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Table 4.1. Pin Definitions (Continued)

Pin Numbers

‘F120 | ‘F121 | ‘F130 | ‘F131 o

Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description

‘F124 | ‘F125
‘F126 | ‘F127

VREF 12 7 12 7 A I/O |Bandgap Voltage Reference Output

(all devices).
DAC Voltage Reference Input
(C8051F121/3/5/7 only).
VREFA 8 AIn |ADCO and ADC2 Voltage Reference Input.
VREFO 16 16 8 A In | ADCO Voltage Reference Input.
VREF2 17 17 AIln |ADC2 Voltage Reference Input.
VREFD 15 15 A In | DAC Voltage Reference Input.

AINO.O 18 9 18 9 AIn |ADCO Input Channel 0 (See ADCO Specification
for complete description).

AINO.1 19 10 19 10 AIn |ADCO Input Channel 1 (See ADCO Specification
for complete description).

AINO.2 20 11 20 11 AIn |ADCO Input Channel 2 (See ADCO Specification
for complete description).

AINO.3 21 12 21 12 AIn |ADCO Input Channel 3 (See ADCO Specification
for complete description).

AINO.4 22 13 22 13 A'In |ADCO Input Channel 4 (See ADCO Specification
for complete description).

AINO.5 23 14 23 14 AIn | ADCO Input Channel 5 (See ADCO Specification
for complete description).

AINO.6 24 15 24 15 AIn |ADCO Input Channel 6 (See ADCO Specification
for complete description).

AINO.7 25 16 25 16 AIn |ADCO Input Channel 7 (See ADCO Specification
for complete description).

CPO+ 9 4 9 4 A In | Comparator O Non-Inverting Input.

CPO- 8 3 8 3 A In | Comparator O Inverting Input.

CP1+ 7 2 7 2 A In | Comparator 1 Non-Inverting Input.

CP1- 6 1 6 1 A In |Comparator 1 Inverting Input.

DACO 100 64 A Out | Digital to Analog Converter 0 Voltage Output.
(See DAC Specification for complete descrip-
tion).
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SFR Definition 5.1. AMXOCF: AMUXO0 Configuration

SFRPage: O
SFR Address: OXBA

RIW RIW RIW RIW RIW RIW RIW RIW
- - - - AING7IC | AIN4S5IC | AIN23IC | AINO1IC
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—4: UNUSED. Read = 0000b; Write = don'’t care.
Bit3: AING67IC: AINO.6, AINO.7 Input Pair Configuration Bit.
0: AINO.6 and AINO.7 are independent single-ended inputs.
1: AINO.6, AINO.7 are (respectively) +, — differential input pair.
Bit2: AIN45IC: AINO.4, AINO.5 Input Pair Configuration Bit.
0: AINO.4 and AINO.5 are independent single-ended inputs.
1: AINO.4, AINO.5 are (respectively) +, — differential input pair.
Bitl: AIN23IC: AINO.2, AINO.3 Input Pair Configuration Bit.
0: AINO.2 and AINO.3 are independent single-ended inputs.
1: AINO.2, AINO.3 are (respectively) +, — differential input pair.
BitO: AINO1IC: AINO.O, AINO.1 Input Pair Configuration Bit.
0: AINO.O and AINO.1 are independent single-ended inputs.
1: AINO.O, AINO.1 are (respectively) +, — differential input pair.

Note: The ADCO Data Word is in 2's complement format for channels configured as differential.

Reset Value

00000000
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6.2.2. Tracking Modes

The ADOTM bit in register ADCOCN controls the ADCO track-and-hold mode. In its default state, the ADCO
input is continuously tracked when a conversion is not in progress. 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 CNVSTRO signal is used to initiate
conversions in low-power tracking mode, ADCO tracks only when CNVSTRO is low; conversion begins on
the rising edge of CNVSTRO (see Figure 6.3). Tracking can also be disabled (shutdown) when the entire
chip 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, to ensure that settling time requirements are met (see Section
“6.2.3. Settling Time Requirements” on page 77).

A. ADC Timing for External Trigger Source

CNVSTRO
(ADOCM[1:0]=10)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SARClocks 7222 )

ADCOTM=1 Low Power Track Convert Low Power Mode
or Convert
ADCOTM=0 Track Or Convert Convert Track

B. ADC Timing for Internal Trigger Sources
Timer 2, Timer 3 Overflow; /—\
Write '1' to ADOBUSY
(ADOCM[1:0]=00, 01, 11)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SAR Clocks m

ADCOTM=1 | LOW Power | - ok Convert Low Power Mode
or Convert

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAR Clocks W

ADCOTM=0 | Lrackor Convert Track
Convert

Figure 6.3. ADCO Track and Conversion Example Timing
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6.2.3. Settling Time Requirements

A minimum tracking time is required before an accurate conversion can be performed. This tracking time is
determined by the ADCO MUX resistance, the ADCO sampling capacitance, any external source resis-
tance, and the accuracy required for the conversion. Figure 6.4 shows the equivalent ADCO input circuits
for both Differential and Single-ended modes. Notice that the equivalent time constant for both input cir-
cuits is the same. The required settling time for a given settling accuracy (SA) may be approximated by
Equation 6.1. When measuring the Temperature Sensor output, Rtgta. reduces to Ryyx. An absolute
minimum settling time of 1.5 us is required after any MUX or PGA selection. Note that in low-power track-
ing mode, three SAR clocks are used for tracking at the start of every conversion. For most applications,
these three SAR clocks will meet the tracking requirements.

- (2
t= ln(S_A) X RrotaLCsampLE

Equation 6.1. ADCO Settling Time Requirements

Where:

SA is the settling accuracy, given as a fraction of an LSB (for example, 0.25 to settle within 1/4 LSB)
tis the required settling time in seconds

RtoTaL is the sum of the ADCO MUX resistance and any external source resistance.

n is the ADC resolution in bits (10).

Differential Mode Single-Ended Mode
MUX Select MUX Select
AINOx X AINOx X—o
Ryux = 5k Ryux = 5k
CSAMPLE = lopF —A|7 CSAMPLE = lopF
RC,ou™ Ruux * Csampie RC, i Ruux * Csampie =

sampLe = 10PF

MUX ~

c
AINoy [X}—o T
R 5k

MUX Select

Figure 6.4. ADCO Equivalent Input Circuits
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SFR Definition 6.1. AMXOCF: AMUXO0 Configuration

SFRPage: O
SFR Address: OXBA
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- - - - AING67IC | AIN45IC | AIN23IC | AINO1IC |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bits7—4: UNUSED. Read = 0000b; Write = don't care.
Bit3: AING67IC: AINO.6, AINO.7 Input Pair Configuration Bit.
0: AINO.6 and AINO.7 are independent single-ended inputs.
1: AINO.6, AINO.7 are (respectively) +, - differential input pair.
Bit2: AIN45IC: AINO.4, AINO.5 Input Pair Configuration Bit.
0: AINO.4 and AINO.5 are independent single-ended inputs.
1: AINO.4, AINO.5 are (respectively) +, - differential input pair.
Bitl: AIN23IC: AINO.2, AINO.3 Input Pair Configuration Bit.
0: AINO.2 and AINO.3 are independent single-ended inputs.
1: AINO.2, AINO.3 are (respectively) +, - differential input pair.
Bit0: AINO1IC: AINO.0O, AINO.1 Input Pair Configuration Bit.
0: AINO.O and AINO.1 are independent single-ended inputs.
1: AINO.O, AINO.1 are (respectively) +, - differential input pair.
Note: The ADCO Data Word is in 2’'s complement format for channels configured as differential.
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Input Voltage ADC Data

(ADO0.0 - ADO.1) Word
REF x (511/512) OX7FCO
ADWINT
not affected
0x2040
REF x (128/512) 0x2000 ADCOLTH:ADCOLTL
" REFx(-1/512) | OxFFCO |ADCOGTH:ADCOGTL
OxFF80
ADWINT
not affected
-REF 0x8000
Given:

AMXOSL = 0x00, AMXOCF = 0x01,
ADOLJST = ‘1",

ADCOLTH:ADCOLTL = 0x2000,
ADCOGTH:ADCOGTL = OxFFCO.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
='1") if the resulting ADCO Data Word is

< 0x2000 and > OxFFCO. (2s-complement
math.)

Input Voltage ADC Data
(ADO.0 - ADO.1)

REF x (511/512)

ADWINT=1

" REF x (128/512) 0x2000 | ADCOGTH:ADCOGTL
OXIFCO ADWINT
I oxoo00 | "otaffected
REF x (-1/512) OXFFCO | ADCOLTH:ADCOLTL
ADWINT=1

____REF___

Given:

AMXOSL = 0x00, AMXOCF = 0x01,

ADOLJST =1’,

ADCOLTH:ADCOLTL = OxFFCO,
ADCOGTH:ADCOGTL = 0x2000.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
='1") if the resulting ADCO Data Word is

< OxFFCO or > 0x2000. (2s-complement
math.)

Figure 6.9. 10-Bit ADCO Window Interrupt Example: Left Justified Differential Data
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7.2. ADC2 Modes of Operation

ADC2 has a maximum conversion speed of 500 ksps. The ADC2 conversion clock (SAR2 clock) is a
divided version of the system clock, determined by the AD2SC bits in the ADC2CF register. The maximum
ADC2 conversion clock is 6 MHz.

7.2.1. Starting a Conversion

A conversion can be initiated in one of five ways, depending on the programmed states of the ADC2 Start
of Conversion Mode bits (AD2CM2-0) in ADC2CN. Conversions may be initiated by:

Writing a ‘1’ to the AD2BUSY bit of ADC2CN,;

A Timer 3 overflow (i.e. timed continuous conversions);

A rising edge detected on the external ADC convert start signal, CNVSTRZ2;

A Timer 2 overflow (i.e. timed continuous conversions);

Writing a ‘1’ to the ADOBUSY of register ADCOCN (initiate conversion of ADC2 and ADCO with
a single software command).

agrwnE

During conversion, the AD2BUSY bit is set to logic 1 and restored to 0 when conversion is complete. The
falling edge of AD2BUSY triggers an interrupt (when enabled) and sets the interrupt flag in ADC2CN. Con-
verted data is available in the ADC2 data word, ADC2.

When a conversion is initiated by writing a ‘1’ to AD2BUSY, it is recommended to poll AD2INT to determine
when the conversion is complete. The recommended procedure is:

Step 1. Write a ‘0’ to AD2INT;
Step 2. Write a ‘1’ to AD2BUSY;
Step 3. Poll AD2INT for ‘1’;
Step 4. Process ADC2 data.

When CNVSTR?2 is used as a conversion start source, it must be enabled in the crossbar, and the corre-
sponding pin must be set to open-drain, high-impedance mode (see Section “18. Port Input/Output” on
page 235 for more details on Port I/O configuration).

7.2.2. Tracking Modes

The AD2TM bit in register ADC2CN controls the ADC2 track-and-hold mode. In its default state, the ADC2
input is continuously tracked, except when a conversion is in progress. When the AD2TM bit is logic 1,
ADC?2 operates in low-power track-and-hold mode. In this mode, each conversion is preceded by a track-
ing period of 3 SAR clocks (after the start-of-conversion signal). When the CNVSTR2 signal is used to ini-
tiate conversions in low-power tracking mode, ADC2 tracks only when CNVSTR2 is low; conversion
begins on the rising edge of CNVSTR2 (see Figure 7.2). Tracking can also be disabled (shutdown) when
the entire chip 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 “7.2.3. Settling Time Requirements” on page 94.
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A. ADC Timing for External Trigger Source

CNVSTR2 =
(AD2CM[2:0]=010)

1 2 3 4 5 6 7 8 9

SARClocks(ZZ2 )

AD2TM=1 Low Power Track Convert Low Power Mode
or Convert
AD2TM=0 Track or Convert Convert Track

B. ADC Timing for Internal Trigger Source
Write '1' to AD2BUSY,

Timer 3 Overflow,

Timer 2 Overflow, /\
Write '1' to ADOBUSY

(AD2CM[2:0]=000, 001, 011, 1xx)

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

Low Power

AD2TM=1| o convert

Track ‘ Convert ‘ Low Power Mode

1 2 3 4 5 6 7 8 9

AD2TM=0| lrackor Convert Track
Convert

Figure 7.2. ADC2 Track and Conversion Example Timing
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SFR Definition 10.3. CPT1CN: Comparatorl Control

SFR Page: 2
SFR Address: 0x88

Reset Value

RIW RIW R/W RIW RIW R/W RIW RIW
CP1EN | CP1OUT | CP1RIF | CP1FIF [CP1HYP1|CP1HYPO|CP1HYN1|CP1HYNO|00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bit7: CP1EN: Comparatorl Enable Bit.

0: Comparatorl Disabled.
1: Comparatorl Enabled.
Bit6: CP1OUT: Comparatorl Output State Flag.
0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1-.
Bit5: CP1RIF: Comparatorl Rising-Edge Flag.
0: No Comparatorl Rising Edge has occurred since this flag was last cleared.
1: Comparatorl Rising Edge has occurred.
Bit4: CP1FIF: Comparatorl Falling-Edge Flag.
0: No Comparatorl Falling-Edge has occurred since this flag was last cleared.
1: Comparatorl Falling-Edge Interrupt has occurred.
Bits3—2: CP1HYP1-0: Comparatorl Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 15 mV.
Bits1-0: CP1HYN1-0: Comparatorl Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 15 mV.
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SFR Definition 11.4. SFRNEXT: SFR Next Register

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
\ \ | \ \ | \ 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x85
SFR Page: All Pages

Bits7-0: SFR Page Stack Bits: SFR page context is retained upon interrupts/return from interrupts in
a 3 byte SFR Page Stack: SFRPAGE is the first entry, SFRNEXT is the second, and SFR-
LAST is the third entry. The SFR stack bytes may be used alter the context in the SFR Page
Stack, and will not cause the stack to ‘push’ or ‘pop’. Only interrupts and return from inter-
rupts cause pushes and pops of the SFR Page Stack.

Write:  Sets the SFR Page contained in the second byte of the SFR Stack. This will cause
the SFRPAGE SFR to have this SFR page value upon a return from interrupt.

Read: Returns the value of the SFR page contained in the second byte of the SFR stack.
This is the value that will go to the SFR Page register upon a return from interrupt.

SFR Definition 11.5. SFRLAST: SFR Last Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x86
SFR Page: All Pages

Bits7-0: SFR Page Stack Bits: SFR page context is retained upon interrupts/return from interrupts in
a 3 byte SFR Page Stack: SFRPAGE is the first entry, SFRNEXT is the second, and SFR-
LAST is the third entry. The SFR stack bytes may be used alter the context in the SFR Page
Stack, and will not cause the stack to ‘push’ or ‘pop’. Only interrupts and return from inter-
rupts cause pushes and pops of the SFR Page Stack.

Write: Sets the SFR Page in the last entry of the SFR Stack. This will cause the SFRNEXT
SFR to have this SFR page value upon a return from interrupt.

Read: Returns the value of the SFR page contained in the last entry of the SFR stack.
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SILICON LABS




C8051F120/1/2/3/4/5/6/7 C8051F130/1/2/3

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

Table 11.3. Special Function Registers

Register Address s;:gi Description Page No.
ACC OxEO All Pages | Accumulator page 153
ADCOCF 0xBC 0 ADCO Configuration page 621, page 802
ADCOCN OXES8 0 ADCO Control page 631, page 812
ADCOGTH 0xC5 0 ADCO Greater-Than High Byte page 661, page 842
ADCOGTL 0xC4 0 ADCO Greater-Than Low Byte page 661, page 842
ADCOH OxBF 0 ADCO Data Word High Byte page 641, page 822
ADCOL OxBE 0 ADCO Data Word Low Byte page 641, page 822
ADCOLTH 0xC7 0 ADCO Less-Than High Byte page 671, page 852
ADCOLTL 0xC6 0 ADCO Less-Than Low Byte page 671, page 852
ADC2 OXBE 2 ADC?2 Data Word page 993
ADC2CF 0xBC 2 ADC2 Configuration page 973
ADC2CN OxE8 2 ADC?2 Control page 983
ADC2GT 0xC4 2 ADC?2 Greater-Than page 1023
ADC2LT 0xC6 2 ADC2 Less-Than page 1023
AMXOCF OxBA 0 ADCO Multiplexer Configuration page 601, page 782
AMXOSL 0xBB 0 ADCO Multiplexer Channel Select page 611, page 792
AMX2CF OxBA 2 ADC2 Multiplexer Configuration page 953
AMX2SL 0xBB 2 ADC2 Multiplexer Channel Select page 963

B 0xFO All Pages | B Register page 153
CCHOCN OxAl F Cache Control page 215
CCHOLC OxA3 F Cache Lock page 216
CCHOMA 0x9A F Cache Miss Accumulator page 217
CCHOTN OxA2 F Cache Tuning page 216
CKCON Ox8E 0 Clock Control page 315
CLKSEL 0x97 F System Clock Select page 188
CPTOCN 0x88 1 Comparator 0 Control page 123
CPTOMD 0x89 1 Comparator 0 Configuration page 123
CPT1CN 0x88 2 Comparator 1 Control page 124
CPT1IMD 0x89 2 Comparator 1 Configuration page 125
DACOCN 0xD4 0 DACO Control page 1083
DACOH 0xD3 0 DACO High Byte page 1073
DACOL 0xD2 0 DACO Low Byte page 1073
DAC1CN 0xD4 1 DAC1 Control page 1103
DAC1H 0xD3 1 DACL1 High Byte page 1093
DACIL 0xD2 1 DAC1 Low Byte page 1093
DPH 0x83 All Pages | Data Pointer High Byte page 151

DPL 0x82 All Pages | Data Pointer Low Byte page 151
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SFR Definition 11.13. IP: Interrupt Priority

RIW RIW R/W R/W R/W R/W R/W R/W Reset Value
- - | P2 | Pso | PT1 | PX1 | PTO | PX0 |11000000
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bitl. Bit0 it

SFR Address: 0xB8
SFR Page: All Pages

Bits7—6: UNUSED. Read = 11b, Write = don't care.

Bit5: PT2: Timer 2 Interrupt Priority Control.
This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority.
1: Timer 2 interrupt set to high priority.

Bit4: PSO0: UARTO Interrupt Priority Control.
This bit sets the priority of the UARTO interrupt.
0: UARTO interrupt set to low priority.
1: UARTO interrupts set to high priority.

Bit3: PT1: Timer 1 Interrupt Priority Control.
This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt set to low priority.
1: Timer 1 interrupts set to high priority.

Bit2: PX1: External Interrupt 1 Priority Control.
This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority.
1: External Interrupt 1 set to high priority.

Bitl: PTO: Timer O Interrupt Priority Control.
This bit sets the priority of the Timer 0 interrupt.
0: Timer O interrupt set to low priority.
1: Timer O interrupt set to high priority.

Bit0: PXO0: External Interrupt O Priority Control.
This bit sets the priority of the External Interrupt O interrupt.
0: External Interrupt O set to low priority.
1: External Interrupt O set to high priority.

Addressable
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SFR Definition 12.7. MACOACC3: MACO Accumulator Byte 3

R R R R R R R R Reset Value
\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x96
SFR Page: 3

Bits 7-0: Byte 3 (bits 31-24) of MACO Accumulator.

*Note: The contents of this register should not be changed by software during the first two MACO pipeline stages.

SFR Definition 12.8. MACOACC2: MACO Accumulator Byte 2

R R R R R R R R Reset Value
\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x95
SFR Page: 3

Bits 7-0: Byte 2 (bits 23-16) of MACO Accumulator.

*Note: The contents of this register should not be changed by software during the first two MACO pipeline stages.

SFR Definition 12.9. MACOACC1: MACO Accumulator Byte 1

R R R R R R R R Reset Value
\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x94
SFR Page: 3

Bits 7-0: Byte 1 (bits 15-8) of MACO Accumulator.

*Note: The contents of this register should not be changed by software during the first two MACO pipeline stages|
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SFR Definition 18.10. P2MDOUT: Port2 Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| \ \ | \ \ | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xA6
SFR Page: F

Bits7—0: P2MDOUT.[7:0]: Port2 Output Mode Bits.
0: Port Pin output mode is configured as Open-Drain.
1: Port Pin output mode is configured as Push-Pull.

Note: SDA, SCL, and RXO0 (when UARTO is in Mode 0) and RX1 (when UARTL1 is in Mode 0) are
always configured as Open-Drain when they appear on Port pins.

SFR Definition 18.11. P3: Port3 Data

R/IW R/IW R/IW R/W R/IW R/IW R/IW R/IW Reset Value
P3.7 P36 | P35 | P34 | P33 | P32 | P31 | P30 |11111111
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0xB0
SFR Page: All Pages

Bits7—0: P3.[7:0]: Port3 Output Latch Bits.
(Write - Output appears on I/O pins per XBRO, XBR1, and XBR2 Registers)
0: Logic Low Output.
1: Logic High Output (open if corresponding P3MDOUT.n bit = 0).
(Read - Regardless of XBR0O, XBR1, and XBR2 Register settings).
0: P3.n pin is logic low.
1: P3.n pin is logic high.

Note: P3.[7:0] can be driven by the External Data Memory Interface (as AD[7:0] in Multiplexed
mode, or as D[7:0] in Non-multiplexed mode). See Section “17. External Data Memory

Interface and On-Chip XRAM” on page 219 for more information about the External Memory
Interface.
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SFR Definition 18.15. P5: Port5 Data

RIW RIW RIW R/W RIW R/W R/W RIW Reset Value
P5.7 P5s.6 | Ps5 | P54 | P53 | P52 | P51 | P50 |11111111
. . . . . . . . Bit
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable
SFR Address: 0xD8
SFR Page: F

Bits7—0: P5.[7:0]: Port5 Output Latch Bits.
Write - Output appears on I/O pins.
0: Logic Low Output.
1: Logic High Output (Open-Drain if corresponding PSMDOUT bit = 0). See SFR Definition
18.16.
Read - Returns states of I/O pins.
0: P5.n pin is logic low.
1: P5.n pin is logic high.

Note: P5.[7:0] can be driven by the External Data Memory Interface (as Address[15:8] in Non-
multiplexed mode). See Section “17. External Data Memory Interface and On-Chip
XRAM” on page 219 for more information about the External Memory Interface.

SFR Definition 18.16. P5MDOUT: Port5 Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| \ \ | \ \ | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x9D
SFR Page: F

Bits7—0: P5MDOUT.[7:0]: Port5 Output Mode Bits.
0: Port Pin output mode is configured as Open-Drain.
1: Port Pin output mode is configured as Push-Pull.
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21.1. UARTO Operational Modes

UARTO provides four operating modes (one synchronous and three asynchronous) selected by setting
configuration bits in the SCONO register. These four modes offer different baud rates and communication
protocols. The four modes are summarized in Table 21.1.

Table 21.1. UARTO Modes

Mode Synchronization Baud Clock Data Bits Start/Stop Bits
0 Synchronous SYSCLK /12 8 None
1 Asynchronous Timer 1, 2, 3, or 4 Overflow 8 1 Start, 1 Stop
2 Asynchronous SYSCLK /32 or SYSCLK / 64 9 1 Start, 1 Stop
3 Asynchronous Timer 1, 2, 3, or 4 Overflow 9 1 Start, 1 Stop

21.1.1. Mode 0: Synchronous Mode

Mode 0 provides synchronous, half-duplex communication. Serial data is transmitted and received on the
RXO0 pin. The TXO0 pin provides the shift clock for both transmit and receive. The MCU must be the master
since it generates the shift clock for transmission in both directions (see the interconnect diagram in
Figure 21.3).

Data transmission begins when an instruction writes a data byte to the SBUFO register. Eight data bits are
transferred LSB first (see the timing diagram in Figure 21.2), and the TIO Transmit Interrupt Flag
(SCONO.1) is set at the end of the eighth bit time. Data reception begins when the RENO Receive Enable
bit (SCONO.4) is set to logic 1 and the RIO Receive Interrupt Flag (SCONO0.0) is cleared. One cycle after
the eighth bit is shifted in, the RIO flag is set and reception stops until software clears the RIO bit. An inter-
rupt will occur if enabled when either TIO or RIO are set.

The Mode 0 baud rate is SYSCLK / 12. RX0 is forced to open-drain in Mode 0, and an external pullup will
typically be required.

MODE 0 TRANSMIT
RX (data out) Do >< D1 D2 X D3 D4 D5 D6 7

TX (clk out) } } } § } } } }

MODE 0 RECEIVE

RX (data in) (o0 ) (oo )

TX (clk out) } } } } f f } }
Figure 21.2. UARTO Mode 0 Timing Diagram

TX » CLK Shift

RX » DATA Reg

Ay

8 Extra Outputs

Figure 21.3. UARTO Mode 0 Interconnect

C8051Fxxx
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Master Slave Slave Slave
Device Device Device | “““ | Device
+5V
RX X RX X RX X RX X
l l 00O J
@ @ OO0

Figure 21.7. UART Multi-Processor Mode Interconnect Diagram

21.3. Frame and Transmission Error Detection

All Modes:
The Transmit Collision bit (TXCOLO bit in register SSTAO) reads ‘1’ if user software writes data to the
SBUFO register while a transmit is in progress.

Modes 1, 2, and 3:

The Receive Overrun bit (RXOVO in register SSTAQ) reads ‘1’ if a new data byte is latched into the receive
buffer before software has read the previous byte. The Frame Error bit (FEO in register SSTAO) reads ‘1’ if
an invalid (low) STOP bit is detected.
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SFR Definition 23.2. TMOD: Timer Mode

R/IW R/IW R/W R/IW R/IW R/W R/IW R/W Reset Value
GATE1 | C/T1 | TiM1 | TIMO | GATEO | C/T0 | TOM1 | TOMO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0X89
SFR Page: 0
Bit7: GATE1L: Timer 1 Gate Control.

0: Timer 1 enabled when TR1 = 1 irrespective of /INT1 logic level.
1. Timer 1 enabled only when TR1 =1 AND /INT1 = logic 1.
Bit6: C/T1: Counter/Timer 1 Select.
0: Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.4).
1. Counter Function: Timer 1 incremented by high-to-low transitions on external input pin
(T1).
Bits5—4: T1M1-T1MO: Timer 1 Mode Select.
These bits select the Timer 1 operation mode.

TiM1 T1iMO Mode
0 0 Mode 0: 13-bit counter/timer
0 1 Mode 1: 16-bit counter/timer
1 0 Mode 2: 8-bit counter/timer with auto-reload
1 1 Mode 3: Timer 1 inactive
Bit3: GATEQO: Timer 0 Gate Control.

0: Timer 0 enabled when TRO = 1 irrespective of /INTO logic level.
1: Timer O enabled only when TRO = 1 AND /INTO = logic 1.
Bit2: C/TO: Counter/Timer Select.
0: Timer Function: Timer 0 incremented by clock defined by TOM bit (CKCON.3).
1: Counter Function: Timer 0 incremented by high-to-low transitions on external input pin
(TO).
Bits1-0: TOM1-TOMO: Timer O Mode Select.
These bits select the Timer 0 operation mode.

TOM1 TOMO Mode
0 0 Mode 0: 13-bit counter/timer
0 1 Mode 1: 16-bit counter/timer
1 0 Mode 2: 8-bit counter/timer with auto-reload
1 1 Mode 3: Two 8-bit counter/timers
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SFR Definition 23.8. TMRNCN: Timer 2, 3, and 4 Control

R/W R/IW R/IW R/W R/IW R/IW R/IW R/IW Reset Value
TFn | EXFn | - | - [ EXENn | TRn | C/Tn | CP/RLn |00000000
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: TMR2CN:0xC8; TMR3CN:0xC8; TMR4CN:0xC8
SFR Page: TMR2CN: page 0;TMR3CN: page 1;TMR4CN: page 2

Bit7: TFn: Timer 2, 3, and 4 Overflow/Underflow Flag.
Set by hardware when either the Timer overflows from OxFFFF to 0x0000, underflows from
the value placed in RCAPnH:RCAPNL to OxFFFF (in Auto-reload Mode), or underflows from
0x0000 to OXFFFF (in Capture Mode). When the Timer interrupt is enabled, setting this bit
causes the CPU to vector to the Timer interrupt service routine. This bit is not automatically
cleared by hardware and must be cleared by software.
Bit6: EXFn: Timer 2, 3, or 4 External Flag.
Set by hardware when either a capture or reload is caused by a high-to-low transition on the
TnEX input pin and EXENn is logic 1. When the Timer interrupt is enabled, setting this bit
causes the CPU to vector to the Timer Interrupt service routine. This bit is not automatically
cleared by hardware and must be cleared by software.
Bit5—4:  Reserved.
Bit3: EXENN: Timer 2, 3, and 4 External Enable.
Enables high-to-low transitions on TnEX to trigger captures, reloads, and control the direc-
tion of the timer/counter (up or down count). If DCENn = 1, TnEX will determine if the timer
counts up or down when in Auto-reload Mode. If EXENn = 1, ThEX should be configured as
a digital input.
0: Transitions on the TnEX pin are ignored.
1: Transitions on the TnEX pin cause capture, reload, or control the direction of timer count
(up or down) as follows:
Capture Mode: ‘1’-to-'0’ Transition on TnEX pin causes RCAPnH:RCAPNL to capture timer
value.
Auto-Reload Mode:
DCENnN = 0: ‘1'-to-'0’ transition causes reload of timer and sets the EXFn Flag.
DCENnN = 1: TnEX logic level controls direction of timer (up or down).
Bit2: TRn: Timer 2, 3, and 4 Run Control.
This bit enables/disables the respective Timer.
0: Timer disabled.
1: Timer enabled and running/counting.
Bitl: C/Tn: Counter/Timer Select.
0: Timer Function: Timer incremented by clock defined by TnM1:TnMO
(TMRNCF.4:TMRNCF.3).
1: Counter Function: Timer incremented by high-to-low transitions on external input pin.
BitO: CP/RLn: Capture/Reload Select.
This bit selects whether the Timer functions in capture or auto-reload mode.
0: Timer is in Auto-Reload Mode.
1: Timer is in Capture Mode.

Note: Timer 3 and Timer 2 share the T2 and T2EX pins.
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