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FIGURE 2-1: PROGRAMMER’S MODEL
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FIGURE 3-5: DATA SPACE WINDOW INTO PROGRAM SPACE OPERATION
Data Space Program Space
0x0000 [ 0x000000
|
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8
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Data Read

BSET CORCON,#2 ; Set PSV bit

MOV #0x0, WO ; Set PSVPAG register

MOV WO, PSVPAG

MoV 0x9200, WO ; Access program memory location
; using a data space access

Note 1: PSVPAG is an 8-bit register, containing bits <22:15> of the program space address.
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12.0 OUTPUT COMPARE 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).

This section describes the output compare module and
associated operational modes. The features provided
by this module are useful in applications requiring
operational modes, such as:

* Generation of Variable Width Output Pulses
» Power Factor Correction

Figure 12-1 depicts a block diagram of the output
compare module.

The key operational features of the output compare
module include:

» Timer2 and Timer3 Selection mode

e Simple Output Compare Match mode

e Dual Output Compare Match mode

e Simple PWM mode

¢ Output Compare During Sleep and Idle modes

« Interrupt on Output Compare/PWM Event

These operating modes are determined by setting the
appropriate bits in the 16-bit OC1CON and OC2CON

registers. The dsPIC30F2011/2012/3012/3013 devices
have 2 compare channels.

OCxRS and OCxR in Figure 12-1 represent the Dual
Compare registers. In the Dual Compare mode, the
OCXxR register is used for the first compare and OCxRS
is used for the second compare.

FIGURE 12-1: OUTPUT COMPARE MODE BLOCK DIAGRAM®)
Set Flag bit
OCxIF
A
OCxRS
|
L1 i
N OCxR — | Ouput 1S Q
Logic R
3 A Output OCx
Enable
\/ OCM<2:0>
Comparator Mode Select %
LI F OCTSEL OCFA
1N~ —~0 1 (forx=1, 2, 3 or 4)
From GP
Timer Module
TMR2<15:0 TMR3<15:0> T2P2_MATCH T3P3_MATCH
Note 1: Where ‘X' is shown, reference is made to the registers associated with the respective output compare
channel (1 or 2).
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1441 10-BIT MODE SLAVE
TRANSMISSION

Once a slave is addressed in this fashion with the full
10-bit address (we will refer to this state as
“PRIOR_ADDR_MATCH"), the master can begin
sending data bytes for a slave reception operation.

14.4.2 10-BIT MODE SLAVE RECEPTION

Once addressed, the master can generate a Repeated
Start, reset the high byte of the address and set the
R_W bit without generating a Stop bit, thus initiating a
slave transmit operation.

14.5 Automatic Clock Stretch

In the Slave modes, the module can synchronize buffer
reads and write to the master device by clock stretching.

1451 TRANSMIT CLOCK STRETCHING

Both 10-bit and 7-bit Transmit modes implement clock
stretching by asserting the SCLREL bit after the falling
edge of the ninth clock, if the TBF bit is cleared,
indicating the buffer is empty.

In Slave Transmit modes, clock stretching is always
performed irrespective of the STREN bit.

Clock synchronization takes place following the ninth
clock of the transmit sequence. If the device samples
an ACK on the falling edge of the ninth clock and if the
TBF bit is still clear, then the SCLREL bit is
automatically cleared. The SCLREL being cleared to
‘0’ will assert the SCL line low. The user’s ISR must set
the SCLREL bit before transmission is allowed to
continue. By holding the SCL line low, the user has time
to service the ISR and load the contents of the I2CTRN
before the master device can initiate another transmit
sequence.

Clock stretching takes place following the ninth clock of
the receive sequence. On the falling edge of the ninth
clock at the end of the ACK sequence, if the RBF bit is
set, the SCLREL bit is automatically cleared, forcing
the SCL output to be held low. The user’s ISR must set
the SCLREL bit before reception is allowed to continue.
By holding the SCL line low, the user has time to
service the ISR and read the contents of the I2CRCV
before the master device can initiate another receive
sequence. This will prevent buffer overruns from
occurring.

Note 1. If the user reads the contents of the
I2CRCV, clearing the RBF bit before the
faling edge of the ninth clock, the
SCLREL bit will not be cleared and clock
stretching will not occur.

2: The SCLREL bit can be set in software
regardless of the state of the RBF bit. The
user should be careful to clear the RBF
bit in the ISR before the next receive
sequence in order to prevent an overflow

condition.

Note 1: If the user loads the contents of I2CTRN,
setting the TBF bit before the falling edge
of the ninth clock, the SCLREL bit will not
be cleared and clock stretching will not
occur.

2: The SCLREL bit can be set in software,
regardless of the state of the TBF bit.

14.5.2 RECEIVE CLOCK STRETCHING

The STREN bit in the I2CCON register can be used to
enable clock stretching in Slave Receive mode. When
the STREN bit is set, the SCL pin will be held low at the
end of each data receive sequence.

14.5.3 CLOCK STRETCHING DURING
7-BIT ADDRESSING (STREN = 1)

When the STREN bit is set in Slave Receive mode, the
SCL line is held low when the buffer register is full. The
method for stretching the SCL output is the same for
both 7 and 10-bit addressing modes.

145.4 CLOCK STRETCHING DURING
10-BIT ADDRESSING (STREN = 1)

Clock stretching takes place automatically during the
addressing sequence. Because this module has a
register for the entire address, it is not necessary for
the protocol to wait for the address to be updated.

After the address phase is complete, clock stretching
will occur on each data receive or transmit sequence as
was described earlier.

14.6 Software Controlled Clock
Stretching (STREN = 1)

When the STREN bit is ‘1’, the SCLREL bit may be
cleared by software to allow software to control the
clock stretching. The logic will synchronize writes to the
SCLREL bit with the SCL clock. Clearing the SCLREL
bit will not assert the SCL output until the module
detects a falling edge on the SCL output and SCL is
sampled low. If the SCLREL bit is cleared by the user
while the SCL line has been sampled low, the SCL
output will be asserted (held low). The SCL output will
remain low until the SCLREL bit is set, and all other
devices on the I1°C bus have de-asserted SCL. This
ensures that a write to the SCLREL bit will not violate
the minimum high time requirement for SCL.

If the STREN bit is ‘O’, a software write to the SCLREL
bit will be disregarded and have no effect on the
SCLREL bit.

DS70139G-page 100
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16.4 Programming the Start of
Conversion Trigger

The conversion trigger will terminate acquisition and
start the requested conversions.

The SSRC<2:0> bits select the source of the
conversion trigger. The SSRC bits provide for up to four
alternate sources of conversion trigger.

When SSRC<2:0> = 000, the conversion trigger is
under software control. Clearing the SAMP bit will
cause the conversion trigger.

When SSRC<2:0> = 111 (Auto-Start mode), the
conversion trigger is under A/D clock control. The
SAMC bits select the number of A/D clocks between
the start of acquisition and the start of conversion. This
provides the fastest conversion rates on multiple
channels. SAMC must always be at least one clock
cycle.

Other trigger sources can come from timer modules or
external interrupts.

16.5 Aborting a Conversion

Clearing the ADON bit during a conversion will abort
the current conversion and stop the sampling
sequencing until the next sampling trigger. The
ADCBUF will not be updated with the partially
completed A/D conversion sample. That is, the
ADCBUF will continue to contain the value of the last
completed conversion (or the last value written to the
ADCBUF register).

If the clearing of the ADON bit coincides with an

auto-start, the clearing has a higher priority and a new
conversion will not start.

After the A/D conversion is aborted, a 2 TAD wait is
required before the next sampling may be started by
setting the SAMP hit.

16.6 Selecting the ADC Conversion
Clock

The ADC conversion requires 14 TaD. The source of
the ADC conversion clock is software selected, using a
6-bit counter. There are 64 possible options for TAD.

EQUATION 16-1: ADC CONVERSION
CLOCK

TAD = Tcy * (0.5*(ADCS<5:0> + 1))

The internal RC oscillator is selected by setting the
ADRC bit.

For correct ADC conversions, the ADC conversion
clock (TAD) must be selected to ensure a minimum TAD
time of 334 nsec (for VDD = 5V). Refer to Section 20.0
“Electrical Characteristics” for minimum TAD under
other operating conditions.

Example 16-1 shows a sample calculation for the

ADCS<5:0> bits, assuming a device operating speed
of 30 MIPS.

EXAMPLE 16-1: ADC CONVERSION
CLOCK AND SAMPLING
RATE CALCULATION

Minimum TAD = 334 nsec
Tcy =33 .33 nsec (30 MIPS)

ADCS<5:05> =2 422 4
Tey
_o,, 334nsec
=2 33.33 nsec !
=19.04
Therefore,

Set ADCS<5:0> =19

Actual TAD = TCTY (ADCS<5:0> + 1)

- 33.3(; nsec (19 + 1)

=334 nsec

If SSRC<2:0> = *111° and SAMC<4:0> = ‘00001’

Since,

Sampling Time = Acquisition Time + Conversion Time
=1TAD + 14 TAD
=15 x 334 nsec

Therefore,
Sampling Rate = -
(15 x 334 nsec)
=~200 kHz

© 2010 Microchip Technology Inc.
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16.9 Module Power-Down Modes

The module has two internal power modes.

When the ADON bitis ‘1’, the module is in Active mode;
it is fully powered and functional.

When ADON is ‘0’, the module is in Off mode. The
digital and analog portions of the circuit are disabled for
maximum current savings.

In order to return to the Active mode from Off mode, the
user must wait for the ADC circuitry to stabilize.

16.10 A/D Operation During CPU Sleep

and Idle Modes
16.10.1 A/D OPERATION DURING CPU
SLEEP MODE

When the device enters Sleep mode, all clock sources
to the module are shut down and stay at logic ‘0’.

If Sleep occurs in the middle of a conversion, the
conversion is aborted. The converter will not continue
with a partially completed conversion on exit from
Sleep mode.

Register contents are not affected by the device
entering or leaving Sleep mode.

The ADC module can operate during Sleep mode if the
A/D clock source is set to RC (ADRC = 1). When the
RC clock source is selected, the ADC module waits
one instruction cycle before starting the conversion.
This allows the SLEEP instruction to be executed which
eliminates all digital switching noise from the
conversion. When the conversion is complete, the
CONYV bit will be cleared and the result loaded into the
ADCBUF register.

If the A/D interrupt is enabled, the device will wake-up
from Sleep. If the A/D interrupt is not enabled, the ADC
module will then be turned off, although the ADON bhit
will remain set.

16.10.2 A/D OPERATION DURING CPU IDLE
MODE

The ADSIDL bit selects if the module will stop on Idle or
continue on Idle. If ADSIDL = 0, the module will
continue operation on assertion of Idle mode. If
ADSIDL = 1, the module will stop on Idle.

16.11 Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the ADC module to be turned off, and any
conversion and sampling sequence is aborted. The
values that are in the ADCBUF registers are not
modified. The A/D Result register will contain unknown
data after a Power-on Reset.

16.12 Output Formats

The A/D result is 12 bits wide. The data buffer RAM is
also 12 bits wide. The 12-bit data can be read in one of
four different formats. The FORM<1:0> bits select the
format. Each of the output formats translates to a 16-bit
result on the data bus.

FIGURE 16-4: A/D OUTPUT DATA FORMATS
RAM Contents: d11 | d10 | d09 | d08 | d07 | d06 | dO5 | d04 | d03 | d02 | dO1 | doo
Read to Bus:
Signed Fractional | d11 |d10 [ d09|d08 | d07 | d06 | d05 | d04 | d03 | d02|do1|doo| 0 | 0 | 0 | O
Fractional | d11|d10|d09 |d08|d07 |d06 |d05 |d04 |do3 |do2|do1|doo| 0 | 0 [ 0 | O
Signed Integer | d11|d11|d1l |d1l |d1l|d10|d09 |do8 |do7 |d06 |d05|do4 |do3 |do2 |do1 |doo
Integer 0| 0| 0| 0 |dil|d10|d09|do8|do7|do6|do5|do4|do3|do2 |dol|doo

DS70139G-page 118
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16.13 Configuring Analog Port Pins

The use of the ADPCFG and TRIS registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs must have their
corresponding TRIS bit set (input). If the TRIS bit is
cleared (output), the digital output level (VoH or VoL)
will be converted.

The A/D operation is independent of the state of the
CHOSA<3:0>/CHOSB<3:0> hits and the TRIS bits.

When reading the PORT register, all pins configured as
analog input channels will read as cleared.

Pins configured as digital inputs will not convert an
analog input. Analog levels on any pin that is defined as
a digital input (including the ANx pins) may cause the
input buffer to consume current that exceeds the
device specifications.

16.14 Connection Considerations

The analog inputs have diodes to VbD and Vss as ESD
protection. This requires that the analog input be
between VDD and Vss. If the input voltage exceeds this
range by greater than 0.3V (either direction), one of the
diodes becomes forward biased and it may damage the
device if the input current specification is exceeded.

An external RC filter is sometimes added for
anti-aliasing of the input signal. The R component
should be selected to ensure that the sampling time
requirements are satisfied. Any external components
connected (via high-impedance) to an analog input pin
(capacitor, zener diode, etc.) should have very little
leakage current at the pin.

© 2010 Microchip Technology Inc.
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17.4 Watchdog Timer (WDT)

1741 WATCHDOG TIMER OPERATION

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

17.4.2 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.

17.5 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> bits (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>).

17.6 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 <parameter>, where ‘parameter’ defines
Idle or Sleep mode.

17.6.1 SLEEP MODE

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

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

« 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<2:0> 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<2:0>

and FPR<4:0> 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 untii LOCK = 1 (indicating that the PLL is
stable). In either case, TPOR, TLOCK and TPWRT delays
are applied.

If EC, FRC, LPRC or ERC oscillators are used, then a
delay of TPOR (~ 10 pus) 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
smallest possible start-up delay when waking up from
Sleep, one of these faster wake-up options should be
selected before entering Sleep.

© 2010 Microchip Technology Inc.

DS70139G-page 133



dsPIC30F2011/2012/3012/3013

TABLE 18-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Ilgnisjtf Giiﬁg?\% Assembly Syntax Description V\f:)?; s C#;/S(élfe Stitflfjg Clt:‘le%gs
66 RRNC RRNC i f = Rotate Right (No Carry) f 1 1 N,Z
RRNC f,WREG WREG = Rotate Right (No Carry) f 1 1 N,Z
RRNC Ws,Wd Wd = Rotate Right (No Carry) Ws 1 1 N,Z
67 SAC SAC Acc,#Slit4,Wdo Store Accumulator 1 1 None
SAC.R Acc,#Slit4,Wdo Store Rounded Accumulator 1 1 None
68 SE SE Ws,Wnd Wnd = sign-extended Ws 1 1 C\N,Z
69 SETM SETM i f = OXFFFF 1 1 None
SETM WREG WREG = OxFFFF 1 1 None
SETM Ws Ws = OXFFFF 1 1 None
70 SFTAC SFTAC Acc,Wn Arithmetic Shift Accumulator by (Wn) 1 1 OA,0B,0AB,
SA,SB,SAB
SFTAC Acc,#S1it6 Arithmetic Shift Accumulator by Slit6 1 1 OA,0B,0AB,
SA,SB,SAB
71 SL SL f f = Left Shift f 1 1 C,N,0v,Z2
SL T,WREG WREG = Left Shift f 1 1 C,N,0v,Z
SL Ws,Wd Wd = Left Shift Ws 1 1 C,N,0v,Z
SL Wb ,Wns,Wnd Wnd = Left Shift Wb by Wns 1 1 N,Z
SL Wb, #1it5,Wnd Wnd = Left Shift Wb by lit5 1 1 N,Z
72 SUB SUB Acc Subtract Accumulators 1 1 OA,0B,0AB,
SA,SB,SAB
SuUB T f=f- WREG 1 1 C,DC,N,0V,Z
SUB f,WREG WREG =f- WREG 1 1 C,DC,N,0V,Z
SuUB #1i1tl0,Wn Wn =Whn - it10 1 1 C,DC,N,0V,Z
SuUB Wb,Ws,Wwd Wwd = Wb - Ws 1 1 C,DC,N,0V,Z2
SuB Wb, #1it5,Wd wd = Wb - lit5 1 1 C,DC,N,0V,Z
73 SUBB SUBB i f=f-WREG - (E) 1 1 C,DC,N,0V,Z
SUBB T,WREG WREG =f - WREG - (E) 1 1 C,DC,N,0V,Z
SUBB #1i1tl0,Wn Wn =Whn - [it10 - (E) 1 1 C,DC,N,0V,Z
SUBB Wb,Ws,Wwd Wd =Wb - Ws - (E) 1 1 C,DC,N,0V,Z
SUBB Wb, #1it5,Wd Wd = Wb - lit5 - (6) 1 1 C,DC,N,0V,Z2
74 SUBR SUBR i f=WREG - f 1 1 C,DC,N,0V,Z
SUBR T,WREG WREG = WREG - f 1 1 C,DC,N,0V,Z
SUBR Wb,Ws,wd Wd = Ws - Wb 1 1 C,DC,N,0V,Z
SUBR Wb,#1it5,Wd Wd = 1it5 - Wb 1 1 C,DC,N,0V,Z
75 SUBBR SUBBR f f=WREG-f- (E) 1 1 C,DC,N,0V,Z
SUBBR f,WREG WREG = WREG -f - (6) 1 1 C,DC,N,0V,Z
SUBBR Wb,Ws,wd Wd =Ws - Wb - (6) 1 1 C,DCN,0V,Z
SUBBR Wb,#1it5,Wd Wd = 1it5 - Wb - (6) 1 1 C,DC,N,0V,Z
76 SWAP SWAP.b  Wn Wn = nibble swap Wn 1 1 None
SWAP Wn Wn = byte swap Wn 1 1 None
77 TBLRDH TBLRDH  Ws,Wd Read Prog<23:16> to Wd<7:0> 1 2 None
78 TBLRDL TBLRDL  Ws,Wd Read Prog<15:0> to Wd 1 2 None
79 TBLWTH TBLWTH  Ws,Wd Write Ws<7:0> to Prog<23:16> 1 2 None
80 TBLWTL TBLWTL  Ws,Wd Write Ws to Prog<15:0> 1 2 None
81 ULNK ULNK Unlink frame pointer 1 1 None
82 XOR XOR f f=f.XOR. WREG 1 1 N,Z
XOR f,WREG WREG = f .XOR. WREG 1 1 N,z
XOR #11t10,Wn Wd = 1it10 .XOR. Wd 1 1 N,Z
XOR Wb,Ws,Wwd Wd = Wb .XOR. Ws 1 1 N,Z
XOR Wb,#1it5,Wd Wd = Wb .XOR. lit5 1 1 N,Z
83 ZE ZE Ws,Wnd Wnd = Zero-extend Ws 1 1 C,ZN

DS70139G-page 144 © 2010 Microchip Technology Inc.
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TABLE 20-8: DC CHARACTERISTICS: I/0 PIN INPUT SPECIFICATIONS

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
DC CHARACTERISTICS (Operating temperature -)40°C <TA <+85°C for Industrial
-40°C <Ta <+125°C for Extended
Pa;\rke)\m Symbol Characteristic Min Typ(l) Max | Units Conditions
ViL Input Low Voltage®
DI10 1/O pins:
with Schmitt Trigger buffer Vss — 10.2VbD| V
DI15 MCLR Vss — 10.2VDpD| V
DI16 OSCl1 (in XT, HS and LP modes) Vss — 10.2VbD| V
DI17 OSC1 (in RC mode)®©) Vss — |03vop| Vv
DI18 SDA, SCL Vss — |0.3VDD| V |SM bus disabled
DI19 SDA, SCL Vss — 0.8 V | SM bus enabled
VIH Input High Voltage®
DI20 I/O pins:
with Schmitt Trigger buffer 08VbD| — VDD \%
DI25 MCLR 08Vop| — | VoD Y%
DI26 OSCL1 (in XT, HS and LP modes) | 0.7 VDD | — VDD \Y,
DI27 OSCL1 (in RC mode)®©) 09VoD| — VDD v
DI28 SDA, SCL 0.7Vobp| — VDD V | SM bus disabled
DI29 SDA, SCL 21 — VDD V | SM bus enabled
IcNPU | CNxx Pull-up Current@
DI30 50 250 400 WA | VDD =5V, VPIN = Vss
i Input Leakage Current®®®)
DI50 I/O ports — 0.01 +1 YA | Vss VPIN VDD,
Pin at high impedance
DI51 Analog input pins — 0.50 — UA | VssS <VPIN <VDD,
Pin at high impedance
DI55 MCLR — 005 | #5 HA | Vss SVPIN VDD
DI56 0OSsC1 — 0.05 15 A | Vss SVPIN VDD, XT, HS
and LP Osc mode

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

2. These parameters are characterized but not tested in manufacturing.

3: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that
the dsPIC30F device be driven with an external clock while in RC mode.

4: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

5:  Negative current is defined as current sourced by the pin.

© 2010 Microchip Technology Inc. DS70139G-page 155



dsPIC30F2011/2012/3012/3013

I2C™ BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)

FIGURE 20-18:

SCL

Start
Condition

Stop
Condition

FIGURE 20-19: 12C™ BUS DATA TIMING CHARACTERISTICS (SLAVE MODE)

1520 > e — e 1521
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Out

TABLE 20-34: 1°C™ BUS DATA TIMING REQUIREMENTS (SLAVE MODE)

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
P;a\lr:m Symbol Characteristic Min Max | Units Conditions
1IS10 TrLo:scL |Clock Low Time | 100 kHz mode 4.7 — us | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — us | Device must operate at a
minimum of 10 MHz.
1 MHz mode 0.5 — us
1S11 THi:scL | Clock High Time | 100 kHz mode 4.0 — us | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — us | Device must operate at a
minimum of 10 MHz
1 MHz mode® 0.5 — us
1S20 TF:sCL SDA and SCL 100 kHz mode — 300 ns |Csis specified to be from
Fall Time 400 kHz mode | 20+0.1Cs | 300 | ns |[10to400pF
1 MHz mode® — 100 ns
1S21 TR:SCL SDA and SCL 100 kHz mode — 1000 ns |Csis specified to be from
Rise Time 400 kHz mode | 20+0.1Cs | 300 | ns |[10to400pF
1 MHz mode® — 300 ns
Note 1: Maximum pin capacitance = 10 pF for all 12c™ pins (for 1 MHz mode only).
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TABLE 20-36: 12-BIT ADC MODULE SPECIFICATIONS

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

P;a\lr:m Symbol Characteristic Min. Typ Max. Units Conditions
Device Supply
ADO1 |AVDD Module VDD Supply Greater of | — Lesser of \%
VoD - 0.3 VoD + 0.3
or2.7 or55
ADO02 |AVss Module Vss Supply Vss -0.3 — Vss + 0.3 \%
Reference Inputs

ADO5 |VREFH Reference Voltage High AVss +2.7| — AVDD \%

ADO6 |VREFL Reference Voltage Low AVss — | AVDD- 2.7 \%

ADO7 |VREF Absolute Reference AVss-0.3| — |AVDD+0.3 \%

Voltage
ADO8 |IREF Current Drain — 200 300 UA  |A/D operating
.001 2 uA  |A/D off
Analog Input

AD10 |VINH-VINL |Full-Scale Input Span VREFL — VREFH V  |See Note 1

AD11 |VIN Absolute Input Voltage AVss-0.3| — |AVDD+0.3 \% —

AD12 |— Leakage Current — +0.001| =+0.610 UA  |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 5V
Source Impedance =
2.5kQ

AD13 |— Leakage Current — +0.001| +0.610 UA  |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 3V
Source Impedance =
2.5kQ

AD15 |Rss Switch Resistance — 3.2K — Q

AD16 |CsaMPLE |Sample Capacitor — 18 pF

AD17 |RIN Recommended Impedance — — 2.5K Q

of Analog Voltage Source
DC Accuracy®

AD20 |Nr Resolution 12 data bits bits

AD21 |INL Integral Nonlinearity — — <t1 LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 5V

AD21A |INL Integral Nonlinearity — — <tl LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 3V

AD22 |DNL Differential Nonlinearity — — <zl LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 5V

AD22A |DNL Differential Nonlinearity — — <zl LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 3V

AD23 |GERR Gain Error +1.25 +1.5 +3 LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 5V

AD23A |GERR Gain Error +1.25 +1.5 +3 LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 3V

Note 1. The A/D conversion result never decreases with an increase in the input voltage, and has no missing

codes.
2. Measurements taken with external VREF+ and VREF- used as the ADC voltage references.
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FIGURE 20-21:  12-BIT A/D CONVERSION TIMING CHARACTERISTICS
(ASAM = 0, SSRC = 000)

AD5Q

ADCLK ' [
Instruction ' ‘ ] ] [ ! ! ! ! ! ! ! ! ! ! ! ! [
Execuon _SetSAMPX___ Clear SAMPY_ ' ' ' 't nn e
SAMP [ [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cho_dischrg L R S S S S S S S S S S I I
chosamp [T lonoooonoonnn
L S S S S S S S L
ADGl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B T T A S
' 1<— TSAMP AD55 .
DONE L S S N S S S S S
ADIF L S S S S S S S S S S B
ADRES(0) T N S R SR

© © @0 6 6 © ® 0
@ - Software sets ADCON. SAMP to start sampling.

- Sampling starts after discharge period.
TsAMP is described in Section 18. “12-bit A/D Converter” in the dsPIC30F Family Reference Manual (DS70046).

@ - Software clears ADCON. SAMP to Start conversion.
@ - Sampling ends, conversion sequence starts.

® - Convert it 11.

® - Convert bit 10.

@ - Convert bit 1.

- Convert bit 0.

@ - One TAD for end of conversion.
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28-Lead Plastic Quad Flat, No Lead Package (MM) — 6x6x0.9 mm Body [QFN-S]

with 0.40 mm Contact Length

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging
| c! |
| w2 |
L+ L] |:| |:| |:| |:| |:| |:| — E
c2 | [ [] r 6
[ ]
—-—gJULUUL= >
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.70
Optional Center Pad Length T2 4.70
Contact Pad Spacing C1 6.00
Contact Pad Spacing C2 6.00
Contact Pad Width (X28) X1 0.40
Contact Pad Length (X28) Y1 0.85
Distance Between Pads G 0.25

Notes:
1. Dimensioning and tolerancing per ASME

Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2124A
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44-Lead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Notes:

D EXPOSED D2

| PAD

[

|

!

E
T - + g T
/7/7 7///7; E2
A,
" T r ;

V00 XA

| .

P

N NOTE 1
TOP VIEW BOTTOM VIEW
LED—D—D—D—D—D—D—D—D—D—D—‘—— A
A3 j A1—
Units MILLIMETERS
Dimension Limits MIN NOM MAX

Number of Pins N 44
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 8.00 BSC
Exposed Pad Width E2 6.30 6.45 6.80
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.30 6.45 6.80
Contact Width b 0.25 0.30 0.38
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-103B
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44-Lead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
c1 '
W2 ‘
I I
ot UUIOO00MHA
— E
L]
L1 11—
L1 C1—7
(I (I
c2 L1 L1 — G
(I [ R
2 —
(I (I
L1 L1
] L1 — v
L1
—-B0000000000Z_—
1 — |—
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width w2 6.80
Optional Center Pad Length T2 6.80
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.80
Distance Between Pads G 0.25
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2103A
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