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1.1. Ordering Information
The following features are common to all devices in this family:

25 MHz system clock and 25 MIPS throughput (peak)
256 bytes of internal RAM

Enhanced SPI peripheral

Enhanced UART peripheral

Three Timers

Three Programmable Counter Array channels
Internal 24.5 MHz oscillator

Internal Voltage Regulator

12-hit, 200 ksps ADC

Internal Voltage Reference and Temperature Sensor
One Analog Comparator

Table 1.1 shows the features that differentiate the devices in this family.
Table 1.1. Product Selection Guide (Recommended for New Designs)
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C8051F520-C-IM 8| 6 | v | DFN-10 ||[C8051F534-C-IM| 4 | 16 — | QFN-20
C8051F521-C-IM 8| 6 | — | DFN-10 ||C8051F536-C-IM| 2 | 16 v QFN-20
C8051F523-C-IM | 4| 6 | v | DFN-10 ||C8051F537-C-IM| 2 | 16 — | QFN-20
C8051F524-C-IM |4 | 6 | — | DFN-10 ||CB051F530-C-IT| 8| 16 v |TSSOP-20
C8051F526-C-IM 2| 6 | v | DFN-10 |[C8051F531-C-IT| 8| 16 — |TSSOP-20
C8051F527-C-IM 2| 6 | — | DFN-10 ||{C8051F533-C-IT| 4 | 16 v |TSSOP-20
C8051F530-C-IM 8 |16 | v | QFN-20 |[C8051F534-C-IT| 4 | 16 — |TSSOP-20
C8051F531-C-IM 8 |16 | — | QFN-20 [|C8051F536-C-IT| 2 | 16 v |TSSOP-20
C8051F533-C-IM | 4 | 16 | v | QFN-20 |[C8051F537-C-IT| 2 | 16 — |TSSOP-20

All devices in Table 1.1 are also available in an automotive version. For the automotive version, the -1 in the
ordering part number is replaced with -A. For example, the automotive version of the C8051F520-C-IM is
the C8051F520-C-AM.

The -AM and -AT devices receive full automotive quality production status, including AEC-Q100 qualifica-
tion (fault coverage report available upon request), registration with International Material Data System
(IMDS) and Part Production Approval Process (PPAP) documentation. PPAP documentation is available at
www.silabs.com with a registered NDA and approved user account. The -AM and -AT devices enable high
volume automotive OEM applications with their enhanced testing and processing. Please contact Silicon
Labs sales for more information regarding -AM and -AT devices for your automotive project.
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1.5. 12-Bit Analog to Digital Converter

The C8051F52x/F52xA/F53x/F53xA devices include an on-chip 12-bit SAR ADC with a maximum through-
put of 200 ksps. The ADC system includes a configurable analog multiplexer that selects the positive ADC
input, which is measured with respect to GND. Ports 0 and 1 are available as ADC inputs; additionally, the
ADC includes an innovative programmable gain stage which allows the ADC to sample inputs sources
greater than the VREF voltage. The on-chip Temperature Sensor output and the core supply voltage (Vpp)

are also available as ADC inputs. User firmware may shut down the ADC or use it in Burst Mode to save
power.

Conversions can be initiated in four ways: a software command, an overflow of Timer 1, an overflow of
Timer 2, or an external convert start signal. This flexibility allows the start of conversion to be triggered by
software events, a periodic signal (timer overflows), or external HW signals. Conversion completions are
indicated by a status bit and an interrupt (if enabled) and occur after 1, 4, 8, or 16 samples have been
accumulated by a hardware accumulator. The resulting 12-bit to 16-bit data word is latched into the ADC
data SFRs upon completion of a conversion. When the system clock is slow, Burst Mode allows ADCO to
automatically wake from a low power shutdown state, acquire and accumulate samples, then re-enter the
low power shutdown state without CPU intervention.

Window compare registers for the ADC data can be configured to interrupt the controller when ADC data is
either within or outside of a specified range. The ADC can monitor a key voltage continuously in back-
ground mode, but not interrupt the controller unless the converted data is within/outside the specified
range.

Analog Multiplexer
v Configuration, Control, and Data Registers
PO0.0
ADOBUSY
Start W)
Conversion Timer 1 Overflow
P0O.6*
P0.7* Burst Mode CNVSTR Rising Edge
P1.0* ;
Logic Timer 2 Overflow
\ 4
P1.7*
19-to-1 2
19108 12-Bit
* Available on ‘F53x/ Selectable SAR .| ADC Data
'F53xA devices Gain 16 "] Registers
® —{ s |
Temp A4
Sensor .
N ) Window
% vDD Window C_ompare Compare
GND ——— > End of Logic Interrupt
Conversion
Interrupt

Figure 1.7. 12-Bit ADC Block Diagram
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Table 2.2. Global DC Electrical Characteristics
—40 to +125 °C, 25 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

Parameter Conditions Min Typ Max Units
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)
ldle Ipp>* Vpp = 2.1V
Clock = 32 kHz — 8 — MA
Clock = 200 kHz — 22 — MA
Clock = 1 MHz — 0.09 — mA
Clock = 25 MHz — 2.2 5 mA
VDD =26V
Clock = 32 kHz — 9 — HA
Clock = 200 kHz — 30 — MA
Clock = 1 MHz — 0.13 — mA
Clock = 25 MHz — 3 6.5 mA
Idle Ipp Frequency Sensitivity>® T=25°C:
Vpp=2.1V,F<1MHz — 90 — | MA/MHz
Vpp =2.1V,F>1MHz — 90 — |MWA/MHz
Vpp = 2.6V, F<1MHz — | 18 | — |WAMHz
Vpp = 2.6 V, F > 1 MHz — | U8 | — |pAMHz
Digital Supply Current® Oscillator not running,
(Stop or Suspend Mode) Vpp Monitor Disabled.
T=25°C — 2 — HA
T=60°C — 3 — HA
T=125°C — 50 — A
Notes:
1. For more information on Vreg)n Characteristics, see Table 2.6 on page 30.
2. SYSCLK must be at least 32 kHz to enable debugging.
3. Based on device characterization data; Not production tested.
4. Does not include internal oscillator or internal regulator supply current.
5. Ipp can be estimated for frequencies <= 12 MHz by multiplying the frequency of interest by the frequency

sensitivity number for that range. When using these numbers to estimate Ipp > 12 MHz, the estimate should be
the current at 25 MHz minus the difference in current indicated by the frequency sensitivity number. For
example: Vpp = 2.6 V; F= 20 MHz, Ipp = 7.3 mA — (25 MHz — 20 MHz) x 0.184 mA/MHz = 6.38 mA.

Idle Ipp can be estimated for frequencies <= 1 MHz by multiplying the frequency of interest by the frequency
sensitivity number for that range. When using these numbers to estimate Ipp > 1 MHz, the estimate should be
the current at 25 MHz minus the difference in current indicated by the frequency sensitivity number. For
example: Vpp = 2.6 V; F=5 MHz, Idle Ipp = 3 mA — (25 MHz- 5 MHz) x 118 pA/MHz = 0.64 mA.
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Table 2.9. Flash Electrical Characteristics
Vpp = 1.8t0 2.75 V; —40 to +125 °C unless otherwise specified

1. See Table 2.8 on page 32 for the VrgT.HIGH SPecification.

Parameter Conditions Min Typ Max Units
Flash Size 'F520/0A/1/1A and 'F530/0A/1/1A 7680 — — bytes
'F523/3A/4/4A and 'F533/3A/4/4A 4096
'F526/6A/7/7A and 'F536/6A/7/7A 2048
Endurance Vpp 2 VRST_H|GH1 20 k 150k | — Erase/Write
Erase Cycle Time 27 32 38 ms
Write Cycle Time 57 65 74 VES
Vpp Write/Erase Operations VirsthicH: | — — \Y,
Notes:

2. For -l (industrial Grade) parts, flash should be programmed (erase/write) at a minimum temperature of 0 °C
for reliable flash operation across the entire temperature range of —40 to +125 °C. This minimum
programming temperature does not apply to —A (Automotive Grade) parts.

Table 2.10. Port I/O DC Electrical Characteristics
VRegin = 2.7 t0 5.25 V, —40 to +125 °C unless otherwise specified

Parameters Conditions Min Typ Max Units
Output High |lgy = -3 mA, Port I/O push-pull Veegin — 0.4 — — \
Voltage lon =—10 pA, Port I/O push-pull VRegin — 0.02 — —
lon = —10 mA, Port I/O push-pull — ViReein—0.7 —
OUtpUt Low VREG|N =27V
Voltage loL = 70 A — — 45
loL = 8.5 mA — — 550
Vreo = 5.25 V: mv
IOL =70 l.,lA —_ — 40
oL =8.5 mA — — 400
Input High VRegIN X 0.7 — — \Y
Voltage
|npUt Low — — VREGlN X V
Voltage 0.3
Input Weak Pullup Off — — +2
Leakage
Current C8051F52xA/53xA:
Weak PU”Up On, V|N =0V, VREG|N =18V — 5 15 IJ.A
C8051F52x/52xA/53x/53XA:
Weak Pullup On, Vi =0 V; VRegin = 2.7V — 20 50
Weak PU”Up On, V|N =0V, VREG|N =525V — 65 115
) Rev. 1.4 33
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Figure 3.9. QFN-20 Landing Diagram*

Note: The Landing Dimensions are given in Table 3.9, “QFN-20 Landing Diagram Dimensions,” on page 51.
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4.4.1. Calculating the Gain Value

The ADCO selectable gain feature is controlled by 13 bits in three registers. ADCOGNH contains the 8
upper bits of the gain value and ADCOGNL contains the 4 lower bits of the gain value. The final GAINADD
bit (ADCOGNA.0) controls an optional extra 1/64 (0.016) of gain that can be added in addition to the
ADCOGNH and ADCOGNL gain. The ADCOGNA.O bit is set to 1 after a power-on reset.

The equivalent gain for the ADCOGNH, ADCOGNL and ADCOGNA registers is:

. _ (GAI (14)
gain = (4096 + GAINADD x 6

Equation 4.2. Equivalent Gain from the ADCOGNH and ADCOGNL Registers

Where:

GAIN is the 12-bit word of ADCOGNH][7:0] and ADCOGNL[7:4]
GAINADD is the value of the GAINADD bit (ADCOGNA.0)
gain is the equivalent gain value from 0 to 1.016

For example, if ADCOGNH = OxFC, ADCOGNL = 0x00, and GAINADD = '1', GAIN = OxFCO = 4032, and
the resulting equation is:

4032 (14) . .
gain = (4—096) +1x(Z) = 0.984+0016 = 10

The table below equates values in the ADCOGNH, ADCOGNL, and ADCOGNA registers to the equivalent
gain using this equation.

ADCOGNH Value | ADCOGNL Value GAINADD Value GAIN Value Equivalent Gain
OxFC (default) 0x00 (default) 1 (default) 4032 + 64 1.0 (default)
0x7C 0x00 1 1984 + 64 0.5
0xBC 0x00 1 3008 + 64 0.75
0x3C 0x00 1 960 + 64 0.25
OxFF O0xFO 0 4095 +0 ~1.0
OxFF 0xFO0 1 4095 + 64 1.016

For any desired gain value, the GAIN registers can be calculated by:

GAIN = (gai n—GAINADD x (g-];l)) x 4096

Equation 4.3. Calculating the ADCOGNH and ADCOGNL Values from the Desired Gain
Where:
GAIN is the 12-bit word of ADCOGNH][7:0] and ADCOGNL[7:4]
GAINADD is the value of the GAINADD bit (ADCOGNA.0)
gain is the equivalent gain value from 0 to 1.016

When calculating the value of GAIN to load into the ADCOGNH and ADCOGNL registers, the GAINADD bit
can be turned on or off to reach a value closer to the desired gain value.
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For example, the initial example in this section requires a gain of 0.44 to convert 5 V full scale to 2.2 V full
scale. Using Equation 4.3:

GAIN = (0.44 —GAINADD x (6—];‘)) x 4096

If GAINADD is set to 1, this makes the equation:

GAIN = (O.M—lx(g-];‘)) x 4096 = 0.424 x 4096 = 1738 = Ox06CA

The actual gain from setting GAINADD to 1 and ADCOGNH and ADCOGNL to Ox6CA is 0.4399. A similar
gain can be achieved if GAINADD is set to 0 with a different value for ADCOGNH and ADCOGNL.

4.4.2. Setting the Gain Value

The three programmable gain registers are accessed indirectly using the ADCOH and ADCOL registers
when the GAINEN bit (ADCOCF.0) bit is set. ADCOH acts as the address register, and ADCOL is the data
register. The programmable gain registers can only be written to and cannot be read. See Gain Register
Definition 4.1, Gain Register Definition 4.2, and Gain Register Definition 4.3 for more information.

The gain is programmed using the following steps:

1. Setthe GAINEN bit (ADCOCF.0)

2. Load the ADCOH with the ADCOGNH, ADCOGNL, or ADCOGNA address.
3. Load ADCOL with the desired value for the selected gain register.

4. Reset the GAINEN bit (ADCOCF.0)

Notes:
1. An ADC conversion should not be performed while the GAINEN bit is set.
2. Even with gain enabled, the maximum input voltage must be less than Vgyggy and the maximum
voltage of the signal after gain must be less than or equal to Vrer

In code, changing the value to 0.44 gain from the previous example looks like:
/lin‘C":

ADCOCF |= 0x01;// GAINEN =1

ADCOH = 0x04;// Load the ADCOGNH address

ADCOL = 0x6C;// Load the upper byte of 0X6CA to ADCOGNH

ADCOH = 0x07;// Load the ADCOGNL address

ADCOL = 0xAO0;// Load the lower nibble of 0X6CA to ADCOGNL

ADCOH = 0x08;// Load the ADCOGNA address

ADCOL = 0x01;// Set the GAINADD bit

ADCOCF &= ~0x01;// GAINEN =0

; in assembly

ORL ADCOCF#01H ; GAINEN =1

MOV ADCOH,#04H; Load the ADCOGNH address

MOV ADCOL,#06CH ; Load the upper byte of Ox6CA to ADCOGNH
MOV ADCOH,#07H; Load the ADCOGNL address

MOV ADCOL,#0AOH ; Load the lower nibble of 0Ox6CA to ADCOGNL
MOV ADCOH,#08H; Load the ADCOGNA address

MOV ADCOL,#01H ; Set the GAINADD bit

ANL ADCOCF#0FEH ; GAINEN =0
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4.5. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADCO 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 (ADOWINT in register ADCOCN) can also be used in
polled mode. The ADCO Greater-Than (ADCOGTH, ADCOGTL) and Less-Than (ADCOLTH, ADCOLTL)
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 ADCO

Less-Than and ADCO Greater-Than registers.

SFR Definition 4.10. ADCOGTH: ADCO Greater-Than Data High Byte

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 SFR Address:
0xC4
Bits7-0: High byte of ADCO Greater-Than Data Word.
SFR Definition 4.11. ADCOGTL: ADCO Greater-Than Data Low Byte
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | 1111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC3

Bits7-0: Low byte of ADCO Greater-Than Data Word.
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Performance

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute, and usually have a maximum system clock of 12 MHz. By contrast, the CIP-51
core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

With the CIP-51's system clock running at 25 MHz, it has a peak throughput of 25 MIPS. The CIP-51 has a
total of 109 instructions. The table below shows the total number of instructions that require each execution
time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1

Programming and Debugging Support
In-system programming of the Flash program memory and communication with on-chip debug support
logic is accomplished via the Silicon Labs 2-Wire (C2) interface. Note that the re-programmable Flash can
also be read and written a single byte at a time by the application software using the MOVC and MOVX
instructions. This feature allows program memory to be used for non-volatile data storage as well as updat-
ing program code under software control.

The on-chip debug support logic facilitates full speed in-circuit debugging, allowing the setting of hardware
breakpoints, starting, stopping and single stepping through program execution (including interrupt service
routines), examination of the program's call stack, and reading/writing the contents of registers and mem-
ory. This method of on-chip debugging is completely non-intrusive, requiring no RAM, Stack, timers, or
other on-chip resources.

The CIP-51 is supported by development tools from Silicon Laboratories, Inc. and third party vendors. Sili-
con Laboratories provides an integrated development environment (IDE) including editor, evaluation com-
piler, assembler, debugger and programmer. The IDE's debugger and programmer interface to the CIP-51
via the on-chip debug logic to provide fast and efficient in-system device programming and debugging.
Third party macro assemblers and C compilers are also available.

8.1. Instruction Set

The instruction set of the CIP-51 System Controller is fully compatible with the standard MCS-51™ instruc-
tion set. Standard 8051 development tools can be used to develop software for the CIP-51. All CIP-51
instructions are the binary and functional equivalent of their MCS-51™ counterparts, including opcodes,
addressing modes and effect on PSW flags. However, instruction timing is different than that of the stan-
dard 8051.

8.1.1. Instruction and CPU Timing

In many 8051 implementations, a distinction is made between machine cycles and clock cycles, with
machine cycles varying from 2 to 12 clock cycles in length. However, the CIP-51 implementation is based
solely on clock cycle timing. All instruction timings are specified in terms of clock cycles.

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock
cycles as there are program bytes in the instruction. Conditional branch instructions take one less clock
cycle to complete when the branch is not taken as opposed to when the branch is taken. Table 8.1 is the
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock
cycles for each instruction.
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9.2. Data Memory

The C8051F52x/F52xA/F53x/F53xAincludes 256 bytes of internal RAM mapped into the data memory
space from 0x00 through OxFF. The lower 128 bytes of data memory are used for general purpose regis-
ters and scratch pad memory. Either direct or indirect addressing may be used to access the lower
128 bytes of data memory. Locations 0x00 through Ox1F are addressable as four banks of general pur-
pose registers, each bank consisting of eight byte-wide registers. The next 16 bytes, locations 0x20
through 0x2F, may either be addressed as bytes or as 128 bit locations accessible with the direct address-
ing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the
same address space as the Special Function Registers (SFRs) but is physically separate from the SFR
space. The addressing mode used by an instruction when accessing locations above 0x7F determines
whether the CPU accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use
direct addressing will access the SFR space. Instructions using indirect addressing above 0x7F access the
upper 128 bytes of data memory. Figure 9.1 illustrates the data memory organization of the C8051F52x/
F52xA/F53x/F53XA.

9.3. General Purpose Registers

The lower 32 bytes of data memory (locations 0x00 through Ox1F) may be addressed as four banks of
general-purpose registers. Each bank consists of eight byte-wide registers designated RO through R7.
Only one of these banks may be enabled at a time. Two bits in the program status word, RS0 (PSW.3) and
RS1 (PSW.4), select the active register bank (see description of the PSW in SFR Definition 8.4. PSW: Pro-
gram Status Word). This allows fast context switching when entering subroutines and interrupt service rou-
tines. Indirect addressing modes use registers RO and R1 as index registers.

9.4. Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at 0x20
through Ox2F are also accessible as 128 individually addressable bits. Each bit has a bit address from
0x00 to 0x7F. Bit O of the byte at 0x20 has bit address 0x00 while bit 7 of the byte at 0x20 has bit address
0x07. Bit 7 of the byte at Ox2F has bit address Ox7F. A bit access is distinguished from a full byte access by
the type of instruction used (bit source or destination operands as opposed to a byte source or destina-
tion).

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where
XX is the byte address and B is the bit position within the byte. For example, the instruction:

MoV C, 22.3h

moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the Carry flag.

9.5. Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is desig-
nated using the Stack Pointer (SP, 0x81) SFR. The SP will point to the last location used. The next value
pushed on the stack is placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to
location 0x07. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the
first register (RO) of register bank 1. Thus, if more than one register bank is to be used, the SP should be
initialized to a location in the data memory not being used for data storage. The stack depth can extend up
to 256 bytes.

9.6. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers
(SFRs). The SFRs provide control and data exchange with the CIP-51's resources and peripherals. The
CIP-51 duplicates the SFRs found in a typical 8051 implementation as well as implementing additional
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SFR Definition 12.1. PSCTL: Program Store R/W Control

R R R R R R R/W R/W Reset Value
| — \ — — — — — \ PSEE PSWE |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: Ox8F

Bits7—2: UNUSED: Read = 000000b, Write = don’t care.

Bitl: PSEE: Program Store Erase Enable
Setting this bit (in combination with PSWE) allows an entire page of Flash program memory
to be erased. If this bit is logic 1 and Flash writes are enabled (PSWE is logic 1), a write to
Flash memory using the MOVX instruction will erase the entire page that contains the loca-
tion addressed by the MOVX instruction. The value of the data byte written does not matter.
0: Flash program memory erasure disabled.
1: Flash program memory erasure enabled.

BitO: PSWE: Program Store Write Enable
Setting this bit allows writing a byte of data to the Flash program memory using the MOVX
write instruction. The Flash location should be erased before writing data.
0: Writes to Flash program memory disabled.
1: Writes to Flash program memory enabled; the MOVX write instruction targets Flash
memory.

Note: See Section “12.1. Programming The Flash Memory” on page 113 for minimum Vpp and temperature
requirements for flash erase and write operations.

SFR Definition 12.2. FLKEY: Flash Lock and Key

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
SFR Address:  OxB7

Bits7-0: FLKEY: Flash Lock and Key Register
Write:
This register provides a lock and key function for Flash erasures and writes. Flash writes
and erases are enabled by writing 0xA5 followed by OxF1 to the FLKEY register. Flash
writes and erases are automatically disabled after the next write or erase is complete. If any
writes to FLKEY are performed incorrectly, or if a Flash write or erase operation is attempted
while these operations are disabled, the Flash will be permanently locked from writes or era-
sures until the next device reset. If an application never writes to Flash, it can intentionally
lock the Flash by writing a non-0xA5 value to FLKEY from software.
Read:
When read, bits 1-0 indicate the current Flash lock state.
00: Flash is write/erase locked.
01: The first key code has been written (0xXA5).
10: Flash is unlocked (writes/erases allowed).
11: Flash writes/erases disabled until the next reset.
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13. Port Input/Output

Digital and analog resources are available through up to 16 I/O pins. Port pins are organized as two or one
byte-wide Ports. Each of the Port pins can be defined as general-purpose 1/0 (GPIO) or analog input/out-
put; Port pins P0.0 - P2.7 can be assigned to one of the internal digital resources as shown in Figure 13.3.
The designer has complete control over which functions are assigned, limited only by the number of phys-
ical I/O pins. This resource assignment flexibility is achieved through the use of a Priority Crossbar
Decoder. Note that the state of a Port I/0 pin can always be read in the corresponding Port latch, regard-
less of the Crossbar settings.

The Crossbar assigns the selected internal digital resources to the 1/O pins based on the peripheral priority
order of the Priority Decoder (Figure 13.3 and Figure 13.4). The registers XBR0 and XBR1, defined in SFR
Definition 13.1 and SFR Definition 13.2, are used to select internal digital functions.

Port I/O pins are 5.25 V tolerant over the operating range of Vgggn. Figure 13.2 shows the Port cell circuit.
The Port 1/O cells are configured as either push-pull or open-drain in the Port Output Mode registers
(PnMDOUT, where n = 0,1). Complete Electrical Specifications for Port 1/0 are given in Table 2.10 on
page 33.

POMASK, POMATCH
XBRO, XBR1, P1MASK, PIMATCH
PnSKIP Registers Registers
\ 4
. Priority PnMDOUT,
Highest Decoder PnMDIN Registers
Priority
2
UART le—% >
4
- ——<¢>| 10 .
< 2 Cells P0.7
5 LIN | ,/ » Digital x
T"; Crossbar
=) CPO 2, >
o Outputs 7 i
[
£ :I__", \ 4
Q
H SYSCLK R 8 PL I X Pro
Lowest = > <+.—> 110 °
Priority 7 Cells b
o ez , X e
2
T0, T1 [e—4%
> P1.0-1.7 and P0.7
available on C8051F53x/
- 8 C8051F53xA parts
[
5 PO | (P0.0-P0.7)
I —
-
€ 8
g
=~ Pl | (P1.0-P1.7%
[— —
Figure 13.1. Port I/O Functional Block Diagram
®
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Figure 13.2. Port I/O Cell Block Diagram
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13.1. Priority Crossbar Decoder

The Priority Crossbar Decoder (Figure 13.3) assigns a priority to each 1/O function, starting at the top with
UARTO. When a digital resource is selected, the least-significant unassigned Port pin is assigned to that
resource (excluding UARTO, which will be assigned to pins P0.4 and P0.5). If a Port pin is assigned, the
Crossbar skips that pin when assigning the next selected resource. Additionally, the Crossbar will skip Port
pins whose associated bits in the PnSKIP registers are set. The PnSKIP registers allow software to skip
Port pins that are to be used for analog input, dedicated functions, or GPIO.

PIN I/O 0 1 2 3 4 5 6 7|0 1 2 3 4 5 6 7
TXO
RXO
TXO
RXO
SCK
MISO
MOSI
NSS*
LIN-TX
LIN_RX
CPO
CPOA
ISYSCLK
CEX0
CEX1
CEX2
ECI
TO
T1

CB8051F53xA/F53x-C devices

C8051F53x devices

00 0O0OGOTG OO O[0OOOOGOTO OO0 O
POSKIP[0:7] P1SKIP[0:7]

- Port pin potentially assignable to peripheral

Special Function Signals are not assigned by the crossbar.
When these signals are enabled, the Crossbar must be manually configured

to skip their corresponding port pins.

Note: 4-Wire SPI Only.

Figure 13.3. Crossbar Priority Decoder with No Pins Skipped
(TSSOP 20 and QFN 20)

Important Note on Crossbar Configuration: If a Port pin is claimed by a peripheral without use of the
Crossbar, its corresponding PnSKIP bit should be set. This applies to P1.0 and/or P0.7 (F53x/F53xA) or
P0.2 and/or P0.3 (F52x/F52xA) for the external oscillator, P0.0 for Vrgr P1.2 (F53x/F53xA) or P0.5
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15.3. Multiprocessor Communications

9-Bit UART mode supports multiprocessor communication between a master processor and one or more
slave processors by special use of the ninth data bit. When a master processor wants to transmit to one or
more slaves, it first sends an address byte to select the target(s). An address byte differs from a data byte
in that its ninth bit is logic 1; in a data byte, the ninth bit is always set to logic 0.

Setting the MCEO bit (SCONO.5) of a slave processor configures its UART such that when a stop bit is
received, the UART will generate an interrupt only if the ninth bit is logic 1 (RB80 = 1) signifying an address
byte has been received. In the UART interrupt handler, software will compare the received address with
the slave's own assigned 8-bit address. If the addresses match, the slave will clear its MCEO bit to enable
interrupts on the reception of the following data byte(s). Slaves that weren't addressed leave their MCEQO
bits set and do not generate interrupts on the reception of the following data bytes, thereby ignoring the
data. Once the entire message is received, the addressed slave resets its MCEQO bit to ignore all transmis-
sions until it receives the next address byte.

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple
slaves, thereby enabling "broadcast" transmissions to more than one slave simultaneously. The master
processor can be configured to receive all transmissions or a protocol can be implemented such that the
master/slave role is temporarily reversed to enable half-duplex transmission between the original master
and slave(s).

Master Slave Slave oo Slave
Device Device Device Device
V+
RX X RX X RX X RX X
l l 000 J
® & 00O
Figure 15.6. UART Multi-Processor Mode Interconnect Diagram
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19.2.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA
counter/timer and load it into the corresponding module's 16-bit capture/compare register (PCAOCPLn and
PCAOCPHN). The CAPPn and CAPNN bits in the PCAOCPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge),
or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag (CCFn)
in PCAOCN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn
bit is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and
must be cleared by software. If both CAPPn and CAPNnN bits are set to logic 1, then the state of the Port
pin associated with CEXn can be read directly to determine whether a rising-edge or falling-edge caused

the capture.

PCA Interrupt

PCAOCPMn /
PIE[CICIMIT[P]E RERIEN
Ww|C|A[A[AlO|w|C C|C C|C|C
mo|r|P[TIG|M[c FIR clclc
1MPIN|n[n[n|F F(F|F
6(n|nfn n 2|10
n
l g PCAOCPLn | PCAOCPHN
o/O g..
PRI e e B~
Port I/O |X’—: Crossbar F=EX0 I Capturg, >
' ' RN o o; | | | |
—————— - C
1
PCA PCAOL PCAOH

Timebase

Figure 19.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized by the

hardware.
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C2 Register Definition 21.3. REVID: C2 Revision ID

Reset Value
| | | | | | | Varies
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
This read-only register returns the 8-bit revision ID.
For example, 0x00 = Revision A.
C2 Register Definition 21.4. FPCTL: C2 Flash Programming Control
Reset Value
| | | | | | | | | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7-0 FPCTL: Flash Programming Control Register.
This register is used to enable Flash programming via the C2 interface. To enable C2 Flash
programming, the following codes must be written in order: 0x02, 0x01. Note that once C2
Flash programming is enabled, a system reset must be issued to resume normal operation.

C2 Register Definition 21.5. FPDAT: C2 Flash Programming Data

Reset Value

| | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—0: FPDAT: C2 Flash Programming Data Register.
This register is used to pass Flash commands, addresses, and data during C2 Flash
accesses. Valid commands are listed below.

Code |[Command

0x06 |Flash Block Read
0x07 |Flash Block Write
0x08 |Flash Page Erase
0x03 | Device Erase
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