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1.4. 16 x 16 MAC (Multiply and Accumulate) Engine

The C8051F120/1/2/3 and C8051F130/1/2/3 devices include a multiply and accumulate engine which can
be used to speed up many mathematical operations. MACO contains a 16-by-16 bit multiplier and a 40-bit
adder, which can perform integer or fractional multiply-accumulate and multiply operations on signed input
values in two SYSCLK cycles. A rounding engine provides a rounded 16-bit fractional result after an addi-
tional (third) SYSCLK cycle. MACO also contains a 1-bit arithmetic shifter that will left or right-shift the con-
tents of the 40-bit accumulator in a single SYSCLK cycle.

MACO A Register MACO B Register
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l I MACOMS
li

_MACOFM,} 16 x 16 Multiply

1 l«<—20

h 4 I 0<
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Figure 1.10. MACO Block Diagram
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1.8. 12 or 10-Bit Analog to Digital Converter

All devices include either a 12 or 10-bit SAR ADC (ADCO0) with a 9-channel input multiplexer and program-
mable gain amplifier. With a maximum throughput of 100 ksps, the 12 and 10-bit ADCs offer true 12-bit lin-
earity with an INL of £1LSB. The ADCO voltage reference can be selected from an external VREF pin, or
(on the C8051F12x devices) the DACO output. On the 100-pin TQFP devices, ADCO has its own dedicated
Voltage Reference input pin; on the 64-pin TQFP devices, the ADCO shares a Voltage Reference input pin
with the 8-bit ADC2. The on-chip voltage reference may generate the voltage reference for other system
components or the on-chip ADCs via the VREF output pin.

The ADC is under full control of the CIP-51 microcontroller via its associated Special Function Registers.
One input channel is tied to an internal temperature sensor, while the other eight channels are available
externally. Each pair of the eight external input channels can be configured as either two single-ended
inputs or a single differential input. The system controller can also put the ADC into shutdown mode to
save power.

A programmable gain amplifier follows the analog multiplexer. The gain can be set in software from 0.5 to
16 in powers of 2. The gain stage can be especially useful when different ADC input channels have widely
varied input voltage signals, or when it is necessary to "zoom in" on a signal with a large DC offset (in dif-
ferential mode, a DAC could be used to provide the DC offset).

Conversions can be started in four ways; a software command, an overflow of Timer 2, an overflow of
Timer 3, or an external signal input. This flexibility allows the start of conversion to be triggered by software
events, external HW signals, or a periodic timer overflow signal. Conversion completions are indicated by a
status bit and an interrupt (if enabled). The resulting 10 or 12-bit data word is latched into two SFRs upon
completion of a conversion. The data can be right or left justified in these registers under software control.

Window Compare registers for the ADC data can be configured to interrupt the controller when ADC data
is within or outside of a specified range. The ADC can monitor a key voltage continuously in background
mode, but not interrupt the controller unless the converted data is within the specified window.

Analog Multiplexer Window
Configuration, Control, and Data Window Compare |
: . Compare
Registers Logic
_ \ Interrupt
Programmable Gain
Amplifier
9-to-1 2
: AV+ -
amux || | | 12-Bit
(SE or SAR 12 ADC Data
- | DIFF) X Registers
Conversion
- Complete
/ Interrupt
External VREF Start Write to ADOBUSY
Pin VREF Conversion Timer 3 Overflow
CNVSTRO
DACO Output

Timer 2 Overflow

Figure 1.13. 12-Bit ADC Block Diagram

34 Rev. 1.4

SILICON LABS



C8051F120/1/2/3/4/5/6/7 C8051F130/1/2/3

Table 4.1. Pin Definitions (Continued)

Pin Numbers

‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description
‘F124 | ‘F125
‘F126 | ‘F127

ALE/P4.5 93 93 D I/O | ALE Strobe for External Memory Address bus
(multiplexed mode)

Port 4.5

See Port Input/Output section for complete
description.

RD/P4.6 92 92 D I/O |/RD Strobe for External Memory Address bus
Port 4.6

See Port Input/Output section for complete
description.

WR/P4.7 91 91 D I/0O |/WR Strobe for External Memory Address bus
Port 4.7

See Port Input/Output section for complete
description.

A8/P5.0 88 88 D I/O | Bit 8 External Memory Address bus (Non-multi-
plexed mode)

Port 5.0

See Port Input/Output section for complete
description.

A9/P5.1 87 87 D I/O |Port 5.1. See Port Input/Output section for com-
plete description.

A10/P5.2 86 86 D I/O |Port 5.2. See Port Input/Output section for com-
plete description.

A11/P5.3 85 85 D I/O | Port 5.3. See Port Input/Output section for com-
plete description.

Al12/P5.4 84 84 D I/O | Port 5.4. See Port Input/Output section for com-
plete description.

Al13/P5.5 83 83 D I/O | Port 5.5. See Port Input/Output section for com-
plete description.

Al14/P5.6 82 82 D I/O | Port 5.6. See Port Input/Output section for com-
plete description.

Al15/P5.7 81 81 D I/O | Port 5.7. See Port Input/Output section for com-
plete description.
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5.2. ADC Modes of Operation

ADCO has a maximum conversion speed of 100 ksps. The ADCO conversion clock is derived from the sys-
tem clock divided by the value held in the ADCSC bits of register ADCOCF.

5.2.1. Starting a Conversion

A conversion can be initiated in one of four ways, depending on the programmed states of the ADCO Start
of Conversion Mode bits (ADOCM1, ADOCMO) in ADCOCN. Conversions may be initiated by:

Writing a ‘1’ to the ADOBUSY bit of ADCOCN,;

A Timer 3 overflow (i.e. timed continuous conversions);

A rising edge detected on the external ADC convert start signal, CNVSTRO;
A Timer 2 overflow (i.e. timed continuous conversions).

Eal A

The ADOBUSY bit is set to logic 1 during conversion and restored to logic 0 when conversion is complete.
The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADOINT interrupt flag
(ADCOCN.5). Converted data is available in the ADCO data word MSB and LSB registers, ADCOH, ADCOL.
Converted data can be either left or right justified in the ADCOH:ADCOL register pair (see example in
Figure 5.5) depending on the programmed state of the ADOLJST bit in the ADCOCN register.

When initiating conversions by writing a ‘1’ to ADOBUSY, the ADOINT bit should be polled to determine
when a conversion has completed (ADCO interrupts may also be used). The recommended polling proce-
dure is shown below.

Step 1. Write a ‘0’ to ADOINT;
Step 2. Write a ‘1’ to ADOBUSY;
Step 3. Poll ADOINT for ‘1’;
Step 4. Process ADCO data.

When CNVSTRO is used as a conversion start source, it must be enabled in the crossbar, and the corre-
sponding pin must be set to open-drain, high-impedance mode (see Section “18. Port Input/Output” on
page 235 for more details on Port I/O configuration).
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Input Voltage ADC Data Input Voltage ADC Data
(AD0.0 - ADO.1) Word (AD0.0 - ADO.1)
REF x (2047/2048) OX7FFO REF x (2047/2048)
ADOWINT _
not affected ADOWINT=1
o0 | e )
REF x (256/2048) 0x1000 | ADCOLTH:ADCOLTL REF x (256/2048) 0x1000 [ ADCOGTH:ADCOGTL
"""""""""""""""""" 0XOFFO
ADOWINT=1 ADOWINT
0x0000 not affected
REF x (-1/2048) OXFFFO | ADCOGTH:ADCOGTL REF x (-1/2048) OXFFFO | ADCOLTH:ADCOLTL
OXFFEO
ADOWINT ADOWINT=1
not affected
-REF 0x8000
Given: Given:
AMXOSL = 0x00, AMXOCF = 0x01, AMXOSL = 0x00, AMXOCF = 0x01,
ADOLJST =1, ADOLJST =1,
ADCOLTH:ADCOLTL = 0x1000, ADCOLTH:ADCOLTL = OxFFFO,
ADCOGTH:ADCOGTL = OxFFFO. ADCOGTH:ADCOGTL = 0x1000.
An ADCO End of Conversion will cause an An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT ADCO Window Compare Interrupt (ADOWINT
='1") if the resulting ADCO Data Word is = '1") if the resulting ADCO Data Word is
< 0x1000 and > OxFFFO. (2s-complement < OxFFFO or > 0x1000. (2s-complement math.)
math.)

Figure 5.9. 12-Bit ADCO Window Interrupt Example: Left Justified Differential Data
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11.2.6.3.SFR Page Stack Example

The following is an example that shows the operation of the SFR Page Stack during interrupts.

In this example, the SFR Page Control is left in the default enabled state (i.e., SFRPGEN = 1), and the
CIP-51 is executing in-line code that is writing values to Port 5 (SFR “P5”, located at address 0xD8 on SFR
Page 0xOF). The device is also using the Programmable Counter Array (PCA) and the 10-bit ADC (ADC2)
window comparator to monitor a voltage. The PCA is timing a critical control function in its interrupt service
routine (ISR), so its interrupt is enabled and is set to high priority. The ADC2 is monitoring a voltage that is
less important, but to minimize the software overhead its window comparator is being used with an associ-
ated ISR that is set to low priority. At this point, the SFR page is set to access the Port 5 SFR (SFRPAGE =
0xOF). See Figure 11.5 below.

SFR Page
Stack SFR's

SFRPAGE

SFRNEXT

SFRLAST

Figure 11.5. SFR Page Stack While Using SFR Page OxOF To Access Port 5

While CIP-51 executes in-line code (writing values to Port 5 in this example), ADC2 Window Comparator
Interrupt occurs. The CIP-51 vectors to the ADC2 Window Comparator ISR and pushes the current SFR
Page value (SFR Page 0x0F) into SFRNEXT in the SFR Page Stack. The SFR page needed to access
ADC2’'s SFR’s is then automatically placed in the SFRPAGE register (SFR Page 0x02). SFRPAGE is con-
sidered the “top” of the SFR Page Stack. Software can now access the ADC2 SFR’s. Software may switch
to any SFR Page by writing a new value to the SFRPAGE register at any time during the ADC2 ISR to
access SFR'’s that are not on SFR Page 0x02. See Figure 11.6 below.
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11.2.7. Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits
should not be set to logic I. Future product versions may use these bits to implement new features in which
case the reset value of the bit will be logic 0, selecting the feature's default state. Detailed descriptions of
the remaining SFRs are included in the sections of the datasheet associated with their corresponding sys-
tem function.

SFR Definition 11.6. SP: Stack Pointer

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000111

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x81
SFR Page: All Pages

Bits7—0: SP: Stack Pointer.
The Stack Pointer holds the location of the top of the stack. The stack pointer is incremented
before every PUSH operation. The SP register defaults to 0x07 after reset.

SFR Definition 11.7. DPL: Data Pointer Low Byte

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
\ \ | \ \ | \ 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x82
SFR Page: All Pages

Bits7-0: DPL: Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed XRAM and Flash memory.

SFR Definition 11.8. DPH: Data Pointer High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x83
SFR Page: All Pages

Bits7—-0: DPH: Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed XRAM and Flash memory.
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SFR Definition 17.2. EMIOCF: External Memory Configuration

RIW RIW R/W RIW R/W R/W RIW RIW Reset Value
- | - |PRTSEL| EMD2 | EMD1 | EMDO | EALE1 | EALEO |00000011
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xA3

SFR Page: 0

Bits7-6: Unused. Read = 00b. Write = don't care.

Bit5: PRTSEL: EMIF Port Select.
0: EMIF active on PO-P3.
1: EMIF active on P4-P7.

Bit4: EMD2: EMIF Multiplex Mode Select.
0: EMIF operates in multiplexed address/data mode.
1: EMIF operates in non-multiplexed mode (separate address and data pins).

Bits3—2: EMD1-0: EMIF Operating Mode Select.
These bits control the operating mode of the External Memory Interface.
00: Internal Only: MOVX accesses on-chip XRAM only. All effective addresses alias to on-
chip memory space.
01: Split Mode without Bank Select: Accesses below the 8 k boundary are directed on-chip.
Accesses above the 8 k boundary are directed off-chip. 8-bit off-chip MOVX operations use
the current contents of the Address High port latches to resolve upper address byte. Note
that in order to access off-chip space, EMIOCN must be set to a page that is not contained in
the on-chip address space.
10: Split Mode with Bank Select: Accesses below the 8 k boundary are directed on-chip.
Accesses above the 8k boundary are directed off-chip. 8-bit off-chip MOVX operations use
the contents of EMIOCN to determine the high-byte of the address.
11: External Only: MOVX accesses off-chip XRAM only. On-chip XRAM is not visible to the
CPU.

Bits1-0: EALE1-0: ALE Pulse-Width Select Bits (only has effect when EMD2 = 0).
00: ALE high and ALE low pulse width = 1 SYSCLK cycle.
01: ALE high and ALE low pulse width = 2 SYSCLK cycles.
10: ALE high and ALE low pulse width = 3 SYSCLK cycles.
11: ALE high and ALE low pulse width = 4 SYSCLK cycles.
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ple, to assign TXO0 to a Port pin without assigning RX0 as well. Each combination of enabled peripherals
results in a unique device pinout.

All Port pins on Ports 0 through 3 that are not allocated by the Crosshar can be accessed as General-Pur-
pose 1/0O (GPIO) pins by reading and writing the associated Port Data registers (See SFR Definition 18.4,
SFR Definition 18.6, SFR Definition 18.9, and SFR Definition 18.11), a set of SFR’s which are both byte-
and bit-addressable. The output states of Port pins that are allocated by the Crosshar are controlled by the
digital peripheral that is mapped to those pins. Writes to the Port Data registers (or associated Port bits)
will have no effect on the states of these pins.

A Read of a Port Data register (or Port bit) will always return the logic state present at the pin itself, regard-
less of whether the Crossbar has allocated the pin for peripheral use or not. An exception to this occurs
during the execution of a read-modify-write instruction (ANL, ORL, XRL, CPL, INC, DEC, DJNZ, JBC,
CLR, SETB, and the bitwise MOV write operation). During the read cycle of the read-modify-write instruc-
tion, it is the contents of the Port Data register, not the state of the Port pins themselves, which is read.
Note that at clock rates above 50 MHz, when a pin is written and then immediately read (i.e. a write instruc-
tion followed immediately by a read instruction), the propagation delay of the port drivers may cause the
read instruction to return the previous logic level of the pin.

Because the Crossbar registers affect the pinout of the peripherals of the device, they are typically config-
ured in the initialization code of the system before the peripherals themselves are configured. Once config-
ured, the Crossbar registers are typically left alone.

Once the Crossbar registers have been properly configured, the Crossbar is enabled by setting XBARE
(XBR2.4) to a logic 1. Until XBARE is set to a logic 1, the output drivers on Ports O through 3 are
explicitly disabled in order to prevent possible contention on the Port pins while the Crossbar reg-
isters and other registers which can affect the device pinout are being written.

The output drivers on Crossbar-assigned input signals (like RXO0, for example) are explicitly disabled; thus
the values of the Port Data registers and the PnMDOUT registers have no effect on the states of these
pins.

18.1.2. Configuring the Output Modes of the Port Pins

The output drivers on Ports 0 through 3 remain disabled until the Crossbar is enabled by setting XBARE
(XBR2.4) to a logic 1.

The output mode of each port pin can be configured to be either Open-Drain or Push-Pull. In the Push-Pull
configuration, writing a logic O to the associated bit in the Port Data register will cause the Port pin to be
driven to GND, and writing a logic 1 will cause the Port pin to be driven to Vpp. In the Open-Drain configu-

ration, writing a logic 0 to the associated bit in the Port Data register will cause the Port pin to be driven to
GND, and a logic 1 will cause the Port pin to assume a high-impedance state. The Open-Drain configura-
tion is useful to prevent contention between devices in systems where the Port pin participates in a shared
interconnection in which multiple outputs are connected to the same physical wire (like the SDA signal on
an SMBus connection).

The output modes of the Port pins on Ports 0 through 3 are determined by the bits in the associated
PnMDOUT registers (See SFR Definition 18.5, SFR Definition 18.8, SFR Definition 18.10, and SFR Defini-
tion 18.12). For example, a logic 1 in PSMDOUT.7 will configure the output mode of P3.7 to Push-Pull; a
logic 0 in P3MDOUT.7 will configure the output mode of P3.7 to Open-Drain. All Port pins default to Open-
Drain output.
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PO P1 P2 P3 Crossbar Register Bits
PINIOJO 1 2 3 4 5 6 7]/]0 1 2 3 4 5 6 7]/]0 1 2 3 4 5 6 7]0 1 2 3 4 5 6 7
TX0 ° -
] UARTOEN: XBR0.2
RX0 ° W
SCK () () %2} ]
7
MISO 7
b . SPIOEN: XBRO0.1
MOSI [ ] [ ]
NSS [ ) NSS is not assigned to a port pin when the SPI is placed in 3-wire mode
SDA
[} [ 2 BN SMBOEN: XBR0.0
scL e oo °
TX1
d o000 o e UART1EN: XBR2.2
RX1 e oo o000
CEXo @ e e @ o000
CEX1 e oo o000 o0
CEX2
. b © 06000 PCAOME: XBRO.[5:3]
CEX3 ° 000000
CEX4 ° 0000000
CEX5 o000 00000
ECI o0 000 000000000 ECIOE: XBR0.6
CcPO o0 000 ©0 000000000 CPOE: XBR0.7
CP1 o000 0 000000000000 CP1E: XBR1.0
T0 o0 000 0000000000000 TOE: XBR1.1
N0 |oe @ @@ @ ©0 000000000000 INTOE: XBR1.2
T o0 000 ©0 0000000000000 T1E: XBR1.3
N1 |0 @ @@ @ ©0 000000060000 000 INTIE: XBR1.4
T2 o0 000 00 0000000000000 00 T2E: XBR1.5
X e @ @@ @ 0 0000 000000000000 00 T2EXE: XBR1.6
T4 000000 0000000000000 0000000 T4E: XBR2.3
,/// 7. : ..
X o o 0o 000 2 o 0000000000000 000000O0C T4EXE: XBR2.4
IsYSCLK|® © 0 © 06 2 © 00 0000000000600 06000000 SYSCKE: XBR1.7
CWSTRI(®@ © © © 00 2 © 0000000000000 000000000 CNVSTEO: XBR2.0
CN\VSTR® © © € 0@ 2 © © 000 0000000000000 00 0 0 0 0 CNSTE2XBR25
T v W T O
0 O T T T < = -
< 2 <<< << - 22392 ¢x -
SSyz3sesgxififisga08888¢%
yogzzzzzz2zz5E5Ecccd23Ie358333888
<\$<<<<<<<<<<<<<<<<<<<<<(<<
| AIN2 Inputs/Non-muxed Addr H [ Muxed Addr H/Non-muxed Addr L Muxed Data/Non-muxed Data |
Figure 18.5. Priority Crossbar Decode Table (EMIFLE = 1; EMIF in Non-Multiplexed
Mode; P1MDIN = OxFF)
®
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SFR Definition 18.10. P2MDOUT: Port2 Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| \ \ | \ \ | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xA6
SFR Page: F

Bits7—0: P2MDOUT.[7:0]: Port2 Output Mode Bits.
0: Port Pin output mode is configured as Open-Drain.
1: Port Pin output mode is configured as Push-Pull.

Note: SDA, SCL, and RXO0 (when UARTO is in Mode 0) and RX1 (when UARTL1 is in Mode 0) are
always configured as Open-Drain when they appear on Port pins.

SFR Definition 18.11. P3: Port3 Data

R/IW R/IW R/IW R/W R/IW R/IW R/IW R/IW Reset Value
P3.7 P36 | P35 | P34 | P33 | P32 | P31 | P30 |11111111
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0xB0
SFR Page: All Pages

Bits7—0: P3.[7:0]: Port3 Output Latch Bits.
(Write - Output appears on I/O pins per XBRO, XBR1, and XBR2 Registers)
0: Logic Low Output.
1: Logic High Output (open if corresponding P3MDOUT.n bit = 0).
(Read - Regardless of XBR0O, XBR1, and XBR2 Register settings).
0: P3.n pin is logic low.
1: P3.n pin is logic high.

Note: P3.[7:0] can be driven by the External Data Memory Interface (as AD[7:0] in Multiplexed
mode, or as D[7:0] in Non-multiplexed mode). See Section “17. External Data Memory

Interface and On-Chip XRAM” on page 219 for more information about the External Memory
Interface.
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SFR Definition 21.2. SSTAO: UARTO Status and Clock Selection

R/W R/W RIW R/W R/W RIW RIW RIW Reset Value
FEO | RXOVO |[TXCOLO| SMODO |SOTCLK1|SOTCLKO|SORCLK1| SORCLKO |00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x91
SFR Page: 0
Bit7: FEO: Frame Error Flag.*

This flag indicates if an invalid (low) STOP bit is detected.
0: Frame Error has not been detected
1: Frame Error has been detected.
Bit6: RXOVO0: Receive Overrun Flag.*
This flag indicates new data has been latched into the receive buffer before software has
read the previous byte.
0: Receive overrun has not been detected.
1: Receive Overrun has been detected.
Bit5: TXCOLO: Transmit Collision Flag.*
This flag indicates user software has written to the SBUFO register while a transmission is
in progress.
0: Transmission Collision has not been detected.
1: Transmission Collision has been detected.
Bit4: SMODO: UARTO Baud Rate Doubler Enable.
This bit enables/disables the divide-by-two function of the UARTO baud rate logic for config-
urations described in the UARTO section.
0: UARTO baud rate divide-by-two enabled.
1: UARTO baud rate divide-by-two disabled.
Bits3—2: UARTO Transmit Baud Rate Clock Selection Bits

SOTCLK1 | SOTCLKO Serial Transmit Baud Rate Clock Source
0 0 Timer 1 generates UARTO TX Baud Rate
0 1 Timer 2 Overflow generates UARTO TX baud rate
1 0 Timer 3 Overflow generates UARTO TX baud rate
1 1 Timer 4 Overflow generates UARTO TX baud rate

Bits1-0: UARTO Receive Baud Rate Clock Selection Bits

SORCLK1 | SORCLKO Serial Receive Baud Rate Clock Source
0 0 Timer 1 generates UARTO RX Baud Rate
0 1 Timer 2 Overflow generates UARTO RX baud rate
1 0 Timer 3 Overflow generates UARTO RX baud rate
1 1 Timer 4 Overflow generates UARTO RX baud rate

*Note: FEO, RXOV0, and TXCOLO are flags only, and no interrupt is generated by these conditions.
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NOTES:
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SFR Definition 23.1. TCON: Timer Control

R/W RIW RIW R/W RIW R/W RIW RIW Reset Value
TF1 TRL | TFO | TRO | IE1 [ IT1 | IEO | ITO |00000000
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable
SFR Address: 0x88
SFR Page: Q
Bit7: TF1: Timer 1 Overflow Flag.

Set by hardware when Timer 1 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 1 interrupt service routine.
0: No Timer 1 overflow detected.
1: Timer 1 has overflowed.

Bit6: TR21: Timer 1 Run Control.
0: Timer 1 disabled.
1: Timer 1 enabled.

Bit5: TFO: Timer 0 Overflow Flag.
Set by hardware when Timer 0 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer O interrupt service routine.
0: No Timer 0 overflow detected.
1: Timer 0 has overflowed.

Bit4: TRO: Timer 0 Run Control.
0: Timer O disabled.
1: Timer 0 enabled.

Bit3: IEL1: External Interrupt 1.
This flag is set by hardware when an edge/level of type defined by IT1 is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt 1 service routine if IT1 = 1. This flag is the inverse of the /INT1 signal.

Bit2: IT1: Interrupt 1 Type Select.
This bit selects whether the configured /INT1 interrupt will be falling-edge sensitive or
active-low.
0: /INT1 is level triggered, active-low.
1: /INT1 is edge triggered, falling-edge.

Bitl: IEO: External Interrupt O.
This flag is set by hardware when an edge/level of type defined by ITO is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt O service routine if ITO = 1. This flag is the inverse of the /INTO signal.

Bit0: ITO: Interrupt O Type Select.
This bit selects whether the configured /INTO interrupt will be falling-edge sensitive or
active-low.
0: /INTO is level triggered, active logic-low.
1: /INTO is edge triggered, falling-edge.
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SFR Definition 23.8. TMRNCN: Timer 2, 3, and 4 Control

R/W R/IW R/IW R/W R/IW R/IW R/IW R/IW Reset Value
TFn | EXFn | - | - [ EXENn | TRn | C/Tn | CP/RLn |00000000
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: TMR2CN:0xC8; TMR3CN:0xC8; TMR4CN:0xC8
SFR Page: TMR2CN: page 0;TMR3CN: page 1;TMR4CN: page 2

Bit7: TFn: Timer 2, 3, and 4 Overflow/Underflow Flag.
Set by hardware when either the Timer overflows from OxFFFF to 0x0000, underflows from
the value placed in RCAPnH:RCAPNL to OxFFFF (in Auto-reload Mode), or underflows from
0x0000 to OXFFFF (in Capture Mode). When the Timer interrupt is enabled, setting this bit
causes the CPU to vector to the Timer interrupt service routine. This bit is not automatically
cleared by hardware and must be cleared by software.
Bit6: EXFn: Timer 2, 3, or 4 External Flag.
Set by hardware when either a capture or reload is caused by a high-to-low transition on the
TnEX input pin and EXENn is logic 1. When the Timer interrupt is enabled, setting this bit
causes the CPU to vector to the Timer Interrupt service routine. This bit is not automatically
cleared by hardware and must be cleared by software.
Bit5—4:  Reserved.
Bit3: EXENN: Timer 2, 3, and 4 External Enable.
Enables high-to-low transitions on TnEX to trigger captures, reloads, and control the direc-
tion of the timer/counter (up or down count). If DCENn = 1, TnEX will determine if the timer
counts up or down when in Auto-reload Mode. If EXENn = 1, ThEX should be configured as
a digital input.
0: Transitions on the TnEX pin are ignored.
1: Transitions on the TnEX pin cause capture, reload, or control the direction of timer count
(up or down) as follows:
Capture Mode: ‘1’-to-'0’ Transition on TnEX pin causes RCAPnH:RCAPNL to capture timer
value.
Auto-Reload Mode:
DCENnN = 0: ‘1'-to-'0’ transition causes reload of timer and sets the EXFn Flag.
DCENnN = 1: TnEX logic level controls direction of timer (up or down).
Bit2: TRn: Timer 2, 3, and 4 Run Control.
This bit enables/disables the respective Timer.
0: Timer disabled.
1: Timer enabled and running/counting.
Bitl: C/Tn: Counter/Timer Select.
0: Timer Function: Timer incremented by clock defined by TnM1:TnMO
(TMRNCF.4:TMRNCF.3).
1: Counter Function: Timer incremented by high-to-low transitions on external input pin.
BitO: CP/RLn: Capture/Reload Select.
This bit selects whether the Timer functions in capture or auto-reload mode.
0: Timer is in Auto-Reload Mode.
1: Timer is in Capture Mode.

Note: Timer 3 and Timer 2 share the T2 and T2EX pins.
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24.2.5. 8-Bit Pulse Width Modulator Mode

Each module can be used independently to generate pulse width modulated (PWM) outputs on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCAO counter/timer. The
duty cycle of the PWM output signal is varied using the module's PCAOCPLn capture/compare register.
When the value in the low byte of the PCAO counter/timer (PCAOL) is equal to the value in PCAOCPLn, the
output on the CEXn pin will be high. When the count value in PCAOL overflows, the CEXn output will be
low (see Figure 24.8). Also, when the counter/timer low byte (PCAOL) overflows from OxFF to 0xO0,
PCAOCPLn is reloaded automatically with the value stored in the counter/timer's high byte (PCAOH) with-
out software intervention. Setting the ECOMn and PWMn bits in the PCAOCPMn register enables 8-Bit
Pulse Width Modulator mode. The duty cycle for 8-Bit PWM Mode is given by Equation 24.2.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Capture/

Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn bit
to ‘0’; writing to PCAOCPHnN sets ECOMn to ‘1'.

Equation 24.2. 8-Bit PWM Duty Cycle

256 —PCAOCPHnN
DutyCycle = ( )
256
PCAOCPHN
f————
PCAOCPMn
PE[C|CIM[T|P|E
W|C|A|AJA[O|W[C
mlolp||T|c|m|c PCAOCPLN
1|M|P|N|n|n|n|F
6|n|n|n n
n
0]0000]0 o ,
Enable 8-hit L match [o s ~ | CEXn ! |
Comparator 7 »S Q i Crossbar :—‘Z Port I/O
> ————
TT ’_> R CLR Q
PCA Timebase PCAOL

Overflow

Figure 24.8. PCA 8-Bit PWM Mode Diagram
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JTAG Register Definition 25.3. FLASHCON: JTAG Flash Control

Reset Value

SFLE | WRMD2 | WRMD1 | WRMDO | RDMD3 | RDMD2 | RDMD1 | RDMDO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

This register determines how the Flash interface logic will respond to reads and writes to the FLASH-
DAT Register.

Bit7: SFLE: Scratchpad Flash Memory Access Enable

When this bit is set, Flash reads and writes are directed to the two 128-byte Scratchpad

Flash sectors. When SFLE is set to logic 1, Flash accesses out of the address range 0x00-

OxFF should not be attempted (with the exception of address 0x400, which can be used to

simultaneously erase both Scratchpad areas). Reads/Writes out of this range will yield

undefined results.

0: Flash access directed to the Program/Data Flash sector.

1: Flash access directed to the two 128 byte Scratchpad sectors.

Bits6-4: WRMD2-0: Write Mode Select Bits.

The Write Mode Select Bits control how the interface logic responds to writes to the FLASH-

DAT Register per the following values:

000: A FLASHDAT write replaces the data in the FLASHDAT register, but is otherwise

ignored.

001: A FLASHDAT write initiates a write of FLASHDAT into the memory address by the
FLASHADR register. FLASHADR is incremented by one when complete.

010: A FLASHDAT write initiates an erasure (sets all bytes to OxFF) of the Flash page
containing the address in FLASHADR. The data written must be OxA5 for the erase
to occur. FLASHADR is not affected. If FLASHADR = Ox1FBFE — Ox1FBFF, the
entire user space will be erased (i.e. entire Flash memory except for Reserved area
O0x1FCO00 — Ox1FFFF).

(All other values for WRMD2-0 are reserved.)

Bits3-0: RDMD3-0: Read Mode Select Bits.

The Read Mode Select Bits control how the interface logic responds to reads from the

FLASHDAT Register per the following values:

0000: A FLASHDAT read provides the data in the FLASHDAT register, but is otherwise
ignored.

0001: A FLASHDAT read initiates a read of the byte addressed by the FLASHADR register
if no operation is currently active. This mode is used for block reads.

0010: A FLASHDAT read initiates a read of the byte addressed by FLASHADR only if no
operation is active and any data from a previous read has already been read from
FLASHDAT. This mode allows single bytes to be read (or the last byte of a block)
without initiating an extra read.

(All other values for RDMD3-0 are reserved.)
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