
 
 

                           H2A904G16A6B 

4Gb (32Mx8Banks×16) 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 I/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 I/O pins.

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 

• Output 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
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                           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-TRCD-TRP 

 

Ball Assignments and Descriptions 

96-Ball FBGA – x16 (Top View) 
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                           H2A904G16A6B 
96-Ball FBGA – x16 Ball Descriptions 
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                           H2A904G16A6B 
96-Ball FBGA – x16 Ball Descriptions (Continued) 

 

Note: Input only pins (BG0, BA0-BA1, A0-A16, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, CS_n, CKE, ODT, and 

RESET_n) do not supply termination.
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                           H2A904G16A6B 
Absolute Maximum Ratings 

Symbol Item Rating Units 

VIN, VOUT Input, Output Voltage -0.3 ~ +1.5 V 

VDD Power Supply Voltage -0.3 ~ +1.5 V 

VDDQ Power Supply Voltage -0.3 ~ +1.5 V 

VPP Power Supply Voltage -0.3 ~ +3.0 V 

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 

VDD Supply voltage 1.14 1.2 1.26 V 

VDDQ Supply voltage for output 1.14 1.2 1.26 V 

VPP Wordline supply voltage 2.375 2.5 2.750 V 

 

VDD Slew Rate 

Symbol Min. Max. Units Notes 

VDD_sl 0.004 600 V/ms 1,2 

VDD_on - 200 ms 3 
Notes1: 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 
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                           H2A904G16A6B 
AC and DC Differential Input Measurement Levels 

 
Differential Inputs 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Differential Input Swing Requirements for CK_t, CK_c 

 

Note1: 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 

[V/ns] 

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

Min. Max. 

>4.0 120 - 

4.0 115 - 

3.0 110 - 

2.0 105 - 

1.8 100 - 

1.6 95 - 

1.4 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 
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                           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 V 1,2 

VSEL Single-ended low-level for CK, /CK See Note3 (VDD/2)-0.09 V 1,2 

Note1: 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 V 1 

VOM(DC) DC output middle measurement level (for IV curve linearity) 0.8*VDDQ V 1 

VOL(DC) DC output low measurement level (for IV curve linearity) 0.5*VDDQ V 1 

VOH(AC) AC output high measurement level (for output slew rate) (0.7+0.15)*VDDQ V 1 

VOL(AC) AC output low measurement level (for output slew rate) (0.7-0.5)*VDDQ V 1 

VOHdiff(AC) 
AC differential output high measurement level (for output 
slew rate) 0.3*VDDQ V 2 

VOLdiff(AC) 
AC differential output low measurement level (for output 
slew rate) -0.3*VDDQ V 2 

Notes1: The swing of ±0.15 × 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 50Ω to VTT = VDDQ. 

Notes2: The swing of ±0.3 × 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 50Ω to VTT = VDDQ at each  

differential output. 
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                           H2A904G16A6B 
Recommended DC Operating Conditions 
VDD = VDDQ = 1.2V ±60mV 

 
 
 

Symbol Parameter & Test Conditions 
2400 2666 3200 

Units Max 

IDD0 

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:  
partially toggling according to the next table; Data I/O: VDDQ;  
DM_n: stable at 0; Bank activity: cycling with one bank active at a  
time: 0, 0, 1, 1, 2, 2, ... (see the IDD0 Measurement-Loop Pattern  
table); Output buffer and RTT: enabled in mode registers;2 ODT 
signal: stable at 0 

40 43 45 mA 

IPP0 
Operating One Bank Active-Precharge IPP Current (AL = 0) 
Same conditions as IDD0 above 

6 6 6 mA 

IDD1 

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  
inputs, Data I/O: partially toggling according to the IDD1 
Measurement-Loop Pattern table; DM_n: stable at 0; Bank activity: 
cycling with one bank active at a time: 0, 0, 1, 1, 2, 2, ... (see the followi  
table); Output buffer and RTT: enabled in mode registers;2 ODT Signa  
stable at 0 

77 83 92 mA 

IDD2P 

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 
address, bank address inputs: stable at 0; Data I/O: VDDQ; DM_n: stab  
at 1; Bank activity: all banks closed; Output buffer and RTT: Enabled in 
mode registers;2 ODT signal: stable at 0 

17 17 18 mA 

IDD2N 

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 
IDD3N Measurement-Loop Pattern table; Data I/O: VDDQ; DM_n: stab  
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 

23 24 26 mA 
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                           H2A904G16A6B 
Recommended DC Operating Conditions(Continued) 
VDD = VDDQ = 1.2V ±60mV 

Symbol Parameter & Test Conditions 
2400 2666 3200 

Units Max 

IDD3P 

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 
address, bank address inputs: stable at 1; Data I/O: 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 

20 21 22 mA 

IDD3N 

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 I/O:  
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- 

   

34 35 37 mA 

IDD4R 

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  
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 

IDD4W 

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 I/O: seamless  
write data burst with different data between one burst and the next  
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 

142 157 183 mA 
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                           H2A904G16A6B 
Recommended DC Operating Conditions(Continued) 
VDD = VDDQ = 1.2V ±60mV 

 

 

 

 

Symbol Parameter & Test Conditions 
2400 2666 3200 

Units Max 

IDD5R 

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  
according to the IDD5R Measurement-Loop Pattern table; Data I/O: 
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 

139 142 144 mA 

IPP5R 
Burst Refresh Current (1X REF) 
Same conditions as IDD5R above 17 17 17 mA 

IDD6N 

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: 
VDDQ; DM_n: stable at 1; Bank activity: SELF REFRESH operation 
;Output buffer and RTT: enabled in mode registers;2 ODT signal: 
midlevel 

15 15 15 mA 

IPP6N 
Self Refresh IPP Current: Normal Temperature Range 
Same conditions as IDD6N above 1.6 1.6 1.6 mA 

IDD7 

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 
different data between one burst and the next one according to the  
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 

173 179 187 mA 
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                           H2A904G16A6B 
Recommended DC Operating Conditions(Continued) 
VDD = VDDQ = 1.2V ±60mV 

 

Note 1: Burst length: BL8 fixed by MRS: set MR0[1:0] 00. 

Note 2: Output buffer enable: set MR1[12] 0 (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] 0 to disable or MR2[6] 1 to enable feature. 

Note 4: Self refresh temperature range (SRT): set MR2[7] 0 for normal or MR2[7] 1 for extended temperature range. 

Note 5: READ burst type: Nibble sequential, set MR0[3] 0. 
 

Refresh Parameters 
Parameter Symbol 4G Unit Notes 

REF command to ACT or REF 
command time 

tRFC (All bank groups) 260 ns - 

Average periodic refresh interval tREFI 
0°C ≦ TC ≦ 85°C 7.8 μs - 
0°C < TC ≦ 95°C 3.9 μs * 

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. 

 

 

 

 

 

 

 

Symbol Parameter & Test Conditions 
2400 2666 3200 

Units 
Max 

IPP7 
Operating Bank Interleave Read IPP Current 
Same conditions as IDD7 above 15 15 15 mA 
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                           H2A904G16A6B 
Functional Block Diagram 
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                           H2A904G16A6B 
AC Operating Test Characteristics 

DDR4-2400 & 2666 & 3200 Speed Bins 
VDD = VDDQ = 1.2V ±60mV 

Symbol 

Speed Bin (DDR4-2400) (DDR4-2666) (DDR4-3200) 

Units CL-nRCD-nRP 17-17-17 19-19-19 22-22-22 

Parameter Min. Max. Min. Max. Min. Max. 

tAA 
Internal read command 

 to first data 
14.16 18 14.25 18 13.75 18 ns 

tRCD 
Active to read or write 

delay 
14.16 - 14.25 - 13.75 - ns 

tRP 
Precharge command 

period 
14.16 - 14.25 - 13.75 - ns 

tRC 
Active to active/auto 

refresh command 
tRAS+tRP - tRAS+tRP - tRAS+tRP - ns 

tRAS 
Active to precharge 

command period 
32 9xtREFI 32 9xtREFI 32 9xtREFI ns 

READ: 

nonDBI 

READ: 

DBI 
WRITE Min. Max. Min. Max. Min. Max. Units 

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 

HWA LING TECHNOLOGY                   15 / 32                            



 
 

                           H2A904G16A6B 
Simplified State Diagram 
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                           H2A904G16A6B 
Command Truth Table 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(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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                           H2A904G16A6B 
Note1: 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/A15, 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 A14 respectively 

Note2: RESET_n is Low enable command which will be used only for asynchronous reset so must be maintained 
HIGH during any function.  

Note3: 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. 

Note4: “V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic 
level”.  

Note5: Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS. 
Note6: The Power-Down Mode does not perform any refresh operation. 
Note7: The state of ODT does not affect the states described in this table. The ODT function is not available during 

Self Refresh. 
Note8: Controller guarantees self refresh exit to be synchronous. 
Note9: VPP and VREF (VREFCA) must be maintained during SELF REFRESH operation.  
Note10: The No Operation command should be only used in cases when the DDR4 SDRAM is in Gear-Down Mode. 
Note11: Refer to the CKE Truth Table for more detail with CKE transition. 
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                           H2A904G16A6B 
CKE Truth Table 

Current State 
CKE Command (n) 

/RAS, /CAS, /WE, /CS 
Action (n) Notes 

n-1 n 

Power Down 
L L X Maintain power down 14,15 
L H DESELECT or NOP Power down exit 11,14 

Self Refresh 
L L X Maintain self refresh 15,16 
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 11 

All Banks Idle 
H L DESELECT or NOP Precharge power down entry 11,13,14,18 
H L REFRESH Self refresh 9,13,18 

Note1: 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. 
Note10: Must be a legal command as defined in the “Command Truth Table”. 
Note11: Valid commands for power-down entry and exit are NOP and DESELECT only. 
Note12: Valid commands for self-refresh exit are NOP and DESELECT only. 
Note13: Self-Refresh can not be entered during Read or Write operations. 
Note14: The Power-Down does not perform any refresh operations. 
Note15: “X” means “don’t care“ (including floating around VREF) in Self-Refresh and Power-Down. It also 

applies to Address pins. 
Note16: 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. 

Note17: 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. 

Note18: ‘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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                           H2A904G16A6B 
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 

• 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 /RESET 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. Issue MRS command to load MR0 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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                           H2A904G16A6B 
 

Reset and Power up initialization sequence 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

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 MR0, for example). 

Note 4: TEN is not shown; however, it is assumed to be held LOW. 
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                           H2A904G16A6B 
Mode Register Definition 

Mode Register MR0 

 

Note 1: Reserved for Register control word setting. DRAM ignores MR command with BG0, 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) 
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                           H2A904G16A6B 
CAS Latency 

The CAS latency (CL) setting is defined in the MR0 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 
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                           H2A904G16A6B 
Mode Register MR1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note1: Outputs disabled - DQs, DQS_ts, DQS_cs. 
Note2: States reversed to “0 as Disable” with respect to DDR4. 
Note3: Reserved for Register control word setting. DRAM ignores MR command with BG0, 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 

 
 
 
 
 
 
 
 
 
Output Driver Impedance Control 
 

 
 
 
 
 
 
 

HWA LING TECHNOLOGY                   24 / 32                            



 
 

                           H2A904G16A6B 
Mode Register MR2 

 

 

 

 

 

 

 

 

 
Note: Reserved for Register control word setting. DRAM ignores MR command with BG0, BA1; BA0=111 and 

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

 
 
 
 
 
 
 
 
 
 
 
 
CWL (CAS Write Latency 

 

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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                           H2A904G16A6B 
Mode Register MR3 

 

Note: Reserved for Register control word setting. DRAM ignores MR command with BG0, BA1; BA0=111 and 
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined. 

 
 
Fine Granularity Refresh Mode  

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

 
 
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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                           H2A904G16A6B 
Mode Register 4 
 
 
 

 

 

 

 

 

 

 

 
Note: Reserved for Register control word setting. DRAM ignores MR command with BG0, BA1; BA0=111 and 

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

 
CS to CMD / ADDR Latency Mode Setting 
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Mode Register 5 

 
Note1: Reserved for Register control word setting. DRAM ignores MR command with BG0, 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 
 

 
 
CA Parity Latency Mode 
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Mode Register 6 

 
 
Note: Reserved for Register control word setting. DRAM ignores MR command with BG0, BA1; BA0=111 and 

doesn’t respond. 

 
tCCD_L and tDLLK 

 

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

 
VREFDQ Training Range 
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VREFDQ Training Values 
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                           H2A904G16A6B 
Package Description: 96Ball-FBGA 

Solder ball: Lead free (Sn-Ag-Cu) 
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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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