Silicon Labs - C8051F304-GMR Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"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"

Not For New Designs
8051

8-Bit

25MHz

SMBus (2-Wire/I2C), UART/USART
POR, PWM, WDT

8

4KB (4K x 8)

FLASH

256 x 8

2.7V ~ 3.6V

Internal

-40°C ~ 85°C (TA)
Surface Mount
10-VFDFN Exposed Pad
11-QFN (3x3)

https://www.e-xfl.com/product-detail/silicon-labs/c8051f304-gmr

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/c8051f304-gmr-4406168
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

C8051F300/1/2/3/4/5

10.Flash Memory

Figure 10.1.

11.0Oscillators

Figure 11.1.
Figure 11.2.

Flash Program Memory Map.........eeeceeiiiiiiieeeeeeeeeeeeeeeeetse e a e e e 91
OSCIllator DIAGIAIM ......ueeiiiiiiieiiie e e e e e e e e e e e e 97
32.768 kHz External Crystal EXample........ccccceeeeeiiiiiiiiieicceen, 101

12.Port Input/Output

13.

14.

Figure 12.1.
Figure 12.2.
Figure 12.3.
Figure 12.4.
SMBus

Figure 13.1.
Figure 13.2.
Figure 13.3.
Figure 13.4.
Figure 13.5.
Figure 13.6.
Figure 13.7.
Figure 13.8.
UARTO

Figure 14.1.
Figure 14.2.
Figure 14.3.
Figure 14.4.
Figure 14.5.
Figure 14.6.

15.Timers

Figure 15.1.
Figure 15.2.
Figure 15.3.
Figure 15.4.
Figure 15.5.

Port 1/0 Functional BIOCK Diagram ...........ccccceeeieeiiiiiiiiiiiiiiiiieeeee 103
Port I/O Cell BIOCK Diagram ...........ceeeiiieeeeeiieeeeeeeeiiicee e 103
Crossbar Priority Decoder with XBRO = OX00 ......cccoeeeeeieieiiiiiiiiiiiinens 104
Crossbar Priority Decoder with XBRO = 0X44 ......cccoovveeieieiieieeeeiiiiie, 105
SMBUS BIOCK DIAQIam ........iiiiiiieeeeeeeieeeeieeeiiiiies s e eeeeeeeeeeens 111
Typical SMBUS COoNfIQUIratioN ........cooviiiiiiiiiieiiiieiceeee e 112
SMBUS TraNSACHON .....uuiiiiiiiiiiiiieieee e e e e e e e e 113
Typical SMBUS SCL GEeNEration............uueuiiiiiinieeeeeeeeeeeeeeeiiviiins 117
Typical Master Transmitter SEqQUENCE...........ccceeveviiiiiiiiiiciiiiiieeee 123
Typical Master Receiver SEQUENCE.........ucveeiieeeeeeeeeeeeeeeeeeeeee s 124
Typical Slave Receiver SEQUENCE..........uuiiiiiieeeeeeeeeeeeeeeeiii s 125
Typical Slave Transmitter SEQUENCE............cooeeiiiiviiiiiiiiiieeeeeeee e 126
UARTO BIOCK DIiagram ..........ucooiieeeee ettt e e eeeeeeeeees 131
UARTO Baud Rate LOGIC.......ccoeeiiiiiiiiiiiiiiiii ettt 132
UART Interconnect Diagram ...........ccoeeiiriiieiiiiiiiiiiieeee e e e e e e eeeeeeeeaennenns 133
8-Bit UART Timing Diagram.........ccooiiiiiiiiiiiiiiiiiiiiaae e e e e eeeeeeeeeneeeens 133
9-Bit UART Timing DIagram.........coeeeiiiiiiiiiiiiiiiiiiiiee e 134
UART Multi-Processor Mode Interconnect Diagram ...............cc......... 135
TO Mode 0 BIOCK DIiagram........cceeeeiiieeeeeeiaiee et 144
TO Mode 2 Block Diagram............coovvvuuiiiiiiiiiiiee e eeeeeeeeeeeeee s 145
TO Mode 3 BIOCK Diagram...........ccoeeeiiiiuiniiiiiiaee e 146
Timer 2 16-Bit Mode Block Diagram .............ooccciiiiiiiiiiiiiiiieecceeeeeeeen 151
Timer 2 8-Bit Mode Block Diagram .........cccceeeieeiiiieeiiiiieeeiecceenn 152

16.Programmable Counter Array
Figure 16.1. PCA BIOCK DIagram.........cccoiiiiiiiiiiiiiiiiiiiiieeee ettt 155
Figure 16.2. PCA Counter/Timer Block Diagram...............eviiiiiieeeeieeeeeeeeeeeeiennnnns 156
Figure 16.3. PCA Interrupt BIOCK Diagram ..........ccooiiiiiiiiiiiiiiiiniiieee e eeeeeeeeeeiiinnens 157
Figure 16.4. PCA Capture Mode Diagram...........ccccuuiiiiiiimimiiiiieieeeeeee e e e e e e 158
Figure 16.5. PCA Software Timer Mode Diagram..............uuuviiiiiiieeeeeeeeeeeeeeeeeennnnns 159
Figure 16.6. PCA High Speed Output Mode Diagram...........cccceeeeeeeeeeeeeeeeeeeeeienennns 160
Figure 16.7. PCA Frequency OUtpUt MOAE ..........ccovviiiviiiiiiiiiiiini e eeeeee e 161
Figure 16.8. PCA 8-Bit PWM Mode Diagram ..............ooovviviviiiiiiiiieeeeeeeeeeeeeeeeeiennnnns 162
Figure 16.9. PCA 16-Bit PWM MOAE.........oiiiiiiiiiiiiii et eeeeeeeeeees 163
Figure 16.10. PCA Module 2 with Watchdog Timer Enabled .................ccevvvvvnnnnen. 164

17.C2 Interface
Figure 17.1. Typical C2 PiN SNAMNG .....uuuuiiiiiieeeeeeiiieeeeeeiiiss e eeeeeeeeeeenees 175

8 Rev. 2.9 )

SILICON LABS



C8051F300/1/2/3/4/5

List of Tables

1. System Overview

Table 1.1. Product Selection GUITE ..........oeeuuiiiiiiiiiiiiee e 14
2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum RAtINGS ........uuuuuurmiiiiiiiiee et 24
3. Global Electrical Characteristics

Table 3.1. Global Electrical CharacteristiCs .........ccccoeieiiiieiiiiiiiieeeeee e 25
4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F300/1/2/3/4]5 .......ccoueeeeeeeiiiiiiiiiaaaeeeeeeeeen 27

Table 4.2. QFN-11 Package DIMENSIONS .........uuuuiiiiiieieeeeeeeeeeeeeeevrr e e e 29

Table 4.3. QFN-11 Landing Diagram DIMENSIONS ..........ccooviiiiiiiiiiiiiiiiiaae e 31

Table 4.4. SOIC-14 Package DIMENSIONS ..........uueeiiiiiiiiiiiiaaeeeeaeeee e 33

Table 4.5. SOIC-14 PCB Land Pattern DIMeNSIONS .........ccccovvvvvviiiiiiiiiiiiiieeeeeeeeeean 34
5. ADCO (8-Bit ADC, C8051F300/2)

Table 5.1. ADCO Electrical CharacCteriStiCS .........uuiiiiieiiieeeeeiirieeeeeiiiiiine e e e e e 47
6. Voltage Reference (C8051F300/2)

Table 6.1. External Voltage Reference Circuit Electrical Characteristics ................ 50
7. ComparatorO

Table 7.1. ComparatorO Electrical Characteristics ...........ccccovvvivviiiiiiiiiiiiiiii e, 55
8. CIP-51 Microcontroller

Table 8.1. CIP-51 INStruction Set SUMMAIY .........ouviiiiiiiiiiiiieeieee e 59

Table 8.2. Special Function Register (SFR) Memory Map .........ccovvvvviieiiiiiieeeeeeenn. 66

Table 8.3. Special FUNCHION REQISLEIS ......covuiiiiiiiiiiiiee e 66

Table 8.4. INtErrupt SUMIMANY .....cooiiiiiii e 74
9. Reset Sources

Table 9.1. User Code Space Address LIMILS .........couuiiiiiiiiiiiiii e 86

Table 9.2. Reset Electrical CharacteriStiCS ..........ceeiiiiiieiieiiiiiieeeiiiiieee e 86
10.Flash Memory

Table 10.1. Flash Electrical CharacteriStiCS .........cccovueiiiiiiiiiiiiiiiiiiiiiiee e 90

Table 10.2. Security Byte DECOTING ....ccccuuuiiiiiiiiiiiiiiieei e 91
11.Oscillators

Table 11.1. Internal Oscillator Electrical CharacteristiCs ...........couuvvvvviiiiiiiiieeeeeeennn. 99
12.Port Input/Output

Table 12.1. Port I/0O DC Electrical CharacteristiCs ............cccovvvvvvviviiiiiiiiiieeeeeeeeee 110
13.SMBus

Table 13.1. SMBus Clock Source Selection ..........ccccoceeeiiiiiiiiiiiiiiici e 116

Table 13.2. Minimum SDA Setup and Hold TIMeS ..........ccoovviriiiiiiiiiiieee e, 117

Table 13.3. Sources for Hardware Changes to SMBOCN ............cccciiiiiiieiinneeeeenn. 121

Table 13.4. SMBUS Status DeCOING ..........uuuuumimiiiiiiiiiiiiiiee e 127
14.UARTO

Table 14.1. Timer Settings for Standard Baud Rates

Using The Internal 24.5 MHz Oscillator ..............oovvvvviiiiiiiiiiieeeeeeeeee, 138
Table 14.2. Timer Settings for Standard Baud Rates
Using an External 25 MHz Oscillator ... 138
) Rev. 2.9 9

SILICON LABS



C8051F300/1/2/3/4/5

List of Registers

SFR Definition 5.1.
SFR Definition 5.2.
SFR Definition 5.3.
SFR Definition 5.4.
SFR Definition 5.5.
SFR Definition 5.6.
SFR Definition 6.1.
SFR Definition 7.1.
SFR Definition 7.2.
SFR Definition 7.3.

AMXOSL: AMUXO Channel Select (C8051F300/2) ............ 42
ADCOCF: ADCO Configuration (C8051F300/2) ............... 43
ADCO: ADCO Data Word (C8051F300/2) ................... 43
ADCOCN: ADCO Control (C8051F300/2) . . ... ..o oiiii et 44
ADCOGT: ADCO Greater-Than Data Byte (C8051F300/2) ...... 46
ADCOLT: ADCO Less-Than Data Byte (C8051F300/2) ......... 46
REFOCN: Reference Control Register . . . ................... 50
CPTOCN: ComparatorO Control .. .............. ... ... ..... 53
CPTOMX: ComparatorO MUX Selection .................... 54
CPTOMD: ComparatorO Mode Selection . ................... 54

SFR Definition 8.1. DPL: Data Pointer Low Byte .. ........... .. ... ... . . ...... 68
SFR Definition 8.2. DPH: Data Pointer HighByte . . . .......... ... .............. 69
SFR Definition 8.3. SP: Stack Pointer . . . . ... . . . 69
SFR Definition 8.4. PSW: Program Status Word . .. .......... .. ... . ... 70
SFR Definition 8.5. ACC: Accumulator ............. . . . .. 71
SFR Definition 8.6. B: B RegISter . ... ... 71
SFR Definition 8.7. IE: Interrupt Enable . ...... ... .. ... . .. . . 75
SFR Definition 8.8. IP: Interrupt Priority . ....... ... .. . . 76
SFR Definition 8.9. EIE1: Extended Interrupt Enable 1 .. ...................... 77
SFR Definition 8.10. EIP1: Extended Interrupt Priority 1 .. ..................... 78
SFR Definition 8.11. ITO1CF: INTO/INT1 Configuration ........................ 79
SFR Definition 8.12. PCON: Power Control ........... ... ... .. .. 81
SFR Definition 9.1. RSTSRC: Reset Source .............c.iiiiinn. 87
SFR Definition 10.1. PSCTL: Program Store R/'W Control ...................... 92
SFR Definition 10.2. FLKEY: Flash Lockand Key ........ ... ... ... .. ... ..... 93
SFR Definition 10.3. FLSCL: Flash Scale . . ........ ... ... .. . . . . . . . . . . .. 93
SFR Definition 11.1. OSCICL: Internal Oscillator Calibration . ................... 98
SFR Definition 11.2. OSCICN: Internal Oscillator Control .. .................... 98
SFR Definition 11.3. OSCXCN: External Oscillator Control .................... 100
SFR Definition 12.1. XBRO: Port I/0O Crossbar Register0 . .................... 107
SFR Definition 12.2. XBR1: Port I/O Crossbar Register 1 ... .................. 107
SFR Definition 12.3. XBR2: Port I/O Crossbar Register2 . .. .................. 108
SFR Definition 12.4. PO: PortO Reqister . ... ... e 109
SFR Definition 12.5. POMDIN: PortO InputMode . ......... .. .. ... ... ... ..... 109
SFR Definition 12.6. POMDOUT: Port0 OutputMode . . . ...................... 110
SFR Definition 13.1. SMBOCF: SMBus Clock/Configuration ................... 118
SFR Definition 13.2. SMBOCN: SMBus Control ........... .. ... ... ... ..... 120
SFR Definition 13.3. SMBODAT: SMBusData .............. ... 122
SFR Definition 14.1. SCONO: Serial Port 0 Control .......................... 136
SFR Definition 14.2. SBUFO: Serial (UARTO) Port Data Buffer ................. 137
SFR Definition 15.1. TCON: Timer Control . . .......... .. .. 147
SFR Definition 15.2. TMOD: TimerMode . . .......... e 148
SFR Definition 15.3. CKCON: Clock Control ........... .. .. .. .. .. ... ... .... 149
) Rev. 2.9 11

SILICON LABS



C8051F300/1/2/3/4/5

Ce vo

L
|
.

L

Figure 4.4. Typical QFN-11 Landing Diagram

Table 4.3. QFN-11 Landing Diagram Dimensions

Dimension MIN MAX
C1l 2.75 2.85
C2 2.75 2.85
E 0.50 BSC
X1 0.20 0.30
X2 1.40 1.50
Y1 0.65 0.75
Y2 2.30 2.40

Notes: General
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This land pattern design is based on the IPC-7351 guidelines.

Notes: Solder Mask Design
1. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder
mask and the metal pad is to be 60 pm minimum, all the way around the pad.

Notes: Stencil Design
1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to
assure good solder paste release.
The stencil thickness should be 0.125 mm (5 mils).
The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
4. A 3x1array of 1.30 x 0.60 mm openings on 0.80 mm pitch should be used for the center
ground pad.

whn

Notes: Card Assembly
1. A No-Clean, Type-3 solder paste is recommended.
2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for
Small Body Components.
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5.3.2. Tracking Modes

According to Table 5.1 on page 47, each ADCO conversion must be preceded by a minimum tracking time
for the converted result to be accurate. The ADOTM bit in register ADCOCN controls the ADCO track-and-
hold mode. In its default state, the ADCO input is continuously tracked except when a conversion is in prog-
ress. When the ADOTM bit is logic 1, ADCO operates in low-power track-and-hold mode. In this mode,
each conversion is preceded by a tracking period of 3 SAR clocks (after the start-of-conversion signal).
When the CNVSTR signal is used to initiate conversions in low-power tracking mode, ADCO tracks only
when CNVSTR is low; conversion begins on the rising edge of CNVSTR (see Figure 5.4). Tracking can
also be disabled (shutdown) when the device is in low power standby or sleep modes. Low-power track-
and-hold mode is also useful when AMUX or PGA settings are frequently changed, due to the settling time
requirements described in Section “5.3.3. Settling Time Requirements” on page 41.

A. ADC Timing for External Trigger Source

CNVSTR
(ADOCM[2:0]=1xx)

1 2 3 4 5 6 7 8 9 10 11 12

SAR Clocks | |

ADOTM=1 Low Power Track Convert Low Power
or Convert Mode
ADOTM=0 Track or Convert Convert Track

B. ADC Timing for Internal Trigger Source

Write '1' to ADOBUSY,
Timer 0, Timer 2, Timer 1 Overflow ~— ——»
(ADOCM[2:0]=000, 001, 010, 011) |—

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Clocks
Low Power Low Power

ADOTM=1 or Convert Track Convert Mode

1 2 3 4 5 6 7 8 9 10 11 12
e T
Clocks

Track or

ADOTM=0 Convert Convert Track

Figure 5.4. 8-Bit ADC Track and Conversion Example Timing
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5.4.2. Window Detector In Differential Mode

Figure 5.7 shows two example window comparisons for differential mode, with ADCOLT = 0x10 (+16d) and
ADCOGT = OxFF (-1d). Notice that in Differential mode, the codes vary from —VREF to VREF x (127/128)
and are represented as 8-bit 2's complement signed integers. In the left example, an ADOWINT interrupt
will be generated if the ADCO conversion word (ADCOL) is within the range defined by ADCOGT and
ADCOLT (if OXFF (—1d) < ADCO < 0x10 (16d)). In the right example, an ADOWINT interrupt will be gener-
ated if ADCO is outside of the range defined by ADCOGT and ADCOLT (if ADCO < OxFF (-1d) or ADCO >
0x10 (+16d)).

ADCO ADCO
Input Voltage A Input Voltage A
(P0O.x - PO.y) (P0O.x - PO.y)
REF x (127/128) | OX7F (127d) REF x (127/128) | Ox7F (127d)
ADOWINT _
not affected ADOWINT=1
0x11 (17d) 0x11 (17d)
REF x (16/128) 0x10 (16d) |+—| ADCOLT ] REF x (16/128) 0x10 (16d) |+—| ADCOGT ]
OXOF (15d) OxOF (15d)
_ ADOWINT
ADOWINT=1 not affected
0x00 (0d) 0x00 (0d)
REF x (-1/256) OXFF (-1d) <—{ ADCOGT ] REF x (-1/256) OXFF (-1d) <—{ ADCOLT ]
OxFE (-2d) OXFE (-2d)
ADOWINT ADOWINT=1
not affected
-REF 0x80 (-128d) -REF 0x80 (-128d)

Figure 5.7. ADC Window Compare Examples, Differential Mode

SFR Definition 5.5. ADCOGT: ADCO Greater-Than Data Byte (C8051F300/2)

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: ADCO Greater-Than Data Word.

SFR Definition 5.6. ADCOLT: ADCO Less-Than Data Byte (C8051F300/2)

R/W R/IW 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:
0xC6

Bits7—0: ADCO Less-Than Data Word.
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Table 5.1. ADCO Electrical Characteristics
Vpp = 3.0V, VREF = 2.40 V (REFSL = 0), PGA Gain = 1, —40 to +85 °C unless otherwise specified.

Parameter | Conditions | Min | Typ ‘ Max ‘ Units
DC Accuracy
Resolution 8 bits
Integral Nonlinearity — +0.5 +1 LSB
Differential Nonlinearity Guaranteed Monotonic — +0.5 +1 LSB
Offset Error -5.0 0.5 5.0 LSB
Full Scale Error Differential mode -5.0 -1 5.0 LSB
Dynamic Performance (10 kHz Sine-wave Differential Input, 1 dB below Full Scale, 500 ksps)
Signal-to-Noise Plus Distortion 45 48 — dB
Total Harmonic Distortion Up to the 5t harmonic — -56 — dB
Spurious-Free Dynamic Range — 58 — dB
Conversion Rate
SAR Conversion Clock — — 6 MHz
Conversion Time in SAR Clocks 11 — — clocks
Track/Hold Acquisition Time 300 — — ns
Throughput Rate — — 500 ksps
Analog Inputs
Input Voltage Range 0 — VREF \Y,
Input Capacitance — 5 — pF
Temperature Sensor — — —
Linearity23 — | 05 | — °C
Gain1?3 - iiig o HV/C
Offset!2:3 (Temp = 0 °C) — |897+31| — mv
Power Specifications
Power Supply Current — 400 900 MA

(Vpp Supplied to ADCO) Operating Mode, 500 ksps

Power Supply Rejection — +0.3 — mV/\V

Notes:
1. Represents one standard deviation from the mean.
2. Measured with PGA Gain = 2.
3. Includes ADC offset, gain, and linearity variations.
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SFR Definition 8.2. DPH: Data Pointer High Byte

R/IW R/IW R/W R/IW R/IW R/IW R/IW R/W Reset Value
\ \ \ \ | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x83

Bits7—-0: DPH: Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed Flash memory.

SFR Definition 8.3. SP: Stack Pointer

R/IW R/IW R/IW R/IW R/IW R/IW R/IW R/IW Reset Value
| | | | \ \ 00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x81

Bits7-0: SP: Stack Pointer.
The Stack Pointer holds the location of the top of the stack. The stack pointer is incremented
before every PUSH operation. The SP register defaults to 0x07 after reset.
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8.4.2. Stop Mode

Setting the Stop Mode Select bit (PCON.1) causes the CIP-51 to enter Stop mode as soon as the instruc-
tion that sets the bit completes execution. In Stop mode the internal oscillator, CPU, and all digital periph-
erals are stopped; the state of the external oscillator circuit is not affected. Each analog peripheral
(including the external oscillator circuit) may be shut down individually prior to entering Stop Mode. Stop
mode can only be terminated by an internal or external reset. On reset, the CIP-51 performs the normal
reset sequence and begins program execution at address 0x0000.

If enabled, the Missing Clock Detector will cause an internal reset and thereby terminate the Stop mode.

The Missing Clock Detector should be disabled if the CPU is to be put to in STOP mode for longer than the
MCD timeout of 100 psec.

SFR Definition 8.12. PCON: Power Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

GF5 GF4 | GF3 | GF2 | GF1 | GFO | STOP | IDLE |00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x87

Bits7-2: GF5-GFO0: General Purpose Flags 5-0.
These are general purpose flags for use under software control.
Bitl: STOP: Stop Mode Select.
Setting this bit will place the CIP-51 in Stop mode. This bit will always be read as 0.
1. CPU goes into Stop mode (turns off internal oscillator).
Bit0: IDLE: Idle Mode Select.
Setting this bit will place the CIP-51 in Idle mode. This bit will always be read as 0.
1. CPU goes into Idle mode (shuts off clock to CPU, but clock to Timers, Interrupts, Serial
Ports, and Analog Peripherals are still active).
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NOTES:
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Table 11.1. Internal Oscillator Electrical Characteristics

—40 to +85 °C unless otherwise specified

Parameter Conditions Min Typ Max Units
C8051F300/1 devices 24 245 25 MHz
Calibrated Internal Oscillator —40 to +85 °C
Frequency C8051F300/1 devices 243 | 247 | 25 MHz
0to +70 °C
Uncalibrated Internal Oscillator C8051F302/3/4/5 devices 16 20 24 MHz
Frequency
Internal Oscillator Supply Current OSCICN.2=1 450 MA
(from Vpp)

11.2. External Oscillator Drive Circuit

The external oscillator circuit may drive an external crystal, ceramic resonator, capacitor, or RC network. A
CMOS clock may also provide a clock input. For a crystal or ceramic resonator configuration, the crys-
tal/resonator must be wired across the XTAL1 and XTAL2 pins as shown in Option 1 of Figure 11.1. A
10 MQ resistor also must be wired across the XTAL2 and XTAL1 pins for the crystal/resonator configura-
tion. In RC, capacitor, or CMOS clock configuration, the clock source should be wired to the XTAL2 pin as
shown in Option 2, 3, or 4 of Figure 11.1. The type of external oscillator must be selected in the OSCXCN
register, and the frequency control bits (XFCN) must be selected appropriately (see SFR Definition 11.3).

Important Note on External Oscillator Usage: Port pins must be configured when using the external
oscillator circuit. When the external oscillator drive circuit is enabled in crystal/resonator mode, Port pins
P0.2 and P0.3 are occupied as XTAL1 and XTALZ2 respectively. When the external oscillator drive circuit is
enabled in capacitor, RC, or CMOS clock mode, Port pin P0.3 is occupied as XTAL2. The Port I/O Cross-
bar should be configured to skip the occupied Port pins; see Section “12.1. Priority Crossbar Decoder”
on page 104 for Crossbar configuration. Additionally, when using the external oscillator circuit in crys-
tal/resonator, capacitor, or RC mode, the associated Port pins should be configured as analog inputs. In
CMOS clock mode, the associated pin should be configured as a digital input. See Section “12.2. Port
I/O Initialization” on page 106 for details on Port input mode selection.

11.3. System Clock Selection

The CLKSL bit in register OSCICN selects which oscillator is used as the system clock. CLKSL must be
set to ‘1’ for the system clock to run from the external oscillator; however the external oscillator may still
clock peripherals (timers, PCA) when the internal oscillator is selected as the system clock. The system
clock may be switched on-the-fly between the internal and external oscillator, so long as the selected oscil-
lator is enabled and has settled. The internal oscillator requires little start-up time and may be enabled and
selected as the system clock in the same write to OSCICN. External crystals and ceramic resonators typi-
cally require a start-up time before they are settled and ready for use as the system clock. The Crystal
Valid Flag (XTLVLD in register OSCXCN) is set to ‘1’ by hardware when the external oscillator is settled. To
avoid reading a false XTLVLD, in crystal mode software should delay at least 1 ms between enabling the
external oscillator and checking XTLVLD. RC and C modes typically require no start-up time.
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12.1. Priority Crossbar Decoder

The Priority Crossbar Decoder (Figure 12.3) 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 is always at pins 4 and 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 XBRO register are set. The XBRO register allows software to skip Port pins that are to
be used for analog input or GPIO.

Important Note on Crossbar Configuration: If a Port pin is claimed by a peripheral without use of the
Crossbar, its corresponding XBRO bit should be set. This applies to P0.0 if VREF is enabled, P0.3 and/or
P0.2 if the external oscillator circuit is enabled, P0.6 if the ADC is configured to use the external conversion
start signal (CNVSTR), and any selected ADC or Comparator inputs. The Crossbar skips selected pins as
if they were already assigned, and moves to the next unassigned pin. Figure 12.3 shows the Crossbar
Decoder priority with no Port pins skipped (XBRO = 0x00); Figure 12.4 shows the Crossbar Decoder prior-
ity with pins 6 and 2 skipped (XBRO = 0x44).

H
PIN 1/0 0 1 2 3 4 5 6 7
X0

RXO0 IIIWIIII
SDA

scL

CcPO

CPOA

SYSCLK

CEXO0

CEX1

CEX2

ECI

T0

1

Signals Unavailable

XBRO[0:7]

- Port pin potentially available 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: x1 refers to the XTALL signal; x2 refers to the XTAL2
signal.

Figure 12.3. Crossbar Priority Decoder with XBRO = 0x00
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SFR Definition 13.1. SMBOCF: SMBus Clock/Configuration

R/W

R/W R R/W R/W R/W R/W R/W Reset Value

ENSMB | INH | BUSY |EXTHOLD|SMBTOE | SMBFTE | SMBCS1 |[SMBCSO0 | 00000000

Bit7

Bit7:

Bit6:

Bit5:

Bit4:

Bit3:

Bit2:

Bits1-0:

Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC1

ENSMB: SMBus Enable.

This bit enables/disables the SMBus interface. When enabled, the interface constantly mon-
itors the SDA and SCL pins.

0: SMBus interface disabled.

1: SMBus interface enabled.

INH: SMBus Slave Inhibit.

When this bit is set to logic 1, the SMBus does not generate an interrupt when slave events
occur. This effectively removes the SMBus slave from the bus. Master Mode interrupts are
not affected.

0: SMBus Slave Mode enabled.

1: SMBus Slave Mode inhibited.

BUSY: SMBus Busy Indicator.

This bit is set to logic 1 by hardware when a transfer is in progress. It is cleared to logic 0
when a STOP or free timeout is sensed.

EXTHOLD: SMBus Setup and Hold Time Extension Enable.

This bit controls the SDA setup and hold times according to Table 13.2.

0: SDA Extended Setup and Hold Times disabled.

1: SDA Extended Setup and Hold Times enabled.

SMBTOE: SMBus SCL Timeout Detection Enable.

This bit enables SCL low timeout detection. If set to logic 1, the SMBus forces Timer 2 to
reload while SCL is high and allows Timer 2 to count when SCL goes low. If Timer 2 is con-
figured in split mode (T2SPLIT is set), only the high byte of Timer 2 is held in reload while
SCL is high. Timer 2 should be programmed to generate interrupts at 25 ms, and the Timer
2 interrupt service routine should reset SMBus communication.

SMBFTE: SMBus Free Timeout Detection Enable.

When this bit is set to logic 1, the bus will be considered free if SCL and SDA remain high for
more than 10 SMBus clock source periods.

SMBCS1-SMBCSO0: SMBus Clock Source Selection.

These two bits select the SMBus clock source, which is used to generate the SMBus bit
rate. The selected device should be configured according to Equation 13.1.

SMBCS1 | SMBCSO0 SMBus Clock Source

0 0 Timer 0 Overflow

Timer 1 Overflow

0 1
1 0 Timer 2 High Byte Overflow
1 1 Timer 2 Low Byte Overflow
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13.5.4. Slave Transmitter Mode

Serial data is transmitted on SDA and the clock is received on SCL. When slave events are enabled (INH
= 0), the interface enters Slave Receiver Mode (to receive the slave address) when a START followed by a
slave address and direction bit (READ in this case) is received. Software responds to the received slave
address with an ACK, or ignores the received slave address with a NACK. If the received address is
ignored, slave interrupts will be inhibited until the next START is detected. If the received slave address is
acknowledged, software should write data to SMBODAT to force the SMBus into Slave Transmitter Mode.
The switch from Slave Receiver to Slave Transmitter requires software management. Software should per-
form the steps outlined below only when a valid slave address is received (indicated by the label “RX-to-TX
Steps” in Figure 13.8).

Step 1. Set ACKto ‘1.

Step 2. Write outgoing data to SMBODAT.

Step 3. Check SMBODAT.7; if ‘1", do not perform steps 4, 6 or 7.
Step 4. Set STOto ‘1.

Step 5. Clear Slto ‘0.

Step 6. Poll for TXMODE => ‘1.

Step 7. Clear STO to ‘0’ (must be done before the next ACK cycle).

The interface enters Slave Transmitter Mode and transmits one or more bytes of data (the above steps are
only required before the first byte of the transfer). After each byte is transmitted, the master sends an
acknowledge bit; if the acknowledge bit is an ACK, SMBODAT should be written with the next data byte. If
the acknowledge bit is a NACK, SMBODAT should not be written to before Sl is cleared (Note: an error
condition may be generated if SMBODAT is written following a received NACK while in Slave Transmitter
Mode). The interface exits Slave Transmitter Mode after receiving a STOP. Note that the interface will
switch to Slave Receiver Mode if SMBODAT is not written following a Slave Transmitter interrupt.
Figure 13.8 shows a typical Slave Transmitter sequence. Two transmitted data bytes are shown, though
any number of bytes may be transmitted. Notice that the ‘data byte transferred’ interrupts occur after the
ACK cycle in this mode.

Perform RX-to-TX

Steps Here
i Interrupt

S SLA R | A Data Byte A Data Byte N P
Interrupt Interrupt Interrupt
Received by SMBus S = START
Interface P =STOP
N = NACK

) W = WRITE
Transmitted by SLA = Slave Address
SMBus Interface

Figure 13.8. Typical Slave Transmitter Sequence
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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
“12.1. Priority Crossbar Decoder” on page 104 for information on selecting and configuring external 1/0O
pins). Clearing C/T selects the clock defined by the TOM bit (CKCON.3). When TOM is set, Timer O is
clocked by the system clock. When TOM is cleared, Timer O is clocked by the source selected by the Clock
Scale bits in CKCON (see SFR Definition 15.3).

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 ITO1CF (see SFR Definition 8.11). Setting GATEO to ‘1’
allows the timer to be controlled by the external input signal /INTO (see Section “8.3.5. Interrupt Register
Descriptions” on page 75), facilitating pulse width measurements.

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 8.11).

CKCON TMOD ITOLCF
TITlT[r] Is[s| [e[c[r]T]e[c]T]r| [iTi]r[i]i]i]i]1
2121100l [clcl 1al7|2|2|a|7[o]o] [n|N|N|N[N[N[N[N
vivimivl 1alal [T [M{M|T[TIM[M] |2[2]|2|2]0[o[0]0
HlL 1lol |E|2|2|o]|E|o|2|o| |P|s|s|s|p|s|s|s
1 0 Ljefefojefefee
\{ v | 2|1]o| |2|1]o
Pre-scaled Clock 0 l l
—— 0
SYSCLK — 1
TF1
TR1
TLO THO FO _|— Interrupt
i . TRO
(5 bits) (8 bits) ~ MEL _¢
8 T1
IEQ
F o

Figure 15.1. TO Mode 0 Block Diagram
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16.2.5. 8-Bit Pulse Width Modulator Mode

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer. The
duty cycle of the PWM output signal is varied using the module's PCAOCPLn 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 to ‘1. When the count value in PCAOL overflows, the CEXn output will
be set to ‘0’ (see Figure 16.8). 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 enables 8-bit Pulse Width Modulator mode. The duty cycle for 8-bit PWM Mode is given by
Equation 16.2.

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 PCAOCPLn clears the ECOMn bit
to ‘0’; writing to PCAOCPHnN sets ECOMn to ‘1'.

(256 — PCAOCPHN)
256

Equation 16.2. 8-Bit PWM Duty Cycle

Using Equation 16.2, 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’.

DutyCycle =

Write to
PCAOCPLNn 0 PCAOCPHN
Reset
Write to ]
PCAOCPHN B —
1
yPCAOCPMn|
P(E|C|CIM|T|P|E
\W[C|A[AJA|O|W|C
mlo[p|P|T|c|M|c IPEAUEFLT
1|IM[PIN|n|n[n|F
6[nIn[n n
n
0] 00x0 | x e |
L! ) Enable 8-bit match SET CEXn ! |
Comparator » S Q i Crossbar ,—|Z| Port I/O
R |
TT ’_> R CLR 6
PCA Timebase PCAOL
Overflow
Figure 16.8. PCA 8-Bit PWM Mode Diagram
®
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16.3. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCA Module 2. The WDT is used
to generate a reset if the time between writes to the WDT update register (PCAOCPH2) exceed a specified
limit. The WDT can be configured and enabled/disabled as needed by software.

With the WDTE bit set in the PCAOMD register, Module 2 operates as a watchdog timer (WDT). The Mod-
ule 2 high byte is compared to the PCA counter high byte; the Module 2 low byte holds the offset to be
used when WDT updates are performed. The Watchdog Timer is enabled on reset. Writes to some
PCA registers are restricted while the Watchdog Timer is enabled.

16.3.1. Watchdog Timer Operation
While the WDT is enabled:

e PCA counter is forced on.

*  Writes to PCAOL and PCAOQOH are not allowed.

e PCA clock source bits (CPS2-CPS0) are frozen.

e PCA Idle control bit (CIDL) is frozen.

* Module 2 is forced into software timer mode.

»  Writes to the module 2 mode register (PCAOCPM?2) are disabled.

While the WDT is enabled, writes to the CR bit will not change the PCA counter state; the counter will run
until the WDT is disabled. The PCA counter run control (CR) will read zero if the WDT is enabled but user
software has not enabled the PCA counter. If a match occurs between PCAOCPH2 and PCAOH while the
WDT is enabled, a reset will be generated. To prevent a WDT reset, the WDT may be updated with a write
of any value to PCAOCPH2. Upon a PCAOCPH2 write, PCAOH plus the offset held in PCAOCPL2 is loaded
into PCAOCPH?2 (See Figure 16.10).

PCAOMD
C|w|w| [C|C|C|E
s s —'—/\ PCAOCPH2
D|T|L| |S|S[S|F
L|E|C| [2]|1[0
K

\:[> > 8-bit Match Rese
Enable | Comparator

i

_!\ i /1_
PCAOCPL2 N 8-bit Adder [ PCAQH

PCAOL Overflow

A Adder
Enable

Write to
PCAOCPH2

Figure 16.10. PCA Module 2 with Watchdog Timer Enabled
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NOTES:
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17. C2 Interface

C8051F300/1/2/3/4/5 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 operates using only two pins: a bi-directional data signal (C2D) and a clock input (C2CK). See the
C2 Interface Specification for details on the C2 protocol.

17.1. C2 Interface Registers

The following describes the C2 registers necessary to perform Flash programming functions through the
C2 interface. All C2 registers are accessed through the C2 interface as described in the C2 Interface Spec-
ification.

C2 Register Definition 17.1. C2ADD: C2 Address

Reset Value

\ \ | \ \ | \ 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0

Bits7—0: 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

0x80 Selects the Port0 register for Data Read/Write instructions

OxF1 Selects the Port0 Input Mode register for Data Read/Write instruc-
tions

0xA4 Selects the Port0 Output Mode register for Data Read/Write
instructions

C2 Register Definition 17.2. DEVICEID: C2 Device ID

Reset Value
\ \ | \ \ | \ | 00000100
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
This read-only register returns the 8-bit device ID: 0x04 (C8051F300/1/2/3/4/5).
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