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The XDPP1100 digital power supply controller

XDPP1100 application note

About this document

Scope and purpose

This document introduces the XDPP1100 digital controller for isolated power supplies. The major features and
benefits of telemetry sensing, loop control and protections are described. Special features such as feed-
forward (FF), current sharing, flux balancing, non-linear fast transient response (FTR) and burst mode operation
are also introduced and demonstrated with experiment results.

Intended audience

Power supply design engineers, isolated digital brick module designers, telecom and server power system
designers.

Table of contents

About this dOCUMENT......ciuiiiiiiuiiriiiiniiriiiiaiiiisireiirsisrsestssssrsssssssssssssssssssssssssssssssssssssssssssssssssssssssass 1
Table Of CONTENTS.....iuiiiiiiiiiiiiiiiiiiiiiiiiititiitietteiinetsestantsestestaecsestascsessestsessessassssssesssssssssassssssasssssses 1
1 GeNEral INtrodUCtioN .....cieuiiiuiiiiiiiniireiirniineiiiaiirasnseisresrsestseissssssesssssssssssssssssssssssssssssssssnsssnes 7
1.1 Hardware-enabled fEAtUIES..........ccu ettt ettt st esbe e e et e e e te s be et e sbeesaenseeseenaenns 9
1.2 Firmware-nabled fEATUIES ........oo ittt sttt ettt st ae st besa e e e e nesaees 9
1.3 VADC .. ittt ettt e e ettt e e e ettt e e s e et e e e s s be e e e s bt e e e e bt e e e e st ae e e et aeeeea bt e e ee e aae e e baeeee b aaeeesraaesenrraaens 10
1.4 TADC ettt ettt ettt ettt e ettt e ettt e e e sttt e e e s bt e e e e bt e e ee b e e e e e bt e e ee e te e e e abaee e e bt eeee bt ae e e raaeee s ratesesraaeees 13
1.5 TS ADC ...ttt ettt ettt ettt et s bt et st e st et et et e st e st e st e b b e b e b e b et et et e Rt e heeh e b et et et e te it et enteneeneee 15
1.6 PWIM ettt ettt e e e e e sttt e e e e e e s sset e e e s e se s s abaaeeessese s nsrataaeeeseseannraaaeeeesennnnnee 16
1.7 PIN=OUL ettt ettt e st et b et ea et e s bt et e b et et e bt et e s bt et et e sae e b e e bt e nte st eneenres 17
2 Input voltage sensing and feed-forward ......cccceeieciieiiniiniiesiniiaeciesiscinesiesisecsestscaessessscsnsssssasse 18
2.1 How does the digital controller sense Viyin an isolated converter? ........ccocoeevevevenenenenieneeneerennens 18
2.2 INPUL VOLEAZE SOUICE ..ttt sttt ettt et s et et et st et e s st et e sae s st e besaeensassesssensesnsensas 20
2.3 XDPPL100 Vgeer SENSINE w.eeuiieieeiieeiteeteeteete et esstesttestestessesebesestesutessesaseeseesseesstesstessessessseesseesnsennes 20
23.1 VRS LraCKing WINAOW ....c.ceieuiriiriieienieieieieteiceiestesteste ettt et st ettt e sae b essesbessesseseneenesaens 22
2.3.2 VRS INITIALVOILAEZE «.eenveieeiieeteeeteeet ettt ettt ettt a st s et st e s be st e s e sbaensesaeensensas 23
2.33 VRecT SENSING COMPENSATION ...ttt ettt s et s ettt s e s e st e sne s b e eneeeseesaee 25
2.34 VRS AE-BLIECR 1.ttt ettt ettt st sb et ettt sae e 25
2.4 D] B 0T =T <Te B oY LV [ RS 25
24.1 Feed-forward Vour voltage CalCulation .........cococieieieirinincseieeeeteeeesest sttt 27
2.4.2 Feed-forward Vin SOUICE SEIECHION ... .cccviiiiecee ettt ste e s re e s re e ete e be e e e naeenns 27
2.4.3 Feed-forward override and adjustment OPtioNS ......cceecveeeeeecieeeeeeree e 28
243.1 [ eTTe B foY V=Y e o V7= o o o LU 28
2.4.3.2 Feed-forward gain and offset adjustment ........ccoceeriririninenceeee e 29
2.4.3.3 FEEA-TOrWAI LPF...ceeieieieeeteteteee sttt ettt ettt et st ettt bt e e ae 29
2.4.4 FAYo \VZ T[T B £=T=Te I ToT 4LV T o USRS 29
244.1 Same-CyCle fERA-TOrWAIG......ccvcieececeeeeeee ettt s e et ae e e se e e enaens 29
2.44.2 DC MOAE Of VRS SENSE ..ottt sttt ettt sttt ettt sae bt sbe st et e sbe e e e eneenene 30
2.5 Feed-forward register deSCriPLiONS ......covieieriereeieeeteree ettt sttt s e s ssseees 31
Application Note Please read the Important Notice and Warnings at the end of this document V12

www.infineon.com/xdpp1100 page 1 of 253 2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

General introduction

2.6 PMBUS COMMANA AESCIIPLIONS c..veivuieiiiiieicieeceestesteeteesteesteeseeseeste s tessbeessaesssessseessasnsasssassseessessanns 35
2.7 XDPP1100 GUI design tool for Viy sense and feed-forward..........cooeeireenceecinenceeseeeseeseeeeseseeeens 35
2.7.1 Input voltage sense and CONFIGUIAtION ..c..coevuerierieieiriricerereree ettt 35
2.7.1.1 VRS CONFIGUIALION ettt sttt ettt e st e e st e s e s e st e sse e sesseessassneneaneas 36
2.7.1.2 TS ADC PRISEN CONfIZUIAtION .eitiiiiiieeeieeeetcieete e te et te e e e sve s essesse e s e sae e e essesseensans 38
2.7.1.3 FW fOrced iNPUL VOILAZE ..c.viveieieiieiieiteitrtesetese ettt sttt ettt sttt et et 39
2.7.14 ViN EELEMEEIY FILEEI ettt sttt 40
2.7.2 Feed-forward CONfIGUIatioN.........ccuoiiiririnieceee ettt sttt e 41
2.8 Test result of Vrecr sensing-based feed-forward..........ccoiriririninineninceeeeee e 41
2.8.1 FB-FB feed-forward CONfigUIration.........ccieeeierieieiesccesecteese ettt ae e seas 43
2.8.2 = [ ST ol 011 0 =1V o o OO PRPPRPRR 44
2.8.3 o o T 1] 7 L o TR 44
2.8.4 Vin transient and feed-FOrWard.........ooeiieiriniececeee st 46
2.8.5 SamME-CYCle fERA-TOIWAIG. ....c.ccveeeieieeteeteeeeetee ettt ettt s be et e be et e beereenaenns 47
2.8.6 VRS SENSE DC MOTE....cuiiuieiieiieierieeierietetet ettt ettt ettt st be st st et et et e e s sseebesbesbensensenteneenesaens 48
3 CUITENT SENSE «cuceeniniereirncnrentncereitececestececestesecassesecessosecassssscassssssassssssassssssasssssssssssssesassnsasassnse 49
3.1 S TEQUITEMENTS ...iiiiieiieeeieeecte e et e st e st e estteesteesbeesssbee s baeessseeessaesasseesssaeenssasassaesssseesssaesssaesssseesnsaeen 49
3.2 Understanding XDPP1100 CUITENT SENSE...cc.uirverirrierierieriertesieseetesieseesseseessessessessesaessessesssessessaeses 50
321 CS ADC ettt ettt ettt st et ettt et e a e bbbttt e a e st be b et e b et et e Rt e Rt e Rt R e b e b et et et et et eaeenene 50
3.2.2 CUITENT @STIMATOT ...ttt ettt ettt s e et s st e bt e s st e s st e st e satesasenas 53
3.2.2.1 PWM STAT@.c.uuiiiiiiiiiiiiiiiiiiitetrrt ettt s bb s ba e s b e san e s san e sbaesa 55
3.2.2.2 Y o] oIt 111 0 =1 | O SRURSSRRN 57
3.2.2.3 EOr ErACKING weenviiteteieeteteet ettt sttt ettt e sttt sae et e s st st et e sae et e besseesessaensessesnsensas 60
3224 Trace inductance of the PCB CUMTeNt SENSING.....cccevueererireririenieieieeeesrcereseesee et esseenes 61
3.2.25 Bypass the CUITeNt @StIMAtOr .......ccii ittt rte e sre e s eesae s te s be e ba e saeenns 62
3.2.3 LOTU Yo =] (=T o g1 {2 TR 62
3.2.3.1 OULPUL CUITENT LELEMELIY ettt e s e e s s re e s e ae e e e seernennens 62
3.2.3.2 INPUL CUITENT LEIEMELIY .ttt ettt et e et e e be e s e e sare s teebeeeraesneennns 63
3.2.3.3 TriM CUMTENE LEIEMELIY oottt e e st sre s s e se e e e s e s ee et e sesrnensens 63
3.2.4 o T Lo o (=Tt A o] o - TR S 64
33 CS register AESCIIPLIONS ..cc.eeuiriieieieietetete ettt ettt s bbb et et et e e bt sbeebesbesbessensenteneenesneenes 65
3.4 PMBUS cOMMANA dESCIHPLIONS ....eeuvieeieierteeieeeeetes et esre et e e see st e se s e e sse s e essessesssessessnessessesssensesssenses 70
3.5 Current sense deSigN GUIAELINES ....c..iviiriiriiiereeteeeeeet ettt sttt se st sa st e sbe s e e e e saeeneeee 71
3.5.1 DESIZN GUIAELINES ...ttt sttt ettt b s b e st et et et et eneenesaeenes 71
3.5.2 LaYOUL BUIELINES ..ceteiieieeteteteetee ettt ettt ettt et et s e b st e b e sae st e be s st esessaestensesnsensas 72
3.6 XDPP1100 GUI design toOol fOr CUITENT SENSE...ccuiviirieieieiieiririesierieste sttt sre st stesaesae e sa s eseesene 73
3.6.1 Output current SeNSe CONFIGUIATION c....couiiuiriiriiieeteceee ettt 73
3.6.2 Input current SeNse CONFIGUIAtION .....c.iviriririercece et eas 73
4 Loop control and comMpPensation....cccciiicicciiieiieiiciiiaiieniceecesiesiessecsssssssssessecsssssssssesssssssssssssessnns 75
4.1 PWM ramp ZENEIATON ...cciiiiiiiiiiiiiiiiteitte ettt sttt sesa e s st sssae e sbas e sbe e ssaesssnaesanaeenns 75
4.1.1 PWM ramp modulation SCHEMIES.........coviiiiiiienieriecesre st esee s see e e e sreesnesresstessbasssaessnesnns 76
4.1.2 PWM MAPPINE certieiieeiieiieiteetieteste et et e st e st e steste s b e sbessseesasesasesasessseesseessaesseesasesssesssesssessaesseennns 78
413 Dead-time CONFIGUIAtION.....couiriiieieieere ettt ettt st et a bt enes 79
4.2 Feedback CONrOL MOAES .......ocuiiiiieeeeeeeee ettt sa et et s e e saesae s e e saessneneas 80
42.1 VMO ettt sttt ettt st b e bbbttt et e b bbb et et et et et s h b e b et e be b et e st enesaee 80
422 PCOMC ettt ettt ettt ettt st b e sttt e et e st e s b e s b et et et e b et et e ae e R e b e b e s b et et et et et eneeaeens 82
423 Maximum and minimum PW enforcemMent ........coccocuevirirnenieninentenesteiese et 83
4.3 COMPENSATON ...etiee ittt ettt ettt e ettt e e serte e s seareee s s stee s s sstaesssnstaeesssaaesasssteessnseessssnseessssnsneesnsnsees 84
43.1 PO I LT ettt et b e b b et et et e e et e e aeens 85
432 PID term COMPULAION ..eeiiiieciecceccte ettt et e e s e te e st e e s s tte e e bee e saeesabae e seeennseesaseens 86
Application Note 2 of 253 V12

2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

General introduction

4.3.3 Post-filter and SUMMAtioN.....cc.ecviiiirireeeseeeee ettt ettt s e aes 88
434 Input/output clamping of the compensation filter ..........ccevveveeveerireeeecee e 89
435 Output override — forced dULY CYCLE....cuimiriiieececeeee ettt 89
4.3.6 (0oL Tl =T o A o= Y LT o -SSR 89
4.3.7 S Yoy =] =Yoo 1] 4 101 =] (o] TSR 90
4.4 Control mode selection — peak CUIrreNt MOAE ........ccvieiieiiriiieieceecee et aeesenes 90
4.5 GUI design tool for PID COMPENSALION ..uiiiicieeieiicieeecieetesteseee et ete e seesee et e s e e s esse s s esaassessnenes 90
5 CUITENt SNANING...cuiiuiiiiiniiniiniieiineiieniniiaestesiaesrestacsestestsessessascassressasssssssssssssessasssssssssasssassassns 93
5.1 Passive and active CUITENTt SNArNEG.....cccivieiereceeeeeeeree ettt e et e e e saesre s nesaeeseennas 93
5.2 CUITeNt ShariNg DY ArO0P ....ciuieieiieieie ettt ettt ettt et e b st e s st et e sbe st e b e saeeneeee 94
5.2.1 VOUT_DROOP.....c.e ittt et st e st st sseste st et et et sstebesbesbessestententesesatesessensensensenteneesessens 94
5.2.2 (B doToT 0Nl =10 Y o 3ROSR 95
5.2.3 ADDED_DROOP_ DURING_RAMP ......cotetitrtrtrtertertententetetetsstesessessessestestestesesseesessessensessenseneesessens 96
524 Pre-bias start-up with fixed ramp SIOPE ...cuecuviieeeeeeee e 97
5.2.5 MULEI-SEEMENT AIOOP .ttt ettt ettt s et e st et et s et e sae et esbe s st esbessaenbesseensenses 97
5.2.6 DT oTe] o I 1L =T 3 TSR 99
5.3 XDPP1100 active CUITENT SNAMNG....c.eiiiiieriieieieriteterte ettt ettt st st et st e ste b s e et s aa e b sse et eees 100
5.3.1 Active cUrrent SNaring ClAMPS c...oviiiiiiieieeeteere ettt ettt ettt st et s been e 103
5.3.2 IMON CONFIGUIALION ...ttt ettt sttt et ettt sse b saesbesbesbessenseneeneenesaees 103
5.3.3 DiscoNNeCt Rishare IN Off MOAE ...ccuiiiiiiiiiriieiireeeec et saees 104
534 CUITENE SNAE FAULL ..ttt b et 105
5.4 Current sharing register deSCIIPLIONS . ..c..ciciiririerteetertereetee sttt ettt ettt et st et e e e e s e enees 105
5.5 PMBUS COMMANA AESCIIPLIONS c..veiteeiiiecieeieecte et et eeteete e e eteesbeesbeesraesrtestesbesssaessaesssesnsesnsesnsesssens 109
5.6 XDPP1100 GUI design tool for current sharing configuration ...........cccecevererereneneneneneneeeeeneenes 110
5.7 Test result Of CUMTENT SHAMNG....cviiiiiiiceeeeee et a e nas 110
571 Active current sharing CoNfigUration......co.coeeievieirirener ettt 111
5.7.2 Start-up comparison: DROOP vs. active current Sharing .......coceceeevveveeveeenenenenenenieneeneeeneenes 112
5.7.3 Start-up with different TON_DELAY ......c.ooieieirieieeeeeccteereetertee e ete et este s e esaesteeseessesssensesseennensas 114
574 Active current sharing under [0ad tranSieNt .........ccceeeererererieneriereeeeseee et 115
5.8 SUMMArY Of CUMTENT SNAING ..veviiiieieeeeeeee ettt ettt e e e esesaeas 117
6 FIUX BalanCing ..c.cceceeiiniiiiieiiniiieniniiniiieniaiissienisisestacisessestsscsessassssssssssscsessasssssssssasssssssssassses 118
6.1 XDPP1100 volt-5econd fluX DalanCe ........cceeirerinienieieicieecsesesees et 121
6.1.1 FIUX DALANCING .ttt ettt et ettt ettt b e s bbb et e s et e e eneenesaens 122
6.1.2 Voltage mode balance and time-only balanCe ........cocooeviiviininiieneneeeeee e 123
6.1.3 FIUX DAlaNCING PlAILLEN w.cveeiieieieieeet ettt ettt ettt st ettt nesaee 124
6.1.4 Maximum limit of duty-CyCle COrTECLION ....ecveeeeeeeceeeeeeee e 125
6.1.5 FWW OVEITIAE. .ttt ettt ettt et ettt s et et st e b e s st et e s st et e be s e ensassasssessesnsensasssensans 125
6.1.6 DCM OPEIAtION...cicieiieeieecieetestestestesstessteesreesseesseesseessesssasssasbasssaesssesssesssesssessseesseesseesseesssessenns 125
6.1.7 Flux balance fault ProteCtion........e ettt et be e s e e s re e sreesraeeraens 126
6.2 Flux balance register deSCriPtioNS........cocueeeetererieet ettt ettt ettt sb e st sbe e 128
6.3 XDPP1100 GUI design tool for flux balance configuration........c..ceceeevevieenenineneneneneceeeeenenen 132
6.4 Test result of FB converter with flux balanCing........ccoceeeeeeneninincnieeeeceeeeee e 133
6.4.1 Flux balancing register CONfIgUIation .......c.cocvuevierieiriinininenercecte et 135
6.4.2 Dead-time configuration for mis-matched pulse Width .........ccoocievirirniiniiiieceeen, 136
6.4.3 Steady-State WaVETOrM ... ittt et sttt sae e aes 137
6.4.4 Start-up and Shutdown WaVvEfOrMS........cceeciiiieiececeeee et re e neas 137
6.4.5 Load transient and fluX DalanCe ..ottt s 138
6.4.6 Vin transient and fluX DalanCe .....o.eoueeeerieniiiec ettt 139
6.4.7 Flux balance fault ProteCtion........cceceeiieeeiereeeee ettt e a e e e e s re e e te s e enaens 142
7 Fast tranSient reSPONSE ...cc.cieuiireiiriinneiirnisrasraeinsnisrssrsesssssssssrsssssssssssssssssssssssssssssssssssssssnses 143
Application Note 30f253 V12

2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

General introduction

7.1 FTR at poSitive l0ad tranSiENt....c.ccciiiieiiecieccecctceeceteere e re e ste e sre e ste s be s baessaessaessaeebesssaannnas 143
7.2 Transformer optimization With FTR .....coiiirieececceetcee ettt sae s e sn e e sees 147
7.3 Impact of output inductor and duty-cycle limitin FTR......cccieiieieereeeeeceeeee e 149
7.4 FTR QL L0AA rElEASE ..ttt ettt ettt st s b s bbbt e e e s sseeneee 152
7.5 XDPP1100 GUI deSign toOLfOr FTR.....cciicieriieieieeeeteetestetee e seestee e esaesae e e tesseesesses e essessesssassesssenses 155
7.6 SUMMATY OF FTR ettt ettt e e te et e st e s e e tesee et e s bessaenseessestesseessentasseantenseessansenssenses 156
8 CUIrent BalanCing ...cceeiiuiiiiiiiiiiieiiniiieiiiiaiieiieiisetsesisecsesisicsessssssssssssssssessssssesssssssssssssssssssns 157
8.1 Current balance registers deSCriPLiON .......cvicieieriieieceree ettt et sa e se e e seesees 158
8.2 Current balance PMBUS COMMANG .....couiiriririirieieieteteeetee ettt et ssessessessesee e e e eneesesaens 159
9 =TT T e o X=T - 1 T TN 160
9.1 Configuring burst MOdE OPEratioN ......c.ciriririrerieieteeeeteerese ettt s sttt be b 161
9.11 BUISE MOTE FEEISTEIS..ccuiiiieiecieeeeteceetertee ettt et e et e e te st e ss e e e e sesse e s essesssessassesssesseensessesssensans 161
9.1.2 Burst mode PMBUS COMMANAS .....cooueriiriiririeniertesiententesieestestestestesseetessesstessessesssessesusessesseensens 162
9.1.3 GUI design tool for burst mode configuration .........ccveceeieineneneneneeeeeeesee e 162
9.2 Entry and exit criteria Of BUISt MOAe......cvoouieieieeeeeeee e 163
9.2.1 BUISt MOAE ENEIY CHILEIIA ueiuiiciiciece ettt re e re e s e st e e te e be e beesbaesreesrsesnsesnsaens 163
9.2.2 BUISt MOAE XIT CHTEIIA ettt ettt ettt be st ettt nenaees 164
9.3 BUISE MOE FEPS .ttt ettt ettt et s e st et e s e e s e b e s s e e s e s se e s s e seeseessesseessansessaensensenssenes 165
9.4 BUISE F@-@NTIY COUNTON ...ttt st s s e e s s bee e s s s b e e s s sbbee s s s bbaesesssaeesssssnasennsnes 166
9.5 Load transient during burst MOAE........co.eeevuererieriinieieieceerceseset ettt 166
9.5.1 Load transient With HNEAI PID ........coueiiiiiinirieieeteie sttt ettt sttt sttt sae st e sbe s e e s 166
9.5.2 Load transient With FTR @Nabled ..ottt 167
9.6 Power loss reduction With BUISt MOAE ......cc.ceuevieiiiiiiirieeeeeeet et 168
9.7 SUMMArY Of DUISt OPEIAtiON....c.eiiieeieiececeeeete ettt ettt st esbe e et e e be e s e s reenaeneas 168
10 SYNCRrONIZAtiON...ccciiiiiiiieiiiiiiiiieiiiiiiecteiiaiceesiaiteecsesiaecsessssssecsssssscsssssssssssssssssssssssssssssssssssssss 169
10.1 CONFIGUIINEG SYNC IN/OUL ..ttt ettt st st ettt et s bt sbesbenbensenseneenesaens 169
10.1.1 Sync-in configuration using internal SIZNAl ........coeovevieiririnenereeee e 169
10.1.2 Sync-in configuration using external SIgNal........cocceeveieirininenece s 170
10.1.3 SYNC-0UL CONFIGUIATION ..ottt ettt ettt st be sttt b et e e e s enes 170
10.1.4 SYNC-IN/OUL FEEISTEIS ...teutiriieieriieienteeteteet ettt et e st et e st e st et s se st e sse s st essesaesbesbasasessessaensesseensenses 171
10.1.5 SyNc-in/out PMBUS COMMANGS ....ccueeiiiieeieieriieieteseetese st essesreseeseesssessesseesessesssessessesssessessesnees 172
10.2 DIfferent tyPES OF PWM ....c.viceecieecteeeee ettt sttt see st te et e st e s e s e s s s e se s s e s e sreessessesnaansessasnsenes 173
10.3 Sync-in for different @apPliCatioNS ......ccueeveeciecieeeeceeceeeeee ettt ns 175
10.3.1 Using exXternal SYNC-iN SIZNAL....cc.ccueiriririninierieietetee ettt ettt se st sttt enesaens 175
10.3.1.1 Trailing €dge MOAUIAtION ..c..cocviiiiiiieeieeeee ettt ettt ettt et s e saesae e e 175
10.3.1.2 Leading edge MOdUIAtioN........c.oviiiiiririeierteieeeteteet et sttt e sa e sae et s s st esbesaneneens 177
10.3.1.3 Dual €dge MOUIALION ....eviieieieiieeeeeet ettt ettt sb bbb e enes 178
10.3.1.4 IMpact of SYNC-IN d@-LIECN c.veuveeiiieieee e 179
10.3.2 SYNC-IN INEEINAL c.uiiiiiiiieceeeceeee e st s e s re s s e e s e e s e e s be e b e e beesrnesrnesssesssasssasssasnsaennns 179
10.3.2.1 LOOP 0, SINEGLE PRASE....uiiniiieeieiietetertet ettt ettt e st et e be st e sessa e s essesssansesssensans 179
10.3.2.2 Loop 0, dual-phase iNterleaved........cocvieciereriininieeeeeseesee ettt et see s et s s e sesaeeneens 180
10.3.2.3 (DT (oYY o TR OO USRS UPRRRRPRRO 181
10.4 Sync-out using different types of Modulation ...........ccooriiiirininineeeeee e 183
10.4.1 TrAIlING @GO ettt ettt et ettt st et b e et e b e at et e s bt et e b sae et e bt e e enee 183
10.4.2 LEAAING EUZE .ottt ettt ettt et e b e et a e et b e et e s b st et e bt et e sb e et e besaeeatens 183
10.4.3 DUBLEAZE ..ttt ettt ettt st b e bt ettt st b e bbb et et et et neenenaees 184
10.5 SYNCTN FANEE . ettt ettt ettt s e st e st s bt s bt e e st e s st e e me e s et e et e bt e st e sseesmeesatesasesabesaseeneenneennee 185
10.6 Phase-Shift @CCUIACY ...eoiiriirieieerteeree ettt sttt et et s st e s s et e tesaeensesbassaensansasnsenes 185
10.7 Sync-in performance in different modes of converter operation ..........coceeevvevvenenrienenvenneneenene, 186
10.7.1 FaST EraNSIENT. ...ttt ettt et s e e sne e 186
Application Note 4 0of 253 V12

2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

General introduction

10.7.2 BUISE MOAE ...ttt ettt ettt et e e sb et e b e s bt et e sbe st et e s st et esseeatebesasensans 187
11 T eMPEratUure SENSE...cceueiireiirecrsesrsessrssrsessssssssssrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnses 188
111 Temperature sense registers deSCrPLION ....cvvciviecierereeeeerrerce et eeees 188
11.2 Temperature sense PMBUS COMMANG.....ccciiiiiiiiiiieiitineesiesiressieesseesseesaessesssesssesssesssesssnsssnssssesssesns 189
I N S TTLN O o Te =Y o 4 [T 4 3R 190
12.1 Introduction to XDPP1100 fault Management........ccceieerirenenienienieieieeee et ne 190
12.2 XDPP1100 GUI dESIZN TOOL c.ueiuviiieiieiieieieseetetese e te et e steste st essessessaesseeseessesseessassesssassesseessessesnsenses 192
12.3 OUEPUL OVP/UVP ...ttt ettt e st e s eesteste s te s ba e s ba e s st e st e sstaesaeesbaessaesseessnesstesnsasstasnsesnsessseennes 196
12.3.1 Vour OVP/UVP PMBUS COMMANAS .couvviviiiiieieiiiieeciireeeceiteeecssareeecsssveeecssssessessssessessssessessssessssssens 196
12.3.2 VoUT OVP/UVP FEEISTEIS....eeutiuieieiieiirieeiertesiestetete ettt ettt see sttt sae b s b e bessesaesse e eneeneenesaens 197
12.3.3 Vour OVP/UVP faUlt FESPONSE ....ceeveeeieiietieieteetete st etete st te e e ste s e tesbe e e e tesbe e st e besssensesssensanes 199
12.34 Voutr MaX/MIN WAIMINE c..ecutieiieieiieeeterteeeeteseeseessesseesessesseessessesssessessesssessesssessesseessensesssessessesssenns 201
12.3.5 TON MAX FQUIL..cveereieeteeeee ettt ettt ettt e s e et s be e e e te s beeabesbeesaebesseessesseensensasseensensenssanes 201
12.3.6 TOFF_MAX WAITHNE ..ottt ettt et et e et s et s st e st e s st e satesase s bt s bt e st esaeesueesasee st esneesaeesasesasenas 202
12.3.7 POWET ZOOM ...ttt sttt et ettt ettt sat e b st s b b et et et estsaeebesbessenbenbensenteneeneesessens 203
12.4 (O TU o 18} 011 = [0 TP 204
12.4.1 lout OCP/UCP PMBUS COMMANGS ....viiiieieieieceteecteeceeeeceteeceteeeseecesseesssesesesesssesensesesssessnsesessesesnnes 204
12.4.2 lour OC faSt PrOtECTION ..ttt ettt ettt ettt b s bbb et e b et e e e e enesaens 205
12.4.3 [oUT OCP/UCP FEZISTEIS ..eouviuteienieeteieetetest et et st et e st et te st et e st ebe s st et esbe st ebessaessesaeentensasasensans 205
12.4.4 loUT OC fAULL FESPONSE ...ttt ettt ettt sttt ettt ettt e st besbesse s b e bensenbeneeneenesaens 208
1245 LoUT UC fAULL FESPONSE ...ttt ettt ettt et s e be e e te s be et e s be s e ensessaessesseensensesseensans 209
12.4.6 Y gL g el [ oL Tl o] ] (=T ot 4o PSR S 210
12.4.7 CYCLE-DY-CYCLE PCL ..ottt te e e et e s e s e e s e e e re et et e e neesasseensesneeneanes 210
12.4.8 CUITENE SNAE FAULL ...ttt ettt b e e a e e enes 211
12.4.9 OULPUL OVEr-POWET WAIMING ..cvveruiereriietenitetenteetestesatestesseseessesseessessesntesessessessesseensessesnsessessenses 211
12.5 INPUL OVP/UVP ...ttt te s te s te e te s te e be e s e e et e e be s be e baesbaesseesrtesataassaassaeaseesstesnsennsesnsesses 211
12.5.1 ViN OVP/UVP PMBUS COMMANTS...cciiitiiiiitiieiieiieeceereeeceeteeecesnveeeessnveeessssveessssnsessssssseesessssessssnnsens 211
12.5.2 ViN OVP/UVP FEEGISTEIS ...ttt ettt sb e snesaess e sbee 212
12.5.3 ViN OVP/UVP faUIL FESPONSE......ecuvireeteetieteeteteeeeetesreeteste s e eaesteeaaesse s s essesseessessesssensensesssensenseensenes 213
1254 VINOINJOFF ettt ettt sttt et ettt et s b b st b e b et et et e st saesbesbesbesenbensenteneeneesessens 214
12.6 INPUE OCP ettt ettt sttt e s st e e s st e e s st e e e s s baee e s baaeessssaaessssssaessssssnessssssnesensssaeeensrsees 214
12.6.1 [in OCP PMBUS COMMEANAS....ciiiiriiiiinierieienieieniestesieseetestestessesseessessessessesssensessasssessessessesssensens 214
12.6.2 [INOCP FEEISTEIS ..ttt b bt ebe b 215
12.6.3 [N OCP fAULL FESPONSE.c.utitieteeieeteeteete ettt ettt et ettt te e e e sbe e s esesbeebesbessaensessaessesseensensesssensans 216
12.6.4 INPUL OVEIr-POWET WAITHNE c..eeuteveeieieeterienitetesteetestesseeeessestessesstensesseetessesaeensessesneessesnsessesseensens 217
12.7 Overtemperature and undertemperature ProteCtion ........cceceeceeercerieereeseseeeee e 217
12.7.1 OT/UT PMBUS COMMANAS ..cntvtiiiiiiiieieieieeiettte sttt e e essateeeessaeeeessseeessssssesssssseesesssssesssssrssessssssneess 217
12.7.2 OT/UT FEEISTEIS .neentieuieteeitetenteete ettt ettt e et s bt e ste s bt st e se s bt et e s st eat e b e saeeatesbesatesesseentenseeneanses 218
12.7.3 OTP/UTP fAULt FESPONSE ..eeiiieieeieieeteieeeeterte et et st steste st e teste st e saesstesesaessessasssensesseensessesnsenses 219
12.8 Fault status reporting and fault MasK ........coeeererieriiiiireeeeee et 219
12.8.1 FAULE STATUS .ttt ettt ettt et e b e et e e s bt et e s be st et e s st et e sbeeatebesaeeatens 219
12.8.2 FAULE MI@SK 1ottt ettt et et e st et et s e e sa e s e et e sse st esbesssessassassaessesnsensessnensans 220
12.8.2.1 Masking for loop HW faults Shutdown on T2 .......cceieirenineninieieieeeereresiee et 222
12.8.3 SMBALERT_MASK ...ttt eeette ettt e e ssitt e s s s sata e e sssatae e sssbaeessssaeesssssaeesssssaaesssssseesssssesessssaeenns 223
12.8.4 SIMUILANEOUS faUIL FESPONSE.....cuiieieeieeiee ettt et re e beesbe e be e sreesraesateeabeesa e saesnsennns 224
12.9 [V ] oYYl Tl 7= 101 (a0 o) o Toxu o] o SRS 225
12.9.1 SYNCFAULE ettt ettt b bbbttt b e s bbbttt enes 225
12.9.2 COMMON FAULL .ttt ettt b sttt s b b sbe st et et et e e esessennes 225
12.9.2.1 Current ADC tracking faull.....cocoveieieieeeeeeeee ettt 226
12.9.2.2 R O OO OO 226
Application Note 50f253 V12

2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

General introduction

12.9.2.3 Voltage open-sense fault detection ........ccocceieieirininineneec e 227
12.10 CML QUL ettt ettt ettt et b e bbb et et et sat e b e sbesbenbe b e s ensenteneenessens 232
12.11 PMBUS COMMANA PrOtECHION ..uiiieiiieiiecie sttt et et eteeve e eesbe e s e e srreste s ba s baessaesssesssesnsesssesssens 233
12.11.1 OXF1 MFR_SETUP_PASSWORD .....cctttiirutriirieniententeteteteiesstesessessessestessestesessessessessensensensensesessesnes 233
12.11.2 OXF2 MFR_DISABLE_SECURITY_ONCE.....cctetrerterieteietneniterenresrenteteeestenessessessessessesseseneesessesnes 233
12.11.3 MFR_SECURITY_BIT_MASK ....eititeteteiiriinieriententestetet et st stestestesaesteste st esessessessessessessensensensensenessens 234
12.11.4 OXL1O WRITE_PROTECT ...ottetertiieieieteeeeeseerestessesteteteseesessessessessessessenseneesessessessessensensensensenesseenes 235
12.12 Protect PC DUS @Nd FEZISTEN ...cueveuiieeiieiirieirieeste ettt ettt se et e be s te e b e e ese e sbe e esesesessesesene 236
13 GPIO and address offset......cccceieernuiiirniiiinniiinniiiinniininiiiiniiiiniiiiuiiieietenisteeietssssesnsssasseee 237
13.1 GPIO CONFIGUIALION ...ttt ettt sttt ettt et st s b et e s seste s e aeneeneebesaens 237
13.2 Address offSet CONFIGUIAtION.....cciiiicieccee ettt 239
13.3 GPIO dE-GLECN ...ttt ettt st ettt et et et s bt et e be st et e s be et e se et enees 240
14 Layout SUIdEliNeS...cccciiuiiueiiuiiiiineiiniiieiiniiaiieesiaiieecsesiaccsesssssscsssssscsssssssssssssssssssssssssssssssssssssss 241
141 (0T 0] 0To g Yo Nl o1 = Tel=T o 1 =T o | XSRS 241
14.2 ROUTINE .ottt ettt st e sa e st s bt et e b e s at e e e e bt et e st eat et e saeemtesesmeensesseeneenes 241
142.1 OULPUL CUITENT SENSE .ttt ettt ettt ettt e e s s sabe e e s s bt e e sssbaeessssaeessssaeesssssaaesssssssesssssseenes 241
14.2.2 OULPUL VOLEAZE SENSE ...ttt ettt ettt ettt ettt sae b s b e b e benbeseneeneeseenes 242
14.2.3 VRECT VOIEAZE SENSE..c.viiiiiiiiiiice ettt sttt 243
14.2.4 GND CONMNECTION ..ttt e e et s bt et s e st e bt e bt e st e satesatesatesabeebeeeseesneenaes 243
15 Store patch and configuration t0 OTP.....ccccccceeiiuiieciniincceesieiieccsesisccsestsssscsssssscsesssssscssssssssesss 244
15.1 (08 Tl QO I o = o o IS 244
15.2 SEOFE FW PALCH ettt et et a e et e e ba e s ba e sraesate e te e ba e be e beensaeenes 244
15.3 e o T 1 el T =Yg Ve 1 LT OSSP RR 245
15.4 StOre CONfIGUIatioN tO OTP ...c.couiriiieieieteeei sttt ettt sttt et et e e bbb se s e b ete e eneenessens 246
15.5 Partial CONTIG vouveuiiiieiiiresertesete ettt et s bt et e st e e e s b e sbe st e b e te st et enaeseeseenees 247
15.5.1 Store PMBUS PArtial CoONFIg .coueeuiruiieieieieieeierieestetetee ettt ettt 247
15.5.2 Store register Partial CoNFiG ....uv ittt ettt 247
16 NOMENCIAtUrE...cc.iuueiuireiiiitnitiietiteiticteiteiesettaitaecsestaccsestestscssessacssessasssssssstasssssssssssssessassssee 250
REVISION NISTOIY.c.iuiiiiiiiuiiiiiceiiaiinnietenianisrsocecastastsssecsscasssssscsscassssssssscssssssssssssssasssssssssssssassssssssssass 252
Application Note 6 of 253 V12

2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

General introduction

1 General introduction

The XDPP1100 is a digital power supply controller based on a 32-bit, 100 MHz ARM® Cortex™-MO0 RISC
microprocessor with analog/mixed-signal capabilities, on-chip memory and communication peripherals. The
device is specifically optimized to enhance the performance of isolated DC-DC applications and reduce the
solution component countin the IT and network infrastructure space.

The XDPP1100 is available in VQFN-40 and VQFN-24 packages; both packages have 0.5 mm pitch for ease of
manufacturing. Figure 1 shows the XDPP1100 product offering.

A

. 100 MHz Core

. 80 KB ROM

L] 32 KB RAM ( N

° 2x32 KB OTP

. PMBus

e  2MHzFsw 2 Loop

e UART Y EEEE—— 12x PWM

. -40 .. +125°C 3x VADC

2x IADC
38 1Loop 6-ch TS ADC
& 6x PWM 16x GPIO
£ 2x VADC VQFN-40
€ 1x IADC 6x6 mm>
& 4-ch TS ADC
11x GPIO
VQFN-24
\ 4x4 mm?® )
Package
Figure 1 XDPP1100 product offerings

The XDPP1100 supports up to two high-speed digital control loops. Each loop consists of a dedicated voltage
analog-to-digital converter (VADC), high-resolution current ADC (IADC), a proportional, integral, derivative
(PID)-based digital compensator, and DPWM outputs with 78.125 ps pulse width (PW) resolution. The device
also offers six channels of 9-bit, 1 Msps general-purpose ADCs (TS ADCs), timers, interrupt control, PMBus and
two I°C communication ports.

The block diagram of the XDPP1100 is shown in Figure 2. It contains three high-speed high-resolution VADCs
(AFE1), two current sense (CS) ADCs (AFE2) with current ripple estimator, one general-purpose ADC (AFE3) with
sixinput channels to digitize voltage, resistance and temperature, followed by digital voltage processors and
current processors. The signals are processed and sent to the digital core. The digital control loop is state
machine-based and an ARM® CORTEX MO core is integrated into the XDPP1100. This architecture makes it fully
programmable with high-bandwidth (BW) performance. The pulse width modulation (PWM) block has two
ramp generators and 12 pulse generators for up to 12 PWM outputs.

The communication is achieved by I1°C and PMBus protocol. The GPIO pins can be configured to enable, power
good, sync, fault monitor, fan control, or UART serial port.
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1.1 Hardware-enabled features

The XDPP1100 has the following hardware (HW) enabled features:

The details of each feature are described in individual application notes.

PID compensation filter

Current sharing using IMON pin

Current balancing of interleaved phases
Feed-forward

Flux balancing

Fast load-transient response
Multi-segment droop

Burst operation

Diode emulation (DE) mode

Adaptive SR dead-time
Sync-in/sync-out

Fault protections

Common fault report and protection

- Flux balance fault

- Voltage sense open-loop fault

- Cycle-by-cycle peak current limit (PCL)
- Short-circuit protection (SCP)

1.2 Firmware-enabled features

(infineon

The firmware (FW) build in the ROM of the IC is pre-programmed to support topology-dependent features,
start-up and shutdown sequence and ramp control, telemetry, fault management and reporting. The FW is
identical in both 24-pin and 40-pin packages. The XDPP1100 has the following FW-enabled features:

Start-up and shutdown timing control

DE mode control

Telemetry gain and offset adjustment

Telemetry resolution configuration

Fault configuration and fault mask

Temperature compensation for copper trace current shunt
GPIO configuration

Allows user patch for extended control and functions. For example:

- User-defined temperature lookup table
- Dead-time adjustment per lookup table
- Fan speed control

- Frequency dithering

- Post-soldering trim

- Snapshot

- UART configuration

- Frequency sweep during start-up ramp
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- Added droop during Voyr ramp
- Accurate input current and input power telemetry based on efficiency matrix

1.3 VADC

The XDPP1100 has up to three high-speed VADCs for input and output voltage sensing: VSEN/VREF,
VRSEN/VRREF and BVSEN_BVRSEN/BVREF_BVRREF. The pin name with “REF” indicates this is the reference
input of the differential pair.

Key features of the VADC:

e 100 MHz 11-bit ADC with 3-bit modulation (1.25 mV/least significant bit (LSB), 156 puV resolution)
e 0to2.1Vdifferential voltage range

o Differential sensing for each channel

o Set-point accuracy three-sigma limit is +/-1 percent overtemperature -40 ~ +125°C

e 200 MHz edge detection comparator

e Adaptive step size

e Low-latency protection comparators for overvoltage protection (OVP) and undervoltage protection (UVP)
(50 ns)

Key benefits of the VADC:

e Accurate output voltage set-point

- 156 pV reference resolution

- 16-bit VOUT_SCALE_LOOP resolution
e Accurate output voltage over process, stress and temperature range
e High-speed sensing over full-scale voltage range

- Senses switching waveform from transformer secondary side for primary voltage sensing, eliminates
isolation device

- Excellent feed-forward performance
- Enablesvolt-second balancing for full-bridge (FB) converter
- Enables dynamic SR dead-time optimization

e Eliminates external OVP/UVP comparators

The ADC is clocked at 100 MHz and a voltage sense front-end amplifier processes the voltage at 50 MHz. The
VSEN/VREF and VRSEN/VRREF are available in both package options. For a single-loop converter, it is suggested
to use VSEN/VREF for output voltage sensing and use VRSEN/VRREF for input voltage sensing. Figure 3 is an
example of an isolated converter using VSEN to sense output voltage, and using VRSEN to sense transformer
secondary winding Vgecr, thus indirectly sensing input voltage.

For the output voltage sensing, the recommended VADC differential voltage range is 0.8 to 2.1 V. Choose the
resistor divider to keep VSEN in this range for the best accuracy.

For a power supply with wide range input voltage, typically input voltage ratio could be 2:1 or even 3:1. For
example, input voltage of a telecom brick converter could be 36 to 75 V. Choose the resistor divider for VRSEN
carefully to keep the scaled VRSEN within the recommended range over input voltage range. Details of Vgecr
sensing are described in chapter 2.3.
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Lout
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VRREF VREF
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MFR_VRECT_SCALE= R4/(R3+R4) VOUT_SCALE_LOOP= R2/(R1+R2)

Figure 3 Input and output voltage sensing of isolated converter

The third VADC, named BVSEN_BVRSEN/BVREF_BVRREF, is available in the 40-pin package XDPP1100-Q040. It
can be used to sense the output voltage of the second loop (BVSEN) in a dual-loop application, or to sense the
Vrecr Of the second phase in an interleaved converter (BVRSEN).

In an interleaved application, sensing the input voltage of the Vgecr of the second phase provides more sample
data and offers quicker line-transient response. Figure 4 shows an example of an interleaved half-bridge (HB)
converter.

Vin
T v Loutl Vout
RECT1 NV ou
_h:i 2R3 Resk1| S R1
,J ?:—> VRSEN it—» VSEN
7 R4 Cout| ¥ R2
_| > VRREF >  \/Rer
g VRECT2 Lout2
Py Y'Y Y \_¢
_h:l R5 Resr2
- BVRSEN
R6 Cout2
_| BVRREF
Figure 4 Voltage sensing of interleaved converter

In a dual-loop application, the third VADC should be used to sense the output voltage of the second loop. The
second loop could be post-buck of an isolated converter or could be an independent converter taking the same
input voltage as the first loop. Figure 5 is an example of post-buck. The second output (Vo) is sensed by
BVSEN/BVREF. The input voltage of the post-buck is the output voltage of the first loop (Vout).
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Figure 5

Dual-loop example: an isolated converter with post-buck

Figure 6 is an example of dual HB converters. Vouu and Vour, are independently controlled. Voun and Vour, could be
the same voltage (i.e. 12 Va, 12 Vb) or different voltages (i.e. 12V and 5 V). In this example, the second loop

obtains the input voltage information from the first loop through the same VRSEN/VRREF ADC. For proper input
voltage telemetry, protection and feed-forward compensation, loop 1 must be enabled before loop 2 and must

be disabled after loop 2.

i _|J
| 2 o % e
Lk

ATl
I _hl BVer

Figure 6
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1.4 IADC
The XDPP1100 has up to two high-speed CS ADCs (IADCs) for current sensing: ISEN/IREF, BISEN/BIREF.
Key features of the IADC:

e 25 MHz 9-bit ADC with selectable gain from 100 pV/LSB, and 1.45 mV/LSB

e Auto-calibrated offset

e Supports CS of integrated power stage

e Low latency protection comparators for over-current protection (OCP) and positive/negative PCL
o Differential sensing for each channel

e Supports temperature compensation

Key benefits:
e Accurate current sense down to 100 uV/LSB
- Eliminates external high-precision op-amp when using copper trace as current shunt
e Multiple levels of OCP
e Cycle-by-cycle PCL and SCP
- Eliminates external OCP comparator

The CS ADC (ISEN, BISEN) is 9-bit tracking ADC and is interpolated to 13-bit through current emulation. Detailed
information on current sensing is available in chapter 3. The high resolution of IADC enables the XDPP1100 to
sense output current through a very small PCB copper shunt, reducing power loss and saving on the cost of the
precision sense resistor and op-amp. Figure 7 is an example of sensing output current by PCB copper trace.

A1 Lout
Ns VR.ECT Vout
Np .N
s R3 RESR S R1
_| I
_| :ﬁ Copper COUt 9 R2
::I sh ‘/ldnt —
|REFI_/M_0I|SEN V4
NTC
TSEN(—:» !
i
Figure 7 Output current sense with temperature compensation

The 40-pin version XDPP1100-Q040 has two IADCs. This enables dual-loop or dual-phase current sense. It also
enables sensing both primary current and secondary current in a single-loop application. Sensing primary
current is usually required in primary peak current mode control (PCMC). For isolated converters, this can be
done through a CS transformer. Figure 8 is an example of a FB converter with primary PCMC. It should sense
primary current with ISEN ADC and sense the output current with BISEN ADC.
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Figure 8 FB converter with primary current sense

In the interleaved topologies, the second IADC (BISEN) is used to sense the load current in the second phase.
With both phases current, the converter could calculate total output current and balance the currentin each
phase. Figure 9 is an example of interleaved active clamp forward (ACF) topology.
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R
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Rsns2
= T
Driver

150- BVRREF pjper BISEN

Driver lj
Driver
N—v1

|

1S0- ISEN VREF
Driver '7 IREF
Figure 9 Interleaved ACF
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1.5 TSADC

The telemetry sense (TS) ADC is a general-purpose ADC (1 MHz, 9-bit, 0 to 1.2 V range). The general-purpose
ADC consists of eight channels and can be configured to digitize voltages, currents, impedance and
temperature (Figure 10).

e PRISEN, primary voltage sensing

e IMON, current monitoring and active current sharing
o ATSEN, temperature sense A

e BTSEN, temperature sense B

e XADDRI1, address offset 1

e XADDR2, address offset 2

e ITSEN, internal temperature sense

ts_muxctrl2 —
0.6V reference (test only)—>NV
PRISEN [ { Filter | > 1
IMON [ { Filter | > 2 9-bit
ATSEN [J Filter "3 g - ADC
BTSEN [} Filter >4 =
XADDR1 [} > 5 AFE3
XADDR2 (11— > 6
A

ts_muxmode

)

60k resistor (test only
ITSEN

ts_muxctrll

Figure 10 TS block (TS ADC)

The conversion sequence of channels can be defined by the user or can be set to auto-sequencing per MUX
registers. Each input channel of the TS ADC has its own enable/disable registers. The function of each TS ADC
input will be described in individual chapters in this document.

Table 1 TS ADC MUX control registers
Register name Description
ts_muxctrll TS ADC MUX1 input source select. The output of MUX1 is connected to MUX2 input
1.

0 =ITSEN, internal temperature sense
1=60 k resistor (test only)

2 =XADDRLI filtered

3 =XADDR?2 filtered

ts_muxctrl2 TS ADC MUX2 input source select. The output of MUX2 is connected to the TS ADC
input.
0=0.6Vreference (test only)
1=PRISEN
2=IMON
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Register name Description

3=BTSEN

4 =ATSEN

5=XADDR1 unfiltered

6 = XADDR2 unfiltered

7=MUX1 output

ts_maxmode TS ADC input sequence control. When bit [2] is 0, the TS ADC input is entirely
determined by the settings of ts_muxctrll and ts_muxctrl2. When bit [2] is 1, MUX2
auto-sequences its input using the pattern in the table below. If the sequences

include MUX2 input 7 (MUX1), the source in this timeslot is determined by the
setting of ts_muxctrll.

0 to 3 =defined by ts_muxctrll, 2

4 =autosequence:1,2,1,3,1,2,1,4
5=autosequence:1,5,1,3,1,7,1,4
6 =auto sequence:1,5,2,3,1,7,2,4
7=auto sequence:1,5,2,3,1,7,6,4

1.6 PWM

The pulse width modulator converts the duty-cycle into one or more PWM pulses depending on the application.
The XDPP1100 has up to 12 PWM output pins. The PWM consists of:

e Two ramp generators
e 12 pulse generators
e 12interpolators

Key features of the PWM modulator:

e 78.125 ps PW resolution

e Trailing-edge, leading-edge or dual-edge modulation

e Adjustable phase shift between outputs

e PWMx re-mappable

e Cycle-by-cycle duty-cycle matching

e Adjustable dead-time between pairs for both rising and falling edges
e Dead-time resolution 1.25 ns

e Upto2 MHz switching frequency

e Frequency/period resolution 20 ns

The XDPP1100 allows mapping PWM output freely to any primary or secondary gate drive. The XDPP1100 GUI
provides a design tool to map PWM based on a schematic view.

All of the PWM outputs are also GPIO pins. Each of the GPIO pins can be configured by software as input (with or
without pull-up or pull-down) or as output (push-pull or open-drain). All the GPIO pins are shared with
alternative functions. The I/O configuration can be locked if necessary to follow a specific function. The GPIO
configuration is programmed by FW_CONFIG_PMBUS PMBus command and is described in chapter 13.
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Figure 11 GUI design tool - topology selection and PWM mapping

1.7 Pin-out

The pin-out diagrams of the three variants are shown in Figure 12. Please refer to the datasheet for pin

definitions.
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Figure 12 XDPP1100 pin-out
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2 Input voltage sensing and feed-forward

2.1 How does the digital controller sense Viy in an isolated converter?

Digital controllers have been used in isolated power supplies in recent years to get the benefits of high
performance, flexibility, and capability of managing complex systems. Isolated power supply refers to a power
converter that uses a transformer to provide electrical isolation between the input and output terminals of the
converter. The digital controller is usually placed on the secondary side of the transformer to enable more
accurate control of output voltage and output current, fast output fault protections, and communication with
the system (i.e. PMBus) without using an I1°C isolator. The trade-offs of a secondary-side controller include
requiring an auxiliary supply to power the controller, isolated drivers to drive primary MOSFETs, complicated
input voltage sensing and feed-forward implementation.

Input voltage feed-forward is a feature in which the controller uses input voltage to control output without
waiting for the system feedback response. It provides faster response to avoid overshoot or undershoot caused
by a slower feedback loop during input voltage transient. Input voltage feed-forward involves using input and
output voltage measurement to set the nominal duty-cycle for a given topology. Fast and accurate input
voltage (Viv) sensing is the key to high-performance feed-forward.

Traditional input voltage sensing through an isolation boundary uses an isolated error amplifier, as shown in
Figure 13. For better feed-forward performance, the error amplifier must have wide BW for fast response, high
linearity and stability overtemperature for accurate control. This approach requires additional primary and
secondary bias circuits.

Vin
|_| Q1 Turns ratio
n:1:1
Driver n
== L':t Q2 L Cl le ® :
S1 ”_’ﬂ_ 4:‘_1 S,
= C, Ahd A X
‘_ N A . Copper <
= Driver
Isolated error amp
3{ Vin sense Digital Controller lout sense
_| Vout sense
Figure 13 Vin sense through isolated error amplifier

Another option for input voltage sensing is via an auxiliary transformer. The transformer must have a secondary
winding with forward polarity connection so it can provide an output voltage that is proportional to the input.
This auxiliary transformer could be the same housekeeping transformer that provides bias voltage for the
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system. The drawback of this solution is the voltage would be sensitive to the operation status - i.e. the sensed
voltage varies slightly when the main converter turns on/off, as the load of the bias circuit changes with the
on/off state.

Many advanced digital controllers support secondary-side input voltage sensing by measuring the rectified
voltage (Vrecr), as shown in Figure 14. Viecr is the transformer secondary voltage after diodes or SR MOSFET
rectifiers. The amplitude of Vgecr voltage is proportional to the input voltage Viy by the scale of the transformer
turns ratio. The Vrecr voltage could be further scaled down by a resistor divider and fed to the input of a digital
controller.

Compared to isolated error amplifier or auxiliary transformer solutions, Vrecr sensing eliminates additional
components (isolated error amplifier, its bias circuit and external components, or transformer and its rectifier
circuit and filter), reduces the bill of materials (BOM), reduces layout footprint, reduces power loss and
increases system reliability. The downside of the Vrecr sensing is that the Vrecr signalis not available when the
main converter stops switching. Thus, it cannot measure the input voltage in off mode.

Vin
|_| Q1 Turns ratio
n:1:1
Driver L Vrect
- |—|ﬁ Q =gc Lk F
St El_ i S,
T“ ™ Copper
'__0_r\_r\
= Driver 4
Vin|sense
Digital Controller lout sense
Vout sense
Figure 14 Vix sense by Vgecr sensing

The XDPP1100 supports all these input voltage sensing methods using two types of voltage ADCs. The VADCs
(VSEN, VRSEN and BVSEN_BVRSEN) have much higher performance than the TS ADC (PRISEN) - see Table 2 for
the comparison. The user could select the input voltage sensing method based on system requirements. For
example, a FB converter with voltage mode control (VMC) would prefer to use the VRSEN in Vgecr sense mode.
This setup provides accurate input voltage sensing, fast feed-forward response and flux balancing feature.

Table 2 VSEN_VRSEN vs. PRISEN
ADC Sample rate (Msps) | Resolution (mV) Range (V)
VSEN/VRSEN/BVRSEN (VADC) 11-bit 100 1.25 0to2.1
PRISEN (TS ADC) 9-bit 1 2.344 Otol.2
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2.2 Input voltage source

The XDPP1100 offers a wide range of source selection for input voltage sensing. Table 3 lists the input voltage
sources supported by the XDPP1100. Options 0, 1, 3,5, 6 and 7 are all good for isolated converters. VRSEN and
BVSEN_BVRSEN are recommended for the input voltage sensing, because the VADC can achieve accurate and
fast feed-forward response.

Table 3 tlm_vin_src_sel configuration table

Value |Inputvoltage source

VRSEN. Secondary Vgecr sense, vrs_init prior to start-up

BVSEN_BVRSEN. Secondary Vgecr sense, vrs_init prior to start-up

Loop 0 Vour. Select on loop 1 when loop 1 Viy provided by loop 0 Vour (e.g., post-buck)

TS ADC Vin. non-pulsed/primary Viy sense via telemetry ADC (PRISEN)

tlm_vin_force. Forced V\y via FW (e.g., FW override of HW computation)

VRSEN. Secondary Vgecr sense, 0 V prior to start-up. Select on loop 1 when sharing loop 0 Vgecr Sense

VRSEN. Non-pulsed/primary Viy sense

~N oo (0 |h (WM [+ O

BVSEN_BVRSEN. Non-pulsed/primary Viy sense

Options 0, 1, and 5 use VRSEN or BVSEN_BVRSEN in the Vrecr sense mode (Figure 14). Since the Vrecr doesn’t
know the input voltage prior to start-up, it is necessary to use an initial voltage vrs_init to initialize the first
pulses (options 0 and 1). The vrs_init is configured by the vrs_voltage_init register. For the second loop (loop
1), if it shares loop 0 Vrecr Sense, it can only be enabled after loop 0 starts regulation. Thus, the initial voltage of
loop 1is not critical and could be set to 0 V (option 5).

Options 6 and 7 use VRSEN or BVSEN_BVRSEN in non-pulsed or DC mode. This configuration could be selected
when the input voltage is sensed through an isolated op-amp or auxiliary transformer, as described earlier. The
DC mode of VRSEN or BVSEN_BVRSEN is configured by register vsp1_vrs_sel (for VRSEN) or vsp2_vrs_sel (for
BVSEN_BVRSEN).

Option 3 uses PRISEN input to sense non-pulsed input signal. Since the TS ADC is slower than VADC, the PRISEN
should only be used when the VRSEN is not available for DC input sensing. An example is shown in chapter 2.8.

2.3 XDPP1100 Vgecr sensing

Figure 15 is a typical isolated FB converter with center-tap (CT) rectifier using the XDPP1100-Q024. The VSEN is
used for output voltage Vour sensing, and the VRSEN is used for Vrecr voltage sensing. The differential input
sense enables routing the sense and reference voltage in pairs to minimize common mode noise.

The input voltage V,y is calculated based on the VRSEN voltage, the Vgecr resistor divider ratio, and the
transformer turns ratio. There are two manufacturer-specified PMBus commands for the user to set up the
ratio. The MFR_VRECT_SCALE is the resistor divider ratio of Vzecr (Figure 19). The MFR_TRANSFORMER_SCALE
defines the transformer turns ratio. This transformer scale is set per Ng/N;.
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Figure 15 XDPP1100 FBCT VMC

The VRSEN ADC can be configured to be DC mode or VRS mode by register vsp1_vrs_sel. When VRS mode is
configured to measure the rectified voltage waveform (Vrecr), it enables the rectified voltage sense processor
and VRS edge comparator. Figure 16 waveforms illustrate how the sampling of the Vrecr waveform works.
VRSEN is the scaled Vg signal. Noise has been added to the ideal VRSEN waveform to highlight the importance
of sampling window timing.
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Figure 16 Timing of Viecr sensing by VRSEN

2.3.1 VRS tracking window

The VRS edge detector works at 200 MHz clock. It senses the rising and falling edges of VRSEN waveforms with
delay less than 10 ns. The Tqetect Wwaveform is the output of edge detector logic. The rising edge of the rectified
voltage waveform is detected, and a programmable hold time and blanking window is added to it. The hold
time should be set long enough for the tracking ADC to settle (more than 250 ns). The blanking time should be
configured longer than the voltage spike and ringing duration. vrs_track_start_thr is the register that defines
Vrecr tracking start time.

A watchdog timer (vrs_cmp_wdt_thr) is added to the VRS comparator to monitor the quality of the Vgecr signal.
It measures from the rising edge of the PWM. If VRSEN has not tripped the edge comparator by the time the
time-out threshold is reached, it is assumed VREN is below the comparator threshold and the Vrecr sense will
enter a hold phase. This watchdog timer should be set to a value greater than the expected time for Vgecr to go
high, i.e. longer than the combined isolator and gate driver delays. It also needs to be set less than the tracking
start threshold defined by vrs_track_start_thr.

The hold phase starts when one of the conditions is met: either by edge detection at the rising edge of VRSEN,
or by the watchdog timer vrs_cmp_wdt_thr. The hold phase ends when the vrs_track_start_thr timer is
completed, then the ADC becomes active and starts tracking voltage. The hold time should be set longer than
250 ns. i.e. vrs_track_start_thr - vrs_cmp_wdt_thr should be longer than 250 ns. LSB of these two registers is
10 ns; i.e., writing 30 to vrs_track_start_thr sets the blanking time to 300 ns.

The edge comparator has two configurable reference voltage thresholds: 500 mV and 300 mV, defined by
register vrs_cmp_ref_sel. The user can choose a proper threshold based on the VRSEN signal level. To
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optimize VRSEN accuracy, it is recommended to scale Vgecr voltage to VRSEN in the 600 mV to 2.1V range. For
example, a telecom brick application has input voltage 36 Vto 75 V. The Viy undervoltage (UV) fault threshold is
30V, Viy overvoltage (OV) fault threshold is 80 V; transformer turns ratio is 3:1. Vrecr amplitude spans from 10 V
to 27 V between the two Vi fault limits. Setting the Vgecr resistor divider ratio to 0.07 scales Vrecr t0 0.7 V~1.89 V,
which nicely fits into the VRSEN input voltage range.

After the hold and blanking window, sampling of the rectified voltage can occur (shown as the Tsampie
waveform). The sampling window ends when the associated PWM signal goes low. If input voltage changes
during this period, VRSEN ADC tracks the change. At the end of a sampling window, VRSEN ADC remembers the
value of the last ADC sample and uses this value for the feed-forward computation for the next switching cycle.

If the PWM and Vkecr pulse widths are very narrow, which happens during start-up, and are shorter than the
blanking time for a valid measurement, the VRSEN ADC will stay in hold mode until the Vgecr pulse is long
enough for effective tracking and measurement. In start-up, VRSEN ADC typically holds the preset initial voltage
in a fresh start-up or holds the last measurement at the previous shutdown during a restart.

The VRSEN ADC is preset at the value of the last cycle to minimize the time required for the ADC to properly
track the voltage.
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Figure 17 Vrecr sensing during input transient
e _eoge
2.3.2 VRS initial voltage

At start-up, the XDPP1100 uses a user-configurable initial input voltage (vrs_voltage_init) to enable a
converter that allows the XDPP1100 to not remain stuck in unknown input status. The initial input voltage is
typically set to nominal input voltage per application. During start-up, PWM pulse width increases during the
user-defined rise time. As soon as the PWM pulse is long enough for valid Vi..; measurement, the input voltage
telemetry will transition from the initial voltage to actual measured voltage (Figure 18). Given this behavior,
Vrecr based input voltage sensing is not able to detect Viy OV or UV status prior to switching actually starting.

Register vrs_voltage_init should be calculated based on topology.

Vin_init(V)

romy MFR_VRECT_SCALE - MFR_TRANSFORMER_SCALE , for FB or ACF

vrs_voltage_init =
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Vin_init(V)/2

vrs_voltage_init =
20mv

*MFR_VRECT_SCALE - MFR_TRANSFORMER_SCALE , for HB topology

Here Vin_initis initial input voltage, and the MFR_VRECT_SCALE is the resistor divider ratio of Vrecr (Figure 19).
MFR_TRANSFORMER_SCALE defines the transformer turns ratio. This scale is set per Ns/N,.

A

A T
A — -

Tdetect i ! i i i i : i i i i i i

Il ! | | : | ! | 1 | | | !
| 1| 1 I 0 O I

Thlankt A T e
1 Hnnnaofioodoonnan,
A : | ! ! ! | | ! : ' ! 1 | g

Tsamp\e : ! } ! ! : : ! : Track:‘\JRSwavaI } :
A NN N S NN S S NN s i mati | NN | NN | N
A I ! | | H ! i | H | | i i -

VIN ' : 1 : : : ' : ; : ; : '
Vin_telem : : 3 3 i : : 3 ; :\— —/i' - — —%— - —i— Vrs_voltage_init
L : Villwtelemetr‘yiscalcul;tedhase; mnvrs_vmltage_ini‘i I kl lj I\Irteleme:‘tryisbase:d on VRisensing=

Tracking step size set to 1 for

smooth transition
Figure 18 Vrecr sensing during start-up
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2.3.3 Vrecr S€nsing compensation
To improve the accuracy of input voltage telemetry, the XDPP1100 offers HW-based compensation.

The voltage drop on transformer DC resistance (DCR), copper trace DCR, and Ropsn) 0f SR MOSFETS could be
compensated by register tim_vrect_rcorr. This register defines the total equivalent DC resistance of the Vrecr
sensing loop that reflects to primary. The Viy telemetry is compensated by tlm_vrect_rcorr * |, ;.

The voltage offset could be compensated by register tlm_vrect_offset. The Vi telemetry is compensated by
tlm_vrect_offset/MFR_VRECT_SCALE/MFR_TRANSFORMER_SCALE.

The XDPP1100 also considers the body diode voltage drop when the SR MOSFETSs are turned off, i.e. in DE
mode. The voltage drop is configured by register tlm_vrect_sr_diode, with the choice of 0 mV, 480 mV, 640
mV, 800 mV, 960 mV, 1280 mV, 1600 mV and 1920 mV.

Please see Table 10 for the description of each register.

2.3.4 VRS de-glitch

When the converter operates in hard-switching mode, the Vkecr node has more noise on the rising and falling
edge. In some cases the noise rings up and down and crosses the comparator threshold multiple times during
the rising edge, as shown in Figure 20 (blue trace). To avoid the noise tripping the VRS edge comparator more
than once, a digital de-glitch is added. vrs_min_pw sets the VRS de-glitch pulse width. Setting the de-glitch
pulse wider than the ringing pulse width could avoid false triggering. vrs_min_pw adds delay to the edge
detection. The delay is not so critical for input voltage sensing and feed-forward but would affect volt-second
flux balancing performance for FB topologies. Thus, a good PCB layout is always the first priority to avoid
needing to use the de-glitch filter. See chapter 14 for the XDPP1100 layout guidelines.

yrs-comp-200-i

Measure P1:freq(C1) PZmean(C2) P3:mean(C3) P4:duty(C3) P5:freq(C3) PB:mIn(C2)
value - 12,024V 479 mv
status & v v

Timebase 23n4g (Trigger
50.0 ns/div) Stop 1.66 V|
250kS 5.0GSisjEdge  Positivel

€1 CHmEHm)
2.00 Vidiv|
0 m ofiset]

Figure 20 VRSEN noise

The XDPP1100 GUI offers a design tool to help the user configure the VRS sensing registers. See chapter 2.7.

2.4 XDPP1100 feed-forward

The XDPP1100 computes feed-forward duty-cycle based on input voltage and output voltage. The result is
added to the feedback loop PID filter output to resolve PWM duty-cycle (Figure 21).

Vout,target

computed_feed_forward = (2.1)

Vinxtrans_scale_loop
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Here, trans_scale_loop is the transformer turns ratio, defined by Ns/N, in FB or ACF topologies, and Ns/(2N;) in a
HB topology, wherein N, is the transformer primary turns number, and Ny is the transformer secondary turns
number. The user can define the transformer scale by PMBus command MFR_TRANSFORMER_SCALE (N¢/N;) for
allisolated topologies. The XDPP1100 FW will calculate the trans_scale_loop based on
MFR_TRANSFORMER_SCALE command and device topology. FW takes care of factor 2 for the HB topology, and
the user should not be concerned with setting it manually.

PID Block
feed_forward 0010 1
+ i
PID 1
Filter |s116 * % s2.16 Clamp ﬁduty_cycle
Figure 21 Duty-cycle composed of the sum of the PID output and the feed-forward term

The feed-forward computation is implemented in HW and so offers the fastest response. The computation of
feed-forward duty-cycle is shown in Figure 22.

P ue.3

vecontrol BN /J\
id_ff_one_div_vout_scale_loo

pid_ff_vrect_sel[1:0]

(from VRSEN) vrectl U120

(from BVRSEN) vrectzm oy lone div_vrect /)(\ L
U-5.19 U-9.22 \ﬂ /N
0—2 \><J computed_feed_forward

U-9.22 U0.10

-

pid_ff_vrect_override ool 2

tlm_vrect_scale_loop o2

i N
(from PRISEN) one_div_vin Uo1a X Vo

pid_ff_i82_div_trans_scale_loop 0023

Figure 22 XDPP1100 feed-forward computation

The highlighted signals in Figure 22 are accessible through the register map. A detailed description of each
register can be found in chapter 2.5.

The product vcontrl * pid_ff_one_div_vout_scale_loop is clamped to U16.0. Thus, to use the HW-based feed-
forward, the maximum output voltage is limited to (2/16-1) * 1.25 mV =81.92 V. Here 1.25 mV is the LSB of the
voltage sense ADC. This limitation doesn’t apply if using FW-computed feed-forward override (Figure 25).

For buck topology without a transformer, the transformer scale should be set to the maximum (0.999). For
other non-isolated topologies such as boost and buck-boost, the feed-forward computation is different and will
be discussed in a separate document.

Please note that the feed-forward function only applies to VMC, and is not applicable to PCMC.

Application Note 26 of 253 V12
2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

Input voltage sensing and feed-forward

24.1 Feed-forward Vour voltage calculation

The XDPP1100 uses the Vcontrot VOltage to calculate Vour for feed-forward computation. Veontrol is @an internal
reference voltage that controls the target output voltage. Veontrol is €qual to Voyr e Multiplied by resistor
divider VOUT_SCALE_LOOP (Figure 23). VOUT_SCALE_LOOP is a PMBus command.

Vcontrol
V, = ——<contrer 2.2
out,target vout_scale_loop ( )

Vout

R1
vcontrol

R2  VOUT _SCALE_LOOP=R2/(R1+R2)

Figure 23 VOUT_SCALE_LOOP definition

2.4.2 Feed-forward V\y source selection

The input voltage used for feed-forward computation should be selected from the following source, by register
pid_ff_vrect_sel. It is worth mentioning that the V,, telemetry source select and the V,, feed-forward source
select are independent. The user has the flexibility to use the same input sense pin for V,, telemetry and feed-
forward or use a different input source. For example, one use case is using PRISEN for input voltage telemetry
and using the VRSEN for feed-forward and flux balancing.

Table 4 pid_ff_vrect_sel configuration table

0 VS1 (VRSEN) Vrectl

1 VS2 (BVSEN_BVRSEN) Vrect2
2 TS Viv (PRISEN)

3 pid_ff_vrect_override

Here Vrectl and Vrect2 are the input voltage of the VRSEN or BVRSEN pins. Typically, it is transformer
secondary rectifier voltage scaled down by Vgecr resistor divider (Figure 24) in an isolated converter.

VRSEN = Vrect X vrect_scale_loop (2.3)
Vrecr Voltage is proportional to Vix:

Vrect = Vin X trans_scale_loop (2.4)
Then Viy could be calculated by vrect_scale_loop, trans_scale_loop and the VRSEN voltage.

For non-isolated applications, the Viy could be directly sensed through a resistor divider. Even though no Vgecr is
sensed in this case, the input voltage used for the feed-forward computation should still be configured by the
pid_ff_vrect_sel register. Don’t be confused by the name of the register. The example of the non-isolated or DC
mode VRSEN is demonstrated in chapter 2.4.4.2.
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The XDPP1100 offers an option for FW to override the feed-forward input voltage. If an override input voltage is
desired, set the pid_ff_vrect_sel =3 and calculate pid_ff_vrect_override with:

Vin(V)xtrans_scale_loopxrect_scale_loop

13T

pid_ff_vrect_override = (2.5)
LJ
é Vicer Lout
Np A l
R3
q:—"VRSEN (BVrsen)

1.25(mV)
Ns
Ns
_‘ _| T R4 Cout
::I > V/rreF (BVRREF)
MFR_VRECT SCALE= R4/(R3+R4)

Figure 24 MFR_VRECT_SCALE definition

Depending on which input voltage source is selected, the computed feed-forward duty-cycle is calculated:

Table 5 computed_feed_forward table

pid_ff_vrect_sel| computed_feed_forward
0 red d d= vcontrol o 1
computed_feed_forward = vout_scale_loop VRSEN

. ted_feed f ; vcontrol y 1
rward =
computed_jeed_jorwa vout_scale_loop ~ BVRSEN

2 ted feed.f d vcontrol y 1
computed_feed_forward =
P - yorw vout_scale_loop Vin_by_PRISEN X trans_scale_loop

X vrect_scale_loop

X vrect_scale_loop

3 computed_feed_forward

vcontrol 1 . e |
= X X vrect_scale_loo
vout_scale_loop pid_ff_vrect_override - ~+00p

The TS PRISEN is one of the input channels of the TS ADC. The conversion sequence of channels can be defined
by the user, or can be set to auto-sequencing per MUX registers. See chapter 2.7.1.2 for details.

2.4.3 Feed-forward override and adjustment options

2.4.3.1 Feed-forward override

The XDPP1100 allows overriding the feed-forward duty-cycle with a user-defined pid_ff_override value,
selected by register pid_ff_override_sel (Figure 25). This feature gives an option for the FW to completely
override the computed feed-forward value. pid_ff_override register should be calculated by:

pid_ff_override = ff_override_duty_cycle x 21° (2.6)

For example, if the user wishes to override feed-forward duty-cycle with a value of 62.5 percent,
pid_ff_override register should set to 0.625 * 1024 = 640.
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pid_ff_dt_adj———

+
computed_feed_forward N
U0.10 f><\ s — LPF

feed_forward
U0.10 U110 U0.10 -
pid_ff_override Totol L
pid_kp_ff_lpf———

pid_ff_override_sel SEam

pid_ff_gain_scale Uia

Figure 25 Feed-forward override and adjustment

2.4.3.2 Feed-forward gain and offset adjustment

The gain of feed-forward can be adjusted by pid_ff_gain_scale. The range of this register is 0 to 31. Setting it to
16 gives a gain of 1.0. Setting it to 0 will disable the feed-forward factor.

Register pid_ff_dt_adj provides feed-forward adjustment for dead-time. The computed duty-cycle discussed
here is the ideal duty-cycle. The actual PWM duty-cycle is smaller than the ideal duty-cycle, because dead-time
will be subtracted from the pulse width. For example, a HB converter switching at a 250 kHz frequency, at 50
percent duty-cycle with 100 ns dead-time on both high-side and low-side pulse, has 45 percent actual duty-
cycle. The dead-time error of the feed-forward circuit could be compensated by the pid_ff_dt_adj register; i.e.
if the dead-time introduces 5 percent duty-cycle error, adding 5 percent pid_ff_dt_adj will compensate for the
dead-time error. Register pid_ff_dt_adj has resolution 2*° and could adjust offset up to 25 percent duty-cycle.

pid_ff_dt_adj = duty_cycle_adj x 210 (2.7)
For example, to add 5 percent duty-cycle adjustment, pid_ff_dt_adj =0.05x 2" =51.

In closed-loop regulation, the dead-time error is automatically compensated by the feedback loop, so leaving
the pid_ff_dt_adj unconfigured won’t affect feed-forward performance.

2.4.3.3 Feed-forward LPF

Register pid_kp_ff_lpf defines the feed-forward low-pass filter (LPF). The format of pid_kp_ff_lpfis:

o kp_exp=pid_ff_kp_lpf[4:2]

e kp_man=4+pid_ff_kp_lpf[1:0]

e kp=kp_man * 27 (kp_exp-9)

e F.(MHz) = [kp/(1 - kp)] * 50 MHz/2n

Range = 62.7 kHz (0,) to 23.87 MHz (26,). A handy tool in the XDP1100 GUI calculates the cut-off frequency based
on register value. Please see Figure 31.

2.4.4 Advanced feed-forward

24.4.1 Same-cycle feed-forward

One limitation of Vgecr input voltage sensing is that the Vgecr can only be measured during PWM on-time. If the
input voltage transient happens at a very fast slew rate, i.e. completed within one switching cycle, the Vrecr
sensing feed-forward is not able to respond immediately and will have one switching cycle of delay. Improved
input transient response could be achieved with the same-cycle feed-forward configuration. Same-cycle feed-

Application Note 29 of 253 V12
2021-04-23



o _.
The XDPP1100 digital power supply controller | n f| neon
XDPP1100 application note
Input voltage sensing and feed-forward

forward enables the feed-forward duty-cycle to be calculated in real time in the same cycle of VRS sensing. Set
the vrs_same_cycle_en register to 1 to enable VRS same-cycle mode. A go-live timing threshold is defined by
vrs_meas_start_th (Figure 26). This register sets the time from the start of VRS tracking to the start of live
sample updates. The test result of same-cycle feed-forward is shown in chapter 2.8.5.

Same cycle feed-forward: Standard feed-forward:
PID responses during this cycle PID responses in the next cycle
A
PWM |
With the same cycle F Without the same
feed-forward | cycle feed-forward
! >
A T ¥ | T T Lt
—>: I isolator & driver delay —! :4— | | | : | |
| | | | I |
[ 11 [ i [ i
VRSEN I | 11 [ | a [ | [l
I | I i | 1 R 1
i | Iy i | 1 e 1
h Iy oo ! e 1]
I -|+ e h h|d:|——+——————|—|—- II——+——————'—<I—-
:—I | ! | Edge comparator threshol I—I | ] ':— :—I | ] r
| | | |
b =: L - L - -
4 bt Ly o | e [
Tdetect :I | [ II | 1! :| | Il
P! | I P | Il P! | 11
| | : Edge detection delay < 10ns | | ! | H | | H
1 } 1 ; Resolution 5ns i I | : 1 | 1 : >
A | | | [ i |
. ) | | VRS trackin, [ | VRS trackin,
Tsample | : | VRS tracking window | [ I Window € : I I window ¢ :
| ——————» ————————— >
l lﬁ! l iji l iﬁi
I 11y feed-forward I 1 gLive feeds I 1 gLive feeds
| | 1 | forward 1 | —forward >
[——1P /s meas_start_th N—F'*’: Vrs_meas_start_th N_FN": Vrs_meas_start_th
' | ' '
User configurable User configurable User configurable
blanking time blanking time blanking time

Figure 26 VRS timing of the same-cycle feed-forward

Table 6 Same-cycle feed-forward registers
Register name Description
vrs_same_cycle_en VRS same-cycle mode enabled

0 = same-cycle mode disabled
1 =same-cycle mode enabled

vrs_meas_start_th VRS same-cycle sample counts before going to live updates
LSB =4 samples, range = 0 to 124 samples
e Example:

- Vrs_meas_start_th =0, go-live updates as soon as VRS tracking
starts

- Vrs_meas_start_th =1, go-live updates after 4 samples (80 ns) after
VRS tracking starts

2.4.4.2 DC mode of VRS sense

The XDPP1100 also offers a DC mode operation of VRS sense. It can be used to sense input voltage like the
traditional primary Viy sense through an isolated error amplifier, or to directly sense input voltage through a
resistor divider in non-isolated topologies (Figure 27). In DC mode, VRS ADC is configured to track the input
voltage in real time. It enables DC mode feed-forward, which responds faster on line transient and allows
primary voltage detection and protection prior to turning on the converter.

To configure VRSEN DC mode, set VRSEN ADC to general-purpose ADC mode (vsp1_vrs_sel =0) and configure
Vix telemetry to “Non-pulsed/primary Viy sense” (timX_vin_src_sel = 6). The test result of VRSEN DC mode feed-
forward is shown in chapter 2.8.5.
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To configure BVRSEN DC mode, set BVRSEN ADC to general-purpose ADC mode (vsp2_vrs_sel=0) and
configure Viy telemetry to “Non-pulsed/primary Viy sense” (tlmX_vin_src_sel = 7).

Vin
—‘ &
|—| Q1 Turns ratio
n:1:1
Driver
Ra LI e
=] Q2 L Cl L|k d

Rb

S1 ”_’ﬂ_ 4? S,
- C2 M\ ® AANA r
Copper

b
N—T—
! . A4
Driver

VRSEN

Digital Controller ISEN
VSEN

Figure 27 VRSEN DC mode (non-isolated example)

2.5 Feed-forward register descriptions

Table 7 describes the registers used by the feed-forward function.

Table 7 Feed-forward relevant register descriptions

Name Address Bits Description
(loop 0/1)

PID peripheral

pid_ff_dt_adj 7000_1C00, |[7:0] Feed-forward offset adjustment for dead-time. Note,
7000_2000,, adjustment is always positive because dead-time always

reduces duty-cycle. May also be used for general offset
adjustment up to 25 percent duty-cycle. Computed as bridge
topology:
dt_adj = Taead/(Tswitcn/2)
Non-bridge topology:
dt_ad] = Tgead/ Tswitch
LSB =27-10, range =0t0 0.2490
e Example:
- Bridge topology, Tdeads = 100 NS, T,y ich = 4 US
- dt_adj=100ns/2000 ns = 0.05
- pid_ff_dt_adj=0.05/2"-10=51

pid_kp_ff_lpf 7000_1C00, |[12:8] Feed-forward LPF coefficient. The computed feed-forward
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(infineon

Name Address Bits Description
(loop 0/1)
7000_2000,, term is passed through a LPF before being used by the PID as

part of the duty-cycle calculation.

o kp_exp=pid_ff_kp_lpf [4:2]

e kp_man=4+pid_ff_kp_lpf[1:0]

e kp=kp_man * 2" kp_exp -9)

e F.y (MHz) =[kp/(1 - kp)] * 50 MHz/21t
Range = 62.7 kHz (0,) to 23.87 MHz (26,)

pid_ff_gain_scale 7000_1C00, |[17:13] |Feed-forward gain scale. This parameter may be used to

7000_2000,, apply a gain to the computed feed-forward term. The typical
setting is 16, which corresponds to a gain of 1.0.

LSB =2"-4,range =0 to 1.9375

pid_ff_vrect_sel 7000_1C00,, |[19:18] |Feed-forward Vrecr source select. Feed-forward is computed

7000_2000,, as (Vour/Vrecr) for isolated and as (Vour/Vin) for non-isolated
buck-derived topologies. Note that the feed-forward
computation may be over-ridden entirely using parameters
pid_ff_override_sel and pid_ff_override (e.g., to override the
HW computed feed-forward with a FW computation
appropriate for boost or buck-boost derived topologies).
0=VS1ADC (VRSEN input) Vgecr

1=VS2 ADC (BVRSEN input) Veecr

2=TSADC (PRISEN input) V,

3 =pid_ff_vrect_override

pid_vrect_ref 7000_1C00, |[27:20] | PID coefficient scaling reference voltage. PID coefficients are

7000_2000,, scaled with Veecr to maintain a constant loop gain. This
parameter defines the reference Vgecr voltage at which the
gain scale is 1.0. This parameter should be set to the
expected nominal Vecr voltage and it should be set before
optimization of PID coefficients K, K; and K.

Example: Vi, ,om =48V, FB topology, N, = 3, pid0_vrect_ref =
48V/3/0.32V =50
LSB=0.32V,range=0.0Vto 81.6V

pid_ff_vrect_override |7000_1C1C,, |[11:0] Vrecr override for PID feed-forward computation in internal

e Example:

= Veeer=16V
- MFR_VRECT_SCALE =B050,=0.078125
- pid_ff_vrect_override = 1000
Compute from target V,:
o pid_ff_vrect_override (U12.0) = (V,y(V)/1.25 mV) *

7000_201C, VS ADC format. Used only when selected by pid_ff_vrect_sel.

LSB=1.25mV,range=0Vt0 5.11875V

Compute from target Vgecr:

e pid_ff_vrect_override (U12.0) = (Vgecr (V)/1.25 mV) *
MFR_VRECT_SCALE
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Name

Address
(loop 0/1)

Bits

Description

MFR_TRANSFORMER_SCALE * MFR_VRECT_SCALE
e Example:
- V=60V
- MFR_VRECT_SCALE =B050,=0.078125
- MFR_TRANSFORMER_SCALE =B155,,=0.333
- pid_ff_vrect_override =1249

pid_ff_override

7000_1C20,
7000_2020,,

[9:0]

PID feed-forward override value. Used when selected by
pid_ff_override_sel. This parameter along with
pid_ff_override_sel may be used to override the HW
computed feed-forward with a FW computation appropriate
for boost or buck-boost derived topologies.

LSB =27-10, range = 0.999

pid_ff_override_sel

7000_1C20,,
7000_2020,,

[10]

PID feed-forward override select.
0 = use computed feed-forward
1 =use pid_ff_override

Telem peripheral

tlm_vin_src_sel

7000_3400,,
7000_3800,,

[30:28]

Input voltage telemetry source select.

0 =VRSEN. Secondary Vgecr sense, vrs_init prior to start-up
1=BVSEN_BVRSEN. Secondary Vecr sense, vrs_init prior to
start-up

2 =loop 0 Vour. Select on loop 1 when loop 1 Vi provided by
loop 0 Vour (e.g., post-buck)

3=TS ADC Vi. Non-pulsed/primary Viy sense via telemetry
ADC (PRISEN)

4 =tlm_vin_force. Forced Vv via FW (e.g., FW override of HW
computation by tlm_vin_force)

5=VRSEN. Secondary Vgecr sense, 0 V prior to start-up. Select
on loop 1 when sharing loop 0 Vgecr sense

6 =VRSEN. Non-pulsed/primary Viy sense
7 =BVSEN_BVRSEN. Non-pulsed/primary Viy sense

Common peripheral

vrs_cmp_wdt_thr

7000_3018,

[9:0]

Vrecr comparator watchdog time-out threshold. The watchdog
timer measures from the rising edge of the PWMs indicated in
ceX_on_mask0 and ceX_on_mask1. If Vrecr has not tripped the
comparator by the time the time-out threshold is reached, it
is assumed Vgecr is below the comparator threshold and the
Vrecr sense will enter its hold phase. This threshold should be
set to a value greater than the expected time for Vrecr to go
high but less than the tracking start threshold defined by
vrs_track_start_thr. This threshold is shared by VRS1 and
VRS2.

LSB=10ns, range =0 to 10230 ns
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Name Address Bits Description
(loop 0/1)
vrs_track_start_thr 7000_3018,, |[19:10] | Vrecr tracking start time threshold. This threshold is compared
against the same timer used by vrs_cmp_wdt_thr, which is
started on the rising edge of the PWMs indicated in
ceX_on_mask0 and ceX_on_maskl. When the timer exceeds
this threshold the Vrecr sense moves from its hold phase to its
tracking phase. This threshold should be set approximately
250 ns above the expected time of arrival of the Vgecr rising
edge to insure adequate settling of the analog front end. This
threshold is shared by VRS1 and VRS2.

LSB =10 ns, range =0 to 10230 ns

vrect_div_2_sel 7000_3018,, |[20] Defines equation used for rectification voltage (Vgecr)
measurement.
0 =vrect_even + vrect_odd, for non-bridge topologies

1=(vrect_even + vrect_odd)/2, for bridge topologies

vspl_vrs_sel 7000_3018,, |[21] VS1 (VRSEN) ADC VRS mode select.
0 = general-purpose ADC mode
1=VRS mode

Vsp2_vrs_sel 7000_3018,, |[22] VS2 (BVSEN_BVRSEN) ADC VRS mode select.

0 =Vour sense (VS) mode

1=VRS mode

vrs_cmp_ref_sel 7000_3018,, |[27] VRS comparator threshold select. This threshold is shared by
VRS1 and VRS2.

0=500 mV

1=300 mV

vrs_voltage_init 7000_301C,, |[7:0] Initial voltage for VS1 (VRSEN) and VS2 (BVSEN_BVRSEN)
tracking integrators when operating in VRS mode. This
setting must be greater than the rectification voltage
corresponding to VIN_ON for controller start-up when a
rectification voltage is selected for the input voltage
telemetry input.

LSB=20mV,range=0to 5.1V
Compute from initial target V;, ;..
e vrs_voltage_init(U12.-4) = (V,, ini(V)/20 mV) *
MFR_TRANSFORMER_SCALE*MFR_VRECT_SCALE
e Example:
- Vi =48V
- MFR_TRANSFORMER_SCALE =0.333469
- MFR_VRECT_SCALE =B050,=0.078125
- vrs_voltage_init=63

vrs_same_cycle_en 7000_301C,, |[8] VRS same-cycle mode enable. When enabled, live Vrecr
updates will begin vrs_meas_start_thr samples after
entering tracking mode for faster feed-forward response.
Otherwise Vrecr will only be updated on the falling PWM edge.
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Name Address Bits Description
(loop 0/1)

0 =same-cycle mode disabled

1 =same-cycle mode enabled

vrs_meas_start_thr 7000_301C,, |[16:12] | VRS same-cycle sample counts before going to live updates
LSB =4 samples, range = 0 to 124 samples

vrs_min_pw 7000_301C,, |[11:9] VRS de-glitch pulse width.

LSB =20 ns, range =0 to 140 ns

2.6 PMBus command descriptions

Table 8 describes the PMBus™ commands relevant to the feed-forward function.

Table 8 Feed-forward relevant PMBus command descriptions
Command name Command | Format Description
code
VOUT_SCALE_LOOP 29, LINEAR11 | Scales VOUT_COMMAND and other Vour related

commands for the external resistor divider at the
voltage sense device input.

MFR_VRECT_SCALE CD, LINEAR11 | Defines the resistor divider scaling at the rectification
voltage sense input. Should be set equal to
(Vrect_sense/VRECT) .

MFR_TRANSFORMER_SCALE | CE, LINEAR11 | Defines the transformer scaling ratio. Should be set

equal to (Nturn_secondary/Nturn_primary)'

2.7 XDPP1100 GUI design tool for Vy sense and feed-forward

2,7.1 Input voltage sense and configuration

Figure 28 shows the XDPP1100 design tool for input voltage telemetry.
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g Basic Configuration — O x

Output cument sense  Input curent sense  Vin Telemetry  PWM/ramp ~ Telemetry

Vrs_bypass_slow_|pf |ﬁ|ter not bypassed v
vrs_bypass_fast_|pf lﬁltef not bypassed v
vrs_cmp_wdt_thr |25 1| 250ns
Vrs_track_start_thr |50 ¥/ 500ns

vsp1_vrs_sel [Vout sense ]
LR IESF IR S 1 (VRSEN. vrs_ini prior to startup) v|
vsp1_vrs_cnt_num_avg ld V‘
vrs_cmp_ref_sel |500mV v|
vrs_delta_vsum_sel |EADC codes v|
|
|

vrect_div_2_sel |Bidge topologies v
wm [ ] MFR_VRECT_SCALE 0.07200
e - MFR. TRANSFORMER SCALE 0.33301 -
— | Initial input voltage |47 7191 H v

vrs_voltage_int 58

LiLd

tim0_vrect_rcom 8

VS
COMPARATOR

4»

tim0_vrect _offset 0

- tim0_vrect_sr_diode 480 mV v

ack_start_the Read Al

Input voltage telemetry source select. <start table_with_header>{}H[2:0] Source Description {0 "VRSEN" "Secondary Vrect sense, <b>vrs_init</b>
prior to startup_"}{1 "BVSEN_BVRSEN" "Secondary Vrect sense, <b>vrs_init</b> prior to startup.”}{2 "Loop 0 Vout” "Select on Loop 1 when Loop
1 Vin provided by Loop 0 Vout (e.g.. post-Buck)."H3 "TS ADC Vin" "Non-pulsed/primary Vin sense via telemetry ADC."H4 "im0_vin_force" "Forced
Vin via FW (e.g.. FW ovemide of HW computation)."H{5 "VRSEN" "Secondary Vrect sense, <b>0V</b> priorto startup. Select on Loop 1 when
sharing Loop 0 Vrect sense."HE "VRSEN" "Non-pulsed/primary Vin sense"H7 "BVSEN_BVRSEN" "Non-pulsed/primary Vin sense"}{}<end table>

Select Loop |Loop 0 v oK Cancel Apply Help
Ready

Figure 28 GUI design tools - input voltage sensing

Use register timX_vin_src_sel to select the input voltage source. Here “X” is the loop number. X =0 for loop 0,
X=1for loop 1. Loop selection is located at the bottom of the design tool (Figure 28). Table 3 lists the options
for input voltage source. The tool has a drop-down list for the user to select from.

2,7.1.1 VRS configuration

When the tlm_vin_src_sel register selects VRS1 or VRS2, the GUI enables the VRS configuration window to
configure the following registers. The register name that starts with vsp1 is for VRS1 (VRSEN) and the register
name that starts with vsp2 is for VRS2 (BVSEN_BVRSEN) configuration.

Table9 VRS register configuration
Register name Description
vspX_vrs_sel VS(1 or 2), (VRSEN or BVRSEN) ADC VRS mode select. Configure the ADC to DC mode

or VRS mode. For vspl_vrs_sel, the non-pulsed DC mode is named as “general
purpose ADC”. For vsp2_vrs_sel, the DC mode is named as “vout sense”. The VRS
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Register name Description
mode is called “Vrect sense”.

vspX_vrs_cnt_num_avg | Defines the number of samples in the VRSEN dead-time measurement block
averagers.

vrs_cmp_ref_sel VRS comparator threshold select. It is not required for non-pulsed DC mode and the
value will stay default for DC mode.

vrs_delta_vsum_sel In the VRS tracking phase, the ADC output is filtered by both a fast (higher BW) LPF
and a slow (lower BW) LPF. When the difference between the two LPF outputs is
greater than the threshold selected by vrs_delta_vsum_sel, the fast filter output is
selected, otherwise the slow filter output is selected.

vrs_bypass_slow_lpf VRS slow filter bypass control.

vrs_bypass_fast_|pf VRS fast filter bypass control.

vrs_cmp_wdt_thr Vrecr comparator watchdog time-out threshold.

vrs_track_start_thr Vreer tracking start time threshold.

vrect_div_2_sel Defines the equation used for rectification voltage (Vrecr) measurement.
vrs_voltage_init Initial voltage for VS1 (VRSEN) and VS2 (BVSEN_BVRSEN) tracking integrators when

operating in VRS mode.

vrs_min_pw VRS de-glitch pulse width.

The vrs_voltage_init is calculated based on the transformer scale (MFR_TRANSFORMER_SCALE) and Vgec;
resistor divider scale (MFR_VRECT_SCALE), so these two PMBus commands are also listed in the configuration
tool (Figure 28).

When VRSEN or BVRSEN is used for Vi\ telemetry, XDPP1100 offers additional configuration to compensate for
the voltage drop introduced by parasitic resistance on the Vrecr sensing loop, and the voltage drop on the SR
body diode when SR is in off mode. These registers are listed in Table 10.

Table 10 VRS telemetry configuration
Register name Description
tlmX_vrect_rcorr Resistive correction term applied to rectification voltage (Vrecr) computation. This

term is multiplied by the output current and added to the Vgecr value from the ADC.
The user should enter the effective resistance as seen at the VRSEN input after the
Vrecr sense resistor divider.

LSB=3.9 mQ, range =0 to 246 mQ

e Example:
- At48Vinput, 40V load, Viy telemetry reads 47.5 V without compensation
- The parasitic resistance is calculated by (48 Vto 47.5V)/40V=12.5mQ
- tlmO_vrect_rcorr=12.5/3.9=3

tiImX_vrect_offset Voltage offset correction term applied to the rectification voltage (Vrecr)
computation.

LSB=1.25mV, range =-80to 78.75 mV

tlmX_vrect_sr_diode Voltage correction term on Vrecr computation when SR FETs are off. Intended to
compensate for one or two series body diodes.
0=480mV
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Register name Description
1=640 mV
2=800 mV
3=960 mV
4=0mV
5=1280 mV
6=1600 mV
7=1920 mV

2.7.1.2 TS ADC PRISEN configuration

When tlm_vin_src_sel register is set to “TS ADC”, the GUI enables the PRISEN configuration window to
configure the registers in Table 11.

o Basic Configuration

Output cument sense  Input cumrent sense  Vin Telemetry  PWM/ramp  Telemetry

Vin telemetry

tm0_vin_src_sel | IEHETSISRY v

PRISEN

prisen_meas_en | Enabled v
ts_muxctd2 0.6V Reference “
ts_muxmode Auto Sequence: 1,52, 3.1.7, ~
vin_pwl_slope 3144 =
wvin_trim 0 a

Figure 29 GUI design tool - V,, source is TS ADC

Table 11 PRISEN register configuration
Register name Description
prisen_meas_en TS ADC PRISEN measurement enable. It should be set to 1 to enable PRISEN. When

enabled, the TS ADC will measure the PRISEN input when selected by ts_muxmode
and tx_muxctrl2.

ts_muxctrll TS ADC MUX1 input source select. The output of MUX1 is connected to MUX2 input 7.
The most common setting of this register is 0 to measure the internal temperature
of the controller.

ts_muxctrl2 TS ADC MUX2 input source select. The output of MUX2 is connected to the TS ADC
input.
0=0.6Vreference (test only)
1=PRISEN
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Register name Description

2=IMON

3=ATSEN

4 =BTSEN

5=XADDR1 unfiltered

6 = XADDR2 unfiltered

7=MUX1 output

ts_muxmode TS ADC input sequence control. When bit [2] is 0, the TS ADC input is entirely
determined by the settings of ts_muxctrll and ts_muxctrl2. When bit [2] is 1, MUX2
auto-sequences its input using the pattern in the table below. If the sequence

includes MUX2 input 7 (MUX1), the source in this time slot is determined by the
setting of ts_muxctrl1.

0 to 3 = defined by ts_muxctrll, 2

4 =autosequence:1,2,1,3,1,2,1,4
5=autosequence:1,5,1,3,1,7,1,4
6 =auto sequence:1,5,2,3,1,7,2,4
7=autosequence:1,5,2,3,1,7,6,4

vin_pwl_slope TS ADC PRISEN input voltage (Vi) piecewise linear slope term. LSB =2/-14 V)V,
range =0 to 0.24994 V/V
vin_trim TS ADC PRISEN input voltage (Vi) offset term

The vin_pwl_slope assumes a linear slope of the PRISEN signal, which is proportional to input voltage Vin. TS
ADC resolution is 2.344 mV (1.2 V/279). The vin_pwl_slope can be calculated by the following equation:

AVinx1.2x25

AVPRISEN (2.8)

vin_pwl_slope =

To utilize the full input voltage range of TS ADC, it is recommended to set the scale of Viy resistor divider per:
1.2V
Vin_max

For example, a 48 V DC-DC brick with maximum 96 V input voltage. The Viy resistor divider ratio is set to 1.2 V/96
V=0.0125V/V. There is no offset added to the resistor divider (vin_trim = 0).

96V><1.2><25_ 1x1.2x2°
1.2V ~0.0125

vin_pwl_slope = = 3072

2.7.1.3 FW forced input voltage

When the tlm_vin_src_selregister is set to 4, the GUI enables tlm_vin_force configuration. The vin_force is
typically used during debugging to emulate input voltage to prevent power supply shutdown due to VIN_UV or
VIN_OFF. Or it is used by the FW to override the measured input voltage. For this reason, this register will not be
stored in OTP memory when the user stores the configuration. This information can be found in the register
map document. If the column OTP value is “false”, it means the register will not be stored in OTP memory. The
OTP “false” register will also not be stored in RAM by the “write all” shortcut button when loading a design file
through the GUI. Please go to the register map and manually write the register to make the value copy to RAM.
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Table 12 V\x force register
Register name Description
tlmX_vin_force Forced Vi input value.
LSB=62.5mV,range=0.0to0 127.9375V
e Example:
- Force loop O input voltage to 48 V
- tlmO_vin_force =48 V/62.5 mV =768

2.7.1.4 Vin telemetry filter

The input voltage telemetry LPF is defined by timX_kfp_vin.

Table 13 Viy telemetry LPF
Register name Description
tlmX_kfp_vin [5:0] Input voltage telemetry LPF coefficient index. Clamped to 39,

o kfp_exp =tlm_kfp_vin [5:2]
o kfp_man =4+ tlm_kfp_vin [1:0]
o kfp=kfp_man * 27 kfp_exp * 21-13
e F3db (kHz) = [kfp/(1 - kfp)] * Fyyieen (kHZ)/2TT
Range from 0.019 kHz to 30.947 kHz.
e Example:
- tImX_kfp_vin=24,=0110004
- kfp_exp=6,kfp_man=4+0=4
- kfp=47*276*2"-13=0.03125
~ Foyiten = 250 kHz
- F3db=1(0.03125/(1-0.03125))*250 kHz/2m = 1.2835 kHz

All the telemetry LPFs can be configured in the design tool “Basic Configuration” and “Telemetry” tab. In Figure
30, the loop 0 “I/p voltage LPF coefficient” defines the tlm0_kfp_vin register.

o' Basic Configuration — O e

Output curent sense  Input cument sense  Vin Telemetry PWM/amp Telemetry

Telemetry

Loop 0 LPF Coefficient Common LPF coefficient

Olp current LPF coefficient 32 = Cut off :6.821KHd_] Bypass tsen LPF coefficient 24 % Cut off :0.642KHz[] Bypass
I'p current LPF coefficient 32 : Cut off 6.821KHZ_] Bypass prisen LPF coefficient 63 : Bypassed Bypass

Cut off -1 54KHz (] BYPass  imon LPF coefficient 24 = Cut off :0.642KHzL_] Bypass

L

I/p vokage LPF coefficient 2

ah

Duty cycle LPF coefficient 24 Cut off 154kHz (] Bypass  xaddr LPF coefficient 24 =1 Cut off :0.642KHz[] Bypass

»

Olp voltage LPF coefficient 63 = Bypassed Bypass

Figure 30 GUI design tool - telemetry LPF
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2.7.2 Feed-forward configuration

A feed-forward configuration tool is included in the Advanced Configuration tool in the GUI. The tool guides the
user to configure the registers shown in Figure 31. Detailed descriptions of each register and examples can be
found in chapter 2.4 and chapter 2.5.

a5 Advanced Configuration - O X

Feedforward Curent balancing Fluxbalancing Cument sharing  Sync In/Out Droop  FastTransient Burst

Feed-forward Config

pid0_ff_ct_adj |22

pid0_kp_ff_pf |12 Cut off 0.531MHz

AF 4y A

pid0_ff_gain_scale |16
pid0_ff_vrect_sel  [VS1 (VRSEN) Vrect v|

pid0_ff_vrect_ovemide 639

Ar A

pid0_ff_ovemide |0

pid0_ff_ovemide_sel |use vrect selected by pid0_ff_vrect_sel

vrs_same_cycle_en |Same cycle mode enabled v |

vrs_meas_start_th 0 -

Read All

PID feed forward (FF) adjustment for dead time. Note adjustment always positive because dead time always reduces duty cycle. Computed as,
Bridge topology: pid0_ff_dt_adj = Tdead / (Tswitch/2) Non-bridge topology: pid0_ff_dt_adj = Tdead / Tswitch Example: Bridge topology,
Tdead=100ns, Tswitch=4us pid0_ff_dt_adj = 100ns/2000ns = 0.05 LSB = 2-10, Range = 0to 0.2490

Loop Selection |LoopD v Apply Help

Ready

Figure31 GUI design tools - input voltage feed-forward

2.8 Test result of Vrecr sensing-based feed-forward

The start-up and line transient performance are tested with the REF_600W_FBFB_XDPP1100 reference design,
which is an isolated quarter-brick converter that converts 48 V to 12 V with FB-FB topology. It is configured to
operate in VMC. The document of the reference design is available online at REF_600W_FBFB_XDPP1100.

Figure 32 is the schematic of the power stage of the 12 V/50 A FB-FB converter. Primary MOSFETSs are
OptiMOS™ 100 V/5 mQ BSCO50N10NS5s. Infineon isolated gate driver 2EDF7275K is used to drive the primary
MOSFETs. The 2EDF7275K provides 1.5 kV functional isolation and 4 A/8 A gate driver capability. The secondary
synchronous rectifier (SR) uses two 40 V/1 mQ BSCO10N04LS6s in parallel at each location. The SR MOSFETSs are
also driven by 2EDF7275Ks to simplify the BOM.

A planar transformer is used for the lowest board profile. The transformer turns ratio is 3:1.
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The schematic of the control circuit and auxiliary power supply is shown in Figure 33. The VRSEN/VRREF is
connected to sense the input voltage through transformer secondary winding. The Vrecr sensing enables fast
feed-forward response and flux balancing. There is another input voltage sensing circuit at the auxiliary
transformer T3. It is connected to the PRISEN pin and provides input voltage telemetry while the main
converter is not in operation.

2.8.1 FB-FB feed-forward configuration

Table 14 FB-FB VMC feed-forward register configuration

Register name Register value | Meaning

pid_ff_dt_adj 22 Feed-forward offset adjustment for dead-time.
22*27-10=2.15 percent

pid_kp_ff_lpf 12 Feed-forward LPF = 0.53 MHz

pid_ff_gain_scale 16 Feed-forward gain=1

pid_ff_vrect_sel 0 Feed-forward Vrecr source select = VS1 ADC (VRSEN input)

pid_vrect_ref 50 Nominal input is 48 V, transformer turns ratio is 3:1.
48/3/0.32=50

pid_ff_override_sel 0 Feed-forward source select.

0 = use computed feed-forward

tlm_vin_src_sel Oand3 Input voltage telemetry source select.

0 =VRSEN. Secondary Vgecr sense, vrs_init prior to start-up
3 =PRISEN. Non-pulsed V\y sense via telemetry ADC

FW patch determines the tlm_vin_src based on the on-/off-

state
vspl_vrs_sel 1 VS1 (VRSEN) ADC VRS mode.
1=VRS mode
vrs_cmp_ref_sel 0 VRS edge comparator threshold is 500 mV
vrs_cmp_wdt_thr 25 VRS comparator watchdog timer set to 250 ns
vrs_track_start_thr 50 VRS tracking start time set to 500 ns
vrect_div_2_sel 1 Bridge topology
vrs_voltage_init 58 Initial voltage for VS1 (VRSEN input) tracking =48V
vrs_same_cycle_en 1 Same-cycle mode enabled
vrs_min_pw 0 VRS edge de-glitch PWis 0 ns
vrs_meas_start_thr 0 The number of samples after vrs_track_start_thris setto 0 ns
Table 15 FB-FB VMC feed-forward PMBus command value
PMBus name PMBus value Description
VOUT_SCALE_LOOP 0.0992126465 | Calculated by R10/(R9+R10)
MFR_VRECT_SCALE 0.072754 Calculated by R71/(R71+R72)
MFR_TRANSFORMER_SCALE | 0.333008 Calculated by N¢/N,
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2.8.2 Start-up behavior

Start-ups are tested at no load and full load over input voltage range. Figure 34 shows waveforms at 50 A full
load at the minimum and the maximum input voltage. The output voltage is set to 10 V at 36 Vinput for close
loop regulation. The Vour ramp is clean, without glitches.

vout

A 3
Measure P1ifreq(C1) P2:duty(C1) P3pkpk(C2) Pdmean(C4) P&imean(C3) PE:mean(C4) | Measure P1freq(C1) P2:duty(C1) P3pkpk(C2) P4:mean(C4) P5mean(C3y) PBimean(C4)

value 10.50v value 1248V
rigger )C
5.00 ms/divfNormal  5.96 V|
100kS  20MSis]Edge  Positive]

36 Vinput, 50 A load 72 Vinput, 50 A load
At 36 Vinput, output voltage is setto 10V Output voltageis 12V

Figure 34 Monotonic start-up (2 V/div)

2.8.3 Pre-bias start-up

90 percent (10.8 V) pre-bias start-up is tested with SR mode and DE mode. The input voltage is measured by the
TS ADC through PRISEN when the FB converter is not in regulation. The pre-bias start-up is achieved by
measuring Viv and Vour prior to start-up. The initial duty-cycle is calculated by the feed-forward circuit based on
the Viy and Vour, then the PID control loop takes over for the rest of the start-up ramp.

The start-up ramp retains the same slope as regular start-up from 0 V. The rise time is calculated by FW:
Ramp_time = TON_RISE * abs(VOUT_COMMAND - Prebias_voltage)/VOUT_COMMAND
For example, TON_RISE =20 ms, pre-bias is set to 90 percent of VOUT_COMMAND, the rise time is 2 ms.

Ch2: Vour (1 V/div, offset =-10 V), Ch4: SR gate drive (5 V/div)

Yout
vour e I ]

SR GATE SR GATE

o
mebase 1609 (Trigger  GAGED) mel Tigoer  GAGH)

5.00 Vidiv| 2.00 ms/divfNormal 11.56 5.00 Vidiv| 2.00 ms/divfNormal 11.56

-15.05 V ofst] 2.00MS 100 MSis|Edge  Positive) -15.05 V ofst] 2.00MS 100 MS/s|Edge  Positive

42 Vinput, 90 percent Vour pre-bias, SR mode 42 Vinput, 90 percent Vour pre-bias, DE mode
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vour
vour L ” j

SR GATE SR GATE

@ c2
imebase 160 pd (Trigger  CHED)

5.00 Vidiv 2.00ms/div|Normal 11.56 5.00 Vidiv

-15.05 V ofst) 2.00MS 100MSisjEdoe  Positive -15.05 V ofst

48 Vinput, 90 percent Vour pre-bias, SR mode 48 Vinput, 90 percent Vour pre-bias, DE mode

vout b vour b

SR GATE SR GATE

2.00 ms/divfNormal 11.56
2.00MS 100 MS/sjEdge  Positive]

2 2
; imel rigger  (AGH)

5.00 Vidiv| 5.00 Vidiv| 2.00ms/diviNormal 11.56

-15.05 V ofst] -15.05 V ofst] 2.00MS 100 MS/sjEdge  Positive

72 Vinput, 90 percent Vour pre-bias, SR mode 72 Vinput, 90 percent Vour pre-bias, DE mode

Figure 35 Pre-bias start-up waveforms with pre-bias voltage 10.8 V and no load

Figure 35 shows 10.8 V pre-bias start-up at 42 V, 48 V and 72 V input voltage. In SR mode, the Vo ; ramp is
smooth (without glitches) over the input voltage range, indicating the feed-forward duty-cycle is accurate and
meets system conditions.

The DE mode start-up shows a voltage step at the beginning. This happens in DE mode at no load, where the
desired duty-cycle is less than feed-forward duty-cycle due to no negative current circulating in the SR MOSFET.
The PID compensator would reduce duty-cycle until the voltage error approaches zero and resumes normal
start-up. In DE mode start-up, the SR gate drive (blue trace in Figure 35) is enabled when Vour reaches the
target window, which is defined by VOUT_COMMAND - Vout_target_window. The Vout_target_window is
configured by PMBus command MFR_CONFIG_REGULATION bit [31:24]. The Vour waveform does not show
obvious glitches when the SR is enabled.

The 110 percent (13.2 V) pre-bias start-up is tested at 42V and 72 Vinput. When the pre-bias voltage is higher
than target Vo, the SR is always enabled to discharge the pre-bias voltage, ignoring the DE start-up
configuration. The PRISEN V,, measurement will be slightly affected by the 13.2 V pre-bias voltage due to D4.
This doesn’t affect the performance of the pre-bias start-up.
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Ch2: Vour (1 V/div)

SR GATE

imebase  -60 pg (Trigger  (HEH)
1.00 ms/divfNormal 12.37 V
250 MS 250 MSJs,

42 Vinput, 110 percent Vour pre-bias

) . 70 P e oy

Ch3: SR gate drive (5 V/div)

SR GATE

(Timebase 60 i (Trigger  GAGH)
5.00 Vidiv|
-15.05 V ofst]

72 Vinput, 110 percent Vour pre-bias

250MS 250 MSis, Edge  Negative

Figure 36

2.8.4

Vin transient and feed-forward

Pre-bias start-up waveforms with pre-bias voltage 13.2V

Line transient is tested at no load and full load. Set pid0_ff_vrect_sel = 0 to select Vgecr as the source of input
feed-forward sensing. The same-cycle response is enabled. Overshoot and undershoot are less than 100 mVin
the line transient test. A Kikusui PCR4000LE power source is used for fast dv/dt slew rate. The input LC filter
(100 pF + 1 uH + 100 pF) on the test fixture was removed to allow fast dv/dt. There is some ringing during Viy
transient due to the resonance between cable inductance and power supply input capacitor.

Ch1=Vour AC cou pled (200 mV/dIV), Ch2 =lour (50 A/dIV), Ch3=Vy (20 V/dIV)

w 60 V

50.0 Aldiv| 20.0 Vidlv,
0.0 A offset] ~100.00 V|

HDV

Vin=40V DCto 72V DCinput line transient 2 V/us
atOA

(a)

frighase 1000 (Tj7e1 G|
100 ys/div) Stop 514V
500MS 5008/s]Edge  Positive)

10/9/201910:49.22 AN

60V V(20 V/div)

VN 40 V W

i
50.0 Aldwv | 200 Vrdly
0.0 Aoffset] ~100.00 V|

TELEDYNE LECROY

Vin=60V DC to 40 V DC input line transient 2 V/us
atO0A

(b)

(Timebase 1009 (Tigger  GOGM)
100 usidvStop  51.4V|
5.00MS 50 08/s]Edge  Negative)

10/9/201910:50:30 AN
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vV, (20V/div)  T2M

60V
40V

]
3

i
50.0 A/dlv| 20.0 Vidiv|
0.0 A offset] -100.00 ¥/}

TELEDYNE LECROY

(Trigger _ GEMD
100 psidiv] Stop 514V
500M8  500Sis|Edge  Positive)

10/2201910:42:38 AM

Vin=40V DCto 72V DCinput line transient 2 V/us

50.0 A/diy 20,0 Vidiv
0.0Aoffset] -100.00 v/}

60 V

i

TELEDYNE LECROY
Vin=60V DC to 40 V DC input line transient 2 V/us
at50 A
(d)

at50 A
(c)
Figure 37 Line transient waveform (2 V/us)
2.8.5 Same-cycle feed-forward

Comparison of the same-cycle feed-forward and standard feed-forward is tested with an ACF power supply
with 3.3 V/30 A output. The results are shown in Figure 38. Enabling the same-cycle response reduces
overshoot and undershoot by more than half during fast line transient. Set the vrs_same_cycle_en register to
1 to enable VRS same-cycle mode. Live Vrecr updates will begin after entering tracking mode and feed-forward

duty-cycle is calculated in real time.

Register settings to enable same-cycle feed-forward: vrs_same_cycle_en = 1, vrs_meas_start_th=0

Register settings to disable same-cycle feed-forward: vrs_same_cycle_en =0, vrs_meas_start_th=0

Ch1: V(10 V/div), Ch3: PWM output for primary gate (2 V/div)

Ch4: Vour (50 mV/div) - the same-cycle feed-forward is enabled.

M4: Vour (50 mV/div) - the same-cycle feed-forward is disabled.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help

Vertical Timebase Trigger Dis ath Analysis Utilities Help

1 Vour, with the same-cycle feed-forward
[

VO_SAMECYC Ol
—

7y
Widiv| 2.00 Vidiv|
0of -6.000 V ofst]

TELEDYNE LECROY

I
Vour, without the same-cycle feed-forward 1‘

imebase -20.0 pg (Trigger
20.0 psidiv] Sto 50.0v|

Figure 38
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40 Vto 60V line transient under no-load condition
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2.8.6 VRS sense DC mode

To verify the capability of VRS DC mode, a resistor divider is added to the input voltage and connected to the
VRSEN pin of the FB-FB demo board. The original VRSEN resistors are disconnected. Isolation is ignored in this
test and the primary ground and secondary ground are shorted together. Set the vsp1_vrs_sel =0 to configure
VRSEN ADC to the general ADC mode. Set tlm0_vin_src_sel =6 for non-pulsed primary Viy sense.

When VRSEN is connected to the primary resistor divider (Figure 27), MFR_VRECT_SCALE should be calculated
by:

Rb k

MFR_VRECT_SCALE = :
(Ra+Rb) MFR_TRANSFORMER_SCALE

(2.8)

MFR_TRANSFORMER_SCALE is transformer turns ratio, equals to N¢/N5.

k=2 for HB topology, otherwise k = 1.

The comparison of the system response is shown in Figure 39.

Ch1: Vi (10 V/div), M1: Vi (10 V/div), Ch2: V\y sense after the resistor divider (500 mV/div).

Ch3: PWM output for primary gate (5 V/div).

Ch4: Vour AC coupled (100 mV/div), VRS DC mode.

M4: Vour AC coupled (100 mV/div), VRS standard mode (none DC mode, not same-cycle response).
Register settings to enable VRS DC mode: vsp1_vrs_sel =0, tlm0_vin_src_sel =6 (loop 0)
Register settings to disable VRS DC mode: vsp1_vrs_sel =1, tlm0_vin_src_sel =0 (loop 0)

The Vour overshoot in VRS DC mode is reduced to 100 mV and it is similar to the same-cycle feed-forward result
shown in chapter 2.8.4. It is about half of the overshoot of standard feed-forward.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

At hnd A dobihas e A d oid A ina Anlad Aty il dlilain

b

3 I

VIN_S bt

imebase -10.0 pg (Trigger  CEIED)

20.0 psidiv] Stop 46.4 V|

1.00MS 5.0GSis]Edge  Positive]
12i712018 2:22:37 PM

Figure 39 FB-FB, 40 V to 70 V line transient (overshoot reduced from 180 mV to 100 mV)

The test results of chapter 2.8.5 and chapter 2.8.6 tell us the feed-forward performance can be improved by
enabling the same-cycle response. Within a certain input dv/dt range, the same-cycle feed-forward behaviors
are as good as the VRS DC mode feed-forward. The VRS DC mode might show better response when the V,,
dv/dtis higher than 2 V/ps.
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3 Current sense

In power supply design, curent sense (CS) plays an important role for control and protections. It is used for
current telemetry, protection and current mode control. On top of that, the output current is often used for
many other features such as current sharing, current balancing, burst mode control in light load condition, fan
speed control, and DE control. CS accuracy is required to achieve the best performance of these features. Low
latency is required for the current protection for system robustness. This chapter describes the XDPP1100 CS
method and the advantages of the method.

3.1 CS requirements

Measuring current through a shunt resistor is the most common solution. For low-current applications, a fixed-
resistance high-precision resistor can be used for CS. In high-current applications, a low-ohmic sense resistor
should be used to limit the power loss on the shunt. This results in a smaller voltage signal on the sense resistor
and could affect the accuracy of CS. Instead of increasing the value of the shunt resistor, amplifying the sense
signal is a better solution.

PCB trace current sensing or DCR current sensing is another option besides the precision shunt resistor. DCR is
the DC resistance of an inductor. There are several advantages of using PCB trace or DCR for current sensing,
including no external components being required, there being no additional voltage drop and power loss on
the shunt resistor, reduced layout footprint, and reduced system BOM cost. The disadvantage of the PCB
copper and DCR current sensing is that the resistance has much larger variation than the precision shunt
resistor, and the resistance varies with temperature. To use the PCB copper and DCR current sensing, the
controller must able to trim the gain of the CS from board to board, and must have the capability for
temperature compensation.

In an isolated power supply using a digital controller at the secondary side, the primary current is usually
sensed via a current transformer. The current transformer typically reduces the current level by a 50:1 or 100:1
ratio, thus allowing the use of a low-power rated resistor at the secondary side of the transformer.

Table 16 lists the main methods of current sensing and their features.

Table 16 Current sensing methods
Sensing method Advantages Disadvantages Applications
Shunt resistor e Most common e BOM cost e Allapplications
solution o Additional power dissipation
e Simple
PCB trace e Noadditional BOM | e Highertemperature variation |e High current
cost must be compensated applications
e No extra power e Need onboard trimming for
dissipation accuracy
o Potential for higher noise-to-
signal ratio, layout is critical
PCB trace with amplifier e No extra power e Highertemperature variation |e High current
dissipation must be compensated applications
¢ Need onboard trimming for
accuracy
e External amplifier is required
Application Note 49 of 253 V12

2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

Current sense
Sensing method Advantages Disadvantages Applications
Current transformer e Simple method ¢ Additional BOM cost e Primary current
sensing in isolated
converters
Integrated CS of IPS e Boardspacesaving |e Integrated powerstageonly |e Non-isolated buck
e Improved current supports non-isolated buck converters
sensing accuracy topology

Shunt resistors are suitable for all applications, whereas PCB trace sensing is recommended only for high-
current applications.

The XDPP1100 supports all the current sense methods listed in Table 16. The resolution of the CS ADC can be
configured to be 100 pV or 1.45 mV depending on the application. When 100 pV is selected, the CS is set to high-
gain mode and an internal amplifier is used. When the 1.45 mV LSB is selected, the CS is set to low-gain mode.
The low-gain mode supports a reference level of either GND or 1.2 V. Typical CS should have the reference set to
GND. Use the 1.2 V reference level when working with an Integrated power stage (IPS) that has integrated CS.

The multiple gain modes of XDPP1100 offer flexibility when sensing current. It could directly sense the voltage
drop on a shunt resistor or sense the signal through an external amplifier. The external amplifier is
recommended when the PCB layout does not allow placement of the XDPP1100 next to the CS resistor.

The XDPP1100 offers board-level trimming, which allows the user to adjust the CS gain and offset on the fly.
Once the parameters are fine-tuned to achieve the desired accuracy, the configuration can be stored in the
non-volatile memory in the final product. The temperature compensation is implemented in the XDPP1100 FW
patch with the temperature coefficient set to 0.0039. If a different temperature coefficient applies, the user
could use a FW patch and have a user-defined temperature coefficient.

DCR current sensing is usually used in low-voltage applications where the output voltage is lower than 1.5 V.
This is not common in isolated power supplies, so the XDPP1100 doesn’t support DCR current sensing in
isolated topologies. One exception to DCR current sensing is the inverted buck-boost topology, where the
inductor can be connected to IC reference GND. In this case DCR current sensing is supported.

For the XDPP1100, the reference of the CS should at around the ground level except for the IPS mode. The IC
could take common mode input voltage, a negative voltage no more than -280 mV to IC ground. This typically is
more than sufficient for PCB copper current sensing.

3.2 Understanding XDPP1100 current sense

3.2.1 CSADC

The XDPP1100 implements dedicated current ADC (IADC) to sense the input or output current. Please see
chapter 1.4 for an introduction to IADC. The resolution of the current ADC is configurable by register
isenX_gain_mode. It allows the user to configure the resolution based on application requirements. It offers
two levels of resolution: a high-gain mode with 100 pV/LSB, and a low-gain mode with 1.45 mV/LSB. The input
voltage range of both gain modes is listed in Table 17.

Table17 Current ADC input voltage range

Parameters Gain Mode [Min. Typ. Max. Units Remarks

Input differential voltage range | High gain -22 22 mV 100 pV/LSB

Input differential voltage range | Low gain -280 395 mV 1.45 mV/LSB
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The XDPP1100 current ADC is a 9.25-bit tracking ADC. The input voltage range can be calculated by 2%25 x LSB.
The actual input voltage range is smaller than the calculated value. For exmale, the 100 uV/LSB has a -22 mV to
+22 mV input voltage range, not -30.5 mV to +30.5 mV. This is because some ADC codes are allocated to do
offset correction, so the valid range is less than the ideal range. The tracking ADC has dynamic step size, which
automatically adjusts based on the difference between input and output. The maximum step size is 5 LSB.

The negative input indicates negative current flows through the sense resistor. The negative current sense
capability is important for output current. It can be used for under-current protection, negative droop function
and active current sharing.

The XDPP1100 has two input pin pairs for current sensing:

e ISEN/IREF
o BISEN/BIREF

Generally, either input pin pair can be used for both input and output current sensing. However, there are a few
application-related limitations. Here are some rules for current sensing:

e Inasingle-loop system using VMC, either input pin pair can be used for secondary- or primary-side current
sense

e Inasingle-loop system using PCMC, an ISEN/IREF pin pair must be connected to the current being
controlled, i.e. connecting to lour for secondary-side PCMC or connecting to I\ for primary-side PCMC

e Inasingle-loop dual-phase system using VMC, an ISEN/IREF pin pair must be used for phase 1 secondary CS
and a BISEN/BIREF pin pair must be employed for phase 2 secondary CS

e Inadual-loop system using either VMC or PCMC, an ISEN/IREF pin pair must be used for the first loop (loop
0) and a BISEN/BIREF pin pair must be employed for the second loop (loop 1)

A FB-FB converter utilizing primary-side PCMC is an example of an application where both currents Iy and lour
are sensed. Typical connection of this converter is shown in Figure 40. The primary-side current is sensed
through a current transformer and fed to the ISEN/IREF pin pair. The lour is sensed through a shunt and fed to
the BISEN/BIREF pin pair. In addition to the PCMC, the primary-side current information is used for Iy telemetry
and over-current fault protection. The secondary-side current information is employed for various
functionalities, e.g., lout telemetry and fault protections, droop control and current sharing.

Note: In this chapter, register names begin with ispX or ceX; X = 0 for ISEN/IREF input pins, X = 1 for
BISEN/BIREF input pins.
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Figure 40 FB converter with primary and secondary CS

Figure 41 is an example of interleaved ACF topology. In the interleaved topologies, the secondary current of
two phases makes up the total output current. Current balancing between the two phases is implemented (for

details see chapter 8).
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Figure 41 Interleaved ACF
Application Note 52 of 253 V12

2021-04-23



The XDPP1100 digital power supply controller
XDPP1100 application note
Current sense

infineon

3.2.2 Current estimator

The XDPP1100 current ADC operates at 25 MHz frequency. Exceptional noise immunity is achieved by the use of
the internal phase current estimator. Based on the state of the PWM pulse, the controller continuously predicts
each individual phase DC and ripple current. The result of the prediction is combined with the actual measured
phase current to be processed by the controller. Hence, the instantaneous noise in the measurement can be
filtered out without losing the valuable ripple current information. In addition, the XDPP1100 makes multiple
current measurements and the readings are averaged over every switching cycle.

Figure 42 is an example of HBCT topology. Q1 and Q2 are primary switches, SR1 and SR2 are the secondary
SRs. Q1 and Q2 turn-on alternately, making half of the input voltage (V,,/2) apply to the transformer primary
winding. During Q1 or Q2 turn-on time, current in the output inductor L increases. During Q1 and Q2 turn-off
time, current in the output inductor decreases.

During Q1 or Q2 turn-on time, the inductor current rising slope can be calculated by:

V1_
_ G —VYour)

didt,, = - (3.1)

Here, Vi is transformer primary voltage, and n is the transformer turns ratio. In the rest of the document Vi/nis
called Vgecr, which represents the input voltage.

V= V’TN, for HB topology.

V, = Vi, for FB, forward and buck topologies.
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Figure 42
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The inductor current falling slope can be calculated based on two different cases. Case 1 is when the SR is
enabled (dark blue IL trace in Figure 42); case 2 is when the SR is disabled and the secondary current flows
through the body diode of the SR MOSFET (DE mode, light blue IL trace in Figure 42).

(=Vour) (3.2)

didtoff_SR = L

s -V -V
dldtOff_DE = —( Ol;‘T F) (3.3)

V is the body diode voltage drop.

To calculate the current slope, the XDPP1100 needs to know the input voltage, the output voltage, transformer
turns ratio, the output inductance, and the body diode voltage drop. The input and output voltage are
continuously measured through the VADCs. The user has the option to configure which VADC is used for Vi
sense (ceX_vrect_sel) and which ADC is used for Vour sense (ceX_vout_sel). The transformer turns ratio is
configured by PMBus command MFR_TRANSFORMER_SCALE. The output inductance information is configured
by register ceX_kslope_didv. The body diode voltage drop is fixed to 0.5 Vin the chip.

With all the parameters, the XDPP1100 current estimator could predict the output inductor current level and
ripple. To utilize the current estimator, it is recommend to sense output current before the output capacitor to
include ripple current information (on the left side of Cour in Figure 42). This is the inductor current. With the
inductor current sensing, the XDPP1100 can implement secondary PCMC, and cycle-by-cycle PCL.

A similar approach works for primary current sensing. Additional information to that required for primary
current sense is the transformer magnetizing inductance, which is configured by the register ceX_kslope_lm.

Figure 43 is the block diagram of the XDPP1100 CS ADC and current estimator.
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Figure 43 The XDPP1100 current sense
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The current estimator has four main functions:
e PWM state delay function

e Slope estimator

e Errortracking function

e Parasitic inductance L,.,.. compensation

3.2.2.1 PWM state

The PWM has three states with respect to the inductor current cycle for a buck-derived isolated topology, as
illustrated in Figure 44. These states are:

e On-state: inductor current rising slope when the PWM FET is on

o Off-state: inductor current falling slope when the PWM FET is off and the SR FET is on

e HiZ (high impedance) state: inductor current slope when both switches are off; in the case of positive
current, the slope is falling toward zero, and for negative current the slope is increasing toward zero

PWM |
SR

al

Inductor Current

— e—
ON OFF ON HIZ
Figure 44 PWM state definition with respect to the inductor current cycle

In the actual system, there is delay between the internal PWM state and the actual PWM state observed from
the output inductor. In order to better align the internal state to the sensed current waveform, the internal

PWM can be delayed, which is possible via register ceX_pwmwin_dly. While adjusting this parameter, all
possible delay sources (e.g., controller output latency, isolator latency, driver latency) within the system should
be considered. Delay time is defined by (ceX_pwmwin_dly + 1) * 10 ns. It should be noted that an exact unit-by-
unit delay match is not required, as the error tracking corrects minor timing mis-matches at the PWM state
transitions.

Depending on the application, there are a different number of FETs that define the on- and off-times in a certain
topology. Each FET is controlled by PWM signal, and for current reconstruction purposes, the FETs contributing
to the PWM state are relevant for the state programming. The PWM states are programmed for ISEN and BISEN
input pins via the following registers:

e For defining ISEN on-time: ce0_on_mask0[11:0] and ce0_on_mask1[11:0]
e For defining ISEN off-time: ce0_off_mask0[11:0] and ce0_off_mask1[11:0]
e Fordefining BISEN on-time: cel_on_mask0[11:0] and cel_on_mask1[11:0]
e Fordefining BISEN off-time: cel_off mask0[11:0] and cel_off_mask1[11:0]

Each register consists of 12 bits, where each bit field corresponds to a specific PWM output. For instance, in the
above registers, bit [n] corresponds to the pin PWM n+1 so that:

e Bit[0] corresponds to pin PWM1
e Bit[11] corresponds to pin PWM12
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The bit corresponding to the specific PWM output that drives a FET that defines the on- or off-time needs to be
set to 1in the relevant register. In bridge topologies there are two on-/off-states per switching cycle; therefore,
mask0 defines the first on-/off-state and mask1 the second. In non-bridge topologies (e.g., ACF, buck) mask1 is
typically set to the same value as mask0.

Primary Topology | Set ce_on_mask0 bits corresponding to || Primary Topology | Set ce_on_mask1 bits corresponding to
ACF Q1 ACF Q1

HB Q1 HB Q2

FB Q1,03 FB Q2,04

Buck HSFET Buck HSFET

Secondary Topology | Set ce_off_mask0 bits corresponding to | | Secondary Topology | Set ce_off_mask1 bits corresponding to
ACF SR2 ACF SR2

CT SR2 CcT SR1

FwW 5R2,5R4 FwW SR1,5R3

CDR SR1 CDR SR2

Buck LSFET Buck LSFET

Figure 45 ce_on_mask and ce_off_mask definition

The ceX_on_mask and ceX_off_mask registers will be configured by the GUI design tool in the “Device
Topology” section (Figure 46) based on topology selection and PWM mapping. It is not recommended to
change the value manually.
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Figure 46 FBFW PWM mapping

Take the FBFW with secondary current sensed by ISEN as an example (Figure 46). The GUI would assign the
following values to the ceX_on_mask and ceX_off_mask registers.

ce0_on_masko is determined by Q1, Q3. With Q1=PWM1 (bit [0]), Q3=PWM4 (bit [3]), the
ce0_on_mask0=2"+2°=1+8=9

ce0_on_mask1 is determined by Q2, Q4. With Q2=PWM2 (bit [1]), Q4=PWM3 (bit [2]), the
ce0_on_mask1=2"+2°=2+4=6

ce0_off_maskOo is determined by SR2, SR4. With SR2=PWM6 (bit [5]), SR4=PWM8 (bit [7]), the
ce0_off_mask0=2°+2'=32+128=160

ce0_off_mask1 is determined by SR1, SR3. With SR1=PWM5 (bit [4]), SR3=PWMT (bit [6]), the
ce0_off_mask1=2"+2°=16+64=80
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The cel on/off mask of the dual-loop application is also handled by the Device Topology tool by the second
loop.

3.2.2.2 Slope estimator

The normalized current slope is defined by the parameter ceX_kslope_didv. The definition for the current
slope depends on whether the current is sensed on the primary or secondary side, and on the topology.

The primary- and secondary-side current waveforms are different, as illustrated in Figure 47. The continuous
secondary-side current can be sensed during any PWM state. However, the primary-side current can be sensed
only while PWM is in the on-state. This means that in the off- and HiZ states tracking through the ADC is not
possible. Therefore, the tracking should be disabled by setting both register values, ce_ktrack_off and
ce_ktrack_hiz, to zero for primary-side current.

|PRIMARY

Figure 47 Primary-side and secondary-side current waveforms

Taking the FB-FB PCMC control as an example, we have ISEN (ce0) measuring primary current, while BISEN
(cel) measures secondary current.

When the current is sensed on the primary side, the ceX_kslope_didv calculation must take the transformer
turns ratio (Ny/Ng) into consideration:

1V-10ns 13
apcNP
Lout(H)-APC Ns

ce0_kslope_didv = (3.4)
Lout is the output inductance in Henry and APC is the “amps per code” in amps, as defined by PMBus command
MFR_IOUT_APC. The LSB of ce_kslope_didv is 213,

For output current sense, the equation changes to:

1V-10ns 13

Lout(H)-APC (3.5)

cel_kslope_didv =

Please note that for the FB-FB primary PCMC topology, even though it is a single-loop application, it is required
to use the 40-pin version XDPP1100-K040 to enable both primary and secondary CS. The primary-side current

should be sensed by ISEN/IREF input and configured by ce0 and PMBus page 0 MFR_IOUT_APC. The secondary-
side current should be sensed by BISEN/BIREF input and configured by cel and PMBus page 1 MFR_IOUT_APC.

The calculation of MFR_IOUT_APC is given by the equation:

MFR_IOUT_APC = ISEN_LSB/Rsns
The ISEN_LSB is the resolution of CS ADC which is determined by the isenX_gain_mode register. XDPP1100
offers two levels of gain: 100 uV and 1.45 mV, which reference to ground (GND); and one IPS mode, which has a
resolution of 1.45 mV and references to a DC bias range from 1.11Vto 1.6 V. The ISEN_LSB is 1.45 mV when
isenX_gain_mode =2.
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The Rsns is the equivalent current sense resistor value. For example, the secondary current is sensed by PCB
copper trace (0.15 mQ). The signal is amplified by an external op-amp with a gain of 201. The signal is then
divided by resistor divider at the input of XDPP1100 with a ratio of 0.1423. The equivalent secondary sense
resistoris 0.15x 201 x 0.1423 = 4.29 mQ. With isenX_gain_mode =2, the secondary MFR_IOUT_APC =1.45
mV/4.29 mQ =0.338 A.

Here is a design example of a FB-FB primary PCMC converter. With the following system settings, we could
calculate ceX_kslope_didv:

Output inductor Loyr = 0.4 uH; loop 0 MFR_IOUT_APC = 0.0996 A (primary CS gain); loop 1 MFR_IOUT_APC =0.35
A (output CS gain); No/Ng = 3.
1V-10ns

13 —
0-4'10‘6(H)-0.0996-§ X 27" =685 (3.6)

ce0_kslope_didv =

1v-10ns

13 _
0.4-10~6(H)-0.35 X 27 =586 (3.7)

cel_kslope_didv =

In addition to the ceX_kslope_didv, the primary CS also needs to configure the ceX_kslope_lm register.
ceX_kslope_lm defines the primary magnetizing current slope. In this example, primary current is sensed by
ISEN (ce0), and the transformer magnetizing inductance is 25 pH.

P.1v.10
ce0_kslope_lm = ns M 913 (3.8)
Lm(H)-APC
31v10
ce0_kslope_lm = —= 213 =98 (3.9)

25-10~6(H)-0.0996
The secondary CS does not need to configure the ceX_kslope_lm register and should be set to 0.

The register ceX_ps_current_emu needs to be set to 1 for primary-side CS. In this example, ISEN (ce0) is used
for primary CS, thus ce0_ps_current_emu should be set to 1. When a single-loop topology requires the use of
both ISEN and BISEN ADCs, PMBus command FW_CONFIG_REGULATION should set on bit [1] EN_PRIM_ISENSE
to “1” in order to enable both the ISEN and BISEN current sense paths simultaneously. Single-loop dual-phase
or dual-loop topologies don’t require being set to EN_PRIM_ISENSE.

In the real application the output inductance has a certain tolerance, and therefore, its contribution to
ceX_kslope_didv will vary. This tolerance can be corrected by:

o The error tracking part of the current estimator

e Setting parameter ceX_ladj_en to “1”, which enables autocorrect for errors in ceX_kslope_didv based on
the incoming CS waveform

In addition to the inductance tolerance, the inductor value may vary with the respect to the current. This
variation is typically non-linear and XDPP1100 provides a linear correction, as illustrated in Figure 48. Register
ceX_dt_|_slope defines the L slope dependence on the current. As illustrated in the figure, the compensation is
specified by:

e First point: use inductance value at 0 A

e Second point: user definable based on the best-fit curve for each application

Therefore, assuming L, is the inductance at zero current, the parameter ceX_dt_L_slope is computed according
to Equation (3.10).

ceX_dt_I_slope = INT (214 X ((2—0) - 1) X ﬂ) (3.10)

1 Iy

Where:
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e Lo=inductanceat0A
e L;=inductance at user-selected I,
e APC=amps per code from MFR_IOUT_APC

'
@
L -
=
4%}
' |
> |
'g Lws | curve from manufacturers datasheet |
- XDPP1100 linear approximation :
I
|
I
I
|
| -
lo Iy
Current
Figure 48 Inductance variation with the current

The voltage across the inductor is obtained based on the measured voltages: Vour, Viv and/or Vgecr, depending
on the topology and the PWM state. The XDPP1100 controller supports inductor voltage equations for buck-
derived, as well as boost and buck-boost topologies. The topology is selected via the register ceX_topology.
The supported topologies and their corresponding inductor voltage equations for different PWM states are
shown in Table 18.

Table 18 Topology selection for current estimator
ce_topology Topologies Von €quation Vorr equation Vuiz equation
0 Buck, ACF, HB, FB Vrecr - Vour -Vour -Vout - Vbody
1 Boost Vreer Vrecr - Vour Vrect - Vout - Vbody
2,3 Buck-boost Vreer -Vour -Vour - Vbody

The voltage Vioay refers to the voltage across the body diode, and it is hard-coded to 0.5 V. The measured
voltages Vour and Vrecr can be selected via the following registers:

o ceX_vout_sel for Vour selection

o ceX_vrect_sel for Vrecr selection

Table 19 and Table 20 provide the different voltage source options for Voyr and Vgecr, where X =0 refers to

ISEN/IREF input pins and 1 refers to BISEN/BIREF. The CDR in Table 19 indicates current doubler topology on
the secondary.

Table 19 Current estimator Vour source
ceX_vout_sel CEO (ISEN) associated Vour CE1 (BISEN) associated Vour
0 Loop 0 Vour Loop 0 Vour
1 Loop 0 Vour CDR Loop 0 Vour CDR
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ceX_vout_sel

CEO (ISEN) associated Vour

CE1 (BISEN) associated Vour

2 Loop 0 Vour Loop 1 Vour
3 Loop 0 Vour CDR Loop 1 Vour CDR
Table 20 Current estimator Vi:cr source
ceX_vrect_sel CEO (ISEN) associated Vgecr CE1 (BISEN) associated Vgecr
0 VS1 (VRSEN/VRREF) VS1 (VRSEN/VRREF)
1 VS2 (BVRSEN/BVRREF) VS2 (BVRSEN/BVRREF)
2 pid_ff_vrect_override pid_ff_vrect_override
3 PRISEN PRISEN
4 VS1 (VRSEN/VRREF) Loop 0 Vour
5 VS2 (BVRSEN/BVRREF) Loop 0 Vour
6 pid_ff_vrect_override Loop 0 Vour
7 PRISEN Loop 0 Vour

In a dual-loop system:

e The ISEN/IREF pin pair must be used to sense the current for loop 0, whereas the BISEN/BIREF pin pair can
be assigned for loop 1, as shown in Table 19

e Loop 0Vouris allowed to be used as input voltage for loop 1, as shown in Table 20.

Boost and buck-boost topology current sense

For applications other than buck-derived, proper topology for the current estimator should be selected
according to Table 18. The ceX_topology should be set to boost or buck-boost. In case of boost topology, the
inductor current can be measured only during the on-state. Therefore, the tracking must be disabled during off-
and HiZ states. This can be set by selecting:

e ceX_ktrack_off=0

e ceX_ktrack_hiz=0

3.2.2.3 Error tracking

The error tracking block is essentially a gain block with independent gains for the on-, off- and HiZ states, as
illustrated in Figure 43.

o Tracking ADC feedback is provided from the analog front end (AFE) quantizer output through the error
tracking function

e Errortracking outputis added to the slope estimator output and fed back to the AFE DAC

The tracking gain defines the relative strength of the IADC-based correction term, which is applied to the

emulated current waveform. The CS tracking gains can be defined through registers:

o ceX_ktrack_on, for on-state

o ceX_ktrack_off, for off-state

o ceX_ktrack_hiz, for high impedance state
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The value of ki, gain can be setin a range of 0 to 15. When set to 0, the current estimator will not track to ADC
sensed current but will fully rely on estimation, which is calculated based on voltage and inductor value. When
Keack iN is set to 15, the current estimator uses the actual sensed current. Other values set the weight of
sensed current over estimated current with a ratio of ceX_ktrack_xxx/16.

In this block, register ceX_iterm defines an integral coefficient, which is applied across all states if set to a non-
zero value. Setting this CS tracking error integrator coefficient to 0 disables the error accumulation.

The PWM transition might cause noise on the CS signal. Therefore, certain parameters exist that are used to
blank the ADC feedback. The following registers can be used to define the transition time windows:

o ceX_blank_ne_dly defines the time subsequent to the PWM on-state negative edge, during which the error
tracking output is blanked to 0 (i.e. the gain is set to 0)

o ceX_blank_pe_dly defines the time after a PWM on-state positive edge, during which the error tracking
output is blanked to 0

The LSB of the blanking time is 40 ns. Blanking time could be set between 0 ns and 280 ns.

3.2.24 Trace inductance of the PCB current sensing

The PCB trace resistance can be used for output current sensing. In the ideal case the parasitic inductance is
zero and the CS voltage shape is a clear sawtooth waveform following exactly the current shape. However, in
practice this trace inductance is not zero and it introduces a step to the CS waveform, as indicated by Equation
(3.11):

dl
Vsen = Rpcp X I + Lpcp X -, (3.11)

Where % is a function of Vgecr, Vour and Lour. Figure 49 shows the CS voltage waveforms for the theoretical case
L=0 (Vrecg inred) and L 2 0 (Vsey in blue).

1y Leee Rpca
+Vepce-

+ Vsen

Veec ----"".'_'.'.'f-'-?'-'-'-'-"" -
NN

Figure 49 PCB trace inductance

Register ce_ltrace is provided to compensate for this step in the input to the AFE DAC. The compensation value
is obtained according to Equation (3.10), where the parameter ce_ltrace_real is defined in Equation (3.12).

Lpcp(H)
(ZXRP(;B(Q)XIOE—SSeC)’ (312)

ce_ltrace_real =

The calculation could be done by GUI design tool, by providing the value of L,.,.. and Ry, (Figure 50).

Lirace 40.00 2 pH Rirace 0.13 /2| mOhm celfrace 15

Figure 50 GUI design tool - CS configuration
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3.2.2.5 Bypass the current estimator

The purpose of the current estimator is to increase CS accuracy and improve noise immunity by predicting the
current ripple in the inductor or transformer combined with the actual measured current. For this reason, it is
recommended to sense the inductor current and utilize the current estimator. For example, place the CS shunt
before the output filter capacitor when sensing output current.

If the user wants to sense the DC output current, it is also possible to bypass the current estimator. Setting the
ce_kslope_didv to 1 will minimize the slope estimation and the current sense relies on the IADC measurement.

3.2.3 Current telemetry

3.2.3.1 Output current telemetry

Figure 51 shows the output current telemetry block diagram.

tlm_kfp_jout———
LPF p———— o t_fowv
|
READ_IOUT
IOUT_OC_FAULT/WARN
i IOUT_UC_FAULT
IOUT_CAL_OFFSET MO ) -
+ [~y
synth_i @ +\§'/ cycle avg fout_cavg OISEN
+
2,3 iout_fs
.
MFR_IOUT_APC syne_tsw + MFR_IOUT_OC_FAST_FAULT
biout_cavg 1BISEN

Figure 51 Output current telemetry

e Current estimator output synth_i (represented in ADC codes) is multiplied by the PMBus command
MFR_IOUT_APC (APC refers to “amps per code”, converting the code-based word synth_i into a digital
representation of amps).

e The resulting APC multiplication output is then added to the PMBus command IOUT_CAL_OFFSET to adjust
for offset errors.

e Thereconstructed waveform in amps is averaged over one switching cycle to produce a cycle average
current.

The averaged current is further processed downstream in the telemetry and fault blocks. The lour telemetry
block has two output signals: iout_fsw is the low-pass filtered output current, and the iout_fs is unfiltered
output current. The LPF BW is configured by register timX_kfp_iout. The LPF can be bypassed by setting the
timX_kfp_iout register to 63.

The low-pass filtered loyr is used for telemetry and normal over-current and under-current fault protection. The
unfiltered output is used for fast over-current fault protection.

The output current source should be selected by register tim_iout_src_sel. See the description in Table 3.

Table 21 tlm_iout_src_sel configuration table

Value Output current source

0 ISEN
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Value Output current source

1 BISEN

2o0r3 Sum of ISEN and BISEN inputs (dual-phase)
3.2.3.2 Input current telemetry

Figure 52 shows the input current telemetry block diagram. Similar to the output current telemetry, when the
input current is measured by ISEN or BISEN, the synthesis current from the current emulator is multiplied by
the PMBus command MFR_IOUT_APC, then summed with the PMBus command IOUT_CAL_OFFSET. The
waveform is averaged over one switching cycle and filtered by tim_kfp_iin LPF and sent to the telemetry and
fault protection blocks.

Note that the PMBus Page 0 commands for MFR_IOUT_APC and IOUT_CAL_OFFSET correspond to the ISEN
path and the PMBus Page 1 commands correspond to the BISEN path.

IOUT_CAL_OFFSET tlm_iin_src_sel FRKH
+
synth_i cycleavg lout_cavg »0 ISEN
LPF ——>iin_lpf
sync fsw biout_cavg — > 1 BISEN
i e ﬁll::lAgEI”\liAULT/WARN
iin_est —»2,3
Figure 52 Input current telemetry

The input current source should be selected by register tlm_iin_src_sel.

Table 22 tlm_iin_src_sel configuration table
Value Input current source

0 ISEN

1 BISEN

20r3 Estimated input current based on Ig;

The estimated input current is calculated by the following equation:

lingg: = loyr X [(1 — alpha) X % + alpha X Duty X tlm_transformer_scale_loop] (3.13)

The alpha in the equation is defined by register tlm_in_est_alpha. The tlm_transformer_scale_loop is defined
by PMBus command MFR_TRANSFORMER_SCALE and converter topology. The tlm_transformer_scale_loop is
managed by FW and does not need to be configured by the user.

3.2.33 Trim current telemetry

The PCB copper shunt, typically in the sub-mQ range, varies from board to board as well as over temperature
range. A board-level trim is required for accurate current telemetry and protections. This can be done by
trimming the gain (MFR_IOUT_APC) and offset (IOUT_CAL_OFFSET) of the CS. Please note that even though the
command name contains IOUT, it trims the IIN gain and offset if the ADC is assigned for input current sense.

e MFR_IOUT_APC and IOUT_CAL_OFFSET of loop 0 configures ISEN/IREF
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e MFR_IOUT_APC and IOUT_CAL_OFFSET of loop 1 configures BISEN/BIREF

The temperature compensation is also required to eliminate the copper resistance drift over temperature. The
compensation can be enabled by setting bit [9] of PMBus command FW_CONFIG_REGULATION. The default
temperature coefficient is 0.00393. If a different temperature coefficient is preferred, the user can override the
0.00393 with a FW patch. To get accurate compensation, the temperature sensor must be placed very close to
the shunt resistor. The FW takes the measurement from READ_TEMPERATURE_1 for temperature
compensation. The user has the option to configure which temperature source should be mapped to

READ_TEMPERATURE_1.
e é’ Lout
VRECT Vout
Np A *

R3

Ns
Ns
_| —
_| R4 Copper Cout
A st
|REFI "‘RQ""I'SEN 47

TSEN«NTC

Figure 53 Output current sense through PCB trace with temperature compensation

3.2.4 Fault protections

The main purpose of the CS processor (ISP) is to convert digitally reconstructed current waveforms from ADC
codes into a digital representation of amps. A simplified block diagram of the ISP is shown in Figure 54. The CS
processor also includes several phase current-based fault checks as indicated in the figure. These fault checks
include:

o PCL

o Negative current limit
e Short-circuit fault

e Errortracking fault

The above fault protections are part of the common fault management of the XDPP1100. The details of
common fault protection are described in chapter 12.9.2.
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isp_track_fault_en — ] Tracking
isp_ermr_ratio_sel ————— Fault F——is_track_fault
[ R —— (To Fault Block)
{from AFE Quantizer)
ce_current_limit — Feak
Current ——pcl_fault
Limit (To Digital PWM)
isp_scp_thresh —————» Short
Circuit Fau lt————— scp_fault
» (To Fault Block)
isp_ncl_thresh o MNegative
Current p——sncl_fault
" Limit (To Digital PWM)
IOUT_CAL_OFFSET
+ Cycle
synth_i f;g\' i\\%} *  Average [ iout_cavg
(from Current Estimator) ’\T/ (To Telemetry)
F 3
sync_fsw —T
MFR_IOUT_APC
pwm_state
Figure 54 Simplified block diagram of the CS processor
3.3 CS register descriptions
Table 23 describes the registers used by the current sense function.
Table 23 CSrelevant register descriptions
Name Address Bits Description
(loop 0/1)
Analog peripheral
isenl_gain_mode 7000_0400,, |[13:12] |ISEN1 (ISEN) gain mode select. Defines LSB weight of ISEN1
ADC. Also defines expected reference voltage level on IREF1
(IREF).
0 =reserved

1=100 pV, reference level GND

2=1.45mV, reference level GND

3=1.45mV, reference level 1.2V

Isen2_gain_mode 7000_0400,, |[15:14] |ISEN2 (BISEN) gain mode select. Defines LSB weight of ISEN2

ADC. Also defines expected reference voltage level on IREF2
(BIREF).

0 =reserved

1=100 pV, reference level GND
2=1.45mV, reference level GND
3=1.45mV, reference level 1.2V

ISEN peripheral
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Name Address Bits Description
(loop 0/1)
ce_ktrack_hiz 7000_2400,, |[3:0] CS tracking gain in the HiZ state. The tracking gain defines
(ISEN) the relative strength of the IS ADC-based correction term
7000_2800,, applied to the emulated current waveform. The HiZ state
(BISEN) generally refers to the state when all primary and secondary
switches are off. Note that this register should be set to 0 for
primary-side CS and for the boost topology.
LSB=1/16V/V,range=0to 15/16 V/V
ce_ktrack_off 7000_2400,, |[7:4] CS tracking gain in the off-state. The tracking gain defines
(ISEN) the relative strength of the IS ADC-based correction term
7000_2800, applied to the emulated current waveform. The off-state
(BISEN) generally refers to the state when the output inductor
currentis in its downward slope cycle (e.g., primary FETs off,
secondary FETs on in a bridge topology). Note that this
register should be set to 0 for primary-side CS and for the
boost topology.
LSB=1/16V/V, range =0to 15/16 V/V
ce_ktrack_on 7000_2400,, |[11:8] CS tracking gain in the on-state. The tracking gain defines
(ISEN) the relative strength of the IS ADC-based correction term
7000_2800,, applied to the emulated current waveform. The on-state
(BISEN) generally refers to the state when the output inductor
currentis in its upward slope cycle (e.g., primary FETsonin a
bridge topology).
LSB=1/16V/V,range =0to 15/16 V/V
ce_kslope_didv 7000_2400,, |[22:12] |Outputinductor (Lour) CS slope normalized to code/samples
(ISEN) at1.0 V.
7000_2800,, For secondary CS:
(BISEN) ce_kslope_didv=1.0V* 10 ns/(Loyr(nH) * APC(A))
For primary CS:
ce_kslope_didv=1.0V* 10 ns/(Ny,, * Lour(nH) * APC(A))
LSB=27-13V/V,range=0.0t0 0.25V/V
ce_pwmwin_dly 7000_2400,, |[27:24] | Defines delay used to align internal PWM signals to incoming
(ISEN) CS waveform.
7000_2800, Delay = (ce_pwmwin_dly +1) * 10 ns
(BISEN) LSB=10ns, range=10to 320 ns
ce_ladj_en 7000_2400,, |[30] Inductor slope correction function enable. When enabled,
(ISEN) the controller will attempt to auto-correct for errorsin
7000_2800,, ce_kslope_didv based on the incoming CS waveform.
(BISEN) 0: disabled
1: enabled
ce_ps_current_emu | 7000_2400, |[31] Primary-side, secondary-side current sense select.
(ISEN) 0: secondary-side current sense
7000_2800,, 1: primary-side current sense
(BISEN)
ce_on_maskO0 7000_2404,, |[11:0] Defines the on-state of the current estimator with respect to
(ISEN) the PWM outputs where the on-state generally refers to the
7000_2804,, state when the output inductor current is in its upward slope
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Name Address Bits Description

(loop 0/1)

(BISEN) cycle (e.g., primary FETs on in a bridge topology). In bridge
topologies there are two on-states per switching cycle.
ce_on_maskO0 defines the first (even) on-state and
ce_on_maskl defines the second (odd) on-state. In non-
bridge topologies (e.g., ACF, buck) ce_on_mask0 and
ce_on_maskl typically are set to the same value.

ce_on_maskl 7000_2404,, |[23:12] | Definesthe on-state of the current estimator with respect to

(ISEN) the PWM outputs where the on-state generally refers to the

7000_2804,, state when the output inductor current is in its upward slope

(BISEN) cycle (e.g., primary FETs on in a bridge topology). In bridge
topologies there are two on-states per switching cycle.
ce_on_maskO0 defines the first (even) on-state and
ce_on_maskl defines the second (odd) on-state. In non-
bridge topologies (e.g., ACF, buck) ce_on_mask0 and
ce_on_maskl typically are set to the same value.

ce_dt_l_slope 7000_2404,, |[31:24] | Defines the slope of the output inductance depending on

(ISEN) current. Although actual inductor variation with current is

7000_2804,, non-linear this compensation introduces a linear correction

(BISEN) to the inductor slope. It is recommended to use the 0 A
inductance as one point. The user can choose the second
point for the best fit curve.

ce_off_mask0 7000_2408,, |[11:0] Defines the off-state of the current estimator with respect to

(ISEN) the PWM outputs where the off-state generally refers to the

7000_2808,, state when the output inductor current is in its downward

(BISEN) slope cycle (e.g., primary FETs off, secondary FETsonin a
bridge topology). In bridge topologies there are two off-
states per switching cycle. ce_off_mask0 defines the first
(even) off-state and ce_on_mask1 defines the second (odd)
off-state. In non-bridge topologies (e.g., ACF, buck)
ce_off_mask0 and ce_off_mask1 typically are set to the
same value.

ce_off _mask1 7000_2408,, |[23:12] | Defines the off-state of the current estimator with respect to

(ISEN) the PWM outputs where the off-state generally refers to the

7000_2808,, state when the output inductor current is in its downward

(BISEN) slope cycle (e.g., primary FETs off, secondary FETsonina
bridge topology). In bridge topologies there are two off-
states per switching cycle. ce_off_mask0 defines the first
(even) off-state and ce_on_mask1 defines the second (odd)
off-state. In non-bridge topologies (e.g., ACF, buck)
ce_off_mask0 and ce_off_mask1 typically are set to the
same value.

ce_ltrace 7000_2408,, |[28:24] | Defines parasitic trace inductance as seen by current sense

(ISEN) input.

7000_2808,, Computed as follows:

(BISEN) ce_ltrace = Lyace/ (Ryrace * dt)
where,

Liace = parasitic trace inductance being compensated
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Name Address Bits Description
(loop 0/1)
Ri.ce = CUrrent sense trace resistance
dt=10ns
Example:
Lirace = 300 pH, Ry15ce = 0.5 MQ
ce_ltrace =300 pH/(1.0 mQ *10 ns) =30
LSB=2H/Q-s, range =0to 62 H/Q-s
isp_scp_thresh 7000_240C,, |[7:0] SCP fault threshold. The SCP threshold should be set highest
(ISEN) among the various current protection thresholds as it
7000_280C,, requires only a single sample above the threshold to trip. The
(BISEN) SCP threshold is applied per phase on multiphase
topologies. Set this threshold to 0 to disable the fault
detection.
LSB=1A,range=0t0255A
isp_ncl_thresh 7000_240C,, |[15:8] Inductor negative current limit (NCL) fault threshold. The
(ISEN) NCL threshold is compared against the instantaneous phase
7000_280C,, current. When the phase current drops below the NCL
(BISEN) threshold the response is to turn-off the FETs associated with
the off-state defined in ce_off_mask0,1. In isolated
topologies this corresponds to the SR FETs.
In general, turning off the SR FETs with a large negative
inductor current does not produce a desirable result. It is
therefore recommended to disable this feature in isolated
topologies. Set to the max. positive setting, 127, to disable
this fault protection and its response.
LSB=0.25A,range=-32to +31.75A
ce_blank_ne_dly 7000_240C,, |[18:16] | Defines the time aftera PWM pulse falling edge during which
(ISEN) the current sense is in emulation mode only (i.e., the tracking
7000_280C,, feedback from the CS ADC is ignored). This parameter can be
(BISEN) used to blank the ADC feedback if the falling PWM edge
causes noise on the CS signal.
LSB =40 ns, range =0 to 280 ns
ce_blank_pe_dly 7000_240C,, |[21:19] | Defines the time aftera PWM pulse rising edge during which
(ISEN) the CSisin emulation mode only (i.e., the tracking feedback
7000_280C,, from the CS ADC is ignored). This parameter can be used to
(BISEN) blank the ADC feedback if the rising PWM edge causes noise
on the CSsignal.
LSB =40 ns, range =0 to 280 ns
ce_kslope_lm 7000_2410,, |[8:0] Transformer magnetizing inductance (Lm) current sense
(ISEN) slope normalized to code/samples at 1.0 V. Only used for
7000_2810, primary-side CS.
(BISEN) ce_kslope_Im=1.0V* 10 ns * Ny,,,/(Lm(nH) * APC(A))
LSB=27-13V/V, range = 0.0 to 0.06238 V/V
ce_iterm 7000_2410,, |[12:9] CS tracking error integrator coefficient. Set to 0 to disable
(ISEN) error accumulation.
7000_2810, LSB=27-13 A/A, range = 0.0 to 1.833e-3 A/A
(BISEN)
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Name Address Bits Description
(loop 0/1)
ce_vout_sel 7000_2410,, |[14:13] | Currentsense Vq,; source select. Note that CDRin the table
(ISEN) below indicates current doubler topology on the secondary.
7000_2810,
(BISEN)
ce_vrect_sel 7000_2410,, |[[17:15] | Currentsense Vg (V) source select.
(ISEN)
7000_2810,
(BISEN)
ce_current_limit 7000_2410,, |[26:18] |Inductor PCL fault threshold in IS ADC codes. The PWM pulse
(ISEN) will be truncated beyond this limit. Set to 0 to disable PCL
7000_2810, fault protection.
(BISEN) ce_current_limit = current_limit(amps)/(MFR_IOUT_APC
(amps/code))
LSB =1 code, range =0to 511 codes
ce_topology 7000_2410,, |[28:27] | Currentemulatortopology select. Defines the inductor
(ISEN) voltage equations for Von, Vorr.
7000_2810, 0: buck, ACF, HB, FB
(BISEN) 1: boost
2, 3: buck-boost
isp_fsw_sync_sel 7000_2410, |[29] Defines which loop’s frequency is used for averaging current
(ISEN) over switching cycle.
7000_2810,, 0: loop 0 Fyyicn
(BISEN) 1:loop 1 F,icn
If ISEN is assigned to loop 0 and BISEN assigned to loop 1
then set isen0.isp_fsw_sync_sel=0 and
isenl.isp_fsw_sync_sel=1. If both ISEN and BISEN are
assigned to loop 0 then set both parameters to 0.
isp_track_fault_en 7000_2414,, |[0] CS tracking fault enable. The tracking fault detects the
(ISEN) inability of the CS emulator to track the incoming CS signal.
7000_2814,, This fault is typically an indication of board problem (e.g.,
(BISEN) missing sense resistor, bad pin conection).
0: disabled
1: enabled
isp_err_ratio_sel 7000_2414,, |[3:1] CS tracking fault error ratio select.
(ISEN) 0:4 (11.1 percent threshold)
7000_2814, 1: 8 (20.0 percent threshold)
(BISEN) 2:12 (27.3 percent threshold)
3:16 (33.3 percent threshold)
4:24 (42.9 percent threshold)
5:32 (50.0 percent threshold)
6: 48 (60.0 percent threshold)
7:64 (66.7 percent threshold)
isp_apc 7000_2418,, |[10:0] CS ADC APC, maps the CS ADC LSB into amps.
(ISEN) Computed by FW from PMBus command as follows:
7000_2818,, isp_apc=MFR_IOUT_APC
(BISEN) LSB=1.9531 mA, range =0.0 to 3.998 A
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Name Address Bits Description
(loop 0/1)
isp_ioffset 7000_2418,, |[7:0] Phase current offset
(ISEN) Computed by FW from PMBus command as follows:
7000_2818, isp_offset = IOUT_CAL_OFFSET
(BISEN) LSB=0.125A,range =-16 to +15.875 A
Common peripheral
ical_en 7000_3000,, | [25] CS sensor offset auto calibration enable.
0 = auto calibration disabled, ATE offset trim used
1 = auto calibration enabled (recommended setting)
Telem peripheral
tlm_in_est_alpha 7000_3400,, | [11:6] Input current estimate alpha coefficient. Defines the relative
(tlmO0) contributions of Vour/Viy and duty-cycle in the computation
7000_3800,, of the input current estimate.
(tlm1)
7000_3400,, | [13:12] |Inputcurrenttelemetry source select.
(tlmoO) 0: ISEN
7000_3800, 1: BISEN
tlm_in_scr_sel (tlm1) 2, 3: estimated input current
tlm_kfp_iin 7000_3400,, | [19:14] |Inputcurrent telemetry LPF coefficient index. Note that exp.
(tlmo) settings greater than 9 are clamped to 9. Set to 63 to bypass
7000_3800,, filter.
(tlm1) o kfp_exp =tlm_kfp_iin [5:2]
o kfp_man =4+ tlm_kfp_iin [1:0]
o kfp=kfp_man * 27 (kfp_exp - 13)
o F3db (kHz) = [kfp/(1-kfp)] * Fyyicn (kHZ)/2m
tlm_iout_scr_sel 7000_3400,, |[21:20] |Outputcurrenttelemetry source select.
(tlmo0) 0: ISEN
7000_3800, 1: BISEN
(tlm1) 2, 3:sum of ISEN and BISEN (for dual-phase application)
tlm_kfp_iout 7000_3400,, |[27:22] |Output currenttelemetry LPF coefficient index. Note that
(tlmo0) exp. settings greater than 9 are clamped to 9. Set to 63 to
7000_3800,, bypass filter.
(tlm1) o kfp_exp =tlm_kfp_iout [5:2]
o kfp_man=4+tlm_kfp_iout [1:0]
o kfp=kfp_man * 2" (kfp_exp - 13)
F3db (kHz) = [kfp/(1-kfp)] * Feicn (kHZ)/2T
3.4 PMBus command descriptions

Table 24 below describes the PMBus commands relevant to the current sense function.
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XDPP1100 FW implementation:
e Page 0 PMBus commands apply to ISEN/IREF input (isen0)

e Page 1 PMBus commands apply to BISEN/BIREF input (isenl)

Table 24 CS relevant PMBus command descriptions
Command name Command | Format Description
code
I[OUT_CAL_OFFSET 39, LINEAR11 | The IOUT_CAL_OFFSET command can be used to add

a positive or negative value to the output of the
output current sensing circuit to calibrate and null
out any offsets. The units of the IOUT_CAL_OFFSET
are amperes. This command has two data bytes
formatted in the 11-bit linear data format.

MFR_IOUT_APC EA, LINEAR11 | Setthe IOUT APC gain. The format is linear 11, -9
(exponentis -9) or linear 11, -8 (exponent is -8).
The value is calculated by:

MFR_IOUT_APC =ISEN_LSB/R,,

The ISEN_LSB is the resolution of IADC, which is
determined by the isenX_gain_mode register.

FW_CONFIG_REGULATION C5, Bit [1] EN_PRIM_ISENSE:
0 = only ISEN enabled in single-loop design
1 = both ISEN and BISEN enabled in single-loop design

3.5 Current sense design guidelines

3.5.1 Design guidelines

For an application that has soft-switching, such as PSFB ZVS operation or ACF, it is possible to use the high-gain
mode current sense. With the 100 pV resolution, the XDPP1100 can directly sense the voltage drop on a current
shunt without using an external amplifier. This saves system cost and PCB layout area.

To use the high-gain mode, the XDPP1100 must be placed right next to the current sense resistor. The distance
from the sense resistor to the current ADC input ISEN/IREF or BISEN/BIREF must be as short as possible. This is
because the signal level is very small, only a few mV, and any switching noise or ground noise could mess up
the signal. If it is not possible to place the XDPP1100 very close to the sense resistor, it is suggested to use the
low-gain mode with external op-amp, which could help to increase the signal/noise level.

For a hard-switching application, it is also recommended to take the low-gain mode and use an external op-
amp. The op-amp should be placed right next to the CS resistor to reduce noise pick-up.

When using PCB trace as a current shunt resistor, temperature compensation should be considered to achieve
telemetry accuracy across the full temperature range. Designers should also remember to leave sufficient
margin to the input signal when designing the shunt resistor and the gain of the external op-amp. For example,
if the power supply is going to work in a hot environment and the PCB temperature might reach 125°C, the PCB
resistance will increase by 40 percent compared to 25°C. The designer should leave 40 percent margin when
calculating the maximum input signal at 25°C.

The XDPP1100 controllers can also be configured to operate with integrated power stage (IPS), which

incorporates integrated current sense features (for example, Infineon’s IR3555A). When the current sense is set
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to IPS mode, a 1.2V common mode voltage should be applied to the current reference pin. The resolution of
IPS mode is 1.45 mV.
3.5.2 Layout guidelines

PCB trace is often used as the CS shunt. Use the following equation to calculate copper trace resistance:

L
Reopper = P W (1 +tc- (temp — 25))

p: resistivity of copper, 17 - 107¢ 2 mm
L: length of the copper trace

W: width of the copper trace

T: thickness of the copper trace

tc: temperature coefficient, 3.9 - 1073 /°C
Temp: trace temperature, unit °C

The thickness of copper trace is usually rated in ounces and represents the thickness of 1 oz. copper rolled out
to an area of 1 square foot. 1 oz. copper has a thickness of 1.4 mils or 0.0356 mm. Here is a design example of
the copper shunt: 130 mil x 100 mil (L x W), top layer, 4 oz. copper, trace resistance is 0.158 mQ.

[ L [

!

Current direction

|
|
|
|
| ————»

Current sense signal

Figure 55 Current sensing by copper trace

It is recommended to lay out the copper trace shunt in the first mid-layer, so that the XDPP1100 controller can
be placed right on top of the shunt trace for the shortest routing distance. Also, put a ground shielding layer
next to the copper sense layer to reduce stray inductance to achieve high current sense accuracy.

Avoid putting the current sense resistor or copper shunt next to any switching node. In high-gain mode, put the
XDPP1100 as close as possible to the sense resistor. One example of good practice is putting the XDPP1100 on
top of the sense resistor on the other side of the PCB. If copper shunt is used for current sense, put the
temperature-sense NTC or sense diode close to the copper shunt for accurate temperature compensation.

If low-gain mode is selected, put the current sense amplifier as close as possible to the shunt resistor.
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3.6 XDPP1100 GUI design tool for current sense

3.6.1 Output current sense configuration

Figure 56 shows the XDPP1100 design tool for output current telemetry.

95l Basic Configuration - O X
Output cument sense  Input cument sense  Vin Telemetry  PWM /ramp

Qutput current sense

= i - uige
Source select |"ISPT(SEN)"  v| LPF coefficient |24 | Cut off :1.54KHz MFRIOUTAPC | 02676 |5 g %
Config ISP1

isen_gain_mode |ISEN1LSB 1.45mV GND IREF1 v

cel_ladj_en |Enable v

cell_ps_cument_emu | Secondary-side cument sense ~
cel_vout sl [Loop 0 Vout ]
cell_vrect_sel ‘VRS1 "l
cel_iopology ["Buck, ACF. HB, FB" |
cel_ktrack_hiz |1 Cel_blank_ne_dy 5 |5 200ns
cel_kirack off |4 Cel blank pe diy |5 5| 200ns

cel ktrack_on |2

Isp0_fsw_sync_sel
cel_pwmwin_dly 5 cel_item 2 =
isp0_scp_thresh |0 =
isp0_ncl_thresh 127

ce0_cument_limit |0

| A0 [Ale e

Lout f20 |5 uH cel_kslope_didv 255
L0at DA L1 420,00 & UH
470,00 B nH 11 5000 kA cel_dt|_slope 10

Urace 30000 2| pH Rirace [0.50 |3 mOhm  ce0_frace O

ISEN1 {ISEN) gain mode select. Defines LSB weight of ISEN1 ADC. Also defines expected reference voltage

level on IREF1 {IREF). <start table_with_header>{{[1:0] "ISEN1 LSB" "IREF1 Level"HD "50 uV" GNDH1 "100 Ficad Al
uV" GNDH2Z "1.45mV" GNDH3 "1.45 mV" 1.2VH{}<end table>
Select Loop oK Cancel Apply Help
Ready
Figure 56 GUI design tools - output current sense
3.6.2 Input current sense configuration
Figure 57 shows the XDPP1100 design tool for input current telemetry.
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95 Basic Configuration - m] x
Output cument sense  Input cument sense  Vin Telemetry  PWM/ramp
Input current sense Config ISP1
Source select isen]_gain_mode |[ISEM1LSB 1.45mV GMD IREF1 vl
Current estimate alpha coefficient |32 = e Frabie Vl
cel_ps_cument_emu | Primary-side cument sense ~
LPF coefficient |24 o el o] |- i
Cut off :1.54KHz cel_vrect_sel [yRs1 -
cel topology [gyci, ACF, HB, FB" v
cel_ktrack_hiz |1 2| Cel blank_ne_dy 5 -3 200ns
cel_ktrack_off |2 2| Cel blank_pe_dly 6 2| 240ns
col krack on 8 2] lspl faw_sync_sel
ceo_pwmwin_dly |5 2 cel_tem 2 =
isp0_scp_thresh g 4 cel_curent_limt  [p =
isp0_ncl_thresh 127 =
Lm 1000413 UH cel_kslope_Im 0
Lout |8.06 |3 UH cel_kslope_didv 38
LOat 0A L1 42000 |5 UH
@000 Z]nH 1 000 3] A ce0dslope T
ltrace (300.00 2 pH Rtrace |0.50 2 mOhm ce0 frace 0
Input curent estimate alpha coefficient. Defines the relative contributions of Yout/Vin and Duty Cycle in the
computation of the input curent estimate. <start table>{{"lin_est = lout * [(1-alpha)"Vout/Vin +
alpha*Duty'tin0_transformer_scale_loop]"H"where. tm0)_transformer_scale_loop represents the Vrect/Vin ratio and is Read Al
defined below"}(<end table>
o %] (o] (] [
Ready
. . .
Figure 57 GUI design tools - input current sense
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4

This chapter discusses the digital pulse width modulator and loop compensation.

Loop control and compensation

4.1 PWM ramp generator

The XDPP1100 has two ramp generators and up to 12 PWM output pins. The ramp generators produce timing
signals for pulse generators to create coarse resolution pulse outputs. These coarse pulses are fed to the
interpolators where fine resolution timing information is used to create output pulses with 78.125 ps
resolution.

The PWM module consists of two ramp generators, which support the operation of a single-loop system with up
to two phases or a dual-loop system with a single phase per loop. The ramp generator produces timing
information for the pulse generators for further processing. Each ramp generator receives as its input the
compensation filter output. The filter used by each ramp is selected via register rampX_pid_sel, where X=0
denotes ramp generator 0, and X =1 denotes ramp generator 1. The compensation filter receives its error input
from the voltage sense pins. The corresponding PID source settings are:

rampX_pid_sel = 0 selects PIDO (VSEN)
rampX_pid_sel =1 selects PID1 (BVSEN)

Typical settings of the register rampX_pid_sel for the supported system configurations are shown in Table 25.

Table 25 Typical settings of the register rampX_pid_sel.
Topology ramp0_pid_sel rampl_pid_sel
Single loop, single phase 0 0
Single loop, interleaved 0 0
Dual-loop 0 1

In order to generate the PWM pulses, the ramp generator produces the timing information based on a timing
ramp. This timing ramp consists of a digital counter, which counts from t = 0 up to the maximum ramp count,

ramp_max, before returning to 0 and cou
58.

nting up again. The ramp counter functionality is illustrated in Figure

ramp count = ramp_max

ramp count = ramp_max|

ramp count=0

ramp count =0
t=0

t=Tsw t=2"Tsw t=3"Tsw

a) Ramp counting for non-bridge topologies

t=0
4

t=Tsw/2 t=Tsw t=3"Tsw/2 t=2"Tsw t=5"Tswf2 t=3"Tsw

even_cycle | | I I | | |

odd_cycle T

\ I I |

b) Ramp counting for bridge topologies

Figure 58

Application Note

Ramp counter for a) non-bridge and b) bridge topologies
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The ramp counter operation depends on the topology:

e For non-bridge topologies (buck, ACF, etc.) the ramp period is equal to the switching period (T,.s) and
ramp_max is equal to a digital representation of T, as shown in the upper part of Figure 58.

e For bridge topologies (HB, FB) the ramp period equals half of the switching period (T,/2) and ramp_max
is equal to a digital representation of T,,;.+/2, as shown in the lower part of Figure 58.

In bridge mode, the two halves of the switching cycle are identified as either the even half-cycle or the odd half-
cycle, as shown at the bottom part of Figure 58. This identification is used by the pulse generator to produce
pulses only on the correct half-cycle.

Register rampX_half_mode (X=0, 1) is used to select between bridge and non-bridge topologies. This register
defines whether half mode is enabled for the ramp. If the mode is enabled, the ramp count (ramp_max) equals
half of the switching period. Correspondingly, if half mode is disabled, the ramp count equals the switching
period.

The switching period, T, is defined by the register tswitchX (X =0, 1). It is automatically programmed by the
FW based on the PMBus command FREQUENCY_SWITCH, which sets the switching frequency in kHz. The
register tswitchX has LSB weight of 20 ns and range 0.0 to 10.22 us. Therefore, there are some considerations
regarding FREQUENCY_SWITCH values:

e Only values with corresponding T, that are an exact multiple of 20 ns can be achieved

e |f FREQUENCY_SWITCH is set to a value that cannot be achieved in tswitchX, the FW will choose the closest
achievable setting

The closest achievable FREQUENCY_SWITCH to a target F,,;., can be found according to Equation 4.1.

50e6

50e6
RO UND(*)
target FSWifCh

FREQUENCY_SWITCH =

, Note: 50e6 = 1/20e-9 (4.1)

4.1.1 PWM ramp modulation schemes

The timing information provided by the ramp generator is a pair of timing markers called t1 and t2. These
timing markers are used by the pulse generator to define the rising and falling edges of the PWM pulses.

The XDP1100 supports the following modulation schemes:

e Trailing edge (TE) modulation
e Leadingedge (LE) modulation
o Dual edge (DE) modulation

These modulation schemes are shown in Figure 59. The first modulation waveform in Figure 59 a) shows the
trailing edge modulation case. The timing marker placement for TE modulation:

e tlisfixed at ramp count=0
e t2is modulated based on the selected feedback control mode

The second modulation scheme is LE modulation, shown in Figure 59 b). The timing marker placement for LE
modulation is the following:

e tlis modulated based on the selected feedback control mode
e t2isfixed at ramp count = ramp_max

Application Note 76 of 253 V12
2021-04-23



o~ _.
The XDPP1100 digital power supply controller | n f| neon
XDPP1100 application note
Loop control and compensation

The last modulation scheme is DE modulation, shown in Figure 59 c). In this modulation, the timing markers t1
and t2 are both modulated based on the selected feedback control mode. The example PWM pulse shown in
Figure 59 c) has modulated leading and trailing edge.

rampcount=ramp_maxp- —— —— —— — —(fp— — — — — — — — —yp— — — — — — — — — o —

Ramp Count

ramp count=0 >
t1=0 t2 t1=0 2 t1=0 t1=0
A
PWM dlls ;m; %
X a) t1, t2 placement using trailing edge modulation
A
rampcount=ramp_max f- — — — — — — — — — — — — — — — — —  — — — — — — — — —— —
Ramp Count | | |
I | |
I | |
SNk “a 4
ramp count =0 ' 1 L >
t1 t2=ramp_max t1 f2=ramp_max t1 2 =ramp_max
PWMI I (.m; gm;

A J

b) t1, t2 placement using leading edge modulation

rampcount=ramp_max - — — — — — — — — — — — — — — — — —— — — — — — — — —

Ramp Count

|
| I |
I I |
| | |
| | |
T N 1 N > T “
ramp count=0 ! | !
ul 2 t1 t2 t1

1
t2
PWMI elﬂa At Al At Al éH]a GHF

) t1, 12 placement using dual edge modulation

Figure 59 T1 and t2 placement for TE, LE and DE modulation
The pulse width, t2 to t1, for all modulation schemes is given in Equation 4.2:

t, —ty = D x ramp_max (4.2)
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D is the duty-cycle output of the compensation filter in the case of VMC. It should be noted that the pulse
generator is also capable of creating a pulse with leading edge at t2 and trailing edge at t1. This pulse would
have a pulse width equal to (1 - D) * ramp_max. The modulation scheme for both ramps is selected via register
rampX_m_flavor (X=0,1) as shown in Table 26.

Table 26 Modulation type settings
rampX_m_flavor Modulation type
0 Dual edge (DE)

1 Leading edge (LE)
2,3 Trailing edge (TE)
4.1.2 PWM mapping

The XDPP1100 GUI has a design tool to help the user select a topology and assign PWM to drive primary and
secondary MOSFETSs. Figure 60 shows the topology and PWM mapping design tool.

ol
Topology  DeadTime
| Topology Mapping and Cortrol
Secondary Side
Mapping Mapping
(@) Vokage Mode Cortrol
() Phase ShitFull Bidge | g7 [PWM1 (@) Certer Tapped SR1PWMS  ~
sralPaE v () peak Cument Mode Control on Secondary
@) Full Bidge € O Full Bridge () Peak Cument Mode Control on Primary
a3 () Constant Cument Mode Control
) - =
O Haf Bridge Q4 [Pwmz O Curert Doubler T
O ACF [ Interieaved
Non-Tsolated topology
O Buck
) Buck-Boost
pply Topalogy for selected Loop Apply Topology for both loops ‘
' Selected Topology Topology and Turns ratio
Tums Ratio  3.00000 %
Read Wite Selected Loop0 - Topology - FullBridgeCenterTapped ‘
Q ID Q, I:]
N:1:1
o
"
T2 L n Cl_L CW_L lecs Trca C;L C_—L
St " it ‘
Tea L[] [=} c4
G s, | Isg, RZV,
= I(l IEZ ILE IE& -
v >, % v v
oK Cancel Apply Help
Ready

Figure 60 GUI design tool - topology and PWM mapping

The user can select isolated or non-isolated topology from the listed options. Once the topology is selected, the
tool will show the schematic of the topology at the bottom section of the window. The primary MOSFETSs are
labeled as Qx and the secondary SR MOSFETSs are labeled as SRx.

Use the mapping tool to assign a PWMx signal to each MOSFET. The XDPP1100 enables mapping all the PWMs
freely without restrictions to primary or secondary. For FB configuration, the diagonal MOSFETs can be driven
by the same PWM signal. For example, Q1 and Q3 in Figure 60 are a pair of diagonal MOSFETSs. The topology
tool allows leaving the Qx or SRx un-mapped. Figure 60 is an example showing that Q2 and Q3 are not assigned
to any PWM output. The user should take care of the driver circuit with HW when sharing the same PWM for the
diagonal switches.
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Once the topology and PWM are configured and applied to the design, the GUI assigns the t1 and t2 crossing of
selected PWM per the topology and the location of the MOSFET. The GUI also write the PMBus command
FW_CONFIG_PWM based on the PWM mapping. The FW_CONFIG_PWM defines the PWMx mask of primary FETs
and secondary SR FETSs.

Taking the FB-FB example, the PWMs are mapped per Figure 61. PNM1-PWM4 are mapped to primary FETSs,
thus the last two bytes of FW_CONFIG_PWM are 00 OF. PWM5-PWM8 are mapped to SR FETs, thus the first two
bytes are 00 FO. It is not recommended to manually change the PWM mask with this command unless non-
standard topology is used, and the user wants to manully configure the PWM mask.

Az
C4 FW_CONFIG_PWM w

FW_CONFIG_PWM MR LS

Topology  DeadTime FW_CONFIG_PWM

Topology Mapping and Cantrol

Secondary Side Bit Field Name and Mezning

Hepet M 31: 28 Reserved Reserved
() Phase ShiftFull Bidge = g (PWM1 -~ () Center Tapped SR1|PWMS

PWME - 27: 16 pwm_srfet_rask(110) mask applied
@® Full Bridge az |Pwmz2 - @® Fullwave . SR2|" » To pwm_on register For enabling sr fets
et s |

a3 W3 hd - 15:12 Reserved

(O Half Bidge a4 [Pwmz o {7} Curent Doubler SR4|PWME -

11: 0 pwm_on_mask(110) mask applied To
pwir_on register For enabling primary fets

() ACF

Figure 61 FW_CONFIG_PWM

4.1.3 Dead-time configuration

PWM dead-time can be set by PMBus command 0xCF PWM_DEADTIME (Figure 62). The dead-times of PWM rise
and fall time can be set separately. The rise time of dead-time adds dely to the rising edge of PWM. The fall time
of dead-time adds dely to the falling edge of PWM. The dead-time is always positive. As PWNM_DEADTIME defines
the dead-time of all 12 PWMXx, it is a common command and applies to both loops. In the XDPP1100 GUI, the
active primary and secondary PWMs will be highlighted in green and blue respectively, as shown in Figure 62.
Writing inactive PWMs is not allowed in the GUI to prevent accidental setting of the dead-time of the other loop.

The maximum dead-time can be set to 318.75 ns with a resolution of 1.25 ns.
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"

CF PWM_DEADTIME ~

PWM dead times - Fall Time and Rise Ti

pwml pwm2

100.00 [& 000 |5 o.o0 |3 100.00 [
pwm3 pwmd

000 = 000 |+ ooe |5 coo [
pwm> pwmb

0.00 |2 125.00 |2 100.00 |2 62.50 |&
pwm7 pwm3

ooe | oo |5 oo | coe &
pwm3 pwm10

ooe & ceo & ooe &) ooo &
pwml1 pwml2

000 2| ooo & ooo (&) coo [

“primary side active pwm's

*secondary side active pwm’s

Figure 62 PWM_DEADTIME

When setting the dead-time of isolated topologies, please consider the isolator delay, which will be added to
the actual primary gate driver. Setting the rise time delay of the SR PWM longer than the isolator delay is
recommended.

4.2 Feedback control modes

The XDPP1100 supports VMC and PCMC. In the case of PCMC, both primary-side and secondary-side control are
possible. The feedback control mode is selected via register mode_control_loopX, where X denotes zero or
one depending on which loop is being used. The control method of programming is shown in Table 27.

Table 27 Feedback control mode programming
mode_control_loopX Feedback control mode
0 Voltage mode control (VMC)
1 Peak current mode control (PCMC) on secondary
2 Peak current mode control (PCMC) on primary
3 Reserved

4.2.1 vMmC

VMC is the simplest control method, and it can be configured by setting the register value
mode_control_loopX to 0, as described in Table 27. The functional block diagram shown in Figure 63
illustrates the internal configuration while the XDPP1100 applies VMC.
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ramp_force_t1, ramp_force_tl_en

ramp_force_t2, ramp_force_t2_en
R
ramp_half_mode amp
even_cycle
ramp_max
ibal_duty_adi P [ramp
pulse [t1_val |ramp .

pid_duty pw_even width cross tl_crossing

ramp_force_duty t;c:;z detect

w_odd .

ramp_force_duty_en P t2_val t2_crossing

ramp_rn_flavor

flux_duty_adj

ramp_dutyc_lock

ramp_masx
even_cycle

Figure 63 Functional block diagram of YMC

In VMC the compensator output, pid_duty, is directly interpreted as the duty-cycle with a range of 0.0 to 0.9999.
In addition, two other sources contribute to the final duty-cycle used to compute the PWM pulse width (PW).
These sources are:

e Current balance duty-cycle adjustment (ibal_duty_adj). This signal comes from the current balance function
(described in Chapter 8). It corrects for difference in the phase current in a dual-phase (interleave) loop and
itis applied only to ramp 0. The phase associated with ISEN contains the current balance duty-cycle
adjustment while the phase associated with BISEN does not.

e The flux balance duty-cycle adjustment (fbal_duty_adj). This signal comes from the flux balance function
(described in Chapter 6). It corrects for the transformer flux (volt-second) differences between the even and
odd half-cycles in the FB topology and it is applied only to the odd half-cycle.

As shown in Figure 63, the duty-cycle components are multiplied by ramp_max to convert from duty-cycle to
PW, ramp_pw. The PW is then converted to target t1 and t2 values, t1_val and t2_val, based on the modulation
type, as shown in Table 28.

Table 28 T1 and t2 computation by edge modulation type
Modulation type t1_val t2_val
Dual edge (DE) (ramp_max - ramp_pw)/2 (ramp_max + ramp_pw)/2
Leading edge (LE) ramp_max - ramp_pw ramp_max
Trailing edge (TE) 0 ramp_pw

The target t1 and t2 values are then compared against the ramp waveform to create the t1_crossing and
t2_crossing signals used by the pulse generators to define the PWM edges.

Duty-cycle lock mode is intended for use in FB topologies where it is important to maintain the flux balance
between the two half-cycles. In this mode, the odd half-cycle PW is sampled and held on the even half-cycle t2
crossing detection. The duty-cycle lock mode is enabled by setting the register rampX_dutyc_lock to 1.

It should be noted that the flux balance adjustment still contributes to the odd cycle PW even when duty-cycle
lock is enabled. This means that the PWs will not be identical if compensation is required to correct some
external deviation (e.g., differences in driver propagation delays).
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4.2.2 PCMC

PCMC is based on current information and it can be selected by setting the register value mode_control_loopX
to 1 for secondary-side PCMC or to 2 for primary-side PCMC.

Slope Compensation

compensation_slope T, —1

PID control_current +J‘Z\refcurrent PCMC
&/

cross
detect t2_phase
Current synth_i t2_crossing
Estimator i _
current slope information
t1_val=0—— ramp
cross t1_crossing
Ramp detect
=’

Figure 64 Functional block diagram of PCMC

In the case of PCMC the compensator output represents the control current, whereas for VMC it was directly the
duty-cycle. Figure 64 shows the functional block diagram of the XDPP1100 internal configuration when PCMC is
applied.

PID selection for ramp0 and ramp1 is programmable, whereas the current estimator selection is hardwired.
This references that:

e Current estimator CEO (ISEN) is connected to ramp 0
e Current estimator CE1 (BISEN) is connected to ramp 1

e Current used for control (either primary or secondary) should be sensed by ISEN/IREF in a single-loop
system using ramp 0

The PID output represents “normalized control current”, where the normalization is to the maximum range of
the ISADC. This leads to a signed output range of -1.0 to +1.0. PCMC supports only TE modulation, and
therefore the register rampX_m_flavor should be set to value 2. This means that the t1 crossing event always
occurs atramp =0.

PCMC requires slope compensation to prevent sub-harmonic oscillation when the duty cyle is higher than 0.5. A
slope compensation ramp is provided, and its value is programmable through register compensation_slope,
as shown in Table 29.

Table 29 PCMC slope compensation values
Compensation_slope Slope of compensation ramp
0 Vour/L
1 Vour/2L
2 Vour/4L
3 Reserved
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As illustrated in Figure 64, the output of the slope compensation ramp is subtracted from the control current in
order to obtain the reference current. The reconstructed current output from the current estimator, synth_i, is
then compared against this reference current. Both of these currents are digital and discrete in time. Therefore,
in order to determine the convergence rate of these two signals, the PCMC cross-detect function uses the slope
information from both the slope compensation ramp and the current estimator. This convergence rate
information is used to:

e Predict the t2 crossing in the next clock cycle
e Determine the phase of the t2 crossing within the clock cycle

The phase is used by the interpolators for fine timing resolution. It should be noted that in the PCMC the PWM
pulse width resolution is limited to 625 ps compared to the 78.125 ps available in VMC.

4.2.3 Maximum and minimum PW enforcement

The maximum pulse width (PW) is possible to enforce. This can be performed either by using a fixed or variable
method. These methods are adjusted in the following ways:

o Fixed method: Register rampX_dc_max defines the fixed maximum duty-cycle for ramp X, where the
register value is computed by FW from PMBus command MAX_DUTY, as shown in Equation 4.3.

e Variable method: Register rampX_dc_max_nom defines the variable maximum duty-cycle limit for ramp X,
where the variable limit scales the maximum duty-cycle with the measured Vecr in order to limit the
transformer flux at high Viv. The scaling is with respect to register pid_vrect_ref, as given in Equation 4.4.

fixed_max_duty = rampX_dc_max = MAX_DUTY (4.3)

pid_vrect_ref

variable_max _duty = rampX_dc_max_nom x (4.4)

Vrect

Setting rampX_dc_max_nom to 0 disables the variable maximum duty-cycle limit. The applied maximum duty
limit is the minimum of the fixed and variable limits assuming the variable limit is enabled, as shown below.

if (rampX dc max nom>0)
max duty = MIN(fixed max duty, variable max duty)
else

max duty = fixed max duty

The maximum PW limit is computed as the product of the maximum duty-cycle limit and the maximum ramp
value according to Equation 4.5.

pw_max = max_duty * rampX_max (4.5)

The minimum PW is defined by register rampX_pw_min and its value is automatically computed by the FW
based on the PMBus command MFR_MIN_PW according to Equation 4.6.

rampX_pw_min = MFR_MIN_PW (4.6)

Setting this register value to 0 disables the minimum PW enforcement. Two methods of minimum PW
enforcement are supported in VMC. They can be defined through register rampX_min_pw_state in the
following way:

e Register value 0, sets PW to 0 (blank pulse)

e Registervalue 1, sets PW to rampX_pw_min value (clamp pulse to min.)
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In PCMC only the clamp to min. method is supported.

4.3 Compensator

Most parts of this chapter assume that compensator output is directly the duty-cycle, as in VMC, and in Section
4.4 the PCMC is presented.

The simplified block diagram of the compensator is shown in Figure 65, and it consists of:

e Compensation filter, shown within the dashed lines
e Inputvoltage feed-forward (FF) function

Duty Cycle

Vcontrol
Vrect

Figure 65 Functional block diagram of the compensator

The compensation filter, inside the dashed lines in Figure 65, consists of:

e Proportional-integral-derivative (PID) filter
e Pre-and post-low pass filters (LPF)

It receives as input the computed error signal, Venn, obtained from the voltage sense processor. The
compensator output is the target duty-cycle, utilized by the PWM to generate output pulses.

The transfer function implemented by the compensation filter is provided in Equation (4.7).

DutyCycle _ Kfp1 -1 Krpa K
verrn [1—(1—Kfp1)z—1] [(KP +Kp(1 -z )) (1_(1_Kfp2)z_1) + 1_2—1] +FF (4.7)

The terms K;, Kpand K; are the PID loop coefficients and K12 the LPF coefficients, which determine the
locations of the poles and zeroes. The zero locations are defined by the coefficients K,, Ki and Ky, which are
programmed via the following registers:

o pid_kp_index_1ph for K,
e pid_ki_index_1ph forK;
o pid_kd_index_1ph for K,

The PID provides a pole in the origin and two mid-band zeroes, while the LPFs present two high-frequency
poles. This corresponds to the type Ill compensation response, which can provide up to 180 degrees of phase
boost. A typical type lll compensator gain is illustrated in Figure 66, where f,;, f», f,1 and f,, represent the pole
and zero frequencies.
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Figure 66 Typical type Il compensator gain

4.3.1 Pre-filter

The pre-filter is a single pole LPF, implemented as shown in Figure 67, and it consists of:

e Oneinput, the error voltage Vemn
e Two outputs, verrn_filt and verrn_slope
The verrn_filt is the low-pass filtered version of the computed error, verrn, and it is used by the proportional

and integral terms of the PID. The second output, verrn_slope, is the derivative of the filtered error and it is
used by the derivative term of the PID.

Verm_filt
59.3

Kfp1 Clamp w53

U-3.13

Verm e @J'(\ T cl D a
—+ amp
0.3 51010 VS s1a3 pNESTEE 52,10 E
59.10 55.10

Vo

59.6

2.6 « (F)-

510.6
o Qa
Clam Verm_slope
p : 586 P

Figure 67 Pre-filter block diagram

The pre-filter creates the first high-frequency pole, f,;, in the compensator transfer function. The pole location
(i.e. LPF bandwidth) is defined by the filter coefficient K¢y, which is programmed via register
pid_kfpl_index_1ph.

The filter coefficient parameters use an exponent mantissa format to provide an extended range, utilizing fewer
total bits. The upper three bits of the kfp1_index represent the exponent and the lower three bits represent the
mantissa. The integer and real number representations of K¢, are computed as shown below.

kep1_exp = (kfpl_index[S: 3]) (4.8)
kfplman = kfpy_index[2: 0] (4.9)
Kep1 = (8+ kfpl_man) * 2K rp1-exp (4.10)
Kepi_real = Kgpq x 2713 (4.11)
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The location of the first high-frequency pole can be computed as shown in Equation 4.12, using the previously
computed real number representation for Ke;.

_ 1 Kgpy_real _ 1
fpl= (ZNTS) (1—Kfp1_real)’TS "~ 50MHz (4.12)

Note that pid_kfp1_index_1ph is clamped to 55 internally, corresponding to a maximum exponent of 6.

Figure 68 shows the pre-filter bandwidth as a function of the parameter kfp1_index. The post-filter uses the
same index to coefficient mapping as the pre-filter so the coefficient discussion in this section also applies to
the post-filter (K, and kfp2_index).

Compensator Pre- and Post-Filter Bandwidth (KHz)

100,00

Bandwidth (kHz)

w

16 24 32 40 48 56 64
kfp_index

Figure 68 Pre- and post-filter bandwidth as a function of kfp_index

4.3.2 PID term computation
The PID coefficients are computed based on the pre-filter output signals:

e Proportional (p_term) and integral (i_term) terms are obtained from the filtered error signal verrn_filt
o Derivative term (d_term) is computed based on verrn_slope, the derivative of the filtered error signal

The p_term and d_term are added to produce the pd_term, which is downstream processed by the post-filter.
The high-frequency gain of the integral term is negligible compared to the proportional and derivative terms.
Therefore, no need exists for further low-pass filtering. The computation block diagram for PID terms is shown
in Figure 69.
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Figure 69 PID computation block diagram

Similarly to the pre-filter, the PID parameters use an exponent mantissa format to provide an extended range

using fewer total bits:

e The upper three bits of kp_index and ki_index represent the exponent and the lower three bits represent the

mantissa

e For kd_index, the upper four bits represent the exponent and the lower three bits represent the mantissa

The integer and real number representations of K, are computed as shown in the following equations:

kp_exp = kp_index[5: 3]
kp_man = kp_index[2: 0]
Kp = (8 + kp_man) * 2kp-¢xP

Ky_real = Kp * 271¢

(4.13)
(4.14)
(4.15)

(4.16)

Correspondingly, the integer and real number representations of K; are computed as given in Equations 4.17 to

4.20.

k;_exp = k;_index|[5: 3]
k;_man = k;_index[2: 0]
K; = (8 + k;_man) » 2ki-exp

K; real = K; » 272°

(4.17)
(4.18)
(4.19)

(4.20)

The integer and real number representations of Kp are computed as shown in Equations 4.21 to 4.24. Note that
kd_index is clamped to 119 internally, corresponding to a maximum exponent of 14.

kp_exp = MIN(14, kj,_index[6:3])
kp_man = (kp_index[6:3] > 14)? 7: kp_index[2: 0]

Kp = (8 + kp_man) « 2kp-exp
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Kp_real = K, + 2711 (4.24)

The PID creates two mid-band zeroes, f,; and f.,, in the compensator transfer function. Based on the real

number representation of the PID coefficients, the location of the zeroes can be obtained according to
1

Equations 4.25 to 4.26, where Ts equals

50MHz’
1
fr1= (ﬁ) (Kp_real — \/Kp_realz — 4K, real * Ki_real)/ZKd_real (4.25)
1
fr2 = (%) (Kp_real + \/Kp_realz — 4K, real * Kl-_real)/ZKd_real (4.26)
4.3.3 Post-filter and summation

The post-filter is a single pole LPF and it receives its input, pd_term, from the PID filter. The integral term has
negligible gain compared to the proportional and derivative terms at high frequency, thus no additional
filtering is needed.

The compensator duty-cycle output is created by adding the post-filtered output to:

e Integral term output, i_term
e Voltage feed-forward term, ff_duty

The implementation of the post-filter is illustrated in Figure 70.

Kfpz u-3.13 Kfpz u-3.13

pd_term LAY C CoQ
58.16 s | CAMP o ++ 53.20 5120 51.20 X
- 52.53

p q| dutycycle

i 0
i_term C Uo1e

S1.16 :(+ >7
_‘: $3.16 L
ff_duty c 5115

un.10

U0.16/51.15

pid_en_force_duty
pcme_mode —

Figure 70 Post-filter block diagram

The post-filter creates the second high-frequency pole, f,,, in the compensator transfer function. The pole
location (i.e., LPF bandwidth) is defined by the filter coefficient Ky, which is programmable through register
pid_kfp2_index_1ph.

Similarly to the pre-filter, kfp2_index uses exponent mantissa format to provide an extended range using fewer
total bits. The corresponding integer and real number representations of K, for each kfp2_index value are the

same as for Kyn provided in the pre-filter, see 4.3.1. Correspondingly, the post-filter bandwidth as a function of

parameter kfp2_index is the same as shown in Figure 68.
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4.3.4 Input/output clamping of the compensation filter

The input and the output of the PID filter can be clamped. The input clamp is user-programmable through
register vsp_verrn_clamp_thresh, and it limits the maximum error seen by the compensation filter.

The compensation filter output, duty_cycle, is clamped to a fixed 16-bit width with. In the case of VMC it
references a value between 0.0 and 1.0. The PCMC behavior and the corresponding compensator output value
are discussed in Section 4.4.

4.3.5 Output override - forced duty cycle
The PID output of the compensation filter can be overridden. The user can force duty-cycle value by selecting:

o Register pid_force_duty_en
e Setting avaluein register pid_force_duty

This functionality is illustrated in the post-filter block diagram in Figure 70.

Since this override is applied at the PID output, downstream adjustments to the duty-cycle are still applied.
These adjustments include:

e Current balancein an interleaved (multiphase) design
e Flux balancein a FB design

However, if the downstream adjustments are required to be overridden, a separate pair of override registers is
provided:

e rampO_force_duty
e rampl_force_duty

4.3.6 Coefficient scaling

The PID coefficients are scaled with Vrecr in order to maintain constant loop gain despite the input voltage
variations. The user can define a reference Vgecr voltage through register pid_vrect_ref, at which the gain scale
is 1.0. This coefficient scale factor is defined as shown in Equation 4.27:

. _ VRECT
Coef ficient scale factor = idrectrer (4.27)

The register pid_vrect_ref value should be set to the expected nominal Vrecr voltage prior to the PID coefficient
optimization.

An example for selecting a proper pid_vrect_ref value is given below for a FB topology with a nominal input
voltage of 48 V and transformer turns ratio of 3. The nominal rectified voltage is computed in Equation 4.28 and
the resulting value should be set via register pid_vrect_ref. Please note that for HB topology, the voltage
applied to the transformer primary winding is half of the input voltage and thus Vgecr_nom should be divided by 2
as in Equation 4.28. The design tool in the GUI calculates the pid_vrect_ref based on the topology and the
transformer scale is user defined, thus the user just needs to provide the value of nominal Vix.

Vin—nom 48V
VrECT—nOM = Newrs — 3 = l6V (4.28)

Subsequently, the optimized PID coefficients can be observed from registers:
o pid_kp_eff, for K,

o pid_ki_eff, for K

o pid_kd_eff, for Kp
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4.3.7 Freeze, reset accumulator
Undesired integrator “windup” could occur in the following operating conditions:

e Burst,ode operation, where PID is not controlling the output duty-cycle

e Duty-cycle outputis 0 and a negative verrn input is received

e Peak current limit (PCL) has been exceeded and a positive verrn is received

e PW exceeds the maximum PW (duty-cycle exceeds the max. duty-cycle) and a positive verrn is received

Under these conditions, the XDPP1100 hardware freezes the integrator term accumulator.

In addition to the HW freeze conditions, it is possible to freeze the integrator accumulator through register
pid_freeze_accum. Another register, pid_reset_accum, allows the FW to reset the integrator accumulator to 0.

4.4 Control mode selection - peak current mode

The difference between VMC and PCMC control methods is that for the VMC, the compensator output is directly
the duty-cycle, whereas for the PCMC the compensator output is a reference current that is compared to the
sensed current. Therefore, depending on the desired control method, the compensator output format varies:

e InVMC the compensator outputis clamped to the unsigned range 0.0 to 1.0

e In PCMC the compensator output is “normalized reference current”, where the normalization is within the IS
ADC maximum range, leading to a signed output range -1.0 to +1.0

The inherent nature of current mode control provides simple dynamics, and therefore, typically for PCMC a
type Il compensator is sufficient. The difference between type Il and Ill compensators is that type Il consists of
Pl and a single pole whereas type Ill is PID with two poles. The compensator in Figure 65 provides a type lll
response and in order to obtain the type Il for PCMC the following need to be considered:

e Compensatorincludes two single-pole LPFs but neither of them is possible to bypass. However, by setting
one of the filter coefficients via register pid_kfp1_index_1ph or pid_kfp2_index_1ph to maximum
bandwidth, the type Il response can be approximated.

o Due to the exponential nature of the PID coefficients, setting register pid_kd_index_1ph to zero does not
result in a zero-valued Kp. However, when PCMC mode is selected (register mode_control_loop0/1) it is
possible to override the exponential setting and force Kp to be zero via register pid_kd_index_1ph. If a non-
zero Kp is desired in PCMC it can be set via pid_kd_index_1ph to a non-zero setting.

4.5 GUI design tool for PID compensation

The XDPP1100 GUI provides a simulation tool for the user to predict gain and phase margin based on load
model and PID configuration. Figure 71 shows the example of a FB-FB, VMC converter. Figure 71 a) is the load
model of the converter. The accuracy of the bode plot relies on the accuracy of the load model. Major parasitic
parameters are included in the load model. Filling in these parameters based on the actual board design is as
accurate as possible.
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Figure 71 GUI design tool - PID configuration and bode plot

In the load model, the following parameters and parasitics are included:

e Transformer turns ratio
e Gatedriver andisolator delays
e OQutputinductor value and DCR

e MOSFETS Ryg(on), including both primary/control MOSFETs and secondary/SR MOSFETs. For the SR MOSFET,
the number of MOSFET in parallel is also defined

e Output capacitor value, ESR and ESL

e Parasitic inductance and resistance of PCB trace of the secondary

e Input and ouput conditions: V,y, Vour, lout

o pid_vrect_ref

The pid_vrect_ref is the PID coefficient scaling reference voltage. PID coefficients are scaled with Vgecr to

maintain a constant loop gain. This parameter defines the reference Vrecr voltage at which the gain scale is 1.0.
This parameter should be set to the expected nominal Vgecr voltage.

Example: Vin_nom =48V, FB topology, turns_ratio = 3:1, pid_vrect_ref=48V/3=16 V.

Once the load model is defined, go to the bode plot tool to tune the compensation. The tool offers two
methods for tuning:

e Manually change Kp, Ki, Kd, LPF1, LPF2 and view the impact on the bode plot in real time

e Use the auto PID function by setting target poles and zeroes and let the tool to calculate and propose the
best-matched Kp, Ki, Kd, LPF1, LPF2

In general, the two zeroes can be placed at the double-pole of the output LC filter, and pole 1 can be placed at
half of the switching frequency. Click "= to calculate the PID compensation parameters. Once the tool has
calculated the PID, click the "= button to view the adjusted poles and zeroes.
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Figure 72 Actual bode plot of the FB-FB converter at 48 Vinput and 12 V/50 A load

Figure 72 is the actual bode plot of the FB-FB converter. The measured phase margin and crossover frequency
are very close to the simulated result.
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5 Current sharing

Parallel module connection is often used to deliver higher power in a scalable system. Current sharing between
modules should be managed and monitored to avoid overloading a single unit, to distribute power loss and
thermal heat evenly, and to achieve overall higher output power. Power supplies with a current sharing
function offer more reliable and robust operation in parallel module applications. This chapter discusses
passive and active current sharing methods, the XDPP1100 current sharing offerings, and the test results.

5.1 Passive and active current sharing

When multiple power supplies are connected together to provide a common output voltage, current sharing
between the units is not guaranteed by default. The power supply that has a higher output voltage would
deliver more power to the load than the power supply that has a lower output voltage. The higher-voltage
power supply might even source current into the lower voltage power supply if the unit is using synchronous
rectification without an ORing stage. Overall system efficiency will be reduced; the power supply that is under
higher stress might trigger over-current or overload protection; system shutdown could happen due to over-
current or overtemperature.

Current sharing refers to balancing the current of individual power supplies that are connected in parallel. One
way of current sharing is passive and uses a resistive load-line. This approach is simple and straightforward.
The converter decreases the output voltage with the increasing of output current. The power supply that has
higher output initially delivers more current to the load. With load-line, its output voltage drops at high output
current, thus reducing sourcing current capability. The unit with a lower voltage would have to supply more
current to maintain the total load current. The current between parallel units would eventually reach a
balance. The current sharing performance depends on the error output voltage between the parallel units and
the load-line impedance. Chapter 5.2 describes the details.

Load-line current sharing can be implemented without any external components or circuit. The downside is
that the system’s load regulation is degraded. The maximum output power of each unit is reduced due to the
reduced output voltage at the maximum rated current. Since the purpose of paralleling modules is to get
higher output power, downgraded power capability would be a concern. In this case, non-linear load-line can
be considered or use the active current sharing method.

Active current sharing involves using a current sharing wire, which connects all parallel modules together to
communicate the average current information between modules. The power supply controller of each module
uses this average current information to adjust the output voltage to reduce the error between the module
current and the average current. Unlike the passive load-line, which always drops the output voltage at heavy
load, active current sharing can adjust the output voltage in both directions. Compared to passive current
sharing, active current sharing could achieve higher sharing accuracy without downgrading output power.

The XDPP1100 offers a single wire active current sharing feature. The cost is adding one current sharing resistor
to each unit and connecting together the active current sharing pin (IMON) of each converter. Details of the
XDPP1100 active current sharing are discussed in chapter 5.3.
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Figure 73 Current sharing mode
5.2 Current sharing by droop
5.2.1 VOUT_DROOP

The output impedance of a power supply offers natural load-line, though it usually not sufficient to provide
acceptable current sharing performance. A digital power supply is capable of setting configurable voltage
droop to achieve better current sharing. For a digital power supply controller that supports PMBus/SMBus, the
command VOUT_DROOP defines the output load-line in mQ. The XDPP1100 supports VOUT_DROOP in
LINEAR11 format with the exponent configurable from -7 to +2, which corresponds with resolution from
0.0078125 mQ to 4 mQ. Figure 74 shows the VOUT_DROOP configuration in the XDPP1100 GUI. The resolution

can be selected by a drop-down list.

28 VOUT_DROOP

0 - mQ

Resolution [L.0] |v

20
The VOUT_DROOPH
mOhms (ml) at wl

voltage decreases g o5 r
use with Adaptive Y0 125
requirements, The {0.0625

0.03125

This command has{0-019625
formatted in Linear D'I?D?E125:

format. The exponent can be choosen
from the drop down box. which ranges
from 2 to -7.

if the Exponent is selected as -2 then the
range of values are from 0 to 235.75 with
a resolution of 0.25 mOhms

if the Exponent is selected as -4 then the
range of values are from 0 to 63.9373
with a resolution of 0.0625 mOhms

Read Write

Figure 74 VOUT_DROOP command
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VOUT_DROOP should be calculated based on the maximum output current of each unit, and the maximum
allowed voltage drop.

e Forexample:
- Vour=12V
- Maximum loyr=50 A
- Acceptable voltage droop =4 percent, Vout_min at max_lout =12 * (1 to 4 percent) =11.52V
- VOUT_DROOP = (12 V * 4 percent)/50 A=9.6 mQ

The XDPP1100-Q040 supports two loops. Each loop has the VOUT_DROOP configured independently. Each loop
implements the droop calculation based on its own output current value.

Output voltage set-point accuracy plays an important role in load-line current sharing. The more accurate a
power supply sets its output voltage, the better the current sharing performance. Take the 12 V/600 W module
as an example. If output set-point accuracy is £1 percent, and two modules are connected in parallel, in the
worst case, one unit has output voltage 12.12 V, and the other unit has output voltage 11.88 V. Each unit has
VOUT_DROOP set to 10 mQ. Assume there is no parasitic wire resistance to simplify the estimation. The low-
voltage unit will droop voltage to the maximum allowed droop (11.52 V) at 36 A load. The high-voltage unit will
droop to 11.52 V at 60 A load. If the rated output current is 50 A, the high-voltage unit would enter the current
limit or even shut down due to OCP. The current sharing between the two units is 36 A vs. 60 A.

If the set-point accuracy is +0.5 percent, then the current sharing between the two units will be 42 Avs. 54 Ain
the worst case. This is a significant improvement without power stage redesign. A controller with tightly
controlled set-point tolerance has the advantage for current sharing.

The output voltage could increase by the droop function if the output current is negative.

5.2.2 Droop clamps

The XDPP1100 provides both positive and negative clamps to output droop. The clamps are independent of the
PMBus commands VOUT_MAX and VOUT_MIN. Table 30 lists the clamp registers and design examples. The
vc_vavp_clamp_neg and vc_vavp_clamp_pos set the bounds of the output voltage under droop regulation.

If the output voltage reaches the ve_vavp_clamp_pos set threshold, further increasing of output current won’t
decrease Vour, and vice versa for the negative droop clamp.

Table 30 Droop clamps
Register name Description
vc_vavp_clamp_neg Negative droop clamp voltage can be used to limit negative droop voltage

independent of VOUT_MAX (e.g., set to 0 to disable negative droop). Negative
droop refers to increasing voltage with negative lour.

LSB=-20mV

Range =0 to -2540 mV

vc_vavp_clamp_pos Positive droop clamp voltage can be used to limit positive droop voltage
independent of VOUT_MIN. Positive droop refers to decreasing voltage with
positive lour.

LSB=20 mV

Range =0 to 2540 mV

e Example:

- Vour=12V, positive droop clamp to 11.52 V
- Positive clamp voltage=12Vt0 11.52V=0.48V
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Register name Description
- vc_vavp_clamp_pos=(12to 11.52V)/20 mV =24
5.2.3 ADDED_DROOP_DURING_RAMP

Current sharing during start-up is always more challenging than in steady-state. The power supplies could have
different start-up delays or different ramp times due to device variation. The voltage difference between units
could be much more than the set-point error in steady-state.

The XDPP1100 supports adding additional droop during the start-up ramp. The added_droop helps to reduce
the error of current sharing during start-up. It is removed once the power supply reaches regulation, thus the
max. output power won’t be sacrificed. This function is implemented in a XDPP1100 FW patch and could be
configured by patched PMBus command 0xFC MFR_ADDED_DROOP_ DURING_RAMP. Use the “Load PMBus
Spread sheet” button to import the MFR PMBus command into the GUI (Figure 75). MFR_ADDED_DROOP_
DURING_RAMP has LINEAR11 data format, and the exponent is configurable from -7 to +2, units in mQ.

Command  Status MFR commands
C:shasta®Shasta_GUI'shasta_pmbus xlsx
Code Command Write Read Byte Read Write Data ()
3A FAN_COMFIG_1_2 Write Byte Read Byte 1 Read Write 00
3B |FAN_COMMAND_1 Write Word Read Word 2 Read Write 0000
3C FAN_COMMAND_2 Write Word Read Word 2 Read Write 0000
c7 MFR_FREQUENCY_DITHER Write Byte Read Byte 1 Read Write 00
CcC MFR_BOARD_TRIM Write Word Read Word 2 Read Write 0000
Do MFR_SNAPSHOT_DATA Block Write Block Read )| Read Write 00000000000000000000000000000000000000000000
D2 MFR_VDD_SCALE Write Word Read Word 2 Read Write 0000
D3 MFR_VIN_SCALE Write Word Read Word 2 Read Write 0000
D4 MFR_FW_CONFIG_UART Block Write Block Read H Read Write 0000000000000000
D5 MFR_SS5_RAMP_FSW Write Byte Read Byte 1 Read Write 00
DA |MFR_ISHARE_THRESHOLD Wite Word | Read Word |2 Read Wiite 0000
I3 11FR_ADDED_DROOP_DURING RA... Wit Word | Read Word |2 Read Virite 0000
< H
Load PMBus Spread sheet Read All Write All

Figure75 MFR_ADDED_DROOP_DURING_RAMP command

Unlike the regular droop command (VOUT_DROOP), MFR_ADDED_DROOP_ DURING_RAMP needs to be written
in LINEAR11 format in hex. To help the user convert decimal parameters into LINEAR11, the XDPP1100 GUI
offers a linear format calculator (Figure 76). For example, to set MFR_ADDED_DROOP_ DURING_RAMP to0 9.6
mQ:

X=
e Openthe calculator¥2”
e Type9.6inthe “Decimal Value” section.
o Click the right arrow next to the “Decimal Value” box.

e Choose the desired exponent (range -7 to +2); the “Exact Value” would show the actual decimal number
based on the selected exponent.
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e Click the right arrow next to the “Exponent” box.
e LINEAR11 format data (EO 9A) will show in the right-hand boxes.
e Write EO9A to command 0xFC to set MFR_ ADDED_DROOP_ DURING_RAMP t0 9.625 mQ.

8-l Linear Format Calculator b4

Linear11 Calculator I
Decimal Value = | Mantissa Exponent E High Low
150 2 x@"| 4 0] [=2]
IR == ( ) [E0) [22]

Exact Value: 9625

Figure 76 GUI linear format calculator

5.2.4 Pre-bias start-up with fixed ramp slope

In case a power supply turns on before other parallel units, the one that starts later will start-up in pre-bias
condition. To maintain good current sharing in pre-bias start-up, the turn-on ramp slope should be the same
for all units. The units that start-up in pre-bias would have a shorter turn-on rise time, which is inversely
proportional to pre-bias voltage (Figure 77). The XDPP1100 FW calculates Ton rise time based on pre-bias
voltage, VOUT_COMMAND and TON_RISE.

TON_RISEX (VOUT_COMMAND—VBIAS)
Ton = (5.1)
VOUT_COMMAND

VOUT_WITH_PREBIAS

figger GG
50.0 ms/div] Stop 10.78 V|
1.00MS 2.0MSisjEdge  Positive)

Figure 77 Pre-bias start-up with fixed ramp (C1: pre-bias start-up, M1: 0 V start-up)

5.2.5 Multi-segment droop

Multi-segment droop is a type of non-linear droop that allows the user to define different droop resistances
under different load currents. If the load-line resistor is set high, the output voltage will sag quickly when the
current exceeds the set threshold; behavior similarly to constant current (CC) or constant power (CP) operation.

Figure 78 shows the behavior of the multi-segment load-line. A load-line value of R, ,, is used when the output
current louris less than zero. This is meant to help current balancing. R, , is the regular load-line (VOUT_DROOP)
used from 0 Ato threshold Ly, seg- FrOM Ly, sy tO L segs; Rii2 IS Used to emulate CC operation. From ly, .5 until
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the over-current shutdown threshold, R, ; is used for approximate constant power operation. Iy, equals the
output over-current fault threshold IOUT_OC_FAULT_LIMIT.

Note that Figure 78 demonstrates the CC operation in segment 2. The output voltage slope won’t be that sharp
if R, is set to a smaller value for current sharing purposes.

The various load-line values can be set to zero to bypass the function.

lo A
locsp T—- === ="="=~"="="="="="="—"——~—=>
|thrfseg3 4 - - Y Y
Ithrﬁsegz
A !
v I
© |Vset'RLL negIO
Vset — L
| VserRuilo
| Vset'RLL,llthrfsegz -
| Vset‘RLL,llthrfsegZ - R (| - )_
| R (| |h 2) LL,2\thr_seg3~Ithr_seg2
LL,2\10~
| 2\ 107 Hthr_seg RLL,3(|O‘|thrfseg3)
|
|
|
to t

Figure 78 Load-line implementation for OCP

The multi-segment droop parameters are set by PMBus command 0xC5 FW_CONFIG_REGULATION, bit 32:111
(Table 31), or by the GUI design tool “System Setting”, on the “Flexible Startup” tab (Figure 79).

Table 31 FW_CONFIG_REGULATION data byte format of the multi-segment droop

Bit(s) Parameter Meaning LSB and range

111:96 MFR_RDROOP_ITHR_SEG3 | Load-line droop current threshold for third | 0.5A,255.5A
segment to kick in

95:80 MFR_RDROOP_ITHR_SEG2 | Load-line droop current threshold for 0.5A,2555A
second segment to kick in

79:64 MFR_RDROOP_RLL_NEG Load-line droop for negative segment of 0.0078 mQ, 15.992
three-segment piecewise linear curve mQ

63:48 MFR_RDROOP_RLL_SEG3 Load-line droop for third segment of three- | 0.5 mQ, 511.5 mQ
segment piecewise linear curve

47:32 MFR_RDROOP_RLL_SEG2 Load-line droop for second segment of 0.5mQ, 511.5 mQ
three-segment piecewise linear curve
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ol Shasta Systemn Settings - -

Startup and Shutdown | Flexible Startup
111:86 MFR RDroop ITHR =eq3 D0 = A
95:80 MFR RDroop ITHR seg2 00 [ A
7%:64 MFR RDroop RLL neg 00000000 [ mQ @ U478 USE
63:48 MFR RDroop RLL zeg3 00 = m{}
4732 MFR RDroop RLL seg2 0o = m)

Figure 79 Multi-segment droop configured by “Flexible Startup” design tool

5.2.6 Droop filters

A LPF vc_vavp_kfp is added to VOUT_DROOP to eliminate oscillation during loop regulation. The LPF can be
bypassed by setting ve_vavp_kfp = 1F,, = 31p. It is recommended to set the bandwidth of ve_vavp_kfp lower
than the crossover frequency of the feedback loop. The LPF vc_vavp_kfp also applies to MFR_ADDED_DROOP_
DURING_RAMP.

A lower bandwidth LPF ve_vavp_kfp_lobw is added to the multi-segment droop, to segment 2 and segment 3.
The load-line R, , and R, ; usually have a much higher value than the regular droop when they are used for CC
limit and constant power limit. A lower bandwidth is required to avoid oscillation at high gain. This LPF can be
bypassed by setting ve_vavp_kfp_lobw = 1F; = 31,.

To help the user determine the LPF value, a design tool in GUI calculates the cut-off frequency for a given
number between 0 and 31.

Table 32 Droop filters
Register name Description
vc_vavp_kfp LPF coefficient for “high” BW filter applied to the negative and VOUT_DROOP

segments, set to all 1s to bypass.
o kfp_exp =vavp_kfp [4:2]
e kfp_man=4+vavp_kfp [1:0]
o kfp=kfp_man * 27 (kfp_exp - 14)
e F3db (MHz) = [kfp/(1-kfp)] * 25 MHz/2mt
Range =0.972 to 195.682 kHz
e Example:
- vc_vavp_kfp =18,=10010g
- kfp_exp=4,kfp_man=4+2=6
- kfp=6*27(4-14)=0.005859
- F3db (MHz) = [kfp/(1-kfp)] * 25MHz/2m = 23.451 kHz

vc_vavp_kfp_lobw LPF coefficient for “low” BW filter applied to the high-gain droop segments 2 and
3,settoall 1s to bypass.

o kfp_exp =vavp_kfp_lobw [4:2]

e kfp_man=4+vavp_kfp_lobw [1:0]

o kfp=kfp_man * 27 (kfp_exp - 17)

e F3db (MHz) = [kfp/(1-kfp)] * 25 MHz/2m
Range =0.121 to 23.451 kHz

Application Note 99 of 253 V12
2021-04-23



o _.
The XDPP1100 digital power supply controller |n f| neon
XDPP1100 application note

Current sharing

Register name Description
e Example:
- vc_vavp_kfp=18,=10010¢
- kfp_exp=4,kfp_man=4+2=6
- kfp=6*2"(4-14)=0.000732422
- F3db (MHz) = [kfp/(1-kfp)] * 25 MHz/21=2.916 kHz

Note: The number with subscript #, means the data is in decimal format, with subscript #, means the
data is in hex format, while subscript #; means the data is in binary format.

5.3 XDPP1100 active current sharing

Figure 80 shows the XDPP1100 active current sharing example with two units in parallel.

lout1
Unit 1
— Vint +IOUT
RC Load
Vin-
lout2

Unit 2 Vout+*
in+
vin Ko
RC IMON —» Ishare

Rishare

Vin- VOUTZ-I

Figure 80 XDPP1100 active current sharing

IMON is an analog DAC output representing the output current. IMON is used for output current monitor, and
for active current balancing between multiple parallel modules. A current source proportional to the output
current of loop 0 sources out of the IMON pin. The IMON current DAC (IDAC) output range is 0 to 640 pA. The
gain of the current source is configurable, which allows the user to scale the current source per application. At
no load, this source current is 320 pA. IMON source current lower than 320 pA indicates negative current in this
module.

A 1.875 kQ precision resistor (Ri..) connected between IMON and ground will present a voltage proportional to
the output current of each module. At full load, the IMON voltage will be 1.2 V (640 pA x 1.875 kQ); and at no
load, IMON voltage is 0.6 V (320 pA x 1.875 kQ).

Connecting the IMON of paralleled modules together allows the XDPP1100 to detect the level of average
current.

I0UT = Ioutl + Iout2 + -+ + loutn (5.2)
Vimon = (k- Toutl + k - Iout2 + ---+ k - Ioutn) X @ =k Rishare X % (5.3)
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lour is the total current supplied to load, n is the number of units that are connected in parallel, k is the IMON
source current scale factor. The voltage of the IMON pin represents the average current.

Each module compares its own output current with the average current and makes the corresponding
adjustment. To prevent oscillation on a small error current, a dead zone applies to the current sharing block.
When the error current is less than the dead zone, current sharing is inactive.

Figure 81 is the current sharing block diagram of the XDPP1100.

idac_fw_en

ishr_scale[4:0]
uL4

10'd512

idac_fw_frc[9:0]
il ts_tsidac_o[5:0]

tim0_iout_fs[13:0] clamp/trunc idac_int[9:0]

S6.4

TS IDAC

telem 6-bit + 1 LSB /" 0to 630uA

$9.4
4255A

«<3
(not physical)
o us.1 IMON
ishare_dead_zone[7:0] = + ‘_D
us.o S11.1 +

u10.1 R1=1875 R2=1875
ts_imon_adc[13:0]

u10.4
demux [€——— TS ADC =
ts_imon_adc_update

U6.4

clamp/trunc
9.0
ishr_kp[5:0] ———>|
ishr_ki[5:0] (Summed with target voltage)

Pl Filter —————>ishare_adj_o[8:0]
$9.0

Figure 81 XDPP1100 active current sharing block diagram

e The output current information is taken from the telemetry block; tlm0_iout_fs is loop 0 output current
cycle averaged at the switching frequency rate.

o Parameter ishr_scale scales output current to fit into the DAC range.

e Parametersidac_fw_en and idac_fw_frc can be used to drive the DAC directly from FW.

e The current telemetry drives a 6-bit current DAC output on the IMON pin.

e Four bits dithering drives an extra LSB input to the DAC for 4-bit extra resolution at the summing node.

e IMON output current from multiple devices is added across Ry, resistor (1.875 kQ/unit). 1.875 kQ per
device combined with the DAC maximum output of 640 pA will fill the full-scale range of the TSADC (0 to 1.2
V).

e The TS ADC senses the voltage at IMON as a representation of the average current across all devices.

e The difference between the device current and the average current drives an adjustment to the target
output voltage.

e Parameter ishare_dead_zone defines an optional dead zone within which the error is forced to 0.

ishr_scale should be calculated based on the maximum current per module:

) (5.4)

32

ishr_scale = integer(16 X ———
Tout_max

Example: The maximum output current per module is 50 A, ishr_scale = int (16*32/50) = 10.
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If using the example patch that comes with the GUl installation package, the user can configure
ishare_dead_zone by MFR PMBus command MFR_ISHARE_THRESHOLD. MFR_ISHARE_THRESHOLD defines
the error current threshold, below which ISHARE adjustment is zero out. The dead-zone threshold should be set
large enough to avoid current sharing failure. For example, if the system READ_IOUT accuracy is +/-1 A, the
ISHARE threshold should be larger than 2 A to avoid failure. It should also be set small enough to reduce current
sharing error. The FW patch will calculate the ishare_dead_zone register based on the following equation:

ishare_dead_zone = ishare_scale X MFR_ISHARE _THRESHOLD (5.5)

The Pl filter in Figure 81 consists of a proportional term that works on the instantaneous magnitude of the
error, and an integral term that works on the magnitude and the duration of the error. The integral term is the
sum of the instantaneous error over time, and it gives the accumulated error. The integral term sets how
strongly the loop will response to the “past” information. The integral term sets the low-frequency gain, the
proportional term sets the high-frequency gain. The magnitude response of the Pl filter is defined by:

2 ki 2
\/kp + (Zn'-Tsw-f) (5'6)
Here, Tsw is the converter switching period.
Table 33 Current sharing Pl filter register
Register Description Equation
ishr_kp Current sharing Pl filter proportional kp_exp =ishr_kp [5:3]

coefficient index. Set to 0 to disable the kp_man =8 +ishr_kp [2:0]

proportional component of the filter. kp = kp_man * 2Akp_exp * 2/-10

ishr_ki Current sharing Pl filter integral coefficient | ki_exp =ishr_ki [5:3]
index. Set to 0 to disable the integral ki_man =8 +ishr_ki [2:0]
component of the filter. B -

ki=kp_man * 2 ki_exp * 2/-12

Design example:
ishr_kp = 0,, proportional term is disabled.
ishr_ki = 16, = 010000, ki = 8 * 27(2-12) = 0.0078125

The Pl filter magnitude over-frequency can be plotted as Figure 82, at Fsw = 250 kHz.

Ishare Pl filter magnitude

2,5

1,5

Gain

0,5

100,00 1 000,00 10 000,00 100 000,00
Frequency (Hz)

Figure 82 Ishare PI filter example
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5.3.1 Active current sharing clamps

The XDPP1100 provides both positive and negative clamps to voltage adjustment under active current sharing.
Table 34 lists the clamp registers and design examples.

Table 34 Active current sharing voltage clamps
Register name Description
ishare_clamp_neg Negative clamp applied to active current sharing voltage adjustment. This value

reflects the voltage at the VSEN input. To convert to Vour divide by
VOUT_SCALE_LOOP.

LSB=-1.25mV
Range=01to0-318.75mV
e Example:
- Vour=12V
- VOUT_SCALE_LOOP=0.1
- Clamp Vour to 11.95 V during active current sharing
- lIshare_clamp_neg=(11.95V-12V)*0.1/(-1.25 mV) =4

ishare_clamp_pos Positive clamp applied to active current sharing voltage adjustment. This value
reflects the voltage at the VSEN input. To convert to Vour divide by
VOUT_SCALE_LOOP.
LSB=1.25mV
Range=0to 318.75 mV
e Example:

= Vour=12V

- VOUT_SCALE_LOOP=0.1

- Clamp Vour to 12.5V during active current sharing

- ishare_clamp_pos=(12.5V-12V)*0.1/(1.25 mV) = 40

5.3.2 IMON configuration

Table 35 lists the IMON enable registers.

Table 35 TS ADC IMON enable registers
Register name Description
imon_meas_en TS ADC IMON measurement enable. When enabled, the TS ADC will measure the

IMON input when selected by ts_muxmode and tx_muxctrl2. When disabled, no
IMON measurement will occur, even if selected by ts_muxmode and ts_muxctrl2.

Set to 1 for active current sharing.

ts_tsidac_imon_sel IMON output current DAC enable. This current DAC should be enabled when using
the IMON pin for current sharing. The current DAC should be disabled otherwise.

Set to 1 for active current sharing.

en_ishare FW-driven HW block enable for IMON-based current sharing function.
0 =disabled
1=enabled
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Register name Description

ts_muxmode Set to 4, 6 or 7 for active current sharing.
See chapter 1.5 for TS ADC introduction.

5.3.3 Disconnect Rishare in off mode

In Figure 80 the Risnare resistor is always connected between IMON and the return/ground of the output. This
configuration would give the wrong average current information if one or more parallel units are not in
regulation. This could happen for example when the unit has turn-on delay or is shut down due to over-current
or overtemperature protection. While the unit is in off-mode, the Risare resistor is still in parallel with the other
Rishare resistors on the IMON bus. This reduces the total equivalent IMON resistance and the XDPP1100 measures
average current lower than the actual value.

The Rishare resistor should be disconnected from the IMON bus when the converter is not in operation. PWM11
and PWM6 are the pins that have hot N-WELL output cells. The outputs of PWM11 and PWM6 are in tri-state
(HiZ) when the XDPP1100 is not biased. This allows for connecting this pin to a voltage prior to applying Vyp.
PWM11 and PWM6 can be used as a switch that floats Rishare When the XDPP1100 is not in operation and
connects Rishare to ground when the XDPP1100 is enabled.

yMON
—

1VDD j_
c

XDPP1100 Rutare T
|

I TPwMilor
PWM6

GND

Figure 83 Use PWM11 (or PWM6) to disconnect Rishare

The feature is offered in the XDPP1100 FW patch. Prior to start-up, the IMON DAC is disabled
(ts_tsidac_imon_sel =0), and en_ishare is disabled (en_ishare = 0). The IMON resistor is disconnected from
the circuit with the PWM11 output floating. When the converter is enabled, active current sharing will be
enabled (en_ishare =1) if the MFR PMBus command 0xDA MFR_ISHARE_THRESHOLD is none zero. The IMON
current source is enabled (ts_tsidac_imon_sel = 1), and PWM11 will be pulled low to have the IMON resistor
connected in the circuit. The active current sharing is enabled at the beginning of the output ramp.

Figure 84 shows PWM11 and IMON waveforms at start-up. In this test, two converters are connected in parallel
with the outputs shorted together. Each unit has a 1.87 kQ IMON resistor connected to its own XDPP1100
PWM11 pin. The IMON wires of the two converters are connected together. Unit #1 has 0 ms turn-on delay and
unit #2 has 100 ms turn-on delay. The waveform shows the Vour, IMON voltage and PWM11 of unit #2. There is
no load to the output, so IMON voltage is expected to be 600 mV.

The PWM11 of unit #2 was 0.2 V prior to both units’ start-up and was pulled up to 0.6 V by unit #1 through the
Rishare resistor when unit #1 started ramping up. It was then pulled down to 0 V when unit #2 started operation.
Both the output voltage and IMON bus were smooth during the start-up.

DE mode is enabled at start-up to allow pre-bias condition.
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A 1 nFfilter cap is recommended to be connected to the IMON pin to filter voltage spikes during
ts_tsidac_imon_sel and PWM11 transient.

Ch2: IMON voltage, Ch3: PWM11 of unit #2, Ch4: Vour

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

500 mvidiv|
0 mV offset)
TELEDYNE LECROY 12/20/2018 2:37:26 PM

Figure 84 Current sharing start-up waveforms (two units in parallel)

5.3.4 Current share fault

When active current sharing is enabled, the IC monitors the error between the output current and the average
current measured at the IMON pin. If the error is more than the MFR_ISHARE_THRESHOLD, the XDPP1100
adjusts the output voltage to reduce the error. If the output voltage adjusts to the active current sharing
clamps, and the error is still larger than the MFR_ISHARE_THRESHOLD, “current share fault” is reported. Bit 3 of
the STATUS_IOUT is set to 1.

5.4 Current sharing register descriptions

Table 36 describes the registers used by the current sharing function.

Table 36 Current sharing relevant register descriptions
Name Address (loop | Bits Description
0/1)

Common peripheral

imon_func 7000_3008,, [2:0] Pin IMON function definition. Set to 0 to enable analog
IMON function for active current sharing.

[2:0] | Direction | Function | [2:0] | Direction | Function

0 Analog IMON 4 I FAN1_TACH

1 10 GPIOO[3] |5 na na

2 10 GPIO1[3] [ 6 na na

3 10 SYNC 7 na na
imon_pd 7000_3008,, [3] Pin IMON weak pull-down enable. Set to 0 for active

current sharing.
0 = pull-down disabled
1= pull-down enabled

imon_pu_n 7000_3008, [4] Pin IMON weak pull-up enable. Set to 1 for active current
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Name

Address (loop
0/1)

Bits

Description

sharing.
0 =pull-up enabled
1=pull-up disabled

imon_ppen

7000_3008,,

(5]

Pin IMON output buffer CMOS/open drain select. Setto 0
for active current sharing.

0 = open drain output
1=CMOS output

ishr_scale

7000_3020

[4:0]

Used for current sharing, this register defines a pre-scale
gain applied to the internal current telemetry before
sending to the current output DAC on the IMON pin. Its
setting should be computed as follows:

ishr_scale(U1.4) = integer(16 * (32/max current))

ishr_kp

7000_3020

[10:5]

Current sharing Pl filter proportional coefficient index. Set
to 0 to disable the proportional component of the filter.
Note that index settings greater than 55 are clamped to 55.

e kp_exp=ishr_kp [5:3]
e kp_man=8+ishr_kp [2:0]
e kp=kp_man * 27 kp_exp - 10)

ishr_ki

7000_3020,

[16:11]

Current sharing Pl filter integral coefficient index. Set to 0
to disable the integral component of the filter. Note that
index settings greater than 55 are clamped to 55.

e Kki_exp =ishr_ki[5:3]
e ki_man=8+ishr_ki[2:0]
e ki=ki_man * 27 (ki_exp - 12)

ishare_clamp_neg

7000_3024,,

Negative clamp applied to active current sharing voltage
adjustment. This value reflects the voltage at the VSEN
input. To convert to Vour divide by VOUT_SCALE_LOOP.

LSB=-1.25mV, range =0to-318.75 mV

ishare_clamp_pos

7000_3024,,

[15:8]

Positive clamp applied to active current sharing voltage
adjustment. This value reflects the voltage at the VSEN
input. To convert to Vour divide by VOUT_SCALE_LOOP

LSB=1.25mV, range=01to 318.75 mV

en_ishare

7000_3054,

[12]

FW-driven HW block enable for IMON-based current
sharing function.

0 =disabled
1=enabled

ishr_fw_adj

7000_3084,

When ishr_fw_en is high, this register overrides the HW
current share voltage adjust output with a FW controlled
setting.

ishr_fw_en

7000_3084,,

Enables FW controlled current share loop via ishr_fw_ad,.
0 = use HW computed current share adjust
1=useishr_fw_adj
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Name Address (loop | Bits Description
0/1)
ishare_dead_zone 7000_30A0, [7:0] ISHARE dead zone below which current sharing is not

attempted. To convert to amps divide by ishr_scale.

This register will be calculated by FW based on PMBus
command MFR_ISHARE_THRESHOLD.

LSB=1ADC code, range =0 to 255

e Example:
- ishr_scale=10
- MFR_ISHARE_THRESHOLD =3 (A)
- ishare_dead_zone=3*10=30

pwmé6_func 7000_3010,, [2:0] Pin PWM6 function definition. Set to 1 to configure as GPIO
output for Risnare cOntrol.
pwmé6_pd 7000_3010,, (3] Pin PWM6 weak pull-down enable.

0 = pull-down disabled (recommended)

1 =pull-down enabled

pwmé6_pu_n 7000_3010,, (4] Pin PWM6 weak pull-up enable.

0 = pull-up enabled

1 = pull-up disabled (recommended)

pwmé6_ppen 7000_3010,, (5] Pin PWM6 output buffer CMOS/open drain select. Setto 0
when using PWM6 as the R.... GND switch in active current
sharing.

0 =open drain output

1=CMOS output

pwmeé_static_hiz 7000_3010,, [30] Pin PWM6 static HiZ control. Pin PWM®6 has a special
output buffer with tri-state bias resistors for use with

integrated power stage drivers or to control active current
sharing resistors. Set to 0 for Rishare cONtrol.

0 = tri-state biasing disabled (typical usage)
1 =tri-state biasing enabled (integrated power stage

usage)

pwmll_func 7000_3014,, [2:0] Pin PWM11 function definition. Set to 1 to configure as
GPIO output for Risnare control.

pwmll_pd 7000_3014, (3] Pin PWM11 weak pull-down enable.

0 = pull-down disabled (recommended)

1= pull-down enabled

pwmll_pu_n 7000_3014,, (4] Pin PWM11 weak pull-up enable.

0 = pull-up enabled

1 = pull-up disabled (recommended)

pwmll_ppen 7000_3014,, [5] Pin PWM11 output buffer CMOS/open drain select. Set to 0
when using PWM11 as the Ry, GND switch in active
current sharing.

0 = open drain output

1=CMOS output
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Name

Address (loop
0/1)

Bits

Description

pwm1ll_static_hiz

7000_3014,,

[12]

Pin PWM11 static HiZ control. Pin PWM11 has a special
output buffer with tri-state bias resistors for use with
integrated power stage drivers or to control active current
sharing resistor. Set to 0 for Risnare cONtrol.

0 = tri-state biasing disabled (typical usage)

1 =tri-state biasing enabled (integrated power stage
usage)

TSEN peripheral

imon_meas_en

7000_4C00,,

[1]

TS ADC IMON measurement enable. When enabled, the TS
ADC will measure the IMON input when selected by
ts_muxmode and tx_muxctrl2. When disabled, no IMON
measurement will occur, even if selected by ts_muxmode
and ts_muxctrl2.

0 =disabled

1=enabled

ts_tsidac_imon_sel

7000_4C00,

IMON output current DAC enable. This current DAC should
be enabled when using the IMON pin for current sharing.
The current DAC should be disabled otherwise.

0 =disabled
1=enabled

ts_muxctrll

7000_4C00,,

[16:15]

TS ADC MUX1 input source select. The output of MUX1 is
connected to MUX2 input 7. The most common setting of
this register is 0 to measure the internal temperature of the
controller.

ts_muxctrl2

7000_4C00,,

[19:17]

TS ADC MUX2 input source select. The output of MUX2 is
connected to the TS ADC input. Generally, this mux is auto-
sequenced by the TS ADC but may be overridden by setting
parameter ts_tsmuxmode = 0.

ts_muxmode

7000_4C00,,

[22:20]

TS ADC input sequence control. When bit [2] is 0, the TS
ADC input is entirely determined by the settings of
ts_muxctrll and ts_muxctrl2. When bit [2] is 1, MUX2 auto-
sequences its input using the pattern in the table below. If
the sequences include MUX2 input 7 (MUX1), the source in
this timeslot is determined by the setting of ts_muxctrl1.

Vcontrol Peripheral

vc_vavp_clamp_neg

7000_1400,,
7000_1800,,

[6:0]

Negative droop (load-line) clamp voltage, can be used to
limit negative droop voltage independent of VOUT_MAX
(e.g., set to 0 to disable negative droop).

Note: Positive droop refers to decreasing voltage with
positive loyr, negative droop refers to increasing voltage
with negative lour.

LSB =-20 mV, range = 0 to -2540 mV

vc_vavp_clamp_pos

7000_1400,,
7000_1800,,

[13:7]

Positive droop (load-line) clamp voltage, can be used to
limit positive droop voltage independent of VOUT_MIN.

Note: Positive droop refers to decreasing voltage with
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Name Address (loop | Bits Description
0/1)

positive lour, Negative droop refers to increasing voltage
with negative lour.

LSB =20 mV, range =0 to 2540 mV

vc_vavp_kfp 7000_1400,, [18:14] | LPF coefficient for “high” BW filter applied to the negative
7000_1800,, and VOUT_DROOP segments, set to all 1s to bypass.

o kfp_exp =vavp_kfp [4:2]

e kfp_man=4+vavp_kfp [1:0]

o kfp=kfp_man * 2/ (kfp_exp - 14)

e F3db (MHz) = [kfp/(1-kfp)] * 25 MHz/2mt
Range =0.972 to 195.682 kHz

vc_vavp_kfp_lobw 7000_1400, [23:19] | LPF coefficient for “low” BW filter applied to the high-gain
7000_1800,, droop segments 2 and 3, set to all 1s to bypass.

o kfp_exp =vavp_kfp_lobw [4:2]

e kfp_man =4 +vavp_kfp_lobw [1:0]

o kfp=kfp_man * 27 (kfp_exp - 17)

e F3db (MHz) = [kfp/(1-kfp)] * 25 MHz/2m
Range =0.121 to 23.451 kHz

5.5 PMBus command descriptions

Table 37 describes the PMBus commands relevant to the current sharing function.

Table 37 Current sharing relevant PMBus command descriptions
Command name Command | Format Description
code
VOUT_DROOP 28, LINEAR11 | The VOUT_DROOP sets the rate, in mV/A (mQ) at

which the output voltage decreases (or increases)
with increasing (or decreasing) output current for use
with adaptive voltage positioning requirements and
passive current sharing schemes.

IOUT_CAL_OFFSET 39, LINEAR11 | Defines positive or negative offset added to current
sense that calibrates and nulls out any offsets.
Unit: amps

MFR_IOUT_APC EA, LINEAR11 | Defines current sense gain.
Unit: amps/code

MFR_ISHARE_THRESHOLD DA, LINEAR11 | Defines current sharing dead-zone. This is a patched

MFR PMBus command. It is valid only if the function
is defined in the FW patch.

Unit: amps
MFR_ADDED_DROOP_ FC, LINEAR11 | Defines added droop during start-up ramp. Thisis a
DURING_RAMP patched MFR PMBus command. It is valid only if the

function is defined in the FW patch.
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Command name Command | Format Description
code
Unit: mQ
FW_CONFIG_REGULATION C54 See “Multi-segment droop” section 5.2.5.
5.6 XDPP1100 GUI design tool for current sharing configuration

The XDPP1100 GUI design tool for active current sharing is shown in Figure 85.

o Advanced Configuration - O X

Feedforward Cument balancing Flux balancing Cument sharing  Sync In/Out Droop ~ FastTransient Burst

Current sharing IMON Configuration
Maximum o/p curent |26 H A imon_func |Analog - IMON ~
ishr_scale 20 imon_pd |pulldown disabled
wso 0 & s
shr ki |10 = imon_pu_n |Disabled ~
ishare_dead_zone (60 - ts_tsidac_imon_sel |Enabled v
ishe fw_ad 0 % imon_meas_en |Enabled ~
ishr fw_en |Disabled o ts_muxmode |Auto Sequence: 1,5,2,3,1.7 ~
ts_muxctrd2 [D.SV Reference {est only) w
Ishare_clamp_neg 4 = B -
8 . 0 0.6V Reference (test only) | 4 ATSEN
Ssicay po - 1| PRISEN 5 | XADDR1 unfiltered
2 | IMON ] | XADDR2 unfiltered
3 BTSEN 7 MUX1
Read All
l Unit1 Vout+ pr—
Vine Mouse Hover for the description of the each control
RC IMON |share
Vin- Vo
Unit 2 Vout+
Vine
RE MON i Ishare
]. Vin- T Vout
0K Apply Help

Ready

Figure 85 GUI design tool

5.7 Test result of current sharing

In this section, current sharing is tested with a 600 W 48 V-to-12 V quarter-brick reference design. The document
of the reference design is available online: REF_600W_FBFB_XDPP1100. A FW patch is loaded to the XDPP1100
OTP for active current sharing control. The source code of the patch can be found in XDPP1100 GUI installation
folder C:\XDPP1100\XDPP1100_fw\projects\patch_user_app.

The three-unit quarter-/eighth-brick test fixture enables connecting three quarter-brick units in parallel. Each
unit has its individual on/off control switch. There is also a main switch that can turn-on all the units at the
same time.

Application Note 110 of 253 V12
2021-04-23


https://www.infineon.com/cms/en/product/evaluation-boards/ref_600w_fbfb_xdpp1100/

o~ _.
The XDPP1100 digital power supply controller | n f| neon
XDPP1100 application note
Current sharing

Figure 86 Three-unit QB test fixture with three parallel units

5.7.1 Active current sharing configuration

Table 38 shows the registers that should be configured by the user for active current sharing. The board has
VOUT_SCALE_LOOP =0.099; this scale is used when calculating the output voltage clamp thresholds.

Table 38 Active current sharing registers configured by user
Register Value Description
imon_func 0 Analog IMON function is selected
imon_pd 0 IMON pin pull-down disable
imon_pu_n 1 IMON pin pull-up disable
imon_ppen 0 IMON pin output buffer set to open drain
ishr_scale 10 Integer (16 * (32/50 A)) = 10
ishr_kp 0 Proportional term of the Pl filter is disabled
ishr_ki 8 Integral coefficient of the Pl filter
ishare_clamp_neg 2 Negative voltage is clamped to 11.975 V during active current sharing
ishare_clamp_pos 10 Positive voltage is clamped to 12.125 V during active current sharing
ishr_fw_en 0 Use HW computed current share adjustment
imon_meas_en 1 TS ADC IMON measurement enabled
ts_muxmode 7 TS ADC input auto sequence, measure IMON input once every 32 us
pwmll_pd 0 PWM11 pull-down disable
pwmll_pu_n 1 PWM11 pull-up disable
pwmll_ppen 0 PWM11 output buffer set to open drain
pwm1ll_static_hiz 0 PWM11 tri-state biasing disabled

MFR PMBus command 0xDA MFR_ISHARE_THRESHOLD sets current sharing dead-zone. Setting it to a non-zero
value also triggers FW-controlled current sharing features. The MFR_ISHARE_THRESHOLD should be set to at
least twice the accuracy of loyr telemetry to avoid voltage adjustment going in the wrong direction. In this test,
MFR_ISHARE_THRESHOLD is setto 2.5 A.
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Table 39 PMBus command for active current sharing
PMBUS command Value Description
VOUT_SCALE_LOOP 0.099 Output voltage sense resistor divider ratio is 0.099
MFR_ISHARE_THRESHOLD F805x Current sharing dead-zone is 2.5 A

Table 40 shows the registers controlled by the FW.

Table 40 Active current sharing registers controlled by FW

Register Off mode/fault Operation

en_ishare 0 1

ishare_dead_zone =ishr_scale * MFR_ISHARE_THRESHOLD =22

ts_tsidac_imon_sel 0 1

Pwm11_func 1 (GPIO) 1(GPIO)

Pwm1ll_ppen 0 (open drain) 1 (CMOS, pulled down)
5.7.2 Start-up comparison: DROOP vs. active current sharing

To verify the current sharing performance, the Vour of the two modules was intentionally set to have 100 mV
voltage difference.

Unit #1, VOUT_COMMAND = 11.95 V, xaddr 0x41

Unit #2, VOUT_COMMAND = 12.05 V, xaddr 0x40

On the test fixture, remove the remote sense resistor of each unit to enable local voltage sensing.
Test case 1: active current sharing is disabled, current sharing by droop only:

e Added droop is 14 mQ at start-up ramp and reduced to 9 mQ at regulation
e vc0_vavp_kfp =24 (output voltage sense LPF)

e vc0_vavp_clamp_neg=0 (negative droop clamp)

e vc0_vavp_clamp_pos =24 (positive droop clamp, -480 mV at Vour)

e Enable DE start-up of one unit (can be either unit #1 or unit #2), the waveform is taken with unit #2 DE start-
up enabled

Test case 2: active current sharing is enabled:

¢ No added droop at start-up ramp, standard droop 4 mQ at regulation

e vc0_vavp_kfp=24

e ishr_scale =10 (current share scale, defined per the maximum output current 50 A)
e ishr_ki=8, ishr_kp =0 (active current share Pl filter)

e ishare_clamp_neg=2 (negative clamp, -25 mV at Voyr)

e ishare_clamp_pos =10 (positive clamp, +125 mV at Voyr)

e MFR_ISHARE_THRESHOLD = 0x0002 (2 A)

e Enable unit #2 DE start-up
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Ch1:10UT1 of unit#1 (5 A/div), Ch2: Vour (2 V/div), Ch3: IMON pin (0.5 V/div), Ch4: IOUT2 of unit#2 (5 A/div)

op

By droop only, 9 mQ ahd 14 mQ added droo Active current sharing With 4 mQ dr

i y
Measure P1:mean(C1) P2:mean(C2) P3mean(C4) P4mean(C3) P&mean(C3) PE:mean(C4) Measure P1:mean(C1) P2mean(C2) P3mean(C4) P4mean(C3) PSmean(C3) Pémean(C4)
value -281A 7.345v 481A -27mv value <-432A 7.369V 335A 605.4 mv
status v v v v status v

4 v v
bass —i50mg (Tigger @B
5.00m: v 5,00 Al 2.00Vidiy 500 mvidiv|
250M3 50 Msfs] Edge it -995A0fst]  -6.000Vorst]  80.0mVofst

48V, 0 A start-up 48V, 0 A start-up

By droop only, 9 mQ and 14 mQ added droog Active current sharing With 4 mQ droop

[y [y
Measure Plimean(C1) PZmean(C2) PImean(C4) Pamean(C3) PEmean(C3 PBmean(C4) Measure P1:mean(C1) PZmean(C2) PImean(C4) Pamean(C3 PEmean(C3 PBmean(C4)
value 10464 7.323V 1464A 13my value 10,024 7347V 13034 7059 my
status v v v v status

v v v v
(Thase — -150m9 (Trigger  GAEH
2,00 Vidiv| 5.00 A/div| 5,00 Ajdiv| 2,00 Vidiv| 500 mvidiv 500msfdiviNormal  3.44 V|
~6.000 V ofst -5,00 A ofst -5.0 J ~6.000 V ofst -1.0000 V] 250M8 50 MSis)Edge  Positive)

48V, 25 A start-up 48V, 25 A start-up

By droop only, 9 mqmgvn'd 14

IPTPRPTUALLS “‘ \ "i‘v-!.,‘

A i
Measure P1:mean(C1) P2:mean(C2) P3mean(C4) P4mean(C3) P&mean(C3) PE:mean(C4) Measure P1:mean(C1) P2:mean(C2) P3mean(C4) P4mean(C3) P&mean(C3) PB:mean(C4)
value 2237TA 7160V >2618A =201 mv value 2165A 7339V 2500A 8424 mv
status v v L v status v v v v

5.00msfdiv|Normal 344 V|
250M8 50 MSisjEdge Positive)

5,00 Adiv) 2 500 mVidiv, 5.00 Aidiv
-15.00 A ofst] -5.00 -1.5000 V) -15.00 A ofst]

48V, 50 A start-up 48V, 50 A start-up

Figure 87 Current sharing waveform at start-up

In steady-state, the active current sharing has much better performance than the droop-based current sharing.
The active current sharing at start-up, however, gets larger errors, especially at no load. This can be improved
by adding some droop during the start-up ramp. Also, if the unit could sense negative output current, it would
improve the current sharing accuracy at no load.
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Active current sharing with 4 mQ droop Active current sharing with 4 mQ droop and 6 mQ
added droop at ramp

'y A
Measure P1:mean(C1) P2mean(C2) PImean(C4) Pdmean(C3) PEmean(C3) Phmean(C4) Measure P1:mean(C1) P2mean(C2) PImean(C4) Pamean(C3) P&mean(C3) PEmean(C4)
value <-432A 7.369V 3354 605.4 my value -422A 7.362 3294 5932mv
status [ v v v o

2.00 Vidiv| 500 mvidiv 5.00ms/diviNormal 344 V|
-9.95 A ofst] ~6.000 V ofst] 80.0 mV ofst] 250M8  50MSisjEdge  Positive

v

v
2.00 Vidiv| 500 mVidiv| Y 5.00 Aidiv |
\ <5.000 V ofst] 0.0 mV ofst] 10, ofst

48V, 0 A start-up 48V, Astart—up
Figure 88 Start-up waveforms with active current sharing
5.7.3 Start-up with different TON_DELAY

The test is done with two units in parallel. One of the units has 10 ms TON_DELA,Y which makes the unit start-
up in pre-bias condition. TON_RISE of both units are set to the same (30 ms).

Unit #1, VOUT_COMMAND =11.95V, xaddr 0x41, TON_DELAY =0, TON_RISE =30 ms
Unit #2, VOUT_COMMAND = 12.05 V, xaddr 0x40, TON_DELAY =10 ms, TON_RISE =30 ms

Test case 1: active current sharing is disabled, current sharing by droop only:

e Added droop is 14 mQ at ramp and reduced to 9 mQ at regulation
e vcO_vavp_kfp=24

e vc0_vavp_clamp_neg=0,vc0_vavp_clamp_pos =24

e Enable DE start-up of unit #2

Test case 2: active current sharing is enabled:

e No added droop at ramp, standard droop 4 mQ at regulation

e ishr_scale=10,ishr_ki=8,ishr_kp=0

e ishare_clamp_neg=2 (25 mV at Vour), ishare_clamp_pos =10 (125 mV at Vour)
e MFR_ISHARE_THRESHOLD = 0x0002 (2 A)

e Enable DE start-up of unit #2
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Ch1:10UT1 of unit#1, Ch2: Vour (2 V/div), Ch3: IMON pin (0.5 V/div), Ch4: I0UT2 of unit#2

By droop only, 9 mQ and 14 mQ added droop

A
P1:mean(C1)

Measure P2mean(C2) PImean(C4) P4mean(C3) P&mean(C3y) PB.mean(C4)
value 23954 7.350V 6514 105 my
status v v v

5,00 Ajdiv|
-15.00 A ofst]

Active current sharing with 4 mQ droop

1185V 10UT1

I

s
[y
Measure Pl:mean(C1) P2mean(C2) PImean(C4) Pdmean(C3) P&mean(C3y) PB.mean(C4)
value 1557 A 7362V 10494 648.7 mv
status

v v v

500 mvidiv 5.00 Adiv|
-15.00 A ofst

2,00 Vidiv|
-5.000 V ofst]

i
P1:mean(C1)

Measure P2mean(C2) P3mean(C4) P4mean(C3) P&mean(C3) PE:mean(C4)
value >4134A 906V 933 -169my
status T v v v

(Trigger GAED
5.00ms/div|Normal 344V
-10,00 A ofst 250M3  50Msis|Edge Positivel

2,00 Vidiv| 10.0 Addiv

00
~6.000 V ofst

48V, 45 A start-up with 10 ms delay

48V, 25 A start-up with 10 ms delay

a
Measure P1:mean(C1) P2:mean(C2) P3mean(C4) P4mean(C3) P&mean(C3) P6:mean(C4)
value >3838A 7354V 569A 786.3mv
status L v
(Trigger GAED
10.0 Ajdliv | 2.00 Vidiv| 500 mVidiv| 5.00ms/diviNormal 344 V|
-10.00 A ofst] -6.000 V ofst -1.5000 V] 250M8 50 MS/sjEdge  Positive]

48V, 50 A start-up with 10 ms delay

Figure 89

Start-up waveforms with different TON_DELAY

Please note: In this test, the IMON resistor is always connected in circuit (not controlled by PWM11).

5.7.4

Active current sharing under load transient

This section shows active current sharing during load transient. The configuration is the same as in test 5.7.2.

Unit #1, VOUT_COMMAND =11.95V, xaddr 0x41

Unit #2, VOUT_COMMAND = 12.05 V, xaddr 0x40

Ch2: Vour (2 V/div), Ch3: IMON pin (0.5 V/div), Ch4: IOUT2 of unit#2 (5 A/div)
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s
Measure P1:mean(C1) PZmean(C2) PImean(C4) Pamean(C3) PEmean(C3) PBmean(C4)
value -400A 11045V 11.80A 24 my
status v v v

48V,0Ato25A

Active current sh%'ris with 4 mQ droop

s
Measure P1:mean(C1) PZmean(C2) Pamean(C4) Pamean(C3) PEmean(C3 PEmean(C4)
value 4 12,030V 5454 6625 my
status v

48V,0Ato 25

By droop only, 9 mQ and,14 mQ added droop

Y
Pamean(C4)

Measure P1:mean(C1) P2:mean(C2) P4mean(C3) P&mean(C3) PE:mean(C4)
value 558A 11.828v 11954 -70mv
status v v v v

(limebase _0.0md (Trigger _{

-5.00

48V,25At0 0 A

2,50 M3

Active current shaﬁ' § with 4 mQ droog

Y
Pamean(C4)

Measure P1:mean(C1) P2:mean(C2) P4mean(C3) P&mean(C3) PB.:mean(C4)
value 1083A 12017V 543A 6636 mv
status v v v v

500 mvidiv,
5 -1.5000V,

48V,25At0 0 A

| 0md Trigger G
5.00ms/divNormal  7.25 A
/s

5.00 Aidiv
-15.00 A ofst]

By droop only, 9 mQ and14 mQ added drop

T2 b
vout I
[y
) 1
P
!
i
Measure P1:mean(C1) P2mean(C2) P3mean(C4) P4 mean(C3) PSmean(C3) P6.mean(C4)
value 11.04A 11.830V »2203A -159mv
v T v

i
Measure P1:mean(C1) P2:mean(C2) P3:mean(C4) P4mean(C3) P&mean(C3) P6.:mean(C4)
value 16.23A 11.965V 1727A 7959 mv

v v

(Trigger G
Normal 1910 A
Edge  Either
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Active current sharinE w h4mQ drooB

o b o 5 2

i it i A L i
‘By droop only, 9 mQ and 4 mQ added droop

1195V IOUT1
L - - S [T L BN IS EPSEET. NSy S . S E g
e -
|
@ !
s s
Measure P1:mean(C1) PZmean(C2) PImean(C4) Pamean(C3) PEmean(C3 PBmean(C4) Measure P1:mean(C1) PZmean(C2) PImean(C4) Pamean(C3) PEmean(C3 PEmean(C4)
value 19.48A 1805V 21984 160 my value 24184 1104V 17.53A 797.2mv
status v v v v status v v v

(fimehase 003 (Tiager GG
5.00 ms/divfNormal 1910 A|
250M8 50 MSisJEdge Either]

2.00 Vidiv 5.00 Adiv| sidivfNormal  11.85 A 2.00 Vidiv 500 mVidiv|
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Figure 90 Current sharing at dynamic load

5.8 Summary of current sharing

This chapter describes the features of passive and active current sharing of the XDPP1100, and how to
configure these features. Test results of the droop-based current sharing are compared with active current
sharing. The active current sharing shows a better balance between two units when the output voltage has 100
mV mis-match. Start-up in pre-bias condition is also discussed.
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6 Flux balancing

In the FB converter (Figure 91), PCMC is often used to balance the current in each half-cycle and to prevent
transformer saturation. However, PCMC requires an additional current transformer to sense the primary
current, and often loses accuracy during start-up when the duty-cycle is narrow. In telecom-brick 48 Vto 12V
converters, it is common to run the converter in an open-loop condition at 36 V input to optimize transformer
design. In this case, the converter switches at the maximum duty-cycle, which is very close to 100 percent. The
current transformer may not have enough time to reset, and this could cause transformer saturation.

VMC doesn’t require a current transformer. On top of saving on BOM cost and PCB area, it also improves
reliability. If flux balance can be achieved without additional cost, VMC is preferred. To avoid “flux walkaway” in
VMC, standard techniques rely on some combination of over-sizing the transformer by using a larger core,
placing a capacitor in series with the primary winding, or gapping the transformer core, which leads to
increased core and conduction losses.

Vin I

Lo

e v
Copper
WA i

Cf

IREF

ISEN

VRSEN

Full-bridge

Controller
peak current mode control

VRREF

BIREF

BISEN

T VSEN
‘ VREF

Vin
J
ﬂ Q1
Driver
| +
== Q2 Vo
copper
"
Full-bridge -UAsE ]
voltage mode control Controller :::;F
Figure 91 FB converter
Application Note 118 of 253 V12

2021-04-23



o~ _.
The XDPP1100 digital power supply controller | n f| neon
XDPP1100 application note

Flux balancing

To enable use of the minimum core size, and to remove the bulky DC blocking capacitor, the transformer flux
must be maintained within given bounds, or must be balanced by adjusting the PWM of each half-cycle to
account for practical timing differences.

The XDPP1100 implements flux balancing by maintaining volt-second balance in each half-cycle. The voltage
and timing are measured from the transformer secondary winding. The error between the volt-second products
of each half-cycle is fed to a Pl compensation network for duty-cycle adjustment.
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Figure 92 Volt-second balance

As shown in Figure 92, the volt-second flux balance can be described as follows:

e Inthis example, the even and odd half-cycles have different pulse widths due to gate driver delays. The
odd cycle has a wider pulse.

e The Vreer voltage follows the gate driver pulse width and is sensed by VRSEN. The odd cycle has a larger
volt-second product.

e The flux balance block computes a duty-cycle adjustment and reduces the pulse width of the odd cycle.
With the same gate driver delays, odd cycle gate pulse now is equal to even cycle.

e With the adjustment, the volt-second of the even and odd cycles is balanced.

e Theflux balance block has a Pl filter. The i-term of the PI filter maintains the duty-cycle adjustmentin
the presence of zero errors and maintains flux balance.
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In the example in Figure 92, the even cycle is assigned to PWM1 and the odd cycle is assigned to PWM3. This
mapping is not fixed but user configurable. The user could use the XDPP1100 GUI to select PWM mapping as per
actual HW design.

To achieve high-performance flux balancing, accurate voltage and timing measurements are critical, especially
timing measurement. This is because the voltage unbalancing is typically introduced by the mis-match of
MOSFET on-state resistance (Rosin) and the mis-match of PCB trace impedance of the power stage. In mid-
voltage and HV applications, such as telecom brick converters or AC-DC server power supplies, the voltage error
generated by Rpsion) is a tiny proportion of the input voltage. In addition, Rosen) has a positive temperature
coefficient. The mis-match due to Rpsin) could be self-corrected in steady-state. The branch with lower
resistance has higher magnetizing current. It causes higher power loss in MOSFETS. Rosin) Would increase with
junction temperature and offsets the initial Rpsn) mis-match.

Compared to voltage error, timing mis-match introduces a higher volt-second error in terms of percentage of
the total. Mis-matched timing comes from mis-matched turn-on/turn-off time of the controller, gate driver
delays, and insufficient PWM resolution. The XDPP1100 can lock the duty-cycle of the odd cycle to the even
cycle, with PWM resolution of 78.125 ps. This eliminates two important sources of a timing mis-match. For gate
driver delays, many gate drivers have very good delay matching between their internal channels, but the
variation from part to part could be in the range of tens of nanoseconds. In the FB topology, the primary
MOSFETSs are often driven by two HB drivers. The mis-matched propagation delay between the two drivers
dominates the timing mis-match. In high switching frequency applications, it becomes the major source of flux
imbalance.

Many advanced digital controllers support Vrecr sensing from the transformer secondary side. However, sensing
both voltage and pulse width (timing) is a challenge. The voltage sense ADC must have wide input voltage
range, while retaining high resolution over the dynamic range. It should also be capable of responding to a
fast-changing edge for proper timing measurement while simultaneously being immune to voltage glitches.
The XDPP1100 offers the following benefits on Vrecr sensing:

e Fast Vrecr sensing over a large dynamic range (100 Msps, 0.5V to0 2.1V)
o High-speed edge detector (200 MHz)

e Excellent noise immunity

e Programmable leading-edge blanking time

e Hardware-based implementation

Other challenges require attention in system-level design, i.e. good layout to avoid too much noise on the Vgecr
waveform; proper snubber for a clean Vrecr waveform; avoiding a large filter to obtain a sharp Vgecr pulse shape.

When the XDPP1100 VADC is configured to measure the rectified voltage waveform (Vkecr), it enables the
rectified voltage sense processor and VRS edge comparator (Figure 93). After the blanking window, sampling of
the rectified voltage can occur (shown as the Tsample Waveform). The sampling window ends when the
associated PWM signal goes low. If the input voltage changes during this period, the ADC tracks the change. At
the end of the sampling window, the ADC remembers the value of the last ADC sample and uses this value for
the volt-second computation.

The edge comparator detects the rising edge and falling edge of the Vgecr waveform. The vsp counter starts
counting the pulse width when the rising edge is detected and stops counting when the falling edge is
detected. The counter resolution is 5 ns. Any filter added to the VRSEN pin would distort the VRS edge, leading
to timing measurement errors. Thus, it is not recommended to add a filter cap to the VRSEN or BVRSEN pin
when it is used for the flux balancing function.

More details on Vgecr sensing can be found in chapter 2.3.
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Figure 93 Vrecr sensing by VRSEN

6.1 XDPP1100 volt-second flux balance

The XDPP1100 has two flux balance blocks, both associated with loop 0. “fbal” is used for single-phase
topologies or phase 1 of an interleaved topology. “fbal2” is used for the second phase of an interleaved bridge
application. Note that the XDPP1100 is unable to balance flux on loop 1 in a dual-loop scenario due to the
limited number of voltage sensors.

Flux balancing is automatically enabled by FW under the following conditions.
Enable “fbal” (en_fbal=1):

e Topology=FBorHB
e Control mode=VMC
e Operationis enabled

Enable “fbal2” (en_fbal2 = 1):

e Topology=FBorHB
e Control mode =VMC

e INTERLEAVE_ENABLE is true (INTERLEAVE_ENABLE is configured by PMBus command 0xC5
FW_CONFIG_REGULATION)

e Operationis enabled
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The duty-cycle lock registers must be set to 1 for flux balance correction. Once the duty-cycle lock is enabled,
the odd half-cycle duty-cycle is locked to the even half-cycle duty-cycle prior to applying any flux balance
correction.

Table 41 Duty-cycle lock registers
Register name Register value | Description
ramp0_dutyc_lock 1 Ramp 0 duty-cycle lock enabled (fbal)
rampl_dutyc_lock 1 Ramp 1 duty-cycle lock enabled (fbal2)
6.1.1 Flux balancing

The XDPP1100 volt-second based flux balancing corrects duty-cycle based on the following equations. The
volt_second_erroris used to compute duty-cycle adjustment. The adjustment only applies to odd half-cycles.

volt_second_error = vdt + tdv (6.1)
vdt = (vrs_vrect_even + vrs_vrect_odd) X (cnt_vrscomp_even — cnt_vrscomp_odd) (6.2)
tdv = (ent_vrscomp_even + cnt_vrscomp_odd) X (vrs_vrect_even — vrs_vrect_odd) (6.3)

The following registers are used for volt-second computation. Table 42 list the registers of vsp1 for fbal. A
similar set of registers is available by vsp2 for fbal2.

Table 42 Status_Vsense registers for volt-second computation (vsp1)
Register name Description
vspl_vrs_vrect_even Measured VS1 (VRSEN) ADC rectification voltage on the even half-cycle.
LSB=1.25mV, range=0105.11875V
vspl_vrs_vrect_odd Measured VS1 (VRSEN) ADC rectification voltage on the odd half-cycle.
LSB=1.25mV, range=0105.11875V
vspl_cnt_vrscomp_e Non-averaged VRS1 VRS comp. pulse width measurement result for the even half-

cycle of bridge topologies.

LSB=5ns, range =010 10235 ns

vspl_cnt_vrscomp_o Non-averaged VRS1 VRS comp. pulse width measurement result for the odd half-
cycle of bridge topologies.

LSB=5ns, range =0to 10235 ns

The status registers can be read from the “common” register tab in the XDPP1100 GUI, under the Status_Vsense
folder. vrs_vrect_even and vrs_vrect_odd are the VRS ADC measured voltage after a LPF. The value of
vrs_vrect can be estimated by input voltage Vi, MFR_TRANSFORMER_SCALE, and the Vgecr resistor divider scale
MFR_VRECT_SCALE.

MFR_TRANSFORMER_SCALE defines the transformer turns ratio; set this scale per Ng/N.
MFR_VRECT_SCALE is the resistor divider ratio of Vgecr.

For example, at 48 V input, transformer scale Ng/N; = 1:3, Vrecr scale = 0.073, the vrs_vrect_even and

48V><§><0.073

vrs_vrect_odd are expected to be approximately equal to = 934.

1.25mV
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Figure 94 Vsense status registers

To enable VRS sensing for flux balancing, the VS ADC must be set to VRS mode (Table 43).

Table 43 VS ADC mode select registers
Register name Register value Description
vspl_vrs_sel 1 Veecr sensing (VRS) mode (for fbal)
vsp2_vrs_sel 1 Veecr sensing (VRS) mode (for fbal2)
6.1.2 Voltage mode balance and time-only balance

Figure 95 shows the XDPP1100 flux balance block diagram. The highlighted signals are accessible through the
register map. The XDPP1100 allows the user to select balance mode per the following configuration. The
“voltage balance” adjusts the odd duty-cycle only based on the voltage of the odd and even cycles. The “time
only balance” will adjust the odd duty-cycle only based on the pulse width of the odd and even cycles. The
“voltage balance” can be selected in HB applications. The “time only balance” is useful when the voltage sense
is not accurate due to parasitic ringing appearing on the Vrecr waveform. It could ignore the voltage mis-match
and only corrects the timing mis-match.

Table 44 Volt-second balance mode
Balance mode Register name Value
Voltage balance vbal_mode_sel 1

Flux balance vbal_mode_sel 0

(volt-second balance) fbal_time_only 0
Time only balance vbal_mode_sel 0

fbal_time_only 1
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Figure 95 XDPP1100 flux balancing block diagram

6.1.3 Flux balancing Pl filter

The Pl filter consists of a proportional term that works on the instantaneous magnitude of the error, and an
integral term that works on the magnitude and the duration of the error. The integral term is the sum of the
instantaneous error over time, and it gives the accumulated error. The integral term sets how strongly the loop
will response to the “past” information. The integral term set the low-frequency gain, and the proportional
term sets the high-frequency gain. The magnitude response of the Pl filter is defined by:

Jkpz + (211-7Ifsiw-f)2 (6.4)
Here, Tsw is the converter switching period.
Table 45 Flux balancing PI filter register
Register Description Equation
kp_fbal Flux/voltage balancing Pl filter kp_exp = kp_fbal [5:3]
proportional coefficient index kp_man =8 + kp_fbal [2:0]
kp =kp_man * 27 (kp_exp - 18)
ki_fbal Flux/voltage balancing Pl filter ki_exp = ki_fbal [5:3]
integral coefficient index ki_man =8 + ki_fbal [2:0]
ki=ki_man * 27 (ki_exp - 22)

Design example:
kp_fbal =24, = 011000, kp = 8 * 2/(3-18) = 0.000244
ki_fbal =32,=100000g, ki =8 * 2"(4-22) = 3.05*107-5

The Pl filter magnitude over frequency can be plotted as Figure 96, at Fs, = 250 kHz.

Note: Subscript #, means the data is in decimal format, #s means the data is in binary format.
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Figure 96 fbal PI filter example

6.1.4 Maximum limit of duty-cycle correction

The fbal_max register limits the maximum duty-cycle correction applied by the flux balance filter. The LSB of
this register is 27-10, and the range is from 0 to 24.902 percent.

For example, a FB converter has a switching frequency of 250 kHz. The estimated maximum timing mis-match
is 40 ns. Expected maximum timing correction is 80 ns, which is 2 percent duty-cycle. Then fbal_max should be
set to 20 for 2 percent maximum limit.

2%

>=r5 = 20

fbal_max =

Please note, setting fbal_max = 0 will block duty-cycle adjustment from the fbal function.

6.1.5 FW override

The XDPP1100 allows FW to override the flux balancing adjustment. When fbalX_fw_en (X =1, 2) is high, the
fbalX_fw_adj register overrides the computed flux balance duty-cycle adjustment. LSB of this register is 2/-9,
and the range is from 0 to 24.805 percent.

6.1.6 DCM operation

At light load, output inductor current flows in a negative direction. If the secondary rectifier is not an SR
MOSFET but a diode, the output current is discontinuous. This is termed discontinuous conduction mode (DCM)
to indicate that the inductor current is discontinuous (diode mode) or negative (SR mode).

In DCM operation, the VRS rising edge happens before the primary PWM rising edge because the negative
current in the inductor drives the VRS high as soon as the opposite SR turns off. That means the Vgecr pulse
width cannot indicate primary PWM mis-match. Disabling flux balance in DCM is recommended. Flux balance
DCM control registers are listed in Table 46.
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Table 46 Registers to disable flux balance in DCM
Register name Description Example
fbal_dcm_thresh Determines where the fbal duty adjust | Set to 20 for 10 A DCM threshold
will be removed in DCM
Index of 63 disables feature
LSB=0.5A,range=0to31A
fbal_dcm_dis_cnt 1 to 4, number of consecutive current Set to 2, flux balance will be disabled
samples below threshold to disable after three consecutive current samples
fbal lower than fbal_dcm_thresh
fbal_dcm_ena_cnt 1 to 4, number of consecutive current Set to 2, flux balance will be enabled
samples above threshold to enable fbal | after three consecutive current samples
higher than fbal_dcm_thresh
fbal_dcm_Oout_duty_adj | Determines whetherin DCM to zero out | 0 = freeze the current fbal_duty_adi
fbal_duty_adj or freeze the current 1= zero out fbal_duty_adj
duty adjust Set to 1is recommended

The DCM threshold varies with input voltage. Setting the fbal_dcm_thresh based on high-line operation could
cover both low-line and high-line situations. A variable fbal_dcm_thresh per input voltage is also possible by
FW patch.

Setting fbal_dcm_dis_cnt, fbal_dcm_ena_cnt to a higher number helps reduce jittering at the boundary of
the threshold.

6.1.7 Flux balance fault protection

Failure to achieve flux balance within a programmable number of cycles should generate a fault. Flux balance
fault is managed by a common fault block. Figure 98 shows the flux balance fault block diagram. The
highlighted signals are accessible through the register map.
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Figure 98 Flux balance fault protection

The flux balance fault can be detected in two ways: by absolute volt-second error, or by the accumulated
integrator error.

The absolute flux balance error is calculated by the following equation:

fbalgrror = [(vrs_vrect_even + vrs_vrect_odd) X (cnt_vrscomp_even — cnt_vrscomp_odd)
+ (cnt_vrscomp_even + cnt_vrscomp_odd) X (vrs_vrect_even — vrs_vrect_odd)]/256

The flux_bal_thresh defines flux balance fault threshold. LSB is 2. Set it to 0 to disable fbal error fault
protection.

fbal_integ_thresh is the flux balance integrator error threshold defined with respect to maximum integrator
range.

e 0=disable

e 1=25percent or greater (railed)
e 2=12.5percent or greater

e 3=6.25percent or greater

fbal_lpf_kpshift sets the LPF bandwidth at the output of fbal error. It bypasses the filter when set to 0. Set the
filter to a lower bandwidth to reduce the sensitivity of fbal fault detection.

o Kp=27-Kpshift
o F3db =[kp/(1-kp)] * Fyitcn (kHZ)/2 pi

For example, at 250 kHz switching frequency, fbal_lpf_kpshift = 1 sets LPF BW to 39.788 kHz. fbal_lpf_kpshift
=7 sets LPFBW to 0.313 kHz.

If the flux balance fault is tripped, the common fault will be reported by PMBus command
STATUS_MFR_SPECIFIC (bit 4). The fbal fault is mapped to common fault bit [4], the fbal2 fault is mapped to
common fault bit [7]. The common fault list is shown in Table 47. The common fault status can be checked by
writing 23, to PMBus command OxFE MFR_FIRMWARE_COMMAND, and reading the result from PMBus
command 0xFD MFR_FIRMWARE_COMMAND_DATA.
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For example, after the fbal fault is triggered, write 23, to PMBus command OxFE and read 0xFD should return =
000000 10. Acommon fault can be cleared by the CLEAR_FAULTS PMBus command.

The response to a flux balance fault is either to ignore or shut down. This is configured by the common fault
shutdown mask register fault_shut_mask_com. Enabled faults disable both loop outputs and assert the
shutdown interrupt. To enable fbal_fault shutdown, write 16, to fault_shut_mask_com. To enable fbal2_fault
shutdown, write 128, to fault_shut_mask_com.

Table 47 Fault_shut_mask_com

Bit Fault

Unused

Unused

IS1 (ISEN) tracking fault
IS2 (BISEN) tracking fault
fball_fault

IS1 (ISEN) PCL fault

IS1 (ISEN) SCP fault
fbal2_fault

IS2 (BISEN) PCL fault
IS2 (BISEN) SCP fault

O|lo|N|ojO|Ah|WIN|H|O

10 Unused

11 VREF open fault

12 VSEN open fault

13 Unused

14 VRREF open fault

15 VRSEN open fault

16 Unused

17 BVREF_BVRREF open fault
18 BVSEN_BVRSEN open fault

Flux balancing is enabled at the beginning of the start-up ramp. The flux balance fault is blanked during the
start-up ramp to prevent false triggering. The flux balance fault will be enabled when output voltage reaches
the target.

6.2 Flux balance register descriptions

Table 48 describes the registers used by the flux balance function.
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Table 48 Flux balance relevant register descriptions
Name Address Bits Description
(loop 0/1)

Common peripheral

kp_fbal 7000_3000, |[17:12] | Flux/voltage balance Pl filter proportional coefficient
index. Set to 0 to disable the proportional component of
the filter. Note that index settings greater than 55 are
clamped to 55. Note also that flux balancing requires that
duty-cycle locking is enabled by rampX_dutyc_lock.

o kp_exp =kp_fbal [5:3]

e kp_man=8+kp_fbal [2:0]

e kp=kp_man * 27 kp_exp - 18)

ki_fbal 7000_3000,, |[23:18] | Flux/voltage balance PlIfilter integral coefficient index.
Set to 0 to disable the integral component of the filter.
Note that index settings greater than 55 are clamped to
55. Note also that flux balancing requires that duty-cycle
locking is enabled by rampX_dutyc_lock.

e ki_exp =ki_fbal [5:3]

e ki_man=28+ki_fbal[2:0]

e ki=ki_man * 27 (ki_exp - 22)

vbal_mode_sel 7000_3000,, |[24] Flux/voltage balance filter mode select.

0 = flux balance mode

1=voltage balance mode

fbal_time_only 7000_3000,, |[28] In the flux balance mode of the flux/voltage balance PI
filter, select between volt-second or time only balancing.
0 =volt-second balance mode

1 =time only balance mode

fbal_max 7000_3014,, |[30:23] | Flux/voltage balance maximum correction. This register
limits the maximum duty-cycle correction applied by the
flux balance filter.

LSB of this register is 2/-10

Range is 0 to 24.902 percent

Example: set fbal_max =20 limits the maximum duty-
cycle adjustment to 1.95 percent

vspl_vrs_sel 7000_3018,, |[21] VS1 (VRSEN) ADC VRS mode select.

0 = general-purpose ADC mode

1 = Vgecr Sense (VRS) mode

vsp2_vrs_sel 7000_3018,, |[22] VS2 (VRSEN) ADC rectification VRS mode select.

0 =Vour sense (VS) mode

1=VRS mode

vrs_cmp_ref_sel 7000_3018,, |[27] Rectification VRS comparator threshold select. This
threshold is shared by VRS1 and VRS2.

0=500 mV

1=300mV
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Name

Address
(loop 0/1)

Bits

Description

flux_bal_thresh

7000_3030

[7:0]

Flux balance fault threshold (0 = disable)
LSB =2 volt-seconds (us)

Equation used:
[(vetvo)(te-to)+(te+to)(ve-vo)]/256

fbal_integ_thresh

7000_3030

[9:8]

Flux balance integrator error threshold defined with
respect to maximum integrator range.

0 =disable

1=25 percent or greater (railed)
2=12.5 percent or greater
3=6.25 percent or greater

fbal_lpf_kpshift

7000_3030

[12:10]

Coefficient of LPF at output of fbal error, set to 0 to
bypass.

Kp = 27-Kpshift
F3db = [kp/(1-kp)] * 50 MHz/2 pi
Range 62.6 kHz to 7.95 MHz

fbal_delta_abs_en

7000_3030

(13]

Determines whether absolute values to be applied to the
error input before or after the LPF.

0 = convert to absolute value after LPF
1 =convert to abs value before LPF

fbal_dcm_thresh

7000_3030

[19:14]

Determines where the fbal duty adjust will be removed in
DCM.

Index of 63 disables feature
LSB=0.5A,range=0to31.5A

fbal_dcm_dis_cnt

7000_3030

[21:20]

1 to 4, number of consecutive current samples below
threshold to disable fbal.

0=1sample
3=4samples

fbal_dcm_ena_cnt

7000_3030y

[23:22]

1 to 4, number of consecutive current samples above
threshold to enable fbal.

0=1sample
3=4samples

fbal_dcm_Oout_duty_adj

7000_3030

Determines whether in DCM to zero out fbal_duty_adj or
freeze the current duty adjust.

0 = freeze the current fbal_duty_adj
1=zero out fbal_duty_adj

fball_fw_adi

7000_307C,,

[7:0]

When fball_fw_enis high, this register overrides the loop
0, phase 1 HW flux/voltage balance duty-cycle adjusts
output with a FW controlled setting.

LSB of this register is 2/-9

Range is 0 to 24.805 percent

fball_fw_en

7000_307C,

Enables FW controlled flux/voltage balance loop via
fball_fw_adj.
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Name

Address
(loop 0/1)

Bits

Description

0 = use HW computed flux/voltage balance adjust
1=use fball_fw_adj

fbal2_fw_adi

7000_3080,

[7:0]

When fbal2_fw_en is high, this register overrides the loop
0, phase 2 or loop 1 HW flux/voltage balance duty-cycle
adjusts output with a FW controlled setting.

LSB of this register is 2/-9

Range is 0 to 24.805 percent

fbal2_fw_en

7000_3080,

Enables FW controlled flux/voltage balance loop via
fbal2_fw_adj.

0 = use HW computed flux/voltage balance adjust

1 =use fhbal2_fw_adj

vspl_vrs_vrect_even

7000_3034,,

[11:0]

Measured VS1 (VRSEN) ADC rectification voltage on the
even half-cycle.

LSB=1.25mV,range=0t05.11875V

vspl_vrs_vrect_odd

7000_3038,

[11:0]

Measured VS1 (VRSEN) ADC rectification voltage on the
odd half-cycle.

LSB=1.25mV,range=0t05.11875V

vsp2_vrs_vrect_even

7000_3040,,

[11:0]

Measured VS2 (BVSEN_BVRSEN) ADC rectification voltage
on the even half-cycle.

LSB=1.25mV,range=01t05.11875V

vsp2_vrs_vrect_odd

7000_3044,,

[11:0]

Measured VS2 (BVSEN_BVRSEN) ADC rectification voltage
on the odd half-cycle.

LSB=1.25mV,range=0t05.11875V

vspl_cnt_vrscomp_e

7000_3064,,

[10:0]

Non-averaged VRS1 VRS comp. pulse width measurement
result for ACF topology or the even half-cycle of bridge
topologies.

LSB=5ns,range =0to 10235 ns

vspl_cnt_vrscomp_o

7000_3064,,

[21:11]

Non-averaged VRS1 VRS comp. pulse width measurement
result for ACF topology or the odd half-cycle of bridge
topologies.

LSB=5ns,range =0to 10235 ns

vsp2_cnt_vrscomp_e

7000_306C,

[10:0]

Non-averaged VRS2 VRS comp. pulse width measurement
result for ACF topology or the even half-cycle of bridge
topologies.

LSB=5ns, range =0to 10235 ns

vsp2_cnt_vrscomp_o

7000_306Cy

[21:11]

Non-averaged VRS2 VRS comp. pulse width measurement
result for ACF topology or the odd half-cycle of bridge
topologies.

LSB=5ns,range =0to 10235 ns

PWM peripheral

ramp0_dutyc_lock

7000_2C00,

Ramp 0 duty-cycle lock enable. When enabled, the odd
half-cycle duty-cycle is locked to the even half-cycle duty-
cycle prior to applying any flux balance correction. Duty-
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Name

Address
(loop 0/1)

Bits

Description

cycle lock is required when using flux balancing but may
also be used without flux balance.

0 =duty lock disabled
1=duty lock enabled

rampl_dutyc_lock

7000_2C00,,

(17]

Ramp 1 duty-cycle lock enable. When enabled, the odd
half-cycle duty-cycle is locked to the even half-cycle duty-
cycle prior to applying any flux balance correction. Duty-
cycle lock is required when using flux balancing but may
also be used without flux balance.

0 = duty lock disabled

1 =duty lock enabled

Faultcom peripheral

fault_shut_mask_com

7000_5400,

[31:0]

Shutdown mask for “common” faults. Individual faults are
enabled for shutdown when their corresponding bit is
high. Enabled faults disable both loop outputs and assert
the shutdown interrupt. The list shows the bit and its
corresponding fault.

2:1S1 (ISEN) tracking fault
3:1S2 (BISEN) tracking fault
4: fball_fault

5:1S1 (ISEN) PCL fault

6: 1S1 (ISEN) SCP fault

7: fbal2_fault

8: 1S2 (BISEN) PCL fault

9:1S2 (BISEN) SCP fault

11: VREF open fault

12: VSEN open fault

14: VRREF open fault

15: VRSEN open fault

17: BVREF_BVRREF open fault
18: BVSEN_BVRSEN open fault

6.3 XDPP1100 GUI design tool for flux balance configuration

The XDPP1100 GUI design tool for flux balancing is shown in Figure 99.
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wy Advanced Configuration — O X

Feedforward Cument balancing Fluxbalancing  Cument sharing  Sync In/Out Droop  FastTransient Burst

Flux Balancing

fball Fbal faults
[~] ramp0_dutyc_lock flux_bal_thresh 127 =
fball_fw_ad 0 2 fbal_integ_thresh ‘Disd:l-e VI

foal_lpf_kpshift 4 :

fball_fw_en [use HW computed flux / voltage balance adjust

fbal_detta_abs_en ‘conved to abs value afterlpf  +~ |

fbal_max 20 -
DCM
fbal_time: Disabled v
_time_only | Disa . | fbal_dem_thresh 32 D
kifbal 30 =
3 [V
g : s o e
number of consecutive cument samples
vbal_mode_sel |Flux balance mode (select for Ful-Bridge primary) ~ below threshold to disable fbal
foal_dem_ena_cnt
number of consecutive cument samples below
threshold to disable fbal
fbal_dem_Qout_duty_adi Izero out fbal_duty_adj ~ ‘
Read Al

Ramp 0 duty cycle lock enable. When enabled, the odd half cycle duty cycle is locked to the even half cycle duty cycle prior to applying any flux
balance comection. Duty cycle lock is required when using flux balancing but may also be used without flux balance. <start table>{H0 "duty lock
disabled {1 "duty lock enabled"}{}<end table>

Loop Selection |Loop0 v oK Apply Help
Ready

Figure 99 GUI design tools - flux balance

6.4 Test result of FB converter with flux balancing

In this section, start-up, load and line transient are tested with the XDPP1100 600 W 12 V/50 A FB evaluation
board.

Figure 100 is the schematic of the power stage of the FB converter. The schematic of the control circuit is
shown in Figure 101.

e XDPP1100 control board: R1, R2, C18, R15, R16, R45 are not used.
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Application Note 134 of 253 V12
2021-04-23



The XDPP1100 digital power supply controller

XDPP1100 application note

infineon

Flux balancing

2 mS K SE

EF VSN VRREF VR3EN BUREFSUSENSEN WEF BiSEN siREF ‘

T3 TRe TPs
Bisen e Bisen

(Tﬁﬁnenn Infineon Technologies Americas Corgl.
- 101N SepuvedaBie. £l Sequnde, Catoma 90245

SHASTA_DAUGHTER_BOARD
=

Daugreer_poan 66 2]

Crc Bowaies) ‘
rouosss

emECE FEN T e 1w T

Figure 101

6.4.1

Schematic of the XDPP1100 control circuit

Flux balancing register configuration

Table 49 is the configuration of FB-FB VMC with flux balancing.

Table 49 FB-FB VMC flux balancing configuration

Register name Register value | Meaning

mode_control_loop0 0 Voltage mode control

ramp0_dutyc_lock 1 Ramp 0 duty-cycle lock enabled (fbal)

kp_fbal 8

ki_fbal 30

vbal_mode_sel 0 Flux/voltage balance filter mode select
0 = flux balance mode

fbal_time_only 0 Select between volt-second or time only balancing
0 =volt-second balance mode

fbal_max 20 Flux/voltage balance max. duty-cycle correction 1.95 percent

vspl_vrs_sel 1 VS1 (VRSEN) ADC rectification voltage sense (VRS) mode select
1=VRS mode

fball_fw_en FW override is disabled

vspl_vrs_cnt_num_avg 0 Time measurement averaged every four samples
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6.4.2 Dead-time configuration for mis-matched pulse width

In this design, PWM1 and PWM2 are mapped to drive primary MOSFETs. PWM1 drives even cycles; PWM2 drives
odd cycles. A 30 ns PW mis-match is forced to the primary gate drive by changing the dead-time configuration
as shown in Figure 102 (a) and (b). The experiment shows how the XDPP1100 controller corrects the duty-cycle
mis-match and flux imbalance. Please note that the optocoupler of the power board has 100 ns delay, thus the
SRrise time is set to 220 ns.

 code | Comman | 122  code | command | 123

CF | CF PWM_DEADTIME v CF | CF PWM_DEADTIME v

PWM dead times - Fall Time and Rise Ti

Iy a Y 0 LA
o.00 |& 0.00 ooo & 220.00

pwm7 pwm8
a.o0 : o600 : 00 .3 ao00 :
pwmS pwml0
oo (& 000 (2 oo0 5| coo &
pwmil pwmil2
000 & oo 2 000 & ooo =

“primary side active pwm's

‘primary side active pwm's

*secondary side active pwm's

This is a 24-byte block that contains ~
PWM dead time in the format {0xCF,
pwm1_df{7:0], pwm1_dr[7:0], pwm2_df

“secondary side active pwm's

This is a 24-byte block that contains ~
PWM dead time in the format {0xCF,
pwm1_df[7:0], pwm1_dr[7:0], pwm2_df

[7:0], pwm2_dr{7:0], pwm3_df[7:0], [7:0], pwm2_dr[7:0], pwm3_df[7:0],

pwm3_dr[7:0],}. .couniere, pwm12_df[7:0], pwm3_dr{7:0L,}. ..........., pwm12_df[7:0],
pwm12_dr[7:0] } v pwm12_dr[7:0] } "
Read Wirite vf Read V

(a) PWM1 dead-time is 30 ns longer (b) PWM2 dead-time is 30 ns longer
Flux balancing PW mis-match by dead-time configuration

Figure 102

Figure 103 shows the waveform of configuration (a). PWM1 PW is 30 ns longer than PWM2 PW.

0 Tsw/2 Tsw
30ps 30ns
PR <
PWM1
60 n:
<>
PWM2
SR1 & SR3: 220 ns
SR2 & SR4: 2o
Figure 103 FB-FB gate drive waveform with mis-matched dead-time
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6.4.3 Steady-state waveform

Steady-state waveforms are tested at 48 Vinput, 20 A load. The converter operates in CCM. Figure 104 shows
the steady-state waveforms with flux balancing correction disabled (fbal_max = 0) and enabled (fbal_max =
20). The dead-time of primary PWM has 30 ns mis-match. The transformer waveform shows the mis-match of
dead-time causing imbalance in the transformer, but flux balancing could correct the error in either direction.

Ch4: PWM2 output of odd cycle
Ch3: Transformer primary voltage

Flux balancing disabled Flux balancing enabled
(a) PWM1 dead-time is 30 ns longer (a) PWM1 dead-time is 30 ns longer

PAM2 P L

o e o i P

Measure P1:freq(C1) P2width(C1) P3:width(C4) P4:width(C3) PSipkpk(C4) PB:mean(C4) | Measure P1:freq(C1) P2width(C1) P3:width(C4) P4:width(C3) P5:pkpk(C4) PB:mean(C4)

value 250.3924 kHz 1.460931 ps 1.490940 ps value 250.4732 kHz 1.463498ps 1.478915ps
mean 250.538333 kHz 1.44176410ps 1.47200662 ps mean 250.497573 kHz 1.45638907 ps 1.47187474 s
min 250.2988 kHz 1.418826 ps 1.448527 ps min 250.2022 kHz 1437311 ps 1.452505 ps
max 250.9088 kHz 1.460831 ps 1.490940ps max 251.0068 kHz 1.474932ps 1.489455 s
sdev 127167 Hz 7.06105ns 7.03287ns sdev 133370 Hz 7.42190ns 7.50269ns
num 152 304 304 num 121 242 242

status v v v status v v v

The PWM mis-match is 30 ns The PWM mis-match is reduced to 16 ns
(b) PWM2 dead-time is 30 ns longer (b) PWM2 dead-time is 30 ns longer

0 R o | 8 G

] ]
0 I

Measure P1req(C1) P2:width(C1) P3width(C4) P4:width(C3) P5:pkpk(C4) P6:mean(C4) | Measure P1:freq(C1) P2width(C1) P3width(C4) Pé:width(C3) P5:pkpk(C4) PB:mean(C4)

12

value 250.4712 kHz 1.475961 ps 1.446569 s value 2505455 kHz 1.477226ps 1.484893 s
mean 250498120 kHz  1.47261561ps  1.44297057 s mean 250443146 kHz  _1.46391918ps __ 1.47247319ps
min 2501246 kHz ~ ~ T452234ps 142009405 min 250.0998 kHz 14302365 1448297 ps
max 250.7517 khz 1.495516 s 1.464926 s max 250.7709 kHz 1.487810ps 1.496255 s
sdev 117.464 Hz 8.01863ns 819964 ns sdev 125,350 Hz 7.72997 ns 7.97503ns
num 14 228 228 num 169 338 338

status v v v status v v v

G0 i C

R
The PWM mis-match is 30 ns The PWM mis-match is reduced to 8 ns

Figure 104 PWM and VRS waveforms after flux balance correction

6.4.4 Start-up and shutdown waveforms

This section shows switching waveforms during turn-on and turn-off with 30 ns primary gate drive timing
imbalance. The “time only balance” is selected during the test.
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Figure 105 shows the start-up and shutdown waveforms at 48 Vinput, and 12 V Vour.

Ch1 = primary drive PWM1, Ch2 = Vour, Ch3 = primary-side transformer winding, Ch4 = primary drive PWM2

2.00 Vidiv /| 5.00ms/div|Normal  6.00 2.00 Vidiv] Vidiv] 200 ms/div|Normal  6.00 V|
! -6.000 ¥ ofst] it 100 kS 2.0 MSis|Edge Eithi ! -6.000 V ofst] fst 100 kS 50 kSis|Edge Either|
V=48V DC with 12V at0A V=48V DC with 12Vat0A
(a)
—

XFMR

(Timebase 0.00ms| (Trigoer  CAGH)
1.00ms/divNormal ~ 6.00 V|
Either|

100 kS 10 MEisjEdoe

[DC M) rigger _ GAEH) )
v 2.00 Vidiv| | 5.00ms/div|Normal  6.00 / 2.00 Vidiv| fidiv)
/o -6.000 V ofst 3 100k3  20Mmsis]Edge  Eith Vo -6.000 V ofs] ofst

Vin=48VDCwith12Vat50A Vin=48VDCwith12Vat50A
() (d)
Figure 105 Output turn-on and turn-off with gate drive imbalance at V\y=48 V DC

The start-up and shutdown waveforms are smooth and clean. No failure with the 30 ns mis-match is applied to
the primary gate drive.

6.4.5 Load transient and flux balance

Output transient response is tested with the flux balance enabled. The primary-side gate drive has the 30 ns
gate drive timing imbalance.

Ch1 = primary drive PWM1, Ch2 = Vour, Ch3 = primary drive PWM2, Ch4 = primary-side transformer winding

The e-load transition rate is set to 5 A/us.
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(c) (d)

Figure106 = Output transient waveforms with flux balance enabled

It can be seen that during output transient with 30 ns primary gate drive timing imbalance, we do not see any
imbalance in the voltage waveform taken across the primary transformer winding with the flux balance of the
XDPP1100 enabled. In the detail waveforms during high-line full-load transient, there is no one-sided drop-out
of the primary winding voltage.

6.4.6 Vv transient and flux balance
Input line transient was applied to the converter and the switching waveforms were recorded.

Ch1 = primary drive PWM1, Ch2 =Vour, Ch3 =V, Ch4 = primary-side transformer winding
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Figure 107
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Ch1 = primary drive PWM1, Ch2 =Vour, Ch3 = Vi\, Ch4 = primary-side transformer winding

o~y TELEDYNE LECROY 1 /| TELEDYNE LECROY
Everywhareyoulook” 1 Everywhereyoulook”

P2dutiC3) P1iduty(C1) P2:duty(C3) PIdtrig(C4) Pdbase(C1) PEwidth(C2) PEmean(C4)

value 20230 % -B02mV | value 23707 % -B72mv
A o v A 4
20,0 Vidr 20,0 Vidr
9 -59.88V d -7 E 5 -59.88V
\Vin =48V DCto 72V DC input line transient 1 V/us with \Vin =48V DC to 72V DC input line transient 1 V/us with
12Vat50A 12Vat50A
(a) (b)

- ooy | | | gl

AN AN

Measure P1duty(C1)
value 38.002 %
A

ol .
P2duty(C3) P3:dtrig(C4) Pdbase(C1) PEwidth(C2) Pemean(C4) P1:duty(C1) PZut(C3) PI:dirig(C4) Pd:base(C1) PSwidin(C2) PE:mean(C4)
-4 mv 34.225% - 34 my

d [ a v

c c3 [E-L]0C]
g 5988y ot g 7 -59?3&“\'% sor
Vin =72V DCto 48V DCinput line transient 1 V/us with Vin =72V DC to 48 V DC input line transient 1 V/us with
12Vat50A 12Vat50A
(c) (d)

Figure 108 Flux balance during input line transient at full load

The figures show that during input line transient at the PWM off-time we see one- or two-cycle voltage ringing
on one side of the transformer winding at half load and full load. The fact that this is only seen for one or two
cycles shows the flux balance is working to correct the error during input line transient.
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6.4.7 Flux balance fault protection

Table 50 is the configuration of the flux balance fault. The fault threshold should be set high enough to avoid
tripping fault during line and load transient. Set flux_bal_thresh = 150 to enable proper operation.

Table 50 FB-FB VMC flux balancing fault configuration
Register name Register value Meaning
flux_bal_thresh 150 Flux balance fault threshold

LSB =2 volt-seconds (us)
Equation used:
[(ve+vo)(te-to)+(te+to)(ve-vo)]/256

fbal_integ_thresh 0 Flux balance integrator error threshold defined with
respect to maximum integrator range.
0 =disable
fbal_lpf_kpshift 2 Coefficient of LPF at output of fbal error
fbal_delta_abs_en 0 Determines whether absolute values to be applied

to the error input before or after the LPF.
0 = convert to absolute value after LPF

fault_shut_mask_com 16p Fault interrupt shutdown converter at fbal_fault
asserted

Figure 109 is the flux fault shutdown waveform. The flux_bal_thresh was triggered when load stepping from
25 Ato 50 A. The primary gate drive has 30 ns timing mis-match. To reduce the sensitivity of the flux balance
fault, increasing fbal_lpf_kpshift to 4 would not trigger fbal fault during transient.

Ch1 = primary drive PWM1, Ch2 =Vour, Ch3 = primary drive PWM2, Ch4 = transformer primary voltage.

'm' I ‘?‘
! F '
f=41
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Ty yi2ad Vo yaEERS e
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(XS E.. [DC] (Timebase  21.2 pg| (Triguer  (AE)
2.00 Vidiv 2.00 Vidiv H i 5.00 psidiv] Stop 962V
-5.960 V ofst -7.780 V ofst i 50.0kS 1.0 GSisjEdge Either|

Figure 109 Converter shutdown on fbal fault (36 V, 10 Vour, 50 A load, flux_bal_thresh =150)
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Load transient response is the capability of a power supply to respond to a sudden load change. Under a load
transient condition, the output voltage will undershoot or overshoot before the controller takes action to bring
the output back to the preset value. Output load transient is a critical performance measure of brick converters.
Linear transient response per feedback loop is usually not fast enough. This chapter introduces the fast
transient response (FTR) feature of the XDPP1100, demonstrates the performance compared to the linear PID
response and discusses the benefits over the conventional approach.

Fast transient response

7.1 FTR at positive load transient

The XDPP1100 implements FTR to HB and FB topologies in VMC. Figure 110 is the schematic of a FB converter
with full-wave synchronous rectification. The output voltage is sense by VSEN pin through a resistor divider
connected to the output voltage. The resistor divider ratio determines the value of the PMBus command
VOUT_SCALE_LOOP. The fast transient waveform is shown in Figure 111.
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Figure 110 FB converter
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Figure 111 Waveforms of FTR with transformer protection

On detection of a positive load transient (1), the converter effectively maximizes the duty-cycle by changing the
switching period from T, to 2T, where T, is the product of duty-cycle D and switching period T,,. This makes
the duty-cycle nearly 100 percent in FTR mode, with only dead-time applied to PWMs. The output inductor
current (i.) continuously rises and the converter maximizes the power delivered to the load. The voltage
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undershoot slope is reduced in FTR. Besides undershoot reduction, it can be seen that the transformer flux (B)
is bounded. This is because the T, time remains the same as in normal regulation. This provides the ability to
optimize the transformer core without over-designing the transformer for load transient.

Figure 111 shows that output voltage starts to recover after a couple of FTR cycles, when the current in the
output inductor is higher than the load current. To avoid overshoot, the converter should exit FTR mode before
Vour returns to the set target voltage. The XDPP1100 exits FTR mode at a configurable error voltage threshold
which is always below target Vour. The error voltage is defined as (target voltage - sense voltage). When the
error voltage is smaller than the set threshold, the XDPP1100 exits FTR mode. At FTR exit, the XDPP1100 would
complete the present FTR cycle then resume the switching period back to Tsw, and the linear loop then takes
over for regulation.

In FTR mode, switching frequency is increased. Because converter duty-cycle Dvaries with input voltage, the
operating frequency in FTR mode is also dependent on input voltage.

The fast transient entry and exit detections are achieved by threshold voltage detection at the VSEN pin, or by
the derivative of the error voltage (voltage slope), or a combination of the two. Table 51 lists the threshold
registers for positive load transient FTR. Design examples are provided in the table. For the dual-loop version of
XDPP1100, independent FTR is provided: configure loop 0 FTR by pid0 registers and configure loop 1 FTR by
pid1 registers.

Table 51 FTR registers for positive load transient (standard FTR)
Register name Description
pid_verr_entry_thrs FTR mode error voltage entry threshold. When (error voltage >

pid_verr_entry_thrs) AND (error voltage slope > pid_verr_slope_entry_thrs) the
control loop enters FTR mode.

Notes:

1. This threshold is always positive, indicating that the controller enters FTR
mode only when the sensed voltage is below the target.

2. Setting pid_verr_entry_thrs = 0 disables FTR mode.
LSB=1.25mV, range =0.0 to 158.75 mV at VSEN
e Example:
- pid_verr_entry_thrs =error voltage * VOUT_SCALE_LOOP/1.25 mV
= Vour=5V,VOUT_SCALE_LOOP=0.1683
- Enter FTR mode when Vour dips 45 mV below 5V
- pid_verr_entry_thrs=45mV *0.1683/1.25 mV =6

pid_verr_slope_entry_thrs | FTR mode error voltage slope entry threshold. When (error voltage >
pid_verr_entry_thrs) AND (error voltage slope > pid_verr_slope_entry_thrs) the
control loop enters FTR mode.

Note:

This threshold is always positive, indicating that the controller enters FTR mode
as the sensed voltage is decreasing toward maximum undershoot.

LSB =1.25 mV/clk, range = 0.0 to 158.75 mV/clk at VSEN
The clk is based on 50 MHz clock, equal to 2"x 20 ns = 2.56 ps.
The slope is measured and calculated every three ADC code transitions (3 * 1.25
mV=3.75mV at VSEN).
e Example:
- To enter FTR at Vour slope higher than 20 mV/us, with VOUT_SCALE_LOOP =
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Register name Description
0.1683

- pid_verr_slope_entry_thrs =20 mV/us * VOUT_SCALE_LOOP/(1.25 mV/2.56
ps) =6.9,setto 7

pid_verr_exit_thrs FTR mode error voltage exit threshold. When (error voltage < pid_verr_exit_thrs)
AND (error voltage slope < pid_verr_slope_exit_thrs) the control loop exits FTR
mode.

Note:

This threshold is always positive, indicating that the controller exits FTR mode
prior to the sensed voltage overshooting the target.

LSB=1.25mV, range = 0.0 to 158.75 mV at VSEN
e Example:
- pid_verr_exit_thrs =error voltage * VOUT_SCALE_LOOP/1.25 mV
- Vour=5V,VOUT_SCALE_LOOP =0.1683
- Exit FTR mode when Vour is 25 mV below 5V
- pid_verr_exit_thrs=25mV *0.1683/1.25 mV =3

pid_verr_slope_exit_thrs FTR mode error voltage slope exit threshold. When (error voltage <
pid_verr_exit_thrs) AND (error voltage slope < pid_verr_slope_exit_thrs) the
control loop exits FTR mode.

Notes:

1. This threshold is always negative, indicating that the controller does not exit
FTR mode until the sensed voltage has hit its maximum undershoot and is
approaching the target voltage.

2. Thereis a-1.25 mV offset (i.e.,code 0=-1.25mV, 1=-2.5mV, ...)
LSB =-1.25 mV/clk, range =-1.25 to -160 mV/clk at VSEN
The clk is based on 50 MHz clock, equal to 2"x 20 ns = 2.56 ps.

The slope is measured and calculated every three ADC code transitions (3.75 mV
at VSEN).

e Example:

- To exit FTR at Vour slope less than -10 mV/us, with VOUT_SCALE_LOOP =
0.1683

- pid_verr_slope_exit_thrs =-10 mV/us * VOUT_SCALE_LOOP/
(-1.25mV/2.56 us) -1=2.4,setto 2

pid_ftr_lpf FTR mode filter bandwidth on error voltage input:
0=1MHz

1=2MHz

2=4MHz

3=8MHz

4+ = filter bypassed

To avoid triggering FTR by switching noise on the VSEN pin, a LPF is added to the error sense circuit. The filter
bandwidth can be selected from 1 MHz/2 MHz/4 MHz/8 MHz, or bypassed.
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It is recommended to use the combination of voltage threshold and slope threshold for FTR entry and exit
detection. With the help of slope detection, the exit voltage threshold could be set either lower or higher than
the entry threshold, thus giving a wider adjustment range.

To enable the FTR feature, set register pid_verr_entry_thrs to a non-zero value and store the configuration
into OTP. The FW will enable FTR when the converter is turned on. Please note that a read of the
pid_verr_entry_thrs register will return 0 after the converter output is turned off. The value will be restored by
FW during the next output enable. The pid_verr_entry_thrs could be adjusted during operation for the user to
fine-tune the threshold. The value is not required to be stored into OTP to be effective, but a configuration that
is not stored in OTP will be lost on resetting FW or power-cycling the V,, of XDPP1100.

Figure 112 shows the experimental result of a HB converter with positive load transient from 0 Ato 16.67 A. The
output voltage is 5V. VOUT_SCALE_LOOP =0.1683. Transient loads were constructed by connecting two 5 W
0.15 Q power resistors in series. The 0.3 Q load represents a 16.67 A load at 5 V. The configurations of the FTR
registers are listed in Table 52. The probe channels are defined in Table 53.

Table 52 Register settings for testing at 48 V
Register name Register value (decimal)
pid0_verr_entry_thrs 6 (45 mV)
pid0_verr_slope_entry_thrs 8 (23.2 mV/us)
pid0_verr_exit_thrs 3(25mV)
pid0_verr_slope_exit_thrs 3(-11.6 mV/us)

s
1
Fast Transient Active

Q&L 10.0mVidiv 500 §,:20.0M
Q&2 50.0mv Offset:4.94V 500 §y:20.0M
@ 20vidiv 500 §y:20.0M
@ 20.0vidiv M0 By20.0m

@i 3.0nVs 10.0us

10.0us/div 50.0MS/s  20.0ns/pt
Run Sample

Ay / T.2mV

90 acqs RL:5.0k
Auto July 06,2017 16:38:45

Figure 112

Table 53

HB converter FTR waveform at48V,0 A - 16.67 A

Oscilloscope channel definition for 48 V measurements

Ch

Signal

Ch

Signal

4

Transformer primary voltage [20 V/div]

2

Output voltage [50 mV/div] (4.94 V offset)

M1

Transformer primary volt seconds [3 nVs/div]

3

Fast transient active signal [2 V/diV]

Note: The slope of M1 is an artifact of the scope sampling, and not a result of DC bias.
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7.2 Transformer optimization with FTR

When designing a power supply transformer, selecting a magnetic core is always the first step. The core
material is usually chosen by operating frequency and temperature range. Once the material is selected, the
core size should be calculated based on the power rating, operating voltage and switching frequency. The
choice of the core is usually based on the trade-off of cost, size and performance. By Faraday’s law, the flux
density AB is calculated:

vt
N-Ae

AB =

(7.1)

Where [ V - t is the volt-second applied to the transformer primary winding, N is transformer primary turns and
Ae is the core cross-section area.

Without FTR, the maximum PWM turn-on time during load transient could go up to the maximum duty-cycle
limit. The flux density could double at high-line compare to the value at low-line, which introduces the risk of
transformer saturation.

With FTR enabled, the volt-second at high-line is almost the same as at low-line. The transformer always
operates under a controlled safety condition. In some cases, use of the next smaller core is possible for higher
power density.

Figure 113 is the experimental result of a HB brick converter at positive load transient, from 5 Ato 21.67 A at
high-line 75 Vinput. The output voltage is 5V, VOUT_SCALE_LOOP=0.1683. Transient loads were constructed
by connecting two 5 W 0.15 Q power resistors in series. The 0.3 Q load represents a 16.67 A load at 5V. The
configurations of the FTR registers are listed in Table 54. The probe channels are defined in Table 55.

Table 54 Register settings for testingat 75V
Register name Register value (decimal)
pid0_verr_entry_thrs 7 (52.5mV)
pid0_verr_slope_entry_thrs 10 (29 mV/us)
pid0_verr_exit_thrs 8 (60 mV)
pid0_verr_slope_exit_thrs 3(-11.6 mV/us)
Table 55 Oscilloscope channel definition
Channel Signal
1
Note: Zero is the static value 5 A.
2 Output voltage of FTR [50 mV/div] (5.0 V offset)
4 Transformer primary voltage of FTR [40 V/div]
R2 Output voltage of linear PID [50 mV/div] (5.0 V offset)
R3 Transformer flux density of linear PID [75 mT/div]
R4 Transformer primary voltage of linear PID [40 V/div]
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Figure 113 Fasttransientvs.PIDat75V (5A > 21.7A)

Figure 113 compares FTR and linear PID response. Notice that the linear PID saturates the duty-cycle (seen by
the square wave of the transformer voltage, channel R4) during a load transient. The fast transient also
effectively saturates the duty-cycle, but at higher frequency. The output voltage of both methods therefore
experiences the same undershoot. The merit of fast transient is shown by the flux density (M1 vs. R3) where the
peak-to-peak flux density is considerably greater when the linear PID is used. The peak-to-peak flux density is

twice as large when the linear PID is use

d compared to fast transient.

With linear PID, the duty-cycle can be clamped during transients to avoid high flux density. The result is shown
in Figure 114. While the flux is constrained, the output voltage undershoot is considerably larger than FTR.
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Figure 114 Fast transient vs. clamped duty-cycle PIDat 75V (5A > 21.7 A)
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7.3 Impact of output inductor and duty-cycle limitin FTR

High-current applications usually have a smaller output inductor. The current ripple in the output inductor is
high, especially at the maximum input voltage. For example, a 48 V to 12 V/50 A FB converter has a 0.47 pH
outputinductor. At 48 Vinput, the inductor ripple currentis 13 A; at 72 Vinput, the ripple current is 26 A. When
the output inductor is very small, output voltage could overshoot during FTR mode. To optimize fast transient
in such applications, a user-configurable maximum duty limit is added to the FTR.

The maximum duty-cycle limit is only activated when input voltage is higher than a set threshold
(lp_ftr_vin_thresh). When the XDPP1100 enters FTR with input voltage higher than the threshold, the PWM
pulse width is reduced per the lp_ftr_vin_thresh and input voltage ratio. The switching period is still 2T,
where T, is the pulse width based on the feed-forward duty-cycle. This effectively limits the duty-cycle during
FTR to lp_ftr_vin_thresh/Vi, thus slowing down the increment of the inductor current (Figure 116).

A
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i
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~ ' . / H
T Poxt = Verr,exit,thrs

Figure115  Voltage overshoot during FTR mode due to a small output inductor

Figure 115 shows the problem of overshoot after FTR during a positive load transient. Figure 116 is the
waveform of FTR with duty-cycle limit. With duty-cycle limit, voltage undershoot during load transient will be
higher than without duty-cycle limit. But the overshoot could be greatly reduced, thus avoiding oscillation
during fast transient.
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Figure 116 FTR with duty-cycle limit

Table 56 gives the register description and design example of lp_ftr_vin_thresh. Vi1 is the transformer
secondary voltage after diode or SR MOSFET rectifiers (for more details of Vrecr voltage sensing, please refer to
chapter 2.3). The amplitude of the Vzecr voltage is proportional to the input voltage Viy and is scaled by the
transformer turns ratio. In a bridge topology, Vour/Vrecr determines feed-forward duty-cycle.

Table 56 FTR input voltage threshold
Register name Description
[p0_ftr_vin_thresh Loop 0 FTR input voltage threshold. Below this threshold, the FTR PW is based on

the feed forward duty-cycle from the PID. Above this threshold, the FTR PW is
reduced in proportion to V.
If (Vin < lpO_ftr_vin_thresh)
FTR PW = (Vout/Vrect) * (Tewiten/2)
else
FTR PW = (Vout/Vrect) * (Towien/2) * (IpO_ftr_vin_thresh/Viy)
LSB1V,range Oto 127V
e Example:
- 48Vto 5V HB powersupply, transformer turns ratio Ns:Np = 1:3
- Fo=250kHz, Ty =4 US
If set p0_tr_vin_thresh =80 (V)
- At58Vinputvoltage, FTRPW =5V/(58 V/2/3) * (4 us/2) =1.03 us
- Switching period in FTR=2 *1.03 us =2.06 us
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If set p0_tr_vin_thresh =48 (V)

- At58Vinput, FTRPW=5V/(58 V/2/3) *(4 us/2) * (48 V/58 V) = 0.856 us
- Switching period in FTR=2*1.03 ps = 2.06 ps
- The FTR duty-cycle =2 * 0.856 ps/2.06 s = 83 percent

lp1_ftr_vin_thresh Loop 1 FTR input voltage threshold

Figure 117 shows a test waveform of a5V HBCT converter at load transient from 5 Ato 15 A. Input voltage is 72
V. With lp0_tr_vin_thresh =48 (V), the maximum duty-cycle during FTR is clamped to 67 percent by limiting PW
to 0.56 ps. With lp0_tr_vin_thresh =80 (V), the duty-cycle in FTR is 100 percent and PWM PW is 0.83 ps. The
VOUT_SCALE_LOOP of this board is 0.23.

Table 57 Register settings for testing of FTR duty-cycle limit
Register name Register value (decimal)
pid0_verr_entry_thrs 8 (43.5mV)
pid0_verr_slope_entry_thrs 5
pid0_verr_exit_thrs 6 (33 mV)
pid0_verr_slope_exit_thrs 5

Test 1 =48V (enable duty-cycle limitin FTR)
Test 2=80V (disable duty-cycle limitin FTR)

[pO_tr_vin_thresh

Ch4: transient load current [10 A/div]

Ch2: output voltage, FTR with duty-cycle limit [50 mV/div] (AC coupling)
M2: output voltage, FTR without duty-cycle limit [50 mV/div] (AC coupling)
Ch3: transformer primary voltage, FTR with duty-cycle limit [50 V/div]

M3: transformer primary voltage, FTR without duty-cycle limit [50 V/div]

ouT

YOUT FTR wio duty limit
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Figure 117 FTR waveform at 72 Vinput
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7.4 FTR at load release

In the case of load release (negative load transient), on detecting the overshoot error threshold, the XDPP1100
enters overshoot FTR mode (OVS FTR) and terminates primary PWM immediately. Then it switches primary
PWM at a minimum PW, which is configured by PMBus command MFR_MIN_PW. Output inductor current
decays rapidly and the converter draws minimum power from the input. Output voltage overshoot is reduced.
The XDPP1100 exits OVS FTR when the error voltage is higher than the exit threshold. The error voltage is
defined as (target voltage - sense voltage), thus it is negative in the overshoot condition. After exiting FTR, the
XDPP1100 resumes normal duty-cycle operation determined by the PID loop.
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Figure 118 Fast transient waveform at load release

Table 58 lists the registers of overshoot FTR configuration. Similar to standard FTR, the overshoot FTR entry
and exit detections are achieved by threshold voltage detection at the VSEN pin, or VSEN voltage slope
detection, or a combination of the two. In the case of an exit threshold lower than the entry threshold (the
absolute error voltage is bigger), it is suggested to use the combination of both error voltage threshold and
slope threshold for exit detection, which could prevent the FTR exiting prematurely on the voltage rising slope.

FTR at load release uses the same LPF defined by pid_ftr_lpf (Table 51).

Table 58 FTR registers for load release (OVS FTR)
Register name Description
pid_ovs_entry_thrs Overshoot transient mode error voltage entry threshold. When (error voltage <

pid_ovs_entry_thrs) AND (error voltage slope < pid_ovs_slope_entry_thrs) the
control loop enters overshoot transient mode.

Notes:

1. This threshold is always negative, indicating that the controller enters
overshoot transient mode only when the sensed voltage is above the target.

2. Setting pid_ovs_entry_thrs =0 disables overshoot transient mode.
3. Thereis a-1.25 mV offset (i.e., code 0=-1.25mV, 1=-2.5mV, ...)
LSB=-1.25mV, range =-1.25 to -160 mV at VSEN
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Register name Description

e Example:
- pid_ovs_entry_thrs =error voltage * VOUT_SCALE_LOOP/(-1.25 mV) -1
- Vour=5V,VOUT_SCALE_LOOP =0.1683
- Enter overshoot FTR mode when Vour overshoot is 30 mV above 5V
- pid_ovs_entry_thrs=(-30 mV) * 0.1683/(-1.25mV) - 1=3

pid_ovs_slope_entry_thrs | Overshoot transient mode error voltage slope entry threshold where the error
voltage is defined as (target voltage - sense voltage). When (error voltage <
pid_ovs_entry_thrs) AND (error voltage slope < pid_ovs_slope_entry_thrs) the
control loop enters overshoot transient mode.

Notes:

1. This threshold is always negative, indicating that the controller enters
overshoot transient mode as the sensed voltage is increasing toward maximum
overshoot.

2. Thereis a-1.25 mV offset (i.e.,code 0=-1.25mV, 1=-2.5mV, ...)
LSB =-1.25 mV/clk, range =-1.25 mV/clk to -160 mV/clk at VSEN
The clk is based on 50 MHz clock, equal to 2" x 20 ns = 2.56 ps.

The slope is measured and calculated every three ADC code transitions (3.75 mV
at VSEN).

e Example:

- To enter overshoot FTR at overshoot slope lower (faster) than -6 mV/us, with
VOUT_SCALE_LOOP =0.1683

- pid_ovs_slope_entry_thrs = (-6 mV/us) * VOUT_SCALE_LOOP/
(-1.25 mV/2.56 ps) -1=1.07,setto 1

pid_ovs_exit_thrs Overshoot transient mode error voltage exit threshold where the error voltage is
defined as (target voltage - sense voltage). When (error voltage >
pid_ovs_exit_thrs) AND (error voltage slope > pid_ovs_slope_exit_thrs) the
control loop exits overshoot transient mode.

Notes:

1. This threshold is always negative, indicating that the controller exits overshoot
transient mode prior to the sensed voltage undershooting the target.

2. Thereis a-1.25 mV offset (i.e.,code 0=-1.25mV, 1=-2.5mV, ...)
LSB=-1.25mV, range =-1.25to -160 mV at VSEN
e Example:
- pid_ovs_exit_thrs=error voltage * VOUT_SCALE_LOOP/(-1.25 mV) -1
- Vour=5V,VOUT_SCALE_LOOP =0.1683
- Exit overshoot FTR mode when Vour overshoot is less than -60 mV
- pid_ovs_exit_thrs =(-60 mV) * 0.1683/(-1.25 mV) -1=7

pid_ovs_slope_exit_thrs Overshoot transient mode error voltage slope exit threshold where the error
voltage is defined as (target voltage - sense voltage). When (error voltage >
pid_ovs_exit_thrs) AND (error voltage slope > pid_ovs_slope_exit_thrs) the
control loop exits overshoot transient mode.

Note:

This threshold is always positive, indicating that the controller does not exit
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Register name

overshoot transient mode until the sensed voltage has hit its maximum overshoot
and is approaching the target voltage.

LSB =1.25 mV/clk, range = 0.0 to 158.75 mV/clk at VSEN
The clk is based on 50 MHz clock, equal to 2"x 20 ns = 2.56 ps.

The slope is measured and calculated every three ADC code transitions (3.75 mV
at VSEN).

e Example:
- To exit overshoot FTR at overshoot slope higher than 6 mV/us, with
VOUT_SCALE_LOOP =0.1683
- pid_ovs_slope_exit_thrs =6 mV/us * VOUT_SCALE_LOOP/(1.25 mV/2.56 us)
=2.07,setto 2

Figure 119 is an example waveform of overshoot FTR. Tested with HBCT converter, 48 Vinput, 5V output, load
stepping from 16.67 Ato 0 A. The VOUT_SCALE_LOOP of this board is 0.23. The register configuration is shown
in Table 59. Channel 4 is the output voltage waveform with FTR. M4 is the output voltage waveform without
FTR. The overshoot at load release was cut from 80 mV to 50 mV with fast transient.

Table 59 Register settings for testing of load release
Register name Register value (decimal)
pid0_ovs_entry_thrs 9 (-54 mV)
pid0_ovs_slope_entry_thrs 2 (-6.4 mV/us)
pid0_ovs_exit_thrs 8 (-49 mV)
pid0_ovs_slope_exit_thrs 2 (4.2 mV/us)

C1 |
50.0 Vidi
0.00 A offset] -92.5 V/ ofsf

TELEDYNE LECROY
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M4: Vour without FTR (50 mV/div)

Ch4: Vour with FTR enabled (50
mV/div)

Ch1: output transient current (10
A/div)

Ch3: primary switching node
voltage (50 V/div)

Figure119  Waveforms of FTR when load releases

Note: Both overshoot and undershoot fast transient are disabled during start-up and only activated
when the output voltage reaches the regulation target voltage.
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7.5 XDPP1100 GUI design tool for FTR

The XDPP1100 GUI design tool for fast transient configuration is shown in Figure 120.

a5 Advanced Configuration - O b4
Feedforward ~Cument balancing  Flux balancing  Cument sharing  Sync In/Out  Droop  FastTransient  Burst

Pid0_vemr_entry_thrs
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Pid0_ver_exit_thrs
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PidD_ovs_entry_thrs
Pid0_ovs_slope_entry_thrs

Pid0_ovs_exit_thrs

ool o o

EILARE AR I AR 3

Pid0_ovs_slope_exit_thrs
pid0_ftr_|pf 1MHz

£

IpQ_ftr_vin_thresh 0

Ak

Read Al

Fast transient (FTR) mode fiter bandwidth on emor voltage input. <start table>{H0 1MHzH1 2MHzH2 4MHzH3 BMHzH4+ "Fitter bypassed"H}<end
tables

Loop Selection oK Apply Help

Ready

Figure120  GUI design tool - fast transient
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7.6 Summary of FTR

The XDPP1100 fast transient offers many advantages to the user:

e Itallows the user to optimize the transformer core as it maintains the same volt-seconds as in the
steady-state even under the dynamic load conditions.

e Smaller undershoot during positive load transient without increasing flux density.
e Smaller overshoot during negative load transient.
e Ability to adjust FTR for different output chokes.

e Most importantly, it saves the user effort when optimizing the control loop for dynamic load conditions.
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8 Current balancing

The current balancing of the XDPP1100 refers to balancing the phase current of an interleaved converter.
Figure 121 is the schematic of interleaved HBCT topology. Phase 1 current is sensed by the ISEN/IREF pair and
phase 2 current is sensed by the BISEN/BIREF pair.
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Figure 121 Interleaved HBCT converter

BIREF

PWM8

Figure 122 is the block diagram of the current balancing circuit. It subtracts phase 1 current from phase 2 to
obtain the current difference between phase 1 and phase 2. The result is filtered and clamped then sent to
phasel to adjust duty-cycle in every switching frequency cycle. If phase 1 current is lower than phase 2 current,
the ibal_duty_adj_o is positive and it increases duty-cycle of phase 1 until phase 1 current is equal to phase 2.
Vice-versa, if phase 1 current is higher than phase 2, phase 1 duty-cycle is reduced to reduce the phase current
until it equals phase 2 current.

isp2_iout_cavg_i

+ ibal_sum

@W lbal PI filter 5214 Clamp 0 a ibal_duty_adj_o
: 5-1.9 UPDATE 519

OF

ispl_iout_cavg_i

ke kel sync_50_to_fsw_iout_i

Figure 122 Current balancing block diagram
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The Pl filter is configured by register kp_ibal and ki_ibal.

Table 60 Current balancing PI filter register
Register Description Equation
kp_ibal Current balancing Pl filter kp_exp =kp_ibal [5:3]
proportional coefficient index kp_man = 8 + kp_ibal [2:0]
kp =kp_man * 27 (kp_exp - 14)
ki_ibal Current balancing Pl filter integral ki_exp = ki_ibal [5:3]
coefficient index ki_man =8 + ki_ibal [2:0]
ki=ki_man * 2*(ki_exp - 20)

The magnitude response of the Pl filter is defined by:

2 Tsw-f

szo2 + e—)? (8.1)
Here, Tsw is the converter switching period.

The current balancing circuit is enabled by FW when converter topology is interleaved topology and the bit [8]
of PMBus command FW_CONFIG_REGULATION, INTERLEAVE_ENABLE is set to 1.

A dead-band can be set to disable current balancing when the total output current of the two phases is less
than the threshold ibal_en_thresh. This threshold helps to avoid bad balancing when the current sense
accuracy is low at light load, which is usually caused by offset error or due to the board’s lack of capability to
sense negative current.

Table 61 Ibal_en_thresh configuration table
Value Current balancing enable threshold
0,1 Always enabled for interleaved topology
2 3A
3 5A

8.1 Current balance registers description

Table 62 Current balance registers
Name Address Bits Description

Common peripheral
kp_ibal 7000_3000,, |[5:0] Current balance Pl filter proportional coefficient index. Set
to 0 to disable the proportional component of the filter.
Note that index settings greater than 55 are clamped to 55.
ki_fbal 7000_3000,, |[11:6] Current balance Pl filter integral coefficient index. Set to 0
to disable the integral component of the filter. Note that
index settings greater than 55 are clamped to 55.

ibal_en_thresh 7000_3000,, |[27:26] | Total currentlevel above which current balancingis
enabled in interleaved (multiphase) topologies. Set to
higher value if concerned about low current accuracy.

en_ibal 7000_3054,, |[2] FW-driven HW block enabled for current balance function.
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Name Address Bits Description

ibal_fw_adj 7000_3078,, |[7:0] When ibal_fw_en is high, this register overrides the HW
current balance duty-cycle adjust output with a FW
controlled setting.

LSB =0.195 percent, range = 0.0 to 24.805 percent

ibal_fw_en 7000_3078,, |[8] Enables FW controlled current balance loop via
ibal_fw_ad;.
8.2 Current balance PMBus command

The current balance is enabled when the FW_CONFIG_REGULATION bit [8], INTERLEAVE_ENABLE is set to 1.

Please note, the interleaved topology is a single loop topology. The parameters should be configured in loop 0.
On the other hand, a few PMBus commands in loop 1 should also be defined for proper interleaved operation,
these commands are listed in Table 63.

Table 63 PMBus commands of Loop 1 for interleaved topology
Command name Command | Format Description
code
MAX_DUTY 32, LINEAR11 | Setthe maximum duty-cycle in percentage. In

interleaved topology, this parameter defines the
maximum duty-cycle of ramp 1. It should be set to
the same value as the MAX_DUTY of loop 0.

FREQUENCY_SWITCH 33, LINEAR11 | Setthe switching frequency in kHz. In interleaved
topology, this parameter defines the frequency of
ramp 1. It should be set to the same value as the
FREQUENCY_SWITCH of loop 0.

INTERLEAVE 37, Set the phase shift of ramp 1. The recommended
configuration for Loop 1:

Group identification number =1, number in group =
2, interleave order=1.

Loop 0 should configured the INTERLEAVE command
as:

Group identification number =1, number in group =
2, interleave order =0.

MFR_IOUT_APC EA, LINEAR11 | Setthe IOUT APC gain for phase 2. Typically the value
is the same as loop 0, but might need fine
adjustment to trim the accuracy especially when
using PCB copper as current shunt.
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9 Burst operation

Burst operation is defined as a light load operating state during which the controller provides only a sequence
of PWM bursts to reduce the switching losses of the converter and achieve low standby power. The XDPP1100
allows the user to configure the load current threshold below which it enters the burst mode, and to configure
the desired burst mode voltage error threshold and the number of bursts. The frequency of the PWM in burst
mode will be same as the switching frequency. The SR MOSFETSs are turned off during burst mode to improve
light load efficiency. The burst mode only applies to bridge topologies.

Figure 123 demonstrates the XDPP1100 burst mode operation.

- Burst mode operation is enabled by setting PMBus command POWER_MODE = 0.

- The XDPP1100 enters burst mode when the output current is lower than the burst entry threshold
pid_burst_mode_ith.

- Inburst mode, the SR MOSFETs are turned off.

- The primary PWM turns on when the output error voltage is higher than the pid_burst_mode_err_thr
threshold. The error voltage is defined as (target_voltage - sensed_voltage). This mode is called burst-on
mode. The SR gate drive stays off in the burst-on phase. The i-term of the PID is frozen while in burst
mode, and the primary PWM duty-cycle is determined by the feed-forward duty-cycle.

- During burst, the primary PWM turns off after switching a pre-defined number of cycles, which is
configured by pid_burst_reps. This mode is called burst-off mode. Both the primary PWM and SR are
turned off in the burst-off phase.

- The XDPP1100 exits burst mode when the burst-off time is shorter than half of the switching period
(Tsw/2). Primary PWM and SR gate drive resume normal operation with the duty-cycle that is determined
by the PID loop.

- After the XDPP1100 exits burst mode, it will only re-enter after (2215 x 1/fs) seconds.
- The XDPP1100 burst mode is only supported in bridge topologies.

= — — Burst_mode_ith

Burst_mode_err_thr — — 4= — — = +— —i— — — 4= — — = — ==

)]
«

PWM _I _I | | —| B | —I T T
| | | | | | | | L | | | ]
T T T T T T T T T
Tsw
SR l_ |—-
} } } } 1 1 1 1 } } 1 1
T T T T T T T T T T T T i
Tow
Burst <Norma| Opelation=< Burst Mode Operation > Normal Operation >

Burst Burst Burst Burst Burst

ON OFF ON OFF ON

- " ot -t -l it »
-t -t -t L -t L] L
Entering Burst: Burst OFF: Burst ON: Burst Burst Exiting Burst:

Turns of f SR, PWM is off PWM is on OFF ON PWM continuous switching

Switches PWM per the SRisoff SRis off SRison

burst_reps # Burst exit criteria:

i.e. burst_reps =1, Burst_off time <Tg,/2

repeat 2 burst cycles
With Freps =Fsw

Figure123  XDPP1100 burst mode operation
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9.1 Configuring burst mode operation
This section describes the procedure to configure burst mode using the XDPP1100 controller.

e Determine the allowable burst mode output voltage ripple and load current threshold to enter burst mode.

e Configure the burst mode output voltage ripple threshold using register pidX_burst_mode_err_thr. The X
in the register name denotes 0 for for loop 0 and 1 for loop 1.

pid_burst_mode_err_thr x 1.25mV

Vout_burst_error = (9.1)
VOUT_SCALE_LOOP
o Configure the load current threshold for burst mode using register pidX_burst_mode_ith.
Iout_burst_entry_threshold _ pid_burst_mode_ith x MFR_IOUT_APC (9.2)

2

e The number of PWM switching cycles in the burst-on phase can be configured using register
pidX_burst_reps. The maximum number of bursts allowed is eight for a value of 3 and can only be
configured in increments to the power of two, i.e. number of bursts = 2”(value in pid_burst_reps).

e Configure PMBus command 0x34, i.e. power mode as 0 (burst mode enabled) from 3 (normal mode).

9.1.1 Burst mode registers
Table 64 Burst mode registers
Name Address Bits Description
(loop 0/1)
PID 0/1 peripheral
pid_burst_mode_err_thr | 7000_1C14y | [3:0] Burst mode error voltage threshold where the error
70002014 | [3:0] voltage is defined as (target voltage - sense voltage).

When the controller is in burst mode, (error voltage >
pid_burst_mode_err_thr) will trigger the start of a new
burst sequence.

This threshold is always positive, indicating that the
controller triggers the start of a new burst sequence at
or below the target voltage.

LSB=1.25mV, range=01t018.75 mV

pid_burst_mode_ith 7000_1C14y | [9:4] Burst mode entry current threshold. When burst mode
70002014y | [9:4] is enabled (POWER_MODE [7:0] = 0x00), the controller
will enter burst mode on the sensed current dropping
below pid_burst_mode_ith.

LSB = (QADC/2) where QADC is the value of
MFR_IOUT_APC in amps

Range =0to 31.5 QADC

pid_burst_reps 7000_1C14y |[11:10] Burst mode cycle count. In burst mode, one cycle
7000 2014y |[11:10] corresponds to one even half-cycle pulse followed by
one odd half-cycle pulse. This register defines the
number of burst cycles in each burst event. A higher
cycle count can be used to increase the inductor peak
current in a burst event, which will increase the time
between burst events at a given load current.

0=1cycle
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Name Address Bits Description
(loop 0/1)
1=2cycles
2=4cycles
3=8cycles
9.1.2 Burst mode PMBus commands

Table 65 shows the PMBus commands relevant to burst mode configuration.

Table 65 Burst mode - relevant PMBus commands
Command name Command code | Format Description
VOUT_SCALE_LOOP 29 DIRECT,U0.16 | The VOUT_SCALE_LOOP command scales
VOUT_COMMAND, etc. for the external resistor
divider on the voltage sense input to the device.
POWER_MODE 34y Set the power conversion mode of operation:
0 = max. efficiency (enable burst mode)
3 =max. power
MFR_IOUT_APC EAx LINEAR11, Current sense amps per code. Linearll format
U1.9/U2.8 amps/code unit.
9.1.3 GUI design tool for burst mode configuration

The XDPP1100 GUI provides a design tool to configure burst mode. The tool can be found in the “Advanced
Features”. The en_burst configuration has a drop-down list. By selecting “Enabled” burst mode, the
correspond loop writes PMBus POWER_MODE = 0.

Feedforward Cument balancing  Flux balancing  Cument sharing | Sync In/Out  Droop | Fast Transient  Burst

Burst Mode

‘ Fid)_burst mode_th 0

Pid0_burst_mode_er thr 0

Read Al

Burst mode oyle c: mladewcy\msp s 0 | oven f e pse olom dbﬂddhlfcy\p\ This regiter define
the number of burst ach burst event. A higher cycle count can be used to increase the el o
e e e 24@\ H12cy| 38 cycln H<end tabes

Loop Selection oK Apoly Help

Reacly

Figure 124 GUI design tool for burst mode
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9.2

Entry and exit criteria of burst mode

This section explains the entry and exit criteria of burst mode operation with the help of some practical
waveforms. A test was performed using a single loop (loop 0) HBCT converter (Figure 125). The threshold
values used are as shown below.

Table 66 Burst control register values

Register name Register value Description
pid0_burst_mode_err_thr 10 Set burst error (ripple) voltage to 54.49 mV
pid0_burst_mode_ith 45 Set burst entry current threshold to 5.097 A
pid0_burst_reps 3 Every burst-on phase switches 8 cycles
VOUT_SCALE_LOOP 0.2294159
MFR_IOUT_APC 0.224609
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Figure 125 HBCT schematic
9.2.1 Burst mode entry criteria

As shown in Figure 126, the converter enters burst mode as the load current falls from 10 A to 4 A, which is less
than the threshold 5.097 A, and burst comes up based on the voltage error limit at 63.5 mV, which is close to the
error threshold of 54.49 mV. The number of bursts was set to 8, i.e. the value of burst_reps is 3. The accuracy of
burst mode entry depends on the accuracy of the Iy telemetry of the system. The channels used in the
waveform are described below.
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Trigger Display Cursors Measure Math Analysis Utilities Help

Ch3: SR1 PWM, 2 V/div, PWM control
signal of SR1 MOSFET per Figure 125

Chi: Vour, 50 mV/dIV

Ché: 1,7, 10 A/div

Ch2: Q1 PWM, 2 V/div, PWM control
signal of Q1 MOSFET per Figure 125
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Figure 126 Burst mode entry criteria, load changed from 10 Ato 4 A, at 48 Vinput
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9.2.2 Burst mode exit criteria

The exit criteria for burst mode are that the burst-off time should be less than half of the switching cycle time.
The burst-off time is calculated by the off-time between two burst-ons minus the PWM off-time. The
pid0_burst_reps was set to 3 in this example. The switching frequency of the converter was 250 kHz, i.e. Tsw is
4 us. The converter will exit burst mode when the burst-off time is less than half of Ts, i.e. 2 ps.

Channel 1 (yellow) - Vour, 50 mV/div, 10 ps/div - represents the converter output voltage.
Channel 2 (red) - Q1 PWM, 2 V/div, 10 us/div - represents PWM control signal of Q1 MOSFET per Figure 125.
Channel 3 (blue) - SR1 PWM, 2 V/div, 10 ps/div - represents PWM control signal of SR1 MOSFET per Figure 125.

Channel 4 (green) - loyr, 10 A/div, 10 pus/div - represents the output load current.

1= 20 63018
32 2 £ X2= -26.100ps 1/8X= 3663 kHz 2V] 15 42 2V 4
TELEDYNE LECROY 6152019121223 PM TELEDYNE LECROY brs«zme 121330 PM

48V, 4 A, PWM off-time =2.730 us 48V, 4 A, first burst-off time = (24.7- 2.73) =21.97 us
(@) (b)

le Vertical Timebase Tngger Display ,u‘:v: Measure v:--v.cw: Utiities  Help Zoom ":—,
= g g‘%ﬂ e | gogras 3 4 e i
BT Mtflu AT
: I ‘
; |
S T ‘
3 ]
5 i
48V, 4 A, second burst-off time =(4.810 - 2.73) = 48V, 4 A, last burst-off time = (4.7 - 2.73) = 1.97 ps <2
2.08 ps, stay in burst mode us (T,,/2), hence exits burst
(c) (d)

Figure 127 Burst mode exit criteria

The bottom half of each waveform is the detail of the highlighted portion of the top waveform. Waveform (a)
measured the PWM off-time in a normal switching cycle. This number is used to calculate the burst-off time.
Waveforms (b), (c) and (d) measured the off-time between two burst-ons in a different section. In waveform (d)
the burst-off time is shorter than 2 ps and the IC exited burst at this point.
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9.3 Burst mode reps

The XDPP1100 controller enables the user to configure the number of pulses in burst mode using register
pidX_burst_reps. The range of values allowed are 0 to 3, and the number of pulses =2*(valuein
pidX_burst_reps). Here the X is 0 or 1, referring to the register of loop 0 or loop 1.

The description of channels used in Figure 128 is as follows:

Channel 1 (yellow) - Vour, 50 mV/div, 10 ps/div - represents the converter output voltage.

Channel 2 (red) - Q1 PWM, 2 V/div, 10 us/div - represents PWM control signal of Q1 MOSFET per Figure 125.
Channel 3 (blue) - SR1 PWM, 2 V/div, 10 us/div - represents PWM control signal of SR1 MOSFET per Figure 125.

Channel 4 (green) - loyr, 10 A/div, 10 us/div - represents the output load current.
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48V,5A, burstrep=2 48V,5A, burstrep=3
Figure 128 Burst mode reps

Alow burst rep (i.e. burst rep = 0) could cause immediate exit from burst after an entry, which would result in
no power-saving effect with the burst operation. A larger burst rep will result in larger Vour ripple during burst.
The configuration should be optimized based on application requirements, i.e. it depends on what load level is
needed to enter and stay in burst mode. When the burst entry threshold is low, the number of burst reps could
also be set low to maintain low output ripple.
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9.4 Burst re-entry counter

The XDPP1100 controller has a hold-off re-entry timer for 2215 x T in burst mode, i.e. once the system exits
burst mode it will only re-enter it after the specified time. This function prevents the immediate re-entry of
burst mode after an exit. This is referred to as “burst re-entry timer”. The waveform shown in Figure 129
explains this concept with a 250 kHz switching frequency. The burst hold-off time is 2215*4 yus = 131 ms.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help zgr_\m‘”,,“i’,"
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signal of Q1 MOSFET per Figure 125
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Figure 129  Burst re-entry counter

Figure 129 is the HBCT converter tested at 48 V input, at dynamic load changing between 10 Aand 1 A. The 1A
load duration was 66 ms, and 10 A load duration was 68 ms. The system did not enter burst mode immediately
when current reduced from 10 A to 1 A because of the hold-off time of 131 ms. It entered burst only for the last 3
ms, i.e. (66+68) ms-131 ms=3 ms.

9.5 Load transient during burst mode

A load transient was performed during burst mode operation from 0 A to 10 A to study the impact on the output
voltage droop.

9.5.1 Load transient with linear PID

The burst_reps register is set to 0 and 3 in this test. The linear loop PID responds to the load transient by exiting
burst mode. The Vour undershoot observed was 135.5 mV with one switching cycle (burst rep = 0) and 231 mV
with eight switching cycles (burst rep = 3). The description of channels used in Figure 130 is as mentioned
below. Please note that a higher number of burst_reps would result in a longer wait to exit burst and therefore
a larger undershoot.

Channel 1 (yellow) - Vour, 50 mV/div, 10 ps/div - represents the converter output voltage.
Channel 2 (red) - Q1 PWM, 2 V/div, 10 ps/div - represents PWM control signal of Q1 MOSFET per Figure 125.
Channel 3 (blue) - SR1 PWM, 2 V/div, 10 ps/div - represents PWM control signal of SR1 MOSFET per Figure 125.

Channel 4 (green) - loyr, 10 A/div, 10 us/div - represents the output load current.
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48V,0to 10 A, burstrep =1, Vy,; undershoot 135.5 mV | 48V, 2to 10 A, burst rep = 3,V undershoot 231 mV

Figure 130 Load transition during burst off mode

9.5.2 Load transient with FTR enabled

The XDPP1100 provides a FTR feature to reduce undershoot or overshoot during load transient. If the FTR is
enabled, the Vo undershoot in load transient during burst mode can be reduced. When the load transient
occurs during burst mode, the FTR would take over PWM duty-cycle control immediately without waiting for
the completion of the burst rep cycles. In this test, the burst_reps register is set to 3 for eight switching cycles
during the burst-on phase.

Channel 1 (yellow) - Vour, 50 mV/div, 10 ps/div - represents the converter output voltage.
Channel 2 (red) - SR1 PWM, 2 V/div, 10 ps/div - represents PWM control signal of SR1 MOSFET per Figure 125.
Channel 3 (blue) - loyr, 10 A/div, 10 us/div - represents the output load current.

Channel 4 (green) - Q1 PWM, 2 V/div, 10 ps/div - represents PWM control signal of Q1 MOSFET per Figure 125.

There were eight switching cyc ver control during the burst-on phase
burst-on. on detection of load transient.

(a) (b)
Figure 131 Load transition during burst with FTR enabled
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With waveform (b), Q1 switched two cycles and exited burst. The switching frequency increased to 1/(2*T,,) for
100 percent duty-cycle and the SR was enabled. Vour undershoot reduced from 230 mV to 100 mV during the
load transient.

9.6 Power loss reduction with burst mode

The power loss reduction in burst mode using HBCT is shown in Table 67. It is evident that the input current
consumption with burst mode at a given load current is lower than in regular mode. At 48 Vinputand 1 A load,
the power saving is 1.1 W with burst mode and burst rep = 3.

Table 67 Burst mode power loss reduction
Input voltage | Input current | Input power | Output voltage | Output current | Burst mode | Burst reps
(V) (A) (w) (V) (A)
48 0.2702 12.97 5.002 2 On 0
48 0.2702 12.97 5.002 2 On 1
48 0.2592 12.44 4,961 2 On 2
48 0.2581 12.39 4,958 2 On 3
48 0.1986 9.53 4,985 1.5 On 3
48 0.2156 10.35 5.002 1.5 Off NA
48 0.1368 6.57 4.990 1 On 3
48 0.16 7.68 5.002 1 Off NA
9.7 Summary of burst operation

The XDPP1100 provides flexibility for the user to configure burst operation according to application
requirements. With burst mode operation, light load power losses are reduced. Burst mode operation is
recommended when the light load power consumption is more critical than the load transient performance.
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10 Synchronization

In power supply design, synchronizing multiple converters to the same frequency is often used to reduce the
filter cost, lower the EMI and reduce the voltage and current ripple with proper phase shift. This chapter
describes the procedure to configure the sync in/out feature of the XDPP1100 digital controller.

The sync in/out feature of the XDPP1100 allows customers to synchronize the PWM outputs to an external
signal or provide a sync signal for other converters to act in synchronization. Some of the applications include
interleaved topologies, parallel converters with phase shift, etc. The sync pin can be configured as either an
input or an output. The maximum range of sync in signal is £6.25 percent of the programmed switching
frequency. Once the frequency is locked, the system can remain in sync for a maximum of £12.5 percent of the
programmed switching frequency. The XDPP1100 sync out signal is a square waveform and is synchronized to
PWM ramp 0. The phase of the sync out signal depends on converter modulation type. Any GPIO-capable pin
can be mapped to perform the sync function by setting the pin function register to 3. This document uses the
SYNC pin to demonstrate the XDPP1100 sync in/out feature.

10.1 Configuring sync in/out

The sync-in function can be configured to sync with either an internal signal or an external clock. The sync to
internal clock can be categorized into four different applications: single-phase; single-loop (loop 0) dual-phase
(interleaved); dual-loop same switching frequency; dual-loop different switching frequency. External sync is
possible in all the cases except for dual-loop with different switching frequency.

10.1.1 Sync-in configuration using internal signal

Table 68 explains the configuration procedure for using an internal sync clock with description of the registers.

Table 68 Register settings for sync to internal ramp based on application
Application Register name Description
Single-phase rampO0_sync_sel Sync select for ramp 0. Ramp 0 is used on single-phase (loop

0), interleaved (phase 0) or dual-loop (loop 0) designs.
=1, should always be setto 1

rampl_sync_sel Sync select for ramp 1. Ramp 1 is used on interleaved (phase
1) or dual-loop (loop 1) designs.
=1or0, does not matter, ramp 1 not used

Interleaved ramp0_sync_sel Sync select for ramp 0. Ramp 0 is used on single-phase (loop
0), interleaved (phase 0) or dual-loop (loop 0) designs.

=1, should always be setto 1

rampl_sync_sel Sync select for ramp 1. Ramp 1is used on interleaved
(phase 1) or dual-loop (loop 1) designs.
=1, sync to FswitchO or external sync

Dual-loop with same rampO0_sync_sel Sync select for ramp 0. Ramp 0 is used on single-phase (loop
switching frequency 0), interleaved (phase 0) or dual-loop (loop 0) designs.
=1, should always be setto 1

rampl_sync_sel Sync select for ramp 1. Ramp 1 is used on interleaved (phase
1) or dual-loop (loop 1) designs.
=1, sync to FswitchO or external sync

Dual-loop with different  ramp0_sync_sel Sync select for ramp 0. Ramp 0 is used on single-phase (loop
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Application

Register name Description

switching frequency

0), interleaved (phase 0) or dual-loop (loop 0) designs.
=1, should always be setto 1

rampl_sync_sel Sync select for ramp 1. Ramp 1 is used on interleaved (phase

1) or dual-loop (loop 1) designs.
=0, sync to Fswitch1/no external sync

10.1.2 Sync-in configuration using external signal

Table 69 explains the configuration procedure for using an external sync signal with description of the registers.

Table 69 Register settings for sync to external signal

Register name

Description

Sync_func

Pin SYNC function definition.
=3, configure the function of SYNC pin as sync

sync_dir_out

Defines direction of pin mapped to SYNC function
=0, configure sync function as an input

sync_deglitch_en

De-glitch enable for digital sync function when used as an input.
=1, enable sync de-glitch to avoid ramp_sync response to noise/spikes
Sync de-glitch filter add 40 ns delay.

rampO0_sync_sel

Sync select for ramp 0. Ramp 0 is used on single-phase (loop 0), interleaved
(phase 0) or dual-loop (loop 0) designs.

=1, should always be setto 1

rampl_sync_sel

Sync select for ramp 1. Ramp 1 is used on interleaved (phase 1) or dual-loop
(loop 1) designs.
=1, sync to external signal

Set switching frequency of loop 1 the same as that of loop 0 to allow
synchronization.

ramp0_m_flavor

Modulation type for ramp 0.
0=Dual edge, 1 =Leading edge, 2 = Trailing edge.

rampl_m_flavor

Modulation type for ramp 1.
0=Dual edge, 1 =Leading edge, 2 = Trailing edge

Pin SYNC weak pull-down enable.

sync_pd =1, weak pull-down is enabled
Pin SYNC output buffer CMOS/open drain select.
=0, open drain
Since SYNC is an input pin in this configuration, open drain output is
sync_ppen recommended.
Pin SYNC weak pull-up enable.
sync_pu_n =1, weak pull-up is disabled
10.1.3 Sync-out configuration

Table 70 explains the sync-out configuration procedure with a clear description of the registers.
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Table 70 Register settings for sync-out signal

Register

Description

Sync_func

Pin SYNC function definition.
=3, configure the function of SYNC pin as sync

sync_dir_out

Defines direction of pin mapped to sync function.
=1, configure sync function as an output

sync_ppen

Pin SYNC output buffer CMOS/open drain select.
=1, CMOS output
=0, open drain output, requires external pull-up resistor

If the application has an external pull-up resistor to the SYNC pin, it does not
matter if sync_ppenis 0 or 1.

ramp0_m_flavor

Modulation type for ramp 0.

0=Dual edge, 1 =Leading edge, 2 = Trailing edge.
Sync-out signal alignment varies with modulation type.
Sync-out is possible only for the ramp 0 signal.

Pin SYNC weak pull-down enable.

sync_pd =0, weak pull-down is disabled
Pin SYNC weak pull-up enable.
sync_pu_n =1, weak pull-up is disabled

10.1.4 Sync-in/out registers

Table 71 provides a summary of registers used for sync-in/out configuration.

Table 71 Sync-in/out registers

Name

Address Bits Description

Common peripheral

sync_func

7000_3008,, |[20:18] | Pin SYNC function definition.

0 not used

110, GPIOO0 [7]

210, GPIO1[7]

310, SYNC

4 output, FAN1_PWM
5to 7, not used

sync_pd

7000_3008,, |[21] Pin SYNC weak pull-down enable.

=0, pull-down is disabled
=1, pull-down is enabled

sync_pu_n

7000_3008,, |[22] Pin SYNC weak pull-up enable.

=0, pull-up is enabled
=1, pull-up is disabled

sync_ppen

7000_3008,, |[23:23] |Pin SYNC output buffer CMOS/open drain select.

0 “open drain output”
1 “CMOS output”
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Name Address Bits Description

sync_dir_out 7000_3014,, |[13:13] | Definesdirection of pin mapped to SYNC function.
0 “SYNC mapped pinisinput”

1 “SYNC mapped pin is output”

sync_de-glitch_en 7000_3008,, |[28:28] | De-glitch enable for digital sync function when used as an
input.

0 “Sync de-glitch disabled”

1 “Sync de-glitch enabled”

sync_state 7000_30A8, |[23:22] | Digital SYNC state. This is a read-only register, indicates the
state of sync.

0 “using internal sync clock”

1 “phase locking to external sync clock”

2 “using external sync clock”
3 “phase locking to internal sync clock”

PWM peripheral
ramp_sync_sel 7000_2C00, |[1] Bit [1], sync select for ramp 0. Should always be set to 1.
7000_2C00,, | [7] Bit [7], sync select for ramp 1.

rampl_sync_sel “sync to” cases:
0 “Fswitchl/no external sync”, “Dual-loop with Fswl =
FswO, loop 1 only”
1 “FswitchO or external sync”, “Dual-loop with Fsw1l =
FswO, single-loop interleave phase”

ramp_m_flavor 7000_2C00, | [3:2] Modulation type for ramp 0/1

[9:8] 00 “Dual edge”
01 “Leading edge”
1x “Trailing edge”

10.1.5 Sync-in/out PMBus commands

Below is the only PMBus command required for sync-in/out. The INTERLEAVE command is used to configure
the phase of interleaved topologies or the phase of multiple devices in parallel unit applications.

Table 72 Sync-infout PMBus command
Command name Command Description
code
INTERLEAVE 37, The INTERLEAVE command is used to arrange multiple units so that

their switching periods can be distributed in time. This may be used
to facilitate paralleling of multiple units or to reduce AC currents
injected into the power bus.

The INTERLEAVE command is also used to configure the phase of
each ramp of the interleaved topologies.
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Code | Command A-Z
code | command |

37 INTERLEAVE w

Group identification number 1 3
Numberingroup | 6 =

Interleave order O 2

Figure 132 INTERLEAVE command

The phase shift (lag) is defined by: 360° x Interleave_order

Number_in_group

10.2 Different types of PWM

The XDPP1100 controller can be configured for different types of PWM such as trailing-edge, leading-edge, and
dual-edge modulation. Figure 133 demonstrates the difference between different PWM modulation types. The
trailing-edge modulation has PWM rising edge aligned to the beginning of the ramp, the leading-edge
modulation has PWM falling edge aligned to the end of the ramp, and the dual-edge modulation has PWM
positioned at the middle of the ramp. Please note that the VMC supports all three types of modulation and the

PCMC must use trailing-edge modulation.
| |
| |
|
| |
| |
|

PWM Ramp

Trailing
edge PWM
50% duty

50% duty

Dual
edge PWM
50% duty

|
I
I
I
I
I
I
|
|
I
I
I
I
I
|
|
0

Tswi4 Tswi2 3Tswi4 Tsw

Figure 133 PWM modulation types
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A test was performed using HBCT topology as shown in Figure 134 to demonstrate different PWM modulation
techniques using the XDPP1100 controller.
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Figure 134 HBCT schematic

The description of channels used in Figure 135 is as follows:

Channel 1 (yellow) - Vour, 50 mV/div, 1 us/div - represents the converter output voltage.

Channel 2 (red) - V,,;, 50 V/div, 1 us/div - represents voltage across transformer primary.

Channel 3 (blue) - Q1 PWM, 2 V/div, 1 ps/div - represents PWM control signal of Q1 MOSFET per Figure 134.

Channel 4 (green) - sync out, 2 V/div, 1 us/div - represents the internal sync signal brought out using SYNC pin.
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Figure 135 Waveforms of different PWM types
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10.3 Sync-in for different applications

The sync-in for different modulation schemes can be identified by referring to Table 73. Figure 134 is an
example of bridge topology. Figure 140 is an example of ACF topology.

Table 73 Syncrising edge locations
Topology Trailing edge Leading edge Dual edge
Bridge At Q1 rise/SR2 fall At Q2 fall/SR1 rise Between Q2 fall and Q1 rise
ACF (P-channel clamp) | At CLAMP rise At CONTROL fall Between CONTROL fall and rise
10.3.1 Using external sync-in signal

This test was performed using an external function generator. The function generator was used to create a
square waveform with amplitude 0 Vto 3.3V, 50 percent duty-cycle, as an external sync signal. This setup
demonstrates applications involving multiple XDPP1100 controllers for proper synchronization during
paralleling applications. Table 73 is used as reference for determining the position of the PWMs with reference
to the sync-in signal. The waveforms for different types of modulation are shown below, captured using HBCT
topology per Figure 134.

For uniformity, a common configuration was used in PMBus command 37, i.e. group identification number=1,
number in group = 6, interleave order =0 to 5 for all the waveforms captured. The interleave phase for different
interleave orders can be determined by the following equation:

Interleave order

Interleave phase = x 360°, lagging

Number in group

10.3.1.1 Trailing edge modulation

This section demonstrates waveforms using trailing edge modulation. Sync frequency is 250 kHz.
Channel 2 (red) - Q1 rise, 2 V/div, 1 ps/div - represents PWM control signal of Q1 FET per Figure 134.
Channel 3 (blue) - SR2 fall, 2 V/div, 1 us/div - represents PWM control signal of SR2 FET per Figure 134.

Channel 4 (green) - external sync signal, 2 V/div, 1 us/div - represents function generator signal.
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Figure 136 Interleave trailing edge waveforms

When the interleave order is 0, the delay from the rising edge of the external sync signal to the rising edge of Q1
is the sum of the following items. It is 130 ns in this test example:

e Syncde-glitch filter, 40 ns (if enabled)
e Sync block propagation delay, 30 ns
e Qlrising-edge dead-time, user configurable

When the interleave order is non-zero, the delay from the rising edge of the external sync signal to the rising
edge of Q1 is the 0 phase delay plus the interleaved phase-shift. For example, when the interleave order = 4, the
Q1 rising edge is 240 degrees, lagging to the rising edge of the sync-in pulse. The switching frequency is 250
kHz, the phase shift is 2.67 ps. Total phase lagging is 0.13 ps +2.67 ps = 2.8 us.

Interleave phase = Interleave order o 3600 = % X 360° = 240°

Number in group
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10.3.1.2 Leading edge modulation

This section demonstrates waveforms using leading edge modulation.

Channel 2 (red) - Q2 fall, 2 V/div, 1 ps/div - represents PWM control signal of Q2 MOSFET per Figure 134.
Channel 3 (blue) - SR1 rise, 2 V/div, 1 us/div - represents PWM control signal of SR1 MOSFET per Figure 134.

Channel 4 (green) - external sync signal, 2 V/div, 1 us/div - represents function generator signal.
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Figure 137 Interleave leading edge waveforms

X2= 34280us 1/8%= 29170 kHz
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10.3.1.3 Dual edge modulation

This section demonstrates waveforms using dual edge modulation.

Channel 2 (red) -
Channel 3 (blue) -

Channel 4 (green)

Q2 fall, 2 V/div, 1 ps/div - represents PWM control signal of Q2 MOSFET per Figure 134.
Q1lrise, 2 V/div, 1 us/div - represents PWM control signal of Q1 MOSFET per Figure 134.

- external sync signal, 2 V/div, 1 ps/div - represents function generator signal.
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Figure 138

Interleave dual-edge waveforms
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10.3.1.4 Impact of sync-in de-glitch

This section demonstrates the importance of sync-in de-glitch in avoiding the noise/spikes in the external sync
signal. This test was performed by creating a high-frequency noise in the function generator sync signal.
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Figure139  Syncde-glitch waveforms

Channel 1 (yellow) - PWM control signal, 2 V/div, 1 ps/div.
Channel 4 (green) - sync signal with a glitch, 2 V/div, 1 us/div.

It can be observed from the above waveform that the PWM signal is asynchronous with respect to the sync
signal with a glitch when sync de-glitch is disabled. The sync de-glitch filter adds 40 ns delay to the sync
function. It is recommended to enable the de-glitch filter only if the sync signal is noisy.

10.3.2 Sync-in internal

This section describes the configuration of the sync-in signal for a single XDPP1100 controller for dual-loop or
interleaved application. The dual-loop control can only be achieved using a performance version XDPP1100-
Q040. The waveforms are captured as in various cases mentioned in section 10.1.1. In order to capture
waveforms, the internal sync clock has been brought out using a sync-out signal. Trailing edge modulation was
used for this test.

10.3.2.1 Loop 0, single phase

Please refer to section 10.1.1 for configuration. A single-phase ACF topology as shown in Figure 140 was used
to capture waveforms for this test.
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Figure 140 Single-phase ACF schematic
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Figure 141 Single-phase ACF waveforms
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Channel 1 (yellow) - Q1_Control_PWM, 2 V/div, 1 ps/div - represents PWM control signal of Q1 MOSFET per
Figure 140.

Channel 2 (blue) - Q2_Clamp_FET, 2 V/div, 1 ps/div - represents PWM control signal of Q2 MOSFET per Figure
140.

Channel 4 (green) - Sync_Out_Loop0, 2 V/div, 1 us/div - represents internal sync clock.

10.3.2.2 Loop 0, dual-phase interleaved

Please refer to section 10.1.1 for configuration. In addition to this, the PMBus interleave command should be
set as group identification number = 1, number in group = 2, interleave order =0 (loop 0), interleave order=1
(loop 1). Adual-phase ACF topology as shown in Figure 142 was used to capture waveforms for this test.

L

Figure 142 Interleaved ACF schematic
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Figure 143 Dual-phase interleaved waveforms

Channel 1 (yellow) - Q4_Clamp_PWM (loop1l), 2 V/div, 1 us/div - represents PWM control signal of Q4 MOSFET
per Figure 142.

Channel 2 (blue) - Q2_Clamp_FET (loop0), 2 V/div, 1 us/div - represents PWM control signal of Q2 MOSFET per
Figure 142.

Channel 4 (green) - Sync_Out_Loop0, 2 V/div, 1 ps/div - represents internal sync clock.

10.3.2.3 Dual-loop

Please refer to section 10.1.1 for configuration. A dual-phase ACF topology as shown in Figure 144 was used to
capture waveforms for this test. Dual-loop application refers to a condition of using a single XDPP1100-Q040
controller for control of two different loops with a dual output. These can be configured to operate with an
interleaved control signal or without interleave, and it can also be categorized as having the same switching
frequency or a different switching frequency. Note that interleave is possible only if both the loops operate with
the same switching frequency.

The PMBus interleave command for a parallel dual-loop operation would be group identification number=1,
number of devices = 2, interleave order = 0 (for both loop 0 and loop 1), and for interleaved dual operation it
would be group identification number = 1, number of devices = 2, interleave order =0 (loop 0) and interleave
order=1 (loop 1). This section shows the waveforms captured for all the cases mentioned.
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Figure 144  Dual-loop ACF schematic
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48V, 15 A, same f,, non-interleave 48V, 15 A, same fq,, interleave

Channel 1 (yellow) - Q4_Clamp_PWM (loop1l), 2 V/div, 1
st us/div - represents PWM control signal of Q4 MOSFET
' per Figure 144.

s |
| |
| |
! Q4_CLAMP_PWM_LOOP1 |
! |
| |
! |
| |

Channel 2 (blue) - Q2_Clamp_FET (loop0), 2 V/div, 1
us/div - represents PWM control signal of Q2 MOSFET
per Figure 144,

‘ 92 CLAME_PWM_LOOPQ

2 . 'f Channel 4 (green) - Sync_Out_Loop0, 2 V/div, 1 us/div -

! ! | represents internal sync clock.

;
- MW i
-6.000 V ofst -4.000 V ofst| 5.0 GSis ge  Positive}
1 48mviL 352mV| Xi= -24ns &%= 33250ps
1 -33mvir 2238V X2= 33226 ps 1% 300.75 kHz
48V, 15 A, different fy
Figure 145 Dual-loop waveforms

As shown above, in the case of a different switching frequency in loop 0 and loop 1, the sync-out will be in sync
with the loop 0, phase 0 PWM, but asynchronous with the loop 1 PWM.
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10.4 Sync-out using different types of modulation

This section demonstrates the sync-out waveforms using an internal sync clock under different PWM
modulation techniques.

10.4.1 Trailing edge

Figure 146 is the sync-out waveform using trailing-edge modulation. As in Table 73, the falling edge of the SR2
MOSFET or the rising edge of the primary Q1 MOSFET aligns with the sync-out rising edge. The waveforms are
captured using a HBCT topology shown in Figure 134. The delay observed in the Q1 rising edge is because of
sync block propagation delay and rising edge dead-time of Q1.

Channel 2 (red) - Q1 rise, 2 V/div, 1 ps/div - represents PWM control signal of Q1 MOSFET per Figure 134.
Channel 3 (blue) - SR2 fall, 2 V/div, 1 us/div - represents PWM control signal of SR2 MOSFET per Figure 134.

Channel 4 (green) - external sync signal, 2 V/div, 1 us/div - represents function generator signal.

1

l

SR2_FALL E|

|

|
c3 A
Q1_RISE

.

U

cz| JI

, e
‘ SYNC_OUT |
Jb

%‘“ i Timebase -2.02 pg [Trigger
2.00 Vidiv 2.00 vidiv]| 1.00 psidiv] Stop 960 mV|
-2.000 ¥ ofst 2.000 ¥ ofst|| 50.0kS 5.0GSisjEdge Positive
L 33mvjL 3.071 V|1 XK1= -200ps &= 53.2ns
T 1.328V) 1 -65 mv i By

X2= 53.0ns 1/&X= 18.80 MHz

|

Figure 146 Sync-out trailing edge waveform

10.4.2 Leading edge

Figure 147 is the sync-out waveform using leading-edge modulation. As in Table 73, the rising edge of the SR1
MOSFET or the falling edge of the primary Q2 MOSFET aligns with the sync-out rising edge. The waveforms are
captured using a HBCT topology shown in Figure 134. The delay observed in the SR1 rising edge is because of
sync block propagation delay and rising edge dead-time of SR1.

Channel 2 (red) - Q2 fall, 2 V/div, 1 ps/div - represents PWM control signal of Q2 MOSFET per Figure 134.
Channel 3 (blue) - SR1 rise, 2 V/div, 1 us/div - represents PWM control signal of SR1 MOSFET per Figure 134.

Channel 4 (green) - external sync signal, 2 V/div, 1 us/div - represents function generator signal.
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Figure 147 Sync-out for leading edge waveform

10.4.3 Dual edge

Figure 148 demonstrates sync-out waveforms using dual-edge modulation. As in Table 73, the sync-out rising
edge is in between the Q2 falling edge and Q1 rising edge. The waveforms are captured using a HBCT topology
shown in Figure 134. A slight misalignment on the Q1 rising edge is because of sync block propagation delay

and rising edge dead-time of Q1.

Channel 2 (red) - Q2 fall, 2 V/div, 1 ps/div - represents PWM control signal of Q2 MOSFET per Figure 134.

Channel 3 (blue) - Q1 rise, 2 V/div, 1 ps/div - represents PWM control signal of Q1 MOSFET per Figure 134.

Channel 4 (green) - external sync signal, 2 V/div, 1 us/div - represents function generator signal.

I
I
kit |
Q1_RISE
I
I
I
|

imebase -2.02 ps][Trigger
W i
50.0kS 5.0 GSis)Edge Positive
X1= -200ps &= 4246ns
K2= 4244 ns 1/&¥= 2.355 MHz

2.00 Vidiv
-2.000 V ofst

L -112 m¥|
T -33my

Figure 148 Sync-out dual-edge waveform
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10.5 Sync-in range

The sync input signal frequency is limited to +/-6.25 percent of the programmed switching frequency for a
successful lock with the sync clock. Once locked, the sync input signal can maintain lock up to +/- 12.5 percent
of the programmed frequency.

Please note, the frequency resolution is 20 ns. Setting FREQUENCY_SWITCH to a number doesn’t mean the
controller will switch at this value. The actual switching frequency is calculated using the following equation:

1

FSW -
UNT(22W)x20n5)
For example,
= = = 1 =
FREQUENCY_SWITCH =300 kHz, Ts, = 3333 s, Fey, ThESETS 301 kHz.
10.6 Phase-shift accuracy

The phase-shift accuracy of the XDPP1100 is 1.40625 degrees. The phase delay of trailing edge modulation was
tested with an even and odd set of INTERLEAVE configurations. The number of devices in the group was set to
eight and five to verify the phase delay accuracy. The error between normalized and measured data is less than
1 percent.

In Figure 149, normalized phase shift = calculated phase shift + error observed from Q1 PWM rising to sync-in
rising for interleaved order zero.

Measured phase shift = actual phase shift measurement using oscilloscope.

Trailing-edge phase shift 8

100
g 0
Eﬂ 100 © 2 4 6 8
o —&— Normalized
o -200
o Measured
£ -300
a

-400

Interleave Order
Number of devices =8
Trailing-edge phase shift 5

100
o
a0 0 N 2 3 4 5
é -100 ]\ —e— Normalized
% 200 Measured
<
[a W \

-300

Interleave Order
Number of devices =5
Figure 149 Phase delay with device number
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10.7 Sync-in performance in different modes of converter operation

The XDPP1100 usually operates under a fixed-frequency exceptin FTR or burst mode. This chapter
demonstrates the performance of XDP1100 when it is in sync with an external clock while the FTR or burst
occurs.

10.7.1 Fast transient

The FTRregisters were set as in Table 74. When the system enters FTR mode, it is no longer aligned with the
sync clock. When it exits, it starts with 8/7 the nominal switching frequency in order to move the phase of the
PWM and slowly reduces to nominal switching frequency until they are aligned. The maximum number of
cycles it takes to sync with the external clock after exiting FTR is 7.

Table 74 Register settings to enable FTR capability
Register name Register value
pid0_verr_entry_thrs 20

pid0_verr_slope_entry_thrs

pid0_verr_exit_thrs

pid0_verr_slope_exit_thrs

Flle Vertical Timebase Trigger Display Cursors

(Timebase 2.2 g (Trigoer  GAED)
Stop 840 mV|
250k 50GSis|Edge  Positivel

Xi= 227932ps &= -359580ps
X2= -13.1648ps 1UdM= -27.8102 KHz

X1= 153450 s &%= -239290ps
X2= -8.5840ps 1= -41.7903 kHz

811512018 6:48:12 PM

Number of devices = 15, interleave order=0, 48 V Number of devices = 15, interleave order = 14,48V

81512018 6:56:58 PM.

-6.000 V ofst

/ X1= 200776ps &&= -320134ps
svlr -44m 2224 X2= -11.9358ps 148%= -31.2369 kHz

X2= -125012ps 1/8¢= -24.9755 kHz

2y -1.2v)8y 3
TELEDYNE LECROY 8/15/2018 T:08:44 PM A The following & characters are not allowed: ¥**?7<>| . discarded, 81512018 7:12:54 PM

Number of devices = 15, interleave order=0, 75V Number of devices = 15, interleave order=14, 75V

Figure 150 Sync-in test with a step-load transient from 0 to 16.66 A using a 0.3 Q resistor
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Channel 1 (yellow) - V,;, 50 V/div, 20 ps/div - represents voltage across transformer primary.

Channel 2 (red) - lour, 2 A /div, 20 us/div - represents load current.

Channel 3 (blue) - sync-in, 2 V/div, 20 ps/div - represents external sync signal from function generator.

Channel 4 (green) - Vour, 50 mV/div, 20 ps/div - represents output voltage.

10.7.2 Burst mode

Burst registers were set as in Table 75. When the system enters burst mode, it is no longer aligned with the sync
clock. When it exits, it starts with 8/7 the nominal switching frequency in order to move the phase of the PWM
and slowly reduces to nominal switching frequency until they are aligned. The maximum number of cycles it

takes to sync with the external clock after burst exit is 7.

Table 75 Register values to enable burst mode

Register name Register value
Power mode 3
pid0_burst_mode_ith 30
pid0_burst_mode_err_thr 10
pid0_burst_reps 1

§ (Trigger  @D@
ivfStop 48135V
5.0 GSis]Edge  Negative]

00 MS
XK1= -442898ps  AX=  720126ps
X2= 27.7228ps 1iMX= 13.88646 kHz

TELEDYNE LECROY

Number of devices = 15, interleave order=0, 48 V

8116/2018 2:02:46 PM

Tigger  GIEH)
0 psidivlStop ~ 4.9135 V|

2.00 Vidiv
-6.000 V ofst|
1707V

X1= -45.3862ps OX=  56.0422ps
X2= 10.6560ps 1/X= 17.84370 kHz

&4 -6.0V]
TELEDYNE LECROY

Number of devices = 15, interleave order = 14,48 V

81162018 2:00:10 PM

Figure 151

Sync-in test during burst mode operation

Channel 1 (yellow) - V,;, 50 V/div, 20 ps/div - represents voltage across transformer primary.

Channel 2 (red) - lour, 2 A/div, 20 ps/div - represents load current.

Channel 3 (blue) - sync-in, 2 V/div, 20 ps/div - represents external sync signal from function generator.

Channel 4 (green) - Vour, 50 mV/div, 20 ps/div - represents output voltage.
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11 Temperature sense

The XDPP1100 supports up to two external temperature sensors and one internal temperature sensor. The
external temperature can be sensed by connecting a 47 kQ NTC resistor in parallel with a 12 kQ resistor to the
TSEN or BTSEN pin. A 100 pA current source is enabled when the corresponding current DAC is set to 1 (see the
temperature sense register description ts_tsidac_antc_sel and ts_tsidac_bntc_sel). The voltage at the TSEN
pin is determined by the 100 pA current and the total equivalent resistance at the pin. This voltage is sensed by
TS ADC (see chapter 1.5) and decoded by FW through a lookup table.

The temperature lookup table that is coded in the XDPP1100 is optimized for the recommended NTC resistor
Murata NCP15WB473F03RC or Panasonic ERT-JOEP473J. The accuracy of temperature sense is +/- 5°C in
temperature range 0°C to 125°C. Below 0°C, the NTC value is very large and the total equivalent resistance is
mainly contributed by the 12 kQ resistor and is flattened. Thus, the accuracy is reduced at low temperatures.

Controller

r—-———-— A

() 0w
L.' eoe |

[
NTC Temp Sensor
L

Figure 152 NTC temperature sensing

Use of other temperature sensor types (e.g., PTC resistor or diode) is supported via FW patch with a custom
temperature lookup table. The input voltage range of the TSADCis 0V to 1.2 V. The temperature sense device
should be selected to work in this range.

The internal temperature sensor is a proportional to absolute temperature (PTAT) based sensor that indicates
the junction temperature of the controller. The accuracy of the internal temperature sensor is +/- 5°C over the -
40°Cto 150°C range.

11.1 Temperature sense registers description
Table 76 Temperature sense registers
Name Address Bits Description
TSEN peripheral
atsen_meas_en 7000_4C00,, |[2:2] TS ADC ATSEN measurement enable. When enabled, the TS

ADC will measure the ATSEN input when selected by
ts_muxmode and tx_muxctrl2. When disabled, no ATSEN
measurement will occur, even if selected by ts_muxmode
and ts_muxctrl2.

btsen_meas_en 7000_4C00, |[3:3] TS ADC BTSEN measurement enable. When enabled, the TS
ADC will measure the BTSEN input when selected by
ts_muxmode and tx_muxctrl2. When disabled, no BTSEN
measurement will occur, even if selected by ts_muxmode
and ts_muxctrl2.
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Name

Address

Bits

Description

itsen_meas_en

7000_4C00,

[4:4]

TS ADC internal temperature (ITSEN) measurement enable.
When enabled, the TS ADC will measure ITSEN when
selected by ts_muxmode and tx_muxctrl2. When disabled,
no ITSEN measurement will occur, even if selected by
ts_muxmode, ts_muxctrll and ts_muxctrl2.

ts_tsidac_antc_sel

7000_4C00,

[6:6]

ATSEN output current source enable. This current source
should be enabled when using the ATSEN input to measure
an NTC or PTC temperature sense element. The current
source may be disabled to use the ATSEN input as a
general-purpose ADC input.

ts_tsidac_bntc_sel

7000_4C00,,

[7:7]

ATSEN output current source enable. This current source
should be enabled when using the ATSEN input to measure
an NTC or PTC temperature sense element. The current
source may be disabled to use the ATSEN input as a
general-purpose ADC input.

ptat_pwl_slope

7000_4C04,,

[27:16]

Internal temperature sense (ITSEN) piecewise linear slope
term. Should be set to 990.

ptat_Oc_code

7000_4C08,,

[10:0]

Internal temperature sense (ITSEN) 0C code. Should be set
to 926.

11.2

Temperature sense PMBus command

The XDPP1100 GUI allows the user to configure which temperature sensor is used for temperature fault
protection. The MFR_SELECT_TEMPERATURE_SENSOR PMBus command shown in Figure 153 demonstrates
how to select the temperature sensor for the fault source and for the telemetry READ_TEMPERATURE source.

El DC MFR_SELECT_TEMPERATURE_SENSOR

Fault source select

e S

0: tempa
Read_Temperature_ JMESILE 2
source select 2 tempi

Ttempa tempb |

Select which terperature sensor, internal
one or external remote temperature sensor,
i5 used

EI DC MFR_SELECT_TEMPERATURE_SENSOR

Fault source select

Read_Temperature_1_Read_Temperature_2

source select

Select which termpe 2: tempb tempa

one or external rem
is used

{J: tempa tempb
1: tempa tempi

3: tempb tempi
4:tempi tempa
5: tempi tempb

123

Figure 153

MFR_SELECT_TEMPERATURE_ SENSOR command

The temperature assigned to READ_TEMPERATURE_1 is used for output current temperature compensation
when the |, temperature compensation is enabled by FW_CONFIG_REGULATION bit [9].
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12 Fault protections

With high-performance ADCs, the XDPP1100 implements all the fault protections without using external
comparators. This chapter describes how the XDPP1100 implements the fault protections on input/output
voltage, input/output current, input/output power and internal /external temperature fault. Besides the
standard fault protections mentioned above, the XDPP1100 also offers cycle-by-cycle PCL, SCP, voltage open
sense fault detection, current ADC tracking fault detection, and flux balance fault protection.

12.1 Introduction to XDPP1100 fault management

The XDPP1100 fault detection is implemented in HW and the fault response is managed by FW. The
combination of HW and FW provides fast protection with flexible fault response.

Intemal
Temp
Pnmary sensor
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:' I PRISEN abit Protection =~ ——» UVP
» [ — S e I R ]
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jm——————————————— ] 25MHz
e IBISEN] 4. | - )
| Loop B Current Sense : e - i Current —
} ™ } Processor |
] b !
BIREF AFE2 | Tt e
- ! :- L—— OCP (averaged over switching cycle)
! Current — UCP (averaged over switching cycle)
| Protection L peak current limit {pulse by pulse) 100Mhz clock
[ ——» Negative current limit (pulse by pulse) 50MHz clock
BVSEN_
} ________________ | BVRSEN 100MHz
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Figure 154 XDPP1100 fault protection block diagram for a typical application
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Figure 154 shows the XDPP1100 block diagram of fault detections of a typical application. The voltage sense
ADC (VSEN, VRSEN and BVSEN_BVRSEN) is a 100 MHz, 11-bit ADC. The ADC is clocked at 100 MHz and a voltage
sense front-end amplifier processes the voltage at 50 MHz. The current sense ADC (ISEN, BISEN) is 25 MHz, 9-bit
ADC and is interpolated to 13-bit through current emulation. In most applications, the VSEN ADC is used for
output voltage sensing, the VRSEN ADC is used for input voltage sensing (via Vrecr sensing), and the ISEN ADC is
used for output current sensing. For XDPP1100-Q040, which supports dual-loop control, the BVSEN and BISEN
can be used for the second loop voltage and current sensing respectively.

The input voltage sense, input current sense and output current sense in Figure 154 show the typical example
configuration supported by the XDPP1100. The XDPP1100 also has the flexibility of mapping either VRSEN or
BVRSEN for input voltage sense, and mapping either ISEN or BISEN for output current sense. The source signals
are selected by the registers listed in Table 77. Please note that the output voltage sense uses a dedicated VADC
per loop, thus it is not selectable. The output voltage of loop 0 must be sensed by VSEN ADC, and the output
voltage of loop 1 must be sensed by BVSEN ADC.

The BVSEN_BVRSEN ADC is a dual-function ADC. It can be configured for Vour sensing or Veecr (Vin) sensing. The
mode is selected by register vsp2_vrs_sel. The telemetry source selections of I, lour and Viy are configurable
for both loop 0 and loop 1. For example, tlmO0_iin_src_sel configures the input current source of loop 0, and
tlm1_iout_src_sel configures the output current source of loop 1.

Table 77 Telemetry li, lour, Vin SOurce select
Register name Description
tlm_iin_src_sel Input current telemetry source select.

0 =measured on ISEN input
1=measured on BISEN input
2, 3 = estimated input current based on output current

tlm_iout_src_sel Output current telemetry source select.

0 =measured on ISEN input

1=measured on BISEN input

2,3 =sum of ISEN and BISEN inputs (dual-phase of interleaved topologies)

tlm_vin_src_sel Input voltage telemetry source select.
0 =VRSEN. Secondary Vgecr sense, vrs_init prior to start-up
1=BVSEN_BVRSEN. Secondary Vrecr sense, vrs_init prior to start-up

2 =loop 0 Vour. Select on loop 1 when loop 1 Vi provided by loop 0 Vour (e.g., post-
buck).

3 =TS ADC Vin. Non-pulsed/primary V\y sense via telemetry ADC (PRISEN)
4 =tlm_vin_force. Forced Viy via FW (e.g., FW override of HW computation)

5=VRSEN. Secondary Vgecr sense, 0 V prior to start-up. Select on loop 1 when
sharing loop 0 Vgecr sense

6 = VRSEN. Non-pulsed/primary Viy sense

7 =BVSEN_BVRSEN. Non-pulsed/primary Viy sense
vspl_vrs_sel VRSEN input ADC rectification voltage sense (VRS) mode select.
0 = general-purpose ADC mode

1 =Vgecr SENSE (VRS) mode

vsp2_vrs_sel BVSEN_BVRSEN input ADC rectification voltage sense (VRS) mode select.
0 =Vour sense (VS) mode
1 = Vzecr sense (VRS) mode
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For output voltage sensing, i.e. VSEN and BVSEN (vsp2_vrs_sel =0), the ADC has overvoltage and undervoltage
detection running at 50 MHz (20 ns). The latency from the fault detection to PWM response is less than 30 ns,
giving total fault response time of less than 50 ns. The VADC offers one, two, four or eight clock cycles of
averaging, allowing the user to configure the sensitivity of the fault detection. The fault counters for
overvoltage and undervoltage are configured independently. For example, setting the output overvoltage fault
count to two clock cycles would only assert the OVP fault when two consecutive samples exceed the fault
threshold. Please note that the fault response will be delayed when the fault count is set to more than one
clock cycle. Each clock cycle will add 20 ns to the overall delay.

For input voltage sensing, the protection is detected every switching cycle. It allows users to configure the
number of consecutive switching cycles by which the input voltage must exceed the threshold in order to assert
the fault. The number of consecutive cycles can be set to one, two, four, or eight.

Each current ADC offers over-current and under-current detection. OCP and UCP are based on average current,
which is averaged over the switching frequency of the power supply converter. OCP and UCP fault assertion
requires the current to exceed the fault threshold for a user-configurable consecutive number of samples. The
number of consecutive samples can be programmed from one to 32 switching cycles.

The XDPP1100 offers a second-level loyr fast OCP. The MFR_IOUT_OC_FAST_FAULT defines the fast over-current
threshold and response. The fast over-current is sensed before the loyr telemetry LPF. It provides faster fault
response than the standard IOUT_OC_FAULT, which is sensed after the LPF.

The third-level OCP is achieved by SCP, which trips on a single 25 MHz sample by the CS ADC.

The current ADC also provides cycle-by-cycle PCL. The positive PCL operates on a 100 MHz clock, and the
negative PCL operates on a 50 MHz clock. The PCL response time is less than 50 ns from the current sense input
to PWM output.

The XDPP1100 telemetry ADC (TS ADC) is a 1 MHz 9-bit ADC. This ADC has eight muxed inputs and can be
configured to digitize voltage and temperature (see the list below). The input voltage can be sensed by either
the VADC or the TS ADC (PRISEN). Use of the 100 MHz VADC is recommended for speed and performance. The
temperature can be sensed using an external thermal resistor or by IC internal temperature sensor. The input
voltage range of the TSADCis0Vto 1.2 V.

e PRISEN, primary voltage sensing

e IMON, current monitoring and active current sharing

e ATSEN, temperature sense A

e BTSEN, temperature sense B

e XADDRI1, address offset 1

e XADDR?2, address offset 2

e ITSEN, internal temperature sense

Overtemperature fault protection can be configured to use either external ATSEN, BTSEN or the internal ITSEN.
The external temperature sense can either be NTC resistor (default) or PTC resistor. The default ATSEN and
BTSEN temperature sense use 47 kQ NTC in parallel with a 12 kQ fixed resistor. Please see the XDPP1100

datasheet for the connection of external resistors. A FW patch with user-defined temperature lookup table
allows the XDPP1100 to support any kind of thermal sense.

12.2 XDPP1100 GUI design tool

The XDPP1100 GUI design tool “Fault Protections” allows the user to configure the fault-related PMBus
commands and registers including the fault thresholds and fault response (Figure 155).
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g Fault Protections _ O %

Frotections  Fault Corfiguration Common Faults Pmbus Command protections

Wam Fault Response Retry Settings Delay Time

Vout over voltage 135003 v  14.00(3|y | 10Disable and Retry | [No retry ~| ~ || wite
Vout under voltage 9.000 3y 80003y  |00ignore v | [Noretry v 1 ~ || wite
Oulput over current 520 = A 550 3 A |ODcontinuesto operate (Cons ~ | [No retry ~| | [ whe
Output under current -128.0/5 A |00continuesto operate (Cone v | [Noretry v ~ || write
MFR Output over current fast 600 - A \11:Shumown and Retry v] |Nore1ry v| |1 v| Write
Vin overvoltage 7800 3|y 80.00 3|y  |10Disable and Retry | [No retry v | [ wite
Vin under voltage 33005V 31002V |00ignere v | [Noretry v [t ~ || wite
Overtemperature  90.0 5 /C  125.0/5/C  [00idgnore | |Noretry v v || wite
Under temperature | 40.0 3/€ 500 [2/C  |00:ignore v | [Noretry v [ ~ || wrte
The VOUT_UV_WARN_LIMIT command sets threshold for the output voltage low waming. This waming is masked until the unit reaches the Read All

programmed output voltage. The data bytes are two bytes fommatted according to the setting of the VOUT_MODE command.
The VOUT_UV_WARN_LIMIT is used as the hysteresis threshold for VOUT_UV_FAULT

Select Loop |Loop 1 v] oK Cancel Apply Help

Ready
Figure155  The XDPP1100 design tool - Faults & Protections

For each fault response, choose the desired response (Figure 156), retry setting (Figure 157) and delay time
(Figure 158) from the drop-down list.

Wamn Fault Response
Vout over voltage [13.000% |y [13.19¢% y  [IEEETEEERGE t]
= 00:lgnore

Vout under voltage 9.000 5 v 8.000 5V 01.0perate for delay time
- 10:Dizable and Ret

Output over current | 50.0 5| A | 550 [ A 11.Disable & Resume when ok

Figure 156 Select fault response

Retry Settings

Retry once

Retry Twice

Retry 3times
Retry 4 times
Retry Stimes
Retry 6 times
Retry Cortinuoushy

Figure 157 Select fault retry number
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Delay Time

Figure 158  Select fault delay time

Fault delay time together with fault delay unit define the fault operation delay and retry delay. The delay is
equal to Fault_Delay_Time * Fault_Delay_Unit. Fault delay unit is programmed by PMBus command 0xC8
FW_CONFIG_FAULTS. The delay unit of Vour, Vin, lour and the temperature are independently configurable with a
choice of 1 ms, 4 ms, 16 ms and 256 ms (Figure 159).

£

File Options i2c Help Tools

Dmd/savr SE H Read - ﬂlg| Write - / Tools - ﬁ ;f;,. 8 :J .

@ Total Pout : 0.00 W Command | Status | MFR commands
XDPP1B3N::i2c x10
Loop 1::pmb x40 R [T m 123
Loop 2::pmb x40 » Vout Command C8 | cs FwW_CONFIG_FAULTS v
Config Command

Fautt Command 199:168 Faul_t2_shut_mask_loop_hw

Command oo | ool oo -

MFRCommand
StatusCommand 167:136 Fault_enable_mask_loop_common
00| 00| 00| OO

TelemCommand |
TrimCommand 135:104Fauh_enable_mask_loop_fw

00| 00 | 00| 0O

103:72 Fauh_enable_mask_loop_hw

00 | 00 | 00| 0O

71:40 Fauk_pin_mask_fw

00| 00| 00| OO

39:8 Fault_pin_mask_hw

00
7:6 Vout_Delay_Unit =[]

5:4 Vin_Delay_Unit =
32 lout_Delay_Unit P
1:0 Temperature_Delay_Unt  [238ms

l

83
@
+
+
+
#
#

FW_CONFIG_FAULTS

>

Bit Field Name Meaning
199:168 Fault_t2_shut_mask_loop_hw v

Read Write

Figure 159 Program fault delay unit

For example, output over-current response is programmed to be “continue to operate for delay time”. With
delay time number = 64, lout_Delay_Unit =4 ms, the delay time is 64 x 4 ms =256 ms. Under an output over-
current situation, the converter is going to clamp the output current at the value set by IOUT_OC_FAULT_LIMIT
for 256 ms and then shut down.

The maximum delay time supported by the XDPP1100 is 128 x 256 ms = 32.768 s.
The input over-current delay unit (not listed in FW_CONFIG_FAULTS) follows Vin_Delay_Unit.

Each individual fault threshold and response can also be configured by GUI in the PMBus section (Figure 160).
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40 VOUT_OW_FAULT_LIMIT v

14.00000 | v

Figure 160 Individual PMBus command to configure fault

The fault count number and hysteresis is configured in the XDPP1100 GUI design tool “Fault Protections”,
“Fault Configuration” tab (Figure 161). Hover the mouse over the register to see the description of each
register. Details of each register will be explained in individual fault chapters.

s Fault Protections _ | W

Protections  Fault Corfiguration  Common Faults  Pmbus Command protections

Vout Vin
faultd vout ov fault cnt faultd vin ov fault cnt

faultd_vout_ov_warn_cnt faultd vin ov warn cnt

faultd_vout_uv_fault_cnt faultD vin uv fault cnt

faultD vout uv warn_cnt faultd_wvin_uv_warn_cnt

B2 || P2 B2 || M2
Cf L e <
B || B || R R
< < < <

=
4k

faultD_vout_fault_hyst faultD_vin_fault_hyst

=
4k

lout lin

fault0_iout_oc_fault_cnt fault0_iin_oc_fault_cnt

==
II

faultd_iout_oc_warn_cnt fault0_iin_oc_warn_cnt

j—ry
L4

faultd_in_fault_hyst

4

faultd_mfr_iout oc fast cnt

faultd_iout uc fault cnt

o|[e|[=]|[=
L A | A 4

—
1k

faultD_iout oc fault hyst

=
4k

faultd_iout_uc_fault_hyst

Read All

Qutput voltage (VOUT) fault (warning) deassertion hysteresis referenced to the VSEN input (i.e., after scaling by
VOUT_SCALE_LOOP). Internally, the VOUT OV faultis asserted when VOUT exceeds VOUT_OV_FAULT_LIMIT for

Value v
< >

Select Loop QK Cancel Apply Help

Ready

Figure 161 Fault registers configuration tool

The XDPP1100 has many unique fault protections, such as loop open sense fault, current sense tracking fault,
SCP, positive and negative cycle-by-cycle current limit, and flux balancing fault. These fault protections are
grouped as common faults. Common fault configuration can be done in the “Common Faults” tab. Details of
common fault protections are explained in chapter 12.9.2.
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[] 1S1 (ISEN) tracking fault
[] 152 (BISEN) tracking fault
[] Poal fault

[] 181 (ISEN) PCL faut

[] roal2fault

‘Mouse Hover for the description of the each control

Protections Fault Configuration Common Faults Pmbus Command protections

Open sense fault through current
source

Open sense fault through PID ISP Track Faults

pid0_osp_duty_thr

_osp_thresh 0 3 pid0_osp_ff_scale 0 v
- isp0_scp_thresh 0 3 A
vspl1_osp_thresh 0 s pid0_osp_ff_thr 0 =
isp0_ncl_thresh N7 o A
2 thresh 0 = . -
Y e pid1_osp_duty_thr 0 = ce0_current_limit |0 2. ADC codes

pid1_osp_ff_scale
pid1_osp_ff_thr

Common fault shutdown Configuration

[] 151 (ISEN) SCP fault

[] 1S2 (ISEN) PCL fault
[] 152 (ISEN) SCP fauit

O X

0 . isp0_track_fault_en [disabled v

isp0_err_ratio_sel 14 (11.1 % Threshold) + |

(=]
ar

ISP1 track fault
isp1_track_fault_en |disabled

o
“«r

=

isp1_err_ratio_sel 14 (11.1 % Threshold) vl

isp1_scp_thresh 0 2 A
isp1_ncl_thresh N5 & A
cel_current_limit 0 2. ADC codes

[] BVREF_BVRREF open fault
[C] BVSEN_BVRSEN open fault

[C] VREF open fault
[] VSEN open fault
[] VRREF open fault
[C] VRSEN open fault

Read All

Select Loop (Loop 0 v oK Cancel Apply Help
Ready
Figure 162 Common fault configuration tool
12.3 Output OVP/UVP
12.3.1 Vour OVP/UVP PMBus commands

Table 78 describes the PMBus commands relevant to the Vour OVP and UVP. The unit of the voltage limit
thresholds is volts. The data format of the threshold commands is set by VOUT_MODE. The maximum output
voltage (VOUT_COMMAND) can be configured to 81.92 V if the user would like to use the feed-forward feature. It
is possible to use the XDPP1100 for higher output voltage; a FW patch is required to get around the FF

limitation.
Table 78 Vour OVP/UVP relevant PMBus command descriptions
Command name Command | Description
code
VOUT_OV_FAULT_LIMIT 40, This command sets the output overvoltage fault threshold.
VOUT_OV_FAULT_RESPONSE |41, This command instructs the device on what action to take in
response to an output overvoltage fault. See section 12.3.3 for
Vour OVP fault response.
VOUT_OV_WARN_LIMIT 42, This command sets the output overvoltage warning threshold.
This value is typically less than the output overvoltage fault
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Command name

Command
code

Description

threshold. It is used as the hysteresis threshold for
VOUT_OV_FAULT.

VOUT_UV_WARN_LIMIT

43,

This command sets the output undervoltage warning threshold.
This value is typically higher than the output undervoltage fault
threshold. This warning is masked until the unit reaches the
programmed output voltage. It is used as the hysteresis
threshold for VOUT_UV_FAULT.

VOUT_UV_FAULT_LIMIT

44,

This command sets the output undervoltage fault threshold. The
VOUT_UV_FAULT is masked during start-up until the unit
reaches the programmed output voltage.

VOUT_UV_FAULT_RESPONSE

45,

This command instructs the device on what action to take in
response to an output undervoltage fault. See section 12.3.3 for
Vour UVP fault response.

12.3.2

Vour OVP/UVP registers

Table 79 describes the registers that are relevant to the Vour OVP and UVP.

Table 79 Vour OV/UV relevant register descriptions
Name Address Bits Description
(loop 0/1)
Fault peripheral
fault_vout_ov_fault_cnt 7000_3C00, |[1:0] Output overvoltage fault count. Defines the number of
7000_4000, consecutive 50 MHz samples by which the output voltage
must exceed the fault threshold in order to assert a fault.
0=1sample,1=2samples
2=4samples, 3=8samples
fault_vout_ov_warn_cnt 7000_3C00y4 |[3:2] | Output overvoltage warning count. Defines the number of
7000_4000,, consecutive 50 MHz samples by which the output voltage
must exceed the warning threshold in order to assert a
warning.
0=1sample, 1=2samples
2 =4 samples, 3=8 samples
fault_vout_uv_fault_cnt 7000_3C00,, |[5:4] | Outputundervoltage fault count. Defines the number of
7000_4000, consecutive 50 MHz samples by which the output voltage
must exceed the fault threshold in order to assert a fault.
0=1sample,1=2samples
2 =4 samples, 3=8 samples
fault_vout_uv_warn_cnt 7000_3C00, |[7:6] | Outputundervoltage warning count. Defines the number
7000_4000, of consecutive 50 MHz samples by which the output
voltage must exceed the warning threshold in order to
assert a warning.
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Name Address Bits Description
(loop 0/1)

0=1sample,1=2samples
2=4samples, 3=8samples

fault_vout_fault_hyst 7000_3C08,, |[4:0] Output voltage (Vour) fault (warning) de-assertion
7000_4008, hysteresis referenced to the VSEN input (i.e., after scaling
by VOUT_SCALE_LOOP). Internally, the Vour OV fault is
asserted when Vour exceeds VOUT_OV_FAULT_LIMIT for
fault_vout_ov_fault_cnt samples without dropping below
(VOUT_OV_FAULT_LIMIT-fault_vout_fault_hyst). The
samples above VOUT_OV_FAULT_LIMIT need not be
consecutive but a single sample below
(VOUT_OV_FAULT_LIMIT-fault_vout_fault_hyst) will reset
the count. For the typical case this parameter should be
set to a positive voltage. This hysteresis parameter
applies to all Vour faults and warnings as shown in Table
80.

LSB =5 mV, range =-80 to 75 mV at the sense pin

The Vo fault registers include fault count and fault hysteresis. The fault count register defines the number of
consecutive samples at a 50 MHz sample rate. The V,; fault comparator is placed before the Vour telemetry LPF
(tlm_kfp_vout) to achieve fast response. The fault hysteresis works with the V,; warning and fault limit as in
Table 80. The Vour fault hysteresis must be set larger than the ripple at the VSEN pin, otherwise the fault
comparator would create continuous fault IRQ’s when the signal is at the warning or fault threshold. Since the
Vout ripple frequency is twice of the switching frequency, the high frequency and persistent fault IRQ would
cause the FW run out of space to report the fault and eventually have hard reset.

Table 80 Vour OV/UV hysteresis
Fault Asserted De-asserted
VOUT_OV_FAULT >VOUT_OV_FAULT_LIMIT <= (VOUT_OV_FAULT_LIMIT-fault_vout_fault_hyst)
VOUT_OV_WARN >VOUT_OV_WARN_LIMIT <= (VOUT_OV_WARN_LIMIT-fault_vout_fault_hyst)
VOUT_UV_WARN <VOUT_UV_WARN_LIMIT >= (VOUT_UV_WARN_LIMIT+fault_vout_fault_hyst)
VOUT_UV_FAULT <VOUT_UV_FAULT_LIMIT >= (VOUT_UV_FAULT_LIMIT+fault_vout_fault_hyst)

The fault_vout_fault_hyst is Vour fault hysteresis after scaling by VOUT_SCALE_LOOP. For example,a 12V
output converter, VOUT_SCALE_LOOP = 0.1, the voltage ripple is 150 mV at VOUT and the ripple at VSEN pin is
about 15 mV. But remember the switching noise would not be proportional scaled down at the VSEN pin thus
the hysteresis must consider additional buffer for switching noise.

Figure 163 demonstrates the function of vout_fault_hysteresis and vout_ov_warn_cnt, vout_ov_fault_cnt.
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20ns clock «—>

VOUT_OV_FAULT

Figure 163  Vour OV fault hysteresis and fault count

12.3.3 Vour OVP/UVP fault response

Output overvoltage and undervoltage fault response can be configured as in Table 81.

Table 81 Voltage, temperature and TON_MAX fault responses
Response Description
Ignore Continues operation without interruption.
Operate for delay time Continues operation for the delay time. If the fault condition is still

present at the end of the delay time, the unit responds as programmed
in the retry setting.

Disable and retry Shuts down and responds according to the retry setting.

Disable and resume when OK Shuts down while the fault is present. The output remains disabled until
the faultis cleared.

Figure 164 shows examples of the Vour OV fault response of a HBCT converter with 5V output.

Chi: Vou'r

Ch2: IOUT (5 A/diV

~

500 mV/div
~Ch3: PWM (5 V/div)

2 e
i il
: e
g I 2 ms/div - 20 ms/div
lEDVNELCR - . HZ:}:‘;::\ 22:; 1737:; lEDVNE lECR . : 2“5/::&/2:‘::5!27:?!1
Operation for delay time, no retry, 4 ms delay Operate for delay time, 2 retries, 4 ms delay
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' ;
i | .
i 256ms | 2 V/div
i |
|
!
|

100 ms/div | ¥ 20 ms/div

5/

TELEDYNE LECROY Slow Acquisition 511172018 1:48:58 PM TELEDYNE LECROY D e 5i11/20181:3217 PM

Disable and retry once, 1 unit delay 256 ms Disable and retry, retry three times, 4 ms delay

WN Ch1: Vour
| | Ch3: PWM (5 V/div)

100 ms/div| Ch2: loyr (5 A/div)

75ms.
2= -14539ms 1l6X= 25157 He

TELEDYNE LECROY 1102018 23110 PM

Disable and resume when OK, no retry
Figure 164 Output OVP waveform (Vour =5V, OVP fault threshold = 5.8 V, OVP warning threshold =
5.5V)

When the Vour OV fault response is set to “disable and resume when OK”, the converter shuts down the output
when Vour is higher than VOUT_OV_FAULT_LIMIT. It resumes switching when Vour is lower than
VOUT_OV_WARN_LIMIT. VOUT_OV_WARN_LIMIT is used as the hysteresis threshold of VOUT_OV_FAULT. This
hysteresis should not be confused with the fault_vout_fault_hyst, which defines the HW hysteresis of the Vour
OV and UV comparators. The PMBus command VOUT_OV_WARN_LIMIT defines the FW fault hysteresis for
VOUT_OV_FAULT_RESPONSE.

Figure 165 shows examples of Vour UV fault response.

Chil: Vou‘r 2 V/di

Ch3: PWM (5V/

Ch2: |ou'r (5 A/di
5 ms/div

n o z

20 ms/div
sz.:i

Wp= BOps 1= -12395Hz

I c11/2012 4:00:37 PM

2= -11005ms 1K= 9141 Hz

TELEDYNE LECROY I o Trigger 511172018 3:52:03 PM
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Operate for delay time, no retry, 1 ms delay

Z do
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Operate for delay time, retry twice, 8 ms delay
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" _Ch3: PWM (5 V/di
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Disable and retry, retry three times, 1 ms delay Disable and resume when OK, retry continously

Figure 165 Vour UVP response (Vour =5V, VOUT_UV_FAULT_LIMIT =3.199 V, VOUT_MIN = 0.5 V)

12.3.4 Vour max/min warning
Table 82 Vour max/min PMBus command descriptions
Command name Command | Description
code
VOUT_MAX 24, This command is used to limit the maximum output voltage.

Target voltages (including droop) above this limit will be
clamped to this level.

Data format =VOUT_MODE

VOUT_MIN 2By, This command is used to limit the minimum output voltage.
Target voltages (including droop) below this limit will be
clamped to this level.

Data format=VOUT_MODE

The VOUT_MAX and VOUT_MIN commands provide a safeguard against a user accidentally setting the output
voltage to a possibly destructive level rather than being the primary output OV or UV protection. If the output is
set to a voltage exceeding the VOUT_MAX and VOUT_MIN bounds, the output voltage will be clamped to
VOUT_MAX or VOUT_MIN, and the VOUT_MAX_MIN_WARNING will flag in STATUS_VOUT.

12.3.5 TON MAX fault

Table 83 TON MAX fault PMBus command descriptions
Command name Command | Description
code
TON_MAX_FAULT_LIMIT 62, This command sets an upper limit, in milliseconds, on how long

the unit can attempt to power up the output without reaching
the output undervoltage fault limit.

A setting of 0 means that there is no limit and the unit can
attempt to bring up the output voltage indefinitely.

Data format = LINEAR11, U8.2, LSB 0.25 ms, range 0 to 255 ms
Data format = LINEAR11, U9.1, LSB 0.5 ms, range 0 to 511 ms
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Command name Command | Description
code

Data format = LINEAR11, U10.0, LSB 1 ms, range 0 to 1023 ms
TON_MAX_FAULT_RESPONSE |63, Defines what action to take in response to a TON_MAX fault.

The TON_MAX_FAULT could happen in an overload start-up condition. The output current hits the
IOUT_OC_LIMIT and the ramp-up of output voltage is slowed down due to over-current clamping when the
IOUT OC response is set to the constant current limit. The TON_MAX_FAULT will assert at the end of the
TON_MAX_FAULT_LIMIT time if the output voltage is lower than the VOUT_UV_FAULT_LIMIT. The fault
response is set by the TON_MAX_FAULT_RESPONSE command, as shown in Figure 166.

63 TON_MAX_FAULT_RESPONSE ~

Response

D0 o E
D0:lgnore
01:0perate for delay time

[ |

Figure 166 TON_MAX_FAULT_RESPONSE

HBCT converter rated 5 V/25 A, start-up at 25 A load
with 10 mF extended output capacitor.

lour OC response set to constant current.
“[TON_RISE =3 ms, TON_MAX_FAULT_LIMIT =4 ms
VOUT_UV_FAULT_LIMIT=4.5V

Ignore TON_MAX_FAULT.

Vour reached target voltage at 12 ms due to constant
current limit. By the end of TON_MAX_FAULT_LIMIT (4
; ms), Vour was lower than 4.5V and TON_MAX_FAULT

i } 5ms/div | \yas asserted.

(I imebase -50md (Trigger  GRIEE)
1.00 Vidiv 10.0 A/d| 5.00msidi|Normal 481V
-2.980 V ofst| -10.00 A ofst 500 MS 100 MSisjEdge  Positive]
L ‘Seisr;x L 1;%1\ X1= -8.35853ms AX= 10.00782ms
T T A X2= B4829ps 1iA%= 99.92186 Hz . H
o amavly 1244 4 Chl: Vour, 1V, div

TELEDYNE LECROY o for Trigger 61512018 125749 PM
Ch2 |OUT, 20 A/dIV

Ch3: PWM output

Figure 167 TON_MAX_FAULT waveforms

12.3.6 TOFF_MAX warning

The TOFF_MAX_WARN_LIMIT defines the maximum Vour fall time under a controlled soft turn-off condition. It
does not apply to the hard-stop turn-off. Unlike the TON_MAX_FAULT, the TOFF_MAX is just a warning status
and does not provide response options. Once the TOFF_MAX_WARN_LIMIT is triggered, bit [1] of the status
command STATUS_VOUT will be flagged.
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Table 84 TOFF_MAX warning PMBus command descriptions
Command name Command | Description
code
TOFF_MAX_WARN_LIMIT 66y This command sets an upper limit, in milliseconds, on how long

the unit can attempt to power down the output without
reaching 12.5 percent of the output voltage programmed at the
time the unitis turned off.

A setting of 0 means that there is no limit and that the unit waits
indefinitely for the output voltage to decay.

Data format =LINEAR11, U8.2, LSB =0.25 ms, range =0 to 255
ms

Data format = LINEAR11, U9.1,LSB =0.5 ms, range =0to 511 ms
Data format = LINEAR11, U10.0, LSB =1 ms, range =0 to 1023 ms

12.3.7 Power good

Table 85 Power good PMBus command descriptions
Command name Command | Description
code
POWER_GOOD_ON 5E, This command sets the output voltage at which a

POWER_GOOD signal should be asserted, indicating that the
output voltage is valid. The power good polarity can be set
either active high or active low.

Data format =VOUT_MODE
POWER_GOOD_OFF 5F, This command sets the output voltage at which an optional

POWER_GOOD signal should be de-asserted, indicating that the
output voltage is not valid.

Data format=VOUT_MODE

If the converter fails to reach the POWER_GOOD_ON threshold after start-up, a PG_STATUS fault will be
reported, signaling that the output power is not good.

Power good test example:
VOUT_COMMAND =3.3V. POWER_GOOD_ON =3V, POWER_GOOD_OFF =2.8 V. Power good logic = active low.

In Figure 168, power good is asserted when Vour is higher than 3V at start-up, and is de-asserted when Voyr is
lower than 2.8 V at soft turn-off. The power good logic is configured as active low, thus the signal is low when
output voltage is in good condition.
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Chil:
Ch2:\Vour (1 V/div)

Ch3: Power Good signal (2 V/div) x -
c1 |
A 2.00 Vidiv| 2.00 Vidiv| Normal  2.97 V|
(o3 I 3560V ofst -1.960 V ofst 500kS  50MSis|Edge  Either
2.00 Vidiv| 1.00 Vidiv| 2.00ms/diviNormal  2.97 V| X1= -319.44ps
3,560 V ofst| -2.980 V ofst) 500kS  25MS/s]Edge Eitherjl 4 107 mv| ¢ 4

Figure 168 Power good (active low) at soft-start and soft-off

3.387 V|

Please note, in a hard-stop turn-off situation, power good is immediately de-asserted, ignoring output voltage
level.

12.4 Output OCP/UCP

12.4.1 lour OCP/UCP PMBus commands

Table 86 describes the PMBus commands that are relevant to the loyr OCP and UCP.

Table 86 lour OCP/UCP relevant PMBus command descriptions
Command name Command | Description
code
IOUT_OC_FAULT_LIMIT 46, This command sets the output over-current fault threshold.

Data format = LINEAR 11, U8.0
LSB=1A,range=0to255A
IOUT_OC_FAULT_RESPONSE |47, This command instructs the device on what action to take in

response to an output over-current fault. See section 12.4.4 for
loutr OCP fault response.

IOUT_OC_LV_FAULT_LIMIT 48, In the cases where the response to an over-current condition is to
operate in CCM by dropping the output voltage, this threshold
defines the minimum voltage below which the output will shut
down.

Data format =VOUT_MODE
IOUT_OC_WARN_LIMIT 4A, This command sets the output over-current warning threshold.
This value is typically less than the output over-current fault

threshold. It is used as the hysteresis threshold for
IOUT_OC_FAULT.

Data format = LINEAR 11, U8.0

LSB=1A,range=0t0255A

IOUT_UC_FAULT_LIMIT 4B, This command sets the output under-current fault threshold.
Data format = LINEAR 11, S8.0

LSB=1A,range=-128to 127 A
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Command name Command | Description
code
IOUT_UC_FAULT_RESPONSE 4Cy This command instructs the device on what action to take in

response to an output under-current fault. See section 12.4.5 for
lour UCP fault response.

MFR_IOUT_APC EA4 This command sets the current sense gain.
Data format=LINEAR 11, U1.9
LSB =0.00195A, range =0to 1.998 A
Data format =LINEAR 11, U2.8
LSB =0.0039 A, range 0 to 3.996 A
12.4.2 lour OC fast protection

Besides the regular output OCP, the XDPP1100 also offers a fast over-current protection. The difference
between the two faults is that the regular over-current is sensed after a LPF, and the fast OCP is sensed before
the LPF. The LPF is defined by tim_kfp_iout in Table 88.

Table 87 lour fast OCP PMBus command descriptions
Command name Command | Description
code
MFR_IOUT_OC_FAST_ CA, This command instructs the device on what action to take in
FAULT_RESPONSE response to a fast output over-current fault (exceeding
MFR_IOUT_OC_FAST_FAULT_LIMIT).
MFR_IOUT_OC_FAST_ D1, This command sets the fast output over-current fault threshold.
FAULT_LIMIT Data format = LINEAR11, U8.0
LSB=1A,range=0to 255 A
12.4.3 lour OCP/UCP registers

Table 88 describes the registers that are relevant to the loyr OCP and UCP.

Table 88 lour OC/UC relevant register descriptions
Name Address Bits Description
(loop 0/1)
Fault peripheral
fault_iout_oc_fault_cnt 7000_3C00, |[12:8] | Output over-current fault count. Defines the number of
7000_4000,, consecutive switching cycles (T,,) by which the low-pass
filtered current must exceed the fault threshold in order
to assert a fault.
Count =fault_iout_oc_fault_cnt+1
Range = 1 to 32 switching cycles
fault_iout_oc_warn_cnt 7000_3C00,, |[17:13] | Output over-current warning count. Defines the number
7000_4000,, of consecutive switching cycles (T,,) by which the low-
pass filtered current must exceed the warning threshold
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Name

Address
(loop 0/1)

Bits

Description

in order to assert a warning.
Count = fault_iout_oc_warn_cnt+1
Range =1 to 32 switching cycles

fault_mfr_iout_oc_fast_cnt

7000_3C00,,
7000_4000,,

[22:18]

MFR_IOUT_OC_FAST over-current fault count. Defines
the number of consecutive switching cycles (T,,) by
which the cycle averaged current must exceed the fault
threshold in order to assert a fault.

Count =fault_mfr_iout_oc_fast_cnt+1
Range =1 to 32 switching cycles

fault_iout_uc_fault_cnt

7000_3C00,,
7000_4000,,

[27:23]

Output under-current warning count. Defines the
number of consecutive switching cycles (T,) by which
the cycle averaged current must exceed the fault
threshold in order to assert a fault.

Count =fault_iout_uc_fault_cnt+1

Range =1 to 32 switching cycles

fault_iout_oc_fault_hyst

7000_3C08,,
7000_4008,

[15:10]

Output over-current (IOUT_OC) fault (warning) de-
assertion hysteresis. Internally, the loyr OC fault is
asserted when loyr exceeds IOUT_OC_FAULT_LIMIT for
fault_iout_oc_fault_cnt samples without dropping
below (IOUT_OC_FAULT_LIMIT-
fault_iout_oc_fault_hyst). The samples above
IOUT_OC_FAULT_LIMIT need not be consecutive but a
single sample below (IOUT_OC_FAULT_LIMIT-
fault_iout_oc_fault_hyst) will reset the count. For the
typical case this parameter should be set to a positive
current. This hysteresis parameter applies to all loyr OC
faults and warnings, as shown in Table 89.

Resolution =0.25 A, range=-8to 7.75 A

fault_iout_uc_fault_hyst

7000_3C08,,
7000_4008,

[21:16]

Output under-current (IOUT_UC) fault de-assertion
hysteresis. Internally, the lour UC fault is asserted when
lout exceeds IOUT_UC_FAULT_LIMIT for
fault_iout_uc_fault_cnt samples without rising above
(IOUT_UC_FAULT_LIMIT+fault_iout_uc_fault_hyst). The
samples below IOUT_UC_FAULT_LIMIT need not be
consecutive but a single sample above
(IOUT_UC_FAULT_LIMIT+fault_iout_uc_fault_hyst) will
reset the count. For the typical case this parameter
should be set to a positive current.

Resolution =0.25A,range =-8to 7.75 A

Telemetry peripheral

tlm_kfp_iout

7000_3400,,
7000_3800,,

[27:22]

Output current telemetry LPF coefficient index. Note
that exponent settings greater than 9 are clamped to 9.
Set to 63 to bypass filter.
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Name Address Bits Description
(loop 0/1)

o kfp_exp =tlm_kfp_iout [5:2]

o kfp_man=4+tlm_kfp_iout [1:0]

o kfp=kfp_man * 27 (kfp_exp - 13)

e F3db (kHz) = [kfp/(1-kfp)] * Feyicn (kHZ)/2m

All the telemetry LPF can be configured in the design tool “Basic Configuration” and “Telemetry” tab, as shown
in Figure 30. The tool helps the user to calculate the cut-off frequency of the LPF based on the register value
and the switching frequency.

The output fast over-current fault protection is sensed before the LPF, thus it is suggested to set the
fault_mfr_iout_oc_fast_cnt to a larger value (i.e. 8) to avoid triggering the fault by ripple or noise.

Table 89 lour OC and UC hysteresis
Fault Asserted De-asserted
IOUT_OC_FAULT >|OUT_OC_FAULT_LIMIT = (IO.UT_OC_FAULT_LIMIT_
fault_iout_oc_fault_hyst)
IOUT_OC_WARN >|OUT_OC_WARN_LIMIT <= (IOUT_OC_WARN_LIMIT-

fault_iout_oc_fault_hyst)
<= (MFR_IOUT_OC_FAST_FAULT_LIMIT-
fault_iout_oc_fault_hyst)

>= (IOUT_UC_FAULT_LIMIT+
fault_iout_uc_fault_hyst)

[OUT_OC_FAST_FAULT |>MFR_IOUT_OC_FAST_FAULT_LIMIT

[OUT_UC_FAULT <IOUT_UC_FAULT_LIMIT

Figure 169 demonstrates the function of iout_oc_fault_hysteresis and iout_oc_warn_cnt,
iout_oc_fault_cnt. In this example, iout_oc_warn_cnt = 3, iout_oc_fault_cnt = 3, which defines the number
of consecutive samples over the current limit must be 4 to assert fault.

| IOUT_OC_WARNING

LPF filtered lout
iltered lout A lout_oc_fault_hysteresis

y
4

IOUT_OC_FAULT_LIMIT

|
1
|
|
|
|
IOUT_OC_WARN_LIMIT |
|
|

v
A

\

lout OCWarn

| |
| |
i i
Count=3 } :
4 cycles
Y 0 . 0 . 0 1 2 3 4 5 6 7 0 .
lout OC Fault A \ i | | "
Count =3 } : : :
4 cydles 01 0 1 0 0 1 2 3 | 4 5 0 0 | L
Tsw >
IOUT_OC_FAULT
Figure 169 lour OC fault hysteresis and fault count
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12.4.4

lour OC fault response

Output over-current fault response can be configured to be one of the following, as in Table 90. The output fast
over-current fault response can be configured as in Table 91.

Table 90

lour OC fault response

Response

Description

Continues to operate

Continues to operate indefinitely while maintaining the output current
at the value set by IOUT_OC_FAULT_LIMIT without regard to the output
voltage (CC).

Continues to operate with OC LV

Continues to operate indefinitely while maintaining the output current
at the value set by IOUT_OC_FAULT_LIMIT as long as the output voltage
remains above the minimum value specified by
IOUT_OC_LV_FAULT_LIMIT. If the output voltage is pulled down to less
than that value, then the PMBus device shuts down and responds
according to the retry setting.

Continues to operate for delay time

Continues operation for delay time, maintaining the output current that
set by IOUT_OC_FAULT_LIMIT. If the device is still operating in current
limiting at the end of the delay time, the device responds as
programmed by the retry setting.

Shut down and retry

Shuts down and responds according to the retry setting.

Table 91

lour fast OC fault response

Response

Description

Continues to operate

Continues operation with CC limit.

Shutdown and retry

Shuts down and responds according to the retry setting.

Figure 170 shows output over-current fault waveforms tested with HBCT 12 V/20 A converter. To verify the
functionality of the OC fault protection, the fault thresholds are set to IOUT_OC_FAULT_LIMIT=22A,
IOUT_OC_WARN_LIMIT=21A,I0UT_OC_LV_FAULT=4.599 V.

The electronic load is set to constant resistor mode to test constant current operation.

o

0o0ma]  T00vid
000Aofset] -3

L
TELEDYNE LECROY

(a)

48 Vinput, 20 A to over-current, CC

Ch1=Vour (2 V/div), Ch3 = loyr (20 A/div), Ch4 = secondary Vg (10 V/div)

LEDVNE LECROY
48 Vinput, 12 A to over-current, shut down with one
retry (b)

8/16/201912:59:10 PM
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20,0 Aidiv 10.0 Vidiv|
0.00 A offset -30.00 V ofst]

TELEDYNE LECROY e m— - s/e/zmemﬁ'aapm TELEDYNE LECROY — 81912019 108:13 PM
48V input, 12 A to over-current, shut down and retry 48 Vinput, 12 A to over-current, shut down and retry
three times (c) with continous retry (d)

Figure170  Output OCP waveform

12.4.5 lour UC fault response

Output under-current fault response can be configured to be one of the following, as in Table 92.

Table 92 lour UC fault response
Response Description
Ignore Continues operation without interruption.
Operate for delay time Continues operation for delay time. If the fault condition is still present at the

end of the delay time, the unit responds as programmed retry setting.

Disable and retry Shuts down SR and responds according to the retry setting.

Disable and resume when OK | Shuts down SR while the fault is present.

Figure 171 shows loyr UC fault waveforms tested with ACF 3.3 V/30 A converter. To verify the functionality of the
UC fault protection, the fault thresholds were set to IOUT_UC_FAULT_LIMIT =1 A, and tested at no load. Please
note, the “disable operation” at under-current fault only disables SR gate drive and won’t stop primary PWM.

Ch1: primary PWM (2 V/div), Ch2: Vour (1 V/div), Ch3: SR gate (10 V/div), Ch4: fault signal

FAULT1

Figure 171 Output UCP waveform
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12.4.6 Short circuit protection

Output short circuit protection can be achieved by fast OCP or by SCP. Figure 172 shows short circuit
protection by fast over-current fault.

The protection was tested with a 5V/25 A HBCT converter to see that the short-circuit was applied during
operation and during start-up. The lout_OC_fast_fault was reported. MFR_IOUT_OC_FAST_RESPONSE was set
to shut down no retry, fault_mfr_iout_oc_fast_cnt =8.

i Chil: VOUT (l V/le)
i Ch3: primary PWM output (5 V/div)

i
: Ch2 IOUT (5 A/le)
i
b
L
o or Tigger 511412018 4:34:12 PM TELEDYNE LECROY T 142018 4350 ev
Converter response on load short-circuit Short output then turn-on converter

Figure 172 Output short-circuit waveform (48 V input)

12.4.7 Cycle-by-cycle PCL

Register ce_current_limit sets the cycle-by-cycle PCL threshold. The ce0_current_limit sets the limit for ISEN
input, and the cel_current_limit sets the limit for BISEN input. While the PCL is enabled, the controller
truncates the PWM duty-cycle when the sensed current exceeds the limit. Setting the register to 0 will disable
the function. The PCL should be calculated by the following equation:

N Peak_Current
ce_current_limit = ———— (11.1)
MFR_IOUT_APC

The Peak_Current must be set higher than the maximum rated output current, plus the inductor ripple current.
For example, an ACF converter output is 3.3 V/30 A, and the ripple current of the board is 6.5 A at 48 V input. The
Peak_Current must be set higher than (30 + 6.5/2) =33.25 A at 48 Vinput.

Vour (500 mV/div)
Primary PWM (2 V/dlv)

A

ISEN (50 mV/div)

48V,30 A, no PCL 48V, 30 A, with cycle-by-cycle PCL
Figure 173 Output PCL waveform (48 V input)
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Figure 173 shows the PCL waveform of the 3.3 V/30 A ACF converter. The ce0_current_limit =110, IOUT_APC =
0.32 A. The PCL threshold is 35 A. With the cycle-by-cycle PCL, the primary PWM pulse was truncated and the
output voltage folded back.

12.4.8 Current share fault

A current share fault will be asserted if the controller enables the active current sharing and the current sharing
was not able to correct the error within the MFR_ISHARE_THRESHOLD limit. Usually the output voltage adjusts
to the active current sharing clamps (ishare_clamp_pos, ishare_clamp_neg), but there may still be a current
error larger than the MFR_ISHARE_THRESHOLD or the ishare_dead_zone. The “current share fault” is reported
and bit 3 of the STATUS_IOUT is set to 1. More information on active current sharing can be found in chapter 5.

12.4.9 Output over-power warning

The PMBus command POUT_OP_WARN_LIMIT sets the output power warning threshold. If the output power is
higher than the limit, the POUT_OP_WARN will be asserted and bit 0 of the STATUS_IOUT is set to 1.

The maximum output power limit could be set to 4096 W when exponent 2 is selected. If the exponent is 0, the
maximum output power limit can be set to 1024 W.

12.5 Input OVP/UVP

Table 93 describes the PMBus commands that are relevant to the Viy OVP and UVP. The maximum input voltage
can be configured to 127.75 V. To use the XDPP1100 in high-voltage applications, such as 400 V input voltage, a
FW patch is required to shift the LSB resolution and scale up the input voltage range.

12.5.1 Vin OVP/UVP PMBus commands

Table 93 Vixn OVP/UVP relevant PMBus command descriptions
Command name Command | Description
code
VIN_OV_FAULT_LIMIT 55, This command sets the input overvoltage fault threshold.

Data format =LINEAR 11, U7.2
LSB=0.25V,range =0to 127.75V
VIN_OV_FAULT_RESPONSE 56, This command instructs the device on what action to take in

response to an input overvoltage fault. See section 12.5.3 for Viy
OVP fault response.

VIN_OV_WARN_LIMIT 57, This command sets the input overvoltage warning threshold.
This value is typically less than the input overvoltage fault
threshold. It is used as the hysteresis threshold for
VIN_OV_FAULT.

Data format=LINEAR 11, U7.2

LSB=0.25V,range=0to 127.75V

VIN_UV_WARN_LIMIT 58, This command sets the input undervoltage warning threshold.
This value is typically higher than the input undervoltage fault
threshold. Itis used as the hysteresis threshold for
VIN_UV_FAULT.

Data format = LINEAR 11, U6.2
LSB=0.25V,range=0t063.75V
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Command name Command | Description
code

VIN_UV_FAULT_LIMIT 59, This command sets the input undervoltage fault threshold.
Data format=LINEAR 11, U6.2
LSB=0.25V,range=0t063.75V

VOUT_UV_FAULT_RESPONSE | 5A4 This command instructs the device on what action to take in
response to an input undervoltage fault. See section 12.5.3 for V
Vv in UVP fault response.

12.5.2 Vin OVP/UVP registers

Table 94 describes the registers relevant to the Viy OVP and UVP.

Table 94 Vour OV/UV relevant register descriptions
Name Address Bits Description
(loop 0/1)
Fault peripheral
fault_vin_ov_fault_cnt | 7000_3C04,, | [1:0] Input overvoltage fault count. Defines the number of
7000_4004,, consecutive switching cycles (T,,) by which the input voltage
must exceed the fault threshold in order to assert a fault.
0=1T1,,1=2T,,2=4T,,,3=8T,,
fault_vin_ov_warn_cnt | 7000_3C04 |[3:2] Input overvoltage warning count. Defines the number of
7000_4004,, consecutive switching cycles (T,,) by which the input voltage
must exceed the warning threshold in order to assert a
warning
0=1T,,1=2T,,2=4T,,,3=8T,,
fault_vin_uv_fault_cnt | 7000_3C04,, | [5:4] Input undervoltage fault count. Defines the number of
7000_4004,, consecutive switching cycles (T,,) by which the input voltage
must exceed the fault threshold in order to assert a fault.
0=1T,,1=2T,,,2=4T,,,3=8T,,
fault_vin_uv_warn_cnt | 7000_3C04,, | [7:6] Input undervoltage warning count. Defines the number of
7000_4004,, consecutive switching cycles (T,,) by which the input voltage
must exceed the warning threshold in order to assert a
warning.
0=1T,,1=2T,,2=4T,,,3=8T,,
fault_vin_fault_hyst 7000_3C04,, |[23:18] |Inputvoltage (Vi) fault (warning) de-assertion hysteresis.
7000_4004, Internally, the Viy OV fault is asserted when Vi exceeds

VIN_OV_FAULT_LIMIT for fault_vin_ov_fault_cnt samples
without dropping below (VIN_OV_FAULT_LIMIT-
fault_vin_fault_hyst). The samples above
VIN_OV_FAULT_LIMIT need not be consecutive but a single
sample below (VIN_OV_FAULT_LIMIT-fault_vin_fault_hyst)
will reset the count. For the typical case this parameter
should be set to a positive voltage. This hysteresis parameter
applies to all Viy faults and warnings as shown in Table 95.
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Name Address Bits Description
(loop 0/1)
LSB=0.125V,range=-41t03.875V
Table 95 Vix OV/UV hysteresis
Fault Asserted De-asserted
VIN_OV_FAULT >VIN_OV_FAULT_LIMIT <= (VIN_OV_FAULT_LIMIT-fault_vin_fault_hyst)
VIN_OV_WARN >VIN_OV_WARN_LIMIT <= (VIN_OV_WARN_LIMIT-fault_vin_fault_hyst)
VIN_UV_WARN <VIN_UV_WARN_LIMIT >= (VIN_UV_WARN_LIMIT+fault_vin_fault_hyst)
VIN_UV_FAULT <VIN_UV_FAULT_LIMIT >= (VIN_UV_FAULT_LIMIT+fault_vin_fault_hyst)

For example, a 48 Vinput DC-DC converter has 80 V input overvoltage limit. To set the fault hysteresis to 0.5V,
the fault_vin_fault_hyst is calculated by:

fault_vin_fault_hyst = hysteresis_voltage/LSB=0.5V/0.125V =4

Figure 174 demonstrates the function of vin_fault_hysteresis and vin_ov_warn_cnt, vin_ov_fault_cnt.
Please note the Viy fault is detected after the telemetry filter timX_kfp_vin. To have fast Viy fault response,
bypass the filter by setting it to 63.

VIN_OV_WARNING

Digitized Vin

VIN_OV_FAULT_LIMIT

VIN_OV_WARN_LIMIT

po

|

I~ |

f

Vin OV Warn A }
|

|

|

|

|

|

Count =2
4 sampels 0

Vin OV Fault
Count =2
4 samples

VIN_OV_FAULT

Figure 174 V), OV fault hysteresis and fault count

12.5.3 Vin OVP/UVP fault response

Input overvoltage and undervoltage fault response follows the “voltage, temperature and TON_MAX faults
response” as in Table 81. When the input voltage is sensed from the secondary side by Vgecr sensing, input
overvoltage shutdown will be latched. This is because the Vgecr sensing is not able to detect input voltage
without switching the primary MOSFETs. Once shut down, it loses the information of Viy and will stay in the off
mode. The converter can resume operation by re-enabling after the fault is cleared.

When the input voltage is sensed from the primary side or through an auxiliary power supply, all types of fault
response are supported. Please refer to chapter 2 for more information on input voltage sense.
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12.5.4 Vin ON/OFF

The VIN_ON and VIN_OFF PMBus commands provide UVLO protection to the system.

Table 96 Vin ON/OFF PMBus command descriptions
Command name Command code | Description
VIN_ON 35, The VIN_ON command sets the value of the input voltage Vi, in

volts, at which the device is enabled to start power conversion.
Data format =LINEAR 11, U8.2,LSB=0.25V, range =010 63.75V
Data format =LINEAR 11,U9.1,LSB=0.5V, range=0to0 127.5V
VIN_OFF 36, The VIN_OFF command sets the value of the input voltage Vi, in

volts, at which the unit, once operation has started, should stop
power conversion.

Data format = LINEAR 11, U8.2,LSB=0.25V, range =010 63.75V
Data format = LINEAR 11, U9.1,LSB=0.5V, range=0to0 127.5V

12.6 Input OCP

12.6.1 lin OCP PMBus commands

Table 97 describes the PMBus commands relevant to the input OCP.

Table 97 liw OCP relevant PMBus command descriptions
Command name Command | Description
code
[IN_OC_FAULT_LIMIT 5B, This command sets the value of the input current, in amps, that

causes an input over-current fault.

Data format = LINEAR 11, U6.2

LSB0.25A,range 0to 63.75 A

[IN_OC_FAULT_RESPONSE 5C, This command instructs the device on what action to take in

response to an input over-current fault. See section 0 for Iy OC
fault response.

[IN_OC_WARN_LIMIT 5D, This command sets the value of the input current, in amps, that
causes an input over-current warning. The IIN_OC_WARN_LIMIT
is used as the hysteresis threshold for IIN_OC_FAULT.

Data format = LINEAR 11, U6.2
LSB=0.25A,range=0t063.75A
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12.6.2 Iin OCP registers
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Table 98 Iy OC relevant register descriptions
Name Address Bits Description
(loop 0/1)
Fault peripheral

fault_iin_oc_fault_cnt 7000_3C04,, |[12:8] | Inputover-current fault count. Defines the number of

Count =fault_iin_oc_fault_cnt +1
Range =1 to 32 switching cycles

7000_4004,, consecutive switching cycles (T,,) by which the low-pass
filtered input current must exceed the fault threshold in
order to assert a fault.

fault_iin_oc_warn_cnt 7000_3C04,, | [17:13] | Input over-current warning count. Defines the number of

Count =fault_iin_oc_fault_cnt+1
Range = 1 to 32 switching cycles

7000_4004,, consecutive switching cycles (T,,) by which the low-pass
filtered input current must exceed the warning threshold in
order to assert a warning.

fault_iin_fault_hyst 7000_3C08,, |[9:5] Input current (li) fault (warning) de-assertion hysteresis.

7000_4008,, Internally, the Iy OV fault is asserted when Iy exceeds
[IN_OC_FAULT_LIMIT for fault_iin_oc_fault_cnt samples
without dropping below (IIN_OC_FAULT_LIMIT-
fault_iin_fault_hyst). The samples above
[IN_OC_FAULT_LIMIT need not be consecutive but a single
sample below (IIN_OC_FAULT_LIMIT-fault_iin_fault_hyst)
will reset the count. For the typical case this parameter
should be set to a positive current. This hysteresis parameter
applies to all I faults and warnings as shown in 0.

Resolution =0.25 A, range =-4t0 3.75A

Telemetry peripheral

tlm_kfp_iin 7000_3400, |[19:14] | Input current telemetry LPF coefficient index. Note that

7000_3800,, exponent settings greater than 9 are clamped to 9. Set to 63
to bypass filter.

kfp_exp = tim_kfp_iout [5:2]

kfp_man =4+ tim_kfp_iout [1:0]

kfp = kfp_man * 27 (kfp_exp - 13)

F3db (kHz) = [kfp/(1-kfp)] * Feien (kHZ)/2T
Range =0.019 to 30.947 kHz

Table 99 Iin OC hysteresis

Fault Asserted De-asserted
IIN_OC_FAULT >|IN_OC_FAULT_LIMIT <= (IIN_OC_FAULT_LIMIT-fault_iin_fault_hyst)
[IN_OC_WARN > |IN_OC_WARN_LIMIT <= (IIN_OC_WARN_LIMIT-fault_iin_fault_hyst)
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Please note the Iy fault is detected after the telemetry filter timX_kfp_iin. To have fast Iy fault response,
bypass the filter by setting it to 63.

12.6.3 Iin OCP fault response

Input over-current fault response can be configured to be one of the following, as in Table 100. The retry setting
and delay time can be configured in the GUI by using the drop-down list of the IN_OC_FAULT_RESPONSE
command. Please note that under the same load, the input current changes with input voltage, thus it would
have a higher limit at low-line than at high-line. A variable-input over-current limit could be achieved by a FW
patch.

Table 100 Iy OC fault response

Response Description
Ignore Continues operation without interruption.
Operate for delay time Continues operation for delay time. If the fault condition is still present

at the end of the delay time, the unit responds as programmed in the
retry setting.

Disable and retry Shuts down and responds according to the retry setting.

Disable and resume when OK Shuts down while the fault is present. The output remains disabled until
the fault is cleared.

Figure 175 shows the XDPP1100 waveforms under input over-current fault protection, tested with ACF 3.3V/30
A board, at 48 Vinput. The load current was increased from 10 A to 30 A to trigger the input OC fault. The
[IN_OC_FAULT_LIMIT was set to 2 A just to demonstrate the IIN OC fault response.

Ch1: Vour (1 V/div), Ch2: Iy (1 A/div), Ch3: primary PWM (2 V/div)

ile Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help Zoom File Verfical Timebase Trigger Display Cursors Measure Math Analysis Utilities Helj

—

500 ms/div { i 10 ms/div

Measure Piimean(C1) P2mean(C2)  P3freq(C3) Pa--- PS5 -- P6--- P7--- P8- Measure Piimean(C1) P2mean(C2)  P3freq(C3) Pa--- P5:-- P6--- PT--- P8---
value 1978V 576 mA 714.0Hz value 2350V 786 mA 3274 kHz
status v v a

1 ansvh 1.817 A| X1= 51270ms &%= -513.05ms X1= 4446ms A= -4.403ms
1 3320Vfr 733 mA X2=  -350ps 1AX= -1.9491 Hz X2=  43ps 1A= -22712Hz
&y 7 mvidy -1.085A &y -8 mv )&y
TELEDYNE LECROY 427/2018 2:3215 PM TELEDYNE LECROY 4127/2018 3:14:58 PM
Operate for delay time, no retry, 128 unit delay, 4 ms | Operate for delay time, retry twice, 4 unit delay, 1 ms
Delay time = 128*4 ms =512 ms (measured 513 ms) Delay time =4*1 ms =4 ms (measured 4.4 ms)
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Disable and retry three times, 128 unit delay, 1 ms Disable and resume when OK
Delay time =128"1 ms =128 ms (measured 128.7 ms)
Figure 175 Input over-current fault protection
12.6.4 Input over-power warning

The PMBus command PIN_OP_WARN_LIMIT sets the input power warning threshold. If the input power is
higher than the limit, the PIN_OP_WARN will be asserted and bit 0 of the STATUS_INPUT is set to 1.

The maximum input power limit could be set to 4096 W when exponent 2 is selected. If the exponent is 0, the
maximum input power limit can be set to 1024 W.

12.7 Overtemperature and undertemperature protection

12.7.1 OT/UT PMBus commands

Table 101 OT and UT relevant PMBus command descriptions
Command name Command | Description
code
OT_FAULT_LIMIT 4F, This command sets the overtemperature fault threshold, in degrees
Celsius.

Data format = LINEAR11, U8.0
LSB =1°C, range =0 to 255°C

OT_FAULT_RESPONSE 504 This command determines the action taken in response to an
overtemperature fault.
OT_WARN_LIMIT 51, This command sets the threshold, in degrees Celsius, for the

overtemperature warning alarm. This value is typically less than the
overtemperature fault threshold. It is used as the hysteresis
threshold for OT_FAULT_LIMIT.

Data format = LINEAR11, U8.0
LSB=1°C,range =0 to 255°C
UT_WARN_LIMIT 52, This command sets the threshold, in degrees Celsius, for the

undertemperature warning alarm. This value is typically higher
than the undertemperature fault threshold. It is used as the
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Command name

Command
code

Description

hysteresis threshold for UT_FAULT_LIMIT.
Data format = LINEAR11, S9.-1
LSB =2°C, range =-255 to 255°C

UT_FAULT_LIMIT

This command sets the undertemperature fault threshold, in
degrees Celsius.

Data format = LINEAR11, S9.-1
LSB =2°C, range =-256 to 255°C

UT_FAULT_RESPONSE

54,

This command determines the action taken in response to an
undertemperature fault.

12.7.2 OT/UT registers

Table 102 OT and UT relevant register description

Name

Address
(loop 0/1)

Bits Description

Fault peripheral

fault_temp_fault_hyst

7000_3C08,,
7000_4008,

[26:22] | Temperature fault (warning) de-assertion hysteresis.
Internally, the OT fault is asserted when the
temperature exceeds the ADC code corresponding to
OT_FAULT_LIMIT. The direction of the comparison
depends on whether a negative temperature coefficient
(NTC) or positive temperature coefficient (PTC) sensor
is used. This means the sign of this parameter will also
depend on the sensor chosen. Typically, the user
should select a negative value for PTC and a positive
value for NTC. This hysteresis parameter applies to all
temperature faults and warnings as shown in Table 103.

LSB=1 TS ADC code, range =-16 to 15 TS ADC codes

fault_temp_src_sel

7000_3C64,,
7000_4064,

[2:0] Loop temperature fault source select.

0 ATSEN input NTC

BTSEN input NTC

Internal temperature (ITSEN) PTC
ATSEN input  PTC

BTSEN input  PTC

A W N =

Table 103 OT/UT hysteresis

TC Fault Asserted

De-asserted

PTC | OT_FAULT |>ADC_Code(OT_FAULT_LIMIT) |<(ADC_Code(OT_FAULT_LIMIT)+fault_temp_fault_hyst)

PTC | OT_WARN |>ADC_Code

OT_WARN_LIMIT) < (ADC_Code(OT_WARN_LIMIT)+fault_temp_fault_hyst)

( ( (
( ( (

PTC |UT_WARN | <ADC_Code(UT_WARN_LIMIT) | >(ADC_Code(UT_WARN_LIMIT)-fault_temp_fault_hyst)
( ( (

PTC | UT_FAULT |<ADC_Code(UT_FAULT_LIMIT) |>(ADC_Code(UT_FAULT_LIMIT)-fault_temp_fault_hyst)
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TC Fault Asserted De-asserted

NTC | OT_FAULT |<ADC_Code(OT_FAULT_LIMIT) |>(ADC_Code(OT_FAULT_LIMIT)+fault_temp_fault_hyst)

NTC | OT_WARN | <ADC_Code(OT_WARN_LIMIT) |=>(ADC_Code(OT_WARN_LIMIT)+fault_temp_fault_hyst)

( (
( (
NTC | UT_WARN |>ADC_Code(UT_WARN_LIMIT) |<(ADC_Code(UT_WARN_LIMIT)-fault_temp_fault_hyst)
NTC | UT_FAULT |>ADC_Code(UT_FAULT_LIMIT) |<(ADC_Code(UT_FAULT_LIMIT)-fault_temp_fault_hyst

12.7.3 OTP/UTP fault response

The temperature fault response can be configured as in Table 81. Please note, if the fault response is set to
“disable and retry for definite retry number”, the converter will only retry after the temperature crosses the
warning limit (FW hysteresis), i.e. when the OT fault is cleared. The temperature usually changes much more
slowly than the start-up rise time and won’t reach the fault threshold again during the subsequent restart.
Should the converter have a successful start-up, the previous OT fault status will be cleared and the retry
number will be reset. Thus, when the OTP or UTP fault response is configured with retry and a retry number, it
is usually not able to be tested unless the temperature changes rapidly.

Ch1: Vour (1 V/div), Ch3: PWM (5 V/div), Ch4: Power good (2 V/div), timescale: 20 s/div

o

ik (Tgger  cnes) 5 o oo T

© 1.00Vidiv Roll 200sidn|Stop 880 mv| 1.00 Vigiv Roll 200 sidw]stop 880 mV|

-3.000Vorst () 100ks 500 Sis]Edge  Negative) 3,000V orst () 100ks 500 Sis]Edge  Negative|
ralling numper(s) in the fi

lename were truncated o allow auto-numbering. 513012018 6:31:04 PM A Tralling number(s) in the filenams truncated to allow auto-numbering. 513012018 6:22:29 PM

Disable and no retry Disable and resume when OK

Figure 176 Overtemperature protection waveform (HBCT converter with Voyr=5V)

12.8 Fault status reporting and fault mask

12.8.1 Fault status

The XDPP1100 GUI has a status reporting page that lists the status of input/output voltage, current and
temperature conditions. If any fault or warning is triggered, the corresponding bit of the status will turn red,
indicating the fault. To refresh the status, clicking the “Read status” button. If the fault is no longer present,
clicking the “Clear Faults” button will write the CLEAR_FAULTS command and reset the color of the status bit. If
the fault persists, clicking the “Clear Faults” button will write the CLEAR_FAULTS command but the fault will
trip again and the color of the status bit remains red.

Please note that the CLEAR_FAULTS command can’t be written if the write protect mode is enabled by
command 0x10 WRITE_PROTECT.
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infineon

Command Status MFR commands

STATUS_WORD
STATUS_VOuT }~ (Upper Byte) STATUS_INPUT
7 | vouT_ov_raulr r » 7 | vouT 7 | VIN_OV_FAuLT
6 | vouT_ov_wARNING » 6 | 1ouT_rouT 6 | VIN_OV_WARNING
5 | VOUT_UV_WARNING 5 | iNeUT - 5 | VIN_UV_WARNING
4 | vout_uv_raur 4 | MFRSPECIFIC - { 4 | vin_uv_raur
3 | VOUT_MAX_MIN_WARNING 3 | PG_sTATUS 3 | offduetoVIN_UV
2 | TON_MAX_FAULT 2 | Fans 2 | IIN_OC_FAULT
1 | TOFF_MAX_WARNING 1 | oTher 1 | IIN_OC_WARNING
0 0 | unknowN | O | pin_or_warNING
STATUS_10OUT STATUS_BYTE =[J STATUS_MFR_SPECIFIC
7 | 1ouT_oc_raur (Lower Byte of 7 | syncFaut
STATUS_WORD) T ST
6 | 1ouT_oc_w_raulr 6 | Manufacturer Defined
BUSY
5 | 1OUT_OC_WARNING 7 — 5 | lout_oOc_Fast_Fault
4 | 1ouT_uc_raum S 4 | Common Faut
> § | VOUT_Ov_FauLr
3 | CurrentShare Fault == 3 | Bxternal Fault
» 4 | 1ouT_oc_raur —t =
2 | InPower Limiting Mode 2 | Manufacturer Defined
3 | VIN_UV_Faulr - r
1 _— i - 1 | Manufacturer Defined
TEMPERATURE
O | POUT_OP_WARNING : O | Manufacturer Defined
— cML S
© | NONE OF THE ABOVE
STATUS_TEMPERATURE —-[ STATUS_CML
7 | oT_raur 7 | Invaiid/unsupported command receved
6 | OT_WARNING Read status © | Invaid/unsupported data receved
5 | UT_WARNING [ "5 | Packetemor check faied
4 | uT_raur 4 | Memory Faut Detected
3 Clear Faults 3 | Processor Fault Detected
2 2
1 Offline Status D de 1 Other commaunication faults
0 0
Figure 177 GUI status report
12.8.2 Fault mask

PMBus command 0XC8 FW_CONFIG_FAULTS is a 25-byte command that allows the user to set a fault mask
according to the following description.

e Bits [199:168], Fault_t2_shut_mask_loop_hw, “Masking for loop hw faults shutdown on t2”

e Bits[167:136], Fault_enable_mask_loop_common, “Masking for loop common faults enable”

e Bits[103:72], Fault_enable_mask_loop_hw, “Masking for loop hw faults enable

e Bits [71:40], Fault_pin_mask_fw, “Masking for firmware faults”

[
[
e Bits [135:104], Fault_enable_mask_loop_fw, “Masking for loop fw faults enable
[
[
[

e Bits [39:8], Fault_pin_mask_hw, “Masking for hardware faults”

»

»

C8 FW_CONFIG_FAULTS

199:168 Fauh_t2_shut_mask_loop_hw

167:136 Fauh_enable_mask_loop_common

135:104Fault_enable_mask_loop_fw

71:40 Fauh_pin_mask

39:8 Fauh_pin_mask_hw

7:6 Vout_Delay_Unit ims
5:4 Vin_Delay_Unit ims
3:2 lout_Delay_Unit ims
1:0 Temperature_Delay_Unit  |1mz
Figure 178 FW_CONFIG_FAULTS
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The HW fault mask (fault_t2_shut_mask_loop_hw, fault_enable_mask_loop_hw and fault_pin_mask_hw) has
the bit assignment shown in Table 104.

An individual fault is disabled when the corresponding bit of the fault_enable_mask_loop_hw is high. It
disables both the fault response and the PMBus fault reporting.

The fault_pin_mask_hw is used to disable the individual HW fault from triggering the fault pin when the
corresponding bit of fault_pin_mask_hw is high.

Table 104 HW fault mask bit assignment

Bit Fault Bit Fault
0 Reserved 1 VOUT_OV_FAULT
2 VOUT_OV_WARN 3 VOUT_UV_FAULT
4 VOUT_UV_WARN 5 VIN_OV_FAULT
6 VIN_OV_WARN 7 VIN_UV_FAULT
8 VIN_UV_WARN 9 IOUT_OC_FAULT
10 IOUT_OC_LV_FAULT 11 IOUT_OC_WARN
12 IOUT_UC_FAULT 13 MFR_IOUT_OC_FAST
14 [IN_OC_FAULT 15 IIN_OC_WARN
16 OT_FAULT 17 OT_WARN
18 UT_FAULT 19 UT_WARN
20 POWER_LIMIT_MODE 21 ISHARE_FAULT
22 VOUT_MAX_MIN_WARN 23 SYNC_FAULT
24-31 Unused

For example, to disable the fault pin responding to UT_WARN, set bit 19 to 1 by writing 0x 00 08 00 00 to
fault_pin_mask_hw. The fault pin will not response on UT warning, but the status still reports the UT_WARN
fault when it is triggered. The user could read STATUS_TEMPERATURE and see the UT_WARNING. To disable UT
WARN reporting, write 0x 00 08 00 00 to fault_enable_mask_loop_hw.

The FW fault mask (fault_enable_mask_loop_fw and fault_pin_mask_fw) has the bit assignment shown in
Table 105. An individual fault is disabled when the corresponding bit of the fault_enable_mask_loop_fw is high.
It disables both the fault response and the PMBus fault reporting. The fault_pin_mask_fw is used to disable the
individual FW fault to trigger the Fault pin when the corresponding bit of the fault_pin_mask_fw is high.

Table 105 FW fault mask bit assignment

Bit Fault Bit Fault

0 RESERVED_FW_NO_FAULT 1 COMMON_SHUTDOWN
2 TON_MAX_FAULT 3 TOFF_MAX_WARN

4 PIN_OP_WARN 5 POUT_OP_WARN

6 VIN_INSUFFICIENT 7to 31 Spares for user

For example, to disable the POUT_OP_WARN, set bit 5 of fault_enable_mask_loop_fw to 1 by writing 0x 00 00
00 20. If the output power is higher than the POUT_OP_WARN_LIMIT, the output over-power warning won’t be
reported in STATUS_IOUT.
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The common fault mask bit assignment is listed in Table 106. The individual common fault will be disabled if
the corresponding bit of fault_enable_mask_loop_common is high. The detailed description of common faults
can be found in section 12.9.2.

Table 106 Common fault mask bit assignment

Bit Fault Bit Fault

0 Unused 1 Unused

2 IS1 (ISEN) tracking fault 3 IS2 (BISEN) tracking fault
4 Fball fault 5 IS1 (ISEN) PCL fault

6 IS1 (ISEN) SCP fault 7 Fbal2 fault

8 IS2 (BISEN) PCL fault 9 IS2 (BISEN) SCP fault

10 Unused 11 VREF open fault

12 VSEN open fault 13 Unused

14 VRREF open fault 15 VRSEN open fault

16 Unused 17 BVREF_BVRREF open fault
18 BVSEN_BVRSEN open fault 19to31 | Unused

12.8.2.1 Masking for loop HW faults shutdown on T2

T2 shutdown is a feature which means that, at converter shutdown, all PWMs including primary control PWMs
and secondary SR PWMs are turned off at the falling edge of the primary PWM. Figure 179 shows the primary
PWM (Q1, Q2), SR and output inductor current in T2 shutdown. T2 shutdown prevents negative current flow in
the SR MOSFETs when the primary MOSFETSs are turned off, thus reducing voltage spikes on the SR MOSFETSs.

The shutdown could be a user-initiated system turn-off, or it could be a fault shutdown on fault detection.
Setting the individual bit of the fault_t2_shut_mask_loop_hw register high enables T2 shutdown of the
corresponding fault. To enable T2 shutdown of all the HW faults, write FF FF FF FF to
fault_t2_shut_mask_loop_hw.

Gate A
Signals
Q. Q. Q _
SR, & "
L | .
SR, 4

]

Io A

\

Figure 179 SR shutdown sequence example waveforms (HBCT topology)

Figure 180 shows the difference between a normal shutdown and a T2 shutdown of a FBFW converter.
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Ch1: primary PWM1, Ch2: primary PWM2, Ch3: SR PWM SRA, Ch4: SR PWM SRB

Normal shutdown T2 shutdown

SRB

S
2,00 Vidiy 2,00 Vidi| 2,00 Vidiv 1.00sidvfStop 188V 2,00 Vidv 2,00 Vidi| 2,00 Vidiv 1.00 sidiv|Normal 188V
0 my offset 0 my offset -6.020 V. ofet 5008 5.0 68/s|Dropout  Neg| omyoftsetl  0mVoftset -6.020V ofst) 500kS  50068is)Dropout  Neg

Iy OC shutdown Iy OC shutdown with T2 shutdown enabled

I
!
i
i
I
!
I

£y
imebase 2.78 pg (Trigger
1.00 psfdiv| Normal 88\

C
1.00 psidivfNormal ~ 1.88V
500kS 5.0GS/isjDropout  Neg|

Vour OV shutdown Vour OV shutdown with T2 shutdown enabled
Figure 180 T2 shutdown waveforms

0 mv offset

12.8.3 SMBALERT_MASK

PMBus command 0x1B SMBALERT_MASK is used to mask warning or fault conditions from asserting the
SMBALERT signal. The configuration of the SMBALERT_MASK in GUI is shown in Figure 181.

=
1B | 1B SMBALERT_MASK v
Mask
STATUS_VOUT

STATUS_IOUT | 00
STATUS_INPUT | 00 |
STATUS_TEMPERATURE | 00

STATUS_CML

STATUS_OTHER | 00 |

STATUS_MFR_SPECIFIC

STATUS_FANS_1_2 | 00

Figure 181 SMBALERT_MASK configuration
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The SMBALERT is an active low signal. The output should be high if no warning or fault is asserted and it will be
pulled down if a warning or fault is asserted. To mask a warning or fault condition, write the corresponding bit
to 1.

12.8.4 Simultaneous fault response

When simultaneous faults been triggered, the shutdown response has higher priority. For example, when both
OT_FAULT and VOUT_UV_FAULT are triggered, the OT_FAULT response is “disable and resume when OK?”,
while the VOUT_UV_FAULT response is “ignore”, so the controller follows the OT_FAULT response “disable and
resume when OK”.

If both faults have a shutdown response the priority goes by FAULT_TYPE enum list. The top fault has higher
priority. For example, VOUT_OV_FAULT has higher priority than IOUT_OC_FAULT and IOUT_OC_FAULT has
higher priority than OT_FAULT. If more than one shutdown fault is triggered, the fault response that has more
retry numbers has higher priority.

FAULT_TYPE enum list, priority from high to low:
FAULT_TYPE_VOUT_OV_FAULT
FAULT_TYPE_VOUT_OV_WARN
FAULT_TYPE_VOUT_UV_FAULT
FAULT_TYPE_VOUT_UV_WARN
FAULT_TYPE_VIN_OV_FAULT
FAULT_TYPE_VIN_OV_WARN
FAULT_TYPE_VIN_UV_FAULT
FAULT_TYPE_VIN_UV_WARN
FAULT_TYPE_IOUT_OC_FAULT
FAULT_TYPE_IOUT_OC_LV_FAULT
FAULT_TYPE_IOUT_OC_WARN
FAULT_TYPE_IOUT_UC_FAULT
FAULT_TYPE_MFR_IOUT_OC_FAST
FAULT_TYPE_IIN_OC_FAULT
FAULT_TYPE_IIN_OC_WARN
FAULT_TYPE_OT_FAULT
FAULT_TYPE_OT_WARN
FAULT_TYPE_UT_FAULT
FAULT_TYPE_UT_WARN
FAULT_TYPE_IN_POWER_LIMITING_MODE
FAULT_TYPE_CURRENT_SHARE_FAULT
FAULT_TYPE_VOUT_MAX_MIN_WARN
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FAULT_TYPE_SYNC_FAULT

It is suggested to avoid simultaneous faults being reported. To avoid simultaneous faults, the register
fault_block_on_shut must be set to 1. It will block new faults after initial shutdown until FW has completed
shutdown-related clean-up. Enabling the fault_block_on_shut blocks other faults for about 10 ps to 20 ps. If
there are new faults after the blocking time, they can be processed.

12.9 MFR specific fault protection
The XDPP1100 provides the following MFR specific fault protections and status reporting.

e Syncfault
e |our OC fast fault
e Common fault

The IOUT_OC_FAST_FAULT is described in chapter 12.4.2. This chapter will introduce the sync fault and
common fault.

12.9.1 Sync fault

The sync-in feature enables synchronizing the PWM of the XDPP1100 to an external signal. The sync-in signal
should be a square waveform with 50 percent duty-cycle. Any GPIO pins of the XDPP1100 can be mapped to
perform the sync function by setting the function register. The introduction of the sync-in feature can be found
in chapter 10.1. When the XDPP1100 is synchronized to an external signal, the maximum initial lock range of the
sync-in signal is £6.25 percent of the switching frequency set by the PMBus command FREQUENCY_SWITCH.
Once the sync is locked, the system can remain in sync with the input signal up to a maximum variation of +12.5
percent of the FREQUENCY_SWITCH.

If the sync-in signal is out of the maximum sync range, and the XDPP1100 has failed to lock to the incoming
signal, the sync fault will be reported in the STATUS_MFR_SPECIFIC bit [7].

12.9.2 Common fault
The XDPP1100 supports the following common faults:

e IS(ISEN, BISEN), tracking fault

e Fbalfault, (flux balancing fault)

e IS (ISEN, BISEN), PCL fault (peak current limit)

e IS (ISEN, BISEN), SCP fault (short circuit protection)

e VSEN, VREF, VRSEN, VRREF, BVSEN_BVRSEN, BVREF_BVRREF, open fault

Please refer to Table 106 for the bit assignment of the common faults. The details of the flux balancing fault are
described in chapter 6.1.7, and the IS PCL fault (cycle-by-cycle PCL) is described in chapter 12.4.7, so will not be
repeated here.

The response to a common fault can be set to either ignore or shut down. This is configured by the common
fault shutdown mask register fault_shut_mask_com. The GUI design tool “Fault & Protections” provides an
easy way to configure each common fault. As shown in Figure 162, checking the box of a fault setting of the
corresponding bit to 1 enables fault shutdown. For example, to enable the loop 0 flux balance fault shutdown,
check the box of “Fball fault”.

If the fault_shut_mask_com is 00000000, the XDPP1100 will not respond to any common fault. The common
fault will still be reported through the STATUS_MFR_SPECIFIC once triggered. The user can debug the system
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by using PMBus command MFR_FIRMWARE_COMMAND and the MFR_FIRMWARE_COMMAND_DATA. An example
can be found in chapter 12.9.2.3.

12.9.2.1 Current ADC tracking fault

The current sense of the XDPP1100 is achieved by the combination of direct current sensing and current
emulation. The XDPP1100 predicts the rising and falling slope of the current signal to pre-position the ADC
output. The current rising and falling slope is estimated based on the PWM on/off time, the output inductance,
the input magnetizing inductance, and the instantaneous input and output voltage. Refer to chapter 3 for the
details of current sense. If the measured current signal doesn’t match with the emulated current, the current
tracking fault can be reported. The fault threshold is defined by error ratio.

Table 107 SCP register description

Name Address Bits Description
(loop 0/1)
ISEN peripheral
isp_track_fault_en 7000_2414,, |[0] Current sense tracking fault enable. The tracking fault
7000_2814,, detects the inability of the current sense emulator to

track the incoming current sense signal. This is typically
an indication of a board problem (e.g., missing sense
resistor, bad pin connection).

=0, disabled
=1, enabled
isp_err_ratio_sel 7000_2414,, |[3:1] Current sense tracking fault error ratio select.
7000_2814,, =0, 11.1 percent threshold

=1, 20 percent threshold
=2,27.3 percent threshold
=3, 33.3 percent threshold
=4,42.9 percent threshold
=5, 50 percent threshold
=6, 60 percent threshold
=17, 66.7 percent threshold

12.9.2.2 SCP

The IS_SCP is used for short circuit protection. The description of the SCP register is shown in Table 108. SCP
trips when the phase current (i.e. including ripple) goes above the SCP threshold for a single ADC sample AND
the primary-side PWM is off. This means the IADC tracking feedback is causing the over-current, and not the
emulation.

Table 108 SCP register description

Name Address Bits Description
(loop 0/1)
ISEN peripheral
isp_scp_thresh 7000_2400,, |[7:0] SCP fault threshold. The SCP threshold should be set
7000_2800,, highest among the various current protection
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Name Address Bits Description
(loop 0/1)

thresholds as it requires only a single sample above the
threshold to trip. The SCP threshold is applied per
phase on multiphase topologies. Set this threshold to 0
to disable the fault detection.

LSB=1A,range=0to 255 A

The SCP fault provides the fastest over-current fault protection at 25 MHz sample rate. The SCP response can
be configured to ignore or shut down. This is configured by register fault_shut_mask_com (common fault
shutdown mask), and setting the corresponding bit to 1 enables the fault shutdown. To enable the ISEN short-
circuit (SCP) shutdown, write bit [6] of the fault_shut_mask_com to 1, i.e. write 000000404. When the short-
circuit happens and triggers the SCP fault, the STATUS_MFR_SPECIFIC will report “common fault”. The user can
debug the fault by using PMBus command MFR_FIRMWARE_COMMAND and the
MFR_FIRMWARE_COMMAND_DATA. Write 23, to PMBus command 0xFE MFR_FIRMWARE_COMMAND and read
0xFD MFR_FIRMWARE_COMMAND_DATA. It should return =00 00 00 40, 0n ISEN SCP fault.

Figure 182 shows the different shutdown speed when the converter is shutdown by the SCP or by the fast OCP.
The SCP fault threshold is set to 22 A. The MFR_IOUT_OC_FAST_FAULT_LIMIT is set to 20 A. Both fault
responses set to shutdown. The fault0_mfr_iout_oc_fast_cnt is set to 8 to have 9 counts. The OC_FAST fault
block has one switching cycle latency, thus the shutdown happens after 10 switching cycles.

Ch2 VOUT (2 V/le)
Ch4 |OUT (]_O A/dIV) &

EERERERRERRRERERRRE

) 2 _ @ imebase 0.0 pg [Trigger
imebase 0.0 ug) [Trigger _ CAIEH) 20,0 psfdivfNormal 1106V

20.0 ps/diviNormal 11.06 V|

Xi= -57.232p5 &%= 41.034 s
X2= -16.198ps %= 24.370 kHz

XK1= -18.3382ps

2,00 Vidi| 2,00 vidi|
W o -6.000Vofst]
3.456 V)3 11.918 | $1 2175

2sa
own by SCP,

responded after 1 switching cycle | Shutdown by MFR_IOUT_OC_FAST, responded after
10 switching cycles

Figure 182 Output short circuit protection (FB-FB converter at 48 V input, 12 V output)

12.9.2.3 Voltage open-sense fault detection

In a power supply, if the feedback loop is broken (i.e. the sense resistor is open or short), the controller will not
be able to regulate output voltage to the target level. Since the controller doesn’t know the output condition it
could be continuously switching with the maximum allowed duty-cycle, which could result in destructive
failure due to overvoltage.

A HBCT topology is shown in Figure 183 as an example. The potential failures are listed in Table 109. The
VRSEN pin and R3, R4 are used to sense the input voltage through Vgecr sensing. For details of input voltage
sense and feed-forward please refer to chapter 2.
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Table 109 Feedback open/short failure

Device Condition Result
R1 Open Controller sense Vour =0V, actual Vour overvoltage
R1 Short Controller sense Vour without proper scaling, actual Vour undervoltage
R2 Open Controller sense Vour without proper scaling, actual Vour undervoltage
R2 Short Controller sense Vour =0V, actual Vour overvoltage
R3 Open Controller sense Vgeer = 0V, system may shut down due to VIN_OFF
R3 Short VRSEN pin = Viy/n, potential damage IC due to overstress
R4 Open VRSEN pin = Vy/n, potential damage IC due to overstress
R4 Short Controller sense Vgecr = 0V, system may shutdown due to VIN_OFF
Vin

Turns ratio n
Driver

+ |4

C - ] AN —- N
_I__‘ L/ : Copper <
£
3|
=1
N———
—mo
N
T\
\

To System

Figure 183 HBCT topology

Some designs use a redundant voltage sensing circuit to separate the output feedback loop and the output
overvoltage protection. This approach requires additional components, including voltage divider resistors and
comparators. To avoid adding to system cost while still providing reliable operation, the XDPP1100 offers
voltage open sense protection (OSP). The protection is implemented in two ways that cover the open fault
protection under two different conditions: before converter start-up and during start-up ramp.

To detect the open sense fault before converter start-up, the XDPP1100 enables a 50 pA (+/-15 percent) current
source at the input pins of the VADC then measures the voltage. If the voltage is higher than the set threshold
indicating a higher than expected impedance, the open fault is asserted. The user could decide to disable the
operation when an open fault is detected.
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Table 110 OSP by current source register description
Name Address Bits Description
(loop 0/1)
VSEN peripheral
vsp_osp_thresh 7000_080C,, |[11:0] OSP fault threshold. Set to 0 to disable.
7000_0CO0C, LSB=1.25mV, range=01t05.11875V
7000_100C,

Setting the vsp_osp_thresh to a non-zero value will enable the OSP current source during the TON_DELAY time
when the converter is enabled for the first time. If the OSP checking of all three VADCs is enabled, the XDPP1100
sources the 50 A current in the sequence shown in Figure 184. Please note that the current source-based OSP
detection is only performed at start-up the first time.

VSEN pin  VSO-OsP_cur_pen | 200 us
VREFpin  VS0_0sp_cur_n_en 100 us
VRSEN pin vsl_osp_cur_p_en 200 us
VRREF pin  Vs1_osp_cur_n_en 100 us
BUSEN_BVRSENpin = —-P—c!"-P-e" 200 us
BVREF_BVRREF pin  VS2_0sp_cur_n_en 100 us

Figure 184 OSP current source sequencing

For example, for a converter with 12 V output voltage, the feedback resistor R1=10 kQ, R2 = 1.1 kQ. The
feedback is connected to the VSEN pin. The Vgecr resistor divider has R3=12.7 kQ, R4 = 1 kQ. The Vgecr resistor
divider is connected to the VRSEN pin. Both OSPs are enabled.

The XDPP1100 will source 50 pA current out of the VSEN pin first. The current source will turn-on for 200 ps.
With both R1 and R2 resistors in place, R1 is in series with R3, R4 then connected to ground. The voltage at the
VSEN pin is expected to be: 50 yA * [(10 k+12.7k+1k)/1.1k] =50 pA * 1.05 kQ = 52.5 mV.

The voltage of VSEN is shown in Table 111 at all the possible R1, R2 fault conditions. According to this table, the
vsp0_osp_thresh (for VSEN) can be set to 100 mV to detect the R2 open fault condition.

100mv
1.25mVv

vsp0_osp_thresh = = 80 (11.2)

The XDPP1100 then sources 50 pA current out of the VREF pin for 100 ps. If the VREF pin is correctly grounded,

the VADC would measure the differential voltage between VSEN and VREF. If the VREF pin is floating, the 50 uA
current would charge the VREF pin up closer to V, supply voltage. When the VREF voltage is higher than VSEN,
the ADC output clamps to 0 and the XDPP1100 reports VREF OSP fault.

Once the VSEN/VREF OSP detection is done, the XDPP1100 turns off the VSEN and VREF current source and
turns on the 50 pA current of the VRSEN pin. The normal voltage at VRSEN is expected to be 48 mV and the
abnormal voltages are listed in Table 112. The vsp1_osp_thresh is set to 80 for 100 mV threshold.
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Table 111 VSEN voltage under open/short failure (R1=10kQ,R2=1.1kQ,R3=12.7kQ, R4 =1kQ)
Device Condition VSEN voltage
Normal 52.5mV, R2 is in parallel with (R1+R3+R4)
R1 Open 55 mV, only the 1.1 kQ R2 is connected to the VSEN pin
R1 Short 50.9 mV, R2 is in parallel with (R3+R4)
R2 Open 1185 mV, Rl is in series with (R3+R4)
R2 Short ov
Table 112 VRSEN voltage under open/short failure (R1=10 kQ, R2 = 1.1 kQ, R3=12.7 kQ, R4 =1 kQ)
Device Condition VRSEN voltage
Normal 48 mV, R4 is in parallel with (R3+R1+R2)
R3 Open 50 mV, only R4 is connected to the VSEN pin
R3 Short 45.8 mV, R4 is in parallel with (R1+R2)
R4 Open 1190 mV, R3is in series with (R1+R2)
R4 Short ov

For the XDPP1100-Q040 that offers three VADCs, the OSP of the third ADC BVSEN_BVRSEN/BVREF_BVRREF can
be checked as well. When any of the ADC sense pins detect an OSP fault, the common fault will be reported at
PMBus bit [4] of STATUS_MFR_SPECIFIC, and the XDPP1100 won’t enable PWM output. The OSP common fault
status can be checked by writing 25, to PMBus command OxFE MFR_FIRMWARE_COMMAND, or selecting
“READ_OPEN_SENSE_COMMON_FAULTS_STATUS” from the drop-down list of the command. Then read the
result from PMBus command 0xFD MFR_FIRMWARE_COMMAND_DATA. Upon a common fault detection, the
corresponding bit will be setto 1 asin Table 113.

Table 113 OSP common fault bit assignment
Bit Fault Bit Fault
VSEN VREF
VRSEN VRREF
4 BVSEN_BVRSEN 5 BVREF_BVRREF

It is clear that the resistor short situations cannot be detected by the current source method. The high-side
open is also hard to detect if the high-side resistor is much larger than the low-side resistor, with the voltage in
the high-side open situation very close to normal. In these cases, the failure could be checked by “PID duty”-
based OSP fault detection.

The “PID duty”-based OSP registers are listed in Table 114. The pid0 reports OSP fault on the VSEN open, and
the pid1 reports OSP fault on the BVSEN open. The pid_osp_ff_thr and the pid_osp_duty_thr set the
minimum duty-cycle above which to begin checking the OSP fault. The pid_osp_ff_scale sets the fault
threshold.

Table 114 OSP by PID register description
Name Address Bits Description
(loop 0/1)
pid_osp_ff_thr 7000_1C18, [6:0] Defines the minimum PID feed forward value, above which
7000_2018,, to begin checking for an open sense fault during soft-start.
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Name Address Bits Description
(loop 0/1)
LSB =27-7, range =0 to 0.9922
pid_osp_duty_thr 7000_1C18, [13:7] Defines the minimum PID duty-cycle value, above which to
7000_2018,, begin checking for an open sense fault during soft-start.
LSB =27-7, range =0 to 0.9922
pid_osp_ff_scale 7000_1C18, |[17:14] | Scale factor applied to PID feed forward term to detect an
7000_2018,, open sense fault between Vour and Voyr sense during soft-

start. A setting of 0 will disable this fault check.
LSB=0.5,range=0to0 7.5

For example, the 3.3V/30 A ACF converter is tested at 36 V input. Vrecr voltage is 6 V with 6:1 transformer turns
ratio. Switching frequency is 300 kHz. Set pid_osp_ff_scale = 3 to get the fault scale factor to 1.5,
pid_osp_duty_thr =38 for the OSP starts checking at 29.64 percent duty-cycle, pid_osp_ff_thr = 1 sets the
feed-forward duty-cycle threshold to 0.78 percent. TON_RISE = 10 ms in this test.

Figure 185 (a) is the start-up waveform with R2 shorted. During the start-up ramp, the XDPP1100 starts
looking for a fault at V .. = 0.78 percent * 6 V=0.046875 V. It asserts the fault when (duty >
pid_osp_duty_thr) AND (duty > FF_duty * pid_osp_ff_scale). With R2 short, the VSEN measured output
voltage stays at 0V, and the control loop increases duty much faster than normal start-up ramp. The duty-
cycle equals pid_osp_duty_thr 29.64 percent after 360 us of start-up. The FF_duty at 360 ps should be = (360
us/10 ms) * 3.3V/6V=1.98 percent. The duty (29.64 percent) is larger than the 1.5 x FF_duty and PID OSP fault
is asserted.

! Ch1: output voltage|waveform (1 V/div)

@ Ch2: primary PWM sjgnal (2 V/div)
your ! a

9 Trigger _ GHES)
|
100!6 50 MSIS EﬂDB F'Ds‘m 1 com
X2= 208 64 us UA}(: -943 kHZ -3.000 V ofst| 100 kS 10 MS/s|Edge  Positive]

(b)

R1 short
pid_osp_duty_thr =38 (29.64 percent), pid_osp_duty_thr=38 (29.64 percent),
pid_osp_ff_scale=3 pid_osp_ff_scale=3
pid_osp_ff_thr=1 pid_osp_ff_thr=1

Figure 185 Voltage sense open/short fault protection waveforms

Please note that the duty-cycle refers to IC internal duty-cycle, the PWM output duty-cycle is the internal duty-
cycle less the dead-time if the dead-time applies to the rising edge, and plus the dead-time if the dead-time
applies to the falling edge. In this example, the measured PWM is the primary clamp FET, its dead-time is

100 ns added to the falling edge, and thus the internal pulse width is 100 ns less of the probed waveform. The
switching frequency is 300 kHz and the period is 3.3 ps. The XDPP1100 asserts PID OSP fault when PWM output
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pulse is wider than [(3.33 us * 29.64 percent) + 100 ns] = 1.08 us. The primary control FET pulse width is 200 ns
shorter than the Clamp FET. The actual duty-cycle is (1.08 ps - 0.2 ps)/3.33 us = 26.4 percent. The output
voltage at the OSP detection is 26.4 percent * 6 V=1.58 V. The calculated value matches the bench test result.

In R1 short situation, Figure 185 (b), the output voltage is regulated at 0.8 V (VOUT_COMMAND = 3.3V,
VOUT_SCALE_LOOP =0.2432). No fault is reported. The Vour is undervoltage and won’t damage the board or the
downstream circuit.

When the PID OSP common fault is triggered, the common fault bit [4] of PMBus command
STATUS_MFR_SPECIFIC will be set to 1. The common fault list is shown in Table 106. The common fault status
can be checked by writing 23, to PMBus command 0xFE MFR_FIRMWARE_COMMAND, or selecting the
“READ_COMMON_FAULTS_STATUS” from the drop-down list of the command. Then read the result from
PMBus command OxFD MFR_FIRMWARE_COMMAND_DATA.

For example, if the VSEN PID OSP fault is tripped, the common fault bit of the STATUS tab (Figure 177) will turn
to red. Write 23, to PMBus command 0xFE MFR_FIRMWARE_COMMAND and read OxFD
MFR_FIRMWARE_COMMAND_DATA should return =00 00 10 00,,.

The response to a common fault can be set to either ignore or shut down. This is configured by the common
fault shutdown mask register fault_shut_mask_com by setting the corresponding bit. For example, to enable
VSEN PID OSP fault shutdown, write 4096, to fault_shut_mask_com.

12.10 CML fault

The CML fault reports the data communication and memory faults.

Table 115 STATUS_CML data byte

Bit Meaning

Invalid or unsupported command received

Invalid or unsupported data received

Packet error check failed

Memory fault detected

Processor fault detected

Not used

Other communication fault

O [(MNMNW (MO0 |N

Not used

A few examples of the CML fault.

e AMFRPMBus command is defined in a FW patch. A read or write action to this MFR command without the
correct FW patch will report the “invalid/unsupported command” fault.

o Aregister has a range of values. Writing a number higher than the maximum value will report the
“invalid/unsupported data” fault.

e The blank XDPP1100 without configuration stored in the OTP will report the “memory fault”.
e Ahard fault from the configurator will report the “processor fault”. The hard fault could be:
- Missing trim
- Invalid partition size
- Invalid partition base
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- Missing configuration

- Mis-match in PMBus data relevant to commands supported (data stored in OTP has fewer PMBus
commands than patch supports)

- OTPCRCerror

e Packet Error Checking (PEC): whenever a PMBus device detects that the received and calculated PEC bytes
do not match, the XDPP1100 will NACK the PEC byte and respond as follows:

- Notrespond to or act upon the received command

- Flush orignore the received command code and any received data
- Setthe CML bitin the STATUS_BYTE

- Set the packet error check failed bit in the STATUS_CML register

12.11 PMBus command protection

The XDPP1100 provides a PMBus protection feature, which prevents the selected PMBus commands from being
accidentally modified by an unauthorized user.

12.11.1 O0xF1 MFR_SETUP_PASSWORD

The user can set up a password with PMBus command 0xF1 MFR_SETUP_PASSWORD to protect PMBus
commands defined by 0xF4 and 0xF5. The length of the password can vary by user (up to 6 bytes). Read
command 0xF1 will return a hashed password (Figure 186). Please note that only the last 4 bytes will be
hashed; the two MSBs reveal the two MSBs of the password. Thus, it is recommended only use the last 4 bytes
to set the user password.

D=
F1 | F1 MFR_SETUP_PASSWORD v F1 ‘Fl MFR_SETUP_PASSWORD -
Mfr. Setup password Mir Setup password
MSB MSB
00|00 [8alEs|6F| 58 0 0 88 BA F7 97
LSB LSB
Once a valid new password is sent, the Once a valid new password is sent, the
security is turned on security is turned on
we |y Y
Write password Read password will return hashed password

Figure 186 MFR_SETUP_PASSWORD

12.11.2 OxF2 MFR_DISABLE_SECURITY_ONCE

This is the PMBus command for password entry to disable password protection. It has a limit of four attempts
before it is locked. A read returns: 0x000000000000 if security is off; 0x000000000001 if security is on;
0x000000000002 if security setup is locked due to incorrect password entry (Figure 187).
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.

F2 | F2 MFR_DISABLE_SECURITY_ONCE

MFR. DISABLE_SECURITY_ONCE

MSB

0o 00 00O 00 00 00
LSB

Once a valid new password is sent, the
security is turned on

Figure 187 MFR_DISABLE_SECURITY_ONCE

Read MFR_DISABLE_SECURITY_ONCE, if it returns 0x000000000000, the user can go to MFR_SETUP_PASSWORD
to set up a new password. If it returns 0x000000000001, the user has to write the previous set password here to
turn-off the security. Read MFR_DISABLE_SECURITY_ONCE after writing the unlock password; it should return
0x000000000000 if the password is correct.

12.11.3 MFR_SECURITY_BIT_MASK

Once the security is turned on, the user can use commands 0xF4 MFR_SECURITY_BIT_MASK_LOW and 0xF5
MFR_SECURITY_BIT_MASK_HIGH to set the security mask of 255 PMBus commands.

0xF4 MFR_SECURITY_BIT_MASK_LOW masks bits for command numbers 0 to 127, OxF5
MFR_SECURITY_BIT_MASK_HIGH masks bits for command numbers 128 to 255. A “1” in bit position is
protected, “0” is unprotected. The commands under protection will not allow the user to write. To simplify the
protection setup, the GUI offers a graphic tool to set the security bit mask. It can be accessed in the Faults &
Protections design tool within the “PMBus Command protections” tab (Figure 188).

@' XDPP1B Fault Protections — O X

Protections Fault Configuration Common Fautts Pmbus Command protections

Code  Command Protect (n) Mfr. Setup password
PAGE MSB LSB

(|
01 OPERATION

o 0 [0 [ea[Es|eF] 58
02 |ON_OFF_CONFIG O .
03 |CLEAR_FAULTS O - e
10 |WRITE_PROTECT O
11 |STORE_DEFAULT_ALL O
12 |RESTORE_DEFAULT_ALL O MFR. DISABLE_SECURITY_ONCE
15 STORE_USER_ALL D LsB

RESTORI R_Al
16 |RESTORE_USER_ALL O U‘D‘D‘O‘U‘O
19 | CAPABILITY O
1B | SMBALERT_MASK O Read Wite
20 |VOUT_MODE O
21 |VOUT_COMMAND O
22 |VOUT_TRIM ]
22 |uniT ral NEERET ml A
< >
Wirite Protect (selected
commands)
Select Loop |Loop 1 v oK Cancel Apply Help
Ready
H H ¢« H 9
Figure 188 GUI design tool - “PMBus Command protections
Application Note 234 0f 253 V12

2021-04-23



o _.
The XDPP1100 digital power supply controller | n f| neon
XDPP1100 application note

Fault protections

The “PMBus Command protections” tool enables the user to do the following:

e Checkif the password is set by reading MFR_DISABLE_SECURITY_ONCE

e Write new password if the MFR_DISABLE_SECURITY_ONCE reads 00 00 00 00 00 00
e Select the PMBus that needs to be protected

e Set MFR_SECURITY_BIT_MASK by clicking the “Write Protect” button

In the case that user adds MFR PMBus commands through FW patch. Since the patched PMBus command is
unpredictable, it is not included in the “PMBus command protections” design tool (Figure 188). User still can
protect the patched command by directly write the bit through command 0xF4 and 0xF5. For example, if want
to protect 0x3A FAN_CONFIG_1_2 command, write bit 59 of the MFR_SECURITY_BIT_MASK_LOW to 1 will
protection 0x3A command.

If one command is selected for “Write Protect” and the security is on, re-write of this command is prohibited.

STATUS_CML command reports “Invalid/Unsupported Data” if trying to write a protected command (Figure
189).

7E |}‘E5TATUS_CML v|

Bit 7 : Imvalid/Unsupported Command
Bit 6 : Imvalid/Unsupported Data

Bit 5 : Packet Error Check Failed

Bit 4 : Memory Fault Detected

Bit 3 : Processor Fault Detected

Bit 2 : Reserved

Bit 1: A communication fault other than
the ones listed in this table has occurred

Bit 0 : Reserved

Figure 189 A CML fault is reported when a protected command attempts to be written

12.11.4 0x10 WRITE_PROTECT

The WRITE_PROTECT command offers the same function as the MFR password and security protection. The
only difference is the WRITE_PROTECT doesn’t use password. The WRITE_PROTECT is also less flexibal, with
only four options to choose from. The WRITE_PROTECT calls the same function in FW as the MFR password
protection. Thus they are not independent and can’t use both. It is suggested only use one of the method to
protect the PMBus commands; either using the MFR password and security bit mask, or the WRITE_PROTECT.

Table 116 WRITE_PROTECT command

Value Meaning
0x00 Enable writes to all commands
0x20 Disable all writes except to the WRITE_PROTECT, OPERATION, ON_OFF_CONFIG,
VOUT_COMMAND
0x40 Disable all writes except to the WRITE_PROTECT and OPERATION commands
0x80 Disable all writes except to the WRITE_PROTECT command
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12.12 Protect I°C bus and register

The XDPP1100 could protect I°C registers by disabling the read/write of the entire I*C bus. While I°C bus is under
protection, both write and read are prohibited. The protection is achieved by config PMBus command
MFR_FIRMWARE_COMMAND_DATA and MFR_FIRMWARE_COMMAND. The instruction is shown below. User
could further protect MFR_FIRMWARE_COMMAND_DATA and MFR_FIRMWARE_COMMAND using PMBus
password protection.

Disable 12C bus

e Write 00 00 00 01 to command 0xFD MFR_FIRMWARE_COMMAND_DATA

e Write OxOF to command OxFE MFR_FIRMWARE_COMMAND or by selecting the “Disable_I2C_Bus” option form
the drop-down list.

Enable 12C bus

e Write 00 00 00 00 to command OxFD MFR_FIRMWARE_COMMAND_DATA

e Write OxOF to command OxFE MFR_FIRMWARE_COMMAND or by selecting the “Disable_I2C_Bus” option form
the drop-down list.
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13 GPIO and address offset
13.1 GPIO configuration

The XDPP1100 supports up to 16 GPIO pins in the 40-pin package and 11 GPIO pins in the 24-pin package. Table
117 is the GPIO pin muxing table. It can be seen that all the PWM pins can be configured as GPIO pins. The
commonly used features, such as enable, power good and sync, are assigned to dedicated pins as their primary
function. The function of a GPIO pin can be changed. For example, change the function of the MP_BEN (enable
pin of the loop B) to a GPIO pin, or change the function of the SYNC pin to FAN1 PWM control.

Table 117 GPIO multipurpose pin

Name Function 0 Function1l | Function2 | Function3 | Function4 Function5 | Function6 | Function?7
MP_FAULT1 10:GPIO0[2]
(FAULT1) 10:GP100[2] 10:GPI01[2] 10:SYNC 0:FAN2_PWM 10:SDA2 UARTRX n/a
MP_FAULT2 10:GP101[2]
(FAULT2) 10:GP100[2] 10:GPI01[2] 10:SYNC I:FAN2_TACH 10:SCL2 UARTTX n/a
MP_IMON A:IMON 10:GP100[3] 10:GPI01[3] 10:SYNC I:FAN1_TACH n/a n/a n/a
PWM11 0:PWM11 10:GP100[6] 10:GPI01[6] 10:SYNC O:FAN1_PWM n/a n/a n/a
PWM12 0:PWM12 10:GP100[7] 10:GPI01[7] 10:SYNC I:FAN1_TACH n/a n/a n/a
PWM1 0:PWM1 10:GP100[5] 10:GPI01[5] 10:SYNC n/a n/a n/a n/a
PWM2 0:PWM2 10:GP100[7] 10:GPI01[7] 10:SYNC n/a n/a n/a n/a
PWM3 0:PWM3 10:GPI00[1] 10:GPI01[1] 10:SYNC n/a n/a n/a n/a
PWM4 0:PWM4 10:GP100[2] 10:GPI01[2] 10:SYNC n/a n/a n/a n/a
PWM5 0:PWM5 10:GP100[3] 10:GPI01[3] 10:SYNC UARTRX n/a n/a n/a
PWM6 0:PWM6 10:GP100[4] 10:GPI01[4] 10:SYNC UARTTX n/a n/a n/a
PWM9 0:PWM9 10:GP100[4] 10:GPI01[4] 10:SYNC n/a n/a n/a n/a
PWM10 0:PWM10 10:GP100[5] 10:GPI01[5] 10:SYNC n/a n/a n/a n/a
PWM7 0:PWM7 10:GP100[5] 10:GPI01[5] 10:SYNC 0:FAN2_PWM n/a n/a n/a
PWM8 0:PWMS8 10:GP100[6] 10:GPI01[6] 10:SYNC I:FAN2_TACH n/a n/a n/a
MP_SMBALERT# | I0:SMBALERT_N | 10:GPIO0[6] 10:GPI01[6] 10:SYNC 10:GPI00[7] 10:GP101[7] n/a n/a
MP_BEN 10:GP101[0]
(BEN) 10:GP100[0] 10:GP101[0] 10:SYNC UARTRX 10:SDA2 n/a n/a
MP_ BPWRGD 10:GPI01[1]
(BPWRGD) 10:GP100[1] 10:GPI01[1] 10:SYNC UARTTX 10:SCL2 n/a n/a
MP_SYNC n/a 10:GP100[7] 10:GPI01[7] 10:SYNC O:FAN1_PWM n/a n/a n/a
MP_EN 10:GPIOO[0](EN) 10:GPI00[0] 10:GPI101[0] 10:SYNC n/a n/a n/a n/a
MP_PWRGD 10:GPIOO[1]
(PWRGD) 10:GP100[1] 10:GPI01[1] 10:SYNC n/a n/a n/a n/a

The function of each GPIO pin is configured by register xxxx_func. For example, the power good PWRGD pin is
configured by pwrgd_func register, see Table 118. The function of each GPIO pinis listed in Table 117. The

output of the GPIO pin can be configured to CMOS output (push-pull) or open-drain output. Each GPIO pin has
an internal weak pull-up and weak pull-down resistor. The weak pull-up and weak pull-down can be disabled.

Table 118 GPIO0 function configuration (PWRGD example)
Register name Description

pwrgd_func Pin PWRGD function definition. As in Table 117, it can be configured as follows:
0=PWRGD
1=GPIOO0[1]
2=GPIO1[1]
3=SYNC

pwrgd_pd Pin PWRGD weak pull-down enable.
0 = pull-down disabled (recommended)
1= pull-down enabled

pwrgd_pu_n Pin PWRGD weak pull-up enable.
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0 = pull-up enabled
1 = pull-up disabled (recommended)

pwrgd_ppen Pin PWRGD output buffer CMOS/open drain select.
0 =open drain output
1=CMOS output

The polarity of GPIO pins is configured by PMBus command 0xC9 FW_CONFIG_PMBUS (Figure 190). The user
can use this command to do the following configuration.

e Configure three common GPIO pins: Power good, enable and fault. The default setting is shown in Figure
190.

e Set GPIO polarity. Polarity is only set on initialization, so it would have to be stored in OTP and will take
effect after power cycling the 3.3V V,;, or resetting FW. Polarity should go by bit position: enable = bit[0],
power good = bit[1], fault = bit[2]. Loop 0 FW_CONFIG_PMBUS configures GPIO0[x], loop 1 configures
GPIO1[x]. Here the x value is 0 to 7. For example, if we want to set power good polarity GPIOO[1] to “active
high”, writing a value of 2 to the GPIO polarity field will set bit [1].

e Set PMBus base address. For example, set to 64 (0x40); this is the default setting and the user could change
it to another value.

o Set I’C base address. For example, set to 16 (0x10), this is the default setting and user could change it to
another value. Please note that the PMBus address and I°C address can’t be set to the same.

e Toenable XADDR1, XADDR2 resistor to program address offset, set “PMBus addr offset enable” = 1, set “I12C
addr offset enable” = 1. Otherwise, set these two bits to 0.

e The “GPIO direction” and “Feature select” are not used and are reserved for future patching.

=

C9 FW_CONFIG_PMBLUS o

Feature zelect a
Fault select  |(cRrioz

4k

Power good select  |GPIOT w

Enable select  |zRi00 -

GPIC direction g
GPIO polanty a
PMBus base addr L

PMBus addr offset a
PMBus addr offset enable a

Ak Ak

LILIARE B RT3

12C base addr 18
12C addr offzet a
|12C addr offzet enable a

Ak AF AR

Figure 190 FW_CONFIG_PMBUS

The polarity of the enable pin can also be configured by PMBus command 0x02 ON_OFF_CONFIG. The enable
pin polarity is set by bit [1]. A drop-down list is offered by the GUI for the user to select “active high” or “active
low”.

Table 119 explains the meaning of FW_CONFIG_PMBUS in detail.
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Table 119 FW_CONFIG_PMBUS data byte format
Bit(s) Parameter Meaning Example (loop 0)
56:54 fault_select GPIO bit to map to fault Default 2: map GPI00[2] to Faultl
53:51 power_good_select GPIO bit to map to power good Default 1: map GPIOO[1] to

PWRGD

50:48 enable_select GPIO bit to map to enable Default 0: map GPIO0[0] to EN
47:40 gpio_direction Direction of given pin Define input or output (not used)
. . . . . Define active low or high, setto 1
39:32 gpio_polarity Polarity of PMBus GPIO driver for active high
3124 ombus_addr Base address for PMBus offset to start Default: 64 (x40)
from
93:17 pmbus_addr_offset PMBus address offset when resistor
offset not enabled
16 ombus_addr_offset_en Ena.ble PMBus address offset via
resistor
2
158 i2¢_addr Base address for I°C offset to start Default: 16 (x10)
from
2 .
71 i2¢_addr_offset I°C address offset when resistor offset
not enabled
0 i2c_addr_offset_en Enable I°C address offset via resistor
13.2 Address offset configuration

As explained in the previous chapter, bit 0 and bit 16 of FW_CONFIG_PMBUS should be set to 1 to enable
XADDRI resistor offset. The configuration must be stored in OTP to take effect. This is because XDPP1100 only
checks XADDR resistor offset at IC power-up.

The base address of PMBus and I°C should be set to different values to avoid conflict. Once the configuration is
stored in OTP, recycle 3.3 VV,, and use the auto-populate function of the GUI to find the device. The GUI will

scan the I°C and PMBus address and identify the correct address offset defined by the FW_CONFIG_PMBUS.

The XDPP1100 supports 16-valent or 8-valent address offset. The address is configured by register
xv_decode_sel; set to 0 will choose an 8-valent table, set to 1 will choose a 16-valent table. The address offset
decoding table is shown below.

Table 120 I1°’C/PMBus address offset of eight-segment decode
Resistor-to-GND (1 percent accuracy) Address offset
~ 1.20kQ 0x07
= | 1.80kQ 0x06
2 2.70kQ 0x05
T 3.90kQ 0Xx04
S 680ka 0x03
Cé 10.00 kQ 0x02
§ 18.00 kQ 0x01
47.00 kQ (or open) 0x00
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Table 121  I’C/PMBus address offset of 16-segment decode

Resistor-to-GND (1 percent accuracy) Address offset
780 Q OxOF
1.10kQ OxOE
1.50 kQ 0x0D
2.02 kQ 0x0C
2.70 kQ 0x0B

& [352k0 0X0A
9): 4.70 kQ 0x09
2 6.07 kQ 0x08
,C_Dr 8.00 kQ 0x07
‘é‘ 10.20 kQ 0x06
§ 13.20 kQ 0x05
17.20 kQ 0x04
22.47 kQ 0x03
29.20 kQ 0x02
39.00 kQ 0x01
56.00 kQ (or open) 0x00

If a different address resistor lookup table is preferred, the user can write a FW patch to customize the resistor
table.

13.3 GPIO de-glitch

A HW de-glitch circuit is impelemented to the EN and BEN function. The de-glitch should be enabled by register
gpioX_dben and the delay time is configured by gpio_dly.

The de-glitch enable register gpioX_dben is bit-assigned. So, each GPIO de-glitch could be enabled/disabled
independently. In the XDPP1100, the de-glitch only works for bit[0], which is the EN and BEN. And the GUI only
allows setting the gpioX_dben to 0 or 1 to configure bit [0].

The de-glitch time can be set by gpio_dly from 2 us to 8 ps, with resolution 1 ps. A setting of 0 disables the de-
glitch function.
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14 Layout guidelines

In order to optimize voltage regulator performance, it is important to minimize the effects of PCB parasitics.
The following layout techniques highlight important practices that should be incorporated into the layout
process to optimize the PCB.

14.1 Component placement

Within the allotted implementation area, orient the switching components first. The switching components are
the most critical because they carry large amounts of energy and tend to generate high levels of noise.
Switching component placement should take into account power dissipation. Align the output inductors and
MOSFETSs so that space between the components is minimized.

Critical small-signal components including the V,, and VD12 decoupling capacitors, ISEN resistors, TSEN
capacitors, and voltage feedback RC filters should be placed near the controller.

PWM4
PWM3
PWM2

PWM1

Figure 191 Decoupling cap placement and routing

14.2 Routing

For each voltage sense and current sense input, i.e. VSEN/VREF, ISEN/IREF, route the signal and its reference in
differential pairs (Kelvin connection).

Avoid routing the VRSEN/VRREF, BVRSEN/BVRREF near any switching nodes, especially in dual-loop or two-
phase applications. Unlike output voltage sensing, when VRSEN is configured to Vrecr sense mode, it measures
the pulse signal. Thus, it cannot use a large filter to reduce noise. Keeping the trace shielded by the ground
plane is recommended. Additional noise immunity is implemented in the IC.

14.2.1 Output current sense

Figure 192 is the layout example of output current sense. Avoid putting the current sense resistor or copper
shunt next to any switching node. In high-gain current sense mode, put the XDPP1100 as close as possible to
the sense resistor. One example of good practice is putting the XDPP1100 on top of the sense resistor on the
other side of the PCB. If copper shunt is used for current sense, put the temperature-sense NTC or sense diode
close to the copper shunt for accurate temperature compensation.
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If low-gain mode is selected for current sense, put the current sense amplifier as close as possible to the shunt
resistor.

MOSFET MOSFET

DCArea
MOSFET MOSFET
Avoid the analog sense path getting
too close to the switching area

Route the differential sense in pairs

Switching Area
Place XDPP1A on top of Rsns trace

Transformer
Rsns
t
= [
MOSFET MOSFET T S QL i
EEEEEEEE o
22 w 9
22 8
24 7
% (infineon 2
26 5]
27 L’ 4
28 3
29 2|
MOSFET MOSFET Wnmrnessae ]

Figure 192 Output current sense

14.2.2 Output voltage sense

Figure 193 is the layout example of output voltage sense. Avoid routing the voltage sense trace close to
switching nodes. Always route the differential sense trace in pairs. Put the noise filter cap next to the IC pins.

MOSFET MOSFET
Avoid the analog sense path getting
too close to the switching area
DC Area
MOSFET MOSFET Always route the

differential sense in pairs -

Switching Area

Transformer
MOSFET MOSFET
MOSFET MOSFET
Figure 193 Output voltage sense
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14.2.3 Vrecr Voltage sense

Figure 194 is the layout example of Vgecr voltage sense. Route the differential sense trace in pairs. If VRSEN is
used for flux balancing or adaptive dead-time adjustment, don’t put a filter cap on the VRSEN input; this will
distort pulse shape and affect the accuracy of the time measurement.

MOSFET MOSFET Avoid the analog sense path getting
too close to the switching area

Always route the
differential sense in pairs

MOSFET MOSFET DC Area

\l—\l

Transformer Switching Area \ I

MOSFET MOSFET W AT A

2 .
26 Infineon
2 (infineon

29 o

e N B Tt e )
mmmmmmmmm 3

W s U101 00 0 O

MOSFET MOSFET

Figure 194  Vgecr voltage sense

14.2.4 GND connection

The XDPP1100 GND is the metal pad at the back side of the chip. Do not place too many vias to the GND plate in
the layout. Use no more than 2 vias under the part. If the vias tie to internal ground layers, it is recommended to
use a cross hatch pattern. This could avoid the internal ground planes pulling the heat away from upper pad
during soldering.
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15 Store patch and configuration to OTP

Once the configuration or a FW patch is optimized and finalized, user should store the patch and configuration
into OTP. The patch and configuration will be automatically loaded during the next boot up when IC is biased.

15.1 Check OTP partition

Before storing configuration, user should check if the OTP memory has been properly partitioned. In the FW
Patch Tool > OTP partition tab, user could click “Read FW Trim” button to view the present OTP partition. By
default, the OTP is partitioned to 16 kB data partition (0x4000) and 48 kB OTP partition 1 (0xC000). The data
partition can be increased up to 31 kB if desired, the available OTP for FW patch will then be reduced to 33 kB
given by the total 64 kB OTP memory. After changing partition size, click “Storm Trim” to save the partition info
to OTP.

It is not possible to increase partition size if the next partition area is used. Take Figure 195 as an example, the
data partition will not be configurable once a patch stored in OTP section 1.

a5’ FW Patch Tool - O X

OTP Partition FW Patch FW Patch Handler FW Config FW Debug

OTP Partition

Size ‘OXOOZA Data Partition |0x4000 OTP Section 9 Size  |0x0000 oTP
=7 A
. i Data Partition A
Version |0x0002 OTP Section 1 Size |0xC000 OTP Section 10 Size [QxDOOO §
Boot descriptor ‘UXOOOO()OOE) OTP Section 2 Size |0x0000 | OTP Section 11 Size |0x0000 v
‘ Patch Partition 1 *
OTP Section 3 Size |0x0000 OTP Section 12 Size  |0x0000 2 58
— 1 - Relocatable Patches w0
) Fixed Address Patches v a
OTP Section 4 Size |0x0000 OTP Section 13 Size %0)(0000 Patch Partition 2 A
-
> " 5
OTP Section 5 Size [0x0000 OTP Section 14 Size  |0x0000 e s s 2o
eV — i i L
B iti A
OTP Section 6 Size [0x0000 OTP Section 15 Size [0x0000 Poick Portition:3 s
Relocatable Patches FE]
Fixed Address Patches o

OTP Section 7 Size |0x0000 OTP Section 16 Size ;DXOOOO v
OTP Section 8 Size |0x0000

Patch Partition 16

©
Relocatable Patches £4
Fixed Address Patches P

Store Trim Reset Read FW Trim

Aoy Help

Ready

Figure 195 OTP partition

15.2 Store FW patch

If a FW patch is developed, user could load and store the FW patch into OTP using the “FW Patch” design tool.
Each OTP section an only have one active patch. The old patch must be invalidated before storing new patch to
the same partition. The invalidation of existing patch is provided in GUI “FW patch handler” tool (Figure 197).
The number of FW patch re-write depends on the size of the OTP section and the size of patch code.

To save OTP space, user should use RAM to verify the FW patch and configuration during debugging. There are
10 kB RAM available for customized FW patch and patch data. By default, the RAM is configured 8 kB for patch
code and 2 kB for patch data. If the patch is larger than 8 kB (size > 0x2000), suggest break it into two smaller
patches and verify the features separately. If the patch is larger than 8 kB and couldn’t be broken, then store
the patch into OTP. After a design is finalized, the patch code could also be stored in OTP.
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8! FW Patch Tool - [m] X

OTP Patition FW Patch  FW Patch Handler FW Config

Load a patch file and store to OTP (selected partition)

Load OTP Patch File

Patch File ‘C'\XDPFW 100\ XDPP1100_GUN. \XDPP1100_fw\projects\patch_user_app\build\patch\patch.bin

Header Information

Header Info

CMD Option

Size Size Redundant

Header CRC Data CRC

Location of Patch Execution of Patch

Version Base Version new

Status I
Partition Number
Store OTP Patch Store to RAM Reset Save to File

Remaining size in selected partition (After Stroring the patch)-

OK Apply Help

Ready

Figure 196 Load and store patch

15.3 FW patch handler

The XDPP1100 GUI FW patch handler offers find patch, invalidate patch, find configuration and invalidate
configuration tools as shown in Figure 197.

w5 FW Patch Tool - [m] X

OTP Pattiion FW Patch FW Patch Handler FW Config FW Debug

Read Entire OTP Read Row based OTP
Patch Finder and Invalidate
Rows:

Partition Number
Invalidate a patch in a partition OTP Address |0x10020000 OTP Address |0x10024000
Invalidate configurati Note: the number of rows
Find Active patch a ° °n = read are=ows * 32 Read
Note:Active patch is mapped to OTP partition 1 at boot oTP
0 4 8 [+ ~

LUl 00000000 00000000 00000000 00000000

10020010 | 00000000 00000000 00000000 00000000
Trm and Config( Finder and Invalidate) 10020020 | 00000000 00000000 00000000 (00000000

Find Trim and Config Xvalent Mo © < Invalidate Reg Config 10020030 | 00000000 00000000 00000000 00000000

i Invalidate Config Partial 10020040 | 00000000 00000000 00000000 (00000000

Size Remaining - : 10020050 | 00000000 00000000 00000000 (00000000
Invalidate PMBus Config Loop 1 T

10020060 | 00000000 00000000 00000000 (00000000

Invalidate PMBus Config Loop 2 10020070 | 00000000 00000000 00000000 00000000

Invalidate PMBus Partial 10020080 | 00000000 00000000 00000000 (00000000

10020090 | 00000000 00000000 00000000 00000000
100200A0 | 00000000 = 00000000 00000000 00000000
10020080 | 00000000 00000000 00000000 00000000
100200C0 | 00000000 00000000 00000000 00000000
10020000 | 00000000 00000000 00000000 00000000
100200E0 | 00000000 00000000 00000000 00000000
100200F0 | 00000000 00000000 00000000 00000000
10020100 | 00000000 00000000 00000000 00000000
10020110 | 00000000 00000000 00000000 (00000000
10020120 00000000 00000000 00000000 00000000
m:;::i::t:ndhﬁoajgdiddes&le patches starting from the Partition ::::::i: m m [ m m

0K Apply Help

Ready

Figure 197 FW patch handler
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15.4 Store configuration to OTP

The configuration should be loaded into RAM before storing into OTP. If this is not yet done, open the design
file; click “write all (12C and PMBus)” shortcut button to write all registers and PMBus commands to RAM.

Open the “Multi device programmer” by clicking the flame shortcut icon, set Xvalent number if you have
multiple configuration to be stored in OTP. For single configuration, use the default Xvalent 0.

@' Multi Device Programmer — a X

‘ Device || Addr ” Configuration File 12C ] ‘ Configuration File PMBus OTP Data || Xvalent
\ XDPP1C3N } 10 I Click to select a Register map config file | I Program |2C I { Click to select a PMBus corfig file | I Program PMBus ‘ E

Program All Devices Program Configuration To OTP Restore Save Production File

Ready
Figure 198 Multi device programmer

Click the “OTP Data” could open a configuration window. In the FW config section, user could select which
XADDR pin is going to be used for PMBus and I°C address offset, and which XADDR pin for multi config offset
(config address offset). Default configuration is XADDR1. Note only the 40-pin IC has XADDR2 pin.

ag! OTP List - O X
FW Trim

FW Trims Store a patchto OTP
Sze [0002A | Vemon [0:0002 Boot descriptor (000000003

Load OTP Patch File (patch bin)
Data partition (x4000

Patch partition 1size  |(xC000 Patch partition 9size | (0000 Patch File
Patch partition 2 size |1}.UDOD ‘ Patch partition 10 size [xo000 |

Patch parttion 3size [x0000 | Patch partiion 11size [3x0000

Patch parttion 4 size Patch partition 12size 60000

Patch parttion 5 size | (x0000 Patch partition 13 size | (0000 Partiton Number |1

Patch partition 6 size ID.DBOD Patch partition 14 size | (0000

Patch parttion 7size  [(x0000 Patch partition 15size (<0000
P it i
'atch parttion 8 size | (x0000 Patch partition 16.size | (0000 Store Paich to OTP
Store Trim Read FW Trim Restart Remaining size in selected partition (After Stroring the patch)-
FW Corfigs
Size 0x0008 Config addres offset |XADDR1 ~
Version 0x0001 PMBus addres offset |XADDR1 v
Xvalent Enable \xva\em use for both enabled v 12C addres offset XADDR1 ~
Apply FW Config settings
Ready
Figure 199 FW config
Application Note 246 of 253 V12

2021-04-23



o~ _.
The XDPP1100 digital power supply controller | n f| neon
XDPP1100 application note
Store patch and configuration to OTP

In the “Multi device programmer”, user could program 12C and PMBus in separate steps, or simply click the
“Program configuration to OTP” button to store both 12C and PMBus configuration to OTP in one stop.

15.5 Partial config

If only a couple of parameters were modified after the whole configuration was stored in OTP, partial config
could be used to update these parameters without re-write the whole configuration. This could save OTP
space. Partial config can be PMBus command or registers config. Register partial config has no limitation on the
number of stores (as long as OTP space is available) and PMBus partials are limited to 32.

Partial config can be stored into OTP while the chip is in regulation (on the fly update).

15.5.1 Store PMBus partial config

Use PMBus command 0x17 STORE_USER_CODE to write individual PMBus command to the OTP. For example,
if the command 0x55 VIN_OV_FAULT_LIMIT was updated to a new value. Write the new threshold to 0x55
command. Then write 85 (hex 0x55 equals to decimal value 85), to 0x17 STORE_USER_CODE. The new
VIN_OV_FAULT_LIMIT will be saved to OTP.

code | Command | = code | Command | 123

55 | 55 VIN_OV_FAULT_LIMIT v 17 | 17 STORE_USER_CODE N

STORE_USER_CODE

80.00 : B =

The STORE_USER_CODE command instructs

The VIN_OV_FAULT_LIMIT command sets
the value of the input voltage that causes an
Input Overvoltage Fault. This command has
two data bytes formatted in the 11 Bit Linear
Data format. THe format is Linear 11, -2,

the PMBus device to copy the parameter
whose Command Code matches value in
the data byte from the Operating Memory
to the matching location in the non-volatile
User Store memory.

The range is 0 to 128V and the resolution is
0.25V.

Read Write v
Wiite J

Figure 200 STORE_USER_CODE

15.5.2 Store register partial config

In the register map, use the “Group Command” tool to store a register partial config. Double click the register
that requires modification. It will be brought to the “group command” area. In the ValHex column, change
register value. Please note, the value in “group command” is in hex format. For example, 35 in decimal is 0x23
in hex. In Figure 201, modify the value from 23 to 25 and click enter. Then click “Write Partials” would store the
register partial configinto OTP.
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File Optons i Help Tools

Dumd.rr.a.,.- _‘3 E H k.m-ﬂ‘% Write - / Tmlc-a ‘f;. s ] :] .

@ Total Pout : 36.00 W Register Map  Design Tools  Liites
® XDPP1C3N:i2e %10 isen] pwm  common lelem teleml Search for a register
Loop 0::pmb x40 fak0  fakl  fand  fanl  teen e ’ | Q3 Regiter Map  Growp Commend
Loop 1::pmb x40 timcom  faukcom  test leststa  cse
trim andlog wsenl wsenl wsen2
veortrol)  veontroll  PIA0 pid1  isen( P 1 WD 00001C04
Dynamic_PID ~
pid0_kfp1_index_1ph =
pid0_kip2_index_1gh Save Group
pid0_kp_index_lph =
pid0_ki_irdex_1ph Delete
pid0_kd_index_1ph F“"“
pid0_ff_vrect_ovemide e ;
pid0_ff_ovemde
pid0_ff_ovemde_sel < > + *
State_PID

45 Regisier Reai and Virte
pid0_ff_gain_scale pid0_kp_index_1ph S e At bt
pid0_ff_vrect_sel ¥70001C04 [17:12] 5 4 Addr  Data ek
e 200000023 | W [00000000][ 0ooooooo] | w ) R | L Wme MReg
[ I Load Config File
e

p.dgfzjup. ﬁ,h . Read Write | Ready | Compare Config

B Regster Map View (advanced users)

age Address Valliex Read Group

Wite Group

Write Trim Reg

PID proportional coefficient index. <s ‘

Value .
kp_exp = pid0_kp_index_1ph[5:3]

HW : USBOOTA | Dongle FW: v65 | EN'L | 100 KHz | NoLicense | Online Mode | Ready

Figure201  Write register partial config

Below are the steps to program an individual register data to OTP.

e Write Register address and register data value to scratch pad address 0x20061800
(RAM_SCRATCHPAD_ADDRESS) and 0x20061804 (RAM_SCRATCHPAD_ADDRESS + 4).

Example: To store a partial config of register address 0x70000400, a value of 0x0000B409.

We perform two 12c transactions to write the address and then data in consecutive location of scratch pad.
[0x20] [0x00] [0x18] [0x06] [0x20] [0x00] [0x04] [0x00] [0x70]

[0x20] [0x04] [0x18] [0x06] [0x20] [0x09] [0xB4] [0x00] [0x00]

e Write PMBus command 0xFD MFR_FIRMWARE_COMMAND_DATA with 4 Bytes, from LSB to MSB as - [Xvalent]
[size low byte] [size high byte] [00]

i.e. Byte0 = Xvalent number, Byte 1 = size low byte, Byte2 = size high byte, Byte3 = reserved
[0x80] [0x00] [0x00] [0x80] [0xFD] [0x04] [0x00] [0x08] [0x00] [0x00]

e Write PMBus command 0xFE MFR_FIRMWARE_COMMAND with input argument - 0x14
[0x80] [0x00] [0x00] [0x80] [OxFE] [0x14]

Below is the pseudo code to do this in program.

status = iZ2cWrite4Bytes (RAM SCRATCHPAD ADDRESS, “0x70000400")
statusl = i2cWrite4dBytes (RAM_SCRATCHPAD_ADDRESS+4,“OXOOOOB409")

writeDatal (0) = XvalentNumber

writeDatal length Low Byte

length High Byte

(

(1)
writeDatal (2)

(3) =0

writeDatal
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status = pmbWriteBlock (deviceIndex, 0, cmdMFR FIRMWARE COMMAND DATA,
writeDatal)

status = pmbWriteBytewithoutSavingBuffer (deviceIndex, 0,
cmdMFR FIRMWARE COMMAND, 20)
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16 Nomenclature
Table 122 Definitions of acronyms, symbols and terms

Acronym, symbol or term

Definition

ACF

Active clamp forward

ADC Analog-to-digital converter

BOM Bill of materials

CCcM Continuous conduction mode

CRC Cyclical redundancy checking

DAC Digital-to-analog converter

DCM Discontinuous conduction mode

DE Diode emulation

FB-FB Full-bridge full-bridge rectifier topology
FTR Fast transient response

Fsw Switching frequency of converter

FW Firmware

GPIO General purpose input/output

GUI Graphical user interface

HB Half-bridge

HBCT Half-bridge center-tap topology

Hiz High impedance

HW Hardware

LPF Low-pass filter

LSB Least significant bit

N, Number of turns of the transformer primary winding
Ns Number of turns of the transformer secondary winding
NTC Negative temperature coefficient

OCP Over-current protection

OSP Open-sense protection

OTP One-time programmable memory

OTP Overtemperature protection

OVP Overvoltage protection

PCB Printed circuit board

PCL Peak current limit

PCMC Peak current mode control

PID Proportional, integral, derivative coefficient
Pl filter Proportional integral filter

PTC Positive temperature coefficient

PWM Pulse width modulation
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Nomenclature

Acronym, symbol or term Definition

Roson) MOSFET on-state resistance
SCP Short-circuit protection
SR Synchronous rectification
Tsw Switching period of converter
ucp Under-current protection
uTpP Under-temperature protection
UvpP Undervoltage protection
Vin Input voltage
VMC Voltage mode control
Vour Output voltage
Vrect Transformer secondary rectified voltage
[1] XDPP1100 datasheet

(2]
(3]
(4]

XDPP1100 gui installation and user guide
XDPP1100 product overview

XDPP1100 technical reference manual
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Revision history

Revision history

Document Date of release Description of changes

version

V1.0 22-06-2020 First release

Vi1l 26-10-2020 Chapter 3.2.1 updated IADC description, added tracking ADC step size
information.

Chapter 6.1.7 updated fbal_lpf_kpshift equation.
Chapter 12.3.2 added description to fault_hyst.
Corrected typo in Table 80 and Table 95.

Update Table 102 added fault_temp_src_sel.

V1.2 2021-01-12 Add chapter 14.2.4, GND layout guideline.

2021-04-12 Added MFR_IOUT_APC calculation in chapter 3.2.2.2.

Updated description of burst mode, chapter 9. The burst mode only
applies to bridge topologies.

Added description in chapter 12.11.3, how to protect user added MFR
PMBus command.

Updated description of 12.11.4, The WRITE_PROTECT calls the same
function in FW as the MFR password protection. Thus, they are not
independent and can’t use both.

Add chapter 12.12, protect i2c bus and register.
Add chapter 15, store configuration to OTP, store partial config.

Application Note 252 of 253 V12
2021-04-23



Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

Edition 2021-04-23
Published by

Infineon Technologies AG
81726 Munich, Germany

© 2021 Infineon Technologies AG.
All Rights Reserved.

Do you have a question about this
document?

Email: erratum@infineon.com

Document reference
AN_2003_PL88_2006_221026

IMPORTANT NOTICE

The information contained in this application note
is given as a hint for the implementation of the
product only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application.  Infineon  Technologies  hereby
disclaims any and all warranties and liabilities of
any kind (including without limitation warranties of
non-infringement of intellectual property rights of
any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology,
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may
contain dangerous substances. For information on
the types in question please contact your nearest
Infineon Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of
the product or any consequences of the use thereof
can reasonably be expected to result in personal
injury.


mailto:erratum@infineon.com;ctdd@infineon.com?subject=Document%20question%20
http://www.infineon.com/

