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MICROCHIP
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Analog Offering

MICROCHIP
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N Analog & Interface Products

MICROCHIP

[ LINEAR ] [ POWER

MANAGEMENT ] [ MIXED SIGNAL ]
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Broadening Microchip Solutions
MicROCHIP Through Acquisitions
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Broadening Microchip Solutions
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Broadening Microchip Solutions
MicROCHIP Through Acquisitions
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N Analog & Interface Products

MICROCHIP
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N Power Management

MICROCHIP

60V 1
40V
Integrated
> Switching Me8> | PWM CONTROLLER
g 30V
O MCP19110/1/8/9 — Sync Buck
E Standalone w/ Integrated MCU M
5 MCP16301 S MCP163s MCP19035 — Sync Buck DIGVETES
= MCP1703A MCP16311/2 X
— MCP1711 MCP16331 or
MCP1754/5 MCP164x MOSFET + MCP87xxx - HIGH
MCP1790 MCP162xx Drivers SPEED MOSFETs
4.5V
<1W <10W <50W <150W 300W<

Power (Watts)
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R\ Microchip Power
MICROCHIP Conversion Portfolio

Input Voltage (V)

600V

120V

D
o
<

IN
o
<

Linear and
Swiching Regs

Future Expansion Will Fill Gaps

Integrated Switching Reqgs, Controllers

and Modules
IC28511, MIC45208

MAQ5282
MIC5283

Integrated PIC
Switching DEPA or (MCU + PWM Or
Regs Regulators CONTROLLERS) sPIC

+ External MOSFETs v
MOSFET

+ MCP87xxx - HIGH Drivers
SPEED MOSFETs

MCP16301/H
MCP16311/2
MCP16331

MCP1703A
MCP1754/5

<1W <10W <50W <150W 300W«<
Power (Watts)
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N\ What Is a Low-Dropout
MICROCHIP Reg ulator?

e A Low-DropOut (LDO) regulator

e LDO can regulate the output voltage even
when the supply voltage is very close to the
output voltage

e Simple DC to DC regulator (buck conversion

only)
e Pros and Cons compared to switching
regulator

15
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Linear vs

Switching

MICROCHIP
Linear Switching
Function Only steps down (buck) so input voltage must be Step up (boost), step down (buck), inverts
greater than output voltage
Low to medium, but actual battery life _depends on High, except at very low load currents (uA),
. load current and battery voltage over time. . . 4
Efficiency - o : where switch-mode quiescent current (l) is
Efficiency is high if difference between input and .
: usually higher
output voltages is small
High, if average load and/or input to output Low, as components usually run cool for power
Waste heat . .
voltage difference are high levels below 10 W
- Medium to high, usually requiring inductor, diode,
. Low, usually requiring only the regulator and low- . . " . )
Complexity . and filter caps in addition to the IC; for high-power
value bypass capacitors L
circuits, external FETs are needed
. Small to medium in portable designs, but may be |Larger than linear at low power, but smaller at
Size . Co o . .
larger if heatsinking is needed power levels for which linear requires a heat sink
Total cost Low Medium to high, largely due to external
components
Ripple/Noise Low; no ripple, low noise, better noise rejection Medium to high, due to ripple at switching rate

16



S LDO Performance Strategy

MICROCHIP

Better Efficiency « Smaller Solution Size + Noise Performance
 Lower Iq  Capless * Higher PSRR
* Lower Dropout * Dual/Multi Output » Lower Output Noise

125

_ 100pA 5OQOX IOV\t/er 20nA
c . quiescen 2 x Caps No Caps ~ 100 b -~ e |High PSRRLDO |
g ol current = Needed needed %
g I z "
> X 5o LT 2l
8.' E . E . 8 Standard LDO
S5 IL 25 —
n
0
Ty 1E+1 1E+3 1E+5 1E+7
Battery Lifetime Standard LDO Capacitor-Less LDO
ra-Low Drop Out (<50m ulti-Channe egulators Ultra-Low Noise Output
I 2 x single w
; LDOs
1'8V|n B 1 x dual /I\T
36% better LDO T
efficiency E . E Q E
| ==) B 5 -
Lovin| | B o
2]
b 1.0VOUL = . B 2
P

Single Channel Dual Channel

Confidential 17



N L DO Offering

MICROCHIP

e Over 300+ LDOs from MCHP + Micrel

e High Vin LDOs
e Up to 120V

e High Current Output
e Up to 7.5A

e High Performance
e Ultra-Low Iqg: 20 nA typ
e Small package: 1x1mm DFN
e High PSRR: Ripple Blocker Family
e Multiple Output LDO: 4 Channel Output LDOs

8



MICROCHIP

Overview of Combined
LDOs

Type | M InPUt o ma ~ 150 mA ~ 200 mA ~ 300 mA ~ 500 mA
Voltage m m m m ~ 400 mA m ~1.0A | ~1.5A | ~3.0A | >3.0A
Single Single Dual Single Dual Single Dual m Single Dual
MIC536x |MIC5310 MIC5504 MIC5524 |MIC5355|MIC37120|MIC69151|MIC69301|MIC68400
>3V [MICS2531 \ics301 [mics3ax| MIC2367 IMICS38X) ) o ag [MICS3IX| MICS325 1) o519 | MIcs356|MIC37122| MIC69153 | MIC69302| MIC69502
Standard MIC5252 MIC5249 MIC35152
MIC5353 MI3710x
Type TC1070 | MIC525x . MIC5318 . MIC3715x| MIC3730x| MIC3750x
6.0V | 12054 | Tc1186 |MIC5294] ™ 300mA MCP1824S Sl MTE;f?; mgiigg MCP1727 |MIC47300|MIC49500
TC2185 TC1107 MCP1827
7.0/8.0V | MIC5232 MIC29311
Low Iq MCP1810 5
(<2um) ; MIC5231 | MCP1711 MCPLI03 500mA |MIC47050
High PSRR MIC5281 MIC5309 B
(230dE) ; ViChr7e0| MIC5308 MIC94310 ypan 500mA |MIC94325 MIC47100
Small MIC536x
Package - ViCPaaay |MIC538x| MICS36X MIC550x |MIC5399| ~ 500mA | MIC5524
MIC5205
MIC5231 MIC5219 MIC2931x| MIC2951x
Med Input| 12v - 22 | '\ =77 | MIC5225 MCP1702 MCP1755 MIICe 200 MIC3910x | MIC3915x| 0 | ° =
MCP1754
MIC528x | MIC528x ** MIC2950x
High Input| >2av | MIC5233| MIC295x MIC2954 MIC2920x| MIC5239 MIC294xA| MIC2915x | MIC2930x| o =5 >
MCP1790| MCP1804

19




MICROCHIP
High Input Voltage LDOs
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AN LRS, LR12

MICROCHIP

LR8:

- 13.2V - 450V input voltage range

- Adjustable 1.2V - 440V output regulation
- Output current limiting

- Internal junction temperature limiting

LR12:

- 13.2V to 100V input voltage range

- Adjustable 1.2V to 88V output regulation
- Output current limiting, 50mA min.

- Over temperature protection

------

il
‘ e
l Vour
V,, WIN VOUT *
LRB aDJ R
E1 ' C,
[~ ! T % Rion
% R,

A

*  Required for conditions where V', is less than V.

CBoucTBa:

- 5% reference voltage tolerance
- Output current limiting

- 10uA typical ADJ current

- Over temperature protection

- Operating Temperature Range: -

55°C to +150°C

- Package Options: TO-252 (DPAK),

T0-92, SOIC-8

21
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MICROCHIP

High Input Voltage

Part Number

Vin Range

lout Max

Iq

Dropout Voltage

Key Features

Fast line regulation, load dump, reverse protection, ADJ

Package

MIC5280* |[4.5-120V| 25mA |31uA 1100 mV SOIC-8 EP
output
MIC5281* |6.0-120V| 25mA | 6 UA 2000 mV Low lqg, fast line regulation, load dump 3x3mm DFN10
MIC5282* |6.0-120V| 50mA | 6 UuA 2000 mV Low lq, fast line regulation, load dump MSOP-8 EP
SOIC-8 EP
" ) . . .
MIC5283 6.0-120V | 150 mA | 8 UA 1800 mV Low Ig with High Vin 3x3mm DEN
MIC5233 2.3-36V | 100 mA |18 UuA 270 mV Low Iq SOT-23
MIC5234 2.3-30V | 150 mA |20 uA 320 mV Low Iq SOIC-8 EP
SOT-23
MCP1804 2.0-28V | 150 mA |50 uA 1300 mV Current foldback SOT-89
SOT-223
2x3mm DFN
. SOT-23
MCP1703* | 2.7-16V | 250 mA | 2 UuA 625 mV Low Ig in small package SOT-89
SOT-223

* AEC-Q100 qualified (MAQ prefix is used for MIC devices)

22
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MIC5280 — 120Vin LDO

MICROCHIP
Features: Highlights:
e 4.5V to 120V DC Input voltage range e Very low quiescent current
e 25mA Guaranteed output current e Ideal for stand-by power supply in
e Automotive load dump protection automotive applications
e -24Vto 120V Maximum input voltage range e Thermal shutdown and over current
e Surge protection for automotive load dump protection
e Reverse voltage protection e Ultra High >80dB PSRR
e -40°C-125°CT,rating e Ideal for RF Power Supplies in Noisy
Automotive Environments
e Thermally efficient SOIC-8 EP package
MAQ5280YME e AEC-Q100 qualified, up to Grade 2
5.5V
=24\ 1o 120V EIT VIN CEYP
D.1BpF$ _—I—gmuF
o+ NC VouT T1.22v to 5V
o NC ADJ ——=2.2yF A",{E”Jﬁi“re
-1V to 120V g———— EN GND }7

23



R\ MIC5280 — High PSRR and

MICROCHIP Load Dump
Power Supply Load Dump
Rejection Ratio " -
120 gzl v . e
100pA g% W
100 i 28 120V :
3~ ¢
— 80'—" Tl = 1mA' ;
M T el bl
T [1oma| M1 S
Z 60 e
3
40
20 > 2| sy Load = 25mA
o v
qO 100 1000 10000 100000 Time (200ps/div)
FREQUENCY (Hz)
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MICROCHIP
High Current LDOs
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High Current Output LDO 1

MICROCHIP
Part Number lout Max Vin Range Enable Dropout Voltage Key Features Package
Low dropout, Adjustable Delay on PWR SOIC8
MCP1727 15A [23-6.0V| Y 330 mV Good Output 3%3 DENS
MCP1827/S | 15A |2.3-6.0V Y 330 mV Fixed and ADJ output DDPAK
TO-220
MIC47150 1.5A |1.4-6.5V Y 280 mV Low dropout, High Speed TO-252
: MSOP-10
MIC61150 1.5A |1.1-3.6V Y 75 mV Ultra low dropout, Low input voltage 3x3mm DEN10
MIC69151 15A |1.65-55V| Y 250 mV Low input voltage, power good S0IC-8
' 027 . 5 e 3x3mm DFN10
MIC68200 20A |1.65-55V| Y 300 mV Low noise, high speed 3x3mm DFN10
MIC68220 2x2A |1.65-5.5V| Y 300 mV Dual output, high speed 4x5mm DFN20

26
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High Current Output LDO 2

MICROCHIP
Part Number lout Max Vin Range Enable Dropout Voltage Key Features Package
Low dropout, Adjustable Delay on SOIC8
MIC47300 15A |1.4-6.5V 230 mV PWR Good Output 3x3 DENS
: SOIC-8
MIC59300 1.5A |1.0-3.8V 205 mV Ultra low Vin 10-263
MIC61300 1.5A |1.1-3.6V 150 mV Ultra low dropout 3x3mm DFN10
MIC68400/1| 4.0A |1.65-5.5V 360 mV High speed, low Iq 4x4mm DFN16
MIC69502 50A |1.65-5.5V 250 mV Low Vout of 0.5V SPAK-7
MIC29751 75A | 2.5-26V 700 mV High speed, low Iq TO-247
MIC29710 75A | 2.3-16V 425 mV High current output TO-220

27




N Dual Input (Vbias) LDOs

MICROCHIP

e Dual Input LDOs are ideal for
applications which require
e A fast transient response
e Capability of converting very low input voltage
e High output current
e Low dropout voltage
e Low noise and high PSRR

e Ideal for FPGAs and ASICs

28
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MIC59150

MICROCHIP
Features: Applications:
e Ultra Fast Transient Response e Telecommunications processors
e 1.5A Output e Graphics Processors
e Low Input and output voltage e MCU power
conversions e Digital TVs and Set Top Boxes
e VIN: 1.0V to 3.8V e DSP and FPGA Power
e Maximum dropout (VIN — VOUT) of
250mV over temperature
e Adjustable output voltage down to 0.5V MICSSTS0VIME
e Excellent line and load regulation Ve T orawr VN T e
specifications VBIAS O e VBIAS i COUT=1pF
e Logic controlled shutdown . A i i ADJ T (Ceramic]
e Thermal shutdown and current limit T o oD
protection _li_
e Exposed Pad SO-8 package
e TJ=-40°Cto +125°C

29



MICROCHIP
Low Igq LDOs
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N Yo Takoe Iq?

MICROCHIP

e I = Quiescent Current
e Iq 9TO HEOOXoaMMbIN TOK Anst padboTtkl LDO

e Iq 9TO TOK, Tekywmn B GND 0e3 Harpysku

e [1pn nonHon Harpy3ke (150mMA, 300MA, 1A,
S5A, 1.4.), |g HE MMEET 3HaYEHUS, TaK KaK 3TO
NULLb YacTb obLero Toka. TeM He MeHee,
Onsi Mmarnown Harpysku nnm 6es Harpysku, Ig
CTAHOBUTCHA KPUTUYECKMM NapameTpom

e Ha pbiHKe npucyTtcTtByioT LDO c Ig ~1MKA go
500HA

31
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Low Ig LDO

MICROCHIP
Part Number lout Max Vin Range Dropout Key Features Package
Voltage
MCP1711 | 150 mA [1.4-6.0V| 0.6uA 500 mV Ultra Low Iq, Capless where applicable 1x§rg;r_122FN
SOT-23
SOT-89
MCP1700 | 200 mA |2.3-6.0V| 1.6uA 178 mV Ultra Low Iq, Low Dropout 10-92
2x2mm DFN6
SOT-23
: SOT-89
MCP1703A | 250 mA | 2.7-16V | 2.0uA 625 mV Ultra Low Iq, High Input Voltage 10-92
2x3mm DFN8
MCP1810 | 150 mA |2.3-6.0V |0.02 uA 450 mV Lowest Ig in the Market 2x2mm DFN8
MIC5281/2 {25/50 mA|6.0 —120V| 6.0uA 2000 mV Ultra High Input Voltage, Low Iq MSOP8
MIC5232 10mA | 2.7-7V | 1.8uA 100 mV 7V Input, Low Iq I/i)?:LZ

32
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MCP1711

mcroche  Ultra Low |q : Cap less LDO
Features: Applications:
e Ultra Low Iq of 0.6uA typ e Energy Harvesting
e Very Accurate Output of 20mV e Long-Life, Battery-Powered Applications
Offset for Output of 1.2 to 1.8V e Portable Electronics
e Vin: 1.4V to 6.0V e Ultra-Low Consumption Products
e Stable Without Output Capacitor
e Available Package
e 1x1mm DFN
e SOT-23
Input LDO Cutput Retistar
Cap (1x1mm) Cap -
(1x1mm)
Total Area = 7.77mm?
Resistor Tﬂtal Area= 225mm1

*Resistors and Capacitors is in 0402 SMD

packaging (1.05x0.5mm)

33



AN MCP1810

MICROCHIP

e (Super) Ultra Low Ig — yBenuunBaet
CPOK CNnyXx06bl OT OaTapeun

e [loTpebnsaeT nuwb 0.02MKA (20HA) (TUNOBOE
3Ha4yeHue)

e [1ns1 npnboOpoB € NUTaAHMEM OT DaTapemn

e [loTpebrieHne meHblle B 50 pas yem
GrIvKaMLLME KOHKYPEHTb! (i)

Supply Current

i l
l
X
o
@
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MICROCHIP
RippleBlocker™
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N RippleBlocker™

MICROCHIP

 What is RippleBlockerTM?
« Ultra High PSRR to filter ripple voltage from the

source
DC/DC Ripple Output No Ripple Out to POL
Fek Stop [ — Tek Prevu [t =
e L mutmmmmnm p—
Ripple voltage ™ .I.\‘\‘.'\ w‘v‘\.-‘!‘..” \\ \ H|~l s \‘\ _1
‘\\H"‘h‘”\ll‘h\ ‘““\ ‘I‘H“]IH‘ ;Cﬁ;t-‘;i:m’l"k
! ! | t ! A MICREL PRODUCT i
(7 PP N AV
[y EJf?*.H«MN..?"?*NM! W’Mtir‘ﬂf\‘f’(“ﬁ’m H‘W’H h.ntm:.
| .'o“oxu: S00kHZ -:9.;:00\ . 20.0 de SO0KMZ 11 9.500 %

Ripple-Blocker™ Response at DC/DC Switching Frequency 370kHz

POL=Point of Load
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RippleBlocker™

MICROCHIP
Part lout Max Vin Range Vout Dropout Voltage Key Features Package
Number g P g y g
. . 1.2x1.6mm
MIC94300 | 200mA | 1.8-3.6V | Vin-170mV typ 190 mV Input follower, Ultra high PSRR DEN4
. . 1.2x1.6mm
MIC94310 | 200mA | 1.8-3.6V Fixed 40 mV Ultra low dropout, Ultra high DFN4
1.2-3.3V PSRR
SOT-23
_ : 1.6x1.6mm
MIC94305 | 500mA | 1.8-3.6V | Vin-170mV typ 200 mV Input follower, Ultra high PSRR DENG
Adj . 1.6x1.6mm
MIC94325 | 500mA | 1.8-3.6V 19-3.4V 100 mV Low dropout, Ultra high PSRR DENG
Fixed . 1.6x1.6mm
MIC94345 | 500mA | 1.8-3.6V 19-3.3V 90 mV Low dropout, Ultra high PSRR DENG
Fixed . 1.6x1.6mm
MIC94355 | 500mA | 1.8-3.6V 19-33V 90 mV Low dropout, Ultra high PSRR DENG

37




S Bad Example to Filter Noise

MICROCHIP

Innovahon Thcough Technology®
RIPPLE BLOCKER"

A MICREL PRODUCT

e
Ferrite Bead

Resonance Amplifies Noise

Only 2n Order Filter

g N .| Bad filter in high frequencies

1 10 100
Frequency (KHz)

Low Noise LDO
LW out 54— ' ® - Very Bad Filter in
o = CO T T T High Frequencies

EN BYP |
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S Good Example to Filter Noise

MICROCHIP

The Old Way
2 : PSRR gf Typica.l Ferrite Bead
1 )
: T TTINCT T T Resonance Amplifies Noise
g Only 2" Order Filter
g ™ (I TI T Bad filter in high frequencies
ol LC Filter = 10uH, z.z( )
A ool 0l 1;,emﬁw (KH:())O 1000 10000
The Best Way

PSRR MIC34300 "Following” Ripple Blocker

Using Ripple Blocker™
3rd Order Filter Constant Filtering
even in high frequencies

0.03 o1 i 50 100 1000 10000
Frequency (KHz2)

39



N RippleBlocker™ vs. LDO

MICROCHIP

200mA Fixed Output LDO with Ripple-Blocker™ Technology

. . P-Channel
94310 PSRR Vs High PSRR Typical LDO LDO
. Very Poor PSRR
. Extremely High Frequency PSRR Performance at high

LDOs Lose Jlejectiun

\ Frequency!

| Typical LDO / \ / |

40
/ ICIU'I' =100mA
Mo

&
=
- il
E -50 / \
= Ripple Blocker Block
80 o 1 High Frequency Ripple
Extremely
100 High PSRR from
\ | 60kHz to 10MHz
lour = N0mMA Vin=2.5V
-120 1
10 100 1,000 10,000 100, 000 1000000 10000 000

Fregquency (Hz)
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AN RippleBlocker™
MICROCHIP erformance

PSRR (dB)

10Hz-10MHz Best-In-Class filtering!
MIC94300 MIC94310

Extremely good

PSRR C =1uF PSRR Cerir = 1UF high frequency
ouT H our = 24 PSRR results

0 _“ T T
10 Pal \ 3R Order
’/ \ ) Filter E)ftremely good 20
20 = 41Hz high frequency
Viy =(2.0V
30 \ PSRR results 0 Liliilk
Il m
20 Vin 2[3.6V / s | 3(
| e : « Yaid
50 \ x
l| ___6 | ) 5 I R
60 VIN =|1.8V V‘Mﬁ o 50 ’ ‘
-70 P—— Ve /
80 30kHz Sl =i e i 3.6\\// XXV+40mV
= +
00 Vin=XXV+40mVpp | s
Load = 200mA
Load = 200mA -120 . .
-100 : : 10 100 1K . 10K 100K 1M  10M
10 . 100 1K 10K . 100K . 1M  10M Frequency (Hz)

Frequency (Hz)
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MICROCHIP

MIC94310 Fast Transient

Trig'd

-

100ps/Div

Line Transien

t: 2.3V to 3.6V

Vo = 1.8V/100mA

1.3V Step

1V/Div

| 5mV/Div

1.3V/1mV
1300to 1
-62dB
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RippleBlocker™ Key Take
Mlcncu\cmp Away

e Simple
e 4 pin DFN package in very small package
e Superior PSRR

e RippleBlocker™ Constantly provides >60dB
from 10Hz to 10MHz

e Superior Transient Response

e Load transient will result in ringing for LC filter
causing cross-coupling to adjacent circuit

e Ripple blocker provides excellent both load
and line transient response
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MICROCHIP
Portable Focused LDOs
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Focused Products LDO Selection Guide

lout (A) | Vout (V) Outputs| Output | Room l/output | Dropout at| PSRR at | PSRR at| Auto Package (mm)

Adjust | Accuracy fullload | 100Hz | 1kHz |Discharg
Method | (%) (mV) (dB) (dB) e

7}
5 MIC5501 | 25-55| 0.3 1.0-3.3 1 Preset 2 32 160 65 60 1.0x 1.0TDFN, SOT23-5L
E MIC5502 | 25-55| 0.3 1.0-3.3 1 Preset 2 32 160 65 60 v 1.0x 1.0 TDFN, SOT23-5L
uo, MIC5503 | 25-55| 0.3 1.0-3.3 1 Preset 2 32 160 65 60 v 1.0x 1.0TDFN, SOT23-5L
o] MIC5504 | 25-55| 0.3 1.0-3.3 1 Preset 2 32 160 65 60 v v 1.0x 1.0TDFN, SOT23-5L
9 MIC5512 | 25-55| 0.3 1.0-3.3 1 Preset 2 32 160 70 65 v 1.6x 1.6 TDFN
e MIC5514 | 2.5-55| 0.3 1.0-3.3 1 Preset 2 32 160 70 65 v v 1.6x 1.6 TDFN
% MIC5392 | 25-55| 0.15 1.0-3.3 2 Preset 2 32 155 65 60 1.2x1.2TDFN, 1.2 x 1.2 XTDFN
§ MIC5393 | 25-55| 0.15 1.0-3.3 2 Preset 2 32 155 65 60 v 1.2x 1.2TDFN, 1.2 x 1.2 XTDFN
qg MIC53% | 2.5-55| 0.3 1.0-3.3 2 Preset 2 42 160 65 60 1.2x 1.6 TDFN, 1.2 x 1.6 XTDFN
g_’ MIC5397 | 2.5-55| 0.3 1.0-3.3 2 Preset 2 42 160 65 60 v 1.2x 1.6 TDFN, 1.2 x 1.6 XTDFN
.ED MIC5398 | 25-55| 0.3 1.0-3.3 2 Preset 2 42 160 65 60 v 1.2x 1.6 TDFN, 1.2 x 1.6 XTDFN
T MIC5399 | 25-55| 0.3 1.0-3.3 2 Preset 2 42 160 65 60 v 1.2x 1.6 TDFN, 1.2 x 1.6 XTDFN
% MIC5524 | 25-55| 0.5 1.0-3.6 1 Preset 1 38 260 80 65 v 1.0x 1.OTDFN
£ MIC5528 | 2.5-55| 0.5 1.0-3.6 1 Preset 1 38 260 70 60 v 1.2x1.27TDFN, 1.2x 1.2 XTDFN
‘g MIC5317 | 25-6.0| 0.15 1.0-3.6 1 Preset 2 29 155 70 1.0x 1.0TDFN, SOT23-5L
e 0.8x0.8CSP, 1.2x 1.6 TDFN,
35 MIC94310 | 1.8-36| 0.2 1.0-3.3 1 Preset 1 170 40 85 80 SOT235
MIC94325 | 1.8-3.6| 0.5 1.0-3.3 1 |Resistor 1 170 100 85 85 1.6x 1.6 TDFN
MIC94345 | 1.8-3.6| 0.5 1.0-3.3 1 Preset 1 170 100 85 85 0.84x 1.32CSP, 1.6x 1.6 TDFN
MIC94355 | 1.8-3.6| 0.5 1.0-3.3 1 Preset 1 170 100 85 85 0.84x 1.32CSP, 1.6 x 1.6 TDFN

MICREL

Innovation Through Technology®



MIC5396/7/8/9

Low Power Dual 300mA Low Dropout Regulators

Key Features

* Input voltage range: 2.5V to 5.5V

* Two independent supply inputs

» Qutput voltage range from 1V to 3.3V

* Two 300mA outputs

« Room accuracy 2%

* Low quiescent current — 42uA/channel

- Stable with 1uF ceramic output capacitors
* Low dropout voltage —160mV @ 300mA

* Independent enable pins

* Internal enable pull-down — MIC5398/99

» Qutput discharge circuit — MIC5397/99

* Thermal shutdown protection

* Current limit protection

MIC539x-xxYMX

* VIN1 VOUT! —¢ 0
O— EN1
VOUT2 0
= C1|1F VIN2
VBAT1 ENo
= c2|1F = GND C3|1uF  c4|1pF
1 |

Typical Application

EN1

GND[Ti 4 .7

VOUT1 VIN1

VINZ

on G i i

i
2:

vouT2[3!
4i

GND {EP: EN2

8-Pin 1.2mm x 1.6mm Extra Thin DFN (MX) & (MT)

Applications

» Desktop

* Handheld instruments

» Battery powered equipment

* Digital still and video cameras
* 5V general purpose

MICREL

Innovation Through Technology®



MIC5524

Industry’s Smallest Single 500mA Low Dropout Regulator

Key Features MIC5524-xxYMT
Portable

0] L
* Input voltage range 2.5V to 5.5V o L o o ggji‘;"rgg'n‘;a“o”
* Fixed output voltages from 1.0V to 3.6V spy 5 L T . —
* 500mA peak output current
« Output accuracy at room temp (£1%) v
) Typical Application
« High PSRR - 80dB @ 100Hz UN En
J L
- Low quiescent current — 38uA typical I43I
« 2.2uF ceramic capacitance stable TOPV'EW
» Low dropout voltage — 260mV @ 500mA JSJT ENL
« Output discharge circuit 4-lead 1.omm frgbo\r;}?WThm DFN (MT)
* Internal enable pull down L.
Applications
* Thermal shutdown protection
o _ » Tablet PC

* Current limit protection * Smart phones

* 5V general purpose

* Consumer electronics

* Low power LED/IR LED driver

MICREL

Innovation Through Technology®



MIC5317

High Performance 6V Single 150mA LDO

Key Features

« Wide operating range: 2.5V to 6.0V

« 7V Abs. max. tolerant

 Fixed output voltages from 1.0V to 3.6V
« 150mA guaranteed output current

* High output accuracy (¥2%)

» Low quiescent current — 29uA

* High PSRR - 70dB

-Stable with 1uF ceramic output capacitors
* Low dropout voltage — 155mV @ 300mA
*Thermal-shutdown

* Current-limit protection

« -40°C to 125°C JC Temperature Range

MIC5317-xxYMT
WIN VOUT 3.3V supply
N
use _I+ J. " l
Power =
-[ T T
Typical Application
VIN EN EN GND VIN
l4,.-J . '-._3J
+TOP VIEW
[‘i‘."-l L r“‘é‘l @
VOUT  GND NC vouTt

4-Pin Imm x 1mm Thin DFN (MT) 5-Pin Thin SOT23-5
Top View & 5-Pin SOT23-5

Applications

* USB port applications

* Handheld instruments

» Battery powered equipment

* Digital still and video cameras
* 5V general purpose

MICREL

Innovation Through Technology®
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N SR086, SR87

MICROCHIP

Features: 2
. Efficient operation without magnetics m%mi
- No high voltage capacitors
- Adjustable main output voltage (9.0 to 50V)

- Additional 3.3V (5V gna SR87) internal regulator
- Up to 100mA combined output current

- Single BOM for 120VAC/230VAC

- Built-in soft start

- Less than 200mW standby power

- Operating Temperature Range: -40°C to +125°C
- Package Options: SOIC-8 w/Heat Slug

vll.Jl
— 3.0 - 50VDC
@ 100mA- 1,

Vi1
R =R Your © ’
A ( 1.25V



http://www.microchip.com/sr086

& Switching Regular Product

MICROCHIP Line Summ alry
e Micrel switching e Classic APID

regulator strength switching regulator

e Higher voltage and strength
current capability e Built-in Intelligence

e Higher switching e Optimized, High-
frequency allows small efficiency power
iInductor designs conversion

e Multi-phase and Multi- e Low power, low
channel switching startup voltage
regulators regulators

e COT architecture
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MICROCHIP

Step-Up (Boost)
Internal SW

Product Tree

[ 40V . <o)
B o osn

MIC2172, 1.25A

fsw SYNC pin

g VIC3172.125A
[ 20V Vo1 S 4ov]

MIC2601/2, 1.2A
1.2MHz/2MHz

MIC2605/6, 0.5A
Int. Schottky

1.2MHz/2MHz

[ 16V )

MIC2145, 0.9A

15V )

MIC2570, 1A
fsw SYNC pin

MIC2571, 1A
V y(min)=0.9V
fsw SYNC pin

[ 14V Vour S 22v]

MIC2141, 1A
DAC-controlled V,

[ 1OV Vour S 34V]
. \[|C2253, 3.5A
Vot < 30V
MIC2288, 1.2A
. \V[C2290, 0.75A
Int. Schottky
MIC2296, 1.2A
600kHz

MIC2619, 0.35A

% = Synchronous

= Light Load Mode (HLL/PFM)
BM = Bypass Mode
TLD = True Output Disconnect

5.5V, oo ]

. \]|C2875, 4.8A *

MIC2250, 2A
Dithering, Vo, < 32V

MIC2251, 2A
Dithering, Vg < 37V

BM, TOD

Min fe,, = 45kHz
MIC2876, 4.8A *
BM, TOD
MCP1623/4, 0.425A
TLD, Startup @ 0.65V

MCP16251/2, 0.65A
Ig=4pA
TOD (16251), BM (16252)

MCP1640/B/C/D,0.8A
Startup @ 0.65V
TOD (1640/B), BM (1640C/D)

MCP1661, 1.3A

Vour < 32V

MCP1642B/D, 1.8A

Startup @ 0.65V
TOD (1642B), BM (1642D)

MCP1663 1.8A

Vour < 32V




Q

Low Voltage Boost

MICROCHIP Regulators
MCP1623/4 MCP16251/2 | MCP1640/B/C/D MCP1643 MCP1642B/D
PWM or PWM or
Mode PWM/PEM PWM/PFM PWM/PEM PWM PWM
Start-up Voltage (V) 0.65 0.82 0.65 0.65 0.65
Input Voltage (V) 0.35-5.5 0.35-55 0.35-55 0.35-55 0.35-55
Peak Switch Current (mA) 425 650 850 1600 1800
Quiescent Current (uA) 19 4 19 - 400
Switching Frequency (kHz) 370-630 425 - 575 425 - 575 850 - 1150 850 -1150
Input to Output Input to Output Input to Output
True Load Bypass or Bypass or True Load Bypass or
Shutdown . .
Disconnect True Load True Load Disconnect True Load
Disconnect Disconnect Disconnect
Packages* SOT23-6* SOT23-6* SOT23-6* MSOP-8 MSOP-8
g 2x3 TDFN-8** 2x3 DFN-8** 2x3 DFN-8 2x3 DFN-8
Lowest . . )
. ) LED Driver
Key Attributes Lowest Cost Quiescent I—]!lghest slgnes C_llj_rrent
Current Performance Vier = 120 Capability

* ** Packages are pin-to-pin compatible
For Higher output voltages, consider MCP1661/2
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MICROCHIP

Hyper Speed Control™



A8\  Hyper Speed Control vs. PWM Control

MICROCHIP
Hyper Speed Control
|.:|||_|-|- l FU” Iﬂ‘ad
No load
Vour & |
-

|
I
I
l -
|
|
|

il oo,

T':}FF[mln‘.l

« Minimum OFF time is applied during
the load transient.

« The switching frequency is increased
during the load transient.

« Responds in one switching cycle!

PWM Control

louT 4 Full load
Mo load

OuUTA I

N

|
|
W Vrer

b mi

 Duty cycle is increased during the load
transient.

DH&

 The switching frequency is constant
during load transient.

» Responds in next switching cycle!




ﬁ\ Hyper Speed Control ™ - a Great Architecture

MICROCHIP

ANY CAP STABLE

Vot down to 0.6V @ £1%

Unique Hyper Speed Control™ loop
architecture

Cycle by cycle fold-back current
limiting

Up to 25A drive capability

Input voltages to 75V

Stable with Zero ESR output capacitor, no problems with
extra distributed board capacitance

Address powering all low voltage applications requiring
tight tolerance

Ultra fast transient response

Smaller value of output cap compared to competitors
High V /Low V,; buck capability

Ensures protection of external MOSFETs

Perfect for high power applications such as
telecom/networking equipment

Great for 12V bus, 24V bus, 40V bus, and 60 V bus.
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High Efficiency and High
Mlcn®nculp Power Density Switchers

e Support up to 12A in Small Power
Package =

e Lower System Cost

e Easy Design =
1”X1” size on single side PCB
e Excellent Thermal Performance

_ o 230mil-s| =
e High Efficiency iy
T LLE Wy 510mil
610mil |- M2 _
}_n - 220mil
12V to 1V,12A at 600KHz B 480mil 1<

Room Temp, No Airflow 0.41 in2 size on
MIC24056 raise only 27°C at 12A double side PCB

57



S MIC24046 19V, 5A Switching Reg.

MICROCHIP

Features:

Ease of use Switching Regulator

e Integrated Controller, MOSFETs and
Feedback Resistors

Pin Programmable: V1, Fsws loyr Limit
9 programmable V; settings

3 Switching Frequency Options

3 Current Limit Options

Reduces external component count
-40°C to +125°C Junction Temp

Packaging
e QFN- 20 (3x3mm)

Evaluation Board
e MIC24046YFL EV

5Ku Pricing
o $1.26

Applications:
e Telecom
e Networking Switches & Routers
e DC - DC Power Distribution
High Power Density Applications!

e FPGASs, Processors, Industrial

. L H T

45V TO 19V

=l

i
T

VDDA—:—
FREQUENCY
SELECTION ’:*

A4

CURRENT YOO/
LIMIT o o
SELECTION -
AV

PGOOD #——
ENABLE g—]

VINLDO VDDA

VIN

PGND

VODP

{FREQ

ILIM

PG
EN/DLY

MIC24046

AGND BST

LX
OUTSNS

COMP

VOSET1

VOSETO

OUTPUT
6 VOLTAGE
-:—VODA SELECTION

—"e
°

A4
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S Buck Switching Regulators

MICROCHIP

e Input up to 75V

e Output from 300 mA up to 12A

e Switching frequency up to 8 MHz
e Quiescent current down to 10 uA
e Pin or 12C selectable parameters
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Step-Down (Buck) Internal
Mlcnco\cmp SW SV — 6V

Product Tree

T [ ) [ sooma |

MIC4720 MIC2245

MIC2285

MCP1601 Sync

[ MIC22405
MCP1602 2.0

[ 3A |
MHz w/Power-

MIC2207
[ 6A ] MIC23150 MIC2202 Al
MIC4930
iCz2600 T
MIC23303
icazeon - ST

MIC38300
- e

MCP1603 Sync

[ 4ooma |

MIC23050

MIC4722
MIC4723 [ 1.5A ]

[ o ] MIC4724, 6V MIC4721

MIC23051 [ 300MA ]

MIC38150

<< BACK
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@ Step-Down (Buck) Internal
MICROCHIP SW 19V - 75V

Product Tree

) —
—

[ 50V - 75V ) [ sov-asv ] | 24V - 28V 19V ]

— 4A ) — 7A J 1A ] 12A

MIC28500, 75V
B icoreoo | MIC261201, 28V VIC24055/56, 19V

MIC28510, 75V — 4A ) MIC261203/-ZA, 28V

= ) g

MIC26903/-ZA, 28V
—{  o6a |

— 7A ] 5A
==

MIC26600, 26V
MCP16301, 30V
6 J

MIC26601, 28V

9A

MIC24053/54, 19V

6A

MIC24051/52, 19V

MIC24046, 19V

MCP16311/2, 30V

MIC26603/-ZA, 28V

—{__ 52

MIC26400, 26V




Q

MIC24045: Making (Power)

MICROCHIP Life Less Complicated

e Input voltage range: 4.5V to 19V
e 5A Maximum Output Current
e |1°C Programmable

Output voltage: 0.64V to 5.25V in 5mV, 10mV, 30mV,
and 50mV steps

Soft-Start: 0.16, 0.38, 0.76,
and 1.5 V/ms ramp rates

Switching Frequency: 310kHz, 400kHz, 500kHz, 570kHz,
660kHz, 780kHz, 1MHz, 1.2MHz

Current Limits for 2A, 3A, 4A and 5A loads
Margining: -5%, +5%
Start-up delays (8 values): Oms to 10ms
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MICROCHIP

e Pairs Up With Any Micro Controller
Offer Complete Power and Fault
Management

Voo |
— o F—,
vl\ v

4.5Vio 19V Viaoo Vooa Acwo BST 1

E} Al V" F—a Vour

——— S— 0.64V to 5.25V
" LX g 5 0
oL i OUTSNS e
T ’ ,
, COMP [—AAN ——’
Atmel MIC24045 _‘ -
» —I— Vooa
@ . SDA ADR1|-«7 o
IC "1
p——SCL >
MICROCHIP ! Y Address
Micro Controller < Voos  gelection
ADRO |-« o
Psoco ——PG _&
ENABLE (§———EN N

to
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MICROCHIP

Step-Down (Buck)
xternal SW

Product Tree

| 75V ]

MIC2103/4
75V, COT, HLL, HS 3X3 QFN

MIC2176-1/2/3

75V, COT, HS 100/200/300
KHZ, 10 pin MSOP

MIC2130/1

40V, Voltage mode, Low EMI
option, 4x4mm QFN

MIC2101/2
38V, COT, HLL, HS 3x3 QFN

| 32V ]

MIC2182
mam 32V, CM/Skip mode, 300KHZ,
low 1Q, SOP

MIC2198

32V, CM, 500 Khz, 4X4 QFN

MIC2199
32V, CM, 300 Khz, 4X4 QFN

| 30V
MCP19035
30V, VM, 300/600kHz, 3x3 DFN

| 28V ]

Bl MIC2164/-2/-3/C, coT, 1% Vref,
270/300/600kHz/1MHz, 10pin MSOP

MIC2165, coT, 1% Vref, 600kHz,

10pin MSOP

m— \]IC2166, COT, 1% Vref, 600kHz,
10pin MSOP

MIC2125, coT, 1% Vref, 600kHz, Int
LDO, 10pin MSOP

MIC2126, coT, HS/HLL,
200/750kHz, 0.6V vref, 3x3 QFN

[ 18V ]

MIC2124, cwm, 1% Vref, 300kHz,
0.8V Vref, 10pin MSOP

[ 16V ]

MCP1631HYV, Prog. Charger,
2MHz, 4x4 QFN, 20LTSSOP

[ 15V ]

MIC2168/A, sych Buck, 1MHz,
10pin MSOP

MIC2169/A/B, sych Buck, 500kHz,
10pin MSOP

[ 145V |

— 2 Phase )
MIC2155/56

14.5V, 2 phase w/ SYNC
300/500Khz, 25A/Q, 5X5 QFN

—{ Dual Output |

MIC2150/51

14.5V, Dual Output 300/500Khz,
20A/QD, 4X4 QFN

| 14V ]

MIC2183
2.9V to 14V 400/600Khz, W/Sync
16L SOIC

MIC2184
2.9V to 14V non Synch
400/600Khz, W/Sync, 16L SOIC

MIC2193
2.9V to 14V 400Khz, 100% Duty
cycle, 8L SOIC

MIC2194
2.9V to 14V, Non Synch 400Khz,
100% Duty cycle, 8L SOIC

MIC2111B
Multi-mode, Driverless 0.6V vref,
200Khz/2Mhz 3x3mm QFN

<< BACK
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R\ Step-Down (Buck)

MICROCHIP MU'ti-OUtpUt

[ v | [ 55V |
|—[2.5A/2.5A] — 2A72A72A |

MIC23450
MIC23451
— 2a/2A |
[ 6V ] MIC23158/9
MICA744

|—[ 2A[2A |

- uSaih

—{ 800mA/800mA |
MIC2238

MIC2230
—{ 400mA/400mA |




- booSslt/orFIL/FIYyDACK/FOIrw
y M ard & Push-Pull
cREERP Controllers

Offline Controllers ] [ Boost, SEPIC, Flyback ] [ High Voltage Flyback

o N

=l Push-Pull ] H 5.5V ] H 80V
MIC3808/9 MCP1630/ V. m
MIC3838/9 MCP1631 / V { 120V ]
M Lo32
L _Forward /Fiyback ] L 16v |
MIC38C42/43/44/45
- 450V ]
MIC38C42A/43A/44A/45A
MIC38HC42/43/44/45 [ Boost
= 180V ] L[ 14V

MIC2185

- 1a )
MIC9130 MIC2186
MIC9131 MIC2196
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Power Modules
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N What is different?

MICROCHIP

vEnhanced Thermal performance
v'Higher Power Density

vBetter EMI Performance

vEase of rework and manufacturability
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N Why Module?

MICROCHIP

v" Reduction Overall Solution Size

v' Simplifies DC/DC Buck Design

v" Time to Market

v Pre-characterized electrical, Thermal and EMI Performance
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MICROCHIP

Power Modules

|

Low Voltage

V= 2.7V to 5.5V

J

Medium Voltage
V,y = 4.5V to 26V

High Voltage High Voltage
Vi =4.5Vto 50V || V|y=4.5Vto 70V

— 3AHeLDO™ |

MIC38300

—( 1.5 HeLDO™ |

N vicssiso
- 10a |
[ icasiss

- eoomA |

MIC33050

MIC3385

—{ 4ooma |
B vicazo0 |

_[

NN e )

14A ]

MIC28304

_[

10A ]

MIC45208

_[

6A ]

[

6A |

|

5sA |

MIC45404
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N Power Module Family

MICROCHIP

Yo Yo 4 Y N
( Y MIC28304 f \/ \

70V Max
L 12x12x 3

\ 50V Max
‘ ' 12x12x3)

MIC28303

45V to 70V
abeljoA ybiH

MIC45205 MIC45208 MIC45212

=

MIC45116 Q.

3 <

S ‘ ‘ o)

e o

g Q

> 8x8x3 10 x 10 x 4 L 12x12x4 | @)
< 20V Max | I\ J\ -

8x8x3

MIC33030 MIC33050 | MIC33163
25x2x1.1 3x3x0.9 k2.5x3x1.9
JL v o

400mA 600mA 1.2A 3A 5A 6A 10A 14A
AL AL N A A N AL Y
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N Power Module Packages

MICROCHIP

1) MCM, Multi chip - Proven,

Performance, Fast TTM,
MIC45205/MIC45208/M1C45212

2) High density Monolithic -
Size, Performance,
MIC33030/MIC33050/MIC33153

3) Copper Pillar - Density,
Thermal performance,
MIC45404/MIC45405
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@ Thermal Comparison vs. Competition - MCM

MICROCHIP

. MIC45212

72.6 °C $FLIR
£=0.95

65.4 °C $FLIR
£=0.95 »

MIC45212

£8.2 °C $FLIR
£=0.95 5

Competitor 2 Competitor 3

Operating Conditions:

Vin=12V, Vout=1.2V, f=600kHz, lout=10A, Ta = 25C,

Based on standard evaluation board by each vendor
(size varies)




@ Radiated Emissions (CISPR 22, CLASS B)

MICROCHIP

FETRR
/{ | + \,l 4 \ Jobi#t 40114<>Customer: Micrel [Austin]

e
X

“AMIET, CISPR2Z. Class B

—
E
Z
g
L]
=
b
=
g
b=

55 DETECTOR:+PEAK

43

|
N " g Ll

MIC45212

30 100 200 300 400 500 600 700 800 300 1000

Frequency [MHz]

MIC45212_12V_3.3V_3A

Job#t <>Customer:

S UMIET,. CISPR22, Class B

Amplitude [dBuV/m]

DETECTOR:+PEAK

Frequency [MHz]

Plot 4: MIC28304_12V_5V_3A

MIC28304

12x12x3

L
43
1] ||
| L b

14 l J .-I...lJ,I.u.l]. o

L :
’ \M
3 30 100 200 300 400 500 600 F00 800 900 1000
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AN v :\élll%l4l52d05 LOWFEMI-Sig?:atPJe-_h
olded Inquctor rnnging rie 1S the
MICROCHIP L OWEST!

Shielded Assembled Type (Ferrite) Molded Type (Composite)

Noise Field Noise
Field

1

|

| “d
|

Inducto
Inductor Size
Size

« The molded inductor replaces the core with a soft magnetic material molded into
the windings, eliminating the empty space and reducing fringing field
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MIC45404

MicrocHiP 19V/5A Ultra-Low Profile DC to DC Power Module

Features:

e Wide Input Supply Voltage: 4.5V-19V *

e Output Current: Up to 5A

e Pin-Selectable Output Voltages: 0.7V-3.3V
e Supports Pre-Biased Start-up *

e 82% Peak Efficiency at 12Vin, 0.9Vout %
e Internal Soft Start

e Thermal Shutdown

e -40C to 125C Junction Temperature *
Packaging — g, &
e 54L QFN (6x10mm)

5Ku Pricing

e 3$4.20

8

TN\
e btk s g

~N B ~

L
Development Kit

MIC45404YMP-EV; US$55

Applications:
e FPGAs, Low-Voltage ASIC Power
e Telecom
e Network Switchers and Routers
e Server Storage
e DC Power Distribution
e Solid State Drives
VDDA
j—
45\}1“19\/ Vi GND : ouT Vo
% 4] DDA —& n
™ outss| 1|
L GND COMP%—{ 1
VDDA_I_ Y, =
Frseé]lgsﬁgz <% FrEQ MIC45404 VosET _,J_I._
— Output
. = Voltage
Currentﬁﬁﬁ:rm‘_l —I—Vnm Selection
Selectinn_L L VOSETO e o
== PG EN/DLY 1

Power-Good
Enable »

MIC45404 12V 5A DC-to-DC Converter
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S MIC38150/300: HELDO™

MICROCHIP
Features MIC38150
- Vyrange = 3.0V to 5.5V 3'OVDt° v BVIN ‘
. Output Current mu% [ D éX’;gaLO
MIC38150: Iyt = 1.5A continuous o en PGND 1
MIC38300: Io,r = 3A peak; 2.2A continuous t—|AVIN LIN
. Vour: Adjustable down to 1.0V 1“% o % I

Low Output noise
— less than 5mV, 2.5mV typical

Ultra fast transient performance
Micro-power shutdown
- 70dB PSRR at 1kHz

Protection features:
— Thermal shutdown
— Current limit

- Tiny 4mm x 6mm MLF® package

Extremely Easy to use:

Integrated Switches + Inductor
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MICROCHIP

o DEPA
Digitally-Enhanced Power
Analog



. The Analog — Digital Power
MICROCHIP S P ectrum

Digitally

. . A

Enhanced Pow

@I Digital Everything Between All Analc}
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MICROCHIP

What is Digitally-Enhanced

Fully
Bower

Control

Power Analog?

Fully
PaGe

Control

Digitallv Enhanczd Power
Analoy Coniirol

PWM Generatot
Peripheral

Controller - M
(Coefficients
Operating Set p

“Digitd “Digital” Control

lrs
MOSFET

JErETs

Ves
Error Vg
Amp  Vger

@ MIcRoOCHIP

MOSFET
BINVEIRS

Supervisory 4
Microcontroller

VREF

| Comp

Internau
LDO

“Analog” Control

Compensator
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° Simplified Block Diagram
Mucn®ocmp MCP19110/1

@ MICROCHIP

.................................................

ViN Synchronous
Buck Topology

.......................

.......................
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\ Digitally-Enhanced Power Converter
@ MCP19114/5, Low-Side Boost
MicROCHIP Controller

Internal Bias Supply

Synchronous,
Low Side
MOSFET Driver

Comm
Interface

L= T e . e e .

Current Sense

Compensation
Network
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S Broad Topology Support

MICROCHIP

SEPIC Topology Boost Topology |,
© T H N ouT T ’I ouT

VIN VIN
VIN VIN
5V,25mA LDO 5V, 25mA e
VPP/MCLR LOWDR > § VPP/MCLR LOWDR 3 §
2c™ SCK j2C™ SCK
SDA 1 SDA
ISEN+ | ISEN+ |
N N
8 = s =
/0, AID 1/0, A/ID
VSEN VSEN
AGND  PGND AGND  PGND
V. Vour
IN VIN
BOOT
|| L] N
5V, 25mA LDO
HIGHDR
I Vour
VPP/MCLR LOWDR !
12C { SCK ' S IGIE, PHASE fmjmp
SDA LOWDR T ' /- ScK *
ISEN_P+ i A us SDA LOWDR
N i 1
8 = M 3 = = ) -
/0, AID DS AT Isense
ISEN_S + GPIO

ISEN_S -
VSEN

Vsense

AGND PGND
AGND PGND

and more. including Cuk and Forward Converters

83



‘S\ Digitally Enhanced Power Analog

MICROCHIP

Portfolio

| MCP19114/5 | MCP19116/7 | MCP19110/1 | MCP19118/9

Integrated PIC™ MCU

Power Topologies
Supported

Input Operating Voltage
Output Voltage
Compensation Network

Switching Freq
Flash Memory

Communication
Interface

GPIO Avallable

Bopst, SEPIC,
Cuk, Sync
Flyback

4.5 — 42V
1V — 200V*
External

32kHz — 2MHz,
Quasi-Resonant
Mode

A4kW
12C, Optionally

PMBus™
Capable

Yes (10 /12)

Bopst, SEPIC,
Cuk, Sync Sync Buck Sync Buck
Flyback
4.5 - 42V 4.5 -32V 4.5-40V
1V — 200Vv* 0.6V —90%*V, 0.6V —90%*V,,
External Internal Internal
Sﬁ‘;':fgei'c\)ﬂngzr{t 100kHz — 100kHz —
1.6MHz 1.6MHz
Mode
8kwW 4kW 4kwW
2
| g ;JoigﬁT’ 12C, Optionally 12C, Optionally
P y PMBus™ PMBus™
s Capable Capable
Capable P P

Yes (10 /12) Yes (10 / 14) Yes (10 / 14)

* With resistive divider network for feedback signals 84



S Power Supply Evaluation

MICROCHIP

- . . [ P MPLAE X IDE v1.10 - mep19111_HTC : defeult . = | = &l ]
. G U I aV al | ab | e to S I m p I Ify Eile Edit Wiew Mavigate Sowrce Refgctor Bun Debug Team Tools Window Help

. ?E_,“ E default = M SO o —
programming for a e
standard power supply HEFTLLE m——

Farameter  Pratection | Campendalion | Frivwwaie Fealures | PMBUE™

applications

e GUI resides in MPLABX
(plugin)

e Supports PICKIT3 and
ICE3 Program/ Debug

Dutput Voltage
Sat Coarse Yalue | 1536 w mY

Set Fine Value 1536 - mV

s mopl9l11_HTC - Dashbaard E Fil=s __-I Projects

HMulti-Phase Configuration
Device Configuration stand slone ... w

50 Error Signal Input Gan

Switching Frequency
Generated Frequency 140 » bHz

Phasa Delay ] P T
Mans Duty-Cycle ES|
Dead Time Delay

High Side 36ns -

e Standard Firmware for
Power Supply application

LlOuiput o0 Tasks
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AN MCP19124/5

MICROCHIP Digitally-Enhanced, Synchronous Low-Side PWM
Controller with Integrated MCU and MOSFET Driver
e Single Channel Vi T Vour
e V, Range: 4.5V to 42.0V _— VIN EH -
. 48.\/ Load Dump Capability ' LDO_ DESAT s 'j - §
e Switching Freq: 32kHz to 2MHz { UPPIMGER. S EOWOR 2]
e Integrated MOSFET Drivers 0 — §
e External Compensation i - £
e Two Independent Control Loops ’ ISEN P+ =
e Voltage control loop with Vref SENS -
e Current control loop with Iref VSEN
e Fully Programmable  ———
e Integrated mid-range PIC core Typical Applications Diagram
e MPLABX Support, GUI-Configurable
e 4k word Flash, 256B RAM
¢ Adjustable Current limit/ULVO/OVLOY... o [or [af Jof Jo] =] [
e Up to 13 General Purpose 1/O :: ::
e [2C™ Communication Interface :: MepisLes ::
e Operating Temperature: -40°C to +125°C | e omn | T
e Package(s): :: ::
e QFN 4x4mm — 24L, QFN 5x5mm — 28L AR ARNEREET

e Development Status: In production, samples available
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N Typical Applications

MICROCHIP

e Power Supplies, Point-of-Load
e Power Supply Modules
e USB Power

e Battery Chargers

e LED Drivers

e Applications where intelligent
and flexible power control is
needed.
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R\ Point of Load / Power

MICROCHIP Block Solution
Top Bottom

Power Block MCP19111 Circuit

p! 6, "~ ‘.\)

Very Dense:
Approximately
0.7”x0.5”
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AN USB Power Port

MICROCHIP

12Vdc

e USB Power = I\/ICP19119 + UCS2112

/- Core Value:
- UCS81003 offers USB Charger Emulation
- UCS2112 offers dual port USB load switching

- MCP19119 can offer a variable output voltage for cable drop
compensation, intelligence for status reporting (LED), timeout
and monitoring, fault responses, and a variable output

\ . MCP19119 can support BC1.2 and other protocols directly /
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AN USB Power

MICROCHIP

e USB Power

- Type C & USB-PD

- Topology:
- 4 switch buck/boost
. flyback

. Vour = 5V-20V@ 3A - 5A i

/- Core Value:

- MCP19119 configures system output based upon
connected load

- High efficiency buck or boost conversion

N /
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N LED Lighting

MICROCHIP

e LED Lighting N S ———

1% “\\N

.V, = 12V, (from Battery) b AN T

Vour = up to 60 Ve :: +: %HEH‘H-R

lout = Adj., 350mA-1.5A (or more) -l T
(- Core Value: ™

Current regulation accuracy (<3% typical over all operating conditions)

LED loads are complex; accurate light output requires PWM dimming, LED
binning capability, intelligent fault response, and temperature compensation

. Creates a platform, customizable for different loads and circuits )
4 ) V=12V (< >\
Vigl\(;le LED Binning MCP19117
LED Dimming .
Battery Temperature LED D”Ver
& J Headlamp /

91



N Battery Charging

MICROCHIP

e Battery Charging

Chemistry: Any, with firmware adjustment

Viy =12 or 24V
Vout = 8 - 12V, (8 Cells), adjustable (1, V)

Typical Operating Range

Vi 12-24V
lour Adj.

Chem NiMH, Li-lon

/. Core Value:

time outs, fault responses

- High efficiency switching battery charger platform
- Fully adjustable: protection limits, trickle charge, precondition levels,

\_ - Can charge virtually any battery pack with appropriate firmware

~

J

7

AC/DC ||\,

-

Programmable

Offline |
ine MCP19125

-

or
WallWart } 24vde \ In Cradle  /

Battery Detection

Battery Charger s st N\

Vout, lout,




L O
er

@
O) 5
anaB

-
CO
>
Qs
= =
c ©

>
0 7]

MICROCHIP




Q

MICROCHIP

Battery Charger
Evaluation Board

PICkit Serial
Connector
(GUID)

PICKkit3
Connector
(ICD use)

Battery Pack
Connection

Vsupply: Vin > Vbat+2V
Typically 12V

94



Battery Charger

MICROCHIP

GUI

Control Panel

M MCP19111 Battery Charger GUI

Pratie  Contgure | Calrane |

Bettery Chamistry:

Recommanded lagat Raage :
Ced Voltage
Preconditon Cell Voltage

Tarmnaton Ced Valtooe

Number of Celis:

FHaped O Tune
FHesoeaton Charge Tme
Nuoamum T atnoed i

Manmum Temporatiuse

T _Reod Cantiguration |

VRLA CCCP
VRLA Fast D2 -08A

[0 wvoes  PockVoliage: 4200V
[000 Vois

Vo

J |

= |rooo Amps

ID 100 Amps
IO 10 Amps

50T nwres

o tas

Morsures

11

Output Display Panel

M MCP19111 Battery Charger GUI

Profle | Configure | Catbrase |

Pack Vollage 902V
Pack Current: 3 005 A
Input Voltage: 1587V
Charger State. Rapid Charge

Vohs

0 500 1000 1500 2000

2500

1000 1500 2000

2500

Temp
o388

0 500 1000 1500 2000

2500
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MICROCHIP

MPLAB® Mindi™
Analog Circuit Simulator



S What is MPLAB® Mindi™ ?

MICROCHIP

MPLAB® Mindi™ is an integrated, fast, powerful, and reliable electrical simulation
tool for Microchip’s analog and power management products.

Features:

v' The same elements as the full release of SIMetrix/SIMPLIS with a limitation on the
number of the components of the circuits.

v’ Loaded with Library of Microchip Models.

v Loaded with application example circuits for many of Microchip Analog and Power
Management Products.

v" Downloadable from www.Microchip.com/mindi and Free of Charge.

v Continuously Maintained and Expanded.

97


http://www.microchip.com/mindi

Q

Key Features and Benefits

MICROCHIP

e MPLAB® Mindi™ Analog Simulator features:

Easy to use simulation interface
Proprietary files to model Microchip analog devices

SIMPLIS simulation environment that performs both domain (SPICE)
and closed loop (SIMPLIS) simulations

A library of over 160 individual application schematics and 80 Microchip
device models (and growing)

The ability to simulate up to 140 nodes worth of circuitry, and the nodes
internal to Microchip model files do not count toward the node total

Local installation — no internet connection required for use
Fast simulation times

e MPLAB Mindi simulation files and models are also compatible
with commercial versions of SIMetrix/SIMPLIS
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AN Available Models

MICROCHIP

Linear Devices

* Operation Amplifiers
 Instrumentation Amplifiers
« Comparators

Power Management Devices
« MOSFET and Motor Drivers
« PWM and non-PWM Controllers
 Power Modules
« LED Drivers
« Switching Regulators

Generic Components (switches, Passives Components etc.)
Application Schematics are available to download from Microchip’s website.

http://www.microchip.com/mplab/mplab-mindi
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@ Example Applications

MICROCHIP

e Generate BODE responses for active and passive filter systems
e Evaluate transient responses to a wide variety of input conditions

e Generate closed-loop stability responses for control systems,
including switch mode power supplies and motor drive applications

e Verify slew rates and drive strengths through power drive or signal
conditioning chains

e Model noise effects in signal conditioning or control systems

Work Smarter by Designing with Mindi Analog Simulator!
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N Availability

MICROCHIP

Download MPLAB® Mindi™ Analog Circuit
Simulator at:
www. microchip.com/Mindi

Download SPICE and SIMPLIS models and
application circuits at:
www.microchip.com/analogsimulationlibraries

MPLAB Mindi Analog Circuit Simulator Is
completely free!
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M|c§o\c|.up Thank You!

Cnacubo




