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ABSTRACT

This dissertation proposes a 3 phase induction motor drive using space
~ vector pulse  width medulation (SV PWM) voltage source inverter. The switch conirol
of IGBT Module can divide in to B states and 6 sector that can control the
speed of motor including constant torque in low frequency up to base
frequency range by controlling V/f for constant flux resulting in constant torque
as well. The equipment for generating PWM signal in a microcontrofler DSPIC
30F4011 that control the whole system including protection circuit and display
unit. A switching power supply provides all electronic equipment for electronic

source.
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Sector Upper Switch( S S4 S5 ) Lower Switch( S4 84S, )
81 = T1 +T2 + TO;"Z 84 = Tofz
1 Sy =T, + Ty/2 Sg =Ty + To/2
85 = TO,"Z 82 = T1 +T2 +T0/2
ST = T1 +T0,"2 84 :T2 +T0/2
2 83 = T1 +T2 +T0)'2 SG :TOJ’Z
85 = TO,"2 82 = T1 + T2 +T0f2
S, =Tp/2 Sy =T+ T, +Ty/2
3 Sy =Ty + T, + T2 Sg = Ty/2
85 :T2 +T0/2 82 :T1+T0f2
S1 — TO."2 84 :T1 +T2 + T0!2
4 Sy =T, +Ty/2 Sg =T, + Ty/2
81:1—2 +T0f2 84 :T1+T0!2
5 83 :T0/2 Sﬁ :T1 +T2 +T0."2
S; =Ty +T2 +T0."2 So =Tp/2
S =Ty + Ty + T2 Sy = Tg/2
Sg =Ty +Tg/2 Sy =Ty +Ty/2
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aaateluuuy asllsunsafildlunimaass Tudaunas SV PWM
Tilsunsuwan
.equ _ 30F4011, 1
.include "p30f4011.inc"

:Configuration bits:

config FOSC, CSW_FSCM_OFF & XT_PLL16 ;Turn off clock switching and
fail-safe clock monitoring and
;use the External Clock as the
;system clock
config _ FWDT, WDT_OFF - - ;Turn off Watchdog Timer
config __ FBORPOR, PBOR_C)VN & BORV_27 & PWRT_16 & MCLR_DIS
& PWMxH_ACT_LO & PWMxL_ACT_LO
' ‘Set Brown-out Reset voltage and
;and set Power-up Timer to
7 16msecs
config _ FGS, CODE_PROT_OFF :Set Code Protection Off for the

:General Segment

1

:Global Declarations:

.global _wreg_init ;Provide global scope to wreg init routine
:In order to call this routine from a C file,

place "wreg_init" in an "extern" decfaration

:in the C file.
.global __reset ;The label for the first line of code.
global __T1lInterrupt ' :Declare Timer 1 1SR name global

.global tunner

'CONSTANT

+

VARIABLE



.bss v_boot,2

.bss v_base,2

.bss f base,?2

.bss f max,2

.bss sampling_number,2
.bss fragtion1,2

.bss fraction2,2

.bss v1_boot,2

.bss fre,2

bss v2 boot,2

bss fraction1,2

bss start,2.

.bss stop,2

bss sampling-numberl,2
bss sampling_number2,2
.bss runi,2

bss run2,?2

bss 11,2

.bss t2,2

.bss t0,2

.bss s0,2

bss s01,2

.bss s502,2

.bss s012,2

.bss - sector,2

.bss count_of sector,?2
bss number_of_sector,2
.bss fraction1_of_sampling,2
.bss fraction2_of sampling,2
.bss fraction _of address,?2
bss K91,2

.bss K92,2




;Code Section in Program Memory

text ;Start of Code section
__reset:
MOV #_ SP_init, W15 Initalize the Stack Pointer
MOV #__SPLIM_init, WO  ;lnitialize the Stack Pointer Limit Register
MOV W0, SPLIM
NOP ;Add NOP to foliow SPLIM initialization
CLR WO JInitialization of W registers to 0x0000
MOV WO,wW14

REPEAT  #12
MOV WO, [++W14]
CLR W14

;<<insert more user code here>>

CALL tnit_Port . Initialize the /O ports

CALL Init_TMR ; initialize TMR

CALL Init ADC ; initialize ADC_10BIT

;CALL Init_OC ; Initialize OUTPUT COMPARE
CALL  {nit_PWM ; initialize PWM

;CALL initial1

: My Program - <lilsunsa >

1

. Step 1 ﬁmgaﬁwmmﬁ &z wi9ew ASuananmslouti Keypad
Al 1 auyaﬂﬁmmﬁﬁlﬁ’lwquﬂna

MOV ) #50, W2

MOV W2, f base

Aufi 2 am;ﬁﬁwmmﬁgaqmﬁmmmﬂ%’u'lﬁ

MOV : #100,W3

MOV W3.f_max

AUt 3 amgﬁﬁnmﬁuﬁlﬂuamn:ﬂnﬁ

MOV #311,w4



MOV W4 v base

AUR 4 awﬁﬁnmﬁuﬁlﬂﬁlumimulun’mféumﬁm;

MOV #10,W5

MOV W5 v_boot

it 5 amq@ﬁwmmﬁlﬁmﬁmmi nmalufienudumud fuenle:
MOV #50,W6

MOV W8 fre

UUN 6 Muuaa FCPUCIN) fuga maaﬁaya;

MOV #thlpage(sine tb2),W14

MOV W14 TBLPAG
- MOV Htbloffset(sine_th2),W14
SUuB W14 #2 W14

MOV W14 start

MOV ) W14 runt

MOV #512 W8

ADD W14 W8 ,W38

MOV W8, stop

MOV W8,run2

WA 7 NRWILTALATITNA = 1

MOV #1,W0

MOV W0, sector

MOV #5000,W0

MOV WO fraction1 _of sampling
CLR count_of_sector

CLR number_of_sector

CLR fractiont

CLR fraction2

; Step 2 %191 Modulation Index ;

Auii 1 nSsufisuidienudidnusnnidianuifanznisiudnafias 1
WIng;
stept: BRA clk_Sw



k3: MOV
MOV
CPSEQ
BRA
CPSGT
BRA

BRA

k6: INC
CLR

BRA

k4: MoV
MOV
CPSEQ
BRA

MoV
CPSLT
BRA

BRA
k5:DEC
CLR

BRA

k1:

CPSGT
BRA

MOV

BRA

A 2 widwssaundudnuuefiaud wisuliindrluminalarn
step2: MUL.UU

MOV
REPEAT
DIV.U
MQy

AU 3 WIAMUTUIEY Ramp UasATaIL e Wi szaUa U 9

SuUB

#0X3FF WO
K91, W1
WO, w1
k1

W6, W3
k6

k1

W6 W6
K91

k1
HOX3FF WO
K82, W1
WO, W1
k1
#0,W0
W6,W0
k5

k1

W6 W6
K92

k1

W6 w2
step2

W4 v2 boot
step3

W5,W4 W8
#100,W10
#17

W8 W10
WO0,v1_boot

W4 WO W10



MUL.UU
REPEAT
DIV.U
MOV
ADD
MOV

W10,W6 W0
#17

Wo,w2
vi_boot, W8
Wo,w8 w10
W10,v2_boot

Step 3 widndiwauailunigudlundazanud;

AU 1 m@iﬁ’nmuﬂfﬂunﬁajumﬁmmmaammﬁﬁﬁu;

stepd: MOV
; MOV
MUL.UU
MOV
MUL.UY

MOV
REPEAT
DIV.UD
MOV
MQV

#256,W0
#5000,W1
WO W6 W8
#6,W0

W8 Wo w10

#5000,W8

#17

W10 W8

W0, sampiing_number1

W1 fraction2_of sampling

:Step 4 Aadanlumaugl;

Uil 1 ﬁﬂm'iﬁmﬂ'”nL'Jaw*mnﬁafuﬁﬂuﬂ”ma UMD t 12 t0/2;

~nddmaunfaingnnaainin damestedmia

MOV
MOV
ADD
MOV

fraction1, WO
fraclionZ2_of_sampling W1
W1,W0,W0

WO, fraction1

—Saudfinudieane Tdiuinnan amestadonsaty:

MOV
CPSLT
8RA

fraction1_of_sampling, W1
Wo,Wi1
cZ



BRA c3

N30k anaddunnitsmasiade:

c2: INC sampling_number
SuUB WO,W1,Wo
MOV WO, fraction

Ntk gamedartasniidinasnade;
~AIN15UINAN Address Lﬁuﬁm:uzlunﬁfjm’nﬁam Address ﬁﬁ]:fiuﬁ’]@ia\lﬂ;
c3: MOV run1, W1

MOV sampling_number{, W8
SL w8,ws

ADD W1,W8 W10

MOV W10,run1

;-~@T19RBUIY Address Hd1uNndnd1 Address Egﬂﬁ'ﬁumaaﬁ’lﬁﬁ'ﬂﬁnﬁﬁa‘lﬁ;
MOV stop,W1

CPSGT W10 W1

BRA di

NI Address AILERFATIINNTI7 Address q@ﬁmmaamﬁﬁ’uﬁn‘li;

5UB W10,W1 W38
MOV #2,W7
REPEAT #17

DIV.Y wa,w7
MOV W0,sampling_number1
MOV start, WO
ADD WOo,W8,wW10
MOV W10,run
MOV stop,W0
MOV WO, run2

INC sector

MOV sector W1
MOV #7,.W0
CPSEQ ' W1,Wo

BRA d1

CLR sector

CLR count_of_sector



INC sector

AUf 2 sirdrananstsandsmaatun e aaqﬂnsrﬁﬂﬁﬂi;

d1: TBLRDL W10].W10
MOV W10,12
MOV run2, W0
suB Wo,wa,wo
MOV start, W1
CPSNE W1,W0
ADD WO, #2 W0
MOV WO,run2
TBLRDL [wo,wa
MOV W8, t1

ADD W10,w8 wo
MOV #5898, W1
sSuUB W1,Wo,w14
MOV #2,W10
REPEAT #17

DIV.U W14 W10
MOV W0,t0

MOV t1,W1

MOV t2,W10
MOV tO,Wo0

MOV W0,s0

ADD W1,Wo,w1
MOV W1,s01
ADD WOo,W10,W0
MOV W0,s02
ADD W1,W10,W0
MOV ‘ W0,s012

:Step 5 widaweainazdnlnaa;

AuA 1 wdarnas:



MOV sector, W0

CP WO, #1
BRA Z,sectorl
CP WO, 72
BRA Z sector?
CP WO #3
BRA Z sectord
CP W0, #4
BRA Z,sectord
CP WO #5
BRA Z,sectorb
CP WO #6
BRA Z.sectorb

:Step 6 dadlUdanaaaiengg;

sectorl: MOV s012,W11
MOV s02,W12
MOV s0O,.W13
BRA cal
sector2: MOV s01,W11
MOV s012,W12
MOV s0,W13
BRA cal
sectord: MOV s0,W11
MOV s012,W12
MOV s02,W13
BRA cal
sector4: MOV s0,W11
MOV s01,W12
MOV s012,W13
BRA ’ cal
sector5: MOV s02,W11
MOV sO,wW12

MOV 5012, W13



BRA
sector: MOV
MOV
MOV
BRA

auii 2 i lUfasuiudl Modutation Index

cal, MOV

MUL.UU
REPEAT
DIV.UD
MOV

MUL.UU
REPEAT
Div.UD
MOV

MUL.UU
REPEAT
DIV.UD
MOV

INC

MOV
gt CPSEQ
BRA
BRA

cal
s012,wW11
s0,W12
s01,W13

cal
vZ2_ boot W8

W11,W8 W0
#17

WO, w4

WG, W11

w12 W8,W0
#17

WO, w4
WO,W12

W13,W8 W0
#17

wo,w4

WO, W13

count_of_sector

#3333,W0
W1,W0

g1
step



sine_th2:

word  24,48,7297,121,145,169,193,217,241,265,289,313,338,362,386

word  410,434,458,482,506,530,554,578,602,626,650,674,698,722,746,770

word  794,818,842,865,889,913,937,961,985,1008,1032,1056,1080,1103,1127,1151

word 11741 198,1222,1245,1269,1292,1316,1339,1363,1386,1410,1433,1456,1480,1503, 1527
word  1550,1573,1596,1620,1643,1666,1689,1712,1735,1758,1781 ,1804,1827,1850,1873, 1896
word  1819,1941,1964,1987 2010,2032,2055,2078,2100,2123,2145,2168,2180,2212,2235 2257
word  2279,2302,2324,2346,2368,2390,241 2,2434,2456,2478,2500,2522,2544 ,2565,2587,2609
word 2630,2652,2673,2695,2716,2738,2759,2780,2802,2823,2844,2865,2886,2907,2928,2949
word - 2970,2991,3011,3032,3053,3073,3094,31 15,3135,31565,3176,3196,3216,3237,3257,3277
word  3297,3317,3337,3357,3376,3396,3416,3435,3455,3475,3494.,351 3,3533,3552,3571,3590
word 3610,3629,3648,3667,3685,3704.3723,3742,3760,3779,3797,3816,3834,3852,38?1 ,3889
word  3807,3925,3943,3961,3979,3996,401 4,4032,4049,4067 ,4084,4102,4119,4136,4153 4171
word  4188,4204,4221,4238,4255,4272 4288 4305,4321,4338.4354 ,4370,4386,4402,44 18,4434
word  4450,4466,4482,4497 451 3,4528,4544,4559,4574,4590,4605,4620,4635,4650,4664,4679
word 4694.4708,4723,4737,4752,4?66,4780.4794,4808,4822.4836,4850,4863,4877,4891 4904
word  4917,4931,4944 4957 4970,4983,4996,5009,5021,5034,5046,5059,507 1 .5084,5096,5108

__T1interrupt:
BCLR IFSO#TI1IF ;Clear the Timer1 Interrupt flag
Status bit.

<<insert user code here>>
CALL sublastest?
BTG LATD #0
RETFIE :Return from Interrupt

Service routine

; End of AllTimer 1 Interrupt Service Routine

e End of All Code Sections -—--------———mmeoremeev -

;end ;End of program code in this file

c1:



RETURN
clk_SW:

C4:

C5:

BTSS PORTB,#RB6
BRA c5
BRA I

CPO W6
BRA Z k1
INC K91
BRA k3

CP W6, W3
BRA Z k1
INC K92
BRA k4
BTSS PORTB#RB7
BRA C4

BRA ki



Tsunsudansgg

10819 Ldsunsufltlunswiiaa
.equ _ 30F4011, 1
include "p30f4011.inc”

;Subroutine: Delay_WO0ms

.global Delay WOms

Delay_ WOms:
DO #10000,END 1ms ;Delay tms 10000
DO WO.END WO ;Do WO times
NOP
NOP

END_W0:  NOP

END tms:
NOP

RETURN




TUsunsuaadGuduuninasa Buna Lmﬁvgfe‘l

.equ _ 30F4011, 1
.include "p30f4011.inc"

;Subroutine:Init. PORTS

.global Init_Port

(vinfauilu 0 adaanslilawwilu output uazl 1w 1 1ladasmsliiin input)

Init_Port:

CLR LATB

MOV #0x00FF WO
MOV WO, TRISB
CLR LATC

MOV #OxBFOO,WO
MOV W0, TRISC
CLR LATD

MOV #0xFO0O,WO
MOV WO, TRISD
CLR LATE

MOV #0x0000,W0O
MOV WO, TRISE
CLR LATF

MOV #0xF000,W0
MOV WO, TRISF

RETURN




q1087 LlsunTy mysad1Suswang Im;a prwIRan § daen

equ __ 30F4011, 1
Jinclude "p30f4011.inc"

r

;Subroutine:Init ADC 10 BIT

.global Init ADC

Init. ADC:
;CHO=>AN3,CH1=>AN0,CH2=>AN1,CH3=>AN2

MOV #Ox01CF W0

MOV WO, ADPCFG
;0x5432109876543210

MOV #0B0000000011101110,W0

MOV WO,ADCONT
;0x5432109876543210

MOV #0B0000001000000000,W0

MOV WO,ADCON2
:0x5432109876543210

MOV #0B000000000000001 1,W0

MOV WO,ADCON3
;0x5432109876543210

MOV #0B0000000000000100,W0

MOV WO,ADCHS

MOV #0x0130,W0

MOV W0 ADCSSL

MOV #0X0000,W0

MOV WO,QEICON

MOV WO,DFLTCON

BSET ADCON1 #ADON

RETURN




ﬁaaﬂwaﬂﬁiﬁadﬁL’%wﬁuwaaIﬂiLLniuﬁLﬂuImgamaa PWM
.equ  30F4011, 1
include "p30f4011.inc"

:Subrotuinte to Init PWM

global Init. PWM

Init_ PWM:
:0b5432109876543210
MOV #0b1000000000000010,W0
MOV WO,PTCON
MOV #2949 W0
MOV WO,PTPER
;0b5432109876543210
MOV #0b0000000000000000, WO
MOV WO0,SEVTCMP
:0b5432109876543210
MOV #0b0000000011111111,W0
MOV WO,PWMCON1
:0b5432109876543210
MOV #0b0000000000000010,W0
MOV W0 PWMCON?2
:0h5432109876543210
MOV #0b0000000001111111,W0
MOV W0,DTCON1
CLR : DTCON1
:0b5432109876543210

MOV #0b0010101000000111,W0



MOV
CLR

MOV
MOV

RETURN

WO,FLTACON
FLTACON

;0b5432108876543210
#0b1111111100000000,W0
W0,0vDCON




é’aamamsﬁamﬁnﬁmaﬂuﬂaﬁqﬁfu Timer

.equ _ 30F4011, 1
.include "p30f4011.inc”

‘Subrotuinte to Init TMR

.giobatl Init_ TMR

Init TMR:

CLR T1COCN
CLR TMR1
MOV - #5898 W0
MOV - WO,PR1

BSET (PCO#T11PO
BCLR [PCO#T1iP1
BCLR PCO#TITIP2
BCLR IFSO#T1IF
BSET IECO#T1IE
BSET T1CON#TON

CLR T2CON

CLR TMR2

MOV #5888 W0
MOV  WO,PR2

BSET T2CON, #TON

RETURN
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their parlicular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market loday, when used in the

intended manner and under normal conditions.
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Sheets. Most likely, the person doing so is engaged in theft of intellectual property.
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- Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as ‘unbreakabie.”
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conveyed, implicitly or otherwise, under any inleliectual
properly rights.
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MICROCHIP

dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Note: This data sheel summarizes features of this group
of dsPIC30F devices and is-not intended o be a complete
reference source. For more infarmation on the CPU,
peripherals, register descriptions and general device
functionality, refer .lo :the dsPIC30F Family. Reference
Manual (DS70046). For more informiation .on the device
instruction set-and pragramming, refer o the dsPIC30F
Programmer’s Reference Manual (DS70030),

High Performance Modified RISC CPU:

. Modified Harvard architecture

+ C compiler optimized instruction set architeciure
with flexible addressing modes

» 84 base instructions )

+ 24-bil wide instruclions, 16-bit wide dala path

* 48 Kbytes on-chip Flash program space
(16K Instruction words)

» 2 Kbyles of on-chip data RAM

= 1 Kbyles of non-volatile data EEPRCM

» Up to 30 MiPs operation:

- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscilkator input with
PLL aclive {4x, 8x, 16x)

30 interrupl sources

- J external interrupt sources

- 8 user selectable priority levels for each
interrupt source

- 4 processor trap sources
16 x 16-bil working register array

DSP Engine Features:

= Dual data fetch

» Accumulator write back for DSP operations

* Modulo and Bit-Reversed Addressing modes

+ Two, 40-bit wide accumulators with oplional
saturation logic

+ 17-bit x 17-bit single cycle hardware fractional/
integer muitiplier

» All DSP instructions single cycle

= 1 16-bit single cycle shift

Peripheral Features:

High current sink/source I/Q pins: 25 mA/25 mA
Timer module with programmabile prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit timer modules

16-bit Capture input functions
16-bit Compare/PWM output functions
3-wire SPI™ modules (supports 4 Frame modas)

I2C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

2 UART modules with FIFQ Buffers
1 CAN modules, 2.08 compliant

Motor Control PWM Module Features:

6 PWM output channels

- Complementary or Independent Output
modes

- Edge and Center Aligned modes

3 duly cycle generalors

Dedicated time base

Programmable output polarity

Dead-time control for Complementary mode
Manual output control

Trigger for A/D conversions

Quadrature Encoder interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode

interrupt on position counter rollover/underfiow

«; 2005 Microchip Technology Inc.
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dsPIC30F4011/4012

Pin Diagrams (Continued)

28-Pin SPDIP
28-Pin SCIC
MCLR [t 38l aveo
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AN4/QEAICTICNGIRBA [T6 a 23(] PWM2H/RE3
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vss B S 21 % PWM3H/RES
OSCH/CLKIN ]9 I 20{] VoD
OSC2ACLKORC1S 10 < 190 vss
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EMUC1/SOSCOMICKANMARKCNORC14 [ 12 17 0 PGD/EMUDAUATX/SDO1SCLC ITX/RF3
voo []13 16 ] FLTAANTO/SCK1/OCFA/RES
EMUD2/QCZ/IC2ANT2/RDY [ 14 15[ EMUCZOCHICT/INT1/ROD

44-Pin QFN
=
i 0y
x ro
P4 o
e 5%
9 20
ON e - =
2 8 5
Qi - 8 ¥3
o2 'i 'E 9 [&)
R 9E S E£g
EY o o o=
= 0= = (GRS
95 o 88
229 o 09
= 8 oa
62D L4 20232
OhSoRBUETAES
O LWwWZ>>ZW >
[ O U el )
. o MIN QO O O~ e U
_ﬂ‘ gt dr OO M
PGC/EMUC/UTRX/SDISDACIRXRF2 | 1 33 | OSC2ICLKORC1S
NG 2 az | oscrcLkN
ne |3 31| vss
NG d s ao | vss
NG ‘ 5 29’ Voo
vss 16 4gpIC30F4012 BT Voo
Voo I 7 01 27: NG
vop A 8 26 | NG
PwM3aHRES | 9 251 NC
PWMILRE4 | 10 24 | ANS/QEB/ICBICNT/RBS
PwM2HRE3 | 11 23 | AN/QEAICTICNG/RBA
N Q- oW o S T N
)
P2gREfEplE
3 FaTEEga3a
[} - 272 2 Z
BRI
Y E i E Soa
[ g g =z
gczg
pr
€ Y
5
no
23
Z i

2005 Microchip Technology Inc. Prelimi nary DS70135C-page 5



dsPIC30F4011/4012

Table of Contents

1.0 Device OVEIVIEW ...t e FE U T R PTPTRT e,
2.0 CPU Architecture Overview .

30 MEMONY OTGAMIZATION ... ettt et ettt e et e et e e s o ettt ae e essaes e e e e e e e e eaebanem e as s e e e e e e re e et eanae e ens RTSTE
4.0 Address Generator Units .
5.0 Intermupts ............. IS TP [ B OO U RO
6.0 Flash Program Memory .......................................................... e, b e e e e
7.0 Data EEPROM Memory .

8.0 11O Ports .............

90 Timer1 Module ... =
10.0 TIMEF2IT MOOUIE L., it oo oo re e e mee e e Lt oo es e e e et o4 s 4 e 44 o e s R e ea A e g2 oo R n b e enn e e
11.0 Timerd/5 Module ... .. et a et a e e e e [ P O PSSR UPUPPPPRPRO
12.0 input Capture Module ..
13.0 Qutput Compare Module.
14.0 Quadrature Encoder Interface (QEl) Module
15.0 Motor Control PWM Module ... e

16.0 SPI™ Module ... et s et e e e v e —
17.0 2C™ Module ..o )

18.0 Universal Asynchionous Receiver Transmmer (UART) Module RSO

19.0 CAN Module ... T U U OSSO U UPPPURI s

20.0 10-bit High Speed Analog-to-Digital Converter (NDJ Module ..
21.0 SYSEEITL INEEOTALON ...ttt e ettt b e am e e e b ettt e oL e s e ettt e e ts rae s s et ee et a et ener s T

22.0 Instruction Set Summary .
23.0 Development Support. .
24.0 Electrical Characteristics
250 - Packaging INOrmIation ..o et e e
The Micrachip Web Site.......................... e e SO TP PP OPOTOITRNE .
Customer Change Molification Service ..
Customer Support........

Reader Response ...............
Product IdeNEAICAHONM SYSIBML.. ..ot ettt et ettt ettt e e e e ee oot eab e e st et meaa e s s en s e e sttt emsmes s eanaeaes e e s

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possibie to ensure successiul use of your Microchip
producis. To this end, we will continue {0 improve our publications {o better suit your needs. Our publications will be refmed and
enhanced as new volumas and. updates are snlroduoed

If you have any questions or.comments reqarding lhls publication, please contact, the Marketing- Commumcauons Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date versmn of thls dala sheet please register atOur Worldw:de Web sue al
hitp:thwww. microchip.cam

You-can determine the version of a dala sheet by exarmnmg its literature number found on the boftem outside corner of any page.
The last characler of the lstefature numbe: ls lhe versmn number (e g ‘DSI0000A is versuon A of document DS3000Q0}.

Errata

An errata sheet, describing mmoroperatlenal dll‘ferences froin the data sheet and recommended workarounds, may exist for curent
devicas. As dewceldocumenlatmn issi sk_beoome kmwn ST we Wlll publ:sh an errala sheet The errala will specify the rewsmn
_nf silicon.and revision of documenl_t' wluch lt‘appﬁes . :
To determine if an errata sheét exists for apartlcul devlce, please check wuth one of the: followmg

= Microchip’s Worldwide Web site; hittp: .’!wvwv mlcmchjp com ‘ ‘

+ Your local Microchip sales office’ (see 1ast page) -

When contacting a sales office, p!ease speclfy whtch devige, revision of ssl|con and data sheet (include literalure number) you are
_using. -

Customer Not|f1cat|on System

iup.com lo reeewe the mest current mformallon on. aII of our prodicts.

Regaster on our web sﬂe atwww rm

DS70135C-page 6 ' Preliminary ® 2005 Microchip Technology Inc.



dsPIC30F4011/4012

1.0 DEVICE OVERVIEW

Note: This data sheet summarizes features of this group
of dsP{C30F devices and is not.intanded to be a complete
_reference source. For .more -information “on "lhe CPU,
peripherals, register desciiptions ;and - genéral device
functionality, -refar to the ‘dsPIC30F .Family ‘Reference
Manual {DS70046). For more -information ofi-the device
instruction set and programming, refer to the dsPIC30F
Programmer's Reference Manual (DE70030).

This documeni contains device specific information for
the dsPIC30F4011/4012 device. The dsPIC30F
devices contain extensive Digital Signal Processor
(DSP) functionalily within a high performance 16-bit
microcontrolier (MCUW) architecture. Figure 1-1 and
Figure 1-2 show device biock diagrams for the
dsPIC30F4011 and dsPIC30F4012 device.

¢ 2005 Microchip Technology Inc.

Preliminary

DS5T0135C-page 7



dsPIC30F4011/4012

FIGURE 1-1:
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FIGURE 1-2:

dsPIC30F4012 BLOCK DIAGRAM
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dsPIC30F4011/4012

Tabie 1-1 provides a brief description of the device /O
pinaut and the functions that are multiplexed 1o a porl
pin. Multipte functions may exist on one port pin. When
muitiplexing occurs, the peripheral module's functional
requirements may force an override of the data
direction of the port pin.

TABLE 1-1: dsPIC30F4011 /O PIN DESCRIPTIONS
Pin Name TPm Buffer Description
L ype Type B
AND-ANE | Analog | Analog input channels.
ANO and AN1 are also used far device programming data and clock inpuls,
o respectively.
|AVDL P P Positive supply for analog modute.
AvVss P P Ground reference for anatog module.
CLKI | ST/CMOS | External clock source inpul. Always assaciated with OSC1 pin function.
CLKO 0 — Oscilator crystal output. Connects to crystal or resonator in Crystal
Oscillator made. Optionally functions as CLKO in RC and EC modes.
Always associated with OSC2 pin function.
CNO-CNY i ST Input change notificalion inputs.
ﬂy;cma Can be software programmed for internal weak pull-ups on all inputs.
C1RX f ST CAN1 bus receive pin.
CITX Q — CAN' bus transmit pin.
EMUD e ST {CD Primary Communication Channel data inpul/output pin.
EMUC 7o ST ICD Primary Communication Channel clock inpul/output pin,
EMUDA 10O ST ICD Secondary Communication Channel data input/output pin.
EMUCH 110 ST ICD Secondary Communication Channet clock input/output pin.
EMUD2 e} ST ICD Tertiary Communication Channel data input/output pin.
EMUC?2 10 ST ICD Tediary Communication Channel clock input/output pin.
EMUD3 /O ST ICD Quaternary Communication Channel data inpul/output pin.
EMUC3 110 ST ICD Quaternary Communication Channel ctock input/output pin.
IC1,1C2,IC7, | ST Capture inputs 1, 2, 7 and 8.
IC8
INDX | ST Quadrature Encoder Index Pulse inpui.
QEA ! ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB | ST Quadrature Encoder Phase A inpul in QE|l mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO | ST External interrupt 0.
INT1 | 5T External interrupt 1.
INT2 | 5T External interrupt 2.
FLTA i 5T PWM Fault A input.
PWM1L O e PWM 1 Low output.
PWM1H O — PWM 1 High output.
PWM2L @] — PWM 2 Low output.
PWM2H O — PWM 2 High output.
PWM3L O — PWM 3 Low oulput.
PWM3H O — PWM 3 High output.
MCLR P ST Master Clear (Reset) input or programming voliage input. This pin is an active
low Reset ta the device. _
OCFA | . ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
0C1-0C4 0 — Compare outpuis 1 through 4.
Legend: CMOS= CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels 0 = Qutput
I = Input P = Power

DS70135C-page 10
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dsPIC30F4011/4012

TABLE 1-1: dsPIC30F4011 I/O PIN DESCRIPTIONS (CONTINUED)
. Pin Buffer -

Pin Name Type Type Description i
05C1 t ST/CMOS | Oscillator crystal inp-ﬁfmST buffer when configured in RC mode; CMOS
OSsC2 Vo — otherwise.

Oscillator crystal output. Connects to crystal or resenator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
PGD 0] ST In-Circuit Serial Programming data inpul/ouiput pin.
PGC | ST |n-Circuit Serial Programming clock inpul pin.
RBO-RB8 1O ST PORTE is a bidirectional /O port.
BRC13-RC15§ BIIO BST PORTC is a bidirectional 1O port. -
RDO-RD3 fe] ST PORTD is a bidirectional O pon.
REO-RES, e ST PORTE is a bidirectional /0 port.
RES
RFO-RFG 1o ST PORTF is a bidirectional /O porl.
SCKA1 11O ST Synchronous serial clock inputfoutput for SPI™ 1.
SDH | ST SPI 1 Data In.
SDO1 O — SPi 1 Data Out.
551 i ST SPI 1 Slave Synchronization.
SCL Yo ST Synchronous serial clock inpul/ouiput for I°C.
SD_A o e ST Synchronggs ,Sffi?l dala input/outpul for 1°C.
SOSCCo O — 32 kHz low power oscillator crystal culput.
SOSCI | ST/ICMQOS | 32 kHz low power oscillator crystal inpul. ST buffer when configured in RC
i mode; CMOS otherwise.
T1CK I ST Timer1 external clock input.
T2CK f ST Timer2 external clock input.
UTRX | ST UART1 Receive.
UITX 0] — UART1 Transmit.
U1ARX | ST UART? Alternate Receive.
U1ATX 0] — UART? Allernate Transmit.
UZRX I ST UART2 Receive.
27X 0] — UART2 Transmit.
Voo P — Posilive supply for logic and /0 pins.
7VSS P —_ Ground reference for logic and I/Q pins.
VREF+ | Analog | Analog Voltage Reference (High} input.
7VREF7 i Analog | Analog Voltage Reference (Low) input.
Legend: CMOS= CMOS compatible input or output Analog =  Analog inpul
ST = Schmitt Trigger input with CMQOS levels 0 = Qutput
| = input P =  Power

% 2005 Micrachip Technology Inc.
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dsPIC30F4011/4012

2.2 Programmer’s Model

The programmer’s model is shown in Figure 2-1 and
consists of 16x16-bit working registers (W0 through
W15), 2x40-bit accumulators (AccA and AccB),
STATUS register (SR), Data Table Page register
(TBLPAG). Program Space Visibility Page register
(PSVPAG). DO and REPEAT registers (DOSTART,
DOEND, DCOUNT and RCOUNT), and Program
Counter (PC). The working registers can act as data,
address or offset registers, Alf registers are memory
mapped. W0 acts as the W reqister for file register
addressing.

Some of these registers have a shadow register asso-
ciated with each of them, as shown in Figure 2-1. The
shadow regisier is used as a fempoerary holding register
and can transfer its contents to or from its host register
upon the acourrence of an event. None of the shadow
registers are accessible direclly. The following rules
apply for transfer of registers into and out of shadows.

* PUSH.S and POP. S
W0, W1, W2, W3, SR (DC, N, OV, Z and C bits
only) are transferred.

= DO instruction
DOSTART, DOEND, DCOUNT shadows are
pushed on loop start, and popped on loop end.

When a byte operation is performed on a working reg-
ister, only the Least Significani Byte of the target regis-
ter is affected. However, a benefit of memory mapped
working registers is that both the Least and Most
Significant Bytes can be manipulated through byte
wide dala memory space accesses.

221 SOFTWARE STACK POINTER/
FRAME POINTER

The dsPIC® devices contain a software stack. W15 is
the dedicated soflware stack pointer (SP), and will be
automatically modified by exception processing and
subroutine calls and returns. However, W15 can be ref-
erenced by any instruction in the same manner as all
other W registers. This simpiifies ihe reading, writing
and manipulation of the stack pointer {e.g., creating
stack frames).

Note:  In order to protect against’ misaligned
stack accesses, W15<0> is always clear..

W15 is initialized to 0x0800 during a Reset. The user
may reprogram the SP during initialization to any
location within data space.

W14 has been dedicated as a stack frame pointer as
defined by the LNK and ULNE instructions. However,
W14 can be referenced by any instruction in the same
manner as alt other W registers.

222 STATUS REGISTER

The dsPIC core has a 16-bit Status Regisler {SR), the
LS Byte of which is referred 1o as the SR Low Byle
(SRL) and the MS Byte as the SR High Byte (SRH).
See Figure 2-1 for SR layout.

SRL contains all the MCU ALU operation status flags
(including the Z bit}, as well as the CPU Interrupt Prior-
ity Level status bits, IPL.<2:0>, and the REPEAT active
status bit, RA. During exception pracessing, SRL is
concatenated with the MS Byte of the PC to form a
complete word value which is then stacked.

The upper byte of the SR register contains the DSP
Adder/Subtractor staius bits, the O Loop Active bit
(DA} and the Digit Carry {DC) status bit,

223 PROGRAM COUNTER

The Program Counter is 23 bils wide. Bit 0 is always
clear. Therefore, the PC can address up to 4M
instruction words.

DS70135C-page 16
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dsPIC30F4011/4012

FIGURE 2-1: dsPiC30F4011/4012 PROGRAMMER’S MODEL
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2.3 Divide Support

The dsPIC devices feature a 16/16-bit signed fractional
divide operation, as well as 32/16-bit and 16/16-bit
signed and unsigned integer divide operations, in the
form of single instruction iterative divides. The following
instructions and dala sizes are supported:

1. DIVF — 16/16 signed fractional divide

The divide instruclions musi be execuled within a
REPEAT loop. Any other form of execution (e.g. a series
of discrete divide instructions) will not function correctly
because the instruction flow depends on RCOUNT. The
divide instruction does not automatically set up the
RCOUNT value, and it must, therefore, be explicitly and
correctly specified in the REPEAT instruction, as shown
in Table 2-1 (REPEAT will execute the target instruction
{operand value+1} times). The REPEAT loop count must

2. DIV.sd - 32/16 signed divide ' ¢ - !
3. LIV.ud - 3216 unsigned divide be set up for 18 |lerajuons of 1h¢ DIU/I?IVF instruction.
. . Thus, a complele divide operation requires 19 cycles.
4. DIV.sw— 16/16 signed divide
5 DIV.uw— 16/16 unsigned divide Note:  The Divide flow is interruptible. However,
the user needs fo save the context as
appropriate.
I&BLEMZ1 DIVIDE INSTRUCTIONS o
Instruction Function
DIVFE Signed fractional divide; Wm/MWn — W0; Rem — W1
DIv.sd Signed divide: (Wm+1:Wm)/Wn -» W0; Rem —» W1
DIV.sw (or DIV.s) Signed divide: Wm/Wn -» W0, Rem -» W1
DIV, ud ' ' Unsigned divide: (Wm+1:Wm)Wn — W0; Rem - W1
DIV.uw {or DIV.uj Unsigned divide: Wm/Wn — W(; Rem — W1

24 DSP Engine

The DSP engine consists of a high speed 17-bit x
17-bil multiplier, a barrel shifier, and a 40-bit adder/
Subtractor (with two target accumulators, round and
saturation logic).

The dsPIC30F devices have a singie instruction flow
which can execuie either DSP or MCU instructions.
Many of the hardware resources are shared between
the DSP and MCU instructions. For example, the
instruction set has both DSP and MCU Multiply
instructions which use the same hardware multiplier.

The DSP engine also has the capability to perform inher-
ent accumulator-lo-accumulator operations, which
require no additional data. These inslructions are ADD,
3UB and NEG.

The DSP engine has various options selected through
various bits in the CPU Core Configuration Register
(CORCON), as listed below:

1. Fractional or integer DSP multiply {IF).

2. Signed or unsigned DSP multiply (US).

3. Conventional or convergent rounding (RND).

4.  Automatic saturation on/off for AccA (SATA).

5. Automatic saturation on/off for AccB (SATB).

6

Automatic saturation onfoff for writes to data
memory (SATDW).

7. Accumulator  Saturation mode  selection
{ACCSAT).

" Note:  For CORGON layout, see Table 4-2.

A block diagram of the DSP engine is shown in
Figure 2-2.

TABLE 2-2: DSP INSTRUCTION
SUMMARY
Instruction Algebraic Operation
TTCLR A=0
ED A= (x-yP
EDAC A=At (x—y¥
MAC A=A+ (x"y)
MOVSAC No change in A
MPY A=x'y
MPY.N A=—x'y
MSC A=A-x'y

DS70135C-page 18
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dsPIC30F4011/4012

3.0 MEMORY ORGANIZATION

Note: This data sheet summarizes features-of this group
of dsPIC30F devices-and is not intended ta be a compiete
reference sowce. .For more information on ihe..CPU,
peripherals, register descriptions and general . device
funclionality, refer to ‘the osPICIOF Family Reference|
Mantal (DS70046). For maore information on the device
instruction set and programming, refer to the dsPIC30F
Prograrmer’s Reference Manual {DS70030).

31 Program Address Space

The program address space is 4M instruction words. 1t
i5 addressable by the 23-bit PC, table instruction
Effective Address (EA), or dala space EA, when
program space is mapped into data space, as defined
by Table 3-1. Note that the program space address is
incremented by two belween successive program
words, in order 1o provide compatibility with data space
addressing.

User program space access is resiricled to the lower
4M instruction word address range (0xQ00000 lo
Ox7FFFFE), for all accesses other than TBLRD/TBLWT,
which use TBLPAG<7> to determine user or configura-
fion space access. In Table 3-1, Read/Write instruc-
tions, bit 23 allows access to the Device 1D, the User |D
and the configuration bits. Otherwise, bit 23 is always
clear.

FIGURE 3-1:

PROGRAM SPACE
MEMORY MAP FOR

Configuration Memory

User Memory
Space

Space

dsPIC30F4011/4012
Reset - GOTO Instruction 000000
Resel - Target Address 000002
000004
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Interrupl Vector Table
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Reserved 000080 Y
Aternale Veclor Table 000084
0000FE
User Flash 000100
Program Memory
(16K instructions}
007FFE
008000
Reserved
{Read 0's}
7FFBFE
o TFFCQ0
Data EEPROM
(1 Kbyles)
7FFFFE
800000
Reserved
BOOSBE
BOOSCO
UNITID (32 instr)
BOCSFE
BQ0600
Reserved
| FTFFFE
Device Configuration F800D0
Registars FBOODE
Fao010
Reserved
FEFFFE
FFO0O0
BEVID (2) FFFFFE
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TABLE 3-1; PROGRAM SPACE ADDRESS CONSTRUCTION

T ";Access Type Access Program Space Address

L Space <23> <22:16> | <15> |  <14:1> <0>

Mnstruction Access User 0 PC<22:1> ¢

| TBLED/TBLWT User TBLPAG<7:0> Data EA <15.0>
(TBLPAG<T> = 0)

| TSLRD/TBLWT Configuration TBLPAG<7:0> Data EA <15:0>
(TBLPAG<7> = 1)

Program Space Visibility | User o ] PSVPAG<T:0> | Data EA <14:0>

Note: Program Space Visibility cannat be used {0 access bits <23:16> of a ward in program memary.

FIGURE 3-2: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION
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o ||
| I |
I i I
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Visibility I ™ Bbits 15 bits Lo
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322 DATA SPACES

The X data space is used by all instructions and sup-
porls all addressing modes. There are separale read
and write data buses. The X read data bus is the return
data path for all instructions that view data space as
combined X and Y address space. It is also the X
address space data path for the dual operand read
instructions (MAC class). The X write data bus is the
only write path to data space for all instructions.

The X data space also supports Modulo Addressing for
alt instruclions, subject to Addressing mode restric-
tions. Bit-Reversed Addressing is only supported for
writes 1o X data space.

The Y dala space is used in concert with the X data
space by the MAC class of instructions (CLR, ED,
EDAL, MAC, MOVSAC, MPY, MPY.N and MSC) to pro-
vide two concurrent data read paths. No writes occur
across the Y bus. This class of instructions dedicates
two W register pointers, W10 and W11, to always
address Y data space, independent of X data space,
whereas W8 and W9 always address X data space.
Note that during accumulalor write back, the data
address space is considered a combination of X and Y
dala spaces, so the write occurs across the X bus.
Consequently, the write can be 1o any address in lhe
entirc data space.

The Y data space can only be used for the data pre-
fetch operation associated with the MAC class of
instructions. It also supports Modulo Addressing for
automated circular buffers. Of course, all other instruc-
tions can access the Y data address space through the
X data path, as parl of the compaosite linear space.

The boundary between the X and Y data spaces is
defined as shown in Figure 3-6 and is not user pro-
grammable. Should an EA paint to data oulside its own
assigned address space, or to a location outside phys-
ical memory, an all-zero word/byte will be returned. For
example, although Y address space is visible by all
non-MA¢ instruclions using any Addressing mede, an
attempt by a MAC instruction to fetch data from that
space, using WB or W9 (X space pointers), will return
0x0000.

EFFECT OF INVALID
MEMORY ACCESSES

Data Returned

TABLE 3-2:

Attempted Operation

EA = an unimplemented address Tox0G00
W8 or W9 used to access Y data 0x0000
space in a MAC instruction

W10 or W11 used to access X 0x0000

data space in a MAC instruction

All effective addresses aré 16 bits wide and point to
bytes within the data space. Therefare, the data space
address range is 64 Kbytes or 32K words.

3.23 DATA SPACE WIDTH

The core data width is 16-bits. All internal registers are
arganized as 16-bit wide words. Data space memory is
organized in byle addressable, 16-bit wide blocks.

324 DATA ALIGNMENT

To help maintain backward compatibility with
PICmicra® devices and improve data space memory
usage efficiency, the dsPIC30F instruction set supports
both ward and byte operations. Data is aligned in data
memory and registers as words, but all dala space EAs
resolve to bytes, Data byte reads wiil read the complete
word, which contains the byte, using the LS bit of any
EA to determine which byte 1o select. The selecled byte
is placed onto the LS Byte of the X data path {no byle
accesses are possible from the Y data path as the MAC
class of instruction can only fetch words). That is, data
memory and registers are organized as two parallel
byte wide enlities with shared (word) address decode,
but separate write lines. Data byte writes only write to .
the corresponding side of the array or register which
maiches the byte address.

As a consequence of this byte accessibility, all effective
address calculations (including ihose generated by the
DSP operations, which are restricted to word sized
data) are internally scaled to step through word aligned
memory. For example, the core would recognize that
Post-Mcdified Register Indirect Addressing mode,
[Ws++], will result in a value of Ws+1 for byte
operations and Ws+2 for word operations.

All word accesses musl be aligned to an even address.
Mis-aligned word data fetches are nol supported, so
care must be taken when mixing byle and word opera-
tions, or transiating from B-bit MCU code. Should a mis-
aligned read or wrile be atlemplted, an Address Error
trap will be generated. if the error occurred on & read,
the instruclion underway is completed, whereas if it
occuired on a write, the instruction will be executed but
the write will not ocour. In either case, a trap will then
be executed, alfowing the system and/or user to exam-
ine the machine siate prior to execution of the address
fault.

FIGURE 3-8: DATA ALIGNMENT
15 MS Byte 87 LS Byte o
0001 Byte 1 Byte 0 0000
6003 Byle 3 Byle 2 0on2
0005 | Byte & Byte 4 Go04
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All byte loads into any W reqgister are loaded into the
LS Byte. The MSB is not modified.

A sign-extend (SE) instruction is provided to allow
users to translate B-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSB of any W register by executing a
zero-extend (ZE) instruction on the appropriate
address.

Although most instructions are capable of operating on
word or byle data sizes, it shouid be noted that some
instructions, including the DSF instructions, operate
only on words.

325 NEAR DATA SPACE

An B Kbyte ‘near’ data space is reserved in X address
memory space between O0x0000 and Ox1FFF, which is
directly addressable via a 13-bil absoiute address field
within all memory direct instructions. The remaining X
address space and all of the Y address space is
addressable indirectly. Additionally, the whole of X data
space is addressable using MOV instructions, which
support memory direct addressing with a 16-bit
address field.

326 SOFTWARE STACK

The dsPIC device contains a softlware stack. W15 is
used as the Stack Poinler.

The stack pointer always points to the first available
free word and grows from lower addresses towards
tugher addresses. It pre-decrements for stack pops and
post-increments for stack pushes, as shown in
Figure 3-9. Note that for a PC push during any CALL
instruction, the MSB of the PC is zero-extended before
the push, ensuring that the MSB is always clear.

| Note: A PC push during exception processing
will concatenate the SRL register to the
MSB of the PC prior to the push.

There is a Stack Pointer Limit register (SPLIM) assoc:-
ated with the stack pointer. SPLIM is uninitialized at
Resel. As is the case for the stack pointer, SPLIM<0>
is forced to ‘o', because all slack operations must be
word aligned. Whenever an effective address {EA) is
generated using W15 as a source or destination
pointer, lhe address lhus generated is compared with
the value in SPLIM. If the contents of the Stack Pointer
(W15) and the SPLIM register are equal and a push
operation is performed, a Stack Error Trap will not
occur. The Stack Error Trap will occur on a subsequent
push operation. Thus, for exampie, if il is desirable to
cause a Stack Error Trap when the stack grows beyond
address 0x2000 in RAM, initialize the SPLIM with the
value, Ox1FFE. )

Similarly, a Stack Painter Underflow (Stack Error) trap
is generated when the stack poinler address is found to
be less than 0x0800, thus preventing the stack from
interfering with the Special Function Register (SFR)
space. I

A write to the SPLIM register should not be immediately
followed by an indirect read operation using W15.

FIGURE 3-9: CALL STACK FRAME -
Ox0000 45 ]
Y e ]
=
3
z 5 PC<15.0> - W15 (hefore CALL)
&% | [evacoosodPCeaz 16>
= <Frae Word> - W15 {afier CALL)
177
Y
POP: [ W15}
PUSH: (W15++]
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TABLE 4-2: BIT-REVERSED ADDRESS SEQUENCE (16-ENTRY)
Normal Bit-Reversed
Address Address
A3 A2 At A0 Decimal A3 A2 Al AD Decimal
"o 0 0 0 0 o 0 0 0 0
G a 0 1 1 1 0 4] a B
G 0 1 o 2 0 1 0 0 4
P 1 1 3 1 1 4] 0 12
0 1 0 0 4 0 0 1 0 2
7?*_' 1 0 1 5 1 0 1 o 10
0 1 1 0 6 0 1 1 0 6
) 0 1 1 1 7 1 1 1 0 14
- 1 0 ¢ 0 8 o 0 0 1 1
1 0 0 1 9 1 0 0 1 9
I 1 0 1 0 10 T 1 0 1 5
| 0 1 1 1 1 1 0 1 13
1 1 0 0 12 a G 1 1 3
1 1 0 1 13 1 0 1 1 ) 1
1 1 1 0 14 ] 1 1 1 7
1 1 1 1 15 1 1 1 1 15
TABLE 4-3: BIT-REVERSED ADDRESS MODIFIER VALUES FOR XBREV REGISTER
; Buffer Size (Words) XB<14:0> Bit-Reversed Addréss Modifier Value*
32768 0x4000 '
16384 0x2000
i - B192 0x1000
- 4096 0x0800
i 2048 0x0400
1024 0x0200
| 512 0x0100
256 ) 0x0080
B 128 0x0040
64 0x0020 o
3z 0x0010
16 0xQ008
8 - T 0x0004
4 0x0002
2 0x0001

*Modifier values for buffer sizes greater than 1024 words will exceed the available data memory on the

dsPIC30F4011/4012 devices.
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50 INTERRUPTS

Nate: This data sheet summarizes features of this group
of t#sPIC30F devices and is not intended to be a comptete
reference source. Far more information on the CPU,
peripherals, register descriplions and general device
functionaiity, refer to the osPIC30F Family -Reference
Manual (DS70046). For more information on the device
instruction set and.programming, ‘refer to -the dsPIC30F

_Programmer’s Reference Manual {(BS70030).

The dsPIC30F4011/4012 has 30 interrupt sources and
4 processor exceptions (traps), which must be
arbitrated based on a priority scheme.

The CPU is responsible for reading the Interrupl
Veclor Table (IVT} and transferring the address con-
tained in the interrupt vector to the program counter.
The interrupt vector is transferred from the program
data bus into the program counter, via a 24-bit wide
multiplexer on the input of the program counter.

The Interrupt Vector Table (IVT} and Afternate Inter- -

rupt Veclor Table (AIVT) are placed near the beginning
af program memory (0x000004). The IVT and AIVT
are shown in Figure 5-1.

The interrupt controller is responsible for pre-
pracessing ‘the inlerrupls and processor exceptions,
prior to their being presented to the processor core.
The penpheral interrupts and traps are enabled,
prioritized and controlled using centralized special
function registers:

« IFS0<15:0>, IFS1<15:0>, IF52<15:0>
All interrupt request flags are maintained in these
three registers. The flags are set by their respec-
live pedpherals or external signals, and they are
cleared via software.

+ IECO<15:0>, IEC1<15:0>, IEC2<15:0>
Allinterrupt Enable Contral bits are maintained in
these three registers. These control bits are used
{o individually enable interrupts from the
peripherals or external signals.

« IPCO<15:0>... IPC11<7:0>
The user assignable priority level associated with
each of these interrupts is held centrally in these
welve registers.

» IPL<3:0> The current CPU priority level is explic-
itly stored in the IPL bits. IPL<3> is present in the
CORCON register, whereas {PL<2:0> are present
in the status register (SR} in the processor cere.

« INTCON1<15:0>, INTCONZ2<15:0>
Global interrupt condrol functions are derived from
these two registers. INTCON1 cantains the con-
trol and staius flags for the processor exceptions.
The INTCON2 register controls the external inter-
rupt request signal behavior and the use of the
alternate vector fable.

Note: Inferrupt Flag bits get set when an inter-
rupt -condition occurs, regardiess of the
state of its corresponding Enable bit. User
software should ensure the appropriate
Interrupt Flag bits are clear prior to
enabling an interrupt.

All interrupl sources can be user assigned 1o one of 7
priorily levels, 1 through 7, via the IPCx registers.
Each interrupt source is associated with an interrupt
vector, as shown in Table 5-1. Levels 7 and 1 repre-
sent the highest and lowest maskable priosities,

respectively.

. Note:  Assigning a priority level of O 1o an inter-
rupt source is equivalent to disabling that
interrupt.

if. the NSTDIS bit (INTCON1<15>) is set, nesting of
interrupts is prevented. Thus, if an interrupt is currently
being serviced, processing of a new interrupt is pre-
vented, even if the new interrupt is of higher priority
ihan the one currently being serviced.

Note: The IPL bits become read-only whenever
the NSTDIS bit has been setto ‘1",

Certain interrupts have specialized control bits for fea-
fures ke edge or level iriggered inlerrupts, interrupt-
on-change, etc. Control of these fealures remains
within the peripheral module which generales the
interrupt.

The DISI instruction can be used (o disable the
processing of interrupts of priorities 6 and lower for a
certain number of instructions, during which the DISI bit
{INTCON2<14>} remains set.

When an interrupt is serviced, the PC is loaded with the
address stored in the veclor focation in Program Mem-
ory that corresponds to the interrupt. There are 63 dif-
ferent veciors within the IVT (refer ta Figure 5-2). These
vectors are contained in locations 0x000004 through
0x0000FE of program memory (refer to Figure 5-2).
These locations contain 24-bit addresses, and in order
to preserve robusiness, an address error trap will take
place should the PC attempt to fetch any of these
words during normal execution. This prevents execu-
tion of random data as a result of accidentally decre-
menting a PC into vector space, accidentally mapping
a data space address into vector space, or the PC roll-
ing over to 0x000000 after reaching the end of imple-
menled program memery space. Execution of a GOTO
instruction 1o this vector space will also generate an
address error trap.

@ 2005 Micrechip Technology Inc.
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5.1 Interrupt Priority

The user assignable Interrupt Priarity (IP<2:0>) bits for
each individual interrupt source are located in the LS 3-
bits of each nibble, within the 1PCx register(s). Bit 3 of
each nibble is nol used and is read as a '0". These biis
define 1he priority level assigned to a particular interrupt
by the user.

Note:  The user selectable priority-levels slart at
0, as the lowesf priority, and level 7, a§the

highest priority.

Since more than cne interrupt request source may be
assigned fo a specific user specified priority level, a
means is provided to assign priority within a given level.
This method is called "Natural Order Priority”.

Natura! Order Priority is determined by the position of
an inlerrupt in the vector iable, and only aflects
interrupt operaticn when muftiple interrupts with the
same user-assigned priority become pending at the
same time.

Table 5-1 lists the interrupt numbers and interrupt

sources for the dsPIC devices and their associaled
vector numbers.

Note 1. The natural order priority scheme has 0
as the highest priority and 53 as the
lowest pricrity. :

2: The natural order priority number is the
same as the INT number.

The abitity for the user to assign every interrupt to one
of seven priority levels implies that the user can assign
a very high overall priority level to an interrupt with a
low natural order priority. For example, the PLVD {Low
Voilage Detect) can be given a priority of 7. The INTO
(external interrupl 0} may be assigned to priority level
1, thus giving it a very low effective priority.

TABLE 5-1: INTERRUPT VECTOR TABLE
INT Vector Interrupt Source
Number ; Number
Highest Natural Order Priority
0 8 INTO - Externat Interrupt C
1 g IC1 - Input Capture 1
2 10 OC1 - Gutput Compare 1
3 11 T1-Timer 1
4 12 IC2 - Input Capture 2
5 13 OC2 - Output CompareEAJ
6 | 14 |T2-Timer2
7 | 15 {T3-Timer3
8 16 S5PH
9 17 U1IRX - UART 1 Receiver
10 18 U1TX - UART1 Transmitter
11 19 ADC - ADC Convert Done
12 | 20 |NVM-NVM Write Complete
13 21 512C - I°C Slave Interrupt
14 22 MIZC - I°C Master Interrupt
15 23 Input Change Interrupt
16 24 INT1 - External Interrupt 1
17 _ | 725 {IC7 - Input Capture 7
18 26 1C8 - Input Capture 8
19 27 0OC3 - Output Compare 3
20 28 0C4 - OQuiput Compare 4
21 29 T4 -Timer4
- 22 30 T5 - Timer &
23 3 INT2 - External Interrupt 2
T 32 |UZRX - UARTZ Receiver
25 33 U2TX - UARTZ Transmitter
26 34 Reserved
27 | a5 [c1-Combined IRQ for CANA
T 36 Reserved
29 37  |Reserved
30 R Reserved o
31 39 Reserved
32 40 Reserved ]
33 41 Reserved
34 42 Reserved
35 43 Reserved
36 44 Reserved
37 45 Reserved
T3 46 Reserved
38 47 PWM - PWM Perind Match
40 48 QEI - QE Interrupt
41 49 Reserved
42 L Reserved
43 51 FLTA - PWM Fault A
44 52 Reserved
45-53 53-61 |Reserved
Lowest Natural Crder Priority
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5.2 Reset Sequence

A Reset is not a true exception, because the interrupt
controfler is notinvolved in the Reset process. The pro-
cessor initializes its registers in response to a Resel,
which forces the PC 1o zero. The processor then begins
program execution at location 0x000000. A GOTO
instruction is stored in the first program memory laca-
tion, immediately followed by the address target for the
GOTS instruction. The processor executes the GOTO to
the specified address and then begins operation at the
specified target (start) address.

5.2.1 RESET SOURCES

There are 6 sources of error which will cause a device
reset.

- Walchdog Time-out:
The watchdog has timed out, indicating that the
processor is na lenger executing the correct flow
of code.

+ Uninitialized W Register Trap: :
An attempt (o use an uninitialized W register as
an address pointer will cause a Reset.

- lllegal Instruction Trap: :
Attempted execution of any unused opcodes will
resull in an illegal instruction trap. Note that a
fetch of an illegal instruction does not result in an
illegal instruction trap if that instruction is flushed
prior to executian due to a flow change.

= Brown-cut Reset (BOR}:

A momentary dip in the power supply 1o the
device has been detected, which may result in
malfunction.

+ Trap Lockout:

Occurrence of mulliple Trap conditions simulta-
neously will cause a Reset.

5.3 Traps

Traps can be considered as non-maskable interrupis
indicating a software or hardware error, which adhere
to a predefined priority as shown in Figure 3-1. They
are intended 1o provide the user a means lo correct
erroneous operation during debug and when operating
within the application.

Note: If the user does not intend to take correc-
tive action .in the event of a trap error
condition, -these vectors must be loaded
with ‘the address of a default handler that
-snmply contains the RESET instruction. If,
on the other hand, one of the vectors
containing an invalid address is called, an |
address error trap is generated.

Note that many of these trap conditions can only be
detected when they occur. Cansequently, the question-
able instruction is allowed to complete priar to frap
exception processing. If the user chooses 1o recover
from the error, the result of the erroneous action that
caused the trap may have to be corrected.

There are 8 fixed priority levels for traps: Level B
through Levet 15, which implies that the IPL3 is always
set during processing of a trap.

if the user is not currently executing a trap, and he sets
the IPL<3:0> bits to a value of '0111" {(Level 7), then alt
interrupts are disabled, but traps can slill be processed.

5.31 TRAP SOURCES

The following traps are provided with increasing prior-
ity. However, since all traps can be nesled, priorily has
litile effact.

Math Error Trap:

The Math Ervor trap executes under the following three
circumsiances:

1. Should an attempt be made to divide by zero,
the divide operation will be aboried on a cycle
boundary and the trap taken.

2. If enabled, a Math Error trap will be taken when
an arithmetic operation on either accumutator A
or B causes an overflow from bit 31 and the
Accumulator Guard bils are not utilized.

3. If enabled, a Math Error trap will be {aken when
an arithmetic aperation on either accumulator A
or B causes a catastrophic overflow from bit 39
and all saturation is disabled.

4. If the shift amount specified in a shift instruction
is grealer than the maximum allowed shift
amount, a trap will occur.

¢ 2005 Microchip Technology Inc.
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Address Error Trap:

This trap is initiated when any of the following

circumstances occurs:

1. A misaligned data word access is attempted.

2. A data felch from our unimplemented data
memery location is attempted.

3. A data access of an unimplemented program
memaory location is attempted.

4. An instruction fetch from vector space is
attempted.

Note:  In the Mac-class of instructions, wherein
the data space is split info X and Y 'data’
space, unimpleranted X space includes
all of Y space, and unimplemented Y
space includas ail of X space.

5. Execution of a "BRA #literal” instruction or a
“30TO #literal”instruction, where literal
1s an unimplemented program memory address.

8. Executing instructions after medifying the PC to
point to unimplemented program memory
addresses. The PC may be modified by loading
a value into the stack and executing a RETURN
instruction. ' i

Stack Error Trap:

This trap is initiated under the fallowing conditions:

1. The stack pointer is Joaded with a value which is
greater than the (user programmabie) limit value
written into the SPLIM register (stack overflow).

2. The stack pointer is loaded with a value which is
less than 0x0800 (simple stack underflow).

Oscillator Fail Trap:

This trap is initiated if the external oscillalor fails and
operation becomes reliant on an internal RC backup.

532 HARD AND SOFT TRAPS

It is possible that mulliple traps can become active
within the same cycle {e.g., a misaligned word stack
write to an overflowed address). In such a case, the
fixed priority shown in Figure 5-2 is implemented,
which may require the user to check if other traps are
pending, in order to completely correct the fault.

‘Soft’ traps include exceptions of priority level 8 through
levet 11, inclusive. The arithmetic error trap {level 11)
falls into this category of traps.

‘Hard' traps include exceptions of priorily level 12
through level 15, inclusive. The address error {level
12), stack error {level 13) and oscillator error (level 14)
traps fall into this category.

Each hard trap that occurs must be acknowledged
before code execution of any type may continue. If a
tower priority hard trap occurs while a higher priority
frap is pending, acknowledged, or is being processed,
a hard trap conflict will occur.

The device is automatically Reset in a hard trap conflict
condition. The TRAPR status bit (RCON<15>} is set
when the Reset occurs, so that the condition may be
detecied in software.

FIGURE 5-1; TRAP VECTORS

Resel - GOTG Instruction ] 0x000000
Reset - GOTO Address 0x000002
Reserved 0x000004
‘ Oscillator Fail Trap Vector
Address Error Trap Vector
Stack Error Trap Veclor
Math Error Trap Vector
VT Reserved Veclor
Reserved Vector
Reserved Vector
Interrupt O Vector 0x000014
Interrupt 1 Vector

Decreasing
Priority

Y Interrupt 52 Vector
' Interrupl 53 Vector OxQO0DTE
Reserved 0x000080
S5E VD Ox000082
Reserve 0x000084
‘ Oscillator Fail Trap Veclor

Slack Error Trap Vector
Address Error Trap Vector
Math Error Trap Vector

ANT Reserved Veclor
Reserved Veclor
Reserved Vector
Interrupl 0 Vector 0x000094
Interrupl 1 Vegtor

* | inlerrupt 22 Vector
aterrupt ectar 0x0000FE
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8.3 Input Change Notification Module

The input Change Notification module provides the
dsPIC30F devices the ability lo generate interrupt
requests to the processor in response to a change-of-
stale on selected input pins. This module is capable of
detecting input change-of-states even in Sleep mode,
when the dlocks are disabled. There are 10 external
signals (CNO through CN7, CN17 and CN18) that may
be selected (enabied) for generating an interrupt
request on a change-of-state.

Please refer io the Pin Diagrams for CN pin locations.

TABLE 8-3:  INPUT CHANGE NOTIFICATION REGISTER MAP (BITS 7-0)

'SFRName | Addr. | Bit7 | Bit6 | Bit5 | Bitd | Bit3 Bit 2 Bit 1 Bit0 Reset State

CNENT | 00CO | CNTIE | CNGIE | CNSIE | GNAIE | ONJIE | CN2E | CNUE | ONOIE | cooo acoe 9003 nono
CHENZ 00c2 — — . — — —_ CN1BIE® CNiTIE® — 0000 0003 0008 0010
GNPUT | 00G4 | CNTPUE | CNBPUE | ONSPUE | CNAPUE | CNBPUE | CN2PUE | CNTPUE | CNOPUE | 0000 9600 aoao bago
(;_rs{PUE 00C6 - — — — - CN1BPUE" | CN1TPUE" — 0000 4040 0003 0000

tegend.  u = uninitialized bit -
*Nol available on dsPIC30F4012

Note: Refer to dsPIC30F Family Reference Manual (DST0046) for descriptions of register bit fields.
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9.0 TIMER1MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F davices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriplions and general device
functionality, refer {o the dsPIC30F Family Reference

Manual (DS70048).

This section describes the 16-bit General Purpose
{(GP} Timer1 module and associated operational
modes. Figure 9-1 depicts the simplified block diagram
cf the 16-bit Timert Module.

Note: Timerl.is a ‘Type A’ timer. Please refer to
the specifications for-a Type A timer in
Section 24.0 Electrical Characteristics of
this document.

-

The following sections provide a detailed description,
including setup and control registers along with associ-
ated block diagrams for the operational modes of the
tirmers.

The Timer1 medule is a 16-bit timer which can serve as
the time counter for the real-time clock, or aperate as a
free running interval timer/counter. The 16-bit timer has
the following modes:
+ 16-bit Timer
= 16-bit Synchronous Counter
« 16-bit Asynchronous Counter
Further, the following operational characteristics are
supporied:
- Timer gale operation
- Seleciable prescaler setlings
+ Timer operation during CPU Idle and Sleep
modes
- Interrupt on 16-bit period register match or falling
edge of exiernal gate signal

These operating modes are delermined by setting the
appropriate bit(s) in the 16-bit SFR, T1CON. Figure 9-1
presents a block diagram of the 16-bit timer module.

16-bit Timer Mode: In the 16-hit Timer mode, the timer
incremenis on every instruction cycle up to a match
value, preloaded into the period register PR1. then
resets to 0 and continues to count.

When the CPU goes into the Idle mode, the timer will
stop incrementing, untess the TSIDL (T1CON<13>)
bit = 0. If TSIDL = 1, the timer module logic will resume
the incrementing sequence upon termination of the
CPU {dle mode.

16-bit Synchronous Counter Mode: In the 16-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal,
which is synchronized with the internal phase clocks.
The timer counts up to a malch value preloaded in PR1,
then resets to 0 and continues.

When the CPU goes into the idle mode, the timer will
stop incrementing, unless the respective TSIDL bit= 0.
If TSIDL. = 1, the timer module logic will resume the
incrementing sequence upon terminatian of the CPU
Idle mode. )

16-bit Asynchronous Counter Mode: In the 16-bit
Asynchronous Counter made, the timer increments on
every rising edge of the applied external clock signal.
The timer counts up to a match value preloaded in PR1,
then resets to 0 and continues.

When the timer is configured for the Asynchronous mode
of operation and the CPU goes intc the ldle mode, the
timer will stop incrementing if TSIDL = 1.

¢ 2005 Micrechip Technology inc.
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FIGURE 9-1:

16-BIT TIMER1 MODULE BLOCK DIAGRAM (TYPE A TIMER)

PR1

7

Equal
Caomparalor x 16

THF

L TMR1
Reset
0 g.‘.,-—v
Event Flag 1 Q 01— TGATE
6.[(:!(

TGATE w
@ %
E (W)
________________________ = TCKPS<1.0>
. SOSCO/ ‘ - ’1 L TON
'TICK I A
' ! Gate Prescaler
Sync 1. 8, 64, 256

9.1

The 16-bit timer can be placed in the Gated Time Accu-
mulation mode. This mode allows the internal Tcy to
increment the respective timer when the gate input sig-
nal {T1CK pin) is asserted high. Control bit TGATE
{T1CON<6>) must be set to enable this mode. The
timer must be enabled {TON = 1} and the timer clock
source set o internal (TCS = o).

When the CPU goes into the Idle mode, the timer will
slop incrementing, unless TSIDL = 0. IFTSIDL = 1, the
timer will resume the incrementing sequence upon
fermination of the CPU Idie mode.

Timer Gate Operation

9.2

The input clock (FOsc/4 or external clock) to the 16-bit
Timer, has a prescale option of 1:1, 1:8, 1:64, and
1:256 selected by control bits TCKPS<1:0>
(T1CON<5:4>). The prescaler counter is cleared when
any of the following occurs:

Timer Prescaler

+ awrite to the TMR1 register

+ clearing of the TON bit (TICON<15>)

+ device Resetf such as POR and BOR

However, if the timer is disabled (TON = g}, then the

timer prescaler cannot be reset since the prescaler
clock is halled.

TMR1 is not cleared wheri T1CON is written. It is
cleared by writing 1o the TMR1 register.

9.3 Timer Operation During Sleep

Mode

During CPU Sleep mode, the timer will operate if:

+ The timer module is enabled {TON = 1} and

+ The timer clock source is selected as external
(TCS=1yand

+ The TSYNC bit (T1ICON<2=>}is asserted 1o a logic
0, which defines the external clock source as
asynchronous

When alf three conditions are true, the timer will con-
tinue to count up 1o the period register and be reset to
Ox0000.

When a match between the timer and the period regis-
ter occurs, an interrupt can be generated, if the
respective Timer Interrupt Enable bit is asserted.
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15.0 MOTOR CONTROL PWM
MODULE

Note: This data sheet summarizes features af this group
of dsPIC30F devices and is not intended to be a camplete
reference source. For mare information on the CPU,
peripherals, register descripions and general device
functionality, refer to the dsPIC30F Family Reference

Manual (DS70046).

This module simplifies the task of generating muiltiple,
synchronized Pulse Width Modulated (PWM) outputs.
In particular, the following power and motion controf
applications are supported by the PWM module:

+ Three Phase AC Induction Motor

» Switched Reluctance (SR) Motor

= Brushless DC {BLDC) Motor

+ Uninterruptible Power Supply (UPS}

The PWM module has the following features:

« 6§ PWM VO pins with 3 duty cycle generatars
» Up to 16-bit resclution

= ‘On-the-Fly' PWM frequency changes

- Edge and Center Aligned Outpul modes

- Single Pulse Generation mode

« Interrupt support for asymmetrical updates in
Center Aligned mode

+ Qutput override contral for Electrically
Commutative Motor (ECM) cperation

« ‘Special Event' comparator for scheduling other
peripheral events

= FAULT pins io optionally drive each of the PWM
outpul pins to a defined slate

This module contains 3 duty cycle generators, num-
bered 1 through 3. The module has 6§ PWM output pins,
numbered PWM1TH/PWAM1L through PWM3H/PWM3L.
The six /O pins are grouped into high/low numbered
pairs, denoted by the suffix H or L, respectively. For
compiementary icads, the low PWM pins are always
the complement of the corresponding high I/C pin.

The PWM module allows several modes of operation
which are beneficial for specific power control
applications.

& 2005 Microchip Technology Inc.
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FIGURE 15-1: PWM MODULE BLOCK DIAGRAM
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151 PWM Time Base

The PWM time base is provided by a 15-bit fimer with
a prescaler and postscaler. The time base is accessible
via the PTMR SFR. PTMR<15> is a Read Only Status
bit, PTDIR, ihat indicates the present count direction of
the PWM time base. If PTDIR is cleared, PTMR is
counting upwards. If PTDIR is set, PTMR is counting
downwards. The PWM time base is configured via the
PTCON SFR. The time base is enabled/disabled by
setting/clearing the PTEN bit in the PTCON SFR.
PTMR is nct cleared when the PTEN bit is cleared in
software.

The PTPER SFR sets the counting period for PTMR.
The user must write a 15-bit value to PTPER<14.0>.
When the value in PTMR<14:0> matches the value in
PTPER<14:0>, the time base will either reset to 0, or
reverse the count direction on the next occurring clock
cycle. The action taken depends on the operating
mode of the time base.

Note:  If the period register is set to 0x0000, the
timer will stop counting, and the interrupt
and the special event trigger will not be
generated, even if the special event value
is also 0x0000. The module will not update
the period register, if it is already at
Ox0000; therefore, the user must disable
the madule in order fo update the period

register,

The PWM time base can be configured for four different
modes of operation:

+ Free Running mode
+ Single Shot mode
» Continuous Up/Down Count mode

= Conlinuous Up/Down Count mode with interrupts
for double updates

These four modes are selected by the PTMOD<1:0>
bils in the PTCON SFR. The Up/Down Counting modes
support center aligned PWM generation. The Single
Shot mode allows the PWM module to support pulse
control of certain Electronically Commulative Motors
{ECMs).

The interrupt signals generated by the PWM time base
depend on the mode selection bits (PTMOD<1:0>) and
the postscaler bits (PTOPS<3:0>) in the PTCON SFR.

15.1.1 FREE RUNNING MODE

In the Free Running mode, the PWM time base counts
upwards until the value in the Time Base Period regis-
ter (PTPER) is matched. The PTMR register is reset on
the folloewing input clock edge and the time base will
continue to counl upwards as fong as the PTEN bit
remains set.

When the PWM Ume base is in the Free Running mode
(PTMOD<1:0> = po), an interrupt event is generated
each time a malch with the PTPER regisler occurs and
the PTMR register is reset to zero. The postscaler
selection bils may be used in this mode of the timer o
reduce the frequency of the interrupt events.

15.1.2 SINGLE SHOT MODE

fn the Single Shot Counting mode, the PWM time base
begins counting upwards when the PTEN bit is sel.
When the value in the PTMR register matches the
PTPER register, the PTMR register will be reset on the
following input clock edge and the PTEN bit will be
cleared by the hardware to halt the time base.

When the PWM time base is in the Single Shot mode
(PTMOD<1:05 = 01), an inlerrupt eveni is generated
when a match with the PTPER register occurs, the
PTMR register is reset to zero on the following input
clock edge, and the PTEN bil ts cleared. The posiscaler
selection bits have no effect in this mode of the timer.

15.1.3 CONTINUOUS UF/DOWN
COUNTING MODES

In the Continuous Up/Down Counting modes, the PWM
time base counts upwards until the value in the PTPER
register is matched. The {imer will begin counting
downwards on the following input clock edge. The
PTDIR bitin the PTCON SFR is read anly and indicates
the counting direction The PTDIR bil is set when the
timer counts downwards.

In the Up/Down Counting mode (PTMOD<1:0> = 10),
an interrupt even! is generated each time the value of
the PTMR register becomes zero and the PWM time
hase beqins io count upwards. The postscaler selec-
tion bits may be used in this mode of the timer to reduce
the frequency of the interrupt events.

© 2003 Micrechip Technology tnc.
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1814 DOUBLE UPDATE MODE

In the Doubje Update mode (PTMOD<1:0> = 11), an
interrupt event is generated each time the PTMR regis-
ter is equal to zero, as well as each time a period match
occurs. The posiscaler selection bils have na effect in
this mede of the timer.

The Double Lipdate made provides two additional func-
tions to the user. First, the control loop bandwidth is
doubled because the PWM duty cycles can be
updated, twice per period. Second, asymmetrical cen-
ter-aligned PWM waveforms can be generated, which
are useful for minimizing outpul waveform distortion in
certain motor control applications.

Note:  Programming a vafue of 0x0001 in the
period register could generate a continu-
ous interrupt pulse, and hence, must be
avoided,

15.1.5 PWM TIME BASE PRESCALER

The input clock to PTMR (Fosc/4), has prescaler
options of 1:1, 1:4, 1:16, or 1:64, selected by control
bits PTCKPS<1:0> in the PTCON SFR. The prescaler
counter is cleared when any of the following occurs:

= awrile 1o the PTMR register

+ awile o the PTCON register

- any device Reset

The PTMR regisier is not cleared when PTCON is
writlen.

1516  PWM TIME BASE POSTSCALER

The match output of PTMR can optionally be post-
staled through a 4-bit posiscaler {which gives a 1.1 o
1:16 scaling).

The posiscaler counter is cleared when any of the
following occurs:

« awrile to the PTMR register

+ awrite to the PTCON register

* any device Reset

The PTWR register is nol cleared when PTCON is written.

15.2 PWM Period

PTPER is a 15-bit register and is used to sel the count-
ing period for the PWM time base. PTPER is a double
buffesed register. The PTPER buffer contents are
loaded into the PTPER register at the foliowing instants:

+ Free Runping and Single Shot modes; When the

PTMR register is reset to zero after a match with
the PTPER register.
+ Up/Down Counting modes: When the PTMR
register is zero. )
The value held in the PTPER buffer is automatically
loaded into the PTPER register when the PWM time
base is disabled (PTEN = o).

The PWM period can be determined using
Equation 15-1:

EQUATION 15-1: PWM PERIOD

Toy * (PTPER + 1)

Tewp - ——————————
(PFITMR Prescale Value)

If the PWM time base is configured for one of the Up/
Down Count medes, the PWM period will be twice the
value pravided by Equation 15-1.

The maximum resolutian (in bits) for a given device
oscillator and PWM frequency can be determined using
Equation 15-2:

EQUATION 15-2: PWM RESOLUTION

log (2 ¢ Trwm / Tey)
log {2)

Resclution =

15.3 'Edge Aligned PWM

Edge aligned PWM signals are produced by the module
when the PWM time base is in the Free Running or Sin-
gle Shot mode. For edge atigned PWM outputs, the oul-
put has a period specified by the value in PTPER and a
duty cycle specified by the appropriale duty cycle regis-
ter {see Figure 15-2). The PWM output is driven active
at the beginning of the period (PTMR = 0} and is driven
inactive when the vatue in the duty cycle register
matches PTMR.

If the value in a particular duty cycle register is zero,
then the output on the correspanding PWM pin will be
inactive for the enlire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the duty cycle register is greater
than the value held in the PTPER register.

FIGURE 15-2: EDGE ALIGNED PWM 1
New Duty Cycle Latched
PTPER-- - -~ -- =~ =~~~ =~~~ - -~

_____i—ETu.iy Cycle T [ i F

— | .

Period
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15.4 Center Aligned PWM

Canter aligned PWM signals are produced by the mod-
ule when the PWM time base is configured in an Up/
Down Counting made (see Figure 15-3).

The PWM compare output is driven {o the active state
when the value of the duty cycle register matches the
value of PTMR and the PWM time base is counting
downwards (PTDIR = 1). The PWM compare oulput is
driven ta the inactive state when the PWM lime base is
counting upwards (PTDIR = 0) and the value in the
PTMR regisier matches the duty cycle value.

If the value in a parlicular duty cycle register is zero,
then the output on the corresponding PWM pin will be:
inactive for the entire PWM period. In addifion, the out-
put on the PWM pin will be active for the entire PWM
pereod if the value in the duty cycle register is equal to
the value held in the PTPER register.

FIGURE 15-3: CENTER ALIGNED PWM

Periodf2

Period

15.5 PWM Duty Cycle Comparison
Units

There are three 16-bit special function registers (PDC1,
PDC2 and PDC3) used to specify duty cycle values far
the PWM module.

The value in each duty cycle register determines the
amount of time that the PWM oulpul is in the active
slate. The duty cycle registers are 16-bits wide. The LS
bit of a duty cycle register determines whether the
PWM edge occurs in the beginning. Thus, the PWM
resolution is effectivety doubled.

15.5.1 DUTY CYCLE REGISTER BUFFERS

The three PWM duty cycle registers are double buff-
ered lo allow glitchless updaies of the PWM outputs.
For each duty cycle, there is a duly cycle register that
is accessible by the user and a second duty cycle reg-
ister that holds the actual compare value used in the
present PWM period.

For edge aligned PWM output, a new duty cycle value
wilt be updated whenever a match with the PTPER reg-
ister occurs and PTMR is resei. The contents of the
duty cycle buffers are automatically loaded into the
duty cycle registers when the PWM time base is dis-
abled (PTEN = o) and the UDIS bit is cleared in
PWMCONZ.

When the PWM time base is in the Up/Down Counting
mode, new duty cycle values are updated when the
value of the PTMR register is zerc and the PWM time
base begins to count upwards. The contents of the duty
cycle buffers are automatically loaded into the duty
cycle registers when the PWM time base is disabled
{PTEN = ).

When the PWM time base is in the Up/Down Counting
mode wilh double updates, new duty cycle values are
updated when the value of the PTMR register is zero,
and when the value of the PTMR register matches the
value in the PTPER regisier. The contents of the duty
cycle buffers are automatically loaded into the duty
cycle registers when the PWM fime hase is disabled
(PTEN = 0).

15.6 Complementary PWM Operation

in the Complementary mode of operation, each pair of
FWM outpuis is obtained by a complementary PWH
signal. A dead-time may be optionally inserted during
device switching, when both outputs are inactive for a
short period {Refer to Section 15.7}.

In Complementary mode, the duty cycle comparison
units are assigned to the PWM ouiputs as follows:
- PDCA1 register controls PWM 1H/PWM1L outputs
+ PDC2 register controls PWM2H/PWM2L outputs
+ PDC3 register controls PWM3H/PWM3L oulputs
The Complementary mode is selected for each PWM
1/O pin pair by clearing the appropriate PMODx bit in the:
PWMCON1 5FR. The PWM /O pins are sel (o
Complementary mode by default upon a device Reset.

© 2005 Microchip Technology Inc.
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15.7 Dead-Time Generators

Dead-ime generation may be provided when any of
the PWM I/O pin pairs are operaling in the Comple-
mentary Qutput mode. The PWM outpuls use Push-
Pull drive circuits. Due to the inability of the power aui-
put devices to switch instantaneously, some amount of
time must be provided between the turn off event of one
PWM output in a complementary pair and the turn on
evenl of the other transistor.

The PWM module allows two different dead-fimes to be

programmed. These twc dead-times may be used in

one of two methods described below to increase user
flexibility:

+ The PWW output signals can be optimized for dif-
ferent turn off times in the high side and low side
transistors in a complementary pair of {ransisiors.
The first dead-time is insened between the turn
off event of the lowar transistor of the complemen-
tary pair and the turn on event of the upper tran-
sistor. The second dead-time is inserted between
the turn off event of the upper transistar and the
turn on event of the lower transistor. )

+ The two dead-limes can be assigned to individual
PWM /O pin pairs. This Operating mode allows
the PWM module to drive different transistorsload
combinations with each complementary PWM 1O
pin pair.

FIGURE 15-4:

15.7.1 DEAD-TIME GENERATORS

Each complementary output pair for the PWM module
has a 6-bit down counter that is used to produce the
dead-time inserion. As shown in Figure 15-4, each
dead-time unit has a rising and falling edge detector
connected to the duty cycle comparison output.

15.7.2 DEAD-TIME RANGES

The amount of dead-time provided by the dead-time
unit is selected by specifying the input clock prescater
value and a B-bit unsigned value.

Four input clock prescalar selections have been pro-
vided to allow a suilable range of dead-time, based on
the device operating frequency. The dead-time clock
prescaler values are selected using the DTAPS<1:0>
control bits in the DTCON1 SFR. One of four clock
prescaler options (Tcy, 2Tcy, 4Tcy or 8TCy) may be
sefected.

Afler the prescaler value is selected, the dead-time is

adjusted by loading 6-bit unsigned values info the
DTCON1 SFR.

The dead-time unit prescaler is cleared on the following
events: S
« On aload of the down limer due ¢ a duly cycle
comparison edge evenl.
« On a wrile to the DTCON1 register.
+ On any device Resel.
Note:  The user should not modify the DTCON1
valus while the PWM module is operating

(PTEN ‘= 1). ‘Unexpected results may
OCCU,

DEAD-TIME TIMING DIAGRAM

Duty Cycle Generalor

-

PWMxH

PWMxL

L

B

|

r

Dead Time A (Aclive)

Dead Time A (inactive)
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15.8 Independent PWM Output

An independent PWM Output maode is required for driv-
ing cerlain types of loads. A particular PWM output pair
is in the Independent Ouiput mode when the corre-
sponding PMOD bit in the PWMCON1 register is set.
No dead-time control is implemented between adjacent
PWM MO pins when the module is operaling in the
Independent mode and both O pins are allowed to be
active simultanecusly.

in the Independent mode, each duty cycle generator is
connected to both of the PWM I/O pins in an output
pair. 8y using the associated duty cycle regisier and
the appropriate bits in the OVDCON register, the user
may select the following signal output options for each
PWM /O pin operating in the Independent mode:

- /O pin outputs PWM signal
- /O pin inactive
- /O pin active

159 Single Pulse PWM Operation

The PWM rmodute produces single pulse outputs when
the PTCON control bits PTMOD<1:0= = 10. Only edge
aligned oulputs may be produced in the Single Pulse
maode. In Single Pulse mode, the PWM 1O pin{s) are

driven o the aclive slate when the PTEN bit is set. |

When a match with a duty cycle register cccurs, the
PWM /O pin is driven to the inactive state. When a
match with the PTPER register occurs, the PTMR reg-
ister is cleared, all aclive PWM {/O pins are driven to
the inactive state, the PTEN bit is cleared, and an
interrupt is generaled.

15.10 PWM Output Override

The PWM output override bits ailow the user to manu-
ally drive the PWM IO pins to specified logic states,
independent of the duty cycle comparison units.

All control bits associated with the PWM output over-
ride funciion are conlained in the CVDCON register.
The upper half of the OVDCON register contains six
hits, POVDxH<3:1> and POVDxL<3:1>, tha determine
which PWM /O pins will be overridden. The lower half
of the QVDCON register contains six  bits,
POUTxH<3:1> and POUTxL<3:1>, that determine the
state of the PWM )/O pins when a particular output is
averridden via the POVD bils. ‘

15.10.1 COMPLEMENTARY OUTPUT MODE

When a PWMxL pin is driven active via the OVDCON
register, the output signal is forced ta be the comple-
ment of the corresponding PWMsxH pin in the pair.
Dead-time insertion is still performed when PWM
channels are overridden manuaily,

15.10.2 OVERRIDE SYNCHRONIZATION

If the OSYMNC bit in the PWMCON? register is set, all
oulput overides performed via the OVDCON register
are synchronized fo the PWM time base. Synchronous
outpul overrides occur at the following times:

» Edge Aligned mode, when PTMR is zero.

« Center Aligned modes, when PTMR is zero and
when the value of PTMR matches PTPER.

© 2005 Microchip Technology Tnc.
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15.11 PWM Output and Polarity Control

There are three device configuration bits associated
with the PWM module that provide PWM outpul pin
control:

+ HPOL configuration hit
= LPOL configuration bit
+ PWMPIN configuration bit

These lhree bits in the FPORBCR configuration regis-
ter (see Section 21) work in conjunction with the three
PWM Enable bils {PWMEN<3:1>) located in the
PWMCON1 SFR. The configuration bils and PWM
Enable bits ensure that the PWM pins are in the correct
states after a device Resel occurs. The PWMPIN con-
figuration fuse allows the PWM module outputs to be
optionally enabled on a device Reset. if PWMPIN = o,
the PWM oulputs will be driven to their inactive states
at Reset. If PWMPIN = 1 (default), the PWM oulputs
will be Iri-slated. The HPOL bit specifies the potarity for
the PWMxH outpuls, whereas the LPOL hit specifies
the polarity for the PWMXxL outputs.

15111 OUTRUT PIN CONTROL

The PEN<3:1>H and PEN<3:1>L control bits in the

PWMCON1 SFR enable each high PWM output pin
and each low PWM output pin, respectively. If a partic-
ular PWM output pin not enabled, it is treated as a
general purpase /O pin,

15.12 PWM FAULT Pin

There is one FAULT pin {FLTA) associated with the
PWM module. When asserted, these pins can option-
ally drive each of ihe PWM I/O pins to a defined state,

15121 FAULT PIN ENABLE BITS

The FLTACON SFR has 3 control bits that determine
whether a particular pair of PWM /0 pins is to be
controlled by the FAULT input pin. To enable a
specific PWM /O pin pair for FAULT overrides, the
corresponding bit should be set in the FLTACON
register.

If all enable bits are cleared in the FLTACON register,
then the corresponding FAULT input pin has no effect
on the PWM modute and the pin may be used as a
general purpose inlerrupt or IO pin.

Note: ~ The FAULT pin logic can operate indepen-
dent of the PWM logic. If all the enable bits
in the FLTACON register are cleared, then
the FAULT pin could be used as a general
purpose interrupt pin. The FAULT pin has
an interrupt vector, Interrupt Flag bit and

Interrupt Priority bits associated with it,

15.12.2 FAULT STATES

The FLTACON special function register has 6 bits that
determine the state of each PWM IO pin when it is
ovenridden by a FAULT input. When these bits are
cleared, the PWM |/O pin is driven to the inactive slate.
if the bit is set, the PWM /O pin will be driven to the
active sfate. The active and inactive states are refer-
enced fo the polarity defined for each PWM /O pin
(HPOL and LPOL polarity control bits).

A special case exists when a PWM module 1/C pair is
in the Complementary mode and both pins are pro-
grammed to be active on a FAULT condition. The
PWMxH pin always has priority in the Complementary
mode, so that both VO pins cannot be driven aclive
simuftaneously.

15123  FAULT INPUT MODES
The FAULT input pin has two modes of operation:

* Latched Mode: When the FAULT pin is driven
low, the PWM outputs will go {o the states defined
in the FLTACON register. The PWM outputs will
remain in this state until the FAULT pin is driven
high and the corresponding interrupt flag has ... ..
been cleared in software. When both of these
actions have occurred, the PWM outputs will
return to normal operation at the beginning of the
next PWM cycle or half-cycle boundary. if the
interrupt flag is cleared before the FAULT condi-
tion ends, the PWM module will wait until the
FAULT pin is no longer asserted, to restore the
outputs.

+ Cycle-by-Cycle Mode: When the FAULT input
pin is driven low, the PWM outputs remain in the
defined FAULT states for as long as the FAULT
pin is held low. After the FAULT pin is driven high,
the PWM cutputs return to normal operation at the
beginning of the following PWM cycle or
half-cycle boundary.

The Cperating mode for the FAULT inpul pin is
selected using the FLTAM control bit in the FLTACON
Special Funclion Register.

The FAULT pin can be controlled manually in software.
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TLPS21XGB, TLP521-2XGB, TLP521-4XGB

TLP521X, TLP5321-2X, TLP521-4X

HIGH DENSITY MOUNTING
PHOTOTRANSISTOR
OPTICALLY COUPLED ISOLATORS

TLP521GB, TLPS2E-2GB, TLP521-4GB, TLP521, TLPS21-2, TLP521-4

APPROVALS
UL recognised, File No.E91231

"X'SPECIFICATION APPROVALS
VDE 0884 in 3 available lead form : -
-STD

-G form

-SMDapproved 1o CECC 00802

B5] approved - Certificate No. 8001

DESCRIPTION

The TLP52), TLP521-2, TLP521 -4 series of
optically coupled isolators consist of infrared
light emitling diodes and NPN silicon photo
transistors in space efficient dual in line plastic
packages. o

FEATURES
¢« Options :-

Surface mount - add SM after part no.
Tape&reel - add SMT&R after part no.
High Current Transfer Ratio ( 50% min)
High Isolation Voltage (5.3kV,, ,7.5kV, )
High BV, ( 53Vmin }

All elcetnical parameters 100% tested
Custom electrical selections available

RMS *

* & » & »

APPLICATIONS

Computer terminals

Industrial systems controllers
Measuring instruments

Signal transmission between systems of
different potentials and impedances

10mm lead spread - add G after part no. |
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1ISOCOM COMPONENTS LTD

Unit 25B, Park View Road West,
Park View Industrial Estate, Brenda Road

Hartlepool, Cleveland, TS25 1YD
Tel: (01429) 863609 Fax :(01429) 863581

[SOCOM INC
1024 5. Greenville Ave, Suite 240,
Allen, TX 75002 USA
Tel:(214)495-0755 Fax:(214)495-0901
e-mail infof@isocom.com
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ABSOLUTE MAXIMUM RATINGS
(25°C unless otherwise specified)

J Storage Temperature
Qperating Temperature
l.ead Soldering Temperature

-55°C to + 125°C
S30°C0 +100°C

| (l/[6 inch (1.6mm) from case For ]0 secs) 260°C
INPUT DIODE
e e
| Forward Current —_———e e 50mMA '
Reverse Voltage —— &V
' Power Dissipation — . . 70mW
b
OUTPUT TRANSISTOR
| Collctar emiter Voltage BY,,, S8V
' Emitter-collector Voltage BV, 6V
Pou er D|s=;|pdtmn 150mW |
POWER DMSSIPATION
Total Power Dissipation * 200mW |
(derdtc lmcdrl) 2.67TmW/AC ahove 25°() J
ELECTRICAL CHARACTERISTICS { T, = 25°C Unless otherwise noted')""
PARAMILTER MIN | TYP | MA)& u NITN TEST CONDH ION
— _f — s el - ——
Tnput Forward Vof(ag,e (Vo) 1.0 LIS| 13 \Y . IF = 10mA
Reverse Current (1, ) 0 | HA ' V, =4V
- — ] — . -
Output Collecter-emitter Breakdown (BV ) | 55 vV I, = 0.5mA
( Note 2 ] |
Emiter-collector Breakdown (BV, ) 6 ‘ A i, = 100pA
Lo!leuor-emlltchark( urn.nt(ltm) CO1 A Vo =20V
Coupled | Current Transfer Ratio (CTR) (Note 2)
TLPS21, TLPS21.2, TLP32(-4 50 600 | % SmA L, SV VY,
CTR selection available  BL 200 | 600 | %
GB 100 600 | %
GB 30 Yo imA 1, 04V VY,
Collector-emitter Saturation VoltageV At U Y 8mA 1, 24mmA 1,
-(iB 04 |V ImA i, 0.2mA I,
input 1o Output Isolation Voltage V, 1 5300 Vs Sce note |
L7500 . See note |
[nput-autput Isolation Resistance R |5x10" Q Vo= 500V (note 1)
Respanse Time (Rise), tr 4 s V=2V,
Response Time (Fall}), tf ) 3 s F.=2mA, R, =1004
| 1
Note | Measured with jnput leads shorted together and output leads shorted together,
Note 2 Spectat Selections are available on request. Please consult the factory.

DB22546m-AAS/AS
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Collector Power Dissipation vs, Ambient Temperature
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Forward Current vs. Ambient Temperature
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Collector-emitter Saturation
Voltage vs. Ambient Temperature
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I. = 1mA
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HEWLETT®
PACKARD

| ()

High CMR, High Speed

Optocouplers

Technical Data

Features
* Short Propagation Delays
for TTL and TPM
Applications
* 15 kV/pus Minimum Common
Mode Transient Immunity at
Vem = 1500 V for TTL/Load
Drive
¢ High CTR at T, = 25°C
>25% for HCPL-4504/0454
>23% for [ICNW4504
* Electrical Specifications for
Common IPM Applications
* T'TL. Compatible
¢ Guaranteed Performance
from 0°C to 70°C
* Open Collector Qutput
* Safety Approval
Ul Recognized - 2500 V rms
for I minute (GO0 V rins for
I minute for
HCPL-4H04#020 and
HONWAb04 ) per UL1577 .
CS8A Approved
VDI 0884 Approved
’VI()I{M = 630V peak fOT
HCPL-4504#060
Vinum = 1414 V peax for
HONWA504
B2 Certificd (HCNW4L04)
* Available in 8-Pin DIP, SO-8,
Widebody Packages

Applications -
* Inverter Circuits and
Intelligent Power Module
(IPM) interfacing -
High Coramon Mode Transient
Immunity (> 10 kV/us for an
IPM load/drive) and (b - tegn)
Specified (Sce Power Inverter
Dead Time section)
Line Receivers -
Short Propagation Delays and
Low Input-Output Capacitance
+ High Speed Logic Ground
Isolation - TTL/TTL, TTL/
CMOS, TTL/LSTTL
Replaces Pulse
Transformers -
Save Board Space and Weight
+ Analog Signal Ground
Isolation -
Integrated Photodetector
Provides Improved Linearity
over Phototransistors

Funetional Diagram

NC|1 E Yoo
ANODE @BZ P 7] e
cATHODE 3] 6] vo
NC[a 5] ano

HCPL-4504
HCPL-0454
HCNW4504

Description

These optocouplers are similar to
HP’s other high speed transistor
optocouplers but with shorter
propagation delays and higher
CTER. The HCPL-4504/0454 and
HCNW44504 also have a guaran-
teed propagation delay dilfercnee
{tpru - tee). These features make
these optocouplers an excellent
solution to IPM inverter dead time
and other switching problems.

TAUTH TABLE

LED | ¥p
oN | Low
OFF | HiGH

A 0.1 yF hypass capacitor between pins § and § is recommended.

prevenl dumage and/or degradation which way be induced by ESD.

1 CAUTION: It is udvised that novmal static precautions be taken in hawdling and assembly of this compaonent Lo —5

2965-3604E
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The HCPL-4504/0454 and
HCUNW4504 CTR, propagation
detay, and CMR are specified for
hoth TTL and IPM load/drive
conditions. Specifications and
typical performance plots for both
TTL and IPM conditions are
provided for ease of application.

These single channel, diode-
transistor optocouplers arc
available in 8-Pin DIP, SO-8, and
Widebody package configura-
tions. An inswlating layer between
a LED and an integrated
photodeteclor provide electrical
insulation between input. and
outpul. Separate connections for

Selectmn Guide

Single Channel Packages

~ 8-Pin DIP Small Outline Widebody
(300 Mil) 508 (490 Mil)
~ HCPL-4504 HCPL-0454 HONW4504

Ordering Information
Specity Part Nuriber followed by OpthIl Number (if desired).
Example:
HUPL-4504 # XXX )
—— (20 = UL 5000 V rms/l Minute Option*
060 = VDE (0884 VEORM =630V prak Op“()ﬂ*
300 = Gull Wing Surface Mount Optiont
500 = Tape and Reel Packaging Option

the photodiode bias and cutput-
transistor collector increase the
speed up to a hundred times that
of a conventional phototransistor
coupler by reducing the hase
collector capacitance.

Option data sheets available, Contact your Hewlett-Packard sales representative or authorized distributor for

informarion,

FEur [TCTPL-4504 oaly. Combination of Option 020 and Option 060 is not availabie.
TGull wing surface mount optivn applies to through hole parts only.

Schematic
Vco

'F_-_ I

ANODE !

2 I
Ve

- ¥
CATHODE o
3
SHIELD

1-34



Package Outline Drawings
8-Pin THP Package (HCPL-4504)

__ 965¢025 __ |
|" (0.380 + 0.010}

I 71 2

TYPE NUMBER ..

) __ OPTION CODE*
HP XXxxz «- | .-~ DATE CODE
o
YVuw AU~
O gL

4 RECOGNITION

148 (0.047} MAX, ——-n _' - .} ].-71.73 {0.070) MAX,

R 4.70 {0.185) MAX.
’ ¢ j

2.92 (0.115) MIN.
_ ) 7#-!H- — 0.65 {0,025} MAX.

_ >| 254 + 0.25
{0.100 £ 0.010})

1.080 + 0.320 ‘4
{0.033 + 0.013) !

«—0.51 (0.020) MIN.

_ T.B82=z0.25
(0.300 £ 0.010)

65.35 = 0.25 _
{0.250 = 0.010);

AaT
- 0.254 _305:3

+0.003)
(00107 5 503y

DIMENSIONS IN MILLIMETERS AND (INCHES).

* MARKING CODE LETTER FOR OFTION NUMBERS.

“L" = OPTION 02¢
"W = QPTION 060
OPTION NUMBERS 300 AND 500 NOT MARKED.

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-4504)

PAD LOCATION (FOR REFERENCE ONLY}

. 9B5£0.25 _ |
10.380 2 0.0t0) \

e A
7

6.350 2 0.25
{0.250 + 0.010)

Y owl e 1016(0.040)

1.154 (0.047)

4.826 Typ

[
I s [ S Y S [
{0.190)

9.906 (0.390)

'

I R D O CI,*_J
""\ %‘ - L 0.381 [0.015)
.635 (0.025)

1.194 (0,047}
1.778(0.070)
. 965:025
~ (n3soz0.010p
119
762 £0.25 _
(. 047) i
A (0.300 + 0.0410) 6a * 0.076
| 0254 _ g p51
4.19 ya +0.001)
be ] ] {00107 5’5z
) L__ ) . N
1.080+0.320 . _ | L. Y \ L t
ol .. 05353025
(0.043 £ 0.013) r l =™ 0025« o.ole .
B PO R 0.635 £ 0,130 =127 HOM
(©.100) {0.025 + 0.005)
BSC

DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 rnm (0.004 INCHES).
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Small Qutline SO-8 Package (HCPL-0454)

T”” 5.842 £ 0.203
! {0.236 + 0.008)
3.937 10127 o
TYPE NUMBER
{0.155 £ 0.005) ~.._ | (LAST 3 DIGITS)
“ DATE CODE
+
0.381 £ 0.076 — =~ o
{0.016 x 0.003) el be—1.270 gog
{0.050)
. 5080 £0.127
{2.200 £ 0-005)
T
2475 0127 i
T {0.125 & 0.005) 'T" 524 .~ 0.228+0.025
B /| woso) o {0.009 2 0.001)
] M
el 0152 » 0.05
l {0006 = 0.002)
DIMENSIONS IN MILLIMETERS (INCHES}). 0.305 yuu
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (oorz
8-Pin Widebody DIP Package (HCNW4504)
1115015 1100
r (0.442 £ 0.006) | ' (0.433) 'JI
['D'l rJ L1 o 9D0£0.15
Ealualanliy T Toaseaooosy
.- TYPE HUMBER
He
HCHWXXXX “ .-~ DATE CODE
Yyww <
O
1 a7
Pl - 10.16 (0.400) — —4-‘ ’\
f TYP.
1.55 ’ L.
061 .
U:Mx.] ! T TYR. +0.076
-— 0.253 ) gog
- + 0.003
(0.010" 0_002)’
5.10
(0.201y A%
__T_ g
12.10 (0.122)
[390(0.158)  0.51 (¢.021) MIN.
2.54 (u.ma;—J
TYP.
178015 __ | i, 0.40 (0.046
(oo :og08) o T —| i=— 355 "j':cﬁ; DIMENSIONS IN MILLIMETERS (INCHES).
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B-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW4304)

’_.__ 1115015
0.442 = 0.006) PAD LOCATION {FOR REFERENGE ONLY)
IealnalnxBvalN oo
H 6.15
_ ‘: .24 T YF-
9.00 £ 015 i |
(0354 £0006) ; 4 .- T i
: 1230 £ 0.30 -
o ‘ o ' {0.484 £ 0.012)
LIl PR e s
S
1.3 0.8
{0.051) {0.035)
1230 £0.30 _

7T {0.484 £ 0.012)

{0.433)

: '_ 1RO Ay

1.78 £ D.15

\
{0.070 = 0.006) T ol |« 1002015 \ T
0.75 £ 0.25 {0.039 £ 0.006) . \H +0.076
0300} {6.030 £ 0,010) - 0.258 0
BSC +0,00d)

(6.010_4 po2)
DIMENSIONS [N MILLIMETERS (INCHES).

7° NOM.
LEAD COPLANARITY = 0.10 mm {0.004 INCHES).

Solder Reflow Temperature Profile
(HCPL-0454 and Gull Wing Surface Mount Option Parts)

260
AT = 145°C, 1°C/SEC

240
220
200
180
160
140
120
100
&0
60
40
20

AT = 115°C, 0.9°C/SEC

TEMPERATURE - =C

[1] 1 2 | 4 5 6 7 B 9 10 11 12
TIME - MINUTES

Note: Use of nonchlorine activated fluxes is highly recormmended.
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Regulatory Information
Tite devices contained in this data
sheet have been approved by the
tollowing organizations:

UL

Recognized under UL 1577,
Component Recognition
Program, File E55361.

Insulation and Safety Related Specifications

CSA
Approved under CSA Component
Acceptance Notice #5, File CA

BS1
Caertification according to
BS451.1894,

88324.

VDE

Approved according to VDE
0884/06.92 (HCNW4504 and

(BS EN60065:1994);
BS EN60950:1992
(BS7002:1992) and

HCPL-4504#060 only).

EN41003:1993 for Class I
applications (HCNW4504 only).

Conditions

inside the optocoupler cavity.

Measured from input terminals
to output termihals, shortest

Measured from input, terminals
to autput terminals, shortest
digtance path along hody.

Through insulation distance,
conductor to conductor, usually
the direct distance between the
photoemitter and photodewector

Measured from input tenainals
to ontpul terminals, along

DIN IEC 112/VDE 0303 Part |

N

8-Pin DIP Widehody
(300 Mil) | SO-8 | (400 Mil)
Parameter Symbal Value Value Value Units
Minimum External L(101) 7.1 r_zlq 9.6 mm
Air Gap (External
Clearance) { distanee through air.
Minimaun External 14102y 7.4 4.8 10.0 W mm
Tracking (External
ri'_'“‘f“*‘f?"‘“‘) I T D D
Minimum Intermal 0.08 0.08 1.0 Tam
Plastic Gap
(Iiternal Clearance)
—Md\{gll\ii\\ Internal - NA NA o 1.0 i mm
Tracking (Internal
J’}?ﬂ?age) ) "*F mternal cavity.
Tracking Resistance CcTi 200 200 200 Volis
{Comparative
Tracking Index)
B.m.ﬁm Group J Hla | la Ma Material Group

(DIN VDE 0110, 1/89, Table 1)

Option 300 - surface mount classification is Class A in accordance with CECC 00802.
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VDE 0884 Insulation Related Characteristics

(1CPL-4504 OPTION 060 ONLY)

T Description ] Symbol | Characteristic | Units
Iustallation classification per DIN VDE 0110/1.89, Table 1| )
{or rated mains voltage < 300 ¥ rms -1V
i for rated mains voltage < 450 Ms ] [-111 i
Climatic Classification bo/100/21
| Pollution Degree (DIN VDE 011(/1.89) 2
31 aximum Working Insulation Voltage ] Viom 630  Vpeas |
Input to Output Test Voltage, Method b*
Vigrm X 1.87D = Vpp, 100% Production Test with t, = 1 sec, Vin 118] V peuk
Partial Discharge < & pC
" Input to Output Test Voltage, Mcthod a*
Vionm ¥ 1.5 = Vpg, Type and sample test, Vor D45 V peak
1,, = 60 sec, Partial Discharge < 5 pC
| Highest Allowable Overvoltage* ’ i i
{Transient Overvoltage, t,; = 10 sec) Viot™ G000 V prak
| Safety Limiting Values N o
(Maximum values allowed in the event of a failure,
also see Figure 18, Thermal Derating curve.)}
Case Temperature Ty 175 "G
[nput Current Iy ipur 230 mA
Output Power Py et H0o0 mW
Diﬁﬂ-ﬁmon Resistance at Ty, Vi = 500V R ) > 109 N
504 ONLY)

VDE 0884 Insulation Related Characteristics (HCNW4

Description _ Symhol'maractc";istic '_Unitsk
| Installation classification per DIN VDE 01 10/1.89, Table 1
for rated mains voltage < 600 V rms I-IV |
for rated mains vohage & 1000 V rms I 11 PJ%
| Climatic Classilication —] 55/85/21
Pollution Degree (DIN VDE 0110/1.89) o . 2
| Maximum Working Insulation Voltage Viorm 1414 Vv peal-:_l
| Input to Output Test Voltage, Method b* 1
Vi X 1.875 = Vpp, 100% Production Test with t,, = 1 sec, Vi 2652 V peak
Partial Discharge < 5 pC
Inpur 1o Output Test Voltage, Method a®
Vious X 1.5 = Vo, Type and sample test, Voi 2121 V peak
1, = B0 sec, Partial Discharge < 5 pC i |
| Highest Allowable Overvoltage*
(Transient Overvoltage, t,; = 10 sec) Viotm 8000 V peuk
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 15, Thermal Deraling enrve.)
Case Temperature Ty 150 “C
Input Current ’ I wrut 400 mA
Output Power Ps oureur 700 mw
| Insulation Resistance at Tg, Vig = 500 V Rg > 109 Q

*Refer Lo the front of the optocoupler section of the current catalug under Product Safety Regulations section (VDE 08584), for a

detailed description.

Nute: lsolation characteristics are guaranteed anty within the safety muximum ratings which must be eusured by protective cireuits in

appladion.
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Absolute Maximum Ratings

—

o Parameter ] ‘Symbol %‘Device Min. Max, | Units ,N(;E
Storage Temperature Tg -55 125 °C
q Iperating Temperature Ta HCPL-454 | -55 100 °C
HCPL-0154 |
_ |HCNWA4B04| 55 | 8b
Average Forward Input Current Ipcaviy 25 mA 1
[ Peak Forward Input Current Irrraxy | HCPL-4504
(5(¥0 duty cycle, 1 ms pulse width) HCPL-(454 50 mA 2
(50% duty cycle, | ms pulse width) | HONW4504 40 |
| Peak Transient Input Current '—m_rq; HCPL-4504 | 1 A
{£ | us pulse width, 300 pps)  HCPL-0454 |
HCNWAL04 0.1
" Reverse LED Input Voltage (Pin 3-2) Vit HCPL-4504 5 v T
HCPL-0454
HONWA504 | BER
_lnp;t Power Dissipation P - [ nepL-as04| ] 45 mW 3
HOPL-0454
HCNW4504 | }’—40;
:A\{?_mgc Omput Current (Pin _@ﬁ i—_mﬂ%‘iML ‘;__%_ 3 mA ]
kl:(iﬁkg{_)utpllt Current “J_I_Q(pg,\;{) R 16 maA o
| Swpply Voltage (Pin85) ] Nee | |65 1 30, V |
Ouiput Voltage (Pin 6-5) Yoy -0.5 20 vV
ﬁ(')lﬁﬁuiﬁ'&m Dissipation T P | ' 100 mw 4
Lead Solder Temperature A|— .
{'I'hrough-Hole Parts Only)
1.6 mm below seating plane, Tia | HCPL-4504 } 260 | °C
10 seconds up 1o seating plane, 10 seconds THONW45(4 | 960 °C
ﬂ_lit?ﬁc)—w_’ﬁilyerature Profile Trp | HCPL-0454 Sece Package Qutline
and Drawings section
L Option 300 |
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Electrical Specifications (DC)

Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified. Sce note 12.

|

Parameter Symbaol Device Min. | Typ.* ] Max. | Units Test Conditions Fig. | Note
| Current CTR | HCPL-4504 | 25 82 60 % [T, = 25°C] V= 0.4 V = HimA, [ 1,2, & |
Transfer Ratin HCPL-0454 | 21 | 34 Vp =05V Ve =45V ] 4
HONW4504 | 23 T 29 | &0 (T, = 25°C| Vo = 04V
] I ET 63 Vo= 067 .
| Current | CTR | HCPL-3504 | 26 3h B85 % |T= 25 Vaz 04V r=12mA | 1,2,] &
Transfer Ratio HCPL-0454 | 22 37 Vo =058V Ve =45V | 4
HCNW4504 | 25 33 65 Ty = 25°C | Vp = 0.4V
N L = 35 68 Vo=06V
Logic Low ﬂ Vor HCPL-4504 0.2 04 v T, = 259 1 = 4.0 mA Ip = 16 mA,
Outpul Voltage ‘_HEiPL-U:iﬁfL 0.5 | i [p=33mwA V=45V
HCNW4504 02 | 04 = 251, = 3.6 mA
] 1 0.5 lo = 4G mA
Logtic High Ton 0008 | 05 ’ﬁ HA [T, =26"Cl{Vy = Ve = A6 Vi L = 0maA 5
Onlput Current o1 |t T, = 25°CiV, = Vo = 1BV
T s
Logic Low lecs an 200 HA |l = 16ma, Vy = Open, Vi = 16V 12
Supp\y Current '
Logic High Teen 0.02 L1 (A _1,\;35@ I = 0 mA, Vy = Open, 12
Supply Current i 2 . Vg =10V ‘
Inpuc Furward Vi HCPL-QW 1.5 1.7 v Ty = 25"(,‘_[][.- = 16 mA 3
Voltage HCPL-0454 | | 718 | T D
HONW4sD4 | 145 | 1Y | 1.8 pj =25% 1, = 16 mA
I 135 - L85 | i _ .
Inpt Rt:verseg‘ BV, HCPL-4504 5 v Ly = 10 uA
Breakdown HCPL-G454
| Voltage HCNWasDd | 3 Ip = 100 pA, Ty = 257
Temperaiure AV HOPL-4504 -1.6 wV/C | I = 16 mA
Covflivient of AT, | HOPL-D454 }
Forward Voltage HONW4504 | -L4
[ Input Cy | HCPL-4504 60 pF [f ="t MHz, vy = OV
Capawitance HOPL-0454
L HCNW4504 70 N o

*All typicals at Ty = 25%C.
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AC Switching Specifications
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified.

Parameter | Symbol | Min., Typ. | Max. | Units f Test Conditions Note
Propagation 0.2 0.3 Ty = 20°C | Pulse: { = 20 kllz,
Delay Time toy, —— Hs b Duty Cycle = 10%, 9
to Logic Low 0.2 0.6 Ig = 16 mA, Ve = 5.0V,
at Output Ry = 1.9kQ, ¢, = 15 pF,
Ve = 15V
02 ] 05 | 07 | Tp = 25°C | Pulse: { = 10 kHz, '
] - Duty Cyele = 50%, 10
.11 05 1.0 Ir=12mA, Vi = 150V,
Ry, = 20 kQ), C( = 100 pF,
| L | L Vopwr, = 1.5V
Propagation 0.3 0.5 T, = 25°C | Pulse: { = 20 kilz,
Dreliy Time toLH us | | Duty Cycle = 10%, 9
to Logic 03 | 0.7 T = 16 mA, Ve, = 500V,
High at R, = 1.9kQ, C, = 16 pF/
Cutput Vo = 1.5V
| I -
03] 08 1.1 Ty = 25°C | Pulse: f= 10 kHz,
3 Duty Gycle = H0%, 10
0.2 ] 08 1.4 [ = 12mA, Voo = 150V,
Ry = 20 k&, ¢ = 100 pF,
| Vipy = 20V |
Propagation 0.4 03 0.9 Ty = 25°C | Pulse: = 10 klz,
Detay tpLHbpL Hs Duty Cycle = 50%, 15
Differense 07 03 1 15 Ip = 12 mA, Voo = 160V,
Retween Ry = 20k, ¢ = 100 pk,
Aﬂy 2 Pars \JVTHH'L_ = 1.5 V, VT][LH = 20\"
. ] L SR S 1 LSSl A 11 Wil IS S
Cotmmon Voo = B0V, Ry = 1.9k,
Mode 15 30 C,=16pF Iz = 0mA 7.9
Transivnt [CM;} kKV/us | Ty = 26°C | B ]
Imimunity at 15 | 30 Voo = 15,0V, R, = 20 kLY, |
Logic High Vou = Cp, = 100 pF, I = 0 mA 7 8 10
Level Cutput 1600 Vep
Comiuon Vee = b0V, R, = 1.9 k£,
Mode 15 30 CL=10pF I = 161mA 7.9
Transient |CM i kVips | T, = 25°C .
Immunity at 10 30 Vee = 15,0V, Ry = 20 kQ,
Logic Low Viy = C,=100pF I = 12 mA 8, 10
Level Quiput B0 Vpp |
15 30 Voo = 15.0V, Ry = 20 k&,
. . 8,10
e ] C, = IOOLF,_I_FN: 16 mA
*All typicals al [, = 25°C.
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Package Characteristics
Over recomimenided temperature (T, = 0°C to 25°C) unless ntherwise specified,

Parametef’—Sym. Device Min. | Typ.* lﬂﬁafx. Units | Test Conditions | Fig. | Note

*All typreals at T, = 2070,
tThe Inpur-Output Momentary Withstand Voltage is a dielectric voltyde rating that shoauld not be interpreted as an input-output

| input-Output | Vi | HCPL-4504 | 2500 Vrms| RH < 50%, 6,13
Maomentary HCPL-Q454 t=1min.,
Withstand  HCNW4504 | 5000 Ta = 26°C B, 14
Voltaget HCPL-1504 | 5000 6,11
] {Option G20 14
l_Tnm.lL-()uLpuL Rio | HCPL-4504 1012 Q Vig = 500 Vde 6
Resistance HCPL-04564
HCNW4504 | 102 ] 101 T, = 26°C |
1011 ﬂ = 100°C |
| Input-Output | G | HCPL-4504 06 | | pF | f=1Mlz 6
Capacitance HCPL-0454
HONW4504 | | 05 o.f_'aﬂ

continuous voltage rating. For the continuous valtage rating refer to the VDE G884 Insulation Related Characteristics Table (if
applicable), your equipment level safety specification or HP Application Mute 1074 entitled “Optocoupter [nput-Output Bndurance
Voltage.”

Notes:

c

o

10
11
12.
13.

14.

15.

. Derate tinearly ahove 70°C free-air Lemperature at a rate of 0.8 mA/°C {(8-Pin DIP).

Derate lincarly above 85%C (ree-aiv temperatuse at a rale of 0.5 mA/SC (302

. Berate hneardy above 70°C free-air temperature at a rate ol 1.6 mA/~C (B-Pin DIP).

Derate linearly above 86°C free-air temperature at a rale of 1.0 mA/~C (50-8).

. Derate linearly above 70°C free-alr Lomperature at a rate of 0.9 miW/C (8- DIP).

Derate linearly above 85°C free-sir temperndure at a rate of 11 mW/oC (S0-8).

. Derate linearly above 7070 free-air Lemperature at a rate of 2.0 mW/*C (8-Pin DIP).

Dierate inearly above 85°C free-air temperature at a rate of 2.3 mW/C (SO-8).

. CLURRENT TRANSFER RATIO in percent is defined as the ratio of output eollector current, I, to the forward LED inpul current,

I, tirnes 100,
bevice considered a two-terminai device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together.

. Under TTL ioad and drive conditions: Common mode transient immunity in a Logie High level is the maximum tolerable (positive)

dViy/dt on the leading edge of the common mode pulse, Viy, to assure that the outpul will remain in a Logic High state
(e, ¥y > 2.0 V). Common mode transient immunity in a Logic Low level is the maximum tolerable (negative) dVey/di on the
tradling edge of the common made puise signal, Vey, to assure that the output will remain in a Logie Lo state (ie., Vo < 0.8 V).

- Under 18M (Intelligent Power Module) losd and LED drive condilions: Commen morie trapsient inununity in a Logic High level is

the maxinmm tolerable dViy/du on the leading edge of the comnwn mode pulse. Yy, to assure that the output will remain in a
Logic High state (e, Vi, > 3.0 V). Common mode transient immunity in a Logic Low level is the maximum tolerable dVip/dt on
the trailing edge of the common mode pulse signal, Vey, to assure that the output will remain in a Logic Low state

(i.e., Vo < LOV).

. The 1.9 k€ Joad represents | TTL unit load of 1.6 mA and the 5.6 k() pull-up resistor,

The Ry = 20 k2, €| = 100 pF foad represents an [PM (Intelligent Puwer Module) Toad.

Sev Option 020 data sheet for more information.

Use of 20.1 pF bypass capacitor connected between pins 5 and ¥ is recammendad.

In accordance with UL 1577, each optocoupler is proof tested by applying aun insulation test voltage > 3000 ¥ rms for | second
(leakage detection current limit, T, < 5 pA). This test is performed beture the 1009 Production test shown in the VDE 0884
Insulation Related Characteristics Table, if applicable.

In uccordance with UL 1577, each aptacoupler is proaf tested by applying un insulation test voltage 2 6000 V rins for | seeond
(leakage detection current limit, I, < 5 pA). This test is performed before the 100% Production test shown in the VDE (884
Insulation Related Characteristics Table, if applicable.

The difference between tpy andd tpyyy, bebween any two devices {sanie part number) under the sarne test condition. {See Power
Inverter Bead Time and Propagation Delay Specifications section.)
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Power Inverter Dead
Time and Propagation
Delay Specifications

The HCPL-4504/40454 and
HCNW4H04 include a specifica-
tion intended to belp designers
minimize “dead time" in their
power inverter designs. The new
“propagation delay difference”
specification (tpyy - tyyr) 18 useful
for determining not only how
much optocoupler switching delay
is needed to prevent “shoot-
through” current, hut also for
determining the best achievable
worst-case dead time for a given
design.

When inverter power transistors
switch (Q1 and Q2 in Figure 17),
it is essential that they never

+HvV
Q

LED 1
BASE/GATE L/E'
DRIVE CIRCUIT
e L — = +
[HCPL-a504/0454 | T
‘!chwnan :8
. | |
LED 2 f
| BASE/GATE lé2
a1 oAive ercurr |~
I

[

Figure 16, Typical Power inverter.
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TURN-ON DELAY
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ouT2

IPHL min e

(PHL maxtPHL mint

IPHL max =

-

Figure 17. LED Delay and Dead Time Diagram.

-
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colduct at the same time,
Extremely large currents will flow
if there is any overlap in their
conduction during switching
transitions, potentially damaging
the transistors and even the sur-
rounding circoitry. This “shoot-
through” current is eliminated by
delaying the turm-on of one
transistor (Q2) fong enough Lo
ensure that the opposing
transistor (Q1) has completely
turned off. This delay introduces a
small amouni. of “dead time” at
the output of the inverter during
which both transistors are off
during switching transitions.
Minimizing this dead time is an
impaortant design goal for an
inverter designer.

Thi: amount of turn-on delay
needed depends on the propaga-
tion delay chavacteristics of the
optocoupler, as well as the
characteristics of the transistor
base/gate drive cireuit. Consider-
ing only the delay eharacteristics
of the optocoupler (the charac-
tevistics of the base/gate drive
cireuit ¢an he analyzed in the
same way), it is important to
know the minjmum and maxinum
turn -on {tpy ) and turn-off (L g)
propagation delay specifications,
preferably over the desired
operating temperature range, The
importance of these specifications
is Mustrated in Figure 17. The
waveforms labeled “LED17,
"LEDRZ2Y, "OUTY”, and "OUT2" are
the input and output voltages of
the optlocoupler civcuits driving
Q1 aud Q2 respectively. Most
inverters are designed such that
the power Lransistor turns on
when the optocoupler LED tums
on; this ensures that both power
transistors will be off in the cvent
of a power loss in Lthe control
circuit. Inverters can also be
designed such that the power

1-48

transistor turns off when the
optocoupler LED turtis on; this
type of design, however, requires
additional fail-safe circuitry to
turn off the power transistor if an
over-current condHiion is
detected, The timing illustrated in
Figure 17 assumes that the power
transistor turns on when the
optocoupter LET} turns on.

The LED signal to turn on Q2
should be delayed enough so that
an optocoupler with the very
fastest turn-on propagation delay
{tptiLogn) Will Bever turn on before
an nptoéoup[er with the very
slowest tum-off propagation delay
(Eprimay) turns off. To ensure this,
the turn-on of the optocoupler
shaould be delayed by an amound
1o less than (Lpggmax - feaLmin)s
which also happens to be the
maxinum data sheet vahae for the
propagation delay difference
Spe(:iﬁcation, (tP[.H - I‘PHLJ- The
NOPL-4504/0454 and
HCNW4504 specify a maximum
(tpr - LPHI,J of 1.3 &S over an
operating temperature range

of 0-70°C,

Although (Lppy-tpyrdmax tells the
designer how much delay is
needed to prevent shoot-through
current, it is insufficient to tell the
designer how much dead time a
design will have. Assuming that
the optocoupler turn-on delay is
exactly equal 1o (tpi - tpandmax,
the minimum dead time is zero
(i.e., there is zero time between
the turn-off of the very slowest
optocoupler and the turn-on of
the very fastest oplocoupler).

Calculating the maximum dead
time is slightly more complicated.
Assuming that the LED turn-on
delay is still exactly equal to

{(teLH - tpar)max, it €an be seen in
Figure 17 that the maximum dead

time is the sum of the maximum
differcnce in turn-on delay plus
the maximumn difference in turn-
off delay,

{('/Pi.H:m\x‘t[-'l,th'n‘\n) + (t'PHanx'tPHLmuJ 5 .

This expression can be
rearranged to obtain

I (LPLHlnax’t‘PHLm in)‘(EP]{Lmln'tPHLnuLx) ]:

and further rearranged to obtain

{Ctpn-teun e CpLH-SPHL Yaiin b

which is the maximum minus the
mininmm data sheet values of
(tpy-tpiw). The difference
between the maximuam and
minimum vahues depends directly
on the total spread in propagation
delays and sets the limit on how
good the worst-case dead time
can be for a given design.
Therefore, oplocouplers with tight
propagation delay specifications
(and not just shorter delays ar
lower pulse-width distortion) can
achicve short dead tiines in power
inverters, The HCPL-4504/0454
and HCNW4504 specify a
minimum (tppg - bppe) 0F -0.7 s
over an operating temperature
range of 0-70°C, resulting in a
maximum dead time of 2.0 ps
when the LED turn-on delay is
equal to (Lep -t Jinax, or 1.3 Js.

It is important to maintain
accurate LED turmn-on delays
because delays shorter than -
(typer - tryu)max may allow shoot-
through currents, while longer
delays will increase the worst-case
dead time.
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE
INSULATED TYPE

PS21204 INTEGRATED POWER FUNCTIONS

B60GV/15A lew-loss 3rd generation IGBT inverter bridge for 3
phase DC-o-AC power conversion (Fig. 2}
Application Motor Ratings : Power : 0.75kW, sinusoidal, PWM
fFrequency=5kHz
100% load current : 5.0A {rms)"
150% ipad cutrent @ 7.5A {1ms)*,
1 minute.
*{Note} : The molor current is assumed i be sinusoidal and
the peak cutrent vatue is defined as @ 10 X y 2

INTEGRATED DRIVE, PROTECTION AND SYSTEM CONTROL FUNCTIONS

= For upper-leg IGBTs : Drive circuit, High voltage isolated high-speed level shifting, Conlrol circuit under-voliage (UV) proteclion.
Note ; Bootsirap supply scheme can be applied (Fig. 2).

+ For lower-leg IGBTs : Drive circuit, Control curcuil under-voltage prolection (UV), Short circuit protectlon {SC). (Fig. 3)

« Faultsignaling . Corresponding to a SC fault {Low-side IGBT) or a UV fault {Low-side supply)

+ Inputintgrface ; 5V hne CMOS/TTL compatible, Schmitt Trigger receiver circuil

APPLICATION
AC100V~-200V three-phase inverter drive for small power (0.75 kW) motor control.

Fig. 1 PACKAGE QUTUINES
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(S¥ime)  (Note | 2) Faun putpl {5V Ina)
{Pala 3, 5 v v

O T To prevent the mpul sighals oscillation, an R coupling at each inputis recommendad. (see also Fig. 7) 15V e

0 By vinue of integraling an application speciic type HVIC inside the module, dirgel coupling ta GPU terminals wilhout any opto-coupler or traastormer
1sclatiun is possible. {see also Fig. 7} .

EL This oulput is open collector type. The signal ine shauld be pulied up it he posilive side of the 3V power supply wilh approximatety 5.1k resistance
(see alsa Fig. 7)

£ The wiring belween the power DC link capacitor and the P/H1 temminals shoui be as shor as passible ta protect tha DIP (P against catastrophic high
surge voltages. For extra precaution, a small film type snubber capacitur (0.1-0.22pF, high voltage type| is recommended to be maunted close to
Ihese P and N1 DC power input pins.

%0 Fo output pulse widih should be decided Dy puting external capacitar between CFE and Ve lerminals. (Example - CFO=22nF —+1Fo=1.8ms {Typ )

=0 High voltage dindes (G00V or mare) shoutd be uised in the bootslrap circuil.
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= Shor Circuil Protectve Funclion (SC) :
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S EE
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ION. S In the recommended extemal prolecion circuil, please sefecl the RC e constant in the range .52 0us 2 Iw {15}

i To prevenl amoneous prosection operatin, the wiring of A, B, T should pe as shurt as possible.
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MITSUBISHI SEMICONDUCTOR <Dual-in-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE

INSULATED TYPE
MAXIMUM RATINGS (Tj = 25°C, unless otherwise noted)
INVERTER PART
Symbol Parameter Condition Ratings Unit
r‘;in;c Supply voltage Applied between P-N 450 v
Vi Csurge) | Supply vellage (surge) Applied between P-N ] 500 Y
ViES Collector-emitter vollage 600 W
tlc Each IGBT collector current TC = 25°C 15 A
ril{":P Each IGBT collector current (paak) To = 25°C, instantaneous value [pulse) 30 A
Cofleclor dissipation Tt = 25°C, per 1 chip ] 43 W
Tj Junction temperature {Note 1) —20~+180 'C

Note 1 : The maximum junclion temperature rating of the power chips integrated within the DIP-IPM is 150°C (@ T¢ < 100°C) however, to in-
sure safe pperation of the DIP-IPM, the average junction temperature should be fimited to Tifavey < 125°C {@ Tc < 100°C).

CONTROL (PROTECTION) PART

Symbol Parameter Condition Ratings Unit
| Vo Confrol supply vallage Applied between VP1-VRG, ¥N1-VNC 20 v
ViR Control supply valtage Applied between VUFB-VUFS, VVFB-VFS, 20 v
VWFB-VWES
- lied belwaen Up, VP, We-VeC, UN, VN
Wi Input voltage Appl W RS —0.5~+5.5
— N-VNG
VED Fault aulput supply voltage Applied betwaen Fo-YaC : —D.5-Vp+0.5
o Fault output current Sink current al Fo terminal 15 mA
e Current sensing inpul voltage Applied batween GIN-VnC —0.5-Np+0 5 W
TOTAL SYSTEM
Symbol Parameter Condition Ralings Unit
Veceron)] Self protection supply valtage limit VD = VDB = 13.5~16.5V, laverter parl 400 Y
L {short circuit protection capability) Ti = 125°C, non-repetitive, iess than 2 ps
Te Medule case operation temperatire (Nole 2) —-20~+100 “C
Tsig Storage temperature —40-+125 i
. 60Hz, Sinusaidal, AC 1 minule, connectian
Vo {solalian voltage pins ko heat-sink plate 1500 Wrme

Note 2 : Tc MEASUREMENT POINT

Ll L L

R L DlP_”DM

“ ..... e

Power pins
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE

INSULATED TYPE
THERMAL RESISTANCE
. Lirmils
jrnbol Parameter Candition i o, Mo, 1 Unil
|Ri-ci2 | Junction ta case thermal Inverter IGBT part {per 1/6 module) — — 285 |
Rinj-c)F resistance Inverter FWDI parl (per 1/6 module) — — 45 "GN
Ringe-1) Contact thermal resistance Case lo fin, (per 1 module) — - 0.067
thermal grease applied
ELECTRICAL CHARACTERISTICS (T = 25°C, unless ctherwise noled)
{NVERTER PART
Symbal P f Conditi Limits Unit
- )’_li{] arameter ancion Min. Ty‘p. Max m
Vekgsay | Callector-emitler saturalion VD = VDB = 15V Ic = 15A, T = 25°C — 1.8 — v
_ voltage Vo = Dy 1 = 158, T = 125°C — 2.0 —
h?éc FWDI forward valtage Tj = 25°C, -lc = 154, VCIN = 5V — 2.2 — %
o _ Voo = 300V, Yo = Wpe = 15V - 07 -
’E_ B ic = 15A, Tj= 125°C, Vo = 5V < OV - .1 —
tefon) Switching times Indugtive load (upper-lower arm) - 04 - HS
| foff Note: ton, tof include delay time of the internal control - 1.9 -
tefor) circuit — 09 —
[ 1 5ee
ICES Collector-emitter cut-off Tj=25°C - — 1.0
s A
S JVLE VCES Y =105 — — 0 m,
CONTROL {PROTECTION) PART
bol P Conditi Limits | uni
Symbn arameter Condition Min Typ. V. ni
Vo Control supply voltage Applied between VP1-VPC, VNI-VNG 13.5 15.0 16.5 \
Vou Conlrol supply voltage Applied batween VuFs-VUFS, VVFB-VWFS, VWFE-VWES 13.5 15.0 16.5 Vi
o Vo = Yoe= 18Y, | VPIEVPC, VNI-VNG — 4.25 8.50 mA
) inpul = OFF VUFB-VUFS, VWFB-WWES, VWFB-VWFS — 0.50 1.00 mA
Glecuit cureat Vo =VDB= 158V, | VPi-VPC, VNI-VNC . T 8.70 mA
. input = ON VUFB-VUFS, VVFB-WFS, VWFB-VWES — 0.50 1.60_| mA |
WEaH Vse = OV, Fo drcuit ; 10k 1o 5V pull-up 49 — — \
YFOL Fault output voltage Ve = 1V, Fo circuit ; 10%Q 1o 5V puli-up — 1.0 2.0 N
VFOsal VsC = 1V, IFO = 15mA 08 1.2 18 \s
fewa PWM input frequency Tc < 100°C, Tj< 125°C — 5.0 — kHz
Tdeau . Relates to correspanding input signal for blocking arm
Allowabie deadlima shool-through. J0C < Te < 100°C 38— = | ws
VsCpety | Short circuit trip level Tj=25°C, VDo = 15°C (Note 2) 0.45 0.5 0.55 v
LDRy Trip level 10.0 — 12.0 )
Uvpar Supply‘circuil under-voltage T, € 125°C Resat lavei 10.5 — 12.5 v
UV protection i Teip level 10.3 — 125 v
Uvo Resel level 10.8 -— 130 v
Fo Fault output pulse width {Nole 3) | Cro = 22nF (connected between CFO-VNC) 1.0 1.8 — ms
Vinon) ON threshold woltage Hosid Applied between: 0.8 1.4 2.0 v
Vinany | OFF threshold voltage siae Up, VP, WP VP 25 | 30 4.0
Vintar) ON threshold voltage Loside Applied between: 0.8 14 20 v
Vihioit) OFF threshold voltage UN, VN, WN-VNC 2.5 3.0 4.0

Mote 2 ; Short circuit protection is funclioning only at the low-arms. Please select (he value of the exlernal shunt resistor such that the 5C trip-

fevel ig less than 25.5 A.

3 : Fault signal is output when the low-arms short circuit or cantrol su;ﬁply under-vollage proteclive functions cperate. The fault output pulse-
widih 10 depends on Ine capacilance value of CFO according to the foliowing approximate equation : Cro=12.2 X 106 X tFa [F].
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MITSUBISHI SEMICONDUCTOR <Dual-in-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE
INSULATED TYPE

MECHANICAL CHARACTERISTICS AND RATINGS

Parameter Condilion I‘ Limils Unit
. Min. Typ. Max
Mounting torque Maunting screw - b4 Recommended 12kg-cm 10 - 15 jky Cﬂ
_ : Recommendad 1.18N-m 0.98 - 147 | Nem
Waight — 54 — g
RECOMMENDED OPERATION CONDITIONS
Symbol Parameter Condition Limils Unit
Min. Typ. Max
Voo @p‘uy vollage Applied between P-N 0 300 400 v
| Vo Cantral supply voltage Applied between VP1-VPC, WNI-VNC 13.5 15.0 16.5 3
VDB Control supply voltage Applied between VUFB-VUFS, VWFB-VVFS, VWFB-WFS 13.5 $5.0 16.5 N
AVD, AVDB| Contro! supply variation -1 — 10 Vips
taean) Arm shool-thraugh blocking time | For each input signal 3 — — s ]
fPuwm PWM input frequency Tc= 100°C, Ti$ 125°C — 5 — kiiz
VCINON) | Inpul ON thresheld voltage Applied batween UP, Ve, WP-VPc 0~0.65 v
VCIN{OFF) | Input OFF threshold valiage Applied between UN, VN, WN-VNC 4.0~55 v

Fig. 4 THE DIP-IPM INTERNAL CIRCUIT
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE
INSULATED TYPE

Fig. 5 TIMING CHARTS OF THE DIP-IPM PROTECTIVE FUNCTIONS
[A] Short-Circuit Protection {Lower-arms only)

(For the exlemal shunt resistance and CR connection, please refer to Fig. 3.)

al. Normal aperation : {GBT ON and carrying current.

a2 Shart circuit current detection (SC Lrigger).

a3. Hard IGBT gate interrupt.

ad, IGBT turng QFF.

a5. Fo timer operation starts : The pulse width of the Fo signal is set by the exlernal capacitor CFo.
ab. lnpul "H" : {GBT OFF slale.

a7. lnpul "L : IGBT OM slate, but during the FC active signal the IGBT doesa't turn ON.

al. IGBT OFF state.

. . n - _..__t}?__‘“_ﬂ —_ u
Prolection circuil state SET AEseT

imérnal IGBT gate ,_,_J’_- -.--_LJW‘AH\S — jﬁ
a2 Lo

Output current le{A}

sC ré‘fE‘an"E! voitage f
Sense voltage of the f\ \k :
shunt resistance /\ L L e W

"'“‘-J CR eircuil lime conslant; DELAY ( Note}

v

Error output Fo —"‘“'—;-S--mei%_wﬁj -

Note : The CR lime constanl safe guards against erroneous SC faull signals resulting from difdi generated vollages when the 1GBT turns ON.
The optimum setting for the CR circuit time constant is 1.5~2.0ps.

[B) Under-Voltage Protection {N-side, UVD}

a1, Normal operation . IGBT ON and carrying current,

a? Under valtage lrip {LVD1).

ad. IGBT OFF inspite of contro! input condition.

ad. Fo limer operation slarts : The pulse widih of the Fo signal is set by the external capacitor CFC.
a5, Under voltage reset (UVDr).

a6 Normal operation : IGBT ON and carrying current.

Control input “—\ J 1 B m l]—lj, 3_’ j_{j J_

—
RESET

Protection circuit state SET

Control supply voltage Vo

6

. a 5 o
Qutput current lc(A) M ,‘f\/\"j\/\ M\
Error autput Fa (N-side onty} a4
_.(Jg_l
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MITSUBISH! SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE
INSULATED TYPE

[C] Under-Voltage Protection (P-side, UVDB)

a1l Conlrol supply vollage rises : After the voltage level reachs UVDer, the circuits slart to operale when the next input is applied.
a2. Normal aperation : IGBT CN and carrying current.

a3. Under vellage lrip (LVDBL).

a4 IGBT OFF inspite of control input candition, but there is no FO signal output.

ab. Under-valtage reset (UVDBr).

aG. Normal operation : IGBT ON and carrying current.

R S o o 0 s O Y B B

. ! _ v
Protection circuit state RESET ~ SET[ RESET

~

Cantrol supply valtage Voo

Output current lc{A)

High-leve! (no fauil output}

Error output Fo

Fig. 7 RECOMMENDED CPU 4/Q INTERFACE CIRCUIT

5V line

DIP-IPM

Up,Ve Wp,Un,VN, W
CPU

Fo

J:O & Vno(Logic)

Note : RC coupling at each input {parts shown dotted) may change depending on the
PWM control scheme used in the application and on the wiring impedances of
the application’s printed circuit board.
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intefligent Power Module>

PS21204

TRANSFER-MOLD TYPE
INSULATED TYPE

Fig. 8 TYPICAL DIP-IPM APPLICATION CIRCUIT EXAMPLE

I or g=lziled dascriptun ol he hoot strap circwt C1: Tight ta lprance 1emp-compensated elactralylic type: C2,C3: 0.22-2 p ¥ Rcalegory corarme capaciar for no:se filerng
Sleuchon, pleass Gontack Mitsubisi Blecte (NoIle 1 The capacilance value dspends on the PWM contral ysed in the appliod system)

cuh

Note 1:

W~

Woun

Shunt >
Hasistor A |

el T
e

et

To prevent the input signals oscillation, an RC coupling at each input is recommended, and the wiring of each input shouid be as shorl
as possible. (Less than 2cm)

: By virlue of integrating an application specific type HVIC inside the module, direct coupling ta CPU terminals withaut any opto-coupler

or ransformer isolation is possible.

1 Fo output is open collector iype. This signal line should be pulled up to the positive side of the 5V power supply with appraximately

5.1k} resistance.

: Fo output pulse width should be decided by connecting an exiernal capacitor betwean CFO and Ve terminais {Cro). (Example : Cro

=22nF - IFO = 1.8 ms (typ.))

: Each input signal line should be putted up to Lhe 5V power supply with approximately 4.7k%2 resistance (other RC ceupling circuits at

each input may be needed depending on the PWM control scheme used and an the wiring impedances of the system's printed circuit
board). Approximately a 0.22~2uF by-pass capacitor should be used across each power supply connection terminals.

: To prevent errars af the protection function, the wiring of A, B, C should be as short as possible.

: In the recommended protection circuit, please select the R1Cs lime constant in the range 1.5~2us.

: Each capacitor should be pul as nearby the pins of the DIP-IPM as passible.

: To prevent surge destruclion, the wiring between the smoothing capacitar and the P&N1 pins should be as short as possible. Appmoxi-

mately a 0.1~0.22uF snubber capacitor between the PAN1 pins is recommended.,
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