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1.1.3. Additional Features

The C8051F36x SoC family includes several key enhancements to the CIP-51 core and peripherals to
improve performance and ease of use in end applications.

The extended interrupt handler provides 16 interrupt sources into the CIP-51 (as opposed to 7 for the stan-
dard 8051), allowing numerous analog and digital peripherals to interrupt the controller. An interrupt driven
system requires less intervention by the MCU, giving it more effective throughput. The extra interrupt
sources are very useful when building multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp Monitor (forces reset
when power supply voltage drops below Vrst as given in Table 12.1 on page 134), a Watchdog Timer, a
Missing Clock Detector, a voltage level detection from Comparator0, a forced software reset, an external
reset pin, and an illegal Flash access protection circuit. Each reset source except for the POR, Reset Input
Pin, or Flash error may be disabled by the user in software. The WDT may be permanently enabled in soft-
ware after a power-on reset during MCU initialization.

The internal oscillator factory calibrated to 24.5 MHz £2%. This internal oscillator period may be user pro-
grammed in ~0.5% increments. An additional low-frequency oscillator is also available which facilitates
low-power operation. An external oscillator drive circuit is included, allowing an external crystal, ceramic
resonator, capacitor, RC, or CMOS clock source to generate the system clock. If desired, the system clock
source may be switched on-the-fly between both internal and external oscillator circuits. An external oscil-
lator can also be extremely useful in low power applications, allowing the MCU to run from a slow (power
saving) source, while periodically switching to the fast (up to 25 MHz) internal oscillator as needed. Addi-
tionally, an on-chip PLL is provided to achieve higher system clock speeds for increased throughput.

VDD

Power On
Reset

'o‘é X/ RsT
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Supply
Monitor
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Figure 1.5. On-Chip Clock and Reset
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5. 10-Bit ADC (ADCO, C8051F360/1/2/6/7/8/9)

The ADCO subsystem for the C8051F360/1/2/6/7/8/9 consists of two analog multiplexers (referred to col-
lectively as AMUXO0) with 23 total input selections, and a 200 ksps, 10-bit successive-approximation-regis-
ter ADC with integrated track-and-hold and programmable window detector. The AMUXO, data conversion
modes, and window detector are all configurable under software control via the Special Function Registers
shown in Figure 5.1. ADCO operates in both Single-ended and Differential modes, and may be configured
to measure P1.0-P3.4 (where available), the Temperature Sensor output, or Vpp with respect to P1.0-
P3.4, VREF, or GND. The ADCO subsystem is enabled only when the ADOEN bit in the ADCO Control reg-
ister (ADCOCN) is set to logic ‘1’. The ADCO subsystem is in low power shutdown when this bit is logic ‘0’

P1.0-1.3 available on |  P1.0g————> B 3

C8051F361/2/6/7/8/9

>

AMXO0P4 |Z
AMX0P3
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x
o
o
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Figure 5.1. ADCO Functional Block Diagram
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SFR Definition 5.2. AMXON: AMUXO0 Negative Channel Select

SFR Page: all pages
SFR Address: O0xBA

R R R R/W R/W R/W R/W R/W Reset Value
- - - AMXON4 | AMXON3 | AMXON2 | AMXON1 | AMXONO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits 7-5: UNUSED. Read = 000b; Write = don’t care.

Bits 4-0: AMXON4-0: AMUXO Negative Input Selection.
Note that when GND is selected as the Negative Input, ADCO operates in Single-ended
mode. For all other Negative Input selections, ADCO operates in Differential mode.

AMXON4-0 ADCO Negative Input
00000 P1.0Y
00001 p1 1@
00010 p1.2(W
00011 P1.3W
00100 P1.4
00101 P1.5
00110 P1.6
00111 P1.7
01000 P2.0
01001 P2.1
01010 P2.2
01011 P2.3
01100 P2.4
01101 P2.5
01110 P2.6
01111 P2.7
10000 P3.0
10001 P3.1@
10010 P3.2(
10011® P3.3@
10100 P3.4
10101-11101 RESERVED
11110 VREF
11111 GND
Notes:
1. Only applies to C8051F361/2/6/7/8/9 (32-pin and 28-pin); selection
RESERVED on C8051F360 (48-pin) device.
2. Only applies to C8051F360/1/6/8 (48-pin and 32-pin); selection RESERVED
on C8051F362/7/9 (28-pin) devices.
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complete Port I/O configuration details. The TEMPE bit in register REFOCN enables/disables the tempera-
ture sensor. While disabled, the temperature sensor defaults to a high impedance state and any ADCO
measurements performed on the sensor result in meaningless data.

SFR Definition 7.1. REFOCN: Reference Control

SFR Page: all pages
SFR Address: 0xD1

R R R R R/W R/W R/W R/W Reset Value
- - - - REFSL TEMPE BIASE REFBE | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits 7-4: UNUSED. Read = 0000b; Write = don't care.
Bit 3: REFSL: Voltage Reference Select.
This bit selects the source for the internal voltage reference.
0: VREF pin used as voltage reference.
1: Vpp used as voltage reference.
Bit 2: TEMPE: Temperature Sensor Enable Bit.
0: Internal Temperature Sensor off.
1: Internal Temperature Sensor on.
Bit 1: BIASE: Internal Analog Bias Generator Enable Bit.
0: Internal Bias Generator off.
1: Internal Bias Generator on.
Bit O: REFBE: Internal Reference Buffer Enable Bit.
0: Internal Reference Buffer disabled.
1: Internal Reference Buffer enabled. Internal voltage reference driven on the VREF pin.
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Figure 8.2. Comparatorl Functional Block Diagram
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A Comparator output can be polled in software, used as an interrupt source, and/or routed to a Port pin.
When routed to a Port pin, the Comparator outputs are available asynchronous or synchronous to the sys-
tem clock; the asynchronous outputs are available even in STOP mode (with no system clock active).
When disabled, the Comparator outputs (if assigned to a Port I/O pin via the Crossbar) default to the logic
low state, and their supply current falls to less than 100 nA. See Section “17.1. Priority Crossbar Decoder”
on page 184 for details on configuring Comparator outputs via the digital Crossbar. Comparator inputs can
be externally driven from —0.25 V to (Vpp) + 0.25 V without damage or upset. The complete Comparator

electrical specifications are given in Table 8.1.

The Comparator response time may be configured in software via the CPTOMD and CPT1MD registers
(see SFR Definition 8.3 and SFR Definition 8.6). Selecting a longer response time reduces the Comparator

supply current. See Table 8.1 for complete timing and power consumption specifications.
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SFR Definition 9.1. SFROCN: SFR Page Control

SFR Page: F
SFR Address: OxE5

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value
Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | SFRPGEN | 00000001
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO

Bits 7-1: RESERVED. Read = 0000000b. Must Write 0000000b.
Bit O: SFRPGEN: SFR Automatic Page Control Enable.
Upon interrupt, the C8051 Core will vector to the specified interrupt service routine and auto-
matically switch to SFR page 0. This bit is used to control this autopaging function.
0: SFR Automatic Paging disabled. C8051 core will not automatically change to SFR page
0.
1: SFR Automatic Paging enabled. Upon interrupt, the C8051 will automatically switch to
SFR page 0.

SFR Definition 9.2. SFRPAGE: SFR Page

SFR Page: all pages
SFR Address: OxA7

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

Bits 7-0: SFR Page Bits: Byte Represents the SFR Page the C8051 MCU uses when reading or mod-
ifying SFR’s.
Write: Sets the SFR Page.
Read: Byte is the SFR page the C8051 MCU is using.

When enabled in the SFR Page Control Register (SFROCN), the C8051 will automatically
switch to SFR Page 0x00 and return to the previous SFR page upon return from interrupt
(unless SFR Stack was altered before a returning from the interrupt).

SFRPAGE is the top byte of the SFR Page Stack, and push/pop events of this stack are
caused by interrupts (and not by reading/writing to the SFRPAGE register)
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Table 9.3. Special Function Registers (Continued)

SFRs are listed in alphabetical order. All undefined SFR locations are reserved.

Register Address SFR Description Page No.
Page

EMIOCF 0xC7 F EMIF Configuration page 1552
EMIOCN OXAA |All Pages | EMIF Control page 1542
EMIOTC OxF7 F EMIF Timing Control page 1607
FLKEY 0xB7 0 Flash Lock and Key page 142
FLSCL 0xB6 0 Flash Scale page 143
FLSTAT OxAC F Flash Status page 152
IDAOCN 0xB9 All Pages | IDACO Control page 65%
IDAOH 0x97 | All Pages |IDACO High Byte page 65
IDAOL 0x96 All Pages | IDACO Low Byte page 661
IE OxA8 All Pages | Interrupt Enable page 110
IP 0xB8 All Pages | Interrupt Priority page 111
ITO1CF OxE4 All Pages | INTO/INT1 Configuration page 116
MACOACCO 0xD2 0 MACO Accumulator Byte 0 (LSB) page 126
MACOACC1 0xD3 0 MACO Accumulator Byte 1 page 125
MACOACC2 0xD4 0 MACO0 Accumulator Byte 2 page 125
MACOACC3 0xD5 0 MACO Accumulator Byte 3 (MSB) page 125
MACOAH OxA5 0 MACO A Register High Byte page 123
MACOAL OxA4 0 MACO A Register Low Byte page 124
MACOBH 0xF2 0 MACO B Register High Byte page 124
MACOBL OxF1 0 MACO B Register Low Byte page 124
MACOCF 0xD7 0 MACO Configuration page 122
MACOOVR 0xD6 0 MACO Accumulator Overflow page 126
MACORNDH OxAF 0 MACO Rounding Register High Byte page 126
MACORNDL OxXAE 0 MACO Rounding Register Low Byte page 127
MACOSTA OxCF 0 MACO Status Register page 123
OSCICL O0xBF F Internal Oscillator Calibration page 169
OSCICN 0xB7 F Internal Oscillator Control page 170
OSCLCN OxAD F Internal L-F Oscillator Control page 171
OSCXCN 0xB6 F External Oscillator Control page 174
PO 0x80 All Pages | Port 0 Latch page 189
POMASK OxF4 0 Port 0 Mask page 191
Notes:

1. Refers to a register in the C8051F360/1/2/6/7/8/9 only.
2. Refers to a register in the C8051F360/3 only.
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11.2. Integer and Fractional Math

MACO is capable of interpreting the 16-bit inputs stored in MACOA and MACOB as signed integers or as
signed fractional numbers. When the MACOFM bit (MACOCF.1) is cleared to ‘0’, the inputs are treated as
16-bit, 2's complement, integer values. After the operation, the accumulator will contain a 40-bit, 2's com-
plement, integer value. Figure 11.2 shows how integers are stored in the SFRs.

MACOA and MACOB Bit Weighting
High Byte Low Byte
_(215) 214 213 212 211 210 29 28 m 27 26 25 24 23 22 21 20

MACO Accumulator Bit Weighting
MACOOVR MACOACC3 : MACOACC2 : MACOACC1 : MACOACCO
-(239)| 238 88 233 232 H.| 231 230 229 228 88 24 23 22 21 20

Figure 11.2. Integer Mode Data Representation

When the MACOFM bit is set to ‘1", the inputs are treated at 16-bit, 2's complement, fractional values. The
decimal point is located between bits 15 and 14 of the data word. After the operation, the accumulator will
contain a 40-bit, 2's complement, fractional value, with the decimal point located between bits 31 and 30.
Figure 11.3 shows how fractional numbers are stored in the SFRs.

MACOA, and MACOB Bit Weighting
High Byte Low Byte
-1 2—1 2—2 2—3 2-4 2—5 2—6 2—7 [l] 2-8 2—9 2-10 2—11 2—12 2—13 2—14 2-15

MACO Accumulator Bit Weighting
MACOOVR MACOACC3 : MACOACC?2 : MACOACC1 : MACOACCO
28 | 27 88 22 o1 ||| 20 21 22 23 8() 227 | 928 [ 229 [ 230 [ 231

MACORND Bit Weighting
High Byte Low Byte
) ]] 1 2-1 2-2 2—3 2—4 2-5 2-6 2-7 ﬂ] 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15

* The MACORND register contains the 16 LSBs of a two's complement number. The MACON Flag can be
used to determine the sign of the MACORND register.

Figure 11.3. Fractional Mode Data Representation
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11.3. Operating in Multiply and Accumulate Mode

MACO operates in Multiply and Accumulate (MAC) mode when the MACOMS bit (MACOCF.0) is cleared to
‘0’. When operating in MAC mode, MACO performs a 16-by-16 bit multiply on the contents of the MACOA
and MACOB registers, and adds the result to the contents of the 40-bit MACO accumulator. Figure 11.4
shows the MACO pipeline. There are three stages in the pipeline, each of which takes exactly one SYSCLK
cycle to complete. The MAC operation is initiated with a write to the MACOBL register. After the MACOBL
register is written, MACOA and MACOB are multiplied on the first SYSCLK cycle. During the second stage
of the MACO pipeline, the results of the multiplication are added to the current accumulator contents, and
the result of the addition is stored in the MACO accumulator. The status flags in the MACOSTA register are
set after the end of the second pipeline stage. During the second stage of the pipeline, the next multiplica-
tion can be initiated by writing to the MACOBL register, if it is desired. The rounded (and optionally, satu-
rated) result is available in the MACORNDH and MACORNDL registers at the end of the third pipeline
stage. If the MACOCA bit (MACOCF.3) is set to ‘1’ when the MAC operation is initiated, the accumulator
and all MACOSTA flags will be cleared during the next cycle of the controller’s clock (SYSCLK). The
MACOCA bit will clear itself to ‘0’ when the clear operation is complete.

MACO Operation Accumulator Rounded Results
Begins Results Available Available

 Write | .
MACOBL | Multiply Add Round

Multiply Add Round

Next MACO
Operation May
Be Initiated
Here

Figure 11.4. MACO Pipeline

11.4. Operating in Multiply Only Mode

MACO operates in Multiply Only mode when the MACOMS bit (MACOCF.0) is set to ‘1. Multiply Only mode
is identical to Multiply and Accumulate mode, except that the multiplication result is added with a value of
zero before being stored in the MACO accumulator (i.e. it overwrites the current accumulator contents).
The result of the multiplication is available in the MACO accumulator registers at the end of the second
MACO pipeline stage (two SYSCLKs after writing to MACOBL). As in MAC mode, the rounded result is
available in the MACO Rounding Registers after the third pipeline stage. Note that in Multiply Only mode,
the MACOHO flag is not affected.

11.5. Accumulator Shift Operations

MACO contains a 1-bit arithmetic shift function which can be used to shift the contents of the 40-bit accu-
mulator left or right by one bit. The accumulator shift is initiated by writing a ‘1’ to the MACOSC bit
(MACOCE.5), and takes one SYSCLK cycle (the rounded result is available in the MACO Rounding Regis-
ters after a second SYSCLK cycle, and MACOSC is cleared to ‘0’). The direction of the arithmetic shift is
controlled by the MACOSD bit (MACOCF.4). When this bit is cleared to ‘0’, the MACO accumulator will shift
left. When the MACOSD bit is set to ‘1’, the MACO accumulator will shift right. Right-shift operations are
sign-extended with the current value of bit 39. Note that the status flags in the MACOSTA register are not
affected by shift operations.

®
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SFR Definition 11.7. MACOACC3: MACO Accumulator Byte 3

SFR Page: 0
SFR Address: 0xD5

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

Bits 7-0: Byte 3 (bits 31-24) of MACO Accumulator.

Note:The contents of this register should not be changed by software during the first two MACO pipeline stages.

SFR Definition 11.8. MACOACC2: MACO Accumulator Byte 2

SFR Page: 0
SFR Address: 0xD4

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

Bits 7-0: Byte 2 (bits 23-16) of MACO Accumulator.

Note:The contents of this register should not be changed by software during the first two MACO pipeline stages.

SFR Definition 11.9. MACOACC1: MACO Accumulator Byte 1

SFR Page: 0
SFR Address: 0xD3

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

Bits 7-0: Byte 1 (bits 15-8) of MACO Accumulator.

Note:The contents of this register should not be changed by software during the first two MACO pipeline stages.
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15.2. Configuring the External Memory Interface

Configuring the External Memory Interface consists of five steps:

1. Configure the Output Modes of the associated port pins as either push-pull or open-drain
(push-pull is most common), and skip the associated pins in the crossbar.

2. Configure Port latches to “park” the EMIF pins in a dormant state (usually by setting them to
logic ‘1").

3. Select Multiplexed mode or Non-multiplexed mode.

4. Select the memory mode (on-chip only, split mode without bank select, split mode with bank
select, or off-chip only).

5. Set up timing to interface with off-chip memory or peripherals.

Each of these five steps is explained in detail in the following sections. The Port selection, Multiplexed
mode selection, and Mode bits are located in the EMIOCF register shown in SFR Definition 15.2.

15.3. Port Configuration

The External Memory Interface appears on Ports 1, 2 (non-multiplexed mode only), 3, and 4 when it is
used for off-chip memory access. When the EMIF is used in multiplexed mode, the Crossbar should be
configured to skip over the ALE control line (P0.0) using the POSKIP register. The other control lines, /RD
(P4.4) and /WR (P4.5), are not available on the Crossbar and do not need to be skipped. For more infor-
mation about configuring the Crossbar, see Section “17.3. General Purpose Port 1/0” on page 189. The
EMIF pinout is shown in Table 15.1 on page 154.

The External Memory Interface claims the associated Port pins for memory operations ONLY during the
execution of an off-chip MOVX instruction. Once the MOVX instruction has completed, control of the Port
pins reverts to the Port latches or to the Crossbar settings for those pins. See Section “17. Port Input/Out-
put” on page 182 for more information about the Crossbar and Port operation and configuration. The Port
latches should be explicitly configured to ‘park’ the External Memory Interface pins in a dormant
state, most commonly by setting them to a logic ‘1.

During the execution of the MOVX instruction, the External Memory Interface will explicitly disable the driv-
ers on all Port pins that are acting as Inputs (Data[7:0] during a READ operation, for example). The Output
mode of the Port pins (whether the pin is configured as Open-Drain or Push-Pull) is unaffected by the
External Memory Interface operation, and remains controlled by the PnMDOUT registers. In most cases,
the output modes of all EMIF pins should be configured for push-pull mode.
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15.4.2. Non-multiplexed Configuration

In Non-multiplexed mode, the Data Bus and the Address Bus pins are not shared. An example of a
Non-multiplexed Configuration is shown in Figure 15.2. See Section “15.6.1. Non-multiplexed Mode” on
page 161 for more information about Non-multiplexed operation.

T — < [T

A[15:0]

D[7:0]

IWR
/IRD

ADDRESS BUS
Vb
(Optional)%
8
DATABUS @
||'—>o
>0
»

A[15:0]

64 K X8

SRAM
/O[7:0]

CE
WE
OE

Figure 15.2. Non-multiplexed Configuration Example
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15.6.1.3.8-bit MOVX with Bank Select: EMIOCF[4:2] = ‘110".

Nonmuxed 8-bit WRITE with Bank Select

ADDR[15:8] P3.4-P4.3 EMIF ADDRESS (8 MSBs) from EMIOCN P3.4-P4.3
ADDR[7:0] P2 EMIF ADDRESS (8 LSBs) from RO or R1 P2
DATA[7:0] P1 EMIF WRITE DATA P1

< T le—T  ——>
WDS WDH

<—TACS—>’<—TACW —><—TACH —>
IWR P4.5 \ / P4.5

/RD P4.4 P4.4

Nonmuxed 8-bit READ with Bank Select

ADDR[15:8]  P3.4-P4.3 EMIF ADDRESS (8 MSBs) from EMIOCN P3.4-P4.3
ADDR([7:0] P2 EMIF ADDRESS (8 LSBs) from RO or R1 P2
DATA[7:0] P1 I/ EMIF READ DATA P1

LT —e—T
RDS RDH

4——;kCS————)k———j;CW———*4——;&CH————*
/IRD P4.4 \ / P4.4

IWR P4.5 P4.5

Figure 15.6. Non-multiplexed 8-bit MOVX with Bank Select Timing
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SFR Definition 16.5. OSCXCN: External Oscillator Control

SFR Page: F
SFR Address: 0xB6

R R/W R/W R/W R R/W R/W R/W Reset Value
XTLVLD |XOSCMD2 XOSCMD1 XOSCMDO‘ Reserved | XFCN2 XFCN1 XFCNO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bit 7: XTLVLD: Crystal Oscillator Valid Flag.
(Valid only when XOSCMD = 11x.)
0: Crystal Oscillator is unused or not yet stable.
1: Crystal Oscillator is running and stable.
Bits 6—4: XOSCMD2-0: External Oscillator Mode Bits.
00x: External Oscillator circuit off.
010: External CMOS Clock Mode.
011: External CMOS Clock Mode with divide by 2 stage.
100: RC Oscillator Mode.
101: Capacitor Oscillator Mode.
110: Crystal Oscillator Mode.
111: Crystal Oscillator Mode with divide by 2 stage.
Bit 3: RESERVED. Read = Ob. Write = don't care.
Bits 2—0: XFCN2-0: External Oscillator Frequency Control Bits.
000-111: see table below:

XFCN Crystal (XOSCMD = 11x) | RC (XOSCMD =100) | C (XOSCMD =101)
000 f <32 kHz f <25 kHz K Factor = 0.87
001 32 kHz <f<84 kHz 25 kHz < f <50 kHz K Factor = 2.6
010 84 kHz < f <225 kHz 50 kHz < f <100 kHz K Factor = 7.7
011 225 kHz < <590 kHz 100 kHz < f <200 kHz K Factor = 22
100 590 kHz < f<1.5 MHz 200 kHz < f <400 kHz K Factor = 65
101 1.5 MHz < f<4 MHz 400 kHz < f <800 kHz K Factor = 180
110 4 MHz < f<10 MHz 800 kHz <f< 1.6 MHz K Factor = 664
111 10 MHz < f <30 MHz 1.6 MHz << 3.2 MHz K Factor = 1590

CRYSTAL MODE (Circuit from Figure 16.1, Option 1; XOSCMD = 11x)
Choose XFCN value to match crystal frequency.

RC MODE (Circuit from Figure 16.1, Option 2; XOSCMD = 10x)
Choose XFCN value to match frequency range:
f = 1.23(10%)/(R * C), where
f = frequency of oscillation in MHz
C = capacitor value in pF
R = Pullup resistor value in kQ

C MODE (Circuit from Figure 16.1, Option 3; XOSCMD = 10x)
Choose K Factor (KF) for the oscillation frequency desired:
f = KF/(C * Vpp), where
f = frequency of oscillation in MHz
C = capacitor value on XTAL1, XTAL2 pins in pF
Vpp = Power Supply on MCU in Volts
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SFR Definition 17.18. P2SKIP: Port2 Skip

SFR Page: F
SFR Address: 0xD6

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

Bits 7—0: P2SKIP[7:0]: Port2 Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (Vygg input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P2.n pin is not skipped by the Crossbar.
1. Corresponding P2.n pin is skipped by the Crossbar.

SFR Definition 17.19. P2MAT: Port2 Match

SFR Page: 0
SFR Address: 0xB1

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits 7-0: P2MAT[7:0]: Port2 Match Value.
These bits control the value that unmasked P2 Port pins are compared against. A Port
Match event is generated if (P2 & P2MASK) does not equal (P2MAT & P2MASK).

SFR Definition 17.20. P2ZMASK: Port2 Mask

SFR Page: 0
SFR Address: 0xB2

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

Bits 7-0: P2MASK][7:0]: Port2 Mask Value.
These bits select which Port pins will be compared to the value stored in P2MAT.
0: Corresponding P2.n pin is ignored and cannot cause a Port Match event.
1: Corresponding P2.n pin is compared to the corresponding bit in P2MAT.
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 20.8. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 20.9. SPI Master Timing (CKPHA =1)

®
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22. Programmable Counter Array

The Programmable Counter Array (PCAO) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. PCAO consists of a dedicated 16-bit counter/timer and
six 16-bit capture/compare modules. Each capture/compare module has its own associated /O line
(CEXn) which is routed through the Crossbar to Port I/O when enabled (See Section “17.3. General Pur-
pose Port I/O” on page 189). The counter/timer is driven by a programmable timebase that can select
between six inputs as its source: system clock, system clock divided by four, system clock divided by
twelve, the external oscillator clock source divided by 8, Timer 0 overflow, or an external clock signal on the
ECI line. Each capture/compare module may be configured to operate independently in one of six modes:
Edge-Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8-Bit PWM, or 16-Bit
PWM (each is described in Section 22.2). The PCA is configured and controlled through the system con-
troller's Special Function Registers. The basic PCA block diagram is shown in Figure 22.1.

Important Note: The PCA Module 5 may be used as a watchdog timer (WDT), and is enabled in this mode

following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled.
See Section 22.3 for details.

SYSCLK/12 \
e

SYSCLK/4

Timer 0 Overflow PCA

ECI CLOCK[ ]
MUX

16-Bit Counter/Timer

N

SYSCLK
External Clock/8

e

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 Module 3 Module 4 Module 5
m @] @] @] (@) 0 0
9] m m m m m m
= x > x x > x
o [l N w S~ ol
L i
|
| Crossbar !
| |
.
C T T T T
| Port I/0 !

Figure 22.1. PCA Block Diagram
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22.2.2. Software Timer (Compare) Mode

In Software Timer mode, the PCAO counter/timer is compared to the module's 16-bit capture/compare reg-
ister (PCAOCPHN and PCAOCPLnN). When a match occurs, the Capture/Compare Flag (CCFn) in PCAOCN
is set to logic ‘1’ and an interrupt request is generated if CCF interrupts are enabled. The CCFn bit is not
automatically cleared by hardware when the CPU vectors to the interrupt service routine, and must be
cleared by software. Setting the ECOMn and MATnh bits in the PCAOCPMn register enables Software
Timer mode.

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'.

Write to
PCAOCPLN 0
Reset
PCA
Write to ] Interrupt
PCAOCPHN E >
1
{PCAOCPMn / N
P|E|CICIM|T|P|E PCAOCN
W|C|A[A[A[O|W|C C|C|C|C|C|C|C|C
M[o[P|P|T|G|M|C FIR|C|C|C|C|C|C
e PCAOCPLN PCAOCPHnN clelelFlElE
6|ninin n 5(4(3(2|1]|0
n
x| 00| 00X N ,
v o T
Enable > 16-bit Comparator Match o/ol
AN PN
PCA
R PCAOL PCAOH
Figure 22.5. PCA Software Timer Mode Diagram
®
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Table 22.3. Watchdog Timer Timeout Intervals?

System Clock (Hz) PCAOCPL5 Timeout Interval (ms)
24,500,000 255 32.1
24,500,000 128 16.2
24,500,000 32 4.1
18,432,000 255 42.7
18,432,000 128 215
18,432,000 32 55
11,059,200 255 71.1
11,059,200 128 35.8
11,059,200 32 9.2
3,062,5002 255 257
3,062,500 128 129.5
3,062,5002 32 33.1

191,406 255 4109

191,406 128 2070

191,406 32 530

32,000 255 24576

32,000 128 12384

32,000 32 3168
Notes:

1. Assumes SYSCLK/12 as the PCA clock source, and a PCAOL value
of 0x00 at the update time.
Internal oscillator reset frequency.

2.
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