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BUS TRANSCEIVER WITH RING SUPPRESSION

BACKGROUND

{00811 The controlier area network (CAN) 15 a bus standard designed to allow microcontroliers
and devices to communicate with one another 1n applications without a host computer. The CAN
bus protocol 1s a message-based protocol, particularly suitable for mulfiplexed elecirical witing
within automobiies but has usefuiness in other applications.

SUMMARY

[0002] In one example, a transceiver includes a driver stage and a transient-triggered ring
suppression circuit. The driver stage has a first transistor coupled between a supply voltage
terminal and a first bus terminal and a second transistor coupled between a ground and a second
bus terminal. The transient-triggered ring suppression circuit 1s coupled to the first and second
transistors. The transient-triggered ring suppression circuit 1s configured to be enabled upon
transition of the transceiver from a dominant state to a recessive state. Further, while the
transceiver 1s in the recessive state, the transient-triggered ring suppression circuit 1s configured to
attenuate ringing on at least one of the first or second bus terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] For a detailed description of various examples, reference will now be made to the
accompanying drawings in which:

[0004] FIG. 1 shows an example of a CAN bus transceiver that includes a transient-triggered
ring suppression circuit.

[0005] FIG. 2 shows an illustrative signal waveform of ringing on a CAN bus when the
transceiver does not have a transient-triggered ring suppression circuit.

[0006] FIG. 3 shows an illustrative signal waveform illustrating attenuated ringing on a CAN
bus for the transceiver of FIG. 1 which has a transient-triggered ring suppression circuit.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0007] As CAN bus speeds have increased, ringing on the bus due to improper electrical
termination has also increased. As a CAN bus transceiver transitions from a “dominant” state to a

“recessive’ state, reflections from improperly terminated stubs may cause ringing on the
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transceiver. If the magnitude of the ringing 1s high enough, a transceiver will misinterpret the ring
as a dominant bit. As such, ringing can cause bit errors. The examples described herein include a
CAN bus transceiver that includes a transient-triggered ring suppression circuit which 1s enabled
upon transition of the transceiver to the recessive state. Any ringing on the bus 1s attenuated
through the transient-triggered ring suppression circuit thereby resulting in a smaller amplitude and
shorter duration ringing signal thereby resulting in fewer bit errors. The transient-triggered ring
suppression circuit described herein may have applicability to other bus protocols besides CAN.
[0008] FIG. 1 shows an example of at least a portion of a CAN bus transceiver 100. The CAN
bus transceiver 100 includes a transmitter 101 and a recetver 150. The CAN BUS terminals are
shown as CANH and CANL. The receiver 150 1s coupled to CANH and CANL and receives
signals transmitted by another transceiver on the bus and outputs a receive signal, RxD, to other
logic (not shown). Recetver 150 includes a differential resistance Rid between CANH and CANL.
The transmitter 101 includes a pulse generator 110, a voltage bufter 115, a transient-triggered ring
suppression circuit 120, a recessive nulling circuit 130, and a dniver stage 140. The voltage bufter
115 produces a voltage equal to, in one example, one-halt of the supply voltage on a common
voltage terminal (VCM).

[0009] The dniver stage 140 includes transistors M1-MS5 and a driver 142. M1, M3, and M6 are
p-type metal oxide semiconductor field eftect transistors (PMOS) and M2, M4, and M35 are n-type
metal oxide semiconductor field effect transistors (NMOS). As PMOS or NMOS devices, each
such transistor includes a control input (gate) and current terminals (source and drain). Other types
of transistors can be used as well, such as bipolar junction transistors, which also have control
inputs (base) and current terminals (collector and emitter).

[0010] MI1-M3 are connected in series between the supply voltage terminal (VCC) and CANH,
with the source of M1 coupled to VCC, the drain of M1 connected to the source of M2 at node N1,
the drain of M2 connected to the source of M3 at node N2, and CANH taken from the drain of M3.
Similarly, M4-M6 are connected in series between ground and CANL, with the source of M4
coupled to ground, the drain of M4 connected to the source of M35 at node N3, the drain of M5
connected to the source of M6 at node N4, and CANL taken from the drain of M6. A termination
resistor Rterm (e.g., 120 ohms) 1s connected between CANH and CANL, but the transceiver can be
terminated in other ways as well (e.g., with a series-connected 60-ohm resistors between CANH

and CANL and capacitor connected between the node between the resistors and ground).
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[0011] The gates of PMOS transistors M3 and M6 are connected to ground and thus M3 and M4
remain on continuously. The sources of M3 and M6 remain fixed at the transistor’s threshold
voltage above ground (e.g., 0.7 V). M3 and M6 operate to block large negative voltages from the
respective bus terminal CANH or CANL from damaging the transceiver. The gates of M2 and M5
are connected to VCC and block large positive voltages from the respective bus terminal CANH or
CANL from damaging the transceiver.

[0012] The dniver 142 receives the transmit signal TxD on 1ts input and drives complementary
outputs 143 and 144 which are connected to the gates of M1 and M4, respectively. CANH and
CANL are either driven to the dominant state with CANH voltage being higher than the CANL
voltage, or not driven and pulled by passive resistors to the recessive state with the CANH voltage
being below or equal to the CANL voltage. A “0” data bit encodes the dominant state, while a “1”
data bit encodes the recessive state. For the dominant state, TxD 1s set equal to O and for the
recessive state, TxD 1s set equal to 1. With TxD being O (dominant state), output 143 of driver 142
1s O (low) and output 144 1s 1 (high). With output 143 being a O and output 144 being a 0, PMOS
transistor M1 and NMOS transistor M4 are both turned on, thereby pulling CANH up towards
VCC and CANL down toward ground. In accordance with the CAN bus protocol, 1n the dominant
state the CAN bus differential voltage 1s nominally 2V. In the recessive state, TxD 1s a 1 and thus
driver 142 output 143 1s a 1 and output 144 1s a O and both M1 and M4 are turned off. With M1
and M4 being off, the voltages on CANH and CANL passively become approximately equal to
VCM through resistors Rterm and Rid. In the example provided above, VCM 1s equal to VCC/2.
In an application in which VCC 1s 5V, VCM 1s 2.5V and, 1n the recessive state, CANH and CANL
are both approximately equal to 2.5V (approximately zero differential voltage).

[0013] The recessive nulling circuit includes NMOS transistors M7-M12. The gates of M7 and
MBS are connected together and to pulse generator 110. The drain of M7 1s connected to the drain of
M1 and source of M2 (node N1). M9 1s connected between the drain of M8 and the drain of M2
and source of M3 (node N2). M9 1s biased on and 1s operative to block large positive voltages on
N2 from damaging the transceiver. The sources of M7 and M8 are connected together and to the
sources of M10 and MI11. The gates of M10 and MI11 are connected together and to pulse
generator 110. The drain of M10 1s connected to the drain of M4 and to the source of M5 (node
N3). M12 1s connected between the drain of M11 and the drain of M5 and source of M6 (node

N4). M12 1s biased on and 1s operative to block large positive voltages on N4 from damaging the
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transceiver.

[0014] The pulse generator 110 generates pulses 114 and 116 on outputs 111 and 112,
respectively, responsive to O-to-1 transition of TxD. The width of the pulses can be fixed or
programmable. In one example, the width 1s 200 nanoseconds. During the pulses, M7, M8, M 10,
and M11 are on. The recessive nulling circuit 130 functions to force each of nodes N1-N4 to be
equal to VCM for a short period of time (e.g., 200 ns) upon transition into the recessive node to
help force the voltages on CANH and CANL to be equal to each other and to VCM. Once the
pulses 114 and 116 end, CAN and CANL remain at VCM.

[0015] The transient-triggered ring suppression circuit 120 helps to suppress ringing on the CAN
bus upon the transition from the dominant state into the recessive state. The transient-triggered ring
suppression circuit 120 includes switches SW1 and SW2, resistors R1 and R2, capacitors C1 and
C2, and NMOS transistors M21 and M22. SW1 1s coupled between VCC and the gate of M21. In
one example, SW1 may be a PMOS transistor. R1 also 1s coupled between VCC and the gate of
M21. CI 1s coupled between the source and gate of M21. SW2 1s coupled between ground and the
gate of M22. In one example, SW may be an NMOS transistor. R2 also 1s coupled between
oround and the gate of M22. C2 1s coupled between the gate and drain of M21.

[0016] During the dominant state (TxD 1s 0), M1 1s on. With M1 on, node N1 1s pulled up to
VCC and thus source of M21 1s VCC. The source of M22 1s coupled to VCM. During the
dominant state, control signals 121 and 122 cause switches SW1 and SW2 to be closed. In this
example, control signals 121 and 122 are generated by the pulse generator 110. If SW1 1s
implemented as a PMOS transistor, control signal 121 may be asserted by the pulse generator 110
to track the logic state of TXD (1.e., when TXD 1s high, control signal 121 1s forced high, and vice
versa). If SW2 1s implemented as an NMOS transistor, control signal 122 may be asserted by the
pulse generator 110 to track the logical inverse of the logic state of TXD (i.e., when TXD 1s high,
control signal 122 1s forced low, and vice versa). In one example, the pulse generator 110 includes
a buffer to generate control signals 121 and 122 (the buffer having a positive and negative outputs).
With SW1 closed, the gate of M21 1s pulled up to VCC. As such, the gate-to-source voltage across
M21 1s insufficient to turn on M21 and thus M21 i1s off. With SW2 closed, the gate of M22 1s
pulled maintaining M22 1n an off state.

[0017] Upon entry into the recessive state, control signals 121 and 122 change logic state and

cause switches SW1 and SW2 to be open to thereby enable the transient-triggered ring suppression
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circuit. R1 pulls the gate of M21 high thereby maintaining M21 1n an off state. However, any
ringing signal on CANH propagates through M3 and M2 to capacitor C1. C1 becomes charged due
to the ringing signal and 1f the magnitude of the ringing signal 1s large enough, C1 will charge to a
sufficiently large voltage (at least a threshold voltage above VCM) to turn on M21. The resistor
R1, which 1s connected between VCC and the gate of M21, discharges the gate of M21 thereby
eventually turning of M21. As such, the ninging signal on CANH 1s dissipated through that portion
of the transient-triggered ring suppression circuit 120 coupled to CANH (i.e., R1, C1, and M21).
[0018] In the recessive state and on the CANL side of the bus, R2 pulls the gate of M22 low
thereby maintaining M22 1n an off state. Any ringing signal on CANL propagates through M6 and
M35 to capacitor C2. C2 becomes charged due to the ringing signal and 1f the magnitude of the
ringing signal 1s large enough, C2 will charge to a sufficiently large voltage (at least a threshold
voltage above M22’s source which 1s connected to VCM) to turn on M22. The resistor R2, which
1s connected between ground and the gate of M22, discharges the gate of M22 thereby eventually
turning of M22. As such, the ringing signal on CANL 1s dissipated through that portion of the
transient-triggered ring suppression circuit 120 coupled to CANL (1.e., R2, C2, and M22).

[0019] FIG. 2 illustrates voltage levels of CANH and CANL during the dominant state and upon
transition into the recessive state for a CAN bus transceiver that does not have the transient-
triggered ring suppression circuit 120. The upper curves show the CANH and CANL signals and
the lower curve 1s the differential voltage (1.e., CANH-CANL). During the dominant state, CANH
1s 3.5V and CANL 1s 1.5V and thus differential voltage 1s 2V. Upon entry into the recessive state,
CANH and CANL voltage levels are brought close together at approximately VCM, which 1s 2.5V
in this example, However, in the example of FIG.1, ringing 210 occurs upon entry into the
recessive state. The ringing signal magnitude decreases over time. The 1nitial ringing peak shown
at 220 1s high enough so as to cause a bit error 1n the transceiver (misinterpretation of ringing as a
new dominant state).

[0020] FIG. 3 illustrates CANH and CANL during the dominant state and upon transition into
the recessive state for a CAN bus transceiver that has the transient-triggered ring suppression
circuit 120 described above. As can be seen, the magnitude of the ringing 310 1s attenuated
compared to the ringing 210 1n FIG. 2, and the peak ringing level 320 1s not large enough to cause
a bit error. Further, ringing 310 dissipates much more quickly than ringing 210.

[0021] The term “couple” 1s used throughout the specification. The term may cover
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connections, communications, or signal paths that enable a functional relationship consistent with
the description of the present disclosure. For example, if device A generates a signal to control
device B to perform an action, 1n a first example device A 1s coupled to device B, or in a second
example device A 1s coupled to device B through intervening component C if intervening
component C does not substantially alter the functional relationship between device A and device
B such that device B 1s controlled by device A via the control signal generated by device A.

[0022] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What 1s claimed 1s:
1. A transceiver, comprising:

a driver stage having a first transistor coupled between a supply voltage terminal and a first
bus terminal and a second transistor coupled between a ground and a second bus
terminal;

a third transistor coupled between a common voltage terminal and a terminal of the first
transistor, the first transistor having a control input and first and second current
terminals;

a first capacitor coupled between the first current terminal and the control input of the third
transistor;

a first resistor coupled between the supply voltage terminal and the control input of the
third transistor; and

a first switch coupled between the supply voltage terminal and the control input of the third
transistor.

2. The transceiver of claam 1, wherein the third switch 1s configured to be on during a first
state of the transceiver, and off during a second state of the transceiver.

3. The transceiver of claim 2, wherein the transceiver 1s a controller area network (CAN) bus
transcerver, and the first state 1s a dominant state and the second state 1s a recessive state.

4. The transceiver of claim 1, further including a voltage buffer having an output coupled to
the common voltage terminal.

5. The transceiver of claim 1, further including:

a fourth transistor coupled between a terminal of the second transistor and the common
voltage terminal, the fourth transistor having a control input and first and second
current terminals;

a second capacitor coupled between the first current terminal of the fourth transistor and the
control input of the fourth transistor;

a second resistor coupled between the ground and the control input of the fourth transistor;
and

a second switch coupled between the ground and the control input of the fourth transistor.

6. The transceiver of claim 5, wherein the first transistor has a control input and the second
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transistor includes a control input, and the transceiver further includes a transmitter driver having a
driver 1nput, a first output, and a second output, the driver input configured to receive a transmit
signal, the first output 1s coupled to the control input of the first transistor, and the second output 1s
coupled to the control input of the second transistor.

7. The transcetver of claim 5, wherein:

the third switch 1s configured to be on during a first state of the transceiver, and off during a

second state of the transceiver; and

the fourth switch 1s configured to be on during the first state of the transceiver, and off

during the second state of the transceiver.
8. The transcetver of claam 7, wherein:

the transceiver 1s a controller area network (CAN) bus transceiver, and the first state 1s a

dominant state and the second state 1s a recessive state; and

the transceiver includes a voltage buffer having an output providing the common voltage

terminal.

9 The transceiver of claim 1, wherein the first transistor has a current terminal and the second
transistor has a current terminal, and the transceiver further includes a recessive nulling circuit
coupled to the common voltage terminal, the current terminal of the first transistor, and the current
terminal of the second transistor, and the recessive nulling circuit 1s configured to force the current
terminals of the first and second transistors to a voltage on the common voltage terminal for a
period of ttme upon transition of the transceiver from a dominant state to a recessive state.

10. A transceiver, comprising;:

a driver stage having a first transistor coupled between a supply voltage terminal and a first
bus terminal and a second transistor coupled between a ground and a second bus
terminal; and

a transient-triggered ring suppression circuit coupled to the first and second transistors, the
transient-triggered ring suppression circuit 1s configured to be enabled upon
transition of the transceiver from a dominant state to a recessive state and, while the
transceiver 1s in the recessive state, to attenuate ringing on at least one of the first or
second bus terminals.

11. The transceiver of claim 10, wherein the transient-triggered ring suppression circuit

includes:
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a third transistor coupled between a terminal of the second transistor and a common voltage
terminal, the third transistor having a control input and first and second current
terminals;

a first capacitor coupled between the second current terminal of the third transistor and the
control input of the third transistor;

a first resistor coupled between the ground and the control input of the third transistor; and

a first switch coupled between the ground and the control input of the third transistor.

12. The transceiver of claim 11, wherein the transient-triggered ring suppression circuit
includes:

a fourth transistor coupled between a common voltage terminal and a terminal of the first
transistor, the fourth transistor having a control input and first and second current
terminals;

a second capacitor coupled between the first current terminal and the control input of the
fourth transistor:;

a second resistor coupled between the supply voltage terminal and the control input of the
fourth transistor; and

a second switch coupled between the supply voltage terminal and the control input of the
fourth transistor.

13. The transceiver of claim 11, wherein the first switch 1s configured to be on during the
dominant state, and off the recessive state.

14. The transceiver of claim 11, further including a voltage buffer having an output coupled to
the common voltage terminal.

15. The transceiver of claim 10, wherein the transient-triggered ring suppression circuit
includes:

a third transistor coupled between a common voltage terminal and a terminal of the first
transistor, the first transistor having a control input and first and second current
terminals;

a first capacitor coupled between the first current terminal and the control input of the third
transistor;

a first resistor coupled between the supply voltage terminal and the control input of the

third transistor; and
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a first switch coupled between the supply voltage terminal and the control input of the third
transistor.

16. The transceiver of claim 10, wherein the first transistor has a control input and the second
transistor includes a control input, and the transceiver further includes a transmitter driver having a
driver 1nput, a first output, and a second output, the driver input configured to receive a transmit
signal, the first output 1s coupled to the control input of the first transistor, and the second output 1s
coupled to the control input of the second transistor.

17. A transceiver, comprising:

a driver stage having a first transistor coupled between a supply voltage terminal and a first
bus terminal and a second transistor coupled between a ground and a second bus
terminal;

a third transistor coupled between a common voltage terminal and a terminal of the first
transistor, the first transistor having a control input and first and second current
terminals;

a first capacitor coupled between the first current terminal and the control input of the third
transistor;

a first resistor coupled between the supply voltage terminal and the control input of the
third transistor;

a first switch coupled between the supply voltage terminal and the control input of the third
transistor;

a fourth transistor coupled between a terminal of the second transistor and the common
voltage terminal, the fourth transistor having a control input and first and second
current terminals;

a second capacitor coupled between the first current terminal of the fourth transistor and the
control input of the fourth transistor;

a second resistor coupled between the ground and the control input of the fourth transistor;
and

a second switch coupled between the ground and the control input of the fourth transistor.

18. The transceiver of claim 17, further including a voltage buffer having an output coupled to
the second current terminals of the third and fourth transistors, the voltage buffer configured to

generate a common voltage on the common voltage terminal.

10
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19. The transceiver of claam 18, wherein the first transistor has a current terminal and the
second transistor has a current terminal, and the transceiver further includes a recessive nulling
circuit coupled to the common voltage terminal, the current terminal of the first transistor, and the
current terminal of the second transistor, and the recessive nulling circuit 1s configured to force the
current terminals of the first and second transistors to the common voltage terminal for a period of
time upon transition of the transceiver from a first state to a second state.

20. The transceiver of claim 17, wherein the transceiver 1s a controller area network (CAN) bus

transcelver.

11
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Documentation searched other than minimum documentation to the extent that such documents are included i1n the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2014/0156893 A1 (TEXAS INSTRUMENTS INCORPORATED) 05.06.2014,
X fig. 8, 11, paragraphs [0024], [0028] 10, 16
A 1-9, 11-15, 17-20
A US 7924055 B2 (DONGBU HITEK CO LTD) 12.04.2011 1-20
A US 2006/0170451 A1 (TEXAS INSTRUMENTS INCORPORATED) 03.08.2006 1-20
A US 2019/0058614 A1 (NXP B.V.) 21.02.2019 1-20
D Further documents are listed in the continuation of Box C. D See patent family annex.
4 Special categories of cited documents: “T” later document published after the international filing date or priority
“A”  document defining the general state of the art which 1s not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the mvention
“D”  document cited by the applicant in the international application “X”  document of particular relevance; the claimed invention cannot be
“E”  earlier document but published on or after the international filing date considered novel or cannot be considered to involve an iventive
“L”  document which may throw doubts on priority claim(s) or which 1s step when the document 1s taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to mvolve an inventive step when the document 1s
“O”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled 1n the art
“P”  document published prior to the international filing date but later than “&”  document member of the same patent family
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