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4Gb: x8, x16 Automotive DDR3L SDRAM
Synchronous ODT Mode

Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked and when either 
RTT,nom or RTT(WR) is enabled. Based on the power-down definition, these modes are:

• Any bank active with CKE HIGH
• Refresh mode with CKE HIGH
• Idle mode with CKE HIGH
• Active power-down mode (regardless of MR0[12])
• Precharge power-down mode if DLL is enabled by MR0[12] during precharge power-down

ODT Latency and Posted ODT

In synchronous ODT mode, RTT turns on ODTLon clock cycles after ODT is sampled HIGH by a rising 
clock edge and turns off ODTLoff clock cycles after ODT is registered LOW by a rising clock edge. The 

actual on/off times varies by tAON and tAOF around each clock edge (see the Synchronous ODT 
Parameters table). The ODT latency is tied to the WRITE latency (WL) by ODTLon = WL - 2 and ODTLoff 
= WL - 2.

Since write latency is made up of CAS WRITE latency (CWL) and additive latency (AL), the AL 
programmed into the mode register (MR1[4, 3]) also applies to the ODT signal. The device’s internal 
ODT signal is delayed a number of clock cycles defined by the AL relative to the external ODT signal. 
Thus, ODTLon = CWL + AL - 2 and ODTLoff = CWL + AL - 2.

Timing Parameters

Synchronous ODT mode uses the following timing parameters: ODTLon, ODTLoff, ODTH4, ODTH8, 
tAON, and tAOF. The minimum RTT turn-on time (tAON [MIN]) is the point at which the device leaves 

High-Z and ODT resistance begins to turn on. Maximum RTT turn-on time (tAON [MAX]) is the point 
at which ODT resistance is fully on. Both are measured relative to ODTLon. The minimum RTT turn-off 

time (tAOF [MIN]) is the point at which the device starts to turn off ODT resistance. The maximum RTT 

turn off time (tAOF [MAX]) is the point at which ODT has reached High-Z. Both are measured from 
ODTLoff.

When ODT is asserted, it must remain HIGH until ODTH4 is satisfied. If a WRITE command is regis-
tered by the DRAM with ODT HIGH, then ODT must remain HIGH until ODTH4 (BC4) or ODTH8 (BL8) 
after the WRITE command (see Figure 113). ODTH4 and ODTH8 are measured from ODT registered 
HIGH to ODT registered LOW or from the registration of a WRITE command until ODT is registered 
LOW.
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4Gb: x8, x16 Automotive DDR3L SDRAM
Synchronous ODT Mode

ODT Off During READs

Because the device cannot terminate and drive at the same time, RTT must be disabled at least one-half 
clock cycle before the READ preamble by driving the ODT ball LOW (if either RTT,nom or RTT(WR) is 
enabled). RTT may not be enabled until the end of the post-amble, as shown in the following example.

Note: ODT may be disabled earlier and enabled later than shown in Figure 114.
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Asynchronous ODT Mode

Asynchronous ODT mode is available when the DRAM runs in DLL on mode and when either RTT,nom 
or RTT(WR) is enabled; however, the DLL is temporarily turned off in precharged power-down standby 
(via MR0[12]). Additionally, ODT operates asynchronously when the DLL is synchronizing after being 
reset. See the Power-Down Mode section for definition and guidance over power-down details.

In asynchronous ODT timing mode, the internal ODT command is not delayed by AL relative to the 
external ODT command. In asynchronous ODT mode, ODT controls RTT by analog time. The timing 

parameters tAONPD and tAOFPD replace ODTLon/tAON and ODTLoff/tAOF, respectively, when ODT 
operates asynchronously.

The minimum RTT turn-on time (tAONPD [MIN]) is the point at which the device termination circuit 

leaves High-Z and ODT resistance begins to turn on. Maximum RTT turn-on time (tAONPD [MAX]) is 

the point at which ODT resistance is fully on. tAONPD (MIN) and tAONPD (MAX) are measured from 
ODT being sampled HIGH.

The minimum RTT turn-off time (tAOFPD [MIN]) is the point at which the device termination circuit 

starts to turn off ODT resistance. Maximum RTT turn-off time (tAOFPD [MAX]) is the point at which 

ODT has reached High-Z. tAOFPD (MIN) and tAOFPD (MAX) are measured from ODT being sampled 
LOW.
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Synchronous to Asynchronous ODT Mode Transition (Power-Down Entry)

There is a transition period around power-down entry (PDE) where the DRAM’s ODT may exhibit 
either synchronous or asynchronous behavior. This transition period occurs if the DLL is selected to 
be off when in precharge power-down mode by the setting MR0[12] = 0. Power-down entry begins 
tANPD prior to CKE first being registered LOW, and ends when CKE is first registered LOW. tANPD is 

equal to the greater of ODTLoff + 1tCK or ODTLon + 1tCK. If a REFRESH command has been issued, 

and it is in progress when CKE goes LOW, power-down entry ends tRFC after the REFRESH command, 

rather than when CKE is first registered LOW. Power-down entry then becomes the greater of tANPD 

and tRFC - REFRESH command to CKE registered LOW.

ODT assertion during power-down entry results in an RTT change as early as the lesser of tAONPD 

(MIN) and ODTLon × tCK + tAON (MIN), or as late as the greater of tAONPD (MAX) and ODTLon × tCK 

+ tAON (MAX). ODT de-assertion during power-down entry can result in an RTT change as early as the 

lesser of tAOFPD (MIN) and ODTLoff × tCK + tAOF (MIN), or as late as the greater of tAOFPD (MAX) and 

ODTLoff × tCK + tAOF (MAX). Table  summarizes these parameters.

If AL has a large value, the uncertainty of the state of RTT becomes quite large. This is because ODTLon 
and ODTLoff are derived from the WL; and WL is equal to CWL + AL. Figure 116 shows three different 
cases:

• ODT_A: Synchronous behavior before tANPD.

• ODT_B: ODT state changes during the transition period with tAONPD (MIN) < 

ODTLon × tCK + tAON (MIN) and tAONPD (MAX) > ODTLon × tCK + tAON (MAX).
• ODT_C: ODT state changes after the transition period with asynchronous behavior.
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4Gb: x8, x16 Automotive DDR3L SDRAM
Asynchronous ODT Mode
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(Power-Down Exit)

Asynchronous to Synchronous ODT Mode Transition (Power-Down Exit)

The DRAM’s ODT can exhibit either asynchronous or synchronous behavior during power-down exit 
(PDX). This transition period occurs if the DLL is selected to be off when in precharge power-down 

mode by setting MR0[12] to 0. Power-down exit begins tANPD prior to CKE first being registered HIGH, 

and ends tXPDLL after CKE is first registered HIGH. tANPD is equal to the greater of ODTLoff + 1tCK or 

ODTLon + 1tCK. The transition period is tANPD + tXPDLL.

ODT assertion during power-down exit results in an RTT change as early as the lesser of tAONPD (MIN) 

and ODTLon × tCK + tAON (MIN), or as late as the greater of tAONPD (MAX) and ODTLon × tCK + tAON 
(MAX). ODT de-assertion during power-down exit may result in an RTT change as early as the lesser of 
tAOFPD (MIN) and ODTLoff × tCK + tAOF (MIN), or as late as the greater of tAOFPD (MAX) and ODTLoff 

× tCK + tAOF (MAX). The ODT Parameters for Power-Down (DLL Off) Entry and Exit Transition Period 
table summarizes these parameters.

If AL has a large value, the uncertainty of the RTT state becomes quite large. This is because ODTLon 
and ODTLoff are derived from WL, and WL is equal to CWL + AL. Figure 117 shows three different cases:

• ODT C: Asynchronous behavior before tANPD.

• ODT B: ODT state changes during the transition period, with tAOFPD (MIN) < ODTLoff × tCK + tAOF 

(MIN), and ODTLoff × tCK + tAOF (MAX) > tAOFPD (MAX).
• ODT A: ODT state changes after the transition period with synchronous response.
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(Power-Down Exit)

Asynchronous to Synchronous ODT Mode Transition (Short CKE Pulse)

If the time in the precharge power-down or idle states is very short (short CKE LOW pulse), the 
power-down entry and power-down exit transition periods overlap. When overlap occurs, the 
response of the DRAM’s RTT to a change in the ODT state can be synchronous or asynchronous from 
the start of the power-down entry transition period to the end of the power-down exit transition 
period, even if the entry period ends later than the exit period.

If the time in the idle state is very short (short CKE HIGH pulse), the power-down exit and power-down 
entry transition periods overlap. When this overlap occurs, the response of the DRAM’s RTT to a change 
in the ODT state may be synchronous or asynchronous from the start of power-down exit transition 
period to the end of the power-down entry transition period.
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