
Silicon Labs - C8051F969-A-GM Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Obsolete

Core Processor 8051

Core Size 8-Bit

Speed 25MHz

Connectivity I²C, SPI, UART/USART

Peripherals DMA, LCD, POR, PWM, WDT

Number of I/O 34

Program Memory Size 16KB (16K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 4.25K x 8

Voltage - Supply (Vcc/Vdd) 1.8V ~ 3.8V

Data Converters A/D 16x10b/12b

Oscillator Type Internal

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

Mounting Type Surface Mount

Package / Case 40-VFQFN Exposed Pad

Supplier Device Package 40-QFN (6x6)

Purchase URL https://www.e-xfl.com/product-detail/silicon-labs/c8051f969-a-gm

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/c8051f969-a-gm-4384861
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


Rev. 0.3 15

C8051F96x

List of Tables

Table 2.1. Product Selection Guide ......................................................................... 35
Table 3.1. Pin Definitions for the C8051F96x .......................................................... 36
Table 3.2. DQFN-76 Package Dimensions ............................................................. 46
Table 3.3. DQFN-76 Land Pattern Dimensions ....................................................... 47
Table 3.4. Recomended Inner Via Placement Dimensions ..................................... 49
Table 3.5. QFN-40 Package Dimensions ................................................................ 50
Table 3.6. QFN-40 Landing Diagram Dimensions ................................................... 51
Table 3.7. TQFP-80 Package Dimensions .............................................................. 52
Table 3.8. TQFP80 Landing Diagram Dimensions .................................................. 54
Table 4.1. Absolute Maximum Ratings .................................................................... 56
Table 4.2. Global Electrical Characteristics ............................................................. 57
Table 4.3. Digital Supply Current at VBAT pin with DC-DC Converter Enabled ..... 57
Table 4.4. Digital Supply Current with DC-DC Converter Disabled ......................... 58
Table 4.5. Port I/O DC Electrical Characteristics ..................................................... 65
Table 4.6. Reset Electrical Characteristics .............................................................. 68
Table 4.7. Power Management Electrical Specifications ......................................... 69
Table 4.8. Flash Electrical Characteristics .............................................................. 69
Table 4.9. Internal Precision Oscillator Electrical Characteristics ........................... 69
Table 4.10. Internal Low-Power Oscillator Electrical Characteristics ...................... 69
Table 4.11. SmaRTClock Characteristics ................................................................ 70
Table 4.12. ADC0 Electrical Characteristics ............................................................ 70
Table 4.13. Temperature Sensor Electrical Characteristics .................................... 71
Table 4.14. Voltage Reference Electrical Characteristics ....................................... 72
Table 4.15. IREF0 Electrical Characteristics ........................................................... 73
Table 4.16. Comparator Electrical Characteristics .................................................. 74
Table 4.17. VREG0 Electrical Characteristics ......................................................... 75
Table 4.18. LCD0 Electrical Characteristics ............................................................ 76
Table 4.19. PC0 Electrical Characteristics .............................................................. 76
Table 4.20. DC0 (Buck Converter) Electrical Characteristics .................................. 77
Table 5.1. Representative Conversion Times and Energy Consumption 

for the SAR ADC with 1.65 V High-Speed VREF ................................... 85
Table 8.1. CIP-51 Instruction Set Summary .......................................................... 117
Table 10.1. EMIF Pinout (C8051F960/3/6) ............................................................ 131
Table 10.2. AC Parameters for External Memory Interface ................................... 145
Table 12.1. Example 16-bit CRC Outputs ............................................................. 161
Table 12.2. Example 32-bit CRC Outputs ............................................................. 163
Table 14.1. Extended Key Output Byte Order ....................................................... 182
Table 14.2. 192-Bit Key DMA Usage ..................................................................... 183
Table 14.3. 256-bit Key DMA Usage ..................................................................... 183
Table 15.1. Encoder Input and Output Data Sizes ................................................ 207
Table 15.2. Manchester Encoding ......................................................................... 208
Table 15.3. Manchester Decoding ......................................................................... 209
Table 15.4. Three-out-of-Six Encoding Nibble ...................................................... 210



C8051F96x

58 Rev. 0.3

Table 4.4. Digital Supply Current with DC-DC Converter Disabled 
–40 to +85 °C, 25 MHz system clock unless otherwise specified. 

Parameter Conditions Min Typ Max Units

Digital Supply Current - Active Mode, No Clock Gating (PCLKACT=0x0F)

(CPU Active, fetching instructions from flash)

IBAT 1, 2 VBAT = 1.8–3.8 V, F = 24.5 MHz 
(includes precision oscillator current)

— 4.9 6.2 mA

VBAT = 1.8–3.8 V, F = 20 MHz
(includes low power oscillator current)

— 3.9 — mA

VBAT = 1.8 V, F = 1 MHz
VBAT = 3.8 V, F = 1 MHz

(includes external oscillator/GPIO current)

—
—

175
190

—
—

µA
µA

VBAT = 1.8–3.8 V, F = 32.768 kHz 
(includes SmaRTClock oscillator current)

— 85 — µA

IBAT Frequency 

Sensitivity1,3,4 VBAT = 1.8–3.8 V, T = 25 °C
— 183 — µA/MHz

Digital Supply Current - Active Mode, All Peripheral Clocks Disabled (PCLKACT=0x00)

(CPU Active, fetching instructions from flash)

IBAT 1, 2 VBAT = 1.8–3.8 V, F = 24.5 MHz 
(includes precision oscillator current)

— 3.9 -- mA

VBAT = 1.8–3.8 V, F = 20 MHz
(includes low power oscillator current)

— 3.1 — mA

VBAT = 1.8 V, F = 1 MHz
VBAT = 3.8 V, F = 1 MHz

(includes external oscillator/GPIO current)

—
—

165
180

—
—

µA
µA

IBAT Frequency 

Sensitivity1, 3 VBAT = 1.8–3.8 V, T = 25 °C
— TBD — µA/MHz

Notes:
1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code 

being executed. Digital Supply Current depends on the particular code being executed. The values in this 
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop 
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The 
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash 
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to 
minimize flash accesses and power consumption.

2. Includes oscillator and regulator supply current.

3. Based on device characterization data; Not production tested.

4. Measured with one-shot enabled.

5. Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x0F.

6. Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.

7. Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.11. SmaRTClock Characteristics
VBAT = 1.8 to 3.8 V; TA = –40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Oscillator Frequency (LFO) 13.1 16.4 19.7 kHz

Table 4.12. ADC0 Electrical Characteristics 
VBAT = 1.8 to 3.8 V, VREF = 1.65 V (REFSL[1:0] = 11), –40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

DC Accuracy

Resolution
12-bit mode
10-bit mode

12
10

bits

Integral Nonlinearity
12-bit mode1 
10-bit mode

—
—

±1
±0.5

±3
±1

LSB

Differential Nonlinearity
(Guaranteed Monotonic)

12-bit mode1 
10-bit mode

—
—

±0.8
±0.5

±2
±1

LSB

Offset Error
12-bit mode
10-bit mode

—
—

±<1
±<1

±3
±3

LSB

Full Scale Error
12-bit mode2 
10-bit mode

—
—

±1
±1

±4
±2.5

LSB

Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, maximum 
sampling rate)

Signal-to-Noise Plus Distortion3 12-bit mode
10-bit mode

62
54

65
58

—
—

dB

Signal-to-Distortion3 
12-bit mode
10-bit mode

—
—

76
73

—
—

dB

Spurious-Free Dynamic Range3 12-bit mode
10-bit mode

—
—

82
75

—
—

dB

Conversion Rate

SAR Conversion Clock
Normal Power Mode

Low Power Mode
—
—

—
—

8.33
4.4

MHz

Conversion Time in SAR Clocks
10-bit Mode
8-bit Mode

13
11

—
—

—
—

clocks

Track/Hold Acquisition Time
Initial Acquisition

Subsequent Acquisitions (DC 
input, burst mode)

1.5
1.1

—
—

—
—

us

Throughput Rate
12-bit mode
10-bit mode

—
—

—
—

75
300

ksps

1. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
2. The maximum code in 12-bit mode is 0xFFFC. The Full Scale Error is referenced from the maximum code.
3. Performance in 8-bit mode is similar to 10-bit mode.
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SFR Page = 0xF; SFR Address = 0xB9

6.2.  IREF0 Specifications
See Table 4.15 on page 73 for a detailed listing of IREF0 specifications.

SFR Definition 6.2. IREF0CF: Current Reference Configuration

Bit 7 6 5 4 3 2 1 0

Name PWMEN PWMSS[2:0]

Type 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 PWMEN PWM Enhanced Mode Enable.

Enables the PWM Enhanced Mode. 
0: PWM Enhanced Mode disabled.
1: PWM Enhanced Mode enabled.

6:3 Unused Read = 0000b, Write = don’t care.

2:0 PWMSS[2:0] PWM Source Select.

Selects the PCA channel to use for the fine-tuning control signal. 
000: CEX0 selected as fine-tuning control signal.
001: CEX1 selected as fine-tuning control signal.
010: CEX2 selected as fine-tuning control signal.
011: CEX3 selected as fine-tuning control signal.
100: CEX4 selected as fine-tuning control signal.
101: CEX5 selected as fine tuning control signal.
All Other Values: Reserved.
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10.  External Data Memory Interface and On-Chip XRAM

For C8051F96x devices, 8 kB of RAM are included on-chip and mapped into the external data memory 
space (XRAM). Additionally, an External Memory Interface (EMIF) is available on the C8051F960/3/6 
devices, which can be used to access off-chip data memories and memory-mapped devices connected to 
the GPIO ports. The external memory space may be accessed using the external move instruction 
(MOVX) and the data pointer (DPTR), or using the MOVX indirect addressing mode using R0 or R1. If the 
MOVX instruction is used with an 8-bit address operand (such as @R1), then the high byte of the 16-bit 
address is provided by the External Memory Interface Control Register (EMI0CN, shown in SFR Definition 
10.1). 

Note: The MOVX instruction can also be used for writing to the flash memory. See Section “18. Flash Memory” on 
page 249 for details. The MOVX instruction accesses XRAM by default.

10.1.  Accessing XRAM
The XRAM memory space is accessed using the MOVX instruction. The MOVX instruction has two forms, 
both of which use an indirect addressing method. The first method uses the Data Pointer, DPTR, a 16-bit 
register which contains the effective address of the XRAM location to be read from or written to. The sec-
ond method uses R0 or R1 in combination with the EMI0CN register to generate the effective XRAM 
address. Examples of both of these methods are given below.

10.1.1. 16-Bit MOVX Example

The 16-bit form of the MOVX instruction accesses the memory location pointed to by the contents of the 
DPTR register. The following series of instructions reads the value of the byte at address 0x1234 into the 
accumulator A:

MOV DPTR, #1234h ; load DPTR with 16-bit address to read (0x1234)
MOVX A, @DPTR ; load contents of 0x1234 into accumulator A


The above example uses the 16-bit immediate MOV instruction to set the contents of DPTR. Alternately, 
the DPTR can be accessed through the SFR registers DPH, which contains the upper 8-bits of DPTR, and 
DPL, which contains the lower 8-bits of DPTR.

10.1.2. 8-Bit MOVX Example

The 8-bit form of the MOVX instruction uses the contents of the EMI0CN SFR to determine the upper 8-bits 
of the effective address to be accessed and the contents of R0 or R1 to determine the lower 8-bits of the 
effective address to be accessed. The following series of instructions read the contents of the byte at 
address 0x1234 into the accumulator A.

MOV EMI0CN, #12h ; load high byte of address into EMI0CN
MOV R0, #34h ; load low byte of address into R0 (or R1)
MOVX a, @R0 ; load contents of 0x1234 into accumulator A
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Figure 10.2. Non-multiplexed Configuration Example

10.5.  Memory Mode Selection
The external data memory space can be configured in one of four modes, shown in Figure 10.3, based on 
the EMIF Mode bits in the EMI0CF register (SFR Definition 10.2). These modes are summarized below. 
More information about the different modes can be found in Section “10.6. Timing” on page 137.

Figure 10.3. EMIF Operating Modes
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The 16-bit C8051F96x CRC algorithm can be described by the following code:

unsigned short UpdateCRC (unsigned short CRC_acc, unsigned char CRC_input)
{
   unsigned char i;                    // loop counter

   #define POLY 0x1021

   // Create the CRC "dividend" for polynomial arithmetic (binary arithmetic
   // 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;
}

The following table lists several input values and the associated outputs using the 16-bit C8051F96x CRC 
algorithm:

Table 12.1. 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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SFR Page = 0xF; SFR Address = 0x92

SFR Definition 12.1. CRC0CN: CRC0 Control

Bit 7 6 5 4 3 2 1 0

Name CRC0SEL CRC0INIT CRC0VAL CRC0PNT[1:0]

Type 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

7:5 Unused Read = 000b; Write = Don’t Care.

4 CRC0SEL CRC0 Polynomial Select Bit.

This bit selects the CRC0 polynomial and result length (32-bit or 16-bit).
0: CRC0 uses the 32-bit polynomial 0x04C11DB7 for calculating the CRC result.
1: CRC0 uses the 16-bit polynomial 0x1021 for calculating the CRC result.

3 CRC0INIT CRC0 Result Initialization Bit.

Writing a 1 to this bit initializes the entire CRC result based on CRC0VAL.

2 CRC0VAL CRC0 Set Value Initialization Bit.

This bit selects the set value of the CRC result.
0: CRC result is set to 0x00000000 on write of 1 to CRC0INIT.
1: CRC result is set to 0xFFFFFFFF on write of 1 to CRC0INIT. 

1:0 CRC0PNT[1:0] CRC0 Result Pointer.

Specifies the byte of the CRC result to be read/written on the next access to 
CRC0DAT. The value of these bits will auto-increment upon each read or write.
For CRC0SEL = 0:
00: CRC0DAT accesses bits 7–0 of the 32-bit CRC result.
01: CRC0DAT accesses bits 15–8 of the 32-bit CRC result.
10: CRC0DAT accesses bits 23–16 of the 32-bit CRC result.
11: CRC0DAT accesses bits 31–24 of the 32-bit CRC result.
For CRC0SEL = 1:
00: CRC0DAT accesses bits 7–0 of the 16-bit CRC result.
01: CRC0DAT accesses bits 15–8 of the 16-bit CRC result.
10: CRC0DAT accesses bits 7–0 of the 16-bit CRC result. 
11: CRC0DAT accesses bits 15–8 of the 16-bit CRC result.
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14.1.  Hardware Description

Figure 14.1. AES Peripheral Block Diagram
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SFR Address = 0xE9; SFR page = 0x2; Not bit-Addressable

SFR Definition 14.1. AES0BCFG: AES Block Configuration

Bit 7 6 5 4 3 2 1 0

Name DONE BUSY EN ENC KSIZE

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

5 DONE Done Flag.

This bit is set upon completion of an encryption operation. When used with the DMA, 
the DONE bit signals the start of the out transfer. When used without the DMA, the 
done flag indicates data is ready to be read from AES0YOUT. The DONE bit is not 
cleared by hardware and must be cleared to zero by software at the start of the next 
encryption operation.

4 BUSY AES BUSY.

This bit is set while the AES block is engaged in an encryption or decryption operation. 
This bit is read only. 

3 EN AES Enable.

This bit should be set to 1 to initiate an encryption or decryption operation. Clearing this 
bit to 0 will reset the AES module.

2 ENC Encryption/Decryption Select.

This is set to 1 to select an encryption operation. Clearing this bit to 0 will select a 
decryption operation.

1:0 SIZE[1:0] AES Key Size.

These bits select the key size for encryption/decryption.
00: 128-bits (16-bytes)
01: 198-bits (24-bytes)
10: 256-bits (32-bytes)
11: Reserved
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15.2.  Manchester Decoding
Two bytes of Manchester data are written to ENC0M and ENC0L sfrs. Then the DEC bit is set to initiate 
decoding. After decoding the READY bit will be set. If the data is not a valid encoded Manchester data, the 
ERROR bit will be set, and the output will be all FFs. 

The encoding and decoding process should be symmetric. Data can be written to the ENC0L sfr, then 
encoded, then decoding will give the original data.

Table 15.3. Manchester Decoding

Input Decoded Output

Byte Nibble

bin hex dec dec hex bin

01010101 55 85 15 F 1111

01010110 56 86 14 E 1110

01011001 59 89 13 D 1101

01011010 5A 90 12 C 1100

01100101 65 101 11 B 1011

01100110 66 102 10 A 1010

01101001 69 105 9 9 1001

01101010 6A 106 8 8 1000

10010101 95 149 7 7 0111

10010110 96 150 6 6 0110

10011001 99 153 5 5 0101

10011010 9A 154 4 4 0100

10100101 A5 165 3 3 0011

10100110 A6 166 2 2 0010

10101001 A9 169 1 1 0001

10101010 AA 170 0 0 0000
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;SFR Page = All Pages; SFR Address = 0x85

SFR Definition 16.3. SFRNEXT: SFR Next

Bit 7 6 5 4 3 2 1 0

Name SFRNEXT[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 SFRNEXT[7:0] SFR Page Bits. 

This is the value that will go to the SFR Page register upon a return from inter-
rupt.

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

Read: Returns the value of the SFR page contained in the second byte of the 
SFR stack.

SFR page context is retained upon interrupts/return from interrupts in a 3 byte 
SFR Page Stack: SFRPAGE is the first entry, SFRNEXT is the second, and 
SFRLAST is the third entry. The SFR stack bytes may be used alter the context 
in the SFR Page Stack, and will not cause the stack to “push” or “pop”. Only 
interrupts and return from interrupts cause pushes and pops of the SFR Page 
Stack.
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20.  On-Chip DC-DC Buck Converter (DC0)

C8051F96x devices include an on-chip step down dc-dc converter to efficiently utilize the energy stored in 
the battery, thus extending the operational life time. The dc-dc converter is a switching buck converter with 
an input supply of 1.8 to 3.8 V and an output that is programmable from 1.8 to 3.5 V in steps of 0.1 V. The 
battery voltage should be at least 0.4 V higher than the programmed output voltage. The programmed out-
put voltage has a default value of 1.9 V. The dc-dc converter can supply up to 250 mW. The dc-dc con-
verter can be used to power the MCU and/or external devices in the system (e.g., an RF transceiver).

The dc-dc converter has a built in voltage reference and oscillator, and will automatically limit or turn off the 
switching activity in case the peak inductor current rises beyond a safe limit or the output voltage rises 
above the programmed target value. This allows the dc-dc converter output to be safely overdriven by a 
secondary power source (when available) in order to preserve battery life. When enabled, the dc-dc con-
verter can source current into the output capacitor, but cannot sink current. The dc-dc converter’s settings 
can be modified using SFR registers described in Section 20.8. 

Figure 20.1 shows a block diagram of the buck converter.

Figure 20.1. Step Down DC-DC Buck Converter Block Diagram

VBAT

VDC

VBATDC

GND

2.2 uF
Iload

Control Logic

M1

DC/DC Converter

SFR 
Control

Local
Oscillator

Voltage
Reference

4.7 uF

0.56 uH

+ 0.1uF
+ 0.01uF

IND

MBYP

GNDDC

+0.1uF
+0.01uF



Rev. 0.3 335

C8051F96x

SFR Address = 0xF3; SFR Page = 0x2

SFR Address = 0xF2; SFR Page = 0x2

SFR Address = 0xF1; SFR Page = 0x2

Note: PC0CMP1L must be written last after writing PC0CMP1M and PC0CMP1H. After writing PC0CMP1L the 
synchronization into the PC clock domain can take 2 RTC clock cycles.

SFR Definition 25.16. PC0CMP1H: PC0 Comparator 1 High (MSB)

Bit 7 6 5 4 3 2 1 0

Name PC0CMP1H[23:16]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PC0CMP1H[23:16] PC0 Comparator 1 High Byte

Bits 23:16 of Counter 0.

SFR Definition 25.17. PC0CMP1M: PC0 Comparator 1 Middle

Bit 7 6 5 4 3 2 1 0

Name PC0CMP1M[15:8]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PC0CMP1M[15:8] PC0 Comparator 1 Middle Byte

Bits 15:8 of Counter 0.

SFR Definition 25.18. PC0CMP1L: PC0 Comparator 1 Low (LSB)

Bit 7 6 5 4 3 2 1 0

Name PC0CMP1L[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PC0CMP1L[7:0] PC0 Comparator 1 Low Byte

Bits 7:0 of Counter 0.
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wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master 
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec) 
must be less than 1/10 the system clock frequency. In the special case where the master only wants to 
transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the 
SPI slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency. 
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s 
system clock.

Figure 30.5. Master Mode Data/Clock Timing

Figure 30.6. Slave Mode Data/Clock Timing (CKPHA = 0)
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Table 30.1. SPI Slave Timing Parameters

Parameter Description Min Max Units

Master Mode Timing (See Figure 30.8 and Figure 30.9)

TMCKH SCK High Time 1 x TSYSCLK — ns

TMCKL SCK Low Time 1 x TSYSCLK — ns

TMIS MISO Valid to SCK Shift Edge 1 x TSYSCLK + 20 — ns

TMIH SCK Shift Edge to MISO Change 0 — ns

Slave Mode Timing (See Figure 30.10 and Figure 30.11)

TSE NSS Falling to First SCK Edge 2 x TSYSCLK — ns

TSD Last SCK Edge to NSS Rising 2 x TSYSCLK — ns

TSEZ NSS Falling to MISO Valid — 4 x TSYSCLK ns

TSDZ NSS Rising to MISO High-Z — 4 x TSYSCLK ns

TCKH SCK High Time 5 x TSYSCLK — ns

TCKL SCK Low Time 5 x TSYSCLK — ns

TSIS MOSI Valid to SCK Sample Edge 2 x TSYSCLK — ns

TSIH SCK Sample Edge to MOSI Change 2 x TSYSCLK — ns

TSOH SCK Shift Edge to MISO Change — 4 x TSYSCLK ns

TSLH Last SCK Edge to MISO Change 
(CKPHA = 1 ONLY)

6 x TSYSCLK 8 x TSYSCLK ns

Note: TSYSCLK is equal to one period of the device system clock (SYSCLK).
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31.2. SPI1 Master Mode Operation

A SPI master device initiates all data transfers on a SPI bus. SPI1 is placed in master mode by setting the 
Master Enable flag (MSTEN, SPI1CN.6). Writing a byte of data to the SPI1 data register (SPI1DAT) when 
in master mode writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer 
is moved to the shift register, and a data transfer begins. The SPI1 master immediately shifts out the data 
serially on the MOSI line while providing the serial clock on SCK. The SPIF (SPI1CN.7) flag is set to logic 
1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag 
is set. While the SPI1 master transfers data to a slave on the MOSI line, the addressed SPI slave device 
simultaneously transfers the contents of its shift register to the SPI master on the MISO line in a full-duplex 
operation. Therefore, the SPIF flag serves as both a transmit-complete and receive-data-ready flag. The 
data byte received from the slave is transferred MSB-first into the master's shift register. When a byte is 
fully shifted into the register, it is moved to the receive buffer where it can be read by the processor by 
reading SPI1DAT. 

When configured as a master, SPI1 can operate in one of three different modes: multi-master mode, 3-wire 
single-master mode, and 4-wire single-master mode. The default, multi-master mode is active when 
NSSMD1 (SPI1CN.3) = 0 and NSSMD0 (SPI1CN.2) = 1. In this mode, NSS is an input to the device, and 
is used to disable the master SPI1 when another master is accessing the bus. When NSS is pulled low in 
this mode, MSTEN (SPI1CN.6) and SPIEN (SPI1CN.0) are set to 0 to disable the SPI master device, and 
a Mode Fault is generated (MODF, SPI1CN.5 = 1). Mode Fault will generate an interrupt if enabled. SPI1 
must be manually re-enabled in software under these circumstances. In multi-master systems, devices will 
typically default to being slave devices while they are not acting as the system master device. In multi-
master mode, slave devices can be addressed individually (if needed) using general-purpose I/O pins. 
Figure 31.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPI1CN.3) = 0 and NSSMD0 (SPI1CN.2) = 0. In this 
mode, NSS is not used, and is not mapped to an external port pin through the crossbar. Any slave devices 
that must be addressed in this mode should be selected using general-purpose I/O pins. Figure 31.3 
shows a connection diagram between a master device in 3-wire master mode and a slave device.

4-wire single-master mode is active when NSSMD1 (SPI1CN.3) = 1. In this mode, NSS is configured as an 
output pin, and can be used as a slave-select signal for a single SPI device. In this mode, the output value 
of NSS is controlled (in software) with the bit NSSMD0 (SPI1CN.2). Additional slave devices can be 
addressed using general-purpose I/O pins. Figure 31.4 shows a connection diagram for a master device in 
4-wire master mode and two slave devices.
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31.5. Serial Clock Phase and Polarity

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the 
SPI1 Configuration Register (SPI1CFG). The CKPHA bit (SPI1CFG.5) selects one of two clock phases 
(edge used to latch the data). The CKPOL bit (SPI1CFG.4) selects between an active-high or active-low 
clock. Both master and slave devices must be configured to use the same clock phase and polarity. SPI1 
should be disabled (by clearing the SPIEN bit, SPI1CN.0) when changing the clock phase or polarity. The 
clock and data line relationships for master mode are shown in Figure 31.5. For slave mode, the clock and 
data relationships are shown in Figure 31.6 and Figure 31.7. Note that CKPHA should be set to 0 on both 
the master and slave SPI when communicating between two Silicon Labs C8051 devices.

The SPI1 Clock Rate Register (SPI1CKR) as shown in SFR Definition 31.3 controls the master mode 
serial clock frequency. This register is ignored when operating in slave mode. When the SPI is configured 
as a master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz, 
whichever is slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for 
full-duplex operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-
wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master 
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec) 
must be less than 1/10 the system clock frequency. In the special case where the master only wants to 
transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the 
SPI slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency. 
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s 
system clock.

Figure 31.5. Master Mode Data/Clock Timing
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SFR Page = 0x0; SFR Address = 0xF8; Bit-Addressable 

SFR Definition 31.2. SPI1CN: SPI1 Control

Bit 7 6 5 4 3 2 1 0

Name SPIF WCOL MODF RXOVRN NSSMD[1:0] TXBMT SPIEN

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

Reset 0 0 0 0 0 1 1 0

Bit Name Function

7 SPIF SPI1 Interrupt Flag.

This bit is set to logic 1 by hardware at the end of a data transfer. If SPI interrupts 
are enabled, an interrupt will be generated. This bit is not automatically cleared by 
hardware, and must be cleared by software.

6 WCOL Write Collision Flag. 

This bit is set to logic 1 if a write to SPI1DAT is attempted when TXBMT is 0. When 
this occurs, the write to SPI1DAT will be ignored, and the transmit buffer will not be 
written. If SPI interrupts are enabled, an interrupt will be generated. This bit is not 
automatically cleared by hardware, and must be cleared by software.

5 MODF Mode Fault Flag.

This bit is set to logic 1 by hardware when a master mode collision is detected 
(NSS is low, MSTEN = 1, and NSSMD[1:0] = 01). If SPI interrupts are enabled, an 
interrupt will be generated. This bit is not automatically cleared by hardware, and 
must be cleared by software.

4 RXOVRN Receive Overrun Flag (valid in slave mode only).

This bit is set to logic 1 by hardware when the receive buffer still holds unread data 
from a previous transfer and the last bit of the current transfer is shifted into the 
SPI1 shift register. If SPI interrupts are enabled, an interrupt will be generated. This 
bit is not automatically cleared by hardware, and must be cleared by software.

3:2 NSSMD[1:0] Slave Select Mode.

Selects between the following NSS operation modes: 
(See Section 31.2 and Section 31.3).
00: 3-Wire Slave or 3-Wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode (Default). NSS is an input to the device.
1x: 4-Wire Single-Master Mode. NSS signal is mapped as an output from the 
device and will assume the value of NSSMD0.

1 TXBMT Transmit Buffer Empty.

This bit will be set to logic 0 when new data has been written to the transmit buffer. 
When data in the transmit buffer is transferred to the SPI shift register, this bit will 
be set to logic 1, indicating that it is safe to write a new byte to the transmit buffer.

0 SPIEN SPI1 Enable. 

0: SPI disabled.
1: SPI enabled.



C8051F96x

474 Rev. 0.3

33.3.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA coun-
ter/timer and load it into the corresponding module's 16-bit capture/compare register (PCA0CPLn and 
PCA0CPHn). The CAPPn and CAPNn bits in the PCA0CPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge), 
or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag (CCFn) 
in PCA0CN is set to logic 1. An interrupt request is generated if the CCFn interrupt for that module is 
enabled. The CCFn bit is not automatically cleared by hardware when the CPU vectors to the interrupt ser-
vice routine, and must be cleared by software. If both CAPPn and CAPNn bits are set to logic 1, then the 
state of the Port pin associated with CEXn can be read directly to determine whether a rising-edge or fall-
ing-edge caused the capture.

Software Timer X C 0 0 1 0 0 A 0 X B XXX XX

High Speed Output X C 0 0 1 1 0 A 0 X B XXX XX

Frequency Output X C 0 0 0 1 1 A 0 X B XXX XX

8-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A 0 X B XXX 00

9-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 01

10-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 10

11-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 11

16-Bit Pulse Width Modulator 1 C 0 0 E 0 1 A 0 X B XXX XX

Notes:
1. X = Don’t Care (no functional difference for individual module if 1 or 0).
2. A = Enable interrupts for this module (PCA interrupt triggered on CCFn set to 1).
3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL[1:0]).
4. C = When set to 0, the digital comparator is off. For high speed and frequency output modes, the 

associated pin will not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).
5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated 

channel is accessed via addresses PCA0CPHn and PCA0CPLn.
6. E = When set, a match event will cause the CCFn flag for the associated channel to be set.
7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting. 

Table 33.2. PCA0CPM and PCA0PWM Bit Settings for PCA Capture/Compare Modules

Operational Mode PCA0CPMn PCA0PWM


