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HyperTransport Technology Overview

&4 NVIDIA

 Originally, HyperTransport was introduced by
AMD

O OO

TwinBank Memory B
Architectura

» Designed as high bandwidth solution for their next
generation of Microprocessors.

GeForoe2
sttt GPU =

The "Hammer"” Architecture AMD

DDR Memaory
Controller

z

L1
1
Cachas

Cache

3 » A HyperTransport consortium was founded
o noifianepantd » Meanwhile, many companies has joined
un  Companies from dlff_erent marke? segments
Transmeta, SUN, Cisco, PMC-Sierra,
Broadcom)
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What is HyperTransport?

Hyper Transport Application example:
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Scaleable I/0 bus for high-speed operation
e Bus Width: 2, 4, 8, 16, 32
» Speed: 400Mbit ... 1.6 Ghit

Designed for chip-to-chip link (‘in the box”) DZ:’"“:*:’:” : Ryp <6002 10% ﬁ}

« Differential, LVDS type signaling T 1000% 10% MWD

» Device Swing: Typ: 600 mV o

¢ P bo S LM\ 33# LS oM

« Common Mode voltage: Typ: 600 mV oK o
 Unidirectional bus (dedicated TX and RX lines) L=

e 100 Ohm Cross Termination

* 50 Ohm Driver Output Impedance
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List of Different HyperTransport Parameters

PARAMETER DESCRIPTION TESTED  TESTED
with with

O3K/P800  NP1700
Level: Vod Differential Output Voltage YES YES
Vocm Output common-mode voltage YES YES
Vid Differential Input Voltage YES YES
Vicm Input common-mode voltage YES YES
Impedance: | Rtt Differential Input Impedance YES YES
Ron Driver Output Impedance YES YES

New Tester
Timing: Thit Bit Time 400 Mbps YES YES Capabilities
800 Mbps YES YES
1.6 Gbps - YES
Tcadv Transmitter output Clock/Dat: YES YES
skew YES YES
Tsu Receiver input setup time YES YES
Tdh Receiver input hold time YES YES
Tplllterror PLL long term phase error - YES
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HyperTransport Test Challenges

%

» High Speed Data Rates up to 1.6 Gbit/s
require Highest Speed and Accuracy

« Low Swing Differential Signals
(DC/AC measurements)

» Debug & Characterize your High Speed
Interface to bring your Device fast into
production

e Source Synchronous bus interface

Source Sync!
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Application Example: North-Bridge Chip

=

HT FSB
1.6Gbps

North-Bridge Timing:

HT 1.6Gbps A'A'A'A'A'A'A'A'A'A.A'A'A'A'A'A'A'A'A'A'A'A'A'A'A

V-Link AGP 533Mbps

RefCIk 100M Hz . -\. | ./. - \

Vlink 533Mbps

RefCIkT

100MHz

533Mbps
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Application Example: North-Bridge Timing

Timing Configuration

EFECE L lind ng i xR
Ty B %an ol
00 [l

dL_rdimat R3_FLaTvoma Piaze
BEERTIE Eiwirg_sgr_dh
Fi_offmat - ol cfEust + Tl l:":-dl.r i ¢
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[ RR—— B KR _air 3
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H ?g ramckm 18 L A Bimirmy w50 | bimirm ppmes B8 | BN resdem s | =B ] -1 e
1 I . mlE = aa

w_§ m_ldwm b,

FENR ASP-EETR EE-TATA

PER-REIR FER-TRNIES FER-CTLIN- FER-(REIE- TEB-CROTH-

8

Combinations

Definiftion of combination rules for xS_1_dve

3
#
#
2
#

DDC x8_1 _ dve x8_1 dwve x8_1 dve x8 1 dve x8_1 dve ®8_1 dve x8_1 dve x8_1 dve
PINS AGP-CLK+ AGP-CLK- SB—CLK+ SB-CLK-

[o1] . . [oi1 . . [01]
PINS AGP-DATA SB-DATA

[o1] . . [oi1 . . [o1] .

[LHZ] . . [LHX] . . [LHX]

PINS FSB-CTLIN+ FSB-CLKIN+ FSB-CADIN+

PINS FSB-CTLOUT+ FSB-CLKOUT+ FSB-CADOUT+
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Application Example: SONET Chip (OC48)

Tx Data
Parallel
(625 Mbps)

Ref CIK
(156.25 MHZ)

Rx Data
Parallel
(625 M bps)

10 June, 2002 Testing High-
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SONET Tx / Rx

Serializer

Transmitter

Receiver

Serializer

Agilent Restricted

Bit Clock
Synthesizer

Bit Clock

De-

A w
e
--------

Recovery

Sampler

Agilent Technologies

High Speed
Serial

Tx Data
(2.5Gbps)

Rx Data
(2.5Gbps)
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Test List for High-Speed Interfaces

10 June, 2002 Testing High-
Speed Interfaces

TEST LIST ATE NEEDS

Impedance Test (Input, Output)
Receiver Sensitivity Test

Receiver Skew Insertion
Transmitter Skew Measurements
Dynamic Transmitter Voltage Test
Rise/Fall Time Measurements.

Eye Mask Test

Jitter Test
Source Synchronous Test

HV Production Solution

DC Access

Level Accuracy & Resolution
Low Swing capability

Timing Accuracy & Resolution
Timing Accuracy, High Linearity
Level Accuracy, High Bandwidth

High Bandwidth, High Resolution

High Bandwidth, Voltage & Timing
Accuracy

Low System Jitter, All Others
Source Synchronous Mode

Full Integrated Solution,
High Throughput

Agilent Restricted

Agilent Technologies
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Impedance Test: Theory

DUT

Output I mpedance:
Ron_p=Umeas p/Imeas p

R Ron_n=Umeas n/Imeas n
on_p
Uod_p Imeas
—— 5 ® S/< 7}'
UOd—L Imeas n Umaas_p
—\W—e —(F
ROFI n ¢ l Imeas v e —
o = — (=)
U, \Z/
Rtt Imeas i orce
I i

10 June, 2002 Testing High-

Speed Interfaces
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I nput I mpedance:

Rtt = Uforce/ Imeas

Agilent Technologies
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Impedance Test: Tester Setup

* |Input Impedance e Output Impedance
Testflow Editor

Select File Merge oi Insert Special Search

Bookmarks

Pre-condition your device Pre-condition your device

DVM measurement: U

Force voltage: U

force meas

Current measurement: |

Current measurement; |

meas meas

 (Calculate Input Impedance: R=U___ /I

meas™ "~meas

Calculate Input Impedance: R=U, /|

meas

» Pass/Fail decision . * Pass/Fail decision

10 June, 2002 Testing High- Agilent Restricted .::} Agilﬂﬂt Tech nnlugies Page 12
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At Speed Receiver Test: Sensitivity Test

| nput Sensitivity Test:

Vicm (max) e
| V VYV AN
Vicm (nom)

Vicm (min) /\ /\ /\

» For RX functional test, different level sets can be used to run at the specified limits
 Requires only one functional pattern to test the part to its limits

Tester Setup:

10 June, 2002 Testing High- - Agilent Restricted ~i% Agilent Technologies Page 13
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At Speed Recelver Test: Skew Insertion

|nput I nter Skew Test:

NV V V V V_
CLKIN_AAAAAA_ - v
\\ V[ -} —>
CADINO'""9< AN N Device o
V_\
CADIN7%< A\ X X [

» Program skew for all pins independently with spec variable

« Requires only one functional pattern to test the part to its limits

— I=]
Edit Doc

TeSter SetUD Functional Test
Parametric

[run tol vector

! [mask before]l | cycle

SETLP_HOLD [mask after] cycle

[result pins] parallel out_pins

IN_SETUP_FARAT] IN_SETUP_HoLO{T][E= lepee meams] timing t_setup_off
[setup pins] [pafjallel || CADIN
[method] serifll
[start] ns 0
[stop] ps $(@Thi t%T/2)
[step] ps #20
[resolution] PSS 0.01
[pass min] ps ]
[pass max] ps 116

output |PFunct (3P
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NP-Model Native Differential Driver

Differential Driver: Current Switch

Vf“igh Bl Cokol Seup Mesers  Calbegn LNns  Help CETRTE N |

il

500hm =

W
AN
v
a1
o
o
=
3

[T B

Data

“0 |1¢>'_ Data*

a0

a
=
-
L

= B | [ReERenn reae]
e i I e Tvoe e R ) oy T 100 peaw merLan |
4 D A B N g amniy | gi¥1a | cearas i | 1Y |

PRBS: 2.5 Gbps, 50 mV Swing

Retiming Unit:

I 1 NP2500 2.5 Ghps
oo T|m|ng . 1:., e i e Actual:NP2500 results
Samq]mg r ﬁ
* I;;
. J ¥
High =g =
Precision P R
el \%gp_l.kwlf
Source
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Fast Debug with Timing Diagram

™ W

A ARRARLARRAARARRAAARAASRARRAKRRAARARLARRNARAR ¢ Device Jitter
LR

* Level verification i
- L . AAAN i M i
 Timing verification VUV Vo e

e Crossover Symmetry

e PLL is not locked

o Pattern verification

« Common mode shift, Cross Talk, and many more

[ Fast Visual Feedback-Over a Wide Range!
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Clock-Data Output Skew: Theory

Device

utpu m&a:amn}mmmm
— CADO mﬁiﬁ T T e N | S
D1 i | O i 0
CAD? G —
cLkouT X X X X X
CADO T A A X
CAD1 Ferer—He— T, X X X
CAD 2 % Todh X X

*T..m= Nominal setup time between Clock and Data/Control
*T...= Minimal setup time
T ...= Maximal setup time
* Tyoy = Maximal skew between dataline T, - T

min
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At Speed Transmitter Test: Functional

10 June, 2002 Testing High-

Speed Interfaces

Valid
Data Eye

/0 \

Y/ Y/ Y/
JewCyc Yo vy . 'IIIIII.'P C/\[)Z <:: < :
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_|’/\
— \/
_|’/\
—|>

—>

Search the clock edge (Tclk) and
*Program relative to the Tclk the edge delays
Tvalid = Thit - 2*Tcad_min

*Apply a large pattern to guaranty worst-case output skew.

Agilent Restricted ~4.% Agilent Technologies Page 18



At Speed Transmitter Test: Voltage

Device OQutput: DO+

Minimum Output Voltage:

vodH min — ~ ™~ A

PASS

VodL _min 11—'-"|| R H]‘-"'—"[ Y

*Measure over a large number of samples to measure worst-
case output voltage.

10 June, 2002 Testing High- Agilent Restricted .' Agilent Tech nnlugies Page 19
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Per Bit Voltage Measurement

— A V. — N ‘)(’ ‘x’\> — —
A N S SS— X
&t f 8 & & h T 13

4 Mixed Signal Tool [= 1J|
view | | Fileyo | | print

] Tix_Per_Bit_LdT]

Upload Config | Upload [{Gveriay || Harmenics | Load Datalog | Select Waveform

Uptoad #1 positive and nagative leg

[
—=

Som/s

Overlay of N and P Out ™

4
BE25m

autoscale| [ Time/s
[ ¥ 59.753m ¥ 0.2466961277 |

Upload #2

[ 5354

10m/,
[l Traces |
r _ | Output Vcom ==
WEY s s e D 6 b Tereay Tu b oV s Bl ng @ [ o35~

cormmen mode voltage

e

Mmn [y Pabmd Fardis Do Bewye [TICT Pezm I 6. 75m

Autoscale| [ Time/s 0.1m/

[ % 68.814m ¥10,2620244617 ]

Upload #3

[ o34

Output Vswing ——

I 03z

differential signal view

T —

pE25m [ 46,75
autoscale| | Time/s 0.1m/

[ % 69.924m ¥:5.43022427 m |
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Summary

TEST LIST

Impedance Test (Input, Output)

Receiver Sensitivity Test

Receiver Skew Insertion
Transmitter Skew Measurements
Dynamic Transmitter Voltage Test

Rise/Fall Time Measurements.

Eye Mask Test

Jitter Test
Source Synchronous Test

HV Production Solution

ATE NEEDS

DC Access

Level Accuracy & Resolution
Low Swing capability

Timing Accuracy & Resolution
Timing Accuracy, High Linearity
Level Accuracy, High Bandwidth

High Bandwidth, Resolution, Low
Overdrive

High Bandwidth, Voltage & Timing
Accuracy

Low System Jitter, All Others
Source Synchronous Mode

Full Integrated Solution,
High Throughput

10 June, 2002 Testing High-
Speed Interfaces

Agilent Restricted

Agilent Technologies
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Rise/Fall Time Measurements: Theory

Transmission Path:
HT Transmitter Socket Transmission Linel Via Transmission Line Il Tester Receiver

P |

IT

TrJ:)ackageTr_socket I:Cable_BW Tr_via I:Cable_BW I:Receiver_BW Tr_composite
— 2 2 2 2 2 2
Tcomposite - \/T r _device +T r_package+T r _socket +T r_via +T r _cable +T r_BW

DUT_Board considerations:

» Uniform trace impedance across the whole trace (reflections)

* Vias and other potential impedance discontinuities should be minimized (reflections)

» Make your trace width as wide as possible (skin effect)

» Talk to your PCB manufacturer about modeling techniques used
More Details:

 Hall, Hall, McCall: “High-Speed Digital System Design”

» Johnson, Graham: “High-Speed Digital Design”

10 June, 2002 Testing High-  Agilent Restricted <% Agilent Technologies Page 22
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Rise/Fall Time Measurements: Setup

Testflow:

TX_RISE_TIME_SHMOO

(" Userprocedure
Testsuite name
Timing Equation
Timing Spec Set
Timing Set
Level Equation |
Level Spec
Level Set
Analog Set
Vector Label

Context

Testfunction

New Testfunction

Exec All & Stop Here

. Execute

Cancel
Done

Test Control

Shmoo Spec

[title] Iise_Time_Shmoo

Bit Clock

X-axis Y-axis
specname | transmit_output_ | V_TRESHOLD
type timing level
[s_pins]|tsdpl
[unit] Ps v
start 350 -0.08
stop 450 0,42
step #100 #100

/ Data Signal

XTXTXT )—TXT I)I >I>I XTXT

10 June, 2002 Testing High-
Speed Interfaces

t

PR
L)

Agilent Restricted "":,:‘

*

[result pins | |t5dp1

[test filename] |

)

[test mode

- Agilent Technologies

*
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Rise/Fall Time Measurements: Results

Differential Comparator

120 ps Rise Time +

@400 mV Swing 2x500nm é
@ the Receiver! VirnE

The Receiver matches the Application
- True differential
- Floating (and center tap) termination
- Outstanding bandwidth
- Built-in scope capability up to 2.5 Gbps

| Debug and Test the REAL DUT output!

10 June, 2002 Testing High-  Agilent Restricted i Agilent Technologies Page 24
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Eye Diagram: Theory

Eye diagram is an overlay of many waveforms recorded with a bit clock as a trigger. This is a
important parametric characteristics of the high speed transmit interface. Rise time/Fall time, jitter,
and signal levels, overshoot, undershoot, ripple can be extracted from an eye diagram.

Data Signal

\_},_\ — Bit Clock
_>

p t
1 bit time = 1Ul Overlay Ve
of waveform x
segments of 4
each bit time 3
> [“'”
—» )‘_ 1IIIIIhallu
1UI
T .‘
33 Frequency
10 June, 2002 Testing High- ~ Agilent Restricted ~i% Agilent Technologies Page 25
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Eye Diagram: Setup

T estflow:

Eve_Shroo_p

Ewe_Shroo_n

Level Set
Analog Set
Vector Label

Context

Testfu

( Userprocedure

Load
Select

News Testfunction

Bit

Data Signal

e

10 June, 2002 Testing High-

Speed Interfaces

Agilent Restricted
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HHLHHHHHLL
HHHHLHLHHH

Edit Doc

HHLHLHLLHH
HHHLHLLLLH
HHLLLHLLHL
LHHLHHLHLH
HLHHHHLHHL
LLHHLHLLHL
HHHLHHHLLH
HLLHLHLHLH
HHHHHHLLLL
LLHLLLLLHH
LLLLHLHLLL

C TLLTITIITOTOUY TG g

Shmoo Spec

[title] |Eye Diagram Fi

K-axis Y-axis
specname | [x]l_offset@other |V_TEESHOLD
tvpe timing level
[s_pins]|tsdpl tsdpl
[unit]
start -200 -0.1
stop 200 0.5
step $100 #100

[result pins | |t5dp1

[test filenamel [:::::::::::::::]

[test mode

)
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Eye Diagram: Results |

Real Device Out @ 2.5 Gbps:
Eye Shmoo: DCA:

=] =] : ’ -
Edit Format Doc Fle Confrol Sefup Messure Calbrate  Utilites  Help 17 Apr2002 0557 m
Eye/Mask Mode . "
Q. /Div. Eve on positiwe leg
Mask Test ”*l
PR
f = |
T Ratin
o p
: c.3 I
H
0 Jitter RMS
d
1
1
bl
Uavdl B2
Bfailed M pazsed Tx1 _offs ({sdpl) 0. /Div. R/ HRE FBE}]U\SiﬁDniSSﬁJpde
cale: 100 myi/div | cale: 27 2 vy i + Time: 500 ps/dv + Trigger Level:
_ﬁrrset:zﬂmv ]jﬁrrsemsn. Y | j}”mpf@sam J_ﬂ”mpf@sem | Delay:25ETE3 s | Amy
. . ) ) e - .
10 June, 2002 Testing High- ~ Agilent Restricted -4,z Agilent Technologies Page 27
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Eye Diagram: Results ||

Real Device Out @ 3.125 Ghps:
Eye Shmoo: DCA:

Edit Format Doc File Control  3etup  Measure  Calibrate  Utilities  Help 01 Mar 2002 1351

x-delta: 185. ps Overlay Shmoo Osciloscope hode
yv-delta: -0.003 ¥ —

slope : -1.793 ¥/ps KLINK_DO_P_20times_N_10times | Time -,

Amnplifude p=
i I ' ’
Ll ’ )
t:ﬂln_ S R N
e —— - -l ’ ]
Owershoot J

15[1;_ I e Markers

Ly b
y 24367 ns  743.00 m¥
} 24564 ns  957.00 mY
A 196.4 ps 214.00 m¥
¥ 5.092 GHz

Box e [ io0% P t_xlink_ (ELINE ) 3. ps/Div. - —
B i-33% J 34-66% []67-99% . “Acnuisition is stopped

cale:a0 mdiv cale: &7 2 miidiv Time: 400 ps/div « Trigoer Level:
Lrtset 250 my 2hiiset 600 v | 3 NotPresent ot Fresent Delay:24 2632 ns | A1y |

See the REAL DUT output!
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Jitter Measurements

1)Apply PRBS Pattern 2)Measurements & Calculation  3) Histogram

LLLLHHHHHH HHHHLLLLLL
LHHHHHLLHH HLLLLLHHLL
HHLHLHHHLL LLHLHLLLHH
LLHHLHHHLH HHLLHLLLHL
LLHHLLLHLH HHLLHHHLHL
LHHLLLLLHL HLLHHHHHLH
HHHHLLLHHH LLLLHHHLLL
LHHLHHLLHL HLLHLLHHLH
LHLHLLHLLL HLHLHHLHHH
LHLLHHHLLH HLHHLLLHHL
LHHLHLLLHL HLLHLHHHLH
LLHALLHHLH HHLLHHLLHL

oJitter Test at full speed on a PRBS Pattern
*Returns PP & RM S Value, etc.

*Real-time compare without capture & upload
*No additional instrument needed

[ Identify Your Device Jitter FAST!

10 June, 2002 Testing High-  Agilent Restricted i Agilent Technologies Page 29
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Ultra Fast Jitter Measurements

3) At-speed
mtegrated fast *Highly linear timing delay circuits per pin (5ps)
Error Counter *Resolution down to 1 ps
4) T sSuperior comparator bandwidth
. - *Test Processor-Per-Pin Architecture for
Agilent 93K 7 PARALLEL execution
Tr « Error Counter

10 June, 2002 Testing High-  Agilent Restricted i Agilent Technologies Page 30
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Jitter Measurement: Theory

Error Count

Strobes in Test
Pattern

onstant Error Level >
1. Look for the pasé area
2. Look for pass-to-fail transition point(Point A)

3. Use 93K Error Count feature to look for max error count, take it as Point B
4. The time difference between Point A & Point B is considered as peak-to-peak jitter

10 June, 2002 Testing High- Agilent Restricted .::} Agilﬂﬂt Tech nnlugies Page 31
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Implementation

CvE: E.20231Ms CINVE S 20S CvE:

(examples only):
0 = min. pin

| 63 = max. pin
4 = it time - period (ns)
3 =min_open_eye (ns)

-16 = start offset (ns)

40 = stop offset (ns)

0.2 = pass_max_jitter (ns)

10 June, 2002 Testing High- - Agilent Restricted ~i% Agilent Technologies Page 32
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Measurement Results: SerDes Device with Clock

Signal

|
Fim Optoas Weip Barviod  Log Fiks
Twitwi State SO

Suninr Oparwiton | BO7 sonitorsd | TOSABLED)

Signal SYNC Jitter P-P[ps] RMS[ps]
35 3.17

Histogram
26.07244 ns median 26.07249 ns
3.741580 ps hits 16.78 khits
28.88 ps *xla
414 hits nx2o
ut3a

10 June, 2002 Testing ngh' Ag||ent Restricted
Speed Interfaces
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Measurement Results: SerDes Device with Data
Pattern (DDJ + RJ)

Signal SYNC Jitter P-F[ps] EMS[ps]
Tx1 P P 50 5.76

Histogram
n 24.88028 ns  median
std dev 4,447 ps hits

24.88005 ns
18.66 khits

p-p 83.78 ps 1o VA6 K
peak 434 hits 1o 962 K
_nk nos 24874935 3o 93.5 %

10 June, 2002 Testing High-  Agilent Restricted i Agilent Technologies Page 34
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The Source Synchronous Test Challenge

Hyper Transport Application example:

CLKOUT S CLKIN

HT TXx Wi o Vi oV eV sV sV sV s ¥ e ¥ s HT Rx
Device 1 ADALIT i 1 s v s Ay v A v AN Device 2
<+

*CLKOUT shows Accumulated Phase Shift of PLL.
*CADOUT moves with phase shift.

 What does the HT receiver see?

« Sampling Clock moves with shift

« Data eye stays open

 What does a “standard” ATE
see?

» Sampling Clock is fixed |
10 Junes 20 EeEAn@Nigh-C| 0 S@lent Restricted Agilent Technologies Page 35
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None Source Synchronous Tester

«LTDbit ,

 What is the minimum EPA a tester needs?
Dt Dt - Dt

Bit CumPhasErr
ti EPA £

4

ProcessM argin

- *“g+ Calculation example with:
’ 1) 1Ul' =800 Mbit  Thit =1.25ns
2) 1UI=1.6 Gbit  Thit =625 ps
& Cum Phase Error = +/-250ps
& Process Variation = +/- 50ps

1.25ns- 500ps- 100ps

1) Leepa_soombit £ 1 =162.5ps
625ps- 500 ps- 100ps
2) l.epa 166t £ P ) P P _ 6.25ps

Conclusion:

« Beyond the Gigabit you will need a tester which operates Source
Synchronous

10 June, ZOOZTeStmg H|gh‘ Ag”ent Restncted --::::s:- Agilent TEchnnlugies
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Summary

TEST LIST

Impedance Test (Input, Output)

Receiver Sensitivity Test

Receiver Skew Insertion
Transmitter Skew Measurements
Dynamic Transmitter Voltage Test

Rise/Fall Time Measurements.

Eye Mask Test

Jitter Test
Source Synchronous Test

HV Production Solution

ATE NEEDS

DC Access

Level Accuracy & Resolution
Low Swing capability

Timing Accuracy & Resolution
Timing Accuracy, High Linearity
Level Accuracy, High Bandwidth

High Bandwidth, Resolution, Low
Overdrive

High Bandwidth, Voltage & Timing
Accuracy

Low System Jitter, All Others
Source Synchronous Mode

Full Integrated Solution,
High Throughput

10 June, 2002 Testing High-
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