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M54D1G1664A (2G)

LPDDR2 SDRAM

8M x 16 Bit x 8 Banks
LPDDR2 SDRAM

Feature
° JEDEC LPDDR2-S4B compliance
o HSUL_12 interface (High Speed Unterminated Logic 1.2V)
o Power supply
- Vpp1 =1.7to 1.95V
- Vbp2, Vboea, Vopg = 1.14 to 1.3V
o 4n prefetch architecture
[ Multiplexed, double data rate, command/address inputs; commands entered on every CK edge
° Bidirectional/differential data strobe per byte of data (DQS_t/DQS_c)
[ Programmable read latency (RL) and write latency (WL)
[ Programmable burst lengths (BL): 4, 8, 16
[ Pre-bank refresh for concurrent operation
[ Partial Array Self Refresh (PASR)
o Temperature Compensated Self Refresh (TCSR) by built-in temperature sensor
[ Deep Power Down mode (DPD)
° Programmable Driver Strength (DS)
[ Clock stop capability
° Operating temperature range

- -25°Cto +85°C

Table 1. Ordering Information

Max Freq.| Data Rate Voo1 / Vopa,
Product ID (MH2) (Mb/s/pin) RL WL Vooca, Vooo Package [Comments
M54D1G1664A-1.8BKG2G 533 1066 8 4
1.8V/1.2V |134 ball BGA Pb-free
M54D1G1664A-2.5BKG2G 400 800 6 3
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Table 2. LPDDR2 SDRAM Addressing
Iltems 1 Gb (64 Mb x16)
Device Type S4
Number of Banks 8
Bank Addresses BAO-BA2
trer (US) 7.8
Row Addresses RO-R12
Column Addresses* C0-C9

Notes:

1. The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.
2. trer values for all bank refresh is within temperature specification (Tcase <= 85°C).
3. Row and Column Address values on the CA bus that are not used are “don’t care”.

Figure 1. Block Diagram
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ESMT

Figure 2. BALL CONFIGURATION (TOP VIEW)

(BGA 134 Ball, 10mmx11.5mmx1.0mm Body, 0.65mm Ball Pitch)
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Table 3. Ball Descriptions

Pin Name Type Function
Clock: CK_t and CK_c are differential clock inputs. All Double Data Rate (DDR) CA inputs
are sampled on both positive and negative edge of CK_t. Single Data Rate (SDR) inputs,
CS_n and CKE, are sampled at the positive Clock edge.
CK_t,CK_c Input
Clock is defined as the differential pair, CK_t and CK_c. The positive Clock edge is defined
by the crosspoint of a rising CK_t and a falling CK_c. The negative Clock edge is defined by
the crosspoint of a falling CK_t and a rising CK_c.
Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and
CKE Inout therefore device input buffers and output drivers. Power savings modes are entered and
P exited through CKE transitions. CKE is considered part of the command code. CKE is
sampled at the positive Clock edge.
Chip Select: CS_n is considered part of the command code and CS_n is sampled at the
CS_n Input .
positive Clock edge.
DDR Command/Address Inputs: Uni-directional command/address bus inputs.
CA[Nn:0] Input ) .
CA is considered part of the command code.
DQI[n:0] I/0 Data Inputs/Output: Bi-directional data bus. n=15 for 16 bits DQ.
Data Strobe (Bi-directional, Differential):
The data strobe is bi-directional (used for read and write data) and differential (DQS_t and
DQS[n:0]_t, DQS_c). It is output with read data and input with write data. DQS_t is edge-aligned to read
DQS|n:0]_c /o data and centered with write data.
DQSO0_t and DQSO_c correspond to the data on DQO - DQ7; DQS1_t and DQS1_c to the
data on DQ8 - DQ15.
Input Data Mask:
DM is the input mask signal for write data. Input data is masked when DM is sampled HIGH
coincident with that input data during a Write access. DM is sampled on both edges of
DM[n:0] Input DQS _t. Although DM is for input only, the DM loading shall match the DQ and DQS_t (or

DQS_c).

DMO is the input data mask signal for the data on DQO-7, DM1 is the input data mask signal
for the data on DQ8-15.

Elite Semiconductor Microelectronics Technology Inc
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Table 3. Ball Descriptions- Continued

Pin Name Type Function
VDD1 Supply Core power supply 1: Core power supply.
VDD2 Supply Core power supply 2: Core power supply
VDDCA Supply Lnup])cfuetrsl?eceiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and CK_c input
VDDQ Supply I/0O Power Supply: Power supply for Data input/output buffers.
VREF(CA) Supply Eiliifg]rjcce}(\éc’)léag_enfcglf_ﬁ g:;w?KeinCdi:;uci Elj)fp(etrr;I Input Receiver: Reference voltage for all
VREF(DQ) Supply Reference Voltage for DQ Input Receiver: Reference voltage for all Data input buffers.
VSS Supply Ground.
VSSCA Supply Ground for Input Receivers.
VSSQ Supply I/0 Ground.
ZQ I/0 Reference Pin for Output Drive Strength Calibration.
NC / DNU - No Connection / Do Not Use

Note: Data includes DQ and DM.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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Electrical Specifications

Absolute Maximum DC Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Table 4. Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes

Vpp1 supply voltage relative to Vss Vbp1 -0.4 +2.3 \% 1

V pp2 supply voltage relative to Vss Vbp2 -0.4 +1.6 \% 1,2

Vppo supply voltage relative to Vssg Vbpo -0.4 +1.6 \% 1,3

Voltage on any ball relative to Vss Vin, Vour -0.4 +1.6 \Y

Storage Temperature Tste -55 +125 C 4
Notes:

1. See “Power Ramp” section.

2. Vgrerca = 0.6 X Vpp2; however, Vrerca may be = Vppy provided that Vrerca = 300mV.

3. Vrerpg = 0.6 X Vppg; however, Vrerpg may be = Vppg provided that Vrerpg = 300mV.

4. Storage Temperature is the case surface temperature on the center/top side of the LPDDR2 device. For the measurement
conditions, please refer to JESD51-2 standard.

AC & DC Operating Conditions
Recommended DC Operating Conditions

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the LPDDR2
Device must be powered down and then restarted through the specialized initialization sequence before normal operation can
continue.

Table 5. Recommended DC Operating Conditions

Symbol Min Typ Max Power Supply Unit
Vb1 1.7 1.8 1.95 Power 1 \%
Vb2 1.14 1.2 1.3 Power 2 \%
Vbbg 1.14 1.2 13 I/O buffer power \Y,

Notes: Vpp1 uses significantly less power than Vppa.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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Table 6. Input Leakage Current

Parameter / Condition Symbol Min Max Unit Note
Input Leakage current

For CA, CKE, CS_n,CK_t,CK ¢ | 5 5 A 1
AnyinputOV = Vi = Vbp2 - i y

(All other pins not under test = 0V)

Vrer supply leakage current

VRerpQ = Vbpg/2 O Vrerca = Vbp2/2 IvrRer -1 1 uA 2
(All other pins not under test = QV)

Notes:

1. Although DM is for input only, the DM leakage shall match the DQ and DQS_t/DQS_c output leakage specification.
2. The minimum limit requirement is for testing purposes. The leakage current on Vrerca and Vrerpg pins should be minimal.

Table 7. Operating Temperature Range

Parameter / Condition Symbol Rating Unit
Standard Tcase -25 to +85 T
Notes:

1. Operating temperature is the case surface temperature on the center/top side of the LPDDR2 device. For the measurement
conditions, please refer to JESD51-2 standard.

2. Either the device case temperature rating or the temperature sensor may be used to set an appropriate refresh rate,
determine the need for AC timing derating and/or monitor the operating temperature. When using the temperature sensor,
the actual device case temperature may be higher than the Tcase rating that applies for the Operating Temperature Range.
For example, Tcase may be above 85 °C when the temperature sensor indicates a temperature of less than 85 C.

Elite Semiconductor Microelectronics Technology Inc
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AC and DC Input Measurement Levels

AC and DC Logic Input Levels for Single-Ended Signals

Table 8. Single-Ended AC and DC Input Levels for CA and CS_n Inputs

Value
Symbol Parameter Unit Note
Min Max
ViHCAAC) AC input logic high Vger + 0.220 Note 2 \Y, 1,2
ViLcanc) AC input logic low Note 2 Vger - 0.220 V 1,2
ViHca@c) DC input logic high Vger + 0.130 Vb2 \Y, 1
ViLcapc) DC input logic low Vss Vger - 0.130 \Y, 1
Ref Vol f A
VREFCA(DC) inl;ftrsence oltage for CA and CS_n 0.49 * Vpp2 0.51 * Vpp2 \Y 34
Notes:

1. For CA and CS_n input only pins. Vrer = VRercaC).

2. See “Overshoot and Undershoot Specifications” section.

3. The ac peak noise on Vrerca may not allow Vrerca to deviate from Vrercapc) by more than +/-1% Vpp2 (for reference: approx.
+/- 12 mV).

4. For reference: approx. Vppz/2 +/- 12 mV.

Table 9. Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Unit Note
VIHcke CKE Input High Level 0.8 * Vpp2 Note 1 \% 1
ViLcke CKE Input Low Level Note 1 0.2 * Vpp2 \% 1
Note: See “Overshoot and Undershoot Specifications” section.
Table 10. Single-Ended AC and DC Input Levels for DQ and DM
Value
Symbol Parameter Unit Note
Min Max
ViHpo(ac) AC input logic high Vger + 0.220 Note 2 v 1,2
ViLog(ac) AC input logic low Note 2 Vrer - 0.220 % 1,2
ViHpo(oo) DC input logic high Vger + 0.130 Vbbo \% 1
ViLbo(o) DC input logic low Vssa Vrer - 0.130 vV 1
VREFDQ(DC) Reference Voltage for DQ, DM inputs 0.49 * Vppg 0.51 * Vppg \% 3,4
Notes:

1. For DQ input only pins. VREer = VREFDQ(DC)-

2. See “Overshoot and Undershoot Specifications” section.

3. The ac peak noise on Vrerpg may not allow Vrerpg to deviate from Vrerpgoc) by more than +/-1% Vppq (for reference:
approx. +/- 12 mV).

4. For reference: approx. Vppo/2 +/- 12 mV.

Publication Date: Dec. 2023
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Vger TOlerances

The DC tolerance limits and AC noise limits for the reference voltages Vrerca and Vrerpg are illustrated in the Figure below. It
shows a valid reference voltage Vrer(t) as a function of time. (Vrer stands for Vrerca and Vrerpg likewise). Vpp stands for Vpp, for
Vrerca and Vppo for Vrerpo. Vrer(pe) is the linear average of Vrer(t) over a very long period of time (e.g. 1 sec) and is specified as
a fraction of the linear average of Vppg or Vppz also over a very long period of time (e.g. 1 sec). This average has to meet the
min/max requirements in Table of “Single-Ended AC and DC Input Levels for CA and CS_n Inputs”. Furthermore Vger(t) may
temporarily deviate from Vrerpc) by no more than +/- 1% Vpp. Vrer(t) cannot track noise on Vppg or Vppz if this would send Vrer
outside these specifications.

Figure 3. lllustration of Vrgr DC tolerance and Vger AC noise limits
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The voltage levels for setup and hold time measurements Vinac), ViHoe), ViLiac) and Vipc) are dependent on Vrer.

Vrer DC variations affect the absolute voltage a signal must reach to achieve a valid high or low level, as well as the time from
which setup and hold times are measured. When Vger is outside these specified levels, devices will function correctly with
appropriate timing deratings as long as:

Vrer is maintained between 0.44 x Vppg (or Vpp2) and 0.56 X Vppo (0r Vppz) and so long as the controller achieves the required
single-ended AC and DC input levels from instantaneous Vgee (see the Tables of “Single-Ended AC and DC Input Levels for CA
and CS_n Inputs” and “Single-Ended AC and DC Input Levels for DQ and DM”) Therefore, system timing and voltage budgets
need to account for Vger deviations outside of this range.

This also clarifies that the LPDDR2 setup/hold specification and derating values need to include time and voltage associated with
Vrer AC noise. Timing and voltage effects due to AC noise on Vrer Up to the specified limit (+/-1% of Vpp) are included in
LPDDR2 timings and their associated deratings.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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Input Signal

Figure 4. LPDDR2-466 to LPDDR2-1066 Input Signal
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Notes:

1. Numbers reflect nominal values.

VIL{AC)

VIL and VIH Levels With Ringback

1.550V VDD +0.35V
1.200V VDD

0.820v VIH(AC)

0.730V VIH(DC)

0.624v VREF + AC noise
0.612v VREF + DC ermor
0.600V — |, — — — — — — — —
0.588V VREF - DC eror
0.576v VREF - AC noise
0470V ViL{DC)

0.380V VIL{AC)

0.000V VSS

-0.350v VSS-0.35v

2. For CA0-9, CK_t, CK_c, and CS_n, Vpp stands for Vpp.. For DQ, DM, DQS_t, and DQS_c, Vpp stands for Vppg.
3. For CA0-9, CK_t, CK_c, and CS_n stands for Vss. For DQ, DM, DQS_t, and DQS_c, Vss stands for Vssg.
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AC and DC Logic Input Levels for Differential Signals

Differential signal definition

Figure 5. Differential AC swing time and tpyac
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Differential swing requirements for clock and strobe

Table 11. Differential AC and DC Input Levels

For CK_t and CK_c, Vrer = Vrercapc); For DQS_t and DQS_c, Vrer = VRrerpo(pe)

Value .
Symbol Parameter - Unit Note
Min Max
VIHDIFF(DC) Differential input high 2X (VIH(DC) - VREF) Note 1 Vv 3
VILDIFF(DC) Differential input low Note 1 2X (VREF - VIL(DC)) V 3
VIHDIFF(AC) Differential input hlgh AC 2X (VIH(AC) - VREF) Note 1 Vv 2
V/LDIFF(AC) Differential input low AC Note 1 2X (Vrer - ViLao) \Y 2
Notes:

1. These values are not defined, however the single-ended signals CK_t, CK_c, DQS_t and DQS_c need to be within the
respective limits (Vinpc) max, Viipc) min) for single-ended signals as well as the limitations for overshoot and undershoot.
Refer to “Overshoot and Undershoot Specifications” section.

2. For CK_t - CK_C use V|H/V||_(Ac) of CA and VREFCA; for DQS_t and DQS_C, use V|H/V||_(Ac) of DQS and VREFDQ- If a reduced AC
high or AC low level is used for a signal group, the reduced level also applies.

3. Used to define a differential signal slew rate.

Table 12. Allowed time before ringback (tpyac) for CK_t - CK_c and DQS _t - DQS c

tovac (PS) tovac (PS)
Slew Rate [V/ns] @ |ViuViLoirrac)| = 440mV @ |Vin/ViLpiFrac)| = 600mV

Min Min

>4.0 175 75
4.0 170 57
3.0 167 50
2.0 163 38
1.8 162 34
1.6 161 29
14 159 22
1.2 155 13
1.0 150 0
<1.0 150 0

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Dec. 2023

Revision: 1.0

18/136




ESMT M54D1G1664A (2G)

Single-ended requirements for differential signals

Each individual component of a differential signal (CK_t, DQS_t, CK_c, or DQS_c) has also to comply with certain requirements
for single-ended signals.

CK_t and CK_c shall meet Vsenac) min / Vseiac) max in every half-cycle.

DQS_t, DQS_c shall meet Vsenac) min / Vseac) max in every half-cycle preceeding and following a valid transition.

Note that the applicable AC levels for CA and DQ's are different per speed-bin.

Figure 6. Single-ended requirement for differential signals

VDDCA VB[ = sonoim sop sspoe s s ——e— —Sus

VSEH(ACmin- — — — — — — o/ — —[— A — — — — — — — — -

VDDCAR orVDDQ/2- — — — — — f — — —|— — —\— — — — — CK.t.CK.¢
DQS_t, orDQS_c

VSEL(AC)max 2

T VSEL(AC)

VSSCAOrvssQ - — — — — — — — — 1 — — — — — — |- — — — o time
Note that while CA and DQ signal requirements are with respect to Vger, the single-ended components of differential signals
have a requirement with respect to Vppg/2 for DQS_t, DQS_c and Vpp2/2 for CK_t, CK_c; this is nominally the same.

The transition of single-ended signals through the AC levels is used to measure setup time. For single-ended components of
differential signals the requirement to reach Vsei(ac) max, Vsenac) min has no bearing on timing, but adds a restriction on the
common mode characteristics of these signals.

The signal ended requirements for CK_t, CK_c, DQS_t and DQS_c are found in Tables of “Single-Ended AC and DC Input
Levels for CA and CS_n Inputs” and “Single-Ended AC and DC Input Levels for DQ and DM” respectively.

Table 13. Single-ended levels for CK_t, DQS_t, CK_c, DQS ¢

Value
Symbol Parameter Unit Note
Min Max

Single-ended high-level for strobes (Vopo/2) + 0.220 Note 3 \ 1,2
VseH (ac)

Single-ended high-level for CK_t, CK_c (Vop2/2) + 0.220 Note 3 V 1,2

Single-ended low-level for strobes Note 3 (Vopo/2) - 0.220 V 1,2
VsEL (ac)

Single-ended low-level for CK_t, CK_c Note 3 (Vop2/2) - 0.220 \% 1,2

Notes:

1. For CK_t, CK_c use Vsen/VseLac) of CA,; for strobes (DQSO_t, DQSO_c, DQS1_t, DQS1_c) use Vu/Viac) of DQs.

2. ViHao/ViLac) for DQs is based on Vrerpo; Vseriac)/VseLac) for CA is based on Vgrerca,; if a reduced AC high or AC low level is
used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK_t, CK_c, DQSO0_t, DQS0_c, DQS1_t, DQS1_c need to
be within the respective limits (Viioc) max, Viipe) min) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to “Overshoot and Undershoot Specifications” section.
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Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross point
voltage of differential input signals (CK_t, CK_c and DQS_t, DQS_c) must meet the requirements in Table of “Single-ended
levels for CK_t, DQS_t, CK_c, DQS_c”. The differential input cross point voltage Vx is measured from the actual cross point of
true and complement signals to the midlevel between of Vpp and Vss.

Figure 7. Vix Definition

VDDCA or VDDQ

~=—=CK_c,DQS_c
/
/
/

/
_____________ Y R .. \/.¥.  \VDDCA2orVDDQ/2

CK_t, DQS_t

VSSCA or VSSQ

Table 14. Cross point voltage for differential input signals (CK, DQS)

Value
Symbol Parameter Unit Note
Min Max

Differential Input Cross Point Voltage relative to

Vixca Vooa/2 for CK_t, CK_c -120 120 mV 1,2
Differential Input Cross Point Voltage relative to

Vixpo Vooo/2 for DQS_t, DQS._c -120 120 mV 1,2

Notes:

1. The typical value of Vixac) is expected to be about 0.5 x Vpp of the transmitting device, and Vixac) is expected to track
variations in Vpp. Vixac) indicates the voltage at which differential input signals must cross.
2. For CK_t and CK_C, VREF = VREFCA(DC)- For DQS_t and DQS_C, VREF = VREFDQ(DC)-

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
Revision: 1.0 20/136



ESMT

M54D1G1664A (2G)

Slew Rate Definitions for Single-Ended Input Signals

See “CA and CS_n Setup, Hold and Derating” section for single-ended slew rate definitions for address and command signals.
See “Data Setup, Hold and Slew Rate Derating” section for single-ended slew rate definitions for data signals.

Slew Rate Definitions for Differential Input Signals
Input slew rate for differential signals (CK_t, CK_c and DQS_t, DQS_c) are defined and measured as shown in Table and Figure

below.

Table 15. Differential Input Slew Rate Definition

Measured
Description Defined by
from to
Differential input slew rate for rising edge . .
(CK_t- CK_c and DQS_t - DQS_c). ViLpiFr Max ViupirF Min [Vihpire min - Vipirr max] /- ATRoirr
Differential input slew rate for falling edge . L
(CK_t - CK_c and DQS._t - DQS_c). VinpirF Min ViLpirF Max [Viipire min — Vinpire max] /- ATFpirr

Note: The differential signal (i.e. CK_t - CK_c and DQS_t - DQS_c) must be linear between these thresholds

Figure 8. Differential Input Slew Rate Definition for DQS_t, DQS _c and CK_t, CK_c

A ATFppr

Differential Input Voltage

ATRpjer

R _VIHDIFFmin

0

— — — — ViLDIFFmax

Time
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AC and DC Output Measurement Levels

Table 16. Single-Ended AC and DC Output Levels

Symbol Parameter Value Unit Notes
VoH(pc) DC output high measurement level (for IV curve linearity) 0.9 X Vbpo \ 1
VoL(oc) DC output low measurement level (for IV curve linearity) 0.1 X Vbpg \ 2
VoH(AQ) AC output high measurement level (for output slew rate ) VRrerpg + 0.12 \%
VoLr(ac) AC output low measurement level (for output slew rate ) VRrerpg - 0.12 \%
Output Leakage current (DQ, DM, DQS_t, DQS_c) Min -5 UA
loz (DQ, DQS_t, DQS_c are disabled; OV = Vour = Vbpo Max 5 UA
Min -15 %
MMpupPp Delta Ron between pull-up and pull-down for DQ/DM
Max 15 %
Notes:
1. lon=-0.1 mA.
2. lo.=0.1mA.
Table 17. Differential AC and DC Output Levels
Symbol Parameter Value Unit
Vonpirrac) | AC differential output high measurement level (for output SR) 0.2 X Vbpo \%
Vowoirrac) | AC differential output low measurement level (for output SR) -0.2 X Voo V
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Single-Ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between
Vovac) and Vorac) for single-ended signals as shown in Table and Figure below.

Table 18. Single-Ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VoL(ac) Vor(ac) [Vomac) - Vorac)] I ATRse
Single-ended output slew rate for falling edge VoH(ac) Vov(ac) [VoH(ac) - Vorao)] I ATFse

Note: Output slew rate is verified by design and characterization, and may not be subject to production test.

Figure 9. Single-Ended Output Slew Rate Definition
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Table 19. Single-Ended Output Slew Rate *'™°
Value
Parameter Symbol Unit
Min Max
Single-Ended Output Slew Rate (Ron = 40 +/- 30%) SRQse 1.5 3.5 V/Ins
Single-Ended Output Slew Rate (Ron = 60 +/- 30%) SRQse 1.0 25 V/ns
Output Slew Rate Matching Ratio (pull-up to pull-down) 0.7 1.4 -

Notes:

1. Description: SR = Slew Rate; Q: Query Output (like in DQ, which stands for Data-in, Query-Output); SE: Single-Ended

Signals
2. Measured with output reference load.

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.

4. The output slew rate for falling and rising edges is defined and measured between Vorac) and Vorac).
5. Slew rates are measured under normal simultaneous switching output (SSO) conditions, with 1/2 of DQ signals per data byte
driving logic-high and 1/2 of DQ signals per data byte driving logic-low.
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Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between
Vovroirrac) @and Vonpirrac) for differential signals as shown in Table and Figure below.

Table 20. Differential Output Slew Rate Definition

Measured
Description Defined by
From to
Differential output slew rate for rising edge VoLpIFF(AC) VOHDIFF(AC) [Vorpirrac) - Voroirrac)] /' ATRpirr
Differential output slew rate for falling edge VOHDIFF(AC) VoLDIFF(AC) [Vompirrac) - Voupirrac)] I ATFoire

Note: Output slew rate is verified by design and characterization, and may not be subject to production test.

Figure 10. Differential Output Slew Rate Definition
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Table 21. Differential Output Slew Rate *'™*
Value
Parameter Symbol Unit
Min Max
Differential Output Slew Rate (Ron = 40 +/- 30%) SRQoire 3.0 7.0 Vins
Differential Output Slew Rate (Ron = 60 +/- 30%) SRQpirr 2.0 5.0 V/ns
Notes:
1. Description: SR = Slew Rate; Q: Query Output (like in DQ, which stands for Data-in, Query-Output); DIFF: Differentia Signals
2. Measured with output reference load.
3. The output slew rate for falling and rising edges is defined and measured between Vovpirrac) and Vorpirrac).
4. Slew rates are measured under normal simultaneous switching output (SSO) conditions, with 1/2 of DQ signals per data byte
driving logic-high and 1/2 of DQ signals per data byte driving logic-low.
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Table 22. AC Overshoot/Undershoot Specification

Parameter 1066 | 933 800 667 533 466 Unit
Maximum peak amplitude Max 0.35 Vv
allowed for overshoot area.

Maximum peak amplitude Max 0.35 Vv
allowed for undershoot area.

Maximum area above Vpp. Max [ 0.15 | 0.17 | 0.20 | 0.24 | 0.30 | 0.35 | V-ns
Maximum area below Vss’. Max | 0.15 | 0.17 | 0.20 | 0.24 | 0.30 | 0.35 | V-ns

(CA0-9, CS_n, CKE, CK_t, CK_c, DQ, DQS_t, DQS_c, DM)
Notes:

1. For CAO0-9, CK_t, CK_c, CS_n, and CKE, Vpp stands for Vppz. For DQ, DM, DQS_t, and DQS_c, Vop stands for Vppg.
2. For CA0-9, CK_t, CK_c, CS_n, and CKE stands for Vss. For DQ, DM, DQS_t, and DQS_c, Vss stands for Vssg.

Figure 11. Overshoot/Undershoot Definition

Maximum amphtude
Overshoot area

e

< /
E' \3)0 Time (ns)
2 ss
<
Undershoot area
Maximum amplitude
Notes:

1. For CA0-9, CK_t, CK_c, CS_n, and CKE, Vpp stands for Vpp,. For DQ, DM, DQS_t, and DQS_c, Vpp stands for Vppg.
2. For CA0-9, CK_t, CK_c, CS_n, and CKE stands for Vss. For DQ, DM, DQS_t, and DQS_c, Vss stands for Vssg.
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Output buffer characteristics
HSUL_12 Driver Output Timing Reference Load

These “Timing Reference Loads” are not intended as a precise representation of any particular system environment or a
depiction of the actual load presented by a production tester. System designers should use IBIS or other simulation tools to
correlate the timing reference load to a system environment. Manufacturers correlate to their production test conditions, generally
one or more coaxial transmission lines terminated at the tester electronics.

Figure 12. HSUL_12 Driver Output Reference Load for Timing and Slew Rate

LPDDR2
Veer [ 0.5xVppq

50Q
Output I AN Vi=05x VDDO

JELOAD =5pF
7

Note: All output timing parameter values (like tposck, tbosa, toHs, tz, trere €1C.) are reported with respect to this reference load.
This reference load is also used to report slew rate.

Roneu and Ronep Resistor Definition

Voo - Vour
ABS (lour)

Roneu =

When Ronpp is turned off.

VOUT
ABS (lour)

Ronep =

When Ronpu is turned off.

Figure 13. Output Driver: Definition of Voltages and Currents
Chip in Drive Mode
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Ronpu @and Ronep Characteristics with ZQ Calibration

Output driver impedance Ron is defined by the value of the external reference resistor Rzq. Nominal Rzg is 240 ohm.

Table 23. Output Driver DC Electrical Characteristics with ZQ Calibration

RoN, nom Resistor Vour Min Nom Max Unit Notes

Ronz4pD 0.5 x VDDQ 0.85 1.00 1.15 RZQ/7 1,2,3,4
34.3Q

Ronzapu 0.5 X Vbpg 0.85 1.00 1.15 Rzol7 1,234

Ronaorp 0.5 X Vbpg 0.85 1.00 1.15 Rzq/6 1,234
40.0Q

Ronaopu 0.5 X Vbpg 0.85 1.00 1.15 Rzq/6 1,234

Ronaspp 0.5 X Vbpg 0.85 1.00 1.15 Rzo/5 1,234
48.0 Q

Ronaspu 0.5 x VDDQ 0.85 1.00 1.15 RZQ/5 1,2,3,4

Roneorp 0.5 X Vppg 0.85 1.00 1.15 Rzol4 1,234
60.0 Q

Roneoru 0.5 X Vppg 0.85 1.00 1.15 Rzol4 1,234

Ronsorp 0.5 x VDDQ 0.85 1.00 1.15 RZQ/3 1,2,3,4
80.0 Q

Ronsopu 0.5 X Vbpg 0.85 1.00 1.15 Rzo/3 1,234

Ron120prD 0.5x VDDQ 0.85 1.00 1.15 RZQ/Z 1,2,34
120.0 Q

Ron120pu 0.5x VDDQ 0.85 1.00 1.15 RZQ/Z 1,2,34

Mismatch between
MMpuprp -15.00 +15.00 % 1,2,3,4,5
pull-up and pull-down

Notes:

1. Applies across entire operating temperature range, after calibration.

2. Rzo =240 ohm.

3. The tolerance limits are specified after calibration with fixed voltage and temperature. For behavior of the tolerance limits if
temperature or voltage changes after calibration.

4. Pull-down and pull-up output driver impedances should be calibrated at 0.5 x Vppg.

5. Measurement definition for mismatch between pull-up and pull-down, MMpypp: Measure Ronpu @and Ronep, both at 0.5 x
VDDQI

R -R
MMpypp = ONPU ONPD__ o 100
RON, nom
For example, with MMpypp(max) = 15% and Ronep = 0.85, Ronpu must be less than 1.0.
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Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to the Tables shown below.

Table 24. Output Driver Sensitivity Definition

Resistor Vout Min Max Unit
Ronpp
0.5XVppg | 85— (dRondT X |A T|) — (dRondV X |A V]) | 115 + (dRondT X |A T| ) + ( dRondV X |A V] ) %
Ronpu
Notes:

1. AT=T-T (@ calibration), AV =V-V (@ calibration)
2. dRondT and dRondV are not subject to production test but are verified by design and characterization.

Table 25. Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRondT Ron Temperature Sensitivity 0.00 0.75 %/C
dRondV Ron Voltage Sensitivity 0.00 0.20 % / mV

Ronpu @and Ronep Characteristics without ZQ Calibration

Output driver impedance Roy is defined by design and characterization as default setting.

Table 26. Output Driver DC Electrical Characteristics without ZQ Calibration

Ron, nom Resistor Vour Min Nom Max Unit Notes

Ronzapp 0.5 x Vbpog 24 34.3 44.6 Q 1
34.3 Q

RON34pu 0.5 x VDDQ 24 34.3 44.6 Q 1

Ronaopp 0.5 x Vbpog 28 40 52 Q 1
40.0 Q

Ronasopu 0.5x VDDQ 28 40 52 Q 1

Ronaspd 0.5x VDDQ 33.6 48 62.4 Q 1
48.0 Q

Ronagpu 0.5x VDDQ 33.6 48 62.4 Q 1

Ronsorp 0.5 X Vppq 42 60 78 Q 1
60.0 Q

Ronsopu 0.5 x Vbpo 42 60 78 Q 1

Ronsorp 0.5 X Vbpog 56 80 104 Q 1
80.0 Q

Ronsopu 0.5 X Vbpo 56 80 104 Q 1

Ron120pD 0.5 x Vbpo 84 120 156 Q 1
120.0 Q

Ron120pu 0.5 X Vbpg 84 120 156 Q 1

Note: 1. Applies across entire operating temperature range, without calibration.
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Table 27. Rz |-V Curve

Ron = 240 (Rzq)
Pull-Down Pull-Up
Current [mA] / Ron [Ohms] Current [mA] / Ron [Ohms]
Voltage [V] default value with default value with

after ZQReset Calibration after ZQReset Calibration

Min Max Min Max Min Max Min Max

[mA] [mA] [mA] [mA] [mA] [mA] [mA] [mA]
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 0.19 0.32 0.21 0.26 -0.19 -0.32 -0.21 -0.26
0.10 0.38 0.64 0.40 0.53 -0.38 -0.64 -0.40 -0.53
0.15 0.56 0.94 0.60 0.78 -0.56 -0.94 -0.60 -0.78
0.20 0.74 1.26 0.79 1.04 -0.74 -1.26 -0.79 -1.04
0.25 0.92 1.57 0.98 1.29 -0.92 -1.57 -0.98 -1.29
0.30 1.08 1.86 1.17 1.53 -1.08 -1.86 -1.17 -1.53
0.35 1.25 2.17 1.35 1.79 -1.25 -2.17 -1.35 -1.79
0.40 1.40 2.46 1.52 2.03 -1.40 -2.46 -1.52 -2.03
0.45 1.54 2.74 1.69 2.26 -1.54 -2.74 -1.69 -2.26
0.50 1.68 3.02 1.86 2.49 -1.68 -3.02 -1.86 -2.49
0.55 1.81 3.30 2.02 2.72 -1.81 -3.30 -2.02 -2.72
0.60 1.92 3.57 2.17 2.94 -1.92 -3.57 -2.17 -2.94
0.65 2.02 3.83 2.32 3.15 -2.02 -3.83 -2.32 -3.15
0.70 211 4.08 2.46 3.36 -2.11 -4.08 -2.46 -3.36
0.75 2.19 4.31 2.58 3.55 -2.19 -4.31 -2.58 -3.55
0.80 2.25 4.54 2.70 3.74 -2.25 -4.54 -2.70 -3.74
0.85 2.30 4.74 2.81 3.91 -2.30 -4.74 -2.81 -3.91
0.90 2.34 492 2.89 4.05 -2.34 -4.92 -2.89 -4.05
0.95 2.37 5.08 2.97 4.23 -2.37 -5.08 -2.97 -4.23
1.00 241 5.20 3.04 4.33 -2.41 -5.20 -3.04 -4.33
1.05 2.43 531 3.09 4.44 -2.43 -5.31 -3.09 -4.44
1.10 2.46 5.41 3.14 4.52 -2.46 -5.41 -3.14 -4.52
1.15 2.48 5.48 3.19 4.59 -2.48 -5.48 -3.19 -4.59
1.20 2.50 5.55 3.23 4.65 -2.50 -5.55 -3.23 -4.65
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mA

Figure 14. Roy = 240 Ohms IV Curve after ZQReset
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Figure 15. Roy = 240 Ohms IV Curve after calibration
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Input/Output Capacitance

Table 28. Input/Output Capacitance

(Tcase, Vop1 = 1.7V to 1.95V, Vpp2/Vopg = 1.14V to 1.3V, Vss/Vssg = 0V)

Parameter Symbol Value Unit Note
Min 1.0 pF 1,2
Input capacitance, CK_t and CK_c CCK
Max 2.0 pF 1,2
Min 0 pF 1,23
Input capacitance delta, CK_t and CK_c CDCK
Max 0.20 pF 1,23
Min 1.0 pF 1,24
Input capacitance, all other input-only pins Cl
Max 2.0 pF 12,4
Min -0.40 pF 1,25
Input capacitance delta, all other input-only pins CDI
Max 0.40 pF 1,25
Min 1.25 pF 1,2,6,7
Input/output capacitance, DQ, DM, DQS_t, DQS_c CIO
Max 25 pF 1,2,6,7
Min 0 pF 1,2,7,8
Input/output capacitance delta, DQS_t, DQS_c CDDQS
Max 0.25 pF 1,2,7,8
Min -0.5 pF 1,2,7,9
Input/output capacitance delta, DQ, DM CDIO
Max 0.5 pF 1,2,7,9
Min 0 pF 1,2
Input/output capacitance ZQ Pin CZQ
Max 2.5 pF 1,2
Notes:
1. This parameter applies to die device only (does not include package capacitance).
2. This parameter is not subject to production test. It is verified by design and characterization.
The capacitance is measured according to JEP147 (Procedure for measuring input capacitance using a vector network
analyzer (VNA) with Vop1, Vo2, Vopg, Vss, Vsso applied and all other pins floating.
3. Absolute value of CCK _t - CCK_c.
4. Clappliesto CS_n, CKE, CAO0-CA9.
5. CDI=CIl-0.5*(CCK_t+ CCK_c)
6. DM loading matches DQ and DQS.
7. MR31/O configuration DS OP3-OP0 = 0001B (34.3 Ohm typical)
8. Absolute value of CDQS_t and CDQS_c.
9. CDIO=CIO-0.5*(CDQS_t + CDQS_c) in byte-lane.
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IDD Specification Parameters and Test Conditions
IDD Measurement Conditions
The following definitions are used within the IDD measurement tables:

LOW: ViNn = Viipc) MAX

HIGH: Vin = VIH(DC) MIN

STABLE: Inputs are stable at a HIGH or LOW level
SWITCHING: See the following three tables

Table 29. Definition of Switching for CA Input Signals

Switching for CA
CK t CK_t CK_t CK_t CK_t CK_t CK_t CK_t
(RISING) / | (FALLING)/ | (RISING)/ |(FALLING)/| (RISING)/ |(FALLING)/| (RISING)/ |(FALLING)/
CK_c CK_c CK_c CK_c CK_c CK_c CK_c CK_c
(FALLING) | (RISING) | (FALLING) | (RISING) | (FALLING) | (RISING) | (FALLING) | (RISING)
Cycle N N+1 N+2 N+3
CS_n HIGH HIGH HIGH HIGH
CAO HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CAl HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA4 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA5 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA6 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA7 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA8 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA9 HIGH HIGH HIGH LOW LOW LOW LOW HIGH

Notes:

1. CS_n must always be driven HIGH.

2. 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.

3. The above pattern (N, N+1, N+2, N+3...) is used continuously during IDD measurement for IDD values that require
SWITCHING on the CA bus.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
Revision: 1.0 32/136



ESMT M54D1G1664A (2G)

Table 30. Definition of Switching for IDD4R

Clock CKE CS n Clock Cycle Number Command CAO0-CA2 CA3-CA9 All DQ
Rising HIGH LOW N Read_Rising HLH LHLHLHL L
Falling HIGH LOW N Read_Falling LLL LLLLLLL L
Rising HIGH HIGH N+1 NOP LLL LLLLLLL H
Falling HIGH HIGH N+1 NOP HLH HLHLLHL L
Rising HIGH LOW N+ 2 Read_Rising HLH HLHLLHL H
Falling HIGH LOW N+ 2 Read_Falling LLL HHHHHHH H
Rising HIGH HIGH N+3 NOP LLL HHHHHHH H
Falling HIGH HIGH N+3 NOP HLH LHLHLHL L

Notes:

1. Data strobe (DQS) is changing between HIGH and LOW every clock cycle.

2. The above pattern (N, N+1...) is used continuously during IDD measurement for IDD4R.

Table 31. Definition of Switching for IDD4W
Clock CKE CS_n Clock Cycle Number Command CAO0-CA2 CA3-CA9 All DQ
Rising HIGH LOW N Write_Rising HLL LHLHLHL L
Falling HIGH LOW N Write_Falling LLL LLLLLLL L
Rising HIGH HIGH N+1 NOP LLL LLLLLLL H
Falling HIGH HIGH N+1 NOP HLH HLHLLHL L
Rising HIGH LOW N+ 2 Write_Rising HLL HLHLLHL H
Falling HIGH LOW N+ 2 Write_Falling LLL HHHHHHH H
Rising HIGH HIGH N+3 NOP LLL HHHHHHH H
Falling HIGH HIGH N+ 3 NOP HLH LHLHLHL L

Notes:

1. Data strobe (DQS) is changing between HIGH and LOW every clock cycle.

2. Data masking (DM) must always be driven LOW.

3. The above pattern (N, N+1...) is used continuously during IDD measurement for IDD4W.
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IDD Specifications

IDD values are for the entire operating voltage range, and all of them are for the entire standard range.

Table 32. IDD Specification Parameters and Operating Conditions

Max
Parameter / Test Condition Symbol Power Unit | Note
Supply | 1066 800
Operating one bank active-precharge current: IDDO; Vo1 5 5 mA 3
tek = tekavg) MiN; tre = tremin;
CKE is HIGH: IDDO, Vb2 22 22 mA 3
CS_n is HIGH between valid commands;
CA bus inputs are SWITCHING; IDDOy | VoPCA 4 4 mA | 34
Data bus inputs are STABLE Vooe
Idle power down standby current: IDD2P; Vo1 0.7 0.7 mA 3
tek = tekavgMin;
CKE is LOW; CS_n is HIGH; IDD2P; Vop2 15 15 mA 3
All banks idle;
CA bus inputs are SWITCHING; IDD2P)y \<'/°D°A’ 50 50 uA | 34
Data bus inputs are STABLE bR
Idle power down standby current with clock stop: IDD2PS; | Voo1 0.7 0.7 mA 3
CK_t=LOW, CK_c = HIGH;
CKE is LOW; CS_n is HIGH; IDD2PS; | Vop2 15 15 mA 3
All banks idle;
CA bus inputs are STABLE; IDD2PS,y | VPPCA 50 50 uA | 3,4
Data bus inputs are STABLE Vooo
Idle non power down standby current: IDD2N; VA 1.2 1.2 mA 3
tek = tek avgmin;
CKE is HIGH; CS_n is HIGH; IDD2N: Vop2 15 15 mA 3
All banks idle;
CA bus inputs are SWITCHING; IDD2Ny | VPPoA 1 1 mA | 34
Data bus inputs are STABLE Vooe
Idle non power down standby current with clock stop: IDD2NS; |  Vooi 1.2 1.2 mA 3
CK_t = LOW, CK_c = HIGH:;
CKE is HIGH; CS_n is HIGH; IDD2NS; | Vop2 10 10 mA 3
All banks idle;
CA bus inputs are STABLE; IDD2NS, | VoPe™ 1 1 mA | 34
Data bus inputs are STABLE Vooe
Active power down standby current: IDD3P; Vo1 1.2 1.2 mA 3
tek = tekavgMin;
CKE is LOW; CS_n is HIGH; IDD3P2 | Vo2 2 2 mA 3
One bank active;
CA bus inputs are SWITCHING; IDD3Py | VPPoA 50 50 uA | 34
Data bus inputs are STABLE Vooe
Active power down standby current with clock stop: IDD3PS; Vb1 1.2 1.2 mA 3
CK_t=LOW, CK_c = HIGH;
CKE is LOW; CS_n is HIGH; IDD3PS; | Vo2 2 2 mA 3
One bank active; VpDCA,
CA bus inputs are STABLE; Data bus inputs are STABLE IDD3PS Vooo 50 50 uA | 34
Active non power down standby current: IDD3N; Vo1 2 2 mA 3
tek = tekavgmin;
CKE is HIGH; CS_n is HIGH; IDD3N2 | Vop2 15 15 mA 3
One bank active;
CA bus inputs are SWITCHING; IDD3Ny | VPP 5 5 mA | 34
Data bus inputs are STABLE Vooo
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Table 32. IDD Specification Parameters and Operating Conditions (Continued)

Parameter / Test Condition Symbol Power Max Unit | Note
Supply | 1066 800

Active non power down standby current with clock stop: | |ppans; | Voo: 2 2 mA 3

CK_t = LOW, CK_c = HIGH;

CKE is HIGH; CS_n is HIGH; IDD3NS; | Voo 10 10 mA | 3

One bank active;

CA bus inputs are STABLE; IDD3NSy \G’DCA’ 4 4 mA | 34

Data bus inputs are STABLE pDQ

Operating burst READ current: IDD4R; Vb1 1.8 1.8 mA 3

tek = tekavg)Min;

CS_n is HIGH between valid commands; IDD4R2 | Vop2 110 90 mA 3

One bank active; . IDD4R,, Vooca 7 7 mA 3

BL = 4; RL = RL(min);

CA bus inputs are SWITCHING; IDD4Ro Vobo _ . mA B

50% data change each burst transfer

Operating burst WRITE current: IDD4AW; Vo1 1.8 1.8 mA 3

tek = tekavg)Min;

CS_n is HIGH between valid commands; IDD4W2 | Vo2 100 85 mA 3

One bank active;

BL=4; WL = WL(min); Vbpeca,

CA bus inputs are SWITCHING; IDDAW Vbbo 14 14 mA 34

50% data change each burst transfer

All Bank REFRESH Burst current: IDD5; Vopi 10 10 mA 3

tck = tek@avgmin;

CKE is HIGH between valid commands; IDDS, Vop2 38 38 mA 3

trc = trrcap MIN;

Burst refresh; Vbpca,

CA bus inputs are SWITCHING; DDSw Vbbo 4 4 mA 34

Data bus inputs are STABLE

All Bank REFRESH Average current: IDD5AB; Vb1 1 1 mA 3

tck = tek@vgmin;

CKE is HIGH between valid commands; IDDSAB2 | Vo2 11 1 mA 3

tre = trer; Vv

CA bus inputs are SWITCHING; IDD5AB VDDCA’ 4 4 mA | 3.4

Data bus inputs are STABLE bbQ

Pre Bank REFRESH Average current: IDD5PB; Vb1 1 1 mA 1,3

tek = tek@vgMin;

CKE is HIGH between valid commands; IDD5PB; Vop2 15 15 mA 13

trc = treri / 8; Vv

CA bus inputs are SWITCHING; IDD5PBy \;’DCA’ 4 4 mA |134

Data bus inputs are STABLE bbQ

Self refresh current (Standard Temperature Range): IDD6; Voor 08 0.8 mA 2,3,7,

CK_t = LOW, CK_c = HIGH:; 8

CKE is LOW; 2,3,7,

CA bus inputs are STABLE; IDD6, Voo 2 2 mA 8

Data bus inputs are STABLE; Vbbea, 2,3,4

Maximum 1x Self Refresh Rate IDD6 Vbpo 50 50 uA 7,8

Deep power down current: IDD8; Vb1 30 30 UuA 3

CK_t=LOW, CK_c = HIGH;

CKE is LOW: IDD8> Vbp2 150 150 UA 3

CA bus inputs are STABLE; Vbbca,

Data bus inputs are STABLE e BV >0 >0 uA | 34
Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023

Revision: 1.0 35/136



ESMT M54D1G1664A (2G)

Notes:

1. Per Bank Refresh only applicable for LPDDR2-S4 devices of 1Gb or higher densities.

2. This is the general definition that applies to full array Self Refresh. Refer to Table of “IDD6 Partial Array Self Refresh
Current”.

3. IDD values published are the maximum of the distribution of the arithmetic mean.

4. Measured currents are the summation of Vppg and Vpp2.

5. Guaranteed by design with output load of 5pF and Ron = 40 Ohm.

6. IDD current specifications are tested after the device is properly initialized.

7. In addition, supplier data sheets may include additional Self Refresh IDD values for temperature subranges within the
Standard Temperature Ranges.

8. 1x Self Refresh Rate is the rate at which the LPDDR2-SX device is refreshed internally during Self Refresh before going into

the Extended Temperature range.

Table 33. IDD6 Partial Array Self Refresh Current

Parameter Supply Value Unit
Vbb1 0.8 mA
Full Array Vbp2 2 mA
Vboca, Vopg 50 UA
Vbb1 0.75 mA
1/2 Array Vb2 1.8 mA
IDD6 Partial Array Self Vooea, Voog 50 UA
Refresh Current Voot 0.7 mA
1/4 Array Vbp2 1.6 mA
Vboca, Vobg 50 UA
Vbb1 0.65 mA
1/8 Array Vop2 15 mA
Vbbca, Vbbg 50 UA
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Electrical Characteristics and AC Timing

Clock Specification
The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may result in
malfunction of the LPDDR2 device.

Definition for tckavg) and NCK
tek(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock period is calculated
from rising edge to rising edge.

N
t ek (avg) :[ > tmi] I'N

j=1
where N =200

Unit ‘tckavg) represents the actual clock average tckavg) Of the input clock under operation. Unit ‘nCK’ represents one clock cycle

of the input clock, counting the actual clock edges.
tek(avg) may change by up to +/-1% within a 100 clock cycle window, provided that all jitter and timing specs are met.

Definition for tckaps)
tekeabs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge.
tekabs) IS NOt subject to production test.

Definition for tchgavg) and teavg)
tcHavg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

N
tCH(avg) :[ z t(“_Hi] /(N x tCK(an))
j=1

where N = 200
tcLavg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
Lo avg) :[ > tm] /(N x tek avg))
j=1

where N = 200

Definition for tyrpen

tapen is the single period jitter defined as the largest deviation of any signal tck from tckavg)-
tairery = Min/max of {tcki - tckavg) Where i = 1 to 200}.

taim(pen,act IS the actual clock jitter for a given system.

taiT(pen.allowed IS the specified allowed clock period jitter.

tuTer) IS NOt Subject to production test.
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Definition for tyrec)

turee) is defined as the absolute difference in clock period between two consecutive clock cycles.
turee) = Max of [{tcki +1 - tei}l-

turce) defines the cycle to cycle jitter.

tait(ce) IS NOt subject to production test.

Definition for tgrrpen

terr(npen) IS defined as the cumulative error across n multiple consecutive cycles from tckavg).-
terr(npen,act IS the actual clock jitter over n cycles for a given system.

terr(npenallowed 1S the specified allowed clock period jitter over n cycles.

terr(nper) IS NOt Subject to production test.

i+n-1

LErR (npen = | D] e | TN X t ck (avg)
j=i

terr(npen),min CaN be calculated by the formula shown below:
tERR (nper), min = (1 +0.68 LN (n )) X t.]IT(per), min

terr(npen),max Can be calculated by the formula shown below:
tERR (nper), max = (L +0.68 LN (n)) x 31T (per), max

Using these equations, terr(nper) tables can be generated for each tyrpen,act value.

Definition for duty cycle jitter t;irguy)
tutduy) is defined with absolute and average specification of tc / tct.

ot @uty), min = MIN ((t chgabs), min = tcHavg), min )» (tcLiabs), min = T cL(avg), min) ) X tckavg)

tJIT (duty), max = MAX ((t CH(abs), max ~ tCH(avg), max ), (t CL(abs), max ~ tCL(avg), max) ) X tCK(avg)

Definition for tCK(abs)a tCH(abs) and tCL(abs)

These parameters are specified per their average values, however it is understood that the following relationship between the
average timing and the absolute instantaneous timing holds at all times.

Table 34. Definition for tCK(abs): tCH(abs) and tCL(abs)

Parameter Symbol Min Unit

Absolute Clock Period tek(abs) tek(avg),min + LT (pen),min ps

Absolute Clock HIGH Pulse Width tcH(abs) teH(avg),min + tarmuty)min / tekavg),min tekavg)

Absolute Clock LOW Pulse Width tcLabs) teL(avg),min T+ taim(duty),min / tek(avg)min tekavg)
Notes:

1. tckavg)min IS expressed is ps for this table.
2. tyruty)min iS @ Negative value.
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Period Clock Jitter

LPDDR?2 devices can tolerate some clock period jitter without core timing parameter derating. This section describes device
timing requirements in the presence of clock period jitter (tairpen) in excess of the values found in Table of “AC Timing” and how to
determine cycle time derating and clock cycle derating.

Clock period jitter effects on core timing parameters (trcp, tre, trres twrs twras twirs TRy trAS: tRRDY TFAW)

Core timing parameters extend across multiple clock cycles. Period clock jitter will impact these parameters when measured in
numbers of clock cycles. When the device is operated with clock jitter within the specification limits, the LPDDR2 device is
characterized and verified to support tnparam = RU{ tparam / tckeavg) }-

When the device is operated with clock jitter outside specification limits, the number of clocks or tckavg) may need to be increased
based on the values for each core timing parameter.

Cycle time derating for core timing parameters

For a given number of clocks (tnparam), for each core timing parameter, average clock period (tckavg) and actual cumulative
period error (terr(tNparam),act) in excess of the allowed cumulative period error (terr(tnparam),allowed), the equation below
calculates the amount of cycle time derating (in ns) required if the equation results in a positive value for a core timing parameter.

tparan + Lerr (N pagan),act - tepe (N pagan).allowed t ] 0 }
CK(avg)|

CycleTimeDerating = Max {[ =
PARAM

A cycle time derating analysis should be conducted for each core timing parameter. The amount of cycle time derating required is
the maximum of the cycle time deratings determined for each individual core timing parameter.

Clock Cycle derating for core timing parameters

For a given number of clocks (tnparam) for each core timing parameter, clock cycle derating should be specified with amount of
period jitter (tar(pen))-

For a given number of clocks (tnparam), for each core timing parameter, average clock period (tckavg) and actual cumulative
period error (terr(tnparam),act) in excess of the allowed cumulative period error (terr(tnparam),allowed), the equation below
calculates the clock cycle derating (in clocks) required if the equation results in a positive value for a core timing parameter.

ClockCycleDerating = RU { tparam + terr (1N paRaM )iaCt - terg (tNparam).allowed } - 1N pARAM
CK(ava)

A clock cycle derating analysis should be conducted for each core timing parameter.

Clock jitter effects on Command/Address timing parameters (t;s, tin, tisckes tincke, tisos tinb, tisckebs LiHckeb)

These parameters are measured from a command/address signal (CKE, CS_n, CAO - CA9) transition edge to its respective clock
signal (CK_t/CK_c) crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tyren, as the setup and
hold are relative to the clock signal crossing that latches the command/address. Regardless of clock jitter values, these values
shall be met.
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Clock jitter effects on Read timing parameters

treRE

When the device is operated with input clock jitter, trere Needs to be derated by the actual period jitter (tirpen,act,max) of the
input clock in excess of the allowed period jitter (tyrpen,allowed,max). Output deratings are relative to the input clock.

t 37 (pen) »ACt,MaX - t e -allowed,max
t RPRE (min, derated) = 0.9 - [ ]
t CK(avg)

For example,

if the measured jitter into a LPDDR2-800 device has tckavg) = 2500 ps, taien,act,min = -172 ps and tyr(er,act,max = + 193 ps,
then

tRPRE (minyderated) = 09 - (tJ|T(per),aCt,maX - tJlT(per),allowed,max)/tCK(avg) = 09 - (193 - 100)/2500: 08628 tCK(avg)

tLz(pq)r thzoq) tooscks tLzpas) thzpgs)
These parameters are measured from a specific clock edge to a data signal (DMn, DQm: n=0, 1, 2, 3. m=0-31) transition and will
be met with respect to that clock edge. Therefore, they are not affected by the amount of clock jitter applied (i.e. tyrper)-

tosH: tost

These parameters are affected by duty cycle jitter which is represented by tcrabs), min and teiabs), min-
tQsH(abs), min = tcHabs), min - 0.05

tQst(abs), min = tcL(abs), min - 0.05

These parameters determine absolute Data-Valid window at the LPDDR2 device pin.

Absolute min data-valid window @ LPDDR2 device pin =

min { ( tQSH(abs), min * tCK(avg), min = tDQSQ, max ~ tQHS, max ), ( tQSL(abs), min * tCK(avg), min ~ tDQSQ. max ~ tQHS, max ) }
This minimum data-valid window shall be met at the target frequency regardless of clock jitter.

trpsT
trpsT is affected by duty cycle jitter which is represented by tciabs). Therefore trpst(abs), min Can be specified by tci(abs), min-

trPST(@bs), min = tcL(abs), min = 0.05 = tgsL(abs), min
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Clock jitter effects on Write timing parameters

tbs, ton

These parameters are measured from a data signal (DMn, DQm: n=0, 1, 2, 3. m=0-31) transition edge to its respective data
strobe signal (DQSn_t, DQSn_c: n=0, 1, 2, 3) crossing. The spec values are not affected by the amount of clock jitter applied (i.e.
turen), as the setup and hold are relative to the clock signal crossing that latches the command/address. Regardless of clock
jitter values, these values shall be met.

toss, tosk

These parameters are measured from a data strobe signal (DQSx_t, DQSx_c) crossing to its respective clock signal (CK_t/CK_c)
crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tarer), @s the setup and hold are relative to
the clock signal crossing that latches the command/address. Regardless of clock jitter values, these values shall be met.

tboss

This parameter is measured from a data strobe signal (DQSx_t, DQSx_c) crossing to the subsequent clock signal (CK_t/CK_c)
crossing. When the device is operated with input clock jitter, this parameter needs to be derated by the actual period jitter
turper),act of the input clock in excess of the allowed period jitter tyrpen,allowed.

(Lo (pen ,act,min - taim(pen ,allowed,min

tDQSS (min, derated) — 0.75 -
) tek(avg) J

J

L oim(pen »@Ct,MaX - t yiper ,allowed,max

U pQss (max, derated) = 1.25 -

~ t CK(avg) <

For example,

if the measured jitter into a LPDDR2-800 device has tckavg) = 2500 ps, tarper,act,min = -172 ps and tyr(pen,act,max = + 193 ps,
then

tboss, (min,derated) = 0.75 - (tam(pen,@ct,min - tyrpen,allowed,min)/tckavg = 0.75 - (-172 + 100)/2500 = 0.7788 tck(avg)

and

tboss,(max.derated) = 1.25 - (tair(pen,act,max - tyreer,allowed,max)/tckavg) = 1.25 - (193 - 100)/2500 = 1.2128 tckavg)
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Refresh Requirements

Table 35. Refresh Requirement Parameters

Parameter Symbol Value Unit
Number of Banks 8
Refresh Window . 2

5 ms
Tease = 85 C REFW
Required number of REFRESH commands (min) R 4,096
Average time between REFRESH commands REFab treRI 7.8 us
(for reference only)
Tease = 85 C REFpb tREFIpb 0.975 us
Refresh Cycle time trFCab 130 ns
Pre Bank Refresh Cycle time trRFCpb 60 ns
Burst Refresh Window = 4 x 8 X trrcab trReFBW 4.16 us
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AC Timing
Table 36. AC Timing™*™

AC timing parameters must satisfy the tck minimum conditions (in multiples of tck) as well as the timing specifications when

values for both are indicated.

Min / | Min LPDDR2 ,
Parameter Symbol Unit
Max | tck 1066 800
Max. Frequency ~ 533 400 MHz
Clock Timing
min 1.875 25 ns
Average Clock Period tek(avg)
max 100 ns
min 0.45 tCK(avg)
Average HIGH Pulse Width tcH(avg)
max 0.55 tek(avg)
min 0.45 tCK(avg)
Average LOW Pulse Width tcLavg)
max 0.55 tek(avg)
Absolute Clock Period tck(abs) min tek(avg), min + La(per)s min ps
Absolute Clock HIGH Pulse Width (with ten@s, | 043 feKavo
allowed jltter) allowed max 0.57 tCK(avg)
Absolute Clock LOW Pulse Width (with teL(abs): min 0.43 feKiava)
allowed jltter) allowed max 0.57 tCK(avg)
¢ min -90 -100 ps
Clock Period Jitter (with allowed jitter) IT(per):
allowed max 90 100 ps
Maximum Clock Jitter between Two
Consecutive Clock Cycles (with allowed tiITce) allowed | Max 180 200 ps
jitter)
min min((tcHeabs),min - tcH@vg),min), ps
t ,min - ,min)) X t
Duty Clock Jitter (with allowed jitter) Lrrauty). (foateymin - ot gprin)) X torgang
allowed max max((tcH(abs),max - tcH(avg)max), S
(tCL(abs),max - tCL(avg),max)) X tck(avg) P
t min -132 -147 ps
Cumulative Error Across 2 Cycles ERR(2per):
allowed max 132 147 ps
¢ min -157 -175 ps
Cumulative Error Across 3 Cycles ERR(3pen):
allowed max 157 175 ps
t min -175 -194 ps
Cumulative Error Across 4 Cycles ERR(4pen),
allowed max 175 194 ps
t min -188 -209 ps
Cumulative Error Across 5 Cycles ERR(3pen);
allowed max 188 209 ps
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Table 36. AC Timing ™™ (Continued)

Min / | Min LPDDR2 .
Parameter Symbol Unit
Max | tek 1066 800
t min -200 -222 ps
Cumulative Error Across 6 Cycles ERR(6per),
allowed max 200 222 ps
¢ min -209 -232 ps
Cumulative Error Across 7 Cycles ERR(7pen),
allowed max 209 232 ps
t min -217 -241 ps
Cumulative Error Across 8 Cycles ERR(Bper),
allowed max 217 241 ps
¢ min -224 -249 ps
Cumulative Error Across 9 Cycles ERR(9pen):
allowed max 224 249 ps
t min -231 -257 ps
Cumulative Error Across 10 Cycles ERR(10pen):
allowed max 231 257 ps
t min -237 -263 ps
Cumulative Error Across 11 Cycles ERR(11pen):
allowed max 237 263 ps
t min -242 -269 ps
Cumulative Error Across 12 Cycles ERR(12per),
allowed max 242 269 ps
min tERR(nper),aIIowed. min = (1 + 068'“(“)) X ps
Cumulative Error Across n =13, 14,..., 49, terRR(npen)s {317 (per),allowed, min
50 Cycles allowed max tERR(npen),allowed, max =(1 +0.68In(n)) x ps
tJIT(per),aIIowed , max
ZQ Calibration Parameters
Initialization Caibration Time tzoiniT min 1 us
Long Calibration Time tzocL min 6 360 ns
Short Calibration Time tzocs min 6 90 ns
Calibration Reset Time tzQrRESET min 3 50 ns
Read Parameters
min 2500 ps
DQS Output Access Time from CK_t, CK_c tbosck
max 5500 ps
DQSCK Delta Short ™ tbosckos max 330 450 ps
DQSCK Delta Medium tbosckom max 680 900 ps
DQSCK Delta Long 6 tbosckoL max 920 1200 ps
DQS-DQ Skew tboso max 200 240 ps
Data Hold Skew Factor toHs max 230 280 ps
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Table 36. AC Timing ™2 (Continued)

Parameter Symbol Min /| Min LPDDR2 Unit
Max | tek 1066 800
DQS Output HIGH Pulse Width tosH min tcHabs) - 0.05 tek(avg)
DQS Output LOW Pulse Width tosL min tcL(abs) - 0.05 tek(avg)
Data Half Period toHp min mMin(tosh, tosL) tek(avg)
DQ / DQS Output Hold Time from DQS toH min toHp - toHs ps
READ Preamble trPRE min 0.9 tek(avg)
READ Postamble ™ trpsT min tcL(abs) - 0.05 tck(avg)
DQS Low-Z from Clock tLz(pgs) min tbosck, min - 300 ps
DQ Low-Z from Clock tLz(po) min toosck, min - (1.4 X toHs, max) ps
DQS High-Z from Clock tHz(Dos) max tbasck, max - 100 ps
DQ High-Z from Clock thHz(oo) max togsck, max + (1.4 X tbQsq, max) ps
Write Parameters
DQ and DM Input Hold Time (Vrer based) toH min 210 270 ps
DQ and DM Input Setup Time (Vrer based) tos min 210 270 ps
DQ and DM Input Pulse Width toipw min 0.35 tek(avg)
Write Command to 1st DQS Latching tooss min 0.75 tek(avg)
Transition max 1.25 tek(avg)
DQS Input High-Level Width tbosH min 0.4 tek(avg)
DQS Input Low-Level Width tbosL min 0.4 tck(avg)
DQS Falling Edge to CK Setup Time toss min 0.2 tck(avg)
DQS Falling Edge Hold Time from CK tosH min 0.2 tck(avg)
Write Postamble twpsT min 0.4 tck(avg)
Write Preamble twprE min 0.35 tck(avg)
CKE Input Parameters
\(IZViI;ItEh;\/Iin. Pulse Width (high and low pulse fore min 3 3 tokavg
CKE Input Setup Time ™ tiscke min 0.25 tek(avg)
CKE Input Hold Time ™° tiHeKe min 0.25 tekavg)
Command / Address Input Parameters "
f{;jRolErFeZZsaendo; Control Input Hold Time . min 290 290 ps
Address and Control Input Setup Time 1 ,
(Veer based) tis min 220 290 ps
Address and Control Input Pulse Width tipw min 0.4 tek(avg)
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Table 36. AC Timing ™2 (Continued)

Min / | Min LPDDR2 .
Parameter Symbol Unit
Y Max | tex 1066 800
Boot Parameters (10 MHz - 55 MHz) 2134
max 100 ns
Clock Cycle Time tckb
min 18 ns
CKE Input Setup Time tisckeb min 2.5 ns
CKE Input Hold Time tiHckeb min 25 ns
Address & Control Input Setup Time tisb min 1150 ps
Address & Control Input Hold Time tiHb min 1150 ps
DQS Output Data Access Time . min 2.0 ns
DQSCKb
from CK_t/CK_c max 10.0 ns
Data Strobe Edge to Output Data Edge
togsgb-1.2 9 P 9 tbosaob max 1.2 ns
Data Hold Skew Factor toHsb max 1.2 ns
Mode Register Parameters
Mode Register Read Command Period tvrR min 2 2 tek(avg)
Mode Register Write Command Period tvrw min 5 5 tek(avg)
SDRAM Core Parameters *°
Read Latency RL min 8 6 tek(avg)
Write Latency WL min 4 3 tek(avg)
. tras + t ith all-bank Prech
Active to Active Command Period ™*° tre min RAS T RPab (V\{I all-bank Precharge) ns
tras + trppp (With per-bank Precharge)
CKE Minimum Pulse Width during Self
Refresh (Low Pulse Width during Self tekesr min 3 15 ns
Refresh)
Self Refresh Exit to Next Valid Command .
Delay txsr min 2 trrCab +10 ns
Exit Power Down to Next Valid Command .
Delay txp min 2 7.5 ns
CAS to CAS Delay teen min 2 2 tek(avg)
g\;?arlr;al Read to Precharge Command tare min 5 75 ns
Fast 3 15 ns
RAS to CAS Delay trep Typ 3 18 ns
Slow 3 24 ns

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Dec. 2023

Revision: 1.0

46/136




ESMT

M54D1G1664A (2G)

Table 36. AC Timing ™™ (Continued)

Min / | Min LPDDR2 .
Parameter Symbol Unit
Y Max | tek 1066 800
Fast 3 15 ns
Row Precharge Time (single bank) trPpb Typ 3 18 ns
Slow 3 24 ns
Fast 3 18 ns
Row Precharge Time (all bank) trPab Typ 3 21 ns
Slow 3 27 ns
min 3 42 ns
Row Active Time tras
max 70 us
Write Recovery Time twr min 3 15 ns
Internal Write to Read Command Delay twrr min 2 7.5 ns
Active Bank A to Active Bank B Command trrRD min 2 10 ns
Four Bank Activate Window traw min 8 50 ns
Minimum Deep Power Down Time torD min 500 us
Temperature Derating
. tbosck
t Deratin max 5620 6000 S
bQsci g (Derated) P
treD .
trep + 1.875
(Derated) min RCD ns
trc .
min trc + 1.875 ns
(Derated) Re
e . tras .
Core Timings Temperature Deratin min t +1.875
9 P g (Derated) RAS ns
tRp .
min trp + 1.875 ns
(Derated) RP
trrD .
min t +1.875 ns
(Derated) RRD

Notes:

1. Frequency values are for reference only. Clock cycle time (tck) shall be used to determine device capabilities.

2. All AC timings assume an input slew rate of 1V/ns.

3. Read, Write, and input setup and hold values are referenced to Vger.

4. tposckos is the absolute value of the difference between any two tpgsck measurements (in a byte lane) within a contiguous
sequence of bursts in a 160ns rolling window. tpgsckps iS not tested and is guaranteed by design. Temperature drift in the
system is < 10°C/s. Values do not include clock jitter.

5. togsckom IS the absolute value of the difference between any two tpgsck measurements (in a byte lane) within a 1.6us rolling
window. tpgsckowm iS not tested and is guaranteed by design. Temperature drift in the system is < 10°C/s. Values do not

include clock jitter.
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6. toosckol is the absolute value of the difference between any two tpgsck measurements (in a byte lane) within a 32ms rolling
window. tpgsckpu IS not tested and is guaranteed by design. Temperature drift in the system is < 10°C/s. Values do not
include clock jitter.

For Low-to-High and High-to-Low transitions, the timing reference is at the point when the signal crosses Vrr. thz and t.z
transitions occur in the same access time (with respect to clock) as valid data transitions. These parameters are not
referenced to a specific voltage level but to the time when the device output is no longer driving (for trpst, tHzoos) and thz(pg)),
or begins driving (for trere, tLzpos), tLzog) ). The figure below shows a method to calculate the point when device is no longer
driving thzpos) and thzpg), or begins driving tizpgs) and tizpg) by measuring the signal at two different voltages. The actual
voltage measurement points are not critical as long as the calculation is consistent. The parameters tizpgs), tLzoq), tHz@oQgs),
and tuzpg) are defined as single-ended. The timing parameters trpre and trest are determined from the differential signal
DQS_t/DQS_c.

Figure 16. Output Transition Timing

2x X

Vir+2xYmV

. Xt;{ Vo - XmV
/

Vou -2xXmV
Vi +Y m\7/Z— /tLZ(DQS), 1 z(DQ) OH-4XAm

Vi — ey tHZ(DQS), tHZ(DQ) Vir
3 v
. 2xY
Yo=Y . Vo, +2xXmV
Vrr-2x Y mV \..5 Vg + XmV
. _
TIT2 o \41 T2
Start driving point=2 x T1-T2 End driving point =2 x T1-T2

7. Measured from the start driving of DQS_t / DQS_c to the start driving the first rising strobe edge.

8. Measured from the start driving the last falling strobe edge to the stop driving DQS_t / DQS_c.

9. CKE input setup time is measured from CKE reaching High/Low voltage level to CK_t / CK_c crossing.

10. CKE input hold time is measured from CK_t/CK_c crossing to CKE reaching High/Low voltage level.

11. Input setup/hold time for signal (CAO0 ~ 9, CS_n).

12. To ensure device operation before the device is configured a number of AC boot timing parameters are defined in this table.
Boot parameter symbols have the letter b appended, e.g., tck during boot is tckp.

13. The LPDDR2 devices set some mode register default values upon receiving a RESET (MRW) command as specified in
“Mode Register Definition” section.

14. The output skew parameters are measured with Ron default settings into the reference load.

15. The min tck column applies only when tck is greater than 6ns.

16. DRAM devices should be evenly addressed when being accessed. Disproportionate accesses to a particular row address
may result in reduction of the product lifetime.
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CA and CS_n Setup, Hold and Derating

For all input signals (CA and CS_n) the total tis (setup time) and tiy (hold time) is calculated by adding the data sheet tispase) and
tiHwase) Value to the Atis and Aty derating value respectively (see the series of tables following this section). Example: tis (total
setup time) = tispase) + Alis.

Setup (tis) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrerpc) and the first
crossing of Vinac), min. Setup (tis) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vrerpc) and the first crossing of ViLac), max. If the actual signal is always earlier than the nominal slew rate line between shaded
‘Vreroc) to AC region’, use nominal slew rate for derating value (see the Figure of “lllustration of nominal slew rate and tyac for
setup time t;s for CA and CS_n with respect to clock”). If the actual signal is later than the nominal slew rate line anywhere
between shaded ‘Vrerpc) to AC region’, the slew rate of a tangent line to the actual signal from the AC level to DC level is used
for derating value (see the Figure of “lllustration of tangent line for setup time t;s for CA and CS_n with respect to clock”).

Hold (tiy) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi pc), max and the first
crossing of Vrerpc). Hold (tix) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Viroc),min and the first crossing of Vrerpc). If the actual signal is always later than the nominal slew rate line between shaded ‘DC
to Vrer(oc) region’, use nominal slew rate for derating value (see the Figure of “lllustration of nominal slew rate for hold time ti4 for
CA and CS_n with respect to clock”). If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘DC
to Vrer(oc) region’, the slew rate of a tangent line to the actual signal from the DC level to Vrer(pc) level is used for derating value
(see the Figure of “lllustration of tangent line for hold time t;4 for CA and CS_n with respect to clock”).

For a valid transition, the input signal has to remain above/below Viu/ViLac) for some time tyac (see the Table of “Required time
tvac above Vinac) {below Viac)} for valid transition”). Although for slow slew rates the total setup time might be negative (i.e. a
valid input signal will not have reached Vin/ViLac) at the time of the rising clock transition). A valid input signal is still required to
complete the transition and reach Vin/ViL(ac)-

For slew rates between the values listed in the tables, the derating values are obtained by linear interpolation. These values are
typically not subject to production test. They are verified by design and characterization.

Table 37. CA and CS_n Setup and Hold Base-Values for 1V/ns

LPDDR2
Unit [ps] Reference
1066 933 800 667 533 466
tis(base) 0 30 70 150 240 300 V|H/V||_(Ac) = VRer(pc) + 220mV
tiHbase) 90 120 160 240 330 390 Viu/ViLpoe) = Vrerpc) £ 130mV
LPDDR2
Unit [ps] Reference
400 333 266 200
tis(base) 300 440 600 850 Viu/ViLiac) = Vrerc) £ 300mV
tiHbase) 400 540 700 950 Vin/ViLpce) = Vrerpc) £ 200mV

Note: AC/DC referenced for 1V/ns CA and CS_n slew rate and 2V/ns differential CK_t / CK_c slew rate.
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Table 38. Derating values LPDDR2 t,s/t}4 - AC/DC based - AC220

AC220 Threshold -> Viyac) = Vrerpc) +220mV, ViLac) = Vrerpc) -220mV
DC130 Threshold -> Viipc) = Vrerpc) +130mV, ViLoc) = Vrerpc) -130mV

Atis, Aty derating in [ps] AC/DC based

CK_t, CK_c Differential Slew Rate

4.0 Vins 3.0 V/ns 2.0 VIns 1.8 VIns 1.6 VIns 1.4 Vins 1.2 ViIns 1.0 Vins
Atis | Aty | Alis | Atn | Atis | Atin | Alis | Atin | Alis | Aty | Alis | Aty | Alis | Atig | Atis | Aty
2.0 | 110 65 110 65 110 65
g 15 74 43 73 43 73 43 89 59
>
o 1.0 0 0 0 0 0 0 16 16 32 32
©
; 0.9 -3 -5 -3 -5 13 11 29 27 45 43
% 0.8 -8 -13 3 24 19 40 35 56 55
5 0.7 -6 18 10 34 26 50 46 66 78
)
© 0.6 10 -3 26 13 42 33 58 65
S | os 4 | 4| 20| 16 | 36 | 48
0.4 -7 2 17 34
Note: Cell contents shaded in blue are defined as ‘not supported’.
Table 39. Derating values LPDDR?2 ts/t)y - AC/DC based - AC300
Atis, Aty derating in [ps] AC/DC based
AC300 Threshold -> VIH(AC) = VREF(DC) +300mV, V||_(Ac) = VREF(DC) -300mV
DC200 Threshold -> ViHoc) = Vrerpc) +200mV, Vi pc) = Vrerpc) -200mV
CK_t, CK_c Differential Slew Rate
4.0 VIns 3.0 VIns 2.0 V/ns 1.8 VIns 1.6 VIns 1.4 Vins 1.2 ViIns 1.0 Vins
Atis | Atin | Atis | Atin | Atis | Atin | Alis | Atin | Alis | Atir | Atis | At | Atis | Atin | Atis | Aty
2.0 | 150 | 100 | 150 | 100 | 150 | 100
1.5 | 100 67 100 67 100 67 116 83
[}
c
S 1.0 0 0 0 0 0 0 16 16 32 32
]
s 0.9 -4 -8 -4 -8 12 8 28 24 44 40
2
% 0.8 -12 | -20 4 -4 20 12 36 28 52 48
o | o7 3 |18 | 13| 2 |20 | 14 |45 | 34 | 61 | 66
O
< 0.6 2 -21 18 -5 34 15 50 47
O
0.5 -12 | -32 4 -12 20 20
04 35 | -40 | -11 | -8
Note: Cell contents shaded in blue are defined as ‘not supported’.
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Table 40. Required time tyac above Viyuc) {below Vi o)} for valid transition

tvac @ 300mV [ps] tvac @ 220mV [ps]
Slew Rate [V/ns] . .

min max min max

>2.0 75 - 175 -

2.0 57 - 170 -

1.5 50 - 167 -

1.0 38 - 163 -

0.9 34 - 162 -

0.8 29 - 161 -

0.7 22 - 159 -

0.6 13 - 155 -

0.5 0 - 150 -

<05 0 - 150 -
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Figure 17. lllustration of nominal slew rate and tyac for setup time t;s for CA and CS_n with respect to clock
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Figure 18. lllustration of nominal slew rate for hold time t,; for CA and CS_n with respect to clock
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Figure 19. lllustration of tangent line for setup time t;s for CA and CS_n with respect to clock
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Figure 20. lllustration of tangent line for for hold time t;y for CA and CS_n with respect to clock
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Data Setup, Hold and Slew Rate Derating

For all input signals (DQ, DM), the total tps (setup time) and tpn (hold time) required is calculated by adding the data sheet tps(pase)
and tpHpase) Value to the Atps and Atpn derating value respectively(see the series of tables following this section). Example: tps
(total setup time) = tpspase) + Atos.

Setup (tos) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrerpc) and the first
crossing of Vinac), min. Setup (tos) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vrerpc) and the first crossing of Vi ac), max (See the Figure of “lllustration of nominal slew rate and tvac for setup time tps for DQ
with respect to strobe”).

If the actual signal is always earlier than the nominal slew rate line between shaded ‘Vrerpc) to AC region’, use nominal slew rate
for derating value. If the actual signal is later than the nominal slew rate line anywhere between shaded ‘Vrerpc) to AC region’,
the slew rate of a tangent line to the actual signal from the AC level to DC level is used for derating value (see the Figure of
“lllustration of tangent line for setup time tps for DQ with respect to strobe”).

Hold (ton) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi pc), max and the first
crossing of Vrerpc). Hold (ton) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
ViHoc),min and the first crossing of Vrerpoc) (see the Figure of “lllustration of nominal slew rate for hold time tpn for DQ with respect
to strobe”).

If the actual signal is always later than the nominal slew rate line between shaded ‘DC level to Vrer(pc) region’, use nominal slew
rate for derating value. If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘DC to Vrerpc)
region’, the slew rate of a tangent line to the actual signal from the DC level to Vrerpc) level is used for derating value (see the
Figure of “lllustration of tangent line for hold time tpy for DQ with respect to strobe”).

For a valid transition the input signal has to remain above/below Vu/Vi (ac) for some time tyac (see the Table of “Required time
tvac above Vinac) {below Vi ac)} for valid transition”).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached Vin/Vi ac) at the
time of the rising clock transition), a valid input signal is still required to complete the transition and reach Viu/Vi ac).

For slew rates between the values listed in the tables, the derating values can be obtained by linear interpolation. These values
are typically not subject to production test. They are verified by design and characterization.

Table 41. Data Setup and Hold Base-Values for 1V/ns

LPDDR2
Unit [ps] Reference
1066 933 800 667 533 466
tbs(base) -10 15 50 130 210 230 V|HN||_(Ac) = VRer(pc) + 220mV
toH(base) 80 105 140 220 300 320 Viu/ViLpoe) = Vrerpc) £ 130mV
LPDDR2
Unit [ps] Reference
400 333 266 200
tos(base) 180 300 450 700 Viu/ViLiac) = Vrerpc) £ 300mV
toH(base) 280 400 550 800 Vin/ViLpc) = Vrerpc) £ 200mV

Note: AC/DC referenced for 1V/ns DQ, DM slew rate and 2V/ns differential DQS _t/ DQS _c slew rate.
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Table 42. Derating values LPDDR2 tps/tpy - AC/DC based - AC220

Atps, Atpn derating in [ps] AC/DC based
AC220 Threshold -> VIH(AC) = VREF(DC) +220mV, V||_(Ac) = VREF(DC) -220mV
DC130 Threshold -> Vinpc) = Vrerpc) +130mV, ViLpc) = Vrerpc) -130mV

DQS_t, DQS_c Differential Slew Rate

4.0 Vins 3.0 V/ns 2.0 Vins 1.8 ViIns 1.6 VIns 1.4 Vins 1.2 Vins 1.0 V/Ins
Atps | AtpH | Atps | Atpon | Atps | Atpr | Atps | Aton | Atps | Atpr | Atps | Aton | Atps | Atpr | Atps | Atow
2.0 | 110 65 110 65 110 65
® 1.5 74 43 73 43 73 43 89 59
% 1.0 0 0 0 0 0 0 16 16 32 32
E 0.9 -3 -5 -3 -5 13 11 29 27 45 43
% [os 8 | 13 3 | 24 | 19 | 40 | 35 | 56 | 55
n
s 0.7 -6 18 10 34 26 50 46 66 78
3 0.6 10| 3 | 26| 13| 42 | 33 | 58 | 65
a 0.5 4 -4 20 16 | 36 | 48
0.4 -7 2 17 34
Note: Cell contents shaded in blue are defined as ‘not supported’.
Table 43. Derating values LPDDR2 tps/tpy - AC/DC based - AC300
Atps, Atpn derating in [ps] AC/DC based
AC300 Threshold -> Vinac) = Vreroc) +300mV, ViLiac) = Vrerpc) -300mV
DC200 Threshold -> VIH(DC) = VREF(DC) +200mV, VlL(DC) = VREF(DC) -200mV
DQS _t, DQS_c Differential Slew Rate
4.0 VIns 3.0 V/ns 2.0 Vins 1.8 VIns 1.6 V/Ins 1.4 Vins 1.2 ViIns 1.0 VIns
Atis | Atin | Atis | Atin | Atis | Atin | Alis | Aty | Alis | At | Atis | At | Atis | Atin | Atis | At
2.0 | 150 | 100 | 150 | 100 | 150 | 100
1.5 | 100 67 100 67 100 67 116 83
[
§ 1.0 0 0 0 0 0 0 16 16 32 32
(]
‘@ 0.9 -4 -8 -4 -8 12 8 28 24 44 40
E 0.8 -12 | -20 4 -4 20 12 36 28 52 48
)
g 0.7 -3 -18 13 -2 29 14 45 34 61 66
g‘ 0.6 2 -21 18 -5 34 15 50 47
0.5 -12 | -32 4 -12 20 20
04 35 | 40 | -11 | -8

Note

: Cell contents shaded in blue are defined as ‘not supported’.
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Table 44. Required time tyac above Viyac) {below V| )} for valid transition

tvac @ 300mV [ps] tvac @ 220mV [ps]
Slew Rate [V/ns] . .

min max min max

>2.0 75 - 175 -

2.0 57 - 170 -

1.5 50 - 167 -

1.0 38 - 163 -

0.9 34 - 162 -

0.8 29 - 161 -

0.7 22 - 159 -

0.6 13 - 155 -

0.5 0 - 150 -

<05 0 - 150 -
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Figure 21. lllustration of nominal slew rate and tyac for setup time tps for DQ with respect to strobe
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Figure 22. lllustration of nominal slew rate for hold time tpy for DQ with respect to strobe
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Figure 23. lllustration of tangent line for setup time tps for DQ with respect to strobe
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Figure 24. lllustration of tangent line for for hold time tpy for DQ with respect to strobe
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Functional Description

LPDDR?2 devices use double data rate archiecture on the Command/Address (CA) bus to reduce the number of input pins in the
system. The 10-bit CA bus contains command, address, and bank information. Each command uses one clock cycle, during
which command information is transferred on both the positive and negative edge of the clock.

LPDDR2-S4 devices use double data rate architecture on the DQ pins to achieve high speed operation. The double data rate
architecture is essentially a 4n prefetch architecture with an interface designed to transfer two data bits per DQ every clock cycle
at the I/0 pins. A single read or write access for the LPDDR2-S4 effectively consists of a single 4n-bit-wide, one-clock-cycle data
transfer at the internal SDRAM core and four corresponding n-bit-wide, one-half-clock-cycle data transfers at the I/O pins.

Read and write accesses are burst oriented; accesses start at a selected location and continue for a programmed number of
locations in a programmed sequence.

For LPDDR2-S4 devices, accesses begin with the registration of an Activate command, which is then followed by a Read or
Write command. The address and BA bits registered coincident with the Activate 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.

Prior to normal operation, the LPDDR2 device must be initialized. The following section provides detailed information covering
device initialization, register definition, command description and device operation.
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Power Up, Initialization, and Power Off

The LPDDR2 Devices must be powered up and initialized in a predefined manner. Operational procedures other than those
specified may result in undefined operation.

Power Ramp and Device Initialization
The following sequence shall be used to power up an LPDDR?2 device. Unless specified otherwise, these steps are mandatory.

1. Power Ramp

While applying power (after Ta), CKE shall be held at a logic low level (=<0.2 x Vpp2), all other inputs shall be between V| min and
Viimax- The device will only guarantee that outputs are in a high impedance state while CKE is held low.

On or before the completion of the power ramp (Tb), CKE must be held low. DQ, DM, DQS_t and DQS_c voltage levels must be
between Vssq and Vppg during voltage ramp to avoid latchup. CK_t, CK_c, CS_n, and CA input levels must be between Vss and
Vpp2 during voltage ramp to avoid latchup.

The following conditions apply:

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

Noted conditions apply between Ta and power down (controlled or uncontrolled).

Tb is the point at which all supply and reference voltages are within their defined operating ranges.

Power ramp duration tinmo (Tb - Ta) must not exceed 20ms.

For supply and reference voltage operating conditions, see the Table of “Recommended DC Operating Conditions”.
The voltage difference between any ofVssq, and Vss pins must not exceed 100mV.

Power Ramp Completion
After Ta is reached:

° Vpp1 must be greater than Vpp, - 200mV.
° Vpp1 and Vpp2 must be greater than Vppg - 200mV.
° Vrer must always be less than all other supply voltages.

2. CKE and Clock

Beginning at Th, CKE must remain low for at least tiv1 = 100 ns, after which it may be asserted high. Clock must be stable at
least tinir2 = 5 X tek prior to the first low to high transition of CKE (Tc). CKE, CS_n and CA inputs must observe setup and hold
time (tis, tin) requirements with respect to the first rising clock edge (as well as to the subsequent falling and rising edges).

The clock period shall be within the range defined for tckp, (18ns to 100ns), if any Mode Register Reads are performed. Mode
Register Writes can be sent at normal clock operating frequencies so long as all AC Timings are met. Furthermore, some AC
parameters (e.g. togsck) may have relaxed timings (e.g. toosckn) before the system is appropriately configured.

While keeping CKE high, issue NOP commands for at least tiyrs = 200us. (Td).
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3. Reset command

After tiyrs is satisfied, a MRW (Reset) command shall be issued (Td). The memory controller may optionally issue a
Precharge-All command prior to the MRW Reset command. Wait for at least tinrs = 1us while keeping CKE asserted and issuing
NOP commands.

4. Mode Registers Reads and Device Auto-Initialization (DAI) polling

After tinra is satisfied (Te), only MRR commands and power down entry/exit commands are allowed. Therefore, after Te, CKE
may go low in accordance to power down entry and exit specification. (See “Power Down” section)

The MRR command may be used to poll the DAI bit to acknowledge when device auto-Initialization is complete or the memory
controller shall wait a minimum of tyys before proceeding.

As the memory output buffers are not properly configured yet, some AC parameters may have relaxed timings before the system
is appropriately configured.

After the DAI bit (MRO, “DAI”) is set to zero "DAI complete” by the memory device, the device is in idle state (Tf). The state of the
DAl status bit can be determined by an MRR command to MRO.

The device will set the DAI bit no later than tivrs after the RESET command. The memory controller shall wait a minimum of tinrs
or until the DAI bit is set before proceeding.

After the DAI bit is set, it is recommended to determine the device type and other device characteristics by issuing MRR
commands (MRO “Device Information” etc.).

5. ZQ Calibration

After tinrs (Tf), an MRW ZQ Initialization Calibration command may be issued to the memory (MR10).

This command is used to calibrate the LPDDR2 output drivers (Ron) over process, voltage, and temperature variations.
Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate Rzq pin connection. In systems in which
more than one LPDDR2 device exists on the same bus, the controller must not overlap ZQ Calibration commands. The device is
ready for normal operation after tzoinir.

6. Normal Operation

After tzonit (Tg), MRW commands may be used to properly configure the memory (for example the output buffer driver strength,
latencies, etc). Specifically, MR1, MR2, and MR3 shall be set to configure the memory for the target frequency and memory
configuration.

The LPDDR2 device will now be in IDLE state and ready for any valid command.

After Tg, the clock frequency may be changed according to the clock frequency change procedure described in “Input clock stop
and frequency change” section.
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Table 45. Timing Parameters for initialization

Value
Symbol - Unit Comment
min max

tinimo 20 ms Maximum Power Ramp Time

tinima 100 ns Minimum CKE low time after completion of power ramp
tiniT2 5 tek Minimum stable clock before first CKE high
tiniTs 200 us Minimum Idle time after first CKE assertion
tinira 1 us Minimum Idle time after Reset command

tinirs 10 us Maximum duration of Device Auto-Initialization
tzomir 1 us ZQ Initial Calibration for LPDDR2-S4

tekb 18 100 ns Clock cycle time during boot

Figure 25. Power Ramp and Initialization Sequence
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Initialization after Reset (without Power ramp)

If the RESET command is issued outside the power up initialization sequence, the reinitialization procedure shall begin with step
3 (Td).

Power Off Sequence

While removing power, CKE shall be held at a logic low level (=< 0.2 x Vppy), all other inputs shall be between Vi min and Viy max-
The device will only guarantee that outputs are in a high impedance state while CKE is held low.

DQ, DM, DQS_t and DQS_c voltage levels must be between Vssq and Vppg during power off sequence to avoid latchup. CK _t,
CK_c, CS_n and CA input levels must be between Vss and Vppz during power off sequence to avoid latchup.

Tx is the point where any power supply decreases under its minimum value specified in the Table of “Recommended DC
Operating Conditions”.

Tz is the point where all power supplies are below 300 mV. After Tz, the device is powered off.
The time between Tx and Tz (trore) shall be less than 2s.

The following conditions apply between Tx and Tz:
° Vpp1 must be greater than Vppz - 200 mV.
° Vpp1 and Vpp2 must be greater than Vppg - 200 mV.

° Vwrer Must always be less than all other supply voltages.

The voltage difference between any of Vssg, and Vss pins may not exceed 100 mV.

For supply and reference voltage operating conditions, see the Table of “Recommended DC Operating Conditions”.

Table 46. Timing Parameters Power Off

Value
Symbol Unit Comment
min max

trorr - 2 5 Maximum power off ramp time

Uncontrolled Power Off Sequence
The following sequence shall be used to power off the LPDDR2 device under uncontrolled condition.

° Tx is the point where any power supply decreases under its minimum value specified in the DC operating condition table.
After turning off all power supplies, any power supply current capacity must be zero, except for any static charge remaining
in the system.

° Tz is the point where all power supply first reaches 300 mV. After Tz, the device is powered off. The time between Tx and
Tz shall be less than teorr. The relative voltage between supply voltages is uncontrolled during this period. Vpp1 and Vppz
shall decrease with a slope lower than 0.5 V/us between Tx and Tz.

Uncontrolled power off sequence can be applied only up to 400 times in the life of the device.
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Mode Register Definition

Mode Register Assignment and Definition

Each register is denoted as “R” if it can be read but not written, “W” if it can be written but not read, and “R/W” if it can be read and

written.

Mode Register Read command is used to read a register. Mode Register Write command is used to write a register.

Table 47. Mode Register Assignment ™

MR# MA [7:0] Function Access | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
0 00h Device Info. R (RFU) RzQI DNVI| DI DAI go to MRO
1 01h Device Feature 1 w nWR (for AP) wcC BT BL go to MR1
2 02h Device Feature 2 w (RFU) RL & WL go to MR2
3 03h I/0 Config-1 w (RFU) DS go to MR3
4 oan | SDRAMRefresh R | TUF (RFU) Refresh Rate 9o to MR4
5 05h Basic Config-1 R LPDDR2 Manufacturer ID go to MR5
6 06h Basic Config-2 R Revision ID1 go to MR6
7 07h Basic Config-3 R Revision ID2 go to MR7
8 08h Basic Config-4 R I/0 width Density Type go to MR8
9 09h Test Mode w Vendor-Specific Test Mode go to MR9
10 0Ah I/O Calibration w Calibration Code go to MR10
11~15 | 0Bh~0Fh | (Reserved) (RFU) go to MR11
16 10h PASR_Bank w Bank Mask go to MR16
17 11h PASR_Seg w Segment Mask go to MR17
18~19 | 12h~13h | (Reserved) (RFU) go to MR18
20~31 | 14h~1Fh Reserved for NVM MR20~MR30
DQ Calibration
32 20h Q R See “DQ Calibration” section go to MR32
Pattern A
33:39 | 21h~27h | (Do Not Use) go to MR33
40 28h DQ Calibration R See “DQ Calibration” section go to MR40
Pattern B
41:47 | 29h~2Fh | (Do Not Use) go to MR41
48:62 | 30h~3Eh | (Reserved) (RFU) go to MR48
63 3Fh Reset w X go to MR63
64:126 | 40h~7Eh | (Reserved) (RFU) go to MR64
127 7Fh (Do Not Use) go to MR127
128:190( 80h~BEh | (Reserved for vendor use) (RFU) go to MR128
191 BFh (Do Not Use) go to MR191
192:254( COh~FEh | (Reserved for vendor use) (RFU) go to MR192
255 FFh (Do Not Use) go to MR255
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Notes:

1. RFU bits must be set to ‘0° during Mode Register Write.
2. RFU bits must be read as ‘0‘ during Mode Register Read.
3. All Mode Registers that are specified as RFU or write-only shall return undefined data when read and DQS_t, DQS_c shall

be toggled.
4. All Mode Registers that are specified as RFU shall not be written.
5. Writes to read-only registers shall have no impact on the functionality of the device.

Table 48. MRO_Device Information (MA[7:0] = 00h) "™
o,z | ops | ops or4 | ops3 oP2 oP1 OPO
(RFU) RZQ DNVI DI DAI

DAI (Device Ob: DAI complete
Auto-Initialization Status) Read-only OP0 1b: DAI still in progress

Ob: S2 or S4 SDRAM

DI (Device Information) Read-only OP1 1b: NVM
DNVI (Data Not Valid .
Information) Read-only OP2 Ob: DNVI not supported

00b: Rzq self test not supported
01b: ZQ pin may connect to Vpp2 or float

EZQII (fBth in Self Test for Read-only OP[4:3] 10b: ZQ pin may short to GND N

zq Information) 11b: ZQ pin self test completed, no error condition detected
(ZQ pin may not connect to Vpp or float nor short to
GND)

Notes:

1. If RZQI is supported, it will be set upon completion of the MRW ZQ Initialization Calibration command.

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

3. Inthe case of possible assembly error (either OP[4:3]=01 or OP[4:3]=10 as defined above), the device will default to factory
trim settings for Ron and will ignore ZQ calibration commands. In either case, the system may not function as intended.

4. Inthe case of the ZQ self-test returning a value of 11b, this result indicates that the device has detected a resistor connection
to the ZQ pin. However, this result cannot be used to validate the ZQ resistor value or that the ZQ resistor tolerance meets
the specified limits (i.e. 2400hm +/-1%).
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Table 49. MR1_Device Feature 1 (MA[7:0] = 01h)

or7 | ope | ops OP4 oP3 o2 | opt | oPo

nWR (for AP) wcC BT BL

010b: BL4 (default)
011b: BL8

100b: BL16

All others: reserved

BL (Burst Length) Write-only OP[2:0]

Ob: Sequential (default)

BT (Burst Type) Write-only OP3 1b: Interleaved

Ob: Wrap (default)

WC (Wrap Control) Write-only OP4 1b: No wrap

001b: nWR=3 (default)
010b: nWR=4

nWR (Number of twg Clock 011b: nWR=5

. Write-only OP[7:5] 100b: NWR=6

Cycles) ™ 101b: NWR=7

110b: NWR=8

All others: reserved

Notes:

1. Programmed value in nWR register is the number of clock cycles which determines when to start internal precharge
operation for a write burst with AP enabled. It is determined by RU(twr/tck).
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Table 50. Burst Sequence by Burst Length (BL), Burst Type (BT), and Warp Control (WC)™*™

Burst Cycle Number and Burst Address Sequence
BL | BT |[C3|C2|Cl|CO| WC
1|12 )| 3| 4 |5|6|7([8]|9]|10|11|12 |13 |14 |15 ] 16
X | X [Ob | Ob 0 3
4 [any | X | X [ 1b | Ob wrap 2 3 0 1
X | X[ X |0b]| nw y | y+1 | y+2 [ y+3
X | Ob [ Ob | Ob 0 1 2 3 4 15|16 |7
X | Ob [ 1b | Ob 2 3 4 5 6 | 7|01
sed X | 1b [ Ob | Ob 4 5 6 7 o|1]2]3
X | 1b [ 1b | Ob 6 7 0 1 2 |13|4|5
8 X | Ob [ Ob | Ob wrap 0 1 2 3 41516 |7
. X | Ob [ 1b | Ob 2 3 0 1 6 |71]|4]|65
nt X | 1b [ Ob | Ob 4 5 6 7 o|1]2]3
X | 1b [ 1b | Ob 6 7 4 5 2 13|01
any | X | X | X [Ob | nw illegal (not allowed)
Ob | Ob | Ob | Ob o| 1|2 |3 |4|5|6|7|8|9|A]|B|C|D]|]E]|F
Ob | Ob | 1b | Ob 2|1 3| 4|5 |6|7|8|]9|A|B|C|D|E|F]O0]|1
Ob | 1b | Ob | Ob 4 5 6 7 8|9 |A|B|C|D|E]|F]|O 1 (2] 3
Ob | 1b | 1b | Ob 6 7 8 9 A|B|C|[D|E]|F|O 1|2 31415
16 sed 1b [ Ob [ Ob [ Ob | wrap | 8 9 A B C|D|E|F]O 1 2 3 4 5 6 7
1b | Ob [ 1b | Ob Al B Cc D E|F|]O|212 |2 |3 |4 ]|5|6|7]8]29
1b | 1b [ Ob | Ob cC| D E F o|1|2|3|4|5|6]|]7|8|9]|A]|B
1b [ 1b [ 1b | Ob E F 0 1 2|13|4|5|6|7|8|]9|A|B|C]|D
int | X | X [ X |Ob illegal (not allowed)
any | X | X | X [Ob | nw illegal (not allowed)
Notes:

ghrwNPE

combinations.

Table 51. Non Wrap Restrictions

CO input is not present on CA bus. It is implied zero.
For BL=4, the burst address represents C[1: 0].
For BL=8, the burst address represents C[2:0].
For BL=16, the burst address represents C[3:0].
For no-wrap (nw), BL4, the burst must not cross the page boundary or sub-page boundary. The variable y may start at any
address with CO equal to 0 and must not start at any address in table below for the respective density and bus width

| 1Gb

Not across full page boundary

x16 | 3FE, 3FF, 000, 001
Not across sub-page boundary
x16 | 1FE, 1FF, 200, 201

Note: Non-wrap BL=4 data orders shown above are prohibited.
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Table 52. MR2_Device Feature 2 (MA[7:0] = 02h)

oP7 | OP6 | oP5 | OP4 oP3 | oP2 | oP1 | OPO
(RFU) RL & WL
0001b: RL = 3/ WL = 1 (default)
0010b: RL =4 /WL =2
0011b: RL=5/WL =2
RL & WL Write-only OP[3:0] 0100b: RL=6/WL=3

0101b: RL=7/WL=4
0110b: RL=8/WL=4
All others: reserved

Table 53. MR3_I/O Configuration 1 (MA[7:0] = 03h)

oP7 or6 | ops | op4

OP3 OoP2 OP1 OPO

(RFU)

DS

DS Write-only OP[3:0]

0000b: reserved

0001b: 34.3 ohm typical

0010b: 40 ohm typical (default)
0011b: 48 ohm typical

0100b: 60 ohm typical

0101b: reserved

0110b: 80-ohm typical

0111b: 120-ohm typical (optional)
All others: reserved
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Table 54. MR4_Device Temperature (MA[7:0] = 04h) 8

oP7 op6 | OPs | opa | oP3 oP2 | op1 | OPO

TUF (RFU) SDRAM Refresh Rate

000b: SDRAM Low temperature operating limit exceeded
001b: 4x trEFI, 4x tREFIpb, 4X tRepw

010Db: 2X trer, 2X trREFIpb, 2X tREFW

011b: 1X trer), 1X tREFIpb, 1X tRerw (<:85 OC)

SDRAM Refresh Rate Read-only opP[2:0] | 100b: Reserved
101b: 0.25x trEFI, 0.25x tREFIpb, 0.25x tREFW, do not derate

SDRAM AC timing

110b: 0.25x trer, 0.25x% treFIpb, 0.25X trReFw, derate SDRAM
AC timing

111b: SDRAM High temperature operating limit exceeded

Ob: OPJ[2:0] value has not changed since last read of MR4.
1b: OP[2:0] value has changed since last read of MR4.

Temperature Update Flag

(TUF) Read-only OP[7]

Notes:

A Mode Register Read from MR4 will reset OP7 to ‘0’.

OP7 is reset to ‘0’ at power up. OP[2:0] bits are undefined after power up.

If OP2 equals ‘1’, the device temperature is greater than 85 C.

OP7 is set to ‘1’ if OP[2:0] has changed at any time since the last read of MR4.

The device might not operate properly when OP[2:0] = 000b or 111b.

For specified operating temperature range and maximum operating temperature refer to the Table of “Operating
Temperature Range”.

The devices shall be derated by adding 1.875 ns to the following core timing parameters: trcp, tre, tras, tre, and trro. tbosck
must be derated according to the tpgsck derating in the Table of “AC timing”. Prevailing clock frequency specifications and
related setup and hold timings shall remain unchanged.

8. The recommended frequency for reading MR4 is provided in “Temperature Sensor” section.

ook whE

N

Table 55. MR5_Basic Configuration 1 (MA[7:0] = 05h)

oP7 OP6 OP5 | opa | or3 oP2 oP1 OPO

LPDDR2 Manufacturer ID

LPDDR2 Manufacturer ID Read-only OP[7:0] 0000 1001b

Table 56. MR6_Basic Configuration 2 (MA[7:0] = 06h)

oP7 OP6 ops | opa | ops OP2 oP1 OPO
Revision ID1
Revision ID1 Read-only OP[7:0] 0000 0000b: A-version

Note: MR6 is vendor-specific.
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Table 57. MR7_Basic Configuration 3 (MA[7:0] = 07h)

o7 | ope ors | opa | ops | or2 orL | oPo
Revision ID2
Revision ID2 Read-only OP[7:0] 0000 0000b: A-version
Note: MR7 is vendor-specific.
Table 58. MR8_Basic Configuration 4 (MA[7:0] = 08h)
oP7 OP6 ors | opa | oPs3 oP2 oP1 0P
1/0 width Density Type
Type Read-only OP[1:0] 00b: S4 SDRAM
Density Read-only OP[5:2] 0100b: 1Gb
. ) 00Db: x32
1/0 width Read-only OP[7:6] 01b: x16
Table 59. MR9_Test Mode (MA[7:0] = 09h)
OP7 o6 | ops | op4 oP3 oP2 OoP1 OPO
Vendor-specific Test Mode
Table 60. MR10_Calibration (MA[7:0] = 0Ah) *™*
OP7 o6 | ops | oP4 OP3 oP2 OP1 OPO

Calibration Code

O0xAB: Long calibration
Calibration Code Write-only OP[7:0] 0x56: Short calibration
0xC3: ZQ Reset
others: Reserved

OxFF: Calibration command after initialization

Notes:
1. Host processor must not write MR10 with “Reserved” values.

The device ignores calibration commands when a “Reserved” value is written into MR10.

2.
3. See the Table of “AC timing” for the calibration latency.
4

If ZQ is connected to Vss through Rzg, either the ZQ calibration function (see “Mode Register Write ZQ Calibration
Command” section) or default calibration (through the ZQreset command) is supported. If ZQ is connected to Vppy, the
device operates with default calibration, and ZQ calibration commands are ignored. In both cases, the ZQ connection must

not change after power is applied to the device.
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Table 61. MR16_PASR_Bank Mask (MA[7:0] = 10h)

oP7 o6 | ops | opa | op3 | op2 | opr | oPo
Bank Mask (8-bank)
Bank [7:0] Mask Write-only OP[7:0] Obf refresh enable to_the bank (=unmasked, default)
1b: refresh blocked (=masked)
oP Bank Mask 8-Bank SDRAM

0 XXXXXXX1 Bank 0

1 XXXXXX1X Bank 1

2 XXXXX1IXX Bank 2

3 XXXXLIXXX Bank 3

4 XXXIXXXX Bank 4

5 XXIXXXXX Bank 5

6 XIXXXXXX Bank 6

7 IXXXXXXX Bank 7

Table 62. MR17_PASR_Segment Mask (MA[7:0] = 11h)
oP7 oP6 ops | opa | oPs3 o2 | opt | opo
Segment mask
Segment [7:0] Mask Write-only OP[7:0] (l)E :22:: Elr;?:tlll: dtcz:tr:eazsg(;r;ent (Funmasked, default)

Segment OP Segment Mask R12:10
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXXLIXX 010b
3 3 XXXXLIXXX 011b
4 4 XXXLIXXXX 100b
5 5 XXIXXXXX 101b
6 6 XIXXXXXX 110b
7 7 IXXXXXXX 111b

Note: X is “Don’t Care” for the designated segment.
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MR32_DQ Calibration Pattern A (MA[7:0] = 20h)

Reads to MR32 return DQ Calibration Pattern “A”. See “DQ Calibration” section.

MR40_DQ Calibration Pattern B (MA[7:0] = 28h)

Reads to MR40 return DQ Calibration Pattern “B”. See “DQ Calibration” section.

Table 63. MR63_Reset (MA[7:0] = 3Fh): MRW only

oP7 OP6 | oP5 | OP4 oP3 oP2 OP1 OPO

X

Note: For additional information on MRW RESET, see “Mode Register Write Command” section.

Table 64. Reserved Mode Registers

Mode Register MA Address Restriction OP[7:0]

MR[11:15] 0Bh-OFh RFU
MR[18:19] 12h-13h RFU

MR[20:31] 14h—-1Fh NVM (DNU)
MR[33:39] 21h-27h DNU
MR[41:47] 29h—-2Fh DNU
MR[48:62] 30h-3Eh RFU

MA[7:0] Reserved

MR[64:126] 40h-7Eh RFU
MR127 7Fh DNU
MR[128:190] 80h-BEh RVU
MR191 BFh DNU
MR[192:254] COh-FEh RVU
MR255 FFh DNU

Note: NVM = nonvolatile memory use only; DNU = Do not use; RVU = Reserved for vendor use.
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Command Definitions and Timing Diagram
Activate Command

The Activate command is issued by holding CS_n LOW, CA0 LOW, and CA1 HIGH at the rising edge of the clock. The bank
addresses are used to select the desired bank. The row addresses are used to determine which row to activate in the selected
bank. The Activate command must be applied before any Read or Write operation can be executed. The device can accept a
read or write command at time trcp after the activate command is sent. Once a bank has been activated it must be precharged
before another Activate command can be applied to the same bank. The bank active and precharge times are defined as tras and
trp, respectively. The minimum time interval between successive Activate commands to the same bank is determined by the RAS
cycle time of the device (trc). The minimum time interval between Activate commands to different banks is trrp.

Certain restrictions on operation of the 8-bank devices must be observed. There are two rules. One for restricting the number of
sequential Activate commands that can be issued and another for allowing more time for RAS precharge for a Precharge All
command. The rules are as follows:

° 8-bank device Sequential Bank Activation Restriction: No more than 4 banks may be activated (or refreshed, in the case of
REFpb) in a rolling teaw window. Converting to clocks is done by dividing teaw [nS] by tck [ns], and rounding up to next
integer value. As an example of the rolling window, if RU{ (traw / tck) } is 10 clocks, and an activate command is issued in
clock N, no more than three further activate commands may be issued at or between clock N+1 and N+9. REFpb also
counts as bank-activation for the purposes of traw.

° 8-bank device Precharge All Allowance: tgp for a Precharge All command for an 8-bank device shall equal trpap, which is
greater than trppb.

Figure 26. Activate command cycle: trep=3, trp=3, trrp=2
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Note: A Precharge-All command uses trpab timing, while a Single Bank Precharge command uses treps timing. In this figure, trp is
used to denote either an All-bank Precharge or a Single Bank Precharge
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Figure 27. teaw timing
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Note: For 8-bank devices only.

Command Input Signal Timing Definition
Figure 28. Command Input Setup and Hold Timing
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Note: Setup and hold conditions also apply to the CKE pin. See section related to power down for timing diagrams related to the
CKE pin.
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Figure 29. CKE Input Setup and Hold Timing
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Notes:

1.

After CKE is registered LOW, CKE signal level must be maintained below V,_cke for tcke specification (LOW pulse width).
2.

After CKE is registered HIGH, CKE signal level must be maintained above Vucke for tcke specification (HIGH pulse width)

Read and Write access modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting CS_n LOW, CAO HIGH,

and CA1 LOW at the rising edge of the clock. CA2 must also be defined at this time to determine whether the access cycle is a
READ operation (CA2 HIGH) or a WRITE operation (CA2 LOW).

The device provides a fast column access operation. A single Read or Write Command initiates a burst read or write operation on
successive clock cycles.

A new burst access must not interrupt the previous 4-bit burst operation in case of BL = 4 setting. In case of BL = 8 and BL = 16

settings, Reads may be interrupted by Reads and Writes may be interrupted by Writes, provided that this occurs on even clock
cycles after the Read or Write command and tccp is met.

Burst Read command

The Burst Read command is initiated by having CS_n LOW, CAO HIGH, CA1 LOW and CA2 HIGH at the rising edge of the clock.
The command address bus inputs, CA5r-CA6r and CAL1f-CA9f, determine the starting column address for the burst. The Read
Latency (RL) is defined from the rising edge of the clock on which the Read Command is issued to the rising edge of the clock
from which the tpgsck delay is measured. The first valid datum is available RL * tck + tbgsck + tbgso after the rising edge of the
clock where the Read Command is issued. The data strobe output is driven LOW trpre before the first rising valid strobe edge.

The first bit of the burst is synchronized with the first rising edge of the data strobe. Each subsequent data-out appears on each
DQ pin edge aligned with the data strobe. The RL is programmed in the mode registers.

Timings for the data strobe are measured relative to the crosspoint of DQS_t and its complement, DQS_c.
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Figure 30. Data output (read) timing (tpgsck max)
RL-1 RL ‘ RL+BL/2
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Notes:

1. togsck May span multiple clock periods.
2. An effective Burst Length of 4 is shown

Figure 31. Data output (read) timing (tpgsck min)
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Note: An effective Burst Length of 4 is shown
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Figure 32. Burst read: RL =5, BL =4, tpgsck > tck
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Figure 33. BUrSt read' RL =3, BL =8, tDQSCK <ftck
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Figure 34. tpgsckpL timing
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Note: tbgsckoL, max IS defined as the maximum of ABS (tbosckn - tbosckm) for any {togsckn, tbosckm} pair within any 32ms rolling
window.

Figure 35. tpgsckom timing
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Note: tbgsckom, max i defined as the maximum of ABS (tbgsckn - tbgsckm) for any {toosckn, tbgsckm} pair within any 1.6 us rolling
window.
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Figure 36. tpgsckps timing
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Note: tbgsckps, max IS defined as the maximum of ABS (tbgsckn - tbasckm) for any {togsckn, tbosckm} pair for reads within a

consecutive burst within any 160ns rolling window.
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Figure 37. Burst read followed by burst write: RL =3, WL =1,BL =4
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The minimum time from the burst read command to the burst write command is defined by the Read Latency (RL) and the Burst
Length (BL). Minimum read to write latency is RL + RU (tpgsck, max / tck) + BL/2 + 1 - WL clock cycles. Note that if a read burst is
truncated with a Burst Terminate (BST) command, the effective burst length of the truncated read burst should be used as “BL” to
calculate the minimum read to write delay.

Figure 38. Seamless burstread: RL =3, BL=4,tccp =2
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The seamless burst read operation is supported by enabling a read command at every other clock for BL = 4 operation, every 4th
clocks for BL = 8 operation, and every 8th clocks for BL=16 operation. This operation is allowed regardless of whether the
accesses read the same or different banks as long as the banks are activated.
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Reads interrupted by a read

A burst read can be interrupted by another read on even clock cycles after the Read command, provided that tccp is met.

Figure 39. Read burst interrupt example: RL =3, BL=8, tccp=2
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Notes:

Read burst interrupt function is only allowed on burst of 8 and burst of 16.

Read burst interrupt may only occur on even clock cycles after the previous commands, provided that tccp is met.
Reads can only be interrupted by other reads or the BST command.

Read burst interruption is allowed to any bank inside DRAM.

Read burst with Auto-Precharge is not allowed to be interrupted.

The effective burst length of the first read equals two times the number of clock cycles between the first read and the
interrupting read.

ogrLNE
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Burst Write operation

The Burst Write command is initiated by having CS_n LOW, CAO0 HIGH, CA1 LOW and CA2 LOW at the rising edge of the clock.
The command address bus inputs, CA5r-CA6r and CAL1f-CA9f, determine the starting column address for the burst. The Write
Latency (WL) is defined from the rising edge of the clock on which the Write Command is issued to the rising edge of the clock
from which the tpgss delay is measured. The first valid data must be driven WL * tck + tpgss from the rising edge of the clock from
which the Write command is issued. The data strobe signal (DQS) must be driven LOW twpre prior to the data input. The data bits
of the burst cycle must be applied to the DQ pins tps prior to the respective edge of the DQS and held valid until tpy after that
edge. The burst data is sampled on successive edges of the DQS until the burst length is completed, which is 4, 8, or 16 bit burst.

twr must be satisfied before a precharge command to the same bank may be issued after a burst write operation.

Input timings are measured relative to the crosspoint of DQS_t and its complement, DQS_c.

Figure 40. Data input (write) timing
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Figure 41. Burst write: WL =1, BL=4

T T2 T3 T4 ’ Tx Tx+1 | Ty : Ty+1
3'- LI AP I JU 1 \ I( R
] |
CK_t/CK CXL;\_} J\_,(__l ; fL—'l - .l\__! x__,!'.
: I l I ' | I 1 I "'| I | I |
. ‘ l" , . .

- ELTCOCC e
P

[Cmd] {Wrﬂe X Nop X X Nep X 'J? S{Pmmx = mu)«( Nop /\
Canh\nht:bssma}r I ocssmal. 1 0SS .tossr— | com of st W e.'ﬂ I
pasc | i ' A B ||i MR
DQS_t U wils 1 \ || | E— —
[ I T
DaQs — 1
Case 2:with wlss mm} I < : tRP I "" » I : I :
[ B .
pasc | i | L & .0 ) & | ¢
Dast | _wd-s T
Pl I I
R | |

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Dec. 2023
Revision: 1.0 86/136



ESMT M54D1G1664A (2G)

Figure 42. Burst write followed by burst read: RL =3, WL=1, BL=4

Notes:

1. The minimum number of clock cycles from the burst write command to the burst read command for any bank is [WL + 1 +
BL/2 + RU( twtr/ tck)]-

2. twrr Starts at the rising edge of the clock after the last valid input datum.

3. If awrite burst is truncated with a Burst Terminate (BST) command, the effective burst length of the truncated write burst
should be used as “BL” to calculate the minimum write to read delay.

Figure 43. Seamless burst write: WL=1, BL=4, tccp=2
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Note: The seamless burst write operation is supported by enabling a write command every other clock for BL = 4 operation,
every four clocks for BL = 8 operation, or every eight clocks for BL=16 operation. This operation is allowed regardless of
same or different banks as long as the banks are activated.
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Writes interrupted by a write

A burst writes can only be interrupted by another write on even clock cycles after the write command, provided that tccpmin IS
met.

Figure 44. Write burst interrupt timing: WL=1, BL=8, tccp = 2
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Notes:

Write burst interrupt function is only allowed on burst of 8 and burst of 16.

Write burst interrupt may only occur on even clock cycles after the previous write commands, provided that tccominy iS met.
Writes can only be interrupted by other writes or the BST command.

Write burst interruption is allowed to any bank inside DRAM.

Write burst with Auto-Precharge is not allowed to be interrupted.

The effective burst length of the first write equals two times the number of clock cycles between the first write and the
interrupting write.
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Burst Terminate

The Burst Terminate (BST) command is initiated by having CS_n LOW, CAO0 HIGH, CA1 HIGH, CA2 LOW, and CA3 LOW at the
rising edge of clock. A Burst Teminate command can only be issued to terminate an active Read or Write burst. Therefore, a
Burst Terminate command can only be issued up to and including BL/2 - 1 clock cycles after a Read or Write command. The

effective burst length of a Read or Write command truncated by a BST command is as follows:

° Effective burst length = 2 x {Number of clock cycles from the Read or Write Command to the BST command}

° If a read or write burst is truncated with a Burst Terminate (BST) command, the effective burst length of the truncated burst
should be used as “BL” to calculate the minimum read to write or write to read delay.

° The BST command only affects the most recent read or write command. The BST command truncates an ongoing read
burst RL * tck + tbosck + tooso after the rising edge of the clock where the Burst Terminate command is issued. The BST
command truncates an on going write burst WL * tck + tpgss after the rising edge of the clock where the Burst Terminate

command is issued.

° The 4-bit prefetch architecture allows the BST command to be issued on an even number of clock cycles after a Write or
Read command. Therefore, the effective burst length of a Read or Write command truncated by a BST command is an

integer multiple of 4.

Figure 45. Write burst truncated by BST: WL=1, BL =16
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Notes:

1. The BST command truncates an ongoing write burst WL * tck + tpgss after the rising edge of the clock where the Burst

Terminate command is issued.

2. Additional BST commands are not allowed after T4 and must not be issued until after the next Read or Write command.
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Figure 46. Burst Read truncated by BST: RL= 3, BL=16
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1. The BST command truncates an ongoing read burst RL * tck + togsck + tbgsg after the rising edge of the clock where the

Burst Terminate command is issued.

2. BST can only be issued at even number of clock cycles after the Read command.
3. Additional BST commands are not allowed after T4 and may not be issued until after the next Read or Write command.

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Dec. 2023
Revision: 1.0 90/136



ESMT M54D1G1664A (2G)

Write data mask

One write data mask (DM) pin for each data byte (DQ) is supported on LPDDR?2 devices, consistent with the implementation on
LPDDR SDRAMSs. Each data mask (DM) can mask its respective data byte (DQ) for any given cycle of the burst. Data mask has
identical timings on write operations as the data bits, though used as input only, is internally loaded identically to data bits to
ensure matched system timing.

Figure 47. Write data mask
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Precharge operation

The Precharge command is used to precharge or close a bank that has been activated. The Precharge command is initiated by
having CS_n LOW, CA0 HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the rising edge of the clock. The Precharge Command
can be used to precharge each bank independently or all banks simultaneously. For 8-bank devices, the AB flag and the bank
address bits, BAO, BA1, and BA2, are used to determine which bank(s) to precharge. The bank(s) will be available for a
subsequent row access treap after an All-Bank Precharge command is issued and trppb after a Single-Bank Precharge command
is issued.

In order to ensure that 8-bank devices do not exceed the instantaneous current supplying capability of 4-bank devices, the Row
Precharge time (trp) for an All-Bank Precharge for 8-bank devices (trpan) Will be longer than the Row Precharge time for a
Single-Bank Precharge (trppb).

Figure of “Activate command cycle: trep=3, trp=3, trro=2" shows Activate to Precharge timing.

Table 65. Bank selection for Precharge by address bits

Precharged Bank(s

AB (CAd4r) BA2 (CA9r) BA1 (CAS8r) BAO (CATr) 8-bar?k device( )
0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 DON'T CARE DON'T CARE DON'T CARE All Banks

Burst Read operation followed by Precharge

For the earliest possible precharge, the precharge command may be issued BL/2 clock cycles after a Read command. For an
untruncated burst, BL is the value from the Mode Register. For a truncated burst, BL is the effective burst length. A new bank
active command can be issued to the same bank after the Row Precharge time (trp). A precharge command cannot be issued
until after tras is satisfied.

The minimum Read to Precharge timing (trrp) must also satisfy a minimum analog time from the rising clock edge that initiates
the last 4-bit prefetch of a Read command.

trtp begins BL/2 - 2 clock cycles after the Read command. If the burst is truncated by a BST command or a Read command to a
different bank, the effective BL is used to calculate when tgrre begins.
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Figure 48. Burst read followed by Precharge: RL = 3, BL =8, RU( tRTp(m.n)/ tCK) 2
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Burst Write followed by Precharge

For write cycles, a delay must be satisfied from the time of the last valid burst input data until the Precharge command may be
issued. This delay is known as the write recovery time (twr) referenced from the completion of the burst write to the precharge
command. No Precharge command can be issued prior to the twgr delay.

These devices write data to the array in prefetch quadruples (prefetch = 4). The beginning of an internal write operation may only
begin after a prefetch group has been latched completely.

The minimum Write to Precharge time for command to the same bank is WL + BL/2 + 1 + RU( twr/ tck) clock cycles. For an
untruncated burst, BL is the value from the Mode Register. For a truncated burst, BL is the effective burst length.

Figure 50. Burst write foIIowed by precharge: WL=1,BL=4
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Auto Precharge operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the Precharge command or
the auto-precharge function. When a Read or a Write command is given to the device, the AP bit (CAOf) may be set to allow the
active bank to automatically begin precharge at the earliest possible moment during the burst read or write cycle.

If AP is LOW when the Read or Write command is issued, then normal Read or Write burst operation is executed and the bank
remains active at the completion of the burst.

If AP is HIGH when the Read or Write command is issued, then the auto-precharge function is engaged. This feature allows the
precharge operation to be partially or completely hidden during burst read cycles (dependent upon Read or Write latency), thus
improving system performance for random data access.

Burst Read with Auto-Precharge

If AP (CAOf) is HIGH when a Read Command is issued, the Read with Auto-Precharge function is engaged. The devices start an
Auto-Precharge operation on the rising edge of the clock BL/2 or BL/2 - 2 + RU(trtp / tck) clock cycles later than the Read with AP
command.

A new bank Activate command can be issued to the same bank if both of the following two conditions are satisfied
simultaneously.

° The RAS precharge time (trp) has been satisfied from the clock at which the auto precharge begins.

° The RAS cycle time (trc) from the previous bank activation has been satisfied.

Figure 51. Burst read with Auto-Precharge: RL = 3, BL = 4, RU(trrp(min)/tck) = 2
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Burst write with Auto-Precharge

If AP (CAOf) is HIGH when a Write Command is issued, the Write with Auto-Precharge function is engaged. The device starts an
Auto Precharge operation on the rising edge which is twr cycles after the completion of the burst write.

A new bank activate command can be issued to the same bank if both of the following two conditions are satisfied.

o The RAS precharge time (trp) has been satisfied from the clock at which the auto precharge begins.

o RAS cycle time (trc) from the previous bank activation has been satisfied.

Figure 52. Burst write with Auto precharge: WL =1,BL =4
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Table 66. Precharge & Auto Precharge Clarification

From Command To Command Minimum Delay Between Commands Unit Notes
Precharge (to same Bank as Read) BL/2 + max(2, RU(trtp/ tck)) - 2 CLK 1
Read
Precharge All BL/2 + max(2, RU(trrp / tck)) - 2 CLK 1
Precharge (to same Bank as Read) 1 CLK 1
BST (for Reads)
Precharge All 1 CLK 1
Precharge (to same Bank as Read BL/2 + max(2, RU(trrp/ tex)) - 2 CLK 12
W/AP)
Precharge All BL/2 + max(2, RU(trTp / tck)) - 2 CLK 1
Activate (to same Bank as Read BL/2 + max(2, RU(trre / tck)) - 2 +
CLK 1
WIAP) RU(trppb / tck)
Read w/AP
Write or Write w/AP (same bank) lllegal CLK 3
Write or Write w/AP (different bank) RL + BL/2 + RU(tpgsckmax / tck) - WL + 1 CLK 3
Read or Read W/AP (same bank) lllegal CLK 3
Read or Read W/AP (different bank) BL/2 CLK 3
Precharge (to same Bank as Write) WL + BL/2 + RU(twr/ tck) + 1 CLK 1
Write
Precharge All WL + BL/2 + RU(twr/ tck) + 1 CLK 1
Precharge (to same Bank as Write) WL + RU(twr / tck) + 1 CLK 1
BST (for Writes)
Precharge All WL + RU(twr/ tex) + 1 CLK 1
Precharge (to same Bank as Write WL + BL/2 + RU(twr/ te) + 1 CLK 12
W/AP)
Precharge All WL + BL/2 + RU(twr/ tcx) + 1 CLK 1
VAVfX‘F’;';‘te (to same Bank as Write WL + BL/2 + RU(twr / tex) + 1 + RU(tepo /tex) | CLK 1
Writes w/AP ; )
Write or Write w/AP (same bank) Illegal CLK 3
Write or Write w/AP (different bank) BL/2 CLK 3
Read or Read wW/AP (same bank) Illegal CLK 3
Read or Read w/AP (different bank) WL + BL/2 + RU(twTr / tck) + 1 CLK 3
Erecﬂarge (to same Bank as 1 CLK 1
Precharge recharge)
Precharge All 1 CLK 1
Precharge 1 CLK 1
Precharge All
Precharge All 1 CLK 1

Notes:

1. For agiven bank, the precharge period should be counted from the latest precharge command, either one bank precharge or
precharge all, issued to that bank. The precharge period is satisfied after trp depending on the latest precharge command
issued to that bank.

2. Any command issued during the minimum delay time is illegal.

3. After Read with AP, seamless read operations to different banks are supported. After Write with AP, seamless write

operations to different banks are supported. Read w/AP and Write w/AP must not be interrupted or truncated.
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Refresh command

The Refresh command is initiated by having CS_n LOW, CAO0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of clock. Per
Bank Refresh is initiated by having CA3 LOW at the rising edge of clock and All Bank Refresh is initiated by having CA3 HIGH at
the rising edge of clock. Per Bank Refresh is only allowed in devices with 8 banks.

A Per Bank Refresh command, REFpb performs a refresh operation to the bank which is scheduled by the bank counter in the
memory device. The bank sequence of Per Bank Refresh is fixed to be a sequential round-robin: “0-1-2-3-4-5-6-7-0-1-...”. The
bank count is synchronized between the controller and the SDRAM upon issuing a RESET command or at every exit from self
refresh, by resetting bank count to zero. The bank addressing for the Per Bank Refresh count is the same as established in the
single-bank Precharge command. A bank must be idle before it can be refreshed. It is the responsibility of the controller to track
the bank being refreshed by the Per Bank Refresh command.

The REFpb command may not be issued to the memory until the following conditions are met:

a) trrcap has been satisfied after the prior REFab command
b) trrcpp has been satisfied after the prior REFpb command
c) tre has been satisfied after the prior Precharge command to that given bank

trro has been satisfied after the prior ACTIVATE command (if applicable, for example after activating a row in a different bank
than affected by the REFpb command).

The target bank is inaccessable during the Per Bank Refresh cycle time (trrcpn), however other banks within the device are
accessable and can be addressed during the Per Bank Refresh cycle. During the REFpb operation, any of the banks other than
the one being refreshed can be maintained in active state or accessed by a read or a write command.

When the Per Bank refresh cycle has completed, the affected bank will be in the Idle state after issuing REFpb:

a) trrcpp Must be satisfied before issuing a REFab command

b) trrcpp Must be satisfied before issuing an ACTIVATE command to the same bank
c) trrp Must be satisfied before issuing an ACTIVATE command to a different bank
d) trrcpp Must be satisfied before issuing another REFpb command

An All Bank Refresh command, REFab performs a refresh operation to all banks. All banks have to be in Idle state when REFab
is issued (for instance, by Precharge all-bank command). REFab also synchronizes the bank count between the controller and
the SDRAM to zero. The REFab command may not be issued to the memory until the following conditions have been met:

a) trrcab has been satisfied after the prior REFab command
b) trrcpp has been satisfied after the prior REFpb command
c) trp has been satisfied after prior PRECHARGE commands

When the All Bank refresh cycle has completed, all banks will be in the Idle state after issuing REFab:
a) the trecan latency must be satisfied before issuing an ACTIVATE command
b) the trecan latency must be satisfied before issuing a REFab or REFpb command
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Table 67. Command Scheduling Separations related to Refresh

Symbol Minimum delay from To Note
REFab
trECab REFab Activate command to any bank
REFpb
REFab
trrCpb REFpb Activate command to same bank as REFpb
REFpb
REFpb Activate command to different bank than REFpb
trrRD REFpb affecting an idle bank (different bank than Activate) 1
Activate Activate command to different bank than the prior Activate
command

Note:

1. A bank must be in the Idle state before it is refreshed. Therefore, after Activate, REFab is not allowed and REFpb is
allowed only if it affects a bank which is in the Idle state.
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Refresh Requirements

1. Minimum number of Refresh commands:

The device requires a minimum number, R, of Refresh (REFab) commands within any rolling Refresh Window (trerw = 32 ms @
MRA4[2:0] = “011” or Tcase < 85 °C). See the Table of “Refresh Requirement Parameters” for actual numbers per density. The
resulting average refresh interval (trer) is given in the Table of “Refresh Requirement Parameters”.

See MR4 for trerw and trer refresh multipliers at different MR4 settings.

For devices supporting Per-Bank-Refresh, a REFab command can be replaced by a full cycle of eight REFpb commands.

2. Burst Refresh limitation:

To limit maximum current consumption, a maximum of eight REFab commands can be issued in any rolling trersw (trerew = 4 X 8
X trecab). This condition does not apply if REFpb commands are used.

3. Refresh Requirements and Self Refresh:
If any time within a refresh window is spent in Self Refresh Mode, the number of required Refresh commands in this particular
window is reduced to:

R* = R - RU{tsre / treri} = R - RU{R * tsrr / trerw}; Where RU stands for the round-up function

Figure 53. Definition of tggr

A) :: TreFw e N ;
T e :
CKE | N A ! |
:" B 4oyt seftRefresn
B) : TReEFW \ E‘T.: i /
| L4
CKE | T T N
c T . lReFWV 'i
) | Isrr : : \ :
S B § :
Exit Self-Refresh

Enter Seif-Refresh e i1
7 | TsrFr |

CKE v | S\_L ) /': \ :"‘.. )

Exit Self-Refresh  Enter Self-Refresh Exit Self-Refresh

1
1
D ) I IReFw ] |
|
|
|
1

IsrF = IsrF1 * Isrr2

Several examples on how tsgr is calculated:

A: with the time spent in Self Refresh Mode fully enclosed in the Refresh Window (trerw).
B: at Self Refresh entry

C: at Self Refresh exit

D: with several different invervals spent in Self Refresh during one trerw interval
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The devices provide significant flexibility in scheduling REFRESH commands, as long as the boundary conditions are met.

In the most straight forward case, a REFRESH command should be scheduled every tger. In this case, Self Refresh can be
entered at any time.

The users may choose to deviate from this regular refresh pattern e.qg., to enable a period where no refreshes are required. As an
example, using a 1Gb LPDDR2 device, the user can choose to issue a refresh burst of 4096 REFRESH commands with the
maximum allowable rate (limited by trersw), followed by a long time without any REFRESH commands, until the refresh window
is complete, then repeating this sequence. The achieveable time without REFRESH commands is given by trerw - (R / 8) * treraw
= trerw - R * 4 * trecan. FOr example, a 1Gb device at Tcase = 85°C can be operation without a refresh for up to 32 ms - 4096 * 4
*130 ns ~ 30 ms.

While both - the regular and the burst/pause - patterns can satisfy the refresh requirements per rolling refresh interval, if they are
repeated in every subsequent 32 ms window, extreme care must be taken when transitioning from one pattern to another to
satisfy the refresh requirement in every rolling refresh window during the transition. If this transition happens directly after the
burst refresh phase, all rolling trerw intervals will meet the minimum required number of REFRESH commands.

As an example of a non-allowable transition, the regular refresh pattern starts after the completion of the pause-phase of the
burst/pause refresh pattern. For several rolling trerw intervals the minimum number of REFRESH commands is not satisfied.

The understanding of the pattern transition is extremely relevant (even if in normal operation only one pattern is employed), as in
Self Refresh Mode, a regular distributed refresh pattern must be assumed, which is reflected in the equation for R* above.
Therefore it is recommended to enter Self Refresh Mode ONLY directly after the burst-phase of a burst/pause refresh pattern and
begin with the burst phase upon exit from Self Refresh.

Figure 54. Regular, Distributed Refresh Pattern vs. Repetitive Burst Refresh with Subsequent Refresh
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Note: As an example, in a 1Gb device at Tcase = 85 C, the distributed refresh pattern has one REFRESH command per 7.8
us; the burst refresh pattern has one REFRESH command per 0.52 us, followed by ~30ms without any REFRESH command.
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Figure 55. Allowable Transition from Repetitive Burst Refresh with Subsequent Refresh Pause to Regular,
Distributed Refresh Pattern
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Note: As an example, in a 1Gb device at Tcase = 85 “C, the distributed refresh pattern has one REFRESH command per 7.8 us;

the burst refresh pattern has one REFRESH command per 0.52us, followed by ~30ms without any REFRESH command.

Figure 56. NOT-Allowable Transition from Repetitive Burst Refresh with Subsequent Refresh Pause to

Regular, Distributed Refresh Pattern
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Figure 57. Recommended Self Refresh entry and exit in conjunction with a Burst/Pause Refresh patterns
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Figure 58. All Bank Refresh Operation
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Notes:
1. In the beginning of this example, the REFpb bank is pointing to Bank O.
2. Operations to other banks than the bank being refreshed are allowed during the trrcpn period.
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Self Refresh operation

The Self Refresh command can be used to retain data in the array, even if the rest of the system is powered down. When in the
Self Refresh mode, the device retains data without external clocking. The device has a built-in timer to accommodate Self
Refresh operation. The Self Refresh command is defined by having CKE LOW, CS_n LOW, CAO0 LOW, CA1 LOW, and CA2
HIGH at the rising edge of the clock. CKE must be HIGH during the previous clock cycle. A NOP command must be driven in the
clock cycle following the Self Refresh command. Once the command is registered, CKE must be held LOW to keep the device in
Self Refresh mode.

LPDDR?2 devices can operate in Self Refresh in both the Standard or Extended Temperature Ranges. The devices will also
manage Self Refresh power consumption when the operating temperature changes, lower at low temperatures and higher
temperatures. See the Table of “IDD Specification Parameters and Operating Conditions” for details.

Once the device has entered Self Refresh mode, all of the external signals except CKE, are “don‘t care”. For proper self refresh
operation, power supply pins (Vop1, Vob2, Vobg) must be at valid levels. Vppg can be turned off during Self Refresh. If Vppg is
turned off, Vrerpg must also be turned off. Prior to exiting Self Refresh, both Vppg and Vrerpg must be within specified limits (see
the Table of “Single-Ended AC and DC Input Levels for DQ and DM”).

Vrerpg and Vgrerca Can be at any level within minimum and maximum levels (see “AC and DC Logic Input Levels for
Single-Ended Signals” section). However, prior to exit Self Refresh, Vrerpg and Vrerca must be within specified limits (See 7.1).
The device initiates a minimum of one all-bank REFRESH command internally within tckesr period once it enters Self Refresh
mode. The clock is internally disabled during Self Refresh Operation to save power. The minimum time that the device must
remain in Self Refresh mode is tckesr. The user can change the external clock frequency or halt the external clock one clock after
Self Refresh entry is registered; however, the clock must be restarted and stable before the device can exit Self Refresh
operation.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock must be stable and within specified
limits for a minimum of 2 clock cycles prior to CKE going back HIGH. Once Self Refresh Exit is registered, a delay of at least txsr
must be satisfied before a valid command can be issued to the device to allow for any internal refresh in progress. CKE must
remain HIGH for the entire Self Refresh exit period txsg for proper operation except for self refresh re-entry. NOP commands
must be registered on each rising clock edge during txsr.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when CKE is driven
HIGH for exit from Self Refresh mode. Upon exit from Self Refresh, it is required that at least one REFRESH command (8
per-bank or 1 all-bank) must be issued before entry into a subsequent Self Refresh command.
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Figure 60. Self Refresh Operation
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Notes:

Exit Self-Refresh

1. Input clock frequency can be changed or stopped during self refresh, provided that upon exiting self refresh, a minimum of
two cycles of stable clock are provided, and the clock frequency is between the minimum and maximum frequency for the

particular speed grade.

txsr begins at the rising edge of the clock after CKE is driven HIGH.

PN

The device must be in the “All banks idle” state prior to entering Self Refresh mode.

A valid command can be issued only after txsr is satisfied. NOPs must be issued during txsr.
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Partial Array Self Refresh: Bank Masking

Each bank can be independently configured whether a self refresh operation is taking place. One mode register unit of 8 bits
accessible via MRW command is assigned to program the bank masking status of each bank up to 8 banks. For bank masking bit
assignments, see Mode Register 16 (MR16).

The mask bit to the bank controls a refresh operation of entire memory within the bank. If a bank is masked via MRW, a
REFRESH operation to the entire bank is blocked and data retention by a bank is not guaranteed in self refresh mode. To enable
a REFRESH operation to a bank, a corresponding bank mask bit must be programmed, “unmasked”. When a bank mask bit is
unmasked, a refresh to a bank is determined by the programmed status of segment mask bits, which is described in the following
chapter.

Partial Array Self Refresh: Segment Masking

Segment masking scheme can be used in place of or in combination with bank masking scheme in the device. The numbers of
segment differ from the density and the setting of each segment mask bit is applied across all the banks. For segment masking
bit assignments, see Mode Register 17 (MR17).

For those refresh-enabled banks, a refresh operation to the address range which is represented by a segment is blocked when
the mask bit to this segment is programmed, “masked”. Programming of segment mask bits is similar to the one of bank mask
bits. For 1Gb and larger densities, 8 segments are used as listed in Mode Register 17 (MR17). One mode register unit is used for
the programming of segment mask bits up to 8 bits. For densities less than 1Gb, segment masking is not supported.

Table 68. Bank and Segment Masking Example

Segment Mask Bank O [ Bank 1 | Bank 2 | Bank 3 | Bank 4 [ Bank 5 | Bank 6 | Bank 7
(MR17)
B"’Erl\'/lkR"ll';Sk 0 1 0 0 0 0 0 1
Segment O 0 - M - - - - - M
Segment 1 0 - M - - - - - M
Segment 2 1 M M M M M M M M
Segment 3 0 - M - - - - - M
Segment 4 0 - M - - - - - M
Segment 5 0 - M - - - - - M
Segment 6 0 - M - - - - - M
Segment 7 1 M M M M M M M M

Note: This table illustrates an example of an 8-bank device, when a refresh operation to bank 1 and bank 7, as well as segment 2
and segment 7 are masked.
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Mode Register Read Command

The Mode Register Read (MRR) command is used to read configuration and status data from mode registers. The Mode
Register Read (MRR) command is initiated by having CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 HIGH at the rising
edge of the clock. The mode register is selected by {CA1f-CAOf, CA9r- CA4r}. The mode register contents are available on the
first data beat of DQ[7:0] after RL * tck + tpgsck + tbgsg and following the rising edge of the clock where the Mode Register Read
command is issued. Subsequent data beats contain valid, but undefined content, except in the case of the DQ Calibration
function, where subsequent data beats contain valid content as described in “DQ Calibration” section. All DQS_t, DQS_c are
toggled for the duration of the Mode Register Read burst.

The MRR command has a burst length of four. The Mode Register Read operation (consisting of the MRR command and the
corresponding data traffic) must not be interrupted. The MRR command period (tmrr) is 2 clock cycles. Mode Register Reads to
reserved and write-only registers shall return valid, but undefined content on all data beats and DQS_t, DQS_c shall be toggled.

Figure 61. Mode Register Read timing example: RL = 3, tyrr = 2
T
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T T R e e 21
DQS_t |<| | T ﬂ lfrl- :
v | ’ | T T
DA A——————]
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DQ[MaxS]I et
. | @ cmonotatowed| | !
Notes:

1. Mode Register Read has a burst length of four.

2. Mode Register Read operation must not be interrupted.

3. Mode Register data is valid only on DQ[7:0] on the first beat. Subsequent beats contain valid, but undefined data. DQ[Max:8]
contain valid, but undefined data for the duration of the MRR burst.

4. The Mode Register Command period is tyrr. No command (other than Nop) is allowed during this period.

5. Mode Register Reads to DQ Calibration registers MR32 and MR40 are described in the section on DQ Calibration.

6. Minimum Mode Register Read to write latency is RL + RU(tpbgsck, max / tck) + 4/2 + 1 - WL clock cycles.

7. Minimum Mode Register Read to Mode Register Write (MRW) latency is RL + RU(tbgsck, max/ tck) + 4/2 + 1 clock cycles.
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The MRR command must not be issued earlier than BL/2 clock cycles after a prior Read command and WL + 1 + BL/2 + RU( twTr
Itek) clock cycles after a prior Write command, because read bursts and write bursts can not be truncated by MRR. Note that if a
read or write burst is truncated with a Burst Terminate (BST) command, the effective burst length of the truncated burst should be
used as “BL".

Figure 62. Read to MRR timing example: RL =3, tygr = 2
T0 T T2 T3 T4 T8
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() CMD not allowed
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Notes:

1. The minimum number of clock cycles from the burst read command to the Mode Register Read command is BL/2.
2. The Mode Register Read Command period is twrr. No command (other than Nop) is allowed during this period

Figure 63. Burst Write Followed by MRR: RL=3, WL =1,BL=4
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Notes:

1. The minimum number of clock cycles from the burst write command to the Mode Register Read command is [WL + 1 + BL/2
+ RU( twtr / tCK)].
2. The Mode Register Read command period is turr. NOo command (other than No) is allowed during this period.
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LPDDR?2 device features a temperature sensor whose status can be read from MR4. This sensor can be used to determine an
appropriate refresh rate, determine whether AC timing derating is required in the Extended Temperature Range and/or monitor
the operating temperature. Either the temperature sensor or the device Tcase (See the Table of “Operating Temperature Range”)
can be used to determine whether operating temperature requirements are being met.

LPDDR?2 devices can monitor device temperature and update MR4 according to trs;. Upon exiting self refresh or power down, the
device temperature status bits will be no older than trg;.

When using the temperature sensor, the actual device temperature may be higher than the Tcase specification (See the Table of
“Operating Temperature Range”) that applies for the Standard or Extended Temperature Ranges. For example, Tcase may be
above 85C when MR4[2:0] equals 011b.

To assure proper operation using the temperature sensor, applications must accommodate the parameters in the temperature
sensor definitions table.

Table 69. Temperature Sensor Definitions

Symbol Parameter Description Max/Min Value Unit
Maximum  temperature  gradient
T Gradient _Srystemt experienced by the memory device M Svstem D dent Cls
emptoradien G?nlipeer? ure at the temperature of interest over a ax ystem Dependen
adien range of 2°C
MR4 Read Time period between MR4 reads
ReadiInterval Interval from the system Max System Dependent ms
Temperature Maximum delay between internal
trsi Sensor Interval updates of MR4 Max 32 ms
System Maximum time between a read of
SysRespDelay Response Delay | MR4 and the response by the system Max System Dependent ms
Margin between the point at which
Device the device temperature enters the
TempMargin Temperature Extended Temperature Range and Max 2 C
Margin point at which the controller
re-configures the system accordingly

To determine the required frequency of polling MR4, the system must use the maximum

response time of the system using the following equation:

TempGradient x (ReadlInterval + trs; + SysRespDelay) < 2°C

For example, if TempGradient is 10°C/s and the SysRespDelay is 1 ms:

10°C/s * (ReadInterval + 32ms + 1ms) < 2°C

In this case, ReadInterval must be no greater than 167ms.

TempGradient and the maximum

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Dec. 2023

Revision: 1.0

110/136




ESMT M54D1G1664A (2G)

Figure 64. Temperature Sensor Timing
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DQ Calibration

LPDDR2-S4 device features a DQ Calibration function that outputs one of two predefined system timing calibration patterns. A
Mode Register Read to MR32 (Pattern “A”) or MR40 (Pattern “B”) will return the specified pattern on DQO, DQ8.

DQI[7:1] and DQ[15:9] drive the same information as DQO during the MRR burst.
MRR DQ Calibration commands can only occur in the Idle state.

Table 70. Data Calibration Pattern Description

Pattern MR# Bit Time O | Bit Time 1 | Bit Time 2 | Bit Time 3 | Description
Pattern A MR32 1 0 1 0 Read to MR32 return DQ calibration
pattern A
Pattern B MRA0 0 0 1 1 Read to MR40 return DQ calibration
pattern B
Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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Figure 65. MR32 and MR40 DQ Calibration timing example' RL =3, tyrr = 2
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Note:

1. Mode Register Read has a burst length of four.

2. Mode Register Read operation must not be interrupted.

3. The Mode Register Command period is tmrr- No command (other than Nop) is allowed during this period.
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Mode Register Write Command

The Mode Register Write command is used to write configuration data to mode registers. The Mode Register Write (MRW)
command is initiated by having CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 LOW at the rising edge of the clock. The
mode register is selected by {CA1f-CAOf, CA9r-CA4r}. The data to be written to the mode register is contained in CA9f-CA2f. The
MRW command period is defined by turw. Mode Register Writes to read-only registers have no impact on the functionality of the
device.

The MRW can only be issued when all banks are in the idle precharge state. One method of ensuring that the banks are in the
idle precharge state is to issue a Precharge-All command.

Figure 66. Mode Register Write timing example: RL = 3, tygw =5
10 T T2 / Tx Tx+1 Tx+2/ Ty Ty+1  Ty+2

SEEEN W"Fi

iz '\_J W | S|
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(D) cuonotatowed
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|l
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[

Notes:

1. The Mode Register Write Command period is tmrw. NO command (other than Nop) is allowed during this period.
2. Attime Ty, the device is in the idle state.

Table 71. Truth Table for Mode Register Read (MRR) and Mode Register Write (MRW)

Current State Command Intermediate State Next State
MRR Mode Register Reading (All Banks Idle) All Banks Idle
All Banks Idle MRW Mode Register Writing (All Banks Idle) All Banks Idle
MRW (RESET) Resetting (Device Auto Initialization) All Banks Idle
MRR Mode Register Reading (Bank(s) Active) Bank(s) Active
Bank(s) Active MRW Not Allowed Not Allowed
MRW (RESET) Not Allowed Not Allowed
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Mode Register Write Reset (MRW RESET)

The MRW RESET command brings the device to the Device Auto Initialization (Resetting) state in the power on Initialization
sequence (See “Reset command” of Power Ramp and Device Initialization). The MRW RESET command can be issued from the
idle state. This command resets all Mode Registers to their default values. No commands other than NOP can be issued to the
device during the MRW RESET period (tinra). After MRW Reset, boot timings must be observed until the device initialization
sequence is complete and the device is in the idle state. Array data is undefined after the MRW RESET command. For the timing
diagram related to MRW Reset, refer to the Figure of “Power Ramp and Initialization Sequence”.

Mode Register Write ZQ Calibration Command

The MRW command is also used to initiate the ZQ Calibration command. The ZQ Calibration command is used to calibrate the
output drivers (Ron) over process, temperature, and voltage. LPDDR2-S4 devices support ZQ Calibration.

There are four ZQ Calibration commands and related timings times: tzo, tzoreser, tzocL, and tzocs. tzanr corresponds to the
initialization calibration; tzoreser is for resetting ZQ setting to default impedance; tzqc. is for long calibration; and tzqcs is for short
calibration.

The Initialization ZQ Calibration (ZQINIT) must be performed for LPDDR2 devices. This Initialization Calibration achieves a Ron
accuracy of +/-15%. After initialization, the ZQ Long Calibration can be used to re-calibrate the system to a Ron accuracy of
+/-15%. A ZQ Short Calibration can be used periodically to compensate for temperature and voltage drift in the system.

The ZQRESET Command resets the Ron calibration to a default accuracy of +/-30% across process, voltage, and temperature.
This command is used to ensure Ron accuracy to +/-30% when ZQCS and ZQCL are not used.

One ZQCS command can effectively correct a minimum of 1.5% (ZQ correction) of Ron impedance error within tzqocs for all speed
bins, assuming the maximum sensitivities specified in “Output Driver Temperature and Voltage Sensitivity” section. The
appropriate interval between ZQCS commands can be determined from these tables and other application-specific parameters.

One method for calculating the interval between ZQCS commands, given the temperature (Tgrifrate) and voltage (Varifrate) drift
rates that the LPDDR?2 is subject to in the application, is illustrated. The interval could be defined by the following formula:

ZQ correction

(T sens X T driftrate ) + (V sens X \ driftrate)

Where Tsens = max (dRondT) and Vsens = max (dRondV) define the temperature and voltage sensitivities.

For example, if Tsens = 0.75% / ‘C, Vsens = 0.20% / MV, Taritrate = 1 ‘C / sec and Vgrirate = 15 mV / sec, then the interval between
ZQCS commands is calculated as:

15

= 04s
(0.75 x 1) + (0.20 x 15)

A ZQ Calibration command can only be issued when the device is in Idle state with all banks precharged.

No other activities can be performed on the data bus during the calibration period (tzqin, tzocL, tzocs). The quiet time on the data
bus helps to accurately calibrate Ron. There is no required quiet time after the ZQ RESET command. If multiple devices share a
single ZQ resistor, only one device can be calibrating at any given time. After calibration is achieved, the device shall disable the
ZQ ball's current consumption path to reduce power.

In systems that share the ZQ resistor between devices, the controller must not allow overlap of tzqin, tzocs, Or tzocL between the
devices. ZQ RESET overlap is allowed. If the ZQ resistor is absent from the system, ZQ must be connected to Vppa. In this case,
the device must ignore ZQ calibration commands and the device will use the default calibration settings.
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Figure 67. ZQ Calibration Initialization timing example
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Notes:

1. The ZQ Calibration Initialization period is tzqint. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.

3. All devices connected to the DQ bus should be high impedance during the calibration process.

Figure 68. ZQ Calibration Short timing example

T2 T3 T4 5 / Tx Tx+1 Tx+2
'---Jr—\'----j i /I---,J,__,l,--_‘l ,_-.|,_\|
CK_t/CK_c ' ! “ 1 ‘i
AL__.. \_JI____” | ' A__.( l_l'___llL_J '.___ |-__ l

b

CA0-9 . ]
‘—I—}_I—Ll—l
[Cmd) ANY >< >< )—
| I I ] | 1 1 I | I 1
R laus} | A
| : I & 1 3 S I O
I ] 1 ] 1
: () cmonotatowed : ! : : : : : : !
| I I } 1
P& L4 v 1 v 1 L 1 ¢ | 4
Notes:

1. The ZQ Calibration Short period is tzocs. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.
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Figure 69. ZQ Calibration Long timing example
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1. The ZQ Calibration Long period is tzgocL. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.

Figure 70. ZQ Calibration Reset timing example
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1. The ZQ Calibration Reset period is tzoreser. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.
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ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ Calibration function, a 240 Ohm +/- 1% tolerance external resistor must be connected between the ZQ pin and
ground. A single resistor can be used for each device or one resistor can be shared between multiple devices if the ZQ calibration
timings for each device do not overlap. The total capacitive loading on the ZQ pin must be limited.

Power Down

Power down is synchronously entered when CKE is registered LOW and CS_n HIGH at the rising edge of clock. CKE must be
registered HIGH in the previous clock cycle. A NOP command must be driven in the clock cycle following the power down
command. CKE is not allowed to go LOW while mode register, read, or write operations are in progress. CKE is allowed to go
LOW while any of other operations such as row activation, precharge, autoprecharge, or refresh is in progress, but power down
Iop spec will not be applied until finishing those operations.

If power down occurs when all banks are idle, this mode is referred to as idle power down; if power down occurs when there is a
row active in any bank, this mode is referred to as active power down.

Entering power down deactivates the input and output buffers, excluding CK_t, CK_c, and CKE. In power down mode, CKE must
be maintained LOW while all other input signals are “Don‘t Care”. CKE LOW must be maintained until tcke has been satisfied.
Vrerca Must be maintained at a valid level during power down.

Vppo may be turned off during power down. If Vppq is turned off, then Vrerpo must also be turned off. Prior to exiting power down,
both Vppo and Vrerpg must be within their respective minimum/maximum operating ranges (see “AC and DC Operating
Conditions” section).

The maximum duration in power down mode is only limited by the refresh requirements, as no refresh operations are performed
in power down mode.

The power down state is exited when CKE is registered HIGH. The controller must drive CS_n HIGH in conjunction with CKE
HIGH when exiting the power down state. CKE HIGH must be maintained until tcke has been satisfied. A valid, executable
command can be applied with power down exit latency, txp after CKE goes HIGH. Power down exit latency is defined in the “AC
Timing” section.

Figure 71. Basic Power Down Entry and Exit timing
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Note: Input clock frequency can be changed or the input clock stopped during power down, provided that upon exiting power
down, the clock is stable and within specified limits for a minimum of 2 clock cycles prior to power down exit and the clock
frequency is between the minimum and maximum frequency for the particular speed grade.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
Revision: 1.0 117/136



ESMT M54D1G1664A (2G)

Figure 72. CKE Intensive Environment
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Note: The pattern shown above can repeat over a long period of time. With this pattern, all AC and DC timing & voltage
specifications with temperature and voltage drift are ensured.
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Figure 74. Read to Power Down Entry
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Note: CKE can be registered LOW at (RL + RU( toosck (vaxy/ tck) + BL/2 + 1) clock cycles after the clock on which the Read
command is registered.

Figure 75. Read with Auto Precharge to Power Down Entry
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Note: CKE can be registered LOW at (RL + RU( tposck (vax)/ tck) + BL/2 + 1) clock cycles after the clock on which the Read
command is registered.
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Figure 76. Write to Power Down Entry
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Note: CKE can be registered LOW at (WL + 1 + BL/2 + RU( twr/ tck)) clock cycles after the clock on which the Write command is
registered.

Figure 77. Write with Auto Precharge to Power Down Entry
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Note: CKE can be registered LOW at (WL + 1 + BL/2 + RU( twr/ tck) + 1) clock cycles after the Write command is registered.
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Figure 78. Refresh command to Power Down Entry
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Note: CKE can go LOW at tincke after the clock on which the Refresh command is registered.

Figure 79. Activate command to Power Down Entry
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Note: CKE can go LOW at tiucke after the clock on which the Activate command is registered.

Figure 80. Precharge/Precharge All command to Power Down Entry
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Note: CKE may go LOW at tincke after the clock on which the Precharge/Precharge All command is registered.
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Figure 81. Mode Register Read to Power Down Entry
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Note: CKE can be registered LOW at (RL + RU( togsck (vax) / tek)+ BL/2 + 1) clock cycles after the clock on which the Mode

Register Read command is registered.

Figure 82. Mode Register Write to Power Down Entry
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Note: CKE can be registered LOW at turw after the clock on which the Mode Register Write command is registered
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Deep Power Down

Deep Power Down (DPD) is entered when CKE is registered LOW with CS_n LOW, CAO HIGH, CA1 HIGH, and CA2 LOW at the
rising edge of clock. A NOP command must be driven in the clock cycle following the power down command. CKE is not allowed
to go LOW while MRR or MRW operations are in progress. All banks must be in idle state with no activity on the data bus prior to
entering the Deep Power Down mode. During Deep Power Down, CKE must be held LOW.

In Deep Power Down mode, all input buffers except CKE, all output buffers, and the power supply to internal circuitry are disabled
within the device. All power supplies must be within specified limits prior to exiting Deep Power Down. Vrerpg and Vrerca Can be
at any level within minimum and maximum levels. However prior to exiting Deep Power Down, Vrer must be within specified
limits (See "AC & DC Operating Conditions" section).

The contents of the device may be lost upon entry into Deep Power Down mode.

The Deep Power Down state is exited when CKE is registered HIGH, while meeting tiscke with a stable clock input. The device
must be fully re-initialized by controller as described in the Power Up and Initialization sequence. The device is ready for normal
operation after the initialization sequence.

Figure 83. Deep Power Down Entry and Exit timing
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Reset

trP toPD
R
Enter Deep Power-Down mode Exit Deep Power-Down mode
Notes:

1. Initialization sequence can start at any time after Tc.

2.tz and Tc refer to timings in the initialization sequence. For more detail, see “Power Up, Initialization, and Power Down”.

3. Input clock frequency can be changed or the input clock stopped during deep power down, provided that upon exiting deep
power down, the clock is stable and within specified limits for a minimum of 2 clock cycles prior to deep power down exit and
the clock frequency is between the minimum and maximum frequency for the particular speed grade.
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Input clock stop and frequency change

LPDDR2 devices support input clock frequency change during CKE LOW under the following conditions:

tekabs), min IS Met for each clock cycle;

Refresh Requirements apply during clock frequency change;

During clock frequency change, only REFab or REFpb commands may be executing;

Any Activate, Preactive or Precharge commands have executed to completion prior to changing the frequency;
The related timing conditions (trcp, tre) have been met prior to changing the frequency;

The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;

The clock satisfies tchans) and teians) for a minimum of 2 clock cycles prior to CKE going HIGH.

After the input clock frequency is changed and CKE is held HIGH, additional MRW commands may be required to set the WR, RL
etc. These settings may need to be adjusted to meet minimum timing requirements at the target clock frequency.

LPDDR?2 devices support clock stop during CKE LOW under the following conditions:

CK_tis held LOW and CK_c is held HIGH during clock stop;

Refresh Requirements apply during clock stop;

During clock stop, only REFab or REFpb commands may be executing;

Any Activate, Preactive or Precharge commands have executed to completion prior to stopping the clock;
The related timing conditions (trcp, trp) have been met prior to stopping the clock;

The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;
The clock satisfies tchans) and teians) for @ minimum of 2 clock cycles prior to CKE going HIGH.

LPDDR?2 devices support input clock frequency change during CKE HIGH under the following conditions:

tek (abs), min IS met for each clock cycle;

Refresh Requirements apply during clock frequency change;

Any Activate, Read, Write, Preactive, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to changing the frequency;

The related timing conditions (trcp, twr, twra, tre, tvrw, tmrr, €tC.) have been met prior to changing the frequency;

CS_n shall be held HIGH during clock frequency change;

During clock frequency change, only REFab or REFpb commands may be executing;

The LPDDR2 device is ready for normal operation after the clock satisfies tchabs) and tei(aps) for a minimum of 2tck + txp.

After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL etc. These settings
may need to be adjusted to meet minimum timing requirements at the target clock frequency.
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LPDDR?2 devices support clock stop during CKE HIGH under the following conditions:

e CK_ tisheld LOW and CK_c is held HIGH during clock stop;

CS_n shall be held HIGH during clock clock stop;

Refresh Requirements apply during clock stop;

During clock stop, only REFab or REFpb commands may be executing;

Any Activate, Read, Write, Preactive, Precharge, Mode Register Write, or Mode Register Read commands must have

executed to completion, including any associated data bursts prior to stopping the clock;

The related timing conditions (trcp, twr, twra, tre, tMrw, tMrr, €tC.) have been met prior to stopping the clock;

e The LPDDR2 device is ready for normal operation after the clock is restarted and satisfies tcrans) and teiins) for a minimum
of 2tck + txp.

No Operation command

The purpose of the No Operation command (NOP) is to prevent the device from registering any unwanted command between
operations. Only when the CKE level is constant for clock cycle N-1 and clock cycle N, a NOP command can be issued at clock
cycle N. A NOP command has two possible encodings:

1. CS_n HIGH at the clock rising edge N.
2. CS_nLOW and CAO, CAl, CA2 HIGH at the clock rising edge N.

The No Operation command will not terminate a previous operation that is still executing, such as a burst read or write cycle.
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Truth tables

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the device
must be powered down and then restarted through the specified initialization sequence before normal operation can continue.

Table 72. Command Truth Table *™*?

Command Pins CA Pins
CK_t
Command CKE dae
csn| cao | cAar | cA2 | ca3 | ca4 | cas | cae | cA7 | cAs | cag | Edge
CK_t (n-1) [ CK_t (n)
H H L L L L L MAO | MAL [ MA2 | MA3 | MA4 | MA5 | _f
MRW
H H X MA6 | MA7 | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OoP6 | OP7 | 1
H H L L L L H MAO | MAL | MA2 | MA3 | MA4 | MA5 | _f
MRR
H H X MAG | MA7 X 1
Refresh H H L L L H L £
11
(pre bank) H H X X _'L
Refresh H H L L | L H H kD
(all bank) H H X X _'L
Enter Self H L L L | L H X _f_
Refresh X L X X _L
Activate H H L L H RS R9 R10 | R11 | R12 | BAO | BA1 | BA2 | _f
(bank) H H X RO | RT | R2 | R3 | R& | R5 | R6 | R7 | R13 | R14 | ]
H H L H L L RFU | RFU c1 c2 BAO | BA1 | BA2 | _f
Write (bank)
H H X AP** | C3 C4 C5 C6 c7 c8 co | cw | cu1 | L
H H L H L H RFU | RFU c1 c2 BAO | BA1 | BA2 | _f
Read (bank)
H H X AP | C3 c4 c5 C6 c7 cs co | cwo | cun | L
Precharge H H L H H L H AB X X BAO BAl BA2 _f_
(pre bank,
all bank) H H X X 1
H H L H | H L L kD
BST
H H X X 1
Enter Deep H L L H | H L X f
Power Down X L X X _L
H H L H | H H X £
NOP
H H X X 1
Maintain PD, L L L H | H H X kB
SREF, DPD
(NOP) L L X X 1
H H H X kB
NOP
H H X X 1
Maintain PD, L L H X _f_
SREF, DPD
(NOP) L L X X 1
Enter Power H L H X —f_
Down X L X X _'L
Exit PD, L H H X Jf
SREF, DPD X H % X ES
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Notes:

1. All commands are defined by the current states of CS_n, CAO, CA1, CA2, CA3, and CKE at the rising edge of the clock.

2. Bank addresses BAQ, BA1, BA2 (BA) determine which bank is to be operated upon.

3. AP “HIGH” during a READ or WRITE command indicates that an auto precharge will occur to the bank associated with the
READ or WRITE command.

4. “X”means “H or L (but a defined logic level)”.

5. Self refresh exit and Deep Power Down exit are asynchronous.

6. Vgrer must be between 0 and Vppg during Self Refresh and Deep Power Down operation.

7. CAxr refers to command/address bit “x” on the rising edge of clock.

8. CAXf refers to command/address bit “x” on the falling edge of clock.

9. CS_n and CKE are sampled at the rising edge of clock.

10. Per Bank Refresh is only allowed in devices with 8 banks.

11. The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.

12. AB “HIGH” during Precharge command indicates that all bank Precharge will occur. In this case, Bank Address is
do-not-care.
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Table 73. CKE Truth Table 1™

Current State CKE n-1 CKE n CS_ n Command n | Operation n Next State Notes
L L X X gg\ll\r;rt]am Active Power Active Power Down
Active Power Down - -
L H H NOP Exit Active Power Active 6.9
Down
L L X X galntam Idle Power Idle Power Down
Idle Power Down own
L H H NOP Exit Idle Power Down Idle 6,9
) L L X X Maintain Resetting Resetting Power Down
Resetting Idle Power Power Down
Down i i
L H H NOP Exit Resetting Power | |y o Resetting 6,9,12
Down
L L X X '\Dﬂg\';rt]am Deep Power Deep Power Down
Deep Power Down
L H H NOP Exit Deep Power Down | Power On 8
L L X X Maintain Self Refresh Self Refresh
Self Refresh
L H H NOP Exit Self Refresh Idle 7,10
Bank(s) Active H L H NOP Egt\s; Active Power Active Power Down
H L H NOP Enter Idle Power Down | Idle Power Down
All Banks Idle H L L Eg‘t:;rressﬁlf Enter Self Refresh Self Refresh
H L L Deep Power Enter Deep Power Deep Power Down
Down Down
Resetting H L H NOP ng:;rr] Resetting Power Resetting Power Down
Other states H H Refer to the Command Truth Table

Notes:

CeNoORr~WNE

10. The clock must toggle at least twice during the txsr time.
11. ‘X means “Don't care”.
12. Upon exiting Resetting Power Down, the device will return to the idle state if tivits has expired.

“CKE n” is the logic state of CKE at clock rising edge n; “CKE n-1" was the state of CKE at the previous clock edge.
“CS_n"is the logic state of CS_n at the clock rising edge n;
“Current state” is the state of the device immediately prior to clock rising edge n.
“Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.

All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
Power Down exit time (txp) should elapse before a command other than NOP is issued.
Self Refresh exit time (txsr) should elapse before a command other than NOP is issued.
The Deep Power Down exit procedure must be followed as discussed in the Deep Power Down section.
The clock must toggle at least twice during the txp period.
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Table 74. Current State Bank n - Command to Bank n ™

Current State Command Operation Next State Notes
Any NOP Continue previous operation Current State
ACTIVATE Select and activate row Active
Refresh (Per Bank) Begin to refresh Refreshing (Per Bank) 6
Refresh (All Bank) Begin to refresh Refreshing (All Bank) 7
Idle MRW Load value to Mode Register MR Writing 7
MRR Read value from Mode Register Idle, MR Reading
Reset Begin Device Auto-Initialization Resetting 7.8
Precharge Deactivate row in bank or banks Precharging 9,15
Read Select column, and start read burst Reading
_ Write Select column, and start write burst Writing
Row Active
MRR Read value from Mode Register Active MR Reading
Precharge Deactivate row in bank or banks Precharging 9
Read Select column, and start new read burst Reading 10,11
Reading Write Select column, and start write burst Writing 10,11,12
BST Read burst terminate Active 13
Write Select column, and start new write burst Writing 10,11
Writing Read Select column, and start read burst Reading 10,11,14
BST Write burst terminate Active 13
Power On Reset Begin Device Auto-Initialization Resetting 7,9
Resetting MRR Read value from Mode Register Resetting MR Reading
Notes:

1. The table applies when both CKEn-1 and CKEn are HIGH, and after txsr or txp has been met if the previous state was Power

Down.

2. All states and sequences not shown are illegal or reserved.
3. Current State Definitions:
Idle: The bank or banks have been precharged, and trp has been met.
Active: A row in the bank has been activated, and trcp has been met. No data bursts / accesses and no register accesses
are in progress.
Reading: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Writing: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same bank. NOP commands or allowable
commands to the other bank must be issued on any clock edge occurring during these states. Allowable commands to the
other banks are determined by its current state, and according to Table of Current State Bank n - Command to Bank m.
Precharging: starts with the registration of a Precharge command and ends when tgp is met. Once tgrp is met, the bank will be

in the idle state.
Row Activating: starts with registration of an Activate command and ends when trcp is met. Once trep IS met, the bank will be

in the ‘Active’ state.

Read with AP Enabled: starts with the registration of the Read command with Auto Precharge enabled and ends when trp
has been met. Once trp has been met, the bank will be in the idle state.
Write with AP Enabled: starts with registration of a Write command with Auto Precharge enabled and ends when tgp has

been met. Once trp is met, the bank will be in the idle state.
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5. The following states must not be interrupted by any executable command; NOP commands must be applied to each positive
clock edge during these states.
Refreshing (Per Bank): starts with registration of a Refresh (Per Bank) command and ends when trrcpb is met. Once trrcpb is

met, the bank will be in the idle state.
Refreshing (All Bank): starts with registration of a Refresh (All Bank) command and ends when trrcap is met. Once trrcan iS
met, the device will be in the all banks idle state.
Idle MR Reading: starts with the registration of a MRR command and ends when turr has been met. Once turr has been
met, the bank will be in the idle state.
Resetting MR Reading: starts with the registration of a MRR command and ends when tyrr has been met. Once turr has
been met, the bank will be in the resetting state.
Active MR Reading: starts with the registration of a MRR command and ends when tyrr has been met. Once tyrr has been
met, the bank will be in the active state.
MR Writing: starts with the registration of a MRW command and ends when tyrw has been met. Once tyrw has been met,
the bank will be in the idle state.
Precharging All: starts with the registration of a Precharge All command and ends when tgp is met. Once tgp is met, the bank
will be in the idle state.

6. Bank-specific; requires that the bank is idle and no bursts are in progress.

7. Not bank-specific; requires that all banks are idle and no bursts are in progress.

8. Not bank-specific; reset command is achieved through Mode Register Write command.

9. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for
precharging.

10. A command other than NOP should not be issued to the same bank while a Read or Write burst with Auto Precharge is
enabled.

11. The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.

12. A Write command can be applied after the completion of the Read burst; otherwise, a BST must be used to end the Read
prior to asserting a Write command.

13. Not bank-specific. Burst Terminate (BST) command affects the most recent read/write burst started by the most recent
Read/Write command, regardless of bank.

14. A Read command may be applied after the completion of the Write burst; otherwise, a BST must be used to end the Write
prior to asserting a Read command.

15. If a Precharge command is issued to a bank in the idle state, trp shall still apply.
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Table 75. Current State Bank n - Command to Bank m *™®

Current State of Command for .
Bank n Bank m Operation Next State for Bank m Notes
Any NOP Continue previous operation Current State of Bank m
Idle Any Any command allowed to Bank m - 18
Activate Select and activate row in Bank m Active 7
Read Select column, and start read burst from Reading 8
Bank m
o Write Select column, and start write burst to Writing 8
Row Activating, Bank m
Active, or Precharge Deactivate row in bank or banks Precharging 9
Precharging
. Idle MR Reading or
MRR Read value from Mode Register Active MR Reading 10,11,13
Read or Write burst terminate an ongoing )
BST Active 18
Read/Write from/to Bank m
Select column, and start read burst from .
Read Bank m Reading 8
Reading (Auto . Select column, and start write burst to "
precharge Write Bank m Writing 8,14
disabled . . . .
) Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 9
Select column, and start read burst from .
Read Bank m Reading 8,16
Writing (Auto . Select column, and start write burst to "
precharge Write Bank m writing 8
disabled i . . .
) Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Reading 815
Bank m
Reading with Auto Write Select column, and start write burst to Writing 814,15
Bank m
precharge
Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Reading 815,16
Bank m
Writing with Write Select column, and start write burst to Writing 815
Bank m
Autoprecharge
Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 9
Power On Reset Begin Device Auto-Initialization Resetting 12,17
Resetting MRR Read value from Mode Register Resetting MR Reading
Notes:

1. The table applies when both CKEn-1 and CKEn are HIGH, and after txsgr or txp has been met if the previous state was Self
Refresh or Power Down.
2. All states and sequences not shown are illegal or reserved.
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10.

11.

12.

13.

14.

15.

16.

17.
18.

Current State Definitions:
Idle: the bank has been precharged, and tgp has been met.
Active: a row in the bank has been activated, and trcp has been met. No data bursts/accesses and no register accesses are
in progress.
Reading: a Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Writing: a Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Refresh, Self Refresh, and Mode Register Write commands can only be issued when all bank are idle.
A Burst Terminate (BST) command cannot be issued to another bank; it applies to the bank represented by the current state
only.
The following states must not be interrupted by any executable command; NOP commands must be applied during each
clock cycle while in these states:
Idle MR Reading: starts with the registration of a MRR command and ends when turr has been met. Once turr has been
met, the bank will be in the idle state.
Resetting MR Reading: starts with the registration of a MRR command and ends when tyrr has been met. Once turr has
been met, the bank will be in the resetting state.
Active MR Reading: starts with the registration of a MRR command and ends when tyrr has been met. Once turr has been
met, the bank will be in the active state.
MR Writing: starts with the registration of a MRW command and ends when turw has been met. Once turw has been met,
the bank will be in the idle state.
trro Must be met between Activate command to Bank n and a subsequent Activate command to Bank m.
Reads or Writes listed in the Command column include Reads and Writes with Auto Precharge enabled and Reads and
Writes with Auto Precharge disabled.
This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for
precharging.
MRR is allowed during the Row Activating state (Row Activating starts with registration of an Activate command and ends
when trep is met.)
MRR is allowed during the Precharging state. (Precharging starts with registration of a Precharge command and ends when
trp iS Met.
Not bank-specific; requires that all banks are idle and no bursts are in progress.
The next state for Bank m depends on the current state of Bank m (Idle, Row Activating, Precharging, or Active). The reader
shall note that the state may be in transition when a MRR is issued. Therefore, if Bank m is in the Row Activating state and
Precharging, the next state may be Active and Precharge dependent upon trcp and tgrp respectively.
A Write command may be applied after the completion of the Read burst; otherwise a BST must be issued to end the Read
prior to asserting a Write command.
Read with auto precharge enabled or a Write with auto precharge enabled may be followed by any valid command to other
banks provided that the timing restrictions of auto precharge are followed.
A Read command may be applied after the completion of the Write burst; otherwise, a BST must be issued to end the Write
prior to asserting a Read command.
Reset command is achieved through Mode Register Write command.
BST is allowed only if a Read or Write burst is ongoing.

Table 76. Data Mask Truth Table

Name (Functional) DM DQs Note
Write enable L Valid 1
Write inhibit H X 1

Note: Used to mask write data, provided coincident with the corresponding data.
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Figure 84. Simplified Bus Interface State Diagram
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PACKING DIMENSIONS

Figure 85. 134-BALL (10x11.5 mm)
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Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A - - 1.00 - - 0.039
Ay 0.25 0.32 0.37 0.010 0.013 0.015
(08 0.35 0.40 0.45 0.014 0.016 0.018
9.90 10.00 10.10 0.390 0.394 0.398
E 11.40 11.50 11.60 0.449 0.453 0.457
D. 5.85 BSC 0.230 BSC
E, 10.40 BSC 0.409 BSC
e 0.65BSC 0.026 BSC
Controlling dimension: Millimeter.
(Revision date: May 31 2022)
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Important Notice

All rights reserved.

No part of this document may be reproduced or duplicated in any form or by
any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at the
time of publication. ESMT assumes no responsibility for any error in this
document, and reserves the right to change the products or specification in
this document without notice.

The information contained herein is presented only as a guide or examples
for the application of our products. No responsibility is assumed by ESMT for
any infringement of patents, copyrights, or other intellectual property rights of
third parties which may result from its use. No license, either express, implied
or otherwise, is granted under any patents, copyrights or other intellectual
property rights of ESMT or others.

Any semiconductor devices may have inherently a certain rate of failure. To
minimize risks associated with customer's application, adequate design and
operating safeguards against injury, damage, or loss from such failure,
should be provided by the customer when making application designs.

ESMT's products are not authorized for use in critical applications such as,
but not limited to, life support devices or system, where failure or abnormal
operation may directly affect human lives or cause physical injury or property
damage. If products described here are to be used for such kinds of
application, purchaser must do its own quality assurance testing appropriate
to such applications.
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