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1. SDRAM ik
SDRAM, AL DRAM, f R RS, H=/F7E 1993 4477, 7E 1996-2002 £ Hili], SDRAM
ZAHAR T 52511 FPM DRAM. EDO DRAM, Fiifk PC W17, £ 2003 42 J5, Z#i#i DDR SDRAM
WA, B S5 RP DRAM MAFEGFE: [FEE 8, £ Bank Hlfl. Burst TE5 K5I Ao BT8RN B & 3,

AR ETRRAR S —BUE, ek SDR SDRAM, LLffi5 DDR SDRAM [X 4.

1.2 SDRAM FEATT {4244

SDRAM (1% WA B H%: 16Mbit. 64Mbit. 128Mbit. 256Mbit. 512Mbit. HH1, [T 16Mbit 43K 2
4~ Bank 41, HAhZ¥E ) SDRAM #R434 4 4~ Bank.

SDRAM )5 WA HEAL 58 [ 45 4bit. 8bit. 16bit. 32bit. 1R RS 7% 64bit, F 16 1> 512Mbit & &
4bit fi7 %5 1Y) SDRAM FEHE, 1] LLSZI 8Gbit 474k 2% /] T W5 H 2 4~ 512Mbit %5 & 32bit {7 % ] SDRAM
FEE, HAESZIL 1Gbit FIfFAE 25 1A].

SDRAM ff] Burst Length, BIBLE RAKAEGIRN A%, —RTk&ERN 1. 2. 4. 8 L Full Page. Burst
Length s& AT 4RF2 0, fEVIIRILIT BB EIT . FEFEML, mRMHEH S BL X5, SDRAM £ H1T Wrap,
SEEIIER.

SDRAM [ Cas Latency, Bl WAEEHE4 24 28 R ILASES, —f0N 2 803 M Bl 1], D #ds
AT LA LA A, K4 SDRAM (1) CL FIEW AN AR B . — Mk CL=3 I, XIS AC R 4%
AN,

SDRAM 5 Wi B4 A4 F5: 100MHz (T=10ns). 125MHz(T=8ns). 133MHz (T=7.5ns). 143MHz

(T=7ns). 166MHz (T=6ns). 183MHz(T=5.5ns). 200MHz (T=5ns). i & &5:4% — xR CL=3 I [ % &

TARMAR . — iR ARSI E, X RK AC SER 240801 .

1.3 SDRAM ) =4t 2% [H]
/% SDRAM [Fiihik 25 7] B Bank. Row. Column =/M4ERE . 64Mbit & UL & &) SDRAM — K& H 4
> Bank. AT 5WNARAH Physical Bank (Rank) A& X5, SDRAM [ Bank A B #1l Logic Bank.

4> Bank #f5&—> Row 5 Column # [RE A1 ; B 51 )R LT AR — 40  IXAHE 1298 5 SDRAM



SDRC_lite Beta2 SPEC basic knowledge Fudan University 08300720451 #/=

s AL — 2.
flhn, —AN%5 5 64Mbit £ % 16bit () SDRAM Hitil 7= [E] 4 : 4bank * (2°12)Row * (228)Column * 16 bit =

64Mbit, ZUEFM—KE A 4 * 1M * 16bit = 64Mbit. T &4 H£55% SDRAM 2244 F- i

CKE —wé—o] Control logic
CLE —.-dlp—

G#—HI?—'E
WE# —ei—\ 3
CAS#—H}—E
RASH —w—

Bank 3
Bank 2
nk 1

decode

o g | | (B o oo
Mode registe « [counter w- n
e reger] | | sow | Joonc
T : MUX —r‘f addres o
: : - latch %6 a.rra.:.,-r:"I "
e and 4096 % 256 % 16 T DOMH
: Y idecoder ¢ * x 16} I V
Sense amplifiers p| Data
16_ | output
¥| register
: ] 1/2 gating H _
: ] i - DQM mask logic smmns.m
A[11:DI' i Address — :...................c,nn{:'n| rmiteaéﬁuet[: i
BAD, BA1=w\ | re0Bter (o 2 logic i?'ugtlﬁ
: 7 - — : —
4;.. register
y Column
decoder
Colmer
3 M adden ]
¥ e

1.2.3 LR A5 SDRAM & Al &

T SDRAM 5 i FhE I AR1E——Bank. Row. Column L7 _F—545 H T ke . Rl iR /LA SDRAM
O Fr H A H AR

Rank: MY Physical Bank, #5172 —4u FIN#4ER) DRAM & . 85, e EdE S48 &, U
RGP HENEGEALTE, W Intel ALPLEREKI 64bit.

Page: —#E[A—> Rank ¥ Bank adddress. Row address #[& #1%3[d]. A LLiA ¥ Rank W RTH
SDRAM s i # i) Row Buffer & F37E—i2, #t41% T Rank #1ff] Page Buffer. < F Row Buffer. Page Buffer
Xt DRAM Vs ] (ISE MRS E T — 7 BHik

L 64bit A7 5% [ R GBI, A5 AR FE IR SDRAM ) 3 4ithiik 2= 8], DL 4R Rank J& 4t :

Chip DQ/ Row Buf | 64bit Page | 64bit Rank
Chip Size Bank Num | Row Num Col Num
Fab Size Size Size
16Mb 16 ISSI 2 2048 256 4kb 16kb 64Mb
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Chip DQ/ Row Buf | 64bit Page | 64bit Rank
Chip Size Bank Num | Row Num Col Num
Fab Size Size Size
32 Micron 4 2048 256 8kb 16kb 128Mb
16 Micron 4 4096 256 4kb 16kb 256Mb
64Mb
8 Micron 4 4096 512 4kb 32kb 512Mb
4 Micron 4 4096 1024 4kb 64kb 1Gb
32 Micron 4 4096 256 8kb 16kb 256Mb
16 Micron 4 4096 512 8kb 32kb 512Mb
128Mb
8 Micron 4 4096 1024 8kb 64kb 1Gb
4 Micron 4 4096 2048 8kb 128kb 2Gb
32 1SSl 4 4096 512 16kb 32k 512Mb
16 Micron 4 8192 512 8kb 32kb 1Gb
256Mb
8 Micron 4 8192 1024 8kb 64kb 2Gb
4 Micron 4 8192 2048 8kb 128kb 4Gb
32 1SS 4 8192 512 16kb 32kb 1Gb
16 Micron 4 8192 1024 16kb 64kb 2Gb
512Mb
8 Micron 4 8192 2048 16kb 128kb 4GDb
4 Micron 4 8192 4096 16kb 256kb 8Gb

vE: HA Micron 64Mb: x32 5t BLAASE 2048 17, TSI HT R A E4% 4096 175 . 1 ISSI 16Mb: x16 ]
S 2048 4T, T B SLdE 2048 4T . TR R LIS 5.

1.2.4 Row Buffer %} SDRAM i 5 {521 .

SDRAM %4~ Bank #54 —~ Row Buffer, szl —HE R BUlCK 3% (Sense Amplifier) . & K5
(Activate)—™ Row Hitikf5, %47+ Row Buffer 134~ Row 1% fRA77E s Precharge 54 7T LA AR

5E Bank [1J Row Buffer, Precharge All 7] LL5E 1T A Bank [ Row Buffer; A 1FX Row Buffer ¢4 (1) Bank

N7 (Idle) ) Bank.

T Row Buffer [f17£7E, SDRAM #1743 At R =i i

(1) 4775 1 Row AT7E 1] bank H, row buffer 2¢ /4. IR, 7 Z680E Row, F K15 154 A1 Column
kb BEIESL, EEER S, RN Page Hit.
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(2) HHETVi A Row, IELHRFIEMN bank ) row buffer B, L, A7 EREE Row, EEKRIEEIE
AF1 Column Hutik, HtrlLAVG M), IX5t/2 Back to Back 525 . thENL, 25 i /N, AR Page Fast Hit.
Page Direct Hit,

(3) 4w Vi H Row FrfE) bank H, row buffer T7F, 17725 —4 Row HI##E . Ly, A2k kix
Precharge 5§ Precharge All 5454 row buffer, % Row, /5 K1EE 184 M Column Hitik. BEifAL,

SRR, AN Page Miss.

1.3 Close Page Policy 1 5 544 %0 % 0 #r
1.3.1 Close Page Policy fi#id

Close Page Policy /& — & #.6 2[f) SDRAM x| 23 5 vt Slg . & BIPERE S5 U5 1) thuhik (1) 2% (8] 43 38 6 5%
A R E, A58 Refresh SIS B2 5 B 1HE, &G TSN VEZREE TR .

AR SDRAM Vil #2152 5 ZE I FH 25 1) Page Hit 157, T-BUR A ¥ B2 'S J5 H 3l Precharge,
KM row buffer. X A< FAE— Bank A Row HitikUl#:114 Penalty, thAN<s K247 1A ik (¥ 2% (8] locality
A Gain, rLAMERERR @ MELF. B3 —TJ71, KEM Precharge 45 SDRAM 5 KHBK I DIHE .

1.3.2 Close Page Policy HJSZHL 5 RE/#r
# 7 ) Close Page Policy #:1F, R ) Refresh. Activate & Read with Autoprecharge. Activate & Write

with Autoprecharge =&t . DL N FFIX = FhIEARERE, IR PS40, JEHES B BRI 0 N A 20

T BEARSERE B S A5 LU R A SDRAM fi54-iit K2k -

1.3.2.1 Refresh #AEF1'E XA 2 B 52

T DRAM 1] 1T1C 25 FEIR L, o200 JE B 1t BT (Refresh) AR A PR FFEE - 18 H SDR SDRAM
FRYE 64ms PUKFTE Row JlHi—i, XA AR N tREF. SDRAM [ row 3— %} 4096 5 8192, Htr
RIS R, BERE 15.625us B 7.8125us # K% — X Refresh 4. A, EIfff SDRAM [#) row %A 3|
4096, il 7 #A % 4096 row [T HLITH .

A DRAM PEBHSEL S RlE i1 4ids, & Refresh 840, AFRE KL Row Hidik, #Ht Refresh tHFRA
Column Before Row #:{E. X Refresh 54 KixJG, WAEESr tRFC I B4 e RKIE N — 5184, Xt 2kl

HAERT . HENH L tRFC. tREF, EZE(R & Refresh t 42 R4
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AT Refresh #4ERT, LAILRIEREAS Bank #Z W, 1R AE=— Bank 14771 Row Buffer, 2%k
& i% Precharge All 5% Precharge 54 . [X’}y Close Page Policy LAt 5 J5 37 %< 1] Row Buffer %5 i, A
LIETE Refresh 2R, AHREXLEIRS,

BT RE, AC S8 & A AN Em) IR, R0, KDL CtREF 7R tREF Xf R
W%, Ll CtRFCmL i tREF S A I E0 1, JLA ASb3sHtE, A HEGR .

JRBAR A B e B0

1 2 3

4 5
cock £ | £ L f£ L& 1L\ 1 £ 1 F 1L f L F1Lf

CtRFC

commano I Refresh X NoP Nop X ACT X

T, BEHTFE BT .

(CtRFCm1+1) x RowNum

BWavailable = BW x (1-
CtREF

)

1.3.2.2 Activate & Read with Autoprecharge #1F 5 Close Page Policy [ 8CR 50 #r

Close Page Policy #, S /En] LA A2 Activate Fll Read with Autoprecharge #:/E &R

Activate 74 H T 0% Bank S —A Row. Kitar & HIERS, Z45H Bank Hilib Al Row Hilik. Activate
i % J5 R tRCD A RERIZ IR FIH 2.

Read with Autoprecharge v & FIfEF &2 U, 285 H 31347 Precharge 5% /4 Row Buffer. kit
AR E R, YA H Bank Hihikb Al Column Hihik. Read with Autoprecharge 74 )5, B CL MEAMA &HH
AR, RIS, H 3 precharge K ATE LR JE — A R IR IR B B THERT I (CL-1) 4N
#, [ Precharge SEI 24 tRP 054 i 2 o

LA CL=3, BL=4 Nfi, i H#A St R 7T

1 2 3 4 5 6 7 8 9 10 11 12
cok  FL A L F L F LA L FLFLF L LFLf L
* CIRCD CIRP >
Ccommand Nop X act X NOP X _aoa X NOP X_act _ Xyop
BankAddr X Bankaddr¥ X Bankaddr X X_BankaddrX
Address X Rowaddr X X_Cdladdr X X_RowAddr X
cL CL-1
DQ Dout X Dout X Dout X Dout
BL-1
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&KL S J5 #5% ] Row Buffer, # %} T Close Page Policy, E%E}{H %€ N Activate %E il Cas
Latency, B 1+CtRCDm1+1+(CL-1), B CtRCD+CL.
F 3| Refresh #AERI2 M, (RTESEARAE S, S BAE I E0E 80 5 A -

BWeffrd = BW x BL (1 (CtRFCm1+1) x RowNum

1+ CtRCDm1+1+ (CL —1) + BL + max((CtRPm1— (CL —1)),0) CtREF )
FH P DA R B B A SRS, ORI BL AT AR ity SE R 28 T E T3 2805 CLARDG, s EUEL
/N CL AR — 8 e d@ 2 i S5 R FH 26 . R PR e I B, o USRS s 58, (HL AT B3 B30 & S Nt
ISR HBOE N, MRS .
MG (71 B VT SR BN AT B A
(1) SDRAM RLF$54 5HHEEE: W LAYE SDRAM i H B i 31T 45 44

(2) Activate 1545 Precharge 54 2 [8] 2 ZAHEE tRAS(min)fIIRHA], 78 BL=1 B8 2 I} A A 2 oM PR 1] 4%

1

(3) —“ Row Buffer #7FTHF (i I AN AT # 5t tRAS(max). tRAS(max)iz KT H'E AC IER S5, kR
BHTARKE 1, X} Close Page Policy N2 A 405K s

(4) FH[F] Bank ¥ 2% Activate 54 2 [H], ZifHEKE tRC B A, —f tRC £)%5 T tRAS(min)+tRP, iX
A2 tRAS(min) iR £ /E i}, Close Page Policy ] Read Cycle, # R #%& tRAS(min)slfT 1. 12, AT
TR, I T

(5) ANA Bank 1% %k Activate 4 2 8] ARG tRRD RS [E], XANE] 5 tRCD KEUHIF, % Close
Page Policy I = E 210,

MHTC CL=3, BL=4 [ IEEF, AR A5 H Autoprecharge 5 Activate AH B i i 4 B B 500 -
(1+CtRCDmM1+CL-1+BL-(CL-1))=(1+CtRCDm1+BL), wWHX/ME/NT 1+CtRASm1, N H3) Precharge &
HEIR DL A tRAS(min) ZE i

DA CL=3, BL=1 Jyfsil, im B ELERAE AR 7 &, DURIE tRAS(min)HT tRC 20 :

1 2 3 4 5 6 7 8 9 10 11 12
cok  FL A L F L F LA L FLFLF L LFLf L
CIRCD CRP
Ccommand Nop X acT X NOP X _aoa X NOP X_acT_ Xop
CtRC
BankAddr X BankaddrY( X Bankaddr X X_BankaddrX
CtRAS ‘

Address X Rowaddr X X_Cdladdr X X_RowAddr X

cL f
DQ Dout
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e, B IEJE AR A R B A S

BWeffrd = BW x BL (1. (CtRFCmL+1) x RowNum

max(1+ CtRCm1, max(1+ CtRASm1,1+ CtRCDm1+1+ BL) + CtRPm1) CtREF )

HATRIL:

1 B EAARE CL AEBAR, MBIEBEKN CL, DIBEE/NG AC ER SHL.

2. HZHTMEFE, EBUBCRH) BL AT AR sy 58 A 2.

3. PR MO B, AT AR SR AT B, H AT B S B L 0T B RO N, MR RS 5

1.3.2.3 Activate & Write with Autoprecharge #:1f 5 Close Page Policy )5 %R 53 #r

Close Page Policy H', 15 #/E ] LA A2 Activate F1 Write with Autoprecharge #:4F FI1E .

Activate 774 H T 0% Bank H1—A Row. KUt 2 HIEES, 45 H Bank #ili#l Row Hilik. Activate
fir 4 JE M tRCD A REKIA L 554

Read with Autoprecharge s 2 I/EFHZ&: 5 ANE#E, 25 HB)AT Precharge X4 Row Buffer. & ith
A RIFER, E4hH Bank HibEF Column Hiht, Read with Autoprecharge 4 5, @ B ZMEI6EHE, £F
2R} (8] /1 Burst Length #25€ . H 311 precharge & A 7E H I 5 — A 8080 I 8h T+ J5 1 CtDPL A
SR tWR ZE), ZJ5 Precharge ZEM 24 tRP 0 U0 £ . A N5 H tDAL #7758 tDPL+HRP.

LA CL=3, BL=4 Jyffl, RS EAE IR 7 B

1 2 3 4 5 6 7 8 9 10 11 12 13
Clock f f f f f f f f f f f f f
« CIRCD >
Command nNop X act X NOP X _roa X NOP X _abT  Xnop
BankAddr X BankAder XBankAder XBa KAddr X
CtDPL o CiRP
Address X RowAddr X X Coladdr X X RowAddr X
CIDAL
DQ on X bin X bn X bin
b BL-1

TimeaGen

&k J5 # 5% ] Row Buffer, #xf T Close Page Policy, 5 ZERf H i1 Activate ZEI} tkE, B
1+CtRCDm1+1, B CtRCD+1.

#% & 3| Refresh #AE M52, HAR R S A R 56 A a0k -
BWeffwr = BW x BL ‘(i (CtRFCm1+1) x RowNum)
1+ CtRCDml1+1+ BL + CtDALm1 CtREF

A, HEEE R, SEAEEA tRC MRAS M4, 4 BL B/, 415 (1+CtRCDmM1+1+(BL-1))

/T Activate 5 Precharge &4 f7 &¢/IME] B 222K (1+CtRASmL), Il 5 3l Precharge £ #EiR LAY £ tRAS(min)
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HERT,
PL CL=3, BL=1 Afjl, 2 tRC 5k tRAS il £ I 71K :

1 2 3 4 5 6 7 8 9 10 11 12 13

ok L L L L L L L L L L L L
CIRCD ;
Command Nop X act X NOP X roa X NOP X _Acr X NOP
CtRAS o CtRP
BankAddr X Ba kAder XBankAder XBa kAder
CtRC
Address X RowAddr X X Coladdr X X Rowaddr X
DQ Din
W, B IEJE REAR S A R 58 A R R
BWeffwr = BW x BL X (1— (CtRFCm1+1) x ROWNum)
max(1+ CtRCm1, max(1+ CtRASm1,1+ CtRCDml1+1+ BL + CtDPLm1) + CtRPm1) CtREF

BATR I

1. 52T, GEHUBCRE BL AT AR m A I .
2. PRSI BRI, AT AR S AT 0, E L n] 8 3 B SE NN N RO N, SRR B A

1.3.3 Close Page Policy 1 fig it & sz

1.3.3.1 Samsung 64Mb: x16 .5 SDRAM it 574

1.3.3.1.1 R4 E

F4 R EH—F Samsung 64Mb: x16 ff] SDRAM. R %4 166MHz, %k BL=4 5 8. SDRAM i# /¥

L5458 166MHz, #HU CL=3, ‘B[] AC LEN S0 F %

XX tXX(ns) CtXX(clks) CtXXm1(clks)
tRCD 18 3 2
tRP 18 3 2
tRAS(min) 42 7 6
tWR(a.k.a. tDPL) 2clk 2 1
tDAL 2clk+tRP 5 5
tRC 60 10 9
tRFC 60 10 9
tRRD 12 2 1
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X SDRAM ) =47 sk 2% (8] . 4bank * (2212)Row * (278)Column * 16 bit = 64Mbit. 7 E{E 64ms W
¥ 4096 17 il — i o
1.3.3.1.2 JEVi/KZE Close Page Policy 1 RE it

4ERT = CtRCD + CL=3 + 3 =6 clks

HILH = CtRCD+1=3+1=4clks

(el 3 75 9 2 3
BWeffrd = BW x BL (0 (CtRFCm1+1)x RowNurm,
max(1+ CtRCml, max(1+ CtRASmL,1+ CtRCDm1+1+ BL) + CtRPm1) CtREF
BL =4 H:

BWeffrd = BW * 4/10 * (1- 4096*60/64000000) = 39.85% * BW
BL =8 H/:

BWeffrd = BW * 8/14 * (1- 4096*60/64000000) = 56.92% * BW

ENIHEE /AW
BWeffwr = BW x BL (- (CtRFCm1+1)x RowNum)
max(1+ CtRCm1, max(1+ CtRASm1,1+ CtRCDml1+1+ BL + CtDPLm1) + CtRPm1) CtREF
BL = 4 i} :

BWeffwr = BW * 4/11 * (1- 4096*60/64000000) = 36,22% * BW
BL=8 BTJ‘:

BWeffwr = BW * 8/15 * (1- 4096*60/64000000) = 53.13% * BW



