Silicon Labs - C8051T323-GM 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

48 MIPS

12C, SPI, UART/USART, USB
POR, PWM, WDT

21

16KB (16K x 8)

oTP

1.25K x 8

1.8V ~ 5.25V

Internal

-40°C ~ 85°C (TA)
Surface Mount
28-VFQFN Exposed Pad
28-QFN (5x5)

https://www.e-xfl.com/product-detail/silicon-labs/c8051t323-gm

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



https://www.e-xfl.com/product/pdf/c8051t323-gm-4434092
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

C8051T620/1/6/7 & C8051T320/1/2/3

24.3.1. TranSMItter VS. RECEIVEN ......uuuiiii i i et e e e e e e e e e e eeeeeaeeees 196
24.3.2. ATDITTATION ... 196
24.3.3. ClOCK LOW EXIENSION.....eiiiiiiiiiiiai ettt e e e e eeeeeeaneees 196
24.3.4. SCL LOW TIMEOUL.....ceeeiiiieiiiiiiiieeeeeeeeeeeeeeeeeeeessinnnsssseeeaeeeeaeeeeeeeeeesnnnnns 196
24.3.5. SCL High (SMBuUSs Free) TIMeOUL ...........ccovvrviiiviiiiiie e eeeeeeeeeeeeeeaaanns 197
24.4. USING the SIMBUS.....cceiiiiiiiiiii ittt e s 197
24.4.1. SMBuUs Configuration REQISTEr .........ccoieiiiiiiiiiiiiiie e 197
24.4.2. SMBOCN CoNtrol REQISIEN .....uiiiiiie it 201
24.4.2.1. Software ACK GENEration .........ccoooveeeeiieiiiiiiiiiiiiiiiiiian e 201
24.4.2.2. Hardware ACK GeNeration ........cccoeveeeeeeeeiieiieeiieiiiiiiinne e e e e e eeeeeeen 201
24.4.3. Hardware Slave Address Recognition ...............eeeieiiiieieeeiieereeeieeniinnns 203
24.4.4. DAta REQISIEI .. ..o ittt e e e e e e e e e aeeaanaee 206
24.5. SMBUS TransSfer MOUES.......ciiiieiiee et e s 207
24.5.1. Write SeqUENCE (MASLEI) ....uuuuiiiiiii e e e e e e e e e e e eaeaeaaanns 207
24.5.2. Read SeqUENCE (MASTEN) ....uuuuuiiiieeeeee e eeeeeeeeeiiiiiiiae e e e e e e eeeeeeeaenees 208
24.5.3. Write SEQUENCE (SIAVE) ...uvvirieiiiiiiiiiieiee e 209
24.5.4. Read SeqUENCE (SIAVE) .....uuuuuiiiiiiii e e e e e e e eeaeananns 210
24.6. SMBUS StatuS DECOAING. .. .. iiieiieeeeeeeeeeeeeeeeiii e 210
S T 7 = 1 PSP 215
25.1. Enhanced Baud Rate Generation..........cccccueeeeeeeiiiiiiiiiccciiiiiieeeeeeeee e 216
25.2. Operational MOAES .........uuuuuiiiiiieee e 217
25.2. 1. 8-Bit UART ..ottt e e e e e eaaaaaaaaaaeas 217
25.2.2. O-BIt UART L.t e e e e e e e e e as 218
25.3. Multiprocessor COMMUNICALIONS ..........cceviriiuiiuiiiiiaieaee e e e e e e eeeeeeeeeeeeees 219
2 T N I PSSP 223
26.1. Baud Rate GENEIALON ......cccciiiiiiiiiiiieiiieieeeee e e e e e e e e e e s s e s s r e e e e aaeaeeeeas 223
26.2. DAta FOIMAL. ... oot e e e et e e e e eena s 225
26.3. Configuration and OPEIALION ............eeiiiiiiiiiiiieeee e e e e e 226
26.3.1. Data TranSMUSSION .......uuuuurririeiiiiriiieaaaaeaeaaaaaassaassennrrrrreeeeerrrereeaeaaaeeens 226
26.3.2. Data RECEPLION ..ottt e e e e e e e e e eeeeeeeeeees 226
26.3.3. Multiprocessor COMMUNICALIONS ........cceeeereiriiiiiiiiiiiiiieeree e ee e e e 227
27. Enhanced Serial Peripheral Interface (SPI0) .........cccooiiiiiiiiiiiccciieee e 233
27.1. SigNaAl DESCHPLIONS ..ceeeiittitiee ettt e e e e e e e e e e e e e s e s 234
27.1.1. Master Out, Slave IN (MOSI) ......couviiiiiiiiiii e 234
27.1.2. Master In, Slave Out (MISO)......cccooeeiiiiiieeeeee e 234
27.1.3. Serial ClOCK (SCK) ...ciiiiiiiiiiiiiiaee et e e e e e e e e eeeeeeeees 234
27.1.4. Slave SeleCt (NSS) ......uuiiiiiiiiiieiiiiee e 234
27.2. SPI0 Master Mode Operation............oocvviviiiiiiiiiiiiiiie e e e e e 235
27.3. SPI0 Slave Mode OPeratioN .........cooeiiiiiiiiiiiiiiiiiiere e e e 236
27.4. SPIO INTEITUPT SOUICES ...cvuiiiiiie ettt e e e et eeeaa e ees 237
27.5. Serial Clock Phase and Polarity ............oooeviiiiiiiiiii e 237
27.6. SPI Special FUNCLION REQISEIS ......ccoiiiiiiiiiieiiice e 239
6 Rev. 1.2 )

SILICON LABS
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2. Ordering Information

Table 2.1. Product Selection Guide
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C8051T620-GM | 48 |16k:[1280| Y [ Y |Y |Y|Y|Y |2 |4 |Y|24|Y|Y|Y |2 ]|Y | QFN32
C8051T621-GM |48 |16k [1280| Y [Y|Y |Y|Y|Y |2 |4 |Y |24|—|—|—]| 2 |Y | QFN32
C8051T626-B-GM° | 48 |64k |3328| Y | Y| Y |Y|Y|Y |2 |4 |Y|24|Y|Y|Y|2]|Y]|QFN32
C8051T627-B-GM® |48 | 32k [3328| Y | Y | Y|Y|Y|Y |2 |4 |Y|24|Y|Y|Y]|2]|Y | QFN32
C8051T320-GQ? |48 |16k |1280|Y |Y|Y|Y|Y|Y|2|4|Y|25|Y|Y|Y|2]|Y|LQFP32
C8051T321-GM3 |48 |16k1[1280| Y | Y |Y |Y|Y|Y |2 |4 |Y|21|Y|Y|Y|2]|Y | QFN28
C8051T322-GQ? |48 |16k (1280 Y |Y|Y|Y|Y|Y|2|4]|Y|25|—|—|—|2|Y |LQFP32
C8051T323-GM3 |48 |16k [1280| Y |Y |Y|Y|Y|Y |2 |4 |Y|21|—|—|—]|2|Y | QFN28

Notes:

apwn

1. 512 Bytes Reserved for Factory use.
Pin compatible with the C8051F320-GQ.
Pin compatible with the C8051F321-GM.
Lead plating material is 100% Matte Tin (Sn).
These ordering part numbers use a newer format that includes the silicon revision. For example, C8051T626-B-

GM indicates silicon revision “B”.
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C8051T620/1/6/7 & C8051T320/1/2/3

Table 3.1. Pin Definitions for the C8051T620/1/6/7 & C8051T320/1/2/3(Continued)

Pin Number
Name Type |Description
‘T62x |‘T320/2|‘T321/3
P0.3/ 31 31 27 D I/O or |Port 0.3.
Aln
XTAL2 A Out |External Clock Output. This pin is the excitation driver
for an external crystal or resonator.
D In |External Clock Input. This pin is the external clock input
in external CMOS clock mode.
AIn | External Clock Input. This pin is the external clock input
in capacitor or RC oscillator configurations.
See Oscillator Section for complete details.
P0.4 30 30 26 D I/O or |Port 0.4.
Aln
PO0.5 29 29 25 D I/O or |Port 0.5.
Aln
P0.6/ 28 28 24 D I/O or |Port 0.6.
Aln
CNVSTR DIn |ADCO External Convert Start or IDAO Update Source
Input.
PO.7/ 27 27 23 D I/O or |Port 0.7
Aln
VREF A l/O |ADC Voltage Reference
P1.0 26 26 22 D I/O or |Port 1.0.
Aln
P1.1 25 25 21 DI1/Oor |Port 1.1.
Aln
P1.2 24 24 20 D I/O or |Port 1.2.
Aln
P1.3 23 23 19 D I/O or |Port 1.3.
Aln
P14 22 22 18 D I/O or |Port 1.4.
Aln
23 Rev. 1.2 )

SILICON LABS



C8051T620/1/6/7 & C8051T320/1/2/3

12. 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 30), 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 12.1 for a block diagram).
The CIP-51 includes the following features:

m  Fully Compatible with MCS-51 Instruction Set
m 48 MIPS Peak Throughput with 48 MHz Clock
m 0 to 48 MHz Clock Frequency

m Extended Interrupt Handler

Reset Input

Power Management Modes
On-chip Debug Logic

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

[ BREGISTER |  [STACK POINTER ]

DATA BUS

SRAM
ADDRESS » SRAM
REGISTER
i 1

DATA BUS

SFR_ADDRESS
BUFFER @ |
SR SFR_CONTROL |
BUS SFR_WRITE_DATA
SFR_READ_DATA |
PC INCREMENTER
"’ MEM_ADDRESS
2
MEm_controL _ |
s MEMORY
PRGM. ADDRESS REG. <:“A1s N INTERFACE | MEM_WRITE_DATA |
a >
MEM_READ_DATA |
PIPELINE o5
RESET _ | CONTROL
—
| Loaic SYSTEM_IRQs
CLOCK
—> INTERRUPT |
| INTERFACE EMULATION_IRQ
STOP =
| POWER CONTROL ﬁ»
IDLE REGISTER
| ~J

Figure 12.1. CIP-51 Block Diagram
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C8051T620/1/6/7 & C8051T320/1/2/3

15. 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
C8051T620/1/6/7 & C8051T320/1/2/3 device family is shown in Figure 15.1

PROGRAM/DATA MEMORY

DATA MEMORY (RAM)

(EPROM) INTERNAL DATA ADDRESS SPACE
Ox3FFF OxFF Upper 128 RAM Special Function
0X3E00 RESERVED (Indirect Addressing Register's
Ox3DFF 0x80 Only) (Direct Addressing Only)
Ox7F
(Direct and Indirect
Addressing) Lower 128 RAM
16k Bytes EPROM 0x30 (Direct and Indirect
Ox2F . Addressing)
Memory Bit Addressable
0x20
Ox1F General Purpose
0x00 Registers
0x0000 EXTERNAL DATA ADDRESS SPACE
OXFFFF

Same 1024 bytes as from
0x0000 to 0x03FF, wrapped

on 1024-byte boundaries OX07FF
0x0400 0x0400
ROl XRAM - 1024 Bytes
(accessable using MOVX
0x0000 instruction)
Figure 15.1. C8051T620/1 and C8051T320/1/2/3 Memory Map
) Rev. 1.2 87
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C8051T620/1/6/7 & C8051T320/1/2/3

15.2. Data Memory

The C8051T620/1 and C8051T320/1/2/3 device family includes 1280 bytes of RAM data memory, while
the C8051T626/6 devices include 3328 bytes. 256 bytes of this memory is mapped into the internal RAM
space of the 8051. The remaining 1024 or 3072 bytes of this memory is on-chip "external® memory. The
data memory map is shown in Figure 15.1 and Figure 15.2 for reference.

15.2.1. Internal RAM

There are 256 bytes of internal RAM mapped into the data memory space from 0x00 through OxFF. The
lower 128 bytes of data memory are used for general purpose registers and scratch pad memory. Either
direct or indirect addressing may be used to access the lower 128 bytes of data memory. Locations 0x00
through Ox1F are addressable as four banks of general purpose registers, each bank consisting of eight
byte-wide registers. The next 16 bytes, locations 0x20 through Ox2F, may either be addressed as bytes or
as 128 bit locations accessible with the direct addressing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the
same address space as the Special Function Registers (SFR) but is physically separate from the SFR
space. The addressing mode used by an instruction when accessing locations above Ox7F determines
whether the CPU accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use
direct addressing will access the SFR space. Instructions using indirect addressing above 0x7F access the
upper 128 bytes of data memory. Figure 15.1 illustrates the data memory organization of the
C8051T620/1/6/7 & C8051T320/1/2/3.

15.2.1.1. General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through 0x1F, 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 12.6). This allows
fast context switching when entering subroutines and interrupt service routines. Indirect addressing modes
use registers RO and R1 as index registers.

15.2.1.2. 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.

15.2.1.3. 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.

90 Rev. 1.2
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17.3. INTO and INT1 External Interrupt Sources

The INTO and INT1 external interrupt sources are configurable as active high or low, edge or level sensi-
tive. The INOPL (INTO Polarity) and INL1PL (INT1 Polarity) bits in the ITOLCF register select active high or
active low; the ITO and IT1 bits in TCON (Section “28.1. Timer 0 and Timer 1” on page 248) select level or
edge sensitive. The table below lists the possible configurations.

ITO INOPL |INTO Interrupt IT1 INIPL |INTZ Interrupt

1 0 Active low, edge sensitive 1 0 Active low, edge sensitive
1 1 Active high, edge sensitive 1 1 Active high, edge sensitive
0 0 Active low, level sensitive 0 0 Active low, level sensitive
0 1 Active high, level sensitive 0 1 Active high, level sensitive

INTO and INT1 are assigned to Port pins as defined in the ITO1CF register (see SFR Definition 17.7). Note
that INTO and INTO Port pin assignments are independent of any Crossbar assignments. INTO and INT1
will monitor their assigned Port pins without disturbing the peripheral that was assigned the Port pin via the
Crossbar. To assign a Port pin only to INTO and/or INT1, configure the Crossbar to skip the selected pin(s).
This is accomplished by setting the associated bit in register PnSKIP (see Section “22.3. Priority Crossbar
Decoder” on page 142 for complete details on configuring the Crossbar).

IEO (TCON.1) and IE1 (TCON.3) serve as the interrupt-pending flags for the INTO and INT1 external inter-
rupts, respectively. If an INTO or INT1 external interrupt is configured as edge-sensitive, the corresponding
interrupt-pending flag is automatically cleared by the hardware when the CPU vectors to the ISR. When
configured as level sensitive, the interrupt-pending flag remains logic 1 while the input is active as defined
by the corresponding polarity bit (INOPL or IN1PL); the flag remains logic 0 while the input is inactive. The
external interrupt source must hold the input active until the interrupt request is recognized. It must then
deactivate the interrupt request before execution of the ISR completes or another interrupt request will be
generated.

110 Rev. 1.2
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the level required for data retention. If the PORSF flag reads 1, the data may no longer be valid. The Vpp

monitor is enabled after power-on resets. Its defined state (enabled/disabled) is not altered by any other
reset source. For example, if the Vpp monitor is disabled by code and a software reset is performed, the
Vpp monitor will still be disabled after the reset.

Important Note: If the Vpp monitor is being turned on from a disabled state, it should be enabled before it
is selected as a reset source. Selecting the Vpp monitor as a reset source before it is enabled and stabi-

lized may cause a system reset. In some applications, this reset may be undesirable. If this is not desirable
in the application, a delay should be introduced between enabling the monitor and selecting it as a reset
source. The procedure for enabling the Vpp monitor and configuring it as a reset source from a disabled

state is shown below:

1. Enable the Vpp monitor (VDMEN bit in VDMOCN = 1).

2. If necessary, wait for the Vo monitor to stabilize (see Table 7.4 for the Vpp Monitor turn-on time).
3. Select the Vpp monitor as a reset source (PORSF bit in RSTSRC = 1).

See Figure 20.2 for Vpp monitor timing; note that the power-on-reset delay is not incurred after a Vpp
monitor reset. See Table 7.4 for complete electrical characteristics of the Vpp monitor.

Rev. 1.2 123
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21.5. Programmable Internal Low-Frequency (L-F) Oscillator

All C8051T620/1/6/7 & C8051T320/1/2/3 devices include a programmable low-frequency internal oscilla-
tor, which is calibrated to a nominal frequency of 80 kHz. The low-frequency oscillator circuit includes a
divider that can be changed to divide the clock by 1, 2, 4, or 8, using the OSCLD bits in the OSCLCN reg-
ister (see SFR Definition 21.5). Additionally, the OSCLF[3:0] bits can be used to adjust the oscillator’s out-
put frequency.

21.5.1. Calibrating the Internal L-F Oscillator

Timers 2 and 3 include capture functions that can be used to capture the oscillator frequency, when run-
ning from a known time base. When either Timer 2 or Timer 3 is configured for L-F Oscillator Capture
Mode, a falling edge (Timer 2) or rising edge (Timer 3) of the low-frequency oscillator’s output will cause a
capture event on the corresponding timer. As a capture event occurs, the current timer value
(TMRnH:TMRnL) is copied into the timer reload registers (TMRnRLH:TMRnRLL). By recording the differ-
ence between two successive timer capture values, the low-frequency oscillator’s period can be calcu-
lated. The OSCLF bits can then be adjusted to produce the desired oscillator frequency.

SFR Definition 21.5. OSCLCN: Internal L-F Oscillator Control

Bit 7 6 5 4 3 2 1 0
Name | OSCLEN |OSCLRDY OSCLF[3:0] OSCLD[1:0]
Type R/W R R.W R/W
Reset 0 0 Varies Varies Varies Varies 0 0

SFR Address = 0x86
Bit Name Function

7 OSCLEN ||nternal L-F Oscillator Enable.

0: Internal L-F Oscillator Disabled.
1: Internal L-F Oscillator Enabled.

6 | OSCLRDY ||nternal L-F Oscillator Ready.

0: Internal L-F Oscillator frequency not stabilized.

1: Internal L-F Oscillator frequency stabilized.

Note: OSCLRDY is only set back to 0 in the event of a device reset or a change to the
OSCLDJ1:0] bits.

5:2 | OSCLF[3:0] |Internal L-F Oscillator Frequency Control Bits.

Fine-tune control bits for the Internal L-F oscillator frequency. When set to 0000b, the
L-F oscillator operates at its fastest setting. When set to 1111b, the L-F oscillator
operates at its slowest setting.

1:0 | OSCLDI[1:0] |Internal L-F Oscillator Divider Select.
00: Divide by 8 selected.
01: Divide by 4 selected.
10: Divide by 2 selected.
11: Divide by 1 selected.

Rev. 1.2 133
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SFR Definition 22.4. POMASK: Port 0 Mask Register

Bit 7 6 5 4 3 2 1 0
Name POMASK[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Address = OXAE
Bit Name Function
7:0 | POMASK][7:0] |Port 0 Mask Value.

Selects PO pins to be compared to the corresponding bits in POMAT.
0: PO.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: PO.n pin logic value is compared to POMAT.n.

SFR Definition 22.5. POMAT: Port O Match Register

Bit 7 6 5 4 3 2 1 0
Name POMAT][7:0]
Type R/W
Reset 1 1 1 1 1 1 1 1
SFR Address = 0x84
Bit Name Function
7:0 POMAT[7:0] |Port 0 Match Value.

Match comparison value used on Port 0 for bits in POMASK which are set to 1.
0: P0O.n pin logic value is compared with logic LOW.
1: PO.n pin logic value is compared with logic HIGH.

SILICON LABS
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SFR Definition 22.6. PLMASK: Port 1 Mask Register

Bit 7 6 5 4 3 2 0
Name P1MASK]7:0]
Type R/W
Reset 0 0 0 0 0 0 0
SFR Address = 0xBA
Bit Name Function
7:0 | PIMASK][7:0] |Port 1 Mask Value.
Selects P1 pins to be compared to the corresponding bits in PLMAT.
0: P1.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: P1.n pin logic value is compared to P1MAT.n.
SFR Definition 22.7. PIMAT: Port 1 Match Register
Bit 7 6 5 4 3 2 0
Name P1MAT[7:0]
Type R/W
Reset 1 1 1 1 1 1 1
SFR Address = 0xB6
Bit Name Function
7:0 P1MAT[7:0] |Port 1 Match Value.
Match comparison value used on Port 1 for bits in PLMASK which are set to 1.
0: P1.n pin logic value is compared with logic LOW.
1. P1.n pin logic value is compared with logic HIGH.
151 Rev. 1.2 )
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USB Register Definition 23.15. OUT1IE: USBO OUT Endpoint Interrupt Enable

Bit 7 6 4 3 2 1
Name OUT3E OUT2E OUTL1E
Type R R R R/W R/W R/W
Reset 0 0 0 1 1 1

USB Register Address = 0x09
Bit Name Function
74 Unused |Read = 0000b. Write = don't care.
3 OUT3E | OUT Endpoint 3 Interrupt Enable.
0: OUT Endpoint 3 interrupt disabled.
1: OUT Endpoint 3 interrupt enabled.
2 OUT2E | OUT Endpoint 2 Interrupt Enable.
0: OUT Endpoint 2 interrupt disabled.
1: OUT Endpoint 2 interrupt enabled.
1 OUT1E |OUT Endpoint 1 Interrupt Enable.
0: OUT Endpoint 1 interrupt disabled.
1: OUT Endpoint 1 interrupt enabled.
0 Unused |Read = Ob. Write = don't care.

SILICON LABS
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USB Register Definition 23.17. EOCSR: USBO Endpoint0 Control

Bit 7 6 5 4 3 2 1 0
Name | SSUEND | SOPRDY | SDSTL | SUEND |DATAEND| STSTL | INPRDY | OPRDY
Type | RW RIW RIW R RIW RIW RIW R
Reset 0 0 0 0 0 0 0 0

USB Register Address = 0x11

Bit

Name

Description Write Read

7

SSUEND

Software should set this bit to 1
after servicing a Setup End (bit
SUEND) event. Hardware clears
the SUEND bit when software
writes 1 to SSUEND.

Serviced Setup End This bit always reads O.

Bit.

SOPRDY

Software should write 1 to this bit
after servicing a received
Endpoint0 packet. The OPRDY bit
will be cleared by a write of 1 to
SOPRDY.

Serviced OPRDY Bit. This bit always reads O.

SDSTL

Send Stall Bit.

Software can write 1 to this bit to terminate the current transfer (due to an error condi-
tion, unexpected transfer request, etc.). Hardware will clear this bit to 0 when the STALL
handshake is transmitted.

SUEND

Setup End Bit.

Hardware sets this read-only bit to 1 when a control transaction ends before software
has written 1 to the DATAEND bit. Hardware clears this bit when software writes 1 to
SSUEND.

DATAEND

Data End Bit.

Software should write 1 to this bit: 1) When writing 1 to INPRDY for the last outgoing
data packet. 2) When writing 1 to INPRDY for a zero-length data packet. 3) When writ-
ing 1 to SOPRDY after servicing the last incoming data packet.

This bit is automatically cleared by hardware.

STSTL

Sent Stall Bit.

Hardware sets this bit to 1 after transmitting a STALL handshake signal. This flag must
be cleared by software.

INPRDY

IN Packet Ready Bit.

Software should write 1 to this bit after loading a data packet into the Endpoint0 FIFO
for transmit. Hardware clears this bit and generates an interrupt under either of the fol-
lowing conditions: 1) The packet is transmitted. 2) The packet is overwritten by an
incoming SETUP packet. 3) The packet is overwritten by an incoming OUT packet.

OPRDY

OUT Packet Ready Bit.

Hardware sets this read-only bit and generates an interrupt when a data packet has
been received. This bit is cleared only when software writes 1 to the SOPRDY bit.
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ates a STALL condition, an interrupt will be generated and the STSTL bit (EINCSRL.5) set to 1. The
STSTL bit must be reset to 0 by firmware.

Hardware will automatically reset INPRDY to 0 when a packet slot is open in the endpoint FIFO. Note that
if double buffering is enabled for the target endpoint, it is possible for firmware to load two packets into the
IN FIFO at a time. In this case, hardware will reset INPRDY to 0 immediately after firmware loads the first
packet into the FIFO and sets INPRDY to 1. An interrupt will not be generated in this case; an interrupt will
only be generated when a data packet is transmitted.

When firmware writes 1 to the FCDT bit (EINCSRH.3), the data toggle for each IN packet will be toggled
continuously, regardless of the handshake received from the host. This feature is typically used by Inter-
rupt endpoints functioning as rate feedback communication for Isochronous endpoints. When FCDT = 0,
the data toggle bit will only be toggled when an ACK is sent from the host in response to an IN packet.

23.12.2. Endpoints1-3 IN Isochronous Mode

When the ISO bit (EINCSRH.6) is set to 1, the target endpoint operates in Isochronous (ISO) mode. Once
an endpoint has been configured for ISO IN mode, the host will send one IN token (data request) per
frame; the location of data within each frame may vary. Because of this, it is recommended that double
buffering be enabled for ISO IN endpoints.

Hardware will automatically reset INPRDY (EINCSRL.0) to O when a packet slot is open in the endpoint
FIFO. Note that if double buffering is enabled for the target endpoint, it is possible for firmware to load two
packets into the IN FIFO at a time. In this case, hardware will reset INPRDY to 0 immediately after firm-
ware loads the first packet into the FIFO and sets INPRDY to 1. An interrupt will not be generated in this
case; an interrupt will only be generated when a data packet is transmitted.

If there is not a data packet ready in the endpoint FIFO when USBO receives an IN token from the host,
USBO will transmit a zero-length data packet and set the UNDRUN bit (EINCSRL.2) to 1.

The ISO Update feature (see Section 23.7) can be useful in starting a double buffered 1SO IN endpoint. If
the host has already set up the 1ISO IN pipe (has begun transmitting IN tokens) when firmware writes the
first data packet to the endpoint FIFO, the next IN token may arrive and the first data packet sent before
firmware has written the second (double buffered) data packet to the FIFO. The ISO Update feature
ensures that any data packet written to the endpoint FIFO will not be transmitted during the current frame;
the packet will only be sent after a SOF signal has been received.
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Table 24.5. SMBus Status Decoding With Hardware ACK Generation Disabled (EHACK =0)
(Continued)

Valuesto 3
Values Read Write g g
o - _ ) 8 o
Sy =l Current SMbus State Typical Response Options n 3
S| 2|x|0|x <|O|X|% =
8|5 a2 HIAEIER:
n 2 2 & < | Z S
< >
ololo A slave byte was transmitted; |No action required (expecting 0|0 |X| 0001
. NACK received. STOP condition).
(O]
= 0100 lolol1 A slave byte was transmitted; |Load SMBODAT with nextdata | O | O | X | 0100
£ ACK received. byte to transmit.
§ A Slave byte was transmitted; |No action required (expecting 0|0 |X| 0001
= 01X error detected Master to end transfer)
° . .
E An illegal STOP or bus error 0|0|X| —
10101 | 0 | X | X |was detected while a Slave Clear STO.
Transmission was in progress.
If Write, Acknowledge received |0 | 0| 1 | 0000
address
1]0/|x f(‘a ig\‘/’g d"’_“f&sf; Llfé\s/Ye\évas If Read, Load SMBODAT with | 0] 0 | 1 | 0100
' q ' data byte; ACK received address
NACK received address. 0|0 —
0010 If Write, Acknowledge received |0 | 0| 1 | 0000
address
5 Lost arbitration as master; If Read, Load SMBODAT with 0|0(1]|0100
E 1| 1| X |slave address + R/W received; |data byte; ACK received address
S ACK requested. NACK received address. oj0| —
% Reschedule failed transfer; 1/0|0] 1110
3 NACK received address.
@ A STOP was detected while ojo[x] —
0 | O | X |addressed as a Slave Trans- |Clear STO.
0001 mitter or Slave Receiver.
111 1% Lost arbitration while attempt- |No action required (transfer o|(oj0| —
ing a STOP. complete/aborted).
. Acknowledge received byte; 0|01 | 0000
0000 | 1 | 0| x A slave byte was received; Read SMBODAT.
ACK requested. _
NACK received byte. 0(0j0| —
S | 0010 | 0 | 1 | x |Lostarbitration while attempt- Abort failed transfer. 0|0 |X| —
= ing a repeated START. Reschedule failed transfer. 1/0]|X| 1110
é 0001 | 011 1x% Lost arbitration due to a Abort failed transfer. 0|0 (X —
s detected STOP. Reschedule failed transfer. 1|0|x] 1110
LI 0000 | 1 | 1 | x |Lost arbitration while transmit- Abort failed transfer. 0/0]0] —
é ting a data byte as master. Reschedule failed transfer. 1100|1110
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SFR Definition 26.2. SMOD1: UART1 Mode

Bit 7 6 5 4 3 2 1 0
Name | MCE1 S1PT[1:0] PE1 S1DL[1:0] XBE1 SBL1
Type | R/W RIW RIW RIW RIW RIW
Reset 0 0 0 0 1 1 0 0

SFR Address = OxE5
Bit Name Function

7 MCE1l |Multiprocessor Communication Enable.

0: RI will be activated if stop bit(s) are 1.

1: Rl will be activated if stop bit(s) and extra bit are 1 (extra bit must be enabled using
XBEL).

Note: This function is not available when hardware parity is enabled.

6:5 | S1PT[1:0] | Parity Type Bits.
00: Odd

01: Even

10: Mark

11: Space

4 PE1 | Parity Enable.

This bit activates hardware parity generation and checking. The parity type is selected
by bits S1IPT1-0 when parity is enabled.

0: Hardware parity is disabled.

1: Hardware parity is enabled.

3:2 | S1DL[1:0] | Data Length.
00: 5-bit data
01: 6-bit data
10: 7-bit data
11: 8-bit data

1 XBEl |Extra Bit Enable.

When enabled, the value of TBX1 will be appended to the data field.
0: Extra Bit Disabled.
1: Extra Bit Enabled.

0 SBL1 |stop Bit Length.

0: Short - Stop bit is active for one bit time.
1: Long - Stop bit is active for two bit times (data length = 6, 7, or 8 bits), or 1.5 bit times
(data length = 5 bits).
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28.2. Timer 2

Timer 2 is a 16-bit timer formed by two 8-bit SFRs: TMR2L (low byte) and TMR2H (high byte). Timer 2 may
operate in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T2SPLIT bit (TMR2CN.3) defines
the Timer 2 operation mode.

Timer 2 may be clocked by the system clock, the system clock divided by 12, or the external oscillator
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the
internal oscillator drives the system clock while Timer 2 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

28.2.1. 16-bit Timer with Auto-Reload

When T2SPLIT (TMR2CN.3) is zero, Timer 2 operates as a 16-bit timer with auto-reload. Timer 2 can be
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the
16-bit timer register increments and overflows from OxFFFF to 0x0000, the 16-bit value in the Timer 2
reload registers (TMR2RLH and TMR2RLL) is loaded into the Timer 2 register as shown in Figure 28.4,
and the Timer 2 High Byte Overflow Flag (TMR2CN.7) is set. If Timer 2 interrupts are enabled (if IE.5 is
set), an interrupt will be generated on each Timer 2 overflow. Additionally, if Timer 2 interrupts are enabled
and the TF2LEN bit is set (TMR2CN.5), an interrupt will be generated each time the lower 8 bits (TMR2L)
overflow from OxFF to 0x00.

CKCON
T|T|T|T
2|2|1(0
M|M|M[M!
HfL

T
3
T2XCLK [m

l H
To ADC,

SYSCLK /12 —— 0 L2 To SMBus SMBus
Overflow
TCLK
TR2 TF2H Interrupt
TF2L
TF2LEN

TF2CEN
T2SPLIT
TR2 |—>»

T2XCLK

T
3
M
L

= >00
or0On

TMR2L TMR2H

External Clock /8 —— 1

e [ 1]

TMR2RLL | TMR2RLH [«
Reload

TMR2CN |

Figure 28.4. Timer 2 16-Bit Mode Block Diagram
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TOGn
Toggle ¢ ————— .
X: —o/0 CEXQ! Crossbar :—|X| Port I/0
PCA 1 | [
Timebase PCAOL pcaOH | === a

Figure 29.6. PCA High-Speed Output Mode Diagram

29.3.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated
CEXn pin. The capture/compare module high byte holds the number of PCA clocks to count before the out-
put is toggled. The frequency of the square wave is then defined by Equation 29.1.

E — I:PCA
CEXn = 2 %« PCAOCPHnN

Note: A value of 0x00 in the PCAOCPHN register is equal to 256 for this equation.

Equation 29.1. Square Wave Frequency Output

Where Fpcp is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register,
PCAOMD. The lower byte of the capture/compare module is compared to the PCA counter low byte; on a
match, CEXn is toggled and the offset held in the high byte is added to the matched value in PCAOCPLnN.
Frequency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCAOCPMn reg-
ister. Note that the MATnN bit should normally be set to 0 in this mode. If the MATn bit is set to 1, the CCFn
flag for the channel will be set when the 16-bit PCAO counter and the 16-bit capture/compare register for
the channel are equal.
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Figure 29.8. PCA 8-Bit PWM Mode Diagram

29.3.5.2. 9/10/11-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 9/10/11-bit PWM mode should be varied by writing to an “Auto-
Reload” Register, which is dual-mapped into the PCAOCPHN and PCAOCPLn register locations. The data
written to define the duty cycle should be right-justified in the registers. The auto-reload registers are
accessed (read or written) when the bit ARSEL in PCAOPWM is set to 1. The capture/compare registers
are accessed when ARSEL is set to 0.

When the least-significant N bits of the PCAO counter match the value in the associated module’s cap-
ture/compare register (PCAOCPn), the output on CEXn is asserted high. When the counter overflows from
the Nth bit, CEXn is asserted low (see Figure 29.9). Upon an overflow from the Nth bit, the COVF flag is
set, and the value stored in the module’s auto-reload register is loaded into the capture/compare register.
The value of N is determined by the CLSEL bits in register PCAOPWM.

The 9, 10 or 11-bit PWM mode is selected by setting the ECOMn and PWMn bits in the PCAOCPMn regis-
ter, and setting the CLSEL bits in register PCAOPWM to the desired cycle length (other than 8-hits). If the
MATN bit is set to 1, the CCFn flag for the module will be set each time a comparator match (rising edge)
occurs. The COVF flag in PCAOPWM can be used to detect the overflow (falling edge), which will occur
every 512 (9-bit), 1024 (10-bit) or 2048 (11-bit) PCA clock cycles. The duty cycle for 9/10/11-Bit PWM
Mode is given in Equation 29.2, where N is the number of bits in the PWM cycle.

Important Note About PCAOCPHNn and PCAOCPLn Registers: When writing a 16-bit value to the
PCAOCPN registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn
bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

(2N —-PCAOQOCPN)
2N
Equation 29.3. 9, 10, and 11-Bit PWM Duty Cycle

Duty Cycle =
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SFR Definition 29.3. PCAOPWM: PCA PWM Configuration

Bit 7 6 5 4 3 2 1 0
Name | ARSEL ECOV COVF CLSEL[1:0]
Type R/W R/W R/W R R R R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xF4
Bit Name Function
7 ARSEL |Auto-Reload Register Select.
This bit selects whether to read and write the normal PCA capture/compare registers
(PCAOCPN), or the Auto-Reload registers at the same SFR addresses. This function
is used to define the reload value for 9, 10, and 11-bit PWM modes. In all other
modes, the Auto-Reload registers have no function.
0: Read/Write Capture/Compare Registers at PCAOCPHN and PCAOCPLn.
1: Read/Write Auto-Reload Registers at PCAOCPHN and PCAOCPLn.

6 ECOV Cycle Overflow Interrupt Enable.
This bit sets the masking of the Cycle Overflow Flag (COVF) interrupt.
0: COVF will not generate PCA interrupts.
1. A PCA interrupt will be generated when COVF is set.

5 COVF Cycle Overflow Flag.

This bit indicates an overflow of the 8th, 9th, 10th, or 11th bit of the main PCA counter
(PCAO). The specific bit used for this flag depends on the setting of the Cycle Length
Select bits. The bit can be set by hardware or software, but must be cleared by soft-
ware.
0: No overflow has occurred since the last time this bit was cleared.
1: An overflow has occurred since the last time this bit was cleared.

4:2 Unused |Read = 000b; Write = Don't care.

1.0 | CLSEL[1:0] | Cycle Length Select.

When 16-bit PWM mode is not selected, these bits select the length of the PWM
cycle, between 8, 9, 10, or 11 bits. This affects all channels configured for PWM which
are not using 16-bit PWM mode. These bits are ignored for individual channels config-
ured to16-bit PWM mode.

00: 8 bhits.

01: 9 bits.

10: 10 hits.

11: 11 bits.
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