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Installing the DDR4 Compliance Test Bench

Prerequisites
Before installing the DDR4 Compliance Test Bench, ensure that the following softwares are installed:

Infiniium Offline
DDR4 Compliance App
ADS 2014.01 Hotfix 3

After installing the DDR4 Compliance App, launch the Infiniium Offline software to ensure the DDR4 Test

App is available under Analyze > Automated Test Apps.

=
-
]
k4
0w
&
1

SEI B3N

2% Agilent

U72318 DDR3 Test App
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Jitter/Noise (EZIIT Complete)...
Serlal Data...
Equalization...

Install Instructions
To install the DDR4 Compliance Test Bench, perform the following steps:

1.

w

No ok

Download the ADS 2014.01 DDR4_CTB.zip file and unzip it.

The DDR4_CTB.zip includes:

DDR_CTB.deb: DDR4 Compliance Test Bench Debian file
Setuplnfiniium05100003.exe: Infiniium Offline Oscilloscope Analysis Software Installer
SetupInfDDR401100000.exe: DDR4 Compliance Test Application Software Installer

Launch ADS.

Select DesignGuide > Add DesignGuide from the ADS Main window.

The Add DesignGuide dialog box is displayed.

Click Add Global DesignGuide.

Browse to the DDR4_CTB.deb file and click Open.

After the installation is complete, restart ADS and open a Schematic view.

Select DesignGuide.

The DDR4 Advanced Compliance Test Bench will be listed under the DesignGuide menu.

DDR4 Compliance Test Bench



Introduction to DDR4 Signals
There are 4 groups of signals in a typical DDR4 memory system:
e Data group: DQS[7:0], DQSb[7:0], DQ[63:0]

e Command and Address (CA) group: BA[2:0] (3 bits for 8 banks), A[15:0], command input including
RAS#, CAS#, WE#

e Control group: Chip Select CS[3:0] (4 bits for 16 chips), Clock Enable CKE[3:0] (4 bits for 16 clocks
pairs, ODT[3:0]

e Clock group: CLK[3:0] and CLKb[3:0]

Datais transfered
i from Controller to DRAM
There are 4 groups of signals between Controller and DRAM M RITE Cyole s

Controller

Clock {CLK), Command and Address (CA), Control, and Data (DQ, DQS) Er\ata :; Rt-ynah:stfeg:nt ;
Ll io ] oller

in READ Cycle <<<—

Following is a block diagram of a memory controller.
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Setting up Basic DDR4 Signal Simulation for Compliance Tests

To understand the basic simulation setups and compliance tests a test bench named _0_DDR4_Ideal will be
used.

E,'; DDR4 Advanced Compliance Test Benchﬂ!ui

4 DDR4 Compliance Test Bench
Pattern Generators
Controller Driver and Receiver Models
DRAM Driver and Receiver Models
PCE, DIMM and Package Models
Simulation Test Benches

_0_DDR4 Ideal

_1_Sim_CA

_2_Sim_DQ_WRITE

_3 Sim_DQ Read

_4 Sim_DQ _Eye
DDR4 DesignGuide Documentation

v

bV T W

The DDR4 Compliance Test Bench uses the IBIS Models from Micron: z80.v5p0.ibs throughout all
simulations.

m IBIS Models are for educational demonstration only and are not intended for design
purposes. Please download the latest up to date models for your application directly

from the vendor’s website. Models in this example were downloaded from Micron
Technology, Inc. www.micron.com

In an IBIS Model, an Alias name is used to reference the IBIS file name, component name, Pin name, and
Model name, as illustrated in the following figure.

IBIS_DIO Instance Mame

BIS_DIO IBIS_TX_CLK]
g, BISTXCK msre 280a_v5p0.ibs |select BIS Fle... || view...
R Component | MT40A256M 162804 =
Enable Setalldata Typ -

-—

Use package

| Package I Fin | Model I 1 Data Driver Schedule SubModel I Alias | Display |

Use Aliases

TbisFile Alias DRAM_IBIS_File

ComponentMame Alias DRAM_Component

PinName Alias DRAM_Tx_DQ5_Fin
ModelName Alias DRAM_T¥_DQS_Model
InvPinMName Alias DRAM_TX_DQsb_Pin

4 DDR4 Compliance Test Bench



- IBIS Alias Names for I/0-Pins and Model Selections

" [E] DDR4 DRAM_iBIS Aliass ~ ~ ~  * ' [E] DRAM_IBIS_Alias_RX_DQS_DQ
DRAM_IBIS_File="z80a_v5p0.ibs" DRAM_RX_DQS_Model="DQS_IN_ODT40_2400" -
- DRAM_Component="MT40A512M8HX" - - - - DRAM_RX-DGS_Pin="DQS_t" : :
| [EJoRainiEs Aies X Daspa DRAM_RX_DQSb. Pin="DQS _c" S
|as —n "
DRAM_RX_DQ_ Model="DQ_IN_ODT40_2400
DRAM_TX_DQS_Model="DAS_40.2400" * * * oAl -parpoce o

- DRAM_TX_DQS_Pin="DQS- t"-

. DRAM_TX_DQSb.Pin="DQS _c"

_ DRAM_TX_DQ_Model="DQ_40_2400"
DRAM_TX_DQ_Pin="DQ0"

: Notes
DRAM_IBIS_AliasRX_CLK_CA_CMD
@ DRAM_RX_CA_Model="INPUT _2400" ~ =~ - 1. The same |B|S ﬁle 1S USEd
. DRAM_RX_CA Pin="A0® - - - - - . . . for DRAM and Controler l/O.
. DRAM_RX_CLK Model="CLKIN_2400" . L
 DRAM_RX_CLK Pin="ck_t* 2. DQS driveris used to drive
DRAM_RX_CLKb_Pin="CK_c" clock signal
" DRAIM_RX_CKE_Model="INPUT_ 2400" I C
' DRAM_RX CKE_Pin="CKE" * 3. DQdriveris used to drive’ '
- DRAM_RX_CS_Pin=*CS n* - - - - - - - Command/Address/Control signals’

. DRAM_RX_CS_Model="INPUT,_2400"

Clock Signal

Clock is differential signal labeled as CLK (+ pin) and CLKb (- pin). The clock signal is of repetitive “1010”
pattern with a pattern bit rate equal to that of the DDR4 data rate, resulting in a clock frequency of %2 Data
Rate. The clock driver pin is referencing a DQS driver model and the clock receiver pin is referencing a CLK
receiver model in the IBIS file.

Clock Signal -
Eyeliff_Probe
Eye CLK
.. msSDO. . . . .. ==
/d BIS_TX_CLK . . ===
_r+_ . H _m CLE =
) ;@ T A A T
= . = Vs \.SS
CLK
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CLK Difizrenfial Waneform
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Command and Address (CA) signal

CAis single-ended signal labeled as CAO. The CA signal is a random pattern with a pattern bit rate equal
to that of the DDR4 data rate, because the columns and row address signals are multiplexed onto one
address line. CA driver pin is referencing a DQ driver model in the IBIS file. CA receiver pin is referencing a

CA receiver model in the IBIS file.

. Command and-Address (CA) Signal.

Eye Probe
C ... ... ... . ... . ByCap
wid 3
;+ . rEIIS_'IK_CA .. .,-..,._;-. . .. . .
T @: En_[é, _
— _ = . WEs
CA -
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CADQ (command and address) waveform

12—

1.0+

0.8

0.6

CAD W

0.4—

Eye_CAO Density

0.2—

0.0—

0.2 T T T T T T T T T 02 L B L
10 12 14 16 18 20 0 100 200 300 400 500 600 700 800 900

time, nsec time, psec

index ...Eye CAOWidth) | .. Eye CA0.Height)
0.000 4.042E-10 0.870

Control Signal

The control signals are single-ended. In this example, the clock-enable signal is labeled as CKEO, and the
Chip Select signal is labeled as CSO.  These signals use a random pattern with a pattern bit rate equal to
one-half of the DDR4 data rate, because the control signal is only triggered on the clock rising edge. CKEQ
and CSO driver pins are referencing a DQ driver model in the IBIS file. CKEQ and CSO receiver pins are
referencing CKEO and CSO receiver models respectively in the IBIS file.

Control Signal:. Clock Enable(CKE), Chip Select (CS) - - - -

Eve. Probe
Lo ByeckED
"\'EI.'.:I = =
+. P i‘ﬂﬁi_lq e
1 IBIS_ TX_CA1 - - - - - - -
= T e CKED |
I - -
. S ..., BEye Probe
oE Eye CSO
Ydd = =
T 1= o
H - = e
I+ - IBIS TX CS8 - - - - - = - -
=_| ]\M cso ]
I e L7
= = . . . . V¥s
“CS
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Clodk Enable {Control Signal) Waveform CHED Eys
14 14
12— T ey e e e T T i
1 i 4 e L A e
= 104 —— S
E 05—
=] 4
)
05—
i i
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o
= — 1
Yoz s
] RPN 0V
00—yl A sl ey (P ety i phsd A lee sy
oz I T I e LA PR L E A I R WL I
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Data Signal in READ Cycle

Data Strobe is a differential signal labeled as DQS_Read and DQSb_Read. The Data signal is a single-
ended signal labeled as DQO. In Read cycle, DQS and DQ are edge-aligned, as shown in the waveform
below. DQS and DQ driver pins are referencing the DQS and DQ driver models respectively in the IBIS file.
DQS and DQ receiver pins are referencing the DQS and DQ receiver models respectively in the IBIS file.

The DQS and DQ drivers are driving a 50 Ohm load because the DDR4 DQS and DQ
drivers are of pseudo open drain (POD) type, the voltage level at the load termination
is set to Vdd.

The waveforms generated from this simulation setup can be used for AC and DC Output Measurements as
specified in chapter 8 of JDEC 79-4 document.

DS _Read [l
o = DQsb_Read —L '
B T MR - w0
R=50 Ohm Eve. Probe i DQS_Read
........ yeProbe . . . . . . s X DOS Read - D@S-Read
Eye_DQO_Read L e peay=0
Vdd

L

IBIS_I0 v

.................... IBIS_TX_DQ Read ‘Délay=0”

8 DDR4 Compliance Test Bench



READ Cycle: DQ Waveform is Edge-Aligned with DQS Differential W avefomn READ Cycle: DQO Eye

0.8 J
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1.0 T T T T T T T T T b
2 4 16 5 2
X | | T | |
time, nsec - 3 4 50D B Ti 5 B
time, psec
permute(Eye_DQ0_Read Width) permute(Eye_DQ0_Read Height)
4.146E-10 0.650

READ Cycle: DQS Differential Eve

READ Cycle: DQS Single-Ended Waveforms g 10 j
4 = 06—
2 2 ]
- a ]
= 7 02
i B 3 p
23 ) & .
o E P
= = 02—
88 I.5— 8 ]
S @ .
0.2+ & 08—
1.0 T T | T | T | T | T | T | T | T | T --:_IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
)0 12 104 106 1W0E 110 12 M4 N6 ME 120 0 100 200 300 400 500 600 OO0 B0 000
time, nsec time, psec
permute(Eye_DOS_Read Width) pemute(Eye_ DS _Read Height)
3.896E-10 1.270

Data Signal in WRITE Cycle

In Write cycle, the differential Data Strobe signal is labeled as DQS and DQSb, and the single-ended data
signal is labeled as DQO. In Write cycle, DQS and DQ are center-aligned, as shown in the waveform below.
This alignment is done by offsetting the DQS signal by 0.5*Ul.  DQS and DQ driver pins are referencing the
DQS and DQ driver models respectively in the IBIS file. DQS and DQ receiver pins are referencing DQS and
DQ receiver models respectively in the IBIS file.
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WRITE Cycle Data Signal: DQS and DQ are Center-Aligned
DQS/DQ Signal from Controller Output Pin to DRAM Input Pin.

S =
= = . Ves
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Delay=0
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vdd IBIS_TX DG5S
4
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Tl EnableDQs,_ '
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N 1 L s
pas
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IBIZ_DI

IBIS_RX_DaS

Wss

WRITE Cycle: DQO Eye
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WRITE Cycle: DQS Single-Ended Waveforms w107
2 I
J o
= Ue—
-, o w -
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0.3 ar e
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00 102 104 106 108 D omz 4 & g 120 ) 100 200 300 400 500 600 OO0 AO00 900
time, nsec time, psec
permute(Eye_DQS5.Width) permmute(Eye_DQS.Height)
3.%17E-10 1.050
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Transient Simulation Control Parameters

You need to set the SpeedGrade variable to one of the DDR Speed values.  You can also change the
number of simulation bits, where the minimal number of bits is 500 to get reasonable measurement results.
To get robust results, it is recommended to use 2000 bits or more.

There is an En_Burst variable with a default value of 1 to enable burst simulations for DQ and DQS signals.

DDR4 Read/Write cycles operate in burst mode in real systems.  Burst signals are required by Infiniium
Offline DDR4 App software to perform valid compliance tests.

‘Transient Simulation Control Parameters

DDR4 Speed- 1600; 1866, 2133, 2400, 2666, 3200 -

SimGontrolParameters @ TRANSIENT I _ .VARS.

E SpeedGrade=2400

" No_of SIMBits=500 * " rr e .. EnBurstl

.. . Tmnsm o Note
@CﬁlcSimComrolPa'rams -~ - SetEn-Burstto 1 -
Eold - . . . . . . forCompliance Tests.

- The dataset referenced -

o Netlist Include List I . indata display window .

) was generated by
PostProcessing -

Lo - - setting En-Burstic 0 - -
Netlistincludelistt {5 get clean DQ/DQS Eye
S ~ not polluted by preal_'n_ble
@ OutputWaveformPath and posamble transitions
- WaveformPath="\waveforms\DDR4 _ideal" o

When the burst mode is enabled, the ADS data display window can display invalid DQ and DQS Eyes as
shown in the following figure. This is because the DQS and DQ burst signals contain switching-on/off
transients. Additionally the DQS burst signals contain preamble/post-amble edges.

o
A -l-; ) e ST Ta—

= ]
Od—
-
O ga
_g a2 8
z 1
a0
I, ] E
w
o 2 o
=1 4
sl g4 by
iy j
A5 —
i S g ST
4 I T T R AR AR LR AR T
a 10 2 30 a0 3 [21s] 0 =00 00
tims, paec

To see a clean eye, run the simulation with En_Burst=0, and save the dataset with the name
_0_DDR4_ldeal_En_Burst_0. By switching to this dataset, you will see the DQ and DQS eyes.
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I DEH& & X I i

| _0_DDR4 Ideal En Burst 0 ~ | |14

a2

Eye DO5_Read Density

d4

Save signals to .hb files for running compliance tests

In the Schematic view, double-click the “Netlist Include List” component to open the Edit Instance dialog
box.

|| Netlist Include List I

NetlistincludeList1

The ADS netlist file named MeasEqn_ldeal .net is included in the simulation:

:'“';- Edit Instance Parameters @

Library name: ads_simulation
Cell name: MNetlistincludeList
View name: symbal

Instance name: Netlistindudelist1

Select Parameter Parameter Entrv Mode

= ¥

NetlistType=ads -
MetlistMame[1]="MeasEqn_ldeal.net”

[ Display parameter on schematic

Add Cut Paste [ Component Options. .. ] [ Reset ]

MNetistType:Metlist type (repeatable)

[ CK ] ’ Apply ] [ Cancel ] [ Help ]

MeasEqn_ldeal _net is available in the data folder of your current workspace. In ADS Main Window,
under the File View tab, you can right-click the data folder to explore the files in the folder. You will see
several MeasEqgn*.net files in this folder; each of them is being used in a simulation setup.  You can copy a
netlist file with a new name, and use a text editor to modify it for your unique simulation setups.

|=| MeasEgqn_CA

|=] Measkqn_DC_Read

|=] Measkgn_DQ_Write

|='| MeasEgn_Ideal

12 DDR4 Compliance Test Bench



The following function is used to generate the .h5 file:

write_infiniilum_h5(NodeName, FileName_h5, Waveform_Path, Sub_Folder, InterpolationFlag, Tstart, Tstop,
Tstep, BW)

where,
[ ]

NodeName is the node name defined by the user in schematic window,
FileName_hb is the file name to be saved in .hdfb format
Waveform_Path is the file path to the folder where .h5 files are saved

Sub_Folder is the sub-folder name under Waveform_Path. It can be NULL if no sub-folder is
needed.

InterpolationFlag: 0 means no interpolation. 1 means “interpolating the data between Tstart and
Tstop using a uniform Tstep”

Tstart is start time for data collection
Tstop is stop time for data collection
Tstep is time step for data collection

BW is bandwidth value used by Infiniium Offline for processing the waveform samples. Default
value is 50GHz, which is sufficient for DDR4 applications.

Example of writing DQO signal to DQO.hb file:

ael DQO_HDF5=write_infiniium_h5(DQO, "DQO", WaveformPath, "', 1, Data_Collection_Start[0],
Data_Collection_Stop[0], Data_Output_Increment[Q], 50e9)

DDR4 Compliance Test Bench
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Running DDR4 Compliance Tests

1. Launch Infiniium Offline.
2. Select Analyze > Automated Test Apps > N6462A DDR4 Test App.

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Agilent

v/ |[0.0v 30

=
=
o
=

g3

Jitter/Nokse (EZIT Complete)...
Serial Data...
Equalization...

1k

The DDR4 Test window is displayed.

% DDR4 Test -- DDR4 Device 1

File View Tools Help
I

Task Flow _| SetUp ]SelectTests ] Configure ] Connect} Run Tests ] Automation ] Results ] Himl Report]
DDR4 Test Environment Setup

Set Up
Device Under Test (DUT)
Speed Grade Test Mode AC Levels

I

Select Tests * DDRé-1600 O @rmsETED > .
7 DDR4-1265  Cusiom 120 &1
" DDR4-2133
" DDR4-2400 Burst Triggering Method
" DDR4-2666 ¥ DQS-DQ Phase Difference
" DDR4-3200 " MS0x Logic Triggering

| ‘ Threshold Settings | Offline Setup | DDR: Debug Tool

Test Report Comments (Oplional)

A

Device Identifier: User Description:
(SELECT OR TYPE) ~| {SELECT OR TYPE) ~|
Comments:

0Tests  |Follow instructions to describe your test environment Connection: UNKNOWN

3. Select Speed Grade as DDR4-2400 under the Set Up tab.

14 DDR4 Compliance Test Bench



DDR4 Test -- DDR4
| File | View Tools Help

O || e »@ 5 1|

SetUp |5electTests I Configure I Connectl Run Tests I Automation I Results I Himl Reportl

Set Up
—Device Under Test (DUT)

DDR4 Test Environment Setup

—Speed Grade———— [ TestMode AC Levels
" DDR4-1600 ; - DQ CA
% Compliznce
" DDR4-1866 i Custom * 120 o i
" DDR4-2133
- {* DDR4-2400 — Burst Triggenng Method
" DDR4-2666 ¥ DQS-DQ Phase Difference
" DDR4-3200 " MSDx Logic Triggering

Set Mask File Derate Table File | Threshold Settings | Offline SE.'.'tLIDI DOR Debug Tool

—Test Report Comments (Ophonal)

Device |dentifier: User Description:
[(SELECT OR TYPE) ~|  |ISELECTORTYPE) -]
Comments:

4. Click Offline Setup to load the ADS simulated waveform files from the directory
data/Waveforms_DDR4_ideal.
5. Select Enable Offline Processing in the Offline Processing window.

6. Click Browse to load DQ_Read and DQS_Read signals to perform a set of Read Cycle tests.

o] Offline Processing

=@ = |

[v Enable Offline Processing

i

—Source Waveform File (*.wfm / * h5)

Clock |4_11\DDF{-i_CnmpIiar1ce_Test_Eenm_WTk\data‘\Wavefnrms_DDF{-I_ideal\.CLK_Di'Fr'.hE .é- Browse
DQS Differential : |JDFM_CompIiance_Test_Benm_wﬂ{\data\Wavefonns_DDFM_ideal‘\DQS_F{ead_D'rﬁ'.h& f Browse
Diata (DQ)/Data Mask (DM) :|_11\DDF{-i_CnmpIiar1ce_Test_Benm_WTk\data\Wavefnrms_DDF{-I_ideaI\DQD_Head.hE .é- Browse |
Chip Select (C5) |au|t14_11'\DDFM_CompIiance_Test_Benm_m\data\Wavefonns_DDH-i_ideaI\CSD_h& 4.- Browse |
CA/Command/Address : Iauﬂ14_1 TM\DDR4_Compliance_Test_Bench_wrd\data"\Waveforms_DDR4_ideal\CADKS .é- Browse
DQS Plus: |1 1"DDR4_Compliance_Test_Bench_wrc\data"Waveforms_DDR4_jdeal"\DQ5_Read h5 4.- Browse
DQS Minus I'I\.DDF{-i_Carr|pIiance_Test_Benm_wrk\data‘-.Wavéorms_DDHd_ideal\.DQSb_F{ead.hE ¢- Browse |
CLK Plus |au|t14_11'\DDFM_CompIiance_Test_Benm_m\data\Wavefonns_DDH-i_ideaI\CLI{_h& 4.- Browse |
CLK Minus Iuh'l-i_'l T\DDR4_Compliance_Test_Bench_wric'data \Waveforms_DDR4_ideal"CLKb h5 ¢- Browse
7. Click Done.

8. Click the Select Tests tab.

There are a total of 66 tests available, 31 of them being electrical tests and the other 35 being timing
tests. We will perform the following set of tests on the signals loaded in the previous tests.

DDR4 Compliance Test Bench
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Because the Read cycle DQ/DQS signals and Clock signals are loaded in the Offline Processing window,
we will do Read cycle tests and clock signal tests, which add up to a total number of 50. It is
recommended to incrementally perform these tests, that is, run a sub-group of tests at a time. The test
results under the Results and HTML Report tabs will accumulate incrementally, as illustrated in the
following screenshots.

a. Electrical Tests-> Single Ended Signals-> READ cycle tests: 6 tests
=[] Electrical Tests

L——_ID ) Single-Ended Signals

F-[] O WRITE cyde tests

El-[¥] © READ cyde tests

E| [w] O VOHMNOL

- [w] © voH{AC)

----- [w] © voH(DC)

----- ) VOL{AC)

N O voL(pC)

-] © Output Slew Rate

----- ) SRQseR

----- ) SRQseF

Test Name I Actual Val I Margin | Pass Limits I
/VOH(AC)  1.209290000000 V 18.6% VALUE >=0.85°VDDQ_Volt V
voHpe) 1.20s2s0000000v [N VALUE = 1.1*vDDQ_volt v
/VOL{AC) 528,810000000mV  19.9% VALUE <=0,55°VDDQ_Volt Vv
/VOL(DC) 528.810000000mV  11.9% VALUE <=0.5VDDQ_Volt vV
/SRQseR.  6.309028000000 Vjns  96.2%  4.000000000000 V/ns <= VALUE <= 9,000000000000 V/ns

5.391627000000 Vfns  27.8%  4.000000000000 V/ns <= VALLUE <= 9,000000000000 V/ns

b. Electrical Tests -> Single Ended Signals -> Overshoot/Undershoot: 8 tests
ElD () Electrical Tests

=[] ¢ Single-Ended Signals

---|:| ) WRITE cydle tests

&[] READ cyde tests

El El ) Owvershoot/Undershoot (Address, Control)

----- v| ) Overshoot amplitude (Address, Control)

----- v| () Overshoot area (Address, Control)

----- (2 Undershoot amplitude (Address, Contral)

P e (0 Undershoot area (Address, Contral)

E||g__| ) Overshoot/Undershoot (Data, Strobe, Mask)

----- 0 Overshoot amplitude (Data, Strobe, Mask)

----- (0 Qvershoot area (Data, Strobe, Mask)

----- ( Undershoot amplitude (Data, Strobe, Mask)

----- (0 Undershoot area (Data, Strobe, Mask)

16 DDR4 Compliance Test Bench



Test Name | Actual Val | Margin | Pass Limits
/ VOH[AC) 1,209290000000 v 18.6%  VALUE == 0.85%VDDQ_VoltV
X VOH(DC) 1.209290000000v  [[EEEEEI vALuE >= 1.1*vDDQ voltv
/ VOL{AC) 528.510000000 mV 19.9%  VALUE <= 0.55%DDQ_ValtV
/ voLoc) 528.510000000 mV 11.9%  VALUE <= 0.5"VDDQ_ValtV
,'" SRQseR 6.309028000000 Vfns  46.2%  4.000000000000 Vins <= VALUE <=9.00
/ SRQseF 5.391627000000 Vjns  27.8%  4.000000000000 V/ns <= VALUE <= 9,00
/ Overshoot amplitude (Address, Contral) 67, 730000000 mV F7.4%  VALUE <= 300.000000000 my
@ Cvershoot area (Address, Control) Information Only
/ Undershoot amplitude {(Address, Control) 75.830000000 mV F4.7%  VALUE <= 300.000000000 mV
@ Undershoot area {Address, Control) Information Only
/ Overshoot amplitude (Data, Strobe, Mask) 18450000000 mV 95.4%  VALUE <= 400.000000000 mV
/ Overshoot area (Data, Strobe, Mask) 500.443200 pV-ns 99,7%  VALUE <= 200.000000000 mV-ns
/ Undershoot amplitude (Data, Strobe, Mask)  -484.370000000mV  251.4% VALUE <= 320.000000000 mV
W4 indershoot area (Data, Strobe, Mask) 0.000000000000 V-ns  100.0% VALUE <= 100.000000000 mV-ns

c. Electrical Tests -> Differential Signals -> READ cycle tests: 4 tests
=[] © Electrical Tests

1 SingleEnded Signals
=-[]© Differential Signals

&[] © WRITE cyde tests

El-[¥] O READ cyde tests

=[] O Differential AC Output Levels and Slew Rate tests

¥ O VOHdIfF(AC)

0 VOLdiff(AC)
| SROdiIffR
| SROQdiffF
Test Name | Actual Val | Margin | Pass Limits
/ VOH(AC) 1209290000000 V 18.6%  VALUE == 0.85DDQ_VoltV
X VOH(DC) 1209290000000 v [ vaLuE == 1.1%v0DQ _velt v
,/ VOL{AC) 523.310000000 mv 19.9%  VALUE <=0.55%DDQ_Voltv
,/ VOL{DC) 528.310000000 mv 11.9%  VALUE <=0.5%DDQ_Valt v
/ SROQseR 6,309028000000 V/ns 46,2%  4.000000000000 V/ns <= VALUE <=9.00
/ SRQseF 5.391627000000 V/ns 27.8%  4.000000000000 Vins <= VALUE <=9.00
/ Overshoot amplitude (Address, Control) 67.730000000 mV 77.4%  VALUE <= 300.000000000 mV
@ Cwvershoot area (Address, Control) Information Only
/ Undershoot amplitude (Address, Contral) 75.830000000 mV 74.7%  VALUE <= 300.000000000 my
@ Undershoot area (Address, Control) Information Cnly
/ Overshoot amplitude (Data, Strobe, Mask) 18, 450000000 mV 95.4%  VALUE <= 400.000000000 mV
/ Overshoot area (Data, Strobe, Mask) 500.443200 pV-ns 99.7%  VALUE <= 200.000000000 my-ns
/ Undershoot amplitude (Data, Strobe, Mask)  -484.370000000 mv 251.4% VALUE <= 320.000000000 mV
/ Undershoot area (Data, Strobe, Mask) 0.000000000000 V-ns 100.0% VALUE <= 100.000000000 mY-ns
/ VOHdIff(ac) £72.010000000 mv 86.7%  VALUE >=0.3"DDQ_Volt v
/ VOLdIff(AC) -673.990000000 mV 87.2%  VALUE <= -0.3DDQ_VoltV
,/SRQdiﬁ"R 11,313870000000 Vins  33.1%  8.000000000000 Vins <= VALUE <= 18.01
11.311140000000 Vins 33, 3.000000000000 ¥/ins <= VALUE <= 13.0

d. Timing Tests -> READ cycle tests: 13 tests

DDR4 Compliance Test Bench 17
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e.

=[] © Timing Tests
&[] © WRITE cyde tests
E-[w] 0 READ cyde tests

ElE] ) Data Timing

| Actual val

I Margin I Pass Limits o~

O 1DEsQ
w| O tQH
v O 1200
W O tHZIDO
El-[w] O Data Strobe Timing
tRPRE
) RPST
) DQSCK
) HDOVAC(Clodk)
) HZDQS
) HZDOS
) 1Q5H
) Q5L
) DVAC(Strobe)
Test Name
@ Undershoot area (Address, Control)
/ Overshoot amplitude (Data, Strobe, Mask)
/ Overshoot area (Data, Strobe, Mask)
/ Undershoot amplitude (Data, Strobe, Mask)
/ Undershoot area (Data, Strobe, Mask)
/ VOHdIff(AC)
/ voLdiff(ac)
/ sSRoQdiff
/ SRQdiffF
@ tosqQ
@ toH
@tz
® tiz0Q
(@) trPRE
(@) tRPsT
(D tbgsck
(@ tovac(Clock)
@ t.zogs
(@) tHzDQs
(@) tgsH
D =L

tDVAC(Strobe)

18.450000000 mV
500.443200 pV¥-ns
-484, 370000000 mv
0.000000000000 V-ns
672.010000000 mY
-673.990000000 mv
11,313870000000 Vfns
11,311140000000 ¥/ns

95.4%
99.7%
251.4%
100.0%
86.7%
87.2%
33.1%
33.1%

Information Only

VALUE <= 400.000000000 mYy
VALUE <= 200.000000000 my-ns
VALUE <= 320.000000000 mYy
VALUE <= 100.000000000 mY-ns
VALUE == 0.3*YDDQ_Volt v
VALUE <= -0.3*/DDQ_Volt v
8.000000000000 V/ns <= VALUE <= 18.0(
8.000000000000 V/fns <= VALUE <= 18.0(
Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Qnly

m

Timing Tests -> Clock timing: 19 tests
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B[] Timing Tests

[ WRITE cyde tests
[]C) READ cyde tests

E-[#] © Clodk Timing

CO0O000000O0QC0O0O0

[¥] © Rising Edge Measurements
O it(CC) Rising Edge Measurements
! tCK(avg) Rising Edge Measurements

tiit(per) Rising Edge Measurements
terr{2per) Rising Edge Measurements
terr{3per) Rising Edge Measurements
terr{4per) Rising Edge Measurements
terr{Sper) Rising Edge Measurements
terr{Sper) Rising Edge Measurements
terr{7per) Rising Edge Measurements
terr{8per) Rising Edge Measurements
terr(9per) Rising Edge Measurements
terr({10per) Rising Edge Measurements

! terr{11lper) Rising Edge Measurements

terr{12per) Rising Edge Measurements

! terr{nper) Rising Edge Measurements

E-[v] & Pulse Measurements

O
O

tCH Average High Measurements
tCL Average Low Measurements

- [v] O it{duty-high) Jitter Average High Measurements
- [vf] O it(dutyow) Jitter Average Low Measurements

4

() tit(duty-high) Jitter Average High Measurements

t{duty-ow) Jitter Average Low Measurements
1

Test Name | Actual Val Margin | Pass Limits
@ tQsH Information Only
@D tqsL Information Only
(D tDvaC(Strobe) Information Only
/ tit{CC) Rising Edge Measurements 24ps 71.1% VALUE <=383ps
() tCK(ava) Rising Edge Measurements Information Only
/ tjit(per) Rising Edge Measurements -18 ps 28.6% -42ps <= VALUE <=42ps
(D terr(2per) Rising Edge Measurements Information Only
@ terr(3per) Rising Edge Measurements Information Only
(D terr(4per) Rising Edge Measurements Information Only
() terr(Sper) Rising Edge Measurements Information Only
@ terr(6per) Rising Edge Measurements Information Only
() terr(7per) Rising Edge Measurements Information Only
@ terr(8per) Rising Edge Measurements Information Only
() terr(aper) Rising Edge Measurements Information Only
@ terr(10per) Rising Edge Measurements Information Only
(D terr(11per) Rising Edge Measurements Information Only
@ terr(12per) Rising Edge Measurements Information Only
(@D terr(nper) Rising Edge Measurements Information Only
/ tCH Average High Measurements 499,430532562 miCK(avg) 48.6%  480.000000000 mtCK{avg) <=V,
/ tCL Average Low Measurements 500.598587745 mtCK(avg) 48.5%  <4B80.000000000 mtCK{avg) <=V,

Information Only
Information Only

m

Details: tjit(duty-low) Jitter Average Low Measure

-20.347 ps
23.745ps
44.092 ps

Trial 1 |

Parameter I Value I -
Pass Limits Info Only

Parameter Tested Hit Duty Low =
Actual Value 24ps

9. Load the Write cycle DQ/DQS signals and Clock signals in the Offline Processing window, and perform

Write cycle tests, which add up to a total number of 16.
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DQS Differential : |1 11\DDR4_Compliance_Test_Bench_wrd\data*Waveforms_DDR4 |deaF(DQS Diff h5 \g

Data (DQ)/Data Mask (DM) : |auh14 114%DDR4_Compliance_Test_Bench_wrk\data"Waveforms_DDR4_Neal"DQ0h Browse |
Chip Select (C5) |C “Users“kedhawan default 14_11"DDR4_Compliance_Test_Bench_wr\data"Wavefor |
CA/Command)/Address : IC:‘\Users\kedhawan\defauﬂ'l-i_1'l\.DDH-i_CompIiance_Test_Benm_wﬂ(\.data\Wa\rehr o Browse |
DQS Plus: |3u|t14_1 1\DDH-i_CnrnpIiance_Test_Benm_m\data\Wavefnrms_DDF{{(ﬁeal’\DOS.h5 of Browse |
DQS Minus |Jh14_‘|1‘\DDFM_CompIiance_Test_Bmm_wﬂc\data\Waveﬁ:rms_DDF{-i_i "DQSbh3/ .4 Browse |

Out of the 16 tests for Write cycle, 13 of them are electrical tests, and 3 of them are timing tests:
El-[] ® Electrical Tests

|_'—_||:| @ Single-Ended Signals
,__—_| ) WRITE cyde tests
=-[v] € VSEHNSEL for Strobes
- O vsEH(Strobe)
g [wl] © VSEL{Strobe)
=[] © VSEH/NVSEL for Clocks
[ W] O WSEH(Clodk)
v| O VSEL{Clock)
READ cyde tests
Owvershoot/Undershoot (Address, Contral)
Overshoot/Undershoot {Data, Strobe, Mask)
E|D I Differential Signals
- ' WRITE cyde tests
=8 D w| ' Differential AC Input Levels for Clock
----- . w| O VIHdIff.CK(AC)
----- O VIHdiff.CK({DC)
----- ) VILdiff. CK(AC)
----- O VILiff.CK(DC)
El-[w] O Differential AC Input Levels for Strobe
----- ) VIHiff.DQS{AC)
----- ) VIHdiff.DQS{DC)
----- ) VILdiff.DQS{AC)
----- O VILdiff.DQS{DC)
El-[w] ' Clock Cross Point Voltage Test
[P © VIN(EK)
H--[] @ READ cyde tests

000
XYY

T+

III
1Kl
A%

ElD I Timing Tests
=-[#] & WRITE cyde tests
EI v| O Data Strobe Timing

B[] ® READ cyde tests
&[] ® Data Timing
&[] @ Data Strobe Timing
H-[] @ Clodk Timing
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(1) vSEH(Strobe)
(1) wsEL(Strobe)
(D) vsEH{Clack)
(D) vSEL(Clock)
/ VIHAIfF.CK(AC)
(@) VIHdiff.cK(DC)
/ VILdiff.CK{AC)
(@) VILdiff.CK(DC)
/ VIHdiff.DQS(AC)
() VIHdiff. DQS(DC)
/ VILdiff.DQS{AC)
(D) vILdiff.DQS(DC)
HVIX(CK)
(i) twPRE
(@) twpsT

1.142970000000 v

-1,149590000000 V

661.830000000 mV

-632.200000000 mV

-133.015000000 mV

379.2%

379.0%

175.8%

163.4%

B 120000000000 mV <= VALUE <= 120,000000000

Information Only
Information Only
Information Only
Information Cnly
VALUE >= 2=(VIHAC_CA_Volt-VrefCA_Volt) v
Information Cnly
VALUE <= 25(VILAC_CA_Volt-VrefCA_Valt) V
Information Cnly
VALUE >= 2¥(VIHAC_DQ_Volt-VrefDQ_Volf) v
Information Only
VALUE <= 2*(VILAC_DQ_Volt-VrefDQ_volt) v
Information Only

Information Only
Information Only

< |

I

m

1

The tCKE test generates the following error message:

DDR4 Test Internal Error

e Exception: Run Stopped.
W' The run has been stopped.

Test Name: tCKE

1.CKE

Linable to find signal below that is required for this test.
Please ensure that signal below is selected as one of the Pin Under Test(FUT) option
under the Configure tab for the corresponding Timing test;

To complete tCKE test, perform the following steps:

1. Click the Configure tab.

2. Find Timing Tests > Test Setup for Command and Address Timing ONLY > Channel 4 > Signal

selected

3. Change the selected signal from (/CS0 Gnd) to (/CKEO Gnd)
- & Test Setup for: Command and Address Timing OMLY

----- @ Max Measurement Count {100)
----- @ Cloddng Method (1T Timing)

- (0 Channell
- (0 Channel2
-0 Channel3
= Channel4
@ Option (Pin Unde
i (M Signal selected (CKED,Gnd)

I+
()

----- @ Edae Type for SetupTime measurements (BOTH Rising and Falling edge)
----- @ Edge Type for HoldTime measurements (BCOTH Rising and Falling edoe)

4. Runthis 1 test only. Clear all the tests that have been completed already in the earlier steps.

DDR4 Compliance Test Bench
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Select Tests |Eonﬁgure I Ennnectl Run

© Al DDR4 Tests

‘] ® Electrical Tests
#-[]® Single-Ended Signals
&[] @ Differential Signals

1 Timing Tests

= ‘1 WRITE cyde tests

El D @ Data Strobe Timing

El C-" Command iming

H-[] @ READ cyde tests
H-[] @ Cladk Timing

After all tests are completed, click the HTML Report tab to view the Test Report.

Summary of Results

2

N

Agilent Technologies

DDR4 Test Report
Overall Result:

~ TestConfigurationDetails
[Burst Trigaering Method || [DQS-DQ Phase Differsnce
TestMode | Compiance
_IDDFMW

Test Session Details
_Iﬂﬁ 01.9040

Infiniium Model Number 135004
Infiniium Serial Number 1o Seria
Application SW Version | |1.10.9002
DebugModeUsed It
[Compliance Limits (official) [DDR4-2400 Test Limit
[(astTestbate 7 [2014-07-25 13:56:18 UTC -07:00

DDR4 Compliance Test Bench



Setting up DDR4 Compliance Test Bench Simulations

Command and Address (CA) Bus simulation setup (_1_Sim_CA)

In _1_Sim_CA, the following CA Bus topology simulation has been setup:

L

 Memory Controller is transmitting Clock, Adress{CAD~CAS), and Chip Select(CS0) Signalsto DRAM - :> :

5. parin e . e Eﬂr CAD .

E - CAtl— o T Lol -

E- CAZ = @ ticaz CAZ

E_ s % s T CA2 "

¥ . cu  CLKE § ) L - CLK I-';'_j

%_ . CA - %cm Tym CLKb Mﬁ%

E. . cag E "SI, CA4 E

5- g =y Elcas CAS a'mg

E- TENS cAE CAS =

sn ool

PatternGen CA_Continuous ~ Controller_CA Driver = PCB CA Traces ~  DRAM_CA_Receiver
CA_Pattem CA_Driver CA_Routing CA_Receiver

It is a simplified CA bus topology, with 6 singled-ended CA signals (CAO~CADb), 1 single-ended control signal
(CS0 for Chip Select), and 1 differential clock signal (+/-, CLK/CLKb).

The block on the left side is a pattern generator:
a. CAO~CAb are generating pseudo-random bit patterns at a rate equal to the data rate. The reason
for this bit rate is that column and row address signals are multiplexed to the same address line.
As a result, the address bus is running the same bit rate as that on the data bus.
b. CLK_0101 is generating a repetitive 0101 bit pattern at the same rate as CAO~CAb
c. CSO0is generating a pseudo-random bit pattern at a %2 the rate of CAO~CAb.

The CA_Driver and CA_Receiver blocks contain I/0 buffer models referencing the same IBIS file. In
practice, you should get at least 2 IBIS files, one from your DRAM vendor (e.g., Micron) for the DRAM 1/0,
and another one from your processor vendor (e.g., Intel) for the controller I/0. This example uses only one
IBIS file from Micron for the DRAM I/0. It uses a DRAM DQ pin driver model, as if it were the controller CA
pin driver, to drive the CA bus. Following screenshot shows how the CA Pin driver and receiver models are
set up using alias names:

CA and CLK Driver Pin:
IBIS_IO [¥] Use Aliases
IBISO

Use Aliases
ThisFile Alias DRAM_IBIS_File ThisFile Alias DRAM_IEIS_File

Componentiame Alias DRAM_Component Componenthame Alias  DRAM_Component

PinName Alias DRAM_TX_DQ_Pin i i
B A D PinName Alias DRAM_TX_DQS_Pin
k@\ ModelName Alias DRAM_TX_DQ_Madel ModelName Alas DRAM_T_DQS_Mode!
igo
InvRinName Alias InvPinMame Alias DRAM_TX_DQSb_Pin

CA Receiver Pin:
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—

Use Aliases

"IBIS_|
IBISO

In PC

ThisFile Alias DRAM_IBIS_File

ComponentMame Alias DRAM_Component

GC FinMame Alias DRAM_CA_Pin

InvPinMame Alias

CSO Receiver Pin:

—

Use Aliases

ModelMame Alias DRAM_CA_Model

| |
I B I S—I IbisFile Alias DRAM_IBIS_File
ComponentMame Alias DRAM_Component
In PC
GC PinMame Alias CRAM_CS_Pin
ModelMName Alias DRAM_CS_Model

InvPinName Alias

CLK/CLKb Receiver Pin:

Use Aliases

| |
I B I S_D I IbisFile Alias
InNI I B I S_C L K Componenthame Alias
= PC
GC PinName Alias
Inl

24

ModelName Alias

[ ] Iglgo InvPinName Alias

@ DDR4 DRAM_IBIS AIlasParameter

DRAM_Corner=Comer

DRAM: IBIS File="z80a_v5p0:ibs"

DRAM. Component="MT40A512M8HX". .
DRAM_TX_DQS_Model="DQS_40_2400"
DRAM_TX_DQS_Pin="DQS_t"
DRAM_TX_DQSb_Pin="DQS c"

DRAM TX DQ_Model="DQ_40 2400" -
DRAM-TX_DQ_Pin="DQ0" :

DRAM_IBIS_File
DRAM_Component
DRAM_CLE_Pin
DRAM_CLE_Model

DRAM_CLKb_Fin

DRAM. ODT_DQS_Model="DQS_IN.ODT120_2400".

DRAM_ODT_DQS_Pin="DQS _t"
DRAM_ODT_DQSb_Pin="DQS_ =
DRAM_ODT_DQ_Model="DQ_IN ODT12[} 24[}[}"
DRAM _ODT_DGQ_Pin="DQ0" - -

DRAM. CA_Model="INPUT_2400"

DRAM_CA Pin="Ag" .
DRAM_CLK_Model="CLKIN 24[}[}“
DRAM_CLK_Pin="CK_t"

DRAM _CLKb Pin="CK c"
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There is a wide range of CA bus/channel topologies connecting the controller and the memory devices:

No oA~ =

A system can have 1~4 memory channels

Each channel can have 1~4 DIMM (dual in-line memory module) slots
Each DIMM can have 1~2 ranks of memory
Each rank can have 1~8 DRAM packaged devices

Each DRAM device package can have 1~4 memory dies
Each die can have 4~8 banks of memory

Each die can be X4~X16 in width.

Two CA bus topology examples are available in the folder named “PCB, DIMM and Package Models” as

shown

]

in the following figure:

. PCE, DIMM and Package models

L1

PCB_CA_2DIMMs_1Channel

l

: - DDR4 CA Channel -

" Between Controller .,

= . and 2 DIMM Slots -
o .

SRENENENEN

 PCB_CA 2DIMMs_1Channel

(€| PCB_CA_Traces N o B

[E PCE_DIMM_ZUpm\> p—

[¢| PCB_DIMM _2Rank E"m“‘

€| PCB_DQ 1DIMM_2Ranks ) _

Hi PCE_DQ_Sparam T

€| PCB_DQ Traces ;

- ) oy -

HL' PCB_ideal 10wires e

HL: PCE_ideal_lﬂur.rires_small & :

HL PCB_IdEE|_$WItCh_1Ux e

Hi Pkg_DualDie_CA_ebd & -

L€ Pkg_DualDie_ DQ_ebd Y
(€| UDIMM_1321A_AD _PCB_CA_Traces
€| UDIMM_1321A_DQO . CA_Routing

- CA Channel

DDR4 uses a “fly-by” topology for distributing Command & Address, Clock and Command Signals.
Following is an illustration of the “fly-by” topology, as compared to the “tree” topology (also known as

“symmetrical T-branch topology”) used in DDR2 or earlier designs:

Fly-by Topology

Symmetrical T-Branch Topology

|

|

Data

INiN NN

Address [ Command [ Clock
Bus

Memory Controller

DDR4 Compliance Test Bench
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Memory Controller
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In this example, we have run 300-bit simulation for the CA bus, and generated CA Eye diagrams. The
waveforms for CAO~CAb, CSO and CLK/CLKb signals are saved in the data directory of your current
workspace, which will be used later for compliance tests.
- SimControlParameters -
. LEad SpeedGrade=2400 .
No_of_simBits=300

= =
= =
[ = [ =
@ @
= o
2 I
(8] (8]
L4 L4
- -
L L
= =
= =
[ = [ =
@ @
= o
& %
(8] (8]
2, 2,
L L
e o B ey o e L B I S I B L L B
00 02 04 06 08 10 12 14 16 18 0 100 200 300 400 500 600 700 800 900
time. nsec time, psec
- Include in Bbrary - Share with - Burmn Mew folder
Mam i te modifies e
o Mame Date modified Type
iktop B CADKS TKB
ent Places B CALRS 1 KB
NG AN (A-Amenicas,exl) B CAZNS T KE
B CA3.hS TEKE
fies B CAdRS 1 KB
uments B CASKhS KB
14 B CLERS B
bures B CLK_Diff.hS KB
£0s B CLKb.hS f KB
B C50.h5 KB

WRITE cycle data bus simulation setup (_2_Sim_DQ_WRITE)
In _2_Sim_DQ_WRITE, the following WRITE cycle data bus simulation has been setup.
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. e=mogp—~———p=nom | | DODR4DQChannel _{ |
Pan_ DO amin_DC1 Do " _ == D20 i
" pmp Co enoe | Dol : - -Between Controlter =-)- - pa1_- i
" 5 papof— M0DE g DO ouf— 009 Ao 2
. o' L e 008 S5 oFe o o
= o = D23l D n j
= Pan | DOS . SR 00S ) RN
OB L P ~ P
Pam_ 2in_Do4 E DQss o DOSDH n =
g  FaD #nDo5 5 Db LA S A
B 5 oo [Bo o® 0as o oFc o o
. . R mpE = | 0 e e
= Pam_Dovl amn D7 O D06 D06 _Yee il 2
i U [t e Qv e 2
Erable_DOS—=—  —Fmbk D05 S0y e . - TR
Ermbie 2zl D - LK - CLK L R
e CLKb
C e e o b g Cikn -ppf— . . ... == b . . . .
_PatternGen_DQ_WR E E"L,!"?t_ Controller DQ_Drvwer =~ PCB_DOQ_1DIMM_2Ranks DRAM_DQ Receiver
DQ DQS Pattern DQ_DQS_Driver DQ DQS_Bus DQ_DQsS | Receiver

The data (DQ/DQS) bus has different characteristics compared to the command address (CA) bus:

DQ bus is bi-directional to handle data traffic in “controller-write-to-DRAM” and “controller-read-
from-DRAM” cycles.

DQ bus runs in burst mode. Data strobe (DQS) also runs in burst mode. D@ and DQS bursts are
edge-aligned in READ cycle, and center-aligned in WRITE cycle.

DQ bus is using a point-to-point topology, not a fly-by topology used for CA bus.

The block on the left side is a DQ/DQS pattern generator for a byte-lane:

1.

2.

3.

DQO~DQ7 are generating pseudo-random bit patterns at a rate set by the SpeedGrade parameter.
The Delay parameter on DQO~DQ7 is set to be 0.

CLK is generating a repetitive 0101 clock pattern at the same rate as DQO~DQ7, resulting in a clock
frequency equal to %2 of the data rate.

DQS is generating a repetitive 0101 bit pattern at the same rate as DQO~DQ7. The Delay
parameter on DQ@s is set to be 0.5*Ul, which will make the DQS pattern center-aligned with the DQ
pattern

Mode=User DefiredLFER - - == - | - : o

BitRate=D_BitRate_Sim . . -_|' . Patt DU3
) N4

EEEe - - . 1 . :

- Mode=Explicit Bit Sequence . == - | - . O .o

. BitRate=DQ_BitRate Sim __|' . Patt_DAS

(Bolar05U> =

et =2y

DQS bat’ﬁerh has bre'am'ble'an'd post—afnble bits on it.
EnableDQ and EnableDQS pulses are used to control the on/off states of DQS/DQS bursts.  BL
(Burst Length) parameter is set to 16 to simulate 2 consecutive 8-bit bursts.

The DQ_DQS_Driver and DQ_DQS_Receiver blocks contain I/0 buffer models referencing the same IBIS file

In practice, you should get at least 2 IBIS files, one from your DRAM vendor (e.g., Micron) for the DRAM /0,
and another one from your processor vendor (e.g., Intel) for the controller I/0.  This example uses only one
IBIS file from Micron for the DRAM I/0. It uses a DRAM DQ pin driver model, as if it were the controller DQ

pin driver, to drive the DQ bus. Following screenshot shows how the DQ Pin driver and receiver models are
set up using alias names:
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DQ and DQS Driver Pins:

- Use Aliases Use Aliases
JPU IBIS 10
B
T I B I 83 IbisFile Alias DRAM_IBIS_File IbisFile Alias DRAM_IBIS_File
PC
10 ComponentMame Alias DRAM_Component ComponentMame Alias DRAM_Component
GC
E PinMame Alias DRAM_TX_DQ_Pin PinMName Alias DRAM_TX_DQS_Pin
—
PD ‘ \)\ @ ModelName Alias DRAM_TX_DQ_Model ModelMName Alias DRAM_TX_DQS_Model
[ igOo e i . :
InvPinMame Alias InvPinMame Alias DRAM_TX_DQSb_Pin
DQ and DQS Receiver Pins:
Use Aliases Use Aliases
| |
IBIS_DI
I B I S D S TbisFile Alias DRAM_IBIS_File IhisFile Alias DRAM_IBIS_File
InNI — Q
B PC Componentiame Alias  DRAM_Component Componentiame Alias  DRAM_Component
o GC PinName Alias DRAM_ODT_DQ_Pin PinName Alias DRAM_ODT_DQ5_Pin
n
ModelName Alias DRAM_ODT_DQ_Model ModelMame Alias DRAM_ODT_DQS_Model
] ID\'QO InvRinName Alias InvPinName Alias DRAM_ODT_DQSb_Pin

DDR4 DRAM_IBIS AllasParameter

" DRAM Corner=Cormer
DRAM-IBIS_File="780a_v5p0:ibs"
DRAM. Com ponent="MT40A512MBHX".
DRAM_TX_DQS_Model="DQS5_40 2400"
DRAM_TX_DQS_Pin="DQS_t"
DRAM TX _DQSb_Pin="DQS c¢"
DRAM TX DQ_ Model="DQ_40 2400" -
DRAM- TX _DQ_Pin="DQ0O" -
DRAM. ODT _DQS Model="DQS_IN. ODT‘12D 240[}"
DRAM_ODT DQS Pin="DQS t"
DRAM_ODT _DQSb Pin="DQSs c"
DRAM_ODT DQ_Model="DQ_IN ODT‘12D 2400"
DRAM_ODT_DQ_Pin="DQ0" - :
DRAM. CA Model="INPUT_2400"
DRAM_  CA Pin="Ag" . .
DRAM_CLK_Model="CLKIN 24[}[}"
DRAM_CLK_Pin="CK_t"
DRAM _CLKb_Pin="CK c¢"

Two DQ bus topology examples are available in the folder named “PCB, DIMM and Package Models” as
shown in the following figure. One is a 24-port S-parameter file. The other one is a sub-circuit built from
multi-layer transmission line models.
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. PCE, DIMM and Package models

(€| PCB_CA_2DIMMs_1Channel

€

o

|

|

1 =1 =1 |
"_ﬂ"_ﬂ"

ad

|

11 =00
"_ﬂ"_ﬂ"

11
.n- n

|

PCB_CA _Traces
PCE_DIMM_20pin
PCB_DIMM_2Rank

PCBE_DQ 1DIMM_2Ranks ——»

PCE_DQ_Sparam

PCEB_DQ) Traces
PCB_ideal_10wires
PCB_ideal_10wires_small
PCE_ideal_Switch_10x
Pkg_DualDie_CA_ebd
Pkg_DualDie_DQ _ebd
UDIMM_ 132148 _AD

UDIMM_ 13214 D30

DDR4 DQ Channel
-Between Controller:

e

PCE_DQ_1DIMM_Z2Ranks.

DQ_DAS_Bus

© " PCBZ24Pot - -
.~ SPammeters - - -

|

11 'T'T'T'T TTTIT

AL LELELELELL

v

In this example, we have run 500-bit simulation for the DQ bus to check the validity of the DQ/DQS signals,
for example, check if DQO and DQS are center-aligned. The waveforms for DQO~DQ7, DQS/DQSb and
CLK/CLKb signals are saved in the data directory of your current workspace, which will be used later for

compliance tests.
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0.0

02—

04—

06—

!

1.3

—1.2

—1.1

—1.0

—0.9

A'00d

—0.8

—0.7

—0.6

0.5

12

DDR4 Compliance Test Bench

14

|
16

time, nsec

18

20

29



12 i
o] i ,
10_-:.
:
rArarm>
58532558 **] ‘ H
Sr=I=TSIST=T=1=] ]
1
azd
ar
a8
\ |
as I T | T l T I T | T l T | T | T I T | T T I T | T l T | T '| T I T | T l T I T | T
0 -] k] &3 -] L] -] f 1-] t -] k1 -] ki) k-] 138 148 83 Rl B - it -] 153 My @ 24
Bmig, neo
- Include in library = Share with = Burmn MNew folder =¥
fhes Mame Date modified Type Size
op 8| DQ0.hS 172672014 902 AM  NCSA HDFView 10 KB
ent Places B DQLh5 T/26/2014 302 AM  NCSA HDPView 10 KB
NG JLAN (A-Americas,ed) B| DQ2.h5 T/26/2014 902 AM  NCSA HDPView 10 KB
!, DQ3.h3 T/26/2014 902 AM  NCSA HDPView 10 KB
nies B DO4.hS T/26/2014 902 AM  NCSA HDFView 10 KB
urnents B DQ5.h5 Tr36/2014 3:02 AM  NCSA HDFView 10 KB
5ic B DO6.hS T/26/2014 2:02 AM  NCSA HDOFView 10 KB
ures B| DGT.h3 Tr365 2014 502 AM  NCSA HDPView 10KB
=1 B| DQ5.h5 T/26/2014 902 AM  NCSA HDFView 10 KB
B| DQ5_Diff.hS T/26/2014 302 AM  NCSA HDPView 10 KB
31CXCT B| DQSb.hS TI36,,2014 502 AM  NCSA HDFView 10 KB
ol Disk {C:)

READ cycle data bus simulation setup (_3_Sim_DQ_READ)

In _3_Sim_DQ_READ, the following READ cycle data bus simulation has been set up.

o The block on the right-hand side is a data pattern generator on the DRAM side, generating PRBS
pattern at a rate specified by SpeedGrade parameter.

e Next to the DRAM pattern generator is the DQ/DQS pin drivers on the DRAM side, referencing an
IBIS model from Micron. The output signals from DRAM driver output pins are labeled as
DQO_out~DQ7_out, DQS_out/DQSb_out.

¢ The DRAM output signals leave the 10 pads, go through “package->DIMM PCB->DIMM connector-
>Motherboard PCB lines and vias->CPU package”, and finally arrive at the controller I/0 pads. The
input pins to the controller receivers are labeled as DQO~DQ7, DQS/DQSb.

30 DDR4 Compliance Test Bench



. Flease Choose one of the DDR4 Speed-Grade Options: 1600, 1866, 2133, 2400, 2666, 3200

SimContrelParameters-
SpeedGrade=2400 .
No_of_simBits=500

i |@E| Nefiist Include Lis

- Tran Netlistincluded ist:
Ve . Final_Sim. Lo Metlistincludelist! .
-[E] CalcsimControlParams o . StartTime=Data_Collection_Start . o
Diﬁ CLK StopTime=Data_Collection_Stop OutputWaveformPath
. . | . o EeptillEE s = WaéformPaih="\Waseformis DDR4 Read”
' Signal_PostProcessing
<} READ operation: DRAM istransmitting data to Controller -
i " oa. .| . DDR4DQ Channel 0o _ | FEOE ST
DD DQ0 - DA out out Fattin_D21 st D01
‘b inf—_ D1 - ..~ Between Controller - = | . potout, Jo . " Fatin_paz |- Lo
- T Doz " and DIMM Slot© " DQ2 out P~ S row
| be Da3 - DQ3 - out ot @ A e £
- E . DOS 2
§ Cestof—— D08 o I e LU B B R
£ Dos DOSDB D b_out E Pattin_DQ4 att D04 =
B D04 - 2 . mi > e o R b ﬁ
. DO - - e - D5 out oo g S NN
E DOB i Das ™ DQs “out out Fattin_DOT L DOT
g T Da7 - 2 e " DQ7 out o S =
S . . . . o . Enable DQE b= DG -
- CLK out au CLK In Kin - - Enable_DQ e -
p— CLKb out e CLKb in Kbin . . GLK.Jiter oLk _Jditeer In -

| Ccn_n'cl_ler__EfCZ_R:ec EI ;e{'
Controller_DQ_RX

: PCB_DQ_1DIMM_2Ranks
D3 _Interconnect

_DRAM_DQ_Driver_

: PatternGen_DQ_RE ﬁ._[:_lé ur$1

DRAM_DQ_TX DQ_READ_Pattern

- Clock Signal is transmitted from Controller to DRAM, tiggering DQoutput = - [~
— EjeDift Probe LT T
Eye CLK_out -

© CLK out «

CLKDb out

EyeDiff_Probe .
Eye_CLK_in

Clkin_ .|
CLKb_in

In this simulation setup, the clock signal labeled as CLK_out/CLKb_out is sent from the
controller (the block on the left-hand side) to the DRAM (the block on the right-hand side). The
clock signal labeled as “CLK_in/CLKb_in" is the signal at the input pin to DRAM clock receiver.
The DRAM clock signal is used to as an “external trigger” to the DRAM DQ/DQS pattern
generators, as shown in the following figure.

PRBS_DQ7 N

- Mode=User Defined LFSR i — >

! Tﬂgg& Patt_DQ7
BitRate=DQ_BitRate_Sim J— Num=8
Delay=0 I TL

Patt_CLKref
Num=12

Unlike the WRITE cycle where DQS and DQ signals are center-aligned, the READ cycle DQS and DQ signals

are edge-aligned. This edge-alignment is realized by setting the Delay parameter on the DQ/DQS pulse

generators to 0, as shown in the following figure:
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' PRBS_DQ3
. Mode=User Defined LFSR
. Trigger=Extemal . .
BitRate=DQ_BitRate_Sim
Delay

"DAS |

- Mode=Explicit Bit Sequence
_Trigger=Extemal .
BitRate=DQ_BitRate_ Slm
Delay

I

Pat_DQ3
‘Num=4

T=

 Patt_DQs

T

-

Num=9

In this example, we have run 500-bit simulation for the DQ bus to check the validity of the DQ/DQS signals,
for example, check if DQO and DQS are edge-aligned in READ cycle. The waveforms for DQO~DQ7,
DQS/DQSb and CLK/CLKD signals are saved in the data directory of your current workspace, which will be

used later for compliance tests.

5 10

0.8

06—

04—

02—

0.0—

02—

0.4

DQs_DIff

06—

|

A'0DA

32

14

I
16

fime, nsec

DDR4 Compliance Test Bench



e e -
5853585
coDoo e
=
=
o
-
[T}

- Include in ibrary =

ikes

ltop

:ent Places

NG AN (A-Amencas,md]

nes
uments
sic

tureg

L= ]

L3CHCT
ol Disk (C2)

Share with = Burn
Name

B CLERS
B CLE_DiffhS

8| CLEB.hS

B DO0.hS

B DOLAS

B DO2RS

B D3RS

B| DO4.HS

B DO5.HS

B DOEHS

B DO7.hS

B DO5AS

B| DS _Dedayed hS

B DOS_Delayed_Diff.hS
B DS _Didths

B DOSbRS

B DOSh_Delayed.hs

DDR4 Compliance Test Bench

Newws fiobder

Date modified
/27 014 941
T/27 /2004 Shal
/270004 941
T/272004 41

AT %41 A

21018 241
21014 541

17277014 941 AN

TFAT2014 %41
11215004 341
772772014 41
7/27/2014 341
TF27 2004 S:41
7427204 58
7/27/2014 B4l
T 014 541

TFITM014 341

AM
AM
aAM
AM
M
AM
AM

AM
am
AM
AM
AM
AM
AM
AM
AM

Type

MCSA HDFView
MCSA HDFYiew
MCSA HDFView
MNCSA HDFView
MCSA HDFView
MCSA HDFVEw
MCSA HDFViews
MCSA HDFView
MCSA HDFView
MCSA HDFView
MCSA HDFPView
MCSA HDFView
MCSA HDFView
MHCSA HDFView
MCSA HDFView
MCSA HDFView
MCSA HDFView

10 KB
10 KB
10 KB
10 KB
10 KB
10 KB
10 KB
10 K8
10 K8
10 KB
10 KB
10 K8
10 K8
10 KB
10 KB
10 K8
10 KB
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There are 3 additional .hb files saved in the DDR4_Read folder: DQS_Delayed, DQSb_Delayed and
DQS_Diff_Delayed. These are the DQS, DQSb and DQS_Diff waveforms with a 0.5*Ul time delay. These 3
additional waveforms are generated using the following post-processing equations:

Signal_PostProcessing

Delay=0.5* LI

time_Axis=indep(DQS)-

DQS_Diff=DQS-DASD . o
DQSb_Delayed=vs(DQSb, Delayﬂlme .ﬂms}
DQS_Delayed=vs(DQS, Delay+time_Axis)
DQAS_Diff Delayed=vs(DQS-DASDb, Delay+time_Axis)

DQS_Diff is edge-aligned with DQO~DQ7 in READ cycle. By off-setting DQS_Diff with 0.5*Ul, the
DQS_Diff_Delayed signal will be center-aligned with DQO~DQ7 waveforms at the controller receiver pins.
The intent is to use these waveforms to perform compliance tests at the input pins to the controller
receivers.

DQ Eye Simulation (_4_Sim_DQ_Eye)

Open _4_Sim_DQ_Eye schematic. Place single-ended eye probes on DQO~DQ7 signals, and place a
differential eye probe on DQS/DQSb signals, as shown in the following figure:

SimControlParamet:
' @speedaradeﬂduu :
++ No_of_simBits=200

| @Calc&mﬁ)omrolPaJams Tran _Sim . . . . . .
Eye_DQ4 Eye DQ5

e, | = ye Probe | [B5) Eye Frobe [BS 1 Eye Probe . . .
[ - - Eye_DQ6 - Eye DQ7 =
= . Stoplime=Daa_Collection_Stop »pa4 P  «pa6 par

StartTime=Data_Collection_Start
| PostProcessing

Eye DQ0 = EyeDQ1 ==

| 1 — fin_| i DDR4 DQ Channel o i ok
| S e iR | Dporapachamel N I I
L0t pat_C0t B ™ 1T . ..
| e ———innw’ | colag——tes (Between Controller =L Do oy gt 0 )t T
5 rFaubod ain pos 2 Bl and DIMM Slot - D, _Jwin g
______ B e e el N |
B - 2
B -
8 k|
2
2
z

Click the Simulate icon to run the simulation. The graphs in the data display windows show DQ eye and
DQS eye, and the listing tables show eye measurement values such as eye width and eye height.
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These eye diagrams are generated from a transient simulation of ~500 bits, which are
not sufficient for any meaningful BER contour measurements. These eye diagrams

are for visual inspection and qualitative measurements only. To get meaningful BER
contour or margin measurements, it is recommended to use the DDR Bus simulator in
ADS 2014.11 release.
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Running Compliance Tests on Simulated Signals

We have generated .h5 waveform files for command address (CA), data signals (DQ and DQS), and clock

signals (CLK), all stored in .data\waveforms folder.

ude in library - Share with « Burn New folder
Name Date modified
. DDR4_CA 7/26/201411:26 AM ¢
DDR4_ideal 7/25/2014 10:36 AM
DDR4_Read 7/27/2014 10:04 AM
DDR4_Write 6/24/2014 11:23 AM

To perform compliance on these signals, follow these steps:
1. Launch Infiniium Offline.
2. Select Analyze > Automated Test Apps > N6462A/N6462B DDR4 Test App.

Analyze | Utilities Demos Help

Histogram... I
Mask Test...

Automated Test Apps U7231B DDR3 Test App

Measurement Analysis (EZIIT)... | N6462A/N6462EB DDR4 Test App

The DDR4 Test window is displayed.
3. Select Speed Grade as DDR4-2400 under the Set Up tab.

% DDR4 Test -- DDR4 Device 1

File | View Tools Help
0w &

Task Flow | SetUp lSeIectTests ] Configure ] Connect] Run Tests | Automation ] Results ] Html Report]
DDR4 Test Environment Setup

SetUp
Device Under Test (DUT)
¢ Speed Grade Test Mode AC Levels
" DDR4-1600 - . DQ CA
Select Tests ¥ Compliance
¢ DDR4-1866 £ Custom 120 12
" DDR4-2133
{* DDR4-2400 Burst Triggering Method
" DDR4-2666 {* DQS-DQ Phase Difference
" DDR4-3200 ™ MS0x Logic Triggering

| | Threshold Settings | Offline Setup |  DDR Debug Teol

Test Report Comments {Ophional)

108

Dievice ldentifier: User Description:
|(SELECT OR TYPE) | [{SELECT OR TYPE} |
Comments:
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To run compliance tests on waveforms generated from “_2_Sim_DQ_WRITE”, click Offline Setup to load ADS
simulated waveform files. Instead of performing all the compliance tests at once, we will take an
incremental approach to do one signal group at a time.

Clock signal group
1. Load CLK, CLKb, and CLK_Diff signals from DDR4_Write directory as shown in the following figure:

¥ Enable Offline Processing

—Source \Waveform File (*.wim / *.hE)

Done |

Clock I!_1 T\DDR4_Compliance_Test_Bench_wrk'data'Waveforms_DDR4_Write \CLK_Diff h5 g Browse |
DQS Differential : | X Browse |
Data (DQ)/Data Mask (DM) ;| X  Browse |

|| | Chip Select(CS) : | X Browse |
CA/Command/Address : | X Browse |
DQS Plus: | X  Browse |
DQS Minus - | X  Browse |
CLKPlus : |1|.|It 14_11\DDR4_Compliance_Test_Bench_wrk\data\Waveforms_DDR4_Write\CLKh5 g Browse |

CLK Minus |1|t‘|4_1‘I\DDF{-i_l:ompliance_Test_Benm_wﬂ{\data\Wa\refcrrns_DDHd_WMe\CLIQ:.hE v/ Browse |

2. Click the Select Tests tab.
3. Select the 24 tests related to clock signals as shown in the following figure:
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38

Task Flow _

Select Tests

SetUp SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |

-

=

El-[]© AllDDR4 Tests
=[] Electrical Tests

-[1© Single-Ended Signals
) Differential Signals
) WRITE cyde tests
) Differential AC Input Levels for Clock
O VIHdiff.CK(AC)
O VIHdiF.CK(DC)
O VILAIff.CKIAC)
O VILdIff.CK(DC)
-[#] & Clock Cross Point Voltage Test
b O VIX(C'G

=[] © Timing Tests

[ READ cycle tests

 Clodk Timing

=[] © Rising Edge Measurements

----- O tit{CC) Rising Edge Measurements
tCK(avg) Rising Edge Measurements
tit{per) Rising Edge Measurements
terr(2per) Rising Edge Measurements
terr(3per) Rising Edge Measurements
terr{4per) Rising Edge Measurements
terr{Sper) Rising Edge Measurements
terr{&per) Rising Edge Measurements
terr(7per) Rising Edge Measurements
terr(8per) Rising Edge Measurements
terr(9per) Rising Edge Measurements
terr(10per) Rising Edge Measurements
terr(11per) Rising Edge Measurements
terr(12per) Rising Edge Measurements
terr(nper) Rising Edge Measurements
B+ O Pulse Measurements

----- ) tCH Average High Measurements

) tCL Average Low Measurements

O tjit{duty-high) Jitter Average High Measurements
-] O tit{duty-Jow) Jitter Average Low Measurements

000000000000 00

(Click a test's name to see description)

Limit Set: DDR4-2400 Test Limit

24 Tests |Chedc the test(s) you would like to run

[connection: UNKNOWN |

After running the tests, the test results become available under the Results tab, as shown in the

following figure:
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Test Name | Actual Val | Margin | Pass Limits
/ VIHdifF.CK(AC) 1.158400000000 V 382.7% VALUE »= 25(VIHAC_CA_Volt-VrefCA_Volt) v
() VIHdiff.CK(DC) Information Only
/ VILdifF.CK(AC) -1.143530000000 V 376.5% VALUE <= 2%(VILAC_CA_Volt-VrefCA_Volt) v
() VILiff.CK(DC) Information Only
X VIX(CK) 288, 117000000 mY I -120.000000000 mV <= VALUE <= 120.000000000 mV
/ it(CC) Rising Edge Measurements 28 ps 66.3%  VALUE <=83ps
@ tCK(ava) Rising Edge Measurements Information Only
/ tiit{per) Rising Edge Measurements -18 ps 28.6%  -42ps <=VALUE <= 42 ps
@ terr(2per) Rising Edge Measurements Information Only
@ terr(3per) Rising Edge Measurements Information Only
I:D terr(4per) Rising Edge Measurements Information Only
I:D terr(Sper) Rising Edge Measurements Information Only
() terr{gper) Rising Edge Measurements Information Only
() terr(7per) Rising Edge Measurements Information Only
() terr(8per) Rising Edge Measurements Information Only
@ terr(9per) Rising Edge Measurements Information Only
@terr{l[]per} Rising Edge Measurements Information Only
@terr{llper} Rising Edge Measurements Information Only
@terr{la:ler} Rising Edge Measurements Information Only
@ terr{nper) Rising Edge Measurements Information Only
/ tCH Average High Measurements 501.256170166 mtCK(ava) 46.9%  <480.000000000 mtCK({ava) <= VALUE <= 520.0000001
/ tCL Average Low Measurements 498, 743829834 mtCK(ava)  46.9%  480.000000000 mtCK{ava) <= VALUE <= 520.000000
@tjit{dutyhigh} Jitter Average High Measurements Information Only
@ Hit(dutyHow) Jitter Average Low Measurements Information Only

DRAM DQ/DQS and CA Input Signal Group: WRITE Cycle
In WRITE cycle, data signals are at the input pins of the DRAM receivers. Load DQS_Diff, DQS, DQSb, and
DQO signals from the DDR4_Write directory. Load CAO and CSO signals from DDR4_CA directory.

¥ Enable Offline Processing
—Source Waveform File (" wim /= h5)
Clock Ii_'l T\DDR4_Compliance_Test_Bench_wrikdata'\Waveforms_DDR4_Write \CLK_Diff h5

E

m
:
i

m
:
i

DQS Differential : I-_1 T\DDR4_Compliance_Test_Bench_wrk'\data"Waveforms_DDR4_Write\DQS_Diff h5

m
:
]

Data (DQ)/Data Mask (DM) :Iuh14_1 1.DDR4_Compliance_Test_Bench_wr\data"Waveforms_DDR4_Write"\DQ0.h5

Chip Select (C5) Iﬁault 14_11\DDR4_Compliance_Test_Bench_wric\data'Waveforms_DDR4_CAVCS0 A5

E

CA/Command/Address : Iﬁault 14_11DDR4_Compliance_Test_Bench_wr\data"Waveforms_DDR4_CANMCAD RS

£ £ L £ £ £ £ £ 4
m
:

DAQS Plus: Iulﬂ-l_'l T\DDR4_Compliance_Test_Bench_wrkdata*Waveforms_DDR4_Write*\ DG5S h5 Browse

DAS Minus - ||t1-l_1 T\DDR4_Compliance_Test_Bench_wrk'data*Waveforms_DDR4_Write"DG5b h5 Browse |
CLKPlus Iiuh14_1 1%DDR4_Compliance_Test_Bench_wrid\data"Waveforms_DDR4_Write\CLK h5 Browse |
CLK Minus |1h14_1 1%DDR4_Compliance_Test_Bench_wrid\data"Waveforms_DDR4_Write"\CLEb h5 Browse

Under the Select Tests tab, all the 19 tests related to WRITE Cycle DQ, DQS, and CA signals
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SetUp SelectTests | configure | Connect | Run Tests | Automation | Results | Hemi Report

Oe Al
=~ DDR4 Tests
El-[] ® Electrical Tests

Configure

E-[]© singleEnded Signals

Bl © WRITE cyde tests

© VSEH/VSEL for Strobes

) WSEH(Strobe)

O VSEL(Strobe)

) WSEH/VSEL for Clocks

O WSEH(Clodk)

O vSEL(Clock)

-] READ cyde tests

) OwvershootfUndershoot (Address, Control)

: ) Owvershoot amplitude (Address, Contral)
) Overshoot area (Address, Control)

) Undershoot amplitude {Address, Control)

) Undershoot area (Address, Control)

=] ) OvershootfUndershoot (Data, Strobe, Mask)
) Overshoot amplitude (Data, Strobe, Mask)
) QOvershoot area (Data, Strobe, Mask)
O Undershoot amplitude (Data, Strobe, Mask)
) Undershoot area (Data, Strobe, Mask)
@ Differential Signals
@ WRITE cyde tests
-[[] @ Differential AC Input Levels for Clock
O Differential AC Input Levels for Strobe
O VIHdiff.DQS(AC)
C VIHdiff.DQS(DC)

O VILdiff.DQS{DC)

#-[] ® Clock Cross Point Voltage Test
H-[]© READ cyde tests

=[] @ Timing Tests

T[] © WRITE cydle tests

) Data Strobe Timing

E-[#] © Command Address Timing
H i ) tCKE
#-[] © READ cyde tests
E=-[1® Clock Timing

(dlick a test's name to see description)

Limit Set: DDR4-2400 Test Limit

19 Tests |Ched=ﬁ'1e test(s) you would like to run |Corr1ecﬁon:ﬁod<TestComecﬁon |

When the compliance tests are completed the results will be appended to those of the 24 previous tests, as
shown in the following figure:
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(@) VSEH(Strobe)
(@) vsEL (Strobe)
(D) vsEH(Clodk)
(D vSEL(Clodk)
X Overshoot amplitude (Address, Contral)
@ Owvershoot area (Address, Control)
A Undershoot amplitude (Address, Control)
@ Undershoot area (Address, Control)
/ Overshoot amplitude (Data, Strobe, Mask)
/" Overshoot area (Data, Strobe, Mask)
/ Undershoot amplitude (Data, Strobe, Mask)
/ Undershoot area (Data, Strobe, Mask)
/ VIHdiff.DQS(AC)
(1) VIHdiff.DQS(DC)
/ VILdiff.DQS(AC)
(@) vILdiff.DQS(DC)
(@) twprE
(D) twpsT

@ Git(duty-high) Jitter Average High Measurements
@ Git(dutyow) Jitter Average Low Measurements

565.560000000 mY

568.710000000 mV

46,720000000 my
6.402305000 mV-ns
-560.560000000 mv
0.000000000000 V-ns
458.030000000 mV

-313.270000000 my

DRAM DQR/DQS Output Signal Group in READ Cycle

Test Name | Actual Val Margin | Pass Limits

@ tCK(avg) Rising Edge Measurements Information Only
/ tiit(per) Rising Edge Measurements -18 ps 28.6%  -42ps <=VALUE <= 42p=

@ terr(2per) Rising Edge Measurements Information Only

@ terr(3per) Rising Edge Measurements Information Only

@ terr{4per) Rising Edge Measurements Information Qnly

@ terr{5per) Rising Edge Measurements Information Only

@ terr{6per) Rising Edge Measurements Information Only

@ terr(7per) Rising Edge Measurements Information Only

@ terr(8per) Rising Edge Measurements Information Only

@ terr{9per) Rising Edge Measurements Information Only

@ terr(10per) Rising Edge Measurements Information Only

@ terr{1iper) Rising Edge Measurements Information Only

@ terr{12per) Rising Edge Measurements Information Only

@ terr{nper) Rising Edge Measurements Information Only
/" tCH Average High Measurements 501256170166 mtCK(awvg) 46.9%  480.000000000 mtCK{avg) <= VALUE <= 520.000000000 mtCK{ava)
/ tCL Average Low Measurements 498.743829834 mtCK(avg) 46.9%  430.000000000 mtCK(avg) <= VALUE <= 520.000000000 mtCK{ava)

Information Only
Information Only
Information Only
Information Qnly
Information Only
Information Only

B v~ £ <= 300.000000000 mv

Information Only

I v~ <= 300.000000000 my

88.3%
96.8%
275.2%
100.0%
107.5%

113.9%

Information Only

VALLE <= 400.000000000 m¥

VALUE <= 200.000000000 m¥-ns

VALUE <= 320,000000000 my

VALUE <= 100.000000000 my-ris

VALUE = 25{(VIHAC_DQ_Volt-VrefDQ_Volt) V
Information Only

VALUE <= 25(VILAC_DQ_Volt-VrefDQ_Volt) v
Information Only

Information Qnly

Information Only

JDEC 79-4 specifies DRAM DQ/DQS output tests to be performed with 50 Ohm termination in READ cycle.
For details on the READ cycle output tests, see Data Signal in READ Cycle section.
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Setlp SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |

EID @ Electrical Tests

B[] ® Single-Ended Signals
B[] ® WRITE cyde tests

B[ © READ cydle tests
=

) Output Slew Rate
[ O sRQseR

B
B[] @ Overshoot/Undershoot (Address, Contral)

B[] @ Overshoot/Undershoot (Data, Strobe, Mask)
H-[] © Differential Signals
b Timing Tests

=[] © READ cyde tests
El-[¥ © Data Timing

E||__v_| ) Data Strobe Timing

O

O DQSCK
© tDVAC(Clock)
O tLZDgs

© tHZDQS

O tQsH

O tQsL

-] O tDVAC(Strobe)
H-[] ® Clodk Timing

(Click a test's name to see description)

Limit Set: DDR-4-2400 Test Limit

19Tests  |Check the test(s) you would like to run Connection: UNKMOWN

Run compliance tests on waveforms generated from “_3_Sim_DQ_READ”

Click the Offline Setup to load ADS simulated waveform files from data\Waveforms_DDR4_Read folder as
shown in the following figure:
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|

[+ Enable Offline Processing Done |
—Source Waveform File (*.wfm / =.h5)
Clock Il_'l'I\DDF{-I_Cornpliance_Test_Eendﬂ_wﬂ{\data\Waveforms_DDF{-I_Head\CLK_DfFF_hE o Browse |
DQS Differential : IH_CompIiance_Teﬁ_Benm_wd(\data\Wave{onﬂs_DDH-i_F{ead\DGS_DTFF_DeIayed_hE o Browse |
Data (DQ)/Data Mask (DM) :Iult‘l-l_1 1\DDR4_Compliance_Test_Bench_wrk'data\Waveforms_DDR4_Read\DQ0hH5 .4 Browse |
M | Chip Select (C5) IafauhH_'l 1\DDR4_Compliance_Test_Bench_wrd\data"Waveforms_DDR4_CANCSOh5 o Browse |
CA/Command/Address : IafauhH_'l'I\DDF{-l_CompIiance_Test_Benderk\data\Wa\reforms_DDH-i_D‘\\CAD_hE o Browse |
DQS Plus: IDDF{-I_Cornpliance_Test_Bend1_wrk\datai\Waveforms_DDF{-I_Head\DQS_Delayed_hE o Browse |
DQS Minus - IIDF{-l_CompIiance_Test_Benm_wrk\data\Wa\réorms_DDH-i_F{ead\DQSb_Delayed_hE o Browse |
CLKPlus ||urt14_'| T\DDR4_Compliance_Test_Bench_wrd‘data"Wawveforms_DDR4_Read“CLKhE o Browse |
CLK Minus |||t'l4_1'I\DDF{4_Compliance_Test_Benm_wrk\data\Wavefonﬂs_DDH-l_F{ead\CLI-Q:_hﬁ o Browse |
In the DQS-related fields, load the delayed versions of the DQS data strobe signals.

The reason for doing so is:

a.  We will perform compliance tests on the input signals to the controller receiver
pins in READ cycle. These tests are considered as “WRITE cycle tests” for the
controller receiver pins, while DRAM DQ/DQS pins are generating the outputs
in the READ cycle.

b. For DDR4 WRITE cycle tests, DQS and D@ signals must be center-aligned.
Therefore we use the post-processing equation to delay the DQS signal by
0.5*Ul, which become the DQS_Delayed signal.

Under the Select Tests tab, select all Electrical Tests and Timing Tests, which results in a total of total of 66
tests. Then clear all the READ cycle tests, which will reduce the total amount of tests to 43, as shown in
the following figure:
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File View Tools Help
Dadl vl |&&e

SetUp SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |

B[] Al DDR4 Tests
i =[] Electrical Tests
=[] O Single-Ended Signals
[¥] 0 WRITE cyde tests
Select Tests

-] READ cyde tests
-[#] O Overshoot/Undershoot (Address, Control)
i @-[#]C OvershootfUndershoot (Data, Strobe, Mask)
=-[] O Differential Signals
&[] O WRITE cycle tests
H-[] ' READ cyde tests
) Timing Tests
i1-[#] O WRITE cydle tests
-[[] © READ cyde tests
-[w] O Clock Timing

a

[+

[

[

(Click a test's name to see description)

Limit Set: DDR4-2400 Test Limit

| 43 Tests |Chedc the test(s) you would like to run |Connection: Clodk Test Connection |

When the compliance test is complete, the results are available under the Results tab, and an HTML report
is available under the HTML Report tab.
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Task Flow _

SetUp

Select Tests

Configure

Run Tests

SetUp | Select Tests | Configure | Connect | Run Tests | Automation Resuits | Himi Report |

X Overshoot amplitude (Address, Contral)
@ Overshoot area (Address, Control)
X Undershoot amplitude (Address, Control)
@ Undershoot area (Address, Control)
/ Overshoot amplitude (Data, Strobe, Mask)
/ Overshoot area (Data, Strobe, Mask)
/ Undershoot amplitude (Data, Strobe, Mask)
/ Undershoot area (Data, Strobe, Mask)
/ VIHdiff.CK(AC)
(D) VIHdiff.cK(DC)
/ VILdiff.CK(AC)
(D vILdiff.cK(DC)
/ VIHdiff.DQS(AC)
(D) vIHdiff.DQS(DC)
7 VILdiff.DQS(AC)
(D vILdiff.DQS(DC)
7 VIX(EK)
(D) twPRE
(D twpsT
/ tjit(CC) Rising Edge Measurements
@ tCK(ava) Rising Edge Measurements
/ tjit(per) Rising Edge Measurements
@ terr(2per) Rising Edge Measurements
@ terr(3per) Rising Edge Measurements
@ terr(4per) Rising Edge Measurements
@ terr(5per) Rising Edge Measurements
@ terr(6per) Rising Edge Measurements
@ terr(7per) Rising Edge Measurements
@ terr(8per) Rising Edge Measurements

565, 560000000 mV
568, 710000000 mV
44,440000000 mV
5.651503000 mV-ns
-222.160000000 mV
0000000000000 V-ns
1.095270000000 v
-1.090750000000 v
518.940000000 mY

~786. 570000000 mV

~114. 708300000 mV

32ps

-18ps

Test Name | Maragi I Pass Limits

@;'\ESEH{SHtrobe} ) Information Only
@ VSEL(Strobe) Information Only
@ WSEH(Clodk) Information Only
@ WSEL(Clodk) Information Only

B -k <= 200000000000 my

Information Only

IEEE U <= 300000000000 my

38.9%.

97.2%

169.4%
100.0%
356.4%
354.5%
157.9%

227.7%

2.2%

61.4%

Information Only

VALUE <= 400.000000000 mV
VALUE <= 200.000000000 mV-ns
VALUE <= 320.000000000 mV
VALUE <= 100.000000000 mV-ns

VALUE »= Z*(VIHAC_CA _Volt-VrefC,|

Information Only

VALUE <= Z%(VILAC_CA_Volt-VrefC!
Information Only

VALUE »= 2*(VIHAC_DQ_Volt-VrefD
Information Only

VALUE <= Z%(VILAC_DQ_Volt-vrefD(
Information Only

-120,000000000 mY <= VALUE <=1
Information Only

Information Only

VALUE <=83ps

Information Only

42 ps <= VALUE <= 42 ps
Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

Information Only

<]

1

] 3

DDR4 Compliance Test Bench
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Task Flow _

46

SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Results Himl Report

Summary of Results

DDR4 Test Report
Overall Result:

~ TestConfiguration Details
| Device Description

|Burst Triggering Method  [DQS-DQ Phase Difference
TestMode [complance

SpeedGrade  [DDRé-2400

| Test Session Details
Infiniium SW Version  05.01.9040

Infiniium Model Number 89004
Infiniium Serial Number 1o Seria
Application SW Version  1.10.3002

Debug ModeUsed 1o
|Compliance Limits (official) DDR4-2400 Test Limit
[LastTestbate 1 [2014-07-27 13:32:41 UTC -07:00

DDR4 Compliance Test Bench



Known Issues

e Currently, the .hb output setup is for single simulation only. It is not possible to generate multiple
.h5 files using batch or parameter sweep.

e The About DDR4 Compliance Test Bench menu option opens an additional HTML page along with
the About DDR4 Compliance Test Bench dialog box. Please ignore it and close the page.
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