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SPl| Communication

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

CONTROLLER PERIPHERAL CS

-
]

SS

SCLK

MOSI

SCLK

MISO |-

, \ DIN
Names commonly

Lused In Tl devices ) _(

DOUT

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

(Example is SPI mode 0: )
SCLK idles low and data
IS clocked in on the

_ leading edge of SCLK
| Setup time Y,
SCLK
(Here, alis)
: clocked into

J

Propagation Delay

—P: |<- 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 risesj
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SPI Timing: Hold Time

Setup time
SCLK
‘1is clocked
: into the device
Hold time DIN _here also y
I
| |
: | |
Propagation Delay DOUT ‘ )
| |
->| |<- tHoLp
(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 y
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SPI Switching: Propagation Delay

Setup time

Hold time

Propagation Delay

/DOUT is read by the controller at the risi@
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. )

DIN

)
¥

DOUT

(The falling edge of\
SCLK sets up the

\data on DOUT y

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

Timing Requirements

and Switching
Characteristics
example from the
ADS1118

7.6 Timing Requirements: Serial Interface

ﬁ'iming Requirementg
are typically setup
times and hold times

Over operating ambient temperature range and VDD = 2 V to 5.5 V (unless otherwise noted) /
MIN MAX| UNIT
tegae Delay time, CS falling edge to first SCLK rising edge“} 100 ns
tsces Delay time, final SCLK falling edge to CS rising edge 100 ns
tean Pulse duration, CS high 200 ns
fseLk SCLK penod 200 ns
tspwH Pulse duration, SCLK high 100 ns
_ 100 ns
tspwi Pulse duration, SCLK low'2)

28 ms
toisT Setup time, DIN valid before SCLK falling edge a0 ns
toiHD Hold time, DIN valid after SCLK falling edge a0 ns
thoup 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 L delays )
Over operating ambient temperature range (unless otherwvise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Propagation delay time
lcsoop &5 ?ﬁlﬂng o m’r DOUT driven DOUT load = 20 pF || 100 kQ to GND 100 ns
Propagation delay time, _
'bOPD  §CLK rising edge to valid new DOUT DOUT load = 20 pF || 100 kQ to GND 0 50 ns
Propagation delay time, _
lespoz &5 rising edge to DOUT high impedance DOUT load = 20 pF || 100 kO to GND 100 s
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7.6 Tlml_ng Regmrements. Serial Interface | (J% Ej'IElj y
Over operating ambient temperature range and VDD = 2 V to 5.5 V (unless otherwise noted)
MIN MAX| UNIT
tegac Delay time, CS falling edge to first SCLK rising edge (") 100 ns
tsces Delay time, final SCLK falling edge to CS rising edge 100 ns
tean Pulse duration, CS high 200 ns
fseLk SCLK penod 200 ns
tspwH Pulse duration, SCLK high 100 ns
_ 2) 100 ns
tspwi Pulse duration, SCLK low
28 ms
toisT Setup time, DIN valid before SCLK falling edge a0 ns
toiHD Hold time, DIN valid after SCLK falling edge a0 ns
thoup 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. 4 N\
(2) Holding SCLK low longer than 28 ms resets the SPI interface. =2 Al B
ST
7.7 Switching Characteristics: Serial Interface L ﬁi}f\_ Y
Over operating ambient temperature range (unless otherwvise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Propagation delay time, _
tespop CS falling edge to DOUT driven DOUT load = 20 pF || 100 kQ to GND 100 ns
Propagation delay time, _
tpopp SCLK rising edge to valid new DOUT DOUT load = 20 pF || 100 kQ to GND 0 a0 ns
Propagation delay time, _
lespoz &5 rising edge to DOUT high impedance DOUT load = 20 pF || 100 kO to GND 100 s
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SPI Timing Diagram
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Figure 1. Serial Interface Timing

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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SPI Timing Diagram

CS \
L L

—= leaag [ _..ﬂ ” —=| | lgpp ” —- -=— lgecs Minimum pUISe duration,
SCLK | | |‘ | ‘ tu‘ :I ‘ |_—|| t_LhJ— - ’7 CS high
iy —=| | T OO s =sese T This time defines the time
T XXX XN required for the CS to
= |=tesoon ooy | TR0 | [o« stay high to ensure that

Hi-Z! r======m————mm—— - o= mmm ey ) Hi-Z :
DOUT — ;
L P X XA A ) the device has reset the
Figure 1. Serial Interface Timing SPI communications.
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SPI Timing Diagram

_S j (i
CS low to first SCLK high

s L L LT L L L] | This time defines the time
tors | | =1 = om0 1 [lew ~tsoso required for the CS to

o ::WX N stay high to ensure that

- " | [P | - (e the device recognizes it
=L T T T T T T T ETE T T TTTTTTTTTTT T ) j- . .

O —, )

poutT —_ PN X XX X / s the peripheral.

Figure 1. Serial Interface Timing A violation may cause the

device to miss the first
SCLK pulse
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SPI Timing Diagram

5 ] “
tsoix] [ tspun —=| | tsoos The minimum time for an
SCLK | [ [ I | [ ] _%J— | SCLK period

toist —»|  |a— ] [~ towo = [=lsw =lscsc—= SCLKs can be sent to a

o _::W XN device only so fast before

| e e T[T | - [o the device fails to

pouT — P XX XX / recognize it. This defines
the minimum time for
SCLK.

1/tsck IS the SCLK
frequency

Figure 1. Serial Interface Timing
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SPI Timing Diagram

CS \
Elf

—=] tossc = = ] terwn The minimum time for an
SCLK | \ [ ] I HE SCLK high and the
st —=|  |=— =1 == lomo — minimum time for an
o T COXCK XN SCLK low

H: ~=—teepop « | |—tpoep ‘*_ EGHU i J:t‘;ﬁﬂm These two times with tscix
A e | o e 17 I- . .
O —_— ;

DOUT o PR R R K / define how much Ske.W IN
the SCLK duty cycle is
allowed

Figure 1. Serial Interface Timing

For this device, there Is a
maximum tsew. for SPI
timeout
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SPI Timing Diagram
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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 SP| communication

A violation of this could
cause the device to miss
the last data transmission
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SPI Timing Diagram
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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
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Figure 1. Serial Interface Timing

toisT

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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Figure 1. Serial Interface Timing
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SPI Timing Diagram

—_— [
3 \ . ) toiHD

—= leaag [ _..ﬂ —a| | Loy ” -=— lgecs Hold time from the fa”|ng
SCLK | [ ] N nl [ edge of SCLK to the
torsr—|  |=— 1 [t —=f [=—lsew. =lscsc—= falling edge of DIN.

o __:><_>< X "><_>\ Once the data is set onto

| e A | T[T | - [.o= the DINline, the SCLK
DouT —{ . PO X X X X ) 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

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

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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SPI Timing Diagram

CS j ! { -
—= tossc = = = tsow - Propagation delay time

SCLK | \ [ ] I HE from rising edge of SCLK

torsr —= == ] [ oo to data appearing on

o XXX N DOUT
i N A -1 | SCLK is used to clock out
pouUT — PR data from the device.
Figure 1. Serial Interface Timing When SCLKis 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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Figure 1. Serial Interface Timing
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SPI Timing Diagram
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Figure 1. Serial Interface Timing

] I'L'J!'_'J-I"II_'!
(i

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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Figure 1. Serial Interface Timing
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SPI Timing Diagram

cs ’ ) —h-i i—-—ICS“
—{lossofw— | SO = | sewn =] f[=tecos Propagation delay time
SCLK | [ ] I | | ] _th— from rising edge of CS to
torsr—|  |=— 71 [=lowo —~f  [=lsew |=-lscsc—= DOUT becoming Hi-Z
_—_;_ I-— | —e=| =l lespoz

[

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

d.

D.
C.
d.

Setup time

Hold time
Propagation delay
None of the above

SCLK

DIN

DOUT

|
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LS. SPI E/: HRE

1. 00 FEZER A CPOL=0, CPHA=1, #UETE SCLK YT AR 95N, DIN #AZMTE SCLK T
[ aERFRE. XMt B2 XK — 1M+

a. EiLRYE -
b. $F£287(8] c. (FHRRIUEIR . | :
d. LI E&EAZ |
|
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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?
. Setup time

b.

Hold time |

C.
d.

Propagation delay
None of the above

SCLK

DIN

DOUT

|
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1. FEIXTEIR CPOL=0,CPHA =1, #UIETE SCLK BITFE;
[FaZ2EREFRE. XTERFEEWEFEERB—MIF?

I%: SPIEi: NFE

RBSEhEG No DIN ATTE SCLK T

C #%Lf\_ SCLK Y :
d L/U:%BT SE |
|
DIN —» |4
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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.
d. None of the above

Propagation delay

SCLK

DIN

DOUT

—>
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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.
D.

Setup time
Hold time

C

Propagation delayJ

d.

None of the above

SCLK

DIN

DOUT

—>
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2. N5IEIFRA CPOL = o CPHA =1, DIN #1 DOUT £ SCLK B9 TFP&;A15EY, ZAM DOUT 1£
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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
SCLK |
c. Propagation delay
d. None of the above |
DIN - <

DOUT

Wi TEXAS INSTRUMENTS | 25
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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
SCLK |
c. Propagation delay
d. None of the above |
DIN - <

DOUT

Wi TEXAS INSTRUMENTS | 25



MG SPI &Eit: NFE

3. TERERE CPOL=0,CPHA =1, ZX#ETE SCLK BYFBEGETFR4IN. DIN wAZiTE SCLK A
=

€ —EgBYia], X7

T e AE
o guAdE
b. FEE] . (HHEIER
d. U L&A ZE

B e SR AR E R SR B9 — MBI 2

SCLK

DIN —>

DOUT

J{} TEXAS INSTRUMENTS

26



Thanks for your time!



RACIERNNNIEIR

Wi TEXAS INSTRUMENTS | 7



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 )
Wi TEXAS INSTRUMENTS



I

TEXAS
INSTRUMENTS

© hAXFr 2020 BINMNEE Bl REFRIENA

AMEITERE B E RE, NBETEEER, BARMEEAMRIE. FERSMEIEETEMNIZNER, Al
£ Tl.com &E, Terms of Use

Wi TEXAS INSTRUMENTS



Basics of SPI: Timing ReqQuircey
and Switching Characterls as_k.v;

TIPL 60022
Tl Precision Labs — Digital Communlcatlons

Presented by Alex Smith
Prepared by Joseph VWu R~ e o —

{f* IExas INSTRUMEMNTS 1

Hello, and welcome to our in-depth look at communications with precision data
INn this video, we describe the timing requirements and switching

converters.
characteristics between digital lines associated with Serial Peripheral Interface or SPI
communication. We'll discuss timiing and switching specifications that you may see in a
datasheet. Then we'll describe an example of the timing diagram for onmne of TI”

precisionmn data converters.
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SPI Communication

CONTROLLER

55
sSCLK
NMOsSI

MISO

PERIPHERAL

—
—

(&3S
SCL
DIN
DOoOuUT

Names commonly
used in T1

devices

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

SCLK

DIN

—
A A A X A A X )
)7

4(
pouT  — A A A A A A A

WViolating a timing specification can cause a failure
tTo read thhe data and may cause unexpected results.

B TExAs INSTRUMENTS

INn a previous video, we discussed how data is clocked imnto 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 anmnd MISO, commonly mnamed DIN and DOUT for the peripheral

device are used to send the data.

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

Regardless, all timing specifications miust be followed to ensure that the controller and
peripheral device are properly sending and receiving data. VViolating a timing
specification can cause failure to read the data and may cause unexpected results.
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SPI Timing: Setup Time

SCLK idles lovw and data
is clocked imn on the
' leading edge of SCLK

Set time '
upP : sSCcCLK : +€ |

l

|

| Here, a 1 is
1 clocked into
I the device

fxample is SPI mode O:

Hold time

FPropagation Delay

I

—l— tSU

T he 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 Mminimum time required
before the clocking edge for which the
data must be stable to be latchh ed correctly

B TExAs INSTRUMENTS

NMost timing specifications can be categorized into onmne 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 O, thhe SCLK idles low and
the data is clocked im onmn thhe 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 thhe diagram, the example is SPI mode O,
where SCLK idles low and thhe data is clocked im omn thhe rising edge of SCLK. DIN is set
higsgh so that at thhe 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.
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SPI Timing: Hold Time

Setup time 1
SCLK

here also

11 1 is clocked
Hold time into the device

FPropagation Delay

|
|
|
|
1
L]
|
|<_ thoLpo

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

Hold time is the miinimum time reqguired
after the clocking edge for which the data
must be stable to be latchhed correctly

B TExAs INSTRUMENTS

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

SPI Switching: Propagation Delay

Setup time
SCLK

Hold time

DOUT

[
L)
l

—

FPropagation Delay

—— tpeELay

Propagation delay is thhe time required
for an input change to cause an output

change through thhe digital circuitry

DOUT is read by the controller at the risin
edge of SCLK. Howewver, the peripheral
sets the output at the previous falling edge
of SCLK. This delay from one clock event

1To the response is a propagation delay.
@ TEMASs INSTRUMEMNTS

Lastly, thhere are propagation delays. This term describes the time required for the signal

from one line to change thhe signal from anmother.

INn the diagram, thhe SCLK comes imnto thhe device, and the controller reads DOUT on thhe
rising edge of the clock. For the peripheral device, the falling edge of the clock sets up
the mnext data bit so that by thhe rising edge of the clock whenmn the controller reads thhe
device, thhe correct data is on DOUT. This delay time describes how long it takes from

the SCLK falling edge to place the data onmn the DOUT line.
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SPI Timing

Timing Requirements
and Switching
Characteristics

example from the
ADS1118

.6 Timimg Reguirements: Serial Interface
Orvweaer aopaeratimng ambisnt tempeaerature range armnd WD

tossc Dealary timneae, s fallimng sdge o fAirst SO rsing edge (1
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TimMing Requirements
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e Swwitchimg Characteristics: Serial Interface
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Here we can take an in-depth look at SPI timing from an example datasheet. Using thhe
ADS1118 precision ADC, two tables show the Timing Requirements and the Switching
Characteristics. Typically, timing requirements show setup and hold times for the SPI

commmunications anmnd the switching characteristics will show propagation delavys.

These

tables will give miinimum anmnd maxximum times for different characteristics shown in a

timing diagram.
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SPI Timing Diagram

cs | 3 5 ——i = tosa Timing diagram for the
I foca ac I " T — |"""— LRSI " —— — s ADS1118

SCLK | 1 1 | | | | | | 1 | | | L. | | Device uses SPI Mode 1:
sy —— —_— ] |—— fono —— ——— tse —— tscsc —=—] SCLK idles lovw, data
LML a4 -2 "’>< - clocked in at falling edge
—— I—-—— e e o —— |_—— T - I+ t:—:ﬁ”u —— ——-—_tcgm Of SCI_K
s L e ____TTTTTTTTX > > X = Boxes for DIN and DOUT

are high or low data

Arrows enclose timing
specifications

Figure 1. Serial Interface Timimg
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Continuing with the example, here is the timing diagram. We can go through the
specifications and explainmn how to read them. The timing diagram shows specific timing
requirements between the different digital lines. For all digital cormmunications, this
timing miust be followed, or the device Mmiay not recognize commands, fail to understand

the configuration settings, or properly output data.

wWwe’ll cover each of thhese specifications, and explain what they mean.
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SPI Timing Diagram

cs | . » —— H tesh
0 | |
L]

o d

——] tossc |—— | tsoux | —— |—~—— tsevnn — —— tsccs NMinimum pulse duration,
scLK [ LI L I L I 1 [ I N I CS high
_ toisy —— e N s — = f=rwn —=— facac —= T his time defines the time
T L_1h~ o> > h>< P required for the CS to
| Im—fesooe _ __ ____ el B WK ——l = tooeo | | = toono —= —— fcsoo= stay high to ensure that
DowT —— e _ e > > K K )IL the device has reset the
Figure 1. Serial Interface Timimng SPI communications.
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TtCSH is the hold time of chip select. This is the minimum amount of time thhat chip
select can be held high that ensures thhat the device recognizes that the chip select has
been set high and low again. Here, it does nmnot appear to be a hold time because it does
NnNot come before a clock signmnal in the diagram. However, this timing is imtermnal and
defines a hold time based on latching thhe CS signal to an intermnal clock.
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SPI Timing Diagram

s | e tcsse |
l:]l:J | | Il
e —

e S —— [—— tsewwns —— —— tscos CS low to first SCLK high
SCL | L I_I_l_:,.,_l—l | L L |_5er | T his time defines the time
__tewr——! |—=— " = tome — - ferea == fecac —== required for the CS to
T L_1h~ > > > < P stay high to ensure that
| Im—fesooe _ __ ____ el B WK ——l = tooeo | —— t;"”" —= —, lesee= the device recognizes it
DowT —— e _ e > P R X is the peripheral.
Figure 1. Serial Interface Timing A violation may cause the

device to Mmiss the first
SCLK pulse
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TCSSC is the minimum time required between chip select transitioning low anmnd the first
SCLK. As chip select is taken low/, it still takes a small amount of time for the device to
determine thhat it is thhe active peripheral. This also allows for time to setup data that
the device needs to send out on DOUT at thhe first SCLK rising edge pulse.
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SPI Timing Diagram
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Figure 1. Serial Interface Timimng the minimum time for

SCLK.

frequency
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tSCLK is thhe SCLK period. SCLK miust have a minimum period to ensure proper digital

timing. Transistors and logic gates can’t be clocked infinitely fast, so thhere is a limit to
how fast data can be clocked out.

10
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SPI Timing Diagram
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timeout
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11

tSPVWH and tSPWL are the minimum time periods for thhe 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, thhere is an additional limit. The timing requirement table
lists a Mmaxirmum tSPWL time of 28 mMmis. This maxirmum time comes frorm a tirnmeout built

iNnto the SPI cormmunications of this device.

11
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SPI Timing Diagram
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Figure 1. Serial Interface Timimg

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

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

A violation of this could
cause the device to Mmiss
the last data transmission
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tSCCS is the minimum time from the last SCLK falling edge to thhe rising edge of chip
select. This is a specification required for clocking imn data to the device. Because chip
select disables the SPI communication, any data miust 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 intermnal clock.

122
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SPI Timing Diagram

CS I LK LK E_ E tcs' '
ax 2
— ] o sao [—— | _.tgc'—”‘._ | ——— |——— L —— ——— loccs
SCLK I 1 | | I I e I I I | | L I_ujJ I
L S e —-——I I——-— Ly —-—-—I —et—— e pomy ——-ESE-——
el Y D G G G G N
—— I"'-— Leemom —— |——— Lt I - oo Lo cpaesr
Hi-=! —————-—-——_—-—- - ——————— Yy -——— - ——— e Hi-=
ooury —— el o Bl >, < P D4

Figure 1. Serial

Imnterface Timmimg

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

T his time is required to
execute the command
from omne CS period, to
start a mnevw command in
another CS period
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tSCSC is the time required between thhe last falling edge of SCLK from one command to
the mnext rising edge of SCLK for the next command. For the device, there is some time
required to parse and execute a command inmn one chip select frame before being able to
take anmnother command from anmnother chip select frame.

13
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SPI Timing Diagram

S I ‘ ce ——i = tcsu tToisT
L, | i - ey

—— e |— | L tsTue | h - [——— sy e —— toccs Setup time from the risimg
SCLK | l | ] | 1 | | | |_%J | edge of DIN to the falling
o —=—] —=— toewn —=— tscsc —=—] edge of SCLK
T L1 |~ o> < > P For data to be read into
| fm—teseee e 1011 ——  =—toore | [T Toome —— — tosooxz the device, the DIN must
pouT =TT T T T T T T T gl o Tl > < R X - first be established for a
Figure 1. Serial Interface Timimng time perIOd before the

SCLK falling edge.
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tDIST is the setup time for thhe DIN data. In this diagram, the communication uses SPI
mode 1, where the SCLK idles low and data are clocked imn on thhe falling edge of SCLK.
Here, the DIN is typically set up on thhe rising edge of SCLK, but this defines a miinimum
tirme that DIN miust be valid before thhe falling edge of SCLK.

Again, this device is SPI mode 1, where the data is clocked in at thhe falling edge of SCLK.

The setup time is thhe time required for DIN to be stable, before the active falling SCLK
edgse.
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SPI Timing Diagram

ss ] ’ — e —

L
L] o d

——] tossc |—— | tsoux | —— |~—— T - —— tsccs Hold time from the falling
SCLK | l | | | 1 = 1 | |_%J | edge of SCLK to the
Ty —— —_ ] = oo —— —— T —— tocec ——] falling edge of DIN.
2 1 _njs~ o> > h>< P Once the data is set onto
=] fm—teseon Rl e N K ——  =—toore | [T Toome —— — tosco= the DIN line, the SCLK
pour =TT T T T T T T T T T el o Tl > < K K - falling edge latches the
Figure 1. Serial Interface Timimng data into the device.

However, there is a
required time for the data
to be held after the SCLK
Talling edge

B TExAs INSTRUMENTS
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tDIHD is the hold time for the DIN data. When the data is clocked imn on thhe falling edge
of SCLK, DIN must be stable from the setup time before and the hold time after the

SCLK falling edge.

15



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

Propagation delay time
from CS falling to DOU'T
actively driven

VwWhen 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.

VwWhen CS goes lowy,
DOUT is actively driven

B TExAs INSTRUMENTS

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.

16
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SPI Timing Diagram
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DO T —
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Figure 1. Serial Interface Timimg

Propagation delay time
from risimg edge of SCLK

to data appearing on
DOuUT

SCLK is used to clock out
data from the device.
VVhen SCLK is driven
high, this signals to the
device that data should
be put on DOUT that can
be clocked out onmn thhe
falling edge of DOU'T

B TExAs INSTRUMENTS

TtTDOPD 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 thhe falling edge of
SCLK, so the rising edge of SCLK is used by thhe device to send data to DOUT.

17
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SPI Timing Diagram

cs | . 3 ——t = tcsn
e tossc [—— | SO | - |——— L - —— tscos Propagation delay time
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D G < S Pl Sl DOUT
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pouT =TT T T T T T T T gl o Tl bl o R X - which the last data is still
Figure 1. Serial Interface Timimg valid once the = e edge

of SCLK occurs
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TtTDOHD is the propagation delay time from the SCLK rising edge to whhenm DOUT becomes
iNnvalid. Again, DOUT is set up on thhe rising edge of SCLK so that it canmn be read out on

the falling edge of SCLK. However, if you choose to read the data, you have until tDOHD
after the mnext rising edge of SCLK to read the data.

T his specification isn“t important if the data is read onmn thhe falling edge of SCLK.
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SPI Timing Diagram
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Figure 1. Serial Interface Timimg
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TCSDOZ is the time from the rising edge of chip select to when DOUT returns to high

impedance. Similar to tCSDOD, this is important when there are peripheral multiple
devices on thhe SPI bus.

19
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Thanks for your time
FPlease try the guiz=.
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That concludes this video — thhank you for watching! Please try the quiz to check your
understanding of this video’s content.

20
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Quiz: Basics of SPI:

The following diagram is CPOL = O, CPHA =

1.

Timing Diagram

Data is clocked

iNmn onNn 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 requirerment?

a. Setup time
b Hold time
SCLK
C. Propagation delay
d. Nonmne of the above

DOUT

B TEXxAS INSTRUMENTS
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Quiz: Basics of SPI: Timing Diagram

1. T he following diagram is CPOL = O, CPHA = 1. Data is clocked imn 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 requirerment?

a. Setup time

(b. Hold time)
C. Propagation delay
d. None of the above

SCLK

DOUT

i TEXxAsS INSTRUMENTS 22

B. Hold time. The SCLK is clocks in data onmn a falling edge. Here we see that we want to
clock im DIN to thhe peripheral onmn thhe SCLK falling edge. This timing diagram shows the
amount of time thhat is required to hold DIN after thhe falling edge of SCLK.

22
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Quiz: Basics of SPI:

2. The following diagram is CPOL = O, CPHA =

1.

Timing Diagram

DIN anmnd DOUT are read on

the falling edge of SCLK. However, DOU T is set up on the rising edge of
SCLK, and there may be time required for the data to arrive onmn DOUT. This
timing is an example of which timing requirement™?

a.
b.
C.
d.

Setup time

Hold time
Propagation delay
Nonmne of the above

SCLK

DOUT

B TExAS INSTRUMENTS
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Quiz: Basics of SPI: Timing Diagram

2.

a. Setup time e —— - :
b. Hold time I
[ C. FPropagation delay] : :
d. None of the above DN : :
|

DOUT _>: |

T he following diagram is CPOL. = O, CPHA = 1. DIN and DOU T are read on
the falling edge of SCLK. However, DOU T is set up on the rising edge of
SCLK, and there may be time required for the data to arrive onmn DOUT. This
timing is an example of which timing requirement™?

i TEXxAS INSTRUMENTS 24

C. Propagation delay. In this diagramrm data is set up on thhe rising edge of the SCLK and
clocked in thhe peripheral or controller on thhe falling edge. Here, thhe SCLK rising edge
tells the peripheral to get the data out to DOUT so that it canmn be latched imto thhe
controller on thhe falling edge. This is a propagation delay showing the amount of time
required from the rising edge of SCLK to get data out onmn DOUTT.

249



NS SPI & : BEE

2. T5IEZFEHE CPOL=0, CPHA 1. DIN #0 DOUTT‘SCLKE’JTBEF;’&iiH)ZO SR

DOUT 7£ SCLK By _EF
FEK?

a. E I AY|g]

NabE

/B

b. FF£20Y[8] c. (ZIBIER

d. L EEAE

__L,

SCLK

587

DIN

DOUT

£2)3A DOUT o]ge R E

NPE] S

XARET [ 2 PR A A




Quiz: Basics of SPI:

3. The following diagram

a.
b.
C.
d.

Setup time

Hold time
Propagation delay
Nonmne of the above

is CPOL = O, CPHA =

SCLK

1.

Data
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?

Timing Diagram

iIs clocked

iNmn onNn the

DOUT

B TEXxAS INSTRUMENTS
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Quiz: Basics of SPI: Timing Diagram

3. The following diagram is CPOL = O, CPHA = 1. Data is clocked inmn 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

DOUT

i TEXxAsS INSTRUMENTS 26

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

26
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Thanks for your 1
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