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How to enable the ODT

X/

% Sequence of Issuing EMRS Command

X/

s ODT control state diagram

Cpower- N D>———+C a0,

¥ Yes <Table 1 > ODT status of each Pin

CMD, DQ,DM
CKE |cK,/ck| cs Add | DOS. /DOS

Not (0,0)

(o, ] t(0,0)

No Yes No, )/ Yes
\% \% \% Enable| Enable

No No
Ye Ye @
V : ODT status of each pin depends on EMRS2 code
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Disable| Disable| Disable| Disable| Disable

Disable| Enable | Disable| Disable| Enable

Disable \ Disable| Disable| Enable

Enable| Enable| Enable| Enable Enable

DEEEEE




ODT Control mode by EMRS&EMRS2

MODE EMRS CODE EMRSZ CODE 00T status of Pins
S¥5- | oDT control| OOT aption | 0T HErT obTof ¢S | obT ofck | 90T Cie i’:: Eﬂ
&I W CKE al Pd| ~E | s
CK Excepl DOQS
A10| A3 | Az | A1 | An | Ao | AB | AT | A6 | AS | A4 | A2 CSpin) DOs
] { ] = x b X ] ] X b £ OFF | OFF | OFF | ©FF | OFF
all X Mot (0 0) i) 0 " X ¥ X v v v | OFF| v | oFF| oFF | «
] Mot (i O Mot {0 a) W i L] 1] 0 0 W OFF | OFF | OFF W
= Mot [ B Mot {0 0 W v v v v v W % v v W W

<Table 2 > ODT status of each Pin by EMRS&EMRS2

ODT can be controlled by EMRS & EMRS2 after power-up regardless of system configuration

If no EMRS command issued, the ODT is controlled same as on page 12 in the spec.

If EMRS2 command issued, the ODT value of each pin can be decided by A9~A2 value.

ODTW Mode control scheme

If A9=1& WL=1,the ODT for DQ,DQS,/DQS,DM are always enabled and those can be disabled
only in case of Self-Refresh & Power Down mode

If A9 =0, & WL # 1, the ODT can be enabled only after write command issued.
Thus, to save system power, it is recommended to set A9=0 & WL_>4

ODT at PD mode control

If A2 =0, then the ODT for all pins except CK, /CK, CKE become disabled and accordingly no
command can be issued.

If A2=1 & dual rank, then cmd pins’ ODT become enabled, thus a valid cmd can be issued

However, single rank system case, ODT at Pd mode should be always off.

For the power saving purpose of dual rank system, if power down mode frequently used for one

external rank DRAM while the other rank DRAM is working, ODT at Pd mode is recommended.
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ODT control of Single Rank System

s Block Diagram of Single Rank System

CKCE b T e
~00 oD Rref=2 * Rterm
SRS AT AS AIVE NS E ARSI RS NE JOS
Dhifs, DOQ'S, DS, DS, S
Oos's/00Q%5's DS 5D s
CECK T Tk frize
A00D ZHRtem
RS I RS ANE TS
= Dhf=, DS, DOhs, DS, pa=t=tal
ﬁ Dos's/D0s's DS =, DS s
=
3 CHACE AT Fi
s 00 2HRtemm
FRAS STAS AVE RS T AS,NNE IS
Dhi=, DS, D=, DS, WSS
DOQS's O0S's Do s Dos's
CKCK T AT ] —I
A0D Z¥Rtenm
RS AT RS NNE TS
Dhi=s, DS, D=, DS, WS T
O0%'s O0S's DOS'sDCS's |

Where Rterm is the termination value
on the charnnel :

It is recommended that every channel has equivalent termination value.
The equivalent termination value of each pin can be controlled by EMRS and EMRS2 command.

Example ) CK, /CK, DQ’s, DM’'s, DQS'’s, /DQS’s : Single load
Address pins, /IRAS, /ICAS, /IWE, /ICS, and CKE : Dual Load
-> To make equivalent termination value on every channel, A1,A0 of EMRS should be (1,0)
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ODT On/Off Control of Single Rank System

MMode ENRS EMRSZ Code MRS ODT status of Pirs
System oD TV ODT at Pd
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ¥ AR L CK, fCK and | aheo oand add | 29 DM,
A0 D a2 CHKE DS, /DS
Self Refresh - o x x x OFF OFF OFF
Fast wake-up
Power Down o x X X oM OFF OFF
All bank idle o x X X oM [=1] OFF
1 X X (=1 [=1]] [=1]]
"""""" Active —
77777777777 standby |9 | o ] X wiL=1 oM [=1}7] [=1}7]
X =1 oM [=1}7] OFF
write o x X X oM [=1}7] [=1}7]
Read ) x x x oM (=]} OFF

If A10 of EMRS is low, DRAM believes that the system has single rank. Thus, DWT ,DRD and ODT
control options at Power-down don’t work to protect redundant ODT control operations.
When ODTW=1 or WL=1 is selected, ODT of DQ pins turn on to ready DQ channel for receiving
Write Data always except self refresh and power-down mode.

But when ODTW =0 & WL#1, ODT control timing diagram will be same as the followings.

Command
CKE
Data and DQS

ODT of CK,/CK,CKE

ODT of CMD,Add

ODT of DQ’s,

DM, DQS, /DQS

Act Read Write @re_a)—CSel>
ON ON ON | ON ON
N Off
- v ON ON QN QN :
Off M
Off Off Off ON Qff Off
Power Active Stand-by "~ Read | Write All bank | Self
down idle refresh
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< ODTW is enabled and WL#1, ODT control timing >
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ODT Control of Dual Rank System(l)

s Block Diagram of Dual Rank System

Front Side CRANS Back Side CRANs
K, K o] K, K aK, K 20
i | Ann = é —| ADD
oS o A, ICIES, TRAS, iCPS, Fref = 4% Rtem
RIS, ICHS, WNE, AE, 1CS %4:-: e AVE, ICS
DIVTs, DO°s;, o | s DO's DIVFs, DO°s;,
DOS's DOS's DO Ss DOSs + DOSs DOSs
9 ADD =2 é T anD
- RAS CAS. RAS, ICAS, 4 X Fam
ME, 1S %4:-: Rtemn N, ICS
x DAVFs;, DO"s, DT s, DO's, DAFs, DO's,
= DOS's, DOS's DOS's, DOS's - DOS's, DOS's
g K, K o | O MK K, 1K 20
i ADD = +—| ADD
RS, ICHS, WE, ICS & | Ras, /o, RS, ICAS, 4 XRtemn
i M, iCS 4X Rterm ANE, /CS
DiPs, DO’s, _ | ovrs DOs DTS, DO,
DaS's DOS's DG5S DO s + DaS's DOS's
K, MK O, MK K, /K 0
20
ADD é P Ano 4 X Ftemn
o—| RS, ICAS, RAS, ICAS,
. AN, ICS 4X Rterm NUE, ICS
DiFs, DO's, DR s DO's, DTS, DO's,

DaS's DAS's S Doss mos=

It is recommended that every channel has equivalent termination value.
The equivalent termination value of each pin can be controlled by EMRS and EMRS2 command.

For Example ) CK, /CK, DQ’s, DM’s, DQS’s, /DQS’s : DUAL load
Address pins, /RAS, /ICAS, /WE, /ICS, and CKE : 4 DEVICES Load
=> To make equivalent termination value on every channel, A1,A0 of EMRS should be
(1,0) and external resistor value of ZQ should be 2 times of single rank system’s
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ODT Control of Dual Rank System(ll)

mMnae EMRS | EMASZ Code | MRS | 00T stanes of Pins | 001 status of Pins Resmarks
B — System | ODTW |ODT 2t P -~ _cﬁj -::. Lul-: c&r 'ﬂ 1;“;
AfDn AD M and | ooy | OIS | oand | L. | DOS
CKE D0S | oHE DOS
Sell Refresh
Sef Helresh &r
ar st onakn. 1 ¥ o W | ofFF | oFF | oFF | OFF | oFF | OFF
Fast mahe. o
- Oher states| 1 ;.-: K M Wega 1
Posees Dowen| 1 :: o M | OW | OFF | OFF | ON | CFF | OFF
[Oener st | 1 » 0 | x| | Mg
_ 1 1 1 H  OW | OH | OM | ON | oM | OH
s Doy | P Down| o , -1 on [ ow [ ow [ on [ o [ om
Wiel| ON | 0N | OFF | DN | OM | OFF
[ 1 1 1 | X oW | on | oM | OM | o8 | On
| Oher states| . . a1 on [ ow [ ow [ on [ o [ ow
Wnst| ON | ON | W | ON | OM | v |DRD, DowTvaid
_ 1 1 n W | OnM | ON | OM | ON | on | ON
[ T i . . N -1 oW | oW | oM | ON | o8 | OH
Wisi OW | OH | OFF | ON | ON | OFF
. 1 1 X M  OH | ON | OM | ON | oM | OH
| atmnemy . 0 o =1 on [om | ow [on | om | on
Wisi OW | OM | OFF | ON | ON | OFF
write 1 » H N | ON | OM | OM | ON | ON | OH |DWT of DRAM1
Road 1 o X M | ON | OM | OFF | ON | ON | OFF | DRD of DAAMT
. 1 1 L " o n oM N [0} ol
e N A
=g
vinie 1 o X M | ON | OM | OM | ON | ON | ON | DWT of DRAM1
Hread 1 = M - [n 0] ) (W1 8 8 N [ 2 | i-F DD of DEARA

1. With these case, the system couldn’t have suitable Rterm.
Because the on-die termination value on channel is two times than the target value.
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ODT On/Off Control of Dual Rank System(l)

1. ODTW=0&WL=1 and ODT at Pd is off while all bank Idle of the other external rank DRAM

DRAM of one external bank
Command Act Read Write Pre_aD—CSelf>
CKE \
Data and DQS CRDO-CWDD——
|l oN ON ON | on_ | | ON
ODT of CK,/CK,CKE—% o N Y ] ey m
ODT of CMD,Add V. _off V T - N Off
ODT of DQs, off off off VY on 1| o off
DM, DQS,/DQS <+—> ——————————————P¢———— P ¢—>»r ——ret—>
Q Q Power Active Stand-by Read Write All bank Self
down idle refresh
DRAM of the other external bank (all bank idle Mode)
Command CSeli>—
Clee I S| o
ODT of CK, oN_ | on oN on | oy -
ICK, CKE O\ _Off
ON | ON QN
ODT of CMD,Add v oV = ON—— (¢
ODT of DQ's.DM. Qff Qff Qff Qff ON Qff Qff
<4+——— P ¢+—— P4t P¢+———Pt———— P ¢— >
DQS, /DQS All Bank Power All Bank Idle DRD DWT All bank | Self
Idle down idle refresh
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ODT On/Off Control of Dual Rank System(ll)

2. ODTW=0&WL=1 and ODT at Pd is off while Active Stand-by of the other external rank DRAM

DRAM of one external bank

Command Act Read
CKE —l—l
ODT of CK/CK.CKE—ON | on - ON oN | oN ON
ON 4 ON ON ‘| ON QN
ODT of CMD,Add Off
ODT of DQ's, DM, __Off Qff Off off ¥ on | off
DQS, /DQS Power Active Stand-by Read Write All bank
down idle
DRAM of the other external bank (Active Stand by mode)
CKE —‘—l
ODT of CK,/cK,cKE —N——ON__ ON ON ON ON
ON ON ON
ODTof CMDAdd  —— —_ off ON ON
ODT of DQ’s, DM, Off Off Off Off ON Off
DQS, /DQS
' Active ' Power Active Stand by DRD DWT Active
Standby down stand by
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ODT On/Off Control of Dual Rank System(lll)

3. ODTW=0 & WL=#1 and ODT at Pd is Off while Active Stand-by of the other external rank DRAM

DRAM of one external bank
CKE — | ILLEGAL
Data and DQS t Data——
ODT of CK, /CK,CKE —N ON ON ON .. oN 1 | ON
ODT of CMD,Add  —2N I Ol ON 1 OoN | | ON
ODT of DQ's,DM, __Off Qff off off Y on L off
DQS,/DQS - : P
Q Q Power Active Stand-by Read Write All bank idle
down
DRAM of the other external bank (Active Stand by mode)
CKE
ODT of CK, /ICK,CKE ON ON ON ON QN QN
ON ON ON ON ON
ODT of CMD,Add ON
ODT of DQ’s,DM, Off Off Off Off ON Off
DQS,/DQS < > «—>
Active ILLEGAL Active Standby DRD DWT Active
Standby standby
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ODT On/Off Control of Dual Rank System(IV)

4. ODTW=0& WL#1 and ODT at Pd is On while All bank Idle of the other external rank DRAM

DRAM of one external bank
Command CAcD>—Read> Wiite>———(Bre_ab-CSelD>
CKE ] )\
Data and DQS CRD O-C WD DO——
ODT of CK,/CK,CKE ON ON ON L ON . L ON o
ON ON
ODT of CMD,Add ON - ON___ 1 & off
ODT of DQ's,DM, off off off Y on L of off
DQS, /DQS
Power Active Stand-by Read Write All bank [gelf refresh
down idle
DRAM of the other external bank (all bank idle Mode)
CKE | M\
ODT of CK, /CK,CKE —ON ON ON ON ON | | off
ODT of CMDAdd —2N Ol ON 1 oN ON . Off
ODT of DQ’s, Off Off Off ON Off | | Off
DM, DQS, /DQS <« < > < > < > > L ——>
All Bank Idle Power down DRD DWT Power K Self refresh
down
All Bank Idle
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ODT On/Off Control of Dual Rank System(V)

5. ODTW=0& WL#1 and ODT at Pd is On while Active Stand-by of the other external rank DRAM

DRAM of one external bank ILLEGAL
Command CActDO—Read> Write Bre_aD—Self>—
CKE !
Data and DQS t Dafy—— .
ODT of CK, /CK, CKE ON on ON = ON = ON
ON ON ON | ON ON
ODT of CMD,Add \¥ Off
ODT of DQ's,DM, Off Off off Y on V1L off Off
DQS,/DQS <« Pt PP P>
Q Q Power Active Stand-by Read Write All bank Self
down idle refresh
DRAM of the other external bank (ACTIVE STAND BY Mode)
CKE 1
| ILLEGAL
ODT of CK, /CK,CKE —ON ON ON ON ON
ODT of CMD,Add —ON ON ON ON ON
ODT of DO's.DM, Off Off Off ON Qff
< > > < Pe—PeC—»
DQS./DQS All Bank Idle Power down DRD | DWT | Power ﬁ
down i Bahk Idle
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