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o Non Fly-by TopologyDim&
- DDR3%ZfE>TLVz&LTH "Board Termination for DDR2 SDRAM"DEZZHE I3

- If you are using a DDR3 SDRAM without leveling interface, refer to “Board Termination for
DDR2 SDRAM". Note also that Arria V and Cyclone V devices do not support DDR3 with
leveling.

o TRCIHMERATVULECHRTIEE RFIAD MOSREZRUILT—T I
Fly-by Topology Non Fly-by Topology

DDR2 Board Termination for DDR2 SDRAM Board Termination for DDR2 SDRAM

DDR3 Board Termination for DDR3 SDRAM Board Termination for DDR2 SDRAM
Pl

Non Fly-by Topology®Di5&. DDR3ZE>TLVEL TEDDR2OEZSIRT D
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o LNRUZY (JFA4N\AECHR) MIEDT/NARA—&
o XHT/INAR 1 Arria V GZ, Stratix IlI, Stratix [V, Stratix V, Arria 10, Stratix 10
o FXFIET/INAR : Arria ll, Arria V GX, Arria V GT, Arria V SoC, Cyclone V GX, Cyclone V GT,

O

Cyclone V SoC

Table 25. Device Family Topology Support

Device

I/0O Support

Arria I

Non-leveling

Arria V GX, Arria V GT, Arria V SoC

Non-leveling

Arria V GZ

Leveling

Cyclone V GX, Cyclone V GT, Cyclone V SoC

Non-leveling

Stratix IIT Leveling
Stratix IV Leveling
Stratix V Leveling
Arria 10 Leveling
Stratix 10 Leveling

LAY FEUTORWT A R (&, XEVTORIIVCEST . DDR2DECARESET D
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mem.ck J:::::i“f'“.“"‘f‘%L mem.ck o B SIM OfFERENMEVAZEIRLTTFZL

mem.ckn - b0 | mem_ck n- -
mem_reset_n :::::ZTZZ'WIT:: mem_reset_n-
EEEERREE ? | o DKL Component DiEHEZFRLTVET
mem_cke - fF—— — mem_cke- - - -
mema - f] -1 ||mema
mem;ha ............... mem_ha .

memod {4 ||memed ) o DIMM®DIZE. IINTYIEIDIMMES1-I)L LT
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mem_G.n---g- -0 - gMeM_GN -
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mem.dqs ~ f] 1 || mem.das
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pllrefck - -
gl[}ba|=.reset=n T T
men e e
mem._ckn - b | [ r|mem_ckn
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mema (| - [fmema -
mem_ba .- -¢|-----1-- || mem_ba .-
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memdgs [ memdes
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o pll_ref clk : BRAEVICIESE
o JOVIEBRANEU(CIEST

External Memory Interface Handbook

Volume 2: Design Guidelines

1.4.5. Pin Connection Guidelines Tables

| 1

Clock Source —

Dedicated PLL clock input pin with direct connection to the
PLL (not using the global clock network).

For Arria Il GX, Arria 11 GZ, Arria V GZ, Stratix III, Stratix
IV and Stratix V Devices, also ensure that the PLL can
supply the input reference clock to the DLL. Otherwise,
refer to alternative DLL input reference clocks (see
General Pin-out Guidelines).

e global_reset_n : {2iIHAE
O RiIHOWHNERL
O Fan-out KICXH &9 Bz, 0

wIBRE > (CHERT

Reset —

Dedicated clock input pin to accommodate the high fan-
out signal.
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https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/hb/external-memory/emi_plan.pdf#page=61
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plirefdk - f—xc3 o . 582 gl
glubaléreset;n ———C ] o mem_Ck . %Ebl l\uﬂﬁ (j:&ﬁﬁ(ig*ﬁSIMt‘*uliﬁ)
T ] 0 A7 dL
mem_ck - - - J ----- ERTI@% |— mem_ ck - - - O FPGA'LE\U mem Ck (j:lljjjjt\/tﬂtd)_c :%gﬂfrﬁ(iz:g
mgm;ckﬁh"'_iﬂﬁﬁﬁ;ﬁﬁﬁZ'rmém;tkﬁ_hﬁﬁﬁ “
"""""" : - — O )(:EU'LH\J ‘(f‘& D\M\ Connection Guidelines~
mem_resetn- g—— o | mem-reset.n: Arria V/ devices do not support DDR3/DDR3L
N R S = I, 1 1 . SDRAM with read or write leveling, so these
................. i gﬁﬂ o O SChemath ReV|eW WorkSheet : devices do not support standard
R [ RS I . . . . SN DDR3/DDR3L SDRAM DIMMs or
mem_cke  f—— —— mem_cke - Differential termination DA% DDR3/DDR3L SDRAM components using the
................ : Lo e Standard DDR":EI,:'DDRSL SDRAM ﬂY—bY
mem.a - |1 [fmema - - EHEEEMRICENDE TEREDIE || address, command, and clock layout
mem-ba - - ¥l - - [ mem;ha L topoloay «
...... PREEEY / EEEREEEERE | Hiiens s pology
mem_odt - | REREE mem_odt - - o
mem_ras.n - R RO s n mem -ras-n - - Devices (without leveling) — differential
mem . cas n. . o i e mem . cas. n . . termination resistor needs to be included in
------- R e T T the design. Depending on your board stackup
mem_we.-n - ¥y~ RS0 mem_we_.n - and layout requirements, you choose your
mem_c.n-- g0 Mem_6s_n- - differential termination resistor value.«
RZQ(ZQ) - - =9 | A RIQ(ZQ) - o EMIF Handbook :
o e é 3 B - 100QTE#i&imE o E, ek v ™ il
mem_dgs -~ | - || mem.das - Siferental
mem_dgqs_n- ¥} -1 || mem_dgs_n - "
mem.dq - f] I mem_dq -
mem-dm- - - ¥ - - T mem;dm. L . - . i
T e T O Z£% : DDR3 HiLo DEIFEEIT(X 49.90 OIFG1EI> 7> TUT GND L8
vDD - . SV, vDD -
VIT o vIT -
VREF b " VREF

S ArfiaV ... DDR3 . - .
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pll_ref dk - - o D ) Lals
dobal resetnf—— @ mem_reset_n: FRim A
memc  Ho ‘“’% Hmem ok O FPGAMR: HRIHAE
mem;ck._n. o TR Lo TR M mem;ck._n. . R
— ——— — 4Bl - %=
mem_reset._n- : mem_reset. n- o XE J'{"J ’ ‘(f‘\llﬂ’ﬁz:g
R gsa S o XEUHEIOULYRE>E FPGA BIOUTY RE > ZiRimRU TEDRETD
mem.cke bt Amem ke O Schematic Review Worksheet : Vit [C#Rii g D E(EFEHEEE (not recommend)
iyusURRES) | BEREE o b Reset for o DDR3 - Use 1.5V CMOS output_«
memodt M 1 M mem odt DDR3/DDR3L Memory- ¢
mem.ras.n. K. i vt N mem ras.on + DDR3L : Use S5TL-135 output«
mem.csn | iz N mem.casn ¢ - _ _
mem-we-n- F| 1 e || memowe on - It is not recommended to terminate this reset
mem_cs_n- - "o h- o mem_csn - fo Vit.«
RZQ(zQ)  framemm | szt JR7Q(2Q) )
SR é RS EEERRREEEE O ZSZEKDB(Vtt [CiRim I DIE(IFFHELR)
memdqs o memdqs o - https://www.intel.com/content/www/us/en/programmable/support/support-
mem-dgs n f| 1 [ mem_dgs n - resources/knowledge-base/solutions/rd07212013 499.htm|
memdg  f| 0 [{memda
mem;dm. N i ...... mem;dm. L . - _
wo b e ves O Z£% : DDR3 HiLo MEIEE TIEVTTIIRHINTLS
VIT e VIT
VREF - f—— " —— WREF

CAmV. . DDR3 .

(0]
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ey EDUEEE T TP | —
gobairesstn|—— e mem_cke : IEIINTULT VT @&IE(EEHR SIM T Fli#h)
mem_ck Jz:z:zi“f“.’“f‘%L mem_ck O FPGAAI : mem_cke [FHDESROT RIHIEARE
memckn b 1 F A mem.ckn
........... : & B I & \
mem reset. n b 1 mem_recetn. o XEY 1'H J 5"‘ b ”Z\ Discrete Device (no leveling) - Unidirectional
N IS ey e _ _ " vice
SESSEITEEN! REEEREE gw SESERIENES O Schematic Review Worksheet : Vit#&i | Cos Herminaton -
S Ziiiiii" R L o Unidirectional class | termination. For multi-
mem_cke - - f—— e mem_cke- - - - - RUETIOAIE (., loads Altera recommends the ideal topology is
mema . N WNmema . "D IEOER]CACE £z a balanced symmetrical tree. Altera
cam ke M N e Tha i " =z recommends that the class | termination to
mem.ba [ [y memba IS SE TS (BB 1R VTT is placed at the first spiit or division of the
memmsn UM L vrr mem_ras.n o EMIF Handbook - 4 7|<Q_CGND¢§%?T:, symmetrical tree for discrete devices. «
mgm—ﬁsg 1! EEEEE {ﬂ mgm—ﬁs—: : Table 29. DDR2 SDRAM Layout Guidelines (2)

wen M o B Twen .. _ _

mem_csn- - | mem_cs n clock Routing " Jou can place the resistar at ther the memory end or the FPGA end of the.
RZQ(zQ)  framemm | szt JR7Q(2Q) —
EEERES [FOF 1 & T (ERRER O £% : DDR3 HiLo OEEETIFVTTICHE R
e e
:rhe'rh;dq's”” Cr N mem_dgs _ _
mem_dgs n f| 0100 || mem_dgs n Schematic Review Worksheet & EMIF Handbook T
memdo o fl L [{memda HEEHRASTUVETH, L TRVIHRIS A IS UE T,
voD . b ey vDD . . - O P A
VIT e T cIcU. CKE %Q,\,\(gEZJ'f/Fét}éJ:’) d~9T H(self refresh(C ADRENMEWZS(E.
e fwee VITHES, pull-down 55 TERIEEBOEE A

U Amiav. . DDR3
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pli_refck f}—3 -~
global_reset nf—oc3 - -
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mem_cs_n- - f- o0 | Mem_gs_n- -
RZQ(zQ) Rz |- m2m2 | R7q (ZQ)
SEREEREEEE EEE i EEREREERE
mem.dqs ~ f] 1 || mem.das
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e add/cmd : #EINITUL T VTT ENEIFEHR SIM T3 )

O

mem_a, mem_ba, mem_odt, mem_ras_n, mem_cas_n, mem_we_n,
mem_cs_n

FPGAR : BAEROT #&i
AEYHE : $RimghwmE

Schematic Review Worksheet : Vitf&im(CKEE[RIUEE &)
FRImIETIOAIE L., "=YIDODIEDERICALE"
FEF" DI ST TN RAIE (CALE &L

(2

Discrete Device (no leveling) - Unidirectional
class | termination. «

+

Unidirectional class | termination. For multi-
loads Altera recommends the ideal topology is
a balanced symmetrical tree. Altera
recommends that the class | termination to
VTT is placed at the first split or division of the

symmetrical tree for discrete devices. «

EMIF Handbook :56QTVTTICiE:

Table 27. Termination Recommendations (1)
Address and Class I MAX N/ A 56-ohm parallel to
command VTT discrete

Z2 : DDR3 HiLo OEIF&XIT(Z49.90 T VT (CIzkt

M ALTIMA 0
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pllrefdk b

Gobsresetnl—— e RZQ:240Q or 100 Q DKL T GND

mem.ck ‘“"‘% | P O FPGAfl : I/O Standard £OCT{BE(Rs/Rt)(cL2T240Q X (& 100Q D
mem-dch L [pfmemen E550% U TGND &t

ibbiiutiol ENTRRNRR Htitint - FIALNEETHOCTRERT —IE>0B0B, F—IE S EFEETNELL
EEREEEERES! [REREREE g 1 - PRLAOYREVCHOCTEREUBEIEDETEETS

mem_cke - f———————— mem_cke - et o s -

mema . Mo N mema o XEUHE] :AEUPFT VA RICLBT 2400 T GND #E#Ht

memex W i - memTod - DDR3, DDR4 & 240Q) 25 DDR2($240Q) DIBHEERE

mem e H g || iy O XEYIP DEDTEIC RZQ EX—D% NI N(ELL

mem-we - [l——Jasw [| mem.we-n o XEYIP DECE/ I TREBXEY IP EEUEED/\>ITHNIL

RQzQ)  fmn | wm Lragq) RZQ E2EECDNZTTHLN

SRR I ﬁ | i B IR O Schematic Review Worksheet : 100Q or 240Q0% 4 TU TCGND¥E%Ht

mem.dis {0 ||mem.ds - " e AT or 100 i ot Pt

mem_dgsn | - i - [| mem_dgs_n the OCT impadancs options for the desired

memdq N ( EEEEEE memdq o OCT scheme.«

mem_dm- -}~ -1 ) mem_dm- - -

WD - p—— " — VD N e — .

E—EFF S :E — E;EFF S O IEHIEYUBICOWVWTIE, &7 /)\A A\ RIWIICEEEH N TUVEI (RESE)
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ST

ZHR T UE(C i
o RZQIFHHEHUEICDOWVT
weot | Rm@ | RQ@
N . Differential SSTL-2 Class IT All 50 100
O A r r I a v ° Differential SSTL-18 Class I All 50 100
. . Differential SSTL-18 Class II All 50 100
- https.//www.|ntel.com/content/vyww/us S — — o
/en/programmable/documentation/sa Differential SSTL-15 Class I Al 50 100
m1403480004852.html#sam140347969 D) rerential 1.8V HSTL Al 0 100
4793 Differential 1.8 V HSTL All 50 100
I Class II
Differential 1.5 V HSTL All 50 100
Class I
Differential 1.5 V HSTL All 50 100
Class 11
O CyC | O n ev : Differential 1.2 V HSTL All 50 100
Class I
- https://www.intel.com/content/www/us Differential 1.2 V HISTL Al 0 100
/en/programmable/documentation/sa SSTL-15 Al 20,30, 40,60,120 240
m1403481100977.html#sam140348077 LA Al 20,30, 40,60, 120 0
SSTL-125 All 20, 30, 40, 60, 120 240
8760 SSTL-12 GZ only 60,120 240
HSUL-12 GZ only 34, 40, 48, 60, 80 240
Diflerential SSTL-15 All 20, 30, 40, 60,120 240
Differential SSTL-135 All 20, 30, 40, 60, 120 240
Differential SSTL-125 All 20, 30, 40, 60, 120 240
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mem_G.n---g- -0 - gMeM_GN -
........... SRR RN
RZQ (2Q) - oo REE L RZQ(ZQ)
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SEREEREREEY B T
-1
mem_dgqs - -] -1 [ mem_dgs - -
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e mem_dg/dgs/dm : #RiHAE
O FPGAH : #RiImAE
o XEUM: #ImgAE
o OCT &£ ODT MEHEINTWLS
OCT (On-Chip Termination)
 FPGA IDAIER# &
ODT (On-Die Termination)
- SDRAM fRIDAIBB#R i

e VDD

O DDR3: 1.5V (C3&#%
O DDR3L:1.35V (C3EHt

e VIT,VREF
O DDR3:0.75V (T3t
O DDR3L:0.675V (C3Eft

O VTTEVREFFEIUVEFIENRIEIRICT DL 2R

VTTEE7 RLAONY>Y ROTI 7Y TIAENN DD TIA AN EDIZGENHDET .
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e Hard Memory Controller DGNDE >4&#5t(c DL\ T

O Pin Information (PDF, Text, Excel THAEM) Tldk. HMC Z{ERIBFR(C
GND EDEEEHNHDENHDET

o NBOEAIBELTIE, MEBID Unused Pin MFETET As input tri-stated 58 TEUTVEEE.
BN L TTGNDEEHt I D HER W\ LFET

O HERERIIC[EZD GND Pin % User I/0 EUTERESRABLIICEIEOTOE TN HETESHDEFE A
Compile BFCTFEEDIRR Critical Warning hNEEZULET

"Critical Warning (11887): The following pin *** was placed in a reserved GND location.
This may cause decreased performance for HMC. Intel recommends the pin location to be grounded”

o {EARBIDUNused Pin %TESE :

Quartus Prime [FUSTHAR - E> - 7YAL>DF55E ver.15.1
(4 *1@; l_ﬂ |/O to\/d)A |$u ijj_/ﬁ)
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-Device Schematic Review Worksheets

https:.//www.intel.com/content/www/us/en/programmable/support/support-resources/download/board-
layout-test/schematic-review-ws.html

e ArriaV GX, GT, SX, and ST Schematic Review Worksheet
® C(Cyclone V Schematic Review Worksheet

-External Memory Interface Handbook Volume 2: Design Guidelines

https://www.intel.com/content/www/us/en/programmable/support/literature/lit-external-memory-
interface.html

*Pin-Out Files for Intel FPGA Devices
https://www.intel.com/content/www/us/en/programmable/support/literature/lit-dp.html
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https://www.intel.com/content/www/us/en/programmable/support/support-resources/download/board-layout-test/schematic-review-ws.html
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https://www.intel.com/content/dam/altera-www/global/en_US/others/download/board-layout-test/schematic-review-ws/worksheets/Cyclone_V_Schematic_Review_Worksheet.doc
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