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In this paper, we propose a SDRAM SDRAM, SRAM, FlashS o8 Z87 glou
Controller. The SDRAM is often used a SRAM, Flash%€ SDRAMo] H|3] A3 &&= #z
mainstream memory as embedded system u, &0 Ax 93, vBe] v w@Fe] ), whA,
memory due to its short latency, burst access ¥ =894 ¢F £ SDRAM(Synchronous
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Controller= SDRAM®] 572l Refresh &2 7|%
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and pipeline features. The proposed Controller
provides essential functions for SDRAM
initialization, read/write accesses, memory
refresh and Burst access. Furthermore, the

proposed controller is implemented in the form d®e o, Master AZT 4 Y= BUS

of SOFT 1IP. Therefore, it reduces the Interface 222 Delsiolsln £7) SDRAMS &7]

designer’'s effort greatly. 39l o2 Mode® HA & F A& 715 @as)
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II. SDRAM Controller®] A3 F+%

2.1 SDRAM Controller & &%

SDRAM Controller?} 7]E7%Q 48L& 28 194
Bolx ZAXNY BUS MASTERIA AR Helo,
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a3 1. SDRAM Controller System
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B =% Hetsk SDRAM Controllers 2 7}
s \$°l o] 25+ ARM ProcessorZ o] 43 Al A=l
A Ajzdl 829 AMBA (Advanced Microcontroller
Bus Architecture)$t ¢lEj#io]2 & + YT A4
Hojtt. B2 Mastero] A A Fa= HBURST
MNEE o|g8lo] BURST Mode 28 Aot 7)
22 4 Word BURST Mode2 AAHo o, 4
AA7 4% 79, Single & 2 Word 2% opygl,
8 Word7hA] A ¢¥o] 7b&stttk. Dynamic ®l 52 oA
% ¥asgt 7159 Refresh& 93 Controller AHA 4o
2 8% 4 = Self-Refresh R ESREAD/WRITE
5% % Auto-Refresh 2EE Fo] Refresh 7|5 &
88 4 JA gt 282 Power On °]F o|F
o] Controller® Mode HARE] UWEES
Programmable 34 & & U=E 3o, AR}
e dZ bvE 5 A Sk & 14 HelA AF
& AbtEe] A oigint

v & 54
BUS Interface |AMBA-AHB
DATA Width 32 bit
BURST Mode |Programmable (1, 2, 4, 8)
CAS Latency Programmable (2, 3)
Row address 2K, 4K, 8K
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2.2 SDRAM Controller®} Tz

B AddAae ¢ dd4 A¥E EAL A
Controllerd) TZ& A¥B3, o oF31 U= Z
Block®] 3 dajet S disi A&t
2§ 2% SDRAM Controller® AA| Tz2F RojFr}
2 A Bele A go] BF 6719 Blocko 2
o]FoiA qrt. 2 MEAHo =2 7 Blockd F3%
EXQE ABaL
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2.2.1 SLAVE I/O INTERFACE UNIT (SIU)

©] Block® Bus Masters} QE#Ho]A 3 o
2 MasterdlA] AfRe AEE Boly Controllerd]
528 FYse 9EYSDRAMS RefreshE % 7}
£HE 7Rz UoiA4 REF_REQ(Refresh Request) 4
BE BANIE 9EE 83, WREFE REF_ACK
A5 E WolA F12EE RESET 8t& 7]%5% 433
. Zglz Aja"ol Power On HYL o %71 4R
31E 9% Delay 2172 100usE FHEEste] QtA 37}
g2HASL gl DLY_I00US A3 E z%7]
e ANFY = U=F Pk

£3 ControllerF3te] dgoBE Uegls U3 E
YR 2RE wolr Masterdl Controller-4 TS;ZH 3 Ef
E 4y Fe 9¥L o o HREADY Out 4138
B3 o]Folzr).

283 HBURST 4l&$ HSIZE 23%& 7MA1 ¢
oA A% d BURST MODE A+$#BYTE MODEA
$o] 7l 8l=% sl+ BURST, TRAN_SIZE A& &
wEe] Yo AFE FYPsiA "ot
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2.2.2 FSM_INIT UNIT (FIU)
& A€ol & Power On FAY RESET
HAE& o, Memoryel Z7]8E #& old &Agde
State A3t o] & v Block2® WAF|A 2
States] S| ZF8t= AZES HES Memoryd] e ¥
+ URE o FAwt oiBlocke SIU(Slave /O
Interface Unit)ol A AHalx]= DLY_100USS 237}
HIGHY 4%, $&& AlstA "o 27187 2ud
INIT_DONE A3 & #4389, READ/WRITE 52 &
ANEY ¢ JEE gt

2¥ 3& FIU WA dAdsies 449 3¢
State Diagramo.2 ERY Zojr}

o] %

2@ 3. FIU State Diagram

27157y ¢899, FIUGA 2AHE State?] Init
Statex= INIT_READY #Aei7} E=o] MemoryE
READ/WIRTE & & & AJHE dAEn

2.2.3 FSM_ACCESS UNIT (FAU)

o] Block2 Controllerdl A} £ o8& 33 §
Bojth SIUZRE Eolot A3 g woly AzaFQ
F3e 9% F Ql3, Masterd) X 878 24 &
Z2ZA7lE StateE $Aste] ACCESS SIGNAL
GENERATION® DATA PATH UNITLAZ AGd+
g2 Pk

WA FAUE SIUCA 24" STARTn 4A13%9} FIU
A @Ag INIT_DONE 4% & ol F3g Alzhs)
A =3, SIUY WE A3 o8 READS WRITES

1211

FE&A gk £=3 BURST Als9 TRAN_SIZE A
22 7}A 3 BURST Mode H4IBYTE Mode #4
4 B3 Staed REF_REQ 2% & uolA
Memory 2l Refreshol|l #4323l State® WHEA vl
g COUNTERZFE 2z Fzd Had

Parameter %2 948 Wo} F2atA @t
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224 ACCESS SIGNAL GENERATION (ASU)

ASU¥ FIUS FAUYA @& ¥ Staed o438t
o ZH Memoryol Access & F 3UE NIE W=s
g¥¢s& Pr FIUAAM 22 Statedl= Pre-Charge,
Refresh, 283 Mode Register Settingg 4% ©#
o] e, old sPFsE SDRAM A3 €L ¢UE
o] Wit} 28/l Master2%E WL 32-bit F4AE
Row, Column, 218)3 Bank $#42 ¥ 89 SDR_A,
SDR_BA ¥XEE o]-€3d Memoryol HEdEe &
L=

of7]14, SDR_A 41329 Apoj=e] <& Memory9]
Row Fx9 a7zt Aded, £ =894 AAF
Controllert= SDR_AS} Ale]Z7F 12bit o)B =2, 4K9)
Row F4&71= 148 4 urh

225 DATA PATH UNIT (DPA)

o] Block& Master25E 2% Write HolEE ¢
o} Memorye] A&a A}, Masterdld a7 s+ do)
B MemoryEHE o] Masterd] AHAFE 9&&
k. Masterst DATAE 2 %8 7% 9E, READS
WRITEEZ &35 THEE 3191, Memoryshe
AEe thiel LEE o] $3}4 Bi-Directione 2 ¥ 3+
SAEE AAs) 282 Memoryste Hlolg Hé
oA 32-bite] Ale]ZwHE syl HE, Memory
9] dlolg &Ho]l 32-bit AolZ Memorydt AMS
o] 7hzatch. &AW, Masterol A Ap-g3slE dio]E 7t
32 bite]2Z 4, 8 16 bite] Heojg ¢&E€e =
MemoryE A& 3%, 32 bitRo} diojel Afo] ¢
oA Clock 4% 713 4 itk

2.26 COUNTER

Counter¥ Clock® #& 712 E 3l 98 +393%
o 4 F3}& FY4UA L7 EHE Parameter S
A 5 YEEClck ¥8 YRF Blocko2 Hest
 4¥e sta, 4 T3} gmyE AAE FlUS
FAUZ%¥ State 4HE 948 wo} Clock ¥& Reset
Al gt
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III. Simulation Result ¢ ¥4 43

AF7HA B =Ed4AM Ag SDRAM Controllere]
T2 s} dolr sttt

A A" Controller? 7% A%< #3l Micron SDR
SDRAM MT48LC4M32B2" (1Meg x 32 bit x 4
Banks)& ©| €89 ModelSimoll4] AlEa&lol8 S 3
&t e}

I¥Y 4% Memoryol 32 bite] Ho}ElE 4 Word
Burst ModeZ WritedtE &g RoF¥ Holx, 1
g 5 QoM FHste] Write ¥ wlolE & Memory
232E Read 3= F3E BAFE Rojth

28 $49 3FHE YEgT Aotk F AE
FE 3082701, Y FIAFHSFE 1359MHz7E Y
g,

WE A
Used Process 0.25u 3R
Total Gate Counts {3082
Max Frequency 135.9MHz
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Memory ¥ 9¢ 7FA #d& 7HA3L gl SDRAMS
Controller AAlel sl AL st A¢E
Controllers Alz"W A2 AMBA™E o438 =2E
ANadoA 218 7H5stES HA =y SDRAMSY)
E79 BURST Mode Access?t 7Fe3tEE A4 3
Ak =% Memory %3] "3 o2 Parameter
2 ©] Controllerg& AH&3le AAAZL AdAse Al
Ao Abglo] A goAHdec2 4A #3E §
A=EE FHojgle]l F o AAAN 4A A48 F+ U=
£ 34t} A¢HE Controller® 0.25u TR o2 A8
A7 43082708 ACEE /HA Ux, HdFA}Fgt
7} 1359MHzetE F3E Ak o Conuollers
SOFT IPHERZ F3sl7] W&ol clzleluge) =¥
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