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SPlI Communication

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

MOSI

SCLK

MISO (¢

used in Tl devices

DOUT

Mo cmmoy] e
-

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 Ty
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 risesj
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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

Setup time

Hold time

Propagation Delay

DOUT is read by the master at the rising\
edge of SCLK. However, the slave sets the
output at the previous falling edge of
SCLK. This delay from one clock event to

\the response is a propagation delay. )

T A

DIN

| -

DOUT 'l

The falling edge of
SCLK sets up the
data on DOUT

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
tscLk 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
toip 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, _
tborp 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

wi# TEXAS INSTRUMENTS



SPI Timing Diagram

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

— |--— te=nop « - |-|— thoen ™ |+ tL:G”” —— - lespoz Of SCLK
pout —__ J),T____________:.?( 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 {csH
[ [ L I

1 1l

—mlosscle— | SO = | tsewm —=  |=—tsces Minimum pulse duration,
o ] N CS high
ool [ e [t =teose— This time defines the time
on- XXX X N required for the CS to
—= |=—tcsoon = oo T[T | = =tswo:  stay high to ensure that
izl pmmmm - - \ b i- :
pour == R XX X;LX_)‘L the device has reset the

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

SCLK

DIN

L

| tcssc

—=lcssc . . CS low to first SCLK high
L“J |_“J This time defines the time
sl | =t i [=tem =soso— required for the CS to

XXX XN

stay high to ensure that

Figure 1. Serial Interface Timing

_ | T[T | o ==z the device recognizes it
H-Z! r================= - \ 7 Hi-Z .
N e s XX X:: IS the slave.

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

SCLK

DIN

e

el tscLk

ftosscla- | Llseix] = | tsewn o tacos The minimum time for an
L L | SCLK period

el b = B ik i i SCLKs can be sent to a

_____ XXX X A device only so fast before

Figure 1. Serial Interface Timing

_ | Tl[Thoe | = =twe:  the device fails to
Hi-Z| fmmmmmm oo rommmmmmm e ' ) Hi-Z o ) _
N e mmmmm s XX X:: recognize it. This defines

the minimum time for
SCLK.

1/tscik 1S the SCLK
frequency
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SPI Timing Diagram

CS

SCLK

DIN

L
1

—{lossof=— | 50| = = o
L]
tosr—= |~ = Tomo —= | tspm
IO TN ‘

—- |--— 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 iIn
the SCLK duty cycle is
allowed

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

oS - ] _"':---:"'_ICSII
—=losscle— | 4SO ] —=| = tsewn g ~{sces Time from the falling
SCLK L“J |_“J edge of SCLK to the
toisr—=| | 71 = tomo | =leew |=lscsc—= rising edge of CS
oN- XXX X N Because CS disables the
—— |""_tE}SL}DIJ o |-|—th_,

e o | I | = vl SPI, ensure that the

DOUT = e eeee PO XX X:;_x_)‘f 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 [=—Tomo | l=—tspw  =f tocsc]=]
_____ 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 - - \ 5 Hi-Z
— XX

_________________ J]r!_____________:

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

s | -l
—=losscle— | LSO ” _ ; Hold time from the falling
SCLK |_“J edge of SCLK to the
tosr—=! =~ o0 |t = tsoso—] falling edge of DIN.
oN- XXX X N Once the data is set onto

e e S A = fmtow T|[Te® | = =iwe:  the DIN line, the SCLK
S N R XX >C 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

= “ ) i les {cspbop
—={losso|=— | S0 | = = tsown tsces Propagation delay time
SCLK L“J - from CS falling to DOUT
torgr—= == ™1 [=— om0 = |=—leewm |[=—lscsc—= actively driven
N T XX >3 When CS is high, the

=] [={losoon " oo T [T | =tz DOUT is high impedance
2 T o , ; - . .
bout —___ . e XX X:: 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

Figure 1. Serial Interface Timing
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SPI Timing Diagram

CS

SCLK

DIN

L [

1 1l

lseik

— logon —-— |_-_-_ s |-'-— tepwh

Ly | ’

gy —| |==— _"'| |"'— tlJIHL'l —--| —a— Loy, - o —m

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

s | . A B

—{losscl=— |50 | = lspwn | | tgecs
SCLK L“J L“J

tosr—=| == 1 [=—Tomo N S R e
on TN

T T ] o e
oour ML G e

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

& “ M i e
—={losso|=— | S0 | = = tsown = = tsees Propagation delay time
SCLK L“J |_“J from rising edge of CS to
torsr—=] | ™1 =~ tow0 | |=—tsew [=—lscsc—= 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 quiz.
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Quiz: Basics of SPI: Timing Re

and Switching Characteristics - \a; e
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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 Is 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 timej . ]
c. Propagation delay | —
d. None of the above

I
|
DIN safing

I
I
|
DOUT |
|
I
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
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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

(¢

Propagation delay J

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

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 J
pD. Hold time
c. Propagation delay
d. None of the above

SCLK

DIN

DOUT

Y

I
|
-
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