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Figure 4.6. QFN-24 Landing Diagram

Table 4.6. QFN-24 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
C1 3.90 4.00 X2 2.70 2.80
c2 3.90 4.00 Yl 0.65 0.75
E 0.50 BSC Y2 2.70 2.80
X1 0.20 0.30
Notes:
General

Solder Mask Design

Stencil Design

Card Assembly

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.

3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the
metal pad is to be 60 um minimum, all the way around the pad.

4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.

5. The stencil thickness should be 0.125 mm (5 mils).

6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.

7. A2x2 array of 1.10 mm x 1.10 mm openings on a 1.30 mm pitch should be used for the center ground
pad.

8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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5. 12-Bit ADC (ADCO)

The ADCO on the C8051F54x consists of an analog multiplexer (AMUXO0) with 25/18 total input selections
and a 200 ksps, 12-bit successive-approximation-register (SAR) ADC with integrated track-and-hold, pro-
grammable window detector, programmable attenuation (1:2), and hardware accumulator. The ADCO sub-
system has a special Burst Mode which can automatically enable ADCO, capture and accumulate
samples, then place ADCO in a low power shutdown mode without CPU intervention. The AMUXO, data
conversion modes, and window detector are all configurable under software control via the Special Func-
tion Registers shows in Figure 5.1. ADCO inputs are single-ended and may be configured to measure
P0.0-P3.7, the Temperature Sensor output, Vpp, or GND with respect to GND. The voltage reference for

ADCO is selected as described in Section “6.2. Temperature Sensor” on page 60. ADCO is enabled when
the ADOEN bit in the ADCO Control register (ADCOCN) is set to logic 1, or when performing conversions in
Burst Mode. ADCO is in low power shutdown when ADOEN is logic 0 and no Burst Mode conversions are
taking place.
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Figure 5.1. ADCO Functional Block Diagram
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5.2. Output Code Formatting

The registers ADCOH and ADCOL contain the high and low bytes of the output conversion code. When the
repeat count is set to 1, conversion codes are represented in 12-bit unsigned integer format and the output
conversion code is updated after each conversion. Inputs are measured from 0 to Vggg x 4095/4096. Data
can be right-justified or left-justified, depending on the setting of the ADOLJST bit (ADCOCN.2). Unused
bits in the ADCOH and ADCOL registers are set to 0. Example codes are shown below for both right-justi-
fied and left-justified data.

Left-Justified ADCOH:ADCOL
(ADOLJST = 1)

Right-Justified ADCOH:ADCOL
(ADOLJST =0)

Input Voltage

VREF x 4095/4096 OxOFFF OxFFFO
VREF x 2048/4096 0x0800 0x8000
VREF x 2047/4096 Ox07FF Ox7FFO

0 0x0000 0x0000

When the ADCO Repeat Count is greater than 1, the output conversion code represents the accumulated
result of the conversions performed and is updated after the last conversion in the series is finished. Sets
of 4, 8, or 16 consecutive samples can be accumulated and represented in unsigned integer format. The
repeat count can be selected using the ADORPT bits in the ADCOCF register. The value must be right-jus-
tified (ADOLJST = 0), and unused bits in the ADCOH and ADCOL registers are set to 0. The following

example shows right-justified codes for repeat counts greater than 1. Notice that accumulating 2" samples
is equivalent to left-shifting by n bit positions when all samples returned from the ADC have the same
value.

Input Voltage Repeat Count =4 Repeat Count =8 Repeat Count = 16
VReg X 4095/4096 Ox3FFC Ox7FF8 O0xFFFO
VREr X 2048/4096 0x2000 0x4000 0x8000
VReg X 2047/4096 Ox1FFC Ox3FF8 Ox7FFO
0 0x0000 0x0000 0x0000

5.2.1. Settling Time Requirements

A minimum tracking time is required before an accurate conversion is performed. This tracking time is
determined by any series impedance, including the AMUXO resistance, the ADCO sampling capacitance,
and the accuracy required for the conversion.

Figure 5.5 shows the equivalent ADCO input circuit. The required ADCO settling time for a given settling
accuracy (SA) may be approximated by Equation 5.1. When measuring the Temperature Sensor output,
use the settling time specified in Table 6.10. When measuring Vpp with respect to GND, Rygota. reduces to

Ryux- See Table 6.9 for ADCO minimum settling time requirements as well as the mux impedance and
sampling capacitor values.

2n
t= ln(S_A) XRroTaLCsampLE

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).
t is the required settling time in seconds. RrgtaL IS the sum of the AMUXO resistance and any external

source resistance. n is the ADC resolution in bits (10).
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Table 6.7. Clock Multiplier Electrical Specifications
Vpp = 1.8 10 2.75V, —40 to +125 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Input Frequency (Fcm;,) 2 — — MHz
Output Frequency — — 50 MHz
Power Supply Current — 0.9 1.9 mA
Table 6.8. Voltage Regulator Electrical Characteristics
Vpp = 1.810 2.75 V, —40 to +125 °C unless otherwise specified.
Parameter Conditions Min Typ Max | Units
Input Voltage Range (Vregin)* 1.8* — 5.25 \
Dropout Voltage (Vpo) Maximum Current = 50 mA — 10 — mV/mA
Output Voltage (Vpp) 2.1V operation (REGOMD = 0) 2.0 2.1 2.25 vV
2.6 V operation (REGOMD = 1) 2.5 2.6 2.75
Bias Current — 1 9 MA
Dropout Indicator Detection With respect to VDD -0.21 — -0.02 \%
Threshold
Output Voltage Temperature — 0.29 — mV/°C
Coefficient
VREG Settling Time 50 mA load with Vgggy=2.4V — 450 — us

and Vpp load capacitor of 4.8 pF

*Note: The minimum input voltage is 1.8 V or Vpp + Vpo(max load), whichever is greater
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SFR Definition 10.6. PSW:

Program Status Word

Bit 7 6 5 4 3 2 1 0
Name | CY AC FO RS[1:0] oV F1 PARITY
Type | R/W RIW RIW RIW RIW RIW R
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xDO; SFR Page = All Pages; Bit-Addressable

Bit Name Function

7 CY Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a bor-
row (subtraction). It is cleared to logic 0 by all other arithmetic operations.

6 AC Auxiliary Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a
borrow from (subtraction) the high order nibble. It is cleared to logic 0 by all other arith-
metic operations.

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

4:3 | RS[1:.0] |Register Bank Select.

These bits select which register bank is used during register accesses.
00: Bank 0, Addresses 0x00-0x07
01: Bank 1, Addresses 0x08-0x0F
10: Bank 2, Addresses 0x10-0x17
11: Bank 3, Addresses 0x18-0x1F

2 ov Overflow Flag.
This bit is set to 1 under the following circumstances:
m  An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
m A MUL instruction results in an overflow (result is greater than 255).
m 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.

1 F1 User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.

0 PARITY |Parity Flag.
This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared
if the sum is even.
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SFR Definition 12.3. SFRNEXT: SFR Next

Bit 7 6 5 4 3 2 1 0
Name SFRNEXT[?:O]
Reset 0 0 0 0 0 0 0 0
SFR Address = 0x85; SFR Page = All Pages
Bit Name Function

7:0 | SFRNEXT[7:0]

SFR Page Bits.

This is the value that will go to the SFR Page register upon a return from inter-
rupt.

Write: Sets the SFR Page contained in the second byte of the SFR Stack. This
will cause the SFRPAGE SFR to have this SFR page value upon a return from
interrupt.

Read: Returns the value of the SFR page contained in the second byte of the
SFR stack.

SFR page context is retained upon interrupts/return from interrupts in a 3 byte
SFR Page Stack: SFRPAGE is the first entry, SFRNEXT is the second, and
SFRLAST is the third entry. The SFR stack bytes may be used alter the context
in the SFR Page Stack, and will not cause the stack to “push” or “pop”. Only
interrupts and return from interrupts cause pushes and pops of the SFR Page
Stack.
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Table 12.2. Special Function Registers (Continued)

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

Register Address Description Page
SNO 0xF9 Serial Number 0 84
SN1 OxFA Serial Number 1 84
SN2 OxFB Serial Number 2 84
SN3 OxFC Serial Number 3 84
SP 0x81 Stack Pointer 82
SPIOCFG OxAl SPI0 Configuration 221
SPIOCKR O0xA2 SPI0 Clock Rate Control 223
SPIOCN OxF8 SPI0 Control 222
SPIODAT OxA3 SPI0 Data 223
TCON 0x88 Timer/Counter Control 233
THO 0x8C Timer/Counter 0 High 236
TH1 0x8D Timer/Counter 1 High 236
TLO Ox8A Timer/Counter O Low 235
TL1 0x8B Timer/Counter 1 Low 235
TMOD 0x89 Timer/Counter Mode 234
TMR2CN 0xC8 Timer/Counter 2 Control 240
TMR2H 0xCD Timer/Counter 2 High 242
TMR2L 0xCC Timer/Counter 2 Low 242
TMR2RLH 0OxCB Timer/Counter 2 Reload High 241
TMR2RLL OxCA Timer/Counter 2 Reload Low 241
TMR3CN 0x91 Timer/Counter 3 Control 246
TMR3H 0x95 Timer/Counter 3 High 248
TMR3L 0x94 Timer/Counter 3 Low 248
TMR3RLH 0x93 Timer/Counter 3 Reload High 247
TMR3RLL 0x92 Timer/Counter 3 Reload Low 247
VDMOCN OxFF Vpp Monitor Control 132
XBRO OxE1l Port 1/0O Crossbar Control O 154
XBR1 OxE2 Port I/O Crossbar Control 1 155
XBR2 0xC7 Port I/O Crossbar Control 2 156
104 Rev. 1.1 )
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14.2. Non-volatile Data Storage

The Flash memory can be used for non-volatile data storage as well as program code. This allows data
such as calibration coefficients to be calculated and stored at run time. Data is written using the MOVX
write instruction and read using the MOVC instruction. Note: MOVX read instructions always target XRAM.

14.3. Security Options

The CIP-51 provides security options to protect the Flash memory from inadvertent modification by soft-
ware as well as to prevent the viewing of proprietary program code and constants. The Program Store
Write Enable (bit PSWE in register PSCTL) and the Program Store Erase Enable (bit PSEE in register
PSCTL) bits protect the Flash memory from accidental modification by software. PSWE must be explicitly
set to 1 before software can modify the Flash memory; both PSWE and PSEE must be set to 1 before soft-
ware can erase Flash memory. Additional security features prevent proprietary program code and data
constants from being read or altered across the C2 interface.

A Security Lock Byte located at the last byte of Flash user space offers protection of the Flash program
memory from access (reads, writes, or erases) by unprotected code or the C2 interface. The Flash security
mechanism allows the user to lock n 512-byte Flash pages, starting at page 0 (addresses 0x0000 to
0x01FF), where n is the ones complement number represented by the Security Lock Byte. Note that the
page containing the Flash Security Lock Byte is unlocked when no other Flash pages are locked
(all bits of the Lock Byte are 1) and locked when any other Flash pages are locked (any bit of the
Lock Byte is 0). See example in Figure 14.1.

Reserved Area

Lock Byte

Locked when
any other FLASH —>»

Lock Byte Page
pages are locked

Unlocked FLASH Pages

Access limit set

according to the

FLASH security
lock byte

Locked Flash Pages

Security Lock Byte: 11111101b
1s Complement: 00000010b
Flash pages locked: 3 (First two Flash pages + Lock Byte Page)

Figure 14.1. Flash Program Memory Map
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14.4. Flash Write and Erase Guidelines

Any system which contains routines which write or erase Flash memory from software involves some risk
that the write or erase routines will execute unintentionally if the CPU is operating outside its specified
operating range of Vpp, system clock frequency, or temperature. This accidental execution of Flash modi-

fying code can result in alteration of Flash memory contents causing a system failure that is only recover-
able by re-Flashing the code in the device.

The following guidelines are recommended for any system which contains routines which write or erase
Flash from code.

14.4.1. Vpp Maintenance and the Vpp monitor

1. If the system power supply is subject to voltage or current "spikes," add sufficient transient protection
devices to the power supply to ensure that the supply voltages listed in the Absolute Maximum Ratings
table are not exceeded.

2. Enable the on-chip Vpp monitor and enable the Vpp monitor as a reset source as early in code as
possible. This should be the first set of instructions executed after the Reset Vector. For C-based
systems, this will involve modifying the startup code added by the C compiler. See your compiler
documentation for more details. Make certain that there are no delays in software between enabling the
Vpp monitor and enabling the Vpp monitor as a reset source. Code examples showing this can be
found in “AN201: Writing to Flash from Firmware", available from the Silicon Laboratories web site.

3. As an added precaution, explicitly enable the Vpp monitor and enable the Vpp monitor as a reset
source inside the functions that write and erase Flash memory. The Vpp monitor enable instructions
should be placed just after the instruction to set PSWE to a 1, but before the Flash write or erase
operation instruction.

4. Make certain that all writes to the RSTSRC (Reset Sources) register use direct assignment operators
and explicitly DO NOT use the bit-wise operators (such as AND or OR). For example, "RSTSRC =
0x02" is correct. "RSTSRC |= 0x02" is incorrect.

5. Make certain that all writes to the RSTSRC register explicitly set the PORSF bit to a 1. Areas to check
are initialization code which enables other reset sources, such as the Missing Clock Detector or
Comparator, for example, and instructions which force a Software Reset. A global search on "RSTSRC"
can quickly verify this.

14.4.2. PSWE Maintenance

1. Reduce the number of places in code where the PSWE bit (b0 in PSCTL) is setto a 1. There should be
exactly one routine in code that sets PSWE to a 1 to write Flash bytes and one routine in code that sets
PSWE and PSEE both to a 1 to erase Flash pages.

2. Minimize the number of variable accesses while PSWE is set to a 1. Handle pointer address updates
and loop variable maintenance outside the "PSWE = 1;... PSWE = 0;" area. Code examples showing
this can be found in "TAN201: Writing to Flash from Firmware" available from the Silicon Laboratories
web site.

3. Disable interrupts prior to setting PSWE to a 1 and leave them disabled until after PSWE has been
reset to '0". Any interrupts posted during the Flash write or erase operation will be serviced in priority
order after the Flash operation has been completed and interrupts have been re-enabled by software.

4. Make certain that the Flash write and erase pointer variables are not located in XRAM. See your
compiler documentation for instructions regarding how to explicitly locate variables in different memory
areas.

5. Add address bounds checking to the routines that write or erase Flash memory to ensure that a routine
called with an illegal address does not result in modification of the Flash.
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SFR Definition 14.4. CCHOCN: Cache Control

Bit 7 6 5 4 3 2 1 0
Name | Reserved | Reserved | CHPFEN | Reserved | Reserved | Reserved | Reserved | CHBLKW
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 0 0 0

SFR Address = OxE3; SFR Page = OxOF
Bit Name Function
7:6 | Reserved |Must Write 00b
5 CHPFEN |Cache Prefect Enable Bit.
0: Prefetch engine is disabled.
1. Prefetch engine is enabled.
4:1 | Reserved |Must Write 0000b.

0 CHBLKW |Block Write Enable Bit.

This bit allows block writes to Flash memory from firmware.
0: Each byte of a software Flash write is written individually.
1: Flash bytes are written in groups of two.

SFR Definition 14.5. ONESHOT: Flash Oneshot Period

Bit 7 6 5 4 3 2 1 0
Name PERIOD[3:0]

Type R R R R R/W R/W R/W R/W

Reset 0 0 0 0 1 1 1 1
SFR Address = OxBE; SFR Page = 0x0F

Bit Name Function

7:4 Unused Read = 0000b. Write = don't care.

3:0 | PERIOD[3:0] | Oneshot Period Control Bits.

These bits limit the internal Flash read strobe width as follows. When the Flash read
strobe is de-asserted, the Flash memory enters a low-power state for the remainder
of the system clock cycle.

FLASHRpwax = 5N+ (PERIOD x 5ns)
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15. Power Management Modes

The C8051F54x devices have three software programmable power management modes: Idle, Stop, and
Suspend. Idle mode and Stop mode are part of the standard 8051 architecture, while Suspend mode is an
enhanced power-saving mode implemented by the high-speed oscillator peripheral.

Idle mode halts the CPU while leaving the peripherals and clocks active. In Stop mode, the CPU is halted,
all interrupts and timers (except the Missing Clock Detector) are inactive, and the internal oscillator is
stopped (analog peripherals remain in their selected states; the external oscillator is not affected). Sus-
pend mode is similar to Stop mode in that the internal oscillator and CPU are halted, but the device can
wake on events such as a Port Match or Comparator low output. Since clocks are running in Idle mode,
power consumption is dependent upon the system clock frequency and the number of peripherals left in
active mode before entering Idle. Stop mode and Suspend mode consume the least power because the
majority of the device is shut down with no clocks active. SFR Definition 15.1 describes the Power Control
Register (PCON) used to control the C8051F54x devices’ Stop and Idle power management modes. Sus-
pend mode is controlled by the SUSPEND bit in the OSCICN register (SFR Definition 17.2).

Although the C8051F54x has Idle, Stop, and Suspend modes available, more control over the device
power can be achieved by enabling/disabling individual peripherals as needed. Each analog peripheral
can be disabled when not in use and placed in low power mode. Digital peripherals, such as timers or
serial buses, draw little power when they are not in use. Turning off oscillators lowers power consumption
considerably, at the expense of reduced functionality.

15.1. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the hardware to halt the CPU and enter Idle mode as
soon as the instruction that sets the bit completes execution. All internal registers and memory maintain
their original data. All analog and digital peripherals can remain active during Idle mode.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an
enabled interrupt will cause the Idle Mode Selection bit (PCON.0Q) to be cleared and the CPU to resume
operation. The pending interrupt will be serviced and the next instruction to be executed after the return
from interrupt (RETI) will be the instruction immediately following the one that set the Idle Mode Select bit.
If Idle mode is terminated by an internal or external reset, the CIP-51 performs a normal reset sequence
and begins program execution at address 0x0000.

Note: If the instruction following the write of the IDLE bit is a single-byte instruction and an interrupt occurs
during the execution phase of the instruction that sets the IDLE bit, the CPU may not wake from Idle mode
when a future interrupt occurs. Therefore, instructions that set the IDLE bit should be followed by an
instruction that has two or more opcode bytes, for example:

/[l in *C:

PCON | = 0x01,; // set |DLE bit

PCON = PCON, /1 ... followed by a 3-cycle dummy instruction
; in assenbly:

ORL PCON, #01h ; set IDLE bit

MOV PCON, PCON ; ... followed by a 3-cycle dunmy instruction

If enabled, the Watchdog Timer (WDT) will eventually cause an internal watchdog reset and thereby termi-
nate the Idle mode. This feature protects the system from an unintended permanent shutdown in the event
of an inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by
software prior to entering the Idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the Idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “16.6. PCA Watchdog Timer
Reset” on page 133 for more information on the use and configuration of the WDT.

Rev. 1.1 126

SILICON LABS



C8051F54x

XTAL1 {X|

|
10MQ |

VW XTAL2 %47
(i

32.768 kHz

22pF* —— — 22pF*

N N

* Capacitor values depend on
crystal specifications

Figure 17.3. External 32.768 kHz Quartz Crystal Oscillator Connection Diagram

17.4.2. External RC Example

If an RC network is used as an external oscillator source for the MCU, the circuit should be configured as
shown in Figure 17.1, Option 2. The capacitor should be no greater than 100 pF; however for very small
capacitors, the total capacitance may be dominated by parasitic capacitance in the PCB layout. To deter-
mine the required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, first
select the RC network value to produce the desired frequency of oscillation, according to Equation , where
f = the frequency of oscillation in MHz, C = the capacitor value in pF, and R = the pull-up resistor value in
kQ.

f=1.23x10%/(RxC)

Equation 17.1. RC Mode Oscillator Frequency
For example: If the frequency desired is 100 kHz, let R = 246 kQ and C = 50 pF:

f = 1.23(10%)/RC = 1.23(10%)/[246 x 50] = 0.1 MHz = 100 kHz
Referring to the table in SFR Definition 17.6, the required XFCN setting is 010b.

17.4.3. External Capacitor Example

If a capacitor is used as an external oscillator for the MCU, the circuit should be configured as shown in
Figure 17.1, Option 3. The capacitor should be no greater than 100 pF; however for very small capacitors,
the total capacitance may be dominated by parasitic capacitance in the PCB layout. To determine the
required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, select the capaci-
tor to be used and find the frequency of oscillation according to Equation 17.2, where f = the frequency of
oscillation in MHz, C = the capacitor value in pF, and Vpp = the MCU power supply in Volts.
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SFR Definition 18.3. XBR2: Port I1/0 Crossbar Register 1

Bit 7 6 5 4 3 2 1 0
Name | WEAKPUD | XBARE Reserved LINOE
Type R/W R/W R/W R/W R/W R R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xC7; SFR Page = OxOF

Bit Name Function
7 WEAKPUD | Port I/0O Weak Pullup Disable.
0: Weak Pullups enabled (except for Ports whose 1/O are configured for analog
mode).
1: Weak Pullups disabled.
6 XBARE Crossbar Enable.
0: Crossbar disabled.
1: Crossbar enabled.
5:1 Reserved |Always Write to 00000b.
0 LINOE LIN I/O Output Enable.
0: LIN I/O unavailable at Port pin.
1: LIN_TX, LIN_RX routed to Port pins.
156 Rev. 1.1 )
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SFR Definition 18.8. P2ZMASK: Port 2 Mask Register

Bit 7 6 5 4 3 2 1 0
Name P2MASK]7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xB2; SFR Page = 0x00
Bit Name Function

7:0 | P2MASK][7:0] |Port 2 Mask Value.

Selects P2 pins to be compared to the corresponding bits in P2MAT.

0: P2.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: P2.n pin logic value is compared to P2MAT.n.

Note: Ports 2.2-P2.7 only available on 32-pin packages.

SFR Definition 18.9. P2MAT: Port 2 Match Register

Bit 7 6 5 4 3 2 1 0
Name P2MAT[7:0]
Type R/W
Reset 1 1 1 1 1 1 1 1

SFR Address = 0xB1; SFR Page = 0x00
Bit Name Function

7:0 P2MAT[7:0] |Port 2 Match Value.

Match comparison value used on Port 2 for bits in P2MAT which are set to 1.
0: P2.n pin logic value is compared with logic LOW.

1. P2.n pin logic value is compared with logic HIGH.

Note: Ports 2.2-P2.7 only available on 32-pin packages.
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Table 19.3. Autobaud Parameters Examples

System Clock (MHz) Prescaler Divider
25 1 312
245 1 306
24 1 300
22.1184 1 276
16 1 200
12.25 0 306
12 0 300
11.0592 0 276
8 0 200

19.3. LIN Master Mode Operation

The master node is responsible for the scheduling of messages and sends the header of each frame con-
taining the SYNCH BREAK FIELD, SYNCH FIELD, and IDENTIFIER FIELD. The steps to schedule a mes-
sage transmission or reception are listed below.

1.
2.

Load the 6-bit Identifier into the LINOID register.

Load the data length into the LINOSIZE register. Set the value to the number of data bytes or "1111b" if
the data length should be decoded from the identifier. Also, set the checksum type, classic or
enhanced, in the same LINOSIZE register.

. Set the data direction by setting the TXRX bit (LINOCTRL.5). Set the bit to 1 to perform a master

transmit operation, or set the bit to 0 to perform a master receive operation.

If performing a master transmit operation, load the data bytes to transmit into the data buffer (LINODT1
to LINODTS).

. Set the STREQ bit (LINOCTRL.0) to start the message transfer. The LIN controller will schedule the

message frame and request an interrupt if the message transfer is successfully completed or if an error
has occurred.

This code segment shows the procedure to schedule a message in a transmission operation:

LI NOADR = 0x08; /1 Point to LINOCTRL
LI NODAT | = 0x20; /] Select to transmt data
LI NOADR = OxOE; /1 Point to LINOID
LI NODAT = 0Ox11; /1 Load the ID, in this exanple 0x11
LI NOADR = 0xO0B; /1 Point to LINOSIZE
LI NODAT = ( LI NODAT & OxFO ) | 0xO08; /] Load the size with 8
LI NOADR = 0x00; /1 Point to Data buffer first byte
for (i=0; i<8; i++)
{
LI NODAT = i + 0x41; /! Load the buffer with ‘A, ‘B, ...
LI NOADR++; /!l Increnent the address to the next buffer
}
LI NOADR = 0x08; /! Point to LI NOCTRL
LI NODAT = 0x01; /1 Start Request

The application should perform the following steps when an interrupt is requested.
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20.5.3. Write Sequence (Slave)

During a write sequence, an SMBus master writes data to a slave device. The slave in this transfer will be
a receiver during the address byte, and a receiver during all data bytes. When slave events are enabled
(INH = 0), the interface enters Slave Receiver Mode when a START followed by a slave address and direc-
tion bit (WRITE in this case) is received. Upon entering Slave Receiver Mode, an interrupt is generated
and the ACKRQ bit is set. The software must respond to the received slave address with an ACK, or ignore
the received slave address with a NACK.

If the received slave address is ignored, slave interrupts will be inhibited until the next START is detected.
If the received slave address is acknowledged, zero or more data bytes are received. Software must write
the ACK bit at that time to ACK or NACK the received byte.

The interface exits Slave Receiver Mode after receiving a STOP. Note that the interface will switch to Slave
Transmitter Mode if SMBODAT is written while an active Slave Receiver. Figure 20.7 shows a typical slave
write sequence. Two received data bytes are shown, though any number of bytes may be received. Notice
that the ‘data byte transferred’ interrupts occur before the ACK in this mode.

S SA W| A Deta Byte A Deta Byte A| P

1 1 r 1

Interrupts
Received by SVBus S=SIART
Interface P=STOP
A=ACK
W=WRITE
Transmitted by SLA = Slave Address
SVBUS Interface

Figure 20.7. Typical Slave Write Sequence

200 Rev. 1.1

SILICON LABS



C8051F54x

SCK
(CKPOL=0, CKPHA=0)

SCK
(CKPOL=1, CKPHA=0)

MOSI

MISO

NSS (4-Wire Mode)

SCK
(CKPOL=0, CKPHA=1)

SCK
(CKPOL=1, CKPHA=1)

MOsI

MISO

NSS (4-Wire Mode)

T mss X

Bit6é X Bits X Bit4 X Bit3 X

Btz X

Bit1 Y BitO M

—{ w~se X Bit6 Bit5 Bit 4

Bit 3

Bit 2

Bit 1

A\

Figure 22.6. Slave Mode Data/Clock Timing (CKPHA = 0)
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Figure 22.7. Slave Mode Data/Clock Timing (CKPHA = 1)

22.6. SPI Special Function Registers

SPI0 is accessed and controlled through four special function registers in the system controller: SPIOCN
Control Register, SPIODAT Data Register, SPIOCFG Configuration Register, and SPIOCKR Clock Rate
Register. The four special function registers related to the operation of the SPI0 Bus are described in the

following figures.
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 22.8. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 22.9. SPI Master Timing (CKPHA = 1)
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SFR Definition 23.14. TMR3RLL: Timer 3 Reload Register Low Byte

Bit 7 6 5 4 3 2 1 0
Name TMR3RLL[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0x92; SFR Page = 0x00
Bit Name Function

7:0 | TMR3RLL[7:0] | Timer 3 Reload Register Low Byte.
TMR3RLL holds the low byte of the reload value for Timer 3.

SFR Definition 23.15. TMR3RLH: Timer 3 Reload Register High Byte

Bit 7 6 5 4 3 2 1 0
Name TMR3RLH[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0x93; SFR Page = 0x00

Bit Name Function

7:0 | TMR3RLHJ[7:0] | Timer 3 Reload Register High Byte.
TMR3RLH holds the high byte of the reload value for Timer 3.
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SFR Definition 24.4. PCAOCPMn: PCA Capture/Compare Mode

Bit 7 6 5 4 3 2 1 0
Name | PWM16n | ECOMn CAPPN CAPNnN MATNn TOGn PWMn ECCFn
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCAOCPMO = 0xDA, PCAOCPM1 = 0xDB, PCAOCPM2 = 0xDC; PCAOCPMS3 = 0xDD,
PCAOCPM4 = 0xDE, PCAOCPMS5 = 0xDF, SFR Page (all registers) = 0x00

Bit Name Function

7 | PWM16n |16-bit Pulse Width Modulation Enable.
This bit enables 16-bit mode when Pulse Width Modulation mode is enabled.
0: 8 to 11-bit PWM selected.
1: 16-bit PWM selected.

6 ECOMn |Comparator Function Enable.
This bit enables the comparator function for PCA module n when set to 1.

5 CAPPn |Capture Positive Function Enable.
This bit enables the positive edge capture for PCA module n when set to 1.

4 CAPNn |Capture Negative Function Enable.
This bit enables the negative edge capture for PCA module n when set to 1.

3 MATn | Match Function Enable.
This bit enables the match function for PCA module n when set to 1. When enabled,
matches of the PCA counter with a module's capture/compare register cause the CCFn
bit in PCAOMD register to be set to logic 1.

2 TOGn |Toggle Function Enable.
This bit enables the toggle function for PCA module n when set to 1. When enabled,
matches of the PCA counter with a module's capture/compare register cause the logic
level on the CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module oper-
ates in Frequency Output Mode.

1 PWMn | Pulse Width Modulation Mode Enable.
This bit enables the PWM function for PCA module n when set to 1. When enabled, a
pulse width modulated signal is output on the CEXn pin. 8 to 11-bit PWM is used if
PWML16n is cleared; 16-bit mode is used if PWM16n is set to logic 1. If the TOGn bit is
also set, the module operates in Frequency Output Mode.

0 ECCFn |Capture/Compare Flag Interrupt Enable.
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt.
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.

Note: When the WDTE bit is set to 1, the PCAOCPMS5 register cannot be modified, and module 5 acts as the
watchdog timer. To change the contents of the PCAOCPMS5 register or the function of module 5, the Watchdog
Timer must be disabled.
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