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UnilC
1 Features

Power supply: Vop = Vopg = 1.2V (1.14V to 1.26V); Vep =
2.5V (2.375V to 2.75V)

JEDEC standard package:
- 96-Ball FBGA (x16)
- 78-Ball FBGA (x8)

Array Configuration:
- 8 Banks (x16) 2 groups of 4 banks
- 16 Banks (x 8) 4 groups of 4 banks

8n-Bit prefetch architecture

Burst Length (BL): 8 and 4 with Burst Chop (BC)
Programmable CAS Latency (CL)
Programmable CAS Write Latency (CWL)
Internal generated Vrer for data inputs

Data Mask (DM) for write data

On-Die Termination (ODT): Support Nominal, Park and
Dynamic ODT

Interface: 1.2V Pseudo Open Drain (POD) IO

Differential clock and data strobe inputs (CK_t ,CK_c;
DQS_t, DQS _c¢)

Per DRAM Addressability (PDA)
Note:

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Data Bus Inversion (DBI)
Asynchronous reset for power up
Maximum Power Saving Mode (MPSM)
Precharge: Auto precharge option for each burst access
Operating case temperature: -40°C< Tcase < 95°C
Support auto-refresh and self-refresh mode
Average Refresh Period:
-7.8us at -40°C < Tcase < 85°C
-3.9ps at 85°C < Tcase < 95°C
® Fine granularity refresh 2x, 4x mode for smaller trrc
® Programmable data strobe preambles
® Command Address (CA) Parity is supported
® Write Cyclic Redundancy Code (CRC) is supported
® Connectivity test mode (TEN) is supported
® Gear Down Mode

® Qutput driver calibration through ZQ pin (Rzq: 2400hm +
1%)

® JEDEC JESD-79-4D compliant
® ROHS compliant

1. The functionality described and the timing specifications included in this datasheet are for the DLL Enabled mode of

operation (normal operation), unless specifically stated otherwise.

UnilC_Techdoc, Rev. B 2024-09

5/99
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1.1 Speed Bins

Table 1 - Speed Bins

DDR4-2400 DDR4-2666 DDR4-3200
Speed Unit
17-17-17 19-19-19 22-22-22

tex (min) 0.833 0.75 0.625 ns
CAS Latency 17 19 22 nCK

trRCD (min) 14.16 14.25 13.75 ns

tRP (min) 14.16 14.25 13.75 ns

trRAS (min) 32 32 32 ns

tRC (min) 46.16 46.25 45.75 ns

1.2 Product List

Table 2 shows all possible products within the 8Gbit DDR4 SDRAM component generation.
Table 2 - Ordering Information for 8Gbit DDR4 Component

UnilC Part Number x:;gg%‘;k lC;:tAeSn-SgsD-RP EZ?ne: Sort Package
8Gbit DDR4 SDRAM Components in x 8 Organization (1024 M x 8)
Commercial Temperature Range (0°C- 95°C)
SCB12Q8G800BF-07Q 1333 MHz 19-19-19 DDR4-2666V PG-FBGA-78
SCB12Q8G800BF-06S 1600 MHz 22-22-22 DDR4-3200S PG-FBGA-78
Industrial Temperature Range (-40°C- 95°C)
SCB12Q8G800BF-07QI 1333 MHz 19-19-19 DDR4-2666V PG-FBGA-78
SCB12Q8G800BF-06SI 1600 MHz 22-22-22 DDR4-3200S PG-FBGA-78
8Gbit DDR4 SDRAM Components in x 16 Organization (512M x 16)
Commercial Temperature Range (0°C- 95°C)
SCB12Q8G160BF-07Q 1333 MHz 19-19-19 DDR4-2666V PG-FBGA-96
SCB12Q8G160BF-06S 1600 MHz 22-22-22 DDR4-3200S PG-FBGA-96
Industrial Temperature Range (-40°C- 95°C)
SCB12Q8G160BF-07QI 1333 MHz 19-19-19 DDR4-2666V PG-FBGA-96
SCB12Q8G160BF-06SI 1600 MHz 22-22-22 DDR4-3200S PG-FBGA-96
1.3 Address Table
Table 3 — Address Table
Parameter 1024Mb x 8 512Mb x 16
Number of bank groups 4 2
Bank group address BG[1:0] BGO
Bank count per group 4 4
Bank address in bank group BA[1:0] BA[1:0]
Row Address 64K (A[15:0]) 64K (A[15:0])
Column Address 1K(A[9:0]) 1K(A[9:0])
Page Size 1KB 2KB

UnilC_Techdoc, Rev. B 2024-09 6/99
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Figure 1 Package 96-Ball FBGA(x16)
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2.2 Package 78-Ball FBGA (x8)

Figure 2 Package 78-Ball FBGA(x8)
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3 Ball Assignments

3.1 96-Ball FBGA (x16) Ball Assignments

Figure 3 Ball FBGA (x16) Ball Assignments

L+ [ 2 | 3 Ja[s|e[ 7 | 8 | o |

A vDDQ VssQ DQUO DQsSU_c e) vDDQ A

B VPP VSS vDD DQSU t DQuU1 vDD B

c vDDQ DQU4 DQU2 DQU3 DQUS vssQ [

D VDD VsSsQ DQU6 DQU7 VSsQ vDDQ D

DMU_n/ DML_n

E VSS DEIU n vssa DBIL N vssQ VsS E

F VssQ vDDQ DQSL_c DQL1 vDDQ ZQ F

G vDDQ DQLO DQSL t VDD VSS vDDQ G

H VssQ DaL4 DaL2 DQL3 DQL5 vssQ H

J VDD vDDQ DQLé DQL7 VDDQ VDD J

K VSS CKE oDT CK_t CK c VSS K

WE_n/ RAS_n/
L VDD T ACT n cs n A1e VDD L
A10/ A12 CAS n/

M VREFCA BGO AP BC n A15 vss M

N VSS BAO A4 A3 BA1 TEN N

P RESET_n A6 A0 Al A5 ALERT n P

R VDD A8 A2 A9 AT VPP R

T VsSS A11 PAR NC A13 VDD T

3.2 78-Ball FBGA (x8) Ball Assignments
Figure 4 78-Ball FBGA (x8) Ball Assignments
1 2 3 4 5 6 7 8 9
DM_n,
A VDD VSSQ TDQS ¢ DBI_n VSSQ VSS A
TDQS _t

B VPP VDDQ DQS ¢ DQ1 VDDQ ZQ B
C VDDQ DQO DQS t VDD VSS VDDQ C
D VSSQ DQ4 DQ2 DQ3 DQ5 VSSQ D
E VSS VDDQ DQ6 DQ7 VDDQ VSS E
F VDD NC oDT CK_t CK_c VDD F
G VSS NC CKE CS_n NC TEN G
H VDD WE_n Al4 ACT n CAS_n A15 Rﬁfgn VSS H
J  VREFCA BGO A10 AP A12BC n BG1 VDD J
K VSS BAO A4 A3 BA1 VSS K
L RESET n A6 A0 Al A5 ALERT n L
M VDD A8 A2 A9 A7 VPP M
N VSS All PAR NC A13 VDD N
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3.3 Ball Description

Table 4 — Ball Description

Symbol

Type

Function

CK_t,CK_c

Input

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

CKE

Input

Clock Enable: CKE HIGH activates, and CKE LOW deactivates, internal clock signals
and device input buffers and output drivers. Taking CKE LOW provides PRECHARGE
POWER- DOWN and SELF REFRESH operation (all banks idle), or ACTIVE POWER-
DOWN (row active in any bank). CKE is synchronous for self-refresh exit. After Vrerca
and Internal DQ Vrer have become stable during the power-on and initialization
sequence, they must be maintained during all operations (including SELF REFRESH).
CKE must be maintained HIGH throughout read and write accesses. Input buffers,
excluding CK_t, CK_c, ODT and CKE are disabled during power-down. Input buffers,
excluding CKE, are disabled during SELF REFRESH.

CS n

Input

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

OoDT

Input

On Die Termination: ODT (registered HIGH) enables Rrt_nom termination resistance
internal to the DDR4 SDRAM. When enabled, ODT is only applied to each DQ, DQS t,
DQS_c, DM_n/DBI_n/TDQS_t and TDQS_c (When TDQS is enabled via Mode Register
All =1 in MR1) signal for x8 configurations. For x16 configuration ODT is applied to each
DQ, DQSU_t, DQSU_c, DQSL_t, DQSL_c, DMU_n, and DML_n signal. The ODT pin will
be ignored if MR1 is programmed to disable Rtt_nowm.

ACT n

Input

Activation Command Input: ACT_n defines the ACTIVATION command being entered
along with CS_n. The inputinto RAS_n/A16, CAS_n/A15 and WE_n/ A14 will be considered
as Row Address A16, A15 andA14.

RAS_n/Al6,
CAS_n/A15,
WE_n/Al4

Input

Command Inputs: RAS_n/A16, CAS_n/Al15 and WE_n/A14 (along with CS_n) define
the command being entered. These balls have multi function. For example, for activation
with ACT_n LOW, those are Addressing like A16, A15 and A14 but for non-ACTIVATION
command with ACT_n HIGH, those are command pins for READ, WRITE and other
command defined in command truth table in JESD79-4D.

DM_n, DBI_n
DMU_n/
DBIU n
DML_n/
DBIL n

110

Input Data Mask and Data Bus Inversion: DM_n is an input mask signal for write data.
Input data is masked when DM_n is sampled LOW coincident with that input data during
a write access. DM_n is sampled on both edges of DQS. DM is muxed with DBI function
by Mode Register A10, All, A12 setting in MR5. DBI_n is an input/output identifying
whether to store/output the true or inverted data. If DBI_n is LOW, the data will be
stored/output after inversion inside the DDR4 SDRAM and not inverted if DBI_n is HIGH.
TDQS is only supported in x8.

BG[1:0]

Input

Bank Group Inputs: BG[1:0] define the bank group to which an ACTIVE, READ, WRITE
or PRECHARGE command is being applied. BGO also determines which mode register is
to be accessed during an MRS cycle. x4/x8 have BGO and BG1, but x16 has only BGO.

BA[1:0]

Input

Bank Address Inputs: BA[1:0] define the bank to which an ACTIVE, READ, WRITE
or PRECHARGE command is being applied. Bank address also determines which mode
register is to be accessed during an MRS cycle.

A[17:0]

Input

Address Inputs: Provide the row address for ACTIVATE commands and the column
address for READ/WRITE commands to select one location out of the memory array in the
respective bank. (A10/AP, A12/BC_n, RAS_n/Al6, CAS_n/A15 and WE_n/Al4 have
additional functions, see other rows.) The address inputs also provide the op-code during
MODE REGISTER SET commands.

UnilC_Techdoc, Rev. B 2024-09 10/99
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Symbol Type Function

Auto-precharge: A10 is sampled during READ/WRITE commands to determine
whether Auto-precharge should be performed to the accessed bank after the READ/WRITE
operation. (HIGH: Auto-precharge; LOW: No Auto-precharge). A10 is sampled during a
PRECHARGE command to determine whether the PRECHARGE applies to one bank (A10
LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the bank is selected
by bankaddresses.

Burst Chop: A12/BC_n is sampled during READ and WRITE commands to determine if
A12/BC_n Input burst chop (on-the-fly) will be performed. (HIGH: no burst chop; LOW: burst chopped).
See “Command Truth Table” in JESD79-4D.

Active LOW Asynchronous Reset: Reset is active when RESET _n is LOW, and
RESET_n Input inactive when RESET_n is HIGH. RESET_n must be HIGH during normal operation.
RESET _nis a CMOS rail to rail signal with DC HIGH and LOW at 80% and 20% of Vop.

A10/AP Input

Data Input/Output: Bi-directional data bus. If CRC is enabled via mode register, then
CRC code is added at the end of data burst. Any DQ from DQ3 ~ DQO may indicate the
DQ DQL, DQU 110 internal Vrer level during test via mode register setting MR4 A4 = HIGH. During this mode,
Rrrvalue should be set to High-Z. This measurement is for verification purposes and is NOT
an external voltage supply pin.

Data Strobe: Output with READ data, input with WRITE data. Edge-aligned with READ

DQS_t, data, centered-aligned with WRITE data. For x16, DQSL corresponds to the data on
[I)Dggﬁci DQLO-DQL7; DQSU corresponds to the data on DQUO-DQU?7. The data strobe DQS t,
DQSU_C‘, I/0 DQSL_t and DQSU_t are paired with differential signals DQS_c, DQSL_c, and DQSU_c,
DQSL:t, respectively, to provide differential pair signaling to the system during reads and
DQSL ¢ writes. DDR4 SDRAM supports differential data strobe only and does not support single-

ended.

Termination Data Strobe: TDQS_t/TDQS_c is applicable for x8 DRAMs only. When
enabled via mode register A11 =1 in MR1, the DRAM will enable the same Rt termination
TDQS t resistance function on TDQS_t/TDQS_c that is applied to DQS_t/DQS_c. When the
TDQS_é Output TDQS function is disabled via mode register A11 = 0 in MR1, DM/DBI/TDQS pin will
- provide the Data Mask (DM) function or Data Bus Inversion (DBI) depending on MR5;
All,A12, A10 and TDQS_c is not used. x4/ x16 DRAMs must disable the TDQS function
via mode register A11 = 0 in MR1.

Command and Address Parity Input: DDR4 Supports Even Parity check in DRAMs with
MR setting. Once it is enabled via Register in MR5, then DRAM calculates Parity with
PAR Input ACT_n, RAS_n/Al16, CAS_n/A15, WE_n/Al4, BG[1:0], BA[1:0], A[17:0]. Command and
address inputs shall have parity check performed when commands are latched via the
rising edge of CK_t and when CS_n is LOW.

Alert: It has multi functions such as CRC error flag, command and address parity error
flag as output signal. If there is error in CRC, then Alert_n goes LOW for the period time
interval and goes back HIGH. If there is error in command address parity check, then
ALERT_n I/0 ALERT_n goes LOW for relatively long period until on going DRAM internal recovery
transaction to complete. During connectivity test mode, this pin works as an input. Using
this signal or not is dependent on system. In case of not connected as signal, ALERT_n
pin must be bounded to Voo on board.

Connectivity Test Mode Enable: TEN is active when HIGH and inactive when LOW.
TEN must be LOW during normal operation. It is equired on x16 devices and optional input
on x4/x8 with densities equal to or greater than 8Gb. HIGH in this pin will enable connectivity

TEN Input
P test mode operation along with other pins. Itis a CMOS rail to rail signal with AC HIGH and
LOW at 80% and 20% of Vop. Using this signal or not is dependent on system. This pin
may be DRAM internally pulled low through a weak pull-down resistor to Vss.
NC - No Connect: No internal electrical connection is present.
VbbQ Supply DQ Power Supply: 1.2V +0.06V
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Symbol Type Function
Vssq Supply DQ Ground
Vb Supply Power Supply: 1.2V +0.06V
Vss Supply Ground
Vep Supply DRAM Activating Power Supply: 2.5V (2.375V min, 2.75V max)
VREFCA Supply Reference Voltage for CA
ZQ Supply Reference Pin for ZQ Calibration

UnilC_Techdoc, Rev. B 2024-09

12 /99



3]

UnilC

4 Absolute Maximum Ratings
4.1 Absolute Maximum DC Ratings

Table 5 - Absolute Maximum DC Ratings

Data Sheet

SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Symbol Parameter Min Max Unit Note
Vb Voltage on Vpp pin relative to Vss -0.3 15 \% 1,3
Vbbo Voltage on Vopq pin relative to Vss -0.3 15 \% 1,3
Vep Voltage on Vee pin relative to Vss -0.3 3.0 \% 4
Vin, Vout Voltage on any pin except Vrerca relative to Vss -0.3 15 \Y, 1,3,5
Tstc Storage temperature -55 100 °C 1,2
Note:

1. Stresses greater than those listed under “Absolute Maximum Ratings” 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.

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

3. Vbp and Vbpg must be within 300mV of each other at all times; and Vrerca must not be greater than 0.6 * Vopo, When Vop

and Vopq are less than 500mV; Vrer may be equal to or less than 300mV.

4. Vep must be equal to or greater than Voo/Vopg at all times.

5. Overshoot area above 1.5V is specified in Section 6.3.5 and Section 6.3.6.

4.2 Recommended Supply Operating Conditions

Table 6 - Recommended Supply Operating Conditions

Ratings
Symbol Parameter Unit Note
Min Typ. Max
Vop Supply voltage 1.14 1.2 1.26 \% 1,2,3
VbbQ Supply voltage for output 1.14 1.2 1.26 \% 1,2,3
Vpp Wordline supply voltage 2.375 25 2.75 \Y 3
Note:

1. Under all conditions Vopg must be less than or equal to Vop.

2. Vppqtracks with Vpp. AC parameters are measured with Vop and Vopq tied together.

3. DC bandwidth is limited to 20MHz.
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4.3 DRAM Component Operating Temperature Range
Table 7 - Operating Temperature Range
Symbol Parameter Rating Unit Note
Normal temperature range 0~85 °C 1,2
Wide temperature -40 ~ 85 °C 1,2
TopPer
Extended temperature range 85~ 95 °C 1,3
Industrial temperature -40~95 °C 12,3

Note:
1.

2.

UnilC_Techdoc, Rev. B 2024-09

Operating temperature Torer is the case surface temperature on the center/top side of the DRAM. For measurement
conditions, please refer to the JEDEC document JESD51-2.

The normal temperature range specifies the temperatures where all DRAM specifications will be supported. During operation,
the DRAM case temperature must be maintained between 0 - 95°C under all operating conditions for the commercial offering;
The wide temperature offerings allow the case temperature to go below 0°C to -40°C.

Some applications require operation of the DRAM in the extended temperature range between 85°C and 95°C
case temperature. Full specifications are guaranteed in this range, but the following additional conditions apply:
REFRESH commands must be doubled in frequency, therefore reducing the refresh interval treri to 3.9ps. It is also possible
to specify a component with 1X refresh (trerito 7.8us) in the extended temperature range. Please refer to the DIMM SPD
for option availability.

If SELF REFRESH operation is required in the extended temperature range, then it is mandatory to either use the manual
self refresh mode with extended temperature range capability (MR2 A6 = 0 and MR2 A7 = 1) or enable the optional auto self

refresh mode (MR2 A6 = 1 and MR2 A7 =1).
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5 AC And DC Input Measurement Levels
5.1 AC and DC Logic Input Levels for Single-ended Signals

Table 8 - Single-ended AC and DC Input Levels for Command and Address

1600/1866/2133/2400 2666/2933/3200
Symbol Parameter . Note
Min Max Min Max Unit
. . VREFCA +
ViH(pcTs) DC input logic HIGH 0.075 VoD - - \% -
. . VREFCA-
ViL(pc7s) DC input logic LOW Vss 0.075 - - \% -
. . VREFCA +
ViH(DCes) DC input logic HIGH - - 0.065 Vb \% -
. . VREeFcA -
ViL(pcss) DC input logic LOW - - Vss 0.065 \Y, -
VIiH(AC100) AC input logic HIGH Vrer+ 0.1 Note 2 - - \% 1
ViL(ac100) AC input logic LOW Note 2 Vrer- 0.1 - - \% 1
ViH(ac90) AC input logic HIGH - - VRrer + 0.09 Note 2 \% 1
ViL(aceo) AC input logic LOW - - Note 2 Vrer - 0.09 \% 1
Reference voltage for . . .
VREFCA(DC) ADD, CMD inputs 0.49 * Vpp 0.51 * Voo 0.49 * Vpp 0.51 * Vbp \% 2,3

Note:

1. See “Overshoot/Undershoot Specifications” in Section 6.3.4.

2. The AC peak noise on Vrerca may not allow Vrerca to deviate from Vrercapc) by more than + 1%Vop (for reference: approx.

+12mV)

3. For reference: approx. Voo/2 + 12mV

UnilC_Techdoc, Rev. B 2024-09
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5.2 AC and DC Logic Input Measurement Levels: Vrer Tolerances

The DC-tolerance limits and AC-noise limits for the reference voltages Vrerca are illustrated in the Figure 2 below. It shows a valid
reference voltage Vrery as a function of time. (Vrer stands for Vrerca).

Vrerc) is the linear average of Vrer( over a very long period of time (for example, 1 second). This average has to meet the
min/max requirements in Figure 2. Furthermore Vrery may temporarily deviate from Vrerc) by no more than + 1% Voo for the
AC-noise limit.

Figure 5 - lllustration of Vrerpc) Tolerance and Vrer AC-noise Limits

A
Voltage
Voo
Nt ) Vi
u VeerAGrose NG
, A\ PANVA\ NN v
VREF(DC) A\'L—JL _W_ ~ N — — - _ v Ri;(DC)max
_____________________________________________________________________________________ DD
N VREF(DC) min
Vss
Time

The voltage levels for setup and hold time measurements Vinac), ViHoc), ViLiac) and ViLpc) are dependent on Vrer.

“Vrer” should be understood as Vrer(pc).

This clarifies that DC-variations of Vrer affect the absolute voltage a signal has to reach to achieve a valid HIGH or LOW level,
and therefore, the time to which setup and hold is measured. System timing and voltage budgets need to account for Vrer(oc)
deviations from the optimum position within the data-eye of the inputsignals.

This also clarifies that the DRAM 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 Vop) are included in DRAM
timings and their associated deratings.

5.3 AC and DC Logic Input Levels for Differential Signals
5.3.1 AC and DC Logic Input Levels for Differential Signals

Figure 6 - Definition of Differential AC-Swing and “Time above AC-Level” tovac
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Note:
1. Differential signal rising edge from VL diftmax t0 ViH difiiacymin Must be monotonic slope.

2. Differential signal falling edge from Vu dittmin t0 ViL diff(ac)max must be monotonic slope.

5.3.2 Differential Swing Requirements for Clock (CK_t - CK_c)

Table 9 - Differential Input Levels Requirements for CK_t - CK_c

1600/1866/2133 2400/2666 2933 3200 Uni
Symbol Parameter ¢ Note
Min Max Min Max Min Max Min Max
Vina | Dferential | o156 | Note3 | +0.135 | Note3 | 125 | Note3 | 40110 | Note3d | V 1
input high
Vi | Differential  \oie 3 | 0150 | Note3 | -0.135 | Note3 | -125 | Note3 | -0.110 | V 1
input low
Differential 2* 2* 2* 2*
V'HgifﬂAC input high (ViHac) | Note 3 | (ViHac) | Note 3 | (Viac) | Note 3 | (Vinacy | Note 3 \% 2
(AC) - VREF) - VReF) - VReF) - VReF)
Differential 2* 2* 2* 2*
VL diff(AC) input low Note 3 | (Viiac) | Note 3 | (ViLac) Note 3 (ViL(ac Note 3 (ViLeac) - \Y 2
(AC) - VREF) - VREF) - VREF) VReF)

Note:
1. Used to define a differential signal slew-rate.

2. For CK_t - CK_c use ViHac)/ViLac) of ADD/CMD and VRrerca.
3. These values are not defined; however, the differential signals (CK_t - CK_c) need to be within the respective limits (ViHocmax,
ViLpoymin) for single-ended signals as well as the limitations for overshoot and undershoot.

Table 10 - Allowed Time before Ringback (tovac) for CK_t -CK_c

tovac [PS] @ |ViHL giffiac)| = 200mV tovac [pS] @ |ViHL difiiac)] = TBDmMV
Slew Rate [V/ns]

Min Max Min Max
>4.0 120 - TBD -
4.0 115 - TBD -
3.0 110 - TBD -
2.0 105 - TBD -
1.8 100 - TBD -
1.6 95 - TBD -
1.4 90 - TBD -
1.2 85 - TBD -
1.0 80 - TBD -
<1.0 80 - TBD -
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5.3.3 Differential Swing Requirements for Clock (CK_t - CK_c)

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

signals.

CK_t and CK_c have to approximately reach Vsenmin/VseLmax (@pproximately equal to the AC-levels (ViHac)/ViLiac)) for ADD/CMD
signals) in every half-cycle.

Note that the applicable AC-levels for ADD/CMD might be different per speed-bin etc. E.qg., if different value than Vinac100) /ViLiac100)
is used for ADD/CMD signals, then these AC-levels apply also for the single-ended signals CK_t and CK_c.

Figure 7 - Single-ended Requirement for differential signals

Vop OFVppg === = m s e e e e e e e e e e -

VSEHmin

Vpo/2 or Vopol/2

VsELmax

VssOr VSSQ

v

Note that, while ADD/CMD signal requirements are with respect to VREFCA, the single-ended components of differential signals
have a requirement with respect to VDD/2, this is nominally the same. The transition of single-ended signals through the AC-levels
is used to measure setup time. For single-ended components of differential signals the requirement to reach VSELmax, VSEHmMin

has no bearing on timing, but adds a restriction on the common mode characteristics of these signals.

Table 11 - Single-ended Levels for CK_t, CK_c

Symbo 5 1600/1866/2133 2400/2666 2933/3200 _ Not
| arameter - - - Unit e
Min Max Min Max Min Max
Single-ended Vop/2 + Vop/2 + Vop/2 +
VseH high-level for 0.100 Note 3 0.095 Note 3 0.085 Note 3 \Y 1,2
CK t,CK ¢
Single-ended Vop/2 - Vop/2 - Vop/2 -
VsEL low-level for Note 3 0.100 Note 3 0.095 Note 3 0.085 \Y 1,2
CK t,CK ¢
Note:

1. For CK_t - CK_c use Vinnc) /ViLiac) of ADD/CMD and Vrerca.
2. Vinacy/ViLac) for ADD/CMD is based on VRrerca.
3. These values are not defined, however the single-ended signals CK_t, CK_c needs to be within the respective limits

(VIH (poymax, ViLocymin) for single-ended signals as well as the limitations for overshoot and undershoot.
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5.3.4 Address, Command, and Control Overshoot/Undershoot Specifications

Table 12 - AC Overshoot/Undershoot Specification for Address, Command, and Control Pins

Parameter SyTbo 1600 | 1866 | 2133 | 2400 | 2666 | 2933 | 3200 | Unit Neot
Maximum peak amplitude VAOSP 0.06 v i
above Vaos
Upper boundary of overshoot
area Asost Vaos Vop+ 0.24 \Y 1
Maximum peak amplitude Vaus 0.30 v i

allowed for undershoot area
Maximum overshoot area per
1 tck above Vaos

Maximum overshoot area per
1 tck between Vpp and Vaos
Maximum undershoot area
per 1 tck below Vss

(A0-A13, Al7, BG0O-BG1, BAO-BAL, ACT_n, RAS_n/Al6, CAS_n/Al5, WE_n/Al4, CS_n, CKE, ODT, C2-C0)

Anos2 | 0.0083 | 0.0071 | 0.0062 | 0.0055 | 0.0055 | 0.0055 | 0.0055 | V-ns -

Anos1 | 0.2550 | 0.2185 | 0.1914 | 0.1699 | 0.1699 | 0.1699 | 0.1699 | V-ns -

Anus 0.2644 | 0.2265 | 0.1984 | 0.1762 | 0.1762 | 0.1762 | 0.1762 | V-ns -

Note:
1. The value of Vaos matches Voo absolute max as defined in Table 5 if Voo equals Voo max as defined inTable 6. If Voo is

above the recommended operating conditions, Vaos remains at Vpp absolute max as defined in Table 5.

Figure 8 - Address, Command, and Control Overshoot and Undershoot Definition

Vaosp
¢ ~ Anos2
Vaos vy
Anos1
Voo p —
Volts(V) - Lo >
Vss ]: —
Vaus
< Aaus
A 4
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5.3.5 Clock Overshoot/Undershoot Specifications
Table 13 - AC Overshoot/Undershoot Specification for Clock

Parameter Symbol 1600 1866 2133 2400 2666 2933 3200 Unit | Note
Maximum peak amplitude
above Veos Vcosp 0.06 \%

Upper boundary of
overshoot area Acos:
Maximum peak amplitude
allowed for undershoot
Maximum overshoot area
per 1 Ul above Vcos
Maximum overshoot area
per 1 Ul between Vpp and Acos1 0.1125 | 0.0964 | 0.0844 | 0.0750 | 0.0750 | 0.0750 | 0.0750 | V-ns -
Vcos

Maximum undershoot area
per 1 Ul below Vss

Vcos Vop+ 0.24 \ 1

Vcus 0.30 \Y -

Acos? 0.0038 | 0.0032 | 0.0028 | 0.0025 | 0.0025 | 0.0025 | 0.0025 | V-ns -

Acus 0.1144 | 0.098 | 0.0858 | 0.0762 | 0.0762 | 0.0762 | 0.0762 | V-ns -

(CK_t, CK_c)

Note:

3. The value of Vcos matches Vop absolute max as defined in Table 6 if Voo equals Voo max as defined in Table 7. If Vopis
above the recommended operating conditions, Vcos remains at Voo absolute max as defined in Table 7.

Figure 9 - Clock Overshoot and Undershoot Definition

Vcosp
: ~ Acosz
Vcos =
Acos1
Voo 1 Ul B
Volts(V) < >
Vss ]:
Vcus
v

5.3.6 Data, Strobe and Mask Overshoot/Undershoot Specifications

Table 14 - AC Overshoot/Undershoot Specification for Data, Strobe and Mask

Parameter Syonl‘b 180 1866 | 2133 | 2400 | 2666 | 2933 | 3200 | Unit |Note

Maximum peak amplitude above Vbos Voosp 0.16 \Y -
Upper boundary of overshoot area Apos1 Vbos Vop + 0.24 \% 1
Lower boundary of undershoot area Vous 0.3 Vv 5
Abusi

Maximum peak amplitude below Vous Vouse 01 \ -
Maximum overshoot area per Ul Above | | 0.0 | 0.012 | 0.011 | 0.010 | 0.010 | 0.010 | 0.010 | \, .| _
Vbos POSz 1150 | 9 3 0 0 0 0

Maximum overshoot area per 1 Ul A 0.1 | 0.090 | 0.078 | 0.070 | 0.070 | 0.070 [ 0.070 |\, | _
Between Voog and Voos POSL 1 050 | 0 8 0 0 0 0

Maximum undershoot area per 1 Ul A 0.1 | 0.090 | 0.078 | 0.070 | 0.070 | 0.070 [ 0.070 | | _
Between Vssqand Vous PUSL 1 050 | 0 8 0 0 0 0

Maximum undershoot area per 1 Ul A 0.0 | 0.012 | 0.011 | 0.010 | 0.010 | 0.010 | 0.010 V-ns )
below Vous PUsz 1 150 | 9 3 0 0 0 0

(DQ, DQS_t, DQS_c, DM _n, DBI_n, TDQS_t, TDQS_c)
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Note:
1. The value of Voos matches (Vin, Vout) max as defined in Table 5 if Voo equals Voo max as defined Table 6. If Vopgis above

the recommended operating conditions, Vbos remains at (Vin, Vout) max as defined in Table 5.
2. The value of Vpous matches (Vin, Vour) min as defined in Table 5.

Figure 10 - Data, Strobe and Mask Overshoot and Undershoot Definition

VbpospP A
< DOS2
Vbos ¢
4+— Abos:
Volts(v) YPPe Lol —
VssQ x I
<4— Abusi
Vous —X I
\VoUsP v < Abus2

5.4 Slew Rate Definitions for Differential Input Signals
5.4.1 Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown in Table 156 and Figure 8.

Table 15 - CK Differential Input Slew Rate Definition

Description From To Defined by
Differential input slew rate for rising edge (CK_t - CK_c) VL diff, max VH,diff,min [ViH dift,min - Vi diff, max]/Delta TRuitt
Differential input slew rate for falling edge (CK_t - CK_c) V/1H,diff,min V1L diff, max [ViH,diftmin - Vi diff, max]/Delta TFdif

Note:
1. The differential signal (i, e., CK_t - CK_c) must be linear between these thresholds.

Figure 11 - Differential Input Slew Rate Definition for CK_t, CK_c
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5.4.2 Slew Rate Definitions for Single-ended Input Signals (CMD/ADD)

Figure 12 - Single-ended Input Slew Rate Definition for CMD and ADD
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Note:
1. Single-ended input slew rate for rising edge = {ViH@cmin - ViLoc)max}/Delta TRsingle.
2. Single-ended input slew rate for falling edge = {Vikocymin - ViLiacymax}/Delta TFsingle.
3. Single-ended signal rising edge from ViL(ocymax t0 Vinocymin must be monotonic slope.
4. Single-ended signal falling edge from Viipc)min o ViLpcymax must be monotonic slope.

5.5 CK Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock, each cross point voltage of
differential input signals (CK_t, CK_c) must meet the requirements shown below. The differential input cross point voltage Vix is
measured from the actual cross point of true and complement signals to the midlevel between of Vop andVss.

Figure 13 - VIX Definition (CK)

Vob
CK_t
Vppl2
CK c
Vss
Table 16 - Cross Point Voltage for CK Differential Input Signals at DDR4-1666 through DDR4-2400
DDR4 - 1666/1866/2133/2400
Symbol Parameter Input Level
Min Max
Vsen > Vpp/2 + 145mV - 120mV
Differential Input Cross < <
. . Vpp/2 + 100?21/5— \\//SEH < Vop/2 + i (Ve - Vool2) - 25mV
Vixcry | Point Voltage relative to m
Vop/2 - 145mV < VseL < Vpp/2 —
Vbp/2 for CK_t, CK_c 100mV - (Voo/2 - VsgL) + 25mV -
VseL < Vpp/2 - 145mV -120mVv -
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Table 17 - Cross Point Voltage for CK Differential Input Signals at DDR4-2666/2933/3200

DDR4 - 2666/2933/3200

Symbol Parameter Input Level
Min Max
Vsen> Vop/2 + 145 mV - 110mvVv
Differential Input Cross | Vpp/2 + 100T4\1/ < \</SEH < Voo/2 + i (Ve - Vool2) - 30mV
Point Voltage relative to 5m
Vix(ck) ; < Ver < Vou/2
Vool2 for CK_t, CK_¢ | VoP/2-140mV < Veel<Vool2 - | /o vee) + 30mv ;
90mVv
VseL < Vpp/2 - 145mV -110mVv -
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5.6 CMOS Rail to Rail Input Levels for RESET_n

Table 18 - CMOS Rail to Rail Input Levels for RESET_n

Parameter Symbol Min Max Unit Note
AC Input High Voltage VIH(AC)_RESET 0.8 * Vbp Vob \% 6
DC Input High Voltage VIH(DC)_RESET 0.7 * Vbp Vob \% 2
AC Input Low Voltage VIL(AC)_RESET Vss 0.2 *Vop \% 7
DC Input Low Voltage VIL(DC)_RESET Vss 0.3 *Vop \% 1
Rising Time TrR_RESET - 1.0 us 4
RESET Pulse Width Tew_RESET 1.0 - us 3,5

Note:

1. After RESET_n is registered LOW, RESET_n level shall be maintained below ViLipc) reser during Tepw_reset, otherwise, the

DRAM may not be reset.

2. Once RESET_nis registered HIGH, RESET_n level must be maintained above Vinpc)_reseT, otherwise, the DRAM operation

will not be guaranteed until it is reset asserting RESET_n signal LOW.

3.

4
5.
6
7

Figure 14 - RESET_n Input Slew Rate Definition

RESET is destructive to data contents.

. No slope reversal (ringback) requirement during its level transition from LOW to HIGH.

This definition is applied only “Reset Procedure at Power Stable”.

0.8 *Vpp

0.7 *Vpp

0.3 *Vpp
0.2 *Vpp

UnilC_Techdoc, Rev. B 2024-09

. Overshoot might occur. It should be limited by Absolute Maximum DC Ratings.

. Undershoot might occur. It should be limited by Absolute Maximum DC Ratings.
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TR_RESET
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5.7 AC and DC Logic Input Levels for DQS Signals
5.7.1 Differential Signal Definition

Figure 15 - Definition of differential DQS Signal AC-swing Level

DQS_C

----------------------------------- VIH,diff, peak

el
| Half cycle I

VL, diff,peak

Differential Input Voltage: DQS _t,

5.7.2 Differential Swing Requirements for DQS (DQS t-DQS c¢)

Table 19 - Differential Input Swing Requirements for DQS

1600/1866/2133 2400 2666 2999 3200
Symbol Parameter Unit Note
Min Max Min Max Min Max Min Max Min Max
) VH,diff peak Note Note Note
VIH,diff peak Voltage 186 Note 2 160 Note2 | 150 5 145 > 140 5 mV 1
_ VL diff,peak ) } Note | Note | Note |
VL diff,peak Voltage Note 2 186 Note 2 160 5 150 > 145 5 140 mV 1
Note:

1. Used to define a differential signal slew-rate.
2. These values are not defined; however, the differential signals DQS_t - DQS_c, need to be within the respective limits of

Overshoot, Undershoot Specification for single-ended signals.
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5.7.3 Peak Voltage Calculation Method

The peak voltage of Differential DQS signals are calculated using following equations:

V1 diff,peak VoItage = Max(f(t))

VL dgiff,peak VOItage = Min(f(t))

f(t) = Vbos_t - Vbos_¢

The Max(f(t)) or Min(f(t)) used to determine the midpoint from which to reference the + 35% window of the exempt non-monotonic
signaling shall be the smallest peak voltage observed in all Ul’s.

Figure 16 - Definition of Differential DQS Peak Voltage and Range of Exempt Non-monotonic Signaling

DQS_t

Min (f(t))

+50%

Single-Ended Input Voltage: DQS_t and DQS_c

Time

5.7.4 Differential Input Cross Point Voltage

To achieve tight RxMask input requirements as well as output skew parameters with respect to strobe, the cross-point voltage of
differential input signals (DQS_t, DQS_c) must meet the requirements in Table 20. The differential input cross point voltage
Vix_pos (Vix_pos,Fr and Vix_pgs,rr) is measured from the actual cross point of DQS _t, DQS_c relative to the Vbgs mid of the DQS_t
and DQS_c signals.

Vbos,mid IS the midpoint of the minimum levels achieved by the transitioning DQS_t and DQS_c signals, and noted by Vbgs_trans.
Vbgs_trans IS the difference between the lowest horizontal tangent above Vpgs,mid Of the transitioning DQS signals and the highest
horizontal tangent below Vbgs,mid of the transitioning DQS signals.

A non-monotonic transitioning signal’s ledge is exempt or not used in determination of a horizontal tangent provided the said ledge
occurs within = 35% of the midpoint of either Vn dif peak Voltage (DQS_t rising) or VL difr,peak VoItage (DQS_c rising), refer to Figure
14.

A secondary horizontal tangent resulting from a ring-back transition is also exempt in determination of a horizontal tangent. That
is, a falling transition’s horizontal tangent is derived from its negative slope to zero slope transition (point A in Figure 14) and a
ring-back’s horizontal tangent derived from its positive slope to zero slope transition (point B in Figure 14) is not a valid horizontal
tangent; and a rising transition’s horizontal tangent is derived from its positive slope to zero slope transition (point C in Figure 14)
and a ring-back’s horizontal tangent derived from its negative slope to zero slope transition (point D in Figure 14) is not a valid
horizontal tangent.
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Figure 17 - VIX Definition (DQS)

DQS_t and DQS_c: Single-ended Input Voltage

Data Sheet

SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Lowest horizontal tangent above Vbgs mid Of the transitioning signals

—

_Ne N —

3 \

Vix_pos Fr
\

Vix_pQsRF

Vix_posrF ¢ ‘

Vbgs _trans

Vpos trans/2

Highest horizontal tangent below Vogs,mia Of the transitioning signals

VSSQ

Time

Table 20 - Cross Point Voltage for DQS Differential Input Signals

1600/1866/2133/2400/2666/2933/3200
Symbol Parameter Unit | Note
Min Max
_ DQS_t and DQS_c crossing relative to the ) o
Vix_pesratio midpoint of the DQS_t and DQS_c signal swings 25 % 1.2
VbQ@s,mid_to_Veent Vbgs,mid Offset relative to Vcent_ po(midpoint) - Note 3 mV | 34,5

Note:

1. Vix_posiratio IS DQS Vix crossing (Vix_pgs,Fr Or Vix_posrr) divided by Vbos_trans. Vbos_trans is the difference between the lowest
horizontal tangent above Vbgs,mid Of the transitioning DQS signals and the highest horizontal tangent below Vbpgs mia of the
transitioning DQS signals.

2. Vbgs,mid Will be similar to the Vrerpg internal setting value obtained during Vrer Training if the DQS and DQs drivers and paths

are matched.
. The maximum limit shall not exceed the smaller of V\n,ditt,oes minimum limit or 50mV.

w

4. Vixmeasurements are only applicable for transitioning DQS_t and DQS_c signals when toggling data, preamble and high-z
states are not applicable conditions.
5. The parameter Vbgsmid is defined for simulation and ATE testing purposes, it is not expected to be tested in a system.

UnilC_Techdoc, Rev. B 2024-09
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5.7.5 Differential Input Slew Rate Definition

Data Sheet
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Input slew rate for differential signals (DQS_t, DQS_c) are defined and measured as shown in Figure 15 and Table 21.
Figure 18 - Differential Input Slew Rate Definition for DQS_t, DQS

. Vi, diff peak
—
v © Vin,
& IH,diff, DQS
Q
a
o]
<
c
>
=
c
£
I
€ VL diff,0Qs
<
;E L__ II— ———" ViLdifpeak
e Delta TFuit Delta TRt
Time
Note:
1. Differential signal rising edge from Vidif,pas tO Vin,diff,pas must be monotonic slope.
2. Differential signal falling edge from Viu,diffpas tO ViLdittoas must be monotonic slope.
Table 21 - Differential Input Slew Rate Definition for DQS_t, DQS_c
Description From To Defined by
le‘fereen(;gzlel I(nDp(lStSSIte\_NDrgagtg fz)r fsing VL diff,DQS V/H,diff,DQS [V difr,pQs - ViH,diftpgs|/Delta TRuit
Dlﬁere:élgél?ggtslf\fvlggg f?:; falling VH,diff,DQS VIL,diff,DQS [ViLdifr,D@s - Vin,diftpgs|/Delta TF it
Table 22 - Differential Input Level for DQS_t, DQS_c
1600/1866/2133 2400/2666 2999 3200
Symbol Parameter Unit
Min Max Min Max Min Max Min Max
VIH,diff,DQS DC input logic high 136 - 130 - 115 - 110 - mV
VL diff,DQS DC input logic low - -136 - -130 - -115 - -110 mV
Table 23 - Differential Input Slew Rate for DQS_t, DQS_c
1600/1866/2133/2400 2666/2933/3200
Symbol Parameter Unit
Min Max Min Max
SRudift Differential input slew rate 3 18 25 18 V/ns
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6 AC And DC Output Measurement Levels

6.1 Output Driver DC Electronic Characteristics

The DDR4 driver supports two different Ron values. These Ron values are referred as strong (low Ron) and weak mode (high
Ron). A functional representation of the output buffer is shown in Figure 16 below. Output driver impedance Ron is defined as the

individual pull-up and pull-down resistors (Roneu and Ronpd).

_ Vooo- Vour
Roneu =

under the condition that Roned is off.

| lout |

R _ Vour . .
ONPd = lowr | under the condition that Ronpu is off.
ouT

Figure 19 - Output Driver

Chip In Drive Mode

Output Drive
_L ® VDDQ
l IPu
To
other T Ronpu
circuity T < DQ
like Ronpd —
RCV, ... l oy lout Vour
1— o Vssq
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Table 24 - Output Driver DC Electronical Characteristics, Assuming Rzq=240Q; Entire Operating Temperature Range;
after Proper ZQ Calibration

Ronnom Resistor Vout Min Nom Max Unit Note
Vovpc) = 0.5 * Vbpg 0.73 1.00 1.10 Rzql7 1,2
Ronzapd Vompc) = 0.8 * Vbpg 0.83 1.00 1.10 Rzql7 1,2
340 Vonoc) = 1.1 * Vbbo 0.83 1.00 1.25 Rzql7 1,2
VoLpc) = 0.5 * Vbpo 0.90 1.00 1.25 Rzql7 1,2
Ronsapu Vompc) = 0.8 * Vbpg 0.90 1.00 1.10 Rzql7 1,2
VoHpce) = 1.1 * Vbpo 0.80 1.00 1.10 Rzql7 1,2
Vovpc) = 0.5 * Vbpg 0.73 1.00 1.10 Rzq/5 1,2
Ron4spd Vompc) = 0.8 * Vbpg 0.83 1.00 1.10 Rzq/5 1,2
480 VoHpc) = 1.1 * Vbpo 0.83 1.00 1.25 Rzq/5 1,2
Vovpc) = 0.5 * Vbpg 0.90 1.00 1.25 Rzq/5 1,2
Ronaspu Vompc) = 0.8 * Vbpg 0.90 1.00 1.10 Rzq/5 1,2
VoHpc) = 1.1 * Vbpo 0.80 1.00 1.10 Rzq/5 1,2
Misma;ﬁﬂ_ggwse&&i:‘p and Vom(oo) = 0.8 * Voo -10 . 17 % 12,34
MI\S/{:\r:’?atggnDSJ]Equ?Nl\l/tlrlz/llr;uggte Vompc) = 0.8 * Vbpg - - 10 % 1,24
%5&%?2 Eu(ﬁ-(?onv\r’]v,Itll\’]/lT/lpbize Vompc) = 0.8 * Vbpg - - 10 % 12,4

Note:

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits
if temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

2. Pull-up and pull-down output driver impedances are recommended to be calibrated at 0.8 * Vppg. Other calibration schemes
may be used to achieve the linearity spec shown above, e.g. calibration at 0.5 * Vppg and 1.1 *Vppq.

3. Measurement definition for mismatch between pull-up and pull-down, MMpupd: Measure Roneu and Ronpd both at 0.8 * Vop
separately; Ronnomis the nominal Ron value.
MMpupd = [(Ronpu - Ronpd)/Ronnom] * 100

4. Ron variance range ratio to Ron nominal value in a given component, including DQS_t and DQS_c. MMpudd = [(RoNPu,max -
RONPu,min)/RONnom] *100
MMpddd = [(Ronpd,max - Ronpd,min)/Ronnom] * 100

5. This parameter of x16 device is specified for upper byte and lower byte.
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6.1.1 Alert_n Output Driver Characteristic

A functional representation of the output buffer is shown in Figure 17. Output driver impedance Ron is defined as follows:

Vour .
RonNPd 3 — —under the condition that RONPu is off.

| lour |

Figure 20 - Functional Representation of the Output Buffer

Alert Driver
DRAM o Alert
Ronpd D E—
lour Vour
l lpd
VSSQ
Table 25 - Output Driver Impedance
Resister Vour Min Max Unit Note

Vorpc)= 0.1 * Vbpg 0.3 1.2 34Q 1
Ronpd Vompc) = 0.8 * Vbpg 04 1.2 34Q 1
Vonpoec)= 1.1 * Vbpg 0.4 1.4 34Q 1

Note:

Vbpgq voltage is at Vbpooc). Vopgoc) definition is TBD.
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6.1.2 Output Driver Characteristic of Connectivity Test (CT) Mode

Following output driver impedance Ron will be applied Test Output Pin during Connectivity Test (CT) Mode. The individual pull-up

and pull-down resistors (Ronpu_ct and Ronpd_ct) are defined as follows:

Voo - Vout

RonNPu_cT = when Ronrpd_cr is Off.

| lout|
_ Vour .
RonPd_cT = | when Ronpy _cr is Off.

ouT|

Figure 21 - Output Driver

Chip In Drive Mode

Output Drive
V
_L DDQ
l lpu_ct
To
other T Ronpu_ct
circuity T » DQ
like RONPdﬁCT T
RCV, ... l louT Vour
IPd_cT
1 VSSQ
Table 26 - Ronpu_ct @and Ronpd_ct
Ronnom_cT Resister Vour Max Unit
Vogpc) = 0.2 * Vbpg 1.9 34Q
Vorpoc)= 0.5 * Vbbg 2.0 34Q
Ronpd_cT
Vompc) = 0.8 * Vbpg 2.2 34Q
Vonpoc)= 1.1 * Vbpo 25 34Q
34Q
Vogoc) = 0.2 * Vbbo 25 34Q
VoLpc)= 0.5 * Vbpg 2.2 34Q
Ronpu_ct
Vompc) = 0.8 * Vbpg 2.0 34Q
VoHpe)= 1.1 * Vbpo 1.9 34Q

Note:
Connectivity test mode uses un-calibrated drivers, showing the full range over PVT. No mismatch between pull up and pulldown

is defined.
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6.2 Single-ended AC and DC Output Levels

Table 27 - Single-ended AC and DC Output Levels

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Symbol Parameter DDR4-1600 to DDR4-3200 Unit

VoH(po) DC output high measurement level (for IV curve linearity) 1.1 *Vopo \%

Vowm(pc) DC output mid measurement level (for IV curve linearity) 0.8 * Vbpq \%

VoL(pc) DC output low measurement level (for IV curve linearity) 0.5 * Vbpq \%

VoH(ac) AC output high measurement level (for output SR) (0.7 + 0.15) * Vbpg \%

VoL(ac) AC output low measurement level (for output SR) (0.7 - 0.15) * Vbpq \Y,
Note:

The swing of £ 0.15 * Vppg is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver

impedance of Rzq/7 and an effective test load of 50Q to V1t =Vopg.

6.3 Differential AC&DC Output Levels

Table 28 - Differential AC&DC Output Levels

Symbol Parameter DDR4-1600 to DDR4-3200 Unit

VoH,diff(AC) AC differential output high measurement level (for output SR) +0.3 * Vppo \%

VoL dif(AC) AC differential output low measurement level (for output SR) -0.3 * Vopo \%
Note:

The swing of £ 0.3 * Vbpg is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver
impedance of Rzq/7 and an effective test load of 50Q to V17 = Vbpg at each of the differential outputs.
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6.4 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
Vorac) and Vonac) for single-ended signals as shown in Table 29 and Figure 19.

Table 29 - Single-ended Output Slew Rate Definition

Measured
Description Defined by
From To
Single-ended output slew rate for rising edge VoL(ac) VoH(ac) [Vor(ac) - Vovrac))/Delta TRse
Single-ended output slew rate for falling edge VoH(Ac) VoL(ac) [Vonac) - Vorac))/Delta TFse

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

l -==-  Vonac

Figure 22 - Single-ended Output Slew Rate Definition

“““ VoL(ac)

Delta TFse Delta TR,

Table 30 - Single-ended Output Slew Rate

DDR4-1600 to DDR4-3200
Parameter Symbol - Unit
Min Max
Single-ended output slew rate SRQse 4 9 V/ins

Description:
SR: Slew Rate; Q: Query Output (like in DQ, which stands for Data-in, Query-Output) se: Single-ended Singnals; For Ron = Rzq/7
setting.

Note:
In two cases, a maximum slew rate of 12V/ns applies for a single DQ signal within a byte lane.

. Case 1 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from HIGH
to LOW or LOW to HIGH) while all remaining DQ signals in the same byte lane are static (i.e. they stay at either HIGH
or LOW).

. Case 2 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from HIGH
to LOW or LOW to HIGH) while all remaining DQ signals in the same byte lane are switching into the opposite direction
(i.e. from LOW to HIGH or HIGH to LOW respectively). For the remaining DQ signal switching into the opposite direction,
the regular maximum limit of 9V/ns applies.
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6.5 Differential

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between

Output Slew Rate

Voudifiiac) and Vorditiiac) for differential signals as shown in Table 31 and Figure 20.

Table 31 - Differential Output Slew Rate Definition

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Measured
Description Defined by
From To
Differential output slew rate for rising edge VoL diff(AC) VOH,diff(AC) [Von,difitac) - VoL difac)l/Delta TRuitr
Differential output slew rate for falling edge VOH,diff(AC) VoL diff(AC) [Von.difiac) - VoL difiiacy]/Delta TFit

Note:

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

Figure 23 - Differential Output Slew Rate Definition

< »

Delta TFqs Delta TRk

Table 32 - Differential Output Slew Rate

DDR4-1600 to DDR4-3200
Parameter Symbol Unit
Min Max
Differential output slew rate SRQuift 8 18 V/ns

Description:

SR: Slew Rate; Q: Query Output (like in DQ, which stands for Data-in, Query-Output);

Diff: Differential Singnals; For Ron = Rzq/7 setting.
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6.6 Single-ended AC& DC Output Levels of Connectivity Test Mode
Following output parameters will be applied for DDR4 SDRAM Output Signal during Connectivity Test Mode.

Table 33 - Single-ended AC&DC Output Level of Connectivity Test Mode

Symbol Parameter DDR4-1600 to DDR4-3200 | Unit Note
VoH(c) DC output high measurement level (for IV curve linearity) 1.1 *Vopo \% -
Vowm(pe) DC output mid measurement level (for IV curve linearity) 0.8 * Vbpg \% -
VoL(pc) DC output low measurement level (for IV curve linearity) 0.5 * Vbpg \% -
Vos(po) DC output below measurement level (for IV curve linearity) 0.2 * Vbpg \Y, -
VoH(ac) AC output high measurement level (for output SR) V171 + (0.1 * VbpQ) \Y 1
VoL(ac) AC output below measurement level (for output SR) Vr17- (0.1 * VbDQ) \% 1
Note:

1. The effective test load is 50Q terminated by V1r= 0.5 * Vbpo.
Figure 24 - Output Slew Rate Definition of Connectivity Test Mode

Vouae)y — g~~~ —————————————

VT —_—t g —————

VoLagy —

TF_ou‘[ put_CT TR_CIU'[DUT_CT

Table 34 - Single-ended Output Slew Rate of Connectivity Test Mode

DDR4-1600 to DDR4-3200
Parameter Symbol Unit

Min Max
Output signal Falling time TF _output_cT - 10 ns/V
Output signal Rising time TR output_cT - 10 ns/V

6.7 Reference Load for Connectivity Test Mode Timing

The reference load for ODT timings is defined in Figure 22.

Figure 25 - Connectivity Test Mode Timing Reference Load

VDDO
T DQ,DM
DQSL_tDasL c
CT_INPUTS ggg“t—l‘jggsf—c
—_— DUT ———— 105 *Vppq
RLen'n =500

i

VSSD

Timing Reference Points
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7 Speed Bin

7.1 DDRA4-2400 Speed Bins and Operations

Table 35 - DDR4-2400 Speed Bins and Operations

Speed Bin DDR4-2400
CL-nRCD-nRP 17-17-17 Unit Note
Parameter Symbol Min Max
Internal READ command to first data taa 14.16 18.00 ns 9
(13.75)©
interal READ command to first data with fas o8 taamin+ 31CK | taa(mao+ 30CK | ns 9
ACT to internal READ or WRITE delay trep 14.16 ) ns 9
time (13.75)®@
PRE command period trp (1131_1%15()5(9) ) ns 9
ACT to PRE command period trAs 32 9 * treFI ns 9
ACT to ACT or REF command period tre ( 4%%15?(9) - ns 9
Normal READ DBI
CL=9 CL=11 tck (avg) Reserved ns 1,2,3,4,5,8
CWL=9
CL=10 CL=12 tok (avg) 15 1.6 ns 1,2,3,4,58
CL=10 CL=12 tck (avg) Reserved ns 4
CWL =9,11 CL=11 CL=13 tck (avg) 1.25 <15 ns 1,2,3,4,5
CL=12 CL=14 tek (avg) 1.25 <15 ns 1,235
CL=12 CL=14 tcK (avg) Reserved ns 4
CWL =10,12 CL=13 CL=15 tcK (avg) 1.071 <1.25 ns 1,2,3,4,5
CL=14 CL=16 tcK (avg) 1.071 <1.25 ns 1,2,3,5
CL=14 CL=17 tcK (avg) Reserved ns 4
CwL=11,14 CL=15 CL=18 tcK (avg) 0.937 <1.071 ns 1,2,3,4,5
CL=16 CL=19 tok (avg) 0.937 <1.071 ns 1,2,3,5
CL=15 CL=18 tck (avg) Reserved ns 12,34
CL=16 CL=19 tck (avg) Reserved ns 12,34
CWL =12,16
CL=17 CL=20 tek (avg) 0.833 <0.937 ns 1,2,3,4
CL=18 CL=21 tek (avg) 0.833 <0.937 ns 1,2,3
Supported CL Settings 10,(11),12,(13),14,(15),16,17,18 nCK 10
Supported CL Settings with READ DBI 12,(13),14,(15),16,(18),19,20,21 nCK 10
Supported CWL Settings 9,10, 11,12, 14, 16 nCK -
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7.2 DDR4-2666 Speed Bins and Operations

Table 36 - DDR4-2666 Speed Bins and Operations

Data Sheet

SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Speed Bin DDR4-2666
CL-nRCD-nRP 19-19-19 Unit Note
Parameter Symbol Min Max
) 14.25
Internal READ command to first data taa (13.75)9 18.00 ns 9
Internal READ command to first data )
with Read DBI enabled taa D8I taa (min) + 3nCK taa (max) + 3NCK ns 9
ACT to internal READ or WRITE delay ¢ 14.25 i ns 9
time RCD (13.75)®
PRE command period trp (1134%25?(9) - ns 9
ACT to PRE command period trAs 32 9 * treFI ns 9
. 46.25
ACT to ACT or REF command period tre (13.75)® - ns 9
Normal READ DBI
CL=9 CL=11 tek (avg) Reserved ns 1,2,3,4,6,8
CWL=9
CL=10 CL=12 tek (avg) 15 1.6 ns 1,2,3,6,8
CL=10 CL=12 tck (avg) Reserved ns 4
CWL =9,11 CL=11 CL=13 tck (avg) 1.25 <15 ns 1,2,3,4,6
CL=12 CL=14 tck (avg) 1.25 <1.5 ns 1,2,3,6
CL=12 CL=14 tek (avg) Reserved ns 4
CWL=10,12 | cL =13 CL=15 tek (avg) 1.071 <1.25 ns 1,2,3,4,6
CL=14 CL=16 tek (avo) 1.071 <1.25 ns 1,2,3,6
CL=14 CL=17 tek (avg) Reserved ns 4
CWL=1114 | cL=15 CL=18 tek (avg) 0.937 <1.071 ns 1,2,3,4,6
CL=16 CL=19 tek (avg) 0.937 <1.071 ns 1,2,3,6
CL=15 CL=18 tck (avg) Reserved ns 4
CWL=12,16 CL=16 CL=19 tek (avg) Reserved ns 1,2,3,4,6
CL=17 CL=20 tck (avg) 0.833 <0.937 ns 1,2,3,4,6
CL=18 CL=21 tck (avg) 0.833 <0.937 ns 1,2,3,6
CL=17 CL=20 tek (avg) Reserved ns 12,34
CWL=14,18 CL=18 CL=21 tek (avg) Reserved ns 12,34
CL=19 CL=22 tck (avg) 0.75 <0.833 ns 1,2,3,4
CL=20 CL=23 tek (avg) 0.75 <0.833 ns 12,3
Supported CL Settings 10,(11),12,(13),14,(15),16,(17),18,19,20 | nCK 10
Supported CL Settings with READ DBI 12,(13),14,(15),16,(18),19,(20),21,22,23 | nCK 10
Supported CWL Settings 9,10,11,12,14,16,18 nCK -
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7.3 DDR4-3200 Speed Bins and Operations

Table 37 - DDR4-3200 Speed Bins and Operations

Data Sheet
SCB12Q8Gxx0BF

8Gbit DDR4 SDRAM

Speed Bin DDR4-3200
CL-nRCD-nRP 22-22-22 Unit Note
Parameter Symbol Min Max
Internal READ command to first data taa 13.75 18.00 ns
\I/\r/]iE[?lrrll??El EIIDE gglcgr:grgligd to first data taa_pBl taa (min) + 4NCK taa (max) + 4NCK ns
,tél\g'el' to internal Read or Write delay trep 13.75 ) ns 9
PRE command period trp 13.75 - ns 9
ACT to PRE command period trAS 32 9 * tREFI ns 9
ACT to ACT or REF command period trc 45.75 - ns 9
Normal Read DBI
CcWL=9 CL=9 CL=11 tck (avg) Reserved ns 1,2,3,4,7,8
CL=10 CL=12 tek (avg) 1.5 1.6 ns 1,2,3,7,8
CL=10 CL=12 tck (avg) Reserved ns 4
CWL=911 | cL=11 CL=13 teK (avg) 1.25 <15 ns 1,2,34,7
CL=12 CL=14 tck (avg) 1.25 <15 ns 1,2,3,7
CL=12 CL=14 tek (avg) Reserved ns 4
CWL=10,12 | cL=13 CL=15 tek (avg) 1.071 <1.25 ns 1,2,3,4,7
CL=14 CL=16 tek (avg) 1.071 <1.25 ns 1,2,3,7
CL=14 CL=17 tek (avg) Reserved ns 4
CWL=11,14 | cL=15 CL=18 tek (avg) 0.937 <1.071 ns 1,2,3,4,7
CL=16 CL=19 tck (avg) 0.937 <1.071 ns 1,2,3,7
CL=15 CL=18 tek (avg) Reserved ns 4
CWL=12.16 CL=16 CL=19 tck (avg) Reserved ns 1,2,3,4,7
CL=17 CL=20 tok (avg) 0.833 <0.937 ns 1,2,34,7
CL=18 CL=21 tck (avg) 0.833 <0.937 ns 1,2,3,7
CL=17 CL=20 tek (avg) Reserved ns 1,234
CWL=14,18 CL=18 CL=21 tek (avg) Reserved ns 1,2,3,4
CL=19 CL=22 tok (avg) 0.75 <0.833 ns 1,2,3.4
CL=20 CL=23 tek (avg) 0.75 <0.833 ns 12,3
CL=20 CL=24 tek (avg) Reserved ns 1,2,3,4,7
CWL=16,20 CL=21 CL=25 tck (avg) 0.682 <0.75 ns 1,2,3,4,7
CL=22 CL=26 tok (avg) 0.682 <0.75 ns 1,2,3,7
CL=24 CL=28 tok (avg) 0.682 <0.75 ns 1,2,3,7
CL=20 CL=24 tek (avg) Reserved ns 1,2,3,4
CWL=16,20 | cL=22 CL=26 tck (avg) 0.625 <0.682 ns 12,34
CL=24 CL=28 tek (avg) 0.625 <0.682 ns 12,3
Supported CL Settings ;2,11,12,13,14,15,16,17,18,19,20,22, nCK )
Supported CL Settings with READ DBI 22152,14,15,16,18,19,20,21,22,23,24, nCK _
Supported CWL Settings 9,10,11,12,14,16,18,20 nCK i

UnilC_Techdoc, Rev. B 2024-09

39/99



h i i Data Sheet

UnilC SCB12Q8GxX0BF
8Gbit DDR4 SDRAM

7.4 Speed Bin Table Note

Absolute Specifications

. Vbpo = Voo = 1.20V = 0.06V

. Vep = 2.5V (2.375V min, 2.75V max)

. The values defined with above-mentioned table are DLL ON case.

. DDR4-2400, 2666, 2933 and 3200 Speed Bin Tables are valid only when gear down mode is disabled.

1. The CL setting and CWL setting result in tck @avgymin @nd tck avgymax requirements. When selecting tck (avg), both need to be
fulfilled: Requirements from CL setting as well as requirements from CWL setting.

2. tek@vgmin limits: Since CAS latency is not purely analog - data and strobe output are synchronized by the DLL-all possible
intermediate frequencies may not be guaranteed. CL in clock cycle is calculated from taa following rounding algorithm defined
in JEDEC-79D Section 13.5.

3. tck @avgymax limits: Calculate tck (avg) = taa maxy/CL SELECTED and round the resulting tck @vg) down to the next valid speed bin
(i.e. 1.5ns or 1.25ns or 1.071ns or 0.937ns or 0.833ns). This result is tck (avgymax corresponding to CL SELECTED.

4. ‘Reserved’ settings are not allowed. User must program a different value.

5.  Any DDR4-2400 speed bin also supports functional operation at lower frequencies as shown in the corresponding table
which are not subject to production tests but verified by design/characterization.

6. Any DDR4-2666 speed bin also supports functional operation at lower frequencies as shown in the corresponding table
which are not subject to production tests but verified by design/characterization.

7.  Any DDR4-3200 speed bin also supports functional operation at lower frequencies as shown in the corresponding table
which are not subject to production tests but verified by design/characterization.

8. DDR4-1600 AC timing apply if DRAM operates at lower than 1600MT/s data rate.

9. Parameters apply from tck (avg)min t0 tck (avg)max at all standard JEDEC clock period values as stated in the Speed Bin
Tables.

10. CL number in parentheses, it means that these numbers are optional.

11. DDR4 SDRAM supports CL =9 as long as a system meets taa (min), treo (min), trRe (min), @and trc (min).

12. Each speed bin lists the timing requirements that need to be supported in order for a given DRAM to be JEDEC compliant.
JEDEC compliance does not require support for all speed bins within a given speed. JEDEC compliance requires meeting
the parameters for a least one of the listed speed bins.

7.5 trer and trrc Parameters

In the Fixed 1x Refresh rate mode, only REF1x commands are permitted. In the Fixed 2x Refresh rate mode, only REF2x
commands are permitted. In the Fixed 4x Refresh rate mode, only REF4x commands are permitted. When the on-the-fly 1x/2x
Refresh rate mode is enabled, both REF1x and REF2x commands are permitted. When the on-the-fly 1x/4x Refresh rate mode
is enabled, both REF1x and REF4x commands are permitted.

Table 38 - trerrand trrc Parameters

Refresh Mode Parameter 8Ghb Unit
tREFI(base) 7.8 us
-40°C < Tcase< 85°C {REFI(base) us
trREFIL
1x mode 85°C < Tcase< 95°C tREFI(base)/2 us
tRFC1 (min) 350 ns
-40°C < Tcase < 85°C tREFI(base)/2 us
trREFI2
2x mode 85°C < Tcase< 95°C tREFI(base)/4 us
tRFC2 (min) 260 ns
-40°C £ Tcase < 85°C tREFI(base)/4 us
tREFI4
4x mode 85°C < Tcase < 95°C tREFI(base)/8 us
trRFC4 (min) 160 ns
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8 IDD And IDDQ Specification Parameters And TestConditions
8.1 lpp, Ipp and Iopg Measurement Conditions

llm l'w l'
[ [ ]

Voo Vep

o——RESET_n
O—CK_t/ICK_c

Vopa

DQS_tDQS_c¢ ——— o
o——| cke

o—csn DDR4 SDRAM

P c DQ p———=

o0——— ACT_n, RAS _n,CAS nWE_n
- - - - DM_n o

o—— ABG,BA

o—— ODT

o— Z2Q Vss

Vssa

I

Note:
DIMM level Output test load condition may be different from above

Figure 26 - Correlation from Simulated Channel I/O Power to Actual Channel I/O Power Supported by IDDQ
Measurement

Application
memory channel looe
environment Test Load
l v \ 4
Channel I/O Power Ioba Ipba
Simulation Simulation Measurement
X Correlation

Channel I/O Power
Number
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Table 39 - Timings used for Ipop, Irp and Iopg Measurement-Loop Patterns

DDR4-1600 | DDRA4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200
Symbol Unit
11-11-11 13-13-13 15-15-15 17-17-17 10-19-19 21-21-21 22.22-22
tex 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns
cL 1 13 15 17 19 21 22 nCK
cwiL 1 12 14 16 18 20 20 nCK
NRCD 11 13 15 17 19 21 22 ncK
nRC 39 45 51 56 62 68 74 ncK
NRAS 28 32 36 39 43 47 52 nCK
NRP 1 13 15 17 19 21 22 nCK
A | @ 20 22 23 26 28 31 34 nCK
w x16 28 28 32 36 40 44 48 nCK
e | @ 4 4 4 4 4 4 4 nCK
DS x16 5 5 6 7 8 8 9 ncK
e | @ 5 5 6 6 7 8 8 nCK
bL x16 6 6 7 8 9 10 11 nCK
tcep_s 4 4 4 4 4 4 4 nCK
teeo.L 5 5 6 6 7 8 8 nCK
twTr_s 2 3 3 3 4 4 4 nCK
twrr L 6 7 8 9 10 11 12 nCK
nRFC 2Gb 128 150 171 103 214 235 256 nCK
nRFC 4Gb 208 243 278 313 347 382 416 nCK
nRFC 8Gb 280 327 374 421 467 514 560 nCK
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Table 40 - Basic Ipp, Ipp and Ibog Measurement Conditions

Symbol Description

Operating One Bank Active-Precharge Current (AL =0) CKE: HIGH,;

External clock: On;

tck, NRC, NnRAS, nRCD, CL: See Table 38;

BL: 8,

AL: O;

CS_n: HIGH between ACT and PRE;

Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
Iooo Table 41.

Data 1/O: Vboo;

DM_n: Stable at 1;

Bank Activity: Cycling with one bank active at a time: 0, 0, 1, 1, 2, 2, ... (see Table 41);
Output Buffer and Rrr: Enabled in Mode Registers?;

ODT Signal: Stable at 0;

Pattern Details: See Table 41.

Operating One Bank Active-Precharge Current (AL = CL -1)
AL = CL - 1, Other conditions: See lppo.

Operating One Bank Active-Precharge Ire Current (AL = 0)
Same condition with Ippo.

Operating One Bank Active-Read-Precharge Current (AL = 0) CKE: HIGH,;
External clock: On;

tck, NRC, nRAS, nRCD, CL: See Table 39;

BL: 8W;

AL: 0O;

CS_n: HIGH between ACT, RD and PRE;

Iop1 Command, Address, Bank Group Address, Bank Address Inputs, Data 10: Partially toggling
according to Table 42.

DM_n: stable at 1;

Bank Activity: Cycling with one bank active at atime: 0, 0, 1, 1, 2, 2, ... (see Table 42);
Output Buffer and Rrr: Enabled in Mode Registers?;

ODT Signal: Stable at 0;

Pattern Details: See Table 42

Ipboa

IpPo

Operating One Bank Active-Read-Precharge Current (AL = CL - 1) AL = CL - 1, Other conditions:

Ipb1a
See Ipp1.

Operating One Bank Active-Read-Precharge lpp Current
Same condition with Ippz.

Precharge Standby Current (AL = 0) CKE: HIGH;
External clock: On;

tck, CL: See Table 39;

BL: 8®;

AL: O;

CS_n: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
loozn Table 43.

Data 1/O: Vbog;

DM_n: Stable at 1;

Bank Activity: All banks closed;

Output Buffer and Rrr: Enabled in Mode Registers?;
ODT Signal: Stable at 0;

Pattern Details: See Table 43.

Ipp1

Iob2na Precharge Standby Current (AL = CL - 1) AL = CL - 1, Other conditions: See Ipp2n.

Precharge Standby Ipp Current

lpp2n Same condition with Ippzn.
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Symbol Description
Precharge Standby ODT Current CKE: HIGH,;
External clock: On;
tck, CL: See Table 39;
BL: 8);
AL: O;
CS_n: Stable at 1;
Ibp2NT Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
Table 44.
Data I/O: Vssg;
DM_n: Stable at 1;
Bank Activity: All banks closed;
Output Buffer and Rrr: Enabled in Mode Registers®;
ODT Signal: Toggling according to Table 44; Pattern Details: See Table 44.
| Precharge Standby ODT lppg Current
DDQ2NT Same definition like for lop2nt, however measuring looo current instead of Ipp current.
Precharge Standby Current with CAL enabled
Iooant Same definition like for Ippzn, CAL enabled®):©),
| Precharge Standby Current with Gear Down mode enabled
DD2NG Same definition like for Iopzn, Gear Down mode enabled®:®),
| Precharge Standby Current with DLL disabled
DD2ND Same definition like for Iopzn, DLL disabled® .
| Precharge Standby Current with CA parity enabled
DD2N_par Same definition like for Iopan, CA parity enabled® .
Precharge Power-Down Current CKE: LOW;
External clock: On;
tck, CL: See Table 39;
BL: 8@:
AL: 0O;
Iboop CS_n: Stable at 1;
Command, Address, Bank Group Address, Bank Address Inputs: Stable at0;
Data 1/O: Vbog;
DM_n: Stable at 1;
Bank Activity: All banks closed,;
Output Buffer and Rrr: Enabled in Mode Registers®;
ODT Signal: Stable at 0.
| Precharge Power-Down Ipp Current
PP2p Same condition with Ippze.
Precharge Quiet Standby Current CKE: HIGH,;
External clock: On;
tCK, CL: See Table 39;
BL: 8@;
AL: 0O;
| CS_n: Stable at 1;
pD2Q Command, Address, Bank Group Address, Bank Address Inputs: Stable at0;
Data 1/O: Vbog;
DM_n: Stable at 1;
Bank Activity: All banks closed;
Output Buffer and RtT: Enabled in Mode Registers®;
ODT Signal: Stable at 0.
Active Standby Current (AL = 0) CKE: HIGH;
External clock: On; tCK, CL: see Table 39;
BL: 8@;
AL: 0O;
CS _n: Stable at 1;
Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
Ibpan Table 43.
Data 10: Vbpg;
DM_n: Stable at 1;
Bank Activity: All banks open;
Output Buffer and Rrr: Enabled in Mode Registers?;
ODT Signal: Stable at 0;
Pattern Details: See Table 43.
IpD3NA Active Standby Current (AL = CL - 1) AL = CL - 1, Other conditions: See Ippan
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Symbol

Description

IpP3n

Active Standby lpp Current
Same condition with Ibpan.

Ibbsp

Active Power-Down Current CKE: LOW;

External clock: On;

tCK, CL: See Table 39;

BL: 8W:

AL: O;

CS_n: Stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: Stable at0;
Data 1/O: Vbog;

DM_n: Stable at 1;

Bank Activity: All banks open;

Output Buffer and Rrr: Enabled in Mode Registers?;
ODT Signal: Stable at 0.

lpp3p

Active Power-Down lpp Current
Same condition with Ippap.

Ibpar

Operating Burst Read Current CKE: HIGH;

External clock: On;

tCK, CL: See Table 39;

BL: 8,

AL: O;

CS_n: HIGH between RD;

Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
Table 45.

Data I/O: Seamless read data burst with different data between one burst and the nextone according to
Table 45.

DM_n: Stable at 1;

Ba)nk Activity: All banks open, RD commands cycling through banks: 0, 0, 1, 1, 2, 2, ... (see Table
45).

Output Buffer and Rrr: Enabled in Mode Registers®);

ODT Signal: Stable at 0;

Pattern Details: See Table 45.

IbDarA

Operating Burst Read Current (AL = CL - 1) AL = CL - 1, Other conditions: See lpbpsr.

Ibbars

Operating Burst Read Current with Read DBI Read DBI enabled®, Other conditions: See Ibpar.

IPPar

Operating Burst Read Ipp Current
Same condition with lbpar.

IbbQar

Operating Burst Read lopg Current
Same definition like for Ibpar, however measuring lbpg current instead of Ipp current.

IopQ4re

Operating Burst Read Ibpg Current with READ DBI
Same definition like for Iopars, however measuring lopg current instead of lop current.

Ibpaw

Operating Burst Write Current CKE: HIGH;

External clock: On;

tck, CL: See Table 39;

BL: 8%;

AL: O;

CS_n: HIGH between WR;

Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
Table 46;

Data I/0: Seamless write data burst with different data between one burst and the nextone according to
Table 46

DM_n: Stable at 1;

Bank Activity: All banks open, WR commands cycling through banks: 0, 0, 1, 1, 2, 2, ...(Table 46);
Output Buffer and Rrr: Enabled in Mode Registers?;

ODT Signal: Stable at HIGH;

Pattern Details: See Table 46.

Ibpawa

Operating Burst Write Current (AL = CL - 1) AL = CL - 1, Other conditions: See Ippaw.

Ibpaws

Operating Burst Write Current with Write DBI Write DBI enabled3, Other conditions: See Ippaw.
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Symbol Description
Ibpawc Operating Burst Write Current with Write CRC Write CRC enabled3, Other conditions: See Ippaw.
IDDaw_par Operating Burst Write Current with CA Parity CA Parity enabled3, Other conditions: See lopaw.

Operating Burst Write lpp Current

Same condition with lbpaw.

Burst Refresh Current (1X REF) CKE: HIGH;
External clock: On;

tck, CL NRFC: See Table 39;

BL: 8W:

AL: O;

CS_n: HIGH between REF;

Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
Table 48.

Data 1/O: Vboo;

DM_n: Stable at 1;

Bank Activity: REF command every nRFC (see Table 48);
Output Buffer and Rrr: Enabled in Mode Registers®;
ODT Signal: Stable at 0;

Pattern Details: See Table 48.

Burst Refresh Write Irp Current (1X REF)

Same condition with lppse.

Burst Refresh Current (2X REF)

trrc = trrc_* 2, Other conditions: See Ippse.

Burst Refresh Write Iep Current (2X REF)

Same condition with Ippsr.

Burst Refresh Current (4X REF)

trrc = trrc_ * 4, Other conditions: See Ippse.

Burst Refresh Write Ire Current (4X REF)

Same condition with IppsFa.

IPPaw

Ibpss

lpPsB

IpDsF2

IpPsF2

IDD5F4

IpPsFa

Self Refresh Current: Normal Temperature Range Tcase: 0 - 85°C;
Low Power Array Self Refresh (LP ASR): Normal®;

CKE: LOW,

External clock: Off; CK_t and CK_c: LOW,

CL: See Table 39;

BL: 8@;

AL: O;

CS_n, Command, Address, Bank Group Address, Bank Address, Data I/O: HIGH;
DM_n: Stable at 1;

Bank Activity: SELF REFRESH operation;

Output Buffer and Rrr: Enabled in Mode Registers®;

ODT Signal: MID-LEVEL.

Self Refresh Ipp Current: Normal Temperature Range

Same condition with Ippen.

Self Refresh Current: Extended Temperature Range) Tcase: 0 - 95°C;
Low Power Array Self Refresh (LP ASR): Extended®;

CKE: LOW,

External clock: Off; CK_t and CK_c: LOW,

CL: See Table 39;

BL: 8

AL: O;

CS_n, Command, Address, Bank Group Address, Bank Address, Data I/O: HIGH;
DM_n: Stable at 1;

Bank Activity: Extended Temperature SELF REFRESH operation;
Output Buffer and Rrr: Enabled in Mode Registers®;

ODT Signal: MID-LEVEL.

Self Refresh Iep Current: Extended Temperature Range

Same condition with Ippek.

Ibpen

IpP6N

IbpeE

lpPsE
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Symbol Description

Self Refresh Current: Reduced Temperature Range Tcase: 0 - 45°C;
Low Power Array Self Refresh (LP ASR): Reduced®;

CKE: LOW;

External clock: Off; CK_t and CK_c: LOW;

CL: See Table 39;

BL: 8

AL: 0O;

CS_n, Command, Address, Bank Group Address, Bank Address, Data I/O: HIGH;
DM_n: Stable at 1;

Bank Activity: Extended Temperature SELF REFRESH operation;
Output Buffer and Rrr: Enabled in Mode Registers®;

ODT Signal: MID-LEVEL.

Ibper

Self Refresh lpp Current: Reduced Temperature Range
Same condition with Ipper.

Auto Self Refresh Current Tcase: 0 - 95°C;

Low Power Array Self Refresh (LP ASR): Auto®;

CKE: LOW;

External clock: Off; CK_tand CK_c: LOW;

CL: See Table 39;

Ipbea BL: 8®

AL: O;

CS_n, Command, Address, Bank Group Address, Bank Address, Data I/O: HIGH;
DM_n: Stable at 1;

Bank Activity: Auto SELF REFRESH operation; Output Buffer and Rrr: Enabled in Mode Registers®;
ODT Signal: MID-LEVEL.

Auto Self Refresh lpp Current
Same condition with Ippea.

IPPeR

IpPeA

Operating Bank Interleave Read Current CKE: HIGH;

External clock: On;

tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: See Table 39;

BL: 8@;

AL: CL-1;

CS_n: HIGH between ACT and RDA,;

Command, Address, Bank Group Address, Bank Address Inputs: Partially toggling according to
lopb7 Table 49;

Data I/0: Read data bursts with different data between one burst and the next one accordingto Table 49;
DM_n: Stable at 1;

Bank Activity: Two times interleaved cycling through banks (0, 1, ...7) with different addressing, see
Table 49;

Output Buffer and Rrr: Enabled in Mode Registers®;

ODT Signal: Stable at 0;

Pattern Details: See Table 49.

Operating Bank Interleave Read Ipp Current
Same condition with Ipp7.

Maximum Power Down Current

Place DRAM in MPSM then CKE: HIGH;

External Clock: On; tCK, CL: See Table 39;

BL: 8@;

AL: O;

CS_n: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: Stable atO0;
Data 1/O: Vbog;

DM_n: Stable at 1;

Bank Activity: All banks closed;

Output Buffer and Rrr: Enabled in Mode Registers®;
ODT Signal: Stable at 0.

Maximum Power Down Ipp Current
Same condition with Ipps.

lpp7

Ibps

Ipps
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Note:
1. Burstlength: BL8 fixed by MRS: set MRO[A1:0 = 00].
2. Output buffer enable:
Set MR1 [A12 = 0]: Qoff = Output bufferenabled
Set MR1 [A2:1 = 00]: Output Driver Impedance Control = Rzo/7
RrT_nom enable:
Set MR1 [A10:8 = 011]: Rt nom = Rzq/6
Rrt_wr enable:
Set MR2 [A10:9 = 01]: Rt wr= Rzo/6
3. CAL enabled: Set MR4 [A8:6 = 001]: 1600MT/s
010]: 1866MT/s, 2133MT/s
011]: 2400MT/s
Gear Down mode enabled: Set MR3 [A3 = 1]: 1/4 Rate
DLL disabled: Set: MR1 [A0 =0]
CA parity enabled: Set MR5 [A2:0 = 001]: 1600MT/s,1866MT/s, 2133MT/s
010]: 2400MT/s
Read DBI enabled: Set MR5 [A12 = 1]
Write DBI enabled: Set: MR5 [A11 =1]
4. Low Power Array Self Refresh (LP ASR): Set MR2 [A7:6 = 00]: Normal
01]: Reduced Temperature range
10]: Extended Temperature range
11]: Auto Self Refresh
5. Ibp2ne should be measured after sync pulse (NOP) input.
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8.1.1 Ippo, Ibboa and lppo Measurement-Loop Pattern

Table 41 - lbpo, Ibboa and lpro Measurement-Loop Pattern®

Data Sheet

SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

0 % 0 219 | = w > | 2
> > (@) — >
Zlols| €2 | 2 |glglo|@o|M|ols |2 BIRB|S|IE|2|2(2]| 7
S| = | 33 s |21 4l2 |2 |2|9le |5 BElE|g(2|¢ |2 |8 | &
o M8 @ ® S s || 3|2 1S = e A IR > L | e =
o © Q ; G S ~ — S =
0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B
1,2 D,D 1 0 0 0 0 0 0 0ol 0 0 0 0 B
3,4 P lalalafr|a]o]o|s®|3lofo|o|7|F|0]| °
0
Repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE 0 1 0 1 0 0 0 0 0ol 0 0 0 0 0 0 B
Repeat pattern 1...4 until nRC -1, truncate if necessary
1 | 1*nRC | Repeat Sub-Loop 0, use BG[1:0]” = 1, BA[1:0] = 1 instead
2 2*nRC Repeat Sub-Loop 0, use BG[1:0]® =0, BA[1:0] = 2instead
3 3*nRC Repeat Sub-Loop 0, use BG[1:0] ®= 1, BA[1:0] = 3 instead
S g 4 | 4*nRC Repeat Sub-Loop 0, use BG[1:0]® = 0, BA[1:0] = 1 instead
LQ —_.
= S| 5 | 5*nRC | Repeat Sub-Loop 0, use BG[1:0] ® = 1, BA[1:0] = 2 instead
Q Q
= 6 6 *nRC Repeat Sub-Loop 0, use BG[1:0] @ 0, BA[1:0] = 3 instead
7 7*nRC Repeat Sub-Loop 0, use BG[1:0] @ 1, BA[1:0] = O instead
8 | 8*nRC | Repeat Sub-Loop 0, use BG[1:0]® = 2, BA[1:0] = 0 instead
9 | 9*nRC | Repeat Sub-Loop 0, use BG[1:0]® = 3, BA[1:0] = 1 instead
10 | 10*nRC | Repeat Sub-Loop 0, use BG[1:0]® = 2, BA[1:0] = 2 instead
11 | 11*nRC Repeat Sub-Loop 0, use BG[1:0] ®= 3, BA[1:0] = 3 instead For )(;4
an
12 | 12*nRC | Repeat Sub-Loop 0, use BG[1:0] ®= 2, BA[1:0] = 1 instead X8 only
13 | 13*nRC Repeat Sub-Loop 0, use BG[1:0] @3 BA[1:0] = 2 instead
14 | 14*nRC Repeat Sub-Loop 0, use BG[1:0] @=2 BA[1:0] = 3 instead
15 | 15*nRC Repeat Sub-Loop 0, use BG[1:0] @ 3, BA[1:0] = 0 instead
Note:
1. DQS_t, DQS c are Vopo.
2. BG1is a“Don’'t Care” for x16 device.
3. C[2:0] are used only for 3DS device.
4. DQ signals are Vopo.
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8.1.2 Ipps, Ibp1a and lppr Measurement-Loop Pattern

Table 42 - Ipps, Ipp1a and Ipp1 Measurement-Loop Pattern®

VO

@) ) 0 3 s w > | 2
z > D = | >
Zlaol5| E2 | S |o|8|lo|o|M|lob € |BIR|IS|IE|[2|2]2 g
S| x| & 35 3 |24l 5|29k |E |5l |r|2|9|o | Y
= | ml s 2 D s|ISISISIZ | G2 |02 |2|e|e =
| S = 3 = = = = N | |3 ',: o ~
) Q. o |a | & ~ =
0 ACT | O 0 0 0 0 0|0 O 0 0 0|0 0 0 0 -
%)
5' & 1,2 D,D | 1 0 0 0 0 0|0 O 0 0 0|0 0 0 0 -
LQ —_
e | 210 D# @
2 ‘g 3,4 D# 1 1 1 1 1 0|03 3 0 0 7 F 0 -
Repeat pattern 1...4 until nRCD — AL - 1, truncate ifnecessary
D0 =00, D1
=FFD2=
nRCD — FF, D3 =00
AL RD O] 1|1|0|1|0]|0| O ojo0|O0O|O|O|]O]|O D4 = FF, D5
=00D6 =
00, D7 =FF

I

Repeat pattern 1...4 until nRAS - 1, truncate if necessary

NRAS PRE| O |1 ]|0|21|0(|O0]0| O ojojofo|o0o|jo0]|O0 -

Repeat pattern nRC + 1...4 until 1 * nRC + nRAS - 1, truncate if necessary

1*nRC+

0 ACT | O 0 0 1 1 0|0 1 1 0 0o|j0]|]0]|O 0 -
1*22C+D,D100000000000000 .
1*gic+[[))—i’l1111003b30007F0 ]
Repeat pattern nRC + 1...4 until 1 * nRC + nRAS - 1, truncate if necessary
DO =FF, D1
1 1*nRC =00 D2_:
+nRCD — 00, D3 =FF
AL RD 0 1 1 0 1 010 1 1 0 0 0 0 0 0 | D4 =00, D5
=FF D6 =
FF, D7 =00
Repeat pattern 1...4 until nRAS - 1, truncate if necessary
1*nRC +
NRAS PRE | O 1 0 1 0 0|0 1 1 0 0|j]0]|]0]|O 0 -
Repeat nRC + 1...4 unit 2 * nRC -1, truncate if necessary
2 | 2*nRC Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 2 instead
3 3*nRC Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 3instead
4 | 4*nRC Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = Linstead
5 | 5*nRC Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 2 instead
6 6 *nRC Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 3instead
8 | 7*nRC Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = O instead
9 | 9*nRC Repeat Sub-Loop 1, use BG[1:0](2) = 2, BA[1:0] = O instead
10 | 10*nRC | Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = 1 instead
11 | 11*nRC | Repeat Sub-Loop 1, use BG[1:0](2) = 2, BA[1:0] = 2 instead
12 | 12*nRC Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = 3instead For x4 and
13 | 13*nRC | Repeat Sub-Loop 1, use BG[1:0](2) = 2, BA[1:0] = 1 instead x8 only
14 | 14*nRC | Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = 2 instead
15 | 15*nRC Repeat Sub-Loop 1, use BG[1:0](2) = 2, BA[1:0] = 3instead
16 | 16 *nRC | Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = O instead
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Note:

1. DQS_t, DQS_c are used according to RD Commands, otherwise Vbpg.

2. BG1is a“Don't Care” for x16 device.

3. CJ[2:0] are used only for 3DS device.

4. Burst Sequence driven on each DQ signal by READ Command. Outside burst operation, DQ signals are Vopo.
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8.1.3 Ipp2n, lbp2na, lbp2nt, Ippb2ne, lob2n, Ibb2n par, Ipp2, Ippan, Ibpana and lppsp
Measurement-Loop Pattern

Table 43 - Ipp2n, lbpzna, Ippane, Ipp2ng, Ibp2np, Ipb2n par, IPp2, Ioban, Ippana and Ippse Measurement-Loop Pattern®

Eoggggo%%%féﬂoﬁgﬁgﬁﬁzzzg
Slals|2e | 2|2 222|928 %8| |2|8|2|8| =
2 gle” | 2|7 |=|8|lg|% sl |eg|el3 |72
0 DD 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 %’ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
02%#;’11111003(2)30007F00
3 |2 lafaf11]1|ofo|s®|[3]o|o|o|7|F|0| o

1 4-7 Repeat Sub-Loop 0, use BG[1:0](2) = 1, BA[1:0] = 1 instead

2 8-11 Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 2 nstead

3 | 12-15 | Repeat Sub-Loop 0, use BG[1:0](2) = 1, BA[1:0] = 3instead

o 4 | 16-19 | Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 1 instead

g g_ 5 | 20-23 | Repeat Sub-Loop 0, use BG[1:0](2) = 1, BA[1:0] = 2 instead

S |& | 6 | 2427 | Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 3 instead

7| 7 | 2831 Repeat Sub-Loop 0, use BG[1:0](2) = 1, BA[1:0] = Oinstead

8 | 32-35 Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = Oinstead

9 | 36-39 Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = 1 instead

10 | 40-43 Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 2 instead

11 | 44-47 Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = 3instead

12 | 48-51 Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 1 instead

13 | 52-55 | Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = 2 instead

14 | 56-59 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 3instead

15 | 60-63 | Repeat Sub-Loop 0, use BG[1:0](2) = 3, BA[1:0] = O instead

Note:
1. DQS_t, DQS_c are Vppa.

2. BG1is a “Don’t Care” for x16 device.
3. C[2:0] are used only for 3DS device.
4. DQ signals are Vopg.
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8.1.4 lppant and lopoant Measurement-Loop Pattern

Table 44 - lbpant and Iopoent Measurement-Loop Pattern®

lgo?f«;g§g%%.gﬁo%§£§§§222S
Qm|g g |3 |5 |0 23239 %|2 (5|88 (5|2 |8|8] %
o 2= 2 Ble|R I8 |T|5|EBE|™ =
0 DD 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 DD’ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
02%@11111003@30007F0-
3 |[PA a1 |oflo|s@|3]|o|o|o|7|F|lo]| -
D#
1 4-7 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 1, BA[1:0] = 1 instead
2 | 811 Repeat Sub-Loop 0, but ODT = 0 and BG[1:0](2) = 0, BA[1:0] = 2 instead
3 | 12-15 | Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 1, BA[1:0] = 3 instead
o 4 | 16-19 | Repeat Sub-Loop 0, but ODT = 0 and BG[1:0](2) = 0, BA[1:0] = 1 instead
g g_ 5 | 20-23 | Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 1, BA[1:0] = 2 instead
S |& | 6 | 2427 | Repeat Sub-Loop 0, but ODT = 0 and BG[1:0](2) = 0, BA[1:0] = 3 instead
7| 7 | 2831 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 1, BA[1:0] = 0 instead
8 | 32-35 | Repeat Sub-Loop 0, but ODT = 0 and BG[1:0](2) = 2, BA[1:0] = 0 instead
9 | 36-39 | Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 3, BA[1:0] = 1 instead
10 | 40-43 | Repeat Sub-Loop 0, but ODT = 0 and BG[1:0](2) = 2, BA[1:0] = 2 instead
11 | 44-47 | Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 3, BA[1:0] = 3 instead For x4 and x8
12 | 48-51 | Repeat Sub-Loop 0, but ODT = 0 and BG[1:0](2) = 2, BA[1:0] = 1 instead only
13 | 52-55 | Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 3, BA[1:0] = 2 instead
14 | 56-59 | Repeat Sub-Loop 0, but ODT = 0 and BG[1:0](2) = 2, BA[1:0] = 3 instead
15 | 60-63 | Repeat Sub-Loop 0, but ODT = 1 and BG[1:0](2) = 3, BA[1:0] = 0 instead

Note:
1. DQS_t, DQS_c are Vppa.
2. BG1 is a “Don’t Care” for x16 device.
3. C[2:0] are used only for 3DS device.
4. DQ signals are Vppo.
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8.1.5 Ippasr, Ibbrara, lopare and lppgsar Measurement-Loop Patternl

Table 45 - Ibpar, Ioorara, Ipbrare and Iopgar Measurement-Loop Pattern®

0 % 0 J|1Q | = w > | 2
(@) — >
SlolS| oS alBld|la|flolm |2 |B|IRIB|IE[2]2]|2 g
<X | E o |9 ' s | O |& Pl laglr|le|lv|lo|N fy
@) m . o2 3 | |_| 22332 o = w | = X 2
A 3 @ @ 2 s | > | 3|2 o | = S | O3 > XL |L =
| =) = = = = = &L ~ — I = T ~
Ie) © o o) ol SN ~ =] =
D0=00,D1=
FF D2 = FF,
D3=00D4 =
0 RD 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 | FF, D5 =00
0 D6 = 00, D7 =
FF
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 |0]|-
23 |Z% 0111|1100 |s®|3]0o|0o|0|7|F|o]f-
DO=FF,D1=
00 D2 =00,
D3 =FF D4 =
4 RD 0 1 1 0 1 0 0 1 1 0 0 0 7 F | 0|00, D5=FF
1 D6 = FF, D7 =
00
5 D 1 0 0 0 0 0 0 0 0 0 0 0 0 010 -
67 |25l 1|1 |1|1]1]o]o|3®|3|o|lolo|7]|F]|o ]
4 ) D#
é %- 2 8-11 Repeat Sub-Loop 0, use BG[1:0](2) =0, BA[1:0] = 2instead
S| & | 8 | 1215 | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 3 instead
| 4 | 1619 Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 1 instead
5 | 20-23 Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 2 instead
6 | 24-27 Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 3 instead
7 | 28-31 Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 0 instead
8 | 32-35 Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 0 instead
9 | 36-39 Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 1 instead
10 | 40-43 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 2 instead
11 | 44-47 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 3 instead For x4 and X8
12 | 48-51 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 1 instead only
13 | 52-55 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 2 instead
14 | 56-59 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 3 instead
15 | 60-63 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 0 instead

Note:
1. DQS_t, DQS_c are used according to RD Commands, otherwise Vppg.
2. BG1is a “Don’t Care” for x16 device.
3. C[2:0] are used only for 3DS device.
4. Burst Sequence driven on each DQ signal by READ Command.
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8.1.6 Ippaw, Ipbrawa, lIbbawe and lopaw_par Measurement-Loop Pattern

Table 46 - Iopaw, Ipprawa, Ibbaws and Iopaw_par Measurement-Loop Pattern

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

@) w ) s (@] é W > >
> > (@) — >
Zlaol8| 22| S |alB|lo|o|mM|oln | |2|RB|IZ|E|22|2] ¥
SIZ|e |35 |3 @255 |z|gla|E ||| |B| B
B EE R R NN P Y I N 2
o © o Sl &l > = | s |k |0
D0 =00, D1
=FFD2=
FF, D3 =00
0 WR | O 1 1 0 0 1 0 0 0 0 0 0 0 0 0 | D4 =FF, D5
0 =00 D6 =
00, D7 =FF
1 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 |-
23 |28 11111 ]1]o|s® 3 0ojoo|7|[F]|o0]-
DO =FF, D1
=00D2 =
00, D3 =FF
4 WR | O 1 1 0 0 1 0 1 1 0 0 0 7 F 0 | D4 =00, D5
1 = FF D6 =
FF, D7 =00
5 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 |-
w D#, @ -
3 |8 67 |ps | 1|11 |22 |1]o|s®|3|o]o|0|[7]|F]|oO
s % 2 | 811 Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 2 instead
@ |S | 3 | 12-15 | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 3 instead
4 | 16-19 | Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 1 instead
5 | 20-23 | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 2 instead
6 | 24-27 | Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 3 instead
7 | 28-31 | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 0 instead
8 | 32-35 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 0 instead
9 | 36-39 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 1 instead
10 | 40-43 | Repeat Sub-Loop 0, use BG[1:0](2) =2, BA[1:0] = 2instead
11 | 44-47 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 3 instead For x4 and
12 | 48-51 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 1 instead x8 only
13 | 52-55 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 2 instead
14 | 56-59 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 3 instead
15 | 60-63 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 0 instead
Note:
1. DQS_t, DQS_c are used according to WR Commands, otherwise Vopo.
2. BG1is a“Don't Care” for x16 device.
3. C[2:0] are used only for 3DS device.
4. Burst Sequence driven on each DQ signal by WRITE Command.
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8.1.7 lopawc Measurement-Loop Pattern
Table 47 - Ibpawc Measurement-Loop Pattern®
(@] %) @) q 0 = w > >
P > > (@) — >
Clols|Ee |2 |gl&le|@|Mlolm (2 |2|8|5|E|x(2|5] 8
~ |M|e | 8o | 2 SIS |S|Z 752|023 |2|w|L =
[ S | = =) ElE B CEEEEEE e E
o = a Sls |5 N s | B
D0 =00,D1 =
FF D2 = FF,
D3=00D4 =
0 WR | O 1 1 0 0 1 0 0 0 0 0 0 0 0 0 | FF,D5=00
D6 =00, D7 =
FF D8 = CRC
12 | 211 lojofojol1lo|®|ojo|o|ofofo]|o]-
34 P11 11 2| 1|o|s®|3]o]o|o|7|F]|o|-
0 DO =FF, D1
=00 D2 =00,
D3=FF D4 =
00, D5 =FF
5 WR | O 1 1 0 0 1 0 1 1 0 0 7 F 0 D6 = FF, D7
=00D8 =
CRC
6,7 DD’ 1 0 0 0 0 1 0 0 0 0 0 0 0 0 )
D#, @) i
) 8,9 1 1 1 1 1 1 0|3 3 0 0 7 F 0
g |B D#
%_ ‘:_E 2 | 10-14 | Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 2 instead
S =
S |S | 3 | 1519 | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 3 instead
4 | 20-24 | Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 1 instead
5 | 25-29 | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 2 instead
6 | 30-34 | Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 3 instead
7 | 35-39 | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = O instead
8 | 40-44 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 0 instead
9 | 45-49 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 1 instead
10 | 50-54 | Repeat Sub-Loop 0, use BG[1:0](2) =2, BA[1:0] = 2instead
11 | 55-59 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 3 instead For x4 and x8
12 | 60-64 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 1 instead only
13 | 65-69 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = 2 instead
14 | 70-74 | Repeat Sub-Loop 0, use BG[1:0](2) = 2, BA[1:0] = 3 instead
15 | 75-79 | Repeat Sub-Loop 1, use BG[1:0](2) = 3, BA[1:0] = O instead

Note:

1.DQS _t, DQS_c are Vopo.

2.BG1is a “Don’t Care” for x16 device.

3. C[2:0] are used only for 3DS device.

4. Burst Sequence driven on each DQ signal by WRITE Command.
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8.1.8 looss Measurement-Loop Pattern

Table 48 - Ibpse Measurement-Loop Pattern®

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Q 7 0 19| s @ > | =
> > (@) — >
S ol & £o S |olB8lolo|Mlols |2 |2|RB|IRIE|2=5]2] §
3| 2 — 33 3 @A S 15 |=21]9 |3 S lR|le k|29 g S
Sy S| S|sS|IA =l |s|lole| s X|L|la]l 3
A m 8 o @ g > > > > E w — = | [y > — — é
lO S = o S G = = N S = T
0 0 REF 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
3 [ 2 laafafaf1fo]o|s®|3|ofofo|7|[F|o| -
D#, @ -
4 1 1 1 1 1 0 0|3 3 0 0 0 7 F 0
D#
4-7 Repeat pattern 1...4, use BG[1:0](2) = 1, BA[1:0] = 1 instead.
8-11 Repeat pattern 1...4, use BG[1:0](2) = 0, BA[1:0] = 2 instead.
12-15 Repeat pattern 1...4, use BG[1:0](2) = 1, BA[1:0] = 3instead.
" 16-19 Repeat pattern 1...4, use BG[1:0](2) = 0, BA[1:0] = 1 instead.
— —
S| & L 20-23 Repeat pattern 1...4, use BG[1:0](2) = 1, BA[1:0] = 2 instead.
% <EI:' 24-27 Repeat pattern 1...4, use BG[1:0](2) = 0, BA[1:0] = 3instead.
«
= 28-31 Repeat pattern 1...4, use BG[1:0](2) = 1, BA[1:0] = 0 instead.
32-35 Repeat pattern 1...4, use BG[1:0](2) = 2, BA[1:0] = O instead.
36-39 Repeat pattern 1...4, use BG[1:0](2) = 3, BA[1:0] = 1 instead.
40-43 Repeat pattern 1...4, use BG[1:0](2) = 2, BA[1:0] = 2 instead. For xd
44-47 Repeat pattern 1...4, use BG[1:0](2) = 3, BA[1:0] = 3 instead. and
48-51 Repeat pattern 1...4, use BG[1:0](2) = 2, BA[1:0] = 1 instead. X8|
52-55 Repeat pattern 1...4, use BG[1:0](2) = 3, BA[1:0] = 2 instead. onty
56-59 Repeat pattern 1...4, use BG[1:0](2) = 2, BA[1:0] = 3instead.
60-63 Repeat pattern 1...4, use BG[1:0](2) = 3, BA[1:0] = O instead.
2 | 64...nRFC-1 Repeat Sub-Loop 1, Truncate, if necessary
Note:
1. DQS_t, DQS _c are Vopbo.
2. BG1isa“Don’t Care” for x16 device.
3. C[2:0] are used only for 3DS device.
4. DQ signals are Vopg.
8.1.9 loos Measurement-Loop Pattern
Table 49 - loor Measurement-Loop Pattern®
@) 0 e} s O s W > >
> > (@) — >
SlolsEol S |alBlolp|M|oln |2 |2 |82 |5l22|2 &
S| 21 cBS| 3 |2|4|5]5]z]l9le | |=m|lg|e|l2|g|o D oy
ol T T A T I I I e B =S I SO I Il = R R = =
o © 2 515 » = | 5|k |7
0 ACT | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |-
W
5' > DO = 00, D1 = FF D2
] = — — -
<o 3] 0 = FF, D3 =00 D4 =
= g 1 RDA | O 1 1 0 1 0 0 0 0 0 1 0 0 0 FF. D5 = 00 D6 = 00,
@ | & D7 =FF
2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |-
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Data Sheet
: SCB12Q8GxXX0BF
Unllc 8Gbit DDR4 SDRAM
0 n 0 L19Q1s w > |2
P zZ > | > (@) = | >
Zlale 0 S|gldle|e|Tlam [2 2|85 |E(312|5] &
alals 39 32 Az =2 (2|%le|g B2 k|22 R 8
™13 g ® 2 sIBIZE T BRI lele =
o ° = 5| & | > g e =
(2 -
3 2 1 1 1 1 1 0 0 )3 3 0 0 0 7 F 0
Repeat pattern 2...3, until NRRD — 1, if NRRD > 4. Truncate if necessary.
A -
nRRD c| O 0 0 0 0 0 0 1 1 0 0 0 0 0 0
T
1 DO = FF, D1
= 00 D2 =
R 00, D3 = FF
NnRRD +1 D|O 1 1 0 1 0 1 1 0 0 1 0 0 0 | D4 =00, D5
A = FF D6 =
FF, D7 =00
Repeat pattern 2...3, until 2 * nRRD — 1, if NnRRD > 4. Truncate if necessary.
2 2*nRRD Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 2 instead.
3 3*nRRD Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 3 instead.
4 4*nRRD Repeat pattern 2...3, until NFAW — 1, if NFAW > 4 * nRRD. Truncate if necessary.
5 nFAW Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 1 instead.
6 nFAW + nRRD Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 2 instead.
7 | nFAW +2*nRRD Repeat Sub-Loop 0, use BG[1:0](2) = 0, BA[1:0] = 3 instead.
8 | nFAW +3*nRRD | Repeat Sub-Loop 1, use BG[1:0](2) = 1, BA[1:0] = 0 instead.
9 | nFAW + 4 *nRRD Repeat Sub-Loop 4
10 2 * nFAW repeat Sub-Loop 0, use BG[1:0](2) =2, BA[1:0] = Oinstead.
11 | 2*nFAW +nRRD repeat Sub-Loop 1, use BG[1:0](2) =3, BA[1:0] = 1instead.
12 [*nFAW +2*nRRD | repeat Sub-Loop 0, use BG[1:0](2) =2, BA[1:0] = 2instead.
13 [*nFAW +3*nRRD | repeat Sub-Loop 1, use BG[1:0](2) =3, BA[1:0] = 3instead.
14 |* nFAW + 4 * nRRD repeat Sub-Loop 4.
For x4 and
15 3 *nFAW repeat Sub-Loop 0, use BG[1:0](2) =2, BA[1:0] = 1instead. x8 only
16 | 3* nFAW +nRRD repeat Sub-Loop 1, use BG[1:0](2) =3, BA[1:0] = 2 instead.
17 [*nFAW +2*nRRD | repeat Sub-Loop 0, use BG[1:0](2) =2, BA[1:0] = 3instead.
18 |* nFAW + 3 * nRRD repeat Sub-Loop 1, use BG[1:0](2) =3, BA[1:0] = Oinstead.
19 [* nFAW + 4 *nRRD repeat Sub-Loop 4
20 4 * nFAW repeat pattern 2...3, until NRC — 1, if nRC > 4 * nFAW. Truncate if necessary.
Note:
1. DQS_t, DQS c are Vopo.
2. BG1is a“Don’'t Care” for x16 device.
3. C[2:0] are used only for 3DS device.
4.  Burst Sequence driven on each DQ signal by READ Command. Outside burst operation, DQ signals are Vobo.
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8.1 Ipp Specifications

Ioo and e values are for full operation range of voltage and temperature unless otherwise noted.

Table 50 - Ioppand lppg Specifications

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Symbol DDR4-2400 DDR4-2666 DDR4-3200 )

X8 X16 X8 X16 X8 X16 unit

Ibbo 72 91 75 93 82 101 mA
Ibp1 87 116 90 119 96 126 mA
Ibp2n 71 71 73 73 79 79 mA
Ibp2nT 80 80 83 83 90 90 mA
Ibp2p 52 52 53 53 55 55 mA
Ibp2g 68 68 70 70 74 74 mA
Ibpan 90 96 93 98 99 103 mA
Ibpsp 66 69 67 69 68 71 mA
Ibpar 169 244 182 263 203 294 mA
Ippaw 166 228 177 247 198 278 mA
Ibpsr 86 86 89 89 94 94 mA
Ibpen 82 82 82 82 82 82 mA
Ibpse 100 100 100 100 100 100 mA
Ibper 79 79 79 79 79 79 mA
Ibpea 100 100 100 100 100 100 mA
Ibp7 222 297 230 302 237 311 mA
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Table 51 - Iep Specifications

DDR4-2400 DDR4-2666 DDR4-3200 _
Symbol Unit
x8 x16 x8 x16 x8 x16
Ippo mA
Ippan mA
Ippsr mA
Ippen 82 82 82 82 82 82 mA
IppoE 100 100 100 100 100 100 mA
IppeR 79 79 79 79 79 79 mA
Ippoa 100 100 100 100 100 100 mA
lpp7 19 25 19 25 19 25 mA
Table 52- Ibps Specifications

Temperature | DDR4-2400 DDR4-2666 | DDR4-3200 Unit Note

Symbol | Range
x8 x16 x8 x16 x8 x16
[F 0~85° 82 82 82 |82 82 82 mA 34
[ 0~95° 100 | 100 | 100 | 100 | 100 100 | mA 4,5,6
looer 0~45° 79 79 79 |79 79 79 mA 4,6,9
loosa 0~95° 100 | 100 | 100 | 100 | 100 100 | mA 46,78
Note:

1. Some lopb currents are higher for x16 organization due to larger page size architecture.

2. Max values for oo currents considering worst case conditions of process, temperature and voltage.
3. Applicable for MR2 settings A6 =0 and A7=0.
4. Datasheet include a max value for lppe.

Data Sheet

SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

5. Applicable for MR2 settings A6 = 0 and A7 = 1. lopst is only specified for devices which support the Extended Temperature

Range feature.
6. Refer to datasheet for the value specification method (e.g. max, typical) for loose and Ipbpsa.

7. Applicable for MR2 settings A6 = 1 and A7 = 0. lopsais only specified for devices which support the Auto Self Refresh feature.

8. The number of discrete temperature ranges supported and the associated Ta-Tz values are supplier/design specific.
Temperature ranges are specified for all supported values of TOPER. Refer to supplier datasheet for more information.

9. Applicable for MR2 settings MR2 [A7:A6 = 01]: Reduced Temperature range. loosr is verified by design and characterization,
and may not be subject to production test.
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Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

9 Input/Output Capacitance

Table 53 - Silicon Pad 1/0 Capacitance

1600/1866/2133 2400/2666 3200
Symbol Parameter Unit Note
Min Max Min Max Min Max
Cio Input/output capacitance 0.55 1.4 0.55 1.15 0.55 1.00 pF 1,2,3
Coio Input/output capacitance delta -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,2,3,11
Input/output capacitance delta
Cobos DOS tand DOS ¢ - 0.05 - 0.05 - 0.05 pF 1,2,35
Cex Input capacitance, CK_t and CK_c 0.2 0.8 0.2 0.7 0.2 0.7 pF 1,3
Cocx gguicapacnance delta CK_t and ) 0.05 i 0.05 i 0.05 bF 134
C Input capacitance (CTRL, ADD, 02 | 08 | 02 | 07 | 02 | 055 | pF 1,3,6
CMD pins only)
Input capacitance delta (All CTRL ) i i}
Cbi_cTRL pins only) 0.1 0.1 0.1 0.1 0.1 0.1 pF 1,3,7,8
Input capacitance delta (All ADD/ ) i i}
Cbi_aADD_cMD CMD pins only) 0.1 0.1 0.1 0.1 0.1 0.1 pF 1,2,9,10
CALERT Input/output capacitance of ALERT 0.5 15 0.5 15 0.5 15 pF 1,3
Czq Input/output capacitance of ZQ - 2.3 - 2.3 - 2.3 pF 1,3,12
Cren Input capacitance of TEN 0.2 2.3 0.2 2.3 0.2 2.3 pF 1,3,13
Note:

1. This parameter is not subject to production test. It is verified by design and characterization. The silicon only capacitance is

validated by deembedding the package L & C parasitic. The capacitance is measured with VDD, VDDQ, VSS, VSSQ applied

with all other signal pins floating.

DQ, DM_n, DQS_t, DQS_c, TDQS_t, TDQS_c. Although the DM, TDQS_t and TDQS_c pins have different functions, the

loading matches DQ and DQS.

This parameter applies to monolithic devices only; stacked/dual die devices are not covered here.

Absolute value of CK_t - CK_c.

Absolute value of CIO(DQS_t) - CIO(DQS_c).

Cl applies to ODT, CS_n, CKE, A0 - A17, BAO - BA1, BGO - BG1, RAS_n/A16, CAS_n/A15, WE_n/A14, ACT_n and PAR.

CDI_CTRL applies to ODT, CS_n and CKE.

CDI_CTRL = CI(CTRL) - 0.5 * (CI(CLK_T) + CI(CLK_C)).

CDI_ADD_CMD applies to, A0 - A17, BAO - BA1, BGO - BG1, RAS_n/A16, CAS_n/A15, WE_n/Al14, ACT_n and PAR.

10 CDI_ADD_CMD = CI(ADD_CMD) - 0.5 * (CI(CLK_T) + CI(CLK_C)).

11.CDIO = CIO(DQ, DM) - 0.5 * (CIO(DQS_t) + CIO(DQS_c)).

12. Maximum external load capacitance on ZQ pin: 5pF.

13. TEN pin may be DRAM internally pulled low through a weak pull-down resistor to VSS. In this case CTEN might not be valid
and system shall verify TEN signal with Vendor specific information.

N

©ooN O ~®
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Table 54 - DRAM Package Electrical Specifications (x16)

Data Sheet

SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

1600/1866/2133 2400/2666/3200
Symbol Parameter Unit Note
Min Max Min Max
Zio Input/output Zpkg 45 85 45 85 Q 1
Tdio Input/output Pkg Delay 14 45 14 45 ps 1
Lio Input/output Lpkg - 3.4 - 34 nH 1,2
Cio Input/output Cpkg - 0.82 - 0.82 pF 1,3
Zio pQs DQS_t and DQS_c Zpkg 45 85 45 85 Q 1
Tdiobgs DQS_t and DQS_c Pkg Delay 14 45 14 45 ps 1
Lio pgs DQS Lpkg - 3.4 - 3.4 nH 1,2
Ciopgs DQS Cpkg - 0.82 - 0.82 pF 1,3
Delta Zpkg DQSU_t, DQSU_c - 10 - 10 Q -
DZio bes Delta Zpkg DQSL_t, DQSL_c - 10 - 10 Q -
Delta Delay DQSU _t, DQSU_c - 5 - 5 ps -
DTdobes | pelta Delay DQSL._t, DQSL_c - 5 - 5 ps -
ZicTRL Input-CTRL pins Zpkg 50 90 50 20 Q 1
Tdi app cmp Input-CTRL pins Pkg Delay 14 42 14 42 ps 1
LicTrL Input CTRL Lpkg - 34 - 34 nH 1,2
CictrL Input CTRL Cpkg - 0.7 - 0.7 pF 1,3
Z\ ADD CMD Input-CMD ADD pins Zpkg 50 90 50 20 Q 1
Tdiaoocmp | Input-CMD ADD pins Pkg Delay 14 52 14 52 ps 1
Li Apb cMD Input-CMD ADD Lpkg - 3.9 - 3.9 nH 1,2
Ci AbD CMD Input-CMD ADD Cpkg - 0.86 - 0.86 pF 1,3
Zck CK_c Zpkg 50 90 50 90 Q 1
Tdck CK_c Pkg Delay 14 42 14 42 ps 1
LicLk Input CK Lpkg - 3.4 - 3.4 nH 1,2
Cicik Input CK Cpkg - 0.7 - 0.7 pF 1,3
DZpck Delta Zpkg CK_t and CK_c - 10 - 10 Q -
DTdbck Delta Delay CK_t and CK_c - 5 - 5 ps -
Zozq ZQ Zpkg - 100 - 100 Q -
Tdo zq ZQ Delay 20 90 20 90 ps -
ZoALERT ALERT Zpkg 40 100 40 100 Q -
TdoaLerT ALERT Delay 20 55 20 55 ps -
Note:

1. Package implementations shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximum Lpkg

and Cpkg do not exceed the maximum value shown.

2. Itis assumed that Lpkg can be approximated as Lpkg = Zo * Td.

3. Itis assumed that Cpkg can be approximated as Cpkg = Td/Zo.
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10 Electrical Characteristics And Ac Timing

10.1 Reference Load for AC Timing and Output Slew Rate

Figure 25 represents the effective reference load of 50Q used in defining the relevant AC timing parameters of the device as
well as output slew rate measurements.

Ron nominal of DQ, DQS_t and DQS_c drivers uses 34Q to specify the relevant AC timing parameter values of thedevice.

. The maximum DC high level of output signal = 1.0 * Vbpg

. The minimum DC low level of output signal = {34/(34 + 50)} * Vbpo = 0.4 * Vbpo

. The nominal reference level of an output signal can be approximated by the following:

. The center of maximum DC high and minimum DC low = {(1 + 0.4)/2} * Vbpgo = 0.7 * Vbpo

The actual reference level of output signal might vary with driver Ron and reference load tolerances. Thus, the actual reference
level or midpoint of an output signal is at the widest part of the output signal’s eye. Prior to measuring AC parameters, the reference
level of the verification tool should be set to an appropriate level.

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

Figure 27 - Reference Load for AC Timing and Output Slew Rate

Vopa
CK_t, CK_c DUT DQ 500
— | DQS_t AAAY V11 = Voo
DQS_c

Timing Reference Point % Timing Reference Point

10.2 tREFI

Average periodic Refresh interval (trer) of DDR4 SDRAM is defined as shown in Table 55 below.

Table 55 - treri by Device Density

Parameter Symbol 8Gb Unit
Average periodic . 0°C < Tease < 85°C 7.8 s
refresh interval 85°C < Tease < 95°C 3.9 us

10.3 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 DDR4 SDRAM device.

10.4 Definition for tck (aBs)

tckas) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge. tck@ss) is
not subject to production test.
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10.4.1 Definition for tck (avg)

tek (avg) IS calculated as the average clock period across any consecutive 200 cycle windows, where each clock period is
calculated from rising edge to rising edge.

N
tek (avg) = (gtCK(avg)J)/ N N=200

10.4.2 Definition for tcu (avg) and tcL (avg)

tcH (avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

N
tcH @avg)= (X ter)/(N*tekavg)) N =200
=1

teL (avg) Is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
tcL(avg) = (ZtCLj)/(N *tCK(avg)) N =200
=1

10.4.3 Definition for tERR (nper)

terris defined as the cumulative error across n consecutive cycles of n * tCK (avg). tERR is not subject to production test.

UnilC_Techdoc, Rev. B 2024-09
64 /99



3]

UnilC

10.5 Timing Parameters by Speed Grade
10.5.1 Timing Parameters by Speed Bin for DDR4-1600 to 2400

Table 56 - Timing Parameters by Speed Bin for DDR4-1600 to 2400

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 )
Unit Note
Parameter ‘ Symbol Min ‘ Max Min ‘ Max Min Max Min Max
Clock Timing
Minimum Clock Cycle Time (DLL off mode) tekoLL oFF) 8 20 8 20 8 20 8 20 ns -
Average Clock Period tek (avg) 1.25 <15 1.071 <1.25 0.937 <1.071 0.833 <0.937 ns 35,36
Average high pulse width ten @avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tek (avg) -
Average low pulse width te avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tek (avg) -
Absolute Clock Period tek (abs) MIn: to evgmn * G o tek @avg) R
MaxX: tek avgymax + Larm (perymax_tot
Absolute clock HIGH pulse width tcH (abs) 0.45 - 0.45 - 0.45 - 0.45 - tek (avg) 23
Absolute clock LOW pulse width teL (abs) 0.45 - 0.45 - 0.45 - 0.45 - tek (avg) 24
Clock Period Jitter- total tarT (per)_tot -63 63 -54 54 -47 47 -42 42 ps 25
Clock Period Jitter- deterministic tarr (pen)_dj -31 31 -27 27 -23 23 -21 21 ps 26
Clock Period Jitter during DLL locking period tarr (per, 1ck) -50 50 -43 43 -38 38 -33 33 ps -
Cycle to Cycle Period Jitter a7 (co) - 125 - 107 - 94 - 83 ps -
Cycle to Cycle Period Jitter during DLL locking o0 ) 100 ) 86 ) 75 ) 67 ps )
period
Cumulative error across 2 cycles tERR (2per) -92 92 -79 79 -69 69 -61 61 ps -
Cumulative error across 3 cycles tERR (3per) -109 109 -94 94 -82 82 -73 73 ps -
Cumulative error across 4 cycles terR (aper) -121 121 -104 104 -91 91 -81 81 ps -
Cumulative error across 5 cycles terR (sper) -131 131 -112 112 -98 98 -87 87 ps -
Cumulative error across 6 cycles terR (6per) -139 139 -119 119 -104 104 -92 92 ps -
Cumulative error across 7 cycles terR (7per) -145 145 -124 124 -109 109 -97 97 ps -
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SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Speed DDR4-1600 DDRA4-1866 DDRA4-2133 DDRA4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Cumulative error across 8 cycles terR (sper) -151 151 -129 129 -113 113 -101 101 ps -
Cumulative error across 9 cycles teRR (9per) -156 156 -134 134 -117 117 -104 104 ps -
Cumulative error across 10 cycles tERR (10pen) -160 160 -137 137 -120 120 -107 107 ps -
Cumulative error across 11 cycles teRR (12per) -164 164 -141 141 -123 123 -110 110 ps -
Cumulative error across 12 cycles tERR (12pen) -168 168 -144 144 -126 126 -112 112 ps -
Cumulative error across 13 cycles terR (13per) -172 172 -147 147 -129 129 -114 114 ps -
Cumulative error across 14 cycles teRR (14pen) -175 175 -150 150 -131 131 -116 116 ps -
Cumulative error across 15 cycles terR (15pen) -178 178 -152 152 -133 133 -118 118 ps -
Cumulative error across 16 cycles tERR (16pen) -180 189 -155 155 -135 135 -120 120 ps -
Cumulative error across 17 cycles tERR (27pen) -183 183 -157 157 -137 137 -122 122 ps -
Cumulative error across 18 cycles tERR (18pen) -185 185 -159 159 -139 139 -124 124 ps -
Cumulative error across n = 13, 14 . . . 49, 50 terRr (npenmin = ((1 + 0.68In(N)) * taT (pen_total min)
CyCIeS terr (nper) terr (nper)max = ((l + 0-68|n(n)) * tar (per)_total max) ps B
Command and Address setup time toCK _t,
CK_c referenced to Viyacy/ Viiac) levels tis (base) 115 - 100 - 80 - 62 - ps -
Command and Address setup time to CK_t,
CK_c referenced to Vrer levels tis (vReR) 215 - 200 - 180 - 162 - ps -
Command and Address hold time to CK_t,
CK_c referenced to Vinpe)/ViLpc) levels tiH (base) 140 - 125 - 105 - 87 - ps -
Command and Address hold time to CK_t,
CK_c referenced to Vrer levels tiH (vRER) 215 - 200 - 180 - 162 - ps -
Control and Address Input pulse width foreach
input tipw 600 - 525 - 460 - 410 - ps -

Command and Address Timing
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Data Sheet

SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Speed DDR4-1600 DDR4-1866 DDRA4-2133 DDR4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
CAS_nto CAS_n command delay for same Max Max Max Max
bank group teeo L (5nCK,6.250ns) - (5nCK,5.355ns) - (5nCK,5.355ns) - (5nCK, 5ns) - nCK 34
CAS_n to CAS_n command delay for different
bank group teen_s 4 - 4 - 4 - 4 - ncK 34
ACTIVATE to ACTIVATE Command delay to Max Max Max Max
different bank group for 2KB page size trrD_S (2K) (4nCK, 6ns) - (4nCK, 5.3ns) - (4nCK, 5.3ns) - (4nCK, 5.3ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to Max Max Max Max
different bank group for 1KB page size trrD_S (1K) (4nCK, 5ns) - (4nCK, 4.2ns) - (4nCK, 3.7ns) - (4nCK, 3.3ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to Max Max Max Max
different bank group for 1/2KB page size trrD_S (1/2K) (4nCK, 5.0ns) - (4nCK, 4.2ns) - (4nCK, 3.7ns) - (4nCK, 3.3ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to Max Max Max Max
same bank group for 2KB page size tRrD_L (26) (4nCK, 7.5ns) - (4nCK, 6.4ns) - (4nCK, 6.4ns) - (4nCK, 6.4ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to Max Max Max Max
same bank group for 1KB page size tRRD_L (1K) (4nCK, 6.0ns) - (4nCK, 5.3ns) - (4nCK, 5.3ns) - (4nCK, 4.9ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to Max Max Max Max
same bank group for 1/2KB page size trRRD_L (1/2K) (4nCK, 6.0ns) - (4nCK, 5.3ns) - (4nCK, 5.3ns) - (4nCK, 4.9ns) - nCK 34
Max Max Max Max
Four activate window for 2KB page size traw (2x) (28nCK, 35ns) - (28nCK, 30ns) - (28nCK, 30ns) - (28nCK, 30ns) - ns 34
Max Max Max Max
Four activate window for 1KB page size traw (1K) (20nCK, 25ns) - (20nCK, 23ns) - (20nCK, 21ns) - (20nCK, 21ns) - ns 34
Max Max Max Max
Four activate window for 1/2KB page size traw (u2K) (16nCK, 20ns) - (16nCK, 17ns) - (16nCK, 15ns) - (16nCK, 13ns) - ns 34
Delay from start of internal WRITE transaction Max Max Max Max
to internal READ command for different bank
group twrr_s (2nCK,2.5ns) - (2nCK, 2.5ns) - (2nCK, 2.5ns) - (2nCK, 2.5ns) - ns 1,2,34
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Data Sheet
SCB12Q8Gxx0BF

8Gbit DDR4 SDRAM

Speed DDR4-1600 DDR4-1866 DDR4-2133 DDRA4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Dela.y from start of internal WRITE transaction to Max (4nCK, Max (4nCK, Max (4nCK,
internal READ command for same bank Max (4nCK, 7.5ns)
group twrr_L 7.5ns) - 7.5ns) - 7.5ns) - - ns 1,34
Internal READ command to PRECHARGE Max Max Max Max
command delay trTp (4nCK, 7.5ns) - (4nCK, 7.5ns) - (4nCK, 7.5ns) - (4nCK, 7.5ns) - ns -
WRITE recovery time twr 15 - 15 - 15 - 15 - ns 1
Write recovery time when CRC and DM are twr + Max twr + Max twr + Max (5nCK, twr + Max (5nCK,
enabled twrcreoM | (4nCK, 3.75ns) - (5nCK, 3.75ns) - 3.75ns) - 3.75ns) - ns 128
Delay from start of internal WRITE transaction to twrr_s + Max twrr_s + Max twrr_s + Max twrr_s + Max (5nCK,
internal READ command for different bank group | twrr_s_crc_om (4nCK, 3.75ns) - (5nCK, 3.75ns) - (5nCK, 3.75ns) ) 3.75ns) - ns 2,29, 34
with both CRC and DM enabled
Delay from start of internal WRITE transaction to
i Y twrrL+ Max twrr_L+ Max twrr L+ Max twrr_L+ Max (SnCK,
internal READ command for same bank group
with both CRC and DM enabled twtr_L_crcom | (4nCK, 3.75ns) - (5nCK, 3.75ns) - (5nCK, 3.75ns) - 3.75ns) - ns 3, 30, 34
DDL locking time oLk 597 - 597 - 768 - 768 - nCK -
MODE REGISTER SET command cycle time tvro 8 - 8 - 8 - 8 - nCK -
Max Max Max Max
MODE REGISTER SET command update delay tvoo (24nCK, 15ns) ; (24nCK, 15ns) ; (24nCK, 15ns) ; (24nCK, 15ns) i nCK 50
Mult-Purpose Register Recovery Time tmprr 1 - 1 - 1 - 1 - nCK 33
t in) TAL + t in AL +
Mult-Purpose Register Write Recovery Time twr_vpr Mop (mg)l_ - Mop (mB)L - tmop (min) +AL +PL - tmop (min) +AL +PL - ns -
Auto precharge write recovery + precharge time toAL (min) Programmed WR + roundup (tre/tcx @ave) nCK -
DQO or DQLO driven to set-up time to first DQS
rising edge tPDA_S 05 - 05 - 05 - 05 - ul 45, 47
DQO or DQLO driven to hold time from last DQS
fa|||ng edge tpDA_H 0.5 - 0.5 - 0.5 - 0.5 - Ul 46, 47
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Data Sheet
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8Gbit DDR4 SDRAM

Speed DDR4-1600 DDRA4-1866 DDR4-2133 DDR4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
CS_n to Command Address Latency
Max Max Max Max
CS_n to Command Address Latency teaL nCK
(3nCK, 3.748ns) - (3nCK, 3.748ns) - (3nCK, 3.748ns) - (3nCK, 3.748ns) - -
MODE REGISTER SET command cycle timein
CAL mode tMRD_cAL tvop + teaL - twop *+ teaL - tmob +teal - tmop + teaL - nCK -
MODE REGISTER SET update delay in CAL
mode tmop_caL tmop +tcaL - tmop + teaL - tmop +teal - tvop + tear - nCK -
DRAM Data Timing
DQS_t, DQS_c to DQ skew, per group, per t 13,18,39,
QS_1,DQS_cto DQ per group, p toase - 0.16 ; 0.16 ; 0.16 - 0.17 ox
acces (g2 49
. tek 13,17,18,
DQ output hold time from DQS_t, DQS_c ton 0.76 - 0.76 - 0.76 - 0.74 -
(g2 39,49
Data Valid Window per device per Ul: (ton - ¢ 0.63 0.63 0.64 0.64 ul 17,18,39,
togse) of each Ul on a given DRAM pvwa ' ' ’ ' 49
Data Valid Window per pin per Ul: (tou -t 17,18,39,
per pin per UL (tou-toeso) townp 0.66 - 0.66 - 0.69 - 0.72 - ul
each Ul on a pin of a given DRAM 49
DQ low impedance time from CK_t, CK_c .z (0o) -450 225 -390 195 -360 180 -330 175 ps 39
DQ high impedance time from CK_t, CK_c thz 0Q) - 225 - 195 - 180 - 175 ps 39
Data Strobe Timing
DQS_t, DQS_c differential READ Note Note Note Note
trPRE 0.9 0.9 0.9 0.9 nCK 39,40
Preamble (1 clock preamble) 44 44 44 44
DQS _t, DQS_c differential READ Note
treRE2 N/A N/A NA N/A N/A N/A 1.8 tex 39,41
Preamble (2 clock preamble) 44
DQS_t, DQS_c differential READ Postamble trpsT 0.33 Note 0.33 Note 0.33 Note 0.33 Note tek 39
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SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Speed DDR4-1600 DDRA4-1866 DDRA4-2133 DDRA4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
DQS_t, DQS_c differential output high time tosH 0.4 - 0.4 - 0.4 - 0.4 - tek 21,39
DQS_t, DQS_c differential output low time tosL 0.4 - 0.4 - 0.4 - 0.4 - tex 20,39
DQS_t, DQS_c differential WRITE i 0.9 0.9 0.9 0.9 t 4
Preamble (1 clock preamble) WERE ' ' ' ’ oK
DQS_t, DQS_c differential WRITE
twere2 NA NA NA NA NA NA 1.8 - tek 43
Preamble (2 clock preamble)
DQS _t, DQS_c differential WRITE Postamble twesT 0.33 - 0.33 - 0.33 - 0.33 - tex -
DQS_t and DQS_c low-impedance time
tiz os) -450 225 -390 195 -360 180 -330 175 ps 39
(Referenced from RL - 1)
DQS_t and DQS_c high-impedance time ‘ 225 105 180 175 < 39
(Referenced from RL + BL/2) Hz(0es) P
DQS _t, DQS_c differential input low pulse width toosL 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 tex -
DQS_t, DQS_c differential input high pulse
) togsH 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 tex -
width
DQS _t, DQS_c rising edge to CK_t, CK_crising
tboss -0.27 0.27 -0.27 0.27 -0.27 0.27 -0.27 0.27 tek 42
edge (1 clock preamble)
DQS_t, DQS_c rising edge to CK_t, CK_crisin
QS_t, DQS_c rising edg - Li_crising tooss? N/A N/A N/A N/A N/A N/A 05 05 ; 43
edge (2 clock preamble)
DQS_t, DQS_c falling edge setup time to CK_t,
QS_t, DQS_c falling edge setup - toss 0.18 - 0.18 - 0.18 - 0.18 - tex -
CK_c rising edge
DQS _t, DQS_c falling edge hold time from
- tosH 0.18 - 0.18 - 0.18 - 0.18 - tex -
CK_t, CK_crising edge
DQS _t, DQS_c rising edge output variance ¢ 370 330 310 290 < 37 38.39
window per DRAM PRSI (BLLom P "
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
DQS_t, DQS_c rising edge output timing location
from rising CK_t, CK_c with DDL on toesck (oL on) -225 225 -195 195 -180 180 -175 175 ps 37,38,39
mode
MPSM Timing

Command path disable delay upon MPSM entry tvPeED tmop (min) *+ tcPDED (min) tCK -
Valid clock requirement after MPSM entry texkmpe tmop min) *+ tcPpED (min) tCK -
Valid clock requirement before MPSM exit tekmpx teksrx (min) tCK -

Exit MPSM to commands not requiring a locked

t><MP
DLL txs (min) tCK -
Exit MPSM to commands requiring a locked ¢
XMPDLL
DLL txmp (min) + txspLL (min) tCK -
CS Setup time to CKE tmpx_s tis (min) + tin (min) ns -
Calibration Timing
Power-up and RESET calibration time tzqinit 1024 - 1024 - 1024 - 1024 - nCK -
Normal operation Full calibration time tzqQoper 512 - 512 - 512 - 512 - nCK -
Normal operation short calibration Short
calibration time tzqes 128 - 128 - 128 - 128 - nCK -
Reset/Self Refresh Timing
Max (5nCK, Max (5nCK, Max (5nCK, Max (5nCK,
Exit reset from CKE HIGH to a valid command txer trFC (min) + - trReC (min) + - trec (min) T - treC (min) + - nCK -
10ns) 10ns) 10ns) 10ns)
Exit self refresh to commands not requiring a ) ) trrca (min) + R trrca (min) + R trrca (min) + _ ;
locked DLL bs treca min) + 10NS 10ns 10ns 10ns ncK
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
SRX to Commands not requiring a locked DLL in |, _ trrca (min) + ) treca min + } treca min) + B trrca min) + _ nCK B,
self refresh abort XS_ABORT (min) 10ns 10ns 10ns 10ns
Exit self refresh to ZQCL, ZQCS and MRS (CL, t ) trrca (min) + ) trrca (min) + B trrca (min) + R trrca (min) + B nCK ;
CWL, WR, RTP and Gear Down) XS_FAST (min) 10ns 10ns 10ns 10ns
Exit self refresh to commands requiring a c
locked DLL bsoLe ToLik gminy - toLik (min) - toLLk (min) - toLLk (min) - nCK -
Minimum CKE low width for self refresh entry to ¢ toke min) + ) teke (min) + ; teke min + _ teke min) + i ncK -
exit timing CKESR 1nCK 1nCK 1nCK 1nCK
Minimum CKE low width for self refresh entry to teke min +1NCK teke min +1NCK teke min +1NCK texe min +1NCK
exit timing with CA Parity enabled tekesr_par +pL +pL +pL - +PpL nCK
Valid Clock Requirement after self refresh Entry Max Max Max Max
(SRE) or Power-Down Entry (PDE) teksre (5nCK, 10ns) - (5nCK, 10ns) - (5nCK, 10ns) - (5nCK, 10ns) - nCK -
Max Max Max Max
Valid Clock Requirement after self refresh Entry (5nCK, 10ns) (5nCK, 10ns) (5nCK, 10ns)
N (5nCK, 10ns) +
(SRE) or Power-Down when CA Parity is enabled
teksre_PAR - +PL - +PL - +PL - nCK -
PL
Valid Clock Requirement before self refresh Exit Max Max Max Max
(SRX) or Power Down Exit (PDX) or Reset Exit teksrx (5nCK, 10ns) - (5nCK, 10ns) - (5nCK, 10ns) - (5nCK, 10ns) - nCK -
Power Down Timing
Exit power-down with DLL on to any valid
. : Max Max Max Max
command, Exit Precharge Povyc_er Down with DLL txp (4nCK, 6ns) - (4nCK, 6ns) - (4nCK, 6ns) - (4nCK, 6ns) - nCK -
frozen to commands not requiring alocked DLL
- . Max Max Max Max
CKE minimum pulse width foke (3nCK, 5ns) - (3nCK, 5ns) - (3nCK, 5ns) - (3nCK, 5ns) - nCK 81,32
Command pass disable delay tcpoen 4 - 4 - 4 - 4 - nCK -
Power Down Entry to Exit Timing tep teke (min) 9 * treri teke (min) 9 * treri tCKE (min) 9 * treri tCKE (min) 9 * treri nCK 6
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Timing of ACT command to Power Down entry tacTPDEN 1 - 1 - 2 - 2 - nCK 7
Timing of PRE or PREA command to Power
Down entry terpDEN 1 - 1 - 2 - 2 - nCK 7
Timing of RD/RDA C;:Tt‘r';a"d to PowerDown tropoEN RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - ncK -
Timing of WR command to Power Down entry WL+ 4+ WL+ 4+ WL +4+ WL+ 4+ nCK 4
(BL8OTF, BLBMRS, BC40OTF) twRPDEN (twr/tex avg) - (twr/tex avg)) - (twr/tek avg) - (twr/tex avg)) -
Timing of WRA command to Power Down entry t WL +4 +WR WL +4 +WR WL+ 4 +WR WL +4 +WR nCK 5
(BL8OTF, BL8MRS, BC40TF) WRAPDEN +1 - +1 - +1 - +1 -
Timing of WR command to Power Down entry t WL+ 2+ WL+ 2+ WL+ 2+ WL+2+ nCK 4
(BC4MRS) WRP-BCADEN (twr/tck @vg) - (twr/tck (avg) - (twr/tck (avg) - (twr/tck (avg) -
Timing of WRA command to Power Down entry ¢ WL +2 +WR WL+ 2 +WR WL +2 +WR WL+ 2 +WR nCK 5
(BCAMRS) WRAP-BCADEN +1 - +1 - +1 - +1 -
Timing of REF command to Power Down entry trerPDEN 1 - 1 - 2 - 2 - nCK 7
Timing of MRS command to Power Down entry tMRSPDEN tmoD (min) - tMoD (min) - tmob (min) - tmob (min) - nCK -
PDA Timing
MODE REGISTER SET command cycle time in Max Max Max Max
PDA mode tmro_PDA (16nCK, 10ns) - (16nCK, 10ns) - (16nCK, 10ns) - (16nCK, 10ns) - nCK -
MODE REGISTER SET command update delay ¢ t ¢ t t nCK )
in PDA mode MOD_PDA MOD MOD MOD MOD
ODT Timing
Asynchronous Rrrturn-on delay (Power-Down )
with DLL frozen) taonas 1 9 1 9 1 9 1 9 ns
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UnilC 8Gbit DDR4 SDRAM

Speed DDR4-1600 DDRA4-1866 DDRA4-2133 DDR4-2400
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Asynchronous R+ turn-off delay (Power-Down
with DLL frozen) taoras 1 9 1 9 1 9 1 9 ns -
R+t dynamic change skew tanc 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 tek (avg) -
Write Leveling Timing
First DQS__t/DQS_c rising edge after write T 20 ) 20 ) 20 ; 40 ; nCK 12
leveling mode is programmed
DQS_t/DQS_c delay after write leveling mode is fwtoosen o5 ) 25 ) 25 ) o5 ) nCK 12
programmed
Write leveling setup time from rising CK_t,
CK_c crossing to rising DQS_t/DQS_c crossing twis 0.13 - 0.13 - 0.13 - 0.13 - tek o) -
Write leveling hold time from rising DQS_t/DQS_c
crossing to rising CK_t, twiw 0.13 - 0.13 - 0.13 - 0.13 - tek (avo) -
CK_crossing
Write leveling output delay twio 0 9.5 0 9.5 0 9.5 0 9.5 ns -
Write leveling output error twioe 0 2 0 2 0 2 0 2 ns -
CA Parity Timing
Commands not guaranteed to be executed
during this time tPAR_UNKNOWN - PL - PL - PL - PL nCK -
Delay from errant command to ALERT_n tpAR ALERT ON - PL +6ns - PL +6ns - PL +6ns - PL+6ns | nCK -
assertion - -
Pulse width of ALERT_n signal whenasserted tpAR_ALERT PW 48 96 56 112 64 128 72 144 nCK -
Time from when Alert is asserted till controller
must start providing DES commands in Persistent | trar ALErT RsP - 43 - 50 - 57 - 64 nCK -
CA parity mode
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Speed DDR4-1600 DDRA4-1866 DDRA4-2133 DDR4-2400 )
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Parity Latency PL 4 4 4 5 nCK -
CRC Error Reporting
CRC error to ALERT _nlatency tecre_ALERT 3 13 3 13 3 13 3 13 ns -
CRC ALERT_n pulse width tcre_ALERT PwW 6 10 6 10 6 10 6 10 nCK -
trer
tRECL (min) 8Gb 260 - 260 - 260 - 260 - ns t(RriE}
tRrC2 (min) 8Gb 160 - 160 - 160 - 160 - ns ‘f*:ff
tRrCA (min) 8Gb 110 - 110 - 110 - 110 - ns ‘(F*nfiff
10.5.2 Timing Parameters by Speed Bin for DDR4-2666 to 3200
Table 57 - Timing Parameters by Speed Bin for DDR4-2666 to 3200
Speed DDRA4-2666 DDRA4-2933 DDR4-3200 ]
Unit Note
Parameter ‘ Symbol Min ‘ Max Min Max Min Max
Clock Timing
Minimum Clock Cycle Time (DLL off mode) tck (DLL_OFF) 8 20 8 20 8 20 ns -
Average Clock Period tek (avg) 0.75 <0.833 0.682 <0.750 0.625 <0.682 ns 35,36
Average high pulse width tcH (avg) 0.48 0.52 0.48 0.52 0.48 0.52 ,ESE, -
Average low pulse width teL (avg) 0.48 0.52 0.48 0.52 0.48 0.52 ,ESE, -
Absolute Clock Period tck (abs) Min = e g+ LiTgenmn o tex -
Max = tck (avgymax + LT (penmax_tot (avg)
Absolute clock HIGH pulse width {CH (abs) 0.45 - 0.45 - 0.45 - {tacwf‘ 23
Absolute clock LOW pulse width teL (abs) 0.45 - 0.45 - 0.45 - {23; 24
Clock Period Jitter-total taIT (per)_tot -38 38 -34 34 -32 32 ps 25
Clock Period Jitter-deterministic T (per)_dj -19 19 -17 17 -16 16 ps 26
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Speed DDR4-2666 DDR4-2933 DDR4-3200
Unit Note
Parameter Symbol Min Max Min Max Min Max
Clock Period Jitter during DLL locking period 1T (per, ick) -30 30 -27 27 -25 25 ps -
Cycle to Cycle Period Jitter LI (co) - 75 - 68 - 62 ps 25
Cycle to Cycle Period Jitter during DLL locking 01T (00,164 . 60 . 55 ) 50 ps )
period
Cumulative error across 2 cycles tERR (2per) -55 55 -50 50 -46 46 ps -
Cumulative error across 3 cycles tERR (3per) -66 66 -60 60 -55 55 ps -
Cumulative error across 4 cycles tERR (4per) -73 73 -66 66 -61 61 ps -
Cumulative error across 5 cycles tERR (5per) -78 78 -71 71 -65 65 ps -
Cumulative error across 6 cycles tERR (6per) -83 83 -75 75 -69 69 ps -
Cumulative error across 7 cycles tERR (7per) -87 87 -79 79 -73 73 ps -
Cumulative error across 8 cycles tERR (8per) -91 91 -83 83 -76 76 ps -
Cumulative error across 9 cycles tERR (9per) -94 94 -85 85 -78 78 ps -
Cumulative error across 10 cycles tERR (10per) -96 96 -88 88 -80 80 ps -
Cumulative error across 11 cycles tERR (11per) -99 99 -90 90 -83 83 ps -
Cumulative error across 12 cycles tERR (12per) -101 101 -92 92 -84 84 ps -
Cumulative error across 13 cycles tERR (13per) -103 103 -93 93 -86 86 ps -
Cumulative error across 14 cycles tERR (14per) -104 104 -95 95 -87 87 ps -
Cumulative error across 15 cycles tERR (15per) -106 106 -97 97 -89 89 ps -
Cumulative error across 16 cycles tERR (16per) -108 108 -98 98 -90 90 ps -
Cumulative error across 17 cycles tERR (17per) -110 110 -100 100 -92 92 ps -
Cumulative error across 18 cycles tERR (18per) -112 112 -101 101 -93 93 ps -
Cumulative error across n = 13, 14 . . . 49, 50 cycles tERR (nper) temn ooy ™ (L 0.08INO) b st ) ps -
terr (npenmax = ((1 + 0.68IN(N)) * tarr (per)_total max)
Command and Address setup time to CK_t,CK_c¢
referenced to Vin@ac)/ViLac) levels tis (base) 55 - 48 - 40 - ps -
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Speed DDR4-2666 DDR4-2933 DDR4-3200 )
- - - Unit Note
Parameter Symbol Min Max Min Max Min Max
Command and Address setup time to CK_t,CK_c¢
referenced to Vrer levels tis (Vrer) 145 - 138 - 130 - ps -
Command and Address hold time to CK_t, CK_c
referenced to ViHpc)/ViLpc) levels tiH (base) 80 - 73 - 65 - ps -
Command and Address hold time to CK_t,CK_c
referenced to Vrer levels tIH (Vrer) 145 - 138 - 130 - ps -
Control and Address Input pulse width for eachinput tipw 385 - 365 - 340 - ps -
Command and Address Timing-
CAS_n to CAS_n command delay for same bank t Max ) Max ) Max ) nCK 34
group ceb_t (5nCK, 5ns) (5nCK, 5ns) (5nCK, 5ns)
CAS_n to CAS_n command delay for different bank tec.s 4 ) 4 ) 4 ) nCK 34
group
ACTIVATE to ACTIVATE Command delay to different t Max ) Max ) Max ) nCK 34
bank group for 2KB page size RRD_S (2€) (4nCK, 5.3ns) (4nCK, 5.3ns) (4nCK, 5.3ns)
ACTIVATE to ACTIVATE Command delay to different t Max ) Max ) Max ) nCK 34
bank group for 1KB page size RRD_S (1K) (4nCK, 3ns) (4nCK, 2.7ns) (4nCK, 2.5ns)
ACTIVATE to ACTIVATE Command delay to different t Max ) Max ) Max ) nCK 34
bank group for 1/2KB page size ARD_S (1/2k) (4nCK, 3ns) (4nCK, 2.7ns) (4nCK, 2.5ns)
ACTIVATE to ACTIVATE Command delay to same t Max ) Max ) Max ) nCK 34
bank group for 2KB page size RRD_L () (4nCK, 6.4ns) (4nCK, 6.4ns) (4nCK, 6.4ns)
ACTIVATE to ACTIVATE Command delay to same ¢ Max ) Max ) Max ) nCK 34
bank group for 1KB page size RRD_L (1K) (4nCK, 4.9ns) (4nCK, 4.9ns) (4nCK, 4.9ns)
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Speed DDR4-2666 DDR4-2933 DDR4-3200 )
- - - Unit Note
Parameter Symbol Min Max Min Max Min Max
ACTIVATE to ACTIVATE Command delay to same {RRD.L (260 Max i Max i Max i nCK 34
bank group for 1/2KB page size - (4nCK, 4.9ns) (4nCK, 4.9ns) (4nCK, 4.9ns)
. . . Max Max Max
Four activate window for 2KB page size tFAW (2K) (28nCK,30ns) - (28nCK,30ns) - (28nCK,30ns) - ns 34
. . . Max Max Max
Four activate window for 1KB page size tFAW (1K) (20nCK,21ns) - (20nCK,21ns) - (20nCK,21ns) - ns 34
. . . Max Max Max
Four activate window for 1/2KB page size tFAW (1/2K) (16nCK,13ns) - (16nCK,12ns) - (16nCK,10ns) - ns 34
Delay from start of internal WRITE transaction to twiR s Max i Max Max i ns 1234
internal READ command for different bank group - (2nCK, 2.5ns) (2nCK, 2.5ns) - (2nCK, 2.5ns) T
Delay from start of internal WRITE transaction to — Max ) Max Max ) ns 1 34
internal READ command for same bank group - (4nCK, 7.5ns) (4nCK, 7.5ns) - (4nCK, 7.5ns) '
Internal READ Command to PRCHARGE command ¢ Max ) Max ) Max ) ns )
delay RTP (4nCK, 7.5ns) (4nCK, 7.5ns) (4nCK, 7.5ns)
WRITE recovery time twr 15 - 15 - 15 - ns 1
twr + Max twr + Max twr + Max
Write recovery time when CRC and DM are enabled twr_CRC_DM (5nCK, . (5nCK, . (5nCK, . ns 1. 28
3.75ns) 3.75ns) 3.75ns) '
Delay from start of internal WRITE transaction to twrr_s + Max twrr_s + Max twrr_s + Max
internal READ command for different bank group with twTR_s_Ccrc_bm (5nCK, 3.75ns) - (5nCK, 3.75ns) - (5nCK, 3.75ns) - ns 2,29,34
both CRC and DM enabled
Delay from start of internal WRITE transaction to twrr_L + Max twrr_L + Max twrr_L + Max
internal READ command for same bank group with twTR_L_CRC_DM (5nCK, 3.75ns) - (5nCK, 3.75ns) - (5nCK, 3.75ns) - ns 3,30, 34
both CRC and DM enabled
DDL locking time toLik 1024 - 1024 - 1024 - nCK -
MODE REGISTER SET command cycle time tMRD 8 - 8 - 8 - nCK -
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Speed DDR4-2666 DDR4-2933 DDR4-3200 _
- - - Unit Note
Parameter Symbol Min Max Min Max Min Max
t Max ) Max ) Max ) nCK )
MODE REGISTER SET command update delay Mop (24nCK,15ns) (24nCK,15ns) (24nCK,15ns)
Mult-Purpose Register Recovery Time tMPRR 1 - 1 - 1 - nCK 33
Mult-Purpose Register Write Recovery Time twr_MPR twop (m;;)l_+ AL+ - twoo (mi’;’J AL+ - oo (m;;)l_+ AL+ - nCK -
Auto precharge write recovery + precharge time DAL (min) Programmed WR + roundup (trp/tck avg)) nCK -
DQO or DQLO driven to set-up time to first DQS rising tPOA_S 0.5 ) 0.5 ) 0.5 ) ul 45, 47
edge
DQO or DQLO driven to hold time from last DQS
falling edge tPDA H 0.5 - 0.5 - 0.5 - Ul 46, 47
CS_n to Command Address Latency
t Max ) Max ) Max ) nCK )
CS_n to Command Address Latency CAL (3nCK, 3.748ns) (3nCK, 3.748ns) (3nCK, 3.748ns)
MODE REGISTER SETrr::((J)(;T;mand cycle time in CAL tvrD_tcaL tmop + tcaL - tmop + teaL - tmop + tea ) nCK -
MODE REGISTER SET update delay in CAL mode tmop_teal tmop + teal - tmop + teal - tmop + tcal - nCK -
DRAM Data Timing
¢ 13,18,39
DQS_t, DQS_c to DQ skew, per group, peracces tbesq - 0.18 - 0.19 - 0.20 ; C)K/Z 4
avg
9
i 17,18,39
DQ output hold time from DQS_t, DQS_c ton 0.74 - 0.72 - 0.70 - oK 4
(avg)/2 9
Data Valid Window per device per Ul: (tqH - tbgsg) of ) ) ) tek )
each Ul on a given DRAM tovwd 0.64 0.64 0.64 (avg)/2
Data Valid Window per pin per Ul: (toH - tbgsg) each Ul ) ) ) tek )
on a pin of a given DRAM tovwp 0.72 0.72 0.72 (@vg)2
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Speed DDR4-2666 DDR4-2933 DDR4-3200
Unit Note
Parameter Symbol Min Max Min Max Min Max
DQ low impedance time from CK_t, CK_c tLz (0Q) -310 170 -280 165 -250 160 tc*;(zavg) -
DQ high impedance time from CK_t, CK_c tHz (0Q) - 170 - 165 - 160 tcjg‘vg) -
Data Strobe Timing
DQS_t, DQS_c differential READ )
Preamble (1 clock preamble) trRPRE 0.9 Note 44 0.9 Note 44 0.9 Note 44 tek
DQS_t, DQS_c differential READ i
Preamble (2 clock preamble) tRPRE2 1.8 Note 44 1.8 Note 44 1.8 Note 44 tck
DQS _t, DQS_c differential READ Postamble trPsT 0.33 Note 45 0.33 Note 45 0.33 Note 45 tek -
DQS_t, DQS_c differential output hightime tosH 0.4 - 0.4 - 0.4 - tek 21,39
DQS_t, DQS_c differential output lowtime tosL 0.4 - 0.4 - 0.4 - tek 20,39
DQS_t, DQS_c differential WRITE
Preamble (1 clock preamble) twrrE 0.9 - 0.9 - 0.9 - tek 42
DQS_t, DQS_c differential WRITE
Preamble (2 clock preamble) twrRE2 1.8 - 1.8 - 1.8 - tek 43
DQS _t, DQS_c differential WRITE Postamble twpsT 0.33 - 0.33 - 0.33 - tek -
DQS_t and DQS_c low-impedance time (Referenced
from RL-1) tLz (oQs) -310 170 -280 165 -250 160 ps 39
DQS_t and DQS_c high-impedance time ) ) i
(Referenced from RL+BL/2) thz (00s) 170 165 160 ps 39
DQS_t, DQS_c differential input low pulse width togsL 0.46 0.54 0.46 0.54 0.46 0.54 tek -
DQS_t, DQS_c differential input high pulse width toQsH 0.46 0.54 0.46 0.54 0.46 0.54 tek -
DQS_t, DQS_c rising edge to CK_t, CK_crising _ i i}
edge (1 clock preamble) tbgss 0.27 0.27 0.27 0.27 0.27 0.27 tex 42
DQS_t, DQS_c rising edge to CK_t, CK_crising _ i i}
edge (2 clock preamble) togss2 0.50 0.50 0.50 0.50 0.50 0.50 tex 43
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Speed DDR4-2666 DDR4-2933 DDR4-3200
Unit Note
Parameter Symbol Min Max Min Max Min Max
DQS_t, DQS_c falling edge setup time to CK_t,
CK_c rising edge toss 0.18 - 0.18 - 0.18 - tek -
DQS_t, DQS_c falling edge hold time from CK_t,
CK_c rising edge tosH 0.18 - 0.18 - 0.18 - tek -
DQS_t, DQS_c rising edge output variance window
per DRAM tbgscki (bLL on) - 270 - 265 - 260 ps 37,38,39
DQS_t, DQS_c rising edge output timing location
from rising CK_t, CK_c with DDL on mode tbosck -170 170 -165 165 -160 160 ps 37,38,39
MPSM Timing
. tMoD (min) + tMoD (min) + tMoD (min) +
Command path disable delay upon MPSM entry tmPED ) - ) - _ - tek -
tcPDED (min) tcPDED (min) tcPDED (min)
Valid clock requirement after MPSM entry tokmPE twop (min) - tmop (min) + - oo (i) + - tex -
tcPDED (min) tcPDED (min) tcPDED (min)
Valid clock requirement before MPSM exit tekmpx tcKksRX (min) - tcKksRX (min) - tCKSRX (min) - tek -
Exit MPSM to commands not requiring a locked DLL txmp txs (min) - txs (min) - xs (min) - tek -
Exit MPSM to commands requiring a locked DLL bwte (min) + bte (min) + b (min) +
txmPDLL txsDLL (min) - txsDLL (min) - tXSDLL (min) - tck -
CS setup time to CKE tmpx_s tis (min) + tiH (min) - tis (min) + tiH (min) - tis (min) + tiH (min) - ns -
Calibration Timing
Power-up and RESET calibration time tzQinit 1024 - 1024 - 1024 - nCK -
Normal operation Full calibration time tzQoper 512 - 512 - 512 - nCK -
Normal operation Short calibration time tzqes 128 - 128 - 128 - nCK -

Reset/Self Refresh Timing
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Speed DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit Note
. . Max (5nCK, ) Max (5nCK, ) Max (5nCK, ) )
Exit reset from CKE HIGH to a valid command txpr tRec (miny + 10NS) tREC (miny + 10NS) fREC (miny + 10NS) nCK
Exit self refresh to comnlgell_nl_ds not requiring a locked txs tREC (miny + 10NS ) tREC (miny + 10NS ) tReC (i + 10NS ) nCK )
SRX to commands ?gftr;i?\u:gg?ta locked DLL in self tXs_ABORT (min) trRFc4 (min) + 10NS - trRFc4 (min) + 10NS - trRFc4 (min) + 10Nns - nCK -
Exit Self&ﬁfﬁc;’ é?g;hﬁ%ﬁifgg\/\mss (CL, txs_FAST (min) trRFca (min) + 10NS - trRFc4 (min) + 10NS - trRFca min) + 10NS - nCK -
Exit self refresh to commands requiring a locked DLL txspLL tDLLK (min) - tDLLK (min) - tDLLK (min) - nCK -
Minimum CKE low W'dtt?rg?r:gself refresh entry to exit tckesr teke (min) + 1NCK - teke (min) + 1nCK - tcke (min) + 1nCK - nCK -
Minimum CKE low width for self refresh entry to exit texe (""”): InCK texe (mi”): InCK teke (mi”): InCK
timing with CA Parity enabled tckESR_PAR PL - PL - PL - nCK -
Valid Clock Requirement after self refresh Entry Max Max Max
(SRE) or Power-Down Entry (PDE) tcksre (5nCK, 10ns) - (5nCK, 10ns) - (5nCK, 10ns) - nCK -
. . Max Max Max
Valid Clock Requirement after self refresh Entry
(SRE) or Power-Down when CA Parity is enabled teksre_PAR (5nCKI,DiOns) " - (5nCKI,DiOns) * - (5nCKI,DiOns) * - nCK -
Valid Clock Requirement before self refresh Exit Max Max Max
(SRX) or Power Down Exit (PDX) or Reset Exit tcksrx (5nCK, 10ns) - (5nCK, 10ns) - (5nCK, 10ns) - nCK -
Power Down Timing
Exit Power Down with DLL on to any valid
command,Exit Precharge Power Down with DLL txp Max (4nCK, 6ns) - Max (4nCK, 6ns) - Max (4nCK, 6ns) - nCK -
frozen to commands not requiring a locked DLL
CKE minimum pulse width tcke Max (3nCK, 5ns) - Max (3nCK, 5ns) - Max (3nCK, 5ns) - nCK 31,32
Command pass disable delay tcpoED 4 - 4 - 4 - nCK -

UnilC_Techdoc, Rev. B 2024-09

82 /99




3]

UnilC

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Speed DDR4-2666 DDR4-2933 DDR4-3200
Unit Note
Parameter Symbol Min Max Min Max Min Max
Power Down Entry to Exit Timing trp tcKE (min) 9 * trer teKe (min) 9 * treri tcKE (min) 9 * trer nCK 6
Timing of ACT command to Power Down entry tacTPDEN 2 - 2 - 2 - nCK 7
Timing of PRE or PREA command to Power Down
entry tPRPDEN 2 - 2 - 2 - nCK 7
Timing of RD/RDA command to Power Down entry tRDPDEN RL+4+1 - RL+4+1 - RL+4+1 - nCK -
Timing of WR command to Power Down entry WL+4+ WL+4+ WL +4+
(BL8OTF, BLBMRS, BC40TF) twRPDEN (twr/tck (avg)) - (twr/tck (avg)) - (twr/tck (avg)) - nCK 4
Timing of WRA command to Power Down entry
(BL8OTF, BL8MRS, BC40OTF) {WRAPDEN WL+ 41+ WR+ - WL+ 41+ WR+ - WL+ 41+ WR+ - nCK 5
Timing of WR command to Power Down entry WL+ 2+ WL+ 2+ WL+ 2+
(BCAMRS) twRP-BC4DEN (twr/tck (avg)) - (twr/tck (avg)) - (twr/tck (avg)) - nCK 4
Timing of WRA command to Power Down entry
(BCAMRS) twWRAP-BCADEN WL + 21+ WR + - WL + 21+ WR + - WL + 21+ WR + - nCK 5
Timing of REF command to Power Down entry tREFPDEN 2 - 2 - 2 - nCK 7
Timing of MRS command to Power Down entry tMRSPDEN tMOoD (min) - tMOD (min) - tMoD (min) - nCK -
PDA Timing
MODE REGISTER SET command cycle time in PDA Max Max Max
mode tMRD_PDA (16nCK, 10ns) - (16nCK, 10ns) - (16nCK, 10ns) - nCK -
MODE REGISTER SET command update delay in
PDA mode tmop_PDA tmobp tmobp tmobp nCK -
ODT Timing
Asynchronous Rt turn-on delay (Power-Down with
DLL frozen) taonAs 1 9 1 9 1 9 ns -
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Speed DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit Note
Asynchronous Rt turn-off delay (Power-Down with
DLL frozen) taoras 1 9 1 9 1 9 ns -
Rt dynamic change skew tabc 0.28 0.72 0.26 0.74 0.26 0.74 (235) -
Write Leveling Timing
First DQS_t/DQS_c rising edge after write leveling fWLMRD 20 i 20 i 40 i nCK 12
mode is programmed
DQS_t/DQS_c delay after write leveling mode is ) ) )
programmed twLDQSEN 25 25 25 nCK 12
Write leveling setup time from rising CK_t, CK_c i i i i
crossing to rising DQS_t/DQS_c crossing tws 0.13 0.13 0.13 tex
Write leveling hold time from rising DQS_t/DQS_c ) ) ) tek )
crossing to rising CK_t, CK_crossing twiH 0.13 0.13 013 (avg)
Write leveling output delay twro 0 9.5 0 9.5 0 9.5 ns -
Write leveling output error twLoe - 2 - 2 - 2 ns -
CA Parity Timing
Commands not guaranteed to be executed during {PAR_UNKNOWN ) PL ) PL ) PL nCK )
this time
) PL + PL + PL +
Delay from errant command to ALERT_nassertion tPAR_ALERT_ON - 6ns - 6ns - 6ns nCK -
Pulse width of ALERT_n signal when asserted tPAR_ALERT_PW 80 160 88 176 96 192 nCK -
Time from when Alert is asserted till controller must
start providing DES commands in Persistent CA parity tPAR_ALERT_RSP - 71 - 78 - 85 nCK -
mode
Parity Latency PL 5 6 6 nCK -
CRC error to ALERT_nlatency tcrRC_ALERT 3 13 3 13 3 13 ns -
CRC ALERT _n pulse width tcrRC_ALERT_PwW 6 10 6 10 6 10 nCK -
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Speed DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit Note
Gear Down Timing
Exit RESET from CKE HIGH to a valid MRS PR GEAR txpr ) txer ) txpr ) ) )
geardown (T2/Reset) -
CKE High Assert to Gear Down Enable time xS GEAR txs ) s ) txs ) ) )
(T2/CKE) -
MRS command to Sync pulse time(T3) tsyNC_GEAR tmop + 4nCK - tmop + 4nCK - tmop + 4nCK - - 27
Sync pulse to First valid command(T4) tcMDp_GEAR tmob - tmob - tmob - - 27
Geardown setup time tGEAR setup 2 - 2 - 2 - nCK -
Geardown hold time tGEAR hold - - 2 - 2 - nCK -
tREFI
tRFC1 (min) 8Gb 350 - 350 - 350 - ns 34
trRFC2 (min) 8Ghb 260 - 260 - 260 - ns 34
trRFC4 (min) 8Ghb 160 - 160 - 160 - ns 34

Note:

1. Start of internal WRITE transaction is defined as follows:

For BL8 (Fixed by MRS and on-the-fly): Rising clock edge 4 clock cycles after WL.
For BC4 (on-the-fly): Rising clock edge 4 clock cycles after WL.
For BC4 (Fixed by MRS): Rising clock edge 2 clock cycles after WL.

. A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled.
Commands requiring a locked DLL are READ (and Read Auto Precharge) and synchronous ODT commands.

. twris defined in ns, for calculation of twrepen it is necessary to round up twr/tck following rouding algorithm defined in Section 11.5.

. WRin clock cycles as programmed in MRO.
. treri depends on Torer.

No A WN
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10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
20.
30.
31.
32.
33.

8Gbit DDR4 SDRAM

finishing those operations.

For these parameters, the DDR4 SDRAM device supports tnparam (nck) = ROUND UP{traramns)/tck(avg)insi}, Which is in clock cycles assuming all input clock jitter specifications are satisfied.
When CRC and DM are both enabled, twr_crc_pmis used in place of twr.

When CRC and DM are both enabled, twtr_s_crc_pwmis used in place of twrr_s.

When CRC and DM are both enabled, twtr_L_crc_pmis used in place of twtr_L.

The max value is system dependent.

DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER. BER spec and measurement method are TBD.
The deterministic component of the total timing.

DQ to DQ static offset relative to strobe per group.

This parameter will be characterized and guaranteed by design.

When the device is operated with the input clock jitter, this parameter needs to be derated by the actual tjpen_tota Of the input clock. (output deratings are relative to the SDRAM input
clock).

DRAM DBI mode is off.

DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only.

tosL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising edge.

tosndescribes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising edge.

There is no maximum cycle time limit besides the need to satisfy the refresh interval treri.

tch(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.

tcLbs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.

Total jitter includes the sum of deterministic and random jitter terms for a specified BER. BER target and measurement method are TBD.

The deterministic jitter component out of the total jitter. This parameter is characterized and guaranteed by design.

This parameter has to be even number of clocks.

When CRC and DM are both enabled, twr_crc_pmis used in place of twr.

When CRC and DM are both enabled, twtr_s_crc_pbmis used in place of twtr_s.

When CRC and DM are both enabled, twtr_L_crc_pmis used in place of twrr_L.

After CKE is registered LOW, CKE signal level shall be maintained below V. poc) for tcke specification (low pulse width).

After CKE is registered HIGH, CKE signal level shall be maintained above Vinpc) for tcke specification (high pulse width).

Defined between end of MPR Read burst and MRS which reloads MPR or disables MPR function.
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35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.

50.

Parameters apply from tck (avg)min tO tck (avgymax at all standard JEDEC clock period values as stated in the Section 9 SPEED BIN .

This parameter must keep consistency with Section 9 SPEED BIN.

DDR4-1600 AC timing apply if DRAM operates at lower than 1600MT/s data rate. Ul = tck (avg)min/2.

Applied when DRAM is in DLL ON mode.

Assume no jitter on input clock signals to the DRAM.

Value is only valid for Ronnom = 34Q.

1tck toggle mode with setting MR4: Al1to O.

2tck toggle mode with setting MR4: Al1to 1, which is valid for DDR4-2400/2666/3200 speed grade.

1tck mode with setting MR4: A12 to 0.

2tck mode with setting MR4: A12 to 1, which is valid for DDR4-2400/2666/3200 speed grade.

The maximum read preamble is bounded by tiz(pgs)min 0N the left side and togsck(max) on the right side.

DQ falling signal middle-point of transferring from HIGH to LOW to first rising edge of DQS diff-signalcross-point.
Last falling edge of DQS diff-signal cross-point to DQ rising signal middle-point of transferring from LOW to HIGH.

VRrerpq Value must be set to either its midpoint or Veent_bo(midpoint) in order to capture DQO or DQLO low level for entering PDA mode.

The maximum read postamble is bound by togsck (min) plus tosH (min) 0N the left side and tHzpgs)max 0N the right side.

Data Sheet
SCB12Q8Gxx0BF
8Gbit DDR4 SDRAM

Reference level of DQ output signal is specified with a midpoint as a widest part of Output signal eye which should be approximately 0.7 * Vbpq as a center level of the static single-

ended output peak-to-peak swing with a driver impedance of 34 Q and an effective test load of 50Q to V1 =Vbpo.
For MR7 commands, the minimum delay to a subsequent non-MRS command is 5nCK.
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10.6 Rounding Algorithms

Software algorithms for calculation of timing parameters are subject to rounding errors from many sources. For example, a
system may use a memory clock with a nominal frequency of 933.33MHz which yields a clock period of 1.0714ns. Similarly, a
system with a memory clock frequency of 1066.66MHz yields mathematically a clock period of 0.9375ns. In most cases, it is
impossible to express all digits after the decimal point exactly, and rounding must be done because the DDR4 SDRAM
specification establishes a minimum granularity for timing parameters of 1ps.

Rules for rounding must be defined to allow optimization of device performance without violating device parameters. These

algorithms rely on results that are within correction factors on device testing and specification to avoid losing performance due to

rounding errors.

These rules are:

. Clock periods such as tck (avgmin are defined to 1ps of accuracy; for example, 0.9375ns is defined as 937ps and 1.0714ns s
defined as 1071ps.

. Using real math, parameters like taa (min), treo (min), €tc. which are programmed in systems in numbers of clocks (nCK) but
expressed in units of time (in ns) are divided by the clock period (in ns) yielding a unitless ratio, a correction factor of 2.5%
is subtracted, then the result is set to the next higher integer number of clocks:
nCK = ceiling [(parameter_in_ns/application_tck_ in_ns) - 0.025]

. Alternatively, programmers may prefer to use integer math instead of real math by expressing timing in ps, scaling the
desired parameter value by 1000, dividing by the application clock period, adding an inverse correction factor of 97.4%,
dividing the result by 1000, then truncating down to the next lower integer value:
nCK = truncate [{(parameter_in_ps * 1000)/(application_tck_in_ps) +974}/1000]

. Either algorithm yields identical results. In case of conflict between results, the preferred algorithm is the integer math
algorithm.

This algorithm applies to all timing parameters documented in a Serial Presence Detect (SPD) when converting from ns to
nCK. Other timing parameters may use a simpler algorithm:
nCK = ceiling (parameter_in_ns/application_tck_in_ns).

10.7 The DQ Input Receiver Compliance Mask for Voltage and Timing

The DQ input receiver compliance mask for voltage and timing is shown in Figure 26 below. The receiver mask (Rx Mask)
defines area the input signal must not encroach in order for the DRAM input receiver to be able to successfully capture a valid
input signal. Any input signal encroaching within the Rx Mask is subject to being invalid data. The Rx Mask is the receiver property
for each DQ input pin and it is not the valid data-eye.

Figure 28 - DQ Receiver (Rx) Compliance mask

h
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I
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Figure 29 - Across Pin VREFDQ Voltage Variation

- VcentDQ.midpoint

Vrer variation
(component)

The Vrerpq voltage is an internal reference voltage level that shall be set to the properly trained setting, which is generally
VeentdQ,midpoint, iN order to have valid Rx Mask values.

VeentdQ (pin avg) IS defined as the midpoint between the largest Vrerpg voltage level and the smallest Vrerpg voltage level across
all DQ pins for a given DRAM component. Each DQ pin Vrer level is defined by the center, i.e. widest opening, of the cumulative
data input eye as depicted in Figure 27. This clarifies that any DRAM component level variation must be accounted for within the
DRAM Rx mask. The component level Vrer will be set by the system to account for Ron and ODT settings.
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Figure 30 - DQS to DQ and DQ to DQ Timings at DRAM Balls

DQS, DQs Data-In at DRAMBall DQS, DQs Data-In at DRAMBall
Rx Mask Rx Mask-Alternative View

1
1
1
1
1
1
1
1
1
1
|
; i 1.5+ Td,VWO:.S * TEIVW
v : ]
DRAMa 3 ' DRAMa S
DQx-z = ! DQx-z | =
1
Taivw i Tavw
1
H tbos2oq + 0.5 * Taww
tbs2pQ [ 1 j——
1 1 T
DRAMb ‘ "‘v‘v‘y‘y‘y‘y‘y‘y S i DRAMb :
DQy AAAAAAAL > DQy i >
i VVVVVVYV H 1
tbg2pg i —l |— tbgapg
! ANAANANANNT : T
DRAMb { V.V.V B | DRAMb z
bQz AAANAAAANL = DQz S
: AYAAAA'A' : :
! togang — l— tbgszpo + 0.5 * Taww
tbgs2pg |
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DRAMc | DRAMc >§
DQz : DQz : 4
1
' tog2pQ — L|
! :
DRAMc : DRAMc H
DQy | DQy >
| — l—
tbQ2pQ
Note: Note:
*DQx represents an optimally centered mask. e DRAMa represents a DRAM without any DQS/DQ
*DQYy represents earliest valid mask. skews.
*DQz represents lasted valid mask. «DRAMD represents a DRAM with early skews

(negative tbgs2pq).
¢ DRAMC represents a DRAM with delayed skews
(positive tpos2p0

Note:
1. Figures show skew allowed between DRAM to DRAM and between DQ to DQ for a DRAM. Signals assume data centered
aligned at DRAM Latch.
2. Tdipw is not shown; composite data-eyes shown would violate Tdipw.
3. Vcentbq midpoint IS NOt shown but is assumed to be midpoint of Vdivw.
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All of the timing term in Figure 28 are measured at the Vgw voltage levels centered around Vcentog,midpoint @nd are referencedto the

DQS_t/DQS_c center aligned to the DQ per pin.
The rising edge slew rates are defined by srrl and srr2. The slew rate measurement points for a rising edge are shown in

Figure 29 below: A LOW to HIGH transition trl is measured from 0.5 * Vdivw,max below Vcentogmidpoint t0 the last transition
through 0.5 * Vdivw,max above Veentbg midpoint t0 the first transition through the 0.5 * VinLacymin @above  Veentdg,midpoint.

Rising edge slew rate equations:
. srrl = Vdivw,max/tr,
. srr2 = (ViHL@ac)min — Vdivw,max)/(2 * tr2)
Figure 31 - Slew Rate Conditions for Rising Transition

tr2

»

[
>

0.5 * Vgivw(max)

VoentDQ,mid point
05 * VdiVW(max\

0.5 * ViLacymin

VHL(AC)min
1
1

VdiVW(max)

d
«

0.5 * ViHLacymin

<

The falling edge slew rates are defined by srfl and srf2. The slew rate measurement points for a falling edge are shown in
Figure 30 below: A HIGH to LOW transition tr is measured from 0.5 * Vdivwv,max above Vcentbq,midpoint t0 the last transition through
0.5 * Vdivw,max below Vcentog,midpoint While tr2 is measured from the last transition through 0.5 * Vdivw,max below VcentpQ,midpoint to the

first transition through the 0.5 * VinLac)min below Veentbg (pin - mid).
Falling edge slew rate equations:

. srfl = Vdivw, max/ti
. srf2 = (ViHLac)min - Vdivw,max)/ (2 * tr2)

Figure 32 - Slew Rate Conditions for Falling Transition
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Table 58 - DRAM DQs in Receive Mode; Ul = tck (avg)min/2

Svmbo 1600/1866/2133 2400 2666 3200
y | Parameter Unit | Note
Min Max Min Max Min Max Min Max
_ Rx Mask voltage - pk-
Vavw ok - 136 - 130 - 120 ; 110 | mv 1’3'1
Tdivw Rx timing window ) 0.2 ) 0.2 ) 0.22 ) 0.23 ul 1,3,1
DQ AC input swing
ViHLac) pk-pk 186 - 160 - 150 - 140 - mv | S
Tdipw DQ input pulse width 058 ) 058 i 058 i 058 i ul 510
¢ Rx Mask DQS to DQ
DQs20Q offset 017 | 017 | -017 | 017 | -019 | 019 | -0.22 | 0.22 Ul | 6,10
t Rx Mask DQ to DQ
pQ2bQ offset - 0.1 - 0.1 - 0.105 - 0.125 | Ul 7
srrl Input Slew Rate over
srfl Vaivw if tck 2 0.937ns 1.0 9 1.0 9 1.0 9 1.0 9 Vins | 8,10
Input Slew Rate over
STL |\ i 0.937ns > tex 2
srf2 dvwi - o= - - 1.25 9 1.25 9 1.25 9 Vins | 8,10
0.625ns
2 Rising Input Slew 0.2* 0.2* 0.2* 0.2*
Rate over 1/2 ViHL(ac) srrl 9 srrl 9 srrl 9 srrl 9 Vins | 9,10
sri2 Falling Input Slew 0.2* 0.2* 0.2* 0.2*
Rate over 1/2 VinL(ac) srfl 9 srfl 9 srfl 9 srfl 9 Vins | 9,10
Note:
1. Data Rx mask voltage and timing total input valid window where Vavw is centered around Vcentpg,midpoint after VrRerpg

9.

training is completed. The data Rx mask is applied per bit and should include voltage and temperature drift terms. The
input buffer design specification is to achieve at least a BER = 1% when the Rx mask is notviolated.

Defined over the DQ internal Vrer range 1.
Overshoot and undershoot specifications apply.

DQ input pulse signal swing into the receiver must meet or exceed ViHL(ac)min. ViHL(ac)min IS tO be achieved on an Ul

basis when a rising and falling edge occur in the same Ul, i.e., a valid Tdipw.

DQ minimum input pulse width defined at the VcentbQ midpoint,.

DQS to DQ offset is skew between DQS and DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls over

process, voltage, and temperature.

DQ to DQ offset is skew between DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls for a given

component over process, voltage, and temperature.

Input slew rate over Vaivw mask centered at Vcentoomidpoint. Slowest DQ slew rate to fastest DQ slew rate per transition

edge must be within 1.7V/ns of each other.

Input slew rate between Vdivw mask edge and Vikac)min points.

10. All Rx mask specifications must be satisfied for each Ul. For example, if the minimum input pulse width is violated when

satisfying Tdivw(min), Vdivw,max, and minimum slew rate limits, then either Tdivw(min) Or minimum slew rates would have to be
increased to the point where the minimum input pulse width would no longer be violated.
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10.8 Command, Control, and Address Setup, Hold, and Derating

The total tis (setup time) and tin (hold time) required is calculated to account for slew rate variation by adding the data sheet tis
(base) values, the Viac)/ViHac) points, and tin (base) values, the Viipc)/ViHpc) points; to the Atis and Atw derating values,
respectively. The base values are derived with single-end signals at 1V/ns and differential clock at 2V/ns. Example: tis (total setup
time) = tis (base) + Atis. For a valid transition, the input signal has to remain above/ below Vinac)/ViLac) for the time defined by
tvac.

Although the total setup time for slow slew rates might be negative (for example, a valid input signal will not have reached
Vinacy/ViLac) at the time of the rising clock transition), a valid input signal is still required to complete the transition and to reach
ViHao/ViLac). For slew rates that fall between the values listed in derating tables, the derating values may be obtained by linear
interpolation.

Setup (tis) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLpcymax and the first
crossing of Vinacymin that does not ring back below Vinpcymin. Setup (tis) nominal slew rate for a falling signal is defined as the slew
rate between the last crossing of Vinpcymin @and the first crossing of ViLacymax that does not ring back above Vi (pcymax.

Hold (tiv) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLiocymax and the first crossing
of Viniacmin that does not ring back below ViHpcymin.

Hold (tik) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vinpcymin and the first
crossing of ViLiacymin that does not ring back above Vi ipcymax.

Table 59 - Command, Address, Control Setup and Hold Values

DDR4 1600 1866 2133 2400 2666 3200 Unit Reference
tis (base, AC100) 115 100 80 62 - - ps ViHL(AC)
tn (base, DC75) 140 125 105 87 - - ps VIHL(DC)
tis (base, AC90) - - - - 55 40 ps VIHL(AC)
tin (base, DC65) - - - - 80 65 ps VIHL(DC)

tis/tin (VRer) 215 200 180 162 145 130 ps ViHL(DC)
Note:
1. Base AC/DC referenced for 1V/ns slew rate and 2V/ns clock slew rate.
2. Values listed are referenced only; applicable limits are defined elsewhere.
Table 60 - Command, Address, Control Input Voltage Values
DDR4 1600 1866 2133 2400 2666 3200 Unit Reference
VIH(AC)min 100 100 100 100 920 920 mV VIHL(AC)
VIH(DC)min 75 75 75 75 65 65 mV VIHL(DC)
ViL(pC)max -75 -75 -75 -75 -65 -65 mV ViHL(AC)
ViL(ac)max -100 -100 -100 -100 -90 -90 mV VIHL(DC)

Note:

1. Command, Address, Control input levels relative to VREFCA.

2. Values listed are referenced only; applicable limits are defined elsewhere.
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. SCB12Q8Gxx0BF
UnilC 8Gbit DDR4 SDRAM
Table 61 - Derating Values DDR4-1600/1866/2133/2400 tis/tin - AC/DC Based
Atis, Aty derating in [ps] AC/DC Based®
CK_t, CK_c Differential Slew Rate
10.0Vins 8.0V/ns 6.0V/ns 4.0VIns 3.0Vins 2.0V/ns 1.5V/ins 1.0V/ns

Atis At Atis At Atis At Atis At Atis At Atis At Atis At Atis At

7.0 76 54 76 55 77 56 79 58 82 60 86 64 94 73 111 89

6.0 73 53 74 53 75 54 77 56 79 58 83 63 92 71 108 88

5.0 70 50 71 51 72 52 74 54 76 56 80 60 88 68 105 85

4.0 65 46 66 47 67 48 69 50 71 52 75 56 83 65 100 81

3.0 57 40 57 41 58 42 60 44 63 46 67 50 75 58 92 75

2.0 40 28 41 28 42 29 44 31 46 33 50 38 58 46 75 63

ADDR, CNTL 1.5 23 15 24 16 25 17 27 19 29 21 33 25 42 33 58 50
Slew '22;‘; Vins | 10 -10 -10 -9 -9 -8 -8 -6 -6 -4 -4 0 0 8 8 25 25
0.9 -17 -14 -16 -14 -15 -13 -13 -10 -11 -8 -7 -4 1 4 18 21

0.8 -26 -19 -25 -19 -24 -18 -22 -16 -20 -14 -16 -9 -7 -1 9 16

0.7 -37 -26 -36 -25 -35 -24 -33 22 -31 -20 -27 -16 -18 -8 -2 9

0.6 -52 -35 -51 -34 -50 -33 -48 -31 -46 -29 -42 -25 -33 -17 -17 0
0.5 -73 -48 -72 -47 -71 -46 -69 -44 -67 -42 -63 -38 -54 -29 -38 -13
0.4 -104 -66 -103 -66 -102 -65 -100 -63 -98 -60 -94 -56 -85- -48 -69 -31

Note:

1. ViHyac =+ 100mV, ViHpo) = + 75mV; relative to Vrerca.
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. SCB12Q8Gxx0BF
UnilC 8Gbit DDR4 SDRAM
Table 62 - Derating Values DDR4-2666/2933/3200 tis/tii - AC/DC Based
Atis, At derating in [ps] AC/DC Based®
CK_t, CK_c Differential Slew Rate
10.0V/ns 8.0V/ns 6.0V/ns 4.0Vins 3.0V/ns 2.0V/ins 1.5VIns 1.0Vins

Atis At Atis At Atis At Atis At Atis At Atis Aty Atis Aty Atis Aty

7.0 68 47 69 47 70 48 72 50 73 52 77 56 85 63 100 78

6.0 66 45 67 46 68 47 69 49 71 50 75 54 83 62 98 77

5.0 63 43 64 44 65 45 66 46 68 48 72 52 80 60 95 75

4.0 59 40 59 40 60 41 62 43 64 45 68 49 75 56 90 71

3.0 51 34 52 35 53 36 54 38 56 40 60 43 68 51 83 66

2.0 36 24 37 24 38 25 39 27 41 29 45 33 53 40 68 55

ADDR, CNTL 1.5 21 13 22 13 23 14 24 16 26 18 30 22 38 29 53 44
Slew nggf; Vins 1.0 -9 -9 -8 -8 -8 -8 -6 -6 -4 -4 0 0 8 8 23 23
0.9 -15 -13 -15 -12 -14 -11 -12 -9 -10 -7 -6 -4 1 4 16 19

0.8 -23 -17 -23 -17 -22 -16 -20 -14 -18 -12 -14 -8 -7 -1 8 14

0.7 -34 -23 -33 -22 -32 21 -30 -20 -28 -18 -25 -14 -17 -6 -2 9

0.6 -47 -31 -47 -30 -46 -29 -44 -27 -42 -25 -38 -22 -31 -14 -16 1
0.5 -67 -42 -66 -41 -65 -40 -63 -38 -61 -36 -58 -33 -50 -25 -35 -10
0.4 -95 -58 -95 -57 -94 -56 -92 -54 -90 -53 -86 -49 -79 -41 -64 -26

Note:
1. ViHuac) =+ 90mV, ViHpc) = + 65mV; relative to Vrerca
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