active-semi”’

Solufions for Sustainability Power Appllcatlo n Controller

PAC5232 Data Sheet

Power Application Controller®

Multi-Mode Power Manager™
Configurable Analog Front End™
Application Specific Power Drivers™
ARM® Cortex®-MO Controller Core

active-semi’

Solutions for Sustainability

Rev 1.1
6-Jan-2018



active-semi’

Solutions for Sustainability Power Application Controller

TABLE OF CONTENTS

1  GENERAL DESCRIPTION L.iiiitiiititititititutiittatututaietsieaebebabetebababssebsbessbsesbabsssssbsbsbsbebsbsbsbsbsssbsbsbsbsbabsbssnnes 8
2 PAC® FAMILY APPLICATIONS ......oieiteeeeeeeteeeee e et s et s e st ee e en e, 9
3 PRODUCT SELECTION SUMMARY ... 10
4 ORDERING INFORMATION. ..ottt 10
D R ATURES . 11
51 FRATUINE OVEIVIBW .....eiiiitieie ettt ettt skt e e ekt e e e b b et e e e bt e e e bt e e e annbe e e e e nnes 11

6  ABSOLUTE MAXIMUM RATINGS. ... 12
7  ARCHITECTURAL BLOCK DIAGRAM ... 13
8 PIN CONFIGURATION ... e e e e e e e e s e e e s e aean e e e 14
8.1 PAC52320QX Pin Configuration (51L SLP 8x8 mm Package)........ccccccuvvvrriuimimimininininininrnrninnnnnnn 14

O PIN DESCRIPTION .o e e s e e e a e s e s e s e e e e e s e s e e e s e aeaeanae e s 15
9.1 Power and Ground Pin DEeSCIPLION........uuuuuiieiuiiiiiiiiieieiereieieieierererererererererererererererernrerererararn. 15
9.2 Signal Manager Pin DESCHPLION........cooii i 15
9.3 Driver Manager Pin DESCIIPLION .......uiiiiiiiiieiie ittt sttt e e e e e 16
9.4 1/O POItS PiN DESCHIPIION ...ceiiutttiieiiit ettt ettt s e e s ettt s et e e e e nb e e e e nbee e e e neee 17
10 CONFIGURABLE POWER MANAGER (CPM) ...ttt e e 19
FO.1  FALUIES ...eeteteeiieee ettt ettt e e oo ettt e e oo oot et e e e e e o e R e ettt e e e e e e e e e e et e e e e e nnnrrnn e e e e e e n e e 19
10.2  FUNCLONAI DESCHIPLION. ...t itiiie ittt e ettt e e st e e e st e e e sabe e e e e snbbeeeesbbeeeeaas 20
10.3  High-Voltage Supply Controller (HV-BUCK) .........ccoiiiiiiiiiiiiei et 20
10.4 Medium-Voltage Buck Regulator (MV-BUCK) ........cociiiiiiiiiiiiiiiee et 21
10.5  LINEAr REQUIALOIS ... . .eeiieiiieie ettt ettt e e st e e e st b e e e e aabb e e e e anbbeeeeanbneeeeaas 21
10.6  POWEI-UP SEBOUEBNCE ... .ciiiiiittiiie e ettt ettt ae s e e et e ettt e e e e e e aa bt e s e e et eeetea e s e e et eeetabnteeeeeessstnnnaeeeaaeenes 22
10.7  HIDEINAIE MOUE ...ttt et e st e e e s e e e e s e e e s arneeeea 22
10.8 Power and TemMPErature MONILOL ............uuuuuuureruiururererererernrerernrererereer.———————————————.—————————————————. 23
MO TV o] 1 v= 1o T= TN = 1= T = o o = 23
10.10 EleCtriCal Char@CleIISTICS .. .eviiitreieeitii ittt ettt e e e s es 24
10.11 Typical Performance CharaCteriStiCS .........couiiuuiiiiiiiei e 27
11 CONFIGURABLE ANALOG FRONT END (CAFE) ....uitiiiiiiiiiiieieeee et 28
B R T LU (PSP PP PR PPPRPRPRTRTN 28
S =1 (o o) g B =T | =10 PRSPPI 29
11.3  FUNCLONAI DESCHIPLION. ...t itiiiei ittt e et e e st e e e st e e e sabe e e e e snbbeeeesnaeeeeans 30

_2-
Rev 1.1

6-Jan-2018



active-semi’

Solufions for Sustainability Power Application Controller
11.4 Differential Programmable Gain AMPHfier (DA) ......c.uuiiiiree i e e e 30
11.5 Single-Ended Programmable Gain Amplifier (AMP) ........oouiiiiiiiieie e 30
11.6  General Purpose Comparator (CIMP) .......c.ueiiiiiiieiiiiiie ettt e st e e sbneee e 30
11.7  Phase Comparator (PHC) ...ttt ettt e st e e e sbre e e s annneeeeaa 30
11.8  Protection Comparator (PCMP) ........uuiii ittt ettt e e sbre e e e sbneee e 31
11.9  Analog OUtput BUFFEr (BUF) .......eeiiiiiiiiee ittt st e et e e snneee e 31
11.10 ANalog Front ENd 1/O (AlO) ......eiiiiiieeee ittt st e e e sbee e e e 31
11.11 PUSH BULEON (PBTIN) ...ciiiitiiiie ittt etttk e e s bt e e e s b e e e s ennn e e e s sanneeas 31
11.12 HP DAC AN LP DAC ... teiiie ittt ettt ettt s bttt e e st e e e s bt et e e s nbeeeesnnbbeaesnnneeeas 31
11.13 ADC Pre-MURIPIEXET ...cci i i e ettt e e e e e e e e st e e e e e e s s et e e e e e aeesesnnntanaeeeeeeenaanns 32
11.14 Configurable Analog Signal MatriX (CASM) ........cooviiiiiiiiii e 32
11.15 Configurable Digital Signal Matrix (CDSM) ........ccccviiiiiiiiiiie e 32
11.16 Low-Frequency CIOCK OULPUL.........cooe i 32
11.17 Cycle-by-cycle Current LiIMit .........coovvriiiiii e 32
11.18 LKL 000 01T = LU f =T o o] (= Tox £ o o 33
11.19 EleCtrical CharaCteriStiCS ... ..uiirreiieiiieee ettt e e s nnneees 34

12 APPLICATION SPECIFIC POWER DRIVERS (ASPD) ...uuuitiiiiiiiiiiiieeie e seeiiiieee e ssieineee e e 38
D R T LA E [ OO PP P PP PRRPPR 38
A =1 o o) [ B I =T | =10 B PO PP PP UPUPPPUUPPRP 38
12.3  FUNCLONAI DESCHIPLION. ... itiiiiiitiiie ettt e et e e st e e e s abr e e e e anbbeeeeabbeeeeans 38
12,4 LOW-SIAE GALE DIIVET ...ceiiiiiiiieiiiiiee ettt ettt ettt e ettt e e st bt e e e st bt e e e sabb e e e e abbeeeeabbeeeeaas 39
125  High-Side Gate DIIVET .....coueeeiiiiiiiee ettt ettt e et e e st et e e s sabb e e e e anbbeeeeabbeeeeaas 39
12.6  POWET DIIVEIS CONTIOL..cciiiiiiiiiiiiiiie ittt ettt e et e e e st b e e e sabe e e e e snbbeeeeabbeeaeaas 39
12.7  Gate Driver FAUlt ProtECHION. ........eiii ettt e e e ee e 40
12.8  EleCtrical CharaCleriSHCS .......cciiiuiiiiiiriiie ittt e e e e e e e e ee e 40

13 ADC WITH AUTO-SAMPLING SEQUENCER........cuititiiiiiiiiiiiiiiiieiiieieieisieietnieiebebereberereeeeeeeenenenenne 42
R O LY I T = o Tod S 0T Vo = o 42
R W o 1o F= L I T od 01T o 42

L13.2.1 A C ittt e b b Ef e EffE e ff 1 s f R £ s e s s f R e e bR e e b e b e e b e b e nnnee 42
13.2.2  AULO-SaMPIING SEQUENCET ....ueiiiiieiiiitiiei ettt ettt e e e e e e abb bt e e e e e e s anbebeeeeaaeaeannns 42
13.2.3  EMUX CONLIOL ...ttt e ettt e e e e e e e e bbb et e e e e e e e s anbnbeeeaaaeeeanns 43
13.3  EleCtrical CharaCleriStCS .. ...cciiiiiiii ittt et e e et e e et e e e e e eneeeean 44

14 MEMORY SYSTEM ....iiiiiiiiiiiiuiuiiitttueietateteterateeeaeeeeeeereeeeeeeeeeeeeeneeeseesessessesssssssssesssnsssnsnsnsnsnsnsssnsnnnnns 45
R T LU (PP P TP PR PP PRPTPRTRTT 45
14.2  Memory System BIOCK DIGQIAM .......cuuiiiiiiiiiei ittt e st e e s sbee e e s sbaeeeeans 45

-3-
Rev 1.1

6-Jan-2018



active-semi’

Solufions for Sustainability Power Application Controller
14.3  FUNCHONAI DESCIIPIION. . .eiiee ettt e e e e e et e e e e e e s e e e e e e s s st e e e e e e s e asastnreeeeeeesesannnnnaeneeaeneaanns 45
14,4  Program FLASH ...t e e s e e e s et e e e 45
I [N O B o ] PP PP PR PRPRPRPRTRPRPN 45
G ST 2 N | PP PR PRPRTRPRTRRRN 46
I A S VY B B e (o] (=Tox 1 (o] PO PP PP PP P PPUPPPPUPPRPI 46
14.8  EleCtrical CharaCleriStCS ......cciiiiiiii ittt ettt e et e e et e e e e snnneeeeaa 46
15 SYSTEM AND CLOCK CONTROL ... 47
LI5.1  FAIUIES ...eitiiiiiiei e ittt e oottt e e e e et ettt e e e e et e e et e e e e e ettt e e e e e n e et e e e e e e 47
ST = 1 (o Tod QI 1T Vo |- o o PSSR a7
15.3  FUNCHONAI DESCIIPIION. . .eiiee ettt e e e e e et e e e e e s s e e e e e e s e st eeeeeeseannstnraeeeeeesesnsnnnnneneeaenssanns 48
15.3.1  Free-Running CIOCK (FRCLEK) .......uuuuuiuiiiiieiiiiieinieieieininieinrnrerernrnrnrnrnrnrernrernrnrsrnrnn.. 48
15.3.2  AUXIATY CIOCK (ACLK) ..vveeeeeeeieeeeeeeeeeseeeeeseeeteseseseeeeseseseesesetesesees et sees s eeeseeeeseseeeseseeeeas 48
ST 0 T [0 Tod q CT= 1oo 48
15.3.4  RING OSCIllAtOr (ROSC) ....uuuuiuiuiiiiiiiuiuinietuinteiernrerernrersreanrnrererernreeee.——.—————.————————————————————. 48
15.3.5  Trimmed 4MHZ RC OSCIllAOr .......c.eviiiiiiiiieiiieee et 48
15.3.6  EXternal CIOCK INPUL .........uuuuieieiiiiiiieiiiiiitierieieeeie e beeeraeeenrseeenesensnsassssenssensnsnsnrnnnnnnns 48
15.3.7 I PP PP PP PPPPPR PP 48
15.4  ElecCtrical CharaCleriStCS ......ccciiiiiiiiiiiiie ettt e st e e e sbn e e e abneeeeans 49
16 ARM CORTEX®-MO MCU CORE-.......oeteeeeiteteeeeeeeeeeeeeeeeee e et e ees et es et en e een e en s 50
T R T LT[ =T TP PP PP PP PRRPPP 50
T =1 o o) [ B =T | =10 B PO PPUPUPPPUTPPRP 50
16.3  FUNCLONAI DESCHIPLION. ... ittt ettt et e e e st e e e sbe e e e e sabbeeeesbbeeaeaas 50
16.4  ElecCtrical CharaCleriStCS ......coiiiiiiiiiiiiiee ettt et e e et e e e e aeneeeeaa 51
16.5 Typical Performance CharaCteriSHICS .........uuuuuuruiuiuruiuiiiiiuinierernierernrnrererernrnreere————————————————. 51
17 IO CONTROLLER ...ttt bbbtttk e et bnbebnbnres 52
L1710 FEALUIES ...ttt e e e et ee e e e s et bbb e et e e e e s e s et e e e e e e e rar e e e e 52
A = (o Tod S DT Vo = o 52
A T U Tox 1o = L I T od T 53
17.4  Electrical CharaCleriSHCS .......cciiiuiiiiiiriiie ittt et e e s e e e e arneee e 53
18 SERIAL INTERFACE ... 54
T R = (o Tod 1 BT To | =10 PP PRSP PRPPPR 54
18.2  FUNCLONAI DESCIIPLION. ...ci ittt ittt ettt e e e sttt e e e st e e e snbe e e e e snbbeeeeanbeeeeans 55
TR T i O3 7 111 7o) L= OO 55
I U 7Y = I o] o1 7] 1= PRI 55
L18.5  SPICONMIOIET ...ttt ettt e e ettt e e e st e e e sabb e e e e s be e e e e anbee e e e anbeeeeeanbaeeaean 55
-4-
Rev 1.1

6-Jan-2018



active-semi’

Solufions for Sustainability Power Application Controller

18.6  DyNamiC CharaCteriStICS .......ccccuuviiiiiie e i s e e e s e e e e e s e e e e e e s e s sba e e e e e e e s s snnnteneeneeeeeesanns 56

19 BT = S TP PRPPPRPRPRPRPRPTN 60

e T R =1 o o) QDI =T [ =10 BT PO PP PO PP PPUPPPPRPPRPT 60

19.2  FUNCLONAI DESCHIPLION. ....iitieiiiitee ettt e et et e e e st e e e e e sabe e e e e snbbeeeeanneeeeaas 61

I B R I o 1= NPT OTPRRPRR 61

B I o 1= o = SRR OTPRRPR 61

B T I o =] G PR OPRRPRR 62

B S I o 1= o I T PP PRRPR 62

L B ST V1Y - (o o Vo [ Yo T I = SR PUSRRR 62

19.2.6  SOC BUS WaALChAOG TIMEL .....uueiieeeiiiiiiiiiiiee e e e s sttt e e e s s st e e e e e e s s st e e e e e e e s snnrnrneeeaeeenannns 62

S V- (= T o I o 2T 62

19.2.8  REAIFTIME CIOCK ... .etiiiiiriiieiiie ettt e e e e s e e e e e e e e e nnes 62

20 THERMAL CHARACTERISTICS ...ttt teteieestseste s tse s bs s sstsenssbs s snsssnsnsnsnssnnrnnnne 63

21 APPLICATION EXAMPLES ...ttt et st ts s es e be s s bs s s s snesbnennnenenne 64

22 PACKAGE OUTLINE AND DIMENSIONS ... ..outiiitiiitiiiiiiiririiiiiiireieeerernrerersreeerererersrsrnraenenrnenenenrnee 65

22.1 51L 8x8 QFN Package Outline and DIMENSIONS .......ccccieieiiii i 65

23 [T I [N @] 1Y N [ PP 66
_5-

Rev 1.1

6-Jan-2018



active-semi’

Solutions for Sustainability Power Application Controller

LIST OF TABLES

Table 10-1 High-Voltage Buck Controller Electrical CharaCteristiCS...........uuiiiiiiiiiiiiiiiiiiee e 24
Table 10-2 Medium-Voltage Buck Controller Electrical CharacterisStiCs ..........cccccviiiiiiiiiiieiiiiiiiieieeee e 25
Table 10-3 Linear Regulators Electrical CharaCteriStiCS ..........ocuiiiiiiiiiiiiiiieee e 26
Table 11-1 Differential Programmable Gain Amplifier (DA) Electrical Characteristics (AlO<5:0>) ............ 34
Table 11-2 Single-Ended Programmable Gain Amplifier (AMP) Electrical Characteristics (Al0<9:6>).....34
Table 11-3 General Purpose Comparator (CMP) Electrical Characteristics (AIO<9:6>) .........cccccvveeeeennns 35
Table 11-4 Phase Comparator (PHC) Electrical Characteristics (AIO<9:6>) ........cccccviveeeeeeiiiiiiiiiieeeee e 35
Table 11-5 Special Mode Electrical Characteristics (AIO<9:7>)..uuuuiiieeiiiiiiiiie et e e e e 35
Table 11-6 Special Mode Electrical CharacteriSticS (AlOB) .........ccuiiuuiiiiiiiiieeiiieee et 35
Table 11-7 Analog Front End (AlO) Electrical Characteristics (AlO<9:0>).....cccuiiiiiiiiiiiiiiieeeiiiiiieeeee e 36
Table 11-8 Push Button (PBTN) Electrical CharacteristicsS (AIOB) .........cocueiieiiiiiieiiiiiee e 36
Table 11-9 HP DAC and LP DAC Electrical CharacCteristiCS...........uuuieeiiiiiiiiiiiiieeeiiiiiiiineee e e srinieeee e e e 36
Table 11-10 Low-Frequency Clock OULPUL (CLKOUT) .....uuiiiiiiiiieee ittt ettt ee e 36
Table 11-11 Temperature ProteCtiON ........cocveiiiiiiieie e 37
Table 12-1 Power Driver Resources by Part NUMDbDErS..........cccccoviiiiiiiee 39
Table 12-2 Microcontroller Port and PWM to Power Driver Mapping ........cccovvvvviviiiiiieeeeeeeeeeeeeee 40
Table 12-3 Power Driver Propagation Delay ..o 40
Table 12-4 Gate Driver Electrical CharaCteriStCS .........uuueiiieaiiiiiiiieeie et e e e 40
Table 13-1 ADC and Sequencer Electrical CharacteristiCS ..........ccovvvvveiiiiiiiiiee e, 44
Table 14-1 Memory System Electrical CharaCteriStiCS .........c.oiiiiiiiiiiiiiiiee e 46
Table 15-1 CCS Electrical CharaCteriSTICS ... .uuuuiieeiiiiiiiieiie e e i e ieiiiee et e e e s st e e e e e s s st eeaeesessnenneeeeeeeeeannns 49
Table 16-1 MCU and Clock Control System Electrical Characteristics ..........cccccevviviiiiiiiieeeeiiiiieieee e 51
Table 17-1 10 Controller Electrical CharaCteriStiCS ........uuuuieeiiiiiiiiiiieie e e e e sseeeeeee e e e e e enes 53
Table 18-1 Serial Interface DynamiC CharaCteriStCS.........uuvviiiiiiiiiiiiiie e 56
Table 18-2 I°C DyNamicC CharaCteriStiCS ....ccoeieieieie e 57
Table 18-3 SPI Dynamic CharacteriStiCS ........cvcviiiiiiiiiiii e 59
Table 20-1 Thermal CharaCteriStICS .........oiuuuiiiiiie et e e e e e s b ebeeee e e e e e aaes 63
-6-
Rev 1.1

6-Jan-2018



active-semi’

Solutions for Sustainability Power Application Controller

LIST OF FIGURES

Figure 10-1 CPM BIOCK DIBGIAIM ......ceiiiiiiieiiiiiteiiieee ettt et ettt e e s asbb e e s e e e s anbe e e s ab b et e s anbe e e e anbneeesanees 19
Figure 10-2 HV-BUCK EXAQMPIE .. ..oiiiiiiiiiieiee ettt ettt et s e e e e e e 20
Figure 10-3 MV-BUCK Switching Regulator EXample ..........cc.eeioiiiiiiiii e 21
Figure 10-4 Linear Regulators EXAMPIE ....c.ccciiiiiiiiiieeie et e e st e e e e e s s e e e e e e s st e e e e e e e e s e nrnneees 21
Figure 10-5 POWEI-UP SEQUEINCE ........cuiviiiiieeeiiiiiitieeeee e e s s siteeeeeeeeesassataaeeaaeeesasantaseeeaeeesaasntaseeaaeeesannsnsnnes 22
Figure 10-6 VDDIO LDO Voltage VS. CUIMENL.........uuiiiieeeiiiiiieiieeee e e sesiiiteee e e e e e s s sanraeeeese e s s snnnnrneeeeaeessnnnsnnnees 27
Figure 10-7 VCC33 LDO VOItage VS. CUITENL.......uuiiiieieeeiiciiieiieeee e e sestite e e e e e e s s sanbae e e s e e e s s snnbaeeeeeeessnnnnnnnnes 27
Figure 10-8 VCORE LDO Volage VS. CUIMENL........uuiiiieeiiiiiiiiiieeee e e sesiiiteee e e e e e s s santaeeeeseessssnnnnnneeeeeessnnnsnsenes 27
Figure 11-1 Configurable ANalog FroNt ENG .........c.eiiiiiiiioiiiie it 29
Figure 12-1 Application SPecCific POWET DIVEIS ........cociiiiiieiiiiie ittt 38
Figure 12-2 Typical Gate DrVEr CONNECHIONS .........uiieiiiiiieiiiiie ettt s b e e anbe e e e eees 39
Figure 13-1 ADC with AutO-Sampling SEQUENCET ......cocuuuiiiiiiiie ettt e e 42
FIGUIE 14-1 MEIMOTY SYSTEIM ....iiiiiiiiiie ittt ettt ettt e ettt e s e b bt e s aa bt et e e e bt e e e aabbe e e s anbe e e e enebeeeeenees 45
[ Lo U (SR T RO [ Yo Q@ 1 0 IS V] (] S 47
Figure 16-1 ARM COrteX®-MO MICTOCONITONET COTE.......veeeeeeeeeeeeeee e ee et en e en e 50
Figure 16-2 MCU Performance CharaCteriStICS ......uuuuuuuuuuuiuiuiuiuiuieiuieiernrnierernrnrnrnininrnrnrnern—————. 51
Figure 17-1 10 Controller BIOCK DIAQram...........uuuuueruiuruieruiuieieiniuiernrernrnrnrerernrnrnrnnrnen.——————————————. 52
Figure 18-1 Serial Interface BIOCK DIGQIamM ...........uuuuuuuuieiuiiiiiiieiuiurnreieierniernrnrernrenrnree—————————————————. 54
Figure 18-2 12C TiMING DIAGIAM «...v.veeeeeeeeeeeeeeeeeeeeeeee et e eseeeeeeeee e e eeeeee et et s e eeeeesee s seee et ee et en e e eeeeeeeeeneneeees 58
Figure 18-3 SPI TIMING DIAGIAIM .....ooiiiiiiiiiiiiiii ettt st e s sb b e e s e bb e e e s nbneeeeanees 59
Figure 19-1 PWM Timers BIOCK DIBOIAIM .......uuiiiiiiiiieiiiiiie ittt ettt sttt ettt e s e e e sebee e e eneee 60
Figure 19-2 SOC Bus Watchdog and Wake-Up TIMEr .......coouiiiiiiiiieiiie e 61
Figure 19-3 Real-Time Clock and Watchdog TIMET .........oooiiiiiiiiiiie et 61
Figure 19-2 3-Phase Motor Using PAC5232 (Simplified Diagram).........ccccoouuuireiiiiiie e 64
_7-
Rev 1.1

6-Jan-2018



active-semi’

Solutions for Sustainability Power Application Controller

1 GENERAL DESCRIPTION

The PAC5232 is a Power Application Controller® (PAC) product that is optimized for high-speed motor
control and driving. The PAC5232 integrates a 50MHz ARM Cortex®-MO 32-bit microcontroller core with a
highly-configurable Power manager, Active-Semi’s proprietary and patent-pending Configurable Analog
Front-End™ and Application Specific Power Drivers™ to form the most compact microcontroller-based
power and motor control solution available.

The PAC5232 microcontroller features 32kB of embedded FLASH and 8kB of SRAM memory, a 1IMSPS
analog-to-digital converter (ADC) with programmable auto-sequencer, 3.3V/5V 10O, flexible clock control
system, PWM and general-purpose timers and several serial communications interfaces.

The Configurable Power Manager (CPM) provides “all-in-one” efficient power management solution for
multiple types of power sources. It features a configurable high-voltage switching supply controller
capable of operating a buck converter, a configurable medium-voltage switching regulator, and four linear
regulated voltage supplies. The Application Specific Power Drivers (ASPD) are 180V power drivers
designed for half bridge, H-bridge, 3-phase, and general purpose driving. The Configurable Analog Front
End (CAFE) comprises differential programmable gain amplifiers, single-ended programmable gain
amplifiers, comparators, digital-to-analog converters, and 1/Os for programmable and inter-connectible
signal sampling, feedback amplification, and sensor monitoring of multiple analog input signals.

SERIAL PWM CONFIGURABLE
INTERFACE ENGINE POWER MANAGER
4 16-bit Timers HV DC/DC Buck
UART, SPI Up to 16 Channels MV DC/DC Buck
12C HW dead-time control Linear
10ns resolution Regulators
50MHz ARM CORTEX-MO0 APPLICATION
MICROCONTROLLER CORE + MEMORY SPECIFIC
32kB FLASH, 8kB SRAM POWER DRIVERS
HW Multiply High-Side &
NVIC Low-Side Gate
24-bit SysTick, WDT Drivers
24-bit GP Timer
CONFIGURABLE ANALOG
DATA ACQUISITION
AND SEQUENCER FRONT-END
Differential PGAs
10-bit AIMSPS ADC Single-Ended PGAs
Auto-Sequencer Comparators
Internal Reference DACs (10-bit, 8-bit)
Temperature Monitor

The PAC5232 is available in a 51-pin, 8x8mm TQFN package.

-8-
Rev 1.1
6-Jan-2018



active-semi”’

Solutions for Sustainability

Power Applicat

ion Controller

PAC® FAMILY APPLICATIONS

®  Garden Tools
B Telecom Fans
®  Light Electric Vehicle

®  Battery Powered Motor Controllers and Drivers from 48VC — 120VDC

SPI/I2C/UART ~@——~———» SERIAL PWM CON;;)G‘I‘;S;BLE - >
INTERFACE ENGINE

MANAGER

—
50MHz ARM CORTEX-MO AF;F:':ESIAF-I;:?N
MICROCONTROLLER CORE & POWER

MEMORY DRIVERS

A
DATA
MONITORING ACQUISITION CONFIGURABLE ANALOG
7 . AND FRONT-END
SIGNALS SEQUENCER
[t

\ BUCK

L L
_OrL__TTL

...........
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3

PRODUCT SELECTION SUMMARY

APPLICATION
POWER CONFIGURABLE
MANAGER ANALOG FRONT END SPE(I;IIE:\(;EPROSWER MCU APPLICATION
PART PIN ol x = h o = =
NUMBER PKG 2 < © S| 9 g g Ylalsg s
= o| o < = ) x z S | 2| x Q
o |lala|g|lae|lel<| 2 a < = -|e| ©
Sluilol<c| < || 2 i o |52 -
> 1 8|lk|e|z|28|c| b | & O w|l2|<|o| <
> 5 2 9l ¢ 2| £ |§|2|5 z
z o < 2| & |°© &
3 UART 3 half-bridge
(lz‘i) SpI 3 phase control
51L 8x8 25V- 6@VP
PAC5232 QFN 160V Y 3 4 |10 | 2 9 | 180V Hss e@vccio | 50 | 32 | 8 | 29 sI\ZNCD BEME
A Trapezoidal or
@A) FOC
Notes: DIFF-PGA = differential programmable gain amplifier; HS = high-side, LS = low-side, PGA = programmable
gain amplifier, VSRC = Bootstrap Voltage Source
PART NUMBER LGN PACKAGE PINS PACKING
RANGE
PAC5232QX -40°C to 105°C 51L 8x8 QFN 51 + Exposed Pad Tray
-10-
Rev 1.1

6-Jan-2018




active-semi’

Solutions for Sustainability

Power Application Controller

5

5.1

FEATURES

Feature Overview

= Configurable Power Manager

o

High-voltage buck switching supply
controller

®  Input Voltage: 25V — 160V

®  Configurable Output Voltage: 12V or
15V

5V medium-voltage switching supply

regulator

3 Linear regulators with power and

hibernate management

Power and temperature monitor,

warning, fault detection

= Proprietary Configurable Analog Front-
End

@)
@)

@)

10 Analog Front-End IO pins

3 Differential Programmable Gain
Amplifiers

4 Single-ended Programmable Gain
Amplifiers

Programmable Over-Current Protection
10 Comparators

2 10-bit DACs

= Proprietary Application Specific Power
Drivers

o

3 180V high-side gate drivers with 2A
gate driving capability

3 low-side gate drivers with 2A gate
driving capability

Configurable propagation delay and fault
protection

= 3.3VI0os

@)

2 general-purpose I/Os with tri-state and
dedicated analog input to ADC

= True5V I/Os

o

11 general-purpose I/Os with tri-state,
pull-up, pull-down and dedicated I/O
supply

Configurable as true 5V or 3.3V I/Os

=  50MHz ARM® Cortex®-MO0 32-bit
Microcontroller Core

o

Single-cycle 32-bit x 32-bit hardware
multiplier

o Integrated sleep and deep sleep modes

o Nested Vectored Interrupt Controller
(NVIC) with 20 Interrupts with 3 levels of
priority

o 24-Bit SysTick Timer

o Wake-up Interrupt Controller (WIC)
allowing power-saving sleep modes

o Clock-gating allowing low-power
operation

= Memory
o 32kB FLASH
o 8kB SRAM

= Analog to Digital Converter (ADC)

@)

@)

@)

10-bit resolution

1IMSPS

Dual Programmable ADC Auto-
Sequencers

= Flexible clock and PLL from internal
1.25% oscillator, ring oscillator, external
clock or crystal

= 9 Timing Generators

o

O O O O O

Four 16-bit timers with up to 16 PWM/CC
blocks and 7 independent dead-time
controllers

24-bit watchdog timer

4s or 8s watchdog timer

24-bit real time clock

24-bit SysTick timer

Wake-up timer for sleep modes from
0.125s to 8s

= SPI, I12C, and UART serial communication
interfaces

= SWD debug interface with interface
disable function
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6 ABSOLUTE MAXIMUM RATINGS

The table below shows the absolute maximum ratings for this device.

To prevent damage to the device, do not exceed these limits. Exposure to the absolute maximum rating
conditions for long periods of time may affect device reliability.

The device is not guaranteed to function properly outside of the operating conditions.

PARAMETER VALUE UNIT

VM to VSS -0.3to 160 \%
BST to VSS -0.3to 180 \%
BST to SRC -0.3t0 20 \%
SRC to VSS -10to VM + 15 \%
DRM to SRC -0.3to BST +0.3 \%
VP to VSS -0.3t0 20 \%
SW to VSS -0.3toVp +0.3 \%
CSMto VP -0.3t0 0.3 \%
VSYS to VSS -0.3t0 6 \%
AlO<9:7>, AlO<5:0>, VCCIO, AIO6 to VSS -0.3t0 Vsys + 0.3 \%
PD<x>, PE<x>to VSS -0.3to Veeio +0.3 \
PC<x>to VSS -0.3t0 Vcess + 0.3 \%
VCC33to VSS -0.3t04.1 \%
VCORE to VSS -0.3t0 2.5 \%
DRLO, DRL1, DRL2 to VSS -0.3toVp +0.3 \%
DRB3, DRB4, DRB5 to VSS -0.31t0 180 \%
DRS3, DRS4, DRS5 to VSS -10to VM + 15 \%
DRB3 to DRS3, DRB4 to DRS4, DRB5 to DRS5 -0.3t0 20 \%
DRH3 to DRS3, DRH4 to DRS4, DRH5 to DRS5 -0.3 t0 Vprex + 0.3 \%
VSS RMS Current' 0.2 Arus
Operating temperature range -40 to 105 °C

Human body model (JEDEC) 2 kv
Electrostatic Discharge (ESD)

Charge device model (JEDEC) 1 kv
! peak current may be 10 times higher than the RMS value for pulses shorter than 10ps.
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/7 ARCHITECTURAL BLOCK DIAGRAM

SWDIO, SWDCL

PWMBXx, PWMCx,
PWMDx

PCx, PDx, PEx

UARTRX,
UARTTX

SPICSX,
SPIMISO,
SPIMOSI, SPICLK

12CSCL, I12CSDA

32kB FLASH

16kB SRAM

CLOCK
CONTROL

GPIO (15)

SYSTEM
CONTROL

VM
HIGH BST
- |—> DRM
VOLTAGE SRC
BUCK SUPPLY iy
VP
ARM MEDIUM W
CORTEX-MO VOLTAGE
VSYS
CORE REGULATOR
VCCIO
LINEAR VCORE
REGULATORS vees
TIMERS (4)
PWM/CC (14)
DRBx
DRHx
DEAD TIME DRSx
(7)
DRLx
WATCHDOG
AMPx/
CMPx/
PHCx
DAXP/
PCMPx
DAXN
ADC ADXx
j{¢—> AIOX
— BUF6
AUTO [é—— PBTN
SAMPLING
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8 PIN CONFIGURATION

8.1 PAC5232QX Pin Configuration (51L SLP 8x8 mm Package)

PD4/PWMD1
PD3/PWMA5/PWMA7/PWMB1
PD2/PWMA3/PWMA4/PWMBO

PD1/SWDCL/EXTCLK
PDO/SWDIO
PEO/SPICLK
PE1/SPIMOSI/UARTTX
PE2/SPIMISO/UARTRX
PE3/SPICSO/nRESET1
PE4/SPICS1/12CSCL
PE5/SPIOCS2/12CSDA
VCCIO

VCORE

PC3/AD3
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9 PIN DESCRIPTION

9.1 Power and Ground Pin Description

PIN NAME

PIN
NUMBER

TYPE

DESCRIPTION

VCCIO

12

Power

Internally generated digital 1/0 3.3V power supply. Connect a 2.2uF or
higher value ceramic capacitor from Vccio t0 Vssa.

VCORE

13

Power

Internally generated digital 1/0 1.8V power supply. Connect a 2.2uF or
higher value ceramic capacitor from Vccis to Vssa.

VCC33

16

Power

Internally generated 3.3V power supply. Connect to a 2.2uF or higher
value ceramic capacitor from Vccss t0 Vssa.

VSS

24

Power

Ground.

VM

34

Power

High-Voltage Buck Regulator supply controller input. Connect a high
value electrolytic capacitor in parallel with a 0.1uF ceramic capacitor
from VM to VSS. This pin requires good capacitive bypass to Vss, SO
the ceramic capacitor must be connected with a shorter than 10mm
trace from the pin.

BST

35

Power

High-Voltage Buck Regulator bootstrap input. Connect a 2.2uF or
higher value ceramic capacitor from BST to SRC with a shorter than
10mm trace from the pin.

DRM

36

Power

High-Voltage Buck Regulator Switching supply driver output. Connect to
the gate of the external power N-channel MOSFET.

SRC

37

Power

High-Voltage Buck Regulator Source. Connect to the source of the
high-side power MOSFET of the high-voltage buck regulator.

VP

42

Power

Main power supply. Provides power to the power drivers as well as
voltage feedback path for the switching supply. Connect a properly
sized supply bypass capacitor in parallel with a 10uF ceramic capacitor
in parallel with a 100uF aluminum capacitor from Vp to Vss for voltage
loop stabilization. If the switching frequency of the HV-BUCK is >=
200kHz, then the 100uF aluminum capacitor can be replaced with 47uF,
but the efficiency will be worse.

This pin requires good capacitive bypassing to Vss, so the ceramic
capacitor must be connected with a shorter than 10mm trace from the

pin.

CSM

43

Power

High-Voltage Buck Regulator Switching supply current sense input.
Connect to the positive side of the current sense resistor.

SwW

47

Power

Switch node for the medium-voltage buck regulator.

VSYS

48

Power

5V System power supply. Connect to a 22uF/6.3V (20%) or higher
ceramic capacitor from Vsys to Vss.

EP (VSS)

EP

Power

Exposed pad. Must be connected to Vss in a star ground configuration.
Connect to a large PCB copper area for power dissipation heat sinking.

9.2  Signal Manager Pin Description

PIN
PIN NAME NUMBER FUNCTION TYPE DESCRIPTION
CLKOUT 17 CLKOUT o) I(_sc:DV\I/(—jfrequency clock reference output (250Hz — 2kHz), or
AIOO 110 Analog front end 1/0O 0.
AIOO 18
DAON Analog Differential PGA 0 negative input.
AlO1 110 Analog front end 1/0O 1.
AlO1 19
DAOP Analog Differential PGA 0 positive input.
AIO2 110 Analog front end 1/0 2.
AlO2 20
DA1IN Analog Differential PGA 1 negative input.
AIO3 21 AIO3 110 Analog front end 1/0O 3.
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DA1P Analog Differential PGA 1 positive input.
AlO4 110 Analog front end 1/O 4.

AlO4 22 - - —
DA2N Analog Differential PGA 2 negative input.
AlO5 110 Analog front end 1/O 5.

AlO5 23 - - —
DA2P Analog Differential PGA 2 positive input.
AlO6 110 Analog front end 1/O 6.
AMP6 Analog PGA input 6.

AlO6 38 CMP6 Analog Comparator input 6.
BUF6 Analog Buffer output 6.
PBTN Analog Push button input.
AIO7 110 Analog front end 1/0 7.
AMP7 Analog PGA input 7.

AlO7 44
CMP7 Analog Comparator input 7.
PHC7 Analog Phase comparator input 7.
AlO8 110 Analog front end 1/O 8.
AMP8 Analog PGA input 8.

AlO8 45 -
CMP8 Analog Comparator input 8.
PHC8 Analog Phase comparator input 8.
AlO9 110 Analog front end 1/O 9.
AMP9 Analog PGA input 9.

AIO9 46
CMP9 Analog Comparator input 9.
PHC9 Analog Phase comparator input 9.

9.3 Driver Manager Pin Description

PIN
PIN NAME NUMBER TYPE DESCRIPTION
DRS3 25 Analog High-side gate driver source 3.
DRH3 26 Analog High-side gate driver 3.
High-side gate driver bootstrap 3. Connect a 1pF or higher value
DRB3 27 Analog ceramic capacitor from DRB3 to DRS3 with a 10mm or shorter trace
from the pin.
DRS4 28 Analog High-side gate driver source 4.
DRH4 29 Analog High-side gate driver 4.
High-side gate driver bootstrap 4. Connect a 1pF or higher value
DRB4 30 Analog ceramic capacitor from DRB4 to DRS4 with a 10mm or shorter trace
from the pin.
DRS5 31 Analog High-side gate driver source 5.
DRH5 32 Analog High-side gate driver 5.
High-side gate driver bootstrap 5. Connect a 1uF or higher value
DRB5 33 Analog ceramic capacitor from DRB5 to DRS5 with a 10mm or shorter trace
from the pin.
DRLO 39 Analog Low-side gate driver 0.
DRL1 40 Analog Low-side gate driver 1.
DRL2 41 Analog Low-side gate driver 2.
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9.4 1/0O Ports Pin Description

PIN 2
PIN NAME NUMBER FUNCTION TYPE DESCRIPTION
PD4 110 1/0O port DA4.
PD4 1
PWMD1 110 Timer D PWM/capture 1.
PD3 110 1/0O port D3.
PWMAS5 110 Timer A PWM/capture 5.
PD3 2
PWMA7 110 Timer A PWM/capture 7.
PWMB1 110 Timer B PWM/capture 1.
PD2 I{e] I/0 port D2.
PWMA3 110 Timer A PWM/capture 3.
PD2 3 -
PWMA4 110 Timer A PWM/capture 4.
PWMBO 110 Timer B PWM/capture 0.
PD1 110 I/O port D1.
PD1 4 SWDCL | Serial wire debug clock.
EXTCLK | External clock input.
PDO 110 1/0O port DO.
PDO 5
SWDIO 110 Serial wire debug I/0.
PEO 110 1/0O port EO.
PEO 6
SPICLK 110 SPI clock.
PE1 110 I/O port E1.
PE1 7 SPIMOSI 110 SPI master out, slave in (MOSI)
UARTTX (0] UART transmit output.
PE2 110 1/O port E2.
PE2 8 SPI MISO 110 SPI master in, slave out (MISO)
UARTRX | UART receive input.
PE3 110 1/O port E3.
PE3 9 SPICSO (0] SPI chip select 0.
nRESET1 | Reset input 1.
PE4 110 1/O port E4.
PE4 10 SPICS1 (0] SPI chip select 1.
12CSCL I[e] 12C clock
PE5 110 1/0O port E5.
PES 11 SPICS2 (0] SPI chip select 2.
12CSDA I{e] 12C data.
PC3 I{e] I/0 port C3.
PC3 14
AD3 Analog ADC input 3.
pPC2 I{e] I/0 port C2.
PC2 15
AD2 Analog ADC input 2.

% For a full description of all of the pin configurations for each digital 1/0, see the PAC5232 User Guide for
the Peripheral MUX.
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PD7 110 1/0O port D7.
PD7 49 PWMA6 110 Timer A PWM/capture 6.
PWMDO 110 Timer D PWM/capture 0.

PD6 lfe} 1/0 port D6.
PD6 50 PWMA7 110 Timer A PWM/capture 7.
PWMB1 110 Timer B PWM/capture 1.

PD5 lfe} 1/0 port D5.
PD5 51 PWMAS5 110 Timer A PWM/capture 5.
PWMC1 110 Timer C PWM/capture 1.
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10 CONFIGURABLE POWER MANAGER (CPM)

10.1 Features

Figu

V

160V Buck DC/DC Controller (HV Buck)
o 25V -160V input

5V Switching Regulator (MV Buck)
3 linear regulators with power and hibernate management, including Vggr for ADC
Power and temperature monitor, warning, and fault detection

re 10-1 CPM Block Diagram

CLAMP
COMP & START UP &
CURR LIMIT MODE CTRL
X BST

+
PWM
e VOLTAGE N DRM
POWER X SRC
OK & OVP

X CsM

o CURR
SENSE
COMP & START UP &
CURR LIMIT MODE CTRL

+
ERROR PWM
VSYS ] comp U SwW
+
VOLTAGE

VM

POWER
OK & OVP

SETTING

TIMERS 28viB0v
LINEAR LINEAR LINEAR =
REG REG REG
4 HIBERNATE

X X Y

VCCIO VCC33 VCORE
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10.2 Functional Description

The Configurable Power Manager (Figure 10-1) is optimized to efficiently provide “all-in-one” power
management required by the PAC® and associated application circuitry. It incorporates a high-voltage
power supply controller that is used to convert power from a DC input source to generate a main supply
output Vp. There is also an integrated medium-voltage buck DC/DC regulator to generate Vsys.

Three other linear regulators provide Vccio, Vccss, and Veore supplies for 3.3V 1/0, 3.3V mixed signal, and
1.9V microcontroller core circuitry. The power manager also handles system functions including internal
reference generation, timers, hibernate mode management, and power and temperature monitoring.

10.3 High-Voltage Supply Controller (HV-BUCK)

The PAC5232 contains a High-Voltage Supply Controller for a Buck DC/DC. This power supply is used to
supply the various regulators in the PAC5232, as generating the Vp gate drive voltage for the Application
Specific Driver Manager (ASPD).

The HV-BUCK controller drives an external power MOSFET for pulse-width modulation switching of an
inductor or transformer for power conversion. The VM is the HV-BUCK supply controller input. The DRM
output drives the gate of the N-CH MOSFET between the Vmon state and Vss off state at proper duty
cycle and switching frequency to ensure that the main supply voltage Veis regulated. The gate of the
high-side power MOSFET is connected to the DRM pin and the source of the high-side power MOSFET is
connected to SRC.

The Veregulation voltage is initially set to 12V during start up, and can be reconfigured to be 15V by the
microcontroller after initialization. When Ve is lower than the target regulation voltage, the internal
feedback control circuitry causes the inductor current to increase to raise Ve. Conversely, when Vris
higher than the regulation voltage, the feedback loop control causes the inductor current to decrease to
lower Vp. The feedback loop is internally stabilized. The output current capability of the switching supply is
determined by the external current sense resistor. The inductor current signal is sensed differentially
between the CSM pin and Ve, and has a peak current limit threshold of 0.2V.

Figure 10-2 HV-BUCK Example

PAC5232 VM "
oL 2
BST T
DRM g +

SRC
CSM
VP

VP ED
7

e
i

The switching frequency and output voltage of the HV-BUCK can be reconfigured by the MCU. The
switching frequency can be configured to be between 50kHz and 400kHz and the gate drive output
voltage can be configured to either 12V or 15V to work for a range of MOSFET or IGBT based inverters.
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The Rectifier Diode (Dr) must be a low QRR diode.

10.4 Medium-Voltage Buck Regulator (MV-BUCK)

The PAC5232 contains a Medium-Voltage Buck Switching Regulator that generates a 5V, 200mA supply
for the device, as well as PCB functions.

The SW pin is the switch node of the Buck regulator. The Power MOSFET is integrated, so connect this
pin to VSYS through an external inductor. The VSYS pin is the 5V regulator output, which should be
bypassed to ground.

Figure 10-3 MV-BUCK Switching Regulator Example

PAC5232 SW ™ >V
VSYs

I

1

The output of VSYS is fixed at 5V and the switching frequency is 1.33MHz. This regulator supplies at
least 200mA. This buck regulator offers better thermal and efficiency performance.

10.5 Linear Regulators

The CPM includes three additional linear regulators. VSYS supplies these three regulators. Once VSYS
is above 4.5V, these three additional 40mA linear regulators for VCCIO, VCC33, and VCORE supplies
sequentially power up.

Figure 10-4 Linear Regulators Example

PAC5232

VCC33
Z.ZHFJ_

VCCIO —_|_ I
4.7uF .
VCORE —_|4<7uF ;

VSS

d

The figure above shows typical circuit connections for the linear regulators. The VCCIO regulator
generates a dedicated 3.3V supply for 10. The VCC33 and VCORE regulators generate 3.3V and 1.9V,
respectively. When VSYS, VCCIO, VCC33, and VCORE are all above their respective power good
thresholds, and the configurable power on reset duration has expired, the microcontroller is initialized.*

® Note that the VCORE LDO may not have any addition load on it from the PCB. The only components
connected to VCORE should be a bypass capacitor to ground.
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10.6 Power-up Sequence

The CPM follows a typical power up sequence as in the Figure 10-5 below.

Figure 10-5 Power-Up Sequence

Vu
VP 15V
12v
Vsys
VSYS 4,547 v
—5 0.54—
ms Vcaio aav
VCCIO
Pose Veess .,
VCC33 Check
LDO
> 0.5, P OK V
VCORE " f CORE 1ov
0.5
- ms i
REFCLK | i
éd—lms—v
POR
MCU Initialization ‘ MCU Run ... ‘

A typical sequence begins with motor power supply (VM) being applied and rising to 25V. When VM rises
to 25V, the HV-BUCK controller is started and VP starts to rise. When VP rises over the UVLO rising
threshold, then there is a 1ms delay and then the MV-BUCK is enabled. When VSYS rises to 4.5V, then
there is a 0.5ms delay and the VCCIO LDO is enabled. Then there is a 0.5ms delay and the VCC33 LDO
is enabled. Then there is a 0.5ms delay and the VCORE LDO is enabled.

There is then a 0.5ms delay and the power good threshold of all LDOs is checked. If all are OK, then
there is an additional 1ms delay, then the POR signal is asserted to the MCU and it begins executing
firmware.

During the firmware initialization process, the MCU may change the VP output voltage setting from the
12V default to 15V.

10.7 Hibernate Mode

The IC can go into an ultra-low power hibernate mode via the microcontroller firmware or via the optional
push button (PBTN, see Push Button description in Configurable Analog Front End). In hibernate mode,
only a minimal amount (typically 19pA at 56V) of current is used by Vy, and the CPM controller and all
internal regulators are shut down to eliminate power drain from the output supplies. The system exits
hibernate mode after a wake-up timer duration (configurable from 125ms to 8s or infinite) has expired or,
if push button enabled, after an additional push button event has been detected. When exiting the
hibernate mode, the power manager goes through the start up cycle and the microcontroller is
reinitialized. Only the persistent power manager status bits (resets and faults) are retained during
hibernation.
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10.8 Power and Temperature Monitor

Whenever any of the Vsys, Vecios Veess, OF Veore power supplies falls below their respective power good
threshold voltage, a fault event is detected and the microcontroller is reset. The microcontroller stays in
the reset state until Vsys, Vecio, Veess, and Vecig supply rails are all good again and the reset time has
expired. A microcontroller reset can also be initiated by a maskable temperature fault event that occurs
when the IC temperature reaches 165°C. The fault status bits are persistent during reset, and can be
read by the microcontroller upon re-initialization to determine the cause of previous reset.

A power monitoring signal Vyon is provided onto the ADC pre-multiplexer for monitoring various internal
power Supplies. Vvon can be set to be Vcores 0.4*Veore, 0.4*Veess, 0.4*Vecio, 0.4¢Vsys, 0.14Vp, or the
internal compensation voltage Vcomp for switching supply power monitoring.

For power and temperature warning, an IC temperature warning event at 140°C are provided as a
maskable interrupt to the microcontroller. This warning allows the microcontroller to safely power down
the system.

In addition to the temperature warning interrupt and fault reset, a temperature monitor signal is provided
onto the ADC pre-multiplexer for IC temperature measurement.

This value has a compensation coefficient available in INFO FLASH that can be used to obatin an
accurate temperature. The parameter VT300K will be stored in INFO FLASH and will indicate the
compensation factor.

The temperature can then be obatined by the following formula:
Vreme_keLvin = 300 * (VM + 0.075) / (VT300K + 0.075)
For information on on the location of this temperature coefficient, see the PAC5232 User Guide.

10.9 Voltage Reference

The reference block includes a 1.2V high-precision reference voltage used internally and for all the LDOs.
There is also a high-accuracy 2.5V reference for the ADC Vggr on the MCU. There is also a 4-level
programmable threshold voltage Vrurer (0.1V, 0.2V, 0.5V, and 1.25V).
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10.10 Electrical Characteristics

Table 10-1 High-Voltage Buck Controller Electrical Characteristics

(Vm =30V, Vp =12V and T, = 25°C unless otherwise specified)

SYMBOL PARAMETER CONDITIONS MIN TYP | MAX UNIT

Hibernate mode, VM = 56V 19 26 HA
lhig:vm Vw hibernate mode supply current
Hibernate mode, VM = 80V 22.5 HA
VuvLorvm Vu UVLO rising 23 25 27 \%
VuviLor:vm Vu UVLO hysteresis 2 Vv
VRervp Vp output regulation voltage Set to 12V -5% 12 -5% Y,
Kpokr:ve Vp rising 91 %
Vp power OK threshold

Kpokr:vp Vp falling 87 %
Koverve Ve OV protection threshold Vp rising, blanking = 10us 130 %
toNMIN:DRM DRM minimum on time 90 200 300 ns
toFFMIN:DRM DRM minimum off time 390 600 | 1150 ns
Vuviorve Vp UVLO rising 10 \Y
Vuviorve Vp UVLO falling 8 Y,
Vesmium CSM current limit threshold -12% | 0.2 12% \%
Fs.orm Switching frequency ngaﬁtr)]%gg&&ng 45000kkl-|i|zz, 100kHz -5 5 %
|souRCE:DRM DRM output high source current 100 mA
Isink;DRM DRM output low sink current 200 mA
HV-BUCK inductor value 100 pH

Ibsc Discharge current 10 mA
Vym Motor voltage range 0 160 \%
Vsrevss SRC to ground range 10 V¥o+ v
Vsrevm SRC to VM range 10 \
VasT.vss BST to ground range 175 Y,
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Table 10-2 Medium-Voltage Buck Controller Electrical Characteristics

(Vm =30V, Vp =12V and T, = 25°C unless otherwise specified)

SYMBOL PARAMETER CONDITIONS MIN TYP | MAX UNIT
Vysys Vsys output voltage accuracy -3% 5 3% Vv
Fsw Switching frequency -5% | 1.33 5% MHz
lvsysiLim Vsys current limit 420 550 mA
Vsys > 3V 200 mA
lvsys Vsys output current
Vsys < 2.5V 100 mA
Rising 4.25 4.5 4.75 \
Vpok:vsys Vsys power OK threshold
Falling 4.2 Y,
Vsys power OK blanking delay 10 us
MV-BUCK inductor value Current rating of at least 750mA 68— 10 + H
20% 20% s
Rising 4.5 Y,
Vuviovsys Vsys UVLO
Falling 4.2 Y,
Rising 5.5 Y,
Vovpivsys Vsys OVP
Falling 5.2 \%
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Table 10-3 Linear Regulators Electrical Characteristics

(Ve =12V and T, = -40°C to 105°C unless otherwise specified)

SYMBOL PARAMETER CONDITIONS MIN TYP | MAX UNIT
Vceio Vccio output voltage Load = 1mA -3% 3.3 3% Y,
Vceio Vccio output voltage Load = 1mA -3% 3.3 3% Y
Veore” Vcore OUtpUt Voltage Load = 1mA 3% | 1.9 | 3% \Y

lLm:vecio Vceio current limit 40 65 mA
lumvecss Vecss current limit 40 65 mA
ILim:vcore Vcore current limit 40 65 mA
LDO current fold back 50 %
trok:BLANK Power OK blanking delay Vecio, Vecss, Veore 10 us
RpiscH Output discharge resistance LDO off 300 Ohm
Cvccio VCCIO stable output capacitance 1 4.7 uF
Cvccss VCC33 stable output capacitance 1 4.7 uF
Cvcore VCORE stable output capacitance 1 4.7 uF
Vpo:pok LDO power OK rising threshold Hysteresis = 10% 85 90 95 %
* Note that the VCORE LDO may not have any other loads. The only connection to the VCORE pin
should be a bypass capacitor to ground.
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10.11 Typical Performance Characteristics
(Ta = 25°C unless otherwise specified)
Figure 10-6 VDDIO LDO Voltage vs. Current

VDDIO Voltage vs. Current

1 1 2 2 a1
Current [mA)

Figure 10-7 VCC33 LDO Voltage vs. Current

VCC33 Voltage vs. Current

1
Current (mA)
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Figure 10-8 VCORE LDO Voltage vs. Current

VCORE Voltage vs. Current
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11 CONFIGURABLE ANALOG FRONT END (CAFE)

11.1 Features

® 10 Configurable Analog I/O signals
o Gain mode, comparator mode, /0O mode, special mode

® 3 High-Performance, Configurable Differential Amplifiers

® 4 High-Performance, Configurable Single-Ended Amplifiers

®  Two high-speed comparators with protection functions

®  Phase to phase, phase to center-tap modes

®  Bi-directional, asymmetric configurable comparator hysteresis
®  Push-button input for entering/exiting hibernate mode

®  Low-frequency Clock Output for safety applications
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11.2 Block Diagram

Figure 11-1 Configurable Analog Front End
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11.3 Functional Description

The device includes a Configurable Analog Front End (CAFE, Figure 11-1) accessible through 8 analog
and 1/O pins. These pins can be configured to form flexible interconnected circuitry made up of 3
differential programmable gain amplifiers, 4 single-ended programmable gain amplifiers, 4 general
purpose comparators, 3 phase comparators, 10 protection comparators, and one buffer output. These
pins can also be programmed as analog feed-through pins, or as analog front end 1/O pins that can
function as digital inputs or digital open-drain outputs. The PAC® proprietary configurable analog signal
matrix (CASM) and configurable digital signal matrix (CDSM) allow real time asynchronous analog and
digital signals to be routed in flexible circuit connections for different applications. A push button function
is provided for optional push button on, hibernate, and off power management function.

11.4 Differential Programmable Gain Amplifier (DA)

The DAXP and DAXN pin pair are positive and negative inputs, respectively, to a differential
programmable gain amplifier. The differential gain can be programmable to be 1x, 2x, 4x, 8x, 16x, 32X,
and 48x for zero ohm signal source impedance. The differential programmable gain amplifier has -0.3V to
2.5V input common mode range, and its output can be configured for routing directly to the ADC pre-
multiplexer, or through a sample-and-hold circuit synchronized with the ADC auto-sampling mechanism.
Each differential amplifier is accompanied by offset calibration circuitry, and two protection comparators
for protection event monitoring. The programmable gain differential amplifier is optimized for use with
signal source impedance lower than 500Q and with matched source impedance on both positive and
negative inputs for minimal offset. The effective gain is scaled by 13.5k / (13.5k + Rsource), Where
Rsource is the matched source impedance of each input.

11.5 Single-Ended Programmable Gain Amplifier (AMP)

Each AMPXx input goes to a single-ended programmable gain amplifier with signal relative to Vss. The
amplifier gain can be programmed to be 1x, 2x, 4x, 8%, 16x, 32X, and 48, or as analog feed-through. The
programmable gain amplifier output is routed via a multiplexer to the configurable analog signal matrix
CASM.

11.6 General Purpose Comparator (CMP)

The general purpose comparator takes the CMPx input and compares it to either the programmable
threshold voltage (Vrurer) O a signal from the configurable analog signal matrix CASM. The comparator
has OV to Vsys input common mode range, and its polarity-selectable output is routed via a multiplexer to
either a data input bit or the configurable digital signal matrix CDSM. Each general purpose comparator
has two mask bits to prevent or allow rising or falling edge of its output to trigger second microcontroller
interrupt INT2, where INT2 can be configured to active protection event PR.

11.7 Phase Comparator (PHC)

The phase comparator takes the PHCx input and compares it to either the programmable threshold
voltage (Vrurer) OF a signal from the configurable analog signal matrix CASM. The comparison signal can
be set to a phase reference signal generated by averaging the PHCx input voltages. In a three-phase
motor control application, the phase reference signal acts as a virtual center tap for BEMF detection. The
PHCx inputs are optionally fed through to the CASM. The PHC inputs can be compared to the virtual
center-tap, or phase to phase for the most efficient BEMF zero-cross detection.

_30_
Rev 1.1
6-Jan-2018



active-semi’

Solutions for Sustainability Power Application Controller

The phase comparator signals can also be configured to the other two phase comparators (between
AlO7, AIO8 and AlO9), to perform phase to phase comparisons.

The comparator blanking time is configurable. The blanking time configuration supports bi-directional and
asymmetric configurations, which enables hysteresis for rising and falling signals.

The phase comparator has 0V to Vsys input common mode range, and its polarity-selectable output is
routed to a data input bit and to the phase/position multiplexer synchronized with the auto-sampling
sequencers.

11.8 Protection Comparator (PCMP)

Two protection comparators are provided in association with each differential programmable gain
amplifier, with outputs available to trigger protection events and accessible as read-back output bits. The
HP comparator compares the amplifier output to the 10-bit HP DAC output voltage, with full scale voltage
of 2.5V. The limit protection (LP) comparator compares the differential programmable gain amplifier
output to the 10-bit LP DAC output voltage, with full scale voltage of 2.5V.

Each protection comparator has a mask bit to prevent or allow it to trigger the main microcontroller
interrupt INT1. Each protection comparator also has one mask bit to prevent or allow it to activate
protection event PR. These two protection events can be used directly by protection circuitry in the
Application Specific Power Drivers (ASPD) to protect devices being driven.

11.9 Analog Output Buffer (BUF)

A subset of the signals from the configurable analog signhal matrix CASM can be multiplexed to the BUF6
pin for external use. The buffer offset voltage can be minimized with the built-in swap function.

11.10 Analog Front End 1/O (AIO)

The PAC5232 has 10 AlOx pins that are available. In the analog front end 1/0O mode, the pin can be
configured to be a digital input or digital open-drain output. The AIOx input or output signal can be setto a
data input or output register bit, or multiplexed to one of the signals in the configurable digital signal

matrix CDSM. The signal can be set to active high (default) or active low, with Vsys supply rail. Where
AlOg 7 8.9 SUppoOrts microcontroller interrupt for external signals. Each has two mask bits to prevent or allow
rising or falling edge of its corresponding digital input to trigger second microcontroller interrupt INT2.

11.11 Push Button (PBTN)

The push button PBTN, when enabled, can be used by the MCU to detect a user active-low push button
event and to put the system into an ultra-low-power hibernate mode. Once the system is in hibernate
mode, PBTN can be used to wake up the system.

In addition, PBTN can also be used as a hardware reset for the microcontroller when it is held low for
longer than 8s during normal operation. The PBTN input is active low and has a 55kQ pull-up resistor to
3V.

11.12 HP DAC and LP DAC

The 10-bit HP DAC can be used as the comparison voltage for the high-speed protection (HP)
comparators, or routed for general purpose use via the AB2 signal in the CASM. The HP DAC output full
scale voltage is 2.5V.
-31-
Rev 1.1
6-Jan-2018



active-semi’

Solutions for Sustainability Power Application Controller

The 10-bit LP DAC can be used as the comparison voltage for the limit protection (LP) comparators, or
routed for general purpose use via the AB3 signal in the CASM. The LP DAC output full scale voltage is
2.5V.

11.13 ADC Pre-Multiplexer

The ADC pre-multiplexer is a 16-to-1 multiplexer that selects between the 3 differential programmable
gain amplifier outputs, AB1 through AB9, temperature monitor signal (Vtevp), power monitor signal
(Vmon), and offset calibration reference (Vger / 2). The ADC pre-multiplexer can be directly controlled or
automatically scanned by the auto-sampling sequencer.

When the ADC pre-multiplexer is automatically scanned, the unbuffered or sensitive signals should be
masked by setting appropriate register bits.

11.14 Configurable Analog Signal Matrix (CASM)
The CASM has 9 general purpose analog signals labeled AB1 through AB9 that can be used for:

®  Routing the single-ended programmable gain amplifier or analog feed-through output to AB1
through AB9

®  Routing an analog signal via AB1, AB2, or AB3 to the negative input of a general purpose
comparator or phase comparator

®  Routing the 10-bit HP DAC output to AB2
®  Routing the 10-bit LP DAC output to AB3
®  Routing analog signals via AB1 through AB12 to the ADC pre-multiplexer

®  Routing phase comparator feed-through signals to AB7, AB8, and AB9, and averaged voltage to
AB1

11.15 Configurable Digital Signal Matrix (CDSM)
The CDSM has 7 general purpose bi-directional digital signals labeled DB1 through DB7 that can be used
for:

®  Routing the AlIOx input to or output signals from DB1 through DB7
®  Routing the general purpose comparator output signals to DB1 through DB7

11.16 Low-Frequency Clock Output

The PAC5232 has a configurable low-frequency clock output. When enabled, the device will output a
250Hz, 50% duty cycle clock to the CLKOUT pin.

The supported clock frequencies are 250Hz, 500Hz, 1kHz or 2kHz.

11.17 Cycle-by-cycle Current Limit

The PAC5232 contains hardware support for cycle by cycle current limit. The user may configure this
feature to use the LPCOMP DAC as the current threshold. The CAFE will automatically perform duty
cycle truncation to lower current at any time the associated phase current is greater than the setting of the
LPCOMP DAC.
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11.18 Temperature Protection

The PAC5232 contains an internal temperature sensor that detects temperature warnings and faults.

When the device temperature reaches the temperature warning threshold (140°C), the device sets an
over-temperature warning condition. The user may configure a mask-able interrupt the MCU for this
condition.

When the device temperature reaches the temperature fault threshold (165 °C), the device is shut down.
There is no interrupt for this condition.

For more details on the register settings for over-temperature protection see the PAC5232 User Guide
and related application notes.
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11.19 Electrical Characteristics
Table 11-1 Differential Programmable Gain Amplifier (DA) Electrical Characteristics (AlO<5:0>)

(T = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX UNIT
Vicmr:pA Input common mode range -0.3 25 \%
lccoa Operating supply current Each enabled amplifier 150 pA
Vos:pa Input offset voltage Gain = 8x -8 8 mV
Kemrr:pa Common mode rejection ratio 50 80 dB
Slew rate Gain = 8x 10 V/us
RinpiF:pA Differential input impedance 27 kQ
tsTpA Settling time To 1% of final value 360 ns
Gain = 1x 1
Gain = 2x 2
Gain = 4x 4
Avzion ngr?)r%nrnt:r? Is%rzggi?r:lg:g]ance) Gain = 8x, Voap=Vpan=0V, Ta = 25°C -2 2 %
Gain = 16x 16
Gain = 32x 32
Gain = 48x 48
Table 11-2 Single-Ended Programmable Gain Amplifier (AMP) Electrical Characteristics (Al0<9:6>)
(Vsys =5V, Vceio = 3.3V and Ta = -40°C to 105°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX UNIT
Vicmr:AMP Input common mode range 0 Vsys Vv
lcc.amp Operating supply current Each enabled amplifier 80 120 LA
Vos.avp Input offset voltage Gain = 8x -10 10 mV
Slew rate Gain = 1x 10 Vius
tsT.AvP Settling time To 1% of final value 360 ns
VoLravp Output linear range 0.1 25 \%
Gain = 1x 1
Gain = 2x 2
Gain = 4x 4
Av.avp Amplifier gain Gain = 8%, Vawrx=125mV, T = 25°C -2 2 %
Gain = 16x 16
Gain = 32x 32
Gain = 48x 48
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tsT.AvP Settling time To 1% of final value 350 ns
Table 11-3 General Purpose Comparator (CMP) Electrical Characteristics (Al0<9:6>)
(T = -40°C to 105°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN TYP | MAX UNIT
Vicmr:cmp Input common mode range 0 Vsvs \%
lcc.omp Operating supply current Each enabled comparator 35 uA
Vos.cvp Input offset voltage -10 10 mV
Vhys:.cvp Hysteresis 22 mV
toeL.cme Comparator delay 1 us
toeumooecwe | Mode change blanking delay 10 us
Table 11-4 Phase Comparator (PHC) Electrical Characteristics (Al0<9:6>)
(Vsys =5V, Vceas = 3.3V and T = -40°C to 105°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX UNIT
VicmrpHC Input common mode range \%
lecpe Operating supply current Each enabled comparator 35 pA
Vos:pHc Input offset voltage -10 10 mV
Viys:pre Hysteresis 23 mV
toEL:PHC Comparator delay 10mV difference input 1 ps
Table 11-5 Special Mode Electrical Characteristics (Al0<9:7>)
(Ta = -40°C to 105°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX UNIT
VicMRr:speC Input common mode range 0 Vsvys \%
lcc:sPec Operating supply current Each enabled comparator 80 120 pA
AlO<9:7>HYS = 00b (0OmV) 0 mV
Comparator Hysteresis, AlIO<9:7>HYS = 01b (6mV) 4 6 8 mV
HYSMODE =0 AIO<9:7>HYS = 10b (12mV) 9 12 | 15 mv
AIO<9:7>HYS = 11b (24mV) 18 24 30 mV
Vhsys;spec
AlO<9:7>HYS = 00b (OmV) 0 mv
Comparator Hysteresis, AlO<9:7>HYS = 01b (24mV) 18 24 30 mv
HYSMODE =1 AIO<9:7>HYS = 10b (48mV) 36 | 48 | 60 mv
AlO<9:7>HYS = 11b (96mV) 72 96 120 mV
Table 11-6 Special Mode Electrical Characteristics (AlO6)
(Ta =-40°C to 105°C unless otherwise specified.)
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SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX UNIT

VicMRr:speC Input common mode range 0 Vsvs \%

lcc:specs Operating supply current 60 A

VNoFF:sPECE Input offset voltage -20 20 mV
lout:specs Output current 2 mA
Table 11-7 Analog Front End (AlO) Electrical Characteristics (A10<9:0>)
(T =-40°C to 105°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN | TYP MAX UNIT
Vaio Pin voltage range 0 5 Y,
Vim0 High-level input voltage 2.2 Y,
VL.a0 Low-level input voltage 0.8 Y,
Rpp:ai0 Pull-down resistance Input mode 1 MQ
VoLaio Low-level output voltage laiox=7mA, open-drain output mode 0.3 \%
loLaio Low-level output sink current \r:%c()jxe: 0.4V, open-drain output 6 14 mA
lLk:ai0 High-level output leakage current Vaiox = 5V, open-drain output mode 0 10 uA
Table 11-8 Push Button (PBTN) Electrical Characteristics (AIO6)
(T = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN | TYP MAX UNIT
VipeTn Input voltage range 0 5 \%
V4:pBTN High-level input voltage 2.2 Y,
ViLpeTN Low-level input voltage 0.8 Vv
RpupeTN Pull-up resistance To 3V, push-button input mode 50 kQ

Table 11-9 HP DAC and LP DAC Electrical Characteristics
(Ta = -40°C to 105°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN | TYP MAX UNIT
TA=25°C -05% | 25 0.5%
VpAcrer DAC reference voltage \%
TA =-40°C to 105°C 0.9% | 25 0.9%
HP 10-bit DAN INL -2 2 LSB
HP 10-bit DAC DNL -0.5 0.5 LSB
LP 10-bit DAC INL -2 2 LSB
LP 10-bit DAC DNL -0.5 0.5 LSB
Table 11-10 Low-Frequency Clock Output (CLKOUT)
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ITA = -40°C to 105°C unless otherwise siecified.l
Feikout Low-speed clock output frequency CLKOUT 250Hz 250 Hz
= = 0,
E Low-speed clock output frequency Ta=25°C 10 10 %
CLKOUT;ERR error
Ta=-40°C -105°C -15 15 %

Table 11-11 Temperature Protection

Twarn Temperature warning threshold 140 oC
TwARN;HYS Temperature warning hysteresis 10 oC
Twarnslank | Temperature warning blanking 10 us
TeauLt Temperature fault threshold 165 oC
TeauLTHYS Temperature fault hysteresis 10 oC
Teaureank | Temperature fault blanking 10 s
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12 APPLICATION SPECIFIC POWER DRIVERS
(ASPD)

12.1 Features

® 3 low-side and 3 high-side gate drivers

®  2Asink/source gate driving capability

®  Configurable propagation delays

®  Fast fault protection

®  Cycle-by-cycle current limit function

®  Configurable driver break-before-make (BBM) safety function

12.2 Block Diagram

Figure 12-1 Application Specific Power Drivers

DRBx

. BBM d DRHx

DRSx

PRE-

12.3 Functional Description

FAULT
PROTECT &
CURRENT
LiMIT

The Application Specific Power Drivers (ASPD, Figure 12-1) module handles power driving for power and
motor control applications. The ASPD contains three low-side gate drivers (DRLx), three high-side gate
drivers (DRHXx). Each gate driver can drive an external MOSFET or IGBT switch in response to high-
speed control signals from the microcontroller ports, and a pair of high-side and low-side gate drivers can
form a half-bridge driver.

Figure 12-2 below shows typical gate driver connections and Table 12-1 shows the ASPD available
resources. The ASPD gate drivers support up to a 180V source supply.
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Figure 12-2 Typical Gate Driver Connections
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Table 12-1 Power Driver Resources by Part Numbers

DART LOW-SIDE GATE DRIVER HIGH-SIDE GATE DRIVER
NUMBER DRLX SOURCE/SINK CURRENT DRHx SOURC;/J?DC;E\ISTRAP SOURCE/SINK CURRENT
PAC5232 3 2AI2A 3 165V/180V 2AI2A

The ASPD includes built-in configurable fault protection for the internal gate drivers.

12.4 Low-Side Gate Driver

The DRLXx low-side gate driver drives the gate of an external MOSFET or IGBT switch between the low-
level power ground rail and high-level Vr supply rail. The DRLx output pin has sink and source output
current capability of 2A. Each low-side gate driver is controlled by a microcontroller port signal with 4
configurable levels of propagation delay.

12.5 High-Side Gate Driver

The DRHx high-side gate driver drives the gate of an external MOSFET or IGBT switch between its low-
level DRSx driver source rail and its high-level DRBx bootstrap rail. The DRSx pin can go up to 160V
steady state (VM + 15V maximum). The DRHXx output pin has sink and source output current capability of
2A.

The DRBXx bootstrap pin can have a maximum operating voltage of 15V relative to the DRSx pin, and up
to 175V steady state. The DRSx pin can have a maximum operating voltage of 10V relative to the VM pin.
The DRSx pin is designed to tolerate momentary switching negative spikes down to -10V without
affecting the DRHXx output state. Each high-side gate driver is controlled by a microcontroller port signal
with 4 configurable levels of propagation delay.

For bootstrapped high-side operation, connect an appropriate capacitor between DRBx and DRSx and a
properly rated bootstrap diode from Vp to DRBx. To operate the DRHx output as a low-side gate driver,
connect its DRBx pin to Vp and its DRSX pin to Vss.

12.6 Power Drivers Control

All power drivers are initially disabled from power-on-reset. To enable the power drivers, the MCU must
first enable the ASPD block. The gate drivers are controlled by the microcontroller ports and/or PWM
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signals according to Table 12-2, with configurable delays as shown in Table 12-3 Power Driver
Propagation Delay.

Refer to the PAC5232 User Guide and PAC® application notes and user guide for additional information
on power drivers control programming.

Table 12-2 Microcontroller Port and PWM to Power Driver Mapping

PART

NUMBER DRLO DRL1 DRL2 DRH3 DRH4 DRH5
PWMA3/

PAC5232 PWMAO PWMA1 PWMA2 PWMAA4/ PWMAS/ PWMAG/
PWMBO PWMCO PWMDO

Table 12-3 Power Driver Propagation Delay

DRLXx

DRHXx

135ns

155ns

12.7 Gate Driver Fault Protection

The ASPD incorporates a configurable fault protection mechanism using protection signal from the
Configurable Analog Front End (CAFE), designated as protection event 1 (PR) signal. The
DRLO/DRL1/DRL2 drivers are designated as low-side group 1. The DRH3/DRH4/DRH5 gate drivers are
designated as high-side group 1. The PR signal from the CAFE can be used to disable low-side group 1,
high-side group 1, or both depending on the PR mask bit settings.

12.8 Electrical Characteristics

Table 12-4 Gate Driver Electrical Characteristics

(Vp = 12V, and T = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS | MIN | TYP | MAX UNIT
Low-Side Gate Drivers (DRLx pins)
Vom:pRL High-level output voltage Iprix = -BOMA Vp-0.3 Y,
VoL.prL Low-level output voltage Iprix = 50MA 0.3 \%
loHPK:DRL Output high source current 10ps pulse 2 A
loLpk:DRL Output low sink current 10us pulse 2 A
High-Side Gate Drivers (DRHx, DRBx and DRSXx pins)
Vors Level-shift driver source voltage 10 VM + 10 vV
range
Relative to Vprs 10 20 \Y
Vore Bootstrap pin voltage range
Relative to VSS 175 \Y
Vorex rising 8.5 \%
VuviLo:pre Bootstrap UVLO threshold
Hysteresis 1 \%
Igs:ore Bootstrap supply current Current from DRBx to DRSx 28 pA
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los.orB Offset supply current Current from DRBx to ground 10 LA
VoH:DRH High-Level output voltage Iorex = -50MA VgRgx' \Y
VoL:prH Low-level output voltage IprHx = 50MA Vprext0.3 Y
loHPK:DRH Output high source current 10ps pulse 2 A
loLpk;DRL Output low sink current 10ps pulse 2 A
High-Side and Low-Side Gate Driver Propagation Delay
Delay setting 00b -50% Delay + 0 50% ns
Delay setting 01b -50% Delay + 50 50% ns
tep Propagation Delay®

Delay setting 10b -50% | Delay + 100 50% ns
Delay setting 11b -50% | Delay + 200 50% ns

° Delay from Table 12-3 Power Driver Propagation Delay
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13 ADC WITH AUTO-SAMPLING SEQUENCER

13.1 ADC Block Diagram

Figure 13-1 ADC with Auto-Sampling Sequencer
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13.2 Functional Description

13.2.1 ADC

The analog-to-digital converter (ADC) is a 10-bit successive approximation register (SAR) ADC with 1 ys
conversion time and up to 1IMSPS capability. The ADC input clock has a user-configurable divider from /1
to /8 of the system clock. The integrated analog multiplexer allows selection from up to 6 direct ADx
inputs, and from up to 10 analog inputs signals in the Configurable Analog Front End (CAFE), including
up to 3 differential input pairs. The ADC can be configured for repeating or non-repeating conversions
and can interrupt the microcontroller when a conversion is finished.

13.2.2 Auto-Sampling Sequencer

Two independent and flexible auto-sampling sequencer state machines allow signal sampling using the
ADC without interaction from MCU. Each auto-sampling sequencer state machine can be programmed to
take and store up to 8 samples each in the ADC result registers from different analog inputs, is able to
control the ADC MUX and ADC Pre-mux as well as the precise timing of the S/H in the Configurable
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Analog Front-End (CAFE). The sampling start of the auto-sampling sequencer can be precisely triggered
using timers A, B, C, or D or any of their associated PWM edges (high-to-low or low-to-high). It also
supports manual start or a ping-pong-scheme, where one auto-sampling sequencer state machine
triggers the other when it finishes sampling.

The auto-sampling sequencer can interrupt the microcontroller when either conversion sequence is
finished.

13.2.3 EMUX Control

A dedicated low latency interface controllable by the auto-sampling sequencer or register control allows
changing the ADC pre-multiplexer and asserting/de-asserting the S/H circuit in the Configurable Analog
Front-End (CAFE), allowing back to back conversions of multiple analog inputs without MCU interaction.

For more information on the ADC and Auto-Sequencer, see the PAC5232 User Guide.
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13.3 Electrical Characteristics

Table 13-1 ADC and Sequencer Electrical Characteristics

(Vecio = 5V and Ta = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN ‘ TYP | MAX UNIT
ADC
fabccLk ADC conversion clock input 16 MHz
fabcconv ADC conversion time fabccik = 16MHz 1 us
ADC resolution 10 bits
ADC effective resolution 9.2 bits
ADC differential non-linearity (DNL) +0.5 LSB
ADC integral non-linearity (INL) +1 LSB
ADC offset error 0.6 %FS
ADC gain error 0.12 %FS
REFERENCE VOLTAGE
VReraDC ADC reference voltage input Vger = 2.5V 2.5 \%
ADC reference voltage input error Ta=25°C -0.5 0.5 %
SAMPLE AND HOLD
tabcsH ADC sample and hold time fapceik = 16MHz 188 us
Capcic ADC input capacitance ADC MUX input 1.3 pF
INPUT VOLTAGE RANGE
Vapcin ADC input voltage range ADC MUX input 0 VRrerabc \%
EMUX CLOCK SPEED
femuxcik EMUX engine clock input 50 MHz
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14 MEMORY SYSTEM

14.1 Features

®  32kB Embedded FLASH
o 100,000 program/erase cycles
o 10 years data retention

" 256B INFO Embedded FLASH
o Device ID, calibration data
(@]

®  8kB SRAM
o 50MHz read/write
o Data storage or code execution

®  SWD code protection

14.2 Memory System Block Diagram

Figure 14-1 Memory System

256B INFO 1kB FLASH 8kB
ROM PAGES SRAM

14.3 Functional Description

The PAC5232 has multiple banks of embedded FLASH memory, SRAM memory as well as peripheral
control registers that are program-accessible in a flat memory map.

14.4 Program FLASH

The PAC5232 Memory Controller provides access to 32 1kB pages of main program FLASH for a total of
32kB of FLASH through the system AHB bus. Each page may be individually erased or written while the
MCU is executing instructions from SRAM.

145 INFO FLASH

The PAC5232 Memory Controller contains a 256B read-only INFO memory. This memory contains
device-specific information such as the device ID and calibration data for the device.

-45-
Rev1.1
6-Jan-2018



active-semi’

Solutions for Sustainability

Power Application Controller

14.6 SRAM

The PAC5232 Memory Controller provides access to the 8kB SRAM for non-persistent data storage. The
SRAM memory supports word (4B), half-word (2B) and byte addresses with aligned access.

The PAC5232 Memory Controller can read or write data from RAM up to 50MHz. This can be a benefit for
time-critical applications. This memory can also be used for program execution when modifying the

contents of FLASH.

For more information on the PAC5232 Memory Controller, see the PAC5232 User Guide.

14.7 SWD Protection

The PAC5232 allows the user to blow a fuse that prohibits use of the SWD serial interface.

This will prevent unauthorized users from accessing the contents of the device after customer production.

14.8 Electrical Characteristics
Table 14-1 Memory System Electrical Characteristics

(Vecio = 5V, Ta = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER ‘ CONDITIONS ‘ MIN | TYP | MAX UNIT
Embedded FLASH
tREADFLASH FLASH read time 40 ns
twRITEFLASH FLASH write time 20 us
tPERASE FLASH FLASH page erase time 10 ms
Nperase;FLasH FLASH program/erase cycles 100k cycles
torFLASH FLASH data retention 10 years
SRAM
tacc;sram SRAM access time Word (32-bits), aligned 20 ns
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15 SYSTEM AND CLOCK CONTROL

15.1 Features

¢ Ring oscillator with 7.5MHz, 9.6MHz, 13.8MHz, and 25.7MHz settings
e High accuracy 1.25% trimmed 4MHz RC oscillator

e External clock input up to 40MHz

e PLL with 1MHz to 25 MHz input, and 3.5MHz to 100MHz output

e /1to /8 clock divider for HCLK

e /1t0/128 clock divider for ACLK

15.2 Block Diagram

Figure 15-1 Clock Control System
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15.3  Functional Description

15.3.1 Free-Running Clock (FRCLK)

The free running clock (FRCLK) is generated from one of the 4 clock sources: ring oscillator, timmed RC
oscillator, crystal driver or external clock input. The FRCLK is used for the real-time clock (RTC),
watchdog timer (WDT), input to the PLL, or FCLK source to clock the system in low power and sleep
mode.

15.3.2 Auxiliary Clock (ACLK)

The auxiliary clock (ACLK) is derived from FCLK with a /1, /2, to /128 divider, and supplies the timer and
dead-time blocks. It can be clocked faster or slower than HCLK and can go as high as 100MHz.

15.3.3 Clock Gating

The clock tree supports clock gating in deep-sleep mode for the timer block, ADC, SPI interface, 1°C
interface, UART interface, memory subsystem and the ARM Cortex®-MO itself.

15.3.4 Ring Oscillator (ROSC)

The integrated ring oscillator provides 4 different clocks with 7.5MHz, 9.6MHz, 13.8MHz, and 25.7MHz
settings. After reset, the clock tree always defaults to this clock input with the lowest frequency setting.

15.3.5 Trimmed 4MHz RC Oscillator

The 1.25% trimmed 4MHz RC oscillator provides an accurate clock suitable for many applications. It is
also used to derive the clock for the Multi-Mode Power Manager.

15.3.6 External Clock Input

The clock tree can be supplied with an external clock up to 40MHz.

15.3.7 PLL

The integrated PLL input clock is supplied by the FRCLK with an input frequency range of 1IMHz to
25MHz. The PLL output frequency is adjustable from 3.5MHz to 100MHz.
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15.4 Electrical Characteristics
Table 15-1 CCS Electrical Characteristics

(T = -40°C to 105°C unless otherwise specified.)

SYMBOL ‘ PARAMETER CONDITIONS MIN | TYP | MAX UNIT
Clock Tree (FRCLK, FCLK, ACLK, and HCLK)
frreLk Free-running clock frequency 50 MHz
frelk Fast clock frequency 100 MHz
facik Auxiliary clock frequency After divider 100 MHz
frck System clock frequency After divider 50 MHz
Internal Oscillators
Frequency setting = 11b 7.5
Frequency setting = 10b 9.6
frosc Ring oscillator frequency MHz
Frequency setting = 01b 13.8
Frequency setting = 00b 25.7
; Trimmed RC oscillator Ta=25°C 3.96 4 4.05 MHz
TRIM
frequency Ta = -40°C t0 105°C 3.92 4 4.08 MHz
Tr|mmed RC oscillator clock T, = -40°C to 105°C 05 %
jitter
External Clock Input (EXTCLK)
External Clock Input
fexrewx Frequency 40 MHz
thicH:EXTCLK External Clock High Time 10 ns
tLow:ExTCLK External Clock Low Time 10 ns
External Clock Input high-
Virexroix level input voltage 21 v
External Clock Input low-level
ViLExTeLk input voltage 0.825 Y,
PLL
finpLL PLL input frequency range 2 25 MHz
fourpLL PLL output frequency range 35 100 MHz
PLL setting time 0.5 ms
RMS 30 ps
PLL period jitter
Peak to peak +150 ps
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16 ARM CORTEX®-M0 MCU CORE

16.1 Features

e ARM Cortex®-MO core

e Fast single-cycle 32-bit x 32-bit multiplier

e  24-bit SysTick timer

e Up to 50MHz operation

e Serial wire debug (SWD), with 4 break-point and 2 watch-point unit comparators

o Nested vectored interrupt controller (NVIC) with 25 external interrupts

e Wake-up interrupt controller (WIC) with GPIO, real-time clock (RTC) and watchdog timer (WDT)
interrupts enabled

e Sleep and deep-sleep mode with clock gating

16.2 Block Diagram

Figure 16-1 ARM Cortex®-MO0 Microcontroller Core

ARM CORTEX-MO MICROCONTROLLER CORE

AHB/APB

swoet SERIAL WIRE 1-CYCLE DESIED WAKE-UP
DEBUG WITH AR 32x32 20l KECIORED INTERRUPT L

SWDDA DISABLE CORIESMY MULTIPLYER SICHICK INT&%‘EEPT CONTROLLER 4

16.3 Functional Description

The ARM Cortex®-MO microcontroller core is configured for little endian operation and includes the fast
single-cycle 32-bit multiplier and 24-bit SysTick timer and can operate at a frequency of up to 50MHz.

The microcontroller nested vectored interrupt controller (NVIC) supports 25 external interrupts for the
device's peripherals and sub-systems. For low-latency interrupt processing, the NVIC also supports
interrupt tail-chaining. The wake-up interrupt controller (WIC) is able to wake up the device from low-
power modes using any GPIO interrupt, as well as from the RTC or WDT. The ARM Cortex®-MO supports
both sleep and deep-sleep low-power modes. The deep-sleep mode supports clock gating to limit
standby power even further.

Firmware debug support includes 4 break-point and 2 watch-point unit comparators using the serial wire
debug (SWD) protocol. The serial wire debug mechanism can be disabled to prevent device access to the
firmware in the field.

For more information on the detailed operation of the Microcontroller Core in the PAC5232, see the
PAC5232 User Guide.
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16.4 Electrical Characteristics
Table 16-1 MCU and Clock Control System Electrical Characteristics

(T = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS

MIN

TYP

MAX

UNIT

freik Microcontroller Clock HCLK

50

MHz

frrewk = fueik = facik = ROSC 11b,
PLL disabled, CPU halt; other
clock sources, ADC, timers, and
serial interfaces disabled

3.4

frrewk = fueik = facik = ROSC 10b,
PLL disabled, CPU halt; other
clock sources, ADC, timers, and
serial interfaces disabled

frrewk = fuetk = facik = ROSC 01b,
PLL disabled, CPU halt; other
clock sources, ADC, timers, and
serial interfaces disabled

5.3

ferewk = fretk = facik = ROSC 00D,
PLL disabled, CPU halt; other
lop.vsys Vsys operating supply current clock sources, ADC, timers, and
serial interfaces disabled

mA

frrewk = fueik = facik = CLKREF,
PLL disabled, CPU halt; other
clock sources, ADC, timers, and
serial interfaces disabled

2.3

ferek = freik = fack = 10MHz
XTAL, PLL disabled, CPU halt;
other clock sources, ADC, timers,
and serial interfaces disabled

4.5

frreLk = 4MHz CLKREF, fucik =
50MHz, facik = foutpLL = 100MHz,
CPU halt; other clock sources,
ADC, timers, and serial interfaces
disabled

23.3

lo:vecio Vceio quiescent supply current

0.02

mA

16.5 Typical Performance Characteristics
(Vsvs = Vceio = 5V, Ta = -40°C to 105°C unless otherwise specified.)

Figure 16-2 MCU Performance Characteristics
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17

17.1

17.2

|O CONTROLLER

Features

5V-compliant I/O PAXx, PDx, PEx
3.3V-compliant I/0 PCx

Configurable drive strength on PAx, PDx, PEx

Configurable pull-up or pull-down on PAx, PDx, PEx

Block Diagram

Figure 17-1 10 Controller Block Diagram

PAX, PBx, PEX

PCx
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17.3 Functional Description

The PAC® can support up to 4 ports with 8 I/Os each from PAx, PCx, PDx, and PEX, in addition to the
I/Os on the analog front end. All PAX, PCx, PDx, and PEx ports have interrupt capability with configurable

interrupt edge.

PAX, PDx, and PEXx I/0Os use Vccio as the I/O supply voltage that is set to 3.3V. To drive these 10s t 5V,
the user may short VCCIO and VSYS on the PCB, then 5V will be the supply for these IOs.

The drive current can be configured as 8mA or 16mA. They also support weak pull-up and pull-down to

save external components.

PCx uses Vccss as its 1/0 supply voltage. The drive current is fixed to 8mA. PCO to PC5 are also
associated with analog inputs ADO to AD5 to the ADC.

17.4 Electrical Characteristics

Table 17-1 10 Controller Electrical Characteristics

(Vsys = Veeio = 5V, and Ta = -40°C to 105°C unless otherwise specified.)

SYMBOL | PARAMETER CONDITIONS MIN | TYP | MAX ‘ UNIT
PAx, PDx, PEx (5V Operation)
Viy High-level input voltage 3 \%
Vi Low-level input voltage 0.8 \%
Drive 7
Low-level output sink current _ Strength = Ob
lot (Limited by lysys) Vor =04V Drive 15 A
Strength = 1b
Drive 7
High-level output source current _ Strength = 0b }
lon (Limited by lvsys) Vou=2.4V o e 15 mA
Strength = 1b
_ : Vceio = 3.3V,
Reu Weak pull-up resistance pull-up enabled 47 74 104 kQ
. Vecio = 3.3V,
Rep Weak pull-down resistance pull-down enabled 50 84 121 kQ
I Input leakage current -10 10 pA
PCx (3.3V Operation)
Vin High-level input voltage Vcess = 3.3V 2 \Y
Vi Low-level input voltage Veess = 3.3V 0.8 \%
lou Low-level output sink current Vcess = 3.3V, Vo = 0.4V 7 mA
lon High-level output source current Vcess = 3.3V, Vo = 2.4V -7 mA
m Input leakage current Ta=125°C -10 0 10 LA
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18 SERIAL INTERFACE

18.1 Block Diagram

Figure 18-1 Serial Interface Block Diagram
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18.2 Functional Description
The PAC5232 has up to three serial interfaces: I°C, UART and SPI.

18.3 I°C Controller

The 12C controller is a configurable peripheral that can support various modes of operation:

e I°C master operation
o Normal mode (100kHz), fast mode (400kHz), or fast mode plus (1MHZz)
o Single and multi-master
o Synchronization (multi-master)
o Arbitration (multi-master)
o 7-bit or 10-bit slave addressing
e I°C slave operation
o Normal mode (100kHz), fast mode (400kHz), or fast mode plus (1MHz)
o Clock stretching
o 7-bit or 10-bit slave addressing

The 12C peripheral may operate either by polling, or can be configured to be interrupt driven for both
receive and transmit data.

18.4 UART Controller

The UART peripheral is a configurable peripheral that can support various features and modes of
operation:

¢ Programmable clock selection

e National Instruments PC16550D compatible

o 16-deep transmit and receive FIFO and fractional clock divisor
e Upto 3.125Mbps communication speed (with HCLK = 50MHZz)

The UART peripheral may operate either by polling, or can be configured to be interrupt driven for both
receive and transmit data.

18.5 SPI Controller

The device contains an SPI controller that can each be used in either master or slave operation, with the
following features:

e SPI master operation
o Control of up to three different SPI slaves
o Operation up to 25MHz
o Flexible multiple transmit mode for variable-size SPI data with user-defined chip-select
behavior
o Chip select “shaping” through programmable additional delay for chip-select setup, hold
and wait time
o for back-to-back transfers
e SPI master or slave operation
o Supports clock phase and polarity control
o Data transmission/reception can be on 8-, 16-, 24- or 32-bit boundary
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o Selectable data bit ordering (LSB or MSB first)
o Programmable chip select polarity
o Selectable “auto-retransmit” mode

The SPI peripheral may operate either by polling, or can be configured to be interrupt driven for both

receive and transmit data.

18.6 Dynamic Characteristics
Table 18-1 Serial Interface Dynamic Characteristics

(Vsys = Veeio = 5V, and T = -40°C to 105°C unless otherwise specified.)

SYMBOL l PARAMETER | CONDITIONS | MIN | TYP | MAX ‘ UNIT
I’c
Standard mode (100kHz) 2.8 MHz
fiaceik I°C input clock frequency Full-speed mode (400kHz) 2.8 MHz
Fast mode (1MHz) 6.14 MHz
UART
fuarTcLK USART input clock frequency fcLk/16 MHz
UART baud rate fucik = 50MHz 3.125 Mbps
SPI
Master mode frcLk/2 MHz
fspicLi USART input clock frequency
Slave mode frcLk/2 MHz
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Table 18-2 I°C Dynamic Characteristics

(Vsys = Vecio = 5V, and T = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Standard mode 0 100 kHz
fscL SCL clock frequency Full-speed mode 0 400 kHz
Fast mode 0 1000 kHz
Standard mode 4.7 Us
tLow SCL clock low Full-speed mode 1.3 ps
Fast mode 0.5 Us
Standard mode 4.0 us
tHicH SCL clock high Full-speed mode 0.6 ps
Fast mode 0.26 ps
Standard mode 4.0 ps
thp:sTA E'(;)rlftjjittiig]r? for a repeated START Full-speed mode 0.6 ps
Fast mode 0.26 ps
Standard mode 4.7 us
tsusta foergdulg ot:}me for a repeated START Full-speed mode 06 us
Fast mode 0.26 ps
Standard mode 0 3.45 ps
tHp:DAT Data hold time Full-speed mode 0 0.9 ps
Fast mode 0 ps
Standard mode 250 ns
tsu;pat Data setup time Full-speed mode 100 ns
Fast mode 50 ns
Standard mode 4.0 ps
tsu:sTo Set-up time for STOP condition Full-speed mode 0.6 ps
Fast mode 0.26 ps
Standard mode 4.7 ps
taur E_L;Zgﬁ_ectci’r:;t?oegween aSTOP and Full-speed mode 1.3 ps
Fast mode 0.5 ps
Standard mode 1000 ns
tr Rise time for SDA and SCL Full-speed mode 20 300 ns
Fast mode 120 ns
Standard mode 300 ns
ty Fall time for SDA and SCL Full-speed mode 300 ns
Fast mode 120 ns
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Co

Capacitive load for each bus line

Standard mode, full-speed 400 pF
mode
Fast mode 550 pF

Figure 18-2 I°C Timing Diagram
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Table 18-3 SPI Dynamic Characteristics

(Vsys = Veeio = 5V, and T = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
tscLk:HIGH SPICLK Input High Time SPICLK = 25MHz 30 ns
tscik:Low SPICLK Input low Time 30 ns
tssiscik SPICSn to SPICLK Time 120 ns
tss;mosi SPICSnh to SPIMISO High-impedance time 10 50 ns
trscLi SPICLK Rise Time 10 25 ns
tiscLi SPICLK Fall Time 10 25 ns
trmosi SPIMOSI Rise Time 10 25 ns
tiqvosi) SPIMOSI Fall Time 10 25 ns
trwiso) SPIMISO Rise Time 10 25 ns
tiquiso) SPIMISO Fall Time 10 25 ns
tsumiso SPIMISO Setup Time 20 ns
thmso SPIMISO Hold Time 20 ns
Figure 18-3 SPI Timing Diagram
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19 TIMERS

19.1 Block Diagram

Figure 19-1 PWM Timers Block Diagram
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Figure 19-2 SOC Bus Watchdog and Wake-Up Timer

SOC BUS WAKE-UP

WATCHDOG TIMER SOC BUS

Figure 19-3 Real-Time Clock and Watchdog Timer

19.2 Functional Description

The device includes 9 timers: timer A, timer B, timer C, timer D, watchdog timer 1 (WDT), watchdog timer
2, wake-up timer, real-time clock (RTC), and SysTick timer. The device supports up to 14 different PWM
signals and has up to 7 dead-time controllers. Timers A, B, C and D can be concatenated to synchronize
to a single clock and start/stop signal for applications that require a synchronized timer period between
timers.

19.2.1 Timer A

Timer A is a general purpose 16-bit timer with 8 PWM/capture and compare units. It has 4 pairs of PWM
signals going into 4 dead-time controllers. Timer A can be concatenated with timers B, C, and D to
synchronize the PWM/capture and compare units. It can use either ACLK or HCLK as clock input with an
additional clock divider from /1 to /128.

19.2.2 Timer B

Timer B is a general purpose 16-bit timer with 2 PWM/capture and compare units. It has one pair of PWM
signals going into one dead-time controller, as well as 2 additional compare units that can be used for
-61-
Rev 1.1
6-Jan-2018



active-semi’

Solutions for Sustainability Power Application Controller

additional system time bases for interrupts. Timer B can be concatenated with timers A, C, and D to
synchronize the PWM/capture and compare units. It can use either ACLK or HCLK as clock input with an
additional clock divider from /1 to /128.

19.2.3 TimerC

Timer C is a general purpose 16-bit timer with 2 PWM/capture and compare units. It has one pair of PWM
signals going into one dead-time controller. Timer C can be concatenated with timers A, B, and D to
synchronize the PWM/capture and compare units. It can use either ACLK or HCLK as clock input with an
additional clock divider from /1 to /128.

19.2.4 Timer D

Timer D is a general purpose 16-bit timer with 2 PWM/capture and compare units. It has one pair of PWM
signals going into one dead-time controller. Timer D can be concatenated with timers A, B, and C to
synchronize the PWM/capture and compare units. It can use either ACLK or HCLK as clock input with an
additional clock divider from /1 to /128.

19.2.5 Watchdog Timer

The 24-bit watchdog timer (WDT) can be used for long time period measurements or periodic wake up
from sleep mode.

The watchdog timer can be used as a system watchdog, or as an interval timer, or both. The watchdog
timer can use either FRCLK or FCLK as clock input with an additional clock divider from /2 to /65536.

19.2.6 SOC Bus Watchdog Timer

The watchdog timer 2 is used to monitor internal SOC Bus communication. It will trigger device reset if
there is no SOC Bus communication to the AFE for 4s or 8s.

19.2.7 Wake-Up Timer

The wake-up timer can be used for very low power hibernate and sleep modes to wake up the micro
controller periodically.

It can be configured to be 125ms, 250ms, 500ms, 1s, 2s, 4, or 8s.

19.2.8 Real-Time Clock

The 24-bit real-time clock (RTC) can be used for time measurements when an accurate clock source is
used. This timer can also be used for periodic wake up from sleep mode. The RTC uses FRCLK as clock
input with an additional clock divider from /2 to /65536.
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20 THERMAL CHARACTERISTICS

Table 20-1 Thermal Characteristics

Operating ambient temperature range -40 to 105 °C
Operating junction temperature range -40 to 125 °C
Storage temperature range -55 to 150 °C
Lead temperature (Soldering, 10 seconds) 300 °C
Junction-to-case thermal resistance (©,c) 2.897 °C/W
Junction-to-ambient thermal resistance (0;4) 23.36 °C/W
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21 APPLICATION EXAMPLES

The following simplified diagram shows an example of a single-motor, low-voltage application using the
PAC5232 device.

Figure 21-1 3-Phase Motor Using PAC5232 (Simplified Diagram)
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22 PACKAGE OUTLINE AND DIMENSIONS

22.1 51L 8x8 QFN Package Outline and Dimensions
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23 LEGAL INFORMATION

Copyright © 2017 Active-Semi, Inc. All rights reserved.
All information provided in this document is subject to legal disclaimers.

Active-Semi reserves the right to modify its products, circuitry or product specifications without notice. Active-Semi
products are not intended, designed, warranted or authorized for use as critical components in life-support, life-critical
or safety-critical devices, systems, or equipment, nor in applications where failure or malfunction of any Active-Semi
product can reasonably be expected to result in personal injury, death or severe property or environmental damage.
Active-Semi accepts no liability for inclusion and/or use of its products in such equipment or applications. Active-Semi
does not assume any liability arising out of the use of any product, circuit, or any information described in this
document. No license, express, implied or otherwise, is granted under any patents, copyrights or other intellectual
property rights of Active-Semi or others. Active-Semi assumes no liability for any infringement of the intellectual
property rights or other rights of third parties which would result from the use of information contained herein.
Customers should evaluate each product to make sure that it is suitable for their applications. Customers are
responsible for the design, testing, and operation of their applications and products using Active-Semi products.
Customers should provide appropriate design and operating safeguards to minimize the risks associated with their
applications and products. All products are sold subject to Active-Semi's terms and conditions of sale supplied at the
time of order acknowledgment. Exportation of any Active-Semi product may be subject to export control laws.

Active-Semi®, Active-Semi logo, Solutions for Sustainability™, Power Application Controller®, Micro Application
Controller™, Multi-Mode Power Manager™, Configurable Analog Front End™, and Application Specific Power
Drivers™ are trademarks of Active-Semi, Inc.

ARM®C and Cortex” are registered trademarks of ARM Limited. All referenced brands and trademarks are the property
of their respective owners.

For more information on this and other products, contact sales@active-semi.com or visit www.active-semi.com.
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