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DDR3 TIITONEEA
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Write Calibration QOENE (1)

® [eveling
o BB : Write Bf®M DQS & CK /0YJ(CHiIZS

O 5 NERIOYVITEREISN D Write BFD DQS (OEEZ DX
CKOOYIICHIZAEF S
- CORAT=20O7NTVX A XEVTOMNIICEOTERDFT

| OK
DQS NG

CK
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Write Calibration QOEIE (2)

® Deskew

O

1 : DQS (CXUL T DQ Ly Mg @AMUARICHREET S

O 7375 1 & DQ BN U GEREZINZ, A+1—DiREZITD

e VREF-Out

O

B - XEUFTINAAD Vref LN ZREE

O 5% - VREF-In Calibration ®7)LJVX LEEFER

M ALTIMA 3
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7\ J0—

al e |al o fal el

e

¢

e Avalon-MM A >A9J1—X{ESDhER
O JTAG EZ#RHT Signal Tap Z{ERAU T TFOIESZHEER

amm_address_0 - amm_writedata_T - test_complete
amm_readdata_0O - amm_writedatavalid_1 - data_out
amm_readdatavalid_ 0 - amm_ready_1 - data_in
amm_ready_0 - local_cal_fail - fall
amm_address_1 - local_cal_success - pass

o HERIER

1—YEEEHS EMIF AD7IAREIA(E init_done O7H— K&

7 RLUZADIBENEHEO>TULRWLD (EMIF (XD — REESi])

Burst Length MIETEHT A XEFA MY — NOIED—EX

amm_ready = H ([CIRBET read/write req & amm_address, size DIEZARFLTLBDN
Avalon JNZ EOUtzy MREFENFTE—SNTLDN

Signal Tap TEZAUYIHRRDIES
https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug-20115.pdf

1—YEIFEOMESS

“Signals to Monitor with the Signal Tap Il Logic Analyzer” TR

N ALTIMA 2
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7\ J0-

= )\yH I — o N DEIREILEEZPNDESR (Bit T7—)
o [iCDISREBHRNESIHE . V1T DMHERICRES

1> TVFBECERNENTS

h—MEFED DD

mEAIFIEN DD
BIRIY AR, BEFBR TERNIEILTD

Signal Tap ZH#HMMADESERNEZILTS

O O O O O O

EZAESZDICEERNIEALTD

al e |al o fal el

| el

1—YEIFEOMESS

M ALTIMA 3



S\

o XEUAHII-ADERILICHE R— RERET DR EADERNEFOTHED AEV(CE]
I AR SHIEIMAERICHDFT

o 7))\ ([CEVIRRIDIEHMEOIE. H5hUs T/\y) I2FEDEREEPMTSDE(CL
DAL EB LT BIDICA—N—HER U EOV - ZRUIGRETHERELRDET

o :NETHFRIDIGSHE. MIBAOARERLDBGIEDEDICHA RS> 2T REESORVERG
Z o BRI CiEICIR AT EFULD
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T )\A ZDER

O

Example Design MAFK

O

Fitter DTEER

T

[O]E B DRESR

O

LA 77 hOREER

2l

A—Rk>zab—23>

O

SRk H:

v

Example Design THRELE

O

1—YEIFEOME:

o ZTHA>JO0-TOFIVIUANZELE
o A Appendix DFIVIVANIAERN TRULIEBOFIVIUARNTHD, FI1E
BTRUEIITYA M EOFTYIVA M LA FIVIUR RN THDDT, D1JH
AN EDFIVIIURA NN HEERT DL
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7 )\A ZOER FINA ZADBIREDF TYIUA b v

4 PO AR TIRERT /M ABRIRL TLZH

BEELRER(EHR— MEEIRN

al el fal el [l e - |
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Example Design THREERFDFIVIUA B v

&

PTEEDFERL T Example Design Z4ERK TE3H

Example Design DAEhK

IEHERABYNSA=HZ A SIUIZH

Example Design T® Simulation /5EZMEERLIEN

Example Design TV I\A)UIERRINT B H

Example Design THA/Z>J (5L TLSH

al el fal el [l e - |
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Fitter DHEERERFDFITVIUR b v

4 1—Y1/0 25T Fitter T7—H"RBUVMERLITH

Ny E> RGN H 255, EMIF BeE/\>J(CMDI1—H 1/0 ZEIDZ TR

Fitter DVESR

O

O

O

O

O

O
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7]\

o I e O B R L R e

B3R E OMHEERIFDFIVIVUA B

CLK (FFAE>ZE>TLDN

Add/Cmd, CKE, RZQ, Reset MALIE 75 EDMEERZUIH
54 )\1#&imL TV B hH

VCC, VCCP. VCCERAM, VCCPT, VCCIO, VCCA_PLL, VIT OEBEEHZRITETEIALSERETL. B
[TEFBEEFHINTHI L ZEZRT D

EIRZ BT AR TERLI:%:19ID

FPGA A& XEVRID R imFhSir WE PR ISRIEMRA > MaE%lF. Add/Cmd, DQ/DQS OEHZH
ELNTRUVLCERER

DQ/DQS I —TEIC. DQS (3T DQ D Skew BNI—ZARMN2EBICT—-ANIRZ(ES%
aCadLIIlTD

@ : FPGA AND A CLK & Global Reset
@ : FPGA NT PLL &h&EENTE CLK
Q  ABUINDAS CLK ; O~BZHITE TEBRLD(CEHE

EMIF Handbook @ Design Guidelines ZMEE2UIEH
Schematic Review Worksheets ZHESRUIEH
Pin Connection Guidelines (ZFEERUTEN
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LA7Y MNOREROFTYIUR b 7

FPGA — DIMM O L —XAEDIER

DQ/DQS D Skew BEOHER

Add/Cmd & mem _clk ZEEERUBSEI 2 TR

mXELE(L DQ £ CK fHRLN

Arria® 10 Board Guidelines ZigzaUIzh

DS

EMIF Handbook : Design Layout Guidelines ZMEZ2UTEH

v
RN
3

al el fal el Sl el - [l |
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al el el ol |«

A—R3z1lb—23>

O

v

R—=RSZ1L—-33VBOFIVIVUA M v

Channel Simulation Guidelines ZZ=BBUXEYEHEDE S EAZIRREMEICUNE>TL)
Bt LD

Board Skew Parameter Tool [CEAR|&EiRZ ADUETELIEH

Channel Signal Integrity OFFfi/sTEZUIEN
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A DRI OF VIR b 7

A=) &L TWS ez iR LIz

IEUVWAEBYNSA=FICBOTVD L Z BRI D

s TEUTCBERNRE E EBROEMERIRE N R VB DL TV NMERR TS

SDC J71 ) DNEEZMEERT D

XEY SDC-1—Y SDC DIEEH TER

ABYBEOHIFIZ ZE(CMF TUVRUVINHESR
EMIF NDJVA(S False 3% EZE

N R T Il = R R S R R R

AL JIREE

&l |a
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al el el fal el - [l |

Example Design TAREIE

&

Example Design TIREEIRFDFIVIVA B
EMIF ToolKit ZfEV\ JRE - EEZLUTHETRENLN - N h2dNER T S

EMIF ToolKit T Calibration H* Fail Ulcia&
P23 DIBEZMHEEI D
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1-YERROHERIFOFIVIVA M v
4 Avalon-MM OZJORLVBEDDT7 I R%L TLNDH
Iy FrUIL -2  KRMBFCEETHEFYUIL —23> T 3 EIIRDIEERZHERE
s calibration pass @ Hi ZHEE2LIEN
O
O
O
O
O
1 —YelEgORER
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XBUNSA-H2 R I DICHDER

HlEL TR ECHBRk TORERR

O
O

Y% SO EK
AEYBIZE : MT40A256M16GE-083E:B
ENEREIREZEN : 625 [MHZ]
- Tck =1/625 [MHz] X 1000 = 1.6 [ns]
AXEURIAD HP NS EDT -7 — M iRER
- KETIX Micron #tO7—-5>—Mz5|ALFELUE

BITRET -5 — MeSIRUXEIDIERRZ TR
- 256 Meg x 16

Table 1: Key Timing Parameters

Speed Grade Data Rate (MT/s) | Target 'RCD-'RP-CL | 'RCD (ns) RP (ns) €L (ns)
_ D D R4_ 2400 (’I 6 _'] 6 _’I 6) -062E5 3200 22222 13.75 13.75 13.75
-DE8ES 2933 20-20-20 13.64 13.64 12.64
-D6Bs 2933 21-21-21 14.32 1432 1432
. -075E4 2686 18-1B-18 135 135 135
- Bank group: 2 : :
-083E* 2400 16-16-16 1332 1332 1332
- Bank address : [1:0] 0837 2-‘1?0 17-17-17 14.16 1416 14.16
-093E* 2133 15-15-15 14.06 14.06 14.06
-0o3? 2133 16-16-16 15 15 15
- ROW add ress : [140] -107E" 1866 13-13-13 13.92 1392 13.92
Table 2: Addressing
- Column address : [9:0] — ———
Number of bank groups 4 4
. Eank group address pal1:0] BG[1:0]
- Page SIZe : 2KB Bank count per group 4 4
Bank address in bank group BA[1:0] BA[1:0] BA[1:0]
Row addressing B4k (A[15:0]) 32 (A[14:0]) 32 (al14:00)
Column addressing 1K (Af9:0]) 1K (afo-0l) 1K (al9:0])
Page size' 5128/ 1KB? 1KB 2KE

A4cron

4Gh: x4, k8, x16 DDR4 SDRAM
Features

DDR4 SDRAM

MT40A1G4
MT40A512M8
MT40A256M16

Features

* Vpp =Vppg = 1.2V +60mV
« Vpp= 2.5V —125mV/+250mV
« On-die, internal, adjustable Vegme generation
* 1.2V pseudo open-drain 1/0
* Teof °C to 95°C
- 64ms, 8192-cycle refresh at 0°C to 85°C
- 32ms at 85°C o 95°C
+ 16 Internal banks (x4, xB): 4 groups of 4 banks each
« § internal banks (x16): 2 groups of 4 banks each
+ #n-bit prefetch architecture
* Programmable data strobe preambles
» Data strobe preamble training
« Command/Address latency (CAL)
» Multipurpose register READ and WRITE capability
* Write and read levellng
= Self refresh mode
* Low-power auto self refresh [LPASR)
» Temperature controlled refresh (TCR)
* Fine granularity refresh
+ Solf refresh abort
+ Maximum power saving
« Qutput 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)

* Por-DRAM addressability

= Connectivity test (x16)

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

« JEDEC JESD-79-4 compliant

Options! Marking
= Conflguration
- 1Gigx4 104

_ 512 Mooy g ]

— 256 Megx 16 256M 16
-Im PaCkage [T0-ITee] = X3, &0

— 78-ball (9mm x 11.5mm) - Rev. A HX

- 78-ball (3mm x 10.5mm) - Rev. B RH

= FBGA package (Ph-free) - x16

- 96-ball (9mm x 14mm)] - Hev. A HA
- 96-ball (9mm x 14mm] - Rev. B GE
* Timing - cycle tme
- 0.625ns & CL = 22 (DDR4-3200) -062E
— 0.682ns @ CL = 20 (DDR4-2933) -06BE
- 0.682ns @ CL =21 (DDR4-2933) -G8
= 18 (DDR4-2666) -75E

- 0.750ns & C

6 (DD H4-2400)

0.833n5 & C
ns & - -
- D 937ns @ CL =15 (DDR4-2133) -093E
- 0.937ns @ CL =16 (DDHR4-2133) -093
- L071ns @ CL = 13 (DDR4-1866) -107E
» Operating temperatune
- Commercial (0° =T = 95°C) MNone
— Indusirial (—40° £ T = 95°C) IT
- Revision A

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

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

Protocol: | DDR4

| 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:
IS (bass):

tIH (base):

Tdivi total (UT):
WdiviW total:
tDASE (UD):
tQH (UD):
DWW (D)
tDGSCK:
t0GSS:

10SH:

tDSH:

105%:

IS (kase) AC level:

tIH (kase) DT lewvsl:

2400 v

62

100 v mV

g7

75 v mv

0.2
130
017
074
072
175
0.27
0.38
018
018
203.0
203.0
500

3
32.0
15332
1332
150

LI
by
LI
LI
LI

cycles
cyCles
cyCles

cycles

us
cyCles
ns
ns
ns

s

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

LU DAERIEDT —55 — N BIBUISA—IEHERT S

O

[Memoryl [Mem Timing] 77 D% TE =R

|- Parameters dependent on Speed Bin, Ope

Update the following as wou change the operati

tRRD.S: 4

tRRD L 4

tEAW: A48
tOCDS: 4

1OCD L 5 v: cycles
HWTRS: 2

HATR L 5

cycles
cyicles
ns

cycles

cycles
cycles

[ Parameters dependent on Density and Tei

X:EUGDEE%:-%CDZE— I\Ol/ I\(LJ:D_C/ \ 7>( /5’0)725 7\:!3\ kﬁﬁh\gbé Update the following as you change the physica

Incorrect values can cause data corruption.

O

Ex 1 XEUDELEN MT40A256M16GE-083E:B DIFE
- XEYDRE—RFL—R(E DDR4-2400 (16-16-16) 2D T 2400 &SR3
- SREREMEEERREICLS BN

tRFC: 2600
tREF: 78

\

. BENERELREN 600 [MHzZ] T 800 [MHz] THSEIDBE 2400 Raslg — Fowaddess widh

ERIREC IO TUENEDDETENBEREFEHD

©)
©)

O

tRRD, tWTR, tCCD, CL, CWL...etc
GUI _EDEEf[ET — M — MOBERIICEREODR VOMESR

—RIL—RICLHTEIRTS AC LRIVOEFIHZEND

https://www.intel.com/content/www/us/en/programmable/suppor

Column address width:
Bank address width:
Bank group width:

Data mask
[ ]wiite DBI
[ |Read DBI

ns

LS

15 v
10 v
v

| Latency and Burst

Memory CAS latency setting
Memory white CAS latency setting:

9

base/solutions/rd01032014 56.html

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

Table 2: Addressing

Parameter 1024 Megx 4 512 Megx 8 256 Meg x 16
I' Memory Protocol Mumber of bank groups 4 4 2
Priotoon]- DDR4 - Bank group address EGl1:0] 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]
General Memory| Merm 1/0 | FP3A /O | Mern 1 Riow addressing 64K (A[15:0]) 32K (Al14:0]) 32K (Al14:0])
Column addressing 1K (A2:0]) 1K (A[9:0]) 1K (Al9:0]
ROW addr_ess Wldth 15 v' Page size' 512B / 1KB2 1KB 2KE
Column aeeiess widdn 10 v Ex. BIYEEIREL : 625 [MHzZ]  tCK=16[ns]  Speed bin = -083E
Bank address width: o -
Bank sroup width — tCK = 16 [ns] DT Min 1.5 < tCK (1.6) < Max 1.9
: Read DBI (CFIYINASTLSDT READ : DBl 2S8R
Data mask
: CL="1
| |Wiite DBI WL =9

Read DBI

Table 144: DDR4-2400 Speed Bins and Operating Conditions

DDR4-2400 Speed Bin -0B3F -083E 083
CL-nRCD-nRP 15-15-15 16-16-16 171717
Parameter Symbol [ Min Max Min Max in Max | Unit
|- Latency and Burst READ: [|READ: DEI |WRITE Symbol [ Min' Max Min Max Min Max | Unit
X . nonDE]
Memory CAS latency setting 1 - LCL-EI L= CWL = 9 it 1.5 1.9 1.5 1.9 Reserved ns
: : ] [CL=10 JcL=12 WL = 9 R 15 16 Reserved 10 16
Memory wite CAS latency setting: g - = = = - : e = | 1 ns
E CL=10 J|CL=12 OWL =19, 11 L & Reserved Reserved Reserved s
CLe11 flCL=13 CAL=9 1 tegd Reserved 1.25 <15 1.25 <15 ns
CL=12 [[CL=14 OWL =9, 11 oy’ 125 <15 1.25 <15 1.25 <15 ns
CLw=12 ClL=14 OWL = 1012 tepd Reserved Reserved Reserved ns

N ALTIMA
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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 o0 — 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

= 4/1

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
-093E? 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 Symbol Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
DLL locking time IDLLE 597 — 597 — 768 — 768 — CK 2.4
CMD, ADDR setup timg |Base s 115 - 100 - 80 - B2 - ps
to CK_t, C¥_c Base ref- Vagica 'I:|_|r"“'_..'EF 215 _ 00 _ 180 _ 162 _ ps
erenced to Vg and
viLgac levels
CMD, ADDR hold time ||Base "IH 140 - 125 = 105 - 87 - ps
to CK_t, CK_c Base ref. T — T 715 - 00 - 180 - | 162 - P4
erenced to Viypo and
viLipo levels
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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
Tdiv total (LD fl02 ' 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

& 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 - 1320 - 120 - 115 - 110 | m\V |2, 3
peak-to-peak
DO Rx input tim- Tdivw - 0.2 - 0.2 - 0.22 - 0.23 - 0.23 u g3
ing window
Table 149: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133
Parameter symbal Min | Max | Min | Max | Min MNotes
DO Output Timing (DLL enabled)

D05 _t, DQS ¢ to DO skew, per group, per
ACCESS

DO cutput hold time from DO5_t, DG5S _«¢

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

Data Valid Window per device, per pin
YOH - 10450 each device's output per Ul

I I T A |
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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 Symbael Min Max Min Max Min Max Min Max Unit | Notes
DO Low-Z time from CK_t, CK_« WIng =450 225 -390 195 =360 180 =300 150 ps
D High-Z 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 =0.27 0.27 =0.27 0.27 =0.27 0.27 CK
rising edge
DQS_t, DQS_c differential input low pulse DQSL 046 | 058 | 0.46 | 054 | 046 | 054 | 046 | 054 || cK
width
DQS._t, DQ5_c differential input high DOSH 046 | 054 | 046 | 054 | 046 | 054 | 046 | 054 || cx
pulse width
DQ5_t, DOS_c falling edge setup to CK_t, Inss 0.18 - 0.18 - 0.18 - 0.18 - CcK
CK_c rising edge
DO5_t, DOQS ¢ falling edge hold from 'DEH 0.18 - 0.18 - 0.18 - 0.18 - CK
CK_t, CK_c rising edge
DQ5_t, DQ5_c differential WRITE pream- "WWPRE 0.9 - 0.9 - 0.9 - 0.9 - CK
ble
DQ5_t, DOQ5_c differential WRITE postam- BWPST 0.23 - 0.33 - 0.33 - 0.23 - CK
bla
DQS Strobe Output Timing (DLL enabled)
DQS_t, DOQS5_c rising edge output access IDQSCK =225 225 =195 195 =180 180 =175 175
time from rising CK_t, CK _c
DQ5._t, DQS_c rising edge output var- DOSCKI 370 R 330 - 310 ; 290 ps
iance window per DRAM
DQ5_t, DOS_c differential output high 1Q5H 0.28 - 0.38 - 0.38 - 0.38 - CK
time
DO5_t, DOS_c differential output low Q5L 0.28 - 0.38 - 0.38 - 0.38 - CcK
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[* Memory Protocol

Protoool: | DDR4 v:

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

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

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

Timing parameters as found in the data sheet of 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 - CK
_ ' mode is programmed

115 (base); f7 re

_ : Write leveling setup from rising CK_t, Wiy 0.13 = 0.13 = 0.13 = 0.13 = CK
tI5 (base) AC level: 100 ¥ mV CE_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
TdlivW total (UID): 02 : Ul !}QS_.: crossing to rising CK_t, CK_c cross-
VAW total: 130 ny "
tDQSQ (UL 017 uI -
{QH (UL 074 Ui Ex. EMFREIREL - 625 [MHz]  tCK = 1.6 [ns]
DWW (UD): 072 Ut o mwal s e N _ N
{DQSCK: 175 i, tWLS, tWLH OEiZ(E GUI ETIE ps BRDICHULT—F>— M ET(E CK [CIRDOTWADT [CK] Z [ps] (CETENHD
tD0SS:
thH. = 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
tD55: 018 | 3 - >
e - s o INIT Uy MYRERENTAS CKE ATH— hENBE TORES
ANLH 2080 - o XEUOIORIILTEIZ, JEDEC STANDARD TEZEINTULD
HNIT 500 s e S[ol[d DDR4 72T DDR4 JEDEC STANDARD ZZ&H2
tMRD 8 C‘yfcles
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: 1332 rs
W 150 ns
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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

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

Speed bin: 5400 |

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
tDQSQ (UL 017 )
tQH (UD): 074 )
DWW (D) 072 )
DSk 175 Ps
tDQSS: 027 oycles
tSH: 038 oycles
tDSH: 018 cycles
105! 018 ovicles
TALS: 2080 s
tALH: 2080 o
HINIT: 500 Us
thARD: 2 cycles
tRAS: 320 N
tRCD: 1332 ns
tRP: 13.32 rs
tAR: 150 ns

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min | Max | Min | Max | Min | Max | Min | Max || Unit | Notes
MRS command cycle time 'MRD 8 | - | 8| -] 8 | - |] 8 | - K
MRS command cycle time in PDA mode "MRD_FOR - - Tore | s !
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 17-17-17
Parameter Symbol [ 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 - LAAIMIN - LAA(MIN] - s
with read DEI enabled + AnCK + InCK + 3InCK
ACTIVATE to internal READ or WRITH TRCD 125 - 13.32 - 14.16 - s
delay time - 2
PRECHARGE command period & = = -
ACTWVATE-to-PRECHARGE command RAS 32 9 x« '"REFI 3z 9 = "REFI 3z 9« 'REFI | ns
period | ] | 1
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 AW MIM = greater | MIN = greater | MIN = greater || MIN = greater ns
size (1KB) of 20CK or 25ns | of 200K or 23ns | of 20CK or 21ng | of 20CK or 21ns
Four ACTIVATE windows for 2KB page FAW MIN = greater | MIN = greater | MIN = greater]| MIN = greater ns
size (2KB) 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
"WVR; MIN = 1CK + "WR CK 6 11,1
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o MT40A256M16GE-083E:B @ DDR4-2400 (16-16-16)

} \oax _QODEEDIL,\

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

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min | Max | Min | Max | Min | Max || Min | Max Notes
7= o
: ACTIVATE-to-ACTIVATE command period '‘RRD_S MIN = greater | MIN = greater | MIN = greater || MIN = greater 1

Pa ters d dent on Speed Bin, O
L eaieie dazani e Szt Bl Oy to different bank groups for 2KB page of 4CK or 6ns | of 4CK or 5.3ns | of 4CK or 5.3ns]| of 4CK or 5.3ns

Update the following as vou changs the operati size

tRRD S 4 ovcles ACTIVATE-to-ACTIVATE command period RRD_L MIN = greater | MIN = greater | MIN = greater || MIN = greater

\RRD L 4 cydles 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

i AW'_ TG ACTIVATE-to-ACTIVATE command period '‘RRD_L MIN = greater | MIN = greater | MIN = greater || MIN = greater

' : ne 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

HCCDIS: 4 : cycles ACTIVATE-to-ACTIVATE command period 'RRD_L MIN = greater | MIN = greater | MIN = greater || MIN = greater

toCD L 5 v cydes to same bank groups for 2KB page size (2KB) of 4CK or 7.5ns | of 4CK or 6.4ns | of 4CK or 6.4ns}| of 4CK or 6.4ns

TR S 5 cycles CTRL, ADUK pulse width Tor each input PV oUU | - 5 = 40U | - 40| -

tWTRL: 5 cycles sph sk -

Ex. BMERIRER : 625 [MHz]  tCK = 1.6 [ns] Page size : 2KB

I' Parameters dependent on Density and Tei

|Update the following as wou changs the physica
Ihcornrect values can cause data conuption.

tRFC:
tREFL

2600
7.8

g=]

LIS

3.3 [CK]

4 [CK]

Page Size = 2KB 2D T 2KB DEZAREHR

*tRRD_S = 4 CK or 5.3 ns TAREVAZIEIR
5.3 [ns] % [CK] [CELTLEERT D
53 [ns] /16 [ns] =
33 ¢ 4%EETBE 4 DANKEVDT tRRD.S = 4

*tRRD_L = 4CK or 6.4 ns TAREVAZIEIR
6.4 [ns] & [CK] (CELTLEER
6.4 [ns] /1.6 [ns] =
4 [CK] £EBIURDT tRRD_S = 4
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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
Parameter Symbol Min | Max | Min | Max | Min | Max
Four ACTIVATE windows for 1KB page ‘FAW MIN = greater | MIN = greater | MIN = greater

DDR4-2400

MIN = greater

_ size (1KB) of 20CK or 25ns | of 20CK or 23ns | of 20CK or 21nd)| of 20CK or 21ns
I' Parameters dependent on Speed Bin, Ope Four ACTIVATE windows for 2KB page FAW MIN = greater | MIN = greater | MIN = greater §J| MIN = greater
Update the following as you changs the operati size of 28CK or 35ns | of 28CK or 30ns | of 28CK or 30ns
tRRD S 4 s CAS_n-to-CAS_n command delay to dif-
- = ferent bank group
tRRD_L Ll cydes
tRAW 443 ns
tOO D_S . 4 cycles Parameter
50D L 5 v cyos (hZAS_n—to—CAS_n command delay to sama MIN = MIN =
- ank group greater greater
tWTRS: 2 cycles of 4CK of 4CK
tATR L. 5 cycles or il
6.25ns 5.355ns
I' Parameters dependent on Density and Tei
Update the following as you change the physica Ex. BIEREIREY - 625 [MHz]  tCK = 1.6 [ns] Page size : 2KB
Ihcornrect values can cause data conuption.
{REC: 2500 . FAW = 28 CK or 30 nsTAZLS#IEIR 15. JEDEC specfies a minimum of five clocks.
tREFT: 18 us 28 [CK] 7% [ns] [CIEELTHEER

28 X 1.6 = 44.8 [ns]
30 < 448 73DT 44.8

«tCCD_L = 4CK or 5 nsCTAZEVAZIEIR
5 [ns] Z [CK] (CEUTLEER
5/1.6=3.12..[CK]
4> 312 RDT 4 ZiER
UNU Notes15 TIEE/IME 5 EELEHNHBIDT 5
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I' Parameters dependent on Speed Bin, Ope

Update the following as vou changs the operati

tRRD S 4

tRRD L 4

tRAW A4 3

o000 S: bl

1CCD L 5 v cycles
HWTR S —
tWTRL: 5

cycles
oycles
ns

oycles

oycles
oycles

[ Parameters depdndent on Ddnsity and Tei

|Update the Followilg as you cha

Ihcorrect values o
tRFC:
tREF:

h cause data

2600
7.8

ze the physica
corruption.

g=]

LIS

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- "WTR_L MIM = greater of 4CK or 7.5ns 1
action to internal READ command - Samve|  TWIR Ly MIN = 1CK + TR L K 16111
bank group
Delay from start of internal WRITE trans- | "ATR_L_CRC_D | MIN = "WR_5S + MIN = "WR_S + greater of (S§K or 2.75ns) CK 7,101
action to internal READ command - 5ame 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 & | 7,1,
M;
Delay from start of internal WRITE trans- "WTR_S MIN = greater of (2CK or 2.5ns) CK 6, SISI'.
action to internal READ command - Dif- el |
ferent bank group WIR_S; MIN = 1CK + "WTR_S K | 689
1.1
Ex. BDEREIREER - 625 [MHz]  tCK = 1.6 [ns] Page size : 2KB
“tWTR_L = 4 CK or 7.5 nsTREWHZEIR
7.5 [ns] % [CK] [CIELTLEER
75/16=468..[CK]; 4 <468 RRDT 4.68 miER
INS R LT HI0 BT S
“tWTR_S = 2 CK or 2.5 nsTARZTVAZIEIR
2.5 [ns] Z [CK] [CEELTLEER
25/16=156.[CK];2 > 1.56 BRDT 2 ZiEIR
Table 148: Refresh Parameters by Device Density
—
Parameter mbol 2Gb 4Ghb 8Gh 16Gb__| Unit | Notes
REF command to ACT or REF com-|[ 'RFC (All bank groups) 160 260 350 550 ns
mand time y
Average periodic refresh interval || 'REFI | 0°C < T < 85°C 7.8 7.8 7.8 39 || us
0°C < Tc < 95°C 3.9 39 39 195 | ps 1
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Example Design OYERLTTE 1/3

e Example Design DERY
o XEVIPERTEEME = Example Design 77 = T DRIDLSCHEEFI7ZFEE
= Generate Example Design Z##9°& Example Design H4 5K

Arvia 10 External Memory Interfaces [ Details
altera_emif Generate Example Design
Generate Example Design Example Design
|- Memory Protocol
Protocol: [DDR4 -

General | Memory| Mem 1/0 | FPGA /0 | Mem Timing| Board | Controller| Diagnostics| Example Desigrs |
[ Available Example Designs .
Select design: |EMIF Example Design v

[ E@mple Design Files |
VSimulation | simulation FHDI71 )& £ U WSS (EIR

VISynthesis | synthesis O I7A L& F R UIcW S S (38R

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 |
Simulation HDL f:m'na‘ Verilog ¥ |EE}Z§“§?‘3’I’ )ﬁ)%%ﬁ%ﬁ

|* Target Development Kit

|
SCCE Z 7)L77 devkit ZEAIIHESRTINAIVAZ1-HDEER

lopment kit testing.

Applya development kit . 50 GX FPGA Development Kit with DDR3 HILO

Select a development kiffrra 10 GX FPGA Development Kit with DDR4 HILO
development kit If you gArra 10 GX FPGA Development Kit with RLDRAMS HILO
board), please sslect 'ndlfria 10 SoC Development Kit with DDR4 HILO for FPGA (x72)
Aria 10 SoC Development Kit with DDR4 HILO for HPS (-40)

o FFHA(E External Memory Interfaces Intel® Arria® 10 FPGA IP Design Example User Guide ZZ&H8

7ASS)

- https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug-20118.pdf
« "Design Example Quick Start Guide for External Memory Interfaces Intel® Arria® 10 FPGA IP" ZZ&Hg

testing on a specific
loping on a custom
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Example Design DYERLTTE 2/3

e Example Design DERK

o Example Design DAERLTAILS
- qii 7A)A : Synthesis FAD Example Design
- sim J#J)L4 : Simulation FB® Example Design

o qii FANAD qpf ZFAE. I>)\1)L%

| emif_0_example_design

| ip /l ed synth.qpf

il

|

sim

ed synth.asys
) edsynth.ost
) ed synth.pin

D generate.out

—/,

EXE)

9 BETExample DesignZ{ERk B]BE

—

BEHEH ~%i OC |ed synth

Project Navigator
Instance
S Arria 10: 10AX11552F45115G

» A ed_synth_topéa

| L CHD rPpF e OREOW

QLExE * Start Compilation - Ctrl+L Ld
Entity

*  Project Overview

[ (RS- PR |
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e Example Design MDYERK

o Tool = Programmer = Auto Detect = Change file = sof J74)L7Z3#E4R = Start = Successful TEIAHT T

IGHE Window Help

e sHardware Setup... USB-Blasterll [{
1 - B . —— File Device  “hecksum Usercode Program/
| );: Launch Simulation Librar Enable real-time ISP to allow backg: o 10AT090S1 00000... MiStart | s
f <none> 5M2210Z  00000... 1 ——
| = : : JAuto Detet <nones 21CFI_16b b ed synth.sof  10AX115S.. 30A4A... 30A4A... Vi
\ 0' MeStart File Dev | <none> 5M2210Z  00000... 00000...
X Delete 5Auto Dete¢ <none> Z*CFl_'] Gb
Advisors Wl ed_synth.sof 10AX1 % Add File X Delete ‘
. :
&% ® ile.,
bys? JAuto Deteq Change Fil N Add File..
_ @ Design Partition Planner X Delete m prerL1ch Change Fily
W . B
Add File., PO | N -~/ || | | s
I n Add Device 0 - . ....I.... ) T
Netlist Yiewers Change Fils i . DI E : : Add Device cees aasasasas '
I:wnw.-.- . i pi —p: H - TDI F : -
@ Signal Tap Logic Analyze = oI : L : i I :
! Boown | s owesror e ... e
—
== |n-System Memory Conts Add Device Hocerae| _TDO ML [ pJOAX11552F45 5M2210Z
o . Tod OAX11552F45 ) .
E Logic Analyzer Interface | % ‘

In-System Sources and P

U

Progress: || 100% (Succe-

# JTAG Chain Debugger
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e EMIF ToolKit OE{TJ0—

o EMIF Tool Kit AT23>0ER1E
FHAAERRS LU 1IL
M—R&E PC DIES:E
h—ROEIFIZ AL SOF IT7ILDOEEIAH
EMIF ToolKit ZEEULIV> ROETT
L ih— MR

O O O O O

- EF#M(Z External Memory Interfaces Intel® Arria® 10 FPGA IP User Guide ZZH8

e https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug-20115.pdf
“External Memory Interface Debug Toolkit” THRZR
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EMIF ToolKit DfELN\G 2/8

e EMIF ToolKit DE1TI0—

O EMIF ToolKit AT 3a>DBEZME
- Diagnostics 47 M Add EMIF Debug Interface Zi#EIRU IP % Generate

I~ Memory Protocol
FProtocol: DDRD

Diagrnostics | Example Designs

FRSA LD | Mem Timing | Board | Controller

General | Memory | Mem L0

I~ Simulation Options
Calibration mode: Skip Calibration -

|:| Abstract phy for fast simulation

I~ Calibration Debug O ptions
Gluartus Prme EMIF Debugz Toolkit/On—Chip Debug Port: Disabled
Disabled

Frable Daisy—Chaining for Quartus Prme EMIF Debug Toolkit/ D H—Ghip': "

Add EMIF Debuz Interface

Interface ID: I
Add EMIF Debug Interface #i#iR
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e EMIF ToolKit DEITIO—
o EMIF ToolKit DFCE]

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

= R R T T S T e e T v e ST T S e e T N T T R O A I
G Quartus Prime Standard Edition - C:/a_ticket/EMIF_DEBUG_TOOL_KIT/test?_instoller_design/qts_ddr3_x72_800MHz (2)/qts_ddr

File Edit “iew Project Assignments Processing

Of=d B

[Tonls Window Help @

Run Simulation Tool 3

Launch Simulation Library Compiler

Project Navigator [ 4% Hiel

Entity:Instance
! Yy Arria 10: 104X11552F45115GE2
> & ed_synth oy

An
‘& Launch Design Space Explorer Il
e TimeQuest Timing Analyzer
Advisors 3

%%  Chip Planner
4> Design Partition Planner

[/ QSO D»

External Memory Interface ToolKit U4 > RUDICHNTE
B&HI(C Project H'BH<

Netlist Viewers 3
4| i
SignalTap Il Logic Analyzer
Tasks Compilation ks = ? = 4
&= |n-System Memory Content Editor
Task
@ Logic Analyzer Interface Editor = -
v 4 P Compile Design
In-System Sources and Probes Editor
4 4 P Analysis & Synthesis 2100 = =
B e ) SignalProbe Pins...
Fdit Sattinne )
< LI} » Programmer
Status wﬂ JTAG Chain Debugger
Module %  Progress o » Fault Injection Debugger
System Debugging Tools 4 g System Console
_"d IP Catalog Transceiver Toolkit
Nios Il Software Build Tools for Eclipse Bus Anahyzer (Befa
i‘t Qsys E External Memory Interface Toolkit
x - A& TclScripts...
s((2) @ & (&) iter>>
C ize
[? Type ID Message )
- arte rogrammer op¢
@ 209060 started Prog p Briae 16
@ 209016 configuring device ing License Setup...
@ 209017 pevice 1 contains JTAG (G Install Devices...
@ 209007 Configuration succeedem =="T UEVTCETS ) CONTTOUrET

T External Memory Interface Toolkit

B o =

Search altera.com ®

% Open Project...

File Reports Help

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

External Memory

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

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

Report @s

Report not available: no project open

= ©® available for the specified Quartus Prime Tcl1 package. -
L%J © - Type "help -tcl1"” to get an overview on Quartus Prime Tcl usages.
@ FEEEEEE AR R R R R R R AR R AR R RRRAERRAE R FRR AR R TR R TR RRRRRRRRARRR AT RR AR
wr Joad_package ::quartus::external_memif_toolkit
o «1.0 e
o« P
2
< .
8| Console | History

0% 00:00:00 Ready
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e EMIF ToolKit ®ZE4TJ0—
O EMIF ToolKit @ GUI
- Tasks DA RITINVIRELT
- Lik—MIA>YROICLUR— MRREN S

T External Memory Interface Toolkit - E:/05_work/02_EMIF/x170603_A10_DDR3/qii/ed_synth = S g
File  Reports | Help

Search altera.com ]
« ™ Open Project... ~| & <<Filter>>
4 [~ Connections Setup Report date Mon Jun 05 14:22:32 2017
v P> Initialize Connections = | |Connection name ed_synth:ed_synth_inst|emif_O|col_if
v W 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_0|col_if
= roject from Device... System-level debug connection hierarchy name  ed_synth:ed_synth_inst|emif_O|col_if|colmaster
gxq ___EX  ions Memory interface protocol DDR3
=  Memory Interface Connection... Connection target type External Memory Interface
m=rcreate Efficiency Monitor Connection... Connection target version 16.1
B Create Traffic Generator Connection..  +||Connection index o
< m » Input delay step size (ps) 3.66
Report m= | |Output delay step size (ps) 7.32
ES External Memory Interface Toolkit Summary Calbeion [+EES
5 B Connections Initial failing group None §¥%H I/—Ig_ |\
.ed_synth_instjemif_0]col_if ( Initial failing calibration stage N/A ATy /N
L] __BE= Groups active for calibration 9
I/;I_\ - I\ % ails Ranks active for calibration 1
Input Rate (Memory clock to AFI clock ratio) Half

Output Rate (VCO clock to memory clock ratio) Full

< [l J »

x|« establish_connection -id 0 -
!% @ Reading connection log for connection target. This may take some time.

0 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.

@ 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 -
gl [ | »

N S

é Console ‘ History ]7) I\/X\\J‘tz_\/

0% 00:00:00 Read'
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e EMIF ToolKit DZEFTI0—
@ : Initialize connections
@ : Link Project to Device
3 : Create memory interfaces
@ : Rerun Calibration

Tasks M

v

v
v

v

"% Open Project...
4 1~ Connections Setup
P Initialize Connections <—— @
M Link Project to Device.. «——— @
P> Reindex Connections
P Unlink Project from Device...
41 Connections
W Create Memory Interface €<—— @
W Create Efficiency Monitor Connection...
W Create Traffic Generator Connection...
4 7~ Memory Interface: ed_synth:ed_synth_inst|emif
41" Commands
P Rerun Calibraton <— @
P> Driver Margining
P Generate Eye Diagram
P Calibrate Termination
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e EMIF ToolKit DZEFTI0—
o Create memory interfaces 23479 2¢F I —2a> 0V |EHRZHEZ DI AL

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

File | Reports | Help

Tasks

+ '8 Open Project...
47 Connections Setup
v P> Initialize Connections
v B Link Project to Device...
P> Reindex Connections
P> Unlink Project from Device...

1 & <<Filter>>

e

Search altera.com [}

Report date

=Jl|Connection name

Connection path

Interface hierarchy name

System-level debug connection hierarchy name
Memory interface protocol

24 L Connectigns
r

v B Create Memory Interface Connection...

Connection target type

Create memory interfaces DT

nection target version

nection index

1 TIT I

Tnput delay step size (ps)

Report

Output delay step size (ps]

> W Connections

B3 External Memory Interface Toolkit Summary

47~ DDR3:ed synth:ed_synth_inst|emif_O|col_if
&= Interface Details

Calibration

Initial failing group
Initial failing calibration stage

Mon Jun 05 14:22:32 2017
ed_synth:ed_synth_inst|emif_O|col_if
[devices/10AT115S1@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

itirnal Memory Interface :;-\7U j‘l/_ ia)d)ﬂ-?l)ll‘ﬁ *Eb\‘%ﬁ
0

3.66

7.32

Caln stioen Fal
None S 1ritis fadeg group 2

N/A Iritial Faling calbe stion stage

Ranks active for calibration
Input Rate (Memory clock to AFI clock ratio)

LiIR— KA > RODH Y ZER

le (VCO clock to memory clock ratio)

Fiead Callbwation - Guarantesd read Falure

Half FrYUIL—33V(C Fail UIRE
Ful Fail Uz IL—TPRT—SOIEIRHIER T

-

L1l

N3

@]

fcb

> establish_connection -id 0
o Reading connection log for connection target. This may take some time.
© successfully established a connection to target /devices/10AT11551@1#USB-1/(11ink)/JITAG/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.
® Reading connection log for connection target. This may take some time.
® successfully created summary report for target ed_synth:ed_synth_inst|emif_0|col_if in 0 seconds.

<

[ |

Console

Console ‘ History

0%  00:00:00 Read'
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e EMIF ToolKit ®=E1T7J0—
O Rerun Calibration 2179 2L3HRFYUIL -3 BiRZ MR DI RE

77 External Memory Interface Toolkit - E:/05_work/02_EMIF/x170603_A10_DDR3/qii/ed_synth = "@_\E
File Reports Help Search altera.com L]
Tasks (L LRl Calibration Status Per Group
v W Link Project to Device... | & <<Filter>>
P> Reindex Connections Group Status  Error Stage
P> Unlink Project from Device... 0 Pass N/A
4 1~ Connections 1 Pass N/A
; = N * >, = d
v W Create Memory Interface Connection... =2 Pass NJA E¥I%HE:F‘7|J7 l/_ /3 /ll ﬁ*&%ﬁ&ﬁ?ﬂ?\f %5
W Create Efficiency Monitor Connection...
3 Pass N/A
H H == 4 P N/A
Rerun Calibration MZFEAT  |jemi ass N/ _ . : _ :
_ B Pass N/ ® : DQ pin Margin ® : Read Margin
rm:nan.ﬁa—l 6 Pass N/A
_Rerun Calbation N Lo o DQ Pin Margins Observed During Ca
P> Driver Margining 8 Pass N/A 8, <<Filter>> | & <<Filter>>
P> Generate Eye Diagram [ Name Margin (ps)
P> Calibrate Termination < DQPin  Read Margin (ps) DQ F-] ] L]
<| m | 4 0 -1501t0 153 2 interface [ NI
Report @s 1 -128t0 128 8 “ 'ia;go I | —
I |
B3 External Memory Interface Toolkit Summary 2 -142 to 146 4 poo
i = 3 -146t0 146 9 o1 I
Calibration Report J#)LAHERK . . . .
@ : Write Margin : DQS pin Margin
E= Interface Details
I 4 % Calibration Repart I DQS Pin Margins Observed During Calibration
EE Calibration Status Per Grou & <<Filter>> & <<Filter>>
E= DQ Pin Margins Observed [ @ Name Margin (ps) ———
B Read Data Valid Windows ~—€—— @ f 8 ) ) _ _D'QS Pin  DQS Read Margin (ps) DAS Ing
E= Write Data Valid Windows ~&——— 0 interface [ RIS 0 -1281t0 128 81
EE DQS Pin Margins Observed < @ 4 Rank 0 I | . 1 -142to 142 77
£ FIFO Settings 4poso | 2 14210142 83
B Controller Latency Observed During Calibration oqo I — 3 -131t0 137 89
Da1
< m | » ‘
Console

0% 00:00:00 Read
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e EMIF ToolKit DE1TI0—

O EMIF ToolKit DLK—RI71ILDARTF
- Report D14 RN TLR—MEZEIR - 5795 - Export

| ey ]
- IPNREEEL TR +
: Interface Detailsa T:FZI\
e e e T T
& |
Report ® : Setting : Value |
f External Memory Interface Toolkit Summary - - +
. : Row-address width : 13 :
M
Connections . : : Bank-address width ;3 :
4 " DDR3:ed _synth:ed_synth_instjemif_O|col_if (Conne| ° Contrel width | ;
M Summary , Humber of chip aselectsa . 1 .
) : Humber of clock enables ; 1 ;
8 Interface Details ; Number of ODT signals | :
4 I~ Calibration Report : Total interface width . B4 :
] : Data-mask width : & :
™ Ca 2 Per Group : Read DQS group asize ; &8 :
& DQ Pin Margins Observed During Calibration » Write DQ5S group size : 8 i
. . : Burat length : B :
& Read Data Valid Windows . CAS latency - :
&8 Write Data Valid Windows : Rate ; Half
. . . ; i ; DQ/DQS group aize ; B i
& DQS Pin lﬁdargmsObserved During Calibration . DLL chain length 2 :
8 FIFO Settings : Number of ranks -l :
o p—————— +
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1.2
1.3
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20194F7H
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20198 11H
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FRFMEIE. EMIF Spec Estimator OUIMEIE

A5 ROAZX%Z16:9(CZEEE, TA—NY N ZEE, —EBDIREERECZNINT(ICEE, URUEILE
U5 ZAIELE

SRFEIE

ERIDU> B, FrUIL -S> DiRA%ZEE

B LDERE AFEINEZARICBIMNEL TR, FELOER LOERZE —HV W E TS,
1. ABERIIFTemTY . FFRIBKERIT I B EPEIERT 52220 T,

(G2 RN NI\
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