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M..:'?.CH.F. AHanoroBas & UHTepdencHan
MASTERs 2013 npo nyKuM [«

THERMAL POWER
MANAGEMENT MANAGEMENT

MIXED SIGNAL INTERFACE

Delta-Sigma
A/D Converters

Switching SAR A/D
Regulators Converters
Energy
Measurement ICs

Temperature
Sensors

Linear Regulators CAN/LIN

USB Bridges
I/O Expanders

Fan Control and
Hardware Management

Switching Controllers Ethernet Controller

LINEAR

Charge Pump

Current/DC Power

Wireless

Single Supply DC/DC Converters Measurement ICs
CMOS Op Amps : Real Ti
Battery Management Dual Slope / Display ceal 1ime
USB Port Power SAFETY AND
RF Power Amplifiers, Controller D/A Converters
bGA. SOA SECURITY

System Supervisors

MOTOR DRIVER Voltage Detectors
ICs

Digital Potentiometers Smoke Detector ICs

Piezoelectric
Horn Drivers

Voltage

Drivers
Stepper and DC/ . References
3® Brushless DC
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M.,;?.:H.p Pa3HooOpa3Hbie PewneHnsa gns

MASTERs 2013 Pa3nu4yHbix lNMpuMmeHeHUN
« Low Cost/High * Intelligent
Integration fgg'ng_SyStemS
* Low Power y rvers
Applications * Intelligent
« Local, low Power Battery Chargers
Energy * Industrial
Harvesting A WY [S-A  DC/DC, AC/DC,
HanoroBble KoHTponnepbil DC/AC
Kontponnepe! & Front-Ends
[NonHocCTLIO
LUndppoBoe
* High-End Ynpasnetue « High Performance POL

Power Supply Units (PSU)
» Complex Applications
e Solar Inverters e Multi-Output PSUs

* High Power UPS e Functional Combined
(Uninterruptible Power Supply) Topologies

(Poin-of-Load) DC-DC
converters
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Mcraciie — |]lupokun BbIOOp Ana Power-Train

MASTERs 2013

|—
>
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BxoaHoe HanpsixeHue (V)

4.5V

1.8V
0.35V
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JINHEUHbIX U UMNYJIbCHbIX MUKpocxeM LDO & Buck/Boost

MoLuHbIe UCTOYHUKU NUTAHUA C LNppPOBbLIM
ynpaBneHuem: cepusa CPU dsPIC33 ‘GS’
200W to 6KW

MCP19111 or MCP19035

+ External MOSFETs
OpHokpucTtanbHble CUHXPOHHbLIE
LLUIUM koHTpoOnnepnbl ¢

MCP16301
600mA

MCP16321/2 -
Sync Buck 1 & 2A MCP16323 MHTErpupoBaHHbLIMU ApanBepamMu
MCP17xx Regulator Sync Buck m MOSFET , Mukponpoueccopom u
MCP18xx Vin <=30V Regulator Buck uensiMmm o6paTtHOM CBA3MU
LDOs Vin <=24V Regulator (Sync Buck PWM & uC & feedback
Vin <=30V X Vin <=18V compensation components)

Vin <=30V

MCP160x
500mA
Buck/Boost
0.35to 6V

— —-1- —

MCP87xxx — 100A MOIN (MOSFET) ¢ manou BenuunHou FOM (Figure of Merit)

1.5A 3A 20A
TokK Harpy3ku, A




M.,;?.,;H.p Mukpocxembl Power Management
n POL (Point-of-Load)

— BbIOOPOYHO: HEOABHO NOSABUBLUNECS —

1 CneumanusupoBaHHble NIMHENHbIE cTabunusatopsbl

1 Low-Dropout Regulators (LDO)
1 MCP1710 with 20nA Quiescent Current for XLP applications

1 mnynbcHble ctabunusartopsbl - Switching Regulators
MCP1640: Low Voltage Synchronous Boost (Step-Up)
MCP16301: 30V/0.6A Async Buck (Step-Down)
MCP16311: 30V/0.8A Integrated Sync Buck

MCP16321: 24V 1A Integrated Sync Buck

MCP16322: 24V 2A Integrated Sync Buck

MCP16323: 18V 3A Integrated Sync Buck

MCP19035:  32V/3-25A Sync Buck /w external MOSFETSs

1 Opaunsepsbl cunoBbix MOI1 TpaH3uctopoB - Power MOSFET Drivers
1 MCP14700: Half-Bridge Drivers
1 MCP14xx: Single/Dual Channel 0.5-9A

1 CunosBble MOIN TpaH3ucTopbl - Power MOSFETSs
1 MCP870xx: High Speed, Low Voltage/High Current

icrochip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



2.

MicRoCH NMpeanaraemsbie LDO
MASTERs 2013
High Voltage 150mA max O/P 500mA max O/P

CMCP1702 13.2V
Low Ig, 250 mA

CMCP1703 16V
Low Ig, 250 mA

CMCP1754 16V
High PSRR

MCP1804 28V
150 mA

CMcP1790/1 30V
Auto, 70 mA

C = Ceramic Capacitor Stable

TC1014/54
TC1070/2
CTCc2014/54

TC1223

“rc1016 (80mA)

)
o
3
>
3
Q
3
Q
U

100mA max O/P

TC1015/55

CTC2015/55
TC1071/3

TC1224

TC1188/9
(120mA)

© 2013 Microchip Technology Incorporated. All Rights Reserved.

TC1185/6/7
CTC2185/6
CTC1017

Gvcpi1801

MCP1710

L

20nA Ig @ lout =0

MCP1725

800mA max O/P

250mA max O/P

MCP1700

MCP1701A

1A max O/P

300mA max O/P

MCP1726

MCP1826/S

MCP1802

MCP1824/S

PSW Masters 2013rus

1.5A max O/P

MCP1727

MCP1827/S

| Application

Specific LDOs

—| PCI LDOs

| LDO Controller

Negative LDO

LDO Combo ICs

TC1300/5/6/7

TC1303/4
LDO + Switcher

TC1313
LDO + Switcher

Dual LDOs




e e [MpepnaraeMbie MMNYribCHbIE
2l CTAOMIMM3aTOPbI Switching Regulators

Integrated Single-Chip

Regulators
Buck Buck Boost
(step down) (step down) (step up)
PWM PFM/PWM PFM/PWM
MCP1612 MCP1623/24
1A, 1.4MHz TC120 MCP1601 TC1303/4 500 kHz, 175 mA
0.6A, 300kHz 0.5A, Sync Switcher/LDO/PG
MCP16301 MCP1640/40B/40C/40D
30V, 0.6A, SOT-23 TC105 MCP1602 TC1313
) 500 kHz, 350 mA
| 1A, 300kHz 2.0 MHz, 500 mA Switcher + LDO
MCP1632x w/Power-Good MCP1650/1/2/3
. 750kH Il
24V, 1-3A, 3x3 QFN MCP1603 50kHz, controller
0.5A, Sync, TSOT TC110
PWM Controllers 0.3A. 100/300kHz

MCP19035

- MCP1630/V 3-20A, 4.5-30Vin
High Speed, MCU- Analog Sync. Buck
adaptable

MCP19111
MCP1631/V 3-20A, 4.5-30Vin
HV LDO for 16V Hybrid CPU+Analog
Operation Sync Buck Controller

PSW Masters 2013rus



e PIC12F /752 & PIC16F /753

WASTERs 2013 He poporue Mid-range Core MUKPOKOHTPONNEpPb! C
pacLUMpeHHo aHanoroson nepudepuen

PIC16F(HV)75x

Higher pin-count, more
memory and
peripheral modules

PIC16F(HV)753

3.5KB/ OEE / 128B

8x 10-bit A/D

2x Fast Comp, OpAmp
9-bit DAC,CCP, COG

Features / Memor

PIC12F(HV)752
1.75KB / OEE / 64B

4x 10-bit A/D

2x Fast Comp,

5-bit DAC,CCP, COG COG — Complementary Output Generator

8 Pin 14 Pin 28 Pin

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



M..:F.Q.;;H.p Cemencrteo MCP191xx Family

MASTERS 2013 — OgHoKpucTtanbHble AHanorosble LM

cTtabunusartopbl ¢ ULM(PPOBOU NOAAEPKKOU
Digitally Enhanced Analog Switching Controllers —

1 Ana npumeHeHunun Point-Of-Load (POL)
1 MCP19111 — Synchronous Step Down
1 MCP19110 — Synchronous Step Down,
/w reduced feature set

I Elgﬂ obwunx Flyback-Type npumeHeHun,

D- anBepoB, 3apAaHbIX YCTPOUCTB
(Battery',:I'C,phargers)p PAA yerp

1 MCP19115 — Synchronous Step Up

1 MCP19114 — Synchronous Step Up,
O /wreduced feature se

(6 pa3pabomke 0o Q3/2013)




N
MicrocHIP uen b K.n dCCa

MASTERs 2013

1 [lo 3aBepLieHUIO 3aHATUA Bbl nonyunte nHdopmauuto
no...

1 BapwvaHTtam netenb obpaTtHom cBA3U (OC) (control Loops)
1 AHanoroBas: [lpeumyuiectBa U HegoctaTku
1 Undpposasd: lNpenmyuiectesa n Hegoctatku

1 BapuaHTam cunoBbix npeobpa3oBaTternen

(Power Management)

1 AHanorosbil: [lpenmyllectBa U HegoctaTkum
1 Undpposon: lNpenmyuiectsa n HegoctaTtku

1 Mpeunmywectso aHanorosou OC ¢ unppoBbLIM

cunoBbIM npeobpa3oBaTteneMAdvantages Of Using
I (Analog Loop Control With Digital Power Management)

1 OcHoBbl npoTtokosnia PMBus™ - uucgppoBo#n LWLNHLI
ynpaBiieéHNA NUTaHNEeM (Digital Power Management Protocol)

Slide 10
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MICROCHIP

I'lnaH Knacca

1 MNMeTnu perynupoBaHUA (Control Loops)

I YnpaBneHue nutaHuem
(Power Management)

1 KomOuMHnpoBaHue aHanoroBown
neTnu perynmpoBaHus ¢ uMppoBbLIM
ynpaBJfieHnemM nuTaHuA

1 PMBus™ - npotokon undppoBou
LWWMHbI YyNpaBneHUs NnMTaHuem




MICROCHIP
MASTERs 2013

[le’Tnn PerynupoBaHus
(Control Loops)




M .
mcroce  CUNIOBOU Npeobpa3oBaTtens

MASTERs 2013
) (Power Converter)
Vin CunoBon Kackap (Power Stage) _ Vour
OC no
CurHan YnpasneHus (%Srr';r?t TOKY | HanpspkeHuto
( Control Signal) Feedback) I(:\ézoe!gabgaeck)
PoR—
KoHTponnep (Controller) OnopHoe
¢ HanpsikeHne
(Reference
/ Voltage)
\

KoHTponnep cpaBHuBaeT NapameTpbl CurHanos Ha
Bbixoge n hopmupyet CurHan YnpaBneHus, ons
AOCTNXeHna paseHcTBa ¢ OnopHon BennunHom

(& )

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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ws.  KoHTponnep AHanorosoro Tuna
MASTERSs 2013 (Analog Controller)

Yeunutenb owmbkn ) KM
cpaBHMBaeT
CUrHan Ha Bbixoae

~

oaynaTop npeobpa3syet
curHan Ycunurtens
OwWun6KN B UMNYNbCHbIN

\_ C OMOPHbIM Hanp;m(eHueM
— CUrHan ynpasneHus
Control Signal
Error N\ / /

Output % AMp
Error Output |
Amplifier/ |fe———{  Modulator p— Contro
Compensator Signal
Reference == y
4 ) 4
[ns o6ecnevyeHus Kak npasuno LLiupoTtHo
CTabUNBLHOCTU NeTnun UmnynbcHbin (LLUUM) curHan
OC npumeHeHa NOCTOAHHbIN YacTOThlI
KoMneHcauusi GopMbl (Pulse Width Modulated - PWM)

- /
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M
Microcre TUunnyHasa cxema Yycunurtens
Owunodkm (Error Amplifier)

OQutput &

\ Error Amp

>
1 OY (Op-amp) / Output
4 Pe3ucrtopa []

(Resistors)
3 KoHaeHcaTopa

(Capacitors) < 7

— < Reference

[ “Type 3 Error Amplifier” J




N y
mcrocke  TUUMMYHBIN LLUUAM Modulator

MASTERs 2013

CurHan c Bbixoga (PWM)
Yeunutens Owmnoku Comparator .
Tpurrep
Erro(; Amp o \
utput R M
FeHepaTop nunoobpasHom / S Latch D Output
doopMbl
Sawtooth
Ramp
3agatoni Generator
reHepaTop L”M'\::)':'gzzn Ha
Oscillator

|_| |_| 3apaowmn
Oscillator ’_I reHepartop |_|

C Bbixopa eHepaTopa nunoobpasHon GopMbl  Ramp
Error Amp \ /\ /
CurHan c Bbixoga Ycunutensa Owmnbkm Output \_/ \_/

LM curHan Ha Bbixoge PWM

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus 16




= [MpeunmyllecTBa
AHanoroBowm lNetnun OC

1 Xopowo paboTaet/boraTtbin onbIT
no obecne4yeHUo KOMOMHaUnun
CtabunbHocTb-I[loBegeHue

1 He BbiCcOKas UeHa Kpucrtanna
I He BbiCOKada LeHa KOMMJIEKTYOLWKNX

I Bo3MOXHOCTbL paboThl C
KOMMyTauumen ¢ yactoramum B MHz

(Switching Speeds)

1 TOKM noTpedneHna oT manbix A0
YMEepPEHHbIX




MQG HepocTtaTku

e AHanoroBowu [letnu OC

1 He nporpammupyema/MHOro KOMNOHEHTOB,
N3mMeHeHune I'IapaMeTpOB ECO (Electronic Controls Option)
NMankown

1 YBenudeHue 3atpart, nnowaan PCB,
BEPOATHOCTWN OTKa3a

1 Pa3bpoc napameTpoB KOMMNOHEHTOB MOXeT
NPUBOAUTDL K orpaHnyeHuro 3cpheKTMBHOCTHU

1 TemnepaTypHas 3aBucumMocTtb/CtapeHue

1 HenunHenHoe ynpaBneHue Ans ynyulleHus
noBeAeHUs BO BpeMsl NnepexoaHbIiX NpoLeccoB
3aTpyAHUTENBHO

1 ApantuBHOe yripaBJsieHue rno Cytm HeBoO3MOXHO

PSW Masters 2013rus




e KoHTponnep LingppoBoro Tuna

MASTERs 2013 L
(Digital Controller)

LindopoBon CurHan c Bbixoga
Output O Yeunutena Owmbku
Digital Lindoposon Mogynsitop

[] ﬁ Error
Signal - .
1\ Digital Digital Control
\ as —\/ Compensator Modulator Signal
I '

Digital
\/ Reference

LindopoBoe OnopHoe
3Ha4veHune

o—

Uncdposon
doumneTp (Digital Filter)

© 2013 Microchip Technology Incorporaied. All Rights Reserved. PSW Masters 2013rus Slide 19




N
meracke  NlOMEHT Koraa U3amepaTb

MASTERs 2013 (Wh en To Sam P | e)

AN A YA AN
VARV VA VNN

(

TSWITCH i

== |

[MpUHATL BO BHUMaHMe:. lononHuTenbHas
3aAepPXKKa netnu OoC (Extra Loop Delay)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



e MomeHT, Koroa amepaTtb?

WASTERs 2013 (When To Sample?)

LLlymHo, He YcpeaHeHHOe 3HayeHue
(Noisy, Not Average Value)

Cpe.que 3|-|aqe|-me
(Qwet Is Average Value)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



Q Ao
Mcrocie  BninsiHue bbicTtpogencrTems Lenm
: (Circuit Speed Issue)

JdonycTtum
Uamepunu 3pgecb

(Sample Taken Here) J

4 MomeHT

3aMbIiKaHuA

Knroua
\_ (Next On Time Starts Here)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



Mrcng\ucmn Bn NnAHuMe

BbicTpoaeucTeusa Llenn
(Circuit Speed Issue)

€ >
Bpewms MNMepuoa un
npeood6pasoBa- ANNTENbHOCTb
Hua AL BbIYMCNEHUN
(A/D Conversion (Duty Cycle
Time) Computation Time)

© 2013 Microchip Technology Incorporaied. All Rights Reserved. PSW Masters 2013rus




y N
o BrnnaHue
bbicTpooeucTteusa Llenu

(Circuit Speed Issue)
100 kHz, 10 ps
\/ " He mHor0

BpeMeHu aAns
AUM n
0 BbIYUCIIeHUA
222011)5> € 337755 SS) \(A/D And Computation)/




LS BnusiHue
bbicTpoaencrteua Llenu
(Circuit Speed Issue)
100 kHz, 10 ps
z >
87.5%, 8.75 us >
0
< 222/0 > ” Iyudwe, HO ocTaeTcst
2 HS KPUTUYHbLIM BpeMs

ansa AUM v BblyucneHnun

\_ (A/D And Computation)

Y




= BenunynHa guckpeTtnsauum no
S dAMIJINTYAE (Sampling Resolution)

He cTonb mana, Kak oObI4YHO
10 Bit ALl cooTBeTCcTBYET paspewweHunto 0.1%
10 Bit AU sBnsieTtcs ceroagHsA 3KOHOMUYHbLIM

Cnenyet yuuTbiBaTb

1 KakoBa BenunynHa ENOB (Effective Number of Bits) B
YCNOBUAX «LLYMHOI0» OKPYXeHUaA?

1 TpebyeTcda TOYHOE ONMOPHOE HanpsikeHue
1 TpebyeTtca marnoe BpemMsi npeobpa3oBaHns

(Need Fast Conversion Time)
1 WnpuHa gnanasoHa BbIXOOHLIX HANPSXXEHUI:

Paspelatowasa cnocobHocts (Number of Bits) npwu
MUHUMANbHOM BXO4HOM Hanpsi>KeHUn




MICROCHIP

e OrpaHnyeHuna HaknagbiBaemble
Ounckpetnsaumen lNMetnun OC (Limit Cycling)

(

Coszpaet [IMCKpeTHbIe h

3Ha4vyeHusa HanpsikeHus Ha

Bbixoae
\_(Discrete Values Of Output Voltage)

Vin CunoBou Kackag (Power Stage)

(Current

OC no
CurHan YnpaeneHus 1OC MO TOKY | HanpsbkeHuto

( Control Signal) Feedback) I(:\;o;:jabg;Ck)
NMepuoanyeckue i} P
OVcKpeTHbIe Lindpoeoun KoHTponnep
3 (Digital Controller) Onoproe
HayeHuna 3aechb g e—— HanpsikeHme
... (Discrete Values (Reference

\ Of Duty Cycle) Voltage)

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP

wsere 2o INIITFOCTPaUMA BnuaHua uckpeTmnsaumum
Lleneun NMetnu OC (Limit Cycling Illustrated)

[JocTmkumble 3Ha4YeHns AvckpeTrsaums namepsaemblx
BbixogHoro HanpsipkeHus HanpsHKeHU Ha BbIxoae
Achievable Output Output Voltage 4 UCKDeTbl NbY HVYNeBoOMh )
Voltage Values Sampling Bins 'D‘ P P y
OowUnOKe uamepeHus
3.430 V — — 3430V o
—_—3410V HanpAXeHWUA (Zero Error Bin).
3380V— 230V or 3.290V o 3.310V_
—_—3.350V
3.330 V = —_— 3,330 V
3300 —_—3.310V
3980 \/ — —_— 3290V
—_— 3270V
—_—3.250V

3.230 V == —_—3.230 V
—_—3210V
—_—3.190 V

XXenaemoe BbiIXxoaHOE Hanps>XeHue
(Desired Output Voltage). 3,300 V

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 28



N

MicrocHr AnnrocTpaumna BnuaHua uckpeTmnsaumum

MASTERs 2013 ~ . . .

Lleneun NMetnu OC (Limit Cycling Illustrated)

[MckpeTn3aLms /" HanpsokeHue Ha Bbixoge )
,g,OCTI/DKVIMbeI 3Ha4eHuA M3MepsembIx NPUHMMAaeT ABa 3HaYeHUs
bIXOOHOIO manpaA>xXeHnA Haripa>XeHnn Ha BbiXxoge
Achievable Output Output Voltage o-So0ViMIS-~50 VT Ha BpeleHa
Voltage Values Sampling Bins KOS@%?E::ngzzosL:ﬁ:ﬂ:eHwﬂ

3430V =— = —3430V 40% | 60%
— 3410V (Output Voltage Bounces) /

3380y —  —— 3390V
—3.370V
—3.350V

3330V=—  —3330V — —_— —_—
—3.310.V.

3300V 3080 —0  —— 3290V N\
' — 3270V

—3250V 'V =40%" 3.330V +60%" 3.280 V

3230V—  —3230y  AVERAGE
—3210V =1.332V +1.968V

3180V — 190V —3300V

[ B uenom PeanbHoe NoBeaeHne XaoTu4vHo ]

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 29




N
Mcrockie  QrpaHuYeHunAa HaknagbiBaemble

™ Ovnckpetusaumen Metnmn OC
(Limit Cycling)

1 MNMpobGrnema AKTyanbHa (A Real Issue)
1 'naBHbIM 0Opa3om Bbi3zBaHa
HecooTBeTCcTBUEM (Mismatch Between):

1 Paspeluatolen cnocobHOCTU N3MepPEHUS
HarnpaxXeHn4d Ha BbIXOOE (Output Sampling Resolution)

1 Paspeluatoen cnocobHocT opMnUpoBaHUS

HaNnpaxXeHn4d Ha BbIXOOE (Output Voltage Resolution
=DPWM Resolution x Power Stage Gain)

1 MpuunHoOM TaKkke MoryTt ObiTb OLNOKK
OkpyrneHna npu KomneHcauMOHHbIX
Pac4yeTax (Rounding Errors In Compensator Calculations)




Mlt:?-cl-up OuckpeTtusauus lNetnm OC n

ASTERS 2012 CTtabvnbHOCTbL
(Limit Cycling And Stability)
1 UctouHuk Nutanua B Kotopom OrpaHn4veHo
Ynucno YpoBHeun HanpskeHna CtadbuneH
(A Power Supply That Limit Cycles Is Technically Stable)
I BbixogHble HanpsXXeHUsa oCTaroTCA
ANCKPEeTHbIMMU (Output Voltage Remains Bounded)

I HecmoTps Ha 31O, OorpaHMYeHns1 ypOBHEWN

ANCKPEeTU3aumnn HexerliatesibHoO
(Limit Cycling Is Undesirable)

1 Beognt B 3a6ny>|<neH|/|e KITMEHTAa
(Freaks Out The Customers)

1 Cospaert Npobrniembl ¢ Nomexamu
(Creates Noise Problems)




e Do Knaccuyeckasa Cxema
weezi L lncgppoBoro LUMM IMeHepaTopa

(Classical Digital PWM)

COMPENSATOR

OUTPUT
Curnan c Bbixoaa

Yeunutenst Owmbkm A pwm WM curHan Ha Bbixoze
A28 I ouTPUT
B
N BIT COUNTER
CLOCK >— cLK COUNT
COUNTER _I—r
3agatoLnm
reHepaTop CyeTyuk CuyeTyuk
N 6ut '
COMPENSATOR |
OUTPUT

Curnan c Bbixoaa
Yeunutena Owmnbku

PWM —
LLUIAM curnan Ha Bbixoge OUTPUT

Slide 32
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M..:?.EH.; OcoobeHHocTu Knaccuveckoro LLAM
wsrrs20t - [F@HepPATOPA (Classical Digital PWM Issue)

0.05% Koadhunumenrta
3anonHeHus TpebyeTt
Duty Cycle Resolution
=> 11 Bit C4eT4YmK (Counter) y

COMPENSATOR ,
Curnan c Bbixoaa OUTPUT
Yeunutensa Owmnodkm |
— I

= 204.8 MHz!

\

saparown - COUNTER
reHeparop

— | —

|
[ Fswitch J>PWM | S
— 100 kHz | ouTPuT

LM curHan Ha Bbixoge

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




Mu:?-.cl-un NMpenmywectBa LucppoBoro

MASTERSs 2013 yn pa BITIeHUSA
(Digital Control Advantages)

1 [porpaMmMunpyeMocCTb (Programmable)
1 MuHumMmanbHoe Yucno Odetaneun (Minimal Parts)

I HeuyyBCTBUTENbLHOCTL K

TeMmnepartype/CTapeHUnIo (Insensitive To
Temperature/Aging)

1 Bo3moxHocTb Co3aaHusa dononHutenbHbIX [P
(Value Added IP — Intellectual Property)

1 Bo3mMoXxXHOCTb NMPUMEeHATb COBpPeéMEeHHbIe
MeTO.D,bI anaBneHM;l (Modern Control Techniques)

1 HenuHenHoe YHpaBneHme (Non-Linear Controls)
0 A,El,aI'ITI/IBHOG lepaBneHvle (Adaptive Controls)

ip Technology Incorporated. All Rights Reserved.



N

MiCROCHIP OcobeHHOCTH U,VICprBOrO

wsrers203 Y ripaBII€HUSA (Digital Controller Issues)

LncpoBoe ynpaBneHne He3HaKoMo AN 0ONbLIMHCTBA
UHxxeHepoB lNpoekTupyrowmnx CunoBbie MICTOUYHUKMH
NMutaHun

lNoBbIWeHHbIe TpedboBaHUSA K paspsagHocTu LIATT n
CKOpOCTU npeobpaszoBaHmnA (A/D Resolution And Speed)
Heobxoauma BbiumcnutenbHasa MowHocTb Ans

UckntoyeHus MoTtepu ddcektusHoctn Need For
(Avoid Performance Sacrifice)

1 BnusaHmne BpemeHHbIX 3agepkek (Delay Time Issues)

Pa3peweHue DPWM pgna ucknw4veHnsa BINAHUA
AUCKpeTu3auumn BbiX. Kackaga (To Avoid Limit Cycling)

1 3apgatowinm reHepatop GHz nnm CnoXHbi 3aKka3HOoW
Kpuctann (GHz Clock Or Complex Silicon)

Bonbwon Tok MoTpebneHusa (High Power Draw)

PSW Masters 2013rus




MICROCHIP

ObOwee no KoHTponnepy
(Controller Summary)

1 BonbwunHcTBO CUNOBLIX
[MpeobpasoBaTeneun (Power Converters).

1 OrpaHun4yeHsbl No LleHe (Are Cost Sensitive)

1 He TpebyoT Hanunuuna McknrountenbHbIX
CBOUNCTB (Don't Need Extreme Performance)

1 AHanoroBoe YnpaBneHue fBnseTcs

O4yeHb Xopowunm Bbibopom
(Analog Control Is A Very Good Choice)




MICROCHIP
MASTERs 2013

YnpaBneHne Pexxumamum
ANeKTponuTaHus
(Power Management)




N

MicrocHIP CM."OBO'?' KOH BepTep

MASTERs 2013

(Power Converter)

Vin CunoBou Kackag (Power Stage)

) \/

( Control Signal) (Current

OC no

(Voltage

TCmrHan YnpaeneHus lOC MO TOKY | HanpsbkeHuto

Feedback)

Feedback)

Kontponnep (Controller)

%
OnopHoe

e——— Hanps>keHue
(Reference

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus

Voltage)
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N

MicrocHIP ¢yH KU‘MM 3aLLIMTbI

MASTERs 2013

(Protection Functions)

Vin CunoBou Kackag (Power Stage)

) \/

OC no

CurHan YnpasneHus c t
( Control Signal) (Curren

OC no Toky HaMps>XeHUo

Feedback)

(Voltage
Feedback)

Kontponnep (Controller)

OnopHoe

HanpsbkeHne

; (Reference

-
[1peBbileHne Toka Ha Bbixoae

(Output Overcurrent)

(" BoblkntoyeHune Mpu CHUXEHWUN
BxoaoHoro HanpsxeHus
_(Input Undervoltage Lockout)

© 2013 Microchip Technology Incorporated. All Rights Reserved.

Voltage)

(MpeBblweHne HanpshxeHus
Ha Bbixooe
. (Output Overvoltage)

s

G

[MpeBbileHne TemnepaTypbl
(Overtemperature)

PSW Masters 2013rus
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L DYyHKUUM YNpaBneHus

MASTERs 2013 =
(Control Functions)
Vin CunoBou Kackapg (Power Stage) Vour
OC no
HaNPs>KEHNIo
TCmrHan Ynpasnexus OC o Toky | (voltage Feedback)
( Control Signal) ([ Bbixon Bk./Bbik.
(Output On/Off)
Kontponnep (Controller) OnopHoe
€ HanpsikeHue

(Reference Voltage)

3aMeHeHne BbixoaHoro )
[ Output Overcurrent ] HanpseHuns Jonage }

Output Voltage Adjust

Input Undervoltage
Lockout

[ Overtemperature ]

© 2013 Microchip Technology Incdrporéted. All Rights Reserved. PSW Masters 2013rus




MQ TenemeTtpua (Telemetry)

MASTERs 2013

Vin Cunosoun Kackaa (Power Stage) Vout
Voltage
Control Current Feedhack

-

[NuTaHne B Hopme }/oﬁ

VineHtndmkatop Nspenusi
(Product ID)
L

(Power OK) )
UVIItIrvirnel Reference
CocrtosiHne OLmnbKm ) Voltage
(Fault Status) y J BbixogHoe HanpsbkeHue
Outpl (Output Voltage)
L Output Overcurrent J P g9e) _
C

[ (TTee“:nne;Zsz:) BbixogHon Tok

C e (Output Current) mperature

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 41




M:.:?..:H.p YnpaBneHue lNocnegoBaTenbHOCTLIO

WASTERs 2013 NMoaaun/CHATMA HanpsixeHun
(Sequencing)

KoHBepTep

/O MuTtaHne
(Co n3V§r\t/er) 1 > 33V Bxonos/BbixoaoB
KoHBepTep .
Core Logic MutaHve
(Conlvgr\t/er) 2 > Y Snpa
33V |- b R
1.2Vp--------- : I

oV

© 2013 Microchip Technology In.corporaied. All Rights Reserved. PSW Masters 2013rus




N

Microciie Y paneHue [ocnepoBaTenibHOCTbLIO

MASTERs 2013
NMNoaaun/CHaTna HanpsixeHus
BknioyeHo (SequenCIng)
ON
BbikntoyeHo 3agepxka
OFF . BoikntoyeHus !
i . Turn Off Delay «——
Vour |
3afgepxkka i :
BknoueHuns ! ! i
Turn On Delay <> ; :
oV I i i .
< > < >
. Rise Time . Fall Time

Bpems HapacTaHusa Bpems Cnaga

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




M..;?.,;H.p YnpaBneHue Pexxnmamu

WASTERS 2015 JdneKTponuTaHus
(Power Management)

4 ) o )

Output Overcurrent Cunosou KaCKa( Output On/Off r

L (Power Stage) | )

] ] | 7N TN

" Input Undervoltage | Tcontrol : X

Lockout J ISignaI \ Output Voltage Adjust )

p I N I | <
Output Overvoltage Control{Soft-Start/Rise/FalI Timepce

\ | ” /ﬂ J vuuag)e

( Overtemperature \ gnaBﬂblill7| o /[ 3anepikka Bkn /Boikn \

pemsa HapacTtaHus

L ) Bpews Cnaga (Turn On/Off Delay)
4 ) 4 ) 4 )

Temperature Power OK Output Current

\_ \_ \_

4 ) 4 ) 4 )

Fault Status Product ID Output Voltage

\_ J \_ J \_ J
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Mlt:?-cmp YnpaBneHue Pexxnmamum
MASTERS 2013 JrneKkTponutaHua. AHanorosoe
(Power Management: AnalogQ)
1 Tpebyetcsa bonbuwoe Hucno
KoMnnekTyrLwmx (Lots Of Parts)

1 Komnapartopsbl, TpaH3nctopbl, Pe3ncropsl,
KoHgeHcaTopesl, noasbl, OY (Comparators, Transistors,
Resistors, Capacitors, Diodes, Op-Amps), ....

LleHa Komnnektywowux | |3aTtpatbl Ha [lponsBoacTeo
(Material Cost) (Manufacturing Cost)

[ Pa3mep M J [ BepoAaTHOCTL OTKasaJ

(PCB Area) (Failure Rate)




Mﬁu\ YnpaBneHue Pexnmamu
ez JrIeKTPONUTAHUA. AHanorosoe
(Power Management: AnaloqQ)
1 TpebyeTtcsa bonbuwoe HYucno

KoMnnekTyrLwmx (Lots Of Parts)

1 Komnapartopsbl, TpaH3nctopbl, Pe3ncropsl,
KoHgeHcaTopesl, Aunoasbl, OY (Comparators, Transistors,
Resistors, Capacitors, Diodes, Op-Amps), ....

I HeT ruBbKocTH (Inflexible)

[ NMocne U3rotoBrieHUs, He U3MEHUTb J

(Once Built, No Changes)
‘UameHeHue MapameTpos Manikon )

(“ECO By Soldering Iron™)
\_ (ECO - Electronic Controls Option) Y,




Mlt:?-r:mp YnpaBneHue Pexxnmamum

MASTERS 2013 JrneKkTponutaHua. AHanorosoe
(Power Management: AnalogQ)

1 Tpebyetcsa bonbuwoe Hucno
KoMnnekTyrLwmx (Lots Of Parts)

1 Komnapartopsbl, TpaH3nctopbl, Pe3ncropsl,
KoHgeHcaTopesl, noasbl, OY (Comparators, Transistors,
Resistors, Capacitors, Diodes, Op-Amps), ....

I HeT ruBbKocTM (Inflexible)

1 Ooporo, CnoxHaa Cucrtema (Expensive,
Difficult System Interface)

[MHOFO CneunanusnpoBaHHbIX CUrHanbHbIX Lleneﬁ}

(Multiple, Dedicated Signal Lines)




MicRocHIP YnpaBneHue Pexnmammu

T AnekTponutaHus: AHanoroBoe
(Power Management: AnalogQ)

1 NMpeunmyuwiecTBa (Advantages)

1 3Hakomo NHxxeHepam

PaspaboTtunkam Cucrtem l[NutaHus
(Familiar To Power Supply Engineers)

1 Het LIndppoBbIX ONEMEHTOB
(No Digital Circuitry)

1 He TpebyeTcsa NporpammupoBaHme
(Does Not Require Programming)




MICFIQICHIP LHundpoBoe YnpaBneHune Pexxumamu

ASTERS 2013 AneKTponuTaHus
( DPM - Digital Power Management )

Vin CunoBoun Kackap (Power Stage) _ Vour
OC o
CurHan YnpaeneHus OC no Toky HanpsHKeHuo
Control Signal) (Current (Voltage
I'Iocne.qOBaTeanaﬂ ( Feedback) Feedback)
LIUHA .
(Serial Bus) KoHTponnep (Controller) OnopHoe
e——— HanpskeHue
- ~ (Reference
lNMpepbiBaHue Voltage)
9
npu aBapuun , LindopoBoe YnpaBneHue
(_Alarm Interrupt AnekTponuTaHuem
e e (Digital Power Management)
—
Bkn./Bbikn.

L Immediate On/Off )

PSW Masters 2013rus Slide 49



N DPM no3BonseT YnpaBnAaTb

MICROCHIP

p— JHeprocbepexeHnem
(DPM Enables Energy Savings)
BbIXO.que Hanpﬂ)KeHVIe AKoHOMUNS 3H9pf|/||/|
(Output Voltage) |
AKTUBHO (Saves Energy)!
(Active)
XonocTtou/llpocTon

(Idle) Xaywmn Pexxum/CHa

BbiknouyeHo (Sleep)

(Off)

/" Tlogo6HOro pesynsrata MOXHO AOCTMYb U )
aHanoroBbiM cnocobom (Ho He 6e3 npobnem).
[opa3go npolle 3To AenaTb Npu NOMOLLN

LMJPOBbLIX KOMaHA,.
(Can Do This In Analog (But Painful)
\ Much Easier To Do With Digital Commands) /

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 50




M? DPM: KoHdurypauuun

MASTERs 2013

HomuHanbHoe BbixogHoe HanpsXeHue
(Nominal Output Voltage)

NMNoactpouka HoMmuHanbHOro BoixogHoro
HanpsxeHus Npu Npounssoacrtee

(Output Voltage Trim At Time Of Manufacture)
MapameTpsbl [NocnepgoBaTeNnbHOCTH
YctaHoBneHua BoixogHoro HanpsxeHus
(Output Voltage Sequencing Parameters)

NMoporoBble 3Ha4yeHunsa Bkn./Bbikn. BxogHoro
HanpsxeHus

(Input Voltage Turn On/Off Thresholds)

MapameTpbl KomneHcauuu netnu OC
(Loop Compensation Parameters)

ip Technology Incorporated. All Rights Reserved.



N
MicROCHIP DPM: ObpaboTka
wEEEE T ABapUMHbIX CUTYaUMKM (Fault Management)

I YcTaHOBKa NOPOroB (Set Thresholds)

1 OnpepeneHue NoBeaeHusa npn ABapunHOU
Cutyaumm (Set Fault Response)

1 PearnpoBatb HezamegnutenbHO UNn c
3agepxkon (Act Immediately Or Delay Response)

1 OTtknroyaTb HemeaneHHo U (Shut Down Immediately)
1 bnoknpoBaTb (Latch Off)
1 [lepes3anyCcTuThb (Restart)

1 OrpaHnuntb BenunuuHbl INapameTtpoB B Pexnme
ABapuK (Limit Fault Value)

1 [lpumep: NocTogaHHaa BennynHa BbIXOQHOMO
TOKa (Constant Current Output)

13 Microchip Technology Incorporated. All Rights Reserved.




M..:?.c.q.p DPM: UHdopmauma O CoctoaHuun
WASTERs 2013 (Status Information)
1 Mpumepsl NapameTpuyeckon
MHCbOpMaLI,VIVI (Examples Of Parametric Information).
BbixogHoe Hanpsi>KeHune (output Voltage)
BbIXO,EI,HOI7I Tok (Output Current)
TelvlrlepaTypa (Temperature)

BxoaHasa MOLWHOCTb (Input Power)

1 Mpumepbl Hdopmauun
“PaboTta/ABapus’ (Go/NoGo Information).
1 POWER OK

1 Cneuyndomnyeckas Nngmkauma Asapum
(Specific Fault Indicators)




Mtcg\.cmp DPM: UHdbopmauumsa ob YcTpoucrtee
MASTERS 2013 (Device Information)

1 Mpumepsbi:
0 |_|pOI/I3BO,£I,I/ITeJ'Ib (Manufacturer)
0 Homep Monenw (Model Number)
1 CepumnHbI HOMEP (Serial Number)
0 IE',aHHbIe (Date Code)
1 Bepcus (revision)




N

MicrocHIR LincdbpoBoe YnpaBsneHue
MASTERs 2013
Pexumamum Nutanua (DPM)
Vin Cunosoun Kackaa (Power Stage) ) \/
OC no
T CwrHan Ynpasnexus lOC Mo TOKY HanpsHKeHno
(Current (Voltage
MuHumanbHoe Yucno ) Feedback) Feedback)
KoMnoHeHTOB J’ <
I oller OnopHoe
(Minimal Components) ) HanpsXeHMe
p N (Reference
Serial Bus (. Voltage)
> 'MbkocTb NMporpammupoBaHusa

Alarm Interrupt

(Flexible, Programmable)

Immediate On/Off J —>

YnpaBneHue oT KnaBuaTtypbl
(“ECO By Keyboard” - Electronic Controls Option)

PSW Masters 2013rus



N

MICROCHIP U‘MCprBoe yn paBJieHUue
MASTERs 2013
Pexumamum Nutanua (DPM)
VN CunoBou Kackag (Power Stage) _ Vour
OC no
T CurHan YnpaeneHus lOC Mo TOKY HanpsHKeHno
(Current (Voltage
MuHumanbHoe Yucno ) Feedback) Feedback)
KomMnoHeHTOB J’ <
.. oller OnopHoe
(Minimal Components) ) HanpsXeHMe
p N (Reference
Serial Bus (. Voltage)
> 'MOKocTb lNMporpammmupoBaHus
| Alarm Interrupt (Flexible, Programmable)
Immediate On/Off J E—

NMpocTton UHTepenc
(Simple Interface)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 56




M..:?.CH.; LincdbpoBoe YnpaBneHue
pASTERS 2015 Pexxumamu lNutaHua (DPM)

[ He,EI,OCTaTKVI (Disadvantages)

1 TpebyeTtca [NporpammmnpoBaHme
(Requires Programming)

1 He3Hakomo ang d0onbLIMHCTBA

PaspaboTtymkoB YcTpoucTs lNntaHus
(Unfamiliar To Many Power Supply Engineers)

1 TpebyeTca Hannumne LlndpoBbix
L|,€I'I€I7I (Requires Digital Circuitry)




e byaeTt nn OnTMmManbHbIM
B Bbl60p (Optimum Choice)?

1 Ona JoctuxeHna XopoLwiunx
[lapameTpoB
npn MuHnmanobHou LleHe,
KombuHauus
(For Good Performance At Minimum Cost Combine).

AHanoroBas leTnsa LUncdposou Cunoson

YnpaBneHus [MpeobpasoBaTtenb
(Analog Loop Control) [(Digital Power Management)




MICROCHIP

wmon  VIHTENNEeKTyanbHoe PelwleHue
YnpaBneHusa Pexxumamn
CunosBoro lNutaHus

(Intelligent Power Solutions)

Asnserca «<MocTtukom» CoeauHAOLWNM
«bepera» AHanorosoro n LludposBoro
YnpaBsneHmem Pexxumamu CunoBoro

NutaHus

(Bridging the Gap from Analog to Digital Power
Management)




Muc?-cmn LindopoBoe YnpaBneHue

e BmecTto LinchpoBoro NutaHus
(Digital Control vs. Digital Power)

1 OrpaHuuuBaroT nu Bbicokne TpeboBaHuUA K
LundpoBomy KoHTponnepy

Pa3zsutuio LUndpoBbix ActouHunkoB lNutaHus
(Digital Control slowed the Growth of Digital Power)

1 na KoneepTtepoB POL (Point of Load Converters)?

1 |El,J'IFI yrpaBJieHNAd cBeToaAnNo4aMn (LED Applications -
Automotive and general lllumination)?

1 [na nHTtennekTtyanbHbIX 3apAaHbIX YCTPOUCTB
(Intelligent Battery Chargers)?

1 Ona lNporpammumnpyembix ictoyHukoB [ntaHua

(Programmable Output Power Supplies)?

Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



Mrcng\ucmn o

sreresos. 1TO Takoe AHanoroBebiu ACTOUYHUK
NMutaHna PacwmpeHHbin UudpoBon
YacTtbi0? (What is Digitally-Enhanced Power Analog)

B Cunoesbix lNpeobpa3osamensix
(In Power Conversion Control)...

LingopoBoe YnpasneHune AHanorosoe YnpasneHune

(Digital Control Techniques)

(Analog Control Techniques)

144%
PWM Generator MOSFET
Peripheral Driver
Ves
Amp
Controller - MCU Vier
(Coefficients &
Compensator Comp

Operating Set point)

Controller

“Analog” Control

“Digital” Control

© 2013 Microchip Technology Incorporaied. All Rights Reserved. PSW Masters 2013rus Slide 61




M Y10 Takoe AHanoroBbin ACTOYHUK

MICROCHIP

weemos [ IMTaHNA PacwupeHHbin LUndposon
YacTtbi0? (What is Digitally-Enhanced Power Analog)

In Power @@nversion Control...

Power Conversion Solution

4%

PWM Generator MOSFET

Peripheral Driver

Ves
Amp
Controller - MCU Vier

(Coefficients & Compensator

Operating Set point) Comp

Controller

“Analog” Control

“Digital” Control

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




M Y10 Takoe AHanoroBbin ACTOYHUK

MICROCHIP

———— [lntaHna PacwupeHHbIn LUndposon

l"|a('2TbI-O’) (What is Digitally-Enhanced Power Analog)
In Power & nverS|on Control ;

Fully e i) Fully
- ybrid Contro

Dlgltal . (Analog + Digital) Analog

Control Control

4%

PWM Generator MOSFET

Peripheral Driver

Ves
Amp
Controller - MCU Vier

(Coefficients & Compensator

Operating Set point) Comp

Controller

“Analog” Control

“Digital” Control

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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N Y10 Takoe AHanoroBebin ACTOYHUK

MICROCHIP

wmsemzos 1ITUTAHUA PacwupeHHbin Qudposon

l"|a('§TbI-O’) (What is Digitally-Enhanced Power Analog)
In Power @@nversion Control :

Fully Digitally Enhanced Power Fully
Digital Analog Control Analog
Contro| ~ WEEEEEENN————— Control

lrs

@ Microckp | | AN \iOSFET o

PWM .
Comp. Drivers MOSFETs

Error VFB
Supervisory /4 Amp  Vrer
Microcontroller

Internai
LDO

“Digital” Control “Analog” Control

Compensator

© 2013 Microchip Technology Incorporaied. All Rights Reserved.
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Moo Pa3paboTka AHanoroBoro cto4yHuka

wsrers 203 [luTaHna PacwmpeHHoro Lncdhposon HYactsio
(Developing Digitally “Enhanced” Analog Control Power Systems)

-----------------------------------------------------------------
. e

. ‘e

R »

*

Synchronous Buck
Topology
Internal Bias Supply
Synchronous, :
High-Side/
Low-Side 0—? UUUW‘E
MOSFET Driver : | . .
p— VOUT
Current Sense | ||~ "8
PR~ s
Network

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




Mlcng\m:l-un KombuHauunsa LiucppoBbix, AHanoroBbIX

ASTERs 2013 n BbiCOKOBONbLTHbLIX CBOUCTB
(Combining Digital, Analog and High Voltage Capability)

1 TexHonorun4yeckuu lNMpouecc NpousBoacrtsaa ...
1 State Machine Bmecto MUKpOKOHTpoO-nnepa
1 Wuterpaums (LincppoBas / AHanoroBas)

1 KomneHcauus (compensation), BHyTpeHHME CMELLEHUS (internal

Bias), AaJanTUBHAsA 3aJEepKKa (Adaptable Delay), SaLLUTA OT
ABapunHbIX CUTYaUMAX (Fault Protection), LlpanBepa (orivers),
N3mepeHmne Toka 6e3 NageHnn HanpsaKeHns (Lossless current
sense), [ |POrPAMMUPYEMOCTb (Programmable)

1 I'Io.q.qep)KKa Cpe.D,CTBaMVI Pa3paGOTKV| (Development Tool Support)

1 UundpoBoun UHTepdenc c AHanoroBoun Hactbio
(Digital to Analog Interface)
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Mﬂ;?..:....p AHanoroebin ActouyHuk NutaHus

MASTERS 2013 PaCI.I.IVIpeHHbIﬁ U,VICprBOVI YacTtbio
(Digitally Enhanced Power Analog)

CeMeVICTBO Family): MCP19111

Hybrid Solution
(Analog + Digital)

Digital Analog
Control Control

Digitally Enhanced Power
Analog Controller: MCP19111

. Drivers

s .
. v
Supervisory o I "

@ MICROCHIP AV ﬂﬂﬂ [ MOSFET To
. MOSFETSs

MCP19111

Amp | Vrer
Micro / AL

PIC12F

Current Sense

Communication Compensation ]

“Digital” Control “Analog” Control

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 67




M.,:?.:H,, MCP19110/11 CnHXpOHHbIN NMoHUXaroLWwnmn

MASTERs 2013 [MpeobOpa3oBaTtenb
(Synchronous Buck High/Low-Side Topology Support)

----------------------------------------------
.

*
£

Analog Controller/Driver Vl N Sync hronous
SV Bias Supaly _ 5 Buck Topology:

- Internal . Internal/External 5V SV Bias Supply

McCu 7 : :
Bias Suppl . :
PIC12F 4| PRIY External (25mA) : fh\

Core Do
High-Side High-Side . paneeey 3¢ e | vV
Deadtime Driver - I I ouT

: [ High-Drive Logic Level &
8-bit Adjustment | | fw/level shifter) i : Y Y Y\
Flash M Phase : +
ash Mem = .
ak word = o —’VW—”—
'- Low-Side Low-Side Low-Drive, Logic Level § |F< e
RAM Deadtime i - Ao P
' Adjustment : =
Hardware v S
Protection B L. Y i I
{UVLO/OVLOllim/etc...)
Calibration/Scaling Current Sense ) Difterential Current Sense
Internally
Calibration/Seali
e Adjustable Differential Voltage Sense
L Compensation

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




MICROCHIP
MASTERs 2013

MCP19110/11 CUHXPOHHbIN

NMNoHnxawowum NpeobpasoBaTenb
(Synchronous Buck Hi%h/Lonﬁ-gge Topology Support)

Single Phase Synchronous Buck

IV, Range: 4.5V to 32V e I
I Vg, Range: 0.5V to 3.6V | N
I Greater with output divider i
I Coarse and Fine Vggr DAC (12 bit) PWM_{ yeRfTER.
I 0.7mV/Step i
I Integrated MOSFET Driver: . |SEN -
I Logic-Level Drive (5V) / =
I 2A Source/4A Sink Drive Current VSEN
I Programmable Analog Controller: A e
I Switching Freq: 100kHz to 1.6MHz
I Analog Control: Control Loop Compensation, Slope
Compensation, Peak Current Limit (Level & LEB Delay), = ] B B
Gate Drive Deadtime = e
I Thresholds: V,yUVLO, lg,r CS Amp Gain, Soft-Start . 4x4mm =]
Rate, Vo1 Setpoint, Vg Trim, Vg, OV/UV, o 24L— QFN, =]
I Measure: V,, Vour Internal Temp + 8 Ext Ch L[] =]
I Master/Slave Mode & Multi-phase operation = Sx5mm o
I  Programmable Digital Core: :g ZBE-SN E
i II\Q/IEI'\r/Iange Core (2 MIPS), 4kW Self-Write Flash, 256B | F”“-[ ﬂﬂ HFI M |
I (2) 16-bit Timers, (1) 8-bit Timer, (1) PWM, 12 GPIO
"  MSSP w/Enhanced PMBus Support

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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we..  [locToMHcTBa MCP19110/1

MASTERSs 2013 D|g|ta||y Enhanced Power Analog

[ uMHaMquCKMQ I'IapaMeprl “Dynamic Performance”

1 1/10" Fg,, X-Over Frequency Jlerko Joctmknma
(Easily Achieved)

1 YnpasneHue B TokoBoM Pexume PerynupoBaHus

(Peak Current Mode Control with)

1 [Nporpammmpyemasa BenndimnHa KomneHcauum
CkopocTtn HapactaHus ®poHTa

(Programmable Slope Compensation)

1 [Nporpammmpyemasn BenndimnHa KomneHcauum
[Metnn OC no HanpsikeHuto

(Programmable Voltage Loop Compensation)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




we..  [locToMHcTBa MCP19110/1

MASTERSs 2013 D|g|ta||y Enhanced Power Analog

I UudpoBasa NMBKOCTB “pigital Flexibility”

1 Manenbkul, Bxooswut e Cocmae Mukpocxemel,
Manonompebnsrowuu MukpokoHmporsnep (¢ geniuduHou obuie2o

rnompebrieHus rmopsioka 5SmA)
(Small, on-board, Low-Power MCU (5mA total Current Consumption))

1 AktnBHo OntumMnanpyet PaboTty AHarnoroson [leTnu
OC (Actively optimizes the analog loop)

1 ObecneunBaeTt Nogaepxky MNepenoBbix PyHKLUNN

(Provides Advanced Features).

1 KoHdurypupyemoctbs AHanorosou Hactu
(Configurable Analog)

1 KOMMyHMKaLlMOHHbIVI MHTepCbeVIC (Communication Interface)

1 [NonHocTbio Nporpammmpyembit MUKpOKOHTpoONEp
[TosBonseT CoxpaHAaTb VIHTennekTyanbHyro

CobCcTBEHHOCTb
(Fully Programmable MCU - Enabling Custom IP — Intellectual Property)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 71




WS MocTouHcTBa MCP19110/1

MASTERSs 2013 D|g|ta||y Enhanced Power AnaIOg

1 To4yHoe U3mepeHne BpemeHu OTKpbITOro
CoctosaHua Knroua (Accurately Measures Switch ON Time)

I OtHocutenbHoe NamepeHne OdhPeEKTUBHOCTH

(Relative Measure of Efficiency)

i BCTpoeHHbIVI CTa6VIJ1VI3aTOp (Internally Powered from Regulated
Supply)

1 (5mA for Digital + Analog) + Switching
i1 MuHumanbHoe Yncno BHewHux KoMmnoHeHTOB

(Minimizes External Components)

1 VIHTerpmnpoBaHbl (ntegration)

1 ApantunBHasa BenuuuHa 3apepxku Mexay
Knroyamu (Adaptable Delay Between Switches)

1 PaspelueHune 2ns (resouiony AgantuposaHo K MOIT
TexHonornu (Adapts to FET Technology)

Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



N MCP19111

MICROCHIP

weeszos G X@Ma NMoaKNMOYEHUSA (Schematic)
3V 1o 32V 3agepxkKa
- onTMMMU3UpOBaHa noa
T MOI1 TexHonoruto

(Optimized Delay for any FET
Technology)

Vin BOOT

Vdd

HIGHDR

MCP19111
PHASE YN
/ I-'\Nv——H— =

GPIO
LOWDR

+|sen

15
GND
-lsen
PGND
‘ -Vsen +Vsen

PSW Masters 2013rus
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M.,;?.:H.p Microchip Pacwupset lNpeanoxeHue
MASTER 2013 ansa CunoBbiXx UICTOYHUKOB

MCP198111, Digitally-

Enhanced Power Converter

Integrated PWM Controller 4 New High-Speed MOSFETs
1 Analog Controller . Low Rpeg,
. Low O Low
1 MCU '~ Figure-of-Merit
1 Drivers . Optlmlzgd for IzV Power
Conversion

1 Power Mgt.

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




Rm” MASTERS ED]B M:cnnca—un

\(N §
The Russian premier technical training conference for embedded control engineers Q‘}
\
N

L/, g
Russia — Saint-Petersburg - October 23 — 26,2013 - Presented in Russian, |} y S“
7)) TS

&=
i 1
-

PerynaTtopbl B Touyke Harpy3ku

POL
(Point of Load Applications)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSM Masters 2013rus



o Touyku Harpy3ku - POL

MASTERSs 2013 (Po|nt Of LOadS)

I POLs — noHMxarowime perynatTopbl
(step down applications)

1 Hmnskoe BbixogHoe HanpsxeHue

(Low output voltage)

1 bonbwon Tok Harpyskn ot 3A oo 30A

(High output current (3A to 30A+))

1 Manble Pa3smepsbl n 3aHnmaemoe MecTo Ha
PCB (Small geometries and footprint)

1 Memory, Processors, FPGA, etc.




) U3mepeHune Toka NoTpebneHusn

MicrocHIP
MASTERS 2013 (Current Sensing)
Veuck Q
1 Inductor current
(B sensing
0 A iy 1 No reduction in system
PHASE iy .
el efficiency
LDRV Q::> VW +V'L__ T
q eno— L 1 Can use a sense
= eO—— resistor If desired

If LIR, = Rg*Cg It can be

If LIR, >> Ts, then
found that V¢ = |,

PSW Masters 2013rus
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M..:g\.cmp N3mepeHune Toka B Touke Harpy3sku
MASTERs 2013 (Point Of Load Current Sensing)

1 POL inductors
1 Low inductance, very low resistance

1 If (Rs*Co)>(L/R,), then gain of V. can
be realized

Ves
MCP19111 eval brd |
R<*Cg is 10x greater




MICROCHIP

wsrens 205 AIBMepeHue BbixoaHoro HanpsxeHus
(Measuring Output Voltage)

Tl
ch—‘ .
+VseN D—\ r—— — — — 1
Diff I _ Vi
| % EA

R e N

Slope

2013 Microchip Technology Incorporated. All Rights Reserved.



MICROCHIP

werer 20z MI3BMEpeHue BbixogHoro HanpsxeHus
AN1427 “Slope Compensation”

An early discovery in the development of Current mode For duty cycles greater than 50% however, a distur-
control was that the current feedback loop became bance from the nominal operating point grows larger
open loop unstable when the duty cycle was increased with each cycle. This leads to large deviations from the
beyond 50%. This phenomenon has been thoroughly nominal operating point and to a phenomenon known
studied and analyzed. Disturbances in the operating as “sub-cycle oscillation.” Figure 5 shows the begin-

point gradually die out when the duty cycle is below

ning of this process.
50% (see Figure 4).

FIGURE &: FORDUTY RATIO GREATER
THAN 0.5, DISTURBANCES GROW e
DIE OUT
el . % o
— o “"\ 4 \\ - oy A
. Sl oy —_ v L T
ﬁ—l T NOUCTOR * —_._,,4._‘ “mle,f"/
ELRRENT (1)
£) DUTY CYCLE <05
- BJ DUIY CFILE > 08
FIGURE 6: SLOPE COMPENSATION
CAN CAUSE

DISTURBANCES TO DIE
OUT FOR ANY DUTY RATIO
COMPENSATING

If the slope of the falling current in the energy storage
inductor is called m,, then a negative slope equal to
half the slope of m; will, in theory, cause a disturbance
to die out for any du cle up to 100%. Two other

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus 80




M:.:?..:H.p YnpaBneHue BeixogHbiM HanpskeHnem
MASTERs 2013 (Controlling Output Voltage)

ACcan
Isense
A
+VSEN|:| Diff '______i _
Vsen O AT | comm PWM
| , + Circuitry
__ |
VRer | ” |
| |
| — 1/
| t /!
LAVDD LDRV |
Slope
Compensation

T\

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




MICROCHIP

CpeactBa Pa3paboTku
MCPlglll (Design Tools)

1 Cpenctea lNoagepxkmn MCP19111
I KanbKynaTopsbl (Calculators)
0 Cpe,EI,CTBa Pa3pa60T|<|/| (Development Tools)

1 HemoHcTpaumnoHHas Nnata/llnaTsl

[1IpakTnyecknx lNpumeHeHnn
(Eval Boards / Reference Designs)




MIERQUEHH:I MCPlglll

msrers 2022 GpeAcTBO lNpoekTupoBaHusa B Excel
(Excel Design Tool)

MICROCHIP
I I 1 |
MCP1 91 1 1[ DESIG":I AN‘IALY'[ZER Use Default EVAL Board Components and
¥ Compensation
Input Parameters for Design |
Parameter Designator | Value | Units MNotes oy
= {  Step Load
Input Voltage Vin i vV 455V =30
Outpul Voltage Vour 1.8 V | 06sVons3s | boH|--—---
Cutput Current ety 30 A D=2lour=30
Switching Frequency Fs 300 | kHz | 100=Fs=1200
Input Voltage Ripple Ve 100 my |.D|_
Minimum Input Voltage Vi am q ") 452V minsVin
Step Load Parameters T;me=
High Output Current ey o A
Low Output Current lot 25 A Use Recommended Components and
Output Voltage Overshoot 100 my Compensation

» 2 KHonkn ana Beopa NapameTtpoB Cuctemsl (V,y, Vo, €tc..)
(2 TABS to Enter System Parameters (V,y, Voum €tc..))

» 3 KHonku [na OTto6paxeHunsa PesynbraTta (9¢pcpeKTUBHOCTD,

Ouarpamma boae n YcraHoBku N'pacdmnyeckoro UHTepchenca
(3 TABS Showing Results (Efficiency, Bode Plot and GUI Settings))

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus

83



le:nQ-l:mp MCPlglll
MASTERS 2013 'pachnyecknn UHtepheunc

| Monb3oBaTens (Programming GUI)

Digitally-Fnhanced Power Analog - MOP15111 User Develapment Teal @
Eval Board -EH8 | @G

MCFI9111 project rev; 1 I [
O /LN

Porameter Prockon | Compensetion] eus™ [ Baseh Tex MCP19111 Plugin | Read/Write sources| MCP19111 Project

Outgut Voltage || Enabla this Faature (MPLAE X GUI ) \\\J ]-,_f’r | (MPLAB X Project)
Set Coarse Valua 1800 - | mi . -~ =
Set Fine valus 1800 - my k—| |— z—J L
e - — _FH__,H

Multi Fhase Configuration
Device Configuraton stand alone wnit -

SM Error Signal Tnput Gain 3.3 8 -

sastchang Frequency || Enable this Feature

Generatid Fraquéncy 308 » kHz

Fhasa Dalay 1 = 8—=0us

Max Duty-Cycle 72 - % c 7

. o

Dead Time Delay T )/,.r

High Side ins = | Enable this Festure

Lows Side 16 ns w |V Enable this Feature 1
Startup Behavior

Suft Start Duration 10051 ms--> 18V/s MCP19111 Part

v | Use Startup Fin Use pin GPE7 =

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus 84



) MCP19111 eMoHCTpaLuMOHHaR

MICROCHIP

waSTERs 2013 [NnaTta n POL PerynaTtopa
(Eval Board and POL Converter Board)

High Speed MOSFET Technolo
g =P PV, =6Vto 16V

1 lgyr = 30A with airflow

I Fg, = 100kHz to
1.2MHz

1 Programmable
Features
1 Switching Frequency
1 Output Voltage
1 Fine and Course
1 Dead Time
1 Output OV and UV
1 Over Current Protection
|
|

o

¥ MicrocHie (-

Compensation
Current Sense Gain

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



MICROCHIP
MASTERs 2013

111 Point of Load

il

S L

T
1

;Fw rifaF oF | 3E )
B +
MD
En
TR l—:' PR ART PR AN L| fPE3 AW F
. P ic] i At LRI GPRANT ISP ALT_ SRR || R S AR AT RO
w—i— GRAT AT TICREINT PRTTITIL P W, [l TR -
C— 51— U Ty e |-
SPAT AN Fz-l- GRAD AT L = :'+ o i
BT i = sy [ I I I . wiz =
3 T T opas e 7ieF MR
Ro— o —— oo ([T LRAA
Tk 121 oo T :D—l— =
i 2] pasoi soor |- | I 2 i s
T} e e |
GEET —— omeT RN ] Lt Ve
. 2] mm g L I ENCYTY ' —rn
11 ! 1 ‘
-i_ Ve voh 2 | b 1L —L (el I 7 :]E” L ']ﬂl
| i ol i
TIs 15 B = e t ool lE oo o
i T'LE =i |
aEPIE1 b o
= ==
58
Ran
- - < i s -
PR ST D @D i -] PG PRT
==y ==
- ﬂ_li
o P

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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Mcrocie PaclipeHmne luanasoHa BbIXoAHbIX
VASTERS 2055 HanpsXeHunu (Extending V,,; Range)
Vauck Q

éﬁ

IIT
"~

HDRV

PHASE [

13T
"

LDRV

"‘SENDJ j
'SEND——
O

|

|
+VseN

-Vse

1 Dividers used to reduce voltage
1 +Vey & -l CaNn be same node
1 With proper PCB layout




wesew  [puMeHeHne MCP19111

" DC/DC YnpaBneHune CBeToanoaamu
(LED Lighting)

1 Synchronous Buck
Converter LED
Evaluation Board

1 V,y=8Vto 32V
1 Programmable current

1 Provides current
regulation using a
sense resistor

1 Two LEDs In series

1 Hardware dimming and
software dimming

2013 Microchip Technology Incorporated. All Rights Reserved.




B Block Diagram LED Lighting

MASTERs 2013

-@m_ MCP19111, Digitally- S e
Enhanced Power Converter - —

Temperature
Synchronous Buck \ ( sense \

Topology

VIN

Peak Current
Feedback

MCP9700 I
MCP9700 i

p— — —

-

I
I
I
— I
s 1~~~
I
I
I
I

( \

5 —

L b

Average Current Feedback
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M,,:?.;H,p OnpepeneHue NapameTpoB

wasTERs 2013 Yctonunsoctu NMetnu OC
(Establishing a Closed Loop Control System)
This Bode Plot shows a 1' order == Closed Loop
current mode controlled system ., L
I I

The open loop plots (blue Line) . il Ll |

of gain and phase describethe s~ .= ———p

filter characteristic of the power :. ““ﬂmll____ LT

filter. " | SR
. A = g = & | B x

The compensation network has Frequeney 040 R

to be designed in a way, that the T TS 01T

open loop characteristic (blue & “‘““37___,,.._.,-_-:-.#{-’-1_________““~..,

line) is transformed into the ) —— 1y B 1 _|[__'_“_‘1;_—_

closed loop characteristic (green g~ | .

line). g l il

|

The required frequency m . : : w 5 :

characteristic is given with the Frequane) 022

red line. 1st order system (buck converter in current mode control)

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 90




N Verifying Converter Stability of

MicrocHIP 15t Order Systems

WASTERSs 2013 — Peak Current Mode Control —
AN1385

Dpicns

Ciossover Frequency: ¢ PhaseMaginc 45 Degiees  [V] Plant [ Comp 7| Open

|
|
?ross-Over Frequency

KomneHcauus MoxeT Gain— EEREARI.
BbiTb MponsseaeHa = Margin I
YctaHoBKOW BHYTpeHHUX

Peructpos MCP19111

(Settings for the Frequency (2
compensation ‘

A can be done with the \_’/,fj"ﬂ"\\m

4 internal Register

- | | | | L] — _¥_ 1
—Phase-Margin ¢

e 118 g X |

1
10K
100K

Fhase (Degress)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
®

|

j |
|
!

10
100
i

100K,
1M

Freguancy (HZ)
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MicrocHIP CxeMa yn paBHeHVIﬂ
ASTERS 2022 CBeToamoaamMm (LED Lightning)

Bl A

Vin
L
i

- wop—|

ik . . . 2
¥INE ' )

T % r |

&

el T
bl JIEAT

ris | (¥4
N [S4]
- L wf

a1t

4

: ?_.H_I'l.‘:-.:erﬂl ) R - S
B PETTN) Toopig B o

2

] L 1 [ n
| 1 Jily
AN K PSS PCLR LT LT P TR | o
UFAZARE TR R AL TR K AL AN E A1 [T AR AT : e A R
G ARG AT e A B DS e [l i L i
AL 4 | . Lal ; SOHIT
GRS —Slaranass noar |2 3 B==lgy o
P | =]
TR i A it T I
S EIEANT "HASE .
| o - = it
& i ~ipas TR Lo [ | n i-¢| ] ."-ﬁ: b-‘.?. v:.“.. J-I\:u
LT L ey [ L ITISE, ' a3 e e S
2 | : a3y
T S| o | it A E = | ‘ l
= ) .
Ly ] = m II—
it !\‘ wfi-
] . b
0 | il . e L
v} i SELL E Ry TR =
[T )
wl Zik
cir | o ] = RiZ
e el 1 B HT cia | A
FET T a nis — wan =— I
| T |
ur ]
el T R ey Wil i AN
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Mﬂ:?.l:mn MCP19111 3apsaHoe YcTpoucTBo Ans

msteRs 201 AKKYMYNATOPOB PasnnyHon Xvumum
(Multi-Chemistry Battery Charger)

1 Sync Buck Multi-
Chemistry Battery Charger
Evaluation Board

1 1-4 Cell Li-lon
1 NiIMH, NiCd, Pb Acid
1V, =4.5Vto 32V

1 Programmable Charging
current up to 8A

1 PIC® MCU core provides
ability to design custom
charging curves,
protections, etc.

<’
S MICROCHID
) (CPLE1LY Battery Char

s

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus




M:.:?.;:H.p NMpumeHeHune MCP19110

wsrems 20 [|OBbILLEHHOE BbixogHoe HanpsxeHue
(High Output Voltage)
1 V,y=6Vto 32V

1 Switchable between 4
voltage options using
buttons

1 3.5V, 5V, 10V, 12V
1 LED Indication

1 Current sensing using
resistor

1 Utilizes MCP19110

1 Same as MCP19111 in
4x4QFN package, minus
4 pins and debug
capability

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus



N NpumeHeHue MCP19110 Moaynu

MICROCHIP

et CunosBbix UcTtouHukoB lNutaHuus
(Power Supply Modules)

IV, =6Vto 16V
I Vgyur =0.9t0 3.3V

1 Utilizes the MCP19110,
the GWS30B25 Dual
MOSFET, EPCOS
iInductor

1 Inductor “floats” over the
pch

1 66uF input ceramic cap,
300uF output ceramic cap

1 1" x0.75" PCB
1 POWER DENSITY!




LS MpumeHeHne MCP19110
———  CuHXpoOHU3npoBaHHbIN MHOrokaHasnbHbIN
UcTouyHuUK NMnutaHua (Synchronized Multi-Output)

1 V,y=6Vto 16V
1 lour = 30A+ per output

1 Utilizes 4x MCP19110
power supply modules

1 Switching waveforms
synchronized 90° out
of phase

1 Simplifies input filtering

1 PIC® MCU core allows
easy control of start-up
seguence

=
bt
85
a2
g!-

o 1.0uH
w1145

@
o AZ1028020
[+
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MICROCHIP
MASTERs 2013

PMBus™
[MpoTokon UHTepdenca
YnpaBneHunsa CnnosbiMu
UcTouyHukamum lNurtaHus

(Power Management Protocol)




MICROCHIP

Moyemy PMBus™?

1 He nmeeT 3HaueHue:

1 Kakaa nmeHHo WWunHa Mcnonbadyetca [ng
{OMMYHMKaLK

1 Kakne MimeHHO 3HaveHua CoOTBETCTBYIOT
KoMmaHgam Bknountb nnu BeiknioynTb

I Umeet 3Ha4veHune: Mbil Bece lNpumeHsem

OaouHakoBbIn [MpoTokon
(We all use the same protocol)

1 Npounssoautenn Mukpocxem, Nponssogntenu

Cunossbix Npeobpa3oBatenen, Cuctem OEM
(IC makers, power converter makers, system OEMS)




N
S Yto Takoe PMBus™?

1 OTkpbITbin CTaHpapTHLIN MMyTb
KommyHukaumm ¢ Cunosbimu

NMpeobpa3oBaTenamu

(An Open Standard Way To Communicate With Power Converters)

1 Cneumndomkaumm CBoboaHO JOCTYnNHLI

(Specifications Are Freely Available)

1 He TpeOyroTtcsa JlnueHsuna, FloHopap vnu
BblnnaTa nOLLIHVIH (No License Fees Or Royalties)

I He aBnaetca CobcTtBeHHOCTLIO OaHOM
KOM naHN" (Not Owned By One Company)

1 Bnapenbuem ABngetcsa
System Management Interface Forum (SMIF)




e Cneuundukauma PMBus™

MASTERs 2013

1 Yactb 1: Kak [NepepaBatb U

[MpuHumaTb KoMmaHAabl
(Part 1: How To Send And Receive Commands)

1 PHY, Transaction Protocols,
Addressing

1 OcHoBaH Ha SMBuUs

1 Yactb 2: KoMaHAaOHbIN A3bIK
(Part 2: Command Language)




Mlcg\cmp CneLI,VICbVIKaLIMFI PMBUSTM
MASTERs 2013 P art 1

'ﬁq PhiBus_Specification_Part | Reyv 1-2 20100306 pdf - Adobe Reader =il
[Eile Edt Yiew Window Help »

@ f} @ 5 % E|| i EHE| 1% v_ ;,_,' s Tools | Sign | Comment

Epvies Managemant Crrm B neid P
Imlestace Forum EEET P

PMBus™

Power System Management Protocol
Specification

Part | = General Requirements,
Transport And Electrical Interface

Revision 1.2X
6 September 2010

www.powerSIG.org

& 2010 System Management Interface Forum, Inc. — All Rights Reserved

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus 101



Mlcg\cmp CneLI,VICbVIKaLIMFI PMBUSTM
MASTERs 2013 P art 2

[ 5. PMBus_Specification_Part_JI_Rev_1-2 20100906.pdf - Adobe Reader econlelE)
Fie Edt Yiew Window Help *

QB PESE|[1]ms]|[smx]-]]F

il

Tools | Sign = Comment

PMBus™
Power System Management Protocol
Specification

Part || - Command Language

Revision 1.2

& September 2010

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus 102



N
MicrocHIP CMFHaan PMBUSTM (Signals)

MASTERs 2013

{ [1Byx [NpoBoaHas
M

ocnepoBaTtenbHaga LnHa
(Two Wire Serial Bus)

‘AnnapartHoe Clock > ’
Hardware
_ On/Off Control > c PMBus

(PMBus Device)

TTTTTTT

[o 7-mn agpecHbIX OuT
(Up To 7 Address Bits)

SMBALert €

bicTpoe [lpepbiBaHue

(Hardware Fast Alarm/Interrupt)

[ AnnapaTHoe
b




MicrOCHIP PMBus™ ¢ Heckonbknmm

T NMNoakntovyeHHbIMK YCTpoOUCcTBaMM
(With Multiple Devices)

Clock X (_

2@ 1 PMBus &

System | Device M

Manager ‘_
Address Bits

{  PMBus |—

Control : DI

SMBALert Device b




e Ctpykrypa Naketa PMBus ™

MASTERs 2013 (PaC ket Structu re)

/ OGbIuHO, Becb

I ABPeC aress Maket JormkeH
1 But YteHue/3anucob BbiTh MNomelueH B
(Read/Write# Bit) Bycbep ao Haqana
[ KO.D, KOMaH.D,bI (Command Code) BeinonHeHus
KomaHabl

1 JaHHble KoMaHAbI command pata) \  Comrly e

Whole Packet Before Acting)

i EaﬁT KOHTpOHﬂ 0'.”“6'(” (Packet Error Checking Byte)

7 Bit R/ Command PEC

Address |W#| Code (8 Bits) Data Byte

Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 105



N

MICROCHIP

MASTERs 2013

(PMBus™ Startup)

9

-

Hard Coded
Parameters

@

Pin
Programmed
Values

®

RESTORE_DEFAULT

STORE_DEFAULT

-

o3y
( RAM) v
Operating
Memory
(Volatile)
A

L

Default
Store
(Non-Volatile)

@ RESTORE_USER

STORE_USER

-

User
Store
(Non-Volatile)

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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o BUS COMMUNICATION

Havano pabdoTtbl PMBus™

M3y
( FLASH)

CocTosiHMe Ha
BbiBogax
Mukpocxembl

[MapameTpbl
[MponsBoantens
EEROM/FLASH

[MapameTpbl
Nonb3oBaTens
EEROM/FLASH
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N
o ®@opmat JaHHbIX PMBus™

(Data Formats)

1 MotuBauua. Huskasa LleHa, He lNpnMeHATb
NMnasarowen Touku

(Low Cost Parts Do Not Use Floating Point)

1 OBa OcHoBHbIX LUndppoBbix PopmaTa

(Two Basic Numerical Formats)

1 16 Bits ansa BeixogHoro HanpsikeHus

(For Output Voltage)

1 10 Bits dnga Undpp Obwero NpumeHeHns

(For General Purpose Numbers)

1 He Undposblie: 3aBucart ot Tuna KomaHAabl

(Non-Numeric: Command Specific Bit Fields)

13 Microchip Technology Incorporated. All Rights Reserved.



M
MICROCHIP YcTaHoBKa BbixoaoHOro

MASTERs 2013 Hanp;l)l(eHM;l
(Setting The Output Voltage)

KO Ma H,D,a OPERATION

Command VOUT_MAX

VOUT_MARGIN_HIGH |—» l
“Reference
VOUT_COMMAND |——» Limiter —»| Voltage
Equivalent”
VOUT_MARGIN_LOW [—»
OKBUBArneHT
VOUT_TRIM
OnopHoro
VOuT_CAL HanpsxeHuga

VOUT_DROOP X I0UT

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 108




M
MICROCHIP YcTaHoBKa BbixoaoHOro

MASTERs 2013 Hanp;l)KeHM;l
(Setting The Output Voltage)

KO Ma H,D,a OPERATION

Command VOUT_MAX

VOUT_MARGIN_HIGH |—» 1
“Reference
VOUT_COMMAND , ——» Limiter —»| Voltage
7 Equivalent”
VOUT_MARG/ \LOW |,
OKBUBANEHT
VOUT_TRIM
OnopHoro
vouT_cAt HanpsxeHuga
VOUT_DROOP X

VOUT COMMAND — A

OcHoBHaa KomaHaa Bbibopa
BbixogHoro HanpsixeHus
\_ (Is The Main Output Voltage Command) )

© 2013 Microchip Technology Incorporated. All Rights Reserved. PSW Masters 2013rus Slide 109




M
MICROCHIP YcTaHoBKa BbixoaoHOro

MASTERs 2013 Hanp;l)l(eHM;l
(Setting The Output Voltage)

KomaHaa
OPERATION
Command VOUT_MAX
VOUT_MARGIN_HIGH —» l
“Reference
VOUT_COMMAND |——» Limiter —»| Voltage
Equivalent”
VOUT_MARGIN LOW |
OKBUBANEHT
VOUT_TRIM
OnopHoro
VOUT_CAL
KomaHabl OrpaHnyeHunn Han PAXKEHNA

Onsa TectupoBaHusa CUcTeMbl | VOUT_DROOP X
(Margin Commands
For System Testing)
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M
MICROCHIP YcTaHoBKa BbixoaoHOro

MASTERs 2013 Hanp;l)l(eHM;l
(Setting The Output Voltage)

KO Ma H,D,a OPERATION

Command VOUT_MAX

l

VOUT_MARGIN_HIGH —»

“Reference

VOUT_COMMAND |——» Limiter —»| Voltage
Equivalent”
VOUT MARGIN LOW [
OKBUBANEHT
VOUT_TRIM
Komanasl MoacTpoiikm OnopHoro
Use To Trim vouT_cAt HanpsxeHuga
VOltage In VOUT DROOP X IOUT
The Real Product — -

Example: Use ATE

To Measure Voltage At The Power Pins Of A Critical IC And The Use
VOUT_TRIM To Adjust Power Converter Output To Precisely

Set The IC Supply Voltage
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M
MICROCHIP YcTaHoBKa BbixoaoHOro

MASTERs 2013 Hanp;l)l(eHM;l
(Setting The Output Voltage)

OPERATION
KO M a H'D'a Command
VOUT_MAX

VOUT_MARGIN_HIGH —» l
“Ref
VOUT_COMMAND — Limiter —s Voletaeg;'gnce
Equivalent”
VOUT_MARGIN LOW |—»
OKBUBAreHT
KomaHpa VOUT_TRIM patitatenk
KannbpoBku prE— p
Power - HanpsaxeHuns
Converter VOUT_DROOP X -IOUT

Manufacturers Can Use
VOUT_CAL To Adjust The Converter Output Voltage

To A Tight Tolerance Before Shipping
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M
MICROCHIP YcTaHoBKa BbixoaoHOro

MASTERs 2013 Hanp;l)KeHM;l
(Setting The Output Voltage)

KO Ma H,D,a OPERATION

Command VOUT_MAX
VOUT_MARGIN_HIGH —» l
“Reference
VOUT_COMMAND |——» Limiter —»| Voltage
Equivalent”
VOUT MARGIN LOW [
OKBUBANEHT
VOUT_TRIM
OnopHoro
VOUT_DROOP vouT_cAt HanpsxeHuga
Command
VOUT DROOP X IOUT
Used To Set — -

The Output “Lossless Resistance” For Passive Current Sharing

KomaHoa «Hynesoe BrixogHoe ConpoTuBneHue»
ana KomneHcaunn HanpsxeHua npu OTcyTcTBUn Harpysku

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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M.,:g\m,p YcTtaHoBKa BbiIxoaHoOro

MASTERs 2013 H a n p ﬂ)Ke HNA
(Setting The Output Voltage)

KomaHpa VOUT_MAX Used
OPERATION OrpaHunyeHund To Prevent “Oops!”
KomaHpa Command BpeJ'II/NI/IHbI P
VOUT_MAX

BbixogHoro l

VOUT_MARGIN_HIGH —» Hal'lpFDKeHI/IFI Reference

VOUT COMMAND |—»| 3 Limiter —» Voltage
Equivalent”

VOUT_MARGIN_LOW |—»
OKBUBArneHT
VOUT_TRIM

OnopHoro

VOuT_CAL HanpsxeHuga

VOUT_DROOP X I0UT
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M..;?..;H.p YcTtaHoBKa BbixogHoro HanpsixeHus
MASTERSs 2013 (Setting The Output Voltage)

YctaHoBka BenuunHbl Oenutensa Ha Beixoge o NameputensHoro Bxoaa
VOUT_SCALE_LOOP Value Should Equal That Of Any Voltage

Divider From The Output To The Sense Input

KO Ma H,D,a OPERATION

Command VOUT_MAX

l

VOUT_MARGIN_HIGH —»

“Reference

VOUT_COMMAND |———» Limiter —» Voltage
Equivalent”
VOUT_MARGIN_LOW |—»
OKBUBANEHT
VOUT_TRIM
OnopHoro
VOUT_CAL Hanps»xeHuga

VOUT_DROOP X I0UT
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MICROCHIP

MASTERs 2013

1 Ucnonb3yrwTca anga YnpasneHna Pabounmu

(OPERATION Command)

CoctoaHuamu lNpeobpa3oBaTtens

(Used To Control Operational State Of The Converter)

OPERATION Command Data Byte

Bits Bits Bits Bits Unit Margin
[7:6] [5:4] [3:2] [1:0] On Or Off State
0 XX XX XX immediate Off N/A
(No Sequencing)
Soft Off
1 XX AX xX (With Sequencing) A
10 0 XX XX On Off
Margin Low
10 1 1 xX on (Ignore Fault)
Margin Low
10 1 10 xX on (Act On Fault)
10 10 1 XX On Margin High
(Ignore Fault)
10 10 10 XX On Margin High

(Act On Fault)

PSW Masters 2013rus

KomaHAabl YnpaBneHunsa PadoTton
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Microchie  KomMaHAbl KoHdurypaumm Bkn./Bbikn.
WASTER 2013 (ON/OFF CONFIG Command)
1 OBa UctouHuka UHdpopmauum BnuaroT Ha
CocTtossHue Bkn./Bbikn.

(Two Inputs Affect Output On/Off State)

1 Komangbl Pabotel (OPERATION Command)
1 Ynpasnawwme CurHansl (CONTROL Signal)

1 Heobxoanmo KondurypupoBatb KomaHabl
n CurHanbl (Configurable To Be On For Any Of):

« OPERATION e OPERATION && CONTROL
« CONTROL « OPERATION || CONTROL
« ICONTROL « OPERATION && !CONTROL

« OPERATION || ICONTROL




N

MHorokaHanbHble [lpeobpa3oBaTenu

MicrocHIP _
WASTERS 2013 (Multi-Output Converters)
Address
Pins

Multiple Output PMBus Device

PMBus «—»

| | PAGE 0 Output 0
> Memo Power/
y Control
<_
PMBus PAGE 1 Output 1
Bus |«—— Memo Power/
Switch y Control
<_
PAGE 2 Output 2
> Power/
Memory

Control

© 2013 Microchip Technology Incorporated. All Rights Reserved.
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S MHorokaHanbHble [lpeobpa3oBaTenu

MicrocHIP _
WASTERS 2013 (Multi-Output Converters)
Address
e = Pins
OavH dusunyeckum
Anpec o000
(One Physical Multiple Output PMBus Devij
\_ Address)
Output 0
Y ! > I\I:I,I‘:rcr;ng 0 Power/
Y Control
<_
PMBus Output 1
PMBus <«— Bus [«— I\F;I':S‘E 1 Power/
Switch Y Control
<_
Output 2
> Jaiar Power/
Memory

© 2013 Microchip Technology Incorporated. All Rights Reserved.

Control
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N

MHorokaHanbHble [lpeobpa3oBaTenu

MicrocHIP _
MASTERSs 2013 (MU'tI-OUtpUt Converters)
Address
Pins
Multiple Q Device
Output 0
y y Power/
Control
PMBus Output 1
PMBus «<—+» Bus Power/
Switch Control
Output 2
Power/
Control
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S MHorokaHanbHble [lpeobpa3oBaTenu

MICROCHIP

MASTERs 2013 (MU'ti-OUtpUt Converters)
Address
Pins
Multiple Output PMBus Device
/ \ Output 0
TPpaHWULA
Ctp H v v > ICIQS\E 0 =y Power/
y Control
KomaHpa
<_
[lepekntoye oME S
us utpu
HBMH Me>|<,u,y PMBus «—» Bus |«—— I\F;I':S‘Er; <« Power/
bIxogamu :
= — | ;m Control
Command To - «
Switch Output 2
Between > “F;IAGE 2 <« Power/
\ Outputs) emory Control
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e e O6paboTka HewTaTHbIX
e CVITyaLI,VIVI (Fault Management)

1 ,U,Ba ypOBHﬂ )KQCTKOCTM (Two Severity Levels)
1 [NpenynpexaeHne (Warning)
1 Aapusa (Fault)

1 Mpun Warning, Cooowuntb Cucreme
(Tell System Host)

1 Mpu ABapum (Fault):

1 [NpeobpasoBaTenb Pearupyer
CaMOCTOFITeJ'I bHO (Converter Handles Locally)

1 Coobuwaet Cucrteme, 4to lNpomnsono

(Tells The System Host What Happened)




M.cg\m.p bautbl flJaHHbIM Peakumnn Ha HewTaTHyo

MASTERs 2013 CMTyaU,V"'O
(Fault Response Data Byte)

/|6 514 (3 21110

1 -

Yo o
/ Response \ Delay Time

00: Ignore OFSS'UI\\/I Cgur;t Number Of
01: Delay, Then 0 ety Delay Time
.Shutdc;wn 001-110: Number Increments
10: Immediate Of Retry N /
Shutdown Attempts
111: Retry

11: Inhibit Output

K During Fault / k

Continuously




oo [TpoToKkon TpeBoru

MASTERS 2013 (Alert Protocol)
CLOCK
>
System [ DATA > PMBuUs
Manager SMBALERT# Device
€
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oo [TpoTokon TpeBoru

MASTERSs 2013 (Alert Protocol)
CLOCK
>
System [ DATA > PMBuUs
Manager SMBALERT# Device
€

Yctpoucteo PMBuUS
YcTtaHanuBaet

SMBALERT#

SMBALERT #  PMBus Device Asserts }




oo [TpoTokon TpeBoru

MASTERSs 2013 (Alert Protocol)
CLOCK
>
System [ DATA > PMBus
Manager SMBALERT# Device

YcTponcTteo YnpaBneHuss Cncremoun
CuntbiBaeT Agpec VictouHuka TpeBoru

System Manager Reads
The ALERT Address
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oo [TpoTokon TpeBoru

MASTERSs 2013 (Alert Protocol)
CLOCK
>
System [ DATA > PMBus
Manager / SMBALERT# Device

MCP19111 moxert
YCTpOWCTBO YnpaBneHus oTBeyvyaTtb Ha ,u,?/ \ \
Cuctemon CuntbiBaeTt a3TNYHbIX
P MCP19111

Apgpec ictouHuKa
TpeBoru

System Manager Reads
The ALERT Address

13 Microchip Technology Incorporated. All Rights Reserved.

Can Respond to Two
Different Addresses
Very Useful For

Responding To The
\ ALERT Address /




oo [TpoTokon TpeBoru

MASTERS 2013 (Alert Protocol)
CLOCK
>
System [ DATA > PMBus
Manager j SMBALERT# Device
PMBuUs ycTpouncTtsa BbiCTaBNAs \

aKTVBHbIV ypoBeHb Ha ( PMBus Devices Asserting\

SMBALERT# otBeuaet Ha | SMBALERT# Responds
3anpoc ero agpecom, With Its Address

rnocre 4ero BbICBOBOXJaeT Then Releases The
nmuHuio SMBALERT#\____ SMBALERT# Line ~ /




oo [TpoTokon TpeBoru

MASTERSs 2013 (Alert Protocol)
CLOCK
>
System [ DATA > PMBus
Manager SMBALERT# Device
€
/

Yctpomncteo — MeHenxep Cuctemsl
OTtBevaeT CornacHo 3anporpaMmmmMpoBaHHOMY
Cnocoby obpaboTkn Asapun daHHoro Tuna

System Manager
Responds As Programmed
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N
MicRocHip KomaHAabl CocToAHUSA

MASTERs 2013 (StatUS CommandS)

1 Get Status Summary
1 STATUS BYTE
1 STATUS _WORD

1 Nine Other Defined Status
Commands, Such As:

1 STATUS VOUT
1 STATUS TEMPERATURE
1 STATUS CML




MICROCHIP

Opyrue Bo3MOXHOCTI
(Other Capabilities)

1 KomaHabl QUERY un CAPABILITY

1 [MossonsatT Onpegenntb YT0
[loggepxmnBaeTcs
(Allows Host To Determine What Is Supported)
1 KomaHpga INTERLEAVE Ona Mynbtu-

da3oBou PaboTbl
(Command For Multi-Phase Operation)

1 KomaHabl Onpegensembie

[lponsBoguTenem
(Manufacturer Specific Commands)




Ba PMBus™ Compliance

MASTERs 2013

1 To Be Compliant To The PMBus Specification, A Device Must:
1 Meet All Of The Requirements Of Part | Of The PMBus
Specification

1 Support At Least One Of The Non-manufacturer Specific
Commands Given In Part || Of The PMBus Specification,

1 If A Device Accepts A PMBus Command Code, It Must Execute
That Function As Described In Part 1| Of The PMBus Specification,

1 If A Device Does Not Accept A Given PMBus Command Code, It
Must Respond As Described In The Fault Management And
Reporting Section Of Part Il Of The PMBus Specification.

1 Unassisted Start Up And Operation

1 PMBus Devices, Upon Application Of Power, Must Start Up And
Begin Operation In A Controlled Manner, As Programmed Internally
Or Externally, Without Requiring Communication From The Serial
Bus.
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Mtc?n;:mn CTGK
w22 Microchip’s PMBus™ Stack

1 Tpebyetca OnucaHue
Description needed

1 Link/pointer




M.,;?.EH.F. LLivHa PMBuUs™ HaxoauTtcs

MASTERs 2013 Ha 3Tadne 3BOJIKUUA
(Still Evolving)

1 Bepcua PMBus V1.3 B paboTe
1 Probable Release In 20140Q1
1 1 MHZ Bus Speed
1 Other Clarifications And Updates

1 New Fast, Simple Bus For Dedicated
Load To Converter Communication

1 Real Time Control Of Voltage By The
Load (Example: FPGA Or ASIC)




MQ Who Can Use PMBus ™?

MASTERs 2013

1 To Use PMBus In A Commercial
Product, The Company Must Be:

1 Member Of The System Interface
Management Forum In Good
Standing

1 Current Dues: US$2400/Year

1 Sighed PMBus Adopter Agreement
On File With SMIF




N
MicRocHe MHTennekTyanbHas
CoOCTBEHHOCTb (P issue)

1 MpeteH3nun: OTCyTCTBYIOT
(Disclaimer: This Is Not Legal Advice)

1 CywecTtByeT NateHT Anga POL “MNocne
wuHa ¢ POL gna KoHBepTtepoB Ans

PacnpeneneHHbIX cuctem Ha lnate”

(Power-One Patent:

“Serial Bus Communication With Point-of-load
Converters That Are Part Of A Board-level Distributed
Power System”)

1 KoHcynbTupyutecb ¢ loBepeHHOU

OpraHusauvemn
(Consult The Attorney Of Your Choice)




N
MicrocHIP MTor P M B us s (Summary)

MASTERs 2013

1 OTKkpbITbin CTaHaapTHbIN LUndpoBon
MpoTokon Ona YnpasneHua CnnoBbIM

JAriekTponvnaHuem
(Open Standard Power Digital Management Protocol)

1 Cneuudrukauua onpepensiet

TpaHCNOTPHbLIU YPOBEeHb N KOMaHOHbLIN

A3bIK (Specification Covers Transport And Command
Language)

1 UcuepnbiBawwe OxBaTtbiBaeT LincpoBoe

YnpasneHune Cunosbix NpeobpasoBaTtenen

(Comprehensive Coverage Of Digital Management Of
Power Converters)




MicrocHIP Ntorm Knacca (Class Summary)

MASTERs 2013

1 Today we covered:

1 Pros And Cons
1 Analog And Digital Control
1 Analog And Digital Power Management

1 Benefits Of Analog Control With Digital
Power Management

1 Introduction To The PMBus™
Digital Power Management
Protocol




MicROCHIP JononHutenbHble ICTOYHUKHU

MASTERs 2013 MH¢opMauMM
(Additional Resources)

Microchip Technology Resources
1 PMBus Stack Software,

http://www.microchip.com/stellent/idcplg?ldcService=SS_G

ET PAGE&nodeld=2680&dDocName=en540552

1 Levels of Microcontroller Integration In
Power-Supply Design www.microchip.com
EN028080

1 MCP19111 Product Page (Datasheet,
Evaluation Boards, Software, etc..)

1 http://www.microchip.com/wwwproducts/De
vices.aspx?dDocName=en560308
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http://www.microchip.com/wwwproducts/De

Mcrockie  flOoMONTHUTENbHbIEe ICTOYHUKHU

MASTERs 2013 MHCbOpMaU,MM
(Additional Resources)

Other SMBus And PMBus™ Resources

1 System Management Bus (SMBus)
Specification, Version 2.0, Http://Smbus.Org/

1 PMBus Specifications, Version 1.2 And
Related Presentations Hitp://Pmbus.Org

1 Free SMBus And PMBus Technical Support
By Email, techguestions@smiforum.Org
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