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Arria 10 EMIF Example Design Guideline
O

External Memory Interface (EMIF)
Design and Debug Guideline

Design Flow

https://www.intel.com/content/dam/altera-www/global/en_US/support/knowledge-center/emif/2017/Arrial0_EMIF Example Design Guidelines.pptx

Arria 10 Simulation Guideline

https://www.intel.com/content/dam/altera-www/global/en _US/support/knowledge-center/emif/2017/Arrial0_ EMIF Simulation Guidelines.pptx
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Propagation delay < 0.69 tcx for DDR3
Propagation delay < 1.5 tx for DDR4 DDR3 DDR3 DDR3
i -
FPGA - P Voo Vo Component Component oo Component
lock x1 %2 X3 l A J. £ eee J. &
cloc
SDRAM SDRAM SDRAM SDRAM CKo ek €% lpas
address and Component Component Compaonent Component
command v 2 s \j A\ \J
DQ Group 0 DQ Group 1 DQ Group
CK
FPGA
If using discrete components: If using a DIMM topology:
X=y=x20ps x=y +/- 20 ps
X+x1=y+yl+20ps . . o
X4X1 +X2=y+y1+y2+20ps CK: = Clock signal propagation delay to device /
X+X1+x2+x3=y+yl+y2+y3+20ps DQSi = DQ/DAS signals propagation delay to group i

o [EIERFECONTE
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Arria 10 Board Guidelines
https://www.intel.com/content/dam/altera-www/global/en_US/support/knowledge-center/emif/2017/Arrial0_EMIF Board Guidelines.pptx

Appendix : [BIFEIOHEENIE

Design Layout Guidelines
https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug-20115.pdf

"Design Layout Guidelines” THRZ&

Device Schematic Review Worksheets

https://www.intel.com/content/www/us/en/programmable/support/support-resources/download/board-layout-test/s

ematic-review-ws.html
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CAS to DIMM/DEVICE O
WEN to DIMM/DEVIGE 0
C5[0] to DIMM/DEVICE O

0DT[0] to DIMM/DEVICE 0
CKE[O] to DIMM/DEVICE O

Address[0] to DIMM/DEVICE 0
Address[1] to DIMM/DEVICE 0
Address(2] to DIMM/DEVIGE O

Address[3] to DIMM/DEVIGE 0
Address[4] to DIMM/DEVICE 0

Address([6] to DIMM/DEVIGE 0
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Address[5] to DIMM/DEVICE O

I I

1 I

1 L

Address[8] to DIMM/DEVIGE 0
Address[9] to DIMM/DEVICE 0
Address[10] to DIMM/DEVICE 0

Address[11] to DIMM/DEVIGE O

SHtE/ PERNSISES

Address[12] to DIMW/DEVIGE O

Address[13] to DIMM/DEVICE O

Address[14] to DIMM/DEVICE O
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Address[15] to DIMM/DEVIGE O
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Board Skew Parameter Tool
https://www.intel.com/content/www/us/en/programmable/solutions/technology/memory/estimator/board-skew.html
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https://www.macnica.co.jp/business/semiconductor/articles/intel/129749/

v F° Timing Analyzer

=S| Summary

FH Parallel Compilation
B spc File List

FH clocks

F~ slow 900mVv 100C Model
FH Fmax Summary
E Tirming Closure Recommendations
= Setup Summany
B Hold sSummary
=== Recovery Sumrmary
FH removal Summary
B Minimum Pulse Width Summary
=| Metastability Summary
> [ Report DDR
I slow 200mV -40C Model
I8 Fast 900mV 100C Model
I8 Fast 900mV -40C Model

=2 Multicorner Timing Analysis Summary
I Advanced IfO Timing
I Clock Transfers

T Unconstrained Paths |
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Example Design OYERLTTE 1/3

e Example Design DYERY
o XEVIPERTEBME = Example Design 77 = T EORIDLICHEEFI7ZFETE
= Generate Example Design Z# 9 ¢ Example Design W45k

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)

testing on a specific
loping on a custom

O &¥#l(E External Memory Interfaces Intel® Arria® 10 FPGA IP Design Example User Guide ZZ85
- https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug-20118.pdf

AN )

* "Design Example Quick Start Guide for External Memory Interfaces Intel® Arria® 10 FPGA IP" Z&88

N ALTIMA
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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 J71JLZi#3R = 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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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
57

75 v mv
02

130

017
074
072

175

027

033
018
018
2080
208.0
500

8

32.0
13.32
13.32
150

LI
by
LI
LI
LI

cycles
cyCles
cyCles

cycles

us
cyCles
ns
ns
ns

s

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

XA DAEVBREDT -5 — S RUINSA-=ZMHERIT D
o [Memory] 'Mem Timing| 97 0% E%=iE:R

XEVDELBEDAE — R L~ RICITNSA-HIDSEREFINEDND

O  Ex: XEUDBIEN MT40A256M16GE-083E:B DIZE
- XEYDRE—RFL—R(E DDR4-2400 (16-16-16) 2D T 2400 &SR3
- SREREMEEERREICLS BN

|- 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

Update the following as you change the physica

Incorrect values can cause data corruption.

tRFC: 2600
tREF: 78

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

BMERLEEC SO TIENENDDET B ERETEH S
O tRRD, tWTR, tCCD, CL, CWL...etc
0 GUI LOBEAIET — M — MNOEEALIICERZE VDR VOMESR

\

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

25
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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

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 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

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
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 |

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 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

) ALTIMA

A Macnica Division Company
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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

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 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

o) ALTI
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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

ALTIMA
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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

ALTIMA 33
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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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plirefdk - f—mac3 - .

gl 2, —— ® ZDE(I Arria1l0+DDR4 DE&E i El g E]
s o e

mem_reset n- b—————1 mem_reset_n-

ST T ::::::E:;"RT:T:EE ST P }ﬁ}ﬁ,{ﬁ%g%@%ﬁ%\l(;%\fgﬁj SIM %jé%\gb\\@bij

e | e | 0 BRIV OREARUSERRLTTL

1

mena fl 4 [mes | o ZEOE(E Component DiEEERLTVET

mnbe [ fmese | DIMMOZE. T 7YIEDIMMES 1-ILET

mem_odt- - ¥ 5 [| mem_odt | - -
mem cs.n 55555;{; memcsn | IEENTVWEIT DO TEMR EOVIR(IAETT
mem_par - i [riseo || mem_par - -

S =

R Ei REREEEEEE

mem_dgs - ] - i || mem.dgs

mem_dqs_n- - ¥]---- - || mem_dgs_n -

mem.dq - f|- i mem_dq - - -

mem_dbin- ¥ -1y mem_dbin-

oD b—— 1 —— VDD

VIT o 29— VT

VREF- - T —— VREF

Amimio o) Dpra

________________________________________ MNALTIMA 3



Arrial0 + DDR4 DOIFEXMEER 2/9

o pll_ref clk: BRAEVICIELE
o BREE>(TIEL
O Arria 10 HANDBOOK @ Clock Networks and PLLs in Arria 10

Devices MED Reference Clock Sources (C ref clk (ZEERE> NS
ERTE e SN TVEYT

Altera recommends providing the I/O PLL reference clock using a dedicated pin when possible. If vou
want to use a non-dedicated pin for the PLL reference clock, you have to explicitly promote the clock to a
global signal in the Quartus Prime software.

e global_reset_n : ¥Rz A E
o FRUmDHNETRL

M ALTIMA ¥
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ek |
global_reset np—— - - - ...
ﬁfﬁ'?fﬁfﬂfkfffffj.fffffiﬂfl%f.Lh?'?f*ﬁfEfkfffff
mem_ck_n- - b i ] r|mem_ckn
mem_reset_n [—— —— mem_reset_n-
SESREEEEEEY IREEERRER": BN EEEEE
g—m .............
mem_ cke - b—— [ mem - cke - -
T e T
................. ;%ﬁ:m.
mem_alert_n - f———————— mem_alert_n -
mema - - [|mema
mem_actn ¥} -1 - |ymem.act.n
memba - ¥ - [|mem.ba
mem_bg- - 1.1 - - [ymem-bg -
mem_odt- - ¥ 5 || mem_odt -
mem.csn--Ff---- 4z | Mmemcsno
mem_par- - - | Tnsen || mem_par
RZQ (zQ) - e o REE L RZQ(ZQ) -
R ﬁi R
memdes f | [fmemdes
mem_dgs_n- ] -} - [| mem_dgs_n
memdq -y mem_dq -
mem_dbin- §° -t - ymem._dbin
oD - p—— " ——VDD
VvIT - VT
VREF F—— oo VREF
. Amiai0 ... &) DDR4 .. . ..

$\<

R 3/9

o mem_ck : ZE)¥2in (IEI{EEE4R SIM T HIE

o mem_ck ([FHBAEROT FPGA AlFHRiIGITIAE

o XEVAIEHRImNHE

&2 : EMIF HANDBOOK @ V S)—XMET(4 100Q TEEIRiImEECE

MN/A

x1 = 100-chm

differential
(1)

x2 = 200-ochm

differential
(11}

Clock I]]_FF Class 1
-EMIF HANDBOOK RS0 NO CAL
£% : DDR4 HilLo QOEIFEEITIF 75Q TEBN#&i
CEO C -
- DDR4 HILOD[EIFE = %ﬁ;
CEO T —
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pliref dk - f—c3 - et
glnbal_reset_“ J—G . jl e L o @ mem_reset_n ,%g!ﬂﬂﬁ*g
s b T e O FPGAI, XEVEIEBIHRIFERE

mem ey — mem.esen: O KDBIC. reset S5 (CHRUm(TAZ IR, EDFEEHNDOFT

B T I =" N R o o . .
SRS B g N R £ - AEUHIOULYRE>E FPGA AlOVUTY NES Z4#&iImRU TEDRE
mem_cke- - - f——— — P mem_cke - - - |- «  https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-
BHIIE (HEE R HE | base/Solutions/fd07212013 499 him|

A R S-S IR N i i L4t =Sy
mem_alert n L T mem_alert.n | =2 : Schematic Review Sheet (& VTT NIEfAELSCEHHD
mem.a---- ¥l fmema- - | -Schematic Review Worksheet

mem_-act.n R I mem_-act.n |-

mem-ba - Kl v mem-ba - |- Reset for DDR4 x Use 1.2V I/O standard to meet the 1.2V CMOS
mem_hg i o : mem_hg 'I':'Iemorw Ij)gic levels on the DDR4 device or DIMM. «
mem_odt- - f| -1 T mem_odt - | e Check the termination value in the gip file which is
mem_cs- n ce ] { . mem-cs-n- - |- generated with your IP_«
................ ! mem_c_n- - - J

mem_par : : F'~559 . mem_par It is not recommended to terminate this reset to Vit.

SRR ﬁi SEEEEREEEE - &% : DDR4 HiLO ORI T(E 120Q OIEYEI1> 7T >H% U T GND %65

mém;dqsﬁﬁﬁﬁ I 'I-ném;dqgﬁﬁﬁ : . - RESET CIRCUIT

mem dasn (| 0 [|memdasn | -DDR4 HiLO Q[El#[Y

mem.dq - -§) EEEES mem_dq - - - EEsEr ¥ L2 RESEZR N

mem_dbin- f-- T pmem.dbin- - e

Voo - M/ o VDD - o

NVTIT - oo AT ) GHD '_I”I:

VREF b e dvReE | 10z

. Ardaio - - EREL D 0 . DDR4 - .

________________________________________ N AaLTiMa
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doslresnf—o, e mem_cke : IEMITLTVIT RInE(EEHR SIM T 1#F)

N e S | — .

mem_ck - - - o LS i mem_ck - - : OGN 4 - - Ll

mem_ckn b0 %: - mem_ckn |- o CKE (itl:'.jjtzhd)'C FPGA 1E\|J'Cﬁ'=§uﬁ'ﬁ7ﬁg

mem_reset. n fb——— L mem_reset n- | - TR R

— T =1 T O XEVRIEHAZImN AR

................. Cofrsea |

................. DR (PR - LR\ . N S m— R o — P RS

_"’_'3","+Cjk_"'3: N : o mem;k_e: . +  https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-

! F‘.mkﬂ base/emif/2017/how-cke-should-be-terminated-for-ddr3-and-ddr3-emif-ip-.html

memalertn RN R memalertn : - &% : DDR4 HiLO DOEIFEHTIX 68Q T VDD & aa L ponjf Ly D s L pnps L, e
—dlert_n - i —diert.n - - - £ TS b TPy

mema K 1 Nmema | 68Q) T GND (e = = %

memacdn. M 0  Nmem acn 1 s Sioeoz

== .. R | Barann — - ... . H AZ [, ADE 1 aD Lol L

mem.ba - - ] - I mem_ba - |- DDRA' Hilo D[EIHE e ke i i £ WA

membg. - K 1 M membg - | HiLo DEIFEE TIEODLSCTTF#&IHL TWD, T T

mem_odt- - ¥ 5 [| mem_odt | OOEIEFFQDOEIEEEFFTHD . | "

mem.cs.n - ¥l -1 = - [|mem.csn | & e - —Y

mem_par | | Tuse || mem_par “ N P

RZQ(2Q) - it 1 BEELRZQ(ZQ) - & “i‘% : B ,,w%

ﬁi e e

ﬁffﬁ*é"ﬁ;gqﬁ? - f"ﬁ*é"ﬁ;gqs = i - i A i RS

iiiiersaabll | EERRRRERRENY | Hivdpriatl E - B% : EMIF HANDBOOK V SN—-XDET( e , s

mem_dq - | mem.dq | : g At p 55 bpo

mem_dbip- -ty mem_dbin |- 4.7kQ T GND (i M = A &'y RN

................. PR (PR [ L.

vir T e -EMIF HANDBOOK g

VREF - pb—— " —VREF | | A = S
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pliref dk - f—c3 -
global reset nf——©3 . - -
memge I en
mem_ckn - o i T r{mem_ckn
mem_reset_n |———r———{ mem_reset_n-
SESREEEEEE EEEEEEEEEY, Y EE
................. g—m
mem cke. . L : ) mem .cke. . ..
I R
................. ;%ﬁ:m.
mem _alert n | mem_alert_n_
mem.a - ----yf-----1 - fmemad- -
mem_actn ¥} -1 - |ymem.act.n
memba - ¥ - [|mem.ba
mem_bg- - 1.1 - - [ymem-bg -
mem_odt - | - || mem_odt
mem.csn--Ff---- 4z | Mmemcsno
mem_par | | Tuse || mem_par
REQ@) [ | fe@o)
R :fﬁfifi” R
mem.dgs ¥ 1 [|mem.dgs
mem_dgqs_n- {1 - - - || mem_dgs_n -
mem.dq - - f] - EEEEE mem_dq - - -
mem_dbip- -ty mem_dbin
wo b dwp
VIT - VIT- -
VREF -~ b O —— VREF
o Ariaio .l DDR4 . ...

R 6/9

e mem_ alert n: IKFNTULT VDD (EFfElZE R SIM T HIEh)
O KDB (CEE&NHDET

https://www.intel.com/content/www/us/en/programmable/support/support-
resources/knowledge-base/emif/2018/what-is-the-alertn-pullup-resisitor-quidelines-to-

follow--.ntml

£ : DDR4 O HiLo OEIFEEITI(X 50Q T VDD (i

ALERT N

]

-DDR4 HilLo ME]FEH

212 g

NO PLACE
C20E

|
1|Iz

| 5:31J

£ : Schematic Review Worksheet TlZ. 50Q T VDD (&

-Schematic Review Worksheet

ALERT N_O.

a

I Use an external pullup resistor (typically 50
ohms) to VDD (1.2V).

N ALTIMA 4
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HEER 7/9

e add/cmd : #EIITLT VTT (ﬁﬁﬁ(ﬂ:ﬂ*ﬁ SIM T¥i¥h)

o FPRULA/IAVRENIHEAEDROT FPGA Il
o AEVAEIE#ZHm

mem_odt
mem_cs_n
mem_par
mem_alert_n

* mem_a
* mem_act n ¢
e mem_ba y
* mem_bg *

e
£2 : DDR4 HiLo ORI TIX68Q T VDD ¢68Q T GND (CiE#t

-DDR4 HilLo ®EIF&E
HiLo OEIFEHETIEODLICTTF#RiuHLTUD,
@@@Eﬁ(a@wﬁlﬂﬂtﬂ%t&é

£% : EMIF HANDBOOK V S—XMET(S 56Q T VT (CHEfHT

Address and [ Class I MAX | N/A Sh-ohim
° EMlF HANDBOOK command Parallel to
VTT discrete

&

RN1 RNL.
13 Lt VoD 308 Ll am
T 7 Fvm
TIOMTE o I
e = N
[ 6E
4X0402 4X0402
RNZ RN1Z
A0 6 L Loapl £ L02 L L 1
) - A uE 1 A
s Em fu E
= Bnd = b
] 6E
Xo402 4X0402
RN RN12
207 L Loanl L £
Eor TN BAD me Pt
o E Y = E
g b
[ 6E
4X0402 4X0402
RN4 RN14
1 1 AL L opoasdt
1 e it — 0T S A
o 52 o E
fond meE ] =—
[ 6E
4X0402 4X0402
RNS RN1S
04 Loroaad 313 L opoaadt
iz A Fan A
Eae) e &2 e E
Fag) T 01 A
[ 6E
4X0402 4X0402
RNE RN16
CS0 W L naal E B0 L L 7 £
foneen P 03 o A
g e, B
= fond : fannd
[ 6E
4X0402 4X0402
RNT RN17
AlE L poanl E 1 E L
T F A CEEQ NCz—FWW\‘:l—'—-
fucin T Tw A
N.C'i Lo w! 5 AE T !.'VV\‘.! 11
6E
Xo402 4X0402
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pll_ref_dk - - }——7

global_reset.n f——7

mémicik:::::J:::::;“f“_"".‘%L
mem_ckn - o EERD &y
mem_reset_n f————r———
SRR T
................. g—m

e RZQ:240 XiF 100Q DOIEHITLT GND

S XIAEEER 8/9

AEUAID RZQ (FAEVTINARICLST 2400 T GND 15k

(THkTF

DD

EZE

51l OCT (GBREULHR SR

EROI\IFES>TAEY IP MEEESNTVBRIEETH. XEY IP MNDTEIC RZQ EY

AEVIPEBRIUEED/\> U5 RZQ ESIFEAEY IP OECE/N\ IO I THLN

+Arria 10 Core Fabric and General Purpose 1/Os Handbook

O
- DDR3, DDR4 (& 240Q) f2h' DDR2 (& 2400 DIEft(IAE
o FPGA flliF I/O Standard (C&L2T100Q X 240Q (CZ
- IEPUE(L OCT #EEDHBE > D 1/0 Standard
- FTIAMNEETET-IEOHFERITNELVN T RLAIYY RED DGR
PRUZAAY>RE>® /0O Standard 6EZEBHNINE
O
—DZALIREITN(LLL
O
-Schematic Review Worksheet
RZQ_# e I RZQ pin is connected to GND through an external
240-0 or 100-Q +1% resistor. Refer tol/O and High
Speed I/0 in Arria 10 Devices for the OCT impedance
options for the desired OCT scheme.«

e Device Variant Calibrated OCT (Input)
Suppor o
SSTL-15 Class 11 All 50 100
SSTL-15 All 30, 40, 60,120 240
SSTL-135 All 30, 40, 60, 120 240
SSTL-125 All 30, 40, 60, 120 240
SSTL-12 All 60, 120 240
PODI12 All 34, 40, 48, 60, 80, 240
120, 240
1.8 VHSTL Class I All 50 100
1.8 V HSTL Class I1 All 50 100
1.5V HSTL Class I All 50 100
1.5V HSTL Class I1 All 50 100
D AaLTIMA 5
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mem.dgs - F] -1 [ mem_.dgs - o
mem_-dgs_n- -] 0 [ mem_.dgs_n -
mem.dq- - K 1 M mem.dq
mem_dbin ¥ "\ mem._dbin

VDD . b v VDD .

VIT oo e VIT . .
VREE. b nev VREE.

C Arfiado . &ol . DDR4 .. .. .

SR 9/9

g]dba]'rés'ét'n'""':::Z::Z:Z:Z::Z:Z:Z::: L
........... e
P — mwml
mem_ck - - - o !--%-Lmemck -----
..................................

mem_ckn - g [ r|mem._ckn
mem_reset_n |———r———{ mem_reset_n-
SN (S T s s | (R
:F‘.Sﬁﬂ .............
AR (R A [
................. Voo
mem_cke - I mem_cke - -
DT (A i</ IO [
................. LT I [ )
[ - < I
................. o
mem_-alert-n - ' mem_alert-n -
mem_a Ce e b mem_a .....
mem_act.n- - §- - mem_ac_n -
fﬂemfba_:::_ BEREEEREE mem+ba___._ o
mem_bg - ¥ -} mem_bg

mem - odt oo DN mem - odt

mem.cs-n- - |l bs | mem.cs_n- -
mem_par | Trisen | mem__par

mem_dqg/dqs/dm : $ZixEARE
O FPGA . XEVRIEE(THERIRAE
o OCT & ODT NMEEZNTLS
- OCT (On-Chip Termination)
 FPGA flOMIBER#&im
- ODT (On-Die Termination)
« SDRAM fIDAIER#R i
VDD
O 1.2V MMESNTLDIERERR

VTT,VREF(XEUAE)
o 0.6V b\}t%/béntb\éc_tﬁﬁu tr
O VITEVREFIBEIUERIERLHRIEIRICT 2L ZHERE

- VTITIEZRLZAAY> ROTIV YT AENDN DD TIA AN EREZISENHDET .
— A VREFIELIFPL O RAEERDOT, 15E EL\E@,Eﬁ}g%,ba“é$b\‘iE*ﬁH’Jt@“

VREF(Arrial0a1)

O Arrial0 Tld, DDR4 I/FDIZE, AEBVREFZERALET , DB S, VREFATIFAE
TIDT. GND or VCCIO (CHE#eL TLIZE L(HFGN DB D)

O ?&fﬁﬁwuﬁﬁdmevf@(mﬁv (THERREECESN TOEUITHY 0.6V $ZHe CHREREDD

N ALTIMA
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Pl e OB Arrial0+DDR3 DEEEHEIIEE

memresetn - fmemresetn | @ JXFIBEIRODERGNTER SIM ZF DEN DD

T o R SIM ORRARV S EEIRS S

mem_cke - f—— mem - cke - -
'mém;a::::: I 'mE;m;E;:::::
.................................
mem;ha ............... mem_ha o

memin || || e | @ ZEOBIE Component DR CLEY
menn f| 5 [|memonn DIMMODIZE. IV 7yTFDIMMES 1—ILET

T e e et | AMBRNTOETOTEAR EOMIBIRETY

mem_dgs -} -1 - || mem_dgs - -
mem_dgsn | - || mem_dqsn
mem.dq- -] -1 - - mem_dq - - -
mem_dm- -} 1. mem_dm- -
voD - " —VvD
VTIT - - ey VIT -
VREF -~ p—— " —JVREF
Al . DDR3I .. ..
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pli_refcdk  }——>

..................................... . SN, - ==

global_reset np—— - - - - ... ® p||_ref_C k . gl E/((—i&*ﬁ:

mem.ck . J:::::i“ﬁ'“.“.‘ W mem ek o BRCEIIESG:

memckn || 7 fmemdcn . . -
e reset n b T em reset 0 O Arria 10 HANDBOOK®MClock Networks and PLLs in Arria 10 Devices DE®
EEEEEEE ﬁﬁﬁﬁﬁﬁi%‘%}f EEREEE Reference Clock Sources (C. ref clk (FEERE>NSiEHT I DN HELRR LS E,
mem_cke |+t mem dee

mem.a. Kb N memia o A

memba M [fmemba Arria 10 HANDBOOK

mim:?::_n :un mgm:f::_n Altera recommends providing the [/O PLL reference clock using a dedicated pin when possible. If you
mem_cas_n { mem_cas_n - want to use a non-dedicated pin for the PLL reference clock, you have to explicitly promote the clock to a
mem_we_n - | [useg || mem_we_n - global signal in the Quartus Prime software.

mem_c._n-- ooy MEM_GLhe

RZQ(zQ)  frms | et JR7Q(ZQ) auns

SRR é:i.:::'::::::::::: ® g|Oba|_reset_nIfﬁ§Hﬂﬁ;F§

e e TGN

S R B O #RUmDHNERL

mem dqs ..... Lo mem dqs

mem dasn | 1 | mem_dgsn

mem.dg. - M 1 N mem.dq.

mem_dm- - * T mem_dm- -

voo b T voD

vIT e vIT

VREF - b " — WREF

CAmaio . DDR3 .

D ALTIMA
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Dllref dk b5 . s R—

gobaresstnl 5 e mem_ck: ZBE#8ix EIEIEENRSIMT FIE)

memc  Ho “% Hmem_c o mem_ck [FHAEIRDOT FPGA AIFHRIGERE

mem.ckn - g1 T o mem.ckn - e <

mem_reset_n | 'mem_reset n o XEVRIEHZIm TR

S gﬁ“ REEEEE - 8% : EMIF HANDBOOK O V /=X DE T3 100Q) TEEN#E I STH
mem cke |+ mem cke

mma M i [\mema -EMIF HANDBOOK  |Clock DIFF ClassT | N/A x1 = 100-0hm
mem_ba | Lo mem_ba - - R50 NO CAL differential
mem_odt - f] i - ||memodt (10)
mem_ras-n- -§y- - - - Ve : mem_ras-n - -

mem_cas_n iiiiiiigi mem_cas_n ﬁ;zmr‘}hm
................................ Erent]a]
mem_we_n - §] - - U Trisen 1] Mem-we_n - i1
mem_csn - -1 mem.csn

RZQ (zQ) | m {R7Q(ZQ)

SEEEREREEEY BN 5 i R - Z£% : DDR3 HilLo OEIFEXIT(E 49.90 OIKFLEI>7>H%9 LT GND YL
mem_dgs - f| i || mem.dgs -DDR3 HilLo QEIE&E

mem_dgqs_n- ¥} --- -1 [y mem_dqs_n-

memda . fl 1 [fmem.da iisres poms s WDORACKFD  mm . sssm i oo o
vDD_ BERN [REERRVORIRES ‘JDD_ o (456785 DORICKND yDORICKNE RTS . . 4355 1% ROJ01 t I
VTT -« - by VIT - 18 =
VREF " —JVREF
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pllrefck f}—3 -
global _reset nf—C3 - - - -
Tﬁémfﬂfkfffffj.fffffimﬁfLTﬁéfﬁfokfffff
mem.ckn - [ | mem_ckn
mem_reset n ——— L mem_reset_n-
o ::::::i%ﬁm:: o
mem_cke  f————+————f mem_cke
mema ¥ i [|mema
mem_ba - -} .-t || mem_ba -
mem_odt- -} -1 || mem_odt - -
mem_ras_n - | -} T || mem_ras_n
mem_cas_n - :::::i: || MeEm_Cas_n - -
mem_we.n- ¥ - - | [msso || MEM_We_n -
mem_cs_n- - ::::::i:::::: mem_cs_n- -
RZQ(zQ) Rz | md {R7Q(7Q)
SEREREERE 'ﬁa:if%ff SEREREEE
mem.das | | || mem.dgs
mem_dgsn | - || mem_dqsn
mem_dq - -] - - REEEE mem_dq - - -
mem_dm- -} 1. mem_dm- -
voD - " —VvD
vitr - M — VT
VREF - f—— S VREF- -
Al . DDR3I .. ..

O X

e mem_reset n : i
O FPGAfAI,

T2 4/8

m A E

AEMAIEB(ICHRIHDIHNER U
O KDBIC reset =5 #&if

(FAEER EDEEENDDFT

XEVRIDOUZY N> £ FPGA AIlDUTY NE>Z#IRIRL TEDIRE

« https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-

base/solutions/rd07212013 499.html

£ . Schematic Review Sheet T(Z VIT AIEfGAEE

sCEkdD

-Schematic Review Worksheet

Reset for DDR3

Memory«
+
)

a

For DDR3, Use 1.5V and fast slew rate_«
Also use serial output termination with
calibration for S5TL-15 DDR3.«

+

For DDR3L, use S5TL-135, fast slew rate
and serial output termination. +

+

Check the FPGA termination value in

+
It is not recommended to externally
terminate this reset to Vit.«

£ : DDR3 HilLo OEIFEETEVTTICIES:

the _qgip file which is generated with your [P_.

*DDR3 Hilo DMEIEEE]  »555E

VTT_DDR3
il

DDR3 ADDRD  Ri18 499R 1%
DDR3_ADDRT ___RI9 499R 1%
DDR3_ADDRZ R20 49 9R 1%
DDR3_ADDR3 R21 49 9R 1%
DDR3_ADDRA R22 499R 1%
__DDR3 ADDRS __ R23 499R 1%
—_DDR3_ADDRE___R24 499R 1%
—_DDR3_ADDRT __R25 499R 1%
— DDR3_ADDRB ___R26 49.9R 1%
DDRE_ADDRT R27 49 9R 1%
DORE_ADDRETO R28 49 5R 1%
DDR3_ADDRTT R29 499R 1%
DDR3_ADDRTZ _ Ra0D ..~ .49.9R ‘, 1%
_ R31 499R 1%
DDR3_ADDRTZ _ R32 499R 1%
DDR3_BAOD R33 499R 1%
DDR3_BAT R34 499R 1%
DDR3_BAZ R35 499R 1%
DDR3_CSNO R36 49.9R 1%
; DUR3_CSNT R37 499R 1%
DDR3_CASN R38 49.9R 1%
DDR3_WEN R39 499R 1%
DDR3_RASN _____R4D..V.“.499R ] 1%
DDR3_0ODTO R41 49.9R 1%
DDORE_0O0TT R42 499R 1%
R45 DNL 1%
R47 DNL 1%
[ \» DDR3_RESETN R58 DNL 1%
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pll_refdk }b—23
global _reset nf—C3 - - - -
?‘?éfﬁfﬁkfffffj.fffffiﬂﬁlﬁ:.Tﬁéfﬁfffkfffff
mem_ckn - b mem_ck_n- - -
mem . reset . b L mem . recet. .
R R
................. %{T«m
mem_cke  f————+——— mem_cke -
mema ¥l [fmema
mem_ba - -} .-t || mem_ba -
mem_odt- -} -1 || mem_odt - -
mem_ras.n | -1 T || mem_ras.n
mem_cas_n - :::::i: || MeEm_Cas_n - -
mem_we.n- ¥ - - | [msso || MEM_We_n -
mem_cs_n- - ::::::i:::::: mem_cs_n- -
R7Q(ZQ) [t | s R7Q(7Q)
SRR 'é;a:ififf SRR
mem.dos {1 || mem.das
mem_dgsn | - || mem_dqsn
mem_dq - -] - - REEEE mem_dq - - -
mem_dm- -} 1. mem_dm- -
vwob - B —VvDD
vitr - M — VT
VREF - f—— S VREF- -
Caraio . DDR3 ...

SR 5/8

e mem cke : IEIANUT VIT dEnEldE 4R SIM THIHD
O CKEFEAE>ROT FPGA BITHRIGAE
o AEUAIFHRIGHHE

KDBICEE &b : V SU—X DIFEMBINESOTERIHETT

* https://www.intel.com/content/www/us/en/programmable/support/support-

resources/knowledge-base/emif/2017/how-cke-should-be-terminated-for-ddr3-and-ddr3-emif-

ip-.html

£ : EMIF HANDBOOK V 3V —XNET(34.7kQTGNDIE#:

-EMIF HANDBOOK

£ : DDR3 HiLO OEIIEETIEVTTICIES:

-DDR3 HilLo MEIF&E] (>

VTT_DDR3
L

DDR3_ADDRO R18 49.9R 1%
DDR3_ADDRT R19 499R 1%
DDR3_ADDREZ R20 499R 1%
DDR3_ADDR3 R21 A9 9R 1%
DDR3_ADDRA R22 A9 9R 1%
DDR3_ADDRS R23 499R 1%
DDR3_ADDRE R24 49.9R 1%
DDR3_ADDRT R25 49.9R 1%
DDR3_ADDRS R26 49.9R 1%
DDRE_ADDRT R27 49 5R 1%
DORE_ADDRETO R28 49 5R 1%
DDR3_ADDRETI R29 49.9R 1%
! R30 49.9R L 1%
! R31 49.9R 1%
DDR3_ADDR14 R32 49.9R 1%
DDR3_BAO R33 499R 1%
DDOR3_BAT R34 499R 1%
DDR3_BAZ R35 499R 1%
DDR3_CSNO R36 49 9R 1%
; DDRE_TSHNT R37 49.9R 1%
DDR3_CASN R38 49.9R 1%
DDR3_WEN R39 49.9R L 1%
DDR3_RASN R40 49.9R 1%
DDR3_0ODTO R41 49 9R 1%
DDORE_0O0TT R42 49 9R 1%
DDR3_CKEO R45 DNL 1%
DDR3_CKET R4T DNL 1%
3 DDR3_RESETN R58 DNL 1%
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ped |- SEHLAT - e
glnbal_reset_n ] . add/cmd . ;&ﬁ bt VTT (jﬁ nﬁ‘ig*ﬁ SIM .t *“Iiﬁ)
N Frrey S e
mem.ck  Ho :%:Lmem:ck::::: * mem_a * mem_cas_n
mem_ckn - - [ fmemckn « mem_ba « mem_we_n
mem_reset n ——— : """ mem_reset n- e mem_odt * mem_cs.n
................. | mem.reset n
::::::::::::::::::%au::::::::::::: * mem_ras_n
SRR RIS S R . o Lo On dn e L
mem_cke - f——— — mem_cke - O TI\I/X/]V/ RES(FHDERDT FPGA 'ﬁ“(iﬁ'\gﬂﬂﬁ*g
mema ¥ 1 [|mema | JARI| (3480 AR A
mem_ba - -} .-t || mem_ba - O BVl ImN W
mem_odt - F]- - L mem_ odt VT boR3
................ | J| mem-odt / \ i
mEfﬂraEn . : . B memrasn . N _ + DDR3 ADDRO R18 499R | 1%
mem_cas.n- [} -1 -% -] mem_cas_n - - - &% EMIF HANDBOOK V S —XDETIL56QTVTTICIES: LR L e AT S
mem - we-n- - Ff- - - - : " Trizen mem  -we n | R21 :19.9R 1%
memesn I fmemwn -EMIEHANDBOOK o e i
........... - S — i R25 499R 1%
R70 (7 R 1000rZ400 L 2400 RZ0 (7 DDR3_ADDRB| R26 49.9R 1%
RQEQ). - TR Addressand | ClassTMAX | N/A 56-ohm DURAUDRT—Rar N\ SSR—] 1%
SERSREREEE IRRNE-SREE-SNNEY FE R command Parallel to DRI RODRTY R0 A A/dd0R 1 1%
s ER g VTT discrete DR ARODRT o7 o 9r ] 1%
mem.dos {1 || mem.das oorsea0 | em . usse | 1w
mem_dgsn | - || mem_dqsn SRR AT
mem-dq - ¥l - Lo mem_dq DDR3_CSNO R36 499R | 1%
..... d N : P d | g DDR3_TSHNT R37 49 9K 1%
mem_dm- - --y----- -} - MEm_dm- - - - DDR3_CASN 38 495R | 1%
wo b o = =8 o0 SE
VIT - ::5: — vrr- - &% : DDR3 HiLo OEIFERT(E49.90 T VTT (CHEc DORSOOT0 S Rat R g 1
iy . XY .
VREF - f—— " —— VREF- - -DDR3 HilLo M) DDRS.CKED  mas . onL | 1%
............. gDDRB CRET Ra7 DNL 1%
Tameo o o s ou |
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e o RZQ 240 iF 100 Q DXL T GND

mem.ck Lo “"”“% Y mem.ck AEURID RZQ (EXEIDT/INARICEBT 2400 T GND &t

mem.ckn b 1 7 fmem.ckn - DDR3, DDR4 (4 240Q h' DDR2($240Q DIEEFRE
mem_ reset_n f————— ——f mem_reset n o FPGA flllZ I/O Standard (C&DT 1000 X 240Q (D3

----------------- ! %ﬁﬂ -1 - IEHUBIF OCT #EEDHDE> D 1/0 Standard (KT

B mem_cke - - TIANRERETET A DHEEINELVNTRLAIVS RECOFEEZBES OCT ([CFREUIZEEF 7RV
SSSEEDRERE FEERRRERERREN S FRREES IV RE> D 1/O Standard £&E

memosn Wb memeen o HWHO/NIICEITAEY IP HEREESNTVSHBATE, XEY IP DEDTEIC RZQ EY—D
mem_cas.n :::::i;g; mem_cas.n ZOIEITN (L

................ ! e
mem_we.-n - - §l - - D Teen 1] Mem_we_n - -
mem.cs n. .V i ______ mem . cs n. . . @) X:EU P ODEE%/\/’]_UEL(CBXEU P tl__ILJ }_0)}\/77::”9 RZQ t/(ItL_OD}\/g_C:E\ct
PRI P Bt L — L)
RZQ(zQ) o= M RIQ(ZQ) o Devica Vartant Calibrated OCT (input)
........... L Vi o *Schematic Review Worksheet V/O Standard Support m
........... B 1. L e
........... ©GH : . HD Lo SSTL-15 Class II All 50 100
........... L b , , ,
________________ N [ — RZQ_[#] ¢ E RZQ pin is connected to GND through an external SSTL-15 All 30, 40, 60,120 240
mem dqs ..... Lo mem dqs 242;(‘3 (;rﬂ]O-Q 11%resist0r.fRetfrt?r%1(%gh SSTL-135 All 30, 40, 60, 120 240
P ! """"""" Sp I/O in Arria 10 Devices Tor the Impedance SSTL-125 All 30, 40, 60, 120 240
memdqs L | D v memdqs n- options for the desired OCT scheme.«
mem.dq- - ¥ - - A mem_dg SSTL-12 All 60,120 240
---------- T S T POD12 All 34, 40, 48, 60, 80, 240
mem_dm- - ¥ -1y mem.dm - 120,340
VDD R ey o vDD s 1.8 VHSTL Class I All 50 100
VvIT ) eme T 1.8 VHSTL Class It Al 0 100
vRee b oy VREE 1.5 V HSTL Class I All 50 100
A Y P I +Arria 10 Core Fabric and General Purpose 1/Os Handbook 1.5 V HSTL Class II All 50 100
- Ariato ... DDR3 .
MNALTIMA s
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pllrefck f}—3 -
global _reset nf—C3 - - - -
Tﬁ?mfﬂfkfffffj.fffffimﬁfLTﬁéfﬁfokfffff
mem.ckn - [ | mem_ckn
mem_reset n }—— : """ mem_reset_n-
S R R B
................. %ﬁm
mem_cke  f————+————f mem_cke
mema ¥ i [|mema
mem_ba - -} .-t || mem_ba -
mem_odt- -} -1 || mem_odt - -
mem_ras.n | -1 T || mem_ras.n
mem_cas_n - :::::i: || MeEm_Cas_n - -
mem_we.n- ¥ - - | [msso || MEM_We_n -
mem_cs_n- - ::::::i:::::: mem_cs_n- -
RZQ(zQ) Rz | md {R7Q(7Q)
SEREREERE 'ﬁﬁ:if%ff SEREREEE
mem.das | | || mem.dgs
mem_dgsn | - || mem_dqsn
mem_dq - -] - - REEEE mem_dq - - -
mem_dm- -} 1. mem_dm- -
voo . b e VoD
viT e T
VREF L oSy VREE .
Al . DDR3I .. ..

$\<
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e mem_dg/dgs/dm : $2IRAE
o FPGA fll, XEVRILE (THRIHAE
o OCT & ODT BAEENTLD

e VDD

O

OCT (On-Chip Termination)
 FPGA flOMIER&im

ODT (On-Die Termination)
- SDRAM fIDAIER#R i

1.2V MEHESN TLBCETESR

e VTT VREF
o 0.75V MEHEIN TV B TEMESR
O VITEVREFIBEIUERELHRIEIRICT 2L ZiEEE

VTTEZ RLZOX > ROTI 7Y T AEDNZDT /A AW TRDIGENHDET .
—73VREFELI7L O ABEROD T, BERVERZIER I 2FENMERNTY
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BAR sim faROBISHERR © BASINCENULEAZ DA

o ﬁ*ﬁSlM%i%d)ﬁEmu
o BABMNIHENULNERZ | 7AHDANTWVD, IRZOELN (U/:F/’J P& Ex) D\/%&bb\ =

I

! -l.._'
"'“"" N
iﬁn%ﬁi

U1 7AN EFABETOAINTVSD {512: U/#/’J(ah%&bb\ Y75 RS
(High/Low OEENERZMIRVEEW) LEMBAHETYYH ) WAL TS

(V0v2/AM0—-T TEABIOB]FEH)

f513: Z)b—L— MOV INEL)
(A EEFEAE)ODHM,
HOYITIFERTFRER DEJEEH)
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Vin/out

%@” :|:7|<'ff|:(c_l_|:| LTVWWANQZhESR (max)
0 HEBBMERMFB LU RATR) EBIZL TSN Vdd
D BREDA-N-21—-NITEE
o miEEtETEHRAR (High HAfE. Low HARR)Z Vymacmin
RRZEREMBN SRS, TOHARIR —ERLECHDE  Vipoomnl
@ B, Vref BIEDMEIEZFCTE
® BISIE. HIBMBRETELHBITHIC VIH/VILAC) (C Vref
EIBRL
. DM EBTAL T I IRREETS \uoomax [
@ —E. VIH/NVILAQ) [GZEUREIIROBRBETE VILAC max
VIH/VIL(DC) ZF R UVGEISICHERF 58
. Address/Command, Data E8(CDVT. FWLWTUED
RIS LTUES Vss=0
. ’]IZI‘J’] Zh0—=7(DQS) [CDWT. FELWTLEIES(F Absolute
SEBEMEDURINELS e

(RAFAFESERTEW)




SR sim FEEROMESDEE : (

BT A2 EAS DT

\r

FCOOWIEANO-JESTEREECRE DS

|-IJUI

BRI

RIZEARESCIOTUIERENMFDZ X LD

AEB CamIER ERE U CGERERSN CUFDEEREMFDIR R E 13D
7 RLR-FT—=HESTIEFAIRASA RTOHIFITRWL

O 'ﬂﬁg : *EJ— (c_'ftﬁgb\ﬂtbb\(cj&j_cL\HL\D\ﬁEmU

HOWHIEZNO—TESIRIEBNMEEILZT DY - UIC
2 E R R(ETDTIEREBEDMES(CRDLICTD
DDR2/3 Tl 1V/ns MEEEBDAES
VI -XT& IP O EIEETIEZ A I BEFIHHDIDTIERAZNS
u}b%HQé%‘gb\fﬁé
Arria 10T IP DINSA=H AT BEPTITEL

B R N2 RS DIEED

U>F> )07« Vjtﬂ?(IﬂZDB SER~IEDRE UKD

V|HE:EC} min -

V|H[1:IC} min -

VREF(dc)

D3

1".I'r||_{,:|,:) max

1".I'r||_{ac:| max

Vag

nominal

lime

==

—

ATR

tvAC |

Yerer tO ac
region

JEDEC DDR3 1Ri&Z 4D
(DQ EB(CT1vThn DG EDIES)

M ALTIMA 56




o ALTIMA

A Macnica Division Company

HONESTETVFEUIE




AR
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2.1 20195E11H Arrial0 + DDR4[EIFZ[X], Arrial0 @ VREF $&HDIELE,.
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2. RERIFERKEEIZENDNET,

3. RERIOVERKICFA2EEALTOWET N, B—CABEREDIRD, SEERNBESR IZTOANHDFEUS, B F T —iRUVEZIINIESEWTT,
4. AERTEOFRSTWAEEE. 14t T0J3AICBEUCERUEROFE(ODV T, EXZ2BVNETOTHAINUHT THEIEE,

5. AERIRDZEF A ITIROHMNRERTY, RRECHERCRI5E(F. HEROERIEHNDE TTHIAIEE,

) ALTIMA

A Macnica Division Company

58



