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ABSTRACT

Asynchronous communication protocols rely on each node operating at the same frequency.
Modulating the microcontroller operating frequency is possible when the modulation
frequency is large enough. Unfortunately, the EMC-reducing aspects of clock modulation are
most effective when the modulation frequency is small. This application note defines the
minimum modulation frequency in relation to the CAN synchronization jump width parameter.
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General CAN Considerations Regarding Resynchronization Pulses
and the Synchronization Jump Width

As CAN is an asynchronous protocol, all nodes of the CAN bus must operate at the same bit
rate. Every bus node assures itself of being synchronized to the bus by detecting a
recessive-to-dominant bus edge as a synchronization signal within a predefined segment of the
CAN bit. From this resynchronization edge, each node has a fixed time from resynchronization
edge to the bit's sample point (determined by the node’s CAN bit definition). When the CAN bus
has multiple bits of the same polarity in sequence, the next bit's resynchronization is implied (no
edge is seen at the CAN node) and the sample point is a fixed time from the implied
resynchronization. After 10 or 13 CAN bit times (worst case), the CAN protocol forces a
resynchronization edge on the bus, and every CAN node must resynchronize to the edge.

Two CAN nodes drift relative to each other due to frequency and phase offsets between nodes
of the CAN bus, and the resynchronization protocol is intended to negate that drift. Every node
of the CAN bus must have a minimum time step (synchronization jump width) over which it can
resynchronize to account for static frequency offsets and varying phase at the receiver node.
When the synchronization edge falls within the synchronization segment of the CAN bus, the
node is synchronized. If the synchronization edge falls outside of the synchronization segment,
the CAN mode must resynchronize to the CAN bus.

The CAN node is permitted to resynchronize positively or negatively by up to one
synchronization jump width (tgjy) in order to maintain a constant timing between the data
transition and the sample point. That is, if the synchronization edge is more than tgjy away from
the synchronization segment, the CAN node cannot resynchronize. Resynchronization requires
that the accumulated errorl between any two nodes of the CAN bus (due to frequency offset and
phase error) must be less than the smaller tgjyy.

Accumulated Error{, cmier + Accumulated Errorg. civer < (tsyw)smaller

Given that neither the transmitter or receiver should account for more than half of the
synchronization jump width, the accumulated error of any node must be less than or equal to 2
tsyw- Specifically, the critical synchronization jump width is the receiver with the smallest
synchronization jump width on the CAN bus.2

tsow
2

tsjw is the synchronization jump width of the CAN (receiver) node with the smallest tg .

Accumulated Errory 4ox <

Due to the protocol definitions, the resynchronization is performed after at least 10 bit periods
during normal data frames, or after 13 bit periods in case of bit errors. The accumulated error
may therefore not exceed 1/2 tgjyy at the end of this time period.

1 Though this footnote deals with frequency “errors” due to the frequency-modulation, other parameters contribute
to the accumulated error. The typical accumulated error contributor is oscillator tolerance. Notice that the worst case
oscillator tolerance needs to be added.

2 This restriction is a little over-broad and is used to compute the CAN timings in general. If, in a specific system, the
receiver with the smallest jump width were known to have minimal accumulated error, the restriction could be loos-
ened using the relation: Accumulated Errorty + Accumulated Errorgy < (tsjw)smaller-

2
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For many CAN systems, the design rules specify a maximum oscillator tolerance in order to
ensure that the nodes are able to synchronize; the oscillator tolerance correctly accounts for
frequency errors. An FMPLL creates a varying phase rather than a static frequency offset. For
FMPLL-based CAN nodes, the oscillator tolerance is not an applicable parameter, therefore an
exact analysis of bit time errors in the 10 to 13 bit time range is explained in the following
section.

2  Accumulated Error Due to Static Frequency Tolerances

The accumulated error of any two nodes can be divided into: Accumulated Error = Accumulated
Errorfrequency offset * Accumulated Errorphase. This application report discusses the phase errors
due to modulating frequency, but static errors must also be considered. The easiest way to treat
static, or frequency-offset, errors is to compute the worst case frequency offset error and
subtract the error from the SJW prior to following the algorithm shown in the remainder of this
application report. Although the problem of determining the tolerance of CAN nodes is well
understood in CAN applications, a short discussion is provided.

Two nodes operate at CAN frequencies f; and f,. Time quanta must be chosen such that

(# of time quanta),  (# of time quanta),
f, = f, = 1tygr

The frequencies differ from their ideal frequencies due to:
e manufacturing tolerance (Af/f)

e frequency stability over temperature

e frequency stability over aging

Typical tolerances for crystal and ceramic resonators are shown in Table 1.

Table 1. Typical Tolerance for Ceramic and Crystal Resonators

Crystal Resonator
manufacturing tolerance (Af/f) +50 PPM +5000 PPM
frequency stability over temperature +50 PPM +3000 PPM
frequency stability over aging +5 PPM/Year +3000 PPM/Year

At the end of 10 years, the CAN bus frequencies differ by

(# of time quanta), (# of time quanta),
At = -
_(fl + Af; + Af(T), + f,,(10yrs))  (f, — Af, — Af(T), — f,,(10yrs))
At= Af Af('ll') f..(10yrs)y Af Af(%) f..(10yrs) teT
=1 1 al _ A _ 2 _ a2
A A A S B Ul S o)

The At computed over ten CAN bit times should be subtracted from 1 tgs.

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication 3
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Consider the worst case impact of the crystal shown in the table above. Over time and
temperature, the crystals may differ from their ideal frequency by 150 PPM. In the worst case
example, one differs by +150 PPM, while the second crystal varies by —150 PPM. The worst
case time difference (over ten bit times) is

At =0.003 * tNBT

In this case, the adjustment due to static frequency offset is 3 ns (for a 1MBit/s CAN). The phase
error must be less than tsjw(bus minimum) ~ tfrequency offset-

3 Accumulated Error Due to the FMPLL

The FMPLL modulates the clock frequency using a triangular modulation, resulting in a phase
error that varies proportional to the square of time. The modulation frequency (fepm = 1/Tmop)
determines how fast the modulation occurs. The modulation depth (Af) determines the maximum
PLL offset — that is, the minimum and maximum clock frequencies. Normally, the modulation
depth is expressed as a percentage of the nominal frequency — Af/fhom-

Looking at a possible setting:
fyia = 7.5 MHz

(from)syscLk = 60 MHz

fem = 104 kHz

Tvmop = 9.6 s

Aflfrom = 2%

frmax = 61.2 MHz

“ 9.6 us >
61.2 MHz
f Af
60 MHz
t
Af
58.8 MHz

Figure 1. FMPLL Waveform lllustrating Pertinent Parameters

As shown in the graph, the worst case frequency offset occurs when sampled about the
extremes of the waveform. The accumulated error is also greatest when calculated around the
extremes of the waveform (e.g. when the SYSCLK frequency is near 58.8 MHz or 61.2 MHZz).

Figure 1 can be abstracted to Figure 2.

4 Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication



{'? TEXAS

INSTRUMENTS SPNA090
NTf
f(t) T %i
frhom 2 ¢
t
/
Figure 2. Abstracted FMPLL Waveform lllustrating Pertinent Parameters
The accumulated phase error due to a triangular frequency modulation of the clocks is:
(
Af T
ﬁ(l‘gtNominalBitTiming - 169ffmt2N0minaIBitTiming) when 13tNominalBitTiming = Tm
Accumulated Error = < (M)
f T
nom f
4ff when 13tNominaIBitTiming = Tm
m
"
Af (tsow)smatiest 4
E(laNominalBitTiming - 169ffmt2NominaIBitTiming) < % = 13tN0minaIBitTiming = ?m

In Equation 1, the modulation frequency is so low that the greatest accumulated error would
occur after 13 CAN bits. Since, the CAN protocol requires correct sampling on the 13th CAN bit
[following a stuff error], the worst case accumulated error is on the 13t bit. [For a 500 kBit/s

CAN rate, the modulation frequency that meets this requirement is 19 kHz or less.]

In almost all cases, the PLL modulation frequency is large enough that Equation 2 gove
accumulated error.3 The accumulated error must be smaller than one-half the smallest
synchronization jump width.

(Af)tf_m (Af)
fnom 2 _ fnom < (tSJW>smaIIest

2 4f 2
() o
f t
3 The effect of the oscillator tolerance can be approximated by ;Om + 5 fOT < =W ;ma”“t
FM £ Tnom TngT

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication
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4  Implications of the FMPLL on CAN Communication

()
from < (tSJW)smaIIest
Ay 2

e PLL modulation settings are dependent upon the CAN node with the shortest
synchronization jump width time, not necessarily the microcontroller’s settings.

e Increased modulation frequency is beneficial for achieving CAN timings, but not as useful for
reducing electromagnetic emissions.

In Table 2, minimum modulation frequencies are computed versus minimum synchronization
jump widths and modulation depth.

Table 2. Minimum Allowable Modulation Frequency (KHz)

Modulation Depth
(tsgw)smallest (NS) 4.0% 2.0% 1.0% 0.5%
20.0 1000.0 500.0 250.0 125.0
40.0 500.0 250.0 125.0 62.5
60.0 333.3 166.7 83.3 41.7
80.0 250.0 125.0 62.5 31.3
100.0 200.0 100.0 50.0 25.0
120.0 166.7 83.3 41.7 20.8
140.0 142.9 71.4 35.7 17.9
160.0 125.0 62.5 31.3 15.6
180.0 111.1 55.6 27.8 13.9
200.0 100.0 50.0 25.0 12.5

For a CAN bus on which the smallest tg3y = 100 ns, a 2% modulation depth requires a
modulation frequency of 100 kHz or greater.

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication
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Example 1.

Nominal Frequency (SYSCLK) 60 MHz

Modulation Depth (Af/f,om) 2% (61.2 MHz to 58.8 MHz)

Modulation Frequency (fgpm) 104 KHz

CAN bitrate 1 MBit/s

e Assume that the microcontroller is known to have the smallest SJW on the CAN bus. (Notice
that this is not necessarily true but is useful for the example.)

e The CAN bit is divided into multiple “segments” — Synchronization segment, propagation
segment, phase_segmentl, and phase_segment2. The CAN receiver nodes sample the bit
between phase_segmentl and phase_segment2. Thus, by adjusting the various lengths of
the segments, the user can position the sample point within the CAN bit.

— The CAN clock (on TMS470, ICLK provides the clock to the CAN) is divided by the BRP
(CANBTC.23:16). BRPcaLc = BRP + 1. Each resulting clock tick is one time quantum.

— Time quanta are summed to create the CAN bit time. On TMS470 microcontrollers:

e the propagation_segment and phase_segmentl are programmed as one block
TSEG1(CANBTC.6:3). TSEGlcaLc = TSEG1+ 1. TSEG1cplc represents the
number of time quanta in the block TSEGL1.

° The propagation segment “is used to compensate for the physical delay times
within the network. It is twice the sum of the signal’s propagation time on the bus
line, the input comparator delay, and the output driver delay.” Can Specification

[1]
e phase_segment2 is programmed with TSEG2 (CANBTC.2:0). TSEG2¢calc =
TSEG2+ 1. TSEG2¢ | c represents the number of time quanta in the block TSEG2.

° The phase segments (phase_segmentl and phase_segment2) are “used to
compensate for edge phase errors” — lengthened and shortened by
resynchronization. CAN Specification [1]

e synchronization_segment is always one time quantum.

e [JUUUTTUUUTTUUUUTUU iU vt
« Uy yyuyyyy

le—— 1time
SYNC PROP_SEG + PHASE_SEG1 PHASE_SEG2 quantum

\
CAN nominal bit time »|

Y

Sample point

Figure 3. CAN Bit Relative to ICLK

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication 7
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e SJW depends upon how the CAN is programmed, and the SJW timing will determine
whether the modulation frequency of the FMPLL is valid. When SJW is programmed to one
time quantum, it can resynchronize to phase errors of +1 time quantum; the purpose of the
resynchronization is to maintain a constant timing between the data transition and the
sampling point. (The example shown below has a one time quantum phase error in the
positive direction. If programmed such that SJW = 1TQ, this phase error represents the
maximum shift possible in this configuration.)

Recessive-to—dominant edge is late,

CAN creating a positive phase error.
data The actual bit timing is extended by
one SJW.
SYNC PROP_SEG + PHASE_SEG1 PHASE_SEG2

CAN nominal bit time

Y Y
vy

SYNC PROP_SEG + PHASE_SEG1 PHASE_SEG2

t = tgw

Y Y
vy

CAN bit time

Figure 4. CAN Bit Readjusts to Phase Error (With SJW)

The following two scenarios, Example 1 (part a) and Example 1 (part b), show how the CAN
programmation leads to different SJW times and different allowable modulation frequencies.

8 Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication
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Example 1 (part a)
SYSCLK = 60 MHz
ICLK =20 MHz
BRPcaLc =2

In this configuration, the CAN clock runs at 10 MHz (ICLK/BRPca| c); each time quantum is 100
ns.

A 1 MBit/s CAN rate implies that each CAN bit must be composed of ten time quanta. The ten
time quanta must be allocated between the synchronization segment [always one time quantum]
and the two phase segments, TSEG1calc and TSEG2¢cac. (Additional constraints exist on
TSEGL1 and TSEG2. For more information, please see the TMS470R1x Controller Area Network
(CAN) Reference Guide (literature number SPNU197).[2]

TSEGlcalc =6
TSEG2¢caLc =3

SJW must be programmed such that it is at least one time quantum. Additionally, SJW cannot
exceed the minimum of four time quanta or TSEG2¢a c. (In this case, TSEG2¢caLc < 4iqg, SO
tsgw = TSEG2¢caLc = 3ig).

()
f“°m tow

< —
Afpy 2
Af
fnom <t
2’tSJW ™
( Af
f
nom _ Z% < fFM
2’tSJW 2 tSJW
SJw fEpm (Minimum)
1 100 ns 100 kHz
2 200 ns 50 kHz
3 300 ns 33 kHz
4 Not a valid configuration since TSEG2¢caic = 3

Any of these configurations is valid for a 104 kHz modulation frequency.

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication 9
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Example 2 (part b)
SYSCLK = 60 MHz
ICLK = 15 MHz
BRPcalc=1

In this configuration, the CAN clock runs at 15 MHz (ICLK/BRPca( c); each time quantum is 67
ns.

A 1 MBit/s CAN rate implies that each CAN bit must be composed of 15 time quanta. The
fifteen time quanta must be allocated between the synchronization segment [always one time
quantum] and the 2 phase segments, TSEG1lcac and TSEG2¢cac. (Additional constraints
exist on TSEG1 and TSEGZ2. For more information, please see the TMS470R1x Controller Area
Network (CAN) Reference Guide (SPNU197).)

TSEGlcaLc =9
TSEG2¢caLc =5

SJW must be programmed such that it is at least one time quantum. Additionally, SJW cannot
exceed the minimum of four time quanta or TSEG2¢p c. (In this case, TSEG2¢caLc > 4tq, SO

tsaw = 4iq).

Af o 2
Af
fnom <t
2‘[SJW M
f
nom 3% < fFM
2’tSJW 2 tSJW
SIW fEm (Minimum)
1 67 ns 150 kHz
2 133 ns 75 kHz
3 200 ns 50 kHz
4 267 ns 38 kHz

SJW = 1is not valid for a 104 kHz modulation frequency. Other SJW values create a valid
range for the 104 kHz modulation frequency.

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication
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Example 3

Many times the CAN tolerances are specified in terms of a maximum allowable static offset. It is
possible to translate these static timings into FMPLL settings.

(a) £0.1% oscillator tolerance for 10 bits
tsw =+ 10(tygy) O

Each node can have a tolerance of £0.1%. Therefore, if the transmitter and receiver are180° out
of phase, the receiver’s synchronization jump width needs to be twice the offset of any node.

tsow = 2(10(tNBT) 6)

For a 1 MBit CAN baud rate,

\Y

2(10(1000ns) 0.1%)
20ns

tSJW

\Y

tSJW

Likewise, a 500 kBit CAN requires a tgjy Of at least 40 ns. The allowable oscillator tolerance
must always be less than or equal to the CAN bus tolerance.

ts; (oscillator tolerance) < tg,,, (min CAN bus)

Assuming a strict equality between oscillator tolerance and minimum CAN bus synchronization

jump width,
tS.JW (oscillator tolerance) _ Af/fnom
2 4'fFM(min)
Af/fnom _ f
— "FM(min)

2 tS.JW (oscillator tolerance)

For 4% modulation depth at 1 MBit CAN baud rate:

% = 1000 kHz = feymin
Modulation Depth
CAN Baud Rate 4.0% 2.0% 1.0% 0.5%
1 MBIt 1000 500 250 125
500 kBt 500 250 125 62
250 kBit 250 125 62 31

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication 11
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(b) 0.4 % oscillator tolerance for 10 bits

tsow (oscillator tolerance) — 2(1O(tNBT) 6) - 2<1O(tNBT) 1O4OO>

Again, if the CAN bus timings are as tight as the oscillator tolerance, then

Af/from tsow (oscillator tolerance)

= = 10(ty\pT)0
4'fFM(min) 2 ( NBT)
f _ Af/fnom
FM(min) —
410(tyg7) |
f _ Af/fnom
FM(min) — 4
4] 10(3e7) 1855 |
Thus for a 500 kBaud CAN rate and 2% modulation depth the minimum modulation frequency is:
2/100
fFM(min) = 1 4
4_10(500 kHz) 1000]
2/100
fFM(min) =77 4
2/100
fFM(min) = — p = 62.5 kHz
Modulation Depth
CAN Baud Rate 4.0% 2.0% 1.0% 0.5%
1 MBit 250 125 62 32
500 kBit 125 62.5 31 16
250 kBit 62.5 31 16 8

12 Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication
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(c) configure the FMPLL as 2% modulation depth, 100 kHz modulation frequency

Af
fnom
i = 10(tygy) O
A
fnom — 6
4fFM10(tNBT) me)

02 _
4(100kHZ)10(tygy) ™

5ns

tNBT

For a 1 MBaud CAN rate:

6(max)

5ns

tNeT B G(max)
5ns

0 = 0.5%

For a CAN baud rate of 1 MBit, 0.5% (@ 10 bit) oscillator tolerance is acceptable for modulation
depth of 2% and 100 kHz.

For a CAN baud rate of 500 kBit, 0.25% (@ 10 bit) oscillator tolerance is acceptable for
modulation depth of 2% and 100 kHz.

For a CAN baud rate of 250 kBit, 0.125% (@ 10 bit) oscillator tolerance is acceptable for
modulation depth of 2% and 100 kHz.

5 Reference
1. CAN Specification, Robert Bosch GmbH, Stuttgart, 1991.
2. TMS470R1x Controller Area Network Reference Guide (SPNU197), Texas Instruments.

Frequency-Modulated PLL Impact on Controller Area Network (CAN) Communication 13
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Appendix A Derivation of Equations
The derivation of the worst case accumulated error is shown (just for completeness).
The triangular-modulated waveform has the following form:

F Trmod ﬁ
fhom + Af
f Af
f
nom t
m = g — (fnom — Af - (fnom + Af))
At T o/ 2
2Af Af

Tmod/2 - Tmod/4
Figure A-1. FMPLL Parameters and Slope Calculation

The triangular-modulation waveform is piecewise-continuous with constant slope within each
segment of the waveform.

Af

T
f fnom+Af+TmOd/4t —E_ts()
sYys — __Af T
from + Af Tmod/4t Ostsz
fhom + Af + 4Af(f )t -T/2<t =<0
fsvs = Yfoom + Af — 4AT(F )t 0=/ = T2
fsvs = T
from(1 + AL (1 —af 1)) 0=t=3
fnom m

The equations have reduced to the form fgys=f,om(1+3) where § is the frequency “error.”

As shown in the graph, the worst case frequency offset occurs when sampled about the
extremes of the waveform; that is, the accumulated error is maximal when sampled
symmetrically around the point [fnom + Af] or [fhom — Af]l. Due to the piecewise nature of the
waveform, the integral is also handled piecewise.

0

I
2

Accumulated Phase Error = Agp = J Af (1 + 4f, dt + J Af (1 — 4f, tdt
0

fnom fnom

I
2

14 Frequency Modulated PLL Impact on Controller Area Network (CAN) Communication
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— T/2)2 T/2)2
20 = A [0~ (= DI+ a2 [0 — (S5O + AL [T — o] — 4t MO o]

from fm ffm

TAf _ 4 T2 Af | TAf _ 4 T2 Af

Ap = 1“
= 2from ™8 from  2fnom ™ 8 Tnom
TAf 2T2 Af
Ag = — 4f, 2%
? fom ™ 8 from
Ap = AL (T -1, T?
fnom m
T=N*t 1<N=<13,

NominalBitTiming
where N is the number of consecutive CAN bits without resynchronization.

As the sampling period increases, the accumulated error tends to get larger. However, after the
sampling period becomes greater than Y2 the modulation period, the accumulated error
decreases. The sampling time is a function of both:

1. the CAN bit timing, and
2. the number of successive hits without resynchronization.

The CAN protocol requires (at least) every 10th bit to resynchronize. Additionally, each CAN bit
must be capable of resynchronizing (if a resynchronizing pulse were present). A second CAN
condition requires that the CAN node correctly sample an error frame. The error frame could
occur after the 13th CAN bit. That is, for N < 13, the accumulated error must be small enough
that resynchronization is possible. Thus, solving for the worst case accumulated error as a
function of N allows us to remove a variable from the equation.

The worst case accumulated error as a function of N is a typical maxima problem — solved by
finding the 0 of the derivative with respect to N.

Ap = AL(T - £,.T?

fnom

_ _Af 2
Aq) - (N *tNominaIBitTiming - ffm(N *tNominalBitTiming) )

fhom
d(Ag) _ Af
“dN = E(tNominalBitTiming - 2fomt2N0minalBitTiming)
M = Find the worst case N
dN
Af _
7~ ~(tnominaigitTiming ~ 2Nfimt*Nomnasirimng) = 0
nom
N _ 1 _1 Twviop
worstcase 2f t 2t

fm*NominalBitTiming NominalBitTiming

Given the worst case N, solve the accumulated error:

Frequency Modulated PLL Impact on Controller Area Network (CAN) Communication 15
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_ Af 2
ACP - fnom (N *tNominaIBitTiming - ffm(N *tNominaIBitTiming) )
— 1
Nworstcase - 2f t
fm*NominalBitTiming

16

1

fthominaIBitTiming

A = Af 1

fnom 2ffthomina\IBitTiming

_ Af (1 _ 1
ACP - fnom 2ffm ffm(szm)z)

*t.,.._f( *t,,..)Z)
NominalBitTiming fm 2f NominalBitTiming

Af (_1°

Ag =
P foom af,

As a limiting case:

if f < 1 , use N =134
fm 26tNominalBitTiming:;

The meaning of this restriction is that the error cannot accumulate beyond the 13th CAN bit due
to the CAN protocol. Thus, the maximum number of consecutive CAN bits for which
resynchronization must be possible is 13.

4 |n the case of an error frame, the 13th frame needs to be correctly sampled. CAN protocol shows this relation (for
oscillator tolerance as:
(2 % 3M)(L3tyominairiming — Phase_Seg2) < min(Phase_Segl, Phase_Seg2)
min(Phase_Segl, Phase_Seg2)

2
That is, the accumulated error through a little less than 13 nominal bit times must be less than %2 the minimum of PS1
and PS2. However, the synchronization jump width is constrained such that it can never be larger than min(PS1,
PS2). Thus, a more restrictive condition is:

(6f)(13tNominaIBitTiming — Phase_Seg2) <

(note continues on the following page)

Frequency Modulated PLL Impact on Controller Area Network (CAN) Communication
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4(continued)

min(Phase_segl, Phase_Seg?2)

of < —
2 * (13 * bit_time — Phase_Seg?2)

SIW

Of = 26+ bit_time

SJW < min(Phase_segl, Phase_Seg2)

of < SIW _ min(Phase_segl, Phase_Seg?2) _ min(Phase_segl, Phase_Seg?2)
~ 2* (13 *bit_time) — 2 * (13 * bit_time) ~ 2*(13*bit_time — Phase_Seg2)
Sfe_SIW ____ Siw

~ 26 *bit_time ~— 20 * bit_time
Thus, the more restrictive requirement,

saw
Of < 26+ bit_time

incorporates both restrictions regarding the oscillator tolerance.
That is,
13 * bit_time * of < %
The accumulated error through 13 (or less) nominal bit times must be less than Y2 SJW.

This derivation is valid for &f which is static. The generalization of this derivation is stated — that the accumulated error
through 13 or fewer CAN bits (whether from a static or variable source) must be less than %2 SIWgmaliest Rx-:

Frequency Modulated PLL Impact on Controller Area Network (CAN) Communication 17
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Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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