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H2AB04G32D6B

4Gb (16Mx8Banksx32)
Low Power DDR4 SDRAM

Descriptions Features
H2AB04G32D6B uses the double data rate architecture e Frequency to 2133MHz (data rate: 4266Mbps/pin)
on the Command/Address (CA) bus to reduce the e 16n prefetch DDR architecture
number of input pins in the system. Each command uses « 8 internal banks per channel for concurrent operation
one clock cycle,during which command information is o Data width: x32
transferred on both the positive and negative edge of the « Bidirectional/differential data strobe per byte lane

clock. To achieve high-speed operation,our H2AB04G32D6B e Programmable READ and WRITE latencies (RL/WL)
SDRAM adopt 16n-prefetch interface designed to transfer e Programmable Burst Lengths: 16,32

two data per clock cycle at the I/O pins. A single read or ¢ Interface: LVSTL 11

write access for the H2AB04G32D6B effectively consists e Burst type: Sequential

of a single 8n-bit wide, one clock cycle data transfer

at the internal SDRAM core and eight corresponding
n-bit wide,one-half-clock-cycle data transfer at the I/O
pins. Read and write accesses to the H2AB04G32D6B

are burst oriented; accesses start at a selected location

and continue for a programmed number of locations in
a programmed sequence.

For H2AB04G32D6B devices, accesses begin with the
registration of an Active command, which is then
followed by a Read or Write command. The address
and BA bits registered coincident with the Active
command are used to select the row and the Bank to
be accessed. The address bits registered coincident
with the Read or Write command are used to select
the Bank and the starting column location for the burst
access.
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Programmable Driver strength
Support write mask and data bus inversion (DBI)
On-die termination (ODT)
Auto Refresh and Self Refresh Modes
Input clock stop and frequency change
Write leveling support
DQ-DQS training
Target Row Refresh Mode
CA training support
FBGA “green” package - 200-ball FBGA
Operating temperature range :
Commercial : 0°C to 85°C
Double data rate architecture on the DQ pins
VDD1/VDD2/vDDQ= 1.8V/1.1V/1.1V
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Ordering Information

Part No Organization Max. Data Rate Package Grade
H2AB04G32D6BKAAC 128M X 32 LP DDR4-3200 200Ball Commercial
a
H2AB04G32D6BPAAC 128M X 32 LP DDR4-3733 Commercial
BGA,10x14.5mm -
H2AB04G32D6BQAAC 128M X 32 LP DDR4-4266 Commercial

Pin Assignment
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H2AB04G32D6B

Pin Description (Simplified)

Symbol Type Description
Input Clock: CK_t and CK_c are differential clock inputs. All address, command and
CK_t A, CK c_A, control input signals are sampled on positive edge of CK_t and the negative
CKtB,CKcB edge of CK_c. AC timings for CA parameters are referenced to clock. Each
channel (A, B) has its own clock pair.
Input Clock enable: CKE HIGH activates and CKE LOW deactivates the internal
CKE A CKE B clock circuits, input buffers, and output drivers. Power-saving modes are
- - entered and exited via CKE transitions. Each channel (A & B) has its own CKE
signal.
Input Chip select: CS is part of the command code. Each channel (A & B) has its
CS_ACS B .
own CS signal
CA[5:0]_A Input Command/address inputs: Provide the command and address inputs
= according to the command truth table. Each channel (A, B) has its own CA
CA[5:0]_B :
signals.
ODT_CA A, Input CA ODT Control: The ODT_CA pin is used in conjunction with the Mode
ODT CA B Register to turn on/off the On-Die-Termination for CA pins.
%%[[11%:%]]—_'6‘8' Vo Data input/output: Bidirectional data bus.
/0 Data strobe: DQS_t and DQS_c are bi-directional differential output clock
DQSI[1:0] t A, signals used to strobe data during a READ or WRITE. The data strobe is
DQS[1:0] c_A, generated by the DRAM for a READ and is edge-aligned with data. The data
DQS|[1:0] t B, strobe is generated by the SoC memory controller for a WRITE and is trained
DQS[1:0] c_B to precede data. Each byte of data has a data strobe signal pair. Each channel
(A, B) has its own DQS t and DQS_c strobes.
le] Data Mask/Data Bus Inversion: DMI is a dual use bi-directional signal used to
indicate data to be masked, and data which is inverted on the bus. For data
bus inversion (DBI), the DMI signal is driven HIGH when the data on the data
bus is inverted, or driven LOW when the data is in its normal state. DBI can be
DMI[1:0]_A, disabled via a mode register setting. For data mask, the DMI signal is used in
DMI[1:0]_B combination with the data lines to indicate data to be masked in a MASK
WRITE command (see the Data Mask (DM) and Data Bus Inversion (DBI)
sections for details). The data mask function can be disabled via a mode
register setting. Each byte of data has a DMI signal. Each channel has its own
DMI signals.
Reference | ZQ Calibration Reference: Used to calibrate the output drive strength and the
ZQ0 termination resistance. The ZQO pin shall be connected to VDDQ through a
240Q * 1% resistor.
VDDVQD’[\)/EDL Supply Power supplies: Isolated on the die for improved noise immunity.
VSS,VSSQ Supply Ground Reference: Power supply ground reference.
RESET n Input RESET: When asserted LOW, the RESET pin resets both channels of the die.
SEN Input Scan Enable: SEN must be asserted HIGH for enabling boundary scan
function. Must be tied to Ground or NC (No Connection) when not in use.
DNU Do not use: Must be grounded or left floating.
NC No connect: Not internally connected.
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H2AB04G32D6B

Absolute Maximum Rating

Symbol Item Rating Units

Vv, Vour | Voltage on any ball relative to VSS -04~15 \Y;
Vpp1 VDD1 supply voltage relative to VSS -04~21 \%
Vb2 VDD2 supply voltage relative to VSS -04~15 \%
Vbbo VDDQ supply voltage relative to VSS -04~15 \%
Tste Storage Temperature (plastic) -55 ~ 125 C

Note 1: For information about relationships between power supplies, see the Voltage Ramp and Device
Initialization section.
Note 2: Storage temperature is the case surface temperature on the center/top side of the device.

For measurement conditions, refer to the JESD51-2 standard.

Input / Output Capacitance

Symbol Parameter Min. Max. Units
Cck Input capacitance, CK_tand CK_c 0.5 0.9 pF
Cbck Input capacitance delta, CK_tand CK_c 0 0.09 pF
C I Input capacitance, all other input-only pins 0.5 0.9 pF
Coi Input capacitance delta, all other input-only pins -0.1 0.1 pF
Coo Input/output capacitance, DQ, DMI, DQS_t, DQS_c 0.7 1.3 pF
Cobos Input/output capacitance delta, DQS_t, DQS ¢ 0 0.1 pF
Cbio Input/output capacitance delta, DQ, DMI -0.1 0.1 pF
Czo Input/output capacitance, ZQ pin 0 5.0 pF
Note 1: This parameter is not subject to production testing. It is verified by design and characterization.
Note 2: Absolute value of CCK_t— CCK_c
Note 3: Cl applies to CS, CKE and CA[5:0].
Note 4: CDI =Cl - 0.5 x (CCK_t + CCK_c); it does not apply to CKE.
Note 5: DMI loading matches DQ and DQS.
Note 6: Absolute value of CDQS _t and CDQS c.
Note 7: This parameter applies to LPDDR4 die only (does not include package capacitance).
Recommended DC Operating Conditions
Symbol Parameter Min. Typ. Max. Units
Vpp1 Core Supply voltage 1 1.70 1.80 1.95 \%
Vpp2 Core Supply voltage 2 1.06 1.10 1.17 \%
Vbbo I/O buffer power 1.06 1.10 1.17 \%
Notes: 1. VDD1 uses significantly less power than VDD?2.
Notes: 2. The voltage range is for DC voltage only. DC voltage is the voltage supplied at the DRAM and is inclusive
of all noise up to 20 MHz at the DRAM package ball.
Notes: 3. The voltage noise tolerance from DC to 20 MHz exceeding a peak-to-peak tolerance of 45mV at the
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DC Characteristics

(IDD Specifications; VDD2, VDDQ = 1.06-1.17V; VDD1 = 1.70-1.95V)

Speed Grade

Symbol Supply 3733 P Unit
IDDO1 VDD1 9.7 9.7

IDDO IDD02 VvDD2 47 47 mA
IDD0OQ VDDQ 0.2 0.2
IDD2P1 VvDD1 0.21 0.21

IDD2P IDD2P2 VDD2 6 6 mA
IDD2PQ vVDDQ 0.2 0.2
IDD2PS1 VDD1 0.24 0.24

IDD2PS | IDD2PS2 VvDD2 6 6 mA
IDD2PSQ vDDQ 0.2 0.2
IDD2N1 vDD1 0.21 0.21

IDD2N IDD2N2 VDD2 29 29 mA
IDD2NQ vVDDQ 0.2 0.2
IDD2NS1 VDD1 0.24 0.24

IDD2NS | IDD2NS2 VvDD2 22 22 mA
IDD2NSQ VvDDQ 0.2 0.2
IDD3P1 VvDD1 1.08 1.08

IDD3P IDD3P2 VDD2 8 8 mA
IDD3PQ VDDQ 0.2 0.2
IDD3PS1 VDD1 1.07 1.07

IDD3PS | IDD3PS2 VvDD2 8 8 mA
IDD3PSQ VvDDQ 0.2 0.2
IDD3N1 VvDD1 1.18 1.18

IDD3N IDD3N2 VDD2 31 31 mA
IDD3NQ vVDDQ 0.2 0.2
IDD3NS1 VDD1 1.18 1.18

IDD3NS | IDD3NS2 VvDD2 24 24 mA
IDD3NSQ VvDDQ 0.2 0.2
IDD4R1 vDD1 2.96 2.96

IDD4R IDD4R2 VDD2 330 360 mA
IDD4RQ vVDDQ 110 110
IDD4W1 VvVDD1 2.24 2.24

IDD4W IDD4W2 VvDD2 290 320 mA
IDD4WQ VvDDQ 0.5 0.5

i —
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H2AB04G32D6B
DC Characteristics(Continued)
(IDD Specifications; VDD2, VDDQ= 1.06~1.17V, VDD1 = 1.70~1.95V)
Speed
Symbol Supply 3733 P Unit
IDD51 VDD1 12.4 12.4
IDD5 IDD52 VDD2 48 48 mA
IDD5Q VDDQ 0.02 0.02
IDD5AB1 VDD1 0.6 0.6
IDD5AB | IDD5AB2 VDD2 29 29 mA
IDD5ABQ VDDQ 0.02 0.02
IDD5PB1 vDD1 2.68 2.68
IDD5PB | IDD5PB2 VDD2 30 30 mA
IDD5PBQ VDDQ 0.2 0.2

Notes: 1. ODT disabled: MR11 OP[2:0] = 000b
Notes: 2. Guaranteed by design with output load = 5pF and RON = 40Q.
Notes: 3. For all IDD measurements, VIHCKE = 0.8 x VDD2, VILCKE = 0.2 x VDD2.

IDD6 Partial Array Self-refresh current; VDD2,vDDQ= 1.06~1.17V, VDD1 = 1.70~1.95V

Notes: 1. IDD values reflect dual-channel operation with the same pattern for each channel.

Temp. )

PASR Supply P e Unit
VDD1 0.43 1.3

Full Array VDD2 1.85 8 mA
VDDQ 0.01 0.04

Notes: 2. IDD6 typical value of 85°C. IDD6 85°C is typical of the distribution of the arithmetic mean.

Input Levels for ODT_CA

Parameter Symbol Min. Max. Unit
ODT input HIGH level VIHODT 0.75 x VDD2 vDD2 + 0.2 Y,
ODT input LOW level VILODT -0.2 0.25 x VDD2 Y

HWA LING TECHNOLOGY
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Single-Ended Output Slew Rate

Value
Parameter Symbol Unit
Min. | Max.
Single-ended output slew rate (VOH = VDDQ x 0.5) SRQse 35 9.0 | Vins
Output slew rate matching ratio (rise to fall) - 0.8 1.2 -

Note 1: SR = Slew rate; Q = Query output; se = Single-ended signal.

Note 2: Measured with output reference load.

Note 3: The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage, over the
entire temperature and voltage range. For a given output, it represents the maximum difference
between pull-up and pull-down drivers due to process variation.

Note 4: The output slew rate for falling and rising edges is defined and measured between

VOL(AC) = 0.2 x VOH(DC) and VOH(AC) = 0.8 x VOH(DC)..

Note 5: Slew rates are measured under average SSO conditions with 50% of the DQ signals per data byte

switching.

Differential Output Slew Rate

Value )
Parameter Symbol - Unit
Min. Max.

Differential output slew rate (VOH = VDDQ x 0.5) SRQiff 7 18 V/ins

Note 1: SR = Slew rate; Q = Query output; se = Differential signal
Note 2: Measured with output reference load.
Note 3: The output slew rate for falling and rising edges is defined and measured between
VOL(AC) =-0.8 x VOH(DC) and VOH(AC) = 0.8 x VOH(DC).
Note 4: Slew rates are measured under average SSO conditions with 50% of the DQ signals per data byte
Switching.

i —
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H2AB04G32D6B

Block Diagram

E vDDQ | VvDD1 VDD2 VDDQ vDDhQ WDD2 VDD1
: RZQ E
Y v Y Y L4 A4
200 » Z0 ZQ QJ
SEN_A # SEN SEN [+ SEN_B
CS)A——» CS CS|4— CS0_B
CKEO_A ———  » CKE CKE #———— CKED_B
CK A ———————»CK_t CK tle———CK 1B
CKeA— »CK e CK cle—— CK c B
2Gb bits (x16 1/0) 2Gb bits (x16 1/0)
CA[5:0 A ——————» CA5:0]  LPDDR4 Die 1 LPDDR4 Die2  CA[5:0] 4—————— CA[5:0] B
DMI[1:0]_ A ————— » DMI[1:0] Channel A Channel B DMI[1:0] [¢—————— DMI[1:0_B
DQ[15:0]_A | D[ 15:0] DQ[15:0] |tp———fp DQ[15:0]_B
DQS[1:0] t A +——% DQS[1:0]t DQS[1:0]_tj¢———» DQS[1:0] t_B
DQS[1:0] c A +——» DQS[1:0] ¢ DQS[1:0]_c[¢+———* DQS[1:0] c_B
ODT_CA_A ———  » ODT_CA ODT_CAjle——— — ODT_CA B
RESET_n # RESET_n RESET n |«
F 3 F y
V88 V35S
Mote: In dash line block RZQ and VDDQ are external component.
AC Characteristics
(VDDZ, VDDQ, VDDCA:1'O6~1-17V1 VDDl :170~195V)
Symbol Parameter Min/Max bata Rate Unit
J 3733 4266
Clock Timing
) Min 535 468 ps
tCK(avg) Average clock period
Max 100 100 ns
) Min 0.46 0.46 tCK(avg)
tCH(avg) Average HIGH pulse width
Max 0.54 0.54 tCK(avg)
) Min 0.46 0.46 tCK(avg)
tCL(avg) Average LOW pulse width
Max 0.54 0.54 tCK(avg)
tCK(abs) Absolute clock period Min tCK(avg) MIN + tJIT(per) MIN ps
) Min 0.43 0.43 tCK(avg)
tCH(abs) Absolute clock HIGH pulse width
Max 0.57 0.57 tCK(avg)
i Min 0.43 0.43 tCK(avg)
tCL(abs) Absolute clock LOW pulse width
Max 0.57 0.57 tCK(avg)
tJIT(per), o Min -34 -30 ps
Clock period jitter
allowed Max 34 30 ps
JIT(cc) Maximum clock jitter between two
' consecutive clock cycles (with clock Max 68 60 ps
allowed period jitter)
HWA LING TECHNOLOGY 8/41 HWA LING TECHNOLOGY



"Oxeme

AC Characteristics (Continued)

(VDDZY VDDQ, VDDCA=1-06~1-17V1 VDDl =170“‘195V)

H2AB04G32D6B

Min/ Data Rate ;
Symbol Parameter Unit
y Max 3733 4266
ZQ Calibration Parameters
ZQCAL ZQCAL START to ZQCAL LATCH command Min 1 us
interval
ZQLAT ﬁ](t?ecr:\g% LATCH to next valid command Min MAX(30ns, 8nCK) ns
ZQRESET ZQCAL RESET to next valid command Min MAX(50ns, 3nCK) ns
interval
READ Parameters
_ Min 1500 ps
tDQSCK DQS output access time from CK
Max 3500 ps
tDQSCK ' _
_ DQS output access time from CK_t/CK_c Max 7 ps/mV
VOLT voltage variation
tDQSCK ' -
_ DQS output access time from CK_t/CK_c Max 4 ps°/C
TEMP temperature variation
tDQSCK_r .
CK to DQS rank to rank variation Max 1.0 ns
ank2rank
tDQSQ DQS-DQ skew Max 0.18 Ul
DQ output hold time total from DQS _t, . .
tQH Min Min (tQSH, tQSL) ps
DQS ¢
tRPRE READ preamble Min 1.8 tCK(avg)
tRPST 0.5 tck READ postamble Min 0.4 tCK(avg)
tLz(DQS) | DQS Low-Z from clock Min | (R (CH0 * DASCHMIN - (RPRE(MaY ps
x tCK) - 200ps
tLZ(DQ) DQ Low-Z from clock Min (RL x tCK) + tDQSCK(Min) - 200ps ps
tHZ(DQS) DQS High-Z from clock Min (RLXICI) * (DASCK(Max)*+(BL/2 X1CI) * ps
(tRPST(Max) x tCK) - 100ps
tHZ(DQ) DQ High-Z from clock Max H(RLx(CK) + DASCK(Max) * ps
tDQSQ(Max) + (BL/2 x tCK) - 100ps
tQW_total Data output valid window time total, per pin Min 0.70 ‘ 0.70 ul
DQS_t, DQS_c to DQ skew total, per group,
tDQSQ_DBI QS DQS_ Q PEFIOER Max 0.18 ul
per access
DQ output hold time total from DQS _t, _
tQH_DBI Min MIN(tQSH_DBI, tQSL_DBI) ps
DQS_c
tQW_total_DBI | Data output valid window time total, per pin Min 0.70 0.70 ul
tQSL DQS_t, DQS_c differential output LOW time | Min tCL(abs) — 0.05 tCK(avg)
tQSH DQS_t, DQS_c differential output HIGH time | Min tCH(abs) — 0.05 tCK(avg)
tQSL-DBI DQS _t, DQS_c differential output LOW time | Min tCL(abs) — 0.045 tCK(avg)
tQSH-DBI | DQS_t, DQS_c differential output HIGH time | Min tCH(abs) — 0.045 tCK(avg)
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AC Characteristics (Continued)

(VDDZY VDDQ, VDDCA=1-06~1-17V1 VDDl =170“‘195V)

Min/ Data Rate ;
Symbol Parameter Unit
Y Max 3733 | 4266

CKE Input Parameters

CKE minimum pulse width(HIGH and LOW

tCKE _ Min Max(7.5ns, 4nCK) ns
pulse width)
Delay from valid command to CKE input .
tCMDCKE Min Max(1.75ns, 3nCK) ns
LOW
Valid clock requirement after CKE input .
tCKELCK Min MAX(5ns, 5nCK) ns
LOW
tCSCKE Valid CS requirement before CKE input LOW | Min 1.75 ns
tCKELCS Valid CS requirement after CKE input LOW Min MAX(5ns, 5nCK) ns
Valid Clock requirement before CKE Input .
tCKCKEH Min MAX(1.75ns, 3nCK) ns
HIGH
Exit power-down to next valid command .
tXP Min MAX(7.5ns, 5nCK) ns
delay
Valid CS requirement before CKE input .
tCSCKEH Min 1.75 ns
HIGH
tCKEHCS Valid CS requirement after CKE input HIGH Min MAX(7.5ns, 5nCK) ns

Valid clock and CS requirement after CKE .
tMRWCKEL . Min MAX(14ns, 10nCK) ns
input LOW after MRW command

Valid clock and CS requirement after CKE
tZQCKE input LOW after ZQ calibration start Min MAX(1.75ns, 3nCK) ns
command

Command Address Input Parameters

telvW Command/address valid window Min 0.3 tCK(avg)
tclPW Address and control input pulse width Min 0.6 tCK(avg)
Boot Parameters (10-55 MHz)
) Max - ns
tCKb Clock cycle time :
Min 18 ns
) Min TBD ns
tDQSCKb DQS output data access time from CK
Max TBD ns
tDQSQb Data strobe edge to output data edge Max TBD ns
Mode Register Parameters
tMRW MODE REGISTER WRITE command period | Min MAX(10ns, 10nCK) ns
tMRD MODE REGISTER SET command delay Min MAX(14ns, 10nCK) ns
tMRR MODE REGISTER READ command period Min 8 tCK(avg)
Additional time after tXP has expired until . )
tMRRI , Min tRCD(min) + 3nCK ns
MRR command may be issued
Delay from MRW command to DQS driven
tSDO Max MAX(12nCK, 20ns) ns

out

i —
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H2AB04G32D6B

AC Characteristics (Continued)

(VDDZY VDDQ, VDDCA=1-06~1-17V1 VDDl =170“‘195V)

Data Rate
Symbol Parameter Min/Max Unit
i 3733 4266
Core Parameters
RL-A READ latency (DBI disabled) Min 32 36 tCK(avg)
RL-B READ latency (DBI enabled)) Min 36 40 tCK(avg)
WL-A WRITE latency (Set A) Min 16 18 tCK(avg)
WL-B WRITE latency (Set B) Min 30 34 tCK(avg)
tRAS + tRPab
ACTIVATE-to-ACTIVATE command ) (with all-bank precharge)
tRC ) Min ns
period tRAS + tRPpb
(with per-bank precharge
tSR Minimum self refresh time (entry to exit) Min MAX(15ns, 3nCK) ns
Self refresh exit to next valid command ) MAX(tRFCab + 7.5ns,
tXSR Min ns
delay 2nCK)
tCCD CAS-to-CAS delay Min 8 tCK(avg)
tCCDMW | CAS-to-CAS delay masked write Min 32 tCK(avg)
Internal READ to PRECHARGE command )
tRTP Min Max (7.5ns, 8nCK) ns
delay
tRCD RAS-to-CAS delay Min Max (18ns, 4nCK) ns
tRPpb Row precharge time (single bank) Min Max (18ns, 4nCK) ns
tRPpab Row precharge time (all banks) Min Max (21ns, 4nCK) ns
Min Max (42ns, 3nCK) ns
tRAS Row active time MIN(9 x tREFI x Refresh
Max us
Ratel, 70.2)
tWR WRITE recovery time Min Max (18ns, 6nCK) ns
tWTR WRITE-to- READ command delay Min Max (10ns, 8nCK) ns
. . ) Max (10ns, | Max (7.5ns,
tRRD Active bank A to active bank B Min ns
4nCK) 4nCK)
tPPD Precharge-to-precharge delay Min 4 tCK(avg)
tFAW Four-bank activate window Min 40 ‘ 30 ns
Delay from SRE command to CKE input .
tESCKE Min MAX(1.75ns, 3nCK) -
LOW
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AC Characteristics (Continued)

(VDDZY VDDQ, VDDCA=1-06~1-17V1 VDDl =170“‘195V)

Data Rate
Symbol Parameter Min/Max Unit
Y 3733 | 4266
CA Bus Training Parameters
Valid clock requirement after CKE Input .
tCKELCK Min MAX(5ns, 5nCK) tCK
LOW
tDStrain Data setup for VREF training mode Min 2 ns
tDHtrain Data hold for VREF training mode Min 2 ns
tADR Asynchronous data read y Max 20 ns
CA BUS TRAINING command- to-command .
tCACD Min RU(tADR/tCK) tCK
delay
tDQSCKE Valid strobe requirement before CKE LOW Max 10 ns

First CA BUS TRAINING command )
tCAENT ] Min 250 ns
following CKE LOW

tVREFca_LO . .
NG VREF step time — multiple steps Max 250 ns
tVREFca_SH ,
VREF step time — one step Max 80 ns
ORT
tCKPRECS | Valid clock requirement before CS HIGH Min 2tCK + tXP -
tCKPSTCS | Valid clock requirement after CS HIGH Min MAX(7.5ns, 5nCK) -

Minimum delay from CS to DQS toggle in .
tCS_VREF o Min 2 tCK
command bus training

Minimum delay from CKE HIGH to strobe

tCKEHDQS ) Min 10 ns
High-Z
tMRZ CA bus training CKE HIGH to DQ tri-state Min 1.5 ns
tCKELODTon | ODT turn-on latency from CKE Min 20 ns
tCKEHODTof .

. ODT turn-off latency from CKE Min 20 ns
tXCBT_Short Min MAX(200ns, 5nCK) -
tXCBT_Middl | Exit command bus training mode to )

) Min MAX(200ns, 5nCK) -

e next valid command delay
tXCBT_Long Min MAX(250ns, 5nCK) -

- —
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H2AB04G32D6B

Write Voltage and Timing

Rx timing window total at VdIVW
TdIVW._total Max 0.25 0.25 ul
voltage levels
| Rx timing window 1-bit toggle (at VdIVW
TdIVW_1-bit Max TBD ul
voltage levels)
DQ and DMI input pulse width (at .
TdIPW Min 0.45 ul
VCENT_DQ)
Min 200
tDQS2DQ | DQ-to-DQS offset ps
Max 800
tDQDQ DQ-to-DQ offset Max 30 ps
tDQS2DQ_te .
DQ-to-DQS offset temperature variation Max 0.6 ps/°C
mp
tDQS2DQ_v L
X DQ-to-DQS offset voltage variation Max 33 ps/50mV
(o]
Min 0.75
tDQSS WRITE command to first DQS transition tCK(avg)
Max 1.25
tDQSH DQS input HIGH-level width - 0.4 tCK(avg)
tDQSL DQS input LOW-level width Min 0.4 tCK(avg)
tDSS DQS falling edge to CK setup time Min 0.2 tCK(avg)
tDSH DQS falling edge from CK hold time Min 0.2 tCK(avg)
. . 0.4 (or 1.4 if extra postamble
tWPST Write postamble Min . . tCK(avg)
is programmed in MR)
tWPRE Write preamble Min 1.8 tCK(avg)
Temperature Derating Parameters
DQS output access time
tDQSCKd Max 3600 ps
from CK_t/CK_c (derated)
tRCDd RAS-to-CAS delay (derated) Min tRCD + 1.875 ns
ACTIVATE-to-ACTIVATE command i
tRCd ) Min tRC + 3.75 ns
period (same bank, derated)
tRASd Row active time (derated) Min tRAS + 1.875 ns
tRPd Row precharge time (derated) Min tRP + 1.875 ns
tRRD Active bank A to active bank B (derated) Min tRRD + 1.875 ns
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Simplified State Diagram

Autormatic Ei
Commard EW

PRE(A) = FRECHARIGE (AL}
ACT = ACTWATE
WR{A) = WRITE fwith auto precrarga)
MINRIA] = Mask WRITE
fwith atn prechangs)
AD{A) = READ fwith auin pracharga)
MW = MODE REGISTER WRITE
MRF = MODE REGISTER READ
*OKE =" = Eniar povwer-down
*CKE = H” = Exi powar-down
SRE = Ener saff rafresh
SRX = Exlt salf rafrash
AEF = REFRESH
MPC = Mult-perpose command $wish NOF)

WrEE of mask
wiiba with
auto

prachargs
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6X9me H2AB04G32D6B

Command Truth Table

Commands are transmitted to the device across a six-lane interface and use CK, CKE, and CS to control the capture
of transmitted data.

SDR
Command SDR CA Pins (8)
Pins
SDRAM Command cs CAD CA1 CA2 CA3 cA4 CAS5 2:5: Notes
Deselect (DES) L X R1 1,2
Multi-Purpose H L L L L L OP6 R1 g
Command (MPC) L OPO OP1 oP2 oP3 OP4 OP5 R2 ’
Precharge (PRE) H L L L L H AB R1 1234
(Per Bank, All Bank) L BAD BA1 BA2 v v v R2 N
Refresh (REF) H L L L H L AB R1 1234
(Per Bank, All Bank) L BAD BA1 BA2 Y] W v R2 T
Self Refresh Entry H L L L H H v R1 12
(SRE) L v R2 ’
Write -1 (WR-1 H = L a L = B R1 12,3679
-1 WR-T) L BAD BA1 BA2 v co AP R2
Self Refresh Exit H L L H L H v R1 1o
(SRX) L \" R2 ’
Mask Write -1 H L L H H L L R1 P
(MWR-1) L BAD BA1 BA2 \' ] AP R2 e
H L L H H H v R1
RFU 0 v = 1,2
Read -1 (RD-1) d L i L L L BL RI 123679
L BAO BA1 BA2 ] AP R2
CAS-2 (Write-2, Mask Write -2, H L H L L H c8 R1 189
Read-2, MRR-2, MPC) L c2 c3 C4 c5 C6 c7 R2 o
H L H L H L v R1
RFU C v o 1.2
H L H L H H v R1
RFU 1,2
L v R2 ’
Mode Register Write-1 H L H H L L OP7 R1 111
(MRW-1) L MAD MA1 MA2 MA3 MA4 MAS R2 '
Mode Register Write-2 H L H H L H OPE& R1 111
(MRW-2}) L OPO OP1 oP2 oP3 OP4 0P5 R2 '
Mode Register Read-1 H L H H H L v R1 1212
(MRR-1) L MAD MA1 MA2 MA3 MA4 MAS R2 -
H L H H H H \ R1
RFU 1,2
L V R2 ’
H H L R12 R13 X X R1
Activate-1 (ACT-1 1,2,3,10
vate-1 (ACT-1) L BAD | BA1 | BAZ X R10 | R11 R2 =
H H H R6 R7 R8 R9 R1
Activate-2 (ACT-2 1,10
vate-2 (. ) L RO R1 R2 R3 R4 RS R2 '

e —
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/@xeme H2AB04G32D6B

Note 1:

Note 2:

Note 3:
Note 4:

Note 5:

Note 6:

Note 7:

Note 8:

Note 9:

All commands except for DESELECT are two clock cycles and are defined by the current state of CS and
CA[5:0] at the rising edge of the clock. DESELECT command is one clock cycle and is not latched by the
device.

V = H or L (a defined logic level); X = "Don't Care," in which case CS, CK_t, CK_c, and CA[5:0] can be
floated.

Bank addresses BA[2:0] determine which bank is to be operated upon.

AB HIGH during PRECHARGE or REFRESH commands indicate the command must be applied to all
banks, and the bank addresses are "Don't Care."

MASK WRITE-1 command only supports BL16. For MASK WRITE-1 commands, CA5 must be driven LOW
on the first rising clock cycle (R1).

AP HIGH during a WRITE-1, MASK WRITE-1, or READ-1 command indicates that an auto precharge will
occur to the bank the command is operating on. AP LOW indicates that no auto precharge will occur and the
bank will remain open upon completion of the command.

When enabled in the mode register, BL HIGH during a WRITE-1, MASK-WRITE-1, or READ-1 command
indicates the burst length should be set on-the-fly to BL = 32; BL LOW during one of these commands
indicates the burst length should be set on-the-fly to BL = 16. If on-the-fly burst length is not enabled in the
mode register, this bit should be driven to a valid level and is ignored by the device.

For CAS-2 commands (WRITE-2, MASK WRITE-2, READ-2, MRR-2, or MPC (only write FIFO, read FIFO
and read DQ calibration), C[1:0] are not transmitted on the CA [5:0] bus and are assumed to be zero. Note
that for CAS-2 WRITE-2 or CAS-2 MASK WRITE-2 command,C[3:2] must be driven LOW.

WRITE-1, MASK-WRITE-1, READ-1, MODE REGISTER READ-1, or MPC (only write FIFO,read FIFO, and
read DQ calibration) command must be immediately followed by CAS-2 command consecutively without any
other command in between. WRITE-1, MASK WRITE-1, READ-1, MRR-1, or MPC (only write FIFO, read
FIFO, and read DQ calibration) command must be issued first before issuing CAS-2 command. MPC (only
Start and Stop DQS Oscillator, Start and Latch ZQ Calibration) commands do not require CAS-2
command;they require two additional DES or NOP commands consecutively before issuing any other
commands.

Note 10: The ACTIVATE-1 command must be followed by the ACTIVATE-2 command consecutively without any

other command between them. The ACTIVATE-1 command must be issued prior to the ACTIVATE-2
command. When the ACTIVATE-1 command is issued, the ACTIVATE-2 command must be issued before
issuing another ACTIVATE-1 command.

Note 11: The MRW-1 command must be followed by the MRW-2 command consecutively without any other

command between them. The MRW-1 command must be issued prior to the MRW-2 command.

Note 12: The MRR-1 command must be followed by the CAS-2 command consecutively without any other

commands between them. The MRR-1 command must be issued prior to the CAS-2 command.

_—— - —
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6xeme H2AB04G32D6B

IDD Measurement Conditions

Definition of Switching for CA Input Signals

CK_tedge R1 R2 R3 R4 R5 R6 R7 RS
CKE H H H H H H H H
Cs L L L L L L L L
CAO H L L L L H H H
CAl H H H L L L L H
CA2 H L L L L H H H
CA3 H H H L L L L H
CA4 H L L L L H H H
CA5 H H H L L L L H
Notes 1: LOW = VIN < VIL(DC) MAX, HIGH = VIN = VIH(DC) MIN, STABLE = Inputs are stable at a HIGH or
LOW level

Notes 2: CS must always be driven LOW.

Notes 3: 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.

Notes 4: The pattern is used continuously during IDD measurement for IDD values that require switching on the
CAbus.

CA Pattern for IDD4R for BL=16

C'EZ':T\Cbif'e CKE | CS | Command | CAO | CAL | CA2 | CA3 | cA4 | cA5

N HIGH | HIGH | Read-1 L H L L L L
N+1 HIGH | LOW L H L L L L
N+2 HIGH | HIGH | CAS-2 L H L L H L
N+3 HIGH | LOW L L L L L L
N+4 HIGH | LOW | DES L L L L L L
N+5 HIGH | LOW | DES L L L L L L
N+6 HIGH | LOW | DES L L L L L L
N+7 HIGH | LOW | DES L L L L L L
N+8 HIGH | HIGH | Read-1 L H L L L L
N+9 HIGH | LOW L H L L H L
N+10 HIGH | HIGH | CAS-2 L H L L H H
N+11 HIGH | LOW H H H H H H
N+12 HIGH | LOW | DES L L L L L L
N+13 HIGH | LOW | DES L L L L L L
N+14 HIGH | LOW | DES L L L L L L
N+15 HIGH | LOW | DES L L L L L L

Notes 1: BA[2:0] = 010; CA[9:4] = 000000 OR 111111; Burst order CA[3:2] = 00 or 11.
Notes 2: CA pins are kept LOW with DES CMD to reduce ODT current.

i —
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Gxeme H2AB04G32D6B

CA Pattern for IDD4W for BL=16

C',c\’lzxifle CKE | CS |Command | CAO | CA1 | CA2 | CA3 | cA4 | CAS
N HIGH | HIGH Write-1 L L H L L L
N+1 HIGH | LOW L H L L L L
N+2 HIGH | HIGH CAS-2 L H L L H L
N+3 HIGH | LOW L L L L L L
N+4 HIGH | LOW DES L L L L L L
N+5 HIGH | LOW DES L L L L L L
N+6 HIGH | LOW DES L L L L L L
N+7 HIGH | LOW DES L L L L L L
N+8 HIGH | HIGH Write-1 L L H L L L
N+9 HIGH | LOW L H L L H L
N+10 HIGH | HIGH CAS-2 L H L L H H
N+11 HIGH | LOW L L H H H H
N+12 HIGH | LOW DES L L L L L L
N+13 HIGH | LOW DES L L L L L L
N+14 HIGH | LOW DES L L L L L L
N+15 HIGH | LOW DES L L L L L L
Notes 1: BA[2:0] = 010; CA[9:4] = 000000 or 111111
Notes 2: No burst ordering
Notes 3: CA pins are kept LOW with DES CMD to reduce ODT current
Data Pattern for IDD4W(DBI off) for BL=16
DBI Off Case
DQ7 | DQ6 | DQ5 | DQ4 | DQ3 | DQ2 | DQ1 | DQO | DBI # of 1s
BLO 1 1 1 1 1 1 1 1 0 8
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BL5 0 0 0 0 1 1 1 1 0 4
BL6 1 1 1 1 1 1 0 0 0 6
BL7 1 1 1 1 0 0 0 0 0 4
BL8 1 1 1 1 1 1 1 1 0 8
BL9 1 1 1 1 0 0 0 0 0 4
BL10 0 0 0 0 0 0 0 0 0 0
BL11 0 0 0 0 1 1 1 1 0 4
BL12 0 0 0 0 0 0 1 1 0 2
BL13 0 0 0 0 1 1 1 1 0 4
BL14 1 1 1 1 1 1 0 0 0 6
BL15 1 1 1 1 0 0 0 0 0 4

i —
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H2AB04G32D6B

16

16

16

16

16

16

16

1
1
0
0
0
0
1
1
0
0
1
1
1
1
0

0
16

BL16

BL17

BL18

BL19

BL20
BL21

BL22

BL23

BL24
BL25

BL26

BL27

BL28

BL29

BL30

BL31
# of 1s

Notes 1: Simplified pattern; same data pattern was applied to DQ[4], DQ[5], DQ[6], and DQJ7] to reduce complexity

for IDD4W pattern programming.

Data Pattern for IDD4R(DBI off) for BL=16

DBI Off Case

DQ4

# of 1s

DBl

DQO

DQ1

DQ2

DQ3

DQ5

DQ6

DQ7

0
0
0
0
1
1
1
1
0
0
1
1

BLO
BL1
BL2
BL3
BL4
BL5
BL6
BL7
BL8
BL9
BL10

BL11

BL12

BL13

BL14

BL15

BL16

BL17

BL18

BL19

BL20
BL21
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xeme H2AB04G32D6B

2

IC_U

>
P|lr|o|o|lr|r|ojlo|lo|o
Plkr|o|lo|lr|r|lojlo|lo|o
P|lr|o|o|lr|r|olo|lo|o
P|lr|o|o|lr|r|olo|lo|o
olr|r|o|lo|r|r|o|r]|o
olr|r|o|lo|r|r|o|lr]|o
o|lo|r|r|lo|lr|r|o|r]|r
o|lo|r|r|lo|lr|r|lo|lr]|r
o|lo|o|o|lo|o|o|o|o|o
Mlo|h|[M(p|lo|M|o|s~

# of 1s 16 16 16 16 16 16 16 16

Notes 1: Simplified pattern; same data pattern was applied to DQ[4], DQ[5], DQ[6], and DQJ7] to reduce complexity
for IDD4W pattern programming.

Data Pattern for IDD4W(DBI On) for BL=16

DEI On Case
DQ[7] Dqglel Dq[s] DQlal D3] DQl2] Dgl1] Dqlo]

# of 1s

BLO
BL1
BL2
BL3
BL4
BLS
BL&
BL7
BLB
BL9
BL1D
BL11
BL12
BL13
BL14
BL15

=
=y

=l Q|lQo|lo|o|@|= || ||| || Q|=|2
E =A== =R =R =N N =2 =T =T =T =T N =]
=l Q|lQo|lo|o|@|= || ||| || Q|=|2
E =A== =R =R =N N =2 =T =T =T =T N =]
ala|a|a|=]alelelal=]|=|=|=|ala|e
L= B e el el =N =N =1 =1 N B B B e )

ala|lalele|la|le|a|al=|e|a|e|lala|=

BL1&
BL17
BL18
BL19
BL2O
BL21
BL22
BL23
BL24
BL25
BL2G
BL27
BL2B
BL29
BL3OD
BL31
#of 1s

N =R e YA ST R SN =R B I 0 LV | =S RN o SO N =R = O O R I S (U B O N R S = ) O )

sl ol ololaolalalmclaolo|lalalala]la]l =
EAE=AE=R =N =Nl Bl BN =1 = e =N B B =T

(== B = = =T (=T = N =1 = = I = B = =1 = | = =} IR = R = A =R =R =R = =A== =)
W= o|lo|o|lo|l|=|C|C|O|=|O|=|C|C|lC||lo|lo|l=|lOo|=|C|lo|o|C|C|=C|=|C|D|D

Wolo|l=|Q|=|lQ|o|la|—|o|lo|o|la|a|=|=
oo =|C|l=|C|C|lo|=|C|lc|lC|lo||=|o
Wolo|l=|Q|=|lQ|o|la|—|o|lo|o|la|a|=|=
oo =|C|l=|C|C|lo|=|C|lc|lC|lo||=|o
WMo|o| D === 2=

ary
(=4
o

Notes 1: DBI enabled burst; BLO, BL6, BL8, BL14, BL16, BL22, BL26, and BL28.
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6X9me H2AB04G32D6B

Data Pattern for IDD4R(DBI On) for BL=16

DEI On Case
DQl7] DQle] Dqls] DQl4] Dql3] DQl2] Dql1] DQlo] DBl £ of 1s
BLO 0 0 0 0 0 0 0 0 1 1
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BLS 0 0 0 0 1 1 1 1 0 4
BL& 0 0 0 0 0 0 1 1 1 3
BL7 1 1 1 1 0 0 0 0 0 4
BLB 0 0 0 0 0 0 0 0 1 1
BL9 1 1 1 1 0 0 0 0 0 4
BL1O 0 0 0 0 0 0 0 0 0 0
BL11 0 0 0 0 1 1 1 1 0 4
BL12 0 0 0 0 0 0 1 1 0 2
BL13 0 0 0 0 1 1 1 1 0 4
BL14 0 0 0 0 0 0 1 1 1 3
BL1S 1 1 1 1 0 0 0 0 0 4
BL1& 0 0 0 0 0 0 0 0 1 1
BL17 1 1 1 1 0 0 0 0 0 4
BL1& 0 0 0 0 0 0 0 0 0 0
BL1% 0 0 0 0 1 1 1 1 0 4
BL20O 0 0 0 0 0 0 1 1 1 3
BL21 1 1 1 1 0 0 0 0 0 4
BL22 0 0 0 0 0 0 1 1 0 2
BL23 0 0 0 0 1 1 1 1 0 4
BL24 0 0 0 0 0 0 0 0 0 0
BL25 0 0 0 0 1 1 1 1 0 4
BL2& 0 0 0 0 0 0 0 0 1 1
BL27 1 1 1 1 0 0 0 0 0 4
BL28 0 0 0 0 0 0 1 1 0 2
BL2G 0 0 0 0 1 1 1 1 0 4
BL30O 0 0 0 0 0 0 1 1 1 3
BL31 1 1 1 1 0 0 0 0 0 4
#of 1s 8 8 8 8 8 8 16 16 8

Notes 1: DBI enabled burst: BLO, BL6, BL8, BL14, BL20, BL26, and BL30.

e —
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/@xeme H2AB04G32D6B

CA Pattern for IDD4R for BL = 32

Clock Cycle
Number CKE cs Command CAD CA1 CA2 CA3 CA4 CAS

N HIGH HIGH READ-1 L H L L L L
N+1 HIGH LOow L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOwW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOow DES L L L L L L
N+7 HIGH LOwW DES L L L L L L
N+8 HIGH LOW DES L L L L L L
N+9 HIGH LOwW DES L L L L L L
N+10 HIGH LOwW DES L L L L L L
N+11 HIGH LOW DES L L L L L L
N+12 HIGH LOow DES L L L L L L
N+13 HIGH LOwW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
N+15 HIGH LOow DES L L L L L L
N+1& HIGH HIGH READ-1 L H L L L L
N+17 HIGH LOW L H L L H L
N+18 HIGH HIGH CAS-2 L H L L H H
N+19 HIGH LOwW H H L H H H
N+20 HIGH LOW DES L L L L L L
N+21 HIGH LOow DES L L L L L L
N+22 HIGH LOwW DES L L L L L L
N+23 HIGH LOW DES L L L L L L
N+24 HIGH LOwW DES L L L L L L
N+25 HIGH LOwW DES L L L L L L
N+26 HIGH LOW DES L L L L L L
N+27 HIGH LOow DES L L L L L L
N+28 HIGH LOwW DES L L L L L L
N+29 HIGH LOW DES L L L L L L
N+30 HIGH LOow DES L L L L L L
N+31 HIGH LOwW DES L L L L L L

Notes 1: BA[2:0] = 010, C[9:5] = 00000 or 11111, Burst order C[4:2] = 000 or 111.

_—— - —
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/@xeme H2AB04G32D6B

CA Pattern for IDD4W for BL = 32

Clock Cycle
Number CKE cs Command CAD CA1 CA2 CA3 cAd CAS

M HIGH HIGH WRITE-1 L L H L L L
N+l HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+d HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+b HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH LOW DES L L L L L L
N+8 HIGH LOW DES L L L L L L
N+10 HIGH LOW DES L L L L L L
N+11 HIGH LOW DES L L L L L L
Nel2 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
Neld HIGH LOW DES L L L L L L
Ne15 HIGH LOW DES L L L L L L
N+lb HIGH HIGH WRITE-1 L L H L L L
N+17 HIGH LOW L H L L H L
N+18 HIGH HIGH CAS-2 L H L L H H
N+19 HIGH LOW L L L H H H
N+20 HIGH LOW DES L L L L L L
MN+21 HIGH LOW DES L L L L L L
MNe22 HIGH LOW DES L L L L L L
N+23 HIGH LOW DES L L L L L L
N+24 HIGH LOW DES L L L L L L
Ne25 HIGH LOW DES L L L L L L
N+26 HIGH LOW DES L L L L L L
N+27 HIGH LOW DES L L L L L L
N+28 HIGH LOW DES L L L L L L
N+29 HIGH LOW DES L L L L L L
N30 HIGH LOW DES L L L L L L
MN+31 HIGH LOW DES L L L L L L

Notes 1: BA[2:0] = 010, C[9:5] = 00000 or 11111.

_—— - —
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H2AB04G32D6B

=32

Data Pattern for IDD4W (DBI Off) for BL

DBl Off Case

#of 1s

Dol

Dot

DOl2]

DQI3]

DQr4]

DQILs]

DOle]

D71

0
0
0
0
1
1
1
1
0
0
0
0
1
1
0
0
1
1
1
1
0
0
1
1
0
0
0

BLO
BL1
BLZ
BEL3
BL4
BLS
BLG
BLY
BLE
BL9
BL1O

BL11

BL12

BL13

BL14

BL15

BL1&

BL17

BL18

BL19

BL20
BL21

BL2Z
BL22
BL24
BL25

BL2E
BL27
BL28
BL29
BL30
BL21

BL3Z
BL33
BL34
BL35

BL36
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Data Pattern for IDD4W (DBI Off) for BL = 32(continue)

DEl Off Case
DQ(7] | DQle] | DQIS] | DQI4] | DQI3] | DQI2] | DQI1] | DQO]
0 1

# of 1s

BL37
BL38
BL39
BL4D
BLA1
BL42
BL43
BL44
BLAS
EL4&
BLAT

BLAB
BL49
BL50
BL51
BL52
BL53
BL54
BLGS
BLS6
BLS7
BL58
BL59
BL&O
BL&1
BL62
BL&3
#of 1s

=
=
=
.

(=N Bl N == B ) R B ) I

1
1
0
1
0
0
1
0
1
1
0

el Bl B=2 =1 = =Rl I I ]
el Bl B=2 =1 = =Rl I I ]
==l o oo o = = =] =
==l o oo o = = =] =

el ==l Bl B =2 =] Bl Bl =1 el e B = Bl Bl =1 =2 IR = B =l B Bl Bl B =2 R = Bl L= B =1
el ==l Bl B =2 =] Bl Bl =1 el Bl B = Bl Bl =1 =R IR = B =l B Bl Bl B =2 R = B = B =1
Qo @@ ||| | @ e e ele o el elel el e|e|Ie| 2|2
E=N =N =l == = = p = L = e = = e Y = O SR ) e U R = =R A = == = = ]

olo|l=|la|ls|lm|lo|lo|=|=|lololo|o| ==
olo|l=|la|ls|lm|lo|lo|=|=|lololo|o| ==
olo|=|las|=s|=|lo|lo|=|=|lo|lolo|o| =| =
olo|=|las|=s|=|lo|lo|=|=|lo|lolo|o| =| =
—=lo|la|l=|la|l=|=|laola|l=|=|lao=|c|s|=

1
0
0
1
0
1
1
0
0
1
1
0
1
0
0
1

Lt
fd
e}
[}
e}
[}
e}
%)
e}
)

32

ad
o
[¥¥)
[

Notes 1: Simplified pattern; same data pattern was applied to DQ[4], DQI5], DQ[6], and DQJ7] to reduce complexity
for IDD4W pattern programming

Data Pattern for IDD4R (DBI Off) for BL = 32

DBl Off Case
DOIT7] DQle] DQI5] DOla] DOI3] DOlz] DQI1l DQro] Del #of 1s
BLO 1 1 1 1 1 1 1 1 0 3
BL1 1 1 1 1 0 0 0 0 0 4

e —
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32(Continue)

Data Pattern for IDD4R (DBI Off) for BL

DBl Off Case

#of 1s

DBl

DoIm

Dal

DQI2]

DQI3]

DOl4]

Das]

Dals]

DOIT]

0
0
0
0
1
1
1
1

0
0

BL?
BL3
BL4
BLS
BL&
BL7
BLE
BLY
BL1D

BL11

BL12

BL13

EL14

BL15

BLiG

BL17

BL18

BL19

BL2D
BL21
BL22
BLZ3
BL24
BL25
BL2G
BLZ7
BL28
BL29
BLIO
BL31
BL32
BL33
BL34
BL35
BL3G
BL37
BL3B
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Data Pattern for IDD4R (DBI Off) for BL = 32(Continue)

DEI Off Case
DQl71 | DOIE] | DQIS] | DOM4] | DO[3] | DQ21 | DO | DQIO] DBl | #of1s
BEL39 D D D 0 1 1 1 1 0 4
EL40 D D D 0 D D 1 1 0 2
ELM D D D 0 1 1 1 1 0 4
BL42 1 1 1 1 1 1 ) ) 0 3
BL43 1 1 1 1 D D ) ) 0 4
L34 1 1 1 1 1 1 1 1 0 B
EL45 1 1 1 1 D D 0 0 0 4
EL4G D D D 0 D D ) ) 0 D
BLAT D D D 0 1 1 1 1 0 4
EL48 1 1 1 1 1 1 1 1 0 B
BL49 1 1 1 1 D D 0 0 0 4
BLS0 D D D 0 D D ) ) 0 D
ELS1 D D D 0 1 1 1 1 0 4
ELS2 1 1 1 1 1 1 0 0 0 3
ELS3 1 1 1 1 D D 0 0 0 4
ELS4 D D D 0 D D 1 1 0 2
BLSS D D D 0 1 1 1 1 0 4
BLS6 D D D 0 D D ) ) 0 0
ELST D D D 0 1 1 1 1 0 4
ELSE 1 1 1 1 1 1 1 1 0 B
BLS9 1 1 1 1 D D ) ) 0 4
BLG0 D D D 0 D D 1 1 0 2
ELG1 D D D 0 1 1 1 1 0 4
ELG2 1 1 1 1 1 1 0 0 0 3
ELE3 1 1 1 1 D D 0 0 0 4
#of 1s 2 2 12 2 2 2 2 12

Notes 1: Simplified pattern; same data pattern was applied to DQ[4], DQ[5], DQ[6], and DQJ7] to reduce complexity
for IDD4W/R pattern programming.

Data Pattern for IDD4W (DBI On) for BL = 32

DBI On Case
DaT] Dagle] DaOIs] D0ral DOf21 DOl2] Da[11 DOl DEl #of1s
BLOD 0 0 0 0 0 0 0 0 1 1
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
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32(Continue)

Data Pattern for IDD4W (DBI On) for BL

DBl On Case

#of1s

DEl

Dorm

Dol

DQI2]

DOI3]

DQl4]

Dars]

Dale]

DQI7]

0
0
0
0
0
1
0
1
0
0

0

BL4
BLS
BL6
BLY
BLE
BL9
BL1D

BL1

BL12

BL13

EL14

BL15

BL1G

BL17

BL13

BL19

BL2O
BL21
BL22
BLZ3
BL24
BL25
BL2E
BLZ7
BL2B
BL29
BLID
BL31
BL32
BL33
EL34
BL35
BL36
BL37
BL3B
BL39
EL4D
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Data Pattern for IDD4W (DBI On) for BL = 32(Continue)

DBl On Case
DQI7] DQ(sl DQI5] DQL4] DQl3] DQr2] DQI1] DQ[0]
BEL4 1 1 1 1 ] ]
BL4Z2
BL43
BEL44
BEL4S
EL46
BLAT

EL4E
EL49
ELS0
ELS1
BEL5Z2
BELS3
BELS4
ELSS
ELSG
BLST
ELSE
ELS9
EL&O
BEL&1
BL62
BL&3
#of 1s

#of 1s

=9

= |lo|lo|o|la|o
=lo|lo|lo|la|lo
=lo|lo|lo|la|lo
=lo|lo|lo|la|lo
=1 N N e =1 =)
=1 N N e =1 =)

=R R=N =] =N =T -]

=lo|lo|Q||O|l=|la|lg|lQ|=o|l=|lo|lo|Q|ola|l=a|=|o
=lo|lo|Q||O|l=|la|lg|lQ|=o|l=|lo|lo|Q|ola|l=a|=|o
| D = b ) da R | = | S| | B | b de | L | e R | | S

ol =|lo|=|lo|lo|lo|=|lao|o|ololao| ==
olo|=|lo|=|lo|lo|lo|=|lc|o|ololao|=|o
olo|=|lo|=|lo|lo|lo|=|lc|o|ololao|=|o
olo|=|lo|=|lo|lo|lo|=|lc|o|ololao|=|o
—lo|lo|lo|lo|=|=|—=|o|lo| = === =
—lo|lo|lo|lo|=|=|—=|o|lo| = === =
L= T - Bl R Bl ) - - ) R e ) e - ) ) )

—
[=4]
[=4]
[=4]
[=2]
(=]
=
(=]
[¥¥)
(%)
ad
Pt
=
(=2

Notes 1: DBI enabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, BL28, BL32, BL38, BL40, BL46,
BL48, BL54, BL58, and BL60.

Data Pattern for IDD4R (DBI On) for BL = 32

DBl On Case
DQI7] DQl6] DQI5] DQl4] DQI3] DQI2] DQr1l DQ[o] DBI # of 1s
BLO 0 0 0 0 0 0 0 0 1 1
BL1 1 1 1 1 0 0 ] ] 0 4
BL2 0 0 0 0 0 0 0 0 1] 0
BL3 0 0 0 0 1 1 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BLS 0 0 0 0 1 1 1 1 1] 4
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32(continue)

Data Pattern for IDD4R (DBI On) for BL

DEI On Case

#of1s

Qo]

DQgl1]

D21

DQI3l

DQ41

DQIs]

DQls]

DQr7

0
0
0
0
0
1
0
1
0
0
0
0
0
1
0
0
0
1
0
1
0
0
0
0
0
1
0
1
0
0
0
0
0

Bl
BLY
BLE
BLS
BL10

BL11

BL1Z

BL13

BEL14

BL15

BL16

BL17

BL18

BL1G

BL20

BL21

BL2Z

BL23

BL24

BL25

BL26

BL2T

BL2E

BL29

BL30

BL31

BL32

BL33

BL34

BL35

EL36

BL3T

BL38

BL39

BL40
BL41

BLAZ
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Data Pattern for IDD4R (DBI On) for BL = 32(continue)

DBI On Case
DQL7] DQls] DQIs] DO DQ3] DQr2] DQrl DQrol DBI #of 1s
BL43 1 1 1 1 0 0 0 0 i 4
BL44 0 0 0 0 0 0 0 0 1 1
BL4S 1 1 1 1 0 0 0 0 i 4
Bl4s 0 0 0 0 0 0 0 0 i 0
BL4T 0 0 0 0 1 1 1 1 i 4
BL4E 0 0 0 0 0 0 0 0 1 1
BL49 1 1 1 1 0 0 0 0 i 4
BL5O 0 0 0 0 0 0 0 0 1] 0
BLS1 0 0 0 0 1 1 1 1 i 4
BL52 0 0 0 0 0 0 1 1 1 3
BL53 1 1 1 1 0 0 0 0 1] 4
BL54 0 0 0 0 0 0 1 1 i 2
BLSS 0 0 0 0 1 1 1 1 i 4
ELS6 0 0 0 0 0 0 0 0 0 0
BLST 0 0 0 0 1 1 1 1 i 4
BL58 0 0 0 0 0 0 0 0 1 1
BL59 1 1 1 1 0 0 0 0 0 4
BLGO 0 0 0 0 0 0 1 1 i 2
BLG1 0 0 0 0 1 1 1 1 i 4
BLG2 0 0 0 0 0 0 1 1 1 3
BL63 1 1 1 1 0 0 0 0 i 4
#of 1s 16 16 16 16 16 16 32 32 16

Notes 1: DBI enabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, BL28, BL34, BL36, BL42, BL44,
BL48, BL52, BL58, and BL62.

Power-up, initialization

To ensure proper functionality for power-up and reset initialization, default values for the MR settings are provided in

the table below.

Item Mode Register Setting Default Setting Description
FSP-OP/WR MR13 OP[7:6] 00b FSP-OPAWRIO] are enabled
WLS MR2 OP[&] (1]} WRITE latency set A is selected
WL MR2 OP[5:3] 000b WL=4
RL MR2 OP[2:0] 000b RL=6, nRTP =8
nWR MR1 OP[6:4] 000b nWR =6
DBI-WR/RD MR3 OP[7:6] 00b Write and read DBI are disa-
bled
CA ODT MR11 OP[6:4] 000b CA ODT is disabled
DQ ODT MR11 OP[2:0] 000b DQ ODT is disabled
Vrer(ca) setting MR12 OP[6] 1b Vrerica) range[1] is enabled
Vaerica) value MR12 OP[5:0] 001101b Rangel: 27.2% of Vppa
VRerpg) setting MR14 OP[6] 1b Vrerpg) range[1] enabled
Vrer(pg) Value MR14 OP[5:0] 001101b Rangel: 27.2% of Vppq

The following sequence must be used to power up the device. Unless specified otherwise, this procedure is
mandatory. The power-up sequence of all channels must proceed simultaneously.
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Voltage Ramp
1.While applying power (after Ta), RESET_n should be held LOW (<0.2 x VDD2), and all other inputs must be

between VIL,min and VIH,max. The device outputs remain at High-Z while RESET _n is held LOW. Power supply
voltage ramp requirements are provided in the table below. VDD1 must ramp at the same time or earlier than VDD?2.

VDD2 must ramp at the same time or earlier than VDDQ.

After Applicable Conditions

VDD1 must be greater than VDD2

Ta is reached
VDD2 must be greater than VDDQ - 200mV

Notes 1: Ta is the point when any power supply first reaches 300mV.

Notes 2: Noted conditions apply between Ta and power-down (controlled or uncontrolled).

Notes 3: Th is the point at which all supply and reference voltages are within their defined operating ranges.

Notes 4: Power ramp duration tINITO (Th—Ta) must not exceed 20ms.

Notes 5: The voltage difference between any VSS and VSSQ must not exceed 100mV
2. Following completion of the of the voltage ramp (Tb), RESET_n must be held LOW for tINIT1. DQ, DMI, DQS _t,
and DQS_c voltage levels must be between VSSQ and VDDQ during voltage ramp to avoid latch-up. CK_t and
CK_c, CS, and CAinput levels must be between VSS and VDD2 during voltage ramp to avoid latch-up.
3. Beginning at Th, RESET_n must remain LOW for at least tINIT1(Tc), after which RESET_n can be de-asserted to
HIGH(Tc). At least 10ns before CKE de-assertion, CKE is required to be set LOW. All other input signals are "Don't
Care."

Ta Th Tc Td Te T Tg Th i Tj Tk

| Power Ramp | Rlasst Initialization Training
‘ INTA=SHOCMIN) . .
ke o ﬁ )7 ﬁ 3 TR TR T AT T ,h FAHN MO Y
/ / (/ / ////I r// ! "-_'.‘..r ._'(‘.J"(._"u"ﬁ' &.-’*.."“_-’ _"v‘u"(n'v‘u"‘[ 'i"‘-k.r -_'(‘J“._"u"f'-_ EL"‘\ A '\i‘r i L‘ \u ...f“._ u"(& L"( A ‘ ‘J’I vui L,‘ \\. \
'IHITHJ1|NAJC| SNT1=200sMIN) i :
/7 T U T L T L B O R R A
*es“/ /W“ ! (A (! it ({ [ . i ({
[T oM} INT3<ms{MIN) : :
CKE 7 / 0 //(/‘ Eﬁﬁ? l / a ' ) E_z { f] / \ [' ( :] { | : ) ' { [' ! ( LJ_
: W=y ' ‘ TN _ | ZOLAT-MAGIns £ ! !
T
E”“%M%M)gif /‘/// é(-\_(@"} ’@ ‘.' n,,' % ) M"F . ) Dl
DGs /)//? F{Z@ ) ) E ) ) : IJ ) : ) ) E |] ) ) I) g b ) [ vt / R e \ ) JH
\— s : e \— L : | |
Jor't Care

Notes 1: Training is optional and may be done at the system designer's discretion. The order of training may be

different than what is shown here.

4. After RESET n is de-asserted(Tc), wait at least tINIT3 before activating CKE. CK_t, CK_c must be started and
stabilized for tINIT4 before CKE goes active(Td). CS must remain LOW when the controller activates CKE.

5. After CKE is set to HIGH, wait a minimum of tINITS5 to issue any MRR or MRW commands(Te). For MRR and
MRW commands, the clock frequency must be within the range defined for tCKb. Some AC parameters (for
example, tDQSCK) could have relaxed timings (such as tDQSCKb) before the system is appropriately configured.

6. After completing all MRW commands to set the pull-up, pull-down, and Rx termination values, the controller can
issue the ZQCAL START command to the memory(Tf).This command is used to calibrate the VOH level and the
output impedance over process,voltage, and temperature. In systems where more than one device share one
external ZQ resistor, the controller must not overlap the ZQ calibration sequence of each device.The ZQ
calibration sequence is completed after tZQCAL (Tg). The ZQCAL LATCH command must be issued to update the
DQ drivers and DQ + CA ODT to the calibrated values.
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7. After tZQLAT is satisfied (Th), the command bus (internal VREF(CA), CS, and CA) should be trained for
high-speed operation by issuing an MRW command (command bus training mode). This command is used to

calibrate the device's internal VREF and align CS/CA with CK for high-speed operation. The device will power-up
with receivers configured for low-speed operations and with VREF(CA) set to a default factory setting.Normal
device operation at clock speeds higher than tCKb may not be possible until command bus training is complete.
The command bus training MRW command uses the CA bus as inputs for the calibration data stream, and it
outputs the results asynchronously on the DQ bus. See command bus training in the MRW section for information
on how to enter/exit the training mode.

8. After command bus training, the controller must perform write leveling. Write leveling mode is enabled when MR2
OP[7] is HIGH(Ti). See the Write Leveling section for a detailed description of the write leveling entry and exit
sequence. In write leveling mode, the controller adjusts write DQS timing to the point where the device recognizes
the start of write DQ data burst with desired WRITE latency.

9. After write leveling, the DQ bus (internal VREF(DQ), DQS, and DQ) should be trained for high-speed operation
using the MPC TRAINING commands and by issuing MRW commands to adjust VREF(DQ). The device will
power-up with receivers configured for low-speed operations and with VREF(DQ) set to a default factory setting.
Normal device operation at clock speeds higher than tCKb should not be attempted until DQ bus training is
complete. The MPC[READ DQ CALIBRATION] command is used together with MPC[READ-FIFO] or
MPC[WRITE-FIFO] commands to train the DQ bus without disturbing the memory array contents.

10. At Tk, the device is ready for normal operation and is ready to accept any valid command.Any mode registers
that have not previously been configured for normal operation should be written at this time.

Mode Registers
Mode Register Assignment and Definition
The table listed below shows the mode registers for LPDDR4 SDRAM. A Mode Register Read command is used to

read a mode register. A Mode Register Write command is used to write a mode register.
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Mode Register Assignments(continued)

MR# OP[7] OPI6] OP[5] opl4] | OP[3] OP[2] OP[1] OPJ0]
0 CATR RFU RFU RZQI RFU Latency Refresh
1 RPST nWR (for AP) | RD-PRE WR-PRE BL
2 WR Lev WLS WL RL
2 DBI-WR DBI-RD PDDS PPRP WR PST | PU-CAL
4 TUF ThemalOfiset | PPRE |  SRAbort Refresh Rate
5 LPDDR4 Manufacturer 1D
6 Revision 1D-1
7 Revision ID-2
3 10 Width Density Type
9 Vendor Specific Test Register
10 RFU |  za-Reset
11 RFU CA ODT | RFU | DQ ODT
12 RFU VR-CA VREF(CA)

13 | FSP-OP | FSPWR oD | RRO | wvrRce [ vro [ RPT | CBT
14 RFU VR(dq) VREF(DQ)
15 Lower-Byte Invert Register for Calibration
16 PASR Bank Mask
17 PASR Segment Mask
18 DQS Oscillator Count - LSB
19 DQS Oscillator Count - MSB
20 Upper-Byte Invert Register for DQ Calibration
21 RFU
22 RFU ODTD-CA | ODTECS | ODTE-CK | SOC ODT
23 DQS interval imer run time setting
24 TRR Mode TRR Mode BAn | Unlimited MAC | MAC Value
25 PPR Resource
26 RFU
27 RFU
28 RFU
29 RFU
30 Reserved for testing — SDRAM will ignore
31 RFU
32 DQ Calibration Pattern "A” (default = 5AY)
33 RFU
34 RFU
35 RFU
36 RFU
37 RFU
38 RFU
39 Reserved for testing — SDRAM will ignore
40 DQ Calibration Pattern “B” (default = 3CH)
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MRO Device Feature 0 (MA[5:0] = 00h)

OP[7] OP[6] OP[5] OP[4] [ OP[3] OP[2] OP[1] OP[0]
CATR RFU RFU RZQl RFU Latency Made Refresh Mode
Function Type Operand | Data Notes

0p: Both legacy and modified refresh mode supported

Refresh Mode OP[0] (default)
1p: Only modified refresh mode supported

0p: Device supports normal latency

Latency Mode OP[1 B
Y | 1p: Reserved
00p: RZ0Q Self-Test not support.
Read-only 01p: ZQ-pin may connect to VSsa or float
RZQI OP[a-3 | 10b: ZQ-pin may short to VDDQ 1.2.3.4

(Built-in Seif-Test for RZQ) 11p: ZQ-pin Self-Test completed, no emor condition

detected (ZQ-pin may not connect to VSSQ or
fleat Jnor short to VDDQ)
CATR Op: CA for this rank is not terminated

(CA Terminating Rank) OF[T 1p: CA for this rank is terminated 2

Notes 1: RZQI MR value, if supported, will be valid after the following sequence:
- Completion of MPC[ZQCAL START] command to either channel
- Completion of MPC[ZQCAL LATCH] command to either channel then tZQLAT is satisfied
RZQI value will be lost after reset

Notes 2: If ZQ is connected to VSSQ to set default calibration, OP[4:3] must be set to 01b. If ZQ is not connected to VSSQ, either
OPJ[4:3] = 01b or OP[4:3] = 10b might indicate a ZQ pin assembly error. It is recommended that the assembly error be
corrected..

Notes 3: In the case of possible assembly error, the device will default to factory trim settings for RON, and will ignore ZQ
CALIBRATION commands. In either case, the device may not function as intended.

Notes 4: If the ZQ pin self-test returns OP[4:3] = 11b, the device has detected a resistor connected to the ZQ pin. However, this
result cannot be used to validate the ZQ resistor value or that the ZQ resistor meets the specified limits (that is, 240Q
+1%).

Notes 5: CATR can either indicate the connection status of the ODTCA pad for the die or whether CA for the rank is terminated.

Notes 6: Byte mode is not supported.

MR1 Device Feature 1 (MA[5:0] = 01h)

OP7 o6 | ops | opr4 OP3 OP2 OP1 OPO
RD-PST nWR (for AP) RD-PRE WR-PRE BL
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MR1 Op-Code Bit Definitions

Feature Type OP Definition Notes
BL Write-only| OP[1:0] |00b: BL = 16 sequential (default) 1
Burst length 01b: BL = 32 sequential

10b: BL = 16 or 32 sequential (on-the-fly)

11b: Reserved
WR-PRE Write-only| OP[2] |Ob: Reserved 5 6
Write preamble length 1b: WR preamble = 2 x 'CK
RD-PRE Write-only| OP[3] |Ob: RD preamble = Static (default) 3,56
Read preamble type 1b: RD preamble = Toggle
Feature Type oP Definition Notes
nWR Write-only| OP[6:4] |000b: nWR = & (default) 2,56
Write-recovery for AUTO 001b: "WR = 10
PRECHARGE command 010b: "WR = 16

011b: nWR = 20

100b: nWR = 24

101b: nWR = 30

110b: nWR = 34

111b: nWR = 40
RD-PST Write-only| OP[7] |Ob: RD postamble = 0.5 x 'CK (default) 4.5 6
Read postamble length 1b: RD postamble = 1.5 x ICK

Notes 1: Burst length on-the-fly can be set to either BL = 16 or BL = 32 by setting the BL bit in the command operands. See the
Command Truth Table.

Notes 2: The programmed value of N\WR is the number of clock cycles the device uses to determine the starting point of an
internal precharge after a write burst with auto precharge (AP) enabled.

Notes 3: For READ operations, this bit must be set to select between a toggling preamble and a non-toggling preamble.

Notes 4: OP[7] provides an optional read postamble with an additional rising and falling edge of DQS _t. The optional postamble
cycle is provided for the benefit of certain memory controllers.

Notes 5: There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address.

Notes 6: There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, that is, the set point
determined by the state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device and may be changed without affecting device operation.

MR2 MR2 Device Feature (MA[5:0] = 02Ch)

oP7 OP6 ors | ora | op3 oP2 oP1 OPO
WR Lev WLS WL RL
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MR2 Op-Code Bit Definitions

Feature Type oP Definition Notes
RL Write-only| OP[2:0] |RL and nRTP for DBI-RD disabled (MR3 OP[6] = Ob) 1,34
READ latency 000b: RL = 6, nRTP = 8 (default)

001b: RL=10, nRTP =8
010b: RL=14, nRTP =8
011b: RL=20, nRTP =8
100b: RL = 24, nRTP = 10
101b: RL = 28, nRTP = 12
110b: RL = 32, nRTP = 14
111b: RL = 36, nRTP = 16

RL and nRTP for DBI-RD enabled (MR2 OP[6] = 1b)
000b: RL=6, nRTP=8

001b: RL=12,nRTP =8

010b: RL= 16, nRTP =8

011b: RL=22, nRTP =8

100b: RL = 28, nRTP = 10

101b: RL= 32, nRTP = 12

110b: RL = 36, nRTP = 14

111b: RL = 40, nRTP = 16

Feature Type oP Definition Notes
WL Write- OP[5:3] WL set A (MR2 OP[6] = Ob) 1,34
WRITE latency only 000b: WL = 4 (default)
001b: WL=6

010b: WL =8

011b: WL =10

100b: WL =12

101b: WL =14

110b: WL =16

111b: WL =18

WL set B (MR2 OP[6] = 1b)
000b: WL =4
001b:WL=8
010b:WL=12
011b:WL=18

100b: WL = 22

101b: WL = 26

110b: WL = 30

111b: WL = 34

WLS Write- OP[6] [0Ob: Use WL set A (default) 1,34
\WRITE latency set only 1b: Use WL set B
WQR Lev Write- OP[7] |Ob: Disable write leveling (default) 2
Write leveling only 1b: Enable write leveling

Notes 1: See Latency Code Frequency Table for allowable Frequency Ranges for RL/IWL/NWR/nRTP.

Notes 2: After an MRW command to set the write leveling enable bit (OP[7] = 1b), the device remains in the MRW state until
another MRW command clears the bit (OP[7] = Ob). No other commands are allowed until the write leveling enable bit is
cleared.

Notes 3: There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW
command this MR address,or read from with an MRR command to this address.

Notes 4: There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, that is, the set point
determined by the state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device and may be changed without affecting device operation.
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Mode Register 14 (MA[5:0] = OEh)

OP[T] OP[6] opis] | opal | op@) OP[2] OP[1] OP[0]
RFU VRog Varrom

MR14 Op-Code Bit Definition

Feature Type opP Definitlon Notes
Viermo) Read/ OP[5:0] | 0000001100100 See Var Settings table 1-3,5 6
Vigrmag Setting Write Alll others: Reserved

VRog OP[&]  |0b: Vacnng range[0] enabled 1,2, 4-6
Vrerpg) range 1b: Vagspg range[1] enabled (default)

Notes 1: This register controls the VREF(DQ) levels for frequency set point[1:0]. Values from either VRDQ [vendor defined] or
VRDQ [vendor defined] may be selected by setting OP[6] appropriately.

Notes 2: Aread (MRR) to this register places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ will be set to 0.

Notes 3: write to OP[5:0] sets the internal VREF(DQ) level for FSP[0] when MR13 OP[6] = Ob, or sets FSP[1] when MR13 OP[6]
= 1b. The time required for VREF(DQ) to reach the set level depends on the step size from the current level to the new
level.

Notes 4: Awrite to OP[6] switches the device between two internal VREF(DQ) ranges. The range (range[0] or range[1]) must be
selected when setting the VREF(DQ) register. The value,once set, will be retained until overwritten, or until the next
power-on or reset event.

Notes 5: There are two physical registers assigned to each bit of this MR parameter, designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address, or read from with an MRR command to this address.

Notes 6: There are two physical registers assigned to each bit of this MR parameter, designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, for example, the set point
determined by the state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device, and may be changed without affecting device operation.

MR22 Register Information (MA[5:0] = 16h)

OP[7] [ OP[6&] OP[5] OP[4] OP[3] OP[2] [ QP[1] [ OP[0]
RFU ODTD-CA ODTE-CS ODTE-CK SOC ODT
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MR22 Register Information

Function Type Operand Data Notes

000p: Disable (Default)

001p: RZQM

010p: RZQ/2

011p: RZQ/3
SoC ODT o OP[2:0] b 1,2,3
(Controller ODT Value for VOH calibration) 100p: RZQ/4

101p: RZQ/5

110p: RZQ/6

Write-only 111p: Reserved

ODTE-CK Op: ODT-CK Over-ride Disabled (Default) 29 4
(CK ODT enabled for nonterminating rank) OPE] 1p: ODT-CK Over-ride Enabled 6,8
ODTE-CS P Op: ODT-CS Over-ride Disabled (Default) 735
{CS ODT enable for nonterminating rank) 4] 1p: ODT-CS Over-ride Enabled 6,8
ODTD-CA Op: ODT-CA Obeys ODT_CA bond pad (default) |5 3 g
(CA ODT termination disable) OFP] 1p: ODT-CA Disabled 7.8

Notes 1: All values are typical.

Notes 2: There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSP-WR bit (MR13 OPJ[6]) will be written to with an MRW
command or read from with an MRR command to this address.

Notes 3: There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point determined by the state of
the FSP-OP bit (MR13 OPJ[7]). The values in the registers for the inactive set point will be ignored by the device and may
be changed without affecting device operation.

Notes 4: When OP[3]=1, then the CK signals will be terminated to the value set by MR11-OP[6:4] regardless of the state of the
ODT_CAbond pad. This overrides the ODT_CA bond pad for configurations where CA is shared by two or more DRAMs
but CK is not, allowing CK to terminate on all DRAMs.

Notes 5: When OP[4]=1, then the CS signal will be terminated to the value set by MR11-OP[6:4] regardless of the state of the
ODT_CAbond pad. This overrides the ODT_CA bond pad for configurations where CA is shared by two or more DRAMs
but CS is not, allowing CS to terminate on all DRAMs.

Notes 6: For system configurations where the CK, CS, and CA signals are shared between packages, the package design
should provide for the ODT_CA ball to be bonded on the system board outside of the memory package. This provides
the necessary control of the ODT function for all die with shared Command Bus signals.

Notes 7: When OP[5]=0, CA[5:0] will terminate when the ODT_CA bond pad is HIGH and MR11-OP[6:4] is VALID, and disables
termination when ODT_CA is LOW or MR11-OP[6:4] is disabled. When OP[5]=1, termination for CA[5:0] is disabled,
regardless of the state of the ODT_CA bond pad or MR11-OP[6:4].

Notes 8: To ensure proper operation in a multi-rank configuration, when CA, CK or CS ODT is enabled via MR11 OPJ[6:4] and
also via MR22 or ODT_CA pad setting, the rank providing ODT will continue to terminate the command bus in all DRAM
states including Active Self Refresh, Self Refresh Power-down, Active Power-down and Precharge Power-down.
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Package Description
200-ball FBGA 10x14.5mm

H2AB04G32D6B

S0LDER BALL DIAMETER REFERS.

T NTHO FLAME T POST REFLOW CONDITION.
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Controlling Dimension:
Millimeters
DIMENSION DIMENSION
SYMBOL [MM) {Inch)
MM, | NOM. | MAX. | MIN. | NOM. | MAX h—— BALL LAND ——

A 080 | 070 | 080 | 0.021 | 0.026 | 0.031
Al | 077 | 027 | 0277 | 0.007 | 0.008 | 0.011
b 0313 | 0.383 | 0.413 | 0012 | 0.014 | 0.016
D 14.40 | 14.50 | 14.60 | 0.566 | 0.570 | 0.574
E 890 | 10.00 | 1010 | 0.380 | 0.393 | 0.397

13,65 BSL. 0.537 BSC. l\,___,/‘

B.80 BEC. 0.346 BSC. A

o} 1.65 BSC. 0.025 BSC.
E 0.80 BSC. 0.031 BEC. BALL OPEMING
A 0,15 BSC. 0.0058 BSC.
Eba — | & | - | — | 000 MNaote: .
= 0 - 0.0039 1. Ball land: 0.41mm, Ball opening: 0.35mm
ded .15 — | 00058
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Revision History

Revision No. History Draft Date Editor Remark
0.1 Initial Release. Dec. 2023 Rico Yang N/A
1.0 First SPEC. release. May.. 2024 Rico Yang N/A
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