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2.4 DSP Engine

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

The dsPIC30F is a single-cycle instruction flow archi-
tecture, therefore, concurrent operation of the DSP
engine with MCU instruction flow is not possible.
However, some MCU ALU and DSP engine resources
may be used concurrently by the same instruction (e.qg.,
ED, EDAC).

The DSP engine also has the capability to perform
inherent  accumulator-to-accumulator  operations,
which require no additional data. These instructions are
ADD, SUB 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).

Signed or unsigned DSP multiply (US).
Conventional or convergent rounding (RND).
Automatic saturation on/off for ACCA (SATA).
Automatic saturation on/off for ACCB (SATB).

Automatic saturation on/off for writes to data
memory (SATDW).

o gk wnN

7. Accumulator Saturation mode selection
(ACCSAT).
| Note: For CORCON layout, see Table 3-3.

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

TABLE 2-2: DSP INSTRUCTIONS SUMMARY
Instruction Algebraic Operation ACC WB?

CLR A=0 Yes
ED A=(x-y)? No
EDAC A=A+ (x—y)? No
MAC A=A+ (x*y) Yes
MAC A=A+x? No
MOVSAC No change in A Yes
MPY A=x*y No
MPY.N A=—-x*y No
MSC A=A-Xx*y Yes

© 2006 Microchip Technology Inc.
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423 MODULO ADDRESSING
APPLICABILITY

Modulo Addressing can be applied to the effective
address calculation associated with any W register. It is
important to realize that the address boundaries check
for addresses less than, or greater than the upper (for
incrementing buffers), and lower (for decrementing
buffers) boundary addresses (not just equal to).
Address changes may, therefore, jump beyond bound-
aries and still be adjusted correctly.

Note:  The modulo corrected effective address is
written back to the register only when Pre-
Modify or Post-Modify Addressing mode is
used to compute the effective address.
When an address offset (e.g., W7 + W2])
is used, modulo address correction is per-
formed but the contents of the register
remain unchanged.

4.3 Bit-Reversed Addressing

Bit-Reversed Addressing is intended to simplify data
re-ordering for radix-2 FFT algorithms. It is supported
by the X AGU for data writes only.

The modifier, which may be a constant value or register
contents, is regarded as having its bit order reversed. The
address source and destination are kept in normal order.
Thus, the only operand requiring reversal is the modifier.

4.3.1 BIT-REVERSED ADDRESSING
IMPLEMENTATION

Bit-Reversed Addressing is enabled when:

1. BWM (W register selection) in the MODCON
register is any value other than ‘15’ (the stack
cannot be accessed using Bit-Reversed
Addressing) and

2. the BREN bit is set in the XBREYV register and

3. the Addressing mode used is Register Indirect
with Pre-Increment or Post-Increment.

If the length of a bit-reversed buffer is M = 2N bytes,
then the last ‘N’ bits of the data buffer start address
must be zeros.

XB<14:0> is the bit-reversed address modifier or ‘pivot
point’ which is typically a constant. In the case of an
FFT computation, its value is equal to half of the FFT
data buffer size.

Note:  All bit-reversed EA calculations assume
word sized data (LSb of every EA is
always clear). The XB value is scaled
accordingly to generate compatible (byte)

addresses.

When enabled, Bit-Reversed Addressing will only be
executed for register indirect with pre-increment or
post-increment addressing and word sized data writes.
It will not function for any other addressing mode or for
byte sized data, and normal addresses will be gener-
ated instead. When Bit-Reversed Addressing is active,
the W address pointer will always be added to the
address modifier (XB) and the offset associated with
the Register Indirect Addressing mode will be ignored.
In addition, as word sized data is a requirement, the
LSb of the EA is ignored (and always clear).

Note: Modulo Addressing and Bit-Reversed
Addressing should not be enabled
together. In the event that the user attempts
to do this, Bit-Reversed Addressing will
assume priority when active for the X
WAGU, and X WAGU Modulo Addressing
will be disabled. However, Modulo
Addressing will continue to function in the X
RAGU.

If Bit-Reversed Addressing has already been enabled
by setting the BREN (XBREV<15>) hit, then a write to
the XBREYV register should not be immediately followed
by an indirect read operation using the W register that
has been designated as the bit-reversed pointer.

DS70117F-page 42
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FIGURE 4-2: BIT-REVERSED ADDRESS EXAMPLE
Sequential Address
b15/b14(b13|b12 b1l |b10| b9 | b8 | b7 | b6 | b5 b4 [ b3 |b2 [b1 | O
Bit Locations Swapped Left-to-Right
Y Y Y VY VY Y Y Around Center of Binary Value
b15|b14{b13|b12 (b11|b10|b9| b8 | b7| b6| b5 | bl | b2 | b3 |b4 | O
Bit-Reversed Address
Pivot Point
XB = 0x0008 for a 16-word Bit-Reversed Buffer
TABLE 4-2: BIT-REVERSED ADDRESS SEQUENCE (16-ENTRY)
Normal Address Bit-Reversed Address
A3 A2 Al A0 Decimal A3 A2 Al A0 Decimal
0 0 0 0 0 0 0 0 0 0
0 0 0 1 1 1 0 0 0 8
0 0 1 0 2 0 1 0 0 4
0 0 1 1 3 1 1 0 0 12
0 1 0 0 4 0 0 1 0 2
0 1 0 1 5 1 0 1 0 10
0 1 1 0 6 0 1 1 0 6
0 1 1 1 7 1 1 1 0 14
1 0 0 0 8 0 0 0 1 1
1 0 0 1 9 1 0 0 1 9
1 0 1 0 10 0 1 0 1 5
1 0 1 1 11 1 1 0 1 13
1 1 0 0 12 0 0 1 1 3
1 1 0 1 13 1 0 1 1 11
1 1 1 0 14 0 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 Address Modifier Value
4096 0x0800
2048 0x0400
1024 0x0200
512 0x0100
256 0x0080
128 0x0040
64 0x0020
32 0x0010
16 0x0008
8 0x0004
4 0x0002
2 0x0001

© 2006 Microchip Technology Inc.
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7.3.2 WRITING A BLOCK OF DATA

EEPROM

To write a block of data EEPROM, write to all sixteen
latches first, then set the NVMCON register and

program the block.

EXAMPLE 7-5: DATA EEPROM BLOCK WRITE
MOV #LOW_ADDR_WORD,WO0 ; Init pointer
MOV #HIGH_ADDR_WORD, W1
MOV leTBLPAG
MOV #datal, W2 ; Get 1st data
TBLWTL W2'[ WOJ ++ ; write data
MOV #data2,W2 ; Get 2nd data
TBLWTL W2,[ WOJ ++ ; write data
MOV #data3, w2 ; Get 3rd data
TBLWTL W2'[ WOJ ++ ; write data
MOV #datad , W2 ; Get 4th data
TBLWTL W2'[ WOJ ++ ; write data
MOV #data5, W2 ; Get 5th data
TBLWTL W2,[ WOJ ++ ; write data
MOV #data6,W2 ; Get 6th data
TBLWTL W2'[ WOJ ++ ; write data
MOV #data7,wW2 ; Get 7th data
TBLWTL W2'[ WO] ++ ; write data
MOV #data8, W2 ; Get 8th data
TBLWTL W2,[ WOJ ++ ; write data
MOV #data9, w2 ; Get 9th data
TBLWTL W2'[ WOJ ++ ; write data
MOV #datalO0, W2 ; Get 10th data
TBLWTL W2'[ WO] ++ ; write data
MOV #datall, W2 ; Get 11th data
TBLWTL W2,[ WOJ ++ ; write data
MOV #datal2, W2 ; Get 12th data
TBLWTL W2'[ WOJ ++ ; write data
MOV #datal3, W2 ; Get 13th data
TBLWTL W2'[ WO] ++ ; write data
MOV #datal4d , W2 ; Get 14th data
TBLWTL W2,[ WOJ ++ ; write data
MOV #datals5, W2 ; Get 15th data
TBLWTL W2'[ WOJ ++ ; write data
MOV #datal6e, W2 ; Get 16th data
TBLWTL W2'[ WOJ] ++ ; write data. The NVMADR captures last table access address.
MOV #0x400A,W0 ; Select data EEPROM for multi word op
MOV WO NVMCON ; Operate Key to allow program operation
DISI #5 ; Block all interrupts with priority <7 for

; next 5 instructions

MOV #0x55,W0
MOV WO'NVMKEY ; Write the 0x55 key
MOV #OXAA, W1
MOV WllNVMKEY ; Write the 0xAA key
BSET NVMCON, #WR ; Start write cycle
NOP
NOP
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FIGURE 11-2: 16-BIT TIMER4 BLOCK DIAGRAM
PR4
VA
Equal
Comparator x 16
{p
> TMR4 Sync
Reset [ >V ]
0
T4IF &
Event Flag 1 Q D TGATE
6)6/
TGATE w
n <
[OINO)
ke TCKPS<1:0>
TON 2
T4CK % II> * 1%
Gate Prescaler
Sync 01 1, 8, 64, 256
Tcy 00
FIGURE 11-3: 16-BIT TIMERS BLOCK DIAGRAM
PR5
. V.
ADC Event Trigger Equal
- ’ Comparator x 16
A
> TMR5
Reset
0
T5IF 5
Event Flag 1 Q D TGATE
6_7/(;91
TGATE L'J
n &
[OINO]
B TCKPS<1:0>
TON 2
T5CK IE f>—| Sync 1x
Prescaler
01 1, 8, 64, 256
Tcy 00
Note: In the dsPIC30F6011 and dsPIC30F6012 devices, there is no T5CK pin. Therefore, in this device the
following modes should not be used for Timer5:
1. TCS =1 (16-bit counter)
2: TCS =0, TGATE = 1 (Gated Time Accumulation)
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13.1 Timer2 and Timer3 Selection Mode

Each output compare channel can select between one
of two 16-bit timers, Timer2 or Timer3.

The selection of the timers is controlled by the OCTSEL
bit (OCxCON<3>). Timer2 is the default timer resource
for the output compare module.

13.2 Simple Output Compare Match
Mode

When control bits OCM<2:0> (OCxCON<2:0>) = 001,
010 or 011, the selected output compare channel is
configured for one of three simple Output Compare
Match modes:

« Compare forces 1/O pin low

« Compare forces I/O pin high

« Compare toggles I/O pin

The OCXxR register is used in these modes. The OCxR
register is loaded with a value and is compared to the
selected incrementing timer count. When a compare
occurs, one of these Compare Match modes occurs. If
the counter resets to zero before reaching the value in
OCXxR, the state of the OCx pin remains unchanged.

13.3 Dual Output Compare Match Mode

When control bits OCM<2:0> (OCxCON<2:0>) = 100
or 101, the selected output compare channel is config-
ured for one of two Dual Output Compare modes,
which are:

 Single Output Pulse mode

e Continuous Output Pulse mode

13.3.1 SINGLE PULSE MODE

For the user to configure the module for the generation
of a single output pulse, the following steps are
required (assuming timer is off):
« Determine instruction cycle time Tcy.
» Calculate desired pulse width value based on Tcy.
» Calculate time to start pulse from timer start value
of 0x0000.
» Write pulse width start and stop times into OCxR
and OCxRS Compare registers (x denotes
channel 1, 2, ...,N).
« Set Timer Period register to value equal to, or
greater than value in OCxRS Compare register.
* Set OCM<2:0>=100.
» Enable timer, TON (TXCON<15>) = 1.
To initiate another single pulse, issue another write to
set OCM<2:0>=100.

13.3.2 CONTINUOUS PULSE MODE

For the user to configure the module for the generation
of a continuous stream of output pulses, the following
steps are required:

« Determine instruction cycle time Tcy.

» Calculate desired pulse value based on Tcy.

« Calculate timer to start pulse width from timer start
value of 0x0000.

» Write pulse width start and stop times into OCxR
and OCxRS (x denotes channel 1, 2, ...,N)
Compare registers, respectively.

« Set Timer Period register to value equal to, or
greater than value in OCxRS Compare register.

e Set OCM<2:0>=101.

« Enable timer, TON (TXCON<15>) = 1.

13.4 Simple PWM Mode

When control bits OCM<2:0> (OCxCON<2:0>) = 110
or 111, the selected output compare channel is config-
ured for the PWM mode of operation. When configured
for the PWM mode of operation, OCxR is the main latch
(read only) and OCxRS is the secondary latch. This
enables glitchless PWM transitions.

The user must perform the following steps in order to
configure the output compare module for PWM
operation:

1. Setthe PWM period by writing to the appropriate
period register.

2. Setthe PWM duty cycle by writing to the OCxRS
register.

3. Configure the output compare module for PWM
operation.

4. Set the TMRx prescale value and enable the
Timer, TON (TXCON<15>) = 1.

13.4.1 INPUT PIN FAULT PROTECTION
FOR PWM

When control bits OCM<2:0> (OCxCON<2:0>) = 111,
the selected output compare channel is again config-
ured for the PWM mode of operation with the additional
feature of input Fault protection. While in this mode, if
alogic ‘0’ is detected on the OCFA/B pin, the respective
PWM output pin is placed in the high impedance input
state. The OCFLT bit (OCxCON<4>) indicates whether
a Fault condition has occurred. This state will be main-
tained until both of the following events have occurred:

* The external Fault condition has been removed.

« The PWM mode has been re-enabled by writing
to the appropriate control bits.

DS70117F-page 88
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18.0 DATA CONVERTER
INTERFACE (DCI) MODULE

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).

18.1 Module Introduction

The dsPIC30F Data Converter Interface (DCI) module
allows simple interfacing of devices, such as audio
coder/decoders (Codecs), A/D converters and D/A
converters. The following interfaces are supported:

* Framed Synchronous Serial Transfer (Single or
Multi-Channel)

« Inter-IC Sound (I2S) Interface
e AC-Link Compliant mode

The DCI module provides the following general
features:

« Programmable word size up to 16 bits

« Support for up to 16 time slots, for a maximum
frame size of 256 bits

« Data buffering for up to 4 samples without CPU
overhead

18.2 Module I/O Pins

There are four 1/0O pins associated with the module.
When enabled, the module controls the data direction
of each of the four pins.

18.2.1 CSCK PIN

The CSCK pin provides the serial clock for the DCI
module. The CSCK pin may be configured as an input
or output using the CSCKD control bit in the DCICON1
SFR. When configured as an output, the serial clock is
provided by the dsPIC30F. When configured as an
input, the serial clock must be provided by an external
device.

18.2.2 CSDO PIN

The serial data output (CSDO) pin is configured as an
output only pin when the module is enabled. The
CSDO pin drives the serial bus whenever data is to be
transmitted. The CSDO pin is tri-stated or driven to ‘0’
during CSCK periods when data is not transmitted,
depending on the state of the CSDOM control bit. This
allows other devices to place data on the serial bus
during transmission periods not used by the DCI
module.

18.2.3 CSDI PIN

The serial data input (CSDI) pin is configured as an
input only pin when the module is enabled.

18.23.1 COFSPIN

The Codec frame synchronization (COFS) pin is used
to synchronize data transfers that occur on the CSDO
and CSDI pins. The COFS pin may be configured as an
input or an output. The data direction for the COFS pin
is determined by the COFSD control bit in the
DCICONL1 register.

The DCI module accesses the shadow registers while
the CPU is in the process of accessing the memory
mapped buffer registers.

18.2.4 BUFFER DATA ALIGNMENT

Data values are always stored left justified in the buff-
ers since most Codec data is represented as a signed
2's complement fractional number. If the received word
length is less than 16 bits, the unused LSbs in the
receive buffer registers are set to ‘0’ by the module. If
the transmitted word length is less than 16 bits, the
unused LSbs in the transmit buffer register are ignored
by the module. The word length setup is described in
subsequent sections of this document.

18.2.5 TRANSMIT/RECEIVE SHIFT
REGISTER

The DCI module has a 16-bit shift register for shifting
serial data in and out of the module. Data is shifted in/
out of the shift register MSb first, since audio PCM data
is transmitted in signed 2's complement format.

18.2.6 DCI BUFFER CONTROL

The DCI module contains a buffer control unit for trans-
ferring data between the shadow buffer memory and
the serial shift register. The buffer control unit is a sim-
ple 2-bit address counter that points to word locations
in the shadow buffer memory. For the receive memory
space (high address portion of DCI buffer memory), the
address counter is concatenated with a ‘0’ in the MSb
location to form a 3-bit address. For the transmit mem-
ory space (high portion of DCI buffer memory), the
address counter is concatenated with a ‘1’ in the MSb
location.

Note: The DCI buffer control unit always
accesses the same relative location in the
transmit and receive buffers, so only one

address counter is provided.

© 2006 Microchip Technology Inc.
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If the oscillator has a very slow start-up time coming out
of POR, BOR or Sleep, it is possible that the PWRT
timer will expire before the oscillator has started. In
such cases, the FSCM will be activated and the FSCM
will initiate a clock failure trap, and the COSC<1:0> bits
are loaded with FRC oscillator selection. This will effec-
tively shut off the original oscillator that was trying to
start.

The user may detect this situation and restart the
oscillator in the clock fail trap ISR.

Upon a clock failure detection, the FSCM module will
initiate a clock switch to the FRC oscillator as follows:

1. The COSC bits (OSCCON<13:12>) are loaded
with the FRC oscillator selection value.

2. CF bitis set (OSCCON<3>).

3. OSWEN control bit (OSCCON<0>) is cleared.

For the purpose of clock switching, the clock sources
are sectioned into four groups:

1. Primary

2. Secondary

3. Internal FRC
4. Internal LPRC

The user can switch between these functional groups
but cannot switch between options within a group. If the
primary group is selected, then the choice within the
group is always determined by the FPR<3:0>
Configuration bits.

The OSCCON register holds the control and status bits
related to clock switching.

e COSC<1:0>: Read-only status bits always reflect
the current oscillator group in effect.

* NOSC<1:0>: Control bits which are written to
indicate the new oscillator group of choice.

- On POR and BOR, COSC<1:0> and
NOSC<1:0> are both loaded with the
Configuration bit values FOS<1:0>.

* LOCK: The LOCK status bit indicates a PLL lock.

« CF: Read only status bit indicating if a clock fall
detect has occurred.

* OSWEN: Control bit changes froma ‘0’to a ‘1’
when a clock transition sequence is initiated.
Clearing the OSWEN control bit will abort a clock
transition in progress (used for hang-up
situations).

If Configuration bits FCKSM<1:0> = 1x, then the clock
switching and Fail-Safe Clock monitoring functions are
disabled. This is the default Configuration bit setting.

If clock switching is disabled, then the FOS<1:0> and
FPR<3:0> bits directly control the oscillator selection
and the COSC<1:0> bits do not control the clock selec-
tion. However, these bits will reflect the clock source
selection.

Note:  The application should not attempt to
switch to a clock of frequency lower than
100 KHz when the fail-safe clock monitor is
enabled. If such clock switching is
performed, the device may generate an
oscillator fail trap and switch to the Fast RC
oscillator.

20.2.8 PROTECTION AGAINST
ACCIDENTAL WRITES TO OSCCON

A write to the OSCCON register is intentionally made
difficult because it controls clock switching and clock
scaling.

To write to the OSCCON low byte, the following code
sequence must be executed without any other
instructions in between:

Byte Write “0x46” to OSCCON low
Byte Write “0x57” to OSCCON low

Byte write is allowed for one instruction cycle. Write the
desired value or use bit manipulation instruction.

To write to the OSCCON high byte, the following
instructions must be executed without any other
instructions in between:

Byte Write “0x78" to OSCCON high
Byte Write “0x9A" to OSCCON high

Byte write is allowed for one instruction cycle. Write the
desired value or use bit manipulation instruction.
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20.3 Reset

The dsPIC30F differentiates between various kinds of

Reset:

a) Power-on Reset (POR)

b) MCLR Reset during normal operation

c) MCLR Reset during Sleep

d) Watchdog Timer (WDT) Reset (during normal
operation)

e) Programmable Brown-out Reset (BOR)

f) RESET Instruction

g) Reset caused by trap lockup (TRAPR)

h) Reset caused by illegal opcode or by using an
uninitialized W register as an address pointer
(IOPUWR)

Different registers are affected in different ways by var-
ious Reset conditions. Most registers are not affected
by a WDT wake-up since this is viewed as the resump-
tion of normal operation. Status bits from the RCON
register are set or cleared differently in different Reset
situations, as indicated in Table 20-5. These bits are
used in software to determine the nature of the Reset.

A block diagram of the On-Chip Reset Circuit is shown
in Figure 20-2.

A MCLR noise filter is provided in the MCLR Reset
path. The filter detects and ignores small pulses.

Internally generated Resets do not drive MCLR pin low.

FIGURE 20-2: RESET SYSTEM BLOCK DIAGRAM
RESET
Instruction
Digital
E Z Glitch Filter
MCLR Sleep or Idle
. |VDDRise POR \ . s
Detect
VDD L 7/
Brown-out
Reset BOR

BOREN

Trap Conflict

lllegal Opcode/
Uninitialized W Register

SYSRST

20.3.1 POR: POWER-ON RESET

A power-on event will generate an internal POR pulse
when a VDD rise is detected. The Reset pulse will occur
at the POR circuit threshold voltage (VPOR) which is
nominally 1.85V. The device supply voltage character-
istics must meet specified starting voltage and rise rate
requirements. The POR pulse will reset a POR timer
and place the device in the Reset state. The POR also
selects the device clock source identified by the
oscillator configuration fuses.

The POR circuit inserts a small delay, TPOR, which is
nominally 10 us and ensures that the device bias cir-
cuits are stable. Furthermore, a user selected power-
up time-out (TPWRT) is applied. The TPWRT parameter
is based on device Configuration bits and can be 0 ms
(no delay), 4 ms, 16 ms, or 64 ms. The total delay is at
device power-up, TPOR + TPWRT. When these delays
have expired, SYSRST will be negated on the next
leading edge of the Q1 clock and the PC will jump to the
Reset vector.

The timing for the SYSRST signal is shown in
Figure 20-3 through Figure 20-5.

© 2006 Microchip Technology Inc.
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20.4 Watchdog Timer (WDT)

20.4.1 WATCHDOG TIMER OPERATION

The primary function of the Watchdog Timer (WDT) is
to reset the processor in the event of a software mal-
function. The WDT is a free-running timer which runs
off an on-chip RC oscillator, requiring no external com-
ponent. Therefore, the WDT timer will continue to oper-
ate even if the main processor clock (e.g., the crystal
oscillator) fails.

20.4.2 ENABLING AND DISABLING
THE WDT

The Watchdog Timer can be “enabled” or “disabled”
only through a Configuration bit (FWDTEN) in the
Configuration register, FWDT.

Setting FWDTEN = 1 enables the Watchdog Timer. The
enabling is done when programming the device. By
default, after chip erase, FWDTEN bit = 1. Any device
programmer capable of programming dsPIC30F
devices allows programming of this and other
Configuration bits.

If enabled, the WDT will increment until it overflows or
“times out”. A WDT time-out will force a device Reset
(except during Sleep). To prevent a WDT time-out, the
user must clear the Watchdog Timer using a CLRWDT
instruction.

If a WDT times out during Sleep, the device will wake-
up. The WDTO bit in the RCON register will be cleared
to indicate a wake-up resulting from a WDT time-out.

Setting FWDTEN = 0 allows user software to enable/
disable the Watchdog Timer via the SWDTEN
(RCON<5>) control bit.

20.5 Low-Voltage Detect

The Low-Voltage Detect (LVD) module is used to
detect when the VDD of the device drops below a
threshold value, VLvD, which is determined by the
LVDL<3:0> hits (RCON<11:8>) and is thus user pro-
grammable. The internal voltage reference circuitry
requires a nominal amount of time to stabilize, and the
BGST bit (RCON<13>) indicates when the voltage
reference has stabilized.

In some devices, the LVD threshold voltage may be
applied externally on the LVDIN pin.

The LVD module is enabled by setting the LVDEN bit
(RCON<12>).

20.6 Power Saving Modes

There are two power-saving states that can be entered
through the execution of a special instruction, PWRSAV.
These are Sleep and Idle.

The format of the PWRSAV instruction is as follows:

PWRSAV <parameters>, wWhere ‘parameter’ defines
Idle or Sleep mode.

20.6.1 SLEEP MODE

In Sleep mode, the clock to the CPU and peripherals is
shutdown. If an on-chip oscillator is being used, it is
shutdown.

The Fail-Safe Clock Monitor is not functional during
Sleep since there is no clock to monitor. However,
LPRC clock remains active if WDT is operational during
Sleep.

The brown-out protection circuit and the Low-Voltage
Detect circuit, if enabled, will remain functional during
Sleep.

The processor wakes up from Sleep if at least one of
the following conditions has occurred:

< any interrupt that is individually enabled and
meets the required priority level

e any Reset (POR, BOR and MCLR)
e WDT time-out

On waking up from Sleep mode, the processor will
restart the same clock that was active prior to entry into
Sleep mode. When clock switching is enabled, bits
COSC<1:0> will determine the oscillator source that
will be used on wake-up. If clock switch is disabled,
then there is only one system clock.

Note: If a POR or BOR occurred, the selection of
the oscillator is based on the FOS<1:0>

and FPR<3:0> Configuration bits.

If the clock source is an oscillator, the clock to the
device will be held off until OST times out (indicating a
stable oscillator). If PLL is used, the system clock is
held off until LOCK = 1 (indicating that the PLL is
stable). In either case, TPOR, TLOCK and TPWRT delays
are applied.

If EC, FRC, LPRC or EXTRC oscillators are used, then
a delay of TPOR (~ 10 us) is applied. This is the smallest
delay possible on wake-up from Sleep.

Moreover, if LP oscillator was active during Sleep and
LP is the oscillator used on wake-up, then the start-up
delay will be equal to TPOrR. PWRT delay and OST
timer delay are not applied. In order to have -the small-
est possible start-up delay when waking up from Sleep,
one of these faster wake-up options should be selected
before entering Sleep.
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NOTES:
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TABLE 21-2: INSTRUCTION SET OVERVIEW
IIans:tfre Qf}zsnr?;l% Assembly Syntax Description V\Z?(Z s C;f ccl‘fe s Stitftfjgcltzézgs
1 ADD ADD Acc Add Accumulators 1 1 OA,0B,SA,SB
ADD £ f=f+WREG 1 1 C,DC,N,0V,Z
ADD f,WREG WREG =f + WREG 1 1 C,DC,N,0V,Z
ADD #1it10,Wn wd =1it10 + wd 1 1 C,DC,N,0V,Z
ADD Wb, Ws, Wd wd =Wb + Ws 1 1 C,DC,N,0V,Z
ADD Wb, #1it5, Wd wd = Wb + lit5 1 1 C,DC,N,0V,Z
ADD Wso, #S1it4,Acc 16-bit Signed Add to Accumulator 1 1 OA,0B,SA,SB
2 ADDC ADDC £ f=f+WREG + (C) 1 1 C,DC,N,0V,Z
ADDC f,WREG WREG =f + WREG + (C) 1 1 C,DC,N,0V,Z
ADDC #1it10,Wn wd =1it10 + wWd + (C) 1 1 C,DC,N,0V,Z
ADDC Wb, Ws,Wd Wd =Wb + Ws + (C) 1 1 C,DC,N,0V,Z
ADDC Wb, #1it5, Wd Wd = Wb + lit5 + (C) 1 1 C,DC,N,0V,Z
3 AND AND £ f=f.AND. WREG 1 1 N,Z
AND f,WREG WREG =f .AND. WREG 1 1 N,Z
AND #1it10,Wn wd =1it10 .AND. Wd 1 1 N,Z
AND Wb, Ws, Wd Wd = Wb .AND. Ws 1 1 N,Z
AND Wb, #1it5, Wd Wd = Wb .AND. lit5 1 1 N,Z
4 ASR ASR f f = Arithmetic Right Shift f 1 1 C,N,0Vv,Zz
ASR f,WREG WREG = Arithmetic Right Shift f 1 1 C,N,0Vv,Z2
ASR Ws, Wd Wd = Arithmetic Right Shift Ws 1 1 C,N,0V,Z
ASR Wb, Wns, Wnd Wnd = Arithmetic Right Shift Wb by Wns 1 1 N,Z
ASR Wb, #1it5,Wnd Wnd = Arithmetic Right Shift Wb by lit5 1 1 N,Z
5 BCLR BCLR f,#bit4 Bit Clear f 1 1 None
BCLR Ws, #bit4 Bit Clear Ws 1 1 None
6 BRA BRA C,Expr Branch if Carry 1 1(2) None
BRA GE, Expr Branch if greater than or equal 1 1(2) None
BRA GEU, Expr Branch if unsigned greater than or equal 1 1(2) None
BRA GT, Expr Branch if greater than 1 1(2) None
BRA GTU, Expr Branch if unsigned greater than 1 1(2) None
BRA LE, Expr Branch if less than or equal 1 1(2) None
BRA LEU, Expr Branch if unsigned less than or equal 1 1(2) None
BRA LT, EXpr Branch if less than 1 1(2) None
BRA LTU, Expr Branch if unsigned less than 1 1(2) None
BRA N, Expr Branch if Negative 1 1(2) None
BRA NC, Expr Branch if Not Carry 1 1(2) None
BRA NN, Expr Branch if Not Negative 1 1(2) None
BRA NOV, EXpr Branch if Not Overflow 1 1(2) None
BRA NZ, Expr Branch if Not Zero 1 1(2) None
BRA OA, Expr Branch if Accumulator A overflow 1 1(2) None
BRA OB, Expr Branch if Accumulator B overflow 1 1(2) None
BRA OV, Expr Branch if Overflow 1 1(2) None
BRA SA, Expr Branch if Accumulator A saturated 1 1(2) None
BRA SB, Expr Branch if Accumulator B saturated 1 1(2) None
BRA Expr Branch Unconditionally 1 2 None
BRA Z,Expr Branch if Zero 1 1(2) None
BRA Wn Computed Branch 1 2 None
7 BSET BSET f,#bit4 Bit Set f 1 1 None
BSET Ws, #bit4 Bit Set Ws 1 1 None
8 BSW BSW.C Ws, Wb Write C bit to Ws<Wb> 1 1 None
BSW.Z Ws, Wb Write Z bit to Ws<Wb> 1 1 None
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TABLE 23-2: THERMAL OPERATING CONDITIONS

Rating Symbol Min Typ Max Unit

dsPIC30F601x-30I

Operating Junction Temperature Range T3 -40 +125 °C

Operating Ambient Temperature Range Ta -40 +85 °C
dsPIC30F601x-20I

Operating Junction Temperature Range T3 -40 +150 °C

Operating Ambient Temperature Range Ta -40 +85 °C
dsPIC30F601x-20E

Operating Junction Temperature Range T3 -40 +150 °C

Operating Ambient Temperature Range Ta -40 +125 °C

Power Dissipation:
Internal chip power dissipation:

Pt = Vop X (lhp =X low) Pp Pt + Pio W
1/0 Pin power dissipation:
PI/O: 2 ({VDD_VOH} x IOH) tZ (VOLXIOL)

Maximum Allowed Power Dissipation PDMAX (T,-T)10,, w

TABLE 23-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol Typ Max Unit Notes
Package Thermal Resistance, 80-pin TQFP (14x14x1mm) GJA 50 °CIW 1
Package Thermal Resistance, 64-pin TQFP (14x14x1mm) GJA 50 °CIW 1

Note 1: Junction to ambient thermal resistance, Theta-ja (GJA) numbers are achieved by package simulations.

TABLE 23-4: DC TEMPERATURE AND VOLTAGE SPECIFICATIONS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < Ta £ +125°C for Extended

DC CHARACTERISTICS

Pilrg\m Symbol Characteristic Min Typ(l) Max | Units Conditions
Operating Voltage®
DC10 |VbD Supply Voltage 25 — 5.5 V | Industrial temperature
DC11 VDD Supply Voltage 3.0 — 5.5 V | Extended temperature
DC12 |VDR RAM Data Retention Voltage® — 15 — Y,
DC16 |VPOR VDD Start Voltage — Vss — \%
to ensure internal
Power-on Reset signal
DC17 SvDD VDD Rise Rate 0.05 V/ms | 0-5V in 0.1 sec
to ensure internal 0-3V in 60 ms
Power-on Reset signal

Note 1: Datain“Typ” columnis at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.

These parameters are characterized but not tested in manufacturing.

3:  This is the limit to which VDD can be lowered without losing RAM data.

N
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TABLE 23-10: ELECTRICAL CHARACTERISTICS: LVDL

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
DC CHARACTERISTICS E)perating temperature -)40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilr:m Symbol Characteristic(? Min | Typ | Max |Units| Conditions
LV1I0 |VPLvD | LVDL Voltage on VDD transition |LVDL = 0000® | — — | = v
high to low
LvDL=0001® | — | — | — Y%
LvDL = 0010®@ | — | — | — %
LvDL=0011®@ | — | — | — %
LVDL = 0100 2.50 — 2.65 \Y,
LVDL = 0101 2.70 — 2.86 \Y,
LVDL = 0110 2.80 — 2.97 \Y,
LVDL = 0111 3.00 — 3.18 \Y,
LVDL = 1000 3.30 — 3.50 \Y,
LVDL = 1001 3.50 — 3.71 \Y,
LVDL = 1010 3.60 — 3.82 \Y,
LVvDL = 1011 3.80 — 4.03 \Y,
LVDL =1100 4.00 — 4.24 \Y,
LVDL = 1101 4.20 — 4.45 \Y,
LvDL = 1110 4.50 — 4.77 \Y,
LVv15 VLVDIN External LVD input pin LVDL=1111 — — — \%
threshold voltage
Note 1: These parameters are characterized but not tested in manufacturing.

2. These values not in usable operating range.

FIGURE 23-2:

BROWN-OUT RESET CHARACTERISTICS

VDD

(Device not in Brown-out Reset)
BO10
(Device in Brown-out Reset)

Reset (due to BOR) :

‘Power Up Time-out
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FIGURE 23-8: TYPE A, B AND C TIMER EXTERNAL CLOCK TIMING CHARACTERISTICS
! | } I
/ N Va |
TXCK | I | | I |
:<—Tx10—>! .~ TxXll—— : |
|
|
- Tx15 =!<—Tx20—> |
- 0S60 > |
TMRX |
|
|

Note: Refer to Figure 23-3 for load conditions.

TABLE 23-23: TYPE A TIMER (TIMER1) EXTERNAL CLOCK TIMING REQUIREMENTS®

AC CHARACTERISTICS

-40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature

Pzrgm Symbol Characteristic Min Typ Max | Units Conditions
TA10 TTXH TxCK High Time | Synchronous, |05Tcy+20| — — ns |Must also meet
no prescaler parameter TA15
Synchronous, 10 — — ns
with prescaler
Asynchronous 10 — — ns
TA11 TTXL TxCK Low Time Synchronous, 05Tcy+20| — — ns | Must also meet
no prescaler parameter TA15
Synchronous, 10 — — ns
with prescaler
Asynchronous 10 — — ns
TA15 TTXP TXCK Input Period | Synchronous, Tcy + 10 — — ns
no prescaler
Synchronous, Greater of: — — — | N =prescale
with prescaler 20 ns or value
(Tcy + 40)/N (1, 8, 64, 256)
Asynchronous 20 — — ns
0Ss60 Ft1 SOSC1/T1CK oscillator input DC — 50 kHz
frequency range (oscillator enabled
by setting bit TCS (T1CON, bit 1))
TA20 TckeXTMRL | Delay from External TxCK Clock 0.5 Tey 15 —
Edge to Timer Increment Tey
Note 1: Timerlis a Type A.

© 2006 Microchip Technology Inc.
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TABLE 23-32: SPI MODULE MASTER MODE (CKE = 1) TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
AC CHARACTERISTICS E)perating temperature -)40°C < TA £ +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrgm Symbol Characteristic(? Min Typ@ Max Units Conditions
SP10 |TscL SCKx output low time® Tev/2 _ _ . _
SP11 |TscH SCKx output high time® Tev/?2 — _ ns _
SP20 TscF SCKx output fall time — — — ns See parameter
D032
SP21 |TscR SCKx output rise time — — — ns See parameter
D031
SP30 | TdoF SDOX data output fall time( — — — ns See parameter
D032
SP31 TdoR SDOX data output rise time — — — ns See parameter
D031
SP35 TscH2doV, | SDOXx data output valid after — — 30 ns —
TscL2doV | SCKXx edge
SP36 TdoV2sc, |SDOXx data output setup to 30 — — ns —
TdoV2scL |first SCKx edge
SP40 TdiV2scH, | Setup time of SDIx data input 20 — — ns —
TdiV2scL |[to SCKx edge
SP41 TscH2diL, |Hold time of SDIx data input 20 — — ns —
TscL2diL |to SCKx edge
Note 1: These parameters are characterized but not tested in manufacturing.

2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.

3:  The minimum clock period for SCK is 100 ns. Therefore, the clock generated in master mode must not
violate this specification.

4:  Assumes 50 pF load on all SPI pins.

FIGURE 23-16: SPI MODULE SLAVE MODE (CKE = 0) TIMING CHARACTERISTICS
' SP50- ._SP52 !
SCKx : ; : !
(CKP = 0) ! ! ! : . !
B hE s S
SCKx ' !
(CKP=1) - :
SDOX ! : : jz
: | : ! e ) :<—>'
: : ! SP30,SP31 SP51
SDIx : —— mT14)§:)—————<C:E§EEE:>
. sPal
'S;Pj_q Note: Refer to Figure 23-3 for load conditions.
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TABLE 23-33: SPI MODULE SLAVE MODE (CKE = 0) TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA<+125°C for Extended
Pzr:m Symbol Characteristic® Min Typ® Max Units Conditions
SP70 TscL SCKX Input Low Time 30 — — ns —
SP71 TscH SCKX Input High Time 30 — — ns —
SP72 | TscF SCKx Input Fall Time®) — 10 25 ns —
SP73  |TscR SCKXx Input Rise Time® — 10 25 ns —
SP30  |TdoF SDOXx Data Output Fall Time® — — — ns See parameter
D032
SP31 TdoR SDOx Data Output Rise Time®) — — — ns See parameter
D031
SP35 TscH2doV, | SDOx Data Output Valid after — — 30 ns —
TscL2doV | SCKx Edge
SP40 TdiV2scH, | Setup Time of SDIx Data Input 20 — — ns —
TdiV2scL |to SCKx Edge
SP41 TscH2diL, |Hold Time of SDIx Data Input 20 — — ns —
TscL2diL |to SCKx Edge
SP50 | TssL2scH, | SSx{ to SCKxT or SCKx{ Input| 120 — — ns —
TssL2scL
SP51  |TssH2doz |SSxT to SDOx Output 10 — 50 ns —
Hi-Impedance®
SP52 TscH2ssH | SSx after SCK Edge 15Tey+ | — — ns —
TscL2ssH 40
Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
3:  Assumes 50 pF load on all SPI pins.
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FIGURE 23-17:

SPI MODULE SLAVE MODE (CKE = 1) TIMING CHARACTERISTICS

SP72 SP73
SDOX LSb
SDIx LSb IN :

Note: Refer to Figure 23-3 for load conditions.

TABLE 23-34: SPI MODULE SLAVE MODE (CKE = 1) TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA £ +125°C for Extended

Pilr:m Symbol Characteristic(? Min Typ®@ Max Units | Conditions
SP70 |TscL SCKX Input Low Time 30 — — ns —
SP71 |TscH SCKXx Input High Time 30 — — ns —
SP72  |TscF SCKx Input Fall Time®) — 10 25 ns —
SP73  |TscR SCKx Input Rise Time(® — 10 25 ns —
SP30 |TdoF SDOXx Data Output Fall Time®) — — — ns | See parameter
D032
SP31 |TdoR SDOx Data Output Rise Time® — — — ns | See parameter
D031
SP35 |TscH2doV, |SDOx Data Output Valid after — — 30 ns —
TscL2doV |SCKx Edge
SP40 |TdiV2scH, |Setup Time of SDIx Data Input 20 — — ns —
TdiV2scL |[to SCKx Edge
SP41 TscH2diL, [Hold Time of SDIx Data Input 20 — — ns —
TscL2diL [to SCKx Edge
Note 1: These parameters are characterized but not tested in manufacturing.

2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and

are not tested.

3:  The minimum clock period for SCK is 100 ns. Therefore, the clock generated in master mode must not

violate this specification.
4: Assumes 50 pF load on all SPI pins.
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