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Figure 1.8. ADCO Multiplexer Block Diagram

1.6. Programmable Current Reference (IREFO)

C8051F93x-C8051F92x devices include an on-chip programmable current reference (source or sink) with
two output current settings: low power mode and high current mode. The maximum current output in low
power mode is 63 pA (1 pA steps) and the maximum current output in high current mode is 504 pA (8 pA
steps).

1.7. Comparators

C8051F93x-C8051F92x devices include two on-chip programmable voltage comparators: Comparator 0
(CPTO) which is shown in Figure 1.9; Comparator 1 (CPT1) which is shown in Figure 1.10. The two
comparators operate identically but may differ in their ability to be used as reset or wake-up sources. See
Section “18. Reset Sources” on page 184 and the Section “14. Power Management” on page 159 for
details on reset sources and low power mode wake-up sources, respectively.

The Comparator offers programmable response time and hysteresis, an analog input multiplexer, and two
outputs that are optionally available at the Port pins: a synchronous “latched” output (CPO, CP1), or an
asynchronous “raw” output (CPOA, CP1A). The asynchronous CPOA signal is available even when the
system clock is not active. This allows the Comparator to operate and generate an output when the device
is in some low power modes.

The comparator inputs may be connected to Port I/O pins or to other internal signals. Port pins may also be
used to directly sense capacitive touch switches.
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2. Ordering Information

Table 2.1. Product Selection Guide
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C8051F930-G-GM [ 25|64 4352 | v |1 |1 |2 |4 | v|24| v | v | Vv | v |2]|v]| QFN-32
C8051F930-G-GQ (25|64 (4352 | v |1 |1 |2 |4 | v|24| v | v | v | v | 2] v | LQFP-32
C8051F931-G-GM [ 2564|4352 | v |1 |1 |2 |4 | vI|16| v | v | Vv | v | 2| v | QFN-24
C8051F920-G-GM [ 2532|4352 | v |1 |1 |2 |4 | v|24| v | v | Vv | v |2]|v]| QFN-32
C8051F920-G-GQ |25(32 (4352 | v |1 |1 |2 |4 | v|24| v | v | v | v | 2] v | LQFP-32
C8051F921-G-GM [ 2532|4352 | v |1 |1 |2 |4 | vI|16| v | v | Vv | v |2]| v | QFN-24

*Note: Starting with silicon revision F, the ordering part numbers have been updated to include the silicon revision
and use this format: "C8051F930-F-GM". Package marking diagrams are included as Figure 3.4, Figure 3.5,
and Figure 3.6 to help identify the silicon revision.
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5.4.1. Window Detector In Single-Ended Mode

Figure 5.5 shows two example window comparisons for right-justified data, with
ADCOLTH:ADCOLTL = 0x0080 (128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). The input voltage can
range from O to VREF x (1023/1024) with respect to GND, and is represented by a 10-bit unsigned integer
value. In the left example, an ADOWINT interrupt will be generated if the ADCO conversion word
(ADCOH:ADCOL) is within the range defined by ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL
(if Ox0040 < ADCOH:ADCOL < 0x0080). In the right example, and ADOWINT interrupt will be generated if
the ADCO conversion word is outside of the range defined by the ADCOGT and ADCOLT registers
(if ADCOH:ADCOL < 0x0040 or ADCOH:ADCOL > 0x0080). Figure 5.6 shows an example using left-justi-
fied data with the same comparison values.

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage L Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/1024) | Ox03FF VREF x (1023/1024)
ADOWINT _
not affected ADOWINT=1
0x0081
VREF x (128/1024) 0x0080  |«— ADCOLTH:ADCOLTL | VREF x (128/1024) |  0x0080 [#——{ ADCOGTH:ADCOGTL |
""""""""""""""""" Ox007F
ADOWINT=1 not affected
__________________________________ 0x0041
VREF x (64/1024) 0x0040  |4— ADCOGTH:ADCOGTL | VREF x (64/1024) 0x0040  |4—] ADCOLTH:ADCOLTL |
0X003F
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 5.5. ADC Window Compare Example: Right-Justified Single-Ended Data

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/1024) OxFFCO VREF x (1023/1024)
ADOWINT _
not affected ADOWINT=1
0x2040
VREF x (128/1024) 0x2000 4—' ADCOLTH:ADCOLTL | VREF x (128/1024) 0x2000 <—| ADCOGTH:ADCOGTL |
""""""""""""""""" OX1FCO
ADOWINT=1 not affecied
__________________________________ 0x1040
VREF x (64/1024) 0x1000 4—| ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000 <—| ADCOLTH:ADCOLTL |
OxOFCO
ADOWINT ADOWINT=1
not affected
0 0x0000

Figure 5.6. ADC Window Compare Example: Left-Justified Single-Ended Data

5.4.2. ADCO Specifications
See “4. Electrical Characteristics” on page 45 for a detailed listing of ADCO specifications.
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SFR Definition 5.12. ADCOMX: ADCO Input Channel Select

Bit 7 6 5 4 3 2 1 0
Name ADOMX
Type R R R RIW RIW RIW RIW RIW
Reset 0 0 0 1 1 1 1 1

SFR Page = 0x0; SFR Address = 0xBB
Bit | Name Function
7:5| Unused |Unused.
Read = 000b; Write = Don't Care.

4:0 | ADOMX |AMUXO Positive Input Selection.

Selects the positive input channel for ADCO.

00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:

P0O.0
PO.1
P0.2
PO.3
P0.4
P0.5
P0O.6
PO.7
P1.0
P11
P1.2
P1.3
P14
P15
P1.6

P1.7 (C8051F920/30
Only)

11111:

10000:
10001:
10010:
10011:
10100:
10101:
10110:
10111;
11000:
11001:
11010:
11011:
11100:

11101:

11110:

P2.0 (C8051F920/30 Only)
P2.1 (C8051F920/30 Only)
P2.2 (C8051F920/30 Only)
P2.3 (C8051F920/30 Only)
P2.4 (C8051F920/30 Only)
P2.5 (C8051F920/30 Only)
P2.6 (C8051F920/30 Only)
Reserved.

Reserved.

Reserved.

Reserved.

Temperature Sensor*
VBAT Supply Voltage
(0.9-1.8V) or (1.8-3.6 V)

Digital Supply Voltage
(VREGO Output, 1.7 V Typical)

VDD/DC+ Supply Voltage
(1.8-3.6 V)

Ground

*Note: Before switching the ADC multiplexer from another channel to the temperature sensor, the ADC mux should
select the 'Ground' channel as an intermediate step. The intermediate 'Ground' channel selection step will
discharge any voltage on the ADC sampling capacitor from the previous channel selection. This will prevent
the possibility of a high voltage (> 2V) being presented to the temperature sensor circuit, which can otherwise
impact its long-term reliability.

85
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7.2. Comparator Outputs

When a comparator is enabled, its output is a logic 1 if the voltage at the positive input is higher than the
voltage at the negative input. When disabled, the comparator output is a logic 0. The comparator output is
synchronized with the system clock as shown in Figure 7.2. The synchronous “latched” output (CPO, CP1)
can be polled in software (CPnOUT bit), used as an interrupt source, or routed to a Port pin through the
Crossbar.

The asynchronous “raw” comparator output (CPOA, CP1A) is used by the low power mode wakeup logic
and reset decision logic. See the Power Options chapter and the Reset Sources chapter for more details
on how the asynchronous comparator outputs are used to make wake-up and reset decisions. The
asynchronous comparator output can also be routed directly to a Port pin through the Crossbar, and is
available for use outside the device even if the system clock is stopped.

When using a Comparator as an interrupt source, Comparator interrupts can be generated on rising-edge
and/or falling-edge comparator output transitions. Two independent interrupt flags (CPnRIF and CPnFIF)
allow software to determine which edge caused the Comparator interrupt. The comparator rising-edge and
falling-edge interrupt flags are set by hardware when a corresponding edge is detected regardless of the
interrupt enable state. Once set, these bits remain set until cleared by software.

The rising-edge and falling-edge interrupts can be individually enabled using the CPnRIE and CPnFIE
interrupt enable bits in the CPTnMD register. In order for the CPnRIF and/or CPnFIF interrupt flags to gen-
erate an interrupt request to the CPU, the Comparator must be enabled as an interrupt source and global
interrupts must be enabled. See the Interrupt Handler chapter for additional information.

CP1EN
CP10OUT N
—=| CPI1RIF VDD
Q| cPiFIF
5| cPiHYP1
O [cparveo Ing’rt .
CPIHYNL P
CP1HYNO :|
CPTOMD
Analog Input Multiplexer
~=——="~"=—"=—~ 1 o] fe! alo
| | Ble g cP1 CP1
| Px.x IZ I % % Il Rising-edge Falling-edge
l o | ol m{m
| ¢ |
! o | cpis . > TiteTapi |
—>L _ Logic__ __
I Pxx gl—» e . T e (N
| | | | CP1
—
| ! N i
| | i |
| | | |
| Pxx Iz—> | | Crossbar |
I | (SYNCHRONIZER) I I
o) | J
| CP1- N [
| g (ASYNCHRONOUS) | | CPlA,
| I Reset 1 l_____ I
| Z|_> ! I Decision |
| Pxx | | Trleols l
| —_— —_——
|
e 1
Figure 7.2. Comparator 1 Functional Block Diagram
®
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8. CIP-51 Microcontroller

The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the
MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU family has a superset of all the peripherals included with a standard 8051. The CIP-51
also includes on-chip debug hardware (see description in Section 27), and interfaces directly with the ana-
log and digital subsystems providing a complete data acquisition or control-system solution in a single inte-
grated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as
additional custom peripherals and functions to extend its capability (see Figure 8.1 for a block diagram).
The CIP-51 includes the following features:

- Fully Compatible with MCS-51 Instruction

Extended Interrupt Handler

Set - Reset Input
- 25 MIPS Peak Throughput with 25 MHz - Power Management Modes
Clock - On-chip Debug Logic

- 0to 25 MHz Clock Frequency

Program and Data Memory Security

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.

DATA BUS )

[ BREGISTER |  [STACK POINTER ]

DATA BUS

SRAM
ADDRESS # SRAM
REGISTER
i 1

SFR_ADDRESS

DATA BUS

BUFFER

DATA POINTER @

SFR sFr_conTrOL _ |

BUS SFR_WRITE_DATA _ |
INTERFACE [———=— ="}
SFR_READ_DATA |
m MEM_ADDRESS
PROGRAM COUNTER (PC) 2 =
mem_controL |
st MEMORY
a
MEM_READ_DATA |
R

RESET _ | CONTROL
— » Locic

SYSTEM_IRQs

INTERRUPT |
INTERFACE EMULATION_IRQ
I —

| STOP
[ POWER CONTROL ‘5»
IDLE REGISTER

Figure 8.1. CIP-51 Block Diagram
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With the CIP-51's maximum system clock 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 execu-
tion 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 Development Interface (C2).

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. C2 details can be found in Section “27. C2 Interface” on page 324.

The CIP-51 is supported by development tools from Silicon Labs and third party vendors. Silicon Labs pro-
vides an integrated development environment (IDE) including editor, debugger and programmer. The IDE's
debugger and programmer interface to the CIP-51 via the C2 interface to provide fast and efficient in-sys-
tem device programming and debugging. Third party macro assemblers and C compilers are also avail-
able.

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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10.8. EMIF Timing Diagrams
10.8.1. Multiplexed 16-bit MOVX: EMIOCF[3:2] = 01, 10, or 11

Muxed 16-bit WRITE

ADDR[11:8] EMIF ADDRESS (4 MSBs) from DPH ADDR[11:8]
AD[7:0] EMIF ADDREglfL(S LSE) el EMIF WRITE DATA AD[7:0]
<—TALEH4>’47TALEL—>
ALE \ ALE
< T Pe—T —»
WDS WDH
T T T
e ACS—P‘(— ACW—P1€—— ACH—Pi
IWR \ / IWR
IRD /RD
Muxed 16-bit READ
ADDR[11:8] EMIF ADDRESS (4 MSBs) from DPH ADDR[11:8]
AD[7:0] EMIF ADDRES;_(S LEles) el |/ EMIF READ DATA AD[7:0]
T T
<« ALEHA)‘(* ALEL — T —reT
RDS RDH
ALE \ ALE
T T T
S ACS—P’<— ACW —P€— ACH—>
IRD \ / /RD
IWR IWR
Note: See the Port Input/Output chapter to determine which port pins are mapped to the
ADDR[11:8], AD[7:0], ALE, /RD, and /WR signals.
Figure 10.4. Multiplexed 16-bit MOVX Timing
®
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13. Flash Memory

On-chip, re-programmable Flash memory is included for program code and non-volatile data storage. The
Flash memory can be programmed in-system through the C2 interface or by software using the MOVX
write instruction. Once cleared to logic 0, a Flash bit must be erased to set it back to logic 1. Flash bytes
would typically be erased (set to OxFF) before being reprogrammed. The write and erase operations are
automatically timed by hardware for proper execution; data polling to determine the end of the write/erase
operations is not required. Code execution is stalled during Flash write/erase operations. Refer to
Table 4.6 for complete Flash memory electrical characteristics.

13.1. Programming The Flash Memory

The simplest means of programming the Flash memory is through the C2 interface using programming
tools provided by Silicon Laboratories or a third party vendor. This is the only means for programming a
non-initialized device. For details on the C2 commands to program Flash memory, see Section “27. C2
Interface” on page 324.

The Flash memory can be programmed by software using the MOVX write instruction with the address and
data byte to be programmed provided as normal operands. Before programming Flash memory using
MOVX, Flash programming operations must be enabled by: (1) setting the PSWE Program Store Write
Enable bit (PSCTL.0) to logic 1 (this directs the MOVX writes to target Flash memory); and (2) Writing the
Flash key codes in sequence to the Flash Lock register (FLKEY). The PSWE bit remains set until cleared
by software. For detailed guidelines on programming Flash from firmware, please see Section “13.5. Flash
Write and Erase Guidelines” on page 153.

To ensure the integrity of the Flash contents, the on-chip VDD Monitor must be enabled and
enabled as a reset source in any system that includes code that writes and/or erases Flash mem-
ory from software. Furthermore, there should be no delay between enabling the Vpp Monitor and

enabling the Vpp Monitor as a reset source. Any attempt to write or erase Flash memory while the
Vpp Monitor is disabled, or not enabled as a reset source, will cause a Flash Error device reset.

13.1.1. Flash Lock and Key Functions

Flash writes and erases by user software are protected with a lock and key function. The Flash Lock and
Key Register (FLKEY) must be written with the correct key codes, in sequence, before Flash operations
may be performed. The key codes are: 0xA5, OxF1. The timing does not matter, but the codes must be
written in order. If the key codes are written out of order, or the wrong codes are written, Flash writes and
erases will be disabled until the next system reset. Flash writes and erases will also be disabled if a Flash
write or erase is attempted before the key codes have been written properly. The Flash lock resets after
each write or erase; the key codes must be written again before a following Flash operation can be per-
formed. The FLKEY register is detailed in SFR Definition 13.2.
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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
unlocked pages, and user firmware executing on locked pages. Table 13.1 summarizes the Flash security
features of the C8051F93x-C8051F92x devices.

Table 13.1. Flash Security Summary

Action C2 Debug User Firmware executing from:
Interface
an unlocked page| alocked page
Read, Write or Erase unlocked pages Permitted Permitted Permitted
(except page with Lock Byte)
Read, Write or Erase locked pages Not Permitted FEDR Permitted
(except page with Lock Byte)
Read or Write page containing Lock Byte Permitted Permitted Permitted
(if no pages are locked)
Read or Write page containing Lock Byte Not Permitted FEDR Permitted
(if any page is locked)
Read contents of Lock Byte Permitted Permitted Permitted
(if no pages are locked)
Read contents of Lock Byte Not Permitted FEDR Permitted
(if any page is locked)
Erase page containing Lock Byte Permitted FEDR FEDR
(if no pages are locked)
Erase page containing Lock Byte - Unlock all pages |Only by C2DE FEDR FEDR
(if any page is locked)
Lock additional pages Not Permitted FEDR FEDR
(change 1s to Os in the Lock Byte)
Unlock individual pages Not Permitted FEDR FEDR
(change 0Os to 1s in the Lock Byte)
Read, Write or Erase Reserved Area Not Permitted FEDR FEDR

C2DE—C2 Device Erase (Erases all Flash pages including the page containing the Lock Byte)
FEDR—Not permitted; Causes Flash Error Device Reset (FERROR bit in RSTSRC is '1" after reset)

- All prohibited operations that are performed via the C2 interface are ignored (do not cause device reset).
- Locking any Flash page also locks the page containing the Lock Byte.

- Once written to, the Lock Byte cannot be modified except by performing a C2 Device Erase.

- If user code writes to the Lock Byte, the Lock does not take effect until the next device reset.

- The scratchpad is locked when all other Flash pages are locked.

- The scratchpad is erased when a Flash Device Erase command is performed.
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20.1.2. Using RTCOADR and RTCODAT to Access SmaRTClock Internal Registers

The SmaRTClock internal registers can be read and written using RTCOADR and RTCODAT. The
RTCOADR register selects the SmaRTClock internal register that will be targeted by subsequent reads or
writes. Recommended instruction timing is provided in this section. If the recommended instruction timing
is not followed, then BUSY (RTCOADR.7) should be checked prior to each read or write operation to make
sure the SmaRTClock Interface is not busy performing the previous read or write operation. A
SmaRTClock Write operation is initiated by writing to the RTCODAT register. Below is an example of
writing to a SmaRTClock internal register.

1. Poll BUSY (RTCOADR.7) until it returns 0 or follow recommended instruction timing.

2. Write 0x05 to RTCOADR. This selects the internal RTCOCN register at SmaRTClock Address
0x05.

3. Write 0x00 to RTCODAT. This operation writes 0x00 to the internal RTCOCN register.

A SmaRTClock Read operation is initiated by setting the SmaRTClock Interface Busy bit. This transfers
the contents of the internal register selected by RTCOADR to RTCODAT. The transferred data will remain in
RTCODAT until the next read or write operation. Below is an example of reading a SmaRTClock internal
register.

1. Poll BUSY (RTCOADR.7) until it returns 0 or follow recommended instruction timing.

2. Write 0x05 to RTCOADR. This selects the internal RTCOCN register at SmaRTClock Address
0x05.

3. Write 1 to BUSY. This initiates the transfer of data from RTCOCN to RTCODAT.

4. Poll BUSY (RTCOADR.7) until it returns O or follow recommend instruction timing.

5. Read data from RTCODAT. This data is a copy of the RTCOCN register.

Note: The RTCOADR and RTCODAT registers will retain their state upon a device reset.
20.1.3. RTCOADR Short Strobe Feature

Reads and writes to indirect SmaRTClock registers normally take 7 system clock cycles. To minimize the
indirect register access time, the Short Strobe feature decreases the read and write access time to 6
system clocks. The Short Strobe feature is automatically enabled on reset and can be manually
enabled/disabled using the SHORT (RTCOADR.4) control bit.

Recommended Instruction Timing for a single register read with short strobe enabled:

nmov RTCOADR, #095h
nop

nop

nop

nmov A, RTCODAT

Recommended Instruction Timing for a single register write with short strobe enabled:

nmov RTCOADR, #095h
nov RTCODAT, #000h
nop
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Table 22.6. SMBus Status Decoding With Hardware ACK Generation Enabled (EHACK =1)

©
Values Read Va\ll\l;reifeto w3
5 ©
g — , , g g
Bloys= OO Current SMbus State Typical Response Options a3
s |58 |x |0 |x <|lO|X | = _
58522 002|283
n> Qe <z
< >
A slave byte was transmitted; [No action required (expecting
_ 01010 NACK received. STOP condition). 00 x]0001
Q . .
E A slave byte was transmitted; |Load SMBODAT with next data
= 010010011 ACK received. byte to transmit. 010X} 0100
c
= — - - -
S ol1lx A Slave byte was transmitted; |No action required (expecting ololx!ooo1
® error detected. Master to end transfer).
f_>5 An illegal STOP or bus error
? 10101 | 0 | X | X |was detected while a Slave Clear STO. 0|0 |X| —
Transmission was in progress.
If Write, Set ACK for first data olol1! 0000
0| o | x |A slave address + RIW was byte.
received; ACK sent. If Read, Load SMBODAT with
0|0 | X| 0100
data byte
0010 g\ivme, Set ACK for first data olol1! o000
Lost arbitration as master; yte.
- 0| 1| X |slave address + R/W received; |If Read, Load SMBODAT with ololx| o100
g ACK sent. data byte
[}
S Reschedule failed transfer 1|0 |X| 1110
4 -
© A STOP was detected while
K 0| O | X |addressed as a Slave Trans- |Clear STO. 0|0|X| —
9 1 0001 mitter or Slave Receiver.
ol1lx Lost arbitration while attempt- |No action required (transfer ololol —
ing a STOP. complete/aborted).
Set ACK for next data byte;
, Read SMBODAT. 010110000
0000 | O | O | X |A slave byte was received.
Set NACK for next data byte; olololoooo
Read SMBODAT.
S | 0010 | 0 | 1 | x |Lost arbitration while attempt- Abort failed transfer. 0|0 |X| —
£ ing a repeated START. Reschedule failed transfer. 1|0]X| 1110
c
8 0001 | 011 1x% Lost arbitration due to a Abort failed transfer. 0|0 (X —
S detected STOP. Reschedule failed transfer. 1/0|X]| 1110
” 0000 | o | 1 | x |Lost arbitration while transmit- Abort failed transfer. 010 |X| —
2 ting a data byte as master. Reschedule failed
m eschedule failed transfer. 1|0 |X]| 1110
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SFR Definition 23.2. SBUFO: Serial (UARTO) Port Data Buffer

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

SFR Page = 0x0; SFR Address = 0x99

Bit

Name

Function

7:0

SBUFO

Serial Data Buffer Bits 7:0 (MSB—-LSB).

This SFR accesses two registers; a transmit shift register and a receive latch register.
When data is written to SBUFO, it goes to the transmit shift register and is held for
serial transmission. Writing a byte to SBUFO initiates the transmission. A read of
SBUFO returns the contents of the receive latch.
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25.1. Timer O and Timer 1

Each timer is implemented as a 16-bit register accessed as two separate bytes: a low byte (TLO or TL1)
and a high byte (THO or TH1). The Counter/Timer Control register (TCON) is used to enable Timer 0 and
Timer 1 as well as indicate status. Timer O interrupts can be enabled by setting the ETO bit in the IE
register (Section “12.5. Interrupt Register Descriptions” on page 139); Timer 1 interrupts can be enabled
by setting the ET1 bit in the IE register (Section “12.5. Interrupt Register Descriptions” on page 139). Both
counter/timers operate in one of four primary modes selected by setting the Mode Select bits TAIM1-TOMO
in the Counter/Timer Mode register (TMOD). Each timer can be configured independently. Each operating
mode is described below.

25.1.1. Mode 0: 13-bit Counter/Timer

Timer 0 and Timer 1 operate as 13-bit counter/timers in Mode 0. The following describes the configuration
and operation of Timer 0. However, both timers operate identically, and Timer 1 is configured in the same
manner as described for Timer 0.

The THO register holds the eight MSBs of the 13-bit counter/timer. TLO holds the five LSBs in bit positions
TLO.4-TLO.0. The three upper bits of TLO (TLO.7-TLO0.5) are indeterminate and should be masked out or
ignored when reading. As the 13-bit timer register increments and overflows from Ox1FFF (all ones) to
0x0000, the timer overflow flag TFO (TCON.5) is set and an interrupt will occur if Timer O interrupts are
enabled.

The C/TO bit (TMOD.2) selects the counter/timer's clock source. When C/TO is set to logic 1, high-to-low
transitions at the selected Timer O input pin (TO) increment the timer register (Refer to Section
“21.3. Priority Crossbar Decoder” on page 221 for information on selecting and configuring external 1/0
pins). Clearing C/T selects the clock defined by the TOM bit (CKCON.3). When TOM is set, Timer 0 is
clocked by the system clock. When TOM is cleared, Timer 0 is clocked by the source selected by the Clock
Scale bits in CKCON (see SFR Definition 25.1).

Setting the TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or the input signal
INTO is active as defined by bit INOPL in register ITOLCF (see SFR Definition 12.7). Setting GATEO to 1
allows the timer to be controlled by the external input signal INTO (see Section “12.5. Interrupt Register
Descriptions” on page 139), facilitating pulse width measurements

Table 25.1. Timer 0 Running Modes

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

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

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TLO and THO.
Timer 1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The
input signal INT1 is used with Timer 1; the INT1 polarity is defined by bit IN1PL in register ITO1CF (see
SFR Definition 12.7).
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SFR Definition 25.8. TMR2CN: Timer 2 Control

Bit 7 6 5 4 3 2 1 0
Name | TF2H TF2L TF2LEN | TF2CEN | T2SPLIT TR2 T2XCLK[1:0]
Type R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xC8; Bit-Addressable
Bit Name Function
7 TF2H Timer 2 High Byte Overflow Flag.

Set by hardware when the Timer 2 high byte overflows from OxFF to 0x00. In 16 bit
mode, this will occur when Timer 2 overflows from OxXFFFF to 0x0000. When the
Timer 2 interrupt is enabled, setting this bit causes the CPU to vector to the

Timer 2 interrupt service routine. This bit is not automatically cleared by hardware.

6 TF2L Timer 2 Low Byte Overflow Flag.
Set by hardware when the Timer 2 low byte overflows from OxFF to 0x00. TF2L will
be set when the low byte overflows regardless of the Timer 2 mode. This bit is not
automatically cleared by hardware.

5 TF2LEN Timer 2 Low Byte Interrupt Enable.
When set to 1, this bit enables Timer 2 Low Byte interrupts. If Timer 2 interrupts

are also enabled, an interrupt will be generated when the low byte of Timer 2 over-
flows.

4 TF2CEN Timer 2 Capture Enable.
When set to 1, this bit enables Timer 2 Capture Mode.

3 T2SPLIT Timer 2 Split Mode Enable.

When set to 1, Timer 2 operates as two 8-bit timers with auto-reload. Otherwise,
Timer 2 operates in 16-bit auto-reload mode.

2 TR2 Timer 2 Run Control.

Timer 2 is enabled by setting this bit to 1. In 8-bit mode, this bit enables/disables
TMR2H only; TMR2L is always enabled in split mode.

1:0 | T2XCLK][1:0] |Timer 2 External Clock Select.

This bit selects the “external” and “capture trigger” clock sources for Timer 2. If
Timer 2 is in 8-bit mode, this bit selects the “external” clock source for both timer
bytes. Timer 2 Clock Select bits (T2MH and T2ML in register CKCON) may still be
used to select between the “external” clock and the system clock for either timer.
Note: External clock sources are synchronized with the system clock.

00: External Clock is SYSCLK/12. Capture trigger is SmaRTClock/8.

01: External Clock is Comparator 0. Capture trigger is SmaRTClock/8.

10: External Clock is SYSCLK/12. Capture trigger is Comparator 0.

11: External Clock is SmaRTClock/8. Capture trigger is Comparator 0.
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26. Programmable Counter Array

The Programmable Counter Array (PCAQ) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer
and six 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line
(CEXn) which is routed through the Crossbar to Port I/O when enabled. The counter/timer is driven by a
programmable timebase that can select between seven sources: system clock, system clock divided by
four, system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0 overflows, or
an external clock signal on the ECI input pin. Each capture/compare module may be configured to operate
independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output,
Frequency Output, 8 to 11-Bit PWM, or 16-Bit PWM (each mode is described in Section
“26.3. Capture/Compare Modules” on page 308). The external oscillator clock option is ideal for real-time
clock (RTC) functionality, allowing the PCA to be clocked by a precision external oscillator while the
internal oscillator drives the system clock. The PCA is configured and controlled through the system
controller's Special Function Registers. The PCA block diagram is shown in Figure 26.1

Important Note: The PCA Module 5 may be used as a watchdog timer (WDT), and is enabled in this mode
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled.
See Section 26.4 for details.

SYSCLK/12
SYSCLK/4

Timer 0 Overflow PCA

ECI CLOCK
MUX

16-Bit Counter/Timer

A

SYSCLK
External Clock/8

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare

Module 0 Module 1 Module 2 Module 3 Module 4 Module 5/ WDT
A A A A A A
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Figure 26.1. PCA Block Diagram
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27. C2 Interface

C8051F93x-C8051F92x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow
Flash programming and in-system debugging with the production part installed in the end application. The
C2 interface uses a clock signal (C2CK) and a bi-directional C2 data signal (C2D) to transfer information
between the device and a host system. See the C2 Interface Specification for details on the C2 protocol.

27.1. C2 Interface Registers

The following describes the C2 registers necessary to perform Flash programming through the C2 inter-
face. All C2 registers are accessed through the C2 interface as described in the C2 Interface Specification.

C2 Register Definition 27.1. C2ADD: C2 Address

Bit 7 6 4 3 2 1 0
Name C2ADDI7:0]
Type R/W
Reset 0 0 0 0 0 0 0
Bit Name Function
7:0 | C2ADDJ[7:0] |C2 Address.

The C2ADD register is accessed via the C2 interface to select the target Data register
for C2 Data Read and Data Write commands.

Address Description

0x00 Selects the Device ID register for Data Read instructions

0x01 Selects the Revision ID register for Data Read instructions

0x02 Selects the C2 Flash Programming Control register for Data
Read/Write instructions

0xB4 Selects the C2 Flash Programming Data register for Data

Read/Write instructions
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Revision 1.2 to Revision 1.3

Added labels to indicate center pad as “GND (optional)” to pinout diagrams in Figure 3.1 and

Figure 3.2.

Added package marking diagrams as Figure 3.4, Figure 3.5, and Figure 3.6 to help identify the silicon
revision.

Clarified conditions that apply to ‘VBAT Ramp Time for Power On’ for one-cell mode vs two-cell mode in
Table 4.4, “Reset Electrical Characteristics,” on page 59.

Updated Section “5.2.3. Burst Mode” on page 71 and Figure 5.3 to show difference in behavior
between internal convert start signals and external CNVSTR signal.

Added note about the need to ground the ADC mux before switching to the temperature sensor in
Section “5.6. Temperature Sensor” on page 86 and in SFR Definition 5.12 “ADCOMX".

Updated Figure 7.4, “CPn Multiplexer Block Diagram,” to show CPnOUT pull-up voltage (inverted)and
to correct the locations of VDD/DC+, VBAT, Digital Supply, and GND multiplexer inputs.

Updated Table 8.1 to correct number of clock cycles for ‘CINE A, direct, rel’.

Corrected VDD ramp time reference in item 2 of Section “13.5.1. VDD Maintenance and the VDD
Monitor” on page 153.

Updated CPTOWK bit description in SFR Definition 14.1, “PMUOCF".

Added Section “15.2. 32-bit CRC Algorithm” on page 169 to illustrate the 32-bit CRC algorithm.
Updated Section “21.1.3. Interfacing Port I/O to 5V and 3.3 V Logic” on page 218 to include notes
about sizing external pull-up resistors and other related information when using multi-voltage
interfaces.

Corrected clock sources associated with T3XCLK settings in Section “25.3.2. 8-bit Timers with Auto-
Reload” on page 300, Figure 25.7, Figure 25.8, and Figure 25.9 to match the description in SFR
Definition 25.13.

Removed ‘SmaRTClock divided by 8’ from list of possible clock sources in text description in Section
“26. Programmable Counter Array” on page 305.

Replaced incorrect PCA channel references from PCAOCPH2 to PCAOCPHS5 in Section

“26.4. Watchdog Timer Mode” on page 316 and Figure 26.11.

Revision 1.3 to Revision 1.4

Updated part numbers to Revision G in “Product Selection Guide” on page 26.
Updated Figure 7.4, “CPn Multiplexer Block Diagram,” to remove the bar over the CPnOUT signals.

Updated the “Reset Sources” on page 184 chapter to reflect the correct state of the RST pin during a
power-on reset.
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