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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

CIP-51 8051

8-Bit

25MHz

SMBus (2-Wire/I2C), SPI, UART/USART
Brown-out Detect/Reset, Cap Sense, POR, PWM, Temp Sensor, WDT
17

8KB (8K x 8)

FLASH

512 x 8

1.8V ~ 3.6V

A/D 10x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

24-WFQFN Exposed Pad

24-QFN (4x4)
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C8051F99x-C8051F98x

Table 3.1. Pin Definitions for the C8051F99x-C8051F98x (Continued)

Pin Numbers

‘F980/1/2 |‘F986/7 | ‘F986/7 Lo
Name ‘F983/5 |'F988/9|'Foss/9| Type |Description
‘F990/1 | ‘F996/7 | ‘F996/7
-GM -GM -GU
PO.1/ 1 23 2 D I/0O or |Port 0.1. See Port I/0 Section for a complete description.
Aln
AGND* G Optional Analog Ground. See Section “5.9. Voltage and
Ground Reference Options” on page 88.
P0.2/ 20 22 1 D I/O or |Port 0.2. See Port I/0O Section for a complete description.
Aln
External Clock Input. This pin is the external oscillator
XTAL1/ A In |return for a crystal or resonator. See Section
“19. Clocking Sources” on page 188.
RTCOUT D Out |Buffered SmaRTClock oscillator output.
P0.3/ 19 21 24 | D1/Oor |Port 0.3. See Section “21. Port Input/Output” on
AIn |page 215 for a complete description.
XTAL2/ A Out |External Clock Output. This pin is the excitation driver for
an external crystal or resonator.
D In |External Clock Input. This pin is the external clock input
in external CMOS clock mode.
AIn |External Clock Input. This pin is the external clock input
in capacitor or RC oscillator configurations.
See Section “19. Clocking Sources” on page 188 for
complete details.
WAKEOUT D Out Wake-up request signal to wake up external devices.
PO.4/ 18 20 23 |D1/Oor |Port 0.4. See Section “21. Port Input/Output” on
Aln |page 215 for a complete description.
TX D Out |UART TX Pin. See Section “21. Port Input/Output” on
page 215.
PO0.5/ 17 19 22 | DI/Oor |Port 0.5. See Section “21. Port Input/Output” on
Aln |page 215 for a complete description.
RX DIn |UART RX Pin. See Section “21. Port Input/Output” on

page 215.

*Note: Available only on the C8051F980/2/6/8 and C8051F990/6 devices.
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Figure 3.11. QSOP-24 Package Diagram

Table 3.6. QSOP-24 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A — — 1.75 L 0.40 — 1.27
Al 0.10 — 0.25 L2 0.25 BSC
b 0.20 — 0.30 0 0° — 8°
c 0.10 — 0.25 aaa 0.20
8.65 BSC. bbb 0.18
E 6.00 BSC cce 0.10
El 3.90 BSC ddd 0.10
e 0.635 BSC
Notes:
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 JEDEC outline MO-147, variation AE.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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C8051F99x-C8051F98x

5. SAR ADC with 16-bit Auto-Averaging Accumulator and
Autonomous Low Power Burst Mode

The ADCO on C8051F980/6 and C8051F990/6 devices is a 300 ksps, 10-bit or 75 ksps, 12-bit successive-
approximation-register (SAR) ADC with integrated track-and-hold and programmable window detector.
ADCO also has an autonomous low power Burst Mode which can automatically enable ADCO, capture and
accumulate samples, then place ADCO in a low power shutdown mode without CPU intervention. It also
has a 16-bit accumulator that can automatically oversample and average the ADC results. See Section 5.4
for more details on using the ADC in 12-bit mode. C8051F982 and C8051F988 devices only support the
10-bit mode.

The ADC is fully configurable under software control via Special Function Registers. The ADCO operates in
Single-ended mode and may be configured to measure various different signals using the analog
multiplexer described in “5.7. ADCO Analog Multiplexer” on page 83. The voltage reference for the ADC is
selected as described in “5.9. Voltage and Ground Reference Options” on page 88.

ADCOCN
AR EEEE
w2193 15|5(8
2lelz|2|2|8]8(8
21512|8|8|alala
NENEEHEREE
| A A T
,,l VDD start 000 —— ADOBUSY (W)
ADCOTK |—> c an. 001 —— Timer 0 Overflow
. onversion
I—lADCOPWR Burst Mode Logic 1 010 —— Timer 2 Overflow
011 —— Timer 3 Overflow
100 —— CNVSTR Input
R : 10/12-Bit -
|
|
| From | AIN+ SAR _‘—>8
' AMUXO <
| >
! ' A D C — 16-Bit Accumulator
I
o
_'8
71 i <
¢ — ADOWINT
? t
e Window
- | 1 Compare
S| N|H| Q| w 32 i
= Logic
2|32 2|3|2|E|S| [ADCOLTH]|[ADCOLTL |
o|lolo|o|o| 2 o
alalalalalal2|=s
< <|<|<|<|<|<| =2 [ 1
ADCOCF [ADCOGTH||ADCOGTL]

Figure 5.1. ADCO Functional Block Diagram
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SFR Definition 5.2. ADCOCF: ADCO Configuration

Bit 7 6 5 4 3 2 1 0
Name ADOSCJ4:0] ADOSBE | ADOTM | AMPOGN
Reset 1 1 1 1 1 0 0 0

SFR Page = 0x0; SFR Address = 0x97
Bit Name Function
7:3 | ADOSC[4:0] | ADCO SAR Conversion Clock Divider.
SAR Conversion clock is derived from FCLK by the following equation, where
ADOSC refers to the 5-bit value held in bits ADOSC[4:0]. SAR Conversion clock
requirements are given in Table 4.10.
BURSTEN = 0: FCLK is the current system clock.
BURSTEN = 1: FCLK is the 20 MHz low power oscillator, independent of the system
clock.
FCLK
ADOSC = FCLK _ 1~
CLKSAR
*Round the result up.
or
FCLK
CLK = —
SAR = ADOSC +1
2 ADO8SBE |ADCO 8-Bit Mode Enable.
0: ADCO operates in 10-bit mode (normal operation).
1: ADCO operates in 8-bit mode.
1 ADOTM |ADCO Track Mode.
Selects between Normal or Delayed Tracking Modes.
0: Normal Track Mode: When ADCO is enabled, conversion begins immediately fol-
lowing the start-of-conversion signal.
1: Delayed Track Mode: When ADCO is enabled, conversion begins 3 SAR clock
cycles following the start-of-conversion signal. The ADC is allowed to track during
this time.
0 AMPOGN |ADCO Gain Control.
0: The on-chip PGA gain is 0.5.
1: The on-chip PGA gain is 1.
) Rev. 1.2 75
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SFR Definition 7.2. CPTOMD: Comparator 0 Mode Selection

Bit 7 6 5 4 3 2 1 0
Name CPORIE CPOFIE CPOMDI1:0]
Type RIW R RIW RIW R R RIW
Reset 1 0 0 0 0 0 1 0

SFR Page = 0x0; SFR Address = 0x9D

Bit Name Function

7 Reserved |Read = 1b, Must Write 1b.

6 Unused Read = Ob, Write = don’t care.

5 CPORIE |ComparatorO Rising-Edge Interrupt Enable.
0: Comparator0 Rising-edge interrupt disabled.
1. ComparatorO Rising-edge interrupt enabled.

4 CPOFIE |ComparatorQ Falling-Edge Interrupt Enable.
0: ComparatorQ Falling-edge interrupt disabled.
1: ComparatorO Falling-edge interrupt enabled.

3.2 Unused Read = 00b, Write = don't care.

1:0 | CPOMD[1:0] | ComparatorO Mode Select

These bits affect the response time and power consumption for Comparator0.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1

10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)

97 Rev. 1.1
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C8051F99x-C8051F98x

SFR Definition 9.3. SP: Stack Pointer

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

Type R/W
Reset 0 0 0 0 0 1 1 1

SFR Page = All; SFR Address = 0x81
Bit Name Function
7:0 SP[7:0] |Stack Pointer.

The Stack Pointer holds the location of the top of the stack. The stack pointer is incre-
mented before every PUSH operation. The SP register defaults to 0x07 after reset.

SFR Definition 9.4. ACC: Accumulator

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

SFR Page = All; SFR Address = 0xEO; Bit-Addressable
Bit Name Function

7:0 | ACCJ[7:0] |Accumulator.
This register is the accumulator for arithmetic operations.

SFR Definition 9.5. B: B Register

Bit 7 6 5 4 3 2 1 0
Name B[7:0]
Type RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = All; SFR Address = 0xFO; Bit-Addressable
Bit Name Function

7:0 B[7:0] B Register.
This register serves as a second accumulator for certain arithmetic operations.

Rev. 1.2 126
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C8051F99x-C8051F98x

10.1. Program Memory

The CIP-51 core has a 64 kB program memory space. The C8051F99x-C8051F98x devices implement
8 kB (C8051F980/1/6/7, C8051F990/1/6/7), 4 kB (C8051F982/3/8/9), or 2 kB (C8051F985) of this program
memory space as in-system, re-programmable Flash memory, organized in a contiguous block from
addresses 0x0000 to Ox1FFF (8 kB devices), OXOFFF (4 kB devices), or 0xO7FF (2 kB devices). The last
byte of this contiguous block of addresses serves as the security lock byte for the device. Any addresses
above the lock byte are reserved.

C8051F980/1/6/7
C8051F982/3/8/9 C8051F985
C8051F990/1/6/7
Unpopulated OXFFFF OXFFFF OXFFFF |
Address Space
(Reserved) 0X2000

Lock Byte OXIFFF Unpopulated c

————————— Address Space Unpopulated £

OIFFE (Reserved) 3

Lock Byte Page Address Space 8
Ox1E00 (Reserved) 59
_________ OX1BFF oo
=
0x1000 | >0
52
Lock Byte OXOFFF oy
_____ = ez
i} OXOFFE 0x0800 Ed

Flash Memory Space Lock Byte Page T

yseace | T _| oxoE00 o DCESEO _M 2

OXOBFF OXO7FE |

Lock Byte Page w

Flash Memory Space | | —— — — — — — — - gigglg?:
Flash Memory Space
0x0000 0x0000 0x0000 _|

Figure 10.2. Flash Program Memory Map

10.1.1. MOVX Instruction and Program Memory

The MOVX instruction in an 8051 device is typically used to access external data memory. On the
CB8051F99x-C8051F98x devices, the MOVX instruction is normally used to read and write on-chip XRAM,
but can be re-configured to write and erase on-chip Flash memory space. MOVC instructions are always
used to read Flash memory, while MOVX write instructions are used to erase and write Flash. This Flash
access feature provides a mechanism for the C8051F99x-C8051F98x to update program code and use
the program memory space for non-volatile data storage. Refer to Section “14. Flash Memory” on
page 150 for further details.

10.2. Data Memory

The C8051F99x-C8051F98x device family include 512 bytes of RAM data memory. 256 bytes of this
memory is mapped into the internal RAM space of the 8051. The remainder of this memory is on-chip
“external” memory. The data memory map is shown in Figure 10.1 for reference.

10.2.1. Internal RAM

There are 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 registers 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 purpose 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 addressing 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 (SFR) but is physically separate from the SFR

Rev. 1.2 129
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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 10.1 illustrates the data memory organization of the C8051F99x-
C8051F98x.

10.2.1.1.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 9.6). This
allows fast context switching when entering subroutines and interrupt service routines. Indirect addressing
modes use registers RO and R1 as index registers.

10.2.1.2.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 Ox7F. Bit O of the byte at 0x20 has bit address 0x00 while bit7 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
destination).

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.

10.2.1.3.Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is
designated using the Stack Pointer (SP) 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.

10.2.2. External RAM

There are 256 bytes of on-chip RAM mapped into the external data memory space. All of these address
locations may be accessed using the external move instruction (MOVX) and the data pointer (DPTR), or
using MOVX indirect addressing mode (such as @R1).

130 Rev. 1.2
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SFRs are listed in alphabetical order. All undefined SFR locations are reserved.

Table 12.3. Special Function Registers (Continued)

Register Address | SFR Page Description Page
P1SKIP 0xD5 0x0 Port 1 Skip 231
P2 O0xAO All Port 2 Latch 233
P2DRV 0x9D OxF Port 2 Drive Strength 234
P2MDOUT OxA6 0x0 Port 2 Output Mode Configuration 234
PCAOCN 0xD8 0x0 PCAO Control 313
PCAOCPHO OxFC 0x0 PCAO Capture 0 High 318
PCAOCPH1 OxEA 0x0 PCAO Capture 1 High 318
PCAOCPH2 OxEC 0x0 PCAO Capture 2 High 318
PCAOCPLO OxFB 0x0 PCAO Capture 0 Low 318
PCAOCPL1 OxE9 0x0 PCAO Capture 1 Low 318
PCAOCPL2 OxEB 0x0 PCAOQ Capture 2 Low 318
PCAOCPMO OxDA 0x0 PCAO Module 0 Mode Register 316
PCAOCPM1 0xDB 0x0 PCAO Module 1 Mode Register 316
PCAOCPM2 0xDC 0x0 PCAO Module 2 Mode Register 316
PCAOH OxFA 0x0 PCAO Counter High 317
PCAOL OxF9 0x0 PCAO Counter Low 317
PCAOMD 0xD9 0x0 PCAO Mode 314
PCAOPWM OxDF 0x0 PCAO PWM Configuration 315
PCON 0x87 All Power Control 171
PMUOCF 0xB5 0x0 PMUO Configuration 168
PMUOFL OxCE 0x0 PMUO Flag Register 169
PMUOMD 0xB5 OxF PMUO Mode 170
PSCTL Ox8F All Program Store R/W Control 159
PSW 0xDO All Program Status Word 127
REFOCN 0xD1 0x0 Voltage Reference Control 90
REGOCN 0xC9 0x0 Voltage Regulator (REGO) Control 180
REVID OxE2 OxF Revision ID 155
RSTSRC OxEF 0x0 Reset Source Configuration/Status 187
RTCOADR OxAC 0x0 RTCO Address 202
RTCODAT OxAD 0x0 RTCO Data 202
RTCOKEY OXAE 0x0 RTCO Key 201
SBUFO 0x99 0x0 UARTO Data Buffer 263
SCONO 0x98 0x0 UARTO Control 262
SFRPAGE OxA7 All SFR Page 134
SMBOADM OxF5 0x0 SMBus Slave Address Mask 247
SMBOADR OxF4 0x0 SMBus Slave Address 247
SMBOCF 0xC1 0x0 SMBus0 Configuration 242
SMBOCN 0xCO 0x0 SMBus0 Control 244
SMBODAT 0xC2 0x0 SMBusO0 Data 248
SP 0x81 All Stack Pointer 126
SPIOCFG OxAl 0x0 SPI0 Configuration 272
SPIOCKR OxA2 0x0 SPI0 Clock Rate Control 274
SPIOCN 0xF8 0x0 SPI0 Control 273
SPIODAT O0xA3 0x0 SPI0 Data 274
136 Rev. 1.2 )
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C8051F99x-C8051F98x

Table 12.3. Special Function Registers (Continued)

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

Register Address | SFR Page Description Page
TCON 0x88 0x0 Timer/Counter Control 284
THO 0x8C 0x0 Timer/Counter 0 High 287
TH1 0x8D 0x0 Timer/Counter 1 High 287
TLO Ox8A 0x0 Timer/Counter 0 Low 286
TL1 0x8B 0x0 Timer/Counter 1 Low 286
TMOD 0x89 0x0 Timer/Counter Mode 285
TMR2CN 0xC8 0x0 Timer/Counter 2 Control 291
TMR2H 0xCD 0x0 Timer/Counter 2 High 293
TMR2L OxCC 0x0 Timer/Counter 2 Low 293
TMR2RLH 0xCB 0x0 Timer/Counter 2 Reload High 292
TMR2RLL OxCA 0x0 Timer/Counter 2 Reload Low 292
TMR3CN 0x91 0x0 Timer/Counter 3 Control 297
TMR3H 0x95 0x0 Timer/Counter 3 High 299
TMR3L 0x94 0x0 Timer/Counter 3 Low 299
TMR3RLH 0x93 0x0 Timer/Counter 3 Reload High 298
TMR3RLL 0x92 0x0 Timer/Counter 3 Reload Low 298
TOFFH Ox8E OxF Temperature Offset High 87
TOFFL 0x8D OxF Temperature Offset Low 87
VDMOCN OxFF 0x0 VDD Monitor Control 184
XBRO OxE1 0x0 Port 1/O Crossbar Control O 222
XBR1 OxXE2 0x0 Port I/O Crossbar Control 1 223
XBR2 OxXE3 0x0 Port I/0O Crossbar Control 2 224
) Rev. 1.2 137
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SFR Definition 14.5. FLSCL: Flash Scale

Bit 7 6 5 4 3 2 1 0
Name BYPASS
Type R R/W R R R R R R
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xB6
Bit Name Function

7 Reserved |Always Write to 0.
6 BYPASS |Flash Read Timing One-Shot Bypass.

0: The one-shot determines the Flash read time. This setting should be used for oper-
ating frequencies less than 14 MHz.

1: The system clock determines the Flash read time. This setting should be used for
frequencies greater than 14 MHz.

5.0 | Reserved |Reserved. Always Write to 000000b.

Note: Operations which clear the BYPASS bit do not need to be immediately followed by a benign 3-byte instruction.
For code compatibility with C8051F930/31/20/21 devices, a benign 3-byte instruction whose third byte is a
don't care should follow the clear operation. See the C8051F93x-C8051F92x data sheet for more details.

SFR Definition 14.6. FLWR: Flash Write Only

Bit 7| 6 | s | 4 | 3 | 2 | 1 | o
Name FLWR[7:0]
Type W
Reset 0 | 0 | o | o | o [ o | o | o
SFR Page = All; SFR Address = OXE5
Bit Name Function

7:0 | FLWRJ[7:0] |Flash Write Only.
All writes to this register have no effect on system operation.

Rev. 1.2 161
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SFR Definition 15.4. PCON: Power Management Control Register

Bit 7 6 5 4 3 1 0
Name GF[5:0] STOP IDLE
Reset 0 0 0 0 0 0 0

SFR Page = All; SFR Address = 0x87
Bit Name Description Write Read
7:2 GF[5:0] General Purpose Flags Sets the logic value. Returns the logic value.
1 STOP Stop Mode Select Writing 1 places the N/A
device in Stop Mode.
0 IDLE Idle Mode Select Writing 1 places the N/A
device in Idle Mode.

15.8. Power Management Specifications

See Table 4.5 on page 58 for detailed Power Management Specifications.

SILICON LABS
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C8051F99x-C8051F98x

SFR Definition 16.1. CRCOCN: CRCO Control

Bit 7 6 5 4 3 2 1 0
Name CRCOINIT | CRCOVAL CRCOPNT
Type R R R R RIW RIW R RIW
Reset 0 0 0 1 0 0 0 0

SFR Page = All; SFR Address = 0x84

Bit Name Function
7:4 Unused Read = 0001b; Write = Don’t Care.
3 CRCOINIT | CRCO Result Initialization Bit.
Writing a 1 to this bit initializes the entire CRC result based on CRCOVAL.
2 CRCOVAL | CRCO Set Value Initialization Bit.
This bit selects the set value of the CRC result.
0: CRC result is set to 0x00000000 on write of 1 to CRCOINIT.
1: CRC result is set to OXFFFFFFFF on write of 1 to CRCOINIT.
1 Unused Read = Ob; Write = Don't Care.
0 CRCOPNT | CRCO Result Pointer.
Specifies the byte of the CRC result to be read/written on the next access to
CRCODAT. The value of these bits will auto-increment upon each read or write.
0: CRCODAT accesses bits 7-0 of the 16-bit CRC result.
1: CRCODAT accesses bhits 15-8 of the 16-bit CRC result.
Note: Upon initiation of an automatic CRC calculation, the three cycles following a write to CRCOCN that initiate a

CRC operation must only contain instructions which execute in the same number of cycles as the number of
bytes in the instruction. An example of such an instruction is a 3-byte MOV that targets the CRCOFLIP
register. When programming in C, the dummy value written to CRCOFLIP should be a non-zero value to
prevent the compiler from generating a 2-byte MOV instruction.

SILICON LABS
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SFR Definition 19.3. OSCICL: Internal Oscillator Calibration

Factory calibrated to obtain a frequency of 24.5 MHz. Incrementing this register
decreases the oscillator frequency and decrementing this register increases the
oscillator frequency. The step size is approximately 1% of the calibrated frequency.
The recommended calibration frequency range is between 16 and 24.5 MHz.

Bit 7 6 5 4 3 2 1 0
Name SSE OSCICL[6:0]
Type R/W R/W RIW R/IW R/W R/IW R/IW R/IW
Reset 0 Varies Varies Varies Varies Varies Varies Varies
SFR Page = 0x0; SFR Address = 0xB3
Bit Name Function
7 SSE Spread Spectrum Enable.
0: Spread Spectrum clock dithering disabled.
1: Spread Spectrum clock dithering enabled.
6:0 OSCICL |Internal Oscillator Calibration.

Note: If the Precision Internal Oscillator is selected as the system clock, the following procedure should be used
when changing the value of the internal oscillator calibration bits.
1. Switch to a different clock source.
2. Disable the oscillator by writing OSCICN.7 to 0.
3. Change OSCICL to the desired setting.
4. Enable the oscillator by writing OSCICN.7 to 1.

SILICON LABS
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23.2. Operational Modes

UARTO provides standard asynchronous, full duplex communication. The UART mode (8-bit or 9-bit) is
selected by the SOMODE bit (SCONO.7). Typical UART connection options are shown below.

RS232 |4—2
LEVEL rx | C8051Fxxx
XLTR >

OR

X X
= MCU > C8051Fxxx
— RX RX

A

Figure 23.3. UART Interconnect Diagram

23.2.1. 8-Bit UART

8-Bit UART mode uses a total of 10 bits per data byte: one start bit, eight data bits (LSB first), and one stop
bit. Data are transmitted LSB first from the TXO pin and received at the RX0 pin. On receive, the eight data
bits are stored in SBUFO and the stop bit goes into RB80 (SCONO0.2).

Data transmission begins when software writes a data byte to the SBUFO register. The TI0 Transmit Inter-
rupt Flag (SCONO0.1) is set at the end of the transmission (the beginning of the stop-bit time). Data recep-
tion can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to logic 1. After the stop bit is
received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
RIO must be logic 0, and if MCEQO is logic 1, the stop bit must be logic 1. In the event of a receive data over-
run, the first received 8 bits are latched into the SBUFO receive register and the following overrun data bits
are lost.

If these conditions are met, the eight bits of data is stored in SBUFO, the stop bit is stored in RB80 and the
RIO flag is set. If these conditions are not met, SBUFO and RB80 will not be loaded and the RIO flag will not
be set. An interrupt will occur if enabled when either TIO or RIO is set.

MARK START

BIT DO D1 D2 D3 D4 D5 D6 D7 STOP
SPACE — BIT
BITTIMES | I I I I I I I I I I
A A A A A A A A A A
BIT SAMPLING | | | | | | | | | |
Figure 23.4. 8-Bit UART Timing Diagram
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Table 23.1. Timer Settings for Standard Baud Rates

Using The Internal 24.5 MHz Oscillator

Erequency: 24.5 MHz
Target | Baud Rate | Oscilla- | Timer Clock | SCA1-SCAO | TimL]| Timer 1
Baud Rate % Error |torDivide Source (pre-scale Reload
(bps) Factor select)! Value (hex)
230400 -0.32% 106 SYSCLK XX2 1 0xCB
115200 -0.32% 212 SYSCLK XX 1 0x96
57600 0.15% 426 SYSCLK XX 1 0x2B
g G 28800 -0.32% 848 SYSCLK/4 01 0 0x96
i 3 14400 0.15% 1704 SYSCLK/12 00 0 0xB9
oS 9600 -0.32% 2544 SYSCLK/12 00 0 0x96
Ng 2400 -0.32% 10176 SYSCLK/48 10 0 0x96
% = 1200 0.15% 20448 SYSCLK/48 10 0 0x2B
Notes:
1. SCA1-SCAO and T1M bit definitions can be found in Section 25.1.
2. X=Don't care.
Table 23.2. Timer Settings for Standard Baud Rates
Using an External 22.1184 MHz Oscillator
Frequency: 22.1184 MHz
[ Target | Baud Rate | Oscilla- | Timer Clock | SCAI-SCAO | TiML| Timer 1
Baud Rate % Error | tor Divide Source (pre-scale Reload
(bps) Factor select)l Value (hex)
230400 0.00% 96 SYSCLK XX2 1 0xDO
115200 0.00% 192 SYSCLK XX 1 0xA0
57600 0.00% 384 SYSCLK XX 1 0x40
g g 28800 0.00% 768 SYSCLK /12 00 0 OxEO
i O 14400 0.00% 1536 SYSCLK /12 00 0 0xCO0
s 9600 0.00% 2304 SYSCLK /12 00 0 OxAO0
8 o 2400 0.00% 9216 SYSCLK /48 10 0 OxAO0
<>/_) n 1200 0.00% 18432 |SYSCLK /48 10 0 0x40
230400 0.00% 96 EXTCLK/8 11 0 OXFA
g G 115200 0.00% 192 EXTCLK /8 11 0 O0xF4
i 8 57600 0.00% 384 EXTCLK /8 11 0 OxE8
a T 28800 0.00% 768 EXTCLK /8 11 0 0xDO
nEg 14400 0.00% 1536 EXTCLK /8 11 0 O0xAO0
<>/_) E 9600 0.00% 2304 EXTCLK /8 11 0 0x70
Notes:
1. SCA1-SCAO0 and T1M bit definitions can be found in Section 25.1.
2. X=Don't care.
) Rev. 1.2 264

SILICON LABS



C8051F99x-C8051F98x

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 three 16-bit capture/compare modules. Each capture/compare module has its own associated 1/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 six sources: system clock, system clock divided by four,
system clock divided by twelve, the external oscillator clock source divided by 8, SmaRTClock 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 303). 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 2 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
LGRS A LSLLCLEEN . )
PCA 16-Bit Counter/Timer

ECI CLOCK
> MUX
SYSCLK
—’

External Clock/8

SmaRTClock/8
—>

Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 / WDT
A X X
m (@] (@] @]
0 m m m
= x X X
o = N
A 4 v v
Crossbar
:’""“‘ TTTTTTTA
: Port 1/0 |
]

Figure 26.1. PCA Block Diagram
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26.2. PCAO Interrupt Sources

Figure 26.3 shows a diagram of the PCA interrupt tree. There are five independent event flags that can be
used to generate a PCAO interrupt. They are: the main PCA counter overflow flag (CF), which is set upon
a 16-bit overflow of the PCAO counter, an intermediate overflow flag (COVF), which can be set on an
overflow from the 8th, 9th, 10th, or 11th bit of the PCAO counter, and the individual flags for each PCA
channel (CCF0, CCF1, and CCF2), which are set according to the operation mode of that module. These
event flags are always set when the trigger condition occurs. Each of these flags can be individually
selected to generate a PCAO interrupt, using the corresponding interrupt enable flag (ECF for CF, ECOV
for COVF, and ECCFn for each CCFn). PCAO interrupts must be globally enabled before any individual
interrupt sources are recognized by the processor. PCAO interrupts are globally enabled by setting the EA
bit and the EPCAO bit to logic 1.

(forn=0t02)
PCAOCPMn PCAOCN PCAOMD PCAOPWM
P[E[C[CM[T[P[E| |C|C] C|C|C| |[C C|C|C|E A|E|C] C|C
C|A|AJA|IOWMC| [F[R C|C|C I [D[D| [P|P[P|C R|C|O] L|L
MIO|P|P|T|G|M|C| F[F|F D[T[L[ [S|S[S|F S|O|V S[s
1(M|P|N[n|n|n|F 2(1|0 L|E|C| |2|1|0 E|V|F E|E
6[n|n|n n K L L|L
n 1[0
' |
PCA Counter/Timer 8, 9, _ . .
10 or 11-bit Overflow |—|—,—> Set 8, 9, 10, or 11 bit Operation
v
PCA Counter/Timer 16- o 0 Y o
bit Overflow 1
ECCFO 3 1 EPCAO _l EA _l
0 0 0 Interrupt
PCACMC('):dOuIe 0 o oo o o—> Priority
( ) 1 ] / 1 1 Decoder
ECCF1 j
PCA Module 1 e
(CCF1) 1
ECCF2 j
PCA Module 2 o
(CCF2) 1
Figure 26.3. PCA Interrupt Block Diagram
®
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26.3.5.1. 8-Bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 8-bit PWM mode is varied using the module's PCAOCPLnN
capture/compare register. When the value in the low byte of the PCA counter/timer (PCAOL) is equal to the
value in PCAOCPLn, the output on the CEXn pin will be set. When the count value in PCAOL overflows, the
CEXn output will be reset (see Figure 26.8). Also, when the counter/timer low byte (PCAOL) overflows from
OxFF to 0x00, PCAOCPLn is reloaded automatically with the value stored in the module’s capture/compare
high byte (PCAOCPHN) without software intervention. Setting the ECOMn and PWMn bits in the
PCAOCPMn register, and setting the CLSEL bits in register PCAOPWM to 00b enables 8-Bit Pulse Width
Modulator mode. If the MATnN bit is set to 1, the CCFn flag for the module will be set each time an 8-bit
comparator match (rising edge) occurs. The COVF flag in PCAOPWM can be used to detect the overflow
(falling edge), which will occur every 256 PCA clock cycles. The duty cycle for 8-Bit PWM Mode is given in
Equation 26.2.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO
Capture/Compare registers, the low byte should always be written first. Writing to PCAOCPLnN clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

_ (256 —PCAOCPHnN)
Duty Cycle = 55

Equation 26.2. 8-Bit PWM Duty Cycle

Using Equation 26.2, the largest duty cycle is 100% (PCAOCPHn = 0), and the smallest duty cycle is
0.39% (PCAOCPHN = OxFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Write to

PCAOCPLN 0
Resel PCAOCPHn
Write to ]
PCAOCPHN E
1 COVF
PCAOPWM yPCAOCPMn
A|E|C C|C P|E|C|CIM|T|P|E
R|C|O L(L WC|A[|A[A[O|WC
S|O|V S|S M[O|P|P|T|G|M|C PCAOCPLn
E(V|F E(E 1|M|P|N|n[n|n|F
L L(L 6[n[n|n n
1|0 n
0 x T 00 ofooxof[x N ______ ,
I
I—l \___ Enable 8-bit match SET CEXn || !
Comparator > » S Q —: Crossbar :—|Z| Port I/O
TT ’—V R cr 6
PCA Timebase PCAOL
Overflow
Figure 26.8. PCA 8-Bit PWM Mode Diagram
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SFR Definition 26.7. PCAOCPLn: PCA Capture Module Low Byte

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

SFR Addresses: PCAOCPLO = OxFB, PCAOCPL1 = OxE9, PCAOCPL2 = OxEB

SFR Pages: PCAOCPLO = 0x0, PCAOCPL1 = 0x0, PCAOCPL2 = 0x0,
Bit Name Function

7:0 | PCAOCPN[7:0] |PCA Capture Module Low Byte.

The PCAOCPLnN register holds the low byte (LSB) of the 16-bit capture module n.
This register address also allows access to the low byte of the corresponding
PCA channel’s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL bit
in register PCAOPWM controls which register is accessed.

Note: A write to this register will clear the module’s ECOMn bit to a 0.

SFR Definition 26.8. PCAOCPHN: PCA Capture Module High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPN[15:8]
Type R/W R/W R/W R/W R/W R/IW R/IW R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCAOCPHO = 0xFC, PCAOCPH1 = OXEA, PCAOCPH2 = OxEC

SFR Pages: PCAOCPHO = 0x0, PCAOCPH1 = 0x0, PCAOCPH2 = 0x0,
Bit Name Function

7:0 | PCAOCPN[15:8] | PCA Capture Module High Byte.

The PCAOCPHN register holds the high byte (MSB) of the 16-bit capture module n.
This register address also allows access to the high byte of the corresponding
PCA channel’'s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL bit in
register PCAOPWM controls which register is accessed.

Note: A write to this register will set the module’s ECOMn bit to a 1.
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