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Chapter 1 General Introduction

CPLD Family products feature a rich set of high-performance, low-power embedded hard cores,
including one SPI hard core, two 1°C hard cores, andone timer hard core, among others. The
embedded hard cores are configured with an 8-bit slave APB interface (as shown in Figure 2-1),
compatible with the AMBA APB3 protocol, with a maximum clock frequency of 100MHz. The
hard cores also have interrupt function (as shown in Figure 2-2) and can be configured into
interrupt mode.

Embedded hard cores simplify the design implementation process, saving resources such as LUTS,
registers, clocks, and routes, thus providing designers with more options. Moreover, the hard cores
feature low power consumption, low latency, and high rates, which can replace external dedicated
chips, saving more space for hardware placement and routing. CPLDs are widely used in consumer
electronics, communications, automotive electronics, digital television, and other fields, with

abundant embedded hard core resources increasingly favoured by engineers.
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Chapter 2 APB Bus

2.1 Schematics

User logic

APB-BUS

MUX

i

)

i

)

SPI

12CO

1°’C1

Timer

Figure 2-1 Embedded Hard Core Module Connection Diagram

User logic
APB
Lces | | s | | co | | pa | Timer | | puo | | pua |
irq irq_ccs irq_spi irq_i2c0 irq_i2cl irq_timer
CPLD

Figure 2-2 CPLD Embedded Hard Core Interrupt Connection Diagram
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2.2 APB Primitive

When using embedded hard cores, the user must instantiate the corresponding GTP primitive,

which needs to be used in conjunction with GTP_APB, to control the hard core operating mode

through operations on GTP_APB. The relevant information for GTP_APB is described as below.
GTP_APB U_GTP_APB

(

.CLK
RST_N
ADDR
SEL_CCS
SEL_SPI
SEL_I2C0
SEL_I2C1
SEL_TIMER
SEL_PLLO
SEL_PLL1
EN

WR
\WDATA
RDATA
RDY

JIRQ
IRQ_CCS

(clk
(rst_sys n
(addr
(sel_ccs
(sel_spi
(sel_i2c0
(sel_i2c1
(sel_timer
(sel_pllO
(sel_pli1
(en

(wr
(wdata
(rdata
(rdy

(irq
(irg_ccs

N N’ N N N N N N N N N N N N N N N

(UG030007, V1.3)

13/115



@ i T 5% Y ol X JIR A 5

SHENZHEN PANGO MICROSYSTEMS CO.,LTD

Chapter 2 APB Bus

CLK

- = RSTN

——»{SEL_CCS
——————» SEL_SPI
————»(SEL_I2C0

———»(SEL_I2C1

———————» SEL_PLLO
—— = SEL_PLL1
——F > EN

—— » WR

ADDR[4:0]

SEL_TIMER

WDATA[7:0]

RDATA[7:0] ————»
RDY >

IRQ —mF— >

GTP_APB  macs — »

Figure 2-3 GTP_APB Signal Input/Output Diagram

Table 2-1 GTP_APB Port Description List

Port Name Direction | Function Description

CLK Input Clock, sampling on the rising edge, with a maximum frequency of 100M

RST_N Input Asynchronous reset, active low

ADDR[4:0] Input Address Bus

SEL_CCS Input Select CCS, active high

SEL_SPI Input Select SPI, active high

SEL_12C0 Input Select 12C0, active high

SEL_I12C1 Input Select 12C1, active high

SEL_TIMER Input Select timer, active high

SEL_PLLO Input Select PLLO, active high

SEL_PLL1 Input Select PLL1, active high

EN Input Enable_, a<_:tive high, indicating the second and subsequent cycles of
transmission

WR Input Read/Write selection. 0: Read; 1: Write

WDATA[7:0] Input Data bus input

RDATA[7:0] Output Data bus output

RDY Output Ready, indicating the end of a normal bus cycle

IRQ Output General interrupt

IRQ_CCS Output CCS interrupt

(UG030007, V1.3)
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2.3 APB Interface Timing

2.3.1 Write Operation

CLK

apori40] IR AL X A2 X A3 X A4 X
WR -
SEL _
EN 1 I L] | | |
woATA[70] [ DI X D2 X__D3 X__ D4 X
roatare) IR
RDY 1 1 [ | [ |

Figure 2-4 APB Interface Continuous Write Timing Diagram

2.3.2 Read Operation

CLK

Apori4o] D AL XAz X__A3 X__Ad X
WR "0
SEL
EN 1 | L | | |
woATAro] I
RDATA[7:0] [ D1 X D2 X___ D3 X D4
RDY 1 1 I | | |

Figure 2-5 APB Interface Continuous Read Timing Diagram
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2.3.3 Back-to-Back

CLK I D D e O e L e O e
ADDR[40] I A1 XAz X

WR |

SEL

EN 1

WDATA[0]
RDATA[70]
RDY

Figure 2-6 APB Interface Write Before Read Timing Diagram

CLK N O B O
ADDRi40] NI Al X__A2 X
WR | .
SEL -
EN r -7

WDATA[70]
RDATA[70]
RDY

Figure 2-7 APB Interface Read Before Write Timing Diagram
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Chapter 3 SPI Hard IP

The CPLD Family products include an SPI hard core that can be configured into master/slave SPI

mode; when the SPI hard core is configured into master mode, it can control other devices through

the connected slave SPI interface on the SPI bus. When the SPI hard core is configured as a slave, it

can be directly connected to an external SPI master device interface.

3.1 Features

» 8-bit slave APB interface, compatible with AMBA APB3 protocol, with 1K/2K/4K/7K clock

frequency up to 100MHz, and 10K clock frequency up to 76MHz

» SPI master/slave operation, with 1K/2K/4K/7K master operation frequency up to 25MHz, and

slave operation frequency up to 100MHz; 10K chip master operation frequency up to 19MHz,

and slave operation frequency up to 76 MHz

» Controls up to 8 slave devices

» Double-buffered data registers

» Clock programmable polarity and phase

» Data transfer LSB/MSB order selection

» Interrupt

3.2 SPI Primitive

When using SPI hard cores, the user must instantiate the corresponding GTP_SPI primitive, which

needs to be used in conjunction with GTP_APB. The relevant information for GTP_SPI is

described as below.
GTP_SPI U_GTP_SPI

(

SCK OE_.N (SCK OE.N ),
SCK_I (SCK_I ),
SCK O  (SCK O ),
SS_ O N (SS_O N ),
SS N (SS_I_N ),

(UG030007, V1.3)
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MISO OE_N (MISO OE_.N ),

MISO _| (MISO _| ),
.MISO_O (MISO_O ),
.MOSI OE_ N (MOSI_ OE_ N ),
.MOSI_I (MOSI_I ),
.MOSI_O (MOSI_O ),
ARQ (IRQ )
);
sck oe_.n___ >
sckol 5
—— | sck_i sson[701} 5
» ssin misooen| 5
—————®» miso_i GTP—SPI misool
——®» mosi_i mosioen|
mosiol 00 o
irq - »
Figure 3-1 GTP_SPI Module Input/Output Diagram
Table 3-1 GTP_SPI Port Description List
Item Direction Description
sck_oe_n Output Serial clock output enable, active low
Serial clock input
The maximum frequency ratio between slave mode sck and pclk:
Write: 45:100
Write Before Read: 2.5:100
sck i Input Write Before Fast Read: 15:100
- P The maximum frequency ratio between slave mode sck and pclk in 10K slave
mode:
Write: 34.2:76
Write Before Read: 1.9:76
Write Before Fast Read: 11.4:76
sck_o Output Serial clock output, with a maximum frequency of 50M
ss_o_n[7:0] Output Chip select output, active low
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Item Direction Description
ss_i_n Input Chip select input, active low
miso_oe n Output Master In Slave Out enable, active low

When signal miso_oe_n active low, miso_i in Master device used as input
pin, and in Slave device used as output pin

When signal miso_oe_n active low, miso_o in Master device used as output
pin, and in Slave device used as input pin

mosi_oe _n Output Master Out Slave In enable, active low

When signal mosi_oe_n active low, mosi_i in Master device used as input
pin, and in Slave device used as output pin
When signal mosi_oe_n active low, mosi_i in Master device used as output
pin, and in Slave device used as input pin

irg Output Interrupt request
Note: pclk is the APB interface clock CLK

miso_i Input

miso_o Output

mosi_i Input

mosi_o Output

3.3 Register

The SPI hard core communicates with the user interface through a set of control, command, status,
and data registers, with the register names and their functions listed below.
Table 3-2 SPI Register List

Item R/W Address Description

CTLR R/W 00000 Control Register
IRQCTLR R/W 00001 Interrupt Control Register
CMDR R/W 00010 Command register
DATATR R/W 00011 Data Transmit Registers
DATARR R 00100 Data Receive Registers
DIVR R/W 00101 Division register
STARTR R/W 00110 Start register

STOPR R/W 00111 Stop register

CSR R/W 01000 Chip selection register
STATUSR R 01001 Status register
IRQSTATUSR R 01010 Interrupt Status Registers

3.3.1 Control Register

Table 3-3 SPI Control Register List

Bit Item Initial Value Description

[7] Reserved

Wakeup enable

Whether to send a wakeup request to the power controller when
the control function module is selected as a slave device (chip
select input is valid)

1: Yes

0: No

[6] wakeup_en 1’b0
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Bit ltem

Initial Value

Description

[5] fastread

1’b0

Fast read enable

0: Normal Read

1: Fast read

In the Write Before Read operation, for fast read, there is a
padding byte between write and read

[4] Isb_en

1’60

Data transfer LSB enable
1: LSB
0: MSB

[3] cpha

1’60

Clock phase select
1: Send on the rising edge and receive on the falling edge
0: Send on the falling edge and receive on the rising edge

[2] cpol

1’b0

Clock polarity select
1: ldleis 1
0: 1dleis 0

[1] mode

1’b0

Master/Slave select
1: Master device
0: Slave device

[0] spi_en

1’b0

SPI interface enable
1: Enable
0: Disable

3.3.2 Interrupt Control Register

Table 3-4 SPI Interrupt Control Register List

Bit Item Initial Value Description
[7:4] Reserved

Operation completion interrupt enable
[3] over_en 1’b0 1: Enable

0: Disable

Interface data valid interrupt enable
[2] rdy_en 1’b0 1: Enable

0: Disable

Overflow interrupt enable
[1] overrun_en 1’b0 1: Enable

0: Disable

Mode interrupt enable
[0] mode_en 1’b0 1: Enable

0: Disable

3.3.3 Command register

Table 3-5 SPI Command Register List

Bit Item Initial Value Description
[7:3] Reserved
Read/Write control
[2] rw 1’b0 0: Write
1: Read
[1] m_eop 1’b0 Stop
[0] m_sop 1’b0 Starting

(UG030007, V1.3)
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3.3.4 Data Transmit Registers

Table 3-6 SPI Data Transmit Register List

Bit

ltem

Initial Value

Description

[7:0]

datat[7:0]

8°d0

Data transferred from the APB interface to the SPI interface

3.3.5 Data Receive Registers

Table 3-7 SPI Data Receive Register List

Bit

ltem

Initial Value

Description

[7:0]

datar[7:0]

8°d0

Data transferred from the SPI interface to the APB interface

3.3.6 Division register

Table 3-8 SPI Division Register List

Bit

Item

Initial Value

Description

[7:0]

divr[7:0]

8°d24

Clock division factor, default to division by 50,

sck_o is equal to pclk divided by 2(divr+1), with the minimum of
division by 4, cannot configured to 2 (when divr[7:0] configured
as 8°d0).

8’d1: Divide by 4

8’d2: Divide by 6

8’d3: Divide by 8

8’d4: Divide by 10

8’dn: Divide by 2(n+1)

3.3.7 Start register

Table 3-9 SPI Start Register List

Bit

ltem

Initial Value

Description

[7:0]

startr[7:0]

8°d0

Start delay

3.3.8 Stop register

Table 3-10 SPI Stop Register List

Bit

Iltem

Initial Value

Description

[7:0]

stopr[7:0]

8°d0

Stop delay

(UG030007, V1.3)
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3.3.9 Chip selection register

Table 3-11 SPI Chip Selection Register List

Bit Item Initial Value Description

Slave device 7 select
[7] ss7_en 1’b0 1: Select
0: Not select

Slave device 6 select
[6] ss6_en 1’b0 1: Select
0: Not select

Slave device 5 select
[5] ssb_en 1’b0 1: Select
0: Not select

Slave device 4 select
[4] ss4_en 1’b0 1: Select
0: Not select

Slave device 3 select
[3] ss3_en 1’b0 1: Select
0: Not select

Slave device 2 select
[2] ss2_en 1’b0 1: Select
0: Not select

Slave device 1 select
[1] ssl_en 1’b0 1: Select
0: Not select

Slave device 0 select
[0] ssO_en 1’b0 1: Select
0: Not select

3.3.10 Status register

Table 3-12 SPI Status Register List

Bit Item Description

[7:2] Reserved

[1] over End of operation flag
[0] rdy Interface data valid flag

3.3.11 Interrupt Status Registers

Table 3-13 SPI Interrupt Status Register List

Bit Item Description

[7:4] Reserved

[3] irq_over Operation completion interrupt
[2] irq_rdy Interface data valid interrupt
[1] irg_overrun Overflow interrupt

[0] irqg_mode_err Mode error interrupt
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3.4 Interface timing

There are four modes for SPI. CPOL=0 indicates that the clock is low when at idle status, and high

otherwise; CPHA=0 indicates the first edge of the clock signal is the sampling edge, otherwise the

2nd edge is the sampling edge.

3.4.1 CPOL=0 CPHA=0

|

I
I
I
SS |
I
I
I

| |
| |
I :
: :
mosi D(i)l D¢)2 D¢3 \\ D0:n-1 D(bn
| | | | | |
miso__| Dl:l Di2 Dli3 \ DI|i1-1 Dl:n —
| | | | |

Figure 3-2 SPI Control Timing Diagram (CPOL=0, CPHA=0)

3.4.2 CPOL=0 CPHA=1

|
s [ T
| | | | |
s o B
| | | | |
mosi [ oow [ ooz [ oos | [ oona] o0n ]
| | |
|

| |
me— Jon [ok ol | ) | o | Din | —
| |

Figure 3-3 SPI Control Timing Diagram (CPOL=0, CPHA=1)
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3.4.3 CPOL=1 CPHA=0

3
w
o
)
=
v
RS
O

p— _a___
—
v}
=
-
g
=2

Figure 3-4 SPI Control Timing Diagram (CPOL=1, CPHA=0)

3.4.4 CPOL=1 CPHA=1

sck | | | | | | | % |
ss _‘ i i i
mosi | Dq:)l | D(%)Z | D(::)B | \\ | Dqln-1| DOh |

miso | |D|%L | Dli2 | DIiS L | Dip-1 | D”:‘ —

Figure 3-5 SPI Control Timing Diagram (CPOL=1, CPHA=1)

3.5 Operation Flow

During the operation, the status register can be continuously read for checking, or it can be checked

again after receiving the interrupt signal irg.
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3.5.1 Peer to Peer Mode

3.5.1.1 Master Device

Single Byte Write
Table 3-14 SPI Master Device Single-Byte Write Operation Process

Steps Operation Flow

Write to start register

Write to stop register

Write to division register

Write to chip selection register

Write to interrupt control register

Write to control register

Write to command register, and start write operation

Write to data transmit register, and write byte

Ol oI N[O O | DWW [IN|PF

Write to command register, and clear start operation and stop operation

[EY
o

Read from status register to end detection

[EEN
[EEN

Write to command register, and clear stop operation

Multibyte Write
Table 3-15 SPI Master Device Multi-Byte Write Operation Process

Steps Operation Flow

Write to start register

Write to stop register

Write to division register

Write to chip selection register

Write to interrupt control register

Write to control register

Write to command register, and start write operation

Write to data transmit register, and write byte 0

O |0 N[O O | DWW [IN|PF

Write to command register, and clear start operation

[y
o

Write to data transmit register, and write 1st byte

[EEN
[EEN

Write to data transmit register, and write 2nd byte

[EE
N

Write to data transmit register, and write 3rd byte

[EY
w

=Y
o

Write to data transmit register, and write nth byte

[EN
a1

Write to command register, and stop operation

[EY
(3]

Read from status register to end detection

[EY
~

Write to command register, and clear stop operation
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Single Byte Read
Table 3-16 SPI Master Device Single Byte Read Operation Process

Steps Operation Flow

Write to start register

Write to stop register

Write to division register

Write to chip selection register

Write to interrupt control register

Write to control register

Write to command register, simultaneously start/stop read operation

Read bytes from data receive register

Ol (I N[O | DWW [N

Write to command register, and clear start operation

[EY
o

Read from status register to end detection

[EEN
[EEN

Write to command register, and clear stop read operation

Multibyte Read
Table 3-17 SPI Master Device Multi-Byte Read Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, and start read operation
8 Read byte 0 from data receive register

9 Write to command register, and clear start operation
10 Read byte 1 from data receive register

11 Read byte 2 from data receive register

2 ]

13 Read byte n-2 from data receive register

14 Read byte n-1 from data receive register

15 Write to command register, and stop operation

16 Read byte n from data receive register

17 Read from status register to end detection

18 Write to command register, and clear stop read operation
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Single Byte Write before Read
Table 3-18 SPI Master Device Single Byte Write Before Read Operation Process

Steps Operation Flow

Write to start register

Write to stop register

Write to division register

Write to chip selection register

Write to interrupt control register

Write to control register

Write to command register, start operation

Write to data transmit register, and write byte

Ol (I N[O | DWW [N

Write to command register, and clear start operation

[EY
o

Read from status register, checking if the interface is ready

[EEN
[EEN

Once the interface is ready, write to command register to stop read operation

[EY
N

Read bytes from data receive register

[EY
w

Read from status register to end detection

[N
o

Write to command register, and clear stop read operation

Single Byte Write and Multibyte Read
Table 3-19 SPI Master Device Single Byte Write and Multi-Byte Read Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, start operation

8 Write to data transmit register, and write byte

9 Write to command register, and clear start operation

10 Read from status register, checking if the interface is ready
11 Once the interface is ready, write to command register to read
12 Read byte 0 from data receive register

13 Read byte 1 from data receive register

14 Read byte 2 from data receive register

5 |

16 Read byte n-2 from data receive register

17 Read byte n-1 from data receive register

18 Write to command register, and stop operation

19 Read byte n from data receive register
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Steps Operation Flow
20 Read from status register to end detection
21 Write to command register, and clear stop read operation

Multibyte Write and Single Byte Read

Table 3-20 SPI Master Device Multi-Byte Write and Single-Byte Read Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, start operation

8 Write to data transmit register, and write byte 0

9 Write to command register, and clear start operation

10 Write to data transmit register, and write byte 1

11 Write to data transmit register, and write byte 2

12 Write to data transmit register, and write byte 3

3 ]

14 Write to data transmit register, and write byte m

15 Read from status register, checking if the interface is ready
16 Once the interface is ready, write to command register to stop read operation
17 Read bytes from data receive register

18 Read from status register to end detection

19 Write to command register, and clear stop read operation

Multibyte Write Before Read

Table 3-21 SPI Master Device Multi-Byte Write Before Read Operation Process

Steps

Operation Flow

Write to start register

Write to stop register

Write to division register

Write to chip selection register

Write to interrupt control register

Write to control register

Write to command register, start operation

Write to data transmit register, and write byte 0

Ol (N[O | D|lW[IN]|PF

Write to command register, and clear start operation

[EY
o

Write to data transmit register, and write byte 1
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Steps Operation Flow
11 Write to data transmit register, and write byte 2
12 Write to data transmit register, and write byte 3
3 ]
14 Write to data transmit register, and write byte m
15 Read from status register, checking if the interface is ready
16 Once the interface is ready, write to command register to read
17 Read byte 0 from data receive register
18 Read byte 1 from data receive register
19 Read byte 2 from data receive register
20| .
21 Read byte n-2 from data receive register
22 Read byte n-1 from data receive register
23 Write to command register, and stop operation
24 Read byte n from data receive register
25 Read from status register to end detection
26 Write to command register, and clear stop read operation

3.5.1.2 Slave Device

Write Operation
Table 3-22 SPI Slave Device Multi-Byte Write Operation Process

Steps Operation Flow

Write to interrupt control register

Write to command register, and start write operation

Write to control register

Read from status register, checking if the interface is ready

Once the interface is ready, read byte 0 from the data receive register

Read from status register, checking if the interface is ready

Once the interface is ready, read byte 1 from the data receive register

OO N[O O | DWW [N]|PF

Read from status register, checking if the interface is ready

[EY
o

Once the interface is ready, read byte n-1 from the data receive register

[N
[N

Read from status register, checking if the interface is ready

[EE
N

Once the interface is ready, read byte n from the data receive register

[EY
w

Read from status register to detect whether the operation ends
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Read Operation

Table 3-23 SPI Slave Device Multi-Byte Read Operation Process

Steps Operation Flow

1 Write to interrupt control register

2 Write to command register, and start write operation

3 Write to control register

4 Read from status register, checking if the interface is ready

5 Once the interface is ready, read byte 0 from the data receive register
6 Read from status register, checking if the interface is ready

7 Once the interface is ready, read byte 1 from the data receive register
S

9 Read from status register, checking if the interface is ready

10 Once the interface is ready, read byte m-1 from the data receive register
11 Read from status register, checking if the interface is ready

12 Once the interface is ready, read byte m from the data receive register
13 Write to command register, and start read operation

14 Write to data transmit register, and write byte 0

15 Read from status register, checking if the interface is ready

16 Once the interface is ready, write byte 1 to the data transmit register
17 Read from status register, checking if the interface is ready

18 Once the interface is ready, write byte 2 to the data transmit register
19 .

20 Read from status register, checking if the interface is ready

21 Once the interface is ready, write to the data transmit register, and write byte n-1
22 Read from status register, checking if the interface is ready

23 Once the interface is ready, write byte n to the data transmit register
24 Read from status register, checking if the interface is ready

25 Once the interface is ready, write byte n+1 to the data transmit register
26 Read from status register to detect whether the operation ends

27 Write 0 to control register

If there is data quantity information in the read operation, an additional padding byte must be sent

at the end. If there is no data quantity information in the read operation, the last one or two bytes

sent to the data transmit register will not be read.
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3.5.2 Interrupt Mode

3.5.2.1 Master Device

Single Byte Write
Table 3-24 SPI Master Device Interrupt Mode Single-Byte Write Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, and start write operation

8 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

9 Write to data transmit register, and write byte

10 Write to the interrupt status register to clear the interface data valid interrupt

11 Write to command register, and clear start operation and stop operation

12 _Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

13 Write to the interrupt status register to clear the operation completion interrupt

14 Write to command register, and clear stop operation

Multibyte Write
Table 3-25 SPI Master Device Interrupt Mode Multi-Byte Write Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, and start write operation

8 !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

9 Write to data transmit register, and write byte 1

10 Write to the interrupt status register to clear the interface data valid interrupt

11 Write to command register, and clear start operation

12 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

13 Write to data transmit register, and write byte 2

14 Write to the interrupt status register to clear the interface data valid interrupt
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Steps Operation Flow

15 Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

16 Write to data transmit register, and write byte 3

17 Write to the interrupt status register to clear the interface data valid interrupt

8 |

19 Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

20 Write to data transmit register, and write byte n-1

21 Write to the interrupt status register to clear the interface data valid interrupt

29 Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

23 Write to data transmit register, and write byte n

24 Write to the interrupt status register to clear the interface data valid interrupt

25 Write to command register, and stop operation

2 Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

27 Write to the interrupt status register to clear the operation completion interrupt

28 Write to command register, and clear stop operation

Single Byte Read
Table 3-26 SPI Master Device Interrupt Mode Single-Byte Read Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, simultaneously start/stop read operation

8 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

9 Read bytes from data receive register

10 Write to the interrupt status register to clear the interface data valid interrupt

11 Write to command register, and clear start operation

12 _Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

13 Write to the interrupt status register to clear the operation completion interrupt

14 Write to command register, and clear stop read operation

Multibyte Read
Table 3-27 SP1 Master Device Interrupt Mode Multi-Byte Read Operation Process

Steps Operation Flow

1 Write to start register
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Steps Operation Flow

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, and start read operation

8 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

9 Read byte 1 from data receive register

10 Write to the interrupt status register to clear the interface data valid interrupt

11 Write to command register, and clear start operation

12 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

13 Read byte 2 from data receive register

14 Write to the interrupt status register to clear the interface data valid interrupt

15 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

16 Read byte 3 from data receive register

17 Write to the interrupt status register to clear the interface data valid interrupt

8 |

19 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

20 Read byte n-2 from data receive register

21 Write to the interrupt status register to clear the interface data valid interrupt

29 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

23 Read byte n-1 from data receive register

24 Write to the interrupt status register to clear the interface data valid interrupt

25 Write to command register, and stop operation

2 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

27 Read byte n from data receive register

28 Write to the interrupt status register to clear the interface data valid interrupt

29 _Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

30 Write to the interrupt status register to clear the operation completion interrupt

31 Write to command register, and clear stop read operation

Single Byte Write Before Read
Table 3-28 SPI Master Device Interrupt Mode Single-Byte Write Before Read Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register
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Steps Operation Flow

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, and start write operation

8 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

9 Write to data transmit register, and write byte

10 Write to the interrupt status register to clear the interface data valid interrupt

11 Write to command register, and clear start operation

12 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

13 Write to the command register to stop the read operation

14 Write to the interrupt status register to clear the interface data valid interrupt

15 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

16 Read bytes from data receive register

17 Write to the interrupt status register to clear the interface data valid interrupt

18 ppon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

19 Write to the interrupt status register to clear the operation completion interrupt

20 Write to command register, and clear stop read operation

Single Byte Write and Multibyte Read
Table 3-29 SPI Master Device Interrupt Mode Single Byte Write and Multi-Byte Read Operation Process

Steps Operation Flow

Write to start register

Write to stop register

Write to division register

Write to chip selection register

Write to interrupt control register

Write to control register

~N| oo~ W[IN]|F

Write to command register, and start write operation

Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid

8 interrupt

9 Write to data transmit register, and write byte

10 Write to the interrupt status register to clear the interface data valid interrupt

11 Write to command register, and clear start operation

12 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

13 Write to command register, and start read operation

14 Write to the interrupt status register to clear the interface data valid interrupt

15 !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

16 Read byte 1 from data receive register
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Steps Operation Flow

17 Write to the interrupt status register to clear the interface data valid interrupt

18 !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

19 Read byte 2 from data receive register

20 Write to the interrupt status register to clear the interface data valid interrupt

21 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

22 Read byte 3 from data receive register

23 Write to the interrupt status register to clear the interface data valid interrupt

24 |

25 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

26 Read byte n-2 from data receive register

27 Write to the interrupt status register to clear the interface data valid interrupt

28 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

29 Read byte n-1 from data receive register

30 Write to the interrupt status register to clear the interface data valid interrupt

31 Write to command register, and stop operation

32 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

33 Read byte n from data receive register

34 Write to the interrupt status register to clear the interface data valid interrupt

35 _Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

36 Write to the interrupt status register to clear the operation completion interrupt

37 Write to command register, and clear stop read operation

Multibyte Write and Single Byte Read
Table 3-30 SPI Master Device Interrupt Mode Multi-Byte Write and Single Byte Read Operation Process

Steps Operation Flow

1 Write to start register

2 Write to stop register

3 Write to division register

4 Write to chip selection register

5 Write to interrupt control register

6 Write to control register

7 Write to command register, and start write operation

8 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

9 Write to data transmit register, and write byte 1

10 Write to the interrupt status register to clear the interface data valid interrupt
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Steps Operation Flow

11 Write to command register, and clear start operation

12 !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

13 Write to data transmit register, and write byte 2

14 Write to the interrupt status register to clear the interface data valid interrupt

15 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

16 Write to data transmit register, and write byte 3

17 Write to the interrupt status register to clear the interface data valid interrupt

18 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

19 Write to data transmit register, and write byte 4

20 Write to the interrupt status register to clear the interface data valid interrupt

21 |

29 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

23 Write to data transmit register, and write byte m-1

24 Write to the interrupt status register to clear the interface data valid interrupt

25 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

26 Write to data transmit register, and write byte m

27 Write to the interrupt status register to clear the interface data valid interrupt

28 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

29 Write to the command register to stop the read operation

30 Write to the interrupt status register to clear the interface data valid interrupt

31 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

32 Read bytes from data receive register

33 Write to the interrupt status register to clear the interface data valid interrupt

34 _Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

35 Write to the interrupt status register to clear the operation completion interrupt

36 Write to command register, and clear stop read operation

Multibyte Write Before Read
Table 3-31 SPI Master Device Interrupt Mode Multi-Byte Write Before Read Operation Process

Steps Operation Flow

Write to start register

Write to stop register

Write to division register

Write to interrupt control register

1
2
3
4 Write to chip selection register
5
6

Write to control register
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Steps Operation Flow

7 Write to command register, and start write operation

8 !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

9 Write to data transmit register, and write byte 1

10 Write to the interrupt status register to clear the interface data valid interrupt

11 Write to command register, and clear start operation

12 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

13 Write to data transmit register, and write byte 2

14 Write to the interrupt status register to clear the interface data valid interrupt

15 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

16 Write to data transmit register, and write byte 3

17 Write to the interrupt status register to clear the interface data valid interrupt

18 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

19 Write to data transmit register, and write byte 4

20 Write to the interrupt status register to clear the interface data valid interrupt

21 |

29 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

23 Write to data transmit register, and write byte m-1

24 Write to the interrupt status register to clear the interface data valid interrupt

25 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

26 Write to data transmit register, and write byte m

27 Write to the interrupt status register to clear the interface data valid interrupt

28 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

29 Write to command register, and start read operation

30 Write to the interrupt status register to clear the interface data valid interrupt

31 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

32 Read byte 1 from data receive register

33 Write to the interrupt status register to clear the interface data valid interrupt

34 !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

35 Read byte 2 from data receive register

36 Write to the interrupt status register to clear the interface data valid interrupt

37 !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

38 Read byte 3 from data receive register

39 Write to the interrupt status register to clear the interface data valid interrupt

40 | ..

a1 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

42 Read byte n-2 from data receive register
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Steps Operation Flow

43 Write to the interrupt status register to clear the interface data valid interrupt

m !Jpon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

45 Read byte n-1 from data receive register

46 Write to the interrupt status register to clear the interface data valid interrupt

47 Write to command register, and stop operation

48 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

49 Read byte n from data receive register

50 Write to the interrupt status register to clear the interface data valid interrupt

51 _Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

52 Write to the interrupt status register to clear the operation completion interrupt

53 Write to command register, and clear stop read operation

3.5.2.2 Slave Device

Write Operation
Table 3-32 SPI Slave Device Interrupt Mode Write Operation Process

Steps Operation Flow

1 Write to interrupt control register

2 Write to command register, and start write operation

3 Write to control register

4 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

5 Write to the interrupt status register to clear the interface data valid interrupt

6 Read byte 1 from data receive register

7 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

8 Write to the interrupt status register to clear the interface data valid interrupt

9 Read byte 2 from data receive register

0 .

11 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

12 Write to the interrupt status register to clear the interface data valid interrupt

13 Read byte n-1 from data receive register

14 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

15 Write to the interrupt status register to clear the interface data valid interrupt

16 Read byte n from data receive register

17 _Upon receiving an interrupt, read from the interrupt status register to detect the operation completion
interrupt

18 Write to the interrupt status register to clear the operation completion interrupt
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Read Operation
Table 3-33 SPI Slave Device Interrupt Mode Multi-Byte Read Operation Process

Steps Operation Flow

1 Write to interrupt control register

2 Write to command register, and start write operation

3 Write to control register

4 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

5 Write to the interrupt status register to clear the interface data valid interrupt

6 Read byte 1 from data receive register

7 ppon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

8 Write to the interrupt status register to clear the interface data valid interrupt

9 Read byte 2 from data receive register

o

11 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

12 Write to the interrupt status register to clear the interface data valid interrupt

13 Read byte m-1 from data receive register

14 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

15 Write to the interrupt status register to clear the interface data valid interrupt

16 Read byte m from data receive register

17 Write to command register, and start read operation

18 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

19 Write to the interrupt status register to clear the interface data valid interrupt

20 Write to data transmit register, and write byte 1

21 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

22 Write to the interrupt status register to clear the interface data valid interrupt

23 Write to data transmit register, and write byte 2

24 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

25 Write to the interrupt status register to clear the interface data valid interrupt

26 Write to data transmit register, and write byte 3

27 |

28 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

29 Write to the interrupt status register to clear the interface data valid interrupt

30 Write to data transmit register, and write byte n-1

31 _Upon receiving an interrupt, read from the interrupt status register to detect the interface data valid
interrupt

32 Write to the interrupt status register to clear the interface data valid interrupt

33 Write to data transmit register, and write byte n

34 _Ui)on retceiving an interrupt, read from the interrupt status register to detect the operation completion
interrup
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35 Write to the interrupt status register to clear the operation completion interrupt

36 Write O to control register

If there is data quantity information in the read operation, an additional padding byte must be sent
at the end. If there is no data quantity information in the read operation, the last one or two bytes
sent to the data transmit register will not be read.
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Chapter 4 1°C Hard Core

1°C is a widely used two-wire serial bus, commonly used for communication between devices on
the same board. Each CPLD device includes two identical 1°C hard cores. Either of these hard cores
can operate as an 1°C master or I°C slave, and neither has pre-assigned I/O pins, but needs to be
allocated to general 1/Os.

4.1 Features

> 8-bit slave APB interface, compatible with AMBA APB3 protocol, with 1K/2K/4K/7K clock
frequency up to 100MHz, and 10K clock frequency up to 76MHz

> Fast/Standard Mode 1°C bus protocol, with up to 400kHz data transfer rate for 1K/2K/4K/7K,
and up to 300kHz data transfer rate for 10K

» Configurable as master or slave device

» Synchronization

> Arbitration

» Clock stretch

» 7-bit/10-bit addressing

» All call addressing

» Soft reset

» Start Byte

» Device ID

» Interrupt

4.2 1°C Primitive

When using 1°C hard cores, the user must instantiate the corresponding GTP_I2C primitive, which
needs to be used in conjunction with GTP_APB. The relevant information for GTP_I2C is
described as below.
GTP_12C #(

12C_NUM (0 ) /[0 1available
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) U_GTP_I2C (
SCL_I (SCL_I ),
SCL_O (SCL.O ),
SDA_I (SDA_l ),
SDA_O (SDA_O ),
IRQ (IRQ )
);

scLo 5

—— > scli
2

GTP_IC oo >

—— > sda_i

irq —m»

Figure 4-1 GTP_I2C Module Signal Input/Output Diagram

Table 4-1 GTP_I2C Module Signal List

Item Direction Description
Serial clock input, with a maximum frequency of 400K

scl_i Input In slave mode, the minimum frequency ratio of pclk to scl is 25:1. For an scl of
400K, the minimum pclk frequency is 10M.

scl_o Output Serial clock output, with a maximum frequency of 400K

sda_i Input Serial data input

sda_o Output Serial data output

irq Output Interrupt request

Table 4-2 GTP_I2C Module Parameter List

I;Izl:]lgleter Parameter Type | Valid Values Defaults Function Description
12C_NUM Integer 0,1 0 12C h.ard core number,
including two cores
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4.3 Register Description

Table 4-3 I°C Module Register Description List

Item Read/write Address Description

CTLR R/W 00000 Control Register
IRQCTLR R/W 00001 Interrupt Control Register
CMDR R/W 00010 Command register

ADR R/W 00011 Address register

ADRI10 R/W 00100 10-bit addressing address register
DATATR R/W 00101 Data Transmit Registers
DATARR R/W 00110 Data Receive Registers
STATUSR R 00111 Status register

SCLLRO R/W 01000 Clock low-level register 0
SCLLR1 R/W 01001 Clock low-level register 1
SCLHRO R/W 01010 Clock high-level register 0
SCLHR1 R/W 01011 Clock high-level register 1
STARTR R/W 01100 Start register

RSTARTR R/W 01101 Restart register

STOPR R/W 01110 Stop register
IRQSTATUSR R 10000 Interrupt Status Registers
STRO R/W 10001 Clock stretch register 0
STR1 R/W 10010 Clock stretch register 1
DLYRO R/W 10011 Delay register 0

DLYR1 R/W 10100 Delay register 1

4.3.1 Control Register

Table 4-4 1°C Control Register List

Bit ltem

Initial
Value

Description

[7:5] Reserved

[4] wakeup_en 1’b0

Wakeup enable

Whether to send a wakeup request to the power controller when the control
function module is selected as a slave device (when slave device address
matched)

1: Yes

0: No

[3] scl_str

1’b0

Clock stretch enable
1: Enabled
0: Disabled

[2] s_gc

1’b0

All call enable
1: Enabled
0: Disabled

[1] m_i2c

1’b0

Master device interface enable
1: Enabled
0: Disabled
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Bit Item {?;}Lael Description

Slave device interface enable
[0] s i2c 1’b0 1: Enabled

0: Disabled

4.3.2 Interrupt Control Register

Table 4-5 I°C Interrupt Control Register List

Bit Item {?;}La; Description
[7:4] Reserved

Bus idle interrupt enable
[3] rdy_en 1’b0 1: Enabled

0: Disabled

Lost arbitration interrupt enable
[2] arb_lost_en 1’b0 1: Enabled

0: Disabled

Overflow interrupt enable
[1] overrun_en 1’b0 1: Enabled

0: Disabled

No acknowledge interrupt enable
[0] m_wack_en 1’b0 1: Enabled

0: Disabled

4.3.3 Command register

Table 4-6 1°C Command Register List

. Initial —
Bit Item Value Description
[7:3] Reserved
Acknowledge
[2] m_ack 1’b0 0: Acknowledge
1: No Acknowledge
[1] m_eop 1’b0 Stop
[0] m_sop 1’b0 Start

4.3.4 Address register

Table 4-7 1°C Address Register List

Initial

Bit Item Value Description
[7] Reserved
[6:0] addr[6:0] 7°d0 Slave device 7-bit address
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4.3.5 10-bit addressing address register

Table 4-8 I°C 10-Bit Addressing Address Register

; Initial L
Bit Item Value Description
[7:3] Reserved
[2:0] addr[9:7] 3°do The highest three bits of slave device 10-bit addressing address

4.3.6 Data Transmit Registers

Table 4-9 I°C Data Transmit Register List

. Initial i
Bit Item Value Description

[7:0] DATATR Data transferred from the APB bus to the I°C bus

4.3.7 Data Receive Registers

Table 4-10 I°C Data Receive Register List

. Initial -
Bit Item Value Description

[7:0] DATARR Data transferred from the 1°C bus to the APB bus

4.3.8 Status register

Table 4-11 I°C Status Register List

Bit Item Description
[7:5] Reserved
[4] id Read device identification operation indicator
[3] gc All call operation indicator
Master device write operation acknowledge indicator
[2] m_wack 0: Acknowledge

1: No Acknowledge

Bus idle indicator

[1] rdy 0: Busy

1: ldle

Read/Write operation indicator
[0] rw 0: Current operation is write

1: Current operation is read
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4.3.9 Clock Low-Level Register 0

Table 4-12 I°C Clock Low-Level Register 0 List

Bit Item {?;fﬂ Description

Low 8 bits of the clock low-level register,

Control the number of pclk cycles for scl low-level duration,
[7:0] 8‘d130 Clock low-level register cannot be configured to O,

Number of pclk cycles for scl low-level duration
= clock low-level register value + 4

4.3.10 Clock low-level register 1

Table 4-13 I°C Clock Low-Level Register 1 List

Bit Item {7;}:3 Description

High 8 bits of the clock low-level register,

Control the number of pclk cycles for scl low-level duration,
[7:0] 8‘d0 Clock low-level register cannot be configured to 0,

Number of pclk cycles for scl low-level duration
= clock low-level register value + 4

4.3.11 Clock High-Level Register 0

Table 4-14 1°C Clock High-Level Register 0 List

Initial

Bit Item v Description
alue
Low 8 bits of the clock high-level register,
Control the number of pclk cycles for scl high-level duration,
[7:0] 8‘d60 Clock high-level register cannot be configured to 0,

Number of pclk cycles for scl high-level duration
= clock high-level register value + 4

4.3.12 Clock High-Level Register 1

Table 4-15 I°C Clock High-Level Register 1 List

Bit Item {g}c:lael Description

High 8 bits of the clock high-level register,

Control the number of pclk cycles for scl high-level duration,
[7:0] 8d0 Clock high-level register cannot be configured to 0,

Number of pclk cycles for scl high-level duration
= clock high-level register value + 4
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4.3.13 Clock Stretch Register 0

Table 4-16 1°C Clock Stretch Register 0 List

Bit Item Initial Value Description

Low 8 bits of the clock stretch register,

Control the number of pclk cycles for scl low-level duration after
[7:0] 2:d130 transfer can continuation,

During clock stretch, the setup time of sda_o relative to scl_i
rising edge is approximately (clock stretch registers - delay
registers) pclk cycles

4.3.14 Clock stretch register 1

Table 4-17 I°C Clock Stretch Register 1 List

Bit Item Initial Value | Description

High 8 bits of the clock stretch register,

Control the number of pclk cycles for scl low-level duration after
[7:0] 2d0 transfer continuation,

During clock stretch, the setup time of sda_o relative to scl_i
rising edge is approximately (clock stretch registers - delay
registers) pclk cycles

4.3.15 Delay register 0

Table 4-18 I°C Delay Register 0 List

Bit

ltem

Initial Value

Description

[7:0]

8d40

Low 8 bits of the delay register,

Control the number of pclk cycles for sdo_o delay relative to
scl_i/scl_o,

When the Function Block acts as a master device, sda_o delays
by dly[8:0] pclk cycles relative to the scl_o falling edge,
Function block acts as a slave device:

When sda_o is for address acknowledge, it delays by dly[8:0]+4
or dly[8:0]+5 pclk cycles relative to scl_i falling edge,

When sda_o is for data acknowledge, it delays by dly[8:0]+9
pclk cycles relative to scl_i falling edge,

When sda_o is for data, it delays by dly[8:0]+4 pclk cycles
relative to scl_i falling edge

4.3.16 Delay register 1

Table 4-19 List of 12C Delay Register 0

Bit Item Initial Value | Description
[7:1] Reserved
highest bit of the delay register,
[0] dly[8] 10 Control the number of pclk cycles for sdo_o delay relative to

scl_i/scl_o,
When the Function Block acts as a master device, sda_o delays
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Bit

Item

Initial Value

Description

by dly[8:0] pclk cycles relative to the scl_o falling edge,
Function block acts as a slave device:

When sda_o is for address acknowledge, it delays by dly[8:0]+4
or dly[8:0]+5 pclk cycles relative to scl_i falling edge,

When sda_o is for data acknowledge, it delays by dly[8:0]+9
pclk cycles relative to scl_i falling edge,

When sda_o is for data, it delays by dly[8:0]+4 pclk cycles
relative to scl_i falling edge

4.3.17 Start register

Table 4-20 I°C Start Register List

Bit

ltem

Initial Value

Description

[7:0]

num_start

8d0

Control the number of pclk cycles from sda falling edge to scl
falling edge upon start: num_start * 64

4.3.18 Restart register

Table 4-21 I°C Re-Start Register List

Bit

Item

Initial Value

Description

[7:0]

num_rstart

8d0

Control the number of pclk cycles from sda falling edge to scl
falling edge upon restart: num_rstart * 64

4.3.19 Stop register

Table 4-22 I°C Stop Regjister List

Bit

ltem

Initial Value

Description

[7:0]

num_stop

8d0

Control the number of pclk cycles from scl rising edge to sda
rising edge upon stop: num_stop * 64

4.3.20 Interrupt Status Registers

Table 4-23 12C Interrupt Status Register List

Bit Item Description

[7:5] Reserved

[4] irq_m_wack No acknowledge interrupt
[3] irq_overw Write full interrupt

[2] irg_overr Read empty interrupt

[1] irg_arb_lost Lost arbitration interrupt
[0] irq_rdy Bus idle interrupt
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4.4 Interface timing

I°C interface write and read timing diagrams are shown as below, with the I°C write timing diagram

on the left and the 1°C read timing diagram on the right.
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Figure 4-2 I°C Write/Read Operation Timing Diagram
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4.5 Operation Flow
4.5.1 Peer to Peer Mode

4.5.1.1 Master Device

Write
Table 4-24 I°C Point-to-Point Mode Master Device Write Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register O
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending address and write flag
13 Write to command register, and clear start
14 Write to data transmit register, for sending the 1st byte of data
15 Write to data transmit register for sending the 2nd byte of data
6 | ..
17 Write to data transmit register for sending the nth byte of data
18 Read from status register to detect bus idleness
19 Write to command register, and stop
20 Read from status register to detect bus idleness
21 Write to command register, and clear stop
Read
Table 4-25 I°C Point-to-Point Mode Master Device Read Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
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Steps Operation Flow
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending address and read flag
13 Write to command register, and clear start
14 Read the 1st byte from the data receive register
15 Read the 2nd byte from the data receive register
16 Read the 3rd byte from the data receive register
7 .
18 Read the (0-2)th byte from the data receive register
19 Read the (0-1)th byte from the data receive register
20 Write to command register, no acknowledge
21 Read the nth byte from the data receive register
22 Write to the command register, to stop and clear no acknowledge
23 Read from status register to detect bus idleness
24 Write to command register, and clear stop
Repeat Write

Table 4-26 1°C Point-to-Point Mode Master Device Repeat Write Operation Process

Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending address and write flag
13 Write to command register, and clear start
14 Write to data transmit register, for sending the 1st byte of data
15 Write to data transmit register for sending the 2nd byte of data
R
17 Write to data transmit register for sending the nlth byte of data
18 Read from status register to detect bus idleness
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Steps Operation Flow
19 Write to command register, start
20 Write to data transmit register for sending address and write flag
21 Write to command register, and clear start
22 Write to data transmit register, for sending the 1st byte of data
23 Write to data transmit register for sending the 2nd byte of data
24 | ...
25 Write to data transmit register for sending the n2th byte of data
26 | ...
27 Read from status register to detect bus idleness
28 Write to command register, start
29 Write to data transmit register for sending address and write flag
30 Write to command register, and clear start
31 Write to data transmit register, for sending the 1st byte of data
32 Write to data transmit register for sending the 2nd byte of data
3 |
34 Write to data transmit register for sending the nkth byte of data
35 Read from status register to detect bus idleness
36 Write to command register, and stop
37 Read from status register to detect bus idleness
38 Write to command register, and clear stop

Repeat Read
Table 4-27 I°C Point-to-Point Mode Master Device Repeat Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to data transmit register for sending address and read flag
13 Write to command register, and clear start

14 Read the 1st byte from the data receive register
15 Read the 2nd byte from the data receive register
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Steps Operation Flow
16 Read the 3rd byte from the data receive register
7 .
18 Read the (n1-2)th byte of data from the data receive register
19 Read the (n1-1)th byte of data from the data receive register
20 Write to command register, no acknowledge
21 Read the nlth byte of data from the data receive register
22 Write to the command register, to start and clear no acknowledge
23 Write to data transmit register for sending address and read flag
24 Write to command register, and clear start
25 Read the 1st byte from the data receive register
26 Read the 2nd byte from the data receive register
27 Read the 3rd byte from the data receive register
28| ...
29 Read the (n2-2)th byte of data from the data receive register
30 Read the (n2-1)th byte of data from the data receive register
31 Write to command register, no acknowledge
32 Read the n2th byte of data from the data receive register
3 | ...
34 Write to the command register, to start and clear no acknowledge
35 Write to data transmit register for sending address and read flag
36 Write to command register, and clear start
37 Read the 1st byte from the data receive register
38 Read the 2nd byte from the data receive register
39 Read the 3rd byte from the data receive register
0 | ...
41 Read the (nk-2)th byte of data from the data receive register
42 Read the (nk-1)th byte of data from the data receive register
43 Write to command register, no acknowledge
44 Read the nkth byte of data from the data receive register
45 Write to the command register, to stop and clear no acknowledge
46 Read from status register to detect bus idleness
47 Write to command register, and clear stop

Write before read
Table 4-28 1°C Point-to-Point Mode Master Device Write-Before-Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
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Steps Operation Flow
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending address and write flag
13 Write to command register, and clear start
14 Write to data transmit register, for sending the 1st byte of data
15 Write to data transmit register for sending the 2nd byte of data
16 Write to data transmit register for sending the 3rd byte of data
7 .
18 Write to data transmit register for sending the mth byte of data
19 Read from status register to detect bus idleness
20 Write to command register, start
21 Write to data transmit register for sending address and read flag
22 Write to command register, and clear start
23 Read the 1st byte from the data receive register
24 Read the 2nd byte from the data receive register
25 Read the 3rd byte from the data receive register
26 | ...
27 Read the (0-2)th byte from the data receive register
28 Read the (0-1)th byte from the data receive register
29 Write to command register, no acknowledge
30 Read the nth byte from the data receive register
31 Write to the command register, to stop and clear no acknowledge
32 Read from status register to detect bus idleness
33 Write to command register, and clear stop

Read before write
Table 4-29 I°C Point-to-Point Mode Master Device Read-Before-Write Operation Process

Steps Operation Flow

1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
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Steps Operation Flow
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending address and read flag
13 Write to command register, and clear start
14 Read the 1st byte from the data receive register
15 Read the 2nd byte from the data receive register
16 Read the 3rd byte from the data receive register
7 .
18 Read the (m-2)th byte of data from the data receive register
19 Read the (m-1)th byte of data from the data receive register
20 Write to command register, no acknowledge
21 Read the mth byte of data from the data receive register
22 Write to the command register, to start and clear no acknowledge
23 Write to data transmit register for sending address and write flag
24 Write to command register, and clear start
25 Write to data transmit register, for sending the 1st byte of data
26 Write to data transmit register for sending the 2nd byte of data
27 | .
28 Write to data transmit register for sending the nth byte of data
29 Read from status register to detect bus idleness
30 Write to command register, and stop
31 Read from status register to detect bus idleness
32 Write to command register, and clear stop
Soft Reset
Table 4-30 I°C Point-to-Point Mode Master Device Soft Reset Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
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9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending all-call address and write flag
13 Write to command register, and clear start
14 Write to data transmit register for sending byte 0x06
15 Read from status register to detect bus idleness
16 Write to command register, and stop
17 Read from status register to detect bus idleness
18 Write to command register, and clear stop

Hardware Programming

Table 4-31 I°C Point-to-Point Mode Master Device Hardware Programming Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to data transmit register for sending all-call address and write flag
13 Write to command register, and clear start

14 Write to data transmit register for sending byte 0x04
15 Read from status register to detect bus idleness

16 Write to command register, and stop

17 Read from status register to detect bus idleness

18 Write to command register, and clear stop

Hardware All Call
Table 4-32 I°C Point-to-Point Mode Master Device Hardware All Call Operation Process

Steps Operation Flow

1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
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Steps Operation Flow
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending all-call address and write flag
13 Write to command register, and clear start
14 Write to data transmit register, for sending the master address and bit 1
15 Write to data transmit register, for sending the 1st byte of data
16 Write to data transmit register for sending the 2nd byte of data
7 .
18 Write to data transmit register for sending the nth byte of data
19 Read from status register to detect bus idleness
20 Write to command register, and stop
21 Read from status register to detect bus idleness
22 Write to command register, and clear stop
Start Byte
Table 4-33 I°C Point-to-Point Mode Master Device Start Byte Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to the data transmit register, for sending the start byte
13 Write to command register, and clear start
14 Read from status register to detect no acknowledge
15 Write to command register, start
16 Write to data transmit register for sending address and write/read flag
17 Write to command register, and clear start
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Read device identification

Table 4-34 1°C Point-to-Point Mode Master Device Read Device Identification Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register O

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to data transmit register for sending the device identification address and write flag
13 Write to command register, and clear start

14 Write to data transmit register, for sending address and a padding bit

15 Read from status register to detect bus idleness

16 Write to command register, start

17 Write to data transmit register for sending device identification address and read flag
18 Write to command register, and clear start

19 Read the 1st byte of device identification from the data receive register
20 Read the 2nd byte of device identification from the data receive register
21 Write to command register, no acknowledge

22 Read the 3rd byte of device identification from the data receive register
23 Write to the command register, to stop and clear no acknowledge

24 Read from status register to detect bus idleness

25 Write to command register, and clear stop

10-Bit Addressing Write

Table 4-35 I°C Point-to-Point Mode Master Device 10-Bit Addressing Write Operation Process

Steps

Operation Flow

Write to clock low-level register 0

Write to clock low-level register 1

Write to clock high-level register 0

Write to clock high-level register 1

Write to start register

Write to restart register

Write to stop register

| N0 | B~ W|IDN|PF

Write to delay register 0
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Steps Operation Flow
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to the data transmit register for sending the first 7 bits of the address and the write flag
13 Write to command register, and clear start
14 Write to the data transmit register for sending the 2nd byte of the address
15 Write to data transmit register, for sending the 1st byte of data
16 Write to data transmit register for sending the 2nd byte of data
7 ] .
18 Write to data transmit register for sending the nth byte of data
19 Read from status register to detect bus idleness
20 Write to command register, and stop
21 Read from status register to detect bus idleness
22 Write to command register, and clear stop
10-Bit Addressing Read

Table 4-36 I°C Point-to-Point Mode Master Device 10-Bit Addressing Read Operation Process

Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to the data transmit register for sending the first 7 bits of the address and the write flag
13 Write to command register, and clear start
14 Write to the data transmit register for sending the 2nd byte of the address
15 Read from status register to detect bus idleness
16 Write to command register, start
17 Write to the data transmit register for sending the first 7 bits of the address and the read flag
18 Write to command register, and clear start
19 Read the 1st byte from the data receive register
20 Read the 2nd byte from the data receive register
21 Read the 3rd byte from the data receive register
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Steps Operation Flow
22 .
23 Read the (0-2)th byte from the data receive register
24 Read the (0-1)th byte from the data receive register
25 Write to command register, no acknowledge
26 Read the nth byte from the data receive register
27 Write to the command register, to stop and clear no acknowledge
28 Read from status register to detect bus idleness
29 Write to command register, and clear stop

10-Bit Addressing Repeat Write
Table 4-37 I°C Point-to-Point Mode Master Device 10-Bit Addressing Repeat Write Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to the data transmit register for sending the first 7 bits of the address and the write flag
13 Write to command register, and clear start

14 Write to the data transmit register for sending the 2nd byte of the address
15 Write to data transmit register, for sending the 1st byte of data

16 Write to data transmit register for sending the 2nd byte of data

7 .

18 Write to data transmit register for sending the nlth byte of data

19 Read from status register to detect bus idleness

20 Write to command register, start

21 Write to the data transmit register for sending the first 7 bits of the address and the write flag
22 Write to command register, and clear start

23 Write to the data transmit register for sending the 2nd byte of the address
24 Write to data transmit register, for sending the 1st byte of data

25 Write to data transmit register for sending the 2nd byte of data

26 | ...

27 Write to data transmit register for sending the n2th byte of data
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28 | ...
29 Read from status register to detect bus idleness
30 Write to command register, start
31 Write to the data transmit register for sending the first 7 bits of the address and the write flag
32 Write to command register, and clear start
33 Write to the data transmit register for sending the 2nd byte of the address
34 Write to data transmit register, for sending the 1st byte of data
35 Write to data transmit register for sending the 2nd byte of data
K] J
37 Write to data transmit register for sending the nkth byte of data
38 Read from status register to detect bus idleness
39 Write to command register, and stop
40 Read from status register to detect bus idleness
41 Write to command register, and clear stop

10-Bit Addressing Repeat Read
Table 4-38 I°C Point-to-Point Mode Master Device 10-Bit Addressing Repeat Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to the data transmit register for sending the first 7 bits of the address and the write flag
13 Write to command register, and clear start

14 Write to the data transmit register for sending the 2nd byte of the address
15 Read from status register to detect bus idleness

16 Write to command register, start

17 Write to the data transmit register for sending the first 7 bits of the address and the read flag
18 Write to command register, and clear start

19 Read the 1st byte from the data receive register

20 Read the 2nd byte from the data receive register

21 Read the 3rd byte from the data receive register
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2 |
23 Read the (n1-2)th byte of data from the data receive register
24 Read the (n1-1)th byte of data from the data receive register
25 Write to command register, no acknowledge
26 Read the nlth byte of data from the data receive register
27 Write to the command register, to start and clear no acknowledge
28 Write to the data transmit register for sending the first 7 bits of the address and the write flag
29 Write to command register, and clear start
30 Write to the data transmit register for sending the 2nd byte of the address
31 Read from status register to detect bus idleness
32 Write to command register, start
33 Write to the data transmit register for sending the first 7 bits of the address and the read flag
34 Write to command register, and clear start
35 Read the 1st byte from the data receive register
36 Read the 2nd byte from the data receive register
37 Read the 3rd byte from the data receive register
]
39 Read the (n2-2)th byte of data from the data receive register
40 Read the (n2-1)th byte of data from the data receive register
41 Write to command register, no acknowledge
42 Read the n2th byte of data from the data receive register
43 | .
44 Write to the command register, to start and clear no acknowledge
45 Write to the data transmit register for sending the first 7 bits of the address and the write flag
46 Write to command register, and clear start
47 Write to the data transmit register for sending the 2nd byte of the address
48 Read from status register to detect bus idleness
49 Write to command register, start
50 Write to the data transmit register for sending the first 7 bits of the address and the read flag
51 Write to command register, and clear start
52 Read the 1st byte from the data receive register
53 Read the 2nd byte from the data receive register
54 Read the 3rd byte from the data receive register
55 | .
56 Read the (nk-2)th byte of data from the data receive register
57 Read the (nk-1)th byte of data from the data receive register
58 Write to command register, no acknowledge
59 Read the nkth byte of data from the data receive register
60 Write to the command register, to stop and clear no acknowledge
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61 Read from status register to detect bus idleness
62 Write to command register, and clear stop

10-Bit Addressing Write Before Read
Table 4-39 I°C Point-to-Point Mode Master Device 10-Bit Addressing Write Before Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register O

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to the data transmit register for sending the first 7 bits of the address and the write flag
13 Write to command register, and clear start

14 Write to the data transmit register for sending the 2nd byte of the address
15 Write to data transmit register, for sending the 1st byte of data

16 Write to data transmit register for sending the 2nd byte of data

7 |

18 Write to data transmit register for sending the mth byte of data

19 Read from status register to detect bus idleness

20 Write to command register, start

21 Write to the data transmit register for sending the first 7 bits of the address and the write flag
22 Write to command register, and clear start

23 Write to the data transmit register for sending the 2nd byte of the address
24 Read from status register to detect bus idleness

25 Write to command register, start

26 Write to the data transmit register for sending the first 7 bits of the address and the read flag
27 Write to command register, and clear start

28 Read the 1st byte from the data receive register

29 Read the 2nd byte from the data receive register

30 Read the 3rd byte from the data receive register

31 .

32 Read the (0-2)th byte from the data receive register

33 Read the (0-1)th byte from the data receive register
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34 Write to command register, no acknowledge
35 Read the nth byte from the data receive register
36 Write to command register, and stop
37 Read from status register to detect bus idleness
38 Write to command register, and clear stop

10-Bit Addressing Read Before Write
Table 4-40 I°C Point-to-Point Mode Master Device 10-Bit Addressing Read Before Write Operation Process

Steps Operation Flow

1 Write to clock low-level register O

2 Write to clock low-level register 1

3 Write to clock high-level register O

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to the data transmit register for sending the first 7 bits of the address and the write flag
13 Write to command register, and clear start

14 Write to the data transmit register for sending the 2nd byte of the address
15 Read from status register to detect bus idleness

16 Write to command register, start

17 Write to the data transmit register for sending the first 7 bits of the address and the read flag
18 Write to command register, and clear start

19 Read the 1st byte from the data receive register

20 Read the 2nd byte from the data receive register

21 Read the 3rd byte from the data receive register

2 | .

23 Read the (m-2)th byte of data from the data receive register

24 Read the (m-1)th byte of data from the data receive register

25 Write to command register, no acknowledge

26 Read the mth byte of data from the data receive register

27 Write to the command register, to start and clear no acknowledge

28 Write to the data transmit register for sending the first 7 bits of the address and the write flag
29 Write to command register, and clear start

30 Write to the data transmit register for sending the 2nd byte of the address
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31 Write to data transmit register, for sending the 1st byte of data
32 Write to data transmit register for sending the 2nd byte of data
33 .
34 Write to data transmit register for sending the nth byte of data
35 Read from status register to detect bus idleness
36 Write to command register, and stop
37 Read from status register to detect bus idleness
38 Write to command register, and clear stop

10-Bit Addressing Hardware All Call
Table 4-41 I°C Point-to-Point Mode Master Device 10-Bit Addressing Hardware All Call Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register O

9 Write to delay register 1

10 Write to control register

11 Write to command register, start

12 Write to data transmit register for sending all-call address and write flag
13 Write to command register, and clear start

14 Write to the data transmit register, for sending the first 7 bits of master address and bit 1
15 Write to the data transmit register for sending the 2nd byte of master address
16 Write to data transmit register, for sending the 1st byte of data

17 Write to data transmit register for sending the 2nd byte of data

38 |

19 Write to data transmit register for sending the nth byte of data

20 Read from status register to detect bus idleness

21 Write to command register, and stop

22 Read from status register to detect bus idleness

23 Write to command register, and clear stop
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10-Bit Addressing Read Device Identification
Table 4-42 I°C Point-to-Point Mode Master Device 10-Bit Addressing Read Device Identification Operation

Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to control register
11 Write to command register, start
12 Write to data transmit register for sending the device identification address and write flag
13 Write to command register, and clear start
14 Write to the data transmit register for sending the first 7 bits of the address and the write flag
15 Write to the data transmit register for sending the 2nd byte of the address
16 Read from status register to detect bus idleness
17 Write to command register, start
18 Write to data transmit register for sending device identification address and read flag
19 Write to command register, and clear start
20 Read the 1st byte of device identification from the data receive register
21 Read the 2nd byte of device identification from the data receive register
22 Write to command register, no acknowledge
23 Read the 3rd byte of device identification from the data receive register
24 Write to the command register, to stop and clear no acknowledge
25 Read from status register to detect bus idleness
26 Write to command register, and clear stop

45.1.2 Slave Device

7-Bit Addressing Write/Repeat Write
Table 4-43 I°C Point-to-Point Mode Slave Device 7-Bit Addressing Write/Repeat Write Operation Process

Steps Operation Flow

1 Write to address register

2 Write to delay register 0

3 Write to delay register 1

4 Write to clock stretch register 0
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5 Write to clock stretch register 1
6 Write to control register
7 Read from the status register to detect ongoing operations and bus status
8 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
9 Read from the status register to detect ongoing operations and bus status
10 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
(A R
12 Read from the status register to detect ongoing operations and bus status
13 When the write operation bus is detected idle, read the nth byte of data from the data receive register

7-Bit Addressing Read/Repeat Read
Table 4-44 1°C Point-to-Point Mode Slave Device 7-Bit Addressing Read/Repeat Read Operation Process

Steps Operation Flow

1 Write to address register

2 Write to delay register O

3 Write to delay register 1

4 Write to clock stretch register 0

5 Write to clock stretch register 1

6 Write to control register

7 Read from the status register to detect ongoing operations and bus status

8 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
9 Read from the status register to detect ongoing operations and bus status

10 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
(1

12 Read from the status register to detect ongoing operations and bus status

13 When the read operation bus is detected idle, write the nth byte of data to the data transmit register

7-Bit Addressing Write Before Read
Table 4-45 I°C Point-to-Point Mode Slave Device 7-Bit Addressing Write Before Read Operation Process

Steps Operation Flow

Write to address register

Write to delay register 0

Write to delay register 1

Write to clock stretch register 0

Write to clock stretch register 1

Write to control register

Read from the status register to detect ongoing operations and bus status

When the write operation bus is detected idle, read the 1st byte of data from the data receive register

Ol N[O |P~W[IN]|PF

Read from the status register to detect ongoing operations and bus status
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10 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
11 |
12 Read from the status register to detect ongoing operations and bus status
13 When the write operation bus is detected idle, read the mth byte of data from the data receive register
14 Read from the status register to detect ongoing operations and bus status
15 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
16 Read from the status register to detect ongoing operations and bus status
17 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
8 ..
19 Read from the status register to detect ongoing operations and bus status
20 When the read operation bus is detected idle, write the nth byte of data to the data transmit register

7-Bit Addressing Read Before Write
Table 4-46 I°C Point-to-Point Mode Slave Device 7-Bit Addressing Read Before Write Operation Process

Steps Operation Flow

1 Write to address register

2 Write to delay register 0

3 Write to delay register 1

4 Write to clock stretch register 0

5 Write to clock stretch register 1

6 Write to control register

7 Read from the status register to detect ongoing operations and bus status

8 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
9 Read from the status register to detect ongoing operations and bus status

10 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
A A

12 Read from the status register to detect ongoing operations and bus status

13 When the read operation bus is detected idle, write the mth byte of data to the data transmit register
14 Read from the status register to detect ongoing operations and bus status

15 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
16 Read from the status register to detect ongoing operations and bus status

17 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
8 |

19 Read from the status register to detect ongoing operations and bus status

20 When the write operation bus is detected idle, read the nth byte of data from the data receive register
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10-Bit Addressing Write/Repeat Write
Table 4-47 I1°C Point-to-Point Mode Slave Device 10-Bit Addressing Write/Repeat Write Operation Process

Steps Operation Flow

Write to address register

Write to 10-bit addressing address register

Write to delay register 0

Write to delay register 1

Write to clock stretch register 0

Write to clock stretch register 1

Write to control register

Read from the status register to detect ongoing operations and bus status

Ol (I N[O | DWW [N

When the write operation bus is detected idle, read the 1st byte of data from the data receive register

[EY
o

Read from the status register to detect ongoing operations and bus status

[EEN
[EEN

When the write operation bus is detected idle, read the 2nd byte of data from the data receive register

[EY
N

[EY
w

Read from the status register to detect ongoing operations and bus status

[N
o

When the write operation bus is detected idle, read the nth byte of data from the data receive register

10-Bit Addressing Read/Repeat Read
Table 4-48 1°C Point-to-Point Mode Slave Device 10-Bit Addressing Read/Repeat Read Operation Process

Steps Operation Flow

Write to address register

Write to 10-bit addressing address register

Write to delay register 0

Write to delay register 1

Write to clock stretch register 0

Write to clock stretch register 1

Write to control register

Read from the status register to detect ongoing operations and bus status

[Co T e T N I o > N BN 2 I I O O I N A I I

When the read operation bus is detected idle, write the 1st byte of data to the data transmit register

[EY
o

Read from the status register to detect ongoing operations and bus status

[N
[N

When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register

[EE
N

[EY
w

Read from the status register to detect ongoing operations and bus status

=Y
o

When the read operation bus is detected idle, write the nth byte of data to the data transmit register

10-Bit Addressing Write Before Read
Table 4-49 I°C Point-to-Point Mode Slave Device 10-Bit Addressing Write Before Read Operation Process

Steps Operation Flow

1 Write to address register
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2 Write to 10-bit addressing address register
3 Write to delay register 0
4 Write to delay register 1
5 Write to clock stretch register 0
6 Write to clock stretch register 1
7 Write to control register
8 Read from the status register to detect ongoing operations and bus status
9 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
10 Read from the status register to detect ongoing operations and bus status
11 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
2 |
13 Read from the status register to detect ongoing operations and bus status
14 When the write operation bus is detected idle, read the mth byte of data from the data receive register
15 Read from the status register to detect ongoing operations and bus status
16 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
17 Read from the status register to detect ongoing operations and bus status
18 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
19 .
20 Read from the status register to detect ongoing operations and bus status
21 When the read operation bus is detected idle, write the nth byte of data to the data transmit register

10-Bit Addressing Read Before Write
Table 4-50 I°C Point-to-Point Mode Slave Device 10-Bit Addressing Read Before Write Operation Process

Steps Operation Flow

1 Write to address register

2 Write to 10-bit addressing address register

3 Write to delay register 0

4 Write to delay register 1

5 Write to clock stretch register 0

6 Write to clock stretch register 1

7 Write to control register

8 Read from the status register to detect ongoing operations and bus status

9 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
10 Read from the status register to detect ongoing operations and bus status

11 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
2 |

13 Read from the status register to detect ongoing operations and bus status

14 When the read operation bus is detected idle, write the mth byte of data to the data transmit register
15 Read from the status register to detect ongoing operations and bus status
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16 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
17 Read from the status register to detect ongoing operations and bus status
18 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
9 ..
20 Read from the status register to detect ongoing operations and bus status
21 When the write operation bus is detected idle, read the nth byte of data from the data receive register
4.5.2 Interrupt Mode
4.5.2.1 Master Device
Write
Table 4-51 I°C Interrupt Mode Master Device Write Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to interrupt control register
11 Write to control register
12 Write to command register, start
13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending address and write flag
15 Write to the interrupt status register to clear the bus idle interrupt
16 Write to command register, and clear start
17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to data transmit register, for sending the 1st byte of data
19 Write to the interrupt status register to clear the bus idle interrupt
20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register for sending the 2nd byte of data
22 Write to the interrupt status register to clear the bus idle interrupt
23 |
24 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
25 Write to data transmit register for sending the nth byte of data
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26 Write to the interrupt status register to clear the bus idle interrupt
27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Write to the interrupt status register to clear the bus idle interrupt
29 Write to command register, and stop
30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Write to the interrupt status register to clear the bus idle interrupt
32 Write to command register, and clear stop
Read

Table 4-52 I°C Interrupt Mode Master Device Read Operation Process

Steps Operation Flow
1 Write to clock low-level register O
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to interrupt control register
11 Write to control register
12 Write to command register, start
13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending address and read flag
15 Write to the interrupt status register to clear the bus idle interrupt
16 Write to command register, and clear start
17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Read the 1st byte from the data receive register
19 Write to the interrupt status register to clear the bus idle interrupt
20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Read the 2nd byte from the data receive register
22 Write to the interrupt status register to clear the bus idle interrupt
23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Read the 3rd byte from the data receive register
25 Write to the interrupt status register to clear the bus idle interrupt
26 | ...
27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Read the (0-2)th byte from the data receive register
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29 Write to the interrupt status register to clear the bus idle interrupt
30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Read the (0-1)th byte from the data receive register
32 Write to the interrupt status register to clear the bus idle interrupt
33 Write to command register, no acknowledge
34 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
35 Read the nth byte from the data receive register
36 Write to the interrupt status register to clear the bus idle interrupt
37 Write to the command register, to stop and clear no acknowledge
38 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
39 Write to the interrupt status register to clear the bus idle interrupt
40 Write to command register, and clear stop
Repeat Write

Table 4-53 I°C Interrupt Mode Master Device Repeat Write Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending address and write flag

15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to data transmit register, for sending the 1st byte of data

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register for sending the 2nd byte of data

22 Write to the interrupt status register to clear the bus idle interrupt
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23 Write to data transmit register for sending the nlth byte of data
24 Write to the interrupt status register to clear the bus idle interrupt
25 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
26 Write to the interrupt status register to clear the bus idle interrupt
27 Write to command register, start
28 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
29 Write to data transmit register for sending address and write flag
30 Write to the interrupt status register to clear the bus idle interrupt
31 Write to command register, and clear start
32 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
33 Write to data transmit register, for sending the 1st byte of data
34 Write to the interrupt status register to clear the bus idle interrupt
35 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
36 Write to data transmit register for sending the 2nd byte of data
37 Write to the interrupt status register to clear the bus idle interrupt
38 Write to data transmit register for sending the n2th byte of data
39 Write to the interrupt status register to clear the bus idle interrupt
40 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
41 Write to the interrupt status register to clear the bus idle interrupt
42 Write to command register, start
43 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
44 Write to data transmit register for sending address and write flag
45 Write to the interrupt status register to clear the bus idle interrupt
46 Write to command register, and clear start
47 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
48 Write to data transmit register, for sending the 1st byte of data
49 Write to the interrupt status register to clear the bus idle interrupt
50 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
51 Write to data transmit register for sending the 2nd byte of data
52 Write to the interrupt status register to clear the bus idle interrupt
53 When the write operation bus is detected idle, write to the data transmit register to send the nkth byte of
data
54 Write to the interrupt status register to clear the bus idle interrupt
55 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
56 Write to the interrupt status register to clear the bus idle interrupt
57 Write to command register, and stop
58 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
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59 Write to the interrupt status register to clear the bus idle interrupt
60 Write to command register, and clear stop

Repeat Read
Table 4-54 I°C Interrupt Mode Master Device Repeat Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register O

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending address and read flag

15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Read the 1st byte from the data receive register

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Read the 2nd byte from the data receive register

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Read the 3rd byte from the data receive register

25 Write to the interrupt status register to clear the bus idle interrupt

26 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
27 Read the (n1-2)th byte of data from the data receive register

28 Write to the interrupt status register to clear the bus idle interrupt

29 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
30 Read the (n1-1)th byte of data from the data receive register

31 Write to the interrupt status register to clear the bus idle interrupt

32 Write to command register, no acknowledge
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33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Read the nlth byte of data from the data receive register
35 Write to the interrupt status register to clear the bus idle interrupt
36 Write to the command register, to start and clear no acknowledge
37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Write to data transmit register for sending address and read flag
39 Write to the interrupt status register to clear the bus idle interrupt
40 Write to command register, and clear start
41 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
42 Read the 1st byte from the data receive register
43 Write to the interrupt status register to clear the bus idle interrupt
44 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
45 Read the 2nd byte from the data receive register
46 Write to the interrupt status register to clear the bus idle interrupt
47 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
48 Read the 3rd byte from the data receive register
49 Write to the interrupt status register to clear the bus idle interrupt
50 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
51 Read the (n2-2)th byte of data from the data receive register
52 Write to the interrupt status register to clear the bus idle interrupt
53 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
54 Read the (n2-1)th byte of data from the data receive register
55 Write to the interrupt status register to clear the bus idle interrupt
56 Write to command register, no acknowledge
57 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
58 Read the n2th byte of data from the data receive register
59 Write to the interrupt status register to clear the bus idle interrupt
60 Write to command register, start
61 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
62 Write to data transmit register for sending address and read flag
63 Write to the interrupt status register to clear the bus idle interrupt
64 Write to command register, and clear start
65 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
66 Read the 1st byte from the data receive register
67 Write to the interrupt status register to clear the bus idle interrupt
68 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
69 Read the 2nd byte from the data receive register

(UG030007, V1.3) 761115




@ i T 5% Y ol X JIR A 5

SHENZHEN PANGO MICROSYSTEMS CO.LTD Chapter 4 12C Hard Core
Steps Operation Flow
70 Write to the interrupt status register to clear the bus idle interrupt
71 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
72 Read the 3rd byte from the data receive register
73 Write to the interrupt status register to clear the bus idle interrupt
74 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
75 Read the (nk-2)th byte of data from the data receive register
76 Write to the interrupt status register to clear the bus idle interrupt
77 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
78 Read the (nk-1)th byte of data from the data receive register
79 Write to the interrupt status register to clear the bus idle interrupt
80 Write to command register, no acknowledge
81 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
82 Read the nkth byte of data from the data receive register
83 Write to the interrupt status register to clear the bus idle interrupt
84 Write to command register, and stop
85 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
86 Write to the interrupt status register to clear the bus idle interrupt
87 Write to command register, and clear stop

Write before read

Table 4-55 I°C Interrupt Mode Master Device Write Before Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register O

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending address and write flag
15 Write to the interrupt status register to clear the bus idle interrupt
16 Write to command register, and clear start
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17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to data transmit register, for sending the 1st byte of data
19 Write to the interrupt status register to clear the bus idle interrupt
20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register for sending the 2nd byte of data
22 Write to the interrupt status register to clear the bus idle interrupt
23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to data transmit register for sending the 3rd byte of data
25 Write to the interrupt status register to clear the bus idle interrupt
26 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status
27 Write to data transmit register for sending the mth byte of data
28 Write to the interrupt status register to clear the bus idle interrupt
29 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
30 Write to the interrupt status register to clear the bus idle interrupt
31 Write to command register, start
32 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
33 Write to data transmit register for sending address and write flag
34 Write to the interrupt status register to clear the bus idle interrupt
35 Write to command register, and clear start
36 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
37 Read the 1st byte from the data receive register
38 Write to the interrupt status register to clear the bus idle interrupt
39 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
40 Read the 2nd byte from the data receive register
41 Write to the interrupt status register to clear the bus idle interrupt
42 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
43 Read the (0-2)th byte from the data receive register
44 Write to the interrupt status register to clear the bus idle interrupt
45 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
46 Read the (0-1)th byte from the data receive register
47 Write to the interrupt status register to clear the bus idle interrupt
48 Write to command register, no acknowledge
49 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
50 Read the nth byte from the data receive register
51 Write to the interrupt status register to clear the bus idle interrupt
52 Write to command register, and stop
53 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
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54 Write to the interrupt status register to clear the bus idle interrupt
55 Write to command register, and clear stop

Read before write
Table 4-56 I°C Interrupt Mode Master Device Read Before Write Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register O

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending address and read flag

15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Read the 1st byte from the data receive register

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Read the 2nd byte from the data receive register

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Read the 3rd byte from the data receive register

25 Write to the interrupt status register to clear the bus idle interrupt

26 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
27 Read the (m-2)th byte of data from the data receive register

28 Write to the interrupt status register to clear the bus idle interrupt

29 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
30 Read the (m-1)th byte of data from the data receive register

31 Write to the interrupt status register to clear the bus idle interrupt

32 Write to command register, no acknowledge
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33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Read the mth byte of data from the data receive register
35 Write to the interrupt status register to clear the bus idle interrupt
36 Write to the command register, to start and clear no acknowledge
37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Write to data transmit register for sending address and write flag
39 Write to the interrupt status register to clear the bus idle interrupt
40 Write to command register, and clear start
41 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
42 Write to data transmit register for sending address and write flag
43 Write to the interrupt status register to clear the bus idle interrupt
44 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
45 Write to data transmit register, for sending the 1st byte of data
46 Write to the interrupt status register to clear the bus idle interrupt
47 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
48 Write to data transmit register for sending the 2nd byte of data
49 Write to the interrupt status register to clear the bus idle interrupt
50 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
51 Write to data transmit register for sending the nth byte of data
52 Write to the interrupt status register to clear the bus idle interrupt
53 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
54 Write to the interrupt status register to clear the bus idle interrupt
55 Write to command register, and stop
56 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
57 Write to the interrupt status register to clear the bus idle interrupt
58 Write to command register, and clear stop
Soft Reset
Table 4-57 I°C Interrupt Mode Master Device Soft Reset Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0

(UG030007,

V1.3)

80/115




@ i T 5% Y ol X JIR A 5

SHENZHEN PANGO MICROSYSTEMS CO.LTD Chapter 4 12C Hard Core

Steps Operation Flow
9 Write to delay register 1
10 Write to interrupt control register
11 Write to control register
12 Write to command register, start
13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending all-call address and write flag
15 Write to the interrupt status register to clear the bus idle interrupt
16 Write to command register, and clear start
17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to data transmit register for sending byte 0x06
19 Write to the interrupt status register to clear the bus idle interrupt
20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the interrupt status register to clear the bus idle interrupt
22 Write to command register, and stop
23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to the interrupt status register to clear the bus idle interrupt
25 Write to command register, and clear stop
Hardware Programming
Table 4-58 I°C Interrupt Mode Master Device Hardware Programming Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to interrupt control register
11 Write to control register
12 Write to command register, start
13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending all-call address and write flag
15 Write to the interrupt status register to clear the bus idle interrupt
16 Write to command register, and clear start
17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to data transmit register for sending byte 0x04
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19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the interrupt status register to clear the bus idle interrupt

22 Write to command register, and stop

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to the interrupt status register to clear the bus idle interrupt

25 Write to command register, and clear stop

Hardware All Call

Table 4-59 I°C Interrupt Mode Master Device Hardware All Call Operation Process

Steps Operation Flow

1 Write to clock low-level register O

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending all-call address and write flag

15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to data transmit register, for sending the master address and bit 1

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register, for sending the 1st byte of data

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to data transmit register for sending the 2nd byte of data

25 Write to the interrupt status register to clear the bus idle interrupt

26 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
27 Write to data transmit register for sending the nth byte of data
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28 Write to the interrupt status register to clear the bus idle interrupt
29 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
30 Write to the interrupt status register to clear the bus idle interrupt
31 Write to command register, and stop
32 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
33 Write to the interrupt status register to clear the bus idle interrupt
34 Write to command register, and clear stop
Start Byte
Table 4-60 I°C Interrupt Mode Master Device Start Byte Operation Process
Steps Operation Flow
1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register
6 Write to restart register
7 Write to stop register
8 Write to delay register 0
9 Write to delay register 1
10 Write to interrupt control register
11 Write to control register
12 Write to command register, start
13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to the data transmit register, for sending the start byte
15 Write to the interrupt status register to clear the bus idle interrupt
16 Write to command register, and clear start
17 Upon receiving an interrupt, read the interrupt status register to detect no acknowledge
18 Write to the interrupt status register to clear the no acknowledge interrupt
19 Write to command register, start
20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register for sending address and write/read flag
22 Write to the interrupt status register to clear the bus idle interrupt
23 Write to command register, and clear start
24 | ...
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Table 4-61 I°C Interrupt Mode Master Device Read Device Identification Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending the device identification address and write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to data transmit register, for sending address and a padding bit

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the interrupt status register to clear the bus idle interrupt

22 Write to command register, start

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to data transmit register for sending device identification address and read flag

25 Write to the interrupt status register to clear the bus idle interrupt

26 Write to command register, and clear start

27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Read the 1st byte of device identification from the data receive register

29 Write to the interrupt status register to clear the bus idle interrupt

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Read the 2nd byte of device identification from the data receive register

32 Write to the interrupt status register to clear the bus idle interrupt

33 Write to command register, no acknowledge

34 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
35 Read the 3rd byte of device identification from the data receive register

36 Write to the interrupt status register to clear the bus idle interrupt

37 Write to the command register, to stop and clear no acknowledge
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38 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
39 Write to the interrupt status register to clear the bus idle interrupt

40 Write to command register, and clear stop

10-Bit Addressing Write
Table 4-62 1°C Interrupt Mode Master Device 10-Bit Addressing Write Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register O

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to the data transmit register for sending the first 7 bits of the address and the write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to the data transmit register for sending the 2nd byte of the address

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register, for sending the 1st byte of data

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to data transmit register for sending the 2nd byte of data

25 Write to the interrupt status register to clear the bus idle interrupt

26 | ...

27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Write to data transmit register for sending the nth byte of data

29 Write to the interrupt status register to clear the bus idle interrupt

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Write to the interrupt status register to clear the bus idle interrupt

32 Write to command register, and stop
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33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Write to the interrupt status register to clear the bus idle interrupt

35 Write to command register, and clear stop

10-Bit Addressing Read
Table 4-63 I°C Interrupt Mode Master Device 10-Bit Addressing Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register O

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register O

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to the data transmit register for sending the first 7 bits of the address and the write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to the data transmit register for sending the 2nd byte of the address

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the interrupt status register to clear the bus idle interrupt

22 Write to command register, start

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to the data transmit register for sending the first 7 bits of the address and the read flag
25 Write to the interrupt status register to clear the bus idle interrupt

26 Write to command register, and clear start

27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Read the 1st byte from the data receive register

29 Write to the interrupt status register to clear the bus idle interrupt

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Read the 2nd byte from the data receive register

32 Write to the interrupt status register to clear the bus idle interrupt
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33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Read the 3rd byte from the data receive register

35 Write to the interrupt status register to clear the bus idle interrupt

36 ...

37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Read the (0-2)th byte from the data receive register

39 Write to the interrupt status register to clear the bus idle interrupt

40 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
41 Read the (0-1)th byte from the data receive register

42 Write to the interrupt status register to clear the bus idle interrupt

43 Write to command register, no acknowledge

44 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
45 Read the nth byte from the data receive register

46 Write to the interrupt status register to clear the bus idle interrupt

47 Write to the command register, to stop and clear no acknowledge

48 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
49 Write to the interrupt status register to clear the bus idle interrupt

50 Write to command register, and clear stop

10-Bit Addressing Repeat Write
Table 4-64 1°C Interrupt Mode Master Device 10-Bit Addressing Repeat Write Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to the data transmit register for sending the first 7 bits of the address and the write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
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18 Write to the data transmit register for sending the 2nd byte of the address

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register, for sending the 1st byte of data

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to data transmit register for sending the 2nd byte of data

25 Write to the interrupt status register to clear the bus idle interrupt

26 | ...

27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Write to data transmit register for sending the nlth byte of data

29 Write to the interrupt status register to clear the bus idle interrupt

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Write to the interrupt status register to clear the bus idle interrupt

32 Write to command register, start

33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Write to the data transmit register for sending the first 7 bits of the address and the write flag
35 Write to the interrupt status register to clear the bus idle interrupt

36 Write to command register, and clear start

37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Write to the data transmit register for sending the 2nd byte of the address

39 Write to the interrupt status register to clear the bus idle interrupt

40 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
41 Write to data transmit register, for sending the 1st byte of data

42 Write to the interrupt status register to clear the bus idle interrupt

43 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
44 Write to data transmit register for sending the 2nd byte of data

45 Write to the interrupt status register to clear the bus idle interrupt

N

47 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
48 Write to data transmit register for sending the n2th byte of data

49 Write to the interrupt status register to clear the bus idle interrupt

50 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
51 | ...

52 Write to command register, start

53 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
54 Write to the data transmit register for sending the first 7 bits of the address and the write flag
55 Write to the interrupt status register to clear the bus idle interrupt

56 Write to command register, and clear start
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57 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
58 Write to the data transmit register for sending the 2nd byte of the address

59 Write to the interrupt status register to clear the bus idle interrupt

60 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
66 Write to data transmit register, for sending the 1st byte of data

67 Write to the interrupt status register to clear the bus idle interrupt

68 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
69 Write to data transmit register for sending the 2nd byte of data

70 Write to the interrupt status register to clear the bus idle interrupt

F/4/ N

72 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
73 Write to data transmit register for sending the nkth byte of data

74 Write to the interrupt status register to clear the bus idle interrupt

75 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
76 Write to the interrupt status register to clear the bus idle interrupt

77 Write to command register, and stop

78 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
79 Write to the interrupt status register to clear the bus idle interrupt

80 Write to command register, and clear stop

10-Bit Addressing Repeat Read

Table 4-65 I°C Interrupt Mode Master Device 10-Bit Addressing Repeat Read Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to the data transmit register for sending the first 7 bits of the address and the write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start
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17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to the data transmit register for sending the 2nd byte of the address

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the interrupt status register to clear the bus idle interrupt

22 Write to command register, start

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to the data transmit register for sending the first 7 bits of the address and the read flag
25 Write to the interrupt status register to clear the bus idle interrupt

26 Write to command register, and clear start

27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Read the 1st byte from the data receive register

29 Write to the interrupt status register to clear the bus idle interrupt

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Read the 2nd byte from the data receive register

32 Write to the interrupt status register to clear the bus idle interrupt

33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Read the 3rd byte from the data receive register

35 Write to the interrupt status register to clear the bus idle interrupt

36 | ...

37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Read the (n1-2)th byte of data from the data receive register

39 Write to the interrupt status register to clear the bus idle interrupt

40 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
41 Read the (n1-1)th byte of data from the data receive register

42 Write to the interrupt status register to clear the bus idle interrupt

43 Write to command register, no acknowledge

44 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
45 Read the nlth byte of data from the data receive register

46 Write to the interrupt status register to clear the bus idle interrupt

47 Write to the command register, to start and clear no acknowledge

48 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
49 Write to the data transmit register for sending the first 7 bits of the address and the write flag
50 Write to the interrupt status register to clear the bus idle interrupt

51 Write to command register, and clear start

52 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
53 Write to the data transmit register for sending the 2nd byte of the address

54 Write to the interrupt status register to clear the bus idle interrupt

55 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
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56 Write to the interrupt status register to clear the bus idle interrupt

57 Write to command register, start

58 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
59 Write to the data transmit register for sending the first 7 bits of the address and the read flag
60 Write to the interrupt status register to clear the bus idle interrupt

66 Write to command register, and clear start

67 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
68 Read the 1st byte from the data receive register

69 Write to the interrupt status register to clear the bus idle interrupt

70 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
71 Read the 2nd byte from the data receive register

72 Write to the interrupt status register to clear the bus idle interrupt

73 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
74 Read the 3rd byte from the data receive register

75 Write to the interrupt status register to clear the bus idle interrupt

7% | ..

77 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
78 Read the (n2-2)th byte of data from the data receive register

79 Write to the interrupt status register to clear the bus idle interrupt

80 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
81 Read the (n2-1)th byte of data from the data receive register

82 Write to the interrupt status register to clear the bus idle interrupt

83 Write to command register, no acknowledge

84 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
85 Read the n2th byte of data from the data receive register

86 Write to the interrupt status register to clear the bus idle interrupt

87 | ...

88 Write to the command register, to start and clear no acknowledge

89 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
90 Write to the data transmit register for sending the first 7 bits of the address and the write flag
91 Write to the interrupt status register to clear the bus idle interrupt

92 Write to command register, and clear start

93 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
94 Write to the data transmit register for sending the 2nd byte of the address

95 Write to the interrupt status register to clear the bus idle interrupt

96 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
97 Write to the interrupt status register to clear the bus idle interrupt

98 Write to command register, start

99 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
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100 Write to the data transmit register for sending the first 7 bits of the address and the read flag
101 Write to the interrupt status register to clear the bus idle interrupt

102 Write to command register, and clear start

103 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
104 Read the 1st byte from the data receive register

105 Write to the interrupt status register to clear the bus idle interrupt

106 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
107 Read the 2nd byte from the data receive register

108 Write to the interrupt status register to clear the bus idle interrupt

109 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
110 Read the 3rd byte from the data receive register

111 Write to the interrupt status register to clear the bus idle interrupt

112 | ...

113 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
114 Read the (nk-2)th byte of data from the data receive register

115 Write to the interrupt status register to clear the bus idle interrupt

116 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
117 Read the (nk-1)th byte of data from the data receive register

118 Write to the interrupt status register to clear the bus idle interrupt

119 Write to command register, no acknowledge

120 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
121 Read the nkth byte of data from the data receive register

122 Write to the interrupt status register to clear the bus idle interrupt

123 Write to the command register, to stop and clear no acknowledge

124 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
125 Write to the interrupt status register to clear the bus idle interrupt

126 Write to command register, and clear stop

10-Bit Addressing Write Before Read

Table 4-66 1°C Interrupt Mode Master Device 10-Bit Addressing Write Before Read Operation Process

Steps

Operation Flow

Write to clock low-level register 0

Write to clock low-level register 1

Write to clock high-level register 0

Write to clock high-level register 1

Write to start register

Write to restart register

Write to stop register

| N0 |~ W|IDN|PF

Write to delay register 0
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9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to the data transmit register for sending the first 7 bits of the address and the write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to the data transmit register for sending the 2nd byte of the address

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to data transmit register, for sending the 1st byte of data

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to data transmit register for sending the 2nd byte of data

25 Write to the interrupt status register to clear the bus idle interrupt

26 | ...

27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Write to data transmit register for sending the mth byte of data

29 Write to the interrupt status register to clear the bus idle interrupt

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Write to the interrupt status register to clear the bus idle interrupt

32 Write to command register, start

33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Write to the data transmit register for sending the first 7 bits of the address and the write flag
35 Write to the interrupt status register to clear the bus idle interrupt

36 Write to command register, and clear start

37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Write to the data transmit register for sending the 2nd byte of the address

39 Write to the interrupt status register to clear the bus idle interrupt

40 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
41 Write to the interrupt status register to clear the bus idle interrupt

42 Write to command register, start

43 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
44 Write to the data transmit register for sending the first 7 bits of the address and the read flag
45 Write to the interrupt status register to clear the bus idle interrupt

46 Write to command register, and clear start

47 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
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48 Read the 1st byte from the data receive register

49 Write to the interrupt status register to clear the bus idle interrupt

50 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
51 Read the 2nd byte from the data receive register

52 Write to the interrupt status register to clear the bus idle interrupt

53 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
54 Read the 3rd byte from the data receive register

55 Write to the interrupt status register to clear the bus idle interrupt

56 | ...

57 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
58 Read the (0-2)th byte from the data receive register

59 Write to the interrupt status register to clear the bus idle interrupt

60 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
66 Read the (0-1)th byte from the data receive register

67 Write to the interrupt status register to clear the bus idle interrupt

68 Write to command register, no acknowledge

69 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
70 Read the nth byte from the data receive register

71 Write to the interrupt status register to clear the bus idle interrupt

72 Write to command register, and stop

73 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
74 Write to the interrupt status register to clear the bus idle interrupt

75 Write to command register, and clear stop

10-Bit Addressing Read Before Write
Table 4-67 I°C Interrupt Mode Master Device 10-Bit Addressing Read Before Write Operation Process

Steps Operation Flow

1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register
11 Write to control register

12 Write to command register, start
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Steps Operation Flow

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to the data transmit register for sending the first 7 bits of the address and the write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to the data transmit register for sending the 2nd byte of the address

19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the interrupt status register to clear the bus idle interrupt

22 Write to command register, start

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to the data transmit register for sending the first 7 bits of the address and the read flag
25 Write to the interrupt status register to clear the bus idle interrupt

26 Write to command register, and clear start

27 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
28 Read the 1st byte from the data receive register

29 Write to the interrupt status register to clear the bus idle interrupt

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Read the 2nd byte from the data receive register

32 Write to the interrupt status register to clear the bus idle interrupt

33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Read the 3rd byte from the data receive register

35 Write to the interrupt status register to clear the bus idle interrupt

36 ...

37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Read the (m-2)th byte of data from the data receive register

39 Write to the interrupt status register to clear the bus idle interrupt

40 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
41 Read the (m-1)th byte of data from the data receive register

42 Write to the interrupt status register to clear the bus idle interrupt

43 Write to command register, no acknowledge

44 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
45 Read the mth byte of data from the data receive register

46 Write to the interrupt status register to clear the bus idle interrupt

47 Write to the command register, to start and clear no acknowledge

48 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
49 Write to the data transmit register for sending the first 7 bits of the address and the write flag
50 Write to the interrupt status register to clear the bus idle interrupt

51 Write to command register, and clear start
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52 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
53 Write to the data transmit register for sending the 2nd byte of the address

54 Write to the interrupt status register to clear the bus idle interrupt

55 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
56 Write to data transmit register, for sending the 1st byte of data

57 Write to the interrupt status register to clear the bus idle interrupt

58 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
59 Write to data transmit register for sending the 2nd byte of data

60 Write to the interrupt status register to clear the bus idle interrupt

66 | ......

67 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
68 Write to data transmit register for sending the nth byte of data

69 Write to the interrupt status register to clear the bus idle interrupt

70 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
71 Write to the interrupt status register to clear the bus idle interrupt

72 Write to command register, and stop

73 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
74 Write to the interrupt status register to clear the bus idle interrupt

75 Write to command register, and clear stop

10-Bit Addressing Hardware All Call
Table 4-68 I°C Interrupt Mode Master Device 10-Bit Addressing Hardware All Call Operation Process

Steps Operation Flow

1 Write to clock low-level register 0

2 Write to clock low-level register 1

3 Write to clock high-level register 0

4 Write to clock high-level register 1

5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register

11 Write to control register

12 Write to command register, start

13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
14 Write to data transmit register for sending all-call address and write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start
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17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to the data transmit register, for sending the first 7 bits of master address and bit 1
19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the data transmit register for sending the 2nd byte of master address

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to data transmit register, for sending the 1st byte of data

25 Write to the interrupt status register to clear the bus idle interrupt

26 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
27 Write to data transmit register for sending the 2nd byte of data

28 Write to the interrupt status register to clear the bus idle interrupt

29 | ...

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Write to data transmit register for sending the nth byte of data

32 Write to the interrupt status register to clear the bus idle interrupt

33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Write to the interrupt status register to clear the bus idle interrupt

35 Write to command register, and stop

36 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
37 Write to the interrupt status register to clear the bus idle interrupt

38 Write to command register, and clear stop

10-Bit Addressing Read Device Identification
Table 4-69 I°C Interrupt Mode Master Device 10-Bit Addressing Read Device Identification Operation Process

Steps Operation Flow

1 Write to clock low-level register 0
2 Write to clock low-level register 1
3 Write to clock high-level register 0
4 Write to clock high-level register 1
5 Write to start register

6 Write to restart register

7 Write to stop register

8 Write to delay register 0

9 Write to delay register 1

10 Write to interrupt control register
11 Write to control register

12 Write to command register, start
13 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
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14 Write to data transmit register for sending the device identification address and write flag
15 Write to the interrupt status register to clear the bus idle interrupt

16 Write to command register, and clear start

17 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
18 Write to the data transmit register for sending the first 7 bits of the address and the write flag
19 Write to the interrupt status register to clear the bus idle interrupt

20 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
21 Write to the data transmit register for sending the 2nd byte of the address

22 Write to the interrupt status register to clear the bus idle interrupt

23 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
24 Write to the interrupt status register to clear the bus idle interrupt

25 Write to command register, start

26 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
27 Write to data transmit register for sending device identification address and read flag

28 Write to the interrupt status register to clear the bus idle interrupt

29 Write to command register, and clear start

30 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
31 Read the 1st byte of device identification from the data receive register

32 Write to the interrupt status register to clear the bus idle interrupt

33 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
34 Read the 2nd byte of device identification from the data receive register

35 Write to the interrupt status register to clear the bus idle interrupt

36 Write to command register, no acknowledge

37 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
38 Read the 3rd byte of device identification from the data receive register

39 Write to the interrupt status register to clear the bus idle interrupt

40 Write to the command register, to stop and clear no acknowledge

41 Upon receiving an interrupt, read from the interrupt status register to detect bus idleness
42 Write to the interrupt status register to clear the bus idle interrupt

43 Write to command register, and clear stop

4.5.2.2 Slave Device

7-Bit Addressing Write/Repeat Write

Table 4-70 I°C Interrupt Mode Slave Device Write/Repeat Write Operation Process

Steps Operation Flow

1 Write to address register
2 Write to delay register 0
3 Write to delay register 1

(UG030007, V1.3)

98/115




@ i T 5% Y ol X JIR A 5

SHENZHEN PANGO MICROSYSTEMS CO.LTD Chapter 4 12C Hard Core

Steps Operation Flow

4 Write to clock stretch register 0

5 Write to clock stretch register 1

6 Write to interrupt control register

7 Write to control register

8 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

9 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
10 Write to the interrupt status register to clear the bus idle interrupt

11 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

12 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
13 Write to the interrupt status register to clear the bus idle interrupt

14 | ..

15 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

16 When the write operation bus is detected idle, read the nth byte of data from the data receive register
17 Write to the interrupt status register to clear the bus idle interrupt

7-Bit Addressing Write/Repeat Read
Table 4-71 I°C Interrupt Mode Slave Device Write/Repeat Read Operation Process

Steps Operation Flow

1 Write to address register

2 Write to delay register 0

3 Write to delay register 1

4 Write to clock stretch register 0

5 Write to clock stretch register 1

6 Write to interrupt control register

7 Write to control register

8 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

9 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
10 Write to the interrupt status register to clear the bus idle interrupt

11 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

12 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
13 Write to the interrupt status register to clear the bus idle interrupt

S

15 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

16 When the read operation bus is detected idle, write the nth byte of data to the data transmit register
17 Write to the interrupt status register to clear the bus idle interrupt
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7-Bit Addressing Write Before Read
Table 4-72 I°C Interrupt Mode Slave Device Write Before Read Operation Process

Steps Operation Flow

1 Write to address register

2 Write to delay register 0

3 Write to delay register 1

4 Write to clock stretch register 0

5 Write to clock stretch register 1

6 Write to interrupt control register

7 Write to control register

8 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

9 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
10 Write to the interrupt status register to clear the bus idle interrupt

11 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

12 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
13 Write to the interrupt status register to clear the bus idle interrupt

i

15 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

16 When the write operation bus is detected idle, read the mth byte of data from the data receive register
17 Write to the interrupt status register to clear the bus idle interrupt

18 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

19 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
20 Write to the interrupt status register to clear the bus idle interrupt

21 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

22 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
23 Write to the interrupt status register to clear the bus idle interrupt

24 | ...

25 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

26 When the read operation bus is detected idle, write the nth byte of data to the data transmit register
27 Write to the interrupt status register to clear the bus idle interrupt

7-Bit Addressing Read Before Write
Table 4-73 I°C Interrupt Mode Slave Device Read Before Write Operation Process

Steps Operation Flow

Write to address register

Write to delay register 0

Write to delay register 1

Write to clock stretch register 1

1
2
3
4 Write to clock stretch register 0
5
6

Write to interrupt control register
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7 Write to control register

8 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

9 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
10 Write to the interrupt status register to clear the bus idle interrupt

11 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

12 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
13 Write to the interrupt status register to clear the bus idle interrupt

I

15 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

16 When the read operation bus is detected idle, write the mth byte of data to the data transmit register
17 Write to the interrupt status register to clear the bus idle interrupt

18 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

19 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
20 Write to the interrupt status register to clear the bus idle interrupt

21 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

22 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
23 Write to the interrupt status register to clear the bus idle interrupt

24 | ...

25 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

26 When the write operation bus is detected idle, read the nth byte of data from the data receive register
27 Write to the interrupt status register to clear the bus idle interrupt

10-Bit Addressing Write/Repeat Write
Table 4-74 I°C Interrupt Mode Slave Device 10-Bit Write/Repeat Write Operation Process

Steps Operation Flow

1 Write to address register

2 Write to 10-bit addressing address register

3 Write to delay register 0

4 Write to delay register 1

5 Write to clock stretch register 0

6 Write to clock stretch register 1

7 Write to interrupt control register

8 Write to control register

9 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

10 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
11 Write to the interrupt status register to clear the bus idle interrupt

12 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

13 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
14 Write to the interrupt status register to clear the bus idle interrupt
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5 ...

16 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

17 When the write operation bus is detected idle, read the nth byte of data from the data receive register
18 Write to the interrupt status register to clear the bus idle interrupt

10-Bit Addressing Read/Repeat Read
Table 4-75 I°C Interrupt Mode Slave Device 10-Bit Read/Repeat Read Operation Process

Steps Operation Flow

1 Write to address register

2 Write to 10-bit addressing address register

3 Write to delay register O

4 Write to delay register 1

5 Write to clock stretch register 0

6 Write to clock stretch register 1

7 Write to interrupt control register

8 Write to control register

9 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

10 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
11 Write to the interrupt status register to clear the bus idle interrupt

12 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

13 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
14 Write to the interrupt status register to clear the bus idle interrupt

5 | ...

16 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

17 When the read operation bus is detected idle, write the nth byte of data to the data transmit register
18 Write to the interrupt status register to clear the bus idle interrupt

10-Bit Addressing Write Before Read
Table 4-76 I°C Interrupt Mode Slave Device 10-Bit Write Before Read Operation Process

Steps Operation Flow

Write to address register

Write to 10-bit addressing address register

Write to delay register 0

Write to delay register 1

Write to clock stretch register 0

Write to clock stretch register 1

Write to interrupt control register

Write to control register

Ol N[O |P~W[IN]|PF

Upon receiving an interrupt, read the status register to detect ongoing operations and bus status
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10 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
11 Write to the interrupt status register to clear the bus idle interrupt

12 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

13 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
14 Write to the interrupt status register to clear the bus idle interrupt

5 |

16 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

17 When the write operation bus is detected idle, read the mth byte of data from the data receive register
18 Write to the interrupt status register to clear the bus idle interrupt

19 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

20 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
21 Write to the interrupt status register to clear the bus idle interrupt

22 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

23 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
24 Write to the interrupt status register to clear the bus idle interrupt

25 | ...

26 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

27 When the read operation bus is detected idle, write the nth byte of data to the data transmit register
28 Write to the interrupt status register to clear the bus idle interrupt

10-Bit Addressing Read Before Write

Table 4-77 I°C Interrupt Mode Slave Device 10-Bit Read Before Write Operation Process

Steps Operation Flow

1 Write to address register

2 Write to 10-bit addressing address register

3 Write to delay register 0

4 Write to delay register 1

5 Write to clock stretch register 0

6 Write to clock stretch register 1

7 Write to interrupt control register

8 Write to control register

9 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

10 When the read operation bus is detected idle, write the 1st byte of data to the data transmit register
11 Write to the interrupt status register to clear the bus idle interrupt

12 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status

13 When the read operation bus is detected idle, write the 2nd byte of data to the data transmit register
14 Write to the interrupt status register to clear the bus idle interrupt

5 | ...

16 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status
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Steps Operation Flow
17 When the read operation bus is detected idle, write the mth byte of data to the data transmit register
18 Write to the interrupt status register to clear the bus idle interrupt
19 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status
20 When the write operation bus is detected idle, read the 1st byte of data from the data receive register
21 Write to the interrupt status register to clear the bus idle interrupt
22 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status
23 When the write operation bus is detected idle, read the 2nd byte of data from the data receive register
24 Write to the interrupt status register to clear the bus idle interrupt
25 ..
26 Upon receiving an interrupt, read the status register to detect ongoing operations and bus status
27 When the write operation bus is detected idle, read the nth byte of data from the data receive register
28 Write to the interrupt status register to clear the bus idle interrupt

(UG030007, V1.3) 104 /115



@ i T 5% Y ol X JIR A 5

SHENZHEN PANGO MICROSYSTEMS CO.LTD Chapter 5 Timer Hard Core

Chapter 5 Timer Hard Core

CPLD Family products include a Timer IP hard core. The timer is a common16-bit timing counter
module, featuring an independent output comparison unit and Pulse Width Modulation (PWM)

function.

5.1 Features

> 8-bit slave APB interface, compatible with AMBA APB3 protocol, with 1K/2K/4K/7K clock
frequency up to 100MHz, and 10K clock frequency up to 76MHz

» Working modes: Watchdog, Auto-reset Timer, Pulse Width Modulation, Phase and Frequency
Correction Pulse Width Modulation

» Counting precision range: 0.25us-78.982ms

> Input clock division

» Auto reload

» Time stamps

» Interrupt

5.2 Timer Primitive

When using Timer hard cores, the user must instantiate the corresponding GTP_TIMER primitive,
which needs to be used in conjunction with GTP_APB. The relevant information for GTP_TIMER
is described as below.

GTP_TIMER U GTP_TIMER

(
.RST_N (rst_sys n ),
.CLK (clk ),
STAMP  (stamp ),
PWM (pwm ),
IRQ (irg_timer )
);
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— » rstn
pwmi

GTP_TIMER g

———— > clk

———» stamp

Figure 5-1 Timer Module Signal Input/Output Diagram

Table 5-1 Timer Input/Output Signal List

Item Direction Description
rstn Input Asynchronous reset, active low
clk Input Timing clock, with the maximum frequency of 4MHz

pclk and clk are asynchronous clocks

Time stamp collection

stamp Input Pulse signal
pwm Output Pulse width modulation
irg Output Interrupt request

5.3 Register Description

Table 5-2 Timer Register List

Item R/W Address Description

CTLR R/IW 00000 Control Register
OPTIONR R/IW 00001 Option register
IRQCTLR R/W 00010 Interrupt Control Register
CMDR R/W 00011 Command register
CYCLERO R/W 00100 Cycle register 0
CYCLER1 R/W 00101 Cycle register 1
PHASERO R/W 00110 Phase register 0
PHASER1 R/W 00111 Phase register 1
CCYCLERO R 01000 Current cycle register 0
CCYCLER1 R 01001 Current cycle register 1
CPHASERO R 01010 Current phase register 0
CPHASER1 R 01011 Current phase register 1
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Item R/W Address Description

STAMPRO R 01100 Timestamp register 0
STAMPR1 R 01101 Timestamp register 1
CNTRO R 01110 Count register 0

CNTR1 R 01111 Count register 1
STATUSR R 10000 Status register
IRQSTATUSR R/IW 10001 Interrupt Status Registers

5.3.1 Control Register

Table 5-3 Timer Control Register List

Bit

ltem

Initial Value

Description

[7:6]

Reserved

[5:4]

mode

2°d0

Mode selection

00: Watchdog

01: Counter

10: Pulse Width Modulator

11: Phase/Frequency Correction Pulse Width Modulator

[3:1]

div_sel

3°d0

division)

000: No Clock

001: Divide-by-1
010: Divide-by-8
011: Divide-by-64
100: Divide-by-256
101: Divide-by-1024
110: Divide-by-2048
111: Divide-by-4096

Count clock division selection (Modes 10 and 11 do not support 1

[0]

timer_e

n

1°’b0

Timer enable
1: Enabled
0: Disabled

5.3.2 Option

register

Table 5-4 Timer Option Register List

Bit

ltem

Initial Value

Description

[7:5]

Reserved

[4]

rf_sel

1’b0

Output synchronization selection
0: Rising edge
1: Falling edge

[3]

pwm_inv

1’b0

Pulse width modulation output inversion
0: Not inverted
1: Inverted

[2]

pwm_en

1’b0

Pulse width modulation output enable
0:at0
1: Enabled

[1]

autorld_en

1°’b0

Auto-reload enable
0: Disabled
1: Enabled

When the counter is zero, if auto-reload is enabled, the values of the
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Bit

Item

Initial Value | Description

cycle register and phase register are loaded into the current cycle
register and current phase register. If auto-reload is disabled,
16°’hFFFF and 16’h7FFF are loaded into the current cycle register
and current phase register respectively.

[0]

stamp_en

1’b0

Timestamp enable
0: disable; 1: enable

5.3.3 Interrupt Control Register

Table 5-5 Timer Interrupt Control Register List

Bit

ltem

Initial Value

Description

[7:3]

Reserved

[2]

irq_stamp_en 1’b0

Timestamp interrupt enable

1: Enabled

0: Disabled

This function is available for watchdog, counter, pulse
width modulator, and phase/frequency correction pulse
width modulator.

[1]

irg_phase_en 1’b0

Phase interrupt enable

1: Enabled

0: Disabled

This function is available for pulse width modulator
and phase/frequency correction pulse width modulator.

[0]

irg_overflow_en | 1’b0

Overflow interrupt enable

1: Enabled

0: Disabled

This function is available for watchdog, counter, pulse
width modulator, and phase/frequency correction pulse
width modulator.

5.3.4 Command register

Reset counting and pause counting functions are available for watchdog, counter, pulse width

modulator, and phase/frequency correction pulse width modulator.

Table 5-6 Timer Command Register List

Bit Item Initial Value Description
[7:2] Reserved

[1] pause 1’b0 Pause counting
[0] reset 1’b0 Reset counting
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5.3.5 Cycle register 0

Table 5-7 Timer Cycle Register O List

: Initial ..
Bit Item Value Description
[7:0] cycle[7:0] 8 hFF Low 8 bits of cycle register

5.3.6 Cycle register 1

Table 5-8 Timer Cycle Register 1 List

. Initial -
Bit Item Value Description
[7:0] cycle[15:8] 8’hFF High 8 bits of cycle register

5.3.7 Phase register 0

Table 5-9 Timer Phase Register O List

. Initial _—
Bit Item Value Description
[7:0] phase[7:0] 8 hFF Low 8 bits of phase register

5.3.8 Phase register 1

Table 5-10 Timer Phase Register 1 List

. Initial oo
Bit Item Value Description
[7:0] phase[15:8] 8’h7F High 8 bits of phase register

5.3.9 Current cycle register 0

Table 5-11 Timer Current Cycle Register 0 List

. Initial i
Bit Item Value Description
[7:0] ccycle[7:0] 8’ hFF Low 8 bits of current cycle register

5.3.10 Current cycle register 1

Table 5-12 Timer Current Cycle Register 1 List

. Initial A
Bit Item Value Description
[7:0] ceycle[15:8] 8’hFF High 8 bits of current cycle register
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5.3.11 Current phase register 0

Table 5-13 Timer Current Phase Register O List

; Initial _—
Bit Item Value Description
[7:0] cphase[7:0] 8’hFF Low 8 bits of current phase register

5.3.12 Current phase register 1

Table 5-14 Timer Current Phase Register 1 List

. Initial -
Bit Item Value Description
[7:0] cphase[15:8] 8’h7F High 8 bits of current phase register

5.3.13 Timestamp register 0

Table 5-15 Timer Timestamp Register O List

. Initial _—
Bit Item Value Description
[7:0] stamp[7:0] 8°d0 Low 8 bits of timestamp register

5.3.14 Timestamp register 1

Table 5-16 Timer Timestamp Register 1 List

. Initial _—
Bit Item Value Description
[7:0] stamp[15:8] 8°d0 High 8 bits of timestamp register

5.3.15 Count register 0

Table 5-17 Timer Count Register 0 List

. Initial _—
Bit Item Value Description
[7:0] cnt[7:0] 8°d0 Low 8 bits of counter

5.3.16 Count register 1

Table 5-18 Timer Count Register 0 List

. Initial A
Bit Item Value Description
[7:0] cnt[15:8] 8°d0 High 8 bits of counter
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5.3.17 Status register

Table 5-19 Timer Status Register List

Bit Item Description

[7:2] Reserved

[1] phase Phase top indication
[0] cycle Cycle top indication

5.3.18 Interrupt Status Registers

Table 5-20 Timer Interrupt Status Register List

Bit Item Description

[7:3] Reserved

Timestamp interrupt indication.
[2] irg_stamp Setting the timestamp interrupt enable bit of the interrupt control
register to O can clear the timestamp interrupt indication.

Phase top interrupt indication.
[1] irg_phase Setting the phase top interrupt enable bit of the interrupt control
register to 0 can clear the phase top interrupt indication.

Overflow interrupt indication.
[0] irg_overflow Setting the overflow interrupt enable bit of the interrupt control
register to 0 can clear the overflow interrupt indication.

5.4 Interface timing

The timing diagrams for the timer in different modes are described as below, where cnt[15:0] is the

internal 16-bit counter of the timer, and "cycle" is the internal cycle signal.

5.4.1 Watchdog
ck [ L I LT L I . IS 1 1 I LI 1
en[150] — X_0 X1 X2 X § Xeyele-T Xeyck X
pwm \\
cycle \

Figure 5-2 Watchdog Mode Timing Diagram
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5.4.2 Counter

ok L L LI e S
onf150] — X0 X_ T X2 X XoyeT Xoyce X 0 X1 X_ 2 X, Xorklxowe X_0 X1 X_2 X%\
pwm § ] ) | §
cycke § 1 § 1 §

Figure 5-3 Counter Mode Timing Diagram

5.4.3 Pulse Width Modulator

clk L1 S 1 1 L1 % e e S s Y s U S Y s ) e Y s Y I A
cnt[15:0] X0 X1 X\ Xphase-Tx phase X phase+1 Xphase2x "\ X cycle-T X _cyce X 0 1 XY XPphase-1 X phase X phase+1Xphase+2X_\y

pwm 6 I % | § I P)

cycle 5 \ \ \ i\

Figure 5-4 Pulse Width Modulator Mode Timing Diagram

5.4.4 Phase/Frequency Correction Pulse Width Modulator

ok L L oI e e rse e e rye e e e e

cnt[15:0] 0 1 Y X_phase-TX_phase X phase+1X_\\ cycle-TX_cycle cycle-T X\ X phase+TX_phase X phase-1 X_\\ 1 0 1 A\
pwm § \ ) M) \ § 5
cycle § L 1 § L \ i\

Figure 5-5 Phase/Frequency Correction Pulse Width Modulator Mode Timing Diagram

5.5 Operation Flow

5.5.1 Watchdog
Table 5-21 Watchdog Operation Process
Steps Operation Flow
1 Write to cycle register O
2 Write to cycle register 1
3 Write to option register
4 Write to interrupt control register
5 Write to control register
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5.5.2 Counter

Table 5-22 Counter Operation Process

Steps Operation Flow

1 Write to cycle register 0

2 Write to cycle register 1

3 Write to option register

4 Write to interrupt control register
5 Write to control register

5.5.3 Pulse Width Modulator

Table 5-23 Pulse Width Modulator Operation Process

Steps Operation Flow

Write to cycle register 0

Write to cycle register 1

Write to phase register 0

Write to phase register 1

Write to option register

Write to interrupt control register

~N| oo~ W[IN]|PF

Write to control register

5.5.4 Phase/Frequency Correction Pulse Width Modulator

Table 5-24 Phase/Frequency Correction Pulse Width Modulator Operation Process

Steps Operation Flow

Write to cycle register O

Write to cycle register 1

Write to phase register 0

Write to phase register 1

Write to option register

Write to interrupt control register

~N|oo|lo|M~|W|IN|PEFE

Write to control register

5.5.5 Reset counting

Table 5-25 Reset Counting Operation Process

Steps Operation Flow
1 Write to command register, and set reset bit to 1
2 Write to command register, and set reset bit to 0
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5.5.6 Pause counting

Table 5-26 Pause Counting Operation Process

Steps

Operation Flow

1

Write to command register, and set pause bit to 1

5.5.7 Monitor Counting

Table 5-27 Monitor Counting Operation Process

Steps Operation Flow
1 Read from count register 0
2 Read from count register 1
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Disclaimer

Copyright Notice

This document is copyrighted by Shenzhen Pango Microsystems Co., Ltd., and all rights are
reserved. Without prior written approval, no company or individual may disclose, reproduce, or
otherwise make available any part of this document to any third party. Non-compliance will result

in the Company initiating legal proceedings.

Disclaimer

1. This document only provides information in stages and may be updated at any time based on the
actual situation of the products without further notice. The Company assumes no legal
responsibility for any direct or indirect losses caused by improper use of this document.

2. This document is provided "as is" without any warranties, including but not limited to warranties
of merchantability, fitness for a particular purpose, non-infringement, or any other warranties
mentioned in proposals, specifications, or samples. This document does not grant any explicit or
implied intellectual property usage license, whether by estoppel or otherwise.

3. The Company reserves the right to modify any documents related to its series products at any

time without prior notice.
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