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Figure 5.2. 16-bit ADCO and ADC1 Data Path Diagram

5.1. Single-Ended or Differential Operation

ADCO and ADC1 can be programmed to operate independently as single-ended ADCs, or together to
accept a differential input. In single-ended mode, the ADCs can be configured to sample simultaneously, or
to use different conversion speeds. In differential mode, ADC1 is a slave to ADCO, and its configuration is
based on ADCO settings, except during offset or gain calibrations. The DIFFSEL bit in the Channel Select
Register AMXOSL (Figure 5.6) selects between single-ended and differential mode.

5.1.1. Pseudo-Differential Inputs

The inputs to the ADCs are pseudo-differential. The actual voltage measured by each ADC is equal to the
voltage between the AINn pin and the AINNnG pin. AINNG must be a DC signal between -0.2 and 0.6 V. In
most systems, AINNG will be connected to AGND. If not tied to AGND, the AINnG signal can be used to
negate a limited amount of fixed offset, but it is recommended that the internal offset calibration features of
the device be used for this purpose. When operating in differential mode, AINOG and AIN1G should be tied
together. AINn must remain above AINNnG in both modes for accurate conversion results.
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5.3.3. Settling Time Requirements

The ADC requires a minimum tracking time before an accurate conversion can be performed. This tracking
time is determined by the ADC input resistance, the ADC sampling capacitance, any external source resis-
tance, and the accuracy required for the conversion. Figure 5.5 shows the equivalent ADC input circuits for
both Differential and Single-ended modes. Notice that the equivalent time constant for both input circuits is
the same. The required settling time for a given settling accuracy (SA) may be approximated by
Equation 5.1. An absolute minimum tracking time of 280 ns is required prior to the start of a conversion.

2n
t= |”(§'A) X RroraLCsampLE

Equation 5.1. ADCO Settling Time Requirements

Where:

SA is the settling accuracy, given as a fraction of an LSB (for example, 0.25 to settle within 1/4 LSB)
tis the required settling time in seconds

RroTaL is the sum of the ADC input resistance and any external source resistance.

n is the ADC resolution in bits (16).

Differential Mode Single-Ended Mode

AINO

ANo [ o [X]
Ry =30 2 AIN1 R,y =30 2
Csampie = 80PF T c

sawpLe = 80PF

= * = *
Rclnput_ RAIN CSAMF’LE RCInput_ RAIN CSAMF’LE

AN [<] T

Ry =30 2

CsampLe = 80PF

Figure 5.5. ADCO and ADC1 Equivalent Input Circuits
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6.2.

DMA instructions can request single-ended data from both ADCO and ADC1, as well as the differential
combination of the two ADC inputs. The instruction format is identical to the DMAOIDT register, shown in
Figure 6.7. Depending on which bits are set to ‘1’ in the instruction word, either 2 or 4 bytes of data will be
written to XRAM for each DMA instruction cycle (excluding End-Of-Operation instructions). Table 6.1
details all of the valid DMA instructions. Instructions not listed in the table are not valid DMA instructions,
and should not be used. Note that the ADCs can be independently controlled by the microcontroller when
their outputs are not requested by the DMA.

DMADO Instruction Format

Table 6.1. DMAO Instruction Set

. . : Second Data
Instruction - First Data Written .
Word Description to XRAM (2 bytes) Written to XRAM
(2 bytes)
00000000b | End-Of-Operation none none
10000000b | End-Of-Operation with Continuous Conversion none none
x0010000b | Retrieve ADCO Data ADCOH:ADCOL none
x0100000b | Retrieve ADC1 Data ADC1H:ADC1L none
x0110000b |Retrieve ADCO and ADC1 Data ADCOH:ADCOL ADC1H:ADC1L
ADCOH:ADCOL
x10x0000b | Retrieve Differential Data (differential result none
from both ADCs)
ADCOH:ADCOL
x11x0000b | Retrieve Differential and ADC1 Data (differential result ADC1H:ADCI1L
from both ADCs)
6.3. XRAM Addressing and Setup

The DMA Interface can be configured to access either on-chip or off-chip XRAM. Any writes to on-chip
XRAM by the DMA Control Logic occur when the processor core is not accessing the on-chip XRAM. This
ensures that the DMA will not interfere with processor instruction timing.

Off-chip XRAM access (only available on the C8051F060/2/4/6) is controlled by the DMAOHLT bit in
DMAOCF (DMA Configuration Register, Figure 6.5). The DMA will have full access to off-chip XRAM when
this bit is ‘0", and the processor core will have full access to off-chip XRAM when this bit is ‘1’. The
DMAOHLT bit should be controlled in software when both the processor core and the DMA Interface
require access to off-chip XRAM data space. Before setting DMAOHLT to ‘1’, the software should check the
DMAOXBY bit to ensure that the DMA is not currently accessing off-chip XRAM. The processor core can-
not access off-chip XRAM while DMAOHLT is ‘0’. The processor will continue as though it was able to per-
form the desired memory access, but the data will not be written to or read from off-chip XRAM. When the
processor core is finished accessing off-chip XRAM, DMAQOHLT should be set back to ‘0’in software to
return control to the DMA Interface. The DMA Control Logic will wait until DMAQHLT is ‘O’ before writing
data to off-chip XRAM. If new data becomes available to the DMA Interface before the previous data has
been written, an overflow condition will occur, and the new data word may be lost.

The Data Address Pointer Registers (DMAODSH and DMAODSL) contain the 16-bit XRAM address loca-
tion where the DMA interface will write data. When the DMA is initially enabled, the DMA Data Address

76 Rev. 1.2
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Figure 7.8. ADC2H: ADC2 Data Word MSB Register

SFR Page: 2
SFR Address: OxBF

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 Bit1 Bit0

Bits7-0: ADC2 Data Word High-Order Bits.
For AD2LJST = 0: Bits 7-2 are the sign extension of Bit 1. Bits 1-0 are the upper 2 bits of the
10-bit ADC2 Data Word.
For AD2LJST = 1: Bits 7-0 are the most-significant bits of the 10-bit ADC2 Data Word.

Figure 7.9. ADC2L: ADC2 Data Word LSB Register

SFR Page: 2
SFR Address: OXxBE

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: ADC2 Data Word Low-Order Bits.
For AD2LJST = 0: Bits 7-0 are the lower 8 bits of the 10-bit Data Word.
For AD2LJST = 1: Bits 7-6 are the lower 2 bits of the 10-bit Data Word. Bits 5-0 will always
read ‘0’
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Figure 7.10. ADC2CN: ADC2 Control Register

SFR Page: 2

SFR Address: OXE8 (bit addressable)
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
AD2EN AD2TM | AD2INT |ADZBUSY| AD2CM1 | AD2CMO | AD2WINT | AD2LJST | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bit 7: AD2EN: ADC2 Enable Bit.
0: ADC2 Disabled. ADC?2 is in low-power shutdown.
1: ADC2 Enabled. ADC2 is active and ready for data conversions.
Bit6: AD2TM: ADC2 Track Mode Bit.
0: Normal Track Mode: When ADC2 is enabled, tracking is continuous unless a conversion
is in progress.
1: Low-power Track Mode: Tracking Defined by AD2CM2-0 bits (see below).
Bit5: AD2INT: ADC2 Conversion Complete Interrupt Flag.
0: ADC2 has not completed a data conversion since the last time AD2INT was cleared.
1: ADC2 has completed a data conversion.
Bit 4: AD2BUSY: ADC2 Busy Bit.
Read:
0: ADC2 conversion is complete or a conversion is not currently in progress. AD2INT is set
to logic 1 on the falling edge of AD2BUSY.
1: ADC2 conversion is in progress.
Write:
0: No Effect.
1: Initiates ADC2 Conversion if AD2CM2-0 = 000b
Bits 3-2:  AD2CM1-0: ADC2 Start of Conversion Mode Select.
When AD2TM = 0:
00: ADC2 conversion initiated on every write of ‘1’ to AD2BUSY.
01: ADC2 conversion initiated on overflow of Timer 3.
10: ADC2 conversion initiated on rising edge of external CNVSTR2 pin.
11: ADC2 conversion initiated on overflow of Timer 2.
When AD2TM = 1:
00: Tracking initiated on write of ‘1’ to AD2BUSY and lasts 3 SAR clocks, followed by con-
version.
01: Tracking initiated on overflow of Timer 3 and lasts 3 SAR clocks, followed by conver-
sion.
10: ADC2 tracks only when CNVSTR2 input is logic low; conversion starts on rising
CNVSTR2 edge.
11: Tracking initiated on overflow of Timer 2 and lasts 3 SAR clocks, followed by conversion.
Bit 1: AD2WINT: ADC2 Window Compare Interrupt Flag.
0: ADC2 Window Comparison Data match has not occurred since this flag was last cleared.
1: ADC2 Window Comparison Data match has occurred.
Bit O: AD2LJST: ADC2 Left Justify Select.
0: Data in ADC2H:ADC2L registers are right-justified.
1: Data in ADC2H:ADC2L registers are left-justified.
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7.3. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADC2 output registers to user-pro-
grammed limits, and notifies the system when a desired condition is detected. This is especially effective in
an interrupt-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 (ADC2GTH, ADC2GTL) and Less-Than (ADC2LTH, ADC2LTL)
registers hold the comparison values. The window detector flag can be programmed to indicate when mea-
sured data is inside or outside of the user-programmed limits, depending on the contents of the ADC2
Less-Than and ADC2 Greater-Than registers.

Figure 7.11. ADC2GTH: ADC2 Greater-Than Data High Byte Register

SFR Page: 2
SFR Address: 0OxC5

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

Bits7-0: High byte of ADC2 Greater-Than Data Word.

Figure 7.12. ADC2GTL: ADC2 Greater-Than Data Low Byte Register

SFR Page: 2
SFR Address: 0xC4

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

Bits7-0: Low byte of ADC2 Greater-Than Data Word.
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While in the ADC2 ISR, a PCA interrupt occurs. Recall the PCA interrupt is configured as a high priority
interrupt, while the ADC2 interrupt is configured as a low priority interrupt. Thus, the CIP-51 will now vector
to the high priority PCA ISR. Upon doing so, the CIP-51 will automatically place the SFR page needed to
access the PCA's special function registers into the SFRPAGE register, SFR Page 0x00. The value that
was in the SFRPAGE register before the PCA interrupt (SFR Page 2 for ADC2) is pushed down the stack
into SFRNEXT. Likewise, the value that was in the SFRNEXT register before the PCA interrupt (in this
case SFR Page OxOF for Port 5) is pushed down to the SFRLAST register, the “bottom” of the stack. Note
that a value stored in SFRLAST (via a previous software write to the SFRLAST register) will be overwritten.
See Figure 13.6 below.

Figure 13.6. SFR Page Stack Upon PCA Interrupt Occurring During an ADC2 ISR

SFR Page 0x00
Automatically
pushed on stack in
SFRPAGE on PCA

/ interrupt

! oxo00
«  SFRPAGE
SFRPAGE (PCA)
pushed to
SFRNEXT 0x02
«  SFRNEXT
(ADC2)
SFRNEXT
perer 0x0F
« » SFRLAST
(Port 5)
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Table 13.3. Special Function Registers (Continued)

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

Register Address SFR Page | Description Page No.
TMRA4L 0xCC 2 Timer/Counter 4 Low page 301
WDTCN OxFF All Pages | Watchdog Timer Control page 167
XBRO OxE1 F Port I/O Crossbar Control 0 page 210
XBR1 OxE2 F Port I/O Crossbar Control 1 page 211
XBR2 OxE3 F Port 1/0 Crossbar Control 2 page 212
XBR3 OxE4 F Port I/O Crossbar Control 3 page 213

*1 Refers to a register in the C8051F060/2/4/6 only.
*2 Refers to a register in the C8051F060/2 only.
*3 Refers to a register in the C8051F061/3 only.
*4 Refers to a register in the C8051F060/1/2/3 only.
"> Refers to a register in the C8051F064/5/6/7 only.
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Figure 13.16. PSW: Program Status Word

R/W R/IW R/W R/W R/W R/W R/W R/W Reset Value

cY AC | FO | RS1 | RSO | ov | F1 | PARITY | 00000000
. . . . . . . . Bit

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0xD0O
SFR Page: All Pages

Bit7: CY: Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow
(subtraction). It is cleared to O by all other arithmetic operations.

Bit6: AC: Auxiliary Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a bor-
row from (subtraction) the high order nibble. It is cleared to 0 by all other arithmetic opera-
tions.

Bit5: FO: User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.

Bits4-3: RS1-RSO0: Register Bank Select.
These bits select which register bank is used during register accesses.

RS1 RSO Register Bank Address
0 0 0 0x00 - 0x07
0 1 1 0x08 - OxOF
1 0 2 0x10 - Ox17
1 1 3 0x18 - Ox1F
Bit2: QV: Overflow Flag.

This bit is set to 1 under the following circumstances:
» An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
» A MUL instruction results in an overflow (result is greater than 255).
» A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other
cases.
Bitl: F1: User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.
BitO: PARITY: Parity Flag.
This bit is set to 1 if the sum of the eight bits in the accumulator is odd and cleared if the sum
is even.
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Figure 13.21. EIE1: Extended Interrupt Enable 1

R/W

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

R/W

Reset Value

EADCO

CP2IE | CPLEE | CPOIE | EPCAO0 | EWADCO | ESMBO | ESPIO

00000000

Bit7

Bit7:

Bit6:

Bit6:

Bit6:

Bit3:

Bit2:

Bitl:

BitO:

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl

SFR Address: OXE6
SFR Page: All Pages

EADCO: Enable ADCO End of Conversion Interrupt.
This bit sets the masking of the ADCO End of Conversion Interrupt.
0: Disable ADCO Conversion Interrupt.

Bit0

1: Enable interrupt requests generated by the ADC1 Conversion Interrupt.

CP2IE: Enable Comparator (CP2) Interrupt.

This bit sets the masking of the CP2 interrupt.

0: Disable CP2 interrupts.

1: Enable interrupt requests generated by the CP2IF flag.
CP1IE: Enable Comparator (CP1) Interrupt.

This bit sets the masking of the CP1 interrupt.

0: Disable CP1 interrupts.

1: Enable interrupt requests generated by the CP1IF flag.
CPOIE: Enable Comparator (CPO) Interrupt.

This bit sets the masking of the CPO interrupt.

0: Disable CPO interrupts.

1: Enable interrupt requests generated by the CPOIF flag.
EPCAOQ: Enable Programmable Counter Array (PCAOQ) Interrupt.
This bit sets the masking of the PCAO interrupts.

0: Disable all PCAOQ interrupts.

1: Enable interrupt requests generated by PCAO.

EWADCO: Enable Window Comparison ADCO Interrupt.

This bit sets the masking of ADCO Window Comparison interrupt.
0: Disable ADCO Window Comparison Interrupt.

1: Enable Interrupt requests generated by ADCO Window Comparisons.
ESMBO: Enable System Management Bus (SMBusO) Interrupt.
This bit sets the masking of the SMBus interrupt.

0: Disable all SMBus interrupts.

1: Enable interrupt requests generated by the Sl flag.

ESPI0: Enable Serial Peripheral Interface (SPIO) Interrupt.

This bit sets the masking of SPI0 interrupt.

0: Disable all SPIO interrupts.

1: Enable Interrupt requests generated by the SPIO flag.
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16. Flash Memory

The C8051F060/1/2/3/4/5/6/7 devices include on-chip, reprogrammable Flash memory for program code
and non-volatile data storage. The C8051F060/1/2/3/4/5 include 64 k + 128 bytes of Flash, and the
C8051F066/7 include 32 k + 128 bytes of Flash. The Flash memory can be programmed in-system, a sin-
gle byte at a time, through the JTAG interface or by software using the MOVX write instructions. Once
cleared to logic 0, a Flash bit must be erased to set it back to logic 1. The bytes would typically be erased
(set to OxFF) before being reprogrammed. Flash write and erase operations are automatically timed by
hardware for proper execution; data polling to determine the end of the write/erase operation is not
required. The CPU is stalled during write/erase operations while the device peripherals remain active.
Interrupts that occur during Flash write/erase operations are held, and are then serviced in their priority
order once the Flash operation has completed. Refer to Table 16.1 for the electrical characteristics of the
Flash memory.

16.1. Programming The Flash Memory

The simplest means of programming the Flash memory is through the JTAG interface using programming
tools provided by Silicon Labs or a third party vendor. This is the only means for programming a non-initial-
ized device. For details on the JTAG commands to program Flash memory, see Section “26. JTAG (IEEE
1149.1)” on page 317.

The Flash memory can be programmed from software using the MOVX write instruction with the address
and data byte to be programmed provided as normal operands. Before writing to Flash memory using
MOVX, Flash write operations must be enabled by setting the PSWE Program Store Write Enable bit
(PSCTL.0) to logic 1. This directs the MOVX writes to Flash memory instead of to XRAM, which is the
default target. The PSWE bit remains set until cleared by software. To avoid errant Flash writes, it is rec-
ommended that interrupts be disabled while the PSWE bit is logic 1.

Flash memory is read using the MOVC instruction. MOVX reads are always directed to XRAM, regardless
of the state of PSWE.

NOTE: To ensure the integrity of Flash memory contents, it is strongly recommended that the on-
chip VDD monitor be enabled by connecting the VDD monitor enable pin (MONEN) to VDD and set-
ting the PORSF bit in the RSTSRC register to ‘1’ in any system that writes and/or erases Flash
memory from software. See “Reset Sources” on page 163 for more information.

A write to Flash memory can clear bits but cannot set them; only an erase operation can set bits in Flash.
A byte location to be programmed must be erased before a new value can be written. The Flash
memory is organized in 512-byte pages. The erase operation applies to an entire page (setting all bytes in
the page to OxFF). The following steps illustrate the algorithm for programming Flash from user software.

Step 1. Disable interrupts.
Step 2. Set FLWE (FLSCL.0) to enable Flash writes/erases via user software.

Step 3. Set PSEE (PSCTL.1) to enable Flash erases.

Step 4. Set PSWE (PSCTL.0) to redirect MOVX commands to write to Flash.

Step 5. Use the MOVX command to write a data byte to any location within the 512-byte page to
be erased.

Step 6. Clear PSEE to disable Flash erases

Step 7. Use the MOVX command to write a data byte to the desired byte location within the
erased 512-byte page. Repeat this step until all desired bytes are written (within the target
page).
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16.3.1. Summary of Flash Security Options

There are three Flash access methods supported on the C8051F060/1/2/3/4/5/6/7; 1) Accessing 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.

S L S SR

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.

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.

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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17.5.3. Split Mode with Bank Select

When EMIOCF.[3:2] are set to ‘10, the XRAM memory map is split into two areas, on-chip space and off-
chip space.

Effective addresses below the 4 kB boundary will access on-chip XRAM space.

Effective addresses beyond the 4 kB boundary will access off-chip space.

8-bit MOVX operations use the contents of EMIOCN to determine whether the memory access is on-
chip or off-chip. The upper 8-bits of the Address Bus A[15:8] are determined by EMIOCN, and the lower
8-bits of the Address Bus A[7:0] are determined by RO or R1. All 16-bits of the Address Bus A[15:0] are
driven in “Bank Select” mode.

16-bit MOVX operations use the contents of DPTR to determine whether the memory access is on-
chip or off-chip, and the full 16-bits of the Address Bus A[15:0] are driven during the off-chip transac-
tion.

17.5.4. External Only

When EMIOCF[3:2] are set to ‘11’, all MOVX operations are directed to off-chip space. On-chip XRAM is
not visible to the CPU. This mode is useful for accessing off-chip memory located between 0x0000 and the
4 kB boundary.

8-bit MOVX operations ignore the contents of EMIOCN. The upper Address bits A[15:8] are not driven
(identical behavior to an off-chip access in “Split Mode without Bank Select” described above). This
allows the user to manipulate the upper address bits at will by setting the Port state directly. The lower
8-bits of the effective address A[7:0] are determined by the contents of RO or R1.

16-bit MOVX operations use the contents of DPTR to determine the effective address A[15:0]. The full
16-bits of the Address Bus A[15:0] are driven during the off-chip transaction.
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28 SMBusO states, along with their corresponding status codes, are given in Table 1.1.

Figure 20.12. SMBOSTA: SMBusO Status Register

R/W R/IW R/W R/W R/W R/W R/W R/W Reset Value
STA7 STA6 | STA5 | STA4 | STA3 | STA2 | STAl | STA0 | 11111000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xC1
SFR Page: 0

Bits7-3: STA7-STA3: SMBusO Status Code.
These bits contain the SMBusO0 Status Code. There are 28 possible status codes; each sta-
tus code corresponds to a single SMBus state. A valid status code is present in SMBOSTA
when the Sl flag (SMBOCN.3) is set to logic 1. The content of SMBOSTA is not defined when
the Sl flag is logic 0. Writing to the SMBOSTA register at any time will yield indeterminate
results.

Bits2-0: STA2-STAO: The three least significant bits of SMBOSTA are always read as logic 0 when
the Sl flag is logic 1.
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Figure 21.10. SPIOCKR: SPIO Clock Rate Register

R/W RIW RIW RIW R/W RIW R/W RIW Reset Value
SCR7 SCR6 | SCR5 | SCR4 | SCR3 | SCR2 | SCR1 | SCRO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x9D
SFR Page: 0

Bits 7-0: SCR7-SCRO: SPIO Clock Rate.
These bits determine the frequency of the SCK output when the SP10 module is configured
for master mode operation. The SCK clock frequency is a divided version of the system
clock, and is given in the following equation, where SYSCLK is the system clock frequency
and SPIOCKR is the 8-bit value held in the SPIOCKR register.

(- SYSCLK
SCK ™ 2x (SPIOCKR + 1)

for 0 <= SPIOCKR <= 255

Example: If SYSCLK = 2 MHz and SPIOCKR = 0x04,

¢ _ _2000000
SCK ™ 2% (4+1)

foex = 200kHZ

260 Rev. 1.2
SILICON LABS



C8051F060/1/2/3/415/6/7

The C/TO bit (TMOD.2) selects the counter/timer's clock source. When C/TO is set to logic 1, high-to-low
transitions at the selected Timer O input pin (TO) increment the timer register (Refer to Section
“18.1. Ports 0 through 3 and the Priority Crossbar Decoder” on page 205 for information on selecting and
configuring external 1/0 pins). Clearing C/T selects the clock defined by the TOM bit (CKCON.3). When
TOM is set, Timer 0O is clocked by the system clock. When TOM is cleared, Timer 0 is clocked by the source
selected by the Clock Scale bits in CKCON (see Figure 24.6).

Setting the TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or the input signal
/INTO is logic-level 1. Setting GATEO to ‘1’ allows the timer to be controlled by the external input signal /
INTO (see Section “13.3.5. Interrupt Register Descriptions” on page 154), facilitating pulse width measure-

ments.
TRO GATEO /INTO Counter/Timer
0 X X Disabled
1 0 X Enabled
1 1 0 Disabled
1 1 1 Enabled
X =Don't Care

Setting TRO does not force the timer to reset. The timer registers should be loaded with the desired initial
value before the timer is enabled.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TLO and THO.
Timer 1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The
input signal /INT1 is used with Timer 1.

Pre-scaled Clock

SYSCLK

Figure 24.1. TO Mode 0 Block Diagram

CKCON TMOD
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1 3|

T TFL
T0— i TRL
| | TLO THO q TI'Fg — Interrupt
; ; TR
: | (5bits) | (8 bits) zE] v
| ' o[ 1Tt
| Crossbar ! O[IE0
| : IT0
|
|
|
|
|
|
/INTO—] |
_____ J
®
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24.2.3. Auto-Reload Mode

In Auto-Reload Mode, the counter/timer can be configured to count up or down and cause an interrupt/flag
to occur upon an overflow/underflow event. When counting up, the counter/timer will set its overflow/under-
flow flag (TFn) and cause an interrupt (if enabled) upon overflow/underflow, and the values in the Reload/
Capture Registers (RCAPnH and RCAPnNL) are loaded into the timer and the timer is restarted. When the
Timer External Enable Bit (EXENN) bit is set to ‘1’ and the Decrement Enable Bit (DCENN) is ‘0’, a falling
edge (‘1’-to-'0’ transition) on the TnEX pin (configured as an input in the digital crossbar) will cause a timer
reload (in addition to timer overflows causing auto-reloads). When DCENn is set to ‘1’, the state of the
TnEX pin controls whether the counter/timer counts up (increments) or down (decrements), and will not
cause an auto-reload or interrupt event. See Section 24.2.1 for information concerning configuration of a
timer to count down.

When counting down, the counter/timer will set its overflow/underflow flag (TFn) and cause an interrupt (if
enabled) when the value in the timer (TMRnH and TMRnL registers) matches the 16-bit value in the
Reload/Capture Registers (RCAPnH and RCAPNL). This is considered an underflow event, and will cause
the timer to load the value OxXFFFF. The timer is automatically restarted when an underflow occurs.

Counter/Timer with Auto-Reload mode is selected by clearing the CP/RLn bit. Setting TRn to logic 1
enables and starts the timer.

In Auto-Reload Mode, the External Flag (EXFn) toggles upon every overflow or underflow and does not
cause an interrupt. The EXFn flag can be thought of as the most significant bit (MSB) of a 17-bit counter.

Figure 24.12. T2, 3, and 4 Auto-reload Mode Block Diagram

TMRNCF
T(T|T|T|D
n(n[O|n|C
M|M|G|O|E
1{o|n|E[N
L .
Toggle Logic 0
> Tn
OXFF OXFF TULF—— (Port Pin)
SYSCLK— j 1
External Clock |
(XTALL) \/ A4
OVF
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=
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®
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