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DDR4 REGISTER DEFINITION (DDR4RCD02)

(From JEDEC Board Ballot, JCB-17-02, formulated under the cognizance of the JC-40.4 Subcommittee on
Registered and Fully Buffered Memory Support Logic.)

1 Scope

This document defines standard specifications of DC interface parameters, switching parameters, and test loading for
definition of the DDR4 Registering Clock Driver (RCD) with parity for driving address and control nets on DDR4
RDIMM and LRDIMM applications.

The terms ‘Registering Clock Driver’, ‘RCD’, ‘register’ or ‘device’ are used interchangeably to refer to this device in
the remainder of this specification.

The purpose is to provide a standard for the DDR4RCDO2 (see Note) logic device, for uniformity, multiplicity of
sources, elimination of confusion, ease of device specification, and ease of use.

NOTE The designation DDR4RCDO?2 refers to the part designation of a series of commercial logic parts common
in the industry. This designation is normally preceded by a series of manufacturer specific characters to make up a
complete part designation.
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2 Device Standard

2.1 Description

This 32-bit 1:2 registering clock driver with parity is designed for 1.2 V Vpp operation.

All inputs are pseudo-differential with an external or internal voltage reference. All outputs are full swing CMOS
drivers optimized to drive single terminated 25 Q to 50 Q traces in DDR4 RDIMM and LRDIMM applications. Clock
outputs Yn_t and Yn_c, and the control net outputs QxCKEn, QxCSn and QxODTn can be driven with a different
strengths to compensate for different DIMM net topologies. By disabling unused outputs the power consumption is
reduced.

The DDR4RCDO2 operates from a differential clock (CK _t/CK c). Inputs are registered at the crossing of CK t
going HIGH, and CK _c going LOW. The input signals could be either re-driven to the outputs or they could be used
to access device internal control registers when certain input conditions are met. The control word mechanism is
described in more detail in “Control Word Decoding” on page 69.

2.2 Features and Functions

The DDR4RCDO2 has three basic modes of operation associated with the DA[1:0] bits in the DIMM Configuration
Control Word (FORCOD):

¢ In Direct DualCS mode (DA[1:0] = 00) the component has two chip select inputs, DCSO_n and DCS1_n, and
two copies of each chip select output, QACS0_n, QACS1 n, QBCS0_n and QBCS1_n. The inputs pins DC[2:0]
are forwarded to two sets of output pins, QAC[2:0] and QBCJ[2:0]. This is the normal operating mode (“QuadCS
disabled” and “Encoded CS disabled”).

¢ In Direct QuadCS mode (DA[1:0] =01), the component has four chip select inputs, the two dedicated inputs
DCSJ[1:0] n and the DC[0] input pin functioning as DCS2 n and the DC[1] input pin functioning as DCS3 n, and
two copies of each chip select output, QACS[3:0]_n and QBCS[3:0] n. The input pin DC[2] is forwarded to two
output pins, QAC[2] and QBC[2]. The output pins QAC[1:0] and QBC[1:0] are used as QACS[3:2] n and
QBCSJ[3:2] n. This is the “QuadCS enabled” mode.

In the two modes above the DDR4RCDO02 does not need to decode input signals to generate any chip select out-
puts.

¢ In Encoded QuadCS mode (DA[1:0] = 11), two copies of four output chip selects, i.e. QACS[3:0] n and
QBCS[3:0]_n, are decoded out of two DCS[1:0]_n inputs and the DC[0] input. The input pin DC[2] is forwarded
to two output pins, QAC[2] and QBCJ2]. The output pins QAC[1:0] and QBC[1:0] are used as QACS[3:2] n and
QBCSJ[3:2] n. This is the “Encoded QuadCS” mode.

When the DCS encoding is changed (i.e. when the setting in FORCOD DA[1:0] is updated), it is necessary for the host
to precondition the signals driven on the pins which will be turned into chip select inputs with the correct voltage
levels. For example, it is necessary to drive DCS[3:2] both HIGH before FORCOD DA[1:0] is updated from 00’ to
‘01”. This is necessary to prevent a violation of the tyr parameter.

Through the remainder of this specification, DCS[n:0] n will indicate all of the chip select inputs, where n=1 for
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RCDOD DA0=0, and n=3 for RCDOD DAO=1. QxCS[n:0]_n will indicate all of the chip select outputs.

Table 1 — Generic DCS - QxCS Mapping

Output CS
Input CS
Direct DualCS mode Direct QuadCS mode Encoded QuadCS mode
DCS0 _n QxCS0_n QxCS0_n QxCS0_n, QxCS1_n
DCSI n QxCSI_n QxCSI_n QxCS2_n, QxCS3_n
DCS2_n/DCO n/a QxCS2 n n/a
DCS3_n/DC1 n/a QxCS3_n n/a

2.2.1 Direct CS Modes

Page 3

Commands are sent to a single rank or multiple ranks, as determined by the DCS[n:0] n and DC[n:0] inputs. The
number of input chip selects matches the number of output chip selects in each of the two sets (A-outputs and B-

outputs).

The number of input chip selects is two (in Direct DualCS mode) or four (in Direct QuadCS mode).

Quad CS Modes

For DIMMs using dual-die packages there is a need for four CS signals rather than the standard two. For these

modules two modes are available where four CS outputs are available. The memory controller can select by

programming the CS mode control bits which of the two modes it wants to utilize.

There are two ways of accomplishing this:

* by using four CS inputs from the host (DCS[3:0]_n). This is the Direct QuadCS mode. See Chapter 2.2.1, “Direct

CS Modes,” above.

¢ by using two CS inputs and one of the chip ID inputs from the host (DCS[1:0]_n and DCO0). See Chapter 2.2.3,
“Encoded QuadCS Mode,” below.

2.2.2 Encoded QuadCS Mode

When FORCOD DA[1:0] = 11 the DDR4 register decodes two sets of four QxCS_n outputs from two DCS_n inputs
by using the DCO as the encoding input.

Table 2 — DCS, DC - QxCS, QxC Mapping in Encoded QuadCS mode

DCS1_n DCS0_n DCO0 DC2 QxCS|[3:0]_n QxC2
H H X 0 HHHH No change
X 1
0 0 HHHL 0
0 1 1
H L 1 0 0
1 T HHLH T
0 0 HLHH 9
0 1 1
L H 1 0 0
1 T LHHH T
0 0 ] 0
L L 0 T HLHL T
1 0 | 0
1 T LHLH T

1.0nly one DCSx_n input can be asserted for DRAM MRS and DRAM read commands
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No additional address bits are used.

All commands including read, write, precharge, refresh and MRS commands are sent to the rank selected by the two
chip selects and chip ID bit 0 coming from the host.

The memory controller needs to handle commands in the same way it would handle a DIMM with two times as many
chip selects.
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2.3 Initialization

To ensure defined outputs from the register before a stable clock has been supplied, the register must enter the reset
state during power-up. After the voltage ramp, stable power is provided for a minimum of 200 uS with DRST n
asserted. When the reset input DRST n is LOW, all input receivers are disabled, and can be left floating. Since
internally generated Vref is selected in FORCOB DA3 for Input Receiver Vref source after DRST n is driven LOW,
the reference voltage (VrefCA) doesn’t need to be stable. In addition, when DRST n is LOW, all control registers are
restored to their default states, which is all ‘0’s unless explicitly stated otherwise. The outputs QRST n, QACKEDO,
QACKE]1, QBCKEO and QBCKE1 and BCK t/BCK ¢ must drive LOW and BCKE must drive HIGH during reset.
All other Qx outputs must float. As long as the DRST n input is pulled LOW the register is in low power state and
input termination is not present. A certain period of time (tpct) before the DRST n input is pulled HIGH the clock
input signal must be stable, the register inputs DCKEO and DCKE1 must be pulled LOW. After reset and after the
stabilization time (tgap) the register must meet the input Setup and Hold specification, as well as accept and transfer
input signals to the corresponding outputs. The DRST n input must always be held at a valid logic level once the
input clock is present.

To ensure defined outputs from the register before a stable clock has been supplied, the register must enter the reset
state during power-up. It may leave this state only after a LOW to HIGH transition on DRST n while a stable clock
signal is present on CK_t and CK c. In the DDR4 RDIMM and LRDIMM applications, DRST n is specified to be
completely asynchronous with respect to CK_c and CK t. Therefore, no timing relationship can be guaranteed
between the two.

Step 0,1 Step2 Step 3 Step 4 Step 5 Step 6 Step 7
. 5 i , , . , , ! , .
SUesiTn e W AW WA Y W AW RN W A
Voo, /] : 9 B B D | ) :
DRSTn - . : ( : ( 0 I | 5 .
DCKE[1:0] - , gg Controller guarantees low logic ( .gg | : { .
| ! l | | T | | ) T 1 i \
DAC@ . L ! gg Controller guarantees valid logic -+ ) N )
1 ! ' | | | | T T
DODTI0:A] - : +{— Controler guarantees valid logic ' || 1§ 0
. . | 1
DCSO_n + ; gg Controller guarantees high logic | ) ) Y
. ' | 1 Lz |
DesiLn® . : : gg Controllerguafarltees highlogic | ) ) [ oY .
VoL : - — S\ A\ A
QCKE[0] ——— ! Register guarantees low logic ¢ A : ( | : ( .
aok 1 —1 : Register glarantees low logic X : gs \ _/_\_:_/SS_\_ L/_\_:_/gg_\_ /_\_:_/_\_
T ; 1 " L« \ : 1 ! 0
BCKE X Register guarantees highi logic D) . gg A . gg .
BODT - : : 5 -5 £ B | 3 :
QrODT[1:0] + . : { ¢ { T i T ;
Qcs[toLnd | : § § ) D . H
axacl ¢ . S { High or Lo
QRST n :ﬁ | Register follows DRST_‘rll input
ALERT n ] E Register doesn't drive ALERT n < ) ol ) ol N 9
! tact = 16 nCK tsTag =5 us toLik
< '
T tini =200 ps T
(Register drives CKE LOW until ready to transfer input signals) @egister proper function and timing starting from here)

Figure 1 — Timing of Clock and Data During Initialization Sequence

1. CK ¢,Y[3:0] c and BCK c left out for better visibility
2. DCKEO, DCKE1, DODT0, DODT1, DCS0_n and DCS1_n are not included in this range
3. QxCKEn, QxODTn, QxCSn_n are not included in this range.



JEDEC Standard No. 82-31A.01

Page 6

4. After DRST nis driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select inputs are present.
5. After DRST n is driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select outputs (per side) are present.
6.) From step 6 onwards, the QxCS2 n and QxCS3_n outputs will initially be enabled and controlled directly by the DCO and DC1
inputs, respectively, since Direct DualCS mode is enabled by default in FORCOD. Therefore, it is required that the host always drives
the DCO and DC1 inputs with the correct levels needed for chip select signals during power on initialization for DIMMs utilizing
QxCS2_n and QxCS3_n. This also applies in configurations using Encoded QuadCS mode.

7. The output pins QVrefCA and BVrefCA need to have valid Vpp/2 levels no later than at step 7.

From a device perspective, the initialization sequence must be as shown in Table 3.

Table 3 — DDR4RCD02 Device Initialization Sequence1

Step Power Inputs: Signals provided by the controller Outputs: Signals provided by the device
Lag}
Su IR T P S lgclgs] o | O |5
- I = > =~ I
228l = | ¢ s |ggle2g| 9 £ |29 2 |8al8%| 3| & |25
Szzlz | 2| 2 |88|88| 2| £ | B8 | F|22(82| & | & |22
2| = I Q [88|88| C | 2 |=*
A o
0 ov XorZ|XorZ| XorZ | XorZ|XorZ|XorZ|XorZ| XorZ Z Z Z Z Z Z
1 0-->Vpp |XorZ|XorZ| XorZ |XorZ|XorZ|XorZ|XorZ| XorZ |XorZ|XorZ|XorZ|XorZ|XorZ|XorZ
2 Vbb L [XorZ| XorZ |XorZ|XorZ|XorZ|XorZ X Z Z 4 Z u# Z
3 Vbbp L XorZ| XorZ | XorZ|XorZ|XorZ | XorZ | running Z V4 L V4 H Z
4 Vb L XorZ H XorZ L XorZ | XorZ | running Z Z Z H Z
5 Vpp L XorZ H X L X X running Z Z L Z H Z
6 Vob H [Xorz| H X L X X | rumning | H L3 L X H mr:g“'“
After Step 6 (Step 7 and beyond), the device outputs are as
76 Vb H XorZ H X X X X running | defined in the device Function Tables (see Table 22,
Table 23 and Table 24).
1. X =Logic LOW or logic HIGH. Z = floating.
2. After DRST n is driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select inputs are present.
3. After DRST n is driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select outputs (per side) are present.
4. ALERT _n is pulled high externally and QxCKEn will be driven to this logic state by the register after DRST _n is driven LOW and Vpp is

nominal.
5. This indicates the state of QxODTx after DRST n switches from LOW-to-HIGH and before the rising CK_t edge (falling CK_c edge). After

the first rising CK edge, within (tgrap - tacT), the state of QxODTXx is a function of DODTx (HIGH or LOW).
6. Step 7 is a typical usage example and is not a register requirement.
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As part of the initialization all control words are reset to their default state which is “0”. After initialization, the Host
must write to those control registers whose contents are required for frequency and DIMM configuration.

2.3.1 Reset Initialization with Stable Power

The timing diagram in Figure 2 depicts the initialization sequence with stable power and clock. This will apply to the
situation when we have a soft reset in the system. DRST n will be asserted for minimum 1 ps. This DRST n timing

is based on DDR4 DRAM Reset Initialization with Stable Power requirement, and is a minimum requirement. Actual
DRST n timing can vary base on specific system requirement, but it cannot be less than 1 ps as required by JESD79-
4. The outputs QACKEO, QACKE!L, QBCKEO0 and QBCKE!I and BCK t/BCK ¢ must drive LOW and BCKE must

drive HIGH during reset.

Step 0,1 Step 2 Step 3 Step 4 Step5 Step 6 Step7

ok ._\_/

Vop

—_—

DRSTn

)
-

DCKE[1:0] \I HorL \ Con roIIerguar'aﬁfees low logic :

T T T .
DAC@ 0 "\) " Controller guarantees valid logic

| |
DODTI:0] | ) Controller guarantees valid logic

| | |
HorL}§ . . \) )/ Controller guarantees high logic :

DCS0_n
Des[1] n“9) Controller gua#arltees highlogic

nau
l :
wao |, i - Vi VantS Y Vanti Y Fantian
; Imtimy
—

or

Register guarantees' low logic

pok 0/ \

BCKE : Register guarantees hlg)) logic .
BODT : ( ¢ A ) )
QXCKE[1:0]  Reflister guarantees low Io§c Sg gg gg §S
Qe : « i f High or Lw )
QODT[10] ; Hi-z (( ¢ « « «
{199 ' HiZ g | ) 4 g
QRST_n X Register follows DRS gn inputl 33 33 33

| I
AERTN [ HorL /. Reglster doesn’t drive ALERT_n % ) ) )
' & i » 4—’
A " ter=16nCK | terag=5us 4 toLLk

i
N

tNIT_Power Stable = T 1S

CRegister drives CKE LOW until ready to transfer input signals) @egister proper function and timing starting from here)

Figure 2 — Timing of Clock and Data during Initialization Sequence with Stable Power

. CK ¢,Y[3:0] _cand BCK_c left out for better visibility

. DCKEO, DCKE1, DODTO0, DODT1, DCSO_n and DCS1_n are not included in this range

. QxCKEn, QxODTn, QxCSn_n are not included in this range.

. After DRST n is driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select inputs are present.

. After DRST n is driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select outputs (per side) are present.

) From step 6 onwards, the QxCS2_n and QxCS3_n outputs will initially be enabled and controlled directly by the DC0O and DC1
inputs, respectively, since Direct DualCS mode is enabled by default in FORCOD. Therefore, it is required that the host always drives
the DCO and DC1 inputs with the correct levels needed for chip select signals during power on initialization for DIMMs utilizing
QxCS2_n and QxCS3_n. This also applies in configurations using Encoded QuadCS mode.

S I S I S
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Table 4 — DDR4RCDO02 Device Initialization Sequence! when Power and Clock are Stable

Ste . . . . .
P Power Inputs: Signals provided by the controller Outputs: Signals provided by the device
= “= =
- = I T P Nl R I =N
- [ < = |2 S -y = = =g © ]
225z | 5| 2|55|22| 2| E |22 |2|55]5g | B |3z
> = - =~
T - S z |CR|IQR]| & a GR®} 7z |88 & =i 30
=2 & [aalaa Q |&O&& 2|~
= o
stable . .
A%
0 DD H voltage X X X X X running X X X X X | running
stable . .
A%
1 DD H voltage X X X X X running X X X X X | running
stable
AV i 4 4
2 DD L voltage X X X X X running Z Z L V4 H V4
3 Vpb o R X X X X | ruming | Z z L z H z
voltage
4 Vop Lo | seble fgy X L X X |ruming| z | z L z H z
voltage
5 Vib Lo | s@ble oy X L X X |rming| z | z | L z H z
voltage
stable . .
v 5
6 DD H voltage H X L X X running H L L X H [ running
stable After Step 6 (Step 7 and beyond), the device outputs are
7 Vpp H H X X X X running | as defined in the device Function Tables (see Table 22,
voltage Table 23 and Table 24).
1. X =Logic LOW or logic HIGH. Z = floating.
2. After DRST n is driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select inputs are present.
3. After DRST nis driven LOW, Direct DualCS mode is selected in FORCOD, i.e. only 2 chip select outputs (per side) are present.
4. ALERT nis pulled high externally and QxCKEn will be driven to this logic state by the register after DRST n is driven LOW and

Vpp is nominal.
5. This indicates the state of QxODTx after DRST n switches from LOW-to-HIGH and before the rising CK_t edge (falling CK_c edge).
After the first rising CK edge, within (tgrap - tacT), the state of QxODTx is a function of DODTx (HIGH or LOW).

2.4 Parity

The DDR4RCDO2 includes a parity checking function. The DDR4RCDO2 accepts a parity bit at its input pin DPAR
one cycle after the corresponding data input.

If parity checking is enabled, the register only forwards sampled commands to the outputs when no parity error
occurred. Since comparing the incoming parity against the parity calculated from the data received one cycle earlier
requires a small logic delay, a programmable command latency1 is available in the Command Latency Adder control
word FORCOF. The min CLA setting with parity enabled is 1 tCK. The latency from DCA input to QCA output is
always one cycle greater than the latency from DPAR to QxPAR. Since the DDR4 DRAMs expect the parity input in
the same cycle as data, the QxPAR outputs (if enabled) are always sent in the same cycle as the corresponding data
outputs. It is the responsibility of the host to ensure Parity control word and the Command Latency Adder control
word are programmed in a compatible way.

If parity checking is disabled, the register forwards sampled commands to the outputs unconditionally, i.e., the

1. The definition of ‘Command’ in this context also includes the QxCSy n, QxCKEn and QxODTn signals.
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command appears on the outputs regardless of whether a parity error occurred or not.

The output timing is determined by the Command Latency Adder control word regardless of whether the device has
parity checking enabled or disabled. The behavior with parity checking disabled is the same with the exception that
ALERT n is never asserted as result of a CA parity error (but can still be asserted as a result of an assertion of the
ERROR _IN n input). Even with parity checking disabled the DPAR input is forwarded to both QxPAR outputs (if
they are enabled), which are asserted in the same cycle as the command output.

After the DDR4RCDO2 receives DPAR from the memory controller, it compares it with the data received on the CA
inputs and indicates on its open-drain ALERT n pin (active LOW) whether a parity error has occurred. The
computation only takes place for data which is qualified by at least one of the DCS[n:0] n signals being LOW.

The convention of parity is even parity, i.e. valid parity is defined as an even number of ones across the inputs used
for parity computation combined with the parity signal. In other words the parity is chosen so that the total number of
1’s in the transmitted signal, including the parity bit is even. The DIMM-dependent control signals (DCKEO, DCKEI,
DCSO0 _n .. DCS3 _n, DODTO0 and DODT1) are not included in the parity check computations.

Even after a CA parity error has been registered, the device will still forward DCKEn and DODTn to the DRAMs,
and the device will enter CKE power down mode depending on the DCKEn transitions.

If a parity error occurs and parity checking is enabled in FORCOE, the DDR4 register sets the ‘CA Parity Error Status’
bit in FORCFx to ‘1’and disables parity checking. ALERT n is asserted three input clocks after the erroneous
command is registered. If Control Gear-down mode is enabled, ALERT n will be asserted on an even and fixed
number of clock cycles after the erroneous command is registered. The assertion of the ALERT n will either be after
four cycles or after six cycles depending on the implementation of Control Gear-down in the RCD. If the ‘CA Parity
Error Status’ bit is ‘0°, the DDR4 register logs the error by storing the erroneous command and address bits in the
Error Log Register. ALERT n stays asserted LOW until a ‘Clear CA Parity Error Status’ command is sent if the
‘ALERT n Assertion’ bit in the Parity Control Word (FORCOE) is ‘0’. In this case the erroneous command and all

subsequent commands are not forwarded' (i.e. QxCSy_n are not asserted) to the DRAM until the memory controller
issues a ‘Clear CA Parity Error’ command, which will also clear the ‘CA Parity Error Status’ bit in the Error Log
Register. If the ‘ALERT n Assertion’ bitis ‘1°, the ALERT n pulse width is as defined in Table 47 with start of the
ALERT n pulse width counted from the third input clock edge after the 1st parity error. If the ‘ALERT n Re-enable’

bit is ‘0, the erroneous command and all subsequent commands are not forwarded (i.e. QxCSy_n are not asserted) to
the DRAM until the end of the ALERT n pulse width and parity checking remains disabled until a ‘Clear CA Parity
Error’ command is sent, which will also clear the ‘CA Parity Error Status’ bit in the Error Log Register. If the
‘ALERT n Re-enable’ bit is ‘1°, the device will re-enable parity after the ALERT n pulse and the device will
forward commands to the DRAM. The ‘CA Parity Error Status’ bit will remain set. If a subsequent parity error is
detected, the device will re-enter the parity error state and set the “> 1 Error’ bit. The other bits in the Error Log
Register are not updated on this subsequent error. Both the ‘CA Parity Error Status’ bit as well as the > 1 Error’ bit
will be cleared by sending a ‘Clear CA Parity Error’ command.

Using the CW Source Selection & CW Destination Selection control words (See “CW Selection Control Words” on
page 85.) and CW Data control word (See “FORC6x: CW Data Control Word” on page 86.), the host can read the
Error Log Register by writing it first into page 0 of the DRAM MPR, from where the host can read it using the
defined DDR4 DRAM MPR read functionality.

2.4.1 Parity Timing Scheme Waveforms

In Figure 5 and Figure 6 both the clock, data and parity input signals as well as the associated output signals are
shown to illustrate the effect of the programmable command latency control bits. All other timing diagrams depict

1. However, CMD4 MPR writes to the DRAM that are the result of ‘CW Write’ commands to FORCO06 are still
allowed.
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only the input signals and the ALERT n output.

The DPAR signal arrives one input clock cycle after the corresponding data input signals. ALERT n is asserted three
input clock cycles after the corresponding data is registered. If Parity is enabled and the ALERT n assertion bit in the
Parity , NV Mode Enable, and ALERT Configuration Control Word is set, ALERT n will stay LOW for a
minimum of ‘minimum ALERT n pulse width’ (see Table 47) clock cycles or until DRST n is driven LOW. If Parity
is enabled and the ALERT n assertion bit in the Parity , NV Mode Enable, and ALERT Configuration Control
Word is cleared, ALERT n will be deasserted when a ‘Clear CA Parity Error’ command is received or when DRST n
is driven LOW.

Figure 3 shows the timing diagram with an additional command latency of 0 which requires parity checking to be
disabled.

Inputs
CK_t,
CK_c
DCA
|
1
DPAR P:O P1 P2 P3
| P
I tppm |
| |
Dcsi_n' : :
Outputs : :
Yi_t,
Yj_c \ A
I
I | I
QxCA X CAO | Hold J(CAO2 | Hold
I
! [ |
QxPAR X PO | Hold P2 Hold
I
|
QxCsi_n FORC0E=xxxOb(2) :\
FORCOF=0100b

(1) Assuming only one rank selected, all other DCSx_n are high
(2) Parity checking is disabled
(3) Additional Command latency = 0

Figure 3 — Timing of Clock, Data, and Parity Signals with Parity Checking Disabled
Figure 4 shows the parity diagram with single parity-error occurrence with an additional command latency of 1 and

assumes the occurrence of only one parity error when data is clocked in at the T2 input clock cycle (DPAR clocked in
on the T3 input clock cycle).
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I ts o T0 m T2 T3 T4 5 6 7
npus g XX X X 1 N A b
DCA® dpo dat ch >< ><
DPAR >< Fo At m ><
Outputs  werr IALERT_HL
ALERT_N assertion
resulting from CA1 — P1
TO+1 T1+1 T2+1 T3+1 T4+1
A X A X A
FORCOE = xxx1b" oo
FORCOF = 0000b®®
QxPAR Pl

(1) Parity checking is enabled
(2) Additional Command latency = 1
(3) Each command CAx is accompanied by a DCSx_n or QxCSy_n assertion which is not shown for better visibility

Figure 4 — Timing of Clock, Data, and Parity Signals with Checking Enabled and Latency=1
Figure 5 shows the parity diagram with single parity-error occurrence with an additional command latency of 2 and

assumes the occurrence of only one parity error when data is clocked in at the T2 input clock cycle (DPAR clocked in
on the T3 input clock cycle).

_______ o m 2 3 T4 iT5 6 7
el S G S S S G S G S G S G
DCA? qro dat ch2
DPAR >< Ao =] P >< >< ><
Outputs  aerr n HALERT_HL
ALERT_N assertion
resulting from CA1 —P1
TO+2 T1+2 TR+2 T3+2
] / A ] J
FORCOE = x0x1b!") o
FORCOF = 0001b® A A X
QxPAR 20

(1) Parity checking is enabled
(2) Additional Command latency = 2
(3) Each command CAx is accompanied by a DCSx_n or QxCSy_n assertion which is not shown for better visibility

Figure S — Timing of Clock, Data, and Parity Signals with Checking Enabled and Latency=2
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Figure 6 shows the parity diagram with two parity-error occurrences; during chip-deselect and chip-select modes.
The diagram assumes the occurrence of both parity errors when data is clocked in at the T1 and T2 input clock cycles
(DPAR clocked in on the T2 and T3 input clock cycles). Parity error in the chip-deselect mode is ignored, but parity
error in the chip-select mode is detected.

_______ 0 I T2 T3 T4 5 T6 7
Inputs & X X X A X SR
DCA T cho cat ch2 >< >< >< ><
DPAR Fo i P

DCSx_n
tALERT_HL

Outputs ALERT_N
ALERT_N assertion
resulting from CA1 — P1
Tn+1 Tn+2 Tn+3 Tp+4 Tn+5
‘ A X A

FORCOE = xxx1b'"

QxPAR

(1) Parity checking is enabled

Figure 6 — Parity-error Occurrence on Chip-deselect Mode
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2.5 Data Buffer Control Bus

This section describes the signals used in the DDR4 LRDIMM control bus that connects the DDR4 Register with
each of the nine DDR4 data buffers (DB). This interface is enabled on power-on and only disabled when the
‘LRDIMM Disable’ bit in the DIMM Configuration Control Word (FORCOD) is set.

2.5.1 Control Bus Signals

Table 5 — List of Signals for Data Buffer Control

Signal
Name Description Count
BCOM[3:0] Data buffer command signals 4
BCKE Function of registered DCKE 1
(dedicated non-encoded signal)
BODT Function of registered DODT 1
(dedicated non-encoded signal)
BCK t, Clock outputs for the data buffers | 2
BCK ¢
BVrefCA Reference voltage output for 1
command and control signals
connected to the data buffers
Total | 9
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2.5.2 Control Bus Timing

The output signals BCOM, BODT and BCKE are driven at the same time as the QxCA outputs, i.e. they are affected
by the Command Latency Adder Control Word FORCOF but a latency adder of 0 is not a valid configuration.

2.5.3 Control Bus Commands
2.5.3.1 Command List

Table 6 — Data Buffer Control Bus Command Table

BCOM[3:0]
Command Description Encoding
WR Write BC4 or BC8 (fixed or on the fly) or BC10 (with | 1000

CRC enabled) and send accessed rank ID and BL
information in the next command time slot, followed
by parity in the last command time slot.

RD Read BC4 or BC8 (fixed or on the fly) and send 1001
accessed rank ID and BL information for regular
reads or MPR number for MPR override reads in
the next command time slot, followed by parity in
the last command time slot.

MRS Write Send MRS Write bits snooped by DDR4 Register 1011
and the MRS ID in the following six command time
slots, followed by parity in the last command time
slot.

BCW Write Write buffer control word data in the next five com- 1100
mand slots, followed by parity in the last command

time slot.
BCW Read Read buffer control word address in the four com- 1101
mand slots, followed by parity in the last command
time slot.
RFU’ Reserved for future use 1110
RFU! Reserved for future use 1111
NOP Idle, do nothing 1010

1. RFU commands are treated as NOP commands for command sequence error detection

2.5.3.2 Command Sequences

With the exception of the NOP command, all commands require more than one clock cycle in order to send additional
information needed by the buffer in the execution of the command. We call this succession of command and its
corresponding data transfers a command sequence. The command sequence for Read or Write commands requires
two additional cycles to transfer the rank number corresponding to the write or read command, the sequence for MRS
Writes requires seven clock cycles in addition to the basic command, the sequence for the BCW Write command uses
six additional clock cycles and the BCW Read command uses five additional clock cycles.

2.5.3.3 Parity Error Checking

Command sequences are protected by a parity checking scheme. Parity checking on the command bus signals is
disabled by default, and it is necessary to enable parity checking by writing a buffer configuration bit by using a
BCW instruction. The DDR4RCDO02 always generates the parity cycles in the BCOM command sequences. Parity
checking only applies to the BCOM[3:0] signals. The convention of parity is even parity, i.e. valid parity is defined as
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an even number of ones across the inputs used for parity computation combined with the parity signal. In other words
the parity is chosen so that the total number of 1’s in the transmitted signal, including the parity bit is even. Parity will
be checked in accumulated sequential fashion during all the cycles of a command sequence. The parity bit is
transmitted for each BCOM]3:0] signal in the corresponding BCOM[3:0] line during the last transfer (clock cycle) in
the command sequence.

2.5.3.4 Command Sequence Error Detection

In order to keep the command bus from getting stuck in an out-of-sync situation in terms of the handling of command
versus data transfers, a protection scheme is necessary.

Details of the command sequence error detection algorithm are documented in the DDR4 DB specification.

Upon detection of a command sequence error, the DB will assert its ALERT n output which is assumed to be routed
to the ERROR _IN n input of the RCD, where it causes the assertion of the RCD ALERT n output.

The RCD will not change its operation in response to the input signal level at the ERROR_IN n input.

2.5.3.5 Error Handling

The error handler in the host will use the length of the RCD’s ALERT n output pulse to determine what kind of error
occurred and if necessary read the error log register of the RCD as well as the error log register of the DDR4 DRAMs
and data buffers to determine the source of the error and the specific command that caused the error.

The host may or may not try to recover from the error condition by retrying the affected commands.

2.5.4 Command Sequence Descriptions

The timing diagrams in this section show only the lower nibble of the DDR4RCDO02. The same timing relationships
apply independently also for the upper nibble. The timing diagrams only show the case of burst length = 8 and
preamble = 1 nCK but equivalent timing relationships exist for burst length =4 & 10 and preamble = 2 nCK.

For readability reasons, the timing diagrams use the abbreviations DB_RL and DB_ WL for the latency between first
cycle of RD command and the first rising edge of MDQS at DDR4DBO02 inputs and for the latency between first
cycle of WR command and the first rising edge of MDQS at DDR4DBO02 outputs respectively. Both DB_RL and
DB WL include full cycle and fractional cycle delays. The equations for these latencies are as follows:

DB WL(R)! = CWL + AL + PL + DWL(R)

DB_RL(R)? = CL+ AL + PL + MRE(R) + tRPRE/2

tRPRE/2 exists in DB_RL since the host will adjust the receive enable delay MRE(R) to place it in the center of the
read preamble.

For the detailed equations for DWL and MRE refer to the DDR4DB02 specification.

The DDR4RCDO02 delays tPDM_RD and tPDM_WR are defined as the delay between first rising edge of MDQS and
the first rising edge of DQS for a RD command and as the delay between first rising edge of DQS and the first rising
edge of MDQS for a WR command respectively. By default these delays are constant per DDR4RCDO02 for all ranks
and nibbles.

1. This equation assumes that the DDR4 data buffer MDQ-MDQS Write Delay Control Words in F[3:0]BC8x/
F[3:0]BC9x are at their default power-on setting.

2. This equation assumes that the DDR4 data buffer MDQS Read Delay Control Words in F[3:0]BC4x/
F[3:0]BC5x are at their default power-on setting.
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Timing parameters that are integer multiples of tCK are shown in bold blue letters while timing parameters that are
analog non-integer multiples or fractions of tCK are shown in red italic letters.

For simplicity the timing diagrams only show one of the possible host interface termination modes and RTT PARK is
never shown even though it is always supported.

2.5.4.1 Write Commands

Table 7 shows the sequence for write (WR4, WRS8) commands. Each write command is followed by a one-cycle
transfer that contains the rank ID that selects 1 rank out of 4 that needs to be accessed and the burst length
information for the data transfer and the parity bits in the last transfer cycle. The rank ID may be used to make rank-
specific adjustments to the timing controls if necessary. If CRC is enabled in the DRAM and in the DB (F4BC2x,
DA7), the burst length will always be 10UI.

Table 7 — Multicycle Sequence for Write Commands

Time
(clock
cycle) BCOM][3:0] Description
0 Prev Cmd Previous command or data transfer
1 WR Write command
BCOM[3:0] = 1000
2 DATO Transfer the rank ID for write command

BCOM[1:0] = {RANK_IDI[1:0]} for DRAM writes

Burst length information for Write data

BCOM[3:2] = {0, O} for BC4

BCOM[3:2] = {0, 1} for BC8

3 PAR[3:0] Even parity bits for WR command and data

PAR([x]: Parity bit for previous two BCOM[x] transfers
4 Next Cmd Next Command
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Figure 7 shows the timing sequence for a Write command.

\

< ) DB_WL(R) >

BCOM < WR ><DATO>< PAR >

MDQSO_t/ ¢

MDQJ3:0]

DRAM IF

la—tPDM_WR—|

DQSO_t/ ¢

DQ[30] r¢——ODTLcnw + tADCmaX% Fb‘ : B !

f«———BL/2————»

Host IF @ Rtt_WR @
ﬂ (] ODTLcwn8 + tADCmin »

(1) Host Interface Receivers turn-on in the middle of the pre-amble. If DDR4DB02 DFE feature is enabled Receivers may turn-on earlier.
(2) If Dynamic ODT is enabled in BCO1

Figure 7— WRITE Timing

2.5.4.2 Read Commands and MPR Override Reads

Table 8 shows the sequence for read (RD4, RD8) commands. Each read command is followed by a one-cycle transfer
that contains the rank ID that selects 1 rank out of 4 that needs to be accessed and the burst length information for the
data transfer and the parity bits in the last transfer cycle. The rank ID may be used to make rank-specific adjustments
to the timing controls if necessary. The BCOM]2] bit in DATO is only valid for on-the-fly burst length. This bit is

ignored by the DB if the BL field in the MRO snoop register is set for fixed burst length of 8 or 4 (A[1:0] = ‘00’ or
3 109)
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Table 8 — Multicycle Sequence for Read Commands
Time
(clock
cycle) BCOM[3:0] Description
0 Prev Cmd Previous command or data transfer
1 RD Read command
BCOM[3:0] = 1001
2 DATO Transfer the rank ID for read command or the MPR selection ID in
MPR override read mode
BCOM[1:0] = {RANK_ID[1:0]} for DRAM reads
BCOM[1:0] = {BA1, BAO} for MPR override reads
Burst length information for Read data
BCOM[3:2] = {0, 0} for BC4
BCOM[3:2] = {0, 1} for BC8
3 PAR[3:0] Even parity bits for RD command and data
PARI[x]: Parity bit for previous two BCOM[x] transfers
4 Next Cmd Next Command

Figure 8 shows the timing sequence for a Read command.

BCK_t/
BCK_c

BCOM RD ><DATO PAR

MDQSO_t/ ¢

MDQ[3:0]

tRPRE+1——»4¢————————BL/2—————————»

DRAM IF ODT %

la—tPDM_RD—

NT

DRAM IF

DQSO_t/_c

DQ[3:0] 0 ﬂ 7

’4—tRPRE+BL/2+1
Host IF @ Hi-Z %

(1) DRAM Interface Receivers turn-on in the middle of the pre-amble

Figure 8§ — READ Timing

Read commands can be used to access locations other than the memory array in the DDR4 DRAM devices. These
special read commands are MPR override reads which access the MPR locations inside the DB. MPR override mode
is configured in the DB. Since there is only one set of MPR registers in the DB, the RCD ignores the rank information
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when it sends the Read command to the DB and sends the BA[1:0] bits (indicating which of the three MPR locations
are accessed) instead of the rank information in the first data cycle. MPR override reads are only allowed to rank 0,
i.e. the RCD never mirrors BAO and BA1 for MPR override reads.

2.5.4.3 MRS Write Commands

The DDR4RCDO02 generates MRS Write commands to the data buffers for each MRS command to the A-side
DRAMs (i.e. with BG1 = 0) for rank 0 only. The register does not generate MRS Write commands to the data buffer
for MRS commands to the B-side DRAMs (i.e. with BG1="1") or for MSR commands ranks other than 0.

Table 9 shows the sequence for MRS Write commands.

Table 9 — Multicycle Sequence for MRS Write Commands

Time

(clock

cycle) BCOM[3:0] Description

0 Prev Cmd Previous command or data transfer

1 MRS Write MRS Write Command
BCOM[3:0] = 1011

2 DATO MRS ID code
BCOM[3:0] = {0, BGO, BA1, BAO}

3 DAT1 First data transfer for MRS Write command
BCOM[3:0] = {0, DA2, DA1, DAO]

4 DAT2 Second data transfer for MRS Write command
BCOM[3:0] = {0, DA5, DA4, DA3}

5 DAT3 Third data transfer for MRS Write command
BCOM[3:0] = {0, DA8, DA7, DAG6}

6 DAT4 Fourth data transfer for MRS Write command
BCOM[3:0] = {0, DA11, DA10, DA9}

7 DAT5 Fifth data transfer for MRS Write command
BCOM[3:0] = {0, 0, DA13, DA12}

8 PAR[3:0] Even parity bits for MRS Write command and data
PARI[x]: parity bit for 7 previous BCOM[x] transfers

9 Next Cmd Next Command

The sequence for an MRS Write command is shown in Figure 9 below. The timing diagrams show how the MRS
Write command is followed by six data transfer cycles and a parity data transfer cycle. Since the command sequence
uses eight cycles it is necessary to include these cycles as part of the tBCW parameter that indicates the spacing from
the MRS Write command to the following valid command (also shown in the diagrams). The number of additional
transfers on the BCOM bus after the MRS Write command also imposes a limitation on how close consecutive MRS
Write commands can be issued to the data buffer.

For MRS Write commands in PDA (Per DRAM Addressability) mode when the DIMM type bit in FORCOD is set to
‘0’ (LRDIMM), the DDR4RCDO02 generates a -BCOM Write command instead of a BCOM MRS Write command in
order to forward the data buffer’s host interface DQ inputs to the DRAMs which use their DQO pins for device
selection. The DB will not capture any MRS bits written in PDA mode.
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HIGH state ((

tBC

Figure 9 — MRS Write Command Sequence

2.5.4.4 BCW Write Command

Table 10 shows the sequence for buffer control word write commands.

Table 10 — Multicycle Sequence for BCW Write Commands

Time

(clock

cycle) BCOM][3:0] Description

0 Prev Cmd Previous command or data transfer

1 BCW Write Buffer control word write access command
BCOM[3:0] = 1100

2 DATO First data transfer for BCW Write command
BCOM[3:0] = {0, DA2, DA1, DAO]

3 DAT1 Second data transfer for BCW Write command
BCOM]I[3:0] = {0, DA5, DA4, DA3}

4 DAT2 Third data transfer for BCW Write command
BCOM]I[3:0] = {0, DA8, DA7, DAG}

5 DAT3 Fourth data transfer for BCW Write command
BCOM[3:0] = {0, DA11, DA10, DA9}

6 DAT4 Fifth data transfer for BCW Write command
BCOM]I[3:0] = {0, 0, 0, 0} for Function space 0 BCW writes
BCOM]I[3:0] = {0, 0, 0, 1} for Function space 1 BCW writes
BCOMI[3:0] = {0, 0, 1, 0} for Function space 2 BCW writes
BCOM]I[3:0] = {0, 0, 1, 1} for Function space 3 BCW writes
BCOMI[3:0] ={0, 1, 0, 0} for Function space 4 BCW writes
BCOM]I[3:0] = {0, 1, 0, 1} for Function space 5 BCW writes
BCOMI[3:0] ={0, 1, 1, 0} for Function space 6 BCW writes
BCOM[3:0] = {0, 1, 1, 1} for Function space 7 BCW writes

7 PAR[3:0] Even parity bits for BCW Write command and data
PARIx]: parity bit for 6 previous BCOM[x] transfers

8 Next Cmd Next Command
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The sequence for a BCW Write command is shown in Figure 10 below. The timing diagrams show how the BCW
Write command is followed by five data transfer cycles and a parity data transfer cycle. Since the command sequence
uses seven cycles it is necessary to include these cycles as part of the tMRD parameter that indicates the spacing from
the BCW Write command to the following valid command (also shown in the diagrams).

tBCW-

Figure 10 — Buffer Control Word Write Command Sequence
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2.5.4.5 BCW Read Commands

The DDR4RCDO02 generates a BCW Read command on the buffer control bus when it receives a CW Read command
in FORCO06 with A12 = 1.

Table 11 shows the sequence for BCW Read commands.

Table 11 — Multicycle Sequence for BCW Read Commands

Time

(clock

cycle) BCOM][3:0] Description

0 Prev Cmd Previous command or data transfer

1 BCW Read Buffer control word read access command
BCOM[3:0] = 1101

2 DATO First data transfer for BCW Read command
BCOM[3:0] = {0, DA5, DA4, 0}

3 DAT1 Second data transfer for BCW Read command
BCOM[3:0] = {0, DA8, DA7, DAG6}

4 DAT2 Third data transfer for BCW Read command
BCOM[3:0] = {0, DA11, DA10, DA9}

5 DAT3 Fourth data transfer for BCW Read command
BCOM[3:0] = {0, 0, 0, 0} for Function space 0 BCW reads
BCOM[3:0] = {0, 0, 0, 1} for Function space 1 BCW reads
BCOM[3:0] = {0, 0, 1, 0} for Function space 2 BCW reads
BCOM[3:0] = {0, 0, 1, 1} for Function space 3 BCW reads
BCOM[3:0] = {0, 1, 0, O} for Function space 4 BCW reads
BCOM[3:0] = {0, 1, 0, 1} for Function space 5 BCW reads
BCOM[3:0] = {0, 1, 1, O} for Function space 6 BCW reads
BCOM[3:0] ={0, 1, 1, 1} for Function space 7 BCW reads

6 PAR[3:0] Even parity bits for BCW Read command and data
PARI[x]: parity bit for 5 previous BCOM[x] transfers

7 Next Cmd Next Command

The sequence for BCW Read command is shown in Figure 11 below. The timing diagrams show how the BCW Read
command is followed by four data transfer cycles and a parity data transfer cycle. This BCW Read command moves
the selected BCW bits to MPRO and configures the DB for MPR override read mode for the next Read command. The
DB treats the first Read command after a BCW Read command as an MPRO override read (regardless of the
BCOM([1:0] bits during the DATO cycle of the corresponding BCOM Read command). The read data is driven out
after DB RL(RO) on the host interface DQ pins after the Read command. Just like in regular MPR override read
mode, DDR4RCDO02 will forward Read command to DRAM but DDR4DB02 will ignore read data from DRAM.
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BCK_t/
BCK_c

BCKE (

BODT LOW state \)

3\
\
BCOM 7 "D O 7 (0 7 OB 7 X0 ¢ XX D) £ CIXN) K N or Yo v AU or Yo o X or Yo o XA vor 1

tBCR \)

TRl Tl

DQS_t/
DQSs_c

bQ

Host IF

Figure 11 — BCW Read Command Sequence
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2.6 DQ Bus Termination in LRDIMM Application

The DDR4RCDO02 supports DQ bus termination in LRDIMM applications (i.e. with data buffers connected to it) by
providing the BODT output connected to the data buffers.

Unless BODT is turned off in FORCS8x bits DA[5] or DA[7], BODT is the logical OR of the DODT0 and DODT1
inputs, i.e. if one or both of these inputs is asserted HIGH, the BODT output is asserted HIGH.

When BODT is enabled, the host controls enabling RTT _NOM on the host interface of the data buffer through
assertion of the DODT signals, which are OR’ed by the RCD, which in turn asserts BODT HIGH or LOW to the data
buffer. The enabling/disabling of the on-die termination at the DRAM interface of the data buffer is independent from
the BODT input control signal.

The timing for enabling RTT NOM on the host interface in response to BODT being captured HIGH is dependent on
the DRAM interface write leveling control words in a similar way as the host interface receive enable timing during
data transactions resulting from WRITE commands is dependent on the DRAM interface write leveling control
words. The data buffer hardware applies a fixed fall-through delay from the trained DRAM interface write timing
back to the host interface termination enable timing. The host interface termination enable timing has two or three
cycles less of latency with respect to the BODT signal assertion than the latency for enabling the host interface

DQS _t/DQS_c receivers after a WRITE command is received, depending on the length of the write preamble.

It is the responsibility of the host to assert the DODT signal to the RCD early enough to ensure that the host interface
termination is active prior to start of the read preamble at the host interface. The duration of the data buffer’s
RTT NOM termination is controlled by the host through the length of the DODT pulse.

Since the data buffer can either drive data or terminate (but not both at the same time), the data buffer disables
RTT NOM at the host interface for reads targeted to this DIMM during the duration of the read burst (including the
Read Preamble).

The timing for enabling RTT_ WR on the host interface in response to a WRITE command being captured on the
BCOM inputs is dependent on the DRAM interface write leveling control words in a similar way as the host interface
receive enable timing during data transactions resulting from WRITE commands is dependent on the DRAM
interface write leveling control words. The data buffer hardware applies a fixed fall-through delay from the trained
DRAM interface write timing back to the host interface termination enable timing. The host interface termination
enable timing has two or three cycles less of latency with respect to the WRITE command capture than the latency for
enabling the host interface DQS_t/DQS_c receivers after a WRITE command is received, depending on the length of
the write preamble.
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Figure 12 shows the host interface ODT timing based on the assertion of the input signal BODT. The DDR4DB02
parameters ODTLon, ODTLoff, ODTLcnw, ODTLcwn and tADC are defined in the Electrical and Timing chapter of
the Data Buffer Specification. For simplicity this diagram shows ODT timings always aligned with rising clock edges
but due to the existence of the fractional cycle delays DB_ WL(R) and tPDM_WR or tPDM_WR_RA, this is typically
not the case.

S50eletototetatototetstatet
X ([ ) : : : : : : ) )
i

2\

1l

1 1 1 1 1 1 1 1 1 1 1 < T T [ [ 1 1 1 1 1 1 1
[ N N tADC imax '
ol ] e tdpCmak ! tADG fnasen -
. . . . . . . . | tAPCma ((tA)C"."’ . . . . . . . . 7| NDGmax
Host IF \\ RTT_PARK RTT_WR || RTT_PARK RTT_NOM RTT_PABK
b T T T )) (R T T T T 7] T T T T T T T T T T T
' ' ' ' ' tADC!mi i ' tADC!mi
- ST e > e > |t —>L -t | |
ol ORI | | Abemin | tARCminl .

ODTLcwn

Figure 12 — BODT Timing (Dynamic ODT, 1tCK Preamble, CL=14, CWL=11, BL=8, AL=0, CRC Disabled)

DB _WL(R) =CWL + AL + PL + DWL(R)
ODTLon = DBfWL(Rl) -tPDM_WR - tWPRE -1; where tWPRE = 1 or 2 (when FOBC1x DA7 = 0)

=DB_WL(R!) - tPDM_WR_RA - tWPRE -1; where tWPRE = 1 or 2 (when FOBC1x DA7 = 1)
ODTLoff = ODTLon
ODTLcnw = DB_WL(R) - tPDM_WR - tWPRE -1; where tWPRE =1 or 2 (when FOBC1x DA7 = 0)
= DB_WL(R) - tPDM_WR_RA - tWPRE -1; where tWPRE = 1 or 2 (when FOBC1x DA7 = 1)
ODTLcwn = ODTLcnw + tWPRE + BL/2 +1; where tWPRE = 1 or 2 and BL =4, 8 or 10 with CRC enabled

Unless FORC8x bit DA[7] = 1, the host also controls the QxODT signals at the DRAM interface directly through the
assertion of the two DODT signals at the host interface. The host may utilize non-target termination to a rank on the
same DIMM other than the target rank for read transactions. The host may also utilize non-target termination to a
rank on the same DIMM other than the target rank for write transactions.

If FORC8x DA[7:6] = 11, the assertion of the QxODT outputs is caused by the capture of a Write or Read command,
controlled by the rules in FORC9x and FORCAX respectively. The assertion timing of the QxODT pulse is controlled
by FORCS8x bits DA[4:0] and FORC5x bits DA[3:0]. Table 12 shows the default QxODT[1:0] high times for Write

1. RTT NOM termination without a coinciding DDR4DB02 data movement (e.g. WR) uses rank 0 timing while RTT NOM
termination with a coinciding data movement will use the timing of the target rank, which implies that the data buffer can
dynamically switch between different rank timings from one access to the next.
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and Read commands.

Table 12 — Default Write, Read QXODT[I:O]1 Signal High Time

QxODT[1:0] High Time
Operation Pre-amble | Burst Length Write CRC Write CRC Unit
Disabled Enabled
BL8 6 7
1 nCK
BC4 4 7
Write
BL8 7 8
2nCK
BC4 5 8
nCK
BL8 6
1 nCK
BC4 4
Read
BL8 7
2nCK
BC4 5

1. Only applicable if FORC8x DA[7:6] = 11. Applies to QxODT[1:0] Write and Read patterns that are selected in
FORC9x and RCAX respectively. The DDR4RCDO2 is responsible for monitoring DRAM MRS command for Pre-
amble, Burst Length and Write CRC setting. The DDR4RCDO02 adjusts QxODT([1:0] dynamically if dynamic
burst length on the fly function is selected in DRAM. The DDR4RCDO02 assumes that all ranks are configured
identically for Write/Read Pre-amble, Burst Length and Write CRC and may monitor DRAM MRS commands for
only rank 0.
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2.7 Power Saving Modes

The device supports different power saving mechanisms.

When both inputs CK_t and CK _c are being held LOW the device stops operation and enters low-power static and
standby operation. It stops its PLL and floats all outputs except QACKEOQ, QACKE1, QBCKEO and QBCKE1 which
are kept driven LOW. Before the device is taken out of standby operation by applying a stable input clock signal, the
register inputs DCS[n:0]_n must be pulled HIGH to prevent accidental access to the control registers and DCKEO as
well as DCKE1 must be pulled LOW for a certain period of time (t5 7). The input clock must be stable for a time
(tsTap) before any access to the device takes place. Stopping the clocks (CK_t=CK_c=LOW) will only put the

DDR4RCDO02 in the low-power mode and will not clear the content of the Control Words. The command mode
registers will reset only when DRST n is driven LOW.

A weak drive feature can be enabled by setting the corresponding bit in the control register. This causes the device to
monitor all the DCS[n:0] n inputs and weakly drive all outputs corresponding with the chip select gated inputs when
all the DCS[n:0] n inputs are HIGH. If any one of the DCS[n:0] n input is LOW, the Qn outputs will function
normally.

Once all the DCS[n:0] n inputs are HIGH, the gated address command inputs to the register can float to conserve
input termination power. DCKEO, DCKE1, DODTO0 and DODT1 need to be driven by the system all the time.

The DRST n input has priority over all other power saving mechanisms. When DRST n is driven LOW, it will force
the Qn outputs to float, deasserts the open-drain ALERT n output, forces the QACKEO, QACKE1, QBCKEO and
QBCKE]1 outputs LOW, disables Input Bus Termination (IBT) and forces BCK t/BCK ¢ LOW and BCKE HIGH.

2.7.1 Register CKE Power Down

The DDR4RCD02 monitors both DCKEn input signals and enters into power saving state when it latches LOW on
both DCKEn inputs and at least one of the DCKEn input has transitioned from HIGH to LOW. If either input Chip
Select signal, DCS[n:0]_n, is asserted together with DCKEn, the DDR4RCDO02 transfers the corresponding command
to its outputs together with QxCKEn LOW, after the command latency adder programmed into FORCOF.

There are two modes of CKE Power Down selected by control word FORC09. Bit DA2 in FORCO09 indicates whether
register turns off IBT or keeps IBT on.

The statements about DODTn and QxODTn in the remainder of this section assume that the DODTn inputs and
QxODTn outputs are enabled in FORC8x. If a DODTn input is disabled in FORC8X, it is always disabled, even in
CKE power down mode. If a QxODTn output is disabled in FORCSX, it is always disabled, even in CKE power down
mode.

2.7.1.1 Register CKE Power Down with IBT Off

Upon entry into CKE Power Down mode with IBT off, all register input buffers are disabled except for CK_t/CK ¢,
DCKEn and DRST n. Upon entry into CKE Power Down mode with IBT off, IBT will be off on all inputs except
DCKEn. The DDR4RCDO2 disables input buffers within t,pg clocks after latching both DCKEn LOW. In order to
eliminate any false parity check error, the DPAR input buffer has to be kept active for 1 tCK after the Address and
Command input buffers are disabled. After tj,p;g, the register can tolerate floating input except for CK_t/CK c,
DCKEn and DRST n. The DDR4RCDO02 also disables all its output buffers except for Yn_t/Yn c, QxODTn,
QxCKEn and BCKE. The Yn_t/Yn_c outputs continue to drive a valid phase accurate clock signal. The QxODTn,
QxCKEn and BCKE outputs are driven LOW. The register output buffers are HI-Z tqopg clock after QxCKEn is
driven LOW. This is shown in Figure 13. Note that tqp;g only starts when both QxCKEn outputs are driven low, i.e. it
is delayed by the Command Latency Adder (CLA) in FORCOF.
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(1) i only applies in direct QuadCS mode. When the device is configured in this mode, i = 3.
(2) j only applies in direct QuadCS or encoded QuadCS modes. When the device is configured in these modes, j = 3.
(3) Upon CKE Power Down exit, QxCSy_n may follow DCSx_n inputs for maximum of CLA (Command Latency Adder from FORCOF) and be held HIGH for the

remainder of tFixedoutput regardless of what DCSx_n input level is. For all other operation QxCSy_n outputs will follow DCSx_n inputs.

Figure 13 — Power Down Mode Entry and Exit with IBT Off

To re-enable the register from this power saving state, valid logic levels are required at all register inputs when either
or both DCKEn input are driven HIGH. Upon either DCKEO or DCKET1 input going HIGH, the register immediately
(i.e. without the command latency adder in FORCOF) starts driving HIGH on the appropriate QxCKEn signals and the
BCKE output. The QxCSy n signals are driven HIGH and QxODTn signals are driven LOW. Other output signals

QxA[17:0], QxBA[1:0], QxBG[1:0], QxACT _n, QxC2 and QxPAR are driven either HIGH or LOW to ensure stable
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valid logic on all register outputs when QxCKEn goes HIGH. The data buffer communications and control signals
BCOM][3:0] are also driven either HIGH or LOW, i.e. at a valid logic level unless FORCOD DA?2 = 1. The register
drives output signals to these levels for tgiyedoutpus t0 allow input receivers to be stabilized. After the input receivers
are stabilized, the register outputs follow their corresponding input levels. BODT is driven LOW during tixedoutput
and driven afterwards at the logical OR level of the DODTO0 and DODT1 inputs unless FORC8x DA7 =1 or DA5 = 1.
When exiting CKE power down mode, either one of the Chip select register inputs DCSn_n can be asserted for
CLA*tCK. For QuadCS capable register, when working in quad rank mode, either two of the Chip select register
inputs DCSn_n can be asserted for CLA*tCK. The register guarantees that input receivers are stabilized within
trixedoutput ¢locks after DCKEn input is driven HIGH. This is shown in Figure 13.

2.7.1.2 Register CKE Power Down with IBT On

Upon entry into CKE Power Down mode with IBT on, all register input buffers are disabled except for CK_t/CK c,
DCKEn, DODTn, ERROR_IN n and DRST n. Upon entry into CKE Power Down mode with IBT on, IBT will
remain on for all inputs. The DDR4RCDO02 disables input buffers within t;,pg clocks after latching both DCKEn
LOW. In order to eliminate any false parity check error, the DPAR input buffer has to be kept active for 1 tCK after
the Address and Command input buffers are disabled. After tj, s, the register can tolerate floating input except for
CK t/CK ¢, DCKEn, DODTn and DRST n. The DDR4RCDO02 also disables all its output buffers except for Yn_t/
Yn_c, QxODTn, QxCKEn, BODT and BCKE. The Yn_t/Yn_c outputs continue to drive a valid phase accurate clock
signal. The QxCKEn and BCKE outputs are driven LOW. The register output buffers are hi-z tqopyg clock after
QxCKEn is driven LOW. This is shown in Figure 14. Note that tgpg only starts when both QxCKEn outputs are
driven low, i.e. it is delayed by the Command Latency Adder (CLA) in FORCOF.
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(1) i only applies in direct QuadCS mode. When the device is configured in this mode, i = 3.

(2) j only applies in direct QuadC$S or encoded QuadCS modes. When the device is configured in these modes, j = 3.

(3) Upon CKE Power Down exit, QxCSy_n may follow DCSx_n inputs for maximum of CLA (Command Latency Adder from FORCOF) and be held HIGH for the
remainder of tfjyedoutput regardless of what DCSx_n input level is. For all other operation QxCSy_n outputs will follow DCSx_n inputs.

Figure 14 — Power Down Mode Entry and Exit with IBT On

To re-enable the DDR4RCDO02 from this Power Down Mode with IBT on, valid logic levels are required at all device
inputs when either or both DCKEn inputs are driven HIGH. Upon either DCKEO or DCKEI input going HIGH, the
DDR4RCDO02 immediately (i.e. without the command latency adder in FORCOF) starts driving HIGH on the
appropriate QxCKEn signals and the BCKE output. The QxCSn_n signals are driven HIGH and the QxODTn signals
follow the inputs. Other output signals QxA[17:0], QxBA[1:0], QxBG[1:0], QxACT n, QxC2 and QxPAR are driven
either HIGH or LOW to ensure stable valid logic on all device outputs when QxCKEn goes HIGH. The data buffer
communications and control signals BCOM[3:0] are also driven either HIGH or LOW, i.e. at a valid logic level
unless FORCOD DA2 = 1. The register drives output signals to these levels for triedoutput to allow input receivers to

be stabilized. After the input receivers are stabilized, the register outputs follow their corresponding input levels.
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BODT is driven at the logical OR level of the DODTO0 and DODT! inputs unless FORC8x DA7 =1 or DA5S = 1.
When exiting CKE power down mode, either one of the Chip select register inputs DCSn_n can be asserted for
CLA*tCK. For QuadCS capable register, when working in quad rank mode, either two of the Chip select register
inputs DCSn_n can be asserted for CLA*tCK. The device guarantees that input receivers are stabilized within
trixedoutput clocks after DCKEn input is driven HIGH. This is shown in Figure 14.

The previous diagrams showed CKE power down entry and exit with a Command Latency Adder (CLA) of 0. With a
non-zero CLA the CKE power down mode entry is delayed by CLA*tCK w.r.t. the RCD outputs, i.e. the outputs are
tristated later. The delay caused by CLA also applies to the DRAM Power Down Entry (PDE) and Self Refresh Entry
(SRE) since both commands as well as the falling CKE edge are delayed on the RCD outputs. Input disable is just
based on the DCKEn timing, i.e. the inputs are disabled at the same time as without a command latency adder. Power
down mode exit is also based on the DCKEn inputs, i.e. the RCD CKE power down mode exit (as well as the DRAM
Power Down Exit and Self Refresh Exit) is not delayed by CLA. Therefore special consideration needs to be given to
the case when the duration of the RCD CKE power down mode is less than the Command Latency Adder CLA, i.e.
when the LOW overlap between DCKEO and DCKE] is less or equal than CLA. This case is shown in Figure 15
which depicts single cycle LOW overlap between DCKEO and DCKE1 with a Command Latency Adder of 1.

Since forwarding the rising edge of CKE is not delayed by CLA, there is no LOW overlap between QxCKEO and
QxCKEI and hence the output side of the RCD never enters power down mode. However, the inputs of the RCD start
to disable when registering both DCKE inputs LOW in the same cycle. During tgiyedoutput (Which is triggered by the
rising edge of one of the DCKE inputs), the RCD is required to follow all inputs for the duration of CLA. This
ensures that any commands the RCD captures while both DCKE inputs are sampled LOW are forwarded to the
outputs.

The duration of tgiyeqoutput depends on CLA which ensures that the RCD holds the QxCSy_n outputs HIGH during
the last few cycles of tgjyeqoutput Which correspond to the time when the RCD inputs may have been disabled.
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(1) i only applies in direct QuadCS mode. When the device is configured in this mode, i = 3.

(2) j only applies in direct QuadCS or encoded QuadCS modes. When the device is configured in these modes, j = 3.

(3) Upon CKE Power Down exit, QxCSy_n must follow DCSx_n inputs for maximum of CLA (Command Latency Adder from FORCOF) and then be held HIGH for
the

he remainder of tFixedoutput regardless of what DCSx_n input level is. For all other operation QxCSy_n outputs will follow DCSx_n inputs.

Figure 15 — Single Cycle Power Down Mode Entry and Exit with CLA=1
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2.7.2 Clock Stopped Power Down Mode

To support S3 Power Management mode or any other operation that allows Yn_t clocks to float, the DDR4RCD02
supports a Clock Stopped power down mode. When both inputs CK t and CK c are being held LOW (i.e. below Vi

(static)) Or float (when they will eventually settle at LOW because of the 10 k€ to 100 kQ pull-down resistor in the

CK t/CK _c input buffer), the device stops operation and enters low-power static and standby operation. The
corresponding timing requirement are shown in Figure 16, “Clock Stopped Power Down Entry and Exit with IBT
On” and Figure 17, “Clock Stopped Power Down Entry and Exit with IBT Off”. The register device will stop its PLL
and floats all outputs except QACKEO, QACKE1, QBCKEO, QBCKE1, BCK t/BCK c¢ and BCKE (which must be
kept driven LOW) unless the buffer control bus is disabled in FORCOD. The device deasserts the open-drain
ALERT n output in clock stopped power down mode. The Clock Stopped power down mode can only be utilized
once the DRAM received a self refresh command. In this state, the DRAM ignores all inputs except CKE. Hence, all
register outputs besides QxCKE0,QxCKE1, BCK t/BCK ¢ and BCKE can be disabled.

2.7.2.1 Clock Stopped Power Down Mode Entry

To enter Clock Stopped Power Down mode, DCKEn will be deasserted for a minimum of one tCKoff before pulling
CK_tand CK_c LOW. After holding CK_tand CK_c LOW (i.e. below Vpp (saic)) for at least one tCKEV, both CK_t
and CK_c can be floated. Because of the 10 kQ to 100 kQ pull-down resistor in the CK_t/CK_c input buffer, CK t/
CK _c will stay at LOW even though they are not being driven. The register is now in Clock Stopped Power Down
mode. If the buffer control bus is enabled in FORCOD, the RCD drives BCK t/BCK ¢ and BCKE LOW while in
Clock Stopped Power Down mode. After CK t and CK_c are pulled LOW, DCKEn will remain LOW for at least one
tCKEV before it can be floated. At this point, all input receivers and input termination of the DDR4RCDO02 are
disabled. The only active input circuits are CK_t and CK_c, which are required to detect the wake up request from the
host.

2.7.2.2 Clock Stopped Power Down Mode Exit

To wake up the register after entering Clock Stopped Power Down, the register inputs DCS0_n must be driven to
HIGH (to prevent accidental access to the control registers), and DCKEn to LOW. After that, a frequency and phase
accurate input clock signal must be applied. The state of the DCS[n:0]_n inputs must not be changed before the end
of tSTAB. The input clock CK_t/CK _c must be stable for a time equal or greater than tSTAB before any access to the
DDR4RCDO02 can take place.

If the buffer control bus is enabled in FORCOD, the RCD drives BCKE, BCK t and BCK ¢ LOW during tSTAB.
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)i only applies in direct QuadCS mode. When the device is configured in this mode, i = 3.
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) When CK_t/CK_c inputs are floated, CK_t/CK_c inputs are pulled LOW by the (10 kQ to 100 kQ) pull-down resistor in the CK_t/CK_c input buffer.
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(5) BCK_t/BCK_c shall be stable before the end of tgrag.
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Figure 16 — Clock Stopped Power Down Entry and Exit with IBT On
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(1) i only applies in direct QuadCS mode. When the device is configured in this mode, i = 3.

(2) jonly applies in direct QuadCS or encoded QuadCS modes. When the device is configured in these modes, j = 3.

(3) When CK_t/CK_c inputs are floated, CK_t/CK_c inputs are pulled LOW by the (10 kQ to 100 kQ) pull-down resistor in the CK_t/CK_c input buffer.
@

4) Upon CKE Power Down exit, QxCSy_n may follow DCSx_n inputs for maximum of 1 tCK, or be held HIGH for tFixedoutput regardless of what DCSx_n input

level is. For all other operation QxCSy_n outputs will follow DCSx_n inputs.
(5) BCK_t/BCK_c shall be stable before the end of tgtag.

Figure 17 — Clock Stopped Power Down Entry and Exit with IBT Off
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2.8 Dual Frequency Support

The DDR4 register supports operation at a second, i.e. lower than nominal, frequency as a means to save buffer and
DRAM power when the memory bandwidth demand allows.

To enable fast frequency switching without the need for retraining every time the frequency is changed, the DDR4
register can be trained twice at two different frequencies at boot up time and retain register settings associated with
each of the two frequencies. These two sets of registers consist of FORC03, FORC04, FORCO05, FORCOF, FORCI1x,
FORCS5x DA[3:0], FORC7x, FORC8xDA[4:0], FORC9x, FORCAx, FIRC00, F1RC1x, FIRC2x, FIRC3x, F1IRC4x,
FIRC5x, FIRC6x, FIRC7x, FIRC8x, and F1IRC9x. The RCD hardware will take care of updating any other
frequency-dependent internal settings in each frequency context as needed.

Switching between the two frequency contexts is achieved by writing to control word FORCOA bit DA3. DA3="0"
selects the default frequency context 1 while DA3="1" selects frequency context 2.

Dual frequency training at boot up time requires selecting the appropriate frequency context, performing the training
at that frequency and then selecting the other frequency context and performing the training at the other frequency.
Subsequently, every time the operation frequency changes, the corresponding frequency context bit must be set in the
DDRA4 register via control word writes to FORCOA and FORC3x. The control word writes to FORCOA/FORC3x must
be the last access to the DDR4 register before the input frequency on the CK_t/CK_c pins changes. In addition the
DRAMs must be put in self refresh mode and the DDR4RCDO02 must be put into clock stopped power down mode
before the frequency change occurs and the entire frequency change procedure specified in the DDR4 DRAM
specification must be followed.

2.8.1 Input Clock Frequency Change

Once the DDR4RCDO2 is initialized, the DDR4RCDO2 requires the clock to be stable during almost all states of
normal operation. This means that, once the clock frequency has been set and is to be in the stable state, the clock
period is not allowed to deviate except for what is allowed for by the clock jitter and SSC (spread spectrum clocking)
specifications.

The input clock frequency can be changed from one stable clock rate to another stable clock rate only by going
through Clock stop power down mode. DDR4RCDO02 allows two possible sequences (Sequence A and Sequence B)
for input clock frequency change. The exact sequence of steps for an input frequency change to an RDIMM is
outlined below. Note that additional steps are required for an input frequency change to an LRDIMM and they are
documented in the DDR4DBO02 specification.

Sequence A:

1. Disable CKE power down mode in the RCD (i.e. write to FORCO09, bit 3 = 0)
2. Put the DRAMs into Self Refresh by sending SRE commands to all ranks. After this step all DCKE
inputs will be LOW but the RCD will stay active.!

3. Send new FORCOA and FORC3x frequency setting to RCD without asserting CKE. The control word
writes will proceed because RCD is still active. DRAMSs are still in Self Refresh. No additional com-
mands to the RCD are allowed after this step (until step 6).

4. Host changes frequency by going through Clock Stopped mode. Both CK inputs need to be driven LOW
(i.e. below Vi (static)) for a minimum of tcggy before the clock frequency may change. The

DDR4RCDO02 input clock frequency is allowed to change only within range between the minimum and
maximum application or test frequencies specified in Table 141.

1. Since the CMD/ADD input receivers of the RCD will remain enabled after the DCKEn input signals go LOW,
the host is responsible for driving valid signals and Deselect command (DCSy_n all HIGH) before and after
the Clock Stopped Power Down entry and exit events.
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5. The DCKE inputs must be held at stable LOW levels during tcxgy and during the tgpap time after the
clock signals are restarted.

6. Assert CKE and exit DRAM Self Refresh.

7. Depending on the new clock frequency, additional MRS commands to the DRAM may need to be issued
to appropriately set CL, AL, and CWL with BCKE continuously registered high. RCD CKE power
down mode may be re-enabled.

Sequence B:

1. Send new FORCOA and FORC3x frequency setting to RCD. The RCD ensures application of
the new setting at or prior to next rising edge of DCKE.

2. Put the DRAM into Self Refresh by sending SRE commands to all ranks. After this step all DCKE inputs
will be LOW.

3. Host changes frequency by going through Clock Stopped mode. Both CK inputs need to be driven LOW
(i.e. below VIL(static) for a minimum of tCKEV before the clock frequency may change. The DDR4
RCDO02 input clock frequency is allowed to change only within range between the minimum and maxi-
mum application or test frequencies specified in Table 141.

4. The DCKE inputs must be held at stable LOW levels during tCKEV and during tSTAB time after the
clock signals are restarted.

5. Assert CKE and exit DRAM Self Refresh.

6. Depending on the new clock frequency, additional MRS commands to the DRAM may need to be issued
to appropriately set CL, AL, and CWL with BCKE continuously registered high.
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2.9 Output Inversion Enabling/Disabling

Output Inversion is enabled by default, after DRST n is de-asserted, to conserve power and reduce simultaneous
output switching current. All A-outputs will follow the equivalent inputs. The DDR4 register output signals are
divided into two classes: signals that can be inverted (e.g. regular addresses) and signals that cannot be inverted
(because they have a special function) - see Figure 18. Only the following 14 signals in the first class will be driven to
the complement of the matching A-outputs: QBA3 to QBA9, QBA11, QBA13, QBA17, QBBAO to QBBA1 and
QBBGO to QBBGI.

A-Side B-Side
DDR4
Register :
Invertible Indv(;artlble
Eaddresses ‘ ’- addresses >
Non-
< Invertible Non- Invertible
addresses addresses d
DRAM DRAM
CAbus

Figure 18 — Output Inversion Functional Diagram

The Output Inversion feature is always enabled, even during DRAM MRS commands. In order to ensure that the
DRAM receives the correct (i.e. uninverted) MRS bits, the host-to-register-to-DRAM MRS programming is split into
a two-step process - see Figure 19. In the first step the A-side DRAMs are programmed using non-inverted addresses
from the host. In the second step the B-side DRAMs are programmed using inverted addresses for the invertible
address signals and non-inverted addresses for the non-invertible address signals from the host.

When the DDR4 register decodes the MRS command (DACT n=1, DA16/RAS n=0, DA15/CAS n=0, DA14/
WE n =0 and only one DCSx n = 0), it will use the state of the DBG1 input to gate the assertion of the output chip
selects QxCSy n. When DBG1 = 0 it will enable the QACSy n outputs to select the A-side DRAMs and when DBG1
=1 it will enable the QBCSy n outputs to select the B-side DRAMs. The DDR4RCDO02 will drive the QACA and
QBCA outputs (minus the disabled chip selects) regardless of which input level is sampled on DBG1.

When a DIMM utilizes address mirroring (as indicated in the SPD bytes for the module), DBGO will be used by the
register instead of DBGI1 as an A-side/B-side indication for MRS command to odd ranks.



JEDEC Standard No. 82-31A.01
Page 39

Figure 19 — Address Inversion Flow-chart
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The following is the address map for address inversion.

Table 13 — Address Inversion

Host bit A-side B-side
(RCD DRAM DRAM
input) connection | connection
DAO A0 A0 A0 not inverted as it affects the burst start
DA1 Al Al Al not inverted as it affects the burst start
DA2 A2 A2 A2 not inverted as it affects the burst start
DA3 A3 NOT (A3) Inverted
DA4 A4 NOT (A4)
DAS AS NOT (AS)
DA6 A6 NOT (A6)
DA7 A7 NOT (A7)
DAS A8 NOT (A8)
DA9 A9 NOT (A9)
DA10 A10 Al10 A10 cannot be inverted as it is Auto Precharge
DAl All NOT (A1l1) | Inverted
DA12 Al2 Al2 A12 cannot be inverted as it is Burst Length
DA13 Al3 NOT (A13) | Inverted
DA14 Al4 Al4 A14 cannot be inverted as it is WE n
DA15 AlS AlS A15 cannot be inverted as it is CAS n
DAl6 Al6 Al6 A16 cannot be inverted as it is RAS n
DA17 Al7 NOT (A17) | Inverted
DBAO BAO NOT (BAO)
DBAI BA1 NOT (BA1)
DBGO BGO NOT (BGO)
DBGI BGl1 NOT (BG1)

The DDR4RCDO02 does not support on-the-fly Fine Granularity Refresh (OTF FGR) for DDR4 DRAMs on DIMMs
that utilize the B-side outputs since the OTF FGR modes are encoded using the logic level on BG0 and the QBBGO
output is inverted relative to the DBGO input.
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The following is the address map for address mirroring and address inversion.
Table 14 — Address Mirroring and Inversion
A-side A-side B-side B-side
Odd rank Odd Rank Odd rank Odd Rank
A-side B-side DRAM DRAM DRAM DRAM
Host bit Even rank Even rank connection, | connection, | connection, | connection,
(RCD Register DRAM DRAM Mirroring Mirroring Mirroring Mirroring
input) output connection | connection off. on off. on
DAO QxA0 A0 A0 A0 A0 A0 A0
DA1 QxAl Al Al Al Al Al Al
DA2 QxA2 A2 A2 A2 A2 A2 A2
DA3 QxA3 A3 NOT (A3) A3 A4 NOT (A3) NOT (A4)
DA4 QxA4 A4 NOT (A4) A4 A3 NOT (A4) NOT (A3)
DAS QxAS A5 NOT (A5) A5 A6 NOT (A5) NOT (A6)
DA6 QxA6 A6 NOT (A6) A6 A5 NOT (A6) NOT (A5)
DA7 QxA7 A7 NOT (A7) A7 A8 NOT (A7) NOT (A8)
DAS QxAS8 A8 NOT (A8) A8 A7 NOT (A8) NOT (A7)
DA9 QxA9 A9 NOT (A9) A9 A9 NOT (A9) NOT (A9)
DA10 QxA10 A10 A10 A10 Al10 A10 A10
DAIl QxAll All NOT (A1) All Al3 NOT (All) | NOT (A13)
DAI12 QxA12 Al2 Al2 Al2 Al2 Al2 Al2
DA13 QxAl3 Al3 NOT (A13) Al3 All NOT (A13) | NOT (A1)
DA14 QxAl4 Al4 Al4 Al4 Al4 Al4 Al4
DAIS5 QxAl5 AlS AlS Al5 Al5 Al5 Al5
DAIl6 QxAl6 Al6 Al6 Al6 Al6 Al6 Al6
DA17 QxA17 Al7 NOT (A17) Al7 Al7 NOT (A17) | NOT (A17)
DBAO QxBAO BAO NOT (BAO) BAO BA1 NOT (BAO) | NOT (BA1)
DBA1 QxBA1 BALl NOT (BA1) BA1 BAO NOT (BA1) | NOT (BAO)
DBGO QxBGO BGO NOT (BGO0) BGO BG1 NOT (BGO) | NOT (BG1)
DBGI1 QxBG1 BGl1 NOT (BG1) BG1 BGO NOT (BG1) | NOT (BG0)
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2.9.1 1T Timing Only

Unlike the SSTE32882 DDR3 register that supported 3T timing for MRS commands, the DDR4RCDO02 only
supports 1T timing. The inputs and outputs relationships are shown Figure 20.

Input n N+l n+2  n+3 nt4d np+5 N6 7 N8 N9 0 et peqp  N+13
ekt N\ A A\
1 1 1 1 1 1 | | 1 1 1 I 1 1
DCKE[1:0] | I f I I I I I | f 1 I | I
| | I | | | I I | I | | | |
DA[17:0], DBA[1:0],
DBG[1:0] | | | | | | I | | | | | | |
DODT(1:0] | | | | | I I I | | | | | |
| | I | | | I | | I | | | |
| | I | | | I | | I | | | |
| | I I | | I I | I I I | |
DCSOn | | | I | | | | | | | | | |
DCS[:ALn@ ] | | I | | | I | I I | | |
| | | | | | | | ! | ] ] ! !
T T T T T T T I 1 I
Outputs P M2 p3 nt4 hes B P78 P9 np10  gell g2 13
w0/ Y Y Y\ Y N
QCKE[1:0] |

QAA[17:0], QABA[1:0], |
QABGI1:0], QBA12, ™|
QBA10,QBA[16:14] QBA[2:0]
QBA[9:3], QBA11, QBA13,
QBA17)]

QBBA[1:0], QBBG[1:0]
QODT[1:0]

QCS0_n

|
|
1
|
|
|
|
|
|
|
Qcsin:1]_n®@ I
I

| | I | | | |
| | I ] ] I |
| | [ | | | |
| | I | | | |
| I | | | | |
| | | I | | I
| I | | | | |
| | | | | | |
| | I | | | |
| i | | | i I
I I | I I I |

(1) CK_c and Yn_c left out for better visibility
(2) n=1 for QuadCS disabled, n=3 for QuadCS enabled

Figure 20 — Timing During Normal Operation

2.10 ZQ Calibration

ZQ Calibration command is used to calibrate DDR4RCDO02 Ron and IBT values. DDR4RCD02 needs longer time to
calibrate output driver and input bus termination values at initialization and relatively smaller time to perform
periodic calibration. In order to use ZQ calibration command, a 240 Q) +/- 1 % resistor must be connected between the
ZQCAL pin and Vss.

The DDR4RCDO02 snoops the CA bus for ZQCL and ZQCS commands to DRAMs and may use the tZQinit (for the
first ZQCL command after reset), tZQOper (for all subsequent ZQCL commands) and tZQCS times to perform its
own Ron and IBT calibration in parallel to the DRAM’s Ron and ODT calibration. If the LRDIMM disable bit in
FORCOD is reset, the RCD also forwards ZQCL or ZQCS commands to the data buffer via BCW Write commands to
BCO6 if it performs its own calibration. Note that the RCD may not assume that any particular rank gets regular
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ZQCal commands during normal operation since any given rank (or any arbitrary subset of ranks) may be in Self-
Refresh state and not require ZQCal commands.

For LRDIMM operations, the host is responsible for keeping the buffer control word F[7:0]BC7x in the DDR4DB02
cleared to ‘000’ before ZQCL or ZQCS commands are sent to the DDR4RCD02. Otherwise writes to the
DDR4DB02 Command Space control word (BC06) which is located in function space 0 (e.g. ZQCL or ZQCS
commands snooped and forwarded as BCOM write commands by the DDR4RCD02) will not find their intended
target.

No other activities are allowed on a DDR4 channel by the memory controller for the duration of tZQInit, tZQOper
and tZQCS. Once calibration is achieved the DDR4RCDO02 must disable the ZQ current path to reduce power
consumption.

2.11 Latency Equalization Support

3D Stacked SDRAMs have a higher CAS latency than monolithic devices. For greater platform flexibility it is highly
desirable to mix DIMMs with both 3DS and mono SDRAMSs on the same DDR4 channel. Since memory controllers
typically can only handle devices with equal CAS latencies in the same channel, it is required that the DDR4 register
has a mechanism to increase the CAS latency of mono SDRAM:s to match the CAS latency of 3DS SDRAMs.
However, this mechanism only equalizes the DRAM latencies, not the total DIMM latencies. Hence this DDR4
register mechanism does not by itself allow mixing DDR4 RDIMMs and DDR4 LRDIMMs in the same channel.

To equalize different SDRAM latencies, the DDR4 register supports a programmable latency adder of 0 nCK, 1nCK,
2nCK, 3nCK or 4nCK for all DRAM commands - see conceptual diagram in Figure 2.14. The power-up default is
InCK latency adder.

INPUT
-l> 0 tCK adder >
1tCK adder OUTPUT
-
2 tCK adder - §
3 tCK adder - e =

FLOP
FLOP
FLOP
FLOP

| 4 tCK adder
——-
=]

>
>

\
vy

Figure 21 — Latency Equalizer Delays

With a latency adder enabled, the DDR4 register will delay assertion of the QxCSn_n, QxCKEn, QxODTn, QxAn,
QxBAn, QxBGn, QxACT _n, QxC2 and QxPAR outputs by the corresponding number of clock cycles.

2.12 Output Delay Control

The DDR4RCDO02 supports output delay control for output signal groups QxCSn_n, QxCn, QxCKE, QxODT, QxCA,
Y1/Y3,Y0/Y2, BCOM[3:0]//BKCE/BODT, and BCK located in F1IRC1x through FIRC9x. The output delay setting
are incremental CK fractions of 1/64 tCK. Each signal group can be enabled or disable independently through RCW.
The Host must wait tgpy; after the RCW has been written to a signal group before the output becomes stable.
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2.13 Output Slew Rate Control

To optimize the eye aperture at the DRAM, the DDR4RCDO02 will support Slow, Moderate, and Fast output slew
rates on the DRAM interface for speeds of 2933 and 3200 MT/s. The output slew rates are selected by control word
writes to FIRC02, FIRC03, FIRC04 and FIRCO05. Control words FIRCO02 to FIRC05 must not be written for speeds
of 2666 MT/s or lower.

2.14 CA Bus Training Modes

The DDR4RCDO02 supports several training modes (selected in Table 44, “FORCOC: Training Control Word”) in
order to assist the memory controller in aligning the incoming command/address and control signals optimally to the
input clock signal CK_t/CK t. These training modes are only available if a non-zero latency adder has been selected.

In Clock-to-CA training mode the DDR4RCD02 ORs all enabled Dn inputs1 every other cycle together and loops
back the result to the ALERT n output pin. In this mode, the DPAR input is sampled at the same time as the other Dn
inputs. The ALERT n latency relative to the DQn inputs is the same 3 cycles as in the normal parity mode. During
any of the CA bus training modes, QCA/QxCKEn and QxODTn hold their previous values and parity checking is
disabled.

The memory controller can use the Clock-to-CA training mode and feedback from the DDR4RCDO?2 to adjust the
CK _t/CK _c to Dn relationship analogous to the write leveling sequence which adjusts the DQS_t/DQS _c to CK t/
CK _c relationship. The memory controller writes consecutive sequences of all ‘1’s and all ‘0’s on the CA bus and
pulls in the Dn timing until the DDR4RCDO02 samples all Dn inputs as 0, which is indicated with the LOW assertion
of ALERT _n. This position indicates the start position of a cumulative CA bus “eye opening”. The memory controller
advances the clock position or pulls in the Dn timing until the DDR4RCDO02 samples at least one input as ‘1’°, which
is indicated by ALERT n remaining high three cycles after the last command. This position indicates the end position
of a cumulative CA bus “eye opening”. The memory controller can now position either the clock phase or the Dn
input timing so that the clock edge is in the middle of this “eye opening” to achieve equal amounts of setup and hold
time relative to the clock edge.

Figure 22 shows three sampling phase positions where the loopback ALERT n pin transmits either a consistent 0
output, a randomly toggling 1/0 output or a consistent 1 output, indicating sampling positions at the LOW time, the
transition time or the HIGH time of the inputs, respectively.

1. Includes DA0..DA17, DBA0..DBA1, DBGO0..DBG1, DACT n, DC2, DPAR, DC[1:0]
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Figure 22 — Clock-to-CA Training Mode Examples

The memory controller can use the DCSO_n, DCS1 _n, DCKEO, DCKE1, DODTO0 and DODTO loop back modes in
similar fashion. In each of these modes a single input signal is looped back to the ALERT n output and the memory
controller can determine the optimal clock position for each of the control signals that are used for a particular
DIMM. Once the optimal clock position for all CMD/ADDR and control inputs has been established, the memory
controller can determine the best clock position for the whole set of input signals or potentially move the timing of
individual control signals around to increase either setup or hold margins relative to the clock edge.

The DRAM is protected by driving the RCD control outputs at inactive levels. The RCD may either force all outputs
than can be chip selects (including QxC0/CS2_n and QxC1/CS3 n) HIGH and all QxCKE and QxODT outputs LOW
OR hold the previous values on QxCA/QxCS/QxCKE/QxODT before entering any of the CA training modes. The
data buffer is protected by driving the buffer control interface signals at inactive levels. The RCD may either drive
BODT and BCKE outputs LOW and BCOM[3:0] to '1010' (NOP command) OR the RCD may hold the previous
values on BODT/BCKE/BCOM before entering any of the CA training modes.

The RCD does not decode commands while any FORCOC training mode is enabled. It is thus necessary for the
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register to correspondingly disable and ignore unused inputs in each training mode. The following two methods to
change or exit CA training modes are supported:

(a) Write access to FORCOC through I°C Bus and

(b) DRST n Reset event.

2.15 Transparent Mode

The DDR4RCDO2 supports a transparent mode feature of the data buffer that enables low-speed testing of
LRDIMMs.

To enter transparent mode, the host first sends a BCW write command to enable transparent mode in the DB. Then it
sends a RCW write command with FORC02, DA2 = 1 to enable transparent mode in the RCD.

While in transparent mode, the DB does not interpret BCOM commands and for BCOM]3:0] input values of ‘1010” it
directs the data flow from host interface to DRAM interface. For BCOM][3:0] input values other than ‘1010’ it directs
the data flow from DRAM interface to host interface.

While in transparent mode, the RCD drives BCOM[3:0] statically to ‘1010° (NOP) when the DPAR input is LOW
and to ‘0101° when the DPAR input is HIGH. All output signals in the RCD, other than BCOM[3:0], continue
working as they do in the normal mode of operation. In other words, all the RCD features and functions not directly
related to BCOM][3:0] remain operational in transparent mode. In addition, all the clock frequencies and PLL
operational modes available in normal mode will also be supported in transparent mode.

To exit transparent mode, the host sends a RCW write command with FORC02, DA2=0 to exit RCD transparent mode
followed by issuing a DB reset command via RC06 to exit the DDR4DBO02 transparent mode.

2.16 Control Gear-down Mode (CGM)

Control Gear-down Mode provides the ability to slow down (gear down) the control signals (CS_n, CKE, ODT) to
operate in a 2N mode vs IN. At some higher frequencies of DDR4, IN control timings on the pre- and post-register
bus may not be feasible depending on system configuration.

The DDR4RCDO2 defaults to 1/2 rate (IN) clock mode at power up/reset. General sequence for initiating Control
Gear-down (2N) Mode during initialization:

. DDR4RCDO02 (and DRAM) defaults to 1/2 rate (1N) mode at power up/reset.
2. Deassertion of DRST n with DCKE[1:0] inputs LOW.

3. Disable RCD CKE Power Down mode in FORC09-DA3 (disabled by default) and apply other basic
RCDO02 configuration settings such as FORCOA (DIMM Operating Speed), FORCOD (DIMM Configu-
ration), FORCOF (Command Latency Adder), and FORC3x (Fine Granularity RDIMM Operating
Speed).

4.  While DRAMs of all ranks are in power down state, send ‘Gear-down Mode Delay CS’ command
FORCO06 CMD 7 to register. This command will configure the register to delay the chip select for any
command it receives by 1 nCK relative to the baseline command delay in FORCOF. This ensures that the
pair of MRS commands and NOP command that put the DRAMs into Gear-down Mode are received by
the DRAM with the required setup time. This behavior remains in effect until the Register receives the
‘Gear-down Mode Entry’ command FORC06 CMD 8 or Gear-down Mode exit CMD 10.
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5. Assertion of CKE to enable the Rank, starting with Rank 0.

6. Memory controller sends low frequency (tGeaR setup + tGE ARihold)l MRS command to A-side of Rank
0 MR3 with A3=1, which will configure Gear-down Mode for the A-side DRAMs. This ensures that the
RCD drives the A-side MRS command for a minimum total time of (tGEAR setup ™ IGE ARihold)1 cycles.

Memory controller sends low frequency (tGeaR setup + tGE ARﬁhold)1 MRS command to B-side of Rank 0

MR3 with A3=1, which will configure Gear-down Mode for the B-side DRAMSs. The register must
drive the B-side MRS command for a minimum total time of (tGgAR setup T tGEAR hold)’ CYCles.

7. Memory controller sends 1N sync pulse with a low frequency (tGaR setup ™ tGE ARihold)1 NOP com-
mand tgyne Gear clocks (even number) after the MRS command to Rank 0. This pulse is intended for
the DRAMs and it will have no effect in the RCD. This ensures that the RCD drives the NOP command
for a minimum total time of (tGEAR setup TIGE ARﬁhold)1 cycles.

8. The host repeats steps 5 to 7 for all other Ranks on the DIMM and subsequent Gear-down entries must
be on the same even clock boundary as Rank 0.

9. The host drives CKE LOW 4 clock cycles prior to ‘Gear-down Mode Entry” CMD. This puts the
DRAMSs in power down state to prevent the DRAMs from getting invalid high-speed (one cycle) MRS
command to MR7.

10. The memory controller sends a low frequency (tGear setup + tGE ARﬁhold)1 ‘Gear-down Mode Entry’
command FORC06 CMD 8 with CKE LOW and the RCD enters Gear-down Mode.
11. The host can now drive CKE HIGH and Normal operation in 2N mode starts tcpp rep Gear clocks

later. At this point the DRAMSs and RCD are in Gear-down Mode. In Gear-down Mode, the register
asserts the CA and CTRL outputs with the rising edge of the Yt clock outputs (rather than with the fall-
ing edge). This guarantees that the DRAM sees an additional half tCK of setup time. The RCD will use
the Gear-down Mode Entry command as the sync signal that will select the alignment of the internal
divided clock that will be used to receive the CMD/ADD/CTRL signals at the input receivers. The RCD
will forward a command to the QxCA outputs for every cycle a DCS n input is registered LOW.

12. RCD CKE Power Down mode can now be enabled in FORC09-DA3.

Figure 23 shows a simplified diagram for the expected input and output signals of DDR4RCDO02 during the Control
Gear-down Mode entry sequence.

After exit from a clock stop power down mode the RCD will exit CGM. This means Step 3 and Steps 5 to 12 need to
be executed to put the DRAM and DDR4RCDO02 back into 2N mode. The Data Buffer interface always runs at full
speed. However, Control Gear-down Mode does affect the timing of BCOM[3:0], BODT and BCKE. The Data
Buffer interface timing should align with the memory interface. Since the propagation delay from CK t/CK c to QC/
A is increased by (1/2) tCK, and the DRAMs will sample the QCA signals (1/2) tCK later than the normal mode, the
effective propagation delay from the input sampling phase of RCD to the input sampling phase of DRAMs is
increased by a total of 1tCK. Accordingly, the DB interface signals BCOM[3:0], BODT and BCKE should be
delayed by 1 tCK, so that the propagation delay from the input sampling phase of RCD to the input sampling phase of
DB aligns with the propagation delay from RCD to DRAMs. This way, the training range (write leveling or read
leveling) of DB is unchanged.

1. tGEAR setup @14 tGEAR hold ar¢ DDR4 SDRAM parameters defined in JESD79-4.
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2.16.1 CKE Power Down Mode in Control Gear-down Mode

When Control Gear-down Mode is enabled, the tInDIS, tCKoff, tQDIS and tFixedoutput timing parameters must be
adjusted to make them consistent with the fact that CA and CTRL signals are captured with a divided clock at the
inputs of the RCD and the DRAMs. The Gear-down Mode specific values for these parameters are defined in

Table 143, “Control Gear-down Mode Timing Parameters”.

2.16.2 Handling of parity errors in Control Gear-down Mode

Excepting for one difference in timing of the ALERT n signal assertion, parity error handling is similar when Control
Gear-down Mode is enabled or disabled. When CGM is enabled and a parity error is detected, ALERT n is asserted
four or six input clocks after the erroneous command is registered, depending on revision implementation. When
CGM is disabled, this latency is only three clock cycles.

2.16.3 Output Delay Control Restrictions in Control Gear-down Mode

The fractional output delay features controlled by RCWs FIRCI1x through FIRC9x are not supported when Control
Gear-down Mode is enabled.

2.16.4 Weak Drive Feature in Control Gear-down Mode

Weak drive must be disabled during the Gear-down initialization sequence. The DDR4RCDO02 device will
automatically disable weak drive mode after it receives the FORC06 CMD7 Gear-down CS Delay command,
regardless of the setting in FORCO00 Bit DA1. After the FORC06 CMD 8§, Gear-down Entry command, weak drive
mode will be enabled if FORCO00 Bit DA1 =1 and QC/A outputs will go to weak drive whenever QxCS_n outputs are
all HIGH.

2.17 Command to Address Latency (CAL) Mode

he DDR4RCDO02 supports Command Address Latency (CAL) function as a power savings feature. tCAL is the delay

in clock cycles between DCS[n':0]_n assertion and DCA as defined in DRAM MR4 A8:A6 - see Table 15, “DRAM
MRS Settings for tCAL”. CAL Mode gives the DDR4RCDO2 time to enable the CMD/ADDR receivers before a
command is issued. Once the command and the address are latched, the receivers can be disabled again (see

Figure 24). If weak drive is enabled, the RCD will drive the QxCA bus weak during tCAL.

As in regular mode, the DDR4RCDO02 expects the DPAR input in the cycle after the other CMD/ADDR inputs (if
parity checking is enabled) and the Command Latency Adder control word functionality is still available, with the
delay adder counted from the sampling of the CMD/ADDR signals. In CAL Mode, the RCD always forwards
DCS[x:0]_n inputs immediately to the QxCS[y:0]_n outputs (by using DCO to decode the outputs when in encoded
QuadCS mode) without adding the command latency adder. As a corollary, if a non-zero command latency adder is
programmed in FORCOF, the host delays the CMD/ADDR outputs relative to the assertion of DCS[y:0] n by tCAL -
command latency adder. This ensure that the DRAM sees the expected CAL latency adder without adding any
unnecessary delay.

In CAL Mode, the RCD always forwards DCS[y:0]_n inputs to both QACS[y:0]_n and QBCS[y:0] n outputs. When
the RCD decodes a MRS command to the DRAM in CAL Mode, it uses DBGA1 or DBGAO (used for mirrored
ranks) to determine if the MRS command is to the A-side or the B-side and forwards the MRS command to the
selected side and outputs a NOP command to the other side with the QCMD/QADD/QPAR outputs set to a condition
which provides correct parity.

1. n=1 for direct DualCS and encoded QuadCS modes; n=3 for direct QuadCS mode
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In Encoded QuadCS mode, the DDR4RCDO02 captures DCO with the DCSx_n LOW pulse since the host needs to
send DCO at the same time as the chip select so that the RCD can decode the chip select outputs. The host does not
send DCO again with the other CMD/ADDR signals.

The DCS[n*:0]_n and DCO inputs remain always enabled in CAL Mode (unless they are statically disabled in
disabled in FORCOS).

Tk

¥ \/ \_/
QVDATIR )

tCAL

Figure 24 — Definition of CAL

Table 15 — DRAM MRS Settings for tCAL

MR4 A[8:6] tCAL [nCK]

000 Disabled (default)
001 3

010 4

011 5

100 6

101 8

110 Reserved

111 Reserved

Table 16 shows the DRAM timing requirements for tCAL at different data rates.

Table 16 — tCAL Timing for Different Data Rates

tCAL [nCK]
Data rate tCAL [nCK] in Gear-down Mode
1600 3 4
1866 4 4
2133 4 4
2400 5 6
2667 5 6
2933 6 6
3200 6 6

Upon entry into CAL Mode (tCAL after a MRS command to MR4 A8:A6 that has any non-zero bits), all register
input buffers are disabled except for CK_t/CK c, DCS[n! :0]_n, DCKEn, DODTn and DRST n.

For consecutive commands, the DDR4RCDO02 will keep the DCA receivers enabled for the duration of tCAL,
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measured from the previous command.
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Figure 25 — CAL Timing for Consecutive Commands

If CAL Mode snooping is enabled in FIRCO1, the DDR4RCD02 will snoop the CA bus for MRS commands to Rank
0, A-side, to determine when the DIMM is put into CAL Mode and the tCAL latency value. Only during CAL Mode
entry and exit when MR4[A8:A6] is a non-zero value, the host must first program MR4[A8:A6] (CS to CMD/ADDR
Latency) in all DRAMs and sides other than Rank 0, A side. By programming Rank 0, A side last, the host will
ensure DDR4 spec-compliant timing for all DRAMs during the CAL Mode entry sequence. The host must not mix
any commands other than MRS to MR4 when programming DRAMs into CAL Mode. PDA access programming of
MRA4[A8:A6] to non-zero value on a subset of DRAMs is not supported.

In CAL Mode the RCD only checks parity in cycles following CMD/ADDR assertions, not in cycles when only
DCS[x:0]_n is asserted. Following the detection of a CA parity error, the RCD outputs a NOP command on the
QxCA outputs, while passing or blocking the remaining DCA and DPAR to QxCA and QxPAR, and then disables the
QxCS[y:0] outputs OR continues driving a NOP command while passing through the remaining DCA and DPAR to
QxCA and QxPAR until the end of the ALERT n pulse or until a ‘Clear CA parity error’ command is received,
depending on the setting in FORCOE.

2.17.1 Handling of Parity Errors in CAL Mode

DDR4RCDO02 needs to handle parity errors when CAL Mode is enabled. If a parity error occurs and parity checking
is enabled in FORCOE, the DDR4 register sets the ‘CA Parity Error Status’ bit in FORCFx to ‘1’ and disables parity
checking. ALERT n is asserted three input clocks after the erroneous command is registered. If the ‘CA Parity Error
Status’ bit is ‘0°, the DDR4 register logs the error by storing the erroneous command and address bits in the Error Log
Register. ALERT n stays asserted LOW until a ‘Clear CA Parity Error Status’ command is sent if the ‘ALERT n
Assertion’ bit in the Parity Control Word (FORCOE) is ‘0’. In this case the erroneous command and all subsequent
commands are forwarded as NOPs or DES to the DRAM until the memory controller issues ‘Clear CA Parity Error’
command, which will also clear the ‘CA Parity Error Status’ bit in the Error Log Register. If the ‘ALERT n
Assertion’ bit is ‘1°, the ALERT n pulse width is as defined in Table 39 with start of the ALERT n pulse width
counted from the third input clock edge after the 1st parity error. If the ‘ALERT n Re-enable’ bit is ‘0, the erroneous
command and all subsequent commands are forwarded as NOPs or DES to the DRAM until the end of the ALERT n
pulse width and parity checking remains disabled until a ‘Clear CA Parity Error’ command is sent, which will also
clear the ‘CA Parity Error Status’ bit in the Error Log Register. If the ‘ALERT n Re-enable’ bit is ‘1°, the device will
re-enable parity after the ALERT n pulse and the device will forward commands to the DRAM. The ‘CA Parity Error
Status’ bit will remain set. If a subsequent parity error is detected, the device will re-enter the parity error state and set
the > 1 Error’ bit. The other bits in the Error Log Register are not updated on this subsequent error. Both the ‘CA
Parity Error Status’ bit as well as the “> 1 Error’ bit will be cleared by sending a ‘Clear CA Parity Error’ command.
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2.18 Simultaneous CAL Mode and Control Gear-down Mode

CAL or CA parity mode must be disabled prior to a Gear-down command. They can be enabled again after
tSYNC_RCD GEAR and tCMD RCD_GEAR periods are satisfied. Figure depicts a simple timing diagram
example of the expected input and output signals when CAL node and Gear-down Mode are both enabled at the same
time.

2.18.1 Clock-stopped Power Down Events when CAL+CGM are Enabled

CAL Mode must be disabled before CKOFF (clock-stop power down) event if CGM (Control Gear-down Mode) is
enabled.

NOTE: This is necessary in order to support the sequence to enter Gear-down Mode after clock stopped power
down exit.
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Figure 26 — Timing Diagram Example for a Case with Control Gear-down Mode and CAL Mode Enabled at the Same Time
(Latency Adder Setting [nLadd] = 2 tCK, tCAL = 6 tCK).
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2.19 Optional NVDIMM Support Feature
2.19.1 NVDIMM Initialization Sequence

The recommended sequence for initializing an NVDIMM using the NV mode features of the DDR4 RCDO02 and
DBO02 devices is shown below.

1. Power up.

a. NV local controller starts with LCOM][2:0] and LCK t/LCK c pins disabled and LCKE pin driven LOW.
Check SPD.

Configure RCD02 and DB02 basic settings.

Execute DRAM initialization sequence.

Perform Host to RCD02/DB02/DRAM training sequences as needed.

6. Enable NVDIMM mode (Write F4ARC00 — DAQO = 1).1
a. LCOM]1:0] start driving static LOW (F4RCO1 — DA[1:0]).

7. Host can lock NVDIMM mode enable by setting FORCOE — DA1 = 1 before the lockout time is started in the
NVDIMM (i.e., within tyirp 12 = 32 tck from the RCW Write command that sets Bit DAO in FARCO00 to 1).

8. The Host controller writes register MODULE OPS CONFIG-Offset 0xAA bit3 in the NV local controller
(through 1C) to enable monitoring of LCOM[1:0] asynchronous interrupt signal.
9. Wait lockout time (1 sec) for NVDIMM internal initialization.
a. The lockout time window starts tyjrp 12 = 32 tck after the RCW Write command that sets Bit DAO in
FARCO0 to 1. )
b. NV local controller allowed to drive LCOM[2:0] and LCK t/LCK c.
c. No activity allowed on DRAM channel during the lockout window.

oA W

d. No activity is allowed on the I°C bus during the lockout window excepting for the command in Step 8 above.

10. Initiate normal operation. The Host can arm the NVC at this point.

2.19.2 Save Mode Entry Sequence

The recommended sequence to enter Save Mode in an NVDIMM using the NV mode features of the DDR4 RCD02
and DB02 devices is shown below. According to the Byte Addressable Energy Backed Interface specification, Save

operations can be initiated through the SAVE n pin or through certain control register bits in the NV local controller.
The sequence shown below applies to all Save operations regardless of the method used to initiate them.

1. Host puts DRAMs in Self Refresh.

2. RCD tracks DRAM Self Refresh state associated with DCKEO and DCKE1 in F4ARC6x.
a. NV controller puts active DRAM ranks in Self Refresh.

3. NV local controller enables local clock LCK, masks platform clock and C/A signals (F4RCO00 — DA[2:1] = 11b).
a. NVDIMM settings configured previously (during Initialization).

4. NV local controller waits for RCD/DB clocks to stabilize (tgtap * tpLLK)-

5. NV controller adjusts RCD02/DB02 (and DRAM) settings if needed.
6. NV local controller saves DRAM data in Non-Volatile Memory (only for ranks that were found in Self Refresh).

1. This step is performed by the combination of FORC4x, FORC5x and FORC6x writes to execute CMD 5 CW
Write Operation since the FORC07 command features only apply to the LCOM[2:0] interface.
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2.19.3 Save Mode Exit Sequence

The recommended sequence to exit Save Mode in an NVDIMM using the NV mode features of the DDR4 RCD02
and DBO02 devices is shown below.

1. NV controller finishes saving DRAM data in Non-Volatile Memory.

2. NV controller restores RCD02/DB02 (and DRAM) settings it has modified (as needed).
3. NV controller puts active DRAMs in Self Refresh state.

4. NV controller gives RCD control back to the Host (F4ARC00 — DA[2:1] = 00b).

5. NV controller drives LCKE Low and disables LCK_t/LCK _c and LCOM][2:0] drivers.

2.19.4 Restore Mode Entry Sequence

The recommended sequence to enter Restore Mode in an NVDIMM using the NV mode features of the DDR4
RCDO02 and DB02 devices is shown below.

1. Host controller and NV local controller complete Steps 1 through 8 of Initialization Sequence.

a. Optional period of normal operation (i.e., Restore operation can be requested by Host controller at any time
and not always immediately after Initialization).

2. Host controller checks for presence of valid image.
3. If valid image is present Host controller requests Restore operation.
a. NV controller assumes there is no valid data in DRAMs needing to be preserved.
b. The Host shall not toggle DCKEn signal logic levels during the following three steps of this sequence.
¢. NV controller enables local clock LCK, masks platform clock and C/A signals (F4RCO00 — DA[2:1] = 11b).
1. NVDIMM settings configured previously (during Initialization).
d. NV local controller waits for RCD/DB clocks to stabilize (tgtap + tpLLk)-

e. NV controller adjusts RCD02/DB02 (and DRAM) settings if needed.
f. NV local controller restores data from non-volatile memory to DRAMs.

2.19.5 Restore Mode Exit Sequence

The recommended sequence to exit Restore Mode in an NVDIMM using the NV mode features of the DDR4 RCD02
and DBO02 devices is shown below.

1. NV controller finishes restoring data from non-volatile memory to DRAMs.
NV controller restores RCD02/DB02 (and DRAM) settings it has modified (as needed).
NV controller puts active DRAMs in Self Refresh state.

NV controller disables local clock LCK, enables platform clock and C/A signals in RCD02 (F4RC00 — DA[2:1] =
00b).

a. Host controller required to drive DCKEn signals Low at this time.
5. NV controller drives LCKE Low and disables LCK_t/LCK _c and LCOM][2:0] drivers.

6. Host controller initiates Erase procedure.

 »»

7. The Host controller is allowed to start normal operation.

a. The Host can arm the NVC after meeting the maximum erase time specified in NVC registers.
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2.19.6 LCOM]2:0] Command Frames

If the optional NVDIMM mode feature is supported, the LCOM[2:0] interface is available in the RCDO02 and it can be
used to receive command frames. Each command frame is driven from the NVDIMM local controller (NVC) to the
RCDO02 on the LCOM]2:0] interface and it contains all the CTRL/CMD/ADD signals of the Host interface with the
exception of DPAR. Command frames are transferred sequentially using 16 LCK clock cycles as a packet. Table 17

below depicts the 16-cycle command frame in the LCOM][2:0] interface.

Table 17 — LCOM]|2:0] Command Frame Definition

Time (clock cycle) LCKE rcom2 | pLcomt [ LCOMO
0 1 Previous Command
1 1 1 CKEO CKE1
2 1 0 CSO n CSI n
3 1 0 C0/CS2 n C1/CS3 n
4 1 0 ODTO0 ODT1
5 1 0 C2 ACT
6 1 0 A16/RAS n A15/CAS n
7 1 0 Al14/WE n BAO
8 1 0 BA1 BGO
9 1 0 BGl1 Al7
10 1 0 Al3 Al2
11 1 0 All A10
12 1 0 A9 A8
13 1 0 A7 A6
14 1 0 AS A4
15 1 0 A3 A2
16 1 0 Al A0

The purpose of the LCOM]2:0] interface is to allow the NVC to take over control of the RCDO02 from the system
Host controller. Therefore, the signals sent over this serialized interface are intended to update the corresponding
CTRL/CMD/ADD outputs of the RCDO02. When this feature is enabled, the RCDO02 is required to execute all the
commands it would execute if the same signals were coming from the conventional Host interface CTRL/CMD/ADD
inputs. That includes, for example, RCW Writes and Data Buffer/DRAM Read and Write commands. One difference,
however, is that the LCOM][2:0] interface can only provide one new command, or CTRL/CMD/ADD output signal
state update, every 16 cycles of the LCK _t/LCK c clock. The RCD02 will handle this by assuming that the input
signals will be held constant during the 16 clock cycles until the next complete command frame has been received at
the LCOM[2:0] interface. One notable exception to this are the chip select signals. Any chip select signals asserted
LOW in a given command frame, will be treated as driven LOW for one clock cycle only. The RCD02 will use
standard (JEDEC-defined) control words to determine if the CO/CS2_n and the C1/CS3_n LCOM][2:0] command bits
need to be treated as Chip ID bits or as Chip Select signals.

2.19.7 LCOM]1:0] Read Data Frames

If the optional NVDIMM mode feature is supported, the LCOM[2:0] interface is available in the RCDO02 and it can be
used to send read data. Each read data frame is driven from the RCDO02 to the NVC on the LCOM]2:0] interface
contains 32 bits of internal RCD02 control word (RCW) data. If Bits DA1 or DA2 in F4ARCOO are set to 1, RCW data
selected in FORC2x - DAS, FORC4x, and FORC6x - DA[7:4] are transferred sequentially using 32 LCK t/LCK ¢
clock cycles as a packet. If F4ARCO00 - DA[2:1] = ‘00, designated control word bytes FARC1x .. F4RC4x are
transferred sequentially using 32 LCK _t/LCK c clock cycles as a packet. Table 18 below depicts the 32-cycle read
data frame in the LCOM][2:0] interface. There is a latency of 4 tLCK cycles from the LCOM2 pulse to the start of the
read data frame. Read data transfer occurs at a rate of 1, 2, or 4 tLCK per data bit (programmable in F4RCO02 -
DA[1:0]) to simplify NVDIMM local controller operation.
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Table 18 — LCOM|2:0] Read Data Frame Definition
(Gear Ratio = 2 Selected in F4RC02 - DA[1:0])

Time (clock cycle) LCKE LCOM2 LCOM1 LCOMO

0 1 Previous Transfer or Idle

1 1 1

2 1 0 FORCO07 CMD 4

Command Frame
16 1 0
i; i g Idle Cycles
NVC Allowed to Drive LCOM[1:0]
7 "'l ) RCDO02 NOT allowed to drive LCOM[1:0]
25 1 0 Idle Cycles
26 1 0 RCDO02 Allowed to Drive LCOM[1:0] with
data from F4RCO1 - DA[1:0]
32 1 0 NVC NOT allowed to drive LCOM[1:0]
33 1 1
34 ! 0 F4RCO1 - DA1 F4RCO1 - DAO
35 1 0
36 1 0
37 1 0 . o . o
33 T 0 Bit 1, 1> CW Byte | Bit0, 1> CW Byte
39 1 0 . st : st
70 T 0 Bit 3, 1> CW Byte | Bit2, 1> CW Byte
65 1 0 . th . th
I3 1 Bit 5, 4™ CW Byte | Bit4, 4™ CW Byte
67 1 0 . th . th
58 T Bit 7, 4™ CW Byte | Bit6,4™ CW Byte
;)?) i g Idle Cycles
RCDO02 Allowed to Drive LCOM[1:0] with
= '"1 0 data from FARCO1 - DA[1:0]
77 1 0
78 1 0 Idle Cycles
NVC Allowed to Drive LCOM[1:0]
84 1 0
35 1 NVC Allowed to Start New Command Frame (from NVC to
RCD02)

To initiate a read data transfer, the NVC must first send an RCW Read command (FORC07 CMD 4) to the RCD02
through the LCOM[2:0] interface. After receiving FORC07 CMD 4, the RCDO02 will wait for at least tMRD (8 LCK
clock cycles) before starting to drive the LCOM[1:0] lines as outputs. The NVC is required to stop driving the
LCOM][1:0] lines by the time tMRD time expires. After sending FORC07 CMD 4, the NVC is required to wait for at
least tMRC (16 LCK clock cycles) before requesting start of the data frame transfer by pulsing LCOM2 HIGH for
one LCK clock cycle. Note that in this case tMRD and tMRC are measured from the end of the command frame con-
taining FORC07 CMD 4. After completing the data frame transfer, the RCDO02 is required to stop driving the
LCOM([1:0] lines within tMRD time (8 LCK clock cycles). The NVC is required to wait for at least tMRC (16 LCK
clock cycles) time before it starts driving the LCOM[1:0] signals and sending the first LCOM2 pulse corresponding
to a new command frame. Summarizing, a single read data transfer takes a minimum of 84 LCK clock cycles (16 +
tMRC + 36 + tMRC = 16 + 36 + 32) when Gear Ratio = 2 is selected in FARC02 - DA[1:0]. Table 19 defines the
addressing scheme for control word read access in LCOM[2:0] read data frames initiated through FORC07 CMD 4
when the Host command interface is disabled (i.e., when F4RCO00 - DA[2:1] are not set to ‘00°).
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Table 19 — Read Data Frame Target RCW Selection
Target RCW Byte
FORC4x - FORC6x - g Y
DA[3:0] DA[7:4] 1%t Byte 2"d Byte 37 Byte 4 Byte
0Jo]Jo]Jo]o]|x|x|x]| {FnRCOI, FnRCOO}' | {FnRCO3, FaRC02}! {FnRC05, FnRC04}! | {FnRC07, FaRCO6}!
0foJo]o]1]|x|x]|x]| {FnRC09, FnRCO8}' | {FnRCOB, FARCOA}! | {FnRCOD, FARCOC}' | {FnRCOF, FaRCOE}!
ojJojJo]1]x]x]x]x
ojJo]1 Ol x| x| x]x | : | :
FnRCl1x FnRC2x FnRC3x FnRC4x
ojJo]1 1 x| x| x]x
0]1 OjJolx]x]x]|x
0]1 Ol 1 ]x|x]x]|x
0]1 1 Ol x| x| x]x | : | :
FnRC5x FnRC6x FnRC7x FnRC8x
0 1 1 1 x| x| x| x
1 oljojJo]lx]x]x]|x
1 ool 1 ]x]x]x]|x
1 0 1 Ol x| x| x]x | | | 1
FnRC9x FnRCAx FnRCBx FnRCCx
1 0 1 1 x| x| x| x
1 1 OojJolx]x]|x]|x
1 1 0 1 x| x| x| x
Tl fo]x|x]x[x FnRCDx! FnRCEx! FnRCFx! 0000_0000
1 1 1 1 x| x| x| x

1. Function space ‘Fn’ is selected by Bits DA[7:5] in FORC4x and Bit DAS in FORC2x.

2.19.8 LCOM]1:0] Asynchronous Interrupt Feature

If the optional NVDIMM mode feature is supported, the LCOM[2:0] interface is available in the RCDO02 and it can be
used to send asynchronous interrupt signals. If input LCKE is driven LOW by the NVDIMM local controller, the
LCOM[1:0] signals are driven statically by the RCD02 with logic levels corresponding to the settings stored in
F4RCO1 - DAJ1:0]. These control word bits can be used to signal asynchronous interrupt events to the NVC. These
interrupt events can be controlled directly by the Host controller or by internal RCDO02 hardware by updating the
settings contained in FARCO1 - DA[1:0]. Similarly, the NVDIMM local controller can update the values of these
control word bits to clear the interrupt event signal if needed.

NOTE: It is not necessary for the LCK t/LCK c clock signal to be running when LCKE is driven LOW.

2.19.9 Control Word Access Protection

When FARCO00 - DA[2:0] = ‘001", the LCOM][2:0] interface is allowed to issue Control Word Write commands. At
this time the Host interface inputs are also enabled and they can be used to issue RCW Read and Write commands. To
avoid conflicts in this case (i.e., FARC00 - DA[2:0] = ‘001") the RCDO02 hardware will allow RCW Write access
through the LCOM]2:0] interface to Control Word locations FORC07, F4RCO00, and F4ARC02, exclusively. The
RCDO02 will only allow RCW Read access through the LCOM[2:0] interface to Control Words FARC1x .. F4ARC4x in
this case. At the same time, Control Words FORC07, F4RC00, and F4RCO02 will not be accessible for Writes or Reads
through the Host CTRL/CMD/ADD or 12C interfaces (i.e., they will be treated as reserved locations).Finally, Read
access will not be allowed for Control Words FARC1x .. F4ARC4x through the Host CTRL/CMD/ADD or 12C
interfaces in this case. If NVDIMM mode is enabled, the LCOM][2:0] interface will have unrestricted access to all
control words in the RCD02 only when the LCK_t/LCK _c Input Clock Selection control bit (FARC00 - DA1) is set to
1 or when the Host CTRL/CMD/ADD Interface Selection control bit (F4RCO00 - DA2) is set to 1.
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2.20 Mechanical Outline

Package options include a 253-ball Flip-Chip Fine-Pitch BGA (FCBGA) with 0.5 mm/0.65 mm ball pitch, 15 x 20
grid with 47 balls depopulated, 8.0 mm x 13.5 mm as defined in MO-307A. The device pinout supports outputs on
the outer left and right columns to support easy DIMM signal routing. Corresponding inputs are placed in a way to
match the corresponding pin location on the connector. Each input and output is located close to an associated no ball
position or on the outer two rows to allow low cost via technology combined with the small 0.5 mm/0.65 mm ball
pitch.
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Figure 27 — Ball Configuration
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2.21 Pinout

Table 20 specifies the pinout for the DDR4RCDO02 including optional pin functions to support NVDIMM'. The
device has (mostly) symmetric pinout with inputs at the south side and outputs to east and west sides.

Table 20 — Ball Assignment - 253-ball FCBGA, 15 x 20 Grid, TOP VIEW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A | Nu | AP [Qaa17 [Qaais| Qaall | Qaas | rruo | ZQCA [ Rrul | QBas | QBAll | @BAI3 [QBAI7| BFPA | NU
B | QaA9 | QaA2 Vss Vss | QAA7 Vbp Vbp Vbp QBA7 Vss Vss | QBA2 | QBA9
C | QaAo | Vpp Vpp | QAAS Vss Vss Vbp Vss Vss QBA5 | Vpp Vbp | QBAO
D | oaal | Qaas | Vs Vss | QAA3 Voo | Voo | Vob QBA3 | Vss Vss | oBA6 | QBA1
E |Qaai0]| Vpp | Vpp | 4B QABA Vbb QBBALI QBBGO | Voo | Voo |oBAIO
F | Qaas QAOBA Vss Vss | QABGI Vss Vss | Vss oBBGI| vss | Vss |oBBAO| QBA4
G |QAAI2| Vpp Vbp 825 ?1/ Vbp Vbp Vss Vbp Vbp g]ssz(ﬂ/ Vbp Vbp | QBAI2
T ) T T 77 Ry T I T 753 R VR [ P
J Q?;C Vbp Vbp gg\SCJ n/ Vbp Vbp Vss Vbp Vbp 823%] 1: Vbp Vbp Q]%ﬁ? )
K %}éii QAjSO Vss Vss QAﬁSl Vss Vss Vss QBL(I:ISI Vss Vss QBESO /%]i/%lj
L Q%E:K Vbp Vbp Q??D Vbp Vbp Vss Vbp Vbp QB?DT Vbp Vbp Q%?K
M | QAC2 Q/?E))D Vss Vss ALERT Vss Vss Vss QRI? T Vs Vss Q}%E))D QBC2
N [ FEE | sa2 | vop [ BM BCKE BCOM Byt Voosep | Voo | scL | spa
P PR RG] Voo BCK t BCOMO SAO BCOM Voo | &5 | &2n
R |DCKE! | DCKEO| Vg BCK ¢ Qéllrff PVgs ViefCA | AVpp | AVpp | Ves | DAI3 | DA17
T |PA°T[ bBGo | Vss s, BODT | PVss | SAl AVss | AVss | Vss [P @
U | pant | paiz | vpp Y1t LYC3K3 PVoo || eani; Y0t Vpp | PCSI- 3;;‘:{
Vo oo | v | e | | e (]
W | DA7 DAS Vss Vss Vbp Vpp | BFUNC | Vss Vss Vbp Vbp Vss Vss llz)ﬁslfé DCnS 0
Y | ~NU | pDA5 | pAa6 | pa4 | pas | pal | pa2 | ¢kt | ck.c | DPAR | DAo | DBA1 | DBAO | DAIO | NU

1. NVDIMM features are not mandatory in DDR4RCD02
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2.21.1 Terminal Functions Function Tables

Table 21 — Terminal Functions

Signal Group Signal Name Type Description
Input DCKEO0/1 CMOS! VREF DRAM corresponding register function pins not associated with Chip
Control bus DODTO0/1 based Select.
DCS0_n..DCS1 n CcMOS! VREF DRAM corresponding register Chip Select signals.
based
DCS2 n..DCS3 n CcMOS! VREF DRAM corresponding register Chip Select signals. These pins
based initiate DRAM address/command decodes,.
or
DCO0..DC1 Some of these have alternative functions:
« DCS2_n<=>DCO
* DCS3 n<=>DCIl
DC2|cmos! VREF DRAM corresponding register Chip ID 2 signal.
based

Input DAO..DA13, DA17 CMOS! Vi [PRAM corresponding register inputs.

Address and DBAO..DBAI, based

Command bus DBGO0..DBG1

DA14..DA16 CMOS! Vgpr  [PRAM corresponding register inputs.
based
In case of an ACT command some of these terminals have an
or alternative function:
DWE n, DCAS n, DRAM corresponding register command signals.
DRAS n * DA14 <=>DWE n
* DA15 <=>DCAS_n
+ DA16 <=>DRAS n
DACT n CcMOS! VREF DRAM corresponding register DACT n signal.
based

Clock inputs CK _t/CK ¢ CMOS Differential main clock input pair to the PLL with a 10 KQ ~ 100 KQ
differential pull-down resistor.

Reset input DRST _n CMOS input Active LOW asynchronous reset input. When LOW, it causes a reset
of the internal latches and disables the outputs, thereby forcing the
outputs to float.

Parity input DPAR CMOS! VREF Input parity is received on pin DPAR and should maintain even parity

based across the address and command inputs (see above), at the rising edge
of the input clock.

Error input ERROR_IN n Low voltage DRAM address parity and CRC ALERT n output is connected to this
swing CMOS  |input pin, which in turn is buffered and redriven to the ALERT n
input output of the register. Requires external pull up resistor.

In LRDIMM applications, the DB ALERT n outputs are also
connected to this input.

Data buffer control [BODT CMOS?2 Data buffer on-die termination signal

|and communication [BCKE CMOS?2 Data buffer clock enable signal for PLL power management

outputs BCOM[3:0] CMOS? Register communication bus for data buffer programming and control
access

BCK_t/BCK ¢ CMOS?2 Differential clock output pair to the data buffer.
differential
BVrefCA Vpp/2 Output reference voltage for data buffer control bus receivers
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Table 21 — Terminal Functions
Signal Group Signal Name Type Description
Output QACKE0/1, QAODTO0/1, [cMOS? Register output CKE and ODT signals.
Control bus QBCKEO(/1, QBODTO0/1
QACS0_n..QACS1_n, |cMOS? Register output Chip Select signals.
QBCSO n..QBCS1 n
QACS2 n..QACS3_n, |cMOS? Register output Chip Select signals. These pins initiate DRAM
QBCS2_n..QBCS3_n address/command decodes.
or
QACO0..QACI1, Some of these have alternative functions:
QBC0..QBClI * QxCS2_n <=>QxCO0
* QxCS3 n<=>QxCl
QAC2, QBC2 CMOS?2 Register output Chip ID2 signals.
Output QAAO0..QAA13, QAAL7, [cMOS? Outputs of the register, valid after the specified clock count and
Address and QBAO0..QBA13, QBA17, immediately following a rising edge of the clock.
Command bus QABAO0..QABAI,
QBBAO0..QBBAI,
QAGO..QAGI,
QBG0..QBG1
QAAI14..QAA1l6, CMOS?2 Outputs of the register, valid after the specified clock count and
QBA14..QBA16 immediately following a rising edge of the clock.
or In case of an ACT command some of these terminals have an
alternative function:
QAWE n, QACAS n, Register output command signals.
QARAS n, - QxAl4<=>QxWE n
QBWE n, QBCAS n, * QxAl5<=>QxCAS n
QBRAS n| * QxAl6 <=>QxRAS n
QAACT n, CMOS?2 Outputs of the register, valid after the specified clock count and
QBACT n immediately following a rising edge of the clock.
Vref output QVrefCA Vpp/2 Output reference voltage for DRAM receivers
Clock outputs YO t.Y3 t, CMOS?2 Redriven clock for RDIMM and LRDIMM
Y0_c..Y3 ¢ differential
or These pins have alternative functions for optional NVDIMM support.
* Y2 t <=>LCOMI (bidirectional pin)
Y0 t, Y1 t, LCOMI, * Y2 ¢ <=>LCOMO (bidirectional pin)
LCK _t * Y3 t <=>LCK_t (input pin)
YO0 ¢, Y1 ¢, LCOMO, * Y3 ¢ <=>LCK_c (input pin)
LCK ¢
RFU2 RFU2 CMOS?2 Reserved for RDIMM and LRDIMM
or This pins has an alternative fuction for optional NVDIMM support.
* RFU2 <=> LCKE (input pin)
LCKE
RFU3 RFU3 CMOS? Reserved for RDIMM and LRDIMM
or This pins has an alternative function for optional NVDIMM support.
* RFU3 <=>LCOM2 (input pin)
LCOM?2
Reset output QRST n CMOS?2 Redriven reset. This is an asynchronous output. It is the responsibility
of the DDR4RCDO02 QRST n to reset the DDR4 SDRAM on all
DIMM topologies.
Parity outputs QAPAR CMOS?2 Redriven parity3
QBPAR
Error out ALERT n Open drain ‘When LOW, this output indicates that a parity error was identified

associated with the address and/or command inputs when parity
checking is enabled or that the ERROR_IN_n input was asserted,
regardless of whether parity checking is enabled or not.
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Table 21 — Terminal Functions

Signal Group Signal Name Type Description
I°C Bus pins SDA Open drain /O [2C Bus Data
SCL CMOS input* |2 Bus Clock
SA[2:0] CMOS input* I°C Bus Address signals
BFUNC CMOS input’ Function pin. BFEUNC=Vg for primary register, BFEUNC=V, for
. secondary register
VbpsD Power input I>C Bus power input
Miscellaneous pins [VrefCA Vpp/2 Input reference voltage for the CMOS inputs.
Vb Power Input Power supply voltage
Vss Ground Input  [Ground
AVpp Analog Power |Analog supply voltage
AVgg Analog Ground [Analog ground
PVbp Clock Driver Clock logic and clock output driver power supply
Output Power
PVgg Clock Driver  [Clock logic and clock output driver ground
Output Ground
ZQCAL Reference Reference pin for driver calibration
NU Mechanical ball |Do not connect on PCB
RFU[3:0] 1/0 Reserved for future use pins, must be left floating on DIMM and in

DDR4RCDO02

1. These receivers use internal or external VrefCA as the switching point reference.

2. These outputs with rail to rail signal swing and programmable impedance are optimized for memory applications to drive
DRAM inputs over a terminated transmission line.
3. QBPAR will be inverted relative to DPAR if the device is configured with a parity calculation field = 00 in the Parity Control

Word.

4. These inputs are 2.5 V inputs
5. This input is a 1.2 V input

Table 22 — Direct DualCS mode Function Table (CS Mode Setting 00°)

Inputs Outputs

DRST_n| DCS[1:0]_n' [ CK_¢* [ CK_ ¢! [ CA® Qn* QxC[2:0] | QxCS[1:0]_n [ QxODTn" | QxCKEn
H XX LorH HorL X No change No change No change No change | No change
H LH T ¥ Dn Dn DC[2:0 LH DODTn DCKEn
H HL T v Dn Dn DC[2:0 HL DODTn DCKEn
H LL T ¥ Dn Dn DC[2:0 LL DODTn DCKEn
H XX L L X float float float float L

No change or| No change or
H HH ) \ X p p HH DODTn DCKEn
float float

L X or float X or float | X or float | X or float float float float float L

1. Only one DCSx_n input can the asserted for DRAM MRS and read commands.
2. Itis illegal to hold both the CK tand CK c inputs at static logic HIGH levels or static complementary logic levels (LOW and HIGH)
when DRST _n is driven HIGH.
3. CA=DA0..DA17, DBA0..DBA1, DBG0..DBG1, DACT n, DODT0..DODT1, DCKE0..DCKEI, DC[2:0]
4. Qn = QxA0..QxA17, QxBA0..QxBA1, QxBG0..QxBG1, QxACT n, QxC2
5. This column only applies when RC8x, DA7 = 0, otherwise the QxODTn outputs are not directly controlled by the DODTn inputs.
6. Depending on the power down modes activated.
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Table 23 — Direct QuadCS Mode Function Table (CS Mode Setting ‘01°)
Inputs Outputs
DRST_n | pCS[3:0] n' | CK t* | CK_ ¢ CA3 Qn* QxCS[3:0]_n | QxODTn® | QxCKEn
H XXXX LorH HorL X No change No change No change No change
H HHHL T ¥ Dn Dn HHHL DODTn DCKEn
H HHLH T v Dn Dn HHLH DODTn DCKEn
H HHLL T ¥ Dn Dn HHLL DODTn DCKEn
H HLHH T v Dn Dn HLHH DODTn DCKEn
H HLHL T v Dn Dn HLHL DODTn DCKEn
H HLLH T v Dn Dn HLLH DODTn DCKEn
H HLLL T ¥ Dn Dn HLLL DODTn DCKEn
H LHHH T v Dn Dn LHHH DODTn DCKEn
H LHHL T v Dn Dn LHHL DODTn DCKEn
H LHLH T v Dn Dn LHLH DODTn DCKEn
H LHLL T v Dn Dn LHLL DODTn DCKEn
H LLHH T ¥ Dn Dn LLHH DODTn DCKEn
H LLHL T v Dn Dn LLHL DODTn DCKEn
H LLLH T ¥ Dn Dn LLLH DODTn DCKEn
H LLLL T v Dn Dn LLLL DODTn DCKEn
H XXXX L L float float float L
No change or

H HHHH T { X foa® HHHH DODTn DCKEn
L X or float X or float | X or float | X or float float float float L

1. Only one DCSx_n input can the asserted for DRAM MRS and read commands.

2. It is illegal to hold both the CK t and CK c inputs at static logic HIGH levels or static complementary logic levels (LOW and
HIGH) when DRST n is driven HIGH.

3. CA=DA0..DA17, DBA0..DBA1, DBG0..DBGI1, DACT_n, DODT0..DODT1, DCKEO0..DCKE1, DC2

4. Qn = QxA0..QxA17, QxBA0..QxBA1, QxBGO0..QxBG1, QxACT _n, QxC2

5. This column only applies when RC8x, DA7 = 0, otherwise the QxODTn outputs are not directly controlled by the DODTn inputs.
6. Depending on the power down modes activated.

Table 24 — Encoded QuadCS Mode Function Table (CS Mode Setting ‘11°)

Inputs Outputs
DRST_ 1 2 1 3 4 . 5
N DCS[1:0]_n DCO0 | CK * | CK ¢ CA Qn QxCS[3:0]_n | QxODT%n | QxCKEn
H XX X LorH HorL X No change No change No change | No change
H HL L T J Dn Dn HHHL DODTn DCKEn
H H T J Dn Dn HHLH DODTn DCKEn
H - L T J Dn Dn HLHH DODTn DCKEn
H H T J Dn Dn LHHH DODTn DCKEn
H - L T J Dn Dn HLHL DODTn DCKEn
H H T J Dn Dn LHLH DODTn DCKEn
H XX X L L X float float float L
No change or
H HH X T \ X p HHHH DODTn DCKEn
float
L X or float X or float | X or float | X or float | X or float float float float L

1. Only one DCSx_n input can the asserted for DRAM MRS and read commands.

2. It is illegal to hold both the CK t and CK_c inputs at static logic HIGH levels or static complementary logic levels (LOW and
HIGH) when DRST n is driven HIGH.

3. CA=DA0..DA17, DBA0..DBA1, DBG0..DBGI1, DACT n, DODT0..DODT1, DCKE0..DCKEI, ,DC2

4. Qn = QxA0..QxA17, QxBA0..QxBA1, QxBG0..QxBG1, QxACT n, QxC2

5. This column only applies when FORC8x, DA7 = 0, otherwise the QxODTn outputs are not directly controlled by the DODTn inputs.
6. Depending on the power down modes activated.



Table 25 — PLL Function Table

JEDEC Standard No. 82-31A.01

Inputs Outputs

DRST_n AVpp OEn' | CK ¢ | CK ¢ Yn_t Yn_c PLL
L X X X X Float Float Off
H Vpp nominal L L H L H On
H Vpp nominal L H L H L On
H Vpp nominal H L H Float Float On
H Vpp nominal H H L Float Float On
H Vpp nominal X L L Float Float Off
H Vgs® L L H L H Bypass/Off
H Vgs® L H L H L Bypass/Off
H Vss H L H Float Float Bypass/Off
H Vss H H L Float Float Bypass/Off
H Vss X L L Float Float Bypass/Off
H X X H H Reserved

1. The Output Enable (OEn) to disable the output buffer is not an input signal to the DDR4RCD02, but
an internal signal from the PLL powerdown control and test logic. It is controlled by setting or clearing

the corresponding bit in the Clock Driver Enable control word.

2. It is illegal to hold both the CK_t and CK_c inputs at static logic HIGH levels or static complemen-

tary logic levels (LOW and HIGH) when DRST n is driven HIGH.

3. This is a device test mode and all register timing parameter are not guaranteed.

Page 65
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2.22 Logic Diagram
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Figure 28 — Logic Diagram (Positive Logic)
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2.23 Control Words

The device features a set of control words, which allow the optimization of the device properties for different raw
card designs. DDR4RCDO02 control word (RCW) writes appear like DRAM MRS commands to MR7 which are
ignored by the DDR4 DRAM. Each RCW write generates an MRS command to the rank 0 DRAMs behind the
register, unless there is a parity error when parity checking is enabled, in which case both the RCW write as well as
the MRS command to the DRAM are blocked. The different control words and settings are described below. Any
change to these control words require some time for the device to settle. For changes to the control word setting,
except for FORCO02 (DA3) and FORCOA/FORC3x, the controller needs to wait ty;pp after the last control word access,

before further access to the DRAM can take place. For any changes to the clock timing (FORCO02: bit DA3, and
FORCOA/FORC3x) this settling may take up to tSTAB time. All chip select inputs, DCS[n:0] n, must be kept HIGH
during that time.

The DDR4RCDO02 contains 16 function spaces 0-15. Function spaces 0-7 are JEDEC defined or reserved for future
use and Function spaces 8-15 are vendor specific. Function space 0 and 1 allocates decoding for up to 16 4-bit words
of control bits (F[1:0]RC00 through F[1:0]RCOF) and up to 15 8-bit words of control bits. Only Function 0 can be
accessed directly on the memory channel, reads or writes to Function spaces [15:1] can only be accessed through
Function 0, by the combination of FORC4x, FORC5x and FORC6x writes. Selection of each 4-bit control word is
presented on inputs DA4 through DA12. Data to be written into the 4-bit configuration registers need to be presented
on DAO .. DA3. Selection of each 8-bit control word is presented on inputs DAS through DA12. Data to be written
into the 8-bit configuration registers need to be presented on DAO .. DA7. Bits DA[16:14] must be LOW and at least
one DCKEn input must be HIGH for a valid access. If register CKE power down feature is disabled, DCKEn inputs
are don’t care (either HIGH or LOW) during control word write operations, and are forwarded to the QxCKEn
outputs. The DODTJ[1:0] inputs are also don’t care (can be either HIGH or LOW), and are forwarded to the
QxODTT(1:0] outputs. Address and command parity is checked during control word write operations unless parity is
disabled in the Parity Control Word. ALERT n is asserted and the command is ignored if a parity error is detected.

Control word access must be possible in any valid frequency range in either of the two possible frequency bands.
2.23.1 Address Mirroring

Address mirroring allows for easier raw card routing by allowing specific pairs of address bits to be flipped on the
back side of the board. The DDR4RCDO02 allows address mirroring to be enabled on odd numbered ranks.

It is the host controller’s responsibility to switch the address bits in an MRS command to accommodate address
mirroring. This functionality is identical as to what is required for UDIMMs utilizing address mirroring.

The following is the address map for address mirroring.



JEDEC Standard No. 82-31A.01

Page 68
Table 26 — Address Mirroring
Odd rank Odd Rank
DRAM DRAM
Even rank connection, | connection,
Host bit Register DRAM Mirroring Mirroring
(MB input) output connection off. on
DAO QxA0 A0 A0 A0 A0 not swapped as it affects the burst start
DAl QxAl Al Al Al Al not swapped as it affects the burst start
DA2 QxA2 A2 A2 A2 A2 not swapped as it affects the burst start
DA3 QxA3 A3 A3 A4 A3 and A4 swapped
DA4 QxA4 A4 A4 A3
DAS QxAS A5 AS A6 A5 and A6 swapped
DA6 QxA6 A6 A6 AS
DA7 QxA7 A7 A7 A8 A7 and A8 swapped
DA8 QxAS8 A8 A8 A7
DA9 QxA9 A9 A9 A9
DA10 QxA1l0 Al0 Al0 Al0 A10 cannot be swapped as it is Auto Precharge
DAl1 QxAll All All Al3 All and A13 swapped
DA12 QxAI12 Al2 Al2 Al2 A12 cannot be swapped as it is Burst Length
DA13 QxA13 Al3 Al3 All A1l and A13 swapped
DA14 QxAl4 Al4 Al4 Al4 A14 cannot be swapped as it is WE n
DAIS QxA15 AlS AlS AlS A1S5 cannot be swapped as it is CAS n
DA1l6 QxAl6 Al6 Al6 Al6 A16 cannot be swapped as it is RAS n
DA17 QxAl17 Al7 Al7 Al17
DBAO QxBAO BAO BAO BA1 BAO and BA1 swapped
DBAL1 QxBAl BAl BA1 BAO
DBGO QxBGO BGO BGO BG1 BGO and BG1 swapped
DBG1 QxBGl1 BGl BG1 BGO

Address signals can only be swapped if they perform no other special function. AQ-2 set the burst start location for
reads and writes, and cannot be swapped. A10 is the auto precharge bit for reads and writes. A12 is the burst length
when burst on the fly is used for reads and writes. Address signals can only be swapped in pairs as shown in the above
table.

During MRS cycles, the address bits contain register information, so all address bits must be in their proper location.
This is done by having the host controller flip the bits when sending an MRS command to the DRAMSs. Since MRS
cycles are not a critical path, it does not affect performance by requiring the controller (or the BIOS) to do this
muxing.

The DDR4RCDO2 will always pass the address straight through during MRS commands. The DDR4RCDO02 must
know when mirroring is being used, however, as it snoops some specific address bits in order to use this information
as part of its configuration, e.g. for sending A-side/B-side MRS commands to the DRAMs (see Chapter 2.9, “Output
Inversion Enabling/Disabling,”).



JEDEC Standard No. 82-31A.01
Page 69

2.23.2 Control Word Decoding

The control words are programmed by the host controller using the Rank 0 DRAM MRS function with DBGI,
DBGO, DBA1, DBA0=0111. The DDR4RCDO02 forwards the MRS command to the DRAM. The DRAM is required
to ignore the content of this word.

The control word is clocked in when DCSO_n is LOW, DACT n is HIGH and DA16/RAS n, DA15/CAS n, DA14/
WE n are LOW. In Encoded QuadCS mode, DCO also has to be LOW for a valid control word access. Both the
address of the control word and the settings are transmitted over DA[12:0].

The reset default state of all control words (except vendor specific ones) is ‘0’. Every time the device is reset, its
default state is restored. Stopping the clocks (CK_t=CK ¢=LOW) to put the device in low-power mode will not alter
the control word settings.

Table 27 — Function Space 0 Control Word Decoding

Address Bit
Control word Meaning
Ry f0]9 876|543 ]2]1]0

FORCO00 0 0 0 0 0 0 0 0 0 setting[3:0 Global Features Control Word
FORCO1 0 0 0 0 0 0 0 0 1 setting[3:0 Clock Driver Enable Control Word
FORCO02 0 0 0 0 0 0 0 1 0 setting[3:0 Timing and IBT Control Word
FORCO3 0 0 0 0 0 0 0 1 1 setting[3:0] CA and CS Signals Driver Characteristics

Control Word
FORCO4 0 0 0 0 0 0 | 0 0 setting[3:0] ODT and CKE Signals Driver Characteristics

Control Word
FORCO5 0 0 0 0 0 0 0 1 setting[3:0] Clock Driver Characteristics Control Word
FORCO06 0 0 0 0 0 0 1 1 0 command3:0] Command Space Control Word

. . LCOM][2:0] Interface Command Space
FORCO07 01]o0f]o 0 010 1 1 1 setting[3:0] Control Word
FORCO08 0 0 0 0 0 1 0 0 0 setting[3:0 Input/Output Configuration Control Word
FORC09 0 0 0 0 0 1 0 0 1 setting[3:0 Power Saving Settings Control Word
FORCOA 0 0 0 0 0 1 0 1 0 setting[3:0 RDIMM Operating Speed
. Operating Voltage Vpp and VREF Source

FORCOB 010 0 010 1 0 1 1 setting[3:0]

Control Word
FORCOC 0 0 0 0 0 1 1 0 0 setting[3:0 Training Control Word
FORCOD 0 0 0 0 0 1 1 0 1 setting[3:0 DIMM Configuration Control Word
FORCOE 0 0 0 0 0 1 1 1 0 setting[3:0 Parity Control Word
FORCOF 0 0 0 0 0 1 1 1 1 setting[3:0 Command Latency Adder Control Word
FORC1x 0 0 0 0 1 setting[7:0] Internal Vref Control Word
FORC2x 0 0 0 1 0 setting[7:0] IZC Bus Control Word
FORC3x 0 0 0 1 1 setting[7:0 Fine Granularity RDIMM Operating Speed
FORC4x 0 0 1 0 0 setting[7:0 CW Source Selection Control Word
FORC5x 0 0 1 0 1 setting[7:0 CW Destination Selection Control Word
FORC6x 0 0 1 1 0 setting[7:0 (CW Data Control Word
FORC7x 0 0 1 1 1 setting[7:0 IBT Control Word
FORC8x 0 1 0 0 0 setting[7:0 ODT Control Word
FORC9x 0 1 0 0 1 setting[7:0 QxODT([1:0] Write Pattern Control Word
FORCAx 0 1 0 1 0 setting[7:0 QxODT([1:0] Read Pattern Control Word
FORCBx 0 1 0 1 1 setting[7:0 IBT and MRS Snoop Control Word

F g(l){lggsx 0 1 1 X N setting[7:0] Error Log Register

1. Address bit 12 must be 0 for RCW accesses. Must be 1 for accesses to Data Buffer (DB) Control Words. If A12 = 1 for a CW write
and the LRDIMM disable bit in FORCOD is ‘0’ (LRDIMM enabled), the RCD will generate a BCW Write command on the buffer
control bus with the function space bits set to ‘000’. If a ‘CW Write’ command is executed via FORC06 write and if A12 =1 in the
CW Source Selection control word, the RCD02 will generate a BCW Write command on the buffer control bus with the function
space bits from the CW Source Selection control word.
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Table 28 — Function Space 1 Control Word Decoding1

Address Bit
Control word Meaning
1|09 |8|7]6|5|4]|3]2]1
FIRC00 0 0 0 0 0 0 0 0 0 setting[3:0] Data Buffer Interface Driver Characteristics
Control Word
FIRCO1 0 0 0 0 0 0 0 0 1 setting[3:0 CAL Mode Snoop enable
FIRC02 0 0 0 0 0 0 0 1 0 setting[3:0 CA and CS Output Slew Rate Control
FIRCO03 0 0 0 0 0 0 0 1 1 setting[3:0 ODT and CKEn Output Slew Rate Control
FIRC04 0 0 0 0 0 0 1 0 0 setting[3:0 Clock Driver Output Slew Rate Control
FIRCO5 0 0 0 0 0 0 ) 0 1 setting[3:0] Data Buffer Interface Output Slew Rate
Control
FIRC06 0 0 0 0 0 0 1 1 0 setting[3:0 Reserved for future use
FIRCO7 0 0 0 0 0 0 1 1 1 setting[3:0 Reserved for future use
FIRCO8 0 0 0 0 0 1 0 0 0 setting[3:0 Reserved for future use
FI1RC09 0 0 0 0 0 1 0 0 1 setting[3:0 Reserved for future use
FIRCOA 0 0 0 0 0 1 0 1 0 setting[3:0 Reserved for future use
FIRCOB 0 0 0 0 0 1 0 1 1 setting[3:0 Reserved for future use
FIRCOC 0 0 0 0 0 1 1 0 0 setting[3:0 Reserved for future use
FIRCOD 0 0 0 0 0 1 1 0 1 setting[3:0 Reserved for future use
FIRCOE 0 0 0 0 0 1 1 1 0 setting[3:0 [Reserved for future use
FIRCOF 0 0 0 0 0 1 1 1 1 setting[3:0 [Reserved for future use
FIRCl1x 0 0 0 0 1 setting[7:0 QxCSn_n Output Delay Control
FIRC2x 0 0 0 1 0 setting[7:0 QxCn Output Delay Control
FIRC3x 0 0 0 1 1 setting[7:0 QxCKEn Output Delay Control
FIRC4x 0 0 1 0 0 setting[7:0 (QxODTn Output Delay Control
FIRC5x 0 0 1 0 1 setting[7:0 (QxCA Output Delay Control
FIRCo6x 0 0 1 1 0 setting[7:0 Y 1/Y3 Output Delay Control
F1RC7x 0 0 1 1 1 setting[7:0 Y0/Y2 Output Delay Control
F1RC8x 0 1 0 0 0 setting[7:0 [BCOM/BCKE/BODT Output Delay Control
FIRC9x 0 1 0 0 1 setting[7:0 BCK Output Delay Control
FIRCAx 0 1 0 1 0 setting[7:0 Reserved for future use
FIRCBx 0 1 0 1 1 setting[7:0 Reserved for future use
FIRCCx 0 1 1 0 0 setting[7:0 Reserved for future use
FIRCDx 0 1 1 0 1 setting[7:0 Reserved for future use
FIRCEx 0 1 1 1 0 setting[7:0 Reserved for future use
FIRCFx 0 1 1 1 1 setting[ 7:0 [Reserved for future use

1. Address bit 12 must be 0 for RCW accesses. Must be 1 for accesses to Data Buffer (DB) Control Words. If A12 =1 for a CW write
and the LRDIMM disable bit in FORCOD is ‘0’ (LRDIMM enabled), the RCD will generate a BCW Write command on the buffer
control bus with the function space bits set to ‘000’. If a ‘CW Write’ command is executed via FORC06 write and if A12 =1 in the
CW Source Selection control word, the RCD02 will generate a BCW Write command on the buffer control bus with the function

space bits from the CW Source Selection control word.

1. Function spaces [15:1] can only be accessed through Function 0 by the combinations of FORC4x, FORC5x
and FORC6x writes, however if the RCD supports the optional NVDIMM mode then Function space 4 can
be accessed through FORCO7 but only on the LCOM]2:0] interface.
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Function Space 4 contains Optional NVDIMM support feature Control Words. .

Table 29 — Function Space 4 Control Word Decoding1

Address Bit
Control word Meaning
1|10 9 |87 (|6]S5 31211
F4RCO00 0 0 0 0 0 0 0 0 0 setting[3:0 NVDIMM Mode Enable Control Word
F4RCO1 0 0 0 0 0 0 0 0 1 setting[3:0 INVDIMM Asynchronous Interrupt Control Word
. . Read Frame Gear Ratio and Yn/BCK Frequency
F4RCO02 ojlofojojofjojo 1 0 setting[3:0] Ratio Control Word
F4RCO03 0 0 0 0 0 0 0 1 1 setting[3:0 LCOM Receiver Termination Control Word
F4RC04 0 0 0 0 0 0 1 0 0 setting[3:0 LCOM Receiver Vref Control Word
F4RCO05 0 0 0 0 0 0 1 0 1 setting[3:0 Reserved for future use
F4RC06 0 0 0 0 0 0 1 1 0 setting[3:0 Reserved for future use
FARCO7 0 0 0 0 0 0 1 1 1 setting[3:0 Reserved for future use
F4RCO08 0 0 0 0 0 1 0 0 0 setting[3:0 Reserved for future use
F4RCO09 0 0 0 0 0 1 0 0 1 setting[3:0 Reserved for future use
F4ARCOA 0 0 0 0 0 1 0 1 0 setting[3:0 Reserved for future use
FARCOB 0 0 0 0 0 1 0 1 1 setting[3:0 Reserved for future use
F4RCOC 0 0 0 0 0 1 1 0 0 setting[3:0 Reserved for future use
FARCOD 0 0 0 0 0 1 1 0 1 setting[3:0 [Reserved for future use
F4RCOE 0 0 0 0 0 1 1 1 0 setting[3:0 Reserved for future use
F4RCOF 0 0 0 0 0 1 1 1 1 setting[3:0 Reserved for future use
F4RC1x 0 0 0 0 1 setting[7:0 Multi Purpose Register
F4RC2x 0 0 0 1 0 setting[7:0 Multi Purpose Register
F4RC3x 0 0 0 1 1 setting[7:0 Multi Purpose Register
FARC4x 0 0 1 0 0 setting[7:0 Multi Purpose Register
F4RC5x 0 0 1 0 1 setting[7:0 Data Transfer (Copy and Restore) Control Word
F4RC6x 0 0 1 1 0 setting[7:0 Self-refresh Status Word
F4RC7x 0 0 1 1 1 setting[7:0 Reserved for future use
F4RC8x 0 1 0 0 0 setting[7:0 Reserved for future use
F4RC9x 0 1 0 0 1 setting[7:0 Reserved for future use
FARCAx 0 1 0 1 0 setting[7:0 Reserved for future use
F4RCBx 0 1 0 1 1 setting[7:0 Reserved for future use
FARCCx 0 1 1 0 0 setting[7:0 [Reserved for future use
F4RCDx 0 1 1 0 1 setting[7:0 Reserved for future use
FARCEx 0 1 1 1 0 setting[7:0 [Reserved for future use
F4RCFx 0 1 1 1 1 setting[7:0 Reserved for future use

1. Address bit 12 must be 0 for RCW accesses. Must be 1 for accesses to Data Buffer (DB) Control Words. If A12 = 1 for a CW write and
the LRDIMM disable bit in FORCOD is ‘0’ (LRDIMM enabled), the RCD will generate a BCW Write command on the buffer control bus
with the function space bits set to ‘000’. If a ‘CW Write’ command is executed via FORC06 write and if A12 =1 in the CW Source Selec-
tion control word, the RCD02 will generate a BCW Write command on the buffer control bus with the function space bits from the CW

Source Selection control word.

1. Function spaces [15-1] can only be accessed through Function 0 by the combination of FORC4x, FORC5x and
FORC6x writes, however if the RCD supports the optional NVDIMM mode then Function space 4 can be ac-
cessed through FORCO7 but only on the LCOM][2:0] interface.-




JEDEC Standard No. 82-31A.01
Page 72

Function Space 7 contains detailed RCD manufacturing information provided by RCD vendor. This information is
programmed in OTP. The purpose is for improved manufacturing logistics management and not meant to be used by
host platform to control normal operation. These registers must be accessible during run time.

Table 30 — Function Space 7 Control Word Decoding1

Address Bit
Control word Meaning
1|10 9|8|7|6|5|43]2]1]0
F7RC00 0 0 0 0 0 0 0 0 0 setting[3:0 Reserved for future use
F7RCO01 0 0 0 0 0 0 0 0 1 setting[3:0 Reserved for future use
F7RC02 0 0 0 0 0 0 0 1 0 setting[3:0 Reserved for future use
F7RCO03 0 0 0 0 0 0 0 1 1 setting[3:0 Reserved for future use
F7RC04 0 0 0 0 0 0 1 0 0 setting[3:0 Reserved for future use
F7RCO05 0 0 0 0 0 0 1 0 1 setting[3:0 Reserved for future use
F7RC06 0 0 0 0 0 0 1 1 0 setting[3:0 Reserved for future use
F7RCO07 0 0 0 0 0 0 1 1 1 setting[3:0 Reserved for future use
F7RCO08 0 0 0 0 0 1 0 0 0 setting[3:0 Reserved for future use
F7RC09 0 0 0 0 0 1 0 0 1 setting[3:0 Reserved for future use
F7RCOA 0 0 0 0 0 1 0 1 0 setting[3:0 Reserved for future use
F7RCOB 0 0 0 0 0 1 0 1 1 setting[3:0 Reserved for future use
F7RCOC 0 0 0 0 0 1 1 0 0 setting[3:0 [Reserved for future use
F7RCOD 0 0 0 0 0 1 1 0 1 setting[3:0 [Reserved for future use
F7RCOE 0 0 0 0 0 1 1 1 0 setting[3:0 [Reserved for future use
F7RCOF 0 0 0 0 0 1 1 1 1 setting[3:0 Reserved for future use
F7RCl1x (V2 IV IO U setting[7:0] Date code Byte 02 Year Information
F7RC2x OjojJoj]1]o0 setting[7:0] Date code Byte 12 Work Week Information
F7RC3x oOjofoqjirg1 setting[7:0] Date code Byte 2° Reserved
F7RC4x ojof1rjo]o setting[7:0] Vendor specific unique unit code Byte 0
F7RC5x 0]o0 L]0 1 setting[7:0] Vendor specific unique unit code Byte 12
F7RCé6x 0 0 1 1 0 setting[7:0] Vendor specific unique unit code Byte 22
F7RC7x 0]o0 1 1 1 setting[7:0] Vendor specific unique unit code Byte 3
F7RC8x 0 1 0 0 0 setting[7:0] Vendor specific unique unit code Byte 42
F7RC9x 0 1 0]o |1 setting[7:0] Vendor specific unique unit code Byte 52
F7RCAx 0 1 0 1 0 setting[7:0] 'Vendor specific unique unit code Byte 62
F7RCBx of1]lo]1]1 setting[7:0] Vendor ID [7:0]°
F7RCCx olt1]1]of]o setting[7:0] Vendor ID [15:8]°
F7RCDx ol 1 [1r]o]1 setting[7:0] Device ID [7:0]°
F7RCEx olt1]1]1]o setting[7:0] Device ID [15:8]°
F7RCFx o111 ] setting[7:0] Revision ID [7:0]°

—_

. Address bit 12 must be 0 for RCW accesses. Must be 1 for accesses to Data Buffer (DB) Control Words. If A12 = 1 for a CW write
and the LRDIMM disable bit in FORCOD is ‘0’ (LRDIMM enabled), the RCD will generate a BCW Write command on the buffer
control bus with the function space bits set to “000’. If a ‘CW Write’ command is executed via FORC06 write and if A12 =1 in the
CW Source Selection control word, the RCD02 will generate a BCW Write command on the buffer control bus with the function
space bits from the CW Source Selection control word.

2. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.

1. Function spaces [15-1] can only be accessed through Function 0 by the combination of FORC4x, FORC5x and
FORC6x writes, however if the RCD supports the optional NVDIMM mode then Function space 4 can be ac-
cessed through FORCO7 but only on the LCOM]2:0] interface.
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2.23.3 FORCO00 - Global Features Control Word

Table 31 — FORCO00: Global Features Control Word

Setting (DA[3:0])

Definition

Encoding

X X X 0

Output Inversion Disable’

Inversion Enabled

Inversion Disabled

Weak Drive?

‘Weak drive disabled

Weak drive enabled® *

A outputs disabled®

A outputs enabled

A outputs disabled

B outputs disabled®

[l =1 Kol Kol Kol Rl K
tol ol B K=l o K B
il Kol Kol Kol el =
Il Kol ol Kol Kol kel e

B outputs enabled

B outputs disabled
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. For normal operation, output inversion is always enabled. For DIMM vendor test purpose, output inversion can
be disabled. When disabled, register tPDM is not guaranteed to be met.

2. QxC[1:0] cannot have weak drive since the RCD could be on a DIMM that uses these outputs as chip selects.

2.23.4 FORCO1 - Clock Driver Enable Control Word

BA0..QxBAI, QxBG0..QxBGI1, QxACT n, QxC2, QxPAR

. See Table 126 for Weak Drive Impedance
. For applications with reduced DRAM count, like Mini-RDIMM, the unused output side can be disabled to save

power. All outputs are in Hi-Z in this case.

. When not actively driven the following drive strength of the following outputs is reduced: QxA0..QxA17, Qx-

Table 32 — FORCO01: Clock Driver Enable Control Word

Setting (DA[3:0])

Definition

Encoding

X X X 0

Disable YO /YO _c clock’

YO t/YO c clock enabled

YO t/YO c clock disabled

Disable Y1_t/Y1 ¢ clock!

Y1 t/Y1 cclock enabled

Y1 t/Y1 cclock disabled

Disable Y2 t/Y2 ¢ clock!

Y2 t/Y2 cclock enabled

Y2 t/Y2 c clock disabled

Disable Y3_t/Y3_c clock!

ol B= K K K K R
bl Kol B =t K Ko Kl
i Bl il e e =
ol Kol Kol Ko Kol Kl

Y3 t/Y3 cclock enabled

Y3 t/Y3 cclock disabled

1. Output clocks may be individually turned on or off to conserve power. The system must read the module SPD
to determine which clock outputs are used by the module. The PLL remains locked on CK_t/CK_c unless the

system stops the clock inputs to the DDR4RCDO?2 to enter the lowest power mode.

2.23.5 FORCO02 - Timing and IBT Control Word

Table 33 — FORCO02: Timing and IBT Control Word

Frequency Band Select

Operation (Frequency Band 1)

Setting (DA[3:0]) Definition Encoding

x | x | x | 0 |[DA17 Input Bus Termination Enabled
X x | x 1 |Disable! Disabled
x | x | 0 | x |DPAR Input Bus Termination Enabled
X X 1 X Disablel Disabled
X 0 x | x [Transparent Mode Disabled
X 1 X | x Enabled
0 X X X

1 X X X

Test Mode (Frequency Band 2)

1. FORCO02, DA[1:0] = 11 has priority over any value specified in RC7x for DA17 and DPAR.
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2.23.6 FORCO03 - CA and CS Signals Driver Characteristics Control Word

Table 34 — FORCO03: CA and CS Signals Driver Characteristics Control Word

Setting (DA[3:0])

Definition

Encoding

X X 0 0

(Address/Command - QxA0..QxA17,

QxBA0..QxBA1, QxBGO..QxBG1,

QxACT _n, QxC2, QxPAR, QxC0'

—_ |-
—_ o —

QxC1!

Light Drive (4 or 5 DRAM Loads)

Moderate Drive (8 or 10 DRAM Loads)

Strong Drive (16 or 20 DRAM Loads)

Very Strong Drive (32 or 40 Loads)

QxCS0 _n ,QxCS1 n,

QxCS2_n'QxCS3_n 'Outputs

I B =1 =1 B R
o £=] B K=1 B o Ko

toll Kol Kol Ko
IsB Kol Kall Ko

Light Drive (4 or 5 DRAM Loads)

Moderate Drive (8 or 10 DRAM Loads)

Strong Drive (16 or 20 DRAM Loads)

Very Strong Drive (32 or 40 Loads)

1. If QxC0/QxCS2_n and QxC1/QxCS3 are configured as QxCO0 and QxC1 then drive strengths are defined by
FORCO03 DAJ[1:0]. If QxC0/QxCS2_n and QxC1/QxCS3 n are configured as QxC2S n and QxCS3 n then
drive strengths are defined by FORC03 DA[3:2]

2.23.7 FORCO04 - ODT and CKE Signals Driver Characteristics Control Word
Table 35 — FORCO04: ODT and CKE Signals Driver Characteristics Control Word

Setting (DA[3:0])

Definition

Encoding

X X 0 0

QxODTO .. QxODT1 Outputs

Light Drive (4 or 5 DRAM Loads)

Moderate Drive (8 or 10 DRAM Loads)

Strong Drive (16 or 20 DRAM Loads)

Very Strong Drive (32 or 40 Loads)

QxCKEO .. QxCKE1 Outputs

ol el = K= el Ko K
o £= Bl K= Ko Ko R
Il Kol Kol Kol Bl Bl =)
Il Kol Kl Kol o K=l

Light Drive (4 or 5 DRAM Loads)

Moderate Drive (8 or 10 DRAM Loads)

Strong Drive (16 or 20 DRAM Loads)

Very Strong Drive (32 or 40 Loads)

2.23.8 FORCOS - Clock Driver Characteristics Control Word

Table 36 — FORCO05: Clock Driver Characteristics Control Word

Setting (DA[3:0])

Definition

Encoding

X X 0 0

Clock Y1 t, Y1 ¢, Y3 t,andY3 ¢
Output Drivers (A side)

Light Drive (4 or 5 DRAM Loads)

Moderate Drive (8 or 10 DRAM Loads)

Strong Drive (16 or 20 DRAM Loads)

Very Strong Drive (32 or 40 Loads)

ol e K= K= Kl R
el = el =t Kl Kl Kl
el kol Kal Ko e Bl =)
ol kol kel Ko i K=

Clock YO t,Y0 ¢, Y2 t,and Y2 ¢
Output Drivers (B side)

Light Drive (4 or S DRAM Loads)

Moderate Drive (8 or 10 DRAM Loads)

Strong Drive (16 or 20 DRAM Loads)

Very Strong Drive (32 or 40 Loads)
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2.23.9 FORC06 - Command Space Control Word

After issuing a register command via writes to FORC06 waiting for ty g is required before the next DRAM
command or CW write can be issued. .

Table 37 — FORC06: Command Space Control Word Definition

Cmd (DA[3:0]) | Command No Command Name Result
Resets state of RCD. Sends reset to DB for 16 * tCK. Self
0 0 0 0 CMD 0 SoftReset! Clear in the next cycle. Does NOT cause QRST n
assertion.
0]0] O 1 CMD 1 DB Reset Sends reset to DB for 16 * tCK. Does NOT reset RCD.
0 0 1 0 CMD 2 DRAM Reset Switches QRST n to active which is low
010 1 1 CMD 3 Clear DRAM Reset Switches QRST n to inactive which is high
. Sends selected CW (in CW source selection control word)
orryogo CMD 4 CW Read Operation” |, "bp AN MPR page 0 of the rank 0 DRAMSs
0 | 0 | CMD 5 CW Write Operation Writes “data” in (.ZW data control word to selected CW (in
CW source selection control word)
. Clear ‘CA Parity Error Status’ bit and “> 1 Error’ bit and
0 ! : 0 CMD 6 Clear CA Parity Error re-enable parity checking (if not already enabled)
0 1 1 1 CMD 7 Gear-down Mode Delay CS  [Delay chip select for next command by 1 nCK
1 0 0 0 CMD 8 Gear-down Mode Entry RCD enters CTRL Gear-down Mode
Resets state of RCD. Self Clear in the next cycle. Does
1 0] o 1 CMD 9 Soft RCD Reset!»3+4 INOT cause QRST n assertion and does NOT send reset to
DB.
) 0 1 0 CMD 10 Gear-down Mode Exit RCD exits CTRL Gear-down Mode or Delay CS Mode and
returns to IN
1 0 1 1 CMD 11 Reserved Reserved
1 1 0 0 CMD 12 Reserved Reserved
1 1 0 1 CMD 13 Reserved Reserved
1 1 1 0 CMD 14 Reserved Reserved
HEERE CMD 15 NOP No Operation’

1. Requires waiting for tgrap
2. The RCD is responsible for sending an MPR Write command to the DRAMs with QABA[1:0]=FORC5x[6:5] and QAA[7:0]
= FORC6X][7:0].The host controller is responsible for sending MRS to MR3 to enable MPR mode in the DRAMS prior to is-
suing ‘CW Read Operation’. The host is also responsible for issuing the MPR Read command to the DRAMs after issuing ‘CW

Read Operation’.

3. The DDR4DBO02 or DRAM must not be PDA mode, the DDR4DB02 must not be in MPR Read override mode or BCW Read
mode and the DDR4DB02 F[7:0]BC7x control word should cleared before issuing a Soft RCD Reset.

4. For LRDIMM during Soft RCD Reset the DDR4DB02 must be in CKE Power Down Mode.

5. This operation was added specifically for hosts that don’t support byte writes over the IC Bus, i.e. that have to write more than
one RCW at the same time.

FORC06.CMD10
CGM Exit
CK stop power
down mode exit
Reset' Gear-d Control
deassertion Normal L[ Zeardown Gear-down

mode 1N

FORC06.CMD7/
CGM Delay CS Entry

Mode delay
cs FORC06.CMD8/ N
CGM Entry

mode

Figure 29 — Gear-down and Delay CS Mode Exit
NOTE 1 When in Control Gear-down Mode a CK stop power down event will return RCD to Delay CS Mode
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NOTE 2 CMD 10 will return RCD to 1N mode from either Gear-down Delay CS Mode or Gear-down Mode.

2.23.10 FORCO07 - LCOM]2:0] Interface Command Space Control Word

If the optional NVDIMM mode feature is supported, control word FORC07 must be implemented. When F4ARCO00 -
DAO is set to 1 (NVDIMM mode enabled) the FORC07 control word can only be written through the LCOM][2:0]
interface regardless of the settings programmed in F4RCO00 - DA[2:1]. When FARC00 - DAO = 1, FORCO07 cannot be

accessed for reads or writes through the Host CTRL/CMD/ADD or I°C interfaces (i.e., it will be treated as a reserved
location).

Table 38 — FORC07: LCOM]|2:0] Interface Command Space Control Word Definition

Cmd (DA[3:0]) | Command No Command Name Result
ofoJoTJo CMD 0 NOP No Operation!
0 0 0 1 CMD 1 Reserved Reserved
0 0 1 0 CMD 2 Reserved Reserved
0 0 1 1 CMD 3 Reserved Reserved
Sends control words FARC1x .. F4ARC4x (designated CW if
0 1 0 0 CMD 4 RCW Read through LCOM  [F4RCO0 - DA[1:0] = *01”) or selected CW (in CW source

selection control word) to RCD02 LCOM bus?
Use Function Space 4 in RCW |Use Function Space 4 for the next RCW Write command

0 1 0 1 CMD 5 Wri . 3
rite (Rank 0, A-side MRS to MR7)

0 1 1 0 CMD 6 Reserved Reserved

0 1 1 1 CMD 7 Reserved Reserved

1 0 0 0 CMD 8 Reserved Reserved

1 0 0 1 CMD 9 Reserved Reserved

1 0 1 0 CMD 10 Reserved Reserved

1 0 1 1 CMD 11 Reserved Reserved

1 1 0 0 CMD 12 Reserved Reserved

1 1 0 1 CMD 13 Reserved Reserved

1 1 1 0 CMD 14 Reserved Reserved

1 1 1 1 CMD 15 Reserved Reserved

. This operation was added for backward compatibility with Hosts that don’t support byte writes over the I2C Bus, i.e. that have
to write more than one RCW at the same time and which have been designed to program all bits of empty control word locations
with zeros.

2. This command sets up the LCOM[2:0] interface to start an RCW data transfer in response to the next start HIGH pulse on signal
LCOMS2 as illustrated in Table 18, “LCOM][2:0] Read Data Frame Definition (Gear Ratio =2 Selected in F4ARCO02 - DA[1:0])”.
This command does not result in any transfer of information or commands to the DRAMs, since it is intended for NVDIMM
support through the LCOM[2:0] interface.

3. RCDO2 logic returns to normal operation after a single Rank 0, A-side MRS to MR7 command is received.

—_

2.23.11 FORCOS - Input/Output Configuration Control Word

Table 39 — FORCO08: Input/Output Configuration Control Word

Setting (DA[3:0]) Definition Encoding
X 1 X 0 _|QxC[2:0] outputs disabled'->>* QxC[2:0] enabled

0
X X 0 1 QxC[1:0] enabled, QxC2 disabled
x | x| 1|0 QxC[2:1]disabled, QxCO0 enabled’
X X 1 1 QxCJ[2:0] disabled
X | 0] x | X IQxPAR outputs disabled®’ Outputs enabled
X 1 X X Outputs disabled
0 x | x x |DA17 Input Buffer and QxA17 Enabled
1 X X X

outputs disabled* Disabled

—_

. QAC[2:0] and QBCJ2:0] outputs are only enabled if the corresponding output group is also enabled in FORC00.
2. These control bits are in effect regardless of whether QxC[1:0] are used as chip IDs or as chip selects.

3. QxC[1:0] must be enabled if they are used as chip selects in one of the QuadCS modes. Chip selects are never
included in the parity calculation.
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. Refer to Table 40 for the conditions that determine if this signal is included in parity calculation. The register

disables the corresponding input receivers if these outputs are disabled. Refer to Table 61 for the IBT enable/

disable settings for the corresponding inputs.
5. DCO is not included in the parity calculation in Encoded QuadCS mode.

[=2)

. QBPAR will be inverted relative to DPAR if FORC08 DA3 = 1.

7. If the QxPAR outputs are disabled (FORC08 DA2 = 1) and parity checking is disabled (FORCOE DAO = 0) the
DPAR input receiver will be disabled.

Table 40 — Parity Checking and DC[2:0] & DA17 Inputs

FORCOD Conditions to Include Signal in Parity Calculation
Mode DA[1:0]
Setting DCO DC1 DC2 DA17

Direct DualCS 00 FORCO08 DA[1:0] FORCO08 DA[1:0] FORCO08 DA[1:0] FORCO08 DA3
=00, 01, 10 =00, 01 =00 =0

Direct QuadCS 01 Never Never FORCO08 DAJ[1:0] FORCO08 DA3
=00 =0

Encoded 11 Never Never FORCO08 DA[1:0] FORCO08 DA3
QuadCS =00 =0

2.23.12

2.23.13

FORCO09 - Power Saving Settings Control Word

Table 41 — FORC09: Power Saving Settings Control Word

Setting (DA[3:0]) Definition Encoding
x | x | x | 0 [DCSI Input Bus Termination Enabled
X X X 1 |Disable! Disabled
x | x | 0 | x [DCSI Input Buffer & QxCS1 Enabled
x | x | 1 | x |Outputs Disable? Disabled

—
(=]
>
ol

CKE Power Down Mode?

CKE power down with IBT ON: QxODT are a function of
DODTx if FORC8x DA[7:6] is configured as ‘00’ or ‘01°. If
FORC8x DA[7:5] is configured as either ‘000’ or ‘010°,

then BODT is a function of DODTn.

CKE power down with IBT OFF, QxODT held LOW. If the

Pl x|x BODT output is enabled, it is held LOW.
0 ] x| x | X |CKE Power Down Mode Enable*  [Disabled
Llx]x|x Enabled

AW N =

FORCOA - DIMM Operating Speed

. FORCO09, DAO = 1 has priority over any value specified in FORC7x for DCSI.

. The host must program FORCOD DA[1:0] to ‘00’ or ‘11’ when FORC09 DA is set to ‘1°.
. The register ignores CKE Power Down mode setting when CKE Power Down is disabled by FORC09 DA3.
. CKE power down is invoked once both DCKEO and DCKE1 are LOW.

Table 42 — FORCO0A: DIMM Operating Speed1

Setting (DA[3:0]) Definition Encoding
x | 0] 0] 0 [f<1600MT/s DDR4-1600
x| 0] O 1 ]1600 MT/s << 1866 MT/s DDR4-1866
X 0 1 0 |1866 MT/s < <2133 MT/s DDR4-2133
x| 0 1 1 [2133 MT/s < <2400 MT/s DDR4-2400
x | 1 0 | 0 [2400 MT/s <f <2666 MT/s DDR4-2666
X 1 0 1 [2666 MT/s <f<2933 MT/s DDR4-2933
x | 1 1 ] 0 2933 MT/s <f<3200 MT/s DDR4-3200
X 1 1 1 [PLL Bypass Mode PLL bypass mode enabled
0 x | x x |Context for operation training Default; Context 1 operation
1 x | x| x Context 2 operation2

—_

an indicator of how fast or slow a register can run.

. The encoding value is used to inform the register the operating speed that it is being run at in a system. It is not
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2. FORCO03, FORC04, FORCO5, FORCOF, FORC1x, FORC5x DA[3:0], FORC7x, FORC8x DA[4:0], FORC9x,
FORCAXx, FIRC00, FIRC1x, FIRC2x, FIRC3x, FIRC4x, FIRC5x, FIRC6x, FIRC7x, FIRC8x, and FIRC9x
are duplicated by the RCDO02 for the 2nd frequency context.

2.23.14 FORCOB - Operating Voltage Vpp and VrefCA Source Control Word

Table 43 — FORCOB: Operating Voltage V and VrefCA Source Control Word

Setting (DA[3:0]) Definition Encoding
X | x| x| 0 |Register Vpp Operating Voltage! 12V
x | x| x 1 Reserved for lower voltage
x| 0]O0][]x Vpp/2? connected to QVrefCA and BVrefCA

VrefCA and BVrefCA S
QVre an e ourees Internally generated Vref connected to QVrefCA3

Vpp/22 connected to BVrefCA

Internally generated Vref connected to BVrefCA?
Vpp/22 connected to QVrefCA

External VrefCA input connected to QVrefCA and

o I I s BVrefCA
0 | x | x | x [InputReceiver Vref Source Internally generated Vref®
1 X x | x External VrefCA input

1. FORCOB will be used to inform DDR4RCD02 under what operating voltage Vpp will be used. Register can
use the information to optimize their functionality and performance at low voltage conditions.

2. Vpp/2 is also internally generated, but not by the VrefCA DAC.

3. Value programmed in FORC1x. There is only one internal Vref generator. If more than one destination is con-
figured for internally generated Vref, then they will all receive the same Vref level.

2.23.15 FORCOC - Training Control Word
Table 44 — FORCOC: Training Control Word

Setting (DA[3:0]) Definition Encoding
x | 0 ] 0 | O |Training mode selection [Normal operating mode
x| 0] O 1 Clock-to-CA training mode!
x| 0 1 0 DCSO0_n loopback mode!
x| 0] 1 1 DCS1 n loopback mode!
X 1 010 DCKEO loopback mode!
X 1 0 1 DCKEI loopback mode!
X 1 1 0 DODTO loopback mode!
x| 1[1]1 DODT!1 loopback mode!
0 | x | x | x |Reserved Reserved
1 X x | x Reserved

—

. In these training modes the DDR4RCDO02 samples the affected inputs every other clock cycle (to accommodate
the host sending alternating ‘0’ and ‘1’ pattern on these signals).
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2.23.16 FORCOD - DIMM Configuration Control Word

Table 45 — FORCOD: DIMM Configuration Control Word

Setting (DA[3:0]) Definition Encoding

CS mode Direct DualCS mode: Register uses two DCS_n inputs

x [ x0fo (DCSO_n and DCS1 n)

Direct QuadCS mode: Register uses four DCSx_n inputs.

X X 0 1 In this mode DCO becomes DCS2_n and DC1 becomes
DCS3 n.

X X 1 0 Reserved

< | x | 1 Encoded QuadCS mode: Register uses DCO to decode four
QxCSy_n outputs from two DCSx_n inputs

x|o DIMM Type LRDIMM!

x | L] x[x RDIMM?

0 X X |Address mirroring for MRS Disabled

1 N commands Enabled. Register is aware that address mirroring is used

for odd ranks.

1. BODT, BCKE, BCOM, BCK t/BCK c and BVrefCA output drivers are enabled. BODT output driver is dis-
abled if FORC8x DA[7:6] is configured as ‘10’ or if FORC8x DAS is set to ‘1°.
2. BODT, BCKE, BCOM, BCK _t/BCK c and BVrefCA output drivers are disabled.
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2.23.17 FORCOE - Parity, NV Mode Enable, and ALERT Configuration Control Word

Table 46 — FORCOE: Parity , NV Mode Enable, and ALERT Configuration Control Word

Setting (DA[3:0]) Definition Encoding

X

x | x | 0 | Parity Enable Parity checking disabled!

X | x 1 Parity checking enabled. Command? must be delayed>*

x | 0 | x | NV Mode Enable Lock® (Default) NV Mode enable (F4ARC00 - DAO) can be modified

X 1 X NV Mode enable (F4RCO00 - DAO) cannot be modified.®

ALERT n Assertion’ ALERT _n stays asserted until ’Clear CA Parity Error’
command is sent

1 X X ALERT n pulse width according to Table 47

x | x | X | ALERT n Re-enable® Parity checking remains disabled after ALERT n pulse

X X X Parity checking is re-enabled after ALERT n pulse

»

Register does not check for parity including control word programming.

Command includes QxAO0 .. QxA17, QxBAO .. QxBA1, QxBGO .. QxBG1, QxACT _n, QxCO0 .. QxC2, QxCKE0/1,
QxODTO0/1, QxCS0_n .. QxCS3. It also includes BCOM[3:0], BODT and BCKE if the buffer control bus is enabled.
QxPAR is driven in the same cycle as the command (if outputs are enabled).

As specified in Table 48

At least 1 nCK for < 2400MT/s; at least 2 nCK for > 2400MT/s

This optional control bit must be implemented if the NVDIMM mode feature is supported. This is a “Write 1 Only”
register. It can only be set (i.e., write “1°) but not reset (i.e., write ‘0’) via I2C or RCW Write command. Only hardware
DRST _n pin clears NV Mode Enable Lock. This control bit is not cleared by FORC06 CMD 0 ‘Soft Reset’ or CMD
9 ‘Soft RCD Reset’.

When FORCOE - DAL is written to 1, the NV Mode Enable control bit FARCO00 - DAO will no longer be writable and
the RCD02 will remain in NV Mode Disabled state (if FARCO00 - DAO = 0) or NV Mode Enabled state (if F4RCO00 -
DAO = 1) until a DRST n reset event is applied to the RCD02 device.

This bit only affects ALERT n assertion that is a result of a CA parity error. In case of a LOW level on the ER-
ROR_IN_n input, ALERT n stays asserted as long as ERROR_IN_n remains LOW unless DRST n is LOW or the
device is in clock stopped power down mode.

CA Parity Error Status bit in Error Log Register remains set until cleared by sending a Clear CA Parity Error com-
mand.
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Table 47 — ALERT _n Pulse Width
DDR4- DDR4- DDR4- DDR4- DDR4 - DDR4 - DDR4 - Units
1600 1866 2133 2400 2666 2933 3200
Min Max Min Max Min Max Min Max Min Max Min Max Min Max
48 96 56 112 64 128 72 144 80 160 nCK
88 176 96 192

Figure 25 shows DCSx assertion are not permitted tcgay  prior and after of ALERT_n de-assertion when FORCOE

DA2 =1.
i i DCSx traffic before
DCSXE‘”:r'g‘r Parity Host receives Latest DCSx Earliest DCSx
assertion assertion

DCSx ALERT_n ‘ ‘

MPEN PN
tesact tesact
ALERT_n

]

ALERT_n pulse width min

A

Y

ALERT_N pulse width max

Figure 30 — DCSx Assertion during ALERT n Pulse Width

2.23.18 FORCOF - Command Latency Adder Control Word

When parity checking feature is enabled, at least 1 nCK Latency Adder is required. During Control Gear-down mode,
the odd number of nLadd can't be supported since RCD will use a divided clock to sample the input signals

Table 48 — FORCOF: Command Latency Adder Control Word

Setting (DA[3:0]) Definition

Encoding

x| 0]oO 0
commands

Latency adder nLadd to all DRAM

1 nCK latency adder to in, QxCSn, QxCKEnZ, QxODTn

0nCK latency adder to QxPAR

2 nCK? latency adder to Qn', QxCSn, QxCKEn?, QxODTh|

InCK latency adder to QXPAR4(0 nCK latency adder to
QxPAR if CTRL Gear-down mode is enabled)

3 nCK latency adder to Qn', QxCSn, QxCKEn2, QxODTn
2nCK latency adder to QxPAR?

4 nCK? latency adder to Qn', QxCSn, QxCKEn?, QxODTn|

3nCK latency adder to QxPAR*(2 nCK latency adder to
QxPAR if CTRL Gear-down mode is enabled)

0 nCK latency adder™

Reserved

Reserved

Reserved

o K=l Kl KR Kol B

0 S Y Y S
tell Kol e K =) =
tell Kol i K=l B =

Reserved

Reserved

Reserved

1. Qn=QxA0..QxA17, QxBA0..QxBA1, QxBG0..QxBG1, QxACT n, QxC2
2. Only falling (i.e. HIGH to LOW) edges of DCKEn are delayed by nLadd. Rising (i.e. LOW to HIGH) edges

W

of DCKEn are immediately forwarded to QxCKEn.

. Only nLadd of 2 nCK and 4 nCK can be supported when Control Gear-down Mode is enabled.

. The correct frequency range has to be programmed in FORCOA before any changes to FORCOF from the power-
on default are allowed

. 0 nCK setting is only valid if parity checking and CAL modes are disabled
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Table 499 — FORC1x: Internal VrefCA Control Word

Cmd (DA[7:0]) VrefCA as% of VDD1 Comment
oJoJofjo]JOoO]|JO]oO]O 50.0% Vpp/2
oJojlofjojJojo]jo]1l 50.83% Vpp/2 + 0.833%.
ojJojofjojJojo]1]oO 51.67% Vpp/2 +1.67%
oJojJofjo]Jo]o]1 1 52.60% Vpp/2 +2.60%
ojJoJofjo]JoOo]|1]O]O 53.33% Vpp/2 +3.33%
0OJ]oJOfoO]O 110]1 54.17% Vpp/2 +4.17%
ojJoJofjo]oOo]1 1|0 55.00% Vpp/2 +5.00%
oJoJofjo]oOo]1 1 1 55.83% Vpp/2 +5.83%
oOoJ]ofJOoOfoOo]1 01010 56.67% Vpp/2 + 6.67%
ojJoJofjo]1]oOo]oO]1 57.50% Vpp/2 +7.50%
ojJoJofjo]1]|]O]11]O 58.33% Vpp/2 +8.33%
oOfO0]JO]O0O]1 0|1 1 59.17% Vpp/2 +9.17%

0 0 0 0 1 1 0 0 60.00% Vpp/2 +10.00%
oJoJof|o]1 11011 60.83% Vpp/2 +10.83%
ojJofjofo]1 1 110 61.67% Vpp/2 +11.67%
ofoJo]oO0]1 1 1 1 62.50% Vpp/2 +12.50%
oJoJofj1]O|JO]O]O 63.33% Vpp/2 +13.33%
ojJojJof1]O0]O0]oO]T1 64.17% Vpp/2 + 14.17%
ofojJo]J1]0]oO 1 0 65.00% Vpp/2 + 15.00%
ojJoJofj1]O0]O0]1 1 65.83% Vpp/2 +15.83%
oJoJof1]O}|1]O]O 66.67% Vpp/2 +16.67%
0]0]O 1 0 1 0 1 Reserved Reserved for future use
0 0 0 1 0 1 1 0 Reserved Reserved for future use
0]J]O0]O 1 0 1 1 1 Reserved Reserved for future use
0 0 0 1 1 x | x | x Reserved Reserved for future use
0]0 1 0O]Jol x| x]x Reserved Reserved for future use
0O 1 0 1 0] x| x Reserved Reserved for future use
ojJo|l1]|oO0]1 11010 33.33% Vpp/2 - 16.67%
ojJof|l1]o0]1 11011 34.17% Vpp/2 - 15.83%
001 0 1 1 110 35.00% Vpp/2 - 15.00%
ojJo|l1]oO0]1 1 1 1 35.83% Vpp/2 - 14.17%
01011 IJ]ojJofo]o 36.67% Vpp/2 - 13.33%
001 1 010]0O0 1 37.50% Vpp/2 - 12.50%
01011 rjojJof1]o 38.33% Vpp/2 - 11.67%
01011 I1]JoJo0|1 1 39.17% Vpp/2 - 10.833%
001 1 011 0o 40.00% Vpp/2 - 10.00%

0 0 1 1 0 1 0 1 40.83% Vpp/2 -9.17%
01011 11011 1|0 41.67% Vpp/2 - 8.33%
01011 11011 1 1 42.50% Vpp/2 - 7.50%
o0 1 1 I11o0J0]O 43.33% Vpp/2 - 6.67%
01011 1 I1jJojJo|1 44.17% Vpp/2 - 5.83%
01011 1 rjort1y|o 45.00% Vpp/2 - 5.00%
oot [t [r]of1]1 45.83% Vo2 -4.17%
01011 1 1 11010 46.67% Vpp/2 - 3.33%
01011 1 1 110711 47.50% Vpp/2 - 2.50%
oottt 1[1]o 48.33% Vo2 - 1.67%
01011 1 1 1 1 1 49.17% Vpp/2 - 0.833%

0 1 x| x| x| x| x| x Reserved Reserved for future use
1 Ol x| x| x| x| x]x Reserved Reserved for future use
1 1 x | x| x| x| x| x Reserved Reserved for future use

1. These are targetVrefCA values. Acceptable actual values are determined based on tolerances de-

fined in electrical section.
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2.23.20 I*C Bus Control Words

Table 50 — FORC2x: I2C Bus Control Word and Function Space Context

Setting (DA[7:0]) Definition Encoding
X X X X X X X 0 |12C Bus Interface Disabled 12C Bus interface is enabled
12C Bus interface is disabled. DDR4RCDO02 will
X X X X | X X X 1 not claim or acknowledge any access to its I°C Bus
address space.
X 0 I2C Bus Read Access Control to 12C Bus read accesses from FNO return data
X 1 function space 0 12C Bus reads from FNO return all ones!
X 0 X 12C Bus Write Access Control to 12C Bus write accesses to FNO are executed
function space 0 12C Bus writes to FNO are not acknowledged and
X X X X X 1 X X
not executed
0 I2C Bus Read Access Control to 12C Bus read accesses from FN1-7 return data
X 1 X function spaces 1 to 7 12C Bus reads from FN1-7 return all ones’
X X 12C Bus Write Access Control to 12C Bus write accesses to FN1-7 are executed
function spaces 1 to 7 I°C Bus writes to FN1-7 are not acknowledged and
X X X 1 X X X X
not executed
X X 0 X X X X x |FORC4x CW Source Selection Context |Context 1 (Function space 0 -7)
x | x 1 x | x| x x | x [forRCD Context 2 (Function space 8-15)>7
X 0 X X X X X X |12C Bus Read Access Control to 12C Bus read accesses from FN8-15 return data
X 1 X x | x X X x |function spaces 8 to 15 12C Bus reads from FN8-15 return all ones!
0 X X X X X X X |12C Bus Write Access Control to 12C Bus write accesses to FN8-15 are executed
1 function spaces 8 to 15 I>C Bus writes to FN8-15 are not acknowledged
X X x | x X X X
and not executed

1. DDR4RCDO2 returns the status of “Internal Target Abort”. The host controller should not try to access this through 12C Bus. How-
ever, if the host ignores this then DDR4RCDO02 will return all ones.

2. CW Source Selection Context 2 bit DAS is set to access vendor specific function spaces 8-15, it is the responsibility of the
DDR4RCDO2 to clear FORC2x bit DAS after accessing any of the function spaces 8-15.

3. FORC2x DAS only applies when accessing RCD function space and is not used when accessing Data Buffer function spaces.
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2.23.21 FORC3x - Fine Granularity RDIMM Operating Speed
Table 51 — FORC3x: Fine Granularity RDIMM Operating Speed1
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Setting (DA[7:0])

Definition

Encoding2

Fine Granularity Operating

Qpeed3"4"5

R R R R R e e e N e e R L e R N e R R R R R R R B R B R B B R R B B B R

(=] [ fo] fo] fo] fo] fo] fo Fo) [e] fe] fo] fo] fo] fo] fo)] fo)] fo] o] fo] fo] fo] fo] fo] fo] o] [l fa] fo] fa] fo] fa] o] fo] o] o] o] fol Fo] Fo] fo] fo] Fo) Fo) Fo)

= =] = =] =] =] =] =] =] =| =] =] =| =] o| o] 2| o] 2| o o] o o] o o] 2| | o] o o] o o] 2| | o] | o] o ] 2| o 2] o o] o
ol ool o] o| ol ool ol | | 2l 2 = = = =l = = = = = = =l =]~ = =]~ =] 2| o] o o o] o o] o o] o o o] o o] o
—| =] =] =]~ | o]l o] o] o o] 2| | =] —=| =] =| =] =| —=| =] 2| o] 2| o] 2| o o] | =| =| =] =| —=| =] —~| ~]| =| =] 2| | =] | o] o
—| o]l o o] of| =| =] =| =] 2| | o | =] —=| =] —=| o] 2| o | —=| =| —=| —| 2| | 2| 2| —=| —=| =| ~| | 2| 2| | =| =] =| =| =] 2| o] o

o ==l | ol =] =] o| o =]~ = 2| =| =] o] o =| —=| 2| o] =] =] o| | =] =] o 2| =] =] ]| 2| —| ~| ) | —| ~| =| =] =] ~| =| =

o —|o| ~| o| —=| o] —=| o] =| | =| | =] 2| =| 2| =] 2| —=| 2| —=| 2| =| | =| 2| =] 2| —=| 2| =] 2| —| 2] —~| =] =| =] ~| | =] | =] 2

1240 MT/s <f < 1260 MT/s

1260 MT/s <f <1280 MT/s

1280 MT/s <f < 1300 MT/s

1300 MT/s <f <1320 MT/s

1320 MT/s <f <1340 MT/s

1340 MT/s <f <1360 MT/s

1360 MT/s < f < 1380 MT/s

1380 MT/s < f < 1400 MT/s

1400 MT/s < f < 1420 MT/s

1420 MT/s <f < 1440 MT/s

1440 MT/s < f < 1460 MT/s

1460 MT/s <f < 1480 MT/s

1480 MT/s <f < 1500 MT/s

1500 MT/s <f <1520 MT/s

1520 MT/s <f < 1540 MT/s

1540 MT/s <f < 1560 MT/s

1560 MT/s <f < 1580 MT/s

1580 MT/s < f < 1600 MT/s

1600 MT/s <f <1620 MT/s

1620 MT/s <f < 1640 MT/s

1640 MT/s <f < 1660 MT/s

1660 MT/s <f < 1680 MT/s

1680 MT/s <f <1700 MT/s

1700 MT/s < f <1720 MT/s

1720 MT/s <f < 1740 MT/s

1740 MT/s <f <1760 MT/s

1760 MT/s < f < 1780 MT/s

1780 MT/s <t < 1800 MT/s

1800 MT/s <f < 1820 MT/s

1820 MT/s <f < 1840 MT/s

1840 MT/s <f < 1860 MT/s

1860 MT/s <f < 1880 MT/s

1880 MT/s <f <1900 MT/s

1900 MT/s < f <1920 MT/s

1920 MT/s <f < 1940 MT/s

1940 MT/s <f <1960 MT/s

1960 MT/s <f < 1980 MT/s

1980 MT/s <f <2000 MT/s

2000 MT/s <t <2020 MT/s

2020 MT/s <t <2040 MT/s

2040 MT/s < f <2060 MT/s

2060 MT/s <t <2080 MT/s

2080 MT/s < f <2100 MT/s

2100 MT/s <f <2120 MT/s

2120 MT/s <f <2140 MT/s
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2.23.21 FORC3x - Fine Granularity RDIMM Operating Speed
Table 51 — FORC3x: Fine Granularity RDIMM Operating Speed1

Setting (DA[7:0]) Definition Encoding2

2140 MT/s <t <2160 MT/s

2160 MT/s <f <2180 MT/s

2180 MT/s <t <2200 MT/s

2200 MT/s <f <2220 MT/s

2220 MT/s <t <2240 MT/s

2240 MT/s <t <2260 MT/s

2260 MT/s <f <2280 MT/s

2280 MT/s <f <2300 MT/s

2300 MT/s < f <2320 MT/s

2320 MT/s <f <2340 MT/s

2340 MT/s <f <2360 MT/s

2360 MT/s <t <2380 MT/s

2380 MT/s <t <2400 MT/s

2400 MT/s < f <2420 MT/s

2420 MT/s <t <2440 MT/s

2440 MT/s < f <2460 MT/s

2460 MT/s < f <2480 MT/s

2480 MT/s < f <2500 MT/s

2500 MT/s <f <2520 MT/s

2520 MT/s <f <2540 MT/s

2540 MT/s <f <2560 MT/s

2560 MT/s <t <2580 MT/s

2580 MT/s < f <2600 MT/s

2600 MT/s <t <2620 MT/s

2620 MT/s < f <2640 MT/s

2640 MT/s <f <2660 MT/s

2660 MT/s <f <2680 MT/s

D680 MT/s <f <2700 MT/s

2700 MT/s <f <2720 MT/s

D720 MT/s <f <2740 MT/s

2740 MT/s <f <2760 MT/s

2760 MT/s <f <2780 MT/s

2780 MT/s <f <2800 MT/s

2800 MT/s < f <2820 MT/s

D820 MT/s <f <2840 MT/s

2840 MT/s <f <2860 MT/s

2860 MT/s <t <2880 MT/s

2880 MT/s <f <2900 MT/s

2900 MT/s <t <2920 MT/s

2920 MT/s <t <2940 MT/s

2940 MT/s < f <2960 MT/s

2960 MT/s <t <2980 MT/s

2980 MT/s < f <3000 MT/s

3000 MT/s <f <3020 MT/s

3020 MT/s < f <3040 MT/s

3040 MT/s <f <3060 MT/s

3060 MT/s < f <3080 MT/s

3080 MT/s <f <3100 MT/s

3100 MT/s <f <3120 MT/s

3120 MT/s <f <3140 MT/s

3140 MT/s <f <3160 MT/s

3160 MT/s <f <3180 MT/s

3180 MT/s <t <3200 MT/s

Reserved

Reserved

[Reserved

[Reserved

[Reserved [Reserved

XX == === === = = =) =) =)= =] =] = =] = =] === = = = = = = = = = e e e e 2 e o o o o o o) o o o) o] o) o o o) o o ol o ©

ol Bl e Bl ol =) =) e e e e e e el e el e e e e ) ) e = K= =) K= E=) =) E=] K] ] Ree] )] K] Ko e Ree] Rl o I ) I Y IRy Y I ) (Y I Y I Y Y I e Re) K]
H B E e B B = = e e e e e e e I E=] =) K=] k=] E=) =] E=) =) e e e e e e M B £ =) K= =] k=] k=] k=] K] R B Y W I [ I Y Y e ) Roo] K] Reo) Koo K] K] Y Y S
ol Bl o ol e il =) =) e e I e =) =) K= =) Y ) e e =) =) =) = R e B e = K= K= = e B B M = K= =) =) e ) e B E=d =) K=) =) Y Y I [ Ree) K] ) K] S Y P
i Bl Bl ol ol I =) =) e e =) =) ) e =) =) e e =) =) e ) =) = B M = =t e e K= = e B = K= B e =) =) e B = =) ) e =) =) e e = =) ) e =) =) ) e =)

Bl ol e S S e =) e =) e =) e =) e K= e =) e =) I K= I = e = e = e K= e K= e =) e =) ) = e =) e =) e =) ) =) ) =) I Rt I Rt S et Y ] S ) (S

d X === === ololo|o|olololooclolololololol o] oo o] ol o o o) o) o) o o) o) o] o] o) o —| ]| —~] =] ~=]| =] —]—=]|~=]|~]—=]—~=]|~=]|~]—=]~=]|~]~]~

EE R R R R R R R R R R R R I R I I N R N N R N R R NN I R R R R R R R R I R R B R B B R B A B B R e

[Reserved

—_

This control word defines the frequency of the CK t - CK_c input reference clock during normal operation (i.e., when not in test fre-
quency range) in units of 20 MT/s (i.e., 10 MHz).
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2. The frequency ranges shown in this column are for the base frequency of the input clock and they do not include SSC modulation ef-
fects. In some cases, due to SSC modulation, the actual frequency of the input clock can straddle two adjacent frequency ranges.

3. The encoding value is used to inform the DDR4RCDO2 of the operating speed that it is being run at in a system. It is not an indicator
of how fast or slow an RCD can run.

4. The DDR4RCDO2 is required to correctly execute RCW Write commands (i.e., DRAM MRS commands) at any valid frequency before
the Fine Granularity Operating Speed Control Word is programmed.

5. The host is responsible for programming FORC3x with the settings corresponding to the input clock frequency before initiating any
training procedures with the DRAMSs. The host is also responsible for keeping the settings in FORC3x and FORCOA consistent with
each other.

2.23.22 CW Selection Control Words
Table 52 — FORC4x: CW Source Selection Control Word

FORC2x . o :
1 Setting (DA[7:0]) Definition Encoding
(DAS)
Upper CW address for CW |CW read or write to Function space 0
0 0 0 0 [AIZJAITHALOf A9 A8 Read or CW Write (JEDEC defined)
operations CW read or write to Function space 1
0 0 0 1 JAI2|AIL| A10 | A9 | A8 (JEDEC defined)
0 0 1 o lazlaiil aiol Ao | as CW read or write to Function space 2
Reserved
0 0 1 1 lazlatil ato | Ao | Ag CW read or write to Function space 3
Reserved
0 | 0 o lazlanlaol Ao | as CW read or write to Function space 4
Reserved
0 1 0 1 larzlaiil atol Ao | Ag CW read or write to Function space 5
Reserved
0 1 1 o lazlaiil aiol Ao | as CW read or write to Function space 6
Reserved
0 1 1 1 lazlatil ato | Ao | Ag CW read or write to Function space 7
Reserved
Upper CW address for CW |CW read or write to Function space 8
! 0 0 0 |AIZ[AIT)ALO ] A9 | A8 Read or CW Write (vendor specific)
1 0 0 1 la1alatil ato] Ao | ag [operation CW read or Wnte to Function space 9
(vendor specific)
1 0 1 o lazlaiilaol Ao | ag CW read or erte to Function space 10
(vendor specific)
1 0 1 1 lazlatil ato | Ao | Ag CW read or v.vrlte to Function space 11
(vendor specific)
1 1 0 o lazlaiil aol Ao | as CW read or v.vrlte to Function space 12
(vendor specific)
1 1 0 1 larzlail atol Ao | ag CW read or v.vrlte to Function space 13
(vendor specific)
1 1 1 o lazlatilaol Ao | as CW read or erte to Function space 14
(vendor specific)
I 1 1 1 lazlatil ato | Ao | Ag CW read or V}/rlte to Function space 15
(vendor specific)

1. FORC2x DAS in FORC4x only applies when accessing RCD function space and is not used when accessing Data Buffer function spaces.
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Table 53 — FORCS5x: CW Destination Selection & Write/Read Additional QxODT][1:0] Signal High

Time
Setting (DA[7:0]) Definition Encoding

X X X X X X 0 0 |Write Operation - Additional Default: 0 nCK addition to QxODT[1:0] High Time
X X X x | x| x 0 1 |QxODT([1:0] High Time to Default [+1 nCK addition to QxODT[1:0] High Time
X X X x | x X 1 0 |Time +2 nCK addition to QxODT[1:0] High Time!
X X X X X X 1 1 Reserved
X X X X 0 0 X x |Read Operation - Additional Default: 0 nCK addition to QxODT[1:0] High Time
X X X x| 0 1 X X |QxODT[1:0] High Time to Default |+1 nCK addition to QxODT[1:0] High Time
X X X x | 1 0 x | x [Time +2 nCK addition to QxODT[1:0] High Time'
X X X X 1 1 X X Reserved
X X X 0 X X X x |Reserved Reserved
X X X 1 X X X X Reserved
0 MPR | MPR x|« N « |CW Read or Write Operation? MPR address and Al bit

bit 1 | bit 0

MPR | MPR CW Read or Write Operation with |[MPR address and Al bit
1 . . X X X X X . 23

bit 1 | bit 0 auto-increment

1. Applicable to 2666 MT/s and higher data rate operation.

2. The MPR bits field (DA[6:5]) bits are only used in CMD4 CW Read Operations and are DON’T CARE for CMD5 CW Write oper-
ations

3. -CW Read and CW Write commands auto-increment the address field (DA[3:0]) in the CW source selection control FORC4x word
by ‘1’ and the MPR bits field (DA[6:5])in the CW destination selection control word FORC5x by ‘1’ after the commands are exe-
cuted. Auto increment is only applicable to 8b CW Reads and CW Writes.

The CW selection control words have to be written before issuing CW Read or CW Write commands. In addition,
prior to CW Write commands or prior to accessing 4-bit CWs with a CW Read command, the CW data control word
(see Table 54) also has to be written.

2.23.23 CW Data Control Word

Table 54 — FORCé6x: CW Data Control Word

Setting (DA[7:0]) Definition Encoding
Content of A[7:0] for CW Write or CW |[CW data
Read! command

A7 | A6 | AS | A4 A3 | A2 | Al | AO

1. -The content of the A[3:0] bits for CW Read commands for 4-bit CWs is DON’T CARE and has no impact on functionality.
The register sends the following bits on it QxA[7:0] outputs for CW Read commands:

Table 55 — CW Read Command Bit Assignment for 8-bit CWs

QxA7 QxA6 QxAS QxA4 QxA3 QxA2 QxAl QxA0(
CW bit 7 CW bit 6 CWbit5 CW bit 4 CW bit 3 CW bit 2 CW bit 1 CW bit 0

Table 56 — CW Read Command Bit Assignment for 4-bit CWs

QxA7 QxA6 QxAS5 QxA4 QxA3 QxA2 QxAl QxA0
Odd 0Odd Odd Odd Even Even Even Even
address address address address address address address address
(A4=1) (A4=1) (A4=1) (A4=1) (A4=0) (A4=0) (A4=0) (A4=0)
CW bit 3 CW bit 2 CW bit 1 CW bit 0 CW bit 3 CW bit 2 CW bit 1 CW bit 0

The DDR4RCDO02 decodes CW Read or CW Write commands with A[11:8] = 0000 in Table 52 as 4-bit commands
and all other CW Read or CW Write commands as 8-bit commands.

The RCD will always send two 4-bit CWs on every 4-bit CW Read command. In case of a 4-bit CW Read command
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with an even address in FORC6x DA[7:4], the RCD will send the addressed 4-bit CW on A[3:0] and the next address
4-bit CW on A[7:4]. In case of a 4-bit CW Read command with an odd address in FORC6x DA[7:4], the RCD will
send the addressed 4-bit CW on A[7:4] and the previous address 4-bit CW on A[3:0].

2.23.24 1IBT Control Word
Table 57 — FORC7x: IBT Control Word

Setting (DA[7:0]) Definition! Encoding
X X X X1 X X 0 0_[CA Input Bus Termination® 1000
X X X X X X 0 1 150Q
X X X X X X 1 0 300 Q
X X X X X X 1 1 OFF
X X X X 0 0 X X _|DCS[3:0]_n Input Bus Termination>* |100Q
X X X X 0 1 X X 150 Q
X X X X 1 0 X X 300 Q
X X X X 1 1 X X OFF
X X 0 0]x X X X_|DCKE Input Bus Termination’ 100 0
X X 0 1 X X X X 150 Q
X X 1 0 X X X X 300 Q
X X 1 1 X X X X OFF
0 0 X X X X X X_|DODT Input Bus Termination® 1000
0 1 X X X X X X 150 Q
1 0 X X X X X X 300 Q
1 1 X X X X X X OFF
1. -These are target IBT values. Acceptable actual values are determined based on tolerances defined in electrical section.
2. -These RCW bits cover the following CA inputs: DA0..DA17, DBA0..DBA1, DBG0..DBG1, DACT n, DC2, DPAR
3. -These RCW bits cover the following Ctrl inputs: DCS[3:0]_n
4. -If the DC[1:0]/DCS[3:2]_n inputs are used for the DC[1:0] function they are not covered by FORC7x, DA[3:2], but by FORC7x,

DA[1:0] instead
. -These RCW bits cover the following Ctrl inputs: DCKEO, DCKEI
6. -These RCW bits cover the following Ctrl inputs: DODTO0, DODT1

W

2.23.25 ODT Input Buffer/IBT, QxODT Output Buffer, and Timing Control Word
Table 58 — FORC8x: ODT Input Buffer/IBT, QxODT Output Buffer, and Timing Control Word

Setting (DA[7:0]) Definition Encoding

. « X <« | x < X 0 |QxODT[1:0] Write Timing' Default: QxODT[1:0] asserted same time as Write
command

< < X < | x < X | QxODT([1:0] assertion 1 nCK after Write
command

R R R ol o 0 0 « |QxODT[1:0] Read Timing' Default: QxODT[1:0] asserted same time as Read
command

X X X 0 0 0 1 X QxODTJ1:0] asserted 1 nCK after Read command

X X X 0 0 1 0 X QxODT([1:0] asserted 2 nCK after Read command

X X X 0 0 1 1 X QxODTJ1:0] asserted 3 nCK after Read command

X X X 0 1 0 0 X QxODT(1:0] asserted 4 nCK after Read command

X X X 0 1 0 1 X QxODT([1:0] asserted 5 nCK after Read command

X X X 0 1 1 0 X QxODTJ1:0] asserted 6 nCK after Read command

X X X 0 1 1 1 X QxODT]J1:0] asserted 7 nCK after Read command

X X X 1 0 0 0 X QxODT]J1:0] asserted 8 nCK after Read command

X X X 1 0 0 1 X Reserved

X X X 1 0 1 0 X

X X X 1 0 1 1 X

X X X 1 1 0 0 X

X X X 1 1 0 1 X

X X X 1 1 1 0 X

X X X 1 1 1 1 X
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Table 58 — FORC8x: ODT Input Buffer/IBT, QxODT Output Buffer, and Timing Control Word

Setting (DA[7:0]) Definition Encoding
X X 0 x | x X X x |BODT Output Driver Disabled BODT output driver enabled
x| x| | x|x| x| x]x BODT output driver disabled?
ODT Input buffer, Output Buffer and [Default: Both DODT[1:0] input buffers and IBT
IBT Control are ON and DODTTJ1:0] inputs are passed to
0 0 X X X X X X QxODTJ1:0] respectively. If FORC8x DAS5 is not

setto ‘1°, DODTO and DODT1 are OR’ed together
and the result is passed to BODT.

DODTO input buffer and IBT ON and passed to
QxODTI[0] output. DODT1 input buffer and IBT is
0 1 X x | x X X X OFF and QxODT1 output buffer is OFF. If
FORC8x DAS is not set to “1°, DODTO is passed to
BODT.

Both DODT][1:0] input buffers and IBT are OFF;
1 0 X X X X X X QxODT([1:0] outputs are OFF. BODT output is
OFF.

Both DODT[1:0]input buffers and IBT are OFF.;

QxODT([1:0] outputs are controlled through

1 1 X X X X X X FORCS8x bits DA[4:0] for Write and Read timing.
FORC9x for Write Pattern, and FORCAx for Read

Pattern®. The BODT output is OFF2.

1. -Only applicable if FORC8x DA[7:6] = 11. If a parity error is detected with a (Write or Read) command, the RCD may or may not
generate the QxODT[1:0] output pulse corresponding to that command.

2. -The BODT output driver is disabled. RTT _NOM needs to be disabled in the Data Buffer, which in turn causes the Data Buffer to
disable its BODT input receiver.

3. -Only applicable if FORCOF bit DA[2:0] is ‘000’ or ‘001° or ‘010” or "011°.

2.23.26 QxODT[1:0] Write Pattern Control Word

Table 59 — FORCYx!: QxODT|1:0] Write Pattern Control Word

Setting (DA[7:0]) Definition Encoding
X X X X | x X X 0 |QxODTJO0] for Rank 0 Default: QxODTO0 Not asserted during Write
X X X X X X X 1 QxODTO asserted during Write
X X X X X X 0 x |QxODTJ[1] for Rank 0 Default: QxODT1 Not asserted during Write
X X X X X X 1 X QxODTI asserted during Write
X X X x | x 0 X x |QxODTIO0] for Rank 1 Default: QxODTO0 Not asserted during Write
X X X X | x 1 X X QxODTO asserted during Write
X X X X 0 X X x |QxODT[1] for Rank 1 Default: QxODT1 Not asserted during Write
X X X X 1 X X X QxODT] asserted during Write
X X X 0 X X X x |QxODTI[0] for Rank 2 Default: QxODTO0 Not asserted during Write
X X X 1 X X X X QxODTO asserted during Write
X X 0 x | x X X x |QxODT[1] for Rank 2 Default: QxODT1 Not asserted during Write
X X 1 X X X X X QxODT1 asserted during Write
X 0 X X | x X X x |QxODT[0] for Rank 3 Default: QxODTO Not asserted during Write
X 1 X x | x X X X QxODTO asserted during Write
0 X X X X X X x |QxODTJ1] for Rank 3 Default: QxODT1 Not asserted during Write
1 X X X X X X X QxODT! asserted during Write

1. -Only applicable if FORCSx DA[7:6] = 11
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2.23.27 QxODT][1:0] Read Pattern Control Word
Table 60 — FORCAx': QxODT][1:0] Read Pattern Control Word

Setting (DA[7:0]) Definition Encoding
X X X x | x X X 0 |QxODT[0] for Rank 0 Default: QxODTO0 Not asserted during Read
X X X x | x X X 1 QxODTO asserted during Read
X X X x | x X 0 x |QxODT[1] for Rank 0 Default: QxODT1 Not asserted during Read
X X X x | x X 1 X QxODT1 asserted during Read
X X X X | x 0 X x |QxODT[0] for Rank 1 Default: QxODTO0 Not asserted during Read
X X X x | x 1 X X QxODTO asserted during Read
X X X X 0 X X x |QxODTJ1] for Rank 1 Default: QxODT1 Not asserted during Read
X X X X 1 X X X QxODT! asserted during Read
X X X 0 X X X x |QxODTI0] for Rank 2 Default: QxODTO Not asserted during Read
X X X 1 X X X X QxODTO asserted during Read
X X 0 X X X X x [QxODT][1] for Rank 2 Default: QxODT1 Not asserted during Read
X X 1 X X X X X QxODT] asserted during Read
X 0 X X X X X x |QxODTI[0] for Rank 3 Default: QxODTO0 Not asserted during Read
X 1 X x | x X X X QxODTO asserted during Read
0 X X X X X X x |QxODT[1] for Rank 3 Default: QxODT1 Not asserted during Read
1 X X x | x X X X QxODT] asserted during Read

1. -Only applicable if FORC8x DA[7:6] =11
2.23.28 IBT and MRS Snoop Control Word

Table 61 — FORCBx: IBT and MRS Snoop Control Word!

Setting (DA[7:0]) Definition Encoding

X X X x | x X X 0 |DCO Input Bus Termination Disable  |Enabled
X X X X X X X 1 Disabled
X X X x | x X 0 x |DCI Input Bus Termination Disable  |Enabled
X X X X X X 1 X Disabled
X X X x | x 0 X x |DC2 Input Bus Termination Disable  |Enabled
X X X X | x 1 X X Disabled
X X X X 0 X X x |DDR4DB02 MRS Snoop Disable Enabled?
X X X X 1 X X X Disabled®
X X X 0 X X X x |DDR4RCDO02 MRS Snoop Disable Enabled*
X X X 1| x X x | x Disabled®
X X 0 x | x X X x |DCKEI Input Bus Termination Disable|Enabled
X X 1 X X X X X Disabled
X 0 X x | x X X x |DCKETI Input Buffer and QxCKEI Enabled
X 1 X X X X X x |Output Driver Disable Disabled®
0 X X X | x X X x |Reserved Reserved
1 X X X X X X X Reserved

—_

. -RCD always snoops DRAM MRS command for Write/Read Preamble, Burst Length and Write CRC if FORC8X DA[7:6] = 11.

2. -If LRDIMM is enabled and FORCBx DA3 = 0, MRS commands for DRAM MR[6:0] to Rank 0, A-side received by the
DDR4RCDO2 results in MRS WR command on the BCOM bus.

3. -IfLRDIMM is enabled and FORCBx DA3 = 1, MRS commands for DRAM MR[6:0] to the DDR4RCDO2 results in NOP command
on the BCOM bus. This mode requires that the host explicitly writes to the DDR4DBO02 snoop register BCWs.

4. -If LRDIMM is enabled and FORCBx DA4 = 0, the DDR4RCDO02 will snoop information from MRS commands for DRAM
MR[6:0] as needed for its own use.

5. -If LRDIMM is enabled and FORCBx DA4 = 1, the DDR4RCDO2 will not snoop information from MRS commands for DRAM
MR[6:0] for its own use. This mode requires that the host explicitly sets the snoop bits in the DDR4RCDO02.

6. When the input buffer is disabled, the DCKE1 input signal is assumed to be LOW by internal logic in the DDR4RCDO02 If FORC9x

DA3 =1 then the RCD will enter CKE power down state when host drives DCKEO Low.
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2.23.29 FORCCx .. FORCFFx - Error Log Register

The control word locations Cx .. Fx function as a 32-bit error log register. Upon occurrence of a CA parity error the
device logs the following sampled command and address bits in the Error Log Register, which can be transferred by

the memory controller to page 0 of the DRAM MPR, where it can be read by the host.

Table 62 — FORCCx .. FORCFx: Error Log Register1

Control
Settin: A[7:0
Word g (DA[7:0])
FORCCx A7 A6 A5 Ad A3 A2 Al A0
Al5/ Al4/
FORCDx CAS n | WEn Al3 Al2 All Al0 A9 A8
FORCEx DPAR | ACT n BGl1 BGO BAIL BAO Al7 A6/
RAS n
CA Parity
FORCFx 1 Error |Reserved| CSI n | CSO n Cc2 cy co/
Error23 Statusd = - CS3 n | CS2.n
atus”™

1. When command and address bits are logged in the Error Log Register upon occurrence of a
CA parity error, all bits in FORCCx/Dx/Ex(DA[7:0]) and in FORCFx(DA[4:0]) are updated
with the corresponding values from the offending command.

2. -This bit will get reset to ‘0’ when “Clear CA Parity Error” command is sent. The Clear CA
Parity Error command does not affect any bits in FORCCx/Dx/Ex and it does not affect Bits
DA[2:0] in FORCFx.

3. -With FORCOE DA3 =1 and DA2 = 1 the device will forward commands and re-enable par-
ity after the ALERT n pulse. The CA Parity Error Status bit will remain set. If a subsequent
parity error is detected the device will re-enter the parity error state and set the > 1 Error’

bit.

4. -The DDR4RCDO02 will set this bit upon occurrence of a CA parity error.

2.23.30 F1RCO00 - Data Buffer Interface Driver Characteristics Control Word

Table 63 — F1RCO00: Data Buffer Interface Driver Characteristics Control Word

Setting (DA[3:0]) Definition Encoding

X X X 0 [BCOM]3:0], BODT, BCKE, driver |[Moderate Drive

x | x | x | 1 |[strength Strong Drive

x | x ] 0] x Reserved Reserved

X X 1 X Reserved

x | 0 | x | x |[BCK t/BCK c driver strength Moderate Drive

X 1 X | x Strong Drive

0 X | X X |oocerved Reserved

1 x | x | x Reserved

2.23.31 F1RCO01 - CAL Mode Snoop Enable
Table 64 — F1RC01: CAL Mode Snoop Enable

Setting (DA[3:0])

Definition

Encoding

X X X 0

CAL mode snooping enable

Snoop Disabled

X X X 1 Snoop Enabled
X X 0 X |Reserved Reserved

X X 1 X Reserved

X 0 X x |Reserved Reserved

X 1 X X Reserved

0 X X X lReserved Reserved

1 X X X

Reserved
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2.23.32 F1RCO02 - CA and CS Output Slew Rate Control

Table 65 — FIRC02: CA and CS Output Slew Rate Control!

Setting (DA[3:0])

Definition

Encoding

X X 0 0

X X 0 1

X X 1 0

Slew rate control for Address/
Command - QxA0..QxA17,
QxBA0..QxBA1, QxBG0..QxBG1,

QXACT _n, QxC2, QxPAR, QxC0?

(Default) Moderate: Single-ended range 3 V/ns - 6 V/ns

Fast: Single-ended range 5 V/ns - 8 V/ns

Slow: Single-ended range 2 V/ns - 4 V/ns

x | x 1 1 Reserved
QxC1?
0 0 X x |QxCS0_n, QxCS1 n, (Default) Moderate: Single-ended 3 V/ns - 6 V/ns
0 1 X | X JoxCs2 n2,QxCS3 n2 Outputs Fast: Single-ended range 5 V/ns - 8 V/ns
1 0 x | x - - Slow: Single-ended range 2 V/ns - 4 V/ns
1 1 x | x Reserved

1. Slew Rate Control encodings of Moderate, Fast and Slow apply to all driver strength settings. The base range
values specified in Table 65 are applicable for Ron = RZQ/24, VDD = 1.2 V and 25 °C. The Output slew rate
is verified by design and characterization, and may not be subject to production test.

2. If QxC0/CS2_n and QxC1/CS3_n are configured as QxCO and QxC1 then output slew rates are defined by
FIRCO02 DAJ1:0]. If QxCO0/CS2_n and QxC1/CS3_n are configured as QxC2S n and QxCS3_n then output
slew rates are defined by FIRC02 DA[3:2].

2.23.33

F1RCO03 - ODT and CKEn Output Slew Rate Control

Table 66 — FIRC03: ODT and CKE Output Slew Rate Control

Setting (DA[3:0])

Definition

Encoding

X X 0 0

Slew rate control for QxODTO ..
QxODT1 output drivers 1

(Default) Moderate: Single-ended range 3 V/ns - 6 V/ns

Fast: Single-ended range 5 V/ns - 8 V/ns

Slow: Single-ended range 2 V/ns - 4 V/ns

Reserved

o e K= K=l Kol Ko K
e K=l e K= Kol Ko K
Il Kol Kol Kol B Kl K=
Il Kol Kol Kol e K=l e

Slew rate control for QxCKEQ ..
QxCKEI output drivers 1

(Default) Moderate: Single-ended range 3 V/ns - 6 V/ns

Fast: Single-ended range 5 V/ns - 8 V/ns

Slow: Single-ended range 2 V/ns - 4 V/ns

Reserved

1. Slew Rate Control encodings of Moderate, Fast and Slow apply to all driver strength settings. The base range
values specified in Table 66 are applicable for Ron = RZQ/24, VDD = 1.2 V and 25 °C. The Output slew rate
is verified by design and characterization, and may not be subject to production test.

2.23.34

F1RC04 - Clock Driver Output Slew Rate Control

Table 67 — F1RCO04: Clock Driver Output Slew Rate Control

Setting (DA[3:0])

Definition

Encoding

X X 0 0

Slew rate control for Clock Y1 t,
Y1 _c, Y3_t,and Y3_c differential

output drivers (A side) 1

(Default) Moderate: Differential range 6 V/ns - 12 V/ns

Fast: Differential range 10 V/ns -16 V/ns

Slow: Differential range 4 V/ns - 8 V/ns

Reserved

Slew rate control for Clock YO _t,
Y0 c,Y2 t,and Y2 _c differential

o B K= K= R
e K=l e K= Kol Ko K
Il Kol Kol Kol B Kl K=
Il kol Kl Ko e K=

output drivers (B side) L

(Default) Moderate: Differential range 6 V/ns - 12V/ns

Fast: Differential range 10 V/ns - 16 V/ns

Slow: Differential range 4 V/ns - 8 V/ns

Reserved

1. Slew Rate Control encodings of Moderate, Fast and Slow apply to all driver strength settings. The base range
values specified in Table 67 are applicable for Ron = RZQ/24, VDD = 1.2 V and 25 °C.The Output slew rate is
verified by design and characterization, and may not be subject to production test.
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2.23.35 F1RCO0S5 - Data Buffer Interface Output Slew Rate Control

Table 68 — F1RC05: Data Buffer Interface Output Slew Rate Control

Setting (DA[3:0]) Definition Encoding
x | x 0 0 |Slew rate control for BCOM[3:0], |(Default) Moderate: Single-ended range 3 V/ns - 6 V/ns
x | x 0 BODT, BCKE output drivers 1 Fast: Single-ended range 5 V/ns - 8 V/ns
x | x 1 0 Slow: Single-ended range 2 V/ns - 4 V/ns
x | x 1 1 Reserved
0 0 X x |Slew rate control for BCK t, BCK c |(Default) Moderate: Differential range 6 V/ns - 12 V/ns
0 1 X_| X _ldifferential output drivers 1 Fast: Differential range 10 V/ns - 16 V/ns
1 0 X X Slow: Differential range 4 V/ns - 8 V/ns
1 1 X X Reserved

1. Slew Rate Control encodings of Moderate, Fast and Slow apply to all driver strength settings. The base range
values specified in Table 68 are applicable for Ron = RZQ/17, VDD = 1.2 V and 25 °C. The Output slew rate
is verified by design and characterization, and may not be subject to production test.

2.23.36 F1RCl1x - QxCSn_n Output Delay Control Word

Table 69 — F1IRC1x: QxCSn_n Output Delay Control Word

Setting (DA[7:0]) Definition Encoding
X X X 0 0 0 0 0 |Output Delay Control for QACS0_n, [Delay Outputs by +(0/64) * tci (Same as Default)
X X X 0 0 0 0 1 |QACSI_n, QBCSO0_n, and QBCS1_n [Delay Outputs by +(1/64 )* tcg
X X X 0 0 0 1 0 |Output Signalsl1 Delay Outputs by +(2/64) * tck
X X X
X X X 1 1 1 0 1 Delay Outputs by +(29/64) * tcx
X X X 1 1 1 1 0 Delay Outputs by +(30/64) * tcx
X X X 1 1 1 1 1 Delay Outputs by +(31/64) * tcx
X X 0 x | x X X x |Reserved Reserved
X X 1 x | x X X X Reserved
X 0 X x | x X X x |Reserved Reserved
X 1 X X | x X X X Reserved
0 X X x | x X X x |Output Delay Feature Enable for (Default) Feature Disabled

QACS0 n, QACS1_nand QBCSO_n, |Feature Enabled?

1 X X X X X X X and QBCSI n

1. -These control bits do not have any effect unless FIRC1x DA7 = 1.
2. When feature is enabled the delay settings in FIRCI1x require a time of topy; for the delay to become stable on the outputs.

2.23.37 F1RC2x - QxCn Output Delay Control Word
Table 70 — F1RC2x: QxCn Output Delay Control Word

Setting (DA[7:0]) Definition Encoding
X X X 0 0 0 0 0 |Output Delay Control for Delay Outputs by +(0/64) * tcg (Same as Default)
x| x [ x ol o] o] o] 1 ]|QACHKCS2 n,QBCO/CS2 n, QACI/ [Delay Outputs by +(1/64)* tcx
x| x | x JoJo] o[ 1| o [CS3n,andQBCI/CS3 nOutput  [Delay Outputs by +(2/64) * tog
X X X Signals'
X X X 1 1 1 0 1 Delay Outputs by +(29/64) * tcx
X X X 1 1 1 1 0 Delay Outputs by +(30/64) * tcx
X X X 1 1 1 1 1 Delay Outputs by +(31/64) * tcx
X X 0 X | x X X x |Reserved Reserved
X X 1 x | x X X X Reserved
X 0 X X X X X x |Reserved Reserved
X 1 X x | x X X X Reserved
0 X X x | x X X x |Output Delay Feature Enable for (Default) Feature Disabled

QACO0/CS2_n, QBC0/CS2_n, QAC1/ |Feature Enabled?

Pl x> > *|*]|cs3sn. andoBCI/CS3 n

1. These control bits do not have any effect unless FIRC2x DA7 = 1.
2. When feature is enabled the delay settings in FIRC2x require a time of topy; for the delay to become stable on the outputs.
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Setting (DA[7:0]) Definition Encoding
X X X 0 0 0 0 0 |Output Delay Control for QACKEO, |Delay Outputs by +(0/64) * tci (Same as Default)
X X X 0 0 0 0 1 |QBCKEO, QACKE!I and QBCKE1 Delay Outputs by +(1/64 )* tcg
X X X 0 0 0 1 0 [Output Signals1 Delay Outputs by +(2/64) * tck
X X X
X X X 1 1 1 0 1 Delay Outputs by +(29/64) * tcx
X X X 1 1 1 1 0 Delay Outputs by +(30/64) * tcx
X X X 1 1 1 1 1 Delay Outputs by +(31/64) * tcx
X X 0 X | x X X x |Reserved Reserved
X X 1 x | x X X X Reserved
X 0 X X X X X x |Reserved Reserved
X 1 X X | x X X X Reserved
0 X X x | x X X x |Output Delay Feature Enable for (Default) Feature Disabled

QACKEO, QBCKEO, QACKE! and  |Feature Enabled?

1 X X X X X X X QBCKEI

1. These control bits do not have any effect unless FIRC3x DA7 = 1.

2. When feature is enabled the delay settings in FIRC3x require a time of topy; for the delay to become stable on the outputs.

2.23.39 F1RC4x - QxODTn Output Delay Control Word

Table 72 — F1IRC4x: QxODTn Output Delay Control Word

Setting (DA[7:0]) Definition Encoding
X X X 0 0 0 0 0 |Output Delay Control for QAODTO, |Delay Outputs by +(0/64) * tci (Same as Default)
X X X 0 0 0 0 1 |QBODTO, QAODTI, and QBODT1  [Delay Outputs by +(1/64 )* tek
X X X 0]o 0 1 0 [Output Signals! Delay Outputs by +(2/64) * tck
X X X
X X X 1 1 1 0 1 Delay Outputs by +(29/64) * tcx
X X X 1 1 1 1 0 Delay Outputs by +(30/64) * tck
X X X 1 1 1 1 1 Delay Outputs by +(31/64) * tcx
X X 0 X | x X X x |Reserved Reserved
X X 1 x | x X X X Reserved
X 0 X X | x X X x |Reserved Reserved
X 1 X x | x X X X Reserved
0 X X x | x X X X |Output Delay Feature Enable for (Default) Feature Disabled

QAODTO0, QBODTO0, QAODTI, and |Feature Enabled?

1 X X X X X X X QBODTI

1. These control bits do not have any effect unless FIRC4x DA7 = 1.

2. When feature is enabled the delay settings in FIRC4x require a time of topy; for the delay to become stable on the outputs.
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2.23.40 F1RC5x - QxCA Output Delay Control Word

Table 73 — F1RC5x: QxCA Output Delay Control Word

Setting (DA[7:0]) Definition Encoding
X X X 0 0 0 0 0 |Output Delay Control for QACMD/  |Delay Outputs by +(0/64) * tci (Same as Default)
x| x | xJo]Jo|] o] o] 1 |ADDand QBCMD/ADD! Output Delay Outputs by +(1/64 )* tcx
X X X 010 0 1 0 |Signals? Delay Outputs by +(2/64) * tcx
X X X
X X X 1 1 1 [i} 1 Delay Outputs by +(29/64) * tcx
X X X 1 1 1 1 0 Delay Outputs by +(30/64) * tcx
X X X 1 1 1 1 1 Delay Outputs by +(31/64) * tcx
X X 0 x | x X X x |Reserved Reserved
X X 1 x | x X X X Reserved
X 0 X x | x X X X |Reserved Reserved
X 1 X X | x X X X Reserved
0 X X x | x X X x |Output Delay Feature Enable for (Default) Feature Disabled
1 X X x | x X X x |QACMD/ADD and QBCMD/ADD  |Feature Enabled?
1. These control bits apply to the following CA outputs: QAA0..QAA17, QABA0..QABA1, QABGO0..QABG1, QAACT n, QAC2,
and QAPAR, QBA0..QBA17, QBBA0..QBBA1, QBBG0..QBBG1, QBACT _n, QBC2, and QBPAR.
2. These control bits do not have any effect unless FIRC5x DA7 = 1.
3. When feature is enabled the delay settings in F1IRC5x require a time of top; for the delay to become stable on the outputs.-

2.23.41 F1RC6x - Y1/Y3 Output Delay Control Word
Table 74 — F1RC6x: Y1/Y3 Output Delay Control Word

Setting (DA[7:0]) Definition Encoding
X X 0 0 0 0 0 0 |Output Delay Control for Y1_t/  |Delay Outputs by +(0/64) * tcx (Same as Default)
X X 0 0 0 0 0 1 |Y1 cand Y3 t/Y3 c Output Delay Outputs by +(1/64) * tcy
X X 0 0 0 0 1 0 |Si gnals1 Delay Outputs by +(2/64 )* tc
X X 0
X X 1 1 1 1 0 1 Delay Outputs by +(61/64) * tox
X X 1 1 1 1 1 0 Delay Outputs by +(62/64) * tcx
X X 1 1 1 1 1 1 Delay Outputs by +(63/64) * tcx
X 0 X X X X X x |Reserved Reserved
X 1 X X X X X X Reserved
0 X X X X X X X |Output Delay Feature Enable for |(Default) Feature Disabled
1 X X x | x X X x [Y1 /Y1 cand Y3 t/Y3 ¢ Feature Enabled?

1. These control bits do not have any effect unless FIRC6x DA7 = 1.
2. When feature is enabled the delay settings in FIRC6x require a time of top; for the delay to become stable on the outputs.

2.23.42 F1RC7x: Y0/Y2 Output Delay Control Word

Table 75 — FIRC7x: Y0/Y2 Output Delay Control Word

Setting (DA[7:0]) Definition Encoding
X X 0 0 0 0 0 0 |Output Delay Control for YO_t/Y0_c [Delay Outputs by +(0/64) * tci (Same as Default)
x| x ] oJo]lo] o] of1 Jandy2vY2 cOutput Signals! Delay Outputs by +(1/64 )* tc
X X 0 0 0 0 1 0 Delay Outputs by +(2/64) * tck
X X 0
X X 1 1 1 1 0 1 Delay Outputs by +(61/64) * tcx
X X 1 1 1 1 1 0 Delay Outputs by +(62/64) * tcx
X X 1 1 1 1 1 1 Delay Outputs by +(63/64) * tcx
X 0 X X X X X x |Reserved Reserved
X 1 X x | x X X X Reserved
0 X X x | x X X x |Output Delay Feature Enable for (Default) Feature Disabled
1 X X x | x X X x |YO t/YO cand Y2 t/Y2 ¢ Feature Enabled?

—_

These control bits do not have any effect unless FIRC7x DA7 = 1.
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2.When feature is enabled the delay settings in FIRC7x require a time of topy; for the delay to become stable on the outputs.

2.23.43 F1RC8x: BCOM][3:0]//BCKE/BODT Output Delay Control Word

Table 76 — F1RC8x: BCOM]|3:0]/BCKE/BODT Output Delay Control Word

Setting (DA[7:0])

Definition

Encoding

X X X 0 0 0 0 0 |Output Delay Control for BCOM[3:0], [Delay Outputs by +(0/64) * tci (Same as Default)
x| x| x]o]lo] o] o] 1 |BCKEandBODT Output Signals'  [Delay Outputs by +(1/64 )* tcx.
X X X 0 0 0 1 0 Delay Outputs by +(2/64) * tck
X X X

X X X 1 1 1 0 1 Delay Outputs by +(29/64) * tcx
X X X 1 1 1 1 0 Delay Outputs by +(30/64) * tcx
X X X 1 1 1 1 1 Delay Outputs by +(31/64) * tcx
X X 0 X X X X x |Reserved Reserved

X X 1 X X X X X Reserved

X 0 X X X X X x |Reserved Reserved

X 1 X X X X X X Reserved

0 X X x | x X X x |Output Delay Feature Enable for (Default) Feature Disabled

1 X X x | x X X x |BCOM[3:0], BCKE and BODT Feature Enabled?

1. These control bits do not have any effect unless FIRC8x DA7 = 1.
2. -When feature is enabled the delay settings in FIRC8x require a time of tgpy for the delay to become stable on the outputs.

2.23.44 F1RCY9x: BCK Output Delay Control Word

Table 77 — F1RC9x: BCK Output Delay Control Word

Setting (DA[7:0]) Definition Encoding
X X 0 0 0 0 0 0 [Output Delay Control for Delay Outputs by +(0/64) * tcx (Same as Default)
x| xJoJoJo] o] o] 1 |BCK #BCK cOutputSignals' [Delay Outputs by +(1/64) * tcy
X X 0 ol o 0 1 0 Delay Outputs by +(2/64 )* tck
X X 0 0 0 0 1 1 Delay Outputs by +(3/64) * tcx
X X 0
X X 1 1 1 1 0 1 Delay Outputs by +(61/64) * tcx
X X 1 1 1 1 1 0 Delay Outputs by +(62/64) * tcx
X X 1 1 1 1 1 1 Delay Outputs by +(63/64) * tcx
X 0 X X X X X x |Reserved Reserved
X 1 X x | x X X X Reserved
0 X X X X X X X |Output Delay Feature Enable for |(Default) Feature Disabled
1 X X x | x X X x |BCK_t/BCK ¢ Feature Enabled?

1. These control bits do not have any effect unless FIRC9x DA7 = 1.
2. When feature is enabled the delay settings in FIRC9x require a time of topy; for the delay to become stable on the outputs.
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2.23.45 F4RC00 - NVDIMM Mode Enable Control Word

If the optional NVDIMM mode feature is supported, control word F4ARC00 must be implemented. When F4ARCO00 - DAO is set to 1
(NVDIMM mode enabled) control word F4ARCOO0 can only be written through the LCOM[2:0] interface regardless of the settings
programmed in F4ARCO00 - DA[2:1]. When FARCO00 - DAO = 1, FARCO00 cannot be accessed for reads or writes through the Host

CTRL/CMD/ADD or I°C interfaces (i.e., it will be treated as a reserved location).

Table 78 — F4RC00: NVDIMM Mode Enable Control Word

Setting (DA[3:0]) Definition Encoding

X X X 0 |INVDIMM Mode Enable’ (Default) NVDIMM Mode Disabled?

x| x [ x]1 NVDIMM Mode Enabled®

X X 0 X |LCK _t/LCK c Input Clock Selection® |(Default) LCK_t/LCK_c to LCOM interface only’
X X 1 X LCK t/LCK c controls RCD02 outputs®’

X 0 X x |Host CTRL/CMD/ADD Interface (Default) Host CTRL/CMD/ADD inputs enabled
X 1 X X [Selection® Host CTRL/CMD/ADD inputs ignored”

0 X X x |Reserved Reserved

1 X X X Reserved

—

. It is expected the Host controller will program this control bit during the initialization sequence. The set-
ting in this control bit is not expected to change after system initialization is complete. This control bit can
only be modified when the NV Mode Enable Lock bit in FORCOE - DAL is equal to ‘0’

2. Normal RDIMM or LRDIMM operation with NVDIMM features disabled. Shared pins (i.e., Y2 t/
LCOMI, Y2 _¢/LCOMO, Y3 _t/LCK t, and Y3_c¢/LCK _c) assume their normal mode functions. No com-
mands or status data can be transferred through the LCOM[2:0] interface. Input LCKE is ignored.

3. NVDIMM operation enabled. Shared pins (i.e., Y2 t/LCOMI, Y2 ¢/LCOMO, Y3 t/LCK t, and Y3 ¢/
LCK c) assume their NVDIMM mode functions and input LCKE is enabled. The DDR4RCDO2 ignores
Host interface CTRL/CMD/ADD signals when F4ARC00 Bits DA1 or DA2 are set to 1

4. This control bit has no effect when NVDIMM features are disabled by FARC00 - DA0O. When PLL refer-
ence control is transferred between PLL shutdown and CK_t/CK_c clocks, the RCDO02 hardware is respon-
sible for triggering a PLL locking procedure, and the user is responsible for providing a valid input clock
signal that meets the t5 1 parameter (16 clock cycles) on the enabled clock input receiver and waiting for
the PLL to stabilize (tgTap)-

5. When FARCO00 - DA is 0 the LCK_t/LCK_c clock input is only used for synchronizing command frame
and read data frame bit updates on the LCOM[1:0] signals and the CK_t/CK _c input and clock stop detec-
tion circuits are active. DRAM and Data Buffer commands are not supported on the LCOM[2:0] interface
in this case. Only RCW Write commands are supported by the LCOM][2:0] interface and CMD/ADD/
CTRL outputs are controlled by CMD/ADD/CTRL inputs from the Host interface.

6. When F4RCO0 - DA is set to 1 the LCK t/LCK_c clock and LCOM[2:0] bus control the RCDO02 outputs
and CMD/ADD/CTRL inputs from the Host interface are disabled and the signals connected to those in-
puts are ignored.

7. The RCDO02 is responsible for resetting the I2C interface state machine upon detecting SCL low for 35 ms
cumulative between the Start and Stop bits or detecting SCL high continuously for 100 ps. Scaling of the
SCL reset timing described in the “I>C Interface State Machine Reset” section does not apply while the
LCK_t/LCK_c clock input has full control the RCD02 device.

8. This control bit has no effect on RCD02 CK_t/CK_c input.

9. To ensure a seamless transition, it is expected that FARCO00 - DA2 will be written to 1 when F4RCO00 - DA 1

is still 0. In this case, QxCS[i:0]_n outputs will be driven HIGH (i.e., Deselect command will be sent to all

DRAMSs), QxCKE[1:0] and BCKE outputs will retain their previous values statically, QxODT[1:0] and

BODT outputs will drive LOW. and CMD/ADD outputs will drive static HIGH or LOW logic levels to

DRAMSs unless QxCKE[1:0] output signals are all LOW and CKE Power Down mode is enabled (FORC09

- DA3 = 1), in which case the CMD/ADD outputs will continue to be disabled.
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2.23.46 F4RCO01 - NVDIMM Asynchronous Interrupt Control Word
If the optional NVDIMM mode feature is supported, control word FARCO1 must be implemented.

Table 79 — F4RC01: NVDIMM Asynchronous Interrupt Control Word

Setting (DA[3:0]) Definition Encoding
X X X 0 |LCOMO Asynchronous Interrupt (Default) LCOMO driven LOW
X X X 1 |Control! LCOMO driven HIGH

X X 0 x |LCOMI1 Asynchronous Interrupt (Default) LCOM1 driven LOW
X X 1 x |Control2 LCOMI1 driven HIGH

X 0 X x |Reserved Reserved

X 1 X X Reserved

0 X X x |Reserved Reserved

1 X X X Reserved

—

active RCW read data transfer.
2. This control bit defines the logic level driven on the LCOM1 output when LCKE is LOW and there is no
active RCW read data transfer.

This control bit defines the logic level driven on the LCOMO output when LCKE is LOW and there is no

2.23.47 F4RCO02 - Read Frame Gear Ratio and Yn/BCK Frequency Ratio Control Word

If the optional NVDIMM mode feature is supported, control word F4ARC02 must be implemented. When F4RCO00 - DAO is set to 1
(NVDIMM mode enabled) the F4ARCO02 control word can only be written through the LCOM][2:0] interface regardless of the set-
tings programmed in FARCO0 - DA[2:1]. When FARCO00 - DAO = 1, F4ARC02 cannot be accessed for reads or writes through the

Host CTRL/CMD/ADD or I2C interfaces (i.e., it will be treated as a reserved location).
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Table 80 — F4RC02: Read Frame Gear Ratio and Yn/BCK Frequency Ratio Control Word

Setting (DA[3:0])

Definition

Encoding

Read Frame Data Gear Ratio Control!

(Default) Gear ratio = 2

Gear ratio = 4

Reserved

Gear ratio = 1

ol Kol Kol Bl B Bl K= K=
ol Kol Kol Bl Bl =t e K=

[ Bl = =2 KB K KR K
[ B=d Bl B=2 koD Ko KR K

LCK_t/LCK_cto Yn/BCK Clock Ratio

Selection?

(Default) Yn/BCK frequency = 8 x LCK 1°req.3

Reserved

'Yn/BCK frequency = (1/4) x LCK freq.4

Reserved

—_

This field defines the number of LCK clock cycles used to transfer each bit of RCW data in the read data

frame. For example, setting ‘01’ in this field means that each bit of read data is driven by the RCD02 on
the LCOM[1:0] pins during four cycles of the LCK clock.

2. This control field has no effect when NVDIMM features are disabled by FARCO00 - DAO and it has no effect
unless F4ARCO00 Bit DA is set to 1.

3. This mode is intended for support of LRDIMM-based NVDIMM modules with DRAMs running in “DLL
on” mode at 800 MHz (DDR4-1600), 933 MHz (DDR4-1866), 1066 MHz (DDR4-2133), 1200 MHz
(DDR4-2400), 1333 MHz (DDR4-2666), 1466 MHz (DDR4-2933) and 1600 MHz (DDR4-3200). LCK
controls the PLL in this case.

4. This mode is intended for support of RDIMM-based NVDIMM modules with DRAMs running in “DLL
off” mode at any frequency between 10 MHz and 125 MHz.
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2.23.48 F4RC03 — LCOM Receiver Termination Control Word

Optional NVDIMM support feature. FARCO3 controls the receiver termination as shown in Table 81.

Table 81 — F4RC03: LCOM Receiver Termination Control Word

Setting (DA[3:0]) Definition Encoding

x | x | 0| o |mputTerminationfor  f350W termination. Use with Vref® = 0.75 * Vp

LCKE, LCOM[2] and

X X 0 1 LCOM[1:0]! 100W termination. Use with Vref® = 0.65 * Vbp
X X 1 0 Unterminated. Use with Vref? = 0. 50 * Vpp

X X 1 1 Reserved

X 0 X x | Reserved Reserved

X 1 X X Reserved

0 X X x | Reserved Reserved

1 X X X Reserved

1. These are the termination values. Acceptable actual values are determined based on the tolerance defined in the electrical
section.
2. Set the Vref options in F4RC04

2.23.49 F4RC04 — LCOM Receiver Vref Control Word
Optional NVDIMM support feature. FARCO04 controls the receiver Vref trim as shown in Table 82.

Table 82 — F4RC04: LCOM Receiver Vref Control Word

Assumption: the NVC driver RON is 50Q
Set the corresponding termination value in F4ARCO03

Setting (DA[3:0]) LCOM Vref Encoding
0lo0] 0[O0 [05%Vpy Required. Use with unterminated '+ 2

0 0 0 1 |0.55*Vpp Optional

0 0 1 0 ]0.60 * Vpp Optional

0 0 1 1 ]0.65* Vpp Required. Use with 100Q terminationl’ 2

0 1 0 0 |0.70 * Vpp Optional

0 1 0 1 |0.75 * Vpp Default Setting. Required. Use with 50Q terminationl’ 2
0 1 1 0 |0.80* Vpp Optional

0 1 1 1 10.85* Vpp Optional

1 X X x | Reserved Reserved

1.

2.



2.23.50 F4RClx .. F4RC4x - Multi Purpose Registers

If the optional NVDIMM mode feature is supported, control words FARC1x .. FARC4x must be implemented. Control word loca-
tions FARC1x .. FARC4x contain general purpose control bit settings intended for in-band transfer of commands or data from the
Host controller to the NVC. The contents of these control words have no effect on the RCD02 device. When F4RC00 - DA[2:0] =
‘001°, Control Words F4RC1x .. FARC4x can only be written by the Host controller and they can only be read through the

LCOM][2:0] interface.
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Table 83 — F4RC1x .. F4RC4x: Multi Purpose Registers

Control Word

Setting (DA[7:4])

Setting (DA[3:0])

F4RC1x (DA[7:0]) = MPRO

General purpose in-band control bits
(default value = 0101)

General purpose in-band control bits
(default value = 0101)

F4RC2x (DA[7:0]) = MPR1

General purpose in-band control bits
(default value = 0011)

General purpose in-band control bits
(default value = 0011)

F4RC3x (DA[7:0]) = MPR2

General purpose in-band control bits
(default value = 0000)

General purpose in-band control bits
(default value = 1111)

F4RC4x (DA[7:0]) = MPR3

General purpose in-band control bits
(default value = 0000)

General purpose in-band control bits
(default value = 0000)

Page 99

2.23.51 F4RCS5x - Data Transfer (Copy and Restore) Control Word

If the optional NVDIMM mode feature is supported, control word F4RC5x must be implemented. Control Word F4ARC5x is
intended for use of the NVDIMM local controller device. The settings contained in FARC5x are not used by the RCD02 device.
The Host controller can use the asynchronous interrupt feature (F4RCO01) when LCKE is LOW to give an indication to the NVC

that it needs to execute a new command in F4RC5x.

Table 84 — F4RC5x: Data Transfer (Copy and Restore) Control Word

Setting (DA[7:0]) Definition Encoding
X X X x | x 0 0 0 [NVDIMM DRAM Logical Rank (Default) Logical Rank 0
x | x| x| x| x 0 0 1 _[Selection — Logical Rank 0 to7 Logical Rank 1
x | x| x| x| x
X X X X X 1 1 0 Logical Rank 6
X x | x| x| x 1 1 1 Logical Rank 7
x | x]O0O]O0O]O X X x [NVDIMM Flash Copy (if more than 1)|(Default) Copy 0
X X 0 0 1 X X X Copy 1
x | x X X X
X X 1 1 0 X X X Copy 6
X X 1 1 1 X X X Copy 7
X 0 X X X X X x [Logical Rank Mode (Default) Rank specified in DA[2:0]/DA[5:3]
X 1 x | x X X X X All logical Ranks; Ignore DA[2:0] /DA[5:3]
0 x| x| x| x X X x |Transfer Type Selection (Default) Copy Data from DRAM to Flash
1 X X X X X X X Restore Data from Flash to DRAM
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2.23.52 F4RC6x: Self Refresh Status Word

Optional NVDIMM support feature. The DDR4RCDO?2 tracks self-refresh commands issued by the host interface to DRAM
ranks associated with each CKE. This RCW indicates the expected DRAM state based on the sequence of commands

issued.
Table 85 — F4RC6x: Self-Refresh StatusWord
Setting (DA[7:0]) Definition Encoding
X X X X X X X RCD detection of SRE SRE not detected for CKEO rank or ranks>
X X X X X X X commands' SRE detected for CKEO rank or ranks -
X X X X X X 0 X SRE not detected for CKE1 rank or ranks?
X X X X X X 1 X SRE detected for CKEO rank or ranks
X X X X X 0 X x |Reserved Reserved
X X X X X 1 X X Reserved
X X X X 0 X X x |Reserved Reserved
X X X X 1 X X X Reserved
X X X 0 X X X x |Reserved Reserved
X X X 1 X X X X Reserved
X X 0 X X X X X |Reserved Reserved
X X 1 X X X X X Reserved
X 0 X X X X X X |Reserved Reserved
X 1 X X X X X X Reserved
0 X X X X X X x |Reserved Reserved
1 X X X X X X X Reserved

—_—

These bits are read only.
2. State is set to 0 when any of the following conditions is true:

Host command is not SRE

DCKEX is asserted
Host issues SRE command with a parity error

Host issues SRE command that causes ERROR_IN is asserted
3. DDR4RCDO2 sets state to 1 when host issues SRE command with no parity error and ERROR_IN is not asserted

2.23.53 F7RCI1x - Date Code Byte 0

Manufacturing Information Register

Table 86 — F7RC1x: Date Code Byte 0

Setting (DA[7:0]) Definition Encoding

X ] x x | x]101]0 0 Date Code Digit 012 Digit =0
X X X x 1 0 0 0 1 _|Year Information Digit = 1
X X X x| 0 0 1 0 Digit =2
X X X X
X X X X 0 1 1 1 Digit =7
X X X X 1 0 0 0 Digit =8
X X X X 1 0 0 1 Digit=9
X X X X 1 0 1 0
X X X X Codes 10 to 15 Reserved
X X X X 1 1 1 1
010 0 10 fx] x x_| X |Date Code Digit 12 Digit = 0
0 0 0 [ x] x X | X lYear Information Digit = |
0 0 1 0 | x X X X Digit =2

X X X X
0 1 1 1 X X X X Digit =7
1 0 0 0 X X X X Digit = 8
1 0 0 1 X X X X Digit=9
1 0 1 0 X X X X

X X X X Codes 10 to 15 Reserved
L] 1 1] x| x x | x

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.
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2. This is year date code byte for RCD. It must be represented in Binary Coded Decimal (BCD). For example, year 2015 would be
coded as 0x15 (0001 0101).

2.23.54 F7RC2x - Date Code Byte 1

Manufacturing Information Register

Table 87 — F7RC2x: Date Code Byte 1

Setting (DA[7:0]) Definition Encoding

x| X x 1 x[0]0 0 | 9 Ipate Code Digit 2'2 Digit = 0
X1 X X x| 0 0 0 | |Work Week Information Digit = 1
X X X X 0 0 1 0 Digit =2
X X X X
X X X X 0 1 1 1 Digit =7
X X X X 1 0 0 0 Digit =8
X X X X 1 0 0 1 Digit =9
X X X X 1 0 1 0
X X X X Codes 10 to 15 Reserved
X X X X 1 1 1 1
010 0 10 [x] x X _| X |Date Code Digit 32 Digit =0
0 0 0 L S X X | X IWork Week Information Digit = 1
0 0 1 0 X X X X Digit =2

X X X X
0 1 1 1 X X X X Digit =7
1 0 0 0 X X X X Digit =8
1 0 0 1 X X X X Digit=9
1 0 1 0] x X X X

X X X X Codes 10 to 15 Reserved
L] 1 1] x| x x | x

1. Programmed and locked in one time programmable memory by DDR4RCDO2 vendor.
2. This is work week date code byte for RCD. It must be represented in Binary Coded Decimal (BCD). For example, week 47 would
be coded as 0x47 (0100 0111).

2.23.55 F7RC3x - Date Code Byte 2

Manufacturing Information Register

Table 88 — F7RC3x: Date Code Byte 2

Setting (DA[7:0]) Definition Encoding

x| x x 1 x[0]0 0 | 0 Ipate Code Digit 4' Digit = 0
X X X X 0 0 1 |Reserved Digit = 1
X X X X 0 0 1 0 Digit =2
X X X X
X X X X 0 1 1 1 Digit =7
X X X X 1 0 0 0 Digit = 8
X X X X 1 0 0 1 Digit =9
X X X X 1 0 1 0
X X X X Codes 10 to 15 Reserved
X X X X 1 1 1 1
0160 0 10 ] x] x X _| X IDate Code Digit 5' Digit =0
0 0 0 1 X X X X_|Reserved Digit= 1
0 0 1 0 X X X X Digit =2

X X X X
0 1 1 1 X X X X Digit =7
1 0 0 0 X X X X Digit = 8
1 0 0 1 X X X X Digit =9
1 0 1 0 X X X X

X X X X Codes 10 to 15 Reserved
I 1] 1 1] x] x x | x

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.
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2.23.56 F7RC4x - Vendor Specific Unique Unit Code Byte 0

Manufacturing Information Register

Table 89 — F7RC4x: Vendor Specific Unique Unit Code Byte 0

Setting (DA[7:0]) Definition Encoding
0 0 0 010 0 0 | 0 IByte 0 of Unique Unit Code' Code 0
0 0 0 0 0 0 0 1 Code 1
0 0 0 0 0 0 1 0 Code 2
1 1 1 1 1 1 0 1 Code 253
1 1 1 1 1 1 1 0 Code 254
1 1 1 1 1 1 1 1 Code 255

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.
2.23.57 F7RCS5x - Vendor Specific Unique Unit Code Byte 1
Manufacturing Information Register

Table 90 — F7RC5x: Vendor Specific Unique Unit Code Byte 1

Setting (DA[7:0]) Definition Encoding
0 0 0 0160 0 0 | 0 IByte 1 of Unique Unit Code' Code 0
0 0 0 0 0 0 0 1 Code 1
0 0 0 0 0 0 1 0 Code 2
1 1 1 1 1 1 0 1 Code 253
1 1 1 1 1 1 1 0 Code 254
1 1 1 1 1 1 1 1 Code 255

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.
2.23.58 F7RC6x - Vendor Specific Unique Unit Code Byte 2
Manufacturing Information Register

Table 91 — F7RC6x: Vendor Specific Unique Unit Code Byte 2

Setting (DA[7:0]) Definition Encoding
0 0 0 0160 0 0 | 0 IByte 2 of Unique Unit Code' Code 0
0 0 0 0 0 0 0 1 Code 1
0 0 0 0 0 0 1 0 Code 2
1 1 1 1 1 1 0 1 Code 253
1 1 1 1 1 1 1 0 Code 254
1 1 1 1 1 1 1 1 Code 255

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.
2.23.59 F7RC7x - Vendor Specific Unique Unit Code Byte 3
Manufacturing Information Register

Table 92 — F7RC7x: Vendor Specific Unique Unit Code Byte 3

Setting (DA[7:0]) Definition Encoding
0 0 0 0[O0 0 0 0_[Byte 3 of Unique Unit Code' Code 0
0 0 0 0 0 0 0 1 Code 1
0 0 0 0 0 0 1 0 Code 2
1 1 1 1 1 1 0 1 Code 253
1 1 1 1 1 1 1 0 Code 254
1 1 1 1 1 1 1 1 Code 255
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1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.

2.23.60 F7RCS8x - Vendor Specific Unique Unit Code Byte 4

Manufacturing Information Register

Table 93 — F7RC8x: Vendor Specific Unique Unit Code Byte 4
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Setting (DA[7:0]) Definition Encoding
0 0 0 0[O0 0 0 Byte 4 of Unique Unit Code! Code 0
0 0 0 0 0 0 0 1 Code 1
0 0 0 0 0 0 1 0 Code 2
1 1 1 1 1 1 0 1 Code 253
1 1 1 1 1 1 1 0 Code 254
1 1 1 1 1 1 1 1 Code 255

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.

2.23.61 F7RCY9x - Vendor Specific Unique Unit Code Byte 5

Manufacturing Information Register

Table 94 — F7RC9x: Vendor Specific Unique Unit Code Byte 5

Setting (DA[7:0]) Definition Encoding
0 0 0 0[O0 0 0 [ 0 [Byte 5 of Unique Unit Code! Code 0
0 0 0 0 0 0 0 1 Code 1
0 0 0 0 0 0 1 0 Code 2
1 1 1 1 1 1 0 1 Code 253
1 1 1 1 1 1 1 0 Code 254
1 1 1 1 1 1 1 1 Code 255

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.

2.23.62 F7RCAXx - Vendor Specific Unique Unit Code Byte 6

Manufacturing Information Register

Table 95 — F7RCAX: Vendor Specific Unique Unit Code Byte 6

Setting (DA[7:0]) Definition Encoding
0 0 0 0[O0 0 0 [ 0 [Byte 6 of Unique Unit Code! Code 0
0 0 0 0 0 0 0 1 Code 1
0 0 0 0 0 0 1 0 Code 2
1 1 1 1 1 1 0 1 Code 253
1 1 1 1 1 1 1 0 Code 254
1 1 1 1 1 1 1 1 Code 255

1. Programmed and locked in one time programmable memory by DDR4RCDO02 vendor.
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2.23.63 F7RCBx - Vendor ID Byte 0

Manufacturing Information Register

Table 96 — F7RCBx: Vendor ID Byte 0!

Setting (DA[7:0]) Definition Encoding
0T OTOTOTOT 0T 00 [Byte0of Vendor ID> VID[7:0] = 0x00h
0 0 0 0 0 0 0 1 VID[7:0] = 0x01h
0 0 0 0 0 0 1 0 VID[7:0] = 0x02h
1 1 1 1 1 1 0 1 VID[7:0] = 0xFDh
1 1 1 1 1 1 1 0 VID[7:0] = 0xFEh
1 1 1 1 1 1 1 1 VID[7:0] = 0xFFh
1. This is a fixed vendor specific register.
2. As defined for I>C Function 0 Address 0x00.
2.23.64 F7RCCx - Vendor ID Byte 1
Manufacturing Information Register
Table 97 — F7RCCx: Vendor ID Byte 1
Setting (DA[7:0]) Definition Encoding
0T 0T OTOTOTO0T0T0 [Bytet of Vendor ID? VID[15:8] = 0x00h
0 0 0 0 0 0 0 1 VID[15:8] = 0x01h
0 0 0 0 0 0 1 0 VID[15:8] = 0x02h
1 1 1 1 1 1 0 1 VID[15:8] = 0xFDh
1 1 1 1 1 1 1 0 VID[15:8] = 0xFEh
1 1 1 1 1 1 1 1 VID[15:8] = 0xFFh
1. This is a fixed vendor specific register.
2. As defined for I>C Function 0 Address 0x01.
2.23.65 F7RCDx - Device ID Byte 0
Manufacturing Information Register
Table 98 — F7RCDx: Device ID Byte 0!
Setting (DA[7:0]) Definition Encoding
0T 0T OTOTOT 0T 00 [Byte0ofDevice D2 DID[7:0] = 0x00h
0 0 0 0 0 0 0 1 DID[7:0] = 0x01h
0 0 0 0 0 0 1 0 DID[7:0] = 0x02h
1 1 1 1 1 1 1 DID[7:0] = 0xFDh
1 1 1 1 1 1 1 0 DID[7:0] = OxFEh
1 1 1 1 1 1 1 1 DID[7:0] = OxFFh

1. This is a fixed vendor specific register.
2. As defined for IC Function 0 Address 0x02.
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Setting (DA[7:0]) Definition Encoding
0T 0T OTJTOTOTO0T0T0 [Bytel of Device ID? DID[15:8] = 0x00h
0 0 0 0 0 0 0 1 DID[15:8] = 0x01h
0 0 0 0 0 0 1 0 DID[15:8] = 0x02h
1 1 1 1 1 1 0 1 DID[15:8] = 0xFDh
1 1 1 1 1 1 1 0 DID[15:8] = 0xFEh
1 1 1 1 1 1 1 1 DID[15:8] = 0xFFh
1. This is a fixed vendor specific register.
2. As defined for I>C Function 0 Address 0x03.
2.23.67 F7RCFx - Revision ID
Manufacturing Information Register
Table 100 — F7RCFx: Revision ID!
Setting (DA[7:0]) Definition Encoding
0] 01 O0JOJOJT OO0 [0 |RevisionID? RID[7:0] = 0x00h
0 0 0 0 0 0 0 1 RID[7:0] = 0x01h
0 0 0 0 0 0 1 0 RID[7:0] = 0x02h
1 1 1 1 1 1 0 1 RID[7:0] = OxFDh
1 1 1 1 1 1 1 0 RID[7:0] = 0OxFEh
1 1 1 1 1 1 1 1 RID[7:0] = 0xFFh

1.

This is a fixed vendor specific register.
2. As defined for IC Function 0 Address 0x04.
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3  I?C Bus Interface

For all configuration registers, the DDR4 register supports register access mechanisms through I>C Bus as well as

through in-band channel commands. The registers may be read by software from the I°C Bus host at any time the
DDR4 register is powered on, except in the DDR4 register clock stopped power down mode or when the device
DRST n pin is asserted.

The DDRA4 register I°C Bus interface shall not initiate clock stretching.

The DDR4 register I2C Bus interface must co-exist with an external Temperature Sensor/SPD device on an RDIMM
or LRDIMM and shall not inhibit the operation of the I>C Bus when it has no Vpp but Vppspp, even when it goes in
and out of clock stopped power down mode.

DDR4 registers are required to support read and write transactions without requiring clock stretching in order to sim-

plify host controller requirements. For similar reasons, DDR4 registers shall not control I>C Bus transactions in nor-
mal operation.

3.1 Operating Range

The DDR4 register I2C Bus interface is designed to operate at a voltage range of 2.2-2.8 V and shall operate the
I°C Bus up to 1 MHz maximum (Fast Mode+).

3.2 External Pins

The DDR4 register IC Bus interfaces uses the following five external device pins.

3.2.1 Serial Clock (SCL)

This input signal is used to strobe all data in and out of the device. In applications where this signal is used by target
devices to synchronize the bus to a slower clock, the bus controller must have an open drain output, and a pull-up
resistor can be connected from Serial Clock (SCL) to Vppgpp.- ( Figure 31 on page 108 indicates how the value of the

pull-up resistor can be calculated). In most applications, though, this method of synchronization is not employed, and
so the pull-up resistor is not necessary, provided that the bus controller has a push-pull (rather than open drain)
output.

3.2.2 Serial Data (SDA)

This bi-directional signal is used to transfer data in or out of the device. It is an open drain output that may be wire-
ORed with other open drain or open collector signals on the bus. A pull up resistor must be connected from Serial
Data (SDA) to the most positive Vppgpp in the I2C Bus chain. Figure 31 on page 108 indicates how the value of the
pull-up resistor can be calculated.
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Pullup Resistor Value Versus Line Capacitance VDDSPD
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Rp(min)= (max). (max) Rp(mz.n) (2.8V - 0.4V)/20mA
I0L(min) Rp(min) = 120 Q

Figure 31 — Maximum R;, Value Versus Bus Capacitance (Cgyg) for an 12C Bus

3.2.3 Select Address (SA0, SA1, SA2)

These input signals are used to set the value of the three least significant bits of the 7-bit Target Address. In the Dual
Inline Memory Module (DIMM) application, the Select Address inputs SA[2:1] of the DDR4 register must be con-
nected to Vgg or Vppgpp directly (that is without using a pull-up or pull-down resistor) through the DIMM socket (see
Table 101 on page 108). SAO is connected to the DIMM gold finger through a 1 KQ series resistor used during high
voltage programming of the SPD device on the DIMM. The pull-up resistors needed for correct operation of the I>C
Bus are located on the motherboard. The device shall interpret Vppgpp on the SA[2:0] pins as a logic ‘1’ and Vgg as
a logic ‘0.

Table 101 — Unique I>C Bus Addressing of DDR4 Registers in DIMM Applications

Target address SA2 SA1 SA0

[2:0]

000 0 0 0
001 0 0 1
010 0 1 0
011 0 1 1
100 1 0 0
101 1 0 1
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Target address SA2 SA1 SA0
[2:0]
110 1 1 0
111 1 1

Note 1: 0 = Vss, 1= VDDSPD
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The address bits (SA0-SA2) of the DDR4RCDO2 are connected to corresponding address pins (SA0-SA2) of the

SPD/TSOD device on the DIMM - see Figure 32 on page 109.

EVENT n
VDDSPD

SCL

SDA

R1

SAD /\/\ SAD
SA1 SA1
SAZ2 SAZ
W8S V33

VDDSPD
DDR4 SCL
Register SDA

VDDSPD

EVENT
scL SPDITS

SDA

SAD
SA1
SAZ2
VSS

Figure 32 — I°C Bus Wiring Diagram

3.3 System Management Access

System Management software in the platform can initiate system management access to the configuration registers.
This can be done through I°C Bus accesses.

DDR4RCDO02 components contain an I°C Bus target port and allow access to the configuration registers.

I°C Bus operations are made up of two major steps: (1) writing information to registers within each component and

(2) reading configuration registers from each component. The following sections will describe the protocol for an I>C
Bus controller to access an DDR4 register component’s internal configuration registers.
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3.3.1 Target Address

The 7-bit target address used for each primitive IC Bus transaction is determined by the SA[2:0] pins and the 4-bit
device address.

* Primary I2C Bus address (BFUNC pin strapped to Vgg):
— Target Address[6:3] =4°b1011
— Target Address[2:0] = SA[2:O]1
* Secondary I2C Bus address (e.g. for a secondary register; BFUNC pin strapped to Vpp):
— Target Address[6:3] =4’b1000
— Target Address[2:0] = SA[2:0]

3.3.2 Supported I2C Bus Commands

The DDRA4 register component’s I°C target port supports register reads and writes built out of the following four I’C
Bus primitive commands:

Block Write Byte Write
Block Read Byte Read

The DDR4 register is not required to support block accesses larger than a double word.

Each I°C Bus transaction has an 8-bit command driven by the controller. The format for this command is illustrated in
. Table 102, “I2C Bus command Encoding” below.

Table 102 — I>C Bus command Encoding

7 6 5 4 3:2 1:0
Internal Command: 12C Bus Command:
00 - Read DWord 00 - Byte
Begin End Rsvd PEC_en | 01 - Write Byte 01 - Rsvd
10 - Write Word 10 - Block
11 - Write DWord 11 - Rsvd

The Begin bit indicates the first transaction of a read or write sequence.

The End bit indicates the last transaction of a read or write sequence.

The PEC _en bit enables the 8-bit PEC generation and checking logic.

The Internal Command field specifies the internal command to be issued by the I°C Bus target logic. Note that the

Internal Command must remain consistent (i.e. not change) during a sequence that accesses a configuration register.
Operation cannot be guaranteed if it is not consistent when the command setup sequence is done.

The I°C Bus Command field specifies the I*C Bus command to be issued on the bus. This field is used as an indica-
tion of the length of transfer so the target knows when to expect the PEC packet (if enabled).
Reserved bits should be written to zero to preserve future compatibility.

Hosts are required to form commands that are internally self consistent. The length indicated by the internal com-
mand should be consistent with the byte count and the DDR4 register behavior will be undefined when the internal
command is inconsistent with the bye count.

1. See Table 101 for details
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3.3.3 Register Access Protocols
Sequences of these basic commands will initiate internal accesses to the component’s configuration registers.

Each configuration read or write first consists of an I>C Bus write sequence which initializes the register’s address .
The term sequence is used since these variables may be written with a single block write or multiple byte writes.
Once these parameters are initialized, the I2C Bus controller can initiate a read sequence (which performs a configu-
ration read) or a write sequence (which performs a configuration write).

Note that all register control words are located in the I>C Bus Function 0 - 7 address spaces. This leaves the address

space of the other seven IC Bus functions available for vendor specific test and debug registers which are not
defined in this specification.

Table 103 — I2C Bus Protocol Addressing Fields

ACUTEDIIE Bits Description
Name

Reserved 7:0 Reserved - Device may alias all these addresses to
00h

Dev 3:0 Reserved - Device may alias all these addresses to
00h

Function 3:0 Function Address

Reg Num[15:8] |7:0 Reserved - Device may alias all these addresses to
00h

Reg Num[7:0] [7:0 Register Address within Function
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3.3.3.1 Access Mechanism

For all configuration & status registers, the DDR4RCDO02 supports register access mechanisms through I°C Bus as

well as through in-band channel commands. The registers may be read by software from the I>C Bus host at any time
the DDR4RCDO02 is powered on, except in the register clock stopped power down mode or when the device DRST n

pin is asserted.

Table 104 shows the mapping between DDR4RCDO02 control words and I°C Bus register numbers. The entire register

space of the DDR4RCDO?2 is accessible with the I°C Bus Reg Num[7:0] address field.
Table 104 — Function 0 I>C Bus Address Map

Register cw
Address Description D7 D6 D5 D4 D3 D2 D1 DO | access
0x00h Vendor ID VID[7:0] No
0x01h VID[15:8] No
0x02h , DID[7:0 No
0x03h Device ID D|D[[15:é] No
0x04h Revision ID RID[7:0] No
0x05h Reserved No
0x06h Reserved Reserved No
0x07h Reserved No
0x08h 4-bit RCWs FORCO1 FORCO0 Yes
0x09h 4-bit RCWs FORCO03 FORCO02 Yes
0x0Ah 4-bit RCWs FORCO05 FORCO04 Yes
0x0Bh 4-bit RCWs FORCO7 FORCO06 Yes
0x0Ch 4-bit RCWs FORCO09 FORCO08 Yes
0x0Dh 4-bit RCWs FORCOB FORCOA Yes
0x0Eh 4-bit RCWs FORCOD FORCOC Yes
0x0Fh 4-bit RCWs FORCOF FORCOE Yes
0x10h 8-bit RCW FORC1x Yes
0x11h 8-bit RCW FORC2x Yes
0x12h 8-bit RCW FORC3x Yes
0x13h 8-bit RCW FORC4x Yes
0x14h 8-bit RCW FORC5x Yes
0x15h 8-bit RCW FORC6x Yes
0x16h 8-bit RCW FORC7x Yes
0x17h 8-bit RCW FORC8x Yes
0x18h 8-bit RCW FORC9x Yes
0x19h 8-bit RCW FORCAXx Yes
0x1Ah 8-bit RCW FORCBx Yes
0x1Bh 8-bit RCW FORCCx Yes
0x1Ch 8-bit RCW FORCDx Yes
0x1Dh 8-bit RCW FORCEXx Yes
Ox1Eh 8-bit RCW FORCFx Yes

Note: CWs residing in FN[15:1] will start at register address 0x08

The DDR4RCDO02 Device ID is DID = 0x0042.
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“Reserved” means that this register space is reserved for future extensions (that are common to all implementations).

“Vendor specific” means that this register space is available now for vendor specific test and debug registers.

Each byte of the DDR4RCDO02 register space has its own unique address. For CSR writes the RCD registers can be
accessed in byte (8-bit), word (16-bit) or double word (32-bit) quantities. For CSR reads the device registers can only
be accessed in double word (32-bit) quantities.

All multi-byte numeric fields use “little-endian” ordering (i.e., lower addresses contain the least significant parts of
the field). As an example Table 105 defines the byte order for double word accesses to the DDR4RCDO02 control
words.

In this chapter CSRs are defined as 8-bit registers. Since a byte is the smallest access granularity for CSRs, a single 8-
bit CSR contains two 4-bit control words.

Table 105 — Double Word Byte Order for I2C Bus control Word Accesses

Description Data[31:24] Data[23:16] Data[15:8] Data[7:0]

FORC00-FORCO7 | Forco713:0] | Forcoe(3:0] | Forcosi:0) | Forcoas:o) | Forcosis:0 | Forcozya:op | Forco1(s:01 | Forcoors:oj

FORC08-FORCOF | ForcoFy3:0] | FORCOE3:0] | FoRCOD3:0]| ForCoc3:01] ForcoB(3:01| ForC0A[3:0]] FORCO9[3:0] | FORCO8[3:0]

I

| Forcix-Forcax | FORCAX[7:0] | FORC3x[7:0] | FORC2x[7:0] | FORCIxX[7:0] |
| Forcsx-Forcex | FORC8x[7:0] | FORC7x[7:0] | FORCBX[7:0] | FORC5x[7:0] |
| Forcox-Forcex | FORCCx[7:0] | FORCBX[7:0] | FORCAX[7:0] | FORCOx[7:0] |
| ForcDx-FoRCFx | | FORCFX[7:0] | FORCEX[7:0] | FORCDX[7:0] |

3.3.3.2 Configuration Register Read Protocol

Configuration reads are accomplished through an I°C Bus write(s) and later followed by an I°C Bus read. The write
sequence is used to initialize the Bus Number, Device, Function, and Register Number for the configuration access.

The writing of this information can be accomplished through any combination of the supported IC Bus write com-
mands (Block, Byte). The Internal Command field for each write should specify Read DWord.

All IC Bus configuration reads should be DWord aligned. The DDR4 register will ignore the lowest two bits of the
register address and return the four bytes within a DWord in the byte order shown in the following examples, i.e. most
significant byte (Data[31:24]) first and least significant byte (Data[7:0]) last.

After all the information is set up, the last write (End bit is set) initiates an internal configuration read. If an error
occurs during the internal access, the last write command will receive a NACK. A status field indicates abnormal ter-
mination and contains status information such as target abort, controller abort, and time-outs. The status field encod-
ing is defined in the following table.

Table 106 — Status Field Encoding for I2C Bus Reads

Bit Description

7 Reserved

6 Reserved

5 Reserved
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Table 106 — Status Field Encoding for I2C Bus Reads

Bit Description
4 Internal Target Abort
3:1 Reserved
0 Successful

Examples of configuration reads are illustrated below. All of these examples have PEC (Packet Error Code) enabled.
If the controller does not support PEC, then bit 4 of the command would be cleared and there would not be a PEC
phase. For I°C Bus read transactions, the last byte of data (or the PEC byte if enabled) is NACKed by the controller
to indicate the end of the transaction. For diagram compactness, “Register Number[]” is also sometimes referred to as
“Reg Number” or “Reg Num”.

[s|  10xXxXxx |WA] Cmd=11010010 [A] ByteCount=4 [A] Reserved [A] Device/Function [A] Reg Number[15:8] \AD

| Reg Number [7:0] [A] PEC A P]
S| 10xxxxX_ [WAJ] Cmd=11010010 [AD

s 10XX XXX |R|A| ByteCount=5 |A] Status |A[  Data[3124] [A]  Data[23:16] ‘AD

[ Detait58]  [A] Data[7:0] @\ PEC @

Figure 33 — I2C Bus Configuration Read (Block Write / Block Read, PEC Enabled)

The following example uses byte writes and reads.

[s] 10XX_XXX [W[A] cmd=10010000 [A] Reserved [A] PEC [alP Q
[s] 10XX_XXX [W[A] Ccmd=00010000 [A]  Device/Function  [A] PEC [A]P Q
[s] 10XX_XXX [W[A] cmd=o00010000 [A] Register[15:8] [A] PEC [alP Q
[s] TOXX_XXX [W[A] cmd=01010000 [A] Register(7:0] [A] PEC [ATP Q
s 10XX_XXX W[A Cmd = 10010000 A

sr 10XX_XXX R|A Status A PEC [N]P Q

s 10XX_XXX WA Cmd = 00010000 A

sr 10XX_XXX R[A Data[31:24] A PEC IN]P Q

s 10XX_XXX W[A Cmd = 00010000 A

sr 10XX_XXX R[A Data[23:16] A PEC IN]P Q

s 10XX_XXX WA Cmd = 00010000 A

sr 10XX_XXX R[A Data[15:8] A PEC IN]P Q

s 10XX_XXX W[A Cmd = 01010000 A

sr 10XX_XXX R[A Data[7:0] A PEC IN]P Q

Figure 34 — 12C Bus Configuration Read (Write Bytes / Read Bytes, PEC Enabled)
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3.3.3.3 Configuration Register Write Protocol

Configuration writes are accomplished through a series of I°C Bus writes. As with configuration reads, a write
sequence is first used to initialize the Bus Number, Device, Function, and Register Number for the configuration
access. The writing of this information can be accomplished through any combination of the supported I°C Bus write
commands (Block, Byte).

On I2C Bus, there is no concept of byte enables. Therefore, the Register Number written to the target is assumed to be
aligned to the length of the Internal Command. In other words, for a Write Byte internal command, the Register Num-
ber specifies the byte address. For a Write DWord internal command, the two least-significant bits of the Register
Number are ignored. This is different from PCI where the byte enables are used to indicate the byte of interest.

After all the information is set up, the I°C Bus controller initiates one or more writes which sets up the data to be writ-

ten. The final write (End bit is set) initiates an internal configuration write. If an error occurred, the I°C Bus interface
NACKSs the last write operation just before the stop bit.

Examples of configuration writes are illustrated below.

[s[ 1000 [WA am=11011110 [4 BteGurt=8 [ Reaved [A DeicsFudin [Al RgNntefi5g [A RgNntHrquN D312 Q

@ Dezal A Daeg [N DE7g (4 FC I/#PQ

Figure 35 — I2C Bus Configuration Double Word Write (Block Write, PEC Enabled)

[s] 10XX_XXX [W[A] cmd=10011100 [A] Reserved [A] PEC ‘A‘PQ
[s] 10XX_XXX [W[A] Cmd=00011100 [A]  Device/Function  [A] PEC [ATP Q
[s] 10XX_XXX [W[A] Cmd=00011100 [A] Register[15:8] [A] PEC [a]P Q
[s] 10XX_XXX [W[A] cmd=00011100 [A] Register(7:0] [A] PEC [A]P D
[s] 10XX_XXX [W[A] Cmd=00011100 [A] Data[31:24] [A] PEC ‘A‘PQ
[s] 10XX_XXX [W[A] cmd=o00011100 [A] Data[23:16] [A] PEC [ATP Q
[s] 10XX_XXX [W[A] cmd=o00011100 [A] Data[15:8] [A] PEC ‘A‘PQ
[s] 10XX_XXX [W[A] cmd=o01011100 [A] Data[7:0] [A] PEC ‘A‘PQ

Figure 36 — I>C Bus Configuration Double Word Write (Write Bytes, PEC Enabled)

[s[ 100X WA Qm=11001010 [A BfeGart=6 |A  Reseed  |A| DoiceFucin |[A RegNrbeft§ [A RegNnber[70 @

A ey [  Darg \A@

Figure 37 — 12C Bus Configuration Word Write (Block Write, PEC Disabled)
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[s[  1oxxxxx  [w[A] cmd=10000100 [A] Reserved [A]P Q
[s] 10XX_XXX  |W[A]  Cmd=00000100 [A]  Device/Function  [A]P Q
[s] 10XX_XXX  |W[A]  Cmd=00000100 [A] Register[15:8] [A]P Q
[s] 10XX_ XXX [W[A]  Cmd=00000100 [A] Register[7:0] [a]P Q
[s] 10XX_XXX [W[A] cmd=o01000100 [A] Data[7:0] [alP Q

Figure 38 — I2C Bus Configuration Byte Write (Write Bytes, PEC Disabled)

3.4 1°C Bus Error Handling

The I°C Bus target interface handles two types of errors: internal and PEC. These errors manifest as a Not-Acknowl-
edge (NACK) for the read command (End bit is set). If an internal error occurs during a configuration write, the final
write command receives a NACK just before the stop bit. If the controller receives a NACK, the entire configuration
transaction should be reattempted.

If the controller supports packet error checking (PEC) and the PEC _en bit in the command is set, then the PEC byte is
checked in the target interface. If the check indicates a failure, then the target will NACK the PEC packet.

3.5 I2C Resets

3.5.1 I?C Interface State Machine Reset
The target interface state machine can be reset by the controller in two ways :

* The controller holds SCL low for 35 ms cumulative. Cumulative in this case means that all the “low time” for
SCL is counted between the Start and Stop bit. If this totals 35 ms before reaching the Stop bit, the interface is
reset.

— Timing is set up to be 35 ms for 1600 MT/s and may scale down at higher frequencies
* 30 ms at 1866 MT/s
*26.25 ms at 2133 MT/s
*23.33 ms at 2400 MT/s
* 21 ms at 2666 MT/s
*19.09 ms at 2933 MT/s
*17.5 ms at 3200 MT/s

* The controller holds SCL continuously high for 100 us between Start and Stop conditions.

— Timing is set up to be 100 ps for 1600 MT/s and may scale down at higher frequencies
* 85 us at 1866 MT/s
*75 us at 2133 MT/s
* 66.67 us at 2400 MT/s
* 60 pus at 2666 MT/s
*54.10 ps at 2933 MT/s
*50 ps at 3200 MT/s
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3.5.2 I2C transactions during reset

Since the configuration registers are affected by the DRST n pin, 12C controllers will NOT be able to access the
device registers while the device is reset.
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4 Absolute Maximum Ratings
Table 107 — Absolute Maximum Ratings over Operating Free-air Temperature Range !

Symbol Parameter Conditions Min Max Unit
Vpp Supply voltage -03 1.5 \
Vi Receiver input voltage? See Note 4 and 5 -03 Vpp *+ 0.5 \Y
Vrer | Reference voltage -03 Vpp + 0.5 Y,
Vout | Driver output voltage® See Note 4 and 6 -03 Vpp + 0.5 \
lik Input clamp current ViN<O0orVy>Vpp - -50 mA

Output clamp current V <0orV >
lok p p ouT out } +50 mA
Vbb

lout Continuous output current 0 <Vout <VpD - +50 mA
lcce Continuous current through each Vpp or Vg pin - +100 mA
TStg Storage temperature - 65 + 150 oc

NOTE 1: Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are
stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated under “operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 2: This parameter does not apply to SA[2:0] and SCL. See 12c chapter for voltage specifications for these inputs.
NOTE 3: This parameter does not apply to SDA. See 12c chapter for voltage specifications for this output.

NOTE 4: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
NOTE 5: This value is limited to 1.50 V maximum.
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5

Input AC and DC Specifications

The DDR4RCDO02 parametric values are specified for the device default control word settings, unless otherwise
stated. The device must meet the electrical and timing characteristics with any programmed drive strength setting.
Note that the FORCOA setting does not affect any of the parametric values. .

Table 108 — Operating Electrical Characteristics

Symbol Parameter ApPllcabIe Condition Min Nom Max Unit
Signals
Vbb,  |DC Supply voltage' 1.2V
PVop Operation 1.14 1.2 1.26 \
AVpp  |PC Supply voltage before filter? 12V 113 12 196 Vv
Operation
V17 DC Termination voItage3 Vbbnom/2 -45 [Vppnom2| Vppnom/2+45 | mv
VRer  [DC Reference voltage'* VrefCA 049xVpp [0.5xVpp| 0.51xVpp | mV
Vin.cmos |HIGH-level input voltage DRST_n Vv
ViLcmos [LOW-level input voltage see Table 116 vV
HGH-level input voltage ERROR_IN_n 0.75x Vpp +
VIH.ERROR 80 mV
ViLERROR |LOW-level input voltage 0.75xVpp-80( mv
LOW:-level input voltage CK_t/CK_c
Vv i — = - 0.35xV,
IL(static) during clock stop 0 *Voo | mV
Vix(CK) Differential mpsut cross point CK_t/CK_c mv
voltage range see Table 113
Extended differential input cross
Vix_ex(CK) [ mv
point voltage range
Vewmoo) Average common mode DC 046 xVpp |05 Vpp| 0.54x Vpp mv
voltage
VseH Single-ended high level mV
VseL Single-ended low level see Table 112 mV
VlH(AC) AC input hlgh level V
Viiac)  JAC input low level Vv
Vingir_ |Differential input high level see Table 110, “AC and DC Input|[ Vv
V) giff Differential input low level Levels for CK,” Vv
Vihdiac)  JAC differential input high level vV
ViLgifiiac) |AC differential input low level Vv
v AC output high level All outputs Vi1+0.15x
OH(AC) except ALERT n Vib } ) v
AC output low level Vi1-0.15x
VoLac) ) \Y; v
DD
AC differential output high Yn_t/Yn_c, +03*
VoHdiff(AC) measurement level (for output |BCK_t/BCK_c v ) - \%
SR) DD
AC differential output low _03*
VoLdifiiac) |measurement level (for output V. - Vv
SR) bb
Vob_clock(ac)|Differential re-driven clock swing|Yn_t/Yn_c, (1/3) x Vpp Vbp \Y
- - - - BCK_t/BCK_c
Vox(clock) Differential output cross point | _ see Table 125 mv
voltage
T; Junction temperature® 0 - 125 °C
Case temperature [Measurement
Tease procedure - - 1037 °C
JESD51-2
Extended junction
Tj_ext 8.9 -40 - 125 oc
temperature®
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Table 108 — Operating Electrical Characteristics

Applicable - . .

Symbol Parameter p? Condition Min Nom Max Unit
Signals
Extended case temperature® Measurement
Tcase_ext procedure -40 - 10310 oc
JESD51-2

1. DC bandwidth limited to 20 MHz.
2. See filter schematics and dimensioning in Figure 80 on page 172.
3. If V7 is out of the range, QCA output drive strength will not be guaranteed.
4. Only valid when FORCOB DA3 =_1.
5. See Diagram (Figure 71)
6. For operation beyond Tj min and max datasheet values are not guaranteed and may de-rate. For operation above Tj max

lifetime could be affected. All parametric measurements are performed at 0 °C, 25 °C and 95 °C.
7. This spec is meant to guarantee a Tj of 125 °C by the DDR4RCDO02. Since Tj cannot be measured or observed by users,
Tcase is specified instead. Under all thermal condition, the Tj of a DDR4RCDO2 shall not be higher than 125 °C.

8. Extended temperature range support is an optional feature. Devices supporting this feature are identified by appending “X

”

to the device name. For example, DDR4RCD02X and DDR4RCDO02NVX support extended temperature range while

DDR4RCDO02 and DDR4RCDO02NV do not support extended temperature range.

9. For operation beyond Tj_ext min and max datasheet values are not guaranteed and may de-rate. For operation above
Tj_ext max lifetime could be affected. All parametric measurements are performed at -40 °C, 25 °C and 95 °C.
10.This spec is meant to guarantee a Tj_ext of 125 °C by the DDR4RCDO02. Since Tj_ext cannot be measured or observed
by users, Tcase_ext is specified instead. Under all thermal condition, the Tj_ext of a DDR4RCDO02 shall not be higher than

125 °C.

5.1 CA Input Receiver Specifications

The CA input receiver mask for voltage and timing is shown in Figure 39. The receiver mask (Rx Mask) defines area
the input signal must not encroach in order for the DDR4RCDO02 input receiver to successfully capture a valid input
signal with BER < 1e-18. The mask is a receiver property for each pin and it is not the valid data eye.

TclVW_TOTAL

- — T
o “‘
\ Rx Mask
Vclvw ‘\/ Vcent_CA(midpoint)
_TOTA Y/

‘\“\~ e —
N 3 ——

—

Figure 39 — CA Receiver(Rx) Mask
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VrefCA variation
(Component)

Figure 40 — Across Pin Vcent CA Voltage Variation

Veent CA(midpoint) is defined as the midpoint between the largest Vcent CA voltage level and the smallest
Veent_CA voltage level across all ADD/CMD and CTRL (=CA) pins for a given DDR4RCD02 component. Each
CA pin Vcent level is defined by the center, i.e. widest opening of the cumulative data input eye as depicted in
Figure 40. This clarifies that any DDR4RCDO02 component level variation must be accounted for within the
DDR4RCDO02 Rx mask. The VrefCA will be set by the system to account for Ron and IBT settings.

tr tf

A
Y

Rx Mask
Vcent_CA(midpoint) — -

VclVW_TOTAL

TclPW

A
v

NOTE 1: SRIN_cIVW=VcIVW_TOTAL/(tr o tf)
Figure 41 — CA TcIPW and SRIN_cIVW Definition (for each Input Pulse)
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A

VIHL_AC(min)/2

Vcent CA

(midpoint)

Rx Mask

Rx Mask

Rx Mask

f !

VcIVW_TOTAL »<===-

¢ A

_/

\ VIHL_AC(min)/2

NOTE 1: The VIHL AC(min) requirement has to be met for any Ul making a transition. It does not have to be met for a UI when there is no

signal transitions.

Figure 42 — VIHL_AC(min) Requirement (for each Input Pulse)
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CA. CK Data-in at RCD Balls

when CAx.y.z are centered
aligned at the Latch

non Minimum Data-Eye / Maximum Rx Mask

CA. CK Data-in at RCD Latch

Internal Composite Data-Eye center aligned

CK_t

CK_c

CK_t

individual data eye so left and right edges
will be equidistant relative to CK.

|
I
I
I
I
I
I
I
I
| 'CK2CAX*
| —n -—
—
' WA/ i
CAX,y,z I Je
¥z Y — CAX Rx Mask |
I RCD|Balls %
I JAYARY C
I
| {CK2CAY*
| I —
<
| / \\A// 5
All CA signals must be individually center CA RX aSk |_|
aligned to CK at the latch in order to measure I Y RCD Balls =
the offset parameters tCK2CA and tCACA at | JAFAVARY =
the balls of the DDR4RCDO02 device. | tC CAZ* §
K2CAz
| -— -
As one example to accomplish this, the tester \ \/ / <
X =
creates a data eye wider than the Rx Mask. | 10
The tester makes VrefCA equal to | RX IVI aSk '_|
Vcent_CA(midpoint) and locates the horizontal left CAz RCD Balls v =
and right edges of the data eye by advancing or | [ JAVAW =
retarding the timing of each CA signal under I g
test in relationship to CK until failure. After -
which the tester will shift the timing of the | t{CACA
|

*NOTE 1: tCK2CA is measured from the rising edge of CK_t

to the center(midpoint) of the TcIVW window
NOTE 2: For this example:
CAXx represents a nominal tCK2CA
CAy represents the min tCK2CA
CAz represents the max tCK2CA

Figure 43 — CK to CA Timings at the DDR4RCD02 Balls Referenced from the Internal Latch

All of the timing terms in Figure 43 are measured from CK_t/CK c to the center(midpoint) of the TcIVW window
taken at the VcIVW_TOTAL voltage levels centered around Veent CA(midpoint). In Figure 43 the timings at the
balls are referenced with respect to all CA signals center aligned to the DDR4RCDO2 internal latch. The data to data
offset tCACA is defined as the magnitude of the difference between the min and max tCK2CA for a given
component.
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Table 109 — CA Input Receiver Voltage Margin and AC Timing by Speed Bin for DDR4-1600 -3200

Speed D naavas! | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200
Unit | NOTE
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
VclVW_TOTAL Rx Mask p-p - 150 - 120 - 120 - 110 - mV 1,2,3,4
voltage total 100
TclVW_TOTAL Rx timing window - 0.2 - 0.15 - 0.15 - 0.135 - ul 14
total 0.135
VIHL_AC CAAC input pulse | 180 - 150 - 140 - 130 - - mV 5
amplitude pk-pk 120
TelPW CAinput pulse 0.5 - 0.4 - 0.3 - 0.3 - - ul 6
width 0.3
tCK2CA CK to CA offset -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 ul 7
tCACA CA to CA offset - 0.04 - 0.04 - 0.04 - 0.04 - 0.04 ul 8
SRIN_clVW Input Slew Rate 1 5 1 5 1 5 1 5 1 5 Vins 9
over
VclVW_TOTAL

* Ul=tck(avg)min

NOTE 1: CA Rx mask voltage and timing total input valid window where VcIVW is centered around Vcent_CA(midpoint). The data Rx
mask is applied per bit and includes voltage and temperature drift terms. The design specification is BER <1e-18.—

NOTE 2: Rx mask voltage AC swing peak-peak requirement over TclVW_TOTAL with at least half of VcIVW_TOTAL(max) above
Vcent_CA(midpoint) and at least half of VcIVW_TOTAL(max) below Vcent_CA(midpoint).

NOTE 3: The VclVW voltage levels are centered around Vcent_CA(midpoint).

NOTE 4: Overshoot and Undershoot Specifications see Table 117 and Figure 50.

NOTE 5: CA input pulse signal swing into the receiver must meet or exceed VIHL_AC for at least one point over the duration of TcIPW for
any Ul during which there is a signal transition. No timing requirement above level. VIHL_AC is the peak to peak voltage centered around
Vcent_CA(midpoint), which is defined in Figure 40.

NOTE 6: CA minimum input pulse width defined at the Vcent_CA(midpoint).

NOTE 7: CK to CA offset defined within all ADD/CMD and CTRL inputs at DDR4RCDO02 balls. Includes all DDR4RCDO02 process, voltage
and temperature variation.

NOTE 8: CA to CA offset is defined as the magnitude of the difference between the min and max CK to CA offset at DDR4RCDO02 balls
for a given component. Includes all DDR4RCDO02 voltage and temperature variation.

NOTE 9: Input slew rate over VclVW Mask centered at Vcent_CA(midpoint). . This single-ended slew rate also applies to CK_t and CK_c.
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5.2 AC and DC Logic Input Levels for Differential Signals
5.2.1 Differential Signal Definition

! ViH_gifac)-MIN
ViH.dif-MIN

9
X
S
vl 0.0
s /
o
()]
8
S
> ViLggMAX = — — — — — — —
3
Q
£
©
'E ViLdifiacyMAX = — — — — — — — v —/— — — — — -
£ — »'\/ '« 1DVAC
e time

Figure 44 — Definition of Differential AC-swing and “Time Above AC-level” tpyac

NOTE I: Differential signal rising edge from Vi g;;rMAX t0 Viy g;-MIN must be monotonic slope.
NOTE 2: Differential signal falling edge from Vi ¢;s-MIN to Vi, g;s- MAX must be monotonic slope.
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5.2.2 Differential Swing Requirements for CK t/CK ¢
Table 110 — AC and DC Input Levels for CK
DDR4-1600/1866/
Symbol | Parameter 2133 DDR4-2400 DDR4-2666 Unit | NOTE
Min Max Min Max Min Max
VlH(AC) AC input VREFCA + Note 4 VREFCA + Note 4 VREFCA + | Note 4 mV 1,2
high 90 75 70
VlL(AC) AC input Note 4 VREFCA - Note 4 VREFCA - |Note 4 VREFCA - mV 1, 2
low 90 75 70
V4. diff Differential +130 Note 4 +100 Note 4 +90 Note 4 mV 3
input high
VL diff Differential Note 4 -130 Note 4 -100 Note 4 -90 mV 3
input low
AC differen- 2x 2x 2x
ViH_difiac) | tial input Vinao)MIN | Note 4 | ViHacyMIN [ Note 4 | (Vin@ac)yMIN | Note 4 mV 2
high - VreeCA) - VreeCA) - VreeCA)
AC differen- 2x 2x 2x
VIL_aif(AC) | fia input | Note 4 [ (ViLacyMAX]  Note4 | (ViacyMAX[  Note 4 | (ViLacyMAX | mv 2
‘alinputiow - VRerCA) - VRerCA) - VRerCA
DDR4-2933 DDR4-3200
Symbol | Parameter Unit | NOTE
Min Max Min Max
V|H(AC) AC input VREFCA +65 Note 4 VREFCA +65 Note 4 mV 1, 2
high
VlL(AC) AC input Note 4 VREFCA -65 Note 4 VREFCA - 65 mV 1,2
low
V\H.diff Differential +80 Note 4 +80 Note 4 mV 3
input high
VL giff Differential Note 4 -80 Note 4 -80 mV 3
input low
AC differen-
A 2x(V MIN - 2x(V MIN -
VIH_diffAC) tI?l input V,:{I:(:S)A) Note 4 V;:(:ék) Note 4 mV 2
high
' AC differen- 2x (Vi ac)MAX - 2x (Vi ac)MAX -
VIL_diffac) tial input low Note 4 VRerCA) Note 4 VRepCA ) mV 2

NOTE 1: This is a single-ended parameter. It is used to define the differential input specs.
NOTE 2: VggeCA is either the voltage from the external VrefCA input pin or the output of the internal VgggCA generator
NOTE 3: Used to define a differential signal slew-rate.
NOTE 4: These values are not defined, however the differential signals CK_t, CK_c need to meet the limitations for overshoot
and undershoot. Refer to “Overshoot and Undershoot Specifications”
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Table 111 — Allowed Time before Ringback (tDVAC) for CK_t/CK c
{DVAC[ps]@ Vi, | tOVAC[ps]@ Vi | ‘D oC IPSI@ ik DVAC [ps] @ Viry
SlewRate |  __(Ac)| =180mV Laire(AC)| = 150mV Ldif(AC)| =140 mV [, 4;(AC)| = 130 mV
[VIns]
min max min max min max min max
>4.0 125 - 105 - 100 - 95 -
4.0 120 - 100 - 95 - 90 -
3.0 115 - 95 - 90 - 85 -
2.0 110 - 90 - 85 - 80 -
1.8 105 - 85 - 80 - 75 -
1.6 100 - 80 - 75 - 70 -
1.4 95 - 75 - 70 - 65 -
1.2 90 - 70 - 65 - 60 -
1.0 85 - 65 - 60 - 55 -
<1.0 80 - 60 - 55 - 50 -

5.2.3 Single-ended Requirements for CK_t/CK_c

Each individual component of the differential signal CK_t/CK_c has also to comply with certain requirements for
single-ended signals.

CK_tand CK_c have to approximately reach Vggy min/ Vg max (equal to the AC-levels (Vigac)/ ViLac) ) in
every half-cycle.

Note that the applicable AC-levels for CK_t and CK ¢ are different per speed bin.

» time

Figure 45 — Single-ended Requirement for Differential Signals

Note that, while ADD/CMD signal requirements are with respect to VyppCA, the single-ended components of
differential signals have a requirement with respect to Vpp/2; this is nominally the same. The transition of single-
ended signals through the AC-levels is used to measure setup time. For single-ended components of differential
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signals the requirement to reach Vgg max, Vqgy min has no bearing on timing, but adds a restriction on the common

mode characteristics of these signals.

Table 112 — Single-ended Levels for CK_t/CK c

DDR4-1600/1866/
DDR4-2400 DDR4-2666
Symbol Parameter 2133 Unit | NOTE
Min Max Min Max Min Max
Single-ended high-
VseH level for CK_t/ |[(Vpp/2) +90| NOTE 3 |(Vpp/2) +75| NOTE 3 |(Vpp/2)+70| NOTE 3 mV 1,2
CK_c
Single-ended low-
VsEL level for CK_t/ NOTE 3 |(Vpp/2)-90| NOTE3 |(Vpp/2)-75| NOTE3 |(Vpp/2)-70| mV 1,2
CK ¢
DDR4-2933 DDR4-3200
Symbol Parameter Unit | NOTE
y Min Max Min Max
Single-ended high-
VseH level for CK_t/ (Vpp/2) +65 NOTE 3 |(Vpp/2)+ 65| NOTE3 mV 1,2
CK_ ¢
Single-ended low-
VseL level for CK_t/ NOTE 3 (Vpp/2) -65 NOTE 3 (Vpp/2)- 65| mV 1,2
CK ¢

NOTE 1: For CK_UCK_C use V|H.CA(AC) / V|L.CA(AC) of ADD/CMD

NOTEZ2: VlH(AC) / VlL(AC) for ADD/CMD is based on VrefCA

NOTE 3: These values are not defined, however the single-ended signals CK_t /CK_c need to be within the limitations for overshoot

and undershoot.
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5.3 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock, each cross point
voltage of differential input signals (CK_t, CK c) must meet the requirements in Table 113. The differential input
cross point voltage Vix is measured from the actual cross point of true and complement signals to the midlevel
between of Vpp and Vgg.

CK_t

Figure 46 — Vix Definition (CK)
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Table 113 — Cross Point Voltage for Differential Input Signals (CK)
DDR4-1600/1866/2133 .
Symbol Parameter - Unit | NOTE
min max
Vpp2-145< | Vpp2+90<
< Vpp/2 + 145 <
Value of Vegy, Veer | VSEES VOO |y L Vo2~ | Ve < Vo2 + | PP = mv
- 145 Vsen
90 145
Differential Input Cross
Vix(CK) | Point Voltage relative to -120 “(Voor2 - Vse) * | (Vsen - Vooi2) - +120 mv 2
Vpp/2 for CK_t, CK_c 25 25
VDD/2 -175< VDD/2 +90<
VseL < Vpp/2 Vpp/2 + 175 <
Value of Vs, VseL seL= oo/ VseL <Vop/2- | VsewsVpp2+ | 0 | mv
- 175 VsEH
90 175
Extended Differential
Input Cross Point Voltage _(VDD/Z - VSEL) + (VSEH - VDD/Z) -
Vix Ex(CK) | g lative to Vpp/2 for CK_t, -150 25 25 +150 mv 1,3
CK c
DDR4-2400/2666/2933/3200 .
Symbol Parameter - Unit | NOTE
min max
VDD/2 -145< VDD/2 +75<
VsgL £ Vpp/2 Vpp/2 + 145 <
Value of Vser, Vser SR 2P| VeeL<Vop/2- | VsgnsVpp2+ | 0 | mv
- 145 Vsen
75 145
Differential Input Cross
Vix(CK) | Point Voltage relative to -120 “(Vooi2 - Vsel) + | (Vsen - Voo/2) - +120 mv 2
Vpp/2 for CK_t, CK_c 25 25
Vel < Vppi2 | VoD -170< | Vop2*78< 1y o4 475 <
Value of VSEH’ VSEL VSEL < VDD/2 - VSEH < VDD/2 + mV
-175 Vsen
75 175
Extended Differential
Input Cross Point Voltage -(Vop/2-VseL) + | (Vsen - Vopi2) -
Vi eX(CR) | relative to Vpp/2forck_t, | 190 25 25 +150 mv| 1.3
CK c

NOTE 1: Extended range for Vix is only allowed for clock, if single-ended clock input signals CK_t and CK_c are monotonic with a
single-ended swing Vgg| / Vggy of at least Vpp/2 +/- 50 mV, and when the differential slew rate of CK_t - CK_c is larger than

3 Vins. Refer to Table 112 for Vgg and Vggy standard values.

NOTE 2: See Figure 71
NOTE 3: See Figure 73
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5.4 Differential Input Slew Rate Definitions for CK

Input slew rate for differential signals CK_t/CK c are defined and measured as shown in Table 114 and Figure 47.

Table 114 — Differential Input Slew Rate Definition for CK_t/CK_c

Measured
Description Defined by
from to
Differential input slew rate for rising edge (CK_t/CK_c)| V|_diffmax V\Hdiffmin [ViHdiffmin - ViLdiffmax] / DeltaTRdiff
Differential input slew rate for falling edge (CK_t/ .
CK_c) P g edge (CK_ VIHdiffmin ViLdiffmax [Vindiffmin - ViLdiffmax] / DeltaTFdiff

NOTE1:The differential signal (i.e. CK_t/CK_c) must be monotonic between these thresholds

Delta TRdiff

VHdiffmin

Differential Input Voltage

>
Delta TFdiff
Figure 47 — Differential Input Slew Rate Definition for CK t/CK ¢

|
|
|
|
|
|
——————— L - - - — = — — = — - ViLdiffmax
|
|
|
I

5.5 Input Buffer Characteristics

Table 115 — Input IBT Characteristics over Specified Operating Free-air Temperature Range

Symbol Parameter Conditions Min Max Unit
Total Effective IBT
R -10 10 %
IBT(to]) Value Tolerance -2 °
Deviation of DA[17:0], DBA[1:0], DBG[1:0],
AVM Vg wert. Vpp/2 3 DCKE[1:0], DODT[1:0], DPAR, - 25 %

DCS[n:0]_n, DC[2], DACT n

1. Example for 100 Q, Min = 90 Q, Max = 110 Q

2. Apply (Vpp * VIHL_aAcmin)/2 to pin under test and measure current Iy ac), then apply (Vpp - VipL_acmin)/2 to
pin under test and measure current I ac)-
Rigt = (ViL_acmin)(liiac) - liLac))

3. Measure voltage (Voyt = Vi) at test pin with no load (Igyt = 0). AV =12 *V\/Vpp - 1] * 100%
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IBT
T G Voo
| Ipy |
1, R |
Input | |
Circuitry r | <«
PD
| J/ RDOWN | lOUT \LVOUT
| |
[ VSS

Figure 48 — Input Bus Termination: Definition of Voltages and Currents
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5.6 CMOS Rail-to-Rail Input Levels for DRST_n

Table 116 — CMOS Rail to Rail Input Levels for DRST n

Parameter Symbol Min Max Unit NOTE
CMOS Input High Voltage ViH.cMOS 0.65 * Vpp Vbp \Y 1,5
CMOS Input Low Voltage ViLcmos Vss 0.35*Vpp \Y; 2,6

Rise time TR_RESET - 1.0 us
DRST_n pulse width YNIT_Power_Stable 1.0 - us 3,4

NOTE 1: Once DRST_n is registered HIGH, DRST_n level must be maintained above V|, cmos, otherwise, register operation will not
be guaranteed until it is reset asserting DRST_n signal LOW.

NOTE 2: After DRST_n is registered LOW, DRST_n level shall be maintained below V|_cmos during tPW_RESET, otherwise,
register may not be reset.

NOTE 3: DRST_n will clear all register settings to their default values.

NOTE 4: This definition only applies to “Reset Initialization with Stable Power:.

NOTE 5: Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.

NOTE 6: Undershoot might occur. It should be limited by Absolute Maximum DC Ratings

tNIT_Power_Stable

0.35 * Vpp- - - _\ ____________________________

TI;(_RESET

Figure 49 — DRST n Input Slew Rate Definition
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5.7 Overshoot and Undershoot Specifications

Table 117 — AC Overshoot/undershoot Specification for Address, Command, and Control Pins

Description DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4-
1600 1866 2133 2400 2666 2933 3200

Unit

Maximum peak amplitude above
Vpp Absolute Max allowed for| 0.06 0.06 0.06 0.06 0.06 0.06 0.06 \Y
overshoot area

Delta value between Vpp Absolute
Max and Vpp Max allowed for| 0.24 0.24 0.24 0.24 0.24 0.24 0.24 \Y
overshoot area

Maximum peak amplitude allowed
for undershoot area

0.3 0.3 0.3 0.3 0.3 0.3 0.3 \

Maximum overshoot area per 1

ek above Vpp Absolute Max 0.0083 | 0.0071 0.0062 | 0.0055 | 0.0047 0.004 0.0034 V-ns

Maximum overshoot area per 1
tck between Vpp Absolute Max| 0.2550 | 0.2185 | 0.1914 | 0.1699 | 0.1505 | 0.1330 | 0.1180 V-ns
and Vpp Max

Maximum undershoot area per 1

0.2644 0.2265 0.1984 0.1762 0.1568 0.1375 0.1250 V-ns
tCK below VSS

NOTE 3: The AC overshoot/undershoot specification in Table 117 applies to pins DA0..DA17, DBA0..DBA1, DBG0..DBG1, DACT n,
DC0..DC2, DCS0/1_n, DCKE0/1, DODTO/1.

-+—— Overshoot area above Ypp Absolute Max

-+——0Overshoot area Between
Vpp Absolute Max and Vpp Max

D
Volts(V) 1tCK

[ !
¥

~+—Undershoot area below Vgg

Figure 50 — Address, Command, and Control Overshoot and Undershoot Definition
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Table 118 — AC Overshoot/undershoot Specification for Clock

Description DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4-
1600 1866 2133 2400 2666 2933 3200

Unit

Maximum peak amplitude above
Vpp Absolute Max allowed for| 0.16 0.16 0.16 0.16 0.16 0.16 0.16 \%
overshoot area

Delta value between Vpp Absolute
Max and Vpp Max allowed for| 0.24 0.24 0.24 0.24 0.24 0.24 0.24 \Y
overshoot area

Maximum peak amplitude allowed
for undershoot area

Maximum overshoot area per 1 Ul
above Vpp Absolute Max

0.3 0.3 0.3 0.3 0.3 0.3 0.3 \

0.0150 | 0.0129 | 0.0113 | 0.0100 | 0.0090 | 0.0080 | 0.0080 V-ns

Maximum overshoot area per 1 Ul
between Absolute Max and Vpp| 0.1050 0.090 0.0788 | 0.0700 | 0.0632 | 0.0575 | 0.0494 V-ns
Max

Maximum undershoot below per 1

ulv. 0.1031 0.0884 | 0.0774 | 0.0688 | 0.0619 | 0.0563 | 0.0516 V-ns
SS

NOTE 1: The AC overshot/undershoot specification in Table 118 applies to pins CK_tand CK ¢

-+—— Qvershoot area above Vpp Absolute Max

~+—Overshoot area Between
Vpp Absolute Max and Vpp Max

D
Volts(V) 1Ul

4
¥

~s+—Undershoot area below Vgg

Figure 51 — Clock Overshoot and Undershoot Definition

5.8 VrefCA Specifications

The internal VrefCA specifications parameters are Vref operating range, Vref step size, Vref set tolerance, Vref step
time and Vref valid tolerance.

The Vref operating range specifies the minimum required Vref setting range for DDR4RCDO02 devices and is specific
by a Vref min operating point and a Vref max operating point, as depicted in Figure 52 below.
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B System Variance
............... Vswing 0 Total Range

Figure 52 — Vref Operating Range(Vrefmin, Vrefmax)

The Vref step size is defined as the step size between adjacent steps. Vref step size ranges from 0.75% Vpp to 1.15%
Vpp. However, for a given design, DDR4RCDO2 has one value for Vref step size that falls within this range.

The Vref set tolerance is the variation in the Vref voltage from the ideal setting. This accounts for accumulated error
over multiple steps. There are two parameters for Vref set tolerance uncertainty for different numbers of steps n. The
Vref set tolerance is measured with respect to the ideal line which is based on two endpoints, where the endpoints are

at the min and max Vref values for a specified range. An illustration depicting an example of the step size and Vref set
tolerance is below.
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Vref

Figure 53 — Example of Vref Set Tolerance (Only Max Case Shown) and Step Size

The Vref increment/decrement step times are defined by Vref time short and Vref time long. Vref time short and
Vref time_long are defined from t0 to t1 as shown in the Figure 54 below where t0 is referenced to when the RCW
write occurs and tl is referenced to when the Vref voltage is at the final DC level within the Vref valid toler-
ance(Vref val_tol).

The Vref valid level is defined by Vref val tol to qualify the step time t1 as shown in Figure 55. This parameter is
used to insure an adequate RC time constant behavior of the voltage level change after any Vref increment/decrement

Actual Vref o
Output ®

# \
Straight Line

(endpoint Fit)
Vref Set
Tolerance [
o
e .
o
Vref
Step size
o
>
Digital Code

adjustment. This parameter is only applicable for component level validation/characterization.

Vref time_short is for a single step size increment/decrement change in Vref voltage.

Vref time long is the time including up to Vrefmin to Vrefmax or Vrefmax to Vrefmin change in Vref voltage.

t0 - is referenced to RCW write command clock

tl - is referenced to the Vref val tol
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CMD >< RCWW
Vref
Setting
Adjustment
Vref Old Vref : . New Vref
Updating Vref Settin A

CA Setting pdating "9 Setting

< Vref _time_shortllong >

to t1

Figure 54 — Vref_time for Short and Long Timing Diagram
A RCW write to the FORC1x (Internal Vref Control Word) is used to program the Vref value.

The minimum time required between two Vref RCW commands is Vref time_short for single step and
Vref time_long for a full voltage range step.

Vref l
Voltage

cepecececcssscsssscsscaas Vref DC

T

Vref_val_tol

Step size

t1

Time

Figure 55 — Vref step Single Step Size Increment Case
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Vref
Voltage

Vref
Voltage

t1
Step size
Vref_val_tol
ceXececaccaccnacccacaans Vref DC
Time
Figure 56 — Vref Step Single Step Size Decrement Case
Vrefmax Vref DC
vref_val_tol
Full t1
Range
Step
Vrefmin

Time

Figure 57 — Vref Full Step from Vrefmin to Vrefmax Case
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Vrefmax
Vref
Voltage
t1
Vref_val_tol
Vrefmin Vref DC

Time

Figure 58 — Vref Full Step from Vrefmax to Vrefmin Case

The table below contains the internal VrefCA specifications that will be characterized at the component level for
compliance.

Table 119 — Internal VrefCA Specifications

Parameter Symbol Min Typ Max Unit NOTE

Vref Max Operating Point Vref_max 67% - Vbp

Vref Min Operating Point Vref_min - 33% Vbp

Vref Step size Vref_step 0.75% 1.15% Vbp
Vref_step(avg) 0.833% - Vref_step. Vop 9

max

Vref Set Tolerance Vref_set_tol_big -2.0% 0.0% 2.0% Vbp 1,2,4,8
Vref_set_tol_small -0.2% 0.0% 0.2% Vbp 1,3,5

Vref Step Time Vref_time_short - - 200 ns 6
Vref_time_long - - 500 ns 7

Vref Valid Tolerance Vref_val_tol -0.2% 0.0% 0.2% Vop 8

NOTE 1: Vref_new = Vref_old +/- n*Vref_step; n=number of steps

NOTE 2: The minimum value of Vref setting tolerance = Vref_new - 2.0%*Vpp. The maximum value of Vref setting tolerance is
Vref_new + 2.0%*Vpp. Forn > 4.

NOTE 3: The minimum value of Vref setting tolerance = Vref_new - 0.2%*Vpp. The maximum value of Vref setting tolerance is
Vref_new + 0.2%*Vpp. Forn < 4.

NOTE 4: Measured by recording the min and max values of the Vref output over the range, drawing a straight line between those
points and comparing all other Vref output settings to that line.

NOTE 5: Measured by recording the min and max values of the Vref output across four consecutive steps (n=4), drawing a straight
line between those points and comparing all other Vref output settings to that line.

NOTE 6: Time from RCW write to increment or decrement one step size for Vref
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NOTE 7: Time from RCW write to increment or decrement more than one step size up to full operating range for Vref

NOTE 8: Only applicable for component level test/characterization purpose. Not applicable for normal mode of operation. Vref valid is
to qualify the step times which will be characterized at the component level.

NOTE 9: Vref_step(avg) = (Vref_max - Vref_min)/ 40

Table 120 — QVrefCA and BVrefCA Specifications

Parameter Symbol Min Typ Max Unit NOTE

Vref Max Operating Point Vref_max 67% - Vbbb

Vref Min Operating Point Vref_min - 33% Vbob

Vref Step size Vref_step 0.75% 1.15% Vbp
Vref_step(avg) 0.833% - Vref_step.max Vop 9

Vref Set Tolerance Vref_set_tol_big -3.0% 0.0% 3.0% Vop 1,2,4,8
Vref_set_tol_small -0.3% 0.0% 0.3% Vop 1,3,5

Vref Step Time Vref_time_short - - 15 ps/uF 6, 10, 11
Vref_time_long - - 50 ps/uF 7,10, 11

Vref Valid Tolerance Vref_val_tol -0.3% 0.0% 0.3% Vbp 8,12

NOTE 1: Vref_new = Vref_old +/- n*Vref_step; n=number of steps

NOTE 2: The minimum value of Vref setting tolerance = Vref_new - 2.0%*Vpp. The maximum value of Vref setting tolerance is
Vref_new + 2.0%*Vpp. For n > 4.

NOTE 3: The minimum value of Vref setting tolerance = Vref_new - 0.2%*Vpp. The maximum value of Vref setting tolerance is
Vref_new + 0.2%*Vpp. Forn < 4.

NOTE 4: Measured by recording the min and max values of the Vref output over the range, drawing a straight line between those
points and comparing all other Vref output settings to that line.

NOTE 5: Measured by recording the min and max values of the Vref output across four consecutive steps (n=4), drawing a straight
line between those points and comparing all other Vref output settings to that line.

NOTE 6: Time from RCW write to increment or decrement one step size for Vref

NOTE 7: Time from RCW write to increment or decrement more than one step size up to full operating range for Vref

NOTE 8: Only applicable for component level test/characterization purpose. Not applicable for normal mode of operation. Vref valid is
to qualify the step times which will be characterized at the component level.

NOTE 9: Vref_step(avg) = (Vref_max - Vref_min)/ 40

NOTE 10: See RDIMM specification for the amount of capacitance on the QVrefCA and BVrefCA nets.

NOTE 11: Changing the external QVrefCA and BVrefCA levels is only intended for module margining purposes, not as a means of
power-up training.

NOTE 12: During power-up initialization the QVrefCA and BVrefCA outputs need to have valid Vpp/2 levels no later than step 7 in
Figure 1
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6 Output AC and DC Specifications

6.1 Single-Ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between Vor ac) and Vopac) for single-ended signals as shown in Table 121 and Figure 59.

Table 121 — Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VOL(AC) VOH(AC) [VOH(AC) - VOL(AC)] / DeltaTRse
Single-ended OUtpUt slew rate for falllng edge VOH(AC) VOL(AC) [VOH(AC)- VOL(AC)] / DeltaTFse
NOTE Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRse

Single-Ended Output Voltage

Delta TFse
Figure 59 — Single-Ended Output Slew Rate Definition

Table 122 — Single-ended Output Edge Rates over Specified Operating Temperature Range1

» DDR4-1600to | 54 9933 | DDR4- 3200 ,
Symbol Parameter Conditions 2666 Unit
Min Max Min Max Min Max
dvidt r  [fising edge slew rate? 1.2V 2 8 2 8 2 8 Vins
operation
dv/dt_f falling edge slew rate2 1.2v ) 2 8 2 8 2 8 V/ns
operation
dV/dt_fajert n falling edge slew rate [1.2V ) 1 5 1 5 1 5 V/ns
- operation
absolute difference
dv/dt D* [between dV/dt_r and - 1 B} 1 3 1 Vins
dV/dt f
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1. These parameters are for the QxCA, BCOM, BODT, BCKE and outputs.

2. Measured into reference load in Figure 79

3. This is only for ALERT_n.falling edge slew rate. Measured at 0.75*Vpp +/- 0.15*Vpp into reference load in
Figure 77

4. Difference between dV/dt_r (rising edge rate) and dV/dt_f (falling edge rate)

6.2 Differential Output Slew Rate Definitions for Yn_t/Yn_c and BCK_t/BCK ¢

Output slew rates for differential signals Yn t/Yn c and BCK t/BCK c are defined and measured as shown in
Table 123 and Figure 60.

Table 123 — Differential Output Slew Rate Definition for Yn_t/Yn_c and BCK t/BCK ¢

Measured
Description Defined by
from to

Differential output slew rate for rising edge (Yn_t/ .
Yn_cand BCKFit /BCK_c). 9 edge (¥n_ Voudifiac) | Voriff(ac) [Vordifi(ac)- VoLdiiac)] / DeltaTRdiff
Differential output slew rate for falling edge (Yn_t/ .
Yn_c and BCKrit /BCK_c). 9 edge (Yn_ Vordifac) | VoLdiffac) [Vouitac) - VoLdifiac)] / DeltaTFdiff
NOTE Differential output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRdiff

- VoHdiffAC)
S

2

g 0

5

5

e e e e VoLdiff(ac)

Delta TFdiff

Figure 60 — Differential Output Slew Rate Definition for Yn_t/Yn _c and BCK t/
BCK ¢
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Table 124 — Differential Output Edge Rates over Specified Operating Temperature Range1

» DDR4-1600t0 | 5oy 9933 DDR4-3200 :
Symbol Parameter Conditions 2666 Unit

Min Max Min Max Min Max
___ |differential rising edge 1.2V
dV/dt_r_diff slew rate operation 4 16 4 16 4 16 Vins
... |differential falling edge [1.2V
dv/dt_f_diff Slew rate? operation 4 16 4 16 4 16 Vins
absolute difference
dv/dt_D_diff3|between dV/dt_r_diff - 2 - 2 - 2 Vins
and dV/dt_f_diff

1. These parameters are for the Yn_t/Yn_c and BCK_t /BCK_c outputs.
2. Measured into reference load in Figure 79
3. Difference between dV/dt_r_diff (differential rising edge rate) and dV/dt_f_diff (differential falling edge rate)

6.3 Differential Output Cross Point Voltage

The differential cross point output voltage is defined as the max to min cross point measured on the differential
signals Y[3:0]_t/Y[3:0] ¢ and BCK t/BCK c.

Vb
Yn_t, BCK_t
———————————— Voo/2
Yn_c,BCK ¢
Vss

Figure 61 — Vox Definition (Yn and BCK)
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Table 125 — Cross Point Voltage for Yn_t/Yn_c and BCK _t/BCK ¢
DDR4-1600/ DDR4-2933/
DDR4-2400 | DDR4-2666
Parameter Symbol 1866/2133 3200 Unit | NOTE

min max min | max | min | max | min | max

Yn and BCK Dif-

ferential output

cross point volt-
age

Vox(clock) -80 80 -70 70 -60 60 -50 50 mV

6.4 Register R-on and Weak Drive Specifications for Each Drive Strength

Table 126 — Output Ron and Weak Drive

DDR4-1600 to 3200
Symbol Parameter Unit
Min Nom Max
ALERT_n
Ron(ALERT) | ALERT_n Pull-down Impedance see Table 127 16 see Table 127 Q
BCOM[3:0)/BODT/BCKE/BCK_t/BCK_c
Ron@am) | Moderate Drive Data Buffer Interface Drive Impedance’ | see Table 127 RZQ?12 see Table 127 Q
Ronas) | Strong Drive Data Buffer Interface Impedance’ see Table 127 RZQ¥17 | see Table 127 Q
QCMD/QADDR/QCTRL/Yn_t/Yn_c
Ron(L) Light Drive Impedance’ RZQ%9 Q
Ron(w) Moderate Drive Impedance1 RZQ%12 Q
Ron(s) Strong Drive Impedance1 RZQZ17 Q
Ronwvs) Very Strong Drive Impedance1 see Table 127 RZQ%24 se6 Table 127 Q
Ron(w) Weak Drive Impedance1'3 for Light Drive RzQ%2 Q
Ronw) Weak Drive Impedance1'3 for Moderate Drive RZQ%3 Q
Ronw) Weak Drive Impedance1’3 for Strong Drive RZQ%3 Q
Ron(w) Weak Drive Impedance'"® for Very Strong Drive RZQ?/4 Q

NOTE 1: A functional representation of the output buffer is shown in Figure 62. Output impedance RON is defined by the value of the
external reference resistor Ry as defined in Table 127.

The individual pull-up and pull-down resistors (RONp, and RONpy) are defined as follows:

VAn-V
RONPU = M under the condition that RONpy is turned off. (1)
‘ Out‘
Vout
RONPd —_— under the condition that RONpy, is turned off.
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To
other
circuity
like
RCV, ...

llpu

RONp,

el +—

RONpg

llpd

Iout

[ ]

[Qn]

Vout

Vss

Figure 62 — Output Driver: Definition of Voltages and Currents
NOTE 2: Assuming Rzq =240 Q +/- 1%

NOTE 3: Output weak drive refers to allowing many A/B outputs to enter a state of higher output impedance when they are not being
used. This is to conserve power when the outputs are resistively terminated to a voltage (e.g. V7).
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Table 127 — Output Driver DC Electrical Characteristics, Entire Operating Temperature Range

RONNom Resistor Vout min nom max Unit NOTE
27 0 RON,7pq VoLde = 0.2 x Vpp 0.6 1.0 1.15 Rzq/9 1,2
Vomde = 0.5 x Vpp 0.85 1.0 115 |Rz/9 1,2
Vonde = 0.8 x Vpp 0.85 1.0 1.4 Rzq/9 1,2
RONy7py VoLde = 0-2 x Vpp 0.85 1.0 1.4 Rzq/9 1,2
Vomae = 05 x Vpp 0.85 1.0 115 |Rza/9 1,2
Vonde = 0.8 x Vpp 0.6 1.0 1.15 Rzq/9 1,2
20 O RONxpqg VoLde = 0.2 x Vpp 0.6 1.0 115 |Rxg12  [1,2
Vomde = 0-5 x Vpp 0.85 1.0 1.15 Rzg/12  [1,2
Vorde = 0.8 x Vpp 0.85 1.0 1.4 Rzg/12  [1,2
RONxpy VoLge = 0.2 x Vpp 0.85 1.0 1.4 Ryg/12  |1,2
Vomde = 0-5 x Vpp 0.85 1.0 1.15 Rzg/12  [1,2
Vorde = 0-8 x Vpp 0.6 1.0 115 |Rxg12  [1,2
14 Q RON14pq VoLde = 0.2 x Vpp 0.6 1.0 1.15 Ryg/17  [1,2
Vomde = 0.5 x Vpp 0.85 1.0 115 |Rzg17  [1,2
Vonde = 0.8 x Vpp 0.85 1.0 1.4 Ry/17  |1,2
RON44p, VoLde = 0.2 x Vpp 0.85 1.0 1.4 Rzg17  [1,2
Vomge = 0.5 x Vpp 0.85 1.0 115 |Rzg17  [1,2
Vonde = 0.8 x Vpp 0.6 1.0 1.15 Rzg/17  [1,2
10Q RON10pg VoLde = 0.2 x Vpp 0.6 1.0 115 |Rzol24  [1,2
Vomde = 0-5 x Vpp 0.85 1.0 1.15 Ryql24  [1,2
Vorde = 0.8 x Vpp 0.85 1.0 1.4 Rzql24  [1,2
RON;py VoLge = 0.2 x Vpp 0.85 1.0 1.4 Ryl24  |1,2
Vomde = 0-5 x Vpp 0.85 1.0 1.15 Rzq/24  [1,2
Vorde = 0-8 x Vpp 0.6 1.0 115 |Rxgl24  [1,2
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Table 127 — Output Driver DC Electrical Characteristics, Entire Operating Temperature Range

RONNom Resistor Vout min nom max Unit NOTE
16 Q RONgpq VoLge = 0.2 x Vpp 0.6 1.0 1.2 16 Q 1,2
(for ALERT n Vomde = 0.5 x Vpp 0.8 1.0 1.2 16 O 1,2
only) Vorge = 0.8 x Vpp 0.8 1.0 1.4 16 Q 1,2
120 Q RON/20pg VoLde = 0.2 x Vpp 0.6 1.0 1.15 Rzq/2 1,2
(weak drive Vomde = 0.5 x Vpp 085 [1.0 115 |Ryq/2 1,2
only) Vonde = 0.8 x Vpp 0.85 1.0 1.4 Rzq/2 1,2
RON50py VoLge = 0.2 x Vpp 0.85 1.0 1.4 Rzq/2 1,2
Vomde = 0.5 x Vpp 0.85 1.0 1.15 Rzq/2 1,2
Vonde = 0.8 x Vpp 0.6 1.0 1.15 Rzq/2 1,2
80 Q RONgopg VoLge = 0.2 x Vpp 0.6 1.0 1.15 Rzq/3 1,2
(weak drive Vomde = 0.5 x Vpp 085 [1.0 115  |Rp/3 1,2
onty) Vonde = 0.8 x Vpp 0.85 1.0 1.4 Rzq/3 1,2
RONggpy VoLge = 0.2 x Vpp 0.85 1.0 1.4 Rzq/3 1,2
Vomge = 0.5 x Vpp 0.85 1.0 1.15 Rzq/3 1,2
Vonde = 0.8 x Vpp 0.6 1.0 1.15 Rzq/3 1,2
60 Q RONgopg VoLde = 0.2 x Vpp 0.6 1.0 1.15 Rzq/4 1,2
(weak drive Vomde = 0.5 x Vpp 085 [1.0 115 | Rygld 1,2
only) Vonde = 0.8 x Vpp 0.85 1.0 1.4 Rzq/4 1,2
RONgopy VoLge = 0.2 x Vpp 0.85 1.0 1.4 Rzq/4 1,2
Vomde = 0.5 x Vpp 0.85 1.0 1.15 Rzq/4 1,2
Vonde = 0.8 x Vpp 0.6 1.0 1.15 Rzql4 1,2
Mismatch between pull-up and | Vomge = 0.5 x Vpp -10 10 % 1,2,3
pull-down, MMp pq4
Mismatch within component Vomde = 0.5 x Vpp 0 10 % 1,2,4
variation pull-up, MMp4q
Mismatch within component Vomde = 0.5 x Vpp 0 10 % 1,2,4
variation pull-down, MMpyq4

Notes: 1.

The tolerance limits are specified after calibration with stable voltage and temperature. For the
behavior of the tolerance limits if temperature or voltage changes after calibration, see section
on voltage and temperature sensitivity.

. Pull-up and pull-down output driver impedances are recommended to be calibrated at 0.5 *

Vpp. Other calibration schemes may be used to achieve the linearity spec shown above, e.g.
calibration at 0.2 * Vpp and 0.8 * Vpp.

. Measurement definition for mismatch between pull-up and pull-down, MMppq4:

Measure RONp, and RONpy, both at 0.5 * Vpp separately; Ron-nom is the nominal Ron value:

MM s = RONPU—RONPd
u RONNom

x100

RON variance range ratio to RON nominal value in a given component



RONp pax—R ONPuMinX
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MMpyqq =
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RONpypax = RONpamin
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MMp g =

RONNom

x100
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6.5 Output Driver and Termination Resistor Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration , the tolerance limits widen according to the Tables shown

below.
Table 128 — Output Driver and Termination Resistor Sensitivity Definition
Resistor De;in.ition Min Max Unit Note
oint
85 - (dR dT x |AT 115+(dR dT x |AT
Roneo | 0.5 VDD (dRonpD [AT]) (dRonpPD |AT]) % 1.2
- (dRonppdV X |AV]) + (dRonppdV X |AV])
85 - (dR X |AT 115 +(dR X |AT
Ronpu | 05 VDD (dRonpu X AT]) (dRonpu X [AT]) % 1.2
- (dRonpu X [AV]) + (dRonpu X |AV])
90 - (dR,g1dT x |AT 110 + (dRg7dT x |AT
Rer | 0.5xVDD (dRgT [AT]) (dRgT |ATI) % 123
- (dRjgTdV x |AV]) + (dRjgTdV x |AV])
Note.
1. AT =T - T(@ Calibration), AV =V - V(@ Calibration)
2. dRONPDdT, dRONPDdV, dRONPUdT, dRONPUdV, dRIBTdV, and dRIBTT are not subject to
production test but are verified by design and characterization.
3. This parameter applies to Input pin such as CK, CAand CS.
Table 129 — Output Driver and Termination Resistor Temperature and Voltage Sensitivity
Symbol Parameter Min Max Unit
dRonppdT Ronpp Temperature Sensitivity 0.00 0.2 %/°C
dRONdeV RONPD Voltage Sensitivity 0.00 0.15 %/mV
dRonpudT Ronpu Temperature Sensitivity 0.00 0.2 %/°C
dRonpudV Ronpu Voltage Sensitivity 0.00 0.15 %/mV
dRjg7T RgT Temperature Sensitivity 0.00 0.2 %I°C
dRgTdV RigT Voltage Sensitivity 0.00 0.15 %/mV
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6.6 ALERT n Output Driver DC Electrical Characteristic

Table 130 — ALERT _n Output Driver DC Electrical Characteristics

Symbol Parameter Applicable Signals Condition Min Nom Max |Unit
LOW-level output current Measured at Vg, of
lo.  |aLERT n 0.4V 20.8 - ComA
vV Output LOW voltage ALERT_n  |Measured at 04 v
oL lor = 20.8 mA ) ) :
6.7 Clock driver Characteristics
Table 131 — Clock Driver Characteristics at Application Frequency (Frequency Band 1)
. RS A DDR4-2400 DDR4-2666 DDR4-2933 | DDR4-3200 .
Symbol | Parameter [Conditions| 1866/2133 Unit
Min Max Min Max Min Max Min | Max | Min | Max
Cycle-to-
. 0.025 0.025 0.025 0.025
tiitcc+) |cyCle period 0 t X 0 t X 0 t X 0 0.025x| O ¢ X ps
- CK CK CK CK
jitter tok
0.025 x 0.025 x 0.025 x 0.025x
tjit(cc—) 0 tox 0 tek 0 tex 0 0.025x 0 t ps
tek K
Stabilization [CK_t/CK_c
t R - - - - -
STAB  liime stable 5 5 5 5 5 HS
Fractional
tcksk  |Clock Output 10 10 - 10 - 10 - 10 ps
Skew'
Yn Clock
o -0.025 x| 0.025 x |-0.025 x| 0.025 x | -0.025 x | 0.025 x |-0.025 -0.0251-0.025
ti; Period jitt 0.025
ji(per) - [Period jitter tex tek tex tex tex tck | xtCK tox *['xtck | xtek | PS
Half period -0.032x| 0.032x |-0.032x| 0.032 x [-0.032x | 0.032x [-0.032 -0.032 0.032x
tif(hper) jitter { ¢ { ¢ ¢ ¢ t 0.032x t ¢ ps
CK CK CK CK CK CK X1ck tox X1ck CK
Yn_t/Yn_c
tpW’H,LZ Pulse Width Note 2 | Note2 | Note2 | Note 2 | Note 2 | Note 2 [Note 2|Note 2| Note 2| Note 2| ns
duration
Qn Output to
tQSK13 clock -O.t125x 0.‘:25x -O.t125x 0.‘:25x 0.1 xter 0.1 x to | 0.1 x | 0.1 -?.1 X (1.1x DS
tolerance CK CK CK CK tCK tCK CK CK
Clock delay
through the
register tPOM(min) |tPDM(max) | tPDM(min) | tPDM(max) | tPOM(min) |tPOM(max) ¢ 14 tppM(mi| tPDM(m
tsiaofi” |PEtWeEN the war2e [ wr2e | waze [ eze | waze | ez [ PR PN s qi2] 4 11 ns
input clock tCK tCK tCK tCK tCK tcK ) 2x) *tCK |2 *tCK
and output tCK [2*tCK
clock °
Maximum re-
driven
6
taynoft dynamic - 50 - 45 - 45 - 40 - 40 ps
clock offset’

1. This skew represents the absolute output clock skew and contains the pad skew and package skew (See Figure 64). This param-
eter is specified for the clock pairs on each side of the register independently. The skew is applicable to right side clock pairs be-
tween YO_t/YO_c and Y2_t/Y2_c, as well as left side of the clock pairs between Y1_t/Y1_c and Y3_t/Y3_c. This is not a tested
parameter and has to be considered as a design goal only.

- tpw = 0.5%tck-tjr(hper)min| to 0.5 tck+|tj(hper)max|
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. This skew represents the absolute Qn skew compared to the output clock Yn and contains the register pad skew, clock skew, pack-
age routing skew and SSO noise (See Figure 65). The output clock jitter is included in this skew. The Qn output can be either early
or late. For outputs QxA0..QxA17, QxBAO0..QxBA1, QxBG0..QxBG1, QxACT_n, QxC2, QxPAR, QxCKEO0/1, QxODT0/1, QxC2,
QxCS[1:0]_n for Dual CS mode, QxCS[3:0] this parameter applies to each side of the register independently. This parameter also
applies to the BCOM[3:0], BCKE and BODT outputs w.r.t. to the output clock BCK.

. FORCOA must be set to correct speed and the device must run at one of the speed nodes defined in Table 141. See Figure 63.

. This measures the delay from the rising differential input clock which samples incoming C/A to the rising differential output clock
that will be used to sample the same C/A data. The parameter describes the maximum and minimum Yn clock tpp .

. Vpp measurement DC bandwidth is limited to 20 MHz.

. See Figure 63.

CK ¢
Vicr ><
CK_t
t (1)
staoff(max)
to,, (2
staoff
tstaofi(min)
Yn_t
Yn Output
(Delay = (0/64)* tck)
Yn_c
Yn_t
Yn Output
(Delay = (63/64)* tck)
Yn_c
Vicr :Cross Point Voltage (63/64) * tox

Figure 63 — Definition for ty, s and tgypf

1. tstaofiimax/min)= Propagation delay specification limits for clock signal (rising CK input clock edge to
rising Yn output clock edge for corresponding data cycles) over process, voltage and

temperature

2. tstaoff = measured propagation delay for clock signal (rising CK input clock edge to rising Yn
output clock edge for corresponding data cycles)

3. taynoff = maximum propagation delay variation over voltage and temperature within tgi,of

window. This includes all sources of jitter and drift (e.g. thermal noise, supply noise,
voltage/temperature drift, SSC tracking, SSO, etc) except reference clock noise.
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Figure 64 — Clock Output (Yn) Skew
Yn_c r = — - — =
t — — 4\ N — — | SR A W— —
<—>
tCK/2
Qn™ |deal >< >< ><
task1 max—»| |[¢—
an( Late >< >< >< ><
tasks min <«
Qn Early >< >< ><
Figure 65 — Qn Output Skew
1. Outputs as specified in Table 131, “Clock Driver Characteristics at Application Frequency (Frequen-
cy Band 1),” Footnote 3
Table 132 — Clock Driver Characteristics at Test Frequency (Frequency Band 2)
Symbol Parameter Conditions Min | Max | Unit
tjr(cc) |Cycle-to-cycle period jitter 0 160 ps
tstag  [Stabilization time - 15 us
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Table 132 — Clock Driver Characteristics at Test Frequency (Frequency Band 2)
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Symbol Parameter Conditions Min | Max | Unit
toxqe |0taI Clock Output Skew' 100 ps
¢ |Fractional Clock Output skew? vs® ps
tit(per) |Yn Clock Period jitter -160 160 ps
tiy(hper) [Half period jitter 200 200 ps

4 |Qn Output to clock tolerance _ 3
taskt” |(standard 1/2-Clock Pre-Launch) 100 ] vs ps
Maximum re-driven dynamic clock 500 500 <
dynoff offset® p

1. This skew represents the absolute output clock skew and contains the pad skew and package skew.
2. This skew represents the absolute output clock skew and contains the pad skew and package skew
(See Figure 64, “Clock Output (Yn) Skew” on page 152)
3. Vendor Specific
4. This skew represents the absolute Qn skew compared to the output clock (Yn), and contains the reg-
ister pad skew, clock skew and package routing skew (See Figure 65, “Qn Output Skew” on page 152).
The output clock jitter is not included in this skew. This parameter applies to each side of the register
independently. The parameter includes the skew related to simultaneous switching noise (SSO). The
Qn output can either be early or late.
5. The re-driven clock signal is ideally centered in the address/control signal eye. This parameter de-
scribes the dynamic deviation from this ideal position including jitter and dynamic phase offset.

Table 133 — SSC and PLL Loop Filter Characteristics

DDR4-1600/1866/2133/
Symbol | Parameter | Conditions | 2400/2666/2933/3200 | uUnit
Min Max
SSC
fssc modulation 30 33 kHz
frequency’
assc SSC 1 0 -0.5 %
amplitude
foand E:nLJth 3B bandwidth® | .05 x . - Vs

1. The DDR4RCDO02 must meet all parameters defined in this specification
while supporting input clock SSC requirements described in this table
2. The DDR4RCDO02 PLL must fulfill this loop filter requirement in order to

track typical system clock synthesizer output clock signals

3. Implies a jitter peaking of <3 dB
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7 DC Specifications, IDD Specifications

7.1 DC Electrical Characteristics

Table 134 — DC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Unit
I Input current DRST_n, V|, =Vpp or Vgg - - +5 pA
Ip Input current Data inputs', V| = Vpp or Vgg - - +5 pA
Ip Input current CK_t, CK_c% V| = Vpp or Vgg -5 150 HA

1. DCKEO/1, DODTO0/1, DAO .. DA17, DBAO .. DBA1, DBGO .. DBG1, DACT_n, DCO .. DC2, DPAR, DCS0/1_n are mea-
sured while DRST_n pulled LOW.
2. The CK_t and CK_c inputs have internal pull-down resistors in the range of 10 kQ2 to 100 kQ.

7.2 IDD Specification Parameters and Test Conditions

In this chapter, IDD measurement conditions such as test load and patterns are defined. Figure 66 shows the setup and
test load for IDD measurements.

IDD currents (such as IDD3N, IDD3P, IDD4A, IDD4B, IDD6R and IDD6S) are measured as time-averaged cur-
rents with all Vpp balls of the DDR4RCDO02 under test tied together.

IDD currents can be measured for each speed bin. Each measurement shall use the minimum tCK (avg) for each
speed bin as specified in Table 117 of the DDR4DBO02 specification.

ATTENTION: IDD values cannot be directly used to calculate 10 power of the DDR4RCDO02. They can be used
to support correlation of simulated 10 power to actual IO power as outlined in Figure 67.

For IDD measurements, the following definitions apply:

“0” and “LOW” is defined as Vpy <= Vyp o c)-max.

“1” and “HIGH” is defined as Vy >= Vigsc)-min.

“MID-LEVEL” is defined as inputs are Vref = Vpp / 2.

Basic IDD Measurement Conditions are described in Table 135.

Detailed IDD Measurement-Loop Patterns are described in Table 136 through Table 138.
IDD Measurements are done after properly initializing the DDR4RCDO2. This includes but is not limited to set-
ting

Weak drive is enabled in FORCOO;

All four clock outputs enabled in FORCO1;

DA17 and DPAR IBT enabled in FORC02;

Moderate drive strength (‘0101”) in FORCO03, FORC04, FORCOS;

QxC[2:0], QxPAR and QxA17 outputs enabled in FORCOS;

DCS1 IBT and QxCS1_n outputs enabled in FORCO09;
CKE Power Down Mode is enabled in FORC09;

Parity checking disabled in FORCOE;

I2C Bus interface enabled in FORC2x;
100 Q IBT enabled for CA, DCS[3:0] n, DCKE and DODT in FORC7x;
DCJ[2:0] and DCKEI IBT and DCKEI input and QxCKE]1 outputs enabled in FORCBx
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® ATTENTION: The IDD Measurement-Loop Patterns need to be executed at least one time before actual IDD
measurement is started.

® DefineD ={DCS[1:0]_n, DACT n, DRAS_n, DCAS_n, DWE_n } := {HIGH, HIGH, LOW, LOW, LOW, LOW}

® Define D# = {DCS[1:0]_n, DACT_n, DRAS_n, DCAS_n, DWE_n } := {HIGH, HIGH, HIGH, HIGH, HIGH, HIGH}

-

L i

BCONM, BCKE,
BO DT, BCH_t/BCK_c

DCKE QxCKE
QuODT

LoDT
DA QxCA

Dos[1:0]_n QxCS[1:0]_n

TT 777
I

CE_t/CK_c ¥ [3:0]
DDR4RCDO2

Vs

Figure 66 — Measurement Setup and Test Load for IDD Measurements

Application specific

memory channel IDD

environment Test Load

Channel
IDD IDD
10 Power Simulation Measurement
Simulation
Correlation

X
i

Channel IO Power
Number

Figure 67 — Correlation from Simulated Channel IO Power to Actual Channel 10 Power Supported
by IDD Measurement

A
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Table 135 — Basic IDD Measurement Conditions

Symbol Description

Active Idle Current
IDD3N DB interface: Disabled
DCKE: HIGH; External clock: On; Data lIO: see Table 136 on page 156; Pattern Details: see Table 136 on page 156

QxCA, QxCKE, QxODT, Y[3:0] termination is 50 Q to V1t

CKE Power Down with IBT On Current
IDD3P1 DB interface: Enabled; CKE Power Down Mode: IBT On (FORC09 DA3:2 = 10)

DCKE: LOW External clock: On; Data IO: see Table 136 on page 156; Pattern Details: see Table 137 on page 156
QxCA, QxCKE, QxODT, Y[3:0] termination is 50 Q to V1t

CKE Power Down with IBT Off Current
IDD3P2 |CKE Power Down Mode: IBT Off (FORC09 DA3:2 = 11); Pattern Details: see Table 137 on page 156

Other conditions: see IDD3P1

Active Current with DB interface disabled
IDD4A |DCKE: HIGH; External clock: On; Pattern Details: see Table 138 on page 157
QxCA, QxCKE, QxODT, Y[3:0] termination is 50 Q to V1

Active Current with DB interface enabled
IDD4B |DCKE: HIGH; External clock: On; Pattern Details: see Table 138 on page 157
QxCA, QxCKE, QxODT, Y[3:0], BCOM, BODT, BCKE & BCK_t/BCK_c termination is 50 Q to V1t

Static Reset Current
IDD6R |DRST_n: LOW; External clock: Off; CK_t and CK_c: LOW; DCKE: LOW
Outputs tri-stated (except QxCKE = LOW, BCKE = HIGH); QxCKE & BCKE termination is 50 Q to V1t

Clock Stopped Power Down Current
IDD6S |DRST_n: HIGH; External clock: Off; CK_t and CK_c: LOW; DCKE: LOW
Outputs tri-stated (except QxCKE = BCKE = LOW); QxCKE & BCKE termination is 50 Q to V1t

Table 136 — IDD3N Measurement-Loop Pattern
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Table 137 — IDD3P1 and IDD3P2 Measurement-Loop Pattern
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Table 138 — IDD4A, IDD4B Measurement-Loop Pattern
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8 Input/Output Capacitance

Table 139 — Silicon Pad I/O Capacitance Values

DDR4-1600/ | DDR4-2400/ DDR4 - 3200
Symbol Parameter Conditions 1866/2133 2666/2933 Unit
Min | Max | Min | Max [ Min | Max
C Input capacitance, Data inputs see footnote 2 0.8 1.1 0.8 1.0 0.8 1.0 pF
Co Output capacitance 1.5 3.5 1.5 3.5 1.5 3.5 pF
Cck Input capacitance, CK_t, CK_c see footnote 2 0.8 1.1 0.8 1.0 0.8 1.0 pF
i 1,3
Coex Input capacitance delta CK_t and | see footnote ) 01 ) 01 ) 01 oF
CK_c
Cp Delta capacitance over all inputs - 0.2 - 0.2 - 0.2 pF
Input capacitance, DRST_n V, =VpporVgs;
Cr putcap - 1=YopotYss |l o5 | 2 | o5 | 2 | o5 | 2 oF
Vpp=1.2V
CaLerT | Output capacitance of ALERT_n 0.5 2 0.5 2 0.5 2 pF
Cerror | Input capacitance of
N |ERROR_IN_n 0.5 2 0.5 2 0.5 2 PF

1. This parameter does not include package capacitance
2. Data inputs are DCKE0/1, DODTO0/1, DA0..DA17, DBA0..DBA1, DBG0..DBG1, DACT_n, DCO0 .. DC2, DPAR, DCSO0/

1n

3. Absolute value CK_t-CK ¢
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Table 140 — Package Electrical Specifications
DDR4-1600 to3200
Symbol Parameter Unit Notes
Min Max
Z| cTRL Input CTRL pins Zpkg 45 75 Q 1,2,4
Td| cTRL Input CTRL pins Pkg Delay 14 50 ps 1,3,4
DTd\ctRL Delta CTRL pins Pkg Delay - 20 ps 13,4
Zlca Input CA pins Zpkg 45 75 Q 1,2,5
Tdcal Input CApins Pkg Delay 14 50 ps 1,3,5
DTdca Delta CA input pins Pkg Delay - 20 ps 1,3,5
ZOcp Output CA pins Zpkg 45 75 Q 1,2,9
Tdcao Output CA pins Pkg Delay 14 50 ps 1,3,9
DTdcao Delta CA output pins Pkg Delay - 20 ps 1,3,9
ZOpp Output DB pins Zpkg 45 75 Q 1,3,13
Tdpeo Output DB pins Pkg Delay 14 50 ps 1,3,13
DTdpgo Delta DB output pins Pkg Delay - 20 ps 1,3,13
Zlck Input CK pins ZPkg 40 70 Q 1,2,8
Tdcki Input CK pins Pkg Delay 14 50 ps 1,3
ZOy Output Yn pins ZPkg 40 70 Q 1,2,8
Tdy Output Yn pins Pkg Delay 14 50 ps 1,3
DTdy Delta Delay between YO _t, - 20 ps 12
Y1_t, Y2_tand Y3_t
DZpck Delta Zpkg CK_t and CK_c - 10 Q 1,2,6
DTdpck Delta Delay CK_t and CK_c - 5 ps 1,3,7
DZpy Delta Zpkg Yn_t and Yn_c - 10 Q 1,2,10
DTdpy Delta Delay Yn_tand Yn_c - 5 ps 1,3, 11
Zo 70 Output ZQCAL Zpkg 30 70 Q 1,2
Zo ALERT Output ALERT_n Zpkg 30 100 Q 1,2
Tdo ALERT Output ALERT_n Pkg Delay 10 55 ps 1,3

NOTE 1: This parameter is not subject to production test. It is verified by design and characterization. The package parasitics (L &C)
are determined using package only samples. Package capacitance and inductance are computed from S-parameters. The capaci-
tance is derived with Vpp, Vss, AVpp, AVss, PVpp, PVgg shorted and all other signals floating. The inductance is derived with Vpp,
Vgs, AVpp, AVgs, PVpp, PVgg shorted and all other signals shorted at the die side (not pin).

NOTE 2: Package only impedance (Zpkg) is calculated based on the computed Lpkg and Cpkg total for a given pin where: Zpkg (total
per pin) = SQRT(Lpkg/Cpkg)

NOTE 3: Package only delay (Tdpkg) is calculated based on computed Lpkg and Zpkg total for a given pin where: Tdpkg (total per
pin) = SQRT(Lpkg*Cpkg)

NOTE 4: This value applies to DCKE0/1, DODT0/1, DCS0O_n .. DCS3_n

NOTE 5: This value applies to DA0..DA17, DBAO..DBA1, DBG0..DBG1, DACT_n, DC2, DPAR

NOTE 6: Absolute value of ZCK_t - ZCK_c

NOTE 7: Absolute value of TdCK_t - TdCK_c

NOTE 8: Single-ended impedance

NOTE 9: This value applies to QxA0..QxA17, QxBA0..QxBA1, QxBG0..QxBG1, QxACT_n, QxC2, QxPAR and QxCKEO0/1, QxODTO0/
1, QxC2, QxCS8[1:0]_n for Dual CS mode, QxCS[3:0]

NOTE 10: Absolute value of ZYn_t - ZYn_c

NOTE 11: Absolute value of TdYn_t - TdYn_c

NOTE 12: Absolute value of MAX(TdYn_t) - MIN(TdYn_t)

NOTE 13: This value applies to BCOM[3:0], BCKE and BODT
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9 Timing Requirements

Table 141 — Input Timing Requirements

Lo DDR4-2400/2666 | DDR4-2933/3200
Symbol Parameter Conditions 1866/2133
Min Max Min Max Min Max Unit
fcLock  [Input clock frequency’ Application frequency? 625 1080 625 1350 625 1620 MHz
frest  [Input clock frequency Test frequency® 140 625 140 625 140 625 MHz
Pulse duration, CK_t/CK_c HIGH
ten/toL or LOW 0.4 0.4 - 0.4 tek
bt ip(p) /écKtth/nél:!a_tced input phase jitter at 0 50 0 50 0 50 ps
tacr Inputs active time® before DCKEO/1=LOW and 16 16 ) 16 -
DRST_n is taken HIGH DCS0/1_n=HIGH
Control word to control word delay]Number of clock cycles between two control
tvMrD word accesses, MRS accesses, or any 8 8 - 8 tek
DRAM commands
Control word to control word delay]Number of clock cycles between an access
turD L to FORCO03, FORCO04, FORCO05, FORCOB 16 16 ) 16 -
- DAO and FORC7x and the next control word
access
Control word to control word delay[Number of clock cycles between an access
tMRD L2 to FORCOF & FORCOD and the next control 32 32 - 32 tCK
word access or DRAM command®
Control word to control word delay [Number of clock cycles between two control L
twrp_pea [in PBA mode word accesses or any DRAM commands in See DDRADBO02 specification tek
PBA mode
Register command word to CW or [Number of clock cycles between register
tvrc  |DRAM command delay command word (FORCO06) and CW or any 16 16 - 16 tok
DRAM command
Control word to control word delay [Number of clock cycles between two control
twrpt1  [in gear-down mode word accesses, MRS accesses, or any 16 16 - 16 tek
DRAM commands
Register command word to CW or [Number of clock cycles between register
twrct  |DRAM command delay in gear-  [command word (FORC08) and CW or any 32 32 32 tek
down mode DRAM command
Chip select assertion before and |Number of clock cycles between DCSx
tosaLt  [after ALERT_n Pulse Width de-  [assertion and rising edge of ALERT_n when 8 8 - 8 tek
assertion FORCOE DA2 =1
Input buffers (except for CK_t/  |[DCKE[1:0] = LOW; DRST_n = HIGH; CK_t/
CK_c, DCKEn, DODTn and CK_c = Toggling; FORC09[DA3]=1 and
finDis DRST_n) disable time after FORCOQ[DS\%F% or1 ! 4 ! 4 ! 4 fex
DCKE[1:0] is LOW
tokoff  [Number of tCK required for both  |DCKE[1:0] = LOW; DRST_n = HIGH; CK_/
DCKEO and DCKE1 toremain  |CK_c = Toggling
LOW before both CK_t/CK_c are 5+CLAS 5¢CLAS | - | 5+CLA® tek
driven LOW
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Table 141 — Input Timing Requirements
- DDRA-1600/ | 4.2400/2666| DDR4-2933/3200
Symbol Parameter Conditions 1866/2133
Min Max Min Max Min Max | Unit
tekey  |Input buffers (DCKEOQ and DCKE[1:0] = LOW; DRST_n = HIGH; CK_t/
DCKE1) disable time after CK_c=LOW 4 6 - 8 tek
CK_t/CK_c =LOW
Static register output after FORCO09[DA3]=1 and FORC09[DA2]=0 or 1
e DCKEO or DCKE1 is HIGH at the 1 3+CLAS 1 44CLAS 1 i
Fixedoutput linput (exit from Power saving 5+cLAs | K
state)
ZQinit ;’;\Ae/er-up and RESET calibration 1024 1024 1024 o
2Q0per Eln(i;mal operation long calibration 512 512 512 o
2Qcs Normal operation short calibration 128 128 128 ek
time
1. Including SSC according Table 133, “SSC and PLL Loop Filter Characteristics,”.
2. All specified timing parameters apply
3. Timing parameters specified for frequency band 2 apply
4. This parameter is not necessarily production tested.
5. This parameter also applies to DDR4DB02 BCWs FOBC06, FOBC07, FOBCOA, FOBCOC, FOBC1x, FOBC6x, F[3:0]BC2x/3x,F[3:0]BC4x/5x, F[3:0]BC8x/9x,

F[3:0]BCAX/Bx, F[7:4]BC8x/9x, F[7:4]BCAX/Bx, F[7:4]BCCx/DX/Ex/Fx and FSBC4x.
6. CLA = Command Latency Adder from FORCOF

Table 142 — Output Timing Requirements’

Symbol Parameter Conditions Min Max Unit
o 2 Propagation delay, single bit switching; 1.2V Operation 10 13 ns
PDM" |CK_t/CK_c cross point to output ) ’
tacert  JALERT_n propagation delay ERROR_IN_n LOW to ALERT_n LOW - 2 ns
taerT HL [ALERT_n assertion delay from CK_t/CK_c [cK_t/CK_c to ALERT n LOW® 1.5 ns
trst  |RESET propagation delay DRST_n LOW to QRST_n LOW 20 ns
Output buffers (except for Yn_t/Yn_c, DCKE[1:0] = LOW; DRST_n = HIGH; CK_t/
tapis  |QxCKEn, QxODTn) hi-z after QxCKEnis  |CK_c = toggling; FORCO9[DA3]=1 and 45 - tex
driven LOW FORCO09[DA2]=0 or 1
i Output disable® time Rising edge of Yn_t to output float? 0.5"CK .+ ; ps
tQSK1(min)
gy [Output enable’ time Output valid® to rising edge of Yn_t 0.5"CK - . bs
tQSK1(max)
toou  |Output Delay Update " time DA7 = 1 for FIRC1x to FIRC9x - 100 ns

5. See diagram (Figure 75, “Voltage Waveforms Address
6. This is the time the output requires to switch from weak drive to normal impedance defined by the weak drive mode when one or more

1. See diagram (Figure 79, “Reference Load for AC Timing and Output Slew Rate” on page 171)
2. See diagram (Figure 68, “Propagation Delay Timing” on page 162). tppy is defined for 0 nCK command latency adder (FORCOF bits DA[2:0] =

'100), default (Moderate) output slew rate control settings in FIRC02 - FIRCO05, and output delay features all disabled in FIRC1x
- FIRC9x.

3. See Figure 77, “Load circuit, ALERT_n Outputs” on page 170 and Figure 78, “Voltage Waveforms, tALERT_HL Measurement” on page 170.
4. This is the time the output requires to switch from normal impedance to the impedance defined by the weak drive mode when all DCS[n:0]_n

are latched in HIGH. This could be floating or high impedance driving. The corresponding reference clock edge is determined by the first oc-
currence of all QxCS[n:0]_n HIGH. This timing is also valid for entering the CKE power down mode
Ioatlng" on page 168)

DCS[n:0]_n are latched in HIGH-. The reference clock edge for the measurement is determined by the first occurrence of the respective
QxCS[n:0]_n LOW. This timing is also valid for leaving the CKE power down mode except that in this case the referencing clock edge is deter-
mined by the first occurrence of any or both QxCKE0/1 HIGH

7. This is the time the RCDO2 requires to update delay timing setting to the output after it receives CW write operation CMD 5.
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Figure 68 — Propagation Delay Timing

1. CK_c and Yn_c left out for better visibility

2. QxAOQ is re-driven command address output based on input DAO

3. tppy is defined for 0 nCK command latency adder (FORCOF bits DA[2:0] = 100)

Table 143 — Control Gear-down Mode Timing Parameters

Symbol

Parameter

DDR4-2666

DDR4-2933

DDR4-3200

Conditions

Min Max

Min Max

Min Max

Unit

tSync RCD_GEAR

The time from last Nop
to FORC06 CGM entry

8 ,

8 R

8 -

tcMD RCD GEAR

The time of 2N normal
operation after FORC06

CGM CMD is received!

24 -

24 -

24 -

tmDIS_GEAR

Input buffers (except for
CK _t/CK_c, DCKEn,
DODTn and DRST _n)
disable time after
DCKE[1:0] is LOW

DCKE[1:0] = LOW;
DRST_n = HIGH; CK_t/
CK_c = Toggling;
FORCO09[DA3]=1 and
FORCO9[DA2]=0 or 1

tck

tCKoff GEAR

[Number of tCK required
for both DCKEO and
DCKE]1 to remain LOW
before both CK_t/CK_c¢
are driven LOW

DCKE[1:0] = LOW,
DRST n=HIGH; CK_t/
CK_c = Toggling

6.5+ CLA -

6.5 +CLA -

6.5+ CLA -

tQDIS GEAR

Output buffers (except
for Yn t/Yn c,
QxCKEn, QxODTn) hi-z
after QxCKEn is driven
LOW on active rising
transition of Yn t/Yn ¢

DCKE[1:0] = LOW;
DRST n =HIGH; CK_t/|
CK _c = toggling;
FORCO9[DA3]=1 and
FORCO9[DA2]=0 or 1

tek

tFixedoutput GEAR

Static register output
after DCKEO or DCKE1
is HIGH at the input
(exit from Power saving

state)

FORCO9[DA3I=1 and
FORCO9[DA2]=0 or 1

2 4+CLA

2 6 + CLA

2 6 + CLA

tck

1. This parameter has to be even number of clocks.
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10 I*C Electrical and Timing Specifications

This section summarizes the operating and measurement conditions, and the DC and AC characteristics of the

DDR4RCDO2 I°C interface. The parameter in the DC and AC Characteristics tables that follow are derived from tests
performed under the Measurement Conditions summarized in the relevant tables. Designers should check that the
operating conditions in their circuits match the measurement conditions when relying on the quoted parameters.

Table 144 — Operating Conditions for the 12C Bus Interface

Symbol Parameter Min Max Unit
VbbsPD 12C Bus Supply 2.2 2.8 \
Voltage

Table 145 — AC Measurement Conditions for I*C BUS interface

Symbol Parameter Min Max Unit
CL Load capacitance 100 pF
Input rise and fall times - 50 ns
Input levels 0.2 * Vppspp t0 0.8 * Vppspp \
Input and output timing reference levels 0.3 * Vppspp t0 0.7 * Vppspp \Y
Input levels Input and output timing

reference levels

0.8*v
DDSPD - — — - 07 *VDDSPD

R == — — 0.3*Vv
* . DDSPD
0.2 * Vppspp
Figure 69 — AC Measurement I/O Waveform
Table 146 — Input Parameters for I2C Bus interface
Symbol Parameter'2 Test Condition Min | Max | Unit
Cin Input capacitance (SDA) -- -- 5 pF
CiN Input capacitance (other pins) -- -- 5 pF
Zew Ei (SAO, SA1, SA2) input impedance VN < 0.3 * Vppspp 30 - kQ
ZeH Ei (SAO, SA1, SA2) input impedance Vin > 0.7 * Vppspp 800 - kQ
NOTE 1: TA =25 °C, f = 1000 kHz
NOTE 2: Verified by design and characterization, not necessarily tested on all devices
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Table 147 — DC Characteristics for I*C Bus Interface
Test Condition (in addition
Symbol Parameter to those in Table 144 on Min Max Unit
page 163)
I Input leakage current (SCL, SDA) VN = Vss or Vppspp - 15 pA
Lo Output leakage current Vout = Vss or Vppspp, SDAIn - 5 pA
Hi-Z
lbbsPp Supply current Vppspp = 2.5V, fc = 1000 kHz - 5 mA
(rise/fall time < 30 ns)
ViN=V V Y = -- 100 A
IbpspD1 Standby Supply current 2';‘ v ss O VppspD: VDDSPD H
Vi Input low voltage (SCL, SDA, -- -0.5 0.3~ v
SA[2:0]) Vbpspb
ViH Input high voltage (SCL, SDA, -- 0.7~ Vbpsppt | V
SA[2:0]) VbbsPD 0.5
Vv SAO high voltage 7 10 \
ViL_Brunc | Input low voltage (BFUNC) - Vgs? 0.35* v
Vbp
ViH_runc | Input high voltage (BFUNC) - 0.65 * Vpp Vpp? \
VoL Output low voltage 20 mA sink current - 0.4 \%
loL LOW-level output current VoL =0.4V 20 - mA
0.05 *
Vi Input hysteresis - \%
HYST put hy; Voppp
NOTE 1: Vyy is used by the SPD device. For DDR4 RDIMM or LRDIMM, a series resistor is connected to the
DDR4RCDO02 input (refer to Figure 32 in the I2C Bus chapter). As such, the voltage drop across the external series
resistor prevents the SAO input of the DDR4RCDO02 from being directly exposed to dangerous voltage levels.
NOTE 2: Undershoot might occur. It should be limited by the Absolute Maximum DC Ratings.
NOTE 3: Overshoot might occur. It should be limited by Absolute Maximum DC Ratings
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Table 148 — AC Characteristics for I?C Bus Interface
<400 kHz > 400 kHz
Symbol Parameter Unit
Min Max Min Max
fscL Clock frequency 10 400 401 1000 kHz
tHiIGH Clock pulse width high time 600 260 -- ns
tLow® Clock pulse width low time 1300 500 - ns
trimeout™? Detect clock low timeout 45 45 - ms
tr2 SDA rise time 300 - 120 ns
te2 SDA fall time 300 - 120 ns
tsu:DAT Data in setup time 50 - 50 - ns
tHD:DI Data in hold time 0 -- 0 - ns
tiD:DAT Data out hold time 0 350 0 350 ns
tSU'STA1 Start condition setup time 260 - 260 - ns
thp-sTA Start condition hold time 260 -- 260 -- ns
tsu:sTo Stop condition setup time 260 - 260 -- ns
tsur Time between Stop Condition and 500 -- 500 -- ns
next Start Condition
NOTE 1: For a reSTART condition, or following a write cycle
NOTE 2: Guaranteed by design and characterization, not necessarily tested
NOTE 3: The DDR4RCDO02 I2C Bus interface logic shall not initiate clock stretching
NOTE 4: The DDR4RCDO02 must support bus timeout on I2C Bus access.
NOTE 5: Devices participating in a transfer can abort the transfer in progress and release the bus by forcing SCL LOW. A
timeout condition can only be ensured if the device forcing the timeout holds SCL LOW for trjyeout min OF longer. After the
controller in a transaction detects this condition, it must generate a STOP condition within or after the current data byte in the
transfer process. Devices that have detected this condition must reset their communication and be able to receive a new START
condition no later than 10ms after the controller generates the STOP condition.
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Figure 70 — I2C Bus AC Waveforms
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11  Test Circuits and Switching Waveforms

11.1 Parameter Measurement Information

All input pulses are supplied by generators having the following characteristics: 625 MHz < PRR < 1620 MHz;
Z, =50 Q; input slew rate = 1 V/ns £ 20%, unless otherwise specified.

The outputs are measured one at a time with one transition per measurement.

CK_ c
Vix(ac) Vixac)
CK_t
Figure 71 — Voltage Waveforms; Input Clock
DRST_n CcMos VDD
\ ov
tact
V
Inputs IH(AC)
ViLac)

Figure 72 — Voltage and Current Waveforms; Inputs Active and Inactive Times

CK_ c

VIX,max

Vbp/2 =Vixnom = — — — — — —

Vix,min

CK_t

For V|x Range testing common mode voltage of CK_t and CK_c is shifted around Vpp/2.
Functional Tests are performed with this V x shift.

Figure 73 — Input Waveforms Vx Range Measurement
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CK_ ¢
Vicr Vicr Vi-p)
CK_t
tpom1 tpomz
Qn Output v V.
(Delay = (0/64)* tok) 7/l NV
(31/64)" tc,

Qn Output —/\/ V.
(Delay = (31/64)*tcx) /1T m

Figure 74 — Voltage Waveforms; Propagation Delay Times

V|cr Cross Point Voltage

Vip-p) = 400mV (1.2 V Operation)

tpom1, tpomz the larger number of both has to be taken when performing tppyy max measurement, the smaller number of both
has to be taken when performing tppyy min measurement

CK_c

KX

DCSn

QxCSn

Yn_c
Yn_t
tois ten
— . -— .

Outputs

virtual V1t crossing M

Figure 75 — Voltage Waveforms Address Floating

(1) See Figure 76
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Enabling and disabling the CA outputs must not violate DRAM setup and hold time requirements. Therefore a tpg
transition may not occur earlier than the earliest (HL/LH) transition and a tgy transition may not occur later than the
latest (HL/LH) transition. Regular transitions are measured between CK_t/CK c and CA/Vr crossings. However a
Vrr crossing is not available in the state where the outputs are Hi-Z. To allow a correct and not overly conservative
measurement a virtual Vrp crossing point is defined below. The calculation of the virtual V1 crossing point is shown
in Figure 76. The voltage levels for yla, y2a, ylb and y2b are measured from V11 (Vpp/2) and should be selected

such that the region between t1 and t2 covers a linear range and represents a typical slope of the waveform within the
transition area. They have to be used signed in the formula.

Yn_c
Uck =Yck ¢
Yn_t
ten tis
ta tb
tos top
Von
Y2 Yoy
Vrr Yia | Yib Vir
actual waveform Y1a Y1b
Y2a Yoy
=— VoL
ten = tya + Via(tiat2a)/(Y2a-Y1a) tois = t1p + Yip(t1bt2n)/(Yon-Y1b)

Figure 76 — Calculating the Virtual V1 Crossing Point

11.2 Alert Output Load Circuit and Voltage Measurement Information

All input pulses are supplied by generators having the following characteristics: 625 MHz < PRR < 1620 MHz;
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Z,= 50 Q; input slew rate = 1 V/ns + 20%, unless otherwise specified.

Voo
DUT ?
R, =50 Q
ouT Test point

C_=10 pF

See Note ()

Figure 77 — Load circuit, ALERT n Outputs

(1) Cpincludes probe and jig capacitance.

Output driver characteristics are separately controlled for outputs that are often loaded with twice as many DRAMs as
the other outputs. Outputs are grouped as follows:

*  CA Signals = QxA0..QxA17, QxBA0..QxBA1, QxBG0..QxBG1, QxACT n, QxC2, QxPAR
¢ Control Signals = QxCKE0/1, QxODTO0/1, QxC2, QxCS[1:0] n for Dual CS mode, QxCS[3:0]
* CK=Ynt-Ync

CK_c
Vix
CK_t
tALERT_HL
Open Drain Output ALERT_n Vou

Figure 78 — Voltage Waveforms, tALERT HL Measurement

11.3 DDR4 Register Reference Load

The following circuit represents the effective reference load of 50 ohms used in defining the relevant AC timing
parameters of the device as well as output slew rate measurements.

It is not intended as a precise representation of any particular system environment or a depiction of the actual load
presented by a production tester. System designers should use IBIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers correlate to their production test conditions, generally one or



JEDEC Standard No. 82-31A.01
Page 171

more coaxial transmission lines terminated at the tester electronics.

V?D RL=50 Q
DuT
RL
CKt < CKt e e e e
RL
CK ¢ 4—7 CK c Bx —— \\WN——> VT
R
® » VTT
RL
L » VTT
Dx ¢—— Dx
R
Yn t | Py AAA » VT
R
Yn ¢ ———\\N\——— VT

Figure 79 — Reference Load for AC Timing and Output Slew Rate
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12 Recommended Filtering for the Analog Power Supply (AVpp)

PVpp R1 AVpp
o AVAVAY,
PLL
[ T
PVSS AVSS

Figure 80 — AVyy, Filtering

Vpp and Vgg via comprise AVpp filter network should not have connections to Vppp and Vgg on outer layers. On the
outer layers the vias only connect to filter components and AV g of register.
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13 LCOM Electrical and Timings

If the optional NVDIMM mode feature is supported, the LCOM interface is available in the RCD02. The LCOM
functionality is described in the DDR4RCD02 LCOM protocol and RCW definition, and the LCOM electrical
interface and timing is described in this section.

13.1 Transmitter

The output drivers for the LCOM]1:0] bidirectional pins operate as described here.
LCOM[1:0] RONpu and RONpd are 50Q +/-15%

Te

LCOM[1:0] >< >< ><

o ST\

TCKZQ

Figure 81 — LCOM|[1:0] Output Timing

Table 149 — LCOM][1:0] Output Timing Parameters

Symbol Parameter Min Max Unit

Tp Period 2 5 ns
tck2Q Clock to Output - 1.6 ns




JEDEC Standard No. 82-31A.01
Page 174

13.1.1 Single-Ended LCOM]1:0] Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and mea-
sured between Vornv(ac) and Vouny(ac) for the LCOM[1:0] single-ended signals as shown in Table 150,

Table 151 and Figure 82.

Table 150 — LCOM]1:0] Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VoLac) VoH(AC) [Voncac) - Voracyl / DeltaTRse
Single-ended output slew rate for falling edge VoH(AC) VoL [Vonac)- Vorac)l / DeltaTFse

NOTE Output slew rate is verified by design and characterization, and may not be subject to production test.

Table 151 — LCOM][1:0] Output Operating Electrical Characteristics

Symbol Parameter Min Max Unit
Vounviac) AC output high level 0.75*Vpp + 0.15%Vpp - \Y
Vornv(ac) AC output low level - 0.75*Vpp - 0.15%Vpp v

1. NVC Vggp=0.75*Vpp

Delta TRse

S Vornv(ac)
R |
N |
S \
3 ; Vref
5 |
i=3 I
>
o |
=T G VoLnviac)
2 : [ !
wl I I !
()
© ! ! ‘
= | | |
»n >, I

Delta TFse

Figure 82 — LCOM]1:0] Single-Ended Output Slew Rate Definition
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Table 152 — LCOM Single-Ended Output Edge Rates Over Specified Operating Temperature

Range
Symbol Parameter! Conditions Min | Max | Unit
dv/dt_r rising edge slew rate? 1.2V operation 1 8 V/ns
dv/dt f falling edge slew rate? 1.2V operation 1 8 Vins
dv/dt D3 absolute difference between dV/dt_r and dV/dt_f - - 1 V/ns

1.  These parameters are for the LCOM[1:0] output drivers.
2. Measured into reference load in Figure 84.
3. Difference between dV/dt_r (rising edge rate) and dV/dt_f (falling edge rate)

13.1.2 LCOM]1:0] Output Drive Parameters

The output impedance RON is defined by the value of the external reference resistor as defined in Table 153.

Table 153 — LCOM]1:0] Output Driver DC Electrical Characteristics

RONNom Resistor Vout Min Nom Max Unit (Q)
Vorde = 0.6 x Vpp 0.6 1.0 1.15 50
RON;0pq Vomde =0.75x Vpp 0.85 1.0 1.15 50
500 Vonde = 0.9 x Vpp 0.85 1.0 1.4 50
VoLde = 0.6 X Vpp 0.85 1.0 1.4 50
RONsgpy Vomde =0.75 x Vpp 0.85 1.0 1.15 50
Vorde = 0.9 x Vpp 0.6 1.0 115 50

A functional representation of the output buffer is shown in Figure 83.
The individual pull-up and pull-down resistors (RONp, and RONp,) are defined as follows:

RON — VDD_ VOut
Pu ’IOutl

RONPd = —

Under the condition that RONpy is turned off

Under the condition that RONp,, is turned off

Output Driver

Internal
LCOM
Circuitry

-—— - R
I loy
T
| RONpy |
| L
| | <
ROdi| Iout
| g |
b .
PO |

LCOM[1:0]
VOUt

VSS

Figure 83 — LCOM][1:0] Output Driver: Definition of Voltages and Currents




JEDEC Standard No. 82-31A.01
Page 176

13.1.3 LCOM]1:0] Reference Load

The following circuit represents the effective reference load of 50 ohms used in defining the relevant AC timing
parameters of the device as well as output slew rate measurements.

It is not intended as a precise representation of any particular system environment or a depiction of the actual load
presented by a production tester. System designers should use IBIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers correlate to their production test conditions, generally one or
more coaxial transmission lines terminated at the tester electronics.

VDD
RL=50Q

DUT LCOM[1]F——W\—  Vpp
RL

LCOM [0] ——WWA——> Vpp
RL

|

Vss
Figure 84 — Reference Load for AC Timing and Output Slew Rate



13.2 Receiver

The receiver for each LCOM interface input pin operates as described here.

LCKE, LCOM[2] and LCOM[1:0]:

¢ Termination and Reference Voltage:

o Assumption: the NVC driver RON is 50Q
o 50Q +/-15% to VDD, with Vref=0.75 * VDD
o 100Q +/-15% to Vpp, with Vref = 0.65 * Vpp

o Unterminated, with Vref=0.5 * Vpp

JEDEC Standard No. 82-31A.01
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o Refer to FARCO03 and F4ARC04: LCKE, LCOM[2] and LCOM][1:0] Receiver Configuration
A VIL and VIH: Vref +/- 0.1 * VDD

LCOM tgy; and ty in Figure 85 and Table 154 are measured from the crossing point between the rising transition of
LCK t, and the falling transition of LCK c, to the points where LCOM rising or falling transitions cross with vref.

T

LCOM[2:0] >< X

Figure 85 — LCOM Receiver Timing

Table 154 — LCOM Receiver Timing Parameters

Symbol Parameter Min Max Unit
Tp Period 2 5 ns
tsu Setup 400 - ps
ty Hold 400 - ps
1. This table describes the parameters in the timing diagram in Figure 85.
2. See Section 13.2.2 "Single-Ended Requirements for LCK_t/LCK ¢ " on page 178 for the LCK Vggp.
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13.2.1 LCOM Receiver Termination

Signals: LCOM[2], LCOM[1], LCOM]0], and LCKE
RX termination: 50Q, 1002, and Unterminated

Input Receiver

—® Vpp
Internal
LCOM
Circuitry —e  LCKE, LCOM[2], LCOM[1:0]

lvm

® ' Vs

Figure 86 — LCOM Input Receiver

13.2.2 Single-Ended Requirements for LCK_t/LCK ¢

Each individual component of the differential signal LCK_t/LCK ¢ must also comply with certain requirements for
single-ended signals.

LCK_tand LCK_c have to approximately reach Vggy min/ Vg max (equal to the AC-levels (Viac) / Virac)) in
every half-cycle. Viyac)=Vpp/2 +0.1*Vpp, and Vi (ac)= Vpp/2 - 0.1*Vpp,.

time

Figure 87 — Single-ended Requirement for Differential Signals

The transition of single-ended signals through the AC-levels is used to measure setup time. For single-ended
components of differential signals, the requirement to reach Vgg; max, Vggy min has no bearing on timing, but adds

a restriction on the common mode characteristics of these signals.
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Table 155 — Single-ended Levels for LCK _t/LCK c
Symbol Parameter Min Max Unit
VSEH Single-ended high-level for LCK_t/LCK ¢ (Vpp/2) +0.1*Vpp Note mV
VsEL Single-ended low-level for LCK_t/LCK ¢ Note (Vpp/2) - 0.1*Vpp mV

NOTE 1: These values are not defined, however the single-ended signals LCK t and LCK_c¢ need to be within the limitations for overshoot and
undershoot.
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14 Reference to Other Applicable JEDEC Standards and Publications

JEP9S, JEDEC Registered and Standard Outlines for Solid State and Related Products
JEP104, Reference Guide to Letter Symbols for Semiconductor Devices.

JESD21-C, Configuration for Solid State Memories.

JESDS-11A, Definition of wide range non-terminated logic

JESD79-4, DDR4 SDRAM Specification

DDR4DB02 Specification

MO-307A, Package Mechanical Outline

Byte Addressable Energy Backed Interface, Version 2.0

Annex A — (Informative) Differences between JESD82-31A.01 and JESDS82-31A

Editorial revision for terminology updates as follows:
1. Replaced every instance of “master” with “controller:

 Table 21 and Table 148 Note 5

 Figure 31 - 12C loading diagram

¢ Clause numbers 3, 3.2.1, 3.3, 3.3.2,3.3.3,3.3.3.2,3.3.3.3,3.4,3.5.1,and 3.5.2
2. Replaced every instance of “slave” with “target™:

 Table 101

e Clause 3.2.1,3.2.3,3.3,3.3.1,3.3.2,3.3.3.3,3.4,and 3.5.1

3. Headings, table titles, and figure titles changed to Initial Caps
4. All tables centered horizontally on page
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