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Table 3.1. Pin Definitions for the C8051F70x/71x (Continued)

Name | TQFP64 | TQFP48 | QFN32 | QFN24 | Type Description
QFN48

P0.7 48 35 — — D I/O or |Port 0.7.

Aln |ADCO Input.
P1.0 47 34 — — D I/O or | Port 1.0.

Aln |ADCO Input.
P11 46 33 — — D I/O or |Port 1.1.

Aln |ADCO Input.
P1.2 45 32 — — D I/O or | Port 1.2.

AlIn |ADCO Input.
P1.3 44 31 — — D I/O or | Port 1.3.

Aln |ADCO Input.
P14 43 — — — D I/O or | Port 1.4.

Aln |ADCO Input.
P15 42 — — — D I/O or | Port 1.5.

AIn |ADCO Input.
P1.6 39 — — — D I/O or | Port 1.6.

Aln |ADCO Input.
P1.7 38 — — — D I/O or |Port 1.7.

AIn |ADCO Input.
P2.0 37 29 23 17 D I/O or | Port 2.0.

Aln |CSO input pin 1.
pP2.1 36 28 22 16 D I/O or |Port 2.1.

Aln | CSO input pin 2.
P2.2 35 27 21 15 D I/O or | Port 2.2.

Aln |CSO input pin 3.
pP2.3 34 26 20 14 D I/O or | Port 2.3.

Aln | CSO input pin 4.
P2.4 33 25 19 13 D I/O or | Port 2.4.

Aln |CSO input pin 5.
P2.5 32 24 18 12 D I/O or | Port 2.5.

Aln |CSO input pin 6.
P2.6 31 23 17 11 D I/O or | Port 2.6.

Aln |CSO input pin 7.
pP2.7 30 22 16 10 D I/O or | Port 2.7.

Aln |CSO input pin 8.
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Figure 3.4. C8051F716-GM QFN32 Pinout Diagram (Top View)
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7. QFN-32 Package Specifications
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Figure 7.1. QFN-32 Package Drawing
Table 7.1. QFN-32 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.90 1.00 E2 3.50 3.60 3.70
Al 0.00 0.02 0.05 L 0.30 0.35 0.40
b 0.18 0.25 0.30 L1 0.00 — 0.10
D 5.00 BSC. aaa 0.15
D2 3.50 ‘ 3.60 ‘ 3.70 bbb 0.10
e 0.50 BSC. ddd 0.05
E 5.00 BSC. eee 0.08

1. All dimensions shown are in millimeters (mm) unless otherwise noted.

2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.

3. This drawing conforms to the JEDEC Solid State Outline MO-220, variation VHHD except for
custom features D2, E2, L and L1 which are toleranced per supplier designation.

4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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11. Temperature Sensor

An on-chip temperature sensor is included on the C8051F700/2/4/6/8 and C8051F710/2/4/6 which can be
directly accessed via the ADC multiplexer in single-ended configuration. To use the ADC to measure the
temperature sensor, the ADC mux channel should be configured to connect to the temperature sensor.
The temperature sensor transfer function is shown in Figure 11.1. The output voltage (Vtgmp) IS the posi-
tive ADC input when the ADC multiplexer is set correctly. The TEMPE bit in register REFOCN enables/dis-
ables the temperature sensor, as described in SFR Definition 12.1. While disabled, the temperature sensor
defaults to a high impedance state and any ADC measurements performed on the sensor will result in
meaningless data. Refer to Table 9.12 for the slope and offset parameters of the temperature sensor.

V+1emp = (Slope x Tempc) + Offset

Tempc = (Vrewp - Offset) / Slope

.:I Slope (V /deg C)

<— Offset (V at 0 Celsius)

Voltage
Lo

Temperature
Figure 11.1. Temperature Sensor Transfer Function

11.1. Calibration

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature mea-
surements (see Table 5.1 for linearity specifications). For absolute temperature measurements, offset
and/or gain calibration is recommended. Typically a 1-point (offset) calibration includes the following steps:
1. Control/measure the ambient temperature (this temperature must be known).

2. Power the device, and delay for a few seconds to allow for self-heating.

3. Perform an ADC conversion with the temperature sensor selected as the ADC's input.

4,

Calculate the offset characteristics, and store this value in non-volatile memory for use with subsequent
temperature sensor measurements.

Figure 5.3 shows the typical temperature sensor error assuming a 1-point calibration at 0 °C.
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SFR Definition 18.3. EMIOTC: External Memory Timing Control

Bit 7 6 5 4 3 2
Name EAS[L:0] EWR[3:0] EAH[L.0]
Type RIW RIW RIW
Reset 1 1 1 1 1 1

SFR Address = OxEE; SFR Page = F

Bit Name Function

7:6 | EAS[1:0] |EMIF Address Setup Time Bits.

00: Address setup time = 0 SYSCLK cycles.
01: Address setup time = 1 SYSCLK cycle.
10: Address setup time = 2 SYSCLK cycles.
11: Address setup time = 3 SYSCLK cycles.

5:2 | EWR[3:0] |EMIF WR and RD Pulse-Width Control Bits.
0000: WR and RD pulse width = 1 SYSCLK cycle.
0001: WR and RD pulse width = 2 SYSCLK cycles.
0010: WR and RD pulse width = 3 SYSCLK cycles.
0011: WR and RD pulse width = 4 SYSCLK cycles.
0100: WR and RD pulse width = 5 SYSCLK cycles.
0101: WR and RD pulse width = 6 SYSCLK cycles.
0110: WR and RD pulse width = 7 SYSCLK cycles.
0111: WR and RD pulse width = 8 SYSCLK cycles.
1000: WR and RD pulse width = 9 SYSCLK cycles.
1001: WR and RD pulse width = 10 SYSCLK cycles.
1010: WR and RD pulse width = 11 SYSCLK cycles.
1011: WR and RD pulse width = 12 SYSCLK cycles.
1100: WR and RD pulse width = 13 SYSCLK cycles.
1101: WR and RD pulse width = 14 SYSCLK cycles.
1110: WR and RD pulse width = 15 SYSCLK cycles.
1111: WR and RD pulse width = 16 SYSCLK cycles.

1.0 | EAH[1:0] |EMIF Address Hold Time Bits.

00: Address hold time = 0 SYSCLK cycles.
01: Address hold time =1 SYSCLK cycle.
10: Address hold time = 2 SYSCLK cycles.
11: Address hold time = 3 SYSCLK cycles.

Rev. 1.0
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Table 20.1. Special Function Register (SFR) Memory Map

Addr | SFR 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
Page
0 PCAOL PCAOH |[PCAOCPLO|PCAOCPHO
F8 F SIPIOE PODRV P1DRV P2DRV P3DRV P4DRV P5DRV VRLTEN]
Fo 0 B POMAT POMASK
F POMDIN P1MDIN P2MDIN P3MDIN PAMDIN P5MDIN P6MDIN
0 PCAOCPL1 |PCAOCPH1|PCAOCPL2 |PCAOCPH2
E8 F ABREER DERIVID | PCAOMD EMIOTC RSTERE
0 P1MAT P1MASK
EO F ACC XBRO XBR1 WDTCN ITOLCE EIE1 EIE2
0
D8 F PO CRCODATA|{PCAOCPMO|PCAOCPM1(PCAOCPM2
0
Do F P SERLALS REFOCN POSKIP P1SKIP P2SKIP
0 TMR2RLL | TMR2RLH | TMR2L TMR2H
C8 F jlgeel EIP1 EIP2
co 0 SMBOCN SMBOCF | SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH
F P6DRV HWID EECNTL EEKEY EMIOCF
B8 0 P ADCOMX ADCOL ADCOH
F REGOCN | SMBOADR | SMBOADM | ADCOCF CLKSEL CSOMD2 OSCICL
0
BO F P3 P6 P5 OSCXCN EEADDR FLKEY
A8 0 IE CSoDL CSODH P4 CsSomMD1
F OSCICN EMIOCN REVID P3MDOUT
0 SPIOCFG SPIODAT
AO F e PCAOPWM| SPIOCKR POMDOUT | PIMDOUT | P2MDOUT SN ACIS
0 CSOCN CPTOCN CSOMX CPTOMD CSOCF CPTOMX
98 F SCIONE SR P4MDOUT | PSMDOUT | P6MDOUT CSO0PM
90 0 P1 TMR3CN | TMR3RLL | TMR3RLH | TMR3L TMR3H CSOTHL CSOTHH
F CRCOCN CS0SSs CSOSE CRCOIN | CRCOFLIP |CRCOAUTO| CRCOCNT
88 g TCON TMOD TLO TL1 THO TH1 CKCON PSCTL
80 g PO SP DPL DPH PCON
0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
Notes:

1. SFR addresses ending in 0x0 or 0x8 (leftmost column) are bit-addressable.
2. SFRsindicated with bold lettering and shaded cells are available on both SFR Page 0 and F.
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6. Using the MOVX instruction, write a data byte to any location within the 512-byte page to be erased.
7. Clear the PSWE and PSEE bits.

8. Restore previous interrupt state.

Steps 4-6 must be repeated for each 512-byte page to be erased.

Note: Flash security settings may prevent erasure of some Flash pages, such as the reserved area and the page
containing the lock bytes. For a summary of Flash security settings and restrictions affecting Flash erase
operations, please see Section “22.3. Security Options” on page 149.

22.1.3. Flash Write Procedure

A write to Flash memory can clear bits to logic 0 but cannot set them; only an erase operation can set bits
to logic 1 in Flash. A byte location to be programmed should be erased before a new value is written.
The recommended procedure for writing a single byte in Flash is as follows:

Save current interrupt state and disable interrupts.

Ensure that the Flash byte has been erased (has a value of OXFF).

Set the PSWE bit (register PSCTL).

Clear the PSEE bit (register PSCTL).

Write the first key code to FLKEY: OxAb.

Write the second key code to FLKEY: OxF1.

Using the MOVX instruction, write a single data byte to the desired location within the 512-byte sector.
Clear the PSWE bit.

Restore previous interrupt state.

Steps 5-7 must be repeated for each byte to be written.

© 0o N~ whPRE

Note: Flash security settings may prevent writes to some areas of Flash, such as the reserved area. For a summary
of Flash security settings and restrictions affecting Flash write operations, please see Section “22.3. Security
Options” on page 149.

22.2. 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.

22.3. 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, and erases) by unprotected code or the C2 interface. The Flash secu-
rity mechanism allows the user to lock all Flash pages, starting at page 0, by writing a non-OxFF value to
the lock byte. Note that writing a non-OxFF value to the lock byte will lock all pages of FLASH from
reads, writes, and erases, including the page containing the lock byte.

The level of Flash security depends on the Flash access method. The three Flash access methods that
can be restricted are reads, writes, and erases from the C2 debug interface, user firmware executing on
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The following guidelines are recommended for any system that contains routines which write or erase
Flash from code.

22.4.1. VDD Maintenance and the VDD 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. Make certain that the minimum VDD rise time specification of 1 ms is met. If the system cannot meet
this rise time specification, then add an external VDD brownout circuit to the /RST pin of the device that
holds the device in reset until VDD reaches the minimum device operating voltage and re-asserts /RST
if VDD drops below the minimum device operating voltage.

3. Keep the on-chip VDD Monitor enabled and enable the VDD 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
VDD Monitor and enabling the VDD 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.

Note: On C8051F70x/71x devices, both the VDD Monitor and the VDD Monitor reset source must be enabled to write
or erase Flash without generating a Flash Error Device Reset.

On C8051F70x/71x devices, both the VDD Monitor and the VDD Monitor reset source are enabled by hardware
after a power-on reset.

4. As an added precaution, explicitly enable the VDD Monitor and enable the VDD Monitor as a reset
source inside the functions that write and erase Flash memory. The VDD 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.

5. 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, but "RSTSRC |= 0x02" is incorrect.

6. 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.

22.4.2. PSWE Maintenance

7. Reduce the number of places in code where the PSWE bit (b0 in PSCTL) is set to 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
both PSWE and PSEE both to a 1 to erase Flash pages.

8. Minimize the number of variable accesses while PSWE is set to a 1. Handle pointer address updates
and loop maintenance outside the "PSWE = 1;... PSWE = 0;" area. Code examples showing this can be
found in “AN201: Writing to Flash from Firmware," available from the Silicon Laboratories web site.

9. 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.

10.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.

11. 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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23. EEPROM

CB8051F700/1/4/5/8/9 and C8051F712/3 devices have hardware which emulates 32 bytes of non-volatile,
byte-programmable EEPROM data space. The module mirrors each non-volatile byte through 32 bytes of
volatile data space. This data space can be accessed indirectly through EEADDR and EEDATA. Users can
copy the complete 32-byte image between EEPROM space and volatile space using controls in the
EECNTL SFR.

| EEADDR || EEDATA |
A A

EECNTL v v
Q|2 32 Bytes
Z < | Z <«—>
m ks 5 32 Bytes RAM EEPROM
o Lu ﬂ ) A
L < T
™ EEPROM Control
> :
> Logic

Figure 23.1. EEPROM Block Diagram

23.1. RAM Reads and Writes

In order to perform EEPROM reads and writes, the EEPROM control logic must be enabled by setting
EEEN (EECNTL.7).

32 bytes of RAM can be accessed indirectly through EEADDR and EEDATA. To write to a byte of RAM,
write address of byte to EEADDR and then write the value to be written to EEDATA. To read a byte from
RAM, write address of byte to be read to EEADDR. The value stored at that address can then be read from
EEDATA.

23.2. Auto Increment

When AUTOINC (EECNTL.0) is set, EEADDR will increment by one after each write to EEDATA and each
read from EEDATA. When Auto Increment is enabled and EEADDR reaches the top address of dedicated
RAM space, the next write to or read from EEDATA will cause EEADDR to wrap along the address bound-
ary, which will set the address to 0.

23.3. Interfacing with the EEPROM

The EEPROM is accessed through the dedicated 32 bytes of RAM. Writes to EEPROM are allowed only
after writes have been enabled (see “23.4. EEPROM Security” ). The contents of the EEPROM can be
uploaded to the RAM by setting EEREAD (EECNTL.2). Contents of RAM can be downloaded to EEPROM
by setting EEWRT (EENTL.1).

Note: A minimum SYSCLK frequency is required for writing EEPROM memory, as detailed in Section
“Table 9.9. EEPROM Electrical Characteristics” on page 52.

Rev. 1.0 155

SILICON LABS



C8051F70x/71x

SFR Definition 27.1. CLKSEL: Clock Select

Bit 7 6 | 5 | 4 3 2 | 1 | o
Name | CLKRDY CLKDIV[2:0] Reserved CLKSEL[2:0]
Type R R/W R/W R/W R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SFR Address = 0xBD; SFR Page=F
Bit Name Function
7 CLKRDY |System Clock Divider Clock Ready Flag.
0: The selected clock divide setting has not been applied to the system clock.
1: The selected clock divide setting has been applied to the system clock.
6:4 CLKDIV | System Clock Divider Bits.
Selects the clock division to be applied to the selected source (internal or external).
000: Selected clock is divided by 1.
001: Selected clock is divided by 2.
010: Selected clock is divided by 4.
011: Selected clock is divided by 8.
100: Selected clock is divided by 16.
101: Selected clock is divided by 32.
110: Selected clock is divided by 64.
111: Selected clock is divided by 128.
3 Reserved |Read = 0b. Must write Ob.
2:0 | CLKSEL[2:0] | System Clock Select.
Selects the oscillator to be used as the undivided system clock source.
000: Internal Oscillator
001: External Oscillator
All other values reserved.
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28. Port Input/Output

Digital and analog resources are available through 64 1/0O pins. Each of the Port pins P0.0-P2.7 can be
defined as general-purpose 1/0 (GPIO), assigned to one of the internal digital resources, or assigned to an
analog function as shown in Figure 28.4. The designer has complete control over which functions are
assigned, limited only by the number of physical I/0O pins. This resource assignment flexibility is achieved
through the use of a Priority Crossbar Decoder. The state of a Port 1/0 pin can always be read in the corre-
sponding Port latch, regardless of the Crossbar settings.

The Crossbar assigns the selected internal digital resources to the 1/0O pins based on the Priority Decoder.
The registers XBR0O and XBR1, defined in SFR Definition 28.1 and SFR Definition 28.2, are used to select
internal digital functions.

All Port 1/0Os except P0.3 are tolerant of voltages up to 2 V above the Vpp supply (refer to Figure 28.2 for
the Port cell circuit). The Port I/O cells are configured as either push-pull or open-drain in the Port Output
Mode registers (PNnMDOUT, where n = 0,1). Complete Electrical Specifications for Port /O are given in
Section “9. Electrical Characteristics” on page 47.

Port Match
POMASK, POMAT
P1IMASK, P1IMAT

XBRO, XBR1,
PnSKIP Registers

v
.. External Interrupts
Priority EX0 and EX1
Decoder
PnMDOUT,
X P 2, _ PnMDIN , PnDRV
Highest UART |« 7 > Registers
Priority
iz PO
SPI <€ > °
7 8 /o
) 2 Cells
< < Z.
5 | SMBus I‘ 7 ~| Digital v
n
3 Crossbar 8 P1
k=) CPO 2, _ <+o—> 110
a Outputs /7 > Cells
. ++ v
5]
£ SYSCLK - P2 x P2.0
= > 3 »| 110 :
4 < > e
PCA |e L > Cells x p2.7
- 12 P3.0
Lowest P 2, P3 . x '
Priority TO, T1 7 110 :
L
cells IER
sandll > 7 =
a > P4.0
§ (P0.0-P0.7) 110 .
8 8 Cells x P4.7
S L Z
S P1 | (P1.0-P177) P5 " x P5.0
[ 110 .
- Cells b x P5.7
A 2 '
6 . B oo
110 .
Cells hd x P6.5
To CSO =&
To Analog Peripherals

f——
(ADCO, CPO, VREF, XTAL)

Figure 28.1. Port I/O Functional Block Diagram
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28.1.3. Interfacing Port /O to 5V Logic

All Port I/O configured for digital, open-drain operation are capable of interfacing to digital logic operating at
a supply voltage up to 2 V higher than VDD and less than 5.25 V. An external pull-up resistor to the higher
supply voltage is typically required for most systems.

Important Note: In a multi-voltage interface, the external pull-up resistor should be sized to allow a current
of at least 150 pA to flow into the Port pin when the supply voltage is between (VDD + 0. 6V) and
(vDD + 1.0V). Once the Port pin voltage increases beyond this range, the current flowing into the Port pin
is minimal. Figure 28.3 shows the input current characteristics of port pins driven above VDD. The port pin
requires 150 pA peak overdrive current when its voltage reaches approximately (VDD + 0.7 V).

VDD Vtest (V)
VDD VDD+07
Ivtest 0
110 > | -10 -
Cell Vtest
(HA) S
Viest -150 -
A4
Port I/O Overdrive Test Circuit Port I/O Overdrive Current vs. Voltage

Figure 28.3. Port I/O Overdrive Current

28.1.4. Increasing Port I/0O Drive Strength

Port 1/0 output drivers support a high and low drive strength; the default is low drive strength. The drive
strength of a Port I/O can be configured using the PnDRYV registers. See Section “9. Electrical Characteris-
tics” on page 47 for the difference in output drive strength between the two modes.

28.2. Assigning Port I/0O Pins to Analog and Digital Functions

Port 1/0 pins P0.0—P2.7 can be assigned to various analog, digital, and external interrupt functions. The
Port pins assigned to analog functions should be configured for analog I/O, and Port pins assigned to digi-
tal or external interrupt functions should be configured for digital I/O.

28.2.1. Assigning Port I/O Pins to Analog Functions

Table 28.1 shows all available analog functions that require Port I/0O assignments. Port pins selected for
these analog functions should have their corresponding bit in PnSKIP set to 1. This reserves the pin
for use by the analog function and does not allow it to be claimed by the Crossbar. Table 28.1 shows the
potential mapping of Port I/O to each analog function.
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28.5. Port Match

Port match functionality allows system events to be triggered by a logic value change on PO or P1. A soft-
ware controlled value stored in the PnMATCH registers specifies the expected or normal logic values of PO
and P1. A Port mismatch event occurs if the logic levels of the Port’s input pins no longer match the soft-
ware controlled value. This allows Software to be notified if a certain change or pattern occurs on PO or P1
input pins regardless of the XBRn settings.

The PnMASK registers can be used to individually select which PO and P1 pins should be compared
against the PNMATCH registers. A Port mismatch event is generated if (PO & POMASK) does not equal
(POMATCH & POMASK) or if (P1 & P1MASK) does not equal (P1LMATCH & P1MASK).

A Port mismatch event may be used to generate an interrupt or wake the device from a low power mode,
such as IDLE or SUSPEND. See the Interrupts and Power Options chapters for more details on interrupt
and wake-up sources.

SFR Definition 28.3. POMASK: Port 0 Mask Register

Bit 7 6 5 4 3 2 1 0
Name POMASK]7:0]
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xF4; SFR Page = 0
Bit Name Function
7:0 | POMASK][7:0] |Port 0 Mask Value.

Selects PO pins to be compared to the corresponding bits in POMAT.
0: PO.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: PO.n pin logic value is compared to POMAT.n.
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30. SMBus

The SMBus I/O interface is a two-wire, bi-directional serial bus. The SMBus is compliant with the System

Management Bus Specification, version 1.1, and compatible with the 12C serial bus. Reads and writes to
the interface by the system controller are byte oriented with the SMBus interface autonomously controlling
the serial transfer of the data. Data can be transferred at up to 1/20th of the system clock as a master or
slave (this can be faster than allowed by the SMBus specification, depending on the system clock used). A
method of extending the clock-low duration is available to accommodate devices with different speed
capabilities on the same bus.

The SMBus interface may operate as a master and/or slave, and may function on a bus with multiple mas-
ters. The SMBus provides control of SDA (serial data), SCL (serial clock) generation and synchronization,
arbitration logic, and START/STOP control and generation. The SMBus peripheral can be fully driven by
software (i.e., software accepts/rejects slave addresses, and generates ACKs), or hardware slave address
recognition and automatic ACK generation can be enabled to minimize software overhead. A block dia-
gram of the SMBus peripheral and the associated SFRs is shown in Figure 30.1.

SMBOCN SMBOCF
M[T|S|S|A|A|A|S E|I|B|E|S|S|S|S
AX|T|T|C|R|C| I N|N|U[X|MMM|M
S|M|A|O|K|B|K S|H|S|T(B|B|B|B
T|O R|L M| [Y|H|T|F|C|C
E|D Qo B O|0|T|S|S
R|E S L|E|E|1|0
T D
AAAAAAAAL A
00 TO Overflow
01 T1 Overflow
10 TMR2H Overflow
11 TMR2L Overflow
A A 4 4 YV VVYY [ -
SMBUS CONTROL LOGIC I—‘E
Interrupt ® Arbitration | |
Request ® SCL Synchronization
® SCL Generation (Master Mode) SCL | c |
e SDA Control Control| | R |
e Hardware Slave Address Recognition o
e Hardware ACK Generation | S |
® IRQ Generation Data Path SDA s Port I/0
Control Control | B |
A A A A A I_ A
| & |
A 4 | |
SMBODAT SDA
, . . 7TSTS[AI3I2IAT0] |« FILTER X
S|S|S|S|S|S[S|G| [S[S|S[S|S|S|S|E _ —
LiLjLjLjLjLjLjC| |LfLfLjLjLfLfLfH
V(VIVIVIVIVIV VIVIV|V|V|V|V|A
6|5|4|3|2|1]|0] | M|M|M|Mm|Mm|Mm|Mm|c L» "
615|4|3|2]|1|0|K
SMBOADR SMBOADM o
>
> ——
Figure 30.1. SMBus Block Diagram
®
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31. Enhanced Serial Peripheral Interface (SPIO)

The Enhanced Serial Peripheral Interface (SPI0) provides access to a flexible, full-duplex synchronous
serial bus. SPI0 can operate as a master or slave device in both 3-wire or 4-wire modes, and supports mul-
tiple masters and slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input
to select SPIO in slave mode, or to disable Master Mode operation in a multi-master environment, avoiding
contention on the SPI bus when more than one master attempts simultaneous data transfers. NSS can
also be configured as a chip-select output in master mode, or disabled for 3-wire operation. Additional gen-
eral purpose port I/O pins can be used to select multiple slave devices in master mode.

SFR Bus
SPIOCKR SPIOCFG SPIOCN
Zdo
>z g = z|o|a-
0 =2 =L z
ERRERERR 2EEZRLGEE |:053zEEm
Ol0|0|0|0|0|0|0 o |0[¥|¥|T|n|x|X a|Q|9|X|n|nIX|a
D|N|7|D|D|D|D|D 0200|020 EEREEER
iiiiiiii A A AAAA AAAA A A
SvSCLK Clock inide
Logic
i , ,
SPI CONTROL LOGIC SPIIRQ
Data Path Pin Interface
Control Control
1 4
| |
| |
| |
| v o
| Tx Data MOSI | %
i o
| ‘ v | C !
<L spiopAT sck | R |
‘ Transmit Data Buffer ‘ 1 01
Pin } S }
Control ! S | Port 1/10
Shift Register Logic | }
< [TIEl5 4512 [A0le| =2 e B
A
3 R
. |
‘ Receive Data Buffer ‘ NSS : %
o
’ Read
%S;’Y(;giT €SPI8?)AT
% SFR Bus
Figure 31.1. SPI Block Diagram
®
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31.4. SPIO Interrupt Sources

When SPIO interrupts are enabled, the following four flags will generate an interrupt when they are set to
logic 1:

All of the following bits must be cleared by software.

m The SPI Interrupt Flag, SPIF (SPIOCN.7) is set to logic 1 at the end of each byte transfer. This flag can
occur in all SPI0 modes.

m The Write Collision Flag, WCOL (SPIOCN.6) is set to logic 1 if a write to SPIODAT is attempted when
the transmit buffer has not been emptied to the SPI shift register. When this occurs, the write to
SPIODAT will be ignored, and the transmit buffer will not be written.This flag can occur in all SPI0
modes.

m The Mode Fault Flag MODF (SPIOCN.5) is set to logic 1 when SPIO is configured as a master, and for
multi-master mode and the NSS pin is pulled low. When a Mode Fault occurs, the MSTEN and SPIEN
bits in SPIOCN are set to logic 0 to disable SPIO and allow another master device to access the bus.

m The Receive Overrun Flag RXOVRN (SPIOCN.4) is set to logic 1 when configured as a slave, and a
transfer is completed and the receive buffer still holds an unread byte from a previous transfer. The new
byte is not transferred to the receive buffer, allowing the previously received data byte to be read. The
data byte which caused the overrun is lost.

31.5. Serial Clock Phase and Polarity

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the
SPIO Configuration Register (SPIOCFG). The CKPHA bit (SPIOCFG.5) selects one of two clock phases
(edge used to latch the data). The CKPOL bit (SPIOCFG.4) selects between an active-high or active-low
clock. Both master and slave devices must be configured to use the same clock phase and polarity. SPIO
should be disabled (by clearing the SPIEN bit, SPIOCN.0) when changing the clock phase or polarity. The
clock and data line relationships for master mode are shown in Figure 31.5. For slave mode, the clock and
data relationships are shown in Figure 31.6 and Figure 31.7. CKPHA should be set to 0 on both the master
and slave SPI when communicating between two Silicon Labs C8051 devices.

The SPIO Clock Rate Register (SPIOCKR) as shown in SFR Definition 31.3 controls the master mode
serial clock frequency. This register is ignored when operating in slave mode. When the SPI is configured
as a master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz,
whichever is slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for
full-duplex operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-
wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec)
must be less than 1/10 the system clock frequency. In the special case where the master only wants to
transmit data to the slave and does not need to receive data from the slave (i.e., half-duplex operation), the
SPI slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency.
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s
system clock.
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 31.8. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 31.9. SPI Master Timing (CKPHA = 1)
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32.2.2. 9-Bit UART

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programma-
ble ninth data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB80
(SCONO0.3), which is assigned by user software. It can be assigned the value of the parity flag (bit P in reg-
ister PSW) for error detection, or used in multiprocessor communications. On receive, the ninth data bit
goes into RB80 (SCONO.2) and the stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TIO Transmit
Interrupt Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data
reception can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to 1. After the stop bit is
received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
(1) RIO must be logic 0, and (2) if MCEQ is logic 1, the 9th bit must be logic 1 (when MCEQ is logic 0, the
state of the ninth data bit is unimportant). If these conditions are met, the eight bits of data are stored in
SBUFO, the ninth bit is stored in RB80, and the RIO flag is set to 1. If the above conditions are not met,
SBUFO0 and RB80 will not be loaded and the RIO flag will not be set to 1. A UARTO interrupt will occur if
enabled when either TI0O or RIO is set to 1.

MARK START
BIT DO D1 D2 D3 D4 D5 D6 D7 D8 STOP
SPACE — BT
BT TIMES | : : : : : : : : : : |
o S T N N
BT SaveLNG | | | | | | | | | | |
Figure 32.5. 9-Bit UART Timing Diagram
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33.2.2. 8-bit Timers with Auto-Reload

When T2SPLIT is set, Timer 2 operates as two 8-bit timers (TMR2H and TMR2L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 33.5. TMR2RLL holds the reload value for TMR2L; TMR2RLH
holds the reload value for TMR2H. The TR2 bit in TMR2CN handles the run control for TMR2H. TMR2L is
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock

source divided by 8. The Timer 2 Clock Select bits (T2MH and T2ML in CKCON) select either SYSCLK or
the clock defined by the Timer 2 External Clock Select bit (T2XCLK in TMR2CN), as follows:

T2MH T2XCLK |TMR2H Clock Source T2ML T2XCLK |TMR2L Clock Source
0 0 SYSCLK /12 0 0 SYSCLK /12
0 1 External Clock / 8 0 1 External Clock / 8
1 X SYSCLK 1 X SYSCLK

The TF2H bit is set when TMR2H overflows from OxFF to 0x00; the TF2L bit is set when TMR2L overflows
from OxFF to 0x00. When Timer 2 interrupts are enabled (IE.5), an interrupt is generated each time
TMR2H overflows. If Timer 2 interrupts are enabled and TF2LEN (TMR2CN.5) is set, an interrupt is gener-
ated each time either TMR2L or TMR2H overflows. When TF2LEN is enabled, software must check the
TF2H and TF2L flags to determine the source of the Timer 2 interrupt. The TF2H and TF2L interrupt flags
are not cleared by hardware and must be manually cleared by software.

CKCON
T|T|T|T|T|T|S|S
T2XCLK 3|3|2[2|1|o|c|c
M|M[M|M[M|M|A[A
l s R R TMR2RLH [£&108d > To SMBUs
SYSCLK /12 0 rl
External Clock /8 —— 1 TCLK
TMR2H > _TF2H
TR2 > TEIL Interrupt
1 TE2LEN
Z [ TF2CEN
Q Tszg_lT
@
TMR2RLL [&eload =
SYSCLK F [T2XCLK
1 ll
TCLK To ADC,
TMR2L > SMBus
0
Figure 33.5. Timer 2 8-Bit Mode Block Diagram
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