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P0.6

CNVSTR

18 21 D I/O or 
A In

D In

Port 0.6. See Section “21. Port Input/Output” on page 205 for a 
complete description.

External Convert Start Input for ADC0. See Section “5.7. ADC0 
Analog Multiplexer” on page 78 for a complete description.

P0.7

IREF0

17 20 D I/O or 
A In

A Out

Port 0.7. See Section “21. Port Input/Output” on page 205 for a 
complete description.

IREF0 Output. See IREF Section for complete description.

P1.0 16 19 D I/O or
A In

Port 1.0. See Section “21. Port Input/Output” on page 205 for a 
complete description. May also be used as SCK for SPI1.

P1.1 15 18 D I/O or
A In

Port 1.1. See Section “21. Port Input/Output” on page 205 for a 
complete description.
May also be used as MISO for SPI1.

P1.2 14 17 D I/O or
A In

Port 1.2. See Section “21. Port Input/Output” on page 205 for a 
complete description.
May also be used as MOSI for SPI1.

P1.3 13 16 D I/O or
A In

Port 1.3. See Section “21. Port Input/Output” on page 205 for a 
complete description.
May also be used as NSS for SPI1.

P1.4 12 15 D I/O or
A In

Port 1.4. See Section “21. Port Input/Output” on page 205 for a 
complete description.

P1.5 11 14 D I/O or
A In

Port 1.5. See Section “21. Port Input/Output” on page 205 for a 
complete description.

P1.6 10 13 D I/O or
A In

Port 1.6. See Section “21. Port Input/Output” on page 205 for a 
complete description.

Table 3.1. Pin Definitions for the C8051F91x-C8051F90x  (Continued)

Name

Pin Numbers

Type Description
‘F912-GM
‘F902-GM
‘F911-GM
‘F901-GM

‘F912-GU
‘F902-GU
‘F911-GU
‘F901-GU

*Note: Available only on the C8051F912/02.
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Figure 4.1. Active Mode Current (External CMOS Clock)
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Table 4.3. Port I/O DC Electrical Characteristics
VDD = 1.8 to 3.6 V, –40 to +85 °C unless otherwise specified.

Parameters Conditions Min Typ Max Units

Output High Voltage High Drive Strength, PnDRV.n = 1

IOH = –3 mA, Port I/O push-pull

IOH = –10 µA, Port I/O push-pull

IOH = –10 mA, Port I/O push-pull 

Low Drive Strength, PnDRV.n = 0

IOH = –1 mA, Port I/O push-pull

IOH = –10 µA, Port I/O push-pull

IOH = –3 mA, Port I/O push-pull 

VDD – 0.7

VDD – 0.1

VDD – 0.7

VDD – 0.1

—

 —

—

See Chart

—

 —

See Chart

 —

—

 

—

—

 —

V

Output Low Voltage High Drive Strength, PnDRV.n = 1

IOL = 8.5 mA

IOL = 10 µA

IOL = 25 mA

Low Drive Strength, PnDRV.n = 0

IOL = 1.4 mA

IOL = 10 µA

IOL = 4 mA

—

—

—

—

—

—

—

—

See Chart

—

—

See Chart

0.6

0.1

—

0.6

0.1

—

V

Input High Voltage VDD = 2.0 to 3.6 V VDD – 0.6 — — V

VDD = 0.9 to 2.0 V 0.7 x VDD — — V

Input Low Voltage VDD = 2.0 to 3.6 V — — 0.6 V

VDD = 0.9 to 2.0 V — — 0.3 x VDD V

Input Leakage 
Current

Weak Pullup Off

Weak Pullup On, VIN = 0 V, VDD = 1.8 V

Weak Pullup On, Vin = 0 V, VDD = 3.6 V

—

—

—

—

4

20

±1

—

35

µA
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Figure 4.10. Typical VOL Curves, 0.9–1.8 V
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SFR Page = 0x0; SFR Address = 0x9E

SFR Definition 7.6. CPT1MX: Comparator1 Input Channel Select

Bit 7 6 5 4 3 2 1 0

Name CMX1N[3:0] CMX1P[3:0]

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:4 CMX1N Comparator1 Negative Input Selection.

Selects the negative input channel for Comparator1.

0000: P0.1 1000: Reserved

0001: P0.3 1001: Reserved

0010: P0.5 1010: Reserved

0011: P0.7 1011: Reserved

0100: P1.1 1100: Capacitive Touch Sense 
Compare

0101: P1.3 1101: VDD/DC+ divided by 2

0110: P1.5 1110: Digital Supply Voltage

0111: Reserved 1111: Ground

3:0 CMX1P Comparator1 Positive Input Selection.

Selects the positive input channel for Comparator1.

0000: P0.0 1000: Reserved

0001: P0.2 1001: Reserved

0010: P0.4 1010: Reserved

0011: P0.6 1011: Reserved

0100: P1.0 1100: Capacitive Touch Sense 
Compare

0101: P1.2 1101: VDD/DC+ divided by 2

0110: P1.4 1110: VBAT Supply Voltage

0111: P1.6 1111: VDD/DC+ Supply Voltage
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Notes on Registers, Operands and Addressing Modes:

Rn—Register R0–R7 of the currently selected register bank.

@Ri—Data RAM location addressed indirectly through R0 or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction. Used by 
SJMP and all conditional jumps.

direct—8-bit internal data location’s address. This could be a direct-access Data RAM location 
(0x00–0x7F) or an SFR (0x80–0xFF).

#data—8-bit constant

#data16—16-bit constant

bit—Direct-accessed bit in Data RAM or SFR

addr11—11-bit destination address used by ACALL and AJMP. The destination must be within the 
same 2 kB page of program memory as the first byte of the following instruction.

addr16—16-bit destination address used by LCALL and LJMP. The destination may be anywhere within 
the 8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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9. 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. The memory organization of the 
C8051F91x-C8051F90x device family is shown in Figure 9.1

Figure 9.1. C8051F91x-C8051F90x Memory Map

PROGRAM/DATA MEMORY 
(FLASH)

(Direct and Indirect 
Addressing)

Upper 128 RAM 

(Indirect Addressing Only)

Special Function 
Registers 

(Direct Addressing Only)

DATA MEMORY 
(RAM)

General Purpose 
Registers

Bit Addressable 

Lower 128 RAM 
(Direct and Indirect 
Addressing)

INTERNAL DATA  ADDRESS SPACE

EXTERNAL DATA ADDRESS SPACE

F
0

0x0000

0x3FFF
RESERVED

0x3C00
0x3BFF

Scrachpad Memory 
(DATA only)

0x01FF

0x0000

C8051F912/11

8KB FLASH

(In-System 
Programmable in 512 

Byte Sectors)

0x0000

0x1FFF

Scrachpad Memory 
(DATA only)

0x01FF

0x0000

C8051F902/1

XRAM - 512 Bytes
(accessable using MOVX 

instruction)0x0000

0x01FF

Unpopulated Address Space

0x0200

0x1FFF
C8051F912/11/02/01

16KB FLASH

(In-System 
Programmable in 512 

Byte Sectors)

Note: Code compatible devices with up to 64 kB Flash and 4 kB RAM are available as the C8051F93x-92x family. 
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SFR Page = All Pages; SFR Address = 0xA8; Bit-Addressable

SFR Definition 12.1. IE: Interrupt Enable

Bit 7 6 5 4 3 2 1 0

Name EA ESPI0 ET2 ES0 ET1 EX1 ET0 EX0

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 EA Enable All Interrupts.

Globally enables/disables all interrupts. It overrides individual interrupt mask settings.
0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

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.

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.

4 ES0 Enable UART0 Interrupt.

This bit sets the masking of the UART0 interrupt.
0: Disable UART0 interrupt.
1: Enable UART0 interrupt.

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.

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.

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.

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.
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13. Flash Memory
On-chip, re-programmable Flash memory is included for program code and non-volatile data storage. The 
Flash memory can be programmed in-system through the C2 interface or by software using the MOVX 
write instruction. Once cleared to logic 0, a Flash bit must be erased to set it back to logic 1. Flash bytes 
would typically be erased (set to 0xFF) before being reprogrammed. The write and erase operations are 
automatically timed by hardware for proper execution; data polling to determine the end of the write/erase 
operations is not required. Code execution is stalled during Flash write/erase operations. Refer to 
Table 4.6 for complete Flash memory electrical characteristics.

13.1. Programming The Flash Memory

The simplest means of programming the Flash memory is through the C2 interface using programming 
tools provided by Silicon Laboratories or a third party vendor. This is the only means for programming a 
non-initialized device. For details on the C2 commands to program Flash memory, see Section “27. C2 
Interface” on page 312. 

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 programming Flash memory using 
MOVX, Flash programming operations must be enabled by: (1) setting the PSWE Program Store Write 
Enable bit (PSCTL.0) to logic 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. For detailed guidelines on programming Flash from firmware, please see Section “13.5. Flash 
Write and Erase Guidelines” on page 137.

To ensure the integrity of the Flash contents, the on-chip VDD Monitor must be enabled and enabled as a 
reset source in any system that includes code that writes and/or erases Flash memory from software. 
Furthermore, there should be no delay between enabling the VDD Monitor and enabling the VDD Monitor as 
a reset source. Any attempt to write or erase Flash memory while the VDD Monitor is disabled, or not 
enabled as a reset source, will cause a Flash Error device reset.

13.1.1. Flash Lock and Key Functions

Flash writes and erases by user software are protected with a lock and key function. The Flash Lock and 
Key Register (FLKEY) must be written with the correct key codes, in sequence, before Flash operations 
may be performed. The key codes are: 0xA5, 0xF1. The timing does not matter, but the codes must be 
written in order. If the key codes are written out of order, or the wrong codes are written, Flash writes and 
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 
performed. The FLKEY register is detailed in SFR Definition 13.2.
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   // with no carries)
   CRC_acc = CRC_acc ^ (CRC_input << 8);

   // "Divide" the poly into the dividend using CRC XOR subtraction
   // CRC_acc holds the "remainder" of each divide
   //
   // Only complete this division for 8 bits since input is 1 byte
   for (i = 0; i < 8; i++) 
   {
      // Check if the MSB is set (if MSB is 1, then the POLY can "divide"
      // into the "dividend")
      if ((CRC_acc & 0x8000) == 0x8000) 
      {
         // if so, shift the CRC value, and XOR "subtract" the poly
         CRC_acc = CRC_acc << 1;
         CRC_acc ^= POLY;
      } 
      else 
      {
         // if not, just shift the CRC value
         CRC_acc = CRC_acc << 1;
      }
   }

   // Return the final remainder (CRC value)
   return CRC_acc;
}

Table 15.1 lists several input values and the associated outputs using the 16-bit C8051F91x-C8051F90x 
CRC algorithm:

Table 15.1. Example 16-bit CRC Outputs

Input Output

0x63 0xBD35

0x8C 0xB1F4

0x7D 0x4ECA

0xAA, 0xBB, 0xCC 0x6CF6

0x00, 0x00, 0xAA, 0xBB, 0xCC 0xB166
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16.11. Passive Diode Mode (C8051F912/02 only)

Setting the EXTDEN bit in DC0MD enables the Passive Diode Mode. In this mode, the control circuits for 
the Diode Bypass switch are disabled, which reduces the converter’s quiescent operating current. An 
external Schottky diode may be connected between the DCEN (anode) and VDD/DC+ (cathode) pins. 
Under light load conditions, an external diode is typically not required. There are two situations in which 
this mode can prove beneficial. First is with very light load currents, where the efficiency is dominated by 
the converter’s quiescent current. The converter will use an internal p-n junction diode to transfer current 
from the inductor to the output capacitor; although there is a larger voltage drop (and power loss) across a 
passive diode, the overall efficiency may be improved due to the reduction in quiescent current. The sec-
ond situation is when output power is very high. In that case, efficiency can suffer because some reverse 
current can flow in the Diode Bypass switch before the control circuitry turns the switch off. Putting the 
device in Passive Diode Mode and optionally connecting an external Schottky diode between the DCEN 
and VDD/DC+ pins (parallel to the internal diode) may provide higher efficiency in some applications than 
using the internal Diode Bypass switch.
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SmaRTClock Address = 0x05

Internal Register Definition 20.5. RTC0XCN: SmaRTClock Oscillator Control

Bit 7 6 5 4 3 2 1 0

Name AGCEN XMODE BIASX2 CLKVLD LFOEN

Type R/W R/W R/W R R R R R

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 AGCEN SmaRTClock Oscillator Automatic Gain Control (AGC) Enable.
0: AGC disabled.
1: AGC enabled.

6 XMODE SmaRTClock Oscillator Mode. 
Selects Crystal or Self Oscillate Mode.
0: Self-Oscillate Mode selected.
1: Crystal Mode selected.

5 BIASX2 SmaRTClock Oscillator Bias Double Enable. 
Enables/disables the Bias Double feature.
0: Bias Double disabled.
1: Bias Double enabled.

4 CLKVLD SmaRTClock Oscillator Crystal Valid Indicator. 
Indicates if oscillation amplitude is sufficient for maintaining oscillation.
0: Oscillation has not started or oscillation amplitude is too low to maintain oscillation.
1: Sufficient oscillation amplitude detected.

3 LFOEN Low Frequency Oscillator Enable and Select. 
Overrides XMODE and selects the internal low frequency oscillator (LFO) as the 
SmaRTClock oscillator source. Only available on ‘F912 and ‘F902 devices.
0: XMODE determines SmaRTClock oscillator source.
1: LFO enabled and selected as SmaRTClock oscillator source.

2:0 Unused Unused. 
Read = 000b; Write = Don’t Care.
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21.2.2. Assigning Port I/O Pins to Digital Functions

Any Port pins not assigned to analog functions may be assigned to digital functions or used as GPIO. Most 
digital functions rely on the Crossbar for pin assignment; however, some digital functions bypass the 
Crossbar in a manner similar to the analog functions listed above. Port pins used by these digital func-
tions and any Port pins selected for use as GPIO should have their corresponding bit in PnSKIP set 
to 1. Table 21.2 shows all available digital functions and the potential mapping of Port I/O to each digital 
function.

21.2.3. Assigning Port I/O Pins to External Digital Event Capture Functions

External digital event capture functions can be used to trigger an interrupt or wake the device from a low 
power mode when a transition occurs on a digital I/O pin. The digital event capture functions do not require 
dedicated pins and will function on both GPIO pins (PnSKIP = 1) and pins in use by the Crossbar (PnSKIP 
= 0). External digital even capture functions cannot be used on pins configured for analog I/O. Table 21.3 
shows all available external digital event capture functions.

Voltage Reference (VREF0) P0.0 REF0CN, PnSKIP

Analog Ground Reference (AGND) P0.1 REF0CN, PnSKIP

Current Reference (IREF0) P0.7 IREF0CN, PnSKIP

External Oscillator Input (XTAL1) P0.2 OSCXCN, PnSKIP

External Oscillator Output (XTAL2) P0.3 OSCXCN, PnSKIP

Table 21.2. Port I/O Assignment for Digital Functions

Digital Function Potentially Assignable Port Pins SFR(s) used for 
Assignment

UART0, SPI1, SPI0, SMBus, 
CP0 and CP1 Outputs, Sys-
tem Clock Output, PCA0, 
Timer0 and Timer1 External 
Inputs.

Any Port pin available for assignment by the 
Crossbar. This includes P0.0–P1.6 pins which 

have their PnSKIP bit set to 0. 
Note: The Crossbar will always assign UART0 

and SPI1 pins to fixed locations. 

XBR0, XBR1, XBR2

Any pin used for GPIO P0.0–P1.6, P2.7 P0SKIP, P1SKIP

Table 21.3. Port I/O Assignment for External Digital Event Capture Functions

Digital Function Potentially Assignable Port Pins SFR(s) used for 
Assignment

External Interrupt 0 P0.0–P0.7 IT01CF

External Interrupt 1 P0.0–P0.7 IT01CF

Port Match P0.0–P1.6 P0MASK, P0MAT
P1MASK, P1MAT

Table 21.1. Port I/O Assignment for Analog Functions

Analog Function Potentially 
Assignable Port Pins

SFR(s) used for 
Assignment
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Figure 21.4. Crossbar Priority Decoder with Crystal Pins Skipped
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22.5. 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. Note that the position of the ACK interrupt when operating as a receiver 
depends on whether hardware ACK generation is enabled. As a receiver, the interrupt for an ACK occurs 
before the ACK with hardware ACK generation disabled, and after the ACK when hardware ACK genera-
tion is enabled. As a transmitter, interrupts occur after the ACK, regardless of whether hardware ACK gen-
eration is enabled or not.

22.5.1. Write Sequence (Master)

During a write sequence, an SMBus master writes data to a slave device. The master in this transfer will be 
a transmitter during the address byte, and a transmitter during all data bytes. The SMBus interface gener-
ates 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 trans-
mits 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 22.5 shows a typical master write sequence. Two transmit data bytes are shown, though any num-
ber of bytes may be transmitted. Notice that all of the ‘data byte transferred’ interrupts occur after the ACK 
cycle in this mode, regardless of whether hardware ACK generation is enabled.

Figure 22.5. Typical Master Write 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

Interrupts with Hardware ACK Disabled (EHACK = 0)

Interrupts with Hardware ACK Enabled (EHACK = 1)
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Figure 23.6. UART Multi-Processor Mode Interconnect Diagram
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SFR Page = 0x0; SFR Address = 0xF9

SFR Page = 0x0; SFR Address = 0xFA

SFR Definition 26.5. PCA0L: PCA Counter/Timer Low Byte

Bit 7 6 5 4 3 2 1 0

Name PCA0[7:0]

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PCA0[7:0] PCA Counter/Timer Low Byte. 

The PCA0L register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

Note: When the WDTE bit is set to 1, the PCA0L register cannot be modified by software. To change the contents of 
the PCA0L register, the Watchdog Timer must first be disabled.

SFR Definition 26.6. PCA0H: PCA Counter/Timer High Byte

Bit 7 6 5 4 3 2 1 0

Name PCA0[15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PCA0[15:8] PCA Counter/Timer High Byte. 

The PCA0H register holds the high byte (MSB) of the 16-bit PCA Counter/Timer. 
Reads of this register will read the contents of a “snapshot” register, whose contents 
are updated only when the contents of PCA0L are read (see Section 26.1).

Note: When the WDTE bit is set to 1, the PCA0H register cannot be modified by software. To change the contents of 
the PCA0H register, the Watchdog Timer must first be disabled.
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DOCUMENT CHANGE LIST

Revision 0.2 to Revision 1.0
 Updated specification tables to remove TBDs. 

 Updated power management section to indicate that the low power or precision oscillator must be 
selected when entering sleep or suspend mode.

 Updated Port I/O chapter with additional clarification on 5 V and 3.3 V tolerance.

 Updated QFN-42 landing diagram and stencil recommendations.

 Updated description of ADC0 12-bit mode.

Revision 1.0 to Revision 1.1
 Removed references to AN338.


