a resistor under 4.6V of input. Micrel’s PNP regulators
provide superior performance in “5V to 3.3V” conversion
applications than NPN regulators, especially when all toler-
ances are considered.
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MIC29510/29512

Micrel

Adjustable Regulator Design

MIC29512BT
L]
VIN =U Vout
4.75t0 5.25 R1 3.45V
+ 100k +

10pF 4TuF
R2
56.2K

VoUuT = 1.240V x [1 + (R1/R2)]

Figure 4. Adjustable Regulator with Resistors

The adjustable regulator version, MIC29512, allows pro-
gramming the output voltage anywhere between 1.25V and

the 16V maximum operating rating of the family. Two resis-
tors are used. Resistors can be quite large, up to 100kQ,
because of the very high input impedance and low bias
current of the sense comparator. The resistor values are
calculated by:

VOUT

R1=R2 x( ~1)

1.240

Where V, is the desired output voltage. Figure 4 shows
component definition.

Enable Input

The MIC29512 versions features an enable (EN) input that
allows ON/OFF control of the device. Special design allows
“zero” current drain when the device is disabled—only micro-
amperes of leakage current flows. The EN input has TTL/
CMOS compatible thresholds for simple interfacing with
logic, or may be directly tied to V. Enabling the regulator
requires approximately 20pA of current into the EN pin.

Resistor Value Table for the MIC29512 Adjustable Regulator

Voltage Standard ( Q)

R1 R2
2.85 100k 76.8k
2.9 100k 75.0K
3.0 100k 69.8K
3.1 100k 66.5K
3.15 100k 64.9K
3.3 100k 60.4K
3.45 100k 56.2K
3.6 100k 52.3K
3.8 100k 48.7k
4.0 100k 453k
41 100k 43.2k
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MIC29710/29712
7.5A Fast-Response LDO Regulator

General Description

The MIC29710 and MIC29712 are high-current, high-accu-
racy, low-dropout voltage regulators featuring fast transient
recovery from input voltage surges and output load current
changes. These regulators use a PNP pass element that
features Micrel's proprietary Super Beta PNP™ process.

The MIC29710/2 is available in two versions: the three pin
fixed output MIC29710 and the five pin adjustable output
voltage MIC29712. All versions are fully protected against
overcurrent faults, reversed lead insertion, overtemperature
operation, and positive and negative transient voltage spikes.

A TTL compatible enable (EN) control pin supports external
on/off control. If on/off control is not required, the device may
be continuously enabled by connecting EN to IN.

The MIC29710/2 is available in the standard three and five
pin TO-220 package with an operating junction temperature
range of 0°C to +125°C.

For applications requiring even lower dropout voltage or input
voltage greater than 16V, see the MIC29750/29752.

Features

 Fast transient response

e 7.5A current capability

e 700mV dropout voltage at full load

» Low ground current

» Accurate 2% guaranteed tolerance

e “Zero” current shutdown mode (MIC29712)
* No minimum load current

» Fixed voltage and adjustable versions

Applications

e Pentium™, Pentium Plus™, and Power PC™
processor supplies

« High-efficiency “green” computer systems

» High-efficiency linear power supplies

» High-efficiency switching supply post regulator

» Battery-powered equipment

Ordering Information

Part Number Temp. Range* Voltage Current Package
MIC29710-3.3BT 0°C to +125°C 3.3V 7.5A TO-220-3
MIC29710-5.0BT 0°C to +125°C 5.0v 7.5A TO-220-3
MIC29712BT 0°C to +125°C Adj. 7.5A TO-220-5
* Junction Temperature
Typical Application
MIC29710 MIC29712
o7 o—{EN ouT Vour
R1
+

Vin O—T— IN ouT ﬁ—o Vour
I+ I+
:[ T :[

Fixed Regulator Configuration

V,NOT IN ADJ
* GND R2 :I:
i 1 il

Adjustable Regulator Configuration
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MIC29710/29712 Micrel

Pin Configuration

123 12345
MIC29710BT MIC29712BT

On all devices, the Tab is grounded.
Pin Description
3-Pin TO-220 (MIC29710)

Pin Number Pin Name Pin Function
1 IN Unregulated Input: +16V maximum supply.
2 GND Ground: Internally connected to tab (ground).
3 ouT Regulated Output

5-Pin TO-220 (MIC29712)

Pin Number Pin Name Pin Function

1 EN Enable (Input): Logic-level ON/OFF control.

2 IN Unregulated Input: +16V maximum supply.

3 GND Ground: Internally connected to tab (ground).

4 ouT Regulated Output

5 ADJ Output Voltage Adjust: 1.240V feedback from external resistive divider.
Absolute Maximum Ratings Operating Ratings
Input Supply Voltage, Note 1 ...........c.c...... —-0.7 Vto +20V  Operating Junction Temperature ................. 0°C to +125°C
Power Dissipation ............cc.cceevviniciinnne. Internally Limited 83 (TO-220) ....ccoviviiiiiiiiiiie 2°CIW
Storage Temperature Range ................... —65°C t0 +150°C 034 (TO-220) ..oovoiiiiiiiiiiiciic 55°C/W
