Gxeme

H2A904G16A6B

4Gb (32Mx8Banksx16) DDR4 SDRAM

Descriptions

The DDR4 SDRAM is a high-speed dynamic
random-access memory internally configured as
sixteen-banks,2 bank group with 4 banks for each
bankgroup for x16 DRAM.

The DDR4 SDRAM uses an 8n-prefetch architecture
to achieve high-speed operation. The 8n-prefetch
architecture is combined with an interface designed to
transfer two data words per clock cycle at the 1/O pins.
A single READ or WRITE operation for the DDR4 SDRAM
consists of a single 8n-bit wide, four-clock data transfer
at the internal DRAM core and two corresponding n-bit

wide, one-half-clock-cycle data transfers at the 1/0 pins.
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Features

« VDD =VDDQ = 1.2V £60mV

* VPP = 2.5V, -125mV, +250mV

« On-Die Termination (ODT)

« Data rate: up to 3200 Mbps

« 8n-bit prefetch architecture

« Command/Address latency (CAL)

» Multipurpose register READ and WRITE capability
 Write leveling

« Self refresh mode

* Low-power auto self refresh (LPASR)
» Temperature controlled refresh (TCR)
« Fine granularity refresh

* Self refresh abort

* Programmable data strobe preambles
« Qutput driver calibration

« Data strobe preamble training

« Data bus inversion (DBI) for data bus
» Command/Address (CA) parity

« Databus write cyclic redundancy check (CRC)
» Per-DRAM addressability

* JEDEC JESD-79-4 compliant

* sPPR and hPPR capability

HWA LING TECHNOLOGY



Gxeme H2A904G16A6B

Ordering Information

Part No Organization Data Rate Package Grade
H2A904G16A6BIWC | 256M X 16 |DDR4-2400MHz 17-17-17 | 96Ball BGA, 7.5x13mm | Commercial

H2A904G16A6BJWC | 256M X 16 |DDR4-2666MHz 19-19-19 | 96Ball BGA, 7.5x13mm | Commercial

H2A904G16A6BKWC | 256M X 16 |DDR4-3200MHz 22-22-22 | 96Ball BGA, 7.5x13mm | Commercial

Note: Speed (tck*) is in order of CL-Tgcp-Tre

Ball Assignments and Descriptions

96-Ball FBGA — x16 (Top View)
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96-Ball FBGA — x16 Ball Descriptions

Name

Type

Function

CK_t, CK_c

Input

Clock: CK_t and CK_c are differential clock inputs. All address and confrol input signals are sampled
on the crossing of the positive edge of CK_t and negative edge of CK_c.

CKE

Input

Clock Enable: CKE HIGH activates, and CKE Low deactivates, intemal clock signals and device
input buffers and output drivers. Taking CKE Low provides Precharge Power-Down and Self-Refresh
operation (all hanks idle), or Active Power-Down (row Active in any bank). CKE is synchronous for
Self-Refresh exit. After VREFCA and Intemal DQ VREF have become stable during the power on
and inifialization sequence, they must he maintained during all operations (including Self-Refresh).
CKE must be maintained high throughout read and write accesses. Input buffers, excluding CK_t,
CK_c, ODT and CKE are disabled during power-down. Input buffers, excluding CKE, are disabled
during Self-Refresh.

CS n

Input

Chip Select: All commands are masked when CS_n is registered HIGH. CS_n provides for external
Rank selection on systems with multiple Ranks. C5_n is considered part of the command code.

oDT

Input

On-Die Termination: ODT (registered HIGH) enables RTT_NOM termination resistance intemal
to the DDR4 SDRAM. When enabled, ODT is enly applied to each DQ, DQSU_t, DQSU_c, DASL _t,
DQSL_c, DMU_n, and DML_n signal. The ODT pin will be ignored if MR1 is programmed to disable
RTT_NOM.

ACT_n

Input

Activation Command Input: ACT_n defines the Activation command being entered along with
CS_n. The input into RAS_n/A16, CAS_n/A15 and WE_n/A14 will be considered as Row Address
A16, A15 and A14.

RAS_n/A16
CAS_n/A15
WE_n/A14

Input

Command Inputs: RAS_n/A16, CAS_n/A15 and WE_n/A14 (along with CS_n) define the
command being entered. Those pins have multi-function. For example, for activation with ACT_n
Low, those are Addressing like A16,A15 and A14 but for non-activation command with ACT_n High,
those are Command pins for Read, Write and other command defined in command truth table.

DMU_n/DBIU_n,
DML_n/DBIL_n

Input/
Output

Input Data Mask and Data Bus Inversion: DMU_n / DML_n are input mask signal for write
data. Input data is masked when DMU_n / DML_n is sampled LOW coincident with that input data
during a Write access. DMU_n / DML_n are sampled on both edges of DQSU / DQSL. DM is muxed
with DBI function by Mode Reqgister A10, A11, A12 setting in MR5. DMU_n/DBIU_n is associated with
DQUO-DQUT; DML_n/DEIL_n is associated with DQLO-DQLT. DBIU_n / DEIL_n are input’output
identifying whether to storefoutput the true or inveried data. If DBIU_n / DBIL_n LOW, the data will
be storedfoutput after inversion inside the DDR4 SDRAM and not inverted if DBIU_n / DBIL_n HIGH.

BGO

Input

Bank Group Input: BGD define to which bank group an Active, Read, Write or Precharge
command is being applied. BGO also determines which mode register is to be accessed during a
MRS cycle.

BAOD - BA1

Input

Bank Address Inputs: BAD - BA1 define fo which bank an Active, Read, Write or Precharge
command is being applied. Bank address also determines which mode register is to be accessed
during a MRS cycle.

AD - A16

Input

Address Inputs: Provide the row address for ACTIVATE Commands and the column address for
Read/Write commands fo select one location out of the memory amray in the respeciive bank.
(A10/AP, A12/BC_n, RAS_n/A16, CAS_n/A15 and WE_n/A14 have additional functions, see other
rows. The address inputs also provide the op-code during Mode Register Set commands.

A10 /AP

Input

Auto Precharge: A10 is sampled during Read/Write commands to determine whether Auto
precharge should be performed to the accessed bank after the Read/Write operation. (HIGH: Auto
precharge; LOW: no Auto precharge) 410 is sampled during a Precharge command to determine
whether the Precharge applies to one bank (A10 LOW) or all banks (A10 HIGH). If only one bank is
to be precharged, the bank is selected by bank addresses.

A12/BC_n

Input

Burst Chop: A12/BC_n is sampled during Read and Write commands to determine if burst chop
(on-the-fly) will be performed. (HIGH, no burst chop; LOW: burst chopped). See command truth table
for details.

RESET n

Input

Active Low Asynchronous Reset: Reset is active when RESET_n is LOW, and inactive when
RESET_n is HIGH. RESET_n must be HIGH during normal operation. RESET_n is a CMOS rail fo
rail signal with DC high and low at 80% and 20% of VDD,

DQLo-DALY
DaQuo-Dau7

Input/
Output

Data Input/ Qutput: Bi-directional data bus. If CRC is enabled via Mode register then CRC code
is added at the end of Data Burst. DQLO~DQL3 may indicate the intemal VREF level during fest via
Mode Register Setting MR4 A4 = High. During this mode, RTT value should be set to Hi-Z.
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Gxeme H2A904G16A6B

96-Ball FBGA — x16 Ball Descriptions (Continued)

Name Type Function
Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered in
DQSU_t, DQASU c, Input/ | write data. DQSL comresponds to the data on DQLO-DQLT; DQSU corresponds to the data on DQUO-
- - DQUT. The data strobe DQSL_t and DQSU_t are paired with differential signals DQSL_c and
DQSL_t, DASL_c Oulput | pasu_c, respectively, to provide differential pair signaling to the system during reads and writes.

DDR4 SDRAM supports differential data strobe only and does not support single-ended.

Command and Address Parity Input: DDR4 Supports Even Parity check in DRAMs with MR

PAR Input sefting. Once it's enabled via Register in MRS, then DRAM calculates Parity with ACT_n, RAS_n/A16,
P CAS_n/A15, WE_n/A14, BGD, BAD-BA1 and A16-A0. Command and address inputs shall have parity

check performed when commands are latched via the rising edge of CK_t and when C5_n is low.

Alert: It has multi functions such as CRC error flag, Command and Address Parity emor flag as
Qutput signal. If there is emor in CRC, then Alert_n goes LOW for the period time interval and goes
ALERT n INPUY’ | hack HIGH. If there is error in Command Address Parity Check, then ALERT_n goes LOW for

— Output | refatively long period until ongoing DRAM intemnal recovery transaction to complete. During
Connectivity Test mode, this pin works as input. Using this signal or not is dependent on system. In
case of not connected as Signal, ALERT_n Pin must be bounded to VDD on board.

Connectivity Test Mode Enable: HIGH in this pin will enable Connectivity Test Mode operation
along with other pins. It is a CMOS rail to rail signal with AC high and low at 80% and 20% of VDD.

TEN Input Using this signal or not is dependent on system. This pin may be DRAM intemally pulled low through
a weak pull-down resistor to VSS.
NC No Connect: No internal electrical connection is present.
VDDQ Supply | D@ Power Supply: 1.2V £ 006 V
VssQ Supply | DQ Ground
VDD Supply | Power Supply: 1.2V +006V
Vss Supply | Ground
VPP Supply | DRAM Activating Power Supply: 2.5V {2.375V min, 2.75V max)
WVREFCA Supply | Reference voltage for CA
ZQ Supply | Reference Pin for ZQ calibration

Note: Input only pins (BGO, BAO-BA1, A0-A16, ACT_n, RAS n/Al6, CAS n/Al5, WE_n/Al4, CS_n, CKE, ODT, and
RESET _n) do not supply termination.

-
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Gxeme H2A904G16A6B

Absolute Maximum Ratings

Symbol Item Rating Units
VIN, VOUT Input, Output Voltage -0.3~+15 \%
VDD Power Supply Voltage -0.3~+15 \%
VDDQ Power Supply Voltage -0.3~+15 Vv
VPP Power Supply Voltage -0.3~+3.0 Vv
TOP Operating Temperature Range Commercial 0~ +95 °C
TSTG Storage Temperature Range -55 ~ +150 °C

Note: Caution Exposing the device to stress above those listed in Absolute Maximum Ratings
could cause permanent damage. The device is not meant to be operated under conditions
outside the limits described in the operational section of this specification.

Recommended DC Operating Conditions

Symbol Parameter Min. Typ. Max. Units
VoD Supply voltage 1.14 1.2 1.26 \%
VbbQ Supply voltage for output 1.14 1.2 1.26 \%
Vep Wordline supply voltage 2.375 2.5 2.750 \%

VDD Slew Rate

Symbol Min. Max. Units Notes
Vop_s! 0.004 600 Vims 1,2
VDDfon - 200 ms 3

Notes1l: Measurement made between 300mV and 80% VDD (minimum level).
Notes2: The DC bandwidth is limited to 20 MHz.
Notes3: Maximum time to ramp VDD from 300 mV to VDD minimum.

=
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H2A904G16A6B

Input/ Output Capacitance

Symbol Parameter - DDR4-2400, 2666, 3200 Unit Notes
min max
Zio Inputfoutput Zpkg 45 85 (0] 1,2,4,5,10,11
Taio Inputioutput Pkg Delay 14 45 pS 13,4511
Lo Inputioutput Lpkg - 34 nH 11,12
Cio Inputfoutput Cpkg - 082 pF 11,13
Zic pas DQS_t and DQS_c Zpkg 45 85 Q 1,2,5,10,11
Tdio oes DQS_t and DQS_c Pkg Delay 14 45 ps 1,3,5,10,11
Lwpas DQS Lpkg - 34 nH 11,12
Cwoas DQS Cpkg - 0.82 pF 11,13
Delta Zpkg DQSU_t and DQSU_c - 10 (0] 1,257,110
DZoio pes
Delta Zpkg DQSL_t and DQSL_c 10 (0] 1,257,110
Delta Delay DQSU_t and DQSU_c - 5 pS 1,3,5,7,10
Diroio pas
Delta Delay DQSL_t and DQSL_c 5 pS 1,3,5,7,10
ZicTRL Input CTRL pins Zpkg 50 a0 (0] 1,2,5,9,10,11
Ta_ctrL Input CTREL pins Pkg Delay 14 42 ps (135581011
LictrL Input CTRL Lpkg - 34 nH 11,12
CictrL Input CTRL Cpkg - 07 pF 11,13
Z1ADD cMD Input CMD ADD pins Zpkg 50 a0 (0] 1,2,5,8,10,11
Tdwuoo_cmo Input CMD ADD pins Pkg Delay 14 52 pS |1,3581011
Li aoo emo Input CMD ADD pins Lpkg - 39 nH 11,12
Ciapp_cmp Input CMD ADD pins Cpkg - 0.86 pF 11,13
Zox CK_t and CK_c Zpkg 50 a0 (0] 1,2,5,10,11
Tdck CK_t and CK_c Pkg Delay 14 42 pS 1,3,5,10,11
Licix Input CLK Lpkg - 34 nH 11,12
Ciowx Input CLK Cpkg - 0.7 pF 11,13
DZpex Delta Zpkg CK_t and CK_c - 10 Q 1,2,56,10
Drack Delta Delay CK_t and CK_c - 5 pS 1,3,5,6,10
Zoza ZQ Zpkg - 100 (0] 1,2,5,10,11
Tdoza ZQ Delay 20 a0 ps 1,3,5,10,11
Zo aLERT ALERT Zpkg 40 100 Q 1,2,5,10,11
Tdo aLerT ALERT Delay 20 55 ps 1,3,5,10,11
Notes:

1. This parameter is not subject to production test. It is venfied by design and characterization. The package parasitic (L and C) are validated
using package only samples. The capacitance is measured with VDD, ¥YDDQ, VsS, VS55Q shorted with all other signal pins floating. The
inductance is measured with VDD, VDDQ, VS5 and VS50 shorted and all other signal pins shorted at the die side (not pin).

2 Package only impedance (Zpkg) is calculated based on the Lpkg and Cpkg total for a given pin where:

Zpkg (total per pin) =_J Lpkg/Cpkg

3. Package only delay(Tpkg) is calculated based on Lpkg and Cpkg total for a given pin where:
Tdpkg (total per pin) =] Lpkg*Cpkg
4. Z1o and Tdio apply to DQ and DM.
5. This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here.
6. Absolute value of ZCK_{-ZCK_c for impedance (Z) or absolute value of TACK_t-TdCK_c for delay (Td).
7. Absolute value of ZIO(DQS_{)}-ZI0(DAS_c) for impedance (Z) or absolute value of TdIO(DQS_t)-TdIO(DQS_c) for delay (Td).
8. ZI& Td ADD CMD applies to A0-A13, ACT_n, BAO-BA1, BGD, RAS_n/A16, CAS_n/A15, WE_n/A14 and PAR.
9. Z1& Td CTRL applies to ODT, C5_n and CKE.
10. This table applies to monoelithic x16 devices.
11. Package implementations shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximum Lpkg and Cpkg do not
exceed the maximum values shown.
12. Itis assumed that Lpkg can be approximated as Lpkg = Zo*Td.
13. It is assumed that Cpkg can be approximated as Cpkg = Td/Zo.
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Gxeme H2A904G16A6B

AC and DC Differential Input Measurement Levels

Differential Inputs

Vi, diff(ACmin

V4, diff, min

0.0

ViLdiffmax 4 — — — — — — — — — — — _ _ |

VL diff(AC)max

Half cycle

Differential Input Swing Requirements for CK_t, CK_c

DDR4-1600/1866/2133 DDR4-2400/2666 DDR4-3200 .
Symbol | Parameter n - - Unit | Notes
Min Max Min Max Min Max
) differential
VIHdiff input high 150 Note 3 135 Note 3 110 Note 3 mv 1
. differential
VILdiff input low Note 3 -150 Note 3 -135 Note 3 =110 mv 1
) differential |2 X (VIH(AC) - 2% (VIH(AC) - 2% (VIH(AC) -
VIRAIMAC) | jnputhighac | VREF) Note 3 VREF) Note 3 VREF) Noted | V| 2
i differential 2 x (VIL(AC) - 2 x (VIL{AC) - 2 % (VIL(AC) -
WILdiff(AC . Note 3 Note 3 Note 3 vV 2
A | input low ac ote VREF) € VREF) o VREF)

Notel: Used to define a differential signal slew-rate.
Note2: For CK_t, CK_c use VIH(AC) and VIL(AC) of ADD/CMD and VREFCA.

Note3: These values are not defined; however, the differential signals CK_t - CK_c, need to be within the respective
limits (VIH.CA(DC) max, VIL.CA(DC) min) for single-ended signals as well as the limitations for overshoot
and undershoot.

=
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H2A904G16A6B

Differential swing requirements for clock (CK - /CK) and strobe (DQS - /DQS)

Minimum Time AC Time tDVAC for CK

Slew Rate tDVAC (ps) at [VIH,diff(AC) to VIL,diff(AC)]=200mV

[VIns] Min. Max.
>4.0 120 -
4.0 115 -
3.0 110 -
2.0 105 -
1.8 100 -
1.6 95 -
14 90 -
1.2 85 -
1.0 80 -
<1.0 80 -

Note: Below VIL(AC).

Single-Ended Requirements for CK Differential Signals

Each individual component of a differential signal (CK, DQS, /CK, /DQS) has also to comply with certain

requirements for single-ended signals.

CK and /CK have to approximately reach VSEHmin / VSELmax (approximately equal to the ac-levels
(VIH(AC) / VIL(AC) ) for Address/Command signals) in every half-cycle.

DQS, /DQS have to reach VSEHmIn / VSELmax [approximately the ac-levels (VIH(AC) / VIL(AC) ) for DQ
signals] in every half-cycle preceding and following a valid transition.

Note that the applicable AC-levels for Address/Command and DQ’s might be different per speed-bin etc. E.g., if
VIHCA(AC150)/VILCA(AC150) is used for Address/Command signals, then these AC-levels apply also for the

single-ended components of differential CK and /CK.

Single-Ended Requirements for CK

Voo ©F Vppg

VSEH,min

Vpp/2 of Vppq/2

VSEL,max

V¢ or \/SSO
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Gxeme H2A904G16A6B

Single-Ended Requirements for CK

Symbol Parameter Min. Max. Units Note
VSEH | Single-ended high-level for CK, /CK (vDD/2)+0.09 See Note3 \% 1,2
VSEL | Single-ended low-level for CK, /CK See Note3 (vDD/2)-0.09 Y 1,2

Notel: For CK_t, CK_c use VIH(AC) and VIL(AC) of ADD/CMD and VREFCA.

Note2: ADDR/CMD VIH(AC) and VIL(AC) based on VREFCA.

Note3: These values are not defined; however, the differential signal (CK_t, CK_c) need to be within the respective
limits, VIH(DC)max and VIL(DC)min for single-ended signals as well as the limitations for overshoot and

undershoot.

AC and DC Output Measurement Levels

Symbol Parameter Specification [Units |Note
VOH(DC) DC output high measurement level (for IV curve linearity) 1.1*vDDQ Vv 1
VOM(DC) DC output middle measurement level (for IV curve linearity) 0.8*VDDQ Vv 1
VOL(DC) DC output low measurement level (for IV curve linearity) 0.5*VDDQ \% 1
VOH(AC) AC output high measurement level (for output slew rate) (0.7+0.15)*VvDDQ | V 1
VOL(AC) AC output low measurement level (for output slew rate) (0.7-0.5*vDDQ | V 1

. AC differential output high measurement level (for output
VOH(UIff(AC) 0.3*VvDDQ \Y 2
slew rate)
) AC differential output low measurement level (for output
VOLdIiff(AC) -0.3*vDDQ Y 2
slew rate)

Notes1: The swing of £0.15 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak
swing with a driver impedance of RZQ/7 and an effective test load of 50Q) to VTT = VDDQ.

Notes2: The swing of £0.3 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak
swing with a driver impedance of RZQ/7 and an effective test load of 502 to VTT = VDDQ at each

differential output.

=
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Gxeme H2A904G16A6B

Recommended DC Operating Conditions
VDD = VDDQ = 1.2V +60mV

" 2400 | 2666 | 3200
Symbol Parameter & Test Conditions ™ Units
ax

Operating One Bank Active-Precharge Current (AL = 0)

CKE: HIGH; External clock: On; tCK, nRC, nRAS, CL: see the
previous table; BL: 8;1 AL: 0; CS_n: HIGH between ACT and PRE;
Command, address, bank group address, bank address inputs:
looo partially toggling according t.o.the nex.t tabI?; Data 1/O: VDI?Q; 20 3 45 A
DM_n: stable at 0; Bank activity: cycling with one bank active at a
time: 0,0, 1, 1, 2, 2, ... (see the IDDO Measurement-Loop Pattern
table); Output buffer and RTT: enabled in mode registers;2 ODT

signal: stable at O

Operating One Bank Active-Precharge IPP Current (AL = 0)
Ippo Same conditions as IDDO above

Operating One Bank Active-Read-Precharge Current (AL = 0)
CKE: HIGH; External clock: on; tCK, nRC, nRAS, nRCD, CL: see
the previous table; BL: 8;1, 5 AL: 0; CS_n: HIGH between ACT, RD,
and PRE; Command, address, bank group address, bank addres
oo inputs, Data I/O: partially toggling according to the IDD1 7 33 92 mA
Measurement-Loop Pattern table; DM _n: stable at 0; Bank activity:
cycling with one bank active atatime: 0,0, 1, 1, 2, 2, ... (see the followi
table); Output buffer and RTT: enabled in mode registers;2 ODT Signa|

stable at 0

Precharge Power-Down Current

CKE: LOW; External clock: on; tCK, CL: see the previous table;
BL: 8;1 AL: 0; CS_n: stable at 1; Command, address, bank group
loozp | address, bank address inputs: stable at 0; Data 1/0: VDDQ; DM_n: sta| 17 17 18 mA
at 1; Bank activity: all banks closed; Output buffer and RTT: Enabled ir|
mode registers;2 ODT signal: stable at 0

Precharge Standby Current (AL = 0)

CKE: HIGH; External clock: On; tCK, CL: see the previous table; BL:
8;1 AL: 0; CS_n: stable at 1; Command, address,bank group address
bank address Inputs: partially toggling according to the IDD2N and
Ioo2n | |DD3N Measurement-Loop Pattern table; Data 1/0: VDDQ; DM_n: stall 23 24 26 mA
at 1; Bank activity: all banks closed; Output buffer and RTT: enabled in
mode registers;2 ODT signal: stable at 0; Pattern details:

see the IDD2N and IDD3N Measurement-Loop Pattern table

=
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Gxeme H2A904G16A6B

Recommended DC Operating Conditions(Continued)
VDD =VDDQ = 1.2V +60mV

2400 | 2666 | 3200

Symbol Parameter & Test Conditions Y. Units

Active Power-Down Current (AL = 0)

CKE: LOW; External clock: on; tCK, CL: see the previous table;
BL: 8;1 AL: 0; CS_n: stable at 1; Command, address,bank group
loose | address, bank address inputs: stable at 1; Data 1/0: VDDQ; DM_n: 20 21 22 mA
stable at 1; Bank activity: all banks open; Output buffer and RTT:
Enabled in mode registers;2 ODT signal: stable at 0

Active Standby Current (AL = 0)

CKE: HIGH; External clock: on; tCK, CL: see the previous table;
BL: 8;1 AL: 0; CS_n: stable at 1; Command, address, bank group
address, bank address inputs: partially toggling according to the
IDD2N and IDD3N Measurement-Loop Pattern table; Data 1/O: 34 35 37 mA
VDDQ; DM_n: stable at 1; Bank activity: all banks open; Output
buffer and RTT: Enabled in mode registers;2 ODT signal: stable at 0;
Pattern details: see the IDD2N and IDD3N Measurement-

IbD3n

Operating Burst Read Current (AL = 0)

CKE: HIGH; External clock: on; tCK, CL: see the previous table; BL: 8
AL: 0; CS_n: HIGH between RD; Command,address, bank

group address, bank address inputs: partially toggling according to
the IDD4R Measurement-Loop Pattern table; Data I/O: seamless
loosr | read data burst with different data between one burst and the next
one according to the IDD4R Measurement-Loop Pattern table; DM_n
stable at 1; Bank activity: all banks open, RD commands cycling
through banks: 0, 0, 1, 1, 2, 2, ... (see the IDD4R Measurement-Loop
pattern table);Output buffer and RTT: Enabled in mode registers;2
ODT signal: stable at 0

152 168 195 mA

Operating Burst Write Current (AL = 0)

CKE: HIGH; External clock: on; tCK, CL: see the previous table;
BL: 8;1 AL: 0; CS_n: HIGH between WR; Command, address, bank
group address, bank address inputs: partially toggling according to
the IDD4W Measurement-Loop Pattern table; Data 1/0: seamless
lopaw | Write data burst with different data between one burst and the next 142 157 183 mA
one according to the IDD4W Measurement-Loop Pattern table; DM:
stable at 0; Bank activity: all banks open, WR commands cycling throu
banks: 0,0, 1, 1, 2, 2, ... (see IDD4W Measurement-Loop Pattern
table);Output buffer and RTT: enabled in mode registers (see note2);
ODT signal: stable at HIGH

=
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Gxeme H2A904G16A6B

Recommended DC Operating Conditions(Continued)
VDD = VDDQ = 1.2V +60mV

» 2400 | 2666 | 3200
Symbol Parameter & Test Conditions Max Units

Burst Refresh Current (1X REF)

CKE: HIGH; External clock: on; tCK, CL, nREFI: see the previous
table; BL: 8;1 AL: 0; CS_n: HIGH between REF;Command, address,
bank group address, bank address inputs: partially toggling

mA
IoosR | according to the IDD5R Measurement-Loop Pattern table; Data 1/0: | 139 | 142 | 144
VDDQ; DM_n: stable at 1; Bank activity: REF command every
NREFI (seethe IDD5R Measurement-Loop Pattern table); Output
buffer and RTT: enabled in mode registers2; ODT signal:stable at 0
Burst Refresh Current (1X REF) mA

IPPSR | same conditions as IDDSR above 17 17 17

Self Refresh Current: Normal Temperature Range

TC: 0-85°C; Auto self refresh (ASR): disabled;3 Self refresh temp
erature range (SRT): normal;4 CKE: LOW; External clock: off; CK_t
and CK_c: LOW; CL: see the table above; BL: 8;1 AL: 0; CS_n,
command, address, bank group address, bank address, data I/O: 15 15 15 mA
VDDQ; DM_n: stable at 1; Bank activity: SELF REFRESH operation
;Output buffer and RTT: enabled in mode registers;2 ODT signal:
midlevel

Ibpen

Self Refresh IPP Current: Normal Temperature Range

Same conditions as IDD6N above 1.6 1.6 1.6 mA

IpPeN

Operating Bank Interleave Read Current

CKE: HIGH; External clock: on; tCK, nRC, nRAS, nRCD, nRRD,
nFAW, CL: see the previous table; BL: 8;15 AL: CL -1; CS_n: HIGH
between ACT and RDA; Command, address, group bank adress,
bank address inputs: partially toggling according to the IDD7
Measurement-Loop Pattern table; Data I/O: read data bursts with
oo different data between one burst and the next one according to the 173 | 179 | 187 mA
IDD7 Measurement-Loop Pattern table; DM: stable at 1; Bank
activity: two times interleaved cycling through banks (0, 1, ...7) with
different addressing, see the IDD7 Measurement-Loop Pattern table;
Output buffer and RTT: enabled in mode registers;2 ODT signal:
stable at 0

=
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Recommended DC Operating Conditions(Continued)
VDD =VDDQ = 1.2V £60mV
2400 | 2666 | 3200 _
Symbol Parameter & Test Conditions Units
Max
| Operating Bank Interleave Read IPP Current
o Same conditions as IDD7 above 15 15 15 mA

Note 1: Burst length: BL8 fixed by MRS: set MRO[1:0] 0O.

Note 2: Output buffer enable: set MR1[12] O (output buffer enabled); set MR1[2:1] 00 (RON = RZQ/7); RTT(NOM)
enable: set MR1[10:8] 011 (RZQ/6); RTT(WR) enable: set MR2[11:9] 001(RZQ/2), and RTT(Park) enable:

set MR5[8:6] 000 (disabled).

Note 3: Auto self refresh (ASR): set MR2[6] O to disable or MR2[6] 1 to enable feature.

Note 4: Self refresh temperature range (SRT): set MR2[7] O for normal or MR2[7] 1 for extended temperature range.

Note 5: READ burst type: Nibble sequential, set MRO[3] 0.

Refresh Parameters

Parameter Symbol 4G Unit Notes
REF command to ACT or REF
_ tRFC (All bank groups) 260 ns -
command time
o ) 0°C < TC =< 85°C 7.8 V& -
Average periodic refresh interval | tREFI
0°C<TC = 95°C 3.9 V& *

Note: Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if the

devices support these options or requirements.
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axeme H2A904G16A6B

Functional Block Diagram
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H2A904G16A6B

AC Operating Test Characteristics

DDR4-2400 & 2666 & 3200 Speed Bins

VDD =VDDQ = 1.2V +60mV

Speed Bin (DDR4-2400) (DDR4-2666) (DDR4-3200)
Symbol CL-nRCD-nRP 17-17-17 19-19-19 22-22-22 Units
Parameter Min. Max. Min. Max. Min. Max.
Internal read command
tAA 14.16 18 14.25 18 13.75 18 ns
to first data
Active to read or write
tRCD 14.16 - 14.25 - 13.75 - ns
delay
Precharge command
tRP 14.16 - 14.25 - 13.75 - ns
period
Active to active/auto
tRC tRAS+tRP - tRAS+tRP - tRAS+tRP - ns
refresh command
Active to precharge
tRAS 32 9xtREFI 32 9xtREFI 32 9xtREFI ns
command period
READ: | READ: ; ; ; ;
WRITE Min. Max. Min. Max. Min. Max. Units
nonDBI DBI
CL=9 | CL=11 CWL=9 Reserved Reserved Reserved ns
CL=10 | CL=12 CWL=9 1.5 1.6 1.5 1.6 1.5 1.6 ns
CL=11 | CL=13 CWL=9,11 1.25 <1.5 1.25 <1.5 1.25 <1.5 ns
CL=12 | CL=14 CWL=9,11 1.25 <1.5 1.25 <1.5 1.25 <1.5 ns
CL=13 | CL=15 CWL=10,12 1.071 <1.25 1.071 <1.25 1.071 <1.25 ns
CL=14 | CL=16 CWL=10,12 1.071 <1.25 1.071 <1.25 1.071 <1.25 ns
CL=15 | CL=18 CwL=11,14 0.937 <1.071 | 0.937 | <1.071 0.937 <1.071 ns
CL=16 | CL=19 cwL=11,14 0.937 | <1.071 | 0.937 | <1.071 0.937 <1.071 ns
CL=17 | CL=20 CwL=12,16 0.833 <0.937 0.833 <0.937 0.833 <0.937 ns
CL=18 | CL=21 CwL=12,16 0.833 <0.937 0.833 <0.937 0.833 <0.937 ns
CL=19 | CL=22 CWL=14,18 - - 0.750 | <0.833 0.750 <0.833 ns
CL=20 | CL=23 CWL=14,18 - - 0.750 | <0.833 0.750 <0.833 ns
CL=20 | CL=24 | CWL=16,20 - - - - Reserved ns
CL=21 | CL=25 CWL=16,20 - - - - 0.682 <0.750 ns
CL=22 | CL=26 CWL=16,20 - - - - 0.682 <0.750 ns
CL=24 | CL=28 CWL=16,20 - - - - 0.625 <0.682 ns
Support CL Settings 10-18 10-20 10-22,24 nCK
Support CL settings with read DBI 12-16, 18-21 12-16, 18-23 12-16,18-23,25,26,28 | NCK
Support CWL Settings 9-12, 14,16 9-12, 14,16,18 9-12, 14,16,18,20 nCK
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Simplified State Diagram
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Command Truth Table

CKE
FUNCTION AbDI. [Frevious | Cament |CS-n| ACT_n (M| “ais™ ["mid'| B60 | BAt | Bm | Atr | AP | ‘as |Notes
Cycle | Cycle
Mode Register Set MRS H H || #H | L L | L] B85 | ea OF Code
Refresh REF H H [t v L Llal v | v ] v]v]wv ] w
Self Refresh Entry SRE H L [l nw ] L |+ v [ v | v v [v] e
_ B x [ x| x | x x| x| x| x [ x]788
Seif Refresh Exit SAX L B e v e PN HFYIR ECPE Rrva Ry e mervans v BT
Single Bank Precharge | PRE H H [t v L H|L|es |[ea| v ] v]L [w
Frecharge all Banks FREA | H H [t v L H o[ v | v ] v]v]H|w
RFU RFU H H [ wn | L H | H RFU
Bank Activate ACT H H | L | L | RowaAddressra) | B | BA Row Address (RA)
Write (Fixed BLE or BC4) | WR H H el w | w|l o] es]|ea v [ L Jeca
Write (BC4, onthe Fly) | WRS4 | H H el w vl o]o]es|ea| L] v] L [ca
Write (BLE, onthe Fly) | WRSE | H H el w vl o |o]es]|ea v [ L |ea
Write with Auto Precharge | o H H el v | vl o |lo]les | el v ]| v|H | ca
{Fixed BLE or BC4)
Wt&(:;:‘;ﬁ:’;ﬂ;me WRAS4| H H | L | H H L|L|es|ea| L v | H |ca
Write with Auto Precha
BLE, onthe 1y} T |wrass| H H ot v | v | o |o]es || w | v | H | ca
Read (Fixed BLE or BC4) | RD H H el w | w | o |[a]es]|ea v [ L |eca
Read (BC4.ontheFly) | RDS4 | H H el w v o]a]les|ea| L] v] L [ca
Read (BLE, onthe Fly) | RDS& | H H el v o]a]es || w]| v] L [ca
Read with Aute Precha
(Foeec BLE anlC4:|rgE RDA H H |l #H | vl L |Hd]|es|eal|v ]| v|H | ca
RE“?:;;:";:E:T“E RDas4| H H | L| H H L | H|Bes|8al| L v | H |ca
Read with Aute Precha
BLE, onthe iy} "8 |ppass| H H ot v | v | oL |H]es || w| v | H | ca
Ne Cperation NOP H Hle|lw |wlwala]l v v v ] v]v[v]
Device Deselectzd DES H H v = x| x =] x| = x| x] = [=
Fower Down Entry PDE H L |H| x| x| x|=x] x| =1=x]=x1]=xT1=x]6¢e
Power Down Exit POX L H |H| x| x| x =] x| = x] x| =x1=x]o¢e
Za Calibration Lang zacL | H Hle|lw v lwa o]l v wvliv ]| v]Hw v
ZQ Calibration Short | Zecs | H Hloe|lw | w|lw o]l v wvliv ]| v |wv

(a) Note 1, 2, 3 and 4 apply to the entire Command truth table

(b) Note 5 applies to all Read/Write commands.

[BG=Bank Group Address, BA=Bank Address, RA=Row Address, CA=Column Address, BC_n=Burst Chop,
X=Don’'t Care, V=Valid].

=
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Gxeme H2A904G16A6B

Notel:

Note2:

Note3:

Note4:

Note5:
Note6:

Note7:

Note8:
Note9:

All DDR4 SDRAM commands are defined by states of CS_n, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14
and CKE at the rising edge of the clock. The MSB of BG, BA, RA and CA are device density and configuration
dependent. When ACT_n = H; pins RAS_n/A16, CAS _n/Al5, and WE_n/A14 are used as command pins
RAS _n, CAS_n, and WE_n respectively. When ACT_n =L; pins RAS_n/A16, CAS_n/A15, and WE_n/A14
are used as address pins A16, A15, and Al4 respectively
RESET _n is Low enable command which will be used only for asynchronous reset so must be maintained
HIGH during any function.
Bank Group addresses (BG) and Bank addresses (BA) determine which bank within a bank group to be
operated upon. For MRS commands the BG and BA selects the specific Mode Register location.
“V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic
level”.
Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.
The Power-Down Mode does not perform any refresh operation.
The state of ODT does not affect the states described in this table. The ODT function is not available during
Self Refresh.
Controller guarantees self refresh exit to be synchronous.
VPP and VREF (VREFCA) must be maintained during SELF REFRESH operation.

Notel0: The No Operation command should be only used in cases when the DDR4 SDRAM is in Gear-Down Mode.
Notell: Refer to the CKE Truth Table for more detail with CKE transition.

=
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H2A904G16A6B

CKE Truth Table

CKE Command (n) .
t Stat Act Not
Current State 1 o IRAS, /CAS, WE. /CS ction (n) otes
L L [X Maintain power down 14,15
Power Down 5
L H |DESELECT or NOP Power down exit 11,14
L L [X Maintain self refresh 15,16
Self Refresh i
L H |DESELECT or NOP Self refresh exit 8,12,16
Bank Active H L |DESELECT or NOP Active power down entry 11,13,14
Reading H L |DESELECT or NOP Power down entry 11,13,14,17
Writing H L |DESELECT or NOP Power down entry 11,13,14,17
Precharging H L |DESELECT or NOP Power down entry 11,13,14,17
Refreshing H L |DESELECT or NOP Precharge power down entry 1
H L |DESELECT or NOP Precharge power down entry 11,13,14,18
All Banks Idle
H L |REFRESH Self refresh 9,13,18
Notel: CKE (n) is the logic state of CKE at clock edge n; CKE (n-1) was the state of CKE at the previous clock edge.
Note2: Current state is defined as the state of the DDR3 SDRAM immediately prior to clock edge n.
Note3: Command (n) is the command registered at clock edge n, and ACTION (n) is a result of Command (n),
ODT is not included here.
Note4: All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this
document.
Note5: The state of ODT does not affect the states described in this table. The ODT function is not available
during Self-Refresh.
Note6: During any CKE transition (registration of CKE H->L or CKE L->H) the CKE level must be maintained
until 1nCK prior to tCKEmin being satisfied (at which time CKE may transition again).
Note7: DESELECT and NOP are defined in the “Command Truth Table”.
Note8: On self-refresh exit DESELECT or NOP commands must be issued on every clock edge occurring
during the tXS period. Read or ODT commands may be issued only after tXSDLL is satisfied.
Note9: Self-Refresh mode can only be entered from the All Banks Idle state.
Notel0: Must be a legal command as defined in the “Command Truth Table”.
Notell: Valid commands for power-down entry and exit are NOP and DESELECT only.
Notel2: Valid commands for self-refresh exit are NOP and DESELECT only.
Notel3: Self-Refresh can not be entered during Read or Write operations.
Notel4: The Power-Down does not perform any refresh operations.
Notel5: “X” means “don’t care” (including floating around VREF) in Self-Refresh and Power-Down. It also
applies to Address pins.
Notel6: VREF (Both VREFDQ and VREFCA) must be maintained during Self-Refresh operation. VREFDQ

supply may be turned OFF and VREFDQ may take any value between VSS and VDD during Self
Refresh.operation, provided that VREFDQ is valid and stable prior to CKE going back high and that
first write operation or first write Leveling activity may not occur earlier than 512 nCK after exit from

Self Refresh.

Notel7: If all banks are closed at the conclusion of the read, write or precharge command, then Precharge
Power-Down is entered, otherwise Active Power-Down is entered.

Notel8: ‘Idle state’ is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress,
CKE is high, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper,
tZQCS, etc.) as well as all self-refresh exit and power-down exit parameters are satisfied (tXS, tXP,

tXPDLL, etc).
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Initialization
The following sequence is required for power-up and initialization and is shown in below Figure:

1. Apply power (/RESET is recommended to be maintained below 0.2 x VDD; all other inputs may be
undefined). /RESET needs to be maintained for minimum 700 us with stable power. CKE is pulled “Low”
anytime before /RESET being de-asserted (min. time 10 ns). The power voltage ramp time between 300 mv to
VDDmin must be no greater than 200 ms; and during the ramp, VDD > VDDQ and (VDD - VDDQ) < 0.3 volts.

* VDD and VDDQ are driven from a single power converter output, AND

* The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or equal to
VDDQ and VDD on one side and must be larger than or equal to VSSQ and VSS on the other side. In
addition, VTT is limited to 0.95 V max once power ramp is finished, AND

e Vref tracks VDDQ/2. OR

< Apply VDD without any slope reversal before or at the same time as VDDQ.

* Apply VDDQ without any slope reversal before or at the same time as VTT & Vref.

 The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or equal to
VDDQ and VDD on one side and must be larger than or equal to VSSQ and VSS on the other side.

2. After /IRESET is de-asserted, wait for another 500 us until CKE becomes active. During this time, the DRAM
will start internal state initialization; this will be done independently of external clocks.

3. Clocks (CK, /CK) need to be started and stabilized for at least 10 ns or 5 tCK (which is larger) before CKE
goes active. Since CKE is a synchronous signal, the corresponding set up time to clock (tIS) must be met. Also,
a NOP or Deselect command must be registered (with tIS set up time to clock) before CKE goes active. Once
the CKE is registered “High” after Reset, CKE needs to be continuously registered “High” until the initialization
sequence is finished, including expiration of tDLLK and tZQinit.

4. The DDR4 SDRAM keeps its on-die termination in high-impedance state as long as /RESET is asserted.
Further, the SDRAM keeps its on-die termination in high impedance state after /RESET de-assertion until CKE
is registered HIGH. The ODT input signal may be in undefined state until tIS before CKE is registered HIGH.
When CKE is registered HIGH, the ODT input signal may be statically held at either LOW or HIGH. If
RTT_NOM is to be enabled in MR1, the ODT input signal must be statically held LOW. In all cases, the ODT
input signal remains static until the power up initialization sequence is finished, including the expiration of
tDLLK and tZQinit.

5. After CKE is being registered high, wait minimum of Reset CKE Exit time, tXPR, before issuing the first MRS
command to load mode register. (tXPR=max (tXS ; 5 x tCK)

6.Issue MRS command to load MR3 with all application settings, wait tMRD.
7.Issue MRS command to load MR6 with all application settings, wait tMRD.
8. Issue MRS command to load MR5 with all application settings, wait tMRD.
9 Issue MRS command to load MR4 with all application settings, wait tMRD.

10. Issue MRS command to load MR2 with all application settings, wait tMRD.
11. Issue MRS command to load MR1 with all application settings, wait tMRD.
12.1ssue MRS command to load MRO with all application settings, wait tMOD.
13. Issue a ZQCL command to start ZQ calibration.

14. Wait for tDLLK and tZQinit to complete.

-
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Reset and Power up initialization sequence

Ta Tlh T B Td N P b . ITg - Th ‘T. T \r Tk
cxee TTIIAY m@\_ﬁ_‘&_ﬂ_‘?ﬁ_?;h!_ﬁ’ el .
tCKSRX

v /] ({ ({ U U ({ (( ({ ( ((

Voo Vooa (] [{ U 0 { (( ({ ({ ({

RSl —— /! | I U ( ! ! | R

T (MIN) =1\cm= b .
SR -)(_F_Y@Z’ QU | QU QW | QW | R | Qb=
45 PR MRD tMRD *MRD OD “ZQinit

. N
Command 77 /////f W// /Jf;{] Note 1)@@( MRS )@@( MRS )@@( MRS )@ @( MRS ‘)@@( zqcL M@(ﬂmﬁ)@ @( valid ){Z
O Y Y D D N D
oDt / /i’ J” /4// j// / rj @k ,}I) Static LOW in case Ry, i enabled at time Ta, otherwise static HIGH or LOW { Dl/.;\:am

- ( 0 (! (! & (l U ( &

E E Time Break

Don't Care

Note 1: From time point Td until Tk, a DES command must be applied between MRS and ZQCL commands.

Note 2: MRS commands must be issued to all mode registers that have defined settings.

Note 3: In general, there is no specific sequence for setting the MRS locations (except for dependent or

co-related features, such as ENABLE DLL in MR1 prior to RESET DLL in MRO, for example).

Note 4: TEN is not shown; however, it is assumed to be held LOW.
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Mode Register Definition
Mode Register MRO

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MRT1 101 = MR5
BGO, BA1:BAD MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW*!
A13, A11:A9 WR and RTP*23 Write Recovery and Read to Precharge for auto precharge (see Table 1)
A8 DLL Reset 0 =NO 1=Yes
AT ™ 0 = Normal 1 =Test
A12, AG:A4, A2 CAS Latency™ (See Table 2)
A3 Read Burst Type 0 = Sequential 1 = Interleave
bD =8 (Fixed) Abbreviated BLEMRS
01 =BC4 or 8 (on the fl Abbreviated BC40TF or BLBOTF
ATAD Burst Length 10 = BC4 (Fixe(d) ’ Abbreviated BCAMRS
11 = Reserved

Note 1: Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0=111 and

doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

Note 2: WR (write recovery for auto precharge) min in clock cycles is calculated following rounding algorithm
defined in section 17.5. The WR value in the mode register must be programmed to be equal or larger than
WRmin. The programmed WR value is used with tRP to determine tDAL.

Note 3: The table shows the encodings for Write Recovery and internal Read command to Precharge command
delay. For actual Write recovery timing, please refer to AC timing table.

Note 4: The table only shows the encodings for a given CAS Latency. For actual supported CAS Latency, please
refer to speed bin tables for each frequency.

Write Recovery and Read to Precharge (cycles)

A13 A11 A10 A9 WR RTP

0 0 0 0 10 5

0 0 0 1 12 6

] 0 1 0 14 T

0 0 1 1 16 8

0 1 0 0 18 9

0 1 0 1 20 10

] 1 1 0 24 12

] 1 1 1 22 11

1 0 0 0 26 13

1 0 0 1 Reserved Reserved
1 0 1 0 Reserved Reserved
1 0 1 1 Reserved Reserved
1 1 0 0 Reserved Reserved
1 1 0 1 Reserved Reserved
1 1 1 0 Reserved Reserved
1 1 1 1 Reserved Reserved

HWA LING TECHNOLOGY

22 /32

HWA LING TECHNOLOGY



Gxeme H2A904G16A6B

CAS Latency

The CAS latency (CL) setting is defined in the MRO Register Definition table. CAS latency is the delay, in clock
cycles, between the internal READ command and the availability of the first bit of output data. The device does

not support half-clock latencies. The overall read latency (RL) is defined as additive latency (AL) + CAS latency
(CL):RL=AL+CL

A12 Ab A5 Ad A2 CAS Latency
0 0 0 0 0 9
0 0 0 0 1 10
0 0 0 1 0 11
0 0 0 1 1 12
0 0 1 0 0 13
0 0 1 0 1 14
0 0 1 1 0 15
0 0 1 1 1 16
0 1 0 0 0 18
0 1 0 0 1 20
0 1 0 1 0 22
0 1 0 1 1 24
0 1 1 0 0 23
0 1 1 0 1 17
0 1 1 1 0 19
0 1 1 1 1 21
1 0 0 0 0 25
1 0 0 0 1 26
1 0 0 1 0 Reserved
1 0 0 1 1 28
1 0 1 0 0 29
1 0 1 0 1 30
1 0 1 1 0 |
1 0 1 1 1 32
1 1 0 0 0 Reserved

=
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Mode Register MR1

Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4

) 001 = MR1 101 =MR5

BGO, BA1:BAD | MR Select 010 = MR2 110 = MR6
011 =MR3 111= RCW*?
000 = Vendor Optimized Setting (default) 001 = Vendor defined
010 = Vendor defined 011 = Vendor defined

*5

A13,A6,A5 | R CTLE control 100 = Vendor defined 101 = Vendor defined
110 = Vendor defined 111 = Vendor defined
0 = Qutput buffer enabled

.

A12 Qofr™ 1 = Output buffer disabled

A1 TDQS enable™ 0 = Disable 1 =Enable

A10, A9, A8 RTT_NOM (See Table 3)

A7 Write Leveling Enable 0 = Disable 1 =Enable

" 00 = O(AL disabled) 10 =CL-2

A4 A3 Additive Latency 01=CL1 11 = Reseved

A2 A1 Output Driver Impedance Control (See Table 4)

AD DLL Enable 0 = Disable*? 1 =Enable

Notel: Outputs disabled - DQs, DQS _ts, DQS _cs.

Note2:
Note3:

States reversed to “0 as Disable” with respect to DDRA4.
Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0=111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

Note4: TDQS function is only available for x8 DRAM. The x16 DRAM must disable the TDQS function via mode
register A11 = 0 in MR1.

Note5: For further information about Rx CTLE control please contact sales representative.
RTT_NOM
A10 A9 A8 RTT_NOM

0 0 0 RTT_NOM Disable

0 0 1 RZQ/4

0 1 0 RZQ/2

0 1 1 RZQ/6

1 0 0 RZQ/1

1 0 1 RZQ/5

1 1 0 RZQ/3

1 1 1 RAQ/7

Output Driver Impedance Control

A2 A1 Output Driver Impedance Control
0 0 RZQ/7
0 1 RZQ/5
1 0 Reserved
1 1 Reserved
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Mode Register MR2

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 =MR1 101 =MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 =MR3 111= RCW*'
A13 RFU 0 = must be programmed to 0 during MRS
A12 Write CRC 0 = Disable 1 =Enable
A1, A10:A9 RTT_WR (See Table 5)
A8, A2 RFU 0 = must be programmed to 0 during MRS
00 = Manual Mode (Normal Operating Temperature Range)
AT-AE Low Power Array Self 01 = Manual Mode (Reduced Dperatipg Temperature Range)
Refresh (LP ASR) 10 = Manual Mode (Extended Operating Temperature Range)
11 = ASR Mode (Auto Self Refresh)
AS5A3 CAS Write Latency (CWL) (See Table 6)
AT:AD RFU 0 = must be programmed to 0 during MRS

Note: Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0=111 and

doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

RTT_WR
A11 A10 A9 RTT_WR
0 0 0 Dynamic ODT Off
0 0 1 RZ7Q/2
0 1 0 RZQM
0 1 1 Hi-Z
1 0 0 RZQ/3
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
CWL (CAS Write Latency
Operating Data Rate in MT/s Operating Data Rate in MT/s
A5 Ad A3 CWL for 1tCK Write Preamble for 2tcK Write Preamble™!
1st Set 2nd Set 1st Set 2nd Set
0 0 0 9 1600
0 0 1 10 1866
0 1 0 11 2133 1600
0 1 1 12 2400 1866
1 0 0 14 2666 2133 2400
1 0 1 16 3200 2400 2666 2400
1 1 0 18 2666 3200 2666
1 1 1 20 3200 3200

Note: The 2tCK Write Preamble is valid for DDR4-2400/2666/3200 Speed Grade. For the 2nd Set of 2tCK Write

Preamble, no additional CWL is needed.
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Mode Register MR3

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 =MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 =MR3 111= RCW*!
A13 RFU 0 = must be programmed to 0 during MRS
. 00 = Serial 10 = Staggered
A12:A1 MPR Read Format 01 = Parallel 11 = Reserved
A10:A9 e D Lateney when CRC | (see Table 8)
A8:AB Fine Granularity Refresh Mode (See Table 7)
A5 Temperature sensor readout 0 = Disable 1 = Enable
A4 Per DRAM Addressability 0 = Disable 1 =Enable
A3 Gear-down Mode 0 =1/2 Rate 1=1/4 Rate
A2 MPR Operation 0 = Normal 1 = Dataflow from/to MPR
00 = PageD 10 = Page2
AT:AD MPR page Selection 01 = Page1 11 =Page3
(See Table 9)

Note: Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0=111 and

doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

Fine Granularity Refresh Mode

A8 A7 A6 Fine Granularity Refresh

0 0 0 Normal (Fixed 1x)

0 0 1 Fixed 2x

0 1 0 Fixed 4x

0 1 1 Reserved

1 0 0 Reserved

1 0 1 Enable on the fly 2x

1 1 0 Enable on the fly 4x

1 1 1 Reserved

MR3 A[10:9] Write Command Latency when CRC and DM are both enabled

A10 A% CRC+DM Write Command Latency Operating Data Rate
0 0 4nCK 1600
0 1 5nCK 1866, 2133, 2400, 2666
1 0 6nCK 3200
1 1 RFU RFU

Note: Write Command latency when CRC and DM are both enabled.
Note: At less than or equal to 1600 then 4nCK; neither 5nCK nor 6nCK.

Note: At greater than 1600 and less than or equal to 2666 then 5nCK; neither 4nCK nor 6nCK.
Note: At greater than 2666 and less than or equal to 3200 then 6nCK; neither 4nCK nor 5nCK.

Note: Write Command Latency provides the extra time required when completing a WRITE burst when write CRC

and DM are enabled.
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Mode Register 4

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 =MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011=MR3 111 = RCW*'
A13 hPPR 0 = Disable 1 =Enable
A12 Write Preamble 0=1nCK 1=2nCK
A1 Read Preamble 0=1nCK 1=2nCK
A10 Read Preamble Training Mode 0 = Disable 1 =Enable
A9 Self Refresh Abort 0 = Disable 1 =Enable
000 = Disable 100=6
001=3 101=8
AB-AG Ef);‘; (i:l?é’:;j DR Latency 010=4 110 = Reserved
011=5 111 = Reserved
(See Table 10)
A5 sPPR 0 = Disable 1 =Enable
Ad Internal VREF Monitor 0 = Disable 1 =Enable
A3 Temperature Controlled Refresh Mode 0 = Disable 1 =Enable
A2 Temperature Controlled Refresh Range | 0 = Normal 1 = Extended
Al RFU 0 = must be programmed to 0 during MRS
A0 RFU 0 = must be programmed to 0 during MRS

Note: Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0=111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

CSto CMD / ADDR Latency Mode Setting

A8 A7 A6 CAL

0 0 0 Disable
0 0 1 3

0 1 0 4

0 1 1 5

1 0 0 6

1 0 1 8

1 1 0 Reserved
1 1 1 Reserved
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Mode Register 5

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 = MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 =MR3 111= RCW"'
A13 RFU 0 = must be programmed to 0 during MRS
A12 Read DBI 0 = Disable 1=Enable
A1 Write DBI 0 = Disable 1= Enable
A10 Data Mask 0 = Disable 1=Enable
A9 CA Parity Persistent Error 0 = Disable 1=Enable
AB-AB RTT_PARK (See Table 11)
. 0 = ODT input buffer is activated
A5 ODT Input Buffer during Power Down mode 1-0DT ingut buffer is deactivated
A4 CA Parity Error Status 0 =Clear 1=Emor
A3 CRC Error Clear 0 =Clear 1=Emor
AZ2:AD CA Parity Latency Mode (See Table 12)

Notel: Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0=111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.
Note2: When RTT_NOM Disable is set in MR1, A5 of MR5 will be ignored.

RTT_PARK
A8 A7 AB RTT_PARK
0 0 0 RTT_PARK Disable
0 0 1 RZQ/4
0 1 0 RZQ/2
0 1 1 RZQ/6
1 0 0 RzZQM
1 0 1 RZQ/5
1 1 0 RZQ/3
1 1 1 RzQI7
CA Parity Latency Mode
A2 A1 A0 PL Speed Bin
0 0 0 Disable
0 0 1 4 1600, 1866, 2133
0 1 0 5 2400, 2666
0 1 1 6 3200
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
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Mode Register 6

Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 =MR5

BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 =MR3 111 = RCW*!

A13 RFU 0 = must be programmed to 0 during MRS

A12:A10 tcch_L (See Table 13)

A9, A8 RFU 0 = must be programmed to 0 during MRS

AT VREFDQ Training Enable | 0 = Disable (Normal Operation Mode) 1 = Enable (Training Mode)

A6 VREFDQ Training Range | (See Table 14)

ASAD VREFDQ Training Value (See Table 15)

Note: Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0=111 and
doesn’t respond.

tCCD_L and tDLLK

A12 A11 A10 tccp_L min (nCK)™ | tDLLK min (nCK)*! Note
0 0 0 4 Data rate < 1333Mbps
0 0 ’ 5 597 1333Mbps < Data rate < 1866Mbps
(1600/1866Mbps)
1866Mbps = Data rate = 2400Mbps
0 1 0 6 768 (2133/2400Mbps)
0 1 1 7 2400Mbps < Data rate = 2666Mbps
(2666Mbps)
1024
1 0 0 8 2666Mbps < Data rate = 3200Mbps
(3200Mbps)
1 0 1
1 1 0 Reserved
1 1 1

Note: tCCD_L/tDLLK should be programmed according to the value defined in AC parameter table per operating
frequency.

VREFDQ Training Range

AB VREFDQ Range
0 Range 1
1 Range 2

=
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VREFDQ Training Values

A5:A0 Range1 Range2 A5:A0 Range1 Range2
00 0000 60.00% 45.00% 011010 76.90% 61.90%
00 0001 60.65% 45.65% 01 1011 77.55% 62.55%
00 0010 61.30% 46.30% 011100 78.20% 63.20%
00 0011 61.95% 46.95% 01 1101 78.85% 63.85%
000100 62.60% 47.60% 011110 79.50% 64.50%
000101 63 25% 48.25% 01 1111 80 15% 65 15%
000110 63.90% 48.90% 10 0000 80 80% 65 80%
000111 64 55% 4955% 10 0001 8145% 66 45%
00 1000 65 20% 50.20% 10 0010 82 10% 67 10%
00 1001 65 85% 50.85% 10 0011 8275% 67 75%
00 1010 66.50% 5150% 10 0100 83 40% 68 40%
00 1011 67 15% 52 15% 10 0101 84 05% 69 05%
00 1100 67.80% 52.80% 100110 84.70% 69.70%
00 1101 68.45% 53.45% 10 0111 85 35% 70.35%
00 1110 69 10% 54.10% 10 1000 86.00% 71.00%
00 1111 69 75% 54.75% 10 1001 86 65% 7165%
010000 70.40% 55 40% 10 1010 87 30% 72.30%
010001 71.05% 56.05% 10 1011 87.95% 72.95%
010010 71.70% 56.70% 10 1100 88 60% 73.60%
010011 72.35% 57 35% 10 1101 89 25% 74 25%
010100 73.00% 58.00% 10 1110 89 90% 74 90%
010101 7365% 58 65% 10 1111 90 55% 75 55%
010110 74.30% 59.30% 11 0000 91.20% 76.20%
010111 74 .95% 59 95% 11 0001 91.85% 76 85%
01 1000 75 60% 60.60% 11 0010 92 50% 77 50%
01 1001 76.25% 61.25% o et Reserved Reserved

=
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Package Description: 96Ball-FBGA
Solder ball: Lead free (Sn-Ag-Cu)

(™ |aaa
E A bbb]C] y E1
Al M eE PIN A1 INDEX
[A] PIN A1 INDEX Y= -
i ) 76 4 3 2
1 4 B A
® ] —=a 15 0 0 000
b "%F—%—O (oNe] [oNoNe)]
B clOo0O0 OO0
B DIOOO [eNoNe]
B E|IOOCO [ONONe]
B FIOOO 000
B G000 000
B - HIO OO O 00
[a] - a
§ JI1OO0O0 [ONeN0)]
» KI1OQOCO [ONONe]
B LIOOO o oNe)]
B MIOOO O0O0
B NIO OO O0O0
B PO OO O0O0
B RIOOO [ONoN0e]
L B a OO ‘-{— O0O0
S L—THE WINDOW-SIDE
HC] ob ENCAPSULANT
LseATING PLANE SOLDER BALL DIAMETER REFERS.
TO POST REFLOW CONDITION.
ddd clals
$ eee% C | |
BALL
DIMENSION DIMENSION — a0
SYMBOL (MM) (INCH)
MIN. | NOM. | MAX. | MIN. | NOM. | MAX.
A 080 | 090 | 100 | 0.031 | 0.035 | 0.039
Al 0.25 _ 040 | 0010 | — | 0016
b 0.40 — 050 [0016 | — | 0020 L] I
D 12.90 | 13.00 | 13.10 | 0508 | 0512 | 0516 U
E 740 | 750 | 760 | 0291 | 0295 | 0299
D1 12.00 BSC. 0.472 BSC. " A A
E1 6.40 BSC. 0.252 BSC.
oF 0.80 BSC. 0.032BSC. BALL OPENING
eD 0.80 BSC. 0.032 BSC.
aaa — — 0.15 — — 0.006 Note:
Bbb | — | — | 020 | — | — | o008 ote- _ o
P — — 010 — — 0.004 1. Ball land: 0.5mm, Ball opening: 0.4mm,
ddd _ _ 015 _ _ 0.006 PCB Ball land suggested < 0.4mm
eee — — 0.08 — — 0.003
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Revision History

Revision No. History Draft Date Editor Remark
0.1 Initial Release. Feb. 2023 Rico Yang N/A
1.0 First SPEC. release. May. 2023 Rico Yang N/A
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