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DDR4 Memory Controller design using Xilinx FPGA
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Abstract

This Paper implements a DDR4 Memory
Controller using Xilinx FPGA. By Utilizing the MIG

(Memory Interface Generator) I[P provided by

Xilinx's Vivado, along with Microblaze, AXI Bus,
DDR4 Memory, and UART IP, the system

implemented on the KCU116 Evaluation Board.
The implementation demonstrates the use of the

is

DDR4 Memory Controller for read/write operations
with DDR4 SDRAM, proving the feasibility of
utilizing Xilinx FPGA for DDR4 Memory Controller

Implementation.
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FPGA (XCKUSP-2FFVB676E)
1% 1. KCU116 Evaluation Board

1.2 Xilinx MIG IP

Xilinx MIG (Memory Interface Generator) P&
Xilinx FPGA € Memory Controller?} Interfaces
At AFRHE FR AXEYC Tiolh. &Y
IPel A¢ ¥ w=iolxd &8%¥ DDR4 SDRAMS
¥3ste] DDR3, DDR2, LPDDR 5 T3t Memory
Controller IPE A3k, A3 wle] Ege g
Custom& & <+ = HA#AAA {4 JdHIANAE
Agste, ®d IPAA  AFHA GE HE

B A7 A4 WEEY EE ARE FUhsHY
283 7 Qe FHE 2o (2],

E =Fo|x #&8% DDR4 SDRAM MIG IPE
g4317] Y3l- & Ultrascale Series & 1 0|49
FPGA Deviced AH&3foF $Hrh[3].

1.3 Xilinx KCU116 Evaluation Board

2 =RoME= KCUL116 Evaluation BoardE
gg-3to] MIG IPE F&dettt. KCU116 EV Boardell=
Kintex Ultrascale+ Series FPGA, DDR4 79
H2e7l 5 FHE A% Eo] 3lo] DDR4 Memory
Controller 7@ 9 AZFst7]e] 2 gafrt.

KCU116 Evaluation Board®ll+= 512MB Memory 7}
27N Aol Qla, i WEEE 1.2V 96—ball
TFBGA Package ¥H|, 2666MT/s% Data Rates
Zk= Ao Qlrh4].

II. &

EEoA+= MIG IP Custom Option¥} KCU116
Evaluation Board®l %7 Custom3t MIG IP, 181
MIG IPE &83t7] $3% FPGA IP Configuration &%
threl  aigteza MIG IPE FAs] 9l
FPGA®l &3 Hardware system< A 7H3tt},

Board Basic AXIOptions Advanced Clocking  Advanced Options O Planning and Design Checkiist

Mode and Interface

Controller/PHY Mode  Controller and physical layer

Clocking
Memory Device Interface Speed (ps) 750

(750 ps = 1333 MH2) Range:750..1600]
The minimum supported time period for DCI CASCADE is 938 ps

Specify MMCH 1 and D on Advanced Clocking Page to calculate Ref Clk

Reference Input Clock Speed (ps) 3334 (300Mhz

Controller Options. Memory Options

Burstlength 8

Custom Parts Data File Cas Latency 19

Acomplete list of valid values and sample CSV files can be found here Cas Write Latency 14

Configuration Components
Clamshell Topology

Memory Part MT40A256M16LY-062E

Memory Details: 4Gb, x16, Row=15, Column=10, Bank=2, Bank Group=1
Ranks=1, StackHeight=1

Slot Single v

10 Memory Voltage 12v

Data Width 2

Data Mask and DI DM NODBI v
Memory Address Map ROW COLUMN BANK v
Ordering Normal v

Force Read and Write commands to use AutoPrecharge when Column Address bit A3 is asserted high.

718 2. IP Custom for KCU116 Evaluation Board

2.1 MIG IP Custom Option

MIG IPE &&3t7] §ls AH&2 FPGA, DDR4
W22 SPEC F KX, Memory IP°] <443 Reference
Input Clockel dig Jr7F Bosrh 9 ARE
Faste] i 16 sidsks FEE MIG IPol] &3k
® 29 gt &S Custom & 4 Qlth

X 29 71" MIG option IP ConfigurationA|
7HE 8% FHolH, olge% Custom 3 F Sl
thokst 340 9tk Memory Part AXeo| wel @&
259 7 B ERE st} s A dist
olglE F3ll ¥t IPE T+ & Atk

2.2 1P Custom for KCU116 Evaluation Board

2 =xolA &8E KCUL16 Evaluation Boardi
XCKULP—-2FFVB676E Kintex Ultrascale+ FPGA,
MT40A256M16GE—-075E DDR4 w %2, 300MHz
Clock Oscillator® System Clocko® 8343
SIh[4]. A7) 23] WA MIG IPE 19 29 ol
Custom 3tla, Fest &> 1 1, 29 KCUL16
A5} g},

2.3 FPGA 1P Configuration

KCU116 Evaluation Board®] %Al Custom3t
MIG IPE A% DDR4 Memory Controller&
g3yl 98] Xilinx® Soft processor core<!
Microblaze®  BRAM3} o] Microblaze &
g3t $3t 1P, AXI DMA (Direct Memory
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¥ 1. MIG IP customize®] Z L3 FRH

Parts User define KCU116
Components .
Memory / DIMMs Components
Memor Parts Name MT40A256M1
Y (Custom Enable) 6LY~062E
Oscillator 70—-666 MHz 300 MHz
. Differential . .
Oscillator / No buffer Differential

¥ 2. Custom 7} 3k MIG Option

Categories User Option KCU116
Memory Device _ -
Interface Speed 938-1600 ps 750 ps

Data Width 8—72 32

Data Mask Dependent on
and DBI input options DM NO DBI
Cas Latency
/ Cas Write I.Depender?l. on 19/ 14
input options
Latency
Data width Dependent on 256

input options

KCU116 Evaluation Board
FPGA (XCKUSP-2FFVB676E)

AMDZ1

MicroBlaze

DDR4

DDR4 Memory
Controller

N/

DDR4

: <
Gt =
<

>
i ar—
Host PC
99 3. AAE B tholo s

Block
RAM

GPIO UART

Access) &t 722 Bus IP, Clocking Wizard IP,
FPGAS PC 7+ F4l& $3%t UART IP & Xilinx
IPE &8&3to] FPGA Ul Al2®S Fdgith A AH
TS A% AR P BAEE %

g IPE 83t AlAH EF tolo Al 19
33 2t

1. Al &

= =

UA 7lEst YEE AdYstd KCUL16 Evaluation
Boardell Xilinx IPE #8359 Microblaze, BRAM,
AXI IP, DDR4 Memory % UARTZ AlAH 45
9}23].0:1\:]. :[qu U_] @8401];11& }\]/\EﬂOi DDR4
Memory Controller &8 7t& oiF& gI3t7] $13)
Al EFoldE 133ty

Al A" A% TP 5 BRAM, UART, AXI DMA,
DDR4 Memory 5 AFE3F peripherale] X2 AA]7}
A7) YA Memory Mapped 1/0 71 &S

¥ 3. FPGA W AlxEl Ao &83F [P
Categories IP Name
Processor Microblaze

AXI Direct Memory Access
AXI AXT Uartlite

AXI SmartConnect

Microblaze Debug Module

System Processor System Reset
Clocking Wizard
DDR4 SDRAM (MIG)
Peripherals Block Memory Generator

BRAM Local Memory Bus

LMB BRAM Controller

A g3to] peripheralel <A43ta, AlEdo|AdA =
Vivado v2022.1% %3] Bitstreams YQZ=3HA,
Vitis v2022.1%} Tera terms #8399 KCU116
Evaluation Board®] DDR4 Memory©ol] Text data®
read/write 23S HASTTOZH FATE A|A®HoZ
DDR4 Memory ControllerE &3 4+ J&&
Zrgstaral st

3.1 Memory Mapped I/O

BRAM, UART, AXI DMA, DDR4 Memory®l
ZRAAA AEsH7] Yd Memory Mapped 1/0
£ 483t A4 Memory maps #-&3t7] 9lalA
Vivado®] Address EditorollA I19H 4% o]
Memory map address& 223t}

3.2 Software Configuration

1% 4|4 Mapping?r DDR4 Memory %9
yF-el 3 g text dataE write ¥ read, 1
AIE E98t= C coded A AT i =
F3 2849 dolH #S UART F4l& T3
PColA Tera Terme %3] Ad3E& &0& 4+ 3

9 69 Z=+= ASCII Coded 0x80010000 TEi
0x800100107FA 9] FAe TextE Write 3+ 3
A3 F4ol4  Data®  Readdt] 1 #E
gsto ZH kA I Write Y U3 e
Hal=x  goste] HAHOE  Read, WriteZ

O

L

@ o e

Jﬁ e e

T 3

KCU116 Evaluation BoardE Vitis v2022.1 %
Tera Termo] AAHo] 3= PCe AAFO =N
JTAG, UART E4l°2 FPGAZE Programming3s}il,
A% Ays gl g AdS S8 okl ¥

63 Zo] DDR4 Memory®l A4S 2 Write, Read

=3
4 F 1 A%4EE FEFS FAT F Aok

- 1369 -



20244 ChEHRIXIZSES| SAI82THE =2

0x1000_0000
BRAM : 64K
0x1000_FFFF
0x2000_0000
0x1000_0000 S e R
FPGA IP 256K =
Ox4000_FFFF 0x3000_0000
3 DMA d 64K
0x5000_0000 0x3000_FFFF
DRAM 1 G000 000
X .
OXBFFF_FFFF 5 x _
0x4000_FFFF

713 4. Memory Map

int main()

init_platform();
char data[11];

Write data to DDR4 Address

print(" Write data to DDR4 Memory... \r\n\n"); V. @%

print(™ ... \r\n\n"); )

il B =FoME Xilink FPGAE 83 DDR4
*(char*)ox30010000 'D’ - - - =
*(char*)@x80010001 = ‘D' Memory Controller 78-& |8 Al2®lS 74 F,
:EEEZ:::igﬁgzigggi 'Z' 2 gds Hdl Vivado v2022.102 A|AHS

*(char*)ox80010004
*(char*)ox30010005
*(char*)@x30010006
*(char*)@x80010007
*(char*)ex30010003
*(char*)ox30010009
*(char*)ox8001000A

FPGA d&2X & HAE C ZEZE Vitis v2022.1%
F3l FPGAE Z=21#% 3 % Tera Terms Sl
DDR4 Memory Read/Write %< <13} Xilinx
FPGAE &&3% DDR4 Memory Controller +&0°]

Fed A AFs.

L[ | | | | | | | (O (I |}

Ne Mo e be e e We e Be We b
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print(” Write complete!\r\n\n");

Read data from Same Address Acknowledgements
print(" Read data from DDR4 Memory...\r\n\n");
print(" ... \r\n\n"); This work was supported by IITP(Institute of
for (int i = @; i <= 10; i++) { Information & communications Technology Planning
) data[i] = *(char*)(0x80010000 + i); & Evaluation) — ITRC (Information Technology
Research Center) (IITP—-2024—-RS—2024—
i A | "\r\n\n"); . .
PrEs e B SRR 00436406, 50%), PIM Semiconductor Design
// Print read data: to UART Research Center (2022—0-01170) grant funded by
xil_printf(" Read data: ");
for (int i = @; i < 11; i++) { Korea government (MSIT), by the National
} %L prinef("Res, datalil)s Research Foundation of Korea(NRF) grant funded
by the Korea government (MSIT)
cleanup_platform();
return @; (No0.2022R1A5A8026986), and The EDA tool was
} supported by the IC Design Education Center
% 5. DRAM Write/Read % C ZE (IDEC).
W COM4 - Tera Term VT
File Edit Setup Control Window Help PARS A=
Wirite Data to DDR4 Memory... e
[1] www.microcontrollertips.com/understanding—
Write complete! ddr—sdram—faq/
[2] www.xilinx.com/products/intellectual —
Read data from DDR Memory... .
property/mig.html
[3] Xilinx, Ultrascale Architecture—Based FPGAs
Begd romprote! Memory IP Product Guide (PG150), April 2022.
Read data: DDR4 test!! [4] docs.amd.com/v/u/en—US/ugl1239—kcull6—
1% 6. Tera Terme| &2 %+ Read %t 243} eval—bd
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