7057414 A1 | IOV OO

Tg)

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date
23 June 2005 (23.06.2005)

(10) International Publication Number

WO 2005/057414 A1l

GO6F 13/40

(51) International Patent Classification’:

(21) International Application Number:
PCT/US2004/024544

(22) International Filing Date: 29 July 2004 (29.07.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/520,917
10/822,027

UsS
Us

18 November 2003 (18.11.2003)
9 April 2004 (09.04.2004)

(71) Applicant (for all designated States except US): AGERE
SYSTEMS INC. [US/US]; 1110 American Parkway NE,
Allentown, PA 18109 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GUO, Chunbing
[CN/US]; 26 Victoria Drive, Eastontown, NJ 07724 (US).
YANG, Fuji [CN/US]; 55 Sage Street, Holmdel, NJ 07733
(US).

(74) Agents: RYAN, Joseph, B. et al.; Ryan, Mason & Lewis,
LLP, 1300 Post Road - Suite 205, Fairfield, CT 06824 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR RECEIVER DETECTION ON A PCI-EXPRESS BUS

200
270 /
ouT+
BUFFER
ouT-
Tt 7T
H |
I 1
{ i
~205 !
1 CHARGE
220 ! pump 240
____________ H
230 !
< I
250 |
1]
AMPLITUDE | DETECTION
CONTROL ! OUTPUT
TMER
245
1

(57) Abstract: A method and apparatus are provided for detecting a receiver over a PCI-Express bus. A receiver is detected on
a PCI-Express link by adjusting a common mode voltage using a current injected into one or more transmitter output nodes and
& detecting whether a receiver is present based on a voltage change rate. The current can be injected, for example, by a charge pump.
& In various embodiments, the charge pump can be integrated with a CML transmit buffer or an H-bridge type of transmit buffer.
The amplitude control circuit can compare the adjusted common mode voltage to one or more predefined voltages and maintain the
adjusted common mode voltage between two predefined voltages. The amplitude control circuit provides a signal to the charge pump
to control the current injected into the transmitter output nodes. The amplitude control circuit also provides a signal to an exemplary

timer that measures the voltage change rate.



WO 2005/057414 Al

0 000 00O

JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, §Z, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR, HU, IE,
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI patent
(BE, BJ, CE, CG, CI, CM, GA, GN, GO, GW, ML, MR, NE,
SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following desig-
nations AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW,
BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU,

LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY,
TJ,TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, §Z, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE,
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE,
SN, TD, TG)

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

WO 2005/057414 PCT/US2004/024544

METHOD AND APPARATUS FOR RECEIVER DETECTION
ON A PCI-EXPRESS BUS

Cross Reference to Related Applications

This application claims the benefit of United States Provisional Application

Number 60/520,917, filed November 18, 2003.

Field of the Invention

The present invention relates generally to receiver detection techniques and, more
particularly, to methods and apparatus for detecting a receiver on a Peripheral Component

Interconnect Express link system.

Background of the Invention
The Peripheral Component Interconnect (PCI) specification (downloadable from

www.pci-sig.com) defines how one or more peripheral devices can communicate with a
computing device | over a serial input/output bus link. The serial link can be within a single
computing device or can link one or more computing devices and peripheral devices. The
original PCI specification defines a 32-bit PCI bus that operates at 33 MHz with a peak
throughput of 132 Megabytes/second. Until recently, the performance of the original PCI
specification was adequate for most applications. As the processing rates of commercially
available processors have increased, the processing capacity of the processors to process data
eventually exceeded the capacity of the PCI bus to deliver data. Thus, recent processors can
process data faster than the PCI bus can deliver the data to processor.

An updated version of the PCI specification, referred to as PCI Express, proposes
to improve the computer performance by increasing the flow of data between a processor and
various peripheral devices, such as network cards, printers and storage disks. Rather than
transmitting data on a parallel bus, which limits the maximum transmitting speed, PCI-Express
uses high speed serial lanes at 2.5Gbit/second or higher to transmit the data. When multiple
lanes are used, e.g., 32 lanes, the maximum speed can be up to 80Gbit/second.

In addition, PCI-Express includes a number of new features that are said to

improve reliability, timing and scalability of the bus. For example, the PCI-Express standard
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requires that transmitters support a “receiver detect” function that allows a transmitter to
determine whether there is a receiver present at the far end of a communication link. A meed
therefore exists for a receiver detection circuit that may be employed by a transmitter that

communicates over a PCI-Express bus.

Summary of the Invention

Generally, a method and apparatus are provided for detecting a receiver over a
PCI-Express bus. A receiver is detected on a PCI-Express link by adjusting a common mode
voltage using a current injected into one or more transmitter output nodes and detecting whether
a receiver is present based on a voltage change rate. The current can be injected, for example, by
a charge pump under control of an amplitude control circuit. In various embodiments, the charge
pump can be integrated with a CML transmit buffer or an H-bridge type of transmit buffer.

The amplitude control circuit optionally compares the adjusted common mode
voltage to one or more predefined voltages and can maintain the adjusted common mode voltage
between two predefined voltages. The amplitude control circuit provides a signal to the charge
pump to control the current injected into the transmitter output nodes. The amplitude control
circuit also provides a signal to an exemplary timer. The timer measures the change rate of the
common mode voltage to determine whether a receiver is present and optionally generates a
detection output flag indicating whether a receiver is present.

A more complete understanding of the present invention, as well as further
features and advantages of the present invention, will be obtained by reference to the following

detailed description and drawings.

Brief Description of the Drawings

FIG. 1A is a schematic block diagram of a transmitter and receiver
communicating over a PCI-Express link;

FIG. 1B is a schematic block diagram of the transmitter and receiver of FIG. 1A
when the receiver is not connected to the PCI-Express link;

FIG. 2 is a schematic block diagram of a transmitter incorporating features of the

present invention;

-
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FIG. 3 is a schematic block diagram illustrating an exemplary amplitude control
circuit of FIG. 2 in further detail,;

FIG. 4 is a schematic block diagram illustrating an exemplary charge pump of
FIG. 2 in further detail,;

FIG. 5 illustrates the common mode voltage and UP control signal for the receiver
detection circuit of FIG. 2;

FIG. 6 is a schematic block diagram illustrating an alternate charge pump that may
be employed when a current mode logic (CML) transmit buffer is used in the transmitter; and

FIG. 7 is a schematic block diagram illustrating an alternate charge pump that may

be employed when an H-bridge type of transmit buffer is used.

Detailed Description

The present invention provides a receiver detection circuit 250, discussed further
below in conjunction with FIG. 2, for use by a transmitter 110 that communicates over a PCI-
Express link 150. FIG. 1A is a schematic block diagram of a transmitter 110 and receiver 170
communicating over a differential transmission line 150. AC coupling between the transmitter
110 and receiver 170 is used through the coupling capacitor 160. As shown in FIG. 1A, the
transmitter 110 includes a pair of resistors 115, 120 between the differential transmission line
150 and ground. Similarly, the receiver 170 includes a pair of resistors 175, 180 between the
differential transmission line 150 and ground. The resistors 115, 120, 175, 180 terminate the
differential transmission line 150 to avoid reflections at higher speeds. The resistors 115, 120,
175, 180 typically have resistance values on the order of 50 Ohms.

The present invention recognizes that when the receiver 170 is present and
connected to the transmission line 150, a large AC coupling capacitor 160 connected to the
ground via the receiver termination resistors 175, 180 will act as a load to the transmitter 110. If
a voltage step change is applied at the node VX, the voltage at out+ and out- will follow the Vx
changes. The voltage change rates at the output, out+ and out-, of the transmitter 110, however,
is determined by a time constant approximately equal to X*Csc coupling, Where X is the output
impedance of the transmitter 110 (i.e., the value of the termination resistors 115, 120 in Ohms)

and Cae,coupting 18 value of the AC coupling capacitor 160 in Farads.
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When the receiver is not present, as shown in FIG. 1B, the termination resistors
175, 180 of the receiver 170 will not be present and the load seen by the transmitter 11 O will only
be the parasitic capacitor associated with the nodes out+ and out-, referred to as the pad
capacitance, Cpap 165. The voltage change rate at the output, out+ and out-, of the transmitter
110 is determined by a time constant X* Cpap.

As the capacitance of the AC coupling capacitor 160 is much larger than the
capacitance of the pad capacitor 165, a significant and measurable voltage change rate difference
will be observed depending on whether a receiver 170 is present. According to one aspect of the
present invention, the period of the output of the transmitter 110, referred to as the voltage
change rate, is used to determine whether a receiver 170 is present on the PCI-Express link 150.
As the link 150 is AC coupled with a large AC coupling capacitor 160 and the receiver 170
(when present) is terminated with 50 Ohm resistors 175, 180, a receiver detectionn circuit in
accordance with the present invention detects whether a receiver 170 is present by measuring the
voltage change rate of the transmitter 110.

FIG. 2 is a schematic block diagram of a transmitter 200 incorporating features of
the present invention. As shown in FIG. 2, the transmitter 200 includes a receiver detection
circuit 250. Generally, the receiver detection circuit 250 detects whether a receiver (not shown)
is present by measuring the voltage change rate at the transmitter 200. In one exemplary
implementation, the receiver detection circuit 250 changes the output common voltage, Vy, of the
transmitter 200 and detects the voltage change rate at the transmitter output nodes, out+ and out-.
As previously indicated, if a receiver is present, the voltage change rate is approximately
determined by the time constant X*C,ccoupling. Likewise, if a receiver is not present, the voltage
change rate is approximately determined by the time constant X* Cpap. The receiver detection
circuit 250 compares the measured voltage change rate to a threshold to determine whether a
receiver is present.

In one exemplary implementation, shown in FIG. 2, the receiver detection circuit
250 employs a charge pump 240, discussed further below in conjunction with FIG. 4, associated
with an amplitude control circuit 230, discussed further below in conjunction with FIG. 3, to vary
the output common mode (CM) voltage of the transmitter 200. Generally, the receiver detection

circuit 250 works as a relaxation oscillator. The charge pump 240 injects current into the output
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nodes, out+ and out-, of the transmitter 200 and thereby changes the common mode (CM)
voltage of the transmitter 200. A common mode detection circuit 205 measures the output CM
voltage of the transmitter 200. As shown in FIG. 2, the common mode detection circuit 205 is
implemented as two resistors 210, 220 connected in series between the transmitter output node,
out+ and out-. The value of the resistors 210, 220 is large compared to the termination resistors
115, 120 of the transmitter 200.

As discussed further below in conjunction with FIG. 3, the amplitude control
circuit 230 compares the measured CM voltage, V¢, of the transmitter 200 to predefined
voltages Vrefl and Vref2, and ensures that the CM voltage change introduced by the charge
pump 240 is between Vrefl and Vref2. A timer 245 measures the change rate of the CM voltage,
Vem, to determine whether a receiver is present. The timer 245 generates a detection output flag
indicating whether a receiver is present. For example, the timer 245 can generate a flag having a
binary value of one to indicate that a receiver is present or having a binary value of zero to
indicate that a receiver is not present. The timer 245 is driven by a clock signal.

FIG. 3 is a schematic block diagram illustrating an exemplary amplitude control
circuit 230 of FIG. 2 in further detail. As shown in FIG. 3, the amplitude control circuit 230
includes a pair of voltage comparators 310, 320, a pair of nand gates 330, 340 having inverted
outputs and an inverter 350. In operation, when starting the receiver detection process, the
transmit buffer 270 (FIG. 2) is turned off and the transmitter 200 is in a high CM output
impedance mode. If the measured CM voltage, V¢, of the transmitter 200 is greater than the
voltage Vref2 (Vem > Vref2), the down control signal, DN, is enabled and the up control signal,
UP, is disabled. As a result, the charge pump 240 will change the voltage at out+/out- (FIG. 2)
towards Vrefl.

If the measured CM voltage, V., of the transmitter 200 1s less than the voltage
Vrefl (Vem < Vrefl), the down control signal, DN, is disabled and the up control signal, UP, is
enabled. As a result, the charge pump 240 will change the voltage at out+/out- (FIG. 2) towards
Vref2.

FIG. 4 is a schematic block diagram illustrating an exemplary charge pump 240 of
FIG. 2 in further detail. As shown in FIG. 4, the charge pump 240 includes four two PMOS
transistors 410, 430 and two NMOS transistor 420, 440 and two current sources 450, 460. The

_5-
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transistors 410, 430, 420, 440 are connected to the UP and DN control signals, respectively,
generated by the amplitude control circuit 230 of FIG. 3. The up current source 450 is active
when the UP control signal is enabled by the amplitude control circuit 230 (i.e., when Vem <
Vrefl). When the up current source 450 is active, the charge pump 240 will change the voltage
at out+/out- towards Vref2. Likewise, the down current source 460 is active when the DN
control signal is enabled by the amplitude control circuit 230 (i.e., when Vem > Vref2). When
the down current source 460 is active, the charge pump 240 will change the voltage at out+/out-
towards Vrefl.

FIG. 5 illustrates the common mode voltage, Vem, (Voutt+/Vout-) 510 and the UP
control signal 520. As shown in FIG. 5, the common mode voltage, Vcm, is maintained between
Vrefl and Vref2 by selective application of the UP and DN control signals, in the manner
described above. As previously indicated, the timer 245 (FIG. 2) measures a change rate of the
CM voltage, Vem, to determine whether a receiver is present. The timer 245 measures the Vem
change rate by measuring the period, t, of the UP or DN control signal. The period, t, is inversely
proportional to the Vem change rate. If the period, t, exceeds a certain threshold (the threshold is
dependent on the actual value of the PAD capacitor, Cpap, 165 and AC coupling capacitor 160
used), the output of the timer 245 will be set to a binary value of one to indicate the presence of
the receiver. If the period, t, is smaller than the threshold, the output of the timer 245 will be set
to a binary value of zero to indicate that a receiver is not present.

FIG. 6 is a schematic block diagram illustrating an alternate charge pump that may
be employed when a current mode logic (CML) transmit buffer 270 is used. The circuit 600
includes a charge pump incorporated with the CML buffer. CML buffers are often used in high
speed buffer design. The charge pump shown in FIG. 6 aims to share existing transistors in the
CML buffer 270 in order to minimize the parasitic capacitance. The charge pump 240 discussed
above in conjunction with FIG. 4, can be simplified with a CML buffer.

As shown in FIG. 6, the CML buffer 610 is controlled by a first switch S1 that can
be in an open position in a receiver detection mode and in a closed position in a data mode. In
addition, the integrated circuit 600 includes a second switch S2 that determines whether an up
current source, Iyp, 620 is included in the circuit 600. The second switch S2 is in an open

position in a data mode and in a closed position in a receiver detection mode.
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The gate control signal of transistors M1 and M2 are controlled by two
multiplexers 630, 640. When in a receiver detection mode, the two multiplexers 630, 640 are
configured such that the output signals A, B have the same value as the down control signal, DN.
In a data transmission mode, the two multiplexers 630, 640 are configured such that the output
signals A, B have the same value as the respective data signals, Data P and Data N. The current
source Iss can be made programmable so that in the receiver detection mode, Iss is equal to Iup.
The output common mode voltage, Ve, is directly sensed at node Vew.

FIG. 7 is a schematic block diagram illustrating an alternate charge pump that may
be employed when an H-bridge type of transmit buffer 710 is used. The circuit 700 includes a
charge pump incorporated with the H-bridge type buffer 710. The H-bridge buffer 710 includes
four transistors M1-M4 and can be configured as a charge pump in a receiver detection mode. As
shown in FIG. 7, four multiplexers 720, 730, 740, 750 are used to select UP/DN signals (from the
amplitude control circuit 230) in the receiver detection mode or select DATA inputs in a normal
transmission mode as the input. The current sources I; and I2 can be set to a different value in
the receiver detection mode in accordance with the UP and DIN control signals, in a similar
mamner to the current sources Iyp and Ipy of FIG. 2. The CM voltage, Veum, can be sensed
directly at the middle point of two termination resistors R1 and R2, as shown in FIG. 7. The
receiver detection control process may be performed in the manner described above in
conjunction with FIG. 2.

It is to be understood that the embodiments and variations shown and described
herein are merely illustrative of the principles of this invention and that various modifications
may be implemented by those skilled in the art without departing from the scope and spirit of the

invention.
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We claim:

1. A method for determining whether a receiver is present on a PCI-Express link,
said method comprising the steps of:

adjusting a common mode voltage by injecting a current into one or more
transmitter output nodes; and

detecting whether a receiver is present on said PCI-Express an based on a

voltage change rate.

2. The method of claim 1, further comprising the steps of measuring said adjusted
common mode voltage and comparing said measured common mode voltage to one or more

predefined voltages.

3. The method of claim 1, further comprising the steps of measuring said adjusted

common mode voltage and maintaining said measured common mode voltage between two

predefined voltages.

4. The method of claim 1, wherein said step of injecting a current is performed by a
charge pump.

5. The method of claim 4, wherein said charge pump is integrated with a CML
transmit buffer.

6. The method of claim 4, wherein said charge pump is integrated with an H-bridge
type of transmit buffer.

7. The method of claim 4, wherein said charge pump is controlled by an amplitude

control circuit.
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8. A receiver detection circuit for use in a transmitter connected to a PCI-Express
link, comprising:

an amplitude control circuit to adjust a common mode voltage by initiating an
injection of current into one or more transmitter output nodes; and

a timer for detecting whether a receiver is present on said PCI-Express link based

on a voltage change rate.

9. The receiver detection circuit of claim 8, further comprising a common mode

detection circuit to measure said adjusted common mode voltage.

10. The receiver detection circuit of claim 9, wherein said common mode detection
circuit is comprised of two resistors connected in series between said transmitter output nodes,

out+ and out-.

11. The receiver detection circuit of claim 9, wherein said common mode detection
circuit measures said adjusted common mode voltage and compares said measured common

mode voltage to one or more predefined voltages.

12. The receiver detection circuit of claim 9, wherein said common mode detection
circuit measures said adjusted common mode voltage and maintains said measured common

mode voltage between two predefined voltages.

13. The receiver detection circuit of claim 8, further comprising a timer to measure a

change rate of said adjusted common mode voltage to determine whether a receiver is present.

14, The receiver detection circuit of claim 13, wherein said timer generates a

detection output flag indicating whether a receiver is present.

15. The receiver detection circuit of claim 8, wherein said injection of current is

performed by a charge pump.

-9-
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16. The receiver detection circuit of claim 15, wherein said charge pump is integrated
with a CML transmit buffer.
17. The receiver detection circuit of claim 15, wherein said charge pump is integrated

with an H-bridge type of transmit buffer.

18. The receiver detection circuit of claim 15, wherein said charge pump is controlled

by an amplitude control circuit.

19. A receiver detection circuit for use in a transmitter connected to a PCI-Express
link, comprising:

means for adjusting a common mode voltage by initiating an injection of current
into one or more transmitter output nodes; and

means for detecting whether a receiver is present on said PCI-Express link based

on a voltage change rate.

20. The receiver detection circuit of claim 19, wherein said injection of current is

performed by a charge pump.

~-10-
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