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SFR Definition 5.9. ADCOLTH: ADCO Less-Than Data High Byte

SFRPage: O
SFR Address: OXC7

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—0: High byte of ADCO Less-Than Data Word.

SFR Definition 5.10. ADCOLTL: ADCO Less-Than Data Low Byte

SFR Page: O
SFR Address: OxC6
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

Bits7—0: Low byte of ADCO Less-Than Data Word.
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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
ox0 | . joe0 )
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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7.3. ADC2 Programmable Window Detector

The ADC2 Programmable Window Detector continuously compares the ADC2 output to user-programmed
limits, and notifies the system when a desired condition is detected. This is especially effective in an inter-
rupt-driven system, saving code space and CPU bandwidth while delivering faster system response times.
The window detector interrupt flag (AD2WINT in register ADC2CN) can also be used in polled mode. The
ADC2 Greater-Than (ADC2GT) and Less-Than (ADC2LT) registers hold the comparison values. Example
comparisons for Differential and Single-ended modes are shown in Figure 7.6 and Figure 7.5, respectively.
Notice that the window detector flag can be programmed to indicate when measured data is inside or out-
side of the user-programmed limits, depending on the contents of the ADC2LT and ADC2GT registers.

7.3.1. Window Detector In Single-Ended Mode

Figure 7.5 shows two example window comparisons for Single-ended mode, with ADC2LT = 0x20 and
ADC2GT = 0x10. Notice that in Single-ended mode, the codes vary from 0 to VREF*(255/256) and are
represented as 8-bit unsigned integers. In the left example, an AD2WINT interrupt will be generated if the
ADC2 conversion word (ADC2) is within the range defined by ADC2GT and ADC2LT
(if 0x10 < ADC2 < 0x20). In the right example, and AD2WINT interrupt will be generated if ADC2 is outside
of the range defined by ADC2GT and ADC2LT (if ADC2 < 0x10 or ADC2 > 0x20).

ADC2 ADC2
Input Voltage A Input Voltage A

(AIN2.x - AGND) (AIN2.x - AGND)
REF x (255/256) OXFF REF x (255/256) OXFF
AD2WINT _
not affected AD2WINT=1
ox21 ox21
REF x (32/256) 0x20  |—] ADC2LT | REF x (32/256) 0x20  |—] ADC2GT |
OXIF OX1F
ADZWINT=1 ot afected
0x11 ox11
REF x (16/256) e ADC2GT | REF x (16/256) D ADC2LT |
OXOF 0XOF
AD2WINT AD2WINT=1
not affected
0 0%00 0 0x00

Figure 7.5. ADC2 Window Compare Examples, Single-Ended Mode
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10. Comparators

Two on-chip programmable voltage comparators are included, as shown in Figure 10.1. The inputs of each
comparator are available at dedicated pins. The output of each comparator is optionally available at the
package pins via the 1/0 crossbar. When assigned to package pins, each comparator output can be pro-
grammed to operate in open drain or push-pull modes. See Section “18.1. Ports 0 through 3 and the
Priority Crosshar Decoder” on page 238 for Crossbar and port initialization details.

CPORIE
CPOFIE

CPTOMD

CPOMD1
CPOMDO

CPOEN
CPOOUT
CPORIF
CPOFIF
CPOHYP1
CPOHYPO
CPOHYN1
CPOHYNO

CPTOCN

cro+ [X]

CP1RIE
CP1FIE

CPT1MD

CP1MD1
CP1MDO

CP1EN
CP10UT
CP1RIF
CP1FIF
CP1HYP1
CP1HYPO
CP1HYN1
CP1HYNO

CPT1CN

CP1+ &

Figure 10.1. Comparator Functional Block Diagram
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11.3.2. External Interrupts

Two of the external interrupt sources (/INTO and /INT1) are configurable as active-low level-sensitive or
active-low edge-sensitive inputs depending on the setting of bits ITO (TCON.0) and IT1 (TCON.2). IEO
(TCON.1) and IE1 (TCON.3) serve as the interrupt-pending flag for the /INTO and /INT1 external interrupts,
respectively. If an /INTO or /INT1 external interrupt is configured as edge-sensitive, the corresponding
interrupt-pending flag is automatically cleared by the hardware when the CPU vectors to the ISR. When
configured as level sensitive, the interrupt-pending flag follows the state of the external interrupt's input pin.
The external interrupt source must hold the input active until the interrupt request is recognized. It must
then deactivate the interrupt request before execution of the ISR completes or another interrupt request
will be generated.

Table 11.4. Interrupt Summary

=
1
S |g |
Qo O]
© T o
INterru 1 o iorit ® | 2| X |Enable |Priorit
Interrupt Source pt y Pending Flags o |2 L y
Order = | |V |Flag Control
Vector 3|9 N
213 |0
© |0 &
x
LL
0
Always  |Always
Reset 0x0000| Top |[None N/AIN/A| O Enabled |Highest
External Interrupt O (/INTQ) | 0x0003 0 IEO (TCON.1) Y | Y | O |[EXO(IE.O)|PXO (IP.0)
Timer 0 Overflow 0x000B 1 TFO (TCON.5) Y | Y| O |ETO(IE.Q)|PTO (IP.1)
External Interrupt 1 (/INT1) | 0x0013 2 IE1 (TCON.3) Y | Y| O |EX1(IE.2)|PX1(IP.2)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) Y | Y| O |[ET1(IE.3)|PT1 (IP.3)
RI10 (SCONO0.0)
UARTO 0x0023 4 TI0 (SCONO.1) Y 0 |ESO (IE.4)|PSO (IP.4)
i TF2 (TMR2CN.7)
Timer 2 0x002B| 5 |-y, (TMR2CN 6) Y 0 |ET2 (IE.5)|PT2 (IP.5)
SPIF (SPIOCN.7)
. . WCOL (SPIOCN.6) ESPIO PSPIO
Serial Peripheral Interface | 0x0033 6 MODF (SPIOCN.5) Y 0 (EIEL0) |(EIPL.0)
RXOVRN (SPIOCN.4)
ESMBO |PSMBO
SMBus Interface 0x003B 7 S| (SMBOCN.3) Y 0 (EIEL1) |(EIP1.1)
. ADOWINT EWADCO |PWADCO
ADCO Window Comparator| 0x0043 8 (ADCOCN.1) Y 0 (EIEL2) |(EIP1.2)
Programmable Counter CF (PCAOCN.7) EPCAO |PPCAOQ
Array 0x0048 9 CCFn (PCAOCN.n) Y 0 (EIE1L.3) |(EIP1.3)
. ECPOF |PCPOF
Comparator 0 Falling Edge | 0x0053 10 |CPOFIF (CPTOCN.4) | Y 1 (EIEL4) |(EIP1.4)
. ECPOR |PCPOR
Comparator 0 Rising Edge |0x005B 11 |CPORIF (CPTOCN.5) | Y 1 (EIEL5) |(EIP1.5)
. ECP1F PCP1F
Comparator 1 Falling Edge |0x0063| 12 |CP1FIF (CPT1CN.4) | Y 2 (EIEL6) |(EIPL.6)
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SFR Definition 11.13. IP: Interrupt Priority

RIW RIW R/W R/W R/W R/W R/W R/W Reset Value
- - | P2 | Pso | PT1 | PX1 | PTO | PX0 |11000000
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bitl. Bit0 it

SFR Address: 0xB8
SFR Page: All Pages

Bits7—6: UNUSED. Read = 11b, Write = don't care.

Bit5: PT2: Timer 2 Interrupt Priority Control.
This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority.
1: Timer 2 interrupt set to high priority.

Bit4: PSO0: UARTO Interrupt Priority Control.
This bit sets the priority of the UARTO interrupt.
0: UARTO interrupt set to low priority.
1: UARTO interrupts set to high priority.

Bit3: PT1: Timer 1 Interrupt Priority Control.
This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt set to low priority.
1: Timer 1 interrupts set to high priority.

Bit2: PX1: External Interrupt 1 Priority Control.
This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority.
1: External Interrupt 1 set to high priority.

Bitl: PTO: Timer O Interrupt Priority Control.
This bit sets the priority of the Timer 0 interrupt.
0: Timer O interrupt set to low priority.
1: Timer O interrupt set to high priority.

Bit0: PXO0: External Interrupt O Priority Control.
This bit sets the priority of the External Interrupt O interrupt.
0: External Interrupt O set to low priority.
1: External Interrupt O set to high priority.

Addressable
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SFR Definition 11.15. EIE2: Extended Interrupt Enable 2

R/W

R/W R/W R/W R/W R/W R/W

R/W Reset Value

| Es1 | - [ EADC2 [EWADC2| ET4 [ EADCO | ET3 |00000000

Bit7

Bit7:
Bit6:

Bit5:
Bit4:

Bit3:

Bit2:

Bitl:

BitO:

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl

UNUSED. Read = 0b, Write = don't care.

ES1: Enable UARTL Interrupt.

This bit sets the masking of the UART1 interrupt.

0: Disable UART1 interrupts.

1. Enable UART1 interrupts.

UNUSED. Read = 0b, Write = don't care.

EADC2: Enable ADC2 End Of Conversion Interrupt.

This bit sets the masking of the ADC2 End of Conversion interrupt.

0: Disable ADC2 End of Conversion interrupts.

1: Enable ADC2 End of Conversion Interrupts.
EWADC2: Enable Window Comparison ADC?2 Interrupt.
This bit sets the masking of ADC2 Window Comparison interrupt.
0: Disable ADC2 Window Comparison Interrupts.

1: Enable ADC2 Window Comparison Interrupts.

ET4: Enable Timer 4 Interrupt

This bit sets the masking of the Timer 4 interrupt.

0: Disable Timer 4 interrupts.

1: Enable Timer 4 interrupts.

EADCO: Enable ADCO End of Conversion Interrupt.

This bit sets the masking of the ADCO End of Conversion Interrupt.

0: Disable ADCO End of Conversion Interrupts.
1: Enable ADCO End of Conversion Interrupts.
ET3: Enable Timer 3 Interrupt.

This bit sets the masking of the Timer 3 interrupt.
0: Disable Timer 3 interrupts.

1: Enable Timer 3 interrupts.

Bit0
SFR Address: OXE7
SFR Page: All Pages
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SFR Definition 12.10. MACOACCO: MACO Accumulator Byte O

R R R R R R R R Reset Value
\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x93
SFR Page: 3

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

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

SFR Definition 12.11. MACOOVR: MACO Accumulator Overflow

R R R R R R R R Reset Value
\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x97
SFR Page: 3

Bits 7-0: MACO Accumulator Overflow Bits (bits 39—-32).

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

SFR Definition 12.12. MACORNDH: MACO Rounding Register High Byte

R R R R R R R R Reset Value
| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OxCF
SFR Page: 3

Bits 7-0: High Byte (bits 15-8) of MACO Rounding Register.
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SFR Definition 14.6. PLLODIV: PLL Pre-divider

R/IW R/IW R/W R/IW R/W R/W R/IW R/IW Reset Value
- - | - | PLLM4 | PLLM3 | PLLM2 | PLLM1 | PLLMO |00000001
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x8D
SFR Page: F

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

Bits 4-0: PLLM4-0: PLL Reference Clock Pre-divider.
These bits select the pre-divide value of the PLL reference clock. When set to any non-zero
value, the reference clock will be divided by the value in PLLM4—0. When set to ‘00000b’,
the reference clock will be divided by 32.

SFR Definition 14.7. PLLOMUL: PLL Clock Scaler

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
PLLN7 | PLLN6 | PLLN5 | PLLN4 | PLLN3 | PLLN2 | PLLN1 | PLLNO |00000001
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: Ox8E
SFR Page: F

Bits 7—0: PLLN7-0: PLL Multiplier.
These bits select the multiplication factor of the divided PLL reference clock. When set to
any non-zero value, the multiplication factor will be equal to the value in PLLN7-0. When set
to ‘00000000b’, the multiplication factor will be equal to 256.
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—40 to +85 °C unless otherwise specified

Table 14.3. PLL Lock Timing Characteristics

Input Multiplier PIIOfIt Output Min Typ Max Units
Frequency (PlIOmul) Setting Frequency
20 OxO0F 100 MHz 202 Hs
13 O0xOF 65 MHz 115 Hs
16 Ox1F 80 MHz 241 MS
9 Ox1F 45 MHz 116 pS
> MHz 12 OX2F 60 MHz 258 us
6 Ox2F 30 MHz 112 Hs
10 Ox3F 50 MHz 263 us
5 0x3F 25 MHz 113 HS
4 0x01 100 MHz 42 uS
2 0x01 50 MHz 33 us
3 0x11 75 MHz 48 Hs
2 Ox11 50 MHz 17 Hs
25 MHz 7 0x21 50 MHz 42 IS
1 0x21 25 MHz 33 HS
2 0x31 50 MHz 60 Hs
1 0x31 25 MHz 25 us
196 Rev. 1.4 )
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15.2.1. Summary of Flash Security Options

There are three Flash access methods supported on the C8051F12x and C8051F13x devices; 1) Access-
ing Flash through the JTAG debug interface, 2) Accessing Flash from firmware residing below the Flash
Access Limit, and 3) Accessing Flash from firmware residing at or above the Flash Access Limit.

Accessing Flash through the JTAG debug interface:

1.

ok wd

8.

The Read and Write/Erase Lock bytes (security bytes) provide security for Flash access
through the JTAG interface.

Any unlocked page may be read from, written to, or erased.

Locked pages cannot be read from, written to, or erased.

Reading the security bytes is always permitted.

Locking additional pages by writing to the security bytes is always permitted.

If the page containing the security bytes is unlocked, it can be directly erased. Doing so will
reset the security bytes and unlock all pages of Flash.

If the page containing the security bytes is locked, it cannot be directly erased. To unlock the
page containing the security bytes, a full JTAG device erase is required. A full JTAG
device erase will erase all Flash pages, including the page containing the security bytes and
the security bytes themselves.

The Reserved Area cannot be read from, written to, or erased at any time.

Accessing Flash from firmware residing below the Flash Access Limit:

1.

2.

3.

4,

5.

The Read and Write/Erase Lock bytes (security bytes) do not restrict Flash access from user
firmware.

Any page of Flash except the page containing the security bytes may be read from, written to,
or erased.

The page containing the security bytes cannot be erased. Unlocking pages of Flash can
only be performed via the JTAG interface.

The page containing the security bytes may be read from or written to. Pages of Flash can be
locked from JTAG access by writing to the security bytes.

The Reserved Area cannot be read from, written to, or erased at any time.

Accessing Flash from firmware residing at or above the Flash Access Limit:

1.

ok w

The Read and Write/Erase Lock bytes (security bytes) do not restrict Flash access from user
firmware.

Any page of Flash at or above the Flash Access Limit except the page containing the security
bytes may be read from, written to, or erased.

Any page of Flash below the Flash Access Limit cannot be read from, written to, or erased.
Code branches to locations below the Flash Access Limit are permitted.

The page containing the security bytes cannot be erased. Unlocking pages of Flash can
only be performed via the JTAG interface.

The page containing the security bytes may be read from or written to. Pages of Flash can be
locked from JTAG access by writing to the security bytes.

The Reserved Area cannot be read from, written to, or erased at any time.
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17.6.1.2.8-bit MOVX without Bank Select: EMIOCF[4:2] = ‘101’ or ‘111’.

Nonmuxed 8-bit WRITE without Bank Select

ADDR[15:8] P1/P5
ADDRI[7:0] P2/P6 EMIF ADDRESS (8 LSBs) from RO or R1 P2/P6
DATA[7:0] P3/P7 EMIF WRITE DATA P3/P7
< T Ple—T —>
WDS WDH
T T T
€ ACS"“* ACW—P€¢—— ACH—>
IWR  P0.7/P4.7 \ / PO.7/P4.7
/RD  PO0.6/P4.6 P0.6/P4.6

Nonmuxed 8-bit READ without Bank Select

ADDR[15:8] P1/P5
ADDRI[7:0] P2/P6 EMIF ADDRESS (8 LSBs) from RO or R1 P2/P6
DATA[7:0] P3/P7 EMIF READ DATA P3/P7
«—T  —eT
RDS RDH
T T T
<€—— ACS ACW—P»€&—— ACH—»
/RD  PO0.6/P4.6 \ / P0.6/P4.6
IWR  P0.7/P4.7 PO.7/P4.7

Figure 17.5. Non-multiplexed 8-bit MOVX without Bank Select Timing
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SFR Definition 18.19. P7: Port7 Data

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
P7.7 P76 | P75 | P74 | P73 | P72 | P71 | P70 |11111111
. . . . . . . . Bit
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable
SFR Address: OxF8
SFR Page: F

Bits7—0: P7.[7:0]: Port7 Output Latch Bits.
Write - Output appears on I/O pins.
0: Logic Low Output.
1: Logic High Output (Open-Drain if corresponding P7MDOUT bit = 0). See SFR Definition
18.20.
Read - Returns states of I/O pins.
0: P7.n pin is logic low.
1: P7.n pin is logic high.

Note: P7.[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.

SFR Definition 18.20. P7TMDOUT: Port7 Output Mode

R/W R/W R/W R/W R/W R/IW R/W R/W Reset Value
| \ \ | \ \ | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x9F
SFR Page: F

Bits7-0: P7MDOUT.[7:0]: Port7 Output Mode Bits.
0: Port Pin output mode is configured as Open-Drain.
1. Port Pin output mode is configured as Push-Pull.
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SFR Definition 19.1. SMBOCN: SMBusO0 Control

R R/W R/W R/W R/W R/W R/W R/W Reset Value
BUSY |ENSMB | STA | STO | sSI | AA | FTE | TOE |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 AddreBsitsabIe
SFR Address: 0xCO
SFR Page: 0
Bit7: BUSY: Busy Status Flag.

0: SMBusO is free
1. SMBusO is busy

Bit6: ENSMB: SMBus Enable.
This bit enables/disables the SMBus serial interface.
0: SMBusO disabled.
1: SMBusO0 enabled.

Bit5: STA: SMBus Start Flag.
0: No START condition is transmitted.
1: When operating as a master, a START condition is transmitted if the bus is free. (If the
bus is not free, the START is transmitted after a STOP is received.) If STA is set after one or
more bytes have been transmitted or received and before a STOP is received, a repeated
START condition is transmitted.

Bit4: STO: SMBus Stop Flag.
0: No STOP condition is transmitted.
1: Setting STO to logic 1 causes a STOP condition to be transmitted. When a STOP condi-
tion is received, hardware clears STO to logic 0. If both STA and STO are set, a STOP con-
dition is transmitted followed by a START condition. In slave mode, setting the STO flag
causes SMBus to behave as if a STOP condition was received.

Bit3: Sl: SMBus Serial Interrupt Flag.
This bit is set by hardware when one of 27 possible SMBusO states is entered. (Status code
0xF8 does not cause Sl to be set.) When the Sl interrupt is enabled, setting this bit causes
the CPU to vector to the SMBus interrupt service routine. This bit is not automatically
cleared by hardware and must be cleared by software.

Bit2: AA: SMBus Assert Acknowledge Flag.
This bit defines the type of acknowledge returned during the acknowledge cycle on the SCL
line.
0: A "not acknowledge" (high level on SDA) is returned during the acknowledge cycle.
1: An "acknowledge" (low level on SDA) is returned during the acknowledge cycle.

Bit1: FTE: SMBus Free Timer Enable Bit
0: No timeout when SCL is high
1: Timeout when SCL high time exceeds limit specified by the SMBOCR value.

Bit0: TOE: SMBus Timeout Enable Bit
0: No timeout when SCL is low.
1: Timeout when SCL low time exceeds limit specified by Timer 3, if enabled.
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20.1. Signal Descriptions
The four signals used by SPI0 (MOSI, MISO, SCK, NSS) are described below.

20.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It
is used to serially transfer data from the master to the slave. This signal is an output when SPIO is operat-
ing as a master and an input when SPIO is operating as a slave. Data is transferred most-significant bit
first. When configured as a master, MOSI is driven by the MSB of the shift register in both 3- and 4-wire
mode.

20.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to the master device.
It is used to serially transfer data from the slave to the master. This signal is an input when SPIO0 is operat-
ing as a master and an output when SPIO is operating as a slave. Data is transferred most-significant bit
first. The MISO pin is placed in a high-impedance state when the SPI module is disabled and when the SPI
operates in 4-wire mode as a slave that is not selected. When acting as a slave in 3-wire mode, MISO is
always driven by the MSB of the shift register.

20.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an input to slave devices. It is used
to synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPIO gen-
erates this signal when operating as a master. The SCK signal is ignored by a SPI slave when the slave is
not selected (NSS = 1) in 4-wire slave mode.

20.1.4. Slave Select (NSS)

The function of the slave-select (NSS) signal is dependent on the setting of the NSSMD1 and NSSMDO
bits in the SPIOCN register. There are three possible modes that can be selected with these bits:

1. NSSMDJ[1:0] = 00: 3-Wire Master or 3-Wire Slave Mode: SPIO operates in 3-wire mode, and
NSS is disabled. When operating as a slave device, SPIO is always selected in 3-wire mode.
Since no select signal is present, SPI0 must be the only slave on the bus in 3-wire mode. This
is intended for point-to-point communication between a master and one slave.

2. NSSMDJ[1:0] = 01: 4-Wire Slave or Multi-Master Mode: SPIO operates in 4-wire mode, and
NSS is enabled as an input. When operating as a slave, NSS selects the SPIO device. When
operating as a master, a 1-to-0 transition of the NSS signal disables the master function of
SPI0 so that multiple master devices can be used on the same SPI bus.

3. NSSMDJ[1:0] = 1x: 4-Wire Master Mode: SPIO operates in 4-wire mode, and NSS is enabled as
an output. The setting of NSSMDO determines what logic level the NSS pin will output. This
configuration should only be used when operating SPI0 as a master device.

See Figure 20.2, Figure 20.3, and Figure 20.4 for typical connection diagrams of the various operational
modes. Note that the setting of NSSMD bits affects the pinout of the device. When in 3-wire master or
3-wire slave mode, the NSS pin will not be mapped by the crossbar. In all other modes, the NSS signal will
be mapped to a pin on the device. See Section “18. Port Input/Output” on page 235 for general purpose
port 1/O and crossbar information.
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Table 21.2. Oscillator Frequencies for Standard Baud Rates

System Clock

Timer 1 Reload

Timer 2, 3, or

Frequency (MHz) Divide Factor Valuel 4\|ja8||lj):d Resulting Baud Rate (Hz)?

100.0 864 OxCA OxFFCA 115200 (115741)
99.5328 864 OxCA OxFFCA 115200

50.0 432 OxE5 OxFFES5 115200 (115741)
49.7664 432 OxE5 OxFFES5 115200

24.0 208 OxF3 OXFFF3 115200 (115384)
22.1184 192 OxF4 OxFFF4 115200
18.432 160 OxF6 OxFFF6 115200
11.0592 96 OxFA OxFFFA 115200
3.6864 32 OxFE OxFFFE 115200
1.8432 16 OxFF OxFFFF 115200

100.0 3472 0x27 OxFF27 28800 (28802)
99.5328 3456 0x28 OxFF28 28800

50.0 1744 0x93 OxFF93 28800 (28670)
49.7664 1728 0x94 OxFF94 28800

24.0 832 OxCC OxFFCC 28800 (28846)
22.1184 768 0xDO OxFFDO 28800
18.432 640 0xD8 OxFFD8 28800
11.0592 348 OxE8 OxFFES8 28800
3.6864 128 OxF8 OxFFF8 28800
1.8432 64 OxFC OXFFFC 28800

100.0 10416 - OxFD75 9600 (9601)
99.5328 10368 - OxFD78 9600

50.0 5216 - OxFEBA 9600 (9586)
49.7664 5184 - OxFEBC 9600

24.0 2496 0x64 OxFF64 9600 (9615)
22.1184 2304 0x70 OxFF70 9600
18.432 1920 0x88 OxFF88 9600
11.0592 1152 0xB8 OxFFB8 9600
3.6864 384 OxES8 OxFFES8 9600
1.8432 192 OxF4 OxFFF4 9600

Notes:

1. Assumes SMODO =1 and T1M = 1.
2. Numbers in parenthesis show the actual baud rate.
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23.2.4. Toggle Output Mode (Timer 2 and Timer 4 Only)

Timers 2 and 4 have the capability to toggle the state of their respective output port pins (T2 or T4) to pro-
duce a 50% duty cycle waveform output. The port pin state will change upon the overflow or underflow of
the respective timer (depending on whether the timer is counting up or down). The toggle frequency is
determined by the clock source of the timer and the values loaded into RCAPnH and RCAPnL. When
counting DOWN, the auto-reload value for the timer is OxFFFF, and underflow will occur when the value in
the timer matches the value stored in RCAPnH:RCAPNL. When counting UP, the auto-reload value for the
timer is RCAPnH:RCAPNL, and overflow will occur when the value in the timer transitions from OxFFFF to
the reload value.

To output a square wave, the timer is placed in reload mode (the Capture/Reload Select Bit in TMRNCN
and the Timer/Counter Select Bit in TMRNCN are cleared to ‘0’). The timer output is enabled by setting the
Timer Output Enable Bit in TMRNCF to ‘1. The timer should be configured via the timer clock source and
reload/underflow values such that the timer overflow/underflows at 1/2 the desired output frequency. The
port pin assigned by the crossbar as the timer’s output pin should be configured as a digital output (see
Section “18. Port Input/Output” on page 235). Setting the timer’s Run Bit (TRn) to ‘1’ will start the toggle
of the pin. A Read/Write of the Timer’s Toggle Output State Bit (TMRNCF.2) is used to read the state of the
toggle output, or to force a value of the output. This is useful when it is desired to start the toggle of a pin in
a known state, or to force the pin into a desired state when the toggle mode is halted.

Equation 23.1. Square Wave Frequency (Timer 2 and Timer 4 Only)

I:TCLK

Fsq = 2% (65536 — RCAPN)
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Table 24.2. PCAOCPM Register Settings for PCA Capture/Compare Modules

PWM16 | ECOM | CAPP | CAPN| MAT | TOG | PWM | ECCF Operation Mode
X X 1 0 0 0 0 X Capture triggered by positive edge
on CEXn
Capture triggered by negative
X X 0 1 0 0 0 X edge on CEXn
X X 1 1 0 0 0 X Capture triggered by transition on
CEXn
X 1 0 0 1 0 0 X Software Timer
X 1 0 0 1 1 0 X High Speed Output
X 1 0 0 0 1 1 X Frequency Output
0 1 0 0 0 0 1 0 8-Bit Pulse Width Modulator
1 1 0 0 0 0 1 0 16-Bit Pulse Width Modulator
X = Don’t Care

24.2.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes PCAOQ to capture the value of the PCAO counter/
timer and load it into the corresponding module's 16-bit capture/compare register (PCAOCPLn and
PCAOCPHN). The CAPPn and CAPNn bits in the PCAOCPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge),
or either transition (positive or negative edge). When a capture 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.

PCA Interrupt

PCAOCPMn
P[E[C[CIM[T]PIE 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 F|R[C|C|C|C|C|C
1|M|PIN|n|n|n[F F|F|F|F|F|F
6[n[nfn n 51413|2|1(0
n

PCAOCPLN PCAOCPHnN

N | f ﬁ
| 1
Port I/O IX’—i Crossbar IC&[ I Capturg, :ﬂ
' | AN o | |
— o

PCA
ZA—»b  PCAOL PCAOH

%_
Ojj
to CCFn

Figure 24.4. PCA Capture Mode Diagram

Note: The signal at CEXn must be high or low for at least 2 system clock cycles in order to be valid.
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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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25.3. Debug Support

Each MCU has on-chip JTAG and debug logic that provides non-intrusive, full speed, in-circuit debug sup-
port using the production part installed in the end application, via the four pin JTAG I/F. Silicon Labs' debug
system supports inspection and modification of memory and registers, breakpoints, and single stepping.
No additional target RAM, program memory, or communications channels are required. All the digital and
analog peripherals are functional and work correctly (remain synchronized) while debugging. The Watch-
dog Timer (WDT) is disabled when the MCU is halted during single stepping or at a breakpoint.

The C8051F120DK is a development kit with all the hardware and software necessary to develop applica-
tion code and perform in-circuit debug with each MCU in the C8051F12x and C8051F13x device families.
Each kit includes development software for the PC, a Serial Adapter (for connection to JTAG) and a target
application board with a C8051F120 installed. Serial cables and wall-mount power supply are also
included.
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