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Features

« 1066 MHz DDR operation (2133 Mb/s/ball data
rate)

+ 76.8 Gb/s peak bandwidth (x36 at 1066 MHz clock
frequency)

+ Organization
- 32 Megx 18, and 16 Meg x 36 common I/0 (CIO)
- 16 banks

+ 1.2V center-terminated push/pull I/0

« 25VV gx7, 1.35VV pp, 1.2VV ppg 1/0

« Reduced cycle time (*RC (MIN) = 8 - 12ns)

+ SDR addressing

« Programmable READ/WRITE latency (RL/WL) and
burst length

« Data mask for WRITE commands

« Differential input clocks (CK, CK#)

- Free-running differential input data clocks (DK,
DK x#) and output data clocks (QK x, QK x#)

« On-die DLL generates CK edge-aligned data and
differential output data clock signals

« 64ms refresh (128K refresh per 64ms)

+ 168-ball FBGA package

« 40Q or 60 Q matched impedance outputs

« Integrated on-die termination (ODT)

« Single or multibank writes

« Extended operating range (200-1066 MHz)

+ READ training register

« Multiplexed and non-multiplexed addressing capa-
bilities

« Mirror function

« Output driver and ODT calibration

- JTAG interface (IEEE 1149.1-2001)

Copyright © 2014 Integrated Silicon Solution, Inc. All rights reserved. ISSI reserves the right to make changes to this specification and its products at any time without
notice. ISSI assumes no liability arising out of the application or use of any information, products or services described herein. Customers are advised to obtain the

Options

Clock cycle and
- 0.93nsand
(RL3-2133)
- 0.93nsand
(RL3-2133)
- 1.07nsand
(RL3-1866)
- 1.07nsand
(RL3-1866)
- 1.25nsand
(RL3-1600)
- 1.25nsand
(RL3-1600)
- 1.25nsand
(RL3-1600)

'RC timing
'RC (MIN) = 8ns

'RC (MIN) = 10ns
'RC (MIN) = 8ns
'RC (MIN) = 10ns
'RC (MIN) = 8ns
'RC (MIN) = 10ns

'RC (MIN) = 12ns

Configuration
-32Megx 18

16 Meg x 36

Operating Temperature

- Commercial (Tc = 0° to +95°C)

- Industrial (T¢ =-40°C to +95°C)
Package

- 168-ball FBGA

— 168-ball FBGA (Pb-free)

Revision

latest version of this device specification before relying on any published information and before placing orders for prodsct

Integrated Silicon Solution, Inc. does not recommend the use of any of its products in life support applications where the failure or malfunction of the product can
reasonably be expected to cause failure of the life support system or to significantly affect its safety or effectiveness. Products are not authorized for use in such

applications unless Integrated Silicon Solution, Inc. receives written assurance to its satisfaction, that:

a.) the risk of injury or damage has been minimized;
b.) the user assume all such risks; and

c.) potential liability of Integrated Silicon Solution, Inc is adequately protected under the circumstances

RLDRAME® is a registered trademark of Micron Technology, Inc.
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Figure 1: 576Mb RLDRAM ® 3 part Numbers

Example Part Number: IS49RL18320-093EBL

[/ L[ )

IS49RL Configuration Speed |Package| Temp
Temperature
Configuration Commercial None
32Megx 18 18320 Industrial
16 Meg x 36 36160
Package
Speed Grade 168-ball FBGA B
-093E | 'tCK=0.93ns (8ns 'RC) 168-ball FBGA (Pb-free) BL

-093 | 'CK=0.93ns(10ns tRQ)
-107E | 'CK=1.07ns (8ns  'RC)
-107 | 'CK=1.07ns(10ns 'RC)
-125F | 'CK=1.25ns (8ns  tRC)
-125E | 'CK=1.25ns (10ns  tRQ)
-125 | 'CK=1.25ns(12ns 'RC)

BGA Part Marking Decoder

Due to space limitations, BGA-packaged components have an abbreviated part marking that is different from the
part number. ISSI'S BGA Part Marking Decoder is available on ISSI'S Web site at www.issi.com
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576Mb: x18, x36 RLDRAM 3
General Description

General Description

The ISSI® RLDRAM ® 3 is a high-speed memory device designed for high-bandwidth
data storage—telecommunications, networking, cache applications, etc. The chip’s 16-
bank architecture is optimized for sustainable high-speed operation.

The DDR I/0 interface transfers two data bits per clock cycle at the 1/0O balls. Output
data is referenced to the READ strobes.

Commands, addresses, and control signals are also registered at every positive edge of
the differential input clock, while input data is registered at both positive and negative
edges of the input data strobes.

Read and write accesses to the RL3 device are burst-oriented. The burst length (BL) is
programmable to 2, 4, or 8 by a setting in the mode register.

The device is supplied with 1.35V for the core and 1.2V for the output drivers. The 2.5V
supply is used for an internal supply.

Bank-scheduled refresh is supported with the row address generated internally.

The 168-ball FBGA package is used to enable ultra-high-speed data transfer rates.

General Notes

« The functionality and the timing specifications discussed in this data sheet are for the
DLL enable mode of operation.

«+ Any functionality not specifically stated is considered undefined, illegal, and not sup-
ported, and can result in unknown operation.

Nominal conditions are assumed for specifications not defined within the figures
shown in this data sheet.

« Throughout this data sheet, the terms "RLDRAM," "DRAM,” and "RLDRAM 3" are all
used interchangeably and refer to the RLDRAM 3 SDRAM device.
« References to DQ, DK, QK, DM, and QVLD are to be interpeted as each group collec-

tively, unless specifically stated otherwise. This includes true and complement signals
of differential signals.

« Non-multiplexed operation is assumed if not specified as multiplexed.

« A X36 Device supplies four QK/QK# sets. One per 9 DQs. If a user only wants to use
two QK/QK# sets, this is allowed. The user needs to use QKO/QKO# and QK1/QK1#.
QKO/QKO# will control DQ[8:0] & DQ[26:18]. QK1/QK1# will control DQ[17:9] &
DQI[35:27]. The QK to DQ timing parameter to be used would be 'QKQ02, 'QKQ13.The
unused QK/QK# pins should be left floating.
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576Mb: x18, x36 RLDRAM 3
State Diagram

State Diagram

Figure 2: Simplified State Diagram

Initialization
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Functional Block Diagrams
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576Mb: x18, x36 RLDRAM 3
Ball Assignments and Descriptions

Ball Assignments and Descriptions

Table 1: 32 Meg x 18 Ball Assignments - 168-Ball FBGA (Top View)

Vext Vss NF Vssq NF Vpbpq | DM1 | Vppq | DQ15 | Vssq | DQ16 | Vss Vexr
Vss | TCK | Voo | TDO | Voog | NF | Veer | DQ17 | Voog | TDI | Voo | TMS | Vs

1 2 3 4q 5 6 7 8 9 10 11 12 13

A Vss | Voo | NF | Voog | NF | Veer | DQ7 | Vppg | DQ8 | Vpp | Vss | RESET#
B Vext Vss NF Vssq NF Vpopq | DMO | Vppq | DQ5 | Vssq | DQ6 | Vs Vext
c Voo NF | Voog | NF | Vsso | NF | DKO# | DQ2 | Vsso | DQ3 | Voog | DQ4 | Voo
D A1 | Vssg | NF | Vppg | NF | Vssg | DKO | Vssg | QKO | Vppg | DQO | Vssg | A13

E Vss A0 | Vsso | NF | Vppg | NF MF | QKO# | Vppg | DQ1 | Vesq | CS# Vss

F A7 [NFesy'| Voo | A2 | A1 | we# | zQ | Rer# | A3 A4 | Vpp | A5 A9

G |Vssmao'| A15 | A6 | Vss | BAT | Vss | CK# | Vss | BAO | Vss | A8 | A18 | Vsgaan'
H A19 | Vpp | A14 | A6 | Vpp | BA3 | CK | BA2 | Vpp | A17 | A12 | Vop | AT0
J Vbbq NF Vss | NF | Vpbpg NF Vss | QK1# | Vppg | DQ9 | Vssq | QVLD | Vppq
K NF | Vssg | NF | Vopg| NF | Veso | DK1 | Vsso | QK1 | Vppg | DQ1O | Vssq | DQ11
L Voo NF | Voog | NF | Vsso | NF | DK1# | DQ12 | Vs | DQ13 | Voog | DQ14 |  Vpp
M

N

Notes: 1. F2isthe Location of the extra CS (CS1) needed to support the x18 DDP device. G1 & G13
are the locations of the additional address signals (A20 & A21 respectfully) needed to
support the 2Gb monolithic device. F2 is Internally connected and will mirror the A5 ad-
dress signal when MF is asserted HIGH and has parasitic characteristics of an address pin.
G1 & G13 are VSS pins for this device, but have been designated as the location of A20
& A21 for the future 2Gb device.

2. NF balls for the x18 configuration are internally connected and have parasitic character-
istics of an 1/0. Balls may be connected to Vsgq.
3. MF is assumed to be tied LOW for this ball assignment.
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576Mb: x18, x36 RLDRAM 3
Ball Assignments and Descriptions

Table 2: 16 Meg x 36 Ball Assignments - 168-Ball FBGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13
A Vs Vop | DQ26 | Vppg | DQ25 | Vegr | DQ7 | Vppg | DQ8 | Vpp Vs | RESET#
B Vext Vss | DQ24 | Vssq | DQ23 | Vppg | DMO | Vppg | DQ5 | Vssq | DQ6 Vss Vext
C Vop | DQ22 | Vppg | DQ21 | Vssq | DQ20 | DKO# | DQ2 | Vssq | DQ3 | Vppg | DQ4 Vbp
D A11 Vssq | DQ18 | Vppg | QK2 | Vssq | DKO | Vsso | QKO | Vppg | DQO | Vssg A13
E Vs A0 Vssg | DQ19 | Vppg | QK2# | MF | QKO# | Vppq | DQ1 | Vssq | CS# Vs
F A7 | NFesy'| Vop A2 A1 WE# ZQ | REF# | A3 A4 Vbb A5 A9
G |Vssaao)'| A15 A6 Ves | BAT1 Vs CK# | Ve BAO Vs A8 A18 | Vssazn'
H |NFa92| Vop Al4 | A16 | Vpp BA3 cK BA2 | Vpp | A17 | A12 | Vpp A10
J Vopg | QVLDT | Vssq | DQ27 | Vppg | QK3# | Vss | QK1# | Vppg | DQ9 | Vssq | QVLDO | Vppg
K | DQ29 | Vssq | DQ28 | Vppg | QK3 | Vssg | DK1 | Vssq | QK1 | Vppg | DQ10 | Vssq | DQ11
L Vop | DQ32 | Vppg | DQ31 | Vssq | DQ30 | DK1# [ DQ12 | Vssq | DQ13 | Vppg | DQ14 | Vpp
M Vixt Vss | DQ34 | Vssq | DQ33 | Vppg | DM1 | Vppg | DQ15 | Vssq | DQ16 |  Vss Vixt
N Vs TCK Voo | TDO | Vppg | DQ35 | Vegr | DQ17 | Vppg | TDI | Vpp | TMS Vs
Notes: 1. F2is the Location of the extra CS (CS1) needed to support the x18 DDP device. G1 & G13
are the locations of the additional address signals (A20 & A21 respectfully) needed to
support the 2Gb monolithic device. F2 is Internally connected so it can mirror the A5 ad-
dress signal when MF is asserted HIGH and has parasitic characteristics of an address pin.
G1 & G13 are just place holders for the future device.
2. NF ball for x36 configuration is internally connected and has parasitic characteristics of
an address (A19 for x18 configuration). Ball may be connected to Vssq.
3. MF is assumed to be tied LOW for this ball assignment.
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576Mb: x18, x36 RLDRAM 3
Ball Assignments and Descriptions

Table 3: Ball Descriptions

Symbol Type |Description

A[19:0] Input |Address inputs: A[19:0] define the row and column addresses for READ and WRITE operations.
During a MODE REGISTER SET, the address inputs define the register settings along with BA[3:0].
They are sampled at the rising edge of CK.

BA[3:0] Input |Bank address inputs: Select the internal bank to which a command is being applied.
CK/CK# Input |lnput clock: CK and CK# are differential input clocks. Addresses and commands are latched on
the rising edge of CK.

CS# Input |Chip select: CS# enables the command decoder when LOW and disables it when HIGH. When
the command decoder is disabled, new commands are ignored, but internal operations contin-
ue.

DQI[35:0] 110 Data input: The DQ signals form the 36-bit data bus. During READ commands, the data is refer-

enced to both edges of QK. During WRITE commands, the data is sampled at both edges of DK.

DKx, DKx# Input |Input data clock: DKx and DKx# are differential input data clocks. All input data is referenced
to both edges of DKx. For the x36 device, DQ[8:0] and DQ[26:18] are referenced to DKO and
DKO#, and DQ[17:9] and DQ[35:27] are referenced to DK1 and DK 1#. For the x18 device, DQ[8:0]
are referenced to DKO and DKO#, and DQ[17:9] are referenced to DK1 and DK1#. DKx and DKx#
are free-running signals and must always be supplied to the device.

DM[1:0] Input |lnput data mask: DM is the input mask signal for WRITE data. Input data is masked when DM
is sampled HIGH. DMO is used to mask the lower byte for the x18 device and DQ[8:0] and
DQI[26:18] for the x36 device. DM1 is used to mask the upper byte for the x18 device and
DQI[17:9] and DQ[35:27] for the x36 device. Tie DM[1:0] to Vss if not used.

TCK Input |IEEE 1149.1 clock input: This ball must be tied to Vss if the JTAG function is not used.
TMS, TDI Input |IEEE 1149.1 test inputs: These balls may be left as no connects if the JTAG function is not used.

WE#, REF# Input |Command inputs: Sampled at the positive edge of CK, WE# and REF# (together with CS#) de-
fine the command to be executed.

RESET# Input |Reset: RESET# is an active LOW CMOS input referenced to Vss. RESET# assertion and deassertion
are asynchronous. RESET# is a CMOS input defined with DC HIGH 2 0.8 x Vpp and DC LOW < 0.2 x
VDDQ-
ZQ Input |External impedance: This signal is used to tune the device’s output impedance and ODT. RZQ

needs to be 240Q, where RZQ is a resistor from this signal to ground.

QKx, QKx# | Output |Output data clocks: QK and QKi# are opposite-polarity output data clocks. They are free-run-
ning signals and during READ commands are edge-aligned with the DQs. For the x36 device,
QKO, QKO# align with DQ[8:0]; QK 1, QK1# align with DQ[17:9]; QK2, QK2# align with DQ[26:18];
QK3, QK3# align with DQ[35:27]. For the x18 device, QKO, QKO0# align with DQ[8:0]; QK1, QK1#
align with DQ[17:9].

QVLDx Output |Data valid: The QVLD ball indicates that valid output data will be available on the subsequent
rising clock edge. There is a single QVLD ball for the x18 device and two, QVLDO and QVLD1, for
the x36 device. QVLDO aligns with DQ[17:0]; QVLD1 aligns with DQ[35:18].

MF Input  |Mirror function: The mirror function ball is a DC input used to create mirrored ballouts for sim-
ple dual-loaded clamshell mounting. If the ball is tied to Vss, the address and command balls are
in their true layout. If the ball is tied to Vppq, they are in the complement location. MF must be
tied HIGH or LOW and cannot be left floating. MF is a CMOS input defined with DC HIGH = 0.8 x
Vpp and DCLOW = 0.2 x VDDQ-
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576Mb: x18, x36 RLDRAM 3
Ball Assignments and Descriptions

Table 3: Ball Descriptions (Continued)

Symbol Type |Description
TDO Output [IEEE 1149.1 test output: JTAG output. This ball may be left as no connect if the JTAG function
is not used.
Vpp Supply |Power supply: 1.35V nominal. See Table 7 (page 22) for range.
Vbbq Supply |DQ power supply: 1.2V nominal. Isolated on the device for improved noise immunity. See Ta-
ble 7 (page 22) for range.
Vexr Supply |Power supply: 2.5V nominal. See Table 7 (page 22) for range.
VREp Supply |Input reference voltage: Vppo/2 nominal. Provides a reference voltage for the input buffers.
Vss Supply |Ground.
Vssq Supply |DQ ground: Isolated on the device for improved noise immunity.
NC - No connect: These balls are not connected to the DRAM.
NF - No function: These balls are connected to the DRAM, but provide no functionality.
Integrated Silicon Solution, Inc. - www.issi.com - 15
Rev. 00C

11/21/2014



Package Dimensions

576Mb: x18, x36 RLDRAM 3

Package Dimensions

Figure 5: 168-Ball FBGA
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Notes:
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576Mb: x18, x36 RLDRAM 3
Electrical Characteristics - Ipp Specifications

Ipp specifications are tested after the device is properly initialized. 0°C < T¢ < +95°C;
+1.28V < Vpp < +1.42V,+1.14V < Vppg < +1.26V,+2.38V < Vexr < +2.63V,Vpgr = Vppg/2.

Ipp mesurements use *CK (MIN), tRC (MIN), and minimum data latency (RL and WL).
Input slew rate is 1V/ns for single ended signals and 2V/ns for differential signals.
Definitions for Ipp conditions:

LOW is defined as VIN < VIL(AC)MAX-

HIGH is defined as V|y 2 VIH(AC)MIN-

Continuous data is defined as half the DQ signals changing between HIGH and LOW
every half clock cycle (twice per clock).

Continuous address is defined as half the address signals changing between HIGH and
LOW every clock cycle (once per clock).

Sequential bank access is defined as the bank address incrementing by one every 'RC.
Cyclic bank access is defined as the bank address incrementing by one for each com-
mand access. For BL = 2 this is every clock, for BL = 4 this is every other clock, and for
BL = 8 this is every fourth clock.

. CS# is HIGH unless a READ, WRITE, AREF, or MRS command is registered. CS# never tran-

sitions more than once per clock cycle.
Ipp parameters are specified with ODT disabled.

Upon exiting standby current conditions, at least one NOP command must be issued
with stable clock prior to issuing any other valid command.
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576Mb: x18, x36 RLDRAM 3
Electrical Specifications - Absolute Ratings and 1/0 Capaci-
tance

Electrical Specifications - Absolute Ratings and I/0 Capacitance

Absolute Maximum Ratings

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

Table 5: Absolute Maximum Ratings

Symbol |Parameter Min Max Units
Vpp Vpp supply voltage relative to Vsg -0.4 1.975 \Y,
VbbQq Voltage on Vppq supply relative to Vs -0.4 1.66 \Y,
VineVour | Voltage on any ball relative to Vsg -0.4 1.66 \Y,
VexT Voltage on Vext supply relative to Vsg -0.4 2.8 \Y,
Input/Output Capacitance
Table 6: Input/Output Capacitance
Notes 1 and 2 apply to entire table
RL3-2133 RL3-1866 RL3-1600
Capacitance Parameters Symbol Min Max Min Max Min Max | Units | Notes
CK/CK# Ccx 1.3 2.1 1.3 2.1 1.3 2.2 pF
AC: CK to CK# Cbek 0 0.15 0 0.15 0 0.15 pF
Single-ended I/0: DQ, DM Co 1.9 2.9 1.9 3.0 2.0 3.1 pF 3
Input strobe: DK/DK# Co 1.9 2.9 1.9 3.0 2.0 3.1 pF
Output strobe: QK/QK#, QVLD Co 1.9 2.9 1.9 3.0 2.0 3.1 pF
AC: DK to DK# Copk 0 0.15 0 0.15 0 0.15 pF
AC: QK to QK# Coak 0 0.15 0 0.15 0 0.15 pF
AC: DQ to QK or DQ to DK Coio -0.5 0.3 -0.5 0.3 -0.5 0.3 pF 4
Inputs (CMD, ADDR) G 1.25 2.25 1.25 2.25 1.25 2.25 pF 5
AC: CMD_ADDR to CK Colcmp_appr | —0.5 0.3 -0.5 0.3 -0.4 0.4 pF 6
JTAG balls Citac 1.5 45 1.5 4.5 1.5 4.5 pF 7
RESET#, MF balls G - 3.0 - 3.0 - 3.0 pF

Notes:

NouhkwnN

+1.28V < Vpp < +1.42V, +1.14V < Vppq < 1.26V, +2.38V < Veyr < +2.63V, Vigr = Vss, £= 100
MHz, Tc = 25°C, Vourpce) = 0.5 x Vppa, Vour (peak-to-peak) = 0.1V.

Capacitance is not tested on ZQ ball.

DM input is grouped with the I/O balls, because they are matched in loading.

Cpio = Cioq) - 0.5 x (Cio [QK] + Co [QK#]).

Includes CS#, REF#, WE#, A[19:0], and BA[3:0].

Cpi_cmp_appr = € (CMD_ADDR) - 0.5 x (Cck [CK] + Cei [CK#]).

JTAG balls are tested at 50 MHz.
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576Mb: x18, x36 RLDRAM 3
AC and DC Operating Conditions

AC and DC Operating Conditions

Table 7: DC Electrical Characteristics and Operating Conditions

Note 1 applies to the entire table; Unless otherwise noted: 0°C < T¢ < +95°C; +1.28V <V,

op S +1.42V

Description Symbol Min Max Units Notes
Supply voltage VEexT 2.38 2.63 Y,

Supply voltage Vpp 1.28 1.42 Y,

Isolated output buffer supply Vbbq 1.14 1.26 Y,

Reference voltage VREer 0.49 x Vppq | 0.51 x Vppq Vv 2,3
Input HIGH (logic 1) voltage V(o) Vger + 0.10 Vbpq \Y

Input LOW (logic 0) voltage ViLpo) Vss Vger - 0.10 Y,

Input leakage current: Any input 0V < V| < Vpp, Vger ball I -2 2 A

0V < V) = 1.1V (All other balls not under test = 0V)

Reference voltage current (All other balls not under test = IREF -5 5 HA

ov)

Notes: 1. All voltages referenced to Vss (GND).

2. The nominal value of Vggf is expected to be 0.5 x Vppq of the transmitting device. Vgg is

expected to track variations in Vppgq.

3. Peak-to-peak noise (non-common mode) on Vgegr may not exceed +2% of the DC value.

DC values are determined to be less than 20 MHz. Peak-to-peak AC noise on Vg should
not exceed 2% of Vgerpc)- Thus, from Vppg/2, Vger is allowed +2% Vppq/2 for DC error

and an additional #2% Vppq/2 for AC noise. The measurement is to be taken at the

nearest Vrer bypass capacitor.

Table 8: Input AC Logic Levels

Notes 1-3 apply to entire table; Unless otherwise noted: 0°C < Tc < +95°C; +1.28V < Vpp < +1.42V

Description Symbol Min Max Units
Input HIGH (logic 1) voltage Vo) Vger + 0.15 - Vv
Input LOW (logic 0) voltage ViLaco - VRer - 0.15 Y

Notes: 1. All voltages referenced to Vss (GND).

2. The receiver will effectively switch as a result of the signal crossing the AC input level,
and will remain in that state as long as the signal does not ring back above/below the

DC input LOW/HIGH level.

3. Single-ended input slew rate = 1 V/ns; maximum input voltage swing under test is

900mV (peak-to-peak).
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AC and DC Operating Conditions

Figure 6: Single-Ended Input Signal
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AC and DC Operating Conditions

AC Overshoot/Undershoot Specifications

Table 9: Control and Address Balls

Parameter RL3-2133 RL3-1866 RL3-1600

Maximum peak amplitude allowed for overshoot area 0.4v 0.4v 0.4v

Maximum peak amplitude allowed for undershoot area 0.4V 0.4v 0.4V

Maximum overshoot area above Vppq 0.25 Vns 0.28 Vns 0.33Vns

Maximum undershoot area below Vss/Vssq 0.25 Vns 0.28 Vns 0.33 Vns
Table 10: Clock, Data, Strobe, and Mask Balls

Parameter RL3-2133 RL3-1866 RL3-1600

Maximum peak amplitude allowed for overshoot area 0.4V 0.4V 0.4V

Maximum peak amplitude allowed for undershoot area 0.4v 0.4v 0.4v

Maximum overshoot area above Vppq 0.10 Vns 0.11 Vns 0.13 Vns
Maximum undershoot area below Vgs/Vssq 0.10 Vns 0.11 Vns 0.13 Vns
Figure 7: Overshoot

Maximum amplitude
Volts (V) Overshoot area
Vbpa
Figure 8: Undershoot
VSSNSSQ
Volts (V) \
Undershoot area
Maximum amplitude
Time (ns)
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AC and DC Operating Conditions

Table 11: Differential Input Operating Conditions (CK, CK# and DKx, DKx#)

Notes 1 and 2 apply to entire table

Parameter/Condition Symbol Min Max Units | Notes
Differential input voltage logic HIGH — slew VIH,diff_slew +200 n/a mV 3
Differential input voltage logic LOW - slew VL diff_slew n/a -200 mV 3
Differential input voltage logic HIGH Vi difiao) | 2 X (Vinao) - Vrer) Vbbq mV 4
Differential input voltage logic LOW VL. diff(AQ) Vssq 2 x (Viao - VRee) | mV 5
Differential input crossing voltage relative to Vpp/2 Vix VRer(po) - 150 VRerpo) + 150 mV 6
Single-ended HIGH level VsgH Vo Vbbaq mV 4
Single-ended LOW level VgL Vssq ViLao mV 5
Notes: 1. CK/CK# and DKx/DKx# are referenced to Vppq and Vssq.

1
2. Differential input slew rate = 2 V/ns.

3. Defines slew rate reference points, relative to input crossing voltages.
4

. Maximum limit is relative to single-ended signals; overshoot specifications are applica-
ble.

5. Minimum limit is relative to single-ended signals; undershoot specifications are applica-
ble.

6. The typical value of V|x is expected to be about 0.5 x Vppq of the transmitting device
and V|x is expected to track variations in Vppq. Vix indicates the voltage at which differ-
ential input signals must cross.

Figure 9: V|x for Differential Signals

Vbog Vbpa
»
CK#, DKx# = = /\/\"\ . CK#, DKx#
* Vix
Vppo/2
bbQ Voog2
- V|X
CK, DKx —‘ CK, DKx
Vssq Vssq
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AC and DC Operating Conditions

Figure 10: Single-Ended Requirements for Differential Signals

Figure 11: Definition of Differential AC Swing and '‘DVAC

tDVAC

ViH,diff(AC)min

VIH,dif‘fﬁsIew,min

0.0

\Y

IL,diff_slew,max

VL, diff(AC)max

half cycle tDVAC
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AC and DC Operating Conditions

Table 12: Allowed Time Before Ringback (DVAC) for CK, CK#, DKx, and DKxi#

Slew Rate (V/ns) MIN DVAC (ps) at |Viu/V diff(ac)|
>4.0 175
4.0 170
3.0 167
2.0 163
1.9 162
1.6 161
1.4 159
1.2 155
1.0 150
<1.0 150

Slew Rate Definitions for Single-Ended Input Signals

Setup (IS and 'DS) nominal slew rate for a rising signal is defined as the slew rate be-
tween the last crossing of Vggp and the first crossing of Vipacymin- Setup (IS and 'DS)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Vygr and the first crossing of Vi, (acymax-

Hold ('IH and 'DH) nominal slew rate for a rising signal is defined as the slew rate be-
tween the last crossing of Vi (pcymax and the first crossing of Vggg. Hold (IH and 'DH)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Viyipcymin and the first crossing of Vygr (see Figure 12 (page 28)).

Table 13: Single-Ended Input Slew Rate Definition

Input Slew Rates
(Linear Signals) Measured
Input Edge From To Calculation
Setup Rising VRer ViH(ACQmin [ViH@aomin - Vrer/ATRS
Falling VRer ViLaQmax [VreF - ViLiaomax/ATFS
Hold Rising ViLDmax VRer [VRrer - ViLpomax)/ATRH
Falling ViH(DOmin VRer [ViH©min - Vrer/ATFH
Integrated Silicon Solution, Inc. - www.issi.com - 27
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AC and DC Operating Conditions

Figure 12: Nominal Slew Rate Definition for Single-Ended Input Signals
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AC and DC Operating Conditions

Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK, CK# and DKx, DKx#) are defined and meas-
ured as shown in the following two tables. The nominal slew rate for a rising signal is
defined as the slew rate between Vi giff max and Vi giff min- The nominal slew rate for a
falling signal is defined as the slew rate between Vi giff min and V1, giff max-

Table 14: Differential Input Slew Rate Definition

Differential Input
Slew Rates
(Linear Signals) Measured
Input Edge From To Calculation
CKand DK | Rising VL, diff_slew,max VIH,diff_slew,min [ViH,diff_slew,min = VIL,diff_slew,max]/ATRgifs
reference Fa”ing VIH,diff?sIeW,min VIL,diffﬁsIew,max [VIH,diffstew,min - VIL,diffstew,max]/ATFdif'f

Figure 13: Nominal Differential Input Slew Rate Definition for CK, CK#, DKx, and DKx#

VIH,diff_sIew,min

VIL,diff_sIew,max

Differential input voltage (CK, CK#; DKx, DKx#)
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ODT Characteristics

ODT effective resistance, Ry, is defined by MR1[4:2]. ODT is applied to the DQ, DM,
and DKx, DKx# balls. The individual pull-up and pull-down resistors (Rtrpy and Ryrpp)
are defined as follows:

Rrrpu=Vppg - Vour) ! loyr], under the condition that Ry7pp is turned off
Rrrpp = Voun ! [Ioyrl, under the condition that Rypy is turned off
Figure 14: ODT Levels and I-V Characteristics

Chip in termination mode

OoDT
| : oVppq
| lIPU |
|
: I lout =1pp - Ipu
To ! Rrrpu |
other : |
circuitry |~ L DQ
suchas || : I
| ouT
RV, .. | 1| |Rerpp . v
: | out
| lpp :
|
. | o Vssq
Table 15: ODT DC Electrical Characteristics
Parameter/Condition Symbol Min | Nom | Max | Units Notes
Ryt effective impedance from V) (ac) to Vinac) R EFe See Table 16 (page 31). 1,2
Deviation of Vy; with respect to Vppq/2 AVm -5 | - | +5 | % 3

Notes: 1. Tolerance limits are applicable after proper ZQ calibration has been performed at a sta-
ble temperature and voltage. Refer to ODT Sensitivity (page 32) if either the tempera-
ture or voltage changes after calibration.

2. Measurement definition for Rr: Apply Viyac) to ball under test and measure current
I[Vihaol: then apply Vi (ac) to ball under test and measure current [V ac):

Vivao - Vivao

| Vinao! - 1ViLao)! |
3. Measure voltage (V) at the tested ball with no load:

Ryt =

2 x VM i

AVM =[ 1])(100

VDDQ

ODT Resistors

The on-die termination resistance is selected by MR1[4:2]. The following table provides
an overview of the ODT DC electrical characteristics. The values provided are not speci-
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fication requirements; however, they can be used as design guidelines to indicate what
Ryt is targeted to provide:

* Ry 120Q is made up of Rrr120pp240) and Rrrizopu240)-
* Ryr 60Q is made up of Rrreoppi20) and Rrreopuizo)-
L4 RTT 40Q is made up of RTT40(PD80) and RTT40(PU80)-

Table 16: Ry Effective Impedances

Ryt Resistor Vour Min Nom Max Units
120Q Rrri20p240) | 0-2 X Vppo 0.6 1.0 1.1 RZQ/
0.5 x Vppa 0.9 1.0 1.1 RZQ/1
0.8 x Vppq 0.9 1.0 1.4 RzZQ/1
Rrri20(u2a0) | 0.2 X Vopa 0.9 1.0 1.4 RZQ/1
0.5 x Vppq 0.9 1.0 1.1 RzZQ/1
0.8 X Voog 06 1.0 1.1 RZQ/
1200 Viag to 0.9 1.0 1.6 RZQ/2
ViHao)
60Q RTT60(°D120) 0.2 x Vppa 06 1.0 1.1 RZQR2
0.5 x Vppq 0.9 1.0 1.1 RzQ/2
0.8 X Voog 0.9 1.0 1.4 RZQ/2
RTT60(PU120) 0.2 X Vppg 0.9 1.0 1.4 RZQ/2
0.5 X Voog 0.9 1.0 1.1 RZQ/2
0.8 x Vppq 0.6 1.0 1.1 RzZQ/2
60Q Viag to 0.9 1.0 16 RZQ/4
Vinac)
40Q Rr740(°D80) 0.2 X Vppg 0.6 1.0 1.1 RZQ/3
0.5 X Voog 0.9 1.0 1.1 RZQ/3
0.8 x Vppq 0.9 1.0 1.4 RzQ/3
Rrra0(pU80) 0.2 X Voog 0.9 1.0 1.4 RZQ/3
0.5 x Vppq 0.9 1.0 1.1 RzQ/3
0.8 X Voog 06 1.0 1.1 RZQ/3
40Q Viag to 0.9 1.0 16 RZQ/6
Vinag)
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ODT Sensitivity

If either temperature or voltage changes after I/0 calibration, then the tolerance limits
listed in Table 15 (page 30) and Table 16 (page 31) can be expected to widen according
to Table 17 (page 32) and Table 18 (page 32).

Table 17: ODT Sensitivity Definition

Symbol Min Max Units
Rrt 0.9 - dR{7dT x |DT| - dRrdV x [DV| | 1.6 + dR7dT x |DT| + dRrdV x | RZQ/(2,4,6)
DV|

Note: 1. DT=T-T(@ calibration), DV = Vppq - Vpp(@ calibration) or Vpp - Vpp(@ calibration).

Table 18: ODT Temperature and Voltage Sensitivity

Change Min Max Units
dRdT 0 15 %/°C
dRyrdV 0 0.15 %/mV
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Output Driver Impedance

The output driver impedance is selected by MR1[1:0] during initialization. The selected
value is able to maintain the tight tolerances specified if proper ZQ calibration is per-
formed.

Output specifications refer to the default output driver unless specifically stated other-
wise. A functional representation of the output buffer is shown below. The output driver
impedance Rqy is defined by the value of the external reference resistor RZQ as follows:

* Ronx = RZQ/y (with RZQ = 240Q +1%; x = 40Q or 60Q with y = 6 or 4, respectively)

The individual pull-up and pull-down resistors (Ronpy) and Ronpp)) are defined as fol-
lows:

b RON(PU) = (VDDQ - VOUT) /|IOUT|’ when RON(PD) is turned off
° RON(PD) = (VOUT)/ll()UTl! When RON(PU) is turned Off

Figure 15: Output Driver

Chip in drive mode

Output Driver

r--------" 1
T | °Vppq
L |
| |
|
To 1 | [Roneuy i
other | |
circuitry L = DQ
suchas || : lout
RCV, ... |! R
: LJ ON(PD) : Vout
| lIPD !
| |
. |
— , °Vssq
Integrated Silicon Solution, Inc. - www.issi.com - 33

Rev. 00C
11/21/2014



576Mb: x18, x36 RLDRAM 3
Output Driver Impedance

Table 19: Driver Pull-Up and Pull-Down Impedance Calculations

Ron Min Nom Max Units
RZQ/6 = (240Q £1%)/6 39.6 40 40.4 Q
RZQ/4 = (240Q +1%)/4 59.4 60 60.6 Q

Driver Vour Min Nom Max Units
40Q pull-down 0.2 x Vppq 24 40 44 Q
0.5 x Vppq 36 40 44 Q
0.8 x Vppq 36 40 56 Q
40Q pull-up 0.2 x Vppq 36 40 56 Q
0.5 x Vppg 36 40 44 Q
0.8 x Vppq 24 40 44 Q
60Q pull-down 0.2 x Vppq 36 60 66 Q
0.5 x Vppq 54 60 66 Q
0.8 x Vppq 54 60 84 Q
60Q pull-up 0.2 x Vppq 54 60 84 Q
0.5 x Vppq 54 60 66 Q
0.8 x Vppq 36 60 66 Q
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Output Driver Sensitivity

If either the temperature or the voltage changes after ZQ calibration, then the tolerance
limits listed in Table 19 (page 34) can be expected to widen according to Table 20

(page 35) and Table 21 (page 35).

Table 20: Output Driver Sensitivity Definition

Symbol Min Max Units
Ronp) @ 0.2 x Vppg 0.6 - dRondTH x DT - dRondVH x DV | 1.1 + dRondTH x DT + dRondVH x DV | RZQ/(6, 4)
Ronep) @ 0.5 x Vppq 0.9 - dRoNdTM x DT - dRondVM x DV [ 1.1 + dRondTM x DT + dRoydVM x DV | RZQ/(6, 4)
Ronp) @ 0.8 x Vppg 0.9 - dRondTL x DT - dRondVL x DV | 1.4 + dRondTL x DT + dRondVL x D RZQ/(6, 4)
Ronepuy @ 0.2 x Vppq 0.9 - dRoNdTH x DT - dRondVH x DV | 1.4 + dRondTH x DT + dRondVH x DV | RZQ/(6, 4)
Ronepu) @ 0.5 x Vppg 0.9 - dRondTM x DT - dRondVM x DV | 1.1 + dRondTM x DT + dRondVM x DV|  RZQ/(6, 4)
Ronepu) @ 0.8 x Vppq 0.6 - dRoNdTL x DT - dRondVL x DV | 1.1 + dRondTL x DT + dRondVL x DV RZQ/(6, 4)

Note: 1.

Table 21: Output Driver Voltage and Temperature Sensitivity

DT =T - T(@ calibration), DV = Vppq - Vppq(@ calibration) or Vpp - Vpp(@ calibration).

Change Min Max Unit
dRondTM 0 1.5 %/°C
dRondVM 0 0.15 %/mV
dRondTL 0 1.5 %/°C
dRondVL 0 0.15 %/mV
dRondTH 0 1.5 %/°C
dRondVH 0 0.15 %/mV
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Output Characteristics and Operating Conditions

Table 22: Single-Ended Output Driver Characteristics

Note 1 and 2 apply to entire table

Parameter/Condition Symbol Min Max Units Notes
Output leakage current; DQ are disabled; Any output ball loz -5 5 HA
0V < Vour £ Vppg; ODT is disabled; All other balls not under
test = OV
Output slew rate: Single-ended; For rising and falling edges, SRQse 2.5 6 V/ns 4,5
measures between Vg (ac) = Vrer - 0.1 x Vppg and Vouacg) =
VREF +0.1x VDDQ
Single-ended DC high-level output voltage VoH(po) 0.8 x Vppq \% 6
Single-ended DC mid-point level output voltage Vom(po) 0.5 x Vppq \Y 6
Single-ended DC low-level output voltage VoL(po) 0.2 x Vppq \ 6
Single-ended AC high-level output voltage Vouao) Vi1 + 0.1 x Vppq \Y 7,89
Single-ended AC low-level output voltage VoL Vrr-0.1 x Vppq \ 7,89
Impedance delta between pull-up and pull-down for DQ MMpypp -10 