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B Abhout This Presentation =K

= Goal is to introduce the main challenges facing the 1/O buffer
designer and the system H/W engineer when transitioning from
Mode 1 to Mode 2 design/operation

= Provides in-depth look at some important topics of the spec.
= Explains the why and how of certain electrical parameters

= Provides some tips that can save you valuable design time
Signal Integrity issues

Mode 1, Common Clock (CC) operation at 133MHz

Mode 2, Data transfer in a Source Synchronous mode

Mode 2, PCI-X 266 = data rate of 266MHz (also called DDR operation)
Mode 2, PCI-X 533 = data rate of 533MHz (also called QDR operation)

YV V YV VY
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Main Topics

= Transitioning from PCI-X Mode 1 to PCI-X Mode 2
v' 3.3V vs. 1.5 DC operating voltages
v Mode 2 DC and AC spec highlights
v Signal waveforms at receiver’s pin and pad

= New jitter and timing specifications for PCI-X Mode 1 and Mode 2
v" Review of new jitter spec
v"implications on existing designs
v"Impact of jitter on Common Clock (CC) timing budgets
v" CC setup timing budget calculations

= |/O buffer design issues
v' Same buffer needs to operate with Vi/o = 3.3V or 1.5V
v Buffer modeling issues for system level simulations

= Add-in card PCB layout considerations

= System board PCB layout considerations

= System level simulations
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e Mode 2 data eye with strobe

File Control  Setup  Measure  Analyze  LUtilites  Help 3171 Abd

LSI Logic’s testchip with PCI-X PHY mounted on add-in card PCI-X 2.0 data eye pattern with strobe at 266MHz
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PCI ¢
ISIG

PCI-X Operating Voltages

‘Mode 1: 3.3V, same as before.
‘Mode 2: 1.5V, onIy AD, ECC, Strobe (80 signals).

Table 2-1: Driver and Receiver Categories

Supply Output Input .
SELL R Voltage Type Terminator SlgELS ROles
1 REQ64#/ECCJ6], ECCI[5::2],
Mode 2 1.5V |Totem pole Yes ACK64#/ECC[1], PAR/ECCI0] 2
FRAME#, IRDY#, DEVSEL#,
2 3.3V Totem pole No TRD Y#, STOP#, IDSEL, PERR#, 3
LOCK#, REQ#, GNT#, RST#, CLK
3 3.3V Open drain No SERR#, INTx# 4
See See See M66EN, PRSNT[1::2]#, TCK, TDI,
4 TDO, TMS, TRST#, SMBCLK, 5
PCIl 2.3 PCI 2.3 PCI 2.3 SMBDAT
See PCI See PCI | See PCIPM
2 PM 1.1 PM 1.1 1.1 P =z
6 na na na PCIXCAP, MODE2 6

2. In Mode 2, these signals use source-synchronous timing for data phases of source-synchronous transactions
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=e¢__ Selecting /O buffer Mode =3¢

iSlG

of Operation

= How to select the proper mode (1 or 2) of
operation

v"Need to sense the magnitude of Vi/o

 If Vi/o in 3.3V range => select /O buffers for Mode 1 or
conventional PCI operation

« If Vi/o in 1.5V range => select I/O buffers for Mode 2 operation

= Change or select proper mode of operation
while RST# signal is asserted
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““ 1.5V Signaling DC Specs

5% V,,o tolerance
1% Vref tolerance

Output levels specified
relative to V|

Input levels specified
relative to Vref

Zterm
v on-die

v' 57Q%x10% in critical
range

v 57Q%20% elsewhere
Vterm

v" on die or off die

v" 5% tolerance

=K

Table 2-12
Category 1 PCI-X

Sym Parameter Condition Min Max Units
VI/O 1/0 Supply Voltage 1.425 1.575 \'}
Vref Input Reference Voltage 0.49VI/O 0.51VI/O \'
Vih Input High Voltage Vref +0.100 VI/0+0.500 Vv
Vil Input Low Voltage -0.5 Vref -0.100 \'
lil Input Leakage Current 0 <Vin < VIO 10 pA
Voh Output High Voltage VI/O - 0.2 VI/O-0.1 \'}
Vol Output Low Voltage 0.1 0.2 \'
Cpad Input Pad Capacitance 4.0 pF
Vol(AC)(max) < Vip < 51 63 Q

Zterm | Equivalent Input Impedance Voh(AC)(min)

0 <Vin < VIIO 45 68 Q
Vterm Equiva\llirlittagé)ut Termination Open-(;itrf:ri)tu\tn:)lit:ge 0.45VI/0 0.55VI/O v
Zpack Device Package Characteristic 46 63 Q

Impedance

AVio = 1% (DC variations between 2 devices,

measured at pins while bus is quiescent) per table 2-41.

PCI-SIG Developers Conference
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““Category 1 Driver Specification

AC I/0O Buffer Specifications at 266MHz VOH(AC) /\/\
Tor Output Rise Time min: 300 max: 750*
Tof Output Fall Time min: 300 max: 750* V,o/2
AC I/0O Buffer Specifications at 533MHz (goal)
Tor Output Rise Time min: 300 max: 500 v
. . ) OL(AC) N
Tof Output Fall Time min: 300 max: 500 \/

TOR TOF

Voh(AC) Output High Voltage, Switching Vi0/2 + 0.45 V
VoI(AC) Output Low Voltage, Switching  Vio/2 - 0.45 V 900mv voltage swing

» Tor, Tof are measured at the device pin into a test load (57R to Vi0/2) 570

* QOutput rise/fall times can be slower than the specified max values above Dutrer
at the expense of Data Valid Before and After Strobes parameters. See T Cpad (Max)
derating table 2-16

Note: The length of the transmission line,
L, must be selected such that the reflection

. . from the load does not interfere with the
DC I/O Buffer Specifications measurement at the test point.

Voh Output High Voltage =~ min: VI/O-0.2 = 1.225V; max: VIO-0.1 = 1.475V AC Test Load Spec
Vol Output Low Voltage min: 0.1V; max: 0.2V
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. Receiver DC Specs =X

=  Zterm

v 57Q*10% between Vol(ac_max) and Voh(ac_min)
v 57Q%+20% elsewhere

= Vterm = Vy0/2 +/-5%
= Current through 80 pins: (Vterm — Vol(dc_min)/Zterm *80pins
= (0.75-0.1)/57*80 = 0.65/57*80 = 0.9A (nominal values)

External Vterm Internal Vterm
= Less Vo power pins = More V)0 power pins
= Requires Vterm pins = No external Vterm pins
= Requires external supply =  Simpler board design
= Slightly less current " Same supply voltage pins _
consumption = Slightly more current consumption
Vterm @&—MA\ - Vterm Vio
Zterm Vio \
*Zterm

I/0 PIN@- Package + I/O pln ® | Package M~

Cpad LT | Diff Rx > *Zterm
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=“ 1.5V Signaling, AC Spec

Table 2-13: 1.5V AC Specification

Viioac) Spec limits noise from
device onto dc supply. Must
have sufficient on-die and
off-die decoupling

Vih(ac), Vil(ac) = Vref+/-200mv
at die pad

Tight output rise/fall time
requires slew rate contro

Rise/fall time matching
specs required within
source-sync group

No current-voltage (1V)
tables

Read all table’s notes and
make sure you understand
them

PCI-SIG Developers Conference

| Parameter

Symbol | Min | Max | Unit | Note
Power Supplies
VI/O(AC) 1/0 Supply Voltage Noise -75 75 mV 1
Vref(AC) Input Reference Voltage Noise -30 30 mV 2
At package pin -75 75 mV 3
Vterm(AC) Terminator Voltage Noise
At die pad -75 75 mV 4
1/0 Voltage Levels
Vih(AC) MES IO Elos At die pad Vref + 0.200 VI/O + 0.650 v
Switching
VIl(AC) st L Ve, At die pad -0.650 Vref -0.200 v
Switching
Voh(AC) Output High Voltage, Switching VI/IO/2+0.45 \% 5
Vol(AC) Output Low Voltage, Switching VI/O/2-0.45 \% 5
Rise and Fall Times
Tir Input Rise Time At die pad 70 610 ps 6
Tif Input Fall Time At die pad 70 610 ps 7
" Instantaneous Input Rise "
slewirf and Fall Slew Rate At die pad 5.0 Vins 16
PCI-X 266 300 See Table 2-16
Tor Output Rise Time ps 5,9
,L PCI-X 533 300 500
PCI-X 266 300 See Table 2-16
Tof Output Fall Time ps 5,10
PCI-X 533 300 500
PCI-X 266 See See Table 2-16
ATorf Output Rise and Fall Table 2-16 s 11
Matching Deviation P
PCI-X 533 -100 100
sleworf Instantaneous Output Rise and Fall Slew Rate 4.0 V/ins 8,17
Copyright © 2005, PCI-SIG, All Rights Reserved 11




Waveforms at Receiver Pin, Pad

= Spec requires clean (monotonic) waveform at Rx pad
= \Waveforms at pin and pad are not the same
= Ringback at pin will not show up at pad

u See AppendIX D fOr detalled dISCUSSIOn (signal integrity issues, measurements at pin)
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New Jitter Specmca 0 ur
Conventional PCI, PC
Mode 1 and Mode 2

=K1
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et Cycle-to-Cycle vs. =
Peak-to-Peak Jitter

=Cycle-to-cycle jitter = | Tcycle,i — Tcycle,i+1 |

v JEDEC’s JESD65-A definition: The variation in cycle time of
a signal between adjacent cycles, over a random (i.e., not
synchronous to the signal) sample of adjacent cycle pairs.

CLEQUTE ¥ X Xl X X

CLKOUT
I I I

| | |
f— loyclei e Lycle i+t — M

Cycle-to-Cycle Jitter = | teyela i — toycle j+r] Over 1000 Consecutive Cycles

*Peak-to-peak jitter (JEDEC): The deviation in cycle time of a
signal with respect to the ideal period over a random (i.e., not
synchronous to the signal) sample of cycles.

See appendix C.5 for in-depth discussion about jitter
and its impact on device timing
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~arg  Jitter in Conventional PCI,
PCI-X Rev 1.0 Specs

SIG

= Previous PCI spec did not adequately address clock jitter

=  Only upper clock frequency limit was specified

Table 9-4: Clock Specifications, Mode 1

PCI-X rev 1.0

Sym Parameter
Teye  CLK Cycle Time
Thigh  CLK High Time
Tiow  CLK Low Time

CLK Slew Rate
Notes:

Conv. PCI
66 (raf)

PCl-X 133  PCIl-X 66

Min Max Min Max Min Max
75 20 15 20 15 30
3 i i

3 & &

1.5 4 1.5 4 1.5 4

Conv. PCI
33 (ref)

Min Max Unit MNotas
a0 o ns 134
11 ns 4
11 ns 4

1 4 Vins 24

1. For clock frequencies above 33 MHz, the clock frequency may not change beyond the spread-spectrum
limits except while RST# is asserted.

2. This slew rate must be met across the minimum peak-to-peak portion of the clock waveform as shown in

Figure 9-5.

o

——

The minimum clock period must not be violated for any single clock cycle, i.e., accounting for all system jitter.
4. All PCI-X 133 devices must also be capable of operating in PCI-X 66. All PCI-X devices must be capable

of operating in conventional PCI 33 mode and optionally are capable of conventional PCI 66 mode.

= Problems:

v No limit on jitter
— 1s 400ps of jitter acceptable?

=K

v" In order to comply with spec the nom operating frequency has to be lower

v Any Mode 1 system running at nom 133MHz is in ‘technical violation’

PCI-SIG Developers Conference
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PCI ¢
‘SIG

= Solution

v Acknowledge existing industry practice

Class 1 CC Jitter Spec
for PCI-X Mode 1

=K

v" Define ‘Clock jitter class 1’ for existing PCI-X rev 1.0 spec
v" All existing Mode 1 systems are compliant with Class 1 clock jitter

New inrev 2.0

PCI-SIG Developers Conference

‘Table 2-5: Clock Specifications, Mode 1

Conv. PCI | Conv. PCI
PCI-X 133 | PCI-X 66 86 (ref) 33 (ref)
_Sym+—__ Parameter Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
rok Jitter Class 1 ) < 5 >
Tcyc CLK Cycle Time 7.5 20 | 15 | 20 15 | 30 | 20 ns 134
Thigh [ CLK High Time 3 6 8 11 ns 4
Tiow | CLK Low Time 3 8 6 11 ns 4

5. Support for this jitter class is required for all Mode 1 devices.

Copyright © 2005, PCI-SIG, All Rights Reserved
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ee¢_Conventional PCl and Mode =3¢
1, Class 2 CC Jitter Spec

= “Jitter class 2” allows for nominal period of the clock to be 30nS,
15nS, 10nS or 7.5nS

v" Limits period jitter to +/-125ps for Mode 1 (same as Mode 2)

Table 2-5: Clock Specifications, Mode 1

PCI-X133 | PCIX 66 C:::’;;;:' C::’::;f'

Sym Parameter Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes

P\E‘.‘f]”ired m= Clock Jitter Class 1 5
Teye | CLK Cycle Time 7.5 20 |15 | 20 | 15 | 30 | 30 ns | 1.34

Thigh | CLK High Time 3 8 & 11 ns 4

Tiow | CLK Low Time 3 8 & 1 ns 4

Optional ==l  Clock Jitter Class 2 B
Toe |CLK @ Average 75 |20 [ ™| 20|15 ]300« |ns|147
Time Absolute minimum | 7.375 4 14.8 297 ns | 1,34

Thigh | CLK High Time e 55 5.5 10 ns 4

Tiow |CLK Low Time 25 5.5 5.5 10 ns 4

Lit | CLK Period Jitier 125 |-125] 200|200 200 (200 300|300 | s | &

7. Average Tc:-_,rc iz measured over any 1 us period of time and must include all sources of clock variation.

8. Period jitter is the deviaticn between any single period of the clock, TLL':' and the average period of the

clock, T,:. claverage).
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s Mode 2 CC Jitter Spec

Mode 2

Doy
spra:ad

PCI-SIG Developers Conference

w

Table 2-6: Clock Specitications, Maode 2

PCI-X 533 PCI-X 266
Sym Parameter |_Min | Max | Min | Max | Unit | Notes
Average 75| 20 | 75 Q| ns |1,23
Teye | CLK Cycle
ébsnlute Minimum | 7.375 T.E?.ﬁ_/ ns |1,2.4
Thigh | CLK High Time 3 3 ns 2
Tiow | CLK Low Time 3 3 ns 2
Tit | CLK Period Jitter 125 | 2125 | 125 | 125 | ps [
Slew Rate
- | e siew Rate [ 15 « |15 4 |wns| s
Spread Spectrum Requirements
fmod | Medulation Freguency 30 33 30 33 | kHz
'spread Fregquency Spread 4 0 -1 0 o

All PCI-X 533 and 266 (Mode 2) devices must also be capable of operating in PCI-X 133 and
66 (Mode 1. All PCI-X devices (Mode 1 and Mode 2) must be capable of operating in
conventicnal PCI 33 mode and optionally are capable of conventional PCIl 66 mode.

Average T:'.y'c. is measured over any 1 us perod of time and must include all sources of clock
variation.

The minimum clock period must not be viclated for any single clock cycle, i.e., accounting for
all system jitter.

This slew rate must be met across the minimum peak-to-peak portion of the clock waveform as
shown in Figure 2-5.

Period jitter is the dewviation between any single penod of the clock, T..... and the average period of

the clock Tﬂ: claverage)
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"%  CC Timing Budget =X

= Timing budget calculations are typically done by system vendors to
determine max and min trace length on system board.

= Setup time budget calculation limits max trace length — main concern
= Hold time budget determine min trace length.

= Add-in card trace length limits same as before, backward compatibility
— See Slide 30

= PCI-X 1.0 setup time budget example for Mode 1 (Tval = 3.8ns)
calculated Tprop = 2.0ns, approx. 12”. After subtracting add-in card
trace length the max system board trace length = 8.5".

= Same system board trace length of 8.5” was used for mode 2 timing
budget calculations

= Same Tprop in both cases, with system board max length = 8.5”.

PCI-SIG Developers Conference Copyright © 2005, PCI-SIG, All Rights Reserved 19



eg_ Mode 1 System, Setup 3¢
Time Budget Example

Table 2-31: Setup Time Budget, Mode 1 Operation

Conv Conv
Parameter oa i | seoims | coin, | PC186 | Pcias [ units | Notes
MHz (ref) | MHz (ref)
Clock Jitter Class 1
Tya){parity_1}{max) (ref) 38 38 38 6 11 ns 1
T (max) 20 45 8.0 5 10 ns
T“m" = — — > Note: Tcrosstalk(max)
(max) } ns

T’“"r"'“‘a" — - - : - . and Tskew(max)

skawlmax) i 3 3 ns
- il — - - - used to be lumped

gulming (ref) . 3 7 ns .

— _ together in PCI-X 1.0
Teyelmin) (ref) 75 10.0 15.0 15 30 ns -
spec as 0.5ns

Clock Jitter Class 2
T, ailparity 2i{max) (ref) a7 a7 37 & n ns 1
IL‘-l'Cg (&) 20 45 8.825 i) a0 ns
Lorosstalkmax) 0z 82 02 - - ns 2
Lskewdmax) 0.275 0275 | 0278 08 17 ns | 2
TS (i) (refy 12 12 17 3 i ns
Loyclabsolute min) (ref) 7375 9.875 14.8 14.8 287 ns

= No changes to “class 1 jitter”
= Tprop same in both cases, with system board max length = 8.5".
= “Class 2 jitter” requires tighter spec to meet Tcyc = 7.375ns

v Tval is smaller by 100ps

v" Tcrosstalk(max) allocates 200ps for CC crosstalk

v Tskew is smaller by 25ps
PCI-SIG Developers Conference Copyright © 2005, PCI-SIG, All Rights Reserved 20



- T Mode 2 System, =3

‘SIG

CC Setup Time Budget

Common-Clock Setup Time Budget, Mode 2 Operation

CLK Frequency
1.5V Signaling 3.3V Signaling

Parameter | (e | e | wiz | wier | wer | e | U0

. | Tygmax) (ref) a8 | Al a8 a8 -] 8 ns
wmmly | Tprop(max) 22 47 9.125 22 4.7 9.125 ns
Terosstalk(max) 0.2 0.2 0.2 0.2 0.2 0.2 ns
Tekew(max) (ref) 0275|0275 |o275 02758 |0.275 |0275 | ns
Tgy{min) (ref) 1.2 1.2 1.7 1.2 1.2 1.7 s
Teyelabsolute min) (ref) | 7.375 | 9.875 14 8 7375 0875 14.8 ns

= Tvalis now 3.5ns
v" Measurement conditions (oadatoutputy are nof the same as in Mode 1
= Max system board trace length same as before, 8.5"
= Tprop = 2.2ns, longer than mode 1 by 200ps
v Provisions for additional 200ps delay due to crosstalk
= Tcrosstalk(max) allocates 200ps for crosstalk

v Permitted spacing between signals, per layout spacing guidelines, will
cause crosstalk which will affect propagation delay time

=  Skew time between clock arrival times at the two devices = 275ps
PCI-SIG Developers Conference Copyright © 2005, PCI-SIG, All Rights Reserved 21



rcy  Mode 1 Tval Measurement =¥
““ Conditions

Tval(max) = 3.8ns (clock jitter class 1)

Tval(max) = 3.7ns (clock jitter class 2)

pin ‘4 1/2 inch max >{ CLK /. \ /
% /e y
Dufrer .K
10pF ;< 25Q Test QUTPUT —> 'HT\-sl.rlslngu Vor
POint DELAY ? _“rlrlse
3.3V Tval(max) rising edge test load
( ) g g OUTPUT H"_tnsl{rsmngl
DELAY /tan
v,
Symbol PCI-X Conventional | Units
. _ PCI66(ref)
pin 1/2 inch max >‘
§}< Vtest | 0.4Vcc 0.4Vcc Vv
° vee Vtrise | 0.285Vce | 0.285Vcc Vv
10pF A~ <250 Test 4
1 Fol Vtfall | 0.615Vce | 0.615Vcce Vv
3.3V Tval(max) falling edge test load 3.3V output timing measurement conditions

PCI-SIG Developers Conference Copyright © 2005, PCI-SIG, All Rights Reserved 22



= . Mode 2 Tval Measurement =3¢
Conditions

Tval(max) = 3.5ns

Vi
VI/O/ 2 th-clk
CLK oy Ay
7 test-clk test-clk v
. Test — Vil
Point
pIn / on 570 —> <« T
< OUTPUT Vv
e 57— DELAY -
Length =1L R T T
AT~ Cpa d (Max) — driver-on  —3 driver-off
OUTPUT Vian Vioh
.1 ENABLE/ v v
- DISABLE L ol

The length of the transmission line, L, must be selected such
that the reflection from the load does not interfere with the
measurement at the test point.

Figure 2-31: 1.5V Commeon-Clock Qutput Timing Measurement Conditions

(The reflections from Cpad shouldn’t affect Tval measurement) SymbOI Parameter Units
Value
, , - Vtest-clk 0.25Vcc \%
1.5V signaling, test load conditions for Tval Vih-clk 0.6Vee ¥
measurement
Vil-clk 0.25Vce V
Vto Vio/2 V

1.5V output timing measurement conditions
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el Mode 1, 3.3V Signaling, =3¥
Current-Voltage Curves

00 05 1 15 2 25 3 35 400 -

350 +

-850 4
300 - =
=100 + e J
E < 250
E o E 200
< ©
[= = 150 PCI-X
-200
100
-250 50 - r
_BCD U T T T
0 1 2 3
Vcce - Vout (volt) Vout (volt)
PCI-X Pull-Up Output Buffer I/V Curves PCI-X Pull-Down Output Buffer I/V Curves

« PCI-X 3.3V driver range is a subset of allowable range for

3.3V conventional PCI
Fast corner: Process: FF; Temp: 0C; Voltage: 3.6V

Typ corner: Process: TT; Temp: 27C; Voltage: 3.3V
Slow corner: Process: SS; Temp: 125C; Voltage: 3.0V
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eeg__ lol/Vol Curves for 1.5V
and 3.3V Signaling

Mode 2, Cat 1
Vol(DC) spec:
min = 0.1V max = 0.2V
with 57R to Vo/2

Recommended
pulldown impedance:
14R +/-4R (10 to 18R)

Must be linear within
the Vol(ac) to Voh(ac)
range

Subset of 3.3V
signaling pulldown
requirements

Common design for
1.5V and 3.3V signaling

PCI-SIG Developers Conference

:
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3
P T T N RN S

[=]

20m

15m
10m

5m

simulation: iol/vol

PCI-X Mode 1, 3.3V

min = 10 Ohm line.

-
-~
-

-

-
-
-
-
-

T ISP Min
1 e Mode 1, 3.3V min
[ T T T I I I ]
0 1 2 3
Voltage X (lin) ({VOLTS)
simulation: ioliwol
Vol =0.1V Vol =

10.01 Ohm line

0.2v //ﬁ;)(

17.99 Ohm line
T | L AL R B L n
0 50m 100m 150m 200m
Voltage X (lin) (VOLTS) 250m
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PCI ¢

ee{__ loh/Voh Curves for 1.5V =3¢

and 3.3V Signaling

simulation: ioh/voh

Mode 2, Cat 1
Voh(DC) spec:
min = V)0-0.2V
max =V)0-0.1V
with 57R to V0/2

Recommended pullup
impedance: 14R +/-4R
(10 to 18R)

Must be linear within

the Vol(ac) to Voh(ac)
range

Different designs for
1.5V and 3.3V signaling
since different Vo

PCI-SIG Developers Conference

Params (lin)

-20m

Vyo-Voh=0.1V

Vyo-Voh = 0.2V

17.99 Ohm line

10.01 Ohm line

0

50m

100m

150m

Voltage X {lin) (VOLTS)
Copyright © 2005, PCI-SIG, All Rights Reserved
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8

Driver Block Diagram =2

Vcore .
Model/2 select ® > Impedance
imp_ctrl[n:0] R control Vilo = Vcore
)
» Slew rate
slew_ctrl[n:0] ——— compensation
A 4 R
Pre-driver pin
Data > » Output Buffer
Stage
Pkg model
Global ground
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e Output Buffer Modeling =K

= Spice or Ibis models

= Due to slew rate control, strong driver models may
not have the fastest edge rate, weak models may
not have the slowest edge rate

= Traditional PVT corner simulations not sufficient

= Will require more that one Ibis model for system
level simulations

v’ 4 corners:
— strong-fast
— strong-slow
— weak-fast
— weak-slow
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Payy Board Layout
Considerations (1)

= Spec for add-in card routing requirements
v Impedance = 57R +/- 10%
v"Max trace length (Table 2-24)
v"Min spacing between data, strobe and data
v Electrical length matching within a data subgroup
v Timing skew between data subgroups

= Recommendations for system board
v’ Same parameters as above

Timing skew between data subgroups is extremely
important — to mitigate the effect of simultaneously
switching signals through the connector

PCI-SIG Developers Conference Copyright © 2005, PCI-SIG, All Rights Reserved

31



ey Add-in Card Trace =¥
*  Length Limits

= In Mode 2, electrical and physical dimensions are interchangeable

Iable 2-24: Add-in Card Trace Length Limits

Conventional .
PCI-X Units | Notes
Parameter PCI (ref) !
Min | Max | Min Max
L} -
CLK Physicalmt—a-d—t28 | 24 | 26 | inch 360ps/2.4” =
l2ngth =
Electrical | 360 | 468 | D ps 150ps/inch
32-bit interface signal length: .
AD[31::00], C/BE[3::0}#, physical |075| 15| - | 15 | inen 468ps/2.6” =
REQB4#/ECC[B], ECC[5::2], .
ACKB4#/ECC[1]. PARIECCO], 180ps/inch
FRAME#, IRDY#, DEVSEL#®, - ’
TRDY#, STOP#, PERR#, LOCK#\J Electrical | 113 | 270 ps 1
REQ#, GNT#, IDSEL, SERR#
&4-bit interface extension signal Physical 75 | 275 20 inch
length: AD[B3::32], C/BE[7: 4J#,
PARSA/ECCIT] Electrical | 263 | 485 s 1
Physical 0751 30 - - inch
RST# length . -
Electrical | 113 | 540 s
MNote:

1. These limits are optionally adjusted by an amount specified by the device vendor for package electrical
length compensation, as described below.

= Min params are with fastest PCB prop delay of 150ps/inch microstip)
= Max params are with slowest prop delay of 180ps/inch (stipine)
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Considerations (

Table 2-11: Source-Synchronous Signaling Groups, Mode 2
= = 2

Group Data Strobe . )
R StDatt:-a Connector Signal Enurce-sz.rncgrunouﬁ Signaling
(Note 2) robes Names (Note 1) roup

0 FSTROBE[D] CIBE[1: O AD[15::0], PAR/ECCI[O].
SSTROEE[O)] e ACKE4#/ECC[1], REQS4MECC[E]
FSTROBE[1] A

1 SSTROBE[1) C/BE[3::2# AD[31:186], ECC[5::2)
FSTROBE[Z] R

2 SSTROBE[2] CI/BE[S5:-4)# AD[47T::32]

- FSTROBE[2] . e : =

3 SSTROBE[3] C/BE[T: .6} AD[G3.:48], PARS4HECC[T]

Table 2-25: Add-in Card Signal Electrical Length Matching and Separation, Mode 2

Grou Maximum Base Maximum Minimum
P Difference Device Strobe-to-Strobe .
Number . . Units
(Note 1) Between Signals Package_ Separation
and Data Strobes | Compensation (Note 2)
0 +35 +75 +80 ps
1 +35 175 +80 ps
2 +35 +75 +80 ps
3 +35 +75 +80 ps

N

SYSTEM
BOARD

ADD-IN
CARD

00
®
oxe

o

©)
(@)

SRS
OO 000

(O]
(O)NO)
goooo
y

PCIX 2.0
DEVICE

=

93,94

\

Data subgroups

{

08080
OO0
©w

T
OO0 O000O0

Table D-5: Recommended difference in electrical length for system
board between strobes of different groups = 180ps

Host Bridge
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ear__ Board Layout =3
Considerations (3)

= Pin swapping to ease system board layout

v' 2 pins are logically swapped so they are physically
close to the rest of the data signals in their subgroup

PCI-X 1.0 (ref) PCI-X 2.0
65 C/BE[G C/BE[S]# C/BE[G]# CBE[S#/AD[48] Mote 1
66 CI/BE[4}# +WVIF0 (3.3V) | CBE[4l#/AD[449] V10 (3.3WM1 5V) Mote 1
[ils] AD[45] GGround AD[49)VCEBE[4]# Ground Mote 1
79 VIO (3.3V) | AD[48] HWVI0 3.3V .5V AD[4BICEBE[S}# Mote 1
Motes:

1. C/BE[4}# swaps locations with AD[49] and C/BE[S]# swaps locations with AD[48] when the bus
initializes in PCI-X Mode 2 relative to their locations in PCI-X Mode 1 and conventional mode.

= When assigning pins ECC[5-3] on add-in card
device pay careful attention to the add-in card
trace length requirements for those signals. Their
connector pins (A-9, B-10, A-11) are farthest
away
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Stackup Example

= 4 Routing layers, 2 striplines, 2 microstrips
= Calculations done with Er = 4.15. PCB = FR4
= Ample decoupling caps between power Vi/o

and GND layers

L&

LT

3 mils B 20 mils

Layers

Signal

Power

Signal

GMD

Power

Signal

GMND

Trace

width thickness

5 mils

45
mils

4.5
mils

L8 Signal 5 mils

Trace

2.1 mil

1.2 mil

0.6 mil

1.2 mil

1.2 mil

0.6 mil

1.2 mil

2.1 mil

Cu
waeight

050z
{Mote)

100z

0.5 oz

1.0 0z

1.0 0z

0.5 oz

1.0 0z

0.5 0z
(Mote)

Zo

ST0
+=10%

ST0
+=10%

570
*+=10%

370
+=10%

Figure B-2: Example Eight-Laver Stack-up

PCI-SIG Developers Conference

Copyright © 2005, PCI-SIG, All Rights Reserved

Trace Delay

150 - 165 psfin.
Mominal: 157 psiin.

165 - 180 psfin.
Mominal: 172 psiin.

165 - 180 psfin.
Mominal: 172 paiin.

180 - 185 psfin.
Mominal: 157 psiin.
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““ Trace Spacing Geometries

= Mode 2 spec requires a minimum spacing to height

(S/H) ratio for add-in card, recommends S/H ratio for
system board. (H = m|n(H1 ,H2)) for stripline

= Keeps crosstalk < 5%

= SS and CC timings were verified with given dimensions

Table 2-27: Mode 2 Add-in Card Trace Spacing and Height

Symbol

Parameter

Microstrip

Stripline

SMH Minimum Spacing to Height Ratio

4

3

reference plane 2

A

Y H2 S

[ race [« trace |
H 1

reference plane 1

Stripline

H

S

trace <—>

ground reference plane

Microstrip
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sttem Board Geometries

= S/H ratio recommendation for system board
v Assumes tight spacing (0.8” center) between adjacent

connectors, ~ 0.5” routing area

v"Doable in 2 stripline, 2 microstrip @ 266MHz sys

v Microstrip not recommended for 533MHz system due
to excessive crosstalk and tighter timing

Table D-6: Mode 2 Trace Spacing and Height

Symbol Parameter Microstrip | Stripline
Minimum Add-in Card Spacing to Height Ratio (ref) 4 3
PCI-X 266 | Strobes ' £
SiH Minimum System | systems Other than strobes 2
Board Spacing to - —
Height Ratio PCI-X 533 | strobes (note) 4
syslems Other than strobes (note) 2.1

Note: not recommended due to excessive crosstalk
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PCIl Connector Model

= Poor signal to power/gnd ratio thru
connector

Crosstalk from signal pins onto
power/ground pins will cause ‘ground
bounce’ thru connector

Need to use coupled connector model, also
called Multi-line Model (MLM)

Cannot assume that add-in card ground
and system board ground are at the same
voltage potential (ground reference)

Need to float one relative to the other

B3
G4
B3
G

5t
59
7o
il
2
T3
4
Fi=)
Fils]
bk
i
Fis)
g0
a1
g2

a4
g5
g6
a7
g
g9
a0
1
92

93
a4
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HEY LY

Reserved

CIRE R

CIOEER
C/BE4l# .+mm (1.50) ]
[ FEREAECLIT]
EDIEE] £2]
B
V110 (1.50) . 0[E0]
B[] 58]
57] 1
Ijg[ BRIEE]
) 2DI54]
53] +U1I0 (1.50) ]
Iﬂ%l |
EOE] 50]

&E[45]

10 (1,577 |
AD[0]

-—I

I +U10 (150

Reserved

Feserved

Reserved

Reserved
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% PGl Connector Issues (1) =K

The input voltage, measured relative to the local ground, will be affected
by the number of simultaneously switching signals thru the connector

di=N*slew-rate/Z,

J e ™

Add-in card gnd AV=L*di/dt System board
card gnd
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== PCI Connector Issues (2)

= 15 AD signals (data and strobes), driven by a full and

reduced data patterns
v" Full data pattern: all bits toggling

v" Reduced data pattern: AD[54:58] not toggling
v Monitor bits AD[62], AD[63], C/BE[6]# and ground

PCI-SIG Developers Conference

I I KEYWAY
63 Reserved
S.elected group of 7 SR
signals 65 C/BE[6]# C/BE[5]#/AD[48]
66 C/BE[4]#/AD[49] +VI1/0 (1.5V)
67 PARG4/ECCI[7]
68 AD[63] AD[62]
69 AD[61]
70 +VI/O (1.5V) AD[60]
71 AD[59] |--ADJ58]
2 AD[57]
73 AD[56]
74 AD[55] AD[54]
———(——r0 s
76 AD[52]
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= PCI Connector Issues (3)

= Data eye with full data pattern
Red = strobe (C/BE[6}#); Blue = bits AD[62], AD[63]; Green = Vilac, Vihac
Magenta = local ground relative to reference ground

lpo:tro:vo: v(rxpm[ﬂ]
Hoo:tr0:v0:v (repin[1c

‘ Wave List |

* simulation case 10030284, bitrate 533, ibis drivertype

Voltages (lin)

Ipo:tro: v(rxgref)]

£ 200m
% 0
£ -zoom ]

013

] ——

~

Params (lin) (timeZ)

* gimulation case 10030284, bitrate 533, ibis drivertype

___________________
————————————————————————————————————————————————————————————————

""""""""""""""""""""""""""""""""""""""""""""""""""""

T T T T T T T T | T T T T
0 50n 100n 150n
Time (lin) (TIME)

PCI-SIG Developers Conference
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e PCIl Connector Issues (4)

= Data eye with reduced data pattern
Magenta = strobe; Green = bits AD[62], AD[63]; Brown = Vilac, Vihac
Magenta = local ground relative to reference ground

‘ Wave List |

1 D1:r0:v0:y (r=pin[4]
N D1 :tr0:v0:v (repin9]
D71 :tr0:v0:v (repin[i 0

BD1 :tr0:v (regref))
7
£ T

PCI-SIG Developers Conference

Voltages (lin)

Voltages (lin)

* reduced pattem case 10030284, 533mhz, ibis driver type

15 =
;4

AT | B Y I I SN e
O | B e B oz === mmmnr=—"____

Params (lin} (ime2}
* reduced pattem case 10030284, 533mhz, ibiz driver type

Time (lin) (TIME)

Copyright © 2005, PCI-SIG, All Rights Reserved

=K

43



“%= PGl Connector Issues (5) >

= Qverlap of data bits from previous waveforms
Turquoise = strobe, reduced pattern ; Brown = strobe, full data pattern

Green = data, reduced data pattern; Blue = data, full data pattern
Magenta = Vilac, Vihac

Effect on timing!!

# gimulation case 10030284, bitrate 533, ibis drivertype

| Wave List |

HD0:tr0:v0:v (repin[4]
HD0:tr0:v0:v (repin[9]
HD0:tr0:v0:v (repin[i €
[ D1:tr0:v0:v (repin ]

D1 :trD:v0iv (r=pin[3]
m vy (repinflC

Voltages (lin)

T T T T T T T T T T I T T T T T T T T T T T T T T
1] abop n 1.9n
s Params (lin) (time2)
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Thank you for attending the
PCI-SIG Developers Conference 2005.

Please join us now in the
Exhibit Area for lunch.
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