Silicon Labs - C8051T612-GQR Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity
Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case
Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

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"

Obsolete

8051

8-Bit

25MHz

SMBus (2-Wire/I2C), SPI, UART/USART
POR, PWM, Temp Sensor, WDT
29

8KB (8K x 8)

oTP

1.25K x 8

1.8V ~ 3.6V

A/D 21x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

32-LQFP

32-LQFP (7x7)

https://www.e-xfl.com/product-detail/silicon-labs/c8051t612-gqr

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/c8051t612-gqr-4436990
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

C8051T610/1/2/3/415/6/7

List of Tables

2. Ordering Information

Table 2.1. Product Selection GUIAE ..........oeeuuuiiiiiiiiiiie e 19
3. Pin Definitions

Table 3.1. Pin Definitions for the C8051T610/1/2/3/4I5/6]7 ..........ouueeeiiiiiiiiaaaiaaenn. 20
4. LQFP-32 Package Specifications

Table 4.1. LQFP-32 Package DIMENSIONS .........iiiiiiieiieeeeeeieeeeeeeeeetes e 25

Table 4.2. LQFP-32 PCB Land Pattern DIMESIONS ......c...oeeeviiiieeiiiieeeeieeeeeie e, 26
5. QFN-28 Package Specifications

Table 5.1. QFN-28 Package DIMENSIONS .........uuuuiiiiiieieeeeeeeeeeeeeeeiii e 27

Table 5.2. QFN-28 PCB Land Pattern DIMESIONS ........cccoieeiiiiiieieiieeeeieeeeee e, 28
6. QFN-24 Package Specifications

Table 6.1. QFN-24 Package DIMENSIONS .........uuuuiiiiiiiieeeeeeeeeeeeeeevi e 29

Table 6.2. QFN-24 PCB Land Pattern DIMESIONS ........cccuieeiiiiiiiieiieeeeceeeeie e, 30
7. Electrical Characteristics

Table 7.1. Absolute Maximum RatiNgS ..........uuuuuiiiiiiiiiie e 31

Table 7.2. Global Electrical CharacteristiCs ..........cccoouiiiiiiiiiiiiiiiiiiiice e 32

Table 7.3. Port I/0 DC Electrical CharacteristiCS ..........ccoevvvviiviiiiiiiiiiiiieeee e 33

Table 7.4. Reset Electrical CharacteristiCS .........ccceeiviiiiiiiiiiiiiiceeeee e 34

Table 7.5. Internal Voltage Regulator Electrical Characteristics ...........ccccceveeveeenes 34

Table 7.6. EPROM Electrical CharacCteriStiCS .......cccovveiiieieeiiiiieiiiiiiiiiiieae e 34

Table 7.7. Internal High-Frequency Oscillator Electrical Characteristics ................. 35

Table 7.8. ADCO Electrical CharacteriStiCS ...........ceiiieeiiiieeieiieeeeeiiiiiiiee e 35

Table 7.9. Temperature Sensor Electrical CharacteristiCs ............uuvveiiiiiiiieeeeennnn. 36

Table 7.10. Voltage Reference Electrical Characteristics ..........ccccccevcvieiiiiiiieeeeeenn. 36

Table 7.11. Comparator Electrical CharacteristiCs .........cccccooeeiiiiiiiiiiiiiiiiiiieeeeeees 37
13. CIP-51 Microcontroller

Table 13.1. CIP-51 Instruction Set SUMMAIY ......ccccooeeiiiiiiiiiiiieeeee e 70
15. Special Function Registers

Table 15.1. Special Function Register (SFR) Memory Map ...........cccocciiiivviniiennnn. 81

Table 15.2. Special FUNCtiON REQISIEIS .......ovvvviiiiiiiiie e 82
16. Interrupts

Table 16.1. INTErrupt SUMIMEATY .....oooiiiiiiee e 87
17. EPROM Memory

Table 17.1. Security Byte DeCOAING ......ccovviiiiiiiiiiiiiiee et 95
21. Port Input/Output

Table 21.1. Port I/0O Assignment for Analog FUNctions .............ccccceeeeiiiiieeeeeeeeee, 116

Table 21.2. Port /0O Assignment for Digital FUNCLIONS ...........cooviiiiiiiiiiiiieeeee, 116

Table 21.3. Port I/0O Assignment for INTO and INT1 Functions .........ccccceeeeeeeeeeenn. 117
22. SMBus

Table 22.1. SMBus Clock Source Selection ...........cccoeeiiiiiiiiiiiiiiiiic e 136

Table 22.2. Minimum SDA Setup and Hold TIMeS .........cccooviiviiiiiiiiiiiiii e, 137

Table 22.3. Sources for Hardware Changes to SMBOCN ..........ccccceeeiiiiieeieeeeeeenn, 141

Table 22.4. SMBUS Status DeCOAING ......cccuuuuiuiiiiiiiiieeee e 147

) Rev 1.1 10

SILICON LABS



C8051T610/1/2/3/415/6/7

C2 Register Definition 27.1. C2ADD: C2 AdAIESS .......cooviiiiiiiiiiiiiiiiiieee e 208
C2 Register Definition 27.2. DEVICEID: C2 DeVICe ID .......cccvvvvviveiiiiiiiiiiee e eeeaeeee 209
C2 Register Definition 27.3. REVID: C2 ReViISION ID ... 209
C2 Register Definition 27.4. DEVCTL: C2 Device COoNtrol .........cccccuvvviviiierieeiiiieeeeeeenn 210
C2 Register Definition 27.5. EPCTL: EPROM Programming Control Register ........... 210
C2 Register Definition 27.6. EPDAT: C2 EPROM Data ........ccoovvvvviiiiiiiiiiiieieee e 211
C2 Register Definition 27.7. EPSTAT: C2 EPROM Status ........cccccvvviiiiiiiiiiiiiiiieeeeenn 211
C2 Register Definition 27.8. EPADDRH: C2 EPROM Address High Byte .................. 212
C2 Register Definition 27.9. EPADDRL: C2 EPROM Address Low Byte ................... 212
C2 Register Definition 27.10. CRCO: CRC BYte 0 ...cooovviiiiiiiiiiiiiiiiiiiiieeeeeeeeee e 213
C2 Register Definition 27.11. CRCL: CRCBYte 1 ..cccooiiiiiiiiiiieeicciie e, 213
C2 Register Definition 27.12. CRC2: CRC BYtE 2 ....ooiiiiiiiiiiiieee e 214
C2 Register Definition 27.13. CRC3: CRC Byte 3 ....cooiiiiiiiiiiiiiiiieeeeeee e 214

) Rev 1.1 14

SILICON LABS



C8051T610/1/2/3/415/6/7

[
a1
2
~ ) < To) © N~ o —
o o o o o o i —
o o o o o o o o
N i o o © ~ © Te)
™ ™ ™ N N N N QY

PO.1 | 1 24 | P12
P00 | 2 23| P13
GND | 3 22 | P14
voD | 4 C8051T610/2/4 21| P15
RST/C2CK | 5 Top View 20 | P16
P3.0/C2D | 6 19 | PL7
P3.1| 7 18 | P2.0
P32 | 8 17 | P21
- /
SIENE BB R ERE
Figure 3.1. LQFP-32 Pinout Diagram (Top View)
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Figure 5.2. QFN-28 Recommended PCB Land Pattern
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Table 5.2. QFN-28 PCB Land Pattern Dimesions

Dimension Min Max Dimension Min Max
C1l 4.80 X2 3.20 3.30
Cc2 4.80 Y1l 0.85 0.95
E 0.50 Y2 3.20 3.30
X1 0.20 0.30

Notes:

General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design
4. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder
mask and the metal pad is to be 60um minimum, all the way around the pad.

Stencil Design
5. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used
to assure good solder paste release.
6. The stencil thickness should be 0.125mm (5 mils).
7. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
8. A 3x3 array of 0.90mm openings on a 1.1mm pitch should be used for the center pad to
assure the proper paste volume.

Card Assembly
9. A No-Clean, Type-3 solder paste is recommended.
10. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for
Small Body Components.

28
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Figure 9.2. Temperature Sensor Error with 1-Point Calibration at 0 Celsius
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11. Voltage Regulator (REGO)

C8051T610/1/2/3/4/5/6/7 devices include an internal voltage regulator (REGO) to regulate the internal core
supply to 1.8 V from a Vpp supply of 1.8 to 3.6 V. Two power-saving modes are built into the regulator to
help reduce current consumption in low-power applications. These modes are accessed through the
REGOCN register (SFR Definition 11.1). Electrical characteristics for the on-chip regulator are specified in
Table 7.5 on page 34

If an external regulator is used to power the device, the internal regulator may be put into bypass mode
using the BYPASS bit. The internal regulator should never be placed in bypass mode unless an
external 1.8 V regulator is used to supply Vpp. Doing so could cause permanent damage to the

device.

Under default conditions, when the device enters STOP mode the internal regulator will remain on. This
allows any enabled reset source to generate a reset for the device and bring the device out of STOP mode.
For additional power savings, the STOPCF bit can be used to shut down the regulator and the internal
power network of the device when the part enters STOP mode. When STOPCEF is set to 1, the RST pin or
a full power cycle of the device are the only methods of generating a reset.
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13. CIP-51 Microcontroller

The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the
MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU family has a superset of all the peripherals included with a standard 8051. The CIP-51
also includes on-chip debug hardware (see description in Section 27), and interfaces directly with the ana-
log and digital subsystems providing a complete data acquisition or control-system solution in a single inte-
grated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as
additional custom peripherals and functions to extend its capability (see Figure 13.1 for a block diagram).
The CIP-51 includes the following features:

I Fully Compatible with MCS-51 Instruction Set 1 Reset Input

125 MIPS Peak Throughput with 25 MHz Clock 1 Power Management Modes

10 to 25 MHz Clock Frequency 10n-chip Debug Logic

I Extended Interrupt Handler 1 Program and Data Memory Security
Performance

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute, and usually have a maximum system clock of 12 MHz. By contrast, the CIP-51
core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

DATA BUS

[ B REGISTER |  [STACK POINTER ]

DATA BUS

SRAM
ADDRESS » SRAM
REGISTER
i E

DATA BUS

— SFR_ADDRESS
Ty
SFR SFR_CONTROL |
BUS
H«E» SFR_WRITE_DATA
DATA POINTER ﬁ» INTERFACE a | >
sFR_READ_DATA |
———————=""
PC INCREMENTER
"’ MEM_ADDRESS
PROGRAM COUNTER (PC) g =
MEM_CONTROL |
ﬁ MEMORY
PRGM. ADDRESS REG. <:“A15 M INTERFACE | MEM_WRiTE_DATA _ |
a >
MEM_READ_DATA |
————=""
RESET | CONTROL
[ LoGic SYSTEM_IRQs
cLocK
INTERRUPT |
| INTERFACE EMULATION_IRQ
sToP ="
| POWER CONTROL «»
IDLE REGISTER

Figure 13.1. CIP-51 Block Diagram
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13.2. CIP-51 Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits
should always be written to the value indicated in the SFR description. Future product versions may use
these bits to implement new features in which case the reset value of the bit will be the indicated value,
selecting the feature's default state. Detailed descriptions of the remaining SFRs are included in the sec-
tions of the data sheet associated with their corresponding system function.

SFR Definition 13.1. DPL: Data Pointer Low Byte

Bit 7 6 5 4 3 2 1 0
Name DPL[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0x82
Bit Name Function

7:0 | DPL[7:0] |Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR.

SFR Definition 13.2. DPH: Data Pointer High Byte

Bit 7 6 5 4 3 2 1 0
Name DPHI7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0x83
Bit Name Function

7:0 | DPH[7:0] |Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR.
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SFR Definition 13.3. SP: Stack Pointer

Bit 7 6 5 4 3 2 0
Name SP[7:0]
Type R/W
Reset 0 0 0 0 0 1 1
SFR Address = 0x81
Bit Name Function
7:0 SP[7:0] |Stack Pointer.

The Stack Pointer holds the location of the top of the stack. The stack pointer is incre-
mented before every PUSH operation. The SP register defaults to O0x07 after reset.

SFR Definition 13.4. ACC: Accumulator

Bit 7 6 5 4 3 2 0
Name ACC[?O]
Reset 0 0 0 0 0 0 0
SFR Address = OxEOQ; Bit-Addressable
Bit Name Function
7:0 | ACC[7:0] |Accumulator.
This register is the accumulator for arithmetic operations.
SFR Definition 13.5. B: B Register
Bit 7 6 5 4 3 2 0
Name B[7:0]
Type R/W
Reset 0 0 0 0 0 0 0
SFR Address = 0xFO; Bit-Addressable
Bit Name Function
7:0 B[7:0] B Register.
This register serves as a second accumulator for certain arithmetic operations.
75 Rev 1.1 )
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14.2.1.1. General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through Ox1F, may be addressed as four banks of gen-
eral-purpose registers. Each bank consists of eight byte-wide registers designated RO through R7. Only
one of these banks may be enabled at a time. Two bits in the program status word, RSO (PSW.3) and RS1
(PSW.4), select the active register bank (see description of the PSW in SFR Definition 13.6). This allows
fast context switching when entering subroutines and interrupt service routines. Indirect addressing modes
use registers RO and R1 as index registers.

14.2.1.2. Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at 0x20
through Ox2F are also accessible as 128 individually addressable bits. Each bit has a bit address from
0x00 to Ox7F. Bit 0 of the byte at 0x20 has bit address 0x00 while bit7 of the byte at 0x20 has bit address
0x07. Bit 7 of the byte at 0x2F has bit address Ox7F. A bit access is distinguished from a full byte access by
the type of instruction used (bit source or destination operands as opposed to a byte source or destina-
tion).

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where
XX is the byte address and B is the bit position within the byte. For example, the instruction;

MoV C, 22.3h
moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the Carry flag.

14.2.1.3. Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is desig-
nated using the Stack Pointer (SP) SFR. The SP will point to the last location used. The next value pushed
on the stack is placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to location
0x07. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the first regis-
ter (RO) of register bank 1. Thus, if more than one register bank is to be used, the SP should be initialized
to a location in the data memory not being used for data storage. The stack depth can extend up to
256 bytes.

14.2.2. External RAM

There are 1024 bytes of on-chip RAM mapped into the external data memory space. All of these address
locations may be accessed using the external move instruction (MOVX) and the data pointer (DPTR), or
using MOVX indirect addressing mode. 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 Con-
trol Register (EMIOCN as shown in SFR Definition 14.1).

For a 16-bit MOVX operation (@DPTR), the upper 7 bits of the 16-bit external data memory address word
are "don't cares". As a result, the 1024-byte RAM is mapped modulo style over the entire 64 k external
data memory address range. For example, the XRAM byte at address 0x0000 is shadowed at addresses
0x0400, 0x0800, 0x0CO00, 0x1000, etc. This is a useful feature when performing a linear memory fill, as the
address pointer doesn't have to be reset when reaching the RAM block boundary.
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15. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers
(SFRs). The SFRs provide control and data exchange with the C8051T610/1/2/3/4/5/6/7's resources and
peripherals. The CIP-51 controller core duplicates the SFRs found in a typical 8051 implementation as well
as implementing additional SFRs used to configure and access the sub-systems unique to the
C8051T610/1/2/3/4/5/6/7. This allows the addition of new functionality while retaining compatibility with the
MCS-51™ instruction set. Table 15.1 lists the SFRs implemented in the C8051T610/1/2/3/4/5/6/7 device
family.

The SFR registers are accessed anytime the direct addressing mode is used to access memory locations
from 0x80 to OxFF. SFRs with addresses ending in 0x0 or 0x8 (e.g. PO, TCON, SCONQO, IE, etc.) are bit-
addressable as well as byte-addressable. All other SFRs are byte-addressable only. Unoccupied
addresses in the SFR space are reserved for future use. Accessing these areas will have an indeterminate
effect and should be avoided. Refer to the corresponding pages of the data sheet, as indicated in

Table 15.2, for a detailed description of each register.

Table 15.1. Special Function Register (SFR) Memory Map

F8| SPIOCN PCAOL PCAOH |PCAOCPLO|PCAOCPHO|PCAOCPL4|PCAOCPH4| VDMOCN
FO B POMDIN P1MDIN P2MDIN P3MDIN EIP1
E8| ADCOCN |PCAOCPL1|{PCAOCPH1|PCAOCPL2|PCAOCPH2|PCAOCPL3|PCAOCPH3| RSTSRC
EO ACC XBRO XBR1 ITO1CF EIE1
D8| PCAOCN | PCAOMD |PCAOCPMO|PCAOCPM1|PCAOCPM2/PCAOCPMS3|PCAOCPM4
DO PSW REFOCN POSKIP P1SKIP P2SKIP
C8| TMR2CN TMR2RLL | TMR2RLH | TMR2L TMR2H
CO| SMBOCN | SMBOCF | SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH | REGOCN
B8 IP AMXOP ADCOCF ADCOL ADCOH
BO P3 OSCXCN | OSCICN OSCICL
A8 IE CLKSEL EMIOCN
A0 P2 SPIOCFG | SPIOCKR | SPIODAT | POMDOUT | PAMDOUT | P2MDOUT | P3MDOUT
98| SCONO SBUFO CPTICN | CPTOCN | CPT1IMD | CPTOMD | CPT1IMX | CPTOMX
90 P1 TMR3CN | TMR3RLL | TMR3RLH | TMR3L TMR3H
88| TCON TMOD TLO TL1 THO TH1 CKCON
80 PO SP DPL DPH TOFFL TOFFH PCON

0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)

(bit addressable)
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Table 15.2. Special Function Registers (Continued)

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

Register Address Description Page
POSKIP 0xD4 Port O Skip 126
P1 0x90 Port 1 Latch 126
P1MDIN OxF2 Port 1 Input Mode Configuration 127
P1MDOUT OxA5 Port 1 Output Mode Configuration 127
P1SKIP 0xD5 Port 1 Skip 128
p2 OxAO0 Port 2 Latch 128
P2MDIN OxF3 Port 2 Input Mode Configuration 129
P2MDOUT OxA6 Port 2 Output Mode Configuration 129
P2SKIP 0xD6 Port 2 Skip 130
P3 0xBO Port 3 Latch 130
P3MDIN OxF4 Port 3 Input Mode Configuration 131
P3MDOUT OxA7 Port 3 Output Mode Configuration 131
PCAOCN 0xD8 PCA Control 203
PCAOCPHO OxFC PCA Capture 0 High 207
PCAOCPH1 OxEA PCA Capture 1 High 207
PCAOCPH2 OxEC PCA Capture 2 High 207
PCAOCPH3 OXEE PCA Capture 3 High 207
PCAOCPH4 OXFE PCA Capture 4 High 207
PCAOCPLO OxFB PCA Capture O Low 207
PCAOCPL1 OxE9 PCA Capture 1 Low 207
PCAOCPL?2 OxEB PCA Capture 2 Low 207
PCAOCPL3 OxED PCA Capture 3 Low 207
PCAOCPL4 OxFD PCA Capture 4 Low 207
PCAOCPMO OxDA PCA Module 0 Mode Register 205
PCAOCPM1 0xDB PCA Module 1 Mode Register 205
PCAOCPM2 0xDC PCA Module 2 Mode Register 205
PCAOCPM3 0xDD PCA Module 3 Mode Register 205
PCAOCPM4 O0xDE PCA Module 4 Mode Register 205
PCAOH OxFA PCA Counter High 206
PCAOL 0xF9 PCA Counter Low 206
PCAOMD 0xD9 PCA Mode 204
PCON 0x87 Power Control 99
PSW 0xDO Program Status Word 76
REFOCN 0xD1 Voltage Reference Control 55
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20. Oscillators and Clock Selection

C8051T610/1/2/3/4/5/6/7 devices include a programmable internal high-frequency oscillator and an exter-
nal oscillator drive circuit. The internal high-frequency oscillator can be enabled/disabled and calibrated
using the OSCICN and OSCICL registers, as shown in Figure 20.1. The system clock can be sourced by
the external oscillator circuit or the internal oscillator. The internal oscillator also offers a selectable post-
scaling feature.

Programmable
Internal Clock
Generator

A 4
oo
=
A 4

1

SYSCLK

»

|
: OSCICL OSCICN
|
=2
i w3 Z2
RC Mode . Q @ QIR
VDD | =
: L ] | I—
|
EXTCLK ! v v
: EN \ 4
|
|
|
p— |
|
|
|
|

Y

EXTCLK EXTCLK |X<—» Input osc
Circuit

I 1
alala o
_CMOS Mode 225 % % % 7
! EXTCLK | Q0101 Q]9 2
L ololof XXX @)
||
OSCXCN CLKSEL

Figure 20.1. Oscillator Options

20.1. System Clock Selection

The CLKSLO bit in register CLKSEL selects which oscillator source is used as the system clock. CLKSLO
must be set to 1 for the system clock to run from the external oscillator; however the external oscillator may
still clock certain peripherals (timers, PCA) when the internal oscillator is selected as the system clock. The
system clock may be switched on-the-fly between the internal oscillator and external oscillator, so long as
the selected clock source is enabled and running.

The internal high-frequency oscillator requires little start-up time and may be selected as the system clock
immediately following the register write which enables the oscillator. The external RC and C modes also
typically require no startup time.

Rev 1.1 106

SILICON LABS



C8051T610/1/2/3/4/5/6/7

SFR Definition 21.14. P2SKIP: Port 2 Skip

Bit 7 6 5 4 3 2 1 0
Name P2SKIP[3:0]
Type R R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xD6

Bit Name Function

7:4 Unused Unused. Read = 0000b; Write = Don'’t Care.

3:0 | P2SKIP[3:0] |Port2 Crossbar Skip Enable Bits.

These bits select Port 2 pins to be skipped by the Crossbar Decoder. Port pins
used for analog, special functions or GPIO should be skipped by the Crossbar.
0: Corresponding P2.n pin is not skipped by the Crossbar.

1: Corresponding P2.n pin is skipped by the Crossbar.

Note: Only P2.0-P2.3 are associated with the crossbar.

SFR Definition 21.15. P3: Port 3

Bit 7 6 5 4 3 2 1 0

Name P3[4:0]

Type R R R R/W

Reset 0 0 0 1 1 1 1 1

SFR Address = 0xBO; Bit-Addressable

Bit Name Description Write Read

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

4:0 | P3[4:0] |Port 3 Data. 0: Set output latch to logic |0: P3.n Port pin is logic
Sets the Port latch logic LOW. LOW.
value or reads the Port pin 1: Set output latch to logic |1: P3.n Port pin is logic
logic state in Port cells con- |HIGH. HIGH.
figured for digital 1/0.

Note: P3.1-P3.4 are not connected to external pins on the C8051T611/3/5 and C8051T616/7 devices.
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23.2.2. 9-Bit UART

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programma-
ble ninth data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB80
(SCONO0.3), which is assigned by user software. It can be assigned the value of the parity flag (bit P in reg-
ister PSW) for error detection, or used in multiprocessor communications. On receive, the ninth data bit
goes into RB80 (SCONO.2) and the stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TIO Transmit
Interrupt Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data
reception can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to 1. After the stop bit is
received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
(1) RIO must be logic 0, and (2) if MCEQO is logic 1, the 9th bit must be logic 1 (when MCEQ is logic 0, the
state of the ninth data bit is unimportant). If these conditions are met, the eight bits of data are stored in
SBUFO, the ninth bit is stored in RB80, and the RIO flag is set to 1. If the above conditions are not met,
SBUFO0 and RB80 will not be loaded and the RIO flag will not be set to 1. A UARTO interrupt will occur if
enabled when either TI0O or RIO is set to 1.

MARK START
sacE BIT DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7 >< D8 S‘;C;P
BIT TIMES | I I I I I I I I I I I
0 0 0 0 0 0 a 0 0 0 0
arswewe |1 L
Figure 23.5. 9-Bit UART Timing Diagram
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SFR Definition 23.1. SCONO: Serial Port 0 Control

Bit

7

Name

SOMODE

MCEO RENO TB80 RB80 TIO RIO

Type

R/W

R R/W R/W R/W R/W R/W R/W

Reset

0

1 0

SFR Address = 0x98; Bit-Addressable

Bit

Name

Function

7

SOMODE

Serial Port 0 Operation Mode.
Selects the UARTO Operation Mode.
0: 8-bit UART with Variable Baud Rate.
1: 9-bit UART with Variable Baud Rate.

Unused

Unused. Read = 1b, Write = Don't Care.

MCEOQO

Multiprocessor Communication Enable.

The function of this bit is dependent on the Serial Port 0 Operation Mode:
Mode 0: Checks for valid stop bit.

0: Logic level of stop bit is ignored.

1: RIO will only be activated if stop bit is logic level 1.

Mode 1: Multiprocessor Communications Enable.

0: Logic level of ninth bit is ignored.

1: RIO is set and an interrupt is generated only when the ninth bit is logic 1.

RENO

Receive Enable.

0: UARTO reception disabled.
1: UARTO reception enabled.

TB80

Ninth Transmission Bit.

The logic level of this bit will be sent as the ninth transmission bit in 9-bit UART Mode
(Mode 1). Unused in 8-bit mode (Mode 0).

RB80

Ninth Receive Bit.

RB8O0 is assigned the value of the STOP bit in Mode O; it is assigned the value of the
9th data bit in Mode 1.

TIO

Transmit Interrupt Flag.

Set by hardware when a byte of data has been transmitted by UARTO (after the 8th bit
in 8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When
the UARTO interrupt is enabled, setting this bit causes the CPU to vector to the UARTO
interrupt service routine. This bit must be cleared manually by software.

RIO

Receive Interrupt Flag.

Set to 1 by hardware when a byte of data has been received by UARTO (set at the
STOP bit sampling time). When the UARTO interrupt is enabled, setting this bit to 1
causes the CPU to vector to the UARTO interrupt service routine. This bit must be
cleared manually by software.
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24.2. SPI0 Master Mode Operation

A SPI master device initiates all data transfers on a SPI bus. SPIO is placed in master mode by setting the
Master Enable flag (MSTEN, SPIOCN.6). Writing a byte of data to the SPI0 data register (SPIODAT) 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 SPI0 master immediately shifts out the data
serially on the MOSI line while providing the serial clock on SCK. The SPIF (SPIOCN.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 SPI0 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 SPIODAT.

When configured as a master, SPI0 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 NSS-
MD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In this mode, NSS is an input to the device, and is
used to disable the master SPI0O when another master is accessing the bus. When NSS is pulled low in this
mode, MSTEN (SPIOCN.6) and SPIEN (SPIOCN.0) are set to 0 to disable the SPI master device, and a
Mode Fault is generated (MODF, SPIOCN.5 = 1). Mode Fault will generate an interrupt if enabled. SPI10
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-mas-
ter mode, slave devices can be addressed individually (if needed) using general-purpose /O pins.
Figure 24.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.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 1/O pins. Figure 24.3
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 (SPIOCN.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 NSSMDO (SPIOCN.2). Additional slave devices can be
addressed using general-purpose 1/O pins. Figure 24.4 shows a connection diagram for a master device in
4-wire master mode and two slave devices.

Figure 24.2. Multiple-Master Mode Connection Diagram

NSS [« GPIO
MISO |« » MISO
Master 1. | Master
Devicel | sc  Device 2
GPIO »| NSS
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 24.8. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 24.9. SPI Master Timing (CKPHA =1)
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SFR Definition 26.4. PCAOL: PCA Counter/Timer Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAO[7:0]

Type | RW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xF9
Bit Name Function

7:0 | PCAOQ[7:0] |PCA Counter/Timer Low Byte.
The PCAOL register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

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

SFR Definition 26.5. PCAOH: PCA Counter/Timer High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAO[15:8]

Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = OxFA
Bit Name Function

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

The PCAOH 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 PCAOL are read (see Section 26.1).

Note: When the WDTE bit is set to 1, the PCAOH register cannot be modified by software. To change the contents of
the PCAOH register, the Watchdog Timer must first be disabled.
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27. C2 Interface

C8051T610/1/2/3/4/5/6/7 devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow
EPROM programming and in-system debugging with the production part installed in the end application.
The C2 interface operates using only two pins: a bi-directional data signal (C2D), and a clock input
(C2CK). See the C2 Interface Specification for details on the C2 protocol.

27.1. C2 Interface Registers

The following describes the C2 registers necessary to perform EPROM programming functions through the
C2 interface. All C2 registers are accessed through the C2 interface as described in the C2 Interface Spec-
ification.

C2 Register Definition 27.1. C2ADD: C2 Address

Selects the target Data register for C2 Data Read and Data Write commands accord-

ing to the following list.

Bit 7 6 5 4 3 2 1 0
Name C2ADD[7IO]
Reset 0 0 0 0 0 0 0 0
Bit Name Function
7:0 | C2ADDI[7:0] | Write: C2 Address.

Address |[Name Description

0x00 DEVICEID | Selects the Device ID Register (read only)

0x01 REVID Selects the Revision ID Register (read only)

0x02 DEVCTL |Selects the C2 Device Control Register

OxDF EPCTL Selects the C2 EPROM Programming Control Register
OxBF EPDAT Selects the C2 EPROM Data Register

0xB7 EPSTAT |Selects the C2 EPROM Status Register

OxAF EPADDRH | Selects the C2 EPROM Address High Byte Register
OxXAE EPADDRL | Selects the C2 EPROM Address Low Byte Register
0xA9 CRCO Selects the CRCO Register

OxAA CRC1 Selects the CRC1 Regjister

OxAB CRC2 Selects the CRC2 Register

OxAC CRC3 Selects the CRC3 Register

Read: C2 Status
Returns status information on the current programming operation.

When the MSB (bit 7) is setto ‘1’, a read or write operation is in progress. All other

bits can be ignored by the programming tools.

SILICON LABS

Rev 1.1

208



