Detailed DDR Memory Interface and Test Solutions

- Visual Trigger, DDRA
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Memory Technology — Quick Overview

= DRAM - dominant memory technology
— Computer system memory SDRAM Standards

— Server, desktop, laptop Data
— Dynamic, volatile memory, plug-in DIMMs SDRAM Rate| Clock | VDD
— Embedded systems MT/S| MHz V
— Cell phones, printers, cars DDR-266 266 133 2.5
- Fixe‘d memory configuration DDR-333 333 166 25
— rDaltize,AgM driven by faster processors, faster data DDR-400 200 | 200 | 25
— DDRS3 now available at 1600 (1.6Gb/s) data rates LDz aby 400 200 16
— DDR3 over 2000 emerging(overclocked) DDR2-533 533 267 1.8
— DDR4 ~3200MT/S DDR2-667 667 334 1.8
= DRAM variants DDR2-800 800 | 400 1.8
_ LPDDR — Low Power DDR DDR2-1066 1066| 533 1.8
— Power savings for portable computing DDR3-800 800 | 400 1.5
— GDDR - Graphic DDR DDR3-1066 | 1066 533 | 1.5
— Optimized for Speed - faster access DDR3-1333 | 1333| 667 | 1.5

DDR3-1600 | 1600 800 [ 1.5
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SDRAM Standards

Appendix
SDRAM Device Evolution

SDR DRAM DDR SDRAM DDR2 SDRAM Qimonda DDR3 SDRAM
Data rate PC66, PC100, DDR200, 266, DDR2-400, 533, DDR3-800, 1066,
PC133 333, 400 667, 800 1333, 1600
x4, x8, x16 x4, xB, x16 xh, x8, x16 x4, x8, x16
33 (+/- 0.3) 2.5 [+/- 0.2] 1.8 (+/- 0.1) 15 (+/- 0.075)
WVTTL SSTL_2 SSTL_18 SSTL_15
2/h 4 L/8 8
1, 2, 4 8 (page) 2,4, 8 4 8 8 (chop 4)
None Single Ended (SE) SE and Differential Differential only
Wide envelope Narrow envelope 18 @, 0OCD calibration 34 Q, 2Q-pin cal

MoBo MoBo/ DT DIMM /Dynamic ODT
Read Latency (L=1),23 (L =[15), 2 25 B3) (L=1(2),3,45 (L=5,6789 10, (11)
- - AL=10,1,2 34 AL =0, CL-1, CL-2
0 1 RL-1 5,6,7,8+AL
Yes Yes Yes Yes
Interrupts Yes Yes Wr-Wr, Rd-Rd Burst Chop
4n only for Rd and Wr
TSOP-54 TSOP-66/BGA BGA BGA
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DDR Memory Trends

2400Mbps @ Speed

1866Mbps
Voltage
1600Mbps _

1333Mbps -

ﬁﬁﬁﬁﬁﬁﬁﬁ

‘01 ‘03 05 ‘a7

IDOY * VDD

256 Mb 1Gb 4 Gb 16 Gb
150 nm 80 nm 40 nm 10 nm class

DDR Market Adoption
— DDR2 Widely available in many speeds,
densities, form factors
— DDR3 speeds from 800MT/s to
1600MT/s(over 2000MT/s)
— DDR3 higher rates under development

DDR4 specification expected to be
released by Mid to late 2012 timeframe

High speed measurements techniques
and higher performance measurement
tools need to be applied

Parallel buses reaching the speeds of
serial technology :
Memory Clock speeds reaching >1GHz

— Tighter timing margins
— Crosstalk, impedance, and jitter
management

Courtesy Samsung
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DDR Analog Verification & Debug

Signal Access - Probing
= Requires easy but reliable physical connectivity
- Access to various measurement points on DRAM or Memory

= Requires maximum signal integrity
- Sufficient performance for signal speeds

Signal Acquisition

= Automatically trigger and capture DDR signals
- Identify and trigger directly on DQ, DQS in real-time to isolate Reads/Writes
- Automatically set voltage levels and data rates

= Capture long time duration at high resolution
- Direct connection to DPOJET for signal analysis

Signal Analysis

= Visual Trigger — EASY function of Trigger!!

= DDRA - Automated setup, read/write burst detection, JEDEC pass/fail meas.
= DPOJET - The most powerful Jitter, Eye and Timing analysis tool
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DDR Architecture

FEATURES

DDR (Double Data Rate)

Double-data-rate architecture; two data transfers per clock cycle

Bidirectional, data strobe (DQS) is transmitted/received with data, to be used in
capturing data at the receiver

DQS is edge-aligned with data for READs; center- aligned with data for WRITEsS

Differential clock inputs

Commands entered on each positive CK edge; data and data mask referenced

to both edges of DQS

Read and write accesses to the DDR SDRAM are burst oriented.

An AUTO PRECHARGE function may be enabled to provide a self-timed row precharge
that is initiated at the end of the burst access.

An auto refresh mode is provided, along with a power-saving, power-down mode.

Component
— DATA, STROBE, Control, Address, Clock, Power and GND

The double data rate architecture is essentially a 2nd prefetch architecture with an
interface designed to transfer two data words per clock cycle at the I/O pins.
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DDR2 Consideration

Fe ature MOt orn DD'R DDiR2 DDR2 Advantage
Packace TSOP FEGA onl Enables better electrical performance
g (66 pins) ¥ and speed
2.5W 1.80

voltage 5. 5w IFey 1.8 1Fc Reduces memory system powvver demand

D sities 128Mb_1Gb PEEMb—Z G High-density components enable large
memory subsystems

e e s a 4 and &8 1Gb and higher DDR2 dewices will hawve &
banks for better perforrnmance

Prefetclh > a Prowvides reduced core speed dependency

(NN WIRITE Bursit) for better yields

200 MHZ,

Z2aa MHzZ, 533 MHZ
Speced (Data Pimnd 233 MHz, A " Migration to higher bus speeaed
and

400 MHzZ

READ Laterncy 2, 2.5, 3 CLK CL + AL Eliminating one-half clock settings helps
CL=32=2 45 specd intermnal DRAM logic and improwves
wields
Additive Laterncy P AL options Mainhy used in server applications to
Posted CAa5) a, 1, 2, 3, 4 improwve command bus efficiency
WRITE Laterncy 1 clock READ latency - 1 Improwves command bus efficiency

DRA N on-dis

termination (ODT), OoDT for both memory and controller
_ _ rMotherboard - - - -
Termrirnation opticonal on- improwves signaling arnd reduces
parallel to WrT
motherboard system cost

terminatiocn

Data Strofbes single—ended D!ﬁerentlal or Improwves system timing margin by
simgle-ended reducing strobe crosstalk
184-pin DINRMDMN 20-pin IR N
unbuffered unbufferad
registeraed registered _
nModules 200-pin 200-pin :ﬂn;:iro:ed layout and pouvver delivery
SO DM A SO MW N 9
172-pin 214-pin
rATCcro IR MATcro P R
_ All DTs, MBS, Al DTs, MNBs, and _ _ _
Chipset Sopop ort and senvers cervers Adl major chipset providers
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DDR2 SDRAM

Advantages over DDR memory

= Faster memory
— DDR2 operates at 200 MHz to 400 MHz clock rates
— Faster data rates 400 Mb/s/pin to 800 Mb/s/pin

= |mproved signal integrity with On-Die Termination (ODT)
— Increased voltage margin
— Reduced over shoot
— Increased slew rate
— Reduced ISI (Inter-Symbol Interference)
— Larger data eye diagram

= Increase DRAM access flexibility
— 8 banks
— Additive latency

= Reduced power
— DDR2 @ 1.8 V versus DDR @ 2.5V
— Smaller page size reduces active power
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DDR3 SDRAM

= DDR3 SDRAM is a performance evolution and enhancement of SDRAM technology

starting at 800 Mb/s.
— DDR3-800/1066/1333/1866/2133
— Operating voltage 1.5 V(83% of DDR2)Increased slew rate
— Eight banks (DDR2 has four/eight banks upon the memory size)
— Use all four mode registers.
(DDR2 defined the first two mode registers two were reserved for future use.)

= DDRS3 data strobes DQS are differential
(DDR2 strobes could be programmed to be single-ended or differential )

= Active low asynchronous RESET# pin :
— Improve system stability by putting the SDRAM in a known state regardless of
the current state.

= Uses the same type of FBGA packages as DDR2 SDRAM.
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DDR4 Overview

= DDR4 specification expected to be released by Mid to late 2012 timeframe

= Primary benefits compared to DDR3 include
— Higher range of clock frequencies and data transfer rates
— DDR4-1600 MT/s
— DDR4-1866 MT/s
— DDR4-2133 MT/s
— DDR4-2400 MT/s
— DDR4-2666 MT/s
— DDR4-3200 MT/s

— Significantly lower voltage 1.05-1.2 V(DDR4) Vs1.2-1.5V (DDR3).

— In a notebook, the DDR4 module reduces power consumption by 40% compared to a 1.5V
DDR3 module

= Commercial products that support DDR4 are expected to be available in 2013

= Three signal integrity improvements
— Memory controller Tx and Rx Equalization.
— Connector improvements reduce crosstalk.
— Simulation is based on statistical analysis rather than an absolute eye.
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1Gb DDR SDRAM
Functional block diagram (256 Meg x 4)

4K Columns x 16K Rows x 4banks x DATA 4 outputs

x
5]
o

=
L L

MODE SEQISTERS

=

RN
ADDRESS
L

F] PO RaTING
DM RS LOaC 3{

- g BANH
AC-ATE, Im DOSESS - | CONTROL
aah, EAl REGISTER . Lo
COLUM N

I
I
l DECODER
| COLLKN-
k) AaCDREsS 11
| = COUNTERS
| Lamcn
| <
|
I

Mote 1: This Functional Block Diagram is intended to facilitate user understanding of the operation of the device; it does
not represent an actual circuit implementation.

Mote 2: DM is a unidirectional signal (input only) but is internally loaded to match the load of the bidirectional DCQ and DQS signals.
Mote 3: Mot all address inputs are used on all densities.

= ROW Address : AO~A13 (14EA)
=  Column Address : AO~A9,A11,A12 (12EA)
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1Gb DDR2 SDRAM Example
Functional block diagram (256 Meg x 4)

2K columns x 16K rows x 8 banks x 4 outputs = 1Gb
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r Y 4 4 Sd— DM
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Yy

Image courtesy of Micron Technology, Inc.
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I Banks
Multiple Banks in a DRAM

Address the internal banks with Bank Address (BAO-BA1) pins

<1>, <2>: For row active
<3>: For operation read and
write
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DDR (State Diagram)

CHEH

CKEL

Procedure

= Initialization

= Register Definition
. — Mode Register
;m; —  Extended Mode register

=  Commands
— Deselect
—  No Operation (NOP)
— Mode register set
— Active
— Read
—  Write
—  Auto Precharge
— Refresh

=  Operations
— Bank/Row Activation
— Reads
—  Writes

L]
|

Power Down
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DDR Procedure

< 1 > Initialization

POWER UP

— vDDQ(DQ Power Supply) : +2.5V £0.2 V. for DDR 200, 266, or 333
+2.6 £0.1 V for DDR 400
— VDD( Power Supply ): +3.3V £0.3Vor +2.5V £0.2 V for DDR 200, 266, or 333
+2.6 £0.1 V for DDR 400

After all power supply and reference voltages are stable, and the clock is stable,
the DDR SDRAM requires a 200 us delay prior to applying an executable command.

DESELECT or NOP command should be applied, and CKE should be brought HIGH.

All BANK To be Idle
—  Following the NOP command, a PRECHARGE ALL command should be applied.
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DDR Procedure
< 2 > Register Definition

_H SRR

= 14,—"13 12,711 10,8 78 77 & 5/4 3 2 1 -:-Ejuo:eqegi;h,r

Cperating WMods | casLatency | o7 | Bumst Lengh

=5 Sus

'
Burst Length
= BEA&A1 and EA&D muss
be O, O bo select the ST AT 83 =0 a3 =1
meoEE register fvs. the o [a] Res=rved Fe=sensed
extmnded mode regiss=rl o o = =
o 1 4 -
o 1 E a
1 a Fles=rved Fesenrad
a Fles=rved Fesenrad
1 Ressrved Fe=senaed
1 Ressrved Fe=senaed
a5 Eaurst Type=
[a] Sequ=ritial
1 Inz=rizenved
e Az as |ooe oo ads | THEASTE Y
0 [ ] [ ] Fimgere=d Feseree =
o [a] 1 Fesery =d FResemnned
o 1 [a] = 2
) 1 1 3 (Dptional 3
1 [a] [a] Fesersed Resers d
1 a 1 1.5 lepticn=l} optione
1 1 a 2.3 2.5
1 1 q Fie s =d Resernved
& - AR as | A SE-AD Op=ratirg Mode
o Walid Flarmme Diperatic
o 1 mlid Flarmme Diperaticny Flesmet 1DLL
o o 1 WE Wendor Specific Test Mode
- - All othesr shatms nesersed
Hin = maoss sicnificent address bit for this device.
we mndior Specif

Mode Register
(BAO = 0 and BA1 = 0)
- The Mode Register is used to

define the specific mode of
operation of the DDR SDRAM.

- Mode Register must be loaded
when all banks are idle and
no bursts are in progress

1. Burst length : AO~A2

2. Type of burst : A3
(sequential or interleaved)

3. CAS latency : A4~A6

4. Operating mode :A7~A13

(A12 on 256Mb/512Mb, A13 on
1Gb)
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DDR Procedure

BURST DEFINITION 1. Burst length  : AO~A2
Bust | Sterting Order of Accesses Within 2 Burst = Read and write accesses to the DDR
S | dawe TR O |meomem SDRAM are burst oriented
2 o 0-1 -1
1 1-0 1-0
A1 A0 = The burst length determines the maximum
0 0 0-1-2-3 J-1-2-3 .
. — —— —— number of column locations
T o 2-3-0-1 2.3.0-1 (for a READ or WRITE command)
1 1 2-0-1-2 3-2-1-0
A2 A1 AD
o 0 u} 0-1-2-3-4-5-8-7 0-1-2-3-4-53-8-7 .
SR T R E e S O = Burst lengths of 2, 4, or 8 locations are
0 1 0 |2-3-4-5-6-7-0-1 [2-3-0-1-6-7-4-5 available for both the sequential and the
G SR Eenechitbuntblll et interleaved burst types.
1 0 0 4-5-5-7T-0-1-2-3 4-5-5-7T-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-5-1-0-3-2
1 1 0 |&-7-0-1-2-3-4-5 E-T-4-5-2-9-0-1
1 1 1 7-0-1-2-3-4-5-5§ 7-6-5-4-3-2-1-0 2 BurSt Type
MNotes:
1 et block, AD saiects the firet sceass wininthe blak ™ Burst type is selected via bit A3

2. For a burst length of four, A2-Ai selects the four-data-ele-
ment block; AD-A1 selects the first access within the block.

3.  For a burst length of eight, A3-Ai selects the eight-data-
element block; AD-AZ2 selects the first access within the
block.

4. Whenever a boundary of the block is reached within a given
sequance above, the following access wraps within the
block.

Sequential(0) or interleaved(1)
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DDR Procedure

3. Read Latency (CAS Latency)- A4~A6

= The READ latency is the delay, in clock cycles, between the registration of a READ
command and the availability of the first piece of output data.

= For DDR200, DDR266, and DDR333: 2 or 2.5 clocks
= For DDR400: 3 clocks

TK —

ST Ty Y e T W e
Gk B N N N N N N N N
I I | | | I
COMMAND @ nNOP NOoP woe now nNowe
CL =23
Das \\ ,I B A \
pa R R K D

Burst Length = 4 in the cases shown

"a .
DONT CARE
Shown with nominal tDQSCK ,4‘

4. Operating Mode

= The normal operating mode is selected by issuing a Mode Register Set command
with bits A7~A13 each set to zero, and bits AO~AG6 set to the desired values.
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DDR Procedure

Address Bus = Extended Mode Register
BA1 BAD A13 A12 A1 A1D A9 AS AT A6 AD A4 A3 A2 A AD

ARRAARRRARERAAL (BRO=1andBAL=0

‘ '5‘/'4/13/12/”/10/ /818 5 8/3/2/ 170/ extences - These additional functions include
o= | 1= Operating Made 0™ DS DL : H
Mode DLL enable/disable (for locking),
Register . i
+ BAT and BAG o oo output drive strength selection
must be 0, 1 to select the o | Enabie (optional)
Extended Mode Register (vs. the ; - ]
base Mode Register). Jsable - Mode Register must be loaded when
** A2 must be 0 to provide . .
compatibility with early DDR A1 | Drive Strength all banks are idle and no bursts are in
devices 0 Normel progress
1 | Weak (optional)
- 1. DLL Enable/Disable
0 See note = - The DLL must be enabled for normal operation.
- DLL enable is required during power up
initialization
- DLL Reset : 200 clock cycles must occur
An-A3 | A2-AD | Operating Mode before any executable command

0 Valid Mormal Operation

2. Output Drive Strength *
- Normal / Weak (optional)

All other states reserved

* Output drive strength: about V-I characteristics spec.
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DDR2 Procedure

< 2 > Register Definition

EEQ 5,:,:|.i.15~.i.1sl ‘-1EI.A11| mol Ao Aal ar ] ae] s me [ s ] mo ] | o] AcdressField

LT

[ oo o IPD| WR_ [oiL] ™| TASLatency | 7| Busilengh | Mode Register
| | & |
As | DLLReset| || A7 | mode As | Burst Type | BurstLength
0 No 0 | Normal 0 | Sequential | | Az| A1| Ao| BL
1 Yas 1 Test 1 | Interleave [ |0 |1 (0] 4
v 0118
A Aa:ltiv.e power down | Write recovery for autoprecharge
exlttlme An| Awn| As| WR(cycles) As| As| A4| CAS Latency
F] ﬂFastexln e borm) 0|0 |0 Reserved | 0100 Reserved
| | Slow exit (use taros) 0 o I 2 §\\ BEE Reserved
01110 3 EQB 01110 2(Opfional)
BA1l BAOl  MRSmode | 0 | 1 |1 4 D%g 01 0| 1] 1 [3(speed bin determined)
00 MR 10 ]0 5 2al1]0 |0 4
0|1 EMR(1) 1 101 b 110 | 1 [5(speed bin determined)™
|0 AL || 10| Reserved 11110 I6(speed bin determined)*
|1 EMR(3) I | 1 |1 Reserved
T Reserved

Mode Register
(BAO = 0 and BA1 = 0)

1. Burst length : AO~A2
2. Type of burst : A3
(sequential or interleaved)

3. CAS latency : A4~Ab6
4. Test Mode : A7
5. DLL Rest : A8

6. Write Recovery Time :A9~A11
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DDR2 Procedure

EMR(1)

[BAfemmanf - an (A An | Am | A [ A: [ A1 | & | A5 | A1 | As | A2 | A1 | ag | AcdmessFied

[TTo[ 1] o" [oe=[roos|oes| oCDpogem  [Rt | Addivelstency | rat | DG [ DLL | Bvtended Mode Register
|
T [HoMBaL)
¥ AG| AZ| R
BA1| BaD MRS mode o 0 |ooT Disablec‘ A DOLL Enable
] 0 MR o 1 750 I 0 Enable
0 1 EMR(1) i |0 1500 | 1 Disable
1 | 0 EMR(2) HE son? |
1 1 EMR{2) Ad Qutput Driver
Impedance Control
1] Full strength
A9 A8 A7T| OCD Calibration Program ” Reduced strength
0 o 0 |2CD Calibration mods exit; maintain setting \
0 o 1 |Drive(1)
— As| A4| A3| Additive Latency|
0 1 0 |Drive(D}
p 0 0 - = 0 ] 0 0
Adjust mode a 0 1 1
1| 1| 1 |OCD Calibration default ™ THERE 5
1] 1 1 3
— 1 o o] 4
®| A12 | Qoff (Optional)™ ,
1 o 1 5 {Optional}
u] Cutput buffer enabled p ; P 2 .
1 Cutput buffer disabled SSETVE
1 1 1 Reserved
- 810 DQs
1] Enable
1 Disable
A1l A0 Strobe Function Matrix
—®=| A11 | RDQS Enable"™ (RDQS Enable) | (DQS Enable) [ RDGS/OM | RDGS | D@s | Das
i} Dizakle 0 (Disable) 0 [Enable) DIkt Hi-z oas Das
1 Enable 0 (Dizable) 1 (Disable) Dt Hi-z DQs Hi-z
1 (Enskble) 0 (Enable) ROQS ROQS DQs Das
1 {Enakble) 1 (Dizable) RODQS Hi-z DQs Hi-z

EMR(1)

(BAO = 1 and BA1 = 0)
1. DLL enable or disable : AO
2. Strength output drive :Al
3. Additive latency: A3 - A5

(sequential or interleaved)

4. OCD control: A7 - A9
5. ODT setting: A2 and A6

DLL enable is required during
power-up and initialization

EMR(2)
- High Temperature Self-Refresh
Rate Enable mode
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DDR2 Procedure

ODT (on-die termination)

= ODT feature is designed to improve signal integrity.
=  For DQ, DQS, DM signal

VDDQ VODQ  VDDQ EMR(1)
lsv » L"\-swz |..‘.\_‘.5W3 A6 | A2| Rit(nommaL)
| | | 0 | 0 |ODT Disabled
DRAM 1 | 0O 150 Q
Input ]J’ % + Igﬁ,:” -
Buffer 1 1 50 Q2

“ Rvall . Rval2 “. Rval3

{"jswz l sw3

VssQ VssQ VssQ
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DDR Procedure

Initialization and Mode Register Sets

voo T

WDDGS DD =D

WTT
{=yastem®*] ————F

WREF I_.- pem—
aTE | ICL
TR — —, e 1 [ — — —
L = ae I B 1k :II:I :I: 13
CHE LWCRICHS LW LEVEL ) w j‘?{lifﬁ ¢"JE-?_—?
us| aH | |

COMMARND m — i@(
DV /"ﬂﬁﬂﬁﬁﬁi
el A S A S S P . ”TW’?’””E{ e X e D
y | i | | |
s LI & T ,rﬁ_qcrwmgs: = N
' N . 1 H=| HE 1 II= I|=
R A 0 ) [~ | AP P A Pl R o

| I
AP T AT Z 77 7P 7
| | |

T =300 s

I == thIRC =P =S RAFS == {RARD

Power-upc

* 2D cypcles of Gk |

WD =ned
Load
CLK stabla Mode
Register

pwith A3 = L)

a DONT SARE
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DDR Procedure

< 3 > Commands

TRUTH TABLE 1a = Commands

(Notes: 1, 11)

NAME (Function) CS |RAS|CAS|WE | ADDR |NOTES
DESELECT (NOP) HIX[X|X X 9
NO OPERATION (NOR) L|H|H[H X 9
ACTIVE (Select bank and activate row) DL Bank/Row | 3
READ (Select bank and column, and start READ burst) | L [ H W LY H | Bank/Col | 4
WHITE (Select bank and column, and stat WRITE bwsf) | L | H \L kL ) Bank/Cal | 4
BURST TERMINATE LIH|{H|L X 8
PRECHARGE (Deactivate row in bank or banks) LI L|H|L| Coe 5
AUTO refrash or Seff Refrash (Enter seff refreshmode) | L | L [ L | H X 67,12
MODE REGISTER SET L L L|L|OpCode | 2

TRUTH TABLE 1 = DM Qperation

NAME (Function) OM | DQs | NOTES
Wiite Enable L | Vld 10
Write Inhibit H | X 10

CKE is HIGH for all commands shown
except SELF REFRESH.

BAO~BA1 provide bank address and

AO~A13 provide row address and
column address

A10 LOW: BAO~BA1 determine which
bank is precharged.
A10 HIGH: All banks are precharged
and BAO~BA1 are "Don’t Care.”
CKE is HIGH : AUTO REFRESH
CKE is LOW : SELF REFRESH
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DDR Procedure

Consideration of Commands (Truth tablel)

DESELECT

- The DESELECT function (CS = High)
prevents new commands from being
executed by the DDR SDRAM.

NO OPERATION (NOP)

- The NO OPERATION (NOP) command is
used to perform a NOP to a DDR SDRAM
which is selected (CS is LOW)

MODE REGISTER SET
- The MODE REGISTER SET command

can only be issued when all banks
are idle and no bursts arein
progress

ACTIVE

- The ACTIVE command is used to activate
a row in a particular bank for a subsequent
access.(BAO,BA1 and AO-A13 for ROW)

READ command

- To initiate a burst read access to an active

FOW.

- Selects the starting column location.

- A10 determines whether or not auto
precharge is used.

- If auto precharge is selected, the row
being accessed will be precharged at the
end of the read burst

- if auto precharge is not selected, the row

will remain open for subsequent accesses.
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DDR Procedure

Consideration of Commands (Truth tablel) cont’

WRITE command
- To initiate a burst write access to an

active row.
- Selects the starting column location.
- A10 determines whether or not auto
precharge is used.
- If auto precharge is selected, the
row being accessed will be precharged
at the end of the write burst
- if auto precharge is not selected,
the row will remain open for subsequent
accesses
- .DM (Data mask) : LOW
Data will be written to memory
.DM (Data mask) : HIGH
Data inputs will be ignored

N\

\l Row Address

Density \Cnlumn Addresy , :
X16 | X4
B4 Mb Al=AT Al=AR Al=A0 Al=A11
128 Mb Al=AB Al=A0 A0=A0 A11 Al=A11
256 Mb Al=AB Al=A0 Al=A0 A11 Al=A12
512 Mb Al=A0 Al=A0 A11 | AD= A2
1Gh Al=A0 Al=A0 A1( | AD=A0 A11 A12

Table 4
ROW-COLUMN ORGANIZATION BY DENSITY
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DDR Procedure

Consideration of Commands (Truth tablel) cont’

o A | —

HIGH

o oo | Loz

s 220 | g2z
I
cas L | ez
I
A0-45 A1T1T-A13 7 : ‘/:
ALL E.fl-h =5
A /%;hE E#r—.l"‘w
I
Ba0,1 /’% s 222
[~ =DonT cars
BA = Bank Address (if A10 is
LOW, otherwise "don't care’)
Figure 31

PRECHARGE COMMAND

PRECHARGE

- To deactivate the open row in a
particular bank or the open row in all
banks.

- A10 determines : one or all bank

- Once a bank has been precharged, it is
in the idle state and must be activated
prior to any READ or WRITE commands

AUTO PRECHARGE
- Without requiring an explicit command.

- This is accomplished by using A10 to

enable AUTO PRECHARGE in
conjunction with a specific READ or
WRITE command.
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DDR Procedure

Consideration of Commands (Truth tablel) cont’

= REFRESH REQUIREMENTS

- The DRAM memory cell needs to refresh

to avoid losing its data contents.

- This requires refresh of the capacitor
before it loses its charge.

- DDR SDRAMs require a refresh of all

rows in any rolling 64 ms interval.

- For example, a 256 MbDDRSDRAMhas
8192 rows resulting in a tREFI of 7.8 ps.
(To avoid excessive interruptions
to the memory controller :

maintain 7.8 us average refresh time)

AUTO REFRESH

- The refresh addressing is generated by
the internal refresh controller.

- This makes the address bits “Don’t Care”
during an AUTO REFRESH command.

SELF REFRESH

- To retain data in the DDR SDRAM,
even if the rest of the system is powered
down.

- The SELF REFRESH command is initiated
like an AUTO REFRESH command except
CKE is disabled (LOW)

- To save power (as like power down mode)
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DDR Procedure
Commands

Activate command sets

the row address

Activate Command

ADDRESS 7/// Row ’//d
BANK ADDRESS ///X Bank ///)

DON'T CARE

CA = column address

BA = bank address

EN AP = enable auto precharge
DIS AP = disable auto precharge

Read or Write command sets
the column address

Read Command

c«e )

ost Y LI
rast /) X
enst /I L
wee /) N
S,

ENABLE

AUTO PRECHARGE ///

DISABLE

()

ADDRESS [/,

S
S

S
S

BANK ADDRESS

S
N

Write Command

/Y
wse J77 | UL
st Tl | M7
/W
ADDRESS WW//
w0 T

DIs AP

|
BANK ADDRESS /777 8a /1177

Image courtesy of Micron Technology, Inc.
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DDR Procedure

< 4 > Operation

BANK/ROW ACTIVATION

Activate Command

CK

CKE

AD-A13

BAD,1

— —

—_—
A

HIGH

70,

s

/2

7

Clock

=  ACTIVE command selects both the

Clock Enable
Chip Select
Row Address Select

Column Address Select

Write Enable

Address Inputs: A0-A13

Bank Address Input: 0, 1 for 4 banks

bank and the row to be activated.

Tektron/iX@



DDR Procedure
Reads

Reads Command

CK
CK

TN

HIGH

SN/ A/ /4

\
\

Read Burst(DDR2)

Two data transfers per clock cycle
Reads Burst

o T0 L T
K T ----- \\ T
COMMAND %ACTIVEnW READ
DQS,DQS#‘-----‘- -------------- ‘ ----------------------------
‘ ‘ tRCD (MIN)
DQ | | Y. \ ot 1/ Do % i o
(AL;Z ) R n_/a\on+ n+ n+
N’ '( RL=5 ) N/ W
\_/
BL=4 . =3 Burst Iength of 4 or 8
Shown with nominal tAC, 1DQSCK, and 'DQsQ Al=2 data bitS per rea d
WL=AL+CL=5
command

Edge aligned read data with data strobes DQS
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DDR Procedure

Writes

writes Command

DD G
CKE  HIGH
SN/ AW /7,
L7 | NS
oAS
WE

*AD=An 3&%% %

= 2

A7 S/

|

Write Burst(DDR2)

Two data transfers per clock cycle

Write command P N

CE:—f \I\ *\'& T ______ Y \, 1 \.\

COMMAND@(ACTNHW mWRITEnW ﬁ( NOP )0 M NOP W% NOP W &( NOP W/ é{ Nop W &( Nop >€

1RCD (MIN)
[ prmessinaeees . oo | preeees .
DQS, DQS# ' : b : b /
AL=2 d-hz ) I I
o N’ w y
bQ DX wer I mea ) s )
Cwonan)
\/
BL=4 cL=3 Burst length of 4 or 8 data

Al=2

WL=AL+CL-1=4 bits per read command

Center aligned write data with data strobes DQS
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DDR Procedure

Reads Burst

= Read Burst (Normal)

= Consecutive Read Burst

= Non-consecutive Read Burst
= Random read Accesses

= Read to Write

= Read to Precharge

Writes Burst

=  Write Burst (Normal)

=  Write to Write

=  Write to Write (non-consecutive)
= Random Write

=  Write to Read (non-interrupting)
=  Write to Read (interrupting)

=  Write to Precharge

CKE

COMMAND

Power Down

CKE LOW and a stable
clock signal must be maintained.

The power-down state is synchronously
exited when CKE is registered HIGH

T T2 T3 T4 Tn

D 5 G5 a5 a5 (D

=

Tn+1 Tn+2 Tn+d Tn+d Tn=5 Tn+o

T

hs

.

Y

S

n progress

Enter power-down
mode

P YUY ==

Mo golumn moosss

Exit power-down

miode
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JEDEC Standards

- Electrical Timing Parameters

AC CHARAGTERISTICS DDR400A DDR400B (3-3-3) | DDRA00C (3-4-4) Paramatar Byt (— - unis | P
(25.3.3) . _ ‘ min s - —
CK high-Tevel width TH | 045 [ 0% | 045 [ 0% | 0465 [ 0% | tK i, e e e M S B
CK low-level width tL 045 095 04 .05 045 0.0 tCK K, LOW pastsm widlh = 045 YT was | s | e
CK haﬂ period tHP miﬂ m-n [ﬂin ns 24 25 i command o DOS associted dock adge Wi Rl - RL-1 (1=
[m_’ ?SH] [tCL tCH] |:TG|.. tCHI E:i whing rising Pansticnm b assocte ook IDGES <025 0Is 035 0 [F= .4
Clock cycle time CL=3 10K 2 [k 2 I3 2 13 ns 30 /1% faling sdga i CF salup tims DEE (% X a2 P i
C|_ - 2.5 TCK 5 12 E 12 6 12 ns 30 335 Rl i Bold lime fom CK [le=2 a2 % 0z X [F=3
CL=2 - - D35 inzut HIGH puse widh DOEH 035 % 035 x (=
1CK 73 12 75 12 73 12 ns 30 D08 e LOW petes width DGE 235 x 13 ¥ =
DQ and DM input held time tH 04 04 04 ns A e —— mrRE | 035 ‘ 025 s =
DQ and DM input setup tme 05 | 04 04 04 5 3 e T T e
DQS-DQ Skew (for DAS and TSOP Package | tDGSQ +04 +0.4 +04 ns 26 [T p————r—y— aHibess) | 475 : s " = | simm
associated DQ Sigﬂah) BGA Pagkage m;} +0.4 104 04 ns 26 ool A Baddrmss impal suse wilth for mach iopal 1 [T] % g " =11
Data Hold Skew Factor (for DAS  TSOP Package | 1013 05 1035 05 5 % R e : 1 o I v
and associated DQ Signals) BGA Package taHS +.9 +0.2 +0.9 ns 2 D3 ared DA el B tires [l Paimntal sboke) | U] o5 % s u | eTEN,
Wite preamble fWPRE | max(0.2* max({.25 max(l.2a ns — f”
tCK 15 ,ICK: 15 'TCK, 15 E'J arst -_'M|-||_I vz | i g b= el W bea| Qstll.uu %5 % 75 ® [ a .1.:.,)5
ns} I'\S] ITS} DO -_Ml-u_l Bl time [5iSg e-ended slioke) | TIH |-|.m.- %5 % -5 5 = arEm
. . - D0 st Db ool ounsan wisits ber mach i=pol i 088 % nas ¥ (i=
Address and Control input hold time (fast slew rate) iH 0.6 0.6 06 ns 15,28 PP S—— = = 0 - P
Address and Control input setup fime (fast slew rate) S 06 06 06 ns 19,21-8 [T P T—— Cosce | 500 - 500 s | v | g
Address and Control input hold time (slow slew rate) tH 07 07 07 ns 05 D 45 High-Impwtuce S fros CHIGK e : AL s : eoma | =
- - - DOSHTOS) ke inpeiance e fom CRICK WEDOS8 | s mis 1AL s 1AC min T e (2] 18
Address and Control input setup fime (slow slew rate) | 1S 0.7 0.7 0.7 ns 08 i ST [T ey prepmme e =
Read preamble CL=3 tRPRE 09 11 ] 11 09 11 tCK 28 n D800 shir Faf DOS and axsocabed DO ughals| 0390 ¥ 250 2 200 [ 13
CL=25 09 11 na 11 09 1.1 tCK 28,33 K s wdts W | e " L ¥ = | ne
CL=20 09 11 IE] 11 0:9 1.1 tCK 28,33 TH) H)
CL=15 N/A N/A N/A N/A N/A NiA [Ty —— e P ) " 4w ™ 2
DODOS autsi! hald Sina fram DOS 19H HP . H2HE % LA ¥ =
R piaasbin IRPRE (=t} 11 ag 11 ICK 1w
Fimacd poslamsie wReET od aa 04 [ ] (1= bl
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JEDEC Standards

- Clock Parameters

Parameter Symbaol min max Units
Absolute clock pernod ICKi{abs) tCE{ava),min + tJIT{per),min tCK{avglmax + tJIT{per),max ps
i ) . tCHavg),min x tCK{avg),min + tCH{avg). max x ICK{avg),max +
Absolute clock HIGH pulse width tCH{abs) - ) . ]
B A0S tJIT(duty),min tIIT{duty), max P
. - . T \ +
Ahsolute clock LOW pulss width tCL{abs) tCL{avg),min x .C_K{:_wg]:mln tGI_{avg]:ma:fc ® t;K{avg;.max ps
tJIT(duwty ), min tJIT {duty ), max
DDR2-667 DDR2-800
Parameter Symbol Units | Notes
min max min max
Clock period jitter tJIT(per) -125 125 -100 100 ps 35
Clock period jitter during DLL locking period WIT(per,Ick) -100 100 -80 a0 ps 35
Cycle to cycle clock period jitter tJIT(cc) - 250 250 -200 200 ps 35
Cyc!e to cylcle clock period jitter during DLL tIT(cc Ick) 200 S00 160 180 ps 15
locking period
Cumulative error across 2 cycles {ERR{Zper) -175 175 =180 150 ps 35
Cumulative error across 3 cycles tERR({3per) - 225 225 175 175 ps 35
Cumulative error across 4 cycles tERR{4per) - 250 250 -200 200 ps 35
Cumulative error across 5 cycles tERR({5per) -250 250 -200 200 ps 35
Cumulative error across n cycles, {ERR(6-10per) | -350 350 -300 300 ps | 35
n =6 .. 10, inclusive
Cumulative error across n cycles, {ERR(11-50per) |  -450 450 -450 450 ps | 35
n =11 .50, inclusive
Diuty cycle jitter 1N Ti{duty) -125 125 -100 100 ps 35
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Band #1|Band #2 Band #3
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DDR Signal Separation
Hard work for Read/Write separate

"

\\\\\\

Complexity of DDR DQS,DQ with DPX

DDR2-800 DQS

=  Complex Command Structure
— Column/row activate followed by reads
or writes but not always
— Refresh commands mimic read access
— 4,8, 12, 16+ bit reads/writes intermixed
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DDR Signal Separation
DDR1,2 READ/Write separate — H/\W Trigger [Pin Point Trigger (Runt + Runt)]

Trigger « Runt A Runt «= Triggar on nth avert ««8 Aurt « Acqae
R

Trigger Type
W Runt v

Trigger - Runt

Trigger Typo
M Runt v

Trigger - A>B Sequence

A only
Athun B

i o Toe g un it Event

- &
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DDR Signal Separation
DDR 3 [Window]

= Trigger directly on DQ, DQS in real-time to isolate Reads/Writes

= Window trigger polarity control easily separates DDR3 Reads/Writes
— DDR3 Reads are identifiable by the Strobe leaving tri-state and going low
— DDR3 Writes are identifiable by the Strobe leaving tri-state and going high

i S rn ! / MNWHI _ﬂ%n&%wm ] e
L LU LLE - ‘

: | ‘ ) [ Y fT:| rL‘H A f ™ I’/”M'
| ﬁ (3 /i fi Hﬂ f\ d ﬂ\ Jﬂ | \ 'P( ﬂ |
| w{“"\““” "'\w“r - ST |
i \ | , | | | R

f \ /]
ALY

( indo 1(40.0ns s0.06s/s 200psipt | Ly
Ru Sample
278 acgs RL:20.0k
Man  January 21, 2008 16:38:48 4.0ns

| @ ®=® window 40.0ns  50.0GS/s 20.0psipt
Ru Sample
45 acqs RL:20.0k
Man January 21,2008  16:38:54
Trigger - Window L. 2
Lk rigger - Window
Trigger Type I Window Event
Trigger Type Source Window Event
Window ¥ v er Level 4 Inside > t \
Window v Ch 1 A Upper Level 4 Inside > t

Polarity 400mV *
Y -

Settings

Polarity
Lower Level-1 -
G z Pos
Wvidth
Shares | ¥ Settings (Tnee)
= —
pshared . Either
—

DDR3-800 Write

DDR3-800 Read
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New - Visual Trigger Concept:

= User Request: | want to easily “draw” on my scope graticule to define an area
of interest & set up trigger conditions

= Assign channel inputs to areas, and relationship between Areas

— Four analog input channels currently supported
( Future enhancements may also include Math, Ref, Digital waveforms and/or Bus (TBD))

— Each Area may be defined as “Must Exist/ Keep In” or “Must Not Exist/ Keep Out”
— Boolean equation editor defines relationship between multiple areas

Want to easily “draw” 11l

TRIG = Width(C1) AND ([C1 IN A1] XOR [C1 IN A2])
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New - Visual Trigger Feature

= An area drawn on the graticule can be used for:
— Zoom
— Histogram
— Gating
— Defining a Visual Trigger Area
— Note: Visual Trigger acts as

a qualifier to a hardware trigger
(e.g., Edge or Window trigger)

Zoom 10n
Zoom20n
Zoom 30n

Zoom 4 On

= Currently a “box” drawn on the scope

Histogram Vertical

gratiCUIe Histogram Horizontal
(with mouse or touch-screen) defines an easurementGating
area fOI‘: nly if matches this conc

" [
ge s Visual Qualifier On
| Thiat Add Visual Trig Area
= I
HideVisual Trig Areas
n

] "
Cancel I
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New - Visual Trigger (Unique Features)

= Right click on Area for control menu

= Areas can be easily moved or re-sized after drawing
- Grab corner with mouse or touch screen
- Vertices are shown in Time (horiz.) and Volts (vert.) while re-sizing

usssies | Hoip (R

|‘|‘|‘J‘\IH|||“‘J‘HE i |-I “\ i

((C1 OUT A1) & (C1IN A2))

Easly Moved or re-sized 1!

Visual Trigger 2 ) “‘\JV \»\ﬂ\
o Trigger only if matches this condition “- / 7 \ \
Trigger \ o
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New - Visual Trigger (Unique Features)

= Up to 8 areas may be used at once
- One input channel assigned per Area

- Multiple shape types available :

— Rectangle — Hexagon
— Triangle — Trapezoid

= Equation Editor Control Window — select from right-click menu

N Qualification Expression Editor

Visual Qualification |((C10UT A1)& (CTIN A2) & (C10UT A3)
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Visual Trigger Feature — DDR Eye Example

= “Before VT~ eye - Visual trigger turned off. All ranks are shown.
PinPoint window HW trigger to detect start of Write burst.

File | Edit | Vertical | Digital | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze

(CZ OUT A3)

ven
Visual
L7520 — Visual Trigger M [(C20UT A3

Tektronix-
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Visual Trigger Feature — DDR Eye Example

= “After VT eye - Visual trigger enabled. DQ has to stay outside the hexagon. 2
keep out areas on the strobe (Ch1). Now, only the target rank is shown.

&I 226mVid 500 By:12.0G

@F» 100mV Offset:750mV 500 Bu'g:'lZ.OG

Visual Trigger

Trigger only if matches this condition

D nth event
B Event
Window 4
Ch1 |

Visual

A Event A>B

— Visual Trigger W |([[C2 OUT A2) & (C1OUT AT)) & (CT OUT A2))

s IT 1.0ps/pt

957 acqs
Cons June 23, 2011

RL:1.25k
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Band #1|Band #2 Band #3

Customized DDR Measurement Software

(DDRA Analysis Software)
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DDR Analysis

Option DDRA: Oscilloscope-based DDR tool that
accelerates the validation of high-speed DDR memory bus
interfaces

= Auto-configuration Wizard Guides Easy Setup and Test

= Analyze All Read/Write Bursts in the Entire Acquisition

= Plot DQS and DQ Eye Diagrams for Reads and Writes

= Perform JEDEC Conformance Tests with Pass/Fail Limits

= Use Chip Select to Qualify Multirank Measurements

= Easily Move Between Conformance-test and Analysis/Debug
Tools

= Automatically Produce Consolidated Reports with Pass/Fail
Information, Statistical Measurement Results, and Test-setup
Information

Validation of DDR, DDR2, DDR3, LP-DDR and GDDR
in one tool
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MSO / DDRA Integration Approach to Burst Detection

= Use MSO’s Logic Pattern or Logic State triggering on the DDR control bus signals (CS,
RAS, CAS, WE, etc.) to capture the desired burst type.

= Availability of the DDR-specific bus definitions with DDRA are made available using the
(configurable) symbol table.

= The existing ASM wave shape filters (Analog DQS/DQ method) are then used to delimit
the exact burst edges.

= Using command bus state, specific transactions can be isolated by MSO
— For example, locate only Reads from a specific memory rank
— Advanced Search & Mark on analog signals is then used for fine burst positioning
to gate measurements

Burst Detection Method
DYDGS Phase Alignment
Chip Select + DQ/DQAS Phase Alignment
*  Logic State + DQYDQAS Phase Alignment

I 3
L

1 M
=DQ
W RAD
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Support for Multiple DDR Generations

52

JEDEC Standards specify unique measurements & methods

DDRA = One Application SW Package
— DDR
— DDR2
— DDRS3
— LPDDR
— LPDDR2
— GDDR3
— GDDR5

DDR Analysis

)
l 1 IGermaﬁon, Rate and Levels

E Measurements

B Sources

n Burst Detection

| 5 | Thresholds and Scaling

JEDEC Sandard Mo, T8.3C
Table 65 — Timing Parameters by Speed Bin {(Cont'd) Page 154
NOTE:  The following general notes from page 170 apply to Table 63: Nete a. VDD =VDDG = 1.5V +. 0.075V
DDRI-500 DDEL-1066 DORA-1553 DIOES-1600
Faramster Symbol Alim Max Alim Max Min Max Min Max Units Notes
Crmulasyve exver aczoss § ovcles tERR(Eper) -M) 41 =217 n? - 193 193 - 182 159 P
Crmnizlazive efvor aczoss @ eycles tERR(Sper) « 24 49 - 214 f2T] < 20 ] =175 175 ol
Crmulasive erver scross 10 cvebes (ERR 10per) - 257 257 - 251 pi]] - 205 X5 - 180 ] Pt
Cromulacive eqver aczoss 1 cyeles tERR(] I pes) - 263 263 - 137 137 - 210 200 - 134 134 i
Crunuslaive emmor across 12 cvcles TEREY ] 2pes) ] 269 -2 2 BH 5 53 158 P
Crmmslanve ervor acncasn= 13, 14 4%, | tERPinper) ‘ERRimperinsn = (1 + 0.68k{n}) * TTT(per min =] 24
50 cyches "ERFinperiax = (1 + 0.5%knin)) * TITiperimax
Data Timin
00 150 115 ] B 13
038 E 038 E 038 . 0.38 Whirg) | 15,2
] S0 - 500 300 = 500 pi0] 450 pii] P 13,1
DDR Generation Data Rate 0 - o - 50 - 25 i 13,148
DDR v 333 MTls v e = B L B Al
DDR2 150 100 83 ] Pt 41
DDR3 Vref &0 50 200 360 P %
LPOOR
LFDDR2 It + JEDEC Default 09 Note 19 [E) Nowe 19 09 Mo 19 (K] Note 19 | oCE(ave) |13,18. 2
GDDR3 03 Note 11 03 Mooe 11 0.3 Naae 11 0.3 Note 11 | oCK{vg) 10,13, g
DT LEE K] - 3 - [0 - 0] — |Ep | .2
038 038 0.40 040 Whirg | 15,2
0.8 [E] [E] [1] WCE{avg)
03 [} 03 0.3 WK {ave)
DOS, DOSH ninmg edge outpat access DOSCK - 40 400 - 500 300 235 235 123 25 B 151
e from rdang CF, CKe
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Automated Test Setup

= The setup process guides you through a step-by-step (“wizard”) interface

Step #1
DDR Analysis
Select DDR Generatior Select DDR Rate
DDR Analysis
Ste #2 R Burst Detect Control

@ em [ ] Data Eye Width

[ toH-Diffibase)

B . [ ] tDH-SE(base)

n Burst Detection

B Thresholds and Scaling

7
Choose measurements (Read / Write / Clock)

Tektronix-
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Source and Level Selection

Step #3 DDR Analysis

Chip Select CS Mode
iChd |v | |Auto

CS Active CS Level
L |¥ [ o.ov

Step #4

Generation, Rate and Levels Detect Levels
+ Auto

Measurements Manual
Strobe

Sources High
| Auto |
Burst Detection Mid

Thresholds and Scaling |

Let DDRA set Read/Write Burst Detect Levels automatically, or customize if needed

Tektronix-
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Threshold and Auto Scaling

Step #5

DDR Analysis

oo it Thresholds Vertical Scaling

Auto

Horizontal Scaling
Auto

Let DDRA set Measurement Ref Levels automatically (per JEDEC), or customize if needed

Tektronix-
/



Signal Acquisition
|dentify all Read/Write bursts

Use Search & Mark to identify all Read/Write bursts in acquisition

Marks qualify bursts for measurement by DPOJET

Easily Identify, mark & measure all Read / Write bursts
— Scroll through marked reads / writes across the entire waveform record
— Measurements performed on ALL reads/writes

Qualify measurements for Read bursts

Qualify measurements for Write bursts
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57

DPOJET Debug Tools

= “Find Worst Case Events” feature
— Zoom to waveform from Min / Max for every measurement result

File | Edit | Vertical | Digital | HorizlAcg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘ﬂ

& 360mVidiv
T 260mV/div ITv 5, 6.0G |
#2139 360mV 1.25ns 2.04ps 2.06ps
T 260mV 1.25ns 2.04ps  2.06ps

son EENIE

DDR Analysis

Overall Test Result: &3 Fail

1, Description
(#) Data Eye Height, D...
=) Data Eye Width, DQ...
» (=) tDH-Diff(base), DQS... €I Fail
High Limit
Low Limit
Current Acquisition
[+ tDS-Diff(derated), D... €3 Fail

Pass/Fail

&J Fail

Mean
0.0000V
228.53ps
519.71ps

519.71ps
587.77ps

Std Dev
0.0000v
0.0000s
85.356ps

([E®» /827mv

Max Min
0.0000V 0.0000V
228.53ps 228.53ps

150.00ps
1.1760ns | &

962.80ps T0.744ps

View |Summary

p-p
0.0000V
0.0000s
1.0644ns

) 4.0psidiv - 12.5GS/s

Man

B1 Position €3

0.0div

80.0ps/pt

Single Seq
1 acqs RL:500k
D15-D0

May 13, 2010

1
1
864

Time Res: 80.0ps/pt
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Results and Statistical Validity

= DDRA has access to all plotting & debug tools in DPOJET

= To have confidence in your test results, you need 100’s, 1000’s or even more
observations of each measurement

= As a practical matter, measurement throughput is essential

) DPOJET Plots

veo |0

Matny | MyScope | Ansiyze | Leate
EEIX

S0 N8 o

_ XTime vims _ Fail Siew Ratel: lstogram | XSlew Rate

je: 7 ie

] +

i
|
|

|
|
s
1\1 Mg

1.0397Vvins 887 MV
2.6545Vins  -2.9647Vns
2.2303Vins  -2.2526Vins

o Slew Rate Setup-Ri... 1.9001Vns  352.74mV.. 2.
) Slews Rate-Hold Ris_.  2.3485Vns  695.91mV... 4 .
) Slew Rate Hold Fall.. -2.3892Vins  703.97mV.. -1.4824Vins -4.8000Vns  3.3171

PASS/FAIL Measurements & DDR2 Eye Diagram — showing both DQ and DQS eyes
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TriMode Probing

= TriMode, with a single probe-DUT connection, allows:
— Traditional differential measurements: V+ to V-
— Independent single ended measurements on either input

— V+ with respect to ground
— V- with respect to ground

— Direct common mode measurements: ((V+) + (V-))/2 with respect to
ground

= Many standards require both differential and single-ended voltage limit measurements.
Requires two separate probes — Until Now!

4 —
D-6
TriMode® access points
Q-+
O-<+ —
With TriMode® probing you can
0'0'@ - work in traditional differential mode or
- choose to include ground(+) for single
2 ended and common mode measurements
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Before and After

...... y ©
...... 3 O s
B > o T
Before TriMode Probing After TriMode Probing
1 Probe for Differential 1 Probe and 1 setup for
2 Probes for SE and Common Mode Differential, SE and Common Mode

or
1 Probe Soldered and Re-soldered 3 times
2 Probes for Common Mode

Tektronix-
/



I New P7500 Series Probe Tips

TriMode Micro-Coax Tip
020-2955-xx
1.7" (43mm)

Socket Cable High Temp Tip
020-2954-xx 020-2958-xx
4.1” (104mm) 0.48" (12mm

A

e
—— QF—

Damped Wire Tip
020-2959-xx
1.7" (43mm)
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Summary — World’'s Best DDR Test Solution

COMPLETE SOULTIONS

= DPO/DSA/MS070000C Series
Oscilloscopes

= P7500 Series TriMode Probes

= DDRA - DDR1/2/3, LP-DDR and GDDR3,GDDR5
support in one tool

= Visual Trigger — EASY function of Trigger!!

= Provides JEDEC validation, characterization and
full measurement support

Performance

= Based upon highest performing oscilloscopes and
software analysis tools

= TriMode probing enables three measurements with
a single probe connection

= Read/Write burst identification on all bursts
= Automated setup with JEDEC pass/fail limits

Comprehensive Analog Verification & Debug Tools for All DDR Versions
Tektron/iX@



Thank You
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