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A Macnica Division Company
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L1479 hOHERESDF TYIUZ b ;

FPGA — DIMM O ML —XEDHEER

DQ/DQS fEID Skew EDIESS

Add/Cmd & mem _clk % EEER USRI ZHESR

RIXIESE (T DQ &D CK BRI

Arria® 10 Board Guidelines ZFEEEULIH

- EMIF Handbook : Design Layout Guidelines ZHEERUIZN

v
X
3

el el e el |
=
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2 o T R O I P e

A—R21L—23>

O

T

AN—=RSZ1L—-33VBOFIVIVUAR v

Channel Simulation Guidelines ZZ=8BUXEUBEEDESIERZMARTEIE(CYREF>TL)
BtaEMEZRLIEN

Board Skew Parameter Tool ([CEMRIBHRZ A UETELURN

Channel Signal Integrity O5F4ii/5T&%ZUIch

M ALTIMA
A Macnica Division Company
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AV IRIBEOFTYIUR N ;

A1) ZmIL T\ ez iR LIz

[EUVWXEYINSA=FICOTVB L 2 BHERR T S

s TE UTCBEERERE IR OBMERLIREN B L ED(CIR O TV NMHEEE I 2

SDC 71 I DIEEZER TS

XEY SDC-1—Y SDC DIEEHE TE R

AEYBEDHFI%Z —E(SMNFTTLVRLOMER
EMIF NDJVA(S False 5% EZE

& [al @l fal [l o [l [«

3

AL JIREE
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Example Design TIRFERFDFTYIUA B
EMIF ToolKit Z{EL\, SRE - BEZIEL THESmB N - N Hh N #EET 5

EMIF ToolKit TFvUIL -3 hkBY (Fail) UTEiEE
P25 : Debug in EMIF ToolKit #1293

al el fal o al el - el fa

Example Design TARELE

&

M ALTIMA
A Macnica Division Company
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1—-YEEOHEERDFIVIVA S v

Avalon-MM OO RILBDO 7 I A% L TLDH

FrUTL— 3> KB B A )T 33> S 3RO

calibration_pass @ Hi ZHEE2LIEN
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sold75 1/11

XBUNSGA—S=HEER T DICHDER]

HlEL TR ECHBRk TORERT

O
O

(=113

B2 CEK

AEVEIE : MT40A256M16GE-083E:B

BFIEIREX

625 [MHZz]

- Tck =1/ 625 [MHz] x 1000 = 1.6 [ns]
ZHADT =5 — NeAR=R

XEURZAD HP h'53
RELT —53—
- 256 Meg x 16

- DDR4-2400 (16-16-16)

- Bank group: 2
- Bank address :
- Row address :

- Column address :

- Page size : 2KB

[1:0]
[14:0]

[9:0]

Table 1: Key Timing Parameters

NMe SERUXEY DB Z TR

Speed Grade Data Rate (MTis) Target ‘RCD-'RP-CL RCD (ns) *RP (ns) CL (ns)
-062ES 3200 22-22-22 13.7% 13.75 13.75
-063ES 2933 20-20-20 132.64 12.64 13.64
-068% 2933 21-21-21 14.32 14.32 14.32
-075E4 2666 18-18-18 138 135 13.5
4 10
-083E3 2400 16-16-16 13.32 1332 1332
e 2800 TN T TaTe T4 16
-093E2 2133 15-15-15 14.06 14.06 14.06
-paz? 2133 16-16-16 15 15 15
-107E! 1866 13-13-13 13.92 13.02 1392
Table 2: Addressing
1024 Meg x 4 512 Megx 8
Mumber of bank groups 4 4
Bank group address BG[1:0] BG[1:0]
Bank count per group a4 L
Bank address in bank group BA[1:0] BA[1:0] BA[1:0]
Row addressing B4k (A[15:01) 3ZK (A[4:0]) 32K (Al4:01
Column addressing 1K (A[9-0]) 1K (a[9:0]) 1K (af9:0])
Fage size! 5128/ 1KE? 1KB 2KE

AMcron

4Gb: x4, x8, x16 DDR4 SDRAM
Features

DDR4 SDRAM

MT40A1G4
MT40A512M8
MT40A256M16

Features

* Voo =Vpng = 1.2V +60mV
* Vpp =25V —-125mV/+250mV
= On-die, Intermal, adjustable Vgemg generation
» 1.2V psendo open-drain 1/0
* T of 0°C to 95°C
- B4ms, 8192-cycle refresh at 0°C to 85°C
— 32ms at 85°C to 95°C
» 16 Internal banks (x4, xB): 4 groups of 4 banks each
= & internal banks (x16): 2 groups of 4 banks each
= f&n-bit prefetch architecture
» Programmable data strobe preambles
» Daia strobe preamble training
» Command/Address latency (CAL)
» Multipurpose register READ and WRITE capability
= Write and read leveling
» Self refresh mode
» Low-power auto self refresh (LPASR)
» Temperature controlled refresh (TCR)
» Fine granularity refresh
= Self refresh abort
» Maximum power saving
» Dutput driver calibration
» Nominal, park, and dynamic on-die termination
[ODT)
» Data bus Inversion (DEI) for data bus
» Command/Address (CA) parlty

+ Databus write cyclic redundancy check (CRC)

+ Per-DRAM addressability

+ Connectivity test (x16)

+ Post package repair (PPR) and soft post package re-
pair (sPPR) modes

+ JEDEC JESD-79-4 compliant

Options! Marking
+ Configuration
- 1GIgx4 1G4

—_ 512 Mpoy i rlsz

— 256 Meg X 16 256M 16
S THGN pacEEge Po-TTee] = X3, 1

- 78-ball (9mm x 11.5mm)] - Rev. A HX

- 78-ball (9mm x 10.5mm) - Rev. B RH

+ FBGA package (Ph-free] - x16

- 96-ball (9mm x 14mm]) - Rev. A HA

- 96-ball (9mm x 14mm]) - Rev. B GE
* Timing - cycle time

- 0.625ns @ CL =22 [DDR4-3200) -DB2E

- 0.682ns @ CL =20 (DDR4-2933) -DEBE

- 0.682ns & CL=21 (DDH4-2933) -0G8

— 0.750n% (w CL =18 [DDR4-2666) -75E

-

0.833ns &
ns @

[ 16 (DDR4-2400)

.= 15 (DDR4-2133) -093E

- uss?nstwt

- 0.937ns & CL=16 (DDH4-2133) -093

— L07Ins @ CL =13 (DDR4-18686) -107E
+ Operating temperature

- Commercial (0° =T = 95°C) MNone

- Industrial (—40° £ T = 95°C) IT

- Revision A

MNotes: 1. Mot all options listed can be combined to
define an offered product. Use the part
catalog search on http:ffenww. micron.com
for available offerings.

2. Mot available on Rev. A
3. Restricted and limited availability.

ALTIMA 46
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[ Memory Protocol

Protoool: | DDR4

| General | Memory| Mem 140 | FPGA /0 | Mem Tirr

Timing parameters as found in the data sheet of t

| Parameters dependent on Speed Bin

Speed bin

1S (base):

IS (base) AC level:
tIH (base]:

tIH [base) D level:
Tdiviw total (UT):
YdiVW total:
tDES0 (UD:

tQH (U

DWW (U
1DRSOK,

tDGSS:

1ESH:

tDSH:

1055

2400
62

100 v mV

87
75 v my
02

130

017

074

072

175

027

033

018

018
208.0
208.0

500

8

320

1332
1332

15.0

cycles
cycles
cycles

cycles

s
cycles
hs
hs
hs

=]

[* Parameters dependent on Speed Bin, Ope

MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

tRRD S 4
e, . - o _ tRRD L 4
DA EEOT 55— MBI/ 53— SE RS 3 o
.= - HCCD 5!
o [Memory] [Mem Timingl 77 D% EZHES ©CDL : = cvdes
WTRS: 2

SEUDBEDAL — RIL— RC&oTNTA- S0 REFNZEDE ™ °

Update the following as vou changs the operati

cyicles
cycles
ns

cycles

cycles
cyicles

|' Parameters dependent on Density and Ter

O EX . X%U@ﬂ%b\‘ MT4OA256M1 6G E_083 EB @i%I/ZI_\ Update the following as vou change the physica

Ihcorrect walues can cause data corruption.

- XEYDRE—RJL—R(F DDR4-2400 (16-16-16) IRDT 2400 G2 S8R IS RO 2500 _
- SEEPREEERREICELSRW tREFL 78 s
o BERLEED 600 [MHz] TH 800 [MHz] THSEINIFE 2400 maSig
Fow address width: 15 v:
g - e e N ep— Column address width: 10 v:
B RS BN E DD BN ER BT 655 —
O tRRD, tWTR, tCCD, CL, CWL...etc ;;f’ "“’ft“ |
o GUI LOENMET— R — MEAMIICRHZEVHRVDMESD ] Wits DBI
[ ] Read DBI
AE—RIL—RICEOTSET S AC LNIDOEFINZEDS
O https://www.intel.com/support/support-resources/knowledge- F L@?ﬁf&?ﬁiﬁﬁm =
base/solutions/rd01032014 56.html Memory write GAS latency setting =
M ALTIMA a7

A Macnica Division Company
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r' Memory Protocol
Protocol: | DDR4 v:

General | Memory | Mem /0 | FPGA 1/0 | Mem 1

MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Table 2: Addressing

Fow address width: 15 w
Column address width: 10 v:
Bank address width: o - |
Bank group width: 1 v
Data mask

|| Write DBI

Read DBI

Parameter 1024 Meg x 4 512 Megx B 256 Meg x 16
Number of bank groups 4 4 2
Bank group address Eal1:0] BG[1:0] BGO
Bank count per group 4 4 4
Bank address in bank group BA[1:0] BA[1:0] BA[1:0]
Row addressing 64K (A[15:0]) 32K (A[14:0]) 32K (Al4:00)
Column addressing 1K (A[9:0]) 1K (A[2:00) 1K (Al9:0]
Page size' S12B / 1KB? 1KB 2KB

Ex. ENMERIREN - 625 [MHz] tCK = 1.6 [ns]  Speed bin = -083E

tCK = 1.6 [ns] RDT Min 1.5 < tCK (1.6) < Max 1.9
Read DBI (CFIWINADOTULADT READ : DBl #5688

CL="
CWL=9

I’ Latency and Burst

Memory CAS latency setting:

11 v
Memory whte CAS latency setting: g w

Table 144: DDR4-2400 Speed Bins and Operating Conditions

DDR4-2400 Speed Bin -083F -083E -083
CL-nRCD-nRAP 15-15-15 16-16-16 171717
Parameter Symbol [ Min Max Min Max Min Max | Unit
READ: READ: DBl JWRITE Symbaol Min’ Max Min Max Min Max Unit
nonDBI

L CL=9 CL=11 CHL=9 ot 1.5 1.9 1.5 1.9 Reserved ns
— — —
CLe 10 JjCL=12 CHL=9 K 1.5 16 Reserved 15 ] 1.6 ns
CLwid J(CL=12 OWL =9, 11 it Reserved Fesenved Reserved s
CL=11 JlCL=13 CWL =9, 11 fCxd Reserved 1.25 <1.5 1.25 <15 ns
CL=12 J/CL=14 COWL =19, 11 WKl 1.25 <1.5 1.25 <15 1.25 <15 ns
Cl=12 JllL=14 WL = 1012 tepd Resenved Reserved Reserved ns

48
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[* Memory Protocol

Protoool: | DDR4 v:
|General | Memory| Mem 1/0 | FPGA 1/0 | Mem Tirr

Timing parameters as found in the data sheet of t

| Parameters depe ed Bin
Speed bin: 2400 w
115 (base); f7 l re
115 (base) AC leveld 100+ v
tIH (base): a7 l re
tIH (base) DC levell [75 | my
TdivWtotal (UL 07— Ul
WiV total: 130 my
tDQSE (UD: 017 LI
tQH (UD): 074 )
DWW (D) 072 )
DSk 175 Ps
tDQSS: 027 cycles
tQSH: 0.38 cycles
tDEH: 018 cycles
105! 018 ovicles
LS. 2080 s
tALH: 2080 =]
HINIT: 500 Us
thARD: 2 cycles
tRAS: 320 N
tRCD: 1332 ns
tRP: 13.32 rs
tAR: 150 ns

= 4/11

o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Table 1: Key Timing Parameters

Speed Grade Data Rate (MT/s) Target ‘RCD-'RP-CL tRCD (ns) 'RP (ns) CL (ns)
-062E® 3200 22-22-22 13.75 13.75 13.75
-068E> 2933 20-20-20 13.64 13.64 13.64
-068° 2933 21-21-21 14.32 14.32 14.32
-075E4 2666 18-18-18 135 13.5 13.5
-0754 2666 19-19-19 14.25 14.25 14.25
-083E3 2400 16-16-16 13.32 13.32 13.32
-0833 2400 17-17-17 14.16 14.16 14.16
-093E2 2133 15-15-15 14.06 14.06 14.06
-0932 2133 16-16-16 15 15 15
-107E! 1866 13-13-13 13.92 13.92 13.92

Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 i DDR4-2400 l
Parameter Symbal Min | Max | Min | Max | Min | Max I Min | Max l Unit | Notes
DLL locking time IDLLK 597 — 597 -~ 768 — T68 — CK 2.4
CMD, ADDR setup tim§ |Base s 115 - 100 - 80 - B2 - ps
to CK_t, CK_c Base ref- VRErcA HSmer 715 _ 00 _ 180 — 162 — ps
erenced to Vo and
vinac levels
CMD, ADDR hold time ||Base IH 140 - 125 = 105 = 87 = ps
to CK_t, CK_¢ Base ref- Vieeeca tlH'u'REF 215 _ 200 _ 180 _ | 162 _ ps
erenced to Vigpo and
viLipo levels
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[* Memory Protocol

Protoool: | DDR4

g

| General | Memory| Mem 1/0 | FPGA 1/0 | Mem Tirr

Timing parameters as found in the data sheet of t

|- Parameters dependent on Speed Bin

Speed bin:
115 (base);

tIH (hasze);

WiV total:
tDQSQ (UL
tQH (U
DWW (UL
tDGSCK:
tDASS:
1GSH:
tDSH:
1055:

115 (base) AC level:

tH (base) DG leval:

TdivW total (D)

2400 v

(i ns
100 v mv

37 =

75 v my

02 LI
130 my
017 LI
074 LI
072 LI
176 =]
027 oyvicles
.38 oyvicles
018 cycles
018 cycles
2080 o=
2080 (=]
500 us

2 cycles
220 ns
1337 s
1337 s
150 s

% 5/11

o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Table 84: DQ Input Receiver Specifications

Note 1 applies to the entire table

DDR4-1600,

1866, 2133 || DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200 Not
Parameter Symbol| Min | Max || Min_| Max | Min | Max | Min [ Max | Min_| Max |Unit| es
Vi Rx mask input] | Vanw - 136 - 130 - 120 - 115 - 110 | mv |23
peak-to-peak
DQ Rx input tim- || Tdivw - 0.2 - 0.2 - 0.22 - 0.23 - 023 | Ul |3
ing window

Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

A0CESE

Q5 _t, DQ5_c to DO skew, per group, per

DO cutput hold time from DOQS_t, DOQS ¢

DDR4-1600 DDR4-1866 DDR4-2132
Parameter Symbol Min | Max | Min | Max | Min
DG Output Timing (DLL enabled)

Data Valid Window per device: "QH -
"DOSY each device's output per Ul

Data Valid Window per device, per pin

OH - 'DGQ50 each device's output per Ul

ALTIMA

A Macnica Divisior

n Company
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[* Memory Protocol

Protoool: | DDR4 v:
|General | Memory| Mem 1/0 | FPGA 1/0 | Mem Tirr

Timing parameters as found in the data sheet of t

|- Parameters dependent on Speed Bin
Speed bin: 2400 w
115 (base); f7 l re
115 (base) AC level: 1100 »| my
tIH (base): a7 l re
tIH (base) DC level: [75 | my
TdivW total (LD o2 ' Wi
WiV total: 130 my
tDQSE (UD: 017 LI
tQH (UD): 074 )
DWW (D) 072 )
DSk 175 Ps
tDQSS: 027 cycles
tQSH: 0.38 cycles
tDEH: 018 cycles
105! 018 ovicles
LS. 2080 s
tALH: 2080 =]
HINIT: 500 Us
thARD: 2 cycles
tRAS: 320 N
tRCD: 1332 ns
tRP: 13.32 rs
tAR: 150 ns

o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Table 149: Electrical Characteristics and AC Timing Parameters: DDR3-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400

Parameter Symbol Min Max | Min | Max | Min | Max | Min | Max (| Unit | Notes
DQ Low-Z time from CK_t, CK_¢ WZDQ =450 225 -390 195 -360 180 ~-300 150 ps
DG High-2 time from CK_t, CK_< "HZDO - 225 - 195 - 180 - 150 ps

DQ Strobe Input Timing
DQ5_t, DOS_c rising edge to CK_t, CK_¢ 'DQss =0.27 | 0.27 =027 | 027 | =027 | 027 | =027 | 0.27 CK
rising edge
DQ5_t, DO5_c differential input low pulse DgsL 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 K
width
DG5S t, DOS_c differential input high 'DOSH 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 CK
pulse width
DQs_t, DOS_c falling edge setup to CK_t, D55 0.18 - 0.18 - 0.18 - 0.18 - CK
CK_c rising edge
DQs_t, DOS ¢ falling edge hold from 'DEH 0.18 - 0.18 - 0.18 - 0.18 - K

CK_t, CK_c rising edge

DQ5_t, DQS_c differential WRITE pream- "WPRE 0.9 - 0.9 - 0.9 - 0.9 - CK
ble
DQ5_t, DOQS_c differential WRITE postam- BWPST 0.33 - 0.33 - 0.33 - 0.23 - CK
ble

DQS Strobe Output Timin! {DLL enabled)
DQ5_t, DOS_c rising edge output acces 'DQACK =225 225 =195 195 =180 180 =175 175 ps
time from rising CK_t, CK_«
DQS_t, DQS_c rising edge output var- ‘DOSCKI 370 - 330 - 310 - 290 ps
iance window per DRAM
DQ5_t, DO5_c differential output high Q5H 0.28 - 0.38 - 0.38 = 0.38 - CK
time
DO5_t, DOS_c differential output low 'QsL 0.38 - 0.38 - 0.38 - 0.38 - CcK

oy ALTI

MA

A Macnica Division Company
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[* Memory Protocol

o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Protoool: | DDR4 v:
| General | Memory| Mem /O | FPGA /0| Mem Tir Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)
Timing parameters as found in the data sheet of t DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
e e Parameter Symbol Min | Max | Min | Max | Min | Max | Min | Max || Unit | Notes
Speed bin 0400 v DQS_t, DQS_c delay after write leveling | ®WLDQSEN | 25 - 25 - 25 - 25 - K
{5 (bese) & ' mode is programmed
' _ . s Write leveling setup from rising CK_t, iy 0.13 - 0.13 - 0.12 - 0.13 - CK
tI5 (base) AC level: 100 ¥ mV CK_c crossing to rising DQ5_t, DQ5_c
tIH (bas=); a7 rs crossing
tIH (base) DC level: [75 | my Write leveling hold from rising DQS_t, "WLH 0.13 - 0.13 - 0.13 - 0.13 - CK
TdivW total (UL 02 : Ul DQS_c crossing to rising CK_t, CK_c cross-
VAW total: 130 ny e
tDQSQA (UD): 017 ) -
1QH (UD: 074 Ul Ex. BWERIEEY : 625 [MHZz] tCK = 1.6 [ns]
DWW (D) 072 I o e e N _ ©
{DQRSOK: 75 - tWLS, tWLH OEiz(d GUI ET(E ps B UT—H>—BM ET(& CK (R TWANDT [CK] Z [ps] [CEIWENDD
tDOSE:
oo = syl -tWLS = 0.13 [CK] x 1.6 [ns] = 0.208 [ns] = 208 [ps]
| 038 cycles “tWLH = 0.13 [CK] x 1.6 [ns] = 0.208 [ns] = 208 [ps]
tDSH: 018 cycles
1055: 018 cycles I \ \a72 \ \77 =
es ote. > o tINIT BULYMMEBIRENTHS CKE 78— hENBE TR
ANLH 2080 - o JXEUYOIORIILTEIZ, JEDEC STANDARD TEZEINTWLD
HNIT o0 us e S[Ol(X DDR4 2T DDR4 JEDEC STANDARD ZZH8
thARD: 2 cycles
RS 520 ns 2. After RESET_n is de-asserted, wait for another| 500us|until CKE becomes active. During this time, the DRAM will start internal
tRCD: 13.32 ns initialization; this will be done independently of external clocks.
tRP: 13.32 hs
tAR: 150 ns

M ALTIMA

A Macnica Division Company
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[* Memory Protocol

Protoool: | DDR4 v:
|General | Memory| Mem 1/0 | FPGA 1/0 | Mem Tirr

Timing parameters as found in the data sheet of t

|- Parameters dependent on Speed Bin
Speed bin: 2400 w
115 (base); f7 l re
115 (base) AC level: 1100 »| my
tIH (base): a7 l re
tIH (base) DC level: [75 | my
TdivW total (LD o2 ' Wi
WiV total: 130 my
tDQSE (UD: 017 LI
tQH (UD): 074 )
DWW (D) 072 )
DSk 175 Ps
tDQSS: 027 cycles
tQSH: 0.38 cycles
tDEH: 018 cycles
105! 018 ovicles
LS. 2080 s
tALH: 2080 =]
HINIT: 500 Us
thARD: 2 cycles
tRAS: 320 N
tRCD: 1332 ns
tRP: 13.32 rs
tAR: 150 ns

o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)
Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbel Min | Max | Min | Max | Min | Max | Min | Max || Unit
MRS command cycle time 'MRD 8 | - | 8| -] 8 | - ]] 8 | - CK
MRS command cycle time in PDA mode RO PUA T = GeaTer OT L TGN, TOne, | [['L'l
Table 144: DDR4-2400 Speed Bins and Operating Conditions
|DDR4-2400 Speed Bin -083F -083E -083
CL-nRCD-nRP 15-15-15 16-16-16 171717
Parameter Symbel | Min Max Min Max Min Max | Unit
Internal READ command to first data tAA 125 18.00 13.32 18.00 14.16 18.00 ns
Internal READ command to first data | "AA_DBI | "AA(MIN) - LAAIMING - LAA(MIN] - s
with read DEI enabled + 3nCK + InCK + 3nCK
ACTIVATE to internal READ or WRITE RCD 12.5 - 13.32 - 14.16 - s
delay time 2
PRECHARGE command period & - - -
ACTIVATE-to-PRECHARGE command RAS 32 9 x "REFI 32 9 x "REFI 32 9% 'REFI | ns
period | | | i | | |
Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)
DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbaol Min | Max | Min | Max | Min | Max || Min | Max | Unit | Notes
Four ACTIVATE windows for 1KB page AN MIN = greater | MIN = greater | MIN = greater || MIN = greater ns
size (1KB) of 20CK or 25ns | of 200K or 23ns | of 200K or 21ng | of 20CK or 21ns
Four ACTIVATE windows for ZKB page TFaW MIN = greater | MIN = greater | MIN = greater || MIN = greater ns
size (JKRB) of 28CK or 35ns | of 28CK or 30ns | of 28CK or 30ng | of 28CK or 30ns
'WRITE recovery time "WR MIN = 15ns ns 6)10,1
"WR; MIN = 1CK + "WR CK 6, 11,1

3 ALTIMA

A Macnica Division Company
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I' Parameters dependent on Speed Bin, Ope

|Update the following as wou changs the operati

tRRD S:
tRRED L
tRAWMS

1CChS:
oD L
tWIRS:
tWIRL

%= 9/11

o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

4 cycles
4 cycles
448 1S

4 cycles
5 V: cycles

2 oycles
b oycles

[ Parameters dependent on Density and Tei

Update the following as wvou change the physica
Incorect values can cause data corruction.

260.0 ns

tRFC:
tREFL

7.8

s

to different bank groups for 2KB page
size

(2KB)

ACTIVATE-to-ACTIVATE command period

RRD_L

of 4CK or 6ns

MIN = greater

of 4CK or 5.3ns

MIN = greater

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbel Min | Max | Min | Max | Min | Max || Min | Max
ACTIVATE-to-ACTIVATE command period 'RRD_S MIN = greater | MIN = greater | MIN = greater || MIN = greater

of 4CK or 5.3ns

MIN = greater

of 4CK or 5.3ns

MIN = greater

5.3[ns]/ 1.6

6.4 [ns]/ 1.6

[ns] =

[ns] =

Page Size = 2KB BN T 2KB NDECASHE

-tRRD_S = 4 CK or 5.3 ns TAZV\ATIEIR
5.3 [ns] Z [CK] [CIBELTLEE TS

3.3 [CK]

3.3 ¢ 4 &tEEI3E 4 DANKEVDT tRRD_S =4

-tRRD_L = 4CK or 6.4 ns TAZ\\5%&IR
6.4 [ns] % [CK] [CELTLLE

4 [CK]

4 [CK] ERLBOT tRRD_S = 4

to same bank groups for 1/2KB page size (1/2KB) of 4CK or 6ns | of 4CK or 5.3ns | of 4CK or 5.3ns|| of 4CK or 4.9ns

ACTIVATE-to-ACTIVATE command period 'RRD_L MIN = greater | MIN = greater | MIN = greater || MIN = greater

to same bank groups for 1KB page size (1KB) of 4CK or 6ns | of 4CK or 5.3ns | of 4CK or 5.3ns]| of 4CK or 4.9ns

ACTIVATE-to-ACTIVATE command period 'RRD_L MIN = greater | MIN = greater | MIN = greater || MIN = greater

to same bank groups for 2KB page size (2KB) of 4CK or 7.5ns | of 4CK or 6.4ns | of ACK or 6.4ns|| of 4CK or 6.4ns

CTRL, ADDK pUlse Width Tof each INput 81 ooU | - 555 ] - o0 | - a | -
Ex. B)ERELKEL : 625 [MHz]  tCK = 1.6 [ns] Page size : 2KB
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o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbeol Min Max | Min Max | Min | Max Notes
Four ACTIVATE windows for 1KB page FAW MIN = greater | MIN = greater | MIN = greater j| MIN = greater ns
size (1KB) of 20CK or 25ns | of 200K or 23ns | of 20CK or 21ng| of 200K or 21ns

Four ACTIVATE windows for 2KB page
size

MIN = greater
of 28CK or 35ns

MIN = greater
of 28CK or 30ns

MIN = greater

MIN = greater
A of 28CK or 30ns

CAS_n-to-CAS_n command delay to dif-

tRRD_S 4 Cydes
ferent bank group

tRRD_L 4 Cydeg
tREAW: 443 hs
20D S: 4 sl Parameter

_ : CAS_n-to-CAS_n command delay to same MIN =
ol B v cycles bank group greater
tWTRS: 2 oycles of 4CK
tWTRL: 5 cycles or

6.25ns —
[ Parameters dependent on Density and Tei

Update the following as wvou change the physica

Ex. B{EREIKER : 625 [MHz]  tCK = 1.6 [ns]

Incorect values can cause data corruction.

tRFC: 2600 NS

size : 2KB 15. JEDEC specfies a minimum of five clocks.

-tFAW = 28 CK or 30 nsTARZV\S%IEIR
28 [CK] % [ns] (CBULTLEE
28 x 1.6 = 44.8 [ns]
30 < 44.8 BT 44.8

tREFI _," 8 us

-tCCD_L = 4CK or 5 nsTAZTV\AZIEIR
5 [ns] Z [CK] (CEELTLEER
5/1.6 = 3.12.. [CK]
4> 3.12 BOT 4 z=iER
UMD Notes15 (C(E&/IME 5 EECENHDDT 5
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I' Parameters dependent on Speed Bin, Ope

|Update the following as wou changs the operati

tRRD S:
tRRED L
tRAWMS

tCCDs:
tCCD L

4

4

448

4

5 V: cycles

tWTRS:
tWTR_L:

2
s

cycles
cycles
s

cycles

cycles

cycles

[ Parameters depdndent on Ddnsity and Tei

Update the Followilg as you cha

Incorect values o
tRFC:
tREFL:

1 cause data

2600
7.8

ze the plhysica
Corrustion.

Ns

s

MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

Parameter

Delay from start of internal WRITE trang- "WVTR_L MIN = greater of 4CK or 7.5ns ]
action to internal READ command — Samve| TWIR Lg MIN = 1CK + VTR L K 16111
bank group
Delay from start of internal WRITE trans- | "A/TR_L_CRC_D | MIN = "WR_5 + MIN = "WR_5 + greater of (54K or 2.75ns) CK 7.10,1
action to internal READ command - Same M greater of (4CK
bank group when CRC and DM are both or 3.75ns)
enabled WTR_L_CRC_D MIN = 1CK + "WTR_L_CRC_DM cKk | 7,111
M;
Delay from start of internal WRITE trans- "WTR_S MIN = greater of (2CK or 2.5ns) CK 6, 8]9.
action to internal READ command — Dif- o |
ferent bank group WTR_S; MIN = 1CK + "WTR_S K | 6,89,
11,1
Ex. BIERIREER : 625 [MHz]  tCK = 1.6 [ns] Page size : 2KB
tWTR_L = 4 CK or 7.5 nsTARZEVAZEIR
7.5 [ns] Z [CK] (CIEELTLERR
7.5/1.6 =4.68.. [CK]; 4 <4.68 BRDT 4.68 =&EiR
INSR LTI BT 5
tWTR_S = 2 CK or 2.5 nsTAEVAZIEIR
2.5 [ns] Z [CK] (CIEELTLERR
2.5/1.6 =1.56.. [CK]; 2> 1.56 BDT 2 &iEIR
Table 148: Refresh Parameters by Device Density
—
Parameter mbol Gb 4Gb 8Gb 16Gb__| Unit | Notes
REF command to ACT or REF com-|| *RFC (All bank groups) 160 260 350 550 ns
mand time 5
Average periodic refresh interval '‘REFI | 0°C<Tc<85°C 7.8 7.8 7.8 3.9 lI ps
0°C < T <95°C 3.9 39 3.9 1.95 | ps 1

3 ALTIMA
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Example Design ODYERL 3% 1/3

e Example Design DERK
o XEY IP F¢TEBEMHE — Example Design 47 — T2 ODEDLSCHEEPIZE%TE
— Generate Example Design Z# 9 & Example Design HAERK

Ama 10 External Memory Interfaces
altera_emif

Generate Example Designz1#3d £Example Designh®
|* Memory Protocol ]
Protocol: [DDR4 v

| General | Memory| Mem 1/0 | FPGA 1/0 | Mem Timing| Board | Controller | Diagnostics? Example De&sﬂs
|- Available Example Designs ]

Select design: [EMIF Example Design v/
EEample Dosign Files |

V|simulation | simulation FADI7 1)L & AR UIZWSE (3R
V|Synthesis | Synthesis FHDT7A )V &4 UTEWE S (E3EIR
The example design supports generation, simulation, and Quartus compilation flows for any selected device. To use the

example design for simulation, select the “Simulation” option above. To use the example design for compilation and
hardware, select the ‘Synthesis’ option above.

| Generated HDL Format J
Simulation HDL forma‘ |Verilog v I ) R PR R T LB - 5/AN

[ Target Development Kit |
Select board: 773 devkit ZEAIBDBAEETINATIIAZ1-H5EIR

lopment kit testing.

Applya development kitly - 50 GX FPGA Development Kit with DDR3 HILO
Select a development kifAma 10 GX FPGA Development Kit with DDR4 HILO
development kit Ifyou gAnia 10 GX FPGA Development Kit with RLDRAM3 HILO
board), please select ‘ndAmia 10 SoC Development Kit with DDR4 HILO for FPGA (x72)
[Arria 10 SoC Development Kit with DDR4 HILO for HPS (x40)

O EFH(X EMIF Handbook vol3 : Reference Material =08

- https://www.intel.com/content/www/us/en/programmable/documentation/hco1416493470528.html#
hco1416492284855

- "Arria 10 EMIF IP Example Designs Quick Start Guide”

testing on a specific
loping on a custom
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e Example Design DERK

o Example Design MDA ITAILS

- qii IAIA B Example Design

- sim JA)A 1 221L—33> A0 Example Design

o qii TAAID qpf &EEE. I>/(A )%

| emif_0_example_design

—_—

1T

ed synth.gpf

|

all

sim

ed synth.asys
| edsynth.ost

| edsynth.pin

Ip generate.out

—

9 BET Example Design Z/ERK RIEE

BEE WKk OC [edsynth Joeme drp e omRE O
Project Navigator Qi@ ® * Start Compilation - Ctrl+L L d
Instance Entity
= Arria 10: T0AX11552F45115G »  Project Overview
» BB ed_synth_top&a
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e Example Design DERK
O Tool - Programmer — Auto Detect — Change file — sof 74l 7%Z1%R - Start

O Successful TEIAHT T

Window Help

#Hardware Setup... | USB-Blasterll [L

1 8 B . —_— File Device  “hecksun Usercode Program/
'/ Launch Simulation Librar Enable real-time ISP to allow backg! " 10AT09051_00000... MStart | Configure
I A ANERIE . NR0R0.d : d synth.sof  10AX1155.. 30A4A... 30A4A V|
{ £ | = 5 jJAuto Detes <none> 2*CFI_1Gb = cC_syntn.so
\ o Merart ile ev . <none> 5M2210Z  00000.. 00000..
- ¥ Delete jAuto Detet <none> 2*CFI_1Gb
Advisors Wi ed_synth.sof T0AX1 B Add File X Delete |
e JAuto Dete —— ® Add File.
| € Design Partition Planner X Delete = preFLGh Change Fils
n ”"Add File.. . T BsaveFile || @ 20200200
I Add Device i - JEeTeLITr T
Netlist Yiewers Change Filt R TDI E : : Add Devic4 [ocemmncea- : JEEEe )
: : 1 —b: —hg : . LN P
@ Signal Tap Logic Analyze - —DTDI E L i ep . i : ' i :
: 4 own 7 —_— ; = :
. - 10AT 1 M221 Pop, SEAwEREAR..  esweeeew
== In-System Memory Conte Add Device T _Tpo 10AT090S1  5M2210Z own | TDJOAX11552F45  5M2210Z

A 0AX11552F45
B Logic Analyzer Interface | Y ) od

%
] In-System Sources and P

! Programmer

# JTAG Chain Debugger

Progress:|| 100% (Succe-

NMNALTIMA 61

A Macnica Division Company



Appendix

e EMIF ToolKit DL\

M ALTIMA



NALTIMA

A Macnica Division Company

Appendix : EMIF ToolKit DfEW\5




EMIF ToolKit DfELAS 1/8

e EMIF ToolKit OETJ0—
o EMIF Tool Kit ATZa>0ERNE
FTHAAERRS LU IIAIL
R—R& PC DIEHE
M—ROEFEIR A SOF I7/ILDOESAH
EMIF ToolKit ZEEULIN> ROZEIT
Lih— NEER

O O O O O

- EFHA(X EMIF Handbook vol3:Reference Material Z£H8
e https://www.intel.com/documentation/hco1416493470528.html#hco1416492284855
= "External Memory Interface Debug Toolkit”
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e EMIF ToolKit DEITI0O—

o EMIF ToolKit AT 3>0ERME
- Diagnostics 7D Add EMIF Debug Interface Zi&1RU IP % Generate

I~ Memory Protocol

FProtocol: DDRD "r:
General | Memory | Mem [0 | FRPGA 10 | Mem Timing | Beard | Controller| Diagnostics | Example Designs
|- Simulation Options
Calibration mode: Skip Calibration vi
|:| Abstract phy for fast simulation
I~ Calibration Debug O ptions
Disalbled -

Cluartus Prme EMIF Debus Toolkit/ O n—Chip Debusz Port:

Interface [0 |

Erable Daisy—Chaining for Quartus Prime EMIF Debug Toolkit/O H_thFEisabled
=yt

Add EMIF Debug Interfacs

Add EMIF Debug Interface #i&iR

D ALTIMA 6
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e EMIF ToolKit DEITI0O—
o EMIF ToolKit MFCE)

- Quartus® Prime — Tools — System Debugging Tools — External Memory Interface Toolkit

= R R T T T o S T I o e T o e e T TSR ST TSI SO ST
G Quartus Prime Standard Edition - C:/a_ticket/EMIF_DEBUG_TOOL_KIT/test?_instoller_design/qts_ddr3_x72_800MHz (2)/qts_ddr

File Edit Wiew Project Assignments Processing

Tools | Window Help @

Of=d L

Run Simulation Tool 3

Launch Simulation Library Compiler

Project Navigator [ 4% Hiel

Entity:Instance
F ay Arria 10: 10AX11552F4511 SGE2
i ed_synth o

An
‘& Launch Design Space Explorer Il
e TimeQuest Timing Analyzer

Advisors 3

4%  Chip Planner
<> Design Partition Planner

Netlist Viewers 3

Tasks Compilation

SignalTap Il Logic Analyzer

Task
v 4 P Compile Design

v 4 P Analysis & Synthesis
B Fdit Settinne

In-System Memory Content Editor

Logic Analyzer Interface Editor

EE )%

In-System Sources and Probes Editor

SignalProbe Pins...

/ QSO D»

External Memory Interface ToolKit U4 > RUDECEN
BEMCTOo 7 MR

ol L] & Programmer
Status wﬂ JTAG Chain Debugger
Module %  Progress o » Fault Injection Debugger
System Debugging Tools System Console
*" IP Catalog Transceiver Toolkit
Nios Il Software Build Tools for Eclipse Bus Ananzer (Beta
i‘t Qsys E External Memory Interface Toolkit
= Tcl Scripts...
@ BE D =T ) (@8 resres
O ize.
@ Type D Message
= Options...
@ 209060 started Programmer ope 16
@ 209016 Configuring device ing License Setup...
© 209017 Device 1 contains JTAQ(Gk Instal Devices...
@ 209007 Configuration succeedem =="T UEVTCE(S  CONTTOUrET

T External Memory Interface Toolkit

S o ™

Search altera.com [ ]

Tasks [ Getting Started

' Open Project...

File Reports Help

4 I~ Connections Setup
P> Initialize Connections
W Link Project to Device...
P> Reindex Connections
P> Unlink Project from Device...
4 I~ Connections

External Memory

B Create Memory Interface Connection... -
i Interface Toolkit

W Create Efficiency Monitor Connection...
W Create Traffic Generator Connection...

Report ms

Report not available: no project open

x © available for the specified Quartus Prime Tc1 package. ~
0 - Type "help -tc1" to get an overview on Quartus Prime Tcl usages.
@ R R e e R R R R R R R Rk R R R R

Hm

wr Joad_package ::quartus::external_memif_toolkit
<10 A
< 3

Console

Console History

0% 00:00:00 Ready
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EMIF ToolKit D1

e EMIF ToolKit DEITI0O—

O EMIF ToolK

it M GUI

iL\V5 4/8

Tasks 4> ROUTIN REIT

- LIN—RIA Y RIICLIR— MiRREND

T External Memory Interface Toolkit - E:/05_work/02_EMIF/x170603_A10_DDR3/qii/ed_synth
File ‘Repons| Help

Tasks

« ™ Open Project...

4 [~ Connections Setup
v P> Initialize Connections
v W Link Project to Device...

P> Reindex Connections
~

IR

rojectfrom Device...
BEZ  fions

% E Memory Interface Connection...

=create Efficiency Monitor Connection...

W Create Traffic Generator Connection...
< m

3

Report

me

E2 External Memory Interface Toolkit Summary

[ B Connections

Lik—

&

ails

< ] |

:ed_synth_inst|emif_O|col_if ({

[ e

Search altera.com
& <<Filter>>
Report date Mon Jun 05 14:22:32 2017

Connection name

Connection path

Interface hierarchy name

System-level debug connection hierarchy name
Memory interface protocol

Connection target type

Connection target version

Connection index

Input delay step size (ps)

Output delay step size (ps)

Calibration

Initial failing group

Initial failing calibration stage

Groups active for calibration

Ranks active for calibration

Input Rate (Memory clock to AFI clock ratio)
Output Rate (VCO clock to memory clock ratio)

ed_synth:ed_synth_inst|emif_0|col_if

Jdevices/10AT11551@1#USB-1..._0_col_if_colmaster.master

ed_synth:ed_synth_inst|emif_0|col_if
ed_synth:ed_synth_inst|emif_O|col_if|colmaster
DDR3

External Memory Interface

16.1

0

3.66

7.32

Pass
None
N/A

FHELR—h

9
1
Half
Full

x| w establish_connection -id 0 -~
!% @ Reading connection log for connection target. This may take some time.
© successfully established a connection to target /devices/10AT115S1@1#USB-1/(1ink)/3ITAG/alt_sld_fab_sldfabric.node_6/phy_0/emif_0_col_if_colmaster.ma:
@ Reading connection log for connection target. This may take some time.
0 Reading connection log for connection target. This may take some time.
0 successfully created summary report for target ed_synth:ed_synth_inst|emif_0|col_if in O seconds.
o
o -
Sl i | »
~ W ~w
é Console ‘ History ]7/ |\/X\y‘tz_\/

0%

00:00:00 Read'
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e EMIF ToolKit DZEFTI0—
@ : Initialize connections
@ : Link Project to Device
® : Create memory interfaces
@ : Rerun Calibration

Tasks @

o

4
L4

L

"L Open Project...
4 I Connections Setup
P Initialize Connections <—— @
W Link Project to Device.. <«— @
P Reindex Connections
B> Unlink Project from Device...
4~ Connections
W Create Memory Interface <——— @
W Create Efficiency Monitor Connection...
W Create Traffic Generator Connection...
4 - Memory Interface: ed_synthied_synth_instjemif
4~ Commands
P Rerun Calibration <—— @
P> Driver Margining
P> Generate Eye Diagram
P Calibrate Termination

M ALTIMA
A Macnica Division Company

68



EMIF ToolKit D{EWLT 6/8

e EMIF ToolKit DZEFTI0—
o Create memory interfaces Z£4T92EFv)IL -2 3> DY YV RERZHER AT 6E

T External Memory Interface Toolkit - E:/05_work/02_EMIF/x170603_A10_DDR3/qii/ed_synth L= f'@ﬂ§
File Reports Help

Search altera.com (]
Tasks (LR | Summary
« ™ Open Project... Al & <<Filter>>
47~ Connections Setup Report date Mon Jun 05 14:22:32 2017
v P> Initialize Connections = |Connection name ed_synth:ed_synth_inst|emif_0O|col_if
v B Link Project to Device... Connection path /devices/10AT11551@1#USB-1..._0_col_if_colmaster.master
P> Reindex Connections Interface hierarchy name ed_synth:ed_synth_inst|emif_O|col_if
P> Unlink Project from Device... System-level debug connection hierarchy name ed_synth:ed_synth_inst|emif_O|col_if|colmaster
e QDDECIODS Memory interface protocol DDR3
r v W Create Memory Interface Connection... Connection target type External Memory Interface :F_-\—;U j‘l/— >3>0)'U‘7U’|'ﬁ $&'D“§E7J—(
5 ,— nection target version 16.1
Create memory interfaces MEAT  |recion index 0
R LU ¥ I Tnput delay step size (ps) 3.66
Report m ] Qutput delay step size (ps) i7:32) ) ) )
E8 External Memory Interface Toolkit Summary Calibration = sl sl Fad
, I Connections Initial failing group None Iritisl Fslirg group >
47 DDR3:ed synth:ed_synth_inst|emif_O|col_if Initial failing calibration stage N/A WM Foed Calitw tion - Guaranteed read Fabure
e Tace Details Ranks active for calibration 1

FrUIL—33V(C Fail UIERE
Fail UTeJIL—TPRTF—S OIEIRNER R
N3

Input Rate (Memory clock to AFI clock ratio) Half
le (VCO clock to memory clock ratio) Full

LiR— DA > RODOB YU ZIER

<| [ »
| x|« establish_connection -id 0 ~
0 Reading connection log for connection target. This may take some time.
0 Successfully established a connection to target /devices/10AT115S1@1#USB-1/(11ink)/JITAG/alt_s1d_fab_s1dfabric.node_6/phy_0/emif_0_col_if_colmaster.ma:
0O Reading connection log for connection target. This may take some time.
0 Reading connection log for connection target. This may take some time.
0 Successfully created summary report for target ed_synth:ed_synth_inst|emif_0|col_if in O seconds. =
tcb
. -
3« T »
(=
‘3| Console | History

0% 00:00:00 Read'
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EMIF ToolKit D1
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e EMIF ToolKit ®=E1T7J0—
O Rerun Calibration #1792 LFH BT — 23 G E SRR BE

T External Memory Interface Toolkit - E:/05_work/02_EMIF/x170603_A10_DDR3/gii/ed_synth

File Reports Help

Tasks

3L B3l Calibration Status Per Group

v W Link Project to Device...
P> Reindex Connections
P> Unlink Project from Device...
47 Connections

v B Create Memory Interface Connection.
W Create Efficiency Monitor Connection..

| & <<Filter>>

=@

Search altera.com @

Rerun Calibration ®ZFE4T

7 Ccommanads
I P> Rerun Calibration I
P> Driver Margining
P> Generate Eye Diagram
P> Calibrate Termination
«| 0]

Report

Group  Status  Error Stage
0 Pass N/A
1 Pass N/A
. =2 Pass N/A
- 3 Pass N/A
. 4 Pass N/A
flemif 5 Pass  N/A
6 Pass N/A
7 Pass N/A
8 Pass N/A
»
@me

> Iu Connections

E8 External Memory Interface Toolkit Summary

Calibration Report LA NAERK

B3 Interface Detgils
I 4 1 Calibration Report I

B2 Calibration Status Per Grou
EE DQ Pin Margins Observed [

EE FIFO Settings

&8 Read Data Valid Windows ~&——— @
&8 Write Data Valid Windows ~&——— 6
B8 DQS Pin Margins Observed < @

B8 Controller Latency Observed During Calibration

Kl (1]

Console

»

FFRFYUIL -3 IEHRERER TED

® : DQ pin Margin

DQ Pin Margins Observed During Ca

& <<Filter>>
DQPin  Read Margin (ps) DQ
o -15010 153 2
1 -12810 128 8
2 =142 to 146 4
3 -146 10 146 g

@ : Write Margin

Write Data Valid Windows
® <<Filter>>
Name Margin {ps)
[ 0

&

&

Interface
4 Rank 0
<4 DQSO
DQo

D1

® : Read Margin

Read Data Valid Windows

& <<Filter>>

Name Margin (ps)
2 0 )
| interface NN D
| 4 Rank 0 I |
<ogso (NN
oco NN
oot [N

: DQS pin Margin

DQS Pin Margins Observed During Calibration
&, <<Filter>>

DGS Pin DQS Read Margin (ps) DASs Inp
ol 12810128 81
1 -142 to 142 77
2 -142t0 142 83
3 -131t0 131 89
0%

00:00:00 Read'
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e EMIF ToolKit DEITI0O—

o EMIF ToolKit DL R— RI71 ILDIRTE
- Report D12 RIANTLR— I EZEIR - H9Uv5 - Export

| =Y
- 7N EVURT .
: Interface Detaila T*Zl\
IERE e B T T
[
Report £l : Setting : Value ;|
EH External Memory Interface Toolkit Summary - - +
. : Eow-address width : 13 :
|
Connecuons _ : Bank-address width ;3 :
4 " DDR3:ed synthied synth_inst|jemif 0|col_if [Conne - Control width -1 :
M Summary , Humber of chip aelects . 1 .
i : Humber of clock enables ; 1 ;
# Interface Details : Number of ODT signals ;1 i
4 I Calibration Report : Total interface width . B4 :
] : Data-mask width : B ;
EE‘E'I B IF'E""E'”:""I:=I : Read DQ5 group size ;B ;
M DO Pin Margins Observed During Calibration » Write DQ5S group size 8 :
. . : Burat length ; &8 :
8 Read Data Valid Windows . CAS latency - :
B Wirite Data Valid Windows : Rate : Half
. - - . ; ; DQ/DAQS group size ; B i
& DQS Pin Hargms Observed During Calibration © DLL chain length - ;
H FIFO Settings : Number of ranks 1 :
o o +




Calibration Stage

(alibration Failure
Failing stage of group
Stage 1 Stage 2 Stage 3 Stage 4 Write
Read Calibration (VFIFO) Write Leveling Read Calibration (LFIFO) Calibration
| ) I
+ Y Y v - Nal * ' wmelmi chlitlcsle e it wiedesew)
Guaranteed Read Mo working DO5en VFIFD Center No first working ast working write eling copy wirite deskaw) failure
Failure HHSETUHM (Per-bit read deskew failure) wirite leveli HH'EIﬂgphaSEfﬂIJII] failure
Address/lommand i Failure is unexpectad hers Mask the faiing DG
™ Skew Igm + Verify the write leveling ¥ 3 failure occurs at this. | ™ group and rerun
Add or subtract delay DU/DES Verify the write leveling window to ensure all point, it is probably clbration
kad mﬁmm m“ﬁ Centering lssue window to ensure all groups ?I'EW“T““E Stage 2 (Write Leveling) Qredkmangins tosee .
Theck groups are within the \eveling range. that s failing P ifailureis allbitsn | ] "1 0G0 aces
| AddiEss Cammand board parameters Check DS enable e roup of only some bits =
Clock Phase SLIr® boalt’ para id : . leveling range
are comect and include calibration mangin Increase the Dé delay i
(hack complete path to the — [ .. O D and DOS for the L - P L] Check DQ-to-DQS
| Address/Command device . [F1EUrE0QaNADES | Ly 'M'"““m (K groups that cannot phase
Board Skew and are matched on the write level
Delays board
Ensure board parameters . =i D:E_trnmf.
- phase; it should
Ll are comect and include be edge aligned.
complate path ta the
memary device
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Clock
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AR

Rev.
1.0
1.1
1.2
1.3
2.0

20174 7H
20174 7H
20174F9H
20182H
20185E12H

#IRR
J\ANR=U>IDREHEWVMELE
RFELE

SRFEIE. EMIF Spec Estimator DU>MELE
A4 RGAX%16:9(CEE, TA—NY N8, —BIDORFERLZNINTICEE, URUELE
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