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SPI Communication
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CONTROLLER PERIPHERAL

SCLK

DIN

DOUT

SCLK

MOSI

MISO

CSSS

SCLK

CS

DIN

DOUT

Names commonly
used in TI devices

A timing diagram shows the specifications and the
timing relationship between the SPI digital lines

Violating a timing specification can cause a failure
to read the data and may cause unexpected results.
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控制器外设
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DIN

DOUT
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MOSI

MISO

CSSS
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CS

DIN

DOUT

名称通常

用于德州仪器设备

时序图显示了 SPI 数字线之间的规范和时序关系

违反时序规范可能导致无法读取数据，并可能造成意外结

果。



SPI Timing: Setup Time
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Setup time

Hold time

Propagation Delay

SCLK

DIN

tSU

DOUT

Example is SPI mode 0:
SCLK idles low and data
is clocked in on the
leading edge of SCLK

The state of DIN is read into the device at
the rising edge of SCLK. To ensure the data
is correctly read, DIN must be at the correct
state for a setup time before the SCLK rises

Setup time is the minimum time required
before the clocking edge for which the
data must be stable to be latched correctly

Here, a 1 is
clocked into
the device
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SPI 时序：建立时间
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建立时间

保持时间

传播延迟

SCLK

DIN

tSU

DOUT

示例是 SPI 模式 0：SCLK
空闲低电平，数据在 SCLK
上升沿时钟输入

DIN 的状态在 SCLK 上升沿被读入设备。为确保
数据正确读取，DIN 必须在 SCLK 上升前的建立
时间内处于正确状态

建立时间是在时钟边沿之前必须保持稳定的最短时

间，以确保数据能够正确锁存

在这里，一个 1 被
时钟输入到设

备中



SPI Timing: Hold Time
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Setup time

Hold time

Propagation Delay

SCLK

DIN

tHOLD

DOUT

Again, the state of DIN is read into the
device at the rising edge of SCLK.
DIN must be held at the correct state
for a hold time after the SCLK rises

1 is clocked
into the device
here also

Hold time is the minimum time required
after the clocking edge for which the data
must be stable to be latched correctly
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SPI 时序：保持时间
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建立时间

保持时间

传播延迟

SCLK

DIN

tHOLD

DOUT

为确保数据被正确读取 再次，在 SCLK 的
上升沿将 DIN 的状态读入设备中。SCLK
上升后，DIN 必须保持正确的状态一段时
间（保持时间）

1 被时钟同步
输入到设备

这里同样

保持时间是指时钟边沿之后所需的最短时间，在

此时间内数据必须保持稳定以确保正确锁存



SPI Switching: Propagation Delay
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Setup time

Hold time

Propagation Delay

SCLK

DIN

tDELAY

DOUT

DOUT is read by the controller at the rising
edge of SCLK. However, the peripheral
sets the output at the previous falling edge
of SCLK. This delay from one clock event
to the response is a propagation delay.

Propagation delay is the time required
for an input change to cause an output
change through the digital circuitry

The falling edge of
SCLK sets up the
data on DOUT
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SPI 切换：传播延迟
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建立时间

保持时间

传播延迟

SCLK

DIN

tDELAY

DOUT

控制器在 SCLK 的上升沿读取 DOUT。然而，
外设是在 SCLK 的前一个下降沿设置输出。从
一个时钟事件到响应之间的延迟是传播延迟。

传播延迟是指输入变化导致数字电路输出变化

所需的时间

下降沿

SCLK 设置数据在
DOUT 上
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Timing Requirements
and Switching
Characteristics

example from the
ADS1118

Timing Requirements
are typically setup

times and hold times

Switching Characteristics
are typically propagation

delays
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example from the
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Timing Requirements
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times and hold times

Switching Characteristics
are typically propagation
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SPI 时序
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时序要求

和切换

特性
来自示例

ADS1118

时序要求

通常是建立时间和保

持时间

开关特性通常是传播

延迟



SPI Timing Diagram
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Timing diagram for the
ADS1118

Device uses SPI Mode 1:
SCLK idles low, data
clocked in at falling edge
of SCLK

Boxes for DIN and DOUT
are high or low data

Arrows enclose timing
specifications
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Timing diagram for the
ADS1118

Device uses SPI Mode 1:
SCLK idles low, data
clocked in at falling edge
of SCLK

Boxes for DIN and DOUT
are high or low data

Arrows enclose timing
specifications

SPI 时序图
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ADS1118 的时序图

设备使用 SPI 模式 1：SCLK
空闲低电平，数据在 SCLK
下降沿时钟输入 DIN 和
DOUT 的方框表示数据为高
或低电平 箭头包围时序规范



SPI Timing Diagram
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tCSH

Minimum pulse duration,
CS high

This time defines the time
required for the CS to
stay high to ensure that
the device has reset the
SPI communications.
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tCSH

Minimum pulse duration,
CS high

This time defines the time
required for the CS to
stay high to ensure that
the device has reset the
SPI communications.

SPI 时序图
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tCSH

最小脉冲持续时间，CS 高
这个时间定义了 CS 需要保
持高电平的时间，以确保设

备重置了 SPI 通信。



SPI Timing Diagram

9

tCSSC

CS low to first SCLK high

This time defines the time
required for the CS to
stay high to ensure that
the device recognizes it
is the peripheral.

A violation may cause the
device to miss the first
SCLK pulse
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tCSSC

CS low to first SCLK high

This time defines the time
required for the CS to
stay high to ensure that
the device recognizes it
is the peripheral.

A violation may cause the
device to miss the first
SCLK pulse

SPI 时序图
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tCSSC

CS 低到第一个 SCLK 高 这
段时间定义了 CS 需要保持
高电平以确保设备识别其为

外设的时间。违规可能导致

设备错过第一个 SCLK 脉冲



SPI Timing Diagram
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tSCLK

The minimum time for an
SCLK period

SCLKs can be sent to a
device only so fast before
the device fails to
recognize it. This defines
the minimum time for
SCLK.

1/tSCLK is the SCLK
frequency



SPI Timing Diagram
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tSCLK

The minimum time for an
SCLK period

SCLKs can be sent to a
device only so fast before
the device fails to
recognize it. This defines
the minimum time for
SCLK.

1/tSCLK is the SCLK
frequency

SPI 时序图
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tSCLK

SCLK 的最小周期时间 SCLK
只能以这种方式发送到设

备，否则设备将无法识别。

这定义了 SCLK 的最小时
间。1/t 即为 SCLK 频率



SPI Timing Diagram
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tSPWH, tSPWH

The minimum time for an
SCLK high and the
minimum time for an
SCLK low

These two times with tSCLK

define how much skew in
the SCLK duty cycle is
allowed

For this device, there is a
maximum tSPWL for SPI
timeout
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tSPWH, tSPWH

The minimum time for an
SCLK high and the
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SCLK low

These two times with tSCLK

define how much skew in
the SCLK duty cycle is
allowed

For this device, there is a
maximum tSPWL for SPI
timeout

SPI 时序图
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tSPWH , t

这定义了 SCLK 的最小时
间，包括 SCLK 高电平的最
小时间和 SCLK 低电平的最
小时间。这两个时间与 t 共
同决定了允许的 SCLK 占空
比偏差。对于该设备，存在

一个 SPI 超时的最大 t 值



SPI Timing Diagram
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tSCCS

Time from the falling
edge of SCLK to the
rising edge of CS

Because CS disables the
SPI, ensure that the
device receives the last
bit of data before shutting
down SPI communication

A violation of this could
cause the device to miss
the last data transmission
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SPI, ensure that the
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bit of data before shutting
down SPI communication

A violation of this could
cause the device to miss
the last data transmission

SPI 时序图
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tSCCS

从 SCLK 的下降沿到 CS 的
上升沿的时间 因为 CS 禁用
了 SPI，所以确保

设备在关闭 SPI 通信前接收
最后一位数据。违反这一规

定可能导致设备错过最后的

数据传输
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tSCSC

Time from the falling
edge of SCLK to the
rising edge of SCLK in
the next CS

This time is required to
execute the command
from one CS period, to
start a new command in
another CS period
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tSCSC

Time from the falling
edge of SCLK to the
rising edge of SCLK in
the next CS

This time is required to
execute the command
from one CS period, to
start a new command in
another CS period

SPI 时序图
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tSCSC

从 SCLK 下降沿到下一个
CS 上升沿的时间

执行一个 CS 周期内的命
令，并在另一个 CS 周期
内开始新命令所需的时间



SPI Timing Diagram
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tDIST

Setup time from the rising
edge of DIN to the falling
edge of SCLK

For data to be read into
the device, the DIN must
first be established for a
time period before the
SCLK falling edge.



SPI Timing Diagram

14

tDIST

Setup time from the rising
edge of DIN to the falling
edge of SCLK

For data to be read into
the device, the DIN must
first be established for a
time period before the
SCLK falling edge.

SPI 时序图
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tDIST

从 DIN 的上升沿到 SCLK 的
下降沿的建立时间 为了将数
据读入设备，DIN 必须在
SCLK 下降沿之前建立一段
时间。



SPI Timing Diagram

15

tDIHD

Hold time from the falling
edge of SCLK to the
falling edge of DIN.

Once the data is set onto
the DIN line, the SCLK
falling edge latches the
data into the device.
However, there is a
required time for the data
to be held after the SCLK
falling edge
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tDIHD

Hold time from the falling
edge of SCLK to the
falling edge of DIN.

Once the data is set onto
the DIN line, the SCLK
falling edge latches the
data into the device.
However, there is a
required time for the data
to be held after the SCLK
falling edge

SPI 时序图
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tDIHD

从 SCLK 的下降沿到 DIN 的
下降沿的保持时间。一旦数

据被设置到 DIN 线上，
SCLK 的下降沿将数据锁存
到设备中。然而，在 SCLK
下降沿之后，数据需要保持

一段所需的时间



SPI Timing Diagram
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tCSDOD

Propagation delay time
from CS falling to DOUT
actively driven

When CS is high, the
DOUT is high impedance
or Hi-Z, allowing for
multiple devices on the
bus to drive DOUT a
device at a time.

When CS goes low,
DOUT is actively driven
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tCSDOD

Propagation delay time
from CS falling to DOUT
actively driven

When CS is high, the
DOUT is high impedance
or Hi-Z, allowing for
multiple devices on the
bus to drive DOUT a
device at a time.

When CS goes low,
DOUT is actively driven

SPI 时序图
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tCSDOD

然而 CS 下降沿到 DOUT 主
动驱动的传播延迟时间。当

CS 为高电平时，DOUT 呈
高阻抗或 Hi-Z 状态，允许
总线上多个设备逐个驱动

DOUT。当 CS 变为低电平
时，DOUT 被主动驱动
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17

tDOPD

Propagation delay time
from rising edge of SCLK
to data appearing on
DOUT

SCLK is used to clock out
data from the device.
When SCLK is driven
high, this signals to the
device that data should
be put on DOUT that can
be clocked out on the
falling edge of DOUT
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tDOPD

当 CS 变为低电平时，从
SCLK 的上升沿到 DOUT 上
数据出现之间的传播延迟时

间用于从设备中时钟输出数

据。当 SCLK 被驱动为高电
平时，这会向设备发出信

号，表示数据应该放在

DOUT 上，该数据可以在
DOUT 的下降沿被时钟输
出。
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tDOHD

Propagation delay time
from rising edge of SCLK
to data changing on
DOUT

This defines the time for
which the last data is still
valid once the rising edge
of SCLK occurs
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tDOHD

Propagation delay time
from rising edge of SCLK
to data changing on
DOUT

This defines the time for
which the last data is still
valid once the rising edge
of SCLK occurs

SPI 时序图
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tDOHD

当 SCLK 被驱动为高电平
时，SCLK 上升沿到 DOUT
数据变化之间的传播延迟时

间。这定义了 SCLK 上升沿
发生后，最后数据仍然有效

的持续时间
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tCSDOZ

Propagation delay time
from rising edge of CS to
DOUT becoming Hi-Z



SPI Timing Diagram
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tCSDOZ

Propagation delay time
from rising edge of CS to
DOUT becoming Hi-Z

SPI 时序图

19

tCSDOZ

从 CS 上升沿到 DOUT 变为
Hi-Z 的传播延迟时间
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Quiz: Basics of SPI: Timing Diagram

1. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time after the SCLK falling
edge. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above

21
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DOUT
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edge. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above
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SCLK

DIN

DOUT

测验：SPI 基础：时序图

1. 如下图表为 CPOL = 0，CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在 SCLK 下
降沿后保持稳定。这个时序是哪种时序要求的一个例子？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是

21
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测验：SPI 基础：时序图

1. 下面这个图是 CPOL = 0, CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在 SCLK 下
降沿之后保持稳定。这个时序是哪个时序要求的一个例子？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是
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Quiz: Basics of SPI: Timing Diagram

2. The following diagram is CPOL = 0, CPHA = 1. DIN and DOUT are read on
the falling edge of SCLK. However, DOUT is set up on the rising edge of
SCLK, and there may be time required for the data to arrive on DOUT. This
timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above
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测验：SPI 基础：时序图

2. 下列图表中 CPOL = 0，CPHA = 1。DIN 和 DOUT 在 SCLK 的下降沿读取。然而 DOUT 在
SCLK 的上升沿建立，并且数据到达 DOUT 可能需要时间。这种时序是哪种时序要求？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是
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Quiz: Basics of SPI: Timing Diagram

3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time before the falling edge of
SCLK. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above
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3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time before the falling edge of
SCLK. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above
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测验：SPI 基础：时序图

3. 下图是 CPOL = 0，CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在 SCLK 下降沿之前
保持稳定。这个时序是哪个时序要求的一个例子？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是
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3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
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Quiz: Basics of SPI: Timing Diagram

3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time before the falling edge of
SCLK. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above

26

SCLK

DIN

DOUT

测验：SPI 基础：时序图

3. 下面的图示是 CPOL = 0, CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在 SCLK 下降沿
之前保持稳定一段时间。这种时序是哪种时序要求的一个例子？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是

26
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A timing diagram shows the specifications and the
timing relationship between the SPI digital lines

Violating a timing specification can cause a failure
to read the data and may cause unexpected results.
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CONTROLLER PERIPHERAL

SCLK

DIN

DOUT

SCLK

MOSI

MISO

CSSS

SCLK

CS

DIN

DOUT

Names commonly
used in TI devices

A timing diagram shows the specifications and the
timing relationship between the SPI digital lines

Violating a timing specification can cause a failure
to read the data and may cause unexpected results.

SPI 通信

控制器外设

SCLK

DIN

DOUT

SCLK

MOSI

MISO

CSSS

SCLK

CS

DIN

DOUT

名称通常

用于德州仪器设备

时序图显示了 SPI 数字线之间的规范和时序关系

违反时序规范可能导致无法读取数据，并可能造成意外结果。
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SCLK idles low and data
is clocked in on the
leading edge of SCLK

The state of DIN is read into the device at
the rising edge of SCLK. To ensure the data
is correctly read, DIN must be at the correct
state for a setup time before the SCLK rises

Setup time is the minimum time required
before the clocking edge for which the
data must be stable to be latched correctly

Here, a 1 is
clocked into
the device
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Setup time

Hold time

Propagation Delay

SCLK

DIN

tSU

DOUT

Example is SPI mode 0:
SCLK idles low and data
is clocked in on the
leading edge of SCLK

The state of DIN is read into the device at
the rising edge of SCLK. To ensure the data
is correctly read, DIN must be at the correct
state for a setup time before the SCLK rises

Setup time is the minimum time required
before the clocking edge for which the
data must be stable to be latched correctly

Here, a 1 is
clocked into
the device

SPI 时序：建立时间

建立时间

保持时间

传播延迟

SCLK

DIN

t

DOUT

示例是 SPI 模式 0：SCLK 空
闲低电平，数据在 SCLK 上升
沿时钟输入

DIN 的状态在 SCLK 上升沿被读入设备。为确保数据
正确读取，DIN 必须在 SCLK 上升前的建立时间内处
于正确状态

建立时间是在时钟边沿之前必须保持稳定的最短时

间，以确保数据能够正确锁存

在这里，一个 1 被
连接到

设备
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Propagation Delay

SCLK

DIN

tHOLD

DOUT

Again, the state of DIN is read into the
device at the rising edge of SCLK.
DIN must be held at the correct state
for a hold time after the SCLK rises

1 is clocked
into the device
here also

Hold time is the minimum time required
after the clocking edge for which the data
must be stable to be latched correctly
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Setup time

Hold time

Propagation Delay

SCLK

DIN

tHOLD

DOUT

Again, the state of DIN is read into the
device at the rising edge of SCLK.
DIN must be held at the correct state
for a hold time after the SCLK rises

1 is clocked
into the device
here also

Hold time is the minimum time required
after the clocking edge for which the data
must be stable to be latched correctly

SPI 时序：保持时间

建立时间

保持时间

传播延迟

SCLK

DIN

t

DOUT

同样，DIN 的状态在 SCLK 的上升沿被读入设
备。DIN 必须在 SCLK 上升后保持正确状态一
段时间

1 被时钟同步
输入到设备

这里同样

保持时间是指时钟边沿之后所需的最短时间，在此时

间内数据必须保持稳定以确保正确锁存
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Hold time

Propagation Delay

SCLK

DIN

tDELAY

DOUT

DOUT is read by the controller at the rising
edge of SCLK. However, the peripheral
sets the output at the previous falling edge
of SCLK. This delay from one clock event
to the response is a propagation delay.

Propagation delay is the time required
for an input change to cause an output
change through the digital circuitry

The falling edge of
SCLK sets up the
data on DOUT
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Setup time

Hold time

Propagation Delay

SCLK

DIN

tDELAY

DOUT

DOUT is read by the controller at the rising
edge of SCLK. However, the peripheral
sets the output at the previous falling edge
of SCLK. This delay from one clock event
to the response is a propagation delay.

Propagation delay is the time required
for an input change to cause an output
change through the digital circuitry

The falling edge of
SCLK sets up the
data on DOUT

SPI 切换：传播延迟

建立时间

保持时间

传播延迟

SCLK

DIN

t

DOUT

DOUT 由控制器在 SCLK 的上升沿读取。然而，外
设是在 SCLK 的前一个下降沿设置输出。从时钟事
件到响应之间的这个延迟是传播延迟。

传播延迟是指输入变化导致数字电路输出变化所

需的时间

下降沿的

SCLK 设置
DOUT 数据
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Timing Requirements

and Switching
Characteristics

example from the
ADS1118

Timing Requirements
are typically setup

times and hold times

Switching Characteristics
are typically propagation

delays

SPI 时序
时序要求

和切换

特性

来自示例

ADS1118

时序要求

通常是建立时间和保持

时间

开关特性通常是传播

延迟
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Timing diagram for the
ADS1118

Device uses SPI Mode 1:
SCLK idles low, data
clocked in at falling edge
of SCLK

Boxes for DIN and DOUT
are high or low data

Arrows enclose timing
specifications



SPI Timing Diagram

Timing diagram for the
ADS1118

Device uses SPI Mode 1:
SCLK idles low, data
clocked in at falling edge
of SCLK

Boxes for DIN and DOUT
are high or low data

Arrows enclose timing
specifications

SPI 时序图

ADS1118 的时序图

设备使用 SPI 模式 1：SCLK
空闲低电平，数据在 SCLK 下
降沿时钟输入 DIN 和 DOUT
的方框表示数据为高或低电平

箭头包围时序规范
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tCSH

Minimum pulse duration,
CS high

This time defines the time
required for the CS to
stay high to ensure that
the device has reset the
SPI communications.
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tCSH

Minimum pulse duration,
CS high

This time defines the time
required for the CS to
stay high to ensure that
the device has reset the
SPI communications.

SPI 时序图

t

最小脉冲持续时间，CS 高 这
个时间定义了 CS 需要保持高
电平的时间，以确保设备重置

了 SPI 通信。
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tCSSC

CS low to first SCLK high

This time defines the time
required for the CS to
stay high to ensure that
the device recognizes it
is the peripheral.

A violation may cause the
device to miss the first
SCLK pulse



SPI Timing Diagram

tCSSC

CS low to first SCLK high

This time defines the time
required for the CS to
stay high to ensure that
the device recognizes it
is the peripheral.

A violation may cause the
device to miss the first
SCLK pulse

SPI 时序图

t

CS 低到第一个 SCLK 高这段
时间定义了 CS 保持高电平所
需的时间，以确保设备识别其

为外设。违反此规定可能导致

设备错过第一个 SCLK 脉冲



SPI Timing Diagram

tSCLK

The minimum time for an
SCLK period

SCLKs can be sent to a
device only so fast before
the device fails to
recognize it. This defines
the minimum time for
SCLK.

1/tSCLK is the SCLK
frequency



SPI Timing Diagram

tSCLK

The minimum time for an
SCLK period

SCLKs can be sent to a
device only so fast before
the device fails to
recognize it. This defines
the minimum time for
SCLK.

1/tSCLK is the SCLK
frequency

SPI 时序图

t

SCLK 周期的最小时间 SCLK
只能以多快的速度发送到设

备，否则设备将无法识别。这

定义了 SCLK 的最小时间。
1/ti 是 SCLK 频率
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tSPWH, tSPWH

The minimum time for an
SCLK high and the
minimum time for an
SCLK low

These two times with tSCLK

define how much skew in
the SCLK duty cycle is
allowed

For this device, there is a
maximum tSPWL for SPI
timeout



SPI Timing Diagram

tSPWH, tSPWH

The minimum time for an
SCLK high and the
minimum time for an
SCLK low

These two times with tSCLK

define how much skew in
the SCLK duty cycle is
allowed

For this device, there is a
maximum tSPWL for SPI
timeout

SPI 时序图

t, t

SCLK 高电平的最小时间和
SCLK 低电平的最小时间，这
两个时间与 t 共同定义了
SCLK 占空比允许的偏移量。
对于此设备，存在一个 SPI 超
时的最大 t 值
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tSCCS

Time from the falling
edge of SCLK to the
rising edge of CS

Because CS disables the
SPI, ensure that the
device receives the last
bit of data before shutting
down SPI communication

A violation of this could
cause the device to miss
the last data transmission



SPI Timing Diagram

tSCCS

Time from the falling
edge of SCLK to the
rising edge of CS

Because CS disables the
SPI, ensure that the
device receives the last
bit of data before shutting
down SPI communication

A violation of this could
cause the device to miss
the last data transmission

SPI 时序图

t

从 SCLK 的下降沿到 CS 的上
升沿的时间 因为 CS 禁用了
SPI，所以确保

设备在关闭 SPI 通信之前接收
最后一位数据。违反这一规定

可能会导致设备错过最后的数

据传输
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tSCSC

Time from the falling
edge of SCLK to the
rising edge of SCLK in
the next CS

This time is required to
execute the command
from one CS period, to
start a new command in
another CS period
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tSCSC

Time from the falling
edge of SCLK to the
rising edge of SCLK in
the next CS

This time is required to
execute the command
from one CS period, to
start a new command in
another CS period

SPI 时序图

t

从 SCLK 下降沿到下一个 CS
的 SCLK 上升沿的时间。这
段时间用于在一个 CS 周期
内执行命令，并在另一个

CS 周期内开始新命令



SPI Timing Diagram

tDIST

Setup time from the rising
edge of DIN to the falling
edge of SCLK

For data to be read into
the device, the DIN must
first be established for a
time period before the
SCLK falling edge.



SPI Timing Diagram

tDIST

Setup time from the rising
edge of DIN to the falling
edge of SCLK

For data to be read into
the device, the DIN must
first be established for a
time period before the
SCLK falling edge.

SPI 时序图

t

从 DIN 的上升沿到 SCLK 的下
降沿的建立时间 为了让数据被
读入设备，DIN 必须在 SCLK
下降沿之前建立一段时间。
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tDIHD

Hold time from the falling
edge of SCLK to the
falling edge of DIN.

Once the data is set onto
the DIN line, the SCLK
falling edge latches the
data into the device.
However, there is a
required time for the data
to be held after the SCLK
falling edge



SPI Timing Diagram

tDIHD

Hold time from the falling
edge of SCLK to the
falling edge of DIN.

Once the data is set onto
the DIN line, the SCLK
falling edge latches the
data into the device.
However, there is a
required time for the data
to be held after the SCLK
falling edge

SPI 时序图

t

从 SCLK 的下降沿到 DIN 的下
降沿的保持时间。一旦数据被

设置到 DIN 线上，SCLK 的下
降沿将数据锁存到设备中。然

而，在 SCLK 下降沿之后，数
据需要保持一段所需的时间
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tCSDOD

Propagation delay time
from CS falling to DOUT
actively driven

When CS is high, the
DOUT is high impedance
or Hi-Z, allowing for
multiple devices on the
bus to drive DOUT a
device at a time.

When CS goes low,
DOUT is actively driven
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tCSDOD

Propagation delay time
from CS falling to DOUT
actively driven

When CS is high, the
DOUT is high impedance
or Hi-Z, allowing for
multiple devices on the
bus to drive DOUT a
device at a time.

When CS goes low,
DOUT is actively driven

SPI 时序图

t

CS 下降沿到 DOUT 主动驱动
的传播延迟时间。当 CS 为高
电平时，DOUT 为高阻抗或
Hi-Z 状态，允许总线上多个
设备逐个驱动 DOUT。

当 CS 变为低电平时，
DOUT 被主动驱动
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tDOPD

Propagation delay time
from rising edge of SCLK
to data appearing on
DOUT

SCLK is used to clock out
data from the device.
When SCLK is driven
high, this signals to the
device that data should
be put on DOUT that can
be clocked out on the
falling edge of DOUT
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tDOPD

Propagation delay time
from rising edge of SCLK
to data appearing on
DOUT

SCLK is used to clock out
data from the device.
When SCLK is driven
high, this signals to the
device that data should
be put on DOUT that can
be clocked out on the
falling edge of DOUT

SPI 时序图

t

从 SCLK 的上升沿到 DOUT 上
数据出现的传播延迟时间用于

从设备中时钟输出数据。当

SCLK 被驱动为高电平时，这
会向设备发出信号，表示数据

应该被放到 DOUT 上，该数据
可以在 DOUT 的下降沿被时钟
输出。
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tDOHD

Propagation delay time
from rising edge of SCLK
to data changing on
DOUT

This defines the time for
which the last data is still
valid once the rising edge
of SCLK occurs
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tDOHD

Propagation delay time
from rising edge of SCLK
to data changing on
DOUT

This defines the time for
which the last data is still
valid once the rising edge
of SCLK occurs

SPI 时序图

t

从 SCLK 的上升沿到 DOUT 上
数据变化的传播延迟时间。这

定义了 SCLK 上升沿发生后，
最后的数据仍然有效的持续时

间。
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Propagation delay time
from rising edge of CS to
DOUT becoming Hi-Z



SPI Timing Diagram

tCSDOZ

Propagation delay time
from rising edge of CS to
DOUT becoming Hi-Z

SPI 时序图

t

CS 上升沿到 DOUT 变为高阻
态的传播延迟时间
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感谢您的时间！请尝试测验。



Quiz: Basics of SPI: Timing Diagram

1. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time after the SCLK falling
edge. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above

SCLK

DIN

DOUT
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falling edge of SCLK. DIN must be stable for a time after the SCLK falling
edge. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above

SCLK

DIN

DOUT

测验：SPI 基础：时序图

1. 如下图表为 CPOL = 0，CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在
SCLK 下降沿后保持稳定。这个时序是哪种时序要求的一个例子？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是

SCLK

DIN

DOUT
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测验：SPI 基础：时序图

1. 如下图表为 CPOL = 0，CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在
SCLK 下降沿后保持稳定。这个时序是哪种时序要求的一个例子？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是
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2. The following diagram is CPOL = 0, CPHA = 1. DIN and DOUT are read on
the falling edge of SCLK. However, DOUT is set up on the rising edge of
SCLK, and there may be time required for the data to arrive on DOUT. This
timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above
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d. None of the above
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DIN

DOUT

测验：SPI 基础：时序图

2. 下列图表中 CPOL = 0，CPHA = 1。DIN 和 DOUT 在 SCLK 的下降沿读取。然而
DOUT 在 SCLK 的上升沿建立，并且数据到达 DOUT 可能需要时间。这种时序是哪种时
序要求？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是
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3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time before the falling edge of
SCLK. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above
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3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time before the falling edge of
SCLK. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above

SCLK

DIN

DOUT

测验：SPI 基础：时序图

3. 如下所示为 CPOL = 0，CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在
SCLK 下降沿之前保持稳定。这种时序是哪种时序要求的一个例子？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是
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3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
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SCLK. This timing is an example of which timing requirement?
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Quiz: Basics of SPI: Timing Diagram

3. The following diagram is CPOL = 0, CPHA = 1. Data is clocked in on the
falling edge of SCLK. DIN must be stable for a time before the falling edge of
SCLK. This timing is an example of which timing requirement?
a. Setup time

b. Hold time

c. Propagation delay

d. None of the above

SCLK

DIN

DOUT

测验：SPI 基础：时序图

3. 下图是 CPOL = 0，CPHA = 1。数据在 SCLK 的下降沿时钟输入。DIN 必须在 SCLK 下
降沿之前保持稳定。这个时序是哪个时序要求的示例？

a. 建立时间

b. 持续时间 c. 传播延迟
d. 以上都不是

SCLK

DIN

DOUT
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