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SPlI Communication

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

CONTROLLER PERIPHERAL CS \
=5 —

—

SCLK

MOSI

SCLK

(Nemes conmerty ) i D B G D N 6 6B
oo — L L

MISO |-

Violating a timing specification can cause a failure
to read the data and may cause unexpected results.
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SPI Timing: Setup Time T e
SCLK idles low and data

IS clocked in on the

: leading edge of SCLK )
Setup time
SCLK
Here,a lis
- clocked into
Hold time

the device

Propagation Delay

-

tsu

‘The state of DIN is read into the device at Setup time is the minimum time required

the rising edge of SCLK. To ensure the data before the clocking edge for which the

IS correctly read, DIN must be at the correct data must be stable to be latched correctly
\State for a setup time before the SCLK rises/
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SPI Timing: Hold Time

Setup time
SCLK
1is clocked
- into the device
Hold time here also

Propagation Delay

" Again, the state of DIN is read into the Hold time is the minimum time required

device at the rising edge of SCLK. after the clocking edge for which the data

DIN must be held at the correct state must be stable to be latched correctly
\for a hold time after the SCLK rises )
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SPI Switching: Propagation Delay

The falling edge of
SCLK sets up the

_ - data on DOUT
Setup time . .‘ 1
X
Hold time N i
X
Propagation Delay pouT '

/DOUT is read by the controller at the risinﬁ
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. y

Propagation delay is the time required
for an input change to cause an output
change through the digital circuitry
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S PI T| m | N g Timing Requirements

are typically setup

Timing Requirements 7.6 Timing Requirements: Serial Interface times and hold times
and Switchin g Over operating ambient temperature range and VDD = 2 V to 5.5 V (unless otherwise noted)
: . MIN MAX UNIT
Ch araCter I Stl CS tegse Delay time, CS falling edge to first SCLK rising edgem 100 ns ‘
examp le from the tsccs  Delay time, final SCLK falling edge to CS rising edge 100 ns
A DS 1118 tegp Pulse duration, CS high 200 ns
tsoik SCLK period 250 ns
tspwH Pulse duration, SCLK high 100 ns
) 100 ns
tspwiL Pulse duration, SCLK low(?)

28 ms
toisT Setup time, DIN valid before SCLK falling edge 50 ns
toino Hold time, DIN valid after SCLK falling edge 50 ns
tooHD Hold time, SCLK rising edge to DOUT invalid 0 ns

(1) CS can be tied low permanently in case the serial bus is not shared with any other device.
(2) Holding SCLK low longer than 28 ms resets the SPI interface.

N
Switching Characteristics
are typically propagation

7.7 Switching Characteristics: Serial Interface 9 delays Y
Over operating ambient temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Propagation delay time, _
tcspop CS falling edge to DOUT driven DOUT load = 20 pF || 100 kQ to GND 100 ns

Propagation delay time, _
toorp SCLK rising edge to valid new DOUT DOUT load = 20 pF || 100 kQ to GND 0 50 ns

Propagation delay time, _
tespoz C5 rising edge to DOUT high impedance DOUT load =20 pF || 100 k@ to GND 100 ns
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SPI Timing Diagram

cs ) o e Timing diagram for the
eflossole S| o et o= e tooos ADS1118
SCLK | L | Device uses SPI Mode 1:
togr—=| == 71 [=~Tomo —~f  [=tew  |[=lscso— SCLK idles low, data
oN TN X XN clocked in at falling edge

—_-- |--— te=nop « - |-|— thoen ™ |+ tL:G”” —— - leepoz Of SCLK
pout —__ J),’_____________:.?( X )CML Boxes for DIN and DOUT
are high or low data

Arrows enclose timing
specifications

Figure 1. Serial Interface Timing
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SPI Timing Diagram

= —= =t lesn fcsH
[ [ L I

1 1l

—mlosscle— | SO = | tsewm —=  |=—tsccs Minimum pulse duration,
SCLK |_“J |_“J CS high
ool e o R e i This time defines the time
oN- XXX X N required for the CS to
—a= | lrannp —= - 000 =1 [=loowo —— = lespoz .
e - S A = ~ Lo stay high to ensure that
pour —_ PO XX X:: the device has reset the

Figure 1. Serial Interface Timing SPI communications.
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SPI Timing Diagram

SCLK

DIN

L

| tcssc

CS low to first SCLK high

Ly |

trye ] |-— _""| |""— toimp —--| D -

""" XX XK N

|_“J This time defines the time

required for the CS to
stay high to ensure that

Figure 1. Serial Interface Timing

_ | [Tow | - =tso:  the device recognizes it
Hi-Z! r================" === v : Hi-Z ) )
e e XX X:: IS the peripheral.

A violation may cause the
device to miss the first
SCLK pulse
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SPI Timing Diagram

SCLK

DIN

T B
5 ,
—=logsc |- | | e . -t
tia —|-| —— _""| |""_ ) _...| ooy | topan —]
_____ XXX N

—- |--— te=nop — |-|— thoep ™ |+ loowo —— - tcapoz
Hi-z! r=========—mm - - \ 5 Hi-Z
— XX

_________________ J]r!_____________:

Figure 1. Serial Interface Timing

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/tscik 1S the SCLK
frequency
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SPI Timing Diagram

SCLK

DIN

—{losscla— | SO —| = town
LJ
tosr—] ==~ == tomd -
D a e\ |

—- |--— te=nop - |-|— thoep - |+ tooro "‘ = lespoz
Hi-Z!| r=========———————- - \ ) Hi-Z
R R XX >Cg<_ﬂf

Figure 1. Serial Interface Timing

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

These two times with tscix
define how much skew In
the SCLK duty cycle is
allowed

For this device, there is a
maximum tspw. for SPI
timeout
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SPI Timing Diagram

E —"': ~— lcay
tossol || o e town e (=i Time from the falling
SCLK L“J |_“J edge of SCLK to the
toisr—=] | 7 [ tomo | |=lsew = lscso—m rising edge of CS
e XXX XN Because CS disables the

= tesooo = =l | [T | = |=tso:  SP|, ensure that the

H-Z! r================= - A ! Hi-Z . .
DOUT ——_ s XX X:: 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

Figure 1. Serial Interface Timing
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SPI Timing Diagram

CS

SCLK

DIN

_ ( y _"':l---i"'_lcSu
— lggsc [ |ﬂ | | tspum - < toes

tosr—=|  |=— 1 [=—Towo | —topw =] tscsc
_____ X XXX N

—- |--— te=nop —- |-|— thoep ™ |+ loowo —— - tcapoz
Hi-z! r=========—mm - - \ 5 Hi-Z
— XX

_________________ J]r!_____________:

Figure 1. Serial Interface Timing

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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SPI Timing Diagram

SCLK

DIN

LI

—--| —~a— toppn —— lgrgr —m=

—- |--— te=nop — |-|— thoep ™ |+ loowo —— - tcapoz
Hi-z! r=========—mm - - A 5 Hi-Z
n, X

................. Jﬁ.----—-—----—#

Figure 1. Serial Interface Timing

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.
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SPI Timing Diagram

SCLK

DIN

L]

Figure 1. Serial Interface Timing

tygr —= —— +| |-+ ~— topyy —— lgrgn —m=
"""" XX XX N
— - |--— t[}SuDIJ — |-|— thoep ™ |+ loowo —— - leapoz
H-Z! r==============m== Y- ‘-< X b Hi-Z
L T (R d

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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SPI Timing Diagram

cs | ) ) —"':l"-i"'—‘cﬂl tcspbop
—={losso|=— | S0 | = = tsown tsccs Propagation delay time
SCLK L“J - from CS falling to DOUT
torsr—=| |a— —1 [=tomo = f=lew = lscso— actively driven
_____ r] — c .
™oL XX When CS is high, the
= e} N o m—toopy | [T | = = ‘ez DOUT is high impedance
Z!, \ ! i- . .
bout —___ . e XX X:: or Hi-Z, allowing for
Figure 1. Serial Interface Timing multlple devices on the

bus to drive DOUT a
device at a time.

When CS goes low,
DOUT is actively driven
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SPI Timing Diagram

CS

SCLK

DIN

L [

1 1l

— logon —-— | tchH - |-'-— tepwn e el
toigr —o=|  |—-— +| |+ toip _"‘| —— oy ~— lgpgp —

_____ X XXX ON \

™ |""_tl}Sul:}u - |'-+_tL‘.I{JI-‘IJ

Figure 1. Serial Interface Timing

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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SPI Timing Diagram

CS

SCLK

DIN

) ) —"-:l E"'—lcSu
flosscfam || | o et
L] "
torsr —=|  |a— ™ [=—tomo el sl
IO TN
e e S S - (|* tm>?+ %ﬁm?: — :‘T..tc; .
_________________ J]f!_____________:'r

Figure 1. Serial Interface Timing

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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SPI Timing Diagram

s “ e
—mlosscle— | SO = | tsewm —=  |=—tsccs Propagation delay time
SCLK L“J |_“J from rising edge of CS to
torsr—=] | ™1 =~ tow0 | |=—tsew [=lscso—= DOUT becoming Hi-Z

o T X XN

—- |--— te=nop « - |-|— thoep - |+ tL[mHu — "‘4 lespoz
Hi-f ! «w====== s s s s s s s s = ——— I-
DOUT I—{ @« \}< X ; CJ —

Figure 1. Serial Interface Timing
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Thanks for your time!
Please try the guiz.



Quiz: Basics of SPI: Timing Diagram

1. The following diagram is CPOL =0, CP
falling edge of SCLK. DIN must be stab
edge. This timing I1s an example of whic

a.

b.
C.
d.

Setup time

Hold time
Propagation delay
None of the above

SCLK

DIN

DOUT

Y

|
|
-

HA = 1. Data Is clocked in on the
e for a time after the SCLK falling
N timing requirement?
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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]

SCLK | J
c. Propagation delay | —
d. None of the above

|
|
DIN aafing

I
|
|
DOUT |
|
|
I
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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.
b. Hold time

C.

d. None of the above

Setup time

Propagation delay

SCLK

DIN

DOUT

-

<

I SN

wi3 TEXAS INSTRUMENTS
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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.
b.

Setup time
Hold time

C

Propagation delay]

d.

None of the above

SCLK

DIN

DOUT

-

<

I SN
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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

Y

|
|
-

wi3 TEXAS INSTRUMENTS
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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

Y

|
|
-

wi3 TEXAS INSTRUMENTS
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Thanks for your time!
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Hello, and welcome to our in-depth look at communications with precision data
converters. In this video, we describe the timing requirements and switching
characteristics between digital lines associated with Serial Peripheral Interface or SPI
communication. We'll discuss timing and switching specifications that you may see in a
datasheet. Then we'll describe an example of the timing diagram for one of TI’s
precision data converters.



SPI Communication

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

CONTROLLER PERIPHERAL CcS ~ '
S »{CS

SCLK »-|SCL
Mos! »(DIN SCLK
MISO |-t DOUT

e S I O
A D I 0

Violating a timing specification can cause a failure
to read the data and may cause unexpected results.
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In a previous video, we discussed how data is clocked into and out of precision data
converters using the four digital lines of SPI. An active low peripheral select line,
commonly known as Chip Select is used to select the device for communication. A serial
clock of SCLK clocks data in and out of the peripheral device to the controller. Finally
data lines of MOSI and MISO, commonly named DIN and DOUT for the peripheral
device are used to send the data.

For all of these digital lines, there are specifications that define the time required from
the change of one digital line to another. Many of these specifications are related to the
time between the changes in the data of the DIN and DOUT lines to SCLK. These
specifications ensure that the data is properly clocked into and out of the digital
sections of the controller and peripheral device.

Regardless, all timing specifications must be followed to ensure that the controller and
peripheral device are properly sending and receiving data. Violating a timing
specification can cause failure to read the data and may cause unexpected results.




SPI Timing: Setup Time _

Example is SPI mode O:
SCLK idles low and data
is clocked in on the

. 1 leading edge of SCLK

Setup time |

)

SCLK : l< ‘
Il Here,alis
. | clocked into

Hold time oI ! the device

Il

I
Propagation Delay oo ||

_
Sl

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

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

state for a setup time before the SCLK rises

*i} TExas INSTRUMENTS

Most timing specifications can be categorized into one of three categories. They are
setup times, hold times, or propagation delays. Using this timing diagram, we show the
SCLK, DIN, and DOUT of a peripheral device. Using SPI mode 0, the SCLK idles low and
the data is clocked in on the rising edge of the SCLK.

First, setup time is the time required for a data input to be stable before the edge of the
clocking signal to be latched correctly. In the diagram, the example is SPI mode 0O,
where SCLK idles low and the data is clocked in on the rising edge of SCLK. DIN is set
high so that at the rising edge of SCLK a 1 is clocked into the peripheral device. DIN
must be set high first and it must stay high for a specific setup time so that the 1 is
properly received.




SPI Timing: Hold Time

Setup time I

SCLK

I 1is clocked

2 into the device
Hold time oI 7 here also
y I
/ |
|
|
|

Propagation Delay pouT
—V: :4— tHowo
Again, the state of DIN is read into the Hold time is the minimum time required
device at the rising edge of SCLK. after the clocking edge for which the data
DIN must be held at the correct state must be stable to be latched correctly

for a hold time after the SCLK rises

*i} TExas INSTRUMENTS

4

Second, hold time is the time required for a data input to be held at the proper level
after the clocking signal. In the diagram, DIN is already set high, and then the SCLK rises
to clock in the signal. DIN must stay high for a hold time after the clock rises to ensure
that the 1 again is properly received.




SPI Switching: Propagation Delay

SCLK sets up the
o data on DOUT

Setup time T

SCLK —»

The falling edge 01]

DIN

|
Hold time :
|
|
|

Propagation Delay pouT

|
—>| |<— toeLay

DOUT is read by the controller at the risin
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

*ip TExas INSTRUMENTS | s

Lastly, there are propagation delays. This term describes the time required for the signal
from one line to change the signal from another.

In the diagram, the SCLK comes into the device, and the controller reads DOUT on the
rising edge of the clock. For the peripheral device, the falling edge of the clock sets up
the next data bit so that by the rising edge of the clock when the controller reads the
device, the correct data is on DOUT. This delay time describes how long it takes from
the SCLK falling edge to place the data on the DOUT line.




SPI Timing

Timing Requirements 76 Timing Requirements: Serial Interface

and Switchi ng Over operating ambient temperature range and VDD = 2 V to 5.5 V (unless otherwise noted)

Characteristics -~
example from the [tscos
ADS1118 o

ok

tspwn
sPL

| toisT
Tomp
InoHD

Delay time, TS falling edge to first SCLK rising edge!"
Delay time, final SCLK falling edge to CS rising edge
Pulse duration, CS high

SCLK period

Pulse duration, SCLK high

Pulse duration, SCLK low!?)

Setup time, DIN valid before SCLK falling edge
Hold time, DIN valid after SCLK falling edge
Hold time, SCLK rising edge to DOUT invalid

Timing Requirements

are typically setup

times and hold times

MIN
100
100
200
250
100
100

50
50
0

MAX

28

UNIT |

ns
ns
ns
ns
ns
ns
ms
ns
ns

ns

(1) TS can be tied low permanently in case the serial bus is not shared with any other device

(2) Holding SCLK low longer than 28 ms resels the SPI interface.

7.7 Switching Characteristics: Serial Interface
Over operating ambient temperature range (unless otherwise noted)

lcspon
tocen

fespoz

PARAMETER [ TEST CONDITIONS
Propagation delay time, _
S falling edge to DOUT driven DOUT load = 20 pF || 100 kil to GND

Propagation delay time,

SCLK rising edge to valid new DOUT
Propagation delay time.

CS rising edge to DOUT high impedance

DOUT load = 20 pF || 100 k() to GND

DOUT load = 20 pF || 100 kQ) to GND

Switching Characteristics
are typically propagation

delays
MIN P max| N |
100 ns
0 ns

50

ns

*i} TExas INSTRUMENTS

Here we can take an in-depth look at SPI timing from an example datasheet. Using the
ADS1118 precision ADC, two tables show the Timing Requirements and the Switching
Characteristics. Typically, timing requirements show setup and hold times for the SPI
communications and the switching characteristics will show propagation delays. These
tables will give minimum and maximum times for different characteristics shown in a

timing diagram.




SPI Timing Diagram

R =it Timing diagram for the
—lossof=— |5 S — o = tages ADS1118

SCLK | LT J_ [ Device uses SPI Mode 1:
togr = = =] [=—tomn - f=—tsm  |=—tscec—] SCLK idles low, data
‘ clocked in at falling edge

| |—tosson S T ——| [=loow | o e tosno of SCLK

Hi-Z! pmmm === o= fr=-mmmmm - \ ! Hi-Z
e N XX OC Boxes for DIN and DOUT
are high or low data

Arrows enclose timing
specifications

Figure 1. Serial Interface Timing
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Continuing with the example, here is the timing diagram. We can go through the
specifications and explain how to read them. The timing diagram shows specific timing
requirements between the different digital lines. For all digital communications, this
timing must be followed, or the device may not recognize commands, fail to understand
the configuration settings, or properly output data.

We'll cover each of these specifications, and explain what they mean.




SPI Timing Diagram

= ] “ . r- < T
—~flosscle— |80 - e - =tsos Minimum pulse duration,
SCLK | | | | | [ CS high

torsr | |~ [=~towo -~ ““'5‘”‘“ = tecse—] This time defines the time
required for the CS to

=] = oo " ) oo [0 | ~lo:  stay high to ensure that
A i ittt . i- .
pour =5 o (:X:X:: the device has reset the

SPI communications.

Figure 1. Serial Interface Timing
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tCSH is the hold time of chip select. This is the minimum amount of time that chip
select can be held high that ensures that the device recognizes that the chip select has
been set high and low again. Here, it does not appear to be a hold time because it does
not come before a clock signal in the diagram. However, this timing is internal and
defines a hold time based on latching the CS signal to an internal clock.




SPI Timing Diagram

losso | i B ol | |=leccs CS low to first SCLK high

SCLK MLMJ_ [ This time defines the time
togr | |- 1 [=lowe -~ ‘*‘SWL = teose = required for the CS to
stay high to ensure that

= [t . e bt ] [0 | ] == the device recognizes it
-2l . i . .
pour == T o (:X:X:: is the peripheral.

Figure 1. Serial Interface Timing A violation may cause the
device to miss the first
SCLK pulse
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tCSSC is the minimum time required between chip select transitioning low and the first
SCLK. As chip select is taken low, it still takes a small amount of time for the device to
determine that it is the active peripheral. This also allows for time to setup data that
the device needs to send out on DOUT at the first SCLK rising edge pulse.




SPI Timing Diagram

cs

(( 1
17 S "

—! logge l-— “ —- ‘q— lgpwn —] —-— lgoes

SCLK
[y == =t | |—lopw | tscec—]
DIN T[T

— = tosoao —=| J—toorn ——| [==toomw | ol e togpo

HiZ! ,r-—=-=-=-=-—------- fr=——————————— \ Hi-Z
DOouUT _, 7

_________________ J,S.____________;

Figure 1. Serial Interface Timing

The minimum time for an
SCLK period

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

1/tscik is the SCLK
frequency
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tSCLK is the SCLK period. SCLK must have a minimum period to ensure proper digital
timing. Transistors and logic gates can’t be clocked infinitely fast, so there is a limit to

how fast data can be clocked out.

10



SPI Timing Diagram

SCLK

N R

Figure 1. Serial Interface Timing

—=| J—toorn ——| =t
\
XXX

tspwH, tspwH

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

These two times with tscix
define how much skew in
the SCLK duty cycle is
allowed

For this device, there is a
maximum tspw for SPI
timeout
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tSPWH and tSPWL are the minimum time periods for the SCLK pulse high and low. This
is similar to the total minimum SCLK period, but it really describes the acceptable duty
cycle and skew of the SCLK signal.

For this timing specification, there is an additional limit. The timing requirement table
lists a maximum tSPWL time of 28ms. This maximum time comes from a timeout built

into the SPI communications of this device.

11



SPI Timing Diagram

f’[J f’(J 1 1
—= lggscf=— ‘_..___"SC"" | i B ol e

x| LU UL T

[ ) - _"‘ |"‘— tomp ——1 “‘— lepw [~ Tlecsc—=

—-—
— | tesoap - |_._1mm——|| oD | el |- tospoz
Hi-Zz! rm==mmmm - fr=——————————— \ Hi-Z
,
DOouUT _, 7
_________________ %&.____________1

Figure 1. Serial Interface Timing

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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tSCCS is the minimum time from the last SCLK falling edge to the rising edge of chip
select. This is a specification required for clocking in data to the device. Because chip
select disables the SPI communication, any data must be clocked into the device with
the falling edge of SCLK before chip select rises. It is a hold time for the data with SCLK
and a setup time for the chip select to the device's internal clock.
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tSCSC is the time required between the last falling edge of SCLK from one command to
the next rising edge of SCLK for the next command. For the device, there is some time
required to parse and execute a command in one chip select frame before being able to
take another command from another chip select frame.
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tDIST is the setup time for the DIN data. In this diagram, the communication uses SPI
mode 1, where the SCLK idles low and data are clocked in on the falling edge of SCLK.
Here, the DIN is typically set up on the rising edge of SCLK, but this defines a minimum
time that DIN must be valid before the falling edge of SCLK.

Again, this device is SPI mode 1, where the data is clocked in at the falling edge of SCLK.
The setup time is the time required for DIN to be stable, before the active falling SCLK
edge.
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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 is the hold time for the DIN data. When the data is clocked in on the falling edge
of SCLK, DIN must be stable from the setup time before and the hold time after the

SCLK falling edge.
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tCSDOD is the time from the falling edge of chip select to the enabling of DOUT. When
chip select is high, the DOUT of the peripheral device is high impedance, or Hi-Z. This
prevents an inactive peripheral device from trying to drive the DOUT line. When chip
select is driven low, DOUT is driven by the active peripheral. tCSDOD shows the
propagation delay from the chip select going low to when the DOUT is active.
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Propagation delay time
from rising edge of SCLK
to data appearing on
DOUT

SCLK is used to clock out
data from the device.
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device that data should
be put on DOUT that can
be clocked out on the
falling edge of DOUT
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tDOPD is the maximum propagation delay time from the rising edge of SCLK to the data
appearing on DOUT. Again, data is clocked out by the controller on the falling edge of
SCLK, so the rising edge of SCLK is used by the device to send data to DOUT.

17
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tDOHD is the propagation delay time from the SCLK rising edge to when DOUT becomes
invalid. Again, DOUT is set up on the rising edge of SCLK so that it can be read out on
the falling edge of SCLK. However, if you choose to read the data, you have until tDOHD
after the next rising edge of SCLK to read the data.

This specification isn’t important if the data is read on the falling edge of SCLK.

18
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tCSDOZ is the time from the rising edge of ch

ip select to when DOUT returns to high

impedance. Similar to tCSDOD, this is important when there are peripheral multiple

devices on the SPI bus.
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Thanks for your time!
Please try the quiz.

* Texas INSTRUMENTS
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That concludes this video — thank you for watching! Please try the quiz to check your
understanding of this video’s content.
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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

I
|
SCLK \ &
1
T
|

|
]
DIN —>{ -

|
Il
Il
DOUT I
| 1
Il
Il
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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 '

SCLK \ A
c. Propagation delay |
d. None of the above

|
]
DIN —>: -

|
Il
Il
DOUT I
| 1
Il
Il
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B. Hold time. The SCLK is clocks in data on a falling edge. Here we see that we want to
clock in DIN to the peripheral on the SCLK falling edge. This timing diagram shows the
amount of time that is required to hold DIN after the falling edge of SCLK.

22



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. Setuptime

SCLK — :
b. Hold time |
c. Propagation delay |
d. None of the above DIN : :
X
DOuUT _>: .
|
|
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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 oLk > i
b. Hold time |
[ c. Propagation delay] : :
d. None of the above DIN : :
1
DOUT _>: l—
|
|
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C. Propagation delay. In this diagram data is set up on the rising edge of the SCLK and
clocked in the peripheral or controller on the falling edge. Here, the SCLK rising edge
tells the peripheral to get the data out to DOUT so that it can be latched into the
controller on the falling edge. This is a propagation delay showing the amount of time
required from the rising edge of SCLK to get data out on DOUT.
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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

1
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|
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|
]
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|
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I
|
|
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I
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|
|
I
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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

I

I
SCLK |y

|

|

DOUT

|
]

DIN —>:<—
|

I

UL

|1

|1

|1

I
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A. Setup time. Data is latched on the falling edge of SCLK. This setup time defines how
much time is required to that the DIN is set and stable before the falling edge of SCLK.

26



Thanks for your 1




I

TEXAS
INSTRUMENTS

© Copyright 2020 Texas Instruments Incorporated. All rights reserved.

This material is provided strictly “as-is,” for informational purposes only, and without any warranty.

Use of this material is subject to TI's Terms of Use, viewable at Tl.com

*i} TExas INSTRUMENTS

28



	slides-spi_timing
	notes-spi_timing

