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MULTI-WIRE MULTI-LEVEL 1I/0O SPECIFICATION

(From JEDEC Board Ballot JCB-16-21, formulated under the cognizance of the JC-16 Committee on Interfaces
Technology.)

1 Scope

This standard defines the DC and AC operating conditions, I/O impedances, termination characteristics, and
compliance test methods of I/O drivers and receivers used in multi-wire, multi-level signaling interfaces. The multi-
wire interfaces defined by this specification all utilize quaternary signal levels.

Multi-wire signaling encodes n-bits of data per symbol onto an interface consisting of m-wires and utilizing
quaternary signal levels. Differential signaling represents a simple multi-wire code where m = 2. Multi-wire signaling
interfaces with m > 2 provide noise immunity and signal integrity characteristics similar to differential signals, but
with higher throughput per wire.

This standard defines (1) several multi-wire signaling codes that are supported by this standard, (2) specifications for
I/0 drivers and receivers that support these codes, and (3) compliance test methods used to test interfaces that utilize
these I/O drivers and receivers. The specifications and compliance methods in this standard are intended to be
sufficient to ensure the interoperability of devices from different manufacturers. Where possible, these test methods
incorporate existing techniques used by the industry to test similar devices.

This standard defines I/O drivers and receivers that are consistent with use for a minimal loss, low skew channel
between two devices that are mounted immediately next to each other within a multi-chip module. Specifications that
use this standard by reference will define the maximum baud rate and channel insertion loss based on the
requirements of the target application. Specifications for applications which drive outside of a package to a DIMM
may specify additional requirements for channel loss, channel skew, channel crosstalk, supply offset, transmit
equalization, receive equalization, and skew tolerance.
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2 Multi-Wire Signaling Codes

Multi-wire signaling encodes n-bits of data per symbol onto an interface consisting of m-wires, where m > 2. These
wires are designated as wy, wy, ... w,,,_1. Each wire is driven to one of s wire states, where each wire state corresponds
to a unique single-ended signal level. For the codes listed in this specification, the sum of the wire states across the m
wires is zero (i.e. common mode voltage is constant), and therefore the interface exhibits noise immunity qualities
similar to that of a differential signal, but with higher throughput per wire.

One method of classifying multi-wire signaling codes is by the values of n and m. The designation of nbmw, where n
and m are replaced by their corresponding values, is a shorthand notation for specifying the number of bits encoded in
each baud symbol and the number of interface wires on which the baud symbol is encoded, such that nbmw means
that n bits are carried on m wires. The throughput efficiency of the code is defined as n/m (in units of bits per wire),
which is a measure of the efficiency of the code.

This section describes the multi-wire signaling codes supported by this standard.

2.1 General Architecture

The general architecture of a multi-wire signaling interface is shown in Figure 1. The input to the encoder at the
transmission end of the interface consists of n-bits of data, where n is determined by the multi-wire code being used.
The encoder drives a unique codeword onto m-wires that is computed from the input data. The driver block puts the
encoded value on the wires. Codewords are determined by the codebook for the code being used.

At the receive end of the interface, the Multi-wire Receiver (Rx) block converts the m-wire input to an n-wire output.
This is accomplished by comparing the weighted average of groups of wires to the weighted average of other groups
of wires as determined by a Linear Combination Table that is defined for the code. In the generic architecture, the

Multi-wire Rx block may drive a decoder stage that decodes the data bits such that the d;, to d,,_; bits on the decoder

outputs are equivalent to the data input to the encoder. The codes specified in this document do not require a decoder
stage, in which case the d|, to d,,_; bits are decoded directly by the Multi-wire Rx block.

d() ] Wo - do

Wi

Encoder
Multi-wire Rx
Decoder

| Wn-1

dn7 | —dpg

Figure 1 — Generic Architecture of a Multi-Wire Signaling Interface

One example of an implementation of the Multi-wire Rx block in Figure 1 is shown in Figure 2. The Rx Front End
handles any amplification and equalization tasks. The Linear Combination matrix circuit generates weighted
averages of groups of wires as determined by the Linear Combination Table defined for the code. This circuit may be
implemented using a number of design approaches including passive resistor networks or multi-input amplifier
circuits. The corresponding averaged values are connected to the inputs of comparator circuits, and the output of
these comparators are the decoded dj, to d,,_; bits. As noted previously, codes defined in this document do not require

an additional digital decode stage.
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2.1 General Architecture (cont’d)

do Wo || * ;do
o = -
— L = — U
— 5 =ik
) % = N
Q S o -
< ~ @)
- w £
-1 +
dn—l i T = _ dn—l

Figure 2 — Example Implementation of a Multi-Wire Signaling Interface

2.2 Signal Levels

Each of the m wires of the multi-wire signaling interface is driven to one of s wire states, where s is determined by the
multi-wire code being used. Each of the s wire states corresponds to a unique single-ended signal level.

2.2.1  Quaternary Signal Levels

Codes for which s = 4 use quaternary I/O drivers which drive one of four signal levels. These signal levels are
designated by the nomenclature {+1, +1/3, -1/3, -1}. Figure 3 illustrates the voltage relationship between these signal
levels, where V. indicates a wire at signal level +1, V3 indicates a wire at signal level +1/3, and so forth.

Figure 3 — Signal Levels

The single-ended voltage difference between the maximum V., voltage and the minimum V_; voltage is defined as
the Output Maximum Peak-to-Peak Voltage Swing (Vsg,,, ).

The voltage difference between each signal level and adjacent signal levels is roughly equal, such that the four signal
levels are equally spaced across the dynamic range of the driver.

The common mode voltage (¥, ) is computed as the average voltage of all wires of the interface. The multi-wire
codes defined in this specification are constructed such that V-, is constant. This results in common mode and
simultaneous switching noise immunity similar to that of differential signals.
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23 ENRZ Code Definition
The ENRZ code maps 3 bits of data into codewords on 4 wires (3b4w), and uses quaternary signal levels (s = 4). The
throughput efficiency of this code is 0.750.

Table 1 provides the codebook which describes the mapping between data bits and signal levels on the wires. Table 2
specifies the Linear Combination table containing the matrix of weights of each wire on the input to each comparator.
A block diagram of an example implementation of an ENRZ receiver is shown in Figure 4.

Table 1 — ENRZ Code Map

Data Value Wire States Data Value Wire States

(dy, dy, dy) (W3, W2, Wy, Wo) (dy, dy, dy) (W3, W2, Wy, Wo)
000 (-1, +1/3, +1/3, +1/3) 100 (-1/3, -1/3, -1/3, +1)
001 (-1/3,+1, -1/3, -1/3) 101 (+1/3,+1/3, -1, +1/3)
010 (-1/3,-1/3, +1, -1/3) 110 (+1/3, -1, +1/3, +1/3)
011 (+1/3, +1/3, +1/3, -1) 111 (+1,-1/3,-1/3, -1/3)

Table 2 — ENRZ Linear Combination Table

Contribution of each wire to comparator decode
Comparator W3 Wy W1 Wy
do +1/2 +1/2 -1/2 -1/2
d; +1/2 -1/2 +1/2 -1/2
d, +1/2 -1/2 -1/2 +1/2

Each comparator implements the calculation of:

m—1
¢; = Z (weight of wire j)(signal level on wire j)

j=0

If ¢, is greater than 0, then d; = 1; if ¢; is less than 0, then d; = 0. Simple and fast implementations of this operation are

possible. ENRZ does not require a decoder stage after the comparator stage.

Wi 'VGA

W) —VGA

w;—VGA

wo—VGA

Figure 4 — ENRZ Receiver Block Diagram Example
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24 CNRZ-5 Code Definition

The CNRZ-5 code maps 5 bits of data into codewords on 6 wires (5b6w), and uses quaternary signal levels (s = 4).
The throughput efficiency of this code is 0.833.

Table 3 provides the codebook which describes the mapping between data bits and signal levels on the wires. Table 4
specifies the Linear Combination table containing the matrix of weights of each wire on the input to each comparator.
A block diagram of an example implementation of an CNRZ-5 receiver is shown in Figure 5.

Table 3 — CNRZ-5 Code Map

Data Value Wire States Data Value Wire States
(dy, d3, dy, dy, dy) (Ws, Wy, W3, W2, Wy, W) (dy, d3, d, dy, dy) (Ws, Wy, W3, W3, Wy, W)
00000 (-1, -1/3, +1/3, +1,+1/3, -1/3) 10000 (-1/3, -1, +1/3,+1, +1/3, -1/3)
00001 (-1/3, +1/3,+1,+1/3, -1/3, -1) 10001 (+1/3, -1/3, +1, +1/3, -1/3, -1)
00010 (-1,-1/3,+1/3, -1/3, +1, +1/3) 10010 (-1/3,-1,+1/3,-1/3, +1, +1/3)
00011 (-1/3, +1/3, +1, -1, +1/3, -1/3) 10011 (+1/3,-1/3, +1, -1, +1/3, -1/3)
00100 (-1,-1/3, +1/3, +1, -1/3, +1/3) 10100 (-1/3, -1, +1/3, +1, -1/3, +1/3)
00101 (-1/3,+1/3, +1, +1/3, -1, -1/3) 10101 (+1/3, -1/3, +1, +1/3, -1, -1/3)
00110 (-1,-1/3,+1/3, -1/3, +1/3, +1) 10110 (-1/3,-1,+1/3,-1/3, +1/3, +1)
00111 (-1/3, +1/3,+1, -1, -1/3, +1/3) 10111 (+1/3,-1/3, +1, -1, -1/3, +1/3)
01000 (-1/3, +1/3, -1, +1, +1/3, -1/3) 11000 (+1/3,-1/3, -1, +1, +1/3, -1/3)
01001 (+1/3,+1, -1/3, +1/3, -1/3, -1) 11001 (+1, +1/3,-1/3, +1/3, -1/3, -1)
01010 (-1/3,+1/3, -1, -1/3, +1, +1/3) 11010 (+1/3,-1/3, -1, -1/3, +1, +1/3)
01011 (+1/3,+1,-1/3, -1, +1/3, -1/3) 11011 (+1,+1/3,-1/3, -1, +1/3, -1/3)
01100 (-1/3,+1/3, -1, +1, -1/3, +1/3) 11100 (+1/3, -1/3, -1, +1, -1/3, +1/3)
01101 (+1/3, +1,-1/3, +1/3, -1, -1/3) 11101 (+1,+1/3, -1/3, +1/3, -1, -1/3)
01110 (-1/3,+1/3, -1, -1/3, +1/3, +1) 11110 (+1/3,-1/3, -1, -1/3, +1/3, +1)
01111 (+1/3,+1,-1/3, -1, -1/3, +1/3) 11111 (+1, +1/3,-1/3, -1, -1/3, +1/3)

Table 4 — CNRZ-5 Linear Combination Table

Contribution of each wire to comparator decode
Comparator W5 Wy w3 W) W1 Wo
do +1/3 +1/3 +1/3 -1/3 -1/3 -1/3
d; 0 0 0 -1 +1/2 +1/2
dy 0 0 0 0 -1 +1
ds +1/2 +1/2 -1 0 0 0
dy +1 -1 0 0 0 0
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2.4 CNRZ-5 Code Definition (cont’d)

Each comparator implements the calculation of:
m—1

¢; = Z (weight of wire j)(signal level on wire j)

j=0

If ¢; is greater than 0, then d; = 1; if ¢; is less than 0, then d; = 0. Simple and fast implementations of this operation are
possible. CNRZ-5 does not require a decoder stage after the comparator stage.

W5—VGA
+
——d,
W4—-VGA
+
—— d3
W3—VGA
+
o4y
Wy—VGA
+ d;
WI—VGA
+ d,
WO—-VGA

Figure 5 — CNRZ-5 Receiver Block Diagram Example
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3 Driver Specifications

This specification defines I/O drivers that are consistent with use for a minimal loss, low skew channel between two
devices that are mounted immediately next to each other within a multi-chip module. Specifications that use this
specification by reference will define the maximum baud rate and channel insertion loss based on the requirements of
the target application. Specifications for applications which drive outside of a package to a DIMM may specify
additional requirements for channel loss, channel skew, channel crosstalk, supply offset, transmit equalization,
receive equalization, and skew tolerance.

The multi-wire code interface transmitter consists of m driver I/O, where m is defined by the corresponding multi-
wire code definition in 2. Each driver I/O shall meet the electrical and jitter specifications defined in Table 5.
Measurements are performed at the maximum baud rate f;,,,,; of the interface.

Table 5 — Driver Electrical and Jitter Output Specifications

Characteristic Symbol Condition MIN. TYP. MAX. Units
Class 1 driver. 200 300 mVpp
Output Max. Peak-to-Peak v See Notes 1, 2.
Voltage Swing (Single-Ended) | S™P° [ Class 2 driver.
100 150 mVpp
See Notes 1, 2.
Voltage Swing Mismatch AVsgpp See Note 7. 0.95 1.05 -
See Note 1. 100 1200
Output Common Mode . AC coupled. mv
Voltage ¢ See Note 1. 150 550
DC coupled.
Nominal Driver Impedance Rgg See Note 4. 75 Q
Common Mode Noise Nem See 3.3. 12 mVirus
Single-Ended Output Return S22 See 32,
Loss
Eye Linearity EYElin See 3.4.3. 1.2 -
Hmid
Eye Width Hlo See 3.4.2. 0.38 Ul
Hup
. Vmid See 3.4.2.
022 xV 0.40 x V.
Eye Height Vlo Vup|  See Note 3. SEpp SEpp | MVPP
Total Random Jitter on RJ See Note 9. 0.010 | Ul'rms
Driver Output
Hich F RJ Integrated RJ
igh Frequency RJ on RI b 1250
Forwarded Clock b | 8DOVE g ' 0.008 Ulrms
See Note 9.
. See 3.4.2.
Voltage Level Mismatch Vectr See Note 8. 5 mV
Transmit Skew Tokew See Note 5. 0.06 Ul
Driver Turn On/Off Time Ton/off See Note 6. 0.10 ns
Total Random lJitter on
RJ
Forwarded Clock clk 0.075 Ulrms
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Table 5 — Driver Electrical and Jitter Output Specifications
Characteristic Symbol Condition MIN. TYP. MAX. Units
High Frequency RJ on Integrated RJ
RJ
Forwarded Clock clk-hf | above f g / 250 0.009 Ul'rms

NOTE 1 See definition in 2.2. Measurements use the test load defined in 3.1.

NOTE 2 Drivers may be designed to meet either class 1 or class 2 limits for Vggy,. Use of class 2 drivers may be used to reduce
power in applications where the higher launch amplitude is not required.

NOTE 3 Eye height limits are referenced to max. Vggpp, and therefore are dependent on whether the driver is class 1 or class 2.
NOTE 4 Impedance is the single-ended impedance of any driver output.

NOTE 5 Time between zero crossings of any two wires of the multi-wire interface for the same baud symbol transition.

NOTE 6 Time for driver to transition from Hi-Z state to driving valid levels, or to transition from driving valid levels to driving
a high-Z state. This parameter only applies to bidirectional interfaces.

NOTE 7 Given Vggp, values of each driver of the multi-wire interface, this is the ratio of the value of Vg, for any driver to the
value of Vg, for any other driver.

NOTE 8 Given Vctr values of each driver of a multi-wire interface, this is the maximum difference between Vctr for any driver
and Vectr for any other driver.

NOTE 9 Driver signal is referenced to the forwarded clock such that common jitter is cancels when making this measurement.

3.1 Driver Test Load

Driver specifications are verified using the test load specified by the resistor network in Figure 6. This network
translates between the impedances of the driver and the impedance to ground at the probe point. For interfaces which
drive outside of a package, the probe point may be a coax connection to test equipment. Resistor values are specified
in Table 6. The return loss of the network should be better than 20 dB from f;,,,,;/ 1667 to 1.5 X f3,,.4--

Probe point (2 kQ or higher)

Figure 6 — Driver Test Load

Table 6 — Resistor Values for Driver Test Load

Resistor Tolerance ENRZ CNRZ-5 Units
R, +1% 4.64 4.64 Q
Ry, +1% 71.5 71.5 Q
R, +1% 71.5 71.5 Q
Ry +1% 4.02 4.02 kQ

Signal voltages at the test equipment connection point in Figure 6 depend on the impedance of the test equipment
input connected to the probe point. The input impedance of the test equipment should be at least 2 kQ to ensure the
amplitude of the signal at the test equipment input is at least 90% of the source amplitude. If the input impedance of
the test equipment is less than 2 kQ, measured values should be adjusted to compensate for signal loss in the resistor
network.
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3.2 Transmitter Return Loss

The single-ended return loss of any driver pin of the transmitter shall be within the region specified by the graph in
Figure 7.

Loss A 12.0 dB/dec

a

12 dBf - - -

Acceptable

I
|
|

' I

! |

. | I
Region | |
| |

| |

0.1'714 B Frequency

x fbaud
Figure 7 — Single-Ended Transmitter Output Return Loss

fbaud

33 Common Mode Noise

Common mode noise (N¢y,) is defined as the amplitude of the common mode voltage (V) noise on the driver

outputs. This specification may be verified using the resistor network in Figure 8§ and measuring voltage noise at the
probe point. Resistor values are specified in Table 7. The resistor network sums the driver outputs such that the
voltage at the probe point for an ideal transmitter is V);. Noise at the probe point must meet limits described in Table

5, excluding any instrumentation noise inherent in the measurement.

R
i @ Probe point (2 kQ or higher)
Wo—] - .
Ra Rb A ,‘K
b
Wi
Ra Rb

e

Y
Figure 8 — Driver Test Load for Common Mode Noise Measurement

Table 7 — Resistor Values for Driver Test Load (N¢y,)

Resistor Tolerance ENRZ CNRZ-5 Units
R, +1% 4.64 4.64 Q
R, +1% 71.5 71.5 Q
R, + 1% 71.5 71.5 Q

Signal voltages at the test equipment connection point in Figure 8 depend on the impedance of the test equipment

input. The input impedance of the test equipment should be at least 2 kQ to ensure the amplitude of the signal at the
test equipment input is at least 90% of the source amplitude. If the input impedance of the test equipment is less than
2 k€Q, measured values should be adjusted to compensate for signal loss in the resistor network.
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34 Driver Linearity and Jitter Tests (Quaternary Drivers)

Eye measurements are performed using the test pattern described in 3.4.1 and the test load described in 3.1. Eye width
and height parameters are defined in 3.4.2 and must meet limits described in Table 5.

34.1 Driver Test Pattern

Driver eye parameters are measured using a PRBS-13 pattern that is bit-striped across the subchannels d,,_; to dj, of
the interface, where » is the number of subchannels as determined by the multi-wire code definition.

3.4.2 Eye Measurements

Eye parameters are determined from 10" contours generated from oscilloscope CDF/histogram data. Eye
measurements are performed by first determining the midpoint of the horizontal opening of the middle eye (Hmid).
This sample point is then used to determine the vertical openings of the middle (Vmid), upper (Vup), and lower (Vio)
eyes. The midpoints of the vertical openings for the upper (Vup) and lower (Vio) eyes is then used to determine the
horizontal openings of the upper (Hup) and lower (Hlo) eyes.

Measured eye width and height parameters are defined below and are illustrated in Figure 9. These parameters must
meet limits described in Table 5.

Hmid - The width of the inner eye contour constructed from 10* CDFs of eye edges at the maximum horizontal eye
opening of the middle eye.

Vetr - The signal voltage corresponding to the Hmid measurement.

Vmid - The height of the inner eye contour of the middle eye constructed from 104 CDFs of eye edges sampled at
Hmid /2.

Vup - The height of the inner eye contour of the upper eye constructed from 10* CDFs of eye edges sampled at
Hmid / 2.

Vlo - The height of the inner eye contour of the lower eye constructed from 10 CDFs of eye edges sampled at
Hmid /2.

Hup - The width of the inner eye contour of the upper eye constructed from 104 CDFs of eye edges at Vup / 2.

Hlo - The width of the inner eye contour of the lower eye constructed from 10* CDFs of eye edges at Vio / 2.
AVmid - The difference between the mean levels of the V|3 and V., 5 histograms as sampled at Hmid / 2.
AVup - The difference between the mean levels of the V., and V3 histograms as sampled at Hmid / 2.
AVlo - The difference between the mean levels of the V5 and V_; histograms as sampled at Hmid / 2.

The AVmid, AVup, and AVIo parameters are used to calculate eye linearity as defined in 3.4.3.
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3.4.2 Eye Measurements (cont’d)

Figure 9 — Quaternary Driver Jitter and Eye Height Measurements.

3.43 Eye Linearity

Eye linearity is calculated using the AVmid, AVup, and AVlo parameters measured as described in 3.4.2. These
parameters are used in the following equation:

_ max(AVup,AVmid,AVlo)

EYE iy = in(AVup AVmid AVio)

EYE};, must be within the limits specified in Table 5.

3.44  Scope Connections to the Forwarded Differential Clock

The forwarded differential clock must be used for all eye measurements. This clock is driven by the transmitter and is
used by the receiver to sample data. The frequency of this clock is either: fp,,.4/ 2, fpaua ! 4> OF fpaua ! 8, and a single

differential clock may be shared by multiple instances of the multi-wire interface. The oscilloscope must use this
clock as a trigger such that any correlated jitter is excluded from measurements.

Depending on the application, some CNRZ-5 interfaces may embed the differential clock on either subchannel d, or
dy. If the clock is embedded on subchannel d,, then wires w, and w; are directly connected to the plus and minus
trigger inputs of the oscilloscope. If the clock is embedded on subchannel d,, then wires ws and wy are directly
connected to the plus and minus trigger inputs of the oscilloscope.
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4 Receiver Specifications

This specification defines I/O receivers that are consistent with use for a minimal loss, low skew channel between
two devices that are mounted immediately next to each other within a multi-chip module. Specifications that use this
specification by reference will define the maximum baud rate and channel insertion loss based on the requirements of
the target application. Specifications for applications which drive outside of a package to a DIMM may specify
additional requirements for channel loss, channel skew, channel crosstalk, supply offset, transmit equalization,
receive equalization, and skew tolerance.

The multi-wire code interface receiver consists of m receiver I/O, where m is defined by the corresponding multi-wire
code definition in 2. Receivers of the ENRZ multi-wire code implement the Linear Combination Table described in
2.3. Receivers of the CNRZ-5 multi-wire code implement the Linear Combination Table described in 2.4.

Receivers are tested using a multi-wire transmitter that complies with the requirements in 3, driven through an
interconnect such that the signal at the receiver input pins is within the tolerance limits specified in Table 9. The
channel is assumed to be passive and have linear behavior.

Receivers shall comply with the specifications in Table 8, and shall operate within the specified Bit Error Ratio when
receiving signals within the tolerance limits specified in Table 9. Measurements are performed at the maximum baud

rate fp,,.4 of the interface.

Table 8 — Receiver Electrical Specifications

Characteristic Symbol Condition MIN. TYP. MAX. Units
Input Voltage Swing (Single- v
Ended) SEpp See Notes 1, 2. 400 mVpp
Input Impedance Rgin See Note 3. 45 75 82.5 Q
Input Impedance Mismatch Ry See Note 4. 10 %
See Note 1.
AC coupled. 100 1200
Input Common Mode Voltage | Vem mV
See Note 1. 300 600
DC coupled.
Single-ended Input Return 311 Seed 1.
Loss
Bit Error Ratio BER See Note 5. 10713 -

NOTE 1 See definition in 2.2. Specification applies to each wire of the interface.

NOTE 2 Receivers intended to only operate with Class 2 drivers may use lower maximum value for Vggp,. See Table 5 for
definition of class 1 and class 2 drivers.

NOTE 3 Impedance is between from any input of the receiver to ground.

NOTE 4 R, is the maximum impedance difference between any two inputs of the multi-wire interface receiver.

NOTE 5 Although the interface link budget is designed to support the specified BER, it is acceptable to use

BER = 1072 when performing test measurements.
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4 Receiver Specifications (cont’d)
Table 9 — Receiver Input Tolerance Specifications
Characteristic Symbol Condition MIN. TYP. MAX. Units
Eye Width EW15 See 4.2.2. 0.60 Ul
Class 1 Receiver.
See 4.2.2 and 120
Eye Heigh EHI15 Note 4 Vppd
e Height m
Y £ Class 2 Receiver. pp
See 4.2.2 and 80
Note 4.

Sinusoidal Jitter, Maximum SJ-max | See Notes 1, 3. 5 Ulpp
Sinusoidal Jitter, High SJ-hf See Notes 1, 2. 0.05 Ulpp
Frequency
NOTE 1 The receiver shall tolerate the sum of these jitter contributions.
NOTE 2 SJ-hf period shall be > f;,,,.7/ 50.
NOTE 3 SJ-max period shall be <fp,,,;/ 1000.
NOTE 4 Class 1 Receivers are intended for use with Class 1 Drivers only. Class 2 Receivers may be used with either Class 1 or
Class 2 Drivers.

4.1 Receiver Return Loss

The single-ended return loss of any input pin of the receiver shall be within the region specified by the graph in
Figure 10.

Loss A 12.0 dB/dec
s/
|
12 dBf - - - /o
| Acceptable |
| Region I |
| | |
| | |

BOMHz 01714 foapg T | reduency

x fbaud

Figure 10 — Single-Ended Receiver Input Return Loss
4.2 Receiver Linearity and Jitter Tolerance Tests

Receiver linearity and jitter tolerance is tested using a transmitter that meets the specifications in 3, driven through an
interconnect such that the signal at the receiver input pins is no better than the tolerance limits specified in Table 9.
The receiver must operate and correctly receive data within the Bit Error Ratio (BER) limits specified in Table 8
when the received signal is at these tolerance limits.

4.2.1 Driver Test Pattern

Eye parameters at the receiver input pins are measured using a PRBS-31 pattern that is bit-striped across the
subchannels d,,_; to d; of the interface, where n is the number of subchannels as determined by the multi-wire code

definition.
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4.2.2 Eye Measurements

Eye parameters are measured for each subchannel using the reference clock forwarded from the transmitter as a

trigger. Eye parameters are determined from 107 contours generated from oscilloscope CDF/histogram data, the
results of which are extrapolated to determine whether specifications are met in Table 9 for the Bit Error Ratio (BER)
limit specified in Table 8.

Note that the linear combination function defined for the multi-wire code results in an NRZ eye opening at the
receiver. This linear combination function must either be implemented by the test equipment or must be implemented
by using passive averaging circuits when measuring characteristics of the eye opening of the signal at the receiver.

4.2.2.1 Scope Connections for ENRZ code

The eye for each subchannel d, to d, of the ENRZ interface may be determined by connecting all wires of the

interface to a multi-channel oscilloscope, and configuring the oscilloscope to perform the linear combination defined
in 2.3 for the subchannel being tested.

Alternatively, if a multi-channel oscilloscope is not available then the passive averaging circuit shown in Figure 11
may be used to average signals prior to the oscilloscope inputs. The inputs to the passive averaging circuit are
connected as described in Table 10 for the subchannel being measured. The recommended resistor values in Figure 11
are as follows: R, =4.64Q, R, =100, R, = 71.5Q,.

R

W

Ra Rp2
R
LA /\x —«e Probe point
W,— HAA,W. (2 kQ or highgr)
Ra Rp2

Measured Signal

Ra Rp2
Oscilloscope
N
[ R
Ra Rp2
Y4

Figure 11 — Passive Averaging Circuit for ENRZ Interface Eye Measurements

Table 10 — ENRZ Passive Averaging Circuit Connection Table

To measure subchannel:

Connect w, to:

Connect wy, to:

Connect w, to:

Connect wy to:

dy W3 W) Wi Wo
dl W3 W] Wz WO
dy w3 W W) wi
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4.2.2.2 Scope Connections for CNRZ-5 code

The eye for each subchannel d to dj of the CNRZ-5 interface may be determined by connecting all wires of the

interface to a multi-channel oscilloscope, and configuring the oscilloscope to perform the linear combination defined
in 2.4 for the subchannel being tested.

Alternatively, if a multi-channel oscilloscope is not available then passive averaging circuits may be used to average
signals prior to the oscilloscope inputs. Passive averaging circuits are shown in Figure 12. All wires are connected
through the passive averaging circuit to the oscilloscope when performing measurements on subchannel 0. When
measuring subchannel 1 (or 3), wires ws, wy, and w3 (or wy, w;, and w,) are connected through the passive averaging

circuit to the oscilloscope, and the remaining wires are terminated. When measuring subchannel 2 (or 4), wires w3
and wy (or wy and w;) are connected through the passive averaging circuit to the oscilloscope, and the remaining
wires are terminated. The recommended resistor values in Figure 12 are as follows: R, = 4.64€, Ry,; = 71.5€,
Ry, =100€2, Ryy3 =124, R, =71.5Q,, R4 = 4.02k€..

Note that the amplitude of the measured eye on subchannels d, and dj is typically less than that of the other
subchannels.

4.2.2.3 Scope Connections to the Forwarded Differential Clock
The forwarded differential clock must be used for all eye measurements. This clock is driven by the transmitter and is
used by the receiver to sample data. The frequency of this clock is either: fp,,,4/ 2, fpauad ! 4> OF fpaua ! 8, and a single

differential clock may be shared by multiple instances of the multi-wire interface. The oscilloscope must use this
clock as a trigger such that any correlated jitter is excluded from measurements.

Depending on the application, some CNRZ-5 interfaces may embed the differential clock on either subchannel d, or
dy. If the clock is embedded on subchannel d,, then wires w, and w; are directly connected to the plus and minus
trigger inputs of the oscilloscope. If the clock is embedded on subchannel d, then wires ws and w, are directly
connected to the plus and minus trigger inputs of the oscilloscope.

4.2.2.4 Extrapolation to Target Bit Error Rate

Eye parameter measurements are determined from 10° contours generated from oscilloscope CDF/histogram data.
To determine compliance with specifications defined in Table 9, the eye measurements must be extrapolated to the
Bit Error Rate (BER) specified in Table 8.

The following procedure is used to determine the horizontal eye opening:

1. Measure the differential signal to construct CDF's of the jitter at the zero crossing using 10°° contours and measure
the eye width (EW6).

2. Determine the RMS value of the random jitter (RJ,,) of the measured eye.

3. Calculate the eye width for the target BER as follows: EW15=EW6 - (2 * 3.19 * RJ;,¢)-

The following procedure is used to determine the vertical eye opening:

4. Measure the differential signal to construct CDFs of the signal voltage at the center of the horizontal eye using

10" contours for both the logic one and logic zero signals as a distance in voltage from the zero crossing.
Calculate the difference to determine the eye height measurement (EH6).

5. Determine the RMS value of the random noise for the logic one (RN1) and logic zero (RNO) levels.
6. Calculate the eye height for the target BER as follows: EH15 = EH6 - 3.19 * (RNO + RN1).
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4.2.2.4 Extrapolation to Target Bit Error Rate (cont’d)

WA
Ra  Rps

Wo A0 —
Ra  Rps

(2 kQ or higher)

[ ] +
@ - asured Signal
(Subchannel 0)

=

R
—Wi—
_/\R'/c\,__" Probe point
»

R
. MWy

Wﬂw
wAW
le—WvW

Oscilloscope

R

wsorwo iy g ]
a

R

Rp2

W, or W1_"_/VW .
a b2 ] % Signal
(Subchannel 1 or 3)
W or W —\WAin—4
Ra  Rpq

Wy or W, I—’\/\/\rm
z a R Oscilloscope
W, or w4—||—W .
Wy or W5—”—/\N\,-EM:

Probe point
(2 kQ or higher)

=

Probe point
(2 k2 or highe|

=
=

W5 or Wo—|
W, or Wy—| H\/\é\%
a b1 R
W3 or W2—| P\/\é\%

a b1 R

W, or Ws—”_/\/\/\rm R
—W—t

Wi or wHHW -
Wo or wﬁw

V \Y%

+
- asured Signal
(Subchannel 2 or 4)

Oscilloscope

Figure 12 — Passive Averaging Circuits for CNRZ-5 Interface Eye Measurements
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5 HSpice Modeling

This section describes the HSpice model structure for generalized representations of multi-wire transmitters and
receivers. This description is for reference only.

5.1 Multi-Wire Transmitters Using Quaternary Drivers

The HSpice model structure for a generalized multi-wire transmitter is shown in Figure 13. This transmitter uses
quaternary drivers which produce the signal levels described in 2.2.1. The number of drivers in the multi-wire
transmitter is determined by the multi-wire code being implemented.

Each quaternary driver transmits one of the line levels described in 2.2.1. The driver consists of three NMOS and
three PMOS current paths. For any given line level, three of these paths are turned on and three paths are turned off.
The truth table shown in Figure 13 correlates line levels to the corresponding transistor gate control signals in the
model.

The resistances shown in Figure 13 are defined as follows: R. = 187.5 Q; R; =125 Q.; R, =75 Q..

The multi-wire interface is terminated at the receiver by a single-ended termination resistance to a common signal
ground point. For a DC coupled multi-wire interface, the signal ground point does not need a bias voltage. A large
capacitor between the common connection point and DC ground provides the AC path to ground while allowing the
common connection to bias itself to the common mode voltage.
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5.1 Multi-Wire Transmitters Using Quaternary Drivers (cont’d)

.
I
- I
|| Quaternary Driver Model #0 State |[P1P2 P3N1N2N3|, |
V(+1) |0 00 00 O
l V(#1/3)[0 01 1 0 0 |l I
[ V(A3) [0 11 110 |
I V(1) (111 111 | |
¥ P1 P2 P3 3Ry I |
I 3Ry /\W | | Rx Termination
1 3Ry | | r— — — 1
I I
[| vdd <+> M I | | W |
A W\~ 'R ) Ra |
[ 3Ry I o |
[ 3Ry I I | |
1 ﬂ ﬁ ’_I | o |
. N1 N2 N3 I I I | | |
it | | P |
[l I | | |
[ i - I | |
|| Quaternary Driver Model #1 I | |
| L |
I I
| R I
I I | | |
I Lo | | |
I o !
| Quaternary Driver Model #(m—1) ! | | W |
I I
: : | Ry |
R¢ I I
! Tx common | I I
I connection I | |
Lo 1 J
I —
Common | |
Ground to
all drivers | |
I I
| I
T |
\V4

Figure 13 — Quaternary Driver and Transmitter HSpice Model
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