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1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F020 family utilizes Silicon Labs' proprietary CIP-51 microcontroller core. The CIP-51 is fully compati-
ble with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The core has al the peripherals included with a standard 8052, including five 16-bit counter/timers, two full-
duplex UARTS, 256 bytes of interna RAM, 128 byte Specia Function Register (SFR) address space, and 8/4 byte-
wide /O Ports.

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the standard 8051
architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system clock cycles to exe-
cute with amaximum system clock of 12-to-24 MHz. By contrast, the CIP-51 core executes 70% of itsinstructionsin
one or two system clock cycles, with only four instructions taking more than four system clock cycles.

The CIP-51 has atotal of 109 instructions. The table below shows the total number of instructions that require each
execution time.

Clocksto Execute 1 2 2/3 3 3/4 4 4/5 5 8

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

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. Figure 1.5 shows a com-
parison of peak throughputs of various 8-bit microcontroller cores with their maximum system clocks.

Figure 1.5. Comparison of Peak M CU Execution Speeds
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Figure5.8. ADCOCN: ADCO Control Register (C8051F020/1)

R/W RIW RIW RIW RIW RIW RIW RIW Reset Value
ADOEN | ADOTM | ADOINT [ADOBUSY| ADOCM1 | ADOCMO | ADOWINT | ADOLJST | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) OxE8

Bit7: ADOEN: ADCO Enable Bit.
0: ADCO Disabled. ADCO isin low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
Bit6: ADOTM: ADC Track Mode Bit
0: When the ADC is enabled, tracking is continuous unless a conversion isin process
1: Tracking Defined by ADSTM 1-0 bits
Bit5: ADOINT: ADCO Conversion Complete Interrupt Flag.
Thisflag must be cleared by software.
0: ADCO has not completed a data conversion since the last time this flag was cleared.
1: ADCO has compl eted a data conversion.
Bit4: ADOBUSY: ADCO Busy Bit.
Read:
0: ADCO Conversion is complete or a conversion is not currently in progress. ADOINT is set to
logic 1 on the falling edge of ADOBUSY.
1: ADCO Conversion isin progress.
Write:
0: No Effect.
1: Initiates ADCO Conversion if ADOSTM1-0 = 00b
Bit3-2: ADOCM1-0: ADCO Start of Conversion Mode Select.
If ADOTM =0:
00: ADCO conversion initiated on every write of ‘1’ to ADOBUSY.
01: ADCO conversion initiated on overflow of Timer 3.
10: ADCO conversion initiated on rising edge of external CNVSTR.
11: ADCO conversion initiated on overflow of Timer 2.
If ADOTM = 1:
00: Tracking starts with the write of ‘1’ to ADOBUSY and lasts for 3 SAR clocks, followed by con-
version.
01: Tracking started by the overflow of Timer 3 and last for 3 SAR clocks, followed by conversion.
10: ADCO tracks only when CNV STR input islogic low; conversion starts on rising CNV STR edge.
11: Tracking started by the overflow of Timer 2 and last for 3 SAR clocks, followed by conversion.
Bitl: ADOWINT: ADCO Window Compare Interrupt Flag.
This bit must be cleared by software.
0: ADCO Window Comparison Data match has not occurred since this flag was last cleared.
1: ADCO Window Comparison Data match has occurred.
BitO: ADOLJST: ADCO Left Justify Select.
0: Datain ADCOH:ADCOL registers are right-justified.
1: Datain ADCOH:ADCOL registers are | eft-justified.
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Figure5.11. ADCO Data Word Example (C8051F020/1)

12-bit ADCO Data Word appearsin the ADCO Data Wor d Registers asfollows:
ADCOH[3:0]:ADCOL[7:0], if ADOLJST =0
(ADCOH[7:4] will be sign-extension of ADCOH.3 for a differential reading, otherwise =
0000b).

ADCOH[7:0]:ADCOL[7:4], if ADOLJST = 1
(ADCOL[3:0] = 0000b).

Example: ADCO Data Word Conversion Map, AINO Input in Single-Ended Mode
(AMXOCF = 0x00, AMXO0SL = 0x00)

ADCOH:ADCOL ADCOH:ADCOL

AINO-AGND (Volts) (ADOLJST = 0) (ADOLIST = 1)
VREF * (4095/4006) OXOFFF OXFFFO
VREF /2 0x0800 0x8000
VREF * (2047/4096) OXO7FF OX7FFO
0 0x0000 0x0000

Example: ADCO Data Word Conversion Map, AINO-AIN1 Differential Input Pair
(AMXOCF = 0x01, AMXOSL = 0x00)

ADCOH:ADCOL ADCOH:ADCOL
AING-AGND (volts) | r0 ") (ADOLJST = 1)
VREF * (2047/2048) OxO7FF Ox7FFO
VREF/ 2 0x0400 0x4000
VREF * (1/2048) 0x0001 0x0010
0 0x0000 0x0000
“VREF * (1/2048) OXFFFF (-1d) OXFFFO
VREF/2 OxFCO0 (-1024d) 0xC000
-VREF O0xF800 (-2048d) 0x8000
For ADOLJST = 0:
Code = Vinx Gain x 2";‘n =12 for Single-Ended; ‘n'=11 for Differential.
VREF ' ’
52 Rev. 1.4 )
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Figure 6.5. AM XOCF: AMUXO Configuration Register (C8051F022/3)

RIW RIW RIW RIW RIW RIW RIW RIW Reset Vaue

- | - | - | - | AIN67IC | AIN45IC | AIN23IC | AINOIIC | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxBA

Bits7-4:  UNUSED. Read = 0000b; Write = don’t care
Bit3: AING67IC: AING, AIN7 Input Pair Configuration Bit

0: AIN6 and AIN7 are independent single-ended inputs

1: AING, AIN7 are (respectively) +, - differential input pair
Bit2: AIN45IC: AIN4, AIN5 Input Pair Configuration Bit

0: AIN4 and AIN5 are independent single-ended inputs

1: AIN4, AIN5 are (respectively) +, - differential input pair
Bitl: AIN23IC: AIN2, AIN3 Input Pair Configuration Bit

0: AIN2 and AIN3 are independent single-ended inputs

1: AIN2, AIN3 are (respectively) +, - differential input pair
BitO: AINO1IC: AINO, AIN1 Input Pair Configuration Bit

0: AINO and AIN1 are independent single-ended inputs

1: AINO, AIN1 are (respectively) +, - differential input pair

NOTE: The ADCO DataWord isin 2's complement format for channels configured as differential.
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Figure6.7. ADCOCF: ADCO Configuration Register (C8051F022/3)

RIW RIW RIW RIW RIW RIW RIW RIW Reset Vaue

ADOSC4 | ADOSC3 | ADOSC2 | ADOSC1 | ADOSCO |AMPOGN2|/AMPOGN1|AMPOGNO| 11111000

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

Bits7-3:  ADOSCA4-0: ADCO SAR Conversion Clock Period Bits
SAR Conversion clock is derived from system clock by the following equation, where ADOSC refers
to the 5-bit value held in ADOSC4-0, and CLKgprq refersto the desired ADCO SAR clock. See

Table 6.1 on page 74 for SAR clock setting requirements.

_ SYSCLK _
ADOSC = ZR==" -1

Bits2-0:  AMPOGN2-0: ADCO Internal Amplifier Gain (PGA)
000: Gain=1
001: Gain=2
010: Gain=4
011: Gain=8
10x: Gain=16
11x: Gain=0.5
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Figure 11.3. CPTOCN: Comparator0 Control Register

RIW RIW R/W RIW RIW R/W RIW RIW Reset Value
CPOEN | CPOOUT | CPORIF | CPOFIF |CPOHYPL | CPOHYPO | CPOHYN1|CPOHYNO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
Ox9E
Bit7: CPOEN: Comparator0 Enable Bit.

0: ComparatorO Disabled.
1: ComparatorO Enabled.
Bit6: CPOOUT: Comparator0 Output State Flag.
0: Voltage on CPO+ < CPO-.
1: Voltage on CPO+ > CPO-.
Bit5: CPORIF: ComparatorO Rising-Edge Interrupt Flag.
0: No ComparatorO Rising Edge Interrupt has occurred since this flag was last cleared.
1: ComparatorO Rising Edge Interrupt has occurred.
Bit4: CPOFIF: ComparatorO Falling-Edge Interrupt Flag.
0: No ComparatorO Falling-Edge Interrupt has occurred since this flag was last cleared.
1: ComparatorO Falling-Edge Interrupt has occurred.
Bits3-2:  CPOHY P1-0: Comparator0 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis =2 mV.
10: Positive Hysteresis=4 mV.
11: Positive Hysteresis = 10 mV.
Bitsl-0: CPOHYN1-0: ComparatorO Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis=2 mV.
10: Negative Hysteresis= 4 mV.
11: Negative Hysteresis = 10 mV.
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12.3. Interrupt Handler

The CIP-51 includes an extended interrupt system supporting a total of 22 interrupt sources with two priority levels.
The alocation of interrupt sources between on-chip peripherals and external inputs pins varies according to the spe-
cific version of the device. Each interrupt source has one or more associated interrupt-pending flag(s) located in an
SFR. When a peripheral or external source meets a valid interrupt condition, the associated interrupt-pending flag is
set to logic 1.

If interrupts are enabled for the source, an interrupt request is generated when the interrupt-pending flag is set. As
soon as execution of the current instruction is complete, the CPU generates an LCALL to a predetermined address to
begin execution of an interrupt service routine (ISR). Each | SR must end with an RETI instruction, which returns pro-
gram execution to the next instruction that would have been executed if the interrupt request had not occurred. If
interrupts are not enabled, the interrupt-pending flag is ignored by the hardware and program execution continues as
normal. (The interrupt-pending flag is set to logic 1 regardless of the interrupt's enable/disable state.)

Each interrupt source can be individually enabled or disabled through the use of an associated interrupt enable bit in
an SFR (IE-EIE2). However, interrupts must first be globally enabled by setting the EA bit (IE.7) to logic 1 before the
individual interrupt enables are recognized. Setting the EA bit to logic O disables al interrupt sources regardless of
theindividual interrupt-enable settings.

Some interrupt-pending flags are automatically cleared by the hardware when the CPU vectors to the ISR. However,
most are not cleared by the hardware and must be cleared by software before returning from the ISR. If an interrupt-
pending flag remains set after the CPU completes the return-from-interrupt (RETI) instruction, a new interrupt
request will be generated immediately and the CPU will re-enter the | SR after the completion of the next instruction.

12.3.1. MCU Interrupt Sources and Vectors

The MCUs support 22 interrupt sources. Software can simulate an interrupt event by setting any interrupt-pending
flag tologic 1. If interrupts are enabled for the flag, an interrupt request will be generated and the CPU will vector to
the ISR address associated with the interrupt-pending flag. MCU interrupt sources, associated vector addresses, prior-
ity order and control bits are summarized in Table 12.4. Refer to the datasheet section associated with a particular on-
chip peripheral for information regarding valid interrupt conditions for the peripheral and the behavior of its inter-
rupt-pending flag(s).

12.3.2. External Interrupts

Two of the external interrupt sources (/INTO and /INT1) are configurable as active-low level-sensitive or active-low
edge-sensitive inputs depending on the setting of bits ITO (TCON.O) and IT1 (TCON.2). IEQ (TCON.1) and IE1
(TCON.3) serve astheinterrupt-pending flag for the /INTO and /INT1 external interrupts, respectively. If an/INTO or
/INT1 externa interrupt is configured as edge-sensitive, the corresponding interrupt-pending flag is automatically
cleared by the hardware when the CPU vectors to the ISR. When configured as level sensitive, the interrupt-pending
flag follows the state of the external interrupt'sinput pin. The external interrupt source must hold the input active until
the interrupt request is recognized. It must then deactivate the interrupt request before execution of the ISR completes
or another interrupt request will be generated.

The remaining 2 external interrupts (External Interrupts 6-7) are edge-sensitive inputs configurable as active-low or
active-high. The interrupt-pending flags and configuration bits for these interrupts are in the Port 3 Interrupt Flag
Register shownin Figure“17.19 P3IF: Port3 Interrupt Flag Register” on page 177.
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Figure 16.1. EMIOCN: External Memory Interface Control

RIW RIW RIW RIW RIW RIW RIW RIW Reset Vaue

PGSEL7 | PGSEL6 | PGSEL5 | PGSEL4 | PGSEL3 | PGSEL2 | PGSEL1 | PGSELO | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OXAF

Bits7-0: PGSEL[7:0]: XRAM Page Select Bits.
The XRAM Page Select Bits provide the high byte of the 16-bit external data memory address when
using an 8-hit MOV X command, effectively selecting a 256-byte page of RAM.
0x00: 0x0000 to OXO0FF
0x01: 0x0100 to Ox01FF

OxFE: OxFEQO to OXFEFF
OxFF: OxFFOO to OxFFFF

Figure 16.2. EMI0CF: External Memory Configuration

RIW RIW RIW RIW RIW RIW RIW RIW Reset Vaue

- | - | PRTSEL | EMD2 | EMD1 | EMDO | EALEl | EALEO | 00000011

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxA3

Bits7-6:  Unused. Read = 00b. Write = don’t care.
Bit5: PRTSEL: EMIF Port Select.
0: EMIF active on PO-P3.
1: EMIF active on P4-P7.
Bit4: EMD2: EMIF Multiplex Mode Select.
0: EMIF operates in multiplexed address/data mode.
1: EMIF operates in non-multiplexed mode (separate address and data pins).
Bits3-2: EMD1-0: EMIF Operating Mode Select.
These bits control the operating mode of the External Memory Interface.
00: Internal Only: MOV X accesses on-chip XRAM only. All effective addresses alias to on-chip
memory space.
01: Split Mode without Bank Select: Accesses below the 4k boundary are directed on-chip. Accesses
above the 4k boundary are directed off-chip. 8-bit off-chip MOV X operations use the current contents
of the Address High port latches to resolve upper address byte. Note that in order to access off-chip
space, EMIOCN must be set to a page that is not contained in the on-chip address space.
10: Split Mode with Bank Select: Accesses below the 4k boundary are directed on-chip. Accesses
above the 4k boundary are directed off-chip. 8-bit off-chip MOV X operations use the contents of
EMIOCN to determine the high-byte of the address.
11: External Only: MOV X accesses off-chip XRAM only. On-chip XRAM is not visible to the CPU.
Bitsl-0: EALE1-0: ALE Pulse-Width Select Bits (only has effect when EMD2 = 0).
00: ALE high and ALE low pulse width = 1 SYSCLK cycle.
01: ALE high and ALE low pulse width =2 SY SCLK cycles.
10: ALE high and ALE low pulse width = 3 SYSCLK cycles.
11: ALE high and ALE low pulse width = 4 SY SCLK cycles.
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17.1.7. External Memory Interface Pin Assignments

If the External Memory Interface (EMIF) is enabled on the Low ports (Ports O through 3), EMIFLE (XBR2.1) should
be set to alogic 1 so that the Crossbar will not assign peripheralsto P0.7 (/WR), P0.6 (/RD), and if the External Mem-
ory Interface is in Multiplexed mode, P0.5 (ALE). Figure 17.4 shows an example Crossbar Decode Table with
EMIFLE=1 and the EMIF in Multiplexed mode. Figure 17.5 shows an example Crossbar Decode Table with

EMIFLE=1 and the EMIF in Non-multiplexed mode.

If the External Memory Interface is enabled on the Low ports and an off-chip MOV X operation occurs, the External
Memory Interface will control the output states of the affected Port pins during the execution phase of the MOV X
instruction, regardless of the settings of the Crossbar registers or the Port Data registers. The output configuration of
the Port pins is not affected by the EMIF operation, except that Read operations will explicitly disable the output
drivers on the Data Bus. See Section “16. EXTERNAL DATA MEMORY INTERFACE AND ON-CHIP
XRAM” on page 145 for more information about the External Memory Interface.

Figure 17.4. Priority Crossbar Decode Table

EMIFLE =1; EMIF in Multiplexed Mode; PIMDIN = OxFF)

Po P1 P2 P3 Crossbar Register Bits
PINIIOJO 1 2 3 4 5 6 7|0 1 2 3 4 5 6 7/0 1 2 3 4 5 6 7|0 1 2 3 4 5 6 7
TXO °
UARTOEN: XBRO.2
RX0 °
SCK o o
MISO ° °
SPIOEN: XBRO.1
MOSI ° °
NSS [ Y
SDA ° ° ° °
SMBOEN: XBRO0.0
SCL ° ° ) °
TX1 ° ° ° ° °
UART1EN: XBR2.2
RX1 ° ° ° o 0o 0
CEX0 ° ° ° ° o 0o 0
CEX1 ° ° ° o o 0 0 o
CEX2 ° ° ° e o 0 0 o PCAOME: XBRO.[5:3]
CEX3 [ ° ® 0 0 0 0 o
CEX4 ° ° e e 0 0 0 0 o
ECI o o0 0 0 ®© 06006060 0 0 0 o ECIOE: XBRO.6
CPO o o 0 0 0 ® © 06006060 0 0 0 0 0 CPOE: XBR0.7
CP1 o o 0 0 0 ®© © 0606060600 0 0 0 0 o0 CP1E: XBR1.0
T0 o o0 0 0 ® © 060606060 00 0 0 0 0 0 TOE: XBR1.1
/INTO o o 0 0 0 ® © 06 06060060 06 0 0 0 0 0 o INTOE: XBR1.2
T1 o o 0 0 0 ®© © 06006060 000 0 0 0 0 0 o T1E: XBR1.3
/INT1 e o 0 0 0 ® © 06 0606000 0 0 06 0 0 0 0 0 o0 INT1E: XBR1.4
T2 o o0 0 0 ® © 060 060000 0 00 0 0 0 0 0 o T2E: XBR1.5
T2EX o o0 0 0 ®© © 06006060006 0 0 0 0 0 0 0 0 0 o T2EXE: XBR1.6
T4 o o 0 0 0 ® © 06000600060 00 0 00 0 0 0 0 0 T4E: XBR2.3
T4EX e o6 0 0 0 ® © 0 006000 060 06 06 0 0 0 0 0 0 0 0 o0 T4EXE: XBR2.4
ISYSCLK|®@ © ®© @ ® ® © 06 0 00000 00 0 0 0 0 0 0 0 0 0 0 o SYSCKE: XBR1.7
CN\VSTR|@ © © @ @ ® © 06 0 000000 000 0 0 0 000 0 0 0 0 CNVSTE: XBR2.0
VO = = e e
< < £ € £ € € < N o ¥ 1 © =
s3smIme~gEriiiiigEgngiBggs
d4 d d 494 4 4 4 4 8 &8 3 3 8 o ¥ b ® =
4ofzzzz2zzzz2z2§5855:29334583828323823885
Tz gl g I I
AIN1 Inputs/Non-muxed Addr H [Muxed Addr H/Non-muxed Addr L Muxed Data/Non-muxed Data |
®
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Figure 17.10. PO: Port0 Data Register

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
P07 | P06 | PO5 | P04 [ P03 | P02 | POl | POO | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) 0x80

Bits7-0:  PO.[7:0]: PortO Output Latch Bits.
(Write - Output appears on 1/O pins per XBRO, XBR1, XBR2, and XBR3 Registers)
0: Logic Low Output.
1: Logic High Output (open if corresponding POMDOUT.n bit = 0).
(Read - Regardless of XBRO, XBR1, XBR2, and XBR3 Register settings).
0: PO.n pinislogic low.
1: PO.n pinislogic high.

Note: PO.7 (/WR), P0.6 (/RD), and PO.5 (ALE) can be driven by the External Data Memory Interface.
See Section “16. EXTERNAL DATA MEMORY INTERFACE AND ON-CHIP XRAM” on
page 145 for more information. See also Figure 17.9 for information about configuring the Crossbar
for External Memory accesses.

Figure 17.11. POMDOUT: Port0 Output Mode 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:
OxA4

Bits7-0:  POMDOUT.[7:0]: PortO 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 RX0 (when UARTO isin Mode 0) and RX1 (when UART1 isin Mode O) are always
configured as Open-Drain when they appear on Port pins.
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Figure 17.23. P6: Port6 Data Register

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
P67 | P66 | P65 | P64 | P63 | P62 | P61 | P60 | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x86
Bits7-0:  P6.[7:0]: Port6 Output Latch Bits.
Write - Output appears on 1/0 pins.
0: Logic Low Output.
1: Logic High Output (Open-Drain if corresponding P740UT bit = 0). See Figure 17.20.
Read - Returns states of 1/0O pins.
0: P6.n pinislogic low.
1: P6.n pinislogic high.
Note: P6.[7:0] can be driven by the External Data Memory Interface (as Address15:8] in Multiplexed
mode, or as Address[7:0] in Non-multiplexed mode). See Section “ 16. EXTERNAL DATA MEM -
ORY INTERFACE AND ON-CHIP XRAM" on page 145 for moreinformation about the External
Memory Interface.
Figure 17.24. P7: Port7 Data Register
RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
pr7 | P16 | P75 | P4 | P73 | P72 | P71 | P70 | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x96
Bits7-0:  P7.[7:0]: Port7 Output Latch Bits.
Write - Output appears on 1/0 pins.
0: Logic Low Output.
1: Logic High Output (Open-Drain if corresponding P740UT hit = 0). See Figure 17.20.
Read - Returns states of 1/0O pins.
0: P7.npinislogic low.
1: P7.npinislogic high.
Note: P7.[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 “16. EXTERNAL DATA MEMORY INTER-
FACE AND ON-CHIP XRAM™" on page 145 for more information about the External Memory
Interface.
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20.1.2. Mode 1: 8-Bit UART, Variable Baud Rate

Mode 1 provides standard asynchronous, full duplex communication using atotal of 10 bits per data byte: one start
bit, eight data bits (L SB first), and one stop bit. Data are transmitted from the TXO0 pin and received at the RXO0 pin.
On receive, the eight data bits are stored in SBUFO and the stop bit goesinto RB80 (SCONO.2).

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TI0 Transmit Interrupt
Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data reception 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 SM20
islogic 1, the stop bit must be logic 1.

If these conditions are met, the eight bits of data are 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 inter-
rupt will occur if enabled when either T10 or RIO is set.

Figure 20.4. UARTO Mode 1 Timing Diagram

MARK START
BIT DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7 STOP
SPACE — BIT

| | | | | | | | | | |
BITTIMES | j j j j j j j j j 1
A A
| |
| |

BIT SAMPLING

-
-
-
-
-
-
-
-

The baud rate generated in Mode 1 is a function of timer overflow, shown in Equation 20.1 and Equation 20.2.
UARTO can use Timer 1 operating in 8-Bit Auto-Reload Made, or Timer 2 operating in Baud Rate Generator Mode to
generate the baud rate (note that the TX and RX clocks are selected separately). On each timer overflow event (aroll-
over from all ones - (OxFF for Timer 1, OXFFFF for Timer 2) - to zero) aclock is sent to the baud rate logic.

Timer 2 isselected as TX and/or RX baud clock source by setting the TCLKO (T2CON.4) and/or RCLKO (T2CON.5)
bits, respectively (see Section “22. TIMERS" on page 225 for complete timer configuration details). When either
TCLKO or RCLKO issettologic 1, Timer 2 isforced into Baud Rate Generator Mode, with SYSCLK / 2 asits clock
source. If TCLKO and/or RCLKO islogic 0, Timer 1 acts as the baud clock source for the TX and/or RX circuits,
respectively.

The Mode 1 baud rate equations are shown below, where T1M is the Timer 1 Clock Select bit (register CKCON),
TH1 is the 8-hit reload register for Timer 1, SMODO is the UARTO baud rate doubler (register PCON) and
[RCAP2H , RCAP2L] isthe 16-hit reload register for Timer 2.

Equation 20.1. Mode 1 Baud Rateusing Timer 1

BaudRate = (ZSMODO) (SYSCLK % 12(TtM -1)>)
32 (256—TH1)

Equation 20.2. Mode 1 Baud Rate using Timer 2

SYSCLK
32 % (65536 —[ RCAP2H, RCAP2L])

BaudRate =
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20.1.3. Mode 2: 9-Bit UART, Fixed Baud Rate

Mode 2 provides asynchronous, full-duplex communication using atotal of eleven bits per databyte: a start bit, 8 data
bits (LSB first), a programmable ninth data bit, and a stop bit. Mode 2 supports multiprocessor communications and
hardware address recognition (see Section “20.2. Multiprocessor Communications’ on page 210). On transmit,
the ninth data bit is determined by the value in TB80 (SCONO.3). It can be assigned the value of the parity flag Pin
the PSW or used in multiprocessor communications. On receive, the ninth data bit goes into RB80 (SCONO.2) and
the stop bit isignored.

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TI0 Transmit Interrupt
Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data reception 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 RIO islogic 0 and one of the following requirements are met:

1. SM20islogic0
2. SM20islogic 1, the received Sth bit islogic 1, and the received address matches the UARTO address as

described in Section 20.2.

If the above conditions are satisfied, the eight bits of data are stored in SBUFO, the ninth 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 T10 or RIO is set.

The baud rate in Mode 2 is either SYSCLK / 32 or SY SCLK / 64, depending on the value of the SMODO bit in regis-
ter PCON.

Equation 20.3. Mode 2 Baud Rate
BaudRate = 2°M°P%x (%

Figure 20.5. UART Modes 2 and 3 Timing Diagram

MARK START

BIT DO D1 D2 D3 D4 D5 D6 D7 D8 STOP
SPACE — BIT
BITTIVES | I I I I I I I I I I I
A A A A A A A A A A A
arsweins || L
®
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21. UART1

UART1 isan enhanced serial port with frame error detection and address recognition hardware. UART1 may operate
in full-duplex asynchronous or half-duplex synchronous modes, and mutiproccessor communication is fully sup-
ported. Receive data is buffered in a holding register, allowing UART1 to start reception of a second incoming data
byte before software has finished reading the previous data byte. A Receive Overrun bit indicates when new received
datais latched into the receive buffer before the previous received byteis read.

UART1 is accessed via its associated SFRs, Serial Control (SCON1) and Serial Data Buffer (SBUF1). The single
SBUFL1 location provides access to both transmit and receive registers. Reads access the Receive register and writes
access the Transmit register automatically.

UART1 may be operated in polled or interrupt mode. UART 1 has two sources of interrupts: a Transmit Interrupt flag,
TI1 (SCONL1.1) set when transmission of a data byte is complete, and a Receive Interrupt flag, RI1 (SCON1.0) set
when reception of a data byte is complete. UART1 interrupt flags are not cleared by hardware when the CPU vectors
to the interrupt service routine; they must be cleared manually by software. This alows software to determine the
cause of the UART 1 interrupt (transmit complete or receive complete).

Figure21.1. UART1 Block Diagram

Write to
SBUF

Shift

Stop Bit

Gen. Data

L start Tx Control
# Tx Clock Send
TxIRQ

UART SCON —TI
S|S|S|R|T|R|T|R Serial Port
Baud Rate mM{mM[M[E|B|B|I|! D > (UARTOM)
Generation ol1l2[nl8ls Interrupt

Logic +— RI

EN RX IRQ

’ # Rx Clock Load
SBUF [~
Rx Control
Address
e
Match
e start shift OXIFF Port I/O

&

A, A JL
Frame Error Input Shift Register
Detection (9 bits)

Load SBUF RB8

SADDR
SBUF Match Detect
(Receive Latch) SADEN
[
Read
SBUF
SFR Bus RX [ -7~ ~77 |
- 1 Crossbar
Lo |
®
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21.1. UART1 Operational Modes

UART1 provides four operating modes (one synchronous and three asynchronous) selected by setting configuration
bits in the SCONL1 register. These four modes offer different baud rates and communication protocols. The four
modes are summarized in Table 21.1.

Table21.1. UART1 Modes

Mode Synchronization Baud Clock Data Bits | Start/Stop Bits
0 Synchronous SYSCLK /12 8 None
1 Asynchronous Timer 1 or 4 Overflow 8 1 Start, 1 Stop
2 Asynchronous SYSCLK /32 o0or SYSCLK / 64 9 1 Start, 1 Stop
3 Asynchronous Timer 1 or 4 Overflow 9 1 Start, 1 Stop

21.1.1. Mode0: Synchronous M ode

Mode 0 provides synchronous, half-duplex communication. Serial data is transmitted and received on the RX1 pin.
The TX1 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 21.2).

Data transmission begins when an instruction writes a data byte to the SBUF1 register. Eight data bits are transferred
L SB first (see the timing diagram in Figure 21.3), and the TI1 Transmit Interrupt Flag (SCON1.1) is set at the end of
the eighth bit time. Data reception begins when the REN1 Receive Enable bit (SCON1.4) isset to logic 1 and the RI1
Receive Interrupt Flag (SCON1.0) is cleared. One cycle after the eighth bit is shifted in, the RI1 flag is set and recep-
tion stops until software clears the RI1 bit. An interrupt will occur if enabled when either T11 or RI1 are set.

The Mode 0 baud rateis SY SCLK / 12. RX1 isforced to open-drain in Mode O, and an external pull-up will typically
be required.

Figure21.2. UART1 Mode O Inter connect

b CLK Shift
RX| DATA Reg.

ey

8 Extra Outputs

C8051Fxxx

Figure 21.3. UART1 Mode 0 Timing Diagram
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22.3.3. Mode 2: Baud Rate Generator

Timer 4 can be used as a baud rate generator for UART1 when UART1 is operated in modes 1 or 3 (refer to Section
“21.1. UART1 Operational Modes’ on page 216 for more information on the UART1 operational modes). In Baud
Rate Generator mode, Timer 4 works similarly to the auto-reload mode. On overflow, the 16-bit value held in the two
capture registers (RCAP4H, RCAPAL) is automatically loaded into the counter/timer register. However, the TF4
overflow flag is not set and no interrupt is generated. Instead, the overflow event is used as the input to the UART's
shift clock. Timer 4 overflows can be selected to generate baud rates for transmit and/or receive independently.

The Baud Rate Generator mode is selected by setting RCLK1 (T4CON.5) and/or TCLK1 (TACON.4) to ‘1'. When
RCLK1 or TCLK1 is set to logic 1, Timer 4 operates in the auto-reload mode regardless of the state of the CP/RL4
bit. Note that in Baud Rate Generator mode, the Timer 4 timebase is the system clock divided by two. When selected
asthe UART1 baud clock source, Timer 4 definesthe UART 1 baud rate as follows:

Baud Rate = SYSCLK / ((65536 - [RCAP4H, RCAPAL] ) * 32)

If adifferent time base isrequired, setting the C/T4 bit to logic 1 will allow the timebase to be derived from the exter-
nal input pin T4. In this case, the baud rate for the UART is calcul ated as:

Baud Rate = F  / ( (65536 - [RCAP4H, RCAP4L] ) * 16)

Where F| k is the frequency of the signal (TCLK) supplied to Timer 4 and [RCAP4H, RCAPAL] isthe 16-bit value
held in the capture registers.

As explained above, in Baud Rate Generator mode, Timer 4 does not set the TF4 overflow flag and therefore cannot
generate an interrupt. However, if EXEN4 is set to logic 1, ahigh-to-low transition on the T4EX input pin will set the
EXF4 flag and a Timer 4 interrupt will occur if enabled. Therefore, the T4EX input may be used as an additional
external interrupt source.

Figure 22.27. T4 Mode 2 Block Diagram
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24.1. Boundary Scan

The DR in the Boundary Scan path is an 134-bit shift register. The Boundary DR provides control and observability
of al the device pins aswell as the SFR bus and Weak Pullup feature viathe EXTEST and SAMPLE commands.

Table 24.1. Boundary Data Register Bit Definitions
EXTEST provides access to both capture and update actions, while Sample only performs a capture.

Bit Action | Target
0 Capture | Reset Enable from MCU (C8051F021/3 devices)
Update |Reset Enableto /RST pin (C8051F021/3 devices)
1 Capture | Reset input from /RST pin (C8051F021/3 devices)
Update |Reset output to /RST pin (C8051F021/3 devices)
2 Capture | Reset Enable from MCU (C8051F020/2 devices)
Update |Reset Enableto /RST pin (C8051F020/2 devices)
3 Capture | Reset input from /RST pin (C8051F020/2 devices)
Update |Reset output to /RST pin (C8051F020/2 devices)
4 Capture | External Clock from XTAL1 pin
Update | Not used
5 Capture | Weak pullup enable from MCU

Update | Weak pullup enable to Port Pins
6, 8, 10, 12, 14, 16, | Capture | P0.n output enable from MCU (e.g. Bit6=P0.0, Bit8=P0.1, etc.)

18,20 Update | PO.n output enable to pin (e.g. Bit6=P0.0oe, Bit8=P0.10¢, etc.)
7,9,11, 13, 15, 17, | Capture |PO.ninput from pin (e.g. Bit7=P0.0, Bit9=P0.1, etc.)
19,21 Update |PO.n output to pin (e.g. Bit7=P0.0, Bit9=P0.1, etc.)

22,24, 26, 28, 30, |Capture |P1.noutput enablefrom MCU
32, 34, 36 Update |P1.n output enableto pin
23,25, 27,29, 31, |Capture |Pl.ninputfrom pin
33,35, 37 Update |P1.noutput to pin
38, 40, 42, 44, 46, |Capture |P2.n output enable from MCU

48, 50, 52 Update |P2.n output enable to pin
39,41, 43, 45, 47, |Capture |P2.ninput from pin

49, 51, 53 Update | P2.n output to pin
54, 56, 58, 60, 62, |Capture |P3.noutput enable from MCU

64, 66, 68 Update | P3.n output enable to pin
55,57,59, 61, 63, |Capture |P3.ninput from pin

65, 67, 69 Update | P3.n output to pin
70,72,74,76, 78, |Capture |P4.n output enable from MCU

80, 82, 84 Update | P4.n output enable to pin
71,73,75,77,79, |Capture |P4.ninputfrom pin

81, 83,85 Update | P4.n output to pin

86, 88, 90, 92, 94, | Capture |P5.n output enable from MCU
96, 98, 100 Update | P5.n output enable to pin
87,89, 91, 93,95, |Capture |P5.ninputfrom pin
97,99, 101 Update | P5.n output to pin
102, 104, 106, 108, | Capture |P6.n output enable from MCU
110, 112, 114, 116 |Update | P6.n output enable to pin
103, 105, 107, 109, | Capture |P6.n input from pin
111, 113, 115, 117 |Update | P6.n output to pin
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24.2. Flash Programming Commands

The Flash memory can be programmed directly over the JTAG interface using the Flash Control, Flash Data, Flash
Address, and Flash Scale registers. These Indirect Data Registers are accessed via the JTAG Instruction Register.
Read and write operations on indirect data registers are performed by first setting the appropriate DR address in the
IR register. Each read or write is then initiated by writing the appropriate I ndirect Operation Code (IndOpCode) to the
selected data register. Incoming commands to this register have the following format:

19:18 17:0
IndOpCode WriteData |

IndOpCode: These bit set the operation to perform according to the following table:

IndOpCode Operation
Ox Poll
10 Read
11 Write

The Poll operation is used to check the Busy bit as described below. Although a Capture-DR is performed, no
Update-DR is allowed for the Poll operation. Since updates are disabled, polling can be accomplished by shifting in/
out asingle bit.

The Read operation initiates a read from the register addressed by the DRAddress. Reads can be initiated by shifting
only 2 bitsinto the indirect register. After the read operation isinitiated, polling of the Busy bit must be performed to
determine when the operation is compl ete.

The write operation initiates a write of WriteData to the register addressed by DRAddress. Registers of any width up
to 18 bits can be written. If the register to be written contains fewer than 18 bits, the datain WriteData should be left-
justified, i.e. its MSB should occupy bit 17 above. This allows shorter registers to be written in fewer JTAG clock
cycles. For example, an 8-hit register could be written by shifting only 10 bits. After a Write is initiated, the Busy bit
should be polled to determine when the next operation can be initiated. The contents of the Instruction Register
should not be altered while either aread or write operation is busy.

Outgoing data from the indirect Data Register has the following format:

19 18:1 0
0 ReadData Busy

The Busy bit indicates that the current operation is not complete. It goes high when an operation is initiated and
returns low when complete. Read and Write commands are ignored while Busy is high. In fact, if polling for Busy to
be low will be followed by another read or write operation, JTAG writes of the next operation can be made while
checking for Busy to be low. They will be ignored until Busy is read low, at which time the new operation will initi-
ate. Thisbit is placed ate bit 0 to allow polling by single-bit shifts. When waiting for a Read to complete and Busy is
0, the following 18 bits can be shifted out to obtain the resulting data. ReadData is aways right-justified. This allows
registers shorter than 18 bits to be read using a reduced number of shifts. For example, the results from a byte-read
requires 9 bit shifts (Busy + 8 bits).
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