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An alternative architecture, also shown in Fig. 1.16, uses an internal high-
speed clock running at a frequency equal to half of the baud rate. Data is
latched in two flip-flops on alternate edges of the high-speed clock. The high-
speed clock also controls a multiplexor which alternately selects which of the
flops drives the differential driver. Depending on the characteristics of the
silicon technology. this architecture may result in lower jitter than the full-rate
architecture.

Figure 1.17 illustrates typical voltage swings for the two legs of the
differential signal, assuming a termination voltage of approximately 1.8 V. The
average voltage on the signal is the common mode voltage (V. ). For this
example:

Ven=(1.5V+0.9V)/2=1.2V,

The differential voltage (V yr ) is calculated by taking the voltage of the
true leg and subtracting the voltage of the complement leg. Figure 1.18
illustrates the differential waveform corresponding to the single-ended signals
from Fig. 1.17.

This differential voltage swings between the following limits:
Vaig=15V- 09V=+0.6V
Viig= 09V~ 15V= 0.6V
This waveform has a total peak-to-peak differential voltage of 1.2 V.
Note that the peak-to-peak voltage of the differential signal is twice the peak-
to-peak voltage of either single-ended signal considered individually.

1.3.5 Differential Receiver

The differential receiver stage is an analog comparator circuit which
compares the frue and complement legs of the differential signal and outputs a
“0™ or *1™ logic level based on the relative signal voltages. Differential receiver
stages used with DFEs are linear amplifiers; the comparator circuit is incorpo-
rated into the DFE.

1.3.6 Diagnostic Functions

Additional logic is often incorporated into the transmitter and receiver
designs to provide diagnostic capabilities for chip manufacturing test, circuit
board manufacturing test, and system diagnostic tests. Typical functions
include:

1. Pseudo random Bit Sequence (PRBS) Checker. PRBS sequences can be
checked by comparing received data to the output of a local linear feedback
shift register implementing the corresponding characteristic polynomial.
Receiver devices often include a PRBS checker capable of checking one or
more PRBS test patterns.

2. Loopback or Wrap Paths. Full duplex Serdes devices often provide the
capability to wrap transmitter outputs to receiver inputs in order to self-check
the functionality of the Serdes. Simplex cores do not have this capability,
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although some simplex transmitters include a test receiver, and some simplex
receivers include a test transmitter to perform self-test.

3. JTAG 1149.1 and JTAG 1149.6. These JTAG standards are used for
manufacturing test of circuit boards, and require insertion of boundary scan
cells on all chip /0 to support this testing. Since such logic cannot be inserted
on high-speed I/0 without impacting signal integrity, the Serdes core must
provide appropriate hooks to drive differential outputs from boundary scan
cells at the transmitter device, and sample inputs in boundary scan cells at the
receiver device. JTAG 1149.6 expands the capabilities of JTAG 1149.1 to
permit testing through decoupling capacitors and support independent testing
of the true and complement legs of differential signals. JTAG 1149.1 and
1149.6 are covered in detail in Sect. 7.1.
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Fig. 1.19 Clock distribution example using an ASIC IF PLL
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1.3.7 Phase-Locked Loop

The Serdes core requires an internal clock running at either the baud or half-
baud rate depending on the architecture of the driver and receiver stages.
Rather than distribute a high-speed clock throughout the chip, a lower
frequency reference clock is distributed within the chip, and a PLL is used in
the Serdes to multiply this clock to the appropriate frequency. A given Serdes
implementation may contain multiple instances of transmitter and/or receiver
channels. In such cases, it is common for a single PLL in the core to generate
clocks for all channels within the core.

The off-chip clock source often operates at an even lower frequency than
the on-chip reference clock. An additional PLL may be used in the chip to
multiply the frequency of the off-chip reference clock to meet the desired on-
chip reference clock frequency. Because the frequency of the on-chip reference
clock is usually higher than the off-chip reference clock (but less than the
internal clock in the Serdes core) the PLL which produces this clock is
sometimes called an intermediate frequency (1F) PLL.

An example of clock distribution using such an IF PLL is shown in
Fig. 1.19. An IF PLL is used to multiply the 200-MHz clock from an off-chip
oscillator by four. The resulting 800-MHz reference clock is distributed on-
chip to various Serdes cores. These Serdes cores each contain a PLL which
additionally steps up the frequency of the 800-MHz reference clock to the
desired baud rate.

1.4 Signal Integrity

This section provides an overview of the importance of signal integrity
analysis to the design of successful systems using High-Speed Serdes.

1.4.1 The Channel

The channel is defined as the electrical path between the transmitter and the
receiver, including printed circuit board traces, vias, cables, connectors,
decoupling capacitors, etc. The channel may traverse the printed circuit board
between two chips on the same card, or may traverse a system backplane
connecting two printed circuit boards.

At frequencies of interest, the printed circuit board is not a perfect
connection. Major channel impairments include insertion loss, reflections, and
crosstalk. Channel frequency response, including these impairments, is
typically measured using a vector network analyzer (VNA), and captured in a
Scattering Parameter matrix format (commonly called S-Parameters) as is
described in “Channel Response™ under Sect. 8.4.1.2 in Chap. 8. Each of these
impairments impacts the BER of the link. In}grfacc ]sgandards typically require
link BER performance in the range of 107 "to 107",

The equalization scheme used by Serdes devices must compensate for the
channel loss and other impairments in order to achieve the desired BER. A
common figure of merit is based on the evaluation of the insertion loss of the
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Table 2.3 Receiver slice specific core pin definitions

Pin name Type | Description

RXXSIGDETEN In Signal Detect Enable

0=Signal Detect power control using Signal Detect
Power Down bit in SIGDET Control Register,
1=Signal Detect circuit powered on

2.1.2 HSS EX10 Register Descriptions

The HSSPRTADDR]7:0] inputs of the HSS EX10 core select the internal
register to be written or read. The HSSPRTADDR([7:4] address bits select
which slice is being addressed, and the HSSPRTADDR([3:0] bits select the
particular register within the slice. All registers are 16 bits wide, although in
many cases not all bits of the register have a defined function.

Table 2.4 describes how HSSPRTADDR([7:4] map to register space of the
HSS EX 10 slices. Note that values OxC and 0xD are broadcast addresses which

allow all TXx or RXx slice registers (respectively) to be written in parallel with
one write cycle. Not all values of HSSPRTADDR|7:4] are used.

Table 2.4 HSS EX10 address map

Addr ;
(7:3) Maps to slice

0x0  [TXA Slice Registers

0x1 |TXB Slice Registers

0x2  |RXA Slice Registers

0x3  |RXB Slice Registers

Ox4 |TXC Slice Registers

0x5 | TXD Slice Registers

0x6 |RXC Slice Registers

0x7 |RXD Slice Registers

0x8 IPLL Slice Registers

0xC | Write all TXx Shice Registers in parallel.

O0xD | Write all RXx Slice Registers in parallel.

S

Table 2.5 describes the registers and bit definitions for registers in tl}e PLL
slice. Table 2.6 describes the registers and bit definitions for registers in the
transmitter slice. Table 2.7 describes the registers and bit definitions for
registers in the receiver slice.
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Table 2.5 HSS EX10 PLL slice register definitions

Addr | o Reset Description
(3:0) Bits |RW | | e p
0x0 16 R | 0x0000 |VCO Coarse Calibration Status Register
0 0 CCALCOMP, calibration complete signal where:
O=calibration not complete,
]=calibration complete
1 R 0 CCALERROR, calibration error occurred.
0=no errors,
|=calibration error occurred
2 R 0 LOCK_DETECTED signal:
0=not locked,
1=locked
15:3 R Unused
0x1 16 | R/W | 0x0000 |VCO Coarse Calibration Control Register
0 R/W 0 Recalibrate signal, pulse high for minimum of eight
reference clocks then return low to initiate an
autocalibration sequence.
0 = normal (default),
1 = force PLL recalibration
15:1 R Unused
0x2 16 | R/'W | 0x00FF |Link Enable Register
0 R/W 1 Link enables to TXA. O=disabled. 1=cnabled
1 R/W | Link enables to TXB. 0=disabled. 1=enabled
2 [RW/| 1 |Link enables to RXA. O=disabled. I ~cnabled
3 R/W | Link enables to RXB. O=disabled. 1=enabled
4 R/W 1 Link enables to TXC. O=disabled. 1=enabled
) R/W 1 Link enables to TXD. 0=disabled, 1 =enabled
6 R/W | Link enables to RXC. 0=disabled. 1=cnabled
7 R/W 1 Link enables to RXD, 0=disabled. 1=cnabled
15:8 R Unused - = =
_ — |
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Table 2.5 HSS EX10 PLL slice register definitions

gd({)j; Bits | R/W 5:;‘2 Description
0x3 16 | R/W | 0x0000 |Link Reset Register
0 R/W 0 Link reset to TXA. O=normal, 1=reset
| R/W 0 Link reset to TXB. 0=normal. |=reset
2 R/W 0 Link reset to RXA. O=normal, 1=reset
3 R/W 0 Link reset to RXB. O=normal, 1=reset
4 R/W 0 Link reset to TXC. O=normal, 1=reset
3 R/W 0 Link reset to TXD. O=normal, |=reset
6 R/W 0 Link reset to RXC. O=normal, 1=reset
7 R/'W 0 Link reset to RXD. O=normal, I=reset
15:8 R Unused

Table 2.6 HSS EX10 transmitter slice register definitions

Addr

x Reset -
(3:0) Bits | R/W Description

value

0x0 16 | R/W | 0x0008 | Transmit Configuration Mode Register

1:0 R/W 00 Rate Select

00=Full rate (default)
01=Half rate
10=Quarter rate

1 1=Eighth rate

32 | /W 10 Parallel Data Bus Width
00=8 bit

01=10 bit

10=16 bit (default)
11=20 bit

15:; R Unused
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Table 2.6 HSS EX10 transmitter slice register definitions

Description

E

Transmit Test Control Register
Note: TXxPRBSEN pin = “1” overrides this register and
forces PRBS7+ to be transmitted

Test Pattern Selector

000 = PRBS7+ (noninverted) (default)

001 = PRBS7~ (inverted)

010 = PRBS23+ (noninverted)

011 =PRBS23- (inverted)

100 = PRBS31+ (noninverted)

101 = PRBS31- (inverted)

110=1010101....

111 = repeating pattern of 64 *1”s followed by
64 *0"s

Test Pattern Generator Enable

0=disable generator and select Customer Parallel Data
(default),

I=enable generator and select Test Pattern Data

PRBS Reset.
O=normal (default),
I=reset applied to Test Pattern generator

Unused

Transmit Coefficient Control Register

{Apply Load

i This bit applies the register-loaded values of coetficients,
ipower, polanity and FFE mode to the coefficient
;recaleulation logic, and presents this new value to the

{ANA0OE Circunls

Reset Coeflicient Logic
O=normal (defauly),
I=reset

th

o

Unused
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Table 2.6 HSS EXI10 transmitter slice register definitions
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Addr
(3:0)

Bits

R/W

Reset
value

Description

0x3

16

R/W

0x0020

Transmit Driver Mode Control Register

1:0

/W

00

FFE mode Select
00=FFE2 (default)
01=FFE3
10=reserved

I I=Force Hi-Z

R/W

000

Slow Slew Control

Used to limit the minimum Transmitter output ris¢ and
fall time.

000 = 24 ps min. (default)

001= 36ps min.

101= 50ps min.

011= 60ps min.

111=100ps min.

15:5

Unused

Ox4

R/W

0x0000

Transmit Tap0 Coefficient Register

R/W

0000

FFE Tap 0 Coefficient

This register’s value is applied to the analog logic after
“Apply Load” (Transmit Coefficient Control Register
0x02 bit 0) is pulsed. The value read from this register is
the actual value being driven to the analog logic. Value is
unsigned magnitude. See the Transmit Polarity Register
0x08 for sign values

Unused

R/W

0x003F

Transmit Tapl Coefficient Register

R/W

IRRRRE

FFE Tap 1 Coefficient
See the description for the Transmit Tap( Coefficient
Register (0x04)

Unused

0x6

R/W

0x0000

Transmit Tap2 Coefficient Register

R/W

00000

FFE Tap 2 Coefficient
See the description for the Transmit Tap0 Coefficient
Register (0x04)

Unused
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Table 2.6 HSS EX10 transmitter slice register definitions
Reset ]
Addr s ese inti
(3:0) Bits | RIW valio Description

0x7 16 | R/W | 0x007F |Transmit Power Register

6:0 | R‘'W | 0x7F |Transmit amplitude value (unsigned positive magnitude).
Valid values are 0x20 minimum to 0x7F maximum.

15:7 R Unused
0x8 16 | R'W

0 |RIW 1 Polarity (sign) value for FFE Tap 0 Coefficient.

(0 = negative, 1 = positive)

This register’s value is applied to the analog logic after
“Apply Load” (Transmit Coefficient Control Register
0x02 bit 0) is pulsed. The value read from this register is
the actual value being driven to the analog logic

0x0007 |Transmit Polarity Register

| R/W | Polarity (sign) value for FFE Tap 1 Coefficient.
(0 = negative, | = positive)
See this register’s bit 0 description

2 R/W 1 Polarity (sign) value for FFE Tap 2 CoelTicient.

See this register’s bit 0 description

15:3 R Unused

|
Table 2.7 HSS EX10 receiver slice register definitions

Addr : Reset ¢
@0y | Pt | RW | e Description

0x0 16 | R/W | 0x0038 [Receive Configuration Mode Register

1:0 | R'W 00 Rate Select i
00=Full rate (default)

01=Half rate

10=Quarter rate

1 1=Eighth rate

32 | RIW 10 Parallel Data Bus Width =
00=8 bit

01=10 bit

10=16 bit (default)

11=20 bit

54 | RIW 1 DFE/mon-DFE Mode Selector:
00=DFES,

01=DFE3,

10 or |1 =non-DFE

Unused
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Table 2.7 HSS EX10 receiver slice register definitions
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Addr
(3:0)

Bits

R/W

Reset
value

Description

Oxt

16

R/W

0x0000

Receive Test Control Register
Note: RXxPRBSEN pin = “1” overrides this register and
enables checking of a PRBS7+ pattern

2:0

R/W

000

Test Pattern Selector

000 = PRBS7+ (noninverted) (default)
001 = PRBS7~ (inverted)

010 = PRBS23+ (noninverted)

011 = PRBS23- (inverted)

100 = PRBS31 + (noninverted)

101 = PRBS31- (inverted)

{10 or 111 =Unused

R/W

0

PRBS Check Enable
O=disabled (default).
|=enabled

R/W

0

PRBS Reset.
O=normal (default).
1=reset applied to PRBS Checker

Full Duplex wrap enable.

O=normal. Selects primary input to the RX, and disables
the internal TX to RX wrap buffer (default),

I=wrap. Enables the wrap back driver in the TX to drive
the internal wrap path to this RX

6

0

State of RXxPRBSSYNC pin ~ PRBS checker status
0=PRBS checker not synchronized to incoming data,
1=PRBS checker synchronized and locked to incoming
PRBS data

State of RXxPRBSERR pin — PRBS checker status
0=PRBS pattern match or PRBS checker status = 0,
1=PRBS error detected after PRBS synchronized to
incoming data

State of RXxPRBSFRCERR pin ~ PRBS force error input
signal status

0=PRBS normal aperation,

1=PRBS error forced by opening wrap path

15:10

0x00

Unused
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Table 2.7 HSS EX10 receiver slice register definitions

Aodr i Resel Description
(3:0) Bits | RW 1 \alue P
0x2 16 | R/W | 0x0000 [Sonet Clock Control Register

Enable and frequency selection for RXXRCVCI6[T/C)
clock output

1:0 | R/'W 0x0  |Sonet Clock rate selector
00=C4 (default), 01=C8. 10=C16, 11=C4

2 R/W 0 Sonet Clock output enable

(O=disabled,

I=enabled

133 R Unused

0x3 16 | R/W | 0x0000 [Phase Rotator Control Register

0 R/W 0 Spread Spectrum Clocking Enable:

0=Spread Spectrum Clocking support disabled.
1=Spread Spectrum Clocking support enabled. Should not
be enabled unless SSC data is applied. RX Jitter tolerance
is improved in non-SSC mode

1 R/W 0 Reset Flywheel:

O=normal (default, the flywheel is enabled).

1=assert reset to the phase rotator flvwheel (disable the
flywheel)

2 R/W 0 Freeze Flywheel:

O=normal (default).

I=freeze the phase rotator flywheel at its current update
rate. This can be used to prevent periods of inactivity from
altering the state of the flywheel
153 | R Unused

0x4 16 R |0xXXXX [Phase Rotator Position Register

These registers are continuously updated by the DFE
algorithms. To accurately read the values in these
registers, the DFE logic should be stopped by setting
“DFE Stand By™ (bit 2 of register 0x06) to *1.”
5:0 R 0xXX  [Rotator Data channel Position:

Snapshot sample of DATA channel phase rotator position.
This is a six-bit vector indicating which of the 64 possible
positions the phase rotator is in
7:6 R Unused

13:8 R 0xXX  [Rotator AMP channel Position:
Snapshot sample of AMP channel phase rotator position.
This is a six-bit vector indicating which of the 64 possible
positions the phase rotator is in

15:14 | R Unused S

S

a4
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Table 2.7 HSS EX10 receiver slice register definitions

Addr
(3:0)

0x5 16 R/W | 0x0000 |Signal Detect Control Register

4:0 | R/W | 00000 |Signal Detect Level:

Unsigned value of comparator threshold used in SIGDET
circuit.

N R/W 0 Signal Detect Power Down

O=enable (default — required for DFE mode),

I=power down the Signal Detect circuit

15:6 R Unused

0x6 16 R/W | 0x000X |DFE Control Register

0 R/W 0 DFE Control Logic Reset:

O=normal,

I=triggers a reset of the DFE logic

| R X Not Random Data Status:

Proper training of the DFE engine requires sufficiently
random data flow. In order to prevent the DFE engine from
responding to periods of non-random data, a “random data
detector™ function is built into the logic. This bit is read to
indicate current detection value of this logic.

0=Data is “random,”

I=Data is not “random™

R/W 0 DFE Stand By:

. R
Bits | R/IW vaelffet Description

b

I=standby mode. All internal DFE operations are halted at
the next internal break point. Clocks continue to run, but
state machines are held idle

3 R/W 0 Sample DFE request.

|=a rising edge causes the pipeline sampling logic to
capture a new snapshot, and makes the results available in
registers 0x07 and 0x08.

- R 0 Sample DFE request completed.

0=inactive. or not ready yet (normal),
1=requested sample snapshot is now valid and available in
registers 0x07 and 0x08

15:5 R Unused
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Table 2.7 HSS EX10 receiver slice register definitions

Addr

(3:0) Bits

R/W

Reset
value

Description

0x7 16

R

0xXXXX

DFE Data and Edge Sample Register

7:0

0xXX

DFE Data Samples

These are the latest samples captured from the pipeline
registers in response to Sample DFE Request (reg 0x06
bit 4)

15:8

0xXX

DFE Edge Samples

These are the latest samples captured from the pipeline
registers in response to Sample DFE Request (reg 0x06
bit 4)

0x8 16

0x00XX

DFE Amplitude Sample Register

2:0

XXX

DFE Amplitude Samples

These are the latest samples captured from the pipeline
registers in response to Sample DFE Request (reg 0x06
bit 4)

XXX

DFE Amplitude Sample Qualifiers

These are the latest samples captured from the pipeline
registers in response to Sample DFE Request (reg 0x06
bit 4)

15:6

Unused

0x9 16

R/W

0x0000

Digital Eye Control Register

4:0

R/W

0x00

Minimum eye height interrupt threshold

This is an unsigned vector value (positive) defining the
minimum acceptable eye amplitude, as measured by the
DFE logic, before “Eye Amplitude Error Flag™ bit is setin
the Internal Status Register (reg 0xOF, bit 6) and interrupt
is triggered.

0x0: 0 threshold (default, no interrupt set)

0x1 - OxE: 1/16 of range per step

OxF: threshold set at 15/16 of full range

9:5

0x00

Minimum eye width interrupt threshold

This is an unsigned vector value (positive) defining the
minimum acceptable eye width, as measured by the
Dynamic Data Centering logic algorithm, before “Eye
Width Error Flag” bit is set in the Internal Status Register
(reg OXOF, bit 5) and interrupt is triggered,

0x0: 0 threshold (default, no interrupt set)

0x1 - OxF: eye width threshold in rotator steps.
approximately 0.03U1 per step

14:10

0x00

EYE WIDTH:

Latest available eye width measurement. in units of rotator
steps

Unused
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Table 2.7 HSS EX10 receiver slice register definitions

Addr g Reset -
(3:0) Bits | RIW value Description

0xA 16 R | 0x00C0 |DFE Tap 1 Register
This register is read to obtain the status of the DFE Tap |

coefficient
5:0 R 0x00  |Dac Tap 1: magnitude of DFE Tap 1 coefficient
7:6 R 11 Sign Tap 1: This sign represents the asserted sign of DFE

Tap | as it is applied to the summer, and changes under
normal operation in DFE mode.

10 = negative, 01 = positive, 11 = zero

15:8 R Unused

0xB 16 R 0x0060 |DFE Tap 2 Register

This register is read to obtain the status of the DFE Tap 2

coelficient
4:0 R 0x00  |Dac Tap 2: magnitude of DFE Tap 2 coefficient
6:5 R 11 Sign Tap 2: This sign represents the asserted sign of DFE

Tap 2 as it is applied to the summer, and changes under
normal operation in DFE mode.

10 = negative, 01 = positive, 11 = zero

1:5:7 R Unused

0xC 16 R 0x0030 |DFE Tap 3 Register
This register is read to obtain the status of the DFE Tap 3

coefficient
3:0 R 0x00  |Dac Tap 3: magnitude of DFE Tap 3 coefficient
5:4 R 11 Sign Tap 3: This sign represents the asserted sign of DFE

Tap 3 as it is applied to the summer, and changes under
normal operation in DFE mode.

15:6 R Unused

0xD 16 R 0x0030 |DFE Tap 4 Register
This register is read to obtain the status of the DFE Tap 4

coefficient
3:0 R 0x00  |Dac Tap 4: magnitude of DFE Tap 4 coefficient
5:4 R 11 Sign Tap 4: This sign represents the asserted sign of DFE

Tap 4 as it is applied to the summer, and changes under
normal operation in DFE mode
10 = negative, 01 = positive, [ 1 = zero

15:6 R Unused
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Table 2.7 HSS EX10 receiver slice register definitions

Addr
(3:0)

0xE 16 R | 0x0030 |[DFE Tap 5 Register
This register is read to obtain the status of the DFE Tap 5

Reset

Bits | RIW valta

Description

coefficient
3:0 R 0x00 |Dac Tap 5: magnitude of DFE Tap 5 coefficient
5:4 R 11 Sign Tap 5: This sign represents the asserted sign of DFE

Tap 5 as it is applied to the summer, and changes under
normal operation in DFE mode.
10 = negative, 01 = positive, 11 = zero

~

15:6 Unused

0xF 16 R | 0x0000 [Internal Status Register

This register is used to report the status of certain internal
operations. When status bits in this register change,
HSSEYEQUALITY is asserted. A write to this register
resets the HSSEYEQUALITY output.

0 R 0 Phase Rotator Calibration Complete,

O=calibration not completed,

1=phase rotator offset calibration process is completed

I R 0 VGA locked First

This register is set when the VGA achieves lock, and is
cleared only by reset. It indicates lock was achieved at
least once

3:2 R 00  |{Unused

4 R 0 DFE training complete

This register is set when the DFE logic determines that its
H coefficients have converged since reset.

O=initial DFE convergence not yet achieved.

I=initial DFE convergence achieved

Eye Width Error Flag:

‘ O=normal: Measured Data Eye Width at or above interrupt
éthreshold set in the Digital Eye Control Register

[{reg 0x09);

I=¢rror: Measured Data Eve Width below interrupt

{ threshold set in the Digital Eve Control Register

i (reg 0x09)

n
~
<o

i 6 R 0 Eye Amplitude Error Flag:

- |0=normal: Measured Data Eye Height at or above
interrupt threshold set in the Digital Eyve Control Register
(reg 0x09);

I=error: Measured Data Eye Height below interrupt
threshold set in the Digital Eye Control Register

(reg 0x09)

15:7 R 0x000 |Unused
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2.2.3 Transmitter FFE Programming

The HSS EX10 transmitter includes a feed forward equalization (FFE) to
reduce intersymbol interference (ISI) at the receiver. This preemphasis
technique uses a FIR filter to compensate for the high frequency roll-off of the
transmission channel. Control inputs are provided to allow adjustment of the
driver FFE filter coefficients on a per-port basis. The following equation
describes the relationships of the FFE CoefTicients.

HZ)=K(Coz 1+ C 2% Cyz 7 2.0

This Z-transform equation describes an FFE with three taps. including one pre-
and one post tap. Other cores may have FFEs with fewer or more taps.

The driver amplitude (K) is adjustable in the range of 0 - 1,320 (nominal)
mV peak-to-peak differential using the Transmit Power Register described
previously in this chapter. The relative weights and polarities of Cyto C,are
configured using the three Transmit TapX Coefficient Registers (X'= 0, 1,2),
and the Transmit Polarity Register. The actual range of relative coefficient
weights is defined in Table 2.12.

The resolution of the levels is also indicated in Table 2.12. with each tap
having equal bit weighting. The driver circuit design enforces a constant driver
output power for any combination of coefficients and polarities, provided the
sum of coefficients Co— C, is 63 or higher (power decreases proportionally
below this sum). As coefficients are initialized or updated. the logic calculates

the appropriate internal amplitude (K) to maintain the overall output powerat
the level defined in the Transmit Power register.

Table 2.12 Transmitter FFE summary

Tap coefficient # 0 | 2 ;
e

Max current 75 30 15 i
(mA) ‘,
Relative max (%) 25 100 50
DAC resolution (bits) 6 8 T =
{ . 1

Tap allocation R . e '
Precursor Main tap l’o.stcu_r;\f’J

Table 2.13 Transmit driver modes

2 : T e
Mode FFE mode select bits of “Transmit Driver s .
Mode Control Register” for Port x FFE taps activated
2 _4____,__,_,_’-‘
FFE2 “00” -r
J o——
FFE3 “01™ —
(Reserved SRR - o]
. e {Indeterminate)
Hi-Z S IS
i None (see Sect. 2.2.4.1)
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To save power in certain applications, the FFE can be configured into
several configurations using the Transmit Driver Mode Control Register (see
Table 2.13). By using fewer taps, power is reduced.
2.2.3.1 Loading Transmit Coefficients

Many of the TX slice parameter control registers are not effective immedi-
ately after being written. Application of register values to the analog circuits is
controlled by writing the Apply Load bit in the Transmit Coefficient Control
Register. This allows the FFE and power level configuration to be completely
loaded in the individual registers and then simultaneously applied to the analog
circuits. For the HSS EX10, the values loaded into the Transmit TapX Coeffi-
cient Registers, the Transmit Power Register, the Transmit Polarity Register,
and the FFE Mode Select field of the Transmit Driver Mode Control Register
are not applied to the analog circuits until the Apply Load bit is pulsed. The
read-back value of these registers reflects the value being applied to the analog
circuits. If these registers are written and then read before the Apply Load bit
is pulsed, the old values are read. (The value of the Slow Slew Control field of
the Transmit Driver Mode Control Register is applied to the analog circuits
immediately, and is not gated by the Apply Load bit.)

For cores which do not contain internal registers, filter coefficients may be
set using input control pins. Sequencing updated values onto these pins is the
responsibility of the chip designer.

FFE coefficient values are not intended to be changed dynamically while
data is being transmitted (except as part of a speed negotiation or link optimi-
zation process). Significant changes to the TX slice configuration can cause
loss of data at the receiver until such time as the receiver adapts to the new
waveform characteristics.
2.2.3.2 FFE Coefficient Negotiation Support

Higher speed protocol standards sometimes support negotiation of trans-
mitter FFE settings based on characteristics of the signal at the receiver. IEEE
802.3ap Backplane Ethernet is an example of such an application. Implemen-
tations of such applications must update FFE coefficients in response to a full-
1 duplex training protocol by reading and writing the cotresponding registers.

1 The training protocol used for Backplane Ethernet is introduced in Sect.
5.3.5.1. Some cores provide register control signals to more easily !mplemgnt
the actions defined by this protocol, which include incrementing/decrementing
coefficient values. Such features are not defined for the HSS EX10 core.

2.2.4 Transmitter Power Control

Power management is becoming an increasingly important part ‘of ‘c‘hxp
designs. Various features are incorporated into HSS EX10 core to fgcnlxtflte
turning off all or part of Transmitter Slice when the corresponding interfaces
are not in use,
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The second DFE function is to determine the H1 to HS5 tap coefficient
values, which is accomplished via an algorithm in the DFE Engine (the DFE
Engine block in Fig. 3.13).

Once the data has been equalized and captured, the data/edge/amplitude
samples are aligned and deserialized in the Data Alignment/2:8 Deserializer
block. This data is further processed in digital form by the three subfunctions
in the synthesized logic macro: the CDR Macro. the Data Descrializer, and the
DFE Engine functions. The data/edge/amplitude sample latches are clocked by
three independent phase rotators. These phase rotators use a set of 1/Q (0/90°)
clocks and provide a digitally controlled phase interpolation function,
producing 64-step granularity across a 2 Ul range. This corresponds to a net
time resolution of the phase rotator of 32 steps per UL

Other blocks shown in Fig. 3.13 include the SigDer block which
implements the signal detection features (see Sect. 2.3.4) and the AC JTAG
block which provides low-speed board level testing (see Sect. 2.3.6).

3.3.1 Clock and Data Recovery (CDR) Operation

The CDR macro uses a twofold oversampling scheme, capturing four
samples across two bits (two edge and two data samples). In Fig. 3.13, the data
samples are captured in the DFE block and the edge samples are captured in
the DFE Edge block. Note that the DFE block and the DFE Edge block use
identical summers to maintain timing alignment between the two functions;
this is critical for proper data centering. As illustrated in Fig. 3.14, a simplified
bang-bang phase detector approach can be visualized. In practice, the HSS
EX10 core uses a 16-way bang-bang phase detector, with 16 data and 16 edge
samples implemented in the CDR logic macro. Digital filtering in the CDR
logic results in a loop bandwidth of approximately 1/1,000th of the baud rate
(depending upon incoming transition density).

There are four sets of latches in the bang-bang phase detector: the DO and
D1 data latches (also used extensively in the DFE block) and the EO and El
edge latches (specifically in the DFE Edge block). Samples are latched in these
latches using clocks which are sequenced as follows: EO is clocked first,
followqd by DO, E1, and finally D1. This sequencing is shown in Fig. 3.14. As
shown in the figure, XOR gates are used to detect differences in phase. When
a difference exists between adjacent values, the XOR output is asserted.

The simplified bang-bang phase detector scheme is examined for three
cases of potential phase alignment in Fi g. 3.14.In Fig. 3.14a. both the (E0, DO),
and tl?e.(El, DI) latches are sampling the same portion of the waveform. Since
th'e dlgltal values are the same, the DECO and DEC1 signals are not asserted.
Likewise the (DO, E1), and the (D1, E0) latches are san?pling differing logic
levels, and therefore the INCO and INC] signals are asserted. The INC signal
causes the phase of all four clocks to shift to the left. The net effect of this is t0
move the E0 and E1 clocks closer to the data transitions.

Fj gure 3.14b shows the opposite situation where the data edges are between
the EO/DO and the E1/D1 samples. In this case, the DECO and DEC| signals
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are asserted, and the clock phases shift to the right. The effect again is that the
E0 and E1 clocks are moved toward the data transitions.

Finally, Fig. 3.14¢ shows the case where the signal is in lock. In the absence
of noise, the lock condition for the phase detector is characterized by thrashing
back and forth one step around the ideal sample phase.

The digital INC/DEC signals are then used to control the sampling phase of
the clocks driving the Data/Edge latches. There are several popular schemes to
digitally control the sampling phase. including phase rotators, PLLs, delay
locked loops, and digital oversampling schemes. The HSS EX 10 core utilizes
a phase rotator- based CDR.

A phase rotator is essentially a digital mixer circuit which accepts two
differential clocks with 90 separation, often referred to as In-phase and
Quadrature-phase (I & Q). Shown in Fig. 3.15, the half-rate (C2) input clocks
CK 1 and CK_Q are mixed in various proportion to control the output phase
of the rotator. The linearity (phase out vs. digital phase control in) or step size
of a phase rotator is a strong function of the shape of the input clock
waveforms. Optimal performance is achieved when the input signals are very
close to sinusoidal waveforms. To that end, the SLEWBUF section controls the
slew rate of the input signals and produces a sine wave on the SCK_/ and
SCK_Q outputs. Two 15-value IDACs (typically thermometer encoded)
control the amount of / vs. O contribution to the output, and the POL signals
select the quadrant in which the output operates. The net result is that the
digital control word INT + POL can produce any one of 64 phases at the
ZP/ZN outputs.

P
ZN

SCK-A | : TELJ-J TEL[J}J EL]J]H N
T ) A

CK-1! |

INT a9 ]

- TR R

N g

CK-Q |

SLew , [
——2 SLEW DAC |

Fixed cell 15-cell current-steering DAC

o

Fig. 3.15 Phase rotator conceptual diagram
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Fig. 3.16 Four quadrant phase rotator diagram

Fig. 3.16 illustrates a phase rotator quadrant diagram, showing the 64
possible combinations of phase. In order to track a frequency offset (in ppm)
between the incoming signal stream and the local C2 clocks, the digital control
word is periodically adjusted in a given direction. The greater the difference
between the signal baud rate and the local C2 clock frequency, the more often
the phase must be adjusted.

3.3.2 Decision Feedback Equalizer (DFE) Architectures

The heart of the DFE-based core is the high-speed analog function that
varies the sample latch thresholds at the baud rate. Figure 3.17 illustrates how
this DFE threshold movement improves the BER.

Bit Error : cen |

Fig. 3.17 Decision feedback equalizer threshold adjustment
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Chapter 5
Overview of Protocol Standards

Older protocol standards defined electrical interfaces which used source
synchronous bus approaches that were described in Chap. 1. As interface stan-
dards evolved to higher and higher data rates, most standards turned to specifi-
cation of high-speed signals implemented with HSS cores. This chapter is by no
means a complete summary of all of the protocol standards for which HSS cores
are used, nor does this chapter contain sufficient information to design the logic
associated with any given protocol standard. The goal is simply to provide the
reader with a basic knowledge of some of the more popular standards.

Some of the protocol standards that are popular and relevant as of the time
of this writing are listed below:

1. Telecom Standards
(a) International Standards:
*  SONET /SDH: Telcordia GR-253-Core

SONET (Synchronous Optical NETwork) is a serial protocol for optical
telecom networks used within North America; SDH (Synchronous
Digital Hierarchy) is the equivalent protocol used on other continents.
The protocol is based on continuously sending frames containing
multiple connection clients at the rate of 8,192 frames per second.
Relevant baud rates are: 2.48832 Gbps (OC-48), 9.95328 Gbps
(OC-192), and 39.81312Gbps (OC-768).

(b) Optical Internetworking Forum (OIF):
OIF is an industry forum which develops /mplementation
Agreements that define interfaces internal to a system that are
not within the scope of other standards bodies.

»  OIF-SxI-3-01.0: System Interface Level § (SxI-5): Common Electrical
Characteristics for 2.488-3.125Gbps Parallel Interfaces

SxI-5 is an electrical layer standard incorporated by reference in the
SFI-5 and SPI-5 protocols. Relevant baud rates are from 2.488Gbps up
to 3.125Gbps.

o OIF-SFI5-01.0: Serdes Framer Interface Level 5 (SFI-5): 40Gbps
Interface for Physical Layer Devices

SFI-5 is a protocol layer standard defining the chip-to-chip or chip-to-
module interface between a SONET/SDH Framer chip and an OC-768
40-Gbps Serdes chip. It is also used to interface between a Framer or

Serdes chip and a Forward Error Correction (FEC) chip. Protocol uses

D. R. Stauffer et al., High Speed Serdes Devices and Applications, 165
C Springer 2008
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16 SxI-5 electrical links at 2.48832Gbps per link to achieve 39.81312
Gbps, plus an additional link used as a deskew reference. Baud rates are
higher on links between a FEC chip and a Serdes chip: baud rate in this
application depends on the FEC implementation.

OIF-SPI5-01.1: System Packet Interface Level 5 (SPI-5): OC-768
System Interface for Physical and Link Layer Devices

SPI-5 is a protocol layer standard defining chip-to-chip or backplane
interfaces between SONET/SDH Framer chips and other Network
Processing Elements (NPE) of an OC-768 system. The protocol uses 16
SxI-5 electrical links to implement an interface with a total bandwidth of
39.81312-50.000Gbps. Additional links in the opposite direction are
used to communicate queue status.

OIF-CEI-02.0: Common Electrical 170 (CEI): Electrical and Jitter
Interoperability agreements for 6G+ bps and 11G+ bps 170

CEl is an electrical layer standard for interfaces with baud rates in the
range 0f 4.976-6.375Gbps, and in the range of 9.95-11.10Gbps. Multiple
variants are defined to target various reach objectives (short reach chip-to-
chip, and long reach backplane). This electrical layer specification is
incorporated by reference in the CEI-P and SFI-5.2 protocols.

OIF-CEI-P-01.0: Common Electrical I/O: Protocol (CEI-P):
Implementation Agreement

CEI-P is a protocol standard for a Physical coding sublayer for CEI
electrical interfaces, specifying overhead bits using a variation on
64B/66B block encoding with data scrambling for encoding data on CEI
electrical links. The specification includes FEC codes used for error
checking, and optionally for error correction. This lower layer protocol
is incorporated by reference in the SPI-S protocol.

OIF-SF15-02.0: Serdes Framer Interface Level 5 Phase 2 (SFI-5.2):
Implementation Agreement for 40Gbps Interface for Physical Layer
Devices

SFI-5.2 is a protocol layer standard defining the chip-to-chip or chip-to-
module interface with similar application to SFI-5. The protocol uses
four CEI-11G-SR electrical links at 9.95328 Gbps per link to achieve
39.81312Gbps. plus an additional link used as a deskew reference.

OIF-SPI-S-01.0: Scalable System Packet Interface Implementation
Agreement: System Packet Interface Capable of Operating as an
Adaption Layer for Serial Data Links

The SPI-S protocol layer standard defines chip-to-chip or backplane
interfaces between SONET/SDH Framer chips and other Network
Processing Elements (NPE) of an OC-768 system. The protocol extends
SPI-5 and other prior protocols defined by OIF, specifying a scalable
interface (both in terms of baud rate and in terms of bit width) capable of

i
|
L

Marvell Semiconductor, Inc. - Ex. 1014, Page 000067



N

Overview of Protocol Standards 167

achieving any bandwidth. SPI-S builds on top of the CEI-P sublayer,
although it may also be used with other 64B/66B encoded protocols.

2. Data Networking Standards

(a) IEEE Std-802.3 Ethernet: Ethernet is a packet protocol for data networks.
The standard is written as a clause-based document which has expanded
over time to include a multitude of interface variants. A sampling of relevant
variants are listed below.

*  TEEE Std 802.3, 2000 Edition, Clause 38: 1000Base-SX, LX

This clause defines a Physical Medium Dependent (PMD) layer for
1,000Mbps Ethernet. This protocol uses 8B/10B encoding, so the actual
baud rate is 1.25Gbps.

*  [EEE Std 802.3ae, 2002 Edition, Clause 47: XGMII Extended Sublayer
(XGXS) and 10-Gb Attachment Unit Interface (XAUT) Specification

This clause defines a Physical Medium Dependent (PMD) layer fora 10-
Gbps Ethernet interface between two chips, and is sometimes used
across a backplane. The XAUI interface is specified as four links using
8B/10B encoding and running at a baud rate of 3.125Gbps.

o JEEE Std 802 . 3ak, 2004 Edition, Clause 54: 10GBASE-CX4
Specification

This clause defines a physical medium dependent (PMD) layer for a
10-Gbps Ethernet interface over an IBT cable. The protocol is similar to
the XAUI specification in clause 47.

o IEEE Sid 802.3ap. Clauses 70, 71, and 72: Backplane Ethernet

These clauses define a physical medium dependent (PMD) layers for
using the Ethernet protocol across a backplane. Clause 70 specifies a
1.000Mbps PMD layer similar to clause 38. Clause 71 specifies a four
link at 3.125Gbps PMD layer similar to clause 47. Clause 72 specifies a
serial 10.3Gbps PMD layer.
3. Storage Networking Standards
(a) INCITS T11 Fibre Channel: Fibre Channel is a packet protocol for storage
networks. Fibre Channel is used both for communication between systems in
storage arca networks and between host and disk drive devices. Fibre
Channel is specified by a collection of documents which specify the physical
layer, protocol. and other aspects of systems. Key documents are listed
below.

o FC-PI-4: Fibre-Channel: Physical Interfaces: 4

This standard specifies electrical and optical physical layer Fibre
Channel variants defined by the T11.2 Task Group. The more popular
serial variants utilize a single link at a baud rate of 1.0625,2.125. 4.250.
or 8.500Gbps. There is also a 10Gbps variant specified in a separate

Marvell Semiconductor, Inc. - Ex. 1014, Page 000068



Marvell Semiconductor, Inc. - Ex. 1014, Page 000069



eéiawiu&m e M ﬁg s
123 1 23 A e et .

168 High Speed Serdes Devices and Applications

document which utilizes an interface similar to XAUI (see prior Ethernet
descriptions).

o FC-FS-2: Fibre-Channel: Framing and Signaling: 2

This standard specifies the Fibre Channel protocol for use over any of the
physical layer variants specified in FC-Pl-x and is defined by the T11.3
Task Group. The protocol utilizes 8B/10B block encoding. Serial
variants with baud rates of 8.500Gbps also scramble data prior to the
block encoding stage.

(b) INCITS T10 Serial Attached SCSI: 2 (SAS-2) T10/1760: SAS is a packet i
protocol for storage networks. SAS is used for communication between {
host and disk drive devices. Current supported baud rates are 1.5 and
3.0Gbps; a 6.0-Gbps baud rate is expected in the future. The protocol 1
utilizes 8B/10B block encoding with data scrambled prior to the block ¢
encoding stage. (

(
(

(¢) Serial ATA International Organization: Serial ATA Revision 2.5 (SATA):
SATA is a packet protocol for storage networks. SATA is used for
communication between host and disk drive devices. Current supported baud |
rates are 1.5 and 3.0Gbps; a 6.0-Gbps baud rate is expected in the future. !
The protocol utilizes 8B/10B block encoding. !

4. Transaction Protocols

(a) Peripheral Component Interconnect Special Interest Group (PCI1-S1G): PCL ;
Express Baseline Specification, Version 2.0; PCI Express is a transaction
protocol for interconnecting peripheral devices in computing and
communication platforms. Current supported baud rates are 2.5 and 5.0 Gbps.
Ports use 1, 2,4, 8, 12, 16, or 32 links in parallel to scale bandwidth as
needed. The protocol utilizes 8B/10B block encoding with data scrambled
prior to the block encoding stage. 1

(b) InfiniBand Trade Association (IBTA) Infiniband Architecture Specification
Volume 2, Release 1.2: Infiniband is a transaction protocol for
interconnecting host and peripheral devices, generally through a switch
fabric. Current supported baud rates are 2.5, 5.0, and 10.0Gbps. Ports use 1.

4, or 12 links in parallel to scale bandwidth as needed. The protocol utilizes
8B/10B block encoding.

A selection of the above standards are described in more detail in the re-

main'der of this chapter. Detailed references for these standards documents are
provided in Sect. 5.6.

3.1 SONET/SDH Networks

The original work on the Synchronous Optical NETwork (SONET) -
standard was performed by Bell Communications Research (Bellcore). now i
Telcordia, which was founded as the result of the breakup of American '
Telephone and Telegraph (AT&T) in 1984. Prior to SONET. higher bandwidth
telecommunications equipment tended to use proprietary specifications and
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