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PWM - Pulse Width Modulation ilugiuunluns weudanauuumile uuuduq #sn
furtaq 1) 194 1uY AM — Amplitude Modulation 1JuMSHETUMIaVWIA M50 FM- Frequency
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JUN 2.3 uraamswaudygrounoadudyyiu PWM 8613310 [8]
YIUVIDDA (Output Signal) 9T ipd ey v ud (Input Signal) deygyiealasnd A
dyaruiudos Tavl$vsnfSouiiou (Comparator)
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YUUUVAIA (Rising Ramp Carricr Signal) 1119 14 PWM AllmsmauamvouvIaanuglama
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»
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319 2.5 ueraauuu 3 PWM Ngaguuuulnd (Regular Sampled PWM) [8]
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3.1 Motor Control PWM Module (MCPWM)
m3oentuuYe 19 Digital Signal Controller dsPIC 8ynsx 30F Tau1d Motor Control PWM

Module (MCPWM) it@aaaugdiuan

16-bit Time-hase

Duty Cycle —E PWM4H \
Generator #4 Dead Time Unit
> —Igl PWM4L
puty Cycle Dead Time Unit E PIM3H Four PW autput
Generator #3 pairs with autput
PWM Override m PWM3L > polarity control
Logic
Duty Cycle . e
Dead Time Unit
Generator #2 —I 2 I PWM2L
Duty Cycle R —x PWM1H
Generator #1 Dead Time Unit )
> —I z I PWMI1L
4
. I—E Fault A Two fault pins w
A/D Conversion et programmable fauit
Trigger —& Fault B states

.

e

1/9 3.1 Motor Control PWM Module (MCPWM) [5]
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Tunmisarugumannu Tnsliguanyuzasi
- gwnmmmzamﬁ‘uum Tey2 WU edge resolution
-3 output 11U Complementary 5o idoniily nuy Independent
' { s 7
- idunad1a3a1m0 (Dead time) HUV83ANS (Hardware)
- AMUAYT (polarity) Tavls Configuration bits
=y
- 31UV output MY
-nlasunaansoniag 1ALy manual (Manual override)
- Jumsrvaeudounnsea (Fault pins)
- a51HAMIUIRNIE (Special event trigger) ATV Msutlasdyana aeioadiu
s a u ¥y .. .
YIIBIRY 14 (Analog to digital conversion)
1 1 ° ] 4
Uvannq etaihaule nazi 190w 1840 dasmsi@ouTsunsy) Famsessnuuy
o : [} 1 . ”J L} 1]
MINIVAN PWM HLUIANTUIZTABIOB AUUAINAY 1A 1HIUN 1 Ma10q aaullanugain
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dsPIC U ’c’f‘IlJ‘lSﬂ’c’f‘%'NﬂmuﬂJ‘lﬁl PwM ¢ 4 outputs NUATU (Period) RUINULAY duty cycle
aafu M ldensoi luauaumsiannuy 3 Mald uazliniae dead time 1dtloatiuns
o A ¢ o ¥ o
da2a9s iloavingilnsalhaumiendu

dyw s = 0 Y a b 4 o [ v . £ 4

vennniidatid i Mldlimsisudumshauves A/ Mldaunsesudeyasn
9Un3aln3 299 (Sensor)

3.2 181903 MCPWM

9219 register Y11@ 15 bit (PTCON Register) Au31duan
PTCON Register

L PTEN | - | PTSIDL | - - ] - [ -1 - I
bit15 14 13 12 11 10 g hit8
PTOPS3 | PTOPS2 | PTOPS1 | PTOPSO | PTCKPS1] PTCKPSO] PTMOD1 | PTMODO

bit7 6 5 4 3 2 1 bit®

31 3.2 PTCON Register [5]
imsuufilSuauey (Edge align) mugddmais

DUTY CYCLE
UPDATE

PTMR COUNT

» Time

PWM1H

PWM2H

‘[ 1 t T INTERRUPTS

PERIOD REGIST
! T I f RELOAD

& L4 J $ [
3U7 3.3 uansdygams iuundiumuvey (Edge align) i3]

<

o LY J A o 4 . ¥ i
nag UM sHvINANUTUAINNING1I (Center align) MujUAIua1



DUTY CYCLE UPDATE

PTPER
PDC1
PDC2 Time
PWM1H
PWMZH
1 1 1 INTERRUPTS
1 T 1 PERIOD
REGISTER
RELOAD

o o v, Sl 4 .
JU7 3.4 naaadygumsduiuaamliumunanaia (Center align) [5]

ar t; { [ A i 1o ' . .
uaz Imsduduasidsuaunanarsilsulsam1a (Center Aligned PWM with Double Update)
3 +
muglauan

DUTY CYCLE
1 l l l 1 UPDA%E

4

PTPER

PDC1

PDC2

PWAIH

t
1 t { PERIOD

REGISTER
RELOAD

a as a 4? TS 4 aa @ ] : .
3U7 3.5 uamadyanumsiviuas Asumuninaanting U5uilgea 2 a3 (Center Aligned

1INTERRUPTS

PWM with Double Update) [5]
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ANVUALIDIAYDI PWM Ju114 Tey/2 AI0613 1 20 MIPS 983iANd 19.5 KHz 91 11 bit
1Az PWM 9¢ interrupt )09 1 - 16 A

P} -~ @ .

madenlumsysSuvuia ( Prescaler options)

b4 . . d‘A . o P .
gruna gnar¥ 19478 timer Y11A 15 bit N1%0 PTMR register W30 prescaler 1 bit 15
i o o LY Y J Y A [Y
¥93 PTMR register 1HiNofvua frveamsiy (0 Hudu uag 1 1uas) Feezl¥lumsySuuuy
P

YO HAZUUUMINAN

3.3 Dead Time Control Register

4 d . . t [ i a
dnTuganilaiitaulefo Dead Time Control Register 3UAMAUTAIFINININIAA dead

time
Dead Time A DeadTimeB
VZ " l::l
PWM1H
P ;
PWMIL I § o

e e e e et Iy o O

317 3.6 HAAITIIA1VBY Dead Time [5]

Dead time 32§ A MuA U Dead Time Register gﬂﬁma'nua A4 Dead Time Register 12 registers

DTCONI
[DTBPS1 | DIBPSO | D1B<5.0> ]
hit15 14 13 12 11 10 9 hit3
DTAPS1 | DTAPSO | DTA<5.0> |
hit7 6 5 4 3 2 | bitd

uaz DTCON2
. - r -+ - ¢ - ¥ - | - § - 1 - |

hit1s 14 13 12 1 10 9 hitd

| OTS4A | DTS4l | DTS3A | DTS3l [ DTS2A | DTS2l | DTSIA | DTSH |
bit7 6 5 4 3 2 ! hito

31U 3.7 UeA3 Dead Time Register DTCON1 itag DTCON2 [5]

9

A LY 3 4 L4 Q
Taga9s 14 1AfumsooAUUY 11UV complementary mode M 1%iiNetloafumsanesvosginsel

o o 3 i o
aINY gﬂ@’fmmquaﬂa SN RER TN RRAITIOTRN, complementary mode
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+V

1H

1L

2H

2L

3 Phase
BLDC or
3H ACIM

3L

JUMN 3.8 1AA1395MIUUYY complementary mode [5]
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msenuuuld dsPIC30F2010 Clock 19/ X-TAL : 7.3728 MHz famfidayaianunitn
117.9648 MHz Tatien Mode PLL 16X 14 ADCO iflos msgaimgil Hoaiidosnisuueme
MIAIWANNIIRIINYDS 1nToatl5ueimenuy 1 e 9219 vIneoon REO dm$y PWMIL, v1
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319 4.4 sluaasdyg i iWoiuI9INIBY
HANISNARDIAILAITN HASATIHAIUAIN

ATNN 4.1 HARIWAN INAADY

Temp Current-1 | Current-2 | Freq.
29 3 3 50
29 3 3 50
29 3 3 50

28.5 3 3 50
28.5 3 3 50
28.5 3 3 50
28 3 3 50
28 3 3 50
27.5 2.5 3 45
28 2.5 3 45
27.5 2.5 3 45
27 2.5 3 45
27 2.5 3 45
26.5 25 3 45
26.5 2.5 3 45
26 2.5 3 45
26 2.5 3 45
- 26 2.5 3 45
255 2.5 3 45
26 2.5 3 45
255 2.5 3 45

14



25.5 2.5 3 45
25.5 2.5 3 45
25 2.2 3 40
25 2.2 3 40
25 2.3 3 40
24.5 2.3 0 40
25 2.1 3 40
24.5 2.2 0 40
245 2.2 0 40
24.5 2.1 0 40
24 0 0 0
24 0 0 0
24.5 2.2 0 40
24 0 0 0
24 0 0 0
24.5 2 0 40
24 0 0 0
24 0 0 0
24 0 0 0

60 @

B0 S oo

40

% Mwﬁ

SR A S S AL S A L ALY ST -
D$IIIIIIIIIIIlIIIlIll“l"lllIYll'rllllrf'l'#

1 4 7 10 13 16 19 22 25 28 31 34 37 40

31U 4.4 s uanInamInaaes

—e—Temp

—s— Current-1
Current-2
Freq.

ANy y Wumue muiuiunu x dhugsssanaiitufinmaedoya

Current-| Lﬂunszuﬁmm compressor Lﬁa"l%'msquuﬁ'w inverter

A ™ 1% .
Current-2 ma"lunmsmuqumu inverter

Freq. 1JUM493A10DY049 inverter

=1

Temp. ilusivesgungiivioaii Jaf

- . .
ADuattU (Fan coil unit)
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4.3 agUwavealnsams
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VINNANIINARBIAIUNT AU TAUTINTZNA (current-1) 921l SUanaImILBLIAYDS
= o a4 R o o !
AN INTIZUSIAUIRDEIN inverter vZAABIRIY (NIZUAAAABINIY) ANLDIZUT VAR LTI
vosgunqil ilogaingiitagafina Ivzvyaswns zua Wi iitlould compressor 1A Current-2 #
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dunszuafinoii compressor Ianafinoufigangil szfamaniinald Tmsléndaam inn
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MICROCHIP dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

Note: This data sheet summarizes features of this group Pe"pheral Features:

of dsPIC30F devices and is not Intended to be a complete » High current sink/source I/O pins: 25 mA/25 mA
reference source. For more Information on the CPU, o . A
peripherals, register descriptions and general device * Three 18-bit timers/counters; optionally pair up
functionality, refer to the dsP/C30F Family Reference 16-bit timers into 32-bit timer modules

Manuval (DS70046). For more information on the device

instruction set and programming, refer to the dsP/C30F * Four 16-bit Capture input functions

Programmer’s Reference Manual (DS70030). * Two 16-bit Compare/PWM output functions
. . - Dual Compare mode available
High-Performance Modified RISC CPU: » 3-wire SPI™ modules (supports 4 Frame modes)

+ 12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

» Addressable UART modules with FIFO buffers

+ Modified Harvard architecture
» C compiler optimized instruction set architecture
* 84 base instructions with flexible addressing

modes
« 24-bit wide instructions, 16-bit wide data path Motor Control PWM Module Features:
* 12 Kbytes on-chip Flash program space + 6 PWM output channels
* 512 bytes on-chip data RAM - Complementary or Independent Output
* 1 Kbyte non-volatile data EEPROM modes
* 16 x 16-bit working register array - Edge and Center Aligned modes
» Up to 30 MIPs operation: * 4 duty cycle generators

- DC to 40 MHz external clock input * Dedicated time base with 4 modes

- 4 MHz-10 MHz oscillator input with * Programmable output polanty

PLL active (4x, 8x, 16x) + Dead time control for Complementary mode

« 27 interrupt sources » Manual output control
« Three external interrupt sources - Trigger for synchronized A/D conversions
+ 8 user selectable priority levels for each interrupt
« 4 processor exceptions and software traps Quadrature Encoder interface Module

Features:

DSP Engine Features: * Phase A, Phase B and Index Pulse input

* Modulo and Bit-Reversed modes * 16-bit up/down position counter
» Two, 40-bit wide accumulators with optional » Count direction status
saturation logic - Position Measurement (x2 and x4) mode
* 17-bit x 17-bit single cycle hardware fractional/ » Programmable digital noise filters on inputs

integer multiplier

+ Single cycle Multiply-Accumulate (MAC)
operation

« 40-stage Barrel Shifter

+ Dual data fetch

+ Alternate 16-bit Timer/Counter mode
« Interrupt on position counter rolloverfunderflow

Analog Features:

+ 10-bit Analog-to-Digital Converter (A/D) with:
- 500 Ksps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and Idle

* Programmable Brown-out Detection and Reset
generation

© 2004 Microchip Technology Inc. Preliminary DS70118E-page 1
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Special Microcontroller Features: » Detects clock failure and switches to on-chip low
power RC oscillator

* Programmable code protection

* In-Circuit Serial Programming™ (ICSP™)
Selectable Power Management modes

- Sleep, Idle and Alternate Clock modes

« Enhanced Flash program memory:
- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical)
« Data EEPROM memory:
- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typical)

« Self-reprogrammable under software control CMOS Technology:

» Power-on Reset (POR), Power-up Timer (PWRT) * Low power, high speed Flash technology
and Oscillator Start-up Timer (OST) » Wide operating voltage range (2.5V to 5.5V)

» Flexible Watchdog Timer (WDT) with on-chip low * Industrial and Extended temperature ranges
power RC oscillator for reliable operation - Low power consumption

- Fail-Safe clock monitor operation

dsPIC30F Motor Control and Power Conversion Family*

Dovice | Pins. | M. st | STAM | EEPROM | Timer| gt o1 T | oy | 1D 0750 usa & 12,2, | 2
Instructions PWM PWM S| lwm|T

dsPIC30F2010 28 12K/4K 512 1024 3 4 2 6 ch 6ch Yes |1 [1]1]-
dsPIC30F3010 28 24K/8K 1024 1024 K} 4 2 6 ch 6ch Yes (1|1 |1] -~
dsPIC30F4012 28 48K/16K | 2048 1024 5 4 2 8ch 6ch Yes | 1|1 |11
dsPIC30F3011 | 40/44 24K/8K 1024 1024 5 4 4 8ch Sch Yes |2 (1] 1]~
dsPIC30F4011 | 40/44 | 48K/16K 2048 1024 £} 4 4 8¢ch 9 ch Yes |2 1|11
dsPIC30F5015 64 66K/22K 2048 1024 5 4 4 8ch 16 ch Yes | 1] 2|11
dsPIC30F6010 80 144K/48K | 8182 4086 5 8 8 8ch 16ch Yes |2 |2|1]|2

* This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for fealure comparison.
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Pin Diagrams

28-Pin SDIP and SOIC
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TO OUR VALUED CUSTOMERS

it is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better sult your needs. Our publications will be refined and
enhanced as new volumes and updates are Iintroduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mall at docerrors@mall.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 version of this data sheet, please register at our Worldwide Web site at:
hitp:/iwww.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g.. DS30000A is version A of document DS30000). -

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particutar device, please check with one of the following:

* Microchip’s Worldwide Web site; http://iwww.microchip.com

* Your lozal Microchip sales office (see last page)

* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include
literature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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1.0 DEVICE OVERVIEW

Note: This data sheet summarizes features of this group
of dsPIC30F devices and Is not intended to be a complete
reference source. For more Information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046). For more Information on the device
instruction set and programming, refer to the dsPIC30F
Programmer's Reference Manual (DS70030).

This document contains device specific information for
the dsPIC30F2010 device. The dsPIC30F devices
contain extensive Digital Signal Processor (DSP) func-
tionality within a high-performance 16-bit microcontroller
{MCU) architecture. Figure 1-1 shows a device block
diagram for the dsPIC30F2010 device.
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FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
Y Data Bus
X Data Bus
l} Qy Jhe 16 &e @e 16
taterrupt Data Latch| [Data Lalch
Controlier PSV & Table Y Dala X Data
Data Access
4| Control Block|{® 1116 RAM RAM
(256 bytes) (256 bytes)
Address Address
4 Latch Latch
16
24 Y AGU
PCU| PCH | PCL
Program Counter N
Stack Loo
Address Latch Control oo N
Program Memory Logic Logic
(12 Kbytes)
Data EEPROM i
(1 Kbyte) Effective Address PORTB
Data Latch fe
| L ROMLakch — (]
24
IR s =]
'I
16 ! ¢ =
16 x 16
0 Ier ™1 W Reg Array PORTC
Instruction % 63 6
Decode &
Control =
Controt Signals‘ ‘ ‘ * ‘ DSP
to Vanous Blocks Power-up Engine
Timer
Timing Oscillator I:[I:I
OSC®1ICLKI Generation Start-up Timer
POR/BOR PORTD
g Reset
MCLR Watchdog fi6 6
Timer
=
~
Input Qutput
10-bit ADC Caplure Compare 2c
Module Module
. r} P
i it i I
I 10 5 J T
0 i 7 3
I Motor Control
SPi1 Timers QEl ° :’w;" o UART1
PORTE
PORTF

ANQ/CN2/RBO
AN1/CN3I/RB1
AN2/SS1/LVDIN/CN4/RB2
ANJI/INDX/CNS/RBJ
AN4/QEA/CN6/RB4
ANS/QEB/CN7/RBS

EMUD1/SOSCI/CN1/RC13
EMUC1/SOSCO/T1CK/CNO/RC14
OSC2/CLKO/RC15

EMUC2/0C1/RDO
EMUD2/0C2/RD1

PWM1LUREO
PWM1H/RE1
PWM2L/RE2
PWM2H/REJ
PWM3L/RE4
PWM3H/RES
FLTA/INT1/RES8

U1RX/RF2
UITX/RF3

DS70118E-page 6

Preliminary

© 2004 Microchip Technology inc.



dsPIC30F2010

Table 1-1 provides a brief description of device 1/O
pinouts and the functions that may be multiplexed to a
port pin. Multiple functions may exist on one port pin.
When multiplexing occurs, the peripheral module’s
functional requirements may force an override of the
data direction of the port pin.

TABLE 1-1: PINOUT I/O DESCRIPTIONS

Pin Name Pin Buffer Description
Type Type

ANO-AN5 1 Analog |Analog input channels.

AVDD P P Positive supply for analog module.

AVss P P Ground reference for analog module.

CLKI | ST/CMOS |Externat clock source input. Always associated with OSC1 pin function.

CLKO 0] — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionalty functions as CLKO in RC and EC modes. Alwave
associated with OSC2 pin function.

CNO-CN7 ] ST Input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.

EMUD 1e] ST ICD Pnmary Communication Channel data input/output pin,

EMUC 110 ST ICD Primary Communication Channel clock input/output pin.

EMUD1 110 ST ICD Secondary Communication Channel data input/output pin.

EMUC1 110 ST ICD Secondary Communication Channel clock input/output pin.

EMUD2 110 ST ICD Tertiary Communication Channel data input/output pin.

EMUC2 110 ST ICD Tertiary Communication Channel clock input/output pin.

EMUD3 110 ST ICD Quaternary Communication Channel data input/output pin.

EMUC3 110 ST ICD Quaternary Communication Channel clock input/output pin.

IC1,1C2,IC7, | ST Capture inputs. The dsPIC30F2010 has 4 capture inputs. The inputs are

IC8 numbered for consistency with the inputs on larger device variants.

INDX 1 ST Quadrature Encoder Index Pulse input.

QEA | ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB | ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

INTO | ST External interrupt O

INT1 | ST External interrupt 1

INT2 l ST External interrupt 2

FLTA } ST PWM Fault A input

PWM1L O — PWM 1 Low output

PWM1H (0] — PWM 1 High output

PWM2L 0] — PWM 2 Low output

PWM2H 0] — PWM 2 High output

PWM3L 0] — PWM 3 Low output

PWM3H 0] — PWM 3 High output

MCLR P ST Master Clear (Reset) input or programming voltage input. This pin is an active
low Reset to the device.

OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).

0OC1-0C2 o} — Compare outputs.

0sC1 | ST/CMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.

0SC2 I[e] — Oscillator crystal output. Connects to crystal or resonator in Crystal Osciltator
mode. Optionally functions as CLKO in RC and EC modes.

Legend: CMOS =CMOS compatible input or output Analog=  Analog input
ST =Schmitt Trigger input with CMOS levels O= Output
| =Input P = Power
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TABLE 1-1: PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Buffer .
Pin Name Description
in Nam Type Type P
PGD 1o] ST In-Circuit Serial Programming data input/output pin.
PGC | ST In-Circuit Serial Programming clock input pin.
RBO-RBS 110 ST PORTB is a bidirectional I/O port.
RC13-RC14 110 ST PORTC is a bidirectional I/O port.
RDO-RD1 110 ST PORTD is a bidirectional I/O port.
REO-RES, o ST PORTE is a bidirectional I/O port.
RES8
RF2, RF3 110 ST PORTF is a bidirectional I/0 port.
SCK1 11O ST Synchronous serial clock input/output for SPI™ #1,
SbDi | ST SPI #1 Data In.
SDO1 (0] — SPI #1 Data Out.
SS1 | ST SPI #1 Slave Synchronization.
SCL 110 ST Synchronous serial clock inputioutput for I2C.
SDA 110 ST Synchronous serial data inputioutput for 12C.
SOSCO 0] -— 32 kHz low power oscillator crystal output.
SOSCI | ST/CMOS |32 kHz low power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.

T1CK I ST Timer1 external clock input.
T2CK | ST Timer2 external clock input.
U1RX 1 ST UART1 Receive.
U1TX (0] — UART1 Transmit.
U1ARX | ST UART1 Aiternate Receive.
U1ATX 0] — UART1 Alternate Transmit.
Voo P — Positive supply for logic and 1/O pins.
Vss P — Ground reference for logic and 1/O pins.
VREF+ } Analog [Analog Voltage Reference (High) input.
VREF- I Analog |Analog Voltage Reference (Low) input.

Legend: CMOS

ST

=CMOS compatible input or output Analog=  Analog input

=Schmitt Trigger input with CMOS levels O= Output
=input P

= Power
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2.0 CPUARCHITECTURE
OVERVIEW

Note: This data sheet summarizes features of this group
of dsPIC30F devices and Is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046). For more information on the device
instruction set and programming, refer to the dsPIC30F
Programmer’s Reference Manual (DS70030).

This document provides a summary of the
dsPIC30F2010 CPU and peripheral function. For a
complete description of this functionality, please refer
to the dsPIC30F Family Reference Manual (DS70046).

2.1 Core Overview

The core has a 24-bit instruction word. The Program
Counter (PC) is 23 bits wide with the Least Significant
(LS) bit atways clear (see Section 3.1), and the Most
Significant (MS) bit is ignored during normal program
execution, except for certain specialized instructions.
Thus, the PC can address up to 4M instruction words
of user program space. An instruction pre-fetch mech-
anism is used to help maintain throughput. Program
loop constructs, free from loop count management
overhead, are supported using the DO and REPEAT
instructions, both of which are interruptible at any point.

The working register array consists of 16x16-bit regis-
ters, each of which can act as data, address or offset
registers. One working register (W15) operates as a
software stack pointer for interrupts and calls.

The data space is 64 Kbytes (32K words) and is split
into two blocks, referred to as X and Y data memory.
Each block has its own independent Address Genera-
tion Unit (AGU). Most instructions operate solely
through the X memory AGU, which provides the
appearance of a single unified data space. The
Multiply-Accumulate (MAC) class of dual source DSP
instructions operate through both the X and Y AGUs,
splitting the data address space into two parls (see
Section 3.2). The X and Y data space boundary is
device specific and cannot be altered by the user. Each
data word consists of 2 bytes, and most instructions
can address data either as words or bytes.

There are two methods of accessing data stored in
program memory:

» The upper 32 Kbytes of data space memory can
be mapped into the lower half (user space) of pro-
gram space at any 16K program word boundary,
cefined by the 8-bit Program Space Visibility Page
(PSVPAG) register. This lets any instruction
access program space as if it were data space,
with a limitation that the access requires an addi-
tional cycle. Moreover, only the lower 16 bits of
each instruction word can be accessed using this
method.

* Linear indirect access of 32K word pages within
program space is also possible using any working
register, via table read and write instructions.
Table read and write instructions can be used to
access all 24 bits of an instruction word.

Overhead-free circular buffers (modulo addressing) are
supported in both X and Y address spaces. This is pri-
marily intended to remove the loop overhead for DSP
algorithms.

The X AGU also supports bit-reversed addressing on
destination effective addresses, to greatly simplify input
or output data reordering for radix-2 FFT algorithms.
Refer to Section 4.0 for details on modulo and
bit-reversed addressing.

The core supports Inherent (no operand), Relative, Lit-
eral, Memory Direct, Register Direct, Register Indirect,
Register Offset and Literal Offset Addressing inodes.
Instructions are associated with predefined Addressing
modes, depending upon their functional requirements.

For most instructions, the core is capable of executing
a data (or program data) memory read, a working reg-
ister (data) read, a data memory write and a program
(instruction) memory read per instruction cycle. As a
result, 3-operand instructions are supported, allowing
C = A+B operations to be executed in a single cycle,

A DSP engine has been included to significantly
enhance the core arithmetic capability and throughput.
It features a high speed 17-bit by 17-bit multiplier, a
40-bit ALU, two 40-bit saturating accumulators and a
40-bit bidirectional barrel shifter. Data in the accumula-
tor or any working register can be shifted up to 15 bits
right or 16 bits left in a single cycle. The DSP instruc-
tions operate seamlessly with all other instructions and
have been designed for optimal real-time performance.
The MAC class of instructions can concurrently fetch
two data operands from memory, while multiplying two:
W registers. To enable this concurrent fetching of data
operands, the data space has been split for these
instructions and linear for all others. This has been
achieved in a transparent and flexible manner, by
dedicating certain working registers to each address
space for the MAC class of instructions.

The core does not support a mulli-stage instruction
pipeline. However, a single stage instruction pre-fetch
mechanism is used, which accesses and partially
decodes instructions a cycle ahead of execution, in
order to maximize available execution time. Most
instructions. execute in a single cycle, with certain
exceptions.

The core features a vectored exception processing
structure for traps and interrupts, with 62 independent
vectors. The exceptions consist of up to 8 traps (of
which 4 are reserved) and 54 interrupts. Each interrupt
is prioritized based on a user assigned priority between
1 and 7 (1 being the lowest pricrity and 7 being the
highest) in conjunction with a predetermined ‘natural
order’. Traps have fixed priorities, ranging from 8 to 15.

© 2004 Microchip Technology Inc.
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22 Programmer’s Model

The programmer's model is shown in Figure 2-1 and
consists of 16x16-bit working registers (WO 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. All registers are memory
mapped. WO acts as the W register 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 register is used as a temporary holding register
and can transfer its contents to or from its host register
upon the occurrence of an event. None of the shadow
registers are accessible directly. The following rules
apply for transfer of registers into and out of shadows.

* PUSH.S and POP.S
WO, 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 Significant Byte of the target regis-
ter is affected. However, a benefit of memory mapped
working registers is that both the Least and Most Sig-
nificant Bytes can be manipulated through byte wide
data memory space accesses.

221 SOFTWARE STACK POINTER/
FRAME POINTER

The dsPIC® devices contain a software stack. W15 is
the dedicated software 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 simplifies the 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 ULNK instructions. However,
W14 can be referenced by any instruction in the same
manner as all other W registers.

222 STATUS REGISTER

The dsPIC core has a 16-bit status register (SR), the
LS Byte of which is referred to as the SR Low Byte
(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 processing, 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 STATUS register contains the
DSP Adder/Subtracter status bits, the DO Loop Active
bit (DA) and the Digit Carry (DC) status bit.

223 PROGRAM COUNTER

The Program Counter is 23 bits wide. Bit 0 is always
clear. Therefore, the PC can address up to 4M
instruction words.
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FIGURE 2-1: PROGRAMMER’S MODEL
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| DCOUNT ” DO Loop Counter
22 0
| DOSTART n DO Loop Start Address
22
‘ DOEND ” DO Loop End Address
—
15 0
| CORCON | Core Configuration Register

-
| OA

08 | sa| s8[oaB[sas| pa | pc [ir2] iPL1]iPLO] RA

I

SRH

k-
3

] N ov| Z o Status Register

-

SRL

—
-
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TOSHIBA GT60M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

Unit: mm
HIGH POWER SWITCHING APPLICATIONS
20.5MAX. , #3.3+0.2
arod=tEl
® TFourth generation IGBT ' oY TN 3
® FRD included between emitter and collector b - E
5
® Enhancement mode type ﬁ iy b5 ?_ N
L%
® High speed IGBT :tf=0.25ps (TYP) v 1 I« - a
FRD :trr=0.7ps (TYP) 3o s
® Low saturation voltage : VCE (sat) = 2.1V (TYP.) vot8 1
5.45$0.15 545%0.15
MAXIMUM RATINGS (Ta = 25°C) . .
oo s
* nl w| N
@ 2 13 =] ~| 0
CHARACTERISTIC SYMBOL RATING UNIT SOVl
Coliector-Emitter Voltage VCES 900 Vv
- 1. GATE
Gate—Emitter Voltage Vees 125 v 2. COLLECTOR (HEAT SINK)
Collector Current A
1ms |CP 120 JEDEC .
Emitter-Collector DC lECF 15 A JEITA h—
Foward Current 1ms lecFP 120 TOSHIBA 2-21F2C
Collector Power Dissipation P 170 W Weight - 8.75
(Tc = 25°C) c
Junction Temperature Tj 150 *C
Storage Temperature Range Tstg -55~150 °C
Screw Torque - 0.8 N-m
EQUIVALENT CIRCUIT MARKING
Collector
) z O 8 < Part No. (or abbreviation code)
TOSHIBA /
Vs
Gate o—J GT60M303 (
[T Lot No.
JAPAN
0 H\A ling indicates
lead (Pb)-free package or
. lead (Pb)-free finish.
Emitter
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TOSHIBA GT60M303

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN | TYP. | MAX | UNIT
Gate Leakage Current lges VGE =125V, Vg =0 — — $500 nA
Collector Cut-off Current Ices Vce =900V, Vg =0 — — 1.0 mA
Gate-Emitter Cut-off Voltage VGE (OFF) |l = 60mA, V¢ = 5V 3.0 - | 60
Coflector-Emitter Saturation Voltage VCE (sat) (1) |fc = 10A, Vgg =15V — 16 2.2
Collector-Emitter Saturation Voltage VCE (sat) (2) |lc = 60A, Vg = 15V - 21 27 Vv
Input Capacitance Cies Vce = 10V, Vge =0, f = iMHz — 3800 — pF
Rise Time ty - 035 | 0.60
Switching Time Turn=On Time fon 15V 2 % — 048 078 Hs
Fall Time ty 0 L 15V — | 025 | c40
Tum-Off Time tott 600V — | 060 | 070
Emtter-Collector Forward Voitage VecF lec =15A, Vge =0 — 1.5 2.0 Vv
Reverse Recovery Time ty :; /= d1tS=AL;/(§5AE ,12 — 0.7 25 ys
Thermal Resistance Rih (j-c) IGBT — — 0.74 |°CIW
Thermal Resistance Rin {j-c) Diode — — 40 |°CIW
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TOSHIBA

GT60M303

) Ic - VCE
100 20 s | o
COMMON L
s EMITTER / 9.5
o 80 Te=25°C // [—
y
£« // )/ 9_|
fg =
: 40 / /
: g
g 20
o VGE=7V
0 1 2 3 4 5

COLLECTOR-EMITTER VOLTAGE VCg (V)

VCE - VGE
S 10
~ COMMON EMITTER
8 Te=25°C
> 8
8
2 80
é 6
> '>~60
o
3
E 4
-l

E 30
a P
g 2
Q
g Ic=10A
g | |

0
© 0 4 8 12 16 20 24

GATE-EMITTER VOLTAGE VGgg (V)

VCE - VGE

100
COMMON EMITTER

7]
e il

80

40 25 %
20 //

Te=125°C / —40

1 .

COLLECTOR CURRENT Ic (A)

0 2 4 6 8 10
GATE-EMITTER VOLTAGE Vgg (V)

COLLECTOR-EMITTER VOLTAGE Vcg (W) COLLECTOR-EMITTER VOLTAGE Vgg (V)

COLLECTOR-EMITTER SATURATION
VOLTAGE VCE (gat) (V)

10

VCE - VGE
COMMON EMITTER
Te= —40°C
-]
6 80
o
4
307
\
2 g
Ig=10A
0 ||
0 4 8 12 16 20 24

GATE-EMITTER VOLTAGE Vgg (V)

VCE - VGE

10

COMMON EMITTER —‘

Te=125°C

30 !

h

[ 4

A

Ic=10A

°<2

4 8 12 16 20 24
GATE-EMITTER VOLTAGE Vgg (V)

VCE (sat) — Te

CO!

VGE =15V '

MMON EMITTER

80

.
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I, BN ey
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i
1 30
i

. Ic=10A

0
-40
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TOSHIBA

GT60M303

vge V)

COLLECTOR-EMITTER YOLTAGE Vcg (X10V)

GATE-EMITTER VOLTAGE

SWITCHING TIME (u8)

A)

Ic

COLLECTOR CURRENT

VCE, VGE - QG

SWITCHING TIME - Rg

5
20 4
COMMON COMMON EMITTER
/ EMITTER 3 vco=600V
VCE=150V, Rp=2.50 = Ic=60A
16 Tea25C 3 toff
=~ c= 3 VGE=x15V
\ " Te=25°C ton
2 1
12 \ =4 tr
| 2 7w
= .
s = §. 05 —
| 100 A
I 50 g o3 - —t
4 mutll
i
’f
0 ol
0 80 160 240 320 400 5 10 30 50 100 300 500
GATE CHARGE QG (nC) GATE RESISTANCE Rg (D)
SWITCHING TIME - Ig C - VCE
3 10000 — ,
COMMON EMITTER F
—— COMMON
Yec=600v 5000 CiesI  EMITTER
Rg =510 3000 VGE=0V
VGE=£15V [ f=1MHz
Te=25'C s Te=25'C
1 o 1000
0 500 i
t,
toff % 300
05 —
T fon E §
l 1 2 100 ...M
0.3 / — tr 1 z — ==
‘ B el L © s ﬁk‘ T
- Y 30 Coen
// Vi
Seeail
0.1 ‘ 10 v 111
o 1o 20 20 o %o & 3 10 30 100 300 1000 3000
COLLECTOR CURRENT Ig (A) COLLECTOR-EMITTER VOLTAGE Vcg (V)
SAFE OPERATING AREA REVERSE BIAS SOA
| o :
1o MAX (PULSED) : Tj$125°C
C - i i V, b4
™ T | GE= %15V
100 MAX. A S oo < L Rg=100
HCONTINUOUS) X 10 3% © e :
1 AN S Il &80 A P
50 TS Ty E 3 N
30 1 TN me X 30 \ !
| ©nC \lo \fond 22 2 NI
OPERATION Oms #a 5 N
R * N B N !
10— — \ @ 10 \
X SINGLE 1 X g =
NON-REPETITI % & %
5| PULSE Tc=25°C g8 5 : ,
3|CURVES MUST BE \ 3 3 1 T
DERATED X LA 3 ; -~
LINEARLY WITH ) T
INCREASE IN H
| [TEMPERATURE. . ‘ )
1 3 10 30 100 300 1000 10 30 100 300 1000 3000 10000

COLLECTOR-EMITTER VOLTAGE Vgg (V)

COLLECTOR-EMITTER VOLTAGE V¢g (V)
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OSHIBA

TRANSIENT THERMAL IMPEDANCE
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