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Details

Product Status Discontinued at Digi-Key

Core Processor 8051

Core Size 8-Bit

Speed 100MHz

Connectivity SMBus (2-Wire/I²C), SPI, UART/USART

Peripherals POR, PWM, Temp Sensor, WDT

Number of I/O 29

Program Memory Size 32KB (32K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 1K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 3.6V

Data Converters A/D 21x10b; D/A 1x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 32-LQFP

Supplier Device Package 32-LQFP (7x7)

Purchase URL https://www.e-xfl.com/product-detail/silicon-labs/c8051f361-gqr

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/c8051f361-gqr-4436895
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


C8051F360/1/2/3/4/5/6/7/8/9
18.SMBus
Figure 18.1. SMBus Block Diagram ...................................................................... 200
Figure 18.2. Typical SMBus Configuration ............................................................ 201
Figure 18.3. SMBus Transaction ........................................................................... 202
Figure 18.4. Typical SMBus SCL Generation ........................................................ 205
Figure 18.5. Typical Master Transmitter Sequence ............................................... 211
Figure 18.6. Typical Master Receiver Sequence ................................................... 212
Figure 18.7. Typical Slave Receiver Sequence ..................................................... 213
Figure 18.8. Typical Slave Transmitter Sequence ................................................. 214

19.UART0
Figure 19.1. UART0 Block Diagram ...................................................................... 218
Figure 19.2. UART0 Baud Rate Logic ................................................................... 219
Figure 19.3. UART Interconnect Diagram ............................................................. 220
Figure 19.4. 8-Bit UART Timing Diagram .............................................................. 220
Figure 19.5. 9-Bit UART Timing Diagram .............................................................. 221
Figure 19.6. UART Multi-Processor Mode Interconnect Diagram ......................... 222

20.Enhanced Serial Peripheral Interface (SPI0)
Figure 20.1. SPI Block Diagram ............................................................................ 232
Figure 20.2. Multiple-Master Mode Connection Diagram ...................................... 235
Figure 20.3. 3-Wire Single Master and 3-Wire Single Slave Mode  

Connection Diagram ......................................................................... 235
Figure 20.4. 4-Wire Single Master Mode and 4-Wire Slave Mode  

Connection Diagram ......................................................................... 235
Figure 20.5. Master Mode Data/Clock Timing ....................................................... 237
Figure 20.6. Slave Mode Data/Clock Timing (CKPHA = 0) ................................... 238
Figure 20.7. Slave Mode Data/Clock Timing (CKPHA = 1) ................................... 238
Figure 20.8. SPI Master Timing (CKPHA = 0) ....................................................... 242
Figure 20.9. SPI Master Timing (CKPHA = 1) ....................................................... 242
Figure 20.10. SPI Slave Timing (CKPHA = 0) ....................................................... 243
Figure 20.11. SPI Slave Timing (CKPHA = 1) ....................................................... 243

21.Timers
Figure 21.1. T0 Mode 0 Block Diagram ................................................................. 247
Figure 21.2. T0 Mode 2 Block Diagram ................................................................. 248
Figure 21.3. T0 Mode 3 Block Diagram ................................................................. 249
Figure 21.4. Timer 2 16-Bit Mode Block Diagram ................................................. 254
Figure 21.5. Timer 2 8-Bit Mode Block Diagram ................................................... 255
Figure 21.6. Timer 3 16-Bit Mode Block Diagram ................................................. 258
Figure 21.7. Timer 3 8-Bit Mode Block Diagram ................................................... 259

22.Programmable Counter Array
Figure 22.1. PCA Block Diagram ........................................................................... 262
Figure 22.2. PCA Counter/Timer Block Diagram ................................................... 263
Figure 22.3. PCA Interrupt Block Diagram ............................................................ 264
Figure 22.4. PCA Capture Mode Diagram ............................................................. 265
Figure 22.5. PCA Software Timer Mode Diagram ................................................. 266
Figure 22.6. PCA High Speed Output Mode Diagram ........................................... 267
Rev. 1.1 10



C8051F360/1/2/3/4/5/6/7/8/9
cated by a status bit and an interrupt (if enabled). The resulting 10-bit data word is latched into the ADC 
data SFRs upon completion of a conversion.

Window compare registers for the ADC data can be configured to interrupt the controller when ADC data is 
either within or outside of a specified range. The ADC can monitor a key voltage continuously in back-
ground mode, but not interrupt the controller unless the converted data is within/outside the specified 
range.

Figure 1.11. 10-Bit ADC Block Diagram

1.8. Comparators

C8051F36x devices include two on-chip voltage comparators that are enabled/disabled and configured via 
user software. Port I/O pins may be configured as comparator inputs via a selection mux. Two comparator 
outputs may be routed to a Port pin if desired: a latched output and/or an unlatched (asynchronous) output. 
Comparator response time is programmable, allowing the user to select between high-speed and low-
power modes. Positive and negative hysteresis are also configurable.

Comparator interrupts may be generated on rising, falling, or both edges. When in IDLE mode, these inter-
rupts may be used as a “wake-up” source. Comparator0 may also be configured as a reset source. 
Figure 1.12 shows the Comparator0 block diagram, and Figure 1.13 shows the Comparator1 block dia-
gram. 

Note: The first Port I/O pins shown in Figure 1.12 and Figure 1.13 are for the 48-pin (C8051F360/3) 
devices. The second set of Port I/O pins are for the 32-pin and 28-pin (C8051F361/2/4/5/6/7/8/9) devices. 
Please refer to the CPTnMX registers (SFR Definition 8.2 and SFR Definition 8.5) for more information.
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Figure 4.2. TQFP-48 Package Diagram

Table 4.2. TQFP-48 Package Dimensions

Dimension Min Nom Max Dimension Min Nom Max

A — — 1.20 E 9.00 BSC.

A1 0.05 — 0.15 E1 7.00 BSC.

A2 0.95 1.00 1.05 L 0.45 0.60 0.75

b 0.17 0.22 0.27 aaa 0.20

c 0.09 — 0.20 bbb 0.20

D 9.00 BSC. ccc 0.08

D1 7.00 BSC. ddd 0.08

e 0.50 BSC. θ 0° 3.5° 7°

Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC outline MS-026, variation ABC.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body 

Components.
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Figure 4.6. QFN-28 Package Drawing

Table 4.4. QFN-28 Package Dimensions

Dimension Min Nom Max Dimension Min Nom Max

A 0.80 0.90 1.00 E2 2.90 3.15 3.35

A1 0.03 0.07 0.11 L 0.45 0.55 0.65

A3 0.25 REF aaa 0.15

b 0.18 0.25 0.30 bbb 0.10

D 5.00 BSC. ddd 0.05

D2 2.90 3.15 3.35 eee 0.08

e 0.50 BSC. Z 0.435

E 5.00 BSC. Y 0.18

Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC outline MO-243, variation VHHD except for custom features D2, 

E2, L, Z, and Y which are toleranced per supplier designation.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body 

Components.

 

Rev. 1.1 44



C8051F360/1/2/3/4/5/6/7/8/9
SFR Definition 6.1. IDA0CN: IDA0 Control

SFR Definition 6.2. IDA0H: IDA0 Data Word MSB

Bit 7: IDA0EN: IDA0 Enable.
0: IDA0 Disabled.
1: IDA0 Enabled.

Bits 6–4: IDA0CM[2:0]: IDA0 Update Source Select bits.
000: DAC output updates on Timer 0 overflow.
001: DAC output updates on Timer 1 overflow.
010: DAC output updates on Timer 2 overflow.
011: DAC output updates on Timer 3 overflow.
100: DAC output updates on rising edge of CNVSTR.
101: DAC output updates on falling edge of CNVSTR.
110: DAC output updates on any edge of CNVSTR.
111: DAC output updates on write to IDA0H. (default)

Bits 3–2: UNUSED. Read = 00b. Write = don’t care.
Bits 1–0: IDA0OMD[1:0]: IDA0 Output Mode Select bits.

00: 0.5 mA full-scale output current.
01: 1.0 mA full-scale output current.
1x: 2.0 mA full-scale output current. (default)

SFR Page:
SFR Address:

all pages
0xB9

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

IDA0EN IDA0CM – – IDA0OMD 01110010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bits 7–0: IDA0 Data Word High-Order Bits.
Bits 7–0 are the most-significant bits of the 10-bit IDA0 Data Word.

SFR Page:
SFR Address:

all pages
0x97

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 Bit1 Bit0
Rev. 1.1 65
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SFR Definition 6.3. IDA0L: IDA0 Data Word LSB

Table 6.1. IDAC Electrical Characteristics
–40 to +85 °C, VDD = 3.0 V Full-scale output current set to 2 mA unless otherwise specified.

Parameter Conditions Min Typ Max Units

Static Performance

Resolution 10 bits

Integral Nonlinearity — ±0.5 ±2 LSB

Differential Nonlinearity Guaranteed Monotonic — ±0.5 ±1 LSB

Output Compliance Range — — VDD – 1.2 V

Offset Error — 0 — LSB

Full Scale Error 2 mA Full Scale Output Current –15 0 15 LSB

Full Scale Error Tempco — 30 — ppm/°C

VDD Power Supply  
Rejection Ratio

— 6.5 — µA/V

Dynamic Performance

Output Settling Time to 1/2 
LSB

IDA0H:L = 0x3FF to 0x000 — 5 — µs

Startup Time — 5 — µs

Gain Variation
1 mA Full Scale Output Current 
0.5 mA Full Scale Output Current

—
—

±1
±1

—
—

%
%

Power Consumption

Power Supply Current (VDD 
supplied to IDAC)

2 mA Full Scale Output Current
1 mA Full Scale Output Current
0.5 mA Full Scale Output Current

—
—
—

2140
1140
640

—
—
—

µA
µA
µA

Bits 7–6: IDA0 Data Word Low-Order Bits.
Lower 2 bits of the 10-bit Data Word. 

Bits 5–0: UNUSED. Read = 000000b, Write = don’t care.

SFR Page:
SFR Address:

all pages
0x96

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

— — — — — — 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
66 Rev. 1.1
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7. Voltage Reference (C8051F360/1/2/6/7/8/9)
The Voltage reference MUX on the C8051F360/1/2/6/7/8/9 devices is configurable to use an externally 
connected voltage reference, the internal reference voltage generator, or the VDD power supply voltage 
(see Figure 7.1). The REFSL bit in the Reference Control register (REF0CN) selects the reference source. 
For an external source or the internal reference, REFSL should be set to ‘0’. To use VDD as the reference 
source, REFSL should be set to ‘1’.

The BIASE bit enables the internal voltage bias generator, which is used by the ADC, Temperature Sensor, 
internal oscillators, and Current DAC. This bias is enabled when any of the aforementioned peripherals are 
enabled. The bias generator may be enabled manually by writing a ‘1’ to the BIASE bit in register 
REF0CN; see SFR Definition 7.1 for REF0CN register details. The electrical specifications for the voltage 
reference circuit are given in Table 7.1.

The internal voltage reference circuit consists of a 1.2 V, temperature stable bandgap voltage reference 
generator and a gain-of-two output buffer amplifier. The internal voltage reference can be driven out on the 
VREF pin by setting the REFBE bit in register REF0CN to a ‘1’ (see SFR Definition 7.1). The maximum 
load seen by the VREF pin must be less than 200 µA to GND. When using the internal voltage reference, 
bypass capacitors of 0.1 µF and 4.7 µF are recommended from the VREF pin to GND. If the internal refer-
ence is not used, the REFBE bit should be cleared to ‘0’. Electrical specifications for the internal voltage 
reference are given in Table 7.1.

Important Note about the VREF Pin: Port pin P0.3 on the C8051F360 device and P0.0 on 
C8051F361/2/6/7/89 devices is used as the external VREF input and as an output for the internal VREF. 
When using either an external voltage reference or the internal reference circuitry, the port pin should be 
configured as an analog pin, and skipped by the Digital Crossbar. To configure the port pin as an analog 
pin, set the appropriate bit to ‘0’ in register P0MDIN. To configure the Crossbar to skip the VREF port pin, 
set the appropriate bit to ‘1’ in register P0SKIP. Refer to Section “17. Port Input/Output” on page 182 for 

Figure 7.1. Voltage Reference Functional Block Diagram
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8. Comparators
C8051F36x devices include two on-chip programmable voltage comparators, Comparator0 and Compara-
tor1, shown in Figure 8.1 and Figure 8.2 (Note: the port pin Comparator inputs differ between C8051F36x 
devices. The first Port I/O pin shown is for C8051F360/3 devices).

The comparators offer programmable response time and hysteresis, an analog input multiplexer, and two 
outputs that are optionally available at the Port pins: a synchronous “latched” output (CP0 and CP1), or an 
asynchronous “raw” output (CP0A and CP1A). The asynchronous CP0A and CP1A signals are available 
even when the system clock is not active. This allows the Comparators to operate and generate an output 
with the device in STOP mode. When assigned to a Port pin, the Comparator outputs may be configured 
as open drain or push-pull (see Section “17.2. Port I/O Initialization” on page 186). Comparator0 may also 
be used as a reset source (see Section “12.5. Comparator0 Reset” on page 131).

The Comparator inputs are selected in the CPT0MX and CPT1MX registers (SFR Definition 8.2 and SFR 
Definition 8.5). The CMXnP1–CMXnP0 bits select the Comparator positive input; the CMXnN1–CMXnN0 
bits select the Comparator negative input.

Important Note About Comparator Inputs: The Port pins selected as comparator inputs should be con-
figured as analog inputs in their associated Port configuration register, and configured to be skipped by the 
Crossbar (for details on Port configuration, see Section “17.3. General Purpose Port I/O” on page 189).

Figure 8.1. Comparator0 Functional Block Diagram

VDD

C
P

T
0

C
N

Reset 
Decision 

Tree

 +

 -
Crossbar

Q

Q
SET

CLR

D

Q

Q
SET

CLR

D

(SYNCHRONIZER)

GND

CP0 +

CP0 -

CP0EN

CP0OUT

CP0RIF

CP0FIF

CP0HYP1

CP0HYP0

CP0HYN1

CP0HYN0

C
P

T
0

M
X

CMX0N3

CMX0N2

CMX0N1

CMX0N0

CMX0P1

CMX0P0

C
P

T
0M

D CP0RIE

CP0FIE

CP0MD1

CP0MD0

CP0

CP0A

CP0 
Interrupt

0

1

0

1

CP0RIF

CP0FIF

0

1

CP0EN
0

1

EA

P1.5 / P1.1 

P2.4 / P1.5 

P3.2 / P2.1 

P3.6 / P2.5 

P1.4 / P1.0 

P2.3 / P1.4 

P3.1 / P2.0 

P3.5 / P2.4
Rev. 1.1 70



C8051F360/1/2/3/4/5/6/7/8/9
9.4. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are 
two separate memory spaces: program memory and data memory. Program and data memory share the 
same address space but are accessed via different instruction types. There are 256 bytes of internal data 
memory and 32k bytes (C8051F360/1/2/3/4/5/6/7) or 16k bytes (C8051F368/9) of internal program mem-
ory address space implemented within the CIP-51. The CIP-51 memory organization is shown in 
Figure 9.2.

Figure 9.2. Memory Map
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The CIP-51 core has a 64 kB program memory space. The C8051F360/1/2/3/4/5/6/7 implement 32 kB of 
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Program memory is normally assumed to be read-only. However, the CIP-51 can write to program memory 
by setting the Program Store Write Enable bit (PSCTL.0) and using the MOVX instruction. This feature pro-
vides a mechanism for the CIP-51 to update program code and use the program memory space for non-
volatile data storage. Refer to Section “13. Flash Memory” on page 135 for further details.
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9.4.7. Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits 
should not be set to logic ‘1’. Future product versions may use these bits to implement new features in 
which case the reset value of the bit will be logic ‘0’, selecting the feature's default state. Detailed descrip-
tions of the remaining SFRs are included in the sections of the data sheet associated with their corre-
sponding system function.

SFR Definition 9.5. SP: Stack Pointer

SFR Definition 9.6. DPL: Data Pointer Low Byte

SFR Definition 9.7. DPH: Data Pointer High Byte 

Bits 7–0: 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.

SFR Page:
SFR Address:

all pages
0x81

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

00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bits 7–0: DPL: Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly 
addressed XRAM and Flash memory.

SFR Page
SFR Address:

all pages
0x82

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 Bit1 Bit0

Bits 7–0: DPH: Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly 
addressed XRAM and Flash memory.

SFR Page:
SFR Address:

all pages
0x83

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 Bit1 Bit0
Rev. 1.1 102
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SFR Definition 10.1. IE: Interrupt Enable

Bit 7: EA: Global Interrupt Enable.
This bit globally enables/disables all interrupts. It overrides the individual interrupt mask set-
tings.
0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

Bit 6: ESPI0: Enable Serial Peripheral Interface (SPI0) Interrupt.
This bit sets the masking of the SPI0 interrupts.
0: Disable all SPI0 interrupts.
1: Enable interrupt requests generated by SPI0.

Bit 5: ET2: Enable Timer 2 Interrupt.
This bit sets the masking of the Timer 2 interrupt.
0: Disable Timer 2 interrupt.
1: Enable interrupt requests generated by the TF2L or TF2H flags.

Bit 4: ES0: Enable UART0 Interrupt.
This bit sets the masking of the UART0 interrupt.
0: Disable UART0 interrupt.
1: Enable UART0 interrupt.

Bit 3: ET1: Enable Timer 1 Interrupt. 
This bit sets the masking of the Timer 1 interrupt.    
0: Disable all Timer 1 interrupt.
1: Enable interrupt requests generated by the TF1 flag.

Bit 2: EX1: Enable External Interrupt 1. 
This bit sets the masking of External Interrupt 1.    
0: Disable external interrupt 1.
1: Enable interrupt requests generated by the /INT1 input.

Bit 1: ET0: Enable Timer 0 Interrupt. 
This bit sets the masking of the Timer 0 interrupt.    
0: Disable all Timer 0 interrupt.
1: Enable interrupt requests generated by the TF0 flag.

Bit 0: EX0: Enable External Interrupt 0. 
This bit sets the masking of External Interrupt 0.    
0: Disable external interrupt 0.
1: Enable interrupt requests generated by the /INT0 input.

SFR Page:
SFR Address:

all pages
0xA8 (bit addressable)

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

EA ESPI0 ET2 ES0 ET1 EX1 ET0 EX0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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SFR Definition 10.5. EIE2: Extended Interrupt Enable 2

SFR Definition 10.6. EIP2: Extended Interrupt Priority 2

Bits 7–2: UNUSED. Read = 000000b. Write = don’t care.
Bit 1: EMAT: Enable Port Match Interrupt.

This bit sets the masking of the Port Match interrupt.
0: Disable the Port Match interrupt.
1: Enable the Port Match interrupt.

Bit 0: UNUSED. Read = 0b. Write = don’t care.

SFR Page:
SFR Address:

all pages
0xE7

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

– – – – – – EMAT – 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bits 7–2: UNUSED. Read = 000000b. Write = don’t care.
Bit 1: PMAT: Port Match Interrupt Priority Control.

This bit sets the priority of the Port Match interrupt.
0: Port Match interrupt set to low priority level.
1: Port Match interrupt set to high priority level.

Bit 0: UNUSED. Read = 0b. Write = don’t care.

SFR Page:
SFR Address:

F
0xCF

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

– – – – – – PMAT – 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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11.6. Rounding and Saturation

A Rounding Engine is included, which can be used to provide a rounded result when operating on frac-
tional numbers. MAC0 uses an unbiased rounding algorithm to round the data stored in bits 31–16 of the 
accumulator, as shown in Table 11.1. Rounding occurs during the third stage of the MAC0 pipeline, after 
any shift operation, or on a write to the LSB of the accumulator. The rounded results are stored in the 
rounding registers: MAC0RNDH (SFR Definition 11.12) and MAC0RNDL (SFR Definition 11.13). The accu-
mulator registers are not affected by the rounding engine. Although rounding is primarily used for fractional 
data, the data in the rounding registers is updated in the same way when operating in integer mode.

The rounding engine can also be used to saturate the results stored in the rounding registers. If the MAC0-
SAT bit is set to ‘1’ and the rounding register overflows, the rounding registers will saturate. When a posi-
tive overflow occurs, the rounding registers will show a value of 0x7FFF when saturated. For a negative 
overflow, the rounding registers will show a value of 0x8000 when saturated. If the MAC0SAT bit is cleared 
to ‘0’, the rounding registers will not saturate.

11.7. Usage Examples

This section details some software examples for using MAC0. Section 11.7.1 shows a series of two MAC 
operations using fractional numbers. Section 11.7.2 shows a single operation in Multiply Only mode with 
integer numbers. The last example, shown in Section 11.7.3, demonstrates how the left-shift and right-shift 
operations can be used to modify the accumulator. All of the examples assume that all of the flags in the 
MAC0STA register are initially set to ‘0’.

11.7.1. Multiply and Accumulate Example

The example below implements the equation:

MOV   MAC0CF, #0Ah    ; Set to Clear Accumulator, Use fractional numbers
MOV   MAC0AH, #40h    ; Load MAC0A register with 4000 hex = 0.5 decimal
MOV   MAC0AL, #00h
MOV   MAC0BH, #20h    ; Load MAC0B register with 2000 hex = 0.25 decimal
MOV   MAC0BL, #00h    ; This line initiates the first MAC operation
MOV   MAC0BH, #E0h    ; Load MAC0B register with E000 hex = -0.25 decimal
MOV   MAC0BL, #00h    ; This line initiates the second MAC operation
NOP
NOP                   ; After this instruction, the Accumulator should be equal to 0,
                      ; and the MAC0STA register should be 0x04, indicating a zero
NOP                   ; After this instruction, the Rounding register is updated

Table 11.1. MAC0 Rounding (MAC0SAT = 0)

Accumulator Bits 15–0 
(MAC0ACC1:MAC0ACC0)

Accumulator Bits 31–16 
(MAC0ACC3:MAC0ACC2)

Rounding 
Direction

Rounded Results 
(MAC0RNDH:MAC0RNDL)

Greater Than 0x8000 Anything Up (MAC0ACC3:MAC0ACC2) + 1

Less Than 0x8000 Anything Down (MAC0ACC3:MAC0ACC2)

Equal To 0x8000 Odd (LSB = 1) Up (MAC0ACC3:MAC0ACC2) + 1

Equal To 0x8000 Even (LSB = 0) Down (MAC0ACC3:MAC0ACC2)

0.5 0.25×( ) 0.5 0.25–×( )+ 0.125 0.125– 0.0= =
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erases will be disabled until the next system reset. Flash writes and erases will also be disabled if a Flash 
write or erase is attempted before the key codes have been written properly. The Flash lock resets after 
each write or erase; the key codes must be written again before a following Flash operation can be per-
formed. The FLKEY register is detailed in SFR Definition 13.2. 

13.1.2. Erasing Flash Pages From Software

The Flash memory can be programmed by software using the MOVX write instruction with the address and 
data byte to be programmed provided as normal operands. Before writing to Flash memory using MOVX, 
Flash write operations must be enabled by: (1) the PSWE and PSEE bits must be set to ‘1’ (this directs the 
MOVX writes to target Flash memory); and (2) Writing the Flash key codes in sequence to the Flash Lock 
register (FLKEY). The PSWE bit remains set until cleared by software.

A write to Flash memory can clear bits to logic ‘0’ but cannot set them; only an erase operation can set bits 
to logic ‘1’ in Flash. A byte location to be programmed should be erased before a new value is writ-
ten. The Flash memory is organized in 1024-byte pages. The erase operation applies to an entire page 
(setting all bytes in the page to 0xFF). To erase an entire 1024-byte page, perform the following steps:

Step 1.  Disable interrupts (recommended).
Step 2.  Write the first key code to FLKEY: 0xA5.
Step 3.  Write the second key code to FLKEY: 0xF1.
Step 4.  Set PSEE (PSCTL.1) to enable Flash erases.
Step 5.  Set PSWE (PSCTL.0) to redirect MOVX commands to write to Flash.
Step 6.  Use the MOVX instruction to write a data byte to any location within the page to be 

erased.
Step 7.  Clear PSEE to disable Flash erases.
Step 8.  Clear the PSWE bit to redirect MOVX commands to the XRAM data space.
Step 9.  Re-enable interrupts.

13.1.3. Writing Flash Memory From Software

Bytes in Flash memory can be written one byte at a time, or in small blocks. The CHBLKW bit in register 
CCH0CN (SFR Definition 14.1) controls whether a single byte or a block of bytes is written to Flash during 
a write operation. When CHBLKW is cleared to ‘0’, the Flash will be written one byte at a time. When 
CHBLKW is set to ‘1’, the Flash will be written in blocks of four bytes for addresses in code space. Block 
writes are performed in the same amount of time as single byte writes, which can save time when storing 
large amounts of data to Flash memory.

For single-byte writes to Flash, bytes are written individually, and the Flash write is performed after each 
MOVX write instruction. The recommended procedure for writing Flash in single bytes is as follows:

Step 1.  Disable interrupts.
Step 2.  Clear CHBLKW (register CCH0CN) to select single-byte write mode.
Step 3.  Write the first key code to FLKEY: 0xA5.
Step 4.  Write the second key code to FLKEY: 0xF1.
Step 5.  Set PSWE (register PSCTL) to redirect MOVX commands to write to Flash.
Step 6.  Clear the PSEE bit (register PSCTL).
Step 7.  Use the MOVX instruction to write a data byte to the desired location (repeat as 

necessary).
Step 8.  Clear the PSWE bit to redirect MOVX commands to the XRAM data space.
Step 9.  Re-enable interrupts.
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SFR Definition 14.3. CCH0LC: Cache Lock Control 

Bit 7: CHPUSH: Cache Push Enable.
This bit enables cache push operations, which will lock information in cache slots using 
MOVC instructions.
0: Cache push operations are disabled.
1: Cache push operations are enabled. When a MOVC read is executed, the requested 4-

byte segment containing the data is locked into the cache at the location indicated by 
CHSLOT, and CHSLOT is decremented.

Note:No more than 30 cache slots should be locked at one time, since the entire cache will be unlocked 
when CHSLOT is equal to 0.

Bit 6: CHPOP: Cache Pop.
Writing a ‘1’ to this bit will increment CHSLOT and then unlock that location. This bit always 
reads ‘0’. Note that Cache Pop operations should not be performed while CHSLOT = 
11110b. “Pop”ing more Cache slots than have been “Push”ed will have indeterminate results 
on the Cache performance.

Bit 5: RESERVED. Read = 0b. Must Write 0b.
Bits 4–0: CHSLOT: Cache Slot Pointer.

These read-only bits are the pointer into the cache lock stack. Locations above CHSLOT are 
locked, and will not be changed by the processor, except when CHSLOT equals 0.

SFR Page:
SFR Address:

F
0xD2

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

CHPUSH CHPOP RESERVED CHSLOT 00011111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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15.4. Multiplexed and Non-multiplexed Selection

The External Memory Interface is capable of acting in a Multiplexed mode or a Non-multiplexed mode, 
depending on the state of the EMD2 (EMI0CF.4) bit.

15.4.1. Multiplexed Configuration

In Multiplexed mode, the Data Bus and the lower 8-bits of the Address Bus share the same Port pins: 
AD[7:0]. In this mode, an external latch (74HC373 or equivalent logic gate) is used to hold the lower 8-bits 
of the RAM address. The external latch is controlled by the ALE (Address Latch Enable) signal, which is 
driven by the External Memory Interface logic. An example of a Multiplexed Configuration is shown in 
Figure 15.1.

In Multiplexed mode, the external MOVX operation can be broken into two phases delineated by the state 
of the ALE signal. During the first phase, ALE is high and the lower 8-bits of the Address Bus are pre-
sented to AD[7:0]. During this phase, the address latch is configured such that the ‘Q’ outputs reflect the 
states of the ‘D’ inputs. When ALE falls, signaling the beginning of the second phase, the address latch 
outputs remain fixed and are no longer dependent on the latch inputs. Later in the second phase, the Data 
Bus controls the state of the AD[7:0] port at the time /RD or /WR is asserted.

See Section “15.6.2. Multiplexed Mode” on page 164 for more information.

Figure 15.1. Multiplexed Configuration Example
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15.5.3. Split Mode with Bank Select

When EMI0CF.[3:2] are set to ‘10’, the XRAM memory map is split into two areas, on-chip space and 
off-chip space.

• Effective addresses below the internal XRAM size boundary will access on-chip XRAM space.
• Effective addresses above the internal XRAM size boundary will access off-chip space.
• 8-bit MOVX operations use the contents of EMI0CN to determine whether the memory access is 

on-chip or off-chip. The upper 8-bits of the Address Bus A[15:8] are determined by EMI0CN, and the 
lower 8-bits of the Address Bus A[7:0] are determined by R0 or R1. All 16-bits of the Address Bus 
A[15:0] are driven in “Bank Select” mode.

• 16-bit MOVX operations use the contents of DPTR to determine whether the memory access is 
on-chip or off-chip, and the full 16-bits of the Address Bus A[15:0] are driven during the off-chip trans-
action.

15.5.4. External Only

When EMI0CF[3:2] are set to ‘11’, all MOVX operations are directed to off-chip space. On-chip XRAM is 
not visible to the CPU. This mode is useful for accessing off-chip memory located between 0x0000 and the 
internal XRAM size boundary.

• 8-bit MOVX operations ignore the contents of EMI0CN. The upper Address bits A[15:8] are not driven 
(identical behavior to an off-chip access in “Split Mode without Bank Select” described above). This 
allows the user to manipulate the upper address bits at will by setting the Port state directly. The lower 
8-bits of the effective address A[7:0] are determined by the contents of R0 or R1.

• 16-bit MOVX operations use the contents of DPTR to determine the effective address A[15:0]. The full 
16-bits of the Address Bus A[15:0] are driven during the off-chip transaction.

15.6. Timing

The timing parameters of the External Memory Interface can be configured to enable connection to 
devices having different setup and hold time requirements. The Address Setup time, Address Hold time, /
RD and /WR strobe widths, and in multiplexed mode, the width of the ALE pulse are all programmable in 
units of SYSCLK periods through EMI0TC, shown in SFR Definition 15.3, and EMI0CF[1:0].

The timing for an off-chip MOVX instruction can be calculated by adding 4 SYSCLK cycles to the timing 
parameters defined by the EMI0TC register. Assuming non-multiplexed operation, the minimum execution 
time for an off-chip XRAM operation is 5 SYSCLK cycles (1 SYSCLK for /RD or /WR pulse + 4 SYSCLKs). 
For multiplexed operations, the Address Latch Enable signal will require a minimum of 2 additional 
SYSCLK cycles. Therefore, the minimum execution time for an off-chip XRAM operation in multiplexed 
mode is 7 SYSCLK cycles (2 for /ALE + 1 for /RD or /WR + 4). The programmable setup and hold times 
default to the maximum delay settings after a reset. Table 15.2 lists the AC parameters for the External 
Memory Interface, and Figure 15.4 through Figure 15.9 show the timing diagrams for the different External 
Memory Interface modes and MOVX operations.
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SFR Definition 16.8. PLL0MUL: PLL Clock Scaler 

SFR Definition 16.9. PLL0FLT: PLL Filter

Bits 7–0: PLLN7–0: PLL Multiplier.
These bits select the multiplication factor of the divided PLL reference clock. When set to 
any non-zero value, the multiplication factor will be equal to the value in PLLN7-0. When set 
to ‘00000000b’, the multiplication factor will be equal to 256.

SFR Page:
SFR Address:

F
0xB1

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

PLLN7 PLLN6 PLLN5 PLLN4 PLLN3 PLLN2 PLLN1 PLLN0 00000001
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bits 7–6: UNUSED. Read = 00b. Write = don’t care.
Bits 5–4: PLLICO1-0: PLL Current-Controlled Oscillator Control Bits.

Selection is based on the desired output frequency, according to the following table:

Bits 3–0: PLLLP3-0: PLL Loop Filter Control Bits.
Selection is based on the divided PLL reference clock, according to the following table:

All other states of PLLLP3–0 are RESERVED.

SFR Page:
SFR Address:

F
0xB2

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

– – PLLICO1 PLLICO0 PLLLP3 PLLLP2 PLLLP1 PLLLP0 00110001
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

PLL Output Clock PLLICO1-0
65–100 MHz 00
45–80 MHz 01
30–60 MHz 10
25–50 MHz 11

Divided PLL Reference Clock PLLLP3-0
19–30 MHz 0001

12.2–19.5 MHz 0011
7.8–12.5 MHz 0111

5–8 MHz 1111
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SFR Definition 17.6. P0SKIP: Port0 Skip

SFR Definition 17.7. P0MAT: Port0 Match

SFR Definition 17.8. P0MASK: Port0 Mask

Bits 7–0: P0SKIP[7:0]: Port0 Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (VREF input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P0.n pin is not skipped by the Crossbar.
1: Corresponding P0.n pin is skipped by the Crossbar.

SFR Page:
SFR Address:

F
0xD4

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 Bit1 Bit0

Bits 7–0: P0MAT[7:0]: Port0 Match Value.
These bits control the value that unmasked P0 Port pins are compared against. A Port 
Match event is generated if (P0 & P0MASK) does not equal (P0MAT & P0MASK).

SFR Page:
SFR Address:

0
0xF3

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 Bit1 Bit0

Bits 7–0: P0MASK[7:0]: Port0 Mask Value.
These bits select which Port pins will be compared to the value stored in P0MAT.
0: Corresponding P0.n pin is ignored and cannot cause a Port Match event.
1: Corresponding P0.n pin is compared to the corresponding bit in P0MAT.

SFR Page:
SFR Address:

0
0xF4

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 Bit1 Bit0
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18.5. SMBus Transfer Modes

The SMBus interface may be configured to operate as master and/or slave. At any particular time, it will be 
operating in one of the following four modes: Master Transmitter, Master Receiver, Slave Transmitter, or 
Slave Receiver. The SMBus interface enters Master Mode any time a START is generated, and remains in 
Master Mode until it loses an arbitration or generates a STOP. An SMBus interrupt is generated at the end 
of all SMBus byte frames; however, note that the interrupt is generated before the ACK cycle when operat-
ing as a receiver, and after the ACK cycle when operating as a transmitter.

18.5.1. Master Transmitter Mode

Serial data is transmitted on SDA while the serial clock is output on SCL. The SMBus interface generates 
the START condition and transmits the first byte containing the address of the target slave and the data 
direction bit. In this case the data direction bit (R/W) will be logic ‘0’ (WRITE). The master then transmits 
one or more bytes of serial data. After each byte is transmitted, an acknowledge bit is generated by the 
slave. The transfer is ended when the STO bit is set and a STOP is generated. Note that the interface will 
switch to Master Receiver Mode if SMB0DAT is not written following a Master Transmitter interrupt. 
Figure 18.5 shows a typical Master Transmitter sequence. Two transmit 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.

Figure 18.5. Typical Master Transmitter Sequence

A AAS W PData Byte Data ByteSLA

S = START
P = STOP
A = ACK
W = WRITE
SLA = Slave Address

Received by SMBus
Interface

Transmitted by
SMBus Interface

Interrupt Interrupt InterruptInterrupt
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